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Introduction

Acute allograft rejection is a major barrier for solid organ

transplantation, because rejection can lead to either acute

or chronic loss of graft function. Allograft rejection is a

T-cell dependent process. T-lymphocytes require two sig-

nals provided by antigen presenting cells (APCs) for opti-

mal activation: the primary signal (signal 1) through

T-cell receptor, and the co-stimulatory signal (signal 2)

through the co-stimulatory molecules (e.g. CD80 and

CD86). Numerous studies indicated that CD4+ T cells

play a central role in the development of allo-rejection

and that the co-stimulatory signals play an important role

in determining the characteristics of the CD4+ T-cell

responses [1,2].

Dendritic cells (DCs) are the most powerful APCs

known today [3,4]. They are a sparsely distributed, migra-

tory group of bone-marrow-derived leucocytes that are

specialized for the uptake, transport, processing and pres-

entation of antigens to T cells [5–10]. It is believed that

antigen presentation without co-stimulation can lead to

decrease of T-cell function. CD83 is a surface marker

expressed on matured DCs. Human CD83 is a 45-kD

type 1 membrane glycoprotein belonging to the Ig super-

family which contains a single extracellular V-type Ig-like

domain, a transmembrane domain and a 40-aa short

cytoplasmic domain [11]. CD83 shows a significant struc-

tural homology with the B7 ancestral gene family such as

CD80 and CD86 [12,13]. Mouse CD83 (mCD83) shares

63% amino acid identity and a similar structure as
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Summary

CD83 is a surface marker expressed on matured dendritic cells (DCs). It plays

a pivotal role in the mediation of DC/T cell interaction and induction of T-cell

activation. Previous studies have suggested that a soluble form of CD83 could

suppress DC maturation and inhibit T-cell activation and, as a result, it can

prevent paralysis associated with experimental autoimmune encephalomyelitis.

Here, we explored its potential effect on allograft rejection in a fully major his-

tocompatibility complex-mismatched murine skin transplantation model. A

form of mouse soluble CD83 (CD83-Ig) fused the extracellular domain of mu-

rine CD83 with human IgG1a Fc tail was purified from transfected COS-7 cell.

It was found that the treatment of recipient mice with CD83-Ig significantly

delayed allograft rejection. Especially, when T cells originated from recipients

treated with CD83-Ig re-stimulated with donor-specific splenocytes, they

showed a significant reduced responding capability as compared with that of

originated from control recipients. In line with these results, a reduction for

serum IFN-c and IL-2 and a decreased mRNA expression of IFN-c and IL-2 in

allograft infiltrated immune cells were also observed. Our results suggest that

CD83-Ig could be useful for the treatment of allograft rejection in combination

with other therapeutic strategies.
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human CD83 [14,15]. Upon stimulation, DCs up-regulate

CD83 along with other co-stimulatory molecules such as

CD80 and CD86, suggesting that CD83 may play an

important role in the induction of specific immune

response mediated by DC and T-cell interaction.

Indeed, there is an increasing evidence that CD83 could

be a co-stimulatory molecule implicated in adaptive

immune response [11,16–18]. It was found that CD83

could play a role for DC activation and mediate adhesion

of DCs to T cells [19–22]. Recent studies in CD83 defici-

ent mice (CD83)/)) further demonstrated that CD83

could be implicated in the development of CD4+ T cells,

as CD83)/) mice shows a selective 75–90% reduction in

peripheral CD4+ T cells [23]. A soluble form of CD83 has

been detected in the normal human serum, which can

also be released by cultured DCs and B lymphocytes [24].

Patients with haematological disorders such as chronic

lymphocytic leukaemia and mantle cell lymphoma,

showed much higher levels of soluble CD83 [25]. Ectopic

CD83 expression in melanoma cells could induce anti-

tumour immunity [26], while administration of soluble

CD83 could inhibit paralysis associated with experimental

autoimmune encephalomyelitis (EAE) [27]. All of these

observations indicate that CD83 could play an important

role in both DC and T-cell mediated immune response,

suggesting that CD83 could be a potential therapeutic tar-

get for immunological disorders.

In current study, we have explored the effect of soluble

CD83 (CD83-Ig, fused with human IgG1a Fc) on allo-

graft rejection in a murine skin transplantation model.

Administration of CD83-Ig to recipient mice delayed

major histocompatibility complex-mismatched skin allo-

graft rejection, and the prolonged graft survival is associ-

ated with inhibited allo-reactive T-cell proliferation and

reduced IL-2 and INF-c secretion.

Materials and methods

Animals and cell line

Eight- to 12-week-old BALB/c (H-2d) and C57BL/6

(H-2b) mice were maintained and housed at the animal

facilities of Tongji Medical College, Huazhong University

of Science and Technology, Wuhan, China. All of the

mice involving in the current study were approved by the

Huazhong University of Science and Technology Animal

Care and Use Committee. COS-7 cells were routinely

maintained within the laboratory.

Antibodies and reagents

Polyclonal goat anti-mouse CD83 antibody was pur-

chased from R&D system (AF1437, Minneapolis, MN,

USA). Polyclonal goat anti-human IgG, HRP labelled

anti-human IgG1 monoclonal antibodies and human IgG1

were obtained from Zhongshan Biotechnology Co. Ltd

(Beijing, China). Standard human IgG was obtained from

Dade Behring Marburg GmbH (Marburg, Germany). Pro-

tein A Sepharose CL-4B was from Amersham Biosciences

(Piscataway, NJ, USA). Restriction enzymes, T4 DNA

ligase, DNA Taq polymerase and pGEM-T easy vector

were purchased from Promega (Madison, WI, USA). First

strand cDNA synthesis kit was from Fermentas Life Sci-

ence (Hanover, MD, USA). DNA and protein markers

were obtained from TaKaRa Biotech (Dalian, China). Gel

extraction mini kit, plasmid mini kit and LipofectamineTM

2000 were purchased from Invitrogen (Shanghai, China).

BM Chemiluminescence Western blotting kit (Mouse/

Rabbit) was obtained from Boehringer Mannheim (Man-

nheim, Germany). ELISA kits for cytokine detection were

purchased from eBioscience (San Diego, CA, USA).

Serum-free medium UltraCULTURETM was obtained from

HyClone (Logan, UT, USA).

Establishment of expression construct for soluble mouse

CD83 (CD83-Ig)

Total RNA from mouse spleen was used for the prepar-

ation of cDNA with an oligodT primer according to the

manufacturer’s instruction. mCD83 was amplified from

cDNA using primers 5¢ >ATG TCG CAA GGC CTC CAG

C <3¢ and 5¢>AGC CAC AGA GAA GCG GTG ATA C

<3¢. The expected polymerase chain reaction (PCR) pro-

ducts were subcloned into the pGEM-T easy vector

(pGEMT-mCD83). The extracellular domain for mCD83

(mCD83ext, 413 bp) were amplified from pGEMT-

mCD83 with primers 5¢> AAT TCC AAG CTT GG ATG

TCG CAA GGC CTC CAG <3¢ and 5¢> AAT TCG GGA

TCC GCG TGC CCT GTA CTT CCT G <3¢, and then

subcloned into the pGEM-T easy vector using the

BamHI/HindIII cutting sites. For construction of the

pmCD83-hIg expression vector, the DNA fragment for

mCD83ext was obtained by digestion of the pGEMT-

mCD83ext plasmid with HindIII and BamHI, and then

cloned into the upstream region of hIgFc using the same

cutting sites within the pcDNA-hIg plasmid that was

established within the laboratory previously [28]. The

insert was first confirmed by restriction enzyme diges-

tion and subsequently by DNA sequencing (Invitrogen,

Shanghai, China).

Expression and purification of recombinant soluble

CD83-Ig

COS-7 cells were seeded in 100 mm cultural flasks

(2 · 106 cells/flask) in DMEM medium supplemented

with 10% FCS (Gibco, Grand Island, NY, USA) and 1%
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penicillin/streptomycin. The pmCD83-hIg plasmid was

transfected into COS-7 cells using LipofectamineTM2000

(Invitrogen, Shanghai) according to the manufacturer’s

instruction. The transfection efficiency was 75–80% as

determined by GFP expression with a control vector

(pcDNA-GFP). After 72 h of transfection, mRNA for

CD83-Ig expression was analysed by RT-PCR using prim-

ers originated from mCD83 and hIgFc (5¢>TTC TGA

AGG TGA CAG GAT G<3¢; 5¢>CCT CGA ATT CAG

GTG CTG<3¢). To prevent genomic DNA contamination,

mRNA was treated with DNase I as instructed. Ectopic

soluble CD83-Ig expression was confirmed by Western

blotting and quantitated by ELISA with the human IgG

standard preparations. The transfected cells were cultured

for 3 days in serum-free cultural medium (HyClone), and

the supernatant was collected. The cells were supplemen-

ted with fresh serum-free medium again for one more

round of supernatant collection. The soluble CD83-Ig was

then purified from the cultural supernatants by the stan-

dard protein A Sepharose affinity chromatography

(Amersham Biosciences).

Skin allograft transplantation and CD83-Ig treatment

Full-thickness trunk skin allografts were transplanted

using the standard techniques as previously described

[29]. C57BL/6 (H-2b) mice were used as donors, while

BALB/c (H-2d) mice were served as recipients. Skin allo-

graft was transplanted in a slightly larger graft bed pre-

pared over the chest of the recipient and secured using

vaseline gauze and a bandage. After day 5 of transplanta-

tion, skin grafts were visually scored daily for the evi-

dence of rejection. Of note, the graft was considered fully

rejected when it was >50% necrotic by histological confir-

mation.

Soluble CD83-Ig (500 lg/kg) was administrated to

recipients via tail vein injection on the day before trans-

plantation and on day 1 and 3 post-transplantation,

respectively. Administration of same amount of human

IgG or equal volume of PBS were served as controls. A

total of 13 mice were included for each study group,

among which, seven mice were housed for the monitoring

of allograft survival, while six mice were sacrificed on day

7 post-transplantation for pathological and immunologi-

cal analysis.

Preparation of splenic T cells and allograft infiltrated

mononuclear cells

Splenic lymphocytes were isolated from the spleens of

mice by gradient centrifugation with Ficoll solution (d ¼
1.088). The cells were incubated at 37 �C in 5% CO2 in

100 mm cultural flasks for 45 min. Nonadherent cells

were then harvested and suspended in RPMI 1640 (Gibco,

USA) supplemented with 10% FCS (Gibco, USA). Subse-

quently, the cells were loaded onto a nylon wool column,

and incubated at 37 �C for 45 min. T cells were eluted

out by cold RPMI 1640 medium. The purity of CD3+ T

cells isolated by this approach ranged from 85% to 94%

as determined by flow cytometry.

Allograft infiltrated mononuclear cells were isolated as

described elsewhere [30]. Briefly, the skin allograft was

finely minced into small pieces (�0.3 mm3) with a scalpel

and digested for 2 h in RPMI 1640 medium containing

30 U/ml collagenase (Sigma-Aldrich, St. Louis, MO, USA)

at 37 �C, followed by culturing with 0.25% trypsin-EDTA

solution (Sigma-Aldrich) for 45 min. After passing the

graft through a nylon sieve twice, the cell suspension was

obtained in a medium with 1% FCS before further

experimental procedures.

T-cell proliferation assay

T-cell proliferation was assessed by one-way mixed lym-

phocyte culture (MLC). Splenic T cells originated from

normal BALB/c mice or BALB/c allograft recipients were

used as responders, while splenocytes originated from

C57BL/6 mice were used as stimulators. The responder

cells were cultured with C57BL/6 splenic cells treated with

mitomycin C (30 lg/l) in RPMI 1640 medium containing

10% FBS, 1% penicillin/streptomycin, and 5 · 10)5
m

2-mercaploethanol (ME) in a 96-well plate. The cultures

were incubated at 37 �C in 5% CO2 for 5 or 3 days for

the determination of primary and secondary response of T

cell, respectively, and then pulsed with [3H]-thymidine for

6 h before harvesting. Mean cpm and standard deviation

were calculated based on six samples for each group.

Quantitative RT-PCR analysis of cytokine expressions

Total RNA for allograft infiltrated mononuclear cells (in

average around 1 · 105 cells from each allograft) was pre-

pared using the Trizol reagent (Invitrogen, Grand Island,

NY, USA) as instructed, and RNA concentration was

determined by a spectrophotometer. 1.5 lg RNA origin-

ated from each allograft was used for cDNA synthesis

using a RevertAid First Strand cDNA Synthesis Kit (Fer-

mentas life sciences). Same amount of cDNA from each

reaction was then subjected to quantitative RT-PCR ana-

lysis for expression of IL-2, IFN-c, IL-4 and IL-10. b-actin

was used for normalization. Primers for PCR amplication

were: b-actin, 5¢>CTG TCC CTG TAT GCC TCT G<3¢
and 5¢>CAT CGT ACT CCT GCT TGC T<3¢ (673 bp);

IL-2, 5¢>CAG TGC CTA GAA GAT GAA C<3¢ and

5¢>GTG TTG TAA GCA GGA GGT AC<3¢ (264 bp);

IFN-c, 5¢>CAA GTG GCA TAG ATG TGG A<3¢ and
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5¢>CTG GAC CTG TGG GTT GTT G<3¢ (266 bp); IL-4,

5¢>ATG TAC CAG GAG CCA TAT C<3¢ and 5¢>CGA

AAA GCC CGA AAG AG<3¢ (270 bp); and IL-10,

5¢>ACA ATA ACT GCA CCC AC<3¢ and 5¢>GAG GGT

CTT CAG CTT CTC AC<3¢ (278 bp).

After amplification, PCR products were analysed on

2% agarose gels stained with ethidium bromide and pho-

tographed by a ChemiImager 5500 system (Alpha Inno-

tech, San Leandro, CA, USA). The relative intensity for

each band was analysed by the Kodak Digital Science 1D

analysis software (version 2.0; Kodak, Buffalo, NY, USA).

The results are present as a ratio of the intensity with the

corresponding b-actin.

Detection of cytokines by ELISA

Supernatants from one-way MLC and sera from recipi-

ents on day 7 post-transplantation were subjected to

ELISA for the analysis of IL-2, IFN-c, IL-4 and IL-10 pro-

duction using a kit (eBioscience) as instructed.

Histological analysis

Skin allografts were removed from sacrificed recipients on

day 7 post-transplantation for histological analysis. Inflam-

matory infiltration was evaluated by conventional histo-

logical hematoxylin and eosin (H & E) staining. Allografts

were fixed with 10% formalin, and the paraffin-embedded

sections were stained with H&E for 3 min. All the slides

were viewed under a light microscope and evaluated in a

blinded fashion by a qualified dermatopathologist.

Statistical analysis

For pairwise comparisons, the groups were analysed using

a Student’s t-test, and for multiple comparisons, a one-

way anova with Dunnett’s method was used. In both the

cases, P < 0.05 was considered significant.

Results

Expression and purification of mouse soluble CD83-Ig

Polymerase chain reaction amplification using cDNA

derived from mouse spleen total RNA yielded an

806 bp DNA fragment corresponding to the expected

size for the mCD83 gene (NM_009856), which was

cloned into the pGEM-T easy vector. The extracellular

domain for mCD83 was then obtained by PCR amplifi-

cation of the pGEMT-mCD83 plasmid. The soluble

CD83-Ig expression construct (pmCD83-hIg) was estab-

lished by cloning the DNA fragment digested from

pGEM-T-mCD83 by HindIII and BamHI into the

pcDNA-hIg vector [28].

We first tested CD83-Ig mRNA expression in COS-7

cells. RT-PCR with a pair of specific primers originated

from mouse CD83 and human IgG1 detected high levels

of CD83-Ig expression in cells transfected with

pmCD83-hIg plasmid (Fig. 1a, lane 1), while no product

was observed in cells transfected with the control vector

pcDNA3.1(+) (Fig. 1a, lane 2). We next checked CD83-

Ig secretion in the cultural medium of the transfected

COS-7 cells. Western blot analysis of cultural medium

from pmCD83-hIg transfected cells detected a 39.8 kD

protein, which is in agreement with the molecular

weight of addition mCD83ext and hIgFc (Fig. 1b, lane

1). In contrast, Western blot failed to detect any prod-

uct in the cells transfected with a control vector (Fig. 1b,

lane 2). We further determined the amount of soluble

CD83-Ig produced from 1 · 104 transfected COS-7 cells

by ELISA. The production of CD83-Ig ranged from 25

to 370 lg/l (Fig. 1c). We then purified CD83-Ig from

the cultural medium by protein A Sepharose CL-4B

affinity chromatography (Amersham Biosciences), and

the purified CD83-Ig showed a unique band with

molecular weight of 39.8 kD on a SDS-polyacrylamide

gel by Coomassie staining (Fig. 1d, lane 1).

CD83-Ig inhibits allogenic T-cell proliferation and

cytokine secretion in vitro

We first performed an in vitro study to test the func-

tional activity of CD83-Ig purified above. For this pur-

pose, we determined its effect on allogenic T-cell

proliferation and cytokine secretion by one-way MLC

for 5 days. Splenic T cells originated from BALB/c mice

were used as responders, while splenocytes originated

from C57BL/6 mice treated with mitomycin (30 lg/ml)

were used as stimulators. It was found that CD83-Ig sig-

nificantly inhibited allogenic T-cell proliferation in a

dose-dependent manner (Fig. 2a, P < 0.01). We further

investigated the effect of CD83-Ig on T-cell cytokine

secretion. To this end, MLC cultural supernatants were

collected for the detection of IL-2, IFN-c, IL-4 and

IL-10 production by ELISA. We found that CD83-Ig

attenuates T-cell secretion of IL-2 and IFN-c in a dose-

dependent manner. As can be seen in Fig. 2c, when

400 lg/l of CD83-Ig was present in the cultural med-

ium, T-cell production of IFN-c was reduced by three-

fold and 2.7-fold as compared with that of T cells

treated with PBS and normal human IgG, respectively.

Similarly, a significant reduction for IL-2 was also

observed in T cells treated with CD83-Ig (Fig. 2b).

Interestingly, CD83-Ig showed no effect on T-cell secre-

tion of IL-4 (Fig. 2d) and IL-10 (Fig. 2e). All of these

results suggest that CD83-Ig generated by above proce-

dures is functionally active.
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Administration of CD83-Ig delays skin allograft rejection

Based on the above observations, we next sought to dem-

onstrate the effect of CD83-Ig on allograft rejection. A

murine allo-skin transplantation model was employed for

the study. Skin grafts originated from C57BL/6 mice

(H-2b) were implanted on the chest area of BALB/c mice

(H-2d). CD83-Ig (500 lg/kg) was administered to recipi-

ent mice by tail vein injection on the day before trans-

plantation and on day 1 and 3 post-transplantation.

Administration of same amount of normal human IgG or

same volume of PBS were used as controls. A total of

seven recipient mice for each study group were housed in

a specific pathogen-free facility for monitoring of allograft

survival without additional anti-rejection treatment. Sur-

prisingly, as shown in Fig. 3, skin allograft survival time

in recipients treated with CD83-Ig (13.14 ± 1.95 days)

was much longer than that of recipients treated with

either human IgG (7.57 ± 1.27 days) or PBS

(8.14 ± 1.35 days) (P < 0.01). Consistent with this obser-

vation, histological analysis of allografts on day 7 post-

transplantation revealed severe inflammatory infiltration

and allograft destruction in recipients treated with either

human IgG or PBS. In contrast, reduced inflammatory

infiltration with minimal allograft necrosis was observed

in recipients treated with CD83-Ig (Fig. 4). Of note, the

major proportion of allograft infiltrated immune cells was

T lymphocytes, and certain amount of DCs and macroph-

ages were also detected by in situ immunostaining (data

not shown).

CD83-Ig treatment suppresses T-cell proliferation in skin

allograft recipients

We further explored the possible mechanisms by which

CD83-Ig delays skin allograft rejection. We first checked

T cell re-stimulatory responding capability in the skin al-

lograft recipients. After day 7 of transplantation, splenic

T cells from allograft recipients (BALB/c) were isolated

and then re-stimulated with donor-derived (C57BL/6)

splenocytes for 3 days. The responding capability of

recipient T cells was then determined as described earlier.

To our surprise, T cells from recipients treated with

CD83-Ig showed a significant reduced responding capa-

bility as compared with that of T cells from control recip-

ients (Fig. 5, P < 0.01).

CD83-Ig treatment reduces IL-2 and IFN-c production

in allograft recipients

We next investigated the effect of CD83-Ig on cytokine

production in skin allograft recipients. The serum levels

(a) (b)

(c) (d)

Figure 1 Expression and purification of mouse CD83-Ig fusion protein. (a) RT-PCR analysis of CD83-Ig mRNA expression in COS-7 cells transfect-

ed with the pmCD83-hIg construct. Lane 1 represents the cells transfected with pmCD83-hIg, and lane 2 represents the cells transfected with

pcDNA3.1(+). (b) Western blot analysis of CD83-Ig fusion protein in the cultural medium of transfected COS-7 cells. The membrane was probed

with an anti-CD83 antibody. Lane 1 is of pmCD83-hIg transfected COS-7 cells and lane 2 is of pcDNA3.1(+) transfected COS-7 cells. (c) Quantita-

tive analysis of ectopic CD83-Ig secretion by ELISA. The production of CD83-Ig ranged from 25 to 370 lg/l in the cultural supernatants of 1 · 104

transfected COS-7 cells. (d) Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis of purified CD83-Ig by Coomassie

staining. Soluble CD83-Ig was purified from the cultural supernatants by protein A Sepharose CL-4B affinity chromatography. Lane 1 represents

the purified CD83-Ig; lane 2 represents total proteins of cultural supernatants from the transfected COS-7 cells; M is the protein marker.
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for indicated cytokines in recipients were examined by

ELISA. Consistent with the in vitro results, serum IFN-c
(Fig. 6b) in recipients treated with human IgG and PBS

was 1.6-fold and 1.5-fold higher than that of recipients

treated with CD86-Ig, respectively. A similar trend for

IL-2 serum level in recipients treated with CD83-Ig was

also observed (Fig. 6a). Likewise, there was no difference

for the production of IL-4 (Fig. 6c) and IL-10 (Fig. 6d)

(a)

(b) (c)

(d) (e)

Figure 2 CD83-Ig inhibits allogenic T-cell proliferation and IL-2 and IFN-c secretion in vitro. Allogenic T-cell proliferation was examined by one-

way MLC, and the production for IL-2 (b), IFN-c (c), IL-4 (d) and IL-10 (e) in the cultural supernatants was determined by ELISA. It was found that

CD83-Ig significantly inhibits allogenic T-cell proliferation in a dose-dependent manner (a). It also, reduces the production of IL-2 (b) and IFN-c (c)

by T cells in a dose-dependent manner. All of the data shown here are representatives of six independent experiments (�x� standard deviation)

with two duplications for each experiment (**P < 0.01).
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between the experimental and control groups. We further

investigated cytokine expression in allograft infiltrated

mononuclear cells by quantitative RT-PCR. In line with

the serum cytokine levels, the mRNA levels for IL-2 and

IFN-c were lower in grafts infiltrated mononuclear cells

originated from recipients treated with CD83-Ig as com-

pared with that of grafts treated with either hIg or PBS

(Fig. 7b and d) (P < 0.01), and there was no significant

expression differences for IL-4 and IL-10 observed in

infiltrated immune cells (Fig. 7f and h).

Discussion

It has been shown that the acute cellular immune reaction

is the main mechanism of immune rejection after skin

transplantation, in which the activated T lymphocytes

play a pivotal role [31]. As the co-stimulatory signal is

essential for primary or naive T-cell activation [1,2], the

potential use of co-stimulatory blockades for the induc-

tion of transplantation tolerance has recently created con-

siderable excitement [32–34]. This approach is based on

disrupting co-stimulation of DCs and T cells in the

immune response. It has become increasingly clear that T

cell co-stimulation is mediated by a delicate network of

signalling pathways and interference with these systems

can lead to numerous different tolerance mechanisms

including immune regulation, anergy and deletion

[34,35].

CD83 is a surface marker for matured DCs. It can be

induced along with other DC co-stimulatory molecules

Figure 3 Administration of CD83-Ig prolongs skin allograft survival.

Seven mice for each study group were included for monitoring the

survival time of skin allografts. CD83-Ig (500 lg/kg), human IgG (hIg,

500 lg/kg) and equal volume of PBS were administrated via tail vein

injection on the day before transplantation and day 1 and 3 post-

transplantation, respectively. As can be seen from the figure, skin allo-

grafts from recipients treated with CD83-Ig (13.14 ± 1.95 days) had

longer survival time as compared with either hIg (7.57 ± 1.27 days) or

PBS (8.14 ± 1.35 days) treated recipients (P < 0.01).

Figure 4 Histological analysis of skin allografts. Allografts were removed on day 7 post-transplantation and fixed with 10% buffered formalin.

Sections were prepared and then subjected to H&E staining. Allografts originated from animals treated with either PBS or hIg had rigorous inflam-

matory infiltration accompanied by severe allograft destruction. In contrast, only minimal necrosis associated with reduced inflammatory infiltration

was observed in allografts of recipient mice treated with CD83-Ig.

Figure 5 CD83-Ig treatment suppresses T-cell proliferation in skin

allograft recipients. Re-stimulatory responsive capacity for T cells from

skin allograft recipients after day 7 of transplantation was examined

by 3-day MLR. The proliferation capability of T cells from CD83-Ig

treated mice was significantly lower than that of either hIg or PBS

treated mice. All of the data shown here are representatives of six

independent experiments (�x� standard deviation) with two duplica-

tions for each experiment (**P < 0.01).
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such as CD80 and CD86 [11,12]. Previous studies have

demonstrated that B-lymphoblastoid cells with ectopic

CD83 expression are more potent to stimulate T-cell pro-

liferation and more effectively to induce the generation of

cytotoxic T cells [22]. On the contrary, soluble CD83

inhibits DC maturation and, more importantly, adminis-

tration of soluble CD83 to matured DCs leads to down-

regulation of CD83 on matured DCs and reduces their

stimulatory capability to allogeneic T cells [19,20,36]. All

of these data suggests that CD83 could be a co-stimulato-

ry molecule for T-cell activation. Therefore, blocking the

CD83/CD83 ligand pathway would prevent DC-mediated

T-cell activation and, as a result, soluble CD83 could be

therapeutic reagent with clinical potential. In line with

this notion, Zinser and co-workers reported that adminis-

tration of soluble CD83 completely inhibited paralysis

associated with EAE, demonstrating an immunosuppres-

sive role for soluble CD83.

In current study, for the first time, we have explored

the effect of soluble CD83 (CD83-Ig) on allograft rejec-

tion in a murine allo-skin transplantation model. We

selected C56BL/6 (H-2b) mice as donors and BALB/c

(H-2d) mice as recipients for the study. CD83-Ig (500 lg/

kg) was administered to recipient mice by tail vein injec-

tion on the day before transplantation and on day 1 and

3 post-transplantation. We found that CD83-Ig treatment

significantly delays skin allograft rejection (Fig. 3). Inter-

estingly, the immunosuppressive effect of soluble CD83 is

less potent in our skin allograft transplantation model

than that observed in the EAE model, in which only three

injections of soluble CD83 could completely inhibit para-

lysis and the suppressive effect could last for a long per-

iod of time [27]. This discrepancy is probably due to the

differences of the nature between these diseases. For

example, EAE is a chronic inflammatory disease, while

skin allograft rejection is a rigorous inflammatory process.

Figure 6 Administration of CD83-Ig inhibits IL-2 and IFN-c secretion in skin allograft recipients. Serum cytokine levels in skin allograft recipients

after day 7 of transplantation were determined by ELISA. Serum levels for IL-2 (a) and IFN-c (b) in recipients treated with CD83-Ig were lower than

that of recipients treated with either hIg or PBS. On the contrary, we failed to detect any differences for IL-4 (c) and IL-10 (d) between the recipi-

ents treated with CD83-Ig and hIg, or PBS. All of the data shown here are representatives of six independent experiments (�x� standard deviation)

with two duplications for each experiment (**P < 0.01).
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Therefore, it will be of interest to test whether higher

dose and longer time administration of CD83-Ig would

prevent skin allograft rejection. Alternatively, treatment

with combination of CD83-Ig and anti-rejection drugs

such as cyclosporin A (CsA) may significantly prolong

skin allograft survival.

The molecular mechanism through which CD83-Ig

delays skin allograft rejection remains to be elucidated.

We demonstrated an association between CD83-Ig treat-

ment and inhibited allogenic T-cell proliferation and

IFN-c and IL-2 production. We found when splenic

T cells from recipients re-stimulated with donor-specific

splenocytes, those T cells originated from recipients trea-

ted with CD83-Ig had a significant reduced responding

capacity than that of the control recipients. Of note, we

detected lower levels of IFN-c and IL-2 in CD83-Ig trea-

ted recipients not only in the serum samples, but also in

mRNA of allograft infiltrated immune cells. Because of

the fact that equal amount of cDNA originated from

infiltrated immune cells (majority of them are T cells)

was used for quantitative RT-PCR analysis, it is unlikely

that the reduced IFN-c and IL-2 expression in CD83-Ig

treated recipients is associated with decreased number of

infiltrated immune cells, rather than the activation status

of T cells in recipients. In addition, as CD83 is a surface

marker associated with DC maturation status, or the

capability of DCs to induce T-cell activation (instead of

antigen presentation), it is also unlikely that the suppres-

sive effect of CD83-Ig is antigen specific, rather than a

broad effect on T-cell polarization. Furthermore, as

CD83-Ig failed to show any effect on IL-4 and IL-10 pro-

duction, the molecular mechanism for CD83-Ig for the

prevention of allograft rejection could be involved in the

suppression of Th1 cell proliferation and Th1 cytokines

production, with unlikely involvement of Th2 polariza-

tion and regulatory T-cell differentiation.

In summary, we have demonstrated that administration

of CD83-Ig prolongs allograft survival in a murine allo-

(a) (b)

(c) (d)

(e) (f)

(g) (h)

Figure 7 Cytokine expressions in skin

allograft infiltrated immune cells. Skin

allograft infiltrated immune cells were

isolated and then subjected to RNA

extraction and expression analysis for

IL-2, IFN-c, IL-4 and IL-10 by quantitative

RT-PCR. b-actin was used for normaliza-

tion. Six samples were included for each

study group. Figures (a), (c), (e) and (g)

are quantitative RT-PCR results for IL-2,

IFN-c, IL-4 and IL-10 of three samples,

respectively. Figures (b), (d), (f) and (h)

are the average expression levels (�x� -

standard deviation) for IL-2, IFN-c, IL-4

and IL-10 of six samples. The results are

present as a ratio of DNA band intensi-

ties between the indicated cytokine and

the corresponding b-actin (*P < 0.05).
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skin transplantation model. The enhanced allograft survi-

val is associated with inhibited T-cell proliferation and

reduced IFN-c and IL-2 expression. Our study revealed

that the suppressive effect of CD83-Ig in allograft rejec-

tion was less potent as compared with that observed in

EAE, a chronic inflammatory autoimmune disease. There-

fore, CD83-Ig combined with other DC co-stimulatory

blockades or anti-rejection drugs (e.g. CsA) may have

much more significant effect on the prevention of allo-

graft rejection.
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