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Abstract

Soluble CD83 (sCD83) exerts immunosuppressive functions in many autoimmune

diseases, including experimental autoimmune uveitis (EAU), but the cells and

mechanisms involved are unclear. This study showed that CD83+ B cells were the

main sources of sCD83. They alleviated the symptoms of EAU and decreased the

percentage of T cells and DCs in the eyes and lymph nodes. These CD83+ B cells

decreased IL-1β, IL-18 and IFN-γ secretion by DCs through sCD83. sCD83 inter-

acted with GTPase Ras-related protein (Rab1a) in DCs to promote Rab1a accumu-

lation in autolysosomes and inhibit mTORC1 phosphorylation and NLRP3

expression. Hence, CD83+ B cells play a regulatory role in EAU by secreting

sCD83. The lack of regulation of CD83+ B cells might be an important factor lead-

ing to hyperimmune activation in patients with autoimmune uveitis. CD83+ B

cells suppress activated DCs in uveitis, indicating the potential therapeutic role of

CD83+ B cells in uveitis.
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INTRODUCTION

Autoimmune uveitis (AIU) is an organ-specific disorder
characterized by immune disorders, including increased
CD4+ T cell infiltration in the eyes [1–3], and can cause
visual deficits and blindness [4]. Type 1 helper T cells
(Th1) are crucial effectors that drive local tissue damage
and systemic progression [3]. Dendritic cells (DCs) are
antigen-presenting cells and are involved in T cell activa-
tion and the pathogenic process underlying uveitis by
secreting interleukin (IL)-18 and IL-1β [5–9]. Still, little is
known about the reason for the abnormal activation of T
cells and DCs in AIU. One of the important reasons for
the over-activation of immune cells is the lacking of
inhibitory molecules or cells in this disease, for example,
regulatory B cells (Bregs), which are important regulators
in autoimmune diseases [10, 11]. Bregs negatively regu-
late immune responses through the production of anti-
inflammatory cytokines such as IL-10, IL-35 and TGF-β,
and they exhibit various mechanisms of immunosuppres-
sion in autoimmune diseases [10, 11].

Soluble CD83 (sCD83) is increased during EAU and
inhibits the activation of T cells by suppressing DC activa-
tion [12]. sCD83 is the extracellular domain of the
membrane-bound CD83 (mCD83) molecule, a suppressive
factor for many autoimmune diseases [13–15]. Therefore,
the source of sCD83 might be an important clue for sup-
pressing the immune response of uveitis. sCD83 has been
reported to be mainly produced by CD83-positive cells,
including CD83+ B cells and CD83+ DCs [16], but which
cell subset is the main source of sCD83 in EAU is
unknown. The overexpression of CD83 in mouse B cells
leads to function inhibition, as demonstrated by a decreased
capacity of proliferation, immunoglobulin (Ig) class-switch,
Ig secretion upon immunization and augmented secretion
of the immunoregulatory cytokine IL-10 [17, 18]. Whether
CD83+ B cells is the main source of sCD83 in EAU and its
role in immunoregulation are not clear.

Although it has been reported that sCD83 induces DC
tolerance and regulates DC status [12, 19, 20], the target
and the possible mechanisms of sCD83 in DCs are still
unclear. Moreover, our previous reports showed that
sCD83 inhibited mature DCs by changing the localization
of mitochondria and decreased calcium signalling in DCs
[12], suggesting that sCD83 might affect the metabolism
of DCs. The reprogramming of the intracellular

metabolic pathways was speculated to regulate the activa-
tion and effector function of DCs [21, 22]. Blocking gly-
colysis or mitochondria metabolism inhibits the
activation and secretion of inflammatory factors of DCs
[23–25]. The metabolism of DCs is primarily regulated by
mTORC1 and its signalling pathways [26, 27], which
might be correlated with the occurrence of uveitis [28].

In our study, the EAU mice model was used to inves-
tigate the source of sCD83 and the putative mechanisms
underlying the effects of sCD83 on DCs and T cells. Sub-
sequently, the role of sCD83 and CD83+ B cells in
patients with uveitis was investigated.

MATERIALS AND METHODS

Animals and experimental autoimmune
uveitis (EAU) model

Pathogen-free female C57BL/6 (6–8 weeks) mice were
purchased from the Beijing Vital River Laboratory Ani-
mal Technology Co., Ltd. μMT mice (Ighm-eKO1) were
purchased from the Jackson Laboratory (Bar Harbour).
These mice were maintained in specific pathogen-free
conditions as per the guidelines for the care and use of
laboratory animals of the Shandong First University &
Shandong Academy of Medical Sciences. The induction
of EAU in C57BL/6 mice was described in a previous
report [29–31]. Briefly, the C57BL/6 mice were subcuta-
neously immunized with 350 μg of human interphotore-
ceptor retinoid-binding protein peptide 1–20 (IRBP1–20,
China Peptides Co., Ltd.) that was emulsified in complete
Freund’s adjuvant (Sigma-Aldrich Company). Concur-
rently, a single dose of 500 ng of pertussis toxin (PTX,
Enzo Life Sciences) was injected intraperitoneally. After
immunization for 21 days, the mice were examined by
histopathological examination and the degree of disease
was evaluated by a scoring system as previously described
[31, 32]. For DCs depletion, CD11c-DTR-GFP mice was
immunized to construct EAU model, after 16 days, diph-
theria toxin (DT, 5 ng/eye) was used to delete the CD11c
cells in the eyes of CD11c-DTR-GFP mice by subconjunc-
tival injection [5, 33]. This approach resulted in 95%
depletion of CD11c cells and lasted for 72 h [5, 33].
Mouse/human IL-1β, IL-18, IFN-γ ELISA kits
(eBioscience) were used for cytokines detection in serum.
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Cell culture

The DC2.4 cell line (a gift from Professor Yiwei Chu of
the Department of Immunology, Shanghai Medical
School, Fudan University) was cultured in RPMI-1640
containing 10% fetal bovine serum and double antibodies.
These cells were stimulated overnight with IRBP1-20
(10 ng/mL) and PTX (10 ng/mL).

The CD83+ CD3� CD19+ B cells were isolated from the
lymph nodes of EAU mice by a cell sorting instrument
(BD FACS Aria™ III, BD Biosciences). These cells
(1 � 106/100 μL/mouse) were injected into the EAU mice
and immunized after 16 days via the tail vein. For cell stim-
ulation, these CD83+ B cells were treated with either 10 μg/
mL LPS for 48 h or 50 ng/mL PMA and 500 ng/mL ionomy-
cin for the last 5 h. In order to examine the effect of antigens
on CD3� CD19+ B cells, the cells were stimulated with anti-
CD40 mAb (50 ng/mL; FGK4.5, BioXcell), IRBP1-20 (10 ng/
mL) and PTX (10 ng/mL). Subsequently, the cells were used
for flow cytometry. Afterward, the CD83+ B cells were
added into the culture of DCs (B cell: DCm = 1:1) or DCs
and T cells (T cell: DCm: B cell = 10:1:1) for 24–48 h.

For cell stimulation, sCD83 (100 ng/mL) was added
to the culture of isolated wild-type (WT) DCs or the
DC2.4 cell line or isolated B cells for pre-treatment for
24 h, and then the cells were collected for detection.

Plasmid construction

The mouse pGEM-T-sCD83 plasmid (the extracellular
domain of mCD83 molecule, 22–133) was purchased from
Sino Biological Inc. and inserted into pGEX4T-1 using
BamHI and XhoI restriction enzymes to construct pGEX
4 T-1-sCD83 for sCD83 protein expression. The genes of
sCD83 and Rab1A (Sino Biological Inc.) were constructed
into pEYFP-N1 and pCFP-C1 to make p-sCD83-EYFP and
p-Rab1a-CFP, respectively. Rab1aQ70L (a GTP-restricted
mutant, activated form), Rab1aS25N (a GDP-restricted
mutant, inactivated form) and Rab1aN124I (dominant-
negative guanine nucleotide binding-deficient mutant)
were generated by PCR site-directed mutagenesis and con-
firmed by sequencing (Shanghai Biosune Biotechnology
Co.). The plasmids for mTOR and NLRP3 were purchased
from Hunan Fenghui Biotechnology Co., Ltd. These plas-
mids were transfected into the DC2.4 cells using Lipofecta-
mine 2000 (Thermo Fisher Scientific).

Non-targeting control shRNA and targeting shRNA were
constructed by Genomeditech Company. The sequence of
effective Rab1a shRNA was 50-GCACAATTGGTGTG-
GATTT-30, and the sequence of CD83 shRNA was 50-
GUGCUUUUCAGUCAUCUACAAGCTA-30. They were
constructed into PGMLV-SC5 separately. The cells were

then transfected with 5–20 nM PGMLV-SC5-Rab1a shRNA/
PGMLV-SC5-CD83 shRNA or non-targeting control shRNA
(NC) as per the protocol provided by the manufacturer.

Cell depletion

In order to determine which cells produced sCD83,
CD45+ CD83+ cells were obtained from lymph nodes
using a cell sorting instrument (BD FACSAria™ III, BD
Biosciences), after which CD19 depletion was performed
using mouse CD19 MicroBeads (Miltenyi Biotec GmbH).
For CD4 depletion, a negative selection mouse CD4+ T
Cell Isolation kit (Miltenyi Biotec GmbH) was used,
while CD11c depletion was done using mouse CD11c
MicroBeads (Miltenyi Biotec GmbH). Cells (1 � 105) of
every group were obtained and cultured with 250 μL
RPMI-1640 culture medium and stimulated with IRBP1-20
(10 ng/mL) and PTX (10 ng/mL) as described above.

Flow cytometry and cell sorting

Wild-type (WT) DCs and CD4+ T cells were obtained from
the lymph node of EAU mice and selected using a
CD4-nagetive and CD11c-positive selection kit (Miltenyi Bio-
tec), respectively. Splenocytes were obtained, and the Red
Blood Cell Lysis Buffer (Solarbio Science & Technology Co.,
Ltd.) was used to obtain a single-cell suspension. Aliquots of
1 � 106 cells were stained with different monoclonal anti-
bodies according to standard protocols. The cells were ana-
lysed on a FACS Verse cytometer (BD Biosciences).
Fluorescent antibodies against mouse CD45 (clone 30-F-11),
mouse CD3ε (clone 145-2C11), CD4 (clone GK1.5), mouse
CD83 (clone Michel-19), mouse CD19 (clone eBio103),
mouse NK1.1 (clone PK136), mouse MHC-II (clone
M5/114.15.2), mouse CD11c (clone N418), mouse CD69
(clone H1.2F3), mouse Ki67 (clone B56), mouse CD80 (clone
16-10A1), mouse CD86 (clone GL-1), mouse IL-10 (clone
7ES5-16E3), mouse IL-35 (IL-12p35) (clone 45 806), mouse
IFN-γ (clone XMG1.2), human CD45 (clone ID1), human
CD3 (clone HIT3a), human CD19 (clone HIB19), human
CD83 (clone HB15e), human IL-35 (clone B032F6) and
human IL-10 (clone JES-9D7) conjugated with the corre-
sponding fluorescent dyes (eBioscience), and mouse NLRP3
(clone #768319) from R&D Systems Inc. or Biolegend were
used in the experiments.

Immunofluorescence

Wild-type DCs or DC2.4 cells were incubated with
IRBP1-20 (10 ng/mL) and PTX (10 ng/mL) overnight.
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sCD83 (100 ng/mL) was added to stimulate the cells over-
night. The cells were fixed in PBS/4% paraformaldehyde
for 10 min, followed by incubation with PBS/0.1 M of gly-
cine for 3 min. The cells were punctured with 0.1% Triton
X-100/PBS for 20 min and then blocked with 2% bovine
serum albumin buffer for 20 min. The cells were stained
with anti-Rab1a, p-mTORC1, LC3, LAMP1 and GM130
antibodies (1:1000 dilution) for 60 min. After washing
three times, the corresponding fluorescent antibodies
were added. Images of the cells were taken with a confo-
cal microscope (LMS 880, Zeiss, Germany) equipped with
an APO oil immersion objective lens (63�, NA = 1.40).
The images were analysed with the Imaris Software
(Bitplane AG) and ImageJ (National Institutes of Health).
Colocalization of Rab1a and GM130, LAMP1 and LC3 in
DCs were analysed by ImageJ with colocalization index
(Pearson correlation coefficient, Pearson’s r).

GST-pulldown and liquid chromatographic
tandem mass spectrometry detection

The purified GST-CD83 protein (200 μg) was incubated
with GSH-coupled agarose beads (Thermo Fisher Scien-
tific) in 300 μL of binding buffer (20 mM imidazole, 10%
glycerol, and 500 mM NaCl, pH 7.9) containing protease
inhibitor at 4�C. The DC membrane proteins were
extracted, washed once with 800 μL of PBS + 1% Triton-
100, and co-incubated with GST-CD83 at 4�C overnight.
The complex of GSH-coupled agarose beads and GST-
CD83 and membrane protein extraction were identified
by SDS-PAGE and western blot. The sample was digested
using 40 μL of trypsin buffer, desalted, separated by capil-
lary high-performance liquid chromatography and ana-
lysed using a Q Exactive mass spectrometer. The
identified proteins were analysed using the mascot 2.2
software. Liquid chromatographic tandem mass spec-
trometry was performed by DetaiBio Company.

Western blot

The DC2.4 cells or sCD83-treated-DC2.4 cells were lysed
with RIPA buffer (Beyotime Biotechnology, Shanghai,
China). The same amounts of proteins were separated by
10% SDS-PAGE and transferred to polyvinylidene difluor-
ide (PVDF) membranes. Subsequently, 5% non-fat dry
milk in Tris-buffered saline 0.1% Tween 20 (TBS-T) was
used to block the non-specific binding sites for 1 h. After
washing with TBS-T, the membranes were incubated
with primary antibodies (1:1000) against mouse Rab1a,
mTORC1, p-mTORC1 and β-actin (Cell Signalling Tech-
nology) at 4�C overnight. The membranes were washed

and incubated with secondary goat-anti-rabbit IgG anti-
bodies conjugated with HRP (Beyotime Biotechnology)
for 1 h. Finally, the membranes were developed using the
Super Signal West pico Chemiluminescent Substrate
(Thermo Scientific). Densitometric analyses were per-
formed using the Image J software (National Institutes of
Health).

Single-cell RNA-sequencing analysis

The original data of the YN_10 � RNA and
YE_10 � RNA groups were downloaded from the
CRA004687 dataset of the Genome Sequence Archive
(GSA) [34]. ‘CellRanger count’ of cellranger 3.1.0 in
Linux Environment was used to analyse multiplex and
process the FastQ sequence in the NovaSeq system, and
Seurat software (version 2.3.4) was used for filtering, data
standardization, dimensionality reduction, clustering,
and the single cell expression matrix analyse [35]. The
Rstudio software was used to carry out quality control
and dimensionality reduction of data and data analysis.
The following parameters were assessed. (1) Including
features detected in at least three cells. (2) Including
detecting at least 200 features in each cell. (3) Before pro-
ceeding further, cells with <200 or >2500 genes or with a
ratio of mitochondrial genes >15% were excluded. Most
cells with high expression of Hbb-a1 and Hbb-bs that
were recognized as red blood cells were filtered. The
batch effect across different samples was removed. For
the analysis of scRNA-seq data with Seurat, the data were
normalized using the ‘NormalizeData’ function with the
‘SCT’. In addition, the ‘FindClusters’ function was used
to cluster cells, and the ‘RunUMAP’ function was used to
visualize with a 2-dimensional UMAP algorithm. The
‘FeaturePlot’ parameter was used to visualize the expres-
sion of CD83 in each cell subgroup.

Patient’s samples and cell isolation

This study was approved by the Human Research and
Ethics Committee of Shandong Eye Hospital, Shandong
Eye Institute, Shandong First Medical University and
Shandong Academy of Medical School (2019-G-012). All
patients provided written informed consent. A total of
15 patients with uveitis due to Behcet’s disease (BD) and
15 patients with acute uveitis were recruited from the
Shandong ophthalmic hospital from September 2019 to
July 2021. Uveitis of BD was diagnosed based on the cri-
teria from the international diagnostic standard in 2014
[36]. Acute uveitis was diagnosed in patients who had no
history of uveitis in the past, and the duration of this
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medical history was ≤ 3 months. The healthy controls
were from the health examination personnel of Qilu Hos-
pital of Shandong University, all without eye disease.
Serum samples were obtained to detect the concentration
of IL-10, IL-35 and sCD83 using the human IL-10, IL-35
and sCD83 ELISA Kits (USCN Life Science Inc.). Hepa-
rinized venous blood (2 mL) was obtained from patients
and healthy controls. Peripheral blood mononuclear cells
(PBMCs) were recovered at the buffy coat layer using a
Ficoll–Hypaque (Beijing Solarbio Science & Technology
Co., Ltd.) gradient and then washed twice to remove red
blood cells (RBCs). The phenotypic analysis of fresh
PBMCs was performed by flow cytometry.

Statistical analysis

Data analysis was performed using GraphPad Prism
5 (GraphPad Software). Data were analysed by the two-
tailed Student’s t-test or one-way ANOVA. The data were
presented as mean ± SEM, p-values < 0.05 (*), 0.01 (**),
or 0.001 (***) were considered significant, and p-
values > 0.05 (N) was considered not significant.

RESULTS

CD83+ B cells are the main cell subset for
sCD83 secretion in EAU

The expression of CD83 in various cell subsets from
lymph nodes of WT and EAU mice was analysed by
single-cell sequencing data from previously report [34].
The integrated samples were grouped and defined as
11 cell subpopulations, including precursor T cells (pro-
T), CD4+ T cells, CD8+ T cells, Tregs, B cells, plasma
cells, neutrophils, monocyte cells, macrophage cells,
cDCs and pDCs (Figure S1, left panel). The subset of B
cells was divided into three subsets (Figure S1, middle
panel), and the subset that highly expressed CD83 was
specifically overexpressing CD83, Fcmr, Il4i1 and CD72.
According to the expression of CD83, we redefined the
subgroup of B cells with high expression of CD83 into
CD83+ B cells and CD83� B cell clusters, as shown in
Figure S1 (right panel).

It was found that the expression of CD83 in B cells
was significantly higher than that in all other cell subsets
(Figure 1a) and the expression of CD83 in B cells from
EAU, was higher than that from WT mice (Figure S1),
suggesting that the secretion of CD83 in EAU might
mainly come from B cells. Furthermore, the CD83+

CD45+ cell subsets from the lymph nodes of EAU mice
were isolated and analysed by flow cytometry. The

CD83+ CD3� CD19+ B cells were the major component
(Figures 1b and S1). Furthermore, the concentration of
sCD83 was detected in the supernatant of isolated CD83+

CD45+ cells from the lymph nodes of EAU mice, as well
as the CD83+ CD45+ cell pool with depleting CD11c+

MHC-II+ DCs, CD3� CD19+ B cells or CD3+ T cells,
respectively. The concentration of sCD83 in the medium
was reduced to different degrees after the depletion of dif-
ferent cell subsets (Figure 1c). Specifically, the concentra-
tion of sCD83 in the medium of cells with CD3� CD19+

B cells depletion decreased notably (Figure 1c). There
were no significant differences in the concentration of
sCD83 between the medium of CD83+ CD3� CD19+ B
cells and CD45+ CD83+ cells (Figure S2). This phenome-
non indicated that CD83+ B cells are the main cell subset
to produce sCD83. In order to detect the secretion of
sCD83 by CD83+ B cells in vivo, the CD83+ B cells were
transferred into EAU to increase the concentration of
sCD83 in the serum of the transferred mice (Figure 1d).
Furthermore, the EAUμMT mice models were established
using μMT mice (B cell function-deficient mice) to detect
whether the loss of B cells affects the secretion of sCD83
in vivo. The concentration of sCD83 in the serum of
EAUμMT mice was lower than in the EAU mice
(Figure 1d). The concentration of sCD83 increased after
CD83+ B cells were transferred into EAUμMT mice
(Figure 1d). These data showed that CD83+ B cells are
the main sCD83-secreting cells.

The total ocular B cells peaked in the initial stages of
inflammation (8–12 days) and peaked a second time at
20–24 days during the process of EAU (Figure 1e). The
percentage of CD83+ B cells increased and peaked on
day 28. The concentration of sCD83 in the serum
increased and peaked on day 32, which was the recovery
stage of EAU (Figure 1e,f). In addition, 14.7% of the B
cells from the eyes with EAU were CD83+ B cells
(Figure 1g), which might be the main source of sCD83 in
the eyes. These data indicated that the increased sCD83
concentration in EAU was correlated with CD83+ B cells.

Subsequently, an in vitro experiment showed that
IRBP1-20 and PTX promoted B cells to express a high level
of CD83 on the B cell surface (Figure S3), revealing that
CD83+ B cells were stimulated by antigen peptide and PTX.

CD83+ B cells play a regulatory role in EAU
by suppressing DCs and T cells

The gene expression levels of B cell activation markers
CD40, CD86, CD83 and the gene of major histocompati-
bility complex 2 (MHC-II), including H2-Aa, H2-D1,
H2-Ab1, H2-K1, H2-Eb1 and CD74 in CD83+ B cells were
higher than on CD83� B cell (Figure 2a). EBI3, a subunit
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of inhibitory factor IL-35, in CD83+ B cells were higher
than on CD83� B cell (Figure 2a). Although the gene
expression of IL-10 is not changed between CD83+ B cells
and CD83� B cells, the protein expression of IL-10 is
increased in CD83+ B cells (Figure 2a,c). Similarly, the
protein expression levels of CD40, CD86, IL-35 (IL-
12p35) and MHC-II of CD83+ B cells in lymph nodes
were higher than on CD83� B cells by flow cytometry
(Figure 2b,c). However, when a specific shRNA-CD83
was used to knock down CD83 expression in CD83+ B
cells, the expression levels of CD83 and the secretion of
sCD83, IL-10 and IL-35 were reduced (Figure S4a–c).
Thus, CD83 expression in B cells might control the regu-
latory function of the B cells.

The symptoms of EAU mice were lessened after
CD83+ B cell transferring (Figure 2d). The EAU model of

B cell-deficient μMT mice also showed severe retinal
injury and immune inflammatory response, suggesting
that lacking B cells leads to a deficient regulatory func-
tion in EAU. Transferring CD83+ B cells also lessened
the symptom of retinal damage in EAUμMT mice models
(Figure 2d). These data showed that CD83+ B cells
played a regulatory role in EAU. In addition, the effects
of CD83+ B cells on various subsets of lymphocytes were
detected. After CD83+ B cell transfer, the ratio and the
quantity of CD11c+ MHC-II+ DCs and CD3+ T cells in
the eyes and lymph nodes of EAU mice decreased com-
pared with EAU mice without transfer and EAUμMT mice
models (Figures 2e,f and S5a,b). Moreover, CD83+ B cells
transfer also decreased the percentage of CD4+ IFN-γ+ T
cells in EAU (Figures 2g and S5c) and decreased the con-
centration of IL-1β, IL-18 and IFN-γ in the serum of

0

5

0

0

2000

4000

6000
***

*** ***

*

M
oc

k

EAU

EAU
+C

D
83

+ B

EAU
μm

T +C
D
83

+ B

EAU
μm

T
10

0

sCD83 concentration (pg/ml)

0

0

1

2

h
is

to
p
a
th

o
lo

g
ic

a
l 
s
c
o
re

s 3

initial inflammation recovery

8 16 24 32 40 (days)

0

0

20

40

%
 o

f 
B

 c
e
ll/

C
D

8
3
+

B
 c

e
ll

in
 o

c
u
la

r 
C

D
4
5
+

c
e
ll

60

80

100

CD3-CD19+B cells
CD83+B cells

sCD83

8 16 24 32 40

0

200

400

c
o
n
c
e
n
tra

tio
n
 o

 s
C

D
8
3

fro
m

 s
e
ru

m
 (p

g
/m

l)

600

(days)

s
C

D
8
3
 i
n
 s

e
ru

m
 (

p
g
/m

l)

CD83+ CD45+

cell from LN of EAU

DC depletion

T cell depletion

B cell depletion

*
*

***

20
0

30
0

0
gate of CD83+ MHC-II CD3

C
D

1
1
c

C
D

1
9

%
 o

f 
C

D
8
3

+
L
N

 c
e
lls

101

0
101

102

102

103

103

104

104

105

C
D

1
9

C
D

8
3

101

0

0

102

103

104

105

101

102

103

104

105

0
0

D
C B T

ot
he

rs

20

40

60 *

80

101

102

103

104

105

lymphonodus

105 0
gate of CD83+

101 102 103 104 105

CD3
CD19

14·7

gate of CD45+

101 102 103 104 105
101 102 103 104 105

DC

T

B 48·3%
4·3%

31·4%10

15

20

E
x
p

re
s
s
io

n
 L

e
v
e

l
25

(a)

(c)

(f) (g)

(d)
(e)

(b)
*** CD83

C
D
4
+ T

C
D
8
+ T

B c
el
l

Tre
g 

ce
ll

pr
o–

T
cD

C
N
K

Pla
sm

a

pD
C

N
eu

M
on

oc
yt
e

M
ac

ro
ph

ag
e

F I GURE 1 sCD83 were secreted by CD83+ B cells in EAU. (a) CD83 positive subsets in lymph nodes (LNs) were analysed by Single-

cell RNA-sequencing analysis (The statistics of B cells are statistically significant differences compared to all other cell populations, one-way

ANOVA, ***p < 0.001). (b) The percentage of CD83+ CD11c+ MHC-II+ (CD83+DCs), CD83+ CD3� CD19+ (CD83+ B cells), CD83+ CD3+

(CD83+T cells) and others in the CD83+ leukocytes from the LNs of EAU mice. (c) The concentration of sCD83 in the supernatant of

isolated leukocytes from the LNs of EAU with CD3+T cells, CD11c+ DC or CD19+ B cells depletion separately or not. (d) The concentration

of sCD83 in the serum of EAU, EAU with CD83+ B cells transferring, EAUμmT, EAUμmT with CD83+ B cells transferring mice model. (b–d)
n = 5/group. mean ± SEM one-way ANOVA, *p < 0.05, *** p < 0.001. (e) The dynamic changes of the percentage of CD3� CD19+ B cells

and CD83+ CD3� CD19+ B cells from the eyes of EAU. (f) The histopathological severity score in the eyes of EAU mice over time. (e, f)

each point represents 3/time point in triplicates, mean ± SEM) (g) The percentage of ocular CD83+ B cell of EAU mice. The experiment was

repeated three times (33.2 ± 21.1, 23.9 ± 10.5, 14.7 ± 4.5), and the representative result of one of the experiments was shown.

CD83+ B CELLS ALLEVIATE UVEITIS 139

 13652567, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/im

m
.13654 by Shandong First M

edical, W
iley O

nline L
ibrary on [20/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



EAU, and the percentage of DCs expressed IL-1β, IL-18
and IFN-γ (Figure 2h,i). Thus, the CD83+ B cells might
be a regulator in EAU by suppressing DCs and T cells.

In order to analyse the role of CD83+ B cells on DCs and
T cells, CD83+ B cells were cocultured with CD3+ T cells
in vitro, and CD83+ B cells directly decreased the activation
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F I GURE 2 The phenotype of CD83+ CD3� CD19+B cells and its role in EAU. (a) The gene expression of CD83, CD40, CD80, CD86,

EBI3, IL-10, H2-Aa, H2-D1, H2-Ab1, H2-K1, H2-Eb1 and CD74 in the CD83+ B cells and CD83� B cells. (b) The expression of CD40, CD80,

CD86 and MHC-II in the CD83+ B cells and CD83� B cells, and (c) the percentage of IL-10 or IL-35 (IL-12p35) positive CD83+ B cells or

CD83� B cells. (d) Representative images of the retina from a mock mouse, EAU, EAU with CD83+ B cells transfer, EAUμmT and EAUμmT

with CD83+ B cells transfer, as assessed by histology. H&E staining of the retina at 200� magnification. Black arrows mark retinal

disorganization. Scale bar = 100 μm. The histopathological scores were evaluated in every mouse group (right panel). (e) The percentage of

DCs and CD3+ T cells in the ocular cells of mock mice, EAU, EAU with CD83+ B cells transferring, EAUμmT and EAUμmT with CD83+ B

cells transfer were compared. (f) The percentage of DCs and CD3+ T cells in the lymph node of mock mice, EAU, EAU with CD83+ B cells

transfer, EAUμmT, and EAUμmT with CD83+ B cells transfer were compared. (g) The percentage of IFN-γ+CD4+T cells from mock mice,

EAU, EAU with CD83+ B cells transferring, EAUμmT and EAUμmT with CD83+ B cells transfer were compared. (h) Comparison of the

concentration of IL-1β, IL-18 and IFN-γ in the serum from EAU and EAU with CD83+ B cells transferring. (i) Percentage of IL-1β, IL-18 and
IFN-γ positive in DCs from EAU and EAU with CD83+ B cells transferring. Data are from three separate experiments with five mice/group,

and shown as mean ± SEM, data of (a–c), (h) and (i) were analysed by t-test. Data of (d, e and f) and (g) were analysed by one-way ANOVA,

*p < 0.05, **p < 0.01, ***p < 0.001.
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F I GURE 3 CD83+ B cells suppressed the activation, pro-inflammatory factors secretion and function of DCs. (a) The expression of

CD80, CD86 and CD83 on DCs, IRBP and PTX stimulated activated DCs and CD83+ B-treated-activated-DCs. (b) The concentration of IL-

1β, IL-18 and IFN-γ from the supernatant of DCs, DCs with IRBP and PTX stimulation (activated DCs), or CD83+ B cells treated activated

DCs. (c) The expression of CD69 and Ki67 in CD3+T cells cocultured with or without activated DCs, or CD83+ B-treated-activated-DCs.

(d) The percentage of IFN-γ+ cells in CD4+T cells which contact with activated DCs, or CD83+ B-treated activated DCs, or not. Data of (a–d)
are from three separate experiments and shown as mean ± SEM, one-way ANOVA, *p < 0.05, **p < 0.01, ***p < 0.001.
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and IFN-γ expression in T cells (Figure S6a,b). After trans-
ferring CD83+ B cells in EAUCD11c-DTRmice, an EAUmodel
established in CD11c-DTR mice (mice with depleted DCs)
further decreased the percentage of CD3+ T cells and CD4+

IFN-γ+ T cells (Figure S6c,d). When CD83+ B cells were
cocultured with DCs in vitro, CD83+ B cells decreased the
expression of CD80, CD86 and CD83 in activated DCs,

which were stimulated by IRBP and PTX (Figure 3a), and
decreased the secretion of IFN-γ, IL-18 and IL-1β from DCs
(Figure 3b). Moreover, CD83+ B cells pre-treated DCs co-
cultured with T cells downregulated CD69 and Ki67 expres-
sion in T cells (Figure 3c) and decreased the CD4+ IFN-γ+ T
cells (Figure 3d). Above all, CD83+ B cells decreased T cells
directly or decreased T cells by suppressing DCs in EAU.
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sCD83 secreted by CD83+ B cells decrease
the pro-inflammatory cytokines and the
cellular metabolism of DCs

CD83+ B cells could regulate DC through secreting sCD83,
so the effect of sCD83 on DC was further studied. Our
studying show that sCD83 decreases the secretion of IL-1β,
IL-18 and IFN-γ of DCs (Figure 4a). sCD83 decreased the
mitochondrial mass, membrane potential, ROS production,
and glucose uptake in DCs, especially for activated DCs
(Figure 4b,c). Although, the shRNA-CD83 treatment
decreased the expression of CD83 on B cells to decrease the
production of sCD83, these shRNA-CD83-treated B cells
could not influence pro-inflammatory cytokines secretion
and the cellular metabolism of DCs (Figure S7a–c), indicat-
ing that decreasing the production of sCD83 can eliminate
the inhibition of CD83+B cells on DCs.

Moreover, sCD83 targets DCs in EAU via sCD83-YFP
protein (Figure S8a). Thus, the inhibition of sCD83 could
be on DCs in EAU. Although sCD83 treated DC
decreased the activation of CD4+ T cells in vitro [20],
sCD83 could not influence the activation and the per-
centage of IFN-γ+ T cells directly (Figure S8b,c). Thus,
the inhibition of sCD83 in EAU might mainly be through
the influence of DCs to affect T cells. Above all,
sCD83 secreted from CD83+ B cells was an important
inhibitor to inhibit the cellular metabolism and the secre-
tion of pro-inflammatory cytokines of DCs in EAU.

sCD83 regulated the cell metabolism and
activation of DCs by suppressing the
expression phospho (p)-mTORC1 and
NLRP3

Furthermore, the mechanism of sCD83 on DCs was
detected. mTORC1 is a critical regulator for cell metabo-
lism of DCs [26] and it regulates the activation and

function of DCs including IL-1β and IL-18 production
[37–39], so the expression of mTORC1 and p-mTORC1
were detected in sCD83 or CD83+ B cells treated DCs.
sCD83 treatment reduced the expressions of mTORC1
and p-mTORC1 in activated DCs (Figure 4d). CD83+ B
cells treatment also reduced the expression of mTORC1
and p-mTORC1 in activated DCs (Figure 4e).

The expression of NLRP3 was higher in activated DCs
than in resting DCs, and sCD83 or CD83+ B cell treat-
ment reduced the expression of NLRP3 in activated DCs
(Figure 4f). Overexpression of NLRP3 in DCs reversed
the inhibition of sCD83 on the secretion of IL-1β and IL-
18 in DCs (Figure 4g). Overexpression of mTOR also
reversed the expression of NLRP3 in sCD83-treated DCs
(Figure 4h). Thus, sCD83 regulates metabolism and the
pro-inflammatory cytokines secretion in activated DCs by
mTORC1/ NLRP3 pathway.

sCD83 targeted Rab1a and downregulated
its expression by promoting Rab1a
accumulation into autolysosomes

The sCD83-GST fusion protein was purified (Figure S9)
and used to identify the possible targets of sCD83 in DCs
by GST-pull-down plus mass spectrometry (Figure S10).
The mass spectrometry results showed that >100 proteins
might be binding with sCD83 (Table S1 presents the top
50 proteins). Among the candidate targeted proteins, Rab1a
is a small G protein that promotes the phosphorylation of
mTORC1-mediated metabolism in cells [40]. Our reports
showed that sCD83 treatment decreased Rab1a expression
in DCs [41]. Therefore, we further studied the mechanism
of sCD83 on Rab1a expression. The Rab1a gene was
cloned, and the corresponding protein was purified
(Figure S11). The GST-pull-down assay confirmed the
interaction between sCD83-GST and Rab1a. (Figure 5a,b).
In addition, as the concentration of Rab1a increased, the

F I GURE 4 sCD83 affect the cell metabolism and pro-inflammatory factor production in activated DCs by regulating the expression of

mTORC1 and NLRP3. (a) The concentration of IL-1β, IL-18 and IFN-γ from the supernatant of DCs + sCD83 (100 ng/mL) or not.

(b) Representative histograms (top) and relative expression (bottom) of mitochondrial mass, membrane potential, and ROS production in

resting DCs which express low level of CD80, CD86 and MHC-II (DC), activated DCs which were activated by PTX and IRBP20 and express

high level of CD80, CD86 and MHC-II, and both of with sCD83 treatment, separately (c) Uptake of a fluorescent glucose analogue by resting

DCs, activated DCs, and both of with sCD83 treatment, separately. Data of (b, c) are from five separate experiments and shown as mean

± SEM one-way ANOVA，*p < 0.05, ***p < 0.001. (d) With sCD83 treatment or not, the expression of mTORC1 and p-mTORC1 in resting

DCs or activated DCs was detected. (e) The expression of p-mTORC1 and mTORC1 in activated DCs and CD83+ B cells treated activated

DCs. (f) The expression of NLRP3 in the DCs, activated DCs, DCs + sCD83, CD83+ B-treated-activated DCs. (g) NLRP3 overexpression

rescued the inhibition of sCD83 on pro-inflammatory factor production of IL-1β, IL-18 and IFN-γ from DCs. (h) mTOR over-expression

rescued the inhibition of sCD83 on NLRP3 expression of DCs. Data of (a and d–h) are from three separate experiments and shown as mean

± SEM, data of (a, e and h) were analysed by t-test; and data of (b–d, f and g) were analysed by one-way ANOVA, *p < 0.05, **p < 0.01,

***p < 0.001.
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affinity between sCD83 and Rab1a also increased. The
response of the interaction was 0.0309, 0.0514, 0.0655,
0.090, 0.1096, resulting in KD = 2.33 � 10�8

(M) (Figure 5c). Thus, a strong affinity was noted between
sCD83 and Rab1a. Furthermore, the direct interaction
between sCD83 and Rab1a was examined by confocal
microscopy and Förster resonance energy transfer (FRET)
analysis. The image analysis showed that sCD83-YFP
(green) was colocalized with Rab1a-CFP (red), and FRET
was performed (Figure 5d, FRET (p) = 0.0129). In addi-
tion, the sCD83-YFP protein was added to the activated
DC2.4 cells and incubated for 24 h. The sCD83-YFP (green)
was taken up by DC2.4 cells, which were then colocalized
with endogenous Rab1a (red) (Figure 5e). Therefore,
sCD83 binds to Rab1a to exert its biological effects on cells.

sCD83 bound more with Rab1a-GMP-PNP but not
Rab1a-GDP (Figure S12a,b), while only GDP or GMP-PNP
could not bind with sCD83-GST. Furthermore, to confirm
whether sCD83 tended to bind with activated Rab1a, three
mutants, Rab1aQ70L (activated form), Rab1aS25N (inacti-
vated form), and Rab1aN124I (dominant-negative guanine
nucleotide-binding deficient mutant) were constructed
and pulled down with GST-sCD83, respectively. Notably,
more Rab1aQ70L bound with sCD83-GST than other
mutants (Figure S12c,d). Moreover, sCD83-YFP preferred
colocalizing with Rab1aQ70L than Rab1aS25N or Rab1aN124I

in DCs (Figure S12e). Thus, it could be deduced that
sCD83 prefers to bind with activated Rab1a.

The localization of Rab1a in the resting and activated
DCs with or without sCD83 treatment was detected by
immunofluorescence. Rab1a aggregated on the Golgi appa-
ratus (made with GM130) [42] in activated DCs, but it left
the Golgi apparatus in sCD83-treated activated DCs
(Figure 5f) and co-localized with LAMP1 (a marker of lyso-
somal) [43] and LC3 (a marker of autophagosome) [44]
(Figure 5f). However, no distinct colocalization was detected
in the other groups (Figure 5f). In addition, the overexpres-
sion of Rab1aQ70L in DCs promoted the accumulation of

Rab1a on the Golgi apparatus. Nonetheless, when sCD83
was added to Rab1aQ70L-overexpressing DCs, Rab1a left the
Golgi apparatus to co-localize with LAMP1 and LC3
(Figure 5f). Thus, it suggested that sCD83 could promote
Rab1a localization and aggregation in autolysosomes.

Rab1a is essential for the function and
metabolism of DCs and regulates the effect
of sCD83 on DCs

Silencing Rab1a decreased the expression of CD80, CD86
and CD83 and decreased the secretion of IL-1β, IL-18 and
IFN-γ on DCs as well (Figures 6a,b and S13a), weakened
DC-mediated T cell activation (Figures 6c,d and S13b)
and decreased the mitochondrial ROS production, mito-
chondrial mass, membrane potential and glucose uptake
of DCs (Figure 6e). Conversely, the overexpression of
Rab1aQ70L upregulated the expression of CD80, CD86,
CD83, IL-1β, IL-18 and IFN-γ in DCs (Figures 6a,b and
S13a), elevated the function of DCs on activating T cells
and the percentage of IFN-γ+ T cells (Figures 6c,d and
S13b), and promoted mitochondrial metabolism and glu-
cose uptake in DCs (Figure 6e), compared with the con-
trol group. Thus, Rab1a is essential for the function and
metabolism of DCs. Furthermore, Rab1aQ70L overexpres-
sion rescued the inhibition of sCD83 on the activation
and function of DCs on T cells, and mitochondrial metab-
olism and glucose uptake in DCs (Figures 6f–h and
S13c,d). Thus, Rab1a is an essential target of sCD83 for
suppressing DC activation and function.

Rab1a increased the expression of mTORC1
and NLRP3 in DCs

The expression of mTORC1 and p-mTORC1 decreased in
the shRNA-Rab1a-treated activated DCs (Figure 7a),

F I GURE 5 sCD83 interacts with Rab1a in DCs. (a) sCD83 binding with Rab1a protein was detected by GST-pulldown and analysed by

SDS-PAGE. The column alone, GST-bound column, and sCD83-GST-boud column were used to incubate with Rab1a protein. The flowing

buffer, washing buffer and elution buffer were used to collect the proteins. The red stars indicated the sCD83 protein, Rab1a protein, and

GST protein. (b) Rab1a was detected in the sCD83-GST-Rab1a elution by western blot (WB), Rab1a protein was used as a positive control,

and the sCD83-GST fusion protein was used as the negative control. (c) The binding affinity of sCD83 and Rab1a was analysed by bio-layer

interferometry. The blue line is background data, and the red line is interaction data. (d) sCD83-YFP (green) and Rab1a-CFP (red) plasmid

were co-transfected into the DC2.4 cell line, and their colocalization (yellow) was detected by confocal microscopy. Co-localization index

(Pearsons’r) = 0.81 ± 0.04 (mean ± SEM). (e) sCD83-YFP protein (10 ng/mL, green) was used to treat DC2.4 cells for 24 h. Scale

bar = 5 μm. The nucleus of (d, e) is blue. Co-localization index (Pearsons’r) = 0.67 ± 0.04 (mean ± SEM). (f) The localization of Rab1a

(green) and GM130, or LAMP1, or LC3 (red) in DCs, sCD83-treated-DCs, activated-DCs or sCD83-treated-activated DCs, Rab1aQ70L

overexpressed DCs, and sCD83-treated-Rab1aQ70L overexpressed DCs. The nucleus is blue. Co-localization index (Pearsons’r) were
graphically represented (right panel) (data from three separated cells). mean ± SEM, data of figure (f) was analysed by one-way ANOVA,

***p < 0.001. The nucleus is blue. Scale bar = 5 μm. The dotted box indicates the position of Rab1A contact with Golgi (makered with

GM130), lysosome (makered with LAMP1) and autophage (makered with LC3), respectively.
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while Rab1aQ70L overexpression promoted p-mTORC1
expression compared with NC-treated activated DCs
(Figure 7b). Thus, activated Rab1a is a key protein for the
phosphorylation of mTORC1 in DCs. Rab1aQ70L overex-
pression reversed the suppression of mTORC1 activation
in sCD83-treated activated DCs (Figure 7c). Furthermore,

sCD83 treatment disrupted the colocalization of Rab1a
and p-mTORC1 in activated DCs (Figure 7d). Rab1aQ70L

overexpression rescued the disruption of sCD83 on the
colocalization of Rab1a and p-mTORC1 in DCs
(Figure 7d). Thus, Rab1a played a major role in the effect
of sCD83 on the phosphorylation of mTORC1 of DCs.
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Silencing Rab1a could decrease the expression of
NLRP3 in activated DCs (Figure 7e). Rab1aQ70L overex-
pression promoted NLRP3 expression compared with the
control plasmid-treated activated DCs (Figure 7f). Thus,
activated Rab1a is a key protein for expressing NLRP3 in
DCs. Rab1aQ70L overexpression rescued the NLRP3
expression in sCD83-treated activated DCs (Figure 7g).
When Rab1aQ70L was overexpressed in DC2.4, and the
cells were treated with rapamycin to inhibit mTORC1,
the NLRP3 inflammasome activation also decreased
(Figure 7h). Thus, Rab1a regulated NLRP3 activation by
mTORC1. Above all, Rab1a plays an important role in
regulating mTORC1 and NLRP3 activation, which influ-
ence cellular metabolism and pro-inflammatory factors
production of DCs. sCD83 might suppress the activation
and function of DCs by inhibiting the Rab1a-mediated
mTORC1/NLRP3 pathway.

Expression of CD83+ B cells in Behcet’s
disease

The uveitis in Behcet’s disease (BD) is a type of AIU [45,
46]. Our study showed that the concentration of sCD83
was high in the serum of BD patients, while the levels of
IL-10 and IL-35 were not high compared with the healthy
individuals (Figure 8a). The concentrations of IL-10, IL-
35 and sCD83 in the serum of patients with BD uveitis
were lower than in those with acute uveitis (Figure 8a).

The percentage of CD83+ B cells in the blood of BD
patients was also increased, but it was lower than in
acute uveitis (Figure 8b). Moreover, the expression level
of CD83 in B cells from BD patients is lower than that
from acute uveitis patients (Figure 8b), which might be
correlated with the low concentration of sCD83 in the
serum of BD patients compared with those in the serum

of acute uveitis. These data indicated that CD83+ B cells
and sCD83 were involved in regulating BD, but the defi-
ciency of sCD83 may be an important cause of
recurrent BD.

DISCUSSION

The regulatory function and mechanism of B lympho-
cytes are unclear in uveitis. The B cells participate in
experimental and clinical uveitis and exert an inflamma-
tory role in the early stages of the disease [47–50]. Fur-
thermore, mouse models of EAUμMT, which are defective
in functional B cells, had severe symptoms similar to
EAU. Although B cells are involved in EAU, B cells are
not the only pathogenic factors in this disease. Indeed,
Bregs expressing IL-10 and IL-35 were reported to allevi-
ate autoimmune diseases [47]. Although many subsets of
Bregs are known, the phenotype of Bregs involved in
EAU remains unclear, and the mechanism of Bregs
remains to be explored. This study showed that CD83+

CD3� CD19+ B cells play a regulatory role in uveitis by
secreting sCD83, which has not been described in AIU.
Silencing CD83 expression leads to decreased secretion of
IL-10 and IL-35 in B cells. It is similar to previous reports
showing that overexpressed CD83 in B cells inhibited the
function of B cells by increasing IL-10 and reducing Ig
secretion [51], whereas the deficiency of CD83 in B cells
promoted Ig secretion and decreased IL-10 secretion
[17, 18]. Thus, CD83 expression was correlated with
Bregs function. We also demonstrated that CD83+ CD3�

CD19+ B cells decreased the activation and cellular
metabolism of DCs by decreasing Th1 cells to alleviate
the symptoms of EAU. CD83+ B cells decreased the
secretion of IL-1β, IL-18 and IFN-γ in DCs. IL-18
enhances IFN-γ production and can influence the IFN-γ

F I GURE 6 Rab1a is essential for the membrane CD83 expression, cellular metabolism and pro-inflammatory cytokines of DCs.

(a) With shRNA-NC (NC), shRNA-Rab1a, empty plasmid (control) or Rab1aQ70L treatment, representative histograms (upper line) and

relative surface expression (bottom line) of CD80, CD86 and CD83 on DCs. (b) The concentration of IL-1β, IL-18 and IFN-γ from the

supernatant of DCs with NC, shRNA-Rab1a, control plasmid, or Rab1aQ70L treatment. (c) The expression of CD69 and Ki67 in T cells co-

cultured with DCs, which were treated with NC, shRNA-Rab1a, control plasmid, or Rab1aQ70L. (d) The percentage of IFN-γ+ T cells from T

cells co-cultured with DCs which were treated with NC, shRNA-Rab1a, control plasmid, or Rab1aQ70L. (e) With NC, shRNA-Rab1a, control

plasmid or Rab1aQ70L treatment, representative histograms (upper pannel) and relative expression (bottom pannel) of mitochondrial mass,

membrane potential, and ROS production in DCs and uptake a fluorescent glucose analog by DCs. (f) The relative surface expression

(bottom line) of CD80, CD86 and CD83 on sCD83-treated activated DCs or Rab1aQ70Loverexprssed sCD83-treated activated DCs. (g) The

concentration of IL-1β, IL-18 and IFN-γ from DCs with sCD83 or sCD83 and Rab1aQ70L treatment. (h) With Rab1aQ70L treatment or not,

representative histograms (upper panel) and relative expression (bottom panel) of mitochondrial mass, membrane potential, and ROS

production in sCD83-treated activated DCs and uptake of a fluorescent glucose analog by sCD83-treated activated DCs. (i) The expression of

CD69 and Ki67 in T cells with sCD83-treated activated DCs or Rab1aQ70Loverexprssed sCD83-treated activated DCs. (j) The percentage of

IFN-γ+ T cells from T cells co-cultured with DCs which with sCD83 or sCD83 and Rab1aQ70L treatment. Data of (e, h) are from five separate

experiments, and other data are from three separate experiments and shown as mean ± SEM, data of (a–e) were analysed by one-way

ANOVA, and data of (f–j) were analysed by t-test, *p < 0.05, **p < 0.01, ***p < 0.001.
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secretion in DCs and T cells [52, 53]. It might be a reason
for CD83+ cells relieving the symptoms of EAU. The

increased CD83+ CD3� CD19+ B cells were found in
patients with acute uveitis, whereas the percentage of
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mTORC1 in activated DCs with NC or shRNA-Rab1a treatment. (b) The expression of mTORC1 and p-mTORC1 in activated DCs with

control plasmid or Rab1aQ70L treatment. (c) With Rab1aQ70L treatment or not, the expression of mTORC1 and p-mTORC1 in sCD83-treated
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CD83+ CD3� CD19+ B cells in BD was lower than in
acute uveitis. Increased CD83+ CD3� CD19+ B cells
might be overregulated in acute disease, whereas a lack
of regulation of CD83+ B cells might cause recurrent and
refractory BD. Further clinical studies on the reasons for
the dysregulation of CD83+ B cells in such diseases need
to be investigated.

Unlike previous reports stating that B cells produced
IL-10, IL-35, IL-6 or IgGs to influence the function of
DCs [54, 55], we found that CD83+ B cells suppressed the
activation and metabolism of DCs by producing sCD83.
CD83+ B cells have the phenotype of mature B cells and
secrete anti-inflammatory factors IL-10, IL-35 and
sCD83. IL-35 including its subunit IL-12 p35 preferen-
tially induces expansion of Breg cells and inhibits the
activation of DC and pathogenic Th17 and Th1 cells [47,
56, 57]. Our study found that the expression of CD83 in B
cells increase the secretion of sCD83, IL-10 and IL-35.
sCD83 is the extracellular segment of mCD83 and regu-
lates the adaptive immune response by directly acting on
DCs but not influencing the activation of T cells [12]. The
secretion of sCD83 by CD83+ B cells might be a new way
for B cells to modulate the function of DCs. Moreover,
our study further confirmed that CD83+ B cells are

primary sources of sCD83, which mainly targeted DCs in
EAU. The effect of sCD83 on the regulation of DCs was
through the interaction with Rab1a to promote its degra-
dation in autophagosome and inhibit the activation of
Rab1a to suppress the mitochondrial metabolism and the
activation of DCs (Figure S14). It may be that sCD83
combines with Rab1a after absorbed by DC [58] to pro-
mote Rab1a to transfer lysosome from Golgi body and
degrade excessive protein through autophagy. Thus, the
localization of Rab1a on Golgi apparatus and the activa-
tion of mTORC1 are reduced. This effect was seen in acti-
vated DCs but not resting DCs, which might be
correlated with different expression levels and activation
of Rab1a in both cell states. Our study confirmed that the
inhibition of CD83+ B cells on DC was partially achieved
by sCD83, and whether IL-10 or IL-35 was involved the
inhibition of CD83+ B cells remains to be further studied.

Recently, Rab1a has been proven to be an important
regulator in the inflammatory response of macrophages
and microglial cells [59, 60], but the role of Rab1a in DCs
is little known. Rab1a belongs to the small G-proteins
family. It promotes and regulates the docking and fusion
of transport vesicles and is related to the vesicular trans-
port to the Golgi body, membrane protein expression
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F I GURE 8 The characteristics of sCD83 and CD83+ B cells in the serum of healthy people or with Behcet’s disease. (a) Comparison of

the concentration of IL-10, IL-35 and sCD83 in the serum of healthy people (Control) and BD patients, and the comparison of these

molecules in the serum of acute uveitis. (b) The percentage of CD83+ CD3� CD19+ B cells in the blood of healthy people (Control), BD

patients, and acute uveitis. Data are from 15 healthy people, 5 BD patients and 10 acute uveitis. Data are from five separate experiments.

Mean ± SEM, one-way ANOVA, *p < 0.05, **p < 0.01, ***p < 0.001.
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[61], skeleton protein movement [62], and the activation
of the intracellular signal pathway, including the
mTORC1 pathway [40]. The downregulation of Rab1a
inhibits cell growth, migration, invasion, and epithelial-
mesenchymal transition [63–65]. The inhibition of Rab1a
activation also disrupts mitochondrial functions and
mTORC1 activation [60, 62, 65, 66]. Moreover, mTORC1
controls the mitochondrial metabolism in DCs [27] and
partially influences the Treg expansion and IFN-γ pro-
duction in DCs [67–69]. Thus, Rab1a regulates the
metabolism and function of DC by controlling mTORC1.
Because mTOR regulates the activation of the NLRP3
inflammasome partially via ROS-induced NLRP3 expres-
sion [38, 70], only inhibiting mTORC1 also inhibited
NLRP3 inflammasome activation [71], which cause secre-
tion of interleukin-1β (IL-1β) and IL-18. Thus, mTORC1
could regulate the production of IL-1β and IL-18 by ROS-
induced NLRP3 activation (Figure S14). The current
study confirmed that the Rab1a-mTORC1 pathway regu-
lated the pro-inflammatory cytokines and proved that
this pathway plays a positive regulatory role in DCs,
which has never been reported before. Rab1a regulates
the cell metabolism and pro-inflammatory factor secre-
tions of DC by modulating the activation of mTORC1
and NLRP3 (Figure S14). However, sCD83 treatment
inhibits the pro-inflammatory factor secretions from DCs
by decreasing Rab1a expression. Our study provides new
insight into the role of Rab1a in the inflammatory
response of DC.

The pathogenesis of AIU is still unclear. The levels of
IL-10 and IL-35 were not increased in BD patients, which
might result from the lack of negative regulation in AIU.
The concentration of sCD83 was slightly increased in BD
but was lower than in acute uveitis. CD83+ B cells in BD
and acute uveitis were low. Lacking enough CD83+ B
cells and sCD83 might be involved in BD and AIU.
Whether the gene-regulated expression of CD83 or the
secretion of sCD83 is a deficiency or the infection factors
lead to the decrease of CD83+ B or sCD83 secretion needs
to be further studied in the future. These may be the fac-
tors leading to this disease. The treatment of autoimmune
diseases remains a challenge [4, 72]. The negative regula-
tion of CD83+ B cells in AIU might be a new idea for
treating autoimmune diseases.

This study showed that CD83+ B cells are vital regula-
tory cells in uveitis and suppress the activated DCs and T
cells via sCD83. Moreover, sCD83 acts as a negative regu-
lator in DCs by suppressing their metabolism and the
secretion of pro-inflammatory factors by promoting the
degradation of Rab1a, which influences mTORC1-
mediated cell metabolism and NLRP3 inflammasome-
mediated cytokine production. The present study pro-
vides evidence that Rab1a is a robust regulator of the

activation and function of DCs. Finally, the data provide
a novel regulatory mechanism in AIU, which helps
understand the recurrent attack mechanism of AIU and
seek effective treatment for autoimmune diseases.
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