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Abstract

Immune profiles in endometrium may be changed in patients with IVF failure and its possible cor-
relations with immune parameters in peripheral blood are important for the diagnostic approach. Such 
correlations in healthy women are unknown and have been studied in the present research. The expres-
sion of CD56, CD158a, HLA DR, CD69 in T lymphocytes, CD4 T lymphocytes, CD8+ T lymphocytes 
and NK cells were studied by flow-cytometry in endometrium and peripheral blood in healthy 24 donors 
of oocytes aged 25-32 years. Levels of T lymphocyte and T helper cells were lower in endometrium and 
no differences in CD8 T lymphocytes were registered between endometrium and peripheral blood. The 
expression of HLA DR and especially CD69 was higher in CD3, CD4, CD8 T cells in endometrium 
in comparison with peripheral blood. The endometrium lymphocyte population was enriched by NK 
cells that were generally CD56++ with a higher expression of HLA DR and almost in total were CD69 
positive. Strong positive correlations of CD8 expression in NK cells (r = 0.6478, p < 0.001) and HLA 
DR expression in CD8 T cells (r = 0.6107, p < 0.01) between peripheral blood and endometrium were 
registered in fertile women. The endometrial CD56 expression in CD8+ T cells negatively correlated 
with endometrial CD8 expression in NK cells (r = –0.5252, p < 0.01) which possibly reflected a sup-
pressive and regulating mechanism in the endometrium. CD8+ NK cells and HLA DR+ CD8 T cells in 
endometrium were related to the same subsets in peripheral blood.
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Introduction
Endometrial immune profiles are registered as dysreg-

ulated in most of the patients with recurrent implantation 
failures compared to controls [1]. Some authors confirmed 
the association of uterine NK cells and infertility [2-4], 
while others found no association [5, 6]. CD16+: CD56+ 
and CD56+: NKp46+ cell ratios in the endometrium were 
suggested to be important for recurrent pregnancy losses 
(RPL) and infertility [7]. In patients with recurrent mis-
carriages, no correlation was found between peripheral 
and uterine NK cells but an association between periph-
eral lymphocytes (CD45+CD3-DR+ and CD45+CD3+C-
D8+DR+) and uterine NK cells was confirmed and it was 
supposed that T, B and NK lymphocytes provided cyto-
kines for the differentiation of uterus NK cells [8].

In women with IVF failure and RPL various immune 
deviations were registered in peripheral blood including 

increased levels and elevated activity of NK cells [9-13], 
predominance of Th1 immune response, elevated expres-
sion of activation markers in T cell subsets [14], imbalance 
of KIR receptors expression in NK cells [15-17], elevated 
number of NKT cells [18]. It was shown that a certain el-
evated level of NK cells and NK cytotoxicity might have 
potentially an adverse effect for reproduction [13, 19]. 
Some parameters that were out of favorable limits (ele-
vated expression of CD56, CD158a in T lymphocytes, 
decreased levels of CD4 T lymphocytes, up-regulated ex-
pression of HLA DR in CD8+ T cells and NK cells, ele-
vated number of NK cells and increased NK cytotoxicity, 
increased and decreased expression of CD158a and CD8 
in NK cells) were considered in our study to be immune 
deviations (ID) potentially predictive for IVF failure [17]. 
A combination of ID may predict implantation failure to 
a greater degree than isolated ID. Multiple immune devi-
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ations form an unfavorable “immune phenotype” for im-
plantation and pregnancy development [20].

The association of immune population in peripheral 
blood with a local endometrium condition is the main di-
agnostic problem in reproductive immunology that is still 
a matter of debate. Until now the question of lymphocyte 
subsets association between endometrium and peripheral 
blood is not clear enough even in healthy women.

In this study we aimed to make the first step to com-
pare the levels of T and NK lymphocyte subsets in en-
dometrium and peripheral blood in donors of oocytes 
(healthy, fertile women). 

Material and methods
The study was conducted as a prospective study. 

Twenty five donors of oocytes aged 25-30 years who 
agreed to endometrial biopsy were recruited from an in-vi-
tro fertilization (IVF) clinic – Reproductive Medicine Clin-
ic “Nadiya”, Kyiv, Ukraine. The local ethical committee’s 
approval in accordance with the Helsinki Declaration of 
1975 on human experimentation and patient’s informed 
consent were obtained. 

A long luteal protocol using GnRH-a (diphereline  
3.75 mg) and recombinant gonadotropin (Gonal- F) was 
applied for controlled ovarian hyperstimulation.

Endometrial samples were obtained by pipelle biop-
sy (catheter biopsy) immediately after oocytes retrieval,  
34-36 hours after hCG trigger (Ovitrel 250 mg). Blood 
sampling for immunological studies was taken on the same 
day 25-30 min prior to endometrial biopsy.

Peripheral blood lymphocytes study

Lymphocyte subsets were studied by three-color flow 
cytometry in whole blood after staining with monoclo-
nal antibodies conjugated with fluorochromes FITC, PE,  
PE-Cy 5 (BD Biosciences, USA) in the following com-
binations: CD158aFITC/CD56PE/CD3PE Cy5, CD-
8FITC/CD56PE/CD3PE Cy5, HLA DR FITC/CD56PE/
CD3PE Cy5, HLA DR FITC/CD8PE/CD3PE Cy5, 
CD69FITC/CD56PE/CD3PE Cy5, CD62L/CD56PE/
CD3PE Cy5. Blood samples were analyzed with 
a FACScan flow cytometer (BD Biosciences, USA). 
For determining the lymphocyte gate, the whole blood 
samples were incubated with mAbs of LeucoGATE – 
CD45FITC/CD14PE kit to permit discrimination of 
lymphocytes from granulocytes, monocytes, debris and 
unlysed or nucleated red blood cells. In addition, the 
whole blood samples were incubated with SimulTEST 
control (IgG1-FITC + IgG2-PE) as a background con-
trol. We referred to the recommendations of BD Biosci-
ences for normal ranges of the main lymphocyte subsets 
in peripheral blood [21].

Endometrial lymphocytes study

Endometrial tissue samples were gently washed three 
times in phosphate-buffered saline (PBS) to release from 
blood contamination (in some samples).

1 ml pipette tip was cut at the edge so that the diameter 
of the hole was 4 mm and endometrial tissue was washed 
10-15 times by pipetting in PBS in order to obtain free 
endometrial cells in PBS solution. The next pipette tip had 
a hole diameter of 2-3 mm and tissue pieces were pipet-
ted again. At the last step of pipetting, the tip hole was 
1-2 mm and pieces were pipetted without resistance, i.e. 
every next step was done with a smaller diameter of the 
tip hole. Endometrial tissue was disaggregated and made 
flakes-shaped. 7 ml of PBS (+4°C) were added, mixed 
with the obtained suspension and remained for 3-5 min for 
sedimentation of big aggregates. Cellular supernatant was 
carefully layered onto 3 ml of Histopaque-1077 in 15 ml 
conical centrifuge tube and centrifuged at 400 g for 30 min 
at room temperature. After centrifugation, the upper layer 
was carefully aspirated and this opaque interface was care-
fully transferred into a clean conical centrifuge tube. The 
cells were washed twice by 10 ml of PBS. Cells pellet was 
resuspended in 0.5 ml of PBS with 10% of fetal bovine se-
rum. Final cell suspension was analyzed by flow cytometry 
as shown in Peripheral blood lymphocytes study (upper).

Statistical analysis was performed using InStat for 
Windows (version 3.0, Graph Pad Software Inc., San  
Diego, USA). The significance of differences was calcu-
lated by the Mann-Whitney test (unpaired, non-parametric, 
two-tailed), with 95% confidence interval (CI). Correla-
tions by Pearson and Spearman were used too. Differences 
with p < 0.05 were considered statistically significant.

Results
More than one million of mononuclear lymphocytes 

(without erythrocyte and debris contamination) were iso-
lated out of each 24 samples of endometrium, one sample 
with low cell numbers was RBC and debris contaminated 
and was not analyzed. Endometrium lymphocyte popula-
tion was enriched by NK cells that were generally CD56++ 
and almost totally CD69+ which confirmed absence of 
blood lymphocytes contamination (Fig. 1).

Comparison of blood and endometrium 

Percentage levels of T and NK lymphocyte subsets in 
endometrium and peripheral blood of healthy fertile wom-
en were compared in samples that were received on the 
same day. The levels of T lymphocytes (CD3+) were sig-
nificantly lower in endometrium compared to peripheral 
blood. The expression of HLA DR in T lymphocytes was 
higher in endometrium. Moreover, in endometrium a very 
high expression of CD69 was registered in CD3+ and NK 
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Fig. 1. Differential CD56 (left) and CD69 (right) expression in endometrium (A) and peripheral blood (B) and lymphocytes

lymphocytes in comparison to a very low expression of 
CD69 in CD3+ and NK lymphocytes of peripheral blood. 
The differences in the expression of CD56 and CD158a in 
CD3+ lymphocytes of endometrium and peripheral blood 
were not significant (Table 1). 

The levels of T helper cells (CD3+CD4+) in endome-
trium were lower compared to peripheral blood. But the 
expression of HLA DR in CD3+CD4+ was higher in en-
dometrium. There were no differences in CD3+CD8+ T 
lymphocytes in the endometrium and peripheral blood. But 
the expression of HLA DR in CD3+CD8+ was higher in 
the endometrium. The level of CD3+CD8+CD56+ in en-
dometrium was higher than in peripheral blood (Table 1). 

The level of NK cells (CD56+CD3-) was higher in endo-
metrium compared to peripheral blood. No difference in en-
dometrium and peripheral blood was noted as for the levels of 
expression of CD158a (CD56+CD3-CD158a+). Higher acti-
vation of NK cells was observed in endometrium. The expres-
sion of HLA DR in NK cells (HLA DR+ [%] in CD56+CD3-) 
and especially CD69 (CD69+ [%] in CD56+CD3-) was high-
er in endometrium than in peripheral blood. The expression of 
CD8 in NK cells (CD8 [%] in CD56+CD3-) in endometrium 
was lower than in peripheral blood. The levels of NK cells 

bright (CD56++CD3-) were extremely higher in endometri-
um than in peripheral blood (Table 1).

Correlations between blood  
and endometrium

No significant correlations were observed between 
blood and endometrium NK and T cell levels. But an ex-
tremely significant positive correlation was registered in 
levels of CD8+ in NK cells (CD8+ [%] in CD56+CD3-) 
between endometrium and peripheral blood (Fig. 2). In ad-
dition, a correlation was noted between peripheral blood 
and endometrium expression of HLA DR (%) in CD3+C-
D8+T lymphocytes (Fig. 3).

It was interesting that endometrial CD56 expression 
in CD8+ T cells negatively correlated with endometrial 
CD8 expression in NK cells (Fig. 4). There was no such 
correlation in peripheral blood.

Discussion

The present study confirms that endometrium presents 
a wide spectrum of T and NK lymphocyte subsets. Endo-
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metrial T lymphocytes levels were lower in comparison 
to blood lymphocytes but extremely activated which was 
confirmed by a high expression of HLA DR and especially 
by an extreme expression of the early marker of activa-
tion CD69 in CD3+ cells in endometrium. Our method of 
preparation of endometrial lymphocytes for analysis was 
suitable for the study of subsets. We observed a positive 

correlation between peripheral blood and endometrium in 
HLA DR+ cytotoxic T lymphocytes (HLA DR+ [%] in 
CD3+CD8+). Earlier we confirmed that this subset level 
elevation in blood was associated with IVF failure [20]. 
Recently, it has been indicated that CD8+ HLA DR+ T 
cells constitute to a natural subset of Tregs and may rep-
resent a separate lineage of CD8+ T cells. A suppressive 

Fig. 2. Correlation in the levels of CD8+ (%) in NK lym-
phocytes (CD56+CD3-) between peripheral blood and 
endometrium (Pearson correlation r = 0.6478, p < 0.001, 
95% CI: 0.3307-0.8334; Spearman correlation r

s 
= 0.498, 

p < 0.01, 95% CI: 0.1058 to 0.7561)

Fig. 3. Correlation in the levels of HLA DR+ (%) in CD8+ 
T lymphocytes between peripheral blood and endometrium 
(Pearson correlation r = 0.6107, p < 0.01; 95% CI: 0.2651-
0.8172; Spearman correlation r

s 
= 0.5337, p < 0.01, 95% 

CI: 0.1430 to 0.7805)

Table 1. T and NK lymphocyte subsets (%) of peripheral blood and endometrium in fertile women (n = 24)

T and NK lymphocyte subsets (%) Peripheral blood, median (95% CI) Endometrium, median (95% CI)

CD3+ (T cells) % 75.0 (73.1-77.1) 60.1 (54.1-61.3)***

% HLA DR+ in T cells 11.9 (10.3-14.2) 43.6 (40.6-48.9)***

% CD69+ in T cells 3.2 (2.7-4.5) 89.6 (80.3-92.1)***

% CD56+ in T cells 7.9 (5.5-15.3) 8.4 (7.7-13.4)

% CD158a+ in T cells 2.8 (2.5-6.0) 3.6 (3.3-10.3)

% CD4-CD8- in T cells 5.4 (4.1-6.9) 3.2 ( 3.1-8.3)

CD3+CD4+ (T helper cells) % 44.2 (42.3-47.1) 26.9 (22.6-29.3)**

% HLA DR+ in T helper cells 6.6 (5.7-7.7) 30.9 (27.3-34.8)***

% CD56+ in T helper cells 1.4 (–3.1-15.6) 4.3 (3.5-6.4)**

CD3+CD8+ (T cytotoxic cells) % 26.2 (23.4-27.4) 26.2 (24.6-30.6)

% HLA DR+ in T cytotoxic cells 20.5 (18.3-25.7) 49.8 (40.2-51.1)***

% CD56+ in T cytotoxic cells 7.8 (6.1-11.3) 12.6 (9.6-14.2)*

CD56+CD3- (NK cells) % 9.7 (8.9-12.5) 29.0 (25.9-35.5)***

% CD158a+ in NK cells 20.2 (19.0-32.8) 17.7 (15.0-22.9)

% HLA DR+ in NK cells 11.6 (10.5-17.2) 23.4 (19.4-27.5)**

% CD69+ in NK cells 4.5 (4.0-5.7) 91.1 (87.1-93.1)***

% CD8+ in NK cells 42.3 (37.2-48.2) 10.9 (13.5-25.8)***

% CD56++ bright in NK cells 8.1 (7.5-12.5) 74.4 (68.2-80.1)***

*p
1-2

 < 0.05, **p
1-2

 < 0.001, ***p
1-2

 < 0.0001 
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effect of these cells appears to be cell-to-cell contact de-
pendent and may involve CTLA-4 signaling between 
neighboring T cells. These T cells can be expanded in 
vitro and may exhibit a suppressive capacity similar to 
that observed in vivo in CD8+ HLA DR+ T cells [22]. 
A correlation in activated T cells between peripheral blood 
and endometrium, which was confirmed in our study, may 
reflect some joint regulatory mechanisms, including T cells 
in peripheral blood and endometrium.

According to our data, in controlled ovarian hyperstim-
ulation cycles, the level of NK cells in endometrium 34-36 
hours after hCG trigger injection was significantly higher 
than in peripheral blood (about 30%). It corresponds to 
the data of other researchers who observed a similar pat-
tern when studying the correlation of NK cells in periph-
eral blood and secretory endometrium [23]. Endometrium 
NK cells in our study were dramatically activated and had 
a higher expression of HLA DR and especially CD69 in 
CD56+CD3- cells compared to the same subsets in periph-
eral blood. We have previously shown that CD69 expres-
sion after K562 stimulation of blood NK cells reflects their 
function and is associated with reproductive failures [24].

No difference in the levels of CD158a expression 
in NK cells but a lower expression of CD8 was found 
in endometrial NK cells. Extremely high levels of 
CD56++bright NK cells (CD56++CD3-) are inherent to 
endometrium and this was confirmed in our study. We 
observed no correlation in the whole subset of NK cells 
between peripheral blood and endometrium in healthy do-
nors of oocytes which corresponds to other publications 
[8, 25]. But in the present study we have shown a strong 
correlation in CD8 expression in NK cells and HLA DR 
expression in cytotoxic T lymphocytes between peripheral 
blood and endometrium. Previously we have demonstrated 

that CD8 accentuated expression on blood NK cells was 
associated with reproductive failures [26, 27].

CD8+ NK cells (CD8+ [%] in CD56+CD3-) are high-
ly functional; they exhibit a more functional profile (as 
detected by cytokine production and degranulation) and 
are inversely associated with HIV-related disease markers 
and linked with delayed disease progression [28]; they are 
also more radio-resistant [29] and more cytotoxic which 
facilitates tumor killing [30].

According to our results, a CD8 positive NK cells level 
in endometrium of healthy fertile women is twice lower 
than in peripheral blood. However, this level may possibly 
change in women with reproductive problems.

A lymphocyte lineage which is referred to as  
NKT cells expresses both markers of NK cells and T lym-
phocytes. NKT cells play a key role in the regulation of 
different types of immune responses; contribute to the 
protection from tumor growth and metastasis, from dif-
ferent intracellular infections and from development of 
autoimmune diseases. NKT cells are of vital importance 
in the induction of antitumor immune response due to 
their production of IFN-γ which activates NK cells, CD8+  
T lymphocytes and macrophages [31]. Our results showed 
that there is a negative correlation between subsets: CD56+ 
(%) in CD8+ T cells and CD8+ (%) in NK cells in endo-
metrium but not in peripheral blood. Perhaps, it is related 
to the local feature – a more expressive and specific mech-
anism of suppression and regulation in the endometrium 
zone. Both these subsets are related to the suppression and 
possibly the negative correlation reflects a more effective 
permanent suppressive and regulating complex mechanism 
including compensation when these subsets are in normal 
values. Obviously, there is such competition between NK 
“T-like function” and T “NK-like mechanisms”. Previ-
ously, we have found that both these subsets in abnormal 
levels are related with IVF failure [20, 27]. We have not 
found differences in KIR (CD158a) expression in T cells 
and NK cells between peripheral blood and endometri-
um and it will be interesting in the future to study KIR 
phenotype of NK cells and to do more characterization of 
functional properties of NK cells and T cells such as de-
granulation and/or cytokine production. 

Conclusions
Our study confirmed that there is no association be-

tween the main subsets of T and NK cells of peripheral 
blood and endometrium in healthy fertile women. How-
ever, our first step of study shows that such association 
exists for some separate subsets – HLA DR+ cytotoxic 
T lymphocytes (HLA DR+ [%] in CD3+CD8+) and sub-
sets pattern of NK population bearing CD8 (CD8+ [%] in 
CD56+CD3-), which may reflect some regulatory mech-
anisms. In future studies, it is important to control such 
correlations in the period of “implantation window” and 

Fig. 4. Correlation between the levels of CD8+(%) in 
NK lymphocytes (CD56+CD3-) and CD56+(%) in CD8+  
T lymphocytes (CD8+CD3+) in endometrium (Pearson 
correlation r = –0.5252, p < 0.01; 95% CI: –0.7663 to 
–0.1544; Spearman correlation r

s
 = –0.5120, p = 0.0105, 

95% CI: –0.7640 to 0.1243)
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adding of these parameters to peripheral blood tests may 
give additional information about local immune conditions 
in patients with IVF failure and RPL.

The authors declare no conflict of interest.
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