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Abstract

Background: Polycystic ovary syndrome (PCOS) is one of the most
common endocrine disorders that affect women of childbearing age.
Several genes, in addition to environmental factors, are involved in
PCOS events.

Aim: To clarify the association between INSR and PLIN genes and
PCOS development.

Materials and methods: SNPs in INSR and PLIN was determined
using RFLP- PCR and ARMS.

Results: There was a significant increase in BMI, Triglyceride, VLDL
and Sugar (29.22, 154.66, 30.01, 109.83, respectively) in the PCOS
group as compared to the control group (25.19, 121.13, 25.2, 93..4).
The frequency of the C allele for /NSR in the PCOS group was 0.46,
while it was 0.3 in control group.. TT genotype was associated with
increased BMI, Triglyceride, HDL, VLDL and Sugar. The frequency
of GG in the PCOS group was 0.3 compared to 0.17 in the control
group. The increase in BMI, Triglyceride, VLDL and Sugar in PCOS
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group was associated with the CC genotype of the PLIN gene.
However, the menarche age was not significantly different between
PCOS and control groups. This study indicated association of SNPs in
INSR and PLIN with insulin resistance and lipid metabolism disorders
in women with PCOS

Conclusion: An association of C/T polymorphism at Exon 17 of
INSR with PCOS in women was observed. This indicates that the
genotype CT may be a risk factor for developing PCOS. As for the
PLIN gene, it was found that the group of healthy women who have
the genotype CG (heterozygous asymmetric) is the genotype that is
not responsible for the occurrence of the disease when compared with
the group of women who have the genotype CC (homozygous
symmetry).

Keywords: Polycystic ovary syndrome, RFLP-PCR, ARMS-PCR,
PCOS, INSR, PLIN.

Introduction

Polycystic ovary syndrome is one of the most common
endocrine disorders that affect women of childbearing age. It also
exhibits male characteristics such as acne, hirsutism, as well as insulin
resistance, obesity, type 2 diabetes and high cholesterol levels. [1].
There is growing evidence to support the syndrome as hereditary
pathological condition [2,3].

Women with PCOS have metabolic disorders and the risk of
central obesity, hypertension, hyperglycemia, hyperinsulinemia, low
high-density lipoprotein and high serum triglycerides. Type 2 diabetes
mellitus (T2DM) and cardiovascular disease (CVD) are also evidence
that suggest insulin resistance is a basic physiological disease
associated with polycystic ovary syndrome.[4]. Type 2 diabetes was
detected by insulin resistance in tissues. Insulin-dependent thus
decreasing insulin secretion from beta cells in the pancreas [5,6]. The
insulin receptor is a Heterotetrameric glycoprotein, a member of the
Tyrosine kinase family consisting of two units a and beta linked by a
disulfide bond encoded by the INSR gene, which is located on the
short arm of chromosome 19 at region 13.2 (19q13).[2]. This gene is
composed of 22 exons and more than 120 kilo base pairs [7]. The
encoding area between exon (17-21) encodes for the receptor protein
tyrosine kinase and is essential for the transduce of the insulin signal,
automatic phosphoration of tyrosine residue [8,9].
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Several types of polymorphisms have been identified within
the encoded and non-coding region of the /NSR gene for patients with
PCOS syndrome. Most of these mutations are silent and the highest
frequency of these single nucleotide polymorphism (SNPs) is located
on the Exonl7 of the INSR gene [10], where these mutations affect the
phosphorylation of Tyrosine as well as signal transduction to insulin
[11]. It has been suggested that the defect is in the beta chain. Among
the exon SNPs 17 on the /NSR gene, C / T at the His1058 site in the
tyrosine kinase protein, which has an ATP binding site for insulin
receptors, has been linked to the development of PCOS probably
through the effects on spontaneous phosphorylation and INSR
function in some women with the syndrome. [7,10,11].

Genes involved in type 2 diabetes are insulin resistance
(PLS), a gene (rs4578621) that encodes Perilipin, one of the
phosphorylated proteins that cover intracellular lipid droplets [12].
High Perilipin leads to lipolysis and increased fatty acids and Perilipin
is necessary for controlling the level and transport of triglycerides in
the blood, triglycerols [13]. This gene is located in humans on the long
arm of chromosome 15 at site 26.1 (15g26.1) (NCBI). This site is
already close to the site of obesity, diabetes and triglycerides. This
protein is the target of protein kinase enzymes (PKA), no
phosphorylated PLIN which can act as an obstacle to the hormone
sensitive lipase (HSL) that is involved in the decomposition of
triglycerides (TAGs) into intracellular lipid droplets [14,15]. In
addition, phosphorylation of PLIN may stimulate the function of HSL
[16]. This function may also play a role in causing obesity and fat
metabolism within the body.

Several studies have shown that the level of expression of
PLIN is associated with obesity. In 2003, a study conducted by San
Millan et al [17] revealed that obese individuals have a lower level of
PLIN compared to normal individuals and slimming. In another
study, the level of PLIN was high and the concentration of mRNA in
obese individuals [18], while the study conducted by Seeley and
Woods [19] in 2016 showed that the PLIN gene is linked to obesity
and related diseases. Thus this study was conducted to clarify the
association between INSR and PLIN genes polymorphism and
development of PCOS.
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Materials and methods
Study population and sample collection

Women with PCOS were recruited from those attending
Gynecology and Obstetrics Clinic in Samara General Hospital for the
period from 1Ist July to 1st December 2018. Blood samples were
collected from 70 women with polycystic ovary syndrome and 30
apparently healthy women as matched control for laboratory
investigation. Their age range was 16 to 46 years.

The demographic and clinical data gathered wusing a
predesigned questionnaire. Each blood sample was divided in to two
parts, the 1% one ml was placed in EDTA test tubes and to be used
later for DNA extraction. The 2" part of the sample used for
separation of serum and determination of lipid profile and blood
sugar. Lipid profile and blood sugar were determined using Biolabo
kits, France. The study protocol was approved by the Ethical
Committee of College of Science, Tikrit University. Verbal informed
consent was taken from each women before their enrolment in the
study.

Molecular tests

The molecular test was performed in Molecular Biology
Laboratory, College of Science, Tikrit University. DNA extracted
from white blood cells preserved in EDTA tubes using the previously
reported extraction method [20]. Polymorphisms are detected using
RFLP- PCR and ARMS. The Exon 17 polymorphism of the /INSR
gene was detected using PCR techniques and using aprimex kit from
Bioneer Korea. The primers used in the test are shown in Table 1.

Table.1. Sequence of primers used to detect(INSR, PLIN)
polymorphisms

Gene Sequence Method
INSR | F-5'CCAAGGATGCTGTGTAG ATAAG-3’ RFLP-

R-5" TCAGGAAAGCCAG CCCATGTC.-3’ PCR
PLIN | R-wild- STGGACATCTCACTGTATT ARMS

GCTC-3"

R-Mutant-5"

TGGACATCTCACTGTATTGCTG-3"

F-common-5’

AAATGCAGGTAGCCATAAGA-3’
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Following the program described previously [21], the 317bp
PCR product was cut by (10 unit) Pm/l (Biolab, England) for 4 hours
and at 37 C°. The digested DNA electrophoresis performed over the
2% agarose gel and then detected using UV-trans-illuminator. The
single band 317 bp mean TT homozygous genotype. The three bands
(317, 274, 43) bp mean the Heterozygous CT genotype. The two
bands (274, 43) bp mean the Homozygous CC Genotype, Fig. 1.

317ppCT. CT T CT
___'! H r— H -

274 bp

Fig.1.Restriction fragment length polymorphism analysis of the
C/T polymorphism of exon 17 in the INSR gene. Agarose gel (2%)
electrophoresis after Pmll digestion of the PCR

M: 50 bp DNA ladder; Samples 1,2, 3,5,6,8,9,10: CT genotype
(317-bp, 274-bp and 43-bp); Samples 4 and 7:TT genotype (317-
bp)

(rs4578621) SNPs was detected by applying ARMS-PCR
technique using the primers listed in Table (1) and Primexkit and
following the program instructions [22]. Two reactions were used for
each sample, each reaction in a separate test tube. In the first tube, the
Feommon primer was used with Rwiiq, while in the second tube, Fcommon
and Rmutant were used. Electrophoresis then performed on the agarose
gel and imaged in the E-graph device. If the band appears in the first
tube only the genotype is CC, if a band appears in the two tubes
means that the genotype is CG, but if a band appears in the second
tube only, the genotype is a homozygous GG, Fig 2.
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Fig. 2. Electrophoresis on 2% concentration of agarose gel using
ARMS-PCR for PLIN gene with 100bp volumetric index for
infected group

M: 100 bp DNA ladder; Samples 1,2, 3,4: CC genotype; Sample 5
:CG genotype; Sample 6: GG

Statistical analysis

The p and t value were calculated using SPSS version ( 21.0.).
Alleles frequency of SNPs was calculated as described previously
[23].

Results

Amenorrhoea was the common symptom (77.14%) present in
women with PCOS, followed by hirsutism (72.8%), Table 2.
Additionally, there was a significant differences in BMI value and
mean serum concentration of Triglyceride, LDL, HDL, VLDL and
Sugar in patients as compared to control group. However, there was
no significant difference in the age of menarche and mean serum
cholesterol between the two groups, Table 3 and Fig 1.

Detected polymorphisms in the two studied genes are shown in
Table.4 and 5. For INSR gene, there was a significant differences (X*
=8.43; P =0.015) in CC, CT, and TT genes between women with
PCOS and control group. Additionally, the frequency rate of allele C
was 0.46 in women with PCOS and 0.3 in control group and the
difference was statistically significant (X2= 5.433; P=0.02). In
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addition, the T allele frequency in patients was 0.54 and 0.70 in
control group. This finding indicated that CT genotype was a risk
factor for developing ovarian cyst syndrome and may suggest that T
allele was protective factor for PCOS development, while C allele was
a risk factor for the development of PCOS, Table 4.

Table 2. Phenotypic characteristics of women with PCOS

Phenotype Percent
Hirsutism 72.8
Acne 55.7
Baldness 32.8
Infertility 28.5
Amenorrhea 77.14

Table 3. Comparison of variables in women with PCOS and
control group.

Mean = SD

Parameters PCOS Control p-value
Menarche age 14.39+0.01 14.33+0.02 0.37
BMI 29.22+0.45 25.19+1.04 0.00067
Cholesterol 179.67+22.32 190+52.07 0.193
Triglyceride 154.66+85.32 121.13+99.09 0.024
LDL 109.55+22.7 125.98+52.6 0.03
HDL 37.19+0.65 42.03+1.53 0.0007
VLDL 30.93+3.23 24.23+7.53 0.007
Sugar 109.83+20.75 93.4+48.1 0.025
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Fig. 3. Variables comparison between PCOS and control groups.

Table.4. Distribution of C/T Alleles of exon 17 of INSR in women
with PCOS and control group.

Group
Genotype Control Patient
N % Freq. N % Freq.
CC 2 6.6 (0.06) 8 114 (0.11)
CT 14 46.7 (0.47) 49 70.0 (0.70)
TT 14 40.7 0.47) 13 18.6 (0.19)
Total 30 | 100% 70 | 100%
X? Chi-Square = 8.430 ; P=0.015
Genotype N (%) N (%)
C allele 0.30 0.46
T allele 0.70 0.54
X? Chi-Square = 5.433 ; P=0.02
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For PLIN gene, there was a non significant differences (X*
=2.8; P>0.05) in CC, CG, and GG genes between women with PCOS
and control group. Additionally, the frequency rate of allele C was
0.50 in women with PCOS and 0.58 in control group and the
difference was statistically not significant (X? =1.288; P>0.05). In
addition, the G allele frequency in patients was 0.50 and 0.42 in
control group. This finding suggest that GG genotype may be a risk
factor for the development of ovarian cyst syndrome and may suggest
that C allele may play as a protective factor for PCOS development,
while G allele may be a risk factor for the development of PCOS.
However, this finding need to be confirmed in a large scale study.

The analysis of C/G alleles of PLIN and C/T Alleles of exon

17 of INSR on the basis of age of menarche, BMI, sugar, and lipid

profile strata not reveal any significant differences with the exception
of BMI with INSR genotype, Table 6 and 7.

Table.5. Distribution of C/G Alleles of PLIN in women with PCOS
and control group.

Genotype Groups
Control Patient
N % Freq. N % Freq.
CC 10 33.3 (0.33) 25 35.7 (0.36)
CG 15 50.0 (0.50) 24 34.3 (0.34)
GG 5 16.7 (0.17) 21 30.0 (0.30)
Total 30 100% 70 100%
X? Chi-Square = 2.800; P=0.247
Genotype N (%) N (%)
C allele 0.58 0.5
G allele 0.42 0.5
X? Chi-Square = 1.288; P=0.256
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Table.6. Correlation of INSR Genotypes with some biochemical
parameters, BMI and Age of menarche.

Genotype parameters |[Number Mean £+ SD P value
Age of CC 8 14.37+.51 0.917
Menarche CT 49 14.40+.81
TT 13 14.30+.75
Total 70 14.38+.76
BMI CC 8 24.294+4.75 0.004
CT 49 28.86+6.33
TT 13 33.58+5.77
Total 70 29.21+6.51
Cholesterol CC 8 171.62+24.30 0.607
CT 49 182.40+37.23
TT 13 174.30+33.04
Total 70 179.67+35.10
Triglyceride CC 8 139.25+85.75 0.163
CT 49 146.48+69.70
TT 13 194.92+125.02
Total 70 154.65+84.99
HDL CC 8 34.87+4.29 0.539
CT 49 37.42+6.48
TT 13 37.69+6.34
Total 70 37.18+6.22
VLDL CC 8 27.85+17.15 0.618
CT 49 29.30+13.94
TT 13 33.98+24.29
Total 70 30.00+16.48
LDL CcC 8 112.27+19.01 | 0.469
CT 49 112.16+37.45
TT 13 98.01+43.89
Total 70 109.54+37.12
Sugar CC 8 88.37+15.43 637
CT 49 105.32+51.35
TT 13 104.61+40.63
Total 70 103.25+46.634
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Table.7. Correlation of PLIN Genotypes, BMI,
biochemical, and Age of Menarche parameters.
Genotype parameters N Mean = SD | P value
Age of Menarche CC 25 14.36+.81
CG 24 14.37+.82
GG 21 14.42+.67
Total | 70 | 14.38+76 0.953
BMI CC 25 29.48+7.79
CG 24 30.89+5.36
GG 21 27.24+5.53
Total | 70 | 29.29+6.46 0.165
Cholesterol CC 25 | 178.2+35.42
CG 24 | 172.25+£25.47
GG 21 | 190.61+42.45
Total 70 | 179.90+35.09 0.208
Triglyceride CC 25 [175.96+104.30
CG 24 | 138.16+76.79
GG 21 | 150.71+65.60
Total 70 | 155.42+85.20 0.290
HDL CC 25 35.40+5.20
CG 24 37.91+7.24
GG 21 | 38.0476+6.24
Total 70 37.05+6.30 0.264
VLDL CcC 25 | 32.60+20.09
CG 24 (27.6333+15.35
GG 21 |30.1429+13.12
Total | 70 | 30.16+16.53 0.581
LDL CC 25 | 106.22+39.23
CG 24 | 104.28+29.40
GG 21 | 118.91+41.93
Total | 70 | 109.36+37.06 | 0.369

Sugar CC 25 | 119.28+66.73
CG 24 | 90.16+26.07
GG 21 | 100.66+28.90

Total 70 | 103.71+46.60 0.085
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Discussion

PCOS is one of the most widely studied endocrine diseases in
women. Many patients with PCOS are more likely to develop T2DM
and have symptoms such as glucose intolerance and insulin resistance
[24]. Lipid metabolism disorders, central obesity, hypertension and
high triglyceride level [25] were associated with PCOS. The current
study shows a significant difference in BMI between the PCOS and
the control group. It was also observed that there was a significant
difference in triglycerides, VLDL, HDL, LDL and blood sugar levels
in PCOS group compared with the control group. No difference was
observed in the mean age of menarche. Cholesterol, LDL and HDL
were significantly lower in the PCOS group as compared to the
controls. Fat metabolism is one of the most common disorders in
PCOS patients with an incidence of more than 70% [26]. It was
suggested that genes related to insulin action and lipid metabolism
with a particular focus on the /NSR and PLIN gene may act as a cause
of PCOS. In other words women with certain gene focus are more
susceptible for the development of PCOS than those without such
genes.

The INSR receptor gene is composed of 22 exons located on a
chromosome 19 extending over 120 kbp. Several single nucleotide
polymorphisms of the INSR gene have been detected, the most
important being the expression region exon 17 [27]. This region
encodes the tyrosine kinase protein for insulin receptors and is
therefore  associated with severe insulin resistance and
hyperinsulinism and is therefore highly associated with PCOS [28,29].
The present study findings reveals an association between a single
nucleotide polymorphism in exon 17 of the /NSR gene and PCOS
development.

The frequencies of the CC, CT and TT genotypes were
significantly different between PCOS patients and the control group.
Interestingly, the TT genotype was higher in control women than in
patients while the CC genotype was higher in women with PCOS.
This finding indicated that TT genotype was a protective gene while
CC genotype was a risk factor for the development of PCOS.
Moreover, obesity was associated with the genotype (TT) compared to
the other genotype, the mean of BMI in women with TT type was
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higher and a significantly different in their frequency from that in
women with CT and CC genotype [30].
The polymorphism of 1085 C / T in the encoded segment of the

tyrosine kinase on the /NSR gene indicated that women with the
syndrome may be overweight or thin [10,29]. This study proved that
women with PCOS were overweight and had higher BMI values than
control group. This finding suggest that there was a clear effect of C /
T polymorphism in exon 17 of the /NSR gene on physiological and
biochemical variables in women with PCOS.

Women with genotype TT had higher mean level of glucose as
compared to those with other genotypes. In other words there is
insulin resistance predominance. In cases where mutations occur in
exons 17-21, the region that encodes tyrosine kinase for insulin
receptors is highly resistant to insulin and hyperinsulinemia [31].
Excessive phosphorylation of serine residues from /NSR and signal
transfer molecules is causing insulin resistance. This molecular
imbalance reduces the activity of tyrosine kinase in INSR, thereby
reducing the signal transmission pathway [31,32]. Studies of INSR
function in some women with PCOS have found that changes in auto-
phosphorylation that may be secondary to tyrosine Kkinase
polymorphisms selectively affect metabolic pathways rather than
dilution pathways in conventional insulin-targeted tissues and ovaries
[33]. Insulin stimulates obesity by affecting the brain causing hunger.
Recent evidence suggests that the brain processes information from
fatty tissue signals such as insulin, which are spread in proportion to
body fat mass, and integrates this input with nutrient signals such as
fatty acids [34,35]. In response, the brain sends signals to control
nutritional behavior and metabolism of essential substances in ways
that promote balance in both energy stores and fuel metabolism, the
liver works by making fat by converting extra calories into fat, and on
fat cells in the muscle belly to be filled with fat by reducing
mitochondrial function [36,37].

In the PLIN gene (rs4578621), the results showed that the
frequency of homozygous mutant patterns (GG) was higher in women
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with the polycystic ovary syndrome (0.3) compared to the control
group (0.17). The frequency of alleles C in patients was (0.5) while it
was (0.58) in the control group, while alleles G was with frequency of
(0.5) and (0.42) in patients and control groups respectively. From the
equilibrium of the society and the stability of the allele frequency, the
mutant allele frequency was higher in patients than in the control
group [23]. This variation in genes and alleles may explain the
prevalence and incidence rates differences between different social
groups.

Women with PCOS who show INSR polymorphism were with
significant lower BMI mean value in those with CC genotype as
compared to those with CT and TT genotypes. In addition, serum
cholesterol, triglycerides, VLDL, HDL and blood sugar were lower in
CC genotype as compared to CT and TT genotypes. However, the
differences not reach a significant levels and thus warranted the need
for conduction of large scale study to confirm or exclude this finding.

The present study data showed that women with polycystic
ovary syndrome carrying C alleles had a higher value of BMI than
other alleles in women with PLIN polymorphism. Additionally,
genotypes (CG and CC) showed a higher mean values of BMI than the
genotype (GG). Blood glucose mean serum value was higher in
women with CC genotypes as compared to those with CG and GG
genotypes. PLIN protein is an important phosphorylated proteins in
the process of controlling the level and transport of triglycerides [14].
This may play a role in the events of obesity and obstruction of fat
metabolism within the body as previous studies have shown that
individuals who are obese and related diseases they have a lower level
of PLIN protein [16,19]. At the same time, the age of a menarche
showed no difference between the three genotypes, while HDL and
LDL cholesterol concentration was low in CC genotypes compared to
other genotypes.

This study is the first research on the relationship of the PLIN
gene in Iraqi women with PCOS. Global previous studies had reported
fewer links between the PLIN gene and PCOS. This is explained the
current study finding concerning the genetic variation in the PLIN
gene. It was not associated with the risk of PCOS. However, the
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present study sample size is small and this warranted the need for

performance in a large scale study.

In conclusion, an association of C/T polymorphism at Exon 17
of INSR with PCOS in women was observed. This indicates that the
genotype CT may be a risk factor for developing PCOS. For the PLIN
gene, it was found that the group of healthy women who have the
genotype CG (heterozygous asymmetric) is the genotype that is not
responsible for the occurrence of the disease when compared with the
group of women who have the genotype CC (homozygous symmetry).
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