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Abstract:

Background: Fallopian tube infertility results from sexually transmitted infections and pelvic inflammatory
diseases. The most common causes of infertility in women are infections caused by Chlamydia trachomatis and
Neisseria gonorrhoeae. These bacterial infections initiate an inflammatory reaction, and ongoing inflammation
leads to scarring, obstructing the reproductive tract, and infertility. The pro-inflammatory cytokines IL-6 and
TNF-a are involved in the inflammation response triggered by Chlamydia trachomatis and Neisseria gonorrhoeae
infections. The study aimed to investigate the connection between the expression of IL-6 and TNF-a in patent
and non-patent fallopian tubes. Methods: Analytical observational research with a cross-sectional approach. The
30 subjects were divided into two groups. Group I consisted of 15 subjects diagnosed with non-patent fallopian
tubes, and group II consisted of 15 subjects diagnosed with patent fallopian tubes. Sampling technique using
consecutive sampling. The research was conducted at Dr. Moewardi General Hospital from January to June
2022. Both groups were assessed based on age, BMI, parity, level of education, occupation, type of infertility,
and expression of IL-6 and TNF-a. Results: The expression levels of IL-6 and TNF-a were compared between
non-patent and patent fallopian tubes, with statistical analysis indicating a significant difference between the
two groups. The p-value for IL-6 was 0.008, and the p-value for TNF-a was 0.030. Conclusion: There was a
significant difference in IL-6 expression between the non-patent fallopian tube and the patent fallopian tube, with
the IL-6 expression being higher in the non-patent fallopian tube than in the patent fallopian tube. Similarly, the
expression of TNF-a on the non-patent fallopian tube and patent fallopian tube shows a higher expression of
TNF-a on the non-patent fallopian tube than the patent fallopian tube.
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Introduction:

Female infertility is a significant global health issue,
including in Indonesia '. Studies have shown that a
woman’s likelihood of infertility increases with age
2, In addition, the incidence of infertility caused by
fallopian tube factors is higher in black women than
in white women. Sexually transmitted infections and
pelvic inflammatory diseases are common causes of
infertility caused by fallopian factors . Among the
contributing factors to tubal infertility are infections
from Chlamydia trachomatis (C. trachomatis),
Mycoplasma, and Neisseria gonorrhoeae (N.
gonorrhoeae) *.

This bacterial infection may go unnoticed because
it can be symptomless, leading to delayed and
inadequate treatment. The infection also triggers an
inflammatory response and chronic inflammation
and can cause scarring, blocking the reproductive
tract and causing infertility. In 2016, the World
Health Organization (WHO) estimated that around
87 million people were infected globally, with an
estimated rate of 20 cases per 1000 women and
26 cases per 1000 men. In women, gonorrhea may
not produce symptoms, making early detection and
treatment difficult and increasing the risk of cervicitis
and pelvic inflammatory disease. In men, it has been
associated with epididymitis, epididymal-orchitis,
and chronic prostatitis 3.

The infections caused by C. trachomatis and N.
gonorrhoeae directly lead to the loss of microvilli
and cilia from the cells in the tubal epithelium,
causing disruptions in epithelial tissue homeostasis
and the spread of damage beyond the initially
infected cells. In response to these fallopian tube
infections, there is an increase in interleukin-6 (IL-
6), tumor necrosis factor-alpha (TNF-a), and other
pro-inflammatory chemokines and cytokines *°.
These pro-inflammatory cytokines are involved
in the inflammation response triggered by both
the innate and adaptive immune systems. IL-6 and
TNF-a have improved various obstetric cases,
including infertility. They are produced in response
to tissue damage and contribute to the body’s
defense mechanism. IL-6 plays an essential role in
activating neutrophils, mediating oxidative reactions
of respiration, and stimulating the degradation of
tissue enzymes through metalloproteinase, serine
proteinase, and its inhibitors. In addition, IL-6 also
plays a crucial role in inflammation and infection.
TNF-a is amultifunctional T-helper 1 (Th-1) cytokine
that is a critical inflammatory cytokine produced by
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macrophages during inflammation and activated by
endotoxin lipopolysaccharides (LPS) %1012,

Materials and methods:
Study Design

Observational analytical research with a cross-
sectional approach in non-patent fallopian tube
patients. The study was conducted at Dr. Moewardi
General Hospital for six months, from January —
June 2022.

Population and Sample

The study enrolled patients who visited the
Obstetrics and Gynecology clinic or treatment
room at Dr. Moewardi General Hospital, Surakarta.
Patients were diagnosed with non-patent or patent
fallopian tubes using ultrasonography (ultrasound),
hysterosalpingogram (HSG), and laparoscopy.
Patients diagnosed with non-patent fallopian tubes
underwent laparoscopy to determine the anatomical
and functional abnormalities in the fallopian tubes,
and salpingectomy was performed. A fallopian tube
sample was then taken, and an immunohistochemistry
examination was conducted to assess the expression
of IL-6 and TNF-a, which was then compared to
patients with patent fallopian tubes. The subjects
were divided into two groups: group I comprised 15
patients diagnosed with non-patent fallopian tubes,
and group II comprised 15 patients diagnosed with
patent tubes. In both groups, assessments were
carried out based on age, body mass index (BMI),
parity, education, occupation, and expression of IL-6
and TNF-a.

Operational Definition of Variables
Non-patent fallopian tubes

Patients with anatomical and functional abnormalities
in their fallopian tubes underwent HSG, ultrasound,
and laparoscopy.

Patent fallopian tubes

Fertile patients used the women’s operative method
of contraception (MOW).

Age

The lifetime of the subjects from birth until this study
was conducted.

Body Mass Index (BMI)

A person’s weight (in kg) is divided by their height
(in meters) squared to determine whether their weight
is ideal.

Education
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The formal education level is based on a person’s last
academic diploma.

Employment
The main activity for generating income.
Interleukin-6 expressions

The accumulation of percent IL-6 expression is
indicated by immunohistochemistry staining of the
entire field of view at a magnification of 40x.

TNF-a expression

The accumulated percent of TNF-o expression is
shown with immunohistochemistry staining of the
entire field of view at a magnification of 40x.

Study Instruments

Research instruments to support this research are
medical records, immunohistochemistry staining of
IL-6 and TNF-a, as well as samples of non-patent
fallopian tubes and patent fallopian tubes.

Data Analysis

Characteristics tests were conducted using the
independent t-test, Mann-Whitney, and chi-square
test to compare age, BMI, education, and occupation
between the non-patent and patent fallopian tube
groups. The independent t-test was used to compare
normally distributed numerical data, while the Mann-
Whitney test was used to compare ordinal categorical
data. The Chi-square/Fischer exact test was used to
compare ordinal categorical data. A p-value <0.05
was considered statistically significant, indicating a
significant difference between the two groups. All
statistical analyses were performed using Statistical

Package for the Social Sciences (SPSS) version 21.0
for Windows.

Ethical Clearance

Ethical research practices include obtaining informed
consent, ensuring anonymity, and obtaining ethical
clearance. The Research Ethics Committee at Dr.
Moewardi General Hospital, Surakarta, Indonesia,
approved the ethical clearance for this study under
reference number 763/VI/HREC/2022.

RESULTS
Table 1. Characteristics of the Research Subjects

Group
Characteristics  Patent Fallopian Non-patent p
Tubes Fallopian Tubes
Age (year)
<35 8(53.3%) 11 (73.3%) 0.256
>35 7 (46.7%) 4(26.7%)
BMI (kg/m?)
<30 11 (73.3%) 12 (80.0%) 1.000
>30 4(26.7%) 3 (20.0%)
Education
Primary school 4 (26.7%) 4 (26.7%) 1.000
High school-
11 (73.3%) 11 (73.3%)
Collage
Employment
Unemployed 9 (60.0%) 9 (60.0%) 1.000
Employed 6 (40.0%) 6 (40.0%)

BMI: body mass index

Figure 1. IL-6 expression in the fallopian tube. The red arrows indicate a patent fallopian

tube (A); and a non-patent fallopian tube (B).
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Table 2. Differences in IL-6 Expression between
Non-Patent Fallopian Tubes and Patent Fallopian
Tubes

Table 3. Differences in TNF-a Expression between
Non-Patent Fallopian Tubes and Patent Fallopian
Tubes

Group

Variable

Patent Fallopian Non-patent

Tubes Fallopian Tubes
IL-6 expression
Mean +SD 5.47 +4.45 9.80 +3.03 0.008*
Median (Min- 12.00 (3.00-
4.00 (1.00- 12.00)
Max) 12.00)

The non-paired group difference test of numerical
data did not pass the normality requirement (Mann-
Whitney). *: Significant p<0.05.

Table 2 shows that the mean expression of IL-6 in the
patent fallopian tube group was 5.47 with a standard
deviation of 4.45 (5.47 +4.45), and the median value
was 4.00 with a minimum of 1 and a maximum of 12.
Meanwhile, the mean expression of IL-6 in the non-
patent fallopian tube group was 9.80 with a standard
deviation of 3.03 (9.80 £3.03), and the median value
was 12.00 with a minimum of 3 and a maximum of 12.

Expression of IL-6

11,00
10,00
9,00
8,00
7,00
6,00 547
5,00 ®IL-6 (IRS)
4,00
3,00
2,00
1,00
0,00

9,80

Mean

Patent Fallopian Tube Non-patent Fallopian Tube

Figure 2. IL-6 expression between the non-patent
fallopian tube and patent fallopian tube

According to the results of the statistical tests, there
is a significant difference in IL-6 expression between
non-patent and patent fallopian tubes, with a p-value
of 0.008 (p<0.05). This means that subjects with
non-patent fallopian tubes have higher expressions
of IL-6 compared to patent fallopian tubes.
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Group
Variable . p
Tuba Fallopian Non-Patent
Patent Fallopian Tube
TNF-a expression
Mean +SD 3.60 +4.31 6.87 £4.50 0.030%*
2.00 (0 .00- 8.00 (0 .00-
Median (Min-Maks) 12.00) 12.00)

The non-paired group difference test of numerical
data did not pass the normality requirement (Mann-
Whitney). *: Significant p<0.05.

Based on Table 3, it is revealed that the mean
expression of TNF-a in the patent fallopian tube
group was 3.60 with a standard deviation of 4.31
(3.60 £4.31). Furthermore, the median value of
TNF-a in the patent fallopian tube group was 2.00,
with a minimum value of 0 and a maximum of 12.
On the other hand, the mean expression of TNF-a
in the non-patent fallopian tube group was 6.87 with
a standard deviation of 4.50 (6.87 +£4.50), and the
median value of TNF-a in the non-patent fallopian
tube group was 8.00 with a minimum value of 0 and
a maximum of 12.

The statistical analysis showed a significant
difference in TNF-a expression between non-
patent and patent fallopian tubes (p=0.030, p<0.05).
The results indicate that subjects with non-patent
fallopian tubes had a higher TNF-a expression than
those with patent fallopian tubes.

Discussion:

Several factors can lead to infertility related to the
fallopian tubes, such as tubal obstruction or occlusion
that can occur at different locations (proximal,
distal, unilateral, or bilateral). Other potential
causes may involve endometrial disorders, peri-
adnexal adhesions, pelvic inflammatory diseases,
endometriosis, ectopic pregnancy, using certain
contraceptives, and undergoing induced abortion 3.

Inthe United States, N. gonorrhoeaeand C. trachomatis
are among the most frequently reported sexually
transmitted infections (STIs) >'*!5. N. gonorrhoeae
is a significant public health concern because of its
resistance to various drugs '¢. Unfortunately, this
bacterial infection can go unnoticed and lead to
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Figure 3. TNF-a expression in the fallopian tube. (A) patent fallopian tube; and (B) the red
arrows indicate a non-patent tube.

Expression of TNF-a

9,00
8,00
7,00 6,87
6,00

5,00

Mean

# TNF-o (IRS)

3,00
2,00
1,00

0,00

Patent Fallopian Tube Non-patent Fallopian Tube

Figure 4. The TNF-a expression between the non-
patent fallopian tube and patent fallopian tube

inadequate or delayed treatment. As a result, it can
trigger chronic inflammation, scarring, blockage of
the reproductive tract, and infertility ®. C. trachomatis
infection can also provoke an inflammatory response
involving various pro-inflammatory cytokines from
both the innate and adaptive immune systems '’.
One of these cytokines, IL-6 and TNF-a, showed
significant improvement in the inflamed areas
compared to non-inflamed areas of the fallopian
tubes, with p-values of 0.008 and 0.030, respectively.
These markers indicate the degree of inflammation in
the non-patent fallopian tubes, where blockages can
occur.

Previous research by Sukatendel et. al found a link
between C. trachomatis infection and non-patent
fallopian tubes, which a prevalence of 66.6%
compared to 13.2% for normal fallopian tubes '.

Another study by Papathanasiou et. al suggests
that IL-6 can serve as an inflammatory marker and
directly impact the transport function of the fallopian
tubes '®. Research also shows that women with
ectopic pregnancy have higher levels of IL-6 than
those with normal pregnancy .

An increase in the concentration of TNF-a is
directly associated with a decrease in ciliary activity
4. Increased TNF- a has several effects on C.
trachomatis infections, including IFN-g inhibiting
host cell metabolism through an increase in
indoleamine 2, 3-dioxygenase (IDO) activity, which
limits the growth of Chlamydia. TNF- a also impacts
the survival of Chlamydia in vivo by inducing host
cell apoptosis, which provides favorable conditions
for the organism to grow *°. The release of TNF-a can
also lead to direct damage to nearby ciliated cells,
causing a loss of ciliary activity and tissue damage,
leading to scarring as a tissue repair mechanism '°.

Research has shown that IL-6 levels in both plasma
and cervical mucus are higher in women experiencing
idiopathic infertility compared to mRNA expression
of IL-6 in fertile women. However, the secretion of
soluble glycoprotein (sgp) is reduced in the mid-
secretory phase of the endometrium of infertile
women, causing a low ratio between inhibitory sgp-
130 and IL-6. These findings suggest that the ratio
between IL-6 and sgp-130 is crucial in preparing
the endometrium for implantation and is a better
indicator of fertility than just IL-6 levels alone .

The limitation of this study is that it did not measure
hormonal levels or examine the possibility of fungal,
bacterial, or viral infections as potential causes of C.
trachomatis infection or inflammation.
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Conclusion:

There is a significant difference in the expression of
IL-6 between the non-patent fallopian tube and the
patent fallopian tube, with the expression of IL-6
being higher in the non-patent fallopian tube than in
the patent fallopian tube. Similarly, the expression of
TNF-a on the non-patent fallopian tube and patent
fallopian tube shows a higher expression of TNF-a
on the non-patent fallopian tube than the patent
fallopian tube.
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