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Androgen receptor CAG repeat length in Jewish Israeli
women who are BRCAT/2 mutation carriers:
association with breast/ovarian cancer phenotype
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BRCA1/2 mutation carriers are at an increased risk for developing breast and/or ovarian cancer. Yet, the
genetic and environmental factors that govern the phenotypic expression of mutant BRCA1/2 alleles
remain elusive. The CAG repeat within exon 1 of the androgen receptor (AR) gene is reportedly
associated with breast cancer phenotype in BRCAT mutation carriers. Two hundred and twenty seven
BRCA1/2 mutation carriers were genotyped for the polymorphic AR CAG repeat, and allele size was
correlated with breast/ovarian cancer morbidity parameters. Of 227 BRCA1/2 carriers, 169 were BRCA1
mutation carriers and 58 carried a BRCA2 mutation, 149 had breast and/or ovarian cancer and 78 were
asymptomatic mutation carriers. The mean age at diagnosis in women with either or both neoplasms was
46.7 +11.2 years, and that of the asymptomatic group — 45.8 +9.4 years, a statistically insignificant
difference. The AR CAG repeat ranged from eight to 28 in all tested women, and the mean number of the
repeats were not statistically different between affected (18.3 +2.4) and asymptomatic mutation carriers
(18.6 +2.1). The AR CAG repeat among patients with early onset (<42 years) breast cancer was
significantly shorter (17.5 + 2.3) compared with asymptomatic individuals (18.6 +2.1) (P<0.01), and the
shorter allele — the younger the age at diagnosis. There is no conclusive evidence of association between
AR CAG repeat size and breast or ovarian cancer risk in Jewish BRCA1/2 mutation carriers. A small effect of
a short AR CAG allele size on breast cancer at early age (<42 years) cannot be excluded.
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Introduction

BRCA1/2 mutation carriers have a lifetime risk of 40-80%
for developing breast cancer and 16-36% for developing
ovarian cancer.'”®> Three predominant mutations
(185delAG and 5382insC in BRCA1 and 6174delT in
BRCA2) are frequent among Jews of Ashkenazi descent with
carrier frequencies of 2.5% in the general Ashkenazi popula-
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tion,®~® about 12% in unselected Ashkenazi patients with

breast cancer’ and 29% of unselected ovarian cancer
patients of the same ethnic origin.'® While finding a germ-
line mutation in BRCA1/2 genes is an accepted objective
means of evaluating cancer risk, penetrance is incomplete.
The factors that govern the phenotypic expression of
mutant BRCA1/2 alleles, whether genetic or environmental,
have not been fully elucidated. Several genes may parenthe-
tically act as BRCA modifiers with androgen receptor (AR)
being one candidate gene. The involvement of BRCAI
protein in steroid hormone regulation'' combined with
the putative role that the polymorphic CAG repeat (encod-



ing for a polyglutamine tract) in exon 1 of the AR gene in
prostate cancer '?>~'* contributed to the notion that AR
gene may be involved in breast cancer pathogenesis. Direct
analyses of the CAG repeat number in women diagnosed
with breast cancer under 40" or 55 years of age,'¢ did
not demonstrate an association between age at disease diag-
nosis and CAG repeat size. Recently, a protective effect of
having a short AR CAG repeat size allele was shown for
Canadian incident breast cancer cases.'” Yet, in a study
analysing 304 BRCAI1 mutation carriers, Rebbeck and
coworkers'® reported that having an allele size longer than
28 repeats, is significantly associated with breast cancer
phenotype. In order to evaluate the possible contribution
of this polymorphism to mutant BRCA phenotype, we
genotyped Jewish Israeli mutation carriers for the AR CAG
repeat size and correlated repeat size with relevant phenoty-
pic features.

Materials and methods

Subjects and clinical data

Participants included 227 Jewish women, all carriers of one
of the predominant mutations in BRCA1/2. Study partici-
pants were ascertained and recruited via the Oncogenetic
clinics at two medical centers, Rambam (Haifa) and Sheba
(Tel-Hashomer), from October 1996 to June 2001. All study
participants were considered to represent ‘high-risk’
families, and not incident cases. Women who were not
high risk were not genotyped for BRCAI BRCA2 mutations
in the context of these oncogenetics clinics. All carriers
underwent pretest genetic counselling and were subse-
quently genotyped for the AR CAG repeats in an
unselected manner. Data collected on each participant
included demographics, type of cancer (based on pathologi-
cal reports), age at diagnosis (for patients), last follow-up
(for asymptomatic individuals) or age of prophylactic
surgery (for asymptomatic individuals or patients) if any
was performed, and family history of cancer. The study
was approved by the institutional review boards at both
centres, and each participant signed a written informed
consent form.

Genetic analyses

DNA extraction Genomic DNA was extracted from
peripheral blood leukocytes using standard techniques and
employing a commercial kit (the Gentra system kit, Gentra
Inc. Minneapolis MN, USA) according to the manufacturer’s
recommended protocol.

BRCA1/2 mutation analysis The three founder muta-
tions: 185delAG, 5382insC and 6174delT (BRCA1/2) and
the Tyr978X (BRCAI1) mutation were detected by PCR
amplification. Specific primers, that generate a modified
restriction enzyme site, made to distinguish the wild type
allele from the mutant allele by restriction enzyme digest,
as previously described.>!%2°
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AR CAG repeat length polymorphism analysis Fluores-
cent PCR primers, flanking the CAG repeats section
within exon 1 of the AR gene, were employed to PCR-
amplify the relevant genomic region, as previously
described.!® Subsequent analysis was performed using the
ABI prism 310 DNA sequencer (PE Biosystems, Foster City,
CA, USA) and the Gene Fragment analyzer application for
allele size determination.

Statistical methods

The study group was subdivided by phenotype to several
subsets: asymptomatic women (AS), breast cancer (BC), ovar-
ian cancer (OC), breast and ovarian cancer (BCOC) and early
onset breast cancer patients (EOBC) (diagnosed at or under
the age of 42 years). AR genotype analysis involved dichoto-
mising the total sample by using cut off points along the AR
CAG repeat length distribution. Specifically, the cut point for
the short (<18/18) and the long (>19/19) alleles were
performed by using the median number of CAG repeats in
each allele. Short, Long and combined AR CAG repeat
number was compared between these phenotypically defined
subgroups by using t-test or a one way ANOVA. Pearson
correlation test was performed to find the possible associa-
tion between the sizes of the AR CAG repeats size and age
at diagnosis among affected women. Analyses of disease
free-survival were done using Cox proportional regression.
Participants were followed up (retrospectively) from 20 years
of age until one of several events occurred: invasive breast
cancer, ovarian cancer, breast and ovarian cancer (for the
age of diagnosis for the first malignancy of the two) and
the age of interview for asymptomatic carriers. In all survival
analyses, asymptomatic carriers were censored at the age of
last follow up exam or at the age of prophylactic surgery
(either mastectomy or oophorectomy) if ever performed.

AR CAG repeat genotype analyses Initially, we analysed
the correlation of AR CAG repeat number with phenotypic
features on the group of affected patients as a whole, then
separately on patients with breast cancer, early onset breast
cancer and ovarian cancer. Subsequently, we analysed corre-
lation of the AR CAG genotype on the phenotype of
185delAG BRCA1 and 6174delT BRCA2 mutation carriers.
This latter analysis was done since the 185delAG mutation
results in a truncated protein at codon 39; the AR gene
interaction site is abolished.?! This analysis could not be
performed for the 5382insC mutation carriers separately,
because of the small sample size (n=37).

Results

Patient’s characteristics

Two hundred and twenty seven women participated in this
study, all either BRCA1 or BRCA2 mutation carriers. Of
these, 169 were BRCA1 mutation carriers (185delAG,
n=130; Tyr978X, n=2 and 5382insC, n=37) and 58 carried
the 6174delT BRCA2 mutation. Unilateral breast cancer
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was diagnosed in 79 women, bilateral breast cancer (BBC)
in 15, ovarian cancer in 41, breast and ovarian cancer in
14 and 78 were asymptomatic mutation carriers. Among
women with breast cancer, 46 diagnosed before 42 years
of age, and in three — ovarian cancer developed later. The
mean age at diagnosis among affected women (either with
breast, ovarian cancer or both neoplasms) was 46.7 +11.2
years and that of the asymptomatic group -45.8+9.4, a
statistically insignificant difference.

Genotype-phenotype correlation
Table 1 summarises the results of AR CAG repeats genotyp-
ing in all carriers by phenotypes. AR CAG repeat number in
our population ranged from eight to 28. Using one way
ANOVA, the mean number of CAG repeats (short, long or
combined alleles) was not statistically different between
the various phenotypically subgroups: AS, BC, OC, EOBC
and BCOC (Table 1). Using t-test, significant differences in
mean numbers of repeats were demonstrated between AS
carriers and women with EOBC for the short allele
(17.3+2.2 compared with; 16.5+3.0; P=0.033), long allele
(19.8+2.7 compared with; 18.8+2.4 P=0.044) and
combined alleles (18.6+2.1 compared with; 17.5+2.3;
P=0.01), respectively. The means of the AR CAG repeats
for the short, long and combined alleles, were significantly
smaller in individuals with EOBC compared with asympto-
matic carriers (Table 1).

AR CAG repeat length was correlated with age at diagno-
sis of breast cancer: the shorter the AR CAG repeat number

Table 1 AR CAG repeat length in BRCA1/2 mutation carriers

— the younger age at diagnosis (Table 2). For all affected
individuals, the long and combined (but not the short)
AR CAG alleles, showed a significant correlation with age
at diagnosis (P=0.001; P=0.003, respectively). For BC
patients only, AR alleles (short, long and combined) were
significantly correlated with age at diagnosis. For OC
patients, the long AR alleles were significantly correlated
with age at diagnosis. Other correlation between age at
diagnosis and BBC and BCOC were not significant.

We estimated the effect of AR CAG repeat number on
diagnosis of any BRCA-related malignancy (breast and/or
ovarian cancer). AR CAG repeat number did not affect
cancer risk (Hazard ratio (HR)=1.2, 95% CI 0.8-1.6, for
short allele and HR=1.4, 95% CI 1.04-2.0, for long allele,
not significant (ns)) (Figure 1a and b respectively). No effect
of AR CAG repeat number could be demonstrated when
separate analyses were carried out for the phenotypically
diverse subgroups, including asymptomatic mutation
carriers. However, the short AR allele was found to increase
EOBC risk in 185delAG BRCAI mutation carriers (HR=2.45,
95% CI 1.1-5.5) (Figure 2).

Discussion

This study does not provide conclusive evidence for an
effect of the length of the polyglutamine tract in the trans-
activation domain of the AR gene on the phenotypic
expression of breast and/or ovarian cancer in Jewish
BRCA1/2 mutation carriers. Notably, the mean and
combined CAG AR allele sizes were similar in asymptomatic

AR CAG repeats (mean+ SD; range)

Disease status n Short allele Long allele Combined allele
Asymptomatic 78 17.3+2.2; 11-222 19.8+42.7; 14-28° 18.6+2.1; 14-25°
Total affected 149 17.0+2.3; 8-22 19.74+2.9; 11-28 18.3+2.4;,10-24
Unilateral breast cancer 79 17.242.2; 11-22 19.74+2.5; 11-26 18.44+2.3; 10-23
Bilateral breast cancer 15 15.9+3.0; 8-20 19.6+2.5; 16-25 17.842.3; 12-21
Breast and ovarian cancer 14 17.34+2.1; 13-21 18.74+3.3; 14-28 18.0+2.6; 13-24
Of the above patients, early onset breast cancer (<42 years) 46 16.5+3.0; 11-212 18.8+2.4; 11-26° 17.54+2.3; 10-23°
Ovarian cancer 41 17.04+2.3; 11-22 20.0+3.7; 11-28 18.54+2.6; 11-24

3t-test analysis between asymptomatic carriers and EOBC (P<0.05). Pt-test analysis between asymptomatic carriers and EOBC (P<0.01).

Table 2 Pearson correlation between AR CAG number of repeats and age at diagnosis

Age at diagnosis Alleles®
Short Long Combined
Disease status n mean+ SD r P r P r P
Total affected 149 46.7+11.2 0.10 0.145 0.28 0.001 0.24 0.003
Breast cancer 108 43.9+9.3 0.21 0.031 0.19 0.052 0.23 0.017
Early onset breast cancer (<42 years) 46 36.3+4.8 0.05 0.74 0.19 0.20 0.10 0.51
Ovarian cancer 41 54.224+12.45 —0.094 0.56 0.41 0.008 0.25 0.12

r=Pearson correlation analysis; P=significance level. “Allele sizes were chosen in relation to the median. There is no known biological difference
between the 18 or 19 repeat alleles. Comparison of the most extreme groups (longest vs shortest) yielded small numbers in each group for any

statistical analysis to be carried out.
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Figure 1 (a) Hazards Ratio (HR) associated with short AR CAG
allele in BRCA1/2 mutation carriers. (b) HR associated with long
AR CAG allele in BRCAT/2 mutation carriers.

mutation carriers and in women who developed both breast
and ovarian cancer. Rebbeck and coworkers'® reported that
having more than 29 CAG repeats associated with earlier
age of onset of breast cancer in BRCAI mutation carriers.
In our study, not a single individual had an allele longer
than 28 CAG repeats, and there was no evidence for an
increased risk of breast cancer for alleles with 29 or more
repeats. Similarly, in another study from Israel analysing
Jewish women,?? no effect of the CAG or GGC repeats with-
in AR gene could be shown in 188 BRCAI1/2 mutation
carriers (122 breast cancer cases and 66 asymptomatic indi-
viduals). These 188 individuals were all Jewish women
recruited from among high risk families, similar to our
study population. The differences in the effect of AR
(CAG)n on BRCAI phenotype between Jewish and non
Jewish women need to be reconciled. These differences
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Figure 2 HR associated with short AR CAG allele in 72 185de-
IAG carriers; Early onset breast cancer (n=32), asymptomatic
(censored) individuals (n=40).

may be related to the site of the specific pathogenic muta-
tion within the BRCAI gene, the time of follow-up, types of
statistical analyses, and ascertainment bias.

A moderate effect of having a short AR CAG allele size on
breast cancer diagnosed at an early age (before 42 years) is
suggested by our data. This trend was observed consistently
by using different statistical analyses. The mean size of the
AR CAG repeat was significantly shorter among patients
with early onset breast cancer compared with asymptomatic
mutation carriers. Furthermore, among affected individuals
with breast cancer, the smaller the number of CAG repeats
— the earlier is the age at diagnosis. Similarly, a trend for an
earlier age at diagnosis occurring with shorter AR CAG
repeats was reported in study that analysed incident Jewish
Ashkenazi ovarian cancer patients, in both sporadic cases
and BRCA mutation carriers.”> Combined, these data
suggest that AR plays a role in the pathogenesis and
progression of breast and ovarian cancer in Jewish women,
regardless of BRCA mutation status.

Biological significance of the CAG repeat length variation
is suggested by in vitro studies, demonstrating that the
shorter AR CAG repeat exhibits greater transactivation
capability.>* Given the endocrine dependency of breast
cancer and the effect that androgenic pathway has on
breast tissue proliferation,?*?® it is plausible that an
increased androgen transactivation may promote uncon-
trolled breast epithelial tissue proliferation. As a further
support for the putative role that the short CAG repeat
plays in determining breast cancer phenotype, Yu et al*®
suggested an association between shorter CAG repeat
length and tumour grade and survival. Several studies
reported of an association between the shorter AR (CAG)n
repeat and the risk for prostate cancer.?® The association
between a short AR CAG repeats size and age at diagnosis
of breast cancer in the present study were most notable in
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185delAG BRCA1 mutation carriers. The resulting mutant
BRCA protein is a peptide of 39 amino acids, lacking the
domain that presumably binds the AR.?! While it is plausi-
ble that this is the mechanism by which AR CAG repeat
affects breast cancer phenotype in 185delAG mutation
carriers, it remains speculative. One facile way to gain
insight that would be to compare the effect of AR CAG
genotype on a large number of 5382insC mutation carriers,
a mutation that leaves the AR-BRCAI interaction domain
intact.

Our data differ markedly from those reported for women
with sporadic breast cancer, where a short AR CAG allele
seemed to confer protection from breast cancer.'” The
differences in these observations may relate to the presence
of mutant BRCA1 protein in our patients compared with
sporadic cases.

Our study did not detect a single individual with BRCA1
or BRCA2 mutation with more than 28 CAG repeats in the
AR gene. Hence, we cannot reproduce the results of
Rebbeck et al.'® Several individuals were reported with more
than 28 repeats from the study of Kadouri and coworkers,**
and even among those individuals, no effect of the longer
AR CAG repeats on breast cancer phenotype could be
shown. Taken together with the result for the possible
effects of the short allele AR CAG repeats, it seems obvious
that the issue is complex and needs to be addressed in
much larger study.
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