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Abstract

Peripheral blood natural killer (pNK) cells can be recruited by the endometrium to participate in the decidualization and be in

contact with the villus in the intervillous space during pregnancy. Moreover, pNK cells can exert cytotoxicity to cytotrophoblast,

especially in abnormal pregnancy. However, it is still controversial about the association between pNK cytotoxicity and RM so

far. In this study, we aim to compare the percentage, immunophenotype and function of pNK cells between patients with RM

and fertile controls. The peripheral blood was collected from 49 patients with RM and 11 fertile women in their middle luteal

phase of the menstrual cycle. pNK cells were co-cultured with K562 cells at three different cell ratios to measure the cytotoxicity.

The percentage of CD3-CD56+ pNK was analyzed by flow cytometry and quantified to evaluate the expression of cytotoxic

granules (granzyme B, granulysin, and perforin), and the cell surface receptors related to pNK cell cytotoxicity (NKG2D,

NKp30, NKp46, CD158a, CD158b) were also detected. The general linear model analysis showed that pNK cell cytotoxicity

in patients with RM was significantly lower than that in fertile controls. The RM group possessed a significantly lower level

of granzyme B+ pNK cells and significantly higher level of CD158a+, CD158b+ pNK cells than that in the control group.

However, there was no significant difference in the proportion of circulating CD3-CD56+ NK cells expressing the granzyme B,

granulysin, perforin, NKG2D, NKp30, NKp46, CD158a, CD158b. Our results suggested that a lower pNK cytotoxicity might

be associated with RM.

Background

Recurrent miscarriage (RM) is defined as two or more spontaneous abortions prior to 20 weeks of gestation
(1). It affects approximately 1-3% of women of child-bearing age in worldwide. The etiology of RM is often
unknown and the prognosis is always frustrating. Embryo implantation and growth are fundamental for a
normal pregnancy, and cytokines, hormones, and endometrial factors are involved in the regulation of both
stages (2).

As a large granular lymphocyte in the innate immune system, peripheral natural killer (pNK) cell can be
in contact with the villus through the intervillous space. In addition, pNK cells are recruited by the en-
dometrium to participate in the decidualization. Moreover, pNK cells were believed to do harm to pregnancy
by exerting cytotoxicity. Some studies showed that the absolute number and ratio of pNK are increased in
RM patients, when compared to fertile women (3, 4). However, other studies showed that there was no
significant difference in pNK cytotoxicity between healthy controls and women with RM or infertility (5, 6).
Therefore, the association between pNK cytotoxicity and RM remains controversial and further research is
needed.

The cytotoxic activity of pNK is exerted by the production of cytotoxic granules such as granzymes, gran-
ulysin, and perforin. Granulysin with positive charge binds the negatively charged cell membrane, leading to
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membrane damage (7). Perforin binds to the cell membrane of the target cell to form cylindrical pores that
allow the passive diffusion of pro-apoptotic proteases (8) such as the granzymes, which induce cell apoptosis
by activating the caspases (9). A higher level of perforin expressed by the uterine NK cells was found in
cases of human sporadic miscarriage (10). However, it is still unclear whether the expression of granulysin,
perforin, and granzymes are altered in pNK cells of RM patients.

The balance between activating receptors and inhibitory receptors regulates the release of cytotoxic granules
from pNK cells (11). The activating receptors NKp30, NKp46 and NKG2D, activate and regulate the
secretion of cytotoxic granules (12-14). The inhibitory receptors CD158a and CD158b, transmit inhibitory
signals by their immunoreceptor tyrosine-based inhibitory motifs (15). The balance between these two types
of receptors determines the cytotoxic activity of NK cells. However, up to now, little is known regarding the
expression of these activating and inhibitory receptors in the peripheral blood NK cells in women with RM.

Therefore, in this study, the potential correlations between RM and the percentage and cytotoxicity of pNK
cells were investigated, together with the expression of cytotoxic granules, surface activating receptors and
inhibitory receptors in pNK.

Materials and methods

Study population

Patients who were subjected to a visit at the Fertility Center of Shenzhen Zhongshan Urology Hospital,
China, from January 2016 to October 2017 were enrolled in this study. Women who experienced two or
more consecutive habitual miscarriage were included in the RM group, while fertile women who experienced
at least one successful pregnancy without any abortions were included in the control group. An initial
investigation was performed in all women before the recruitment and included the collection of information
regarding the medical history, karyotype analysis, systemic and gynecological examination, and endocrine
examinations.

The exclusion criteria were the following: patients with (1) abnormal chromosome karyotype; (2) infection
with toxoplasma gondii, syphilis, HIV, hepatitis B virus, hepatitis C virus, rubella virus, cytomegalovirus or
herpes virus ; (3) genital tract malformations; (4) abnormal endocrine hormone level; (5) a male infertile
partner. All the enrolled patients were not pregnant and they did not receive any drug therapy when the
peripheral blood was collected. According to the above screening criteria, 49 patients with RM and 11 fertile
women were recruited in this study.

This study was performed according to the “Declaration of Helsinki”, and the protocol was approved by the
Ethics Committee of Shenzhen Zhongshan Urology Hospital. All patients enrolled in this study provided
written informed consent.

Materials

Human erythroleukemia cell line K562 (China Center for Type Culture Collection, Wuhan, China) were used
as target cells to evaluate the cytotoxicity of pNK cells. K562 cells were cultured in RPMI 1640 medium
(Gibco, USA) supplemented with 10% fetal bovine serum (Hyclone, USA). 3,3’-Dioctadecyloxacarbocyanine
perchlorate (DIO) (1911717; Invitrogen, San Diego, CA, USA) was used as a lipophilic tracer, and it was
dissolved in dimethyl sulphoxide (DMSO) (Sigma, St. Louis, MO, USA) at a final concentration of 3 mM.
Propidium Iodide (PI) (MKCB0899V; Sigma) was used to detect necrotic cells.

The phenotype and expressions of receptors and cytotoxic granules in NK cells and subpopulations were
analyzed by flow cytometry and it is listed below. The following antibodies were used: fluorophore-conjugated
monoclonal mouse anti-human antibodies such as PE-cy7-conjugated anti-CD56 (557747; BD Pharmingen,
San Jose, CA, USA), PerCP-conjugated anti-CD3 (347344; BD Pharmingen, San Jose, CA, USA), FITC-
conjugated anti-NKG2D (11e5878; eBioscience, ThermoFisher, Waltham, MA, USA), PE-conjugated anti-
NKp30 (12e3379; eBioscience, ThermoFisher, Waltham, MA, USA), APC-conjugated anti-NKp46 (17e3359;
BD Pharmingen, San Jose, CA, USA), FITC-conjugated anti-CD158a (556062; BD Pharmingen, San Jose,
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CA, USA), PE-conjugated anti-CD158b (559785; BD Pharmingen, San Jose, CA, USA), PE-conjugated
anti-granzyme B (561142; BD Pharmingen, San Jose, CA, USA), Alexa Fluor 647-conjugated anti-perforin
(563576; BD Pharmingen, San Jose, CA, USA), and Alexa Fluor 488-conjugated anti-granulysin (558254;
BDPharmingen, San Jose, CA, USA). All antibodies have been pre-diluted in aqueous buffered solution
containing BSA and [?]0.09% sodium azide.

NK cell cytotoxicity assay

NK cell cytotoxicity assay was performed as previously described (16, 17). The peripheral blood mononuclear
cells were used as the effector cells and were isolated by density gradient centrifugation using Ficoll-Paque
Lymphoprep (Axis-Shield PoC As, Oslo, Norway). K562 leukemia cells were used as the target cell and were
stained with DIO after washing in phosphate-buffered saline (PBS). The two types of cells were co-cultured
in 96-well Costar plates (Corning Incorporated, Corning, NY, USA) at a effector:target ratio of 12.5:1, 25:1,
50:1, and incubated at 37 °C and 5% CO2 for 4 h. PI was added into each well, NK cell cytotoxicity was
analyzed by flow cytometry and the death rate of K562 cells was calculated.

Detection of pNK cytotoxic granules by flow cytometry

Peripheral blood was collected before 10:00 AM during the mid-luteal period of the menstrual cycle and
placed in heparinized tubes. 100 uL peripheral blood was drew and incubated with antibodies against the
cell surface markers CD3 (5 μL) and CD56 (5 μL) for 15 min. The erythrocytes were lysed by 1x FACS
lysis solution (3349202; BD Pharmingen). The cells were permeabilized by 1x Permeabilizing Solution 2 and
the cells were incubated for 10 min. Next, the cells were incubated with antibodies against the cytotoxic
granules granzyme B, perforin and granulysin (10 μL each) for 30 min. Finally, the cells were analyzed by
BD FACSCanto II flow cytometer equipped with BD FACSDiva software.

Detection of the receptors mediating the cytotoxicity of pNK cells by flow cytometry

In order to evaluate the expression of the receptors on the surface of NK cells, the heparinized blood was
incubated with antibodies against CD3 (5 μL), CD56 (5 μL), NKp30 (5 μL), NKp46 (5 μL), NKG2D (5
μL). In addition, another aliquot of the peripheral blood was incubated with antibodies against CD3 (5 μL),
CD56 (5 μL), CD158a (10 μL), CD158b (10 μL). Both aliquots were incubated for 15 min in the dark, then
1x FACS lysis solution was used to lysis the whole blood. Cells were analyzed by BD FACSCanto II flow
cytometer equipped with BD FACSDiva software.

Statistical analysis

Statistical analysis was performed using SPSS 20.0 (IBM, Chicago, IL, USA). Kolmogorov-Smimov test
was used to evaluate the normal distribution of the data. Results were expressed as mean ± SD when
the data were normally distributed, or as median (quartile) when the data were non-normally distributed.
Inter-groups differences were examined by independent t -test when the data were normally distributed, or
by Mann-Whitney U test when the data were non-normally distributed. The difference in NK cytotoxicity
between groups was analyzed by a general linear model. The difference was analyzed using Pillai’s Trace test
when Mauchly’s test of sphericity resulted in a value of P [?] 0.05, or Sphericity Assumed test when the
sphericity test resulted in a value of P > 0.05. A two-tailed P < 0.05 was considered statistically significant.

Results

NK cytotoxicity in the fertile control and RM group

The general linear model showed that NK cytotoxicity in the RM group was significantly decreased, when
compared to that in the control group (P = 0.043). Moreover, NK cytotoxicity was significantly increased
along with the increase of the effector:target ratio, regardless of whether this ratio was in the RM group or
control group (P < 0.001, Fig. 1).

Expression of cytotoxic granules in pNK cells from the fertile control and RM group

3
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The total number of pNK cells and the expression of cytotoxic granules in pNK were measured in the fertile
control and RM group. No significant differences were observed in the percentage of circulating CD3-CD56+

NK cells (13.4% +- 7.6%vs 14.2% +- 7.1%; Fig. 2A and B), granzyme B+(68.2% +- 11.6% vs 68.8% +-
14.5%, Fig. 2C and D), granulysin+(66.1% +- 11.4% vs 68.2% +- 14.4%, Fig. 2C and E) and perforin+

NK cells (62.3% +- 13.8% vs 64.3% +- 15.3%, Fig. 2C and F) between the fertile control and RM group.
The mean fluorescence intensity (MFI) of granzyme B reflecting its expression level in the pNK cells in the
control group was significantly higher than that in RM group (27318.6 +- 3643.8 vs 23774.4 +- 8991.2, P
= 0.04, Fig. 2C and G). However, the MFIs of granulysin (4756.5 +- 1370.7 vs 5043.5 +- 1578.0, P = 0.54,
Fig 2C and H) and perforin (4454.8 +- 1243.9 vs 4972.4 +- 1426.4, P = 0.27, Fig 2C and I) in the pNK cells
was not significantly different between the two groups.

Expression of receptors in the pNK cells of both the fertile control and RM group

The percentage of NKG2D+ (67.9% +- 12.6% vs 68.4% +- 12.6%, Fig. 3A and B), NKp30+ (45.3% +-
16.5% vs52.1% +- 21.9%, Fig. 3A and C), NKp46+ (53.6% +- 16.4% vs 55.2% +- 19.6%, Fig. 3A and D),
CD158a+ (42.8% +- 21.2% vs 45.0% +- 18.3%, Fig. 4A and B), CD158b+ (36.8% +- 18.9% vs40.1% +-
18.4%, Fig. 4A and D) pNK cells were not significantly different between the fertile control group and RM
group. Furthermore, the MFI of NKG2D (685.1 +- 154.4 vs 641.3 +- 95.0, Fig. 3A and E), NKp30 (1966.3
+- 374.6 vs 2052.3 +- 499.8, Fig. 3A and F), and NKp46 (1795.1 +- 258.3 vs 1809.2 +- 663.2, Fig. 3A and
G) expression in the pNK cells between these two groups were also not significantly different. However, the
MFI of CD158a (1509.7 +- 644.0vs 2060.7 +- 525.0, P = 0.004, Fig. 4A and C) and CD158b (4850.4 +-
333.1 vs 5584.9 +- 1580.1, P = 0.004, Fig. 4A and E) expression in the pNK cells were higher in RM group
than that in the control group.

Discussion

Although a bunch of evidence is available regarding the association between NK cell cytotoxicity and female
fertility (18), distinct opinions were formulated regarding the relationship between the cytotoxic activity of
pNK and RM (19-21). In this study, the cytotoxic-related parameters, such as the percentage, immunophe-
notyping, and cytotoxicity of pNK cells in RM patients were evaluated. Interestingly, our results showed
that NK cytotoxicity in the RM group was significantly lower than that in the control group. Moreover, the
RM group showed a lower MFI of granzyme B and higher MFI of inhibitory receptors of pNK compared to
that in the control group. These opposite results questioned the role of the cytotoxicity-related function of
pNK cells in the occurrence of RM.

During implantation, the first step is the attachment of the embryo to the surface of the endometrium,
followed by its migration and invasion until it is immersed in the depth of the uterine tissue (22). Uterine
NK cells are a key factor in regulating the invasion of trophoblasts by secreting proteolytic enzymes such as
matrix metalloproteinase-2 (MMP2) and MMP9 (23), and reducing extravillous trophoblast cell apoptosis
(24). Nevertheless, it is still not clear whether the recruited pNK cells can regulate the pregnancy outcome or
reflect what is happening at the maternal-fetal interface (19, 25, 26). Some scientists reported that patients
with RM are accompanied with high pNK cells ratio (3, 20) or cytotoxicity (4). However, other scientists
reported contradictory results indicating the same NK cell ratio (27) or lower pNK cytotoxicity (28) in
RM patients compared with the fertile control, and our results are actually consistent with these results.
A large cohort study suggested that the relationship between the subsequent pregnancy outcome and pNK
cytotoxicity is not linear, and both patients with low and high pNK cytotoxicity tend to have high miscarriage
rate (6). Although pNK cells contribute in creating an immune tolerant environment for placentation, they
should still be equipped with a certain cytotoxic potential to fight infections during normal conditions (29).
Therefore, both RM patients with higher pNK cytotoxicity and that with lower pNK cytotoxicity compared
to fertile control should be taken into serious consideration.

NK cytotoxicity is controlled by the complex interaction between inhibitory and activating receptors (11,
30). Indeed, NK cells exert their cytotoxicity by secreting cytotoxic granules when the activating receptor
signals are predominant (31). In order to explore the potential mechanism for low pNK cytotoxicity in RM
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patients, the expressions of receptors and cytotoxic granules in the pNK cells were also evaluated. However,
our results showed no significant difference about their percentage between the RM and control groups, while
the significant differences were observed in the MFI of granzyme B, CD158a, and CD158b in the pNK cells
between the RM and control groups, which was consistent with the tendency for the cytotoxicity of pNK
in the RM group. Thus, the predominant inhibitory signal might result in a low cytotoxicity in the RM
group. It is also worth noting that some other pathways can actually be used by NK cells to kill infected
or transformed cells. For instance, they can kill cells by the activation of the death receptor pathway, such
as FasL-Fas signaling pathway and TNF-related apoptosis-inducing ligand (TRAIL) (32, 33). However, this
was not the aim of our present work, and further studies should consider these different pathways used by
the pNK cells to kill the target cells.

Our present work contains the following limitations that should not be underestimated. Firstly, this is a
retrospective study. Secondly, several factors that affect the level and function of peripheral blood NK cells
were not considered, including mental stress (34, 35), exercise (36, 37) and age. Although the patients with
diseases that can influence peripheral blood NK cells were excluded, it is possible that some undetected
autoimmune diseases or infections affected the results.

Conclusions

In conclusion, this study found that a lower pNK cytotoxicity could also be associated with RM and it is
potentially related to a receptor-mediated pathway. Therefore, clinicians should evaluate the range of pNK
cytotoxicity cautiously. Larger prospective studies and the exploration of the underlying mechanisms are
needed to confirm the relationship between pNK cytotoxicity and RM.

Supplementary information

Acknowledgement

The authors wish to thank the patients who participated in this study.

Authors’ contributions

Yong-Nu Zhang, Jian Xu, Yun-Feng Fu performed the experiments. Yong-Nu Zhang, Chun-Yu Huang
analyzed the data. Ruo-Chun Lian recruited the patients. Yong-Nu Zhang wrote the manuscript. Chun-Yu
Huang, Wen-Wei Tu reviewed the manuscript. Chun-Yu Huang, Wen-Wei Tu, Yong Zeng designed the study.
All authors read and approved the final manuscript.

Funding This work was supported by the National Key Research & Developmental Program of China,
China(2018YFC1003900/2018YFC1003904), Clinical Research Program of Chinese Medical Association,
China (17020340703), Shenzhen Healthcare Research Project, China (SZXJ2018004), and the Sanming
Project of Medicine in Shenzhen, China (SZSM201502035).

Availability of data and materials

The datasets supporting the findings of this study are included in this published article.

Ethics approval and consent to participate

This study was approved by the Ethics Committee of Shenzhen Zhongshan Urology Hospital. All patients
enrolled in this study provided written informed consent.

Competing interests

The authors declare no potential conflict of interest.

References

1. Practice Committee of American Society for Reproductive M. Definitions of infertility and recurrent
pregnancy loss: a committee opinion. Fertility and sterility. 2013;99(1):63.

5



P
os

te
d

on
A

u
th

or
ea

29
M

ay
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

07
69

16
.6

33
82

47
4

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

2. Garrido-Gimenez C, Alijotas-Reig J. Recurrent miscarriage: causes, evaluation and management. Post-
graduate medical journal. 2015;91(1073):151-62.

3. Kwak JY, Beaman KD, Gilman-Sachs A, Ruiz JE, Schewitz D, Beer AE. Up-regulated expression of
CD56+, CD56+/CD16+, and CD19+ cells in peripheral blood lymphocytes in pregnant women with recur-
rent pregnancy losses. American journal of reproductive immunology. 1995;34(2):93-9.

4. Morikawa M, Yamada H, Kato EH, Shimada S, Ebina Y, Yamada T, et al. NK cell activity and subsets
in women with a history of spontaneous abortion. Cause, number of abortions, and subsequent pregnancy
outcome. Gynecologic and obstetric investigation. 2001;52(3):163-7.

5. Yamamoto T, Takahashi Y, Kase N, Mori H. Proportion of CD56+3+ T cells in decidual and peripheral
lymphocytes of normal pregnancy and spontaneous abortion with and without history of recurrent abortion.
American journal of reproductive immunology. 1999;42(6):355-60.

6. Katano K, Suzuki S, Ozaki Y, Suzumori N, Kitaori T, Sugiura-Ogasawara M. Peripheral natural
killer cell activity as a predictor of recurrent pregnancy loss: a large cohort study. Fertility and steril-
ity. 2013;100(6):1629-34.

7. Kaspar AA, Okada S, Kumar J, Poulain FR, Drouvalakis KA, Kelekar A, et al. A distinct pathway of
cell-mediated apoptosis initiated by granulysin. Journal of immunology. 2001;167(1):350-6.

8. Veljkovic Vujaklija D, Dominovic M, Gulic T, Mahmutefendic H, Haller H, Saito S, et al. Granulysin ex-
pression and the interplay of granulysin and perforin at the maternal-fetal interface. Journal of reproductive
immunology. 2013;97(2):186-96.

9. Shresta S, Heusel JW, Macivor DM, Wesselschmidt RL, Russell JH, Ley TJ. Granzyme B plays a critical
role in cytotoxic lymphocyte-induced apoptosis. Immunological reviews. 1995;146:211-21.

10. Yamada H, Shimada S, Morikawa M, Iwabuchi K, Kishi R, Onoe K, et al. Divergence of natural killer cell
receptor and related molecule in the decidua from sporadic miscarriage with normal chromosome karyotype.
Molecular human reproduction. 2005;11(6):451-7.

11. Moffett-King A. Natural killer cells and pregnancy. Nature reviews Immunology. 2002;2(9):656-63.

12. Fukui A, Funamizu A, Yokota M, Yamada K, Nakamua R, Fukuhara R, et al. Uterine and circulat-
ing natural killer cells and their roles in women with recurrent pregnancy loss, implantation failure and
preeclampsia. Journal of reproductive immunology. 2011;90(1):105-10.

13. Wu J, Song Y, Bakker AB, Bauer S, Spies T, Lanier LL, et al. An activating immunoreceptor complex
formed by NKG2D and DAP10. Science. 1999;285(5428):730-2.

14. Bauer S, Groh V, Wu J, Steinle A, Phillips JH, Lanier LL, et al. Activation of NK cells and T cells by
NKG2D, a receptor for stress-inducible MICA. Science. 1999;285(5428):727-9.

15. Biassoni R, Cantoni C, Falco M, Verdiani S, Bottino C, Vitale M, et al. The human leukocyte anti-
gen (HLA)-C-specific ”activatory” or ”inhibitory” natural killer cell receptors display highly homologous
extracellular domains but differ in their transmembrane and intracytoplasmic portions. The Journal of
experimental medicine. 1996;183(2):645-50.

16. Chen X, Yin B, Lian RC, Zhang T, Zhang HZ, Diao LH, et al. Modulatory effects of vitamin D
on peripheral cellular immunity in patients with recurrent miscarriage. American journal of reproductive
immunology. 2016;76(6):432-8.

17. Mao H, Tu W, Liu Y, Qin G, Zheng J, Chan PL, et al. Inhibition of human natural killer cell activity
by influenza virions and hemagglutinin. Journal of virology. 2010;84(9):4148-57.

18. Quenby S, Bates M, Doig T, Brewster J, Lewis-Jones DI, Johnson PM, et al. Pre-implantation endome-
trial leukocytes in women with recurrent miscarriage. Human reproduction. 1999;14(9):2386-91.

6



P
os

te
d

on
A

u
th

or
ea

29
M

ay
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

07
69

16
.6

33
82

47
4

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

19. Rai R, Sacks G, Trew G. Natural killer cells and reproductive failure–theory, practice and prejudice.
Human reproduction. 2005;20(5):1123-6.

20. Yamada H, Morikawa M, Kato EH, Shimada S, Kobashi G, Minakami H. Pre-conceptional natural killer
cell activity and percentage as predictors of biochemical pregnancy and spontaneous abortion with normal
chromosome karyotype. American journal of reproductive immunology. 2003;50(4):351-4.

21. Seshadri S, Sunkara SK. Natural killer cells in female infertility and recurrent miscarriage: a systematic
review and meta-analysis. Human reproduction update. 2014;20(3):429-38.

22. Coughlan C, Ledger W, Wang Q, Liu F, Demirol A, Gurgan T, et al. Recurrent implantation failure:
definition and management. Reproductive biomedicine online. 2014;28(1):14-38.

23. Naruse K, Lash GE, Innes BA, Otun HA, Searle RF, Robson SC, et al. Localization of matrix metallo-
proteinase (MMP)-2, MMP-9 and tissue inhibitors for MMPs (TIMPs) in uterine natural killer cells in early
human pregnancy. Human reproduction. 2009;24(3):553-61.

24. Lash GE, Otun HA, Innes BA, Percival K, Searle RF, Robson SC, et al. Regulation of extravillous
trophoblast invasion by uterine natural killer cells is dependent on gestational age. Human reproduction.
2010;25(5):1137-45.

25. Sacks G. Enough! Stop the arguments and get on with the science of natural killer cell testing. Human
reproduction. 2015;30(7):1526-31.

26. Moffett A, Shreeve N. First do no harm: uterine natural killer (NK) cells in assisted reproduction.
Human reproduction. 2015;30(7):1519-25.

27. Thum MY, Bhaskaran S, Bansal AS, Shehata H, Ford B, Sumar N, et al. Simple enumerations of
peripheral blood natural killer (CD56+ NK) cells, B cells and T cells have no predictive value in IVF
treatment outcome. Human reproduction. 2005;20(5):1272-6.

28. Souza SS, Ferriani RA, Santos CM, Voltarelli JC. Immunological evaluation of patients with recurrent
abortion. Journal of reproductive immunology. 2002;56(1-2):111-21.

29. Szekeres-Bartho J. Regulation of NK cell cytotoxicity during pregnancy. Reproductive biomedicine
online. 2008;16(2):211-7.

30. Martinet L, Smyth MJ. Balancing natural killer cell activation through paired receptors. Nature reviews
Immunology. 2015;15(4):243-54.

31. Kumar S. Natural killer cell cytotoxicity and its regulation by inhibitory receptors. Immunology.
2018;154(3):383-93.

32. Orange JS. Human natural killer cell deficiencies. Current opinion in allergy and clinical immunology.
2006;6(6):399-409.

33. Smyth MJ, Cretney E, Kelly JM, Westwood JA, Street SE, Yagita H, et al. Activation of NK cell
cytotoxicity. Molecular immunology. 2005;42(4):501-10.

34. Salleh MR. Life event, stress and illness. The Malaysian journal of medical sciences : MJMS.
2008;15(4):9-18.

35. Shakhar K, Rosenne E, Loewenthal R, Shakhar G, Carp H, Ben-Eliyahu S. High NK cell activity in
recurrent miscarriage: what are we really measuring? Human reproduction. 2006;21(9):2421-5.

36. Fiuza-Luces C, Padilla JR, Valentin J, Santana-Sosa E, Santos-Lozano A, Sanchis-Gomar F, et al. Effects
of Exercise on the Immune Function of Pediatric Patients With Solid Tumors: Insights From the PAPEC
Randomized Trial. American journal of physical medicine & rehabilitation. 2017;96(11):831-7.

7



P
os

te
d

on
A

u
th

or
ea

29
M

ay
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

07
69

16
.6

33
82

47
4

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

37. Gustafson MP, DiCostanzo AC, Wheatley CM, Kim CH, Bornschlegl S, Gastineau DA, et al. A systems
biology approach to investigating the influence of exercise and fitness on the composition of leukocytes in
peripheral blood. Journal for immunotherapy of cancer. 2017;5:30.

Figure Legends

Figure 1. The general linear model analysis evaluating the correlation between pNK cytotoxicity and RM.
The estimated marginal means of pNK cytotoxicity was compared between the fertile control (green) and
RM patients (blue).

Figure 2. Expression of cytotoxic molecules on the peripheral blood NK cells. (A) Representative flow
cytometry images of NK cells. (B) The percentage of pNK cells in the fertile control and RM patients.
(C) Representative flow cytometry images of granzyme B+, granulysin+, and perforin+ pNK cells. The
percentage and MFI of granzyme B+ (D, G), granulysin+ (E, H), and perforin+(F, I) pNK cells in the fertile
control and RM patients. Results are expressed as mean +- SD. The independent t test was used for group
comparison. *P <0.05.

Figure 3. Expression of the activating receptors on the peripheral blood NK cells. (A) Flow cytometry
images representing the expression of NKG2D, NKp30, and NKp46. The numbers indicate the percentage
of the cells in the gate. The histograms shows the difference in the percentage and MFI of NKG2D+ (B,
E), NKp30+ (C, F), and NKp46+ (D, G) NK cells between the fertile control and RM patients. Results are
expressed as mean +- SD. The independent t -test was used to perform the comparison.

Figure 4. Expression of the inhibitory receptors of the peripheral blood NK cells. (A) Flow cytometry images
representing the expression of CD158a and CD158b. The numbers indicate the percentage of the cells in
the gate. The histograms show the difference in the percentage and MFI of CD158a+ (B, C) and CD158b+

(D, E) NK cells between the fertile control and RM patients. Results are expressed as mean +- SD. The
independent t -test was used to perform the comparison. **P <0.005.
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