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PREFACE

During the last 40 years, biogerontology — the study of the biological basis of
aging — has progressed tremendously, and it has now become an independent and
respectable field of study and research. Numerous universities, medical institutes
and research centers throughout the world now offer full-fledged courses on the
biology of aging. Pharmaceutical, cosmeceutical, and neutriceutical industry’s ever
increasing interest in aging research and therapy is also highly apparent. Moreover,
increased financial support by the national and international financial agencies to
biogerontological research has given much impetus to its further development.

Biogerontologists are now in a position to construct general principles of aging
and explore various possibilities of intervention using rational approaches. While not
giving serious consideration to the claims made by charlatans, it cannot be ignored
that several researchers are making genuine attempts to test and develop various
means of intervention for the prevention and treatment of age-related diseases and
for achieving healthy old age.

This book takes status of the molecular, cellular, hormonal, nutritional and
lifestyle strategies being tested and applied for the prevention and treatment of
age-related diseases. The book is comprised of inter-dependent chapters written in
the form of critical reviews by the leading researchers and practitioners in their
respective fields. The format of the articles is in semi-academic style in which
research data from various experimental systems is presented while focusing on
their applications in human beings with respect to the prevention and treatment of
age-related impairments. Although each chapter does provide an authoritative and
up-to-date account of a specific topic, a comprehensive list of original research
papers and review articles has also been included for those readers who may like
to follow the subject at greater depths.

The target readership is the undergraduate and graduate students in the univer-
sities, medical- and nursing-colleges, post-graduate students taking up research
projects on different aspects of biogerontology, and practicing clinicians. This
books could be an important volume for the college, university and state
libraries maintaining a good database in biology, medical and biomedical sciences.
Furthermore, this book will also be of much interest to pharmaceutical, and nutrition
and healthcare industry for an easy access to accurate and reliable information in
the field of aging research and intervention.

Suresh 1.S. Rattan and Moustapha Kassem
Editors

vii



CHAPTER 1

BIOLOGICAL CAUSES OF AGING AND AGE-RELATED
DISEASES

SURESH LS. RATTAN

Laboratory of Cellular Ageing, Danish Centre for Molecular Gerontology, Department of Molecular
Biology, University of Aarhus, Denmark

Abstract: Aging is a progressive accumulation of molecular damage in nucleic acids, proteins
and lipids. The inefficiency and failure of maintenance, repair and turnover pathways
is the main cause of age-related accumulation of damage, which is also the basis of all
age-related diseases. Research in molecular gerontology is aimed at understanding the
genetic and epigenetic regulation of molecular mechanisms at the levels of transcription,
post-transcriptional processing, post-translational modifications, and interactions among
various gene products. Concurrently, several approaches are being tried and tested to
modulate aging. The ultimate aim of such studies is to improve the quality of human life
in old age and prolong the health-span. Various gerontomodulatory approaches include
gene therapy, hormonal supplementation, nutritional modulation and intervention by free
radical scavengers and other molecules. A recent approach is that of applying hormesis in
aging research and therapy, which is based on the principle of stimulation of maintenance
and repair pathways by repeated exposure to mild stress. A combination of molecular,
physiological and psychological modulatory approaches can be effective to prevent and/or
treat various age-related diseases

Keywords: lifespan, survival, longevity, stress, hormesis, homeostasis, homeodynamics

1. INTRODUCTION

The significant increase in human life expectancy during the last three generations,
achieved primarily by reducing birth-related parturient-deaths and infant-deaths,
is however not matched by an equivalent improvement in the health-span in old
age. As a biosocial issue, aging is the underlying basis of almost all major human
diseases, such as atherosclerosis, cancer, cardiovascular defects, cataract, diabetes,
dementia, macular degeneration, neurodegeneration, osteoporosis and sarcopenia.

1
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2 RATTAN

Although the optimal treatment of each and every disease, irrespective of age,
is a social and moral necessity, preventing the onset of age-related diseases by
intervening in the basic process of aging is the best solution for improving the
quality of human life in old age.

Biogerontology, the study of the biological basis of aging, has so far unveiled
mysteries of aging by describing age-related changes in organisms, organs, tissues,
cells and macromolecules. The large body of published data clearly shows that aging
has many facets. Most significantly, the progression and rate of aging is highly
variable in different species, in organisms within a species, in organs and tissues
within an organism, in cell types within a tissue, in sub-cellular compartments
within a cell type, and in macromolecules within a cell. Thus, there is neither
a single way of defining aging, nor is there a single cause. Furthermore, these
observations have led most biogerontologists to abandon the notion of aging being
genetically programmed and to consider it as being stochastic and individualistic.
A combination of genes, environment and chance appear to determine the course
and consequences of aging and the duration of survival of an individual (longevity)
(Rattan and Clark, 2005).

2. PRINCIPLES OF AGING

Although the descriptive data about aging suggest that there are no universal markers
of aging, some general principles can still be derived, which can be useful for future
research and intervention.

First, aging is considered as an emergent phenomenon seen primarily in protected
environments which allow survival beyond the natural lifespan in the wild. The
natural lifespan of a species has also been termed “essential lifespan” (ELS) (Rattan,
2000), or the “warranty period” of a species (Carnes et al., 2003). ELS is defined
as the time required to fulfil the Darwinian purpose of life, that is successful
reproduction for the continuation of generations. Species undergoing fast maturation
and early onset of reproduction with large reproductive potential generally have
a short ELS. In contrast, slow maturation, late onset of reproduction, and small
reproductive potential of a species is concurrent with its long ELS. For example,
the ELS of Drosophila is less than a week as compared with that of about 50 years
of Homo sapiens, even though in protected environments (laboratories and modern
societies), a large proportion of populations of both species can and do live for
much longer than that. Therefore, the period of extended survival beyond ELS is
also the period of aging.

Second, aging is characterized by a progressive accumulation of molecular
damage in nucleic acids, proteins and lipids. The inefficiency and failure of mainte-
nance, repair and turnover pathways is the main cause of age-related accumulation of
damage. Since homeostasis or homeodynamic ability of a living system is primarily
due to its maintenance and repair processes, it is the progressive failure of mainte-
nance and repair mechanisms which is the universal biochemical basis of aging and
age-related diseases (Holliday, 1995, 2000).
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Third, unlike development, which is a highly programmed and well-coordinated
genetic process in the evolutionary life history of an organism, there is no genetic
programme which determines the exact duration of survival of an organism.
Furthermore, studies on establishing an association between genes and longevity
have reported that the genetic heritability of variance in lifespan is less than 35%
(Herskind et al., 1996; Finch and Tanzi, 1997; Korpelainen, 2000; Gudmundsson
et al., 2000). The evolutionary theories of aging and longevity have developed
sophisticated and convincing arguments against the existence of genes that may have
evolved specifically to cause aging and to determine the lifespan of an organism
(for a detailed analysis of evolutionary arguments, see (Rose, 1991; Kirkwood and
Austad, 2000; Gavrilov and Gavrilova, 2001).

3. THE ROLE AND NATURE OF GERONTOGENES

Genes that do influence longevity are those that have evolved in accordance with the
life history of a species for assuring ELS. Several lines of evidence support the view
that natural survival and longevity of a species is a function of its maintenance and
repair capacities. For example, positive correlations between species lifespan and the
ability to repair DNA, to defend against reactive oxygen species, to respond and
to counteract stress, and to proliferate and facilitate turnover of cells have been
reported. In contrast, there is a negative correlation between longevity and the
rate of damage accumulation, including mutations, epimutations, macromolecular
oxidation and aggregation (Holliday, 1995; Rattan, 1989; Rattan, 1995).

A lack of specific gerontogenes which cause aging does not imply that genes do
not or cannot influence survival, longevity and the rate of aging. There is ample
evidence from studies performed on yeast, fungi (Jazwinski, 1999), nematodes
(Johnson et al. , 2000; Johnson, 2002), insects (Rogina et al., 2000; Tatar et al.,
2001), rodents and humans that mutations in certain genes can either prolong or
shorten the lifespan, and are the cause of premature aging syndromes (Arking et al.,
2002; Kuro-o et al., 1997; Yu et al., 1996; Martin and Oshima, 2000). Interest-
ingly, these genes cover a wide range of biochemical pathways, such as insulin
metabolism, kinases and kinase receptors, transcription factors, DNA helicases,
membrane glucosidases, GTP-binding protein coupled receptors, and cell cycle
arrest pathways with little or no overlap among them (Rattan, 2000; Johnson, 2002;
Martin and Oshima, 2000; Warner, 2005).

Additionally, genetic linkage studies for longevity in mice have identified major
histocompatibility complex (MHC) regions (Gelman et al., 1998), and quantitative
traitloci on chromosomes 7,10, 11,12, 16, 18 and 19 (Milleret al., 1998; De Haanet al.,
1998) as putative genes for aging. In human centenarians, certain alleles of HLA locus
on chromosome 6 (Gelman et al., 1988), regions of chromosome 4 (Puca et al., 2001),
different alleles of APO-E and APO-B, and DD genotype of angiotensin converting
enzyme (ACE) have been linked to exceptional longevity. Similarly, several other
studies have been published reporting an association between human longevity and
single nucleotide polymorphisms in a variety of genes, including heat shock response,
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immune response, cholesterol metabolism and others (Altomare et al., 2003; Tanet al.,
2001; Singh et al., 2004; Bessenyei et al., 2004; Atzmon et al., 2005).

The diversity of the genes associated with longevity of different organisms indicates
that whereas the common or “public” genes such as those involved in repair and
maintenance pathways may be important from an evolutionary point of view, each
species may also have additional “private” or specific gerontogenic pathways which
influence its aging phenotype (Martin, 1997). Further evidence that the mainte-
nance and repair pathways are crucial determinants of natural survival and longevity
comes from experiments performed to retard aging and to increase the lifespan of
organisms. For example, anti-aging and life-prolonging effects of caloric restriction
are seen to be accompanied by the stimulation of various maintenance mechanisms.
These include increased efficiency of DNA repair, increased fidelity of genetic infor-
mation transfer, more efficient protein synthesis, more efficient protein degradation,
more effective cell replacement and regeneration, improved cellular responsiveness,
fortification of the immune system, and enhanced protection from free-radical- and
oxidation-induced damage (Masoro and Austad, 1996; Yu, 1999; Weindruch, 1996).
Genetic selection of Drosophila for longer lifespan also appears to work mainly
through an increase in the efficiency of maintenance mechanisms, such as antiox-
idation potential (Luckinbill and Foley, 2000). An increase in lifespan of trans-
genic Drosophila containing extra copies of Cu-Zn superoxide dismutase (SOD) and
catalase genes appears to be due primarily to enhanced defenses against oxidative
damage (Orr and Sohal, 1994). The identification of long-lived mutants of the
nematode Caenorhabditis elegans, involving various genes provides other examples
that increased lifespan is accompanied by an increased resistance to oxidative damage,
anincrease in the activities of SOD and catalase enzymes, and an increase in thermotol-
erance (Lakowski and Hekimi, 1996; Larsen, 1993; Lithgow et al., 1995) In contrast,
reduced activity of the tumour suppressor defense gene p53 induces premature aging
in mice (Tyner et al., 2002). A comparative analysis of oxidative stress resistance
ability of cells isolated from a variety of animals also showed that species lifespan
was directly related to the cellular antioxidative defense ability (Kapahi et al., 1999).

What is clear from the identification of the genes influencing aging and longevity
is that whatever their normal function and mechanism of action may be, these
gerontogenes did not evolve to accumulate damage specifically, to cause age-
related changes and to kill the organism. Since their involvement in influencing
aging and longevity is also a biological fact, such genes have been termed “virtual
gerontogenes” (Rattan, 1995, 1998). “Post-reproductive genetics” is another term
used in order to explain different biological roles played at different ages by the
same genetic variants (Franceschi et al., 2005).

4. MOLECULAR MECHANISMS OF AGING

A generalised definition of aging as the failure of homeodynamics still requires
mechanistic explanation(s) as to why such a failure occurs in the first place and
what controls the rate of failure in different species. Over the last fifty years,
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researchers have proposed a large number of hypotheses which attempt to explain
how the observed age-related changes in macromolecules, cells, tissues, organs
and systems may occur. Main examples of such hypotheses include altered gene
regulation (Kanungo, 1994), somatic mutation accumulation (Morley, 1995; Vijg,
2000), protein errors and modifications (Holliday, 1996), reactive oxygen species
and free radicals (Harman, 1994), immune-remodeling and neuroendocrine dysfunc-
tioning (Franceschi et al., 2000). At the cellular level, the so-called telomere loss
theory (Harley et al., 1992; Olovnikov, 1996), and epimutation theory of progressive
loss of DNA methylation (Holliday, 1995) are other examples of providing mecha-
nistic explanations for the loss of proliferative potential of normal, differentiated
and diploid cells in vitro and in vivo.

These and other related hypotheses which provide a variety of explanations for
understanding the observed age-related alterations at a specific level can be quite
useful within their area of focus. However, in order to answer the question why
the occurrence of detrimental and eventually lethal changes cannot be avoided
completely, one has to appeal to the evolutionary theories of aging and longevity,
as discussed above.

Several theoretical and mathematical models are being developed in order
to understand the interactive nature of the biological networks and trade-offs
(Franceschi et al., 2000; Kowald and Kirkwood, 1996) Recently, the relia-
bility theory of aging and longevity about the inevitable failure of complex
systems such as cells and organisms (Gavrilov and Gavrilova, 2001) has
reiterated the fundamental law that no process can be one-hundred-percent accurate
one-hundred-percent of the time, and it is the interactive nature of genes, milieu
and chance that effectively determines how long a system can survive. Therefore,
to resolve the issue of widely varying rates of aging in nature, it is important to
undertake comparative studies on various aspects of the aging process in a variety of
organisms with widely differing life-history scenarios. Only then a complete under-
standing of the mechanistic aspects of aging will be achieved and better methods
of intervention could be developed.

5. AGING AND AGE-RELATED DISEASES: THERAPY
OR PREVENTION?

Unlike some other fields of research, it is central to biogerontology that effective
means of intervention are found, developed and applied for modulating human
aging in order to prevent the onset of age-related diseases and improving the quality
of life in old age. According to the three principles of aging and longevity described
above, having the bodies that we have developed after millions of years of evolution,
occurrence of aging in the period beyond ELS, and the onset of one or more
diseases before eventual death appear to be the “normal” sequence of events. This
viewpoint makes modulation of aging different from the treatment of one or more
specific diseases. In the case of a disease, such as a cancer of any specific kind,
its therapy will, ideally, mean the removal and elimination of the cancer cells and
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restoration of the affected organ/tissue to its original disease-free state. What will be
the “treatment” of aging and to what original “age-free” stage one would hope to be
restored — to day 1, year 1, 10, 30, 50 or what? Considering aging as a disease and
then trying to cure that disease is unscientific and misguided. Similarly, although
piecemeal replacement of non-functional or half-functional body parts with natural
or synthetic parts made of more durable material may provide a temporary solution
to the problems of age-related impairments, it does not modulate the underlying
aging process as such.

Scientific and rational anti-aging strategies aim to slow down aging, to prevent
and/or delay the physiological decline, and to regain lost functional abilities.
However, the history of anti-aging research and therapy is replete with fraud,
pseudoscience and charlatanism, and has often given a bad name to the whole
field (Boia, 2004). Claims for miraculous remedies and promises for extremely
long lifespan are prevalent even today. Recently, highly critical analyses of such
approaches have been made by biogerontologists with a view to educate and inform
people about the science and non-sense of aging-intervention research (Olshansky
et al., 2002).

While not giving serious consideration to the claims made by charlatans, it
cannot be ignored that several researchers are making genuine attempts to test
and develop various means of intervention for the prevention and treatment of
age-related diseases, for regaining the functional abilities and for prolonging the
lifespan of experimental organisms. Some of the main anti-aging approaches include
supplementation with hormones including growth hormone, dehydroepiandros-
terone (DHEA), melatonin and estrogen, and nutritional supplementation with
synthetic and natural antioxidants in purified form or in extracts prepared from
plant and animal sources (Rattan, 2003; Ferrari, 2004). Although some of these
approaches have been shown to have some clinical benefits in the treatment of
some diseases in the elderly, none of these really modulate the aging process
itself (Olshansky et al., 2002). Furthermore, claims for the benefits of intake
of high doses of vitamins and various antioxidants and their supposed anti-
aging and life-prolonging effects have very little scientific evidence to back them
(Le Bourg, 2005).

In contrast to this, nutritional modulation through caloric restriction (CR) has been
shown to be an effective anti-aging and longevity extending approach in rodents
and monkeys, with possible applications to human beings (Roth et al., 2004). But,
this is a highly debatable issue at present both in terms of the practicalities of
defining CR and of applying CR in human beings in physiological and evolutionary
contexts (Demetrius, 2004).

Some studies have reported an extension of lifespan of experimental animals
by gene manipulation. For example, overexpression of superoxide dismutase and
catalase genes and of heat shock protein (hsp) genes have resulted in the increase
in average lifespan in Drosophila and nematodes, respectively (Orr and Sohal,
1994; Yokoyama et al., 2002). Such a gene-therapy approach for gerontomodulation
requires redesigning the blueprint for structural and functional units of the body at



BIOLOGICAL CAUSES OF AGING AND AGE-RELATED DISEASES 7

the level of genes, gene products, macromolecular interactions, molecular-milieu
interactions, and so on. Considering how little information and knowledge we have
at present about all those interacting variants of genes, molecules, milieu and chance,
it is not clear what this approach really means in practical and achievable terms.
Similarly, although piecemeal replacement of non-functional or half-functional body
parts with natural or synthetic parts made of more durable material may provide a
temporary solution to the problems of age-related impairments, it does not modulate
the underlying aging process as such.

5.1 Hormesis

In a more realistic and near-future scenario, a promising approach in aging inter-
vention and prevention is based in making use of an organism’s intrinsic homeo-
dynamic property of self maintenance and repair. Since aging is characterized by
a decrease in the adaptive abilities due to progressive failure of homeodynamics,
it has been hypothesized that if cells and organisms are exposed to brief periods
of stress so that their stress response-induced gene expression is upregulated and
the related pathways of maintenance and repair are stimulated, one should observe
anti-aging and longevity-promoting effects. Such a phenomenon in which stimu-
latory responses to low doses of otherwise harmful conditions improve health and
enhance lifespan is known as hormesis.

Although the phenomenon of hormesis has been defined variously in different
contexts, for example in toxicology, pharmacology and radiation biology (Calabrese
and Baldwin, 2000; Parsons, 2000), hormesis in aging is characterized by the
beneficial effects resulting from the cellular responses to mild repeated stress
(Rattan, 2001). The paradigm of hormesis is moderate exercise which is well known
to have numerous beneficial effects despite it being a generator of free radicals,
acids, and other damaging effects (McArdle et al., 2002).

During the last few years, research done in our labs has shown hormetic effects
of mild stress. We have demonstrated the hormetic effects of repeated mild stress
(RMS) on human cells undergoing aging in culture. Using a mild stress regime of
exposing human skin fibroblasts to 41°C for 1hr twice a week throughout their
replicative lifespan in vitro, several beneficial and anti-aging effects have been
observed (Rattan et al., 2004). It is important to note that whereas several age-
related alterations, such as accumulation of oxidized proteins, levels of various hsp,
proteasome activities, and stress resistance, were affected by RMS, there was no
change in the proliferative behaviour of cells. This has implications in separating
the phenomenon of aging from longevity. It appears that the progression of cellular
aging in vitro as the increased molecular disorder can be slowed down without
upsetting the regulatory mechanisms of cell cycle arrest (Rattan et al., 2004; Rattan
et al., 2003). Thus the quality of life of the cell in terms of its structural and
functional integrity can be improved without pushing these cells in to potentially
carcinogenic hyperproliferative mode.
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Other chemical, physical and biological treatments can be used to unravel
various pathways of maintenance and repair whose sustained activities improve
the physiological performance and survival of cells and organisms. Stresses that
have been reported to delay aging and prolong longevity in various systems (for
example, yeast, Drosophila, nematodes, rodents and human cells) include temper-
ature shock, irradiation (UV-, gamma- and X-rays), heavy metals, pro-oxidants,
acetaldehyde, alcohols, hypergravity, exercise and CR (Minois, 2000; Hercus et al.,
2003; Rattan, 2004). Hormesis-like beneficial effects of chronic but mild undernu-
trition have been reported for human beings (Raji et al., 1998). For example, it was
reported that peripheral blood lymphocytes isolated from people with low body
mass index, representing a group with natural intake of restricted food calories,
had higher DNA repair capacity and higher levels of DNA polymerase a, which
were also maintained during aging (Raji et al., 1998). Intermittent fasting has been
reported to have beneficial effects on glucose metabolism and neuronal resistance
to injury (Anson et al., 2003).

Although at present there are only a few studies performed which utilize mild
stress as a modulator of aging and longevity, hormesis can be a useful experimental
approach in biogerontology. However, there are several issues that remain to be
resolved before mild stress can be used as a tool to modulate aging and prevent
the onset of age-related impairments and pathologies. Some of these issues are:
(1) to establish biochemical and molecular criteria for determining the hormetic
levels for different stresses; (2) to identify differences and similarities in stress
response pathways initiated by different stressors; (3) to quantify the extent of
various stress responses; (4) to determine the interactive and pleiotropic effects
of various stress response pathways; (5) to adjust the levels of mild stress for
age-related changes in the sensitivity to stress; (6) to determine the biological and
evolutionary costs of repeated exposure to stress; and (7) to determine the biological
significance of relatively small hormetic effects, which may or may not have large
beneficial effects during the entire lifespan. Resolution of these issues requires
much more research on hormesis than being carried out at present.

The proof of the hormetic principle has now been provided by experiments with
a wide variety of biological systems and by using a range of physical, chemical and
biological stressors. Two of the main lifestyle interventions, exercise and reduced
food intake, both of which bring their beneficial and anti-aging effects through
hormesis (McArdle et al., 2002; Singh, 2002; Masoro, 1998, 2000; Yu and Chung,
2001), are being widely recognized and increasingly practiced as an effective means
of achieving a healthy old age.

One can also expect the availability of certain nutriceutical and pharmacological
hormetic agents to mimic the HS response and CR. For example, bimoclomal, a
nontoxic, hydroxylamine derivative with hsp-inducing activity and cytoprotective
effects is under Phase II clinical trials (Vigh et al., 1997; Vigh et al., 1998).
Celastrol, a quinone methide triterpene which is an active component of certain
Chinese medicinal herbs is another hsp-inducing hormetic agent under test for its
cytoprotective effects (Westerheide et al., 2004). Curcumin, an Indian yellow spice,
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has also been shown to have cytoprotective effects through its hormetic action in
stimulating the synthesis of hsp (Dunsmore et al., 2001). Similarly, various chemical
mimetics of CR, such as 2-deoxy-D-glucose and its analogues (Lane et al., 2002),
and resveratrol, which is a polyphenol found in red wine, are being tested for their
use as anti-aging hormetic agents (Lamming et al., 2004; Wood et al., 2004).

Another small molecule, N6-furfuryladenine or kinetin, has been shown to have
significant anti-aging (Rattan and Clark, 1994; Rattan, 2002), and anti-thrombotic
(Hsiao et al., 2003) effects in human cells. Kinetin is considered to work both as
a direct antioxidant (Olsen et al., 1999; Verbeke et al., 2000), and as a hormetic
agent by inducing the synthesis of other protective enzymes and hsp (Rattan, 2002;
Barciszewski et al., 1999; Holmes-Davis et al., 2001). Although at present the
use of kinetin has been limited to being a cosmeceutical ingredient in a range
of cosmetics products, its usefulness as a hormetic nutriceutical agent is under
investigation.

In the consideration of irradiation as a hormetic agent, epidemiologic studies
of the public, medical cohorts, and occupational workers confirm that low doses
of radiation are associated with reduced mortality from all causes, decreased
cancer mortality, and reduced mutation load observed in aging and cancer
(Pollycove and Feinendegen, 2001). Increasing use of low-dose total body irradi-
ation as an immunotherapy for cancer (Safwat, 2000) also has its basis in
hormesis, which, in the not-so-distant future, will be developed into a safe
and preventive strategy against a variety of age-related diseases. Hormesis
through mental challenge and through mind-concentrating meditational techniques
(Bierhaus et al., 2003; De Nicolas, 1998; Kyriazis, 2003) may be useful in stimu-
lating inter- and intra-cellular debris-removal processes, and thus preventing the
neuronal loss that leads to the onset of age-related neurodegenerative diseases.

Finally, it must be emphasized that the goal of research on aging is not to
increase human longevity regardless of the consequences, but to increase active
longevity free from disability and functional dependence. Healthy old age is an
achievable goal that however requires significantly more research support and
efforts in biogerontology.
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AND INFECTIONS DURING AGING
The susceptibility to infections in elderly individuals
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Abstract: The major changes occurring life long in the human immune system are here described.
The progressive inflammatory status which is established during aging together with the
progressive susceptibility to infectious diseases are discussed in the frame of the genetic
variant influence. Finally, the possibility to counteract the susceptibility to infections by
coping with or slowing down immunosenescence, using different molecules or strategies,
is argued

Keywords:  aging, cytokines, immunity, inflammation, macrophage, T lymphocyte, infectious, genes,
anti-immunosenescence

1. INTRODUCTION

Historically, immunity (from the Latin word Immunitas) meant protection from
diseases and, more specifically, infectious diseases. Leucocytes and molecules, such
as cytokines' and products of the inflammatory response, are the main responsible
for immunity. Actually, the term leucocytes means cells belonging to both natural
immunity (or innate, or native) and specific immunity (or adaptive, or clonotipycal).
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The former is established by monocytes/macrofages, granulocytes, Natural Killer
cells (NK); the latter by lymphocytes (B and T lymphocytes with different biological
and phenotypical® proprieties). Indeed, these two compartments are completely
integrated in a network and the coordinate attack to foreign substances or micro-
organisms is called immune response.

During aging, this immune response can be affected and deregulated. The
senescence of the immune system (IS), or Immunosenescence is part of the
more general phenomenon of body senescence, and the different theories of
aging, which have been proposed during the last century, can also apply to
the cells of the IS. Among these theories, “the remodelling theory of aging”
(Franceschi and Cossarizza, 1995), based on experimental evidences from studies
on healthy young, elderly and centenarian subjects, conceptualised the dynamic
adaptation of the body to the age-dependent modifications. These modifications
are well characterised in the immune system, in both innate and specific compart-
ments, as it will be described in the next paragraphs. Likely, immunosenes-
cence is responsible for a series of age-related phenomena, among which the
increased susceptibility to infectious diseases, thus, it is possible to hypoth-
esize that strategies aimed to counteract the aging of IS, will lead to a decrease of
the incidence of infectious diseases. This topic will be discussed at the end of the
chapter.

1.1 Immunosenescence within an evolutionary perspective

It is important to outline that most of our ancestors, in the hostile environment
of thousands or millions years ago, lived until reproduction. Indeed, the average
life expectancy until 1800 was about 40 years even in the most economically
developed Countries. In fact, only genetic variants (or polymorphisms?) favourable
for assuring survival until 30-40 years of age have been selected, despite their
possible detrimental role in old age (60 years or more). Recently, our species,
H. sapiens sapiens, was able to drastically change its environment and to improve
living conditions (nutrition, heating, hygiene and medication) and thus the IS must
serve the soma of individuals living 80—120 years, an enormous amount of time,
largely unpredicted by evolution. Therefore, our IS, selected to help the body only
until the age of reproduction, has now to cope with an unprecedented exposure to
antigenic burden for a period of time of several decades longer than in the recent
past. Thus, we can hypothesize that the IS is evolutionary “unfit” to the recently
emerged human longevity. Indeed the immune system appears to be very efficient in
neutralizing and eliminating agents which provoke acute infections in young bodies,
while it is much less capable of mounting effective immune response towards agents
which provoke infections in aged bodies. In this case the causal agents are not
neutralized properly and they remain in the body of old people provoking chronic
infections which can persist for decades, being responsible of a chronic stimulation
of the IS.
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1.2 “Inflamm-aging”

It is a trivial topic that elderly people are more susceptible to infections than
young people; moreover, they need of more time to recover completely and the
mortality due to viruses and bacteria almost exclusively concerns elderly people.
In fact, the infections are the major cause of death in the elderly (Mocchegiani
et al., 2000). Clearly, this could be also due to the concomitance of different
diseases (co-morbidities), but, as a general trend, old individuals are more suscep-
tible to common pathogens. Why? To answer this question a great amount of
scientific data shows that aging modifies activities and phenotype of the cells,
together with the intensity, duration and quality of cellular responses. This aspect
is true also for the cells of the IS, which are responsible for the good health
status of each one of us. According to many experimental data, it seems that the
phenomenon of immunosenescence likely impinges upon both acquired immunity
and natural immunity, which are both hyper-stimulated by the life long exposure to
antigens (Franceschi et al., 2000d).

As far as natural immunity is concerned, monocytes or macrophages* play an
important role in the immune network as one of the first line of defence against micro-
organisms. Moreover, their ability to produce different types of cytokines is relevant
for the enrollment and differentiation of lymphocytes, responsible of the antigen-
specific response’. Data from literature, based on the analysis of cell activation
markers as well as on biological activity assays, indicate that monocytes
appear to be more activated in aged subjects. In specific, their production of
cytokines, such as Interleukin- 13 (IL- 1), Interleukin-6 (IL-6), Interleukin-10 (IL-10),
together with some chemokines®, is up-regulated during aging (Sadeghi et al.,
1999; Olivieri et al., 2002; Mariani et al., 2002). These cytokines/chemokines,
except for IL-10, are all involved in inflammatory phenomena.

In this respect, our group argued that the chronic exposure to antigens leads to a
progressive activation of macrophages and related cells in most organs and tissues
of the body. In other words, the continuous antigenic challenge could be responsible
for a progressive pro-inflammatory status, which appears to be one of the major
characteristics of the aging process. We named this phenomenon inflamm-aging
(Franceschi et al., 2000b; Franceschi et al., 2000c). The remodelling of the organism
occurring with age could be, at least in part, orchestrated by a shift of cytokine
production toward a pro-inflammatory profile, together with other endocrine and
metabolic alterations (Paolisso et al., 2000).

A contribution to the onset of an inflammatory status could also be provided by
other cells of the natural IS, such as NK and granulocytes. NK cells are defined
as non-B, non-T lymphocytes and they have a fundamental role against viruses
and tumours. We reported an increased number of cells with NK markers (as
both absolute number and percentage) and a well preserved MHC non-restricted
cytotoxic activity in the elderly and even more in centenarians (Sansoni et al.,
1993). This finding has been subsequently confirmed by other authors (Mariani
et al., 1999; Miyaji et al., 2000). It has been proposed that the increased number
of NK cells can be a compensatory mechanism that counteracts the age-dependent
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decrease in the functionality of such cells. Interestingly, the same Authors found
an increased production of Interferon-gamma (IFN-vy) by NK cells in both middle-
aged subjects and centenarians (Miyaji et al., 2000). IFN-v is another important
pro-inflammatory cytokine. In addition it has also been demonstrated that NK
cells derived from healthy nonagenarians retain the ability to synthesize some
chemokines and are able to up-regulate their production in response to stimu-
lation by IL-12 and IL-2 cytokines (Mariani et al., 2002). It is important to
remember that IL-12 and IL-2 are among the most effective inducers of NK
activity and play a key role in the initiation and maintenance of immune
response. Thus, these data confirm that the aging process could be responsible
also for the up-regulation and differentiation of NK cells towards a specific
pro-inflammatory profile. Moreover, in unhealthy centenarians, a high number of
T lymphocytes expressing NK markers and producing high amount of IFN-vy has
been found (Miyaji et al., 2000).

As far as granulocytes are concerned, they are typically involved in the inflam-
matory response for counteracting a large variety of antigens and pathogens. Their
production of cytokines is also affected by aging. Indeed, it has been found
that IL-1 and Tumour Necrosis Factor-alpha (TNF-a), another pro-inflammatory
cytokine mainly produced by granulocytes, are up-regulated in centenarians (Miyaji
et al., 2000).

Moreover, we recently reported that another pro-inflammatory cytokine, i.e.
IL-18, increases with age and that centenarians display significantly higher 1L-18
serum level compared to people of younger ages (Gangemi et al., 2003). However,
higher levels of IL-18-binding protein, i.e. a protein which binds and neutralizes
IL-18, is also increased, suggesting that compensatory mechanisms capable of
quenching the pro-inflammatory activity of IL-18 likely occur with age.

To this regard it is interesting to remember that high serum levels of TNF-«
are considered as a strong predictor of mortality in both 80-years-old people
(Bruunsgaard et al., 2003a) and centenarians (Bruunsgaard et al., 2003b).

On the whole, many studies support the general concept that aging, up to the
extreme ages, is characterized by a shift in the production of cytokines in favour
of the pro-inflammatory ones. It is at present unknown whether the derangement
in the regulation of inflammatory reactions is a cause or rather an effect of the
aging process as a whole. Nevertheless, an altered inflammatory response can
probably be the result of a life long exposure to stressors’ such as antigens,
but also chemical and physical agents that threaten the integrity of the organism
(Franceschi et al., 2000c).

The chronic pro-inflammatory status can be in some cases an important cause of
damage, by itself or by interacting with other pathological molecular mechanisms,
thus contributing to the acceleration of the onset of different diseases, or to their
severity. Indeed, it has been demonstrated that a pro-inflammatory status renders
the subjects more prone to a variety of infectious and non infectious diseases
(cardiovascular diseases, neurodegenerative disorders, osteoporosis®, sarcopenia’
and diabetes, among others) (De Martinis et al., 2005).
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1.3 Specific immunity: remodelling and filling
of the “immunological space”

Specific immune response is both humoral (that is, mediated by antibodies produced
by B lymphocytes), and cell-mediated (that is, mediated by T lymphocytes, whose
two main subclasses are named CD4+helper'® and CD8+cytotoxic!! lymphocytes).
Both types of response, humoral and cell-mediated, are modified and remodelled
by aging. As far as humoral response, we found that the number of circulating
B lymphocytes decreased with age, and concomitantly an increase of the serum level
of immunoglobulin classes (IgG'? and IgA " but not IgM'*) was observed (Paganelli
et al., 1992). Tissue-specific autoantibodies'®> were also observed to increase in old
people, but not in healthy centenarians (Mariotti et al., 1992).

As far as cell-mediated response, is concerned we and others observed that the
major characteristic of immunosenescence appears to be the accumulation of memory
and effector antigen-experienced T cells!®, accompanied by a decrease of virgin,
antigen-non experienced, T cells (Cossarizza et al., 1996; Fagnoni et al., 1996;
Fagnoni et al., 2000; Wack et al., 1998; Pennesi et al., 2001). Thus, the progressive
expansion of clones!” of memory cells, together with the age-related decrease of
thymic'® production of virgin T cells (thymic output), able to recognise and to cope
with new antigens, leads to a progressive accumulation of cells less responsive or
even inactive towards antigens, and in general to a weakening of the IS responses.
We proposed to indicate this phenomenon as the “filling of the immunological
space” with memory cells (Franceschi et al., 2000a; Franceschi et al., 2000c).

Moreover, recent data suggest that also T lymphocytes aged subjects display
a shift toward the production of pro-inflammatory cytokines (Zanni et al., 2003).
CD8+ T lymphocytes (or cytotoxic T lymphocytes) appear to be the most affected
by aging; indeed the number and the percentage of this cell subset increase during
aging together with the loss of their functionality. In particular, cytotoxic T lympho-
cytes lose CD28 costimulatory molecules (Fagnoni et al., 1996; Fagnoni et al.,
2000) and reduce their antiviral effector function (Effros, 2004). Actually, our recent
data demonstrated that a large clonal expansion of peripheral CD8+ T lymphocytes
specific for cytomegalovirus'® (CMV) and Epstein Barr virus*® (EBV) are common
in elderly individuals, thus confirming that immunosenescence is strictly associated
to the life long exposure to a wide antigenic load (Vescovini et al., 2004).

Likely, it can be hypothesized that the filling of the immunological space with
clonally expanded, virus-specific, T lymphocytes, together with the persistence of
an antigenic burden could impair the antigen processing?! and in particular the
activity of the immunoproteasome?? (Mishto et al., 2003), which is also modulated
by different cytokines. The antigen recognition by T lymphocytes can occur when
the antigen processing is correctly made, otherwise T cell function is deranged and
the susceptibility to infections increases.

Interestingly, longitudinal studies®®, performed on lymphocytes from the same
group of old individuals over many years, show that an “immune risk phenotype
(IRP)”, predictor of mortality, can be determined in very old people. This IRP is
described in a recent paper (Pawelec et al., 2004) and it is defined as the concomitant
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presence of a series of different features, such as the ratio of CD4+ T cells vs
CD8+ T cells lower than 1; a poor T-cell proliferative response to mitogens®*;
an increase in CD8+, CD28—, CD57+% cells; a low number of B cells; the
seropositivity?® to CMV and EBV.

On the whole, these modifications (chronic inflammatory status, and progressive
derangement of lymphocyte activity), likely account for the proneness of old
people to infectious diseases. In specific skin, lung, together with other tissues or
organs, can be infected when immune system weakens during aging (Laube, 2004;
Meyer, 2004; Gavazzi and Krause, 2002). Influenza seems to be the major health
problem among elderly people in industrialized Countries. An estimated 90% of
the 10,000-40,000 excess death caused annually by flu in the United States occurs
in subjects aged more than 65 years (Castle, 2000). Actually, diseases such as
emphysema?’, diabetes or chronic renal failure?® and in general co-morbidities can
also increase the risk of infections.

Considering that aging impacts on the capability to produce different levels of
cytokines and to mount an immune and inflammatory response, (and to respond
to specific antigenic stimuli), and that all these phenomena are characterized by
an extensive individual variability, key questions are to be ascertained: 1. whether
genetic variants of genes involved in innate immunity, inflammation and specific
immunity play a role in immunosenescence; 2. whether a peculiar genetic profile of
these genes is correlated to longevity; 3. whether a relationship exist between such
a genetic profile and resistance/susceptibility to infectious diseases in the elderly.
The last question, which is the most relevant from a clinical and biomedical point
of view, is unfortunately difficult to answer at present, owing to the scanty data
available. Thus, in the next section we will focus on the available data on the functional
genetic variants of pro- and anti-inflammatory cytokine genes in nonagenarians
and centenarians. We will argue that these data are consistent with the hypothesis
that genetics and antagonistic pleiotropy?® play a role in immunosenescence,
as well as in longevity and resistance/susceptibility to infections in old age.

2. CYTOKINES AND GENES

Pro-inflammatory and anti-inflammatory cytokines have a fundamental role in the
regulation of immune response against pathogens all along our life and during aging
too (Rink and Kirchner, 2000; Pawelec, 1995). As above mentioned, abnormal incre-
ments of pro-inflammatory cytokines are involved in the appearance of some of the
most common age-related disease, as well as infections (Mocchegiani et al., 2000).

Interestingly, in a recent study (Naumova et al., 2003) ten families with long
living members from Bulgarian population were analysed. The authors found a
significant®® association among longevity, genotype of anti-inflammatory cytokine,
and the absence of IRP. Thus, they concluded that a combination of specific genetic
variants, together with the absence of IRP, could contribute to successful aging
and to maintaining healthy status in the elderly. From a general point of view
these results fit the hypothesis we are testing since several years that a genetically
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determined capability of producing low amounts of pro-inflammatory cytokines and
concomitantly high levels of anti-inflammatory cytokines favour human longevity
(Franceschi and Bonafe, 2003)

Accordingly, we surmise that genes of immunity, and in particular those neutral-
izing/counteracting the onset of the chronic pro-inflammatory status which develops
with age, could have an important role also for coping with infectious diseases.
Indeed, it is well known that some functional, genetic variants can modulate the
serum level of the respective cytokine. When we studied the effect of a genetic
polymorphism at position —174 in the IL-6 gene promoter! (a cytosine to guanine
transition, —174 C/G) on IL-6 production in old subjects, we found that male (but
not female) subjects with a GG genotype had significantly higher serum levels of
IL-6 with respect to subjects with CC and CG genotypes. Accordingly, in male
centenarians the frequency of GG subjects was lower than in young people (Olivieri
et al., 2002). These data have been further confirmed by other groups (Rea et al.,
2003; Ross et al., 2003).

We also studied the IFN-y cytokine, in particular the polymorphism of +874T/A,
where the presence of the +874A allele*? is known to be associated with low IFN-y
production. 174 Italian centenarians and 248 control subjects were analysed and it
was found that the +-874A allele was found more frequently in centenarian women
than in centenarian men or in control women (Lio et al., 2002a). The presence of
this allele, significantly increases the possibility to achieve extended longevity, and
fits the hypothesis that an anti-inflammatory cytokine profile could be crucial for
successful aging.

These considerations are further confirmed by studies on the anti-inflammatory
cytokine IL-10. This cytokine has a genetic polymorphism (—1082G/A) that has
been suggested to be correlated with high production of IL-10, and subjects carrying
the —1082GG genotype are found to be more represented in centenarians (Lio et al.,
2002b) and to be less affected by age-related diseases such as myocardial infarction
and Alzheimer’s disease (Lio et al., 2003; Lio et al., 2004). Thus, high serum levels
of an anti-inflammatory cytokine such as IL-10 might favour a successful aging.
The same considerations apply to another important anti-inflammatory cytokine
such as TGF-betal (TGF-B1). We observed an increased plasma level of active
TGF-B1 in centenarians in comparison to young subjects, active TGF-31 plasma
levels were significantly increased in the elderly group, but no relationship with
TGF-B1 gene polymorphisms was observed (Carrieri et al., 2004).

Moreover, recently we analysed the —308G/A polymorphism of TNF-a in old
subjects affected or not affected by infectious diseases and we found that the
frequency of —308A allele is increased in subjects suffering by infectious disesases
in comparison with healthy old controls (Cipriano et al., 2005). This last finding
suggests an association between allelic variants of cytokine genes and the suscep-
tibility to infections during aging.

Nevertheless, quite paradoxically, pro-inflammatory characteristics have also
been documented in healthy centenarians. In this perspective, chronic inflammatory
response, as already mentioned, might represent an attempt of the organism to
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counteract stressors, including antigens, and to restore homeostasis (Franceschi
and Bonafe, 2003). As discussed later in this session, we have argued that a pro-
inflammatory status might represent the first, necessary but per se insufficient hit
to frailty, disease and death (Franceschi and Bonafe, 2003; Cipriano et al., 2005).

Thus, inflamm-aging, despite being an inescapable result of the long lasting
exposure to acute and chronic infections and to the consequent life long antigenic
burden, by itself is not a sufficient condition to trigger age-related diseases, and
we can hypothesize that a second, or more than two-hits, are necessary, including
a genetic predisposition to the onset of specific age-related diseases and to strong
inflammatory responses (Lio et al., 2004; Carrieri et al., 2004; Cipriano et al., 2005;
Franceschi et al., 2000d; Ginaldi et al., 2005).

Moreover, it is likely that not only genetic variants related to cytokines could
be useful to counteract the susceptibility to infections, but also other genes related
to metabolism could be involved in the protection of the organism during aging,
as recently reviewed (Franceschi et al., 2005). In addition, other genes such as
Human Leucocytes Antigens (HLA) alleles and haplotypes could be relevant to
susceptibility or resistance to infections during aging (Caruso et al., 2001; Caruso
et al., 2000).

3. ANTI-IMMUNOSENESCENCE STRATEGIES

In this section, we will discuss the possibility to modulate the age-related immune

system reshaping in order to counteract the susceptibility to infections.

As described above, immunosenescence is characterised by the following three
main aspects: 1. the shrinkage of the T cell repertoire®® together with an increase
in number and size of clones of memory/effector cells; 2. the exhaustion of virgin
T cells; 3. the inflamm-aging status. These three aspects are deeply interconnected,
and likely share a common pathogenic origin, that is the continuous exposure
to the antigenic load, together with the early involution of the thymus. Thus, a
main strategy for delaying immunosenescence should take into consideration the
following features:

1. To avoid any extra immunological burdens, and to pay a careful attention to
neglected sources of antigenic stimulation, such as chronic sub-clinical infections
in the oral cavity, the gastrointestinal tract and uro-genital tract, among others,
which probably represent a major source of antigenic stimulation. From this
point of view, a systematic search for chronic viral infections in the elderly,
and the establishment of safe procedures to eradicate them, would be likely
to have a beneficial impact on the escape of infections and the reaching of
longevity. On the other hand, sometimes it appears impossible to completely
eliminate some infectious diseases such as flu during winter, and good strategies
of vaccination should be applied to prevent the increasing of mortality among
elderly, as recently confirmed in Great Britain (Armstrong et al., 2004).

2. To avoid the shrinkage of T cell repertoire. Indeed, as described before,
immunosenescence is accompanied by an expansion of specific clones, such as
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CMV-specific CD8+ T lymphocytes; these are unnecessary cells contributing
to the IRP and it is legitimate to wonder whether deleting them would
improve matters for the individual. Nowadays, this is still an unanswered
question, and strategies to this aim have been used only in vitro or in animal
model systems.

. To force the expression of CD28 in order to allow a functional recovery of
the cells and to allow homeostatic processes to eliminate cells in excess. The
feasibility of this latter approach has been demonstrated in vitro using specific
cells in which the re-introduction of CD28 has reconstituted the capability to
produce IL-2 (Topp et al., 2003). Physical removal of the CD28— T cells might in
theory enable the expansion of more functional CD8+ T cells and the expansion
of their repertoire.

. To prevent the accumulation of CD28- effector T cells right from the beginning.
Since CMV seems to be the main driving factor for their expansion, early
vaccination against CMV should be considered. Application of antiviral agents
might also become an option because these are already in use in other contexts.
Immunization strategies against CMV should be potentially protective from this
point of view, as they should avoid the accumulation of terminally differentiated
T cell clones (Bernstein et al., 2002)

. To rejuvenate the thymus and/or delay its involution. Studies by several groups
on this topic are very promising (Andrew and Aspinall, 2001; Nasi et al.,
2006). An increased output of newly produced virgin thymic cells would
counteract the progressive impoverishment of the T lymphocyte repertoire, but
some problematic aspects can be anticipated, owing to the possible concomitant
enlargement of the immunological space due to the well documented lack of
regulation between the thymic input and the size of the peripheral lymphoid
tissue (Andrew and Aspinall, 2001). We hope that our study in progress on
IL-7** production and the presence of virgin T lymphocytes in the peripheral
blood of the oldest old, including centenarians, will contribute to elucidate this
question (Nasi et al., 2006).

. To counteract inflamm-aging and all of its deleterious consequences. Data from
recent studies suggest that patients treated with anti-inflammatory drugs for
long periods of time are apparently protected from age-related diseases, such
as Alzheimer’s disease (Berzins et al., 2002; Ferrucci et al., 2002; Franceschi
et al., 2001). On the basis of what we discussed above, it is reasonable that
anti-inflammatory drugs could be also useful to counteract the age-dependent
decrease in the capability to cope with infections.

. To provide old subjects with a correct dietary intake. Indeed, it is important to
underline that elderly individuals often have an unbalanced diet, which can cause
malnutrition, frailty and weakening of the IS. Thus, it is fundamental to prevent
malnutrition and sometimes to add minerals or vitamins to the diet. It was shown
that the dietary supplementation with the recommended daily intakes of zinc for
one or two months decreases the incidence of infections and increases the rate
of survival to further infections in the elderly (Mocchegiani et al., 2000).
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4. CONCLUSIONS

In conclusion, we can try to answer the question whether genes or genetic variants
involved in immune response have an influence on the susceptibility to infections in
the elderly. All the data here reported suggest that a “pro-inflammatory risk” with
genetic bases exists. In addition, it is hypothesized that other genes (HLA genes,
genes involved in stress response and energy metabolism) could also be relevant for
susceptibility or resistance to infections, even if direct evidences are not yet available.

By the way, as discussed, these genes are mostly the same that have been
claimed to be associated to human longevity (Franceschi et al., 2005). Indeed, it
is conceivable that an allele variant of a gene having a protective effect against
age-associated diseases can promote longevity. As stated at the beginning of this
Chapter and discussed all along it, the immune function is of primary importance for
survival, but likely our IS has been selected only to fit for survival at young ages, but
not later on. Thus, one of the most important goal of the next years for biomedicine
will be to increase the fitness of our IS with pharmacological or genetic strategies
in order to allow it to work in optimal conditions even after 100 years of life.

NOTES

1. Cytokines: hormone-like proteins produced by many different cell types. They mediate inflammatory
and immune reactions and affect the behaviour of other cells.

2. Phenotypical: related to all the physical characteristics (morphology, physiology, biochemical
features) that result from genetic code.

3. Polymorphism: Natural variation in a gene, DNA sequence, that have no adverse effects on the
individual and occurs with fairly high frequency in the general population. The most common
polymorphisms are the so-called Single Nucleotide Polymorphisms” (SNPs), whose position on the
sequence is indicated with “4” or “—” (e.g. —174; +874) basing on the fact that they are upstream
or downstream of the transcription starting point.

4. Macrophages: resident large phagocytic cells derived from circulating monocytes.

5. Antigen-specific response: immune response specifically developed against different microbes and
macromolecules.

6. Chemokines: family of structurally related glycoproteins with chemotactic and leukocyte activation
activity.

7. Stressors: any chemical, physical, or biological entity that can induce adverse effects on cells or
organisms.

8. Osteoporosis: a pathological condition in which there is a decrease in bone mass and bone density
and an increased risk and/or incidence of bone fracture.

9. Sarcopenia: loss of muscle mass and function that, generally, comes with aging. This condition
strongly influences muscle strength and mobility; it is a factor involved in the occurrence of frailty,
falls and fractures in the elderly.

10. CD4+ T helper cells: cells that carry the CD4 co-receptor protein and they are involved in the
activation of monocytes and lymphocytes by secreting different types of cytokines.

11. CD8+ T cytotoxic cells: cells that carry the co-receptor protein CD8 and they are involved in the
killing of infected cells and tumour cells.

12. IgG: the most abundant immunoglobulin in the blood. It is responsible for the elimination of
extracellular bacteria and toxins.

13. IgA: immunoglobulin that represents about 15 to 20% of immunoglobulins in the blood although it
is primarily secreted across the mucosae. It is responsible for mucosal immunity.
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14. IgM: it is the first antibody that is produced to the exposure to an antigen and it is important for
the elimination of extracellular bacteria and toxins.

15. Autoantibodies: antibodies produced against the body’s own tissues. They are created by the immune
system when it fails to recognize between “self” (the body’s normal constituents) and “non-self”
(foreign pathogens) and starts to attack its own cells, tissues, and/or organs, leading to the so-called
“auto immune diseases”.

16. Memory and effector antigen-experienced T cells: two T lymphocyte subpopulations in two different
phases of their life, after antigen activation.

17. Clones: a population of cells derived from a single progenitor cell.

18. Thymic production: secreted by thymus, a primary lymphoid organ lying in the thoracic cavity,
above and behind the heart.

19. Cytomegalovirus (CMV): member of the herpesvirus family, associated with persistent, latent and
recurrent infection. It is usually not very harmful to healthy people.

20. Epstein Barr virus (EBV): human herpesvirus that usually causes an asymptomatic infection. It is
the causative agent of infective mononucleosis and has been linked to the development of several
cancers, particularly lymphomas in immunosuppressed persons.

21. Antigen processing: sequence of events that convert antigen protein into peptides which mount
molecules of Major Hystocompatibility Complex (MHC, important molecules responsible for graft
rejection).

22. Immunoproteasome: multimeric proteolitic complex inside the cytokine activated cells.

23. Longitudinal studies: research design where subjects are assessed at several different times in their
lives in order to monitor the occurance of risk factors and the health status.

24. Mitogens: molecules able to induce cell division.

25. CDS57+: cell-surface glycoprotein principally expressed on different types of cells such as NK,
monocytes, some subsets of T and B cells.

26. CMYV and EBV seropositivity: presence of antibodies to CMV and EBV in the blood detected by
appropriate laboratory tests.

27. Enphysema: a lung pathology featuring the loss of lung elasticity and an abnormal accumulation of
air in lung alveoli (tiny air sacs).

28. Chronic renal failure: a pathological condition featuring a slow and progressive deterioration of
kidney function. It is also called kidney failure and is usually irreversible.

29. Pleiotropy: the phenomenon whereby a single gene affects several unrelated aspects of the phenotype
of an organism.

30. Significant: a possible outcome of a significance test; it is performed to determine statistically if
an observed value differs enough from a hypothesized value of a parameter. The choice of the
“statistically significant” value is somewhat arbitrary but by convention levels of .05 and .01 are
most commonly used.

31. Promoter: short sequence of DNA to which specific enzymes bind in order to initiate transcription
of a gene

32. Allele: one of several alternative forms of a gene or DNA sequence at a specific chromosomal
locus. At each autosomal locus an individual possesses two alleles, one inherited from the father
and one from the mother.

33. Cell repertoire: all the lymphocytes which recognize different antigens in the organism.

34. IL-7: cytokine involved in signalling between cells of the immune system with a specific role for
lymphocyte maturation.
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CHAPTER 3

PROGRESS AND DEVELOPMENT IN PARKINSON
DISEASE THERAPY
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Abstract: Parkinson disease (PD) is a common neurodegenerative disorder affecting 1% of the
population aged seventy or more. The causes of PD remain obscure, but basic and clinical
research has led to a deep insight into PD pathophysiology, identifying several points
of intervention for emerging therapeutic strategies enabling modulation of neural circuits
and replacement of lost neurons, neurotransmitters, and neurotrophic factors.

In this chapter we aim, accordingly, to present a overview of the current knowledge
on PD pathophysiology and demonstrate how this knowledge provides targets for current
and future pharmacological and surgical treatment strategies towards PD

Keywords:  Basal ganglia circuitry; Current & future interventions; Neuroprotection; Pharmacological
treatment; Surgical treatment

1. PARKINSON DISEASE

The major symptoms of Parkinson disease (PD), comprising rigidity of the limbs,
resting tremor, impaired ability to initiate and execute movements (akinesia and
bradykinesia) and postural imbalance, were described in 1817 by James Parkinson
(Parkinson, 1817). A century later severe loss of the neural cell bodies in the
substantia nigra was implicated in the pathogenesis of PD (Tretiakoff, 1919;
Freeman, 1925; Greenfield and Bosanquet, 1953) and dopamine was identified
as the principal neurotransmitter in the nigrostriatal system (Carlsson et al.,
1958; Carlsson, 1959; Bertler and Rosengren, 1959). The main pathological
findings of PD are thus a massive loss of more than 80% of the dopamin-
ergic neurons in the brainstem substantia nigra pars compacta and the presence
of intraneuronal spherical eosinophilic cytoplasmatic protein aggregates (Lewy
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bodies) in the remaining dopaminergic neurons, resulting in a severe depletion
of striatal dopamine (Bernheimer et al., 1973; Kish et al., 1988; Forno, 1996;
Dauer and Przedborski, 2003).

Although PD pathology and pathophysiology (see below) are well described, the
cause of idiopathic PD remains obscure (Marsden, 1994; Przedborski, 2005)
Numerous theories have been proposed, but never consistently proven. They
involve environmental factors (Tanner et al., 1997; Tanner, 1989; Semchuk
et al., 1992; Rybecki et al., 1993; Tuchsen and Jensen, 2000), oxidative stress
(Fahn and Cohen, 1992; Haas et al., 1995; Jenner and Olanow, 1996; Offen et al.,
1999), excitotoxicity (Rodriguez et al., 1998), mitochondrial dysfunction (Haas
et al., 1995; Duvoisin, 1999; Nakagawa-Hattori et al., 1992; Wooten et al., 1997),
infectious agents (Von Economo, 1917; Duvoisin and Yahr, 1965; Nisipeanu
et al., 1997), and hereditary causes leading to abnormous protein aggregation and
mitochondrial dysfunction (Przedborski, 2005; Kriiger, 2004). It should be noted
that all these probable etiological causes points towards PD as a multifactorial
disease caused by the convergence of multiple external and internal pathogenic
factors (Przedborski, 2005).

Parkinson disease is a relatively common neurological disorder, affecting
approximately 100-250/100000 of the general population with approximately
11-19/100000 new cases evolving every year (Tanner et al., 1997; Tanner and
Ben-Shlomo, 1999; Lindgren et al., 2005). PD is strongly correlated to age, as
the prevalence increases steadily throughout the last decades of life, illustrated
by a prevalence of 47/100000 for individuals aged 40-49 years, 254/100000 for
individuals aged 60-69 years, and 832/100000 for individuals aged 70-79 years
(Mutch et al., 1986). Since the population of people over 50 years of age is
increasing, the occurrence of PD will continue to grow. It is, therefore, evident
that treatments interfering with the causal mechanisms and symptoms of PD will
not only be beneficial for the patients, but also have substantial socioeconomic
importance (Lindgren et al., 2005).

2. THE BASAL GANGLIA CIRCUITRY (FIGURE 1A)

Normal motor function depends on adequate activity in the basal ganglia which
comprises the striatum (Str), the globus pallidus pars externa (GPe), the globus pallidus
pars interna (GPi), the subthalamic nucleus (STN), and the brainstem substantia nigra
(SN) (Albin et al., 1989; Alexander, 1994; Chesselet and Delfs, 1996).

Under normal conditions (Figure 1A) neural information passes from the cerebral
cortex to the striatum (Parent and Hazrati, 1995a) and then through the basal ganglia
to the GPi which is considered the main output region of the basal ganglia (Albin
et al., 1989; Alexander, 1994; Alexander and Crutcher, 1990; DeLong, 1990; Parent
and Hazrati, 1995b). The neurons in the GPi are mainly GABAergic (Smith et al.,
1987) and have an inhibitory influence on the ventral anterior and ventrolateral
thalamic nuclei (VA-VL). The VA-VL project to the motor cortex and the inhibitory
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Figure 1. Schematic drawing illustrating the basal ganglia circuitry in health (1A) and PD (1B).
Excitatory input is marked by +, whereas inhibitory input is marked by —. Thick lines demarcate
facilitated pathways and thin lines demarcate depressed pathways. See text for abbreviations. (1A)
Striatum modulates GPi activity via a direct and an indirect pathway. The direct pathway (thin dark
line) projects directly to the GPi, whereas the indirect pathway (thin dark gray lines) projects from the
Str to the GPe and then to the STN before it reaches GPi. As DI and D2 receptors act differently
on the two pathways, the net result of a proper dopaminergic input to the Str is a reduced inhibitory
output from the GPi (thin light gray pathway) and thus a general facilitation of thalamocortical motor
activity. (1B) Striatal dopamine depletion leads to an augmented GPi inhibitory output due to reduced
activity in the direct pathway and an increased output from the STN to the GPi, causing depression of
the thalamocortical motor circuit and thus PD symptoms

input (thin light gray line) from the GPi is, therefore, believed to restrain thalamo-
cortical motor activity. Dopaminergic neurons in the brainstem substantia nigra (SN)
supply the striatum with dopamine via the nigrostriatal pathway (fat stippled line),
acting on GABAergic neurons expressing either D1 or D2 receptors. GABAergic
neurons expressing D1 receptors are stimulated by dopamine, while GABAergic
neurons expressing D2 receptors are inhibited. The GABAergic neurons in the
striatum influence the activity in the GPi by a direct pathway from the striatum to
the GPi (fat dark line), and by an indirect pathway (thin dark gray lines) from the
striatum to the GPi via GABAergic neurons in the GPe and glutaminergic neurons
in the STN, the latter having an excitatory influence on the Gpi (Albin et al., 1989;
Alexander, 1994; DeLong, 1990; Smith and Parent, 1988; Parent and Hazrati, 1995a)
The dopaminergic influence on the D1 receptors of the striatal GABAergic neurons
therefore result in an increased inhibition of the GPi output neurons by the direct
pathway. The D2 receptors are likewise activated by dopamine, but this activation
results in an inhibition of the GABAergic neurons projecting from the striatum
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to the GPe, and thus in an increased inhibitory influence of the GABAergic neurons
projecting from the GPe to the STN which diminishes the excitatory output from
the STN to the GPi, resulting in a decreased inhibitory output from the GPi. The net
result of a normal dopaminergic influence on the direct and indirect pathways is,
accordingly, a reduced inhibitory output from the GPi acting on the thalamocortical
motor circuit and thus a general facilitation of motor function (Figure 1A).

3. PARKINSON DISEASE PATHOPHYSIOLOGY (FIGURE 1B)

PD is related to a massive loss of dopaminergic neurons in the brainstem substantia
nigra (SN), resulting in a pronounced depletion of dopamine in the nigrostriatal
pathway (stippled line) and thus a decreased stimulation of the striatal D1 and D2
receptors. This leads to decreased activity in the direct pathway, whereas the indirect
pathway is facilitated. The net result is an increased inhibitory output from the GPi,
resulting in decreased thalamocortical motor facilitation and the motor symptoms of
PD (Albin et al., 1989; DeLong, 1990; Bjarkam et al., 2001). A similar disturbance
in parallel cognitive, limbic and associative cortico-basal ganglia-thalamo-cortical
loops is probably responsible for the common occurrence of cognitive decline and
psychiatric co-morbidity in PD (Herrero et al., 2002).

Although this model of PD pathophysiology represents a simplification of the
complex anatomy and function of the basal ganglia, it has clearly depicted several
targets for intervention where different pharmacological and surgical strategies for
the treatment of PD may interact and counterbalance the disturbed basal ganglia
circuitry (Figures 2 & 3).

Fig. 2A Pharmacological treatment (current) Fig. 2B Surgical treatment (current)

Restoration of dopa-
‘minergic deficiency
by transplantation
of dopamine produ-
cing fetal cells,

Lacking dopamine
replaced by L-dopa

Dopaminergic re-
ceplors stimulated
by dopaminergic
‘agonists

Bicavailability of
dopaming increas-
ed by inhibition of
MAC-B and COMT

Blockade of the in-
creased inhibilory
output by DBS or
ablative surgery

Glutamatergic overactivity
blocked by recepior-antagonists
(Amantading)

Blackade of glutamatergic hyper-
activity by DBS or ablative surgery

Figure 2. Schematic drawing illustrating where current pharmacological (2A) and surgical (2B)
treatment strategies of PD are thought to influence the diseased basal ganglia circuitry
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4. PHARMACOLOGICAL TREATMENT OF PARKINSON
DISEASE (FIGURE 2A)

Pharmacological treatment of PD is generally the first treatment strategy instituted in
the initial phases of PD. In contrast to surgical treatment pharmacological treatment
is relatively easy to use and affordable. General problems connected with pharma-
cological treatments are inadequate drug passage across the blood-brain barrier
necessitating use of high drug dosages or drug precursors. Diffuse side effects of
the drugs used, on other organs and CNS areas than the basal ganglia likewise,
complicate pharmacological treatment strategies.

4.1 L-dopa

The most efficient treatment of PD is replacement of striatal dopamine with a
precursor to dopamine, levodopa (L-dopa) (Agid et al., 1999; Rascol et al., 2002;
Mercuri and Bernardi, 2005). L-dopa is in contrast to dopamine able to pass the
blood-brain-barrier, where after it is converted to dopamine in the striatum. L-dopa
is metabolized in the gastrointestinal tract and the liver by the enzyme dopa decar-
boxylase and is therefore routinely administered together with a peripheral dopa
decarboxylase inhibitor (carbidopa or benserazide), which increase the amount of
L-dopa available to the CNS.

Long-term use of L-dopa is, however, limited, by the development of motor
complications such as dyskinesias, severe motor fluctuations from mobility to
immobility (on-off periods) and progressive shortening of the duration of the
improved motor response after a dose of L-dopa (Olanow and Stocchi, 2004,
Stocchi and Olanow, 2004). It has been speculated that these motor complications
are caused by a variable amount of dopamine in the striatal synapses due to the
intermittent dosage of L-dopa. Some centers have therefore tried to secure a more
constant supply of L-dopa (continuos dopamine stimulation) by oral slow release
preparations, i.v.- or intraduodenal drug delivery systems (Stocchi and Olanow,
2004). Slow release preparations of L-dopa are, however, hampered by variable
absorption of L-dopa in the gastro-intestinal tract because the drug only is absorbed
in the upper part of the small intestine and is further dependent on regular gastric
emptying. Slow release preparations have therefore not yet proven them self more
useful than commonly used L-dopa preparations. Constant delivery of L-dopa by
i.v. and intraduodenal drug delivery systems has proven an effective PD therapy
with less motor complications than conventional oral L-dopa treatment (Nyholm
and Aquilonius, 2004). These treatments are, however, due to the administration
procedure more cumbersome for many patients, difficult to manage for doctors and
caregivers, and associated with side effects at the infusion site such as granuloma
formation and infections (Stocchi and Olanow, 2004). Transdermal slow release
preparations of L-dopa or dopamine agonists may prove to be a future solution
to these problems and several promising studies dealing with this drug application
method are currently under way (Sudo et al., 2002; Kankkunen et al., 2002; Lewitt
and Nyholm, 2004).
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4.2 Dopaminergic agonists

Another way to avoid motor complications associated with L-dopa treatment is to
use dopaminergic agonists (pergolide, bromocriptine, ropinirole and pramipexole),
which acts directly on the dopamine-depleted receptors in the striatum. These drugs
are often used as monotherapy in the early phases of PD and then later used as
adjunct therapy to L-dopa in the more progressive stages of PD (Jenner, 2003a).

4.3 Monoamine oxidase-B- (MAO-B) inhibitors
and Catechol-o-methyltransferase-(COMT) inhibitors

MAO-B inhibitors (selegiline, rasagiline and lazebemide) and COMT inhibitors
(entcapone and tolcapone) inhibit two parallel breakdown pathways of dopamine
and may therefore secure a larger and more constant level of striatal dopamine in
the early stages of PD. These drugs may be used alone in the initial stages of PD as
a way to postpone L-dopa treatment and may as adjunct therapy to L-dopa reduce
the needed daily L-dopa dose and daily off-time, while on time and motor scores
are improved (Rascol et al., 2005; Clarke, 2004).

4.4 Glutaminergic receptor antagonists

Glutamatergic receptor antagonists like amantadine may reduce the postulated
excessive glutamatergic output from the subthalamic nucleus and hereby improve
PD symptoms. Amantadine has been shown to reduce dyskinesias in advanced PD
but this beneficial effect lasted only for 4-9 months where after all patients where
withdrawn from treatment due to lack of effect (Clarke, 2004; Thomas et al., 2004).
The efficacy of dopaminergic agonists, MAO-B & COMT inhibitors and glutamin-
ergic receptor antagonists is less than that of L-dopa which remains the golden
standard for symptomatic pharmacologic PD treatment. Their initial or combined
use with L-dopa may, however, avoid or delay the occurrence of drug-induced
dyskinesias and neuropsychiatric adverse effects, which often complicate medical
treatment of PD (Lang and Lozano, 1998).

5. SURGICAL TREATMENT OF PARKINSON DISEASE
(FIGURE 2B)

The efficiency of L-dopa declines over time in a majority of patients where motor-
fluctuations and L-dopa induced dyskinesias become frequent (Lang and Lozano,
1998). This has, together with refined stereotaxic neurosurgical procedures and the
development of sophisticated brain scanners led to a resurgence of surgical methods
for the treatment of PD. Thus, it is estimated that 5-10% of the PD patients will be
eligible for surgical procedures encompassing ablative techniques, deep brain stimu-
lation (DBS) and neural transplantation (Hammerstad and Hogarth, 2001; Bjorklund
et al., 2003). Surgical treatment strategies enables generally local and restorative
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(neural transplantation) interventions in the CNS whereby the diffuse adverse effects
seen with pharmacological treatments may be avoided. All neurosurgical proce-
dures, however, carry the risk of causing a potentially life-threatening hemorrhage
or introducing infectious agents into the brain. These complications are fortunately
rare in most published materials (Hammerstad and Hogarth, 2001), but underscore
that the use of surgery must be based on a careful patient selection and pathophys-
iological models depicting reliable points of intervention. These procedures should
only be performed in centers with high neurosurgical standards, enabling meticulous
evaluation of inclusion criteria, surgical procedures, and short- and long-term post
surgical outcome.

5.1 Neural transplantation

Transplantation of embryonic dopaminergic cells from the midbrain of electively
aborted human fetuses to the dopamine depleted striatum in PD has successfully
resulted in long term survival of the transplanted tissue, functional reinnervation
of the dopamine-depleted striatum and restoration of basal dopamine levels
(Hammerstad and Hogarth, 2001; Bjorklund et al., 2003; Kordower et al., 1995;
Piccini et al., 1999; Piccini et al., 2000). Two recently published double-blind
studies using this technique have, however, not been able to demonstrate signif-
icant efficacy and were both complicated by the occurrence of off-medication
dyskinesias (Bjorklund et al., 2003; Freed et al., 2003; Olanow et al., 2003). The
use of this therapeutic strategy is, furthermore, hampered by ethical and practical
considerations, e.g. the need of large amounts of fetal dopaminergic nervous tissue
(3—4 fetuses for each side of the brain) with an estimated 10% survival rate of
the transplanted tissue and lacking consensus regarding the implantation technique
(Bjorklund et al., 2003).

The promising results obtained from neural transplantation in animals and some
human trials have increased the efforts to find new ways of generating cells that produce
neurotransmitters or neurotrophic substances®”-®. One way to overcome the problems
regarding the use of human fetuses is to use genetically modified stemcells, xenograft
material or immortalized cell-lines, which can be reproduced in vitro and harvested
when they appear in a sufficient number (Bjorklund et al., 2003; Martinez-Serrano
and Bjorklund, 1997; Lindvall et al., 2004; Langston, 2005). The cells inserted into
the brain may likewise be encapsulated in semipermeable capsules, which protects the
genetically modified cells from the host immune system and at the same time allow
the neurotrophic factor or dopamine produced by the encapsulated cells to diffuse into
the surrounding brain tissue (Yasuhara et al., 2005).

5.2 Ablative techniques

Disruption of the proposed hyperactive STN or of the increased inhibitory output
from GPi by localized stereotaxic lesions, aided by advanced brain imaging, micro-
electrode recordings and prelesional stimulation of the target area (macrostimulation),



38 BJARKAM AND S@RENSEN

has been shown to be an effective and reasonably safe procedure (Hammerstad and
Hogarth, 2001; Walter and Vitek, 2004; Alvarez et al., 2005). These interventions
alleviate contralateral L-dopa induced dyskinesias and improve rigidity, tremor, and to
alesser extent akinesia. However, subthalamotomy may resultin severe general chorea
that may persist for months and misplaced lesions outside STN and GPi may cause
irreversible neurological, cognitive and neuropsychiatric adverse effects (Hammerstad
and Hogarth, 2001; Walter and Vitek, 2004; Alvarez et al., 2005).

53 Deep brain stimulation

The hyperactive pathways from GPi and STN may also be modulated by implanted
electrodes, which block the neural activity in their vicinity with a high-frequency
electrical current (Bjarkam et al., 2001; Hammerstad and Hogarth, 2001; Alvarez
et al., 2005). This procedure, named deep brain stimulation (DBS), has proven
very efficient in the treatment of PD complicated by motor fluctuations and L-dopa
induced dyskinesias (The Deep-Brain Stimulation for Parkinson’s Disease Study
Group, 2001). The therapist can choose between several stimulation leads along
the electrode and modify stimulation parameters during and after implantation.
Deep brain stimulation hereby represents a more flexible method for basal ganglia
circuitry modulation than ablative surgery and can be used bilaterally without the
same occurrence of neuropsychiatric and cognitive side effects (Bjarkam et al.,
2001; Hammerstad and Hogarth, 2001), although a few cases of severe mood
changes and slight deficits in language abilities have been noted postoperatively
(Anderson and Mullins, 2003). The most common side effects are, however, related
to the surgical implantation (hemorrhage, infections or seizures), or due to the
influence of the electrical current on neighboring corticobulbar projections which
may result in dyskinesias, dysarthria, diplopia and paraesthesias (The Deep-Brain
Stimulation for Parkinson’s Disease Study Group, 2001). The latter complications
can be diminished by reducing the intensity of the stimulation or moving the
electrode, although this may lead to a reduced anti-parkinsonian effect.

6. FUTURE STRATEGIES IN PD (FIGURE 3)

Future treatment strategies apart from optimization of the strategies presented above
will probably focus on prevention/neuroprotection in PD, development of vaccines
towards neurodegenerative mechanisms in PD, use of gene-therapy, and identifi-
cation of new pharmacological intervention points such as the recent development
of adenosine A, ,-receptor antagonists.

6.1 Prevention/Neuroprotection in PD

PD is initiated by a severe nigral loss of dopaminergic neurons. It is therefore
obvious that a prevention of this cell loss by neuroprotective treatment strategies
could prevent the development or progression of PD. Such strategies in PD
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Fig. 3A  Pharmacological treatment (future) Fig. 38 Surgical treatment (future)
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Figure 3. Schematic drawing illustrating where future pharmacological (3A) and surgical (3B) treatment
strategies of PD are thought to influence the diseased basal ganglia circuitry

are faced with several problems. Firstly, although several theories have been
proposed involving impaired protein degradation and aggregation of insoluble
a-synuclein, oxidant stress, mitochondrial dysfunction, excitotoxicity, and inflam-
matory processes, the cause of the nigral cell loss is unknown (Przedborski,
2005; Nomoto, 2003). A definite target for PD neuroprotection is therefore not
available. Secondly, PD symptoms first become clinically apparent when the
majority of dopaminergic cells in the substantia nigra are lost. Development of
efficient preclinical PD markers enabling cheap and reliable screening of risk
populations (persons aged more than 60, or early PD debut among first degree
relatives) would therefore be desirable/necessary to provide dopaminergic cells
enough for neuroprotective treatment strategies to work (Storch et al., 2004).
Finally, several neuroprotective compounds interfering with the proposed mecha-
nisms to nigral cell death have proven effective in “symptomatic” animal models
of PD (MPTP or 6-hydroxydopamine intoxication) but failed to do so in humans,
indicating that we still lack adequate animal models for the development and cause
of human PD.

6.2 Vaccination strategies in PD

Two recent studies have revealed that immunization strategies may prime the
immune system to express antibodies or T lymphocytes to interfere with causal
mechanisms of PD development/progression in animal models of PD (Benner et al.,



40 BJARKAM AND S@RENSEN

2004; Masliah et al., 2005). The first study demonstrated that i.v. transfer of
copolymer-1-immune cells to MPTP-intoxicated mice led to nigral T-cell accumu-
lation, suppression of microglial activation and increased local expression of
astrocyte associated GDNF, resulting in significant protection of the nigralstriatal
neurons towards the initiated MPTP-intoxication (Benner et al., 2004). The second
study showed that active immunization with human alfa-synuclein may prevent
neurodegeneration due to abnormous protein accumulation in neuronal cell-bodies
and synapses in transgenic mice overexpressing human alfa-synuclein (Masliah
et al., 2005). Although both studies are promising they have only shown effect in
animal models of PD based on nigral cell loss due to MPTP-intoxication or over
expression of alfa-synuclein. These causes represent pathogenetic PD models, which
may differ grossly from the actual and still unknown pathogenetic mechanism of
human PD. Successful transfer of these vaccine strategies to humans is therefore
critically dependent of correct identification of the true pathogenesis of PD, or
proper selection of PD patients displaying the PD pathogenesis the actual vaccine
is developed against. Another caveat against vaccine strategies is that they may
result in an overt immunogenic response in the diseased brain tissue causing more
damage than the actual disease process. A clinical trial of vaccine treatment in
Alzheimers disease has, thus, been aborted due to the development of aseptic
meningoencephalitis in 17 of the 300 participating patients (Schenk, 2002).

6.3 Gene therapy in PD

Several studies have during the past years used gene therapy to modify nigral
cell loss and disturbed basal ganglia circuitry in PD animal models. These studies
are generally based on viral vectors, as nonviral gene transfer in general is less
effective in the CNS (Burton et al., 2003). It has thus been shown that transfection
with vectors expressing anti-apoptotic factors (Crocker et al., 2001; Mochizuki
et al., 2001) or neurotrophic substances (GDNF or Glil) (Yasuhara et al., 2005;
Bensadoun et al., 2000; Kordower et al., 2000; Kirik et al., 2000; Palfi et al., 2002;
Wang et al., 2002; McGrath et al., 2002; Azzouz et al., 2004; Suwelack et al., 2004;
Zheng et al., 2005) may be beneficial in neurotoxic (6-hydroxydopamine or MPTP)
animal models of PD. The promising effect of GDNF on the dopamine depleted
striatum has subsequently led to a phase I study concerning direct intraputaminal
delivery of GDNF in five Parkinson patients with promising results and few side
effects (Gill et al., 2003). Interestingly, it has been shown that gene therapy using
combined transfection with anti-apoptotic and GDNF expressing vectors has a
greater (synergistic) effect on the mentioned animal models of PD than transfection
with either an anti-apoptotic or GDNF expressing vector alone (Natsume et al., 2001;
Eberhardt et al., 2000). Gene therapy may also directly alter the disturbed basal
ganglia circuitry by converting the supposed hyperactive excitatory glutamatergic
cells in the STN to express GABAergic inhibitory responses, after subthalamic
injection of viral vectors expressing glutamic acid decarboxylase that converts
glutamate to GABA. The resulting genotypic shift revert a parkinsonian behavioral
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phenotype in rats (Luo et al., 2002) and has led to the initiation of a phase I clinical
trial (During et al., 2001). Another way to increase the amount of striatal dopamine
in neurotoxic animal models of PD is to transfect the dopamine depleted striatum
with viral vectors that contains genes necessary for the synthesis of dopamine. Thus,
simultaneous transfection with viral vector systems expressing tyrosine hydroxylase,
GTP cyclohydrolase and aromatic amino acid decarboxylase or combinations hereof
have consistently resulted in functional recovery of animals with neurotoxic PD
lesions (During et al., 1994; During et al., 1998; Azzouz et al., 2002; Kirik et al.,
2002; Muramatsu et al., 2002; Shen et al., 2000; Sun et al., 2003; Carlsson et al.,
2005). Finally, has one study demonstrated that intracerebral transfection with a
lentiviral vector expressing human alfa-synuclein may reduce the formation of
alfa-synuclein inclusions and subsequent neurodegeneration in a transgenic mouse
model of alfa-synuclein aggregation (Hashimoto et al., 2004).

Gene therapy is, however, not without problems and adverse effects. Thus, acute
phase reactions against the viral vector may lead to multisystem organ failure
(Chiocca, 2003). The viral vectors may likewise lead to mutagenic conversion and
abnormal oncogenic growth of the transfected cells (Hacein-Bey-Abina et al., 2003),
while lacking control of the transfected cells may cause unwanted excess production
of dopamine or aberrant sprouting responses, which may result in unwanted dyski-
nesias (Burton et al., 2003; Chiocca, 2003; Hsich et al., 2002).

6.4 Future pharmacological interventions

A continuous effort is ongoing to develop new drugs analogs, dose regimes,
and drug combinations based on the established types of PD-medications which
hopefully will lead to optimized administration, better anti-parkinsonian effect and
minimal adverse effects. An example of such efforts is the development of patches
which allow a constant slow transdermal delivery of L-dopa or dopaminergic
agonists (Sudo et al., 2002; Kankkunen et al., 2002; Lewitt and Nyholm, 2004;
Giildenpfennig et al., 2005). New points of pharmacologic intervention occurs more
rarely, but during the last decade has the therapeutic potential of adenosine A,,
receptor antagonism shown considerable promise, and pharmacologic agents acting
by this mechanism may very well be a integrated part of future PD treatment
regimens (Xu et al., 2005). A,, receptor antagonists are thought to exert a dual
action on the GABAergic neurons projecting from the striatum to the GPe, by
increasing their response to D2 receptor mediated inhibition and diminish their
release of GABA. Both effects will consequently attenuate the overactive indirect
pathway in PD and thereby result in a better balance in the disturbed basal ganglia
circuitry (Xu et al., 2005; Kase, 2003). A,, receptor antagonists have accordingly
improved motor deficits in rodent and primate models of PD (Grondin et al., 1999;
Shiozaki et al., 1999; Koga et al., 2000; Kanda et al., 1998; Kanda et al., 2000;
Jenner, 2003b) and have in several preclinical tests revealed a potential to potentate
and prolong the effect of simultaneous given L-dopa and reducing off time, while
exhibiting a low side effect profile in PD patients (Bara-Jimenez et al., 2003; Hauser
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et al., 2003; Stacy, M.A. and the US-005 & US-006 Investigator Group 2004). A, ,
receptor antagonists have, however, not yet been tested in large patient groups where
they may reveal side effects occurring in the cardiovascular, renal, pulmonary and
gastrointestinal systems which contains many A,, receptors and were A,, receptor
agonism e.g. the opposite of A,, receptor antagonism has been reported beneficial
(Stacy, M.A. and the US-005 & US-006 Investigator Group 2004).

7. CONCLUSION

The current review over progress and development in PD therapy illustrates clearly,
that a good deal of progress has been made in the elucidation and treatment of PD.
Further improvements will undoubtedly occur with the implementation of gene and
immune therapy, new drugs and surgical methods. In depth knowledge of the exact
pathogenesis of PD and the possibility to identify PD patients before symptoms and
dopaminergic cell loss occur are, however, necessary before relevant and effective
strategies that prevent PD, or offer sufficient neuroprotection against PD may be
developed. Such strategies await future progress in basic and clinical PD research.
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Abstract: Alzheimer’s disease (AD) remains one of the most disabling health conditions in elderly
population worldwide. The socio-economic burden of the disease is likely to increase
due to increasing life expectancy. Increasing understanding of AD pathogenesis suggests
heterogeneous nature of this disease, with number of underlying mechanisms operating
simultaneously, contributing to the ultimate phenotype. Neuropathological hallmarks of
AD include senile plaques and neurofibrillary tangles, neuronal atrophy and cortical
neurodegeneration. There is currently no cure for AD and the available treatments can
provide only a degree of symptomatic benefit to patients with mild-to-moderate AD. In
this review, we focus on the current understanding of AD, available symptomatic treat-
ments and potential disease modifying opportunities being pursued in the pharmaceutical
industry as well as in academia

Keywords:  Aging, neurodegenerative diseases, dementia

1. ALZHEIMER’S DISEASE

Alzheimer’s disease (AD) is a progressive neurodegenerative disease that accounts
for most cases of dementia seen in the elderly population (Ferri et al., 2005) Clinical
manifestations of the disease start with minor lapses in episodic memory. As the
disease progresses problems with general cognitive functions such as intellectual
abilities, memory, executive functions and speech become more common. The
cognitive deficit leads to severe personality changes characterised by agitation,
depression and social withdrawal. Over a period of years the condition worsens,
resulting in complete immobility, with patients becoming totally dependent on their
caregivers for social care.
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In the absence of a proven biological marker, the diagnosis of AD remains based
on the clinical judgment that the patient’s cognitive function has declined from
the past level of ability. An internationally agreed criterion for clinical diagnosis
of AD includes a detailed history, functional measures of decline such as instru-
mental activity of daily living scales, mental status tests, Clinical Dementia Rating
(CDR), Disability Assessment for Dementia (DAD), neuropsychological evaluation,
neurological and psychiatric examinations, blood tests, and brain imaging. The
accuracy of diagnosis of probable AD is now more than 90% based on autopsy
confirmation.

The risk factors for AD include age, genetic polymorphism, Down’s syndrome,
abnormal protein processing, neurotransmitter deficit, oxidative stress, head trauma,
and environmental toxins e.g. heavy metals. The interaction over time of these
genetic and nongenetic risk factors with the biology of aging brain leads to devel-
opment of the AD process.

It is estimated that around 24 million people worldwide are suffering from AD.
The figure is expected to increase significantly over next 50 years due to increasing
life expectancy. Every year 1% of the people over the age of 65 years and 6-8%
over the age of 85 are diagnosed with AD in the developed world. The disability
weight for dementia is higher than for any other health condition apart from spinal
cord injury and terminal cancer. In the United Kingdom half of all the elderly
people with cognitive impairment live in institutions a at a cost of £4.6 billion every
year. Increase in prevalence of AD with age suggests that every person is likely to
develop AD should they live long enough (Ferri et al., 2005; Kukull and Ganguli,
2000; Hebert et al., 2003).

1.1 Neuropathological features of AD

Neuropathological hallmarks of AD include senile plaques and neurofibrillary
tangles, neuronal atrophy and cortical neurodegeneration (Dickson, 1997). The
senile plaques are extracellular proteinaceous deposits of amyloid-beta (Abeta)
peptides. The senile plaques are considered to evolve over a long period of time and
their fibrillar nature is due to aggregated 40—42 amino acid long Abeta peptides.
Besides Abeta peptides plaques contain several other components. Dystrophic
neurites, activated microglia and reactive astrocytes are all seen near the plaques.
Aggregated amyloid fibrils and inflammatory mediators secreted by microglial and
astrocytic cells contribute to neuronal dystrophy. Neurofibrillary tangles consist of
paired helical filaments which are composed of hyperphosphorylated microtubule
associated protein tau (Grundke-Igbal et al., 1986). Presence of both plaques and
tangles is used as a definitive criterion for diagnosis of AD.

Neuronal death seen in brain is another pathologic hallmark of AD. Certain
populations of neurons tend to be lost selectively, and it has been proposed that the
loss of synaptic density is likely to have a more immediate relationship to dementia
in AD than Abeta accumulation.
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1.2 AD pathogenesis

The pathophysiologic abnormalities at the anatomical, cellular, and molecular levels
support the view that a variety of mechanisms may contribute to AD. The clinical
phenotype of AD could be a cumulative effect of all these events. There is
no compelling evidence that these mechanisms are mutually exclusive, however,
over last 10 years a dominant mechanism has been proposed by the ‘amyloid
hypothesis’.

According to another school of thought tau associated pathology is the under-
lying cause of AD pathogenesis. Both these hypotheses are described below.
The role of amyloid or tau as a primary cause of neurodegeneration has been
debated by two rival groups (Baptists and tauists) over several years, however,
the controversy has now been settled due to some recent observations suggesting
a link between the two hypotheses but several questions still remain unanswered
(Mudher and Lovestone, 2002).

1.2.1 Amyloid hypothesis

Amyloid hypothesis proposes accumulation of Abeta peptide in the brain as the
primary influence driving AD pathogenesis (Hardy and Higgins, 1992). Abeta
peptide is produced by proteolytic cleavage of a membrane bound amyloid precursor
protein (APP) by two proteases called 3 and +y-secretases. Under certain circum-
stances Abeta production is enhanced by changes in activities of both § and <y
secretases which leads to a cascade of events including neurofibrillary tangles
and cell death. The strongest evidence in favour of this hypothesis is provided
by familial cases of AD. Autosomal dominant mutations in the genes for APP,
Presenilin-1 (PS1) and Presenilin-2 (PS2) cause early onset familial AD (FAD)
by directly increasing synthesis of the toxic Abeta42 peptide. Transgenic mice
over expressing Abeta display pathological features of AD such as age specific
deposition of Abeta in brain. The other neuropathological characteristics of AD,
such as, astrocytosis, neuritic dystrophy, and microgliosis are also seen in these
animals, however, no neurofibrillary tangles or neurodegeneration is observed.
Further genetic evidence is provided by chromosome-21 (C-21) trisomy seen in
patients with Down‘s syndrome. C-21 harbours APP gene and one extra copy of
APP on C-21 results in over production of Abeta. Patients with Down’s syndrome
develop all the characteristic signs of AD earlier in their lives suggesting that the
Abeta accumulation is sufficient to cause symptoms (Tanzi and Bertram, 2001;
Phinney et al., 2003). Although the majority of AD cases appear to be sporadic,
the strong association of Abeta42 with FAD makes a compelling argument for
involvement of Abeta in the etiology of all forms of AD. According to the
Amyloid hypothesis, neurofibrillary tangles develop due to imbalance between
Abeta production and Abeta clearance. High levels of Abeta disrupt neuronal
metabolic and ionic homeostasis and cause aberrant activation of kinases and/or
inhibition of phosphatases. These alterations in kinase and phosphatase activities
ultimately lead to hyperphosphorylation of tau and formation of neurofibrillary
tangles (Oddo et al., 2003).



52 KUMAR ET AL.

1.2.2 Tau hypothesis

According to this hypothesis, neurofibrillary tangles formed primarily from
abnormal aggregations of a microtubule-associated protein tau, interfere with nerve
cell functioning by impairing axonal transport. The distribution of neurofibrillary
tangles spreads as the severity of the AD increases. During the early stages of
the disease, neurofibrillary tangles occur predominantly in the entorhinal region.
Subsequently, neurofibrillary tangles appear in the hippocampus and nearby regions
of the cortex and finally throughout the cortex. These regions possess a concen-
tration of neurons that receive cholinergic input, and also show the greatest degree
of degeneration (Mandelkow and Mandelkow, 1998; Goedert, 1996). Decreased
levels of acetylcholine and other markers of cholinergic function are characteris-
tically found and have been associated with the deficits in learning and memory
seen in AD. Neurotransmitters, including serotonin, glutamate, norepinephrine, and
somatostatin, are also decreased, and these changes may contribute to the behavioral
abnormalities seen in AD.

In addition to the mechanisms described above, other mechanisms of AD patho-
genesis include inflammation, oxidative stress, cerebrovascular stress, hypercholes-
terolemia, metabolic stress, active cell death and lack of neurotrophic support. A
variety of genetic and environmental abnormalities can also contribute to AD, e.g.
association of apolipoprotein E4 (apoE4) in familial and sporadic AD. In conclusion
AD is a heterogeneous disease with number of underlying mechanisms operating
simultaneously, contributing to the ultimate phenotype.

2. TREATMENT

AD is one of the most disabling health conditions with serious socio-economic
consequences. With the increasing number of AD patients world-wide and their
high dependency, the social and economic impact of this disease is likely to increase
exponentially. At present the direct and indirect cost of care of AD patients runs into
billions of dollars in the developed world annually. There is currently no cure for AD
but the marketed acetylcholinesterase inhibitors (AChEIs), donepezil, galantamine
and rivastigmine, can provide a degree of symptomatic benefit to patients with
mild-to-moderate AD, however, the clinical efficacy of these agents has come under
increased scrutiny in recent years. Memantine, an NMDA antagonist, is approved for
the symptomatic treatment of moderate to severe AD (Kumar, 2005). Symptomatic
treatments and potential disease modifying opportunities are described below.

3. SYMPTOMATIC TREATMENTS
3.1 Cholinesterase inhibitors

The gradual neuronal loss occurring in AD results in learning and memory
impairment; this is thought to be largely due to deteriorating cholinergic neuro-
transmission. Acetylcholine plays an important part in cognition and therefore
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maintaining its levels by reducing its degradation provides cognitive benefit.
A number of inhibitors have been developed that can inhibit acetylcholinesterase,
an enzyme that degrades acetylcholine. Short-term clinical trials (3—6 months)
with several different inhibitors have shown cognitive benefit to patients with
mild to moderate AD. There is evidence to suggest that such inhibitors alter the
course of the underlying disease process; however, it has controversially been
reported that acetylcholinesterase inhibitor treatment may delay institutionalization
(Geldmacher et al., 2003; Courtney et al., 2004). Four acetylcholinesterase inhibitors
(Tacrine, Donepezil, Rivastigmine and Galantamine) have been approved by the
FDA (Schneider and Tariot, 2003; Ibach and Haen, 2004).

3.1.1 Tacrine

Tacrine was the first acetylcholinesterase inhibitor approved for AD. Tacrine, given
twice daily, was efficacious at a high dose but its clinical utility was limited
by its unfavourable side effect profile. In addition to the gastrointestinal adverse
effects associated with acetylcholinesterase inhibition, signs of liver damage were
frequently observed in tacrine-treated patients. Due primarily to its hepatotoxicity,
tacrine is now rarely used for AD (Ibach and Haen, 2004).

3.1.2 Donepezil

Donepezil, a noncompetitive reversible inhibitor of acetylcholinesterase, is given at
doses of 5 or 10 mg a day. A number of randomized placebo controlled clinical trials
have been conducted, in which patients with mild to moderate AD were treated with
donepezil, for period ranging from 3 months to 3 year. The outcome measures used
in company-sponsored pivotal trials were: the cognitive portion of the Alzheimer’s
Disease Assessment Scale (ADAS-cog); Clinician’s Interview-Based Impression of
Change with caregiver input (CIBIC+); Mini-Mental State Examination (MMSE);
Clinical Dementia Rating sum-of-boxes (CDR-sb); and patient-rated quality of
life (QoL). In these studies, 12 or 24 weeks of donepezil treatment resulted in
statistically significant benefits versus placebo with respect to each of the cognitive
(ADAS-cog, MMSE) and global (CIBIC+, CDR-sb) endpoints; however, donepezil
consistently failed to improve patient-rated quality of life in these trials (Rogers
et al., 1998a,b). The main adverse events associated with donepezil treatment are
mild gastrointestinal symptoms (Ibach and Haen, 2004).

One-year placebo-controlled studies have suggested that the benefits of donepezil
treatment may be maintained over the longer term. In comparison to placebo,
significant benefits were reported with respect to cognition (MMSE), global function
(Gottfries-Brane-Steen scale, GBS; Global Deterioration Scale, GDS; CDR-sb),
caregiver time, and activities of daily living (Progressive Deterioration Scale, PDS;
AD Functional Assessment and Change Scale, ADFACS) — although statistical
significance was not apparent at all timepoints. Behaviour, as measured using the
Neuropsychiatric Inventory (NPI) was not significantly improved (Winblad et al.,
2001; Mohs et al., 2001; Wimo et al., 2004). Based on the results of one of
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these studies, it has been claimed that donepezil treatment delays clinically evident
functional decline by a median of 5 months (Mohs et al., 2001).

In addition to the one-year studies described above, a number of open-label
extensions of placebo-controlled trials have also been conducted, as extensions
to placebo-controlled trials, with controversial results. One such study, in which
patients received active treatment for up to almost five years, reported that mean
ADAS-cog and CDR-sb scores showed evidence of clinical improvement within
the first 6-9 months before gradually deteriorating (Rogers et al., 2000). Although
the decline was reportedly less than would have been expected in untreated patients,
this should be interpreted cautiously given the historical nature of the comparison.
Most controversial of all has been the claim, based on another open-label extension
study, that long-term treatment with effective doses of donepezil delays permanent
nursing home placement by an estimated 17 months (Geldmacher et al., 2003). This
claim was not supported, however, by a recent, publicly-funded, long-term placebo-
controlled study, which found no delay in institutionalization, no improvement in
caregiver time, and no delay in disability progression within a three-year study
period (Courtney et al., 2004).

3.1.3 Rivastigmine

Rivastigmine, a reversible cholinesterase inhibitor, inhibits both acetyl-
cholinesterase and butyrylcholinesterase. In pivotal, 26-week, placebo-controlled
trials, rivastigmine (6-12 mg/day) demonstrated statistically significant effects on
cognition (ADAS-cog; MMSE), global function (CIBIC+; GDS), and activities
of daily living (Progressive Deterioration Scale, PDS) in patients with mild to
moderate AD.

Open-label extension data generated from a further 26 weeks of treatment suggest
that the cognitive benefit of rivastigmine may be maintained over a period of a
year (Farlow et al., 2000). Although the efficacy of rivastigmine is similar to that
of donepezil, the former appears to be less well tolerated than the latter (Wilkinson
et al., 2002).

3.14 Galantamine

Galantamine is a reversible, competitive and selective inhibitor of acetyl-
cholinesterase that allosterically modulates nicotinic acetylcholine receptors. The
recommended dose range is 16-24 mg/day. In pivotal, placebo-controlled 13-, 21-
and 26-week trials with galantamine (Raskind et al., 2000; Tariot et al., 2000;
Wilcock et al., 2000; Rockwood et al., 2001; Sano et al., 2003), significant
treatment benefits were apparent with respect to cognition (ADAS-cog), global
function (CIBIC+) and caregiver time. Mixed results were reported with respect
to behaviour (NPI) and activities of daily living (Alzheimer’s Disease Cooperative
Study Activities of Daily Living Inventory, ADCS-ADL; Disability Assessment for
Dementia, DAD).

As with the other cholinesterase inhibitors, data from uncontrolled, open-label
extension studies are suggestive of a continued treatment benefit over the long term
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(Raskind et al., 2004). Interestingly, data from a small, long-term comparative study
with donepezil have suggested that galantamine may have superior efficacy versus
donepezil, but between-group differences were not statistically significant in the
overall population (Wilcock et al., 2003).

In some patients galantamine shows mild adverse effects typical of choli-
nomimetic agents. Although galantamine 16, 24 and 36 mg/day demonstrated signif-
icant improvement in cognition and global function, the drug was less well tolerated
at the highest dose (Raskind et al., 2004).

3.2 NMDA receptor antagonist

Glutamate is the primary excitatory amino acid in human brain. Under physiological
conditions glutamate activates number of receptors including N-methyl-D-aspartate
(NMDA) receptor. Activation of NMDA receptor is associated with learning and
memory formation. In AD and other pathological conditions excessive activation
of NMDA receptor by glutamate may result in neurodegeneration. NMDA receptor
antagonists have therapeutic potential in several central nervous system disorders,
including neuroprotective treatment in chronic neurodegenerative diseases, and
symptomatic treatment in other neurologic diseases. There is considerable evidence
suggesting an excitotoxic component in AD pathogenesis. Neurochemical studies of
AD brain show degeneration of glutamatergic pathways and decreased expression
of NMDA receptor in hippocampal and cortical regions (Palmer, 2001). Targeting
the glutamatergic system may help in reducing neurodegeneration and improving
cognition.

3.2.1 Memantine

It is a low to moderate affinity, uncompetitive N-methyl-D-aspartate receptor
antagonist. Under physiological conditions Memantine allows normal glutamatergic
neurotransmission but under pathological conditions it inhibits excitotoxicity
(Parsons et al., 1999). A number of clinical studies indicates Memantine to be
safe, well tolerated and effective as a symptomatic treatment for moderate to
severe AD. In 24- and 28-week pivotal trials, conducted with 20 mg/day memantine
as monotherapy or as an add-on to cholinesterase inhibitor treatment, the drug
was superior to placebo on cognition (Severe Impairment Battery, SIB; but not
MMSE) and activities of daily living (ADCS-ADL, modified for severe patients).
Mixed results were seen with respect to global function (CIBIC+; Functional
Assessment Staging scale, FAST) and behaviour (NPI) (Reisberg et al., 2003;
Tariot et al., 2004).

33 Nicotinic receptor agonists

Nicotinic receptors (NRs) belong to the group of polymeric receptors of the cell
membrane and are key elements of cholinergic transmission. Numerous subtypes
of NRs exist with the alpha4 beta2 and alpha7 types being encountered most
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frequently. Alpha 7 NRs have been proposed to exert a direct or indirect action on the
mechanism of Abeta toxicity. Nicotine has been reported to protect against Abeta-
induced neuronal toxicity and death in rat cortical neurons. This neuroprotection
can be blocked by dihydro-beta-erythroidine, an alphadbeta2 nicotinic receptor
antagonist. Furthermore, incubation with cytisine, a selective alphadbeta2 nicotinic
receptor agonist, can inhibit Abeta cytotoxicity. Deficiencies in NRs seem to play
arole in AD (Bourin et al., 2003).

Clinical studies suggest that nicotine may provide cognitive benefit, however
(van Duijn and Hofman, 1991), its long-term use may induce desensitization of
nicotinic receptors (Marks et al., 1987). Allosteric modulation of NR can circumvent
desensitisation. This allosteric interaction amplifies the actions of ACh at post- and
presynaptic NR. Allosteric modulation of NR could therefore produce significant
therapeutic benefit in AD (Maelicke, 2000).

A number of other receptors like 5-Hydroxytryptamine6 (5-HT6) (Reavill and
Rogers, 2001), 5-HT4 (Lezoualc’h and Robert, 2003), histamine-H3 (Bongers et al.,
2004) and y-aminobutyric acid (GABA) (Maubach, 2003) are thought to play a role
in learning and memory. Modulators of each of these receptor types have reached
clinical development for AD, although proof of concept has yet to be demonstrated
in patients.

4. DISEASE MODIFYING TREATMENT

According to the amyloid hypothesis Abeta is central to the pathophysiology of AD.
High levels of amyloid peptides, especially Abeta42, initiate aggregation and plaque
formation in the areas of brain associated with learning and memory. Therapeutic
strategies that lower Abeta formation, prevent aggregation, dissolve plaques or
promote clearance from the brain should prove beneficial.

4.1 Inhibition of amyloid formation

Abeta is produced by two sequential cleavages of amyloid precursor protein (APP)
by two proteases, called B- and +y-secretase. [3-secretase first cleaves APP in the
extracellular domain to release a large APP fragment called APP—f3 and generates
a membrane bound carboxy terminal fragment. y-secretase cleaves the membrane
bound fragment within the transmembrane domain to release Abeta peptide. Both
these proteases are excellent targets for disease modification.

4.1.1 B-secretase inhibitors

Beta secretase, a membrane-anchored aspartyl protease, initiates the cleavage of
APP at the beginning of Abeta peptide. 3-secretase knock out mice lack Abeta and
are phenotypically normal, suggesting that therapeutic inhibition of B-secretase may
be free of mechanism-based side effects. Beta-secretase null mice overexpressing
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human APP are rescued from Abeta-dependent hippocampal memory deficit which
correlates with a reduction of amyloid peptides (Ohno et al., 2004). Due to
the potential for disease modification in AD, a number of groups have been
trying to develop [(3-secretase inhibitors. Other aspartyl proteases such as Renin
and HIV-1 have provided a rich background for the rational design of potent
and selective inhibitors. The elucidation of the crystal structure of [3-secretase
complexed with inhibitors has further helped in designing of several inhibitors.
The B-secretase active site is more open and less hydrophobic than that of other
aspartyl proteases (Hong et al., 2002). Several peptide based B-secretase inhibitors
have been described to date, however, all are relatively large molecules and are not
drug-like (Hussain, 2004).

4.1.2 y-secretase inhibitors

Gamma-secretase is a membrane protein complex with aspartyl protease activity
that cleaves APP in its transmembrane domain to release Abeta and the APP
intracellular domain (AICD). The identity of y-secretase complex has been contro-
versial. Identification of PS1 and PS2 as the possible active component of complex
was established by genetic linkage studies in familial AD (FAD). Cleavage of
APP by mutant presenilin results in the overproduction of amyloidogenic Abeta42.
These mutations account for the majority of the cases of the FAD (Hardy,
2003). A number of co-factors have been identified such as nicastrin (Nct), a
single transmembrane protein, the peptides presenilin enhancer protein-2 (PEN-2)
and anterior pharynx defective protein-1 (APH-1). APH-1 stabilizes the prese-
nilin holoprotein in the complex, whereas PEN-2 is required for endoproteolytic
processing of presenilin and conferring <y-secretase activity to the complex. Nct
undergoes a major conformational change during the assembly of the -y-secretase
complex. The conformational change is directly associated with y-secretase function
(De Strooper, 2003). Recently, various components of y-secretase complex when
co-expressed in yeast that lacks endogenous y-secretase activity resulted in reconsti-
tution of y-secretase activity. This work finally confirmed presenilin (PS), nicastrin
(Nct), APH-1 and PEN-2 as essential components of y-secretase complex (Edbauer
et al., 2003). Since several paralogs and alternatively spliced variants of Presenilin
and Aph-1 have been identified, y-secretase may cleave several other membrane
proteins, for example, Notch and Erb4, a receptor tyrosine kinase that regulates cell
cycle (Kopan and Ilagan, 2004).

Gamma-secretase is an interesting but complex drug target that challenges
classical thinking about proteolytic processing. The complete inhibition of
y—secretase activity is likely to result in serious side effects. Elan Pharmaceuticals
reported a novel class of compounds that reduce Abeta production by functionally
inhibiting +y-secretase. Oral administration of one of these compounds, N-[N-
(3,5-difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester (DAPT), to mice
transgenic for human APP(V717F) reduces brain levels of amyloid in a dose-
dependent manner within 3h (Dovey et al., 2001). Development of such novel
functional vy-secretase inhibitors will enable a clinical examination of the Abeta
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hypothesis. Lilly are known to have progressed one gamma-secretase inhibitor into
clinical trials (Siemers et al., 2005).

Recently retrospective epidemiological studies reported that patients on long-term
non-steroidal anti-inflammatory drugs have reduced risk of AD (int’Veld et al.,
2001). When tested in vitro and in vivo for their abeta lowering activity, 8 out
of 13 NSAIDS and the enantiomers of flurbiprofen were found to be effective.
Importantly, flurbiprofen and its enantiomers selectively lower Abetad2 levels in
broken cell y-secretase assays indicating that these compounds directly target the
v-secretase complex (Eriksen et al., 2003).

4.1.3 Rho-Rock pathway inhibitors

Recently, the Rho-Rock pathway has been shown to regulate amyloid precursor
protein processing in vitro and a subset of NSAIDs that inhibit Rho activity reduce
Abetad2. A selective Rock inhibitors (Y-27632) has also been shown to lower
brain levels in a transgenic mouse model of AD (Zhou et al., 2003). The Rho-Rock
pathway is a novel therapeutic target for AD.

4.2 Inhibition of Abeta aggregation

The aggregation of soluble Abeta peptide is viewed as a critical event in the
pathophysiology of AD, preventing, altering, or reversing aggregation may be of
therapeutic value.

4.2.1 Metal chelators

Binding of redox active transition metal ions like Cu®" and Zn>* to Abeta is
thought to mediate its reversible aggregation and resistance to proteases. These
metal ions are elevated in neocortex of AD patients especially in plaques. Chelating
agents can inhibit the binding of these ions to Abeta, therefore these agents have
potential therapeutic value. Clioquinol, a bioavailable Cu*"/Zn*" chelator, has
been tested for its anti-aggregation activity both in vitro and in vivo. It inhibited
and reversed Cu*"/Zn*" mediated aggregation of synthetic Abeta in vitro and
solubilized Abeta in deposits in post-mortem AD brain samples. In a transgenic
mouse model (APP2576) of AD, the oral administration of clioquinol for nine weeks
was associated with significantly lower levels of aggregated Abeta accompanied by
increased levels of soluble Abeta (Cherny et al., 2001).

In a clinical trial, 10 patients were given Clioquinol at 20 mg/day dose and 10
more given the same drug at 80 mg/day for 21 days each. Cerebrospinal fluid
(CSF) investigations revealed a decrease in Tau protein and growth-associated
protein (GAP43). These proteins are increased in AD and considered stable
markers. The levels of CSF-Tau protein correlated positively and significantly with
the serum levels of copper and also with the serum copper/zinc ratio. Clinical
assessment showed slight improvement after 3 weeks treatment with clioquinol
in this open study (Regland et al., 2001). In another randomised phase II trial,
treatment with metal protein attenuating compound (MPAC, clioquinol) showed
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equivocal cognitive benefit in treated patients compared to placebo controls. Plasma
levels of Abeta 42 decreased in clioquinol group and increased in placebo group
(Ritchie et al., 2003). The results support targeting the interactions of Cu*" and Zn*"
with Abeta as a novel therapeutic approach for the prevention and treatment of AD.

4.2.2 B-sheet breaker peptides

Several neurodegenerative diseases and systemic amyloidosis are thought to arise
from the misfolding and aggregation of an underlying protein. In AD, blockade of
the early steps involving the pathological conversion of the soluble peptide into the
abnormally folded oligomeric intermediate precursor of the amyloid fibrils is an
attractive therapeutic strategy. 3-sheet breaker peptides are small synthetic peptides
that are homologous to regions involved in the aggregation. In transgenic mouse
model of AD (PDAPP) administration one such peptide (iAb5p) subcutaneously
blocked amyloid aggregation (Soto et al., 2000). The central hydrophobic domain
of amyloid peptide interacts with glycosaminoglycan (GAG) and the interaction is
involved in aggregation and deposition. GAG mimetics have been developed and
tested in vivo for their anti-aggregation activity. One such mimetic, Alzhemed, is
in phase III clinical trials. It is yet unclear whether the inhibition of the defective
folding of A-beta peptide is beneficial for the treatment of AD.

4.3 Improved clearance of Abeta

Abnormal accumulation of Abeta in brain is the driving factor for AD pathogenesis
therefore its clearance is likely to be of primary therapeutic benefit.

4.3.1 Immunisation

Active immunisation with aggregated Abeta or passive immunisation with periph-
erally administered anti-amyloid antibodies reduce amyloid associated pathology
and cognitive decline in transgenic mouse model of AD. A number of mechanisms
have been proposed for antibody-mediated clearance of amyloid from brain. One
of the proposed mechanisms by which antibodies may reduce brain amyloid is
that the antibodies cross the blood brain barrier (BBB), bind to amyloid plaques
and activate microglial phagocytosis of immune complexes. Another proposed
mechanism is that there is a dynamic equilibrium of Abeta between brain and
periphery and the antibodies in periphery can act as sink, capturing Abeta in the
blood stream and indirectly reducing the Abeta burden in the brain by driving
the clearance of peptide from brain to plasma. Another proposed mechanism is
that anti-Abeta antibodies directed against specific epitopes might protect against
neurotoxicity by inhibiting aggregation of Abeta and by disaggregating already
established aggregates or plaques (Morgan and Gitter, 2004). Two different anti-
amyloid monoclonal antibody therapies are currently being examined in clinical
trials (Pangalos et al., 2005).

Active vaccination with Abeta 42 (AN-1792) has been investigated in clinical
trials for possible treatment of AD. In phase I, a single dose was found to be
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safe and consequently, a phase II trial of AN1792 was initiated. The trial was
terminated after a small percentage of patients developed signs of meningoen-
cephalitis (Orgogozo et al., 2003). A post-mortem study of one of the patients,
who died due to unrelated causes, revealed presence of activated T-lymphocytes
suggesting the adverse effects seen in some patients might be due to the cellular
immune response rather than antibody response (Nicoll et al., 2003). In a cohort of
30 patients from AN-1792 trial a significant correlation was found between antibody
response and cognitive decline. Data on the whole trial population have only recently
been published (Gilman et al., 2005; Fox et al., 2005). Despite premature study
termination, patient monitoring continued for up to 1 year after final dosing. A
comparison between placebo-treated patients and those vaccinated patients who
generated a predefined antibody response failed to reveal any significant effect of
treatment on standard measures of cognition (ADAS-cog; MMSE), global function
(Clinician’s Global Impression of Change, CGIC; CDR), or activities of daily
living (ADL). A significant treatment benefit was, however, observed with respect
to a composite neuropsychological test battery. Interestingly, cerebrospinal fluid
levels of tau (but not Abeta) appeared to be reduced in antibody responders versus
controls. Counter-intuitively, serial MRI measurements revealed an increase in brain
volume in antibody responders, possibly due to plaque disruption and associated
cerebral fluid shifts.

Vaccination using smaller fragments of Abeta conjugated to T helper epitopes
and various routes of administration are still being pursued in pre-clinical models
to study safety and efficacy of this approach (Robinson et al., 2004).

Compounds unrelated to antibodies have been used recently to test the peripheral
sink mechanism. Peripheral treatment with gelsolin or ganglioside (GM-1) reduced
the level of Abeta in the brain of transgenic mouse model of AD suggesting that
sequesteration of plasma Abeta could reduce or prevent brain amyloidosis. Gelsolin,
a secretory protein and GM-1, a ganglioside, are known to bind with Abeta with
high affinity (Chauhan et al., 1999; Choo-Smith and Surewicz, 1997). Future studies
with high affinity Abeta binding small molecules may provide further validation of
this approach and amyloid hypothesis.

4.3.2 Neprilysin

The steady-state level of Abeta represents a balance between its biosynthesis from
the APP and its catabolism by a variety of proteolytic enzymes like neprilysin (NEP),
endothelin-converting enzyme, insulin-degrading enzyme, angiotensin-converting
enzyme and plasmin. Neprilysin (NEP) is a major Abeta peptide-degrading enzyme
as shown by higher Abeta peptide levels in hippocampus, cortex, thalamus/striatum,
and cerebellum of an NEP knockout mouse and by reduction in amyloid load in
APP transgenic mice treated with viral vector expressing NEP (Marr et al., 2004).
Expression of Neprilysin is down regulated with age and correlates negatively
with amyloid deposition in APP transgenic mice. Therapeutic strategies aimed at
promoting Abeta degradation may provide a novel approach to treat AD (Carson
and Turner, 2002).
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4.3.3 Insulin degrading enzyme (IDE)

Epidemiological evidence indicates that insulin resistance in type II diabetes is
associated with an increased relative risk for AD. Both genetic linkage and
allelic association in the IDE region of chromosome 10 have been reported in
families with late-onset AD. This may link diabetes with AD (Ertekin-Taner
et al.,, 2004). Naturally occurring IDE missense mutations that result in partial
loss of function have been shown to associate with increased levels of insulin
and Abeta in plasma (Farris et al., 2004). Insulin resistance promotes amyloidosis
in APP transgenic mice that corresponds with increased <y-secretase activities and
decreased insulin degrading enzyme (IDE) activities. Apparent interrelationship of
insulin resistance to brain amyloidosis is due to a functional decrease in insulin
receptor (IR)-mediated signal transduction in the brain. Decreased signal trans-
duction positively correlate with the generation of brain C-terminal fragment of
APP, an index of y-secretase activity, in the brain of insulin-resistant transgenic mice
(Ho et al., 2004).

4.3.4 Receptor for Advanced Glycation End products (RAGE)

Blood brain barrier (BBB) regulates entry of plasma derived Abeta into central
nervous system and clearance of brain derived Abeta into periphery through several
receptors or carrier proteins such as low density lipoprotein related protein-1
(LRP-1), megalin, cubulin and receptor for advanced glycation end products
(RAGE) (Zlokovic, 2004). Alterations in the permeability of the BBB may lead
to accumulation of Abeta in brain. RAGE is upregulated in AD brain vascu-
lature (Yan et al., 1996) and increases in transgenic mouse model of AD with age
(Kawarabayashi et al., 2001). RAGE mediated transport of circulating Abeta across
BBB is an important factor in the pathogenesis of cerebrovascular amyloidosis as
shown by lack of Abeta deposition in transgenic mice treated with soluble RAGE
(Deane et al., 2003). RAGE knock out mice are viable suggesting that blockade of
RAGE with immunotherapeutic or small molecule inhibitor may be an important
therapeutic opportunity for developing treatment for AD (Sakaguchi et al., 2003).

4.4 Tau phosphorylation inhibitors

Tau is a microtubule associated peptide that is involved in axonal transport. This
transport involves repeated phosphorylation and dephosphorylation of tau. Neurofib-
rillary tangle formation may be due to an imbalance of this process. Glycogen
synthase-3 (GSK-3) and cyclin dependent kinase-5 (Cdk-5) are current targets to
reduce tau phosphorylation. Certain mood stabilizers such as lithium and valproate
may have complex neuroprotective effects including inhibition of GSK-3. Lithium
was recently found to reduce amyloid in mouse model of AD. Valproate will be
studied in a multicenter clinical trial in patients with AD (Phiel et al., 2003; Tariot
et al., 2002).
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5. OTHER THERAPIES
5.1 Cholesterol lowering therapies

A number of epidemiological studies suggest that high cholesterol levels increase the
risk of AD significantly, however, there are others which did not report a link (Simons
etal.,2001). Numerous laboratory studies implicate cholesterol in the process of Abeta
production and accumulation. Changes in APP processing by cholesterol may explain
how ApoE4 allele increases risk of developing AD (Frears et al., 1999). Cholesterol
is present in the dense cores of senile plaques both in humans and transgenic mice
suggesting that cholesterol plays an important role in the formation and/or progression
of senile plaques (Mori et al., 2001). Cholesterol rich diet increases intracellular Abeta
and levels of Abeta strongly correlate with the levels of cholesterol in plasma and
CNS (Shie et al., 2002). Free cholesterol in neurofibrillary tangle-bearing neurons is
higher than those of adjacent tangle-free neurons (Distl et al., 2001). Genetic hetero-
geneity in ApoE allele is associated higher risk of AD. People expressing ApoE4
have higher circulating levels of cholesterol and are at greater risk than people with
ApoE2 or ApoE3. ApoE4 accelerate amyloid deposition and promotes Abeta aggre-
gationin cholesterol rich lipid rafts (Kawarabayashi et al., 2004). It is now believed that
cholesterol-lowering therapies will be of value as disease modifying agents. Epidemi-
ological studies have shown that statins are associated with decreased risk of devel-
oping AD (Crisby et al., 2002). These observations require both preclinical and clinical
validation. The former involves testing statins in one or more animal models of AD
in order to establish relative efficacy and disease features affected by treatment. The
latter requires prospective, randomized, placebo controlled trials to evaluate the effect
of statin treatment on cognitive and AD biomarker outcomes. High doses of simvas-
tatin show a strong and reversible reduction of cerebral Abeta42 and Abeta40 levels
in the cerebrospinal fluid and brain homogenate of transgenic and guinea pig models
(Fassbender et al., 2001). In most of the clinical trials, statins have shown no effect
on Abeta levels in plasma or cerebrospinal fluid. In several randomized, placebo-
controlled, double-blind clinical trials, statins such as simvastatin or atorvastatin did
not alter cerebrospinal fluid levels of Abeta40 and Abetad2 (Hoglund et al., 2004).
However, in adouble-blind, randomized, placebo-controlled study, lovastatin reduced
serum Abeta levels compared to the baseline (Friedhoff et al., 2001). Future controlled
clinical trials may help in explaining the contradiction seen in epidemiological
and most of the clinical studies. In a recently-reported, small, 1-year clinical trial,
atorvastatin treatment significantly improved cognition versus placebo at 6 months,
but not at 12 months (Sparks et al., 2005). Data from larger studies are awaited.

5.2 Anti-inflammatory therapies

Inflammation clearly occurs in AD brain with full complexity of local inflammatory
responses (Akiyama et al., 2000). Microglia, the predominant immune cells in the
brain are consistently associated with senile plaques in AD brain and may play
a pivotal role in neuroinflammation. There is a considerable body of evidence



UNDERSTANDING AND TREATING ALZHEIMER’S DISEASE 63

indicating that the microglia activated by [B-amyloid, neurofibrillary tangles or
degenerating neurons are the primary source of pro-inflammatory cytokines IL1,
IL6, TNF «; chemokines such as MIP1 o, MCP-1, IL5, IL8; superoxide free radicals
and neurotoxic substances. Activated microglia help clear Abeta deposits and thus
prevent their harmful effects. Nevertheless, chronic activation of microglia may
contribute to neurodegeneration. Patients who show Abeta deposition and neurofib-
rillary tangle, but limited inflammation, have no history of dementia. Transgenic
mice overexpressing various inflammatory mediators show AD like pathology as
well as cognitive deficit. The animals show decreased acetylcholine production,
neurodegeneration, learning deficit and memory impairment in dose and age related
manner. Based on observations from neuropathology in AD and animal experimen-
tation, inflammation has been considered a therapeutic target for AD. Inflammation
is not a primary event in AD and cannot be considered to have a causal role,
however, it may add to the progression of the disease. Epidemiological evidence
suggests that anti-inflammatory therapies may reduce the risk of developing AD
(Moore and O’Banion, 2000). However, clinical trial data are discouraging for
patients with established AD. In a randomised controlled trial rofecoxib or naproxen
showed no effect on cognitive decline. One early trial with indomethacin saw
some benefit; subsequent trials with rofecoxib, celecoxib, diclofenac, hydroxy-
chloroquine, naproxen and prednisolone have not shown significant benefit (Rogers
et al., 1993). Inflammatory pathways contributing to AD pathology never occur in
isolation but act concurrently. Chronic activation of inflammatory responses may
necessitate therapies that target more than one pathway simultaneously to achieve
clinical benefit. This may explain why clinical trials with anti-inflammatory drugs
have not shown any beneficial effect.

5.3 Antioxidants

Free-radical oxidative stress, particularly of neuronal lipids, proteins and DNA,
is extensive in those AD brain areas in which Abeta is abundant. Abeta-induced
oxidative stress leads to neurodegeneration in AD brain. Abeta leads to neuronal
lipid peroxidation, protein oxidation and DNA oxidation by means that are
inhibited by free-radical antioxidants. Catecholamines involved with oxidation
(monoamine oxidase) are abundant in AD brain where as antioxidant enzymes like
superoxide dismutase, catalase, glutathione peroxidase and gluatthione reductase
are reduced. Therefore, the risk of Alzheimer disease might be reduced by
intake of antioxidants that counteract the detrimental effects of oxidative stress
(Butterfield et al., 2001).

5.3.1 Vitamins and Selegiline

In a population-based, prospective cohort study conducted in the Netherlands, high
dietary intake of vitamin C and vitamin E was associated with lower risk of Alzheimer
disease (Engelhart et al., 2002). In a cross-sectional and prospective study of dementia,
use of vitamin E and vitamin C supplements in combination was associated with
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reduced prevalence and incidence of AD. One study found that vitamin E from food,
but not other antioxidants, may be associated with areduced risk of AD. Unexpectedly,
this association was observed only among individuals without the APOE epsilon 4
allele. However, another study found that the intake of carotenes and vitamin C,
or vitamin E in supplemental or dietary (nonsupplemental) form or in both forms,
was not related to a decreased risk of AD. In a double-blind, placebo-controlled,
randomized, multicenter trial in patients with AD of moderate severity, a selective
monoamine oxidase inhibitor selegiline (10 mg a day) or alpha-tocopherol (vitamin E)
2000 IU a day slowed the progression of disease. A meta analysis of the published
trials on treatment with selegiline showed little evidence of improvement with
selegiline in the short term in cognition and activities of daily living, which was clini-
cally insignificant. Flavonoids, powerful antioxidants present in wine, tea, fruits and
vegetables show inverse correlation with the risk of dementia (Wilcock et al., 2002).

5.3.2 Ginkgo biloba

Ginkgo biloba (GbE) extracts have played a crucial role in Chinese herbal medicine
for many centuries. Previous studies have suggested the clinical efficacy of GbE
in patients with dementia, cerebral insufficiency, or related cognitive decline.
However, the effectiveness of GbE in AD is controversial (Solomon et al., 2002).
GbE preparations are approved in many European countries for the treatment of
dementia syndromes including AD.

54 Neurotrophic factors

5.4.1 Nerve growth factor (NGF)

Transgenic mice expressing anti-NGF factor antibodies show AD like neurodegen-
erative phenotype which includes plaques, neuronal loss, cholinergic deficit, and
tau hyperphosphorylation, associated with neurofibrillary pathology suggesting a
direct link between NGF signaling and abnormal processing of amyloid precursor
protein (Capsoni et al., 2002). NGF therapy might reduce degeneration of cholin-
ergic neurons. In a short term clinical trial, intracerebroventricular infusion of NGF
in AD patients resulted in slight cognitive benefit. Long term therapy may provide
clear benefit but association of the intraventricular route of administration with
negative side effects appear to outweigh the positive effects (Eriksdotter et al.,
1998). Due to lack of brain penetration of NGF, orally bioavailable NGF synthesis
stimulators, like idebenone and propentofylline, have been tested in pre-clinical
models and found to restore age associated NGF loss. The results suggest that the
use of NGF synthesis stimulators may provide a novel therapeutic approach to
cholinergic dysfunction (Yamada et al., 1997).

5.4.2 Brain-derived neurotrophic factor (BDNF)

BDNF is a prosurvival factor induced by cortical neurons that is necessary for
survival of cholinergic neurons of the basal forebrain, hippocampus and cortex
(Bimonte-Nelson et al., 2003). The reduction of BDNF early on in AD could weaken
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synaptic encoding strength of hippocampus and make it vulnerable to degeneration.
A single nucleotide polymorphism, val66met, in the BDNF gene has been associated
with poor episodic memory and abnormal hippocampal activation in a cohort of
641 human subjects (Egan et al., 2003).

In a clinical trial, the neurotrophic mixture cerebrolysin was reported to be well
tolerated and resulted in significant improvements in the global score and activities
of daily living in patients with AD (Panisset et al., 2002). In pre-clinical studies,
Neotrofin, a purine derivative, was found to stimulate neuritogenesis, the production
of neurotrophic factors and to have memory enhancing properties (Holmes et al.,
2003). In a phase I, randomized, double blind, placebo-controlled clinical trial,
neotrofin was apparently safe and well tolerated in healthy elderly volunteers
(Grundman et al., 2003). Other approaches like intraparenchymal administration,
tissue transplantation and use of viral vectors to deliver neurotrophic factors are
underway.

5.4.3 Estrogen

Estrogen may have cholinergic, neurotrophic and neuroprotective effects and may
enhance cognitive function (Fillit et al., 1986). Observational studies have suggested
that postmenopausal hormone treatment may improve cognitive function, but data
from randomized clinical trials have been sparse and inconclusive. Recently, in
a randomised controlled clinical trial of postmenopausal women, estrogen plus
progestin did not improve cognitive function but increased risk of clinically
meaningful cognitive decline (Rapp et al., 2003). Raloxifene, a selective estrogen
receptor modulator (SERM), that produces both estrogen-agonistic effects on bone
and lipid metabolism and estrogen-antagonistic effects on uterine endometrium
and breast tissue, have been tested for its safety and efficacy in AD patients.
In a randomized double blind osteoporosis treatment trial Raloxifene showed no
cognitive benefit after 12 months treatment (Scott et al., 1999).

6. CONCLUSION

AD is a progressive neurodegenerative disease that accounts for most cases of
dementia seen in the elderly. The socio-economic burden of the disease is likely
to increase due to increasing life expectancy. Early clinical diagnosis and timely
treatment of AD patients can maintain patient’s quality of life and prevent high costs
associated with it. There is no definitive cure for AD and the currently available
symptomatic treatments show limited efficacy.

It is clear that there are number of strategies to try and intervene in the process of
AD. A number of mechanistic targets for AD have been validated by using in vitro
and in vivo systems and several approaches of disease modification are being
pursued in the pharmaceutical industry as well as in academia. Recently, active
and passive immunisation have been successful in clearing the amyloid peptide
from brain of transgenic mouse model of AD. However, in a clinical trial, serious
adverse effects of active vaccination resulted in early termination. Other therapeutic
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opportunities are provided by physiological responses observed in patients such as
oxidative stress and neuroinflammation. Epidemiological and clinical trial studies
with antioxidants and anti-inflammatory agents have been contradictory. Further
controlled trials are needed to address these issues. In the absence of any disease
modifying therapy, symptomatic treatment targeting the cholinergic system is the
only current option for treatment of AD. A combination of multiple agents is likely
to be the option for treatment of AD in the future.
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CHAPTER 5

SLOWING DOWN AGE-RELATED MUSCLE LOSS
AND SARCOPENIA
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Abstract: The maintenance of posture is the result of an equilibrium between the actions of the
muscle groups on either side of the joints. A failure in this process therefore stems
from a disequilibrium between the muscle groups of one or several joints, originating
from muscular weakness, which could even cause a person to fall. These well known
mechanical characteristics have guided research towards our current knowledge of the
molecular mechanisms involved in muscular contraction and help us understand how
muscle is affected by aging

Keywords:  sarcopenia, fraility, energy, aging

1. WHAT IS A SKELETAL MUSCLE
1.1 Muscle fibres

The muscle fibres are giant cells that can measure several tens of centimetres in
length. Although they have numerous nuclei, the fibre size/muscle nucleus ratio
remains relatively constant. The number of myonuclei seems to play a mechanistic
role in the change in muscle size (Allen et al., 1999; Kadi, 2000) and nuclear
domains have a constant size in heathy muscle.

Muscle fibre contraction corresponds to a series of actin-myosin cross-bridge
formations, which causes the muscles to shorten. The greater the number of actin-
myosin cross-bridges formed, the greater the force developed by the fibre will be.

71

S. Rattan and M. Kassem (eds.), Prevention and Treatment of Age-related Diseases, 71-85.
© 2006 Springer.



72 NOIREZ AND BUTLER-BROWNE

1.2 Each muscle is unique

Most correlative morphological and functional studies on human muscle have
been performed on the large thigh muscle, the vastus lateralis. The results from
these studies have provided us with golden standards for human muscle morphology
and function. It has become increasingly evident that each human muscle is unique
with respect to its muscle fibre composition, fibre diameter and function (Stal
et al., 1994). The smallest natural unit of muscular contraction is called the motor
unit: it corresponds to a set of muscle fibres which are innervated by the same
motoneuron. Human skeletal muscle display three main types of motor unit: the
IIx motor units which are fast and fatigable, the Ila motor units which are fast
but resistant to fatigue, and the I motor units which are slowly contracting and
resistant to fatigue. In general, the slow motor units are the smallest. Motor unit
recruitment varies according to physical effort such that an increased production
of force requires not only the recruitment of motor units from the smallest to the
largest, but also increasingly smaller time lapses between recruitment. In humans,
all the fibres that make up a motor unit have identical characteristics. The muscle
fibres of slow motor units are termed type I fibres, contain slow twitch MyHC.
Human fast motor units are composed of type 1I fibres and subgroups thereof (IIA
and IIX). They contain different fast isoforms of MyHC, are fast contracting and,
depending on the subtype, show various degrees of resistance to fatigue. Some
small hand muscles like the interossei have a mixed composition of fibre types
and are of large diameters, whereas the lumbricale muscles are almost exclusively
composed of type I fibres (Stal et al., 1994; Soukup et al., 2003). The muscle
fibre composition in the trapezius muscle differs in the different parts of the
muscle and there are obvious differences related to gender (Lindman et al., 1991).
Some facial muscles have small sized fibres which contain mainly fast myosin
isoforms (Stal et al., 1994) whereas the masticatory muscles are very complex
and have fibres which contain mixtures of different myosin isoforms, some of
which are not present in limb muscles such as alpha cardiac and fetal myosin
(Butler-Browne et al., 1988; Pedrosa-Domellof et al., 1992). These observations
suggest that the muscles may also behave differently upon aging and to some extent
this is what has been observed. The age related changes in the masseter, a jaw
closing muscle, and the lateral pterygoid, a jaw stabilizing muscle, are opposite
to those reported for limb and trunk muscles. On the contrary, changes in the
anterior and posterior bellies of the digastricus, a jaw opening muscle, resemble
those of limb and trunk muscles (Thornell et al., 2003). The individual variability
seems also to be large and there is still no consensus on the effects of aging
on the vastus lateralis. Some studies have reported an increase in the relative
percentage of type I fibres, others a decrease, and a further subset observe no
change in fiber proportions (Thornell et al., 2003). Therefore, the heterogeneity and
individual variability in the structure and function of the different human muscles
should be kept in mind when discussing the different aspects of sarcopenia and its
prevention.
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1.3 Muscular lesion

Muscles are continually undergoing adaptation to different function needs as well
as injury. Injury caused by elongation or contusion of the muscle, represents over
90% of muscle injuries. This type of injury occurs when excessive force is applied
to the muscle resulting in over-stretching. More often than not, these lesions are
located near the neuromuscular junction of superficial muscles working on two
joints, such as the femoris rectus of the quadriceps. A slight lesion corresponds to
the tearing of a few muscle fibres, which results in slight discomfort (the twinge
scenario) with little or no loss of force or restriction of movement. A moderate
lesion corresponds to more significant damage with a decrease in force production.
With a severe lesion, the tearing of the muscle affects the whole or part of the
muscle, leading to total loss of muscle function (Jarvinen et al., 2005). Luckily,
striated skeletal muscle has an incredible capacity for regenerating itself. Even in
the absence of severe tearing, the muscle can also suffer a relative degree of damage
or remodelling after a mere session of physical exercise (Yu et al., 2004). Even
those who practice sport at a high level are not exempt from these micro-lesions
of the muscle. They are particularly frequent in physical or sports activities that
require the production of maximum force or eccentric muscle contractions. Aching
muscle pain (or DOMS syndrome — Delayed Onset Muscle Soreness), representing
a pain peak 48 hours after exercise (Cheung et al., 2003), is the soreness that may
result either from the degeneration and regeneration phenomena taking place in the
damaged muscle or to the remodelling (Yu et al., 2004).

1.4 Muscle Satellite Cells

There exists a particularly interesting cell population situated on the edge of the
muscle fibres wich are called satellite or myosatellite cells: these cells are quiescent
myoblasts that reside adjacent to the muscle fibre sarcolemma and beneath the
basement lamina. Myoblast is a term designating a myogenic cell that is fully
determined with respect to its myogenic phenotype. Early during development,
multinucleated myotubes are formed by proliferating myoblasts, which withdraw
from the cell cycle and fuse with one another. Myoblasts continue to be added to
these myotubes allowing them to expand in both length and girth to become mature
muscle fibres (Edom et al., 1994). Thus during development and postnatal growth,
nuclei are added to the muscle fibres by the fusion of myoblasts to the parent fibre.
The identification of satellite cells in 1961 (Mauro, 1961) led to a rapid progress in
our understanding of the early events involved in skeletal muscle regeneration. If
the quiescent state of satellite cells were a delicate equilibrium between electrical
activity, growth factors and extra-cellular matrix composition, disequilibrium of the
environment would trigger activation and proliferation of satellite cells. Following
a muscle trauma, the satellite cells proliferate and either form new muscle fibres or
repair damaged fibres via a process equivalent to muscle histogenesis (Bischoff and
Heintz, 1994). In recent years, the importance of satellite cells has been emphasized
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by the discovery that their proliferation is evoked not only by acute muscle injury
but also by muscle overuse and increased muscle tension. A number of factors are
involved in this regulation of satellite cell activation (Hawke and Garry, 2001).

2. WHAT HAPPENS TO MUSCLE AS WE AGE

Muscle aging is associated with a decrease in maximum produced force. Maximum
force, which increases up to the age of thirty, then decreases by an average 15% per
decade as of the age of fifty and by an average 30% after the age of seventy. This
decrease in force appears to be greater in the leg muscles than in the arm muscles.
Endurance is also reduced in elderly subjects. On the other hand, a decrease of 1%
per year is observed in the maximum level of oxygen uptake (V02max) as of the
age of thirty (Le Page et al., 2002).

This decrease in force can be at least explained, in part, by a decrease in muscle
mass (sarcopenia). Muscle mass decrease by between 35 and 40% between the ages
of twenty and eighty, representing 1.9 kg per decade in men and 1.1 kg per decade
in women. Moreover, this age-related loss of muscle mass appears preferentially to
affect the lower part of the body. This muscular atrophy results from both a loss of
individual muscle fibres as well as from a decrease in fibre diameter estimated at
1.4% per year after the age of fifty (Le Page et al., 2002).

The density of the skeletal muscle also decreases with age. Muscle atrophy is
accompanied by an increase in the amount of non-contractile tissue: intramuscular
fat and conjunctive tissue (Lexell et al., 1988). Communication between the muscle
fibres and the blood vessels is less efficient: there are fewer blood capillaries in
the muscle and this leads to reduced oxygen uptake, which partially explains the
decrease in VO2max (Hepple et al., 1997). This could also induce an oxidative stress
on the muscle fibres. A decrease in muscle oxidative capacity is also observed,
and this contributes to the decreased V02max and increased fatigability (Degens,
1998). Fibrosis can also develop in the muscle over the years. Increased fibrosis not
only hinders communication between the muscle fibres and the blood vessels, but
also causes stiffening of the muscle, thereby contributing to alterations in muscle
function (Gosselin et al., 1994). Moreover, the regenerative capacity of muscle
tissue also appears to alter with age (Vignaud et al., 2003).

All these modifications observed in the process of muscle aging are the result of
a combination of intrinsic factors (related to the functioning of the muscle cell) and
extrinsic factors (such as decreased hormonal status and neuromuscular activity),
which we will now describe in more detail.

3. INTRINSIC FACTORS

3.1 Excitation-contraction coupling

Contraction of skeletal muscle cells is controlled by nerve cell or motoneuron
activity. The arrival of a nerve signal, or action potential, at the level of the junction
between the neuron and the muscle triggers the discharge of a neurotransmitter,
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acetylcholine, by the nerve cell. The neurotransmitter then binds to its receptor
located on the muscle cell membrane and induces the formation of an electric current
across the membrane. Excitation-contraction coupling is defined as the biological
phenomenon that transforms an order arriving in the form of an electrical signal
into a mechanical event: contraction of the muscle cell. This phenomenon is made
possible by the presence in certain parts of the cell of calcium reservoirs termed
sarcoplasmic reticulum (SR). The SR is bound by its own membrane, which is linked
to the cell membrane by binding molecules (one located on the cell membrane,
the dihydropyridine receptor (DHPR), and the other on the reservoir membrane,
the Ryanodine receptors (RyR). These two binding molecules constitute channels
through which the calcium passes and whose opening is controlled by the electric
current. Thus, SR discharges its calcium inside the muscle cell when the channels
open under the effect of the current (Ryan and Ohlendieck, 2004).

In humans, the speed of contraction and the force developed by the muscles
both deteriorate with age. Similar results have been obtained in mice. This loss of
force could be explained by excitation-contraction decoupling. In effect, it has been
shown that the number of calcium — channels diminishes with age (Delbono, 2003).
It was therefore assumed that if for the same electric current fewer channels opened,
this should limit the amount of calcium entering the cell and thus lead to a weaker
contraction. However, experiments carried out on isolated human muscle cells
moderate this theory. The experimental results obtained in vitro on muscle fibres
from different subjects in which the reservoirs had been rendered inactive show a
drop in developed force in the fibres of elderly subjects compared to that of young
subjects (Frontera et al., 2000). Moreover DHPR expression seem to be preserved
during the aging process of human skeletal muscle fibres (Ryan et al., 2003). This
would indicate that excitalion-contraction decoupling is not the limiting factor in
the loss of developed force with age. The number and the force of the actin-myosin
crossbridges appear to be the preponderant factors.

However, the question of alterations in the neural control of the expression of
muscle genes such as myosin or actin, which also depends on the quantity of
calcium discharged by the reservoirs, remains unanswered.

In conclusion, excitation-contraction decoupling due to the reduction in the
number of calcium channels in the calcium reservoir membranes is not the direct
cause of the loss of muscular force observed in elderly people. Nevertheless, it
cannot be excluded that this reduction may modify the expression of the genes
encoding myosin, for example, which would lead to a modification in the actin-
myosin cross-bridges. The cause-and- effect relationship should be explored in
more detail in the forth coming years. It has however been shown that the
myosin molecule is susceptible to post-translational modification such as glycation.
In addition it has been shown that glutathione can reverse these modifications
(Ramamurthy et al., 2003). It could therefore be imagined that physical activity can
maintain the number of functional receptors and thus maintain sufficient expression
of the muscle genes, thereby making it possible to maintain a high level of force
production.
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3.2 Mitochondria, oxidative stress and aging

Mitochondria are cell structures that produce energy that is vital to the cells;
moreover, they participate in the cascade of cell signalling events. The number
of mitochondria varies according to muscle fibre type. Type I fibres have the
greatest number, followed by Type lla, and finally Type lIx fibres. In addition to
this heterogeneous number of mitochondria in muscle cells, it is interesting to note
that regular physical activity increases the number of mitochondria in the cells. As
previously discussed, the main effects of age on skeletal muscle are sarcopenia and
cell death. These two events could be linked to dysfunction of the mitochondria.
In effect, these structures responsible for cell respiration can, in certain cases, form
reactive oxygen species (ROS) that are toxic for the cells. ROS production increases
drastically during aging (Fulle et al., 2004). Free radicals cause severe damage if
they are not promptly eliminated by the action of anti-oxidant agents. However,
some of these toxic molecules may escape and bind to the mitochondrial DNA
causing punctual mutations of the DNA molecule. These mutations could trigger
a cascade of events leading to cell death by apoptosis: formation of chemically
unstable molecules, induction of mutations on the DNA, formation of mutated
enzymes, alteration of the respiratory activity of the mitochondria, which triggers
either the accumulation of other unstable molecules (and thus other mutations) or
cell death by apoptosis (Kujoth et al., 2005). This is a lengthy process.

Although this is an interesting theory, it is nevertheless controversial. Many
questions still remain unanswered. It is undeniable that cells accumulate mutations
with age, but not all these mutations induce modifications in mitochondrial activity.
Moreover, the induced modifications are not always bad for the cells. We can add
to this argument by saying that the mutations that trigger cell death disappear and
that the muscle cells reformed by satellite cells no longer present these mutations.
This leads us to discuss the advantages of regular exercise in respect of changes
in mitochondria in the skeletal muscles of elderly people. The first experiments
carried out on patients suffering from mitochondrial myopathies type pathologies
are encouraging (Chabi et al., 2005). It is already well know that physical activity
improves endurance capacities in healthy subjects, but the same also appears to
be true for myopathic patients. The working hypothesis currently put forward by
researchers is that, by allowing satellite cells to renew the mitochondria or to
strengthen the existing muscle fibres, exercise diminishes the chances of mitochon-
drial DNA mutations to accumulate.

3.3 Satellite cells and Telomeres

When a muscular lesion occurs, the satellite cells are rapidly activated, proliferate
and then fuse either with the damaged fibres in order to repair them, or among
themselves in order to form new fibres. One part of the activated satellite cells does
not differentiate and renews the stock of quiescent satellite cells. The satellite cells
are involved in maintaining the fibre size/muscle nuclei ratio.
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The reduction in the number of satellite cells with age could therefore be one of
the factors that could explain the loss of muscle mass linked to aging and alterations
in the regenerative capacity. Modification, with age, in the capacity of satellite cells
to proliferate or fuse could be another factor limiting the action of repairing these
cells and of maintaining muscle mass during the aging process.

How the pool of satellite cells evolves during normal aging in human skeletal
muscle is still controversial. Using EM, human satellite cells represent 15% of all
the myonuclei at birth, 6-10% at two years of age, and 4% in the adult (Tome and
Fardeau, 1986; Schmalbruch and Hellhammer, 1976). For older subjects, this value
varies between 0.6 and 3.4% in different studies (Thornell et al., 2003).

In our own studies, we have observed values around 5% for the young biceps
brachii and masseter, a value which is in close agreement with previous studies
which were carried out on the trapezius muscle of young female subjects (Kadi
and Thornell, 2000). The proportion of satellite cells we found in corresponding
muscles in aged persons (mean age: 74 +4.25 years) were relatively low; 1.44%
in the biceps brachii and 1,77% in the masseter (Renault et al., 2002). We have
also examined in the same way the number of satellite cells in the vastus lateralis
of four subjects with a mean age of 88 years. Values obtained were 1.49%, 1.33%,
1.07% and 1.67% giving a mean value of 1.39% (unpublished data). This suggests
that there is a significant decrease in the satellite cell number between young and
old adults for three different muscles. Further analysis is needed to find out if there
is a progressive decrease in satellite cells number during adulthood or whether at
some critical time there is a sudden decrease due to altered trophic enviroment
in the aged muscle. To obtain this knowledge it will be necessary to carry out a
transversal analysis.

It has previously been described in birds and rodents that the satellite cell popula-
tions isolated in vitro from fast or slow muscle fibres expressed myosin heavy chain
isoforms that reflected the phenotype of the muscle from which they were isolated
(Dusterhoft and Pette, 1993; Feldman and Stockdale, 1991; Rosenblatt et al., 1996).
In our laboratory, we have shown both by clonal (Edom et al., 1994) and by single
fibre (Bonavaud et al., 2001) analyses that all of the myogenic satellite cells when
differentiated in culture co-express both fast and slow myosin heavy chains. This
suggests that human satellite cells are not lineage restricted, and that the regulation
of the program they can express is open and will depend on external factors such
as innervation (Edom et al., 1994). One should keep in mind that although human
muscle contains in general mixed fibres, the ratio of which is specific for each
muscle, there are no specific fast and slow satellite cell lineages in human skeletal
muscle. Since human satellite cells upon differentiation are not oriented towards a
precise fibre type programme this will allow them to participate in the growth and
repair of any fibre in their vicinity regardless of its programme of differentiation
(Mouly et al., 2005).

In order to provide sufficient nuclei to repair damaged muscle fibres following
activation the satellite cells undergo successive cycles of cell division; Proliferation
is therefore one of the key steps involved in muscle regeneration. However it has



78 NOIREZ AND BUTLER-BROWNE

been well established that human diploid cells are limited in their proliferation
capacity. During their life span human cells will gradually replicate more slowly
until they reach a non replicative state called replicative senescence. We have
studied the number of divisions that human satellite cells can make when they are
isolated from donors of different ages. Previous studies on skin fibroblasts have
shown that there is a gradual decline in proliferative capacity with increasing donor
age. When we carried out a similar study on human satellite cells isolated from
donors of increasing age, we did not observe a regular loss of proliferative capacity
with donor age. Instead, we have found that there was a rapid loss of proliferative
capacity during the first two decades of life (from about 55-60 divisions at birth
to about 20 divisions at 20 years of age. Satellite cells isolated from adult muscle
independent of age were always able to make between 15-20 divisions (Decary
et al., 1997; Renault et al., 2000). The fact that the proliferative potential does not
change in adult skeletal muscle would suggest that during normal healthy aging
the ability to regenerate skeletal muscle is maintained throughout life even into
old age. We can however predict that the situation will be different if proliferation
of the satellite cells were to be highly solicited as has been observed in muscular
dystrophies (Decary et al., 2000).

One mechanism, which has been suggested to control this limited proliferation, or
mitotic clock, is the shortening of the telomeric sequences. Telomeres are specialized
DNA fragments located at the end of all eucaryotic chromosomes. In mammals,
they consist of short repeated non coding DNA sequences, (TTAGGG)n, which in
human are 5-20kb in length (Harley et al., 1990). During DNA replication, DNA
polymerase is unable to copy the 3 "92 terminal segment of each DNA strand. This
results in chromosome shortening at each round of cell division (Olovnikov, 1973).
In somatic cells, telomere length decreases regularly with cell division. In vivo,
a decrease in the length of telomeric DNA with aging has been demonstrated in
many human mitotic tissues (Klapper et al., 2001). In a series of studies carried out
on three different human muscles, quadriceps (Decary et al., 1997), masseter and
biceps (Renault et al., 2002) we found that there is only a very small decrease in the
length of the telomeric DNA in skeletal muscle with increasing donor age. However
a dramatic decrease in telomeric DNA length was observed in the muscles of
children with muscular dystrophy (Decary et al., 2000). Our results would confirm
previous observations that skeletal muscle is a very stable tissue and that during the
lifetime there is a low turnover of the myonuclei. The results that we have obtained
so far seem to point to the fact that number and quality of satellite cells and hence
regenerative capacity are not a limiting factor during healthy aging. Limitations
would only arise if these factors were to be oversolicited during the lifetime of
an individual by sore chronic disease or if the quality of the satellite cell would
become modified by a decrease in trophic factors which accompanies aging (Mouly
et al., 2005).
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Consequently, alternative hypothesis have been proposed based on a defect in
the activation of the satellite cells due to changes in their environment caused
by age-related changes in the body, such as modification of the hormone status,
reduction in certain local factors, or changes in neuromuscular activity.

4. EXTRINSIC FACTORS
4.1 Hormones and growth factors

The human body is a collection of tissues having different activities coordinated
over time in such a way as to ensure that the body can feed itself reproduce and
react to changes in its environment. The two main coordinators are the nervous
system and the endocrinal system.

The endocrinal system includes all the hormones (signaling molecules) and
the organs that secrete them. Aging, and in particular, muscular aging, is related
to alterations in the secretion of certain hormones such as thyroid hormone,
dihydroapiandrosterone (DHEA), growth hormone, and insulin-like growth factor
(IGF1). In women, it has been observed that the effects of aging intensify at the
age of the menopause when the ovarian cells no longer secrete any progesterone. In
men, blood testosterone levels fall by 50% between the ages of twenty and eighty.
Experiments have shown that there is a correlation between loss of muscle mass,
loss of muscular force and the reduction in sex hormone levels (Shavlakadze and
Grounds, 2003).

As previously discussed, loss of muscle mass appears to be greater in the lower
limbs. This phenomenon could be explained by the fact that the muscles of the
upper body have more testosterone receptors that those of the lower part of the
body (Kadi, 2000). Substitution treatments reduce these muscular alterations.

Similar results have been obtained with growth hormone. Presently, the molecule
that seems to be the most important in the muscle aging mechanism is IGF1
(Shavlakadze and Grounds, 2003). This factor is secreted by different cell types
such as liver cells, skeletal muscle cells and heart cells. When it is over-expressed
through genetic manipulation in mice, it increases adult muscle mass by 15% in
young adults and maintains muscle mass in elderly adults (Musaro et al., 2001).
Its expression level is known to decrease with age but to be increased by exercise.
Myostatin, known as a negative muscle mass regulator, would also be a candidat
for treatment, however, its expression does not seem to be influenced by aging
(Haddad and Adams, 2005).

4.2 Neuromuscular activity

4.2.1 Innervation

The principal function of certain muscles is posture maintenance. These muscles
are recruited permanently as long as there is no change in posture and are thus very
regularly stimulated by their motoneurons. Other muscles are mainly involved in
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the production of movement. They are stimulated by their motoneurons only when
it is necessary to modify the position of the muscle. Similarly, in any given muscle,
slow fibres are more often recruited than fast fibres since movements requiring
great force are less frequent in everydaylife than those requiring low levels of force
(lower activation threshold for slow motor units than for fast motorunits).

Muscle fibres are controlled by motoneurons with different morphological
and electrical characteristics. Today, we know that the relationship between the
motoneuron and the muscle cell is much closer than a mere excitation-contraction
event. Motoneuron activity thus enables the formation and maintenance of the
biochemical composition of the muscle cell. It has also recently been demon-
strated that these two cells communicate via growth factor type signaling molecules
(Shavlakadze and Grounds, 2003). For reasons not yet well understood, skeletal
muscle innervation is modified with age. Fast motor units disappear and are replaced
(or not) by slow motor units. We observe a change in the fibre-type composition of
the muscles of elderly people towards a slower phenotype. The process of sarcopenia
and loss of developed force observed in the muscles of elderly people could thus
be due to alterations in skeletal muscle innervation. This phenomenon would lead
to the excitation-contraction decoupling mentioned above, which would modify the
expression of the muscle genes.

Moreover, this would result in modifications in the communication via signaling
molecules. In effect, IGF-I secretion by the muscle cells could be modified, resulting
in the initiation of the vicious circle of events that leads to age-related muscle
loss. Recently, it was shown that induced overexpression of IGF-1 in spinal cord
motoneurones of aging mices prevents muscle fibres specific force decline (Payne
et al., 2006). IGF1 is not the only factor secreted by the muscle cells that allows
maintenance of the motoneurons, other molecules such as neurotrophines or IGF2
are currently being studied. In the next few years, it is expected other growth factors
will be added to these known molecules, making it possible to develop efficient
anti-aging therapies in the not too distant future.

4.3 Increased and decreased muscle activity

Physical training is efficient in elderly subjects, their muscles retaining the capability
to adapt to functional demand. The effects of force training are characterized by
an increase in force production and by muscular hypertrophy. Endurance training
improves muscle performance and VO2max (Beere et al., 1999). The anti-oxidizing
defense capacity and the oxidative power of the mitochondria also increase (Meijer
et al., 2002). Force training (three times a week for ten years) makes it possible to
maintain the maximum level of isometric force in elderly subjects aged at a level
corresponding to a sedentary young person. Improvements in force production as
a result of training can be achieved even in subjects over the age of eighty. The
percentage of force gain is similar to that obtained by subjects aged around sixty
or by young adults (Le Page et al., 2002).
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As the level of activity diminishes with age, it is important to distinguish changes
specific to reduced activity from those due to aging. Studies have been carried out on
models of diminished muscle activity such as prolonged bed-rest, immobilization or
microgravity. The results show that muscular atrophy is accompanied by reduction
in muscle fibre size, force production and muscular work capacity as well as
alterations in locomotor coordination (Bloomfield, 1997). These effects look very
similar to those observed in aging.

S. PREVENT AND/OR TREATMENT

Skeletal muscles are the organs that enable us to maintain posture and movement.
As individuals age they frequently become less active and this will progressively
lead to muscle atrophy and frailty. The mechanisms that would allow us to explain
how muscles age, why we lose both mass and force are still not well understood.
From the current results it is not possible to ascertain the exact role of intrinsic
factors in the aging process. On the other hand, changes in certain extrinsic factors,
such as the secretion of certain hormones and neuromuscular inactivity, appear to
be involved in this process.

It has been suggested by several authors (Le Page et al., 2002) that age related
muscle loss can be reversed by exercise. However we do not know if the oxidative
stress liberated by exercise could be damaging to the muscle especially in elderly
individuals in the lack of a certain adaptation to regular exercise. It should be noted
that during aging there is a gradual increase in the proinflammatory state which
could increase the incidence of muscle injury following exercise (Fulle et al., 2004).
However, as stated earlier regular exercise will increase the anti-oxidant response
in the skeletal muscles (Meijer et al., 2002) and this is accompanied by an increase
in muscle produced interleukin-6 which is thought to counterbalance this pro-
inflammatory state (Petersen and Pedersen, 2005). How much exercise is required
to maintain muscle force and mass? It is not always easy to formulate an adequate
standard exercise protocol for each individual. It is not necessarily the role of the
doctor to determine how much exercise a healthy individual should undertake in
order to stay healthy. This falls into the domain of preventive medecine to maintain
a good quality of life for our aging population. One could imagine however, that
the doctor could prescribe a series of regular exercises which are adapted to the
health status of the patient, then this would be followed by a specialist in physical
education. Nevertheless we could ask the question is this really his role and could
not these roles be inverted.

As stated previously the loss of muscle strength and mass occurs rather early,
between 30 and 40 years of age, therefore it is important that the idea that regular
exercise should become an integral part of the general life style just as brushing ones
teeth. It is surprising in our modern day culture that the majority of the population
prefers to participate in sport by proxy from their arm chair rather than carrying
out some sort of physical exercise themselves.
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6. CONCLUSION

At the present time, hormone treatment still remains premature: however,
maintaining regular neuromuscular activity could delay the effects of muscular
aging; it is nevertheless important to take into account the personal capacities of
each individual as well any eventual pathological states before establishing exercise
and physical activity programmes.

In elderly people, physical training improves skeletal muscle performance
(Le Page et al., 2002), oxydant defense capacity (Meijer et al., 2002), arterial
compliance (Tanaka et al., 2000; Monahan et al., 2001), cardiac function during
acute exercise (Stratton et al., 1994), maximal oxygen consumption (Beere et al.,
1999) and prevents vascular endothelial dysfunction, probably by limiting oxidative
stress (Taddei et al., 2000). In addition, exercise training in cardiovascular disease
limits the incidence of coronary events (Abete et al., 2001), improves functional
capacity to exercise and reduces coronary stenosis in patients with coronary heart
disease (Hakim et al., 1999; Gielen et al., 2001).

Moreover, level of physical activity has a direct impact on the level of cognitive
activity. Recent studies have shown that improving physical fitness leads to better
performances in tasks assessing a diversity of cognitive domains (Renaud and
Bherer, 2005).

It thus seems that physical training could improve not only the health of the
elderly individual but also serve to enhance and maintain cognitive vitality in older
adults. However the current way of life is making us increasingly less active. In
order to preserve independence during aging, it would be advisable to encourage
our contemporaries to indulge in regular exercise and physical activity.
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CHAPTER 6

PATHOPHYSIOLOGY, PREVENTION AND TREATMENT
OF AGE-RELATED OSTEOPOROSIS IN WOMEN

MOUSTAPHA KASSEM AND KIM BRIXEN

Department of Endocrinology and Metabolism, Odense University Hospital and University of Southern
Denmark, Kloevervaenget 6, DK-5000 C, Denmark

Abstract: One of the cardinal manifestations of old age in humans is bone loss leading to fragility of
the skeleton and increased risk of fractures, a disease known as osteoporosis. It is estimated
that approximately 45% of all women will suffer at least one osteoporotic fracture during
their lifetime. Genetic, environmental, nutritional, biomechanical and hormonal factors
determine the integrity of the skeleton and age-related bone loss and thus the risk for devel-
oping osteoporosis. Several pharmacological agents that are capable for decreasing the risk
of fractures are currently available and have proven their efficacy in randomized clinical
studies. Among these are the anti-catabolic drugs e.g., calcium, vitamin-D, estrogen,
raloxifen, and bisphosphonates (e.g., etidronate, alendronate, risedronate, ibandronate,
and pamidronate), anabolic drugs e.g., parathyroid hormone (1-34) and strontium ranelate
which has both anti-catabolic and anabolic effects. Also, evidence suggests that individ-
ualized advice on lifestyle modification, e.g., increased physical exercise, cessation of
smoking, fall prevention and use of hip protectors, should be offered to most patients

Keywords: aging; osteoporosis; bone; bone remodeling; pathophysiology; endocrinology; hormones;
bone loss; osteoblasts; osteoclasts light-emitting diode

1. INTRODUCTION AND DEFINITION AND SCOPE
OF THE PROBLEM

Osteoporosis is “a disease characterized by low bone mass and deterioration of bone
architecture leading to decreased bone strength and increased risk of fractures”.
Clinically, osteoporosis is defined by the presence of low bone mass phenotype
defined as a T-score < — 2.5 as measured by dual energy X-ray absorptiometry
(DEXA) scan or the presence of one or more vertebral compression fractures as
result of no or low-energy trauma. However, osteoporosis is also implicated in most
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low-energy fractures occurring in the elderly population (Riggs and Melton III,
1986). It is estimated that approximately 40-47% of all women at the age of 45-50
years will suffer at least one osteoporotic fracture during their remainder life time
(Riggs and Melton III, 1986). Such fractures often have considerable consequences
for the patient due to increased morbidity and pain, loss of independence, reduced
life expectancy (following hip and vertebral fractures), and reduced health related
quality of life. It also imposes enormous costs on the society in terms of hospital
treatment, rehabilitation, and nursing home care. The annual costs of osteoporotic
fractures and their sequels are estimated to exceed $14.000 million $ in the U.S.
alone. The number of osteoporotic fractures is expected to rise due to demographic
changes of increasing the number of elderly persons. Thus, it is projected that the
number of hip fractures will increase 4-5 folds during the next 40-50 years as
a consequence of the increasing population aged 65 years or above. Even more
importantly, this increase will be most pronounced in the developing countries.

2. PATHOPHYSIOLOGY OF AGE-RELATED BONE LOSS
AND OSTEOPOROSIS

2.1 Patterns of age-related bone loss and bone fractures

Bone mass of the whole skeleton or of a particular region of interest can be measured
by a number of different technologies e.g., single photon absorptiometry (SPA),
dual photon absorptiometry (DPA), dual energy X-ray absorptiometry (DEXA),
and single or dual energy quantitative computer tomography (QCT). Bone mass is
usually expressed as area bone mineral density (BMD) and bone mineral content
(BMC). Measurements of BMD and BMC employing DEXA machines have become
widely used in clinical assessment of fracture risk and the diagnosis of osteoporosis.
In addition, extensive studies of large cohorts of men and women using DEXA
machines have also provided important insights into the patterns of bone loss during
the human life span.

The highest bone mass achieved during the life span of an individual is known
as peak bone mass and usually reached during the 3rd—4th decade of life (Gilsanz
et al.,, 1997; Lu et al., 1996). Bone loss starts shortly thereafter at some skeletal
sites (lumbar spine and proximal femur) and a decade later at other skeletal sites
(Matkovic et al., 1994). As shown in Figure 1, two patterns of bone loss are
recognized. A continuous, slow, age-related bone loss is observed in both men and
women and results in an overall bone loss of 20-25% of both cortical (the outer
dense envelop of most bones) and trabecular bone (located internal to the cortical
bone at the end of long bones and in the vertebrae and other short or irregular bones).
In the perimenopausal period in women, a rapid phase of bone loss is observed
during a period of 5-10 years around menopause. This phase leads to bone loss up
to 14%. A decade after the menopause, the rapid phase of bone loss terminates and
merges with the slow but progressive aged-related bone loss. The rate of bone loss
varies between skeletal sites and is generally most pronounced in the spine being
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Figure 1. Schematic representation of changes in bone mass over life in cancellous (broken line) and
cortical (solid line) bone in women (left panel) and men (right panel) from age 50 onward. In men only
one phase of continuous bone loss is observed but in women two phase are recognized: a perimenopausal
accelerated phase of bone loss and a late slow phase. Note also that the accelerated phase, but not the
slow phase, involves disproportionate loss of cancellous bone (Riggs et al., 1998)

rich in the metabolically active trabecular bone. It is least pronounced in the hip and
other sites rich in cortical bone. In addition, to age-related decrease in bone mass,
significant changes do also occur in what is known as “bone quality” that includes
several parameters e.g., the 3-dimensional structure of bone, the material quality of
bone as tissue, the presence of micro-fractures (Mosekilde et al., 1987). Age-related
changes in these factors contribute to the deterioration of the mechanical strength of
the skeleton (Mosekilde et al., 1987; Ebbesen et al., 1999). Currently, no-invasive
methods that measure the bone quality factors are being developed for clinical or
epidemiological studies.

The age-related patterns of bone loss are associated with age-related increase
in bone fractures. After 50 years of age the fracture risk increases exponentially
in both sexes. However, the increase in fracture risk takes place approximately
10 years later in males compared with females. The first fracture type to increase
after the menopause is the forearm fracture (Figure 2) which often is related to falls
during forward movement, where the energy of the fall is conveyed to the stretched
forearm. Hip fractures often occur in elderly people during falls on the side when
standing or walking slowly (Cummings and Nevitt 1989).

Osteoporotic bone loss and fractures can thus be perceived as the end result
of several pathophysiological mechanisms underlying : 1) low peak bone mass,
2) age-related bone loss, 3) post-menopausal bone loss, or a combination of these
factors.
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Figure 2. Fracture risk in Denmark (population 5 million) 1995-99 according to age and sex. Based
on patients admitted to Danish Hospitals (Danish Hospital Central Register). (Kindly provided by
Drs. P. Vestergaard and Leif Mosekilde, unpublished data)

2.2 Why do we lose bone mass as we age?

Our current understanding of the cellular mechanisms responsible for age-related
bone loss are based on quantitative studies of bone cell activities in bone biopsies
obtained from iliac crest or vertebral bodies of aging human population and by
employing histomorphometric techniques (Frost, 2001; Parfitt, 1991; Frost). Bone
as a tissue, is composed of bone matrix and bone cells. Bone matrix is built
up of type I collagen (90%) and the remaining 10% is composed of a large
number of non-collagenous proteins (e.g., osteocalcin, osteonectin, bone sialopro-
teins and various proteoglycans). Non-collagenous proteins participate in the process
of matrix maturation, mineralization and may regulate the functional activity of
bone cells. Two main types of bone cells have been identified. Osteoblasts (bone
forming cells) and osteoclasts (bone resorbing cells). These cells together with
their precursor cells and associated cells (e.g., endothelial cells, nerve cells) are
organized in specialized units called bone multicellular units (BMU) that perform
bone remodeling activities. Bone remodeling is a bone regenerative process taking
place in the adult skeleton aiming at maintaining the integrity of the skeleton
by removing old bone of high mineral density and high prevalence of fatigue
microfractures and replacing it with young bone of low mineral density and better
mechanical properties. This process is important for the biomechanical compe-
tence of the skeleton and it also supports the role of the skeleton as an active
participant in the divalent ion homeostasis. Bone remodeling consists of a specific
sequence of cellular events with a defined temporal sequence occurring at the same
anatomical location (Figure 3). It is the same sequence in both trabecular and
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cortical bone. The remodeling sequence is termed ARF sequence. “A” refers to
the attraction of osteoclast precursors to specific bone sites where remodeling will
take place. These sites are determined by specific mechanical needs or mechanical
signals, the nature of which is not known. This is followed by activation to the
osteoclast precursor cells to fuse and form functional multinucleated osteoclasts.
“R” indicates the resorptive phase, where osteoclasts remove a certain thickness
of mineralized bone tissue which can be measured histomorphometrically and
known as erosion depth. This phase usually lasts 4-6 weeks. “F” refers to the
formative phase where osteoblasts are recruited from stem cells and precursor cells
in the bone marrow. They recreate the amount of bone matrix removed by the
osteoclasts and secure a proper mineralization of the newly formed osteoid tissue.
The amount of new bone formed can also be measured histomorphometrically and
known as mean wall thickness. The duration of the formative phase is usually
3—4 months.

Based on understanding of bone remodeling dynamics maintenance of stable
bone mass depends on: i) the balance between the osteoclastic activity indicated by
the erosion depth and osteoblastic activity indicated by the mean wall thickness,
and ii) the number of remodeling cycles initiated in unit time per unit bone
volume (termed the activation frequency). In the young adult, there is a balance
between the amount of bone removed by osteoclasts and the amount of bone
formed by osteoblast and bone mass is unchanged. Both the erosion depth
(Eriksen et al., 1984) and the mean wall thickness (Eriksen et al., 1984) decrease
with increasing age. However, in perimenopausal women estrogen deficiency is

Bone Resorption Bone Formation

Resorptive period Formative period
=6 weeks =20 weeks

Figure 3. Trabecular bone remodeling following the A-R-F sequence (activation of osteoclasts,
resorption by osteoclasts (OC) and mononuclear cells (MNC) and formation by osteoblasts (OB).
ED =erosion depth, MWT =mean wall thickness. OS =osteoid (unmineralized bone) surface,
MS = mineralized surface
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associated with hyperactive osteoclasts and increased bone resorption compared to
bone formation (Eriksen et al., 1999). On the other hand, age-related decreased
mean wall thickness and impaired osteoblast functions have been observed
in several histomorphometric studies in the elderly (Cohen-Solal et al., 1991;
Eriksen et al., 1990).

In addition to age-related decrease in bone mass caused by imbalance of bone
resorption and bone formation, aging is associated with architectural deterioration
of the skeleton as outlined above. These changes are also caused by age-related
changes in bone remodeling dynamics. An age-related increase in the activation
frequency (turnover) or in resorption depth will by itself threaten the integrity of
the 3-dimensional trabecular network (Mosekilde, 1990). During bone resorption,
deep osteoclastic lacunae may hit thin trabecular structures leading to trabecular
perforations. Concomitant remodeling processes on the opposite sides of thicker
trabeculae may have the same consequence. The thinning of trabecular structures
with age due to the imbalance between bone resorption and bone formation may also
increase the risk of perforations. The consequence of this process is a progressive
loss of trabecular elements, deterioration of bones three-dimensional structure and a
loss of mechanical strength with age. Complex calculations from trabecular density
and intertrabecular distances suggest that age-related trabecular perforations and
structural changes contribute more to the age-related decrease in bone strength
compared with age-related decrease in bone mass.

The above-mentioned changes in bone cells behaviour are caused by two
universal factors present in the whole aging population: intrinsic age-related
changes in bone cell functions and age-related changes in the endocrine system.
These universal factors interact with individual-related characteristics (e.g.,
genetics, environmental, behavioural) and determine the individual’s risk for
developing osteoporosis.

2.2.1 Age-related changes in bone cells

Similar to other cellular compartments in the aging body, bone cells undergo a
multitude of age-related changes that contribute to bone loss. The available data
suggest that decreased cell proliferation capacity of osteogenic stem cells is the
rate limiting factor for bone formation with age (Stenderup et al., 2003). The aging
microenvironment may also contribute to the age-related decreased bone formation
since sera obtained from old persons (a surrogate for the aging microenvironment
of bone) exerted inhibitory effects on osteoblast differentiation of osteoprogenitor
cells compared to sera obtained from young persons (Kassem et al. Bone, 2006,
in press).

2.2.2  Age-related changes in the endocrine system

Aging is associated with several changes in the endocrine system which in turn
affects different organs in the body including the skeleton. Some of the best
studied endocrine systems with respect to their impact on bone are: sex steroids,
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Figure 4. Age-changes in the endocrine system and its contribution to the observed age-related bone
loss.25(OH)D = 25-hydroxyvitamin D, 1,25(0OH)2D = 1,25-dihydroxyvitamin D. PTH = parathyroid
hormone. GH = growth hormone, IGF =insulin-like growth factor. Ca=calcium. All the changes in
the endocrine system lead finally to increase (+) in osteoclastic bone resorption and inhibition (—) of
osteoblastic bone formation leading to remodelling imbalance and bone loss

parathyroid hormone and growth hormone (GH)/insulin-like growth factor (IGF)
system (Figure 4).

A. Sex steroids In women, aging is associated with marked changes in serum
levels of estrogen but not androgens. Total estradiol (E,) decreases from 221 pmol/l
in young women to 133 pmol/l in elderly women and estrone (E,) from 338 pmol/l
in young to 78 pmol/l in elderly women while a slight drop in testosterone (T) levels
decrease from 1.4 in young to 1.1 nmol/l in elderly women (Khosla et al., 1998).

Estrogen deficiency and bone loss in women

The rapid decrease of estrogen metabolites in the postmenopausal period leads to
increased bone turnover, osteoclast activity (Eriksen et al., 1999) and consequently
increased bone resorption compared to bone formation leading to bone loss. The
molecular basis of increased osteoclastic activity resulting from E deficiency has
recently been a topic of intensive investigation. E deficiency has been shown to
increase the production of osteoclast-activating cytokines (IL-1, TNF-a, IL-6) and E
treatment led to the inhibition of their production (Pacifici, 1996). Also, E is capable
for induction of apoptosis in osteoclasts and shortening of osteoclast life span
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(Hughes et al., 1996). The direct effects of E on osteoblastic cell functions are
less clear.

B. Parathyroid hormone Age-related secondary hyperparathyroidism is caused
by age-related impaired mechanisms of calcium conservation. With increasing
age, intestinal calcium absorption is impaired because of decreased production
of 1,25-dihydroxyvitamine D (Slovik et al., 1981). Also, an age-related increased
urinary calcium excretion (urinary calcium leak) has been reported (Heshmati et al.,
1998). Recently, Riggs et al., (Riggs et al.,, 1998) have suggested that the age-
related secondary hyperparathyroidism and impaired mechanisms of calcium conser-
vation and homeostasis are caused by the effects of E deficiency on intestine and
kidneys.

C. Growth hormone and insulin-like growth factors (IGF) Serum levels of GH
reach its peak in late puberty, and afterwards a pronounced age-related decline in
serum levels which can be explained by decreased secretion rate (Finkelstein et al.,
1972; Ho et al., 1987) and increased clearance rate (Iranmanesh et al., 1991). Serum
concentrations of IGF-I largely parallel serum GH with a peak at puberty and a
decrease with ageing. Serum IGF-I, but not IGF-II correlates closely to 24-hour
integrated GH secretion (Florini et al., 1985). Similarly, serum levels of IGF-I and
not IGF-II decrease with age in both men and women (Florini et al., 1985; Copeland
et al., 1990; Bennett et al., 1984). The age-related decline in GH and IGF-I parallels
the age-related decline in bone mass suggesting that changes in serum GH and IGF-
I are responsible for the age-related bone-loss. However, administration of GH to
healthy elderly persons was unable to restore and only increased bone mass slightly
(Rudman et al., 1990). Therefore, it seems unlikely that GH and IGF are major
factors contributing to the skeletal phenotype of senescence except in subgroup of
osteoporotic patients with abnormally low levels of the hormones.

2.2.3 Genetic, environmental and individual risk factors

Peak bone mass and the rate of bone loss are affected by a multitude of factors
including genetic, behavioral and dietary. They are also affected by diseases and
medications received by the persons throughout their life history.

Several studies have shown that part of the varaitions of bone mass of adult
skeleton can be explained by polymorphic traits in a number of key extracellular
matrix components (collagen type I), hormones receptors (vitamin D receptors,
ER, AR, PTH/PTHrp receptors), cytokines (OPG, RANKL, TGF-$). However, the
relative contributions of each of these polymorphic traits to age-related bone loss
need to be determined (Nguyen et al., 2000; Ralston, 2002).

Smoking, large alcohol intake, exercise levels, decreased in muscle strength
due to aging or specific neuromuscular disorders, diet and diseases affecting the
skeleton (e.g. hyperthyroidism, anorexia nervosa, chronic exposure to glucocorti-
coids) are some of a long list of factors that are capable of affecting bone mass and
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skeletal integrity. These factors can interact with the universal mechanisms of age-
related bone loss described above and determine the individual risk for developing
0Steoporosis.

3. MANAGEMENT OPTIONS FOR AGE-RELATED
OSTEOPOROSIS

The ideal pharmacological therapy of osteoporosis should reduce the number of
patients with new fractures significantly. This should be documented in one or
more randomized, double blind, placebo-controlled trials. In some cases, trials
demonstrating non-inferiority comparing with documented efficacious therapy may
be acceptable. Also, the mode of action should be known, the frequency of adverse
effect should be low, and serious side effects should not occur. Finally, the drug
should be affordable (i.e., the cost-efficacy ratio should be favorable) and easy to
administer to ensure long-term persistence with therapy.

Three different approaches to therapy can be employed: anti-catabolic, anabolic,
or a combination of these. Estrogen, selective estrogen modifiers (SERMs), bisphos-
phonates, and calcitonin are mainly anti-catabolic drugs while parathyroid hormone
receptor agonists (PTH(1-34), PTH(1-84), and PTH-related protein (PTHrp)) are
anabolic agents, and strontium ranelate seems to have both anti-catabolic and
anabolic effects (Table 1). Anti-catabolic drugs decrease bone resorption and bone
remodeling that reduces the remodeling space (i.e., the number of active resorption
sites), increases the mean age of the bone tissue, and its degree of mineralization.
These changes increase bone strength. The anabolic drugs increase bone remod-
eling and may initially lead to an apparent decrease in bone mass due to decreased
degree of mineralization and expansion of the remodelling space, however, with
time bone dimensions, cortical thickness, and the number of trabecular elements
increase leading to increasing bone strength.

3.1 Calcium and vitamin-D

Calcium and vitamin-D (ergo- or cholecalciferol) may partly overcome the age-
related decrease in calcium absorption thereby lowering serum PTH and thus
bone turnover. Moreover, vitamin-D insufficiency is prevalent in the elderly as
well as institutionalized persons. Finally, vitamin-D improves muscle function and
decreases the risk of falling.

In most studies on pharmacological therapy of osteoporosis, calcium and
vitamin-D have been administered to both the active and placebo groups. Two
studies, however, have investigated the effect of calcium alone on the occurrence
of fractures. In these both of these, calcium supplementation (1000 or 1200 mg/day)
decreased the occurrence of vertebral fractures significantly in elderly patients with
a low calcium intake.

The effect of vitamin-D alone administered as cod liver oil was investigated in
Norwegian study and the effect of oral vitamin-D 10wg/day was investigated in
a Dutch study, however, both studies did not demonstrate any effects of treatment
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Table 1. Pharmacological options in prevention and treatment of osteoporosis grouped according to
mode of action

Mechanism of action

Anticatabolic Combined Anabolic
Currently in use Bisphosphonates Strontium ranelat PTH(1-34)*
Estrogens
SERMs*
Calcium
Vitamin-D
Under development New bisphosphonates PTH(1-84)*
Vitamin-K PTHrp*
Anti-RANK-L antibodies Growth hormone
Osteoprotegerin IGF-I/IGFBP-3*

Integrin antagonists
Chloride channel antagonists

*SERMs = selective estrogen receptor modifiers; PTH = parathyroid hormone; PTHrp = parathyroid
hormone-related peptide. IGF-I/IGFBP-3 = insulin-like growth factor-I — IGF-binding protein-3-complex.

on bone mass. In a Finnish study, however, annual vitamin-D injections (150,000—
300,000 IU/year) decreased the incidence of peripheral fractures by 25% in an
open, quasi-randomized study comprising elderly subjects. Similarly, a decrease in
the occurrence of peripheral fractures (RR = 0.67 (0.48-0.93)) was found in an
English study where a dose of 100,000 IU was administered orally every 4 months.
The contrasting results can be explained by differences in vitamin-D or calcium
intake, sun-exposure, or the bioavailability of the vitamin-D preparations used for
injections.

The effect of combined calcium and vitamin-D has been studied in several
studies. In a French study of 3,270 elderly females in nursing home, vitamin-D
(800 IE/day) plus calcium (1200 mg/day) reduced the number of hip fractures by
43% and peripheral fractures overall by 32%. In a similar, but smaller study in 583
institutionalized subjects the same investigators, a reduction in risk of hip fracture
of the same magnitude (RR =0.59 (0.33-1.04)) was found, however this did not
reach significance due to the small size of the study. In a Danish population-based
study comprising 9,605 women and men aged 65 years or above that were block-
randomized to calcium plus vitamin-D, fall prevention, calcium plus vitamin-D
plus fall prevention, or no intervention, calcium (1000 mg/day) and vitamin-D
(400 mg/day) decreased the risk of fractures (0.84 (0.72-0.98)). The potential effect
of treatment effect may be higher since only half the participants were compliant
with treatment.

The active (i.e., hydroxylated) vitamin-D metabolites (calcitriol and 1-alpha-
hydroxy-vitamin-D) have been tested in small studies of sub-optimal design. Unlike
newer treatments, hydroxylated vitamin-D metabolites require individual dosing
and careful biochemical monitoring. In a single-blind study of three years duration
comprising 622 post-menopausal women, significantly less vertebral and peripheral
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fractures were seen after calcitriol compared with placebo. No effect was seen in
a similar but smaller study of two years duration comprising 50 patients. Also,
studies on the effect of 1-alpha-hydroxy-vitamin-D have yielded conflicting results.

3.2 Hormone Replacement Therapy (HRT)

Estradiol decreases bone turnover and the number of active resorption lacunae and
thereby the bone loss (see above).

In an early study, transdermal estradiol and oral medroxyprogesterone acetate
decreased the incidence of new vertebral fractures in 75 women with manifest
osteoporosis. In a study comprising 464 post-menopausal women randomized to
HRT (2 mg estradiol and 1 mg cypoterone acetate), vitamin-D (300 IU/day), HRT
plus vitamin-D, or placebo for 5 years, only HRT significantly reduced the risk of
non-vertebral fractures (RR =0.29 (0.10-0.90)), while no significant effect could
be demonstrated with vitamin-D (RR =0.47 (0.20-1.14)), or combined HRT plus
vitamin-D (RR =0.44 (0.17-1.15)). These results were corroborated in an open
study comprising 2,016 post-menopausal women randomized to five years of HRT
or no treatment. In this study, HRT tended to decrease the risk of non-vertebral
fractures (RR = 0.73 (0.50-1.05)) and significantly reduced the incidence of forearm
fractures (RR =0.45 (0.22-0.90)) in intention-to-treat analysis. In the per-protocol
analysis, both all non-vertebral fractures (RR=0.61 (0.39-0.97)) and the risk of
forearm fractures (RR =0.24 (0.09-0.69)) were significantly reduced.

In the estrogen-progestagen-arm of the WHI (Women Health Initiative) study,
16.608 non-hysterectomized women were randomized to HRT or placebo. The risk
of hip fractures were significantly reduced (RR =0.66 (0.45-0.98). Similar results
were recently published from the estrogen-only-arm of this study (hysterectomized
women) showing a reduction in “all fractures” (0.70 (0.63-0.79)). However, the
most important side effect of HRT as evidenced by the WHI study, is an increased
risk of breast cancer (in the estrogen-progestage(n arm), thrombo-embolic events
(in both the estrogen-progestagen and the estrogen-only arms), and cardio-vascular
events. Most studies have employed estradiol 2 mg/day or equivalent, however,
1 mg estradiol per day has almost the same effect on BMD while side effects may
be less frequent.

33 Selective estrogen receptor modifiers(SERM) (Ettinger et al., 1999)

Selective estrogen receptor modulators (SERMs) bind to the estrogen receptor,
however, not at the ligand-pouch, and change the receptor conformation. This alters
the affinity of a number of tissue-specific transcription factors (co-activators and
co-repressors) leading to estrogen agonistic effects in some tissues, e.g. bone, and
antagonistic effects in other tissues, e.g., breast. This group of compounds comprises
tamoxifen, raloxifen, and several other drugs under development. Only raloxifen is
currently approved for prevention and treatment of osteoporosis.
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In a study comprising 7,705 post-menopausal women with osteoporosis, partici-
pants were randomized to 60 mg/day or 120 mg/day of raloxifene or placebo. The
risk of vertebral fracture was reduced (RR = 0.7 (0.5-0.8)) following the approved
dosage of 60 mg/day. The risk of non-vertebral fracture, however, was not signif-
icantly altered by treatment. Similarly, tamoxifen reduces the risk of fractures,
although, the increased risk of ovarian cancer precludes its use outside oncology.

Raloxifen has an estrogen agonistic effect on the cardio-vascular system and
reduces serum levels of total and LDL cholesterol. In contrast to estrogen, however,
it does not increase HDL-cholesterol. While ongoing studies are in the process of
assessing the effects of raloxifen on cardiovascular events, a post-hoc analysis from
previous trials suggest that the event rate is reduced by raloxifene treatment. The
effect of raloxifen on the breast and endometrium is estrogen-antagonistic. Thus,
treatment causes no breast tenderness and decreases the incidence of estrogen-
receptor-positive breast cancer with 76 %. Main side effects of raloxifen therapy is
the risk of thrombo-embolism (RR =2.17 (0.83-5.70)).

34 Bisphosphonates

Bisphophonates are synthetic analogues of pyrophosphate that inhibit the osteoclasts
and bone resorption. The aminobisphosphonates inhibit the enzyme farnesyl diphos-
phate synthase and thereby the achoring of a number of intracellular enzymes to the
cytoskeleton leading to osteoclastic apoptosis. Other bisphosphonates are metabo-
lized within the osteoclasts to cytotoxic ATP-analogues. In both cases osteoclastic
activity and bone resorption as well as bone turnover are decreased.

Several bisphosphonates (etidronate, alendronate, risedronate, ibandronate, and
pamidronate) have been demonstrated to decrease the occurrence of vertebral
fractures by approximately 50%. In contrast, only alendronate and risedronate have
been demonstrated to decrease the incidence of peripheral fractures.

When taken orally, the most prevalent side effects are abdominal pain, nausea,
dyspepsia and heart-burn, however, in the many of the placebo-controlled trials
the frequency of these side effects have been similar in the placebo and bisphos-
phonate groups. Erosion or ulceration in esophagus may occur in rare cases during
treatment with aminobisphosphonates. Etidronate in high dosages (16160 times
those used in osteoporosis) may inhibit the mineralization of bone; however, this
side effect has not been observed with the other compounds. With intravenous
administration, flu-like symptoms and low-grad fever may be seen for 1-2 days in
a minority of the patients. This has no clinical importance and may be prevented
using acetaminophen.

3.5 Strontium ranelate

The divalent cat-ions of stable strontium isotopes may be administered orally as
strontium ranelate. Strontium is incorporated in bone and seems to posses dual
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modes of action; it stimulates bone formation and decreases bone resorption. These
effects seem to be mediated by the calcium-sensing receptor. In vitro strontium has
affinity to this receptor and displays calcimimetic effects. The detailed mechanism
of action, however, remains unknown.

In patients with osteoporosis, strontium ranelate (1-2g/day) increases
biochemical markers of bone formation and reduces markers of bone resorption.
During treatment, strontium ranelate increases BMD 14.4 percent at the lumbar
spine and 8.3 percent at the femoral neck after 3 years. These results, however,
should be interpreted in light of the stronger x-ray attenuation (higher atomic mass)
of strontium compared with calcium. Thus, approximately 50% of the increase in
BMD seems to be to be attributable to the physical properties of strontium within
bone.

In a study comprising 1,649 postmenopausal women with manifest osteoporosis
the effect of strontium ranelate (2 g/day) for three years was compared with placebo.
All participants received calcium and vitamin-D before and during the study.
Strontium ranelate reduced the incidence of vertebral fractures significantly (RR
0.59 (0.48 to 0.73)). Similar results were found in a study comprising 5,091 post-
menopausal women with osteoporosis where the relative risk of vertebral fractures
was reduced by 39-45%. In this study, the occurrence of non-vertebral fractures
was also significantly reduced by 16 % (RR =0.84 (0.702-0.995)) and in a sub-
group (n = 1977) with high-risk of hip-fractures (age 74+ years and a femoral neck
T-score < —3) the risk of these fractures was reduced significantly by 36%.

Strontium ranelate has few side effects. Diarrhea may be seen initially, but often
subsides with time. A small but significant incidence of thrombo-embolic diseases
was seen, however, the physiologic basis for this remains unknown. Treatment may
increase serum levels of creatine kinase but does not lead to clinical events.

3.6 Parathyroid hormone receptor agonists

A number of drugs activating the PTH-receptor have been approved for treatment of
osteoporosis (PTH(1-34)) or are under development (PTH(1-84) and PTHrp (PTH
related paptide). Binding of PTH(34) to the receptor activates adenylate cyclase
and a number of phospholipases (A, C, and D) and increases intracellular levels of
cAMP and calcium. Intermittent treatment with PTH (1-34) increases the number of
osteoblasts and bone formation by activation of pre-existing osteoblasts, increased
differentiation of lining cells, and reduced osteoblast apoptosis. In addition to its
effects on bone mass, PTH improves bone structural integrity, bone diameter, and
bone strength.

The clinical effect of PTH(1-34) was documented in a study comprising
1,637 post-menopausal women with manifest post-menopausal osteoporosis. Partic-
ipants were randomized to treatment with PTH(1-34) at a dosage of 20 or
40g/day or placebo. All participants received supplementation with calcium
(1000 mg/day) and vitamin-D (400-1200 IE/day). The mean duration of treatment



100 KASSEM AND BRIXEN

was 18 (maximum 24) months. In these patients, the approved dosage of 20 g/day
increased BMD in the lumbar spine and hip by 9.7 % and 2.6 %, respectively, after
18 months.

In comparison with placebo, PTH(1-34) 20 wg/day significantly reduced the
incidence of patients with new vertebral fractures by 65 (45-78) %. In absolute
terms, 14% of the participants in the placebo group compared with 5% the
PTH(1-34) group experienced a new vertebral fracture during the study. Similarly,
the incidence of patients with new fractures in the appendicular skeleton was 9.7%
in the placebo group and 6.3 in the group receiving PTH(1-34). Fracture protection
was evident only after approximately 12 months of therapy. Duration of therapy
is restricted to 18-24 months. Following termination of therapy, BMD of the
lumbar spine is reduced by approximately 2-3 % after 2'2 years, however, fracture
prevention extends beyond termination of treatment.

The effect of PTH(1-84) followed by alendronate has been investigated in an open
study. Following treatment with PTH(1-84) (50, 75, or 100 wg/day) or placebo for
one year, 75 patients were treated with alendronate (10 mg/day) for one additional
year. PTH(1-84) increased BMD of the lumbar spine by 7.1 % while the sequential
treatment increased BMD by 13.4 % in total.

The most frequent adverse effects during treatment with PTH(1-34) are nausea,
headache, dizziness, and leg cramps. Serum levels of calcium, uric acid, and
magnesium may be increased and urinary excretion of calcium is increased. In
rats, high dosages (8 to 10 times the human dosage) and long duration of therapy
increases the occurrence of osteosarcoma, but such an effect has not been seen in
human studies. At present, however, PTH(1-34) should not be used in children,
pregnant or lactating women, patients with Paget’s disease of bone, malignant
disease, or patients who have previous received radiation therapy to the skeleton.

3.7 Future treatment options

An array of new anti-catabolic drugs is under development. First, very potent
bisphosphonates such as ibandronate and zolendronate may allow once-a-month
or once-a-year administration. This may improve compliance considerably; but the
anti-fracture-efficacy of these compounds remains to be documented. High dosages
of vitamin-K may have positive effects on bone health. Moreover, advances in
molecular biology have identified an array of potential target for new drugs such
as integrins, osteoprotegerin, RANK-L, and osteoclast-specific chloride channels
that may decrease osteoclastic activity via new mechanisms of action. New
anabolic drugs under development include PTH(1-84) and PTH-rp. With better
knowledge of the molecular pathways mediating the effect of PTH, it is hoped
that non-peptide drugs with similar effect allowing oral administration may be
developed. Also, growth hormone and recombinant IGF-I/IGFBP-3-complex may be
beneficial.
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Table 2. Prevention and treatment of post-menopausal osteoporosis. Advise on lifestyle and fall
prevention should be individualized according to age and concommitant diseases. Additional calcium
and vitamin-D should be adminstered along with specific treatments, while the latter drugs should only
rarely be used simultaneously

Strontium ranelate

Target group Prevention
Primary Secondary Tertiary
Population Osteoporosis Manifest osteoporosis
Life style modification* + + +
Fall prevention™* + +
Hip protector** + +
Calcium + vitamin-D + + +
HRT™ (+) (+)
Bisphosphonates + +
SERMs + +
+ +
+

PTH(1-34)

*Increased physical exercise, cessation of smoking, and reduced alcohol intake should be considered.
** Fall prevention and hip protectors should be considered in patients with increased risk of falling.
** HRT should be used for a short period only in the lovest possible dosage in patients with substantial
climacteric symptoms.

3.8 Current recommendations

A summary on current recommendations on prevention and treatment is shown
in Table 2. Primary prevention, i.e., measures directed at the general population
without individual risk assessment, may include life-style advice (diet, cessation
of smoking, and exercise). In countries of high latitudes where the food is not
fortified by addition of vitamin-D and the prevalence of vitamin-D insufficiency in
the elderly population is high, supplementation with vitamin-D and calcium seem
appropriate above the age of 65 years.

In patients with osteoporosis as determined by dual energy absorptiometry
(DEXA), secondary prevention with anti-catabolic agents (bisphonates, SERMs) or
strontium ranelate should be considered. HRT may be used in women with climac-
teric symptoms; however, duration of therapy should be limited. These treatments
should be accompanied by calcium and vitamin-D supplementation. Combination
of anti-catabolic agents is usually not recommended.

The same options should be considered as tertiary prevention (i.e., in patients with
osteoporotic fractures of the spine). In these patients, however, anabolic therapy
with PTH(1-34) for 18 months followed by a bisphosphonates may be discussed.

In all cases, the patients symptoms (i.e., prevalent vertebral fractures and fracture
history), risk factors for new fractures, and bone mineral density should be
balanced against potential side effects. Also, the patient’s preference regarding



102 KASSEM AND BRIXEN

e.g., administration should be considered. Finally, cost-efficacy and national rules
on reimbursement should be considered.
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CHAPTER 7
ARTHRITIS AND ITS TREATMENT
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Abstract: Arthritis has afflicted man from prehistoric times and has accompanied him throughout his
evolutionary history. However, rheumatology — the discipline of medicine dealing with
disorders of joint and connective tissues — is perhaps the youngest of medical specialties.
Our understanding of various types of arthritis has improved considerably leading to
evolution of specific and effective therapies for most types of arthritis especially in the
last few decades. Despite these advancements many myths and ignorance is still prevalent
with respect to arthritis. The present write up is aimed to improve our understanding

Keywords:  Arthritis, Rheumatology, arthritis treatment

Hippocrates (460-377 BC), the father of medicine, gave an early reference to arthritis
as ‘adisease with fever, severe joint pain; fixing itself in one joint now, then in another,
of short duration, acute, not leading to death, more apt to attack the young than the old’.

Arthritis, today describes more than 100 chronic diseases of the joints, bones and
muscles, ‘Arthron’ in Greek means joint and ‘itis’ means inflammation. Arthritis
thus refers to the pain and inflammation of the joints.

Rheumatology refers to the study of medical disorders of joint and connective
tissues and doctors who treat these disorders are known as rheumatologists. The
connective tissue provides structural support for the cells in the body. Bone, skin,
ligaments and tendons are all connective tissue.

Until a few decades ago, a diagnosis of arthritis was deeply discouraging for the
patient and doctor alike. Most types of arthritis were considered untreatable and there
was little to offer in the medicine chest — a misconception which is still prevalent.
However, today there is greater understanding of the disease process and specific and
effective therapies are available for most types of arthritis. What is even more is that it
is now being recognized that the inflammatory fire kindled in the body by autoimmune
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diseases like rheumatoid arthritis may be the engine that drives many of the most feared
illnesses of middle and old age like heart attack, stroke, Alzheimer’s disease etc.

Perhaps in no other discipline of medicine as in rheumatology is the arthritis
patient vulnerable to influences and counter-influences of modern medicine,
homeopathy, ayurveda, and unani system of medicine, not to speak of acupuncture,
copper bangles, magnetic therapy etc. However, the stark reality is that there
is little understanding of rheumatic diseases and few rheumatologists are
available.

This write up is devoted to improve this understanding and discuss some
important types of arthritis.

COMMON SYMPTOMS OF ARTHRITIS

1. Pain or tenderness in one or more joints.
2. Swelling in one or more joints.

3. Stiffness around joints that lasts for at least
a one hour in the early morning.

4. Difficulty in using or moving a joint normally.

5. Warmth or redness in a joint.

Extra-articular manifestations are equally important and often reveal the under-
lying diagnosis. Fever occurs in theumatic fever (RF), other connective tissue disorders
especially systemic lupus erythematosus (SLE), the vasculitides, Still’s disease and
infective endocarditis (IE). Alopecia suggests a possibility of SLE. Nail changes like
clubbing occurs in IE, interstitial lung disease, hypertrophic osteoarthropathy and nail
pitting is reminiscent of psoriatic arthropathy. Nodules occur in disorders like RF,
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rheumatoid arthritis, gout, erythema nodosum, sarcoidosis and amyloidosis. A photo-
sensitive rash occurs in SLE where as heliotrope and a knuckle rash is seen in dermato-
myositis. Eye involvement often provides important clues. The sclera and lacrimals
canbeinvolvedin RA causing the sicca syndrome, episcleritis and scleritis. In contrast,
the uvea and conjunctiva are involved in spondyloarthropathies (SPAs) producing
iritis, iridocyclitis, posterior uveitis and conjunctivitis. Mucocutaneous involvement
is seen in conditions like SLE, Reiter’s Syndrome, Behcet’s syndrome, psoriasis
and scleroderma. Nose involvement occurs in Wegener’s Granulomatosis, Churg-
Struass syndrome, Hansen’s disease and relapsing polychondritis. Heart, kidneys,
lungs, nerves and gastrointestinal system are also involved in a variety of connective
tissue diseases.

1. SYSTEMIC LUPUS ERYTHEMATOSUS

SLE is a systemic autoimmune disorder characterized by wide spread
inflammation affecting many organ systems of the body. Disease manifesta-
tions are protean, ranging in severity from fatigue, malaise, weight loss, arthritis
or arthralgias, fever, photosensitivity, rashes, and serositis to potentially life-
threatening thrombocytopenia, hemolytic anemia, nephritis, cerebritis, vasculitis,
pneumonitis, myositis, and myocarditis. There is no cure for SLE.

1.1 General Measures

These include good nutrition, adequate rest and avoidance of excessive fatigue
and stress. Patients are advised to use long sleeved clothes and hat or umbrella
and avoid prolonged exposure to sunlight. Sunscreens with high protection
factor (SPF 15 or more) should be applied liberally. Isolated skin lesions may
respond to topical steroids. Infections should be treated aggressively as they could
trigger a disease flair. The blood pressure and lipids should be well controlled
especially in the presence of renal disease. Osteoporosis should be prevented in
patients likely to require long term steroid therapy and/or with other predisposing
factors.

1.2 Specific Treatment

Specific drug therapy is tailored depending on the severity of the disease and the
organs system involved.

Mild to moderate disease characterized by constitutional symptoms, mucocu-
taneous lesions and arthritis is initially treated with NSAIDs and chloroquinine.
NSAIDs usually control SLE-associated arthritis, arthralgias and serositis but not
fatigue, malaise or major organ system involvement. NSAIDs should be avoided
in patients with active nephritis. Antimalarial (Hydroxychloroquinine, chloro-
quinine and quinacrine) may be effective in the treatment of rash, photosensitivity,
arthralgias, arthritis, alopecia and malaise associated with SLE and in the treatment
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of discoid and subacute cutaneous lupus erythematosus. These drugs are not
effective for fever or renal/CNS and hematologic problems. Methotrexate may have
arole in the treatment of arthritis and dermatitis but probably not in life-threatening
disease.

In any life-threatening or organ-threatening manifestation of SLE, the mainstay
of treatment is systemic corticosteroids (0.5-2mg/kg/d orally or 1000mg of
methyl prednisolone sodium succinate IV daily for 3 days, followed by
0.5-1 mg/kg/d prednisolone or equivalent) for the initial 4-6 weeks followed by a
maintenance dose of 5-10 mg/d of prednisolone.

Cytotoxic drugs are another important option for serious SLE. Cyclophosphamide
is the drug of choice for life-threatening lupus nephritis alongwith concomitant
corticosteroid therapy. Duration of cyclophosphamide therapy is controversial.
Azathioprine and mycophenolate mofitil are used often as steroid-sparing agents
but may not be as effective as cyclophosphamide in treating lupus nephritis. Apart
from pulse cyclophosphamide, renal replacement therapy with renal transplantation
has improved the outlook of patients with lupus nephritis. Recurrence of nephritis
in the allograft rarely occurs.

It is important to realize that in most patients it is not possible to achieve complete
sustained remission. A balance between mild active disease, acceptable drugs side
effects is possible, practical and acceptable.

1.3 Emerging Therapies

Potential benefit of UVAI phototherapy for cutaneous lupus appears promising.
There are encouraging reports of the benefit of B-cell depletion with anti-CD
20 antibody, rituximab, for the treatment of SLE. A new immunosuppressant
gusperimus may be useful in SLE patients refractory to cyclophosphamide (Lorenz
et al., 2004). Tacrolimus may be as effective as monthly pulse cyclophosphamide
in patients with lupus diffuse glomerulonephritis (Mok et al., 2004). Immune
ablation with high-dose immunosuppressives followed by rescue with autologous
haematopoietic stem cell transplantation has been tried for severe and refractory
SLE with not very promising results (Traynor et al., 2002; Lisukov et al., 2004).

2. RHEUMATOID ARTHRITIS

RA is a chronic, progressive autoimmune inflammatory disease of unknown
etiology that attacks the synovial tissue leading to irreversible joint damage
(Figure 1), chronic pain, stiffness and functional impairment. It affects about
1% of adult population. It is prevalent across all ethnic groups and can occur
at any age, although most cases are seen in adults between ages 30 and 60 years.
Women comprise 75% of all cases.

There has been a radical change in the treatment of RA since early 1990s
with initiation of disease-modifying anti-rheumatic drugs (DMARDs) early in the
disease rather than late. This has resulted from our understanding that RA is not
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Figure 1. Clinical Spectrum of Rheumatoid Arthritis

a benign but progressive disease and many DMARDs are not prohibitively toxic.
In addition to its considerable associated morbidity and economic costs (direct and
indirect), RA leads to premature mortality (Reilly et al., 1990). A patient with RA
is 2 times more likely to have a myocardial infarction, 70% more likely to have a
stroke, 70% more likely to develop an infection, has a 25-fold increased incidence
of lymphoma, mortality rates 41% higher for women and life expectancy decreased
by 18 years. Since DMARD:s alter the disease course in recent onset RA, early and
aggressive treatment should be initiated to achieve remission.

There are several options for treating RA. These include traditional DMARDs
such as hydroxychloroquine (or chloroquine), sulfasalazine (or salazopyrine), gold
salts and methotrexate and newer agents such as lefluonmide and tumor necrosis
factor inhibitor etanercept and infliximab. Evidence suggests that treatment with
a combination of DMARDs is more effective than monotherapy (O’ Dell et al.,
1996). It is a challenge to the management skills of the rheumatologist to determine
the most efficacious regiment for a particular patient using a combination and
even more importantly appropriate timing of pharmacologic therapy, which may
include NSAID, DMARD(s), low dose prednisolone, local injection of gluco-
corticoid, biologic agents, emotional and rehabilitation support and non-narcotic
analgesics. An early consultation with a rheumatologist is of paramount importance
to create a window of opportunity for early initiation of appropriate treatment.
Factors influencing the choice of treatment are efficacy, safety, convenience of
treatment regimen, the patient’s disease activity, functional status, co-morbidities,
life-style (e.g. child-bearing potential), work status and treatment reimbursement
issues. Algorithm for achieving therapeutic success in RA is depicted in
Figure 2.

2.1 Nonpharmacologic treatment of RA

Management of RA involves more than drug therapy alone. Early in the course
of the disease, the patients needs to know and accept to learn to live with
RA and will also be required to become involved in decision making for the



110 SYNGLE

Earty DMARD therapy
MTX dose 20-25 mg/week High-dose combination
combination therapy DMARD therapy
(+ sterolds) (+ sterolds)

DAS ement >1.2 or
SDAI improvement >20
within 3-4 months

Figure 2. (Is Remission the Mission in RA?)(2005) +Methotrexate is chosen as the initial DMARD
quite often, though others may also be used. DAS: Disease Activity Score. TNF: Tumor Necrosis Factor

treatment. Education regarding joint protection, energy conservation and arthritis
home exercise programme (one such free exercise programme is available at
www.healingtouchwebhelp.net/html/exerci.htm) with range of motion and strength-
ening exercises are important for maintaining joint function.

Physical therapy and occupational therapy may help the patient who is compro-
mised in activities of daily living. Regular dynamic and aerobic exercises improve
joint mobility, muscle strength, aerobic fitness and psychological well being without
increasing fatigue or joint symptoms.

2.2 Drug Therapy of RA

Drug therapy of RA often consists of NSAIDs, DMARDs, anti-TNF and/or gluco-
corticoids. The initial therapy of RA usually involves use of salicyclates or NSAIDs
to reduce joint pain and swelling and to improve joint function. NSAIDs have
analgesic and anti-inflammatory properties but do not alter the disease course or
alter joint destruction.
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2.3 DMARDs

DMARDs have the potential to reduce or prevent joint damage, preserve joint
integrity and function and reduce total cost of health care and maintain economic
productivity of RA patient (ACR Subcommittee on Rheumatoid Arthritis Guide-
lines, 2002). The initiation of DMARDs therapy should not delayed beyond
3 months for any patient with established diagnosis who, despite adequate treatment
with NSAIDs, has ongoing joint pain, significant morning stiffness or fatigue, active
synovitis, persistent elevation of ESR or CRP level or radiographic joint damage
(ACR Subcommittee on Rheumatoid Arthritis Guidelines, 2002). In fact there is an
emerging view that early onset RA should be considered as a medical emergency
and early treatment (within 2 weeks of diagnosis) with DMARDSs should be initiated
as it provides better outcomes at 2 years (Lard et al., 2001). For any untreated patient
with persistent synovitis and joint damage, DMARDs should be started promptly
to prevent or slow further damage (ACR Subcommittee on Rheumatoid Arthritis
Guidelines, 2002) and ultimately to achieve remission.

The DMARDs commonly used in RA include hydroxychloroquine (HCQ),
sulfasalazine (SSZ), methotrexate (MTX), and lefluonmide. Those used less
frequently include azathioprine (AZA), D-penicillamine (D-Pen), gold salts,
minocycline and cyclosporine.

Initial choice of DMARD for a particular patient is influenced by several consid-
erations. Initial DMARD(s) is chosen based on its relative efficacy, convenience
of administration, monitoring requirement, cost of drug and monitoring, time until
expected benefit and adverse affects. Patient factors like compliance, co-morbidities,
life-style (e.g. child-bearing potential), severity and prognosis of the patient’s
disease also influence the choice. For women of child-bearing age, effective contra-
ception is required with DMARD:s.

Based on consideration of safety, convenience and cost many rheumatol-
ogists select HCQ or SSZ first, but for patient with very active disease
or with indicators of a poorer prognosis MTX or combination therapy
would be preferred. For patients in whom MTX is contraindicated or has
failed to achieve satisfactory disease control either because of lack of
efficacy (in doses upto 25mg/week) or intolerance, treatment with biologic
agents or with other DMARDs, either alone or in combination is indicated
(ACR Subcommittee on Rheumatoid Arthritis Guidelines, 2002).

Controversy remains about whether to initiate DMARD in a sequential ‘step-
up’ approach in patients with persistently active disease in whom single agent has
failed or whether to initiate combination DMARDs therapy early in the disease
course and then apply a ‘step-down’ approach once adequate disease control is
attained (Williams et al., 1992). However, there is emerging data (FIN-RACo trial
(Mottosen et al., 1999), COBRA (Boers Met et al., 1997)) that combination therapy
may be more effective in early RA and should be considered as induction therapy
early especially in those with poor prognostic signs (extra-articular manifestations
e.g. cutaneous ulcers, vasculitic rash, neuropathy, scleritis, subcutaneous nodules;
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female gender; poor functional score (HAQ >1 at 1 year of disease); multiple
joint involvement especially >12 joints; early radiographic evidence of erosive
changes; advanced age at onset; high rheumatoid factor titres, anti-cyclic citrullated
peptide antibodies; sustained elevation of acute-phase reactants e.g. ESR, CRP, low
socioeconomic status/educational level).

24 Glucocorticoids

Low dose oral steroids (less than 10 mg/day prednisone) and local steroid injections
are highly effective for relieving symptoms in patients with active RA. However,
many RA patients become steroid dependent despite DMARD therapy. Evidence
suggests that low-dose steroids slow the rate of joint damage and therefore appeared
to have disease-modifying potential (ACR Subcommittee on Rheumatoid Arthritis
Guidelines, 2002). However, the benefits of low-dose steroids should always be
weighed against their adverse effects.

2.5 Biological Agents

These agents bind and neutralize TNF which is an important inflammatory mediator.
The three anti-TNF agents used in RA include etanercept, infliximab and adali-
mumab. The timing of use of biologic agents in treating RA is controversial. In the
past, these agents were used only when therapy with DMARDs had failed. However,
recent studies (TEMPO, ASPIRE, BeST, PREMIER) have evaluated the role of
biologic therapy with anti-TNF agents early in the course of disease, making their
early use more favorable, even perhaps as first-line agents. Overall, these studies
suggest that early therapy with a combination of methotrexate and an anti-TNF
agent is likely lead to improved outcomes in RA over therapies without anti-TNF
agents. However, the high-cost of the anti-TNF agents may limit their early use,
although we may find that if disease activity is controlled early, long-term costs of
RA in terms of disability may be averted.

Also, it may be found that combination therapy with methotrexate and an anti-
TNF agent can be used up front to control disease, and once disease activity
is minimal, the anti-TNF agent can be discontinued and methotrexate used as
monotherapy.

It is now being recognized that radiographic progression can occur even during
remission in RA (Esmeralda et al., 2004). If a patient is in constant remission
and has no other risk factor (that risk factor is defined as a positive rheumatoid
factor or baseline damage already present), then no radiographic progression can
be expected (Paco et al., 2004). But in those patients in clinical remission who
are either rheumatoid factor positive or have a high baseline radiographic score,
radiographic progression is still possible (Paco et al., 2004).
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2.6 Is remission in RA a cure?

Using the armamentarium of DMARDs and anti-TNF agents early and aggressively,
remission is possible in RA. Does remission mean a cure and can the treatment be
discontinued after achieving remission? When patients in remission shifted from
active treatment to placebo, they had much higher incidence of flares compared
with those who received continued treatment (Saskia et al., 1997). If these patients
with flare are again treated with the previously successful regimen they may not
achieve the same level of control but actually run a certain risk of getting disease
that is worse than they had in the beginning.

2.7 Emerging Concepts in RA Management

It has been found in 2 very large studies that patients destined to develop RA
will develop evidence of autoimmunity several years before the onset of their first
clinical symptom (Darcy et al., 2003). In fact, up to 40% of RA patients will have
either rheumatoid factor and/or anticyclic citrullinated peptide (anti-CCP) antibodies
in the preclinical phase of their disease. It’s also known that for the 2 years prior
to the onset of their first clinical symptom, they will have an increase in their
C-reactive protein (CRP), albeit in the normal range, but it will slowly start to
increase, indicating subtle inflammation is occurring, much like what is seen with
CRP and atherosclerosis patients.

When they do develop their first symptoms of synovitis? If a biopsy is done
in asymptomatic joints, one will find evidence of asymptomatic synovitis in those
joints that look clinically normal. This actually means that RA is already a chronic
disease at the onset of first symptom. The reason this is important to realize is that
if we’re going to cure RA, we may actually need to develop strategies to identify
high-risk patients and intervene before they develop a clinical phase. This in fact
is being strategized by several investigators presently.

3. OSTEOARTHRITIS (OA)

OA has afflicted man and other vertebrates from prehistoric times and it has
accompanied man throughout his evolutionary history. It is the most common
joint disorder in the world and is the leading cause of disability and pain in the
elderly.

It is characterized pathologically by localized areas of articular cartilage damage
associated with overgrowth of bone at the joint margins (Figure 3), changes in
subchondral bone, fibrosis of joint capsule and mild synovitis.

Management of OA needs to be individualized, holistic, patient centered and
situational. It is aimed at reducing pain, maintaining mobility and minimizing
disability. Various treatment modalities are summarized in Table 1. and treatment
algorithm is given in Table 2.
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Figure 3. Heberden’s Nodule in Osteoarthritis

3.1 Disease-Modifying Osteoarthritis Drugs

Better understanding of the pathogenetic mechanisms underlying the breakdown
of articular cartilage in OA and particulary of the mediators involved in tissue
breakdown has led the pharmaceutical industry on a search for the “holy
grail”: a disease modifying osteoarthritis drug (DMOAD). There are several candi-
dates: chemically modified tetracyclines, diacerein, glucosamine and chondroitin
sulfate.

Glucosamine and chondroitin sulfate have achieved striking popularity for
treatment of OA recently. They are widely sold as nutraceuticals although
they are not FDA approved. Several studies have shown glucosamine to be
superior to placebo and comparable to NSAIDs with respect to efficacy in
patients who have knee OA and it has a better safety profile than NSAIDs.
However, the efficacy of glucosamine and chondroitin have not been examined
in large, well designed, placebo controlled trials. Much of the beneficial
effects are believed to be overestimated in trials most of which were industry
sponsored.

Results of two virtually identical randomized controlled trials (Povelka et al.,
2002; Reginster et al., 2001) have led to the suggestion that glucosamine not only
improves joint pain in patients who have knee OA but are also chondroprotective.
Glucosamine/chondroitin Arthritis Intervention Trial (GAIT) (Daniel O. Clegg
et al., 2006), a multicenter, double-blind, placebo- and celecoxib-controlled study
sponsored by the National Institutes of Health, evaluated the efficacy and safety
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Table 1. Treatment modalities available for management of OA

Non pharmacologic treatment
Corner stone of OA management and is recommended in every OA patient to start with.
Educational, lifestyle, and behavioral

Education of patient, spouse, family, and significant others
Empowerment to aid patients in self-management and taking control

Behavioral and environmental changes to reduce the impact of OA

Social support including telephone contact

Alteration of levels of general exercise and activities

Weight loss and other dietary changes

Use of different shoes, orthoses, canes, and other walking aids assistive devices

Other non pharmacologic measures

Exercise to improve muscle strength, joint mobility, fitness, and function and to reduce pain

Weight reduction in obese

Thermal modalities

Physical aids to help joint protection and improve function podiatry

Acupuncture

Transcutaneous nerve stimulation and acupuncture

Dietary additions including glucosamine, chondroitin, vitamins C and D, ginger extracts, avocado,
soybean derivatives and combination of esterified fatty acid complex, eicosapentanoic acid and
docosahexanoic acid

Pharmacologic measures

Simple analgesics, Acetaminophen (ACET) 1 gm. 3—4 times/d (max 4 gm/d)

Tramadol and opioid analgesics

Antidepressants for analgesia (and for depression)

Systemic nonsteroidal anti-inflammatory drugs (NSAIDs) including coxibs for those not relieved
with ACET.

Topical agents including capsaicin and NSAID creams and gels.

Intra-articular (IA) injections including steroids and hyaluronan (HA)

Diacerein

Surgical measures

Tidal irrigation (washout) of the joint (in knee OA)
Arthroscopic debridement

Cartilage transplantation and tissue engineering techniques
Osteotomy

Partial or complete joint replacement

Complementary and alternative therapies

Almost every known type of complementary and alternative medicine has been used in attempts to
help people who have OA

Source: Modified from RCNA, Nov 2003, Vol 29, No 4, Pg 692.

of glucosamine, chondroitin sulfate, and the two in combination as a treatment for
knee pain from osteoarthritis. In this study, glucosamine and chondroitin sulfate
alone or in combination did not reduce pain effectively in the overall group of
study patients with osteoarthritis of the knee. The relatively mild degree of pain
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Table 2. Algorithm of OA Management

Nonpharmacological treatment
Education, support, exercise, weight loss, joint protection

plus

Acetaminophen up to 4 g/d for control of pain and other symptoms, as well as before activity

Add topical capsaicin cream 4 times daily, if needed, to painful joints

If joint effusion is present, consider aspiration and intra-articular injection of a
corticosteriod as initial therapy

If more pain and symptom control is needed, add an NSAID in low dosage or a
nonacetylated salicylate such as choline magnesium trisalicylate or salsalate. Tramadol may
be useful as adjunctive therapy

If more pain or symptom control is needed, use full dosage of an NSAID, plus misoprostol
or a proton pump inhibitor if the patient is at risk for upper gastrointestinal tract bleeding or
ulcer disease, or subsitute a COX-2-specific inhibitor for the NSAID. Some patients may
benefit from intra-articular injections of a hyalronic acid product.

If response is inadequate, consider referring the patient for joint lavage, arthroscopic
debridement, osteotomy, or joint replacement.

Source: Mayo Clin Proc, May 2001, Vol 76, Pg 534.

from osteoarthritis among the participants of this study may have limited the ability
of GAIT investigators to detect benefits of the treatments. However, the subgroup
of study patients with moderate-to-severe pain demonstrated that combination of
glucosamine and chondroitin sulfate significantly decreased knee pain related to
osteoarthritis.
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4. CRYSTAL INDUCED ARTHOPATHY

Arthritis resulting from deposition of different microcrystals is called crystal induced
arthritis. “Traditionally” the name “gout” is given to the crystal induced arthritis
related to uric acid deposition in joints and tissue. The rheumatic syndromes
produced by “other microcrystals” are called “pseudogout.”

5. GOUT

GOUT is one of the oldest disease known to humanity. Gout was often known
as “the disease of kings and the king of diseases” because it was associated
with wealthy men who overindulged in rich food and drink and formerly it
was a leading cause of disabling arthritis. Its victims included King Henry VII,
Alfred Lord Tennyson, Benjamin Franklin, Immanuel Kant, Samuel Johnson and
Thomas Jefferson. Gout even caught Dicken’s imagination as numerous of his
characters were afflicted with this painful condition. Today, it’s known that
gout is a complex disorder found exclusively in human species that can affect
anyone.

It is really amazing to know that long before the crystal deposition phenomenon
was ever discovered, the name “gout” was coined by the “ancients”, based on an
intuition that it is caused by the deposition of some sort of toxin or poison “noxa”
into the joints “guta by guta” (Latin for drop by drop). In fact, the only improvement
by modern medicine has been to substitute “crystals” in the place of “drops” in the
ancient description of aetiopathogenesis!

As the ancients suspected, and later science has proved, the central chemical
culprit of classical gout is uric acid and its salts. Uric acid is the end product of
purine degradation in humans. Purines are substances found naturally in your body
as well as in certain foods, including organ meats—such as liver, brains, kidney and
sweetbreads—and anchovies, herring, and mackerel. Smaller amounts of purines
are found in all meats, fish and poultry.

We humans unfortunately cannot break down the almost insoluble uric acid
further to the highly soluble allantoin as in lower animals because, the enzyme
uricase is absent in us-one of the prices we are paying for “our superior status in
the evolutionary ladder.”

Normally, uric acid dissolves in the blood and passes through kidneys into urine.
A net total of 90% of filtered uric acid is however reabsorbed in the kidney and
only 10% is excreted — another reason responsible for hyperuricemia in humans.
But sometimes the body produces too much or excretes too little of this acid.
In that case, uric acid can build up, forming sharp, needlelike crystals in a joint
or surrounding tissue that cause pain, inflammation and swelling. When the uric
acid crystals are released in the joint space, they are primarily phagocytozed by
synovial lining cells. These cells in turn release a variety of chemotactic factors that
draw in the neutrophils and then draw in the whole variety of the proinflammatory
molecules that trigger the inflammatory response.
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What precipitates an acute attack of gouty arthritis? The precipitating factors
include local trauma; binges of alcohol, overeating or fasting; concurrent medical
or surgical illness; acute arise or fall in serum uric acid and seasonal factors.

5.1 Signs and Symptoms

In its natural history, gout passes through four stages:

1. Asymptomatic Hyperuricemia — when the uric acid level is high but there is no
symptom of gout.

2. Acute Gouty Arthritis — when there is acute pain in the joints.

3. Intercritical Gout — periods between gouty attacks.

4. Chronic Tophaceous Gout with no pain-free intercritical periods.

The symptoms of gout are almost always acute, occurring suddenly — often at
night—and without warning. They include: Intense joint pain. Gout usually affects
the large joint of big toe but can occur in feet, ankles, knees, hands and wrists. The
pain typically lasts 5 to 10 days and then stops. The discomfort subsides gradually
over 1 to 2 weeks, leaving the joint apparently normal and pain-free. Inflammation
and redness. The affected joint or joints will become swollen, tender and red.
Figure 4 depicts the common sites of acute flares in gout.

Some people develop uric acid stones. The yearly risk for development of urate
stone in people with established gouty arthritis is approximately 1%.
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Figure 4. Common sites of acute flares (Marc DC 2005)
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5.2 Goals of treatment

1. Terminate the acute attack rapidly.
2. Protect against further attacks.
3. Treat hyperuricemia and prevent disease progression.

5.3 Management of Acute Gouty Arthritis

The first goal is to terminate an acute attack of gout. The drugs used to treat an
acute episode control the pain and inflammation but do not have a long lasting
benefit in gout. They help to resolve the acute symptoms but the uric acid crystals
remain in the joint and the destructive process continues.

54 Colchicine

This time tested drug inhibits neutrophil activation by inhibiting crystal-induced
protein tyrosine phosphorylation. Oral doses of 0.6 mg are given every hour until
improvement occurs, gastroinstestinal side effects developed or 10 doses have been
taken without relief (in which case the diagnosis may be questioned).

5.5 NSAIDs

Indomethacin is the usual agent of choice. However, other agents like ibuprofen,
naproxen and other short acting NSAIDs or COX-2 inhibitor etoricoxib are all
effective. NSAID treatment is usually continued for 3—4 days after all signs of
inflammation have resolved.

5.6 Glucocorticoids

This is most useful (1) when patient cannot take oral medication (2) when colchicine
and NSAIDs are contraindicated or (3) in refractory cases. An intraarticular injection
of glucocorticoid produces rapid dramatic relief. Alternatively, oral prednisolone
40-60 mg/d can be given until relief is obtained and then tapered rapidly.

5.7 Management of intercritical gout

Once the acute attack has been controlled the next aim is to control another such
episode. In this asymptomatic intercritical period uric acid-lowering drugs need to
be initiated.

Before initiating treatment with urate-lowering agents, the patients should be free
of all signs of inflammation and have begun low dose colchicine for prophylaxis.
The sudden drop in serum urate with the initiation of allopurinol or uricosuric
therapy may prolong or precipitate an acute attack. Colchicine in a dose of 0.6 mg
orally one to three times a day is usually effective in preventing gout attacks.
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5.8 Managing hyperuricemia and preventing disease progression

Once antihyperperuricemia therapy is initiated, the dose used should maintain the
serum urate at or below 5mg/dl. Successful therapy will prevent future attacks
of gout and cause resolution of tophi. Therapy once initiated should be life long.
Intermittent therapy or withdrawal of therapy leads to recurrence of acute attack
within 6 months and development of tophi within 3 years.

Urate lowering drugs for gout include (1) uricosuric agents (2) xanthine oxidase
inhibitors.

5.9 Uricosuric agents

Virtually all uric acid presented to the glomerulus gets filtered. 90% of the filtered
urate is reabsorbed and only 10% of the original filtered load of uric acid is excreted.

The uricosuric agents act by blocking reabsorption of uric acid. The most
commonly used uricosuric agents are probenecid and sulfinpyrazone. Probenecid
therapy is begun at 250 mg twice a day and is increased as necessary upto 3.0 g/d.
Sulfinpyrazone therapy is initiated at a dose of 50mg twice a day. The usual
maintenance doses 300400 mg/d in 3—4 divided doses.

By promoting uric acid excretion, uricosuric agents may precipitate
nephrolithiasis. This can occur early in the course of treatment and may be prevented
by initiating therapy at low doses, forcing hydration and alkalinizing the urine.

Other drugs that are not typically used as uricosurics but that do have some
uricosuric properties include losartan and fenofibrate.

The advantage of uricosurics is that they reverse the most common physiologic
abnormality in gout as 80-90% of patients are undersecretors of uric acid. However,
they lose effectiveness as the creatinine clearance falls and are ineffective when
glomerular filtration falls below 30 ml/min.

5.10 Allopurinol

The other way of lowering uric acid is to block its production. This is achieved by
inhibiting xanthine oxidase, the enzyme that converts the relatively soluble hypox-
anthine to the less soluble xanthine to the very insoluble uric acid. The commonly
used xanthine oxidase inhibitor is allupurinol. It can be given as a single morning
dose 300 mg initially and increasing upto 600 mg if needed. The advantage of
allupurinol is that it is effective in both over production and undersecretion of urate,
has convenience of single daily dose and can be efficacious in renal insufficiency
but requires dose reduction in this situation. The most serious side effects includes
skin rash with progression to life-threatening toxic epidermal necrolysis, systemic
vasculitis, bone marrow suppression, granulomatous hepatitis and renal failure.
Diet modification now plays a minor role in the management of hyperuricemia
as modern therapeutic agents are so effective but diet counseling is important and
should address obesity, hypertension, hyperlipidemia, diabetes mellitus, alcohol
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use/abuse and strict avoidance of ‘purine rich foods’ (sweetbreads, anchovies,
sardines, liver and kidney).

5.11 Uric acid nephropathy

Vigorous intravenous hydration and diuresis with frusemide dilute the uric acid
in the tubules and promote urine flow to 100 ml/h or more. The administration of
acetazolamide, 240 to 500 mg every six to eight hours, and sodium bicarbonate,
89 mmol/L intravenously enhances urine alkalinity and thereby solubilizes more
uric acid. It is important to ensure that the urine pH remains above 7.0 and to
watch for circulatory overload. In addition, antihyperuricemic therapy in the form
of allopurinol in a single dose of 8 mg/kg is administered to reduce the amount of
urate that reaches the kidney. If renal insufficiency persists, subsequent daily doses
should be reduced to 100 to 200 mg because oxypurinol, the active metabolite of
allopurinol, accumulates in renal failure. Despite these measures, hemodialysis may
be required.

5.12 Emerging treatments of hyperuricemia

Target uric acid levels are not always achieved with the available drugs. There are
also problems of use of these drugs in patients with renal failure, drug interactions
and allopurinol intolerance.

The enzyme uricase, which is absent in humans, acts by catabolizing uric
acid to a more soluble and readily excreatable form-allantoin. Rasburicase is a
recombinant uricase made from Aspergillus flavus and is used for the treatment
of tumor lysis syndrome but is not presently indicated in gout. It has blackbox
warning for anaphylaxis, hemolysis and methemoglobinemia and has potential
immunogenicity. To overcome the latter polyethylene glycol has been added to
uricase.

Another drug being developed is febuxostat which is a nonpurine xanthine oxidase
inhibitor. It can be given to people with renal insufficiency, mild to moderate
hepatic dysfunction and those intolerant of allopurinol.

5.13 Beyond Gout

A host of co-morbidities are associated with hyperuricemia — obesity, metabolic
syndrome, diabetes, hypertension, hyperlipidemia, CAD and heart failure. However
it needs to be seen whether hyperuricemia is an independent risk factor or is it just
a marker for these co-morbidities. Another important issue is whether the treatment
of hyperuricemia will assist in the management of these co-morbidities. Although
these questions remain, the diagnosis of gout can be used as a signal to search for
unrecognized co-morbidities.
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6. PSEUDOGOUT

Pseudogout results when calcium pyrophosphate dihydrate (CPPD) crystal deposited
in bone and cartilage are released into the synovial fluid and induce acute
inflammation. Risk factors include old age, advanced OA, neuropathic joint, gout,
hyperparathyroidism, hemochromatosis, diabetes mellitus, hypothyroidism and
hypomagnesemia. It may be asymptomatic or present as acute monoarthritis or
oligoarthritis mimicking gout or as a chronic polyarthritis resembling RA or OA.
Dehydration, acute illness and surgery (especially parathyroidectomy) are common
precipitants of an acute attack.

Therapy of choice for most patients is a brief course of NSAID. Oral steroids can
be used and colchicine also may relieve symptoms promptly. Daily prophylactic
treatment with low doses of colchicine may be helpful in diminishing the number of
recurrent attacks. Aspiration of the inflammatory joint fluid often results in prompt
relief and intraarticular injection of steroids may hasten the response. Allopurinol
or uricosuric agents have no role in the treatment of pseudogout.

Uncontrolled studies suggest that radioactive synovectomy (with yttrium 90) or
the administration of antimalarial agents may be helpful in controlling persistent
synovitis. Patients with progressive destructive large joint arthropathy usually
require joint replacement.

7. APATITE DISEASE

Hydroxyapatite (HA) is the primary mineral in bone and teeth. Abnormal accumu-
lation can occur in areas of tissue damage, in hypercalcemic or hyperparathyroid
states. It may present as asymptomatic radiographic abnormality, acute synovitis
or tendonitis or chronic destructive arthropathy. HA may be released from exposed
bone and cause the acute synovitis occasionally seen in chronic stable osteoarthritis.
HA deposition is also an important factor in an extremely destructive arthropathy
of the elderly that occurs most often in knees and shoulders (Milwaukee shoulder).

Acute attacks are typically self-limiting, resolving within days to weeks. Thera-
peutic options are similar to pseudogout and include aspiration of the effusion,
NSAIDs or oral colchicine for 2 weeks and intrarticular steroid injection.

8. CALCIUM OXALATE DEPOSITION DISEASE

Primary oxalosis is a rare hereditary metabolic disease. Nephrocalcinosis, renal
failure, and death usually occur before age 20. Acute and/or chronic CaOx arthritis
and periarthritis may complicate primary oxalosis during later years of illness.
Secondary oxalosis is most commonly seen in end stage renal disease.

Clinical features of acute CaOx arthritis may not be distinguishable from those
due to sodium urate, CPPD, or HA. Treatment of CaOx arthropathy with NSAIDs,
colchicine, intraarticular steroids and/or an increased frequency of dialysis have
produced only slight improvement. In primary oxalosis, liver transplantation has
produced a significant reduction in crystal deposits.
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9. SPONDYLOARTHROPATHIES

The spondyloarthropathies are an inter-related group of disorders characterized by
one or more of the following features (1) spondylitis (2) sacroilitis (3) enthe-
sopathy (inflammation at sites of tendon insertion) and (4) asymmetric oligoarthritis
in a genetically predisposed individual. Extra articular features of this group of
disorders include: inflammatory eye disease, urethritis and mucocutaneous lesions.
The spondyloarthropathies aggregate in females, where they are associated with
HLA-B 27.

9.1 Ankylosing Spondylitis (AS)

AS presents with an inflammatory back pain which is characterized by persistent
pain of more than 3 months, associated with early morning and rest stiffness and
relieved by exercises. There is radiologic evidence of sacroilitis (Figure 5). AS
usually affects young individuals below 40 years of age.

9.2 Management of AS

9.2.1 Physiotherapy

Plays an important role in the management of AS. Maintenance of erect posture
during sitting, standing and walking is a must. A firm mattress with a single
or no pillow is to be used while sleeping. Spinal extension exercises, breathing
exercises and swimming are helpful to prevent ankylosis. Cigarette smoking should
be discouraged strongly.

Figure 5. Sacroilitis of ankylosing spondylitis. MRI (axial TIW and STIR) images of a HLA B27+ve
patient with inflammatory back pain showing sacroiliac joint irregularity and marrow edema parallel to
the joint
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9.2.2 NSAIDs

The most common and effective drug is indomethacin used upto 150 mg/d in divided
doses.

9.2.3 DMARDs

Sulfasalazine (1-3 gm/d) is effective in AS. Methotrexate is useful in patients
with peripheral arthritis who have not responded to sulfasalazine and NSAIDs.
Recalcitrant enthesitis and persistent synovitis may respond to local steroid injection.
Improvement has also been reported with mesalazine (Thomson, 2000). It has the
advantage over sulfasalazine in not causing oligospermia.

9.2.4 Anti-TNF Therapy

Etanercept and infliximab, two drugs which block the inflammatory effect of tumor
necrosis factor (TNF), are now licensed for the treatment of patients with severe
ankylosing spondylitis whose symptoms have not responded adequately to conven-
tional therapy. Anti-TNF therapy has revolutionized the treatment of AS and other
spondyloarthritides. The response to treatment with these agents is rapid, profound
and sustained. At present it is not known whether this therapy will halt the disease
progression, but it seems likely to do so. Whether this therapy can reverse ankylosis
or other damage is less clear but not improbable. However, these agents are quite
expensive. They are also associated with side effects — serious infections, including
disseminated tuberculosis, haematological side effects, worsening of heart failure,
SLE-related antibodies and clinical features and hypersensitivity reactions.

9.2.5 Surgery

Total hip arthroplasty overcomes the disability from severe hip disease. Vertebral
wedge osteotomy may be needed for correction of severe kyphosis.

Uveitis is managed with local steroid administration alongwith mydriatic agents,
although systemic steroids or even immunosuppressive drugs may be occasionally
required. Coexistent cardiac disease may require pacemaker implantation and/or
aortic valve replacement. Osteoporosis in AS is managed in a similar manner as
primary osteoporosis.

9.2.6  Emerging Therapies

Pamidronate 60 mg monthly intravenous infusion, thalidomide 200 mg/d, alpha-
emitting isotope >**Ra 1 MBq weekly intravenous infusion — all have potential
benefit in AS.

9.3 Reiter’s Syndrome and Reactive Arthritis

Reiter’s syndrome (ReS) is characterized by asymmetric oligoarthritis, urethritis,
conjunctivitis and characteristic skin and mucous membrane lesions. Chlamydia
infection has been implicated in some patients and may occur with increased
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frequency in patients infected with HIV. Clinical features in HIV positive patients
are similar to those in HIV negative patients.

Reactive arthritis (RA) is an acute arthritis that develops following infection
elsewhere in the body, but the organism cannot be isolated or cultured from the joint.
Reactive arthritis may follow dysentery caused by Shigella flexneri, Salmonella
species, Yersinia enterocolitica or Clostrium difficille infections.

94 Treatment

9.4.1  NSAIDs
Arthritis is treated with NSAIDs like indomethacin 25 mg three times a day.

9.4.2 DMARDs

In those cases where NSAIDs do not control arthritis, addition of sulfasalazine in
gradual increments upto 2-3 gm/d into divided doses will help. Methotrexate 7.5
to 15 mg/week may be given as an alternative. Azathioprine 1-2 mg/kg/d has also
been found to be effective. Sulfasalazine can be safely used and is also beneficial
in reiter’s patients with HIV infection.

Persistent skin lesions are treated with retinoids or methotrexate.

9.4.3 Corticosteroids

Local steroids injections can be given for plantar fascitis or tendonitis. Topical
steroids and keratolytic agents are used for keratoderma blenorrhagicum. Weak
topical steroids like hydrocortisone valerate is useful for circinate balanitis.

9.4.4  Antimicrobial therapy

If chlamydia infection is proved doxycycline 100 mg bd for three months is given.
Azithromycin is also effective in killing chlamydia. Combination chemotherapy
may be needed in occasional cases with persistent disease activity. Antibacterial
like trimethoprim-sulphamethoxazole or quinolones can be given in enteric reactive
arthritis.

9.5 Psoriatic Arthritis (PsA)

An inflammatory arthritis occurs in 7-42% of patients with psoriasis. Psoriasis may
precede, coincide or follow arthritis. There is no direct link between skin disease
and arthritis. Five major patterns of joint disease occur (1) asymmetric oligoarticular
arthritis (2) distal interphalangeal joint involvement associated with nail changes
(Figure 6) like pitting, ridging and onycholysis (3) symmetric rheumatoid-like
polyarthritis (4) spondylitis and sacroilitis and (5) destructive arthritis (mutilans)
developing deformities like opera glass and telescoping of digits.

Arthritis is treated with NSAIDs and skin lesion with topical application. Intra-
articular corticosteroids may be useful in the oligoarticular form of the disease,
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Figure 6. Nail changes in psoriatic arthritis

but injection through a psoriatic plaque should be avoided. Severe skin and joint
diseases generally respond well to methotrexate. Sulfasalazine, lefluonmide, and
hydroxychloroquine may also have disease-modifying effects in polyarthritis.

9.6 Biologic Therapy

The central role of inflammatory cytokines such as tumor necrosis factor (TNF) and
activated T cells have provided new targets for therapy. Placebo-controlled trials
of anti-TNF agents, etanercept, infliximab and adalimumab have shown sustained
effectiveness of these therapies in their ability to control arthritis and psoriasis,
improve quality of life and inhibit disease progression (Mease, 2004). However,
because of their high cost, biologic agents are reserved for patients with progressive
moderate to severe disease not adequately controlled with DMARDs. Some patients
with mild disease, who would be treated with NSAIDs and/or DMARDSs, may
benefit from biologicals if they cannot tolerate DMARD and have inadequate
response to NSAIDs.

What about patients who either have not responded initially to an anti-TNF
medication, experience loss of efficacy over time, or for some other reason have
had to discontinue such medication? These patients may respond by switching them
from one to another biologic agent.
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9.7 Emerging Biologic Approaches

These include Alefacept, Efalizumab, Anakira, rituximab, anti IL-1 and anti IL-12
and mitogen-activated protein kinase inhibitors. A single case report of successful
treatment of severe PsA with autologous stem cell transplantation has been reported.

9.8 Arthritis of Inflammatory Bowel Disease (IBD)

This occurs in 10-20% of patients with Crohn’s disease or ulcerative colitis and is
similar to that of AS. Erythema nodosum, pyoderma gangrenosum, aphthous ulcer,
clubbing and uveitis are the extraarticular manifestations in IBD.

NSAIDs are the treatment of choice. Sulphasalazine is effective in healing the
bowel disease and pyoderma gangrenosum and reducing the arthritis. Local steroid
injections and physical therapy are useful adjunctive measures.

9.9 Undifferentiated Spondyloarthropathy

This includes a subset of patients with clinical and radiographic features of Spondy-
loarthropathy but who fail to meet the criteria for established diseases like AS,
PsA, ReA, RS and arthritis associated with IBD. These patients are HLAB 27 +ve
and have unilateral sacroilitis. Some of these cases may represent early stages of
other specific spondyloarthropathy and need to be followed up to see whether they
evolved into a specific spondyloarthropathy.

10. SCLERODERMA

Scleroderma is a chronic autoimmune multisystem disorder of unknown etiology
characterized by fibrosis and microvascular injury in the affected organs. Thickening
and tightness of the skin and subcutaneous tissue caused by excessive synthesis and
deposition of extracellular matrix is the hallmark of the disease. The disease may be
confined to the skin (localized) or it may be generalized (systemic sclerosis) when
virtually all organ systems can be involved most importantly skin, blood vessels,
lungs, kidneys, gastrointestinal tract and heart. Figures 7 & 8 depict some clinical
features of scleroderma.

Scleroderma is a fascinating disease but it can be quite frustating disease to treat.
Colchicine, D-penicillamine, DMSO, ketotifen, interferon, interavenous pulses of
steroids, cyclosporine, azathioprine, methotrexate, chlorambucil, 5-FU, cyclophos-
phamide, minocycline, thalidomide, etanercept and recombinant human relaxin
have all been tried as disease modifying drugs but the results have not been very
promising.

D-penicillamine has been the most widely used drugs in diffuse systemic
sclerosis. It has been shown to improve the skin thickness. Even 5 years survival
was shown to improve in a retrospective study (Steen et al., 1984). However in
another placebo-controlled study of high dose D-penicillamine (750-1000 mg/d)
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Figure 7. Tightness of skin, loss of wrinkles and facial expression

versus low dose D-penicillamine (125 mg alternate day) failed to show a difference
in skin scores or mortality rates (Clements et al., 1997).

Although routinely used in many rheumatologic diseases, corticosteroids have
been found to be counter productive in patients with diffuse disease, often precipi-
tating an acute decline in renal function early in the course of the disease. However,
corticosteroids may be helpful in certain symptoms such as articular symptoms non-
responsive to NSAIDs or muscle inflammation. Short term therapy is recommended
in these situations.

Raynaud’s phenomenon is a reversible vasospasm of the digital arteries that can
result in ischaemia of the digits. For mild to moderate cases, common sense measures
such as avoidance of cold exposure, stress, caffeine and sympathomimetic decon-
gestant medications (e.g. pseudoephedrin), abstinence from smoking and protective
warm clothing may suffice. Non-selective beta-blockers and vasoconstrictive agents
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Figure 8. Flexion deformities, tightness of skin, bony resorption and shortening of distal bhalanx

such as ergot alkaloids, nicotine and amphetamine should be strictly avoided.
Central body warmth induces peripheral vasodilatation. For severe Raynaud’s
phenomenon with digital infarcts/ulcers, vasodilator drugs such as nifedine (30—
120 mg/d) are recommended. Intravenous infusion of a carboprostacycline (Iloprost)
are often successful in refractory ischaemic ulcers (Ceru et al., 1997). Even oral
iloprost has been shown to be beneficial (Black et al., 1998). The non-selective
endothelin antagonist, bosentan, which has been approved for the treatment of
pulmonary hypertension in scleroderma, may have a beneficial effect in digital
ischaemia. Anti-platelet therapy, such as low-dose aspirin, can be helpful in
preventing the sluggishly flowing blood from thickening and obstructing the
partially occluded arterioles and capillaries. Local application of nitroglycerin
ointment to the affected digit may improve local blood flow. Other therapies
which have been tried include sildenafil, losartan, fluoxetine, pentoxifylline, stellate
ganglion block, revascularization, cervical or digital sympathectomy. In addition,
local treatment of ischaemic ulcers promotes healing. Occasionally, the debridement
and parenteral antibiotics may be needed. Gangrene of distal digit may require
surgical amputation.

Skin care is very important in this disease. Scleromatous skin is prone to dryness
and pruritus. Excessive detergent use should be avoided. Hydrophilic ointments and
oils are useful for dryness. Regular exercises maintain the flexibility and pliability
of skin. There is no satisfactory treatment for calcinotic nodules, low-dose warfarin,
probenecid and cardizen have all been tried.
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Patient with dry eyes require artificial tears regularly. In those experiencing dry
mouth, frequent sips of water are helpful. Pilocarpine hydrochloride pellets may
increase salivary secretions in some patients.

Gastrointestinal symptoms may be amenable to certain measures such as elevation
of head end of the bed, eating small, frequent meals in upright posture and taking
an early dinner. Proton pump inhibitors such as omeprazole have revolutionized
the management of reflux esophagitis. Metoclopramide and domperidon may also
be useful. Esophageal strictures may need periodic dilatations. Chronic diarrhea
due to small bowel stasis and bacterial overgrowth responds to broad spectrum
antibiotic.

Steroids and cyclophosphamide may arrest the progression of active interstitial
lung disease. No specific treatment is recommended for mild non-progressive
interstitial lung disease. Advanced lung fibrosis may demand nothing short of lung
transplantation. Pulmonary hypertension is a dreaded complication of scleroderma
and tends to be refractory to treatment.

Scleroderma renal crisis develops suddenly and requires prompt treatment. The
drug of choice is rapidly acting ACE inhibitor captopril. Angiotensin-receptor
blockade does not appear to be as effective.

10.1 Experimental Therapy

High-dose immunosuppressive therapy followed by autologous stem-cell transplan-
tation is being tried in scleroderma but is presently experimental.

11. POLYMYOSITIS AND DERMATOMYOSITIS

Polymyositis (PM) is an inflammatory myopathy that presents as weakness and
occasionally tenderness of the proximal musculature. Diagnosis is corroborated by
an abnormal electromyogram, elevated muscle enzymes (creatinine kinase, aldolase,
AST) and muscle biopsy. Dermatomyositis (DM) is PM with a concomitant typical
heliotrope rash.

The goal of treatment is to improve muscle strength and ameliorate the extramus-
cular manifestations (rash, dysphagia, fever). Prednisolone is the initial treatment
of choice in a daily dose of 1-2 mg/kg body weight; higher dose is required in case
of acute and severe disease. Improvement is usually apparent by 6-8 weeks and
the high dose prednisolone should be continued for 12 weeks. In case of significant
recovery of muscle power (and not muscle enzymes alone), prednisolone should
be reduced at 5mg/d at weekly intervals till a dose of 0.5 mg/kg/d and thereafter
5 mg/d every fortnight till the daily dose is reduced to 0.25 mg/kg. A maintenance
dose of 0.15 mg/kg/d is continued for 6-9 months before reducing by 1 mg every
month till it is discontinued.

If there is no improvement at the end of 12 weeks, the diagnosis needs to be
reviewed, preferably with the pathologist to look for other metabolic or neuro-
logical diseases or the possibility of inclusion body myositis. If the diagnosis
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is confirmed, then addition of either azathioprine 2-3 mg/kg/d or methotrexate
7.5-15 mg weekly is helpful. These drugs are also helpful as alternatives in patients
who do not tolerate the side effects of steroids. In severe cases there may be
rapid deterioration at the initiation of therapy with acute respiratory failure or
myocarditis. In some cases, IV methylprednisolone 20 mg/kg for 3-5 days can
be life saving. In case of respiratory muscle involvement, intubation and venti-
latory therapy may be required. IV immunoglobulins and cyclosporine have been
useful in juvenile PM/DM. Patients with interstitial lung disease may benefit from
aggressive treatment with cyclophosphamide. Plasmapheresis and leukapheresis are
not effective in PM/DM.
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Diabetes type 2 (T2DM) is a life-long metabolic disease that develops commonly in
adulthood as a consequence of an unhealthy life style and genetic predisposition. T2DM is
the most common form of diabetes, resulting from both insulin resistances in target organs
and insufficient insulin production from pancreas beta cells. T2DM is characterized by
increased plasma glucose and insulin levels as well as dyslipidemia. If left untreated
chronic diseases will develop that result in a higher mortality risk.

The prevalence of type 2 diabetes worldwide has increased dramatically in recent times
in part due to changes in diet and physical activity levels. Also, several genes underlying
monogenic forms of diabetes as well as polymorphic variants have been identified that
can contribute to the etiology of the disease.

A number of treatment strategies exist for T2DM that tackle several of the symptoms.
Anti-obesity drugs and PPAR agonists are likely to become efficient pharmacological
remedies to prevent further health problems in individuals with T2DM

diabetes type 2; obesity; hyperinsulinemia; dyslipidemia; hyperglycemia; PPAR agonists;
thiazolidinediones

1. INTRODUCTION

More than 150 million people worldwide suffer from T2DM, also known previously
as non-insulin dependent diabetes mellitus (NIDDM). The common problem facing
T2DM-afflicted individuals daily is that they are unable to produce sufficient
amounts of insulin to stop the rise in blood glucose levels after food intake.
T2DM can be defined as a state with hyperglycemia due to insulin resistance (see
below) and relative insulin deficiency, showing a heterogeneous group of conditions
(English and Williams, 2001; Kahn et al., 2005).
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It is expected that the number of T2DM cases will double within the next 25 years
according to the World Health Organization (WHO), representing an enormous
social and economic burden. It is generally believed that the dramatic surge of
new T2DM cases in some Asian countries correlates with a sudden change in
habits, by adopting a Western-like lifestyle characterized by physical inactivity
and consumption of energy-rich foods, etc. (Yach et al., 2006; WHO, 2006). The
prevalence of T2DM is highest (up to 50 percent) in American Indians and in South
Pacific islanders, populations that evolved to survive caloric deprivation but who
are now affluent and obese (Press, 2002).

Obesity is considered as a major T2DM risk factor evidenced by a strong corre-
lation between the Body Mass Index (BMI) and T2DM incidence. There has been
a marked increase in the percentage of overweight and obese individuals in the
American population judged by the BMI index (CDC, 2006). A BMI above 25 kg/m?
is a risk indicator of T2DM incidence. Risk factors that also can predict obesity
include the individual’s waist circumference (abdominal fat), physical inactivity,
high-blood pressure and a high-fat diet (Wild et al., 2004).

Insulin is a hormone normally made by B (beta) cells in the pancreas whose
major role is to promote the conversion of excess blood glucose, into glycogen,
a stored form of energy (Kulkarni, 2004). Glycogen is important for providing
rapid movement to muscles and maintaining blood glucose levels during fasting
(liver glycogen). Excess glycogen can be converted into stored fat in the form of
tryglycerides within fat cells (adipocytes) and released as free fatty acids. Excessive
accumulation of adipose tissue leads to obesity. Among the other functions of
insulin are to stimulate glucose transport into cells by enhancing glucose transporters
activity (i.e. GLUT4), glycolysis, glucose oxidation, lipogenesis, and many other
processes (Speight and Holford, 1997) (see Figure 1).

T2DM can be divided into stages or phases according to the level of function of
pancreatic B-cells. In the first stage of T2DM, a defect(s) primarily in the 3 cell
lead(s) to a drop in insulin levels and the inability to metabolize the excess levels of
blood glucose (hyperglycemia). The inability to stimulate sufficiently the cellular
uptake of glucose is known as “insulin resistance” that is usually hard to diagnose,
leading to a compensatory increase in the production of insulin (hyperinsulinemia).
This stage 2 of T2DM can result in heart disease and many other illnesses. The
impact of hyperinsulinism has been dubbed syndrome X (Reaven, 2005). Metabolic
syndrome (MS) or syndrome X often refers to multiple related clinical disorders
including insulin resistance, abdominal obesity, hypertension, a variety of blood
sugar abnormalities, high blood levels of triglycerides (hyperlipidemia) and low
HDL cholesterol that are risk factors for cardiovascular disease. The metabolic
syndrome is an increasingly prevalent disease in industrialized societies (Wang
et al., 2003; Kahn et al., 2005).

Eventually, the insulin-producing 3 cells fail to overcome the defect(s), resulting
in a drop in insulin levels leading to impaired glucose tolerance. This pre-diabetic
stage 3 of T2DM is often diagnosed through an oral glucose tolerance test (OGGT)
and by symptom questionnaires, although measurement of fasting plasma glucose
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Insulin actions on glucose metabolism
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Figure 1. Roles of insulin in energy metabolism. Insulin has multiple actions including activation
of glucose uptake into muscle and adipose tissue, activation of glycogen and tryglyceride synthesis,
inhibition of lypolysis in adipocytes, inhibition of ketogenesis, glycogenolysis and gluconeogenesis in
liver, and inhibition of proteolysis in muscle. Activation by insulin is denoted with (4) and inhibition
with (—). Adapted from Taylor, 1999

is the first choice. The insulin disorder affects the blood sugar’s response to orally
administered glucose, showing e.g. blood glucose rises higher than the “normal”
level generally considered 160 mg/dl. Patients commonly exhibit symptoms such as
carbohydrate cravings, voracious hunger, excessive tiredness, fluctuation in mood
and energy levels that are relieved by food or caffeine (Atkins, 2001; English and
Williams, 2001).

In stage 4 T2DM, the chronic hyperglycemia persists generally throughout the
day with the underlying insulin resistance and hyperinsulinemia still present. Hyper-
glycemia is associated with long-term damage to various organs, particularly the
retina, nerves and kidney. The elevated plasma triglycerides lead to atherosclerosis
and cardiovascular disease, which is the major cause of death. Overall life expec-
tation is reduced between 5-10 years. Only when the levels of insulin fall below
subnormal levels, insulin supplements and analogues can be administered (stage 5
T2DM) (Atkins, 2001; English and Williams, 2001).

The clinical symptoms of T2DM are various such as frequent urinating (polyuria),
thirst, infections in the urinary tract, polydipsia (swelling of the eye lens — blurring
of vision), itching in the legs, difficult healing of small wounds, a random venous
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plasma glucose concentration of > 11.1 mmol/1 or a fasting plasma glucose concen-
tration (FPG) of > 7.0mmol/1 (whole blood > 6.1 mmol/1) or 2h plasma glucose
concentration of > 11.1mmol/l two hours after an oral load of 75g anhydrous
glucose in an OGTT (English and Williams, 2001; Sorkin et al., 2005; WHO, 2006).

It appears that 3-cell dysfunction is the primary cause of T2DM due to an
insufficient insulin secretion that prevents the concentration of glucose from being
within the normal physiological levels. Below, some of the possible causes of such
dysfunction are explained briefly.

2. GENETIC AND ENVIRONMENTAL CAUSES OF T2DM

In order to understand what strategies would be best suited to target the different
clinical stages of T2DM, whether it is in its early phases or in its more advanced
stage, it is necessary to know more precisely what metabolic functions are defective
to be able to administer the most convenient treatment. Even though several of
the clinical symptoms overlap between T2DM patients, the precise defects may be
different and remain largely unknown without appropriate diagnostic or genotyping
tools (see below).

Several studies show strong associations between genetic defects and an increased
risk of T2DM. The genetic factors may be divided in two groups: monogenic and
polygenic. Monogenic forms of T2DM are a consequence of rare mutations in a
single gene, and are characterized by a high phenotypic penetrance and an early age
of diagnosis. Many cases show a serious clinical picture including non-pancreas
related health problems (Malecki, 2005). There are many examples of genes mutated
in monogenic T2DM that affect metabolic functions (Barroso, 2005; Kahn et al.,
2005; Stumvoll et al., 2005; Hansen and Pedersen, 2005).

Most T2DM cases are a consequence of polygenic factors whose defective
function or functional inability becomes apparent in the presence of a particular
lifestyle, often characterized by a high-fat, high-sugar diet and by the lack of
physical exercise. Many examples have been reported whereby polymorphic varia-
tions are associated with an increase incidence or predisposition to T2DM (Kahn
et al., 2005)

Based on findings of a given disease-risk allele it is not yet possible to predict an
individual’s risk to T2DM. Factors such as age > 45 years, BMI > 30, family history
of T2DM, hypertension, dyslipidemia (hyperlipidemia), presence of cardiovascular
disease, fasting glucose levels, etc. may be indicative (Diabetes Prevention Program
research group, 2005).

Recent progress has been made in understanding the role of various genes in
the pathogenesis of T2DM. Additional genes that influence the susceptibility to
T2DM will undoubtedly be uncovered in the years to come. Once high-throughput
and inexpensive genotyping becomes available, many T2DM susceptibility gene
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defects/variants will be rapidly identified and characterized leading eventually to
the development of future individualized anti-diabetic drugs with higher efficacy
and fewer side effects (Hansen and Pedersen, 2005; Kahn et al., 2005).

3. CLINICAL MANAGEMENT OF T2DM
AND ITS COMPLICATIONS

Clinical management of T2DM includes lifestyle intervention by means of
advisories about exercise and diet, as well as the use of oral or injected hypoglycemic
agents. The responsiveness of T2DM patients to pharmacologic therapy varies
between individuals due to variability in the clinical course of the disease.
Depending on the symptoms and the severity of T2DM in a given patient, insulin
and adjunctive therapies may be conferred to treat various consequences of T2DM
progression (Table 1).

A review of the pharmacological interventions to date to delay or prevent the onset
of T2DM was presented by Padwal et al., 2005. Ten studies of oral hypoglycemic
agents and 15 studies of non-oral hypoglycemic agents were analyzed. Studies
involving metformin, acarbose, troglitazone and orlistat (see below) showed a
decrease in the incidence of T2DM compared with placebo. Genuine diabetes

Table 1. Present therapies in the treatment of T2DM

e Oral hypoglycemic agents

Biguanides: Metformin

Sulphonylureas

Nateglinide (D-Phenylalanine)

Meglitinide family

a-glucosidase inhibitors

GLP-1, imidazolines, morpholinoguanidines, etc.

Thiazolidinediones

¢ Insulin

® Adjunctive therapies

® Anti-hypertensive agents

ACE inhibitors

Calcium channel blockers

a- and B-blockers

Angiotensin II receptor antagonists

Thiazide diuretics

e Lipid lowering agents
e Hydroxymethyl glutaryl CoA-reductase inhibitors (statins)
® Fibrates

® Anti-obesity drugs
e Lipase inhibitors
e Serotonin and norepinephrine re-uptake inhibitors
® Phertermine, other noradrenergic drugs, etc.

Adapted from English and Williams, 2001; Kahn et al., 2005.
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prevention studies are being sought and no single agent can be recommended at
present for diabetes prevention (Anderson, 2005; Padwal et al., 2005).

A summary of T2DM prevention studies were reviewed by Laakso (2005)
and Stumvoll et al., 2005. Therapeutic approaches to T2DM have recently been
addressed (Stumvoll et al., 2005; Kahn et al., 2005). Drastic changes in lifestyle
seem at the moment the most efficient strategy to tackle the T2DM epidemic.
Lifestyle intervention in patients with impaired glucose tolerance results in an
impressive reduction in the conversion to overt diabetes, which is greater than the
effect of early intervention with drugs such as metformin or acarbose (Hauner,
2004).There are clear benefits between exercise, consumption of a diet rich in fruits
and vegetables and the risk of getting T2DM. Daily exercise and a low-glycemic-
index nutritional plan have been suggested as palliatives (Anderson, 2006). The
progression of T2DM disease stages is preventable through a complete change in
dietary habits, replacing refined carbohydrates and sweets, consuming less alcohol,
avoiding a sedentary behavior and smoking, and observing proper weight control
(Schulze and Hu, 2005). Nutrition therapy guidelines can be found in Kahn et al.,
2005 and Shils et al., 2006. A number of general T2DM treatment guidelines can
also be found in Lebovitz, 2005 and in Kahn et al., 2005.

Below, potential treatments for individual symptoms are presented such as
obesity, hyperglicemia, hyperlipidemia, hypertension and lack of insulin. As with
all medications, there might be side effects, and interactions with other drugs
taken simultaneously could be harmful. Therefore, the use of T2DM drugs must
be prescribed by a physician. Further information about these and other drugs can
be found at www.nlm.nih.gov/medlineplus/druginformation.html, www.rxlist.com/,
www.drugs.com/, www.drugdigest.org, at the manufacturer’s homepages, Kahn
et al., 2005, etc.

The thiazolidinediones in the treatment of T2DM will be reviewed separately in
section 4.

3.1 Anti-Obesity Agents

Obesity is a state of increased body weight, specifically adipose tissue that can lead
to health problems. Obesity develops only if energy intake (feeding) chronically
exceeds total body expenditure (Spiegelman and Flier, 2001). Obesity is currently
defined using BMI; its etiology and management is described in Hill et al., 2005
and in other chapters in Kahn et al., 2005 and in Shils et al., 2006.

Obesity is the most important modifiable risk factor for T2DM and most
patients with diabetes are overweight or obese. It is well known that excess
bodyweight induces or aggravates insulin resistance, which is a characteristic feature
of T2DM. Thus, bodyweight plays a central role in the prevention and treatment of
diabetes.

Agents to treat obesity consist of a) central nervous system agents that affect
neurotransmitters or neural ion channels and b) leptin/insulin/central nervous
system pathway agents. Efficient anti-obesity drugs must not only reduce fat mass
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(adiposity) but must also correct fat dysfunction (adiposopathy) (Bays, 2004). FDA
approved medications currently available for the treatment of obesity in the elderly
is listed in Mathys, 2005. Sibutramine (e.g. Meridia from Abbot) and Orlistat (e.g.
Xenical from Roche) are drugs currently approved for the long-term management
of obesity.

Orlistat prevents gastrointestinal lipases from breaking down dietary fats into
smaller molecules that can be absorbed by the body. Absorption of fat is decreased
by about 30 percent. Since undigested triglycerides are not absorbed, the reduced
caloric intake may have a positive effect on weight control (FDA, 2006). Orlistat
reduces the incidence of T2DM in patients with impaired glucose tolerance and
lowers the required dose of metformin, sulfonylureas and insulin in patients with
T2DM (Kiortsis et al., 2005).

Sibutramine is used as a short-term supplement to diet and exercise for the
treatment of obesity (>30BMI). Sibutramine works to suppress the appetite
primarily by inhibiting the reuptake of the neurotransmitters norepinephrine and
serotonin, and promotes thermogenesis (FDA, 2006; Filippatos et al., 2005a; Kaplan,
2005). Rimonabant (i.e. Acomplia from Sanofi-Aventis) is a novel anti-obesity drug
in late clinical trials that targets the endocannabinoid receptor CB1 in the brain and
in other tissues such as fat, and appears to improve dramatically insulin sensitivity,
and blood cholesterol and lipid levels (Despres et al., 2005).

The use of phentermine (e.g. Ionamin from Medeva Pharmaceuticals, Adipex-P
from Gate Pharmaceuticals) has also been documented to have some anti-obesity
effects. It acts on the central nervous system, affecting either adrenergic or
serotoninergic neurotransmission or both. Other related drugs are diethylpropion,
phendimetrazine, benzphetamine, and the amphetamines (Kahn et al., 2005).

The increase of energy expenditure by means of enhanced mitochondrial activity
could improve metabolism especially in obese T2DM patients. Several thera-
peutic targets to modulate energy expenditure to treat T2DM have been proposed
(Auwerx, 2006). Several other drugs to treat obesity are currently in the development
phase (Wadman, 2006). An overview of treatment methods including diet/nutrition,
pharmacotherapy, behavioural therapy, weight management, exercise and surgery
are revisited in Kahn et al., 2005 and Shils et al., 2006.

Treatment of childhood obesity depends on the severity of the cases but it starts
with lifestyle intervention with includes a change of diet, an increase in physical
activity and a decrease in sedentary behaviors. Low-energy diets, pharmacological
agents and even surgery may be used in severe cases (Steinbeck, 2005; Kahn et al.,
2005). Guidelines for the treatment of adolescent obesity have been put forward
(Durant and Cox, 2005; Kahn et al., 2005).

The most appropriate recommendation for obese patients with T2DM is a nutri-
tionally balanced, moderately hypocaloric diet with a reduced intake of saturated
fat and an increase in physical activity. The control of appetite and suppression
of food cravings would also lead to better weight control. Finally, no conclusive
evidence has been presented to claim that nutritional supplements or botanicals
might have a significant role in weight reduction (Dwyer et al., 2005) but there
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are many examples of nutritional healing based on the use of natural hypoglycemic
substances (Friedman and McLellan, 2006).

3.2 Hypoglycemic Agents

Here are summarized some of the most popular pharmacological interventions used
to ameliorate the symptoms of T2DM (English and Williams, 2001). A list of
compounds to treat several symptoms of T2DM can be found in Table 1. The
action of a group of drugs known as thiazolidinediones will be described in detail
in section 4 (see below).

The anti-hyperglycemic drug metformin hydrochloride (e.g. Glucophage from
Merck, Fortamet from FHRX, Riomet from Ranbaxy) may be the most usual
drug given to overweight or obese subjects with T2DM whose diabetes cannot
be controlled by diet alone. Presently, metformin is perhaps the first therapeutic
option in the treatment of T2DM, as it may prevent some vascular complica-
tions, and mortality. Metformin confers a good control of hyperglycemia, while it
only results in moderate effects on weight, lipids, insulinemia and diastolic blood
pressure (Lebovitz, 2005). Agents such as the sulphonylureas, the a-glucosidase
inhibitors, the thiazolidinediones, the meglitinides, insulin, and diet fail to show
more benefit for glycemia control, body weight, or lipids, than metformin (Saenz
et al.,, 2005). Metformin decreases hepatic gluconeogenesis and hepatic glucose
output, and increases peripheral glucose uptake, reducing plasma glucose by
3—4 mmol/l. Metformin can inhibit complex 1 of the mitochondrial respiratory
chain. However, metformin is not an insulin secretagogue and it does not result in
meaningful hypoglycaemia (Owen et al., 2000). Metformin is considered an insulin
sensitizer since administration to T2DM-patients results in a decrease in the hepatic
insulin resistance (Lebovitz, 2005).

Combination therapies that include metformin consist of metformin and
glyburide, a sulphonylurea, such as Glucovance from Merck, metformin and rosigli-
tazone such as Avandamet from GSK, metformin and glipizide such as Metaglip
from Merck, etc. (FDA, 2006; web drug sources). The anti-hyperglycemic effects
of agents with different modes of action are additive (Kahn et al., 2005).

The sulphonylureas are insulin segregatogues (stimulators of insulin secretion)
that bind to the sulphonylurea receptor (SUR-1) on the K™-ATP channel
on the membranes of B-cells, closing it, and then trigger opening of Ca™™
channels, increasing intracellular calcium concentration that stimulates insulin
release (Speight and Holford, 1997; Lebovitz, 2005). They generally reduce
plasma glucose levels by 3—-4mmol/l and are more effective in newly T2DM
diagnosed patients (English and Williams, 2001). Several sulphonylureas have been
described such as Glibenclamide/Glyburide (e.g. Diabeta from Aventis, Glynase
and Micronase from Pfizer), Glipizide (e.g. Glucotrol from Pfizer), chlorpropamide
(e.g. Diabenese from Pfizer), gliclazide (e.g. Diamicron from Servier), glimepiride
(e.g. Amaryl from Aventis), tolazamide (e.g. Tolinase from Pfizer), tolbutamide (e.g.
Orinase from Pfizer), etc.
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An insulin segregatogue that does not contain a sulphonylurea moiety is
nateglinide. Nateglinide (Starlix from Novartis-Ajinomoto) is a D-phenylalanine
derivative that is used as a novel anti-diabetic agent. It also can inhibit the pancreatic
B-cell K*-ATP channel and reduces glucose levels that are inadequately controlled
by diet and exercise in T2DM patients (Lebovitz, 2005).

The meglitinides are hypoglycemic agents (non-sulphonylureas) to treat T2DM
that are used in mono-therapy or in combination with metformin. These drugs
stimulate the pancreas to release insulin, concentrating their effects around meal time
glucose load, leveling off spikes in blood sugar levels. An example is Repaglinide
(Prandin-Novonorm from Novo Nordisk) (Lebovitz, 2005; web drug sources).

The inhibitors of a-glucosidases, insulin sensitizers commonly known as “starch
blockers” are based on the inhibition of intestinal enzymes that participate in the
degradation of disaccharides, oligosaccharides and polysaccharides, leading to a
dose-dependent delay of carbohydrate digestion, and the glucose released from
these molecules enters bloodstream more slowly reducing the glycemic fluctuations
during the day. Among the inhibitors of a-glucosidases it is possible to name
acarbose, a pseudo-tetrasaccharide (e.g. Precose and Glucobay from Bayer), miglitol
(e.g. Glyset from Bayer) and voglibose (e.g. Volix from Ranbaxy) (Lebovitz, 2005;
FDA, 2006; web drug sources).

Glucagon-like-peptide-1 (GLP-1) is a hormone secreted by intestinal cells in
response to fat and carbohydrate ingestion. GLP-1 and its derivatives (e.g. liraglutide
from Novo Nordisk, exenatide-Byetta from Amylin) are sought as T2DM thera-
peutic agents, adjunct to metformin and/or sulphonylureas. They can stimulate
glucose-dependent insulin production and secretion from pancreatic 3-cells, as well
as the growth and differentiation of (-cells. They are considered as adyuvant
therapies in severe forms of T2DM (Sturis et al., 2003; List and Habener, 2004;
Gallwitz, 2005).

It appears that combination therapies rather than mono-therapies work more
efficiently to reduce plasma glucose levels (Lebovitz, 2005). For several of the
available hypoglycemic agents there are generic drugs already available.

33 Insulin, Hypolipidemic and Anti-Hypertensive Agents

Failure to respond to oral hypoglycemic agents initially (primary failure) is often
due to a severe underlying insulin deficiency. In this situation, insulin therapy is
required. However, many patients may not respond to oral agents because of severe
initial hyperglycemia. Thus, a much higher dosage of oral anti-diabetic agents may
be needed initially, and then reduced subsequently, sparing these particular patients
the unnecessary insulin treatment. Among insulin preparations given to T2DM
patients with insulin deficiency are the short-acting, the intermediate-acting and the
long-acting insulins as well as the insulin analogues. Examples are: Iletin, Humulin
and Humalog from Lilly, Lantus from Aventis, Novolin, Novolog and Levemir
from Novo Nordisk, etc. (web drug sources).
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Angiotensin-converting enzyme (ACE) inhibitors and some angiotensin II
receptor blockers (ARBs) may improve insulin sensitivity and decrease the risk for
T2DM. One ARB in particular, telmisartan, has been found to effectively activate
PPARgamma, a well-known target for insulin-sensitizing, anti-diabetic drugs (see
below) (Kurtz and Pravenec, 2004). Anti-hypertensive compounds used in the
treatment of T2DM are reviewed by Asfaha and Padwal, 2005.

Diabetic patients have a higher incidence of vascular disease due to elevated
plasma triglycerides occurring together with reduced high-density lipoprotein
(HDL) cholesterol concentrations. Lipid-lowering treatments should be imple-
mented aggressively in patients with existing clinical vascular disease (Kahn et al.,
2005; Shils et al., 2006).

Hypocholesterolemic drugs include fibric acid derivatives (fibrates), bile acid
sequestrants (Cholestyramine, Colestipol, Colesevelam), nicotinic acid prepara-
tions (Niacin), an intestinal absorption inhibitor (Ezetemibe), and the statins.
In T2DM patients with particularly high triglyceride levels and lower levels of
LDL-cholesterol, the fibrates should be considered as the initial therapy (Kahn
et al., 2005).

The fibrates lower triglycerides and may increase HDL cholesterol levels. The
fibrates are effective in lowering blood triglyceride levels to prevent heart disease.
By reducing the production of serum triglycerides and increasing HDL cholesterol,
they can also reduce the levels of LDL-cholesterol. Two classes of fibrates are
commonly being used: fenofibrate (e.g. Tricor from Abbot, Antara from Reliant)
and gemfibrozil. Gemfibrozil (e.g. Lopid from Pfizer) (see 4.1.1) is often prescribed
early in patients with grossly elevated triglycerides (hypertriglyceridemia), which
is associated with an increased risk of acute pancreatitis (Kahn et al., 2005, web
drug sources).

Compounds of benefit in the primary prevention of cardiovascular disease
(CVD) in T2DM patients (low-density lipoprotein (LDL)-cholesterol-lowering
therapy) are the 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase
inhibitors (statins) and aspirin (acetylsalicylic acid) (Hovens et al., 2005). Hyper-
cholesterolaemia is treated by inhibiting the HMG-CoA reductase enzyme which
is the rate-limiting step in cellular cholesterol biosynthesis. Cholesterol-reducing
medications include statins such as lovastatin (e.g. Mevacor from Merck),
pravastatin (e.g. Pravachol from Bristol-Myers-Squibb), simvastatin (e.g. Zocor
from Merck), fluvastatin (e.g. Lescol from Novartis), atorvastin (e.g. Lipitor from
Pfizer), rosuvastatin (e.g. Crestor from Astra Zeneca), etc.

4. THIAZOLIDINEDIONES TO TREAT DIABETES TYPE 2

The thiazolidinediones are insulin sensitizing agents (improve insulin action), which
are able to correct to a certain extent the insulin resistance, hallmark of T2DM. Some
early drugs launched into the market were troglitazone, rosiglitazone and piogli-
tazone (see 4.1.2 PPARYy) that interact primarily with the PPARgamma receptors
(see below) to regulate metabolism. As a result of their action, a decrease in
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hepatic gluconeogenesis and hepatic glucose output takes place as well as an
increase in glucose uptake in muscles and a reduction of fatty acid release from
adipocytes which decreases insulin resistance. Among their clinical effects it is
possible to observe a reduction of glycemia by 2-3 mmol/l, a reduction of glycated
hemoglobin (HbAlc) and triglyceride levels, and an increase in HDL-cholesterol
levels. Treatment with insulin-sensitizing drugs might be helpful to reduce the
progression to both (3-cell failure and macrovascular late complications.

Some documented adverse defects include hepatic toxicity, weight gain (subcu-
taneous fat), rise in LDL-cholesterol levels, fluid retention, heart toxicity and
tumorigenicity. In present day therapies, they are often given in combination
with metformin to obese subjects with T2DM (see 3.2) (FDA, 2006; English and
Williams, 2001; Fajas et al., 2001).

To understand the role of thiazolidinediones in the treatment of T2DM it is
important to revisit their targets and their mechanism of action within the cell.

4.1 PPAR family

The peroxisome proliferator-activated receptors (PPARs) alpha (o), gamma () and
delta (d) are ligand-activated transcription factors that belong to the nuclear receptor
super family. PPARs are widely recognized as molecular targets for drugs to treat
T2DM, with important roles in the regulation of adipogenesis, lipid metabolism, cell
proliferation, cell differentiation and inflammatory signaling (Etgen and Mantlo,
2003; Evans et al., 2004; Zhang et al., 2004b; Berger et al., 2005; Kota et al., 2005).
The molecular mechanisms underlying the effects of insulin sensitizers in models
of insulin resistance are presented in Jiang and Zhang, 2005.

The PPAR receptors form heterodimers with retinoid X receptor (RXR) upon
ligand binding and recruit co-factor(s) to modulate expression of target genes by
binding to specific peroxisome proliferators response elements (PPRE’s). PPARs are
activated by fatty acids and their derivatives, and other unknown endogenous ligands
whereas RXR is activated by 9-cis retinoic acid. PPARs and RXRs can function
independently, in the absence of a hetero-partner, to modulate gene expression,
and PPARs can also bind non-PPREs containing genes (Tan et al., 2005). The
transcriptional activity and gene specificity of nuclear receptors results from their
interactions with co-activators or co-repressors providing the basis for a transcrip-
tional switch to control complex programs of gene expression such as adipocyte
differentiation (Puigserver, 2005).

In spite of intensive search for natural ligands, no truly endogenous PPAR ligand
has been identified yet. Candidates include free fatty acids, lipid mediators in the
arachidonate cascade and polyphenolic compounds such as resveratrol (see below).

The genetic contribution of each PPAR-member can be studied either by the use of
pharmacological agents that mimic the effects of in vivo PPAR-ligands, and studying
their effect on promoter-based reporter gene systems, or by analyzing the effects
of overexpression or deletion of each PPAR-member in cells or in animal models.
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The defined metabolic properties of each PPAR isotype suggest that the three
PPAR isotypes complement each other in the pathophysiology of obesity and the
metabolic syndrome. Thus, treatments aimed at targeting all three PPAR isotypes
simultaneously are being addressed.

Below is presented a short summary of the role of each PPAR-family member
and a summary of some of the recent advances in the treatment of T2DM by using
PPAR-binding pharmacological agents.

4.1.1 PPAR-alpha

PPARa regulates hepatic fatty acid metabolism and mediates the effects of the lipid-
lowering drugs known as fibrates (reviewed in 3.3). PPAR« regulates the expression
of genes involved in fatty acid beta-oxidation and is a major regulator of energy
homeostasis (van Raalte et al., 2004). PPAR«a is expressed mainly in the liver,
kidney and heart (Ferre, 2004). Two potential natural ligands of PPAR«a have been
described, endocannabinoid oleylethanolamide (OEA) and palmitoylethanolamide
(PEA) (Fu et al., 2003; Lo Verme et al., 2005). Oleoylethanolamide (OEA), the
naturally occurring amide of ethanolamine and oleic acid, is an endogenous lipid
that modulates feeding, body weight and lipid metabolism by binding with high
affinity to PPARa (Lo Verme et al., 2005). A compound known as WY-14,643 is
widely used as a standard agonist of PPARa.

PPAR« knock-out mice were protected from the development of diabetes-induced
cardiac hypertrophy while overexpression of cardiac-specific PPARa resulted in a
more severe cardiomyopathic phenotype with myocardial long-chain triglyceride
accumulation, insulin resistance and reduced cardiac function. If the mice were fed
a diet enriched in triglyceride containing long-chain fatty acid the cardiomyopathic
phenotype would worsen. This suggests that interventions aimed at lowering serum-
lipid levels would be beneficial in the treatment of diabetic cardiomyopathy. Thus,
PPARa is a critical regulator of myocardial fatty acid uptake and utilization (Park
et al., 2005).

A major study (FIELD) investigating the effects of fenofibrate on cardiovascular
disease in T2DM patients showed declines in total and LDL cholesterol (10%) and
triglycerides (26%) and an increase in HDL cholesterol (6.5%) during a 6-week
trial period (Scott et al., 2005).

In rodents, PPARa agonists increase peroxisome number and volume
in conjunction with an increase in peroxisomal 3-oxidation enzymatic activities, in
addition to w-oxidation activities by CYP4A enzymes in the smooth endoplasmic
reticulum. PPARa agonist treatment of obese rats at high doses results in cellular
proliferation and possibly tumour formation (Hoivik et al., 2004). PPAR« activators
can cause hepatocarcinogenic effects in animals and these effects increase with age.
Hepatic tumors are found at a 5-7 fold higher rate in old rats than in young rats
treated with such chemicals. This is possibly due to an increase in the oxidative
damage exerted by PPAR« agonists whilst the expression of antioxidant enzymes
in the liver decreases with age (Youssef & Badr, 2005). However, cynomolgus
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primates are refractory to the pro-mitogenic effects of PPARa agonists (Hoivik
et al., 2004).

The PPARa-inducing fibrates have been shown to have immunosuppressive
effects and might have potential uses in inflammatory diseases (Cunard, 2005).

4.1.2 PPAR-gamma

PPARY is a central molecule in obesity and diabetes. It is targeted by the
anti-diabetic class of thiazolidinediones (TZD’s) known as glitazones such as
troglitazone (Rezulin, withdrawn due to liver toxicity), rosiglitazone (BRL49653)
(Avandia from GSK) and pioglitazone (Actos from Takeda-Lilly). Treatments of
T2DM patients with these potent and selective PPARYy compounds lower blood
glucose and insulin levels, and improve insulin sensitivity by decreasing hepatic
gluconeogenesis and hepatic glucose output, increasing glucose uptake in muscle,
and reducing the release of fatty acids from adipocytes. Thus, TZD’s maintain
a functional and differentiated adipose tissue and promote lipid storage (Zhang,
2004b; Lazar, 2005; Hammarstedt et al., 2005; Kahn et al., 2005).

PPARY is highly expressed in adipocytes (adipose tissue) but expressed at lower
levels in skeletal muscle and liver, considered the major insulin-target tissues (Fajas
et al., 2001; Ferre, 2004). This suggests that TZD’s primary insulin sensitizing effect
resides within the adipocyte (Zhang et al., 2004b). PPAR+y functions primarily in
the regulation of glucose homeostasis and adipocyte proliferation and differenti-
ation, inducing genes involved in fatty acid and/or lipid metabolism, and glucose
homeostasis (Rosen and Spiegelman, 2001; Rangwala and Lazar, 2004). In addition,
PPARYy also has been implicated in anti-inflammatory, antiatherogenic, and antihy-
pertensive effects (Fajas et al., 2001). TZD’s are thought to offer protective effects
on the cardiovascular system in patients with T2DM (Abdelrahman et al., 2005;
Staels, 2005). Obesity and T2DM are associated with a mild, chronic inflammation.
The levels of various cytokines, such as TNF-alpha and IL-6, are elevated in the
adipose tissue during these conditions. Treatment with TZD’s can inhibit cytokine
expression and action (Hammarstedt et al., 2005).

PPAR<y can be bound by natural ligands such as prostaglandin 15-deoxy-A
12,14-prostaglandin J, (PGJ,), synthetic molecules such as the TZD’s and certain
non-steroidal anti-inflammatory drugs (references in Fajas et al., 2001; Scher and
Pillinger, 2005).

Three isoforms of PPAR<y exist in humans, y1, y2 and +y3, while in mouse
there are only 2 (Fajas et al., 2001). Mice lacking both isoforms die in uterus.
Heterozygous PPAR gamma-deficient mice were protected from the development
of insulin resistance due to adipocyte hypertrophy under a high-fat diet. These
phenotypes were abrogated by PPAR"y agonist treatment (Kubota et al., 1999). Mice
lacking PPARY2 show impaired adipocyte differentiation and insulin sensitivity,
with dramatic decreases in the expression of IRS1 and GLUT4 glucose transporter
in the skeletal muscle (Zhang et al., 2004a).

Overexpression of PPAR+y results in a large increase in glucose uptake in
wild-type C2C12 skeletal muscle cells or in cells resistant to insulin (Nakamichi
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et al., 2003; Verma et al, 2004) but excess PPAR<y in liver promotes
adipocyte-specific gene expression and lipid accumulation (hepatic steatosis)
(Yu et al., 2003). Thus, pharmacological overexpression of the muscle PPAR+y gene
in skeletal muscle might be a useful strategy for the treatment of insulin resistance
(Verma et al., 2004).

Use of TZDs to treat hypertension-associated syndromes has been reviewed
(Sacerdote et al., 2005). PPARY is a potential new target for the treatment sepsis
and inflammation (Zingarelli et al., 2005). The PPAR+y agonist rosiglitazone can
protect cells against apoptosis and increase mitochondrial potential and cell survival
(Wang et al., 2002).

A specific PPARYy coactivator-1 alpha (PGC-1a) is involved in the coordination
of gene expression that stimulates a thermogenic program in brown fat, which could
become a target for T2DM drugs (Puigserver, 2005).

4.1.3 PPAR-delta

PPARS controls fatty acid metabolism in several tissues such as skeletal
muscle and adipose tissue, by regulating genes involved in fatty acid transport,
B-oxidation, and mitochondrial respiration (Tanaka et al., 2003; Wang et al., 2003;
Fredenrich and Grimaldi, 2005). PPARS is ubiquituosly expressed, showing higher
expression in the gut, kidney and heart (Ferre, 2004).

The overexpression of PPARS or treatment of mice with selective PPARS agonists
showed that activation of PPARS in vivo increases lipid catabolism in skeletal
muscle, heart and adipose tissue and improves the serum lipid profile and insulin
sensitivity in several animal models. PPARS activation also prevented the devel-
opment of obesity and improved cholesterol homeostasis in obesity-prone mouse
models. Some concerns have been raised as regards to possible tumorigenic effects
in gut tissue, but further investigations into PPARS activation are worthwhile due
to its promising cellular effects (Bedu et al., 2005). Also, PPARS overexpression
promoted an increase of muscle oxidative capacity, redistribution of fatty acid flux
from adipose tissue to skeletal muscle, and a decrease in adipocyte size leading to a
reduction of adipose mass. These results seem to validate the concept that PPARS
is a key component to help cells metabolically adapt to an excess consumption of
saturated fat (Fredenrich and Grimaldi, 2005).

Muscle-specific PPARS overexpression led to the increase of both enzymatic
activities and genes implicated in oxidative metabolism. These changes in muscle
were accompanied by a reduction of body fat mass, mainly due to a large reduction
of adipose cell size. PPARS plays an important role in muscle development and in
the adaptive response to environmental changes, such as exercise training. These
observations strongly support the idea that activation of PPARS could be beneficial
in prevention of metabolic disorders, such as obesity or T2DM (Luquet et al., 2003).

Selective PPARS agonists are not yet available as pharmaceuticals. However,
several PPARS-selective agonist drugs are in the pipeline. One of them, GW501516
(from GSK), was shown to have a significant decrease in the levels of plasma
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triglycerides and LDL-cholesterol, and an increase in the levels of plasma HDL-
cholesterol in obese Rhesus monkeys (Oliver et al., 2001). PPARS agonists may
play a beneficial role in the treatment of lipid disorders, in particular obesity (Zhang
et al., 2004b; Luquet et al., 2005). Activation of PPARS could be beneficial in
prevention of metabolic disorders, such as obesity or T2DM.

4.2 Novel PPAR-activators

Novel compounds have been developed that selectively activate the human PPAR
receptors, with improved potency and efficacy properties as compared to previ-
ously marketed insulin sensitizers such as fenofibrate and rosiglitazone. Single
(o or y or 8), dual (a/7y, /S avd y/8) and triple (a/y/d) agonists of PPAR
receptors have been generated (Sauerberg et al., 2002, 2003, 2005; reviewed by
Nehlin et al., 2006). Full dimeric ligands result in PPARYy agonists with retained
or increased potency and have an altered PPAR subtype profile compared to
monomeric counterparts. Dimeric design can be used to fine tune the selectivity of
PPAR agonists (Sauerberg et al., 2003, 2005).

Targeting simultaneously all three PPAR isoforms with varying degrees of
potency and efficacy could represent a viable therapy for the treatment of T2DM.
Studies in obese animal models show a significant improvement of the insulin
sensitivity (Nehlin et al., 2006).

Synthetic PPAR ligands often constitute better drug candidates than natural
ligands due to improved pharmacokinetic properties such as enhanced metabolic
stability and better oral bioavailability, better structure-function data, high potency
and efficacy, possibility of triple action in one molecule (agonist to all three
PPAR isoforms) (Mogensen et al., 2003), and a chemical synthesis process well
understood.

Dual PPARa /vy agonists (in development) combine the properties of thiazo-
lidinediones and fibrates, and they hold considerable promise for improving the
management of T2DM and providing an effective therapeutic option for treating
cardiovascular disease and the metabolic syndrome. Many clinical trials involving
PPAR agonists show their therapeutic potential (Staels and Fruchart, 2005).

Muraglitazar (co-developed by Bristol-Myers Squibb and Merck) is a non-
thiazolidinedione, oxybenzylglycine dual PPARa/y agonist for the potential
treatment of T2DM and other metabolic disorders. Treatment of hyperglycemic
db/db mice resulted in dose-dependent reductions of glucose, insulin, triglycerides,
free fatty acids, and cholesterol levels. In addition to its anti-diabetic effects, it
preserved pancreatic insulin content, and improved several metabolic abnormalities
(Harrity et al., 2006). Muraglitazar is in advanced clinical development for the
treatment of T2DM and its associated dyslipidemia. The clinical data on the efficacy
and safety of muraglitazar in patients with T2DM is summarized in Cox, 2005.

The combined used of fibrates and insulin sensitizers results in a decrease in the
insulin resistance, with reduced blood glucose and triglyceride levels.
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4.3 Other uses of PPAR agonists

The use of TZDs is largely limited to the treatment of patients with diabetes,
but mounting evidence suggests that TZD’s with varying potency and selectivity
for the PPAR family may be beneficial to treat other clinical disorders such as
hypertension, sepsis, inflammation, immunosuppression, etc. (see 4.1).

PPAR activity and the function of the coactivator PGC-lae can be linked
with aging and longevity (Corton and Brown-Borg, 2005). PPAR-independent
effects of TZD’s on mitochondrial metabolism also have been described
(Feinstein et al., 2005).

Finally, future thiazolidinediones could be designed to restore normoglycemia in
T2DM individuals with a defective PPAR regulatory system (Stumvoll et al., 2005).

S. OTHER PRESENT AND FUTURE THERAPIES

A number of different strategies are being examined that aim at treating/curing
T2DM either by pharmacological means or by gene/cellular therapy. New generation
pharmacological agents with improved efficacy and potency will be generated in
the years to come, especially suited to treat specific pathogenic defects in T2DM
individuals.

5.1 Pharmacological therapies

5.1.1 Combination therapies

A recent study concluded that the combination of orlistat and micronised fenofibrate
appears to be safe and may further improve metabolic parameters in overweight
and obese patients with metabolic syndrome compared with each monotherapy
(Filippatos et al., 2005b). The effects of combination therapies using oral antihyper-
glycemic agents are presented in Lebovitz, 2005. A triple combination therapy with
insulin aspart (a rapid-acting insulin analog) at meals, metformin (which improves
hepatic insulin sensitivity), and rosiglitazone (which improves peripheral insulin
sensitivity) significantly improved glucose metabolism in T2DM patients (Poulsen
et al., 2003). Additional clinical trials combining different therapies will be of great
value to improve existing therapies to treat T2DM patients.

5.1.2 Regulators of gluconeogenesis and glycolysis

Fructose 1,6 bisphosphatase inhibitors to control gluconeogenesis could represent
a new class of drugs to treat T2DM (Erion et al., 2005). Leptin could be a potent
antidiabetic drug in cases of T2DM that are not leptin resistant. Leptin enhances
hepatic insulin responsiveness through decreasing gluconeogenesis (Toyoshima
et al.,, 2005). The FOXA?2 transcription factor regulates genes involved in fatty
acid oxidation, ketogenesis and glycolysis, improving insulin resistance in mouse
models (Puigserver and Rodgers, 2006).
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5.1.3 GLP-1 pathway

There are now several compounds at different stages of pre-clinical or clinical
development for the treatment of T2DM that utilize the GLP-1 signalling pathway;
these include GLP-1 receptor agonists with extended half-lives, and inhibitors of
DPP-1V that increase circulating levels of endogenous, intact and bioactive GLP-1
(Rotella et al., 2005; Gallwitz, 2005).

5.1.4  PTPIB antagonists

Protein tyrosine phosphatase 1B (PTP1B) is a negative regulator of insulin
signalling, and inhibition of its activity has been shown to enhance insulin action
in pre-clinical models (Stumvoll et al., 2005).

5.1.5 CNS control of glucose production

Hypothalamic K,;p channels seem to be involved in the regulation of glucose
production from the liver and in mechanisms leading to obesity-induced T2DM
(Seeley and Tschop, 2006).

5.1.6  Adipocytokines

Adipocytes secrete a variety of bioactive molecules called adipokines (adipocy-
tokines), including TNFa, IL-6, leptin, adiponectin, resistin, etc. Adiponectin
receptor agonists and adiponectin sensitizers could serve as versatile treatment
strategies for obesity-linked diseases such as T2DM and the metabolic syndrome
(Kadowaki and Yamauchi, 2005; Stumvoll et al., 2005). Controlling excessive
secretion of TNF or interleukin 6 or blocking their action mediated by
serine/threonine kinases would be expected to enhance insulin sensitivity in patients
with visceral adiposity (Stumvoll et al., 2005). Resistin, a cysteine-rich protein
has been implicated in the pathogenesis of obesity-mediated insulin resistance and
T2DM (Kusminski et al., 2005).

5.1.7  Ghrelin antagonists

Ghrelin, an endogenous ligand for growth hormone secretagogue receptor (GHS-R),
is an appetite stimulatory signal from the stomach. Antagonists to the ghrelin
receptor could be useful as T2DM agents since they contribute to reduce food intake
and further weight gains in mice (Asakawa et al., 2003).

5.1.8 Salicylates

Antiplatelet treatment (generally aspirin) decreases the risk of atherosclerotic
manifestations. The salicylates can ameliorate insulin resistance by interfering with
the inflammatory cascade in insulin signalling (Stumvoll et al., 2005).

5.1.9  Anti-ER stress therapies

Mutations in XBP-1, a mediator of endoplasmic reticulum (ER) stress, cause
insulin resistance in mice. Obesity has been shown to increase the level
of ER stress. It has therefore been suggested that the ER stress response
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might be worth targeting by pharmacological interventions to prevent T2DM
(Ozcan et al., 2004; de Luca and Olefsky, 2006). Also, mitochondrial defects
appear to have an important role in insulin resistance and pancreatic [3-cell
dysfunction (Lowell and Shulman, 2005). Increased 3-cell apoptosis contributes to
the onset of T2DM. Insulin receptor substrate 2 (IRS-2) promotes 3-cell growth
and survival and when inhibited contributes to insulin resistance (Rhodes, 2005).

5.1.10 Islet cell mass inducers

The design of compounds to boost islet mass and function in diabetic patients are
sought, since [3-cells are lost during T2DM pathogenesis. An inducer of progenitor
cell differentiation to generate endocrine cells has been described (Kojima and
Umezawa, 2006).

5.1.11 Klotho

Overexpression of Klotho, a hormone that can induce insulin resistance,
prolongs life in mouse models, possibly by reducing lipid overload and lipotoxicity
(Unger, 2006).

5.2 Cellular/genetic therapies

5.2.1 Islet transplantation

Transplantation protocols have been developed over the years that can successfully
restore pancreas functionality. However, two major problems are the lack of donor
material and the need for chronic immunosuppression. To circumvent these diffi-
culties, genetically modified animals, such as transgenic pigs expressing human
genes have been developed (references in Hakim et al., 2002).

5.2.2 Stem cell therapies

Since purified islets are scarce the possibility of using renewable stem cells for organ
or tissue transplantation appears to be a realistic alternative. Insulin-secreting cells
have been obtained from undifferentiated embryonic stem cells and transplanted into
mouse models to correct hyperglycemia. This opens the way for future treatment
of T2DM (Soria et al., 2005).

5.2.3 Gene therapy

Gene and cell therapy has been used to induce tolerance to auto- and alloantigens
and to generate the tolerant state in autoimmune rodent animal models of Type
1 diabetes mellitus (TIDM) or in rodent recipients of allogeneic/xenogeneic islet
transplants. Examples include viral vector-mediated gene transfer of immunosup-
pressive cytokines, proteins that block co-stimulation and molecules that prevent
apoptotic cell death.

The achievements of gene and cell therapy in T2DM are less evident, but seminal
studies promise that this modality can be relevant to treat and perhaps prevent the
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underlying causes of the disease including obesity and insulin resistance. In T2DM,
there are defects both in insulin action and in (3-cell function. To deal with the
problem of end-organ unresponsiveness, the exact nature of the defect must be
understood in order to find specific sites which could be targeted for gene transfer
studies. In the case of monogenic forms of T2DM, it would be possible to design
an ex-vivo gene therapy approach, but in the case of polygenic conditions, that are
the most common, with different genotypes underlying T2DM, it is much more
cumbersome to apply gene therapy. Muscle and liver cells are the major target
of insulin action. Thus, effective transgene delivery systems that remain stable
over time need to be further improved. Gene therapy strategies that could have
potential in the treatment of T2DM include inhibition of apoptosis, promotion of
[3-cell regeneration, genetic manipulations prior to 3-cell replacement, engineering
of B-cells and engineering of non-B-cells (Karanam et al., 2002).

5.2.4 MicroRNA therapy

Short non-coding microRNAs (miRNAs) have been implicated in the control of
pancreatic insulin exocytosis and regulation of glucose homeostasis (reviewed by
Gauthier and Wollheim, 2006). It is possible that once the biological mechanisms
are fully understood, the use of miRNA-based therapies could be a reality for T2DM
treatment.

53 Phytochemical therapies

A number of natural products exhibit properties that could be used as remedies to
improve glucose metabolism (Friedman & McLellan, 2005). Cinnamon extract can
significantly reduce blood glucose levels and lipids, improving insulin sensitivity
(Kim et al., 2006). Isoflavones can activate PPARs (Ricketts et al., 2005) as well
as resveratrol analogues that show lipid and glucose lowering properties mediated
by PPARa (Rimando et al., 2005; Corton and Brown-Borg, 2005).

6. CONCLUSIONS

A whole range of pharmacological agents are available to ameliorate the T2DM
symptoms by different mechanisms. A reduction in insulin resistance at any stage
of T2DM will improve glucose metabolism by allowing the endogenous insulin to
be more effective. The use of different insulin sensitizers and segregatogues, either
in single therapy or in combination, would help to improve glycemic control, either
by increasing peripheral glucose uptake, improving insulin secretion, decreasing
hepatic glucose output or reducing the influx of glucose to the body.

It has become evident that T2DM is a complex metabolic disease that requires
active management from both individuals and health monitoring agencies. Since
there is a high individual variability between T2DM patients it is necessary to
establish more personalized therapies to satisfy the precise metabolic needs that
are dysfunctional or lacking in T2DM. With the advent of more efficient and less
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costly ways to diagnose T2DM susceptibility markers as well as measurement of
plasma glucose, lipid and insulin levels at various time points throughout the day,
it would be possible to apply the most appropriate pharmacological treatments.
Further research is required on the causes of obesity in children and adults, and
randomized, controlled trials are necessary to establish preventative initiatives.
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CHAPTER 9

AGE-RELATED CATARACT: MANAGEMENT
AND PREVENTION
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Ahmedabad-380 052. India.

Abstract: Cataract is defined as opacity of the crystalline lens. Age is by far the biggest risk
factor for cataract, and it is sometimes assumed that cataract is simply an amplification
of this aging process. Age-related cataract appears to accompany the latter stages of
lifespan inmost cases. With aging, the molecular changes that take place in the crystalline
lens that contribute to a gradual reduction in transparency. In many cases, the aging
process of the crystalline lens reaches a point where vision is impaired.. However, no
method to halt the formation of a cataractous lens has been shown to be effective so far
but researches are in progress. Nevertheless, advances in surgical removal of cataracts,
including small-incision surgery, use of viscoelastics, and the development of intraocular
lenses, have made treatment very effective and visual recovery is rapid in most cases.
Despite these advances, cataract continues to be a leading public-health issue with greater
life expectancy

1. UNIQUE LENS SYSTEM

The human eye lens is the optically clear structure located behind the iris and in
front of the vitreous body and retina. The lens consists of parabolic, anterior and
posterior surfaces. It is enclosed by a capsule and is attached to the ciliary processes
by the lens zonules. The circumference of the lens is called the equator.

The chief role of lens is to provide an optical component of high transparency
and refractive index, which assures that the object may be focused on the retina.
Apart from the transparency, the lens has several other unique features: even at
birth, it is completely without blood supply and has no innervations; it grows in
size and weight throughout the life since no cells are shed; the mass of the cells,
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at various stages of development and maturation, is completely surrounded by and
elastic acellular capsule that has a smooth outer surface. The additional function
of accommodation enables near objects to be brought into focus by relaxation of
suspensory ligaments.

The lens has a unique molecular make-up as it is two-thirds water with one-third
protein; other constituents represent only about 1% of the total lens net weight. This
high protein content is necessary for high refractive index, allowing it to bend light
rays into focus onto the retina. Glucose is the chief source of energy of lens and
although fatty acids can be metabolized in a similar way, the supply of triglyceride
or fatty acid does not provide significant energy from this source. Some amino
acids are also metabolized, through decarboxylation and deamination, for energy
production.

The uniqueness also lies in the fact that the lens is developed from the surface
ectoderm overlying the optic vesicle. The development proceeds from lens placode
to lens vesicle stage. This is followed by development of nucleus as elongation
of the cells in the posterior portion of the lens fills the vesicle, which eventually
looses their nuclei. Meanwhile, the cells in the anterior part of the vesicle continue
to divide actively to form the lens epithelial cells. The equatorial zone of the lens
epithelium continues to divide throughout life, producing the cells that differentiate
into the long lens fibers. The embryonic lens is surrounded by blood vessels, the
tunica vasculosa lentis. This vascular system regresses at the end of development
and it is absent shortly before birth leaving the lens avascular throughout the life.

The lens has a unique property to transmit light throughout the visible spectrum
but absorbs heavily in UV at below 400nm. (Griswold and Stark, 1992) With
increasing age there is absorption in the visible light spectrum (Bron et al., 2000)
that is exaggerated in presence of nuclear brunescence. The lens becomes increas-
ingly yellow with age, because of the interaction of crystallins with a UV filter
compound, 3-hydroxykynurenine glucoside (3-OHKG). Various protein modifica-
tions may play a role in human nuclear cataractogenesis (Hood et al., 1999). Apart
from its coloration the normal aging lens scatters light after 50 years of age and
results in the some of glare in certain conditions, which is likely to be due to
increased lens thickness with aging.

The purpose of this chapter is to provide an overview of the age related changes in
the structure, biochemistry and physiology of the lens and to discuss the management
as well as the preventive aspects of these changes.

2. UNDERSTANDING CATARACT

Cataract (word derived from Greek language, meaning waterfall (Johns et al., 2002;
Floyd, 2000)) is the name given to any opacity in the lens, not necessarily with
any effect on vision. This definition may be extended to include opacity of the lens
capsule and the deposition of material of non-lenticular origin (viz. True exfoliation
in glass blowers, pseudoexfoliation, chalcosis of lens in Wilson’s disease, siderosis,
argyrosis, gold deposits, mercury salts, etc) (Brown, 1999).
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Understanding the normal physiology and biochemistry of the lens and the
changes that induce cataract formation continues to be an area of active research
today. Though some possible risk factors for cataract development have been
suggested, there is no confirmed method to prevent cataract formation so far.
Cataracts can be caused by a variety of problems, including developmental abnor-
malities, trauma, metabolic and drug induced changes (Brown, 1999). The main
cause of visually significant cataracts is aging, i.e., age-related (senile) cataracts is
the focus of this chapter.

Until recently, there has been little need to accurately classify cataract type
or severity. Traditionally, clinicians have used anatomical (cortical, nuclear, and
posterior subcapsular (PSC)) or etiological (radiation, steroid, and so forth) terms
to describe the type of cataract. Descriptors of cataract severity have been base
on coarse, subjective scales and have included terms such as immature, advanced
immature, and mature. As basic scientists developed means of identifying and
quantitating mechanisms of human cataract formation, it became necessary to more
accurately and consistently describe or classify cataracts. Also, as pharmaceutical
companies encountered drugs with cataractogenic toxicity, and as epidemiologists
began to study the risk factors of human cataract formation, better systems of
cataract classification were needed. Several have been developed and they include
the Lens Opacities Classification System, Versions I to III (LOCS I to III), the
Oxford Cataract Classification System, the Wilmer System, and the Wisconsin
System.

A number of epidemiological studies have linked UV exposure with the
formation of cortical cataract, for the wavelengths UVB (280-315nm) and UVA
(315-400 nm). The preponderance of cortical cataract in the inferonasal quadrant,
where levels of solar radiation are said to be highest, has also been offered as
indirect evidence of an association between exposure to sunlight and cortical cataract
(Schein et al., 1994; Graziosi et al., 1996).

Few studies have consistently demonstrated exposure to UVB light as a risk
factor for cortical and perhaps PSC cataract (Bochow et al., 1989; West et al.,
1998; Munoz et al., 1993). Calculations of attributable risk based on such work
suggest that ocular UVB exposure may explain approximately 10% of the cortical
cataract in some populations (VanNewkirk et al., 2002). These calculations and the
relatively mild impact of cortical opacity on visual function, suggest that the effect
of strategies involving reduced exposure to sunlight, even if practical, might be
limited.

The hypothesis that antioxidants nutrients in the serum, lens and aqueous might
be protective against lens opacity has attracted much attention. This is, in part,
because of the appeal of supplementation as a practical anti-cataract surgery, an
approach that has been highly successful in other disorders, as with fluoridated
water (Van der Haar, 1997), iodized salt (Krause et al., 1998) and vitamin A
(Christen, 1999). However, epidemiological evidence for the antioxidant hypothesis
among human subject has been conflicting (Taylor et al., 1995; Bunce et al., 1990;
Congdon and West Jr, 1999; Sperduto et al., 1993). Until recently, the majority
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of studies of antioxidants and lens opacity have been observational, cross—sectional
and uncontrolled in design, making it difficult to establish a clear role for any
particular agent, and impossible to account for important confounders such as
socio-economic status.

Recent controlled trials have largely obviated such concerns, and have cast
significant doubt on the role of antioxidants in protecting against lens opacity
in nutritionally replete populations. The Linxian Cataract Trial identified a
limited protective role against nuclear cataracts among older persons receiving
riboflavin and niacin. However, retinal, zinc, ascorbic acid, molybdenum, selenium,
a-tocopherol and B-carotene were not protective, and this rural Chinese population
appears to have been nutritionally deficient in many ways (Robman et al., 1999).
The Vitamin E, Cataract and Age-related Maculopathy study in Australia (AREDS,
2001) and Age—Related Eye Disease Study (Manson et al., 1995) in the US have
recently failed to demonstrate any beneficial effect on the progression of lens opacity
of giving well nourished persons vitamin E alone, or in a combination of A, C and
E (with or without zinc), respectively. Additional prospective studies, which may
be expected to offer insight into this question, include the Women’s Antioxidant
Cardiovascular study (Leske et al., 1999), the Women’s Health Study (McCarty
et al., 1999) and the Physicians’ Health Study II. (Christen, 1999). However, at
present, nutritional supplementation is not indicated as an anti-cataract strategy for
well nourished populations in the developed world, although a possible role in
undernourished populations in the developing world cannot be ruled out.

A set of potentially interrelated personal factors-diabetes, hypertension and body
mass index (BMI) —has been implicated as representing an increasing risk for various
forms of lens opacity. Diabetes has consistently been associated with increased
risk for cortical cataract (Leske et al., 1999; McCarty et al., 1999; Klein et al.,
1995), and variably for PSC (Leske et al., 1999; Klein et al., 1995) and nuclear
opacities (McCarty et al., 1999). Body mass Index (BMI) has been identified as
an independent risk factor for PSC and nuclear cataract (Caulfield et al., 1999;
Glynn et al., 1995), and also cortical opacity (Hiller et al., 1998), when controlling
for diabetes, age and smoking. Hypertension has also been associated with cortical
cataract (Leske et al., 1999). While all of these factors are potentially remediable,
suggesting possible avenues for cataract prevention, the effectiveness of such
strategies remains to be proven. Although there is some evidence that better diabetic
control (demonstrated by lower hemoglobin Al ¢ levels) may reduce the risk of lens
opacity (Klein et al., 1998), no controlled, prospective data yet exist to demonstrate
that improved treatment of diabetes or hypertension will in fact prevent or delay
lens opacity. An added difficulty of intervening on BMI to prevent cataract is that
the directionality of the association (e.g. whether elevated or reduced BMI, or both,
contributes to lens opacity) has not been definitively established.

Female gender has generally been associated with an increased age-adjusted risk
of both nuclear cataract (AREDS, 2001) and cortical cataract (Mitchell et al., 1997)
among all races studied, including persons of African (Congdon et al., 2001; Leske
et al., 2000), Asian (Cheng et al., 2000) and European (Cumming and Mitchell,
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1997) descent. Although gender as a risk factor is clearly not subject to alteration,
some studies suggests that post-menopausal use of estrogen may be associated with
reduced risk of nuclear cataract (Cumming and Mitchell, 1997). However, other
studies have been unable to confirm this finding (McCarty et al., 1999).

Risk factors of importance in certain subpopulations include ocular conditions,
such as uveitis and retinitis pigmentosa, both thought to be associated with PSC
opacities, perhaps because of breakdown of the blood-ocular barrier and subsequent
entry of cataractogenic factors into the eye. Ocular surgery is also an important
risk factor, especially trabeculectomy (Klein et al., 1995; Collaborative Normal-
Tension Glaucoma Study Group, 1998) and retinal surgery (Wong et al., 2002). It
has been suggested that surgically created alternative pathways for the drainage of
aqueous from the eye may deprive the lens of aqueous-borne nutrients necessary to
preserve normal clarity. A dose dependent association (measured both in terms of
concentration and length application) between age-related cataract and mitomycin C,
an anti-metabolite used regularly in glaucoma surgery, has also been established in
a trial setting (Ramkrishnan et al., 1993). Ocular trauma can clearly be associated
with lens opacity in certain individuals, although studies suggest that the impact
on the prevalence in the population of lens opacity is probably minimal (Wong
et al., 2002). Finally, periocular irradiation with gamma rays (Chen et al., 2001)
and proton beams (Brovkina and Zarubei, 1986) can be associated with various
forms of lens opacity. These smaller, well-defined subpopulations with a relatively
high risk of rapid-onset cataract could ultimately serve as ideal subjects for trials
of anti-cataract medications, although the relevance of the findings of such studies
to age-related cataract would be unknown.

Finally, there are number of other risk factors for lens opacity which are either
poorly understood, or, although they may be of importance for certain groups,
do not represent a significant risk for the population as a whole. Several studies
(Wong et al., 2001; Lim et al., 1999) have suggested that refractive errors, typically
myopia, are associated with age-related cataract, particularly nuclear cataract and
PSC (Lim et al., 1999; Wu et al., 1999; Vasavada et al., 2004). It is well known
that increased refractive index of the lens in advanced nuclear cataract may cause
a secondary myopia; pre-existing myopia may also serve as an independent risk
factor (Lim et al., 1999). The mechanism for such as association, if indeed it exists,
is not understood.

3. OXIDATION OF LENS MATERIAL AND CATARACT
FORMATION

The light-scattering process is the primary factor responsible for the turbidity and
wave front distortion by the cataractous lens. The aggregation of lens protein into
randomly distributed high molecular weight clusters are thought to produce suffi-
cient fluctuation in protein density to account for the opacification. In fact, protein
aggregation results in the development of very high molecular weight aggregates
of sufficient size to directly scatter the light and in the creation of protein-rich and
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protein-poor phases causing local changes in refractive index and thus increased
light scattering (Benedek, 1997). Protein aggregation increases with age. The
crystallins, which constitute approximately 90% of the total protein content of
the lens, accumulate and show many age-related oxidative changes. These include
formation of disulfide and other inter- and intramolecular cross-links and methionine
oxidation, all of which result in the aggregation of high molecular weight molecules.
Therefore, the protein redox status seems to be fundamental to maintain the lens
function and transparency. It may be possible that local or systemic conditions
affecting the protein redox status, such as myopia and diabetes, influence this
process (Altomare et al., 1997).

Recently, it was hypothesized that a threshold of lipid oxidation might exist
above which the opacification takes place and that this could be surpassed earlier
in some subjects predisposed to cataract formation (Borchman and Yappert, 1998).
The assessment of carbonyl and sulfhydril proteins has been suggested as being
a valuable index of the protein redox status in the lens (Altomare et al., 1997).
In fact, the level of carbonyl proteins, derived from amino acids during metal-
catalyzed oxidation of proteins in vitro and in vivo, represents a direct measure of
the oxidative injury to these molecules (Stadtman, 1992). The sulthydryl proteins,
known to have structural and functional role in the crystalline lens, contain an
elevated number of thiol groups and, therefore are reduced as a result of oxidation.
A linear relationship between subject age and the amount of protein carbonyl groups
has been found in the human eye lens cortex. It has been already shown that during
senile cataract development a progressive decrease in SH content of the crystallins
occurs.

It is estimated that the oxygen tension in the vicinity of the lens is low, yet this
is sufficient to support some aerobic lens metabolism and is sufficient to act as a
source of reactive oxygen species (ROS). A significant proportion of lenses and
aqueous humor taken from cataract patients have elevated H,O, levels. Because
H,0,, at concentrations found in cataract, can cause lens opacification and produces
a pattern of oxidation similar to that found in cataract, it is concluded that H,O,
is the major oxidant involved in cataract formation (Ramachandran et al., 1991).
This viewpoint is further supported by experiments showing that cataract formation
in organ culture caused by photochemically generated superoxide radical, H,O,,
and hydroxyl radical is completely prevented by the addition of a GSH peroxidase
mimic. The damage caused by oxidative stress does not appear to be reversible
and there is an inverse relationship between the stress period and the time required
for loss of transparency and degeneration of biochemical parameters such as ATP,
GPD, nonprotein thiol, and hydration. After exposure to oxidative stress, the redox
set point of the single layer of the lens epithelial cells (but not the remainder of the
lens) quickly changes, going from a strongly reducing to an oxidizing environment
(Ito et al., 1993). Almost concurrent with this change is extensive damage to
DNA and membrane pump systems, followed by loss of epithelial cell viability
and death by necrotic and apoptotic mechanisms (Kleiman et al., 1990). There
are evidences suggesting that the epithelial cell layer is the initial site of attack
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by oxidative stress and that involvement of the lens fibers follows, leading to
cortical cataract (Worgul et al., 1989).

Lately it has been shown that Sex Steroid hormones regulate ocular tissues in
addition to their conventional target tissues (Gupta et al., 2005). The female gender
has been found to display an increased incidence of cataracts, as compared with
age-matched men. This increased risk is seen in woman population after menopause
only (Gupta et al., 2005; Leske et al., 2004). Protective effect of Sex Steroid
Hormones in the perspective of cataractogenesis in females has been substantiated
by epidemiological information. The Beaver Dam Eye Study suggests a modest
protective effect of estrogen exposure on the lenses of women in the context of
age related opacities (Klein et al., 1994). The results indicated that the current use
of post-menopausal estrogens is associated with decreased risk of severe nuclear
sclerosis. The study also showed that from menarche to menopause the life span of
woman is associated with protective effect and decreased risk of nuclear sclerosis
and cortical opacities. Recently it is shown that lenses from female rats are more
resistant to transforming growth factor 3 (TGFp) induce cataract then those from
males. In young age estrogen provides protection against cataract by counteracting
the damaging effects of TGFS (Chen et al., 2004; Hales et al., 1997). Proper ionic
milieu and hydration of lens cells are essential to maintain transparency of crystalline
lens. Estrogen maintains proper ionic composition by its non-genomic action (Singh
and Gupta, 1997a). Further, estrogens are known for increasing water imbibitions
and retention of hydration in the target tissues (Singh and Gupta, 1997b).

The lens possesses repair mechanism, both at a cellular and at a molecular level
and it has an ability to isolate damaged fibers and the histology of this has been
shown. At the molecular level, a number of scavenger molecules are present that
protects against oxidative stress. Lens membranes contain Vitamin E, which protect
against lipid peroxidation. GSH, a patient free redial scavenger, is synthesized in
the lens from amino acid precursors. (L-glutamic acid, L-cysteine, and L-glycine).
It is present in high concentration in the cortex and in the epithelium, and at a
lower concentration in the nucleus (Pau et al., 1990). It is probably important in
maintaining lens proton thiols in the reduced state, such as that of Na+-, K4 ATPase
or of the lens crystalline thiols. It maintains ascorbate in the reduced state and
scavenges peroxides and radiation induced free radicals Vitamin C, always in high
concentration in the aqueous is actively transported into the lens, where it is at a
higher concentration. Like GSH, it is an effective reducing agent. Other compounds,
carotenoids, choline, taurine, and thioredoxin-T have been ascribed similar roles.

3.1 Management of Age-related cataract

Cataract surgery is the only remedy of the age related cataract today. Unless the
patient presents with an eye threatening condition e.g. hypermautre cataract, where
advising immediate surgery is inevitable, this decision to operate should be on
patients discretion. If the individual is comfortable in his day to day activities
e.g. reading, moving about at home, etc. he can be advised to wait until such
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time when his present routine activities are curtailed owing to cataract. Glare is
another debilitating symptom of cataract for which an active individual needs to
be operated. This happens particularly in context of night driving or even in bright
sunlight.

The ultimate goal of a cataract surgery is to restore and maintain the precataract
vision and to alleviate the other cataract-related symptoms. In the quest for
perfection, the techniques and approaches followed by cataract surgeons have
constantly evolved over the years from Intra Capsular Cataract Extraction (ICCE)
to Aqualase (water jet technique). The phacoemulsification technique, which allows
an exquisite intraoperative control and a consistent closed-chamber removal of
cataract, undoubtedly reigns supreme in the developed countries. This technique has
brought cataract surgery results as close to anatomical perfection as possible with
the current technology and skills. In order to increase safety and to achieve faster
visual rehabilitation for their patients, many surgeons are now adopting topical
anesthesia with an adjunctive intracameral 1% lidocaine (Shah et al., 2004) instead
of the peribulbar variety, which is till popular with most surgeons around the world.
Incisions have progressed to sub-3 mm size on the temporal clear corneal region,
which affords easier access to the cataract under topical anesthesia. Understanding
the distinctive uses of the newer dispersive and cohesive viscoelastics has helped
ensure better corneal endothelial protection during phacoemulsification. Of the wide
range of phaco techniques developed to suit different cataracts and their related
conditions, recommendations are for those that ensure endocapsular (posterior plane)
phacoemulsification, which ensurse far superior long-term outcome. (Vasavada
AR, Raj SM, Nehalani BR, MR Praveen, P @ P = 3P. Video film presented at
the symposium of American Society Of Cataract & Refractive Surgeons, 2005,
Washington DC, USA).

In the actual phacoemulsification technique, a sub 3 mm clear corneal tunnel
is fashioned followed by injection of viscoelastic to form the anterior chamber.
Anterior capsular opening (capsulorhexis) is created with the help of a bent needle
(cystotome). Hydrodisection procedure is then performed to free the nucleus from
the capsule. After ensuring a freely rotating nucleus, a wide trench or crater is
created which is confined within the area of the capsulorhexis. After achieving
sufficient thinning of the nuclear plate (atleast 90% of the total central depth), the
phaco tip is buried at 6 o’clock, using controlled U/S power, to produce a vacuum
seal. This results in an effective hold on the nucleus; the “step by step chop in situ
and lateral separation” maneuver (Vasavada and Singh, 1998) is then performed
by placing the chopper adjacent to the phacotip (Figure 1). The entire nucleus is
chopped thus in a step-by-step fashion by rotating the chopped fragment clockwise
and repeating the same chop technique. Finally the chopped wedges are consumed
in the central space using the “stop, chop and stuff technique” (Vasavada and
Desai, 1996) ensuring a completely endocapsular phacoemulsification (Figure 2).
After emptying the capsular bag off the nucleus, the cortical matter is aspirated
using bimanual irrigation and aspiration system. This is followed by foldable
intraocular lens implantation in the capsular bag.



AGE-RELATED CATARACT: MANAGEMENT AND PREVENTION 167

Figure 1. “Step by step chop in situ and lateral separation” maneuver to divide the nucleus of cataract
into small wedges

Cataract surgeons today, in their relentless pursuit of perfection and excel-
lence, are still looking into the probable advantages of other available options
like ultrasound assisted by a secondary energy source such as PhocoTimesis,
and fluid-assisted cataract removal like Aqualase™, pulsed hot water technology
and the LASER-assisted cataract removal. Although some of these alter-
native futuristic techniques are available today, they have not been extensively
adopted.

Posterior capsule opacification (PCO) is the prime deleterious consequence of
cataract surgery. This aphoristic concern over the clarity of the posterior capsule
shall undoubtedly dominate the future arenas of research and innovation. Presently,
improving the IOL design and material appears to be a more practical means of
reducing the incidence of PCO. The use of accommodative material also has a
bright future if the absence of capsular opacification can be ensured. The current
experimentation and innovation to perfect the chemoemulsification technique may
turn out to be and easier alternative. The concept of implanting an intraocular
drug delivery device at the end of cataract surgery is in its infancy. Its routine use
in future may definitely bring significant relief to a surgeon from the worries of
patient compliance and ensure an excellent round the clock postoperative medical
control.
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Figure 2. Consumption of wedges in the central space by “stop, chop and stuff technique”

4. PREVENTION STRATEGIES: PRESENT LIMITATIONS
AND FUTURE POSSIBILITIES

Though surgery may be an effective means to reverse cataract blindness, visual
outcomes will be poor where experienced surgeons and appropriate postoperative
care, including refraction, are not available (He et al., 1999; Dandona et al.,
1999). Moreover, even where high quality surgery is readily accessible, it may be
expensive. It has been estimated that a delay in cataract onset of only 10 years
could reduce the need for cataract surgery by as much as half. At present, no proved
methods exist to effect such a result. This section will review existing and possible
future strategies to prevent or delay age related cataract.

Reduction of sun exposure is an attractive means of preventing cataract related
visual disability. Unfortunately, the proportion of risk attributable to sunlight
exposure is small, and the type of lens opacity most consistently associated with
UV-B is cortical opacity, a form which has generally been shown to be less visually
disabling and less likely to require surgery than nuclear or PSC cataract (Klein
et al., 1997).

There has recently been much interest in the impact of nutrients with antioxidant
potential. In vitro and animal research has suggested that antioxidant substances
present in the diet (Rose et al., 1998), in particular vitamins A, C (Delamere, 1996),
and E (Fryer, 1993), may have a protective role from activated oxygen species.
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Epidemiological evidence for the antioxidant hypothesis among human subjects,
however, has been conflicting (Christen, 1999; Taylor et al., 1995; Congdon and
West Jr, 1999). This is due to the large number of different antioxidants that have
been examined, levels for many of which are likely to be highly colinear across
individuals. A prospective follow up after a specific intervention may allows the
role of different nutritional factors to be distinguished more readily.

A set of potentially interrelated personal factors like diabetes, hypertension,
and body mass index are potentially remediable, suggesting possible avenues for
cataract prevention but the effectiveness of such strategies remains to be proved.
Although there is some evidence that better diabetic control (demonstrated by lower
haemoglobin A, levels) may reduce the risk of lens opacity (Klein et al., 1998),
no controlled, prospective data yet exist to demonstrate that improved treatment
of diabetes or hypertension will in fact prevent or delay lens opacity. An added
difficulty of intervening on BMI to prevent cataract is that the directionality of the
association (for example, whether elevated or reduced BMI, or both, contribute to
lens opacity) has not been definitively established.

An alternative strategy to risk factor reduction in the prevention of cataract
would be pharmacological intervention. Compounds receiving attention as potential
anticataract agents include aldose reductase inhibitors (Bron et al., 1998), pantethine
(Congdon et al., 2000), and aspirin-like drugs such as ibuprofen (Harding, 1998).
Population studies have also revealed a decreased risk of nuclear sclerosis among
current users of oestrogen replacement therapy (Klein et al., 1994; Cumming
and Mitchell, 1997; McCarty et al., 1999). However, none of these agents has
demonstrated efficacy in the prevention of human lens opacity in a trial setting.
A number of new drugs and pharmacological strategies remain under investigation
(Tto et al., 2000; Spector et al., 2000; Takikawa et al., 1999). It is clear, however,
that challenges to development of a practical anticataract agent for wide human
distribution will be substantial: such an agent would need to be sufficiently safe for
(presumably) long term use, and sufficiently inexpensive to compete with increas-
ingly cheap cataract surgery. It appears very unlikely that a pill or eye drops
requiring regular, long term use would be practical or sufficiently inexpensive.

Very great differences in the prevalence between racial groups are an evidence
for a genetic effect on the distribution of age related cataract. Lens opacity was
also found to develop on average 12 years earlier among the Indian subjects. The
prevalence of previous cataract surgery among Indian people 40 years and above
in Hyderabad, India, was 13.7% (Dandona et al., 1999a; 1999b), as opposed to
3.79% for the same age group in Melbourne (McCarty et al., 2000). These observed
differences could be due to environmental factors rather than genetic. These include
differences in nutrition, exposure to ultraviolet light (Burton et al., 1997; Javitt and
Taylor, 1995), and rates of dehydrating episodes of diarrhoea (Javitt and Taylor,
1995). However, migrant studies of Indians living in Great Britain, where environ-
mental differences with the local dwelling population might be expected to be
reduced over time, have continued to demonstrate elevated rates of lens opacity and
cataract surgery among people of sub continental descent (Bhatnagar et al., 1991;
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Gray, 1996; Rauf et al., 1994). The data is in favour of a hereditary tendency for
cataract among Indians.

Although evidence of a genetic effect on the development and progression of
lens opacity is growing, to date no genes have yet been identified which are clearly
associated with any form of isolated, adult onset cataract. Moreover, age related
cataract is a complex trait, and it is likely that multiple loci will be involved.
Among strategies currently being employed are the “candidate gene” approach,
which seeks to identify mutations or sequence variants in well characterized genes
thought likely to be associated with age related cataract. Candidate genes of current
interest include those affecting crystallins (Stephan et al., 1999), structural proteins
(Conley et al., 2000), gap junction proteins (Mackay et al., 1999), and aquaporins
(Berry et al., 2000).

In summary, it must be said that those cataract prevention strategies for which
adequate evidence exists namely, avoidance of ocular sun exposure, are not likely
to result in large reductions in visual disability. Other strategies, which have been
considered, involving nutritional, pharmacological, and specific medical interven-
tions (against diabetes, for example), remain of unproved benefit. It seems likely
that at least one fruitful avenue of investigation will be the genetics of age related
cataract, an area which has as yet been little studied.

5. CONCLUSION

Cataract, opacification of the lens, is one of the commonest causes of loss of useful
vision, with an estimated 16 million people worldwide affected. Several risk factors
have been identified in addition to increasing age—genetic composition, exposure
to ultraviolet light, and diabetes. However, no method to halt the formation of a
cataractous lens has been shown to be effective. Nevertheless, advances in surgical
removal of cataracts, including small-incision surgeries, use of viscoelastics, and the
development of intraocular lenses, have made treatment very effective and visual
recovery rapid in most cases. Despite these advances, cataract continues to be a
leading public-health issue that will grow in importance as the population increases
and life expectancy is extended worldwide.
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SKIN AGING: PATHOGENESIS, PREVENTION
AND TREATMENT

MARY S. JUNG*, KRISTEN M. KELLY* AND JERRY L. McCULLOUGH*

* Department of Dermatology, University of California, Irvine, California

Abstract: Skin aging is a consequence of genetically programmed processes of intrinsic aging
and extrinsic aging caused by ultraviolet light and other environmental insults. There
are many different approaches to reduce or postpone the untoward effects of intrinsic
programmed aging and extrinsic environmental injury. The prevention of extrinsic aging
utilizes various methods of photoprotection and antioxidants. Treatments of aged skin
are not limited to a single procedure but may consist of a combination of many adjuvant
treatments each of which offers different degrees of effectiveness, risk, duration and
cost. It is important to have an understanding of the likely benefits and limitations of
available treatments. Scientific evaluation and education about the modalities available
for treatment of aged skin can help to achieve these goals

Keywords:  aging; anti-aging; photoaging; skin rejuvenation; photoprotection; antioxidants; retinoids;
hydroxyl acids; microdermabrasion; chemical peels; botulinum toxin; soft tissue fillers;
laser resurfacing; ablative resurfacing; intense pulsed light; light-emitting diode photo-
modulation; radiofrequency devices; fractional photothermolysis; cosmetic surgery

1. INTRODUCTION

The aging process begins at birth and cutaneous manifestations of aging generally
begin to be visible in the second decade of life (Oikarinen, 1994). Aging is gradual,
but persistent and irreversible and occurs at different rates in individuals. Cutaneous
changes associated with aging include decrease of skin elasticity, sagging secondary
to gravity, and fat atrophy which result in facial wrinkles and jowls.

The aging process of the skin can be divided into chronological or intrinsic
aging and extrinsic aging. Intrinsically aged skin is generally smooth, pale, more
evenly pigmented, and finely wrinkled (Chung, 2003). The histologic findings
of intrinsic aging include a decrease in the extracellular matrix characterized by
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reduced elastin and elastic fiber disintegration. In contrast, photoaged skin is
sallow, coarsely wrinkled, and associated with irregular pigmentation and telang-
iectasias (Chung, 2003). Dermatoheliosis is the term used to describe these
photoaging-associated clinical changes. Histologically, photoaged skin has an
atrophic epidermis, thinned spinous layer, loss of rete ridges, and decreased numbers
of Langerhans’ cells. There is condensed collagen beneath the basement-membrane
zone, basophilic degeneration of deeper dermal collagen, and telangiectasia in the
upper dermis. Collagen deficiency in chronically photodamaged skin may result
from increased, repetitive degradation of collagen by ultraviolet (UV)-induced
matrix metalloproteinases (Chung et al., 2001).

Chronic sun exposure is widely accepted as the principal environmental cause
of extrinsic skin aging. Ultraviolet B (UVB) radiation is mainly responsible for
sunburn, suntanning, and photocarcinogenesis following sun exposure (Afaq et al.,
2005). Ultraviolet A (UVA) is suspected of playing a proportionately larger role
in photoaging because of its greater abundance in the sunlight reaching the earth’s
surface, greater year-round and day-long exposure, and greater depth of penetration
into the dermis compared with UVB (Lavker et al., 1995).

Photoaging depends primarily on the degree of sun exposure and skin pigment.
Individuals who have outdoor lifestyles, live in sunny climates, and are lightly
pigmented will experience the greatest degree of photoaging (Fisher et al., 2002).

Synergistic with sun exposure, cigarette smoking may further contribute to
extrinsic aging, particularly in women, with a direct correlation between the number
of pack-years smoked and the severity of wrinkling and grayish discoloration (Smith
and Fenske, 1996).

Premature aging of the skin is observed in several hereditary disorders and has
been associated with mutations of genes that code for proteins involved in repair
of DNA damage (Pesce and Rothe, 1996). For example, patients with Cockayne
syndrome and Werner syndrome display mutations in DNA helicases. This suggests
that decreased DNA repair capacity is associated with accelerated aging and that
cellular injury, particularly cumulative DNA damage, plays a major role in the
aging process (Furuichi, 2001).

Modern society’s increasing emphasis on a youthful image and physical beauty
has resulted in soaring demand for and resultant development of a wide range of
skin care products and procedural interventions for use by the aging population.
Available products to prevent aging include sunscreens and antioxidants. The most
commonly utilized interventions to “treat’ aged skin include topical pharmaceuticals
and a wide range of surgical procedures.

2. PREVENTION OF SKIN AGING
2.1 Sun Protection

In the absence of adequate protection from the sun, other treatments will be less
effective and may even be detrimental. Good protection strategies include wearing
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broad-brimmed hats, protective clothing, and sun avoidance, particularly during
midday hours. In addition, tanning must be discouraged (Stern, 2004).

One of the main pharmaceutical approaches to prevention of photoaging is
sunscreen. In a randomized trial in humans, the use of a sunscreen with a sun
protection factor (SPF) of 29 for two years stabilized histologic changes in the skin,
as compared to the placebo group where photoaging-associated changes increased
(Boyd et al., 1995). Furthermore, in large multicenter studies investigating topical
tretinoin as a treatment for photoaging, patients in the control groups who used
only daily sunscreen and moisturizer for 6 months were found to have statistically
significant improvement in fine wrinkling, roughness, dyspigmentation, and overall
appearance as compared with their own baseline status (Gilchrest, 1996). Avoidance
of sun exposure and use of sunscreen also leads to regression of skin pre-cancers,
actinic keratoses (Thompson et al., 1993), which indicates the skin has an intrinsic
repair capacity. These studies underscore the importance and mandate the inclusion
of photoprotection in any treatment regimen.

2.2 Antioxidants

Antioxidants are another pharmaceutical approach to prevention and also treatment
or reversal of skin photoaging. They neutralize reactive oxygen species generated by
ultraviolet (UV) light exposure (Kullavanijaya and Lim, 2005). Substances marketed
as antioxidants include vitamins C and E, coenzyme Q10, idebenone, ferulic acid,
and cytokinins. Objective evidence to support the role of these substances is
available but limited.

Fitzpatrick and Rostan (Fitzpatrick and Rostan, 2002) documented statistically
significant increased skin hydration, increased collagen production and wrinkle
reduction in 4 of 10 subjects who applied 10% vitamin C for 12 weeks. Average
improvement on the treatment side was 25% compared to 7.7% on the control side.
Biopsies showed increased Grenz zone collagen, and increased type I collagen mRNA.

Topical vitamin E provides photoprotection by both antioxidant and UV
absorptive properties (Krol et al., 2000).

Coenzyme Q10 (CoQ10) occurs naturally in human cells and is believed to
prevent oxidative stress-induced apoptosis by inhibiting lipid peroxidation in plasma
membranes (Baumann, 2004). CoQ10 levels decrease naturally with age as well as
with stress and illness.

Idebenone, an analog of CoQ10, and ferulic acid, a plant extract, are recently
available antioxidant ingredients in topical formulations.

Cytokinins are plant-growth substances that promote cell division and play a
role in cell differentiation (Barciszewski et al., 1999). Most commonly cytokinins
are N6-substituted adenine derivatives. Kinetin (N6-furfuryladenine), a cytokinin
which is naturally occurring in DNA and cell extracts, retards senescence of plants
(Van Staden et al., 1988) and delays age-related changes in human skin fibrob-
lasts in culture (Rattan and Clark, 1994). Studies of the molecular pathways
through which kinetin brings about its biological effects have shown that kinetin



178 JUNG ET AL.

prevents oxidative damage to DNA (Olsen A et al., 1999) and glycoxidation-
mediated damage to proteins (Verbeke P et al., 2000). In a 52-week study in 96
subjects with photodamaged facial skin, twice daily application of kinetin improved
skin roughness (63%), mottled hyperpigmentation (32%) and fine wrinkles (17%)
(McCullough, 1999). Treatments also improved skin-barrier function as measured
by a decrease in transepidermal water loss. Extended treatment with kinetin was
well tolerated and did not cause clinical signs or subjective symptoms of irritation
(McCullough and Weinstein, 2002).

Recent studies have demonstrated that trans-zeatin (6-[4-hydroxy-3-methyl-but-
2-enylamino]adenine, a cytokinin isolated from plants (Letham, 1963) and present
in the tRNA of a wide variety of organisms (Mok and Mok, 1994) also has
gerontomodulatory, youth preserving and anti-aging effects on human fibroblasts
undergoing aging in culture (Rattan, 2005). Zeatin and other cytokinins or their
derivatives may provide useful compounds with applications in aging prevention,
intervention and therapy for the future.

3. TREATMENT OF SKIN AGING

As noted above, a wide range of treatments are available for aged skin
including topical pharmaceuticals, microdermabrasion, chemical peels, botulinum
toxin (BTX), soft tissue fillers, dermabrasion, ablative resurfacing, non-ablative
light-based rejuvenation, radiofrequency, fractional photothermolysis and traditional
cosmetic surgery (Table 1).

3.1 Topical Interventions

Topical pharmaceuticals available for treatment of photoaged skin include antioxi-
dants (see above), retinoids and alpha- and beta-hydroxy acids. Of these approaches,
only topical retinoids, particularly tretinoin (all-trans retinoic acid), have a well-
documented ability to repair photoaged skin at the clinical, histological and
molecular level.

3.1.1 Topical retinoids

A large number of controlled clinical trials have been published demon-
strating that the topical application of 0.025% to 0.1% tretinoin (Retin-A®,
Renova® (OrthoNeutrogena, Skillman, NJ, USA); Avita® (Mylan Laboratories, Inc.,
Canonsburg, PA, USA)) improves the appearance of photoaged skin by significantly
reducing fine wrinkling, skin roughness, and mild to moderate hyperpigmentation
(Kang and Voorhees, 1998). The histologic changes correlating to these clinical
improvements include epidermal thickening, increased granular layer thickness,
stratum corneum compaction, and decreased melanin content (Gilchrest, 1999). At
the molecular level, topical tretinoin has been shown to induce type I and type III
procollagen gene expression in photoaged human skin. Because procollagen is the
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Table 1. Treatments for Skin Aging
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Treatment Recovery/ Onset of Effect **Expected  Risks/
*(Discomfort) Improvement Duration Improvement Disadvantages
Topical Treatment
Retinoids None/(0-1)  2-3 months  All topical 0-1 Irritation
Hydroxy acids None/(0) 2-3 months  treatments 0-1 Irritation
require
Antioxidants None/(0) 2-3 months  continuous 0-1 None
use
Microdermabrasion  0-1 day/ 0-1 day Requires  0-1 Hyperpigmentation,
(0-1) repeat Prolonged
treatments erythema
Chemical Peels
Superficial 0—4 days/ 2-3 peels 2-4 months 1-2 Hyperpigmentation
(1-2)
Medium 7-12 days/ 2-4 weeks 1-2 years 1-3 Infection, scarring
(2-3)
Deep 2-4 weeks/  4-8 weeks 2-5 years 2-3 Hypopigmentation,
3) infection, scarring
Botulinum Toxin 0-3 days/ 1-3 days 3-6 months 1-3 Headache,
(1-2) bruising, ptosis
Dermal Fillers 0-1 week/ Immediate Variable  1-3 Bruising, allergic
(1-2) reaction
Ablative Resurfacing 14 weeks/ 1-4 weeks 3-7 years 2-3 Scarring, infection
©)
Dermabrasion
Dermasanding
Ablative Laser Skin
Resurfacing
Non-ablative 1-4 hours/ 2-9 months  Variable 1-2 Pigment change
Light-based (0-1)
Rejuvenation
Radiofrequency 1-24 hours/  Immediately Unknown 1-2 Scarring, pain
Devices (1-3)
Fractional 1-2 weeks/ 1-3 months Unknown 1-2 Erythema, mild
Photothermolysis  (1-3) edema
Cosmetic surgery 1-6 weeks/ 1-6 weeks 5-7 years 2-3 Invasive,
(2-3) prolonged recovery

* Discomfort (0 = none; 1 = mild; 2 = moderate; 3 = severe).
** Expected Improvement (0 = none; 1 = subtle; 2 = moderate; 3 = major).

precursor to collagen, it is likely that increased production of procollagen results in
increased deposition of collagen (Griffiths et al., 1993).

In addition to tretinoin, another topical retinoid, tazarotene (Tazorac®)(Allergan,
Inc., Irvine, CA, USA), has been approved by the Food & Drug Administration
(FDA) for the improvement of fine wrinkles and irregular pigmentation associated
with photoaging. In a multicenter, randomized trial evaluating the efficacy of
0.1% tazarotene cream for photodamage, clinically and statistically significant
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improvements were noted in a variety of skin characteristics (ie, fine wrinkling,
mottled hyperpigmentation, lentigines, elastosis, pore size, irregular depigmentation,
tactile roughness, and coarse wrinkling) (Phillips et al., 2002).

3.1.2  Alpha- and beta-hydroxy acids

Alpha-hydroxy acids (AHAs) and beta-hydroxy acids (BHAs) are naturally found
in foods, including dairy products (lactic acid), fruit (citric acid), and sugar cane
(glycolic acid). Hydroxy acids in low concentrations (typically 4 to 12 percent) are
components of nonprescription creams and lotions that are promoted as ameliorating
the signs of aging. In higher concentrations, these preparations are used as “peels.”

The topical treatment of photodamaged skin with AHAs results in subtle clinical
improvements in wrinkling, roughness, and dyspigmentation within months of daily
application (Stiller et al., 1996). Histological improvement has been reported after
6 months of daily applications of products containing 25% glycolic, lactic, or citric
acid (Ditre et al., 1996). Bernstein et al. (2001) demonstrated that epidermal and
dermal hyaluronic acid and collagen gene expression were increased in skin treated
with 20% glycolic acid (twice daily for 3 months) as compared to vehicle-treated
controls.

3.2 Surgical Interventions
An array of surgical approaches are available for treatment of photoaging.

3.2.1 Microdermabrasion

Microdermabrasion is used to treat individuals with early photodamage and other
skin imperfections. The procedure involves using tiny particles of either aluminum
oxide, sodium chloride, or sodium bicarbonate crystals directed at the skin through
a vacuum tube causing mechanical removal of the superficial epidermis and stimu-
lation of new cell growth. Studies demonstrate small but quantifiable improvements
post-microdermabrasion. Shim et al. (2001) evaluated clinical and histopathologic
effects of microdermabrasion. In 14 subjects with photoaging, acne, and acne
scarring who underwent 6-—7 treatments over 12-14 weeks, there was signif-
icant decrease in roughness, mottled pigmentation, and enhancement of overall
skin appearance but only minimal improvement in rhytides as judged by patient
assessment. Microdermabrasion can also be used as an adjuvant therapy to facil-
itate the efficacy of other rejuvenation procedures including photodynamic therapy
(Sadick and Finn, 2005).

322 Chemical peels

Chemical peels have a long history of safety and efficacy and are relatively
easy to perform. Chemical peels are classified as superficial, medium-depth, and
deep. Superficial peels cause epidermal injury and occasionally extend into the
papillary dermis; medium-depth peels injure through the papillary dermis to the
upper reticular dermis; and deep peels injure to the mid reticular dermis. Degree of
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clinical improvement, length of recovery period, and risk of complications are all
proportionate to the depth of tissue injury.

Superficial chemical peels, often referred to as “lunch time” peels, are used in the
management of mild photoaging. Superficial peeling agents include salicylic acid,
glycolic acid, low-dose trichloroacetic acid (10-20% TCA), and Jessner’s solution
(resorcinol, salicylic acid, lactic acid, and ethanol). In a double-blind, vehicle-
controlled study with 41 subjects, either glycolic acid (50%) or vehicle was applied
topically for 5 minutes to one side of the face, forearms, and hands, once weekly for
four weeks (Newman N et al., 1996). There was a statistically significant decrease
in rough texture, fine wrinkling, number of solar keratoses, and slight lightening of
solar lentigines on areas treated with glycolic acid. This corresponded histologically
to thinning of the stratum corneum, granular layer enhancement, and epidermal
thickening. Some specimens showed increased collagen thickness in the dermis
(Newman J et al., 1996). Superficial peeling agents require multiple procedures to
obtain results. All of them share the advantages of only mild stinging and burning
during application as well as minimal time needed for recovery. However, noted
improvements are usually subtle because there is little to no effect on the dermis.
Thus, the results of repetitive superficial chemical peels never approach the effect
obtained with a single medium-depth or deep peel.

Most medium-depth chemical peels are performed utilizing 35% TCA in combi-
nation with either 70% glycolic acid or Jessner’s solution (Tse et al., 1996). These
latter agents both weaken the epidermal barrier and allow deeper, more uniform,
and controlled penetration of the 35% TCA. Medium depth chemical peels can
be repeated at 6 months intervals (Monheit, 2001) but frequently one procedure
achieves the desired effect. Potential complications include skin discoloration or
scarring.

Deep peeling can be achieved with TCA in concentrations above 50% (Matarasso
and Glogau, 1991) or a phenol-containing preparation, such as the Baker-Gordon
phenol formula (3 mL Phenol, USP, 88%, 2mL tap or distilled water, 8 drops
septisol liquid soap, 3 drops croton oil). The use of phenol results in new collagen
formation, leading to wrinkle reduction, but its cardio-toxic profile also increases
the procedure’s associated risks. Patients with liver and renal impairment can
quickly accumulate toxic levels and develop cardiac arrhythmias. Therefore, careful
monitoring is required throughout the procedure. Other disadvantages of this
procedure include having a longer recovery period and greater risk of adverse
effects, mainly permanent hypopigmentation and scarring.

3.2.3 Botulinum toxin

Different strains of the bacterium Clostridium botulinum produce distinct types of
botulinum toxins (A,B,C1,D,E,F,and G), all of which block the release of acetyl-
choline and relax muscles. In 1992, Drs. Jean and J. Alastair Carruthers noted
smoothing of the glabellar brow furrow in a patient who had been treated with
botulinum toxin injection for blepharospasm (Carruthers and Carruthers, 1992).
Open-label studies and two double-blind, placebo-controlled studies documented
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the safety and efficacy of botulinum toxin injections (Keen et al., 1994; Lowe
et al., 1996) for cosmetic purposes, and in 2002 the FDA granted approval of
Botox® Cosmetic (botulinum toxin type A, Allergan, Inc., Irvine, CA, USA) for
“temporary improvement in the appearance of moderate to severe glabellar lines
in adult patients 65 or younger”. One large randomized, multicenter, double-
blind, placebo-controlled trial of 264 patients found at least moderate improvement
in 50 to 75 percent of patients treated for glabellar lines (Carruthers et al.,
2002). Improvement was rapid (nearly peak effect by day 7 with a small degree
of continued enhancement up to one month post-injection) and effects lasted
3—4 months. Botox® Cosmetic is the most studied brand of botulinum toxins,
although other forms are commercially available. Ipsen Ltd (UK) markets BTX-
A in Europe under the brand name Dysport® and Solstice Neuroscience, Inc.
(San Diego, CA, USA) produces MYOBLOC®, a formulation of botulinum toxin
type B.

The most common use is treatment of dynamic expression lines of the upper third
of the face (glabellar brow furrow, horizontal forehead frown lines and periocular
“crow’s feet” rhytides); however, in recent years, BTX has been increasingly used
in the mid and lower face and neck for “bunny lines” (downward radiating lines on
the sides of nose), perioral rhytides, dimpled chin, and platysmal bands (Matarasso
et al., 1999; Semchyshyn and Sengelmann, 2003). Consensus treatment guidelines
were developed in 2004 (Carruthers et al., 2004). BTX can be used alone or in
combination with other cosmetic procedures such as soft tissue augmentation and
laser resurfacing, to enhance and prolong effects (Patel et al., 2004; West and Alster,
1999). BTX injections are minimally invasive, well tolerated, and do not require a
lengthy recovery period.

Side effects are uncommon and generally mild but can include bruising, eyelid &
brow ptosis, and headaches (Klein, 2004). Peripheral motor neuron disease is a
relative contraindication to treatment because this condition can be potentiated by
the toxin.

3.24 Soft tissue fillers

Soft tissue fillers (Table 2) are used to smooth and correct wrinkles, non-dynamic
furrows, and hollows in the face. Other indications include lip augmentation and
replacement of lost subcutaneous fat. Products have previously been categorized as
either temporary or permanent (Werschler and Weinkle, 2005). Recently the number
of available products has increased greatly and “semi-permanent” fillers have
emerged that provide augmentation on the face for 2-5 years (Stegman et al., 1988).

3.24.1 Temporary Products The below described products last 3—6 months
and as such, require frequent re-administration to maintain desired results. While
the transient nature of these products can be frustrating to patients, there is the
advantage that any adverse effects are also generally temporary.

Bovine collagen products were the first FDA approved fillers and achieve
correction for approximately 3 months (Stegman et al., 1988). There are three



SKIN AGING: PATHOGENESIS, PREVENTION AND TREATMENT

Table 2. Soft Tissue Fillers
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Products Company Description Skin Results
Test
Temporary Products
Zyderm® I/1I and Inamed (Santa Bovine collagen Yes Immediate, lasts
Zyplast® Barbara, CA, USA) 3-6 months
Cosmoderm® I/IT and  Inamed (Santa Barbara, Human collagen No Immediate, lasts
Cosmoplast® CA, USA) derived from 3—-6 months
fibroplast cell
cultures
Isolagen® Isologen (Houston, Autologous collagen No Variable
TX, USA) grown in culture
Dermalogen® Collagenesis Allograft material of No Variable
(Beverly, MA, USA) human tissue
collagen matrix
from cadavers
Cymetra® LifeCell (Branchburg, Acellular dermal No Variable, lasts

Restylane Fine Line®,
Restylane®, Perlane®
Captique™

Juvéderm® 18,
Juvéderm® 24,
Juvéderm® 30

Hylaform®, Hylaform®
Plus

Fascian®

Autologous fat

Semi-Permanent
Products
Sculptra™

Radiesse®

Permanent Products
Artecoll®/Artefill™

Silicone

N7, USA)

Q-Med (Uppsala,
Sweden)
Genzyme (UK)

Inamed (Santa
Barbara, CA, USA)

Genzyme (UK)

Fascia Biosystems
(Beverly Hills, CA,
USA)

Dermik (Berwyn, PA,
USA)

Bioform Medical
(Franksville, W1,
USA)

Artes Medical (San
Diego, CA, USA)

graft material from
cadavers

Non-animal derived No
hyaluronic acid
Non-animal derived No

Non-animal derived, No
cross-linked
hyaluronic acid
Hyaluronic acid
extracted from
rooster combs
Derived from donor No
fascia, stimulates
collagen formation
Harvest fat & No
reinject it beneath

the facial skin

Synthetic
acid

polylactic No

Calcium hydroxylap- No
atite

75% percent bovine Yes

collagen & 25%
polymethyl-
methacrylate

Liquid silicone No

Yes

3-6 months

Immediate, lats
between 6-9 months
Immediate, lasts up to
6 months

Immediate, lasts

up to 1 year

Immediate, lasts
up to 6 months

Lasts up to 6 months

Variable

Prgressive results
over time, lasts
2-4 years
Immediate, lasts
2-7 years

Immediate, permanent

Immediate, permanent




184 JUNG ET AL.

available forms (Zyderm I®, Zyderm [I®and Zyplast®, Inamed, Santa Barbara, CA,
USA) all of which are derived from the skin of an American cattle herd that is
carefully monitored to prevent contamination with prion-mediated disease. Prior
to initiating therapy, double skin testing is required to evaluate potential for an
allergic response to the products. Localized hypersensitivity has been found in
approximately 3% of patients and indicates a pre-existing allergy to bovine collagen
(Stegman et al., 1988). The issue of whether injection of collagen is associated with
an increased risk of developing connective tissue disease is controversial (Drake
et al., 1996).

In the last few years, human-derived collagen fillers (Cosmoderm I®, Cosmoderm
I1°, Cosmoplast®, Inamed, Santa Barbara, CA, USA; Isologen®, Houston, TX, USA;
Dermalogen® Collagenesis, Beverly, MA, USA; Cymetra® LifeCell, Branchburg,
NJ, USA) have become available in order to address the issue of hypersensi-
tivity associated with bovine collagen. Skin testing is not required prior to use of
these products.

More recently hyaluronic acid (HA) derived fillers have gained favor. HA is a
ubiquitous natural polysaccharide produced by many cell types which resides in
the ground substance, functioning as a space-filling, stabilizing molecule. HA is
reduced in aged skin (Piacquadio et al., 1997). HA’s enormous ability to bond water,
assists in hydration and provides skin turgor and unlike collagen, it is identical
across all species, which minimizes the risk of foreign body reactions (Duranti
et al., 1998). Products from non-animal (Restylane®, Q-Med, Uppsala, Sweden;
Captique®, Genzyme, UK; Juvéderm®, Inamed, Santa Barbara, CA, USA) and
animal derived sources (Hylaform®, Genzyme, UK) are available. HA fillers are
well tolerated but have been associated with self-limited mild-moderate swelling,
erythema, and tenderness at the implant site, with an average duration of 2 weeks
(Duranti et al., 1998). Acne has also been noted. Sensitivity is uncommon but
can occur. In 709 patients who were treated with either Hylaform® or Restylane®,
3 patients (0.42%) developed delayed skin reactions (Lowe et al., 2001).

A study conducted in 177 patients who received Hylaform® injections found
that a two-thirds level of initial correction was maintained by 78% of patients at
3 months, 44% of patients at 6 months, and 8% of patients at 12 months (Duranti
et al., 1998).

Preserved particulate fascia lata from cadavers (Fascian™, Fascia Biosystems,
Beverly Hills, CA, USA), was introduced in 1999 for use as a soft tissue filler
(Schecter and Sadick, 2005). By inducing the production of endogenous collagen,
preserved fascia grafts have the potential to produce longer-lasting tissue augmen-
tation (Burres, 1999). Burres followed 81 subjects after implantation of fascia
grafts (mostly lip augmentation) and observed effects for at least 3—4 months in all
patients. No extrusion, allergic reactions, or infection was observed (Burres, 1999).

Autologous fat transplantation is advantageous because it has no risk of immuno-
logic reaction. Disadvantages include the necessity for two procedures (harvesting
and insertion of the fat) and the inability to predict the percentage of graft
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survival (Ersek, 1991). Potential donor areas with easy access, limited postoperative
morbidity, and relative insensitivity to dietary fluctuation include the abdomen,
medial knee, and upper outer buttock areas (Drake et al., 1996). Areas of aging skin
amenable to autologous fat transfer include the dorsal hands, depressed temples,
hollow cheeks, deep nasolabial grooves, and defects caused by lipodystrophy (Drake
et al., 1996).

3.24.2 Semi-Permanent Products Substances categorized as semi-permanent
fillers include poly-L-lactic acid (Sculptram, Dermik, Berwyn, PA, USA) and
calcium hydroxylapatite (Radiesse®, Bioform Medical, Franksville, WI, USA). In
August 2004, the FDA approved Sculptra™ for treatment of human immunode-
ficiency virus (HIV) facial lipoatrophy. It is an immunologically inert polymer
derived from lactic acid, which achieves gradual volume enhancement. The precise
mechanism is unknown but it may stimulate new collagen production through
a normal foreign-body reaction (Werschler and Weinkle, 2005). Its durability is
thought to range from 2 to 4 years (Werschler and Weinkle, 2005).

Calcium hydroxylapatite is the principal mineral component of bone. Radiesse
(formerly known as Radiance®) is presently approved in Europe for subdermal
augmentation. The product has received FDA approval for vocal cord injection, as
a radiographic tissue marker, and for oral maxillofacial defects, but is not presently
approved for wider cosmetic applications. Radiesse® was evaluated in a trial of
64 patients undergoing a total of 101 treatments for cosmetic improvement of a
wide variety of facial defects (Sklar and White, 2004). Aesthetic correction was
immediate and well-tolerated. The most common complication was palpable, non-
visible nodules reported in 20% of patients who underwent lip augmentation. The
longevity of the product is also to be determined.

®

3.2.4.3 Permanent Products Permanent products do not degrade with time and
seemingly have the advantage of long-term correction. Longevity may however be
detrimental as long-term complications can occur. Artecoll® (Europe)/ Artefill™
(US) (Artes Medical, San Diego, CA, USA) is a solution that contains polymethyl-
methacrylate (PMMA) microspheres suspended in bovine collagen and lidocaine.
Once the collagen is degraded, the remaining inert, non-biodegradable PMMA
beads remain intact and provide permanent augmentation. A randomized, controlled,
multicenter trial of 251 patients treated with either Artecoll® or a collagen filler
demonstrated significantly greater maintained augmentation with Artecoll® as
compared to collagen at 6 months (Cohen and Holmes, 2004). Twelve month
follow-up was obtained for 87% who sustained improvement with Artecoll® at
1 year (Cohen and Holmes, 2004).

Silicone was used for years as a tissue filler before the FDA prohibited marketing
of injectable liquid silicone for cosmetic purposes because of safety issues, including
development of potentially severe foreign-body-type silicomas up to 11 years after
implantation (Ellenbogen et al., 1975). Monitored clinical trials are permitted.
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3.2.5  Ablative Resurfacing Procedures

Ablative resurfacing procedures including dermabrasion, dermasanding and laser
skin resurfacing (LSR) injure or remove superficial cutaneous layers resulting
in formation of a new epidermis and promoting synthesis of dermal collagen.
Dermabrasion uses wire brushes, diamond fraises and serrated wheels attached to a
dermabrader to remove the upper layers of the skin while dermasanding uses sand
paper. In LSR, collimated light is absorbed by tissue water and converted to heat to
precisely remove tissue. Two lasers are commonly utilized: 1) the carbon dioxide
(CO,) laser with a wavelength of 10,600 nm; and 2) the erbium:yttrium aluminum
garnet (Er:YAG) laser with a wavelength of 2940 nm. Combination devices are also
utilized.

The wrinkle reduction and skin tightening potential of ablative procedures is
second only to plastic surgery and ablative procedures have an advantage of also
improving skin surface texture. Areas most amenable to wrinkle reduction during
ablative procedures are perioral and periorbital regions, which are traditionally
unresponsive to face-lifting procedures. However, epidermal removal creates an
open wound which requires extensive care and puts the patient at risk for the devel-
opment of infections, dyspigmentation, and scarring. Re-epithelialization occurs
over 5-7 days but residual erythema commonly lasts 4 weeks (Gold, 2003) or
more. Local anesthesia and sedation, regional nerve blocks, or general anesthesia
is generally used secondary to significant intra-operative discomfort.

Holmkvist et al. (2000) treated half of the perioral area of 15 patients with a
pulsed CO, laser and the other half with dermabrasion using a hand engine-drive
diamond fraise or a medium-grade drywall sanding screen. Dermabrasion resulted
in more bleeding during the immediate post-operative period. Significantly more
crusting and initial erythema (up to 1 month post-treatment) was noted on the
CO, laser-treated side. Both treatment methods resulted in statistically significant
improvement in rhytid score. The mean decrease in rhytid score was 1.09 for
laser-treated skin and 0.94 for dermabrasion-treated skin but the difference was
not statistically significant. Fine wrinkles were more responsive than deep wrinkles
with both treatments.

3.2.6  Non-Ablative Light-Based Rejuvenation

Ablative procedures offer significant rejuvenation; however, they are associated
with prolonged healing times, potential complications such as scarring, infection,
and pigmentary alteration, and moderate discomfort (Fitzpatrick, 1997). As such,
non-ablative light rejuvenation systems were developed and are associated with
minimal down time and less patient discomfort.

3.2.6.1 Non-ablative Rejuvenation Lasers Non-ablative laser rejuvenation is
designed to confine selectively thermal injury, avoiding epidermal injury while
achieving fibroblast activation and synthesis of new collagen and extracellular
matrix material (Nelson et al., 2002). The skin surface is not removed or modified
which minimizes or eliminates downtime but also eliminates any improvement in
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surface textural and chromatic irregularities. Wrinkle reduction varies with device
and technique, but in general, improvement is significantly less as compared to
LSR.

Kelly et al. (1999) evaluated periorbital rhytid improvement in 35 adults who were
given 3 treatments with the 1320 nm CoolTouch® Neodymium Yttrium Aluminum
Garnet (Nd:YAG) laser used in combination with cryogen spray cooling. Small but
statistically significant improvements were noted in the mild, moderate, and severe
rhytid groups 12 weeks after the final laser treatment. A final assessment performed
24 weeks after the last treatment showed statistically significant improvement
only in the severe rhytid group. The procedure was found to be safe, although
four sites (5.6%) developed transient hyperpigmentation and two sites (2.8%)
developed barely perceptible pinpoint-pitted scars. Subsequent device improvements
minimized the risk of adverse effects.

3.2.6.2  Intense Pulsed Light Intense pulsed light (IPL) is a noncoherent filtered
flashlamp that emits broadband light in the 500 to 1200 nm range (Raulin et al.,
2003). A multi-center study evaluated IPL for non-ablative rejuvenation of 93
patients with photoaged skin (Sadick et al., 2004). Up to five treatments were
performed at 4-week intervals with follow-up visits at 4 and 6 months after the last
treatment. Patients received full-face treatments with the Quantum SR/HR (Lumenis
Inc., Santa Clara, CA, USA) and results were based on physicians’ assessments
as well as patient satisfaction. Wrinkling score improved significantly by 1.39 and
1.32 units at 4 and 6 months, respectively, correlating to improvements noted for
82% and 75% of the patients at each of these time points. Significant improvement
was also seen using the investigators’ assessment of overall improvement in facial
appearance, which reflected pigmentary, vascular, and rhytid reduction. The first
IPL treatment improved overall appearance in 61% of the study population. Number
of patients with improvement were 98% and 90% respectively, four and six months
after the last treatment.

The use of short-incubation topical 5-aminolevulinic acid (5-ALA) (Levulan®
Kerastick™, DUSA Pharmaceuticals, Wilmington, MA, USA) enhances the effec-
tiveness of IPL for facial rejuvenation, reducing the number of treatments required
and enhancing the clinical effects (Alster et al., 2005). A retrospective review
demonstrated that one ALA-IPL treatment was equal in efficacy to 3 IPL treatments
alone (Carcamo et al., 2005). A variety of lasers, including blue light (405-420 nm),
red light (635nm), and pulsed dye lasers (585nm), used with 5-ALA photody-
namic therapy, have also shown safety and efficacy in photorejuvenation (Gold and
Goldman, 2004). Recently, the application of 5-ALA photodynamic therapy with a
combined IPL and radiofrequency device has been reported (Hall et al., 2004).

3.2.6.3  Light-emitting diode photomodulation Light-emitting diode (LED)
photomodulation is a process which modifies cell activity using low energy light
delivered in a specific pattern without thermal effect (Weiss et al., 2005). Weiss
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et al. evaluated 90 patients after a series of 8 treatments with 590 nm LED photo-
modulation delivered over 4 weeks. Ninety percent of subjects demonstrated some
improvement in skin texture or reduction of periorbital rhytids, erythema or pigmen-
tation. Histologic analysis of biopsies demonstrated a 28% average increase in
collagen density and a 4% average reduction of matrixmetalloproteinase (MMP)-1.
No side effects or pain were noted. The GentleWaves LED Photomodulation®
System (Light BioScience, Virginia Beach, VA, USA) received FDA clearance for
the treatment of periorbital rhytids in 2005.

3.2.7  Radiofrequency devices

Radiofrequency (RF) is a newer skin rejuvenation method which has generated
significant interest over the last 5 years. The first radiofrequency device designed for
skin rejuvenation was the monopolar ThermaCool TC™ System (Thermage, Inc.,
Hayward, CA, USA) which utilizes two electrodes on the skin to produce an electric
field (Kelly et al., 1999). Ions and charged molecules within the electric field move
and/or rotate and inherent resistance to this movement causes heat. The epidermis
is protected by a proprietary tip which utilizes cooling spray. The ThermaCool™
System received 510K clearance for non-invasive treatment of periorbital wrinkles
and rhytids but has also been used for cheek, (Alster and Tanzi, 2003) neck, (Tanzi
and Alster, 2003) and brow (Fitzpatrick et al., 2003) lifting.

A multicenter study evaluated 86 subjects up to 6 months after a single treatment
to the periorbital area with the ThermaCool TC™ System (Fitzpatrick et al., 2003).
Objective photographic analysis showed that 61.5% of eyebrows were lifted by
at least 0.5 mm. Three independent reviewers noted improvement of at least 1
Fitzpatrick wrinkle score (a 9-point scale) in 83.2% of subjects and fifty percent of
subjects were satisfied or very satisfied with periorbital wrinkle improvement. Three
patients had small areas of residual scarring at the 6-month follow-up (Fitzpatrick
et al., 2003). Subsequent device and technique improvements have significantly
reduced the incidence of scarring. Another study demonstrated that 14/15 patients
had facial skin tightening induced by the ThermaCool TC™ System. No scarring
was noted in this study (Ruiz-Esparza and Gomez, 2003).

The Aurora™ and the Polaris™ WR (Syneron, Inc., Richmond Hill, Ontario,
Canada) combine bipolar RF and IPL (Aurora™) or bipolar RF and a 900 nm
diode laser (Polaris™ WR) to tighten collagen fibers and reduce wrinkles and
pigmentation. Monopolar and biopolar RF have different mechanisms of action and
likely different clinical effects.

3.2.8 Fractional photothermolysis

In 2004, fractional photothermolysis (Fraxel™, Reliant Technologies, Palo Alto,
CA, USA) was introduced. This novel 1550 nm laser creates localized microscopic
treatment zones (MTZs) of thermal injury in the skin which are surrounded by zones
of normal tissue, limiting damage and allowing more rapid recovery (Manstein
et al., 2004). MTZs typically have a diameter of 100 um and penetrate 300 pm into
the skin. In one study, periorbital treatment of 30 subjects using moderate MTZ
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density (pattern density with spacing of 250 wm or more) improved wrinkle score
by 18% at 3 months, and histology revealed enhanced undulating rete ridges and
increased mucin in the papillary dermis. The procedure was also well tolerated,
with minimal erythema and edema. The study concluded that both efficacy and side
effects are dependent on the shape and location of individual MTZs and on the
pattern in which the MTZs are arranged (Manstein et al., 2004).

Rokhsar et al. (2005) evaluated 12 patients who received 4-5 Fraxel™ treat-
ments to rhytids of the face, neck, or chest at 1-4 week intervals. Improvement
was seen in texture, dyschromia, and wrinkles, and biopsies demonstrated new
collagen formation. Side effects were minimal and were limited to post-treatment
erythema lasting a few days, mild edema, and small linear abrasions which healed
uneventfully.

3.2.9 Cosmetic surgery

The greatest improvement in wrinkles and skin laxity can be achieved with cosmetic
surgery. Natural-looking appearance enhancement is the goal which can be achieved
through a variety of procedures including face-lifts, brow lifts and eyelid surgery.
Enhanced effect is accompanied by increased risk and prolonged recovery. A
more thorough discussion of plastic surgery options is beyond the scope of this
manuscript, but it is useful to note that endoscopically-assisted cosmetic surgery
reduces invasiveness and minimizes recovery time.

4. CONCLUSION

An array of topical and procedural treatments are available to benefit the aging
face. Perhaps the optimal method lies in a combination of treatments which are
complementary and can together achieve an enhanced result. Patients need to be
aware that there are no “quick fixes” or “miracle cures” and that use of cosmeceu-
ticals, medications, and certainly performance of any procedure, is associated with
some risk. Anyone seeking treatment for the aging face should be informed about
their options in order to determine the best approach which will meet their needs
and goals.
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Abstract: Periodontal disease is the most prevalent disease of the oral cavity. The role of aging
in periodontal disease is debatable, but the means of preventing periodontal disease
are available. This article gives an overview of the role of aging on the periodontium,
prevention and therapy of age-related periodontal diseases
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“There are no diseases peculiar to old age and very few from which it
is exempt” — Alfred Worcester (1855-1951).

Apt to the above quotation, age seems to take the blame for many diseases.
Periodontal disease is one such disease where the role of age is still debatable.
Though there are many age-related changes in the oral cavity, by its sheer preva-
lence rate and association with adults, chronic periodontitis (inflammation of the
supporting structures of the tooth) is very highly equated with age. The tooth
supporting structures consist of cementum — a hard tissue covering the root, bone —
forming a socket within which the tooth is placed, the periodontal ligament fibers
connecting the cementum to the bone, and gingiva. Gingiva (gum) is that part of
the oral mucosa that covers the jaws and surrounds the necks of the teeth providing
protection to the above mentioned structures.

One of the earliest proposals was that, the periodontal disease is of a degener-
ative nature. Egyptian, Hebrew and Chinese writings from ancient times mentioned
“long teeth” as an indicator of old age. Some therefore argued, that periodontitis
was a natural consequence of aging. Many other local factors were introduced
later as possible causes for periodontal pathology. In the 1950s and 1960s, plaque
(an organized microbial matrix) and age were suggested as the primary etiological
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factors. The 1998 classification (Armitage, 1999) of periodontal disease made an
extensive list of conditions (which are independent of age) out of which, aggressive
periodontitis and chronic periodontitis formed different ends of the spectrum.
Aggressive periodontitis is one where genetically based defective host factors play
a major role, whereas chronic periodontitis, with genetic factors as a baseline,
requires both microbes and host factors.

Though age was initially proposed as the primary cause of chronic periodon-
titis, it has now been proved beyond doubt that plaque is the primary cause. Is
age an associated factor? No, since plaque present at any age, can cause chronic
periodontitis. Is age a modifying factor? In favor of this is the shift in the microbial
flora of plaque from predominantly actinobacillus to porphyromonas gingivalis
with advancing age (Rodenburg et al., 1990). Finally the question remains “can age
be a risk factor for chronic periodontitis?”’

1. AGE: A RISK FACTOR FOR PERIODONTITIS?

Risk is the probability that an individual gets the specific disease in a given period.
Risk factors may be environmental, behavioral or biological in nature. The extents to
which physiological and pathological changes that accompany aging are due to the
aging process itself or caused by concomitant pathosis, medication usage or social
and environmental changes is debatable (Locker et al., 1998). Nevertheless, since
numerous age-associated changes can be observed in the biochemical, immuno-
logical and physiological processes of periodontal tissues, there are reasonable
grounds to suspect that aging could potentially be a risk factor for periodontal
disease (Papapanou et al., 1989; Ismail et al., 1990).

Periodontal status worsens with age in the general population (Schurch et al.,
1988; Beck, 1996; Papapanou et al., 1988). Degenerative changes related to aging
are due to prolonged exposure to the primary factor (plaque) and other risk factors
over a period of time, which have a cumulative effect. Therefore, periodontitis
is not an inevitable result of only aging: on the contrary it may be a contributing
factor.

Other factors determining susceptibility and severity of periodontitis are:
(i) microbial infection, (ii) host parasite interactions, (iii) external socio-economic
influences, (iv) smoking, (v) systemic diseases, and (vi) stress.

2. MICROBIAL ECOLOGY

Studies have shown a correlation between severity of periodontal disease and
composition of the sub gingival (below the gum) microbiota. Age induced
environmental changes may influence the attachment, growth and metabolisms of
microorganisms. The adhesion of microbes to a surface depends on physical and
chemical reactions. As age advances, surfaces changes take place due to chemical
and physical factors. As the gingiva recedes root dentin, furcations and develop-
mental anomalies get exposed increasing areas vulnerable to plaque attachment.
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In addition, as age advances, an increase in restorations and prosthesis favor more
plaque accumulation. Periodontal disease hence becomes a cumulative one due to
different factors mentioned above making it possible for a shift in the microbial
composition.

3. THE IMMUNE SYSTEM IN THE ELDERLY

In the adaptive immune system, with increasing age cytokines like IL2 are decreased
and cytokines like IL1, TNF alpha and IL6 are increased. This shift in cytokine
levels along with a reduced cellular immunity may be the reason for the increased
periodontitis in older adults. Meydani et al proposed that alterations in T cell
functions identified in elders were in part due to increased levels of free radicals
and membrane lipid per oxidation in cells (Meydani et al., 1995).

4. SYSTEMIC DISEASE AND MEDICATION

Majority of older adults have one or more systemic disease increasing their chances
of being on medication. There is a psychological impact of these conditions on
interest and attention to oral health. The effect of systemic diseases on periodontitis
could be a direct influence on the pathogenesis of the disease, e.g. Diabetes Mellitus
type II or indirectly compromising oral hygiene maintenance by handicapping the
patient’s motor skills, e.g. Stroke/ Parkinsonism. Also the intake of medicines
especially anti-hypertensives, hypoglycemic agents and anti-depressants may induce
mouth dryness (Xerostomia) that may also be associated with increased risk for
periodontitis. According to Beck and Hunt (1985) of the 160 million prescription
drugs, 47% could have direct effects on the oral cavity and 34% may have an
indirect effect.

5. PERIODONTAL MEDICINE

Recent studies have resulted in the development of periodontal medicine, which
indicates that having periodontitis may be a risk indicator for developing systemic
diseases (Mattila, 1993; Taylor et al., 1996). So, it becomes imperative that the
dentist identifies individuals with periodontitis and recommends systemic /medical
evaluation.

6. PREVENTIVE PERIODONTICS IN OLDER ADULTS

Though the objective of periodontal therapy is to get a perfect functional and
aesthetic dentition, sometimes considering the age, it may not be possible to
undertake all the procedures especially extensive surgical procedures to attain this
objective. So under such circumstances, it would be ideal to reduce the microbial
load to make the patient asymptomatic and prevent further damage to the supporting
tissues.
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So the baseline prevention in treatment of chronic periodontitis depends on
elimination of microbes. The gingival inflammation initiated in the second/third
decade of life if left untreated may lead to periodontitis. Though in old age chronic
periodontitis may already be present, preventive procedures can still be carried out
to maintain the inactive stage of the disease, prevent the exacerbation and ultimately
prevent any further loss of periodontal structures.

The following aspects are considered in planning for preventive periodontal
procedures for elderly:

A. Systemic
1. Systemic diseases
2. Medications
3. Attitude
4. Knowledge (awareness)
5. Motor skills of the patient
B. Local
1. Salivary secretion
2. Prosthesis and restorations
3. Exposure of root surfaces
4. Interdental spaces
For the prevention of periodontal disease the following steps are carried out:
Motivation
Education
Tooth Brushing
Oral hygiene aids
Chemotherapy
Dietary functions
Professional Help

Nk v =

6.1 Motivation and education

This is to make the patient understand the concepts of the disease, to change
the habits of the lifetime to adjust the hierarchy of ones belief and practice. In
periodontics, home care by the patients should be emphasized. It is mandatory
that the patients get familiarized with the technique they are supposed to perform
routinely. To educate the patients on the importance of oral hygiene is essential in
the prevention of periodontal disease and indirectly systemic diseases.

6.2 Tooth brushing and oral hygiene aids

Most of the patients would require a soft variety of toothbrush (battery operated
ones could be suggested for stroke patients with lack of dexterity), toothpaste with
fluoride, and desensitizing toothpastes. The use of interdental brushes can help
patients with complaints of food impaction.
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6.3 Chemotherapy

Though brushing is an effective means of removal of plaque, salivary pellicle
formation succeeds 2 hours after brushing. Hence, in between brushing, mouth rinses
would be useful. Several anti plaque agents such as chlorhexidine, Listerine and their
generic counter parts are available for use in different formulations. Chlorhexidine,
a cationic bisguanide with potent bactericidal and bacteriostatic efficiency has been
suggested to aid plaque control in older adults. Chlorhexidine could be particularly
useful for older individuals who take phenytoin, nifedipine & cyclosporine and are
at a risk for gingival hyperplasia. Listerine has also been shown to be an efficient
anti plaque agent but its active ingredients, which comprise of three essential oils
(eucalyptol, thymol & menthol) that are alcohols contraindicates its use in older
adults who suffer from xerostomia.

Fluorides with their anti cariogenic potential are available in several formulations.
Topical fluorides are recommended in the treatment and prevention of dental caries.
Older adults are advised to use fluoridated toothpaste and are sometimes prescribed
topical fluoride gels.

Saliva substitutes, such as artificial saliva are of great use to older adults who
suffer from dry mouth (xerostomia). They are easily used as sprays or swab sticks
and could be used even in patients with compromised psychomotor skills. Patients
with dry mouth may also benefit from sugarless candies and sugarless gums, which
stimulate the flow of saliva.

6.4 Dietary counseling and professional help

Older adults may need diet counseling to aid them take high fiber diet with detergent
action and to discourage them from taking refined soft sticky foods. In addition
professional help may be sought on a regular basis.

7. TREATMENT OF PERIODONTAL DISEASE
IN OLDER ADULTS

The National Health and Nutrition Examination Survey (NHANES) III study has
suggested that the prevalence and severity of periodontitis increase with advancing
age (Albander et al., 1999). Moderate levels of attachment loss are seen in a higher
proportion of older adults: however, severe loss is detected in only a small proportion
of older adults (Locker et al., 1998). Studies have shown an increased annual rate of
destruction of periodontal bone support in individuals of age over 70, which shows
aging and its related problem on their own may marginally increase the destruction
process (Papapanou et al., 1989). Whether it is an age related loss of tissue or an
active disease or a change in the severity, the degree and type of treatment may
differ but all the same, treatment is essential. Healing is not compromised due to
age unless complicated by systemic factors.

Treating periodontal disease in older adults needs a careful approach since in
addition to biological factors, other systemic and socio economic factors are also
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Table 1. Factors to be considered and treatment options

Factors to be considered Treatment options

1. Systemic diseases 1. Surgery

2. Medications 2. Non-surgical

3. Active/inactive state of the disease 3. Antibiotics

4. Socioeconomic 4. Local drug delivery

5. Motor skills

involved? Before starting treatment in older adults, knowledge of their individual
past medical and dental histories is important and a careful examination of the intra
and extra oral structures is also essential. For patients with systemic conditions,
medication for the same would not only influence the treatment plan but also
give an idea about the priority for oral hygiene procedures and the motor skills to
perform the same. Perception, knowledge, socio economic status and attitude may
contribute to it.

Though the objective of the treatment is to improve the esthetics and function,
the ultimate goal of the treatment is to reduce the microbial load since they are
the primary cause for initiation and recurrence of disease. The Table 1 shows the
factors, which have to be considered for treating older adults and the different
treatment options. It can be postulated that with more the factors, lesser are the
treatment options, with treatments of least intensity predominating. In other words,
the factors are inversely proportional to the treatment options.

In the majority of incidences, the four treatment options are desirable though
medically compromised conditions do not contraindicate surgical and regenerative
procedures per se, however when one takes into consideration all the factors by
confounding effect, the treatment options become restricted.

In assessing the risk for undergoing surgical procedures, one can follow the guide-
lines laid down by the American Society of Anesthesiologists (ASA) Classification
of Physical Status (American Society of Anesthesiologists: New classification of
physical status, 1963). Though it is meant for general anesthesia, it can also be
followed for out patient periodontal surgery under local anesthesia (Table 2).

Table 2. American Society of Anesthesiologist (ASA) classification of
physical status

1. A normal healthy patient
A patient with mild systemic disease

3. A patient with severe systemic disease that limits activity but is not
incapacitating

4. A patient with incapacitating systemic disease that is constant threat
to life

5. A moribund patient not expected to survive 24 hours with/without
operation

E. Precede an emergency operation with an E




AGING AND PERIODONTAL 199

8. SUPPORTIVE PERIODONTAL TREATMENT
IN OLDER ADULTS

Supportive periodontal treatment forms an important part of the treatment plan.

Most failures of periodontal therapy such as recurrence of disease are due to the

non-execution of the maintenance program. It is mandatory that the patients be

informed about the significance of supportive periodontal treatment. In one study,

it has been found that in treated cases tooth loss was found to be three times

more in patients who did not return for recall visits. The maintenance phase starts

immediately after the active phase of treatment. According to Kerry (1995) there

are three therapeutic objectives of supportive periodontal treatment:

1. to prevent the progression and recurrence of periodontal disease among
patients who have been previously treated;

2. to reduce the incidence of tooth loss; and

3. to increase the probability of recognizing and treating other diseases and
conditions found in the oral cavity.

These recall visits give an opportunity for dentist to assess the patient’s ability to
follow oral hygiene instructions. Also the dentist is able to carry out non-surgical
procedures to arrest the recurrence and progression of disease and minimize further
loss of tissues.

From the different treatment options given above, in the majority of incidences,
the first four treatment options are desirable though medical compromise does
not contra indicate surgical and regenerative procedures. But when one takes into
consideration all the factors by confounding effect, the treatment options become
restricted. So the periodontal disease starting as plaque- induced gingivitis at regular
intervals are aggravated by different factors till old age at which time the factors
become accumulated ones. In spite of this healing following treatment between
younger and older people do not show any difference.
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Breast cancer is the most prevalent disease and cause of death among women in Northern
Europe and the USA. The incidence rate is still increasing, and despite early diagnosis
and improved treatment, the mortality is still high. Breast cancer is a very heterogeneous
disease and less than 10% of the diagnosed cases are believed to be caused by an
inherited factor. The information on tumor specific genomic alterations has dramatically
increased during the past decade, and seen in relation to the effect on survival and
treatment efficiency, these genomic changes may prove to act as prognostic and predictive
factors. The introduction of methods to screen the entire genome for alterations has led to
important knowledge of tumor biology, progression and targets of therapy. This chapter
describes the different kinds of genomic alterations found in the tumor, the methods
to assess them and examples of correlations between the changes and prognostic or
predictive parameters

Breast Cancer, Genomic Alterations, Prognostic Marker, Predictive Marker, Genome-
wide Screening

1. INTRODUCTION

Breast cancer is the most common malignancy and second leading cause of death
among women in Europe and the USA. The annual incidence has increased over
the past two decades to an estimated 1 million new cases worldwide and has
not yet stagnated. Especially after the menopause, the breast cancer incidence, is
five to ten folds higher in Northern Europe and Northern America than in Africa,
South America and the Far East (Parkin et al., 1999). The mortality is presently
declining, due to screening programs leading to early diagnosis and improved,
efficient treatment (Jatoi and Miller, 2003).
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So far, there is evidence that less than 10% of breast cancer incidents are of
inherited origin in which the disease segregates in Mendelian way, leaving the vast
majority of incidents to be caused by other factors. Two high penetrant genes of
BRCAL1 and BRCA?2 have been characterized, and together with the contribution of
breast cancer incidences from other inherited cancer syndromes like: Li-Fraumeni
(pS3), Ataxia-telangiectasia (ATM), the Cowden disease (PTEN), Peutz-Jeghers
syndrome (LKB1/STK11) and mutations in CHK2 they all account for 20-30% of
the familiar aggregation of breast cancer (Heikkinen et al., 2005). Still, there are
families with an accumulation of breast cancer incidences, in which no disease-
causing mutation has been identified. Therefore, other genes must be involved
in the inherited form of breast cancer, and these genes are likely to be of low
penetrance, recessive inheritance, and the loss of function could be dependent on
other/secondary genomic variations (Weber and Nathanson, 2000; Pharoah et al.,
2002). Due to low penetrance these genes may prove useful as diagnostic, prognostic
and predictive markers, also in the group of patients suffering from primary somatic
breast cancer.

The incidence of somatic breast cancer is still increasing and several risk factors
have been identified through epidemiological studies. Living in Northern Europe
or Northern America, age, height, socioeconomic status, history of benign breast
disease and high mammographic breast density, reproductive events (early age
of menarche, late first pregnancy, no breast feeding, late menopause), exogenous
hormones (menopausal hormone replacement, oral contraceptives) and life-style
(lack of exercise, alcohol intake, obesity) are well-documented risk factors (Waard
and Thijssen, 2005). A comprehensive study of 99,500 premenopausal women
showed no significant effect of exercise on the risk of breast cancer, indicating that
the positive effect may increase by age (Margolis et al., 2005).

It has become increasingly clear that the individual genetic profile is a strong risk
factor, and low-penetrance cancer susceptibility genes influenced by endogenous
and life-style risk factors may account for the majority of the somatic breast cancer
incidences. The rapid growing amount of information about genomic variations,
within and between ethnic populations, correlated to known risk factors and infor-
mation on tumor specific genomic variations will prove a powerful tool in the
diagnosis and treatment of cancer patients.

Screening programs and the high level of information on cancer in general have
contributed to the diagnosis of an increased number of early-stage breast tumors.
There is, though, an urgent need for new strong prognostic markers based on the
genetic profile of the individual breast tumor not only to predict the outcome of
the disease, but also to link the genetic profile to the tissue affected by the distant
metastases. Patients with tumors classified by classical risk assessment including
tumor size, axillary node involvement, estrogen receptor (ER) status, grade, and
HER-2 status may present a completely different outcome than patients undergoing
genetic profiling as risk assessment.

The generation of large-scale gene expression profiles of breast tumors has made
it possible to divide tumors into subgroups, each with a distinct phenotype and
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prognostic outcome. Prospective studies have shown that node negative patients
could be divided into two distinct groups based on the gene expression profile of
their tumor. The group with a “low-risk” profile had a 96% probability of survival
and a 87% likelihood of disease-free survival for 10 years without receiving adjuvant
therapy. In contrast, the group with a “high-risk” profile had a 50% probability of
overall survival and a 48% likelihood of disease-free survival for 10 years without
treatment (van de Vijver et al., 2002). The genetic profile of a tumor will eventually
become strong prognostic and predictive markers in the selection of patients who
will benefit from therapy, especially in the light of current international guidelines
recommending systemic adjuvant therapy for up to 85-90% of the node negative
patients (Eifel et al., 2001; Goldhirsch et al., 2003).

As breast cancer is a very heterogeneous disease, it is of major importance to
have strong prognostic and predictive markers to characterize each tumor and to
assess its ability to metastasize, despite the lack of local metastases at the time
of diagnosis, and to select the optimal treatment for each individual patient. There
is a special need to identify strong prognostic markers to evaluate the outcome
of patients with node negative tumors and to divide this group of patients into
long-term survivors or early disease-related deaths on the basis of tumor specific
genomic aberrations. This is of importance to provide the most efficient treatment
for the group with poor prognosis as well as to limit unnecessary treatment to a
minimum.

It is recommended that prognostic markers based on the individual genetic profile
of a tumor are combined with current clinico-patological and histological markers.
The laboratory techniques should be straightforward and low cost to apply in
hospital regis.

The aim of this chapter is to discuss future perspectives towards the estab-
lishment of an individual tumor specific genetic profile. Prior to this, a short intro-
duction will be made to the currently available prognostic and predictive markers
with the main focus on the molecular genetic markers and the methods applied to
determine them.

2. PROGNOSTIC AND PREDICTIVE MARKERS
IN BREAST CANCER

A prognostic marker is defined as a characteristic of the patient or the tumor
correlated with the natural history of the disease. The prognostic marker must be
measurable at the time of diagnosis and before the systemic adjuvant therapy is
applied. By correlation with disease-free or overall survival the marker can be used
to predict the risk of recurrence in the absence of therapy.

The nature of a prognostic marker is highly variable, from the age of the patient,
the size of the tumor to the presence of hormone receptors at the cell surface,
spread of the cancer to the lymph nodes or distant organs and the histological
characteristics of the tumor. These traditional markers are well established and
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have been used clinically over decades. The risk assessments derive from large
randomized prospective trials with a sufficient follow-up of 10 years or more.

A predictive marker is defined as any measurement that can be correlated to
the outcome of a given therapy. The classical example in breast cancer is ER
and HER2/neu status, both being prognostic of survival and predictive of hormone
receptor targeting therapies, since the expression level provides information on both
aggressiveness and tumor specific treatment.

In clinical practice there are examples of economic limitations that prevent
markers from being used even if the prognostic or predictive marker is fulfilling
all criteria for implementation. Where implemented, it is of major importance
that the technology is adequate enough to provide uniform results under different
conditions in laboratories worldwide. The ideal marker is analyzed by use of
standard hospital equipment, unambiguous to evaluate and economically feasible
for a hospital budget. The source could be a blood sample or tumor tissue from
a biopsy taken prior to surgery, which makes the result available for evaluation
together with the clinical, pathological markers. DNA is easily extracted from both
blood and tumor tissue, it is stable and remains undegraded for days in a crude
blood sample. A very low amount of either DNA or RNA is needed for the majority
of analyzes and could be from only a few cells. Contamination of the tumor sample
by non-malignant cells is an important issue that can be avoided by micro dissection
and subsequent isolation of malignant cells. The procedure demands specialized
equipment and the outcome is limited but of a high quality.

3. PROGNOSTIC AND PREDICTIVE MOLECULAR
GENETIC MARKERS

3.1 Selected molecular markers in clinical use

The genes described below are characterized by being both prognostic and predictive
markers for aggressive tumor growth and poor prognosis in association with overex-
pression of the gene. The HER-2 marker is described in detail, whereas the charac-
teristics of Cyclin E, COX-2, TOP2A, uPA and PAI-1are briefly mentioned.

3.1.1 HER-2/neu or c-erbB-2

The proto-oncogene HER-2 encodes a transmembrane tyrosine kinase cell surface
growth receptor with substantial homology to the epidermal growth factor
receptor and is expressed on normal epithelial cells. The gene is located at
chromosome 17q12-q21.1 (www.ncbi.nlm.nih.gov and http://genome.ucsc.edu).
HER-2 is overexpressed in 10-34% of primary breast carcinomas, due to a 2 to >20
fold amplification of the gene. (summarized in a review of 47 published studies
comprising 15,248 breast cancer patients) (Ross and Fletcher, 1998). The ampli-
fication and overexpression of HER-2 can, in addition, be linked to the disease
outcome of other neoplasms like ovarian, gastrointestinal, pulmonary, genitourinary
and adenocarcinomas of the salivary gland.
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Overexpression of HER-2 is a strong prognostic and predictive marker for
both node-negative and node-positive breast cancer patients. HER-2 overexpression
correlates with markers that define an aggressive tumor phenotype like: positive
axillary lymph nodes, high tumor grading, lack of estrogen receptors, DNA
aneuploidy, a high S-phase fraction, vascular invasion, p53 positive and a short
overall survival (Pinto et al., 2005; Fusun et al., 2005). Importantly, the HER-2
expression level is an independent marker for recurrence in node-negative patients.
Any level of overexpression in node-negative patients increased the risk of recur-
rence by a factor of 3.0 and 9.5 (p = 0.0001) for the group with a high level
of overexpression, when compared with node-negative patients without HER-2
overexpression (Press et al., 1993).

HER-2+/ER+ patients are less likely to respond to hormone treatment and have
a shorter survival time than HER-2-/ER+ patients (p = 0.0001) (Leitzel et al.,
1995). Furthermore, overexpression of HER-2 correlates with chemosensitivity and
resistance towards the antiestrogen tamoxifen in advanced disease (Pegram et al.,
1997; De Placido et al., 2003).

Over the years, many different techniques have been used to evaluate the level of
HER-2 expression in tumor tissue from Southern blot, PCR amplification, immuno-
histochemistry (IHC), chromogenic in situ hybridization (CISH) and fluorescence in
situ hybridization (FISH) (Dressler et al., 2005; Dandachi et al., 2004; Press et al.,
2002). The influence of the choice of method is reflected by the highly variable
results obtained from different studies on the correlation between HER-2 overex-
pression and prognosis (Ross and Fletcher, 1998). Selection of the method should
be based upon evaluation of the available tumor material. If paraffin embedded
tissue is used, the age of the sample, temperature and time of tissue fixation are
important for accurate measurement of quality and amount of the HER-2 protein.
A wide variation in antibody sensitivity is seen among different commercially
available antibodies as well as in relation to how the paraffin embedded tissue
is fixed (Busmanis et al., 1994; Press et al., 1994). Optimal results are obtained
with ITHC methods using fresh or frozen tumor tissue. Consensus between different
studies and large prospective studies are particularly reached using FISH, which is
highly reproducible and reliable, because the DNA is more resistant than proteins
to the different preservation technologies of the tumor material (Press et al., 2002).

For breast cancer FISH analysis indicates that HER-2 amplification status is
consistent in the primary tumor, in locoregional or distant metastasis. Furthermore,
Gong et al. found that chemotherapy did not change the HER-2 status in the
metastases which is important in relation to analysis of the malignant tissue available
for diagnosis (Gong et al., 2005).

Herceptin (trastuzumab), a humanized monoclonal antibody to target the HER-2
receptor launched in 1998, is implied in a large number of clinical studies.
Trastuzumab is applied to patients with overexpression of HER-2 either as a single-
agent therapy or in combination with chemotherapy in which the effect is signifi-
cantly higher (Rueckert et al., 2005; Emens, 2005). The effect on metastatic breast
cancer results in an improved response rate, time until progression and duration of
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response and overall survival as well as improved quality of life. Unfortunately, a
subset of patients suffered from myocardial toxicity (reviewed by Gasparini et al.,
2005), otherwise trastuzumab is generally well-tolerated.

3.1.2 COX-2

Cyclooxygenases (COX) are key enzymes in the conversion of arachidonic acid to
prostaglandins, and the expression of cyclooxigenase-2 (COX-2) is related to angio-
genesis and associated with tumor aggressiveness like: tumor size, axillary node
metastasis, hormone receptor negative tumors and HER-2 amplification. Increased
expression of COX-2 is detected in preinvasive and invasive tumors with a poor
prognosis (Arun and Goss, 2004). COX-2 inhibitors are being used in clinical trials
with promising results.

3.1.3 Cyclin E

Cyclin E forms a complex with cdk2 regulating the G1 to S-phase transition. Cyclin
E is found overexpressed in breast tumors (up to 64-fold), and the protein was
found to be the strongest, independent prognostic marker for survival in stages
I-1II tumors (Keyomarsi, 2002). Cyclin E is a predictive marker for the response
to chemotherapy and to hormone treatment, since overexpression of Cyclin E
increased the sensitivity of the tumor to cisplatin in combination with paclitaxel
(Smith and Seo, 2000). Resistance has been detected towards antiestrogens in
tumors overexpression cyclin E, but these tumors may benefit from therapy with
cdk? inhibitors (Akli and Keyomarsi, 2004; Hunt and Keyomarsi, 2005).

3.1.4 TOPO II/TOP2A

Topoisomerase 11 alpha (TOPO II/TOP2A) is situated close to HER-2 at
chromosome 17q21-q22 and catalyzes the relaxation of supercoiled DNA molecules,
catenation, decatenation, knotting and unknotting of circular DNA. TOP2A is
commonly coamplified with HER-2, and the amplification level is a predictive
marker for patients with advanced breast cancer (Hicks and Tubbs, 2005). Treatment
with doxorubicin rather than docetaxel provides a higher probability of response in
tumors with more than 10% cells expressing TOP2A (Durbecq, 2004).

3.1.5 uPA and PAI-1

Urokinase-Type Plasminogen Activator (uPA) and its inhibitor Plasminogen
Activator Inhibitor Type 1 (PAI-1) play an essential role in solid tumor growth,
invasion and metastasis. A low level of uPA and PAI-1 correlates with a very
favorable prognosis, whereas a high level denotes reduced recurrence-free survival
and overall survival. The expression of uPA and PAI-1 is especially suitable to
distinguish between the groups of node-negative patients who could be spared from
the adjuvant therapy and those who have a high risk of recurrence that would clearly
benefit from early therapy (Harbeck et al., 2004; Manders et al., 2004).
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4. SINGLE NUCLEOTIDE ABERRATIONS
4.1 Tumor suppressor genes (TSG)

The existence of genes able to suppress tumor growth was suggested by Harris
et al. (1969) after fusion of malignant and non-malignant cells which resulted in
suppression of the malignant phenotype in the hybrid cells.

The recessive trait of a tumor suppressor gene (TSG) was based on Knudson’s
hypothesis that both alleles of a gene should be silenced to induce tumorigenesis.

Studies of the rare disease of Retinoblastoma that causes eye tumors in young
children, led to the first TSG two hit model (revised by Knudson, 2001) (Knudson,
2001). An inherited mutation silencing one allele of RBI was the initial hit. During
embryogenesis or early in life a deletion or mutation affecting the second allele
in one somatic cell may functionally silence RB/ and lead to retinoblastoma. The
two hit events are confirmed for TSGs involved in inherited cancer diseases as
for example: BRCAI, BRCA?2 in breast cancer, MSH2, MLHI in hereditary non-
polyposis colon cancer, APC in familial adenomatosis polyposis colon cancer and
p53 in Li Fraumeni syndrome. These diseases are characterized by early onset
and a high life time risk of cancer due to a dominant inheritance. Retinoblastoma
patients with a family history of the disease had a high risk of developing bilateral
retinoblastoma as well as secondary malignancies. In contrast, patients with non-
inherited retinoblastoma usually presented an unilateral disease and no secondary
malignancies. This supports the model, instead of a germ-line mutation RB1 was hit
by two different events in just one somatic cell, silencing both alleles and initiating
tumor growth.

A model for a multi-step development of colon cancer was proposed by Fearon
and Vogelstein in which allelic loss or a mutation in one tumor suppressor gene
may initiate a chain of genetic events eventually leading to uncontrolled cell growth
(Fearon and Vogelstein, 1990; Fodde and Smits, 2001).

Over the years it became evident that not all tumor suppressor genes could fit
into this two-hit model.

For an increasing number of genes sufficient expression (to obtain a normal
function in the cell) cannot be obtained from only one intact allele (a hemizygous
state). A functional transcript should be provided from both alleles to produce a
normal phenotype (haploinsuiffiency) (Quon and Berns, 2001).

TSGs are described as guardians of the genome as well as gatekeepers and
caretakers of cell cycle check points. This refers to the important function in
different cell maintenance processes like DNA repair, cell adhesion and apoptosis.

TSGs involved in the maintenance of the genome by DNA repair and preservation
of both chromosome number and integrity are named “caretakers”. Disruption of
the function as caretaker gene increases genomic instability, allowing additional
mutations in other TSGs and thereby pushing the cell further towards uncontrolled
growth. Functional failure of a caretaker gene cannot be reverted by reconstitution
of the gene in contrast to another group of TSGs, the gatekeepers. Gatekeeper
genes are important for keeping a constant number of cells in a specific tissue,
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and they play an important part in controlling the cell cycle. Mutations in a
gatekeeper gene, abolishing one pathway to apoptosis, will lead to a displaced
balance between cell renewal and cell death. A balanced cell number is maintained,
despite mutations in other genes, if the function of a gatekeeper gene is normal
(Kinzler and Vogelstein, 1996).

TSGs are difficult to target with anticancer therapy due to their loss of function in
tumor cells in contrast to oncogenes characterized by gain of function. Instead, TSGs
are suitable for genetic profiling and prognostic markers as their loss of function can
be determined directly on the genomic level by numerous well-established methods.

4.2 Mutations

Mutation analysis for diagnostic purpose exists for BRCA1l and BRCA2, to
establish the inherited predisposition to breast cancer. A substantial amount of
tumor suppressor genes have been analyzed for mutations in somatic breast tumors.
The effect of a disease-causing mutation can be evaluated by correlation studies
with prognostic parameters, association studies with control populations and by
functional studies of the effect on protein level.

A large spectrum of methods is available for mutation detection. The methods
can roughly be divided into two categories depending on whether the mutation is
known or not. A known mutation could be a single, rare nucleotide substitution
or polymorphism (SNP), a minor deletion or insertion. The semiautomatic primer
extension method is widely used for genotyping of a single nucleotide substitution,
since multiple analyses can be performed in one reaction, the results can be assessed
by automated capillary electrophoresis and easily evaluated via specific software.
The method is based upon the principles behind the Sanger sequencing, one primer
is constructed to anneal the 3’ terminal nucleotide to the nucleotide preceding the
mutation. The primer is extended by a polymerase reaction containing dideoxynu-
cleotides labeled with base-specific fluorescent dye. The primers to assess each
mutation differ by length, and after separation by electrophoresis the genotypes are
determined by the fluorescent color of each extended primer.

Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF) is an efficient method that allows a high throughput, accurate SNP
discovery and sequence validation (Smylie et al., 2004; Nelson et al., 2004). DNA
fragments up to 450 bp can be analyzed. The principle is based on primer extension:
once the primer is annealed, the strand is extended by incorporating dNTPs. The
5’ phosphodiester bonds of each newly incorporated pyrimidine nucleotide are
replaced by acid-labile phosphoamidite (P-N) bonds. The template strand is attached
to magnetic beads through biotin-streptavidin binding. The P-N bonds are cleaved
by hydrolysis and the small fragments are subjected to MALDI-TOF, separating
the fragments according to size. The technique requires specific equipment, but is
hereafter cost-effective.

A large variety of methods are available for detection of unknown mutations in
a DNA fragment. Most methods to detect an unknown mutation are based on the
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formation of heteroduplexes and the denaturing conditions necessary to separate
either of the two DNA strands from the hetero- and homoduplexes. Denaturing
Gradient Gel Electrophoresis (DGGE) and Denaturing High Performance Liquid
Chromatography (DHPLC) are based upon the principle that separation of the two
DNA strands in a heteroduplex is faster than in a homoduplex. The DHPLC is
automated and software is available to calculate the denaturing conditions suitable
for each DNA fragment. The method has several pitfalls, it is important to analyze
the same DNA fragment under different denaturing conditions, especially the
temperature is important, as two different mutations in the same analyzed fragment
may require different conditions to denature. DHPLC is very efficient, once the
analysis conditions for specific DNA fragments and mutations are established, a
large amount of samples can be analyzed within a limited time.

Chemical Cleavage of Mismatches (CCM) is based on the principles of Maxam
and Gilbert sequencing. Initially, OsO, was used to modify a mispaired thymine
and hydroxylamine a mispaired cytosine in a heteroduplex. The sugar phosphate
backbone was cleaved at the modified bases, and the length of each fragment
measured by gel electrophoresis. The length of each fragment combined with the
chemical that successfully modified a base led to a very precise prediction of the
nature and location of the mutation (Cotton et al., 1988). The method is now
modified; KMnO, substitutes OsO,, the DNA fragments are labeled by fluorescent
dyes to detect the cleaved fragments by automated electrophoresis (Hansen et al.,
2003). CCM has proved very reliable, close to 100% of all mutations are found,
even if the mutated DNA accounts for only 5% of the total DNA content in the
sample, and more than one mutation can be detected at the same time in the same
DNA fragment (Hansen et al., 1996).

DNA sequencing is often referred to as the ultimate mutation detection method,
but for most tumor samples the presence of non-malignant tissue may reduce the
tumor-specific mutation to being indistinguishable from the background (noise).
Therefore, it is very important to use two different methods to assess a new mutation,
a sensitive mutation detection method followed by verification of the mutation by
DNA sequencing.

In research it is important to use the most sensitive mutation detection method
to be sure to find all tumor-specific and germ-line mutations independent of the
nature of the variation to evaluate the impact of the mutation on the development
and progression of the tumor. Once the mutation is characterized, the DHPLC is an
efficient method to screen a large number of samples for the known mutation. The
optimal analysis conditions are stored in the software and are easy to access also
for diagnosis of only a few samples.

4.3 Mutations in a TSG with a prognostic value

The tumor suppressor gene p53 is located at chromosome 17pl13.1, a region
commonly deleted in breast tumors. p53 is probably the most well-described TSG
and has undergone intensive research through more than 25 years. p53 is called
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the guardian of the genome, a multifunctional protein involved in cell cycle arrest,
DNA repair, apoptosis and differentiation. The gene is activated in cells under
stress like irradiation, hypoxia, DNA damage and virus infection thereby leading
to the protection of the cell by inducing a long-range of genes involved in different
pathways.

p53 is mutated in 50% of cancers and germline mutations in p53 results in the
multi-cancer Li-Fraumeni Syndrom disease. Mutations in p53 are found in 25% of
all breast tumors and are associated with an aggressive tumor phenotype involving: a
high histological grade, aneuploidy, a high mitotic index, ER and PgR negative cells.

pS3 status has been evaluated by mutation detection, direct sequencing and
immunohistochemistry methods. The results are in disagreement as to the prognostic
value of p53 mutations, especially when the immunohistochemical methods have
been used, reviewed in (Ross et al., 2004). Discrepancies are also found when p53 is
evaluated as a predictive marker. Studies on metastatic breast cancer have led to an
association between p53 mutations and resistance to hormone and adjuvant, neoad-
juvant and combination chemotherapy whereas other studies find no association
(reviewed in Ross et al., 2004).

These results reflect the difficulty of using mutation status as a prognostic or
predictive marker. To evaluate the effect of a mutation on the protein level, an
extensive number of different mutations, spread along the entire gene must each be
associated with the impact on the protein activity. Even if the protein is detected
by immunohistochemistry methods, nothing is known about the activity/efficiency
of this protein, or if it is capable of withholding the normal functions in the cell.
Studies comparing the nature of the mutation to prognosis have found subgroups of
sequence variations, which correlates significantly to disease-free survival (Bergh
et al., 1995; Alsner et al., 2000; Borresen et al., 1995)

Overexpression of p53 induces apoptosis, which points at p53 as an interesting
target for therapy.

A long-range of proto-oncogenes and TSGs have been analyzed for mutations.
Despite extensive studies a limited number of mutations have a prognostic value.
de Jong et al. reviewed 34 polymorphisms in 18 different genes and found an
association to breast cancer risk for 13 polymorphisms in 10 genes (de Jong et al.,
2005). Among these specific polymorphisms in p53, ER and PgR are associated
with a decreased risk of breast cancer, whereas mutations in HRAS, GSTM1 and
CYP19 increased the risk of breast cancer. Polymorphisms in genes involved in
DNA repair like XRCC1, XRCC3, ERCC4/XPF, BRCA2 and RALI either alone
or in combination are associated with an increased risk (Dumitrescu and Cotarla,
2005; Nexo et al., 2003).

44 Single nucleotide polymorphism (SNP)

The most frequent variation within the genome is the SNPs. The estimated frequency
for SNPs with an allelic frequency exceeding 1% is one in 300 bp (Kruglyak and
Nickerson, 2001; Judson and Stephens, 2001; Reich et al., 2003. Of the predicted
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30 million genomic SNPs it is estimated that 100-300,000 are nonsynonymous and
that each person carries between 24 and 40,000 nonsynonymous SNPs (Cargill et al.,
1999). More than two million SNPs have been identified and reported to databases,
and more than one million SNPs have been fully characterized via genotypes in
269 DNA samples from four different populations as part of the HapMap project
(Altshuler et al., 2005), (http://www.ncbi.nlm.nih.gov/SNP/).

When a population based study is set up with the purpose of finding new suscep-
tibility genes for the disease or new genotypes significantly associated with disease
risk, progression or survival, the difficulty is how to choose among this growing
number of SNPs. The majority of SNPs in public databases are not validated in
large populations, the level of polymorphism therefore being unknown. A genotype
variation ranging between 0—24% was found in a case-control study of the HER-2
SNP 1655V in different populations (Ameyaw et al., 2002). It may be necessary to
screen the selected SNPs in a small number of individuals to distinguish between
true polymorphic SNPs and rare nucleotide substitutes. For large-scale studies the
selection of highly polymorphic SNPs is important to assure the most optimal
result. Nelson et al. constructed arrays to analyze SNPs selected for a minor allele
frequency >2% and for being located within 10 kb of 66% of all known or predicted
genes in the human genome (Nelson et al., 2004). Of the initial 204,200 SNPs
extracted from public databases, fulfilling the criteria and providing a result, only
125,799 were polymorphic in the analyzed population (61.6%).

To establish selective criterias for choosing informative SNPs, 166 molecular
epidemiological studies of 46 SNPs in 39 different cancer-related genes were
evaluated, including 355 nonsynonymous SNPs from 90 DNA repair genes in
which 103 SNPs were found to alter an amino acid in a position which is highly
conserved among species. The authors found a significant association between the
odds ratio for cancer risk and the conservation level among different species of the
SNP (Zhu et al., 2004). This study is important, and implemented in the choice of
targets for array-based SNP analyses the obtained results may be highly specific
and informative.

The methods available for mutation detection can be used to assess the SNP
genotypes. The methods can be divided into two groups depending on whether the
SNP is well characterized or the search is for new SNPs. Methods used to search
for unknown mutations will eventually identify new SNPs, and especially in large-
population based studies it is evident if the frequency of the mutation exceeds 1%.
The primer extension and mass spectrometry-based method of MALDI-TOF are
widely used for detection of known SNPs and described in the mutation section.
The MALDI-TOF is suitable for large-scale analysis.

The increasing numbers of SNPs require large-scale genotyping. The
oligonucleotide-based array methodology meets this demand, a large number of
SNPs can be genotyped at a time, using highly specific arrays directed towards
prognosis and therapy.

A single nucleotide deletion or insertion is also considered a SNP if the polymor-
phism rate exceeds 1%. These variations can be measured by the difference in
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length of the affected region. One example of a fragment length polymorphism is
the presence of one or two guanines in the promotor region of MMP-1. This SNP
is adjacent to an acceptor protein (AP-1) site and the presence of two guanines
enhances the transcription of MMP-1, whereas the same AP-1 site mediates a
decrease in the transcription level when only one guanine is present. The high
level of MMP-1 transcription is likely to contribute to the invasive potential of the
analyzed breast cell lines. (Tower et al., 2003). A case-control study could provide
interesting results on the prognostic effect of this SNP.

Tri-nucleotide repeat expansion is well known from diseases as Fragile X,
Myotonic Dystrophy and Chorea Huntington. A number of tri-nucleotide repeats
are positioned in the coding region of the gene, and expansion or shrinkage of such
a repeat has a very dramatic effect on the protein. Especially huntingtin, the Chorea
Huntington disease gene, is known to expand with several hundred additional
repeats. Some tri-nucleotide repeats are positioned outside the coding region in
the 3’ or 5’ end of the gene. Expansion of these repeats may affect regulatory
elements and thereby the transcription of the mRNA level. The androgen receptor
contains two coding tri-nucleotide repeats, a CAG and a GGC repeat. Expansion
to more than 28 repeats is associated with early onset in BRCAI1 or 2 carriers,
and breast cancer patients in this study all carried one allele with more than 29
CAG repeats. This assocation could not be confirmed in Jewish BRCA1-2 carriers
(Rebbeck et al., 1999; Dagan et al., 2002). In sporadic breast and prostate cancer a
weak association is found between short alleles of the CAG repeat, positive lymph
nodes and reduced survival (Yu et al., 2000). A short repeat length of the GGC
sequence can be associated with a reduced risk of breast cancer in young women
(Suter et al., 2003).

Despite the growing number of epidemiologic based studies on the association
between genotype variations within coding and regulatory regions of the genome
and prognostic parameters, only a few SNPs have been found to be statistically
strong predictors of breast cancer risk and survival. In a large-scale case-control
study 25,000 SNPs were selected from the 125,799 SNP array previously described
in (Nelson et al., 2004). These SNPs were located within 10kb of 13,735 genes and
95% had a minor allele frequency larger than 0.1. The genotypes were analyzed in
254 German breast cancer patients and 268 age-matched women without malignant
disease. One marker at 14q24.3-q31.1 was weakly associated with breast cancer
status. High density mapping of the region defined a SNP in intron 1 of the zinc-
finger gene DPF3/CERD4 for which the genotype correlated significantly to breast
cancer status (OR = 1.6, P = 0.003), increased lymph node metastases (p = 0.006),
age of onset (P =0.01) and tumor size (P = 0.01). (Hoyal et al., 2005). A similar
study of 25,000 SNPs in approximately 16,000 genes identified a strong association
between the SNP variations in a 20 Kb region at chromosome 19p13.2 and risk
of breast and prostate cancer. The association was strongest in individuals with
a family history of breast cancer (OR =3.4, P =0.001). A detailed mapping of
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the region identified one SNP within ICAM)5 that associated strongly with disease
progression and prognosis (Kammerer et al., 2004).

The creation of a haplotype within a single gene or spanning a narrow chromo-
somal region may prove to be a strong prognostic marker. The genotype frequencies
of F31I in the Aurora-A gene were predicted to have a functional impact, but
no variation was found between a breast cancer and a control population. When
combined with multiple SNPs in the Aurora-A gene a specific haplotype associated
strongly with breast cancer risk. Within this haplotype, the putative at risk genotype
Ile31 was more frequent in the subgroup of women carrying a higher risk of breast
cancer than in the low risk group (Lo et al., 2005). The genotype frequencies in a
small breast cancer and control cohort from Taiwan were determined for three silent
SNPs in the ER-alpha gene. The genotype frequencies were significantly different
in the two groups and associated to the presence of lymph node metastasis (Hsiao
et al., 2004).

The importance of creating a haplotype instead of focusing on a single SNP
is illustrated by the extensive studies in different breast cancer populations of the
HER-2 SNP 1655V, in which no conclusive results have been obtained. In order to
reach a statistically significant conclusion six of 29 polymorphic SNPs were chosen
in the HER-2 gene, including the missense mutations of 1655V and A1170P, due
to a high degree of polymorphism established for each SNP in a control cohort.
The six SNPs could be assigned to one haplotype block due to strong linkage
disequilibrium. Alone, each SNP genotype did not correlate with any prognostic
parameter, but the tumor specific protein expression of HER-2 was increased 1.5
fold (p = 0.009) and the disease outcome was worse (p = 0.032) in the patients
carrying the specific haplotype (Han et al., 2005). Five common SNPs in HER-2
were analyzed in large British breast cancer and control cohorts leading to the
conclusion that these polymorphisms are not contributing to the predisposition of
breast cancer in this population. Only two missense SNPs were alike in the two
studies (Benusiglio et al., 2005).

SNPs are highly valuable as risk predictors, prognostic markers and as a tool
to discover new tumor suppressor genes via haplotype determination of linkage
disequilibrium. They are easy to assess, either as single SNPs or in large-scale
studies, and they contain a high level of information. Haplotypes created from
SNPs present in the same pathway may become strong prognostic markers and lead
to further identification of new genes possessing a strong prognostic potential for
breast cancer.

The attempt to use SNPs in HER-2 as prognostic markers is a good example of
how difficult it can be to identify new statistically convincing prognostic markers.
One SNP genotype may be a strong predictor in one population but have no
statistical effect in another. The allele frequency of one SNP may vary tremendously
in different populations from a conserved homozygous to minor allele frequencies
of 0.25. Instead of analyzing one candidate SNP, the result may have a strong
significance if a haplotype across the susceptibility gene is analyzed. Large-scale
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studies have proven successful to identify new SNPs with a strong prognostic value;
the extensive number of results derived from thousands of SNPs analyzed in large
cohorts makes the statistical calculations very strong.

5. CHROMOSOMAL DELETIONS OR AMPLIFICATIONS
5.1 Loss of heterozygosity (LOH)

Somatic LOH or allelic imbalance (AI) has been used to search for new tumor
suppressor gene loci, based on Knudson’s theory (1971) that both alleles of a TS
gene are transcriptionally silenced by two different events to exert the tumorigenic
effect (Knudson, 2001). One possibility could be an inherited mutation to knockout
the functional product from one allele in all cells of the body followed by a tumor-
specific deletion of the second allele. The picture, though, is probably (likely to be)
much more complex; the primary event does not have to be an inherited mutation
as initially suggested, but a hit to the genome in one or few cells could be caused
by an environmental factor, as chemicals damaging the DNA (chemotherapy, etc)
or radiation as UV radiation from the sun. This hit may not affect the (over all)
function of the cell but slightly increase the instability of its genome leading to
secondary lesions to the genome.

LOH analysis is excellent to either screen a whole chromosome for regions that
may contain new tumor suppressor genes or to map small well-defined regions
in detail to further locate the susceptibility gene. There are, though, several pit-
falls to consider using the different methods to measure the allelic imbalance in a
locus.

The principle of assessment of LOH is based on a measurement of the quantitative
difference between two alleles in the tumor when compared with the same alleles
in non-malignant tissue from the same patient (Hansen and Justesen, 2003). Highly
polymorphic microsatellite markers (simple tandem repeats, STRs), preferentially
di-, tri- or tetra nucleotide repeats or SNPs are useful markers for this analysis.
Mononucleotide repeats should be avoided since the profile after electrophoresis
makes it difficult to interpret each allele. STRs are scattered over the genome with
a very high frequency.

Different approaches can be used to select new STRs. The Human Genome
Browser (http:/genome.cse.ucsc.edu) provides a map of polymorphic STRs at their
genomic position, all information concerning primer sequences, allele number and
frequency.

For screening whole chromosome arms, the markers can be selected with a mutual
distance of 5-10cM. Once a region has been identified and the search is for the
susceptibility gene, the sequence of each gene and the close flanking region can be
screened for STRs. LOH analysis of intragenic STRs provides direct information on
the genomic lesions of the genes in the region, and in association with prognostic
parameters of the patient cohort single genes can be picked and further analyzed
for the implication in carcinogenesis.
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The STR and flanking region is PCR amplified, using DNA from both malignant
and non-malignant tissue from each patient. One primer is labeled with a fluorescent
dye and the product can be analyzed via capillary electrophoresis. These PCR
reactions can be multiplexed with 4-5 reactions in one tube and further pooled for
electrophoresis with 10-15 other STRs. Software is available for calculation of the
ratio between the alleles from the tumor and wild type (Hansen and Justesen, 2003).
The final conclusion depends on where the cut-off level between LOH and retention
of the alleles is defined. The optimal sample is the micro-dissected tumor tissue
without traces of non-malignant cells, but the majority of studies are made on tumor
tissue containing a certain fraction of non-malignant cells. The cut-off level should
be evaluated for each tumor type and for each analyzed panel since the amount of
non-malignant cells may vary between different panels. The cut-off level described
in the literature varies from a 50% to 16% decrease in allele intensity (Gaki et al.,
2000; Skotheim et al., 2001). The choice of cut-off value influences the conclusion
tremendously when correlated with prognostic parameters of the patient cohort.
Use of a high cut-off level may reduce the amount of information considerably
and a too low cut point may dilute a possible significance of the study. The
pit-falls of using LOH analysis are well described by (Tomlinson et al., 2002; Miller
et al., 2003).

The level of information is also dependent on the polymorphic level of the
STR. Especially in studies on the association to prognosis it is important to obtain
information on each tumor from each loci. At least half of the information is lost,
due to uninformative tumors, in a LOH study. This can in part be overcome by
searching the entire genomic sequence for all STRs in the region choosing STRs
in a very close proximity, for instance inside the same gene or within the same
region of a large gene. During the LOH calculations all information from closely
situated STRs can be pooled, thereby enriching the level of information considerably
(Figure 1).

The LOH analysis provide only information on whether there is an imbalance
between the allele quantities in the tumor, but not if one allele is deleted or the
second allele is amplified in the genome. Comparison with Comparative Genome
Hybridization (CGH) results may provide this information, especially if a small
chromosomal region is analyzed, since the resolution under normal conditions is
low. If a more detailed picture is needed for a narrow region with few genes, results
from expression arrays may provide an answer. In case of uncertainty the phrase
“allelic imbalance” (AI) should be used.

During tumor progression the DNA repair system may be impaired to different
degrees, and for a small number of breast tumors a third, and occasionally more,
alleles are seen when STRs are PCR-amplified. STRs are by nature sensitive to
mutations affecting the length of the nucleotide repeat, and the presence of additional
alleles in the tumor genome provides information of a decreased function of the
DNA repair system.

Searching a chromosomal region for LOH using a panel of STRs with a precise
location will provide additional information on possible chromosomal breakpoints.



216 HANSEN

Primary screen for LOH along a chromosome
niw =N Fmme EE Coverage of the STR markers by 5-

(EEE R EE R RN Qi-ttt:t;g*-nt;iqtooo;}‘f‘mcmabngmechrwosome
\...—

“ﬁ-\\/-"'—_—'
Normal tissue | | |
| | A
i = Information on LOH status from each
Lt 2| ™ -LOH | STR comelated with prognostic
Aliele 1 Allele 2 B N parameters and survival data for each
Tumor tissue | ) @ +LOH | patient. Specific region(s) identified,
I'I| t—’L o Tim which harbor a prognostic
J 2 significance

“Alee1 Alele2

Secondary screen for LOH within a nan

region to search for a new tumor suppressor gene

| I TN W]

/
ey e —
e Gene 1 Gene 2 EA
’ < ;
Chromosome region
R o T i S S TR AT T STRs
\.—V—J —— ——
) _.’b "% - "
. i Godhgron Codingregion.  promator and 5'end of the gene
romolor and 5'en e gene =3
EHM
Gen
Ty RO e e N I - i
siuated STRscanbe [ Sl el ine
oled to increase
f:eievel ofinformation. || Infermation from each new batch # + . - - |LOH lumor2
of pooled STRs are comelated to -+ 4+ T - +[LOHlumor3
prognostic data to identfy the _ (+ retention of alleles
gene(s) responsible for the < N -LOH || -allelic [oss)
influence on the survival rate 2 | “LO {1 passible chromosomal hrealq}oinll
Time '
L

Figure 1. Screening for Loss of heterozygosity (LOH) along a chromosome, in the search for new tumor
suppressor genes. Tha initial screen is performed with highly polymorphic microsatellite markers along
the chromosome. Chromosomal regions with a high rate of LOH, and in which the allelic loss correlates
to prognostic factors, are selected for a detailed scan. New markers are selected with preference to
intragenic positions to map the genomic alterations affecting susceptibility genes

A breakpoint can be defined if one chromosomal site is flanked by LOH on the one
side and by retention of both alleles on the other. The exact position of a breakpoint
is important especially when it affects the transcription unit of a gene.

When retention of alleles is flanked by LOH over a short distance, it may reflect
a small homozygous deletion in which PCR amplification of the wild type DNA
appears as allelic retention.

The extensive search over the past decade for new tumor suppressor genes has
mapped many susceptibility loci. In breast cancer LOH has been reported to be a
frequent event on chromosome arms 1lp, 1q, 3p, 6q, 7q, 8p, 11p, 13q, 16q, 17p,
17q, 18q and 22q (Devilee and Cornelisse, 1994; Callahan et al., 1993).
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Table 1. Example of correlations between LOH/Allelic imbalance and prognostic parameters in different
cohorts of breast cancer patients. (EIC, extensive intraductal component; PALI, peritumoral angiolym-
phatic invasion)

Prognostic Chromosomal regions Significance Number of  Ref.
parameter affected by LOH patients
ER-: 1p22, 3p25.1, 3p14.3, 504 Nagahata et al., 2002
17q21.1
17p13 51 Seitz et al., 1997
PR: 13q12-13, low PR content 139 Eiriksdottir et al., 1998
18q22 (D18S51) 228 Huiping et al., 1998
D10S583 p=0.01 105 Garcia et al., 1999
Tumor grade:  17pl3 51 Seitz et al., 1997
PTEN at 10q23 p=0.02 105 Garcia et al., 1999
Tumor size: 17pl13 51 Seitz et al., 1997
Age: PTEN at 10923 p=0.02 105 Garcia et al., 1999
Lymph node 11q23-24 p=0.0042 504 Nagahata et al., 2002
metastasis:
13q12 p=0.0207 504 Nagahata et al., 2002
17p13.3 p=0.0478 504 Nagahata et al., 2002
22ql3 p=0.0162 504 Nagahata et al., 2002
D13S1699 (local p=0.024 39 Regitnig et al., 2002
recurrence)
D17S855 (BRCA1) p=0.019 39 Regitnig et al., 2002
PTEN at 10923 p=0.02 105 Garcia et al., 1999
S-phase RBI1, high S-phase p =0.0001 139 Eiriksdottir et al., 1998
fraction: fraction (no BRCA2
mutation)
18922 (D18S51) 228 Huiping et al., 1998
Early local D17S5 and retention of p=0.007 67 Nagai et al., 1994
recurrence: alleles of TP53 locus
versus no LOH at D17S5.
TP53 at 17p13.3 p=0.018 39 Regitnig et al., 2002
1g21-23 P=0.01 50 Gaki et al., 2000
(EIC) 0.04
(PALI)
PEM at 1q21 p =10.006 89 Borg et al., 1992
Distant 13q12-13, increase of risk  p =0.001 139 Eiriksdottir et al., 1998
metastasis: by a factor 4 (no BRCA2
mutation)
Prognostic Chromosomal regions Significance Number of  Ref.
parameter affected by LOH patients
Mortality: 16q23.2-24.2 (D16S511) P =0.002) 199 Hansen et al., 1998
freedom from distant
metastasis
8p22 (patients received p=0.0354 150 Tsuneizumi et al., 2002
high dose adjuvant
chemotherapy)
8p22 p=0.017 298 Utada et al., 2000

(Continued)
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Table 1. (Continued)

Prognostic ~ Chromosomal regions Significance Number of Ref.
parameter affected by LOH patients
3p25.1+17p13.3, p = 0.0006 298 Haga et al., 2001

mortality risk increased

by factor 4.9

3p25.14+13q12, p=0.0441 298 Haga et al., 2001
mortality risk increased

by a factor 2.9

3p24-25 p=0.0014 504 Matsumoto et al., 2000
11924.1-25 (D11S387) p=0.028 102 Gentile et al., 1999
age below 37

16q23.2-24.2 P =0.002 199 Hansen et al., 1998

(D16S511) disease-free

survival and overall

survival

119234-/— LOH of p = 0.0005 86 Winqpvist et al., 1995
11p15 (aggressive post

metastatic disease)

D11S387 at 11q24.1-25 p=0.028 102 Gentile et al., 1999
(below age 37)

1p (overall survival) p=10.001 238 Ragnarsson et al., 1999
D1S435 at 1p31.1 p=10.0022 238 Ragnarsson et al., 1999

Despite the huge effort to characterize the LOH pattern in breast tumors only few
new tumor suppressor genes have been identified in this way. Several explanations
can be mentioned:

1. Lack of fine mapping, down to single genes by LOH.

2. Haploinsufficiency, LOH affecting one allele of the susceptibility gene is the
prime cause of the reduced function. No mutations or promotor hypermethylation
are present to affect the protein function.

3. Before the release of the Human Genome sequence the precise location of the
STRs were uncertain and depended on how precise the markers/landmarks of the
genome were mapped. An incorrect position of just one marker could influence
the entire flanking linkage map of the genome and the target gene is overseen.
LOH affecting specific regions of the genome acts as strong predictors of either

favorable prognosis (LOH of 16q23.3-24.2 is an independent marker of long overall

survival) or poor prognosis (LOH of 13q12-13 is a marker of high risk of recur-
rence and LOH of 1p for short overall survival). As can be seen from the table

a few regions turn up from several studies showing the strongest association with

prognosis. These regions should be further analyzed in large cohorts, the regions

should be further narrowed to isolate the region or the gene that carries the strongest
prognostic potential.

For clinical use, a few cells from a needle biopsy of the tumor and a blood sample
can be used. A panel of several STRs can be analyzed at the same time and the
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answer concerning predictors of favorable or poor prognosis can be provided within
1 to 2 days and be considered as part of the entire picture of prognostic factors.

Large-scale LOH studies can be performed using oligonucleotide SNP arrays.
The method is described in the section below.

6. AN OVER-ALL VIEW OF ENTIRE GENOMIC CHANGES
AS PROGNOSTIC PREDICTORS

The micro array technology can be applied to a wide spectrum of large-scale analysis
of the genome. SNP arrays provide information on the genotypes of each selected
polymorphism at the array, and in addition it can be used for LOH analysis at each
SNP loci in which the test person is heterozygous. A picture of the global genomic
methylation pattern can be generated and the CGH analysis can be performed
using arrays instead of immobilized metaphase chromosomes on glass slides. Tissue
specific arrays are analyzed via immunohistochemical techniques and provide infor-
mation on the protein expression level of selected proteins within each tumor. Gene
expression arrays determine the level of mRNA in the tumor cell compared with
the level in a homologues non-malignant cell.

The overall advantage of arrays is the ability to screen the entire tumor or
wild type genome for specific variations. Especial launching of the tiling BAC-
arrays that cover the genome several times in overlapping fragments is a powerful
tool for an initial screening for methylation or a CGH analysis (Ishkanian et al.,
2004). Targets providing a statistical correlation to any prognostic marker in a
representative cohort, from the initial whole-genome screening, can be selected for
the design of new arrays directed specifically towards a prognostic or predictive
diagnosis.

6.1 Microarray based gene expression studies

A substantial amount of data is now generated by microarray-based gene expression
analysis combined with the correlation of differently expressed genes to prognostic
and predictive parameters. Still, there are strong contradictions among the results
obtained from the literature, possibly due to different platforms (cDNA or oligonu-
cleotide derived), variable quality of the samples, different hybridization protocols
and to the final evaluation/preparation of the results. The microarray technology is
without doubt a very powerful tool to define new prognostic markers (prognostic
profiles consisting of multiple up or down regulated genes), refine the tumor classi-
fication, generation of a personalized genetic profile useful for the determination
of optimal type of treatment, and eventually in developing new targets of therapy.

A large variety of genetic changes can influence the expression level of a
single gene. A decrease may be due to allelic loss affecting the whole gene or
the promotor region, chromosomal breaks, nonsense mutations, methylation of the
promotor region and lesions affecting enhancer elements. Overexpression may be
due to amplification of whole chromosomes or minor regions, silencing of silencer
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Figure 2. Different pathways to identify new prognostic markers for the outcome of breast cancer

elements, hypomethylation of the promotor region, and gain of function mutations.
Therefore, the results from gene expression arrays are keys to numerous of other
genomic analysis, see Figure 2.

The principle behind the method is the initial immobilization of DNA, repre-
senting single genes, onto a glass slide or a chip. It is possible to place up to 60.000
samples/items on one glass slide. RNA is purified from the tumor, PCR amplified
and thereby converted to cDNA, and simultaneously labeled with a fluorescent dye.
RNA from non-malignant tissue of the same origin as the tumor tissue is treated
likewise and labeled with a different color.

Tumor and control cDNA are hybridized to the complementary DNA fragments
on the array. The chip or glass slide is automatically scanned, the resulting fluores-
cence from each spot providing information on the relative rate between tumor
and control cDNA. If the tumor cDNA is labeled with red and control cDNA with
green, then overexpression of a gene is visualized as a red spot, and if the gene
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is down-regulated, the spot will be green due to the control cDNA. An orange
spot indicates no change in expression of that particular gene since there is equal
hybridization efficiency between tumor and control cDNA. Specific algorithms are
developed to calculate the differences in expression level of each analyzed gene
(spot). The tumors are thereby divided into hierarchical clusters defined by the
expression pattern across the chip.

The clinical information and survival data from each patient can be correlated to
the expression profile, relating each cluster to a specific tumor developmental stage.
The differently expressed genes of a prognostic or predictive significance can be
selected for the construction of a new chip directed specifically towards diagnosis
or choice of treatment.

The analysis is based on measurement of the cellular level of RNA and therefore
the purification of high quality, intact RNA is one of the most critical steps.

Based on large-scale studies on gene expression profiles the breast tumors can
be divided into subgroups with clinically different outcome as normal breast-like,
basal-like, ERBB2/HER-2 positive and luminal subtypes A, B and C (Sorlie et al.,
2001).This classification is solely based upon the gene expression pattern with no
inclusion of any clinical endpoints and is designated “unstructured cluster analysis”.
The outcome of the luminal A subtype, with tumors primarily ER positive, is
distinctively better than for both B and C. The luminal subtype and C presents
the worst outcome, with a short time to recurrence. In addition, the ER negative
tumors can be divided into the basal-like and the HER-2 overexpressing subtypes,
both with a poor prognosis (Sorlie et al., 2001, 2003). Hierarchical clustering of
the protein expression profile from a tissue microarray study comprising 1,076
invasive breast tumors, divided the tumors into five subgroups characterized by
ER status, HER-2 expression level, p5S3 positivity, expression of MUCI and E-
cadherin, luminal epithelial cell phenotype characteristics and luminal epithelial
cytokeratin expression level (Abd El-Rehim et al., 2005). These five subgroups
represent significantly different correlations to the established prognostic parameters
and to survival and illustrate how heterogeneous breast tumors are.

The patients without metastasis to the lymph nodes at the time of the initial
surgery can roughly be divided into two groups, one in which the patients suffer
from relapse within 5 years and one without secondary disease. Tsumagari et al.
analyzed the gene expression profile in 12 patients without relapse and 12 who
developed metastasis within 5 years after surgery, using a cDNA array with
25,344 human genes. Fifty-eight genes were differentially expressed in the two
groups, and the separation of the two groups of patients was 100% accurate
(Tsumagari et al., 2005).

From an initial pool of 25,000 genes, 70 genes involved in cell cycle regulation,
invasion, metastasis and angiogenesis were identified to predict disease recurrence
in node negative women under the age of 55 years, whose tumors were smaller than
5cm (van’t Veer et al., 2002). The patients were divided into two groups, based
upon their gene expression pattern, one with a short interval to distant metastasis
and one without relapse within the follow-up period of at least five years. Further
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validation of the gene expression profile (prognosis classifier) led to the prediction
of a 28-fold odds ratio (CI 95%7-107, p = 1.0 x 107®) risk of distant metastasis,
for a node negative patient below the age of 55 with the poor prognosis profile,
when compared with patients with the good prognosis profile. Further validation of
the prognosis classifier was performed on 295 patients both node positive and node
negative. The profile turned out to be a strong independent predictive marker for
outcome and more efficient than standard markers based on clinical and histological
criteria (van de Vijver et al., 2002). A prognostic profile including 76 genes was
derived using 115 node negative tumors and validated via 171 new tumor samples

(Wang et al., 2005). Despite similar clinical material only few genes were the same

in the prognosis classifier profiles from these two studies.

This illustrates the importance of reaching consensus in terms of results and
conclusions. Brenton et al. suggest a three step analysis comprising:

1. Data from already existing predictive gene expression studies should be analyzed
with different algorithms to find overlapping consensus sets of genes to be
further validated by PCR based methods.

2. Large retrospective studies using a substantial number of tumors from each of
the subtypes defined by nodal status and status of ER, PR and HER-2, should be
analyzed to generate a more definitive breast tumor taxonomy and to validate the
prognostic classifier prospectively or in tumors from completed clinical trials.

3. Prospective systemic-therapy clinical trails should be designed with predictive
marker validation in mind (Brenton et al., 2005).

Gene expression profiling of breast tumors is a very powerful tool. Consensus
is hopefully reached between the large number of studies carried out world-wide,
and patients will eventually benefit from a diagnosis and a treatment resulting in
increased long-term survival and lack of unnecessary treatment.

6.2 Comparative Genome Hybridization (CGH)

The information obtained from Comparative Genomic Hybridization (CGH)
analysis is a map of amplification or deletion of entire chromosomes or chromo-
somal regions (Kallioniemi et al., 1992). From these data several chromosomal
abnormalities can be deciphered like aneuploidy, interstitial deletions, non-
reciprocal translocations, amplification of small regions like insertions or double
minutes (Albertsen et al., 1994). One advantage over LOH analysis is that infor-
mation on deletion or amplification is obtained along the entire chromosome
independently of the selection of specific STRs. It is thereby possible to detect
aberrations as small interstitial and homozygous deletions that otherwise may be
left out by LOH studies.

Experimental methods. Tumor DNA extracted from tissue with a high proportion
of tumor cells (>60%) and control DNA is labeled with two different fluorescent
dyes of Cy5-dCTP and Cy3-dCTP. Both sets of labeled DNA are simultaneously
hybridized to metaphase chromosomes from normal cells immobilized on glass
slides. The addition of Cot-1 DNA prevents repetitive sequences from hybridization.
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The different levels of fluorescence intensity between the two colors detected
along the chromosomes represent deletions (excess of control DNA), amplifications
(excess of tumor DNA) or a normal level of the tumor genome (equal mixture of
the two dyes).

Arrays with large genomic fragments of BAC clones are highly suitable for
CGH analysis. The array-based CGH has several advantages as compared with the
chromosome spread, aberrations are mapped directly to the genome with a high
resolution and the procedure is automated thereby allowing a high throughput.

Initially, breast cancer cell lines were used as test material to screen for chromo-
somal aberrations via CGH. A considerable number of regions were found to
have an altered copy number. In one study, analysis of 38 different breast cell
lines revealed aberrations at 19 chromosome arms, as gain in decreasing frequency
at: 8q, 1q, 20q, 7p, 3q, 5p, 7q, 17q, 1p and 20p and loss at: 8p, 18q, 1p, Xp,
Xq, 4p, 11q, 18p, 10q and 19p (Forozan et al., 2000). To be used as prognostic

Table 2. Genomic alterations from CGH studies on different breast carcinomas. IDC, Invasive ductal

carcinomas, ILC, invasive lobular carcinomas

Tumor classification: Gain: Loss: Ref.

G1 (highly differentiated)  1q, 8q 16q Buerger et al.,
1999

G1/ER+ 5q13-q23 6q, 16q, 22q Richard et al.,
2000

G2 1q, 3q, 8q 8p, 13q 16q Buerger et al.,

G3/ER- (highly
undifferentiated)

Tumors from node
negative patients

Summary:
High risk of recurrence
and short time survival

Higher incidence in ILC
than IDC

Alterations in ER- but
not in ER+ carcinomas

2p, 3q21-qter, 6p,
8q21-qter, 10p,
18pl1-ql1, 20q

1q31-q32, 3q26-q27,
8q22-q23, 11ql3,
17q11-q21, Xql13-q21

3q, 8q, 11q13, 17q, 20q

4, 5q13-q23

1p31-p34, 2p, 3q,
5pl5, 6p, 7q32-qter,
8q, 9p23-p24, 10p,
16q22-qter, 17q,
18p11.2-q11.2, 22q12

2q35-q37, 3p12-pl4,
4pl5-pl6, 5q, 7pl5,
8p22-p23, 10q, 11p,
14921-g31, 159
1p32-pter, 8p22-p23,
11@23-pter, 16q22-q23,
17p12, 22q11-q12

13q, 17p

6q, 11ql4-qter,
12p12-pter, 16q, 17p,
18q12-q21, 19, 22q
2q35-q37, 4p15-pl6,
4q12-ql3, 5q, 7p,
8pl1-pl2, 10q23-q25,
12q13-g23, 13q,
14q12-q31, 15q14-qter

1999
Richard et al.,
2000

Janssen et al.,
2003

Janssen et al.,
2003; Hermsen
et al., 1998;
Blegen et al.,
2003; Aubele
et al., 2002
Richard et al.,
2000

Richard et al.,
2000
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markers or to identify new candidate genes for breast cancer via CGH analysis
these regions had to be considerably narrowed, from whole chromosome arms to
highly specific regions. This was achieved using high resolution CGH microarrays
where the copy number was directly compared to the mRNA expression level of
13,824 genes. By screening of 14 breast cancer cell lines, 24 independent amplicons,
each spanning from 0.2-12Mb on 12 chromosome arms were defined and 270
abnormally amplified genes identified (Hyman et al., 2002).

To produce useful strong prognostic markers based upon genomic aberrations and
differently expressed genes panels of different subgroups of breast tumors with full
information on histopathology and follow-up are used. Results from CGH analysis
of the tumors within each category are then compared to see if tumors exhibiting
the same phenotype share some of the same chromosomal abnormalities, which
eventually can be correlated to clinically prognostic parameters. This comparison
has in addition led to speculations on the connection between different chromosome
lesions and the pathway leading from a normal somatic cell to the different stages
of malignant growth and proliferation.

The genomic changes between invasive tumors like invasive ductal carcinoma
(IDC), invasive lobular carcinoma (ILC), well and poorly differentiated tumors
Grade (G) 1-3 and ER+ and ER— tumors were compared via CGH analysis and
revealed a striking genomic difference (Buerger et al., 1999; Buerger et al., 2001;
Richard et al., 2000). The highly differentiated low-grade tumors (G1) show few
alterations as gain of 1q, 8q and a loss of 16q, and there is a clear association
between a high number of genomic alterations and a poor prognosis of the disease
(see Table 1).

6.3 Epigenetic transcriptional silencing

The dysfunction of a cell is determined not only by genetic lesions but also
decisively by epigenetic changes as hyper- or hypomethylation of specific regions
of the genome (Epigenetic changes). Abnormal changes in the methylation pattern
of a cell may cause severe inherited diseases, and is found implicated in (all) cancers
and in aging. Furthermore, each neoplastic lesion seems to have a specific genomic
methylation pattern, the epigenotype.

Epigenetic traits are inheritable but do not affect the primary DNA sequence. The
methylation of cytosine residues within the symmetric CpG dinucleotide is one of
the most frequent epigenetic alternations of the DNA sequence. Roughly, the human
genome contains 30,000 CpG islands, which are characterized by a high density of
CpG dinucleotides, spanning from 200 bases to several kilobases. The CpG islands
are spread in a non-random pattern throughout the genome with a preference to the
promoter region and the first exon of housekeeping genes, imprinted genes, some
tissue specific genes, and genes inactivated on the female X chromosome. Methy-
lation of CpGs in a promotor region may inhibit the transcription, and changes in the
hypo- or hyper-methylation pattern can initiate or block transcription, respectively.
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Hyper-methylation of CpG islands within other structural parts of the genome is
capable of repressing silencer elements and preventing the insulator protein CTCF
to bind to enhancer-blocking elements, thereby causing overexpression of the gene
(Bell et al., 2001).

Acetylation and deacetylation of the N-terminal tail of histones is an additional
epigenetic aberration. Acetylation is linked to high transcriptional activity,
whereas deacetylation creates a tight chromatin structure preventing transcriptional
factors, activators, repressors and other regulatory factors to access the DNA
strand.

Recent findings suggest a strong connection between the two above-mentioned
epigenetic events, proposing that methylation of the DNA sequence is the initial
event, leading to deacethylation of the histones within the nuclesome core of the
methylated region, thereby creating a permanent transcriptional silencing of the
local gene by chromatin remodeling (Cameron et al., 1999).

The methodology used is dependent on the analysis of the methylation pattern
affecting either one single gene or the entire genome. The analysis of a single
CpG island is based upon the design of PCR amplification primers distinguishing
between methylated and unmethylated DNA. The DNA is treated with bisulfite
prior to PCR amplification, thereby deaminating unmethylated cytosine to uracil.
The primer design is the critical step and varies with the method of detection.
For simple gel electrophoresis, two sets of primers are designed to distinguish
between the methylated and the unmethylated bisulfite treated template and to
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produce products of varying size. The melting properties differ from a methy-
lated and an unmethylated DNA fragment, amplified with the same primer
set, after bisulfite treatment, due to the changes from unmethylated cytosine to
uracil.

The products are visualized as separate peaks by Real-time PCR amplification
followed by generation of a melting curve from the methylated and unmethy-
lated products (Worm et al., 2001). Despite software to design methylation
specific primers thorough experience and the inclusion of positive and negative
controls are crucial to avoid false positives. These methods are reviewed in
(Dobrovic, 2005).

The genome-wide analysis is based upon the microarray technology. Different
approaches have been published, one is based upon oligonucleotides representing
CpG islands from promotor regions of genes selected due to a changed expression
pattern in tumor cells (Gitan et al., 2002; Shi et al., 2003). The oligonucleotides
attached to the arrays represent both the methylated and unmethylated CpG islands.
The test DNA is bisulfite treated, PCR amplified and labeled with a fluorescent dye.
The methylated and unmethylated amplicons differ at the methylated sites by either
cytosine or thymine and will thereby hybridize to different targets on the array.
This method is both quantitative and qualitative, but the limitation is that the gene-
specific CpG islands are selected and not genome-widely represented. Differential
methylation hybridization (DMH) is based upon the isolation of CpG islands, and
available as a library enriched for CpG islands within the size range of 0.2-2kb
(Cross et al., 1994). The test DNA, apart from the CpG islands, is cut by Msel
into small fragments. After linker ligation and PCR amplification the test DNA is
cleaved by methylation-sensitive restriction enzymes (BstU1) and hybridized to the
array (Huang et al., 1999; Yan et al., 2002).

Combining tiling BAC arrays with full coverage of the genome, methylation
sensitive restriction enzymes and CGH, provides a quantitative methylation assay
and allows identification of new affected CpG islands (Ishkanian et al., 2004; Ching
et al., 2005).

Shi et al. have combined gene expression, DNA methylation and histone acety-
lation in a triple microarray system (Shi et al., 2003). This integrated approach
provides a more complete picture of the complicated processes leading to epigenetic
gene silencing.

6.3.1 Diagnostic and therapeutic use of epigenetic changes

Epigenetic changes are highly suitable as predictive and prognostic markers. Unlike
mutations, methylation occurs in well-defined regions, and each tumor stage from
benign to metastatic has its own methylation pattern. DNA samples for methylation
specific assays can be obtained from urine, sputum and blood thereby avoiding
biopsies and unnecessary stress upon the patient. The clinical value of using abnor-
mally methylated genes, as early detection and prognostic markers, has already
been confirmed (Miyamoto et al., 2005; Palmisano et al., 2000; Hoque et al., 2004;
Ichikawa et al., 2004; Topaloglu et al., 2004). However, the present technology
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needs further improvement and validation before a screening program for early
breast cancer detection can be implemented.

In contrast to genetic abnormalities the methylation state is potentially reversible.
Methylation directed treatment is already in clinical trial in USA despite the fact
that the effect of the demethylation agents at the cellular level is largely unexplored.
Thus, a fast and reliable method for examination of drug induced genome-wide
methylation changes is crucial both for the design of clinical trial procedures and
for monitoring the outcome of the therapy in clinical use.

Methylation of CpG islands blocking transcription in breast tumor cells has been
reported for genes involved in cell cycle regulation (p16), DNA repair (BRCAI,
hMLH1), hormone sensitivity (ER, PgR), cell adhesion (CDH1) and apoptosis
(TMS1) (reviewed in Esteller, 2002).

7. CONCLUSION

Breast cancer is a very heterogeneous disease in which a large variety of genomic
aberrations has been identified. Only a few high-penetrant genes have been found
implicated in the development of inherited and sporadic breast cancer, but a highly
comprehensive number of studies report correlations between genomic lesions like
chromosomal deletions, amplifications, rearrangements, and mutations and tumor
and patient characteristics.

Over the past decade, a series of new methods to analyze genomic variations
has been developed rapidly, ranging from focusing on a single variation to large-
scale analysis of the entire genome automated for high through-put. The amount
of published results is increasing exponentially, and the important task is now to
establish a consensus between all these studies. Especially, screening for aberrations
across the entire tumor genome is interesting, and we have proceeded a step further
towards making a diagnosis based upon the individual genomic profile of the
tumor. Large comparative studies are now required to establish a link between the
individual genetic profile, based upon germ-line and tumor specific variations, and
the optimal treatment for each patient. At present, single genomic characteristics
as the presence of hormone receptors and the expression level of HER-2 are used
both as prognostic and predictive markers, but future diagnosis and therapy will be
based upon the extensive information on the connection between the genome-wide
alterations and progression of the disease.

Further characterization of individual genomic aberration remains important to
evaluate the possibilities of developing new therapies directed towards these specific
alterations.

ACKNOWLEDGEMENT

M. Nordsmark and J, Justesen are thanked for critical review of the manuscript.



228 HANSEN

REFERENCES

Abd El-Rehim, D.M., et al. (2005) High-throughput protein expression analysis using tissue microarray
technology of a large well-characterised series identifies biologically distinct classes of breast cancer
confirming recent cDNA expression analyses. Int J Cancer, 116: 340-50.

Akli, S. and Keyomarsi, K. (2004) Low-molecular-weight cyclin E: the missing link between biology
and clinical outcome. Breast Cancer Res, 6: 188-91.

Albertsen, H.M., et al. (1994) A physical map and candidate genes in the BRCA1 region on chromosome
17q12-21. Nat.Genet., 7: 472—-479.

Alsner, J., et al. (2000) Heterogeneity in the clinical phenotype of TP53 mutations in breast cancer
patients [In Process Citation]. Clin Cancer Res, 6: 3923-31.

Altshuler, D., et al. (2005) A haplotype map of the human genome. Nature, 437: 1299-320.

Ameyaw, M.M., et al. (2002) Ethnic variation in the HER-2 codon 655 genetic polymorphism previously
associated with breast cancer. ] Hum Genet, 47: 172-5.

Arun, B. and Goss, P. (2004) The role of COX-2 inhibition in breast cancer treatment and prevention.
Semin Oncol, 31: 22-9.

Aubele, M., et al. (2002) Chromosomal imbalances are associated with metastasis-free survival in breast
cancer patients. Anal Cell Pathol, 24: 77-87.

Bell, A.C., et al. (2001) Insulators and boundaries: versatile regulatory elements in the eukaryotic.
Science, 291: 447-50.

Benusiglio, P.R., et al. (2005) Common ERBB2 polymorphisms and risk of breast cancer in a white
British population: a case-control study. Breast Cancer Res, 7: R204-R209.

Bergh, J., et al. (1995) Complete sequencing of the p53 gene provides prognostic information in breast
cancer patients, particulary in relation to adjuvant systemic therapy and radiotherapy. Nature Medicine,
1: 1029-1034.

Blegen, H., et al. (2003) DNA amplifications and aneuploidy, high proliferative activity and impaired
cell cycle control characterize breast carcinomas with poor prognosis. Anal Cell Pathol, 25: 103-14.

Borg, A., et al. (1992) Chromosome 1 alterations in breast cancer: allelic loss on 1p and 1q is related to
lymphogenic metastases and poor prognosis. Genes Chromosomes Cancer, 5: 311-20.

Borresen, A.L., et al. (1995) TP53 mutations and breast cancer prognosis: particularly poor survival
rates for cases with mutations in the zinc-binding domains. Genes Chromosomes.Cancer, 14: 71-75.

Brenton, J.D., et al. (2005) Molecular classification and molecular forecasting of breast cancer: ready
for clinical application? J Clin Oncol, 23: 7350-60.

Buerger, H., et al. (1999) Different genetic pathways in the evolution of invasive breast cancer are
associated with distinct morphological subtypes. J Pathol, 189: 521-6.

Buerger, H., et al. (2001) Ductal invasive G2 and G3 carcinomas of the breast are the end stages of at
least two different lines of genetic evolution. J Pathol, 194: 165-70.

Busmanis, L., et al. (1994) Analysis of cerbB2 expression using a panel of 6 commercially available
antibodies. Pathology, 26: 261-7.

Callahan, R., et al. (1993) Genetic and molecular heterogeneity of breast cancer cells. Clin Chim Acta,
217: 63-73.

Cameron, E.E., et al. (1999) Synergy of demethylation and histone deacetylase inhibition in the re-
expression of genes silenced in cancer. Nat Genet, 21: 103-7.

Cargill, M., et al. (1999) Characterization of single-nucleotide polymorphisms in coding regions of
human genes. Nat Genet, 22: 231-8.

Ching, T.T., et al. (2005) Epigenome analyses using BAC microarrays identify evolutionary conservation
of tissue-specific methylation of SHANK3. Nat Genet, 37: 645-51.

Cotton, R.G.H., et al. (1988) Reactivity of cytosine and thymine in single-base-pair mismatches with
hydroxylamine and osmium tetroxide and its application to the study of mutations. Proc Natl. Acad.
Sci. USA, 85: 4397-4401.

Cross, S.H., et al. (1994) Purification of CpG islands using a methylated DNA binding column. Nat
Genet, 6: 236-44.



MOLECULAR DIAGNOSIS OF BREAST CANCER 229

Dagan, E., et al. (2002) Androgen receptor CAG repeat length in Jewish Israeli women who are BRCA1/2
mutation carriers: association with breast/ovarian cancer phenotype. Eur ] Hum Genet, 10: 724-8.
Dandachi, N., et al. (2004) Evaluation of the clinical significance of HER2 amplification by chromogenic

in situ hybridisation in patients with primary breast cancer. Anticancer Res, 24: 2401-6.

de Jong, M.M., et al. (2005) No increased susceptibility to breast cancer from combined CHEK2
1100delC genotype and the HLA class III region risk factors. Eur J Cancer, 41: 1819-23.

De Placido, S., et al. (2003) Twenty-year results of the Naples GUN randomized trial: predictive factors
of adjuvant tamoxifen efficacy in early breast cancer. Clin Cancer Res, 9: 1039-46.

Devilee, P. and Cornelisse, C.J. (1994) Somatic genetic changes in human breast cancer.
Biochim.Biophys.Acta, 1198: 113-130.

Dobrovic, A. (2005) Methods for analysis of DNA methylation. In: Molecular Diagnostics: For the
clinical Laboratorian, Sec ed. (Eds.: Coleman, W.B. and Tsongalis, G.J.) Pages 149-160, Humana
Press Inc., Totowa, NJ.

Dressler, L.G., et al. (2005) Comparison of HER2 status by fluorescence in situ hybridization and
immunohistochemistry to predict benefit from dose escalation of adjuvant doxorubicin-based therapy
in node-positive breast cancer patients. J Clin Oncol, 23: 4287-97.

Dumitrescu, R.G. and Cotarla, I. (2005) Understanding breast cancer risk — where do we stand in 2005?
J Cell Mol Med, 9: 208-21.

Durbecq, V., et al. (2004) Topoisomerase-1I alpha expression as a predictive marker in a population of
advanced breast cancer patients randomly treated either with single-agent doxorubicin or single-agent
docetaxel. Mol Cancer Ther, 3: 1207-14.

Eifel, P., et al. (2001) National Institutes of Health Consensus Development Conference Statement:
adjuvant therapy for breast cancer, November 1-3, 2000. J Natl Cancer Inst, 93: 979-89.

Eiriksdottir, G., et al. (1998) Mapping loss of heterozygosity at chromosome 13q: loss at 13q12-q13 is
associated with breast tumour progression and poor prognosis. Eur J Cancer, 34: 2076-81.

Emens, L.A. (2005) Trastuzumab: targeted therapy for the management of HER-2/neu-overexpressing
metastatic breast cancer. Am J Ther, 12: 243-53.

Esteller, M. (2002) CpG island hypermethylation and tumor suppressor genes: a booming present, a
brighter future. Oncogene, 21: 5427-40.

Fearon, E.R. and Vogelstein, B. (1990) A genetic model for colorectal tumorigenesis. Cell, 61: 759-67.

Fodde, R. and Smits, R. (2001) Disease model: familial adenomatous polyposis. Trends Mol Med,
7: 369-73.

Forozan, F., et al. (2000) Comparative genomic hybridization analysis of 38 breast cancer cell lines: a
basis for interpreting complementary DNA microarray data. Cancer Res, 60: 4519-25.

Fusun, T., et al. (2005) Association of HER-2/neu overexpression with the number of involved axillary
lymph nodes in hormone receptor positive breast cancer patients. Exp Oncol, 27: 145-9.

Gaki, V., et al. (2000) Allelic loss in chromosomal region 1q21-23 in breast cancer is associated
with peritumoral angiolymphatic invasion and extensive intraductal component. Eur J Surg Oncol,
26: 455-60.

Garcia, J.M.,, et al. (1999) Allelic loss of the PTEN region (10q23) in breast carcinomas of poor
pathophenotype. Breast Cancer Res Treat, 57: 237-43.

Gasparini, G., et al. (2005) Therapy of breast cancer with molecular targeting agents. Ann Oncol, 16
Suppl 4: iv28-iv36.

Gentile, M., et al. (1999) Frequent allelic losses at 11q24.1-q25 in young women with breast cancer:
association with poor survival. Br J Cancer, 80: 843-9.

Gitan, R.S., et al. (2002) Methylation-specific oligonucleotide microarray: a new potential for high-
throughput methylation analysis. Genome Res, 12: 158-64.

Goldhirsch, A., et al. (2003) Meeting highlights: updated international expert consensus on the primary
therapy of early breast cancer. J Clin Oncol, 21: 3357-65.

Gong, Y., et al. (2005) Comparison of HER-2 status determined by fluorescence in situ hybridization
in primary and metastatic breast carcinoma. Cancer, 103: 1763-9.

Haga, S., et al. (2001) Association of allelic losses at 3p25.1, 13q12, or 17p13.3 with poor prognosis in
breast cancers with lymph node metastasis. Jpn J Cancer Res, 92: 1199-206.



230 HANSEN

Han, W., et al. (2005) A haplotype analysis of HER-2 gene polymorphisms: association with breast
cancer risk, HER-2 protein expression in the tumor, and disease recurrence in Korea. Clin Cancer
Res, 11: 4775-8.

Hansen, L.L., et al. (1996) Sensitive and fast mutation detection by solid-phase chemical cleavage.
Human Mutation, 7: 256-263.

Hansen, L.L., et al. (1998) Allelic loss of 16q23.2-24.2 is an independent marker of good prognosis in
primary breast cancer. Cancer Res, 58: 2166-9.

Hansen, L.L., et al. (2003) Sensitive and fast mutation detection by solid-phase chemical cleavage
method. In: PCR Primer. A laboratory manual. (Eds.: Dieffenbach, C.W. and Dveksler, G.S.) Pages
265-278, Cold Spring Harbor Laboratory Press, New York, USA.

Hansen, L.L. and Justesen, J. (2003) Loss of heterozygosity, a multiplex PCR method to define
narrow deleted chropmosomal regions of a tumor genome. In: PCR Primer. A laboratory manual.
(Eds.: Dieffenbach, C.W. and Dveksler, G.S.) Pages 223-236, Cold Spring Harbor Laboratory Press,
New York, USA.

Harbeck, N., et al. (2004) Urokinase-type plasminogen activator and its inhibitor type 1 predict disease
outcome and therapy response in primary breast cancer. Clin Breast Cancer, 5: 348-52.

Heikkinen, K., et al. (2005) Mutation analysis of the ATR gene in breast and ovarian cancer families.
Breast Cancer Res, 7: R495-R501.

Hermsen, M.A., et al. (1998) Genetic analysis of 53 lymph node-negative breast carcinomas by CGH
and relation to clinical, pathological, morphometric, and DNA cytometric prognostic factors. J Pathol,
186: 356-62.

Hicks, D.G. and Tubbs, R.R. (2005) Assessment of the HER2 status in breast cancer by fluorescence in
situ hybridization: a technical review with interpretive guidelines. Hum Pathol, 36: 250-61.

Hoque, M.O., et al. (2004) Quantitative detection of promoter hypermethylation of multiple genes in
the tumor, urine, and serum DNA of patients with renal cancer. Cancer Res, 64: 5511-7.

Hoyal, C.R., et al. (2005) Genetic polymorphisms in DPF3 associated with risk of breast cancer and
lymph node metastases. J Carcinog, 4: 13.

Hsiao, W.C., et al. (2004) Estrogen receptor-alpha polymorphism in a Taiwanese clinical breast cancer
population: a case-control study. Breast Cancer Res, 6: R180-6.

Huang, T.H., et al. (1999) Methylation profiling of CpG islands in human breast cancer cells. Hum Mol
Genet, 8: 459-70.

Huiping, C., et al. (1998) High frequency of LOH at chromosome 18q in human breast cancer: association
with high S-phase fraction and low progesterone receptor content. Anticancer-Res, 18: 1031-6 issn:
0250-7005.

Hunt, K.K. and Keyomarsi, K. (2005) Cyclin E as a prognostic and predictive marker in breast cancer.
Semin Cancer Biol, 15: 319-26.

Hyman, E., et al. (2002) Impact of DNA amplification on gene expression patterns in breast cancer.
Cancer Res, 62: 6240-5.

Ichikawa, D., et al. (2004) Detection of aberrant methylation as a tumor marker in serum of patients
with gastric cancer. Anticancer Res, 24: 2477-81.

Ishkanian, A.S., et al. (2004) A tiling resolution DNA microarray with complete coverage of the human
genome. Nat Genet, 36: 299-303.

Jatoi, I. and Miller, A.B. (2003) Why is breast-cancer mortality declining? Lancet Oncol, 4: 251-254.

Janssen, E.A., et al. (2003) In lymph node-negative invasive breast carcinomas, specific chromosomal
aberrations are strongly associated with high mitotic activity and predict outcome more accurately
than grade, tumour diameter, and oestrogen receptor. J Pathol, 201: 555-61.

Judson, R. and Stephens, J.C. (2001) Notes from the SNP vs. haplotype front. Pharmacogenomics,
2: 7-10.

Kallioniemi, A., et al. (1992) Comparative genomic hybridization for molecular cytogenetic analysis of
solid tumors. Science, 258: 818-21.

Kammerer, S., et al. (2004) Large-scale association study identifies ICAM gene region as breast and
prostate cancer susceptibility locus. Cancer Res, 64: 8906-10.



MOLECULAR DIAGNOSIS OF BREAST CANCER 231

Keyomarsi, K., et al. (2002) Cyclin E and survival in patients with breast cancer. N Engl J Med,
347: 1566-75.

Kinzler, K.W. and Vogelstein, B. (1996) Life (and death) in a malignant tumour. Nature, 379: 19-20.

Knudson, A. (2001) Alfred Knudson and his two-hit hypothesis. (Interview by Ezzie Hutchinson). Lancet
Oncol, 2: 642-5.

Kruglyak, L. and Nickerson, D.A. (2001) Variation is the spice of life. Nat Genet, 27: 234-6.

Leitzel, K., et al. (1995) Elevated serum c-erbB-2 antigen levels and decreased response to hormone
therapy of breast cancer. J Clin Oncol, 13: 1129-35.

Lo, Y.L, et al. (2005) Breast cancer risk associated with genotypic polymorphism of the mitosis-
regulating gene Aurora-A/STK15/BTAK. Int J Cancer, 115: 276-83.

Manders, P., et al. (2004) Complex of urokinase-type plasminogen activator with its type 1 inhibitor
predicts poor outcome in 576 patients with lymph node-negative breast carcinoma. Cancer,
101: 486-94.

Margolis, K.L., et al. (2005) Physical activity in different periods of life and the risk of breast cancer:
the Norwegian-Swedish Women'’s Lifestyle and Health cohort study. Cancer Epidemiol Biomarkers
Prev, 14: 27-32.

Matsumoto, S., et al. (2000) Loss of heterozygosity at 3p24-p25 as a prognostic factor in breast cancer.
Cancer Lett, 152: 63-9.

Miller, B.J., et al. (2003) Pooled analysis of loss of heterozygosity in breast cancer: a genome scan
provides comparative evidence for multiple tumor suppressors and identifies novel candidate regions.
Am J Hum Genet, 73: 748-67.

Miyamoto, K., et al. (2005) Identification of 20 genes aberrantly methylated in human breast cancers.
Int J Cancer, 116: 407-14.

Nagahata, T., et al. (2002) Correlation of allelic losses and clinicopathological factors in 504 primary
breast cancers. Breast Cancer, 9: 208-15.

Nagai, M.A., et al. (1994) Allelic loss on distal chromosome 17p is associated with poor prognosis in a
group of Brazilian breast cancer patients. Br J Cancer, 69: 754-8.

Nelson, M.R,, et al. (2004) Large-scale validation of single nucleotide polymorphisms in gene regions.
Genome Res, 14: 1664-8.

Nexo, B.A., et al. (2003) A specific haplotype of single nucleotide polymorphisms on chromosome
19q13.2-3 encompassing the gene RAI is indicative of post-menopausal breast cancer before age 55.
Carcinogenesis, 24: 899-904.

Palmisano, W.A., et al. (2000) Predicting lung cancer by detecting aberrant promoter methylation in
sputum. Cancer Res, 60: 5954-8.

Parkin, D.M., et al. (1999) Global cancer statistics. CA Cancer J Clin, 49: 33-64, 1.

Pegram, M.D., et al. (1997) The effect of HER-2/neu overexpression on chemotherapeutic drug sensitivity
in human breast and ovarian cancer cells. Oncogene, 15: 537-47.

Pharoah, P.D., et al. (2002) Polygenic susceptibility to breast cancer and implications for prevention.
Nat Genet, 31: 33-6.

Pinto, A.E., et al. (2005) Correlations of cell cycle regulators (p53, p21, pRb and mdm?2) and c-erbB-2
with biological markers of proliferation and overall survival in breast cancer. Pathology, 37: 45-50.

Press, M.F., et al. (1993) Her-2/neu expression in node-negative breast cancer: Direct tissue quantitation
by computerized image analysis and association of overexpression with increased risk of recurrent
disease. Cancer Res., 53: 4960-4970.

Press, M.F., et al. (1994) Sensitivity of HER-2/neu antibodies in archival tissue samples: potential source
of error in immunohistochemical studies of oncogene expression. Cancer Res, 54: 2771-7.

Press, MLF., et al. (2002) Evaluation of HER-2/neu gene amplification and overexpression: comparison
of frequently used assay methods in a molecularly characterized cohort of breast cancer specimens.
J Clin Oncol, 20: 3095-105.

Quon, K.C. and Berns, A. (2001) Haplo-insufficiency? Let me count the ways. Genes Dev, 15: 2917-21.

Ragnarsson, G., et al. (1999) Loss of heterozygosity at chromosome 1p in different solid human tumours:
association with survival. Br J Cancer, 79: 1468-74.



232 HANSEN

Rebbeck, T.R., et al. (1999) Modification of BRCAl-associated breast cancer risk by the polymorphic
androgen-receptor CAG repeat. Am J Hum Genet, 64: 1371-7.

Regitnig, P., et al. (2002) Microsatellite analysis of breast carcinoma and corresponding local recurrences.
J Pathol, 198: 190-7.

Reich, D.E., et al. (2003) Quality and completeness of SNP databases. Nat Genet, 33: 457-8.

Richard, F., et al. (2000) Patterns of chromosomal imbalances in invasive breast cancer. Int J Cancer,
89: 305-10.

Ross, J.S. and Fletcher, J.A. (1998) The HER-2/neu oncogene in breast cancer: prognostic factor,
predictive factor, and target for therapy. Stem Cells, 16: 413-28.

Ross, J.S., et al. (2004) Targeted therapy in breast cancer: the HER-2/neu gene and protein. Mol Cell
Proteomics, 3: 379-98.

Rueckert, S., et al. (2005) A monoclonal antibody as an effective therapeutic agent in breast cancer:
trastuzumab. Expert Opin Biol Ther, 5: 853-66.

Seitz, S., et al. (1997) Deletion mapping and linkage analysis provide strong indication for the
involvement of the human chromosome region 8pl12-p22 in breast carcinogenesis. Br J Cancer,
76: 983-91.

Shi, H., et al. (2003) Oligonucleotide-based microarray for DNA methylation analysis: principles and
applications. J Cell Biochem, 88: 138—43.

Shi, H., et al. (2003) Triple analysis of the cancer epigenome: an integrated microarray system for
assessing gene expression, DNA methylation, and histone acetylation. Cancer Res, 63: 2164-71.

Skotheim, R.I., et al. (2001) Evaluation of loss of heterozygosity/allelic imbalance scoring in tumor
DNA. Cancer Genet Cytogenet, 127: 64-70.

Smith, M.L. and Seo, Y.R. (2000) Sensitivity of cyclin E-overexpressing cells to cisplatin/taxol combi-
nations. Anticancer Res, 20: 2537-9.

Smylie, K.J., et al. (2004) Analysis of sequence variations in several human genes using phosphoramidite
bond DNA fragmentation and chip-based MALDI-TOF. Genome Res, 14: 134-41.

Sorlie, T., et al. (2001) Gene expression patterns of breast carcinomas distinguish tumor subclasses with
clinical implications. Proc Natl Acad Sci U S A, 98: 10869-74.

Sorlie, T., et al. (2003) Repeated observation of breast tumor subtypes in independent gene expression
data sets. Proc Natl Acad Sci U S A, 100: 8418-23.

Suter, N.M., et al. (2003) Androgen receptor (CAG)n and (GGC)n polymorphisms and breast cancer
risk in a population-based case-control study of young women. Cancer Epidemiol Biomarkers Prev,
12: 127-35.

Tomlinson, L.P., et al. (2002) Loss of heterozygosity analysis: practically and conceptually flawed?
Genes Chromosomes Cancer, 34: 349-53.

Topaloglu, O., et al. (2004) Detection of promoter hypermethylation of multiple genes in the tumor and
bronchoalveolar lavage of patients with lung cancer. Clin Cancer Res, 10: 2284-8.

Tower, G.B., et al. (2003) The 2G single nucleotide polymorphism (SNP) in the MMP-1 promoter
contributes to high levels of MMP-1 transcription in MCF-7/ADR breast cancer cells. Breast Cancer
Res Treat, 82: 75-82.

Tsumagari, K., et al. (2005) Postoperative prognosis of node-negative breast cancers predicted by
gene-expression profiling on a cDNA microarray of 25,344 genes. Breast Cancer, 12: 166-77.

Tsuneizumi, M., et al. (2002) Association of allelic loss at 8p22 with poor prognosis among breast
cancer cases treated with high-dose adjuvant chemotherapy. Cancer Lett, 180: 75-82.

Utada, Y., et al. (2000) Allelic loss at the 8p22 region as a prognostic factor in large and estrogen
receptor negative breast carcinomas. Cancer, 88: 1410-6.

van’t Veer, L.J., et al. (2002) Gene expression profiling predicts clinical outcome of breast cancer.
Nature, 415: 530-6.

van de Vijver, M.J., et al. (2002) A gene-expression signature as a predictor of survival in breast cancer.
N Engl J Med, 347: 1999-2009.

Waard, F.D. and Thijssen, J.H. (2005) Hormonal aspects in the causation of human breast cancer:
Epidemiological hypotheses reviewed, with special reference to nutritional status and first pregnancy.
J Steroid Biochem Mol Biol,



MOLECULAR DIAGNOSIS OF BREAST CANCER 233

Wang, Y., et al. (2005) Gene-expression profiles to predict distant metastasis of lymph-node-negative
primary breast cancer. Lancet, 365: 671-9.

Weber, B.L. and Nathanson, K.L. (2000) Low penetrance genes associated with increased risk for breast
cancer. Eur J Cancer, 36: 1193-9.

Wingqvist, R., et al. (1995) Loss of heterozygosity for chromosome 11 in primary human breast tumors
is associated with poor survival after metastasis. Cancer Res, 55: 2660—4.

Worm, J., et al. (2001) In-tube DNA methylation profiling by fluorescence melting curve analysis. Clin
Chem, 47: 1183-9.

Yan, P.S., et al. (2002) Applications of CpG island microarrays for high-throughput analysis of DNA
methylation. J Nutr, 132: 2430S-2434S.

Yu, H,, et al. (2000) Shorter CAG repeat length in the androgen receptor gene is associated with more
aggressive forms of breast cancer. Breast Cancer Res Treat, 59: 153-61.

Zhu, Y., et al. (2004) An evolutionary perspective on single-nucleotide polymorphism screening in
molecular cancer epidemiology. Cancer Res, 64: 2251-7.



Thispageintentionallyblank



CHAPTER 13

PROSTATE DISEASE IN THE AGING MALE
Prevention, diagnosis and treatment of prostate cancer

ANNE R. SIMONEAU

Associate Clinical Professor of Urology, University of California, Irvine, 101 The City Drive Rt 81,
Orange, CA 92868

Abstract: Prostate cancer is commonly found in older men. Whether its presence is clinically
significant, requiring screening or treatment has been intensely debated, fueled by the
indolent nature of many cancers as well as the competing cardiovascular mortality of
this age group. Risk factors include age, race and family history. Diet has been linked to
prostate cancer risk and is being investigated both for understanding the pathogenesis of
prostate cancer and for use in supplements in preventing prostate cancer. In the past two
decades the advent of serum marker, Prostate Specific Antigen [PSA], and definitions of
pre- neoplastic lesions have brought new understandings and questions to the etiology and
epidemiology of prostate cancer. This chapter will focus on the function of the prostate,
pathological definitions and grading, PSA and its role in the debate, epidemiology and
risk factors of prostate cancer. Current treatments and prevention trials will be reviewed

Keywords:  Cancer, prostate, aging, old age, neoplasia

Prostate cancer: Is it a disease needing to be cured or a facet of aging- much like
wrinkles and gray hair? Opinions are varied, and strong, on the clinical implications
of prostate cancer. From the benign view that all men will eventually have prostate
cancer if they live long enough- though few will be clinically affected by their
cancer- to the opposing view that prostate cancer is second only to lung cancer in
cancer mortality and thus an important and critical issue in men’s’ health; proponents
can be found for both views, and despite their seemingly disparate outcomes these
two sides of prostate cancer are not mutually exclusive of each other. Prostate
specific antigen [PSA] has intensified this debate as the incidence of prostate cancer
has increased since PSA’s introduction to men’s health in 1986 with subsequent
screening protocols. But is cancer detected by PSA screening clinically relevant
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cancer? For the clinician, the critical and difficult task is to predict for the individual
standing in front of them — is there benefit to screening and if cancer is detected
which prostate cancer scenario will take place, one of latency or one of progression?
For the researcher the critical and difficult task is to adequately categorize the case
or tissue before them to determine if the case will be informative to the genetics
or biology of prostate cancer or obscure the findings of the whole. (Platz et al.,
2004) An example of this would be the difficulty in determining the genes involved
in hereditary prostate cancer. Definitions which would seem immune to screening
practices and indicative of significant disease, such as hereditary or familial prostate
cancer, are still impacted by screening. A case of sporadic prostate cancer might
lead several family members to become screened, discovering a few small incidental
tumors, which may otherwise never be diagnosed. When this family’s genetic profile
is added to other familial and hereditary cancer cases instead of adding strength to
the genetic association, their genetic information may obscure what might otherwise
be a genetic site of interest.

The face of prostate cancer is changing (Cooperberg et al., 2005). From the
past when men presented with back pain and a positive bone scan, to the
present when men wonder if their PSA discovered prostate cancers are clini-
cally significant, new knowledge and challenges have occurred these past two
decades. In this chapter an overview of the history and epidemiology of prostate
cancer, especially as it relates to the prevention and detection of prostate cancer
will be undertaken. A brief overview of the prostate, prostate cancer grading,
pathological nomenclature, and prostate specific antigen [PSA] will begin the
discussion.

1. THE PROSTATE

Simplistically, the prostate is an accessory sex gland influenced by androgens found
at the base of the bladder, surrounding the urethra in men. It is responsible for
providing fluid rich in polyamines, prostaglandin, citrate, and phosphorylcholine as
well as other components, which are produced by individual prostate glands, and
then transported through 15 to 30 secretory ducts before being deposited into the
urethra. The prostatic component of the ejaculate composes less than half of the
total seminal fluid (Mann, 1974; Marker et al., 2003). Anatomically the prostate
is divided into zones. McNeal has elegantly written descriptions of five zones
(McNeal, 1981), but in day to day clinical practice the prostate is referred to as
two zones. The peripheral zone is where the majority of prostate cancers arise,
and the posterior aspect of the peripheral zone can be examined by a digital rectal
exam [DRE]. Prostate cancer is generally multifocal (Sakr and Grignon, 1998).
The peripheral zone is targeted by trans-rectal needle biopsy of the prostate. The
transition zone surrounding the urethra is where benign prostatic hyperplasia [BPH]
predominates (McNeal, 1981) causing urinary obstructive symptoms, which on
occasion are treated by transurethral resection of the prostate [TURP]. Though some
cancers are seen in the transition zone.



PROSTATE DISEASE IN THE AGING MALE 237

2. GLEASON GRADING

Gleason grading has established itself as a predictor of prostate cancer aggres-
siveness and is now the preferred grading system for prostate cancer. Pathologist,
Donald Gleason wrote his description of prostate cancer in 1966 (Gleason, 1966).
His grading system was unique in that it focused on the glandular architecture,
not the cytological features of individual cells. In addition Gleason recognized the
importance of heterogeneity of tumors and assigned a grade to the predominant
pattern as well as a secondary pattern to arrive at a Gleason score or sum. Thus
as the architectural changes are graded from a 1 to 5, with 5 being the most
aggressive, the Gleason score or sum can range from 2 to 10. A typical cancer
is either referred to as a Gleason score of 7 or can be written as 3 +4, the first
number being the predominant pattern. Occasionally there will be three patterns. If
the third pattern is the least predominant but the highest grade it has been suggested
that the higher Gleason grade be reflected in the total sum. An example is if a
cancer has a predominant pattern of 3, the second pattern a 2, but also has minimal
component of a 4 that the score be written 3 +4. Gleason scores have been proven
to be prognostic with patients with tumors demonstrating components of Gleason
grade 4 or 5 having poorer outcomes. (Narain et al., 2001; Lin et al., 2005) Gleason
grade is used in predictive prostate cancer nomograms such as Partin tables (Partin
et al., 1993; Partin et al., 2001) or Kattan probability of indolent tumor (Kattan
et al., 2003) which are used to guide therapy or the need for therapy based on, in
addition to Gleason score on the biopsy material, the clinical exam, and serum PSA
levels. Though the grading is based on architectural changes, there are cytological
differences in the prostate cancer cells with changes in nucleoli that can be noted.
Important in the pathological identification of prostate cancer is the loss of the
basal cell layer of the glandular acini that occurs in prostate cancer. (Gleason, 1966)
Staging is based on the Tumor Node Metastasis system. (Taylor et al., 2005) The
most common presentation today is Tlc, a man with a normal prostate exam but
elevated PSA.

3. PRENEOPLASTIC LESIONS

Prostatic Intraepithelial Neoplasia, [PIN] is considered to be a precursor to moderate
and high grade Gleason [Gleason score 6 and higher] cancers in the periphery of
the prostate. In PIN the architecture of the glands is normal, but the individual
cells lining the ducts are cytologically abnormal and almost indistinguishable to
Gleason grade 3 cancers. The basal cell layer, though present, can have disruptions
as the lesions progress to higher grade PIN. (Bostwick and Brawer, 1987) PIN was
accepted as the preferred terminology over CIS, dysplasia or atypia, terms previ-
ously used to describe these findings, by the Workshop on Prostatic Dysplasia
in the 1989 (Drago et al., 1989). The group further simplified the classification
of PIN from three grades to two; low grade- grade 1, which is not currently
commented upon in pathology reports, and high grade, which includes grades 2
and 3 (Drago et al., 1989). The evidence that PIN was a precursor to prostate cancer
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was initially by association. The lesions were seen in the same vicinity where
cancers arise, and they were identified more often in prostates that also demon-
strated cancer, and not seen as often in glands without cancer (Bostwick and Brawer,
1987; McNeal and Bostwick, 1986). Men with PIN were more likely to have
cancer on subsequent biopsy, and African American men had higher prevalence and
earlier demonstration of these lesions (Sakr and Partin, 2001; Sakr, 1999). Subse-
quently many molecular associations between PIN and prostate cancer have been
made, and PIN has been established as a precursor lesion (Sakr and Partin, 2001;
Sinha et al., 2004; Sakr et al., 2000; Montironi et al., 2004). Many have estimated
that PIN predates prostate cancer by 5 tol0 years (Bostwick, 1988; Sakr et al.,
1993,1996). Examples of genetic changes seen in both prostate cancer and PIN are
alterations in racemase (Wu et al., 2004), CDGF (Pan et al., 2004), 8p, GSTP1 CpG
island hypermethylation, as well as methylation in other genes linked to prostate
cancer (Nakayama, M., et al., 2004). FISH has demonstrated that PIN and prostate
cancer have similar cytological aberrations. Gain of 7, particularly 7q31; loss of
8p and gain of 8q; loss of 10q, 16q, 18q have been described (Qian et al., 1999;
Qian et al., 1998).

In reviewing the literature on PIN since 1987 when PIN became a standardized
term there has been a wide variability in the incidence reported for PIN, and
on the clinical significance, i.e. subsequent cancers after the initial diagnosis of
PIN. Besides the obvious variable of different pathologist interpretations between
institutions and countries, other causes of discrepancies between reports on the
incidence of PIN and subsequent cancer detection are due to different patient
populations; is it a report based on a hospital based practice, a clinic population
or a screening population? Feneley et al. reported the differences in the incidence
of PIN between these three populations in England though all slides were read by
the same pathologist. The prevalence was respectively 11%, 25%, and 20% based
on which population was being reported upon (Feneley et al., 1997). In addition
racial distribution of the cohort may influence the reported prevalence (Sakr et al.,
1996). The range of incidence of PIN on PNB is reported to be from 0.7% to
25%, with an average of 9% (Feneley et al., 1997). Epstein has reported the
incidence of PIN to be 5.5%. This report was published in 1997 based on review
of sextant biopsies (Wills et al., 1997). In 1998 a reference pathology laboratory
published its results of first time biopsies received from office based urologists.
62,537 biopsies over a two year period were assessed. The rate of isolated PIN was
4.1% (Orozco et al., 1998). The Rotterdam section of the ERSPC reports a low rate
of PIN as a stand alone lesion, but did note an statistically significant increase in
PIN when their screened populations was rescreened 4 years later [0.8% to 2.5%]|
(Postma et al., 2004).

One of the first reports in 1991 on the significance of PIN on subsequent biopsy
demonstrated a 100% incidence of prostate cancer in the 10 men rebiopsied (Brawer
et al., 1991).

It is important to remember that it was during this same time period when PIN
incidence and consequence were being studied PSA was introduced generating a
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shift towards more localized, smaller volume of tumors (Cooperberg et al., 2005;
Orozco et al., 1998; Sakr, 2004; Montironi et al., 2005). In addition the sextant
biopsy schemata which was standard throughout until the late 1990s has been altered
to increase the number of cores, generally to 10 or 12 cores [sometimes more]
taken at a biopsy setting by most institutions. In comparing two reports published
in 2001, one of a Naval Medical Center where sextant biopsies where performed
(Borboroglu et al., 2001), to a Veterans Hospital where 12 core biopsies were
performed the incidence of cancer detection of those who agreed to rebiopsy was
20/45 for the sextant group versus 1/43 in those with 12 core biopsies (Lefkowitz
et al., 2001). The Veterans group was subsequently followed up at 3 years, men
with initial PIN and a second biopsy not showing cancer, were contacted 3 years
later for another biopsy. Of 72 men identified by records, 31 men underwent a
biopsy which demonstrated 8 cancers (Lefkowitz et al., 2002).

Table 1 demonstrates that in subsequent years as stage migration was occurring
and the number of cores initially taken was increasing the clinical significance of
PIN for subsequent cancer detection decreased. Mian et al. (Mian et al., 2002), and
Fowler et al. (Fowler, Jr., et al., 2000) report the presence of PIN was not predictive
of subsequent cancer, and Postma (Postma et al., 2004) goes so far as to say PIN is
never predictive. Lefkowitz reported that early repeat biopsy after a 12 core biopsy
rarely detected cancer, but cancer can develop at 3 years so follow up should be
considered (Lefkowitz et al., 2001, 2002).

Thus it may not be surprising that in 2003, 2004 there have been published
differing opinions on the management of PIN. Steiner advised saturation biopsies
followed by interval biopsies at 3 to 6 month intervals to manage PIN (Steiner,
2003). Others have felt that PIN after a 12 core biopsy was not a greater indicator
for subsequent cancer on immediate rebiopsy, and with the benefit of rebiopsy over
1 year still to be identified. (Postma et al., 2004; Mian et al., 2002; Fowler, Jr.,
et al., 2000) And San Francisco et al. suggest rebiopsy if DRE or PSA changes
occur during the every 6 month follow up (San Francisco et al., 2003).

Table 1. Significance of PIN for subsequent prostate cancer detection by prostate needle biopsy.
Migration of significance of PIN may be from cancer volume migration and increase in initial number
of cores taken at biopsy session

Author /Year/Reference Number of men in study % with cancer on subsequent
biopsy
Brawer et al., 1991 10 100%
Weinstein and Epstein, 1993 19 53%
Davidson et al., 1995 100 35%
Raviv et al., 1996 48 48%
Kronz et al., 2001 245 32%
Lefkowitz et al., 2001 43 2.3%
Borboroglu et al., 2001 100 47%
San Francisco et al., 2003 21 24%
Gokden et al., 2005 190 30.5%

Moore et al., 2005 22 4.5%
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Atypical Adenomatous Hyperplasia [AAH] is the name given to the circum-
scribed proliferation of small round glands, with no nucleoli or cytological atypia
which is usually found in the transition zone (Bostwick, 1996). The lesion mimics
Gleason grade 1 cancer, only the presence of the basal cell layer, which at times is
attenuated and difficult to discern, distinguishes these lesions apart. Because of their
physical similarities AAH has been suggested as a precursor of Gleason grade 1 or
2 cancer (Bostwick, 1996). Because AAH has architectural change with cytological
blandness others feel it is an intermediate between BPH and cancer (Helpap et al.,
1995). Histologically there is considerable evidence linking AAH with low grade
cancers, but molecularly by the evaluation of proliferation rate, a few markers,
and cytological abnormalities on chromosome 8, there was no convincing evidence
linking AAH to cancer by one report (Grignon and Sakr, 1996). No additional
follow up is considered necessary for this lesion. (Bostwick, 1996) Adenosis is
sometimes cross-referenced as AAH.

‘Suspect for but not diagnostic for prostate cancer’ is one of many terms used
in the literature for a suspicious lesion on biopsy. Though not considered a prema-
lignant lesion, these lesions have a high rate of cancer detection on subsequent
biopsy and thus should be followed closely. The reasons the for the unequivocal
diagnosis of cancer not to be given in these scenarios is usually either the small
size of the lesion, small number of cells with enlarged nucleoli, a clustered growth
pattern, and/or the presence of PIN within or adjacent to the lesion (Cheville
et al., 1997). Other names in the literature for suspicious lesions have included
‘focal glandular atypia’, ‘atypical, suspicious for cancer’, ‘borderline lesions’,
‘atypical small acinar proliferation’ [ASAP], ‘atypical acinar proliferation’ [AAP],
‘atypia’, or ‘lesions suspicious for prostate cancer’ [LSP] (Postma et al., 2004;
Iczkowski et al., 1997).

The incidence of these types of lesions has been reported to range from 0.5% to
18%, and in recent publications the range is narrower from 1.9 to 5.2% (Postma
et al., 2004; Moore et al., 2005). This diagnosis is potentially affected by more
external variables such as the transportation and processing of the cores. Fragmen-
tation of the cores could lead to disruption of the architecture of the specimen
making the diagnosis more difficult. ‘Suspect’ should not be more than 5% of the
diagnosis at a given institution, and can be used as a measure of internal quality
control (van der Kwast et al., 2003). Less divergent than the names given to this
lesion are the subsequent cancer detection rates. Cancer detection on subsequent
biopsy is 40 to 50% (Iczkowski et al. 1998; Chan and Epstein, 1999; Allen et al.,
1998; Iczkowski et al., 1997). An Italian group published in 2004 its experience
with radical prostatectomy for ASAP lesions and found cancer in all 9 prostates
removed for ASAP, this has not been accepted as practice in the United States
(Brausi et al., 2004).

Proliferative inflammatory atrophy [PIA] is under investigation as a precursor
lesion to prostate cancer. Inflammation is a component of carcinogenesis in other
tumor systems, such as stomach and liver, and may be in prostate cancer. Prostatitis
is common, and some studies show a relationship with prostatitis and sexually
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transmitted diseases with prostate cancer (Palapattu et al., 2005). Some focal
atrophic lesions of the prostate have been shown to have high proliferation rates
with signs by molecular analysis of oxidative stress. These lesions can be located
next to PIN and cancer lesions in the periphery and have similar genetic changes.
Work continues in the area (Nelson et al., 2004; Palapattu et al., 2005).

4. LATENT VERSUS CLINICAL PROSTATE CANCER

Autopsy series have demonstrated a high percentage of men who have died of
causes other than prostate cancer that upon sectioning these men’s prostate clini-
cally unsuspected prostate cancer was found. The rates of unsuspected prostate cancer
increase with increasing age (Sakr et al., 1994; Sanchez-Chapado et al., 2003) giving
rise to the often repeated clip- “Men are more likely to die with, then of, prostate
cancer.” Intriguing, countries with low mortality rates of prostate cancer have similar
autopsy prevalence rates for prostate cancer as the countries with higher mortality
rates from prostate cancer (Breslow, N., etal., 1977). Generally though, the extent
of cancer is much less between these ‘incidental’, ‘latent’, ‘microcarcinoma’ tumors
in the countries of low risk compared to the autopsy tumors of high risk countries;
with fewer foci of cancer, smaller volumes of cancer and well differentiated histology
(Breslow, N., et al., 1977; Jackson et al., 1981; Yatani, R., et al., 1982; Dhom, 1983).

Prevalence of HGPIN and Prostate Cancer from Autopsy Series

I I I |
1
70-79% ]
1
60-69
] ] l 1 |
E 50-59 OSpain PCA
&0 OSpain HGPIN
2 : | | BUS PCA
&) OUS HGPIN
% 40-49
oo
< ]
1
30-39
20-29 F
0 10 20 30 40 50 60 70

Percent

Figure 1. Prevalence of HGPIN and prostate cancer in two populations, a European Mediterranean
and a mixed race American, per decade demonstrates the early appearance of lesions per autopsy (Sakr
et al., 1994; Sanchez-Chapado et al., 2003). * The prevalence in the 8th decade in the U.S. population
was not reported.
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Not all series demonstrate similar rates of cancer, a series from Spain found lower
rates compared to series published in the U.S. Figure 1 graphically describes the
prevalence of PIN and prostate cancer per decade in these two recent autopsy series
(Sakret al., 1994; Sanchez-Chapado et al., 2003) demonstrating the increasing rates of
HGPIN and cancer with age. This underlying prevalence of latent cancer skews prostate
cancer incidence databetween countries and between decades as differences in medical
access, procedures such as TURPs for benign disease and screening policies will
alter prostate cancer incidence for individual countries and decades. Prostate cancer
mortality may give insight into the impact of the disease on a particular community.
Evensoinfrastructure for reporting cancer cases and deaths is lacking in some countries
and may make comparisons between countries difficult.

5. PROSTATE SPECIFIC ANTIGEN

Any current discussion on prostate cancer needs an understanding of prostate
specific antigen, [PSA]. PSA is a serine protease, a member of the kallikrein family.
Initially a protein identified in ejaculate for forensics in the 1970’s, subsequent
serum isolation was documented and an association with prostate disease was made.
The gene responsible for PSA was cloned in the 1990s and localized to chromosome
19q13.4. PSA, as is prostate growth, is under androgen regulation. PSA has clinical
relevance as a marker, but it also has functional relevance. In addition to its recog-
nized role to liquefy the coagulum there are other possible functions which are
being investigated though not completely understood. Kallikreins, including PSA,
are felt to be regulators of Insulin-like Growth Factor [IGF], an important mitogen
for prostate cells. PSA cleaves IGF Binding Protein [IGFBP] increasing IGF’s
bioavailability in vitro, and theoretically within tumor microenvironments. PSA
has also stimulated reactive oxygen species generation, and has activated protease-
activated receptor [PAR] in experimental systems. This theoretically may contribute
to tumor progression. [Review (Borgono and Diamandis, 2004).

The nonspecific nature of PSA for prostate cancer was apparent early with serum
elevations also seen with benign prostatic hyperplasia, and prostatitis (Chan et al.,
1987). In the United States the FDA approved serum PSA measurements for the
surveillance of prostate cancer in 1986. It rapidly entered clinical practice as a
screening tool, though not officially approved for that use. A primary concern is
that even if cancer is detected by PSA these tumors would be clinically latent and
any treatment would be unnecessary to prolong life. With the treatments’ given
morbidity and cost uncovering these tumors would be detrimental to the individual
and the population as a whole. The rapid increase in incidence in prostate cancer
from 1986 to 1991 (Cooperberg et al., 2005) caused many to be concerned PSA
was diagnosing latent cancers. But since the advent of widespread PSA use in
the U.S, advanced prostate cancer at presentation has decreased, prostate cancer
deaths have decreased (Cooperberg et al., 2005) and a few authors have published
that PSA screening has caused a decrease in cancer and overall mortality. (Labrie
et al., 1999) Randomized PSA screening trials are in progress with the primary
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endpoint of improved survival to answer whether PSA screening improves survival.
Currently the United States preventative task force has given PSA an “I” rating for
insufficient evidence as a cancer screening tool.

PSA as a surveillance and prognostic tool is well accepted. Post radical prosta-
tectomy elevation in PSA signals prostate cancer return. PSA doubling is used to
determine if further therapy is needed after primary therapy (Pound et al., 1997,
D’Amico et al., 2004a). Prognostically PSA velocity prior to treatment has been
linked to death from prostate cancer (D’Amico et al., 2004b). In 2004 Kuller et al.
reported on the ability of PSA determination from stored frozen serum obtained in
1973 to 1975 when men where 35 to 57 years old to predict death from prostate
cancer, mean follow up was 17 years. Men who died from prostate cancer had
higher levels of PSA than controls, 2.84 vs. 1.10, p=0.002 (Kuller et al., 2004).

PSA as a single blood test is rapid and inexpensive- but its sensitivity and
specificity are each about 70% (Catalona et al., 1994). Digital rectal exam is
recommended by some advocate groups to be done in addition to the PSA (Catalona
et al., 1994). Recently a prostate cancer prevention trial reported on the number
and type of prostate cancers found in the control [placebo] arm on the end of study
biopsy. Of the 9459 men on placebo there were 2950 men with an end of study
biopsy, normal DRE and PSA <4. Four hundred and forty nine men had cancer
[15.2%]. Sixty seven men had a Gleason 7 or higher which was 14.9% of the
cancers, and accounted for 2.27% of all men with a biopsy (Thompson et al., 2004).
Suddenly the debate switched from over detection of latent tumors to inability to
detect aggressive cancers.

The lack of specificity of PSA elevation for cancer because of benign enlargement
or infection can lead to expensive biopsies, and persistent worry that the cancer
was missed when biopsies do not detect cancer. Percent free PSA has been used to
improve the specificity, decrease the need for unnecessary biopsy and is advocated by
some. Age specific PSA ranges, and PSA isoforms have been proposed to improve
testing (Partin and Carter, 1996). ProPSA has been reported to be associated with
higher Gleason score cancers (Catalona et al., 2004) and BPSA has been associated
with the benign enlargement of the prostate (Mikolajczyk and Rittenhouse, 2004).

6. EPIDEMIOLOGY

The use of PSA has exacerbated prostate cancer incidence differences between
countries with different medical practices, but even prior to 1986 there were known
geographic variations for clinical prostate cancer which still persist (Breslow, N.,
et al., 1977; Dhom, 1983; Zaridze et al., 1984). African American and black men
from the Caribbean have the highest rates for prostate cancer (Dhom, 1983; Jackson
et al.,, 1980; Mallick et al., 2005). Asian countries have extremely low rates of
prostate cancer (Donn and Muir, 1985). Figure 2 demonstrates the mortality from
prostate cancer of selected countries illustrating the range in mortality from the
period of 1986-1988 (Boring et al., 1992) prior to PSA use and estimates for 2002
(Ferlay et al., 2004). Figure 3 plots the incidence and mortality through out the
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Prostate Cancer Mortality
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Figure 2. Prostate cancer mortality from 1986-1988 prior to the routine use of PSA, and estimates
from 2002 after the introduction of PSA (Ferlay et al., 2004). The use of PSA has been most embraced
by the US, followed by Western Europe

world by region as reported by Globocan for 2002 estimates (Ferlay et al., 2004).
Developed countries with their access to health care have much higher incidences of
reported cancer than developing countries. The differences in mortality are striking
between African countries to Asian regions. Historically the rates for prostate cancer
in Africa were reported as low, but African Americans and the Caribbean have well
established higher mortality (Angwafo et al., 2003).

There are 3 risk factors, age, family history, and being African American
[Africans and Africans living in other geographic regions have not been as well
studied]. Several other dietary/environmental risk factors have been suggested due
to observations from world cancer incidence rates. The strongest risk factor for
prostate cancer is age. As highlighted previously, autopsy series demonstrate histo-
logical prostate cancer increasing in each decade, starting at a remarkably early
time (Sakr et al., 1994). Rates of clinical prostate cancer also increase each decade.
A rare event before the age of 40, with an incidence less than 1 in 40,000, prostate
cancer’s peak incidence increases in the mid 70’s, but varies between countries
(Jemal et al., 2005; Baade et al., 2005).

The late age at diagnosis, prolonged development and slow progression has impli-
cations for treatment and prevention. Treatment, as the clinician is asked to judge
competing causes of mortality for an individual- will death be from the patient’s
moderate grade prostate cancer or cardiovascular disease. Prevention, in that to
incorporate prostate healthy diets for the prevention of prostate cancer men may
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Global Prostate Cancer Incidence and Mortality
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Figure 3. Global prostate cancer mortality by region (Ferlay et al., 2004). The racial and global
distribution of prostate cancer has given rise to numerous etiologies; genetics, diet, and sun exposure
[vitamin D metabolism]

need to begin in their 20s and 30’s. To prevent the progression of the disease from
an indolent disease to clinically aggressive disease with diet or chemopreventive
agent.

Family history is important, but as prostate cancer is a common disease the
number of affected individuals and age of onset of the disease are important variables
to predicting an individual’s risk. Table 2 demonstrates the increasing risk with
increasing the number of relatives and decreasing the age of onset of the disease
(Carter et al., 1993). Several recent publications have placed the relative risk for
family history at 2 to 3 when there is a first degree relative. A meta-analysis reported
the risk to be higher among brothers [RR 3.9] than among father sons [RR 2.5]
(Johns and Houlston, 2003).

The search for the gene that causes prostate cancer, familial or sporadic, has been
elusive. Several groups have reported their findings for a potential prostate cancer
gene determined from hereditary [3 generations affected] or familial families [first
degree relatives affected], only to have other groups unable to validate the findings
using separate test groups, or to have the assessed contribution of that gene to the
risk for familial prostate cancer considered minimal (Ostrander et al., 2004). Table 3
outlines the candidate genes proposed for prostate cancer by linkage analysis.

It is intriguing that some of the genes that have been identified with prostate
cancer through linkage involve the inflammatory or infectious process. Macrophage
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Table 2. The relative risk of prostate cancer based on number
of relatives and age of presentation of the relatives affected
(Carter et al., 1993)

Family History and Risk of Prostate Cancer

Age of Onset Additional Relatives Relative Risk
70 None 1.0
60 None 1.5
50 None 2.0
70 1 or more 4.0
60 1 or more 5.0
50 1 or more 7.0

Table 3. List of candidate genes identified by linkage analysis. A composite from sources
(Ostrander et al., 2004; Edwards and Eeles, 2004)

Genes Identified by Linkage studies

HPC1/RNASEL 1q24-25 Early onset 1996/2002
PCaP 1q42-43 Early onset 1998
HPCX Xq27-28 No male to male 1998
CAPB 1p36 Brain 1999
HPC20 20q13 Late onset 2000
MRS1 8p22 Late onset 2001/2003
HPC2/ELAC2 17pl11 Early onset 2001

scavenger receptor 1 [MSR1] is induced in macrophages by oxidative stress and may
modify amounts of Reactive Oxygen Species [ROS] (Ostrander et al., 2004; Xu et al.,
2002). RNASEL is an endoribonuclease involved in antiviral and proapoptotic activ-
ities of interferon regulated 2-5A system- RNA decay pathway (Carpten et al., 2002).
Genes involved in other tumor systems such as breast cancer, BRCA genes have
been evaluated and there is an increase of BRCA2 mutations in men with prostate
cancer compared to controls but again these mutations have been suggested to account
for only a small proportion of genetic prostate cancer (Edwards and Eeles, 2004).
That the recent meta analysis gave higher risk assessment to brothers than sons of
men with prostate cancer could point to different screening practices in the genera-
tions, or environmental factors (Johns and Houlston, 2003). It also suggests multiple
low penetrance genes or recessive or X linked inheritance rather than dominant
high penetrant pattern of inheritance. Mitochondrial DNA [mtDNA] mutations have
been recently assessed. The mitochondria, inherited from the mother, have their
own separate genetic code. Mitochondria as the energy producer for the cell and
its role in apoptosis are critical for proper cellular function. The energy machinery
of the cell requires proteins from both nuclear DNA and mtDNA. Mutations in
either cause a spectrum of clinical manifestations and have been shown to cause an
increase in reactive oxygen species. Mitochondrial gene and nuclear DNA encoded
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mitochondrial gene mutations have been linked to cancer. Recently Petros et al.
reported on the increase of mutations in the mtDNA Cytochrome Oxidase subunit
I [COI] gene in prostate cancer cases with laser capsure microdisection. Twelve
percent of the prostate cancer specimens had mutations in the cytochrome oxidase
subunit 1, whereas the general population had 7.8% mutations, and the no cancer
controls demonstrated less than 2%. The authors created a mouse model with the
mitochondrial mutation in which the tumors with the mutation created more ROS
and had tumors which were seven times larger than the non mutated mtDNA (Petros
et al., 2005).

Several polymorphisms of common genes in the androgen pathway (Latil et al.,
2001), or DNA repair genes (Goode et al., 2002), steroid biosynthesis (Gsur et al.,
2004) or PSA (Gsur et al., 2004) are being assessed as contributors of prostate
cancer risk. As there has not been a single dominant gene yet identified, multiple
low penetrance genes with modulation from the environment may dictate prostate
cancer progression. Polymorphisms in the CYP3A4 gene, which is responsible
for the oxidative deactivation of testosterone, have been studied. In one study,
older men with no family history of prostate cancer were more likely to have
the CYP3A4-V allele if they presented with advanced disease. Forty six percent
of these men with > T3 disease had the CYP3A4-V allele compared to 5% in
the T1 group. [OR = 9.45 p= 0.001] (Rebbeck et al., 1998) Again confirmation
from other data bases is not fully consistent. One of many examples of the inter-
action of genetic polymorphisms in 2 pathways with an environmental toxin is
outlined in Table 4. Here polymorphisms in the ornithine decarboxylase [ODC]
gene coupled with polymorphisms in the androgen receptor [CAG repeats] and
smoking history give rise to different relative risks for prostate cancer (Visvanathan
et al., 2004).

Table 4. One example of the numerous proposed interactions between
multiple genetic polymorphisms with environmental factors which
could account for the genetic variability in prostate cancer incidence
(Visvanathan et al., 2004)

Example of genetic polymorphism with environmental factor

Low Risk
ODC GG with AR >22 CAG Age Adjusted Odds Ratio
repeats

Nonsmoker/smoker 1.0/1.01

Intermediate Risk
ODC AG or AA with AR >22
CAG repeats or ODC GG with AR
<22 CAG repeats
Nonsmoker/smoker 1.48/1.31
High Risk
ODC AA or AG with AR <22
CAG repeats
Nonsmoker/smoker 1.43/2.77
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7. RACE

African Americans and blacks living in the Caribbean have the highest rates of
prostate cancer. A recent review of prostate cancers in Jamaica reported that the
incidence to be 304 per 100,000 men- higher than the US African American rate
of 249/100,000 during a similar period, the US Caucasian rate was 187/100,000
at that time. The authors also report more clinical symptoms at presentation in
Jamaica (Glover, Jr., et al., 1998). In the U.S. the differences in prostate cancer rates
between African Americans, Caucasians, and Asian Americans has been studied
to elucidate the essential promoters in clinical cancer- no definitive answer is
available. Circulating androgen levels, genetic differences in the androgen receptor
and zinc transporter (Rishi et al., 2003), vitamin D metabolism, body mass index,
diet, socioeconomic class, and access to health care have been accessed to explain
incidence and death disparities with no definitive answer as yet (Danley et al., 1995;
Bianco, Jr., et al., 2002). Historically Sub-Saharan Africa has been reported to have
low rates of prostate cancer, but a recent screening program set up in Dibombari,
Cameroon for 111 men led to 24 biopsies due to abnormal DRE or PSA, which
diagnosed 6 cancers and 2 HGPIN, with 6 LGPIN. The authors conclude that the
low rate reported may reflect cultural and economic barriers to health care versus
the previous theory that better diet was the etiology of the low rates of cancer
(Angwafo et al., 2003). A comparison between high incidence area Washington
DC, US to low incidence area in West Africa published in 1980 after consecutive
necropsy cases were performed in Nigeria, Ghana, and Washington DC, suggested
that the age adjusted rates for both areas were similar; 36.7 for West Africa versus
40.6 per 100,000 in DC. The African tumors were more advanced stage, 75% versus
49% were stage III and IV on necropsy. (Jackson et al., 1980) As improvement in
cancer registries throughout the world occurs clearer comparisons can be made.

8. DIET

Additionally diet is considered by some to be a risk factor. Epidemiological trends
between countries, and migration studies define differences in risk of clinical
prostate cancer which could be institutional [differences in health care systems
or reporting], environmental or dietary (Rose et al., 1986). Incidence of prostate
cancer foci on histological section have been found to be similar between Asian
countries and the West, but the size and aggressiveness of the tumors are much
smaller and well differentiated in the Asian countries, leading to theory that it
is promotion, not initiation of carcinogenesis that leads to the differing clinical
scenarios between countries (Dhom, 1983). That the differences may be more than
genetic have been evaluated with migration studies. After migration to the U.S.,
Chinese and Japanese men have substantial increases in prostate cancer rates (Muir
et al., 1991; Nguyen, 2003). Those men who maintain a more traditional Asian
diet have lower rates of prostate cancer, which some authors have attributed to the
phytoestrogens in the traditional more vegetarian diet (Vij and Kumar, 2004). Others
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have noted the increase in prostate cancer risk in foreign born Asian Americans
increased independently with length of residence in North America and saturated
fat intake (Whittemore et al., 1995). In addition the Westernization of diet in Asian
countries has led to increase in prostate cancer incidence in those countries (Sim
and Cheng, 2005; Pu et al., 2004; Lee et al., 1998).

The difference between western and eastern diets in prostate cancer clinical cancer
incidence has had some of the greatest interest. Certainly countries with diets rich in
cereals, soybeans, other nuts and oilseeds, and fish that are also associated with less
energy intake, less total fat, and less animal products [milk and meat] have lower
prostate cancer rates (Hebert et al., 1998). The rates change with migration patterns
or as Asian countries adopt western dietary practices, but is it the loss of a protective
factor-fish, vegetables or soy, or the addition of a promoting factor-red meat or
fat, that accounts for the incidence change? Cohort and case control studies, give
additional, though sometimes conflicting, evidence with respect to which dietary
factors have harmful or protective effects. Some of the inconsistencies come from
inadequate measures or stratification of dietary elements. The complexity of food
products; an example is fat-animal, vegetable, saturated, or essential, are not always
well delineated on food questionnaires and can account for some of the inconsistent
results seen in the literature.

9. DIETARY FAT

Dietary fat has been one of the earliest elements linked to prostate cancer. Several
epidemiological studies have reported on increased odds ratio or relative risk
with increased consumption of fat. Comparing cancer mortality with national food
consumption reported a positive association with animal fat in 1986 (Rose et al.,
1986) and again in 1998 (Hebert et al., 1998). Case control and cohort studies
have not been as consistent with the association of fat (Dagnelie et al., 2004),
though a case control study in China (Lee et al., 1998) demonstrated a increased
risk in this low risk country with higher consumption of animal fat, the adjusted
odds ratio for highest to lowest consumption was 3.6. Prentice and Sheppard
reviewed the epidemiological data, and performed regression analyses of the inter-
national variation and determined RR for fat intakes (Prentice and Sheppard, 1990),
they suggest practical reduction in fat intake could lower cancer disease. The
regression rates for prostate cancer with disappearance of fat calories was signif-
icant [p =0.0001], with a relative risk estimate of “essentially zero” for a 60% fat
reduction in the diet.

Recent publications have studied individual components of fat, such as individual
fatty acids. A cohort of 47,866 U.S. men followed for 14 years showed an increase
risk of advanced prostate cancer with fatty acid alpha linolenic [ALA, 18:3n-3]
fatty acid [they looked at variations from all sources- meat, dairy and vegetable
oil], but a decreased risk of total and advanced prostate cancer with the fatty acids
from fish, eicosapentaenoic [EPA: 20:5n-3] and docosanhexaenoic [DHA: 22:6n-3].
Fish oil supplements had no relationship, which may suggest that fish contain other
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Table 5. Compilation of polymorphisms being investigated for a role in
prostate carcinogenesis. Compiled from (Goode et al., 2002; Gsur et al.,
2004; Visvanathan et al., 2004)

Polymorphism of common genes

e Androgen Receptor e cytochrome 450
- CAG — CYP17 A2 allele
- GGC - CYP3A4*1B

® 5 alpha reductase ® 3Beta-hydroxysteroid dehydrogenase
— V89L ® Glutathione S transferases
— A49T ® N-acetyl transferases

e PSA ® Ornithine decarboxylase
— Androgen Response e CDKNIB [p27]

Element ® Base Excision Repair

e HPC2/ELAC2 - 0GGl

— Ala541Thr - XRCC1

protective agents such as vitamin D or retinol other than the fatty acids (Leitzmann
et al.,, 2004). A review of several studies with fatty acids by Attar-Bashi et al.
also commented on the possible positive association of prostate cancer with alpha
linolenic fatty acid- but suggest further investigation as the cardiovascular health
benefits of ALA are documented and cardiovascular deaths are a major concern in
this age group (Attar-Bashi et al., 2004).

10. OTHER FOOD SOURCES

Figure 4 is a composite from a meta-analysis by Dagnelie et al. Using only
prospective studies- randomized or cohort — they reviewed the dietary evidence for
prostate cancer associations. The x axis gives the number of studies reporting either
inverse, null or positive associations on the y axis with particular dietary component
(Dagnelie et al., 2004).

The authors concluded that despite the prospective nature of the trials limitations
in study size, measurements and validation were apparent, but they did suggest
some consistent associations with selenium, possibly vitamin E, pulses [soy], and
tomatoes as protective. Other dietary factors were inconclusive, though high levels
of calcium [>2000mg/day] appeared to be adverse (Dagnelie et al., 2004). Which
particular compound in the foods, and the amount needed to be protective is under
investigation.

Dairy has been reported to be either null or demonstrating a risk for prostate
cancer (Dagnelie et al., 2004). Advanced cancers had a stronger association (Kristal
et al., 2002; Chan et al., 2005). Whether it was fat, or hormonal contamination or
other cause was unknown. Recent studies have hypothesized that the calcium in
the milk products lower circulating levels of vitamin D, which may be protective
(Giovannucci, 2005; Chan et al., 2001).
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Number of studies demonstrating
protective/null/adverse effect with various food
groups in prospective cohort studies using
questionnaires

O Vegetables

B Fruit

M Cereal

O Meat

@ Fish

B Milk,dairy

W Eggs

O Coffee

H Black tea

] O Green tea
RR<0.80 0.8-1.20 RR>1.20 H Alcohol

Figure 4. Meta-analysis of prospective cohort and intervention trials with diet and prostate cancer
(Dagnelie et al., 2004)

Noting the association between groups identified as having lower circulating
levels of vitamin D, [those living in areas with less UV B radiation, African
American race, or being overweight], with higher prostate cancer mortality there
has been a hypothesis generated that vitamin D protects against prostate cancer.
The evidence is not entirely consistent and is further being studied in the lab and
with clinical trials (Giovannucci, 2005). Studies on cigarettes have been mixed, a
recent study has documented a moderate risk [O.R. 1.4] for current smokers, a dose
effect was seen [trend p = 0.03] and a stronger association with aggressive disease
was seen [O.R. 2] (Plaskon et al., 2003). Alcohol has not shown to be consistently
associated with risk(Dagnelie et al., 2004), a recent study demonstrated a modest
risk reduction only with red wine; for each glass consumed per week there was
a 6% reduction in relative risk (Schoonen et al., 2005). Aspirin and non-steroidal
anti inflammatory drug consumption has had mixed results as to whether there
is a null or modest protective association (Habel et al., 2002; Platz et al., 2005).
Vigorous exercise in one prospective study was associated with less fatal tumors in
men over 65, but had no association with all cancer incidences or in younger men
(Giovannucci et al., 2005).

11. RANDOMIZED TRIALS WITH PROSTATE CANCER
PREVENTION AS A SECONDARY ENDPOINT

The earliest large cancer prevention trials were not carried out on prostate cancer,
but with two trials in particular, analysis of secondary endpoint gave rise to
candidate agents for prostate cancer prevention. Alpha- tocopherol, beta carotene
study, ATBC, conducted a randomized, 4 arm, double blind, lung cancer prevention
trial with 20 mg of beta carotene and 50 mg of vitamin E. The trial accrued 29,133
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Finnish male smokers followed for 5 to 8 years. The primary endpoint of lung
cancer prevention was not realized, in the beta carotene arm there were more lung
and prostate cancers with a higher total mortality of 8%. In the alpha-tocopherol
[Vitamin E] arm but there was a reduction in prostate cancer, 99 versus 151 cases,
a reduction by approximately one third [34%]. The protective effect was observed
by 18 months. There was also a higher total mortality of 2%. Hemorrhagic strokes
in men with uncontrolled hypertension contributed to the higher mortality in the
vitamin E arm, there was a 45% increased risk during the trial (Albanes et al.,
1996). In a post trial analysis there was a persistent protective effect of vitamin E
on prostate cancer after intervention, but diminished fairly rapidly- by the third year
(Virtamo et al., 2003).

A second trial, Nutritional Prevention of Cancer Study, testing the hypothesis
that selenium 200ug would decrease the rate of skin cancer also did not validate
the primary hypothesis, but there was a 63% reduction in the incidence of prostate
cancer in the men receiving selenium. 1312 subjects of which 974 were men treated
for a mean of 4.5 years and followed for 6.5 years (Clark et al., 1996). There
were 13 prostate cancers in the treated group and 35 in the placebo group [RR
0.37, p = 0.002]. For the 843 men who entered the trial with a PSA less than 4
there were 4 cancers in the treated group and 16 in the placebo group. [RR 0.26,
p=0.009] (Clark et al., 1998) Giovannucci and colleagues correlated the selenium
levels in toe nail clippings, a measure of long term selenium intake and calculated
the OR from highest to lowest quartile to be 0.35 p = 0.03, once controlling for
family history and other dietary factors. For selenium concentration alone the OR
was 0.49 with trend p=0.11 (Yoshizawa et al., 1998). Later using a nested case
control from a cohort study analysis of serum selenium levels with prostate cancer
the authors found an inverse relationship with advanced prostate cancer [OR 0.52
p=0.5], and in those with baseline PSA levels >4 [OR 0.49 p = 0.002 (Li et al.,
2004). As another example of gene/environment interaction Li et al reported that
a polymorphism in the superoxide dismutase [MnSOD], the primary antioxidant
enzyme in the mitochondria, did not affect prostate cancer risk, but when coupled
with baseline serum levels of antioxidants, selenium, lycopene and alpha tocopherol,
polymorphisms in MnSOD modified risk stratifications (Li et al., 2005). The earlier
findings lead to the trial design of the Selenium and Vitamin E Cancer Prevention
Trial, [SELECT], for prostate cancer prevention.

12. RANDOMIZED TRIALS FOR PROSTATE CANCER
PREVENTION

There are numerous trials for prostate cancer prevention in various phase
development and with a wide variety of agents. The larger Phase III trials have
involved changing the hormonal milieu of the prostate or increasing antioxidant
consumption through supplements.

Finasteride [Proscar], is a 5 alpha reductase inhibitor which blocks the conversion
of testosterone to dihydrotestosterone and grossly causes a reduction of prostate
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volume by 30%. Finasteride has been used to treat bladder outlet obstruction from
prostate enlargement since 1992. The Prostate Cancer Prevention Trial [PCPT]
funded by the National Cancer Institute, accrued 18,882 men starting in 1993 for
a randomized double blind placebo controlled trial of finasteride 5 mg for 7 years
with an end of study biopsy to determine prostate cancer prevalence. The trial was
closed early as the primary endpoint of 25% prostate cancer reduction was achieved
in the arm treated with finasteride. There were 803 cancers [18.4%] compared to
1147 [24.4%] in the placebo arm. Sub stratification of the cancer demonstrated
that in the finasteride arm 280 men had Gleason 7 or higher [37% of cancer,
6.4% of men] compared to the placebo arm which had 237 men with Gleason >7
cancer [22% of cancers, 5.1% of men]. Despite the overall reduction of cancer, the
use of finasteride has not been embraced because of concern over the increase in
higher Gleason grade cancers. It has been reported there is potential for grading
bias due to changes in architecture, nuclei and nucleoli seen in hormonally treated
prostate cancers that could potentially falsely up grade disease (Bostwick et al.,
2004). Another explanation is that finasteride prevents low grade lesions, but not
high grade lesions, and coupled with the prostate volume reduction [up to 30%]
from finasteride there is an improved biopsy efficiency for higher grade lesions
(Carver et al., 2005; Rubin et al., 2005; Andriole et al., 2005). The concern is
that finasteride may alter biology and induce cells to become higher grade. Further
study and longer follow up is needed.

These issues of grading or detection bias will be further addressed and perhaps
clarified with the current ongoing trial, Reduction by DUtasteride in prostate Cancer
Events -REDUCE. Sponsored by GlaxoSmithKline the trial will enroll 8000 men
with an elevated PSA- but less than 10- and a negative biopsy, from around the
world to be randomized into a double blind placebo controlled trial with dutasteride
0.5mg for 4 years. Biopsies will be taken at 2 and 4 years (Andriole et al.,
2004). Dutasteride [Avodart] is the dual 5 alpha reductase inhibitor, inhibiting
type 2, as does finasteride, but also type 1. Though type 2 is the predominant
enzyme in the prostate, there is some evidence that type 1 is upregulated in prostate
cancer as demonstrated by more intense immunohistochemistry staining of type 1
in cancer cells but not BPH (Thomas et al., 2003). In addition microarray gene
analysis and semiquanitative RT-PCR has demonstrated that type 2 expression is
decreased in prostate cancer compared to BPH and normal prostate cells (Luo
et al., 2003).

The Physicians’ Health Study-II [PHS II] is a large ongoing trial. testing
vitamin C, vitamin E, beta-carotene, and a multivitamin for the primary prevention
of cardiovascular disease, total cancer, and prostate cancer. Since August 1997,
14,642 men have been randomized. There are 16 possible combinations of
vitamin C (500 mg synthetic ascorbic acid), vitamin E (400 IU of synthetic alpha-
tocopherol), beta-carotene (50 mg Lurotin), a multivitamin (Centrum Silver), or their
placebos. Vitamin C and the multivitamin or their placebos are taken daily, while
vitamin E and beta-carotene or their placebos are taken every other day (Christen
et al., 2000).



254 SIMONEAU

SELECT opened in 2001 and quickly achieved its accrual goal of 32,000 but
results are not yet available. Men were randomized to one of four arms, either
200ug Selenium [L-selenomethionine] or 400 mg of [dl-alpha-tocopheryl acetate] or
neither or both. Intervention is a minimum of 7 years for the last participants and up
to 10-11 years for those who entered early. Clinical cancer detection is the endpoint.
Since its inception reports of toxicity with vitamin E, a meta-analysis demonstrating
increasing all cause mortality with higher doses of vitamin E, and a report from
a cardiovascular trial demonstrating increased heart failure with vitamin E have
caused for participant notification and review by the data safety and monitoring
committee. Because the ATBC trial had demonstrated an increased stroke risk,
all men on SELECT had to have a baseline blood pressure below 140/90 before
randomization, and are a healthy population (Lippman et al., 2005).

The possible chemopreventive action of anti-inflammatory agents was to be
studied on a large scale with the ViP Study. Sponsored by Merck the study was
to involve 15,000 men between the ages of 50 and 75 with no history of prostate
cancer, but a PSA between 2.5 and 10. These men were to be randomized to
placebo versus 25mg of VIOXX daily for 6 years. The end point was clinical
cancer detection and accrual opened June 2003. In the summer of 2004 VIOXX was
removed from the market due to cardiotoxicity reported from another prevention
trial with VIOOX for colon cancer (Merck VIOXX Timeline, 2004). This illustrates
two points-one that toxicity in healthy people with a drug to prevent a possible
cancer in the future is unacceptable. Second, as with the ATBC trial these large
trials will document toxicity otherwise under assessed.

PIN as a preneoplastic lesion with an association to future cancer development
has seen much enthusiasm as for marker for chemopreventive trials. There are
difficulties with such an approach. Firstly as a stand alone lesion it is not common,
secondly PIN may be late in the molecular transformation to cancer and may
not respond to intervention efforts. Despite the difficulties several clinical trials
have targeted PIN for treatment in an effort to reduce prostate cancer incidence.
Southwest Oncology Group activated a phase III randomized, double blind trial
comparing placebo with selenium for 3 years for men with PIN alone on biopsy
(Stratton et al., 2003). Another trial sponsored by the National Cancer Institute of
Canada randomizing men with PIN into two groups one group receiving selenium,
soy protein isolate, and vitamin E , the other arm placebo.

Toremifene [GTx-006, Acapodene] a selective estrogen receptor modulator has
been evaluated in a small phase II trial, an open label trial in 21 men with PIN
who received 4 months of toremifene 60 mg/day orally before undergoing a second
biopsy with 8 cores. The results were compared to historical controls, and there
was felt to be a reduction in PIN on follow up (Steiner, 2003). Subsequently a
larger phase II trial sponsored by GTx has been completed with 500 men with PIN
on biopsy randomized into a double blind trial with four arms-3 different doses of
toremifene versus placebo. Men were followed every 3 months and had biopsies
at 6 and 12 months. As presented in an abstract, the placebo arm had a cancer
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detection rate of 31% at 1 year, with 20 mg of toremifene reducing the cancer rates
to 24.4%, p < 0.05] (Steiner et al., 2004).

13. ARE THERE BENEFITS OF SCREENING OR TREATMENT

Screening for prostate cancer has become synonymous with PSA screening. It
should be clarified that screening implies performing a test on an asymptomatic
man in the general population. For men who present with symptoms or have a very
strong family history the use of PSA could be considered more case finding than
screening. For screening to be beneficial several factors should be present. First the
disease to be screened for should be a major health concern, second there should be
a health benefit for early intervention, third the screening test should be rapid and
inexpensive, and fourth the test should have high sensitivity and specificity. For
each of these factors in PSA screening there is debate. Prostate cancer is prevalent,
but debate about its clinical impact is ongoing. Autopsy series demonstrating large
numbers of men with clinically insignificant prostate disease give some concern
that aggressive treatment of prostate cancer is not indicated when so many men die
of other causes (Sakr et al., 1994). It is estimated that there will be 230,000 cases of
prostate cancer diagnosed in the U.S., but only 29,900 deaths due to prostate cancer
(Jemal et al., 2005). Which of those 230,900 men would benefit from treatment-
who would not? Because of the slow growing nature of most prostate cancers and
the age of the men at diagnosis with other co morbidities, many feel early treatment
does not improve overall survival. To study whether treatment impacts survival
randomized trials of observation versus surgical treatment have been implemented.
The Scandinavian Prostate Cancer Group in 1989 randomized 695 men with T1b,
Tlc, T2 tumors to surgery or observation. In 2002 they reported on the progress
of this group. The mean age was 64.7 years with a median 6.2 years of follow-up.
There was a 50% reduction in prostate cancer mortality in the arm treated with
surgery- but no overall improvement in survival (Holmberg et al., 2002). In 2005
they presented further follow- up- now with a median 8.2 years follow-up and there
was a significant improvement with surgery in overall survival, 83 deaths versus
106 [p = 0.04], prostate cancer deaths 30 versus 50 [p =0.01] as well as less distant
metastasis and use of hormonal therapy [p = 0.01]. Men younger than 65 seemed
to benefit more- but the study was not powered to stratify for age (Bill-Axelson
et al., 2005). This study does seem to illustrate the rationale that PSA screening
should be limited to men with a 10 year life expectancy (Smith et al., 2005). The
U.S has a similar ongoing trial- PIVOT- Prostate Intervention versus Observation
which began in 1994 with 700 men. The median age is 68 years, and there are
more men with Tlc stage cancers- PSA found tumors- than the Swedish study. No
results are yet available (Wilt and Brawer, 1997).

To study whether PSA screening improves men’s health are two large prospective
screening trials. The European Randomized Screening Prostate Cancer begun in
1992 consists of seven centers in Europe where 163,126 men age 55 to 69 years were
randomized to screening or not. Pathology reports have demonstrated a migration
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to smaller tumors, results if there is a survival benefit are to be in 2007-2008
(Hoedemaeker et al., 1997; van der Cruijsen-Koeter et al., 2005). The U.S. Prostate,
Lung, Colorectal, Ovary began in 1993 and enrolled 37,000 men and 37,000 women
into two arms with planned follow-up of 13 years. To date 1.4% screened men
have been diagnosed with PCA, but mortality results are pending (Andriole et al.,
2005). Several authors have published on their trials with PSA screening. Labrie in
Quebec, Canada randomized from an electoral directory men to receive screening or
not. They reported the death rate decreased with screening [15 versus 48.7/ 100,000
man years], but the analysis was not on an intent to treat basis and lead to criticisms
of the study (Labrie et al., 1999). Further follow up of this trial in 2004 reported a
62% reduction in prostate cancer deaths in the screened group (Labrie et al., 2004).
Bartsch in Tyrol Austria reported on the ‘natural experiment’ where PSA screening
was free to Tyrol and not implemented in the rest of Austria. Beginning in 1993
for men age 45-75, two thirds of the men were tested in first 5 years. There was a
stage migration with a 33% reduction in PCA deaths. Difference in PCA mortality
was significant at p = 0.006 (Bartsch et al., 2001; Horninger et al., 2005) Not all
studies show overall survival, a Swedish study enrolling every sixth man in the
age range of 50-69 to a trial screening for prostate cancer every third year was
performed. In 1987 and 1990 only DRE was used and in 1993 and 1996 PSA was
also implemented. The screened group had a higher rate of cancer detection [5.7%
versus 3.8%], but half the cancers were detected between screenings. The screened
group also had more organ confined [56% versus 26%] disease and were more
likely to undergo curative treatment. The overall and cause specific survival was
not statistically different (Sandblom et al., 2004).

As stated previously PSA screening has been given an ‘I’ rating for insufficient
evidence to promote its use as a screening agent by the U.S. Preventative Task Force.
The American Cancer Society has published its recommendations encouraging men
to be informed on the risks and benefits of screening. For those choosing screening,
screening should begin at age 50 and be reserved for men with a 10 year life
expectancy. For men of African decent, especially from the Sub-Saharan, or an
affected first degree relative the recommendation is to begin at 45, and if multiple
first degree relatives age 40 is recommended. If the PSA is <1.0 the option to
return at age 45 is given. If >2.5 a biopsy should be done (Smith et al., 2005). As a
practical matter, discussing when you plan to stop obtaining a PSA- such as age 70
or 75 and screen with DRE only early on makes acceptance of no longer checking
an annual PSA later easier.[Personal Observation]

The dilemma with PSA and prostate cancer points to areas of necessary research.
When PSA was introduced, causing a rise in incidence, the concern was it was
uncovering latent, incidental prostate cancer. Fifteen years later when the PCPT
end of study biopsy on the placebo arm demonstrated 15% had cancer despite
normal DRE and PSA the concern was PSA was not detecting cancer. Current
efforts are aimed to detect, or to predict of those tumors detected, the potentially
lethal cancers, leaving undiagnosed or untreated those tumors with limited ability to
progress.



PROSTATE DISEASE IN THE AGING MALE 257

14. TREATMENT

Because of the age of the individuals involved, many men with other co morbidities,
and the indolent nature of many prostate cancers, as well as the potential for
significant morbidity of treatment- impotence and incontinence; treatment decisions
for prostate cancer are an analysis of competing risks for the individual in question.
The age, health and particular morbidity concerns of the individual as well as the
PSA level, clinical stage, Gleason score, number and extent of affected cores will
factor into the decision as to what treatment regiment should be adopted. The first
question- will this man live long enough to benefit from treatment should be asked
prior to PSA screening in the majority of men being diagnosed today.

The second question whether the cancer requires treatment for localized or
advanced disease can be facilitated by clinical exam as well as tables and nomograms
incorporating PSA levels, clinical exam, and Gleason score. PSA levels over 20, or
>10 if the Gleason score is 7, or any PSA value if the Gleason score is >8 trigger
a bone scan to rule out metastasis disease to the bone- a common metastasis site.
Men with PSA levels below these parameters have minimal risk for bone disease.
Whether CT Scan and MRI should be used to rule out lymph node involvement can
be determined from utilization of the Partin Tables (Carroll et al., 2001; Wolf, Jr.,
et al., 1995; Allen et al., 2004). Partin first published his nomogram in 1997 and later
updated in 2001 (Partin et al., 2001; Partin et al., 1997). Comparing 3 presurgical
parameters with the surgical pathology specimens of 4133 men after radical prosta-
tectomy with pelvic lymph node dissection, tables have been generated outlining
the percent of men who will have organ confined disease, extraprostatic disease,
seminal vesicle disease or positive lymph nodes given their PSA, clinical stage
and Gleason score. A CT scan maybe indicated, given its limitations in detecting
positive lymph nodes, if a man’s risk of having positive pelvic lymph nodes is high
by Partin Table. Others have calculated that a CT scan maybe helpful in detecting
positive nodes if the PSA is > 25 (Carroll et al., 2001; Wolf, Jr., et al., 1995). This
may change if sensitivity of imaging tests improves. The difficulty arises in that the
Tables are helpful in general categories and discussing risks, but are not specific
enough to an individual to be definitive.

Once it has been determined if the disease is most likely localized several options
are available. A third question is whether the localized disease has potential to
progress. Kattan nomogram published in 2003 expands on the same parameters of
clinical stage, PSA, ultrasound volume and findings from the pathology report to
give a probability of indolent disease, based on correlation of these factors to clini-
cally insignificant cancers on radical prostatectomy specimens. The nomogram, as
it defines indolent, excludes any cancer with a Gleason component of 4, and gives
the probability of a cancer with a presumed volume of <0.5cc volume of well or
moderately differentiated tumors (Kattan, Eastham et al. 2003). There are several
other nomograms to predict individual outcomes after primary treatment with either
surgery or radiation therapy, and they and tend to out perform experts and risk strat-
ification. But again one is given a probability of being disease free at particular
intervals; improvement for individual survival is needed (Diblasio and Kattan, 2003).
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15. LOCALIZED DISEASE
15.1 Expectant Management

Observation or watchful waiting has long been a mainstay of prostate cancer
treatment. No curative intent is performed- but rather once progression has been
documented generally to bone metastasis or symptomatic bone metastasis systemic
hormonal therapy is instituted. Several older studies and one recent have reported
that the survival from prostate cancer up to 10 years is 60 to 87%. Unless cancer
is poorly differentiated- Chodak reported 34% 10 year cancer specific survival.
But at 15 years cancer specific survival is 53-56% (Hugosson et al., 1996). Thus
for older men with less than 10 year life expectancy no treatment gives similar
outcomes as treatment for moderate and low grade tumors. A population based
study of long term nonrandomized 10 year cancer survival using the U.S. based
SEER data, (Table 6) again demonstrates that for low grade tumors 10 year survival
data is similar between treatment options. The authors extracted data from the 10
participating centers across the U.S. There were 59,876 cancer registry patients
from 1983 to 1992, age 50 to 79 years. True comparisons between treatment can
not be made as men undergoing radiation were older than those receiving surgery
(Lu-Yao and Yao, 1997). Again 10 year survival in men with poorly differentiated
tumors is poor in this series also.

Albertsen et al. reported on the competing risk analysis of death of men aged
55 to 74 at time of diagnosis, managed conservatively and generated insightful
graphs outlining the death from prostate cancer versus other causes stratified by
Gleason score and age of diagnosis. First published in 1998 it demonstrated chance
of dying from prostate cancer was linked to Gleason score versus age. (Albertsen
et al., 1998) Table 7. Follow up publication in 2005 concluded mortality rates were
stable after 15 years, low grade cancers have minimal risk during 20 year follow

Table 6. Stratification of 10 year survival by tumor grade and
treatment from SEER data base, a non randomized data base
(Lu-Yao and Yao, 1997)

Grade and Treatment % Survival at 10 years
Grade 1

Radical Prostatectomy 98%
Radiation Therapy 89%
Watchful Waiting 92%
Grade 2

Radical Prostatectomy 91%
Radiation Therapy 74%
Watchful Waiting 76%
Grade 3

Radical Prostatectomy 76%
Radiation Therapy 52%

Watchful Waiting 43%
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Table 7. Probability of dying from prostate cancer within 15 years based on presenting Gleason Grade
(Albertsen et al., 1998)

Gleason Grade 2-4 5 6 7 8-10

Probability of dying from prostate 4-7% 6-11% 18-30% 42-70% 60-87%
cancer by 15 years

up [6 deaths per 1000 person years] and high grade cancers have high probability
during the first 10 years. [121 deaths per 1000 person years] (Albertsen et al.,
2005). One discernment with this particular study is that many of these tumors
were from TURP specimens [60%] or open prostatectomy [11%] and only 26%
were diagnosed by transrectal biopsy. It is debatable if this series accurately reflects
the tumors diagnosed by transrectal biopsy in the periphery of the prostate.

Expectant management differs from watchful waiting in that intervention, if
needed, would be instituted when curative intent is still possible. Thus protocols
with monitoring PSA rate, follow up biopsy are being implemented to determine
who needs invasive treatment and who can be followed (Klotz, 2005).

16. SURGICAL MANAGEMENT

Treatment with surgery is relegated to presumed localized disease in men with
10 year life expectancy. Several centers of excellence have reported on excellent 5,
10 and 15 year overall survival and cancer specific survival after radical prostate-
ctomy, respectfully 99%, 96% and 90% (Roehl et al., 2004; Han et al., 2001; Walsh
et al., 1994; Kundu et al., 2004; Khan et al., 2003). Centers of excellence also
report good urinary control and potency in younger men with adequate erections
(Khan et al., 2003). Series from community based data collection and quality of life
questionnaires do not demonstrate equal continence and potency rates, though 89%
of men who chose surgery would do so again (Fowler, Jr., et al., 1995). With the
advent of PSA- biochemical recurrence is another measure of cancer control. The
significance of PSA recurrence is difficult to estimate at times. Pound et al reported
on the outcome of PSA recurrence after radical prostatectomy in men not treated
with adjuvant therapy. Fifteen percent of men of the 1997 men had a biochemical
recurrence, 34% of these men with PSA recurrence developed metastatic disease in
the study period. Median time from PSA recurrence to bone metastasis was 8 years,
and from bone metastasis to death median time was 5 years. PSA doubling time,
Gleason score, and time to biochemical recurrence were predictive of progression
(Pound et al., 1999) Recent studies have confirmed PSA velocity or doubling time
after prostatectomy as a prognostic factor. Comparison with radiation is difficult
as there has not been a prospective trial in the current PSA era. Just recently the
Sweedish prospective comparison of surgery with WW for Tlc to T2 tumors has
shown a survival advantage with surgery at median follow up of 8.2 years, but
not in an earlier analysis at 6.9 years (Bill-Axelson et al., 2005). The PIVOT trial
should be helpful with additional information.
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Newer surgical techniques with laparoscopy and robotic surgery are making
inroads on open surgery with advocates touting less blood loss and better visual-
ization, it will take time to determine if these advantages translate to improved
continence and potency (Smith, Jr. and Herrell, 2005).

17. RADIOTHERAPY [RT]

There are several modalities of radiation; conventional RT, three dimensional
conformal RT [3DCRT], intensity-modulated RT [IMRT], conformal proton beam
RT [CPBRT], brachytherapy with permanent iodine or palladium seeds [PPI] or
with high dose temporary implants [HDR]. In addition, varying doses of radiation
have been given in conjuncture with varying time courses of hormonal therapy. The
scope of the treatment options with radiation therapy are beyond this review. For an
excellent summary of evidence based direction with radiation therapy the reader is
referred to recent review by Speight and Roach (Speight and Roach, 2005). Though
there are many unanswered questions on the optimum type, dose, and timing of RT,
through the use of prospective clinical trials some questions have been answered.
Points made by the authors include, doses less < 70 Gy are suboptimal for curative
intent, but it is unclear if doses greater than 78 are beneficial. Androgen depri-
vation therapy is beneficial in conjunction with radiation therapy and combinations
and timing can be optimized to patient populations. Pelvic irradiation to the pelvic
lymph nodes is debated, but should be considered for intermediate and high risk
patients (Ryan and Eisenberger, 2005). A prospective trial with radiation versus
observation for localized disease has not been reported upon, as also there is no
current prospective trial of radiation versus surgery. This makes it difficult for
patients to compare survival outcomes between the three therapies. Radiation thera-
pists feel the outcomes are similar to prostatectomy, and urologist generally feel
surgery is the better treatment option. Both are more likely to recommend their
form of therapy (Fowler, Jr., et al., 2000).

Comparisons of morbidity are more readily available from community data bases.
From the Medicare data base with treatment prior to 1991 men undergoing surgery
are more likely to wear pads than those receiving radiation, 32% versus 7%, and
have a higher rate of impotence 56% versus 23%, but less side effects with bowel
dysfunction 4% versus 10%. Radiation patients were less likely to say they were
cancer free and had more cancer worry than surgical counterparts (Fowler, Jr., et al.,
1996). At a 5 year follow up men undergoing radiation had better urinary control,
but had declined in sexual function from the second year to 5 years so both groups
had similar erectile function (Potosky et al., 2004). Litwin’s group compared quality
of life function from men receiving external beam, brachytherapy and surgery. Each
group reported sexual decline compared to controls, surgery was associated with
urinary bother, external beam with bowel dysfunction and brachytherapy with all
three domains impaired (Wei et al., 2002).

Cryotherapy is making a resurgence as treatment for local therapy. Improvements
in freeze delivery, urethral warming and imaging have made complications such
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as urethral sloughing, or rectoprostatic fistula which limited earlier enthusiasm for
cryotherapy to acceptable levels and renewed enthusiasm, but the long term efficacy
is not yet available (Pareek and Nakada, 2005).

18. SYSTEMIC THERAPY

Prior to the advent of PSA men presenting with metastatic disease accounted
for 14.4% of men presenting with prostate cancer, this dropped to 3.3% in 1998
(Cooperberg et al., 2005). Initiation of androgen ablation by castration was insti-
tuted generally with initial relief of symptomatic bone pain followed by androgen
independence and death. A VA cooperative trial with timing of hormonal therapy
early versus late when symptoms developed was not reported to impact survival, but
had to contend with cardiovascular toxicity of DES (Messing, 2003). With PSA use
and stage migration, men presenting with bone disease has decreased, it would seem
the use of androgen ablation should be diminishing. But expansion of indications
for androgen ablation have occurred and may be in part due to the institution of
medical and intermittent or somewhat reversible castration with LHRH agonists and
antagonists in the 1980s, as well as nonsteroidal anti-hormonal therapies leading to
better acceptance by patients.

The Medical Research Council randomized men with advanced or metastatic
disease to immediate or delayed hormonal therapy and concluded immediate therapy
prolonged survival in men with advanced disease, but for men with metastatic
disease immediate therapy delayed disease related complications, but did not
change survival (The Medical Research Council Prostate Cancer Working Party
Investigators Group, 1997). The Eastern Cooperative Oncology Group reported
upon a trial where men undergoing radical prostatectomy with pelvic lymph node
dissection for presumed localized disease but found to positive lymph nodes were
randomized to either immediate hormonal deprivation versus observation with initi-
ation of treatment based if PSA recurred. They found a survival advantage for
men undergoing immediate therapy. At 7 year follow up, 7 of 47 men undergoing
immediate therapy died compared to 18 of 51 men in the delayed therapy arm
(Messing et al., 1999). The radiation treatment protocols have also demonstrated a
survival advantage for localized disease with hormonal therapy (Speight and Roach,
2005). Thus expansion into areas not well researched such as PSA recurrence after
primary treatment, or high risk features such as seminal vesicle involvement at
time of surgery are being instituted based on these previous studies showing benefit
to asymptomatic men with advanced local or nodal disease. According to large
population data bases men are choosing primary androgen deprivation even with
low and moderate risk localized disease, advantages which have not been well
studied (Cooperberg et al., 2005).

Life expectancy is difficult to gage with advanced disease as there has been a
shift in earlier metastatic disease with the introduction of PSA. A recent report from
MD Anderson looking at 4141 men registered with prostate cancer between 1982
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and 2001 and found median survival for lymph node involvement was 134 months
and for distant metastasis was 42 months (Taylor et al., 2005).

Newer therapies for prostate cancer are needed. The deaths from prostate cancer
occur when the cells become androgen insensitive. Chemotherapy historically has
not been effective in improving survival- just improving pain control. Recently
docetaxel did show a survival advantage over standard therapy in hormone refractory
disease increasing survival from 16 to 18 months in two trials, and has been
approved for use (Ryan and Eisenberger, 2005). Further work is necessary.

In conclusion prostate cancer is a multifaceted disease which increases with
aging- the clinical course of prostate cancer is impacted by genetic and environ-
mental interactions. Much effort is aimed at understanding the etiology of prostate
cancer so preventive efforts will be effective. As it is a disease of the old, delaying
progression with diet, medications and lifestyle modifications, if possible, has
tremendous implications allowing men to die of other diseases. The recent improve-
ments in cardiovascular care has caused cancer to be the number one cause of death
in those less than 85 in the U.S. This will impact the number of men living long
enough to be affected by prostate cancer (Smith et al., 2005). The art of medicine
for physicians involved with aging men is to determine when PSA screening and
treatment need to be applied and when they do not. The exact etiology of prostate
cancer is unknown, but the evidence that a healthy diet is associated with improved
cancer mortality is growing, and should be encouraged for all throughout their
lifetime.
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CHAPTER 14

HUMAN PREMATURE AGING DISEASES
Molecular biology to clinical diagnosis
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Abstract: A number of rare human disorders are associated with distinct clinical features that
resemble the aging process at an early stage in life. The study of these conditions has
greatly advanced our insight into the aging process. Here, we discuss the clinical and
molecular characteristics as well as the recent advances in our insight into the mechanisms
of dysfunction in these diseases

Keywords:  Aging, DNA repair, Werner syndrome, premature aging

Abbreviations: WS, Werner syndrome; WRN, Werner syndrome protein; RTS, Rothmund-Thomson
syndrome; HGPS, Hutchinson-Gilford progeria; CS, Cockayne syndrome; BER, base
excision repair; HR, homologous recombination repair; NHEJ, non-homologous end
joining; TCR, transcription coupled repair; ROS, reactive oxygen species; 8-0xoG, 7,8-
dihydroxyguanine, DSB, double strand breaks; Potl, Protection of telomere factor 1

1. INTRODUCTION

We are discussing human premature aging diseases, or segmental progerias. The
latter name indicates that these conditions do not reflect all of the features of the
normal aging process, but only a subset. Here, we describe clinical and molecular
features of some of the prominent segmental progerias (Table 1), and we discuss the
progress in this field and the challenges and complications of trying to understand
the underlying molecular mechanism and in establishing the full clinical picture.
These conditions are all very rare in the population, and thus in many cases there
is not enough individuals to establish statistical significance.
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Table 1. Premature aging syndromes and their associated aging features

Aging features WS RTS HGPS CS XP TTD
Cataract yes yes no yes yes yes
Hair loss/Graying hair yes/yes yes/yes yes/? no no no
Skin aging yes yes yes yes yes yes
Osteoporosis yes ? yes ? ? ?
Cardiovascular yes ? yes yes ? ?
diseases

Diabetes yes no yes ? ? ?
Hypogonadism yes yes yes yes no yes
Cancer osteosarcoma osteosarcoma no no skin cancer  no

2. WERNER SYNDROME
2.1 Clinical features

The major clinical symptoms of Werner syndrome (WS; www.wernersyndrome.org/
registry/registry.html) are: (1) appearance: short stature (dwarfism; usually less
than 160 cm), thin extremities with smaller hands and shorter/deformed fingers and
a pinched or beaked nose; (2) hair: graying and loss of hair, scanty eyebrows,
absence of eyelashes; (3) eyes: cataracts, protuberant eyes; (4) pitch voice; (5)
skin/muscle: scleroderma and wrinkled skin, ankle ulcers, muscle atrophy, soft
tissue calcification, newly synthesized hyalinized collagen replaces the subcuta-
neous fat; (6) metabolism: type II diabetes mellitus, parathyroid glands disorder
related osteoporosis, calcification of blood vessels (atherosclerosis/arteriosclerosis),
hyperlipidemia, hypogonadism (appeared as: poorly developed genitalia/breasts and
menstrual disorders), pituitary dysfunction; and (7) malignancies: osteosarcoma and
soft tissue sarcoma (around 1 of 400 Japanese WS patients developed osteosarcoma
and 70% of WS associated osteosarcoma are formed in the ankle or foot),
melanomas, myeloid leukemia and myelodysplastic syndrome, epithelial neoplasm,
carcinomas of the thyroid, and meningiomas. Cancers in lung, colon, and prostate,
which are very often formed on elders, are rarely seen in WS patients. The
average life span of WS patients is about 47 years. The principal causes of death
are myocardial or cerebrovascular accidents and malignancy (Martin et al., 1999;
Epstein et al., 1966; Goto et al., 1996; Ishikawa et al., 2000; Leone et al., 2005;
Yamamoto et al., 2003).

These clinical symptoms will not appear until patients reach their puberty (about
age 20). They then develop fully when the patients reach age around 30 to 40
(Martin et al., 1999; Epstein et al., 1966). The mechanism which associates with
this delay in clinical phenotype development is still under investigation. Western
blot and RT-PCR studies of human fetal and adult aorta samples showed that WRN
mRNA were expressed at similar levels in all of the different age samples from
normal individuals (Wang et al., 1999). Thus, these data support the hypothesis
that WRN is expressed at all ages, whereas the WS phenotype becomes apparent



HUMAN PREMATURE AGING DISEASES 273

after puberty. Another study, however, using immunohistochemistry and Western
blot studies, performed with human pancreas, testis, and cortex of adrenal gland
samples from normal individuals at the age of 11 to 32 years showed that WRN
was only present after the age of 32 (Motonaga et al., 2002).

WS is an autosomal recessive disorder, which means the gene is located
on not-sex related chromosomes and that the mutated gene functions as
recessive. The Japanese population is more susceptible to WS (Martin et al., 1999;
Epstein et al., 1960).

2.2 Gene

WS patients have mutations in the WRN (RECQL2) (RecQ3) (WRN) gene (Yu
et al., 1996), which is located on chromosome 8p12-p11.2 and encodes a human
homolog of the Escherichia coli (E. coli) RecQ DNA helicase named “Werner
syndrome protein (WRN)”. By multiple-tissue Northern blot analysis, the WRN
gene is more highly expressed in pancreas, testis, ovary, muscle, placenta, and heart
than in lung, brain, kidney, liver, and leukocytes (Yu et al., 1996; Furuichi, 2001).
Since this tissue type specific gene expression pattern of pancreas, testis, and ovary
correlates with WS clinical features of diabetes mellitus and early hypogonadism
in both males and females, it has been suggested that WS is a helicase associated
tissue-specific genomic instability disease (Furuichi, 2001).

WRN is a 1432 amino acids protein. It contains at least 7 domains: (1) an
exonuclease domain which spans from amino acid 70 to 240, WRN has 3’ to 5’
exonuclease activity that can facilitate its helicase activity during in vitro DNA
unwinding; (2) an acidic domain (also called “direct repeat domain) from amino
acid 424 to 477, which functions in transcription activation with RNA polymerase
IT (Balajee et al., 1999; Ye et al., 1998); (3) a helicase motif which is located
from amino acid 500 to 946, and contains a 3’ to 5° helicase activity and an ATP-
ase activity; (4) a RQC domain from amino acid 949 to 1092, which functions
in protein-protein/protein-DNA interactions; (5) a HRDC domain which locates at
amino acid 1072 to 1236 and has DNA binding activity; (6) a Nuclear localization
signal sequence (NLS) from amino acid 1370 to 1375; the NLS functions as the
recognition signal for the cytoplasmatically translated WRN to enter the nucleus;
(7) Nucleolar targeting sequence (NTS): two NTS domains have been found to
locate at amino acids 949 to 1092 (von Kobbe and Bohr, 2002) and 1403 to 1404
(Suzuki et al., 2001), which function as the entering signal to nucleolus. WRN
activity can be regulated through protein-protein interactions, post-transcriptional
modifications, and the presence of different metal cofactors (von Kobbe et al., 2003;
Opresko et al., 2004; Choudhary et al., 2004; Lee et al., 2005) (for a WRN domain
map, please see Figure 1).

Most of the known RECQL2 mutations result in a NLS deletion, or a C-terminal
(which contains the NLS) truncated WRN mutant. These mutations have been
termed “mutation 1 to 10” (for review, see Yu et al., 1996; Matsumoto et al.,
1997). Northern blot studies, performed with WS patients” mRNA samples, showed
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Figure 1. Schematic representation of human WRN protein. Each domain is highlighted with different
patterns

reduced WRN mRNA intensity when WS patients are homozygous in 4/4, 6/6, and
heterozygous in 1/4 RECQL2 mutations (Yamabe et al., 1997). These data may
suggest that these mutations could result in degradation of mutated WRN mRNAs
(Yamabe et al., 1997). However, the Northern blot probe that was used is within
the 3’ part of the WRN mRNA (Yamabe et al., 1997). Thus, it would be interesting
to re-examine the presence of all types of mutant WRN mRNAs with a probe that
recognizes the 5° part of the mRNA. Use of anti-N terminal and anti-C terminal
WRN monoclonal antibodies showed that anti-N terminal WRN antibody could
detect 1/1, 5/5, and 8/8 WRN mutant proteins but not 4/4, 6/6, and others (Goto
et al., 1999). Thus, these data suggested the presence of 1/1, 5/5, and 8/8 WRN
mutants in cells.

Due to lack of samples and sensitive methods, it is still not clear whether
neurological abnormalities are part of WS clinical features (Postiglione et al., 1996;
Leverenz et al., 1998; Mori et al., 2003; Payao et al., 2004; De Stefano et al., 2003).
Sensitive immunohistochemistry methods showed that two female WS patients had
increased amyloid deposits and plaque counts in the frontal cortex, parahippocampal
gyrus, and hippocampus (Leverenz et al., 1998). Moreover, in the same studies, the
number of amyloid deposits and plaque counts (counted from the parahippocampal
gyrus and hippocampus) of a 57 year old WS patient were similar to 74 year old
patients who had no WS but had sporadic Alzheimer’s disease (Leverenz et al.,
1998). Thus, these studies suggested that WS patients might have accelerated aging
of the central nervous system. Yet, Alzheimer’s symptoms are rarely reported with
WS. These two female WS patients had a homozygous splice junction mutation,
which results in a single exon deletion of amino acids 1047 to 1077, a deletion that
is located in the RQC domain (Leverenz et al., 1998). This specific mutation also
results in a premature stop codon at amino acid 1092, thus this particular WRN
mutant protein contains not only a truncated RQC domain, but also a truncated
HRDC domain, with no NLS sequence (Yu et al., 1996). Whether it has an intact
NTS is unknown. Interestingly, in a different WS patient, a male at age 55 and with
the same homozygous splice junction mutation, researchers reported no amyloid
plaque formation in his central nervous system (Mori et al., 2003). Case studies
showed that WS males are more likely to develop meningioma than females (Goto
et al., 1996; Nakamura et al., 2005). Thus, WRN may function differently in brains
from different sexes. Since WS syndrome does not develop until after puberty,
which is also the time of human sexual development, it will be very interesting to
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investigate the association of sex hormones to WRN gene expression, functions,
and WS clinical outcome.

There is some dispute as to whether polymorphisms in the amino acid 1367
cysteine polymorphic form of WRN (located between the HRDC and NLS domains)
have a higher risk of vascular diseases. In a study in the Japanese population there
was an association to myocardial infarction (Ye et al., 1997), but this was not
the case in a Brazilian study of cardiovascular disease (Smith et al., 2005), nor
in a North American study from the University of Washington of coronary artery
disease (Castro et al., 2000), nor in male Caucasian patients from the Baltimore
Longitudinal Study of Aging (BLSA) of coronary artery disease (Bohr et al., 2004).
Different races may have different sensitivities toward polymorphism of amino acid
1367 on WRN and its specificity in vascular disease.

When comparing this Japanese 1367 polymorphism study (Ye et al., 1997) to the
splice junction mutation studies (Leverenz et al., 1998; Mori et al., 2003), the data
imply that different domains and regions of WRN may interact with different proteins
in different tissues and have different functions in those tissues. Thus, it will be
interesting to study different WRN polymorphism (Passarino et al., 2001 )/mutation
(Oshima, 2000) associated diseases to reveal functions of WRN in different tissues.

One of the particularly interesting WRN polymorphisms is R834C, which is
located in the helicase motif (Kamath-Loeb et al., 2004). In in vitro assays, WRN
R834C mutant protein showed a reduced helicase activity, reduced exonuclease
activity, and reduced ATPase activity (Kamath-Loeb et al., 2004). This WRN
R834C polymorphism is preferentially present in Spanish individuals (Kamath-
Loeb et al., 2004). DNA sequencing studies showed that within 459 Spanish DNA
samples, 6 of them are heterozygotes and 1 is a homozygote of the WRN R834C
polymorphism (Kamath-Loeb et al., 2004). Thus, it will be very important to study
the clinical reports and the data of physical examination of individuals who are WRN
R834C homozygotic and compare their clinical data with those of WS patients. This
approach will provide insight into WRN function in humans, its effect in different
developmental stages.

2.3 Function

Studies in vitro and in vivo suggest that WRN is involved in DNA replication,
DNA repair, telomere maintenance, and more. We will focus on some of these
topics and discuss them below. However, this is only a limited overview since we
have recently reviewed Werner functions thoroughly (Opresko et al., 2004; Opresko
et al., 2005; Lee et al., 2005).

2.3.1 WRN is involved in DNA replication

Several observations suggest that WRN has potential activity in DNA replication.
First, cells derived from WS patients have reduced frequency of replication initi-
ation sites (Takeuchi et al., 1982) with extended S-phase (Takeuchi et al., 1982;
Poot et al., 1992), and undergo premature replicative senescence in cell culture
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(Salk et al., 1985; Martin et al., 1970). Second, in vitro helicase assays suggest that
WRN can unwind a DNA substrate with replication fork structure (von Kobbe
et al., 2003b). Moreover, WRN displays protein-protein interplay with lots of DNA
replication related proteins, such as: RPA (Brosh Jr et al., 1999; Shen et al., 1998;
Constantinou et al., 2000); proliferating cell nuclear antigen (PCNA) (Huang et al.,
2000; Lebel et al., 1999), topoisomerase I (topo I) (Lebel et al., 1999), flap endonu-
clease 1 (FEN-1) (Brosh et al., 2001; Zheng et al., 2005), DNA polyermase delta
(pol 8) (Szekely et al., 2000; Kamath-Loeb et al., 2000; 2001), and DNA polymerase
beta (pol B) (Harrigan et al., 2003). In vitro studies have shown that RPA enhances
WRN helicase activity (Brosh Jr et al., 1999). In vivo, WRN and RPA co-localize
upon hydroxyurea induced replication fork arrest (Constantinou et al., 2000). Since
WS cells are sensitive to the topoisomerase I inhibitor camptothecin (Laine et al.,
2003) (CPT; blocks the replication fork by stabilizing the DNA topoisomerasei
complex causing DNA double strand breaks), WRN may be involved in replication
block resolution with topoisomerase 1.

2.3.2 WRN is involved in DNA base excision repair (BER)

WRN has been found to interplay with several proteins that are involved in BER
(Fan and Wilson III, 2005), one of them being poly(ADP-ribose)polymerase-1
(PARP-1) (von Kobbe et al., 2003a). PARP-1 suppresses WRN helicase activity
and exonuclease activity (von Kobbe et al., 2004a). Furthermore, WS primary
fibroblasts are deficient in poly(ADP-ribosyl)ation after hydrogen peroxide (H,0,)
treatment (von Kobbe et al., 2003a) (which generates oxidative DNA lesion). WS
cells have lower activity of 5-hydroxymethyluracil (HMU) glycosylase activity
(Ganguly et al., 1992), which might result in an inefficiency in removing HMU.
GST-pull down assay, ELISA, and dot blot methods have shown that WRN binds to
APE1 (Ahn et al., 2004). Also, WRN and APE1 are co-localized in the nucleus (Ahn
et al., 2004). Helicase assays showed that APEI suppresses WRN helicase activity
in a DNA substrate structure specific manner, in which BER DNA substrates would
be affected by the presence of APE1 (Ahn et al., 2004). Interestingly, the presence
of pol B could release the inhibitory activity of APE1 on WRN in the in vitro
helicase assay (Ahn et al., 2004) suggesting an interplay of these three proteins. In
addition, WRN binds and stimulates pol 8 strand displacement DNA synthesis at a
nick on a BER substrate (Harrigan et al., 2003). In vivo FRET analysis showed that
WRN interacts with FEN-1 in 4-nitroquinoline-1-oxide (4-NQO; DNA damaging
agent which generates adducts in DNA that require NER/BER repair) treated cells
and WRN stimulates the flap cleavage activity of FEN-1 in vitro (Sharma et al.,
2004). These in vivo and in vitro studies of the interplays between WRN/FEN-1
imply that WRN is mainly involved in the long patch BER subpathway.

2.3.3 Homologous recombination repair (HR)

DNA damaging agents, ionizing radiation (IR), DNA cross-linking agents,
enzymatic activity, and DNA replication errors during proliferation can induce DNA
double strand breaks (DSB) in vivo. In the presence of a DNA template with certain
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homologous sequences, cells can repair DNA DSB by HR. Rad51 is the major
protein in HR, which binds and stabilizes single-strand DNA for strand exchange
during HR (West, 2003).

Cells derived from WS patients are sensitive to the DNA cross-linkers Mitomycin
C (MMC) (Sharma et al., 2004) and ionizing radiation (IR) (Saintigny et al., 2002).
In vivo studies suggested that WRN and Rad51 co-localize in Rad51 foci (Sakamoto
et al., 2001). In addition, exogenously expressed dominant-negative Rad51 could
reverse the DNA damage sensitivity of WS cells (Saintigny et al., 2002). These
studies suggest that WRN plays an important role in Rad51 associated HR.

The Mrel1/Rad50/Nbsl complex is the other important player in HR. It has
specificity to IR induced DNA damage HR repair, in which Mrel1/Rad50/Nbs1
complex interplay with the ataxia-telangiectasia mutated (ATM) kinase in the
detection of DNA DSB. The Mrel1/Rad50/Nbs1 complex binds directly to telomere
repeat binding factor 2 (TRF2; a regulator of telomere function) and telomeres
specifically during S-phase. The Mrel1/Rad50/Nbsl complex also functions in
telomere maintenance. Mutations in Nbs1 have been linked to Nijmegen breakage
syndrome (NBS) with the clinical features of neuronal abnormality, neuronal degen-
eration, microcephaly, cancer predisposition, and immunodeficiency. Studies of
NBS patient cells showed that NBS cells have shorter telomeres, which echo
the TRF2-Mrel1/Rad50/Nbs1 complex studies. Mutations in Mrell can result in
ataxia-telangiectasia-like disease (ATLD), which has a clinical phenotype similar to
ataxia-telangiectasia (AT) and NBS. ATLD patients are also predisposed to cancer
(D’Amours and Jackson, 2002; Lavin, 2004; Assenmacher and Hopfner, 2004;
Kobayashi et al., 2004; Stracker et al., 2004).

Extensive interplay is going on between WRN and the Mrell/Rad50/Nbsl
complex (Cheng et al., 2004; Cheng et al., 2005; Franchitto and Pichierri, 2004;
Franchitto and Pichierri, 2002). WRN and Mrell co-localize in the nucleus
(Franchitto and Pichierri, 2004). Furthermore, WRN binds to the Mre11/Rad50/Nbs1
complex and has a specific interaction with Nbsl (Cheng et al., 2004). Also,
WRN co-localizes with Nbsl after IR treatment, and the Mrell/Rad50/Nbsl1
complex enhances WRN helicase activity in vitro (Cheng et al., 2004).

2.3.4 Telomere maintenance

The telomere is the end of the eukaryotic linear chromosome with a specific
DNA sequence, structure and associated proteins. Human telomeres consist of
5-15kb of TTAGGG tandem repeats and end in a 3’ single strand G-rich tail.
This G-rich tail loops back and invades the telomeric duplex, which forms the
intra-telomeric D-loop and a large lasso-like t-loop structure. Several proteins have
been found to bind to the telomere, including telomere repeat binding factors 1 and
2 (TRF1 and TRF2) that bind to duplex (TTAGGG)n DNA and participate in the
regulation of telomere length. Human protection of telomeres-1 (POT 1) protein
binds specifically to telomeric single stranded DNA. These specific telomeric DNA
sequence/structure/proteins complexes protect the end of the linear chromosome
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and prevent telomere dysfunction (Griffith et al., 1999; Kuimov, 2004; Baumann
and Cech, 2001; Lei et al., 2004; Loayza et al., 2004).

Several in vitro and in vivo studies have suggested that WRN is involved in
telomere maintenance: (1) TRF2 binds to WRN and stimulates the helicase activity
of WRN when incubated with telomeric duplex substrate (Opresko et al., 2002;
Machwe et al., 2004); (2) WRN associates to telomeres in human alternative length-
ening of telomeres (ALT) cell lines (Opresko et al., 2004); (3) WRN associates to
telomeres in S-phase of human primary fibroblasts (Crabbe et al., 2004); (4) WRN
associates with the telomere lagging strand synthesis (Crabbe et al., 2004); (5) in
vitro, POT 1 binds and interplays with WRN in the unwinding of telomeric forked
duplexes and D-loop structure substrates with specificity towards telomere sequence
and native D-loop structure (Opresko et al., 2005).

Studies of telomere erosion rates from primary WS fibroblasts suggest that WS
cells have normal telomere erosion rate (Baird et al., 2004). Thus, these studies
imply that WS cells associated in vitro pre-mature replicative senescence may be
affected not only by telomeres but also by additional factors — perhaps, through
the interplay with a p53 associated reactive oxygen species associated cellular
senescence (for discussion please see below).

2.3.5 P53/ p21Ve I CPIISd foqetive oxygen species (ROS) associated
cellular senescence

p53 is a transcription factor that is involved in DNA repair, DNA check point
regulation, apoptosis, and cellular senescence (Kulju and Lehman, 1995; Sugrue
et al., 1997; Gomez-Lazaro et al., 2004). Studies from both tumor cell lines and
primary cells have shown that: (1) near-senescent human primary diploid fibroblast
cultures have a higher protein level of p53 (Kulju and Lehman, 1995; Sugrue
et al., 1997); (2) over-expressed p53 can result in the accumulation of ROS (Polyak
et al., 1997); (3) p53 can induce the expression of cyclin-dependent kinase (CDK)
inhibitor p21Wafl/Cipl/Sdil (e]_Deiry et al., 1993); (4) the expression of p21Wafl/Cipl/Sdil
can result in the accumulation of ROS in normal human fibroblasts and induce the
ROS associated senescence (Macip et al., 2002).

Interestingly, several studies have shown that p53 interplays with WRN: (1) p53
down-regulates the gene expression of WRN (Yamabe et al., 1998); (2) p53 binds
to WRN (Sommers et al., 2005); (3) WRN helicase activity is suppressed in the
presence of p53 (Sommers et al., 2005). Moreover, senescent primary WS fibrob-
lasts have a higher protein level of p21Wal/CiPl/Sdil (Davis et al., 2003). These
senescent cells can re-enter the cell cycle by microinjection of a p53-neutralizing
antibody (Davis et al., 2003). Experiments have also shown that ascorbic acid (an
antioxygenic reagent) could delay cellular senescence in cultured normal human
embryonic cells, human adult skin fibroblasts, and in a WS cell strain (Kashino et al.,
2003). Interestingly, hydrogen peroxide (H,0O,; a common ROS intermediate; when
cells treated with H,O, and generated/accumulated high amount of DNA damage,
cells would enter irreversible proliferation arrest and premature senescence) treated
WS primary cells and WRN depleted normal diploid fibroblasts showed an escape
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of the H,0,-induced cell proliferation arrest with a lack of the features of p53
and p21Wal/Cipl/Sdil aecumulation in H,O, treated normal diploid fibroblasts (von
Kobbe et al., 2004b). These data could imply that WS cells have specific deficiency
in sensing H,0O,/ROS.

3. ROTHMUND-THOMSON SYNDROME

In 1868, August von Rothmund, Jr. discovered a familial syndrome charac-
terized by cataracts, a depressed nasal bridge, and skin hypertrophy. Later on,
in 1923, Matthew Sydney Thomson reported a similar disorder but without any
cataracts. In 1957, William Taylor recognized that these were similar disorders
and called it “Rothmund-Thomson syndrome (RTS)”. There are several good
electronic databases for RTS, such as: www.infobiogen.fr/services/chromcancer/
Kprones/RothmundID10021.html.

3.1 Clinical Features

RTS is a rare, autosomal recessive disorder and to date there are only
about 300 reported cases (www.geneclinics.org/profiles/rts/details.html#gcID1619).
Patients have features of congenital poikiloderma which includes photosensi-
tivity. Skin rash begins on the face and the cheeks with erythema, swelling and
bullae. These symptoms usually appear around 3 to 6 months of age, but in
some patients the symptoms may appear earlier just after birth or later around
age 2. The skin rash can spread to the buttocks and flexural areas of the extrem-
ities. The rash then enters a chronic phase with the features of punctuate skin
atrophy, telangiectasia, and hypo- or hyperpigmentation which persist throughout
life. Other clinical features are: congenital cataracts, saddle nose, disturbances
of hair growth, early graying and hair loss (partial to total alopecia), defective
nails and teeth, short stature, and skeletal defects such as radial ray hypoplasia
and absent thumbs. Many of these characteristics are consistent with premature
aging. About one third of the RTS patients develop osteosarcoma with the median
age of onset of about 9 to 11 years. Some RTS patients may have infertility
problems, yet normal pregnancies have been reported in some cases. Immunological
functions and intelligence appear normal in most RTS patients. Life span, in the
absence of malignancy, is probably normal but more follow-up studies are needed
to confirm this (http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=gene.chapter.rts)
(Wang et al., 2003; Spurney et al., 1998; Wang et al., 2001; Gelaw et al., 2004;
Roth et al., 1989; Sim et al., 1992).

3.2 Gene

The RTS mutation was mapped to a gene called RecQL4, which is located on
chromosome 8q24.3 (Kitao et al., 1999). This gene is another member of the
RecQ family of helicases. It encodes a 1208 amino acid protein called RECQ4,
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which has been shown to be localized mainly in the nucleus (Kitao et al.,
1999; Kitao et al., 1998). As with other RECQ helicases, RecQL4 has a central
helicase domain, containing the seven conserved helicase motifs. The N- and C-
terminal regions do not show any striking similarity with the other RecQ helicases.
In RTS patients, RecQL4 mutations have been shown to be located at exons
5,8,10,11,12,13,14,15,19, and 21 (Wang et al., 2003; Kellermayer et al., 2005).
Many of these mutations are mapped to the helicase domain (exons 8-14). Inter-
estingly, mutations in the RecQL4 gene have also been shown to be associated
with The RAPADILINO (Siitonen et al., 2003) and Baller-Gerold syndromes (Van
Maldergem et al., 2005). These syndromes share some of the same characteristics
with the RTS such as growth deficiency and radial ray defects but also display
some distinct differences. In one study, osteosarcomas were observed only in RTS
and RAPADILINO while cataracts were unique to RTS (Van Maldergem et al.,
2005). RecQL4 mutation at a splice site which causes an in-frame skipping of exon
7 has been found in RAPADILINO syndrome (Siitonen et al., 2003). Mutations
in exon 9 and exon 18 have been associated with Baller-Gerold syndromes (Van
Maldergem et al., 2005). It is tempting to speculate that different mutation patterns
of the RecQL4 gene in these three syndromes could in part explain the differ-
ences in the observed phenotypes. Further mapping of the mutations in RecQL4
gene and a better understanding of the RECQ4 function should provide useful
insights into the etiology of these syndromes as well as mechanisms that lead to
premature aging.

An interesting distinction between RTS and WS is that the symptoms of WS
do not appear until after puberty, whereas the symptoms of Rothmund Thompson
syndrome start in early childhood. Comparing the gene expression pattern and
protein function of WRN and RECQ4 in vivo, could also enhance our understanding
of the human aging process.

33 Function

RECQL4 mRNA is detected in most tissues in the body with higher
expression levels in thymus, testis, and placenta; and moderate levels in heart,
brain, small intestine, and colon. (Furuichi, 2001) (http://www.ncbi.nlm.nih.gov/
unigene/clust.cgi?org=hs&cid=31442). RECQ4 may have an important function
in osteoblasts since many of the RTS patients have joint and skeletal defects and
a high incidence of osteosarcoma. Lymphoblasts and fibroblasts, obtained from
some RTS patients, show a normal karyotype. However, Some RTS cells show
genomic instability with high frequency of chromosomal rearrangements. This
suggests that RECQ4 may play an important role in maintaining genomic stability
(http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=gene.chapter.rts) (Lindor et al.
2000; Beghini et al., 2003).

Recently, it was shown that the RECQ4 expression could be regulated by p53.
Upon camptothecin treatment, the p53/Spl complex leaves the RECQL4 promoter
leading to the down-regulation of the RecQL4 expression (Sengupta et al., 2005).
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Interestingly, in the same study, the RECQ4 protein level was also down-regulated
when the cell cycle was arrested by contact inhibition (Sengupta et al., 2005).
The contact inhibition induced down-regulation of RECQ4 was not affected by
the expression of human papillomavirus 16 E6 protein (Sengupta et al., 2005) (E6
degrades p53). In addition, the RECQ4 protein level was up-regulated faster in cells
that contained E6 when released from contact inhibition induced cell cycle arrest
(Sengupta et al., 2005). These data suggest that cells also have a contact inhibition
inducible, p53 independent down-regulation of RECQ4, implying the importance
of REC(Q4 in cell cycle progression and cell proliferation.

In primary skin fibroblasts, RECQ4 protein was shown to be localized to the
nucleus and form distinct foci (Petkovic et al., 2005). In etoposide (a DNA damaging
agent) treated Hela cells, the RECQ4 protein was shown to co-localize with
promyelotic leukaemia protein nuclear bodies (PML) and RADS51, but not with
BRCA1 (Petkovic et al., 2005). These data suggest that RECQ4 may play an
important role in the repair of double strand breaks, but in a manner which may be
different from that of BRCAI.

Studies of transgenic mice show that the defect in RECQL4 could be associated
with cancer formation and premature centromere separation. These studies suggest
that RECQ4 may play an important role in both genomic stability and sister-
chromatid cohesion (Mann et al., 2005). Interestingly, exon 9-13 disrupted
transgenic mice had the phenotypes of bone abnormality, cancer predisposition
(osteosarcoma and lymphomas in RecQL4 mutation background and macroade-
nomas with the genetic background of both RecQL4 mutation and APC mutations)
and poikiloderma, but without graying, hair loss, or growth defects (Mann
et al., 2005). In contrast, exon 13 disrupted transgenic mice had the features of
bone cell abnormality, graying/hair loss, growth defect, immune system defect,
yet no UV/IR sensitivity, no poikiloderma, and no cancer formation (Hoki
et al., 2003). The differences between these two strains of transgenic mice are
interesting and may imply that exon 13 is associated with cell growth and
exon 9-12 is related to DNA repair or apoptosis. These animal models may
reveal explanations for the variation of RTS patient clinical features. Future
studies of these animal models as well as studies on the phenotypic varia-
tions in the RTS patients should provide useful clues about the function of
RECQ4.

4. HUTCHINSON-GILFORD PROGERIA
4.1 Clinical Features

Hutchinson-Gilford progeria (HGPS) is an autosomal dominant disease (Progeria
Research Foundation’s medical and research databases: www.progeriaresearch.org;
www.genereviews.org). Different from WS patients, HGPS patients display
their senile appearance and clinical features before puberty; some have the
symptoms already from birth. Their clinical features are: hair loss (alopecia),



282 GAN ET AL.

growth retardation, skin aging appearance, disproportionately large head, pinched
facial features, lipodystrophy, incomplete extension at the knees and elbows
indicating stiffness of joints, bone deformations, osteoporosis, delayed dentition,
hip dislocations, sclerodermatous areas, and atherosclerosis. In the final stage
of the disease, patients will have hypertension, angina, and atherosclerotic
heart disease. Usually, patients die by coronary artery disease (such as
myocardial infarction or stroke) at an average age of 13 (http://www.ncbi.nlm.
nih.gov/books/bv.fcgi?rid=gene.chapter.hgps).

4.2 Gene

The HGPS gene had not been identified until 2003 (Eriksson et al., 2003). It
was reported that LMNA, which is located on chromosome 1q21.2, is the HGPS
gene (Eriksson et al., 2003). The LMNA gene produces 4 different proteins by
alternative splicing: lamin A and lamin C are the major products, lamin AA10
and lamin C2 are the minor products (Gruenbaum et al., 2005; Burke and Stewart,
2002). The expression of A-type lamins is low or absent in highly proliferating
cells and cells with low degree of differentiation (Broers et al., 1997). Once LMNA
transcribes/translates prelamin A protein, it will go through a posttranslational
farnesylation modification process before targeting to the nuclear envelope. Then,
the farnesylated prelamin A is methylated before its last 15 amino acids are clipped
off by ZMPSTE24 (a metalloproteinase) yielding mature lamin A that can be
incorporated into lamina. Lamin A is a type V intermediate filament protein which
has an N-terminal “head” domain, an alpha-helical “central rod” domain, and a
globular tail domain. Lamins form dimers through parallel and in-register coil-coil
interaction between central rod domains. These dimers associate in a head-to-tail
fashion to form protofilaments that associate to form higher-order structures in
nuclear lamina (the meshwork of filaments which is located at the inner layer of
the nuclear membrane) (Gruenbaum et al., 2005; Burke and Stewart, 2002).

4.3 Function

Although it was thought that lamin A functions as the structure supporter protein in
lamina, it has been observed that lamin A distributes throughout the nucleoplasm,
binds to the retinoblastoma protein (Mancini et al., 1994), interacts with the RNA
polymerase II transcription complex, and may be involved in gene transcription
(Csoka et al., 2004; Kumaran et al., 2002). DNA repair studies (from both patients
and mouse cell strains) suggested that lamin A may be involved in Rad51 associated
homologous recombination DNA repair but not in non-homologous end-joining
DNA repair (Johnson et al., 2004; Liu et al., 2005). Telomere length studies have
shown that cells from HGPS patients have shorter telomeres than age matched
controls (Allsopp et al., 1992), potentially suggesting that lamin A may function in
telomere maintenance.
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Most of the known HGPS cases contain a mutation in exon 11 of LMNA
(Eriksson et al., 2003; Goldman et al., 2004). This common mutation, C1824T in
LMNA cDNA (G608G on lamin A peptide), partially activates a cryptic splice site
that can delete 150 nt in exon 11 and results in a deletion mutant of lamin A that
lacks 50 amino acids at the C-terminal which includes the endoproteolytic site for
ZMPSTE24 but retains the farnesylation site (Eriksson et al., 2003; Goldman et al.,
2004). Thus, the lamin A mutant protein (called “progerin”) can be farnesylated
and targeted to the nuclear envelope, but cannot be endoproteolytically cleaved by
ZMPSTE?24. It has been observed that progerin accumulated on the nuclear envelope
and associated with blebs, an abnormal nuclear envelope structure (Goldman et al.,
2004). Besides the bleb formation, HGPS patient cells also show visible abnormal-
ities of the interrupted nuclear membrane, lobulation of the nuclear envelope, thick-
ening of the nuclear lamina, altered nuclear sizes and shapes, clustering of nuclear
pores, loss of peripheral heterochromatin, and chromatin extrusion (Goldman et al.,
2004). HGPS derived cells have abnormalities in cell proliferation and the degree
of apoptosis (Bridger and Kill, 2004), yet lack of abnormality in protein synthetic
errors (Harley et al., 1980).

Interestingly, mutations of G608G, E145K, R471C, and R527C can result
in HGPS, however, a R527H mutation, which is the same site as R527C of
HGPS, gives the clinical features of autosomal recessive mandibuloacral dysplasia
(MADA): white fat atrophy, insulin resistance, skeletal malformations, and alopecia.
MADA patients have no life span shortening (Burke and Stewart, 2002). Different
mutations on LMNA can result in different diseases, grouped into 3 classes:
(1) with adipose tissues features: MADA and familial partial lipodystrophy (FPLD;
loss of adipose tissue, insulin resistance, and diabetes mellitus); (2) striated
muscle disorders: an autosomal form of Emery-Dreifuss muscular dystrophy
(EDMD), limb girdle muscular dystrophy (LGMDIB), and dilated cardiomy-
opathy (DCM); (3) with peripheral neuropathy: Charcot-Marie-Tooth disorder type
2 (CMT2; axonal neuropathy) (Burke and Stewart, 2002; Sullivan et al., 1999;
De Sandre-Giovannoli et al., 2003). Mutations AS57P, R133L, and L140R, which
are located on the N-terminal of the lamin A peptide, give the clinical features
of atypical Werner syndrome (Chen et al., 2003). Mutations on T10I, E578V, and
R644C result in atypical progeroid syndromes (Csoka et al., 2004) (for all mutation
sites, see Burke and Stewart, 2002). Cells from most of the patients with these
diseases share the feature of nuclear shape abnormality. Most lamin A mutations
that are associated with premature aging syndromes affect function/development of
skin, hair, fat, muscle, bone and the cardiovascular system.

The observation that mutations in LMNA can result in different disease outcomes,
implies that different mutations can disrupt different functions of lamin A. Perhaps
one of its functions can be impaired without affecting others, or generate a
gain-of-function-mutant in certain situations. The 3-D structure analysis of lamin
A has shown that FPLD associated lamin A mutation sites are mainly located on
a discrete solvent-exposed path on the surface of the domain. In contrast, EDMD
associated lamin A mutation sites are mainly located within the hydrophobic core
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or participate in the salt bridge formation (Burke and Stewart, 2002) (for view the
3D structure of lamin A, see Burke and Stewart, 2002).

5. COCKAYNE SYNDROME (CS)
5.1 Clinical Features

Cockayne syndrome is a rare autosomal recessive disease, originally described by
Dr. Edward Alfred Cockayne in the 1930s. Approximately 180 cases of CS have
been reported from different parts of the world, with no apparent overrepresen-
tation in any specific population (reviewed in Licht et al., 2003). CS patients have
major clinical features including slow growth and dwarfism due to defects in bone
formation, a premature aging phenotype of progeriod appearance, cutaneous photosen-
sitivity, microcephaly (defects in brain/CNS cells development), neuronal demyeli-
nation (leukodystrophy, the loss of oligodendrocytes), and mental retardation. CS
patients also express a variety of other clinical phenotypes such as: long limbs,
large hands and feet, flexion contractures of joints, dry hair, deafness, retinal degen-
eration, atherosclerosis, dental caries, hypertension, renal disease, and decreased
thyroid hormone. Although CS patients have cutaneous photosensitivity, there are
no reports of increased skin cancer formation (Stefanini et al., 1996; Tan et al.,
2005; Mahmoud et al., 2002; Mizuguchi and Itoh, 2005; Komatsu et al., 2004).
However, due to the increased apoptosis propensity, mutated cells may be elimi-
nated before they become cancer cells (Licht et al., 2003; D’Errico et al., 2005).
The clinical symptoms of CS appear just after birth and the mean age of CS patients
is around 12.5 years. Most CS patients die with the disease of atherosclerosis,
but the most common cause of death is pneumonia (reviewed in Licht et al., 2003).

5.2 Gene

CS has two complementation groups: 20% of the CS patients are type A (CSA),
who have mutations in the 46kDa CSA protein (a WD-repeat family protein;
396 amino acid protein; functions as a ubiquitylation E3 ligase); 80% of the
CS patients are type B (CSB) patients who have mutations in the 168 kDa CSB
protein (1493 amino acids protein), a Swi/Snf-like DNA-dependent ATPase that
belongs to SNF2 protein family (Licht et al., 2003; Cleaver et al., 1999; Mallery
et al., 1998; Christiansen et al., 2003; Eisen et al., 1995; Ren et al., 2003; Cao
et al., 2004; Ridley et al., 2005). The different mutations in the CSB gene is
not only linked to CS, but also to i) the cerebro-oculo-facio-skeletal syndrome
(OMIM#214150; Meira et al., 2000) (COFS; with the specific clinical features
of little or no postnatal neurological development (microcephaly), growth retar-
dation, early postnatal contractures of the spine and joints, some patients may have
cataracts or other types of eye structural defects); ii) the DeSanctis-Cacchione severe
neurological form of XP (Colella et al., 2000; OMIM#278800) (DS-C; with the
specific clinical features of xeroderma pigmentosum, mental deficiency, progressive



HUMAN PREMATURE AGING DISEASES 285

neurologic deterioration, dwarfism, and gonadal hypoplasia); and iii) UV-sensitive
syndrome (Spivak, 2004; Horibata et al., 2004) (UV®S; with the clinical features
of photosensitivity and mild freckling but without neurological abnormalities or
skin cancer predisposition). The mutation sites of CSB are mainly located to
the central part of the CSB protein; the mutation sites which link to COFS are
also located at the central part; the DS-C patients have mutation sites at the
C-terminal part of the CSB protein; and the mutation site of UV®S is located
at the N-terminal of the CSB protein (Spivak, 2004) (for all mutation sites on
the CSB protein, Spivak, 2004). The UV*S-CSB mutant is a 76 amino acids
protein (Horibata et al., 2004), thus, the protein has a molecular weight of
about 8kDa. It is interesting to speculate how this UV®S-CSB mutated gene
can be transcribed/translated into a protein and only cause such mild clinical
symptoms.

5.3 Function

CS patients have major defects in brain, skin, and bone, but the CSB cDNA
can be found in many organs and tissues. CSB protein can interact several
other proteins, implying that it functions in a number of different pathways
(Licht et al., 2003).

Cells derived from CS patients have increased sensitivity to UV irradiation,
defects in recovery of RNA synthesis after UV irradiation, loss of the preferential
repair of active genes but normal ability to repair the overall genome DNA after
damage induced by e.g. UV-light (Licht et al., 2003). Kyng et al. have demon-
strated that the transcriptional response after oxidative stress is defective in CSB
deficient cells (Kyng et al., 2003), and furthermore, it has been demonstrated that
repair of certain oxidative lesions, such as 7,8-dihydroxyguanine (8-oxoG) and
7,8-dihydroxyadenine is decreased in these cells (Dianov et al., 1999; Sunesen et al.,
2002). We have also demonstrated that mitochondrial repair of 8-0xoG is deficient
in CSB deficient cells (Stevnsner et al., 2002). Furthermore, CSB is implicated
in the PARP-1 poly(ADP-ribosyl)ation response after oxidative stress (Thorslund
et al., 2005). As patients with CS suffer from dramatic neurodegeneration and a
variety of clinical features associated with progeria, we speculate that the reduced
capability to respond to oxidative damage in the absence of CSB may contribute to
these CS phenotypes.

Members of the SNF2-like family of DNA dependent ATPases, including CSB,
contain seven characteristic motifs, I, Ia and II-VI, that are also present in DNA and
RNA helicases (Eisen et al., 1995). However, helicase activity has not been demon-
strated for any members of the SNF2-like family of DNA dependent ATPases.
Mutations in motifs I and II of CSB eliminate the ATPase activity (reviewed in
Licht et al., 2003), but interestingly an E646Q mutation in motif II, which eliminates
the ATPase activity of CSB, does not affect the mitochondrial repair of 8-oxoG
(Stevnsner et al., 2002; Selzer et al., 2002). This suggests that CSB may have
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separate roles in transcription coupled repair of e.g. UV lesions and in the repair of
oxidative lesions such as 8-0xoG.

Under normal conditions the CSB protein is phosphorylated, but UV irradiation
of cells leads to its dephosphorylation (Christiansen et al., 2003). The dephosphory-
lation of CSB in vitro results in increased ATPase activity of the protein, suggesting
that the activity of CSB is subject to phosphorylation control in vivo. Very recently,
we demonstrated that CSB forms homodimers in vitro and in vivo, and that the
ATPase activity of CSB elutes as a dimer when gel filtration chromatography
analysis is performed (Christiansen et al., 2005). Beerens et al. reported that CSB
wraps DNA around its surface and ATP hydrolysis leads to unwrapping (Beerens
et al., 2005). Size analysis of scanning force microscopy pictures indicated that
the DNA was wrapped around two CSB molecules at a time (Beerens et al.,
2005). These observations have important implications for the mechanism of action
of CSB.

The CSB protein has been suggested to promote RNA Pol II, as well as RNA
Pol T and RNA pol III transcription (reviewed in Licht et al., 2003). The protein
has also been suggested to remodel the DNA-pol II interface to allow DNA repair
of some types of damage. Finally, CSA and CSB seem to be implicated in the
ubiquitination of RNA pol II after treatment of cells with UV (Bregman et al.,
1996). Thus, CSB is suggested to stimulate elongation when an RNA polymerase is
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Figure 2. Association of premature aging syndromes and DNA repair pathways
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paused at a natural pause site or strong RNA secondary structures. A part of the role
in transcription coupled repair is likely to be the removal of RNA polymerase II by
ubiquitination and proteosomal degradation of the large subunit. This degradation
may be necessary for the cellular recovery of RNA synthesis after polymerase
blocking damage to DNA (reviewed in Licht et al., 2003). Finally, Citterio et al.
found that CSB has chromatin remodeling activity in vitro, and this activity is
dependent on a functional motif T (Citterio et al., 1998; Citterio et al., 2000). The
chromatin remodeling activity may have implications for the role of CSB in the
DNA repair processes.

6. CONCLUDING REMARKS

A central hypothesis of aging suggests that the genomic instability and other
molecular and clinical aspects of the aging phenotype is associated with accumulated
DNA damage and maybe also with damage accumulated in other macromolecules.
Here, we have discussed the molecular and clinical features associated with some of
the significant human progerias. It is evident that these conditions involve defects
in the DNA repair mechanisms at the molecular level, and thus this supports the
possibility that DNA damage accumulates with age in those patients more than it
does in normals. This notion is also illustrated in Figure 2, where we have indicated
deficiencies in these pathways. Future studies need to be directed at further estab-
lishing these connections and development of therapeutic strategies to help these
patients.
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CHAPTER 15

PROTEIN AGGREGATION IN AGING AND AGE-RELATED
NEURODEGENERATIVE DISORDERS

JEFFREY N. KELLER!? AND QUNXING DING!

! Anatomy and Neurobiology
2 Sanders-Brown Center on Aging, University of Kentucky, Lexington KY, 40536-0203

Abstract: The purpose of this chapter is to provide a background on the effects of aging on
proteolytic pathways and protein aggregation, and to discuss the contribution of altered
protease function and protein aggregation to brain function. Studies will focus on the
proteasome proteolytic pathway. Lastly, these studies will also discuss the relationship
between aging and age-related neurodegenerative disorders

Keywords:  Aging; Alzheimer’s disease; lysosome; neuron; oxidative stress; proteasome

1. INTRODUCTION

Recent studies indicate that proteasome inhibition likely occurs during, and may
contribute to, multiple aspects of aging. In particular, studies now demonstrate that
inhibition of proteasome function is sufficient to induce a variety of pathological
events associated with aging. Specifically, alterations in the proteasome proteolytic
pathway may contribute to the elevations in protein oxidation, protein aggregation,
and neurodegeneration evident in the aging central nervous system (CNS). The
focus of this chapter is to discuss what is presently known about the effects of aging
on proteolysis, and to describe the possible role alterations in proteolysis may play
in mediating protein aggregation in the CNS. Studies will focus on the role of the
proteasome proteolytic pathway.

2. AGING ALTERS PROTEASOME ACTIVITY

Alterations in proteasome function during normal aging have been described in a
wide range of species, including humans, and reported to occur in a wide variety
of tissues. It is important to point out that even within individual organs a regional
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specificity, with regards to the severity of proteasome inhibition can occur. This
is best illustrated in the CNS where there are clearly brain region susceptibilities
with regards to age-related proteasome inhibition (Keller et al., 2000a; Ding and
Keller, 2001; Goto et al., 2002; Gray et al., 2003). In addition to these in vivo
examples of age-related proteasome inhibition, in vitro aging is also associated
with declines in proteasome function, occurring in a diverse range of cell types.
The proliferative state of cells also appears to be an important factor regulating
age-related impairments in proteasome function. As an example, post-mitotic cells
undergo more severe inhibition of proteasome activity as compared to mitotic cells
(Sitte et al., 2000a,b,c,d; Chondrogianni et al., 2003).

2.1 Age related alterations in protease function in the brain

It has been demonstrated that post-mitotic cells exhibit a preferential loss of
postglutamyl peptidase activity, while mitotic cells undergo a loss in trypsin-like,
chymotrypsin-like, and postglutamyl peptidase activities of the proteasome (Sitte
et al., 2000a,b,c,d; Chondrogianni et al., 2003). In the liver, there is a 50% reduction
in proteasomal postglutamyl peptidase activity with no significant differences in
either trypsin-like or chymotrypsin-like activity reported (Conconi et al., 1996).
In rats there is a loss in chymotrypsin-like proteasome activity throughout the
CNS during aging. Decreases in chymotrypsin-like activity are evident within the
cortex, hippocampus, and spinal cord of 12-month-old rats (Keller et al., 2000a,b).
In contrast, no impairment in chymotrypsin-like activity is evident in either the
brain stem or cerebellum. Impairments in the chymotrypsin-like activity of the
proteasome are also evident by 12-months of age in the heart, kidney, liver, but not
the lung of these aged rats (Keller et al., 2000a,b).

2.2 Age related altrerations in protease function outside of the CNS

In addition to age-related alterations in basal proteasome activity, it is important to
point out that aging has been demonstrated to impair the ability of the proteasome
to respond to stress (Merker et al., 2001; Beedholm et al., 2004). The ability of
the proteasome to up-regulate its activity in response to environmental or genetic
stressors would be expected to play a pivotal role in determining whether a cell was
able to survive the wide variety of stressors it is likely to encounter during aging.
In this scenario, the lack of proteasome plasticity would result in an ineffective
or inhibited proteasome, which could contribute to cell pathology and cytotox-
icity. As mentioned previously, the expression of the proteasome in neural cells is
dramatically altered in response to oxidative stress and the expression of proteins
with an increased propensity to aggregate (Ding et al., 2002; Pacifici et al., 1993).
Together; these studies show an apparent increase in immunoproteasome complex
formation. Interestingly, studies in neural cells expressing polyglutamine containing
proteins suggest that the immunoproteasome is not capable of increasing activity
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in response to subsequent stressors (Ding et al., 2002), and may ultimately be
deleterious towards long-term viability.

3. BASIS FOR AGE-RELATED CHANGES IN THE PROTEASOME

At the present time it is believed that age-related impairments in proteasome-
mediated protein degradation can occur as the result of alterations in protein
targeting, excessive cross linking proteasome substrates, compromises in heat shock
protein (HSP) capacity, alterations in the intracellular localization of proteasome
complexes, alterations in proteasome composition, impairments in proteasome
plasticity, and increased oxidative damage to the proteasome complex. Each of
these events is discussed in detail below.

Increases in protein hydrophobicity appear to be central mechanism for targeting
proteins to be degraded by the 20S or 26S proteasome. In order to efficiently degrade
these “marked” proteins they must be rapidly identified, and upon identification be
brought together with the proteasome complex in a timely and efficient manner. In
most aging tissues it is likely that there may be an overwhelming amount of proteins
targeted to the proteasome. Oxidized, misfolded, and damaged proteins are all
proteasome substrates, and increases in their formation undoubtedly occur in aging
cells. This increase in substrates may override the targeting systems, contributing
to inefficiency in proteasome-mediated protein degradation, as some proteins are
unable to reach a proteasome complex. The ubiquitin-pathway is known to be
negatively affected by oxidative stress (Obin et al., 1998), may be deleteriously
affected by aging. Inefficiencies in the ubiquitin system would also be expected to
negatively affect proteasome-mediated protein degradation. Each of these manifesta-
tions may lead to a specialized form of proteasome inhibition, namely the inhibition
of protein turnover by failure to deliver proteins to the proteasome.

3.1 Proteolysis and oxidative stress

While the mild oxidation of proteins is known to serve as a potent inducer of
proteasome mediated proteolysis (Grune et al., 1998; Davies, 2001; Squier, 2001;
Sohal and Weindruch, 1996), excessive oxidation is known to mediate inhibition of
the proteasome. Impairment of proteasome-mediated protein degradation by exces-
sively cross linked proteins is believed to be mediated by the blockage that occurs at
the entrance of proteasome complex. This obstruction at the openings between the
a- and B-subunits is sufficient to block the entrance of subsequent protein substrates
into the proteasome. Cross linking may be achieved by oxidants (ROS) (Squier,
2001; Sohal and Weindruch, 1996), or as the result of lipid peroxidation products
such as 4-hydroxynonenal (HNE) (Friguet and Szweda, 1997). Increased oxidative
damage to proteins, including increased levels of protein cross linking, is known
to occur during normal aging. These data are consistent with a role for increased
protein cross linking mediating inhibition of the proteasome during normal aging.
Cross linking of proteins is also likely to impair the unfolding of proteins, which is
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required for their degradation by the proteasome (Benaroudj et al., 2001). Inhibition
of this process could also provide an additional mechanism for impairment of
proteasome mediated protein degradation.

Increasing evidence suggests that oxidative damage to the proteasome complex
may be a mediator of at least some forms of proteasome inhibition in the CNS.
Studies from our laboratory demonstrate that dopamine may support ROS-induced
impairment of proteasome function in the CNS (Keller et al., 2000c). Several
features of the CNS presumably make it very vulnerable to oxidative stress including
the fact that the CNS has a high metabolic rate that may produce a higher level
of mitochondrial derived ROS, may undergo age-related decreases in antioxidant
levels, and has a high content of readily oxidized lipids that are capable of promoting
oxidative stress. Post mitotic cells in the CNS, which survive for decades, are
particularly susceptible to an age-related accrual and elevation in oxidative damage.
Proteasomes can undergo direct oxidative modification by a variety of mecha-
nisms. For example, peroxynitrite and HNE can be generated in the intraceullular
environment and directly interact with the proteasome and inhibit its function (Keller
et al., 2000a; Esterbauer et al., 1991; Glockzin et al., 1999; Okada et al., 1999;
Hyun et al., 2002; Amici et al., 2003; Uchida, 2003). This inhibition is mediated in
part by changes in proteasome stability as well as potentially mediated by oxidative
modification of the active enzymatic sites. However, because the proteolytic activ-
ities of the proteasome face the inner core of the proteasome, it is unlikely that
much interaction between oxidants and the actual enzymatic sites occurs. Studies
have now demonstrated that oxidative modification of the proteasome occurs in
conditions where proteasome inhibition is present (Keller et al., 2000a,b; Okada
et al., 1999). In particular, oxidation of the proteasome is observed during normal
aging in the spinal cord and in experimental models of ischemia-reperfusion injury
(Keller et al., 2000a,b). It is interesting to point out that within the spinal cord there
are detectable levels of proteasome oxidation within 3-month-old rats, which are
not detectable in other regions of the CNS, without any apparent loss of proteasome
activity (Keller et al., 2000b). These data suggest that increased oxidation of the
proteasome does not always result in proteasome inhibition.

The degradation of proteins by the proteasome requires that proteins be unfolded
and inserted within the proteasome complex (Benaroudj et al., 2001). The unfolding
of proteins must be mediated by HSP. Studies have demonstrated that increased HSP
expression ameliorates oxidative stress-induced proteasome inhibition (Ding and
Keller, 2001), consistent with HSP playing a critical role in preserving proteasome
function during periods of oxidative stress. The identification of which HSP are
most important in this process has not been elucidated. Age-related compromises
in HSP capacity therefore provide a mechanism by which proteasome-mediated
protein degradation may be inhibited, via failure to deliver and/or unfold proteasome
substrates.

It is clear that the localization of proteasome complexes can be altered in
response to specific stressors (Rivett, 1993; Noda et al., 2000; Ogiso et al.,
2002; Adam et al., 2004). The localization of the proteasome to either nuclear or
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synaptic compartments may be particularly important for neuron function and
neuron viability. It is important to point out that localized alterations in proteasome
function, through decreases in the number of available of proteasome complexes or
decreases in specific activity distinct proteasome populations, may not be readily
evident when measuring proteasome function in brain homogenates. In neurons,
the loss of proteasome function in the synapse could be particularly deleterious to
neuronal signaling, excitotoxicity, and synaptic plasticity. Impairments in nuclear
proteasome function could selectively affect the activity of transcription factors,
histone function, and chromatin remodeling. Elucidating these localized alterations
in proteasome function are critical to accurately understanding the contribution
proteasome inhibition may play in aging and age-related disorders of the CNS.

3.2 Plasticity of the proteolytic system in the CNS

Continual generation of new proteasome complexes is presumably necessary
to replace damaged and/or less efficient proteasome complexes. Additionally, a
perpetual generation of proteasome complexes allows for the generation of protea-
somes with altered composition, and the generation of proteasomes that are more
efficient at degrading proteins under stressful conditions. In aging, and age-related
disorders of the CNS, proteasome biogenesis may be altered and contribute to the
loss of proteasome function. This impairment in biogenesis could result from a
loss of proteoassemblin (Schmidt and Kloetzel, 1997; Griffin et al., 2000; Kruger
et al., 2001), reduced levels of molecular chaperones that participate in proteasome
biogenesis, alterations in proteasome subunit expression, oxidative modification
of proteasome subunits, or oxidative attack on a developing proteasome complex.
Additionally, polymorphisms in proteasome subunits may contribute to alterations
in proteasome subunit expression. A number of studies now demonstrate a clear
association between polymorphisms in proteasome subunits and Graves’ disease,
ankylosing spondylitis, and insulin-dependent diabetes mellitus (Heward et al.,
1999; Maksymowych et al., 2000; Deng et al., 1995; Vinasco et al., 1998; Mishto
et al., 2002). Studies have shown that LMP2 codon polymorphisms can alter
age-related susceptibility to TNF-a induced apoptosis in peripheral blood mononu-
clear cells (Mishto et al., 2002). LMP2 polymorphisms may also be associated
with AD (Mishto et al., 2006). Presumably, these polymorphisms in the LMP2
subunit promote deleterious alterations in proteasome function and may provide an
additional means by which proteasome inhibition occurs in aging and age-related
disorders of the CNS.

Changes in proteasome composition appear to be an important means by which
proteasome function can be specialized in order to address a specific need. Changes
in proteasome subunit expression occur in the aging of the retina, fibroblast, muscle,
and liver (Chondrogianni et al., 2003; Louie et al., 2002; Friguet et al., 2002;
Bulteau et al., 2002; Bulteau et al., 2000; Anselmi et al., 1998). Cytokine-induced
expression of immunoproteasome has been reported in a variety of tissues and cell
types that are not part of the immune system (Louie et al., 2002; Singh et al., 2002;
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Piccinini et al., 2003). These data raise the possibility that immunoproteasomes may
be generated as a means of increasing the turnover of specific proteins in aging,
including the degradation of oxidized proteins. Additionally, studies have demon-
strated that proteasome subunits exhibit a hierarchical susceptibility to HNE modifi-
cation (Ferrington and Kapphahn, 2004), which may be important in determining the
amount of HNE-induced inactivation that occurs following a variety of stressors. It is
interesting to note that formation of immunoproteasome, while allowing for continued
proteasome function, may impair the ability of the proteasome to respond to subse-
quent stressors (Ding et al., 2002). Aging and age-related diseases of the CNS may
promote changes in proteasome composition that in the short term allow for mainte-
nance of proteasome function, but in the long term promote proteasome inhibition
or at least impair the ability of the proteasome to respond to subsequent stressors.

4. EFFECTS OF PROTEASOME INHIBITION WITHIN THE CNS

Numerous studies have now demonstrated that inhibition of the proteasome is
sufficient to induce neuron death in primary neuronal cultures, as well as neural
cell lines (Lopes et al., 1997; Keller and Markesbery, 2000; Pasquini et al., 2000;
Qiu et al.,, 2000). A number of the 26S proteasome substrates are involved in
the apoptotic pathway (Wojcik, 1999; Grimm and Osborne, 1999), with the best
characterized of these substrates is p53. Normally a very short-lived protein, the
expression of p53 is kept at a low level, and thus is unable to induce its pro-apoptotic
effects. However, following inhibition of proteasome function the level of p53 would
be expected to become elevated (Jesenberger and Jentsch, 2002; Dietrich et al.,
2003; Williams and McConkey, 2003; Nakaso et al., 2004), eventually elevating to
the point that it is able to induce its pro-apoptotic pathways. Indeed, p53 has been
demonstrated to play a causal role in the apoptosis induced by severe proteasome
inhibition (Nakaso et al., 2004).

It is important to point out that proteasome inhibition does not appear to induce
neuron death in all neuron populations or experimental paradigms. These data raise
the possibility that proteasome inhibitor toxicity may be cell type specific, based
on the function of the proteasome in a given cell. For example, the proteasome
is responsible for some forms of NFkB activation, which can have pro-apoptotic
or anti-apoptotic effects depending on cell type. As such, proteasome inhibition
could have very different effects on cell survival based on the differential role of
NFkB in these two cell populations. Alternatively, these data could indicate the
inadequacy of some neuronal populations to utilize non-proteasomal proteolysis,
in order to maintain neuronal homeostasis. In such a scenario, cells able to suffi-
ciently up-regulate lysosomal activity would be expected to exhibit little toxicity in
response to the application of proteasome inhibitors. Cell specific susceptibilities
to proteasome inhibition may also be due in part to alterations in HSP capacity,
with neurons possessing higher levels of HSP capacity being more resistant to
proteasome inhibitor toxicity. It is important to keep in mind that the majority of in
vitro studies are conducted in cultures established from embryonic tissue, or tissue
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from early postnatal brain. As such, one must take into account the possibility that
embryonic tissue may have a different dependence on proteasome activity than
established neurons within the mature and developed CNS.

4.1 Proteasome as a “secondary antioxidant”

The clearance of oxidized proteins is an important means by which cells are able to
prevent the increase in oxidative damage (most notably increased protein oxidation),
and thus proteasome-mediated protein degradation is an important “antioxidant”
(Pacifici et al., 1989; Grune et al., 1997; Grune and Davies, 1997). In this capacity
the proteasome aids in preventing the elevation in oxidative damage and induction
of oxidative stress. This “antioxidant” feature of the 20S proteasome is not only
important in the aging of the CNS, but also is likely important in numerous age-
related disorders of the CNS.

Impairments in 20S proteasome function likely play an important role in the
age-related increases in protein oxidation observed in a variety of tissues, including
the CNS (Louie et al., 2002; Agarwal and Sohal, 1994; Radak et al., 2002; Viteri
et al., 2004). It is important to note that during aging protein oxidation does not
typically exhibit a gradual and progressive increase, rather during aging there is a
very low level increase in protein oxidation that dramatically increases several fold
in late age Squier, 2001; Beckman and Ames, 1998; Petropoulos et al., 2000; Barja,
2002; Hensley and Floyd, 2002; Keller et al., 2004). Proteasome inhibition may
serve an important role as a trigger for the sudden and dramatic spike in protein
oxidation observed in very late age. Therefore, early in the aging process there is
likely a dynamic cellular environment that helps to prevent large increases in protein
oxidation. For example, it is likely that proteasome plasticity and increases in stress
response (present in young cells) prevent the accumulation of oxidative damage
that could potentially occur as the result of cellular stressors. Over time the ability
of these protective pathways to prevent increases in protein oxidation dramatically
decrease, with inhibition of proteasome function serving as a mechanism for rapidly
and profoundly elevating protein oxidation. Additionally, once the levels of oxidized
proteins are increased to a deleterious stage, or allowed to persist in the intracel-
lular space for prolonged periods of time, they may serve as potent inhibitors of
proteasome function. In this model, excessively oxidized proteins inhibit the entry
of other proteasome substrates, thus causing inhibition of proteasome-mediated
protein degradation. Consistent with this model, studies from our laboratory have
demonstrated that increased heat shock protein expression ameliorates oxidative
stress-induced proteasome inhibition (Ding and Keller, 2001).

4.2 Proteasome and lipofuscin formation

Recent studies provide direct experimental evidence for proteasome inhibition
serving as a mediator of lipofuscin-ceroid, which is one of the most common
forms of oxidative damage observed in aged tissues. Interestingly, this increase
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in lipofuscin-ceroid may be related to impairment in mitochondria turnover and
mitochondrial function (Sullivan et al., 2004). Because of the importance to
mitochondria dysfunction to aging and age-related diseases of the CNS, these data
indicate a novel mechanism by which proteasome inhibition may contribute to
neuropathogenesis. Additionally, our laboratory has demonstrated that inhibition
of proteasome function (low-level inhibition) is sufficient to increase autophagy
(Ding et al., 2003), which are observed in the aging CNS as well as several age-
related disorders of the CNS. The chronic activation of autophagy is likely delete-
rious towards neural homeostasis, based on the fact that rapid and large scale
degradation of cytoplasmic complexes and organelles cannot be beneficial towards
the long term cellular viability (Larsen and Sulzer, 2002). Therefore, induction of
autophagy may serve as an additional mechanism by which proteasome inhibition
contributes to cytotoxicity in the CNS. Lastly, inhibition of proteasome function in
neural cells alters gene expression in a manner that is highly relevant to a variety of
age-related disorders (Ding et al., 2004a), including modulating the genes involved
in regulating beta amyloid metabolism.

A number of studies have suggested a link between DNA repair and the
proteasome. For example, the degradation of oxidized histones is mediated by
the proteasome (Ullrich et al., 1999; Ullrich and Grune, 2001), with additional
studies showing that proteasome subunits may play a role in DNA repair (Walters
et al., 2003; Elsasser et al., 2004). Data from our laboratory demonstrated that
proteasome inhibition is sufficient to induce RNA and DNA oxidation in primary
CNS cultures (Ding et al., 2004b). Interestingly, nucleic acid oxidation occurred
in neurons and astrocytes, although it was much more severe in neurons as
compared to astrocyte cultures. The oxidation of RNA was associated with an
alteration in RNA processing (Ding et al., 2004b). These data suggest that there is
potential crosstalk between proteasome-mediated protein degradation and the trans-
lation/protein synthesis processes. The proteasome is also capable of increasing
ROS production (Ding and Keller, 2001; Sullivan et al., 2004; Fribley et al., 2004;
Ling et al., 2003), which can increase oxidative stress. Studies have shown that both
severe and moderate proteasome inhibition are capable of stimulating ROS gener-
ation in neural and non-neural cells. In at least 1 study the increase in mitochondrial
derived ROS has been reported (Sullivan et al., 2004).

S. INTERPLAY BETWEEN PROTEIN DEGRADATION, PROTEIN
SYNTHESIS, AND PROTEIN AGGREGATION

In addition to alterations in proteolysis, in a variety of age-related neurodegener-
ative conditions there is known to be increases in protein aggregation. As outlined
above, it appears that protein aggregation may be a potential mediator of impair-
ments of proteasome function. Conversely, inhibition of proteasome function has
been reported to be sufficient to induce protein aggregation. These previous studies
have been construed to indicate that failures in the lysosomal and proteasomal
proteolytic pathways may contribute to elevations in protein aggregation and the
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Protein Aggregation

Proteasome Replacement of oxidized proteins
Lysosome Synthesis of inhibitory proteins

Protein Degradation \ Protein Synthesis

Neurodegeneration

Figure 1. Protein degradation, protein synthesis, and protein aggregation. Preventing the toxicity of
protein aggregation depends on maintaining a sufficient balance between proteolytic pathways and
protein synthesis. In the face of impaired proteolytic pathways it is likely that cells induce compensatory
impairments in protein synthesis, so as to maintain favorable steady state protein kinetics. While in the
short term such changes may be beneficial, it is likely that long term impairments in protein degradation
and protein synthesis are deleterious to cellular homeostasis

toxicity of protein aggregation, in a feed forward pathway that involves the ability of
protein aggregates to inhibit both proteasomal and lysosomal proteolysis (Figure 1).
However, it is important to point out that in addition to impairments in prote-
olysis, there is known to be impairments in protein synthesis in a variety of age
related neurodegenerative conditions, as well as aging itself. If impairments in
protein synthesis are occurring at the same time that impairments in proteolysis are
occurring it is unlikely that gross alterations in steady state protein dynamics will
occur (Figure 1). In this model, it is likely that decreasing the amount of substrate
(proteins) and decreasing the amount of enzyme (proteolytic pathways) will balance
out one another to aid in maintaining a favorable steady state dynamic for proteins
inside of the cell (Figure 1). However, it is likely that long term impairments in
protein synthesis and long term impairments in protein degradation are deleterious
to cellular homeostasis, even though they may be beneficial in the short term. This
is based on the fact that cells would not be expected to impair the ability of cells
to successfully respond to the numerous environmental and genetic stressors over a
long period of time, based on the fact that maintaining homeostasis requires rapid
protein synthesis and rapid protein degradation. This is particularly true for the
regulation of HSPs and transcription factors.

6. ROLE OF PROTEASOME INHIBITION AS MEDIATOR
OF AGING

Proteasome inhibition occurs in the aging of most cell types and tissue, but does
it play any role in mediating aging? Numerous studies suggest that proteasome
inhibition may not only occur during normal aging, but may play a direct role in the
aging process. As discussed previously, studies have demonstrated that proteasome
inhibition is sufficient to induce multiple pathological alterations observed in aging
including increased protein oxidation, nucleic acid oxidation, protein aggregation,
increased lipofuscin/ceroid, induction of autophagy, and induction of mitochondrial
dysfunction. The induction of cellular senescence is also tightly correlated with a
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loss of proteasome function (Sitte et al., 2000b,c,d; Caballero et al., 2004; Grune
et al., 2001), with proteasome inhibition sufficient to induce multiple aspects of
cellular senescence (Chondrogianni et al., 2003; Chondrogianni and Gonos, 2004).
Such studies indicate that proteasome inhibition is not only a common feature of
cellular and tissue aging, but demonstrate that proteasome inhibition is sufficient to
induce age-related pathologies observed in a variety of tissues.

Caloric restriction (CR) is the only manipulation that consistently and repro-
ducibly increases lifespan (average and maximal lifespan) in mammals (Sohal and
Weindruch, 1996; Weindruch, 1996). Some studies suggest that CR may blunt
age-related impairments in proteasome function (Merker et al., 2001; Anselmi
et al., 1998), supporting a potential role for the preservation of proteasome function
as a means by which CR increases lifespan. Interestingly, CR is also associated
with an amelioration of oxidative damage (including protein oxidation) (Sohal and
Weindruch, 1996; Weindruch, 1996; Forster et al., 2000), raising the possibility
that the preservation of proteasome function contributes to the decreased levels of
oxidative damage observed in CR tissues. Alternatively, it may be that the decrease
in oxidative damage is what promotes the preservation of proteasome function in
CR tissues. Clarification of this issue is essential and highlights the importance
of determining whether proteasome inhibition necessary for aging. Perhaps even
more importantly it remains to be elucidated whether the proteasome plays a role
in regulating lifespan. Data from our laboratory demonstrate that the proteasome is
essential for yeast aging (Chen et al., 2004), with decreases in proteasome function
decrease lifespan, consistent with the proteasome playing a role in regulating
lifespan.

At the present time we believe that the proteasome plays a direct role in regulating
aging, with preservation of proteasome function slowing the rate of aging, and
inhibition of proteasome function increasing the rate of aging. We believe that the
ability of the proteasome to regulate aging is consistent with both the free radical
theory or aging and the adaptation model of aging (Beckman and Ames, 1998;
Harman, 2001; Mangel, 2001; Parsons, 2003). The free radical theory of aging
proposes that aging is the result of cumulative oxidative damage inducing cellular
aging, while the adaptation theory of aging suggest that lifespan is regulated by
the ability to successfully adapt to stressors and that the accumulation of adapta-
tions alters cellular function in a manner that ultimately causes aging. In this
model the proteasome serves as the trigger for the majority of age-related alter-
ations. In young healthy cells there is considerable proteasome plasticity, allowing
the cells to rapidly respond to stressors, and the proteasome providing a barrier
of safety from the deleterious effects of cellular stressors. Following exposure to
stress, in young healthy cells the proteasome becomes inhibited for a brief period,
with proteasome capacity rapidly brought back to basal levels through a host of
events including antioxidants, heat shock proteins, and proteasome plasticity. With
continual adaptation to stress revolving around the capacity of cells to maintain
proteasome function. In aging cells, the ability of the proteasome to regain its full
capacity is impaired, thus allowing for the persistence of proteasome inhibition.
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Sustained proteasome impairment is the result of multiple factors including
a decreased antioxidant defense system, reduced HSP capacity, and reduced
proteasome plasticity. During the prolonged low-level proteasome inhibition a
number of deleterious events occur, promoted by the presence of proteasome
inhibition. For example, elevations in oxidative damage and pro-apoptotic pathways
occur, thus promoting further inhibition of proteasome function. Once this process
is set in motion, a catastrophic feed forward pathway is established, ultimately
contributing to cellular aging. Proteasome inhibition thereby serves as a trigger for
oxidative stress in the free radical theory of aging, and serves as the switch by which
aging is promoted in the adaptation theory of aging. In this model the proteasome
is not only affected by aging, but is a central mediator and regulator of aging.

7. THERAPEUTIC INTERVENTIONS FOR PREVENTING
INCREASES IN PROTEIN AGGREGATION

While there remains some controversy as to whether protein aggregates are always
deleterious to neuronal function, a number of studies have sought to elucidate
pharmaceutical and environmental interventions which may suppress the formation
of protein aggregates. For example, studies have demonstrated that addition of
geldamycin and histone deacetylase inhibitors are sufficient to decrease protein
aggregation in a variety of disorders (Corcoran et al., 2004; Ryu et al., 2005;
Sittler et al., 2001; Auluck et al., 2005). Interestingly, both of these interventions
may mediate their beneficial effects via the elevation of HSP pathways. Such an
observation may highlight the potential for hormesis as a neuroprotective pathway
(Rattan, 2004). In the model of hormesis a mild stress is activated in cells, which
allows for a beneficial induction of HSP components and proteasome function
(Breedholm et al., 2004), both of which may then allow for the degradation of
potentially deleterious protein aggregates. Studies are needed in the future to explore
the potential for pharmaceutical interventions, and environmental interventions, to
activate beneficial hormesis in the aging CNS. Such interventions may be useful
for delaying the development and progression of age-related disorders such as
AD and PD.
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Abstract: This chapter covers physiological roles, dietary requirements and deficiencies associated
to macronutrients and micronutrients in older people. It has been postulated that mitochon-
drial failure and oxidative stress are major events in cell aging and death. Nutritional
modulation of mitochondria and antioxidant activities of nutrients and other bioactive
compounds from functional foods help to reduce the risk of chronic diseases of aging

Keywords: aging; nutritional deficiencies; vitamins; minerals; mitochondrial nutrition; apoptosis;
cancer; coenzyme Q10; lipoic acid; polyphenols; antioxidants

During aging and senescence, a variety of complex biochemical, cellular, and
physiological changes are processed in the human body (Rattan, 2003a). Some
of these changes can seriously affect the nutritional status of humans, although
others cannot. Geriatrics and gerontology specialists have considered the most
important age-related health problems as following below (Pahor and Applegate,
1997; Mecocci et al., 2000; Morley, 2004; Lyle et al., 1999).

Cardiovascular diseases (atherosclerosis and other heart diseases);
Hypertension;

Immunological system disorders, including inflammation and immunosenescence;
Cognitive decline;

Oxidative stress;

Diabetes, obesity, and osteoporosis; and

Cataract and eye diseases.
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Nutritional deficiency in the elderly is very common and can seriously increase
morbidity and mortality, compromising human life span. Clinical signs of nutritional

FERRARI

deficiencies are presented in Table 1.

Many epidemiological studies with healthy centenarians have revealed that the
most important determinants of human longevity are (Mecocci et al., 2000; Morley,

2004; Perls and Terry, 2003; Zyczkowska et al., 2004).
e Better glucose control and reduced risk of diabetes;
e Reduced risk of hypertension;

e Maintenance of higher levels of blood and body antioxidants (vitamins A and

E); and

e Decreased risk of heart diseases.

Table 1. Clinical signs of possible nutritional deficiency

System Sign or symptom Nutritional deficiency

General Wasted/thin Calorie
Stooped posture Calcium, vitamin D

Skin Dry scaly skin Zinc/essential fatty acids
Follicular hyperkeratosis Vitamins A and C
Petechia Vitamins C and K
Poor wound healing Zinc/vitamin C
Scrotal dermatosis Riboflavin

Hair Thin/despigmented Protein
Easy plukability Protein/zinc

Nails Transverse depigmentation Albumin
Spooning Iron

Eyes Night blindness Vitamin A, zinc
Conjunctival inflammation Riboflavin
Keratomalacia Vitamin A

Mouth Bleeding gums Vitamin C, riboflavin
Glossitis Niacin, piridoxin, riboflavin
Atrophic papillae Iron
Hypogeusia Zinc/vitamin A

Neck Thyroid enlargement Todine
Parotid enlargement Protein

Abdomen Diarrhea Niacin, folate, vitamin B,
Hepatomegaly Protein

Extremities Bone tenderness Vitamin D
Joint pain Vitamin C
Muscle tenderness Thiamin
Muscle wasting Protein-calorie, selenium, vitamin D
Edema Protein

Neurologic Tetany Calcium, magnesium
Paresthesia Thiamin, vitamin B,
Ataxia Vitamin B,
Dementia Vitamin B ,, niacin
Hyporeflexia Thiamin

Source: Morley (2004).
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Nutritional deficiency in old age and its nutritional modulation by macronutrients,
micronutrients, and nutraceuticals, beyond the advanced studies regarding molecular
nutritional physiology are presented in this chapter.

1. ENERGY BALANCE AND BODY SHAPE:
KEYS FOR LONGEVITY?

Energy is necessary for almost all cellular and physiological events. Caloric needs
should be measured in an exercise physiology laboratory. Generally, most elderly
people need 1.600Kcal every day (Wolf and Tanner, 2002). But in pathological
conditions, such as infections and fever, energy metabolism is enhanced (ambulatory
condition), increasing the caloric needs. There are predictive equations for caloric
needs of older, presented in Table 2 (WHO, 1985). Even in health or disease, those
energy predictions are not too much accurate, but can help the clinician to understand
if those needs can influence normal body mass index ([BMI: weight (Kg)/(height)?
(m)], ranging from 18,5 to 24.9) and adequate waist circumferences (women:
<80 cm; men: <94 cm), leading to clinical malnutrition in the elderly, where these
anthropometrical measures are under the normal values. Higher anthropometric
values are associated with overweight (25 <BMI <30) or obesity (BMI > 30),
increasing the risk of diabetes, cardiovascular and other chronic non-communicable
diseases, especially when associated with higher waist circumferences (women:
>88 cm; men: >102cm) (Wolf and Tanner, 2002).

Decreased energy expenditure (sedentarism) and increased caloric intake could
lead the organism to overweight or obesity. Obesity has been associated with
decreased life expectancy, especially when body mass index is higher than 45
(Fontaine et al., 2003). It is also associated to increased cancer mortality in men
(52%) and women (62%) (Calle et al., 2003).

Aging is accelerated by with higher mitochondrial respiratory activities, with
consequent superoxide (O;") releasing, and simultaneous lower rates of antioxidant
defenses. On the contrary, lower rates of superoxide releasing from mitochondria
and higher levels of SOD, glutathion peroxidase (GPx) and GSH could be the major
determinants of maximum life span (Ku and Sohal, 1993; Barja et al., 1994). This

Table 2. Estimation of basal and total metabolic rate for older people

Age/sex  Basal metabolic rate (Kcal/d)  Total metabolic rate (Kcal/d)

Women  10.5 x weight 4 596 BMR X Activity factor (AF)
>60 Resting: 1,2
Ambulatory: 1,3
Normal activity: 1,5
Exercise: 2,0
Men 13.5 x weight 4487 BMR X AF
>60

Source: WHO (1985).
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explains why life span of some organisms could be increased by caloric restriction
(Rattan, 2003a), an anti-aging intervention that decreases breast cancer risk in
humans (Michels and Ekbom, 2004).

2. WATER, PROTEIN AND AMINOACIDS NEEDS OF OLDER

Dehydration in very common in the old people and it is caused by poor liquid and

food ingestion, as well as gastrointestinal disorders, such as vomiting and diarrhea.

Considering that water constitutes 60 to 70% of the human body cells, fluids, and

tissues, people should pay attention in order to drink at least eight cups of water

or liquids per day (1.500mL) (Thaler et al., 1999). In a healthy-balanced diet,

carbohydrates account for 60% of the total caloric intake, lipids for 20 to 30%,

and 15 to 20% should be provided by protein sources. A gram of carbohydrates,

proteins, lipids, and alcohol provides 4, 4, 9, and 7 kilocalories, respectively (Garrett
and Grisham, 1995). Adults need about 1,0 gram of protein per kilogram of body

weight and 6.5 g of the essential aminoacids (Somer, 2003).

Arginine is an important aminoacid with many physiological functions, such as

(Zimmermann, 2001; Heys et al., 2004):

e Stimulation of prolactin, glucagon, and insulin secretions;

e Precursor of nitric oxide biosynthesis, a potent vasodilator agent;

e Increasing collagen synthesis and wound healing;

e Stimulation of cellular immunity (increase both NK cells populations, delayed-
type hypersensitivity responses, and T-cell mitogenic responses; enhance
cytokines’ releasing).

Besides the same immunological actions executed by arginine, glutamine also plays

an important role in B-cell differentiation and antibody biosynthesis, macrophage

phagocytic functions, neutrophil activation, and improvement of gut mucosal barrier

(Zimmermann, 2001; Heys et al., 2004).

3. VITAMINS AND AGING: CAN THEY MODULATE
OUR HEALTH?

Originally designed as being “essential amines”, the term vitamin has been used for
decades. But today, it refers only to a group of many different organic compounds
(not restricted to amines) not synthesized by human cells but necessary for cellular
metabolic reactions and normal body development (Garrett and Grisham, 1995).
Vitamins are essential coenzymes or co-factors in the intermediary metabolism and
some of them can perform important antioxidant activities. Vegetables and fruits
are good sources of vitamins, but all of us should also ingest legumes, seeds, eggs,
milk, fish, poultry, and meat in order to get vitamins, essential aminoacids and
heme-iron from meat. In general, contradicting the common sense, older adults do
not require more vitamins and minerals than children or adolescents. In fact, if
they need less energy, lower vitamin and mineral intake is also required. Nowadays
scientists have demonstrated that higher intake of some vitamins, minerals, and
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Table 3. Biochemico-physiological roles and reference intakes of vitamins for elderly

Name (chemical)

Biochemical actions

Physiological roles

Dietary reference
intake (DRI)*

Water-soluble
Thiamin (B,) (Thiamin
pyrophosphate)

Riboflavin (B,)
(Flavin adenine
mononucleotide [FMN]
and Flavin adenine
dinucleotide [FAD])

Niacin (B5)
(Nicotinamide and
nicotic acid)

Biotin (B,)

Pantotenic acid (Bs)

Piridoxin (Bg)
(Piridoxal-phosphate,
piridoxin, and
piridoxamine)

Coenzyme in energy
metabolism essential for
acetyl-coenzyme A

and succinyl-CoA
biosynthesis

Coenzymes of the
electron transport chain.
Structural component of
the flavoproteins
(succinate dehydrogenase
and Acyl-CoA), and
cytochrome P,s,
hydroxilase

Nicotinamide adenine
dinucleotide (NAD™) and
its phosphorylated

form (NADPY) are
respectively electron and
proton acceptors of the
respiratory chain.

It participates in
carbohydrate metabolism
and lipid synthesis,
inhibiting fatty acid
releasing

Coenzyme in
carboxylation reactions of
energy, protein and fat
metabolism

Co-factor of the coenzime
A; Gluconeogenesis;
energy metabolism; fatty
acid metabolism; and
acetilcholine synthesis

Participates in
transamination,
decarboxilation

and isomerization
reactions. Activates
gluconeogenesis and
glicogenolysis

Essential for brain,
Increases appetite, Can
help in depression
treatment

Essential for skin, eye,
tongue and physical work
capacity

Maintain skin, gut and
nervous system

Essential for skin, hair,
muscle, and brain

Important for appetite,
work capacity, and brain

Essential to the skin,
tongue, nervous and
muscle functions

1lmg 9)
1.2mg (%)

Llmg (9
1.3mg (2)

l4mg (9)
16 mg (%)

30ug

Smg

1.5me (9)
1.7mg (%)

(Continued)
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Table 3. (Continued)
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Name (chemical)

Biochemical actions

Physiological roles

Dietary reference
intake (DRI)*

Vitamin B,
(Cianocobalamine)

Folic acid
(Tetrahydrofolate)

Vitamin C (Ascorbic
acid)

Lipid-soluble

Vitamin A (cis-Retinal,
retinol, retinoic acid,
all trans-retinal)
Vitamin E (Calciferol)

Vitamin K (Menadione,
filoquinone, and
menaquinone)

B, coenzyme
Transmetylation
reactions: conversion
of homocysteine
(Hcy) in methionine
(Met); conversion of
L-methyl-malonil-CoA
into succinyl-CoA

Conversion of glycine to
serine; synthesis of
timidine-5-P (DNA
precursor); conversion of
homocysteine (Hcy) to
Met (methionine)

Lisine hydroxilation to
form proline (collagen
synthesis); increases iron
absorption in the gut;
regulates folate,
cholesterol, and
aminoacid metabolism

Form the visual eye
pigment; some forms are
free radical scavengers
Promotes calcium gut
absorption; regulates
phosphorus metabolism
Antioxidant that
participates in the
structure of cell
membranes and
scavenges free radicals

Blood clothing factor
(promotes carboxylation
of VII and X blood
coagulation factors);
participates in protein
synthesis; increases
osteocalcin function

Essential to
erythropoiesis, DNA
synthesis, cerebrovascular
and cardiovascular
systems

Prevents neural tube
defects; aids work
capacity; prevents
vascular impairment

Important to
erithropoiesis, collagen
synthesis, iron gut
absorption, and adrenaline
synthesis

Essential for the eye,
skin, mucosae, bones, and
immunity

Maintain skin and bones
and is used in psoriasis
treatment

Inhibit LDL-cholesterol
oxidation; decrease
Alzheimer’s and
Parkinson’s disease risk

Anti-hemorrhagic factor
)|

2.4pg

400 pg

75mg (9)
90 mg (7)

700pg™ (§)
900 g™ (2)

51-70y: 10 g
>T70y: 15pg

15mg

90pg (9
120pg ()

*RDI according to the Institute of Medicine, Food and Nutrition Board (www.nap.edu).
**RAEs = retinol activity equivalents; IRAE = 1 g retinol, 12 g B-carotene, 24 wg a-carotene, or

24 g B-cryptoxanthin.
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Table 4. Food sources of vitamins

Vitamin Foods

B, Ham, meats, grains, legumes, whole cereals and enriched breads, liver, fish, poultry,
pasta, nuts and yeast

B, Milk and derivatives, meats (liver), grains, green leafy vegetables, beans, eggs, and
yoghurt

B, Meats, fish, poultry, grains, beans, yeast, liver, legumes, milk, seeds, eggs

B, Produced by intestinal bacteria. Found in liver, egg yolk, peas, beans, and green leafy
vegetables

Bs Liver, beef, milk, eggs, legumes, grains and vegetables

By Protein-rich foods; liver; slim meat; fish; poultry; green leafy vegetables; banana; and
whole cereals

B, Foods of animal origin

Folate Liver; green leafy vegetables; legumes; nuts and seeds; rice; cereals, and pasta

Vitamin C  Citric fruits and juices; cashew; acerola; green leafy vegetables; broccolis; red and sweet
peppers; strawberry; potatoes

A Buriti palm oil; liver; milk; cheese; carrots; green leafy vegetables; sweet potato;
yellow-orange fruits (mango, peach)

D UV sunlight induces skin synthesis of vitamin D; fish oils; margarine and enriched milk
products

E Vegetable oils and seeds; wheat germ; whole products; and egg yolk

K Liver; eggs; spinach; cauli-flower; broccolis; microbial gut biosynthesis

phytochemicals usually has potent anti-aging effects on cell proliferation, injury,
and death. This fact could be associated with increased cell survival and improved
physiology of human body, offering better health outcomes during aging. Vitamins
can be classified in water-soluble (B complex, C, folic acid, biotin, pantotenic acid,
etc) and lipid soluble (A, D, E and K) compounds. Their functions and biochemical
and physiological roles are summarized in Table 3, whereas their common food
sources are listed in Table 4.

4. ESSENTIAL MINERALS AND OLD AGE

Important since the early life, minerals execute many biological functions. Calcium
is important to bones and teeths and participates of nervous transmission, muscle
contraction, and blood clothing (Somer, 2003). In recent years researchers have been
discovered that calcium decreases hyperproliferation of colon cancer cells(Lipkin,
1999; Kelloff et al., 2000), inhibits ornithine decarboxilase activity, decreases the
mutation rate of ras (a gene involved in proliferative responses), and promotes the
formation of insoluble complexes with bile and fatty acids, decreasing proliferative
and irritative effects on intestine (Lipkin, 1999), mechanisms that might result in
decreased intestinal cancer risk.

Another important mineral is copper. It is essential constituent of at least 15
enzymes, including the antioxidant Cu,Zn-superoxide dismutase (Cu,Zn-SOD), and
participates of collagen, melanin, and myelin synthesis maintaining the integrity
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of bones, cartilages, connective and nervous tissues (Somer, 2003; Richard and
Roussel, 1999). Copper deficiency is common feature in diabetes mellitus patients,
and its supplementation should be feasible (Pedrosa and Cozzolino, 1999).

Chromium participates of energy metabolism, estabilizes DNA and RNA against
mutations, and improves glucose-mediated insulin sensitivity, helping diabetic
patients (Lukaski, 2004).

Iodine and iron are essential minerals for any person, especially those aging
subjects. Iodine is the active center of the thyroid hormones (T; and T,) that
regulates energy metabolism, physical and mental development and reproductive
functions (Somer, 2003). Hypothyroidism and goitre are consequences of iodine
deficiency (Ramalingaswami, 1992). Iron is the active center of hemeproteins such
as hemoglobin (erythrocyte), myoglobin (muscle), and mitochondrial cytochromes
(Richard and Roussel, 1999). Iron-deficiency anemia severily affects work capacity,
aerobic and brain functions (Lukaski, 2004).

Dental caries are caused by acids produced in carbohydrate glucolysis. Fluoride
inactivates some of these acids, reducing dental caries, and also helps bone miner-
alization.

Magnesium is a structural component of mitochondrial membrane and is involved
in nervous transmission, protein catabolism, insulin synthesis, muscle relaxation,
and estructure of protective teeths’ enamel (Zimmermann, 2001; Lukaski, 2004).

Insulin activity, conjuntive tissues’ anabolism, vitamin K cofactor, cholesterol
and DNA biosynthesis, carbohydrate catabolism, and estructure of the Mn-SOD are
the main functions of manganese (Somer, 2003; Lukaski, 2004).

Molibdenium constitutes dental enamel, decrease uric acid production, and is
an active factor of enzymes that metabolizes carbohydrates, lipids, proteins, iron,
sulfur aminoacids, and DNA (Zimmermann, 2001).

Cells use phosphorus to produce many membrane phospholipids. In bones,
its co-deposition with calcium forms hydroxyapatite. Acid-base equilibrium of
blood and fluids, muscle anabolism, and energy production are also performed by
phosphorus.

Sodium chloride participates in the hydroelectrolytic equilibrium, but its
excessive dietary intake is associated with hypertension. Potassium, another
important electrolyte, controls nervous transmission and induces pos-contraction
muscle relaxation, decreasing cardiac frequency (Thaler et al., 1999; Lukaski, 2004).

Selenium is a component of many different selenoproteins and enzymes, such
as Se-glutathione-peroxidase (Se-GPx). It controls antibody production by B cells
and phagocytic functions (Hughes, 2000). Lower levels of selenium increases the
risk of cardiomyopathies, myositis, impair physical growth, and increase the risk of
infections, especially that caused by viruses (Richard and Roussel, 1999; Levander,
2000). Higher selenium status is associated with decreased risk of prostate cancer,
since selenium acts as a potent antioxidant, able to induce tumor cell death and
inhibit new angiogenesis in tumoral tissues (Neve, 2002). It has been suggested
that supranutritional doses of selenium (200 g equivalent to 4-fold RDA) could
protect against cancer (Neve, 2002). Administration of ebselen (10 mg/Kg, twice),
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Table 5. Mineral requirements for older people and its food sources

Mineral Requirements* Foods
Calcium 1,200 mg Milk and derivatives, fish with edible bones, dark green
vegetables, fortified foods
Chromium 20pg (9) Wheat germ, brewer’s yeast, cheese, and whole grains
30pg (9)
Copper 900 g Cocoa powder, nuts and seeds, liver, seafoods
Fluoride 3mg (%) Tea, fluoridated water, ocean fish with edible bones
4mg ()
Todine 150 g Todized salt, seafood
ITron 8mg Meat, liver, egg yolk, dark green vegetables, and whole grains
Magnesium 320 mg (%) Nuts, seeds, whole grains, wheat germ, bran, green vegetables,
420mg (2) bananas
Manganese 1.8 mg (%) Whole grains, fruits, vegetables, teas
2.3mg (%)
Molybdenium 45pg Milk, beans, grains
Phosphorus 700 mg Animal and high-protein vegetable products, whole grains
Selenium 55png Seafood, meats, liver and kidney, onions, grains
Zinc 8 mg () Meat, liver, eggs, seafoods, whole grains
11 mg ()

* According to the Institute of Medicine, Food and Nutrition Board (www.nap.edu).

an organic-selenium, before ischemia and 12 hours after reperfusion, attenuates
neuronal damage indicating a promising therapy for stroke (Namura et al., 2001).

Zinc is essential to imunological system function, physical growth, skin
(cicatrization), and hair. Impairment of immunity and physical growth, nightly
blindness, alopecia, hipogonadism, dermatitis, and increased mortality risk is
associated with poor zinc status (Zimmermann, 2001; Lukaski, 2004). Zinc
deficiency is also associated with decreased B and T cells functions, with impairment
in cytokine responses and macrophage activation, and compromise of epithelials’
physiology (Berger, 2002).

Mineral requirements and food sources are listed in Table 5.

Another recent functional aspects of mineral, vitamin and phytochemicals on
healthy aging are further presented on this chapter.

5. BIOCHEMICAL AND PHARMACOLOGICAL TARGETS
FOR NUTRITIONAL MODULATION OF AGING

Aging and its related disorders have been associated with specific cellular,

molecular, and tissue changes during the life course. Nutritional modulation of these

cell changes should consider the following biochemical-pharmacology approaches

(orcell targets)(Ames et al., 1993; Mahoney et al., 2002; Rattan, 2003b; Ferrari, 2004):

e Mitochondrial function and structural stabilizers that avoids cell death, increasing
its survival;

e Antioxidant activities (directly and indirectly free radical scavenging);
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® Apoptotic inducers that avoid proliferation of aged-degenerated cells or neoplastic
cells;

e Metal-chelators (Cuajungco et al., 2000);

e Immunological stimulators and inflammatory suppressors.

6. ANTIOXIDANTS: SCAVENGING OF FREE RADICALS
AND PREVENTION OF CHRONIC DISEASES OF AGING

Free radicals (FR), produced during mitochondrial respiration and also released

by peroxisomes, catalyze many redox reactions of various compounds in living

tissues and cells (Halliwell, 1994; Gutteridge, 1995) and also in foods (Ferrari,

1998; Ferrari, 1999). FR is any atom, molecule or compound that present unpaired

electrons and is able to receive or give them. The First is the oxidant and second is

the reducer. Between reactive oxygen (ROS) or nitrogen species (RNS), there are

FR [superoxide (O, ), hydroxyl (‘OH), perhydroxyl (HO; ), peroxyl (CO,), nitric

oxide (NO), peroxynitrite (ONOO™)] and reactive non-radical molecules, such as

hydrogen peroxide (H,0,), singlet oxygen (!0,); although exist another FR without

oxygen (tyil or CH,S™)(Gutteridge, 1995). FR catalysts promote oxidative stress

yielding ROS could be (Ferrari, 1999; Méller et al., 1996).

1) High impact energy sources (thermal, microwave, radioactive);

2) Metals (cadmium, copper, iron, mercury, zinc, etc);

3) Enzymes (metalic or not), dispersed or grouped in cytoplasmic organelles
(hepatic microsome, peroxisome, mitochondria, chloroplast and other plastids);

4) Mechanic action;

5) Toxic agents (alcohol, pesticides, cigarette, air pollutants, etc);

6) Physical and psychological stresses.

As discussed earlier, low free radicals releasing and high antioxidant protection,
offered by cell antioxidants (SOD, GSH, GPx, catalase, etc) or by dietary intake
decrease oxidation and increase cell and organism longevity (Mecocci et al., 2000;
Ku and Sohal, 1993; Barja et al., 1994; Ames et al., 1993; Rattan, 2003b).

7. DIETARY ANTIOXIDANTS AND BRAIN PROTECTION

The brain of old rats had increased oxidative DNA and RNA markers both associated
with temporal and special memory losses but acetyl-L-carnitine and lipoic acid
reversed these adverse effects of aging (Liu et al., 2002). In this respect, it was
observed an inverse consistent association between vitamin E levels and lower
memory performance in NHANES III study (Perkins et al., 1999).

Higher intake of vegetables and fruits rich in vitamin C and carotenoids was
positively associated with better cognitive function in the elderly (Berr, 2000).
Besides contradictory results of epidemiological studies regarding aging-related
dementia and intake of antioxidants (ascorbate, carotenoids, tocopherol), it has been
postulated that a rich consumption of fruits and vegetables, plenty of antioxidants,
can enhance cognition in the elderly (Bates et al., 2002; Engelhart et al., 2002).
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High dietary intake of fruits and vegetables and the corresponding protective
antioxidants (a-carotene, B-carotene, lycopene and vitamin C) were inversely
associated with Alzheimer’s disease risk (Smith et al., 1999). Other studies have
been confirmed the protective effects of dietary antioxidants, including phyto-
chemicals (flavonoids and phenolics), on the risk of neurodegenerative disorders
(Ferrari, 2004).

8. ANTIOXIDANTS, HYPERTENSION AND CARDIOVASCULAR
PROTECTION

Hypertension and cardiovascular diseases are common in the middle-aged and
elderly people and successful aging is associated with better blood pressure control
(Perls and Terry, 2003). Aging and hypertension is associated with sustained and
intensive activation of NADP(H)-oxidase, potential amplification of superoxide
release in aortic rings with massive degradation of nitric oxide by superoxide,
leading to impaired vasodilation responses (Hamilton et al., 2001).

Vitamin C is a promising anti-hypertensive, once its plasmatic levels were
inversely associated with arterial blood pressure (Block et al., 2001).

Scavenging free radicals produced during ischemic conditions constitute one of
the most important cardiovascular benefits of antioxidant phytochemicals, vitamins
and minerals in foods (Ferrari, 2004; Cui et al., 2002; Hu et al., 1998). Blood
cholesterol lowering effects represents another important mechanism to protect
against cardiovascular diseases (Ferrari, 2004; Ferrari and Torres, 2003).

Antioxidant vitamins, whole grains, and phytochemicals also protect vascular
systems in heart and brain against homocysteine, and independent vascular risk
factor (Broekmans et al., 2000). Antioxidant vitamins (E and C), carotenoids,
soy, and green tea can inhibit LDL oxidation, protecting against atherosclerotic
plaque formation (Ferrari, 2004; Ferrari, 2001). In a similar manner, antiox-
idant vitamins, whole grains, and phytochemicals also protect vascular systems
in heart and brain against homocysteine, and independent vascular risk factor
(Broekmans et al., 2000; McKeown et al., 2002). Previous treatment with
vitamins E (800IU) and C (1,000mg) reversed deleterious effects of homocysteine
(Nappo et al., 1999).

Intake of flavonoids, from apples and onion, has been associated with decreased
cardiovascular mortality (Knekt et al., 1996). Within the cardiovascular protective
mechanisms of flavonoids (from grapes and red wine), inhibition of platelet aggre-
gation, increasing of nitric oxide synthesis and lowering of superoxide production
seems to be important (Freedman et al., 2001).

Dietary intake of natural antioxidants (antioxidant vitamins, catechins, flavonol,
and flavone) from diet has many benefits to older people, such as:

e Increase lung respiratory functions (Grievink et al., 1998; Tabak et al., 2001);
e Decrease coronary mortality (Knekt et al., 1996);

e Decreased Alzheimer’s disease risk (Engelhart et al., 2002; Smith et al., 1999);
e Increase longevity (Trichopoulou and Vasilopoulou, 2000);
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e Increase cognitive function in the elderly (Bates et al., 2002);

e Decrease cancer’s risk (Kelloff et al., 2000; Ferrari, 2004);

e Decrease age-related macular degeneration and cataract’s risk (Lyle et al., 1999;
Cho et al., 2004).

9. MITOCHONDRIAL STABILITY: AN IMPORTANT TOOL
FOR LONGEVITY AND HEALTH

9.1 Mitochondria is one of the most important targets for anti-aging
interventions

Aging cells present mitochondrial dysfunction and failure characterized by impaired
Mn-SOD synthesis, which compromises the dismutation of superoxide into
hydrogen peroxide (H,O,), increasing cell oxidative stress. This mitochondrial SOD
failure is associated with ovarian cancers, type I diabetes, neuronal degeneration,
cardiac myocytes death, ischemic brain infarction, and normal aging (Lebovitz et al.,
1996; Larsson and Luft, 1999; Ferrari, 2000) (Lebovitz et al., 1996; Larsson and
Luft, 1999; Ferrari, 2000; Kim et al., 2002; Tornero et al., 2002; Vifa et al., 2004).

Chronic imbalance of mitochondrial superoxide scavenging is associated with
mitochondrial pore opening and intensification of ROS leakage, which induces
mitochondrial and nuclear DNA mutations, cell aging and apoptosis (Linnane et al.,
1989; Lenaz, 1998 (Linnane et al., 1989; Lenaz, 1998).

Five complexes are present in the mitochondrial respiratory chain: complex I
(NADH-ubiquinone oxidoreductase), II (succinate-ubiquinone oxidoreductase), ITI
(ubiquinol cytochrome ¢ reductase), IV (cytochrome c oxidase/ATP synthase), and
V (ATP-synthase) (Garrett and Grisham, 1995; Cardoso et al., 1999). Then, stability
of respiratory chain requires adequate levels of iron and ubiquinone. Important
mitochondrial disorders and associated disorders are listed in Table 6.

Heme iron deficiency impaired cytochrome c oxidase activity, impairing the
control of mitochondrial respiratory functions and increase oxidative mtDNA
damage (Atamna et al., 2001; Walter et al., 2002). However, excessive available
iron has been also linked to increase mtDNA oxidation (Walter et al., 2002).
Copper is very important for iron incorporation, since its deficiency has been
linked to impaired incorporation of heme groups into cytochrome c oxidase
molecules, decreasing IV complex and cytochrome c mitochondrial content
(Rossi et al., 1998).

Coenzyme Q10 (ubiquinone), an electron acceptor of the complex I and II
of the respiratory chain, when administered to a mice model of amyotrophic
lateral sclerosis (ALS) reversed mitochondrial decay and decreased brain striatal
damage induced by 3-nitropropionic acid, increasing animal life span (Matthews
et al., 1998). Kelso et al. (Kelso et al., 2001) reported that a mitochondrial
targeted ubiquinone compound had the ability to abrogate hydrogen peroxide-
induced apoptosis, but not tumor necrosis factor-a induced cell death. Ubiquinone
also improves mitochondrial respiration and enhances post-ischemic myocardial
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Table 6. Disorders of the mitochondrial enzymatic complexes

Complex Disease
1 Alzheimer’s disease
Cardiomiopathies

Leber’s disease
Leigh’s disease
Miopathies
Parkinson’s disease
I Leigh’s disease
Miopathies
Ganglyome
Pheochrocytome
III Cardiomyopathies
Leigh’s disease
Miopathies
v Alper’s disease
Ataxia
Leber’s disease
Leigh’s disease
Miopathies
Rhabdomyolisis
v Leber’s disease
Leigh’s disease

Adapted from: Tornero et al. (2002).

contractile function and decreases myocardial damage (Rosenfeldt et al., 2002).
Recently, it was verified that ALS patients had increased plasma concentrations
of oxidized coenzymeQ10 (Sohmiya et al., 2005), suggesting a potential need
for coenzyme Q10 nutritional replacement. Coenzyme Q10, but not vitamin E,
had prolonged life span of Caenorhabiditis elegans, effect mediated by apoptosis
inhibition and possibly in situ superoxide scavenging action (Ishii et al., 2004). But
human observational and clinical studies on this regard are necessary.

Magnesium, another important mitochondrial stabilizer, is a structural component
of the mitochondrial membrane. Its important in ATP synthesis and its deficiency
is associated with hypertension, diabetes, hyperlipidemia, chronic cardiovascular
diseases, ALS, neuromuscular disorders, dementia, and Parkinson’s disease (Fox
et al., 2001; Durlach et al., 2004). Its nutritional replacement is very important,
since older people has increased risk of magnesium deficiency due to massive
gastrointestinal and renal losses of this nutrient, increasing the risk of asthma,
coronary syndromes, and ischemic brain injury (Tong and Rude, 2005).

Selenium deficiency impairs antioxidant defenses by decreasing glutathione
peroxidase (GPx) synthesis, increasing the risk of influenza and coxsackievirus
infections, and heart disease as classically found in Keshan’s disease (Levander,
2000; Beck, 2001). Dietary selenium supplementation has been found to recover
cardiac, mitochondrial and cytosolic GPx values in aged rats previously submitted
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Table 7. Coenzyme Q10 content of some foods

Food Ubiquinone content (mg/100g)
Soy oil 92
Colza seed oil 73
Mackerel fish 43
Sesame seed oil 32
Meat 32
Peanut 27
Pork meat 25
Fish filet 24
Chicken 21
Nuts 19

Source: Duthie (1993).

to ischemic-reperfusion injury (Tanguy et al., 2003). Selenium is also associated
with decreased risk of cancers (Schrauzer, 2000).

Vitamin E should also be considered a mitochondrial stabilizer agent. It has been
observed that vitamin E deficiency was associated with increased lipid peroxidation
and partially impaired mitochondrial respiration, since NADH-CoQ10 reductase
and cytochrome oxidase activities were diminished in skeletal muscle cells (Rafique
et al., 2004). However, the same authors reported increased mitochondrial activities
and lipid peroxidation in the liver. However, other authors have found mitochondrial
failure during liver aging in vitamin E-deficient rats (Armeni et al., 2003). Far
beyond its general protective effect on biological membranes (Brown et al., 1998),
tocopherol can specifically abrogate the oxidative decay of respiratory complex III
(Atamna et al., 2001).

Dietary omega-3 fatty acids have been recognized as protective agents of
mitochondrial membrane lipids, decreasing calcium release, a potent cell death
element, and pyruvate dehydrogenase activity (Pepe et al., 1999). Padma and Devi
(Padma and Devi, 2002) had reported that fish oil reversed mitochondrial respiratory
failure. These findings constitute the basis for cardiovascular protective effects of
fish and nuts dietary intake (Hu et al., 1998; Sheard, 1998; Fraser, 1999). It is postu-
lated that the recognized neurological benefits of docosahexaenoic acid, from fatty
fish, can be explained also by its capacity to stabilize phospholipids in biological
membranes (He et al., 2002; Horrocks and Farooqui, 2004).

L-carnitine is a mitochondrial membrane fatty acid transporter and stabilizer in
aging cells and neurons (Hagen et al., 1998; Binienda, 2003; Virmani et al., 2003),
enhancing strength and cardio and encephalomyopathies (Mahoney et al., 2002).

Lipoic acid supplementation decreased heart mitochondrial DNA oxidation (Suh
et al., 2001), once it has many free radical scavenging activities (Pioro, 2000).
Caffeine and nicotinamide also showed to protect mitochondria against oxidative
stress and dysfunction in a rat model of radiation-induced oxidative damage (Kamat
and Devasagayam, 2000). Nicotinamide could also decrease free radicals and extend
life span (Driver, 2003). Arivazhagan et al. (2001) (Arivazhagan et al., 2001)
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reported that lipoic acid supplementation reversed aging-associated mitochondrial
oxidative stress, decreasing lipid peroxidation, but enhancing GSH, ascorbate and
tocopherol content.

Many studies has been supported the concept that lower respiratory activity and
higher mitochondrial DNA repair capacity are both associated with increased life
span, as discussed by Barja (Barja, 1998).

10. DIABETES AND LONGEVITY

Healthy centenarians have lower rates of insulin resistance coupled to better
glycemic control have been found (Morley, 2004; Perls and Terry, 2003; Paolisso
et al., 2001). There is no “magic” dietary supplement that decreases diabetes risk.
However, a diet rich in fruits and vegetables (rich in fibers and antioxidants) with
moderate intake of meat foods, and lower intake of refined carbohydrates and fats,
associated with a healthy life style incorporating limitation or avoidance of alcohol
drinking and regular practice of physical activities is inversely associated with
diabetes risk (Ford and Mokdad, 2001; Sato, 2000).

11. NUTRITIONAL MODULATION AGAINST CANCER

Many nutrients and non-nutrients can modulate cell and molecular targets providing
efficient protection against cancer. Nutrients and recently discovered phytochem-
icals can promote (Kelloff et al., 2000; Ferrari and Torres, 2003; Ferrari and Torres,
2002; Heber, 2004):
e Apoptosis of cancer cells, killing neoplastic cells and decreasing tumor mass
formation;
e Antioxidant protection of DNA, avoiding oxidative DNA and RNA mutations;
e Decreasing of oxidative stress and inflammation, avoiding genetic and cell
damages;
e Antiangiogenesis, related to inhibition of neovascularization that is essential for
tumor metastasis.
Table 8 summarizes the essential anticancer bioactive compounds in foods.

12. NUTRITIONAL MODULATION OF IMMUNITY
AND INFLAMMATORY REACTIONS

Immunosenescence is a recognized pattern of immunological system in the elderly.
It is characterized by suppression of T cell maturation, with thymic atrophy,
disruption of normal immune activation, and presence of circulatory aged T-cells
(Pawelec et al., 2002). Inflammation is also frequently positively associated with
aging (Franceschi and Bonafé, 2003). In order to avoid increased mortality due
to infectious diseases in the elderly (Yoshikawa, 1997), nutritional deficiencies of
macro and micronutrients should be adequately treated. Table 8 lists important
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Table 8. Anti-aging mechanisms of bioactive compounds from foods and herbs

Mechanisms

Bioactive compounds

Food Source

Antioxidants

Anti-apoptotic
agents

Metal chelators

Proapoptotic agents

Mitochondrial
stabilizers

Flavonoids (apigenin,
kaempferol, luteolin,
myricetin, quercetin,
lycopene)

Polyphenols

Curcuminoids
Monounsaturated fatty acids
Phytosterols (genistein and
daidzein)

Tocopherols

Ascorbic acid

Egb761 extract (quercetin,
kaempferol, isorhamnetin and
bilobalide, a terpene lactone)
Gallic acid

Phenols, Polyphenols, and
their acids (quercetin, rutin,
catechins, sesamol, caffeic,
ferulic and tannic acids)
Artellipin C

Butyrate

Catechins

Genistein

Indol-3-carbinol
Isoprenoids, terpenoids and
tocotrienols

Isothiocyanates

Fish oils

Retinoids (vitamin A-related)
Polyphenols
Protopanaxadiol
Organosulfur compounds

Carnosine
(B-alanyl-L-histidine)
Coenzyme Q10 (ubiquinone)

Melatonin
Lipoic acid
Nicotinamide

n-3 fatty acids

Tocopherol

Onion, garlic, tomato, fruits and vegetables
Grapes (juices), wines, berries, apples, cocoa
and chocolate, eggplant, teas, etc

Turmeric

Oils and seeds

Soybean

Oils and seeds

Citrus and other fruits
Ginkgo biloba
Polyphenol rich foods

Grapes and wine
Green teas

Brazilian propolis

Vegetable fibers

Tea polyphenols

Soy

Cruciferae vegetables (brocolis)

Vegetable oils (olive oil), nuts (Brazil nuts,
cashew nuts, almonds, etc) and seeds
Cruciferae

Fish oil

Vitamin A rich foods (oils, dark green leaf
vegetables and fruits)

Persimmon (Diospyros kaki), green teas,
wine, berries, purple fruit, and bananas
Metabolites from ginsenosides (Rb1/Rb2/Rc)
Garlic and onion

Muscle foods

Soy oil, colza seed oil, mackarel fish, sesame
seed oil, meat, peanut, pork meat, fish filet,
chicken, and nuts

Scutellaria biacalensis (Huang-qin),
Hypericum perfuratum (St. John’s wort),
fever few, mustard and fenugreek seeds
Meat, liver and heart

Meats, grains, beans, fish, milk, eggs, seeds,
vegetables

Fatty fish (tuna, mackerel, salmon), canola
(rapeseed) and flaxseed oils, flaxseed and
nuts

Oils (olive) and seeds

(Continued)
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Table 8. (Continued)

Mechanisms Bioactive compounds Food Source
Anti-inflammatory agents Tocopherol Oils and seeds
Omega-3 fatty acids Fish and vegetable oils
Lycopene Tomato and its products
Polyphenols Green tea, pomegranate, grapes
and wine
Imunostimulatory agents Selenium Seafood, meat and grains
Zinc Meat and grains
Tocopherols and tocotrienols Oils and seeds
Ginsenosides Panax ginseng
Garlic aqueous extract Garlic
Proteoglycans and 3-D-glucans Shiitake and other medicinal
mushrooms

anti-inflammatory, immunoestimulatory, anticarcinogenic, antioxidant and other
protective nutrients and food compounds.

13. CONCLUSIONS

Avoid nutrient deficiencies, control mitochondrial functions, block excessive
oxidative stress and apoptosis of target cells, induce of cancer cell apoptosis,
and increase immunological system performance are key factors of nutritional
modulation for healthy aging.

Adherence to a Mediterranean diet, a model for healthy nutrition, rich in
fruits, vegetables, legumes, monounsaturated and polyunsaturated fatty acids, was
significantly associated with mortality risk reduction by 8% in the EPIC-elderly
prospective cohort study (Trichopoulou et al., 2005). Then, adequate nutrition is a
fundamental environmental approach to increase longevity.
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Abstract: Balanced diet, which includes fats and oils, is one of the important factors for attaining
and maintaining a healthy life. Numerous clinical studies have shown the detrimental
effects of trans- and saturated-fats in the origin and progression of various age-related
diseases, such as coronary heart disease, diabetes, cancer and neurodegenerative diseases.
This article reviews the role of dietary lipids in various age-related diseases, and discusses
the appropriate dietary fat requirements for the prevention of such diseases

Keywords:  Polyunsaturated fatty acids, saturated fats, diseases, antioxidants

1. INTRODUCTION

Fats and oils, as a specific component of diet, provide essential fatty acids and
facilitate the delivery of various other nutrients that are vitally important for normal
physiological functions. As structural units, fats and lipids are the integral parts of
the cellular and organellar membranes, and of the nerve sheathing. Normal physical
and mental growth, development and maturation depend on the optimal availability
of dietary fats. Additionally, body fat or adipose tissue helps to protect vital organs
from injuries and shocks, and provides a source of energy during prolonged exercise.
Fats have the highest caloric density among foodstuffs (9 kcal/g), and are also the
carriers of vitamins such as A, D, E and K. Vegetable oils are important sources
of natural antioxidants, such as tocopherols, tocotrienols and carotenoids. Dietary
lipids also play an important role in the immune function by modulating eicosanoid
production (Formo, 1979; Lands, 1986; Robert, 1990).

Oils and fats are consumed for caloric reasons and also for their non-caloric
functions such as flavour, palatability, appearance, consistency and texture. Intake
of oils and fats is primarily through cooking oils, baked products, margarines and
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spreads, various fried products, chocolate and sugar confectionery, dairy products
and desserts, salad oils, mayonnaise and other dressings. Fats are also consumed
when meat, poultry or fish are eaten. All these sources make up a complex matrix
of various visible and invisible oils and fats that end up in our body.

The content and composition of dietary fat, especially the carbon chain length,
degree of saturation, positioning of the double bonds and cis and trans configuration
of the unsaturated fatty acids and region-specific distribution of the fatty acids
in the triacylglycerols have significant contribution to human health. Good health
is dependent not only on the quantity but also on the quality of the fat. Several
diseases such as hypercholesterolemia and related cardiovascular disorders, type
2 diabetes, inflammation, certain types of cancer, renal diseases and Alzheimer’s
disease are directly or indirectly related to dietary fats. Very often such diseases
are associated with excessive and improper intake of dietary fats or deficiency of
essential fatty acids. Excessive amounts of free radicals generated from oxidised
oils are also related to the origin of various diseases. This chapter discusses the
effects of different types of dietary fats on the origin and progression of various
age-related diseases.

2. TYPES AND SOURCES OF DIETARY FATS

Fats and oils of animal and plant origin consist almost exclusively of the simple
lipid class triacylglycerols (often termed “triglycerides”). They consist of a glycerol
moiety with each hydroxyl group esterified to a fatty acid. Triacylglycerols are
synthesised by enzyme systems, which determine that a centre of asymmetry is
created about carbon-2 of the glycerol backbone, so they exist in enantiomeric
forms, i.e. with different fatty acids in each position. The positions of the fatty acids
in the glycerol backbone are denoted by sn-1 or sn-3, the two terminal positions
and sn-2, the middle position. (The abbreviation ‘sn’ stands for ‘stereospecific
numbering’). Generally, in case of vegetable oils, unsaturated fatty acids are situated
in the sn-2 position while SFA’s occupy the sn-1 and sn-3 positions (Hunter, 1992).
The naturally occurring fatty acids are mainly straight-chain compounds containing
an even number of carbon atoms. Fatty acids can be divided into the following three
groups: (i) saturated; (ii) monounsaturated and polyunsaturated; and (iii) branched-
chain. Unsaturated fatty acids may contain one or more double or triple bonds and
can be classified as monounsaturated, polyunsaturated, and acetylenic fatty acids.

The distribution of the fatty acids in triacylglycerols can be rearranged or ‘struc-
tured’ and if desired, new fatty acids can also be introduced through a process
called interesterification. The rationale behind the development of structured lipids
is based on the effects of dietary fatty acids and the importance of their relative
position (sn-1 or sn-3 and sn-2) in triacylglycerol molecules. Triacylglycerols can
be tailored to contain appropriate proportions of n-3, n-6, n-9 and SFAs which are
beneficial in lowering serum LDL cholesterol and triacylglycerol levels, preventing
thrombosis, enhancing immune system, reducing the risk of cancer and improving
nitrogen balance (Akoh, 2002).
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The nomenclature omega-9, omega-6 and omega-3 fatty acids are related to the
position of the first unsaturation in the fatty acid chain relative to the methyl end.
Position of the double bond can also be denoted in the form (n-x), where n is the
chain-length of the fatty acid and x is the number of carbon atoms from the double
bond in the terminal region of the molecule. In case of linoleic acid, it lies at
the sixth carbon and as regards linolenic acid it lies at the third carbon atom from
the methyl end of the molecule. Thus linoleic acid is termed omega-6 (or n-6) and
alpha-linolenic acid is called omega-3 (n-3) fatty acid.

2.1 Saturated fatty acids (SFA)

Saturated alkanoic acids have the general formula R-COOH where R represents
straight-chain hydrocarbons having the formula C H,, ., or CH;(CH,),COOH. SFA
range from short-chain volatile liquids to waxy solids. Common saturated fatty
acids are lauric, (C,,), myristic (C,,), palmitic (C,¢) and stearic (C,4). Milk fats
are characterised with C, to C,, fatty acids while C,, to C,, occur in fats and oils.
Higher members up to C;g are found in waxes. SFA are present in appreciable
amounts (50-90% of total fatty acids) in milk fat, coconut oil, palm oil and palm
kernel oil.

2.2 Monounsaturated fatty acids (MUFA)

Monounsaturated fatty acids contain one double bond which is present mostly
at the ninth carbon atom from the methyl end. They are referred to as omega-9
or n-9 fatty acids. Though more than 100 monounsaturated fatty acids are
known, oleic acid (cis-9-octadecaenoic acid) is the most widely distributed of all
fatty acids. It acts as the precursor of biosynthesis of omega-9 families of
fatty acids. Petroselinic, vaccenic and erucic acids are some examples of other
commonly found MUFA. Two most common sources of oleic acid are olive
oil and rapeseed oil. However, genetic mutation and selective breeding have
developed ‘high-oleic’ version of commodity oils such as sunflower, safflower,
peanut, soybean and canola oil. These ‘high-oleic’ oils typically contain more
than 70% oleic acid and are commercially available for various food applications
(Kristott, 2003).

2.3 Polyunsaturated fatty acids (PUFA)

PUFA contain more than one carbon-carbon unsaturation. There are two major
PUFA families: one based on linoleic acid (delta-9,12-18:2 omega-6) and the
other on alpha-linolenic acid (delta-9,12,15-18:3 omega-3). The importance of
PUFAs in human health and nutrition was postulated first in the 1920s. Linoleic
acid and alpha-linolenic acid were termed essential fatty acids (EFA) since these
cannot be synthesised in vivo by animals, including humans. Therefore EFA must
be consumed from plant-derived dietary sources. Once consumed, both linoleic
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Figure 1. Metabolic pathways of conversion of linoleic and linolenic acid (Adapted from Simopoulos,
1999)

and alpha-linolenic acid are converted to other long chain omega-6 and omega-3
fatty acids by metabolic pathways in mammals through enzymatic catalysis (see
Figure 1).

These changes require chain-elongation and desaturation. The most important
omega-6 metabolite is arachidonic acid (AA, 20:4) and the most important omega-3
metabolites are eicosapentaenoic acid (EPA, 20:5) and docosahexaenoic acid (DHA,
22:6). EPA and DHA are the most bioavailable forms of omega-3 for humans.
Linoleic acid is the major fatty acid in vegetable oils such as soybean, sunflower,
safflower, peanut and corn. Vegetable oils such as flax, blackcurrant, rape, perilla
and chia contain moderate to high amounts of alpha-linolenic acid. Soybeans, navy
beans and walnuts are also sources of alpha-linolenic acid. It is also present in
phytoplankton, zooplankton and many marine species.

2.4 Trans fatty acids

Trans fatty acids are those fatty acids that contain double-bond geometry in the
trans (E) configuration, i.e. the hydrogen atoms are placed on the opposite sides of
the double bond (Hunter, 1992). They naturally occur in small amounts (<1%) in
unmodified vegetable oils and fats. The majority of trans fatty acids in our diets
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come from partially hydrogenated oils. Hydrogenation is a chemical reaction in
which hydrogen is added to the ethylenic linkages (double bonds) of unsaturated
fatty acids (Hastert, 1996). Small amounts of trans fatty acids occur naturally in
milk, butter and tallow as a result of biohydrogenation in ruminants. Blends of
hydrogenated and non-hydrogenated oils and fats have been used to produce base
stocks for margarine, frying oils and a variety of general purpose fats where solid
and stable fats are required. Hydrogenated fats have been given the generic name
“vanaspati” in India, and are used for numerous edible applications. The most
abundant of the trans fatty acids in partially hydrogenated oils is elaidic acid, the
trans isomer of natural cis-oleic acid.

3. FATS AND AGE-RELATED DISEASES

The detrimental effects of improper dietary fats are not observed overnight but the
damages undergo a slow, yet certain cumulative pattern and surface at later stages
of life. Thus, very often the root causes of various diseases during old age stem
from the dietary habits at the young age. The effects of dietary fats on the major
age-related diseases are discussed in the following sections.

3.1 Cardiovascular diseases

Early epidemiological observations suggested an association between dietary fat
and cardiovascular diseases (Keys et al., 1957; Keys et al., 1959). One of the
major risk factors for cardiovascular disease is hypercholesterolemia. Coronary
heart disease (CHD) is caused by atherosclerosis, a process characterized by
endothelial dysfunction, in connection with cholesterol deposition macrophages
and smooth muscle cells in the arterial walls and various other factors. The
risk of CHD increases proportionally with serum levels of total and low density
lipoprotein (LDL) cholesterol and decreases with increase in high density lipoprotein
(HDL) cholesterol (Martin et al., 1986; Castelli et al., 1986). The increased
ratio of total cholesterol to HDL is associated with a rise in risk for all-cause
mortality in men aged 65 years and above. When considered alone, an elevated
level of HDL seems to be protective against mortality from all causes in
men aged 65-74 years but this effect diminishes over the age of 75 years
(Chyou et al., 2000).

3.1.1 Effect of saturated fatty acids on cholesterol

Saturated fatty acids are reported to be cholesterol-raising but not all acids in this
class show the same effect (Mensink et al., 2002). Alkanoic acids can be divided into
three major classes: (i) fatty acids having less than 12 carbon atoms; (ii) fatty acids
with 12, 14 or 16 carbons atoms; and (iii) the 18 carbon homologue, stearic acid. It
has been suggested that the first group slightly reduces LDL cholesterol relative to
palmitic acid but raises it when compared to oleic acid (Cater et al., 1997). From the
second group, lauric acid has been reported (Denke and Grundy 1992) to increase
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plasma total cholesterol and LDL cholesterol concentrations compared to oleic acid
but to a lower extent relative to palmitic acid while effects on HDL cholesterol
were not observed. However, an increase of total cholesterol due to an increase
of HDL cholesterol as compared to palmitic acid has also been reported (Temme
et al., 1996). Myristic acid has an increasing effect on both LDL cholesterol and
HDL cholesterol and hence on total cholesterol concentration relative to palmitic
acid (Zock et al., 1997). Despite being hypercholesterolemic compared to stearic
acid (Mensink et al., 2002), palmitic acid has not been labeled in all cases as a
cholesterol-elevating saturated fatty acid (Ng et al., 1992; Choudhury et al., 1995).
This holds true when dietary cholesterol intake is less than 300 mg/day and 6-7% of
daily energy comes from linoleic acid. Stearic acid had been shown not to elevate
plasma total cholesterol concentration (Keys et al., 1965; Grande et al., 1970). In
fact, later studies revealed that stearic acid has a neutral effect on plasma lipoproteins
similar to that of cis-monounsaturated oleic acid (Bonanome and Grundy, 1988).
Overall, it can be concluded that, saturated fatty acids such as lauric, myristic and
palmitic acids raise the levels of both total and LDL cholesterol.

3.1.2 Effect of trans fatty acids on cholesterol

Trans monounsaturated fatty acids, raise LDL cholesterol concentrations (Katan
et al., 1995) and decrease HDL cholesterol concentrations (Mensink et al., 2002)
in contrast to intake of cis-monounsaturated fatty acids. Investigations on whether
TFAs from ruminant sources differ from those resulting from partial hydrogenation
with respect to CHD have shown that below an intake level of 2.5 g/day, there
were no differences in effects on CHD between the two sources of TFAs but that
at total intake levels of above 3 g/day industrial TFAs cause bigger risk of CHD
(Weggemans et al., 2004).

3.1.3 Effect of PUFA on CHD

In the recent years, the beneficial cardiac health effects of PUFA, especially
omega-3 fatty acids have attracted considerable scientific and public interest. The
present consensus is that the cardio protective effects of EPA and DHA at the low
dosage used in recent secondary prevention trials mainly results from an effect
on the ischemic myocardium and probably not from an effect on blood lipids
and hemostasis. On the other hand, dietary a-linolenic acid, the precursor of EPA
and DHA may be protective through mechanisms other than the myocardial (anti-
arrthythmic) ones (De Lorgeril and Salen, 2004a). Epidemiological studies and
dietary trials in humans suggest that a-linolenic acid is a major cardio-protective
nutrient (De Lorgeril et al., 2004b).

One of the studies showing the effect of alpha-linolenic acid on heart was the
Multiple Risk Factor Intervention Trial (MRFIT). It involved 12,000 men aged
between 35 and 57 years who had high risk of heart diseases. It was found that risk of
death from CHD was lowest in subjects with highest intakes of alpha-linolenic acid
(Dolecek, 1992). The Lyon Diet Heart Study had shown the effect of alpha-linolenic
acid on people who had survived one heart attack. Participants in the test group had
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an increased intake of alpha-linolenic acid by 68% and had lower blood cholesterol
and triglyceride levels. In fact, alpha-linolenic acid rich diets were associated with
a 70% reduction in coronary problems and cardiac deaths (De Lorgeril et al., 1999).
Other investigations indicate that dietary alpha-linolenic acid reduces inflammatory
and lipid cardiovascular risk factors in hypercholesterolemic men and women,
possibly by favourably changing vascular inflammation and endothelial dysfunction
(Zhao, 2004). These authors have also reported that high-PUFA diets (diets rich
in linoleic acid and alpha-linolenic acid) decrease serum total cholesterol, LDL
cholesterol and triglycerides.

Fish oils, rich in long-chain omega-3 fatty acids, have been found to reduce
plasma triacylglycerols of hyperlipidemic subjects, especially in patients with
elevated triglyceride concentrations (Harris, 1989). In the case of normocholes-
terolemic subjects, long-chain PUFA from fish oils do not induce any changes in
plasma LDL cholesterol or HDL cholesterol concentrations but have a lowering
effect on plasma triacylglycerols and the concentration of cholesterol in very low
density lipoprotein (VLDL) (Harris et al., 1983).

3.2 Effect of PUFA on cardiac mitochondrial membranes

Biological membranes are made of complex matrices of lipids, proteins, lipid-
proteins complexes, glycolipids and glycoproteins. With aging, both the hormonal
status and lipid component of a membrane change and the remodelling of myocardial
cell membrane is a major occurrence. Age-related mitochondrial changes include
increase of membrane rigidity, cholesterol, phosphatidylcholine, omega-6 fatty
acids, and decrease in omega-3 fatty acids and cardiolipin (Pepe, 2005). Studies have
shown how specific age-related changes of phospholipids and fatty acid compo-
sition in the cardiac mitochondrial membranes can influence vital mitochondrial
processes and the heart’s adaptive response to stress and survival. The various
constitutive changes that occur in heart cells with increased age reduce the cellular
capacity to tolerate and adapt to ischemic stress.

The primary PUFA in myocardial membranes are omega-6 linoleic and arachi-
donic acid and omega-3 DHA. With abundant use of linoleic acid rich oils such as,
soybean, sunflower and corn, and low consumption of fish in the western world,
there is a much higher intake of linoleic acid and a very low amount of omega-3
fatty acids. Such vast excess of omega-6 fatty acids compete with the omega-3 fatty
acids and utilise the delta-5 and delta-6 desaturase enzymes to a greater extent for
subsequent conversion into higher homologues of the omega-6 series. Delta-5 and
delta-6 desaturase enzymes are crucial for the conversion of linoleic acid to arachi-
donic acid and conversion of a-linolenic acid into EPA and DHA. The activity of
microsomal delta-6 desaturase is less than that of delta-5, making it the rate limiting
step involved in two stages of DHA production (Cho et al., 1999). Thus, a-linolenic
acid cannot be converted into adequate levels of EPA and DHA (Sprecher et al.,
1995). In a situation where there is excess linoleic acid and insufficient omega-3
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fatty acids, there occurs a reduction of omega-3 fatty acids in cell membranes. Such
deficiency of PUFA in cell membranes is further augmented during senescence.

It has been reported that there is an age-related increase in sarcolemmal and
michondrial membrane content of aracidonic acid and reduction in DHA in the
heart (Pepe, 2005). The decline in the content of cardiac cell membrane omega-3
fatty acids with aging may result in increased vulnerability to Ca®" overload
induced by high work stress, ischemia and reperfusion or oxidative stress itself.
However, these age-related qualitative changes in membrane fatty acid compo-
sition can be reversed and rectified through dietary manipulation. Studies with
young and senescent rats indicate that diets enriched with omega-3 fatty acids
can prevent the age-related decline in omega-3 fatty acids in cardiac mitochon-
drial membranes (Pepe et al., 1999). Reports (Pepe et al., 1999; Demaisson et al.,
1994) show that higher ratio of omega-3: omega-6 fatty acids in cardiac mitochon-
drial membranes displayed greater capacity to recover contractile functions after
ischemia and reperfusion compared to that with low ratio of omega-3: omega-6
fatty acids.

Membrane ion permeability is also associated with the PUFA present in the
membrane phospholipids. A common aspect of cardiac ischemia and reperfusion
during advanced age is increased vulnerability to the perturbation of Ca”'-
management systems resulting in highly elevated intracellular Ca®* that precipitates
systolic and diastolic contractile dysfunctions (Hano et al., 1995). A higher
omega-3/omega-6 ratio in the membrane phospholipids modifies the relative activity
of Ca’"-Mg”*" -ATPase, Ca’" uptake into sarcoplasmic reticulum, voltage depen-
dence of inactivation of Na* current, and Na* -Ca®" exchanger activity (Phillipson
and Ward, 1985; Swanson et al., 1989; Taffet et al., 1993; Leifert et al., 2000).

It is suggested that immunosenescence through increased inflammatory cytokines
play important roles in promoting cardiac infections and heart failure (Watson
et al., 2005). It is suggested that cytokine polarization due to aging directly dysreg-
ulates fibroblasts, leading to altered cardiac structure and dysfunction (Watson
et al., 2005). Elderly people with heart diseases have high cytokine levels in the
T-helper 2 cells due to suppressed resistance to cardiotrophic pathogens. It is also
suggested that reduction of T-helper 2 cells and increase of T-helper 1 cytokines
by supplementation with omega-3 fatty acids might provide a way to treat and
prevent excessive inflammatory cytokines and their detrimental effects on the heart
(Watson et al., 2005).

The recommended intake of omega-3 fatty acids for primary prevention of CHD
could be 2-3 g/day of fish oil. This will occur if there is a regular consumption
of 200-300 g fish and shellfish per week (Connor and Connor, 1997). The present
knowledge of omega-3 fatty acids justifies that physicians in the context of
secondary prevention of CHD suggest their patients to increase their consumption
of these fatty acids. Apart from advising them to adequately adapt their diet, the
systematic prescription of capsules containing oils enriched in a-linolenic acid,
EPA and DHA should become a common practice.
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4. IMMUNE RESPONSE AND INFLAMMATORY DISEASES

The immune system provides us protection from pathogens but the immunologic
vitality has been shown to diminish with age. Immune cells such as lymphocytes
contain high amounts of PUFA in their membrane phospholipids. Numerous studies
have shown that diets high in fat content suppress immune function (Wu et al.,
1999). This is more pronounced, at least in animal studies, when the fat belongs
mainly to the omega-6 family of PUFA (Boissonneult and Hayek, 1992). However,
the effect of dietary fats is related much more to its quality i.e. the degree of its
saturation and unsaturation.

Effects of hydrogenated fats on immunity of human subjects with moderate hyper-
cholesterolemia have been studied. Though trans fatty acids have not been reported
to directly affect cellular immunity, they increase the production of inflammatory
cytokines (such as interleukin-1beta) known to be associated with atherosclerosis
(Han et al., 2002). Investigations (Mozaffarian et al., 2004) on the correlation
between the trans fatty acids content and inflammatory marker concentrations in
the red blood cell membranes of 86 patients with established heart failure suggest
that trans fatty acids are strongly associated with systemic inflammation in patients
with cardiac problems.

The role of eicosanoids in immune regulation is well documented. However,
excessive omega-6 eicosanoid signalling has been associated with numerous inflam-
matory/immune vascular disorders, thrombic heart attacks and cardiac arrhythmic
events, arthritis, asthma, cancer proliferation and various other chronic illnesses in
aging adults (Lands, 2004). Dietary lipids are capable of influencing the fatty acid
composition of membrane phospholipids. Such alterations are largely responsible for
changes in immune function, through either influences on membrane-bound enzyme
activity or the availability of fatty acid precursors of immune-modelling eicosanoids
(Boissonneult and Hayek, 1992). Among the different fatty acid types, omega-3
and omega-6 fatty acids are most capable of influencing eicosanoids production.
The omega-6 fatty acids are precursors to the 1- and 2-series prostaglandins and
leukotrienes of 3- and 4-series while omega-3 fatty acids are the precursors to the
3-series prostaglandins and leukotrienes of 5-series. Leukotriene B, is known to
enhance natural killer cell activity compared to less potent leukotriene By. It is
also a powerful inducer of inflammation and leukocyte chemotaxis and adherence
(Simopoulos, 1999).

Intake of omega-3 fatty acids either as a-linolenic acid or as EPA or DHA results
in the accumulation of these fatty acids into the membrane lipids of the tissues,
including cells of the immune system such lymphocytes and phagocytes (Conroy
et al., 1986; Marshall and Johnston, 1983; Bankey et al., 1989). In fact, ingestion
of EPA partially replaces the omega-6 fatty acids (particularly AA, 20:4) in the
cell membranes of platelets, erythrocytes, neutrophils, monocytes and liver cells
(Simopoulos, 1999). Intake of EPA and DHA decreases production of prostaglandin
E, metabolites; reduces formation of leukotriene B,; lowers the concentrations
of throboxane A,, which is a powerful platelet aggregator and vasoconstrictor;
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and increases the concentrations of leukotriene B (Simopoulos, 1999). Selective
inhibition of inflammatory responses without inhibiting T- and B-cell functions by
DHA supplementation has also been reported (Kelly, 2001).

Production of proinflammatory eicosanoids through metabolic pathways of fatty
acids modulates the course of inflammatory diseases such as arthritis and psoriasis.
Dietary supplements ranging 1-8 g per day of omega-3 PUFA have been reportedly
beneficial in the treatment of inflammatory bowel disease, eczema, psoriasis and
rheumatoid arthritis. In addition, experimental studies in rats with experimental
ulcerative colitis, induced by intrarectal injection of trinitrobenzene sulphonic acid,
have documented that treatment with long-chain omega-3 PUFA reduces mucosal
damage as assessed by biochemical and histological markers of inflammation
(Gil, 2002).

Psoriasis is one of the most common inflammatory diseases of the skin which
can happen at all ages. The epidermis and scale chamber fluid of psoriatic lesions
contain several lipoxygenase compounds such as leukotriene B,, leukotriene C,,
leukotriene D,, 12-HETE (hydroxy fatty acids) and 15-HETE (Fogh, 1990).
Modulation of eicosanoid and lipoxygenase production, through dietary lipids
provides a therapeutic treatment. A number of trials have demonstrated the anti-
inflammatory effects of fish oils. Various studies (Ziboh et al., 1986) demonstrate
the mild to moderate improvement of psoriatic patients from fish oil supple-
ments (11-14g EPA/day for 8 weeks). The improvement in clinical response was
associated with the incorporation of EPA and DHA present in the fish oils into
the epidermal tissues. Successful reduction of itching, scaling and erythema from
8 week supplementation with fish capsules (1.8g EPA/day) has also been reported
(Bittiner et al., 1988). Following similar trials with 3.6g EPA ethyl-ester/day for
3—6 months, significant improvement of scaling and erythema in their patients was
reported (Terano et al., 1989). Reduction in neutrophil production of leukotriene
B, was observed from one month after start of the study along with marked
increase of leukotriene Bs and 5-HETE. These reports demonstrate the potency of
omega-3 fatty acids in prevention and treatment of inflammatory skin disorders like
psoriasis.

Rheumatoid arthritis is a chronic inflammatory disease of the joints which trouble
a large number of the elderly population. It is characterised by inflammation of the
synovium and infiltration of the joint by neutrophils, macrophages and T lympho-
cytes and subsequent erosion of articular cartilage and bone (Boissonneult and
Hayek, 1992). Eicosanoids derived from the metabolic pathways of omega-6 fatty
acids, arachidonic acid, and the cytokines interleukin-Ibeta and tumour necrosis
factor-alpha are related with the symptoms of inflammatory joint disease, as well as
the cartilage degradation seen in established rheumatoid arthritis (James et al., 2003).
The presence of leukotriene B, and 5-HETE in the synovial fluid from patients with
rheumatoid arthritis (Fogh, 1990) suggest that restricting the production of these
eicosanoids can probably slow down the inflammatory processes associated with
rheumatoid arthritis. The use of omega-3 fatty acids as a part of dietary treatment
of rheumatoid arthritis had been investigated by various researchers. Rheumatoid
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arthritis patients who consumed a supplementation of 1.8g of EPA/day showed
fewer clinical symptoms of their disease after 12 weeks (Kremer et al., 1985).
Similar improvement of symptoms of rheumatoid arthritis in patients supplemented
with omega-3 fatty acids have been observed by others (Sperling et al., 1987,
Magaro et al., 1988).

S. CARCINOGENESIS

The correlation between dietary fats and cancer has been investigated through
epidemiological and experimental studies in several organs such as the skin, liver,
colon, pancreas and mammary gland. Most of the experimental studies concerning
dietary fats have been on the rat model system, and have been followed up till
complete carcinogenesis induced by polyaromatic hydrocarbons (PAH) or ultra-
violet (UV) light. However, non-conforming results, even from similar studies have
also been reported.

The incidence of skin cancer has been undergoing a steady increase in recent
years. Skin cancer is most common among the elderly, but is now also more
frequently found in younger people (Tarstedt et al., 2005). Early studies have shown
the effect of fatty acids on the initiation and promotion of skin carcinogenesis.
Daily application of lauric acid (20:0) and oleic acid (18:1) on mouse skin after a
single administration of 7,12-dimethylbenz[a]anthracene (DMBA) showed cancer
promoting activity. Stearic acid (18:0) and palmitic acid (16:0) however showed no
effect. In case of DMBA-initiated carcinogenesis, high fat diets slightly inhibited
initiation but enhanced the promotion (Birt et al., 1989). Such enhancing effect
has been attributed mostly to the increased consumption of calories. While reports
show that high fat diets increased UV induced skin carcinogenesis in rats, others
found no such effects (Black et al., 1983). On the contrary, they concluded that
diets containing saturated fatty acids inhibited tumorigenesis.

Occurrence of colon cancer in the industrialized countries has risen since the
early 1970’s and it is estimated that more than one-third of such cases are
diet related (Roynette et al., 2004). Though a number of correlational and case
control epidemiological studies have established a positive association between
dietary fats and development of colon cancer many prospective epidemiological
studies have concluded otherwise (Glauert, 1992). However, interpretations of such
studies are complicated by the total energy intake which has been correlated to
colon cancer in various correlational and case control studies (Kolonel, 1987;
Lyon et al., 1987). Studies on the effect of different dietary fatty acids show
that the promotional phase of colon carcinogenesis (induced by multiple injections
of azoxymethane) is affected more by PUFA compared to saturated fatty acids
(Sakaguchi et al., 1984). The initiation of colon carcinogenesis, however, is affected
more by increasing the level of saturated fats and not by the amount of PUFA
(Reddy and Sugie, 1998). It has been hypothesized that dietary fats increase the
concentration of metabolites with carcinogenic or promoting activity in fecal stream
(Glauert, 1992).
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Several researchers have reported the effect of dietary fats on initiation and
promotion of carcinogenesis in liver. Increase in fat content of the diet enhanced the
development of artificially induced tumors in rat livers (Reddy and Sugie, 1998).
The enhancement of hepatocarcinogenesis by dietary fats is primarily due to the
effect on initiation of carcinogenesis and polyunsaturated fats have greater effect
then saturated fats (Glauert, 1992).

Pancreatic carcinogenesis in humans has been connected with dietary fats
(Baldwin and Parker, 1986) and detailed investigations have been carried out in
animal models with rats and hamsters. Since the tumors are derived primarily from
ductal cells in both hamsters and humans, the hamster model may be considered to
be more pertinent to human pancreatic cancer. Higher dietary fat intake increases
the incidence of pancreatic carcinogenesis in hamsters (Birt et al., 1989) with
polyunsaturated fats having greater enhancing effect, compared to saturated fats.
Conversely, one study (Birt et al., 1990) showed that intake of a saturated fat (beef
tallow) promoted pancreatic carcinogenesis more than that by polyunsaturated fat
(corn oil) in hamster model.

Prostate cancer is the second major cause of cancer related death in men in the
US (Pienta and Esper, 1993). Epidemiological studies have demonstrated that men
with higher dietary intake of omega-3 fatty acids have a lower incidence of prostate
cancer. Moreover, omega-6 and omega-3 fatty acids have respectively displayed
promotional and inhibitory effects in prostate cancer cell lines as studied by Pandalai
et al. (Pandalai et al., 1996). Their results revealed that EPA inhibits prostate cell
growth at high concentration.

Most of the polyunsaturated oils such as corn and safflower, used in various
carcinogenic studies are rich in LA i.e. omega-6 fatty acids (typically 55%
for corn and 75% for safflower) and have a very low content of omega-3
fatty acids (typically 0-1% for both). Fish oils, rich in long chain omega-3
PUFA however have beneficial effects. Substitution of corn oil with oils rich
in omega-3 fatty acids (such as fish oils) generally has inhibitory effects on
chemically induced carcinogenesis (O’Connor et al., 1989). Various researchers
have observed similar effects in the colon, mammary glands and the pancreas of
their animal subjects. Radiation therapy and chemotherapy drugs such as doxoru-
bicin, epirubicin, tamoxifen etc. show higher efficacy when omega-3 fatty acids
are included in the diet (Hardman, 2004). Data from 24 European countries
indicate that a high ratio of omega-6/omega-3 fatty acids in diet has greater
risk for colon cancer (Caygill and Hill, 1995). The mechanisms of action of
omega-3 fatty acids on colon carcinogenesis is proposed to be that n-3 PUFAs
are able to influence colon carcinogenesis by altering enzyme expression and/or
activity and, therefore, the concentrations of end-products or by modulating
the levels of available precursors for biosynthetic pathways (Roynette et al.,
2004). Other probable mechanisms for the effect of omega-3 fatty acids against
carcinogenesis include modulation of eicosanoid production and inflammation,
angiogenesis, proliferation, susceptibility for apoptosis, and estrogen signalling
(Hardman, 2004).
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6. DIABETES

One of the silent killers of modern times is diabetes mellitus. Hyperglycemia
and dyslipidemia (a condition marked by abnormal concentrations of lipids or
lipoproteins in the blood) are two main abnormalities associated with both insulin-
dependent diabetes mellitus (IDDM, type 1) and non-insulin-dependent diabetes
mellitus (NIDDM, type 2). Diabetes mellitus is characterised by hyperglycemia
in presence of insulin resistance, hypertriglyceridemia, increased VLDL, altered
lipogenesis and accelerated lipolysis (Bhathena, 1992). High intake of dietary fats
has been correlated with development of insulin resistance in both animals and
humans with different types of fats having different effects on insulin action.
Saturated fats and trans fats cause insulin resistance while monounsaturated and
polyunsaturated fats improve it (Rivellese and Lilli, 2003).

Recent evidence from epidemiological studies show that risk factors for type
2 diabetes is connected to high trans fatty acid and low ratio of unsaturated:
saturated fat intake (Parillo and Riccardi, 2004). Increased levels of palmitic acid
and palmitoleic (16:1n-7) and reduced levels of linoleic acid have been linked with
insulin resistance and consequent complications (Vessby, 2000). Animal studies
using primates reveal that similar to saturated fatty acids, trans fatty acids affect the
insulin receptors by reducing their numbers and increasing their affinity (Barnard
et al., 1990). Markedly higher proportions of saturated fats and decreased PUFA
have been observed in the phospholipids of red blood cells of both IDDM and
NIDDM subjects (van Doormaal et al., 1984; Prisco et al., 1989). A study involving
more than 84,000 women aged between 34-59 years was conducted to examine
the relations between dietary fat intakes and risk of type 2 diabetes in USA
(Salmeron et al., 2001). None of the subjects had any cardiovascular problems,
cancer or diabetes at start. From the data collected over a period of 14 years, it
was concluded that total fats and saturated and monounsaturated fatty acids do not
increase the risk of type 2 diabetes in women, but trans fatty acids enhance, whereas
PUFAs reduce the risk. Trans fatty acids are incorporated into cell membrane
phospholipids causing decrease in membrane fluidity and binding of insulin to its
receptor, leading to impaired insulin action, insulin resistance and hyperinsulinemia
(Simopoulos, 1999).

Most of the studies concerning human diabetic subjects have used linoleic acid
rich vegetable oils. Linoleic acid has a protective effect on diabetic retinopathy
(Howard-Williams et al., 1985). However, some have reported increased insulin
resistance in liver and muscle in diabetic rats from saturated fatty acids and linoleic
acid rich diet (Storlien et al., 1987). y-linolenic acid (GLA), an omega-6 metabolite,
has been reported to have many beneficial effects in both NIDDM and IDDM such as
prevention and treatment of distal diabetic polyneuropathy (Jamal and Carmichael,
1990). Feeding animal subjects an essential fatty acid deficient diet which lowers
the concentration of AA, decreased the incidence of spontaneous diabetes. It has
been hypothesised that AA or its eicosanoid metabolites may be responsible for
the inflammatory conditions of autoimmune diabetes in the experimental rat model
system (Lefkowith et al., 1990), which is similar to human IDDM.
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Hyperinsulinemia and insulin resistance are inversely linked with the content of
C20 and C22 fatty acids in the phospholipids of muscle cell membranes (Borkman
et al., 1993). A reduction of EPA in the livers of diabetic patients was also observed
(Singer et al., 1980). In another study, a higher EPA content was reported in the
liver triglycerides of diabetic subjects without hyperlipoproteinemia (Singer et al.,
1984). Chronic deficiency of EPA may lead to complications of diabetes such as
retinopathy, peripheral neuropathy and nephropathy (Sinclair, 1962). Dietary fish
oils have various beneficial effects on diabetic subjects, for example, an augmen-
tation of 20- and 22-carbon PUFAs leads to increase in membrane fluidity, the
number of insulin receptors and insulin action (Harris, 1996).

People suffering from diabetes mellitus have an increased cardiovascular
morbidity and mortality. The most consistent beneficial effect of long chain PUFAs
is the reduction of triglyceride levels in serum. There is also considerable evidence
that fish oils lower cholesterol/phospholipids ratio and cholesterol/HDL ratio which
is considered to be a measure of atherogenic index (Bhathena, 1992). Fish oil also
increases lipoprotein lipase activity in NIDDM but has no effect in IDDM (Kasim
et al., 1988; Bagdade et al., 1990). Dietary omega-3 fatty acids reportedly reduce
blood viscosity (Rillaerts et al., 1989), lower blood pressure (Kasim et al., 1988)
and increase neutrophil in diabetic subjects (Schmidt et al., 1989).

Despite the physiological benefits on diabetic subjects, unrestricted or unmoni-
tored use of omega-3 fatty acids is not recommended. Omega-3 fatty acids have
detrimental effects on carbohydrate metabolism and inversely affect glycemic
control even though insulin sensitivity is improved. Plus, the positive effects on
lipid metabolism cannot be sustained by prolonged use of fish oil and are reversed
when fish oil supplementation is discontinued (Bhathena, 1992). Another concern
for excessive use of omega-3 fatty acids is their susceptibility to oxidation. This
aspect of PUFA is discussed in later sections.

7. ALZHEIMER’S DISEASE (AD)

AD is the most common dementing illness of the aged and is characterised by
global impairment of cognitive functions. Though the environmental risk factors
for AD have not been identified with certainty, a number of dietary elements have
been reported to be associated with the development of dementia. Evidence shows
that oxidative stress, homocysteine-related vitamins, dietary fats and alcohol play
a role in the pathogenesis of AD (Luchsinger and Mayeux, 2004). It has been
postulated that AD may be promoted by insulin resistance, excess free radicals,
inflammatory metabolites, homocysteine and oestrogen deficiency (Berrino, 2002).
Vascular risk factors such as type 2 diabetes, hypertension, high dietary fat intake,
high cholesterol, and obesity are also suspected of increasing the risk of both
vascular and AD (Haan and Wallace, 2004).

Based on epidemiological risk factors, it has been suggested that dietary
lipids may be the principal risk factors for the development of late-onset AD
(Cooper, 2003). The nature of saturation and unsaturation of fatty acids are crucial
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in determining the effect on AD. The Mediterranean diet comprising mostly of oleic
acid rich olive oil appear to provide high protection against cognitive decline as
observed for the aged population in Southern Italy (Solfrizzi et al., 2003). Omega-3
fatty acids offer some protection against AD while saturated and omega-6 fatty
acids increase the risk (Cooper, 2003).

DHA is the principal fatty acid of neurological and retinal membranes and
it makes up more than 30% of the structural lipid of the neuron (Kyle et al.,
1999). Reduced blood levels of omega-3 fatty acids have been related to many
neuropsychiatric disorders such as attention deficit (hyperactivity) disorder, AD,
schizophrenia and depression (Young and Conquer, 2005). Innvestigations have
been made on the protective relationship between fish consumption and intake of
different types of omega-3 fatty acids against AD (Morris et al., 2003). A total of
815 subjects, aged 65 to 94 years, who were initially unaffected by AD completed
a dietary questionnaire on average 2.3 years before clinical evaluation of incident
disease. It was concluded that participants who consumed fish once per week or
more had 60% less risk of AD compared with those who rarely or never ate fish.
Total intake of omega-3 PUFA was associated with reduced risk of AD, as was
intake of DHA. EPA was not associated with AD. Other clinical studies with DHA
have also shown to bring improvement in senile dementia (Yazawa, 2004).

Some investigations have shown reduced levels of AA and DHA in phospholipids
fractions such as phosphatidylcholine (PC) and phosphatidylethanolamine (PE)
from various parts of the brain (frontal grey frontal white, hippocampus, pons) of
patients suffering from AD (Soderburg et al., 1991; Prasad et al., 1998). However,
senescence itself has no influence on the fatty acid composition of PC and/or PE in
these areas of the brain (Soderburg et al., 1991). The plasma fatty acid analysis of
various phospholipids fractions of patients suffering from AD (mean age 82.7 yrs)
and other forms of cognitive impairment (but nondemented) (mean age 83.3 yrs) and
dementia (mean age 79.4 yrs) show lower levels of EPA, DHA, total omega-3 fatty
acids and omega-3/omega-6 ratio in plasma phospholipids, PC and PE (Conquer
et al., 2000). No other differences in the fatty acid composition of the different
phospholipids fractions were noted in this study.

Kyle et al. (1999) have investigated the correlation between circulating DHA of
1188 elderly American subjects (mean age 75 yrs) and AD diagnosis and scores on
the Minimental State Exam (MMSE). The serum PC was used as the biomarker.
Their data present low levels of circulating PC-DHA as a risk factor for low
scores on the MMSE and development of AD in the elderly patients. Due to the
declining activity of the delta-6-desaturase enzyme it is difficult for the elderly to
maintain a healthy level of serum DHA. Thus it is very important for the elderly
to have DHA supplementation or eat adequate amounts of fish. A relatively small
pilot study with 10 elderly subjects (average age 83 yrs) suffering from senile
dementia of cerebrovascular disorders has been performed (Terano et al., 1999).
They administered DHA (0.72g daily for 1 year) to the subjects and evaluated
the effect on dementia using psychometric tests such as MMSE and Hasegawa’s
Dementia rating scale. Their findings show that DHA supplementation improved



350 BHATTACHARYA AND RATTAN

the dementia scores in the elderly suffering from moderately severe dementia from
thrombotic cerebrovascular disorders.

Thus, one may conclude that, dietary intake of omega-3 fatty acids and weekly
consumption of fish may reduce the risk of incident AD. However, there cannot
be any compromise with the oxidative quality of the omega-3 supplements and the
freshness of the fish, as discussed below.

8. OXIDATION OF LIPIDS AND USE OF ANTIOXIDANTS

Though by and large, PUFAs have numerous beneficial effects on human health,
their susceptibility to autoxidation is a serious concern associated with all forms
of their intake. Exposure to air, heat and light causes the unsaturated moieties of the
fatty acids to undergo a spontaneous free radical-initiated chemical reaction called
autoxidation. It proceeds in three steps, initiation, propagation and termination.
Autoxidation is commonly characterised by an induction period during which very
little change occurs in lipids. After the end of the induction period, oxidative
deterioration of the lipids occurs much more quickly. It is well known that the
greater the number of unsaturated sites, the greater is the tendency of oxidation. For
example, if the rate of oxidation for oleic acid (18:1) is 1, then the relative rates of
oxidation for linoleic acid and alpha-linolenic acid are 12 and 25 respectively.

Autoxidation of PUFAs generates hydroperoxides as primary oxidation products
and further oxidation leads to cyclic peroxides as secondary oxidation products.
Monocyclic peroxides, bicyclic endoperoxides, serial cyclic peroxides, and a new
class of endoperoxides (dioxolane-isoprostane peroxides) have been identified from
the oxidation of arachidonate (Yin and Porter, 2005). These oxidation products are
a potential source of free radicals which may cause damaging effects in vivo. The
excess free radicals may react with proteins, DNA and other molecules and these
reactions represent pathways whereby cancer, CHD and a host other disorders can
develop. Thus it is vitally important that oils and fats are protected from oxidation.

Addition of antioxidants to oils and fats prevent oxidation by extending the
induction period. However, use of antioxidants after the end of this period is
generally ineffective because by that time, the oil or fat has developed considerable
degree of rancidity. Storage of oils and fats in closed containers and in cool, dark
places away from heat sources also prolongs the induction period.

Antioxidants can be both synthetic and natural. The major synthetic antioxidants
which are widely used in various food products are t-butylhydroquinone, butylated
hydroxy toluene, butylated hydroxy anisole and propyl gallate. However, possible
harmful side effects of the synthetic antioxidants have created a demand for natural
antioxidants. Various herb extracts, spices, teas, oilseeds and oils, cereals, legumes,
fruits and vegetables contain minor components that act as natural antioxidants.
The different types of natural antioxidants investigated include: (i) tocopherols
and tocotrienols; (ii) phenolic acids (carnosic acid and rosmarinic acid) found
mainly in the Lamiaceae family of herbs; (iii) flavonoids (e.g. quercetin, kaemferol,
luteolin, morin, myricetin) from plant sources; and (iv) catechins or phenols
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(carnosol, rosmanol, epirosmanol) from tea and Labiatae family of herbs. Several
beneficial properties have been attributed to these dietary compounds, including
anti-inflammatory and anticarcinogenic effects (Galati and O’Brien, 2004). Though
these natural phenolics/flavonoids are generally regarded safe, controlled clinical
trials to show efficacy and potential for toxicity of many of these natural antioxi-
dants are still required. These natural compounds are generally lipophilic and dietary
lipids can act as the carrier of such active ingredients which would provide multiple
benefits.

9. CONCLUSIONS AND FUTURE PERSPECTIVES

It is evident that dietary fats have significant contribution to our well being during
all stages of life. It is never too late to initiate and benefit from the nutritive
effects of dietary lipids. Modern life style is making us increasingly dependant
on bulk-prepared foods. When designed with healthy and top quality oils, the
innumerable varieties of prepared foods available can play an important role in the
diet schemes. However, dietary fats have to be consumed with prudence and in
moderate amounts. Nordic Nutrition Recommendations suggests a limitation of the
intake of saturated plus trans fatty acids to about 10% of the total energy intake (E%),
and of the total fat intake to 30E%. It is also recommended that cis-MUFA should
provide 10-15E% and PUFA 5-10E% including approximately 1E% from omega-3
fatty acids.

Direct consumption of EPA and DHA for vegetarian people is almost non-
existent due to absence of fish in their diets and alpha-linolenic acid from plant
sources is the primary omega-3 fatty acid in their diet. Although alpha-linolenic
acid is transformed to EPA and DHA, consistent quantification seems to be a
debatable issue. Though DHA from algal sources is now available in encapsulated
forms, future research should concentrate on incorporating such long chain PUFAs
into the seed oils. Such development might even require genetic modification.
Scientific studies from both academic and industrial areas will continue to discover
newer benefits of specific lipids and at the same time caution us about some.
Simultaneously, conscious effort has to be made to translate scientific findings into
a language understood by consumers who need to feel confident and comfortable
about what they eat.
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