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Abstract. – OBJECTIVE: To determine the 
concentrations of the nuclear factor kappa B 
(NF-κB), tumor necrosis factor-alpha (TNF-α) 
and interleukin-7 (IL-7) in midluteal phase endo-
metrial samples of infertile patients diagnosed 
with uni or bilateral hydrosalpinx (HX).

PATIENTS AND METHODS: A total of 24 pa-
tients who decided to undergo laparoscopic 
salpingectomy were included in the study. Sal-
pingectomy indications consisted of patients 
with a diagnosis of hydrosalpinx (n=12) or ectopic 
pregnancy (n=12). Twelve healthy patients who 
underwent Pomeroy-type tubal ligation were con-
sidered as the second and healthy control group. 
The diagnosis of hydrosalpinges was made by 
transvaginal 2D ultrasonography or HSG. All pa-
tients in the hydrosalpinges or ectopic preg-
nancy group underwent laparoscopic salpingec-
tomy. Just before salpingectomy, endometri-
al samples were obtained from all patients by  
Pipelle cannula. Endometrial sampling was per-
formed 7-9 days after the LH surge in the con-
trol group. IL-7, NF-κB and TNF-α concentrations 
were measured by ELISA method in the endome-
trial samples of all three groups.

RESULTS: The endometrial IL-7 concentration 
before salpingectomy of the patients in the hy-
drosalpinx group was 44.6±6.65 ng/mg wet-tis-
sue. The IL-7 levels of the HX group were signifi-
cantly higher than those of the patients in the ec-
topic pregnancy group (19.3±3.06 ng/mg wet tis-
sue versus 44.6±6.65 ng/mg wet tissue, p<0.04). 
Similarly, IL-7 levels of the HX group were sig-
nificantly higher than those of the tubal ligation 
group (6.08±1.48 ng/mg wet tissue vs. 44.6±6.65 
ng/mg wet tissue, p<0.03). The endometrial TNF-α 
concentration of the patients in the hydrosal-
pinx group was 33.20±5.40 ng/mg wet-tissue. The 
TNF-α value detected in the hydrosalpinx group 
was significantly higher than both the TNF-α val-
ue in the ectopic pregnancy group (11.8±1.07 ng/
mg wet-tissue vs. 33.20±5.40 ng/mg wet-tissue, 
p<0.01) and the TNF-α value in the tubal ligation 
group (5.30±1.22 ng/mg wet-tissue vs. 33.20±5.40 
ng/mg wet-tissue, p<0.01). The pre-salpingecto-

my endometrial NF-κB concentration of the pa-
tients in the hydrosalpinx group was 6.38±1.40 
ng/mg wet-tissue. This value is higher than en-
dometrial NF-κB levels in the ectopic pregnancy 
group (3.67±0.41 ng/mg wet-tissue vs. 6.38±1.40 
ng/mg wet-tissue, p<0.02) and NF-κB levels in the 
tubal ligation group (1.07±0.38 ng/mg wet-tissue 
vs. 6.38±1.40 ng/mg wet-tissue, p<0.01).  

CONCLUSIONS: The presence of hydrosal-
pinx prevents successful implantation by in-
creasing the levels of endometrial proinflamma-
tory cytokines TNF-α, IL-7 and NF-κB.
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Introduction

Tubal factor infertility mainly causes fertil-
ization defect by preventing sperm-oocyte in-
teraction and is one of the main reasons for the 
emergence of IVF treatment. Tubal diseases are 
responsible for approximately 20% of the cases-
in the infertile population1. Hydrosalpinx, which 
is an inflammatory pathology with multifactorial 
etiology of the fallopian tubes, occurs as a result 
of the accumulation of fluid with altered chem-
ical properties by occlusion of the distal tubes. 
This serious disease reduces implantation rates as 
well as fertilization defects. Hydrosalpinges may 
impair endometrial receptivity through different 
mechanisms. In the presence of hydrosalpinx, the 
fluid accumulated in the Fallopian tubes may be 
alkaline or toxic, or it may be infected with var-
ious microorganisms1,2. Reaching the endometri-
um through the tubal ostia of the chemically al-
tered fluid can lead to both receptivity defect and 
decidualization failure. The flow rate and amount 
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Hydrosalpingeal fluid leads to subfertility 
via endometrial TNF-α and IL-7 and NF-κB
signaling pathways

of the fluid into the cavity may prevent its attach-
ment by creating a mechanical effect on the em-
bryo at the implantation stage3.

Hidrsosalpinges can cause receptivity defects 
by disrupting the expression of endometrial re-
ceptivity genes or by increasing the production 
of inflammatory cytokines in the endometrial mi-
croenvironment2,3. Although the endometrium of 
patients with hydrosalpinges shows normal histo-
logical maturation, they do not show integrin ex-
pression and most of the cases have out-of-phase 
histology. Since most cases of hydrosalpinx do not 
show integrin expression and have out-of-phase 
histology, the disease is considered to cause both 
type I and type II receptivity defects. It has been 
reported4 that receptivity defects returned to nor-
mal in endometrial biopsies performed after sal-
pingectomy. It has also been shown2 that NF-κB 
expression, a dimer that triggers inflammation, is 
increased in both luminal and glandular cells of 
women withhydrosalpinx. Similarly, hydrosalpnx 
fluid has been shown5 to reduce the expression 
of HOXA10, the transcription factor responsible 
for receptivity. Similarly, it has been known3 for 
a long time that leukemia inhibitory factor (LIF), 
another cytokine involved in implantation, shows 
decreased expression in hydrosalpinx.Since sal-
pinfgectomy largely restores the endometrial 
receptivity defects mentioned above, the idea of 
removing ultrasonographically visible hydroslap-
inxes before IVF has gained attention. However, 
in cases of hydrosalpiges with preserved muco-
sa, reconstructive surgery can be tried6. While 
the clinical pregnancy rate with salpingectomy in 
visible hydrosalpinges was 36.6%, this rate was 
reported as 23.9% in cases without any interven-
tion. In cases of visible bilateral hydrosalpinges 
on ultrasound, salpingectomy increased birth 
rates approximately 3.5 times7. Recent Cohrane 
review1 suggested that clinical pregnancy rates 
were significantly higher in patients who had a 
pre-IVF slapingectomy compared to those who 
did not have a surgical procedure. However, it was 
stated that this result obtained from 11 random-
ized controlled trials was moderate quality.

Although hydrosalpinx is presented as an in-
flammatory disease, no comprehensive study has 
been conducted on the effect of the disease on in-
flammatory pathways in the endometrium2. Since 
the coordinated relationship between NF-κB and 
COX-2 is important in maintaining healthy decid-
ualization, it has been suggested8 to investigate 
the role of inflammatory molecules in implan-
tation. In addition to NF-κB expression, TNF-α 

and IL-17 released from endometrial stromal cells 
create an inflammatory microenvironment to in-
crease trophoblast invasion and receptivity9,10. 
There are not enough studies on how these these 
proinflammatory cytokines are expressed in the 
endometrium of patients with hydrosalpinges. 
This study was designed to detect the changes in 
NF-κB, TNF-α and IL-7 levels in midluteal phase 
endometrial samples of patients diagnosed with 
uni- or bilateral hydrosalpinges.

Patients and Methods

A total of 24 patients who decided to undergo 
laparoscopic salpingectomy were included in the 
study. Participants in the salpingectmoy group 
consisted of patients with a diagnosis of hydrosal-
pinx (n=12) or ectopic pregnancy (n=12). All hy-
drosalpinx cases were infertile. The patients in the 
ectopic pregnancy group consisted of fertile (n=5) 
or infertile (n=7) cases. With the ectopic pregnan-
cy control group, we had the opportunity to detect 
the changes in the endometrium caused by non-hy-
drosalpinx tubal pathologies and to compare them 
with the study group. Twelve healthy patients who 
underwent Pomeroy type tubal ligation were con-
sidered as the second control group. The diagnosis 
of unilateral or bilateral hydrosalpinges was made 
by transvaginal 2D ultrasonography or HSG. All 
women in hydrosalpinx group underwent laparo-
scopic salpingectomy. The patients whose diagno-
sis of hydrosalpinges was confirmed during lapa-
roscopy remained in the study, while the patients 
whose diagnosis of hydrosalpix was not confirmed 
were excluded from the study. Endometrial sam-
pling was performed with a pipelle cannula from 
all hydrosalpinx patients just before salpingecto-
my. Endometrial sampling was performed 7-9 days 
after the LH surge in the mid-luteal phase from the 
control group. Since ectopic pregnancy is a clinical 
emergency, salpingectomy and endometrial sam-
pling were performed regardless of the cycle phase. 
The endometrial samples were divided into two 
groups. The first group of samples were fixed with 
formalin and embedded in paraffin. These blocks 
were used for endometrial dating11, for which the 
Noyes criteria were considered. A difference of 
three days or more between chronological and his-
tological days was considered out-of-date histolo-
gy12. The second samples were washed twice with 
sterile saline solution to remove blood, clots and 
debris. Cleaned samples were placed in RNAlater 
and stored at -20°C until analysis.
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Patients with a diagnosis of endometrioma, 
endometriosis, adenomyosis, polycystic ovary 
syndrome, submucous uterine fibroids and endo-
metrial polyps that may cause tubal or endome-
trial inflammatory pathology were not included 
in the study. Those with a history of Asherman 
syndrome, those with mechanical endometrial in-
jury, and individuals with systemic inflammatory 
disease were excluded from the study. Those with 
a history of previous abdomino-pelvic surgery 
and those whose hydrosalpinx diagnosis was not 
confirmed during laparoscopy were also excluded 
from the study. Patients with male factor infertil-
ity and those who had previously undergone dila-
tation and curettage were also excluded from the 
study. The study was initiated in compliance with 
the Declaration of Helsinki and after obtaining 
patient consent.

Measurement of IL-7, TNF-α 
and NF-κB Concentration 
in Endometrial Supernatants

Each sample was washed with phosphate-buff-
ered saline (PBS) to remove blood and debris 
from them. The wet weights of the samples were 
then measured and recorded. All biopsy spec-
imens were homogenized using a Tissuelyser 
(Qiagen, Hilden, Germany) and 1 mL of PBS. 
The samples, which were kept overnight at -20°C, 
were then thawed and frozen twice to break the 
integrity of the cell membrane. The obtained ho-
mogenates were centrifuged at 4,000 rpm for 10 
minutes and the supernatants formed were fro-
zen and kept until the analysis period. TNF-α, 
IL-7 and NF-κB concentrations in endometrium 
supernatants were measured by enzyme-linked 
immunosorbent assay (ELISA) using human im-
munoassay kits (SunredBiotechnology Company, 
Shanghai, China). These kits are used to measure 
the NF-κB, IL-7 and TNF-α concentrations in ho-
mogenates and cell culture supernatants as well 
as biological fluids.  The detection range of the 
NF-κB kit (assay range) was 0.15 to 40 ng/mL 
and the minimum measurable level (sensitivity) 
was 0.146 ng/mL. The intra- and inter-assay co-
efficients of variation were <10% and <12%, re-
spectively. The detection range of the TNF-α kit 
was 3 to 900 ng/L and the minimum measurable 
level was 2.82 ng/L.  The intra- and inter-assay 
coefficients of variation were <10% and <12%, re-
spectively. The detection range of the IL-7 kit was 
0.8 to 200 ng/L and the minimum measurable 
level was 0.716 ng/L.  The intra- and inter-assay 
coefficients of variation were <10% and <12%, re-

spectively. The results of IL-7, TNFα and NF-κB 
concentrations detected by ELISA kit were divid-
ed by the wet weight ofendometrial tissue. The re-
sults were presented as ng/mg wet-tissue for IL-7, 
TNFα and NF-κB.

Statistical Analysis
Statistical analysis was performed by the use 

of Statistical Package for the Social Sciences for 
Windows version 21 (IBM Corp., Armonk, NY, 
USA). Normality of the distribution was assessed 
by using Kolmogorov Smirnov test. While Stu-
dent’s t-test was used for normally distributed 
variables and Mann-Whitney test for abnormal 
variables. Results were presented asmean ± stan-
dard deviation. Categorical variables were ex-
pressed in counts (percentages). A p-value <.05 
was accepted as statistically significant. 

Results

Age and body mass index (BMI) values of the 
patients in the hydrosalpinx group were signifi-
cantly lower than those in the ectopic pregnan-
cy and tubal ligation group. Uni or bilateral sal-
pingectomy was successfully performed in both 
the hydrosalpinx group and the ectopic pregnancy 
group. Unilateral salpingectomy was performed 
in all women with ectopic pregnancy. Eight of 
the hidrsolapinx cases went to unilateral and 4 of 
them went to bilateral salipingectomy. Pomeroy 
style tubal ligation was performed in all patients 
in the control group. Endometrial sampling was 
successfully performed with a pipelle cannula 
under anesthesia from all patients just before the 
laparoscopy (Table I). 

The endometrial IL-7 concentration before 
salpingectomy of the patients in the hidrosalpinx 
group was 44.6±6.65 ng/mg wet-tissue (Table II). 
The IL-7 levels of the HX group were significantly 
higher than the patients in the ectopic pregnancy 
group (19.3±3.06 ng/mg wet tissue vs. 44.6±6.65 
ng/mg wet tissue, p<0.04). Similarly, IL-7 levels 
of the HX group were significantly higher than 
the tubal ligation group (6.08±1.48 ng/mg wet tis-
sue vs. 44.6±6.65 ng/mg wet tissue, p<0.03).The 
patients in the ectopic pregnancy group had sig-
nificantly higher endometrial IL-7 levels before 
salpingectomy compared to the control group 
(19.3±3.06 ng/mg wet-tissue vs. 6.08±1.48 ng/
mg wet-tissue, p<0.02). The endometrial TNF-α 
concentration of the patients in the hidrosalpinx 
group was 33.20±5.40 ng/mg wet-tissue. The 
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TNF-α value detected in the hydrosalpinx group 
was significantly higher than both the TNF-α val-
ue in the ectopic pregnancy group (11.8±1.07 ng/
mg wet-tissue vs. 33.20±5.40 ng/mg wet-tissue, 
p<0.01) and the TNF-α value in the tubal ligation 
group (5.30±1.22 ng/mg wet-tissue vs. 33.20±5.40 
ng/mg wet-tissue, p<0.01). Before salpingectomy, 
endometrial TNF-α levels of the patients in the 
ectopic pregnancy group were significantly higher 
than the control group (11.8±1.07 ng/mg wet-tis-
sue vs. 5.30±1.22 ng/mg wet-tissue, p<0.02).

The pre-salpingectomy endometrial NF-κB 
concentration of the patients in the hydrosalpinx 
group was 6.38±1.40 ng/mg wet-tissue. This value 
is higher than enodmetrial NF-κB levels in the ec-
topic pregnancy group (3.67±0.41 ng/mg wet-tis-
sue vs. 6.38±1.40 ng/mg wet-tissue, p<0.02) and 
NF-κB levels in the tubal ligation group (1.07±0.38 
ng/mg wet-tissue vs. 6.38±1.40 ng/mg wet-tissue, 
p<0.01). The patients in the ectopic pregnancy 
group had significantly higher endometrial NF-
κB levels before salpingectomy compared to the 
control group (3.67±0.41 ng/mg wet-tissue vs. 
1.07±0.38 ng/mg wet-tissue, p<0.03). ELISA test 
results did not change depending on whether the 
hydrosalpinx was uni or bilateral.

Discussion

While hydrosalpingeal fluid has a toxic effect 
on the gametes and embryos in the tuba in natural 
cycles, it may damage the embryo development 
in early embryogenesis by disrupting the endome-
trial microenvironment in IVF cycles1. Hydrosa-
pingeal fluid disrupts implantation by inhibiting 
many physiological processes that try to make the 
endometrial microenvironment suitable for em-
bryo implantation13,14. Since the hydrosalpingeal 
fluid is rich in inflammatory cells and its intense 
proinflammatory cytokine content will impair 
the decidualization ability of endometrial cells, 
it prevents the formation of a receptive endome-
trium2,3,5.Injecting embryo culture supernatant 
into the cavity prior to salpingectomy or embryo 
transfer neither increases nor adversely affects 
clinical pregnancy rates15. Heterotopic pregnancy 
cases in which intrauterine and extrauterine preg-
nancy occur simultaneously should be considered 
in the differential diagnosis of hydrosalpinx cas-
es. Early diagnosis may be helpful in preserving 
intrauterine pregnancy16.

The presence of hydrosalpinx creates an in-
flammatory microenvironment in the endometri-

Table I. Demographic characteristics of each group.

*: p<0.05 compared to ectopic pregnancy or tubal ligation groups

	 Hidrosalpinx	 Ectopic	 Tubal ligation
	 (n=12)	 pregnancy (n=12)	 (n=12)	

Age (years)	 24.3±2.04*	 26.9±5.07	 32.1±8.30
BMI (kg/m2)	 24.9±5.22*	 26.8±9.23	 27.1±10.3
Infertile/fertile, n (%)	 12 (100%)/0	 7 (58.3%)/5 (41.6%)	 0/12 (100%)
Unilateral/bilateral salpingectomy, n (%)	 8 (66.6%)/4 (33.3%)	 12 (100%)/0	 12 (100%)/0

Table II. Comparison of endometrial IL-7, TNF-α, NF-κB concentrations in women with hidrosalpinges and control groups.

*: Pomeroy type.

		  IL-7	 TNF-α	 NF-κB
		  (ng/mg-	 (ng/mg-	 (ng/mg-	
		  wet tissue)	 wet tissue)	 wet tissue)
	
I-	 Salpingectomy due to hidrosalpinges (n=12)	 44.6±6.65	 33.20±5.40	 6.38±1.40
II-	 Salpingectomy due to ectopic pregnancy (n=12)	 19.3±3.06	 11.8±1.07	 3.67±0.41
III-	 Fallopian Tubal Ligation (n=12)*	 6.08±1.48	 5.30±1.22	 1.07±0.38
p-values
I vs. II		 0.04	 0.01	 0.02
I vs. III	 0.03	 0.01	 0.01
II vs. III	 0.02	 0.02	 0.03
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um, preventing both decidualization and success-
ful implantation. In a recent study2, it was shown 
that hydrosalpingeal fluid initiates inflammatory 
reactions by increasing endometrial NF-κB syn-
thesis, and salpingectomy returns the endome-
trium to its physiological conditions.In the pres-
ent study, we found that the endometrial NF-κB 
levels in the hydrosalpinx group were approxi-
mately twice as high as in the ectopic pregnan-
cy group and six times higher than in the control 
group. It is quite reasonable to directly attribute 
this increase in endometrial NF-κB levels to the 
presence of hydrosalpinx. Despite the intra-tub-
al conception product, endometrial NF-κB levels 
were not as high as hydrosalpinx in the ectopic 
pregnancy group. The endometrial NF-κB levels 
of the ectopic pregnancy group were higher than 
the control group and lower than the hydrosalpinx 
group. This finding is evidence that hydrosalpinx 
is a unique disease. Many of intratubal patholo-
gies have not the same clinical findings as hydro-
salpinx. Hydrosalpingeal fluid contributes to the 
proinflammatory environment in the endometri-
um. Increased endometrial NF-κB levels in cases 
of ectopic pregnancy may have developed mostly 
due to the secondary effects of pregnancy-relat-
ed hormones on the endometrium. If the concep-
tion product located in the tube had a hydrosal-
pinx-like clinic, endometrial NF-κB levels would 
have been similar in both groups. In conclusion, 
the increase in endometrial NF-κB expression in 
the presence of hydrosalpinx is mainly due to the 
disease-related fluid collection and its flow into 
the endometrium. Endometrial NF-κB expression 
is regulated during the menstrual cycle under 
the influence of estrogen and progesterone2,17,18. 
NF-κB contributes to the development of healthy 
decidua by working in coordination with pros-
taglandins and COX-28. Increased endometrial 
NF-κB in the presence of hydrosalpinges may 
lead to impaired decidualization and implantation 
defect17,18. Freezing of eggs collected before sal-
pingectomy with open or closed vitrification pro-
tocol has similar success rates19.

Inflammatory reaction at the physiological 
level plays a pivotal role for both decidualiza-
tion and successful trophoblast invasion. Mac-
rophages and natural killer cells accumulating 
in the endometrium during the decidualization 
stage form an inflammatory microenvironment20. 
TNF-α is one of the proinflammatory cytokines 
whose expression increases in the endometrium 
in successful pregnancies21. TNF-α plays a role 
in intercellular communication in the endometri-

um in accordance with the cycle phase. TNF-α, 
which is weakly expressed in the proliferative 
phase, exhibits increased expression during the 
secretory phase. If pregnancy occurs, all glan-
dular, stromal, and decidual cells express TNFα 
intensely22. In our patients with a diagnosis of 
hydrosalpinx, endometrial TNF-α levels before 
salpingectomy increased approximately three 
times that of ectopic pregnancies, and approxi-
mately 7 times higher than in the control group. 
Abnormal increase in endometrial TNF-α levels 
may be due to hydrososalpineal fluid reaching the 
cavity and potentiating the inflammatory process. 
The increase in endometrial NF-κB in the pres-
ence of hidrsolapinx suggests that alkaline and 
toxic fluid activates endometrial inflammatory 
pathways2,17,18. Hydrosalpingeal fluid reaching the 
cavity may lead to the activation of macrophages 
and epithelial cells, increasing TNF-α expres-
sion23. Since the expression of macrophages and 
TNF-α receptors will increase in the presence of 
endometrial inflammation, an increase in the ex-
pression of receptivity genes can be expected21. 
However, the continuous and pathological flow of 
alkaline fluid may disrupt the positive correlation 
between TNF-α and receptivity genes, leading to 
failed implantation and early pregnancy loss20. 
Consistent with this, You et al9 showed that phys-
iological TNF-α expression plays a role in early 
implantation by regulating trophoblast migration 
and invasion. When all these data and our results 
are evaluated together, TNF-α of macrophage or 
decidual origin is overexpressed in the presence 
of inflammatory hydrosolapinx, thus impairing 
trophoblast migration and expression of receptiv-
ity genes. Endometrial TNF-α expression above 
physiological limits can lead to implantation de-
fects or early pregnancy loss.

In addition to NF-κB and TNF-α expression, 
endometrial interleukins are also involved in dcid-
ualization and trophoblast migration24,25. The signif-
icant increase in decidual IL-7 expression in spon-
taneous and recurrent pregnancy loss is evidence 
of the importance of this cytokine in implantation. 
Increasing IL-7 levels create an inflammatory envi-
ronment, disrupt feto-maternal communication and 
lead to implantation defects10. You et al9 reported 
that endometrial TNF-α expression caused IL-17 
activation and stimulated trophoblast migration. Wu 
et al24 showed that the IL-7/IL-7R signaling path-
way increases inflammatory Th17 cells and leads to 
early or recurrent pregnancy losses. We found that 
IL-7 expression in the endometrium of women with 
hydrosalpinx was approximately twice as high as 
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in the ectopic pregnancy group and approximately 
seven times higher than in healthy controls. This 
massive increase in IL-7 levels before salpingecto-
my may be due to hydrosalpingeal fluid reaching the 
cavity. The potentiation of the inflammatory effect 
of alkaline hydrosalpingeal fluid in the endometri-
um may lead to inadequate decidualization and im-
plantation failure.

Conclusions

Despite the small number of participants, this is 
the first study to show that more than one endome-
trial inflammatory pathway is activated in women 
with hydrosalpinx. The presence of two different 
control groups in our study allowed the results to 
be interpreted more clearly. It has been suggested 
that the increase in endometrial NF-κB in women 
with hydrosalpinx causes decreased expression of 
receptivity genes and subfertility. We concluded 
that the increase in endometrial inflammation in 
patients with hydrosolapinx is not only due to the 
increase in NF-κB, but also due to the increase of 
other proinflammatory cytokines such as TNF-α 
and IL-7. Overexpression of IL-7, NF-κB, and 
TNF in the presence of hydrosalpinx may induce 
a proinflammatory environment in the endometri-
um, resulting in implantation defect.Whether the 
hydrosalpinx fluid affects oocyte or germ cell qual-
ity remains an unanswered question26.
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