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Introduction

As a growing medical and social problem, infertility affects 
8.0-12.0% of reproductive-aged couples worldwide [1]. 
Recurrent pregnancy loss (RPL) is the failure of two or more 
clinical pregnancies before 20-24 weeks of gestation and 
affects approximately 2.5% of women [2]. Recurrent miscar-
riages may occur due to various factors, including uterine 
abnormalities, hormonal and metabolic disorders, antiphos-
pholipid syndrome, cytogenetic abnormalities, and heredi-
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tary thrombophilia [3]. However, half of the abortions were 
idiopathic [3,4]. Footprints of the immune system are seen in 
most of these unexplained cases [5,6]. 

In vitro fertilization (IVF) is the most effective assisted repro-
ductive technology (ART) for treating a wide variety of infer-
tile cases [7]. However, approximately 30.0% of ART cases 
have resulted in live births [8]. Recurrent failure of implanta-
tion (RIF) may be caused by reduced endometrial acceptance, 
uterine polyps, myomas, congenital anomalies, endome-
triosis, thrombophilia, or male or fetal problems. Increasing  
evidence suggests that unexplained RIF and RPL cases may 
be mediated by insufficient and excessive endometrial in-
flammatory responses during the window of implantation 
[6,8-10]. 

The survival of an allogeneic fetus in the uterus depends 
on maintaining an immune balance between the mother 
and fetus. Achieving and maintaining this safety balance has 
been the subject of considerable research [11,12]. Natural 
killer cells (NK cells) are the main immune cells involved in 
maintaining a normal pregnancy and have been identified 
as safety factors associated with reproductive success [13]. 
The NK cell count fluctuates during different menstrual cycle 
stages (likely increases after ovulation, especially during the 
secretory phase) [14]. NK cells comprise 5.0-10.0% periph-
eral blood lymphocytes and 70.0-90.0% uterine lympho-
cytes. NK cells express CD56 and CD16 markers; unlike T 
cells, they do not express CD3 [15]. In early pregnancy, these 
cells play a key role in implantation, particularly in vascular 
regeneration and trophoblast attacks. Also, NK cells play a 
role through inflammatory cytokines such as granulocyte-
macrophage colony-stimulating factor, leukemia inhibitory 
factor, interleukin (IL)-1, IL-6, and IL-11 [16-18]. Therefore, 
NK cells facilitate healthy development during pregnancy by 
maintaining a balance between placental function and fetal 
needs. Some cytokines positively promote pregnancy, while 
others are toxic to the fetus, including IL-12 and interferon-
gamma (IFN-γ) [19].

IFN-γ is a homodimeric protein produced by innate immune 
cells such as NK cells and CD4+ and CD8+ T lymphocytes. 
NK cells are the main source of IFN-γ production during the 
early stages of the immune response, stimulating IL-12 pro-
duction from macrophages. These cytokines then increase 
IFN-γ production. Therefore, large amounts of IFN-γ are pro-
duced even before the onset of adaptive immunity [20,21]. 
The prognostic value of peripheral NK cells as a screening 

test for women with infertility is still controversial [22]. 
This study selected three surface markers of NK cells in 

the peripheral blood of women, CD56, CD16, and CD69, 
were selected for examination. Moreover, the amount of 
peripheral IFN-γ was measured, and the correlation between 
IFN-γ levels and NK cells was assessed to determine the role 
of peripheral blood NK cells in recurrent miscarriage and IVF 
failure.

Materials and methods

In this case-control study, all samples were obtained from 
women referred to the infertility ward of Imam Khomeini 
Hospital of Ahvaz Jundishapur University for infertility from 
March 1, 2021 to January 1, 2022. This study was approved 
by the Ethics Committee of the Research Department of 
Ahvaz Jundishapur University of Medical Sciences (ethical 
code: IR.AJUMS.REC.2020.096). Written informed consent 
was obtained from all patients before the study initiation. All 
procedures in this clinical study involving human participants 
were in accordance with the ethical standards of the Nation-
al Research Committee and the 2008 Declaration of Helsinki 
and its later amendments. 

A total of 57 peripheral blood samples were collected 
from women aged 18-40 years divided into three groups (22 
women with RPL, 18 with RIF, and 17 parous women). Blood 
samples were collected during the midluteal phase, and 
blood tests were conducted during the same luteal phase 
of the menstrual cycle. The control group included parous 
women with no history of abortion or infertility. Women 
with a history of autoimmune diseases such as antiphos-
pholipid antibody syndrome, infectious diseases, diabetes, 
chromosomal abnormalities, and immunodeficiency were 
excluded from the study. In addition, patients with anatomi-
cal, hormonal, or abnormal chromosomal abortions, those 
positive for toxoplasma, rubella, cytomegalovirus, and herpes 
simplex, or both, were excluded from the study.

RPL was defined as three consecutive pregnancy losses be-
fore 20 weeks from the last pregnancy, in which all the fol-
lowing outcomes were normal: thyroid function, pelvic ultra-
sonography and hysterosalpingogram, parental karyotypes, 
anti-cardiolipin and antiphospholipid antibodies, fetal bovine 
serum, lupus anticoagulant, prolactin, progesterone, estro-
gen, testosterone, follicle-stimulating hormone, free andro-
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gen index, and prothrombotic risk factors (factor V Leiden, 
activated protein-C resistance, and prothrombin mutations). 
They had a history of at least two sequential spontaneous 
miscarriages without the involvement of any other infertility 
factors [23].

RIF is defined as the failure of post-IVF implantation after 
two stages of high-quality egg transfer. Women with RIF-
related infertility had an infertility history of more than 1 
year with normal thyroid function, serum prolactin, and 
hysterosalpingography, while their male partners had a nor-
mal sperm count, motility, and morphology according to the 
World Health Organization standards. 

After obtaining informed consent, 5 mL of heparinized pe-
ripheral blood was drawn from each person and divided into 
two parts: 2 mL was transferred to a heparin tube for flow 
cytometry and 3 mL to a clot tube for serum preparation and 
enzyme-linked immunosorbent assay (ELISA) for IFN-γ mea-

surement.
Specific antigenic indices of lymphocytes on the immune 

system cells can be distinguished by flow cytometry using 
monoclonal antibodies against these indices [22]. Monoclo-
nal antibodies against markers CD16 and CD56 detecting 
NK cells and CD69 identifying active NK cells were obtained 
from BioLegend (Bio-Techne, Minneapolis, MN, USA). The 
IFN-γ ELISA kit and Lysis Buffer were purchased from Biosci-
ence (Bio-Techne) and DACO (DAKO Company, Santa Clara, 
CA, USA), respectively. Serum levels of IFN-γ were measured 
by using a Bioscience ELISA kit.

Immediately after the lysis of red blood cells using a buffer 
lysis solution, blood leukocytes were stained with fluorescent 
antibodies conjugated with specific fluorescent materials 
against CD16, CD56, CD69, and CD69 markers. These were 
analyzed using flow cytometry in the lymphocyte basin, and 
the percentages of activated NK and NK cells were deter-

Fig. 1. (A) Lymphocyte gates in the total cell population; (B) Isolation of NK cells (CD16+ and CD56+) from the rest of the lymphocyte 
population using conjugated monoclonal antibody with fluorescent materials specific for CD56 and CD16; (C) FMO control gating for 
CD16 to detect CD16+ cells area; (D) FMO control gating for CD69 to detect CD69+ cells area; (E) a test sample showing cell popula-
tions. Area Q1: CD69+ and CD56+; Area Q2: CD69+, CD16+, and CD56+; Area Q3: CD56+ and CD16+; Area Q4: CD56+, CD16-, and 
CD69-. SSC-H, side scatter height; FSC-H, forward scatter height; NK cells, natural killer cells; FMO, fluorescence minus one.
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mined. Flow cytometry data were analyzed using FlowJo 
software version 10 (Bio-Techne), and graphs were plotted 
using GraphPad Prism 8 (Bio-Techne, Minneapolis, MN, USA) 
(Fig. 1). Finally, the data were averaged over the cells CD56+ 
for lymphocytes; CD16+ and CD56+ for NK cells; CD16+, 
CD56+, and CD69+ for active NK cells; and CD16-, CD56+, 
and CD69- for non-NK cell lymphocytes using SPSS software 
version 26 (DAKO Company).

The sample size was estimated using an α value of 0.05 
and a study power of 89.8% based on the statistical meth-
ods in medical research by Armitage et al. [24]. One-way 
analysis of variance, nonparametric Kruskal-Wallis tests, and 
SPSS software version 26 (DAKO Company) were used for 
data analysis. P<0.05 is considered as statistically significant. 

Results

The mean numbers of NK cells (CD16+ and CD56+) in the 
RPL group were higher than those in the control group 
(P=0.02). However, the mean numbers of active NK cells in 
the RIF and RPL groups were not significantly different from 
those in the control group (P=0.3; Table 1). Although the 
mean number of NK cells in RIF patients was higher than that 
in the control group, the difference was insignificant (P>0.05; 

Table 1).
The level of IFN-γ in the RPL group was significantly higher 

than in the control and RIF groups (P<0.05). In contrast, its 
level in the RIF group was insignificantly different from the 
control group (P>0.05; Table 1). 

We investigated the correlation between the level of IFN-γ 
and the level of NK cells to determine the exact role of im-
mune response in IVF and pregnancy outcomes. We also 
explored the diagnostic sensitivity of IFN-γ. In the RPL group, 
there was a significant correlation between the levels of 
IFN-γ and NK cells (r=0.481; P=0.02). However, there was 
no significant correlation between the levels of IFN-γ and 
the active NK cells in the RPL group (P=0.08; Table 2). No 
significant correlation was found between the levels of NK 
cells (whether activated or not) and IFN-γ in the RIF patients 
(P>0.05; Table 2 and Fig. 2).

Discussion

Our findings showed no difference in NK cells and IFN-γ lev-
els between RIF patients and controls. Moreover, no correla-
tion was found between these two markers in RIF patients, 
implying that immunosuppression and autoimmunity do 
not play a role in implantation failure during IVF. However, 

Table 1. Comparison of mean percentages of peripheral blood NK cells, active NK cells, and IFN-γ level (pg/mL) in three groups

RIF group RPL group Control group P-value

NK cells (CD16+ and CD56+) 8.45±1.157 12.00±1.221 7.467±0.84 0.02a)

Active NK cells (cD16+, CD56+, and CD69+) 3.204±0.721 4.141±0.713 2.70±0.493 0.3

IFN-γ 20.88±0.094 30.22±3.161 20.73±0.706 0.01a)

Values are presented as mean±standard deviation.
NK cells, natural killer cells; IFN-γ, interferon-gamma; RIF, recurrent failure of implantation; RPL, recurrent pregnancy loss.
a)P-value <0.05 is significant.

Table 2. Correlation between the levels of IFN-γ, peripheral blood NK cells, and active NK cells in RPL and RIF groups

RPL group RIF group

Correlation coefficient P-value Correlation coefficient P-value

Correlation between IFN-γ level and NK 
cells level

0.481 0.027a) -0.188 0.453

Correlation between IFN-γ level and 
active NK cells level

0.718 0.083 -0.386 0.112

IFN-γ, interferon-gamma; NK cells, natural killer cells; RPL, recurrent pregnancy loss; RIF, recurrent failure of implantation.
a)P-value <0.05 is significant.
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the significantly higher levels of NK cells and IFN-γ in the 
RPL group than those in the control group and RIF patients 
imply that autoimmunity and IFN-γ-related cytotoxicity may 
be involved in clinical pregnancy loss before 20-24 weeks of 
gestation.

NK cells play an important role in female reproduction, 
and their effects on RPL and RIF have been demonstrated 
in previous studies. In a case-control study conducted by 
Zhang et al. [25], NK cells CD3- and CD56+ were examined 
for expression of granzyme B, granulation, and perforin, and 
NKG2D, NKP30, NKP46, CD158a, and CD158b receptors 
in 27 patients with RIF. The cytotoxicity of peripheral blood 
NK cells was investigated by measuring the expression of 
granzyme B, granulation, perforin, and the NKG2D, NKP30, 
NKP46, CD158a, and CD158b receptors. The levels of these 
factors in RIF patients were not significantly different from 
those in the control group. RIF was not associated with sig-
nificant changes in the number and functions of NK cells [25]. 
Our findings confirmed no significant correlation between 
RIF and the levels of peripheral blood or active NK cells. 

Thum et al. [26] evaluated 138 patients with infertility 
treated with IVF. Their results showed no significant differ-
ences between the numbers of peripheral blood types of NK, 
B, and T cells and no correlation between them and IVF or 
pregnancy outcomes [26]. Our findings are consistent with 
those reported by Zhang et al. [25] and Thum et al. [26]. 
These studies indicated that peripheral blood NK cells are 
not associated with RIF. In contrast, studies by Tuckerman 
et al. [27] and Mardanian et al. [28] showed an associa-
tion between endometrial NK cells and infertility in patients 

with RIF. Tuckerman et al. [27] proposed that the increase in 
CD56+ cell density in the endometrium of women with RIF 
indicates a direct role of CD56+ cells in the implantation pro-
cess. However, we only examined peripheral blood NK cells, 
not endometrial ones. Mardanian et al. [28] indicated a sig-
nificant increase in CD56+ and CD16+ cell levels in women 
with IVF failure compared with those with successful IVF. In 
our study, the total number of CD56+ and CD16+ cells was 
not associated with recurrent IVF failure. Such contradictory 
results may be due to genetic and phenotypic differences 
in populations from different regions of the world or differ-
ences in measurement methods.

We examined the CD69 marker to identify active NK cells, 
while Dons’koi et al. [29] evaluated the expression of NKp46 
in peripheral blood NK cells in women with a history of RIF. 
They reported that the percentage of NKp46+ NK cells in 
women with RIF was significantly higher than in the control 
group [29]. 

In a study by Kuon et al. [30], no correlation was found be-
tween the number of peripheral blood NK cells and uterine 
NK, while an increase was detected in peripheral lympho-
cytes CD45+, CD3-, DR+, CD45+, CD3+, CD8+, DR+, and 
uNK. This suggests that NK, B, and T-activated cells provide 
cytokines for uNK cell differentiation [30]. Our findings con-
firm these results [30], meaning that the peripheral blood NK 
cells are involved in recurrent miscarriage by increasing IFN-γ 
levels.

Another reason for the mismatch between the increased 
levels of IFN-γ and activated NK cells could be the cytokine 
synthesis by cells other than activated NK cells. For example, 

Fig. 2. Comparison of different levels of peripheral blood NK cells (A), activated NK cells (B), and IFN-γ (C) in various studied groups.  
*P-value <0.05 is significant. NK cells, natural killer cells; RIF, recurrent failure of implantation; RPL, pregnancy loss; IFN-γ, interferon-
gamma.
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Th1 cells can synthesize IFN-γ, and an increase in Th1 activity 
followed by an increase in IFN-γ production leads to recur-
rent miscarriage [31,32]. Other cells producing IFN-γ are NKT 
cells, whose role in recurrent miscarriage has been shown in 
previous studies [33,34].

In this study, the CD69 receptor was assessed to identify 
activated NK cells. The difference between our results and 
those of other studies regarding the lack of an increase in ac-
tivated NK cells may be due to the examination of different 
surface markers in NK cells in different studies [22,35,36].

Overall, it is important to understand that NK cell receptors 
do not accurately represent the specific immune responses to 
pregnancy, and the count and activity of NK cells can change 
based on age, menstruation, hormones, stress, and physical 
activity on the day of sampling [37-39]. 

This study is one of the rare studies that compared both 
markers of NK cells and IFN-γ between three groups of 
women with RIF, RPL, and parous women, not merely two 
groups. Moreover, the fluorescence minus one (FMO) meth-
od used in the flow cytometry test in this study has several 
advantages over the isotype control method used in most 
previous studies. Isotype controls cannot provide gating con-
trols, while FMO controls can identify gating boundaries. Iso-
type controls are specifically appropriate for determining the 
background due to nonspecific antibody binding and cannot 
distinguish positive from negative cells [40].

1. Study strengths and limitations
This study has several strengths. First, it evaluated both mark-
ers of NK cells and IFN-γ between three groups of women 
with RIF, RPL, and parous women. Second, the FMO controls 
were used in this study. However, the single-center nature of 
the study and the small sample size of each group limit the 
generalizability of the results. In this study, the patients with 
known conditions affecting NK cells, abortion, and infertil-
ity were excluded. Nevertheless, these conditions should be 
standardized as much as possible in future research. Labora-
tory results may be highly affected by the type of technique 
used, the genetic characteristics of the population, type of 
samples, and sampling method. The neurological and hor-
monal statuses and their effects on NK cells may be useful in 
these patients to achieve a more comprehensive understand-
ing of the function of these cells. Therefore, future research 
should study patients with RIF and RPL before pregnancy, 
at a certain period of the menstrual cycle, and during preg-

nancy. 
Our findings proposed that RIF is not associated with the 

levels of the peripheral blood NK Cells and IFN-γ, implying 
that immune dysfunction may not be involved in implanta-
tion failure during IVF. Peripheral blood NK cells may be in-
volved in recurrent miscarriage by increasing IFN-γ levels and 
inducing cytotoxicity. This requires a more precise investiga-
tion in future large-scale studies. Our findings on the pos-
sible involvement of immune dysfunction and IFN-γ-related 
cytotoxicity in inducing pregnancy loss provide a prospect for 
diagnostic, preventive, and therapeutic research on infertility.

2. Clinical implications 
Given the possible role of peripheral blood NK cells and IFN-γ 
levels in inducing cytotoxicity and the recurrent miscarriage 
pointed out in this study, measurement of the levels of these 
markers in pregnant women can be clinically useful for moni-
toring immune balance and preventing adverse outcomes.
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