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Abstract
The abnormal differentiation of T helper 17 (Th17) cells is considered a vital promoter of immune thrombocytopenia (ITP)
progression. Therefore, this study investigated the role of miR-199a-5p in Th17 differentiation and determined whether
extracellular vesicles (EVs) derived from miR-199a-5p-modified adipose-derived mesenchymal stem cells (ADSCs) could
relieve ITP by inhibiting Th17 differentiation. The miR-199a-5p level was lessened in the spleen tissues of mice with ITP,
while the signal transducer and activator of transcription 3 (STAT3) expression and the population of Th17 in CD4+T cells
were boosted. Functionally, miR-199a-5p overexpression lowered IL-17 secretion and the proportion of Th17/CD4+T cells.
Further investigation showed that miR-199a-5p directly targeted STAT3 mRNA, and negatively modulated its expression.
STAT3 overexpression was found to facilitate Th17 differentiation, which was subsequently abolished by miR-199a-5p
overexpression. EVs isolated from miR-199a-5p-modified ADSCs (miR-199a-5p-EVs) highly expressed miR-199a-5p and
could restrain CD4+T cells polarized toward a Th17 phenotype in vitro. Administering of miR-199a-5p-EVs elevated
platelet counts and decreased the proportion of Th17/CD4+T cells in mice with ITP. Taken together, EVs derived from miR-
199a-5p-modified ADSCs vividly repressed Th17 differentiation by transferring miR-199a-5p to CD4+T cells, thus
ameliorating experimental ITP.

Introduction

Immune thrombocytopenia (ITP) is an acquired auto-
immune disease, characterized by increasing platelet (PLT)
destruction and decreasing PLT production [1]. In recent
years, ITP development is considered to be attributed to a
humoral immunity disorder [2]. However, emerging evi-
dence reveals that dysfunctional cellular immunity also
contributes to ITP development [3].

T helper 17 (Th17) cells, a subset of CD4+ Th, are
proposed to be involved in the development of auto-
immune disorders by producing IL-17, IL-6, and other
pro-inflammatory mediators [4]. To date, various

researchers have observed apparent Th17 elevation in ITP
patients. Zhu et al. [5] revealed that the CD3+CD8−IL17+

Th17 cells were more abundant in their sampled ITP
patients’ plasma than in that of healthy volunteers. Qiao
et al. [6] also showed that relative to the peripheral blood
mononuclear cells (PBMCs) of recovering ITP patients,
the PBMCs of patients with active ITP presented superior
levels of Th17 and IL-17. The repression of Th17 cell
differentiation has also been shown to raise blood PLT
counts in a mouse ITP model [7]. These data suggest that
abnormal Th17 differentiation is a vital promoter of ITP
progression, and inhibiting Th17 differentiation is a pro-
mising therapeutic approach.

A genome-wide expression analysis conducted by
Jernås et al. [8] revealed the dysregulation of microRNAs
(miRNAs) in ITP patients, suggesting that miRNAs par-
ticipate in ITP progression. Garabet et al. [9] have also
screened out 81 differentially expressed miRNAs in ITP
patients using a miRNA PCR panel. Of these, the miR-
199a-5p level was lower in ITP patients but higher after
treatment, hinting that miR-199a-5p plays a potential role
in ITP. As has been previously reported, miRNAs reduce
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gene expression by binding to the mRNAs of target genes
[10]. In our previous experiments, a bioinformatics data-
base, TargetScan, forecasted that miR-199a-5p could
target the mRNA of the signal transducer and activator
of transcription 3 (STAT3), a key transcription factor
that promotes Th17 cell differentiation [11]. This indi-
cates that miR-199a-5p may suppress CD4+T cells
polarized toward a Th17 phenotype by inhibiting STAT3
expression.

In recent years, due to the strong immunosuppressive
activity of mesenchymal stem cells (MSCs), their potential
therapeutic effects on autoimmune diseases have aroused
widespread research interest [12]. Several studies have
proven that adipose-derived mesenchymal stem cells
(ADSCs), a type of MSCs isolated from fat tissues [13],
could alleviate experimental arthritis, experimental auto-
immune diabetes, etc. [14, 15], indicating the potential
applications of ADSCs for treating autoimmune diseases.
As has been previously reported, MSCs exert their
biological functions by releasing paracrine factors [16].
Extracellular vesicles (EVs), as paracrine factors secreted by
ADSCs, are deemed immunomodulatory mediators in the
differentiation and activation of various T-cell subsets [17].
In addition, as small extracellular membrane vesicles con-
taining nucleic acids (such as miRNAs), EVs could exert
targeted regulations on genes through function as biological
delivery vehicles for miRNA transfer. Qu et al. [18] verified
that EVs released from miR-181-5p-modified ADSCs acti-
vated autophagy in hepatic stellate cells by targeting
STAT3 and B-cell lymphoma-2, thus significantly relieving
CCl4-induced liver fibrosis in mice. However, it remains
unknown whether EVs derived from miRNA-modified
ADSCs could regulate abnormal Th17 differentiation in
ITP by transferring miRNAs.

Inspired by previous studies, the present research specu-
lated that, in ITP, the low expression of miR-199a-5p con-
tributes to the abnormal differentiation of Th17 cells, and EVs
derived from miR-199a-5p-modified ADSCs could slow
down ITP progression by enhancing miR-199a-5p expression.

Materials and methods

ITP mouse model and EV treatment

Male BALB/c mice (3 months old) were provided by the
Shanghai SLAC Laboratory Animal Co., Ltd (China).
Mice were stochastically assigned to the ITP group and
Control group (n= 8/group). In the ITP group, mice
received intraperitoneal injections of MWReg30 (CD41
monoclonal antibody, ThermoFisher, USA) at a gradually
increased dose (Days 0 and 1: 68 μg/kg; Day 2: 102 μg/kg;

and Days 3–8: 136 μg/kg). Mice in the Control group
underwent equal volumes of PBS injections.

To examine the role of miR-199a-5p-EVs in vivo, the ITP
group was randomly assigned to receive miR-199a-5p-EVs
(EVs derived from ADSCs transfected with miR-199a-5p
agomir) (n= 8) and NC-EVs (EVs derived from ADSCs
transfected with the negative control of miR-199a-5p agomir)
(n= 8). On Day 0, the mice in both groups received the
intraperitoneal injection of MWReg30 (68 μg/kg). On Day 1,
except the intraperitoneal injection of MWReg30 (68 μg/kg),
the mice also received tail intravenous injections of miR-
199a-5p-EVs (0.5 μg/μl, 100 μl) or NC-EVs (0.5 μg/μl, 100
μl), respectively. The mice in the ITP group were modeled on
Days 2–8 according to the above methods.

On Days 0–8, blood was collected from the mice’s
caudal veins, and PLT numbers in the blood samples were
examined via a Beckman-coulter LH750 automatic blood
cell counter (USA). All mice were sacrificed on Day 8 and
the spleen tissues and whole blood were collected from each
mouse. The Ethics Committee of The Children’s Hospital of
Soochow University approved the protocol for these animal
experiments.

Isolation of naive CD4+T cells and induction of Th17
differentiation in vitro

The EasySep™ Mouse Naive CD4+T cell Isolation Kit
(STEMCELL, Canada) was employed to extract the naive
CD4+T cells from the spleen tissues of normal mice. The
extracted cells were then purified to >95% via the FACS-
Verse™ flow cytometer (BD, Germany) with anti-mouse
CD4 FITC (Abcam, UK). The naive CD4+T cells were
cultured for 4 days in an RPMI 1640 medium containing
15% FBS, 5 μg/ml plate-bound anti-CD3, and 1 μg/ml
soluble anti-CD28 antibodies.

For Th17 cell differentiation, the CD4+T cells were
incubated with TGF-β (5 ng/ml), IL-6 (100 ng/ml), anti-
IFN-γ (10 mg/ml), anti-IL-4 (10 mg/ml), and IL-23
(50 ng/ml) for 96 h as previously described [19].

Flow cytometry analysis

Spleen tissues were ground into a homogenate, filtered,
and centrifuged. The centrifugal precipitate was resus-
pended in PBS, followed by staining with anti-mouse
CD4 FITC (Abcam, UK) for 10 min in the dark. Anti-
mouse IL-17 PE (eBioscience, USA) was added to the cell
suspension, and the population of Th17 in CD4+T cells
was determined using a flow cytometer. For cell samples,
the collected cells were diluted to 1 × 106 cells/ml using
PBS, and the ratio of Th17 in CD4+T cells was deter-
mined via the method described above.
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ELISA

To measure the level of IL-17, the serum of mice and the
supernatant of cells were collected. Then, the IL-17 level
was determined using a mouse IL-17 ELISA kit
(BioLegend, USA).

Cell transfection

miR-199a-5p agomir/antagomir and their negative control
(agomir NC and antagomir NC) were obtained from
RIBOBIO (China). For agomir/antagomir transfection,
CD4+T cells or ADSCs were incubated with Opti-MEM
containing agomir/antagomir/negative controls. Six hours
later, 1 ml RPMI 1640 complete medium was added to the
wells. Forty-two hours later, cells were harvested for sub-
sequent experiments.

PMIG-STAT3 and its negative control (pMIG) were also
obtained from RIBOBIO (China). For retroviral vector
infection, CD4+T cells were infected with the RPMI 1640
medium containing pMIG-STAT3 or pMIG and 10 µg/ml
polybrene for 90 min.

qRT-PCR

TRIZOL reagent was used to isolate the total RNA samples
from cells and spleen tissues of mice. A Total Exosome
RNA & Protein Isolation Kit (ThermoFisher, USA) was
employed to isolate the RNA samples from EVs. After
examining the concentration and purity of RNA, the eligible
RNA samples were reverse transcribed into cDNA. Then,
miR-199a-5p expression was measured using TaqMan®
Non-coding RNA Assays (Thermo Fischer Scientific,
USA). U6 was used as an endogenous control.

Dual-luciferase reporter assay

The binding sites between miR-199a-5p and STAT3 were
predicted by Targetscan. Isolated naive CD4+T cells were
stimulated with anti-CD3 and anti-CD28 for 4 days. Then,
the activated CD4+T cells were cotransfected with STAT3-
wild-type (WT) 3′UTR luciferase reporter/STAT3-mutant-
type (MUT) 3′UTR luciferase reporter and miR-199a-5p
agomir/agomir NC. Luciferase activities were measured
2 days after transfection.

Western blot

Western blot was conducted as previously described [20].
The primary antibodies used in this study were as follows:
anti-STAT3 (1:2000; Abcam, UK), anti-p-STAT3 (1:5000,

Abcam), anti-retinoic acid receptor-related orphan receptor-
gamma-t (RORγt; 1:250; eBioscience), anti-CD63 (1:1000;
Abcam), anti-CD81 (1:20000; Abcam), and anti-Calnexin
(1:5000; Abcam).

Isolation and identification of ADSCs

ADSCs were isolated from mice as previously described
[21]. The differentiation ability of ADSCs was examined
using ADSCs in passage 3. For adipogenic differentiation,
ADSCs were maintained in an adipogenic medium for
14 days. Then, the adipogenic differentiation of ADSCs
was measured via Oil Red O staining. For osteogenic
differentiation, ADSCs were cultured in an osteogenic
medium for 21 days. Then, the osteogenic differentiation
of ADSCs was measured via Alizarin Red S staining. The
components of the adipogenic/osteogenic media were the
same as the previous study [18].

Isolation of EVs

After 48 h of transfection, EVs were isolated from the
supernatant of miRNA-modified ADSCs utilizing
Exoquick-TC (System Biosciences, Canada). EVs were
then analyzed by western blot and visualized using a
transmission electron microscope.

Statistical analysis

Data were presented as mean ± standard deviation
and analyzed by SPSS 18.0 software. Data from the
two experimental groups were analyzed through the Student’s t
test. P value < 0.05 was deemed statistically significant.

Results

The ITP mouse model presented a higher proportion
of Th17/CD4+T cells and a lower miR-199a-5p
expression

As shown in Fig. 1A, the PLT counts were lower in mice
from the ITP group than the Control group from the 1st
day after injection, confirming that ITP was successfully
established in the mouse model. The results of Fig. 1B–D
showed that the serum level of IL-17 and the population
of Th17 cells in splenic CD4+T cells of the ITP group
were higher than in the Control group. Besides, a decline
in splenic miR-199a-5p level (Fig. 1E) and elevations in
splenic STAT3 and pSTAT3 protein levels (Fig. 1F, G)
were observed in ITP mice.
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miR-199a-5p overexpression restrained Th17 cell
differentiation

The influence of miR-199a-5p on Th17 cell differentiation
was subsequently explored. CD4+T cells were transfected
with miR-199a-5p agomir/agomir NC, followed by the
induction of Th17 differentiation. The miR-199a-5p
expression (Fig. 2A) confirmed the transfection efficiency
of miR-199a-5p agomir. miR-199a-5p overexpression
decreased the protein levels of RORγt, a protein that was
specifically expressed by Th17 cells [22], pSTAT3,
and STAT3 (Fig. 2B, C). Besides, the IL-17 secretion
(Fig. 2D) and the proportion of Th17 in CD4+T cells
(Fig. 2E, F) were distinctly decreased in response to
the miR-199a-5p agomir transfection. These findings sug-
gested that miR-199a-5p overexpression restrained Th17
cell differentiation.

miR-199a-5p overexpression inhibited Th17 cell
differentiation by targeting STAT3

The bioinformatics database forecasted the potential
combination of miR-199a-5p and the 3′UTR region of
STAT3 mRNA (Fig. 3A). The relative luciferase activity

of STAT3 WT, rather than MUT, was notably lessened by
miR-199a-5p agomir (Fig. 3A). Next, the miR-199a-5p
expression level in CD4+T cells was reinforced by miR-
199a-5p agomir transfection and silenced by miR-199a-5p
antagomir transfection (Fig. 3B). The STAT3 protein
level was decreased by miR-199a-5p overexpression but
increased by miR-199a-5p silencing (Fig. 3C). The above
data showed that miR-199a-5p targeted STAT3 and
decreased its expression in CD4+T cells by binding to its
mRNA.

The following experiments were conducted to determine
whether miR-199a-5p suppressed Th17 differentiation
through STAT3. CD4+T cells were transfected with pMIG-
STAT3 or pMIG-STAT3+miR-199a-5p agomir/agomir
NC for 48 h, subsequently undergoing the induction of
Th17 differentiation. As shown in Fig. 3D, E, pMIG-
STAT3 apparently boosted the protein levels of STAT3,
pSTAT3, and RORγt, while miR-199a-5p agomir abolished
the pMIG-STAT3’s promoting effect on STAT3, pSTAT3,
and RORγt expression levels. Additionally, pMIG-STAT3
enhanced IL-17 secretion and augmented the ratio of Th17/
CD4+T cells, however, the promoting effect of pMIG-
STAT3 on Th17 differentiation was reversed by miR-199a-
5p agomir (Fig. 3F–H).

Fig. 1 The proportion of Th17/CD4+T cells was boosted, and the
miR-199a-5p expression was lessened in the immune thrombocy-
topenia (ITP) mice model. BALB/c mice were divided into the ITP
group (n= 8) and the Control group (n= 8). A Blood platelet (PLT)
counts were performed using an automatic blood cell counter on Days
0–8. ***P < 0.001. B The serum level of IL-17 was detected using ELISA.
The percentage of Th17 cells was measured in splenic CD4+T cells from
mice using flow cytometry. Representative histograms were shown in

(C) and the quantitative result was shown in (D). **P < 0.01. EmiR-199a-
5p expression was detected in spleen tissues of mice by qRT-PCR. The
protein levels of signal transducer and activator of transcription 3 (STAT3)
and phosphorylated-STAT3 (pSTAT3) were detected in spleen tissues of
mice using western blot. The quantification of band densitometry was
shown in (F) and the representative bands were shown in (G). ***P <
0.001 vs. Control.
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miR-199a-5p-modified ADSCs packaged miR-199a-
5p into secreted EVs

The aforesaid data confirmed the inhibitory influence of
miR-199a-5p on Th17 differentiation. However, for it to
have this effect, miR-199a-5p must be transferred via a safe
and effective vehicle. In this portion of the experiment, we
try to use EVs secreted by ADSCs as biological delivery
vehicles for miR-199a-5p. First, ADSCs were isolated from
healthy mice, and flow cytometry analysis was performed to
identify their purity. As shown in Fig. 4A, the isolated
ADSCs positively expressed CD90 and CD105 (mesench-
ymal stromal cell markers [23]) but negatively expressed
CD31 and CD45. Meanwhile, the results of Oil Red O
staining (Fig. 4B) and Alizarin Red S staining (Fig. 4C)
verified that the isolated ADSCs were able to undergo
adipogenesis and osteogenesis differentiation when cultured
in the corresponding-differentiation mediums. Second,
miR-199a-5p agomir or agomir NC was transfected into the
ADSCs. Forty-eight hours after transfection, EVs were
isolated from the ADSCs supernatant. The morphology and
size of EVs isolated from ADSCs transfected with agomir
NC (NC-EVs) and EVs isolated from ADSCs transfected

with miR-199a-5p agomir (miR-199a-5p-EVs) were shown
in Fig. 4D. The results in Fig. 4E showed that both NC-EVs
and miR-199a-5p-EVs positively expressed EVs’ markers
(CD63 and CD81 [24]). Afterward, the miR-199a-5p
expression verified that miR-199a-5p-modified ADSCs
efficiently transferred miR-199a-5p into secreted EVs
(Fig. 4F).

miR-199a-5p-EVs restrained Th17 cell differentiation
in vitro

In order to validate whether miR-199a-5p-EVs affected
CD4+T cells polarized toward a Th17 phenotype,
CD4+T cells were exposed in the Th17 differentiation
induction medium combined with miR-199a-5p-EVs or
NC-EVs. Relative to cells treated with NC-EVs, cells
treated with miR-199a-5p-EVs exhibited an elevated miR-
199a-5p level (Fig. 5A) and decreased STAT3, pSTAT3,
and RORγt expression levels (Fig. 5B, C). Furthermore, the
miR-199a-5p-EVs treatment reduced IL-17 secretion
(Fig. 5D), and the ratio of Th17/CD4+T cell (Fig. 5E, F),
indicating that EVs isolated from miR-199a-5p-modified
ADSCs suppressed Th17 cell differentiation.

Fig. 2 miR-199a-5p overexpression restrained Th17 cell differ-
entiation. CD4+T cells isolated from spleen tissues of healthy mice
were transfected with miR-199a-5p agomir or its negative control
(agomir NC) for 48 h, followed by the induction of Th17 differentia-
tion. A miR-199a-5p expression. The protein levels of STAT3,
pSTAT3, and retinoic acid receptor-related orphan receptor-gamma-t
(RORγt) were detected by western blot. The quantification of band

densitometry was shown in (B) and the representative bands were
shown in (C). GAPDH and β-actin were used as internal controls.
D The IL-17 level was measured in the supernate of CD4+T cells
using ELISA. The ratio of Th17 /CD4+T cells was measured using
flow cytometry. The quantitative result was shown in ((E); **P < 0.01)
and representative histograms were shown in (F). ***P < 0.001 vs.
agomir NC.
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miR-199a-5p-EVs reduced Th17 cell differentiation
in mice with ITP

Finally, in order to examine the impact of miR-199a-5p-
EVs on Th17 differentiation in vivo, miR-199a-5p-EVs or
NC-EVs were administered to mice with ITP via tail vein

injections. As depicted in Fig. 6A, B, in the spleen tissues
of miR-199a-5p-EVs-treated mice in the ITP group, the
miR-199a-5p level was increased, and the protein levels
of STAT3 and pSTAT3 were lessened. Compared with
NC-EVs-treated mice in the ITP group, those treated with
miR-199a-5p-EVs presented a higher PLT count (Fig. 6C)

Fig. 3 miR-199a-5p overexpression repressed Th17 cell differ-
entiation through targeting STAT3. A The above: the potential
binding sites between miR-199a-5p and the 3′UTR region of STAT3
mRNA. The below: relative luciferase reporter activities of STAT3 3′
UTR wild type (WT) and mutant type (MUT) were detected by dual-
luciferase reporter gene assay. B miR-199a-5p expression and
C STAT3 expression were detected in CD4+T cells transfected with
miR-199a-5p agomir/antagomir/their negative controls (agomir NC or
antagomir NC). CD4+T cells were transfected with pMIG-STAT3 or
its negative control (pMIG) or agomir NC+ pMIG-STAT3 or miR-
199a-5p agomir +pMIG-STAT3, 48 h later, CD4+T cells were

underwent induction of Th17 differentiation. The protein levels of
STAT3, pSTAT3, and RORγt in CD4+T cells were detected by
western blot. The quantification of band densitometry was shown in
(D) and the representative bands were shown in (E). GAPDH and β-
actin were used as internal controls. F The IL-17 level was measured
in the supernate of cells using ELISA. The population of Th17 cells
was measured in CD4+T cells using flow cytometry. The quantitative
result was shown in ((G); ***P < 0.001; ##P < 0.01) and representative
histograms were shown in (H). ***P < 0.001 vs. agomir NC or pMIG,
#P < 0.05, ##P < 0.01, ###P < 0.001 vs. antagomir NC or agomir NC+
STAT3.
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and a lower serum IL-17 level (Fig. 6D). Furthermore, the
reduced proportion of Th17/CD4+T cells in ITP group mice
treated with miR-199a-5p-EVs (Fig. 6E, F) confirmed that
miR-199a-5p-EVs reduced Th17 cell differentiation in mice
with ITP.

Discussion

Increasing evidence has shown that the population of Th17
cells is elevated in ITP patients [6], suggesting that the
abnormal differentiation of Th17 cells contribute to the

occurrence of ITP. Herein this study, we clarified a process
by which EVs containing miR-199a-5p can repress Th17
differentiation by targeting STAT3, thus efficiently retard-
ing ITP progression in an experimental ITP mouse model.

The antitumor influence of miR-199a-5p has been ver-
ified in several types of cancer [25–27]. The latest research
has determined that there is a low level of miR-199a-5p
expression in ITP patients [5], hinting that miR-199a-5p
may take part in ITP pathological process. Running parallel
with previous research, in this study, a parent decrease of
miR-199a-5p expression was observed in mice with ITP.
Subsequently, the in vitro study showed that an elevating

Fig. 4 miR-199a-5p-modified ADSCs package miR-199a-5p into
secreted extracellular vesicles (EVs). A The expression levels of
surface markers in ADSCs isolated from mice were analyzed using
flow cytometry. B After culturing in adipogenesis differentiation
medium for 14 days, the adipogenesis differentiation of ADSCs was
evaluated by Oil Red staining. Scale bar= 100 μm. C After culturing
in osteogenesis differentiation medium for 21 days, the osteogenesis
differentiation of ADSCs was evaluated by Alizarin Red S staining.

Scale bar= 200 μm. D EVs isolated from ADSCs transfected with
agomir NC (NC-EVs) and isolated from ADSCs transfected with miR-
199a-5p agomir (miR-199a-5p-EVs) were visualized using Trans-
mission Electron Microscope (TEM). Scale bar = 100 nm. E The
expression levels of CD63 and CD81 in miR-199a-5p-EVs and NC-
EVs were measured by western blot. Calnexin was used as a negative
control. F miR-199a-5p expression was measured by qRT-PCR in
miR-199a-5p-EVs and NC-EVs. ***P < 0.001 vs. NC-EVs.
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miR-199a-5p level could reduce IL-17 level and descend
the Th17/CD4+T cell ratio, confirming the negative reg-
ulatory influence miR-199a-5p has on Th17 differentiation.

Numerous studies provide evidence that miRNAs repress
mRNA expression by binding to the 3′UTR region of target
mRNAs [28]. By performing a dual-luciferase reporter gene
assay, we determined that miR-199a-5p attenuates STAT3
expression by directly targeting its mRNA. STAT3 is cri-
tical for transcriptional regulation of Th17 cell differentia-
tion [11]. On the one hand, under IL-23 stimulation, STAT3
could directly bind to the IL-17A promoter and stimulate its
transcription, thus promoting Th17 cell differentiation [29].
On the other hand, STAT3 cooperates with other factors
activated by IL-23 or IL-6 in establishing the Th17 phe-
notype [29]. Multiple studies have proven that inhibiting
STAT3 activity or expression can effectively repress Th17
differentiation [30, 31]. In our study, the promoting impact
of STAT3 on Th17 differentiation was reversed by miR-
199a-5p agomir, confirming that miR-199a-5p suppressed
Th17 differentiation by downregulating STAT3 expression.
In addition, a decreased pSTAT3 protein level was observed
after miR-199a-5p agomir transfection, which suggested
that miR-199a-5p also repressed pSTAT3 expression

through suppressing STAT3 expression. The target genes
of miR-199a-5p predicted by TargetScan were numerous,
considering the vital role of STAT3 in Th17 differentiation,
we first verified whether miR-199a-5p regulates Th17
differentiation by targeting STAT3. In future work, we
will further explore whether other target genes also take
part in the regulatory effect of miR-199a-5p on Th17
differentiation.

EVs are nanovesicles released by several cell types and
exert their functions as mediators of intercellular commu-
nication by transferring protein and RNA. Emerging evi-
dence has shown the therapeutic roles of EVs released from
miRNA-modified ADSCs in several diseases, including
ischemic stroke, acute myocardial infarction, etc. [32, 33].
However, few reports have addressed EVs’ immunor-
egulatory role in autoimmune diseases. In the current study,
we evaluated the effect of miR-199a-5p-EVs on ITP for the
first time. Interestingly, miR-199a-5p-EVs treatment
declined IL-17 secretion and the ratio of Th17/CD4+T cells
in vitro. What is more, deliveries of miR-199a-5p-EVs into
mice in the ITP group markedly increased PLT counts.
These beneficial effects produced by miR-199a-5p-EVs
were consistent with the impact of miR-199a-5p agomir,

Fig. 5 miR-199a-5p-EVs restrained Th17 cell differentiation in
CD4+T cells. CD4+T cells were cultured in Th17 differentiation
induction medium combined with miR-199a-5p-EVs or NC-EVs and
then harvested for the following tests. A miR-199a-5p expression. The
protein levels of STAT3, pSTAT3, and RORγt in CD4+T cells were
detected by western blot. The quantification of band densitometry was
shown in (B) and the representative bands were shown in (C). GAPDH

and β-actin were used as internal controls. D The IL-17 level was
measured in the supernate of cells using ELISA. The percentage of
Th17 cells was measured in CD4+T cells using flow cytometry. The
quantitative result was shown in ((E); ***P < 0.001) and representative
histograms were shown in (F). **P < 0.01, ***P < 0.001 vs. CD4+T-
NC-EVs.
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confirming that EVs derived from miR-199a-5p-modified
ADSCs suppress Th17 differentiation by transferring miR-
199a-5p.

In sum, the present data, for the first time, confirms that
EVs containing miR-199a-5p repress Th17 differentiation
and reveals the potential therapeutic effect of EVs derived
from miR-199a-5p-modified ADSCs on ITP.
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