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Genetic polymorphisms of melatonin receptors 1A
and 1B may result in disordered lipid metabolism in
obese patients with polycystic ovary syndrome
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Abstract. Polycystic ovary syndrome (PCOS) is a condition
in which a woman's levels of the sex hormones (estrogen and
progesterone) are out of balance, leading to the growth of
ovarian cysts. PCOS can affect the menstrual cycle, fertility,
cardiac function and even appearance of women. Therefore, we
aimed to explore the genetic polymorphism of the melatonin
receptors 1A and 1B in obese patients with PCOS to identify
a new theoretical basis for its treatment. Patients presenting
with PCOS (n=359) were enrolled and classified into an obese
OB-PCOS group [body mass index (BMI) of PCOS patients
>25 kg/m?] or a nonobese NOB-PCOS group, and 215 oviduct
infertile patients who experienced normal ovulation were used
as the control group. All baseline characteristics, endocrine
hormone levels, lipid and glucose metabolism, and insulin
indices were measured. The genotypes of rs2119882 within
the MTNRIA gene and of rs10830963 within the MTNRIB
gene were determined by PCR-RFLP; the genotype frequency
and the difference in the distribution of allele frequency were
compared. For rs2119882, C allele carriers who were not
diagnosed with PCOS had an increased risk of developing
PCOS, and C allele carriers with PCOS had an increased risk
of developing OB-PCOS. For rs10830963, G allele carriers
who were not diagnosed with PCOS had an increased risk of
developing PCOS. The TT genotype in rs2119882 and the CC
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genotype in rs10830963 were protective factors for OB-PCOS,
and increased levels of LH, testosterone, and estradiol and
abnormal menstruation were key risk factors for PCOS.
Furthermore, the TT genotype at the rs2119882 site was the
key protective factor for OB-PCOS patients. Our study found
that MTNRIA rs2119882 and MTNRIB rs10830963 could
increase the risk for PCOS and cause glycolipid metabolism
disorder in PCOS patients.

Introduction

Polycystic ovary syndrome (PCOS) is a main hyperandrogenic
disorder in which women present with unbalanced hormone
levels (1). It is generally acknowledged as the most prevalent
disorder in the female endocrine systems at the reproductive
age, with still undefined diagnostic criteria and limited sample
methodology (2). Up to 10% of women at the reproductive age
develop PCOS, which is a main cause of infertility, obstetrical
complications, cardiovascular disease, type 2 diabetes mellitus
and eating disorders (3). Apart from that, women with PCOS,
to a large extent, exhibit symptoms of anxiety and depression,
which lead to an impaired health-related quality of life (4).
Clomiphene citrate has been used as the first-line oral medica-
tion therapy to benefit fertility, followed by gonadotrophins
and laparoscopic ovarian surgery or possibly metformin as the
second-line treatment for clomiphene citrate-resistant PCOS
women (5). More recently, vitamin D was found to be effective
for women diagnosed with PCOS by improving their menstrual
frequency and glucose metabolism (6). Insulin resistance,
obesity and increased cardiometabolic risk factors are some
of the risks associated with PCOS (7), thus making the enroll-
ment of obese (OB)-PCOS patients in our study important.
Additionally, the association between the melatonin receptor
1A (MTNRI1A) gene polymorphism and PCOS has already
been indicated (8). Therefore, the present study was designed
to combine the elements of the MTNR polymorphism with
obesity to ascertain whether they are related in PCOS.
Melatonin (N-acetyl-5-methoxytryptamine), the neurohor-
mone of the pineal gland, which is also produced by many
other tissues and cells, acts through G protein-coupled recep-
tors and is present in peripheral tissues and in different areas
of the central nervous system (9). The MTNRIA receptor is
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one of the many melatonin receptors that may influence the
risk of calcium nephrolithiasis (10). The effects of MTNRIA
polymorphisms on the fertility rate after artificial insemination
(AI) treatment in Sarda sheep was also previously evalu-
ated (11), which paved the way for exploring the relationship
between MTNRIA and PCOS. The symptom of infertility
was associated with an elevated risk of type 2 diabetes
(T2DM), which could result from glycolipid metabolism
disorder (12,13). In addition, previous evidence also revealed
that a common variant in MTNRIB is related to an increased
risk of T2DM (14). Furthermore, the actions of melatonin were
reported to be mainly regulated by interacting with specific
receptors bound to the membrane, MT1 and MT2, of which
the MT1 receptor has been found to be expressed in ovary
tissues (15). Intriguingly, Slominski er al (16) found that
intracellular reactive oxygen species exposed to ultraviolet B
(UVB) were greatly decreased in cells treated with melatonin
or its metabolites, which is a process that is independent of
the specific receptors bound to the membrane. As one of the
risk factors (already mentioned above) for PCOS occurrence,
infertility, which is possibly caused by disordered glycolipid
metabolism, could be involved in PCOS development. The
present study was performed to ascertain whether MTNRI1A
(rs2119882) and MTNRIB (rs10830963) polymorphisms are
protective or harmful for obese PCOS patients.

Materials and methods

Ethics statement. This study was approved by the Ethics
Committee of Dongying People's Hospital, and all experi-
mental procedures were conducted under the strict supervision
of the committee. Written informed consent was obtained
from all patients or their parents or guardians.

Study subjects. From March 2013 to May 2015, a total of
359 patients diagnosed with PCOS and receiving treatment at
Dongying People's Hospital were enrolled in our study. The
diagnostic criteria for PCOS were in line with the revised 2003
Rotterdam ESHRE/ASRM-Sponsored PCOS consensus (17):
i) female patients demonstrating sporadic ovulation and (or)
anovulation; ii) female patients demonstrating clinical and (or)
biochemical indices of heightened androgen levels with no
other pathogenic factors such as Cushing's syndrome or ovarian
tumors; and iii) female patients demonstrating polycystic ovarian
change along with 12 2- to 9-mm ovarian follicles in at least one
ovary. Three months before the experiment, all included subjects
did not take any medicine that could affect their reproductive
hormones or glycolipid metabolism. A body mass index (BMI)
>25 kg/m? was used as the standard for classifying obesity (18),
according to which the selected patients were classified into
the obese PCOS patients (OB-PCOS) group or the nonobese
PCOS patients (NOB-PCOS) group. There were 168 patients
in the OB-PCOS group and 191 in the NOB-PCOS group, and
215 oviduct infertile patients with normal ovulation comprised
the control group. The average age of the three groups were,
respectively, 25.7+4.1,25.3+3.7 and 25.1+3.2 years.

Analysis of the clinical features. Patients in the OB-PCOS and
NOB-PCOS groups were examined to ascertain whether they
had abnormal menstruation or infertility. At the same time,
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the Ferriman-Galley score and the Rosenfield acne score were
calculated (19,20). Based on the Ferriman-Galley test, patients
with an F-G score <7 were considered normal and those with
an F-G score >9 were considered hirsute. After fasting for
12 h, venous blood was drawn from patients in each group
on the 3rd-5th day of menstruation or at a time when patients
who suffered from abnormal menstruation or amenorrhea
showed no dominant follicles. Chemiluminescent enzyme
immunoassay was used to detect follicle stimulating hormone
(FSH), luteinizing hormone (LH), testosterone and estradiol
levels, and a Roche automatic biochemical analyzer was used
for detecting the total cholesterol (TC), triglycerides, high
density lipoprotein (HDL) and low density lipoprotein (LDL)
of patients in both groups. On the same day of blood drawing,
the weight, height, waistline and hipline of each patient were
measured, recorded and used to calculate the BMI and the
waist-to-hip ratio (WHR) according to the following formulas:
BMI=weight (kg)/height (m); WHR=waistline (cm)/hipline
(cm). From the drawn venous blood, 2 ml was removed
combined with ethylenediaminetetraacetic acid (EDTA) for
anticoagulation, and preserved at a temperature of -80°C.

Gene extraction, amplification and sequencing. A total
of 2 ml of frozen EDTA anticoagulant was thawed at
room temperature. The total DNA of the drawn blood was
extracted using a DNA extraction kit (Omega Bio-Tek, Inc.,
Norcross, GA, USA) following the manufacturer's instruc-
tions. Subsequently, SYBR Green polymerase chain reaction
(PCR; ABI Company, Oyster Bay, NY, USA) amplification
and analysis of the dissolving curve were carried out, with
the amplification conditions as follows: 10 ul reaction system,
predenaturation at 95°C for 5 min, denaturation at 95°C
for 15 sec, and annealing at 60°C for 30 sec; the cycle was
repeated 30 times. The analysis conditions were as follows:
95°C for 15 sec, 60°C for 60 sec, 95°C for 15 sec, and 60°C for
15 sec. Next, 6% of the DNA samples was selected for direct
sequencing following the subsequent conditions for the PCR:
Predenaturation at 95°C for 5 min, 35 cycles of denaturation at
95°C for 30 sec, annealing at 60°C for 30 sec, and extension at
72°C for 7 min. After the PCR, analysis of the dissolving curve
was carried out, and when the dissolving curve displayed a
single peak, the PCR was determined as successful and the
purification and sequencing could be carried out. The sample
was purified by ethanol and then dissolved in 10 pl deionized
formamide to undergo sequencing. The results of the sample
sequencing are shown in Figs. 1 and 2. The amplification
primer of SYBR Green PCR and the sequencing primers were
both synthesized by Shanghai Bioengineering Technology
Co., Ltd., (Shanghai, China) with the detailed sequence
displayed in Table I.

Detection of endocrine hormone. Chemiluminescent enzyme
immunoassay was used to detect the levels of hormones,
including FSH, LH, testosterone, and estradiol, in patients with
different genotypes in the PCOS groups. In brief, the patient's
sample and alkaline phosphate-coupled hormone were
incubated in a bead (Biolabs Technology Co., Ltd., Beijing,
China)-containing reaction tube for 60 min at 37°C. Then
the unbounded enzyme-labeled conjugates and unbounded
samples were removed by centrifugation at 37°C at 225 x g for
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A G C T G C C T G G G AlTlC A A A T G C G A A A
G ¢C T G CCT G G G AlTlC A-A AT G GC G A A A
T
B ccT1T ccT G G G AlTlC A A AT G C G A A A
G C T GCCT G G G AlClC A A AT G C G A A A
TC
C G C T G C CT G G G AlClC A A A T G C G A A A
G ¢C 1T GCCT G G G AlClC A AT G C G A A A
cc

Figure 1. Sequencing results of the rs2119882 site of the MTNRIA gene: (A) wild-type homozygous genotype TT at the rs2119882 site of the MTNRIA gene,
(B) heterozygous genotype TC at the rs2119882 site of the MTNR1A gene and (C) mutant homozygous genotype CC at the rs2119882 site of the MTNR1A gene.

A 1 caAca aAccaTcCcT[Cle T A TCC A G A A
TCACAA ACTCA ATC CT|CJ]C T A TCCA G A A
cc
B 1t ¢caAacaaccaTeco1[c]e A T CCA G A A
T CACAA ATCCATCT|[GJC T A TCCA G A A
cG

C 1 ¢

A C
T C A C

AACCATCTIGICTATCCAGAA
AACCATCT'GICTATGCAGAA

Vv WA

Figure 2. Sequencing results of the rs10830963 site of the MTNRIB gene: (A) wild-type homozygous genotype CC at the rs10830963 site of the MTNRI1B gene,
(B) heterozygous genotype CG at the rs10830963 site of the MTNR1B gene and (C) mutant homozygous genotype GC at the rs10830963 site of the MTNR1B gene.

10 min. Substrates were added and the reaction tube was incu-  Detection of lipid metabolism. Fasting venous blood was
bated at 37°C for 5 min. The photon number was measured by ~ drawn from patients in the two groups in the early morning and
photomultiplier tube (PTM). The binding complex measured  was centrifuged at 1,610 x g for 15 min to collect the serum.
by a luminometer and the photon number are inversely propor-  Levels of TC, TG, HDL, and LDL in the serum of patients
tional to the concentration of hormones. with different genotypes were measured in the PCOS groups.
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Table I. Primer sequences for the SNP sites.
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Site

Primer sequence (5'-3')

rs2119882 SYBR green PCR

Forward CTCTCTGGGATGGGACTTTTCACC

Reverse CGCGGGCAGGGCGGCCTAATCTCATTTCGCATTGGG
Reverse TGCGGGCCTAATCTCATTTCGCATTGGA

Sequencing primers

Forward GCCTGCGTCCTCATCTTCAC

Reverse GTTCCGATACACCGACAGGAT

rs10830963 SYBR green PCR

Forward GCCCCCAGTGATGCTAAGAATTCA

Reverse GGCGGGCAGGCAGTTACTGGTTCTGGATCGC
Reverse CGCGGGCAGGGCGGCAGGCAGTTACTGGTTCTGGATCGG

Sequencing primers

Forward GATCCAGGTGGGTAGAAGGTC

Reverse CCCCTGCAAACTTCGTCCT

SNP, single nucleotide polymorphism; SYBR Green PCR, SYBR Green polymerase chain reaction.

Fasting blood lipid levels of patients were detected using an
automatic biochemical analyzer (AU640; Olympus, Hamburg,
Germany) and Olympus special test paper.

Detection of glycometabolism index and homeostasis model
assessment-insulin resistance index (HOMA-IRI). PCOS
patients were administered an oral glucose tolerance test (OGTT)
to measure their glycometabolism. Three to seven days before
the experiment, PCOS patients stopped taking all medication
that could affect sugar tolerance (increase or decrease in blood
sugar), such as acyeterion, diuretics, 3-adrenergic blocking
agents, phenytoin, and nicotinic acid. Three days before the
experiment, patients consumed more than 300 g of carbohy-
drate in their diets. On the first day of the experiment, venous
blood was extracted from patients after fasting for 10-14 h. The
glucose oxidase method (using special reagents from Olympus)
was used to detect the plasma glucose content, and the chemi-
Iuminescence method (Beckman Coulter, Inc., Brea, CA, USA)
was used for plasma insulin detection. Within 5 min of the
blood draw, patients were asked to consume 300 ml of glucose
water containing 75 g glucose powder. At 0.5, 1,2 and 3 h after
glucose water consumption, venous blood was extracted to
measure its content of glucose and insulin. During the entire
experiment, the enrolled patients did not drink tea or coffee,
smoke, or do any strenuous exercise. The OGTT area under
the glucose curve and the area under the insulin curve were
calculated according to the trapezoid method (21): Area under
the glucose curve = (GO + G180)/2 + G30 + G60 + G120 and
the area under the insulin curve = (SO + S180)/2 + S30 + S60
+ S120 (GO, G30, G60, and G120 were the blood sugar values
at different time points; SO, S30, S60, S120, and S180 were the
insulin values detected at different time points). According to
the levels of fasting blood sugar and fasting insulin, the values
of HOMA-IRI, pancreatic islet $-cell function (HOMA-B%),
and insulin sensitivity index (HOMA-ISI) were calculated and
compared (22). HOMA-IRI = FBG x FINS/22.5; HOMA-ISI =
1/FBG x FINS; and HOMA-B% = 20 x FINS/(FBG-3.5).

Statistical analysis. Statistical analysis was performed
using SPSS 21.0 software (IBM Corporation Armonk, NY,

USA). Data are presented as the mean + standard deviation.
Comparisons between two groups were conducted by t-tests;
comparisons among multiple groups were assessed by one-way
analysis of variance (ANOVA) for variance analysis and signif-
icance test. Data are presented as ratios or percentages and
were compared and analyzed by the Chi-square test. Logistic
regression analysis was performed to analyze the risk factors
associated with the occurrence of PCOS and OB-PCOS, and
P<0.05 was considered to indicate a statistically significant
result.

Results

Comparisonof general dataamong the OB-PCOS,NOB-PCOS
and control groups. A total of 215 patients were included
in the control group, with an average age of 25.1+3.2 years;
there were 191 patients in the NOB-PCOS group, with a
mean age of 25.3+3.7 years, and there were 168 patients in
the OB-PCOS group, with an average age of 25.7+4.1 years.
The above information shows that there was no difference in
age among the patients in the three groups (P>0.05). Patients
in the OB-PCOS and NOB-PCOS groups had more cases of
abnormal menstruation, hirsutism, acne, and infertility; higher
levels of LH, testosterone, and estradiol; and lower levels of
FSH than patients in the control group (P<0.05). Patients in
the OB-PCOS group exhibited higher BMIs, WHRs, TC, TG
and LDL than patients in the NOB-PCOS and control groups
did, the lowest HDL levels exhibited in the NOB-PCOS and
control groups (P<0.05; Table II).

rs2119882 C allele carrier or rs10830963 G allele carrier has
increased risk for the occurrence of PCOS. A goodness-of-fit
test was conducted for the Hardy-Weinberg equilibrium
test, and the result showed that the genotype distribution
of rs2119882 in the MTNRIA gene and rs10830963 in the
MTNRIB gene was in line with Hardy-Weinberg equilibrium
(P>0.05). The research samples used were random samples
with representative characteristics of the group.

The genotype of rs2119882 and the frequency distribution of
allele genes were notably different among the control, NOB-PCOS
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Table II. Higher levels of BMI, WHR, TC, TG and LDL but a lower HDL level in the OB-PCOS group when compared with these

levels in the NOB-PCOS and control groups.

Control group NOB-PCOS group OB-PCOS group

Items (n=215) (n=191) (n=168) P-value* P-value® P-value®
Age (years) 25.1+3.2 25.3+3.7 25.7+4.1 0.559 0.109 0.332
BMI (kg/m?) 21.02+2.14 21.16+2.08 25.05+2.49 0.505 <0.001 <0.001
WHR 0.73+0.05 0.74+0.06 0.77+0.12 0.068 <0.001 0.003
Abnormal menstruation (yes/no) 11/204 30/161 28/140 <0.001 <0.001 0.805
Hairiness (yes/no) 17/198 92/99 80/88 <0.001 <0.001 0917
Acne (yes/no) 25/190 104/87 91/77 <0.001 <0.001 0.957
Infertile (yes/no) 12/203 31/160 29/139 0.001 <0.001 0.794
FSH (1U/1) 7.50+2.12 5.44+1.67 5.36+1.62 <0.001 <0.001 0.646
LH (IU/1) 8.03+£2.35 13.05+4.22 13.21+4.27 <0.001 <0.001 0.722
Testosterone (nmol/l) 1.13+0.21 1.71+0.47 1.73+0.48 <0.001 <0.001 0.691
Estradiol (ng/ml) 41.18+3.99 54.63+4.73 55.15+4.69 <0.001 <0.001 0.297
TC (mmol/l) 2.28+0.39 2.35+£0.37 2.54+0.45 0.065 <0.001 <0.001
TG (mmol/l) 0.83+0.05 0.84+0.06 0.88+0.12 0.068 <0.001 <0.001
HDL (mmol/l) 1.57+0.23 1.54+0.24 1.32+0.22 0.199 <0.001 <0.001
LDL (mmol/l) 1.25+0.11 1.27+0.19 1.67£0.42 0.189 <0.001 <0.001

PCOS, polycystic ovary syndrome; OB, obesity; NOB, non-obesity; BMI, body mass index; WHR, waist-to-hip ratio; FSH, follicle-stimulating
hormone; LH, luteotropic hormone; TC, total cholesterol; TG, triglyceride; HDL, high density lipoprotein; LDL, low density lipoprotein. *vs.
the NOB-PCOS and control groups; vs. the OB-PCOS and control groups; °vs. the OB-PCOS and NOB-PCOS groups; independent sample
t-test was adopted for comparison of measurement data between two groups; Chi-square test was performed for enumeration data.

and OB-PCOS groups. The CC genotype of OB-PCOS patients
displayed a higher percentage than that of the NOB-PCOS patients
(42.26 vs. 28.80%), and the TC + CC genotype of NOB-PCOS
patients was higher than that of the patients in the control group
(79.06 vs. 67.91%), which revealed that carrying a C allele in the
human gene can possibly increase the risk of PCOS [odds ratio
(OR)=1.411; 95% confidence interval (CI)=1.070-1.860, P=0.015]
and increase the risk of PCOS patients developing obesity
(OR=1.442, 95% CI=1.069-1.945, P=0.016). The genotype of
rs10830963 and the frequency distribution of allele genes in the
control and NOB-PCOS groups were significantly different, with
patients in the NOB-PCOS group exhibiting a markedly higher
ratio of the GG genotype and G allele than patients in the control
group (16.23 vs. 4.65% and 39.01 vs. 25.81%, respectively), thus
showing that patients carrying the G allele are at greater risk of
developing PCOS (OR=1.838, 95% CI=1.364-2.476, P<0.001).
In addition, it was shown that the genotype of rs10830963 and
the frequency distribution of allele genes in the NOB-PCOS
and OB-PCOS group were not significantly different (P>0.05;
Tables IIT and IV).

Differences in endocrine index and index of lipid metabolism
between NOB-PCOS and OB-PCOS patients carrying the TC
+ CC genotype. NOB-PCOS patients carrying the TC + CC
genotype presented significantly decreased FSH levels; notably
increased levels of LH, testosterone and estradiol (P<0.05);
and nonsignificant differences in glycometabolism, lipid
metabolism and insulin homeostasis indices when compared
with the NOB-PCOS patients carrying the TT genotype in the
rs2119882 gene (P>0.05). Compared with patients carrying

the CC genotype in rs10830963, patients with the CG + GG
genotype demonstrated no significant differences in any of the
above indices (all P>0.05; Table V).

Compared with the OB-PCOS patients carrying the TT
genotype in 152119882, OB-PCOS patients carrying the TC +
CC genotype had no significantly different endocrine indices
(FSH, LH, testosterone, and estradiol) or indices of lipid
metabolism (TC, TG, LDL and HDL) (P>0.05); increased
fasting glucose levels and insulin levels from the OGTT
at 30, 60 and 120 min and OGTT area under the glucose
curve (P<0.05); no significantly different glucose levels from
the OGTT at 30, 60, 120 and 180 min (P>0.05); markedly
increased HOMA-IRI; and significantly decreased levels of
HOMA-B% and HOMA-ISI (P<0.05). Compared with patients
carrying the CC genotype in rs10830963, patients with the
CG + GG genotype had no significantly different endocrine
indices (FSH, LH, testosterone, and estradiol) or indices of
lipid metabolism (TC, TG, LDL and HDL) (P>0.05), with an
increased HOMA-IRI level and significantly decreased levels
of HOMA-f% and HOMA-ISI (all P<0.05; Table VI).

Haplotype TC decreases the occurrence of PCOS in normal
individuals. SHES is software (http://analysis.bio- x.cn/myAnal-
ysis.php) was used to analyze the rs2119882 site in the MTNRI1A
gene and the rs10830963 site in the MTNRI1B gene concerning
their linkage disequilibrium and haplotype. As shown in the
results, there was rather intensive linkage disequilibrium
between the two sites, and the haplotype analysis was carried out.
The TC haplotype was found to be able to decrease the risk of
PCOS in normal individuals (OR=0.709, 95% CI=0.538-0.935,
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Table III. Comparisons of genotype and allele frequency distribution in rs2119882 of MTNRIA and rs10830963 of MTNRIB

between the NOB-PCOS group and the control group.

SNP Control group (n=215) NOB-PCOS group (n=191) P-value OR (95% CI)
rs2119882
TT 69 (32.09) 40 (20.94) Ref
TC 97 (45.12) 96 (50.26) 0.029* 1.707 (1.055-2.762)
CcC 49 (22.79) 55 (28.80) 0.018* 1.936 (1.120-3.349)
TC+CC 146 (67.91) 151 (79.06) 0.011* 1.784 (1.136-2.801)
T 235 (54.65) 176 (46.07) Ref
C 195 (43.35) 206 (53.93) 0.015* 1.411 (1.070-1.860)
rs10830963
CcC 114 (53.02) 73 (38.22) Ref
CG 91 (42.33) 87 (45.55) 0.058 1.493 (0.985-2.262)
GG 10 (4.65) 31(16.23) <0.001* 4.841 (2.239-10.470)
CG+GG 101 (46.98) 118 (61.78) 0.003* 1.824 (1.228-2.712)
C 319 (74.19) 233 (60.99) Ref
G 111 (25.81) 149 (39.01) <0.001* 1.838 (1.364-2.476)

SNP, single nucleotide polymorphism; PCOS, polycystic ovary syndrome; NOB, non-obesity; OR, odds ratio; 95% CI, 95% confidence inter-
vals; Ref, reference. ‘P<0.05; Chi-square test was performed for enumeration data.

Table IV. Comparisons of genotype and allele frequency distribution in rs2119882 of MTNRIA and rs10830963 of MTNRIB

between the NOB-PCOS group and the OB-PCOS group.

SNP NOB-PCOS group (n=191) OB-PCOS group (n=168) P-value OR (95% CI)
rs2119882
TT 40 (20.94) 28 (16.67) Ref
TC 96 (50.26) 69 (41.07) 0.928 1.027 (0.579-1.822)
CC 55 (28.80) 71 (42.26) 0.044> 1.844 (1.014-3.353)
TC + CC 151 (79.06) 140 (83.33) 0.302 1.325 (0.776-2.262)
T 176 (46.07) 125 (37.20) Ref
C 206 (53.93) 211 (62.80) 0.016%° 1.442 (1.069-1.945)
rs10830963
CC 73 (38.22) 52 (30.95) Ref
CG 87 (45.55) 82 (48.81) 0.239 1.323 (0.829-2.110)
GG 31 (16.23) 34 (20.24) 0.159 1.540 (0.843-2.814)
CG + GG 118 (61.78) 116 (69.05) 0.149 1.380 (0.890-2.140)
C 233 (60.99) 186 (55.36) Ref
G 149 (39.01) 150 (44.64) 0.126 1.261 (0.937-1.698)

PCOS, polycystic ovary syndrome; NOB, non-obesity; OB, obesity; SNP, single nucleotide polymorphisms; OR, odds ratio; 95% CI, 95%
confidence intervals; Ref, reference. *P<0.05 vs. PCOS and control groups, "P<0.05 vs. OB-PCOS and control groups; Chi-square test was

performed for enumeration data.

P=0.015), while the CG haplotype increased the risk of PCOS in
normal individuals (OR=1.838, 95% CI=1.364-2.476, P<0.001;
Table VII). Among all the three haplotypes from rs2119882 and
rs10830963, the TC haplotype decreased the risk of PCOS in
normal individuals (OR=0.693, 95% CI=0.514-0.935, P=0.016),
with the other three haplotypes demonstrating no relationship
with the occurrence of OB-PCOS (Table VIII).

The rs2119882 TT genotype and the rs10830963 CC genotype
are crucial protective factors for PCOS. Dichotomous logistic
regression analysis was conducted to analyze the risk factors
for NOB-PCOS and OB-PCOS, including BMI, WHR, FSH,
LH, testosterone, estradiol, TC, TG, HDL, LDL, abnormal
menstruation, hirsutism, acne, infertility and the polymorphism
of the rs2119882 site and the rs10830963 site. The results showed
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Table V. NOB-PCOS patients carrying the TC + CC genotype have decreased FSH level and significantly increased levels of LH,

testosterone and estradiol.

rs2119882 rs10830963
TT TC + CC P-value CcC CG + GG P-value

FSH (1U/1) 5.92+1.96 5.31x1.57 0.039* 5.34+1.72 5.50+1.64 0.521
LH U/ 10.53+4.89 13.72+3.77 <0.001* 12.98+3.88 13.09+4 43 0.862
Testosterone (nmol/1) 1.56+0.48 1.75+£0.46 0.022* 1.66+0.50 1.74+0 45 0.254
Estradiol (ng/ml) 50.21+3.86 55.80+4.23 <0.001* 55.45+4 .49 54.12+4 .82 0.059
TC (mmol/l) 2.41+0.38 2.33+0.37 0.228 2.37+0.36 2.34+0.38 0.589
TG (mmol/l) 0.85+0.07 0.84+0.06 0.367 0.85+0.06 0.84+0.06 0.264
HDL (mmol/l) 1.51£0.24 1.55+0.24 0.349 1.52+0.25 1.55+0.23 0.398
LDL (mmol/l) 1.29+0.15 1.27+0.20 0.556 1.28+0.18 1.27+0.19 0.719
Glucose (mmol/l)

OGTT 0 min 4.76+0.37 4.74+0 .42 0.784 4.73+0.38 475043 0.745

OGTT 30 min 7.81+1.52 7.85+1.56 0.885 7.61x1.59 7.98+1.51 0.109

OGTT 60 min 9.25+1.33 9.33x1.51 0.761 9.27x1.42 9.33+1.50 0.784

OGTT120 min 6.70+1.46 6.42+1.56 0.308 6.35+1.53 6.56x1.55 0.362

OGTT 180 min 4.90+1.37 5.09+1.51 0472 5.09+1.49 5.03+1.48 0.786
Insulin (mU/1)

OGTT 0 min 8.37x1.56 8.70+1.42 0.202 8.82+1.22 8.51x1.57 0.152

OGTT 30 min 59.37+25.42 60.84+17.85 0.675 60.10+16.92 60.79+21.17 0.814

OGTT 60 min 66.43+21.13 74.01+22 .47 0.056 76.37+23 .44 69.97+21.39 0.054

OGTT 120 min 56.04+1.46 56.69+13.83 0.767 57.50+13.39 55.96+13.69 0.447

OGTT 180 min 24.75+1.37 25.75+9 .91 0.526 24.67+10.03 26.08+9.39 0.327
HOMA-IRI 1.57£0.45 1.59+0.37 0.772 1.61+£0.39 1.58+0.39 0.606
HOMA-$% 3.07+£0.57 3.03+£0.62 0.713 3.05+0.63 3.0320.60 0.826
HOMA-ISI 162.20+37.85 171.09+£36.75 0.178 171.92+8.29 167.57£36.34 0.432

PCOS, polycystic ovary syndrome; NOB, non-obesity; OB, obesity; BMI, body mass index; WHR, waist-to-hip ratio; FSH, follicle-stimulating
hormone; TC, total cholesterol; TG, triglyceride; HDL, high density lipoprotein; LDL, low density lipoprotein; HOMA-IRI, homeostasis model
assessment-insulin resistance index; HOMA-f%, pancreatic islet 3-cell function; HOMA-ISI, insulin sensitivity index. *P<0.05; independent
sample t-test was adopted for comparison of measurement data between two groups.

that FSH, LH, testosterone, estradiol, abnormal menstruation,
and polymorphisms at the rs2119882 and rs10830963 sites were
significantly correlated with PCOS occurrence, among which the
TT genotype in 152119882 and the CC genotype in rs10830963
were important protective factors for PCOS, and increased
levels of LH, testosterone, estradiol and abnormal menstruation
were key risk factors for PCOS (all P<0.05; Table IX).

Values of BMI, WHR, TC, TG, HDL, and LDL along with
the polymorphism of the rs2119882 site were notably associ-
ated with OB-PCOS. Specifically, high values for BMI, WHR,
TC, TG and LDL were significant risk factors for OB-PCOS,
and the TT genotype at the rs2119882 site was the key protec-
tive factor for OB-PCOS (all P<0.05; Table X).

Discussion

Polycystic ovary syndrome (PCOS) is one of the most preva-
lent endocrinopathies in women of child-bearing age and is
characterized by hyperinsulinemia, hyperandrogenemia
and disordered adipokine secretion of adipose tissue (23).
Generally, efficient therapies for PCOS include the use of

hormonal treatments, the intake of oral contraceptives and
other medicines, and the performance of hormone replace-
ment, yet all of these treatments have been found to result in
certain side effects such as increasing the severity of diabetes
and changing the patient's lifestyle (24). For this reason, devel-
oping a better understanding of the risk factors for PCOS as
well as trying to determine more efficient and safer methods
to treat and diagnose PCOS is urgent. Therefore, the present
study was conducted to ascertain whether polymorphisms of
the MTNR genes would be protective or harmful for obese
(OB)-PCOS patients.

From the comparison of the general measurement data
between patients in the OB-PCOS and NOB-PCOS group,
it was noted that abnormal menstruation, hirsutism, acne,
infertility and elevated levels of LH, testosterone and estra-
diol were biomarkers for PCOS. As one of the causes for
irregular menstruation, PCOS is also characterized by its
high occurrence (25). Previous research has demonstrated
that women with PCOS are more likely to suffer from
hirsutism and acne and are even at greater risk of devel-
oping diabetes and cancer (26). Previous studies have also
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Table VI. OB-PCOS patients carrying the TC + CC genotype have increased fasting glucose level, insulin level, OGTT area
under the glucose curve, HOMA-IRI, and decreased levels of HOMA-% and HOMA-ISI.

rs2119882 rs10830963
TT TC + CC P-value CC CG + GG P-value

FSH (1U/1) 547x1.52 5.34+1.64 0.699 5.30+1.48 5.39+1.68 0.739
LH U/ 12.23+4.17 13.41+4.28 0.183 12.32+4 87 13.61+£3.93 0.07
Testosterone (nmol/1) 1.67+0.44 1.74+0.49 0.484 1.80+0.56 1.70+0.44 0214
Estradiol (ng/ml) 54.58+5.70 55.26+4 .48 0.486 55.45+4 .49 55.14+4.65 0.969
TC (mmol/l) 2.63+0.36 2.52+0.47 0.244 2.53+0.41 2.55+0.47 0.791
TG (mmol/l) 0.90+0.14 0.87+0.12 0.242 0.90+0.16 0.87+0.11 0.16
HDL (mmol/l) 1.36+0.20 1.31£0.22 0.267 1.33+0.22 1.31£0.22 0.587
LDL (mmol/1) 1.57£0.47 1.69+0.41 0.169 1.68+0.47 1.67+0.40 0.888
Glucose (mmol/l)

OGTT 0 min 4.66+0.80 5.01+0.56 0.006* 5.04+0.56 4.91+0.64 0.208

OGTT 30 min 9.27+1.33 9.58+1.69 0.362 9.59+1.68 9.50+1.63 0.744

OGTT 60 min 9.44+1.56 9.92+1.47 0.12 9.67x1.54 991x147 0.337

OGTT 120 min 7.74+1.40 731+1.54 0.173 7.28+1.71 742+143 0.582

OGTT 180 min 5.50+1.30 5.22+1.31 0.303 5.23+1.17 5.29+1.37 0.784
Insulin (mU/1)

OGTT 0 min 8.35+2.08 9.78+1.67 <0.001* 9.71x1.82 9.47+1.82 0431

OGTT 30 min 60.68+23.77 74 47+£23.42 0.005* 71.44+23 41 72.50+24.31 0.792

OGTT 60 min 67.06+£29.84 87.94+22 .92 <0.001* 85.67+£23.57 83.92+26.18 0.68

OGTT 120 min 58.88+14.53 74.21£14.52 <0.001* 74.53+14.99 70.37x£15.71 0.109

OGTT 180 min 28.96+10.31 29.98+8.65 0.582 28.20+8.93 30.53+8.86 0.118
HOMA-IRI 2.34+0.57 2.73+0.56 0.001* 2.39+0.58 2.79+0.54 <0.001*
HOMA-3% 2.57+0.43 2.20+0.45 <0.001* 2.46+0.52 2.17£0.41 <0.001*
HOMA-ISI 97.24+15.95 85.22+13.39 <0.001* 93.64+14.84 84.34+13.46 <0.001*

PCOS, polycystic ovary syndrome; NOB, non-obesity; OB, obesity; BMI, body mass index; WHR, waist-to-hip ratio; FSH, follicle-stimulating
hormone; TC, total cholesterol; TG, triglyceride; HDL, high density lipoprotein; LDL, low density lipoprotein; HOMA-IRI, homeostasis model
assessment-insulin resistance index; HOMA-B%, pancreatic islet $-cell function; HOMA-ISI, insulin sensitivity index. *P<0.05; independent
sample t-test was adopted for comparison of measurement data between two groups.

Table VII. Haplotype analysis of rs2119882 site of the MTNRIA gene and rs10830963 site of the MTNR1B gene in the control
and NOB-PCOS groups.

Haplotype Control group (n=215) NOB-PCOS group (n=191) x> P-value OR (95% CI)

CC 84 (0.195) 57 (0.149) 3.001 0.083 0.722 (0.500-1.045)
CG 111 (0.258) 149 (0.390) 16.172 <0.001 1.838 (1.364-2.476)
TC 235 (0.547) 176 (0.461) 5.955 0.015 0.709 (0.538-0.935)

PCOS, polycystic ovary syndrome; NOB, non-obesity; OR, odds ratio; 95% CI, 95% confidence intervals. Chi-square test (x?) was performed
for enumeration data.

confirmed the relationship between BMI, LH, FSH and the
clinical symptoms of PCOS patients (27,28). It is possible
that women diagnosed with PCOS may present increased
levels of estradiol and testosterone when compared with
eumenorrheic ovulatory women (29). Our study also revealed
that patients in the OB-PCOS group had significantly higher

values for BMI, WHR, TC, TG and LDL but lower HDL than
women in the NOB-PCOS group. Njelekela er al discovered
in their study that obese women would likely have notably
higher mean serum TG, TC, and LDL-C and an increased
prevalence of dyslipidemia (30). In addition, BMI, WHR
and waist circumference were known as three important
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Table VIII. Haplotype analysis of rs2119882 site of the MTNRIA gene and rs10830963 site of the MTNRIB gene in OB-PCOS
and NOB-PCOS patients.

Haplotype NOB-PCOS group (n=136) OB-PCOS group (n=108) ¥ P-value OR (95% CI)

CcC 57 (0.149) 61 (0.182) 1.361 0.243 1.265 (0.852-1.878)
CG 149 (0.390) 150 (0.446) 2338 0.126 1.261 (0.937-1.698)
TC 176 (0.461) 125 (0.372) 5.778 0016 0.693 (0.514-0.935)

PCOS, polycystic ovary syndrome; NOB, non-obesity; OB-obesity; OR, odds ratio; 95% CI, 95% confidence intervals. Chi-square test (%)
was performed for accounting data.

Table IX. TT genotype in the rs2119882 site and the CC genotype in the rs10830963 site are protective for NOB-PCOS but
increased levels of LH, testosterone and estradiol 2 are risk factors for NOB-PCOS.

95% CI for Exp (B)

Factor B SE Wald Sig. Exp (B) Lower Upper
FSH -0.528 0.198 7.128 0.008 0.59 04 0.869
LH 0.269 0.115 5439 0.02 1.308 1.044 1.639
Testosterone 333 1.262 6.966 0.008 27.928 2.356 331.042
Estradiol 1.074 0.224 22.966 <0.001 2.928 1.887 4.542
Irregular period 2.819 1.358 4.308 0.038 16.752 1.17 239.84

rs2119882 2.291 0.9 6.473 0.011 9.885 1.692 57.733
rs10830963 -1.975 0.875 5.097 0.024 0.139 0.025 0.771

PCOS, polycystic ovary syndrome; NOB, non-obesity; FSH, follicle-stimulating hormone; LH, luteotropic hormone; B, partial regression
coefficient; SE, standard error; Sig, significance; OR, odds ratio; 95% CI, 95% confidence interval.

Table X. Increased levels of BMI, WHR, TC, TG and LDL are risk factors for OB-PCOS occurrence while the TT genotype in
the rs2119882 site is a protective factor for OB-PCOS.

95% CI for exp (B)

Factor B SE Wald Sig. Exp (B) Lower Upper

BMI 0.198 0.076 6.822 0.009 1.219 1.051 1.415
WHR 4937 2.178 5.139 0.023 139.374 1.951 9.954.773
TC 2.11 0.452 21.749 <0.001 8.244 3.397 20.008
TG 5.747 2.103 7467 0.006 313.363 5078 19,336.553
HDL -5.313 0.81 42975 <0.001 0.005 0.001 0.024
LDL 5.303 0.687 59.579 <0.001 201.032 52.289 772.893
rs2119882 -0.807 0.389 43 0.038 0.446 0.208 0.957

PCOS, polycystic ovary syndrome; OB, obesity; BMI, body mass index; WHR, waist-to-hip ratio; FSH, follicle-stimulating hormone; TC, total
cholesterol; TG, triglyceride; HDL, high density lipoprotein; LDL, low density lipoprotein; B, partial regression coefficient; SE, standard error;
Sig, significance; OR, odds ratio; 95% CI, 95% confidence interval.

identifiers of PCOS patients (31). Additionally, another study
demonstrated that PCOS patients demonstrate the most
prevalent MS components such as central obesity, decreased
HDL-C, and increased TG, BP and fasting glucose levels,
which was consistent with our results (32). Melatonin is
the essential hormone secreted by the pineal gland in both

humans and mammals and plays a critical part in regulating
circadian rhythm, sleep and reproduction (33). It is known
that epidermal melatonin production varies with sex, age,
and race and that the melatonin produced locally could
regulate the peripheral clock, thus influencing melanocytic
activities (34). In mammals, melatonin metabolism is cell
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type-dependent and could occur directly at the production
site; the production of 6-hydroxymelatonin is relatively high
in normal epidermal melanocytes (35).

In our study, the OB-PCOS group was found to have a
higher percentage of CC genotypes than the NOB-PCOS
group, while the carrying of the C allele was observed to
increase the occurrence of PCOS; thus, OB-PCOS patients
have a higher PCOS incidence due to the CC genotype.
In a recent study, MTNRI1A polymorphisms (rs2119882,
rs13140012, rs6553010) were correlated with a higher risk
of oral cancer (36). CC genotype carriers were discovered
to have higher metabolic and clinical risk factors than did
carriers of the TC and TT genotypes, thus making the
rs2119882 an important risk factor for OB-PCOS (37). In
addition, compared with patients carrying the TT genotype at
the rs2119882 site, OB-PCOS patients carrying the CT + CC
genotype had increased fasting glucose levels, insulin levels,
and HOMA-IRI and decreased HOMA-}% and HOMA-ISI.
As mentioned above, the CC genotype carrier was responsible
for PCOS occurrence. A recent study has demonstrated that
rs2119882 of MTNRIA was correlated with schizophrenia
in a recessive model (CC vs. TT/TC, P=0.013, OR=1.69,
95% CI=1.12-2.55) (38). The increased HOMA-IR index
was associated with IL28b, with 68% genotype CC and 45%
genotype CT/TT, making the relationship responsible for
sustained viral response (39). Decreased HOMA-$% and
HOMA-ISI and increased HOMA-IR were detected in cases
of pregnancy-induced hypertension as a result of insulin
resistance (40). Symptoms of insulin resistance, p-cell
dysfunction and hyperinsulinemia are commonly noted in
PCOS patients (41), which could better explain the altered
levels of HOMA-IR, HOMA-f%, and HOMA-ISI. Patients
with the TT genotype in rs2119882 and the CC genotype
in 1510830963 displayed significant effects reducing PCOS.
Subjects in the Mulao population carrying the TT genotype
in rs2144300 exhibited lower TG levels (42), which could
be beneficial for PCOS treatment. PCOS patients carrying
the CG and GG genotypes in rs10830963 had increased
HOMA-IR, plasma glucose levels and AUC from the OGTT
compared to patients with the CC genotype, thus providing
evidence for the protective effect of CC in rs10830963 for
PCOS 43).

Taken together, our findings in the present study provide
evidence for the relationship between a polymorphism of
melatonin receptor genes (rs2119882 and rs10830963) and
lipid metabolism disorder in PCOS patients. Specifically,
the CC genotype in rs2119882 and the TC + CC genotype in
OB-PCOS patients could increase the occurrence of PCOS;
the higher values for BMI, WHR, TC, TG, and LDL were
risk factors for OB-PCOS, and TT in rs2119882 and CC in
rs10839063 were protective factors for OB-PCOS. In regards
to the limitations of PCOS diagnosis and therapy, more studies
need to be carried out to better our understanding of PCOS
and determine more efficient PCOS therapies. In addition, due
to limited time and energy, we failed to explore the interac-
tion between genetic polymorphisms of melatonin and serum
melatonin levels, which is expected to be investigated in the
near future. Additionally, the therapeutic or protective effects
of melatonin or its metabolites remain an important clinical
challenge. Thus, it is necessary to determine the role of the
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membrane bound receptors for melatonin metabolites, which
is a difficult task due to the similar protective activities of
melatonin metabolites on melatonin.
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