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Objective: This study aimed to analyze tumor necrosis factor alpha (TNF-a) level in the uterine fluid of patients with polycystic
ovary syndrome (PCOS) and its correlation with the clinical parameters of PCOS.

Methods: A total of 162 patients treated in the Reproductive Medicine Center of the General Hospital of Ningxia Medical University
between December 2019 and November 2021 were enrolled as research subjects, including 80 patients with PCOS and 82 patients
with other gynecological disease, who were used as the controls. The patients’ general data, along with blood glucose, blood lipid,
insulin, and sex hormone levels and other data, were collected. The TNF-a levels in the patients’ serum and uterine fluid were detected
using enzyme-linked immunosorbent assay.

Results: Compared with the patients in the control group, the body mass index (BMI), anti-Miillerian hormone, luteinizing hormone,
testosterone (T), fasting insulin (FINS), homeostasis model assessment insulin resistance (HOMA-IR), triglyceride (TG), and low-
density lipoprotein (LDL) of patients with PCOS were higher, and high-density lipoprotein was lower (P < 0.05). The TNF-a levels in
the serum and uterine fluid of patients with PCOS were higher than those in the control group (P < 0.01), and the TNF-a levels in the
uterine fluid of these patients was significantly correlated with BMI, T, FINS, HOMA-IR, serum TNF-0, TG, and LDL (P < 0.05).
Conclusion: There is local inflammation in the uterine cavity of patients with PCOS, and the detection of cytokines in uterine
secretions may be a simple and feasible method of understanding the uterine microenvironment of patients with PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is a common gynecological endocrine disease that affects 5-20% of women of reproductive
age."> With the in-depth study of PCOS, its correlation with chronic low-grade inflammation has attracted an increasing amount
of attention. Previous studies have revealed that the concentrations of tumor necrosis factor alpha (TNF-a) in the serum and
follicular fluid of patients with PCOS are elevated and have found that TNF-a is involved in the formation of insulin receptors
(IRs) by blocking their tyrosine kinase phosphorylation.® > Furthermore, it has been found that the polymorphism of inflamma-
tion-related genes, such as TNF- a and tumor necrosis factor receptor 2, is closely related to hyperandrogenism in PCOS.

Most patients with PCOS have ovulation disorders. The ovulation rate of these patients can be increased after ovulation
induction treatment, but their pregnancy rate remains low. Previous studies have revealed that the endometrial tissue in patients
with PCOS has an inflammatory reaction, and this increase in inflammatory factor level affects endometrial receptivity, which
may cause embryo implantation failure and recurrent abortion.*” Since van der Gaast et al® first proposed a new method for
evaluating cytokines by analyzing endometrial secretions in 2003, relevant studies have found that TNF-o, interleukin-1, and
other cytokines in endometrial secretions could be used as important indicators to predict pregnancy outcome.” > However, there
are currently no reports on the expression of inflammatory factors in the uterine fluid of patients with PCOS. In the present study,
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TNF-a levels were detected in the serum and uterine secretions of patients with PCOS, the correlations of cytokine TNF-a level
with obesity, IR, and androgen status in these patients were analyzed, and possible mechanisms in the pathogenesis of TNF-a
involving PCOS were explored to provide new ideas for the diagnosis and treatment of patients with PCOS.

Data and Methods

Subjects

A total of 162 patients treated in the Reproductive Medicine Center of the General Hospital of Ningxia Medical University
between December 2019 and November 2021 were enrolled as the research subjects, including 80 patients with PCOS and 82
patients with other gynecological diseases, who were used as the controls. The diagnosis of PCOS conformed to the 2003
Rotterdam standard,'® namely: (1) long-term ovulation disorder; (2) hyperandrogenism signs and/or biochemical indicators; (3)
pelvic ultrasound showed a polycystic ovary (PCO), ie, increased ovarian volume, enhanced capsule echo, and more than 12 small
follicles of 2-9 mm in one ovary. The diagnosis was confirmed when a patient met any two of these criteria and other diseases that
cause hyperandrogenism were excluded. Hysterosalpingography was used to confirm that all patients had at least one unob-
structed fallopian tube, and semen analysis was used to confirm that any male partners had normal sperm or mild asthenospermia.
The control group was composed of patients with other infertility factors, regular menstruation, and normal basic endocrine levels.
This study followed the Declaration of Helsinki and was approved by the Ethics Committee of the General Hospital of Ningxia
Medical University. Written informed consent was obtained from all participants.

Exclusion criteria: (1) Endometrial lesions or previous uterine cavity surgery; (2) other diseases that cause hyperan-
drogenism (such as Cushing’s syndrome, late-onset congenital adrenal hyperplasia, and androgen-secreting tumors),
fever, viral and bacterial illnesses, chronic inflammatory diseases, tumors, or other diseases; (3) patients who had taken
hormone drugs in the past three months.

Treatment Scheme

All subjects were screened from outpatient ovulation induction patients, and the general data and biochemical indicators
of these patients were collected. On the third day of menstruation, they were treated with menotropin or letrozole to
promote ovulation. When the follicle diameter monitored by transvaginal B-ultrasound was 17-20 mm, 10,000 UI of
chorionic gonadotropin was injected intramuscularly. On the same day, 5 mL of the patient’s venous blood was drawn
and centrifuged at 2000 rpm for 10 min. The supernatant was then collected and placed into a marked 2-mL centrifuge
tube. The uterine secretions of the patients were also collected that day, and the treatment method was the same as that of
the venous blood. All samples were stored at —80°C for testing.

Research Methods
The TNF-a in the serum and uterine fluid was detected using an enzyme-linked immunosorbent assay. ELISA kit (TNF-a)) was
purchased from Shenyang Wan Class Biotechnology Co., LTD. The operations were carried out in accordance with the kit
instructions as following: (1) The concentration of the coated antibody is 0.5 mg/mL, and the coated antibody is diluted with 1x
coating solution to a concentration of 10 pg/mL, and coated overnight at 4°C. (2) Take 100 pL of the diluted standard substance
and add it to 7 wells in a row of a 96-well plate in turn, and add 1xPBST to the blank wells. (3) Sample detection: add 100 pL of the
sample to be tested, and incubate at 37°C. for 2 hours. (4) Shake off the liquid in the well, do not wash, add 100 pL of the diluted
capture antibody, and react at 37°C for 1 h. (5) Washing the plate: wash three times with 300 uL PBST washing solution, soaking
for 2 min each time. (6) 100 pL of diluted HRP-Streptavidin was added, and the reaction was carried out at 37°C for 30 min. (7)
Washing the plate: wash 5 times with 300 L. PBST washing solution, soaking for 2 min each time. (8) Add 100ul TMB color
developing solution to each well and react at 37°C for 15min. (9) Add 50ul of TMB stop solution D to stop the reaction, and read
the absorbance value at 450nnm with a microplate reader. The coefficient of variation within an indicator and between two
indicators was less than 15%.

Each subject underwent a 75-g oral glucose tolerance test (OGTT). Serum glucose levels at 0 min and 2h after OGTT were
measured using oxidase method, while insulin levels were measured by enzymatic and chemiluminescent method. The home-
ostasis model assessment of insulin resistance (HOMA-IR) was calculated according to the following equation: fasting serum
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glucose (FPG, mmol/l) x fasting insulin (FINS, mIU/1)/22.5. Follicle stimulating hormone (FSH), luteinizing hormone (LH),
prolactin (PRL), total testosterone (T), estradiol (E2) and anti-Miillerian hormone(AMH) were measured using chemiluminescent
analyzer (Beckman Coulter Inc, Fullerton, CA, USA). Total cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL)
and high-density lipoprotein (HDL) were measured on an automated biochemistry analyzer (Olympus 600, Clinical Chemistry
Analyser; Olympus Diagnostica Gmbh, Ireland).

Statistical Analysis

Data were statistically analyzed using SPSS 25.0 software. Measurement data were expressed as mean + standard deviation
(X £ SD), and the data were analyzed using an independent sample #-test or one-way analysis of variance. The correlation
between factors was evaluated using Spearman correlation analysis. P < 0.05 was considered statistically significant.

Results

Comparison of Clinical Data Between the Two Groups

Compared with the patients in the control group, the body mass index (BMI), anti-Miillerian hormone (AMH),
luteinizing hormone (LH), testosterone (T), fasting insulin (FINS), homeostasis model assessment insulin resistance
(HOMA-IR), triglyceride (TG), and low-density lipoprotein (LDL) in patients with PCOS were significantly higher, and
high-density lipoprotein (HDL) was significantly lower (all P < 0.05). There were no significant differences between the
two groups in age, follicle-stimulating hormone, estradiol, and fasting blood glucose levels (see Table 1).

Comparison of TNF-a Levels Between the Two Groups
The TNF-a levels in the serum and uterine fluid of patients with PCOS were significantly higher than those of the
patients in the control group (P < 0.01; see Table 2).

Correlation Between TNF-a in the Uterine Fluid, the Clinical Features of PCOS, and

Serum TNF-a Levels in Patients with PCOS
The TNF-a level in the uterine fluid of patients with PCOS was significantly correlated with BMI, T, FINS, HOMA-IR,
serum TNF-a, TG, and LDL (all P < 0.05; see Tables 3 and 4).

Table 1 Comparison of Clinical Data Between the PCOS Group and Control Group of
Patients (X & SD)

Index PCOS Group(n=80) Control Group(n=82) t P

Age(y) 26.85+3.82 27.63+3.05 —1.443 0.151
BMl(kg/m?) 23.48+2.87 21.71£2.65 4.072 0.000
AMH(ng/mL) 7.69+2.56 3.61£1.62 12.126 0.000
LH(mIU/mL) 9.15+5.09 3.19«1.10 10.242 0.000
FSH(mIU/mL) 5.97£1.71 6.26£1.50 —-1.159 0.248
E,(pg/mL) 41.20£15.15 42.52+10.40 —0.644 0.520
T(ng/dl) 48.81+23.15 31.48+8.28 6.313 0.000
FBG 4.99+0.97 4.78+0.71 1.587 0.115
FINS 19.8218.67 9.74+4.23 9.376 0.000
HOMA-IR 4.50+2.45 2.13%1.32 7.644 0.000
TG(mmol/l) 2.18£1.45 1.22+0.38 5.777 0.000
TC(mmol/l) 4.20£1.91 4.141.11 0.250 0.803
HDL(mmol/l) 1.0940.30 1.75+0.52 —-10.081 0.000
LDL(mmol/l) 2.50+0.52 1.75+0.82 7.024 0.000

Abbreviations: PCOS, polycystic ovary syndrome; BMI, body mass index; AMH, anti-Millerian hormone; LH,
luteinizing hormone; FSH, follicle stimulating hormone; E,, estradiol; T, testosterone; FBG, fasting blood glucose;
FINS, fasting insulin; HOMA-IR, homeostatic model assessment of insulin resistance; TG, triglyceride; TC, total
cholesterol; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol.
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Table 2 Comparison of TNF-o in Serum and Uterine Fluid Between the PCOS Group and Control Group
(X + SD)

Index PCOS Group(80) Control Group(82) t P
serum TNF-a (pg/mL) 34.59+12.21 19.61£5.96 9.888 0.000
TNF-a in uterine fluid (pg/mL) 26.19+5.51 16.55%3.21 13.575 0.000
Abbreviations: PCOS, polycystic ovary syndrome; TNF-o, tumor necrosis factor alpha.
Table 3 Correlation Analysis of TNF-o, Level
in Uterine Fluid with Clinical Parameters of
PCOS and Serum TNF-o Level in PCOS
Patients
Index R P
BMI 0.603 0.000
AMH —0.063 0.580
LH 0.043 0.705
T 0.262 0.019
FINS 0.424 0.000
HOMA-IR 0.435 0.000
Serum TNF-a 0.399 0.000
Abbreviations: PCOS, polycystic ovary syndrome; BMI,
body mass index; AMH, anti-Miillerian hormone; LH, lutei-
nizing hormone; T, testosterone; FINS, fasting insulin;
HOMA-IR, homeostatic model assessment of insulin resis-
tance; TNF-a, tumor necrosis factor alpha.
Table 4 Correlation Analysis of TNF-a in Uterine
Fluid with Lipid Metabolism Indexes in PCOS
Patients
Index R P
TG 0.381 0.000
TC —0.083 0.462
HDL —0.150 0.185
LDL 0.297 0.007
Abbreviations: PCOS, polycystic ovary syndrome; TNF-q,
tumor necrosis factor alpha; TG, triglyceride; TC, total choles-
terol; LDL, low-density lipoprotein cholesterol; HDL, high-density
lipoprotein cholesterol.
Discussion

Embryo implantation failure and clinical pre-pregnancy loss are important factors affecting the success rate of in vitro
fertilization and embryo transfer (IVF-ET). This has also prompted researchers to seek an index to evaluate endometrial
receptivity as an important breakthrough in improving pregnancy outcomes. Many candidate factors, such as integrins,
interleukins, and glycoproteins have become important markers for evaluating endometrial receptivity, but there are still
some limitations in their clinical application.

Uterine fluid is an important marker reflecting the microenvironment of embryo implantation, and the cytokines in
this fluid play an important role in embryo implantation and development. The results of the present study revealed that,
compared with the normal population, the levels of TNF-a in the serum and uterine fluid of patients with PCOS were
elevated. A previous study conducted by our research team found that the expressions of TNF-o and NF-kBp65 in the
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proliferative endometrium of patients with PCOS were higher than those of normal controls, suggesting that increased
expressions of inflammatory factors in patients with PCOS not only exist in the endometrium but also in the uterine
fluid.'"* By analyzing the levels of cytokines in the uterine fluid, clinicians can gain a greater understanding of the
microenvironment of the uterine cavity in which the embryo is located. Compared with the invasive examination of
endometrial biopsy, uterine fluid examination is a simple and feasible method that can be performed in the peri-
implantation period. This provides a new idea for studying the microenvironment of the uterine cavity during embryo
implantation.

At present, there are different conclusions about the relationship between the local level of TNF-a in the uterine cavity and
pregnancy outcome. A previous study found that high levels of TNF-a were closely related to infertility and recurrent
miscarriage,'® but another study found that high levels of TNF-a improved endometrial receptivity,'® and Khadem found that
TNF-a in the uterine fluid was not associated with pregnancy outcome in patients undergoing IVF-ET.'” The reasons for these
differences in findings may be related to the differences in the composition of subject populations and the time and manner of
sampling used in the studies. The patients included in the present study were recruited from outpatient clinics, and there were
many interference factors affecting pregnancy. Therefore, no correlation analysis of pregnancy outcomes was performed.
Future research should further observe the correlation between TNF-a in uterine fluid and implantation rate, clinical
pregnancy rate, and abortion rate in subjects undergoing IVT-ET. Furthermore, the correlation between TNF-a in the uterine
fluid of patients with PCOS and pregnancy outcome remains to be further studied.

Insulin resistance, hyperandrogenism, obesity, and abnormal glucose and lipid metabolism are important features of
PCOS. The present study found that, compared with the patients in the control group, the BMI, AMH, LH, T, FINS, and
HOMA-IR in patients with PCOS were significantly higher (all P < 0.05); the patients with PCOS were also found to have
lipid metabolism disorder, increased TG, increased LDL, and decreased HDL. Further correlation analysis revealed that the
TNF-a level in the uterine fluid of patients with PCOS was significantly and positively correlated with BMI, T, HOMA-IR,

141819 6ould all

and serum TNF-a (all P <0.05). Previous studies found that obesity, hyperandrogenism, insulin resistance, etc.
affect the expression of local inflammatory factors in the endometrium and that controlling body weight, reducing androgen
levels, and improving insulin resistance could improve the chronic low-grade inflammatory state in patients with PCOS.
The results of the present study also revealed that the TNF-a level in uterine fluid was significantly positively
correlated with TG and LDL (both P < 0.01). Using the lipidome analysis of endometrial fluid, a recent study confirmed
that both phospholipid metabolites and lipid metabolites are involved in regulating endometrial receptivity.”® A large
amount of non-free fatty acids can also activate the production of pro-inflammatory cytokines and promote the gene
expressions of TNF-a, interleukin-8, and interleukin-6 in different cell types; it therefore plays a pro-inflammatory role in
various tissues.”’ Whether it can improve the local inflammatory state of the uterus by correcting the lipid metabolism

disorder in patients with PCOS deserves further study.

Conclusion

The levels of TNF-a in the serum and uterine fluid of patients with PCOS are increased, suggesting that these patients
have different degrees of inflammatory response both systemically and locally. Analyzing the expression of cytokines in
endometrial secretions provides a relatively less invasive new method for studying the microenvironment of the uterine

cavity in which embryos are located.
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