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Abstract
The mechanism of generation of antigen-specific regulato-
ry T cells (Treg) is not fully understood yet. This study aimed 
to investigate the role of intestinal epithelial cell (IEC)-de-
rived CD83 in the Treg generation in the intestine. In this 
study, the role of CD83 in the generation of Tregs was as-
sessed in a cell-culture model and a food allergy (FA) mouse 
model. We found that mouse IECs expressed CD83; its levels 
were markedly lower in sensitized mice. Mice with CD83-
deficient IECs failed to induce Tregs in the intestine. CD83 
promoted the transforming growth factor-β-inducible early 
gene 1 (TIEG1) expression in CD4+ T cells. Toll-like receptor 
4 (TLR4)/myeloid differentiation protein-2 (MD-2) complex 
mediated the effects of CD83 on the expression of TIEG1. 
Activation of the CD83/TLR4/MD-2/TIEG1 promoted the 
Treg generation. Concomitant administration of CD83 and 
specific antigens, but not either one alone, efficiently inhib-
ited experimental FA via inducing the Treg generation in the 
intestine. In Conclusion, IEC expresses CD83 that is low in 

sensitized mice. Concomitant administration of CD83 and 
specific antigens efficiently inhibits FA in a murine model via 
inducing Tregs in the intestine. The data suggest that CD83 
has translation potential in the treatment of FA.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Food allergy (FA) is an aberrant immune response to 
the innocuous food antigens by the intestinal immune 
system. The FA clinical symptoms vary from mild ab-
dominal discomfort to the life-threatening anaphylactic 
shock [1]. Clinically, to avoid ingesting, the allergic foods 
are expected to prevent FA attacks; this has achieved good 
results in patients sensitized to peanuts [2–4]. The FA 
prevalence is estimated 2–6% worldwide. Therefore, FA 
has become a public health issue in the world [4]. It is 
necessary to further investigate the FA pathogenesis and 
invent novel and effective remedies to be used for FA 
treatment [1].
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Pathologically, FA subjects present intolerance to aller-
gic food antigens. In other words, FA subjects have a break-
down immune tolerant system to allergic food antigens [5]. 
The immune tolerant functions are mainly maintained by 
immune regulatory T cells (Treg) and regulatory B cells 
[6]. Upon activation, Tregs or/and regulatory B cells re-
lease immune regulatory mediators, such as transforming 
growth factor (TGF)-β and interleukin (IL)-10, to suppress 
other immune cell activities [7]. It is recognized that the T 
helper (Th)-2 polarization plays a central role in the FA 
pathogenesis [1, 4]. Intestinal Th2 polarization indicates a 
condition that the intestinal tissues are overpopulated by 
Th2 cells and saturated with high levels of Th2 cytokines 
[1, 4]. Such a condition mirrors that the intestinal immune 
tolerance system is dysfunctional. Low Treg frequency was 
observed in the local tissues of subjects with immune dis-
orders [7]. Yet, the causative factors for immune tolerance 
system dysfunction are not fully understood.

The forkhead protein-3 (Foxp3) is the transcription 
factor of a subtype of Treg. Since the Foxp3 deficiency 
causes severe immune inflammation [8], the CD4+ 
Foxp3+ Tregs have been attracting more attention than 
other Treg subtypes. To generate Tregs to be used as a 
“living drug” in the suppression of immune disorders has 
been studied for years, by which it is expected to restore 
the immune tolerance in the lesion tissues to reach a solu-
tion for the diseases [1]. Yet, factors regulating the Foxp3 
expression are not fully elucidated.

Recent reports indicate that CD83 has immune regula-
tory functions [9]. CD83 belongs to the immunoglobulin 
superfamily and has membrane-bound and soluble, 2 
forms [9]. It is reported that CD83 can induce indole-
amine 2,3-dioxygenase production [10], which is one of 
the immune-suppressive mediators produced by Tregs 
[11]. CD83 is well expressed in dendritic cells (DCs) and 
used as one of the DC markers. Together with membrane-
associated RING-CH ubiquitin ligases, CD83 is involved 
in MHC II ubiquitination that plays an important role in 
the T-cell thymus selection [12]. It seems that CD83 has 
immune regulatory capacity and has translation potential 
to be used in the treatment of immune disorders; thus, its 
cellular signal transduction pathways need to be in-depth 
investigated [13].

Based on the information above, we hypothesize that 
CD83 may contribute to the Treg generation to elicit im-
mune regulatory effects in the intestine on suppressing 
the FA response. To test the hypothesis, we assessed the 
CD83 expression in intestinal epithelial cells (IECs). The 
role and mechanisms of CD83 in facilitating the Treg 
generation in the intestine were investigated.

Materials and Methods

Reagents
Antibodies against TGF-β (ab190503), EpCAM (ab71916) with 

or without labeled with PE, and TLR4/MD-2 complex were pur-
chased from Abcam (Cambridge, MA, USA). Antibodies for flow 
cytometry, including CD3 (Alexa Fluor® 488), CD45 (Alexa Flu-
or® 546), CD25 (Alexa Fluor® 594), CD4 (Alexa Fluor® 647), 
CD83 (Alexa Fluor® 488), Foxp3 (Alexa Fluor® 488), CD11c (Al-
exa Fluor® 546), CRISPR kits of TIEG1, MD-2 and TLR4, antibod-
ies of CD83 (Clone#: F-5), IL-10 (A-2), neuropilin (A-12), TIEG1 
(95-D), TLR4 (25), Foxp3 (F-9), were purchased from Santa Cruz 
Biotech (Santa Cruz, CA, USA). Antibody against MD-2 was pur-
chased from Biorbyt (Cambridge, UK). Recombinant sCD83 
(comprised of the amino acids Met22-Ala134 with a 6His C-ter-
minal tag) CD40L protein and monoclonal anti-CD25 antibody 
was provided by Sangon Biotech (Shanghai, China). enzyme-
linked immunosorbent assay (ELISA) kits of ovalbumin (OVA)-
specific IgE, IL-4, IL-5, and IL-13 were purchased from Dakewe 
BioMart (Beijing, China). FITC-dextran (40 kDa) and OVA were 
purchased from Sigma Aldrich (St. Louis, MO, USA). Reagents 
and materials for RT-qPCR and Western blotting were purchased 
from Invitrogen (Carlsbad, CA, USA).

Mice
BALB/c and C57BL/6 mice (6–8-week old) were purchased 

from the Beijing Experimental Animal Center. DO11.10 mice were 
purchased from Jackson Laboratory (Bar Harbor, ME, USA). Mice 
were maintained in a specific pathogen-free facility at Zhengzhou 
University with accessing water and food freely. Mice with CD83-
deficient IECs and mice with TIEG1-deficient CD4+ T cells were 
developed by Beijing Agricultural University Animal Institute 
(Beijing, China). The description of the gene knockout mice is pre-
sented in supplementary materials of this paper.

Preparation of Single Cells in the Mouse Intestinal Tissues
Upon the sacrifice, the small intestinal segments were excised 

from mice. The tissues were cut into small pieces and incubated 
with collagenase IV (1 mg/mL) at 37°C for 30 min with mild agita-
tion. Single cells were filtered through a metal mesh (70 µm) and 
collected by centrifugation at 1,000 g for 5 min.

CD4+ CD25− T-Cell Purification
To prepare single splenocytes, the mouse spleen was excised, 

cut into small pieces, and incubated with collagenase IV (1 mg/
mL) for 20 min at 37°C. A red blood cell lysis buffer was then add-
ed to the lysates. Single cells were filtered through a metal mesh (70 
µM); splenocytes were collected by centrifugation at 1,000 g for 5 
min. To purify CD4+ CD25− T cells, splenocytes were stained with 
fluorochrome-labeled antibodies of CD3 (Alexa Fluor® 488), 
CD45 (Alexa Fluor® 546), CD4 (Alexa Fluor® 647), and CD25 
(Alexa Fluor® 594) at 1 µg/mL of each for 30 min at 4°C. With a 
FACS Aria II Flow Cytometer (BD Bioscience), CD25+ cells were 
gated out first. From the remained cells, CD45+ T cells were gated; 
CD3+ CD4+ cells were then further gated and sorted for further 
experiments. Cell purity was assessed by flow cytometry. If the pu-
rity did not reach 95% or over, the purification was repeated with 
the cells.
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Depletion of TIEG1, TLR4, and MD-2 Expression in CD4+ T 
Cells
Single CD4+ T cells were prepared with treated with commer-

cial CRISPR reagent kits for TIEG1 or TLR4 or MD-2 depletion 
following the manufacturer’s instructions. The gene depletion ef-
fects were assessed 48 h later by flow cytometry and Western blot-
ting.

OVA-Specific Inducible Treg Generation in vitro
CD4+ CD25− T cells were isolated from the DO11.10 mouse 

spleen, cultured (106 cells/mL) in the presence of DC, and exposed 
to OVA (20 µg/mL) or/and CD83 (1 µg/mL), IL-2 (20 ng/mL) in 
the presence of DC for 5 days. Medium together with the reagents 
was changed on day 3. The cells were analyzed by flow cytometry 
to assess the Treg generation efficiency.

FA Mouse Model Development
BALB/c mice (6 mice per group) were subcutaneously injected 

with OVA (0.2 mg/mouse) mixed in 0.1 mL alum in the back skin 
on day 0 and day 7, respectively. Mice were gavage-fed with OVA 
(1 mg/mouse in 0.1 mL saline) on day 9, day 11, and day 13, re-
spectively. Mice were challenged with OVA (5 mg/mouse in 0.1 
mL saline) on day 15 followed by a FA response assessment or 
treated with the CD83/OVA therapy as described below.

Assessment of FA Response
On day 15, or after the CD83/OVA therapy, mice were fed with 

OVA (5 mg/mouse in 0.1 mL saline). Diarrhea was recorded with-
in 2 h after OVA challenge. Core temperature was recorded 30 min 
after OVA challenge. Mice were sacrificed 2 h after OVA challenge 
by snap capitation. The blood was collected; the serum was iso-
lated from the blood samples and subjected to determine the levels 
of specific IgE and mouse mast cell protease-1 (mMCP1) by ELISA 
with commercial reagent kits following the manufacturer’s in-
struction. Small intestinal segments were excised from each mouse; 
a portion of the intestine was used to extract proteins; the rest of 
intestinal tissues were used to isolate single cells (see above). Levels 
of IL-4, IL-5, and IL-13 in intestinal tissue protein extracts were 
determined by ELISA. To assess the intestinal epithelial barrier 
permeability, mice were fed with FITC-dextran (10 mg/mouse 
mixed in the OVA solution used in the last challenge). Two hours 
later, mice were sacrificed, and the blood was collected; the FITC-
dextran levels in the serum were determined by fluorospectromet-
ric analysis.

Inhibition of FA Response in a Murine Model by Concomitant 
Administration with CD83 and OVA
From day 14 (1 day after the last challenge with a specific anti-

gen, OVA), sensitized mice were fed with OVA (1 mg/mouse) or/
and CD83 (0.1 mg/mouse) in 0.1 mL saline daily for 7 consecutive 
days. One day after the last treatment, mice were challenged with 
the specific antigen (OVA, 5 mg/mouse in 0.1 mL saline). The FA 
responses were assessed as described above. To verify the results, 
control experiments were designed, in which a group of sensitized 
mice with TIEG1-deficient CD4+ T cells was treated with both 
CD83 and OVA; a group of sensitized mice was peritoneally in-
jected with anti-CD25 Ab (PC61; 0.25 mg/mouse; control mice 
were treated with isotype IgG) 3 days prior to the treatment with 
CD83 and OVA, and a group of sensitized mice was treated with 
CD83 and BSA (a control antigen).

Results

IECs Express CD83 that Is Lower in Sensitized Mice
Small intestinal segments were excised from naive 

mice and sensitized mice, single cells were prepared from 
the tissues and analyzed by flow cytometry. We found 
that CD83+ cells in both IEC department and non-IEC 
department. A significantly smaller number of CD83+ 
IECs was detected in the sensitized mice than that in naive 
control (NC) mice (Fig. 1a, b). CD83+ cells were also de-
tected in non-IECs, including CD4+ T cells, B cells, DCs, 
macrophages, eosinophils, and mast cells, the number of 
which was comparable between sensitized mice and NC 
mice (online suppl. Fig. 1; for all online suppl. materials, 
see www.karger.com/doi/10.1159/000515332). We also 
purified IECs from the single cells by flow cytometry cell 
sorting and analyzed by RT-qPCR and Western blotting. 
The results showed that the mRNA and protein levels of 
CD83 in sensitized mice were significantly lower than 
that in NC mice (Fig. 1c, d). By immunohistochemistry, 
CD83-positive IECs and some cells in lamina propria 
were observed, which were markedly fewer in the FA 
group (Fig.  1e). The results indicate that IECs express 
CD83; its levels are significantly lower in sensitized mice.

FA Intestinal Tissues Have Fewer Tregs that Are 
Positively Correlated with CD83 Levels in IECs
We next looked into a possible association between the 

CD83 expression in IECs and the Treg frequency in the 
intestinal tissues. Small intestinal segments were excised 
from NC mice and sensitized mice; lamina propria mono-
nuclear cells (LPMCs) were isolated and analyzed by flow 
cytometry. The results showed that the Treg counts in 
sensitized mice were significantly less than that in NC 
mice (Fig. 2a, b). A positive correlation was detected be-
tween the Treg counts and IEC CD83 expression (Fig. 2c), 
but no correlation was detected between Treg counts and 
LPMC CD83 expression (Fig. 2d). The results show a dra-
matic Treg reduction in the FA intestine that may be as-
sociated with the CD83 reduction in IECs of sensitized 
mice.

Mice with CD83-Deficient IECs Fail to Induce Tregs
Wild-type mice and mice with CD83-deficient IECs 

(KO mice) (online suppl. Fig. 2) were treated with a Treg 
generation protocol by gavage-feeding with OVA daily 
for 1 week. After the sacrifice, LPMCs were prepared and 
analyzed by flow cytometry. The results showed that 
treating wild-type mice with OVA for 1 week markedly 
increased the Treg counts in the intestine, while signifi-
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Fig. 1. CD83 expression levels are low in FA mouse IECs. Small 
intestinal tissues were sampled from NC mice (n = 10) and FA 
mice (n = 10). a Single cells were prepared with the samples and 
analyzed by flow cytometry. The gated plots show CD83+ IECs 
(EpCAM is a molecular marker of IEC). b The bars show summa-
rized CD83+ IEC counts. c, d IECs were purified; total RNA and 
total proteins were extracted from the cells and analyzed by RT-
qPCR and Western blotting. The bars show CD83 mRNA levels in 

IECs (c); the immunoblots show CD83 protein levels in IECs (d). 
e Representative immunohistochemistry images show CD83-pos-
itive staining (in green) in IECs and some cells in the lamina pro-
pria. The data of bars are presented as mean ± SEM of 10 mice per 
group. Each sample was analyzed in triplicate. Statistics: Student’s 
t test. NC, normal control; FA, food allergy; IECs, intestinal epi-
thelial cells.

Fig. 2. Assessment of intestinal Treg frequency and its association 
with IEC-derived CD83 LPMCs were isolated from NC mice and 
FA mice; the cells were analyzed by flow cytometry. a The gated 
dot plots show CD4+ Foxp3+ Tregs (these cells were also CD25+; 
not shown). b The bars show LPMC Treg count mean ± SEM from 
10 mice per group. c, d The scatter plots show positive correlation 

between Treg counts in the intestine and IEC CD83 expression but 
not in LPMC CD83 expression. Each sample was analyzed in trip-
licate. Statistics: Student’s t test (b) and the Pearson correlation 
assay (c, d). CD83 mRNA data are presented in Fig. 1. Treg, regu-
latory T cell; IECs, intestinal epithelial cells; LPMCs, lamina pro-
pria mononuclear cells; NC, naive control; FA, food allergy.
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cantly fewer Treg counts were detected in KO mice. By 
concomitantly feeding with OVA and recombinant CD83 
restored the Treg generation in KO mice (Fig. 3a, b). We 
further purified Tregs from the intestinal tissues; proteins 
were extracted from Tregs and analyzed by Western blot-
ting. The results showed that Foxp3 and TGF-β proteins 
were detectable, while no neuropilin (an indicator of pe-
ripheral Treg [14]) and IL-10 were detected in the sam-
ples (Fig. 3c–f). The data were verified by immunohisto-
chemistry that illustrated Tregs in the intestinal tissues 
(Fig. 3g, h); the Treg counts were in parallel with the re-
sults of flow cytometry (Fig. 3a, b). The results indicate 
that CD83 is required in the inducible CD4+ Foxp3+ Treg 
generation in the intestine by feeding with OVA.

CD83 Cooperates with OVA Induces TIEG1 
Expression in OVA-Primed CD4+ T Cells
TGF-β-inducible early gene 1 (TIEG1) is a critical fac-

tor in the Treg differentiation [15]; we infer that CD83 
upregulates the TIEG1 expression in CD4+ T cells based 
on the above results. To test this, CD4+ T cells were iso-
lated from the naive BALB/c mouse spleen and exposed 
to recombinant CD83 (rCD83) at either 10 or 100 ng/mL 
in the culture for 24 or 48 h; the TIEG1 expression in 
CD4+ T cells was analyzed by RT-qPCR and Western 
blotting. However, no appreciable changes of the TIEG1 
expression were detected in CD4+ T cells (Fig. 4a, b). We 
then isolated CD4+ T cells from the DO11.10 mouse 
spleen (these cells are OVA antigen-primed); the cells 
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Fig. 3. IEC-derived CD83 is required in Treg generation. WT mice 
and KO mice (mice with CD83-deficient IEC) were gavage-fed 
with OVA (1 mg/mouse in 0.1 mL saline) or OVA + CD83 (1 µg/
mouse) daily for 1 week. Small intestinal segments were excised 
from each mouse. LPMCs were prepared and analyzed by flow cy-
tometry. Tregs were isolated from LPMCs and analyzed by West-
ern blotting. a The gated plots show CD4+ Foxp3+ Tregs counts 
(these cells were also CD25+, not shown). b The bars show sum-
marized Treg counts. c–f Tregs were isolated from the intestinal 
tissues; proteins were extracted from the Tregs and analyzed by 
Western blotting. The immunoblots show Foxp3 (c), TGF-β (d), 
neuropilin (e), and IL-10 (f) proteins in isolated Tregs. g, h Rep-

resentative immunohistochemistry images show Treg staining (in 
green) in the intestinal tissues. Bars show summarized Treg counts 
in the intestinal tissues. The data of bars are presented as mean ± 
SEM of 10 mice per group. *p < 0.01 (ANOVA followed by the 
Dunnett’s test) compared with group a. Each sample was analyzed 
in triplicate. The group labels in each subpanel are the same as 
those in panel A. Sections in panel g-f were stained with isotype 
IgG and used as a negative control. Tregs, regulatory T cells; IECs, 
intestinal epithelial cells; WT, wild type; LPMC, lamina propria 
mononuclear cells; TGF, transforming growth factor; IL, interleu-
kin; OVA, ovalbumin.
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were exposed to rCD83 or/and OVA in the culture in the 
presence of DCs. The cells were harvested 48 h later and 
analyzed by RT-qPCR and Western blotting. We found 
that exposure to both OVA and CD83, but not either 
OVA alone or CD83 alone, markedly enhanced the 
TIEG1 expression in DO11.10 CD4+ T cells (Fig. 4c, d). 
Since CD83 can bind the TLR4/MD-2 complexes in 
monocytes [16], we infer that TLR4/MD-2 complexes 
mediate the effects of CD83 on regulating TIEG1 expres-
sion in CD4+ T cells. To test this, the TLR4 or MD-2 ex-
pression in DO11.10 CD4+ T cells was depleted by the 
CRISPR approach (online suppl. Fig. 3, 4). The cells were 
exposed to OVA/CD83 in the culture for 48 h. We found 
that depletion of either TLR4 or MD-2 abolished the 
TIEG1 expression in the CD4+ T cells (Fig. 4c, d). A com-
plex of CD83 and the TLR4/MD-2 complex were detected 
in the CD4+ T cells (Fig. 4e). We further found that con-
comitant exposure to CD83 and OVA-induced TIEG1 

translocation into the nuclei of CD4+ T cells as demon-
strated by using nuclear protein extracts (Fig. 4f), that is, 
required in Treg differentiation [15]. The results demon-
strate that exposure to both specific antigen and CD83 
induces TIEG1 expression in antigen-primed CD4+ T 
cells, which does not occur in nonprimed CD4+ T cells, 
or antigen-primed cells in the presence of either antigen 
alone or CD83 alone.

Concomitant Exposure of Antigen-Primed CD4+ T 
Cells to Antigen and CD83 Induces Antigen-Specific 
Tregs
To test the effects of CD83 on the Treg induction, CD4+ 

CD25− T cells were isolated from the DO11.10 mouse 
spleen by flow cytometry cell sorting. The cells were cocul-
tured with DCs in the presence of OVA or/and CD83 for 
5 days and then, analyzed by flow cytometry. The results 
showed that exposure to both OVA and CD83 induced 
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about 30% CD4+ T cells to differentiate into CD4+ Foxp3+ 
Tregs; the cells were also expressed TGF-β, while exposure 
to either OVA alone or CD83 alone in the culture did not 
induce Treg development. Depletion of TIEG1 by RNAi 
abolished the CD83-induced Treg development (Fig. 5a–c; 

online suppl. Fig. 5). The results were verified by further 
experiments. Exposure of naive BALB/c CD4+ T cells to 
both OVA and CD83 in the culture did not induce to dif-
ferentiate into Tregs (Fig. 5d, e), indicating that CD83 only 
facilitates the antigen-specific Treg development.
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Fig. 5. Concomitant exposure to specific antigens and CD83 in-
duces immune-competent Tregs. a, b CD4+ CD25¯ T cells were 
isolated from the DO11.10 mouse spleen, cultured in the presence 
of DC, and exposed to reagents denoted above each subpanel. 
OVA: 20 µg/mL. CD83: 1 µg/mL. TIEG1d: TIEG1-deficient CD4+ 
T cells (achieved by the CRISPR approach). Control: CD4+ T cells 
were treated with control CRISPR reagents. The gated plots show 
iTreg counts (the iTregs are also CD25+, not shown). The bars 
show summarized Treg counts from 3 experiments. c Proteins 
were extracted from the CD4+ cells and were analyzed by Western 
blotting. The immunoblots show TGF-β levels in the CD4+ T cells. 
d, e CD4+ CD25− T cells were isolated from the BALB/c mouse 
spleen, cultured in the presence of DC, and exposed to saline or 
OVA/CD83 for 5 days. The gated plots show iTreg counts. The 

bars show summarized Treg counts from 3 experiments. f, g CD4+ 
CD25− T cells were isolated from the DO11.10 mouse spleen; the 
cells were treated with the procedures denoted above each sub-
panel (in the presence of DC). OVA: 20 µg/mL in the culture (to 
induce CD4+ T cell proliferation and to activate iTregs). nTreg 
(isolated from BALB/c mice). The gated histograms show prolifer-
ating OVA-specific CD4+ T cell counts. The bars show summa-
rized proliferating CD4+ T cell counts of 3 experiments. The data 
of bars are presented as mean ± SEM. Statistics: ANOVA followed 
by the Dunnett’s test. Each sample was analyzed in triplicate. 
Tregs, regulatory T cells; DC, dendritic cells; TGF, transforming 
growth factor; OVA, ovalbumin; iTreg, inducible Treg; nTreg, nat-
ural Treg.
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Additionally, we tested the immune-suppressive ca-
pacity of the generated Tregs. CD4+ CD25− T cells were 
isolated from the DO mouse spleen as aforementioned 
and used as effector T cells (Teff; labeled with CFSE). 
Tregs were generated as described above. Teffs, Tregs (or 
naïve CD4+ T cells; used as controls), and DCs were co-
cultured in the presence of OVA (the antigen). Three 
days later, the cells were analyzed by flow cytometry. The 
results showed that the generated Tregs had immune-
suppressive capacity to suppress the Teff proliferation 
(Fig. f, g). The results demonstrate that CD83 can coop-
erate with specific antigens to induce specific antigen-
primed CD4+ T cells to differentiate into Tregs, in which 
TIEG1 mediates the effects of OVA/CD83 on the Treg 
induction.

Immunotherapy with CD83 and Specific Antigen 
Suppresses Experimental FA via Inducing Tregs
We then assessed the effects of concurrent administra-

tion of CD83 and OVA (a specific antigen) on suppress-
ing experimental FA. A BALB/c mouse FA model was 
developed with OVA as the specific antigen. The mice 
showed FA response, including diarrhea and a core tem-
perature decline in response to OVA challenge, high lev-
els of serum specific IgE and mouse mast cell protease-1 
(mMCP1), and high Th2 cytokine levels in the intestinal 
tissues, and disrupted intestinal barrier function (Fig. 6). 
Administration of both CD83 and OVA, but not either 
CD83 alone or OVA alone, markedly suppressed the FA 
response, which was abolished by depletion of either the 
TIEG1 expression in CD4+ T cells (online suppl. Fig. 6) 
or depleting Tregs by injection of anti-CD25 Ab (Fig. 6). 
Meanwhile, we observed that concurrent administration 
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Fig. 6. Concomitant administration of OVA and CD83 suppresses 
experimental FA response. An FA BALB/c mouse model was de-
veloped with OVA as the specific antigen. The table below bars 
shows the treatment and conditions. NC: naive control mice. OVA 
or CD83: mice were fed with OVA or CD83. TIEG1d: mice with 
TIEG1-deficient CD4+ T cells. PC61 (or isoIgG): Mice were in-
jected with anti-CD25 Ab or isotype IgG. Bars show FA response, 
including diarrhea (a), core temperature (Temp) changes (b), se-

rum specific IgE (sIgE; c), serum mouse mast cell protease-1 
(mMCP1; d), Th2 cytokine levels in intestinal tissue protein ex-
tracts (e–g), and serum dextran levels (h). Littermate: littermates 
of TIEG1 KO mice. The data of bars are means ± SEM of 6 mice 
per group. *p < 0.01 (ANOVA followed by the Dunnett’s test), 
compared with the FA alone group. FA, food allergy; NC, naive 
control; OVA, ovalbumin.
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of CD83 and OVA significantly increased Treg frequency 
in the FA mouse intestinal tissues that were blocked by 
depletion of TIEG1 expression (online suppl. Fig. 7). The 
results demonstrate that concurrent administration of 
both CD83 and specific antigens can inhibit experimental 
FA via inducing Tregs in the intestine.

Discussion

The present data show that IECs express CD83; its lev-
els are markedly lower in sensitized mice than that in NC 
mice. Mice with CD83-deficient IECs fail to induce Tregs 
in the intestinal tissues, suggesting that CD83 plays a crit-
ical role in the Treg differentiation in the intestine. Con-
comitant exposing antigen-primed CD4+ T cells to CD83 
and the specific antigens induce Treg development. 
Treating mice with both CD83 and the specific antigens 
via gavage-feeding can efficiently suppress experimental 
FA. It is noteworthy that passing through the stomach did 
not affect the bioactivities of CD83 as shown by the pres-
ent data.

CD83 was first found in DCs and regarded as one of 
the indicators of DC activation [13]. Latter, it was found 
that not only DCs express CD83, other immune cells, 
such as T cells, B cells, macrophages, and mast cells also 
expressed CD83 [17]. Our data are in line with the previ-
ous reports [17], CD83 was also found in DCs, CD4+ T 
cells, B cells, macrophages, mast cells, and eosinophils. 
Furthermore, we found that IECs expressed CD83 that 
played a critical role in the Treg generation. Thus, our 
data have enriched the studies in the areas of CD83 and 
Treg generation.

It is recognized that DCs and Tregs play a central role 
in the oral tolerance establishment [18]. Upon activation, 
Tregs release immune regulatory mediators, such as 
TGF-β, to suppress other immune cell activities to keep 
the immune reactions within proper scope. The role of 
DCs in immune tolerance is that DCs induce Tregs; these 
DCs are designated tolerogenic DCs. It is found that IECs 
also have immune tolerogenic functions [6]. IECs express 
MHC II and can present antigen information to CD4+ T 
cells. Previous studies thought that IECs did not express 
CD80 or CD86, thus, could not complete the antigen-pre-
sentation to T cells [6]. The present data compensate this 
weak point of IEC by revealing that IECs express CD83, 
another costimulatory molecule used that is recognized 
in DCs. The data also show that CD83 can activate anti-
gen-primed CD4+ T cells in cooperating with specific an-
tigens; such an action results in the TIEG1 expression in 

primed CD4+ T cells. TIEG1 plays an important role in 
the Treg generation [15]. Our data are consistent with the 
report by showing that CD83 and specific antigen induce 
the primed CD4+ T cells, but not naive CD4+ T cells, to 
differentiate into Tregs. Since Tregs are the most impor-
tant component in the immune tolerance system [19], the 
present data demonstrate that IECs contribute to anti-
gen-specific oral tolerance by inducing antigen-specific 
Tregs via the CD83/specific antigen/TIEG1/Foxp3 path-
way.

It has been found that soluble CD83 (sCD83) had im-
mune regulatory functions [20]. Our recent publications 
show that sCD83 suppresses Th2 response [21]. Royzman 
et al. [10] found that administration of sCD83 could in-
hibit rheumatoid arthritis in an sCD83/indoleamine-2, 
3-dioxygenase/TGF-β-dependent manner. The present 
data show that CD83 was also involved in upregulating 
the TGF-β expression in CD4+ T cells in cooperating with 
the presence of specific antigens. This is like the antigen-
presentation process, in which 2 activation signals are re-
quired. One is the specific antigens presented by the MHC 
II/antigen complexes, which bind to the antigen-specific 
TCR; another is the costimulators, CD80 or CD86; the 
latter binds to CD28 and CTLA-4 on the cell surface to 
activate CD4+ T cells. The antigen-presentation process 
cannot be completed in the absence of either of the acti-
vating signals. Similar phenomena were found in the 
present study. Our data show that both CD83 and spe-
cific antigens (in the presence of DC) are required in in-
ducing antigen-specific Tregs. Tregs were not induced in 
lacking of either one.

The data show that mice with CD83-deficient IECs fail 
to induce Tregs in the intestinal tissues. The data mirror 
the crucial effects of CD83 on the Treg generation by 
feeding with OVA. OVA is a food protein and common-
ly used as a model antigen in the immunological studies. 
It is known that consecutively exposure to a small dose of 
OVA induces immune tolerance by inducing Treg differ-
entiation [22]. Our data are in line with the previous stud-
ies by showing that feeding mice with OVA daily for 7 
days induced the Treg generation in the intestine; how-
ever, it did not occur in mice with CD83-deficient IECs. 
The data emphasize that IEC-derived CD83 is required in 
the Treg generation under physiological condition. In-
deed, our further experiments showed that exposure to 
CD83 and OVA in the presence of DC induced TIEG1 
expression in OVA-primed CD4+ T cells, but not in those 
nonprimed CD4+ T cells, such as naive CD4+ T cells iso-
lated from BALB/c mice. Furthermore, exposure to either 
OVA alone or CD83 alone did not have any effects on 
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inducing TIEG1 expression in OVA-primed CD4+ T cells 
as shown by the present data. To produce, TGF-β is the 
milestone in Treg generation. TIEG1 plays a critical role 
in promoting the TGF-β expression [15]. The present re-
sults showed that the CD83 expression in IECs is lower in 
sensitized mice. A smaller number of Tregs was recog-
nized in FA subjects as compared to normal controls, 
which is a critical causative factor in the FA development 
[23]. Our data provide mechanistic evidence that the low-
er CD83 expression in IECs may be one of the reasons 
causes a small number of Treg in the intestine under FA 
environment. Further studies are required to elucidate 
the causative factors and mechanisms about the low 
CD83 levels in IECs.

The data showed that concomitant administration of 
CD83 and specific antigen, OVA, efficiently suppressed 
FA response in a murine model. The Treg generation in 
the intestine played a central role in the FA inhibition. 
There have been many studies focusing on generating 
Tregs to be used in the inhibition of immune disorders, 
among which Tregs were generated in vitro and transfused 
into subjects with immune disorders [7]. A weak point of 
this approach is that the Tregs, the so-called living drugs, 
only survive in recipients for a short time [24]. The present 
method is to generate Tregs in vivo to restore the immune 
tolerance in subjects with immune disorders [7], such as 
the FA. This is expected to overcome the weak point of 
Treg transfusion [24]. Another critical point in the Treg 
therapy is the antigen specific. As shown by the present 
data, generated Tregs can be activated by exposure to spe-
cific antigens and then, elicit the immune-suppressive 
functions. Such a merit greatly reduces the nonspecific im-
mune suppression compared to polyclonal Tregs [7].

In conclusion, in the present study, we found that IECs 
expressed CD83 that was significantly less in FA IECs 
than that in NC IECs. CD83-deficiency in IECs retarded 

the Treg generation in the intestine. Exposure of antigen-
primed CD4+ T cells to both CD83 and specific antigens, 
but not either one alone, induced antigen-specific Tregs. 
Administration of both CD83 and specific antigens, but 
not either one alone, efficiently suppressed FA response 
in a murine model by inducing Tregs in the intestinal tis-
sues. The data suggest that the concurrent administration 
of CD83 and specific antigens have translational potential 
for the treatment of FA and other allergic disorders.
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