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Background: Programmed death-ligand 1 (PD-L1) is expressed not only on some

cancer cells, but also on the outer surface of placental syncytiotrophoblasts, which

is assumed to induce maternal immune tolerance to fetal tissue via programmed

death-1 (PD-1) receptors on T cells. Recently, levels of soluble forms of PD-L1 (sPD-L1)

were reported to be higher in the serum of pregnant women (PW) than in non-pregnant

women (non-PW). However, there have been no reports of the functional significance of

PW’s serum containing high sPD-L1 levels. Therefore, the aim of the present study was

to clarify the role of sPD-L1 in the sera of PW as an immunosuppressive molecule by in

vitro assays.

Methods: As a post-hoc analysis of our previous cohort study, 330 pairs of serum from

PW during the third trimester and cord blood (CB) from paired offspring without major

complications were examined. Serum levels of sPD-L1 and sPD-1 were measured by

ELISA. On mixed lymphocyte culture (MLC), 3H-thymidine uptakes in the presence of

PW’s, offspring’s, or non-PW’s serum were compared. Peripheral blood mononuclear

cells (PBMCs) were cultured in the presence of PW’s serum stimulated with PHA, and

then cytokine levels were measured in supernatants by multiple cytokine analysis with or

without anti-PD-L1blocking antibody.

Results: The median sPD-L1 level was 8.3- and 6.9-fold higher in PW than in offspring

and non-PW, respectively, whereas sPD-1 levels were lower in PW and offspring than

in non-PW. On MLC, 3H-thymidine uptake in the presence of autoantigen was strongly

reduced by co-culture with serum of both PW and offspring, compared with serum of

non-PW. In contrast, uptake in the presence of alloantigen was moderately inhibited

by PW’s serum, whereas it was less suppressed by offspring’s serum, compared with

non-PW’s serum. In the culture of PBMCs, tumor necrosis factor-α, interferon gamma,

interleukin (IL)-2, and IL-4 levels were significantly higher in the presence of anti-PD-L1

blocking antibody than in culture not treated with antibody (all P< 0.05) or culture treated

with isotype control antibody (all P < 0.05).

Conclusion: The levels of sPD-L1 are elevated in PW’s serum, which may, at least in

part, suppress maternal immunity.
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INTRODUCTION

Programmed death-ligand 1 (PD-L1) is expressed on some
cancer cells to suppress anti-tumor immunity by interacting
with the programmed death-1 (PD-1) receptor expressed on
T cells (1). Indeed, blocking this interaction by administering
monoclonal antibodies targeting either the PD-1 or PD-L1
molecule improves the prognosis of cancer patients (2, 3). By
immunohistochemical staining with anti-PD-L1 antibody, PD-
L1 was proven to be highly expressed on the outer surface of
syncytiotrophoblasts on chorionic villi in placenta facing the
maternal blood stream in the uterus, but not on the inner aspect
of the syncytiotrophoblasts facing chorionic villous stroma, as
well as not on cytotrophoblasts facing fetal blood vessels (4–6).
It has long been the immunological paradox of pregnancy that,
even though tissues of the fetus including the placenta express
allogeneic paternal antigen in addition to autogenic maternal
antigen, they are not rejected bymaternal immune systems. Thus,
this paradox may be explained at least in part by PD-L1 being
highly expressed on placenta; like cancer cells, PD-L1 on the
placenta suppresses T cells attached to the placenta and induces
immune tolerance to fetal tissues via PD-1 receptors on T cells.
In fact, blockade of the PD-1 pathway by anti-PD-L1 monoclonal
antibody during pregnancy increased abortions in mice (7).

Both PD-L1 and PD-1 exist in membrane-bound form and
induce local or peripheral immune tolerance by maintaining the
quiescence of autoreactive T cells. Recently, soluble forms of PD-
L1 and PD-1 (sPD-L1 and sPD-1), which are considered to be
generated by proteolytic cleavage of the membrane-bound forms,
have been detected in the serum of cancer patients (8, 9). ELISA
has confirmed that sPD-L1 binds to PD-1 (10). In addition, a
recent meta-analysis showed that a higher level of sPD-L1 is
associated with worse overall survival of cancer patients (11),
indicating that sPD-L1 may work as a systemic suppressor of
anti-tumor immunity, in addition to local suppression of anti-
tumor immunity by membrane-bound PD-L1 on cancer cells.
In 2018, sPD-L1 levels were reported to be higher in the serum
of pregnant women (PW) than in non-pregnant women (non-
PW), and postpartum women (12). In contrast to sPD-L1,
sPD-1 may block the interaction between PD-L1 and PD-1 on

T cells by competitive inhibition (13), resulting in enhanced
activity of autoreactive T cells and contributing to anti-cancer
effects. These experimental results were further supported by
both an animal model in which sPD-1-producing virotherapy
successfully improved the prognosis of tumor-bearing mice (14)
and clinical evidence in which non-small cell lung cancer patients
with increased serum levels of sPD-1 showed prolonged survival
(15). However, there have been no reports regarding serum
sPD-1 levels in PW or the functional significance of elevated
sPD-L1 levels in PW’s serum. Therefore, the aim of the present
study was to clarify the role of sPD-L1 in sera of PW as an
immunosuppressive molecule by in vitro assays.

METHODS

Study Design
As a post-hoc analysis, 330 pairs of PW and their offspring
were randomly selected from our previous cohort study (16)

conducted at Shiomidai Hospital, a general hospital in Kanagawa
Prefecture, Japan. The inclusion criteria were: PW ≥ 20
years old at enrollment; lack of major complications, such as
gestational diabetes mellitus, pregnancy-induced hypertension,
pre-eclampsia, preterm labor, or the need for emergent cesarean
section; and lack of high-risk fetal conditions, such as twins,
intrauterine growth retardation, and congenital malformations.
PW were enrolled from June 2011 to September 2012. Because
sPD-L1 levels vary with age, 20 commercial serum samples from
non-pregnant healthy women in their twenties and thirties were
initially purchased for use as age-matched controls. To compare
serum sPD-L1 levels among non-PW with known smoking
status, 21 commercial serum samples from non-pregnant healthy
women were also purchased: non-smokers, n = 7; past smokers,
n= 7; and current smokers, n= 7.

Ethics
The study protocol was approved by the ethics committee
at the Jikei University School of Medicine, the clinical study
committee at Jikei Hospital, and the institutional review board at
Shiomidai Hospital. Clinical data and samples were anonymized
immediately after their collection at birth in a non-linkable
fashion. Data monitoring was performed in the Division of
Epidemiology, the Jikei University School of Medicine, with all
data monitored and fixed by HM, who did not participate in
ELISA measurements or statistical analyses. All women provided
their written, informed consent. The serum samples used for
controls were purchased from Tokyo Future Style, Inc. (Tsukuba,
Ibaraki, Japan).

Measurement of sPD-L1 and sPD-1 Levels
Serum samples were collected from PW at 34 weeks of gestation.
The offspring’s serum (5–10mL) was sampled from the placental
side after placental delivery at birth. The serum samples were
stored at −80◦C prior to use. Serum levels of sPD-L1 and
sPD-1 were measured by MO, using ELISA kits from Abcam
(Cambridge, MA, USA) and RayBiotech (Norcross, GA, USA),
respectively, according to the manufacturers’ protocols. Each
sample was tested in triplicate for sPD-L1 and in duplicate for
sPD-1, with the medians used for analysis. The lower detection
limits for ELISA were 3.9 pg/mL for sPD-L1 and 20 pg/mL for
sPD-1. The upper detection limits for ELISA were 1,300 pg/mL
for sPD-L1 and 6,000 pg/mL for sPD-1.

Mixed Lymphocyte Culture
Reactions of lymphocytes in the presence of either autoantigen
or alloantigen were measured by 3H-thymidine uptake using
a mixed lymphocyte culture (MLC) assay system at SRL Inc
(Hachioji, Tokyo, Japan). Briefly, peripheral blood mononuclear
cells (PBMCs) were obtained from three healthy male volunteers,
named A, B, and C. For the MLC assay with autoantigen,

fresh PBMCs were co-cultured with 13-Gy-irradiated PBMCs
from the same donor in three patterns, i.e., fresh A—irradiated
A, fresh B—irradiated B, and fresh C—irradiated C. For the
MLC assay with alloantigen, fresh PBMCs were co-cultured
with 13-Gy-irradiated PBMCs from different donors in four
patterns, i.e., fresh A—irradiated B, fresh A—irradiated C, fresh
B—irradiated A, and fresh C—irradiated A. These cells were
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cultured for 5 days with RPMI1640 and 20% of either a mixture
of serum samples from PW, offspring, or non-PW, randomly
selected from the cohort of this study. Each kind of serum
was a mixture of at least 10 samples. Cells were pulsed with
3H-thymidine during the last 17.5 h of incubation and counted
in a liquid scintillation counter (Microplate Scintillation and
Luminescence Counter; Perkin Elmer, Inc, Waltham, MA, USA).
This MLC experiment was repeated for three sets using the same
serum samples.

Cytokine Assay
PBMCs were obtained from a healthy female volunteer. Then,
2.0 × 104 PBMCs per well in 96-well U-bottom plates were
co-cultured with RPMI1640 and a mixture of serum samples
derived from at least 10 PW randomly selected from the cohort
of this study. The serum concentration was brought to 5%,
and treated with 5µg/ml of phytohemagglutinin (PHA) (J-
CHEMICAL, Inc., Chuo-ku, Tokyo, Japan) for stimulation.
Samples treated with anti-PD-L1 blocking antibody (5µg/ml)
(Monoclonal Antibody MIH1, Functional Grade, eBioscience,
San Diego, CA, USA), isotype control (5µg/ml) (mouse IgG1
kappa Isotype Control, Functional Grade, eBioscience), and
samples without antibody were cultured according to the method
of Andorsky et al. (17). After 72 h of culture, supernatants were
harvested from culture, and tumor necrosis factor-α (TNF-α),
interleukin 6 (IL-6), interferon gamma (IFN-γ), IL-2, and IL-
4, as markers of broad immune responses, were measured by
quantitative multiplex detection using the Human Magnetic
Luminex Screening Assay (R&D System, Minneapolis, MN,
USA), since these cytokines were reported to be secreted from
PBMCs stimulated by PHA (18).

Statistical Analyses
Because the skewness test showed that sPD-L1 levels and
sPD-1 levels were not normally distributed, their levels were
compared among control non-PW, PW, and CB using the
Kruskal-Wallis rank test (KW test). If the result of the KW
test was significant, then the Mann-Whitney test was used
to compare between two groups. Spearman’s rank correlation,
represented as rho, with linear regression was used to quantify
the strengths of associations between two continuous variables:
rho ≥0.4, strong; 0.4> rho ≥0.2, moderate; and rho <0.2,
weak. The test for trends across ordered groups developed by
Cuzick (19) was used to examine the relationships between
anthropometric measurements at birth and quartiles of sPD-
L1. Multivariate analysis with linear regression was performed
to adjust for potential confounders of the associations between
anthropometric data and sPD-L1 quartiles, gestational weeks,
and sex of offspring. For 3H-thymidine uptake on MLC, as well
as production levels in cytokine assays, the KW test and the
Mann-Whitney test were used to compare among three groups
and between two groups, respectively. Stata version 14.0 software
(StataCorp, College Station, TX, USA) was used for all analyses.
Values of P < 0.05 were considered significant. These analyses
were not corrected for multiple comparisons.

RESULTS

Participants’ Characteristics
In a post-hoc manner, 330 pairs of PW and offspring were
analyzed in this study; the demographic and clinical data are
shown in Table 1. Moreover, 20 serum samples from non-PW
were used as controls.

Serum Levels of sPD-L1 and sPD-1 Among
PW, Offspring, and Non-PW
Serum levels of sPD-L1 were first compared among PW,
offspring, and non-PW to find significant differences (KW
test: P = 0.0001) (Figure 1A). The median level of sPD-L1
was 8.3-fold higher in the serum of PW than in offspring
(P < 0.0001) and 6.9-fold higher in PW than in non-PW
(P < 0.0001). The median level of sPD-L1 was lower in
offspring than in non-PW (P = 0.003). Then, serum sPD-
1 levels were compared among the three groups to find
significant differences (KW test: P = 0.0006) (Figure 1B). In
the serum of non-PW, the median level of sPD-1 was 4.8-
fold higher than in serum of PW (P = 0.0003), and 4.6-fold
higher than in serum of offspring (P = 0.0001). However,
the sPD-1 level was not significantly different between PW
and offspring (P = 0.72). The median sPD-1/sPD-L1 ratio of
non-PW was 41.6-fold higher than in PW (P < 0.0001) and
4.6-fold higher than in offspring (P = 0.001), and the ratio
of offspring was 9.1-fold higher than in PW (P < 0.0001)
(Figure 1C).

Collinearity of sPD-L1 and sPD-1 Serum
Levels Between PW and Paired Offspring
The sPD-L1 levels in PW had a strong positive association
with those in offspring (Spearman’s rho = 0.40; P < 0.0001)
(Figure 2A). The sPD-1 levels in PW also had a strong positive
association with those in offspring (Spearman’s rho = 0.54;
P < 0.0001) (Figure 2B). In contrast, there were no associations

TABLE 1 | Participants’ characteristics.

Pregnant

women

n = 330

Offspring

n = 330

Non-pregnant

women

n = 20

Age (y) mean (SD) 32 (5) – 29 (7)

Female ratio (%) 100% 48% 100%

Body height (cm) mean (SD) 158.6 (5.2) 48.7 (1.9)

Body weight (kg) mean (SD) 52.9 (8.1) 3.057 (0.410)

Weight change (kg) mean

(SD)

8.6 (3.6)

Gestational weeks mean

(SD)

38.7 (1.3)

Apgar score, median

(25–75%)

1min 9 (8–9)

5min 9 (9–10)
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FIGURE 1 | Levels of sPD-L1 (A), sPD-1 (B), and the ratio of sPD-1 to sPD-L1 (C) in serum from PW, offspring, and non-PW controls. The Kruskal-Wallis rank test

(KW test) was used for comparisons among three groups. The Mann-Whitney test was used to compare two groups. Values were transformed by the common

logarithm (log10) prior to analysis and are shown in the graph, although the median and 25−75th percentiles are presented as absolute values.

FIGURE 2 | Collinearity levels of sPD-L1 (A) and sPD-1 (B) in serum between PW and matched offspring. Spearman’s rank correlation with linear regression was

used to quantify the strength of association; sPD-L1 values were transformed by common logarithm (log10) prior to analysis.

between sPD-L1 and sPD-1 levels in serum of PW and
of offspring.

Mixed Lymphocyte Culture
Level of 3H-thymidine uptake in the presence of autoantigen
(Figure 3A) and alloantigen (Figure 3B) were compared among
three groups: PW, offspring, and non-PW. In the presence of
autoantigen, median 3H-thymidine uptake was strongly reduced
by co-culture with serum from both PW (57% reduction;
P = 0.047) and offspring (78% reduction; P = 0.02), compared
with that of non-PW. On the other hand, there was no
difference in the uptake between sera from PW and offspring.
In the presence of alloantigen, 3H-thymidine uptake was
moderately reduced by co-culture with serum from PW (23%

reduction; P = 0.005), and not significantly reduced by co-
culture with offspring’s sera (P = 0.33), compared with that
of non-PW.

Cytokine Assay
In the presence of PW’s sera, anti-PD-L1 blocking antibody
increased the secretion of TNF-α (Figure 4A), IFN-γ
(Figure 4B), IL-2 (Figure 4C), and IL-4 (Figure 4D),
significantly more than samples without antibody or those
treated with isotype antibody (all P < 0.05). On the other hand,
the levels of these cytokines did not show significant difference
between samples without antibody and those treated with isotype
antibody. There was a similar tendency for IL-6, but it was not
significant (data not shown).
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FIGURE 3 | Mixed lymphocyte culture assays in the presence of autoantigen (A) and alloantigen (B). Levels of 3H-thymidine uptake of peripheral blood mononuclear

cells (PBMCs) are compared among sera from PW, offspring, and non-PW. The Kruskal-Wallis rank test (KW test) was used for comparisons among three groups. The

Mann-Whitney test was used to compare two groups.

FIGURE 4 | Cytokine assay. Levels of TNF-α (A), IFN-γ (B), IL-2 (C), and IL-4 (D) secreted from PBMCs in the presence of PHA and PW’s serum are compared

among samples without antibody, those treated with anti-PD-L1 blocking antibody, and those treated with isotype control antibody. The Kruskal-Wallis rank test (KW

test) was used for comparisons among the three groups. If there was a significant difference, the Mann-Whitney test was used to compare two groups.
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Levels of sPD-L1 and Smoking Status in
PW and Non-PW
The levels of sPD-L1 were compared among non-smokers, past
smokers, and current smokers among PW to find significant
differences (KW test: P = 0.0006) (Figure 5A). The sPD-
L1 levels were 13 and 31% lower in past and in current
smokers, respectively, than in non-smokers. Serum levels
of sPD-L1 were also measured among non-PW (KW test:
P = 0.03) (Figure 5B). In particular, the sPD-L1 levels were
27% lower in current smokers than in non-smokers plus past
smokers (Mann-Whitney test: P = 0.03), whereas there was no
significant difference in sPD-L1 levels between non-smokers and
past smokers.

Offspring Anthropometric Measurements
and sPD-L1 Levels in PW
Offspring anthropometric measurements at birth were compared
with serum sPD-L1 levels in PW as both quartiles and
continuous variables.

The median body weight at birth in the highest sPD-L1
quartile (Q4) was 270 g heavier than in the lowest quartile (Q1).
Thus, there was a significant trend for increased body weight with
higher levels of sPD-L1 (trend test, P < 0.0001) and a moderate
Spearman’s rho (0.24, P < 0.0001) (Supplementary Figure 1).
On multivariate adjustment with gestational weeks and
offspring’s sex, body weight remained a significant factor.

The median body height of the highest quartile (Q4) of
sPD-L1 was 0.6 cm taller than that of the lowest quartile
(Q1). There was thus a significant trend for increased
body height with higher levels of sPD-L1 (trend test,
P < 0.0001) and a weak Spearman’s rho (0.13, P = 0.02)

(Supplementary Figure 2). On multivariate adjustment with
gestational weeks and offspring sex, body height remained a
significant factor.

The median head circumference of the highest quartile
(Q4) of sPD-L1 was 0.4 cm longer than that of the lowest
quartile (Q1). There was thus a significant trend for increased
head circumference with higher levels of sPD-L1 (trend test,
P = 0.009) and a weak Spearman’s rho (0.15, P = 0.007)
(Supplementary Figure 3). On multivariate adjustment with
gestational weeks and offspring sex, head circumference
remained a significant factor.

The median chest circumference of the highest quartile
(Q4) of sPD-L1 was 0.5 cm longer than that of the lowest
quartile (Q1). There was thus a significant trend for
increased chest circumference with higher levels of sPD-
L1 (trend test, P < 0.0001) and a moderate Spearman’s
rho (0.21, P = 0.0001) (Supplementary Figure 4).
On multivariate adjustment with gestational weeks
and offspring sex, chest circumference remained a
significant factor.

DISCUSSION

In the present study, the median serum sPD-L1 level in PW
during the third trimester was high, 8.3-fold higher than in
offspring and 6.9-fold higher than in healthy age-matched non-
PW controls. Although serum levels of sPD-L1 were reported
to increase throughout gestation (12) when blood samples
from 30 PW were collected, this increase of sPD-L1 in PW
was reconfirmed by expanding the sample size to 330 PW,
and their offspring’s CB was found to have lower levels of

FIGURE 5 | Relationship between sPD-L1 levels and smoking status in PW (A) and in non-PW (B). The Kruskal-Wallis rank test (KW test) was used for comparisons

among three groups: non-smoker, past smoker, and current smoker. The Mann-Whitney test was used to compare two groups; sPD-L1 values were transformed by

the common logarithm (log10) prior to analysis and are shown in the graph (A), although the median and 25−75th percentiles are presented as absolute values.
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sPD-L1 than the serum of non-PW. In contrast to sPD-L1,
sPD-1 levels were lower in PW and offspring than in non-
PW. Opposite to sPD-L1, sPD-1 was reported to competitively
inhibit the interaction between PD-L1 and PD-1 on T cells
(13). Therefore, it was assumed that when both increased sPD-
L1 and decreased sPD-1 are present in the serum of PW, the
immune reaction may be more suppressed than in offspring
with decreased sPD-L1 and decreased sPD-1 in the serum.
Thus, in serum from PW, the sPD-1/sPD-L1 ratio was very
low and could inhibit lymphocyte proliferation in response to
both autoantigen and alloantigen. In serum from offspring’s
CB, the sPD-1/sPD-L1 ratio was moderately low and could
inhibit lymphocyte proliferation in response to autoantigen,
but not significantly to alloantigen. To clarify whether the
elevated sPD-L1 protein in PW’s serum contributes to immune
suppression, in vitro experiments of cytokine production assays
with PHA stimulation, where an attempt was made to block
specific functions of sPD-L1 in PW’s serum with anti-PD-
L1 antibody, were added. These experiments showed that
various cytokines were increased in the presence of anti-sPD-L1
blocking antibody, suggesting that the elevated sPD-L1 protein
in PW’s serum may be functional, able to suppress broad
immune reactions, and may thus be considered to protect the
placenta and fetus from maternal immunosurveillance, at least
in part.

With respect to clinical data, levels of sPD-L1 in PW
showed a negative association with smoking. It has been well
reported that maternal smoking impairs placental structure and
function (20, 21). In addition, expression of PD-L1 mRNA
in trophoblasts was reported to be increased with rising
oxygen concentrations and decreased rapidly by a low oxygen
concentration (5). On the other hand, administration of PD-
L1 protein was demonstrated to protect against pre-eclampsia
in the rat (22). Judging from these lines of evidence, it
was then assumed that smoking may decrease oxygen supply
to the placenta and secretion of sPD-L1 to the maternal
blood stream, and the decreased sPD-L1 may further impair
placental function and reduce sPD-L1 secretion to form a
vicious circle. Of interest, even among non-PW, serum levels
of sPD-L1 were suppressed in current smokers. PD-L1 is
usually expressed on the macrophage lineage (23). Smoking
impairs alveolar macrophage activation (24), which can be
normalized by smoking cessation (25). In this case, smoking
may be assumed to suppress sPD-L1 levels through impaired
macrophage function.

There are several limitations of the present study. First, PW
with major complications, such as gestational diabetes mellitus,
pregnancy-induced hypertension, pre-eclampsia, preterm labor,
or the need for emergent cesarean section, and who lacked
high-risk fetal conditions, such as twins, intrauterine growth
retardation, and congenital malformation, were excluded.
Thus, associations between sPD-L1 levels of PW and these
complications could not be examined. Instead, associations with
smoking status and with fetal growth were examined to show
that serum sPD-L1 levels can be a biomarker of placental
function. Second, functional assays were added to support the
hypothesis that sPD-L1 in addition to PD-L1 expressed on

the surface of the placenta suppresses the maternal immune
reaction to reject the placenta and fetus. It was demonstrated
that the serum of PW showed stronger suppressive effects
on autogenic and allogeneic immune reactions than serum
of non-PW. Moreover, this suppressive effect of PW’s sera
was blocked using anti-PD-L1 antibody, as demonstrated by
cytokine production assays. Third, MLC, which is used to
evaluate the possibility of graft vs. host or host vs. graft
disease in the field of bone marrow transplantation or organ
transplantation, was used to examine immune reactions in
the presence of PW’s serum, considering the immunological
paradox of pregnancy. However, there are many other types
of functional assays. Fourth, since placental tissue was not
collected in this cohort, for example, direct interactions between
syncytiotrophoblasts and T cells could not be examined. Instead,
the focus was not on membrane-bound PD-L1 molecules
expressed on syncytiotrophoblasts, but on the soluble form
of PD-L1 in the serum of PW. Fifth, sPD-L1 was measured
at only one point in the third trimester during pregnancy.
Sixth, placental PD-L1 protein expression was not measured
by immunohistochemistry.

In conclusion, this is the first study to measure both sPD-
L1 and sPD-1 levels in the serum of PW, as well as paired
offspring, and it showed that: (1) sPD-L1 levels were very high
in the serum of PW in the third trimester, but low in paired
offspring; (2) sPD-1 levels were lower in both PW and offspring
than in non-PW; (3) there was a strong correlation of sPD-1
levels, as well as sPD-L1 levels, between PW and offspring; (4)
on MLC, 3H-thymidine uptake in the presence of autoantigen
was strongly reduced by co-culture with sera from both PW
and offspring, compared with non-PW’s serum, while uptake
in the presence of alloantigen was moderately inhibited by sera
from PW, but it was not significantly suppressed by offspring’s
serum, compared with non-PW’s serum; (5) adding the anti-PD-
L1 blocking antibody to sera from PW raised cytokine secretion
(6); and, finally, sPD-L1 levels in PW and in non-PW were
suppressed by smoking.

The novel finding of this study was that PW’s serum may
suppress both autogenic and allogeneic immune reactions,
whereas offspring’s serum may suppress mainly the autogenic
immune reaction and only partly allogeneic immune reactions.
It was further shown that anti-PD-L1 antibody impairs the
immunosuppressive effects of PW’s serum, and it was suggested
that elevated sPD-L1 levels in PW’s sera may be functional and
play, at least in part, a role in suppressing the maternal immune
reaction to alloantigen, i.e., placenta and fetus. Further research
is needed to confirm this.
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