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Problem

Peripheral counts of CD16+ NK cells have been well characterized in

reproductive failure. However, not enough case-control clinical studies

have been conducted to establish normal or abnormal CD16+/� values

in the endometrium.

Method of study

Peripheral and endometrial NK cell counts by FACS, IL-6, and VEGF

cytokines levels by ELISA were characterized in fertile women and

unexplained infertility patients with implantation failures (UI-IF) during

implantation window. ROC and correlation analysis were performed.

Results

Receiver Operating Characteristic(ROC) analysis revealed endometrial

CD16+ NK cells, IL-6, and VEGF as good diagnostic parameters for

unexplained infertility. Almost half of UI-FI patients showed increased

total and CD16+ NK cell counts correlating with decreased levels of

endometrial IL-6 and VEGF. No correlation was found with peripheral

blood values.

Conclusion

Increased CD16+ NK cells were associated with IL-6 and VEGF defi-

ciency in a high proportion of UI-IF patients. Testing for these immuno-

markers could be a potential tool in infertility diagnosis.

Introduction

A correct etiological diagnosis of infertility is essen-

tial to improve the outcome of assisted reproduction

treatments, taking into account that in up to 50% of

cases, the cause of infertility cannot be identified.1,2

As several studies suggest that immunological testing

is necessary for the management of infertility,3

natural killer (NK) cells are being included as

they constitute the most abundant leukocyte popula-

tion in the decidua.4 These cells can be classified into

two subsets that differ in their cell surface

markers as well as in functional properties: the cyto-

toxic CD56dim CD16+ subset and the angiogenic

CD56bright CD16�.5–7 While 90% of peripheral blood

NK cells belong to the cytotoxic subset,6 CD16� NK

cells predominate in the endometrium during the

secretory menstrual phase. Migration of NK cells to

the uterus as well as endometrial differentiation

from CD34+ stem cell precursors has been postulated

as of CD16� origin.8–10 Moreover, studies have dem-

onstrated that CD9 is a useful marker to discriminate

endometrial from peripheral blood NK cells.11,12 It

has also been suggested that CD16� CD9+ NK cells
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have an important role in the development and

remodeling of uterine spiral arteries, an essential

process for normal pregnancy.13 Although NK cell

counts in peripheral blood of women with infertility

have become a common practice in many centers of

reproductive medicine, there are still few clinical

studies that evaluate the correlation of endometrial

with peripheral NK cell counts or establish normal

values. Additionally, studies performed in implanta-

tion failure patients are scarce, whereas most studies

have been undertaken in women who have under-

gone recurrent spontaneous abortions.14–16

Considering that peripheral blood NK cell numbers

do not necessarily correlate with increased NK activ-

ity,7 further investigation is needed to determine

endometrial activity in infertility. A proper balance

between inflammatory/anti-inflammatory cytokine

expression17,18 and the association with CD16+/

CD16� NK cell counts could be a potential tool for

immunological diagnosis of infertility.

Interleukin-6 (IL-6) plays a crucial role in implan-

tation, and deficient levels have been associated with

pregnancy losses.19–21 Moreover, the presence of this

regulatory cytokine leads the Th1/Th2 balance

toward Th2 cytokine production.22 Up to date, there

is no evidence associating IL-6 levels with endome-

trial NK cell counts.

Taking into account that the endometrium is a

source of angiogenic factors and that CD16� NK

cells express protein and RNA messenger of the

vascular endothelial growth factor C (VEGF-C), it

has been suggested that this NK cell subset could be

involved in endometrial angiogenesis.23 VEGF is a

specific mitogen that promotes angiogenesis of the

placental vasculature, as well as maternal and

embryonic endothelial cell proliferation.24 Even

though the deficiency of this factor has been associ-

ated with recurrent abortion.25 its levels have not

been associated with endometrial NK cell CD16�

counts in fertile and infertile patients.

The aim of our study was to determine uterine

and systemic values of CD16+/� NK cells, IL-6, and

VEGF during the implantation window, providing

new biomarkers for the diagnosis of immunological

factors in unexplained infertility. It was also

designed to characterize and to establish a correla-

tion between the number and phenotype of endo-

metrial versus peripheral blood NK cells in

unexplained infertility patients with repetitive

implantation failure (UI-IF) as compared to data

obtained from fertile women.

Materials and methods

Study Subjects

This study was performed according to the Declara-

tion of Helsinki for Medical Research, with appropri-

ate ethical approval by Ethics Committee of Cer

Institute (CECIC), Buenos Aires, Argentina.

From August 2008 to August 2010, 44 patients

were recruited after providing written informed

consent.

The study group comprised 26 IVF patients with

unexplained infertility who had failed � 2 IVF-ICSI

treatments with �3 good-quality embryos trans-

ferred (UI-IF). The control group comprised 18

oocyte donor fertile women.

Inclusion criteria for the study group were as fol-

lows: 21–38 years old, primary infertility (no live

birth) or secondary infertility (live birth at least

2 years before), regular menstrual cycle (24–35 days),

body mass index (BMI) � 26, FSH <10 mUI/mL,

E2 < 50 pg/ml on day 2–3 of the menstrual cycle,

normal karyotype, previous stimulation cycles with

mature oocytes (MII) � 5, and �3 good-quality embryos

transferred in �2 cycles of assisted reproductive

techniques.

Inclusion criteria for control group were as fol-

lows: 21–35 years old, �1 live birth younger than

2 years old, regular menstrual cycle (24–35 days),

BMI �26, FSH <10 mUI/mL, E2 < 50 pg/mL on day

2–3 of the menstrual cycle, normal karyotype, previ-

ous stimulation cycles with mature oocytes

(MII) �12.

Women with endometritis, endometriosis, tubal

factor, ovulatory dysfunction, anatomical uterine

pathologies, and abnormal male factor (according to

the reference values for healthy human semen

established in the 1999 World Health Organization

guidelines) were excluded.

The differences in the number of patients tested

for cytokines or NK cells depend on number of cells

obtained from the biopsy. Most of the times, sample

is not enough to determine all parameters.

Endometrial Samples

Endometrial biopsies and peripheral blood samples

were obtained 5–9 days after ovulation determined

by ultrasound scan (implantation window) from all

included women in a non-conception cycle without

any hormonal treatment. No hormonal methods of
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contraception were used during this cycle. Any

hormonal treatment was avoided during at least one

previous cycle from the last failed IVF cycle to the

time of testing.

Endometrial tissue samples were obtained by per-

forming a biopsy using Pipelle Cornier’s catheters.

Samples were collected into 4 mL of RPMI 1640

medium (Gibco, Carlsbad, CA, USA) containing 10%

Fetal Calf Serum (FCS, GIBCO) and penicillin/strep-

tomycin (100 IU/mL and 100 lg/mL, respectively,

GIBCO).

Peripheral Leukocyte Separation

Blood samples were taken simultaneously with the

endometrial biopsy. Peripheral blood mononuclear

cells (PBMC) were isolated by Ficoll Histopaque-

1077 density gradient according to manufacturer’s

directions (Sigma-Aldrich, St Louis, MO, USA).

Endometrial Cell Suspension

Endometrial cells were prepared for subsequent

analysis. Briefly, samples were disrupted mechani-

cally. Cell suspension was strained by a 100 lm
mesh and incubated for 10 min at 37°C with 1 mL

NH4Cl to lyse red blood cells.

Flow Cytometry

The following monoclonal antibodies (mAbs) conju-

gated with FITC, PE, or PECy5 were used to analyze

the phenotype of PBMC and endometrial cells. For

the PBMC analysis, specific commercial antibodies

(BD, NJ, USA) anti-CD3 (FITC), anti-CD16 (PECy5),

and anti-CD56 (PE) were used. For endometrial NK

cells analysis, specific commercial antibodies (BD, NJ,

USA) anti-CD9 (FITC), anti-CD16 (PECy5), and anti-

CD56 (PE) were used. CD56+CD9+ expression allows

to differentiate endometrial NK cells from peripheral

CD56+CD9� NK cells.11,12 A total of 1 9 106 cells

were incubated with 10 lL of anti-CD16, anti-CD3,

or anti-CD9 and 15 lL of anti-CD56 for 30 min at

room temperature in the dark. Cells were then

washed with phosphate-buffered saline (PBS) and

fixed with 0.02% formaldehyde (Carlo Erba, Italy)

in PBS. Immunofluorescence reactivity was analyzed

in a FACS ARIA Cells Sorter Cytometer (BD, USA).

For isotype controls, the corresponding murine

immunoglobulin conjugated with FITC, PE, and

PECy5 (BD, NJ, USA) was used.

Analysis of Peripheral NK Cell Subsets

A tight gate in the lymphocyte region of FSC versus

SSC graph was drawn. The number of CD56+CD3�

cells was calculated as% of total lymphocytes.

Numbers of cells were determined by% of

CD56+CD3� cells. The ratio of CD56+CD16+/-subsets

was reported as a percentage of over total lympho-

cytes.

Analysis of Endometrial NK Cell Subsets

To establish the most representative FACS analysis,

we analyzed statistical distribution of percentage of

CD56+CD9+ from 0.2 to 2 x 105 total endometrial

cells. Best reproducible result was obtained from

1 9 105 cells (data not shown). The ratio of

CD56+CD16+/� subsets was reported as a percentage

over 1 9 105 endometrial cells.

Cell Culture Supernatant

Endometrial and peripheral blood cells (4 9 105)

were cultured in 96-well tissue culture plates in

150 lL RPMI medium, supplemented with 10% FCS

and 1% PS. Cells were incubated at 37°C and 5%

CO2 humid atmosphere during 48 hr. Supernatants

were collected and centrifuged at 2000 9 g during

10 min and then at 8000 9 g during 10 min. They

were stored at �70°C until cytokine analysis was

performed.

IL-6 and VEGF Quantification by ELISA

Levels of total soluble IL-6 and VEGF produced by

endometrial and PMBC cells were determined by a

double antibody sandwich ELISA using commercial

kits (R&D, Minneapolis, MN, USA). Briefly, 96-well

plates were coated with anti-IL-6 or anti-VEGF

monoclonal antibodies and kept overnight at room

temperature (RT). After washing with PBS, free sites

were blocked with 1% bovine serum albumin (BSA,

SIGMA, St Louis, MO, USA) in PBS and incubated

at RT for 1 hr. Washes were repeated with PBS sup-

plemented with 0.05% Tween-20 (Anedra, Buenos

Aires, Argentina). Dilutions of 1/20-1/50 IL-6

samples and undiluted samples of VEGF were incu-

bated for 2 hr at RT. Biotinylated detection antibody

was incubated at RT for 1 hr after washing. Washes

were repeated and streptavidin-HRP solution was

incubated for 20 min at RT. Color reaction was
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developed by the addition of 3,3′,5,5′-tetramethyl-

benzidine (TMB, MP Biomedicals, OH, USA) and

stopped with 1M H2SO4 solution. Optical densities

were read at 450–620 nm using an automatic plate

reader (Metertech, Austria). Levels of IL-6 (pg/ml)

and VEGF (pg⁄ml) were calculated by linear regres-

sion using a standard curve constructed with human

recombinant IL-6 and VEGF provided by the manu-

facturer.

Statistical Analysis

Considering our published previous data,26 sample

size for UI-FI and fertile woman group was deter-

mined using Epidat 3.1 software (Collaboration agree-

ment signed by the Panamerican Health Organization

and the Ministry of health of the Xunta of Galicia).

After testing for Gaussian distribution and variance

equality, means were compared by Mann–Whitney’s

U-test for nonparametric distributions and Student’s

t-test for variables displaying a normal distribution,

using GraphPad Prism 5 (GraphPad Software, Inc., La

Jolla, CA, USA). Data were expressed as mean � S.D.

Differences were considered significant when P < 0.05.

When difference was significant, the sample size

required for an 80% potency was calculated, and it

was expressed as Sample Size representative.

Diagnostic accuracy of evaluated variables was

assessed by calculating the area under the ROC

(Receiver Operating Characteristic) curve. ROC

curve represents the probability of true positive

results (sensitivity) as a function of the probability of

false positive results (1- specificity). The area under

the ROC curves was compared employing the Med-

Calc software (version 11.3.0; Ostend, Belgium).

Parameters with area under the curve (AUC) >0.6
and P < 0.05 were considered as good discriminators

parameters.

The Pearson’s (Gaussian) or Spearman’s (non-

Gaussian) tests of correlation were performed

employing MedCalc. Correlation coefficients (r) were

considered significant when P < 0.05.

Results

Endometrial NK Cell Counts in Fertile and

Infertile Women

Patients with UI-IF showed increased percentage of

endometrial NK cells as well as CD16+ absolute count

when compared with fertile women (*P = 0.022

Fig. 1a and ** P = 0.009 Fig. 1b, respectively. Sample

size representative = 25). No significant difference in

CD16� NK cell absolute count was observed between

groups (5.1 � 6.1 versus 2.0 � 1.5 data not shown.

Sample size representative = 31). Moreover, a nega-

tive linear correlation was found between endome-

trial% CD56+CD9+ and peripheral% CD56+CD3� NK

cells considering total population (UI-IF + fertile)

(r = �0.3197 * P = 0.04; Fig. 1c), whereas no corre-

lation was found between endometrial and periph-

eral CD16+ NK cells considering total population

(r = �0.2927 P > 0.05; Fig. 1d).

IL-6 and VEGF Production by PBMC and

Endometrial Cells in Fertile and Infertile Women

Patients with UI-IF showed a significant deficiency

in IL-6 levels in endometrial (**P = 0.001 Fig. 2a.

Sample size representative = 22) and PBMC culture

cell supernatant (**P = 0.0027 graph not shown.

Sample size representative = 16) with regard to fer-

tile women. A positive linear correlation between

uterine and peripheral IL-6 levels was found consid-

ering UI-IF and fertile women (n = 29 r = 0.4010 *
P = 0.03; Fig. 2b). Moreover, a significant negative

correlation between endometrial CD16+ NK

cell absolute count and endometrial IL-6 protein

expression was found considering UI-IF and fertile

women (n = 28 r = �0.4051 *P = 0.03; Fig. 2c).

Patients with UI-IF also displayed a significant

deficiency in endometrial VEGF level compared with

fertile women (**P = 0.0062 Fig. 3a. Sample size

representative = 13) with a positive significant linear

correlation with peripheral levels considering UI-IF

and fertile women (n = 28 r = 0.5122 ** P = 0.005;

Fig. 3b) and a negative significant correlation with

endometrial CD16+ NK cell absolute count consider-

ing UI-IF and fertile women (n = 31 r = �.4153

*P = 0.0225; Fig. 3c).

Diagnostic Test of Endometrial Parameters

The AUC values for% CD56+CD9+ (AUC = 0.705

**P = 0.0096), absolute count of CD16+ NK cells

(AUC = 0.735 **P = 0.002), endometrial protein lev-

els of IL-6 (AUC = 0.848 **P = 0.0001), and VEGF

(AUC = 0.817 **P = 0.0001) showed a good capacity

to discriminate between a fertile and infertile endo-

metrium (Fig. 4a–d).
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Discussion

The lack of an accurate diagnosis in reproductive

medicine leads to treatment failure. Among potential

biochemical diagnostic markers, cytokines and

immune cells constitute important tools to differenti-

ate treatment groups. Moreover, natural killer (NK)

cell count is one of the best characterized immuno-

logical marker in reproductive failure. For this

reason, new treatments are designed to modulate

the number and function of these cells in infertile

patients. However, more studies need to be con-

ducted to characterize and differentiate endometrial

NK cells in different reproductive pathologies such

as recurrent spontaneous abortion and implantation

failure. Most published data based on abnormal

(a)

(b) (c)

Fig. 2 IL-6 production by PBMC and endometrial cells in fertile and infertile women. (a) IL-6 protein levels in endometrial cell culture supernatant

from UI-IF patients (n = 14) versus fertile women (n = 16) (**P = 0.001). (b) Correlation (r = 0.4010 P = 0.03) between IL-6 levels in culture

supernatant of endometrial and PBMC. (c) Correlation (r = �0.4051 P = 0.03) between protein levels of IL-6 in endometrial cells culture

supernatant and absolute count of endometrial CD16+ NK cell (CD56+CD9+CD16+/1 9 105 endometrial cells).

(a) (b)

(c) (d)

Fig. 1 Endometrial NK cell counts in fertile

and infertile women. (a) Percentage of total

endometrial NK cells (% CD56+CD9+) from UI-

IF patients (n = 26) versus fertile women

(n = 18) (*P = 0.02). Median is overlapped

with percentile 25 in fertile women group.

(b) Absolute count of CD16+ NK cells

(CD56+CD9+CD16+/1 9 105 endometrial cells)

from UI-IF patients (n = 26) versus fertile

women (n = 18) (**P = 0.009). Median is

overlapped with percentile 25 in fertile

women group. (c) Correlation (r = �0.3197

P = 0.04) between endometrial (%

CD56+CD9+) and peripheral blood (%

CD56+CD3�) NK cells. (d) Correlation

(r = �0.2927 P > 0.05) between endometrial

(CD56+CD9+CD16+/1 9 105 endometrial

cells) and peripheral blood

(CD56+CD3�CD16+/total lymphocytes)

absolute NK cell count.
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counts of NK cell were performed in peripheral

blood of patients with recurrent abortions.27 These

studies were based on the speculation that the

imbalance of peripheral blood NK cell reflects an

alteration in the endometrium.4 Moreover, there

is not enough evidence regarding normal values of

endometrial CD16+ and CD16� NK cells, NK sub-

populations, and NK cell markers. Most studies on

endometrial NK cells have been performed by histo-

logical evaluation, where differences in NK cell sub-

sets are limited while studies using flow cytometry

provide a much better analysis of NK cell popula-

tions.7 Furthermore, functional parameters should

be tested to associate NK cell counts with NK cell

activity. In this sense, we have previously postulated

that the switch from an inflammatory to an anti-

inflammatory response may modulate the ratio

between CD16+/CD16� NK cell count.26 It has been

published that there is a delicate balance and a shift

from an inflammatory to an anti-inflammatory

response during the transition from implantation to

placental vascularization,17,18 and this could be

exerted by IL-6.22,26 This regulatory cytokine

also plays a crucial role in implantation,19 and it has

been published that IL-6 stimulates VEGF produc-

tion.28–30 On the other hand, VEGF is implicated in

endometrial angiogenesis, and it is produced by

CD16� NK cells.23,31

Therefore, the present study was focused on endo-

metrial NK cell characterization as a possible diag-

nostic factor of unexplained infertility with

implantation failures (UI-IF). We compared endome-

trial and peripheral blood values in fertile women

and UI-IF patients. Finally, we investigated uterine

and peripheral expression of IL-6 and VEGF in pri-

mary cells ex vivo as potential markers of regulatory

and angiogenic response.

(a) (b)

(c) (d)

Fig. 4 Receiver Operating Characteristic (ROC) curves analysis of

biochemical endometrial markers of unexplained infertility. (a) ROC

curve of% CD56 + CD9 + cells (nUI-IF+fertil = 44 AUC = 0.705

P = **0.0096; sensitivity = 46.2; 1-specificity = 27.8). (b) ROC curve of

CD56+CD9+CD16+ NK cells (nUI-IF+fertil = 44 AUC = 0.735 **P = 0.002

sensitivity = 46.2; 1-specificity = 5.5). (c) ROC curve of endometrial

IL-6 levels (nUI-IF+fertil = 30 AUC = 0.848 **P = 0.0001 sensitivity =

64.3; 1-specificity = 6.2). (d) ROC curve of endometrial VEGF levels

(nUI-IF+fertil = 29 AUC=0.817 **P = 0.0001 sensitivity = 56.2;

1-specificity = 14.3).

(a) (b) (c)

Fig. 3 VEGF production by PBMC and endometrial cells in fertile and infertile women. (a) VEGF protein levels in endometrial cell culture

supernatant from UI-IF patients (n = 16) versus fertile women (n = 13) (**P = 0.0062). (b) Correlation (r = 0.5122 P = 0.005) between levels of

VEGF in culture supernatant of endometrial and PBMC cells. (c) Correlation (r = �0.4153 P = 0.0225) between protein levels of VEGF in

endometrial cell culture supernatant and absolute count of endometrial CD16+ NK cells (CD56+CD9+CD16+/1 9 105 endometrial cells).
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After determining normal values in fertile women,

we found that almost half of the studied population

showed exacerbated counts of cytotoxic CD16+

endometrial NK cells. No correlation between

peripheral and uterine CD16+ NK cell counts was

found either for fertile or infertile patients. There-

fore, peripheral NK cell testing in UI-IF patients

should be revalidated. The differences observed in

NK cell counts could be attributed to their playing a

different role from that of endometrial NK cells

under the potential influence of other factors such

as stress or infections.4

Herein, we determined normal endometrial IL-6

and VEGF values and both of them correlate with

their counterpart in peripheral blood. Half of UI-IF

patients express deficient levels of IL-6 and VEGF in

peripheral blood and endometrial culture superna-

tant. Moreover, we observed that increased levels of

endometrial CD16+ NK cell were associated with

peripheral and uterine deficiency of IL-6 and VEGF.

Considering these data, we postulate that deficient

IL-6 expression may lead to an increase in cytotoxic

response mediated by high endometrial CD16+ NK

cell count. Additionally, implantation failure in

these patients could be related to an inadequate

endometrial vascularization as a consequence of a

deficient VEGF expression. These data are also con-

sistent with previous results demonstrating an associ-

ation between IL-6 and VEGF deficiency in animal

fetal loss.32,33

Further analysis with larger sample size should be

conducted to test this hypothesis and to determine

the clinical importance of endometrial NK cells, IL-6,

and VEGF testing in improving pregnancy and take-

home baby rates; however, we are able to postulate

IL-6, VEGF, and uterine–not peripheral–NK cell subsets,

as good diagnostic markers of unexplained infertility.
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