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Abstract

Backgrounds: The immunomodulatory properties of human chorionic
gonadotrophin (hCG) have been identified to be critical for successful
pregnancy. However, the effects of hCG on peripheral y8T cells during early
pregnancy have not been reported previously.

Methods: We cocultured the purified y8T cells and peripheral blood
mononuclear cells (PBMCs) with early pregnancy-relevant hCG concentra-
tions and investigated the changes in the immune functional characteristics of
YT cells via flow cytometry assays.

Results: The ratios of CD69" and IL-10* y8T cells were increased in early
pregnant women compared to nonpregnant women. y8T cells expressed low
levels of the mannose receptor (CD206) instead of the classical hCG/LH
receptor for hCG. The direct treatment of purified ydT cells with early
pregnancy-relevant hCG concentrations may have no significant effects on
their immune functions. Interestingly, when PBMCs were treated with the
same broad range of hCG concentrations, the ratios of CD69" and IL-10* y8T
cells to total ydT cells were significantly increased.

Conclusion: Certain early pregnancy-relevant hCG concentrations could
enhance the ratios of peripheral CD69" and IL-10" y8T cells, contributing to
the activation of ydT cells and immunological tolerance during early
pregnancy. However, these affects may not be strongly mediated by direct
ligand-receptor interactions and they may highly depend on immune
microenvironment. Our novel observations propose a perspective into the
endocrine-immune dialog that exists between the fetus and maternal immune
cells.
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1 | INTRODUCTION

The presence of an allogeneic fetus poses a significant
challenge to the immune system of the mother.' Various
maternal immune cells, including natural killer (NK)
cells, macrophages, T cells, and dendritic cells, play
crucial roles in establishing immune tolerance during the
early stage of pregnancy.” Among these immune cell
subsets, yOT cells are particularly abundant in decidua,
with proportions reaching up to 60% in CD3*T cells.**
YOT cells demonstrate a diverse array of immunomodu-
latory capabilities in pregnancy.’ For instance, they
possess the ability to secrete various anti-inflammatory
factors, including interleukin-10 (IL-10) and transform-
ing growth factor-8 (TGF-@), in both human and mouse
models, thereby promoting the Th2 response.”’ In
addition, the interactions between the receptors on y8T
cells and the nonclassical HLA molecules on trophoblast
cells play crucial roles in facilitating maternal tolerance
induction.® y8T cells also exhibit cytotoxic potency and
contribute to the anti-infection defense during preg-
nancy.” Consequently, dysfunctional yST cells are
increasingly recognized as significant contributors to
the development of pregnancy-related complica-
tions.''* A promising avenue of research involves the
identification of factors that regulate the immune
functions of y8T cells in early pregnancy.

Human chorionic gonadotrophin (hCG), one of the
earliest proteins secreted by fetal trophoblasts, is a
heterodimeric glycoprotein with a unique beta subunit
and an alpha subunit."*'* During normal pregnancy,
hCG is detectable in maternal serum after the initiation
of embryo implantation. Then, hCG rapidly rises to a
peak value of approximately 8-10 weeks gestation and
gradually decreases in the second trimester.'* The
primary role of hCG is to stimulate the corpus luteum
in the ovary to produce progesterone.'® Recently, certain
new immunomodulatory properties of hCG have been
identified to be critical for maternal tolerance of the
embryo.'”'® For example, hCG could suppress HLA-DR
expression but upregulate CD40 and CD80 expressions in
innate lymphoid cells.'® hCG is capable of attracting Treg
cells to the fetal-maternal interface, contacting maternal
immune cells and orchestrating immune tolerance.*
hCG also enhances the suppressive activity of Treg
cells.”! hCG can react with uterine natural killer cells
(uNK) via the mannose receptor (MR, CD206) rather
than the classical hCG/LH receptor, promoting the
proliferation of uNK cells.”> hCG is also reported to
reduce the ability of stimulated peripheral dendritic cells
to secrete IL-8 and IL-10.?> However, the effects of hCG
on peripheral y8T cells and the underlying mechanisms
have not been described.

In this study, we conducted observations on the
characteristics of the peripheral y3T cells obtained from
women in early pregnancy and found that they exhibited
higher expressions of CD69 and IL-10 than healthy
nonpregnant women. To investigate the potential roles of
the increased hCG level in the altered immune functions
of peripheral y8T cells, we performed cocultures of the
purified peripheral y8T cells and the peripheral blood
mononuclear cells (PBMCs) obtained from nonpregnant
women, using hCG concentrations relevant to early
pregnancy. Subsequently, we examined the effects of
these cocultures on the proliferation, activation, and
cytokine secretion of y8T cells. We hypothesized that
there may be an indirect regulatory relationship between
hCG and peripheral y8T cells, which plays a critical role
in the establishment of immune tolerance during early
pregnancy.

2 | METHODS

2.1 | Reagents

Commercial hCG was obtained from Livzon Company.
The concentration of hCG was chosen according to early
pregnancy-relevant hCG levels found in normal pregnant
women during the first trimester.

2.2 | Blood samples

Fresh peripheral blood samples were collected from 12
healthy nonpregnant women who were counseling
related to pregnancy and laboratory examinations and
15 pregnant women in early pregnancy (7-10 weeks of
gestation) who received the routine physical examination
at the obstetrics and gynecology department of the West
China Second Hospital, between March 2022 and May
2022. The inclusion criteria involved the selection of
women volunteers who do not have a history of serious
illness and were above the age of 18. The exclusion
criteria for women volunteers included autoimmune
disorders, cardiovascular ailments, infection diseases,
and pregnancy complications. We also recruited 5
healthy nonpregnant female community volunteers for
the y38T cell isolation (30 mL of peripheral blood) and 12
healthy nonpregnant female community volunteers for
the PBMC isolation (10 mL of peripheral blood). The
protocol of specimen collection was approved by the
Medical Ethics Committee of West China Second
Hospital of Sichuan University (Record Number: 2020
(029)). The signed informed consent was obtained from
all participants.
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2.3 | Purified y3T cell preparation

Peripheral y8T cells were purified by negative selection
using immunomagnetic microbeads (Miltenyi Biotec,
130-092-892). The non-y38T cells were indirectly magneti-
cally labeled with a cocktail of biotinylated monoclonal
antibodies and Anti-Biotin MicroBeads. The magnetically
labeled non-TCRy8" cells were retained in a MACS®
Column in the magnetic field of a MACS Separator,
while the unlabeled y3T cells passed through the column.
The purity of the isolated y8T cells was greater than 95%.

2.4 | PBMC isolation

For PBMC isolation, the whole blood was diluted with an
equal volume PBS before performing the centrifugation
steps. Then, the blood was carefully added to the Ficoll
(Tbdscience) layer (blood:Ficoll = 1:1) and centrifuged at
550g for 20 min with the brake off. The cellular layer at
the Ficoll/PBS interface was aspirated and washed twice
with PBS, removing the residual Ficoll. Approximately
1x10° of PBMCs could be isolated from 1mL of
peripheral blood.

2.5 | Cell culture

Purified peripheral y8T cells or isolated PBMCs were
suspended in Roswell Park Memorial Institute 1640
medium (HyClone) supplemented with 10% fetal calf
serum (Biological Industries) and 500 IU/mL recombi-
nant human interleukin-2 (rhIL-2) (Sigma-Aldrich).
Approximately 1 x 10> cells/well purified y8T cells and
5x 10° cells/well PBMCs were cultured in 24-well flat-
bottom plates (Corning) in the absence or presence of
early pregnancy-relevant hCG levels (0, 25, 50, 100, and
200IU/mL) at 37°C in a humidified atmosphere of 5%
CO, for 48 h. After 48 h of coculturing, the spent medium
was removed, and the cells were washed with cold 1x
PBS once for further flow cytometric analyses.

2.6 | Flow cytometry

For cell surface markers, PBMCs and purified y8T cells
were stained with anti-human CD45, CD3, ydTCR, CD69,
and NKG2D antibodies for 20 min in the dark.

For cytokine stimulation, the PMA/ionomycin/bre-
feldin A cocktail (catalog: 423303, BioLegend) was added
to the cell suspension before tumor necrosis factor-o
(TNF-a), interveron gamma (IFN-y), and IL-17A stain-
ing, and the treated cells were incubated for 6 h at 37°C.
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The 100ng/mL LPS (catalog: #14011, Cell Signaling
Technology) was used to stimulate cells in the presence
of monensin for 18 h at 37°C before IL-10 staining.

For intracellular staining, the cells were fixed with
fixation/permeabilization buffer (Invitrogen) for 1h and
stained with intracellular directly conjugated antibodies
(CD206, Ki-67, TNF-a, IFN-y, IL-17A, and IL-10) for
20 min. Flow cytometry data were acquired on a FACS
Celesta flow cytometer (BD), and analyzed using FlowJo
software V.10. For the use of monoclonal antibodies, we
referred to our published study®* and the details can be
found in Supporting Information: Table 1.

2.7 | PCR assay

The total RNA obtained from the purified peripheral
y8T cells was converted to complementary DNA
(cDNA) using an Evo M-MLV RT kit with gDNA
cleaned for qPCR II (AG111728, Accurate Bio-
technology). PCR experiments were performed in a
PCR thermal cycler (Bio-Rad). GAPDH served as the
internal control. Primer sequences are listed in
Supporting Information: Table 2.

2.8 | Immunofluorescence
Immunofluorescence assays of the purified peripheral
y3T cells were carried out by Biossci Company. Blocking
was performed in Tris-buffered saline (Beyotime) with
10% normal serum (Biological Industries) and 0.1%
Triton X-100 (Beyotime). The 1:50 diluted rabbit anti-
human CD206 antibody (Abcam) and the 1:400 diluted
donkey anti-rabbit secondary antibody (Life Technolo-
gies) were used for the immunofluorescence assay. DAPI
dye (Gibco) was used at room temperature for 20 min at a
1:500 dilution to identify the nucleus. The images were
aquired on an Olympus BX53 microscope.

2.9 | Statistical analysis

A Kolmogorov-Smirnov test was used to test for
Gaussian distribution, followed by parametric or non-
parametric tests. The parametric test (unpaired t-test)
was utilized to compare two groups with normal
distributions. The Mann-Whitney U test was employed
to compare two groups with non-parametric distribu-
tions. The control group (untreated) and each of the
hCG-exposed groups were compared using ANOVA with
Dunnett's multiple comparison test. Differences were
considered significant when the p value < .05.
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3 | RESULTS

3.1 | The percentages of peripheral
CD69" and IL-10" y8T cells were increased
during early pregnancy

To investigate the potential changes in the immuno-
modulatory functions of peripheral y8T cells during
early pregnancy, we compared the proportion, activa-
tion, and cytokine production of y8T cells between
healthy nonpregnant (median age, 26.8 years; range,
22-32 years; N=12) women and early pregnant
women (median age, 28.1 years; range, 22-34 years;
gestational age, 7-10 weeks; N =15). Gating strategies
based on the published literature for the y8T cell were
shown in Figure 1 and Supporting Information:
Figure 1.*° Despite the absence of a statistically
significant distinction in the proportion of ydT cells
between the nonpregnant and early pregnant cohorts,
the early pregnant individuals exhibited a tendency
towards a higher frequency of y8T cells (4.33% + 0.55%)
compared to the nonpregnant individuals
(3.15% + 0.42%) (Figure 2A). Moreover, the peripheral
y8T cells of early pregnant women showed a

Open Access,

significantly elevated level of the early activation
marker, CD69 (nonpregnancy: 1.73% + 0.38% vs. early
pregnancy: 10.06% + 1.37%). There was no significant
difference observed in the expression level of NKG2D,
a surface receptor crucial for the activation of NXK cells,
CDS8™T cells, and y8T cells,*® between the two groups
(nonpregnancy: 70.05% +4.20% vs. early pregnancy:
65.64% +2.01% in) (Figure 2B,C). Compared with
nonpregnant women, women in early pregnancy
showed an enhanced ratio of IL-10"y8T cells, which
may contribute to the maintenance of immune toler-
ance (non-pregnancy: 2.59% +0.58% vs. early preg-
nancy: 4.31% + 0.54%). However, there were no signifi-
cant differences in the expressions of certain pro-
inflammatory cytokines between the two groups,
including TNF-a (nonpregnancy: 59.73% + 6.47% Vs.
early pregnancy: 59.80% +2.86%), IFN-y (nonpreg-
nancy: 61.49% +4.47% vs. early pregnancy:
58.34% + 3.54%), and IL-17A  (nonpregnancy:
4.37% +1.90% vs. early pregnancy: 2.80% % 0.33%)
(Figure 2D-G and Supporting Information: Figure 2).
These results demonstrate that ydT cells are activated
and secrete more IL-10 during early pregnancy, playing
roles in the induction of immunological tolerance.

Gating strategies

yoT cells in PBMCs
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FIGURE 2 The changes in the characteristics of peripheral y8T cells in early pregnancy. (A) The ratios of peripheral y8T cells in the
CD3™T cell population in nonpregnant and early pregnant groups were determined by flow cytometry assays. (B, C) The frequencies of
peripheral CD69*yST cells and NKG2D*yST cells in nonpregnant and early pregnant groups were determined by flow cytometry assays.
(D-G) The cytokine productions of peripheral y8T cells in nonpregnant and early pregnant groups were determined by flow cytometry
assays. N =12 for nonpregnant women and N = 15 for pregnant women in early pregnancy. ****p <.0001 and *p < .05. Error bars indicate
mean + SEM. A Kolmogorov-Smirnov test was used to test for Gaussian distribution, followed by parametric or non-parametric tests.
Two-tailed p values were determined using Student's t-test (ratios of peripheral NKG2D*y8T cells, IFN-y*y8T cells, and IL-10*y8T cells) or
Mann-Whitney test (ratios of peripheral y8T cells, CD69y8T cells, TNF-a*y3T cells, and IL-17A*y8T cells).
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3.2 | The potential absence of
substantial direct impacts of hCG on
purified peripheral y8T cells

To explore whether above changes in immune functions
of peripheral y8T cells are associated with the increasing
release of hCG in the peripheral circulation during early
pregnancy, we assessed the expressions of receptors for
hCG (LH/hCG or mannose) in y3T cells. We purified y8T
cells from the PBMCs of four nonpregnant women via
magnetic bead sorting. Then, the RNA was extracted
from these highly purified y3T cells and PCR experi-
ments were applied using primers specific for LH/hCG
receptor and mannose receptor (MR) mRNA. The results
showed that MR mRNA was detected in all samples of
purified peripheral y3T cells while these samples did not
exhibit measurable LH/hCG receptor expression
(Figure 3A). We also examined the expression of MR
protein (CD206) in y8T cells using a flow cytometry assay
with a specific anti-CD206 antibody. According to the
previous method for the measurement of CD206 in uNK
cells, cells were fixed and permeabilized before immu-
nostaining for CD206 since it is internalized following
binding to carbohydrates.*” The results showed that only
approximately 1%-10% of peripheral y8T cells stained
positive for CD206 (Figure 3B). Further immuno-
fluorescence assay also suggested that a fraction of
purified 3T cells significantly expressed mannose
receptors (Figure 3C). Next, the purified y8T cells
(1x10° cells/mL) obtained from nonpregnant women
(N =5) were cultured in the absence or presence of early
pregnancy-relevant hCG concentrations (0, 25, 50, 100,
and 200 IU/mL) at 37°C for 48 h. However, we found that
the direct treatment of purified y3T cells with above hCG
concentrations may have no significant effects on their
Ki-67, CD69, and IL-10 expression levels (%) (Figure 4).
These results demonstrate that hCG do not exert a direct
effect on the Ki-67, CD69, and IL-10 expressions in
peripheral y3T cells under the experimental conditions
we used, which might be attributed to the relatively
limited expressions of mannose receptors (CD206) in y8T
cells.

3.3 | The impact of hCG on peripheral
Y8T cells is mediated through the
regulation of the immune
microenvironment

Although we suggested the lack of direct effects of hCG
on peripheral y3T cells, whether hCG could indirectly
impact y8T cells via the immune microenvironment is
worth further exploration. To address this question,

Open Access,

PBMCs (5% 10° cells/mL) obtained from nonpregnant
women were cultured in 24-well flat-bottom plates in the
absence or presence of the same concentrations of hCG
(0, 25, 50, 100, and 200IU/mL) at 37°C for 48 h. We
evaluated the percentage of peripheral y8T cells in the
CD3™T cell population and ratios of Ki-67"y8T cells,
CD69™Y8T cells, and IL-10*y8T cells in the total y8T cell
population. After 48 h of coculture, the proportions of
y8T cells in CD3*T cells were still not significantly
altered (Figure 5A). However, the addition of 50 IU/mL
hCG may result in a significant increase in the
proliferation potential of y8T cells based on the enhanced
expression of Ki-67, whereas higher doses (100 and
200 IU/mL) did not seem to have similar obvious effects
(Figure 5B). In addition, hCG treatment led to an
increase in the frequency of CD69yST cells in a
concentration-dependent manner (Figure 5C). Signifi-
cant increases were also observed in IL-10"y8T cells in
response to the treatments with 25 and 50 IU/mL hCG
(Figure 5D). These data suggest that increased hCG
concentration during early pregnancy may indirectly
cause the activation, proliferation, and increased IL-10
secretion of peripheral y8T cells by changing immune
microenvironment (Figure 5E).

4 | DISCUSSION

Y8T cells were shown to be able to secrete a variety of
anti-inflammatory cytokines, including TGF-8, IL-10,
and IL-4, in early pregnancy, facilitating the establish-
ment of an immunotolerance microenvironment.>**’
hCG is one of the earliest proteins secreted by fetal
trophoblasts and the importance of hCG in pregnancy is
well established.”®?° In this study, we have provided
evidence indicating that hCG has the potential to
indirectly enhance the expression levels of CD69 and
IL-10 in peripheral y8T cells across various concentra-
tions. This phenomenon may contribute to the establish-
ment of an immunologically tolerant environment.

It has been previously shown that certain functions
and phenotypes of immune cells, such as NK cells and
Treg cells, were altered in early pregnancy.’*>** In this
study, we observed peripheral y8T cells underwent
dynamic changes in immune functional characteristics
in early pregnancy, such as the increased CD69 and IL-10
expressions, which were consistent with the data of Olga
Nagaeva et al.’ Previous studies have proven that hCG
can act on its receptors and activate intracellular path-
ways.>> Thus, we proceeded to investigate the impact of
increased serum hCG levels during early pregnancy on
the immune function of peripheral y3T cells. Specifically,
we assessed the expression levels of hCG receptors,
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namely the LH/hCG receptor and mannose receptor hCG receptor in uterine NK cells.”* Next, an unforeseen
(CD206), in y8T cells. The expression of mannose outcome emerged, as the administration of hCG did not
receptor was observed in purified y8T cells, whereas  yield any noteworthy impacts on the purified ydT cells
the expression of LH/hCG receptor was not detected. obtained from nonpregnant women using the coculture
This finding closely resembled the expression pattern for ~ technique outlined in our study. We hypothesized that
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this phenomenon may be attributed to the limited
expressions of mannose receptors in y8T cells, resulting
in the feeble interactions. Notably, studies performed on
cell culture models may be influenced by culture condi-
tions.** It was important to acknowledge that our purified
y8T cells were subjected to a specific coculture condi-
tion (1640RPIM + 10% FBS + 500 IU/mL IL-2+ hCG). It
remained uncertain whether altering the culture condi-
tions, such as pre-stimulating the cells with anti-CD3/
CD28 or extending the co-culture period, could potentially
influence the outcomes.

The role of the immune microenvironment in the
control of functions of immune cells has been demon-
strated, suggesting that the outcome of the immune
response is not completely determined by antigen-
immune cell interactions.>>*® Thus, we cocultured
PBMCs isolated from nonpregnant women with early
pregnancy revenant hCG concentrations. Interestingly,
in the context of the immune microenvironment, despite
a nonsignificant alteration in the total peripheral y8T cell
percentage was still observed, the percentage of periph-
eral Ki-67"y3T cells was increased at a concentration of
50 IU/mL hCG. The ratio of peripheral CD69%y8T cells
was enhanced and appeared to be dose dependent.
Significant increases in IL-10 productions in y8T cells
were also observed at concentrations of 25 and 50 IU/mL
hCG. Nan Yu et al. have proposed that hCG could

promote trophoblast invasion by stimulating the cytokine
secretion of human PBMCs.?” Overall, we hypothesized
that hCG may induce the proliferation and activation of
peripheral y8T cells by altering the immune micro-
environment during early pregnancy.

There are still several limitations of our study. First,
we only explored the effects of hCG on peripheral y8T
cells, and our results may not represent the situation at
the maternal-fetal interface due to the obvious differ-
ences between peripheral y8T cells and tissue resident
y8T cells.®® It is also worth noting that an upsurge occurs
in the serum hCG soon after fertilization, peaks at 8-10
gestational weeks, and then continues to decline.** Such
a dynamic change in the serum hCG concentration may
have different effects on the immune function of
peripheral y8T cells. The effects of different pregnancy-
related hCG concentrations at the different points of
pregnancy (such as <6 weeks and 10-12 weeks gestation)
merit exploration. In addition, the hCG values of patients
with miscarriage usually decrease,” and the comparisons
between normal nonpregnant women, normal pregnant
women, and miscarriage women (related hCG concen-
trations) are also worth studying in the future. We only
proposed certain immune effective functions of periph-
eral y8T cells may be indirectly affected by hCG;
however, it has been reported that y8T cells are capable
of secreting growth factors in early pregnancy, such as
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growth differentiation factor 15 (GDF15) and bone
morphogenetic protein 1 (BMP1).>* Whether hCG can
affect more versatile functions of y8T cells is also worth
investigating.

5 | CONCLUSIONS

Peripheral y8T cells contribute to establishing immune
tolerance via increased IL-10 production in early
pregnancy. Increased hCG concentration in the blood
circulation may not directly affect certain functions of
YST cells because of the low expressions of mannose
receptors in 8T cells. However, the addition of
pregnancy-relevant concentrations of hCG to PBMCs
can indirectly activate peripheral ydT cells to produce
more IL-10, which may be dependent on immune
microenvironment modulation (Figure 5E).
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