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INTRODUCTION

The cloning of the androgen receptor gene in 1988 (Chang et al.,
1988) and identification of androgen receptor (AR) coactivators have greatly
improved our understanding of intracellular androgenic action and the role of
androgenicity in many androgen-dependent disorders.

AR is a member of the steroid family of nuclear transcription factors,
which also includes the estrogen, glucocorticoid, mineralocorticoid,
progesterone, vitamin D, thyroid, and retinoic acid receptors (Tsai et al.,
1994). Like all nuclear receptors, AR binds to its ligands, mainly the
androgen steroids testosterone (T) and 5a-dihydrotestosterone (DHT), with a
high affinity to control a number of biological processes and exert major
effects on the reproductive system, prostate, testes, muscles, liver, skin,
nervous system, and immune system (Culig ez al., 2000a). Because of the
significance of AR in androgenicity, AR has been linked to a number of
androgen-sensitive disorders.  Specifically, the polyglutamine (poly-Q)
length in the AR protein (encoded by the CAG repeat length in the androgen
receptor gene AR) has been implicated in both progressive neurodegenerative
diseases and androgen-dependent disorders (Brinkmann ef al., 2001). This
review provides a summary of the clinical significance of the CAG repeat
length in both the AR and A/BI (amplified in breast cancer 1) genes.
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Structure of the AR protein and the AR gene

The AR protein is composed of 919 amino acids, with a molecular
size of 98.8 kDa. It has three domains: the well-conserved ligand-binding,
the DNA-binding, and the variable N-terminal domains (Figure 1). The AR
protein is encoded by the 4R gene located on the short arm of chromosome X
(Xq11-12). The AR gene is composed of 8 exons separated by large intronic
segments. It contains four main functional domains: the amino-terminal
transcription activation (transactivation) domain (Mterminal domain), the
DNA-binding domain (DBD), a hinge region, and the carboxy-terminal
ligand-binding domain (LBD) (Culig et al., 2000a) (Figure 1).
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Figure 1: Genomic organization of the human androgen receptor gene and functional domain
structure of the androgen receptor protein. The androgen receptor gene, located on X-
chromine ql1-ql2, consists of eight exons that encode for a 919 amino acid androgen
receptor protein.

The transactivation domain in exon 1 encodes the N-terminal domain
(the transactivation domain) of the AR protein. Exons 2 and 3 contain
sequences for the DNA-binding domain, which is involved in receptor
dimerization. A part of exon 4 contains information for the hinge region that
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is located between the DNA and the ligand-binding domains. The ligand-
binding domain is encoded by a part of exon 4 and entire exons 5-8. In exon
1, within the transactivation domain, there are three microsatellite
trinucleotide repeats, two of which are polymorphic in length, namely the
upstream CAG (encoding a polyglutamine region) and the downstream GGN
trinucleotide (encoding a polyglycine region). Between these two regions is
a non-polymorphic stretch of nine proline residues. The variability in the
reported molecular size of the AR protein is due, in part, to the variable size
of the glutamine and glycine repeats that are encoded by the CAG and GGN
repeat lengths in exon 1 of the 4R gene. Among healthy men, the CAG
repeat length ranges from 13 to 40, while in most populations the GGN
repeat length clusters around 23 (Hsing et al., 2000; Platz et al., 2000).

Figure 2. Androgenic Action within the Prostate
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Figure 2. Within the prostate testosterone is metabolized into dihydrotestosterone by the
enzyme 5a-reductase. DHT binds to the androgen receptor (AR) and AR coactivators. The
intracellular complex is then translocated to the nucleus and binds to the androgen response
element of the prostatic gene to induce cellular proliferation.

Function and mechanism

The AR is the vehicle through which androgens exert their regulation
of cellular proliferation and differentiation. The unliganded AR is distributed
throughout the cytoplasm and nucleus and is complexed with heat-shock
proteins (HSP) 90, 70, and 56 to prevent constitutive activation of the
receptor. Ligand-binding leads to the dissociation of heat-shock proteins and
causes a typical conformational change in the ligand-binding domains of the
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AR protein (Culig et al., 2000a). The AR-DHT complex then translocates to
the nucleus and binds to specific chromosomal DNA sequences (androgen
response elements) in the regulatory regions (promoters/enhancers) of the
AR-regulated gene (Figure 2).

It is well documented that the CAG repeat length in the AR gene is
inversely related to the transactivation activity. Both in vitro and in vivo
studies have shown that even within the normal range (between 13 and 40), a
shorter CAG repeat length in the AR gene is related to increased AR
transactivation activity and that deletion of the AR polyglutamine tract
increases the AR transactivation activity without affecting hormone binding
capacity. It has been reported that for each decrement of 10 in the CAG
repeat length there is a 5-10% increase in in vitro transactivation
(Chamberlain et al., 1994).

AR AND CLINICAL DISORDERS

The AR protein and variations in the CAG trinucleotide repeat length
in the 4R gene have been implicated in various disease processes and
hereditary traits, including several cancers (prostate, breast, male breast, and
liver), hyperandrogenic disorders (male pattern baldness, hirsutism, and
acne), benign prostatic hyperplasia (BPH), androgen insensitivity syndrome
(AIS), polycystic ovarian syndrome (PCOS), and progressive
neurodegenerative diseases, such as spinal bulbar muscular atrophy (SBMA,
also called Kennedy’s disease) (Table 1) (Casella et al., 2001).

Table 1. The AR CAG repeat length and clinical disorders

AR-related disorders AR CAG repeat length
Confirmed

X-linked spinal bulbar muscular atrophy >40

(SBMA) also called Kennedy’s disease

Male infertility Longer

Androgen insensitivity Longer
Possible

Prostate cancer Shorter
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Liver cancer Shorter

Needs further investigation

Ovarian cancer Shorter
Endometrial cancer Longer
Female breast cancer Longer
Male breast cancer Longer
Testicular cancer Longer
Hirsutism, acne Shorter
Male pattern baldness Shorter
Polycystic ovarian syndrome Shorter
Benign prostatic hyperplasia Shorter

Prostate cancer

The growth and maintenance of the prostate is dependent on
androgens, in particular T and DHT. Unbound T in circulation diffuses and
enters the prostate. ~Within the prostate, DHT, the principal nuclear
androgen, binds to the AR with a high affinity to form an intracellular DHT-
AR complex, which then binds to the androgen-response elements in the
prostate DNA, ultimately inducing DNA synthesis and cellular proliferation
(Hsing et al., 2002a; Culig et al., 2000a).

The development and progression of prostate tumors are thought to
be androgen-dependent (Hsing, 2001a; Hsing et al., 2002a). However, in
late-stage prostate cancer, the tumors frequently become androgen
independent (androgen refractory) due to mutations of androgen receptors.
There are several lines of evidence to suggest that somatic mutation and
amplification of the AR gene play a key role in the progression and prognosis
of prostate cancer (Culig et al., 2000).

Because of the importance of androgenic action in prostate
carcinogenesis, in addition to AR mutation and amplification, the AR CAG
repeat length in prostate cancer susceptibility has been investigated in more
than a dozen studies (Table 2) (Modugno et al., 1995; Hardy et al., 1996;
Stanford et al., 1997; Giovannucci et al., 1997; Edwards et al., 1999; Platz et
al., 1998; Sartor et al., 1999; Bratt et al., 1999; Correa-Cerro et al., 1999;
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Lange et al., 2000; Nam et al., 2000; Xue et al., 2000, Hsing et al, 2000
Lantil ef al., 2001; Beilin et al., 2001; Panz et al., 2001; Modugno et al.,
2001). The results are inconsistent. For example, four studies showed that
men with a shorter CAG repeat length were at higher risk of prostate cancer
(Stanford et al., 1997; Giovannucci et al., 1997; Hsing et al., 2000; Xue et
al., 2000) whereas others did not confirm these findings (Edwards et al.,
1999; Lange et al., 2000; Beilin et al., 2001). Differences in study
population, study design, selection of study subjects, and methods of analysis
may account for some of the discrepancy in results across studies. In all of
these studies, however, the length of CAG repeats corresponded to racial
variation in prostate cancer risk: African-Americans, who have a high risk of
prostate cancer, had a shorter CAG repeat length (usually around 19);
Caucasians had an intermediate repeat length (between 20 and 21); and Asian
men, who have a much lower risk of prostate cancer, had a longer repeat
length (between 22 and 24) (Hsing et al., 2002a). These data suggest that
androgenicity may play a role in the substantial racial difference in prostate
cancer risk across populations (Hsing et al., 2001b).

Other Cancers

AR has also been implicated in several other cancers that have a
hormonal basis, including cancers of the liver, male and female breast,
endometrium, and ovary.

Liver cancer. Both epidemiological and laboratory studies suggest that
androgen is involved in the pathogenesis of hepatocellular carcinoma (HCO).
Castration of male mice decreased the incidence of chemically-induced liver
tumors (Toh ef al.,, 1981), whereas chronic administration of T increased the
risk of spontaneous or chemically-induced HCC in laboratory animals
(Ostrowski et al, 1998). Epidemiologic observations suggest that the
incidence of primary liver cancer, in particular HCC, is 2-3 times higher
among men than women in most countries, leading to the proposal that
androgens may be involved in the pathogenesis of liver cancer. A nested
case-control study conducted in Taiwan, a hyperendemic area with chronic
infection by the hepatitis B virus (HBV), showed that higher serum levels of
T at baseline were associated with subsequent risk of HCC, further
suggesting a role of androgens in HCC (Yu et al., 2001). More recently, a
study of 285 HBV carriers with HCC and 349 HBV carriers without HCC
showed that independent of other liver cancer risk factors, a shorter CAG
repeat length (<20 vs. >24) was associated with a 2-fold risk of HCC Yuet
al, 2000). HBV carriers with an AR CAG repeat length of 20 or less and
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higher T levels had a 4-fold increase in HCC risk compared with those with
more than 23 repeats and T in the lowest tertile.

Breast cancer. The AR is expressed in normal breast tissue and in some
breast tumors (Hall ef al., 1996). Because androgens can inhibit the growth
of certain breast cancer cell lines, and because ectopic expression of AR
leads to the inhibition of breast tumor cell proliferation in response to
androgen, it has been suggested that a longer CAG repeat length in the AR
gene may confer a higher risk of female breast cancer. Five studies have
examined the role of AR CAG repeat length in female breast cancer, with
inconsistent results. One study reported that a longer CAG repeat length is
associated an increased risk of breast cancer among postmenopausal women
(Giguere et al, 2001). Two studies reported no association between AR
CAG repeat length and breast cancer in premenopausal or young women
(age<40) (Dunning et al., 1999; Spurdle ef al., 1999). One study reported
that a longer CAG repeat length is associated with less aggressive breast
tumors (Yu et al.,, 2000), and one study reported that breast cancer patients
who are also carriers of the BRCAI mutation had a longer CAG repeat length
(Rebbeck et al., 1999). However, this last observation was not confirmed in a
study conducted in subjects of Ashkenazi origin (Kadouri er al.,, 2001).
Mutations in the 4R gene have also been observed in patients with male
breast cancer, but epidemiologic data on polymorphisms are limited.

Ovarian and Endometrial cancers. As androgenicity is associated with the
length of AR CAG repeat, and androgen exposure is a risk factor for cancer
of the ovary, a shorter CAG repeat length has been hypothesized to increase
the risk of ovarian cancer. Thus far, epidemiologic evidence for an
association between AR CAG repeat length and cancers of the ovary and
endometrium is limited and conflicting. ~Although some studies have
suggested that a shorter CAG repeat length is associated with a younger age
of onset of ovarian cancer (Levine et al, 2001), others reported no
association (Spurdle ez al., 2000).

Table 2. CAG repeat length in the 4R gene in relation to prostate cancer

Author - Study design Results
AR (Xq11-12) CAG repeat
Irvine et al,, 1995 Prevalence survey <22 repeats: 25% excess

45 African Americans
39 non-Hispanic whites
39 Asians
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Hardy et al., 1996

Stanford ef al., 1997

68 prostate cancer cases (U.S.

whites)
Cross-sectional
109 U.S. White cases

Case-control
U.S. whites
302 cases/277 controls

Giovannucci et al., 1997 Nested case-control

Edwards et al., 1999

Sartor et al., 1999

Bratt et al., 1999

Correa-Cerro et al.,
1999

Lange et al,, 2000

Nam et al., 2000

Xue et al., 2000

Hsing et al., 2000

Latil ef al,, 2001

U.S. Whites
587 cases/588 controls

Case-control

Prevalence (no cancer)
65 U.S. Blacks & 130 Whites

Case-control
Swedes
190 cases/186 controls

Case-control
French & German Whites
132 cases/105 controls

Case-control

U.S. Whites
270 subjects

Case-series
318 Canadian men

Case-control
Case-control
Chinese

189 cases/301 controls

Case-control

A shorter repeat was
associated with
younger age at diagnosis

<22: 23% excess risk
(0.88t0 1.73)

18 vs. 26: 52% excess risk
(0.92 to 2.49)

No association

Mean CAG repeat length:
Whites: 21; blacks: 19

A shorter repeat length
was associated with

earlier age at diagnosis and
high-grade,

high-stage tumors

<22:20% excess risk (0.7
to 2.0)

>21: 15% reduction in risk
(0.53to 1.35)

<18: 8-fold risk (2.02 to
32.2)

<20: 97% excess risk (1.05
to 3.72)

<23: 65% excess risk

(1.14 t0 2.39)

<20 vs. 24: 10% excess



French risk (0.60 to 2.02)
268 cases/156 controls

Modugno et al,, 2001 Cast-control <23: 75% excess risk
U.S. Whites (1.05-2.94)
449 cases/558 controls

Beilin et al., 2001 Case-control Every 5 additional CAG
Australia repeats: 0.98 (0.84 to 1.15)
448 cases/456 controls

Panz et al., 2001 Case-control Cases had a shorter repeat
South Africa length than controls (20 vs.

40 Africans and 40 Whites 23)

Non-cancer disorders

X-linked spinal bulbar muscular atrophy. The link between SBMA and
the abnormal expansion of the CAG repeat length (between 40 and 62) in the
AR gene is well established. SBMA is a severe, rare form of an X-linked
adult-onset neurodegenerative syndrome characterized by progressive muscle
weakness and atrophy, dysphagia (difficulty in swallowing), and
fasciculations (twitch). The disease is complicated by bulbar muscle
involvement. Affected males usually have normal male development but
may have gynecomastia (enlarged breast in men), testicular atrophy, and
oligospermia (an abnormally low concentration of spermatozoa in the
semen), suggesting a defect in AR function. An inverse correlation between
age of onset and number of CAG repeats has been reported (Doyu et al.,
1994). In addition, in vivo studies have shown that transgenic mice with
highly expanded CAG repeat lengths (>239) developed progressive
neurological phenotypes of muscular weakness and shortened life span
(Adachi et al,, 2001).

The exact molecular mechanism underlying SBMA is unknown.
Several hypotheses have been proposed to explain the pathogenesis of
SBMA. Thus far, none of these is related to the classic role of AR in
androgenicity. The first hypothesis holds that because polyglutamine can
form stable B-pleated sheets that enable protein-protein interaction, it is
possible that the expanded polyglutamine repeat in the AR protein might lead
to aberrant transcriptional regulation of target genes, resulting in motor-
neuron death (Brooks, 1995). An alternative hypothesis suggests that the
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expansion of the polyglutamine repeat could heighten a normal interaction of
novel protein complexes that is toxic to neurons. A third hypothesis is that
the expanded polyglutamine may link up with other proteins, making it
difficult for cells to degrade, and the protein may then accumulate over time
intracellularly, leading to disruption of normal cellular function (Brooks
1995). These proposed mechanisms are not limited to CAG expansion in the
AR protein. CAG expansion in several other genes has also been linked to
other neurodegenerative disorders, such as Huntington’s disease (Yonget al,,

2000; Lieberman et al., 2000).

Androgen insensitivity syndrome. Androgen insensitivity syndromes (AIS)
include gynecomastia, testicular atrophy, oligospermia, azoospermia
(absence of sperm in semen), and elevated serum gonadotropins (MacLean et
al., 1995). In AIS, androgen cannot complete male genital development due
to mutations in the AR gene. Typically, there is increased feminization or
undermasculinization of the external genitalia at birth, abnormal secondary
sexual development in puberty, and infertility (Abdullah et al,, 1998). The
incidence of AIS is 1 in 200,000 to 1 in 65,000. Carrier women have a 50%
chance of transmitting the AR gene mutation in each pregnancy. AIS can be
further subdivided into complete androgen insensitivity syndrome (CAIS),
partial androgen insensitivity syndrome (PAIS), and mild androgen
insensitivity syndrome (MAIS). The differentiation of these subcategories is
based on clinical findings, laboratory evaluations, and family history of X-
linked inheritance (Gottlieb 1999). ‘

A number of types of 4R mutations, including single base mutations,
complete or partial gene deletions, intron deletions, and insertions, are related
to various forms and severity of AIS (Gottlieb et al,, 1999). Longer CAG
repeat lengths may be partially responsible for the androgen insensitivity
phenotype (Brickmann et al., 2001), although the evidence is inconclusive.

Male infertility. It has been shown that some patients with defective
spermatogenesis have a significantly longer CAG repeat length than healthy
men, suggesting a possible role of AR in male infertility due to lower
functional activity associated with a longer polyglutamine (Wieackeret al.,
1998). The epidemiologic evidence for an association with longer CAG
repeat length with male infertility is inconsistent. In some studies conducted
in American, Swedish, and German patients, no association was found for
CAG repeat length (Dadze et al., 2000) However, in other studies conducted
in Chinese, Belgian, and Australian patients, a longer AR CAG repeat length
was associated with infertility (Legius et al., 1999). In general, the longer
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the AR CAG repeat length, especially over 28, the greater the risk of
impaired spermatogenesis and the more severe the defect (Yong et al., 2000).

Benign Prostatic Hyperplasia. Like prostate cancer, BPH is a disease of
older men. Age and functioning testes are the only known risk factors for
BPH. Because BPH is also an androgen-dependent disease, AR has been
implicated in its etiology. AR mutations in BPH are uncommon, but CAG
repeat length has been investigated. Giovannucci et al, in two separate
studies found a shorter CAG repeat length to be associated with obstructive
symptoms or with BPH that requires surgical intervention (Giovannucci et
al., 1999a; Giovannucci et al, 1999b). They reported that every 6-repeat
decrease in CAG repeat length resulted in a 3.6-fold risk of symptomatic
BPH. However, others found that the length of the CAG repeat was not
related to BPH risk or prostate size (Bousema et al, 2000).

Dermatologic disorders. Because hyperandrogenic dermatologic disorders,
including alopecia (balding), hirsutism (defined as an increase in amount
and/or coarseness of hair distributed in male pattern in a female), and acne
are androgen-dependent diseases it has been suggested that variation in CAG
repeat length may be linked to these cutaneous disorders (Sawaya et al.,
1998; Vottero et al., 1999). Epidemiologic evidence for the role of CAG
repeat length in these disorders is still limited.

Polycystic ovarian syndrome. PCOS is probably the most common
hormonal abnormality in women of reproductive age and the leading cause
for infertility. PCOS is an endocrine disorder in premenopausal women
characterized by irregular menstruation, anovulatory infertility, and excess
androgen (Hickey et al., 2002). The cause of PCOS is unknown. Women
with PCOS produce higher levels of insulin, which in turn signals the body to
release T. As a result, women with PCOS are more likely to develop
hyperandrogenic skin disorders such as male pattern baldness, hirsutism, and
acne (Scarpitta et al., 2000). Two studies have investigated the role of CAG
repeat length in PCOS. Among Australian women a longer CAG repeat
length was associated with PCOS in women with higher serum levels of T
(Hickey et al., 2002), while in a study in Singapore, lower levels of T and a
shorter CAG repeat length were associated with PCOS (Mifsud, 2000).

Cardiovascular disease and rheumatoid arthritis. Because increased AR
CAG repeat length has been linked to higher serum levels of high density
lipoprotein cholesterol (HDL), apoA-l, and vasodilatation, it is possible that
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the AR protein may affect the risk of cardiovascular disease (Zitzmannet al.,
2001). Although the results are inconclusive, data exist to suggest that genes
involved in HDL metabolism may be regulated by AR (Zitzmann er al.,
2001). Because it is well known that estrogens and androgens have an effect
on cardiovascular diseases and because of the significance of AR in
androgenicity, the role of CAG repeat length on cardiovascular disease
warrants further investigation.

A shorter CAG repeat length has also been shown to be associated
with younger age of onset of rheumatoid arthritis, suggesting the possible
role of androgens as a modulating factor (Kawasaki ef al., 1999).

AR COACTIVATORS

It has become evident that activities of AR depend not only on the levels of
expression of the receptor protein itself but also on those of coregulatory
proteins.  After binding androgen, the AR-DHT complex targets gene
promoters. This process is facilitated by a set of proteins, the coactivators.
These coactivators are usually large nuclear proteins that bridge the receptors’
to the pre-initiation complex. In some cases, the coactivators change the
structure of the nucleosome, making the DNA more accessible to
transcription factors. Interaction of the AR protein with an array of
coactivators have been reported (Yeh ef al, 2000). Such an interaction
usually leads to a ligand-dependent enhancement of AR activity by 10- to 30-
fold (Yeh, 1996; Kang, 1999). To date, a series of AR coactivators (ARAs),
have been identified, including ARA70, ARAS4, ARAS55, ARA24, ARA160,
AIBI (Amplified in Breast Cancer 1), BRCA1, and Rb (Culig ef al., 2000;
Grossmann et al, 2001; Yeh er al., 2000) (Figure 3). The interactions
between these proteins with the AR protein are complex and not well
understood.

Previous studies have shown that three coactivators, including
RAC3, SRC-1, and transcription intermediary factor 2) (TIF-2), are up-
regulated in prostate cancer (Gnanapragasam et al., 2001; Gregory et al.,
2001). Because of their significance in AR transactivation, the role of these
coactivators in androgen-dependent diseases and in certain progressive
neurodegenerative disorders should be examined in future studies.
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Figure 3. Interaction between the androgen receptor protein and its coactivators. An array of
proteins, including RB, ARA70, and ARASS, can interact with the AR protein to increase
androgenic action at the target site.

Amplified in Breast Cancer 1

One of the AR coactivators is Amplified in Breast Cancer 1 (AIB)).
Like the AR protein, AIB1 contains glutamine-rich and polyglutamine
regions in its C-terminal domain. Therefore, it is suggested that glutamine-
rich regions in the AIB1 protein may mediate protein-protein interaction and
that variation in the polyglutamine region of AIBI could influence its
interaction with AR or the basal transcriptional machinery, thereby
contributing to certain clinical disorders. The AIB1 protein is encoded by the
AIBI gene on chromosome 20. This gene is amplified in 10% of estrogen-
receptor positive breast cancers (Anzick et al, 1997). Thus far, two
epidemiologic studies have investigated the role of AIB/ in prostate cancer;
one found a positive association between AIBI CAG repeat length and
prostate cancer (Hsing ef al,, 2002b), and the other reported no association
(Platz et al., 1999).
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FUTURE RESEARCH

Basic science

Although the structure and functional importance of the AR gene are
better understood than some other nuclear receptors, the exact molecular
process by which CAG expansion modulates the risk of diseases is unclear.
An important area for future research is to clarify the molecular mechanisms
so that better therapeutic approaches can be developed to treat AR poly-Q-
related diseases. Molecular characterization of structural domains and
function of AR coactivators will also help to provide a better understanding
of the protein-protein interaction. Another area of focus for future research is
likely to be on why different lengths of AR poly-Q, together with their
different AR transcriptional activities, contribute to the progress of cancer or
SMBA (Kennedy’s disease). In addition, whether protease degradation rates
can be different among different poly-Q ARs may become a focus in this
field. It is likely that different poly-Q lengths within the AR protein may
result in different conformations in AR’s tertiary structure, which in turn may
interact differentially with various AR coregulators or progress into different
protein degradation pathways.

Epidemiologic studies

Epidemiologic studies investigating the etiology of hormone
dependent diseases, such as prostate cancer, have focused on comparing
circulating levels of T in patients and in healthy men. The role of receptors
is rarely evaluated in population-based epidemiologic studies due largely to
the difficulty in obtaining tissue for receptor measurement from patients. It
is important to bear in mind that serum levels of androgens are only a small
and transitory step in the cascade of hormone action from production to
biological effect. With the advances in molecular techniques, more recent
epidemiologic studies have begun to investigate polymorphic markers and
the risk of disease. For CAG repeat length, most studies to date have focused
on the role of AR CAG repeat length in prostate cancer. Because of its
profound effect in androgenicity, the role of AR in a number of androgen-
dependent diseases, such as the ones mentioned earlier, warrants further
investigation in future epidemiologic studies.

The advent of DNA microchips provides an unusual opportunity for
the rapid assessment of multiple genetic variants simultaneously. In future
studies, it will be important to evaluate the effect of 4R CAG repeat length in
conjunction with genetic variants of other coactivators to provide a more
complete picture of the role of AR. Like the variation in AR CAG repeat in
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various racial groups, it is possible that racial differences exist in the
polymorphisms of these AR coactivators. Whether genetic variants in these
coactivators may help explain the large racial differences in the risk of
certain diseases, such as cancer of the prostate, needs further clarification.
The relationships between circulating and tissue levels of androgens and AR
CAG repeat length and their roles in these clinical disorders should also be
clarified. '

CLINICAL APPLICATIONS

Given the importance of AR in androgenicity and the biological
effect of AR CAG repeat length on AR function, polymorphic variation of the
CAG repeat length in the AR gene probably contributes to the observed
individual phenotype differences in androgenization. Thus, for certain
androgen-related disorders, it seems important that assessment of androgen
levels, AR CAG repeat length, and AR function should be made to provide a
more comprehensive clinical assessment in order to make better clinical
decisions.

AR CAG repeat length may also be involved in determining the
magnitude of cellular responses to carcinogenic events resulting in the
development or progression of clinical disorders, such as prostate cancer. It
is likely that AR CAG repeat length contributes to susceptibility of these
disorders in a subset of high-risk population. Thus, it may be useful in the
future to identify individuals at high risk of developing severe diseases at an
earlier stage through molecular characterization, thereby improving survival
and prognosis. ‘

A better understanding of the molecular structure of AR and AR
coactivators and their interactions will also ultimately help us to better
understand intracellular androgen mechanisms, which will lead to more
effective therapy through development of better antiandrogens or gene-
directed therapy.
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