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Background: Recurrent spontaneous abortion (RSA), also known as repeated miscarriage, refers to the consecutive loss of preg-
nancy three times or more before the fetus reaches viability. In this study, we aimed to investigate the impact of transforming
growth factor 53 (TGF-53), which plays a crucial role in immune dysregulation, on the imbalance of regulatory T cell (Treg) and
T helper 17 (Th17) cells.

Methods: First, we isolated T cells from an RSA mouse model we established in-house. Tregs and Th17 cells were labeled by
targeting forkhead box protein P3 (Foxp3) and retinoic-acid-receptor-yt (ROR~t), respectively, and the levels of Tregs and Th17
were determined by flow cytometry. The expression levels of Foxp3, ROR~t, TGF-33, interleukin (IL)-10, and TL-17 in T cells
were measured by means of reverse-transcription quantitative polymerase chain reaction (QRT-PCR) and Western blotting. The
levels of interferon-y (IFN-v), granulocyte-macrophage colony-stimulating factor (GM-CSF), and IL-4 in mouse serum were
quantified using enzyme-linked immunosorbent assay (ELISA). si-TGF-33 was transfected into RSA mice, and the expression
levels of IL-17 and CD2S5 were determined by flow cytometry, during which T cells were labeled with antibodies against IL-17 and
CD25, respectively. Additionally, si-TGF-33 or TGF-/33 interference therapy was administered to RSA mice, and the expression
levels of IL-1, tumor necrosis factor-a (TNF-a), IL-6, IFN-v, GM-CSF, and IL-4 in mouse serum were measured using ELISA.
Results: In the RSA model, there was a significant decrease in the percentage of Treg cells, alongside an elevation of TGF-83
mRNA (p < 0.05). The percentage of Th17 cells in RSA mice significantly increased and correlated positively with TGF-33
levels. In RSA, the levels of pro-inflammatory cytokines IL-13, TNF-«, IL-6, IFN-v, and GM-CSF increased, while those of anti-
inflammatory cytokine IL-4 decreased (p < 0.05). Transfection of si-TGF-/33 into RSA mice reduced the percentage of Th17 cells
and increased the percentage of Tregs and Treg/Th17 (p < 0.05). Increased levels of Th17-related markers and reduced levels of
Tregs-related markers occurred following the administration of TGF-33 to RSA mice (p < 0.05). Transfection of si-TGF-433 into
RSA mice also resulted in a decrease in pro-inflammatory cytokines and an increase in anti-inflammatory cytokines (p < 0.05),
while TGF-53 administration reversed these changes in RSA mice, indicating the role of TGF-33 in modulating the inflammatory
response during RSA.

Conclusions: Knockdown of TGF-33 enhanced Treg/Th17 balance in RSA, suggesting TGF-33 as a potential therapeutic target
for RSA.
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Introduction tion of regulatory T cell (Treg) and T helper 17 (Th17)
cell populations, along with aberrant cytokine profiles, con-
tributes to maternal-fetal immune tolerance breakdown,
leading to recurrent pregnancy loss [8]. Other well-known
pathogenic factors include infections such as syphilis, as
well as chronic diseases such as diabetes and autoimmune

disorders. Nevertheless, the etiology of more than half of

Recurrent spontaneous abortion (RSA) is a complex,
multifactorial pathological process mediated by a variety
of cell types at the maternal-fetal interface [1-3]. RSA oc-
curs in 15% to 25% of all clinical pregnancies, and the inci-

dence could be extrapolated to 57% if preclinical losses are
taken into account [4,5]. Common risk factors for RSA in-
clude advanced maternal age, fetal chromosomal abnormal-
ities, alcohol usage, smoking, and so on [5,6]. Immunolog-
ical mechanisms, particularly those involving alterations in
maternal immune tolerance towards the fetus, have gained
considerable attention in RSA research [7]. Dysregula-

RSA patients remains unknown [7].

Immunological tolerance between mother and fetus
built upon by immune T cells is essential for the estab-
lishment and maintenance of normal pregnancy, which is
comparable to an effective semi-allotransplantation. T cells
have a significant regulatory role within this immune net-
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work. The pro-inflammatory or anti-inflammatory char-
acter of certain cell subsets is a key factor in fetal des-
tiny determination [9]. Central to the inflammatory pro-
cess are CD4™1 T cells, which include Th1 cells, Th2 cells,
Treg cells, and Th17 cells [10]. Th2-dominant immunity
was previously thought to be linked to a successful preg-
nancy, and a Th1/Th2 cell imbalance is regarded as the
contributing factor to unplanned abortion [11]. In partic-
ular, it has been postulated that the outcomes of early and
late pregnancy are reliant on the equilibrium between Treg
cells and Th17 cells [12,13]. Tregs are crucial for main-
taining maternal-fetal immune tolerance by suppressing im-
mune responses against the fetus [14]. Conversely, Th17
cells, known for their pro-inflammatory properties, are im-
plicated in inflammatory processes and autoimmune condi-
tions. The balance between Tregs and Th17 cells is essen-
tial for successful pregnancy outcomes, and disruptions in
this balance have been associated with pregnancy compli-
cations, including RSA [15].

The opposite effects on inflammation are experienced
by Tregs and Th17 cells, although having the identical ori-
gin. The main functions of Tregs are to preserve immuno-
logical self-tolerance and prevent autoimmune illness [16],
thereby contributing to hampering autoimmune disease de-
velopment as well as anticancer responses [17,18]. Tregs
exhibit the forkhead box protein P3 (Foxp3) and produce
interleukin (IL)-10, IL-35, and transforming growth factor
beta (TGF-3), which contribute to their immunosuppres-
sive functions [19]. The success of pregnancies has also
been shown to depend on Th17 cells, which take part in in-
flammatory responses [10]. In order to effectively stimulate
retinoic-acid-receptor-yt (ROR~t) as well as IL-17 produc-
tion, the Th17 differentiation needs pro-inflammatory cy-
tokines such as IL-6 and TGF-g [20].

TGF-pf is a pleotropic cytokine involved in many bio-
logical processes. In vivo research has been performed re-
lating transforming growth factor 53 (TGF-33), one of the
three TGF isomers, to development [21], but the implica-
tion of TGF-53 in the immune system has rarely been re-
ported. However, recent evidence from a murine study ad-
vocates the significance of TGF-33 in influencing the im-
mune system. For example, the characteristics of Th17 cells
produced in the presence of TGF-33 differ from those pro-
duced in the presence of TGF-£1 [22]. In addition, TGF-
B3 is also generated by CD4™ CD25~ LAG3™ Tregs, and
early growth response protein-2 and lymphocyte-activation
gene 3 (LAG3) proteins are markers of Tregs that produce
IL-10 [23,24]. TGF-33 has garnered attention for its regu-
latory role in maternal-fetal immune tolerance. It has been
shown to promote Treg differentiation and function while
inhibiting Th17 cell differentiation and pro-inflammatory
cytokine production [25]. A prior study has indicated that
dysregulation of TGF-$3 signaling is implicated in various
pregnancy disorders, including RSA [26]. Thus, targeting
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TGF-3 signaling pathways presents a promising approach
for mitigating immune dysregulation and improving preg-
nancy outcomes in RSA.

Recent research has shown that maintaining a balance
between Tregs and Th17 cells is essential for ensuring a
healthy pregnancy, while RSA, pre-eclampsia, and gesta-
tional diabetes mellitus have all been linked to alterations in
the Treg/Th17 ratio in favor of Th17 cells [27-29]. Despite
advances in understanding the immunological mechanisms
underlying RSA, there remains a gap in elucidating the pre-
cise role of TGF-33 in modulating Treg/Th17 cell balance
and its therapeutic potential in RSA management. There-
fore, the objectives of this study are to investigate the effects
of TGF-/33 silencing on Treg/Th17 cell balance and inflam-
matory responses in a mouse model of RSA. Elucidation of
the molecular pathways could provide insights into novel
therapeutic strategies for mitigating inflammation and pre-
venting recurrent pregnancy loss.

Materials and Methods

Enzyme-Linked Immunosorbent Assay (ELISA)

The expression levels of these cytokines in serum were
measured with IL-1/5 (ml098416), TNF-« (m1002095), IL-
6 (ML063159), IFN-vy (ml002277), GMCSF (ml037645)
and IL-4 (ml064310) ELISA kits. All ELISA kits were pur-
chased from Shanghai Enzyme-linked Biotechnology Co.,
Ltd. (Shanghai, China). OD values were analyzed by
enzyme-labeled instrument (Multiskan FC, Thermo Fisher
Scientific, Waltham, MA, USA).

Western Blotting

Western blotting was performed in accordance with
standard procedures. Cells (1 x 10° cells/mL) were
treated as directed, washed with PBS, and then lysed with
RIPA buffer (Thermo Fisher Scientific, 87787, Waltham,
MA, USA) supplemented with a cocktail of protease in-
hibitors and phosphatase inhibitors (Thermo Fisher Sci-
entific, 78420, Waltham, MA, USA). After centrifuga-
tion at 12,000 xg for 15 min at 4 °C, the protein con-
centration of the lysates was assessed using a BCA as-
say (Beyotime, P0010, Shanghai, China). The proteins
were then electrophoresed via sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) on a 10—
12% gel. The separated protein bands were subse-
quently transferred from the gel to a polyvinylidene diflu-
oride (PVDF) membrane (Merck Millipore, GVWP02500,
Darmstadt, Germany). After blocking with 5% skim milk
for 2 h, the primary antibody was to the membrane for in-
cubation at 4 °C overnight. The primary antibodies uti-
lized in this experiment include TGF-53 (1:1000; Sigma-
Aldrich, SAB2103852, St. Louis, MO, USA), Foxp3
antibody (1:1000; Sigma-Aldrich, ABE75, St. Louis,
MO, USA), ROR~t (1:1000; Thermo Fisher Scientific,
PA5-23148, Waltham, MA, USA), and glyceraldehyde
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3-phosphate dehydrogenase (GAPDH) (1:1000, Sigma-
Aldrich, G5262, St. Louis, MO, USA). ECL Kit (BioRad,
171-3064, Helsinger, CA, USA) was used for chemilumi-
nescence signal detection after incubating the membrane
with horseradish peroxidase-labeled secondary antibodies
(1:1000, ab6721, Abcam, Cambridge, MA, USA).

Isolation and Purity of Naive CD4" T Cells

Subsets of T cells were extracted from the spleen and
para-aortic lymph nodes of mice under normal pregnancy
or RSA mice. Mouse CD4* T Cell Isolation Kit (B90001,
Selleck, Shanghai, China) was used to isolate mouse CD4+
naive T cells. Every procedure was completed in a sterile
setting and in compliance with the manufacturer’s guide-
lines. According to flow cytometric results, over 93% of
naive CD4™ T cells were pure in isolated cell suspensions.
The mycoplasma detection results for all cell cultures tested
in this study were negative. All cells involved in this study
have undergone morphological identification and surface
marker identification. For the identification results, please
refer to Supplementary Fig. 1 (The purity of naive CD4 ™"
T cells was 98.6%).

Cell Culture

The cells used in this study were cultured in DMEM
medium supplemented with 10% fetal bovine serum and 1%
penicillin-streptomycin. Cultures were maintained in a 37
°C, 5% CO, humidified incubator. The medium was pe-
riodically refreshed to ensure a continuous nutrient supply
for robust cell growth. Passaging was performed when cell
confluence reached 80% to prevent overgrowth.

Cell Transfection

Both sets of small interfering RNA, si-TGF-
B3 and negative control (si-NC) were acquired
from GenePharma (Shanghai, China). si-NC: 5'-

TTCTCCGAACGTGTCACGT-3";  si-TGF-p33: 5'-
CGGUGCUUGGACUAUACAATT-3". CD4" T cells
isolated from RSA mice were transfected with si-TGF-33.
Transfection of si-TGF-33 and si-NC was performed
according to the manufacturer’s instructions. The trans-
fection mixture containing siRNA and transfection reagent
was added to the cultured CD4™ T cells, followed by an
incubation period to ensure efficient uptake of siRNA by
the cells.

Total RNA Extraction and RT-PCR Assays

Using an RT-PCR reverse transcription Kit (KR103,
TIANGEN, Beijing, China), cDNA was produced from 1
pg of total RNA. Using the One Step qRT-PCR Kit (Invitro-
gen, 11736051, Carlsbad, CA, USA) in accordance with the
manufacturer’s instructions, reverse-transcription quantita-
tive polymerase chain reaction (QRT-PCR) was carried out
to detect the expression of TGF-33, Foxp3, ROR~t, IL-10,
IL-17, and GAPDH. The changes of ploidy at the gene level

were measured by the 2724C¢T method, with GAPDH as
the normalization gene. The sequences of the primers used
in this experiment are as follows:

TGF-43, F: 5-CCTGGCCCTGCTGAACTTG-3', R:
5'-TTGATGTGGCCGAAGTCCAAC-3’; Foxp3, F: 5'-C
CCTGACCAAGGCTTCATCTG-3/, R: 5-GGAGCAAC
TCTGGGAATGTG-3'; RORAt, F: 5'-CTGGAAGTGGT
GCTGGTT-3’, R: 5-CGGAGAAGTCAAAGATGGAG-3
', IL-10, F: 5-GGAGAACCTGAAGACCCT-3/,R: 5'-TG
ATGAAGATGTCAAACTCACT-3’;1L-17,F: 5-TGTCA
CTGCTACTGCTGCT-3, R: 5'-GGTTATGGATGTTCA
GGTTG-3'; GAPDH, F: 5-GGACCTGACCTGCCGTCT
AG-3,R: 5-GTAGCCCAGGATGCCCTTGA-3'.

Animal Experiments

Male and female mice with the designations CBA/J
and DBA/2 were acquired from Wuhan Yunclone Tech-
nology Co., Ltd. in China (Certificate No. SN0174553).
The mice were domesticated in an environment with con-
trolled humidity (50 4 5%) and temperature (25 + 2 °C),
and given food and water access ad libitum. We found that
crossbreeding the CBA/J (female) DBA/2 mice (male) is
more likely to create progenies that are RSA-inducible. The
lentiviral transfection complex (si-NC or si-TGF-33) was
transfected into CD4™ T cells extracted from the mouse
tissues. The viral library was transduced into mice via in-
traperitoneal injection. The mating of CBA/J (male) and
DBA/2 mice (female) also produced an animal model of
RSA [30]. Only female and male mice aged 10 weeks,
which had reached sexual maturity, were selected for mat-
ing; the mating procedure was conducted by confining a
male mouse and a female mouse in a cage. In this exper-
iment, we regarded the presence of vaginal suppositories
or sperm on vaginal smears the next morning after the sup-
posed mating as the first day of pregnancy during the obser-
vation period of 60 days. After 60 days of gestation, blood
was collected, followed by intraperitoneal injection of pen-
tobarbital sodium (3 mg/mL) (110 mg/kg) for euthanasia,
and hysterectomy. The serum was then extracted and stored
at —20 °C for further use. Obtain mouse placental tissue for
relevant experiments. This study has been approved by the
Experimental Animal Ethics Committee of the First Hos-
pital of Hunan University of Chinese Medicine (Approval
No: ZYFY-20230319-003).

Flow Cytometry

After performing cell lysis, the lysate (R0010, Solar-
bio, Beijing, China) was mixed with an appropriate con-
centration of fluorescently labeled antibodies, such as CD4
(1:1000, ab133616, Abcam, Cambridge, MA, USA) and
CD25 (1:1000, ab314083, Abcam, Cambridge, MA, USA).
The mixture was incubated at room temperature for 30 min-
utes to allow the antibodies to bind to the corresponding
antigens on the cell surface.
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Next, the resulting samples were fixed and permeabi-
lized as necessary according to experimental requirements
to allow the detection of intracellular markers. An ap-
propriate concentration of fluorescently labeled antibodies,
such as Foxp3 (1:1000, ab20034, Abcam, Cambridge, MA,
USA), ROR~t (1:1000, ab280197, Abcam, Cambridge,
MA, USA), IL-17 (1:1000, ab125029, Abcam, Cambridge,
MA, USA), and IL-25 (1:1000, ab180594, Abcam, Cam-
bridge, MA, USA) was then added to the fixed and perme-
abilized lysate. The mixture was incubated at 4 °C for 1
hour to facilitate binding of the antibodies to their respec-
tive intracellular antigens. After incubation, the lysate was
washed to remove unbound antibodies. The samples were
subsequently analyzed using a flow cytometer (CytoFLEX,
Beckman Coulter, Fullerton, CA, USA) [31].

Statistical Analyses

The results are expressed as mean + standard devi-
ation. GraphPad Prism software version 8.0 (GraphPad
Inc., San Diego, CA, USA, https://www.graphpad-prism.c
n/) was employed for statistical analyses. Multiple group
comparisons were conducted using ANOVA, followed by
Bonferroni’s post hoc test, with & = 0.05. Comparisons be-
tween two groups were analyzed using an independent sam-
ple #-test. Spearman’s correlation analysis was performed
to examine the association between Treg/Th17 and TGF-

53.
Results

TGF-B3 was Increased while the Treg/Th17 Ratio
was Decreased in the RSA Mouse Model

The Th17 master regulator ROR~t can be directly in-
fluenced by Foxp3 and become antagonistic in action [32—
34]. In RSA, the percentage of Tregs became dramati-
cally lower (p < 0.05) (Fig. 1A,C), along with a signifi-
cant increase in 7GF-33 mRNA levels (p < 0.05, R = —
0.698; Fig. 1E). Meanwhile, the percentage of Th17 cells
was significantly increased in RSA (p < 0.05) (Fig. 1B,C),
positively correlating with TGF-33 levels (p < 0.05, R =
0.6138; Fig. 1E). Additionally, according to the results of
Western blotting and qRT-PCR, compared to the normal
pregnancy (NP) group, the mRNA and protein levels of
TGF-/33 and ROR~t were significantly elevated in the RSA
group, while the mRNA and protein levels of Foxp3 were
significantly decreased (p < 0.05) (Fig. 1D,E). Moreover,
the results shown in Fig. 1F,G demonstrate that the ratio of
Foxp3/ROR~t mRNA and protein levels was significantly
reduced in the RSA group (p < 0.05) (Fig. 1F,G). RSA mice
also had a noticeably reduced Treg/Th17 ratio (p < 0.05),
and TGF-33 levels were adversely linked with this ratio (p
< 0.05, R =-0.6968; Fig. 1F,G).
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Inflammatory Response was Augmented in Mouse
Model of RSA

Fig. 2 demonstrates that compared to the NP group,
the RSA group experienced an increase in levels of
pro-inflammatory cytokines such as IL-1/3, tumor necro-
sis factor-a (TNF-a), IL-6, interferon-y (IFN-v), and
granulocyte-macrophage colony-stimulating factor (GM-
CSF) and a reduction in the level of IL-4, an anti-
inflammatory cytokine (p < 0.05), collectively pointing to
the augmented inflammatory response in RSA.

TGF-j33 Silencing Restored the Normal Treg/Thl7
Ratio in RSA Mouse Model

TGF-p3 was downregulated in the placenta of si-
TGF-f33-transfected RSA mice, as compared to si-NC-
transfected RSA mice (Fig. 3A; p < 0.05), indicating the
successful silencing of TGF-33. Additionally, the CD4*
CD25" CDI127~ cells were classified as Tregs, and the
CD47 IL-177 cells were categorized as Th17 cells. We
found that the Th17 percentage was decreased (Fig. 3B,C;
p < 0.05) while the Tregs percentage and Treg/Th17 ra-
tio were increased (Fig. 3D-F; p < 0.05) in si-TGF-/33-
transfected RSA mice compared to their si-NC-transfected
counterparts. Considering that the TGF-533 level was in-
creased on top of the changes to the above-mentioned
parameters in RSA, we concluded that the TGF-33 pos-
itively regulated Th17 while negatively regulated Tregs
and Treg/Th17 in RSA, correcting the imbalance in the
Treg/Th17 ratio. To further understand the regulatory role
of TGF-33 in Tregs and Th17 cells, we administered TGF-
£33 to RSA mice, and consequently, the mice exhibited in-
creased expression of Thl7-related ROR~t and IL-17 and
reduced expression of Treg-related Foxp3 and IL-10, as
compared to RSA mice that were not given the same TGF-
B3 treatment (Fig. 3G; p < 0.05). These results proved that
the decreased Treg/Th17 ratio was related to the increased
TGF-/33, and mechanistically speaking, TGF-33 silencing
could restore the normal Treg/Th17 ratio.

TGF-j33 Silencing Suppressed Inflammatory
Response in RSA Mouse Model

Fig. 4 demonstrates that the levels of pro-
inflammatory cytokines such as IL-18, TNF-a, IL-6,
IFN-y, and GM-CSF were decreased while the level
of anti-inflammatory cytokine IL-4 was increased in
si-TGF-f3-transfected RSA group compared to their
si-NC-transfected RSA group (p < 0.05). On the contrary,
the levels of IL-13, TNF-a, IL-6, IFN-, and GM-CSF
were increased while the level of IL-4 was decreased
in TGF-g83-treated RSA group compared to RSA mice
that were not treated with TGF-83 (p < 0.05). These
results indicated that during RSA, increased TGF-33 was
involved in the augmentation of inflammatory response
while silencing TGF-33 could suppress the inflammatory
response.
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Identification of CD4+ T Cells

First, we identified the isolated CD4™ T cells mor-
phologically, as shown in Supplementary Fig. 1A. The
morphological identification was accurate. The results in
Supplementary Fig. 1B show the flow cytometry identi-
fication, indicating that CD4™ cells (98.6%) are positively
expressed.

Discussion

The delicate immunological tolerance at the maternal-
fetal interface, which regulates immune activities across the
placenta such as the invasion of maternal tissues by the
allogeneic fetal trophoblasts, as well as the immune pro-
tection against a range of pathogens, is essential for main-
taining a successful pregnancy. Several pregnancy-related
problems, such as RSA, preeclampsia, and fetal intrauterine
growth restriction, are thought to be linked to the disruption
of this immunological balance [35].

TGF-33 is a growth factor autonomously manufac-
tured and released by the developing pathogenic Th17 cells
[22]. The pro-inflammatory properties of TGF-83 may be
mitigated by IL-10, which is produced by LAG3* Treg
since it severely inhibits Th17 growth and function [36].
Here, we intended to investigate how TGF-(33 affects Th17
cells and Tregs during pregnancy. In the in vitro experi-
ments, we studied the effect of TGF-33 on Tregs and Th17

production, as well as Th17 plasticity. We discovered that
the TGF-/33 level was elevated in mice with RSA. Addition-
ally, TGF-33 knockdown was found to further disrupt the
Treg/Th17 imbalance, offering fresh insights into TGF-33
function in RSA.

We also examined the correlation between TGF-33
expression and the proliferative capability of T cells to fur-
ther understand their connection. However, the lack of a
relationship between TGF-33 expression and the Tregs per-
centage most likely suggests that increased TGF-33 expres-
sion inhibits the proliferation of Tregs. Although Tregs pro-
liferation may have a negligible effect on the overall num-
ber of Treg cells in the NP and RSA groups, TGF-33 ex-
pression was inversely correlated with Th17 cell percent-
age in RSA as compared to NP. However, the proportion
of TGF-/33% Th17 cells was positively correlated with the
ability of Th17 cells to proliferate in both NP and RSA set-
tings. Th17 cell proliferation in RSA was weakly inhibited
by lower TGF-33 expression, which, if elevated, increased
the proportion of Th17 cells.

Immune homeostasis is hinged on the balance be-
tween Tregs and Th17 cells [37]. Foxp3 overexpression
in Tregs and ROR~t upregulation in Th17 cells are essen-
tial for the development of Tregs and Th17 cells, respec-
tively [32]. Our findings showed that TGF-33 could in-
fluence the Treg/Th17 imbalance by promoting Th17 cell
differentiation, as opposed to Tregs differentiation, during
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mouse pregnancy. RSA may occur due to TGF-33 path-
way malfunction that upsets the balance between Tregs and
Th17 cells. It has been reported that in an inflammatory
microenvironment, immunosuppressed Foxp3™* Tregs un-
dergo a steady decrease in Foxp3 expression, eventually
transdifferentiating into Th17 cells, which may contribute
to the pathophysiology of illnesses [32,38].

The results of this study indicate an upregulation of
TGF-33 in RSA and its association with the imbalance of
Tregs and Th17 cells. The imbalance of Treg/Th17 caused
by TGF-$3 knockdown sheds light on the potential role of
TGF-(33 as a therapeutic target for RSA, providing an im-
portant theoretical basis for developing treatment strategies
targeting TGF-33. Of note, TGF-/33 plays a crucial role
in the immune system, regulating the function and differ-
entiation of Tregs and Th17 cells. Therefore, by modulat-
ing TGF-(33 levels, it is possible to modulate the balance of
Tregs and Th17 cells, thereby regulating immune responses
and improving the therapeutic outcomes of RSA. Thus, tar-
geting TGF-33 may provide a new direction for personal-
ized treatment strategies. Accordingly, coupled with mea-
suring the TGF-33 levels, formulating individualized treat-

ment plans based on the patient’s immune status and clinical
presentations, it is anticipated to improve treatment efficacy
and reduce the rates of adverse effects. Although further
clinical research is warranted to validate its safety and effi-
cacy, treatment strategies targeting TGF-33 have promising
clinical application prospects. This approach may become
an important component of future RSA treatment, provid-
ing patients with more effective treatment options and im-
proving their quality of life.

Furthermore, RSA mice had a greater proportion of
IL-17% Tregs. Rather than the general Tregs proportion, the
proportion of IL-17" Tregs was favorably correlated with
the proportion of Th17 cells in two groups. These findings
suggested that, particularly in RSA, Tregs may produce IL-
17 under inflammatory conditions, thereby contributing to
the pathophysiology of the disorder by expanding the pool
of Th17 cells.

Our study provides invaluable insights into the role
of TGF-/33 in the imbalance of Tregs and Th17 cells in
RSA. However, it is important to acknowledge several lim-
itations of this study. Firstly, this study utilized an animal
model to unravel the impact of TGF-/33 on the Treg/Th17


https://www.discovmed.com/

284

balance in RSA. While animal studies could provide in-
sightful findings about the relevant underlying biological
mechanisms, we are of the opinion that the differences in
immune responses between humans and mice could limit
the generalizability of the current set of findings to hu-
man populations. Secondly, this study employed a siRNA-
mediated knockdown approach to investigate the effects of
TGF-3 on Treg/Th17 balance in RSA mice. Although
this approach allowed for the assessment of the direct role
of TGF-33, it does not facilitate a full deciphering of the
complex regulatory mechanisms of TGF-83 in RSA. Ad-
ditionally, the transient effects of siRNA-mediated knock-
down may not fully translate to the long-term effects of
TGF-3 modulation in RSA. Thirdly, our study primarily
focused on the Treg/Th17 balance and its modulation by
TGF-33 in RSA but did not explore other potential con-
tributing factors or pathways involved in the pathophysi-
ology of RSA. Thus, further studies are needed to eluci-
date the comprehensive mechanisms underlying RSA, in-
cluding the involvement of additional immune cell subsets,
cytokines, and signaling pathways. Lastly, we investigated
the effects of TGF-3 modulation on the inflammatory re-
sponse in RSA by primarily assessing systemic cytokine
levels in mouse serum, instead of in human specimens. In
view of these shortcomings, further research is warranted
to validate our findings—grounded in the potential thera-
peutic relevance of targeting TGF-43 in RSA through the
restoration of the normal Treg/Th17 balance—in human
studies, in which the aforementioned limitations should be
sufficiently addressed to expand the generalizability of re-
search findings. Future studies could also benefit from ex-
amining tissue-specific immune responses and inflamma-
tory mediators at the maternal-fetal interface to deepen our
understanding of the immunological mechanisms involved
in RSA.

Conclusions

In summary, our findings showed that aberrant TGF-
B3 expression may be linked to Treg/Th17 imbalance in
mice with RSA.
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