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ABSTRACT

The length of the polymorphic CAG trinucleotide repeat in the poly-
glutamine region of the androgen receptor (AR) gene is inversely corre-
lated with the transactivation function of the AR. Because increased
androgenic activity has been linked to prostate cancer and because an
ethnic variation exists in the CAG repeat length, this polymorphism has
been suggested to explain part of the substantial racial difference in
prostate cancer risk. We conducted a population-based case-control study
in China to investigate whether CAG and other polymorphisms of theAR
gene are associated with clinically significant prostate cancer in this
low-risk population. Genomic DNA from 190 prostate cancer patients and
304 healthy controls was used for direct sequencing to evaluate the
relationship of CAG and GGN (polyglycine) repeat length in theAR gene.
Relative to western men, our study subjects had a longer CAG repeat
length, with a median of 23 and only 10% of the subjects having a CAG
repeat length shorter than 20. Men with a CAG repeat length shorter
than 23 (median length) had a 65% increased risk of prostate cancer
(odds ratio, 1.65; 95% confidence interval, 1.14–2.39), compared with
men with a CAG repeat length of 23 or longer. For the GGN tract
(GGT3GGG1GGT2GGCn), based on the sequencing results from 481 sam-
ples, we are the first to show that although GGC regions in the polyglycine
tract are highly variable, there are no mutations or polymorphisms in the
GGT and GGG regions. More than 72% of the subjects had a GGN repeat
length of 23, and those with a GGN repeat length shorter than 23 had a
12% increased risk of prostate cancer (95% confidence interval, 0.71–
1.78), compared with those with>23 GGN repeats. Our study not only
confirms that Chinese men do have a longer CAG repeat length than
western men but also represents the first population-based study to show
that even in a very low-risk population, a shorter CAG repeat length
confers a higher risk of clinically significant prostate cancer. These results
imply that CAG repeat length can potentially serve as a useful marker to
identify a subset of individuals at higher risk of developing clinically
significant prostate cancer. Larger studies are needed to evaluate the
combined effect of CAG and GGN repeats. Because of the significance of
AR in prostate cancer, investigation of factors that interact with the
polyglutamine region of the AR gene to alter AR function and modulate
prostate cancer risk is an important area for future research.

INTRODUCTION

The incidence of clinical prostate cancer differs substantially be-
tween ethnic groups, with African Americans having a 10- to 40-fold
higher incidence than Asians (1–3). Such disparity in incidence of
clinical prostate cancer cannot be explained entirely by population
differences in screening. An earlier study shows that after adjustment
for screening, there is still a 3- to 4-fold difference in incidence rates
between United States and Japanese men, whose rates are among the
highest in Asians (4). Despite the dramatic racial variation in clinical

prostate cancer incidence, the prevalence of latent carcinoma appears
to be similar across populations (5), suggesting that there exist dif-
ferences in factors (either genetic or environmental) that promote the
progression of microscopic tumors to clinically overt carcinoma.

The growth, differentiation, and proliferation of prostatic cells are
regulated by androgens (6). The biological effects of androgens are
mediated through binding to the intracellular AR,2 which in turn
regulates the transcription of target genes with the assistance of
transcriptional coactivators (7). The AR protein, consisting of 918
amino acids and encoded singly by theAR gene located on the X
chromosome (Xq11-12), has three major functional domains: a trans-
activating amino-terminal domain, a DNA binding domain, and a
ligand (steroid) binding domain (8). The open reading frame of theAR
gene is separated over eight exons and has a length of 2730 bp. The
sequence encoding the large amino-terminal transactivating domain is
found in the first exon, the DNA binding domain is encoded by exons
2 and 3, and the information for the ligand binding domain is distrib-
uted over exons 4–8 (8).

The first exon of theAR gene contains two polymorphic trinucle-
otide repeat segments that encode polyglutamine and polyglycine
tracts localized in the NH2-terminal transactivation domain of the AR
protein. The polyglutamine tract is encoded by a CAG trinucleotide
repeat, and the polyglycine stretch is encoded by a GGN repeat. The
number of CAG repeats ranges from about 8 to 35 repeats in normal
individuals. Longer CAG repeat lengths appear to result in reduced
AR transcriptional activity bothin vivoandin vitro (9, 10). Otherwise
healthy men whose AR has a CAG repeat length at the long end of the
normal range (.28) have an increased incidence of impaired sper-
matogenesis and infertility (11), conditions that are extremely andro-
gen-dependent (12). Expansion of the CAG repeat length to.40
repeats is related to a rare neuromuscular disorder, spinal and bulbar
muscular atrophy (Kennedy syndrome), which is also associated with
androgen insensitivity, decreased virilization, testicular atrophy, re-
duced sperm production, and infertility (13–15). Together, these clin-
ical data suggest that a longer CAG repeat length decreases the
functional competence of AR.

The length of the polyglycine (GGN) tract varies from about 10 to
30 repeats. The functional consequences of variation in the GGN tract
are less clear. Deletion of the polyglycine tract reduces AR transcrip-
tional activity by;30% in transient transfection assays (16), although
there is no significant correlation between polyglycine tract length and
infertility (11).

Shorter AR polyglutamine tracts, and thus a more transcriptionally
active AR, have been associated with increased prostate cancer risk
(17–22), higher cancer grade at diagnosis (23), earlier age of cancer
onset in white men (24, 25), and aggressive early-stage prostate
cancer (defined as clinically unsuspected metastatic disease in men
undergoing radical prostatectomy) (22). In addition, several epidemi-
ological studies have shown that a shorter length of both CAG and
GGN repeats confers a higher risk of prostate cancer (17, 20, 22).
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Previous studies have shown that the CAG repeat length is shortest
in African Americans, intermediate in whites, and longest in Asians,
which corresponds well with the high, intermediate, and low inci-
dence of prostate cancer in these populations (26, 27). Because of the
ethnic variation in CAG and GGN repeat lengths of theARgene and
the role of AR in androgenic activity, it has been suggested that these
polymorphisms may help explain part of the large racial difference in
prostate cancer risk. However, to date, data supporting the relationship
between AR polymorphisms and prostate cancer came exclusively
from white men, and presently there are no data on Asians or African
Americans. To assess the importance of AR polymorphisms in pros-
tate cancer, as part of our population-based case-control study con-
ducted in China, we herein examine the polymorphic length of CAG
and GGN repeats in relation to prostate cancer risk.

MATERIALS AND METHODS

Study Subjects. Details of the study have been described previously.3

Briefly, cases of primary prostate cancer (International Classification of Dis-
eases 9, Code 185) newly diagnosed between 1993 and 1995 were identified
through a rapid reporting system established between the Shanghai Cancer
Institute and 28 collaborating hospitals in urban Shanghai. Cases were perma-
nent residents in 10 urban districts of Shanghai (henceforth referred to as
Shanghai) who had no history of any other cancer. Of the 268 eligible cases
(representing 95% of the cases diagnosed in urban Shanghai during the study
period), 243 (91%) were interviewed in person by trained interviewers. Four of
the cases were later classified as having BPH and excluded from the study after
a consensus review by both Chinese and United States pathologists.

Based on the records at the Shanghai Resident Registry, which contains
personal identification cards for all adult residents over age 18 in urban
Shanghai, healthy subjects who were free of cancer were selected randomly
from permanent residents of Shanghai (6.5 million) and frequency-matched to
the expected age distribution (5-year category) of prostate cancer cases. Of the
495 eligible controls without a history of cancer, 472 (95%) were interviewed.

Information on potential risk factors was elicited through an in-person
interview by trained interviewers using a structured questionnaire. The inter-
view included information on demographic characteristics; dietary history;
smoking history; consumption of alcohol and other beverages; medical history;
family history of cancer; physical activity; body size; and sexual behavior.

Blood Collection and DNA Extraction. Two hundred cases (84% of those
interviewed) and 330 controls (70%) provided 20 ml of fasting blood for the
study. The blood samples were processed within 3 h ofcollection at a central
laboratory in Shanghai and stored at270°C. The frozen buffy coat samples
(separated from 5 ml of blood) were later shipped to the United States on dry
ice for DNA extraction at the American Type Culture Collection (Manassas,
Virginia) with standard protocols. DNA purity, yield, and length were satis-
factory, and there was no evidence of DNA degradation or RNA contamina-
tion. After DNA extraction, 191 cases and 304 controls had sufficient DNA for
AR genotyping at the University of Rochester. DNA samples for cases and
controls were grouped into pairs to minimize the effect of day-to-day labora-
tory variation. Laboratory personnel were blinded to the case-control status.

Molecular Analysis and Assessment of the CAG and GGN Repeats.As
part of an ongoing molecular analysis of theARgene, genomic DNA from the
495 subjects was used to determine the usual sense codon sequence and the
exact number of CAG and GGN repeats in exon 1 of theARgene through PCR
amplification and DNA sequencing. For the CAG repeat analysis, we designed
a set of oligonucleotide primers that flank the CAG repeat, 59-GCTCTGG-
GACGCAA-CCTCTCT-39 and 59-GCAGCGACTACCGCATCATCA-39, for
PCR amplification. We selected a pair of nested primers, 59-CGGG-GTA-
AGGGAAGTAGGTGGAAG-39 and 59-CTCTACGATGGGCTTGGGGAG-
AAC-39, for DNA sequencing. For GGN analysis, we used the oligonucleotide
primers 59-ACCCTCAGCCGCCGCTTCCTCATC-39 and 59-CTGGGAT-
AGGGCACTCTGCTCAAC-39 for both PCR amplification and sequencing.

The PCR products of the CAG and GGN repeats were amplified, using the
Advantage 2 Polymerase System (Clontech) and the Advantage-GC Genomic
Polymerase System (Clontech), respectively. Subsequently, these PCR prod-
ucts were purified, using the PCR Product Purification Kit (Qiagen), and
sequenced directly, using the Big Dye Terminator Cycle Sequencing Ready
Reaction Kit (PE Biosystems). All reactions were optimized to reach con-
sistent results, using genomic DNA samples extracted from cell lines. For
the polyglutamine tract ((CAG)nCAA), the number of CAG triplets was
counted to yield the length of CAG repeats. For the polyglycine tract
(GGT3GGG1GGT2GGCn), the usual sense codon sequence of the GGN tract
is: three GGT, one GGG, two GGT, followed by a variable number of GGC
repeats. For example, a GGN repeat length of 23 in our study corresponded to
a PCR fragment of 217 bp, encompassing 3 GGT, 1 GGG, 2 GGT, and 17
GGC triplets.

Because the PCR procedure is prone to contamination, a negative control
(water blank) was always included in each batch of PCR reactions (usually
9–18 samples plus one negative control). The assay for one batch (9 samples)
was repeated with new reagents because of an indication of minor contami-
nation. Because exon 1 of theARgene is GC-rich with CAG and GGN repeats,
this region is difficult to amplify. Several samples had to be amplified and
sequenced more than once. Overall, 5 (1%) of the 495 samples could not be
typed for CAG repeats because of insufficient DNA or sequencing problems,
whereas 14 (2.8%) could not be typed for GGN repeats for similar reasons. The
percentages of samples that were unsuccessfully genotyped were similar in
cases and controls.

Twenty-four split samples from the same individual were included as
quality control samples to assess the reproducibility of genotyping. Of the 24
quality control samples, 23 and 20 were amplified and sequenced successfully
for the CAG and GGN repeats, respectively. Of the 23 samples with CAG
results, 21 (91%) had the same repeat length of 23, one had 24, and one had
22. Of the 20 samples with GGN results, 19 (95%) had the same repeat length
of 23 and the other had a length of 24.

Statistical Analysis. The mean numbers of CAG and GGN repeats were
compared in cases and controls using thet test. Unconditional logistic regres-
sion models were used to estimate ORs and their corresponding 95% CIs for
prostate cancer in relation to CAG and GGN repeat lengths (28). Repeat
lengths were examined first as continuous variables and later as categorical
variables. The distributions of the number of CAG or GGN repeats among
controls were used to derive the median or tertile cutoffs used to calculate ORs.
In addition, the combined effects of CAG and GGN were evaluated based on
the median lengths within the controls. The relationships between age, CAG
and GGN repeat length, and other variables were assessed by Spearman
correlation and ANOVA.

RESULTS

Selected characteristics of cases and controls are shown in Table 1.
Compared with controls, cases had higher caloric intake, higher levels
of education, and a higher waist:hip ratio and were less likely to use
cigarettes or alcohol. Age at diagnosis ranged from 50 to 94 (median
73) for cancer cases. Sixty-nine cases (36%) were diagnosed as having
localized cancer, and most tumors (72%) were moderately or poorly
differentiated.

Because theAR gene is located on the X chromosome, only one
copy of the gene is present in men. For the polyglutamine tract
(CAGnCAA), there was no variation in the CAA sequence among the
490 samples analyzed. The number of CAG repeats ranged from 10 to
34. About 65% of the study subjects had a CAG repeat length that
ranged from 21 to 24, but only 1% of the subjects had a CAG length
longer than 30 repeats (Table 2). Although the median number of
CAG repeats in controls was only slightly larger than that in cases
(23.0 versus22.0), there was a shift toward longer repeat length
among controls (Fig. 1). For CAG repeat length shorter than 23, cases
had higher percentages than controls in 6 of the 10 categories. How-
ever, for CAG repeat length longer than 22, controls had higher
percentages than cases in 8 of the 12 categories. Age at diagnosis and
stage of cancer were not related to CAG repeat length, with similar

3 A. W. Hsing, J. Deng, T. Xie, I. A. Sesterhenn, F. K. Mostofi, and Y-T. Gao. Body
size and prostate cancer: a population-based case-control study in Shanghai, China,
submitted for publication.
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distribution and average number of CAG and GGN repeat lengths in
various age categories and three clinical stages.

For the polyglycine tract (GGT3GGG1GGT2GGCn), there was no
variation in the codon usage or the number of GGT and GGG
trinucleotides in all of the 481 samples analyzed, although the number
of GGC repeats was highly variable. The pattern was always three
GGT, one GGG, two GGT, followed by a variable number of GGC.
The number of GGN repeats among study subjects ranged from 14 to
27 (the number of GGC repeats thus ranged from 9 to 21; Table 3).
About 72% of the study subjects had a GGN repeat length of 23.

Risks of prostate cancer associated with CAG and GGN repeat
lengths are shown in Table 4. When the number of CAG repeats was
included in the model as a continuous variable, there was a 7%
increase in the risk of prostate cancer for each decrement in length of
one CAG repeat (OR, 1.07; 95% CI, 1.00–1.15). The risks associated
with decrements of three and six repeats were 1.21 (95% CI, 1.14–
1.32) and 1.42 (95% CI, 1.22–1.61), respectively. When the median
repeat length was used to dichotomize study subjects, men with a
CAG repeat length shorter than 23 had a 65% increased risk (OR,
1.65; 95% CI, 1.14–2.39), compared with men with a CAG repeat
length of 23 or longer. Relative to the highest tertile of CAG repeat
length ($24), men in the second and first tertiles (22–23 and,22,
respectively) had ORs of 1.45 and 1.55, respectively (Ptrend 5 0.06).

Similarly, men with a shorter GGN repeat length had a higher risk
of prostate cancer, although the excess risk was moderate and did not
reach statistical significance. Each decrement of one GGN repeat
length was associated with a 7% increase in risk (OR, 1.07; 95% CI,
0.96–1.20). Men with a GGN repeat length shorter than the median
length of 23 had a 12% increase in prostate cancer risk, compared with
those with$23 repeats. Because.72% of the subjects had 23 GGN
repeats, we could not estimate ORs by tertiles for GGN repeats.

Also shown in Table 4 are the ORs associated with combined
categories of CAG and GGN repeat lengths. Men with both CAG and
GGN repeat lengths shorter than 23 had a 75% elevated risk of
prostate cancer. There was little correlation between the number of
CAG and GGN repeats (r 5 20.03;P . 0.05).

The number of CAG or GGN repeats did not correlate with age,
education, body mass index, waist:hip ratio, total calories, smoking, or
drinking. These variables therefore were not included in the model for
adjustment. The ORs were materially unchanged after further adjust-
ment for BPH, although the cases had a higher prevalence of BPH

(57% versus23%) and there was a nonsignificant moderate associa-
tion between CAG or GGN repeat lengths and BPH (data are reported
separately). Associations of CAG or GGN repeat length were similar
across all stages of disease at diagnosis (data not shown).

DISCUSSION

Results from our study, the first population-based study conducted
in a low-risk population, confirm the hypothesis that a shorter CAG
repeat length is associated with an increased risk of clinically signif-
icant prostate cancer. A shorter length of GGN repeat also appears to
increase the risk of prostate cancer, but the magnitude of excess risk
was smaller and did not reach statistical significance.

Our finding that a shorter CAG repeat length is associated with a
higher risk of prostate cancer is consistent with four previous studies
(17–22) but differs from one study in a French-German population
that reported no such association (29). Despite the cross-sectional
nature of our study, the observed inverse association may reflect some
degree of genetic predisposition to clinically significant cancer (and
thus to progression of prostate tumors) because most of the cases in
our study had clinically advanced cancer and few, if any, were
identified through screening (average serum levels of prostate-specific
antigen among cases was 73). In addition, despite the large racial
difference in clinical prostate cancer risk, the prevalence of latent
prostate tumors has been reported to be similar across populations (5),
suggesting that racial variation in the polymorphisms of AR may be
related to differences in genetic susceptibility to progression rather
than to initiation of prostate cancer.

The observed inverse association with AR polymorphisms is bio-
logically plausible because laboratory studies have shown that a long
polyglutamine chain (.30 repeats) in theAR gene is associated with
androgen insensitivity and reduced AR transactivation activity (13,
14). In vitro transfection studies also have demonstrated that elimi-
nation of the polyglutamine tracts results in elevated transcriptional
activities (9, 11, 16). Clinical studies have suggested that alteration in
the AR function, through either polymorphisms of CAG repeat length
or somatic mutations, may be associated with tumor progression. For
example, the progression from latent to clinically invasive prostate
cancer is initially androgen-dependent, although some tumors later

Table 1 Selected characteristics of prostate cancer cases and population
controls, China

Characteristics

Cases
(n 5 191)
Mean (SD)

Controls
(n 5 304)
Mean (SD)

Age (yr) 72.2 (7.7) 71.9 (7.3)
Total calories (kcal/day) 2457.0 (647) 2342.0 (731)
Height (cm) 167.9 (6.0) 167.6 (5.8)
Weight (kg) 61.3 (8.4) 61.5 (10.1)
Body mass index (kg/m2) 21.8 (2.9) 21.9 (3.3)
Waist circumference (cm) 82.6 (10.4) 82.5 (10.7)
Hip circumference (cm) 90.7 (8.9) 92.6 (8.5)
Waist:hip ratio 0.91 (0.05) 0.89 (0.05)
% married 89.5 92.1
% with education greater than high school 34.6 25.3
% smokers 56.5 65.1
% alcohol users 31.4 42.1
Clinical stage (%)

Localized 36.3
Regional 30.5
Remote 32.1

Histologic grade (%)
Well-differentiated 7.9
Moderately differentiated 31.0
Poorly differentiated 41.0
Cannot be assessed 20.1

Table 2 Distribution of number of CAG repeats in the AR gene in prostate cancer
cases and controls, China

No. of CAG repeats

Cases (n 5 190)
Controls

(n 5 300)

n % n %

10 0 0.0 1 0.3
14 0 0.0 1 0.3
15 4 2.1 2 0.7
16 3 1.6 2 0.7
17 1 0.5 3 1.0
18 7 3.7 9 3.0
19 7 3.7 12 4.0
20 13 6.8 17 5.7
21 24 12.6 32 10.7
22 57 30.0 67 22.3
23 22 11.6 46 15.3
24 21 11.1 48 16.0
25 16 8.4 19 6.3
26 9 4.7 17 5.7
27 3 1.6 15 5.0
28 2 1.1 2 0.7
29 0 0.0 3 1.0
30 0 0.0 1 0.3
31 0 0.0 2 0.7
32 0 0.0 0 0.0
33 0 0.0 1 0.3
34 1 0.5 0 0.0

Median 22 23
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become androgen-independent (thus becoming nonresponsive to hor-
monal treatment). Several non-germ-line-related changes of theAR
gene, including amplification of theARgene (usually a key step in the
transition from a hormone-sensitive to a hormone-refractory state in
prostate tumors; Refs. 30 and 31), AR somatic mutations (identified
throughout transactivation, DNA binding, and ligand binding do-

mains; Refs. 32 and 33), and contraction of CAG repeat length in
cancer cells (31), have been shown to be associated with tumor
aggressiveness, cancer progression, and failure of hormonal therapy.
AR expression studies in the majority of prostate tumors, including
those that have become refractory to hormonal therapy, also suggest
that AR plays a key role in androgen-independent tumors (34, 35).

The inverse relationship between CAG repeat length and AR tran-
scriptional activity (thus androgen sensitivity) is the presently recog-
nized underlying molecular mechanism by which AR polymorphisms
modulate prostate cancer risk. Because transcriptional activation of
theARgene is influenced by not only polymorphisms in theARgene
but also a number of other factors, including tissue levels of dihy-
drotestosterone, estradiol, insulin-like growth factors, and AR coac-
tivators (36–42), it is likely that these factors may also affect prostate
cancer risk by mediating transcriptional activities. Several AR coac-
tivators, including AR-associated proteins (ARA70 and ARA55),
amplified in breast cancer-1 (AIB1), cyclic AMP-responsive element-
binding protein (CBP), Rb, and BRCA1, have been shown to enhance
AR-mediated transcriptional activity from 2- to 10-fold, suggesting
that in vivo coactivators are essential in attaining optimal AR trans-
activation in response to androgens (39–42). Future studies are
needed to evaluate the effects of AR in conjunction with these

Fig. 1. Percent distribution of number of CAG
repeats.

Table 3 Distribution of number of GGN repeats in the AR gene in prostate cancer
cases and controls, China

No. of GGN repeats

Cases (n 5 187) Controls (n 5 295)

n % n %

14 0 0.0 1 0.3
15 1 0.5 1 0.3
16 2 1.1 1 0.3
17 2 1.1 0 0.0
18 0 0.0 1 0.3
19 19 10.2 20 6.8
20 2 1.1 2 0.7
21 3 1.6 0 0.0
22 10 5.3 24 8.2
23 136 72.7 212 72.1
24 10 5.3 24 8.2
25 2 1.1 1 0.3
27 0 0.0 1 0.3

Median 23 23

Table 4 ORs and 95% CIs for prostate cancer in relation to the number of CAG and GGN repeats in the AR gene, China

No. of CAG and GGN repeats No. of cases No. of controls ORa 95% CI

No. of CAG repeats
Continuous (per decrement of one CAG repeat) 190 300 1.07 1.00–1.15
Median

$23 74 154 1.00
,23 116 146 1.65 1.14–2.39

Tertile
$24 52 108 1.00
22–23 79 113 1.45 0.93–2.25
,22 59 79 1.55 0.96–2.49

Linear trend P5 0.06
No. of GGN repeats

Continuous (per decrement of one GGN repeat) 187 294 1.07 0.96–1.20
Median

$23 147 239 1.00 1.00
,23 39 56 1.12 0.71–1.78

Combined number of CAG and GGN repeats
CAG $23, GGN$23 53 120 1.00
CAG $23, GGN,23 19 29 1.48 0.76–2.88
CAG ,23, GGN$23 94 115 1.85 1.21–2.82
CAG ,23, GGN,23 20 26 1.75 0.90–3.41

aAdjusted for age (continuous).
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coactivators to clarify further the underlying mechanism of andro-
genic pathways in prostate carcinogenesis.

It has been suggested that variations in CAG repeat length in theAR
gene between populations may explain part of the large racial differ-
ence in prostate cancer risk and that a shorter CAG repeat length
reported for African Americans may contribute to some of their higher
risk of prostate cancer, although presently no data are available from
this population. Our results confirm that, relative to western men,
Chinese men do indeed have a longer CAG repeat length. For exam-
ple, 22% of the 1722 white men in two United States studies (17, 18)
had a CAG repeat length shorter than 20versusonly 10% in our study
and 55% reported for African Americans in a cross-sectional survey
(26, 27). Our results, based on the population with the lowest reported
incidence of prostate cancer in the world, cannot be generalized
directly to African Americans. However, inverse associations have
also been reported for Caucasians, suggesting that the underlying
biological mechanism in various racial groups may be similar and that
the polymorphisms of AR may be related, in part, to racial difference
in prostate cancer risk.

The polymorphic CAG repeat length in theARgene represents the
first of a new class of common polymorphisms as genetic risk factors
for prostate cancer. Rare genetic factors with high penetrance, such as
HPC1 on chromosome 1, conferring a much higher relative risk to a
few individuals who carry them (for example, HPC1 may explain
about 10% of the prostate cancer cases in the United States), are
unlikely to explain the large racial difference in prostate cancer risk.
In contrast, the common CAG polymorphism of theARgene confers
variable risk upon all individuals, which in turn may result in a much
larger proportion of prostate cancer cases attributable to having fewer
CAG repeats. Assuming that the CAG polymorphism association is
causal, we estimated that 25% (95% CI, 9–41%) of the cases in
Shanghai can be attributed to a CAG repeat length shorter than 23. In
an effort to provide insights into the reasons for the substantial racial
difference in prostate cancer risk, using the CAG repeat length dis-
tribution in the two United States studies among white men (17, 18),
we further estimated that 3–7% of cases among United States white
men can be attributed to the CAG polymorphism (repeat length,23)
and that this polymorphism alone potentially accounts for at least 5%
of the difference in incidence between Chinese and United States men.

Similar to two previous studies (17, 18), we found that the number
of GGN repeats clusters around 23 [in the study of Stanfordet al.(17),
only the number of GGC repeats was counted and 15 was the peak of
the repeat, which corresponds to 21 GGN repeats], and that a shorter
GGN repeat length appears to be associated with a moderate increase
in prostate cancer risk. Twenty-three GGN repeats may represent the
coding sequence for optimal AR protein conformation and activity,
since.70% of the study subjects in our study as well as in studies of
western men had a GGN repeat length of 23.

Although it is well established that (GGC)n repeats in the polygly-
cine tract (GGT3GGG1GGT2GGCn) of theARgene are polymorphic,
to date there has been little information on variations in the GGG and
GGT regions of the polyglycine tract because these regions are
GC-rich and technically it has been difficult to amplify these regions.
Our study represents the first successful effort to sequence the exact
codon usage and number of the GGN trinucleotide repeats in a large
number of population-based samples. We showed that GGT and GGG
regions were quite stable and that there were no variations in these
two regions in all of the 481 DNA samples analyzed.

Survival and selection biases in our study should be minimal
because well over 90% of the eligible cases participated in the study
and most cases were interviewed within 30 days after diagnosis.
Seventy to 80% of the study subjects gave blood for the study, so it

is unlikely that response status among cases and controls was related
to the number of CAG or GGN repeats.

In summary, results from our population-based multidisciplinary
case-control study in China confirm the hypothesis that a shorter CAG
repeat length is associated with clinically significant prostate cancer
and that relative to western men, Chinese men do have longer CAG
and GGN repeat lengths. Larger studies are needed to evaluate the
combined effect of CAG and GGN repeats, especially among African
Americans. Because of the importance of AR in prostate cancer
etiology, investigation of factors that might interact with the polyglu-
tamine region of theAR gene to alter AR function and modulate
prostate cancer risk is an important area for future research.
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