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Abstract  

Problem: We aimed to investigate natural killer 22 (NK22) cells in the peripheral blood 

and the uterine endometrium of women with unexplained recurrent pregnancy loss (URPL) 

and unexplained infertility (UI).  

Method of Study: Peripheral blood and endometrial samples were collected from women 

with URPL (n = 43) and UI (n = 38). Intracellular cytokine production, such as IL-22, 

IFN- and TNF-and the expression of NKp46 on NK cells were analyzed by three-color 

flow cytometry.  

Results: The percentages of endometrial CD56
+
/IL-22

+
 and CD56

dim
/IL-22

+
 cells in 

women with URPL were significantly higher than those of UI (P<0.05 respectively). In 

addition, the percentage of CD56
bright

/IL-22
+
 cells in women with RPL was negatively 

correlated with those of CD56
bright

/IFN-
+
, CD56

bright
/TNF-

+
 in both peripheral blood and 

endometrial NK cells. This was not seen in women with UI. The percentage of 

CD56
bright

/IL-22
+
 cells was negatively correlated with CD56

bright
/NKp46 expressing NK 

cells in peripheral blood. 

Conclusions: Endometrial NK22 cells are differently regulated in women with URPL and 

UI. Women with URPL have higher level of NK22 cells with a potential to induce NK2 

shift, than women with UI.    
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Introduction 

 

Natural killer (NK) cells play important roles in innate immune responses. Ninety 

percent of peripheral blood NK (pNK) cells are CD56
dim

/CD16
+
 and have high cytotoxic 

activity. On the other hand, although 90% of uterine NK (uNK) cells are CD56
bright

/CD16
-
 

these cells have low cytotoxic activity and produce more cytokines.
1-3

 Several studies have 

shown that uNK cells play important roles in maintaining a normal pregnancy.
4, 5

 Our 

previous study showed that the increase in cytotoxic pNK cells was associated with poor 

IVF-ET outcomes.
6
 A recent Meta-analysis study showed that pNK cell numbers were 

significantly higher in infertile women as compared with that of fertile controls.
7
 In women 

with recurrent pregnancy loss (RPL), the number and activity of pNK cells were increased 

during early pregnancy as compared to those of normal pregnant women.
8, 9

 Although the 

major population of uNK cells comprised CD56
bright

/CD16
-
 cells, women with RPL had 

fewer number of these cells than fertile controls. Moreover, the CD56
dim

/CD16
+
 population 

was twice the number of fertile controls.
10

  

During early pregnancy, uNK cells are major sources of angiogenic factors.
11, 12

 

Furthermore, uNK cells produce various cytokines however, they tend not to affect 

cytotoxicity.
12

 Human NK cells are classified into NK1 and NK2 on the basis of cytokine 

production; similar to the classification of Th1 and Th2 cells.
13

 Higuma-Myojo et al., firstly 

demonstrated NK1 and NK2 cells in reproduction. During early pregnancy, decidual NK 

cell subsets are functionally different from pNK cell subsets in cytokine production 

pattern.
14

 NK1 cells produce type 1 cytokines such as IFN- and TNF-and NK2 cells 
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produce a type 2 cytokine such as IL-4. In normal pregnancy, NK cells may shift from type 

1 to type 2 immune response.
15, 16

 Previously we reported that the percentages of 

CD56
bright

/CD16
-
 NK cells were markedly decreased in patients with IVF-ET failure and 

miscarriage than those who delivered, suggesting that an abnormal population of uNK cells 

may lead to implantation failure and miscarriage.6 In addition, in women with RPL and 

recurrent implantation failures (RIF) after IVF-ET cycles, type 1 shift has been 

documented.
17

 Thus, the NK1/NK2 ratio might predict pregnancy outcomes in these 

women. 

NKp46 is a natural cytotoxicity receptor (NCR), which regulates NK cell cytotoxicity 

and cytokine production through the signal cascade.
18

 Our previous study showed that the 

expression of NKp46 on pNK cells is significantly lower in non-pregnant women with a 

history of RPL and RIF than women who delivered a live born infant.
19

 Moreover, we have 

reported that in these women, the increase in type 1 cytokine production by pNK cells 

correlates with lower expression of NKp46.
20

 We have also demonstrated a direct 

relationship between the expression of NKp46 and cytokine production by NK cells.
21

 

Therefore, NKp46 may play an important role in reproduction via regulation of cytokine 

production. Recently, a new type of NKp46
+
 NK cell was found in the intestinal mucosa,

22
 

known as the NK22 cell as it produces interleukin-22 (IL-22).
23

 NK22 cells were shown to 

be present in the uterine mucosa
24

; however, the biological significance of NK22 cells is 

not yet understood. This study aimed to investigate NK22 cells in the peripheral blood and 

the uterine endometrium of women with URPL and UI, and the relationship between the 

production of IL-22 and other cytokines such as IFN-, TNF-, IL-4, IL-10, TGF-1and 
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NKp46 expression in NK cell populations.  

 

 

Materials and Methods 

 

Study Subjects 

   A total of 81 women with 2 or more URPL (n = 43) and UI (n = 38) were enrolled in 

this study. Women with anatomic, infectious, endocrine, autoimmune including 

antiphospholipid antibody syndrome and genetic etiologies for RPL and UI were excluded 

from the study. Normal fertile controls were not included in this study due to ethical 

reasons and concerns of performing an endometrial biopsy in healthy fertile women. 

Patients’ characteristics are shown in Table 1. There was no significant difference in age 

and body mass indices of the two study groups. The peripheral blood and the endometrial 

samples were obtained during the mid-secretory phase of the normal menstrual cycle. 

None of the patients had taken oral contraceptive pills or other medications known to 

interfere with the menstrual cycle. Study subjects were recruited from the Department of 

Obstetrics and Gynecology at Hirosaki University, Hirosaki, Aomori, Japan from June 1, 

2012 to February 28, 2014. All study subjects gave their informed consent prior to entering 

the study. The study was approved by the Institutional Review Board at Hirosaki University 

Graduate School of Medicine. 

 

Preparation of NK Cells from Peripheral Blood and Uterine Endometrium 
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   Peripheral blood mononuclear cells (PBMCs) were isolated by density gradient 

centrifugation using HISTPAQUE-1077 (Sigma-Aldrich, Inc., St. Louis, MO, USA). The 

endometrial ( EM) sample was obtained using an endometrial cell sampler (Endosuction; 

Hakko, Nagano, Japan) and washed in saline to remove the blood cells. Samples were 

placed into RPMI-1640 medium (Sigma-Aldrich, St. Louis, MO, USA) with 10% fetal 

bovine serum (FBS) (Biological Industries Ltd., Beit Haemek, Israel), 2% L-glutamine, 1% 

penicillin, and 1% streptomycin (Antibiotic-Antimycotic, Gibco, Grand Island, NY, USA). 

The samples were then mechanically dissociated using the GentleMACS Dissociator 

(Miltenyi Biotec K.K., Bergisch Gladbach, Germany) to create uterine endometrial 

single-cell suspensions. The final concentrations of PBMCs and uterine endometrial cells 

were adjusted to 5 ×10
6
 cells/mL. 

 

Measurement of Natural Cytotoxicity Receptors on NK cells  

   Multi-color flow cytometric analysis was performed to determine the expression of 

NCRs on NK cells. Briefly, 100 µL of PBMCs and uterine endometrial cells were labeled 

with monoclonal antibodies (mAbs) for 20 min at room temperature, lysed (only for EM), 

fixed, and washed twice in phosphate-buffered saline solution (PBS) as previously 

described
19

. Anti-CD56-fluorescein isothiocyanate (FITC) (BD, Franklin Lakes, NJ, USA) 

and anti-CD335 (NKp46)-phycoerythrin (PE) (Beckman Coulter, Inc., Brea, CA, USA) 

were used to analyze the surface antigens of PBMCs, while anti-CD56-FITC (BD), 

anti-CD335 (NKp46) PE (Beckman Coulter), and anti-CD45 Pacific Blue (Beckman 

Coulter) were used to analyze uterine endometrial cells.  Appropriate isotype controls 
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were used for each antibody.  

 

Cytokine Stimulation and Intracellular Staining 

   In order to determine if phorbol 12-myristate 13-acetate (PMA)/ionomycin could 

stimulate IL-22 production in NK22 cells, correlations between IL-23-induced and 

PMA/ionomycin-induced IL-22 production were studied in 11 subjects. Uterine 

endometrial cells were stimulated either with IL-23 at 40 ng/mL for 24 h or with PMA (25 

ng/mL)/ionomycin (1 µM) for 4 h. Brefeldin-A (10 µg/mL) was added for the last 4 h with 

IL-23 stimulation and simultaneously with PMA/ionomycin stimulation. Stimulation was 

performed at 37˚C in a 5% CO2 humidified incubator in RPMI-1640. The cells were then 

washed in PBS. 

These cells were stained for 20 min at room temperature for detection of surface antigens. 

Anti-CD56-FITC (BD) or anti-CD56-PerCP-Cy5.5 (Beckman Coulter) were used to stain 

the surface antigens of PBMCs, while anti-CD56-FITC and anti-CD45-Pacific Blue or 

anti-CD56-PerCP-Cy5.5 and anti-CD45-Pacific Blue were used to stain the surface 

antigens of endometrial cells. Next, the cells were washed in PBS and fixed with 250 µL of 

Cytofix/Cytoperm (BD) to permeabilize the cells. After 20 min of permeabilization, cells 

were washed twice in Perm/Wash Buffer (BD) and stained for 30 min with monoclonal 

antibodies to the following cytokines: anti-IL-22-PerCP (eBioscience, Hatfield, U.K.), 

anti-TNF--PE (Beckman Coulter), anti-IFN--FITC (Beckman Coulter), anti-IL-4-PE 

(Beckman Coulter), anti-IL-10-FITC (R&D Systems, Minneapolis, MN, USA), and 

anti-TGF-1-allophycocyanin (APC) (R&D Systems) (Table 2). Cells were washed twice 
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with Perm/Wash Buffer and resuspended in 250 µL of PBS for subsequent flow cytometric 

analysis. Finally, intracellular cytokine production was measured using multicolor flow 

cytometry. 

 

Flow Cytometric Analysis 

   Immunofluorescence and three-color flow cytometric analysis were performed with a 

FACSCanto flow cytometer (Becton Dickinson; San Jose, CA, USA) with computer 

interfacing to FACSDiva software (BD) for full-list-mode data storage, recovery, and 

analysis. Lymphocytes were gated using characteristic forward and side scatter parameters 

of PBMCs to exclude other cells. The EM was first gated on anti-CD45-positive events and 

then on the lymphocyte region using characteristic forward and side scatter parameters. For 

each sample, at least 3 × 10
4
 cells were analyzed. 

 

Statistical Analysis 

   Data were analyzed using IBM SPSS Statistics version 20 (IBM, Chicago, IL, USA). 

Age distribution, number of pregnancies, deliveries, spontaneous miscarriages and BMI of 

the two groups were analyzed by Mann Whitney U-test. The comparison of the number of 

IL-22 producing-CD56
+ NK cells between URPL and UI groups was analyzed by Mann 

Whitney U-test. The data are presented as median with interquartile ranges. A p-value of 

<0.05 was considered to be statistically significant. Correlations between the percentages 

of CD56
+
/IL-22

+
 and percentages of cytokine-producing NK cells or NKp46 expression on 

NK cells were analyzed using Pearson’s correlation coefficients. Correlations were 
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considered significant if r > 0.4 and P < 0.05. 

 

 

Results 

 

Production of Cytokines by CD56
+
 NK Cells in the Endometrium Stimulated by IL-23 

or PMA/Ionomycin 

   Representative dot plots of the cytokine producing NK cells are shown in figure 1, 

including CD56
+
/Isotype-IgG

+
, CD56

+
/IL-22

+
 (NK22 cells), CD56

+
/IFN- or 

CD56
+
/TNF- Intracellular cytokine producing NK cells were stimulated with either IL-23 

or PMA/ionomycin. The percentage of CD56
+
/IL-22

+
 cells in total lymphocytes stimulated 

with IL-23 was 2.52 ± 1.44% and that with PMA/Ionomycin was 3.19 ± 1.65 

respectively (n = 11).  

Figure 2 shows correlation of the percentages of CD56
+
/IL-22

+
 cells between IL-23 and 

PMA/ionomycin stimulations in women with UI. There was a strong positive correlation 

between the percentages of CD56
+
/IL-22

+
 cells stimulated with IL-23 and those with 

PMA/ionomycin (r = 0.874, p < 0.001). Based on this finding, we determined to use 

PMA/ionomycin for the stimulation of NK cells to detect intracellular IL-22 secretion in 

this study.  

 

Percentages of NK22 Cells in Peripheral Blood and Endometrial NK Cells of Women 

with RPL 
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   The percentages of CD56
+
/IL-22

+
, CD56

dim
/IL-22

+
 and CD56

bright
/IL-22

+
 NK cells 

amongst pNK and uNK cells are shown in Figure 3 and 4 respectively. There were no 

significant differences in pNK subsets between women with RPL and UI (Figure 3). 

However, the percentages of CD56
+
/IL-22

+
 (p = 0.036) and CD56

dim
/IL-22

+
 (p = 0.043) 

uNK cells in women with RPL were significantly higher than those in women with UI. The 

percentage of CD56
bright

/IL-22
+
 was higher than that in UI. However, the difference did not 

reach a statistically significant level (p = 0.055) (Figure 4). 

 

Correlation between CD56
bright

/IL-22
+
 Cells and IFN- or TNF-producing 

CD56
bright 

NK Cells in Women with RPL 

   The correlation between CD56
bright

/IL-22
+
 cells and IFN- or TNF- producing 

CD56
bright 

NK cells in women with RPL is shown in Figure 5. In pNK cells, there was a 

negative correlation between CD56
bright

/IL-22
+
 cells and CD56

bright
 NK cells producing 

IFN- (r = -0.343, p = 0.054) (Figure 5a) or TNF- (r = -0.407, p = 0.020) (Figure 5b). 

Similarly, in uNK cells, there were significant negative correlations between CD56
bright

 

/IL-22
+
 cells and CD56

bright
 NK cells producing IFN- (r = -0.399, p = 0.006) (Figure 5c) or 

TNF- (r = -0.347, p = 0.017) (Figure 5d). There was no significant correlation between 

CD56
bright

/IL-22
+
 cells and CD56

bright
 NK cells producing IL-4, IL-10, or TGF-1 in 

women with RPL (data not shown). 

   In women with UI, there was no correlation between CD56
bright

/IL-22
+
 cells and 

cytokine producing CD56
bright 

NK cells, such as IFN- TNF- IL-4, IL-10, or TGF-1 

(data not shown). 
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Correlation between the Percentages of CD56
+
/IL-22

+
 Cells and CD56

+
/NKp46 Cells 

   There was no correlation between the percentages of CD56
+
/IL-22

+
 pNK cells and 

CD56
+
/NKp46 cells in peripheral blood (r = -0.113, p = 0.279) (Figure 6a). However, there 

was a significant negative correlation between CD56
bright

/IL-22
+
 cells and 

CD56
bright

/NKp46
+
 cells in peripheral blood (r = -0.271, p = 0.008) (Figure 6b). 

 

 

Discussion 

    

NK22 cells are functionally different from conventional NK cells because they express 

low levels of granzyme and perforin, have decreased killing activity,
25-27

 and produce IL-22 

in response to local micro environmental signals. During bacterial infection, for example, 

IL-23 produced by dendritic cells,
28

 macrophages
29

 and monocytes,
30

 activates NK22 cells 

to secrete IL-22.
31

 IL-22 is indispensable for the early phase of bacterial infection.
31

 In 

addition, IL-22 was suggested to be important for viral infection. IL-22 was reported to 

promote accumulation of neutrophils into murine cytomegalovirus-infected tissues, such as 

liver and lung.
32

 IL-22, first described in 2000,
33

 belongs to the IL-10 cytokine family. 

Various types of lymphocytes, including those of the innate and adaptive immune systems, 

produce IL-22.
34

 The main biological role of IL-22 is in immunological defense by 

promoting the production of antimicrobial peptides from epithelial cells and stimulating 

their active regeneration. NK22 cells target certain tissue cells from the skin, liver, and 
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kidney in addition to organs of the respiratory and gastro-intestinal systems.
35

 Recently, 

accumulated evidence has indicated that IL-22 also plays an important role in the 

pathogenesis of many autoimmune diseases such as psoriasis, rheumatoid arthritis (RA), 

hepatitis, graft versus host disease, and allergic diseases.
36-38

 Moreover, NK22 cells are 

present in the human decidua and endometrium during the proliferative and secretory 

phases,
24

 although their roles in reproductive organs are not well understood.  

   In this study, we report that women with RPL have higher percentages of CD56
+
/IL-22

+
 

and CD56
dim

/IL-22
+
 NK cells than those of women with UI. Since these women were 

screened for infectious etiologies for RPL and UI, the differences in NK22 cell subsets 

between women with RPL and UI may not be related to infectious etiologies. The data 

however, should be carefully interpreted since other evidence of infection such as 

endometrial neutrophil accumulation or viral infection was not investigated in study 

population.      

With regards to activators of NK22 cells, Cella et al.,
22, 39

 showed that IL-23 is a direct 

and acute trigger of IL-22 secretion and proposed that IL-23 is a physiological activator of 

IL-22 production by NK22 cells. However, at least a 24-h IL-23 stimulation is needed to 

obtain a significant increase in IL-22 production in vitro. Therefore, an alternative 

stimulation method was required in order to conduct in vitro studies on NK22 cell function. 

As shown in figure 2, there was a strong positive correlation between the percentages of 

CD56
+
/IL-22

+
 NK cells - stimulated with IL-23 and PMA/ionomycin (r = 0.874, p < 0.001). 

This finding suggested that conventional stimulation using PMA/ionomycin was acceptable 

to study NK22 cells, and thus, we performed our studies using PMA/ionomycin 
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stimulation. 

Presence of NK22 cells in the endometrium has been demonstrated previously,
24

 and this 

study confirms the previous findings. In addition, the present study showed for the first 

time that the proportion of NK22 cells in the mid-secretary endometrium was higher in 

women with RPL than that in women with UI, suggesting that NK22 cell regulation of 

women with RPL are different from that of women with UI. Wang et al.,
40

 demonstrated 

that IL-22 promotes proliferation and inhibits apoptosis of the human trophoblastic cell line 

HTR8/SVneo.  In addition, trophoblast from unexplained miscarriage patients expressed 

significantly lower levels of IL-22R1, which might be involved in the occurrence of disease 

by limiting the growth and proliferation of trophoblast.
40

 Therefore, IL-22 might have a 

major role in RPL and UI since the IL-22 secreted by the decidual NK (dNK) cells, 

decidual stromal cells (DSCs) and trophoblasts at the maternal-fetal interface promotes the 

proliferation, enhances the cell variability and represses the apoptosis of trophoblasts in 

paracrine and autocrine manners through the cross-talking between dNK cells, DSCs and 

trophoblasts.
40

 

uNK cells produce variety of cytokines such as IFN-, TNF-, IL-4, IL-10, and TGF-1. 

Of these cytokines, IFN- inhibits trophoblast invasion,
41

 while TNF- has diverse roles, 

including stimulation of trophoblast cell growth, cell differentiation, angiogenesis, and 

trophoblast apoptosis.
42

 In general, it is presumed that NK2 shift is present when the levels 

of IFN- and TNF- positive NK cells are decreased in the early stages of pregnancy in 

order to maintain an endometrium that is suitable for implantation. As shown in figure 5, 

there was a negative correlation between IFN-and TNF-producing CD56
bright

 NK cells 
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and CD56
bright

/IL-22
+
 NK22 cellssuggesting that CD56

bright
/IL-22

+ 
NK22 cells might be 

involved in an NK2 shiftThis negative correlation, however was not detected in women 

with UI. Thus, we inferred that this NK2 shift mechanism was dysregulated in women with 

UI however, still maintained in women with RPL. Our previous study on intracellular 

cytokine expression of pNK cells
17

 showed that a NK1 shift occurs in pNK cells obtained 

from women with RPL and RIF. The NK1 shift in pNK cells was more severe in women 

with RIF than RPL.
17

 It is speculated that women with UI may have more severe NK1 shift 

via deregulated and decreased NK22 cells, than women with RPL. However, the cautious 

interpretation of the data is needed, since IL-22 concentration or NK22 functional studies 

have not been performed in this study.  

NKp46 is a natural cytotoxic receptor, and its expression is decreased in pNK and uNK 

cells of women with a history of RPL.
19

 Moreover, lower expression of NKp46 is 

associated with abnormal cytokine production.
21

 It is important to understand the role of 

NKp46 in the cytokine production of NK22 cells. As shown in figure 6, there was no 

significant correlation between NKp46 and IL-22 production by CD56
+ 

NK
 
cells. However, 

when examining CD56
bright 

NK
 
cells, there was a significant negative correlation between 

NKp46 and IL-22 producing CD56
bright

 NK cells. This finding is consistent with our 

previous studies that women with RPL have decreased NKp46 expression in pNK cells
19

; 

and decreased NKp46 expression in peritoneal fluid NK cells, both CD56
 bright

 and CD56
dim

 

was associated with increased TNF- and IFN-in women with endometriosis.
43

  Actually, 

in this study the percentage of CD56
dim

/IL-22
+
 cells were higher in women with RPL than 

women with UI, and type 1 cytokines producing NK cells were negatively correlated with 
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CD56
bright

/IL-22
+ 

NK22 cells in women with RPL. Therefore, endometrial NK22 cells in 

women with RPL may have a different functional capacity than those in women with UI.    

Generally, cytokine-producing NK cells are mainly
 
CD56

brights
 NK cells. When we 

investigated NKp46 expression in cytokine-producing NK cells, we showed that CD56
dim

 

cells also produced various cytokines even though they were not main producers.
21

 In this 

study, CD56
dim

/IL-22
+
 NK cells were significantly higher in women with RPL than UI. 

Similarly, the percentage of CD56
bright

/IL-22
+
 was higher in women with RPL than UI 

however, the difference did not reach a statistically significant level. This finding is 

somehow contradictory to a fact that the main cytokine-producing NK cells are known to 

be CD56
bright

 NK cells.
2, 14, 17, 44, 45

  Further characterization of IL-22 producing NK cells 

are needed. 

It is proposed that the CD16
-
 pNK cells migrate to the uterus and TGF- may promote 

conversion of CD16
+
 pNK cells into CD16

-
 NK cells to acquire the uNK phenotype.

2,
 

46
 

Alternatively, hematopoietic progenitor cells have the potential to differentiate into NK 

cells when stimulated with IL-15.
47

 The presence of CD34
+
 hematopoietic precursors in 

human decidua was recently demonstrated and they differentiate into functional 

(IL-22-producing) NK cells upon interaction with stromal cells.
48

 The origin of uNK cells 

is still largely unknown.
49,

 
50

 IL-22 producers were reported to be essential for mucosal 

integrity in the face of cyclical breakdown and renewal of the mucosa, whereas NK 

progenitors are required for regenerating the cycling mature NK cell population.
24

 In this 

study, we did not find any difference in IL-22 producing pNK cell subsets between women 

with RPL and UI, but differences in uNK cells. Whether these findings suggest that the 
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women with UI has a limited recruitment of IL-22
+
 NK cell from peripheral blood to 

endometrium, or repressed maintenance/proliferation of recruited IL-22
+
 NK cells in the 

endometrium are questions need to be answered. 

The results of the present study showed that NK22 cells were present in the endometrium 

and peripheral blood, and the percentages of NK22 cells are higher in the endometrium of 

women with RPL than that of women with UI. Interestingly, IL-22 expression was mainly 

in CD56
dim

 NK cells, not CD56
bright

 cells. Of interest, the percentage of NK22 cells was 

negatively correlated with the expression levels of IFN- and TNF- in women with RPL, 

but not in women with UI. The percentage of NK22 cells was negatively correlated with 

NKp46
+
 NK cells. These results suggest that women with RPL and UI have different 

endometrial NK22 cell regulations. Perhaps, women with UI have more severe NK22 cell 

immune pathology than women with RPL, which may partially explain the clinical 

manifestation of UI, e.g., implantation failure. Further exploration of NK22 cell function 

and receptor expression may shed light on understanding the role of NK22 cells in human 

reproduction. 
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Figure Legends 

Figure 1: Representative dot plots of cytokines, such as IL-22, IFN- or TNF- producing 

NK cells in total uterine endometrial NK cells. A gate was set on the lymphocyte region by 

characteristic forward and scatter parameters. Lymphocytes were classified into CD56
+
 and 

CD56
-
 cells. Q1 = CD56

-
/cytokine

+
 NK cells, Q2 = CD56

+
/cytokine

+
 NK cells, Q3 = 

CD56
+
/ cytokine

-
 NK cells and Q4 = CD56

-
/cytokine

-
 NK cells. 

(a): The ordinate indicates isotype matched IgG-Per CP positive NK cells.  

(b): A representative dot plots of a woman with unexplained infertility (UI). The ordinate 

indicates IL-22 producing NK cells.  

(c): A representative dot plots of recurrent pregnancy losses (RPL). The ordinate indicates 

IL-22 producing NK cells.  

(d): The ordinate indicates IFN- producing NK cells.  

(e): The ordinate indicates TNF- producing NK cells.  

The abscissa of all dot plots indicates CD56
+
 NK cells. 

 

Figure 2: Correlation of the percentages of IL-22 producing NK cells in total uterine 

endometrial NK cells stimulated with IL-23 or PMA/ionomycin stimulation in women with 

unexplained infertility. The ordinate indicates the percentage of IL-22 producing NK cells 

in total NK cells stimulated by IL-23. The abscissa indicates the percentage of IL-22 

producing NK cells in total NK cells stimulated by PMA/ionomycin. There was a 

significant positive correlation between two stimulation methods (p < 0.001). 
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Figure 3: The percentage of CD56
+
/IL-22

+
, CD56

dim
/IL-22

+
 and CD56

bright
/IL-22

+
 NK cells 

in the peripheral blood stimulated by PMA/ionomycin in women with recurrent pregnancy 

loss (RPL) and unexplained infertility (UI). The ordinate indicates the percentage of 

CD56
+
/IL-22

+
 (a), CD56

dim
/IL-22

+
 (b) and CD56

bright
/IL-22

+
 (c) NK cells in total NK cells. 

In the peripheral blood, there were no significant differences between RPL and UI. Box and 

whisker plots: bar (horizontal line) = median; box = 25th and 75th percentiles; whiskers = 

extend to the extreme values. Blue box shows the percentage of NK22 cells in UI. Red box 

shows the percentage of NK22 cells in RPL. Differences between the two groups were 

analyzed by Mann Whitney U-test. 

  

Figure 4: The percentage of CD56
+
/IL-22

+
, CD56

dim
/IL-22

+
 and CD56

bright
/IL-22

+
 NK cells 

in the endometrium stimulated by PMA/ionomycin in women with recurrent pregnancy loss 

(RPL) and unexplained infertility (UI). The ordinate indicates the percentage of 

CD56
+
/IL-22

+
 (a), CD56

dim
/IL-22

+
 (b) and CD56

bright
/IL-22

+
 (c) NK cells in total NK cells. 

In the endometrium, the percentage of CD56
+
/IL-22

+
 (a) and CD56

dim
/IL-22

+
 (b) NK cells 

of women with RPL was significantly higher than that of women with unexplained 

infertility (UI). Box and whisker plots: bar (horizontal line) = median; box = 25th and 75th 

percentiles; whiskers = extend to the extreme values. Blue box shows the percentage of 

NK22 cells in UI. Red box shows the percentage of NK22 cells in RPL. Differences 

between the two groups were analyzed by Mann Whitney U-test. 

 

Figure 5: Correlation between the percentage of CD56
bright

/IL-22
+
 cells and IFN- or 
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TNF- producing CD56
bright 

NK cells stimulated by PMA/ionomycin in women with RPL. 

The ordinate indicates the percentage of IFN- or TNF- producing CD56
 bright

 NK cells in 

total NK cells. The abscissa indicates the percentage of CD56
bright

/IL-22
+
 NK cells in total 

NK cells. 

(a) Correlation between IL-22
+
 and IFN- producing CD56

bright
 pNK cells. 

(b) Correlation between IL-22
+
 and TNF- producing CD56

bright
 pNK cells. 

(c) Correlation between IL-22
+
 and IFN- producing CD56

bright
 uNK cells. 

(d) Correlation between IL-22
+
 and TNF- producing CD56

bright
 uNK cells. 

Both in pNK and uNK cells, there were significant negative correlations between 

CD56
bright

/IL-22
+
 cells and IFN- or TNF-producing CD56

bright
 NK cellsCorrelation 

between the percentage of CD56
bright

/IL-22
+
 cells and CD56

bright
/cytokines cells was 

analyzed by Pearson linear correlation. pNK; peripheral blood natural killer. uNK; uterine 

natural killer.  

 

Figure 6: Correlation between the percentage of IL-22 producing NK cells and NKp46 

expressing NK cells in peripheral blood. The ordinate indicates the percentage of NKp46 

expressing CD56
bright

 NK cells in total NK cells. The abscissa indicates the percentage of 

CD56
+
/IL-22

+
 or CD56

bright
/IL-22

+
 producing NK cells in total NK cells.  

(a) Correlation between CD56
+
/IL-22

+
 cells and CD56

+
/NKp46

+ 
cells. 

(b) Correlation between CD56
bright

/IL-22
+
 cells and CD56

bright
/NKp46

+ 
cells. 

There was a significant negative correlation between CD56
bright

/IL-22
+
 cells, and 

CD56
bright

/NKp46
+
 cells. Correlation between the percentage of CD56/IL-22

+
 cells and 
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CD56/NKp46
+
 cells was analyzed by Pearson linear correlation.  



Figure 1: Representative dot plots of cytokines producing NK cells in total uterine 
endometrial NK cells. 
(a) Representative dot plot of CD56-FITC and isotype matched IgG-Per CP
(b) Representative dot plot of IL-22 producing NK cells from UI 
(c) Representative dot plot of IL-22 producing NK cells from RPL

CD56

IL
‐2
2

(a) (b)
CD56dim CD56bright

(C)

Isotype UI RPL

CD56dim CD56brightCD56dim CD56bright



Figure 1: Representative dot plots of cytokines producing NK cells in total uterine 
endometrial NK cells. 
(d) Representative dot plot of IFN-γ producing NK cells 
(e) Representative dot plot of TNF-α producing NK cells
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Figure 2: Correlation of the percentage of IL-22 producing NK cells in total uterine endometrial 
NK cells stimulated with IL-23 with those with PMA/ionomycin in women with UI
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Figure 3: The percentage of CD56+/IL-22+ NK cells (NK22 cells) in the 
peripheral blood stimulated with PMA/ionomycin
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Figure 4: The percentage of CD56+/IL-22+ NK cells (NK22 cells) in the 
endometrium stimulated with PMA/ionomycin
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Figure 5: Correlation between the percentage of CD56bright/IL-22+ cells and IFN-γ or TNF-α
producing CD56bright NK cells stimulated with PMA/ionomycin in women with RPL
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Figure 6: Correlation between the percentage of IL-22 producing NK cells and 
NKp46 expressing NK cells in peripheral blood



IL-22 CD56-FITC IL-22 PerCP 
IFN-γ/TNF-α CD56-PerCP-Cy5.5 IFN-γ FITC TNF-α PE
IL-4/IL-10 CD56-PerCP-Cy5.5 IL-4-PE IL-10 FITC 
TGF-β1 CD56-FITC TGF-b1-APC
NKp46 CD56-FITC NKp46-PE

IL-22 CD45-PacificBlue CD56-FITC IL-22 PerCP 
IFN-γ/TNF-α CD45-PacificBlue CD56-PerCP-Cy5.5 IFN-γ FITC TNF-α PE
IL-4/IL-10 CD45-PacificBlue CD56-PerCP-Cy5.5 IL-4-PE IL-10 FITC 
TGF-β1 CD45-PacificBlue CD56-FITC TGF-b1-APC
NKp46 CD45-PacificBlue CD56-FITC NKp46-PE

Peripheral blood

Endometrium

Table 2 The Combination of Monoclonal Antibodies Using for  Flow Cytometric Analysis in
Peripheral Blood and Endometrium



Table 1 Age and Obstetrical Histories of Women with Recurrent Pregnancy Losses and Unexplain

RPL (n = 43) UI (n = 38) P -value
Age (years) 34 (30.0-38.0) 35 (31.8-39.0) N.S.
No. of pregnancies 4 (3-5) 1 (0-1) < 0.001
No. of deliveries 0 (0-1) 0 (0-0) < 0.05
No. of miscarriages 3 (2-4) 0 (0-1) < 0.001
BMI 20.8 (19.5-23.2) 20.0 (18.4-22.4) N.S.
All data were shown median (interquartile range).
RPL, recurrent pregnancy loss
UI, unexplained infertility
BMI, body mass index
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