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Abstract 
Background: The prognostic value of peripheral natural killer (pNK) cells, as a screening test in women with recur-
rent pregnancy loss (RPL) and unexplained infertility, is still a matter for discussion. The purpose of this study was to 
compare the percentage of circulating CD56+NK cells, CD69 and perforin markers between women with unexplained 
infertility and RPL with the healthy control group.

Materials and Methods: In this case-control study, the percentage of CD56+NK cells and activation markers (CD69 
and perforin levels) in the peripheral blood were measured in 25 women with unexplained infertility, 24 women with 
idiopathic RPL and 26 women from the healthy control group, using specific monoclonal antibodies by flow cytometry. 

Results: The percentage of CD56+NK cells was significantly higher in patients with infertility in comparison with 
the healthy control group (P=0.007). There were not significant differences either in the total number of CD56+ cells 
between the RPL group and the control group (P=0.2) or between the RPL group and the infertile group (P=0.36). 
The percentage of CD69+ lymphocytes in RPL group was significantly higher than in the infertility group (P=0.004). 
There was a statistically significant difference in Perforin levels between RLP and control (P=0.001) as well as RPL 
and infertile (P=0.002) groups.

Conclusion: An increased percentage of CD56+NK cells in patients with unexplained infertility, an elevated expression 
of CD69 on NK cells in patients with RPL and infertility and a high level of perforin on CD56+ cells in the RPL group 
might be considered as immunological risk factors in these women.

Keywords: CD56+, Infertility,  Perforin, Peripheral Natural Killer Cell, Recurrent Miscarriage

Citation: Azargoon A, Mirrasouli Y, Shokrollahi Barough M, Barati M, Kokhaei P. The state of peripheral blood natural killer cells and cytotoxicity in women with 
recurrent pregnancy loss and unexplained infertility. Int J Fertil Steril. 2019; 13(1): 12-17. doi: 10.22074/ijfs.2019.5503.

Received: 11/March/2018, Accepted: 2/July/2018
*Corresponding Address: P.O.Box: 3514799442, Cancer Research Center, 
Semnan University of Medical Sciences, Semnan, Iran
Email: parviz.kokhaei@ki.se

Royan Institute
International Journal of Fertility and Sterility 
Vol 13, No 1, April-June 2019, Pages: 12-17

Introduction 
Infertility is defined as the failure of a couple to get preg-

nant after 12 months or more of having regular unprotect-
ed intercourse. Unexplained infertility is idiopathic and its 
cause remains unclear when the standard investigation of 
both male and female partner has made other infertility diag-
noses impossible. Recurrent pregnancy loss (RPL), a hetero-
geneous circumstance often idiopathic, is described as three 
or more sequential miscarriages occurring before 20 weeks 
of gestation (1). However, the American Society of Repro-
ductive Medicine (ASRM) has lately defined again RPL as 

two or more failed pregnancies and the American College 
of Obstetrician and Gynecologists has stated that the causes 
of recurrent fetal losses are similar in women who have had 
two or more miscarriages in comparison with women with 
three losses (2). The causes of RPL could be chromosomal 
abnormalities, uterine anomalies, endometrial infections, 
endocrine etiologies. antiphospholipid syndrome inherited 
thrombophilias, and alloimmune factors. 

Among these suggested causes, only chromosomal ab-
normalities, antiphospholipid syndrome and uterine ana-
tomic abnormalities are universally approved (3). One of 
these causes can be seen in about 50% of patients. How-
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ever, in the remainder the cause is unknown (1, 3). 

There is increasing evidence that these cases of un-
explained infertility and RPL might have an immuno-
logical background. Natural killer (NK) cells which are 
present in the endometrium at the time of implantation 
and during early pregnancy seem to play a role in this 
regard. NK cells are a section of the innate immune sys-
tem, and constitute 5-10% of peripheral blood lympho-
cytes (PBL) and 70-90% of uterine lymphocytes. There 
are two clearly different subgroups of human NK cells 
identified by cell surface density of CD56 (D56bright 
or CD56dim). Although both peripheral NK (pNK) and 
uterine NK (uNK) cells show the surface CD56, pNK 
cells differ from uNK cells in both phenotype and func-
tion and the fact that 10% of pNK cells are similar to 
uNK cells (4). Moreover, 90% of pNK cells are CD-
56dim and CD16+, while only 80% of uNK cells are 
CD56bright and CD16. CD56dim cells have a more 
toxic activity, although the CD56bright part is the most 
important source of NK cell-derived immunoregulatory 
cytokines (5). Obviously uNK cells are important for the 
success and continuance of pregnancy. 

One study reported that pNK cell levels show chang-
es in decidual NK cell levels (6). Whereas some other 
reports have shown that the assessment of peripheral 
blood NK cells would not determine the events in the 
uterus (7, 8). Several studies have tried to find out the 
relationship between altered pNK cell parameters and 
RPL. Some case-control studies have discovered a rela-
tionship between pNK cell numbers (9, 10) and activity 
(11-13) with RPL. On the other hand, some studies have 
shown no difference in pNK cells levels between RPL 
and controls (14-16). Similarly, there isn’t much infor-
mation on the relationship between marker of CD69 and 
RPL. Two different studies reported that NK cells from 
patients with RPL showed more CD69 than NK cells 
from controls (9, 17). 

A recent study has not indicated any significant differ-
ence in CD96 marker between RPL and controls (13). 
Also there is not consistency in the association of pNK 
cells with infertility. Some studies have shown a relation-
ship between pNKcells and infertility (9, 18-20), while 
some have not (21). A systemic review in 2011 (22) and a 
large cohort study in 2013 (23) have shown that the prog-
nostic value of analyzing pNK or uNK cell parameters 
remains doubtful and more researches are needed to ac-
cept or deny the role of NK cell measuring as a predictive 
test for screening women possibly benefiting from immu-
notherapy. There are few studies which have compared 
pNKcell numbers and cytotoxicity level at the same time 
in women with RPL and idiopathic infertility and there 
are not any studies to measure perforin level in pNK cell 
in these women. So we decided to determine whether 
there was a remarkable difference in pNK percentage, 
CD69 marker and perforin level between women with a 
history of recurrent miscarriage or unexplained infertility 
and healthy control women. 

Materials and Methods
All the samples were taken from patients who came to 

the clinic of Amir Al-Momenin Hospital, Semnan, Iran 
from June 2011 to December 2013 for the evaluation of 
RPL or infertility in a case control study. The Research 
Council and Ethical Committee of Semnan University of 
Medical Sciences provided us with the ethical approval 
and later the informed written consents were collected 
from patients for this case-controlled study. Seventy five 
women were included in three age match group in this 
study (24 with a history of unexplained RPL, 25 with un-
explained infertility and 26 healthy women with no his-
tory of pregnancy problem, convenient sampling). In the 
infertility group, women had an infertility history of more 
than 1 year, normal serum prolactin (PRL) and thyroid 
function tests (T4 and TSH), documented patent tubes by 
hysterosalpingography, and had no other infertility factor, 
and the male partner had a normal sperm count, motility 
and morphology according to the World Health Organiza-
tion (WHO 2010) standards. Women with RPL had a his-
tory of at least two sequential spontaneous miscarriages. 

Unexplained RPL was defined as a history of ≥2 sequen-
tial miscarriages in which all the following results were 
normal: parental karyotypes, thyroid function, fetal bo-
vine serum (FBS), anti-cardiolipin antibodies, antiphos-
pholipid antibodies, lupus anticoagulant, follicle-stimu-
lating hormone (FSH), prolactin, progesterone, estrogen, 
testosterone, free androgen index, prothrombotic risk 
factors including activated protein-C resistance, factor V 
Leiden and prothrombin mutations, pelvic ultrasonogra-
phy and hysterosalpingogram. Twenty six healthy parous 
women had at least one live birth and had no history of 
miscarriage, preeclampsia, ectopic pregnancy or preterm 
delivery.

Sampling: 5 ml of heparinized peripheral blood was 
taken in mid luteal phase and in women with RPL, at 
least 2 months after the last abortion. The blood samples 
were immediately taken to the Immunology Laboratory 
of Semnan University of Medical Sciences. The whole 
blood sample was separated into peripheral blood mono-
nuclear cells (PBMC) by ficoll separation and then PB-
MCs were labeled and kept in freezing condition medium: 
(RPMI1640+10%FCS+10%DMSO) at the -70°C freezer 
until all patient samples were collected.

Flow cytometry analysis
After sampling was completed, the stored cells were 

thawed and subsequently surface and intracellular stain-
ing were performed. Surface markers were determined 
by flow cytometry, using fluorochrome-conjugated mon-
oclonal antibodies, anti CD3, CD69, CD19, CD56, and 
perforin using permabilization buffer for permabilizing 
cell membrane to facilitate antibody entry into cells. Anti-
bodies were bought from BD Biosciences (San Jose, CA, 
USA) or ebioscience. Appropriate concentrations of anti-
bodies in addition to isotype matched control were added 
to the cells (5×105 cells/tube) in 100 μL staining buffer 
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and incubated for 25 minutes at 4°C in the dark. Analy-
sis were done by using PARTEC, CyFlow® Space device 
and FlowMax software. At least 50,000 lymphocyte-gat-
ed cells were obtained and analyzed for CD56+CD19+, 
perforin+ cells. The criteria for positive staining were set 
at a fluorescent intensity displayed by <0.5% of the cells 
stained by the appropriate fluorochrome-conjugated iso-
type control monoclonal antibodies (mAb). The results 
and graphs were analyzed using Flowjo version 10A soft-
ware (Flowjo, USA).

Statistical analysis

The Kolmogorov-Smirnov test was used to examine the 
normality of the distributions. A one-way analysis of vari-
ance and Tukey’s range test for normally distributed data 
and Kruskal-Wallis analysis for data with non-normal dis-
tribution were used to compare study groups. The results 
were reported to be statistically significant if the P value 
was<0.05.

Results 
Mean age of the study population was 29.2 ± 3.4 (mean 

± SD) years in infertile group, 28.9 ± 3.2 (mean ± SD) 
years in RPL group and 28.8 ± 3.3 (mean ± SD) years 
in control group. There were no significant differences in 
age distribution among them (P=0.6). 

Mean percentage of CD56+ cells in infertile, RPL and 
control groups were respectively: 18.36 ± 7.9, 15.97 ± 
5.1, 13.26 ± 5.02. The Mean percentage of peripheral 
CD56 + cells in the infertile group was remarkably higher 
(P=0.007) than that of the control subjects. There were not 
significant differences in the total number of CD56+ cells 
between the RPL group and the control group (P=0.2) and 
neither between the RPL group and the infertile group 
(P=0.36, Table 1, Fig.1).

The median percentage of CD69+ cells were: 4.5 
(1.5-8)% in infertile group, 8 (6-10)% in RPL group, 
and 6 (4-11)% in control group. The Manne-Whitney 
analysis between groups showed a significantly higher 
percentage of CD69+ cells in RPL group than the infer-
tile group (P=0.004). However, there were no signifi-
cant differences between the infertile group (P=0.11) 
and the RPL group (P=0.1) with the control group. The 
Perforin positive cells median percentage in the control 
group was 6.4 (4-8)%, in RPL was 16.5 (9-31)% and in 
the infertile group was 8 (5-14)%. The Perforin posi-
tive cells in infertile group were significantly higher than 
others (Table 1).

The results showed that 15.8% ± 5.9 of total CD56 cells 
in patients with RPL and 32% ± 14.4 in the infertile group 
expressed CD69 as compared with 10.6% ± 5.01 in con-
trol group. 

Table 1: The percentage of peripheral NK cells (%) and expression of CD69 and perforin levels on these cells in RPL, infertile and controls groups

P3P2P1InfertileRPLControlCell population
0.360.0070.218.36 ± 7.915.97 ± 5.113.26 ± 5.02CD56+

0.0040.110.14.5 (1.5-8)8 (6-10)6 (4-11)CD69+

0.0020.070.0018 (5-14)16.5 (9-31)6.4 (4-8)Perforin+

0.0010.0010.00132 ± 14.415.8 ± 5.910.6 ± 5.01CD56+CD69+

0.0010.60.0018 (5-9)16 (9-23)7 (4-12)CD56+Perforin+

 0.010.70.026.5 (3-9.5)10 (6-16)6 (4-10)CD69+Perforin+

Values are presented as mean ± SD and median (interquartile range). NK; Natural killer, RPL; Recurrent pregnancy loss, P1; P value: for the difference between mean value in the RPL 
group and control group, P2; P value: for the difference between mean value in the infertile group and control group, and P3; P value: for the difference between mean value in the infertile 
group and RPL group. 

Fig.1: CD69 positive population in CD56+ gated cells. A. Control group, B. Recurrent pregnancy loss (RPL) patients, and C. Infertile.

Azargoon et al.
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There was a statistically significant difference in the 
expression of CD69 in CD56+ cells between the con-
trol group and RPL group (P=0.001), the infertile group 
(P=0.001) and between RPL and infertile group (P=0.001, 
Table 1). This study showed that 16 (9-23)% of total 
CD56 cells in patients with RPL and 8 (5-9)% in the infer-
tile group expressed perforin as compared with 7 (4-12)% 
in control group. There was a statistically significant dif-
ference in the expression of perforin in CD56+ cells be-
tween the RPL group compared with the control group 
(P=0.001) and the infertile group (P=0.001). However, 
there was not a significant difference in the expression of 
perforin in CD56+ cells the infertile group and the control 
group (P=0.6). 

The triple staining results showed the CD69+Perforin+ 

population in control group was 6 (4-10)% in RPL group 
was 10 (6-16)% and in the infertile group was 6.5 (3-
9.5)%. The statistical analysis showed a significant dif-
ference between RPL and infertile group and control 
(P=0.01, P=0.02) without a significant difference between 
control and Infertile groups (P=0.7).

Discussion
The findings of this study showed that the levels of 

CD56+ T cells were remarkably higher in infertility group 
than the control group. But there were no important dif-
ferences in the total levels of CD56+ cells between the 
RPL group and the other two groups. Moreover, there was 
a significant increase in the display of CD69 on CD56+ 

cells in the RPL group and the infertile group compared 
with the control group. We also showed that the level of 
perforin on CD56+ cells significantly increased in the RPL 
group compared with the other two groups. Findings of 
this study were similar to those of case-control studies of 
Emmer et al. (14), Souza et al. (15) and Wang et al. (16). 
They were also unable to discover a significant difference 
in pNK parameters between women with RPL and con-
trols. On the other hand, Ntrivalas et al. (9) and Yamada 
et al. (10) showed a relationship between pNK cell num-
bers and RPL. Aoki et al. (11) and Shakhar et al. (12) also 
showed an increased pNK cell activity, using both stand-
ard and whole blood assays in women with RPL.

King et al. (13) showed that in women with RPL, the 
NK percentage was significantly higher and CD56 bright 
to CD56dim ratio was significantly lower than controls. 
They also noticed that an NK percentage of 18% was very 
particular for women with RPL and thus described 12.5% 
of women with RPL as having high NK percentage, in 
comparison with 2.9% of controls. Katano et al. (23) in a 
cohort study on 552 patients with a history recurrent mis-
carriages showed that high pNK cell activity was found 
not to be a nondependent risk factor for the next miscar-
riages. They suggested the clinicians should not consider 
the NK activity as a systematic RPL investigation, since 
its clinical importance has not been established yet.

There are also contradictory reports regarding the as-
sociation of pNK cells with infertility. Some studies have 

shown a relationship between pNK cells and infertility 
(18-20). In 1996, Beer et al. (18) showed that women 
with unexplained infertility and several former in vitro 
fertilization (IVF) failures showed significantly increased 
levels of CD56+ PBL than normal fertile controls and also 
reported that the pregnancy rate was much better in those 
with CD56+ levels less than 12%. Matsubayashi et al. (19) 
also showed a significantly higher NK-cell activity by us-
ing a chromium-51 release cytotoxicity assessment in 94 
infertile women who, despite the treatment, failed to get 
pregnant for 6 or more months in comparison with the 
control group. They continued their study with 77 patients 
out of 94 who were watched for 2 years, 28 of whom had 
conceived but 49 had not. They observed that the periph-
eral NK activity of the group which had got pregnant was 
significantly lower than that of non-conception group (20). 
However, Thum et al. (24) and Baczkowski and Kurzawa 
(25), in two separate studies, compared the percentage of 
pNK cell in patients with IVF failure with successfully 
treated IVF cases from the control group. 

They noticed no difference in percentage NK cell and 
NK cell subpopulation in infertile women who were un-
able to get pregnant and those who became pregnant af-
ter assisted reproductive technology. Tang et al reported 
a systemic review and came to this conclusion that there 
was no association between the subsequent pregnancy 
result and either pNK or uNK cell activity in women 
with RPL and infertility (22). Recently Seshadri in a 
meta-analysis showed remarkably higher NK cell num-
bers or percentages in women with RPL in comparison 
with the controls. They also noticed that the number of 
peripheral NK cells was significantly higher in infertile 
women versus fertile controls. On the other hand, the 
meta-analysis of studies where uNK cells were meas-
ured showed no significant difference in women with 
RPL versus controls. 

They recommended that more research should be con-
ducted before NK cell assessment can be suggested as a 
diagnostic method in the area of female infertility or RPL. 
There is no clear reason why the results are different when 
the information for NK cells is shown as numbers or a 
percentage. So, they suggested that NK cell measuring 
and immune therapy should not be recommended except 
in the area of clinical research (26). CD69 is one of the 
earliest particular markers of NK cell activity (27, 28).
The elevated NK cell CD69 presentation is closely linked 
with higher cytotoxic activity and target cell lysis (29, 30). 
In the present study, the expression of CD69 on CD56+ 

cells in the RPL group and infertile group were remark-
ably higher than the control group. In normal pregnancy, 
compared to an embryonic pregnancy, NK cell cytotoxic-
ity decreases, suggesting that activated CD69 expressing 
NK cells have a significant role in controlling trophoblast 
growth and placental development (31). Ntrivalas et al. 
(9) showed that women with a history of recurrent miscar-
riage or unexplained infertility had a significant increase 
in CD69 expression on CD56 NK cells in comparison 
with that of normal controls.

NK Cells in Recurrent Abortions and Infertility
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In a comparative study of activation and inhibition 
markers of circulating NK cells, Coulam and Roussev 
(32) also reported that infertile women had a remarkably 
more increased expression of NK cell activation markers 
of CD69C and CD161C than fertile women.

Ghafourian et al. (33) reported that the percentage of 
NK cells and the expression of CD69, CD94 and CD161 
surface markers on CD56+NK cells were remarkably more 
elevated in patients with RPL and in women who had a 
history of IVF failure than the healthy multiparous and 
successful IVF control groups. However, Baczkowski and 
Kurzawa (25) reported there was no difference in CD69 
expression on PBL subpopulations including T and B and 
NK cells among the fertile control group, infertile women 
who got pregnant and those who did not get pregnant after 
intracytoplasmic sperm injection. It is a well-known fact 
that NK cells release both perforin and serine proteases 
such as granzyme B upon target cell contact (34, 35). It 
has been hypothesized that granzyme B induces apoptosis 
of the target cell in the presence of perforin (36, 37). In 
this study we showed that the level of perforin on CD56+ 

cells significantly increased in the RPL group compared 
with the other two groups. Yamada et al. (38) showed a 
small increase in perforin-positive uNK cells in human 
spontaneous miscarriage with a normal fetal chromosom-
al karyotype. On the other hand, Nakashima showed that 
the number of granulysin-positive CD56bright uNK cells 
was remarkably higher in the decidua basalis in spontane-
ous miscarriage than in normal pregnancy, although he 
did not notice any difference in the numbers of perforin-
positive and granzyme B-positive cells (39).

Conclusion
The findings of this study showed a significant increase 

in the percentage of CD56+ pNK cells among the infertil-
ity group and also a significantly higher level of CD69 
expression on CD56+ NK cells in women with RPL and 
unexplained infertility in comparison with healthy con-
trol group. We also showed that the level of perforin on 
CD56+ cells significantly increased in the RPL group 
compared with the other two groups. Although it can be 
considered as immunological risk markers in these wom-
en, the prognostic value of PNK number assessment or 
activity remains still doubtful. So because of many argu-
ments in this field, further researches are needed to accept 
or deny the role of NK cell evaluation as a predictive test 
for screening women with infertility or RPL. 
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