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Abstract
Purpose  To investigate if there are natural killer (NK) cells in endometrial fluid (EF) and their relationship with the endo-
metrial cycle and reproductive parameters.
Methods  The population under study consisted of 43 women aged 18–40 undergoing infertility workup at our University 
Hospital in 2021–2022.
The EF samples were obtained at the first visit to our unit, on occasion of the mock embryo transfer. The day of the cycle 
was considered only in cycles of 27–29 days.
An immunophenotype study of NK in EF was performed by flow cytometry analysis. In a subgroup of women, on the same 
day, NK was studied in EF and peripheral blood.
Results  Our study is the first to evidence NK cells in EF. None of the NK cells observed corresponded to a mature peripheral 
blood NK cell population (stages 4–5), and neither endometrial nor decidual uNK cells were detected. Nevertheless, we 
found 2 patient groups with an NK cell subset with a higher expression of CD16+, which could belong to an intermediate or 
transient stage between the uNK and pbNK NK cell population in the EF. We found that CD16 was significantly increased 
in the mid-late luteal phase and its correlation with the day of the cycle. The NK immunophenotype was different in EF and 
peripheral blood.
Conclusion  We described a new component of the EF, the NK cells, whose CD16 activity is closely correlated with the day 
of the cycle. These cells could play a role in implantation/implantation failure.
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Introduction

Endometrial fluid (EF) is a liquid which has started to 
receive attention in the last few years. EF is a protein-rich 
histotroph that contains secretions from the endometrial 
glands and cleavage products of both the secreted proteins 
and the glycocalyx (the glycoprotein mucin-rich layer coat-
ing the endometrial apical cell surface) [1]. These secretions 
are derived from two principal sources: a serum transudate 
arising from the rich capillary plexus surrounding the glands 
and specific proteins, carbohydrates, and other metabolites 
synthesized within the glandular cells [2].

Depending on the methodology employed, more than 
700 proteins [3, 4], more than 4600 proteins [5], more than 
270 lipids [6], and more than 920 micro-RNAs have been 
detected [7]. Moreover, different proteic, lipidomic, and 
micro-RNA patterns have been described as prognostic 
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factors of implantation in the very same cycle in which 
endometrial fluid was obtained [5-8].

It has been shown that microbiota is present in EF and 
that some specific microbiota patterns are associated to a 
favorable outcome in IVF [9]. Moreover, antibacterial pro-
teins have been reported in EF [5], and raw EF has shown 
antibacterial and antifungal activity [10].

Natural killer (NK) cells are a type of lymphocyte consist-
ing of large granular lymphocytes that belong to the innate 
immune system. They are derived from hematopoietic pro-
genitor cells (HPCs) in the bone marrow and express the sur-
face marker CD56 [11], and they are defined as CD3−CD56+ 
lymphocytes [12, 13].

Their cytotoxic activity is achieved by the release of the 
granular components within their cytoplasm (perforin, gran-
zymes) or the secretion of cytokines (tumor necrosis factor-
alpha, interleukin (IL)-10, interferon-gamma and transform-
ing growth factor-beta) [14].

There are two main types of NK cells: (i) peripheral blood 
NK cells (pbNK), which make up the majority of NK cells 
in human blood, with low CD56 expression (CD56dim) 
and high levels of Fc receptor for immunoglobulin G (IgG; 
FcγR)III (CD16), representing about 10–15% of the total 
lymphocytes in blood and whose activity is predominantly 
cytotoxic [15]; and (ii) uterine NK cells (uNK), which are 
mostly CD56bright CD16− cells and which correlate with a 
more cytolytic phenotype than peripheral NK cells [15, 16] 
and display a more immune-regulatory role [15].

Peripheral blood NK cells originate from CD34+ hemat-
opoietic progenitors. Before reaching a mature stage, they 
acquire different surface markers progressively and in a 
certain order and can be classified into stage 1 (CD34+, 
CD45RA+, CD117−, CD94−, CD56−, CD16−), stage 2 
(CD34+, CD45RA+, CD117+, CD94−, CD56−, CD16−), 
and stage 3 (CD34− CD117+, CD94−, CD56−, CD16−). 
Once they reach a mature stage, NK cells are phenotypi-
cally described by their surface markers as stage 4 (CD34−, 
CD94+, CD117+/−, CD56bright, CD16+/−) and stage 5 
(CD34−, CD94+/−, CD117−, CD56dim, CD16+) [12]. 
However, there is no data available regarding the maturity 
stages of the uNK cells.

Peripheral blood NK cells (stage 5) have been demon-
strated to show significant cytotoxic activity with well-estab-
lished antiviral and anti-neoplastic functions, while uNK 
cells have little cytotoxic activity but are a rich source of 
cytokines, particularly angiogenic ones, with possible roles 
in the regulation of trophoblast invasion and angiogenesis 
[17, 18]. Furthermore, peripheral blood NK cells may not 
reflect the condition of the endometrium where implantation 
occurs. In contrast, large numbers of uNK cells appear in 
the mid-secretory phase, although the mechanism is still not 
known. There are two theories concerning the origin of uNK 
cells: (i) recruitment from pbNK cells which subsequently 

differentiate in the uterine microenvironment into the uNK 
cell phenotype through a series of organized processes; or 
(ii) that uNK cells come from the in utero proliferation and 
differentiation of stem cells or endogenous NK cells in the 
endometrium [17, 19]. The former theory is the rationale for 
testing pbNK cells, although the latter is the more widely 
held view. In contrast to pbNK cells, uNK cells are resident 
in the endometrium and constitute 70% of endometrial leu-
cocytes, the most predominant leucocyte population during 
the time of implantation and early pregnancy [20, 21].

NK cells have been thought to be associated with implan-
tation failure (IF), recurrent miscarriage (RM), or infertility  
due to either NK cell cytotoxicity or receptor/gene expres-
sion, but results are controversial [14, 22]. There are con-
flicting reports regarding the changes in peripheral NK cell 
activity during the endometrial cycle [23-27]. On the other 
hand, uNK are present in the proliferative phase, but they 
increase in number substantially in the mid-secretory phase 
and represent the major endometrial lymphocyte population 
in the late secretory phase and the first trimester of preg-
nancy [21-28].

The aim of our study is to investigate the presence of 
NK cells in endometrial fluid and their immunophenotype, 
to ascertain their changes, if any, during the endometrial 
cycle, and to determine their association with reproductive 
parameters.

Material and methods

Study population

The population under study consisted of 43 women undergo-
ing infertility workup at the Reproduction Unit of our Uni-
versity hospital.

The inclusion criteria were (a) age 18–40 and any one 
of the following: (b1) infertility duration >1 year, (b2) sin-
gle women with reproductive desire, and (b3) oocyte vit-
rification for medical reasons. The exclusion criteria were 
infectious diseases, abnormal uterine cavity on ultrasound, 
myomas, tubal factor, abnormal karyotype, immunological 
or metabolic diseases, and BMI > 36.

The main characteristics of the population are depicted 
in Table 1. The median age was 37.0 years [34.0; 38.0], and 
the median body mass index (BMI) was 24.9 [22.6; 28.7]. 
The main infertility diagnoses were idiopathic infertility 
(46.5%), male factor (18.6%), endometriosis (7.0%), and 
single woman (7.0%). Five women had previously under-
gone artificial insemination, without pregnancy. None had 
previously undergone IVF. 20.9% of women had previous 
children, 23.3% had previous spontaneous miscarriages, and 
16.3% had elective abortions.
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The samples were obtained on the first visit to our unit, 
on occasion of the mock embryo transfer which is system-
atically performed during the infertility workup in patients 
where IVF or IUI is considered. In our study, additionally, 
we performed immediately before EF aspiration a vaginal 
ultrasound in order to confirm that endometrial and ovarian 
findings were consistent with the reported day of the cycle. 
Our study protocol foresaw the rejection of cases with incon-
sistency between chronological and ultrasound dating, but 
no case was excluded for this reason.

The day of the cycle was considered only when the cycle 
length was 27–29 days.

Endometrial fluid sample collection

Endometrial fluid was obtained by manual aspiration with 
a 10 mL syringe connected to an “embryo transfer cath-
eter” (Frydman catheter, CCD Laboratories, Paris, France) 
as previously reported [8, 29]. Aspiration was performed 
under ultrasound control gently, in order to avoid traumatiz-
ing the endometrium. Samples obtained were expelled into 
a Falcon tube without any medium, and the distal 3–4 cm of 
the catheter were sectioned (in two or three fragments) and 
were placed also in the same Falcon tube. Samples were kept 
at 4 °C and were processed in the following 3 h. Aspirate 
volumes ranged from 5 to 50 μl. Blood-tainted samples were 
excluded from the study.

Endometrial fluid processing

In order to recover the EF and the cells within it, we passed 
500 ul of PBS + 10% FBS through the fragments of the 
catheter and poured it into the original Falcon tube where the 
aspirate sample had been left. Cells were collected in 15 ml 
Falcon tubes and filtered with a 40-μm nylon cell strainer in 
order to prevent any clumps or residual tissue. Then, the cell 
samples were passed to cytometry tubes. Depending on the 
sample, between 10,000 and 100,000 cells were recovered.

Flow cytometry analysis

Cells were washed with PBS+10% FBS and incubated for 
30 min at 4 °C for labeling with anti-CD94-FITC (BD Bio-
sciences, clone HP-3D9), anti-CD117-PE (Miltenyi Biotec, 
clone A3C6E2), anti-CD3 PerCP Cy5.5 (Biolegend, clone 
SK7), anti-CD56-APC (Biolegend, clone MEM-188), and 
anti-CD16-BV421 (BD Biosciences, clone 3G8) in order 
to determine the NK cell population. 10,000–30,000 events 
were acquired for analysis. Flow cytometry cell popula-
tions were analyzed using FlowJo v.X.0.7 (TreeStar Inc.). 
Antibody expressions are represented as percentage mean 
(standard deviation) and those without a normal distribution 
with the median (interquartile range).

Blood sample collection and processing

Blood samples from a subset of 8 women were collected 
in an EDTA 10-ml tube, a few minutes after endometrial 
fluid aspirate. Samples were studied at the Basque Biobank 
(http://​www.​bioba​ncova​sco.​org) under an institutional 
review board-approved protocol by the Basque Committee 
of Ethics and Clinical Research (ref: 2014138). A total of 
200 μl of blood were transferred on top of the previously 
mentioned antibodies in a cytometer tube and incubated for 
30’ in the dark at RT. Then, in order to remove red blood 

Table 1   Demographic characteristics

Values are expressed as mean ± standard deviation unless otherwise 
expressed. Numbers inside parentheses correspond to the number of 
cases
* = 2 samples corresponded to disovulatory cycles and in 2 the day 
of the cycle was not registered

N = 43

Infertility duration (years) 2.6 ± 1.3
Age (years) [25th;75th] 37.0 [34.0; 38.0]
BMI (kg/m2) [25th;75th] 24.9 [22.6;28.7]
Smoking (%) 27.9 (12)
Day of the cycle 14.8 ± 5.9
Previous pregnancy (%) 53.5 (23)
Previous children (%) 20.9 (9)
Previous miscarriage and/or elective abortion (%) 37.2 (16)
Previous spontaneous miscarriage (%) 23.3 (10)
Elective abortion (%) 16.3 (7)
Day of the cycle (%)
  0–12 38.5 (15)
  13–18 33.3 (13)
  ≥ 19 28.2 (11)
  NA (4)*
BMI (categorized) (%)
  18–25 51.2 (22)
  26–30 27.9 (12)
  >30 20.9 (9)
Main infertility diagnosis (%)
Unknown factor 46.5 (20)
Male factor 18.6 (8)
Single woman 7.0 (3)
Endometriosis 7.0 (3)
Oocyte cryopreservation 2.3 (1)
Other 18.6 (8)

Table 2   Median values of 
CD94, CD117, CD56, and 
CD16

CD94 1.77 [0.60; 9.65] 43
CD117 2.20 [0.51; 8.91] 43
CD56 6.59 [2.92; 17.40] 43
CD16 5.98 [1.65; 36.0] 43

http://www.biobancovasco.org
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cells from the sample, red blood cell lysis buffer (Roche) was 
used according to the manufacturer’s instructions. Briefly, 
2 ml of the buffer were added and incubated for 15’ at RT. 
Cells were washed twice with PBS at 500 g for 5’ at RT. 
Finally, cells were resuspended in 400 μl of PBS.

Data and statistical analysis

We performed the normality test for continuous variables 
using the Shapiro-Wilks test. Variables following a nor-
mal distribution were presented with the mean (standard 
deviation) and those without a normal distribution with the 
median (interquartile range). Differences between variables 
were analyzed with the Chi-square test for categorical vari-
ables and Student’s t-test or Mann-Whitney U-test, ANOVA, 
or Kruskal-Wallis test for continuous variables. In multiple 
comparisons, the Bonferroni correction was employed. Lin-
ear regression models were performed for the association of 
continuous variables with the NK cells. Scatter plots were 
also presented. All analyses were performed with the statisti-
cal software R (version 4.1.1): A language and environment 
for statistical computing. R Foundation for Statistical Com-
puting, Vienna, Austria.

Results

Immunophenotype characterization of NK cell 
population in endometrial fluid

Depending on the surface marker pattern reported in periph-
eral blood and uterine NK cells, key markers (CD56, CD16, 
CD117, and CD94) were selected in order to determine the 
NK cell immunophenotype in the EF [30]. We analyzed all 
samples from 43 women undergoing an infertility workup at 
the Reproduction Unit of our University Hospital. Firstly, we 
analyzed the mean expression of the chosen NK cell markers 
in all the samples studied (Table 2). In general, we found 
expression of NK cell markers in all the samples. How-
ever, we decided to subdivide them into five different study 
groups in order to observe any difference in the NK cell 
expression pattern compared with the peripheral blood NK 
pattern. These are the criteria of the five groups studied: (1) 
high expression of CD56, CD16, CD117, and CD94 markers 

in a low number of cells (n = 6); (2) higher expression of 
CD56 in comparison with the expression of rest of the mark-
ers (n = 10); (3) low, uniform expression of CD56, CD16, 
CD117, and CD94 (n = 10); (4) high expression of CD56, 
CD16, CD117, and CD94 markers in a high number of cells 
(n = 5); and (5) higher expression of CD16 in comparison 
with the expression of rest of the markers (n = 13) (Fig. 1).

Secondly, we observed that the pattern found in groups 2, 
3, and 4 is more similar to the expression pattern of periph-
eral blood NK cells. There was a high expression of CD56, 
a low expression of CD117 and CD94, and a lower expres-
sion of the CD16 marker compared to CD56. By contrast, 
in groups 1 and 5, we observed that the expression of CD16 
was higher than CD56 expression and CD94 and CD117 
was higher, especially in group 1, than the samples from 
groups 2, 3, and 4.

In addition, NK cells from EF were compared to the 
peripheral blood NK cells from the same woman (n = 8). 
The observed patterns were different, suggesting that NK 
cells detected in the EF were different from those from 
peripheral blood (Fig. 2).

NK cell markers and clinical parameters

In terms of demographic parameters (Table 3), CD values 
were not influenced by the woman’s age, BMI, or smoking. 
NK cell surface markers were not associated with previous 
reproductive history (Table 3).

The CD16 expression was much higher in the mid-late 
secretory phase (48.7 [21.5; 82.9]) than in the early-mid fol-
licular phase (3.93 [1.60; 15.1]) and in the peri-ovulatory 
phase (4.20 [2.30; 33.2]) (Table 4). There was a statisti-
cally significant association between the day of the cycle and 
CD16 expression (2.409; 95% CI: =1.051–3.766), p-value 
= 0.001) (Fig. 3).

The other CD markers did not change during the endo-
metrial cycle.

Discussion

The role of EF in reproduction is not well understood. 
Apart from providing nutrients to the pre/peri-implantation 
embryo, it has been suggested that it could play other roles 
in promoting implantation [4, 6-8]. Thus, over 270 lipids 
[6] and over 4600 proteins [5] have been found in EF, a 
number of them with antibacterial activity, or related with 
immune defense, immune innate defense, and inflammation 
[4, 5, 8]. Moreover, a number of microorganisms have been 
described in EF [9, 31] as well as micro-RNA and exosomes 
[7, 32]. EF has shown antibacterial and antifungal activity 
in vitro [10].

Fig. 1   Immunophenotyping assay of NK cells in EF. Markers used 
CD94, CD117, CD56, and CD16. A Control group: peripheral blood 
NK cells; B Group 1: high expression of CD56, CD16, CD117, and 
CD94 markers in low number of cells; C Group 2: higher expres-
sion of CD56 in comparison with the expression of rest of markers; 
D Group 3: low and uniform expression of CD56, CD16, CD117, 
and CD94; E Group 4: high expression of CD56, CD16, CD117, and 
CD94 markers in high number of cells; and F Group 5: higher expres-
sion of CD16 in comparison with the expression of rest of markers

◂
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NK cells can be classified into peripheral NK cells and 
uterine NK cells. Uterine NK cells are less cytotoxic than 
peripheral NK cells [33, 34] and produce factors that medi-
ate placental implantation and tissue remodeling, especially 
in spiral artery remodeling [35, 36]. As far as we know, our 
study is the first to investigate NK cells in EF, and in it, 
we observed NK in all the samples analyzed, independently 
of the day of the cycle or the presence of small amounts 
of blood tainting in the samples. In all the cases, the NK 
cells expressed CD56, CD94, CD117, and CD16 markers, 
although the expression pattern differs from the peripheral 
blood NK cells expression pattern. Moreover, differences 

among patient groups have been detected regarding the 
expression pattern. A specific NK pattern was identified, 
consisting of the highly expressed CD16 marker in com-
parison with the CD56 marker. This pattern correlated with 
no specific demographic or infertility parameter. We have 
to highlight that at no point were uterine NK cells detected, 
suggesting that uterine NK cells did not leave the endome-
trium at any moment in the endometrial cycle. It has been 
reported that peripheral NK cell numbers and activity can 
fluctuate depending on the phase of the menstrual cycle [37], 
time of day [38], parity [39], and sympathetic response to 
stressors [40], as well as the measurement method [14, 41, 

Fig. 2   CD16 and CD56 expression in peripheral blood and endome-
trial fluid NK cells. Comparison of NK cell population from whole 
blood and endometrial fluid from 8 different women (A–H). The per-

centage of the expression of CD56 and CD16 markers was analyzed 
to check differences in population patterns
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42]. Although the study of antibody-dependent cellular cyto-
toxicity could be of interest, the small number of recovered 
cells precluded its analysis.

It is well known that age, obesity, and smoking have a 
negative impact on female fertility [43], acting through dif-
ferent mechanisms. The CD NK cell markers in EF were 
not influenced by the woman’s age, which is in agreement 
with the lack of influence of maternal age on endometrial 
receptivity evidenced by pregnancy rates in oocyte donation 
programs [44, 45]. Smoking and obesity also did not influ-
ence NK cell activity.

The endometrium experiences a number of cyclical 
changes, which were described in the pivotal work of Noyes 
et al. in 1950 [46]. From a physiological point of view, the 
objective of these changes is to prepare the endometrium 
for implantation and early embryo development. We have 
to highlight that CD16 expression in EF was much higher 
in the secretory phase and its values increased with the day 
of the cycle. The other CD markers did not change during 
the endometrial cycle. Therefore, it could be speculated that 
CD16 expression may play a role in implantation.

Previous reports on peripheral NK activity during the 
menstrual cycle are conflicting. Lower peripheral NK cell 
activity has been reported during the follicular phase [23], 
the early follicular phase [47], the peri-ovulatory period 
[37], and the luteal phase [48], whereas some have reported 
no differences [24] or no differences in NK cell activity but 
an increase during the peri-ovulatory phase in the number 
of NK cells per milliliter of blood [27]. Furthermore, uNK 
cells, which are already present in the proliferative phase, 
increase remarkably in the mid-secretory phase and are the 

Table 3   CD94, CD117, CD56, and CD16 values and smoking, age, and body mass index (BMI). CD94, CD117, CD56, and CD16 values, clini-
cal parameters, and reproductive history

Expressed as median [interquartile range]
No significant differences

CD94 CD117 CD56 CD16

Smoking Yes (n = 12) 1.59 [0.67;5.92] 2.03 [0.47;5.90] 6.10 [3.04;13.50] 7.04 [1.90;45.0]
No (n = 31) 1.80 [0.55;9.80] 2.30 [0.54;10.10] 6.59 [2.92;17.40] 4.20 [1.65;30.50]

Age <35 (n = 12) 2.54 [0.67;3.78] 2.25 [0.47;5.90] 5.94 [3.89;9.0] 3.27 [2.05;26.0]
35–38 (n = 24) 1.65 [0.50;12.60] 2.03 [0.43;9.60] 6.30 [2.68;18.30] 7.14 [1.83;35.50]
> 38 (n = 7) 1.80 [1.05;7.88] 7.21 [0.60;11.70] 7.69 [4.96;16.10] 8.70 [1.65;39.10]

BMI 18–25 (n = 22) 2.60 [0.62;11.60] 2.65 [0.54;9.00] 8.25 [3.14;18.10] 8.50 [1.45;42.0]
26–30 (n = 12) 2.60 [1.38;7.83] 3.45 [0.82;10.60] 4.96 [3.65;17.30] 7.04 [2.07;25.90]
>30 (n = 9) 0.75 [0.50;0.90] 0.61 [0.23;2.67] 5.36 [0.80;6.92] 2.60 [2.10;16.60]

Previous pregnancy Yes (n = 23) 1.14 [0.60;10.90] 3.10 [0.54;10.10] 6.92 [1.84;13.10] 8.70 [2.20;38.60]
No (n = 20) 1.79 [0.62;4.39] 2.03 [0.45;8.44] 5.97 [3.89;18.0] 4.07 [0.98;25.90]

Previous spontaneous 
miscarriages

Yes (n = 10) 1: 0.90 [0.55;19.40] 1: 11.0 [0.25;14.70] 1: 18.1 [2.90;28.0] 1: 20.0 [1.70;38.60]
≥2: 8.50 [4.45;9.65] ≥2: 5.0 [2.55;10.60] ≥2: 6.92 [3.61;7.46] ≥2: 71.8 [37.2;82.9]

No (n = 33) 1.77 [0.69;4.30] 2.11 [0.58;8.38] 5.69 [3.03;14.10] 4.20 [1.39;27.80]

Table 4   CD94, CD117, CD56, and CD16 values and day of the cycle

Expressed as median [interquartile range]

Day of the cycle (n = 15;13;11)

0–12 13–18 ≥19 p

CD94 2.08 [0.68;10.30] 1.77 [0.40;11.10] 1.80 [0.93;9.65] 0.84
CD117 2.67 [0.45;6.66] 1.90 [0.23;11.0] 8.38 [2.03;9.12] 0.50
CD56 5.69 [3.59;17.40] 12.0 [4.62;18.10] 5.29 [2.15;10.0] 0.33
CD16 3.93 [1.60;15.10] 4.20 [2.30;33.20] 48.7 [21.50;82.90] 0.02

Fig. 3   Association between the day of the cycle and CD16 expression
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major lymphocyte population in the late secretory phase [21, 
28, 49]. Thus, our findings concerning CD16 activity in EF 
during the endometrial cycle display a pattern which is simi-
lar with that reported in uNK cells.

The pattern of CD expression markers we found was not 
influenced by previous miscarriages. It is well known that 
miscarriage has many different causes, maternal age being 
one of the most frequent [50]. There is controversy regard-
ing the role of NK cells in idiopathic recurrent miscarriage 
and/or implantation failure. Some studies have reported a 
significantly higher percentage of NK cells compared with 
healthy individuals [49, 51]. However, a number of meta-
analyses have not found a clear association between NK cells 
and recurrent miscarriage/implantation failure [14, 52] nor 
with the efficacy of immunotherapy in RM [53, 54]. In our 
study, NK markers were similar in women with and without 
previous miscarriages. However, it has to be highlighted that 
the population we studied consisted of women with 1–2 pre-
vious spontaneous miscarriages and not of RM.

There is also controversy regarding which marker is better 
associated with idiopathic RM/IF: pbNK or uNK. It has been 
suggested that uNK cells would be of more interest since 
they intervene in the placentation process.

In our study, none of the NK cells observed corresponded 
to mature peripheral blood NK cell populations (stages 4–5) 
[12], and neither endometrial nor decidual uterine NK cells 
were detected at any point. Nevertheless, we found 2 patient 
groups with an NK cell subset showing a higher expression 
of CD16+ that did not correspond to the peripheral blood 
phenotype, which could belong to an intermediate or tran-
sient stage between the uNK and pbNK NK cell populations 
in the EF [13, 30]. From our study, it can be understood that 
in the peri-implantation process, EF NK cells would be of 
more importance since they are present in the EF, which 
includes the pre-implantatory embryo.

CD16 is a low-affinity Fc gamma receptor for IgG bind-
ing and is expressed on NK cells to trigger cytotoxicity or 
cytokine secretion in naive NK cells. It has been described 
that CD16 surface expression is correlated with NK-cell 
maturation and that pbNK cells can acquire CD16 at a later 
stage in their development, in association with a dramatic 
gain in IFN-γ expression [55]. This evidence suggests that 
the CD16 features could be an adaptive outcome of pbNK/
dNK cells responding to unique environmental stimulation 
during decidualization and placentation, both of which are 
driven by local and systemic signals in human pregnancy. 
Traditionally, CD56brightCD16- NK cells were considered 
to be prominent cytokine producers with little cytotoxicity, 
whereas CD56dimCD16+ NK cells, due to their content of 
high quantities of cytotoxic granules, were efficient killers 
but poor cytokine producers. However, increasing evidence 
suggests that in some tissue-specific microenvironments, 
CD16+ NK cells are a potent source of proinflammatory 

cytokines and chemokines, produced upon target cell recog-
nition. Since the activation of the CD16 signal can stimulate 
the expression of many cytokines, via calcium-dependent 
mechanisms, the presence of the CD16+ dNK subpopula-
tion could be critical to complementing maternal immune 
response and promoting human pregnancy. This would lead 
to a subsequent impact on the immunological regulation of 
decidual resident NK subsets in normal and abnormal preg-
nancies [56].

We would like to highlight some points from our study. 
Firstly, NK CD16 in EF increases during the endometrial 
cycle, suggesting it plays a role in implantation. Secondly, 
EF NK cells probably play a more relevant part in the 
implantation mechanism than uterine NK cells, since the 
pre-implantatory embryo is in the EF. NK cells have a pat-
tern of surface marker pattern more similar to peripheral 
blood NK cells than uterine NK cells.

However, it is important to remember, that besides con-
taining NK cells, the EF is rich in peptides, lipids, exosomes, 
micro-RNA, and microorganisms, which could mean that 
there is a balance and crosstalk between them. It seems 
likely that the relationship between immune mechanism and 
implantation is related to the crosstalk rather than to a single 
NK cellular surface marker.

Our study opens the possibility of a new field of trans-
lational research for some processes whose pathophysiol-
ogy and/or treatment have many unknown aspects, such 
as implantation, IF, RM, and, in general, reproductive 
immunology.

Acknowledgements  We apologize to our colleagues whose work 
was not cited due to space limitations. We would like to thank the 
Basque Biobank for Research (Biobanco Vasco) for the collection of 
the samples.

Funding  This work was supported by grants 2020111058, 2020333032, 
2019111068, and 2022111067 from the Health Department of the 
Basque Government; Merck-Salud Foundation (FSALUD17/004), Ino-
cente, Inocente Foundation (FII22/001) and Jesus de Gangoiti Barrera 
Foundation, and the Grant for Fertility Innovation (GFI, 2011) from 
Merck (Darmstadt, Germany).

Declarations 

Ethical approval  All procedures followed were in accordance with the 
ethical standards of the responsible committee on human experimenta-
tion (institutional and national) and with the Helsinki Declaration of 
1964 and its later amendments. The study was approved by our Institu-
tional Ethical and Investigation Board (CEIC code E21/63).

Informed consent  Written informed consent was given to women and, 
in the case of couples, also to their partners.

Conflict of interest  The authors declare no competing interests.



2249Journal of Assisted Reproduction and Genetics (2023) 40:2241–2250	

1 3

References

	 1.	 Edgell TA, Rombauts LJ, Salamonsen LA. Assessing receptiv-
ity in the endometrium: the need for a rapid, non-invasive test. 
Reprod Biomed Online. 2013;27:486–96. https://​doi.​org/​10.​
1016/j.​rbmo.​2013.​05.​014.

	 2.	 Burton GJ, Jauniaux E, Charnock-Jones DS. Human early pla-
cental development: potential roles of the endometrial glands. 
Placenta. 2007;28(Suppl A):S64–9. https://​doi.​org/​10.​1016/j.​
place​nta.​2007.​01.​007.

	 3.	 Casado-Vela J, Rodríguez-Suarez E, Iloro I, Ametzazurra A, 
Alkorta N, García-Velasco JA, Matorras R, Prieto B, González 
S, Nagore D, Simón L, Elortza F. Comprehensive proteomic 
analysis of human endometrial fluid aspirate. J Proteome Res. 
2009;8:4622–32. https://​doi.​org/​10.​1021/​pr900​4426.

	 4.	 Azkargorta M, Escobes I, Iloro I, Osinalde N, Corral B, 
Ibañez-Perez J, Exposito A, Prieto B, Elortza F, Matorras R. 
Differential proteomic analysis of endometrial fluid suggests 
increased inflammation and impaired glucose metabolism in 
non-implantative IVF cycles and pinpoints PYGB as a putative 
implantation marker. Hum Reprod. 2018;33:1898–906. https://​
doi.​org/​10.​1093/​humrep/​dey274.

	 5.	 Azkargorta M, Bregón-Villahoz M, Escobes I, Ibáñez-Pérez 
J, Iloro I, Iglesias M, Diez-Zapirain M, Rabanal A, Prieto B, 
Moragues MD, Matorras R, Elortza F. In-depth proteomics 
and natural peptidomics analyses reveal antibacterial peptides 
in human endometrial fluid. J Proteomics. 2020;216:103652. 
https://​doi.​org/​10.​1016/j.​jprot.​2020.​103652.

	 6.	 Matorras R, Exposito A, Ferrando M, Mendoza R, Larreategui 
Z, Lainz L, Aranburu L, Andrade F, Aldámiz-Echevarria L, 
Ruiz-Larrea MG, Ruiz-Sanz JI. Oocytes of women who are 
obese or overweight have lower levels of n-3 polyunsaturated 
fatty acids compared with oocytes of women with normal 
weight. Fertil Steril. 2020;113:53–61. https://​doi.​org/​10.​1016/j.​
fertn​stert.​2019.​08.​059.

	 7.	 Ibañez-Perez J, Díaz-Nuñez M, Clos-García M, Lainz L, Igle-
sias M, Díez-Zapirain M, Rabanal A, Bárcena L, González M, 
Lozano JJ, Marigorta UM, González E, Royo F, Aransay AM, 
Subiran N, Matorras R, Falcón-Pérez JM. microRNA-based sig-
natures obtained from endometrial fluid identify implantative 
endometrium. Hum Reprod. 2022;37:2375–91. https://​doi.​org/​
10.​1093/​humrep/​deac1​84.

	 8.	 Matorras R, Quevedo S, Corral B, Prieto B, Exposito A, Men-
doza R, Rabanal A, Diaz-Nuñez M, Ferrando M, Elortza F, 
Ametzazurra A, Nagore D. Proteomic pattern of implantative 
human endometrial fluid in in vitro fertilization cycles. Arch 
Gynecol Obstet. 2018;297:1577–86. https://​doi.​org/​10.​1007/​
s00404-​018-​4753-1.

	 9.	 Moreno I, Codoñer FM, Vilella F, Valbuena D, Martinez-Blanch 
JF, Jimenez-Almazán J, Alonso R, Alamá P, Remohí J, Pellicer 
A, Ramon D, Simon C. Evidence that the endometrial micro-
biota has an effect on implantation success or failure. Am J 
Obstet Gynecol. 2016;215:684–703. https://​doi.​org/​10.​1016/j.​
ajog.​2016.​09.​075.

	10.	 Bregón-Villahoz M, Moragues MD, Arrieta-Aguirre I, Azkar-
gorta M, Lainz L, Diez-Zapirain M, Iglesias M, Prieto B, Mator-
ras A, Exposito A, Elortza F, Matorras R. Antibacterial and 
antifungal activity of the human endometrial fluid during the 
natural cycle. Infect Dis Obstet Gynecol. 2021;2021:8849664. 
https://​doi.​org/​10.​1155/​2021/​88496​64.

	11.	 Robertson MJ, Ritz J. Biology and clinical relevance of human 
natural killer cells. Blood. 1990;76:2421–38.

	12.	 Herrera L, Salcedo JM, Santos S, Vesga MA, Borrego F, 
Eguizabal C. op9 feeder cells are superior to M2-10B4 cells 
for the generation of mature and functional natural killer cells 

from umbilical cord hematopoietic progenitors. Front Immunol. 
2017;8:755. https://​doi.​org/​10.​3389/​fimmu.​2017.​00755.

	13.	 Guerrero B, Hassouneh F, Delgado E, Casado JG, Tarazona R. 
Natural killer cells in recurrent miscarriage: an overview. J Reprod 
Immunol. 2020;142:103209. https://​doi.​org/​10.​1016/j.​jri.​2020.​
103209.

	14.	 Seshadri S, Sunkara SK. Natural killer cells in female infertility 
and recurrent miscarriage: a systematic review and meta-analysis. 
Hum Reprod Update. 2014;20:429–38. https://​doi.​org/​10.​1093/​
humupd/​dmt056.

	15.	 Eriksson M, Meadows SK, Wira CR, Sentman CL. Unique phe-
notype of human uterine NK cells and their regulation by endog-
enous TGF-beta. J Leukoc Biol. 2004;76:667–75. https://​doi.​org/​
10.​1189/​jlb.​02040​90.

	16.	 Searle RF, Jones RK, Bulmer JN. Phenotypic analysis and prolif-
erative responses of human endometrial granulated lymphocytes 
during the menstrual cycle. Biol Reprod. 1999;60:871–8. https://​
doi.​org/​10.​1095/​biolr​eprod​60.4.​871.

	17.	 Bulmer JN, Lash GE. Human uterine natural killer cells: a reap-
praisal. Mol Immunol. 2005;42:511–21. https://​doi.​org/​10.​1016/j.​
molimm.​2004.​07.​035.

	18.	 Dosiou C, Giudice LC. Natural killer cells in pregnancy and 
recurrent pregnancy loss: endocrine and immunologic perspec-
tives. Endocr Rev. 2005;26:44–62. https://​doi.​org/​10.​1210/​er.​
2003-​0021.

	19.	 Kitaya K, Yamaguchi T, Yasuo T, Okubo T, Honjo H. Post-ovu-
latory rise of endometrial CD16(-) natural killer cells: in situ 
proliferation of residual cells or selective recruitment from cir-
culating peripheral blood? J Reprod Immunol. 2007;76:45–53. 
https://​doi.​org/​10.​1016/j.​jri.​2007.​03.​010.

	20.	 Bulmer JN, Morrison L, Longfellow M, Ritson A, Pace D. 
Granulated lymphocytes in human endometrium: histochemical 
and immunohistochemical studies. Hum Reprod. 1991;6:791–8. 
https://​doi.​org/​10.​1093/​oxfor​djour​nals.​humrep.​a1374​30.

	21.	 Tang AW, Alfirevic Z, Quenby S. Natural killer cells and preg-
nancy outcomes in women with recurrent miscarriage and 
infertility: a systematic review. Hum Reprod. 2011;8:1971–80. 
https://​doi.​org/​10.​1093/​humrep/​der164.

	22.	 Kwak-Kim J, Gilman-Sachs A. Clinical implication of natu-
ral killer cells and reproduction. Am J Reprod Immunol. 
2008;59:388–400. https://​doi.​org/​10.​1111/j.​1600-​0897.​2008.​
00596.x.

	23.	 White D, Jones DB, Cooke T, Kirkham N. Natural killer (NK) 
activity in peripheral blood lymphocytes of patients with benign 
and malignant breast disease. Br J Cancer. 1982;46:611–6. 
https://​doi.​org/​10.​1038/​bjc.​1982.​245.

	24.	 Thyss A, Caldani C, Bourcier C, Benita G, Schneider M. 
Comparison of natural killer activity during the first and sec-
ond halves of the menstrual cycle in women. Br J Cancer. 
1984;50:127–8. https://​doi.​org/​10.​1038/​bjc.​1984.​149.

	25.	 Sulke AN, Jones DB, Wood PJ. Variation in natural killer activ-
ity in peripheral blood during the menstrual cycle. Br Med J. 
1985;290:884–6. https://​doi.​org/​10.​1136/​bmj.​290.​6472.​884.

	26.	 Mills PJ, Ziegler MG, Dimsdale JE, Parry BL. Enumerative 
immune changes following acute stress: effect of the menstrual 
cycle. Brain Behav Immun. 1995;9:190–5. https://​doi.​org/​10.​
1006/​brbi.​1995.​1018.

	27.	 Yovel G, Shakhar K, Ben-Eliyahu S. The effects of sex, men-
strual cycle, and oral contraceptives on the number and activity 
of natural killer cells. Gynecol Oncol. 2001;81:254–62. https://​
doi.​org/​10.​1006/​gyno.​2001.​6153.

	28.	 Lobo SC, Huang ST, Germeyer A, Dosiou C, Vo KC, Tulac S, 
Nayak NR, Giudice LC. The immune environment in human 
endometrium during the window of implantation. Am J Reprod 
Immunol. 2004;52:244–51. https://​doi.​org/​10.​1111/j.​1600-​
0897.​2004.​00217.x.

https://doi.org/10.1016/j.rbmo.2013.05.014
https://doi.org/10.1016/j.rbmo.2013.05.014
https://doi.org/10.1016/j.placenta.2007.01.007
https://doi.org/10.1016/j.placenta.2007.01.007
https://doi.org/10.1021/pr9004426
https://doi.org/10.1093/humrep/dey274
https://doi.org/10.1093/humrep/dey274
https://doi.org/10.1016/j.jprot.2020.103652
https://doi.org/10.1016/j.fertnstert.2019.08.059
https://doi.org/10.1016/j.fertnstert.2019.08.059
https://doi.org/10.1093/humrep/deac184
https://doi.org/10.1093/humrep/deac184
https://doi.org/10.1007/s00404-018-4753-1
https://doi.org/10.1007/s00404-018-4753-1
https://doi.org/10.1016/j.ajog.2016.09.075
https://doi.org/10.1016/j.ajog.2016.09.075
https://doi.org/10.1155/2021/8849664
https://doi.org/10.3389/fimmu.2017.00755
https://doi.org/10.1016/j.jri.2020.103209
https://doi.org/10.1016/j.jri.2020.103209
https://doi.org/10.1093/humupd/dmt056
https://doi.org/10.1093/humupd/dmt056
https://doi.org/10.1189/jlb.0204090
https://doi.org/10.1189/jlb.0204090
https://doi.org/10.1095/biolreprod60.4.871
https://doi.org/10.1095/biolreprod60.4.871
https://doi.org/10.1016/j.molimm.2004.07.035
https://doi.org/10.1016/j.molimm.2004.07.035
https://doi.org/10.1210/er.2003-0021
https://doi.org/10.1210/er.2003-0021
https://doi.org/10.1016/j.jri.2007.03.010
https://doi.org/10.1093/oxfordjournals.humrep.a137430
https://doi.org/10.1093/humrep/der164
https://doi.org/10.1111/j.1600-0897.2008.00596.x
https://doi.org/10.1111/j.1600-0897.2008.00596.x
https://doi.org/10.1038/bjc.1982.245
https://doi.org/10.1038/bjc.1984.149
https://doi.org/10.1136/bmj.290.6472.884
https://doi.org/10.1006/brbi.1995.1018
https://doi.org/10.1006/brbi.1995.1018
https://doi.org/10.1006/gyno.2001.6153
https://doi.org/10.1006/gyno.2001.6153
https://doi.org/10.1111/j.1600-0897.2004.00217.x
https://doi.org/10.1111/j.1600-0897.2004.00217.x


2250	 Journal of Assisted Reproduction and Genetics (2023) 40:2241–2250

1 3

	29.	 Ametzazurra A, Matorras R, García-Velasco JA, Prieto B, 
Simón L, Martínez A, Nagore D. Endometrial fluid is a spe-
cific and non-invasive biological sample for protein biomarker 
identification in endometriosis. Hum Reprod. 2009;24:954–65. 
https://​doi.​org/​10.​1093/​humrep/​den450.

	30.	 Gaynor LM, Colucci F. Uterine natural killer cells: functional distinc-
tions and influence on pregnancy in humans and mice. Front Immunol. 
2017;8:467. https://​doi.​org/​10.​3389/​fimmu.​2017.​00467.

	31.	 Franasiak JM, Werner MD, Juneau CR, Tao X, Landis J, Zhan 
Y, Treff NR, Scott RT. Endometrial microbiome at the time of 
embryo transfer: next-generation sequencing of the 16S ribo-
somal subunit. J Assist Reprod Genet. 2016;33:129–36. https://​
doi.​org/​10.​1007/​s10815-​015-​0614-z.

	32.	 Li T, Greenblatt EM, Shin ME, Brown TJ, Chan C. Cargo small 
non-coding RNAs of extracellular vesicles isolated from uterine 
fluid associate with endometrial receptivity and implantation 
success. Fertil Steril. 2021;115:1327–36. https://​doi.​org/​10.​
1016/j.​fertn​stert.​2020.​10.​046.

	33.	 King A, Birkby C, Loke YW. Early human decidual cells exhibit 
NK activity against the K562 cell line but not against first tri-
mester trophoblast. Cell Immunol. 1989;118:337–44. https://​
doi.​org/​10.​1016/​0008-​8749(89)​90382-1.

	34.	 Koopman LA, Kopcow HD, Rybalov B, Boyson JE, Orange JS, Schatz 
F, Masch R, Lockwood CJ, Schachter AD, Park PJ, Strominger JL. 
Human decidual natural killer cells are a unique NK cell subset with 
immunomodulatory potential. J Exp Med. 2003 Oct 20;198:1201–12. 
https://​doi.​org/​10.​1084/​jem.​20030​305.

	35.	 Hanna J, Goldman-Wohl D, Hamani Y, Avraham I, Greenfield 
C, Natanson-Yaron S, Prus D, Cohen-Daniel L, Arnon TI, Man-
aster I, Gazit R, Yutkin V, Benharroch D, Porgador A, Keshet 
E, Yagel S, Mandelboim O. Decidual NK cells regulate key 
developmental processes at the human fetal-maternal interface. 
Nat Med. 2006;12:1065–74. https://​doi.​org/​10.​1038/​nm1452.

	36.	 Lash GE, Schiessl B, Kirkley M, Innes BA, Cooper A, Searle RF, 
Robson SC, Bulmer JN. Expression of angiogenic growth factors 
by uterine natural killer cells during early pregnancy. J Leukoc Biol. 
2006;80:572–80. https://​doi.​org/​10.​1189/​jlb.​04062​50.

	37.	 Sulke AN, Jones DB, Wood PJ. Hormonal modulation of 
human natural killer cell activity in vitro. J Reprod Immunol. 
1985;7:105–10. https://​doi.​org/​10.​1016/​0165-​0378(85)​90064-6.

	38.	 Petitto JM, Folds JD, Ozer H, Quade D, Evans DL. Abnormal 
diurnal variation in circulating natural killer cell phenotypes 
and cytotoxic activity in major depression. Am J Psychiatry. 
1992;149:694–6. https://​doi.​org/​10.​1176/​ajp.​149.5.​694.

	39.	 Gabrilovac J, Zadjelović J, Osmak M, Suchanek E, Zupanović 
Z, Boranić M. NK cell activity and estrogen hormone lev-
els during normal human pregnancy. Gynecol Obstet Invest. 
1988;25:165–72. https://​doi.​org/​10.​1159/​00029​3766.

	40.	 Benschop RJ, Geenen R, Mills PJ, Naliboff BD, Kiecolt-Glaser 
JK, Herbert TB, van der Pompe G, Miller GE, Matthews KA, 
Godaert GL, Gilmore SL, Glaser R, Heijnen CJ, Dopp JM, 
Bijlsma JW, Solomon GF, Cacioppo JT. Cardiovascular and 
immune responses to acute psychological stress in young and 
old women: a meta-analysis. Psychosom Med. 1998;60:290–6. 
https://​doi.​org/​10.​1097/​00006​842-​19980​5000-​00015.

	41.	 Reichert T, DeBruyère M, Deneys V, Tötterman T, Lydyard P, 
Yuksel F, Chapel H, Jewell D, Van Hove L, Linden J, Buchner 
L. Lymphocyte subset reference ranges in adult Caucasians. 
Clin Immunol Immunopathol. 1991;60:190–208. https://​doi.​org/​
10.​1016/​0090-​1229(91)​90063-g.

	42.	 Plackett TP, Boehmer ED, Faunce DE, Kovacs EJ. Aging and 
innate immune cells. J Leukoc Biol. 2004;76:291–9. https://​doi.​
org/​10.​1189/​jlb.​11035​92.

	43.	 Carson SA, Kallen AN. Diagnosis and management of infertility: a review. 
JAMA. 2021;326:65–76. https://​doi.​org/​10.​1001/​jama.​2021.​4788.

	44.	 Soares SR, Troncoso C, Bosch E, Serra V, Simón C, Remohí 
J, Pellicer A. Age and uterine receptiveness: predicting the 

outcome of oocyte donation cycles. J Clin Endocrinol Metab. 
2005;90:4399–404. https://​doi.​org/​10.​1210/​jc.​2004-​2252.

	45.	 Centers for Disease Control and Prevention. 2015 Assisted 
Reproductive Technology Fertility Clinic Success Rates Report. 
https://​www.​cdc.​gov/​art/​repor​ts/​2015/​ferti​lity-​clinic.​html. 
Accessed 21 Jan 2023.

	46.	 Noyes RW, Hertig AT, Rock J. Dating the endometrial biopsy. Fertil 
Steril. 1950;1:3–25. https://​doi.​org/​10.​1016/​S0015-​0282(16)​30062-0.

	47.	 Lee S, Kim J, Jang B, Hur S, Jung U, Kil K, et al. Fluctuation of 
peripheral blood T, B, and NK cells during a menstrual cycle of 
normal healthy women. J Immunol. 2010;185:756–62. https://​
doi.​org/​10.​4049/​jimmu​nol.​09041​92.

	48.	 Souza SS, Castro FA, Mendonça HC, Palma PV, Morais FR, 
Ferriani RA, Voltarelli JC. Influence of menstrual cycle on NK 
activity. J Reprod Immunol. 2001;50:151–9. https://​doi.​org/​10.​
1016/​s0165-​0378(00)​00091-7.

	49.	 King K, Smith S, Chapman M, Sacks G. Detailed analysis of 
peripheral blood natural killer (NK) cells in women with recur-
rent miscarriage. Hum Reprod. 2010;25:52–8. https://​doi.​org/​
10.​1093/​humrep/​dep349.

	50.	 Diaz-Nuñez M, Rabanal A, Expósito A, Ferrando M, Quintana 
F, Soria JM, Matorras R. Recurrent miscarriage and implan-
tation failure of unknown cause studied by a panel of throm-
bophilia conditions: increased frequency of FXIII Val34Leu 
polymorphism. J Reprod Infertil. 2019;20:76–82.

	51.	 Kuon RJ, Weber M, Heger J, Santillán I, Vomstein K, Bär C, 
Strowitzki T, Markert UR, Toth B. Uterine natural killer cells 
in patients with idiopathic recurrent miscarriage. Am J Reprod 
Immunol. 2017;78. https://​doi.​org/​10.​1111/​aji.​12721.

	52.	 Kolanska K, Suner L, Cohen J, Ben Kraiem Y, Placais L, Fain 
O, Bornes M, Selleret L, Delhommeau F, Feger F, d’Argent EM, 
Darai E, Chabbert-Buffet N, Antoine JM, Kayem G, Mekinian 
A. Proportion of cytotoxic peripheral blood natural killer cells 
and T-cell large granular lymphocytes in recurrent miscarriage 
and repeated implantation failure: case-control study and meta-
analysis. Arch Immunol Ther Exp (Warsz). 2019;67:225–36. 
https://​doi.​org/​10.​1007/​s00005-​019-​00546-5.

	53.	 Achilli C, Duran-Retamal M, Saab W, Serhal P, Seshadri S. The 
role of immunotherapy in in vitro fertilization and recurrent preg-
nancy loss: a systematic review and meta-analysis. Fertil Steril. 
2018;110:1089–100. https://​doi.​org/​10.​1016/j.​fertn​stert.​2018.​07.​004.

	54.	 Woon EV, Day A, Bracewell-Milnes T, Male V, Johnson M. Immu-
notherapy to improve pregnancy outcome in women with abnormal 
natural killer cell levels/activity and recurrent miscarriage or implanta-
tion failure: a systematic review and meta-analysis. J Reprod Immunol. 
2020;142:103189. https://​doi.​org/​10.​1016/j.​jri.​2020.​103189.

	55.	 Lopez-Verges S, Milush JM, Pandey S, York VA, Arakawa-Hoyt 
J, Pircher H, Norris PJ, Nixon DF, Lanier LL. CD57 defines a 
functionally distinct population of mature NK cells in the human 
CD56dimCD16+ NK-cell subset. Blood. 2010;116:3865–74. 
https://​doi.​org/​10.​1182/​blood-​2010-​04-​282301.

	56.	 Zhang J, Lye SJ. The immune potential of decidua-resident 
CD16+CD56+ NK cells in human pregnancy. Hum Immunol. 
2021;82:332–9. https://​doi.​org/​10.​1016/j.​humimm.​2021.​01.​014.

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1093/humrep/den450
https://doi.org/10.3389/fimmu.2017.00467
https://doi.org/10.1007/s10815-015-0614-z
https://doi.org/10.1007/s10815-015-0614-z
https://doi.org/10.1016/j.fertnstert.2020.10.046
https://doi.org/10.1016/j.fertnstert.2020.10.046
https://doi.org/10.1016/0008-8749(89)90382-1
https://doi.org/10.1016/0008-8749(89)90382-1
https://doi.org/10.1084/jem.20030305
https://doi.org/10.1038/nm1452
https://doi.org/10.1189/jlb.0406250
https://doi.org/10.1016/0165-0378(85)90064-6
https://doi.org/10.1176/ajp.149.5.694
https://doi.org/10.1159/000293766
https://doi.org/10.1097/00006842-199805000-00015
https://doi.org/10.1016/0090-1229(91)90063-g
https://doi.org/10.1016/0090-1229(91)90063-g
https://doi.org/10.1189/jlb.1103592
https://doi.org/10.1189/jlb.1103592
https://doi.org/10.1001/jama.2021.4788
https://doi.org/10.1210/jc.2004-2252
https://www.cdc.gov/art/reports/2015/fertility-clinic.html
https://doi.org/10.1016/S0015-0282(16)30062-0
https://doi.org/10.4049/jimmunol.0904192
https://doi.org/10.4049/jimmunol.0904192
https://doi.org/10.1016/s0165-0378(00)00091-7
https://doi.org/10.1016/s0165-0378(00)00091-7
https://doi.org/10.1093/humrep/dep349
https://doi.org/10.1093/humrep/dep349
https://doi.org/10.1111/aji.12721
https://doi.org/10.1007/s00005-019-00546-5
https://doi.org/10.1016/j.fertnstert.2018.07.004
https://doi.org/10.1016/j.jri.2020.103189
https://doi.org/10.1182/blood-2010-04-282301
https://doi.org/10.1016/j.humimm.2021.01.014

	Natural killer cell subsets in endometrial fluid: a pilot study of their association with the endometrial cycle and reproductive parameters
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Study population
	Endometrial fluid sample collection
	Endometrial fluid processing
	Flow cytometry analysis
	Blood sample collection and processing
	Data and statistical analysis

	Results
	Immunophenotype characterization of NK cell population in endometrial fluid
	NK cell markers and clinical parameters

	Discussion
	Acknowledgements 
	References


