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Introduction

Infertility is defined as the inability to conceive within a year 
of regular unprotected intercourse affecting one in six couples. 
The most common causes of infertility are ovulatory dysfunc-
tion, male factor infertility, and tubal disease [1]. Unexplained 
Infertility (UI) and Recurrent Implantation Failure (RIF) are diag-
noses based on failed pregnancy attempts with current infertil-
ity treatment options. UI is diagnosed when testing is inconclu-
sive and RIF is diagnosed after three failed In Vitro Fertilization 
(IVF) cycles. UI is the absence of conception despite 12 months 
of unprotected intercourse, not explained by anovulation, poor 
sperm quality, tubal pathology or other known cause of infertil-
ity. RIF is defined by three failed IVF cycles in which one or two 
high-quality embryos are transferred in each cycle or by two 
failures in oocyte donor recipients after the transfer of good 
quality embryos [1]. UI is a common cause of infertility affecting 

10-30% of infertile couples [2], while RIF is present in around 
10% of in vitro fertilization (IVF) cycles [3]. 

The process of embryo implantation, which is vital for a 
successful pregnancy, starts in a receptive endometrium. En-
dometrial receptivity and embryo-endometrial epithelium in-
teractions for implantation are critical determinants of fertility. 
Failure of regulation of local immune processes may cause preg-
nancy failure and infertility, particularly in UI.

Several studies investigated the putative impact of endome-
trial cytokine levels on the outcome of in vitro fertilization in pa-
tients with recurrent implantation failure. Cytokines are secret-
ed during both the innate and the adaptive immune responses 
and they are key mediators and regulators of the complex in-
terplay between the fetus and uterine mucosa, which pleads 
for their major influence on endometrial receptivity [4,5]. 
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Varying levels of Interleukin-1 Beta (IL-1β) and Tumor Necrosis 
Factor Alpha (TNF-α) and of other cytokines may contribute to 
an increased endometrial receptivity. Since the uterine fluid, 
collected by either lavage or aspiration, which is less invasive 
than tissue biopsy is indicative of the implantation microenvi-
ronment [6], we have assessed and correlated the endometrial 
flush levels of these two cytokines with embryo implantation 
and successful pregnancy in females with repeated implanta-
tion failure.

Materials and methods

The proposed investigation is a prospective study using sam-
ples from patients treated in the Assisted Human Reproduction 
Department of the Gynecology Clinic I Cluj-Napoca between 
2018 and 2021. All patients received informed consent in which 
they could accept or refuse the use of biological samples col-
lected for research purposes. We used only samples from pa-
tients who agreed with assessing endometrial flush samples for 
this purpose. To carry out this study, we obtained the agree-
ment of the University of Medicine and Pharmacy Cluj-Napoca 
Ethics Committee. We performed data analysis according to the 
established statistical methods.

We enrolled 96 female patients with ages 26 to 46 years 
with repeated implantation failure (at least 3 previous failed IVF 
cycles, at least 2 consecutive cycles in which a total of at least 
4 embryos were transferred in the cleavage stage or at least 2 
embryos in the blastocyst stage, all embryos being of good qual-
ity). All patients followed the IVF / ICSI protocol. The exclusion 
criteria were: patients with metabolic or endocrine disorders, 
atrophic endometrium (<7 cm), OHSS, patients with uterine or 
adnexal pathology (fibroids, polyps, hydrosalpinx, endometrio-
sis, etc).

All patients followed a short antagonist stimulation pro-
tocol. The initial dose for ovarian stimulation was 150-300 IU 
rFSH (Gonal F). To induce the final oocyte maturation, we used 
10,000 IU of urinary-hCG. After thirty-six hours we performed 
the oocytes retrieval. Between 1 and 3 good-quality embryos 
were transferred. We performed serum beta-hCG dosing or a 
urine pregnancy test on day 14 in all patients. We performed 
endovaginal ultrasound between weeks 4 and 6, to detect the 
embryo and fetal heart rate.

Sample collection

Before ovarian puncture, the vagina and the cervix were 
washed with normal saline solution. We injected 2 ml of saline 
solution into the uterine cavity with a catheter and the liquid 
was aspired and stored at -18 degrees C. For evaluation of IL-1β 
and TNF-α levels, we used standard ELISA kits (Invitrogen, USA). 

Statistical analysis of the collected data was performed 
through SPSS Software. 

Results

The mean age of the patients included in the study was 35 
± 5.6 years (26-46), and the body mass index ranged from 16.8 
to 36.4 kg/m2. The average age of the partners was 38 ± 6.5 
years (24-50), and the number of sperm varied between 0.2-80 
X 106/ml. These couples had a history of sterility of 4.4 ± 2.7 
years. The average number of obtained oocytes was 8 (1-22), 

and the average number of embryos was 5 (1-9). Of the 96 pa-
tients enrolled, 34 (35.41%) obtained a biochemical pregnancy 
(beta-HCG or positive pregnancy test after 2 weeks). Twelve of 
the pregnancies did not have an embryo with cardiac activity 
on 6-week ultrasound nor resulted in a first-trimester abortion, 
so only 22 (22.91%) patients went on to have live births. The 
second group did not result in pregnancy after the IVF protocol. 

There were no statistically significant differences between 
the two groups in terms of age, BMI, duration of infertility, AFC, 
number of transferred embryos, number of oocytes obtained, 
or number of embryos obtained. (Table 1). 

Table 1: Characteristics of pregnant and non-pregnant group.

Characteristic   Beta-hCG positive
N = 34

   Beta-hCG negative
N = 62

P Value

Age (years) 35.1 ± 5.4 35.6 ± 5.6 0.7

BMI 24.2 ± 5.7 23.7 ± 5 0.7

Duration of  
infertility (years) 4.4 ± 2.1 4.5 ± 2.2 0.8

AFC 12 ± 4 11 ± 4.3 0.3

Number of 
transferred 

embryos
1.8 ± 0.7 1.8 ± 0.6 0.6

Regarding IL-1β, a significantly higher level of endometrial 
secretion was observed in patients with biochemical pregnancy 
compared to patients who did not obtain pregnancy (Table 2). 
However, if we compare patients with biochemical pregnancy 
with patients with completed pregnancy, there are no statisti-
cally significant differences in IL-1β levels (Table 3). 

Table 2: IL-1β and TNF-α levels in endometrial flush of patients 
with a positive and negative chemical pregnancy.

Characteristic Beta-hCG positive
N = 34

Beta-hCG negative
N = 62 P-Value

TNF-α (pg / mL) 47.3 ± 13.6 51.6 ± 18.5 0.3

IL-1β (pg / mL) 133.7 ± 70.6 66.1 ± 55.8 <0.001

Data are presented as mean ± Standard Deviation; Beta-hCG: Beta-
Human Chorionic Gonadotropin; BMI: Body Mass Index; AFC: Antral 
Follicular Count.

Data are presented as mean ± Standard Deviation; Beta-hCG: Beta-
Human Chorionic Gonadotropin; TNF-α: Tumor Necrosis Factor-Al-
pha; IL-1β and Interleukin-1 beta.

Data are presented as mean ± Standard Deviation; Beta-hCG: Beta-
Human Chorionic Gonadotropin; TNF-α: Tumor Necrosis Factor-Al-
pha; IL-1β And Interleukin-1 Beta.

Table 3: Comparison of IL-1β and TNF-α levels in endometrial 
flush of patients with positive chemical pregnancy and live birth 
pregnancy.

Characteristic Beta-hCG positive
N = 34

Live birth pregnancy 
N = 22 P-Value

TNF-α (pg / 
mL) 47.3 ± 13.6 45.5 ± 18.9 0.7

IL-1β (pg / mL) 133.7 ± 70.6 135.2 ± 70.3 0.9
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Chart 1: : IL-1β and TNF-α levels in endometrial flush of patients 
with a positive and negative chemical pregnancy.

Although the group of patients who did not obtain preg-
nancy showed a higher level of TNF-α, there are no statistically 
significant differences between the analyzed groups (Chart 1).

Discussions

Embryo implantation occurs during a short period of time, 
the implantation window, in the mid-secretory phase of the 
menstrual cycle [7,8]. Current data plead to demonstrate that 
the endometrium is not a passive partner in the reproductive 
process, as it was initially regarded. Functionally, the endome-
trium is defined as a highly dynamic tissue encompassing a func-
tional layer, which results in the implantation site of the embryo 
and is completely shed during menstruation, and a basal layer, 
which is crucial for the optimal reconstruction of the epithelium 
after the menstrual cycle [9-11]. 

The process of embryo implantation, which is vital for a suc-
cessful pregnancy, starts in a receptive endometrium. Endome-
trial receptivity and embryo-endometrial epithelium interac-
tions for implantation are critical determinants of fertility, and a 
wide array of biological factors, including cytokines and chemo-
kines, prostaglandins, adhesion molecules, growth factors, and 
others, orchestrate successful implantation [4,12-15]. Several 
studies investigated the putative impact of endometrial cyto-
kine levels on the outcome of in vitro fertilization in patients 
with recurrent implantation failure.

Cytokines are a heterogeneous family of more than 100 
small molecules secreted during both the innate and the adap-
tive immune responses. They are crucial factors in regenerative 
and inflammatory–like processes such as the menstrual cycle in 
human endometrium and are also implicated in specific events 
like reproduction, ovulation and implantation [16]. Several cyto-
kines are key mediators and regulators of the complex interplay 
between the fetus and uterine mucosa, which pleads for their 
major influence on endometrial receptivity [4]. Varying levels 
of Interleukin-1 Beta (IL-1β) and Tumor Necrosis Factor Alpha 
(TNF-α) may contribute to an increased endometrial receptivity. 
In the present study we have assessed and correlated the en-
dometrial flush levels of these two cytokines with embryo im-
plantation and successful pregnancy in females with repeated 
implantation failure.

IL-1β is a key mediator in the immunological and inflamma-
tory responses, responsible for positively regulating the level of 
expression of β3 integrin, a cellular adhesion molecule involved 
in the successful implantation of the blastocyst [17]. IL-1β is 
produced by the stromal and glandular cells throughout the 

menstrual cycle with a peak at the luteal phase. A significant 
decrease, however, of the endometrial expression of IL-1β dur-
ing the implantation window suggests the presence of specific 
regulatory mechanisms which, by the inhibition of its antago-
nist, supports its role in embryo implantation [18-20]. More-
over, further studies show an increased level of expression of 
IL-1β in women with successful implantation [21]. The dynamic 
changes of IL-1β with elevated expression during luteal phase 
and successful embryo implantation and a decreased expres-
sion during the implantation window are arguments in favor of 
its influence on embryo-endometrial interaction.

Our data also point out the effector role of IL-1β through the 
success of embryo implantation process. A significantly higher 
level of IL-1β in the endometrial secretion was observed in pa-
tients with biochemical pregnancy compared to patients who 
did not obtain pregnancy. However, when compared patients 
with biochemical pregnancy with patients with completed preg-
nancy, there are no statistically significant differences in IL-1β 
levels. 

Regarding TNF-α, although the group of patients who did 
not obtain pregnancy showed a higher level in the endometrial 
secretion, there were no statistically significant differences be-
tween the analyzed groups. 

Literature brings conflicting data regarding the levels of 
TNF-α. Some authors show that TNF-α levels show similar dy-
namics to those of IL-1β, with a positive correlation of high ex-
pression in women with successful implantation [21]. However, 
according to other authors, TNF-α is significantly increased 
in women with a history of recurrent abortion and infertility 
[22,23]. Other studies state the existence of a positive correla-
tion between successful pregnancy and higher levels of TNF-α 
and lower levels of IL-1β in endometrial secretions [24]. Similar 
studies concluded that lower levels of TNF-α in endometrial se-
cretions results in the improvement of endometrial reception, 
while not finding any significant difference between IL-1β of the 
two groups in terms of increasing chance of performing suc-
cessful implantation [25].

A recent study on the association of IL-1β and TNF-α levels 
in endometrial secretion and success of embryo transfer in IVF/
ICSI cycles did not find any significant statistical relationship 
between higher levels of IL-1β in endometrial secretion and 
successful implantation nor any statistical significant difference 
of TNF-α level of expression between the two groups with suc-
cessful and unsuccessful implantation [26].

Another aspect in reproductive medicine is immunologic tol-
erance, mandatory for the protection against precocious rejec-
tion of the blastocyst [27]. The embryo constitutes a potential 
target for the maternal immune system attack, as the blasto-
cyst is a semi-allograft with 50% of its genome being paternally 
derived. It is estimated that in over 20% of the couples expe-
riencing UI, the implantation failure is attributed to immune 
system alterations [28,29]. Cytokine homeostasis in the female 
reproductive tract is crucial for the induction of an immunolog-
ic tolerance [30] and it requires the involvement of numerous 
cellular and soluble factors. Th1/Th2 lymphocytes equilibrium 
in the endometrium is thus of interest in reproductive medi-
cine. Th1 lymphocytes produce mainly pro-inflammatory cy-
tokines, like IL-1β and TNF-α, while Th2 lymphocytes produce 
anti-inflammatory cytokines. Th1cytokines, which promote the 
immune system rejection, can be harmful for the pregnancy, 
while Th2 can promote the tolerance to the semi-allogeneic fe-
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tus, allowing the pregnancy to take place [31,32]. Assessment 
of cytokines that are representative for Th1/Th2 balance in the 
endometrial fluid may also be indicative of the immunological 
tolerance of the blastocyst. Another argument in favor of the 
role of TNF-α and cytokine disequilibrium in infertile women is 
brought on by the potential use of TNF-α inhibitors to counter-
act the increased production of Th1 cytokines associated with 
early reproduction failure [33].

Conclusions

UI affects a significant proportion of infertile couples and 
it poses a notable burden on the quality of life of affected in-
dividuals. The process of embryo implantation, which is vital 
for a successful pregnancy, starts in a receptive endometrium. 
Endometrial receptivity and embryo-endometrial epithelium 
interactions for implantation are critical determinants of fertil-
ity, and a better understanding of immunological factors that 
promote successful pregnancy in UI and RIF women might point 
to therapeutic targets and prognostic factors of treatment out-
come. Our study identified a positive correlation of Il-1β and a 
negative correlation of TNF-α in the endometrial secretion and 
successful implantation, which suggests that IL-1β might be a 
favorable prognostic factor, while TNF-α could serve as target in 
the treatment of UI and RIF patients.
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