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CAG Repeat Expansion in the Androgen Receptor Gene Is
Not Associated With Male Infertility in Indian Populations
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ABSTRACT: CAG repeat expansion in exon 1 of the androgen re-
ceptor (AR) gene has been reported to be associated with male
infertility in some but not all populations. Until now, studies have not
been carried out to examine this among Indian populations. For the
first time, we have analyzed the CAG repeat motif in the AR gene
in 280 men with azoospermia and in 201 men with normal fertility.
The mean number of CAG repeats in the AR gene of men with
azoospermia was 21.7 6 0.18, with a high incidence of repeat num-
ber 22. Among fertile-control men, the mean number of CAG repeats
was 22.4 6 0.19, with a predominance of repeat number 23. The

highest number of CAG repeats (32) was found with low frequency
in both fertile and azoospermic groups. Comparison of fertile men
and those with azoospermia on the basis of CAG repeats revealed
that the number of CAG repeats in both groups were similar, as
revealed with a paired t test (t 5 0.04; P 5 .967). Expansion of the
CAG repeat in the AR gene is therefore not associated with male
infertility in Indian populations. This suggests that what is true for
one population may not be true for other populations.
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Approximately 15% of couples are infertile, and in
these couples, male factor infertility accounts for ap-

proximately 50% of causes (Mosher, 1985). Y chromo-
some microdeletion has been considered an important ge-
netic factor in male infertility (Fujisawa et al, 2001). An-
drogen is an important steroid for maintaining sperm pro-
duction and growth of the prostate gland. The androgen
receptor (AR) gene has been mapped on the long arm
(Xq11-12) of the X chromosome (Lubhan et al, 1988;
Yong et al, 1998). The AR gene consists of 8 exons, of
which exon 1 contains a CAG repeat motif, resulting in
a polyglutamine stretch. About 20% of infertile men have
reduced androgenicity caused by a longer CAG tract
(Yong et al, 1998). Several studies have demonstrated that
expansion of CAG repeats in the AR gene causes azoo-
spermia (Sasagawa et al, 2001), oligospermia (Patrizio et
al, 2001), testicular atrophy, spinal bulbar muscular at-
rophy (SBMA; La Spada et al, 1991), and a greater risk
for breast cancer (Haiman et al, 2002). Expansions of
CAG repeats over generations have been reported to lead
to an increase in the severity of SBMA pathology and a
concomitant decrease in the age of disease onset (Choong
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and Wilson, 1998). Reductions in CAG repeats have been
found to be associated with prostate cancer (Giovannucci
et al, 1997). Mutation in the N-terminal of the AR has
been found to be associated with a lower transmission of
a transactivation signal from the activation function 1 re-
gion (Adachi et al, 2000), and other studies have deduced
that CAG repeat tracts are polymorphic among infertile
men in various ethnic populations (Dadze et al, 2000;
Sasagawa et al, 2000). Therefore, we undertook an anal-
ysis of the CAG repeat in the AR gene among infertile
and fertile Indian men in order to assess its association
with infertility and its distribution pattern in Indian pop-
ulations.

Materials and Methods

Patients and Control Subjects
A total of 280 men with azoospermia from different parts of
India were subjected to CAG repeat analysis. They were selected
from among 750 azoospermic men who were attending the in-
fertility clinic at the Institute of Reproductive Medicine (IRM)
in Kolkata, India. An experienced urologist at IRM performed a
detailed history and clinical examination of each patient. Blood
samples were taken for endocrinological assays (follicle-stimu-
lating hormone, luteinizing hormone, testosterone, prolactin, thy-
roid-stimulating hormone), and tests were performed for post-
prandial blood sugar, human immunodeficiency virus, and syph-
ilis; and patients also underwent a vasogram and karyotyping.
Testicular pathology was carried out whenever it was possible
to do so, and results varied from Sertoli cell–only syndrome to
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Distribution of CAG repeat range in men with azoospermia (closed bar)
and in men with normal fertility (open bar).

maturation arrest. Patients who did not exhibit obstruction, en-
docrinological defect, pelvic injury, major illness, or karyotyp-
ing abnormality were included in the study. Two-hundred-one
fertile Indian men were included in the study as controls. Blood
samples (5.0 mL) from each man with azoospermia and fertile
controls were collected with their informed written consent.

DNA Isolation
DNA was isolated from the samples using the following proto-
col. Erythrocytes were lysed with 15.0 mL of erythrocyte lysis
buffer (10 mM Tris pH 8.0, 320 mM sucrose, 5 mM MgCl2, 1%
Triton X-100; Sigma Chemical Company, St Louis, Mo) for 5
minutes. After complete lysis of erythrocytes, leukocytes were
pelleted by centrifugation at 500 3 g for 5 minutes. The leu-
kocyte pellet was dissolved in 8.0 mL of leukocyte lysis buffer
(400 mM Tris, 60 mM EDTA, 150 mM NaCl, and 1% SDS;
Sigma) and mixed thoroughly. To this, 2.0 mL of 5 M sodium
perchlorate (E. Merck, Damstadt, Germany) was added and
mixed thoroughly for 2–3 minutes. DNA was precipitated after
extracting once with phenol:chloroform and once with chloro-
form. DNA was washed with 70% ethanol and dissolved in TE
buffer (10 mM Tris pH 8.0, 1 mM EDTA).

PCR Assay for CAG Repeat Analysis
CAG repeat motif of exon 1 in the AR gene was amplified using
a pair of primers flanking the CAG repeat motif (Cram et al,
2000). Primers were synthesized in an ABI 392 Oligo synthe-
sizer (Perkin Elmer, Foster City, Calif). The forward primer was
synthesized with 59 FAM (carboxy-fluorescein) label (Perkin El-
mer) in order to analyze the PCR product in the automated DNA
sequencer (ABI 377). The forward primer was also synthesized
without a fluorescent label for sequencing. Polymerase chain re-
action (PCR) of each sample was performed in a 0.2-mL thin-
wall tube using 5.0 ng of DNA, 10 pM of each primer, 200 mM
deoxynucleotide triphosphates, 13 PCR buffer containing 1.5
mM MgCl2, and 2 units of AmpliTaqGold (Perkin Elmer). Am-
plification was carried out in a GeneAmp9600 thermal cycler
(Perkin Elmer) at 948C for 10 minutes, and then 30 cycles at
948C for 1 minute, 608C for 1 minute, 728C for 1 minute, and a
final extension at 728C for 5 minutes.

GeneScan and Genotyping
Samples (PCR products) were prepared by mixing 1.0 mL of
PCR products, 1.5 mL of loading dye (formamide:blue dextran;
5:1) and 0.5 mL of GS-ROX500 (0.5 mL/sample). After dena-
turation (948C for 2 minutes), samples were electrophoresed in
5% Long Ranger (FMC) gel using an ABI 377 automated DNA
sequencer (Perkin Elmer). Raw data were analyzed using
GeneScan and Genotyping software programs (Perkin Elmer) to
obtain the allele (repeat) size (Thangaraj et al, 1999).

Automated DNA Sequencing
To confirm the CAG repeat numbers (allele), 2 samples (PCR
products obtained using nonfluorescent primers) from each re-
peat size were sequenced after treating them with exonuclease I
and shrimp alkaline phosphatase (Amersham) at 378C and 808C
(15 minutes each). Sequencing of PCR products was carried out
using 50 ng (2 mL) of PCR product and 4 pM (1 mL) of non-

fluorescent primer (forward and reverse separately), 4 mL of
BigDye Terminator ready reaction kit (Perkin Elmer), and 3 mL
of double-distilled water to adjust the volume to 10 mL. Cycle
sequencing was carried out in a GeneAmp9600 thermal cycler
(Perkin Elmer) for 30 cycles at 968C for 10 seconds, 508C for 5
seconds, and 608C for 4 minutes. Extended products were puri-
fied by alcohol precipitation followed by washing with 70% al-
cohol (Thangaraj et al, 1999). Purified samples were dissolved
in 10 mL of 50% Hi-Di formamide and analyzed in an ABI 3700
automated DNA Analyzer (Perkin Elmer).

Statistical Analysis
Means, standard deviations, and standard errors were calculated
for both the azoospermic and fertile groups. A paired t test was
carried out to find the difference in CAG repeats between azo-
ospermic and fertile men (Systat, version 10.0, from SPSS Inc,
Chicago, Ill).

Results

A total of 18 different CAG repeat sizes (alleles), ranging
from 12 to 32 were observed in a total of 280 infertile
men. Among 201 fertile men, 17 different repeat sizes
(alleles) ranging from 12 to 32 were observed (Figure).
The mean number of CAG repeats in the infertile group
was 21.7 6 0.18. In the fertile group the mean repeat size
was 22.4 6 0.19 (Table). The smallest repeat size (12)
was found with very low frequency in both the groups
(0.71% in azoospermic and 0.49% in fertile groups). The
highest repeat size (32) was also found with very low
frequency in both azoospermic (0.35%) and fertile men
(0.49%). Repeat sizes 13 and 31 were absent in both
groups. Alleles 15 and 16 were absent in fertile men, and
allele 30 was absent in men with azoospermia (Table).
Among men with azoospermia, repeat size 22 was ob-
served with high frequency (15.35%), whereas in fertile
men, repeat 23 was observed with high frequency
(17.41%). In the lower range of CAG repeat size (12–
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Comparative data on CAG repeats in men with azoospermia and
normal fertility

CAG
Repeat

Size/
Allele

Azoospermic Men

Number Percentage

Fertile Men

Number Percentage

12
14
15
16
17

2
4
6
2
9

0.71
1.42
2.14
0.71
3.21

1
1
0
0
1

0.49
0.49
0
0
0.49

18
19
20
21
22

12
27
31
35
43

4.28
9.64

11.07
12.50
15.35

7
15
20
33
32

3.48
7.46
9.95

16.42
15.92

23
24
25
26
27

40
28
17
12
8

14.28
10.00
6.07
4.28
2.85

35
19
13
8

10

17.41
9.45
6.46
3.98
4.98

28
29
30
32

Total
Mean
SE

1
2
0
1

280
21.7

60.18

0.35
0.71
0.00
0.53

100

2
1
2
1

201
22.4

60.19

0.99
0.49
0.99
0.49

100

17), men with azoospermia were found to have high fre-
quency (8.2%) compared with fertile men (1.5%). In the
middle and higher repeat sizes (21 to 32), 77.58% of men
with normal fertility was higher than in men with azoo-
spermia (67%; Figure). However, the mean variation in
the CAG repeats between fertile (mean 22.4 6 0.19) and
infertile (mean 21.7 6 0.18%) men was found to be sta-
tistically nonsignificant, as evident from the paired t test
(t 5 0.04; P 5 .967).

Discussion

Our study on CAG repeats in the AR gene of infertile
men revealed a total of 18 alleles, ranging from 12–32
repeats, with a mean CAG repeat of 21.7 6 0.18. Of
these, the most frequent CAG repeat number observed
was 22 (15.35%). Control studies showed a total of 17
alleles ranging from 12 to 32 repeats, with a mean CAG
repeat of 22.4 6 0.19. The most common CAG repeat,
23, was found in 17.4% of controls (Figure). It is inter-
esting to note from our study that the distribution of var-
ious repeat sizes (19–27) in both infertile and fertile men
were almost similar (85%). However, Yong et al (1998)
and Dowsing et al (1999) demonstrated that the size of
the CAG repeat was higher in infertile men. Giovannucci
et al (1997) showed that the size of the CAG repeat was

smaller in patients with prostate cancer. Studies among
Chinese and Japanese infertile men with defective sper-
matogenesis and idiopathic azoospermia, respectively,
demonstrated the presence of significantly longer CAG
repeats compared with those in fertile men (Tut et al,
1997; Yong et al, 1998; Yoshida et al, 1999). These re-
ports contradict our present study, which clearly revealed
no direct association of CAG repeat expansion in the AR
gene with infertility in Indian populations. However, our
present observation is in agreement with that of Dadze et
al (2000) who observed 17 alleles in a population of in-
fertile German men, ranging from 16 to 34 repeats, with
the predominance of allele 21, whereas in the control
group, the predominant allele was 23 (22.7%), which was
slightly higher than that of infertile men. A similar study
conducted by Sartor et al (1999) among American black
men and white men showed that the CAG repeat expan-
sion was polymorphic in a race-specific manner (ie, it was
shorter in black men than it was in white men). The recent
study on European and Japanese populations in which no
significant difference in the CAG repeat length was found
between normal and infertile men (Sasagawa et al, 2001;
Meytes et al, 2002) is also in agreement with our present
observation in Indian populations.

The CAG repeat and its association with infertility has
been debatable, as some studies reported the presence of
a longer stretch of CAG repeat in infertile men (Patrizio
et al, 2001) and others showed no significant increase in
CAG repeats in infertile men (Dadze et al, 2000). Patrizio
and Leonard (2001) suggested in their editorial commen-
tary that more data from different ethnic groups with a
large number of controls are required to determine the
association of expanded CAG repeat in the AR gene in
male infertility. For the first time we assessed the asso-
ciation of CAG repeat with male infertility in Indian pop-
ulations. Our study clearly demonstrates no association
between CAG repeat length and infertility in Indian pop-
ulations as is evident from the paired t test (t 5 0.04; P
5 .967). A recent report by Meytes et al (2002) supports
our conclusions. It clearly shows that what is true for one
population may not be true for other populations and sug-
gests that it would be detrimental to extrapolate such find-
ings to other populations, particularly for diagnostic pur-
poses.
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