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The androgen receptor genotype was determined in the white blood cell
DNA of 45 African-American,
39 non-Hispanic white, and 39 Asian
(Chinese, Japanese) normal subjects and 68 patients with prostate cancer
(57 whites), all of whom were residents of Los Angeles County. For each
subject, we measured the number of repeats in the polymorphic CAG and
GGC microsatellites of exon 1 of the androgen receptor gene. In normal
subjects, the distributions of CAG and GGC microsatellites differed sig
nificantly among the races (two-sided /' = 0.046 and < 0.0005, respective
ly). The prevalence of short CAG alÃ-elesÂ«22 repeats) was highest (75%)
in African-American
males with the highest risk for prostate cancer,
intermediate (62%) in intermediate-risk non-Hispanic whites, and lowest
(49%) in Asians at very low risk for prostate cancer. High-risk AfricanAmericans also had the lowest frequency (20%) of the GGC alÃ-elewith 16
repeats; the comparable values for intermediate-risk whites and low-risk

MATERIALS

Asians were 57% and 70%, respectively. Consistent with the interracial
variation in CAG and GGC distributions, there was an excess of white
patients with <22 CAG and not-16 GGC repeats relative to white controls
(relative risk, 2.1; one-sided P = 0.08). We observed no association

had long GGC alÃ-eles. Overall, our data suggest a possible association
between CAG and GGC microsatellites of the androgen receptor gene and
prostate cancer development.

INTRODUCTION
In the United States, prostate cancer accounts for about 38,000
deaths per year and approximately 200,000 new cases are expected to
be diagnosed in 1995. It is now the most frequently diagnosed
non-skin cancer in U.S. men. Prostate cancer incidence differs con
siderably among the various racial-ethnic groups in Los Angeles
County. It is highest in African-Americans (116/100,000 personyears), intermediate in non-Hispanic whites (71/100,000 personyears), and lowest among Asians [Japanese (39/100,000 person-years)
and Chinese (28/100,000 person-years)] (1).
Since prostatic epithelium is androgen dependent, it is possible that
the AR3 gene may influence an individual's susceptibility to prostate
cancer. Although the presence of somatic mutations in the AR has
been reported in advanced tumors (2), the growth of most early forms
of prostate cancer is likely to require the normal activity of the AR.
This receptor is necessary to translate the well-known effects of
androgens on prostate cells, both normal and malignant (3). One of the
critical functions of the AR is to activate the expression of target
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genes. This transactivation activity resides in the N-terminal domain
of the protein (4, 5), which is encoded in exon 1 and contains
polymorphic CAG (6) and GGC (7) repeats (microsatellites). We have
postulated previously that a smaller size of the CAG repeat is asso
ciated with a higher level of receptor transactivation function, thereby
possibly resulting in a higher risk of prostate cancer (8). Recently,
a somatic mutation resulting in a contraction in this microsatellite
(CAG 24^m) was observed in an adenocarcinoma of the prostate, and
the effects of the shorter alÃ-elewere implicated in the development of
that tumor (9). In the present study, we tested the involvement of the
AR in prostate cancer by analyzing the possible linkage disequilibri
um/equilibrium between the two microsatellites at this locus in men
diagnosed with prostate cancer and in healthy normal men.

ABSTRACT

(linkage) between the two microsatellites among normal subjects. On the
other hand, there was a statistically significant negative association be
tween the numbers of CAG and GGC repeats among the prostate cancer
patients studied (two-sided P = 0.008). Among the 47 subjects with short
CAG alÃ-eles Â«22 repeats), 43% had long GGC alÃ-eles (>16 repeats)
whereas only 15% of the 20 subjects with long CAG alÃ-eles( .-22 repeats)

Comprehensive

AND METHODS

Prostate Cancer Patients
In late 1992 a pilot study of familial prostate cancer was initiated among
prostate cancer patients identified in Los Angeles County in 1991-1992.
Subjects were identified by the Cancer Surveillance Program, the populationbased Surveillance, Epidemiology, and End Results Cancer Registry of Los
Angeles County. This registry has been in existence since 1972, and is
estimated to be 99% complete in its goal of identifying all incident cancer
patients among the 9 million current residents of Los Angeles County (1). Five
hundred fifty-nine (53%) of the 1062 eligible patients responded to a mailed
questionnaire which requested detailed information on family history of can
cer. From these 559 patients, we selected those with one or more brothers
currently residing in Los Angeles County; the goal was to enlist approximately
equal numbers of these patients either negative or positive for a family history
of prostate cancer. A 10-ml tube of venous blood in EDTA was collected on
all consenting patients and their brothers. The data presented in this report
comprise the first 68 incident prostate cancer patients diagnosed in 1991-1992,
who were recruited for this pilot study. Fifty-seven patients were non-Hispanic
whites (whites), nine were African-Americans, one was an Egyptian national,
and one was Chinese. Twelve patients had one or more first-degree relatives
(father, brother, son) with prostate cancer. The mean age of the patients at
diagnosis was 57.7 (range, 51-68) years. Thirty-five patients had disease
localized to the prostate gland, 32 had advanced disease (defined as having
tumor invading and extending beyond the prostatic capsule), and in 1 patient
the disease stage was unknown. Buffy coats of lymphocytes prepared from the
blood specimens were stored continuously at â€”
70Â°Cuntil analysis.
Control Subjects
In 1991, a cross-sectional survey involving apparently healthy adult males
from several racial-ethnic groups in Los Angeles was initiated (10). Subjects
were identified from a comprehensive list of registered drivers residing in the
Los Angeles County, who were over the age of 35 years. One hundred
thirty-three such men were recruited into that study, and buffy coats of
lymphocytes were collected from 123 of them [45 African Americans, 39
non-Hispanic whites, and 39 Asians (Chinese and Japanese)). This group
comprised our control subjects. For purposes of the original study (10), 53%
(n = 65) of our control subjects were lifelong nonsmokers, and the remaining
58 subjects were current smokers of varying intensity.
Microsatellite

Size Determination

DNA was isolated from a suspension of buffy coats using a rapid extraction
protocol (11).
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Table 1 Distributions of alÃ-elefrequencies (%) of the CAG microsatellite at the AR
locus among control subjects according to racial-ethnic grouping"

CAG Repeat. About 10 ng undigested DNA were amplified by two rounds
of PCR in a series using nested primers surrounding the CAG repeat in exon
1 of the AR (12): outside, 5'-GTGCGCGAAGTGATCCAGAA-3'
and 5'TCTGGGACGCAACCTCTCTC-3';
inside, 5'-AGAGGCCGCGAGCGCAGCACCTC-3'
and 5'-GCTGTGAAGGTTGCTGTTCCTCAT-3'.
The first
round consisted of 17 cycles (94Â°Cfor 1 min, 55Â°Cfor 1 min, and 72Â°Cfor 1.5

(Â«
44)2.300236.82.36.89.113.64.56.811.49.113.66.802302300100White
=
(Â«
39)000000u05.112.812.823.17.75.112.812.82.62.62.6
=
(n 39)0000002.6007.710.312.715.4
=
No. CAG91011121314151617181920212223242526272829TotalAfrican-American
of

min). The second round, performed using 1 /xl of the first and the addition of
2 fiCi [a-32P]dCTP, consisted of 28 cycles (94Â°Cfor 1 muÃ-,66Â°Cfor 1 min,
and 72Â°Cfor 1.5 min). The final products were analyzed by electrophoresis on
5% denaturing polyacrylamide gels. These were subjected to autoradiography
and the number of CAG repeats were calculated from the size of the predom
inant PCR product (middle main band) in relation to a series of previously
determined (by direct sequencing of PCR products) CAG size standards. All
samples were then ranked according to size and rerun a second time with
equal-sized alÃ-elesnext to each other, to check and modify, if necessary, the
accuracy of the original determination.
GGC Repeat. This repeat, due to its high G + C content, was amplified
using the more thermostable Pfu DNA polymerase (Stratagene). About 10
ng undigested DNA were amplified by two rounds of PCR in a series using
nested primers surrounding the GGC repeat in exon 1 of the AR: outside
(7), 5'-TCCTGGCACACTCTCTTCAC-3'
and 5'-GCCAGGGTACCACACATCAGGT-3';
inside,4 5 ' -ACTCTCTTCACAG-CCGAAGAAGGC-3
'
and 5'-ATCAGGTGCGGTGAAGTCGCTTTCC-3'.
The first round con
sisted of 17 cycles (98Â°Cfor 1 min and 70Â°Cfor 5 min). The second round,
performed using 1 fj.1 of the first and the addition of 2 /n,Ci [a-32P]dCTP,
consisted of 34 cycles (98Â°C for 1 min and 70Â°C for 5 min). The final

" One specimen was noninformative, therefore n = 122; two-sided P value (difference
in distribution by the three racial groups. <22 versus ^22 repeats) = 0.046.

products were analyzed by electrophoresis
on 5% denaturing polyacryl
amide gels. These were subjected to autoradiography
and the number of
GGC repeats were calculated from the size of the predominant PCR
product. The relative size determinations were determined in exactly the
same manner as described for the CAG repeat above.
Statistical Analysis
The x2 test of association was used to examine the relationship of CAG and
GGC repeats by race, as well as the relationship between CAG and GGC
repeats among prostate cancer subjects and controls separately. The binomial
test was used to examine the difference in prevalence of specific CAC/CGC
alÃ-elesbetween white prostate cancer subjects and white control subjects. All
P values quoted are two-sided unless otherwise stated.

RESULTS

Table 1 presents the distribution of CAG repeats by race among
control subjects. Using the median repeat size in Asians (i.e., 22
repeats) as an arbitrary cutoff, 33 (75%) of 44 African-American
versus 24 (62%) of 39 whites and 19 (49%) of 39 Asians possessed
short alÃ-eles(<22 repeats). These differences were statistically
significant (P = 0.046).
The distribution of GGC repeats was also significantly different
among African-American, white, and Asian men (P < 0.0005,
Table 2). Twenty-six (70%) of 37 Asian controls had 16 GGC
repeats compared to 21 (57%) white and 8 (20%) African-Amer
ican controls. The prevalence of short alÃ-eles(<16 repeats) was
especially high in African-Americans: 25 (61%) had the short
alÃ-elesrelative to 10 (27%) Asians and 4 (11%) whites. Very few
Asians (1/37) had alÃ-eleslonger than 16. The comparable propor
tions of these long alÃ-elesin African-Americans and whites were 8
of 41 and 12 of 37, respectively.
Table 3 presents the prevalence of "high-risk" alÃ-eles(based on
results of interracial comparisons described above) of the CAG and
GGC microsatellites between white prostate cancer patients and white
control subjects. There were modest, nonsignificant excesses of <22
CAG repeats and not-16 GGC repeats among patients relative to
controls (relative risk, 1.25 and 1.18, respectively). The excess in
1 M. Patterson, personal communication.

patients became more substantial when high-risk alÃ-elesof both microsatellites were considered simultaneously. There was a 2.1-fold
excess risk for prostate cancer associated with <22 CAG repeats
coupled with not-16 GGC repeats relative to other allelotypes, but the
association did not reach statistical significance (one-sided P = 0.08).
Among the control subjects, African-Americans had the highest
prevalence of the putative highest risk allelotype (25/39 = 64%)
while whites and Asians had intermediate (9/37 = 24%) and low
(3/34 = 9%) prevalence, respectively, and the differences were
statistically significant (P < 0.0005).
When we tested a possible association (linkage disequilibrium)
between CAG and GGC repeats among control subjects, the result
was negative (P = 0.53). Furthermore, when we studied the relation
ship between the two repeats within the African-American, white, and
Asian controls separately, we observed no association between the
two microsatellites in any one of the racial subgroups. In contrast, the
distribution of CAG repeats was highly correlated with that of GGC
repeats among our prostate cancer patients (P = 0.008, Table 4).
There was a close association between short CAG alÃ-elesand long
GGC alÃ-eles.Of the 47 patients possessing short CAG alÃ-eles(<22
repeats), 20 (43%) had GGC alÃ-elesgreater than 16 repeats. The
comparable proportion among the 20 patients with long CAG alÃ-eles
(>22 repeats) was 15% (n = 3). Comparable results were obtained
when we limited the analysis to white prostate cancer patients, al
though due to the smaller sample size (n = 57), the P value for the x2
test of association between CAG and GGC repeats was slightly higher
at 0.015.
DISCUSSION

More than double the average number of CAG repeats were found
in the AR genes of patients with Kennedy's disease, and this caused a
blunted transactivation activity of the receptor in in vitro assays (13).
This finding was confirmed and further extended by Chamberlain et
al. (14) who demonstrated that the elimination of the CAG repeats in
both human and rat AR resulted in a marked elevation of transciptional activation activity, suggesting that the presence of this repeat is
inhibitory to transactivation. The investigators also established a neg
ative linear relationship between CAG lengths of 25-77 repeats and
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transactivation activity. It is possible, therefore, that shorter CAG
alÃ-elescause a more active growth of prostate cells (due to greater
transactivation activity of the receptor), and thereby resulting in a
higher level of prostate cancer risk since target cell proliferation is
known to promote tumorigenesis.
In the present study, we observed a significant difference in the
prevalence of short CAG alÃ-elesamong the three races studied. Short
alÃ-eleswere most common among African-American males who are at
relatively high risk of prostate cancer, and least common among
Asians who are at relatively low risk of prostate cancer. In white
males, whose prostate cancer risk is intermediate between those of the
other two groups, the prevalence of short CAG alÃ-eleswas interme
diate. Furthermore, we found a modest, nonsignificant excess of short
CAG alÃ-elesamong white prostate cancer patients relative to white
control subjects. Due to the nature and size of our case/control set, no
definitive conclusion with respect to this result can be drawn at
present. The data are compatible with the null hypothesis, but they
also can be interpreted as suggesting a weak to moderate association
between short CAG alÃ-elesand prostate cancer risk.
CGC alÃ-eledistributions also differed significantly among normal
men of the three races studied. The lowest risk Asians had the highest
prevalence of 16 GGC repeats, whereas the highest risk AfricanAmericans had the least prevalence. There was a modest, nonsignif
icant excess of not-16 GGC repeats in white patients compared to
controls. At present, nothing is known about the functional roles of
this repeat. We are in the process of initiating laboratory-based re
search to assess the possible role of this microsatellite in AR transactivation activity and to determine the biological basis of the putative
protective role of 16 GGC repeats in the context of prostatic epithelial
cell proliferation.
Since the AR gene is located on the X chromosome (each male has
only one copy), the two microsatellites at this locus can simply be
associated with each other. Because of the close proximity of the two
microsatellites, one would expect to find linkage disequilibrium be
tween them. However, we observed no association between the CAG
Table 2 Distributions of alÃ-ele
frequencies (%) of the GGC microsatellile at the AR
locus among control subjects according to racial-ethnic grouping"
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Table 4 Frequency distribution of the CAG and GGC microsalellites at the AR locus
in prostate cancer patients"
GGC1616(34%)
of
No. of
CAG<22
(43%)
(100%)
==22<1611(23%) 2(10%)No.
15 (75%)>1620 3 (15%)Total4720(100%)
" One specimen was noninformative for the GGC assay, therefore n = 67; two-sided P
(test of association between no. of CAG and no. of GGC repeals) = 0.008.

and GGC alÃ-elesamong our control subjects, consistent with the
results of a recent study involving 197 homosexual males and 213
unselected subjects (15). These unexpected findings likely indicate
that either one or both of the repeats mutate at a relatively high rate
and independently of each other. Indeed, when the rate of mutation at
the CAG site was measured using single-cell assays of sperm, an
exceptionally high rate of 1-4% was obtained (16).
In contrast to the situation in normal men, in our prostate cancer
patients there was a clear indication of linkage disequilibrium between
the CAG and GGC alÃ-elesat this locus. Our data, therefore, suggest
that a nonrandom subpopulation of AR alÃ-elesoccurs in men with
prostate cancer. In addition, our white prostate cancer patients showed
a higher prevalence of a putative high-risk CAG/GGC allelotype
relative to white controls (relative risk, 2.1), although the difference
was not statistically significant.
We propose that the AR gene might be one determinant of
prostate cancer risk possibly due to a direct influence of the
number of the CAG and/or the GGC repeats on AR function.
Alternatively, the microsatellites may be in linkage disequilibrium
with other disease-causing mutations in the AR gene or with other
unknown adjacent genes that affect prostate cancer risk. The pre
sent results and conclusions must be regarded as tentative due to
the relatively small sample size and the fact that the study was not
specifically designed to address the hypothesis under consider
ation, although we can think of no obvious bias in the data set that
could result in a spurious association. Well-designed case/control
studies of sufficient sample size are required to test directly the
hypothesis that the numbers of CAG and GGC repeats predict the
likelihood of prostate cancer development.

(n41)2.404.94.99.84.812.222.019.519.5100White
=
(n37)002.700008.156.832.4100Asian
=
(Â«
37)002.72.75.42.72.710.870.32.7100
=
No.GGC891011121314151617TotalAfrican-American
of
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