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Increased levels of CCR7(1o)PD-1(hi) CXCRS5* CD4* T cells,
and associated factors Bcl-6, CXCRS, IL-21 and IL-6
contribute to repeated implantation failure
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Abstract. In vitro fertilization-embryo transfer (IVF-ET)
can be used by infertile couples to assist with reproduction;
however, failure of the embryo to implant into the endometrial
lining results in failure of the IVF treatment. The present study
investigated the expression of chemokine receptor 7 (CCR7)(lo)
programmed death-1(PD-1)(hi) chemokine receptor type 5
(CXCR5)* cluster of differentiation 4 (CD4)* T cells and asso-
ciated factors in patients with repeated implantation failure
(RIF). A total of 30 females with RIF and 30 healthy females
were enrolled in the current study. Flow cytometry was used
to detect the proportion of CCR7(lo)PD-1(hi) CXCR5* CD4*
T cells in the peripheral blood. Cytokine bead arrays were
performed to detect the levels of interleukin (IL)-6, -4 and -2
in the serum. ELISAs were used to detect the level of IL-21 in
the serum. Quantitative real time polymerase chain reaction
analysis and immunohistochemistry were used to investigate
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the expression of B-cell lymphoma 6 (Bcl-6), chemokine
receptor type 5 (CXCRS5) and IL-21 in the endometrium.
The results revealed that the percentage of CCR7(lo)PD-1(hi)
CXCR5* CD4* T cells was increased in the RIF group
compared with the control group during the mid luteal phase.
The mRNA and protein levels of Bcl-6, IL-21 and CXCRS5 in
the endometrium and the concentrations of IL-21 and IL-6
in the serum were significantly increased in the RIF group;
however, no significant difference was observed between the
two groups in regards to the expression of IL-4 and IL-2.
Furthermore, a significant positive correlation was identified
between the percentage of CCR7(lo)PD-1(hi) CXCR5* CD4*
T cells and IL-21 and IL-6 levels. The expression of IL-21 also
had a positive correlation with Bcl-6 and CXCRS expression
in the RIF group. These results suggest that increased levels
of CCR7(lo)PD-1(hi) CXCR5*CD4* T cells and associated
factors contribute to RIF and could therefore be a potential
therapeutic target.

Introduction

The treatment options available to assist infertile couples in
having children have progressed immensely during recent
years to include a variety of assisted reproductive technolo-
gies (1). However, for in vitro fertilization-embryo transfer
(IVF-ET), embryo implantation remains the rate-limiting
step (2-4). Couples who fail to achieve a pregnancy following
between two and six IVF cycles, in which >10 high-grade
embryos were transferred to the uterus are defined by various
clinicians as having repeated implantation failure (RIF) (5,6).
With the tendency being that only one or two high-grade
embryos are transferred in each cycle, certain clinicians
have recommended that the definition of RIF be changed to
the failure of implantation in at least three consecutive IVF
attempts (6-8). In the present study, patients with failure of =3
consecutive IVF-ET cycles were defined as RIF.

Appropriate immune responses at the time of embryo
introduction are key for successful implantation into the endo-
metrial wall. Previous studies have reported that the prevalence
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Table I. Clinicopathological characteristics of the RIF and control groups.

Control (n=30) RIF (n=30)
Characteristic Mean SD Mean SD P-value
Age (years) 32.77 4.7 33.23 5.06 0.712
BMI (kg/m?) 21.69 2.5 22.96 2.74 0.066
Length of infertility (years) 4.78 3.76 4.71 35 0.936
Endometrial thickness (mm) 10.53 1.78 10.58 1.98 0.932
No. of previous failed IVF-ET cycles - - 34 0.56 -

SD, standard deviation; BMI, body mass index; RIF, repeated implantation failure; IVF-ET, in vitro fertilization-embryo transfer.

of dominant T-helper (Th)l and Th17 cells may cause multiple
implantation failures in IVF cycles, while the prevalence of
dominant Th2 and regulatory T cells (Tregs) is beneficial for a
successful in vitro treatment outcome (3,8-12). Liang et al (13)
identified that the Th1/Th2 ratio in circulating Th cells was
significantly increased in women with RIF compared to
those with a successful implantation. While Persson ef al (9)
demonstrated that unsuccessful IVF outcomes had an abnor-
mality in the quantities of peripheral Thl and Th17 cells, and
that following embryo transfer pregnant women had higher
numbers of Th2-associated cytokine-secreting cells. Another
study revealed that pregnancy and live birth rates were
significantly improved in women with >0.6% circling T cells
as Tregs (11). However, these previous studies fail to clarify
the enhancement of humoral immune responses in women
with reproductive problems. T follicular helper (Tfh) cells are
involved in humoral immunity (14,15) and the role they serve
in RIF remain unclear.

Tfh cells are known as one subset of CD4* T cells settled
in the secondary lymph nodes, they have increased expression
of chemokine receptor type 5 (CXCRS5) and decreased expres-
sion of chemokine receptor 7 (CCR7), which guides Tfh cell
migration towards B cell follicles (16,17). Currently, Tth cells
are defined by their expression of combinations of markers,
including programmed death-1 (PD-1), interleukin (IL)-21 and
IL-4, which are directly linked with the biology of Tfh cells.
High expression of PD-1 in combination with CXCRS is a reli-
able way to identify Tfh cells (18). IL-21 and IL-4 are the main
cytokines secreted by Tfh cells, and their cooperation can regu-
late immunoglobulin G (IgG)-1 production and the production
of multiple antibody classes (19,20). Transcription factor B-cell
lymphoma 6 (Bcl-6) is the master regulator of Tth cell differen-
tiation (21-23). IL-6 is helpful in Tfh cell differentiation while
IL-2 negatively regulates Tth by inducing B lymphocyte-induced
maturation protein 1 expression (24). These molecules are all
considered therapeutic targets to prevent B cells from producing
high affinity autoantibodies directed against self-antigens.

Circulating CD4* T cells that express CXCRS are consid-
ered counterparts to Tfh cells (25). They are thought to be
primarily generated in germinal centers (GCs) (26). Very few
circulating CD4* T cells express high amounts of CXCRS5 or
PD-1, but a significant fraction express intermediate amounts
of these molecules and are designated as circulating Tfh
(cTfh) cells (18). Human cTfh cells are composed of distinct

subsets with unique phenotypes and function. The CCR7(lo)
PD-1(hi) subset has a partial Tfh effector phenotype that is
indicative of active Tth differentiation in lymphoid organs and
correlated with clinical indices in autoimmune diseases. This
provides a biomarker to monitor protective antibody responses
during infection or vaccination and pathogenic antibody
responses in autoimmune diseases (26-28). In certain diseases,
including systemic lupus erythematosus (29-31), rheumatoid
arthritis (25,32) and allograft rejection (33), the percentages of
cTth cells are increased and positively correlated with serum
levels of autoantibodies; however, the underlying mechanisms
of cTfh and associated factors in the development of RIF
require further study.

In the present study, CCR7(lo)PD-1(hi) CXCR5* CD4* T
cells and associated factors were investigated, and it was iden-
tified that their presence was significantly increased in patients
with RIF, suggesting that they are involved in the development
of RIF. These results provide a novel insight into the develop-
ment of potential therapies to help prevent RIF.

Materials and methods

Patients and controls. A total of 60 females were enrolled
in the present study. The patients were admitted to the First
Affiliated Hospital of Xinjiang Medical University (Urumgqi,
China) between July 2013 and December 2015. They formed
two separate groups: The RIF group and the control group
(n=30/group). The inclusion criteria for the RIF group were
females <43 years old with a history of =3 previous failed
IVF-ET cycles, with a normal uterus, high quality embryos,
menstrual regularity and normal sperm from the partner. The
exclusion criteria were severe endometriosis, adhesiolysis, an
abnormal uterus, having received immune therapy and the
presence of possible causes for the failure of implantation,
including autoimmune diseases, endocrine disorders, couples
with chromosomal abnormalities and sexually transmitted
diseases. A detailed history of the patients was taken, as well
as a physical examination and investigations for infertility.
The inclusion criteria for the control group were healthy
females <43 years with infertile partners who got conceived
and gave birth during their first cycle of IVF-ET, the exclusion
criteria were the same as those for the RIF group. Baseline
characteristics between the study groups were not significantly
different, as shown in Table I.
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Table II. Primer sequences for reverse transcription-quantitative polymerase chain reaction analysis.

Gene Direction Primer sequence (5'-3') Expected product size (bp)
Bcl-6 F ATGAGGAGTTTCGGGATGTC 177
R CCTCTTCTGGGATTGTTTGC
CXCR5 F GCAAGAAAGAAACCCGACAG 210
R TTATGGGAAGGGAGTGAGGA
IL-21 F CACAGACTAACATGCCCTTCAT 224
R GAATCTTCACTTCCGTGTGTTCT
GAPDH F GAAGGTGAAGGTCGGAGT 226
R GAAGATGGTGATGGGATTTC

F, forward; R, reverse; Bcl-6, B-cell lymphoma 6; CXCRS, chemokine receptor type 5; IL-21, interleukin 21; bp, base pairs.

Ethical approval for the present study was obtained from
the Human Ethics Committee of the First Affiliated Hospital
of Xinjiang Medical University prior to commencement of
the study. Patients who fulfilled the inclusion criteria were
recruited following the attainment of written informed consent.

Specimen collection. Endometrial tissues were collected from
the RIF and control group 1 month prior to the first IVF-ET
cycle (34). IVF-ET was performed in the mid luteal phase
of the menstrual cycle when the uterus is most receptive to
the embryo; the specific time period for this is known as the
implantation window. One section of the tissue was fixed with
4% paraformaldehyde solution for 3 days at room temperature.
Sections were embedded in paraffin and sliced into 4-um-thick
sections to be utilized for immunohistochemistry, while
another section was used for reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) analysis. Peripheral
blood was obtained from the RIF and control groups in the
mid luteal phase of the menstrual cycle; this was then used
to detect the proportion of Tfh cells and the concentration of
cytokines.

Flow cytometric analysis. Peripheral blood mononuclear cells
(PBMCs) were isolated from fresh heparinized peripheral
blood samples (35), then suspended in PBS at 1x10° cells/ml.
Next, 100 pl of PBMCs in suspension and anti-human mono-
clonal antibodies conjugated with different fluorescent
dyes, including 2 ul peridinin chlorophyll-CD4 (1:60; cat
no. 347324), 2 ul phycoerythrin (PE)-cyanin 7-CCR7 (1:60;
cat no. 557648), 2.5 ul fluorescein isothiocyanate-CXCRS5
(1:48; cat no. 558112), 2 ul allophycocyanin-CD45RA (1:60;
cat no. 561210) and 2 ul PE-PD-1 (1:60; cat no. 12996941)
were combined. All antibodies were purchased from BD
Biosciences (San Jose, CA, USA), except anti-PD-1, which was
from eBioscience (Thermo Fisher Scientific, Inc., Waltham,
MA, USA). The samples were incubated for 15 min at 4°C in
dark conditions. The cells were washed with PBS and then
centrifuged at 300 x g for 5 min at 4°C. After removing the
supernatant, the last step was repeated. Then the cells were
resuspended in 300 pl PBS. After gating for sideward scatter
and CD4 cells positive for CD4 were further analyzed.
CD45RA was used to identify the memory T cells (CD45RA)

in the CD4* T cell population. The CD45RA" CXCRS5* cells
were then gated and the CCR7(lo)PD-1(hi) subset of CD45R A
CXCRS5* cells was analyzed. For each sample >20,000 cells
were collected, which were detected using a BD LSR II flow
cytometer (BD Biosciences), and analyzed using FlowJo soft-
ware (version 7.6.1; Tree Star, Inc., Ashland, OR, USA).

RNA isolation and RT-gPCR analysis. Total RNA was isolated
from endometrial tissue of each group with Lipofectamine
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol and reverse transcribed into comple-
mentary (C)DNA using the Roche Transcriptor cDNA Synthesis
kit (Roche Diagnostics, Basel, Switzerland) according to
the manufacturers protocols. The cDNA was then used as
the template for the qPCR reaction. SYBR-Green (Takara
Biotechnology Co., Ltd., Dalian, China) incorporation-based
gPCR was performed to quantify the mRNA levels of Bcl-6,
IL-21 and CXCRS with a CFX96™ Real-Time PCR Detection
system (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Reactions were carried out through 34 cycles of 30 sec at 94°C
and 1 min at 55°C, followed by 30 sec at 72°C. The primers
were designed by Sangon Biotech Co., Ltd. (Shanghai, China)
and presented in Table II. The relative expression was calcu-
lated using the 2°*2“@ method (36). The results were normalized
to the housekeeping gene GAPDH and represented as 127244,
Each sample was conducted with two biological replicates.

Pathological morphology and immunohistochemistry.
Hematoxylin and eosin (H&E) staining was used to observe
the endometrial tissue. Slides were deparaffinized with
xylene and rehydrated in gradual dilutions of ethanol. The
slides were then stained with hematoxylin for 3 min at room
temperature. After rinsing under running water for 3 min,
slides were differentiated with 1% HCI in ethanol for 1 sec at
room temperature. Finally, sections were counterstained with
eosin for 90 sec at room temperature. Slides were examined
and images were captured using a light microscope at x200
and x400 magnification.

Immunohistochemical staining for Bcl-6, IL-21 and
CXCRS5 was performed on endometrial slides. Firstly, slides
were deparaffinized with xylene; rehydrated in a graded
series of ethanol, immersed in 3% H,O, and then placed in
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buffered citric acid (pH 6.0) in a microwave oven (800 W)
for 13 min. After being washed three times with PBS,
the slides were incubated with 10% goat serum (Beijing
Zhongshan Golden Bridge Biotechnology, Co., Ltd., Beijing,
China) for 30 min at 37°C. Then, the slides were washed
three times with PBS and incubated with rabbit anti-human
polyclonal primary antibodies directed against Bcl-6 (1:100;
cat no. bs2734R), IL-21 (1:250 cat no. bs2621R) and CXCRS5
(1:100; cat no. bs3598R) (BIOSS, Beijing, China) overnight
at 4°C. After three washes, slides were incubated with
the corresponding peroxidase-conjugated Affinipure goat
anti-rabbit IgG secondary antibodies (1:100; cat no. SPN9001;
Beijing Zhongshan Golden Bridge Biotechnology, Co., Ltd.)
for 25 min at 37°C. The antibody reaction was visualized
using the chromogen diaminobenzidine (Beijing Zhongshan
Golden Bridge Biotechnology, Co., Ltd.). Finally, all the
slides were counterstained with hematoxylin for 2 min at
room temperature. Immunoreactivity was assessed in five
randomly selected high power fields (Leica DM3000; Leica
Microsystems Inc., Wetzlar, Germany) and the average
optical density was measured using Image-Pro Plus software
(version 6.0; Media Cybernetics, Inc., Rockville, MD, USA)
on the histogram-based mode.

ELISA. Serum levels of IL-21 from patients with RIF and
healthy females were determined using a human IL-21 ELISA
kit (cat no. bsK00366; BIOSS) according to the manufacturer's
protocol. Firstly, 100 ul/well of diluted serum (1:2) was added
to a microwell plate coated with monoclonal antibodies
directed against human IL-21, this was performed at 37°C for
30 min. The plate was then washed three times with PBS with
1% Tween (PBST), and then streptavidin-HRP was added to
the plate at 37°C for 40 min. After washing with PBST four
times, 50 pl/well of TMB substrate was added to react with
the enzyme in the dark. Then concentrated H,SO, was used to
terminate the reaction. Finally, the optical density of the plates
at 450 nm was detected using a VersaMax™ microplate reader
(Molecular Devices, LLC, Sunnyvale, CA, USA).

Cytometric bead array (CBA). Serum levels of IL-6, IL-4
and IL-2 were detected using a CBA kit (cat no. 560484,
BD Biosciences) according to the manufacturer's protocol.
In summary, 50 ul of mixed capture beads, serum sample
and PE detection reagents were added to the tubes, which
were then incubated for 3 h in the dark at room temperature.
After washing and centrifuging at 300 x g for 5 min at 4°C,
the supernatant was discarded and 300 pl of wash buffer was
added to each tube. Then, the levels of IL-6, IL-4 and IL-2
were detected using a BD LSR II flow cytometer, and the data
was analyzed using FlowJo software (version 7.6.1; FlowJo
LLC, Ashland, OR, USA).

Statistical analysis. All group data analysis was performed
using SPSS statistical software (version 17.0; SPSS, Inc.,
Chicago, IL, USA). Results are expressed as the mean + stan-
dard deviation. An independent-samples t-test was used to
assess differences between two groups. Pearson's correlation
coefficient was used to analyze the correlation between two
variables. P<0.05 (two-tailed) was considered to indicate a
statistically significant difference.
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Results

An increased proportion of CCR7(lo)PD-1(hi) T cells are
found in the peripheral blood of women with RIF. The acti-
vated Tfh cell subset was defined as the CCR7(lo)PD-1(hi)
subset. It was hypothesized that the quantities of CCR7(lo)
PD-1(hi) Tfh cells may be different in patients with RIF
compared to the control group. Flow cytometry analysis
was performed to detect the percentage of this subset within
the total CXCR5" CD4* T cell population in the peripheral
blood. This could then reflect the systemic contribution of
Tfh cells to implantation failure in IVF. CD4* T cells were
discriminated from total cells (Fig. 1A) and memory Tfh cells
(CD45RA" CXCR5* CD4* T) were identified in the CD4* T
cell population (Fig. 1B); the CXCR5" CD45RA™ CD4* cells
expressing CCR7(lo)PD-1(hi) were analyzed (Fig. 1C). The
percentage of CXCR5" CD45RA™ CD4* T cells in the total
number of CD4* T cells was not significantly different between
the two groups (Fig. 1D). Whereas, the percentage of subset
CCR7(lo)PD-1(hi) within the CXCR5*CD4* T cells in the RIF
(16.34+4.69) group was significantly increased (14.01+4.22)
compared with the control group (P<0.05; Fig. 1E).

Bcl-6, IL-21 and CXCRS5 mRNA expression is increased
within the endometrium of the RIF group in the mid luteal
phase. A successful pregnancy is dependent upon synchro-
nized, coordinated cross talk between the local and systemic
immune systems. The endometrium is the beginning of the
maternal interface and embryo attachment requires active
local endometrial reactivity on the maternal side. Therefore,
the endometrial local immune microenvironment is important
to investigate. It was proposed that the endometrial immune
microenvironment may change as the proportion of circulating
Tth cells increased in patients with RIF. The mRNA expres-
sion of Bcl-6, IL-21 and CXCRS5 in endometrial tissues during
the luteal phase was tested by RT-qPCR. The mean expression
of Bcl-6 (2.82+1.37; Fig. 2A), CXCRS5 (2.18+1.00; Fig. 2B)
and IL-21 (3.20+1.76; Fig. 2C) were all significantly higher in
the RIF group than in the control group (1.47+0.74, P<0.001;
1.33+1.03,P<0.01; and 1.56+0.98, P<0.001 respectively). These
results suggest that the overexpression of the Tfh-associated
markers Blc-6, CXCRS5 and IL-21 in the endometrium during
the mid luteal phase is associated with embryo implantation
failure.

Protein expression of Bcl-6, IL-21 and CXCRS is increased
within the endometrium during the mid luteal phase. An
improved understanding of the modulation of Bcl-6, IL-21
and CXCRS5 molecules in the endometrium may reveal the
underlying mechanisms of preparation by the endometrium
for the arrival of an embryo. This in turn could provide
novel insights into RIF by exposing deviations from normal
activity. Firstly, H&E staining was performed to observe
the pathological morphology of endometrial tissue (Fig. 3).
Nuclear palisading, ferning of the glandular epithelium
and several lymphocytes were observed. Secondly, immu-
nohistochemistry was used to examine the expression and
localization of Bcl-6 (Fig. 4A and B), IL-21 (Fig. 4C and D)
and CXCRS5 (Fig. 4E and F) in the endometrium. These
factors were expressed in glandular cells, endometrial stroma
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Figure 1. Expression of CCR7(lo)PD-1(hi) T follicle helper cells in the peripheral blood. Cytometric plots indicating how (A) PERCP-CD4 was used to identify
CD4* T cells. These cells were further analyzed to identify cells expressing (B) CXCRS and CD45RA. (C) CXCR5* CD45RA" cells were analyzed to reveal
the presence of CCR7 and PD-1. The presence of (D) CXCR5* CD45RA" CD4* T cells and (E) CCR7(10)PD-1(hi) CXCR5* CD45RA" CD4* T cells in the
RIF group and control group were compared. "P<0.05 vs. the control group. CCR7, chemokine receptor 7; PD-1, programmed death 1; Tfh, T follicle helper;
CXCRS, chemokine receptor type 5; SSC, side scatter; RIF, repeated implantation failure; CD, cluster of differentiation; CD45RA, CD45 RA isotope; PE,
phycoerythrin; FITC, fluorescein isothiocyanate; APC, allophycocyanin; cy7, cyanin 7.

and lymphocytes. Finally, quantification of Bcl-6, IL-21 and and CXCRS (0.18+0.06; Fig. 5C) in RIF endometrium were
CXCRS5 immunostaining was performed. The expression  significantly increased compared with the control group Bcl-6
of Bcl-6 (0.15+0.05; Fig. 5A), IL-21 (0.21+0.06; Fig. 5B)  (0.13+£0.04), IL-21 (0.17+0.04) and CXCRS5 (0.14+0.04) levels
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Figure 2. Bcl-6, CXCRS and IL-21 mRNA expression is increased in patients with RIF. The mRNA expression of (A) Bcl-6, (B) CXCRS5 and (C) IL-21 in the
control and RIF groups in the endometrium during the mid-luteal phase. “P<0.01 and ““P<0.001 vs. the control group. Bcl-6, B-cell lymphoma 6; CXCR5,

chemokine receptor type 5; IL, interleukin; RIF, repeated implantation failure.

Figure 3. Hematoxylin and eosin staining of endometrial tissue. Images at a magnification of (A) x200 or (B) x400. G, gland; S, secreted material; GC, glandular

cells; ES, endometrial stroma; L, lymphocytes.

(all P<0.05). These results suggest that high expression levels
of Bcl-6, CXCRS5 and IL-21 proteins in the endometrium
during the middle luteal phase of menstruation.

Serum IL-21 and IL-6 concentrations are increased in
Sfemales with RIF. Systemic immunity is affected by cytokines;
certain variations in their expression confer an advantage for
embryo implantation, whereas others do not (37,38). In the
current study, ELISAs or CBAs were used to estimate the
concentrations of IL-21, IL-6, IL-4 and IL-2 in the serum.
The concentration of IL-21 was significantly higher in the RIF
group (21.80+7.40) compared to the control group (14.01+4.22)
(P<0.05; Fig. 6A). Similarly, IL-6 levels were significantly
increased in the RIF group (14.45+8.54) compared with the
control group (9.87£7.58) (P<0.05; Fig. 6B). However, the
levels of 1L-4 (5.03+2.44) and IL-2 (9.74+4.55) in the RIF

group did not exhibit a significant difference compared with
the control group (4.60+0.97; Fig. 6C and 8.05+4.35; Fig. 6D).
These results suggest that increased concentrations of IL-21
and IL-6 in the serum. Whether overexpression of IL-21 and
IL-6 correlates to cTth levels requires further research.

Correlation analysis. To find correlations between cTfh
cells and associated factors in patients with RIF, Pearson
correlation analyses were performed. It was revealed that
the proportion of cTth cells was positively correlated with
IL-21 and IL-6 (P<0.01; Table III). No significant correla-
tions were identified between CCR7(lo)PD-1(hi) CXCR5*
CD4* T cells and IL-4 and IL-2. As shown in Table IV, IL-21
mRNA levels were significantly positively correlated with
the levels of Bcl-6 and CXCRS in the endometrium (P<0.05).
These results suggest that CCR7(lo)PD-1(hi) CXCR5* CD4*



EXPERIMENTAL AND THERAPEUTIC MEDICINE 14: 5931-5941, 2017

¥
.
g

5937

Figure 4. Immunohistochemistry of Bcl-6, CXCRS and IL-21 in the endometrium. Bcl-6 staining at a magnification of (A) x200 and (B) x400. CXCRS5 staining
at a magnification of (C) x200 and (D) x400. IL-21 staining at a magnification of (E) x200 and (F) x400. Bcl-6, B-cell lymphoma 6; CXCRS5, chemokine
receptor type 5; IL, interleukin; PSC, positive stroma cell; PGC, positive glandular cell.

T cells and cytokines synergistically regulate local immunity
in women with RIF, and that the occurrence of RIF is not
caused by a single factor.

Discussion

In the present study, CCR7(10)PD-1(hi) CXCR5* CD4* T cells
and associated factors were detected in increased concentra-
tions in patients with RIF compared to the control group during
the mid-luteal phase in the endometrium and the peripheral
blood. This suggests that CCR7(1o)PD-1(hi) CXCRS5* CD4*
T cells are involved in the pathogenesis and pathophysiology
of RIF. Increased PD-1 on the surface of Tfh cells represents
an activated status. By co-culturing with autologous memory
B cells, a previous study identified that CCR7(lo)PD-1(hi)
CXCRS5* but not naive CD4* T cells potently induced CD27
(hi) CD38 (hi) plasmablast or plasma cell differentiation and
total IgG production (26). Similar results were identified in
the studies of Zhang et al (27) and Akiyama et al (39). This
indicates that CCR7(1o)PD-1(hi) CXCR5* CD4* T cells can
induce RIF by promoting antibody production.

Autoantibodies and alloantibodies have been identified
to be associated with infertility, miscarriage and embryo
implantation failure (40,41). The embryo, as a semi-allograft,
can trigger antigenic responses and induce the production
of maternal antibodies (41,42). These alloantibodies have no
pathogenic effect on the embryo; on the contrary, a lack of
these antibodies can cause recurrent miscarriage (42). Women
with recurrent miscarriage and RIF also have higher levels
of autoantibodies, including antinuclear autoantibodies,
antiphospholipid antibodies, anti-thyroperoxidase and
anti-thyroglobulin antibodies (43-45). These autoantibodies
can damage the endometrium and hinder the implantation of
the embryo, resulting in infertility and recurrent spontaneous
abortion (43,46). A lack of alloantibodies and overexpression of
autoantibodies can lead to abnormalities in humoral immu-
nity (42,44). Tfh cells prime B cells to initiate antibody
responses and maintain humoral immunity (22,23). Realizing
the role of Tfh cells in embryo implantation is crucial for the
development of potential novel therapies against RIF.

Successful implantation of an embryo requires synchro-
nous development of the embryo and the endometrium (47,48).
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Endometrial receptivity is generally at its highest during the  best time for implantation. Reduced receptivity can result in
mid-luteal phase of the menstrual cycle, which makes it the failed or inadequate implantation (49). This means that the
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Table III. Correlation between CCR7(lo)PD-1(hi) CXCR5* CD4* T cells and cytokines in the peripheral blood of patients with

repeated implantation failure.

Cytokine (pg/ml)
Cell type Correlation IL-21 IL-6 IL-4 IL-2
CCR7(lo)PD-1(hi) Correlation 0.649 0.497 0279 0.358
coefficient
CXCR5"CD4*T P-value <0.001° 0.005* 0.135 0.052

P<0.01, *P<0.001 vs. the control group. CCR7, chemokine receptor 7; PD-1, programmed death-1; CXCR35, chemokine receptor type 5;

CD, cluster of differentiation; IL, interleukin.

Table IV. Correlation between IL-21 and CXCRS5 and
Bcl-6 mRNA in the endometrium of patients with repeated
implantation failure.

mRNA
Factors Correlation CXCR5 Bcl-6
1L-21 Correlation 0.544 0.569
coefficient
P-value 0.002° 0.001°

‘P<0.01 vs. the control group. IL, interleukin; CXCRS, chemokine
receptor type 5; Bcl-6, B-cell lymphoma 6.

microenvironment provided by uterine fluid, particularly
glandular secretions, is essential for implantation. Analysis
of endometrial fluid has identified cytokines, chemokines,
proteases, antiproteases and other factors that modulate
blastocyst functions relevant to implantation (50). The present
study discovered that Bcl-6, CXCRS and IL-21 were highly
expressed in endometrial glands and the stroma of the RIF
group. These results suggest that Tfh-associated factors may
be involved in regulating the implantation microenvironment.

During early pregnancy, immune cells are recruited
extensively to the endometrium. Chemokines and their recep-
tors mediate immune cell recruitment and subsequent chronic
activation of the immune system. They serve an important
role in embryonic attachment and placental development (51).
Franasiak et al (52) revealed that the chemokine CXCL13
reached optimal levels in the endometrium during the mid-luteal
phase. Notably, the present study identified that the level of its
receptor CXCRS was increased in the endometrium during the
same phase. CXCRS is critical for the migration of Tth and B
cells into B cell follicles (26). Therefore, it has been suggested
that the increased CXCRS5 was involved in Tth cells. In vivo,
CXCRS is closely associated with Bcl-6 expression (53). Bcl-6
is involved in migration control, differentiation and products
of Tfh cells, and is also required for the formation of GCs.
Overexpression of Bcl-6 results in the repression of CCR7 and
the upregulation of PD-1 and CXCRS5 (54). Bcl-6 is usually
upregulated in GC Ttfh cells and B cells, but hardly expressed
in non-Tfh and cTth cells (16,17). Normally, Bcl-6 acts mainly

as a transcriptional repressor, interfering with the differentiation
of non-Tfh cells; for instance, by antagonizing the expression
of transcription factors T-bet, trans-acting T-cell-specific tran-
scription factor GATA-3 and nuclear receptor ROR v inhibit
polarization of Thl, Th2 and Thl17 cells (53,55,56). Previous
studies have demonstrated that Bcl-6 is the master regulator of
Tfh cell differentiation (16,54). Bcl-6 is upregulated during Tth
cell differentiation and Bcl6™ T cells fail to differentiate into Tfh
cells. In the present study, the expression of Bcl-6 was clearly
increased in the RIF endometrium, and there was a significant
positive correlation between Bcl-6 and IL-21 levels.

IL-21 is the main cytokine secreted by Tth cells, it can
enhance the differentiation of Tfh cells, regulate B cell differ-
entiation and proliferation, stimulate plasma cell differentiation
and immunoglobulin production, and induce the expression
of Bcl-6 (57). IL-21 is the most potent inducer of plasma-cell
differentiation in vitro (58,59). Altered IL-21 production
induces miscarriage by promoting an inflammatory state. In
the present study, the expression of IL-21 was similar to that
of Bcl-6 and CXCRS in the RIF endometrium. Wang et al (60)
observed that interferon regulatory factor 4 mediated Th17
cell activation and upregulated the expression of IL-17A and
IL-21, which resulted in pregnancy loss. Messaoudi er al (61)
revealed that polymorphisms of IL-21 were associated with
recurrent spontaneous miscarriage through pro-inflammatory
pathways. The results of the present study demonstrated that
the mRNA and protein levels of Blc-6, CXCRS and IL-21 were
increased in the RIF endometrium at the mid luteal phase.
Furthermore, Blc-6 and CXCRS5 levels had a positive correla-
tion with IL-21 levels. From the results of the current study and
the previous studies discussed, it was proposed that increased
Bcl-6, CXCRS5 and IL-21 collaborate to cause an imbalance
of the endometrial immune microenvironment in women with
RIF. The activation of these factors may be involved in Tth
and B cell differentiation and antibody secretion.

Cytokines are critical for embryo implantation and preg-
nancy maintenance (12,13). Several cytokines are involved in
the regulation of Tfh cell differentiation. IL-21, IL-6 and IL-4
are considered to support Tfth differentiation, while IL-2 is a
potent inhibitor of this. IL-6 is a pro-inflammatory cytokine
secreted by numerous cell types. IL-6 derived from follicular
dendritic cells is essential for Tfh cell maintenance (62).
Plasmablast-derived IL-6 can also increase the number of
human cTth cells (63). IL-6 induces an early wave of Bcl-6



5940

expression and is important for the initiation of Tth cell produc-
tion. A lack of IL-6 results in a severe reduction in CXCRS5*
Bcl6* early Tfh cells in vivo (64). Previously, a significantly
higher expression of IL-6 in women with unexplained recurrent
spontaneous abortion has been reported (12). IL-21 and IL-4 are
two cytokines expressed by Tfh cells (19,65,66). Production of
IL-4 and IL-21 is coupled in Tfh cells and required for optimal
antibody responses (19,20). IL-21 is a novel susceptibility gene
for recurrent spontaneous miscarriage (61). Upregulating the
expression of IL-21 may result in pregnancy loss (60) and infer-
tility (31). In the current study, IL-21 and IL-6 were increased
in the serum of the RIF group, but IL-4 and IL-2 levels did
not demonstrate a statistically significant difference compared
to the control group. There is a significant positive correlation
between the number of cTfth cells and IL-21 and IL-6 levels.
These results suggest that IL-21 may co-operate with IL-6,
resulting in RIF by promoting Tth cell differentiation.

In conclusion, the results of the present study indicate
that CCR7(lo)PD-1(hi) CXCR5* CD4* T cells, CXCRS,
IL-21, Bcl-6 and IL-6 are involved in the pathogenesis of
RIF. Whether CCR7(lo)PD-1(hi) CXCR5* CD4* T cells and
associated factors contribute to abnormal humoral immunity
in patients with RIF requires additional research. CCR7(lo)
D-1(hi) CXCR5" CD4* T cells and associated factors could
be a potential therapeutic target to help reduce the risk of
implantation failure.
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