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Abstract

Background: This cross-sectional study aimed to evaluate the levels of tumor necrosis factor-alpha (TNF-),
interleukin-8 (IL-8), interleukin-6 (IL-6), and transforming growth factor-beta 1 (TGF-31) in patients with primary and
secondary tubal factor infertility (TFI) compared with fertile subjects, and to compare immune indexes in the serum
and peritoneal fluid samples obtained from patients with TFI.

Methods: The pelvic fluid and peripheral blood of patients with TFl diagnosed by hysteroscopy and laparoscopy
were taken as the study objects. The pelvic fluid and peripheral blood of patients who underwent
hysteromyomectomy at the same time were taken as the control group. The contents of TNF-q, IL-8, IL-6, and TGF-
B1 in serum and peritoneal fluid were determined by enzyme-linked immunosorbent assay, and the levels of these
cytokines in serum and pelvic fluid were compared between the two groups.

Results: Patients with secondary TFI showed significantly higher levels of TNF-q, IL-8, IL-6 and TGF-31 in the serum
(26.15+ 351 vs. 1961 +0.157,32.18 + 1513 vs. 573 £ 1.99, 3884 + 346 vs. 3048 + 061, and 3837 +3.14 vs. 32.25 + 1.69,
respectively) and peritoneal fluid samples (129.73 + 1834 vs. 34.63 + 0.56, 11144 + 20742 vs. 1534+ 041, 80.01 + 10991
vs. 1567 +0.52, and 82.54 + 11599 vs. 45.34 + 041, respectively) compared with the control group. Patients with
primary TFI exhibited significantly elevated concentration of TNF-q, IL-8, IL-6 and TGF-31 in the peritoneal fluid samples
(36.88+ 267 vs. 3463+ 0.56, 1947 + 351 vs. 1534 +£ 041, 80.01 + 10991 vs. 1567 + 0.52, and 82.54 + 11599 vs. 4534 +
041, respectively) when compared to the controls. In patients with secondary infertility, the levels of TNF-a (26.15 +
351 vs. 12973+ 1834), IL-8 (32.18 + 15.13 vs. 11144 +207.42), IL-6 (38.84 + 346 vs. 80.01 + 109.91) and TGF-31 (3837 +
3.14 vs. 82.54 + 115.99) in the serum were significantly lower than those in the peritoneal fluid, whereas no significant
difference was observed in the primary TFl group between the serum and peritoneal fluid cytokines levels.

Conclusion: The expression of cytokines in the pelvic environment of patients with TFl is upregulated compared to
patients who do not have infertility issues. The detection of cytokines TNF-q, IL-6, IL-8, and TGF-31 in the pelvic fluid of
tubal infertility patients can allow for further understanding of the etiology of TFI.
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Background

Infertility refers to couples who are unable to conceive a
child despite having normal sexual lives without any
contraceptive measures for one year [1]. Primary infertil-
ity means that a couple has never been able to conceive
a pregnancy, while secondary infertility describes the
inability to become pregnant after giving birth to one or
more children. Infertility affects 60—80 million people
worldwide, accounting for approximately 10-15% of the
world’s reproductive-age population [2]. The WHO
forecasts that in the 21st century, infertility will probably
become one of the three major diseases affecting human
health, next to cancer and cardiovascular diseases [3].
Infertility patients induced by female factors accounted
for 45% [4]. A study revealed that approximately 70% of
female infertility patients are induced by pelvic factors,
from which the cases of tubal factor infertility (TFI)
account for 60% [5]. TFI refers to the obstruction of the
oviduct and fimbria caused by genital tract infection,
which affects the binding and transport of eggs and
sperm, ultimately leading to female infertility. Therefore,
tubal factors are the main cause of female infertility. Due
to chronic pelvic inflammation, tubal adhesion, stiffness,
or being pulled, twisted, or occluded by surrounding scar
tissue [6—8], the oviduct loses its physiological function
of transporting sperm, eggs and fertilized eggs, resulting
in infertility.

A recent study has revealed that [9] the implantation
rate of patients with hydrosalpinx after treatment with
assisted reproductive technology was significantly lower
when compared to patients with male factor infertility.
This may be due to the presence of large amounts of
white blood cells and inflammatory cytokines in hydro-
salpinx fluid, such as interleukin-8 (IL-8), interleukin-12
(IL-12) and tumor necrosis factor-alpha (TNF-a). After
these cells and cytokines enter the uterus, the uterine
cavity environment is no longer conducive for embryo
implantation. It has been reported that IL-6 levels are
abnormally elevated in peritoneal fluid of patients with
pelvic adhesions [4]. Omurtag et al. [10] found that IL-6
increased the incidence of adhesion and promoted the
accumulation of inflammatory cells and fibers in a rat
model of pelvic adhesions. IL-8 may act as an autocrine
factor in the endometrium, affecting neovascularization,
endometrial cell attachment, and cell growth [11]. Previ-
ous data showed significantly elevated levels of TNF-a in
follicular fluids, which was associated with the poor-
quality oocytes and embryos [12]. An analysis in infertile
women showed that the expression level of transforming
growth factor-beta 1 (TGF-B1) in blocked fallopian tubes
was independently and inversely correlated with the
postoperative pregnancy outcomes [13]. Thus, material
changes in the pelvic environment and abnormal structure
and function of the oviduct may cause female infertility.
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In the present study, we aimed to compare the levels
of inflammatory cytokines in the abdominal fluid and
serum samples of patients with TFI and patients with no
fertility issues. We hypothesized that the cytokine levels
in patients with primary and secondary TFI would be
higher than those in fertile subjects. Our results might
contribute to a better understanding of the correlation
between TFI and the immune status in the pelvic
environment.

Materials and Methods

Study subjects

Patients diagnosed with infertility by hysteroscopy and
laparoscopy in the Department of Reproductive
Gynecology of the First People’s Hospital of Yunnan
Province from January 2018 to June 2018 were recruited
in this cross-sectional study. The main pathological
change of TFI is non-specific salpingitis. These patients
were divided into two groups, secondary infertility group
(n=30) and primary infertility group (n = 30), based on
their medical history. The pelvic fluid samples were
collected immediately after the laparoscope entered the
abdominal cavity. The peripheral blood was also collected
from these patients. The control group was composed of
29 patients who underwent hysteromyomectomy at the
same time. Uterine fibroids were diagnosed according to
the diagnostic criteria of uterine fibroids released by the
International Federation of Gynecology and Obstetrics
(8th edition) [14]. All these patients were examined for re-
productive tract infection and vaginal discharge abnormal-
ity before the operation and showed no signs of infection.
None of them were diagnosed with other gynecological
and non-gynecological pelvic diseases. The pelvic fluid
and peripheral blood from hysteromyoma patients were
also collected. The body mass index (BMI) was calculated
for all patients.

Inclusion and exclusion criteria

Patients who were diagnosed with female factor infertil-
ity before the operation, who were <35 years old, had
normal ovarian functions, and with hysteroscopic and
laparoscopic surgery indications were included. Patients
with congenital malformation of the genital tract, ovula-
tion failure, ovarian cysts, immunodeficiency or other
pelvic or gynecological diseases, and patients with severe
diseases in the liver, kidney, cardiovascular, or hematopoietic
systems were excluded. No patients had a history of
abortion.

Measurement of inflammatory cytokines in serum

Five mL blood samples were collected in the morning by
venipuncture and centrifuged at 3000 rpm for 5 min.
Then the supernatants were obtained and stored at
-20°C before analysis. The levels of inflammatory cytokines,
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including TNF-a, IL-8, IL-6, and transforming growth
factor-p1 (TGF-P1), in the serum were analyzed using
commercially available enzyme-linked immunosorbent
assay (ELISA) kits (Proteintech Group) following the manu-
facturer’s instructions. Serum samples (1 mL) were diluted
and tested in triplicate per condition. The detection limit
for TNF-a, IL-8, IL-6, and TGF-B1 was 1.0 pg/mL, 1.0 pg/
mL, 3.8 pg/mL, and 3.3 pg/mL, respectively. The optical
density (OD) values were determined using an ELISA
analyzer (Bio-Rad, Hercules, USA) and the results were
shown as concentrations of cytokines (pg/mL). This experi-
ment was repeated three times.

Measurement of inflammatory cytokines in peritoneal
fluid

Peritoneal fluid samples from all subjects were collected
during laparoscopy in a sterile manner. The fluid samples
were immediately centrifuged at 400 g for 10 minutes.
The supernatants were transferred to -80°C prior to
analysis. The concentrations of TNF-a, IL-8, IL-6, and
TGF-P1 in peritoneal fluid samples were detected using
ELISA kits (Kelvin Testing Co., Ltd, Suzhou, China) ac-
cording to the manufacturer’s instructions. Fluid samples
(1 mL) were diluted and tested in triplicate per condition.
The detection limit for TNF-q, IL-8, IL-6, and TGF-$1
was 4.69 pg/mL. The OD values were determined using
an ELISA analyzer (Bio-Rad, Hercules, USA) and the re-
sults were shown as concentrations of cytokines (pg/mL).
The cytokine expression levels were determined using an
ELISA analyzer. Results were shown as concentrations of
cytokines (pg/mL) in the peritoneal fluid samples. This
experiment was repeated three times.

Statistical analysis

Data were processed and analyzed using the statistical
software SPSS 19.0. The means and standard deviations
of relevant measurement data were calculated and
expressed as mean * standard deviations (x+SD). The
normally distributed clinical data were compared using
independent sample ¢-tests, while non-normally distrib-
uted clinical data between groups were compared using
Chi-squared tests. A value of p<0.05 was considered
statistically significant, while p<0.01 was considered
highly statistically significant.
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Ethics statement

All experimental protocols were approved by the Ethics
Committee in the hospital and performed following the
World Medical Association Declaration of Helsinki
(Ethical committee approval number: KHLL2019-KY010).
Both patients and their spouses were aware of the purpose
of the operation, agreed to participate in the present study,
and provided signed informed consent for the operation.

Results

The age of patients in the primary and secondary infer-
tility groups ranged within 24-33 years, with an average
age of 30.45 +2.78 years old. The course of disease of
patients in the two groups ranged within 2-10 years.
The age of patients in the three groups was not statisti-
cally significant. The BMI values in the uterine fibroids
(control) group, primary infertility, and secondary infertil-
ity group were 20.64 + 1.77, 20.97 + 2.00, and 20.71 + 0.86,
respectively, and they were not significantly different.

Compared to the patients with uterine fibroids,
patients with secondary TFI showed significantly higher
levels of TNF-«, IL-8, IL-6, and TGF-P1 in the serum
samples, whereas the serum cytokine concentrations
were not statistically significant between patients with
primary TFI and the control group (Table 1). Both
primary and secondary TFI groups showed significantly
elevated levels of TNF-a, IL-8, IL-6, and TGEF-f1 in the
peritoneal fluid as compared to patients with uterine
fibroids (Table 2).

When we compared the levels of TNF-qa, IL-8, IL-6,
and TGF-B1 in the serum and peritoneal fluid samples
in patients with secondary infertility, we found that the
concentrations of all cytokines in the serum were signifi-
cantly lower than those in the peritoneal fluid (Table 3).
In the primary TFI group, no significant difference was
observed in the cytokine levels obtained from serum and
peritoneal fluid. The levels of TNF-a, IL-8, and TGF-1
in the serum were slightly lower than those in the peri-
toneal fluid, while the serum IL-6 level was higher than
that in the peritoneal fluid (Table 4).

We next compared the serum levels of TNF-«, IL-8,
IL-6, and TGF-Pf1 between the primary and secondary
infertility groups and found no significant differences
(Table 5). The cytokine levels in peritoneal fluid samples

Table 1 Comparison of the serum levels of TNF-q, IL-8, IL-6 and TGF-{31

Fibroids group

Primary infertility group (n =30)

Secondary infertility group (n =30)

(n=29)

p-value p-value
IL-8 573+199 9.82+1.69 1.03376E-11 32.18+1513° 5.55701E-39
IL-6 3048 £0.61 3352+ 133 4.27837E-16 38.84 + 3467 4.38063E-19
TGF-B1 3225+ 1.69 33.72+067 4.61825-5 3837 +3.14° 1.31313E-13
TNF-a 1961+0.157 2148+1.99 4.68514E-6 26.15+351° 146452E-16

“indicates statistical significance between Secondary infertility group vs. Fibroids group
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Table 2 Comparison of the levels of TNF-q, IL-8, IL-6 and TGF-31 in peritoneal fluid

Fibroids Primary infertility group (n=27) Secondary infertility group (n=30)

?;Zung) p-value p-value
IL-8 1534+ 041 1947 +351° 2.71769E-7 11144 +207.42° 8.7245E-20
IL-6 1567 £0.52 2008 +£3.51° 9.62185E-7 80.01+109.91° 4.74483-17
TGF-B1 4534+ 041 4947 £351° 3.44894E-10 82.54+11599° 4.85473E-9
TNF-a 3463 £0.56 36.88 +267° 1.50071E-5 12973 +1834° 1.45237E-22

“indicates statistical significance between Primary infertility group vs. Fibroids group
Pindicates statistical significance between Secondary infertility group vs. Fibroids group

were also not statistically significant between the pri-
mary and secondary TFI groups (Table 6).

Discussion

Female infertility may be caused by the abnormal
changes of the immunoactive substances in the pelvic
environment [15, 16]. The results of the present study
revealed that the serum levels of TNF-q, IL-8, IL-6, and
TGEF-B1 were higher in the secondary group than in the
uterine fibroids group, and the differences in the levels
of TNF-«, IL-6, IL-8 and TGF-B1 in serum between
these two groups were statistically significant. Cytokines
such as IL-8, IL-10, and IL-6 can promote the local pro-
liferation of fibroblasts, collagen deposition, and fibrino-
genesis, ultimately causing the occurrence of pelvic cell
fibrosis. This is the common mechanism of adhesion
between tissues. Huihui Chou et al. reported that [17]
patients with TFI generally have a longer duration of
illness and that inflammatory response often occurs only
in the genital tract. Therefore, this systemic response is
not prominent, and the immune response to the body
would not be significant. A study revealed that [18] in
the early stage of abdominal surgery, the levels of TNF-
a, IL-6, and interleukin-1 (IL-1) in the peritoneal fluid
were relatively high, and these were much higher in the
peritoneal fluid than in serum. This result suggests that
these cytokines may mainly come from the peritoneal
fluid of the patient. Consistently, our study revealed that
when the levels of cytokines between the peritoneal fluid
and serum of secondary TFI patients were compared,

Table 3 The levels of TNF-q, IL-8, IL-6 and TGF-31 between the
serum and peritoneal fluid in patients with secondary infertility

Serum samples Peritoneal fluid P-value
(n=30) samples (n =30)
IL-8 3218+ 1513 11144 + 207 42° 6.1086E-21
IL-6 38.84 £3.46 80.01 +109.91° 1.3E-13
TGF-B1 3837+3.14 82.54 +115.99° 3.36E-14
TNF-a 26.15+351 129.73 +1834° 2.99E-30

“indicates statistical significance between serum level vs. peritoneal fluid level

the levels of TNF-a, IL-8, IL-6, and TGF-p1 were higher
in the peritoneal fluid than in serum.

We also showed that the levels of cytokines in periton-
eal fluid from patients with TFI were higher than those
in patients with uterine fibroids. The reason may be that
the stimulatory effects of cytokines on the body mainly
include participating in the process of proliferation and
differentiation of immune cells, stimulating the growth
of inflammatory cells, promoting antigen presentation,
increasing the release of inflammatory mediators, and in-
ducing the cascade reactions of other related cytokines.
Further investigations will be needed to elucidate the
mechanisms underlying the effect of these cytokines on
TFIL As previously reported, the serum levels of TNF-a
and IL-6 were higher in the secondary infertility group
compared to the uterine fibroids group. The serum
levels of IL-8 and TGF-B1 in the secondary infertility
group were also higher than those in patients with uter-
ine fibroids. These findings suggested that IL-8 and
TGEF-P1 also had diagnostic values for TFI.

Furthermore, we found that the levels of cytokines
were higher in the secondary infertility group than in
the primary infertility group. Wei Zhang et al. reported
that [19] abortion could significantly increase the risks
of ascending chlamydia infection and bacterial vaginosis.
A study reported that [20] postpartum infection accounted
for 12.45% of tubal obstructions. Ling Tang reported that
[21] women who had a drug abortion were more prone to
tubal obstruction than those who had an induced abortion.
Also, abdominal surgery may cause an interruption of the
continuity of the peritoneum, accompanied by bleeding,

Table 4 The levels of TNF-q, IL-8, IL-6 and TGF-B1 between the
serum and peritoneal fluid in patients with primary infertility

Serum samples Peritoneal fluid P-value
(n=30) samples (n=27)
IL-8 9.82+1.69 1947 + 351 4.14E-18
IL-6 3352+133 20.08 +3.51 2.54E-25
TGF-B1 33.72+067 4947 £ 351 2.03E-29
TNF-a 2148 +£1.99 36.88 +£267 2.18E-35
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Table 5 The serum levels of TNF-q, IL-8, IL-6 and TGF-f31
between patients with primary and secondary infertility

Primary infertility Secondary infertility P-value
group (n=30) group (n=30)
IL-8 9.82 £1.69 3218+ 1513 1.51E-36
IL-6 33.52+133 3884+ 346 4.39E-11
TGF-B1 33.72+067 3837+3.14 1.528-11
TNF-a 2148+£1.99 26.15+3.51 1.02E-9

ischemia, foreign body stimulation (talcum powder on
sutures and gloves, etc.), and tubal inflammation. This
subsequently leads to tubal obstruction, umbrella atresia, or
hydrosalpinx, and eventually leads to infertility. Rong
Zhao et al. revealed that [22] the main causes of pelvic
adhesions in infertility patients include a history of
ectopic pregnancy, abortion, pelvic diseases, and uterine
cavity operations. In the current study, as no patients
had a history of abortion, the elevated cytokine levels in
the secondary infertility group might be correlated to
previous ectopic pregnancies, uterine cavity operations,
or other pelvic diseases.

The present study has some limitations. First, the
sample size was small and immune indicators selected
for detection might not be the key cytokines involved
in tubal factor infertility. Second, we did not take into
account other factors that might be related to the in-
flammation levels of these patients such as leukocyte
count, signs of endometriosis, history of smoking or
diabetes mellitus, etc., which might potentially influ-
ence the concentration of cytokine. Third, future
studies using other cytokine detection methods such as
western blot and real-time PCR are needed to confirm
the current results. To sum up, it is necessary to
expand the number of cases, select more sensitive im-
mune indices, and consider other inflammatory factors
in further investigations.

Conclusions

In conclusion, the present study revealed that the de-
tection of local immune factors was more sensitive than
that of systemic immune factors. However, since the

Table 6 The levels of TNF-q, IL-8, IL-6 and TGF-B1 in peritoneal
fluid between patients with primary and secondary infertility

Primary infertility Secondary infertility P-value
group (n=27) group (n=30)
IL-8 1947 £3.51 11144+ 20742 2E-22
IL-6 20.08 +3.51 80.01 +£109.91 9.15E-19
TGF-B1 4947 + 351 82.54+115.99 2.66E-9
TNF-a 36.88 267 129.73+£1834 5.26E-26
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collection of samples can cause trauma to patients, this
cannot be easily achieved in clinics. Therefore, the
detection of relevant immune indices, such as serum
cytokines TNF-a, IL-6, IL-8, and TGF-f1, in patients
with TFI would be more suitable as an auxiliary exam-
ination method to understand the condition of the TFI.
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