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Abstract
Background Polycystic ovary syndrome (PCOS) is a condi-
tion with central feature of hyperandrogensism that affects 5-
12 % of women worldwide. P450sec the cholesterol side
chain cleavage enzyme encoded by CYP11A1 gene is instru-
mental in the synthesis of sex hormones. A promoter
pentanucleotide repeat (tttta)n polymorphism of this gene is

reported to be associated with several hormone related dis-
eases including PCOS. Here we aimed to examine the in-
volvement of CYP11A1 polymorphism with PCOS suscepti-
bility in a case–control study conducted among South Indian
women.
Methods A total of 542 subjects comprised of 267 PCOS
patients and 275 controls were recruited. DNAwas extracted
from blood and CYP11A1 (tttta)n polymorphism was geno-
typed by PCR-PAGE.
Results Fifteen different alleles ranging between 2–16 repeats
were identified in the studied group and the most frequent
allele observed in controls was of 8 repeats. The presence of
>8 repeat allele was common in patients (64 % vs. 38 %) and
showed a three-fold risk for PCOS susceptibility than controls
(OR=2.93; p<0.05). PCOS women with higher BMI were
markedly elevated in early quartile (p<0.05).
Conclusion CYP11A1 (tttta)n repeat polymorphism appeared
to be a potential molecular marker for PCOS risk in our
population. Gene-gene and gene-environmental interactions
with respect to obesity may play a role in the early onset of this
multifactorial condition. This is the first report from South
India; however, replicative studies considering other probable
causative factors for PCOS risk are warranted.
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Introduction

Polycystic Ovary Syndrome (PCOS) is one of the most com-
mon endocrine disorders affecting 5% to 12% of women of
reproductive age worldwide [1, 2]. However, the estimated
frequency may rise up to 25 % depending on the diagnostic
criteria used. This disorder is characterized by clinical features
such as hyperandrogenism, chronic anovulation or infrequent

Capsule Women with >8 repeats of (tttta)n polymorphism are
?predisposed to PCOS. Hence may serve as a potential marker in South
Indian women. Appearance of patients with higher BMI at early ages
suggested the interaction of this polymorphismwith obesity related genes
and environment.
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ovulation and presence of multiple follicular cysts in enlarged
ovaries. Elevated levels of androgens seem to influence the
process of follicular maturation leading to PCOS phenotype
[3, 4]. This complex disorder with clinical features changes
throughout the life span and is often associated with long term
consequences such as obesity, type 2 diabetes, endometrial
hyperplasia, thyroid dysfunction and cardiovascular diseases
[1]. Clinical and genetic heterogeneity is observed in PCOS
and invariably associated with hyperandrogenic condition
indicating the possible involvement of abnormalities associat-
ed with steroidogenic pathway.

Steroidogenesis is a fundamental process for essential
physiological functions such as blood salt balance, carbohy-
drate metabolism and reproduction. Major sites for steroid
hormone biosynthesis include the adrenal cortex, testis, ovary
and placenta. There are two broad categories of steroidogenic
pathway enzymes i.e. involved in the hydroxysteroid dehy-
drogenases and cytochrome P450scc [5]. The cytochrome
P450scc is a cholesterol side chain cleavage enzyme coded
by CYP11A1 gene, located at 15q23-q24 and resides on
mitochondrial inner membranes and catalyzes conver-
sion of cholesterol to pregnenolone, the initial and
rate-limiting step in steroid hormone synthesis [6].
CYP11A1 gene deletions in rabbits have been shown
to eliminate steroidogenesis indicating that the entire
steroid hormone biosynthesis is initiated through the
action of this enzyme [7]. Genetic variants of CYP11A1
gene may alter its expression and result in certain
hormone-related diseases such as breast cancer, prostate
cancer, endometrial cancer including polycystic ovary syn-
drome [8–11]. It is postulated that polymorphisms in this gene
may play an important role in the regulation of CYP11A1
expression by up or down regulation of transcription leading
to increased or decreased androgen production. Microsatellite
(tttta)n polymorphism of CYP11A1 gene was associated with
altered expression [11–13].

The present study was aimed to investigate the association
of this repeat polymorphism in PCOS and non-PCOS controls
of South India.

Materials and methods

Study population

A total of 542 subjects comprised of 267 PCOS patients
and 275 non-PCOS controls were enrolled for the present
study. Patients were recruited based on Rotterdam criteria
according to which a woman is said to have PCOS, if
she has any two features out of three such as polycystic
ovaries on ultrasound scan, menstrual irregularities and/
or clinical signs or symptoms of hyperandrogenism.
Hyperandrogenism was defined as the clinical presence

of hirsutism (Ferriman–Gallwey score >8), acne, alopecia
or premature pubarche and/or elevated androgen levels.
The non-PCOS control group consisted of ultrasound
scanned normal fertile women (for the exclusion of poly-
cystic ovaries). These women had normal menstrual cy-
cles (<32 days), with no signs of hyperandrogenism and
some of them were with one child or more. All the
subjects were recruited from Government Maternity Hos-
pital, Petlaburz, Hyderabad, India. Written approval was
taken from the ethics committee of Osmania University
and informed consent was obtained from each study
participant prior to sample collection. Detailed informa-
tion on clinical and anthropometric measures was record-
ed through proforma.

Characteristics of the study population

Inter-individual variation is commonly observed with respect
to clinical features of PCOS changing throughout the life span
starting from adolescence to post-menopausal age. The clini-
cal features represent the signs or symptoms of PCOS that had
risen due to hyperandrogenism and hyperinsulinemia. The
two markers; acanthosis nigricans for insulin resistance,
acne, hirsutism, alopecia and premature pubarche for
hyperandrogenism were considered as important clinical
features of PCOS. The patients were invariably asked to
record about the onset of menstrual dysfunction, devel-
opment of clinical symptoms, either at adolescence or at
adulthood and the age at onset (AAO) of the clinical
symptoms.

The two anthropometric measures considered for the pres-
ent study were BodyMass Index (BMI) andWaist to Hip ratio
(WHR). Body weight, height, waist and hip circumferences
were measured in all participants in order to calculate
BMI and WHR. Their BMI was calculated by the for-
mula: body weight in kg/ height in meters square (kg/
m2) and waist circumference was measured between the
lower rib and the iliac crest at the end of a normal
expiration. A value ≥23 kg/m2 [1, 14] was considered as
over-weight/obese and a value of≥0.8 was regarded to
have abdominal obesity.

Molecular analysis

Genomic DNA was extracted from 5 ml of peripheral
blood samples using salting out method and stored at -
20ºc until use [4]. CYP11A1 (tttta)n genotyping was per-
formed by PCR using forward and reverse primers [(FP:
5-GAGCTGACATCCTGAGTTCC-3, RP: 5- CTGGCAGC
CATTGGTCAAGA-3)(Bioserve India)]. PCR amplification
was carried out in a final volume of 10 μl containing
50ηg template DNA, 1.0 μl of 10× PCR buffer, 0.2 μl of
dNTPS (2 mM) (Labpro, India), 0.2 μl of each primers
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(10 mM) and 0.2 μl of Taq polymerase (5U/μl) (Labpro,
India). PCR was performed in a thermocycler (Eppendorf,
Germany) with an initial denaturation step at 95 °C for
5 min, followed by 30 cycles consisting of denaturation at
94 °C for 30 sec, annealing at 57 °C for 45 sec, primer
extension at 72 °C for 45 sec and final extension for

5 min at 72 °C. The amplified products were analyzed
using 10 % polyacrylamide gel electrophoresis (PAGE)
followed by silver staining and the number of repeats
for each allele was determined. The number of (tttta)n
repeats in every particular allele was identified by se-
quencing of representative samples (Fig. 1a and b ).

Fig. 1 Gel picture showing
different (tttta)n genotypes of
CYP11A1 gene. Results of
sequencing analysis on two
different representative samples
showing (a) 6 repeats and (b) 8
repeats. Note: W1. 10 repeats,
W2. 10, 11 repeats, W3. 8 repeats,
W4. 6 repeats W5, W7, W8. 7
repeats and W6. 6, 7 repeats and
W9. 50 bp ladder

Fig. 2 Distribution of CYP11A1 (tttta)n alleles in PCOS cases and non
PCOS controls

Table 1 Anthropometric measurements and clinical features of the study
group

Variables Total patients (267) Total controls (275) p-value

Age 24.24±4.42 25.02±4.85 0.05

BMI (kg/m2) 25.71±5.05 22.11±3.39 <0.05

WHR 0.78±0.05 0.75±0.04 <0.05

AAM 12.60±1.80 12.18±0.80 <0.05

AAO 16.49±4.91 - -

Hyperandrogenism 92(34) 0(0) -

Acnathosis 60(22) 0(0) -

Both 35(13) 0(0) -

FHCD 184(69) 41(31)

Quantitative data are presented as X±SD
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Quartile data analysis

In order to see whether AAO of the condition is being asso-
ciated with genotypes / anthropometric measures and/or clin-
ical features, the whole patient data was categorized into
quartiles based at age at onset. Quartile analysis was carried
out by arranging the whole data in ascending order of AAO
and was categorized into 1, 2, 3 and 4 quartiles.

Statistical analysis

The data was analyzed using SPSS 17 version. Continuous
data were expressed as mean±SD. The demographic charac-
teristics of patients and controls were compared by using
Student’s t test for unpaired data. The association between
genotypes and PCOS risk was evaluated by calculating the
odds ratios (OR) at 95 % confidence interval. Allele and
genotype frequencies were determined from observed geno-
type counts. Hardy Weinberg equilibrium was estimated by
the χ2 test. A two tailed p-value of <0.05 was considered to be
statistically significant.

Results

Characteristics of study population

The characteristics of the study group are presented in Table 1.
In our study over 90 % of the PCOS cases belonged to the age
group of 20 to 35 years and 10 % were below 20 years of age.
Nearly 75 % of cases were infertile and are under treatment.
Of the total patient group 34 % of probands revealed
hyperandrogenic clinical symptoms, 22 % insulin resistance,
while 13 % both hyperandrogenism and acanthosis .

The mean age at onset (AAO) of the PCOS clinical symp-
toms in patients was 16.49±4.91 years. The mean age, age at
menarche (AAM) of women with PCOS and controls at the
time of sample collection was 24.24±4.42, 25.02±4.85 and
12.60±1.80, 12.18±0.80 years respectively. Sixty two percent
of PCOS probands were overweight/ obese having BMI
>23 kg/m2 and 37 % had WHR ≥0.80. With respect to mean

BMI, WHR and AAM a significant difference between pa-
tients and controls was observed (p<0.05).

Sizing analysis of CYP11A1 (tttta)n repeat polymorphisms
in patients and controls revealed 15 different alleles ranging
between 2–16 , however 14–16 repeats were identified only in
patients (Fig. 2). The most frequent allele observed in non-
PCOS controls was 8 repeats (32 % vs.20 %). Based on this
information, 8 repeat allele was considered as the referral
allele (mode) to categorize the data into three subgroups i)
Women with <8 repeats ii) Women with 8 repeats in single or
double dose and iii) women with >8 repeats. When the fre-
quencies of various genotypes were compared between the
groups, <8 and =8 repeats were more frequent in controls while
women carrying >8 repeats were extremely elevated in patients.

Table 2 represents the distribution of clinical and anthro-
pometric measures with respect to the genotypes (<8, =8 and
>8) were 21 %, 15 %, 64 % in patients while 38 %, 24 %,
and 38 % in controls respectively. The genotype and allelic
frequencies between the patients and controls differed

Table 2 Distribution of CYP11A1 repeat polymorphism in patients and controls

Category < 8 N (%) =8 N (%) >8 N (%) Comparison of groups OR(95 % CI) p-value

Patients (267) 56(21) 39(15) 172(64) <8 vs. Others 0.42 (0.29-0.62) <0.0001

Controls (275) 105(38) 65(24) 105(38) 8 vs. Others 0.55 (0.35-0.85) 0.008

χ2 (p-value) 35.96(0.00) >8 vs. Others 2.93 (2.06-4.15) <0.001

HWE χ2 (p-value) Cases 109.32(0.00)
Control 76.45(0.00)

HWE Hardy Weinberg Equilibrium, OR Odds Ratio, CI Confidence interval

Table 3 Distribution of various clinical factors with respective with three
genotypes

Characteristics <8 8 >8 χ2 (p value)

Hyperandrogenism Yes 23(41) 13(33) 56(32) 1.00(0.60)

No 33(59) 26(66) 116(68)

Acanthosis Yes 15(27) 11(28) 34(20) 1.39(0.49)

No 41(73) 28(72) 138(80)

Both Yes 10(18) 4(11) 21(22) 0.87(0.64)

No 46(82) 35(89) 151(88)

FHCD Yes 39(70) 28(72) 117(68) 0.07(0.96)

No 17(30) 11(28) 55(32)

Early AAO Yes 31(55) 17(44) 96(56) 1.47(0.47)

No 25(45) 22(64) 76(44)

Higher BMI Yes 34(61) 24(62) 109(63) 0.04(0.97)

No 22(39) 15(38) 63(37)

Higher WHR Yes 19(34) 11(28) 68(40) 1.43(0.48)

No 37(66) 28(72) 104(60)
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significantly (p<0.01). Individuals with >8 repeats predomi-
nated in patients with an OR of 2.93 (CI=2.06-4.15; p<0.01)
and <8 in controls [OR=0.42(0.29 - 0.62), p<0.01;
0.55(0.35 - 0.85, p<0.001) (Table 2).

Distribution of clinical and anthropometric measures with
respect to the genotypes (<8, =8 and >8) did not reveal any
significant involvement (Table 3). Quartile analysis showed
no involvement of (tttta)n polymorphism on AAO of the
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Fig. 3 Analysis of genotypes, clinical features and epidemiological
factors in quartiles with respect to AAO in patient group. Note: Each
bar represents the distribution of parameters with respect to presence or

absence of a specific trait. BMI—Body mass index, WHR—Waist to hip
ratio, HA—Hyperandrogenism, AC—Acanthosis



condition. However, a significantly increased frequency of
women with higher BMI and elevated frequency of women
with hyperandrogenic clinical features was observed in the
first two quartiles (p<0.05) (Fig. 3).

Discussion

Adrenal and ovarian steroidogenesis begins with the conver-
sion of cholesterol into pregnenolone that is catalyzed by
P450scc enzyme, an initial and rate-limiting step at the start
of steroid hormone biosynthetic pathway [15]. In-vitro studies
have shown that theca cells from polycystic ovaries produce
excess progesterone, 17-α hydroxyprogesterone and andro-
stenedione levels than normal theca cells [16]. Several SNPs
of CYP11A1 have been reported to be involved in the
aetiopathogenesis of PCOS that may alter testosterone levels
[15, 17]. Microsatellite allelic variation (tttta)n of this gene, a
region containing multiple cAMP-regulated elements that
control it’s expression has been reported to be associated with
hyperandrogenic state in PCOS [18, 19]. This is the first
investigation aimed to establish the role of CYP11A1 poly-
morphism in susceptibility to PCOS of South Indian women.

Our study revealed a significant relation ofCYP11A1 penta
nucleated repeat polymorphism with PCOS risk. Similar to
our findings, Colhoun HM et al., (2003), Wang et al., (2005)
and Wenjing et al., (2014) proposed a noteworthy association
of CYP11A1 repeat polymorphism with PCOS in UK, Han
Chinese and Caucasian population correspondingly [19–21].
Considering the two studies fromUK and Finnish populations
which were showing contradictory results, Gassenbeck et al.,
(2002) in a meta analysis concluded inconsistency in the
association of this marker with either PCOS status or serum
testosterone levels [22]. However, studies conducted by
Millan et al., (2001) in Spanish women and Taponen
et al.,(2003) in Finnish women reported no role of this poly-
morphism in the pathogenesis of PCOS [23, 24].

Awide variation has been shown in the distribution of (tttta)n
repeat alleles in various ethnic groups including ours. Studies
from Caucasian and Asian population reported an association
of 4 and 6 repeat alleles correspondingly with that of PCOS
[18]. Further, (tttta)6 allele was shown to be linked with breast
cancer and prostate cancer in Chinese and Slovanian population
respectively [9, 25]. Daneshmand et al., (2002) observed an
over-representation of 9 repeat allele in PCOS patients.

Our results showed an increased frequency of women with
>8 repeats alleles demonstrating a three-fold increased risk to
develop PCOS than other genotypes (<8 and =8 repeats). This
polymorphism not seems to influence the anthropometric
measures and hyperandrogenic clinical features of PCOS in
our population. Our results were in accordance to Tan et al.,
(2005) findings exhibiting no correlation between CYP11A1
and serum testosterone levels in patients and controls [11].

Millan et al., (2001) in Spanish PCOSwomen reported lack of
association of this marker with hirsutism / hyperandrogenism
[23].

The clinical features of PCOS may change throughout the
lifespan including age at onset. The consideration of AAO in
the present study did not show any influence of this polymor-
phism. However, earlier we reported a strong association of
AAO with ACE I/D polymorphism in the similar study pop-
ulation [4]. This is suggestive of AAO to be considered as one
of the clinical markers for this type of studies.

The salient findings of the present study are; irrespective of
the age at onset of the condition, more than 8 repeats predis-
poses the women to PCOS and can be considered as a general
marker of disease susceptibility in South Indian women. Fur-
ther, the appearance of increased frequency of individuals
with higher BMI in early quartiles may suggest gene-gene
interactions with respect to obesity related and other unknown
factors in the early onset of this multifactorial condition.

We conclude that generation of wide variation in repeat
number in diverse populations could be due to different ex-
trinsic and intrinsic factors. Hence, knowing the threshold
repeat number associated with various diseases in different
populations may help in understanding the gene-environment
interaction. In order to realize the significance of this marker,
cell based studies should be carried out with various repeat
numbers in relation to expression to translate the generated
information and comprehend the susceptibility of different
population to hormone related diseases.
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