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ABSTRACT The researchers aimed to find the mechanism of IL-17-producing T helper (Th17) or Treg imbalance in
recurrent spontaneous abortion (RSA). Peripheral blood was collected from 8 RSA patients and 6 healthy pregnant
women, and peripheral blood mononuclear cells were isolated. Flow cytometry was used to analyse the expression of
Th17 cells, Treg cells and CD154 molecules in lymphocytes. Compared with healthy pregnant women, Th17 cells and
CD154 in peripheral blood mononuclear cells of RSA patients were significantly increased, while Treg cells were
significantly decreased. The up-regulation of CD154 can lead to Th17/Treg imbalance and RSA, and can provide a new

direction for the treatment of RSA.

INTRODUCTION

Recurrent miscarriage (RSA) refersto theloss
of afetusbefore 28 weeks of pregnancy with the
same sexua partner twice or more, and isacom-
mon pregnancy complication in obstetrics and
gynecology. The etiology of RSA is complex,
among which the disorder of the endocrine sys-
temisarisk factor leading to an increased risk of
miscarriage, andinsulinresistance (IR), asanim-
portant component of endocrine abnormalities,
plays a particularly significant role. Any imbal-
ancein maternal immuneresponseleadingtoim-
mune tolerance deficiency may result inthe em-
bryo being attacked by the maternal immune sys-
tem, causing apoptosis of the decidual tissuein-
vaded by trophoblast cells and inhibiting their
invasive ability, thereby triggering miscarriage
events (Atik et al. 2018). Current studies have
found that maternal immune factors (including
autoimmuneand allogenei cimmunity), thrombo-
sis-prone factors (including hereditary and ac-
quired thrombosi s susceptibility), uterine anatom-
ical abnormalitiesand endocrineabnormalitiesare
important causes of RSA (Abdollahi et a. 2015).
Among them, 80 percent of unexplained abor-
tions are closely related to immune factors
(Abdollahi et al. 2015).
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The main cells responsible for maternal fetal
immunetolerancearedecidua immunecellsfrom
themother, natural killer cells (NK) from the uter-
us T cells and macrophages are abundant in the
decidua tissue, playing arolein regulating epi-
thelial embryonic attachment. The deciduatissue
isacrucia component of placental and fetal de-
velopment during early pregnancy andisclosely
related to RSA. Therefore, analyzing and screen-
ing the main genes and key pathways of decidua
tissuein RSA combined with IR patientscan help
identify potential biomarkersand therapeutic tar-
gets. High throughput sequencing, with its ad-
vantages of speed, accuracy, low cost, wide cov-
erage, and high output, hasbecomethe preferred
method for biological process analysisand tran-
scriptomicsresearch. Dueto thelimited availabil-
ity of tissue samplesfrom RSA combined with IR
patients, and the existing limitationsin commonly
used examination methods.

Th17 cells have the ability to induce inflam-
mation and mainly secrete cytokinessuch as|L-
17. Th17/Tregformsagroup of “pro-inflammato-
ry/anti-inflammatory” immunecell pairs, directly
regulating the mechanism of immune response
(Saifi et a. 2014). Therefore, understanding the
role of Th17 and Treg in RSA is crucia for the
treatment of RSA.

According to the cytokines secreted by them,
regulatory T cells (Treg) and Th17 cells, which
play different biological functions (Wang et al.
2020). Among them, Treg comprehensively main-
tainsthe stability of theimmune system in mater-
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nal-foetal immunetolerance (Liu et a. 2020). The
number and function of Tregin normal pregnant
women wereincreased. Thedecreasein thenum-
ber of Treg and dysfunction are related to unex-
plained recurrent spontaneous abortion. Th17
cells are closely related to Treg cells, regulate
and transform each other, organ transplant rejec-
tion and RSA (Wu et al. 2014). RSA is closely
related to the balance of Th17/Treg.

CD154 istheligand of CD40, CD154-CD40
pathway is one of the key pathways required for
the complete activation of T cellsduring alloge-
neic immune response. Cell surface and soluble
CD154weremainly expressed by activated CD4+T
cells(Cron 2003). CD154 blockade can effectively
inhibit primary allogeneic active CD4+T cell re-
sponse (Iwakoshi et al. 2000). In the process of
allogeneic organ transplantation, the lack of
CD154-CD40 costimulation can effectively pre-
vent acute allograft rejection (Shimizu et a. 2000).
Blocking CD154 can prevent atherosclerosisand
atherosclerotic thrombosis (Hassan et al. 2009).
It has been found that CD154-CD40 can regul ate
Tregand Th17 cells(Suet al. 2020a).

Objectives

Theresearchersaimed to find the mechanism
of Th17/Tregimbalancein RSA.

METHODOLOGY
Patient I nfor mation

The study included RSA patients (n = 8) and
control group (n = 6) from October 2022 to Octo-
ber 2023. Exclusion criteriafor RSA patientswere
those with parental and embryonic chromosomal
abnormalities and endocrine factors, femae re-
productive system without deformity or inflam-
mation, prothrombotic state, no autoantibodies
such as antiphospholipid antibody, antinuclear
antibody, anti-DNA antibody, anti-sperm anti-
body and anti-thyroid antibody were found, and
malesemenisnormd. Inclusion criteriawerethose
with previous pregnancy loss that occurred with
the same sex partner, there were two or more
consecutive spontaneous abortions, and the ges-
tational age was less than 10 weeks when they
cameto the hospital. The clinical informationis
showninTablel.
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Table 1: Clinical information

Iteam NC n=6 RSA n=8

Age 33.5+0.55 33.25+1.45

BMI 21.35+£0.718 21.23+£0.775

Number of aortions  0.1667+0.4082 3
within 10 wesks

Flow Cytometry

Peripheral blood samples (10 mL) of all sub-
jectswere collected in the morning. The changes
of Th17, Thland Treg cellswere analysed. CD4-
eHuor (5uL), CD154-eHuor (5uL), CD8-PE(5uL)
and CD25-APC-A (5ulL ) antibodies (Jiangsu Bitai
Biotechnology Co. Ltd., China) were added to
the test tube and incubated at 20 °C for 30 min-
utes. Cellswerewashed with PBS and resuspend-
edinFix or Perm buffer (eBioscience, USA), then
incubated at 4 °C for 30 minutesinthedark. After
washing with aPerm buffer twice, the cellswere
centrifuged and the supernatant was discarded.
According to themanufacturer’sinstructions, I1L-
17-PE (5uL) and Foxp3-PE (5ulL ) antibodieswere
added and incubated at 4 °C in dark for 45 min-
utes for intracellular staining. Isotype controls
were used for each antibody (eBioscience, USA).

Satistical Analysis

All results are expressed as mean + standard
deviation by GraphPad Prism 5 (GraphPad Soft-
warelnc., California, USA). Thetwo groupswere
compared by independent t test. P< 0.05 indicates
statistical significance.

RESULTS

Changesof CD4+ T and CD8+ T in RSA
Patients

Theresearchersisolated PBM C from periph-
eral blood, and thenisolated lymphocytesby flow
sorting (Fig. 1A). In addition, therewas no signif-
icant differencein the proportion of CD4 + T and
CD8+ T inlymphocytes (Fig. 1B).

Th17 CellsChanged in RSA Patients
Theexpressionleve of IL-17inCD4+T cells

in peripheral blood of RSA patients was signifi-
cantly higher than that in the NC group (Fig. 2).
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Fig. 1. The changes of CD4+T and CD8+T in RSA patients. A: Lymphocytes were isolated from PBMC; B:
The proportion of CD4 + T and CD8 + T cells in lymphocytes
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Fig. 2. The expression of IL-17 in peripheral blood CD4+T cells of RSA

CD154 Changed in RSA Patients

CD1%4ismainly expressedinactivated T cells.
The results showed that CD154 was highly ex-
pressedin CD4 T cellsin peripheral blood of RSA

(Fig. ).
Changes of Treg Cellsin Peripheral Blood of
RSA

Therefore, Foxp3 can be used as a marker to
identify Treg cells. CD4+T cellsweredividedinto
threelevelsof CD25+high, CD25low and CD25
negative. The researchers selected CD4+CD25
high cellsfor further detection of FoxP3+ expres-
sion levels. Compared with the NC group, the

expression level of CD25+FoxP3in CD4+T cells
was significantly decreased in peripheral blood
of RSA patients(Fig. 4).

DISCUSS ON

Immune diseases are closely related to unex-
plained RSA (Dimitriadiset al. 2020). The mater-
nal body shows physiological immune tolerance
to embryonic semi-all ogeneic antigens. Oncethe
immune tolerance is unbalanced, it will lead to
spontaneous abortion (Deshmukh and Way 2019).
Revealing the exact mechanism of maternal-foet-
a immunetolerance and finding anew method to
induce immune tolerance are the best ways to
overcomeimmunerejection.
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Fig. 3. The expression of CD154 in CD4+T cells
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Fig. 4. The expression of FoxP3 in peripheral blood CD4+CD25 cells of RSA

At present, the incidence of RSA accounts
for 1 percent to 5 percent of women of childbear-
ing age, which can lead to anxiety, depression,
increased economic burden, and serioudly affect
family and socia stability. With the gradual de-
cline of human fertility, the incidence and treat-
ment of RSA haveattracted much attention (Zhang
etal. 2020). Treg cellsmaintain pregnancy through
strong anti-inflammatory, immune regul ation and
vascular regulation (Tang and Hu 2023).

Resulting isin animbalance of immune status
between the mother and embryo, leading to RSA
(Abdolmohammadi et a. 2019). Thematernd fetal
interface containsvariousimmunerelated factors,
mainly including the CD4+T cell family and its
secreted cytokines. This can cause the maternal
immune systemto reject the embryo, affecting its
development and ultimately resulting in miscar-
riage. The opposite is true for normal pregnant
women (Huang et a. 2023). Studies have shown
that the increase in the abundance of Th17 cells
is not conducive to embryo implantation (Chen
etd. 2021). Theincreaseof Th17 cellscaninduce
the activation of decidual cells and damage the
blood vessels of uterine arteries, leading to em-
bryoabsorption (Traviset d. 2019). Thisstudy found
that theexpression of Th17 cellsin periphera blood
of RSA patientswas sgnificantly increased, while
Treg was significantly decreased.

CD40ismainly expressed by B cells, dendritic
cells, monocytesymacrophages and other immune
cells(Diaz et al. 2021), whileCD154 isonly tran-
siently up-regulated on activated T cells (Howard
andMiller 2001; Ramsey et d. 2023). CD154-CD40
ligands play acentral rolein the development of
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immune response and T cell effector function,
and are essential for maintaining theimmune re-
sponse(Diaz et d. 2021). The CD40-CD154 path-
way isaco-stimulatory pathway that playsarole
in the regulation of Th17/Treg balance (Xu and
Song 2004). For exampl e, cigarette smoke can pro-
mote the differentiation of mouse CD4 + T cells
into Th17 cellsthrough the CD40-CD154 co-stim-
ulatory pathway (Liang et a. 2018). The upregu-
lation of CD40 on dendritic cells is associated
with Th17/Tregimbalancein young peoplewith
chronic periodontitis (Su et a. 2020b). In this
study, theresearchersfound that CD154 wassig-
nificantly up-regulated in CD4+T cells of RSA
patients. Therefore, the researchers specul ate that
theincrease of CD154 in RSA promotes the dif-
ferentiation of Treg cellsinto Thl7, resulting in
the decrease of Treg cells and the increase of
Th17 cells, thuspromoting the occurrence of RSA.

CONCLUSON

CD1%4iscorrelated with USRA. INRSA, the
augmentation of CD154 facilitatesthe differentia-
tion of Treg cellsinto Th17, leading to a reduc-
tionin Treg cells and an increase in Thl7 cells,
thereby promoting the occurrence of RSA. The
findings of this study could offer anovel direction
for thetreatment of RSA.

RECOMMENDATIONS
CD154 might potentially beanovel therapeu-

ticdirection for RSA treatment, offering prospec-
tivetargetsfor futurecdlinical detection and trestment.
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