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Abstract

Obijective: To identify the effects of metformin and kisspeptin structural polymorphism on the
risk of polycystic ovary syndrome (PCOS) in Iragi women.

Methods: Samples were collected at the family planning center of Al-Hassan Teaching Hospital
(infertility clinic), lrag. Hormonal and hematological parameters were measured. Kisspeptin
structural polymorphisms were analyzed by polymerase chain reaction using a conventional
thermal cycler and Phyre2 predictions. Kisspeptin concentrations were assessed by an
enzyme-linked immunosorbent assay.

Results: Follicle-stimulating hormone (FSH) was the only sex hormone that changed in women
with PCOS after metformin treatment. FSH concentrations were significantly increased after
therapy compared with before therapy (9.39 +2.1 vs 5.13 £ 1.53 IU/L). We found that a single
nucleotide polymorphism substituting G to C was related to PCOS. The kisspeptin structural
polymorphism showed that the C allele was related to low FSH concentrations after treatment
(6.92+221U/L to 5.34+ 1.58IU/L). Kisspeptin concentrations were significantly lower after
metformin treatment than before metformin treatment (395.44 + 67.83 vs 273.18 +42.98 ng/mL).
Conclusion: A variation in the KISS/ gene or its protein structure may be involved in the
development of PCOS. The response to metformin may be used as an indicator and could
contribute to the early diagnosis and medical therapy of PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is a
complex endocrine disorder that may be
caused by a mixture of genetic, environmen-
tal, and intrauterine factors. There may be
prenatal risk factors for the manifestation
of PCOS characteristics in post-pubertal
life. Overweight women can have female
offspring with hirsutism and high androgen
concentrations, while normal weight
women can have offspring with high lutei-
nizing hormone (LH) and normal androgen
concentrations." * PCOS can be due to
hereditary causes. However, women with
PCOS have two main genetic changes that
affect how androgen and insulin are pro-
duced, as well as a higher incidence of sev-
eral gene polymorphisms.®

A neuropeptide called kisspeptin is the
product of the KISS! gene, which was
first identified and discovered as a metasta-
sis suppressor gene and added a new dimen-
sion to understanding the physiology of
ovulation, reproduction, and fertility.>’
Kisspeptin  increases the release of
gonadotropin-releasing hormone (GnRH)
and is essential for the secretion and surge
of LH and follicle-stimulating hormone
(FSH) during the ovulation process.
During an increase in estrogen levels and
an LH surge, this negative feedback may
change to a positive response.® Therefore,
kisspeptin is a crucial component in trigger-
ing the LH surge and ovulation.
Additionally, kisspeptin expression increases
immediately before ovulation and the

LH surge.” Kisspeptin neurons express
estrogen receptor.'® ' Although the expres-
sion of ovarian kisspeptin in many animals
and in humans has been confirmed, the pre-
cise mechanism by which kisspeptin is
involved in ovulation is still unknown.
PCOS is a neuroendocrine condition charac-
terized by altered metabolism, hyperandro-
genism, and ovulatory dysfunction. Because
patients with PCOS have high LH and
GnRH concentrations, kisspeptin concen-
trations may also be high. Numerous studies
have examined kisspeptin function in the
pathophysiology of PCOS and showed that
patients with PCOS have higher kisspeptin
concentrations than healthy women.'* '®

Similar to most of the women world-
wide, Iraqi women of reproductive age are
also affected by PCOS. However, the etiol-
ogy and indicators of PCOS are unclear.
The strong relationship between PCOS
and kisspeptin suggests that identifying
kisspeptin concentrations and the muta-
tions and polymorphisms in the kisspeptin
gene including K/SS1 is important. Genetic
variations in the KISS/ gene are likely to be
associated with PCOS in Iraqi women.
Therefore, this study aimed to identify the
genetic changes in single nucleotide polymor-
phisms (SNPs) (rs4889) and their relation-
ships with physio-biochemical characteristics
before and after metformin treatment. We
also investigated the possible three-
dimensional structural variations between
allelic kisspeptins by using internet-based bio-
informatics tools, and they are discussed with
regard to the etiology of PCOS.
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Materials and methods

Patients

This prospective cohort study was per-
formed in the Karbala Governorate from
January 2021 to March 2022. Samples
were collected at Al-Hassan Teaching
Hospital’s family planning infertility clinic.
The ethics committee of the College of
Medicine at the University of Karbala
approved (2123-5-2023) the study protocol.
Written informed consent was obtained
from each patient. All of the patients’
details were de-identified in this project.
The reporting of this study conforms to
the STROBE guidelines. "’

Infertile patients who were identified as
having PCOS were diagnosed according to
the Rotterdam Consensus Meeting on
PCOS in 2003. Women with PCOS took
oral treatment of metformin for 3 months.
Women who had a regular menstrual cycle
and were in good health were in the control
group. They had a clinical evaluation to
ensure that they were free from any symp-
toms of PCOS and had no history of
infertility.

Measurement of parameters

To measure hormonal and hematological
parameters, SmL of blood were drawn
from each patient twice throughout the
same menstrual cycle. Thyroid—stimulating
hormone, LH, FSH, prolactin, testoster-
one, and progesterone were considered hor-
monal factors, and triglycerides (TGs), total

cholesterol (TC), high-density lipoprotein
(HDL), low-density lipoprotein (LDL),
fasting blood sugar (FBS), glycated hemo-
globin (HbAlc), and insulin were consid-
ered as hematological parameters. All of
the parameters were measured by the Mini
VIDS Cobas system (Siemens, Munich,
Germany). Kisspeptin concentrations were
assessed by an enzyme-linked immunosor-
bent assay.

Polymerase chain reaction analysis

A specific primer pair was designed for the
amplification of the KISSI gene using
the Primer-Blast tool (Integrated DNA
Technologies Inc., Coralville, Iowa, USA).
The primers were created using the https://
www.ncbi.nlm.nih.gov/  database. The
sequences of the forward and reverse pri-
mers used to amplify the KISSI gene of
interest are shown in Table 1. Using a spe-
cific set of forward and reverse primers,
polymerase chain reaction (PCR) was used
to amplify the target gene (Macrogen
Corp., Seoul, Korea). The total volume of
the PCR reactions was 25 uL, which con-
sisted of 3puL of DNA, 1.5uL of forward
primer, 1.5pL of reverse primer, and
12.5uL of master mix (GoTaq® G2 Green
Master Mix; Promega, Madison,
Wisconsin, USA), Finally, the components
of the reaction were added to PCR tubes,
and under sterile conditions, the volume
was increased to 25 plL by using deionized
water. The following heat cycling profile
was used for DNA amplification while
using a conventional PCR thermal cycler

Table I. Nucleotide sequences of primers used for KISSI gene amplification.

Length  Melting Product
Primers Sequence (bp) temperature (°C)  size
Forward primer ~ 5AGTTCCAGTTGTAGTTCGGCAG3' 22 57.06 300bp
Reverse primer ~ 5’CATCTTTCTGTGCCCTCTGTCCTA3 24 58.95

A 300-bp amplicon was amplified using forward and reverse primers containing 22 and 24 bases, respectively.

bp, base pairs.
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(Biobase Co., Jinan, Shandong, China). An
initial denaturation step was performed at
94°C for 5 minutes, which was then fol-
lowed by 25 cycles of amplification consist-
ing of the following: denaturation at 94°C
for 30s, annealing at 64°C for 30s, and
extension at 72°C for 46s. A final extension
at 72°C for 5 minutes was performed.

SNPs

To determine the sequence of the bases for
the KISSI gene polymorphisms, all PCR-
purified products in the patient and control
groups were sent to Macrogen Corporation
in Korea. The sequences were read using
the SnapGene Viewer (3.5) program
(Dotmatics Scientific R&D  Platform,
Boston, MA, USA). The nucleotide sequen-
ces were then compared with the Genbank
databases of the National Center for
Biotechnology Information website
(https://www.ncbi.nlm.nih.gov/) using the
BLAST search engine, and SNPs were
searched for. The tertiary structures of
KISS1 gene polymorphisms were predicted
by the Phyre2 internet-based online server.

Statistical analysis

The data were analyzed using PAST
(Ver. 3) software (https://past.en.lo4d.com/
windowsLO4D.com). Mean + standard
deviation values were compared between
the groups by the independent t test.

Values were considered significant at
P <0.05. All of the data were examined in
Excel (Microsoft Corporation India Ltd.,
Gurugram, India). The values of PCOS
variables that were linearly related to
other factors were found using correlation
analysis.

Results

One hundred patients were included in the
study before metformin treatment. The
patients’ age ranged from 20 to 40 years
(mean £ standard deviation: 27.64+3.90
years). We evaluated the body mass index
(BMI) in patients with PCOS. We found
slight differences in BMI regarding the use
of metformin treatment in female patients
before and after treatment, but there were
no significant differences between these
times. A small number of women had
a response to metformin treatment
(Table 2). We also observed that most
women with PCOS were overweight. A
total of 54% of women with PCOS were
overweight with a BMI value of >30kg/m?.

We also assessed some phenotypic fea-
tures, such as hirsutism, alopecia, menstrual
cycle regulation, and acne, in patients with
PCOS. We found significant differences in
these features with metformin treatment in
patients with PCOS as follows (Table 3).
We found a significantly lower number of
women suffering from hirsutism and

Table 2. BMI values in patients with polycystic ovary syndrome before and after metformin treatment.

Before metformin treatment

After metformin treatment

BMI (kg/m?) Number (%) Mean + SD Number (%) Mean + SD
<18.5 0 0 0 0
18.5-24.9 13 (13) 2221 +£1.8 I (12.2) 226+1.8
25-29.9 33 (33) 277£15 29 (32.2) 277+ 14
30+ 54 (54) 33.7+28 50 (55.5) 33.8+3.
Total 100 - 90 -

Statistical analysis X?=0.05, P=0.97, DF=2

BMI, body mass index; SD, standard deviation; DF, degrees of freedom.
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Table 3. Features associated with polycystic ovary syndrome before and after metformin treatment.
Before metformin After metformin
treatment (n = 100) treatment (n=90)
Parameters n (%) n (%) P value
Hirsutism
Yes 91 (91) 66 (73) X2=103
No 99 24 (26) P=0.001
Alopecia
Yes 84 (84) 63 (70) X?=253
No 16 27 P=0.02
Menstrual cycle regulation
Yes 0 15 X?=18.09
No 100 75 P=0.001
Acne
Yes 64 48 X2=222
No 36 42 P=0.13

Table 4. Hormonal concentrations in patients with polycystic ovary syndrome before and after metformin

treatment.

Before metformin After metformin

treatment (n = 100) treatment (n = 90)
Hormones Mean 4+ SD Mean £+ SD P value
LH (ng/mL) 899129 9.39+2.1 0.605
FSH (IU/L) 513+£1.53 9.39£2.1 0.049
TSH (ulU/mL) 2.36+0.23 2.36 +-0.85 0.98
Prolactin (ng/mL) 26.29+5.7 25.67 +6.22 0.77
Testosterone (ng/mL) 0.63+0.15 0.71 £0.21 0.15
Progesterone (ng/mL) 0.62£0.1 08+0.13 0.51
Kisspeptin (ng/L) 395.441+67.83 273.18 +42.98 0.011

SD, standard deviation; LH, luteinizing hormone; FSH, follicle-stimulating hormone; TSH, thyroid-stimulating hormone.

alopecia after metformin treatment than
before  metformin  treatment  (both
P <0.05) However, there were no signifi-
cant differences in other factors, including
a regular menstrual cycle and acne, between
before and after metformin treatment.

We evaluated six hormones (i.e., LH,
FSH, thyroid—stimulating hormone, prolac-
tin, testosterone, and progesterone) in
patients with PCOS. There were no signifi-
cant differences in these hormones in
women with PCOS between before and
after 3 months of metformin treatment,
except for FSH (Table 4). The mean FSH

concentration was significantly higher after
metformin treatment than before metfor-
min treatment (P <0.05). The mean kiss-
peptin  concentration was significantly
lower after metformin treatment than
before metformin treatment (P=0.011).
We also assessed hematological parame-
ters (i.e., TGs, FBS, LDL, HDL, TC,
HbAlc, and insulin) in patients with
PCOS before and after metformin treat-
ment. The mean HbAlc concentration was
significantly lower after metformin treat-
ment than before metformin treatment
(P=0.04, Table 5). There were no
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Table 5. Hematological parameters in women with polycystic ovary syndrome before and after metformin

treatment.

Before metformin
treatment (n = 100)

After metformin
treatment (n = 90)

Hematological parameters Mean + SD Mean +SD P value
TGs (mmol/L) 3.7£0.064 0.09+0.072 0.73
FBS (mmol/L) 2.56 £0.069 2.52£0.011 0.38
LDL (mmol/L) 2.6 £0.035 2.22+0.019 0.18
HDL (mmol/L) 1.224+0.032 1.18+0.011 0.22
TC (mmol/L) 6.85 +0.046 4.240.027 0.50
HbAlc (mg/L) 481041 41 £0.68 0.04
Insulin (mmol/L) 1.41140.0086 1.406 £ 0.0034 0.96

SD, standard deviation; TGs, triglycerides; FBS, fasting blood sugar; LDL, low-density lipoprotein; HDL, high-density

lipoprotein; TC, total cholesterol; HbAlc, hemoglobin Alc.
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Figure 1. Electrophotography of the KISS| gene (rs4889). Polymerase chain reaction product was loaded
into each well on a 2% agarose gel (70 V, 120 minutes, and 5 pL in each well). Lanes | to 20: polymerase chain
reaction product (300-base pair amplicon). Lanes 1, 6, 8, 12, and 16 are negative results, and lane M is the

DNA ladder (1001500 base pairs).

significant differences in the rest of the
other hematological parameters. There
were no significant differences in hemato-
logical or lipid profiles between women
with PCOS and healthy women.

We then investigated the genetic varia-
tion in different patients with PCOS. The
amplification result of the KISSI gene
showed an amplicon of 300 base pairs as
observed by electrophoresis on a 2% aga-
rose gel (Figure. 1).

Most (75%) of the patients with PCOS
had the G allele, which was a wild geno-
type, while 25% of the patients had the C

allele, which was a mutated genotype with
substitution of a proline residue to an argi-
nine residue. The amino acid sequences of
these two polymorphic kisspeptin coding
regions were predicted and aligned by
BLAST and CLASTALW similarity and
alignment search tools, respectively (data
not shown). The related three-dimensional
structures were also predicted by the Phyre2
protein structure prediction online server.
The three-dimensional structural patterns
varied among C and G alleles related to
kisspeptins, with substitution of the
helix-turn-helix to a continuous helical
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structure (Figure 2). Because proline is
responsible for the formation of bending
structures, the replacement of a proline res-
idue with an arginine residue in amino acid
sequences might cause three-dimensional
polymorphic structural variation among G
and C alleles of kisspeptin.

The correlation between six different
hormones and the allelic frequency of kiss-
peptin polymorphism is shown in Table 6.
There were no significant differences in
these hormones in relation to kisspeptin
polymorphism before and after treatment
with metformin, except for FSH. Blood
FSH concentrations were significantly
lower in women with PCOS carrying the
C allele after metformin treatment than

before metformin treatment (P=0.03,
Table 6). Kisspeptin concentrations were
significantly lower in women with PCOS
carrying the C allele after metformin treat-
ment than before metformin treatment
(P=0.041).

Discussion

Hyperandrogenism, persistent anovulation,
polycystic ovaries, insulin resistance, and
overweight are the hallmarks of PCOS,
which is a prevalent reproductive endocrine
illness.?® In this study, there was no signif-
icant difference in the BMI of women with
PCOS between before they had metformin
treatment and after metformin treatment
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Figure 2. Sequence reading of KISS| gene polymorphism and three-dimensional protein structure pre-
diction. The upper right panel shows a G allele of the wild type in a patient with PCOS. The left panel shows
a C allele of the mutated type in a patient with PCOS. The lower right panel shows the three-dimensional
structure of the G allele of KISS/ with a continuous helical structure. The lower left panel shows the
three-dimensional structure of the C allele of KISS| with a helix-turn-helix structure.
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Table 6. Sex hormone and kisspeptin concentrations in relation to the allelic frequency of kisspeptin
polymorphism before and after metformin treatment.

Alleles of Before Before
kisspeptin metformin metformin
Hormones polymorphism treatment treatment P value
FSH (IU/L) C 6.92+1.2 5344 1.28 0.03
G 58+1.92 56+ 1.22 0.47
LH (ng/mL) Cc 7.77+2.6 7.58+2.2 091
G 9.24+2.95 9.75+2.09 0.53
TSH (nlU/mL) C 2.13+0.51 2.11+0.53 0.95
G 2.394+0.57 2.440.65 0.92
Prolactin (ng/mL) C 9.83 £2.04 12.28 +2.95 0.42
G 17.17 £4.25 11.96 +£2.83 0.56
Testosterone (ng/mL) C 0.54+0.18 0.70£0.10 0.16
G 0.65+0.16 0.71+0.20 0.3
Progesterone (ng/mL) C 0.17+0.01 0.17 £0.08 0.16
G 1.32+£0.28 0.90+0.12 0.52
Kisspeptin (ng/L) C 360.03 +58.02 244.82 +20.09 0.041
G 390.85+77.46 301.45+65.87 0.078

FSH, follicle-stimulating hormone; LH, luteinizing hormone; TSH, thyroid-stimulating hormone.

for 3 months. Possible reasons for this find-
ing may be an insufficient treatment period,
the amount of the drug dose, the polymor-
phic status of the patient, and the patient’s
lack of commitment to treatment. This find-
ing is consistent with a study by Donnelly
et al. who suggested that the glycemic
response to metformin is similar in patients
without obesity and in those with obesity.>!
Therefore, an individual’s BMI does not
appear to affect the choice of the oral
agent. However, most of the women with
PCOS in this study had a BMI of more
than 30kg/m°. Gaining weight and being
obese are two of the most common factors
that lead to the clinical and biochemical
manifestation of PCOS in women who are
genetically prone to developing this condi-
tion. Therefore, there is a strong association
between being overweight and having
PCOS. The majority (from 38% to 88%)
of women who have PCOS are either over-
weight or obese.*

We found that there were significant dif-
ferences in the frequency of hirsutism and

alopecia in women with PCOS who used
metformin treatment. Our finding is consis-
tent with that by Spritzer et al. who was
found that androgen hormones were related
to the development of hirsutism.** Hirsutism
can occur if the level of these hormones rises
or if the body develops a greater sensitivity
to them. PCOS is the most prevalent cause
of hirsutism. Hirsutism is a disorder that
affects the ovaries, and some of the symp-
toms it can cause include acne and erratic
menstrual cycles, hair follicles, dihydrotes-
tosterone binding to the androgen receptor,
and the hormone-receptor complex stimu-
lating the genes responsible for the progres-
sive transition of big terminal follicles into
smaller follicles. This process is known as a
telogen effluvium.**

A total of 15% women start menstrua-
tion when using metformin treatment, and
this is due to the regularity of their andro-
gen hormones.>> When follicles in the ovary
are too small to reach maturity, the follicle
does not break and progesterone levels
decrease. Menstruation often begins when
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progesterone levels decline after being elevat-
ed after ovulation. In most cases, menstrua-
tion will cease if ovulation does not occur.
This explains why periods are so erratic or
nonexistent in women with PCOS.*

This study showed that there were no
significant differences in the sex hormones
that were measured in women with PCOS,
except for FSH. FSH concentrations were
significantly increased after metformin
treatment. An imbalance in the release of
LH and FSH occurs when GnRH secretion
is disrupted.®® Increased LH secretion stim-
ulates estrogen production from the ovary,
which through positive feedback, leads to
the mid-cycle LH surge that causes ovula-
tion.?®> Normally, the ratio of LH to FSH is
between 1 and 2 in healthy women. This
ratio is skewed in the opposite direction in
women with PCOS, and may reach as high
as 2 or 3.%7 This study is not consistent with
that by Cho et al. who found that the
median LH/FSH ratio was not significantly
different between the PCOS group and the
control group (1.6 versus 1.2, P=0.14).>8
They found that, compared with 15.6% of
samples from normally menstruating par-
ticipants, only 7.6% of samples from
patients with PCOS showed an LH/FSH
ratio >3. Our study suggested that a pattern
shift in FSH concentrations may be a suit-
able indicator for PCOS.

Although our study was a prospective
cohort study during 3 months, there were
no significant differences in hematological
or lipid profiles between women with
PCOS and healthy women. The reason for
the absence of any significant differences
may be due to the absence of a difference
in the BMI between these two groups of
women.

Agarose gel electrophoresis showed that
there was a clear PCR product (300 base
pairs) that could be used to identify genetic
polymorphism of the KISS! gene. This
study showed that there were no significant
differences in hormone concentrations in

women with PCOS when they were sorted
according to the allelic frequency of the
KISS1 gene, except for FSH hormone. We
found that the presence of the C allele was
associated with significantly lower FSH
concentrations in women with PCOS after
metformin treatment. Kisspeptin controls
the hypothalamic secretion of GnRH, and
the pituitary gland secretes FSH when stim-
ulated by GnRH.?’ Therefore, the low con-
centration of FSH patients with PCOS and
the C allele may be due to low kisspeptin con-
centrations or its malfunction. Baranavan
et al. suggested a correlation between high
serum kisspeptin concentrations and PCOS.*
Our kisspeptin assay results showed that its
concentration was decreased in patients with
PCOS when using metformin. This is an inter-
esting result, which indicates that metformin
may substitute the role of kisspeptin.

The response to GnRH in women with
PCOS is comparable to that in ovulatory
controls, suggesting that the C allele is
related to low FSH concentrations or
those within the lower follicular range in
PCOS.*' LH concentrations do not change
in PCOS. The LH secretion pattern may
shift for a number of reasons, including
altered sex steroid production, metabolic
malfunction, and obesity.*

Based on the predicted three-
dimensional structure, allelic polymorphism
may affect the structure and function of
kisspeptin in PCOS. This possibility needs
to be studied in the future. In addition to
the kisspeptin expression level, conforma-
tional changes in kisspeptin may also
affect the etiology of PCOS.

There are some limitations to this study.
These limitations include the difficulty in
taking blood samples, as well as the diffi-
culty of adhering to metformin treatment.

Conclusion and recommendation

The present findings suggest that a change
in the KISSI gene/protein structure plays
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a role in the onset of PCOS. Some physio-
biochemical  characteristics  (especially
including FSH and kisspeptin concentra-
tions) in women with PCOS are changed
after metformin treatment, and they might
be useful as indicators of PCOS. These indi-
cators may contribute to an early diagnosis
and medical therapy in patients with PCOS.
More large-scale, functional research is rec-
ommended to confirm the associations
between  kisspeptin  expression levels,
KISS1 gene and protein structural variants,
and the clinical properties of PCOS.
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