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PURPOSE. Circulating exosomes regulate immune responses and induce immune tolerance
in immune-mediated diseases. This study aimed to investigate the role of circulating small
extracellular vesicles (sEVs) derived from patients with Vogt-Koyanagi-Harada (VKH)
syndrome, in T-cell responses.

METHODS. The sEVs were isolated from the plasma of healthy controls, patients with
VKH, and other uveitis patients. The effects of autologous and allogeneic sEVs on the
proliferation of circulating CD4+ T cells were evaluated. Microarray analysis of sEVs was
performed to determine their differential miRNA expression profiles. The target genes of
the candidate miRNA were predicted and verified. The role of both the candidate miRNA
and target genes in T-cell proliferation was tested.

RESULTS. Plasma-derived sEVs from patients with VKH inhibited the proliferation of autol-
ogous CD4+ T cells. Among all the miRNAs that might be associated with inflammatory
activity, we found that miR-410-3p had the largest number of T-cell proliferation target
genes. MiR-410-3p mimics inhibited the proliferation of Jurkat cells and CD4+ T cells.
C-X-C motif chemokine ligand 5 (CXCL5) was confirmed to be a potential target gene of
miR-410-3p, and siRNA-mediated CXCL5 knockdown inhibited cell proliferation.

CONCLUSIONS. Circulating sEVs exert an inhibitory effect on autologous CD4+ T cells medi-
ated by miR-410-3p by targeting CXCL5, supporting the possibility of using autogenic
sEVs to inhibit ocular inflammation.

Keywords: CXCL5, exosomes, miR-410-3p, small extracellular vesicles, Vogt-Koyanagi-
Harada

Vogt-Koyanagi-Harada (VKH) syndrome, a systemic
noninfectious inflammatory disorder accompanied by

bilateral granulomatous panuveitis, often leads to severely
low visual acuity and blindness without treatment.1 The
etiology and pathogenesis of VKH are not clear, but current
research has shown they may be related to aberrant immune
reactivity, genetic susceptibility, and viral infection.2–4 Early
and appropriate treatment using systemic corticosteroids,
immunosuppressants, and biological agents is the mainstay
therapy for patients with VKH.5 However, these long-term
therapies result in adverse effects, including abnormalities in
lipid and glucose metabolism, serious infection, impairment
of hepatic and renal function, and potential oncogenesis.6

Therefore it is essential to find novel therapeutic approaches
for VKH.

Extracellular vesicles (EVs) are cell-derived vesicles
enclosed by a lipid bilayer, ranging from 30 nm to 1000 nm
in diameter,7 which includes exosomes, microvesicles, and
apoptotic bodies. Exosomes, between 30 and 150 nm
across, are enriched in RNAs, proteins, and lipids. Exosomes

mediate intercellular communication8 and play key roles in
the regulation of physiological processes,9–11 and the devel-
opment of disease pathogenesis.12 Exosomes can induce
or suppress immune responses in diseases.13,14 Vaccina-
tion with exosomes isolated from the plasma of rats with
uveitogenic antigen-induced uveitis reduced the severity of
the disease in an antigen-specific manner, and have been
indicated as a therapy for autoimmune uveitis.15 Because
circulating exosomes contain autoantigens that may regulate
immune responsiveness,16 it was postulated that exosomes
exert therapeutic effects by inducing autoantigen-based
immune tolerance.15 The establishment and maintenance
of immune tolerance are associated with the deletion or
anergy of effector T cells17,18 and induction of T regulatory
cells (Tregs).19 The immunosuppressive microenvironment
is important for the successful induction of immune toler-
ance.20

In this study, we aimed to clarify the role of exosomes
in the pathological process of VKH disease and the possible
mechanism by which exosomes induce immune tolerance.
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We investigated the effect of plasma exosomes from patients
with VKH on autologous T cells and the role of miRNAs
encapsulated in exosomes. Because it is difficult to obtain
pure exosome samples using current separation approaches,
the term small extracellular vesicles (sEVs) was used instead,
as suggested by the new minimal information for studies
of extracellular vesicle guidelines.21 We found that plasma-
derived sEVs from patients with VKH reduced the prolifera-
tion of autologous CD4+ T cells, and upregulated miR-410-
3p in sEVs may mediate the suppressive effect by inhibiting
CXCL5 expression.

MATERIAL AND METHODS

Human Sample Group and Collection

Ethics approval was obtained from the Tianjin Medical
University Eye Hospital Ethics Committee (No. 2016KY-
14). All patients and healthy volunteers provided informed
consent. The diagnosis of VKH was made according to Yang
et al.22 Patients were grouped as healthy individuals (normal
controls [NC]), acute inflammation stage of VKH with dura-
tion of less than two weeks (AST), unstable recovery stage of
VKH less than three month of treatment, with symptomatic
improvement but not complete resolution (UST), and stable
stage of disease over three months of treatment (SST).23

Peripheral blood was obtained from NC and patients with
VKH or other types of uveitis (including Behçet’s disease
uveitis and idiopathic panuveitis). The clinical information
of the participants is listed in Supplementary Table S1. The
patients with VKH in the AST and other uveitis patients
were at active inflammation stage and had received no corti-
costeroids or immunosuppressants. The upper plasma was
transferred and stored in the biobank at −80 °C until further
processing.

Isolation and Purification of sEVs

The sEVs were purified from the plasma using ultracentrifu-
gation as previously reported.24 The samples were carefully
defrosted on ice and 1 mL diluted in 10 mL PBS. The diluted
samples underwent sequential centrifugation at 2000g for
15 minutes, followed by 10,000g for 30 minutes. The sEV
pellets were precipitated by centrifugation at 110,000g for
two hours. The pellets were resuspended in 11 mL cold PBS
and spun in a centrifuge at 110,000g for two hours. The puri-
fied sEVs were collected in 50 μL of PBS.

Transmission Electron Microscopy (TEM)

The sEVs sample 20 μL (1 mg/mL) was placed onto copper
grids and stained with 1% uranyl acetate (20 μL) for TEM
observation (Hitachi HT7700; Hitachi, Tokyo, Japan).

Nanoparticle Tracking Analysis (NTA)

NTA was performed to analyze the size distribution of
sample using NanoSight NS300 system (NanoSight, Malvern,
UK). Particle-free water was added to dilute the sEVs suspen-
sion to 1 mL. NTA software (NTA 3.3 Dev Build 3.3.104) was
used to analyze the results.25

Western Blot

Proteins from sEVs and cells were extracted using RIPA solu-
tion plus protease inhibitors. We measured protein concen-

tration with a BCA protein assay kit (Solarbio Life Science,
Beijing, China). The SDS-polyacrylamide gel electrophoresis
was used for protein separation and then was transferred
onto polyvinylidene difluoride membranes. Five percent
skim milk was used to block the membranes before primary
antibodies were added.

The primary antibodies included CD9 (1:2000; Abcam,
Cambridge, MA, USA), CD63 (1:1000; Abcam), TSG101
(1:1000; Proteintech, Chicago, IL, USA), CXCL5 (1:2000;
Abcam), and β-actin (1:5000; Cell Signaling Technology,
Danvers, MA, USA). After three 10-minute washes with Tris-
buffered saline with Tween 20, incubation with secondary
antibodies (1:5000; Cell Signaling Technology) followed. The
protein bands were detected by enhanced chemilumines-
cence and quantified by ImageJ software.

MiRNA Microarray Assay

Microarray analysis of plasma samples was performed to
identify differentially expressed miRNAs (DEMs) in circulat-
ing sEVs isolated from patients and NC. In accordance with
the manufacturer’s protocol, sample labeling and microarray
hybridization were finished. The arrays were scanned using
a G2505C Scanner (Agilent Technologies, Santa Clara, CA,
USA).

RNA Isolation and RT-PCR

Cell-free total RNA (including miRNA) from sEVs was
purified using the miRNeasy Serum/Plasma Kit (Qiagen,
Hilden, Germany) based on the manufacturer’s protocol. The
cDNA was obtained through reverse transcription using the
miScript II RT Kit (Qiagen). Total RNA extraction from cells
was performed using TRIzol Reagent (Invitrogen, Carlsbad,
CA, USA) and reverse transcribed into cDNA using the Rever-
taid kit (Thermo Fisher Scientific, Waltham, MA, USA). RT-
PCR was performed using an ABI 7900 fast (Applied Biosys-
tems, Foster City, CA, USA). U6 and GAPDH were chosen
as the internal references for miRNA and other molecules,
respectively. Primers for miR-410-3p, U6, GAPDH, USP25,
CXCL5, and IFNAR1 are listed in Supplementary Table S2.

Target Gene Prediction and Pathway Analysis

The patterns of selected DEMs were obtained using the
R package TCseq (v1.14.0).26 Verified interactions between
selected miRNAs and target genes were retrieved from the
miRTarBase and TarBase databases using the R package
multiMiR (v1.12.0).27 Target genes of selected DEMs were
subjected to gene ontology (GO) analysis, Kyoto Encyclope-
dia of Genes and Genomes (KEGG) pathway analysis, and
Reactome enrichment analysis using the R packages cluster-
Profiler (v.3.18.1)28 and ReactomePA (v.1.40.0).29 The thresh-
old for statistical significance was a Benjamini-Hochberg–
adjusted P value ≤ 0.05. The results were visualized using
the R package ggplot2 (v.3.3.3).30

Cell Culture and Transfection

Human peripheral blood mononuclear cells were
obtained from blood samples using density gradient
ultracentrifugation with a lymphocyte separation medium
(Solarbio, China). CD4+ T cells were sorted from peripheral
blood mononuclear cells using a CD4+ T Cell Isolation
Kit and LS Column (Miltenyi Biotec, Bergisch Gladbach,
Germany). Primary T cells were stained for 10 min at room
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temperature with 2 μmol/L carboxyfluorescein diacetate
succinimidyl ester (CFSE) (Thermo Fisher Scientific, MA,
USA) in PBS and diluted to a concentration of 1 × 106

cells/mL. Immunocult human CD3/CD28 T cell activator (25
μL/mL, Stemcell Technologies, Vancouver, BC, Canada) was
added to the cell suspension to stimulate T cells, and the
cell suspension was seeded in 96-well plates (200 μL/well).

In each proliferation assays, one VKH patient in the AST
was involved to obtain CD4+ T cells, whose plasma was
purified to obtain autologous sEVs (Auto-sEVs). Allogeneic
sEVs (Allo-sEVs) and healthy controls’ sEVs (HC-sEVs) were
obtained from other uveitis patients and HC, respectively.
CD4+ T cells were cultured with different sEVs (10 μg).

Jurkat cells were seeded in 96-well plates at 4 × 104

cells per well in 100 μL culture medium and transfected
with miRNA mimics (100 nM), inhibitor (300 nM), or siRNA
(100 nM, GenePharma, Nanjing, China) using Lipofectamine
3000 (Invitrogen). CD4+ T cell were transfected with mimics
at the final concentration of 100 nM.

Cell Proliferation Assay

Cell viability and proliferation were detected after 24, 48, and
72 hours of treatment using a Cell Counting Kit-8 (CCK-8)
(Dojindo Molecular Technologies, Kumamoto, Japan). Opti-
cal density (OD450) was detected using a microplate reader
(Infinite 200 Pro; Tecan, Männedorf, Switzerland).

Flow Cytometry Assay

Flow cytometry was chosen to assess the purity of CD4+ T
cells used for subsequent experiments. For the cell prolif-
eration experiments, T cells were stained with CFSE before
being seeded in 96-well plates and incubated for 96 h in
the dark. T cells were collected and stained with Anti-CD4-
APC antibody (dilution: 1:1000; Abcam) for 30 minutes. Cell
proliferation was quantified by CFSE fluorescence using flow
cytometry at 96 hours after treatment.

Similarly, apoptotic cells were analyzed using the FITC
Annexin V Apoptosis Kit (KeyGEN BioTECH, China). The
number of apoptotic cells, including both early and late
apoptotic cells, was calculated.

Statistical Analysis

Data were analyzed using SPSS (IBM, Armonk, NY, USA),
FlowJo (FlowJo, Ashland, OR, USA), and Prism software
(GraphPad Software, San Diego, CA, USA). The normality
and homogeneity of variance were calculated from the data.
Non-normal data were log-transformed to meet the assump-
tion of normality before analysis. An independent-sample
t-test was performed to analyze data between two groups,
and a one-way ANOVA was used for data analysis involving
more than two groups, as appropriate. Statistical significance
was considered as P < 0.05.

RESULTS

Plasma-Derived sEVs From Patients With VKH
Inhibited the Proliferation of Autologous CD4+ T
Cells

We purified sEVs from the plasma of healthy controls and
patients with acute VKH or other types of uveitis with active
inflammation, using ultracentrifugation. TEM showed that

the sEVs were round or oval membranous vesicles (Fig. 1A).
The mean diameter of sEVs was confirmed as 117.7 ±
60.0 nm by NTA (Fig. 1B). The conventional exosome mark-
ers CD63, CD9, and TSG101 were detected using Western
blotting (Fig. 1C). CD4+ T cells from acute patients with VKH
were stimulated with Immunocult human CD3/CD28 T cell
activator in the presence of PBS, HC-, Allo-, or Auto-sEVs for
96 hours. Notably, the frequency of CD4+ T cells cultured
with Auto-sEVs was significantly reduced compared to that
in cells cultured with HC-sEVs and the control (Figs. 1D, 1E;
P < 0.05). The percentage of apoptotic cells in the PBS,
Allo-sEV, and Auto-sEV groups was detected by flow cytom-
etry (Fig. 1F), and there was no significant difference in cell
apoptosis among the three groups (Fig. 1G; P > 0.05). These
results indicated that circulating sEVs from acute VKH can
inhibit autologous T cell proliferation without affecting cell
apoptosis.

DEMs Profile and the Correlation Between
Selected miRNAs With T-Cell Proliferation in sEVs
From Patients With VKH

To determine the mechanisms by which plasma VKH patient
sEVs inhibit the proliferation of CD4+ T cells, we analyzed
the miRNA expression profiles of plasma sEVs from NC
and patients with VKH at AST, UST, and SST. Different
miRNA expression profiles were identified in the four
groups (Fig. 2A). We identified 870 miRNAs in sEVs. Of
these, 45.40% (395/870) had been previously recorded in
the ExoCarta database (Fig. 2B). After the comparison of
miRNAs in AST, UST, or SST versus NC, the numbers of
upregulated and downregulated miRNAs were identified
(Fig. 2C). To investigate changes in miRNA expression
at different VKH stages, miRNA expression patterns were
analyzed using the TCseq package. Two miRNA expression
patterns (Figs. 2D, 2E) were identified that were associ-
ated with disease development. According to the screening
criteria of fold change FC (AST vs. NC) < −2 (downregu-
lated) and |FC (SST vs. NC) | <2 (no change)), five miRNAs
were significantly downregulated at AST in cluster1 (Fig. 2F).
Forty-six miRNAs were upregulated at AST and UST in clus-
ter2 (Fig. 2G) using the screening criteria of FC (AST vs. NC)
> 2 (upregulated), FC (UST vs. NC) > 2 (upregulated), and
|FC (SST vs. NC) | <2 (no change).

To explore the potential function of the differentially
expressed miRNAs, the target genes of the 46 upregu-
lated miRNAs were identified using the miRTarBase and
tarbase databases. Next, we performed GO, KEGG, and
Reactome enrichment analysis of the target genes. The
GO analysis identified that target genes were enriched
for ubiquitin-like protein ligase binding, ribonucleopro-
tein granules, and regulation of mRNA metabolic processes
(Fig. 2H). The enriched KEGG pathways for the target genes
included the neurotrophin signaling pathway and Hepati-
tis B (Fig. 2I). The Reactome pathway was significantly
enriched in oncogene-induced senescence, PTEN regulation,
and PIP3-AKT signaling (Fig. 2J). It is well known that the
activation of PI3K-AKT signaling can promote cell growth,
proliferation, and survival.31

We sought to determine which sEV-derived miRNAs may
be critical in inhibiting autologous CD4+ T cell prolif-
eration (Fig. 1E). Sixty-seven genes associated with T
cell proliferation (Supplementary Excel S1) were found to
interact with the 46 upregulated miRNAs. Target genes
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FIGURE 1. Circulating sEVs from patients with VKH selectively inhibited the proliferation of autologous CD4+ T cells without affecting cell
apoptosis. (A) The morphology of sEVs was observed using TEM (scale bar: 100 nm). (B) The size distribution of the sEVs was obtained
through NTA. The mean size of sEVs was 117.7 ± 60.0 nm. (C) Exosome marker proteins (CD63, CD9, and TSG101) were identified using
Western blotting. (D) Representative dot plot and histogram of flow cytometry data. Cell proliferation was quantified by measuring CFSE
fluorescence using flow cytometry after 96 hours. (E) Percentage proliferation of T cells was assessed using flow cytometry. CD4+ T cells
were obtained from the peripheral blood of patients with VKH at the active stage and were cultured with PBS as the control (n = 8), HC-sEVs
(n = 8), Allo-sEVs (n = 6), or Auto-sEVs (n = 7) under stimulation with human CD3/CD28 T cell activator for 96 h. (F) Representative dot plot
of flow cytometry data. Annexin V-positive/PI-negative cells were regarded as apoptotic. (G) Histogram of the cell apoptosis rate detected
by flow cytometry (n = 4). In E and G, each dot represents one patient and n represents the number of patients.

were searched in five databases (miRTarBase, TarBase,
DIANA-microT, miRanda, and PITA) and used to match
the proliferation gene list. We calculated the number of
genes associated with T cell proliferation targeted by
each miRNA and found that miR-410-3p had the largest
number of T-cell proliferation target genes and might be
crucial for inhibiting the proliferation of CD4+ T cells
(Fig. 2K).

MiR-410-3p Was Overexpressed in the sEVs From
Acute Patients With VKH and Could Inhibit the
Proliferation of Jurkat Cells and CD4+ T Cells

We verified the changes in miR-410-3p levels in circulat-
ing sEVs by RT-PCR. The relative expression of miR-410-
3p in AST was significantly higher than in the other three
groups (Fig. 3A). To explore the possible role of miR-410-3p
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FIGURE 2. MiRNA profiling of sEVs from patients with VKH and NC, and GO and KEGG analysis for the targeted genes. (A) Heatmap of the
DEMs in miRNA expression profiling in patients with VKH at different stages of disease compared to the NC. (B) Venn diagram of miRNAs
overlap in the ExoCarta database. (C) Histogram of the number of DEMs in patients with VKH at different stage of disease versus control.
(D–G) The two miRNAs expression patterns of NC and different stages of VKH conducted by cluster analysis. (H) GO analysis of miRNA
target genes. Top five terms were displayed with three GO categories. (I) KEGG analysis of miRNA target genes. (J) Reactome analysis of
miRNA target genes. (K) Number of genes associated with T cell proliferation targeted by each miRNA.
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FIGURE 3. Expression levels of miR-410-3p and the function of miR-410-3p on Jurkat cells. (A) The relative expression of miR-410-3p in sEVs
from patients with VKH and NC using RT-PCR. Each dot represents one patient. (B) Transfection efficiency of Jurkat cells post-transfected
with miR-410-3p mimics or inhibitor (n = 3). (C) Relative expression of miR-410-3p in Jurkat cells post-transfected with miR-410-3p mimics
or inhibitor or control using RT-PCR (n = 3). (D1–D3) The OD value at 450 nm of Jurkat cells post-transfected with miR-410-3p mimics
or normal control for 24 h (n = 5), 48 h (n = 4), and 72 h (n = 3). (E1–E3) The OD value at 450 nm of Jurkat cells post-transfected with
miR-410-3p inhibitor or normal control for 24, 48, and 72 h (n = 4). For B–E, each dot represents the average of three repeats from one
experiment, and n represents the number of independent experiments done (*P < 0.05, **P < 0.01, ***P < 0.001).

in VKH, Jurkat cells were transfected with miR-410-3p
mimics or inhibitor. The transfection efficiency was evalu-
ated using flow cytometry (Fig. 3B), and the relative expres-
sion of miR-410-3p in Jurkat cells was found to be signifi-
cantly higher after transfection with miR-410-3p mimics than
NC (Fig. 3C). Jurkat cell proliferation was evaluated by CCK-
8 at 24, 48, and 72 hours after transfection. Compared to NC,
the proliferation of Jurkat cells was significantly inhibited at
48 and 72 hours after transfection with miR-410-3p mimics

(Figs. 3D2, 3D3). A trend of increased cell proliferation was
observed 72 hours after transfection with the miR-410-3p
inhibitor (Fig. 3E3).

Because Jurkat cells cannot fully simulate human primary
T cells and some function analyses cannot be conducted
using Jurkat cells,32 we verified the function of miR-410-3p
on human T cells. CD4+ T cells from healthy volunteers were
transfected with miR-410-3p mimics or NC with Immunocult
human CD3/CD28 T cell activator. The relative expression
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FIGURE 4. The inhibitory effect of miR-410-3p on the proliferation of CD4+ T cells. (A) Relative expression of miR-410-3p in CD4+ T cells was
identified using RT-PCR 48 h post-transfected with miR-410-3p mimics or normal control (n = 7). (B) Histogram of the cell proliferation rate
detected by flow cytometry (n = 8). (C) Representative dot plot and histogram of flow cytometry data. The cell proliferation rate difference
between the normal control and mimics was calculated separately using blank as the control. Subsequently, a t-test was performed to
determine the statistical significance. (*P < 0.05, **P < 0.01, ***P < 0.001).

of miR-410-3p was significantly higher in mimics than NC
at 48 hours after transfection (Fig. 4A). The cell proliferation
rate in mimics was significantly reduced compared to NC at
96 hours after transfection (Figs. 4B, 4C).

MiR-410-3p Suppressed the T-Cell Proliferation by
Downregulating the Expression of CXCL5

The target genes of miRNA-410-3p were predicted using
the R package multiMiR (Fig. 5A). KEGG pathway anal-
ysis revealed that the target genes of miR-410-3p were
mainly associated with the IL-17 and TGF-β signal-
ing pathways, advanced glycation end products-receptor

of advanced glycation end products (AGE-RAGE) signal-
ing pathway in diabetic complications, neurotrophin
signaling pathway, and cortisol synthesis and secretion
(Fig. 5B).

To investigate the target genes of miR-410-3p, the expres-
sion levels of the CXCL5 and IFNAR1 genes in Jurkat
cells post-transfected with miR-410-3p mimics, inhibitor, or
normal control were evaluated. The relative mRNA expres-
sion of CXCL5 and IFNAR1 decreased significantly in the
mimic-transfected group compared to that in the normal
control group (Figs. 6A1, 6A2). The protein expression level
of CXCL5 was downregulated in the mimics (Fig. 6B) and
upregulated in the inhibitor group, respectively (Fig. 6C).
We further tested the role of circulating sEVs in CXCL5
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FIGURE 5. Target gene prediction (A) and KEGG pathway analysis (B) of miR-410-3p.

expression in CD4+ T cells and confirmed that circulat-
ing sEVs derived from patients with VKH could inhibit the
expression of CXCL5 in autologous CD4+ T cells (Fig. 6D).

To explore the involvement of CXCL5 in T cell prolif-
eration, Jurkat cells were incubated with increasing doses
of exogenous CXCL5. Figure 6E shows that CXCL5 signif-
icantly increased the proliferation of Jurkat cells only at
2–10 ng/ml. Jurkat cells were transfected with siRNA to
knock down CXCL5, and both the relative mRNA (Fig. 6F)

and protein expression (Fig. 6G) of CXCL5 were signifi-
cantly reduced. Knockdown of CXCL5 with siRNA had an
inhibitory effect on Jurkat cell proliferation at 72h (Fig. 6H3).
Thus CXCL5 promotes the proliferation of T cells, whereas
downregulation of CXCL5 inhibits T cell proliferation. Taken
together, these results suggest a specific inhibitory effect of
miRNA-410-3p on T cells by suppressing CXCL5 expression,
supporting the hypothesis that sEV-derived miRNAs reduce
the proliferation of T cells by targeting CXCL5.
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FIGURE 6. MiR-410-3p suppressed the T cell proliferation by down-regulating the expression of CXCL5. (A1, A2) The relative mRNA expres-
sion of CXCL5 (n = 6) and IFNAR1 (n = 6) in Jurkat cells post-transfected with miR-410-3p mimics for 48 hours were measured using RT-PCR.
(B–C) CXCL5 protein expression in Jurkat cells post-transfected with miR-410-3p mimics or inhibitors measured by Western blotting (n =
3). (D) CXCL5 protein expression in CD4+ T cells cultured with PBS or with sEVs derived from patients with VKH (n = 3), n represents the
number of patients. (E) Jurkat cells were cultured in a medium supplemented with different concentrations of exogenous CXCL5, then the
proliferation of T cells was evaluated by OD value at 450 nm using CCK-8 (n = 3). (F-G) Jurkat cells were transfected with siRNA targeting
CXCL5, and then cultured for 72 h. The relative expression of CXCL5 mRNA was assessed by RT-PCR (F, n = 3), and the CXCL5 protein
expression was measured by Western blotting (G, n = 4). (H1–H3) The proliferation of Jurkat cells was evaluated by CCK-8 post-transfected
with siRNA for 24 h (n = 4), 48 h (n = 5), and 72 h (n = 5). For A–C and E–H, each dot represents the average of three repeats from one
experiment, and n represents the number of independent experiments performed (*P < 0.05, **P < 0.01).
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DISCUSSION

Exosomes are implicated in the pathogenesis of
many autoimmune diseases, such as multiple sclerosis
(MS), systemic lupus erythematosus, and autoimmune
uveitis.15,33,34 Circulating exosomes can regulate immune
responses and induce immune tolerance in diseases.35,36

Here we focused on the influence of circulating sEVs on T
cells in patients with VKH. We found that circulating sEVs
possess immunomodulatory ability in the pathogenesis of
VKH, and the encapsulated miRNAs may contribute to the
immunosuppressive microenvironment for the induction of
immune tolerance.

Plasma-derived circulating sEVs exhibited an antigen-
specific inhibitory effect on T cells in a rat model of exper-
imental autoimmune uveitis,15 whereas vaccination with
sEVs in experimental autoimmune uveitis prevents recurrent
intraocular inflammation. Here, we confirmed that autolo-
gous plasma sEVs could suppress CD4+ T cell proliferation,
whereas allogenic sEVs had no such effect. These results
suggest that the suppressive effect of circulating sEVs on T
cell response is antigen-specific in VKH.

However, the mechanism underlying the immunosup-
pressive effects of circulating sEVs in VKH has been unclear.
MiRNAs can play important roles in T cell–mediated immune
responses in autoimmune diseases.37 MiR-20a-5p was differ-
entially expressed in the CD4+ T cell samples of patients
with VKH and could suppress their production of IL-17.38

MiRNAs are major components of sEV cargoes. We explored
the role of miRNAs in circulating sEVs in patients with VKH.
We found that among the miRNAs upregulated in sEVs of
uveitis with active episodes, miR-410-3p had the largest
number of T-cell proliferation target genes, and further
experiments confirmed that miR-410-3p could inhibit the
proliferation of Jurkat cells, as well as CD4+ T cell. These
data suggest a potential function for miR-410-3p in circu-
lating sEVs as a biomarker and suppressive factor in the
pathogenesis of VKH. The upregulation of miR-410-3p may
contribute to the inhibitory effect of sEVs on CD4+ T-cell
proliferation.

The role of MiR-410-3p in cancer and autoimmune
diseases is important but controversial and may depend on
when it is expressed and which cells express it. MiR-410-3p
suppressed tumor cell growth in breast cancer,39 gliomas,40

rhabdomyosarcoma,41 and non-small-cell lung cancer.42 The
expression level of miR-410-3p in synovial tissues and
fibroblast-like synoviocytes of rheumatoid arthritis patients
were downregulated, and miR-410-3p inhibited inflamma-
tory cytokine secretion43 and suppressed fibroblast-like
synoviocytes proliferation.44

We verified that CXCL5 expression was downregulated
by miR-410-3p in Jurkat T cells. We found that exogenous
CXCL5 promoted the proliferation of Jurkat cells and target-
ing CXCL5 by siRNA inhibited the proliferation of Jurkat cells
in vitro. These results suggest that miR-410-3p may exert
a suppressive effect by targeting CXCL5 expression. CXCL5
belongs to the CXC-type chemokine family and partici-
pates in inflammatory response by regulating the immune
microenvironment.45,46 It has been shown that CXCL5 plays
key roles in promoting cancer cell proliferation, migration,
and invasion. Recent studies have shown that CXCL5 may
play an important role in autoimmune diseases. It was
found that CXCL5 was upregulated in samples of aqueous
humor from uveitis patients47 and the serum of patients
with periodontal disease, rheumatoid arthritis,48 pemphigus

vulgaris49 or moyamoya disease.50 In relapsing MS patients,
the level of CXCL5 in plasma was correlated with the devel-
opment of new inflammatory lesions, which was consid-
ered as a potential novel biomarker and therapeutic target in
MS.51 CXCL5 expression was also elevated in cerebrospinal
fluid of MS patients during relapse compared with speci-
mens acquired during remission.52 Although these reports
indicate that CXCL5 may be related to the inflammation state
of autoimmune diseases, its effect on T cells is not clear. The
present study revealed that CXCL5 could also stimulate the
proliferation of T cells, which may promote T-cell–mediated
autoimmune responses.

In conclusion, we reported an inhibitory effect of circulat-
ing sEVs from VKH on CD4+ T cells mediated by miR-410-3p
by targeting CXCL5. Autologous sEVs were used to alleviate
T-cell response, which would be a novel, safe, and personal-
ized therapy strategy. Our results indicate that the miR-410-
3p/CXCL5 axis may be involved in the pathogenesis of VKH,
and miR-410-3p in plasma sEVs may be a useful biomarker
for evaluating VKH. This study has a limitation due to a small
sample size, and more samples are required to confirm the
utility of a biomarker. These results only indicate that autol-
ogous sEVs possess the inhibitory effect on CD4+ T cells in
patients with VKH. The effect of sEVs from other types of
uveitis was not performed and need more experiments in
future study. Nevertheless, the role and mechanism of miR-
410-3p and CXCL5 in the pathogenesis of VKH are not clear
and require additional research.
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