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1 Introduction

In the mid-20th century, Medawar discovered similarities
between an implanted embryo and an allograft transplant. He
proposed the concept of the semi-allogenic fetus, where the
offspring is hidden from the maternal immune system. Scientists
have been working to understand the relationship between the
maternal immune system and the embryo.

The maternal immune system recognizes the embryo.
Unlike organ transplants, it's beneficial if the fetus's HLA
signature differs from the mother's. The placenta acts as a buffer
zone to prevent the child's antigens from directly contacting the
maternal tissue. The maternal immune system supports
implantation, defends against pathogens, and contributes to the
initiation of labor.

It's important to note that the embryonic or fetal cells
expressing class | and Il HLA molecules are not in direct contact
with maternal tissue. The classical HLA class |1 molecules,
namely HLA-A, HLA-B, and HLA-C, play a pivotal role in the
immune system's ability to discriminate between self and foreign.
However, before the blastocyst implants into the decidua, it forms
an outer layer called trophoblast, which primarily does not prefer
to express classical but non-classical HLA molecules. This
unique characteristic of the trophoblast is a key aspect of the
immune response during pregnancy.

It is often assumed that the non-classical HLA molecules
protect the trophoblast from being attacked. At the same time,
paternal HLA-C, which is the only classical HLA | molecule that



is expressed on the trophoblast, might help recruit and activate
local immune effector cells to promote tissue transformation and
support placentation.

Pregnancy is a dynamic period in which immune reactions
must be tightly orchestrated. While the early decidua is
dominated by innate-like immune cells, adaptive immune
effectors are the most prevalent immune cell population at term.
Gamma/delta T cells, with their duality, appear to be the ideal
mediator in this transition. Furthermore, they are well known to
surveil the tissue integrity of frontiers between the organism and
the environment. Studies reported a higher prevalence (10 % to
30 %) of y3T cells among decidual CD3" cells compared to the
peripheral blood.

Peripheral blood ydT cells comprise 1 - 10 % of circulating
T cells and are mainly V&2*. When circulating through the
intervillous spaces of the placenta, these cells can be in direct
contact with the syncytiotrophoblast (ST). However, as the ST is
void of MHC molecules, interactions between y0T and fetal
tissues via the classical MHC-TCR pathway cannot occur. Yet as
voT cells are not MHC-restricted, they might be capable of
recognizing antigens or communicating with the trophoblast by
facilitating other mechanisms.

Villous and extravillous trophoblast express CD1d,
potentially allowing antigen recognition via the Y3TCR.
However, other signals will determine the crosstalk between yoT
cells and other participants in the microenvironment of the
maternal-fetal interfaces. To date, the expression of essential



receptors targeting the unique HLA-profile of the extravillous
trophoblast (EVT) (e.g., KIR, NKG2A/C or LILR) or other
possible signaling-pathways have not been investigated in
decidual yoT cells. Understanding the expression pattern of these
critical molecules would allow an insight into the interplay
between decidual yoT cells, the EVT, and other immune cells.



2 Aims

To date, basic physiological processes of immunoregulation
during pregnancy are far from understood. We aimed to deepen
the understanding of y3T cells and their role during pregnancy.

Our study was divided into two phases:

l. Investigation of peripheral blood yoT cells during
pregnancy.
a. Determination of the cytotoxic potential of
peripheral blood yoT cells.
b. Analyzing the correlation between the CD56*
phenotype and the measured cytotoxic potential.
1. Investigation of decidual yoT cells during early human
pregnancy
a. Studying the capability to detect the trophoblast’s
unique HLA expression pattern.
b. Exploring potential functions regarding pathogen
clearance and implantation.



3 Materials and Methods

Mononuclear cells were isolated from peripheral blood
samples (PBMC) or decidual samples (DMC). These were either
frozen and later measured by flow cytometry or used for cell (co-
)culture experiments.

In the first phase of our study, we investigated peripheral
blood mononuclear cells from non-pregnant and pregnant women
in the first, second, and third trimester of their pregnancy via flow
cytometry for the following target molecules: TCRyd, CD3, CD4,
CD8, CD56, PD-1, CD107a.

In the second phase of our study, we focused on decidual
mononuclear cells while using peripheral blood mononuclear
cells as controls. Both decidual tissue samples and matched
peripheral blood were obtained from healthy pregnant women
undertaking an elective pregnancy termination during the first
trimester. Here we investigated the following markers via flow
cytometry: Perforin, V62, TCRyd, NKG2C, CD56, Vol, CD69,
NKG2A, CD45, ILT2, KIR2DLA4.

In the case of cell culture experiments of the second phase,
non-touched y8T cells were isolated using the ‘TCRy/8" T cell
Isolation Kit’ (Miltenyi Biotech) according to the manufacturer’s
instructions. Three human choriocarcinoma cell lines (JAr) were
used as model tissues: A standard JAr cell line (HLA class I") and
the two transfectants JArE (HLA-E") and JArGim (HLA-G"). The
freshly isolated non-touched ydT cells were incubated with these
cell lines or purified soluble HLA-E or HLA-G overnight.
Supernatants were analyzed for cytokine secretion (IL-2, IL-4,



IL-10, IL-6, IL-17A, TNF-0, sFas, sFasL, IFN-y, granzyme A,
granzyme B, perforin, granulysin, Angiopoietin-2, BMP-9, EGF,
Endoglin, Endothelin-1, FGF-1, FGF-2, Follistatin, G-CSF, HB-
EGF, HGF, IL-8, Leptin, PLGF, VEGF-A, VEGF-C and VEGF-
D) using bead-based assays.



4 Results
4.1 Phasel
4.1.1 A small subset of y6T cells shows CD56 positivity

We found a small population of CD3" lymphocytes, which
was double-positive for ydTCR and CD56. We determined the
prevalence of CD56" cells within the y3T cell population. CD56*
cells among ydT cells were rare in non-pregnant women and
during the 1% trimester. However, while the rate of CD56* cells
in non-ydT cells significantly declined in the 2nd and 3rd
trimesters, in y3T cells, the percentage of CD56" cells spiked in
the 2" trimester. From there, the rate of CD56* cells decreased
marginally in the 3™ trimester.

412 CD56" y8T cells are predominantly double-negative
for CD4 and CD8

To determine if the expression of CD56 on y3T cells has
an impact on the functional aspects of this cell population, we
analyzed the expression of CD4 and CD8 on CD56" compared to
CD56" yoT cells. Here, we found significant differences in the
prevalence of double negative (CD4/CD8") and CD4" cells
between these two investigated subsets in all groups. The
prevalence of double negative cells was permanently higher in
CD56" v8T cells, while the CD4+ cells showed an inverse
dominance.

Among CD56" y3T cells, the prevalence of CD4" cells
was significantly higher in the 1% and 3" trimester compared to
the 2" trimester and the non-pregnant control group. The



prevalence of CD8" cells was significantly higher among CD56
compared to CD56 y3T cells in non-pregnant samples as well as
in the 1% and 2" trimester of pregnancy. Furthermore, in both y5T
cell subsets, the rate of CD8" cells was significantly lower in the
1% trimester compared to the non-pregnant control.

4.1.3 CD56" yoT cells show a robust cytotoxic potential

The potential for cytotoxic activity of ydT cells was
determined by the surface expression of CD107a upon activation.
Although the rate of CD107a" cells was significantly higher
among CD56" ydT cells compared to the CD56 subset in all
groups, this rate did not alter considerably during pregnancy.
However, the percentage of CD107a* cells among CD56~ y3T
cells was significantly higher in pregnancy compared to the non-
pregnant control.

For a better classification of the cytotoxic potential, we
determined the CD107a-mean fluorescence intensity (MFI) of
CD107a" cells. Here, the MFI of CD107a" cells was significantly
higher in the CD56" y3T subpopulation in all sampled groups. In
CD56" y3T cells, the CD107a-MFI was decreased during
pregnancy compared to non-pregnant control. In pregnancy, the
lowest CD107a-MFI was found in the 1 trimester; from there, it
increased significantly to the 3™ trimester. The MFI of CD56 y3T
cells did not alter during pregnancy.



4.1.4 The rate of PD-1" cells is higher in the CD56* y8T cell
subset

The inhibitory immune checkpoint molecule PD-1 is a
potential regulator of cytotoxic function. To check its potential
implication in the regulation of CD56" y3T cell cytotoxicity, we
measured the surface expression of PD-1 on CD56" or CD56™ y8T
cells. Compared to CD56  ydT cells, PD1" cells were
significantly more common in CD56 y8T cells at all measured
time points. Within the CD56" y3T subset, the prevalence of PD-
1" cells increased significantly in the first trimester and fell back
to non-pregnant-level in the 2" and 3" trimesters. Among CD56
y8T cells, the prevalence of PD-1" cells was significantly higher
in the 1% and 2" trimesters compared to the non-pregnant control.
No significant difference was detected regarding the MFI of PD-
1.

4.1.5 The co-expression of PD-1 and CD107a on y8T cells
correlates with their CD56 expression

For a better understanding of the impact of PD-1 within
the cytotoxic yoT cells, we studied the expression of PD-1 on
CD56*/CD107a" and CD56 /CD107a* y3T cells. Here, compared
to the CD56™ ydT subset, a significantly higher rate of cytotoxic
CD56" y3T cells express PD-1 in the non-pregnant group and the
3rd-trimester pregnancy, whereas in the 1st trimester, we found
the opposite result. The prevalence of PD-1" cells in the cytotoxic
CD56" y8T subset was significantly lower in pregnancy than in
the non-pregnant state. However, during pregnancy, the rate of
PD-1" cells among the cytotoxic CD56" y3T cell subset did not



alter. Interestingly and in opposite to the cytotoxic CD56" y8T
subset, the cytotoxic CD56~ yoT subgroup showed a significant
increase of PD-1* cells in the 1% trimester.

To determine whether PD-1 expression is related to the
intensity of the cytotoxic potential, we finally analyzed the
CD107a-MFI on PD-1" versus PD-1" CD56'/CD107a" and
CD56 /CD107a" y8T cells, respectively. Here, the CD107a-MFI-
value of CD56/CD107a*/PD-1" y3T cells was significantly
higher in all groups compared with the CD56*/CD107a*/PD-1"
population. This correlation of a significantly higher CD107a-
MFI was also significant for CD56 /CD107a*/PD-1* compared
with CD56/CD107a*/PD-1" 8T cells. Here, among the CD56~
/CD107a*/PD-1" cells, the CD107a-MFI was significantly lower
in the 1% trimester compared to all other groups.

4.2 Phase Il

4.2.1 Heterogeneity of peripheral and decidual y8T cells
during early pregnancy

To characterize decidual yoT cells and compare them to
their circulating counterparts, we utilized the downsampling
plugin of FlowJo™ and concatenated previously gated yoT cell
populations from DMCs and PBMCs. The tSNE algorithm
defined separate clusters with minimal overlap assigned to
decidual or peripheral blood ydT cells, respectively.

Due to the biological similarities between NK cells and
voT, we investigated the expression of CD56 on yoT cells. While
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only CD56%™ expression was detectable in peripheral blood y6T
cell clusters, decidual y8T cells exhibited both CD56%™ and
CD5M9ht phenotypes. Nevertheless, CD56* y8T cells are more
prevalent in the decidua than in the periphery.

Classical yoT cell subsets were associated with distinct
clusters. V81" (CD45'TCRy3"V817V627) cells were more
prevalent in the decidua, while V32" (CD45"TCRy3"V31 Va2Y)
cells were more common among circulating yoT cells. However,
double-negative (DN, CD45"TCRy8"V317V382") y8T cells were
the most common in both decidual and peripheral blood.

4.2.2 Decidual ydT subsets express receptors that bind to
HLA-E or HLA-G molecules

Using two flow cytometric panels, we investigated the
prevalence and expression of HLA-E and HLA-G-binding
receptors (NKG2C, NKG2A, and ILT2, KIR2DL4, respectively)
on y3T cell subsets in the decidua and the matched peripheral
blood. To estimate the expression intensity, we compared the
median fluorescence intensity (normalized to the respective
FMO) of all investigated receptors. While decidual DN 3T cells
exhibited relatively high expression levels for all investigated
receptors, decidual &1+ cells showed a more focused expression
of the activating NKG2C and the inhibiting ILT2. In contrast,
decidual V52+ cells expressed significantly more NKG2A on
their cell surface.

The prevalence of NKG2C™ cells was generally higher
among decidual y3T cells. However, this difference reached the
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significance level only in the V82" and DN subsets. Furthermore,
NKG2C positivity was significantly more common in the V51*
subset compared to the V32" subset. Likewise, cells expressing
the inhibitory counterpart NKG2A were more prevalent in the
decidua. While the percentage of NKG2A* V352 cells did not
differ between decidua and peripheral blood, a significantly
higher proportion of DN y3T cells expresses NKG2A and
NKG2C in the decidua.

The inhibitory, HLA-G-binding ILT2 was commonly
expressed by yoT cells independently of their origin. Generally,
ILT2" cells were less prevalent in the V82" subsets. However,
when focusing on the prevalence of ILT2" cells within each y8T
cell subset, significantly fewer decidual DN y3T expressed ILT2
than their peripheral blood counterpart. The HLA-G-binding
KIR2DL4 was expressed by the majority of yoT cells.

4.2.3 Decidual 76T cells secrete trophoblastotropic
cytokines

To determine the functional consequences of the HLA-E
or HLA-G recognition by yoT cells, we incubated purified yoT
cells with soluble HLA-E or -G (sHLA-E/-G). Furthermore, we
utilized human choriocarcinoma cell lines (JAr) transfected with
HLA-E or HLA-G1m to investigate more complex interactions of
membrane-bound HLA-E or -G (mHLA-E/-G).

Vascular transformation by the trophoblast and the local
immune environment is crucial to establishing a healthy placenta
during early pregnancy. Therefore, we analyzed the collected cell
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co-culture supernatants for potential angiogenic cytokines and
growth factors. When comparing peripheral blood to decidual
voT cells without HLA molecules, we found significantly higher
levels of granulocyte colony stimulating factor (G-CSF)
produced by the decidual ones. Furthermore, decidual yoT cells
produced fibroblast growth factor (FGF)-2, whereas no FGF-2
was detected in the wells of peripheral y3T cells. On the other
hand, peripheral blood yoT cells produce small amounts of
epidermal growth factor (EGF), which was not detected in the
wells of decidual samples. While the production of most
measured cytokines was not influenced by the presence or
absence of HLA-E or -G molecules, incubating mHLA-G with
vOT cells, independently from their origin, increased the
measured leptin concentrations. Additionally, we detected
elevated concentrations of follistatin when incubating peripheral
blood yoT cells with mHLA-E.

4.2.4 Decidual yoT cells are potent producers of cytotoxic
mediators

vOT cells act as first responders in the mucosal defense
against pathogens and many frontiers between the body and its
environment. Therefore, we also analyzed the intracellular
perforin expression to determine each yoT cell subset's cytotoxic
potential in the decidua.

Upon interaction with HLA-E or HLA-G, NKG2C, NKG2A,
ILT2, and KIR2DL4 are potential regulators of the cytotoxic
capability of immune cells. Investigating the perforin content of
the different NK receptor-expressing decidual voT cell
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populations, we found that the expression of NKG2C and ILT2
was associated with significantly higher levels of intracellular
perforin in all decidual subsets. The expression of NKG2A,
however, correlated only in the V1+ and DN 3T subset with
higher levels of intracellular perforin. A similar, significant
relation between KIR2DL4 expression and perforin content was
only detectable in the DN y3T cell subset.

To determine if this hypothetical relationship between
cytotoxicity and the expression of HLA class | binding receptors
has functional consequences, we analyzed the secretion of typical
NK cell cytokines and cytotoxicity-related soluble molecules
after exposure to sHLA-E/sHLA-G or mHLA-E/mHLA-G.
However, the measured perforin concentration did not differ
significantly. In addition, we found that decidual yoT cells secrete
excessive amounts of granulysin and high levels of interferon-y
(IFN-y).
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5

Theses

1.

10.

About half of NKT-like (CD3*/CD56") cells express a
voT cell receptor.

The CD56" population of y3T cells expands during the
2nd and 3rd trimesters of pregnancy.

CD56" 3T cells maintain predominantly CD4/CD8 or
CD8" phenotypes during pregnancy.

Peripheral blood CD56" cells represent the cytotoxic
fraction of yOT cells.

Regarding the potential regulation of 3T cells’
cytotoxicity, the prevalence of PD-1* peripheral blood
vOT cells is increased during the first trimester. This trend
is more dominant in more cytotoxic CD56" y3T cells.
Interestingly, in the whole peripheral blood y3T cell
population, cytotoxic potential and PD-1 expression are
not correlated.

V381*, V82*, and DN v3T cells are present in the decidua
during early pregnancy. Previous flow cytometric studies
neglected the largest DN yoT cell population.

All decidual ydT cell subsets harbor cells expressing
receptors for HLA-E or HLA-G.

Decidual y0T cells secrete G-CSF and FGF-2
independently of HLA-E and HLA-G.

The presence of mMHLA-G and ydT cells increases
measured leptin concentrations.
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6 Conclusions

Our research on y0T cells during human pregnancy sheds
light on their role in immune regulation at various maternal-fetal
interfaces. Initially focusing on peripheral blood yoT cells derived
from the three trimesters of healthy human pregnancy, we
described some basic features of the CD56" subset of y3T cells,
their CD4/CD8 phenotype and cytotoxic character. Than we
explored the potential of an interaction with fetal tissue,
particularly the syncytiotrophoblast expressing PD-L1/PD-L2,
which is the natural ligand of PD-1 immune checkpoint molecule.
Although PD-1 expression on y3T cells varied throughout
pregnancy, it could probably control the cytotoxicity of CD56"
vOT cells, but appears to have a minor impact, when looking at
the whole peripheral blood yoT population.

During early pregnancy, yoT cells exhibit diverse functions
and interactions in the decidua. Three major subsets - V31*, V2™,
and DN y3T cells - were identified, where DN y3T cells
potentially representing V83" cells. The decidual ydT cells
express NK receptors and may interact with non-classical HLA
molecules like HLA-E and HLA-G, which could modulate their
function.

Decidual ydT cells might contribute to angiogenic factor
production, aiding trophoblast invasion and nurturing the
placental environment. HLA-G expression correlates with leptin
secretion, suggesting interdependent regulation mechanisms.
Despite intracellular perforin expression, no immediate effects of
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HLA-E or HLA-G were observed, indicating rather potential
long-term consequences.

Overall, yoT cells play crucial roles in immune regulation
and pathogen defense at various stages of pregnancy, interacting
with fetal tissue and responding to environmental cues.
Understanding these interactions provides insights into
pregnancy complications and potential therapeutic targets for
infertility.
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