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Abstract: In this study, we try to testify the relationship between the programmed cell death receptor-1 (PD-1)/
programmed cell death ligand 1 (PD-L1) passway and Treg cells in maternal-fetal immune regulation through PD-1
blockade on lymphocytes of normal early pregnancy in vitro and investigation of the PD-1 and PD-L1 changes
in early recurrent miscarriage patients. CD4+ CD25+ Treg cells and PD-1 (CD279) positive cell were detected in
deciduas in early recurrent miscarriage patients by flow cytometry. And the normal early pregnant women were
as controls. Meanwhile the mRNA level of PD-1 and molecular expression of PD-L1 in deciduas of early recurrent
miscarriage patients were detected by real time RT-PCR test and Immunohistochemical staining respectively. Also
through antibody blocking assay to block PD-1 on lymphocytes of normal early pregnancy in vitro further testify the
relationship between PD-1/PD-L1 and Treg cells, the results were analyzed by flow cytometry. CD4+ CD25+ Treg
cells decreased both in deciduas in RM (P < 0.05), and for all almost 100% Treg cells (CD4+ CD25+) expressed
PD-1, but there was no difference between the PD-1 positive cells in decidual lymphocytes in RM and that in normal
pregnancy women (P > 0.05). PD-L1 mRNA in deciduas decreased in RM (P < 0.001), but PD-1 mRNA no difference
(P > 0.1). After PD-1 blockade there was no change in CD4+ CD25+ Treg cells percentage, while the CD4+ T cell
percentage increased (P < 0.01), as well as the level of IFN-gamma in cells supernatant (P < 0.01). PD-1 blockade
has a little influence on the number of Treg cells, and may lead to impaired Treg cells function, the decrease of PD-L1
may closely relates to the occurrence of early recurrent miscarriage and implies that Treg cells may through PD-1/
PD-L1 pathway play a role of immunosuppression regulation, and the impairment of Treg cells function in recurrent
early abortion cases may be due to PD-L1 decrease in deciduas or trophoblast cells rather than PD-1 change.
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Introduction cytotoxic activity of natural killer cells (NK cells)

and dendritic cells (DLs) mutations. They effect

Recurrent miscarriage (RM) refers to the con-
secutive spontaneous miscarriage, which hap-
pens 3 or more than 3 times prior to 20 gesta-
tional weeks with about 1-3% incidence [1]. RM
happening prior to 12 weeks (including 12
weeks) gestation is termed early recurrent
miscarriage.

T regulate cells (Treg cells) are identified by the
surface marker CD4+ CD25+. Its control gene
is transcription FoxP3. They can inhibit CD4+
and CD8+ T cell proliferation and cytokine pro-
duction as well as the production of B cells, the

in the immune suppression and may be one of
the important cells to induce and maintain
peripheral immune tolerance and play an impor-
tant role in pregnancy immune tolerance and
maintaining a successful pregnancy [2, 3].

Studies found that quite a number of Treg cells
existed in uterine deciduas of normal pregnant
women [4]. These cells significantly inhibit
autologous T cells proliferation through the
anti-CD3 stimulation, and doses dependently
reduce autologous CD4+ CD25-T cells prolifera-
tion. According to previous reports, the increase
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Table 1. Characteristics of RM and control groups

Groups n Age (years) P value Pregnancy Days P value

N 22 2856 +3.01 0.06 56.13+7.86 0.07

RM 19 30.12 + 3.24 61.44 + 9.62

Age: RM vs. N, P = 0.06; Pregnancy days: RM vs. N, P = 0.07.

of Treg cells in the endometrium parallels that
in peripheral blood [5], it can down regulate Th1
cells emerging in endometrium after fertiliza-
tion, which can damage fetus. And the CD4+
CD25+ cells (Treg cells) were found reduce in
deciduas both in spontaneous abortion women
and women with RM [4, 6]. In the RM cases, the
inhibition function of CD4+ CD25+ CD127low
Treg cells to effect T cells weakens mainly due
to reducing the secretion of IL-10 and TGF-3 [7],
and the signaling conduction of IL-6 inhibits
Treg cells growth, while induces Th17 cell dif-
ferentiation [8]. It implies that type Th1 immune
enhancement may be caused by the impaired
Treg cells function.

Impaired Treg cells have been described in sev-
eral organ-specific autoimmune diseases and
system autoimmune diseases, including SLE,
multiple sclerosis and type | diabetes [9-11]. At
present, a lot of experimental evidence sug-
gests that women with even tiny autoimmune
defects may suffer from an increasing frequen-
cy of RM, which may be associated with the
reduction of Treg cells function [12]. The declin-
ing of Treg cells function weakens their down-
regulation role for Th17 and Thi cells, so that
lead to relative increased activity of Th17 and
Th1 cells, which is toxic to early pregnancy
embryo. Nevertheless the mechanism of Treg
cells regulating in maternal-fetal immunity is
still unclear. Immune inhibitory receptor PD-1
(programmed cell death receptor-1) and its
ligand PD-L1 (programmed cell death ligand 1)
may participate in the immune regulatory
mechanism of Treg cells.

PD-1/PD-L1 pathway inhibits autoreactivity T
and B cells and effector T cells, which induces
immune tolerance and regulates local inflam-
mation. So it maybe plays a critical role in the
delicate balance between effective immunity
and self-tolerance, setting up and maintaining
peripheral immune tolerance [13]. Studies
have shown that Treg cells high express PD-1
and PD-L1 [14, 15]. Moreover in the same allo-
geneic pregnancy, lacking of PD-LI decreases
the regulating function of Treg cells, which
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leads to embryo absorption increase and
fetal survival rate drop [16].

In this study, we try to testify the relationship

between PD-1/PD-L1 and Treg cells in mater-

nal-fetal immune regulation through PD-1

blockade on lymphocytes of normal early

pregnancy in vitro and investigation of the
PD-1 changes in early recurrent miscarriage
patients.

Materials and methods
Patients and tissue samples source

Decidual samples were taken from 19 cases
early recurrent miscarriage patients who had at
least 3 times history of early spontaneous
abortion before and diagnosed embryo still by
ultrasonic examination this time again, for flow
cytometry analysis, real-time semi-quantitative
RT-PCR and immunohistochemical staining.
And the normal decidual samples as control
were from 22 healthy pregnancy women who
requested for a termination during the first tri-
mester. Pregnancy diagnosis was made by
blood B-HCG determination and ultrasonic
examination.

Decidual tissues were collected in uterus curet-
tage with sterile negative pressure suction
device. The decidual tissues for flow cytometry
analysis were processed as following right now.
The decidual tissues for real-time semi-quanti-
tative RT-PCR were put in sterile freezing tubes
and stored in -80°C icebox, and that for immu-
nohistochemistry were put in formalin.

There were no differences in the age and preg-
nancy duration between test groups and con-
trol groups, as shown in Table 1. All subjects
were ruled out systemic disease and genital
infection. And the study had obtained informed
consent and permission from the provincial
hospital ethics committee of Shandong Uni-
versity.

Cells preparation and flow cytometry analysis

The decidual tissues got with above method
were instantly rinsed off blood with sterile
saline, and quickly transferred to the laboratory
in sterile containers in ice boxes. Then, the tis-
sues were collected into RPMI 1640 medium.
After further removal of blood clot, they were
chopped into small pieces with sterile ophthal-
mic scissors and strained through a 100 um
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Figure 1. This shows the CD4+ CD25+ % and CD279+
% of lymphocytes in deciduas and peripheral blood of
early recurrent miscarriage women (RM) and normal
control (N). CD4+ CD25+ % in deciduas and blood of
RM are both less than that of N (© A both P < 0.01).
CD279+ % in deciduas slightly decreases in RM com-
pared to N, but there is no significant difference be-
tween two groups (P > 0.05), while in peripheral
blood it decreases in RM (%P < 0.01).
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Figure 2. The ratio of Treg cells (CD4+ CD25+) and
CD4+ cells are lower in RM than that in normal con-
trol (N), both in deciduas (3P < 0.05) and in periph-
eral blood (%P < 0.01). And it is similar to the ratio
of CD279 (PD-1)+ Treg cells and CD279+ CD4+ cells
(© Aboth P < 0.05).

sterile cell strainer. The cells that passed
through the strainer were collected and incu-
bated with red blood cell lysing buffer for 5 min
and then centrifuged at 300 g for 5 min. The
cell pellet washed in PBS then, after a further
centrifugation at 300 g, was re-suspended in
cold fluorescence-activated cell sorting(FACS)
buffer to get deciduas monocytes (DMC) sus-
pension. The total number of single cells was
counted by a haemocytometer. Living cells
were distinguished by 0.2% trypan blue dyeing
test. After treated by the detection antibodies,
the DMCs were analyzed on a FACS ARIA-IlI
(BD) to detect expressions of PD-1, CD25 and
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CD4. Detection antibodies were respectively
marked with three different colors fluorescent
pigment, namely PE anti-human CD279 (PD-1)
(Bio Legend EH12.2 H7), APC anti-human CD25
(Bio Legend BC96), PerCP anti-human CD4 (Bio
Legend OKT4). Each tag was set a blank control
and an isotype control respectively. FCM analy-
sis data were processed with FLOW-Jo soft-
ware.

Cell culture conditions and PD-1 blockade
method

The cells for culture were DMCs prepared from
deciduas of 12 normal pregnancy women with
above method. The culture cells concentration
is 1 x 106 cells/ml. First, each DMC sample
was separated into 2 equal parts. One part for
blockade test group to be blocked by LEAFTM
purified anti-human CD279 (PD-1) (BioLegend
EH12.2 H7) monoclonal antibody (5 pg/ml),
and the other without antibody as the blank
controls. Next, two groups of cell samples were
incubated in refrigerator at 4-8°C for 30 min-
utes at the same time. Then, after washing by
buffer, the cells were added in lymphocyte cul-
ture (Lonza 04-418 q), containing 100 U/ml
penicillin, 100 mg/ml streptomycin and 10%
heat-fetal bovine serum (FBS). After culturing in
37°C CO, incubator for 72 hours, cells were col-
lected for analysis with flow cytometry. Finally,
the percentage of CD4+ CD25+ cells, CD4+
cells, and CD126 (IL-6Rx) + CD4+ CD25+ cells
was detected by flow cytometry. At the same
time IFN-y and IL-10 levels were determined by
ELISA technique in the cells supernatant.

Real time RT-PCR and immunohistochemistry

The real time RT-PCR test was taken used
Takara PCR Thermal Cycler Dice Real Time sys-
tem (Takara TP800), and all reagents were pro-
vided by TAKARA. In the test, Beta actin was
chosen as the reference gene. The primer
sequences of reference gene and purpose
genes were as follows: PD-1 F: 5-CTCAG-
GGTGACAGAGAGAAG-3; PD-1 R: 5-GACACCAA-
CCACCAGGGTTT-3; PDL-1 F: 5-TCA ATGCCCCA-
TACA ACAAA-3; PDL-1 R: 5-GCTTGTCCAGATGAC-
TTCG-3; B-actin F: 5-TGGATCAGCAAGCAGG-
AGTATG-3; B-actin R: 5-GCATTTGCGGTGGAC-
GAT-3. Each gene was set five gradient stan-
dards and negative controls.

Paraffin sections of deciduas were stained with
streptavidin-perosidase (SP) method. The
detection antibody was purified mouse anti-
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Figure 3. The percentage change of CD4+ cells and
CD25+ cells between PD-1 blocked and control group
is detected with FCM. CD4+ CD25+ % and CD126
(IL-6Rax)+ % of CD4+ CD25+ cells do not have signifi-
cant changes (both P > 0.05) between two groups,
while CD4 % is significantly higher in PD-1 blocked
group (P < 0.02).
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Figure 4. The concentration of IFN-y and IL-10 in cell
supernatant in PD-1 blocked and control group after
72 h incubation is detected with ELASE. The concen-
tration of IFN-y increases in PD-1 blocked group com-
pared with control group (P < 0.01) and there is no
change in IL-10 concentration (P > 0.05).

human CD274 (B7-H1, PD-L1), (BioLegend 29
e. 2 a3). The second antibody was goat anti-
mouse IgG (Zmyed). Developing was by DAB.
The Results were analyzed by using positive
cells counting score method. At least 5-10 HPF
were observed and percentage of positive cells
was counted. The final total < 1.0 was regarded
as weakly positive, 1.0-1.5 as positive, > 1.5 as
strong positive.

Statistical analysis

Student t test was used for comparison of
means between experimental groups, the non-

6515

parametric Wilcoxon rank sum test for paired
samples, and the Mann-Whitney U test for non-
paired samples. Dates were showed with mean
+ SD. Values of P < 0.05 were considered
significant.

Results

Flow cytometry analysis of PD-1 positive cells
and Treg cells change in the peripheral blood
and deciduas in women with recurrent early
miscarriage

As shown in Figures 1and 2, The CD4+ CD25+
Treg cells percentages reduced in deciduas of
pregnant early recurrent miscarriage patients
(n = 19) compared to normal pregnant women
(n = 22). The result was 22.8 + 12.1% versus
36.6 + 11.4%, P < 0.05. PD-1 (CD279) positive
cells percentage in deciduas of the recurrent
miscarriage group declined slightly. But there
was no statistical differences compared to nor-
mal pregnancy group (61.4 = 10.3% versus
69.4 + 10.7%, P > 0.05). And for all almost
100% CD4+ CD25+ cells expressed PD-1. In
addition, the ratio of CD4+ CD25+ cells and
CD4+ cells decreased in RM group compared
to normal control (0.457 £+ 0.0211 versus
0.589 + 0.0242, P < 0.01).

PD-1 blockade experimental results show that
PD-1 blockade may impair Treg cells and up-
regulate the level of CD4+ cells

As shown in Figure 3, the culture cells suspen-
sion of PD-1 blocked group and the blank con-
trol group were tested using flow cytometry
after 72 hours incubation. The results showed
that there was no difference in CD4+ CD25+
cells percentage between the two groups
(0.102 + 0.0063% versus 0.116 + 0.0069%, P
> 0.05), as well as the percentage of CD4+
CD25+ cells with high CD126 (IL-6 R alpha)
expression between two groups (70.3 + 8.92%
versus 78.7 + 11.3%, P > 0.05). But the per-
centage of CD4+ cells increased in PD-1
blocked group (55.6 + 6.78% versus 31.4 +
5.32%, P < 0.01). As shown in Figure 4, ELISA
experiment showed that the IFN-gamma con-
centration in cells supernatant fluid in PD-1
blocked group was higher than that in control
(975.98 + 66.35 pg/ml versus 781.57 + 78.16
pg/ml, P < 0.01). And there was no obvious
change in IL-10 concentration (260.66 + 22.14
ng/L versus 199.73 + 22.85 ng/L, P > 0.05).
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Table 2. PD-1 and PD-L1 content in deciduas of RM and normal control group by real time RT-PCR

Group n PD-1 PD-L1 B-actin Relative value of PD-1 Relative value of PD-L1
RM 19 258+059 26.8+7.75 259+2.75 1.43 +0.64 1.17 + 0.37
N 22 2.74+081 55.6+20.7 26.3+3.60 1.53+0.71 2.67 +1.23

Note: Relative value have been correction, choosing the lowest normal control value in each target gene group as a calibration

standard for ratio correction.
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Figure 5. The mRNA expression of PD-1 and PD-L1 in
deciduas of early RM women and normal early preg-
nancy women is detected with real time RT-PCR. Be-
tween two groups the expression of PD-1 mRNA has
no significant difference (P > 0.1), but the expression
of PD-L1 mRNA differs significantly, decreasing in
early RM women (P < 0.001). Relative value of mRNA
expression is got through the relative transcript level
correction by the lowest value in each target gene
group.

Immunohistochemistry and PCR experiment
results showed that the decidual PD-L1 and its
MRNA expression decreased in RM women

The results of Immunohistochemical staining
were analyzed with the method of positive cells
counting score analysis. The decidual PD-L1
expression in early RM group (n = 19) was less
than that in normal control (n = 22) (0.436 +
0.002 versus 1.15 + 0.037, P < 0.01), namely
the PD-L1 in deciduas of early RM women was
weakly positive expression, and in normal early
pregnancy was positive expression. Real time
RT-PCR relative quantitative analysis results
showed that the PD-LImRNA content in the
deciduas in RM group (n = 19) decreased, com-
paring to normal control (n = 22) (relative value
1.17 £ 0.37 versus 2.67 + 1.23, P < 0.001), but
there was no difference in the PD-1 mRNA con-
tent between two groups (relative value 1.43 +
0.64 versus 1.53 + 0.71, P > 0.1). As shown in
Table 2 and Figure 5.
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Discussion

In recent years, the relationship between regu-
latory T cells (Treg cells) and recurrent miscar-
riage has been proposed gradually. Most schol-
ars believe that Treg cells play an important
role in inducing and maintaining maternal-fetal
immune tolerance and the decrease or impair-
ment of Tregs may lead to fetal loss [2-6].
However, seldom study on Treg cells and PD-1
simultaneously in recurrent early miscarriage
women. More importantly, the immune-regula-
tion mechanism of Treg cells is still unclear.
Animal experiments have shown that the PD-1/
PD-L1 immunosuppression pathway is closely
related to pregnancy loss. Blocking the PD-L1
can down-regulate the ratio of Treg cells and
effector T cells in mice spleen and lymph nodes,
while raise Th17 and Thl cytokine levels [17].
So it is assumed that Treg cells may play immu-
nosuppression role through the PD-1/PD-L1
pathway.

Our experimental results showed that the per-
centage of CD4+ CD25+ Treg cells was lower in
deciduas (P < 0.05) in early recurrent miscar-
riage patients comparing with normal early
pregnancy women. And the ratio of CD4+
CD25+ cells and CD4+ cells in deciduas in the
cases of early recurrent miscarriage also
decreased, which implied that the level of CD4+
cells is higher relatively. It suggested that Treg
cells were necessary for early pregnancy. Flow
cytometry analysis also showed high expres-
sion of PD-1 in CD4+ cell group, and almost
100% Treg cells (CD4+ CD25+) expressed
PD-1. But there was no significant difference
between the proportions of PD-1 positive cells
in decidual lymphocytes in early recurrent mis-
carriage and in normal pregnancy women. It
indicates that PD-1 content may be not associ-
ated with the fetal loss.

Moreover, we took decidual lymphocytes from
normal pregnancy women, and blocked PD-1
on cells using monoclonal antibody through
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antigen-antibody reaction. CD4+ cells and
CD4+ CD25+ cells were determined after 72
hours incubation. Results showed that the per-
centage of CD4+ CD25+ Treg cells had no sig-
nificant change compared with blank control,
but the CD4+ T cell percentage increased. This
matched the increase of CD4+ T cells in early
recurrent miscarriage patients. At the same
time, the detection of the expression of IL-6Rx
on CD4+ CD25+ cells showed no obvious
change. But the level of IFN-gamma in cells
supernatant increased. According document
the signaling conduction of IL-6 inhibits Treg
cells growth [8]. It suggested that PD-1 block-
ade had a little influence on the number of Treg
cells, and might lead to impaired Treg cells
function.

In addition, studies have shown that PD-L1
expression is rich in the placenta [5]; our exper-
iment indicated that PD-L1 was also expressed
rich in the uterine deciduas in early pregnancy
women. The immunohistochemical staining
showed PD-L1 expression in deciduas most
located in glandular epithelial cell membrane
and cytoplasm, implying that PD-L1 might
relate to glandular secretion. And the PD-L1
molecules and mRNA levels in deciduas both
decreased in the recurrent early abortion
women compared with normal pregnancy
women. But there was no difference in the PD-1
expression between the two groups. It indicat-
ed that down-regulating the PD-L1 expression
was closely related to recurrent early pregnan-
cy loss, which could be considered to be one of
the symptoms of an autoimmune disorder. It
implied that Treg cells might play a role of
immunosuppression through PD-1/PD-L1 way,
thus participated in maternal-fetal immune tol-
erance. And the impairment of Treg cells func-
tion in recurrent early abortion cases might be
caused by PD-L1 decrease in deciduas or tro-
phoblast cells rather than PD-1 change.
D’addio’s PD-L1 blockade model studies have
shown that PD-L1 blockade can lead to embryo
size decrease and embryo loss in model mice,
while raising Th17 and Thl cells in their periph-
eral lymphoid tissues [17]. It also illustrated
that the absence or reduce of PD-L1 might
cause spontaneous abortion pathogenesis.
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