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Background & objectives: Insulin resistance (IR) is a major confounding factor in polycystic ovarian
syndrome (PCOS) irrespective of obesity. Its exact mechanism remains elusive till now. C/T polymorphism
in the -34 promoter region of the CYP17 gene is inconsistently attributed to elucidate the mechanism of
IR and its link to hyperandrogenemia in obese PCOS patients. In the present study we aimed to evaluate
any association of this polymorphism with IR in non-obese women with PCOS.

Methods: Polymorphism study was performed by restriction fragment length polymorphism (RFLP)
analysis of the Msp A1 digest of the PCR product of the target gene in 75 PCOS cases against 73 age
and BMI matched control women. Serum testosterone, BMI and HOMA-IR (homeostatic model of
assessment-insulin resistance) were analyzed by standard techniques. A realistic cut-off value for the
HOMA-IR was obtained through receiver operating characteristic (ROC) curve for exploring any
possible link between IR and T/C polymorphism in the case group.

Results: Significant increases in serum testosterone and HOMA-IR values were observed among the
case group (P<0.001) without any significant elevation in BMI and FBG compared to controls. Cut-off
value for IR in the PCOS patients was 1.40 against a maximum sensitivity of 0.83 and a minimum false
positivity of 0.13. The analysis revealed an inconclusive link between the C/T polymorphic distribution
and insulin resistant case subjects.

Interpretation & conclusions: The results showed that CYP17A41 gene was not conclusively linked to either
IR or its associated increased androgen secretion in non-obese women with PCOS. We propose that an
increased sensitivity of insulin on the ovarian cells may be the predominant reason for the clinical effects
and symptoms of androgen excess observed in non-obese PCOS patients in our region.
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Almost 15-20 per cent women worldwide are
affected by polycystic ovarian syndrome (PCOS) in
their reproductive age group'. With the characteristic
features of hyperandrogenemia, high LH : FSH
(luteinizing hormone : follicle stimulating hormone)
ratio (>2/3:1) and polycystic ovaries, it remains a
major cause of anovulatory infertility’>. Among several
aetiological factors for its pathogenesis, insulin
resistance (IR)isamajormetabolicand endocrinological
factor. Insulin resistance is generally associated with
PCOS and is prevalent in about 50-70 per cent of these
women irrespective of obesity’. Obesity, when present,
acts as a confounding factor for insulin resistance. It
is estimated that 44 per cent of women with PCOS
suffer from obesity* that might influence significantly
the concurrent insulin resistance observed in them.
The insulin resistance with hyperinsulinemia initiates
hyperandrogenism through an increase in ovarian
androgen biosynthesis®. In addition, insulin resistance
and the resultant hyperinsulinemia increase the risk
of long-term metabolic disorders, such as impaired
glucose tolerance, type 2 diabetes mellitus and finally,
cardiovascular diseases in these patients.

Although different mechanisms for insulin
resistance in PCOS have been suggested, yet the
precise mechanisms of IR and insulin induced
hyperandrogenemia in the ovarian tissues remain
inconclusive®’. The paradoxical action of insulin is
perhaps, most evidently expressed in the ovaries,
which, in spite of a generalized insulin resistant
state, retains the ability to produce androgen to its
response>®. However, as PCOS itself is associated
with multiple genetic polymorphisms, studies have
been undertaken throughout the world to underscore
any possible linkage of these polymorphisms with the
insulin resistance.

Polymorphisms of several genes like FSHR,
CYP17, CYPIAI, CAPNI0O, INSR, SERPINE, IL-
1 and SHBG have been found to be associated with
hyperandrognemia and infertility found in PCOS®'.
Variable associations between the single nucleotide
polymorphism (SNP) of genes involved in steroid
biosynthesis and insulin resistance have been reported.
Significant associations of SNPs from the genes
encoding aromatase (CYP 19) and insulin sensitivity
were observed in African, American, Caucasian, and
Japanese women''. A C/T SNP at His 1058 in exon
17 of insulin receptor gene has been found closely
linked to the insulin resistance and hyperandrogenemia
among lean PCOS women rather than the obese ones'?.

Homozygosity of the A2/A2 type of C/T polymorphism
due to T-->C substitution (-34 bp) in the gene of
CYPI17 promoter site in the Greek PCOS patients
has been suggested to influence steroid biosynthesis
and thereby induce the hyperandrogenemia found in
this disorder'®. Echiburu et al' reported a significant
association of C/T polymorphism in the promoter region
of CYPI7 gene in women with increased body weight
and significant insulin resistance and recommended
it as a major confounding factor in development of
abdominal obesity and metabolic derangements in
the PCOS patients. Variable associations of VNTR
(variable number tandem repeats) at the upstream
region of insulin gene have been reported with
insulin resistance in PCOS". Thus, the importance of
the link relating insulin resistance and body weight
regulatory mechanisms with several types of genetic
polymorphisms including that for the cytochrome
P450 in the PCOS patients has been observed'®. We
hypothesized that there might be an association between
the C/T polymorphism in the -34 promoter region of
the CYPI17 gene with insulin resistance in non-obese
women with PCOS and undertook the present study to
evaluate it in an Eastern Indian subpopulation.

Material & Methods

This cross-sectional study was carried out in
the departments of Biochemistry and Gynaecology
of Burdwan Medical College and Hospital and
Biochemistry department, Calcutta National Medical
College, Kolkata, West Bengal, India, during 2010-
2014. Non-obese cases and controls with a body mass
index (BMI) less than 30 kg/m? were considered. A total
of 135 unrelated age matched women were screened
for PCOS during this period. Seventy five women aged
between 19 and 29 yr were recruited in the case group
following the revised Rotterdam criteria'’. At least two
of the following criteria were present in the patients
for their selection as cases: (i) oligomenorrhoea
and/or anovulation, (7)) hyperandrogenism, clinical
or biochemical, and (iii) polycystic ovaries with
exclusion of other aetiologies'’. Patients suffering from
other causes of hyperandrogenism, thyroid function
abnormalities, diabetes mellitus, hyperprolactinemia,
hypertension and other cardiovascular diseases were
excluded. Seventy three age and BMI matched healthy
women with normal menstrual cycle, no clinical
or biochemical signs for hyperandrogenism, and
ultrasound exclusion of any polycystic ovary were
selected in the control group. Women having a history
of taking oral contraceptives or any other drugs during
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last three months having a potential effect on the lipid
profile, insulin level, or carbohydrate metabolism were
excluded from the control group. Informed written
consents were obtained from all participants and
the study was approved by the institutional ethical
committee.

As studies from India'®!® suggested a cut-off value
of 23 kg/m? BMI for Asian women for an increased risk
of development of type 2 diabetes mellitus, we classified
both our case and control groups into two subgroups
each according to a BMI of > and < 23 kg/m?.

All parameters were assayed from 12 h fasting
blood samples (5 ml) obtained from cases and controls.
The samples were divided into two aliquots. The
first one was collected in fluoride-oxalated vials for
obtaining plasma and the other in plain dry vials for
obtaining serum.

Measurement of fasting blood glucose (FBG): Plasma
glucose was assayed by glucose oxidase peroxidase
method (GOD-POD)*. Assay was carried out in the
autoanalyzer XL-600 from ERBA, USA with the
coefficient of variance (CV) within 3 per cent.

Measurement of insulin and testosterone levels: The
serum was separated at 4°C and was stored at -20°C
till assay was done. Assays were done within one
week from the date of collection. Serum insulin and
testosterone were assayed by the ELISA kit AccuBind
from Monobind Inc, USA. The inter- and intra-assay
coefficients of variation (CV) for serum testosterone
measurement were 3.4 and 3.6, respectively, and
those for the serum insulin assay were 5.9 and 7.2,
respectively.

Calculation of HOMA-IR and determination of the cut-
off value of HOMA-IR: HOMA-IR was computed with
the formula: fasting plasma glucose (mmol/l) times
fasting serum insulin (mU/l) divided by 22.5, with
the help of HOMAZ2 Calculator v2.2 (http://www.dtu.
ox.ac.uk/homa). The cut-off value of the HOMA-IR
for insulin resistance was calculated in women with
PCOS with the help of receiver operating characteristic
(ROC) curve. A cut-off value for the HOMA-IR in the
PCOS patients was derived depending on the maximum
possible level of sensitivity, minimum false positivity
and maximum possible area under the curve.

Methodology of PCR and RFLP (restriction fragment
length polymorphism)

DNA isolation from the case and control groups:
Peripheral blood from healthy women were collected

in EDTA coated vials and stored in -20°C. The
genomic DNA was isolated from the blood by the
method of Blin and Stafford using standard phenol-
chloroform method*'. The concentration of the DNA
was obtained spectrophotometrically. Extracted DNA
(5 ml) was diluted in 1000 ml of autoclaved distilled
water and absorbency of the DNA was measured at 260
nm wavelengths and the concentration was calculated
by the following formula: Concentration = absorbance
x 50(pg/ml). Final concentration of the isolated DNA
was kept at about 50 ug/ml. The quality of the DNA
was verified by ratio of the absorbency at 260 and
280 nm. Integrity of the genomic DNA was assayed
by electrophoresing the extracted DNA in one per cent
agarose gel.

PCR reaction: PCR reaction was carried out using
the reagents of the GeNei™ DNA amplification
core kit from Bengaluru Genei, India. The CYPI7
amplification assay was done as described previously?.
PCR fragment containing the target site was generated
using the following primers: (i) forward primer:
5’-CATTCGCACCTCTGGAGTC-3’, and (ii) reverse
primer:  5’-GGCTCTTGGGGTACTTG-3’.  The
master mix was prepared by mixing the 10x DNA
amplification buffer (500 mM KCI, 100 mM Tris HCI,
pH 8.5, 15 mM MgCl,,) 2.5 mM deoxynucleotide
triphosphates (ANTP) mix, 50 pmole forward primer,
50 pmole reverse primer, Millipore water, and Taq
DNA polymerase. PCR reactions were carried out in
25 ul aliquots containing about 50 ng of genomic DNA,
50 pmol of each primer, 1x reaction buffer, 0.25 mM
dNTP, and 1 unit of Taq polymerase. The amplification
was continued for 30 cycles with denaturation at
94°C for one min, annealing at 57°C for one min, and
extension at 72°C for one min. An initial denaturation
step of 5 min at 94°C and a final extension at 72°C for
5 min were used.

RFLP analysis: The PCR products were digested for
3 h at 37°C using MspAIl (from Genei, Bengaluru,
India) and separated by gel electrophoresis on 2 per
cent agarose (DNA grade from Hi-media, Mumbeai,
India) followed by staining with ethidium bromide
(SRL, Ranbaxy) to identify the base pair change. In
addition, all gels were re-read blindly by three persons
without any change, and 15 per cent of the analyses
were randomly repeated.

Statistical analysis: For analysing the association of
C/T allele distribution among PCOS patients and their
insulin resistance, chi square tests and odds ratio (OR)
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ranges at 95% confidence interval (CI) were performed.
The significance of differences in the values of FBG,
HOMA-IR and serum testosterone between the case
and control groups were assessed by independent t test.
The two subgroups of case and control groups based on
BMI cut-off were compared by independent t test for
fasting blood glucose (FBG), serum testosterone and
HOMA-IR (homeostatic model of assessment-insulin
resistance). Distribution of the allelic polymorphism
was compared between these two groups, with the help
of chi square test and Fisher’s exact P value. Further,
the effect of BMI cut-off value of 23 was assessed on
HOMA-IR, FBG and serum testosterone taken together,
by analysis of covariance through a general linear
model of multivariate analysis. The BMI was included
as a covariate and HOMA-IR, FBG and testosterone
were included as dependent factors for both the case
and control groups. All tests were performed with
the help of SPSS software version 17.0 for Windows
(SPSS, Inc., Chicago, USA).

Results

HOMA-IR, the marker of insulin resistance was
significantly (P<0.001) higher in the case group in
spite of a non-significant change in their FBG values.
Serum testosterone level was found to be significantly
(P<0.001) higher in the PCOS cases indicating for
hyperandrogenaemia (Table I). Fig. 1 revealed the
cut-off value of HOMA -IR for the case group to be
1.40 (leftmost corner of ROC curve, marked by a
circle) having maximum sensitivity of 0.83 against a
minimum false positivity (1 - specificity) of 0.13 with
an area under the curve 0.890.

Table I. Distribution of study parameters between PCOS
cases and normal controls

Cases Control

(n="75) (n=173)
Age (yr) 2528+2.19  26.0+2.69
HOMA-IR 1.98 +£0.80"" 1.23+0.29
FBG (mmol/l) 498 +0.67 4.86+0.47
Serum testosterone (ug/1) 1.43+£0.50""  0.45+0.23
BMI (kg/m?) 24.53 +£2.51 23.9+1.63

Values are mean = SD

"P<0.001 compared with controls

HOMA-IR, homeostatic model of assessment - insulin
resistance; FBG, fasting blood glucose; BMI, body mass
index
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Fig. 1. ROC curve for obtaining the HOMA-IR cut-off value.

There was no significant difference in the
distribution of CC, TT and TC genotypic forms between
the two case groups having HOMA-IR indices above
and below the cut-off value of 1.40. No significant
difference was observed in the exclusive distribution of
C and T allele between these two groups of PCOS cases.
Similarly, no such difference was observed in control
group (Table II). The overall frequency distribution of
these alleles in their genotypic and individual forms in
both case and control groups is shown in Table III. Chi
square test and Fisher’s exact P value did not show any
significant difference between the distribution patterns
of these alleles in these groups. An odds ratio of
0.945 suggested no significant difference in the allelic
distribution between these two groups.

No significant difference was observed between
the insulin resistance parameter HOMA-IR, FBG and
serum testosterone values between cases and controls
having a BMI value < and > 23 kg/m? (Table IV).
Similarly, there was no significant difference between
the allelic distribution between these two groups for
both cases and controls.

Multivariate general linear model test for
analysis of covariance was done to assess the effect
of BMI on study parameters by analysing them
simultaneously. Results (Table V) showed that there
was no significant difference in the FBG, HOMA-IR
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Table II. Distribution of different alleles according to HOMA-IR cut-off value in PCOS cases

HOMA-IR  HOMA-IR 42 value Asymptomatic  Fisher’s exact
>1.40 <1.40 sig. (2 sided) significance (2 sided)
Case group TT 14 6 1.61 0.447 0.441
(n=75) TC 27 6
CC 15 7
Total number of 55 18 0.034 0.854 0.980
T alleles
Total number of 57 20
C alleles
Control group TT 3 15 * 0.997
(n=73) TC 5 30
CC 4 16
Total number of T alleles 11 60 0.09 0.825
Total number of C alleles 13 62

“Chi square test not possible as one of the values in the observed and expected range was <5

Table III. Distribution of different alleles in the PCOS cases and normal control subjects

P and q represent the frequency of T and C allele respectively

Cases Controls ¥2 value  Asymptomatic sig.  Fisher’s exact Odds ratio
n="175) n=73) (2 sided) significance
(2 sided)
TT (p) 20(0.2368)  18(0.2234)  0.23 0.89 0.89
TC (2pgq) 33(0.4996)  35(0.4985)
CC (¢°) 22 (0.2636) 20 (0.2781)
Total number of T alleles (p) 73 (0.4866) 69 (0.4726)  0.06 0.80 0.817 0.945
Total number of C alleles (¢) 77 (0.5134) 77 (0.5274)

Table IV. Distribution of different parameters among PCOS cases and normal control group according to BMI (in kg/m?)

PCOS case group

Normal control group

Abbreviations as given in Table [

BMI > 23 BMI <23 BMI > 23 BMI <23

(n=57) (n=18) (n=154) (n=19)
Mean + SD Mean = SD Mean = SD Mean + SD
Serum testosterone (pLg/1) 1.36 £ 0.69 1.38 £ 0.56 0.48 +0.26 0.40 +0.22
HOMA-IR 2.08 +0.88 1.66 = 0.37 1.20+0.25 1.32+0.42
FBG (mmol/l) 5.11+0.97 4.94 +0.55 4.86 +0.46 4.83+0.53

and serum testosterone values between subjects having
a BMI greater than 23 and those with BMI lesser than
23 kg/m? for both cases and controls.

Fig. 2 shows the distribution of allelic patterns of
CYP17A1 in terms of the C/T polymorphism. It was
observed that the gene containing both T alleles was
not digested and showed a single band at 459 bp,
whereas the gene having an SNP of C > T was digested

to show two bands for CC homozygotes at 335 and 124
bp and three banks for heterozygotes at 459 bp (for one
TT allele) and 335 and 124 bp (for another CC allele).

Discussion

The major target in the present study was to explore
the relationship of insulin resistance with CYPI7A41
gene polymorphism in our region by examining any
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Table V. Analysis of covariance by general linear model, multivariate analysis for showing the effect of BMI on other study parameters
in PCOS cases (n = 75) and normal control subjects (n = 73)
Tests of between subjects effects
Source Dependent variable Type I sum of df Mean square F P value
squares
Corrected model Testosterone 30.348° 2 15.174 58.542 <0.001
HOMA-IR 21.699° 2 10.850 28.849 <0.001
FBG 0.708¢ 2 0.354 1.0 0.361
Intercept Testosterone 4.748 1 4.748 18.320 <0.001
HOMA-IR 19.863 1 19.863 52.817 <0.001
FBG 117.8 1 117.8 341.5 <0.001
BMI Testosterone 1.305E-0 1 1.305E-0 0.05 0.823
(cut-off value 23 kg/m?) HOMA-IR 0.66 1 0.66 1.77 0.185
FBG 0.123 1 0.123 0.357 0.551
OVERALL GROUP Testosterone 30.34 1 30.34 117.05 <0.001
(Group 1 for cases: HOMA-IR 21.06 1 21.06 56.01 <0.001
N=75, FBG 0.582 1 0.582 1.68 0.196
Group 2 for controls:
N=73)
Error Testosterone 37.84 146 0.259
HOMA-IR 54.90 146 0.376
FBG 50.39 146 0.345
Total Testosterone 193.66 149
HOMA-IR 464.69 149
FBG 3665.99 149
Corrected Total Testosterone 68.192 148
HOMA-IR 76.60 148
FBG 51.10 148
R squared = 0.445 (Adjusted R squared = 0.437)
"R squared = 0.014 (Adjusted R squared = 0.000)
R squared = 0.283 (Adjusted R squared = 0.273)

possible link between insulin resistance and C/T
polymorphism at the -34 region in the promoter site of
this gene. To find out the status of this polymorphism
we performed Hardy-Weinberg equilibrium analysis
which revealed y2 for the case and control groups
to be, 1.36 and 0.31, respectively (data not shown in
Tables). These values are less than the critical value
of 3.84 for 1 degree of freedom that signifies that
this polymorphism is stabilized in this population
according to the Hardy-Weinberg equilibrium rule.
These findings were similar to the observations in
different regions of the world that reported a steady
state of this polymorphism among PCOS cases’.
However, in the present study these stabilized allelic
distribution failed to show any significant relationship
with the group having increased HOMA-IR values.
Although there was a modest increase in total number
of C alleles against their T counterparts, it failed to
show any significant relationship with the insulin
resistance parameter HOMA-IR in the patient group.

These observations indicated that the elevated insulin
resistance in our PCOS case group did not have any
link to the C/T polymorphism at the -34 region in the
promoter site of the CYPI7 gene. Insulin has been
found to increase the expression of steroidogenic genes
like StAR and CYPI17%. CYPI17 gene codes for the
protein, P450c17, which is a single cytochrome P450
enzyme that mediates both 170-hydroxylase and 17,
20 lyase activity in the biosynthetic pathway of steroid
hormones'. Importantly, a significant association of
C/T polymorphism in the promoter region of CYP17
gene with insulin resistance has been reported', but
not found in our study group.

In patients suffering from PCOS, insulin
resistance has been reported to be linked to several
variable factors like body weight, some hormones
like adiponectin and atrial natriuretic peptide** and
genetic polymorphism of C/T at the promoter region of
CYP17 gene'. Homozygosity of the A2/A2 type of C/T
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159bp —>
35kp 3,

124bp—>

Fig. 2. Restriction fragment length polymorphism (RFLP) pattern
of MspAl digest of the CYPI7A41gene. Lanes 1 and 8 : 100 bp
DNA ladder, Lane 2: TC heterozygote, Lane 3: TT homozygote,
Lane 4: No DNA sample, Lane 5: CC homozygote, Lane 6: No
DNA sample, Lane 7: TC heterozygote.

polymorphism at this region is found to influence steroid
biosynthesis and thereby cause hyperandrogenemia,
and hyperandrogenemia itself is reported to be related
to an increased insulin resistance observed in these
patients'®. The ovarian cells, particularly in PCOS, have
been reported to exhibit hypersensitivity to insulin and
insulin like growth factor 1 (IGF-1) that may increase
ovarian steroid hormone production in absence of this
polymorphism?®. Furthermore, insulin itself has been
foundtoinducethe CYP/7 gene expression and augment
the 17 a hydroxylase activity via PI-3K pathway that
may overstimulate the androgen biosynthetic pathway
directly®?%. The consequent hyperandrogenemia plays
an augmentative role for producing the state of insulin
resistance further'’. These observations suggest that
hyperinsulinemia and insulin resistance may not be
always induced by C/T polymorphism of the CYP17
gene as a cause and effect relationship. Our results
indicate that insulin induced increase in the androgen
secretion as well as its increased sensitivity on the
ovarian cells are, most probably the predominant
reasons for the clinical effects and symptoms of
androgen excess observed in PCOS patients.

Though modified by body weight and other factors,
insulin resistance is an intrinsic part of PCOS and has
been reported with different levels of HOMA-IR?. In

the present study, we did not observe any significant
difference in the BMI between the PCOS patients
and controls, indicating that the case group was not
obese and was matched with the normal body weights
of healthy controls. This might explain the modest
increase in the HOMA-IR values against higher values
observed in obese PCOS patients in other studies
(> 2.0)]8,19_

A battery of mechanisms including a reduction in
the expression of insulin receptor substrate 1 (IRS-1),
its tyrosine posphorylation®, defect in signaling process
between insulin receptor and glucose transporter-4
(GLUT-4) proteins, reduced GLUT-4 expression in
adipose tissues® and altered expression of several
genes like CYPI7, PPAR-y, retinoid X receptors
(RXR) have been suggested as plausible explanations
for generating a state of insulin resistance in PCOS
cases’®. However, in spite of this insulin resistance
in the peripheral tissues, the ovarian tissues show a
paradoxical response to this hormone®®. In absence of
any link of the CYPI17A41 polymorphism with insulin
resistance in our study group, we suggest a possible
role of any of these other mechanisms, working alone
or together, in generating an insulin resistant state in our
population that needs further large scale studies.

The major limiting factor of the present study was
the relatively small size of non-obese PCOS patients
that could be included after a complete diagnosis
of the disease within the stipulated time period for
obvious reasons. However, two small scale studies
conducted earlier reported hyperandrogenemia with
A2/A2 phenotype of CYPI7 gene®' with 65 patients
and a linkage between C/T polymorphism in insulin
receptor and PCOS with 61 Japanese patients®. Large
multicentric studies involving multiple ethnic groups
are required for elaborating the effects of genetic
polymorphism on several aspects of PCOS more
evidently and conclusively.
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