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We aimed to observe the effects of adipose-derived mesenchymal stem cells (ADSCs) on T helper 17 (Th17)/
regulatory T cells (Treg) and T-box transcription factor (T-bet)/GATA-binding protein 3 (GATA-3) in model
mice with primary immune thrombocytopenia (ITP). 32 BALB/C mice were selected. ADSCs were isola-
ted from 2 mice and cultured. The other 30 mice were randomly divided into the normal control group, the
ITP model control group, and the ITP experimental group. Platelet count (PLT), Th17/Treg cells, related
serum cytokines [interleukin-6 (IL-6), IL-17A, IL-10, and transforming growth factor B1 (TGF-f1)], T-bet
and GATA-3 mRNA levels in peripheral blood mononuclear cells (PBMCs) in the 3 groups were detected.
PLT and Treg in the ITP experimental group were significantly lower than those in the normal control group
(P<0.05), but significantly higher than those in the ITP model control group (P<0.05). Th17 and Th17/Treg
in the ITP experimental group were significantly higher than those in the normal control group (P<0.05), but
significantly lower than those in the ITP model control group (P<0.05). Serum IL-6 and IL-17A levels, and
T-bet mRNA level in the ITP experimental group were significantly higher than those in the normal control
group (P<0.05), but significantly lower than those in the ITP model control group (P<0.05). Serum IL-10 and
TGEF-p levels, and GATA-3 mRNA level in the ITP experimental group were significantly lower than those
in the normal control group (P<0.05), but significantly higher than those in the ITP model control group
(P<0.05). ADSCs can effectively regulate Th17/Treg balance and improve T-bet/GATA-3 mRNA expression

levels in ITP model mice.
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1. Introduction

Primary immune thrombocytopenia (ITP) is a blood
disease caused by an autoimmune system disorder, resul-
ting in a decreased number of platelets in the blood of
patients. Platelets are key components of the blood, res-
ponsible for helping clotting and stopping bleeding. In
ITP, the patient's immune system mistakenly recognizes
and attacks its own platelets, resulting in a decrease in
their number, which increases the risk of bleeding. ITP
is a heterogeneous disease, meaning that its presentation
and severity in different patients can vary considerably.
Some patients may experience only mild symptoms, while
others may suffer more severe bleeding problems. The
diversity of symptoms also means that clinical treatment
will have different effects, and treatment plans need to
be tailored to the specific circumstances of each patient.
Among all hemorrhagic diseases, ITP accounted for a rela-
tively high proportion, about 30%. This suggests that it
is a relatively common hemorrhagic disorder that requires
attention from both medical professionals and the public.
One of the most serious complications of ITP is visceral
bleeding, which can occur in any visceral organ, such as

the gastrointestinal tract or the brain. Visceral hemorrhage
is a serious medical emergency that may endanger the
life of the patient and requires immediate medical inter-
vention [1]. At present, the conventional treatment of ITP
mainly includes splenectomy, hormone drugs and immu-
nosuppressants, etc. However, the long-term efficacy is
not ideal and there are many adverse reactions. Moreover,
there is no ideal method to prevent and treat refractory ITP
(ITP with no obvious effect of splenectomy and hormone
drugs) [2,3]. It is very important to find new prevention
and treatment methods based on the pathogenesis of ITP.
In terms of clinical treatment concept of immune diseases,
mesenchymal stem cells have been developed rapidly and
are now considered as a new treatment method. As for the
source and type of stem cells, compared with other types
of mesenchymal stem cells such as bone marrow, adipose-
derived mesenchymal stem cells (ADSCs) show more
advantages, such as sufficient donor, low immunogenicity,
easy acquisition and culture, etc., showing great applica-
tion prospects and value [4]. Whether ADSCs can be used
in the clinical treatment of ITP and achieve good results
needs to be supported by more experimental evidence. At
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present, the detailed pathogenesis of ITP has not been fully
clarified. Recent studies have shown that the occurrence
of ITP is closely related to the immune state of T cells in
the body, especially the immune balance between helper
T cells 17 (Th17) and regulatory T cells (Treg) plays an
important role, and is closely related to the severity of ITP
and the prognosis of patients [5]. Many previous studies
have found that Th1/Th2 is unbalanced in ITP patients
and shows Th1 bias advantage [6,7]. However, the mRNA
levels of GATA-3 and T-box transcription factor (T-bet)
can sensitively reflect the imbalance of Th1/Th2 [8]. At
present, there are few animal experiments on the effect of
ADSCs on Th17/Treg in ITP. In this paper, we explored
the effects of Th17/Treg and T-bet/GATA-3 on ADSCs in
ITP model mice, hoping to provide a basis for ADSCs for
the treatment of ITP.

2. Materials and methods
2.1. Materials

Experimental animals: Thirty-two BALB/C mice were
selected, all female specific pathogen free (SPF), 6 weeks
old, body weight range 18-26 g, animal license number is
SCXK (Beijing) > 2009-0004, the control feeding envi-
ronment is: The air circulation was maintained, the light
was in accordance with the circadian rhythm, and the tem-
perature was about 21 ~ 25°C. After regular disinfection,
the experiment began after 1 week of feeding. The study
was approved by the ethics committee.

Main drugs, reagents and instruments: Phosphate buf-
fer solution (PBS), MWReg30 monoclonal antibody, TRI-
zol reagent, Alexa Fluor® 647 interleukin 17 (IL-17), PE-
Foxp3 reagent, polymerase chain reaction (PCR) kit, en-
zyme-linked immunosorbent assay (ELISA) kit, constant
temperature shaker, centrifuge, automatic blood cell ana-
lyzer, flow cytometry.

2.2. Isolation and culture of ADSCs

Two mice were sacrificed, and 75% ethanol was used
for disinfection. About 1g of inguinal adipose tissue was
selected, rinsed through PBS, and then cut into pieces to
control the size of tissue about 1 mm?. The supernatant was
discarded and placed in DMEM medium (containing 15%
fetal bovine serum), and the cell suspension concentration
was controlled to 1x10° /mL, and put into the culture dish.
After 24 hours, the culture medium needed to be changed,
and the adherent cells were subcultured until the growth
showed 80% confluence. Finally, the third generation AD-
SCs were used for the experiment.

2.3. Grouping, modeling, and processing

Thirty BALB/C mice were randomly divided into nor-
mal control group, ITP model control group and ITP expe-
rimental group, with 10 mice in each group. The latter mo-

Table 1. Primer sequences.

del was established according to ITP model establishment
method. MWReg30 monoclonal antibody was diluted with
PBS 200 pL and injected intraperitoneally every day. The
dose of D1 and D2 was controlled at 68 pg/kg, D3 was
controlled at 102 pg/kg, and D4-D8 was controlled at 136
ug/kg. Not restricting their activities and drinking water;
The success of modeling was determined as following:
on D2, ecchymosis began to occur, and the subcutaneous
bleeding spots were displayed, most of which were near the
injection point. Venous blood samples were collected for
platelet count (PLT) determination, and it was found that
the degree of reduction was more than 50%. The normal
control group was not given any treatment. The ITP model
control group was infused with PBS (200 pL) through the
tail vein. In ITP group, ADSCs (1x10¢ /mL) were infused
via tail vein (200 pL). The indexes were detected on the
7th day after treatment.

2.4. Detection of PLT and Th17/Treg cell

About 100 pL of tail vein blood was collected, mixed
with anticoagulant, and PLT was detected by automatic
blood cell analyzer.

The suspension of peripheral blood mononuclear cells
(PBMC) was controlled to 1x10° /mL, and then 100 pL
suspension was treated with phorbol ester and ionomycin
for 4 h, followed by protein transport inhibitor (PPI). The
final concentrations of these three agents were 100 ng/mL,
500 ng/mL and 1 pL/mL, respectively. The cell surface
was stained with 10 pL. CD4 and CD25 antibodies (labe-
led with fluorescein isothiocyanate), then incubated in the
dark for 0.5 h, washed, incubated in 2 mL of fixative solu-
tion for 20 min, and then incubated in 2 mL of membrane
disruption solution for 0.5 h. After washing, the cells were
incubated with 10 pL Alexa Fluor® 647 IL-17 and PE-
Foxp3 reagent for 20 min, followed by washing, and the
Th17/Treg ratio was determined by flow cytometry.

2.5. Detection of Serum related cytokines

The venous blood was centrifuged (at a rate of 1200x
g) for 10min to obtain the upper serum. Interleukin-6 (IL-
6), interleukin-17A (IL-17A), interleukin-10 (IL-10) and
transforming growth factor-p1 (TGF-f1) were measured
by enzyme-linked immunosorbent assay (ELISA) kit. T-
bet and GATA-3 mRNA levels were measured by real-
time fluorescent quantitative PCR (RT-PCR) for mRNA
determination, glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) was used as an internal reference, and
the primer sequences are detailed in Table 1. Samples
were mixed in TRIzol solution, total RNA was obtained
according to the instructions of the kit, dissolved in die-
thyl pyrocarbonate (DEPC) water, and then 4.0 ul RNA
template was used for reverse transcription reaction. The
related system was as follows: RNA template volume 4.0

Variables Primer sequences

Tbet Upstream 5'-GCCAGGGAACCGCTTATATG-3'
Downstream 5'-GACGATCATCTGGGTCACATTGT-3'

GATA3 Upstream 5'-GAGGTGGACGTACTTTTTAACATCG-3'
Downstream 5'-GGCATACCTGGCTCCCGT-3'

GAPDH Upstream 5'-ACCACAGTCCATGCCATCAC-3'
Downstream 5'-TCCACCACCCTGTTGCTGTA-3'
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pL, 4.0 pL reverse transcription buffer, DEPC water vo-
lume 10.5 pL, 10 mmol/L deoxyribonucleoside triphos-
phate (ANTPs), 10 pmol/uL downstream primers, 200 U/
pL reverse transcriptase (MMLV) 0.5 pL, respectively, a
total of 20.0 pl. RT-PCR related reaction system is as fol-
lows: 10 pL of 5xSYBR Green I buffer, 3 U/uL of Taq
enzyme, 10 pmol/uL of upstream primers, 10 mmol/L of
dNTPs, 10 pmol/uL of downstream primers, 31.0 pL of
deionized water (ddH20), and 31.0 uL. of DDH20O. 5.0
pL complementary DNA (cDNA) for a total of 50.0 pL.
The PCR reaction conditions were as follows: treatment
at 93°C for 3 min, 55°C for 15 s, and 72°C for 30 s, for a
total of 40 cycles.

2.6. Statistical analysis

Data were entered into Statistic Package for Social
Science (SPSS) 25.0 software for analysis (IBM, Armonk,
NY, USA), measurement data were described in the form
of (&s), multiple groups were tested by one-way analysis
of variance, and multiple group comparison was tested by
SNK-q method. The test level was 0.05 (two-sided).

3. Results
3.1. Comparison of PLT among the three groups

Refer to Table 2. The platelet count in ITP experimental
group was significantly lower than that in normal control
group (P < 0.05), and was significantly higher than that in
ITP model control group (P < 0.05).

3.2. Comparison of Th17/Treg cells among the three
groups

Refer to Table 3. The levels of Th17 and Th17/Treg
in ITP experimental group were significantly higher than
those in normal control group (P < 0.05), but significantly
lower than those in ITP model control group (P < 0.05).
Treg in ITP experimental group was significantly lower
than that in normal control group (P < 0.05), but signifi-
cantly higher than that in ITP model control group (P <
0.05).

3.3. Comparison of serum related cytokines among the
three groups

Refer to Table 4. The serum levels of IL-6 and IL-17A
in ITP experimental group were significantly higher than
those in normal control group (P < 0.05), but significantly
lower than those in ITP model control group (P < 0.05).
The serum levels of IL-10 and TGF-B1 in ITP experimen-
tal group were significantly lower than those in normal
control group (P < 0.05), and were significantly higher
than those in ITP model control group (P < 0.05).

3.4. Comparison of T-bet and GATA-3 mRNA levels
among the three groups

Refer to Table 5. The expression of T-bet mRNA in
ITP experimental group was significantly higher than
that in normal control group (P < 0.05), but significantly
lower than that in ITP model control group (P <0.05). The
GATA-3 mRNA level in ITP group was significantly lower

Table 2. Comparison of PLT among the three groups (X+s).

Group n PLT (x10°/L)
ITP experimental group 10 335.14+74.85™
ITP model control group 10 158.97+26.38"
Normal control group 10 405.23+74.67
F 40.674

P <0.001

Compared with normal control group, *P < 0.05; Compared with ITP model control group, #P <

0.05.

Table 3. Comparison of Th17/Treg cells among the three groups (X=£s).

Group n Th17 (%) Treg (%) Th17/Treg
ITP experimental group 10 2.23+0.40™ 5.03+0.09* 0.44+0.07"*
ITP model control group 10 4.23+0.81" 3.72+0.59" 1.14+0.20"
Normal control group 10 1.55+0.32 6.08+0.12 0.25+0.05
F 63.390 113.171 139.051
P <0.001 <0.001 <0.001

Compared with normal control group, *P < 0.05; Compared with ITP model control group, #P < 0.05.

Table 4. Comparison of serum related cytokines among the three groups (ng/L, X+s).
Group n IL-6 IL-17A IL-10 TGF-p1
ITP experimental group 10 25.624+4.37% 24.734+4.18* 32.65+£6.01" 83.67+15.39"
ITP model control group 10 39.64+5.92" 62.35+11.74* 20.13+3.82" 40.05+7.63"
Normal control group 10 18.87+3.46 11.05+1.98 41.37£7.92 99.18+17.65
F 50.935 132.963 30.145 46.486
P <0.001 <0.001 <0.001 <0.001

Compared with normal control group, *P < 0.05; Compared with ITP model control group, #P < 0.05.
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Table 5. Comparison of T-bet and GATA-3 mRNA levels among the three groups (X+s).

Group n T-bet mRNA GATA-3 mRNA
ITP experimental group 10 2.87+0.54% 0.76+0.14"

ITP model control group 10 4.65+0.73" 0.54+0.08"
Normal control group 10 1.13+0.21 0.92+0.17

F 106.991 19.891

P <0.001 <0.001

Compared with normal control group, *P < 0.05; Compared with ITP model control group, #P < 0.05.

than that in normal control group (P < 0.05), but signifi-
cantly higher than that in ITP model control group (P <
0.05).

4. Discussion

ITP is an immune comprehensive disease, which is
also a hemorrhagic disease. It is common in clinical prac-
tice, mainly characterized by the block of new platelet
formation and the continuous reduction of the number of
existing platelets, which can occur in people of any age
[9]. The pathogenesis of ITP is still not completely clear
in clinical practice, so there are few effective treatment
methods for the etiology, which seriously affects the quali-
ty of life of patients. At present, in the clinical treatment of
autoimmune diseases, the use of stem cells for biological
immunotherapy is a new method, especially in the impro-
vement of Th1/Th2 immune imbalance, and mesenchymal
stem cells have made some progress in the treatment of
autoimmune diseases [10]. With the emergence of this bio-
logical treatment idea, it effectively solves the problems
of drug side effects and application safety in basic treat-
ment (such as hormone drugs and immunosuppressants),
and has good application prospects and value. ADSCs are
mainly isolated from adipose tissue and have multi-di-
rectional differentiation potential. They show low immu-
nogenicity among biological individuals and can inhibit
excessive cellular immunity, improve immune disorders,
induce immune tolerance, and reduce damage caused by
inflammation [11,12].

Previous studies have shown that T lymphocyte subsets
play an important role in inducing immune responses in
ITP. Induction promotes the activation of T lymphocytes,
which can damage normal immune cells [13]. Th17 cells
belong to the CD4+T cell subtype. The synthesis of IL-17
is a pro-inflammatory factor, which can exert effects on
neutrophils, increase the levels of various inflammatory
factors, and participate in the formation of autoimmune
diseases and the process of collective defense response.
Treg cells are mainly produced by natural thymic cells,
which can inhibit the proliferation of Thl and Th17, and
prevent autoimmune damage by protecting peripheral
immune tolerance. Relevant reports indicate that there is
an antagonistic relationship between Th17 and Treg in
terms of differentiation and function, and the balance of
Th17/Treg is conducive to protecting the normal immune
response process and reducing the risk of autoimmune
diseases [14]. This study showed that compared with the
normal control group, Th17 and Th17/Treg in the ITP ex-
perimental group were significantly increased, while Treg
was significantly decreased. After ADSCs treatment, Th17
and Th17/Treg in the ITP experimental group were signi-
ficantly decreased compared with the ITP model control
group, and Treg was significantly increased. ADSCs play

an important role in improving the balance of Th17/Treg
in ITP model mice. Th17 cells can synthesize specific in-
flammatory factors, including IL-6 and IL-17, which are
the initiating factors of inflammatory response and play an
inflammatory condition. Treg cells can synthesize inhibi-
tory factors, including IL-10 and TGF-B1, which can inhi-
bit autoreactive T cells, thus participating in the process
of immune tolerance, maintaining immune homeostasis
and establishing tolerance, and avoiding immune inflam-
mation [15]. In this study, the levels of IL-6 and IL-17A
in ITP experimental group were significantly lower than
those in ITP model control group, and the levels of IL-
10 and TGF-B1 were significantly higher than those in
ITP model control group, indicating that ADSCs could
effectively regulate Th17/Treg related cytokines in ITP
mice, which further confirmed that ADSCs could regulate
Th17/Treg. It can reduce immune inflammatory injury and
maintain immune stability. T-bet, an important member of
the T-box gene family, is also a Thl transcription factor
(with specificity), which can be specifically synthesized
and expressed in Thl cells [16-18]. GATA-3, a zinc fin-
ger protein, is also a Th2 transcription factor, which can
be specifically synthesized by Th2 and has the function
of regulating all important Th2 cytokines (such as IL-
4, L-5 and IL-13) [19]. This study found that compared
with the ITP model control group, the ITP experimental
group had a significant decrease in T-bet mRNA level and
a significant increase in GATA-3 mRNA level, which was
consistent with the previous experiment [20], suggesting
that ADSCs treatment could correct Th1 shift in ITP mice
and promote the recovery of Th1/Th2 balance. This study
showed that PLT in ITP experimental group was signifi-
cantly higher than that in ITP model control group, but
significantly lower than that in normal control group, indi-
cating that ADSCs could effectively improve the condition
of ITP model mice. The mechanism may be related to the
regulation of Th17/Treg and Th1/Th2 balance by ADSCs,
down-regulating the expression of T-bet mRNA and up-
regulating the expression of GATA-3 mRNA.

In conclusion, ADSCs may regulate Th1/Th2 balance
by improving the balance of Th17/Treg cells and the ex-
pression of related cytokines, up-regulating the expression
of GATA-3 mRNA and down-regulating the expression of
T-bet mRNA, and thus alleviate the condition of ITP mice.
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