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Introduction

CD80 (B7-1) and CD86 (B7-2) both are defined as stimu-

latory molecules on antigen presenting cells (APCs).

When the CD28 binds to CD80 and CD86, one of the

most important T-cell co-stimulatory pathways is initi-

ated. CD80 and CD86 play a major role in the activation

of T cells, leading to their proliferation and cytokine pro-

duction. Both of these two molecules also bind to cyto-

toxic T-lymphocyte antigen-4 (CTLA-4), a protein

homologous to CD28, but with a much higher affinity

than CD28. Unlike CD28, CTLA-4 is not expressed con-

stitutively and its expression is up-regulated upon T-cell

activation. It acts as a negative regulator of cytotoxic

T cells. Thus, CD28–B7 ligation enhances T-cell prolifera-

tion, whereas CTLA-4–B7 interaction inhibits the T-cell

responses [1].

CD80 and CD86 bind to the same receptors and are

expressed in the same types of cells. It seems that they

perform similar functions, but conflicting data have been

reported on the functional differences between CD80 and

CD86. It was reported that CD80 was pathogenic in

crescentic glomerulonephritis by enhancing proliferation

of CD4+ T cells, whereas CD86 was protective in the

same disease by enhancing Th2 and attenuating Th1

responses [2]. In contrast, selective CD80 blockade

worsened the symptoms of nonobese diabetic mouse

model, in which Th1 phenotype predominated, whereas

selective CD86 blockade had a beneficial effect, leading to

the conclusion that CD86 was a major co-stimulatory

ligand in a Th1 response [3].

To clarify the functional difference between CD80 and

CD86 on dendritic cells (DCs) in organ transplantation,

RNA interference was used to knock down CD80 and

CD86 gene expression respectively [4]. In this study,

CD80low DCs and CD86low DCs were analysed by mixed

lymphocyte reaction and cytokine production assay

in vitro, and the influence on allograft survival was

assayed in vivo.

Materials and methods

Mice

C3H (H-2k) and C57BL/6 (H-2b) mice were purchased

from Shanghai Laboratory Animal Center of Chinese

Academy of Sciences (Shanghai, China) and were

Keywords

CD80, CD86, dendritic cell, small interfering

RNA.

Correspondence

Zongyou Chen, Department of General

Surgery, Huashan Hospital, Fudan University,

Shanghai 200040, China. Tel.: +86 21

62489999 6060; fax: +86 21 65649416;

e-mail: gxdgxd737@163.com

Received: 3 March 2007

Revision requested: 23 March 2007

Accepted: 24 September 2007

doi:10.1111/j.1432-2277.2007.00590.x

Summary

CD28 and cytotoxic T-lymphocyte antigen-4 (CTLA-4), which have opposing

functions in T-cell responses, share the two ligands, CD80 (B7-1) and CD86

(B7-2). To understand the functions of CD80 and CD86, respectively, CD80low

dendritic cells (DCs) and CD86low DCs were prepared by using RNA interfer-

ence. Then CD80 and CD86 functions were analysed by in vitro mixed lympho-

cyte reaction and cytokine production assay. Effect on cardiac allograft survival

was assayed in vivo. In this study, graded stimulatory function of CD80 and

CD86, stronger inhibition of proliferation, and stronger prolongation of trans-

plant survival were observed when CD80 and CD86 were blocked simulta-

neously.
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maintained in pathogen-free facility at Fudan University

(Shanghai, China). Animals were fed with standard chow

ad libitum and were used at 7–9 weeks of age. The animal

experimental protocols were in accordance with Chinese

Administration Rule of Laboratory Animal.

DC culture

Bone marrow progenitor cells were isolated from femurs

and tibias of C3H mice as previously described [5], with

some modifications. The cells were cultured in 24-well

plates (1 · 106/well) in 1 ml RPMI 1640 (Gibco, Gaithers-

burg, MD, USA) supplemented with 10% v/v FCS (referred

to subsequently as complete medium), and 10 ng/ml

recombinant GM-CSF (R&D Systems, Minneapolis, MN,

USA). All cultures were incubated at 37 �C in 5% humidi-

fied CO2. Nonadherent granulocytes were removed after

48 h of culture and a fresh complete medium supple-

mented with GM-CSF was added. Half media exchange was

performed once every 48 h. After 6 days of culture, 1 lg/

ml LPS (Sigma, St Louis, MO, USA) was added to the cul-

ture for 18 h to allow for maturation. The purity of DC

preparations was routinely monitored by flow cytometric

analysis using anti-CD11c monoclonal antibody

(eBioscience, San Diego, CA, USA). This DC preparation

protocol could enrich CD11c+ cells more than 80%.

siRNA design and synthesis

The siRNA sequences used for targeted silencing of CD80

(Genbank access number: NM_009855) and CD86 (Gen-

bank access number: NM_019388) were designed and

selected according to the method of Elbashir et al. [6]. The

CD80 double-stranded RNA (dsRNA) consisted of the

sense strand 5¢-GGAAAGAGGAACGUAUGAAdTdT-3¢
and the antisense strand 5¢-UUCAUACGUUCCUCUUU

CCdTdT-3¢. The CD86 dsRNA consisted of the sense

strand 5¢-CAGAGAAACUUGAUAGUGUdTdT-3¢ and

the antisense strand 5¢-ACACUAUCAAGUUUCUCUGd-

TdT-3¢. The siRNAs of these sequences were the most

effective in preliminary experiments [4]. The scrambled

dsRNA, an irrelevant siRNAs with random nucleotides and

a GC ratio close to above-mentioned dsRNA, consisted

of the sense strand 5¢-UUCUCCGAACGUGUCACGU

dTdT-3¢ and the antisense strand 5¢-ACGUGACACGUU

CGGAGAAdTdT-3¢. All siRNA were synthesized and

annealed by Shanghai GeneChem Limited Company

(Shanghai, China).

siRNA transfection

Transfection was conducted when DCs were 30–50% con-

fluent according to the manufacturer’s protocol. Twelve

microlitre of 20 uM siRNA was mixed in 50 ll of Opti-

MEN (Gibco), while 3 ll of LipofectAMINE 2000 (Invi-

trogen, Garlsbad, CA, USA) was incubated in 50 ll of

Opti-MEN at room temperature for 5 min. Then the

diluted siRNA and LipofectAMINE 2000 were incubated

for a further 20 min at room temperature for complex

formation. Five hundred microlitre medium was aspirated

from each well and the complexes were added. The final

siRNA concentration was 400 nmol/l. DC continued to

be incubated at 37 �C in 5% humidified CO2.

Flow cytometry

Expression of cell surface antigens was detected on a

FACScan (BD Biosciences, San Jose, CA, USA) and analy-

sed using cellquest software (BD Biosciences). Cells were

stained with FITC-conjugated antimouse monoclonal anti-

bodies for MHC-II, CD40 (eBioscience), CD80 and CD86

(R&D Systems). FITC-conjugated isotype-matched irrele-

vant monoclonal antibodies were used as negative controls.

Mixed lymphocyte reaction

One-way mixed lymphocyte reaction (MLR) culture was

performed in triplicate in 96-well, round bottom micro-

culture plates (200 ll/well). Nylon wool-eluted spleen T

cells (2 · 105) from C57BL/6 mice were used as respond-

ers. Gamma-irradiated (20 Gy) DCs derived from C3H

bone marrow were used as stimulators. Cultures were

maintained in complete medium for 3 days at 37 �C in

5% humidified CO2. [3H]-TdR (0.5 lCi/well) was added

for the final 18 h of culture. Cells were harvested onto

glass fibre disks using an automated system, and incor-

poration of [3H]-TdR into DNA was assessed by Wallac

1450 liquid scintillation counter (PerkinElmer, Boston,

MA, USA). Results are expressed as mean cpm ± 1 SD.

Enzyme linked immunosorbent assay

Interleukin-2 (IL-2), IL-10, IL-4 and IFN-c levels in MLR

culture supernatants were measured using ELISA kits acc-

ording to the manufacturer’s instructions (Jingmei Biotech

Limited Company, Shenzhen, China). MLR culture super-

natants were harvested at the end of 3rd day of culture.

Heterotopic heart transplantation

Cervical vascularized heart transplantation was performed

from C3H donors to size-matched C57BL/6 recipients

using a cuff technique. The operative time was about

60 min, the cold ischaemic time for donor heart was

<30 min. Graft survival was assessed by daily palpation.

The operation was deemed successful when grafts
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continued to beat for more than 3 days. Rejection was

defined as total cessation of cardiac contractions. To assess

the effect of donor-derived DCs on allograft survival,

animals received 2 · 106 cells administered intravenously

through the femoral vein 7 days prior to heart transplanta-

tion in the absence of immunosuppression.

Statistical analysis

Statistical analyses were performed with stata 8.0 soft-

ware (Stata, College Station, TX, USA). The data are

given as mean ± 1 SD. Statistical comparisons between

groups were performed using a one-way anova followed

by a Scheff’s test, as appropriate. Graft survival between

groups of transplanted animals was compared using the

log-rank test for comparison of survival curves. Values of

P < 0.05 were considered statistically significant.

Results

siRNA-treated DC demonstrate altered surface

phenotype

After 6 days of culture, transfected DCs in the presence of

LPS for 18 h were collected. Surface phenotype was

assessed by flow cytometric analysis. As seen in Table 1,

RNA interference did not affect surface expression of

MHC-II and CD40. Median fluorescence intensity (MFI)

of CD80 was the lowest in CD80 siRNA group (P < 0.05),

whereas CD86 siRNA and scrambled siRNA exhibited a

minimally suppressive effect on DC expression of CD80.

Similarly, the maximal inhibition of CD86 expression was

examined in CD86 siRNA group (P < 0.05). CD80 siRNA

and scrambled siRNA did not affect the expression of

CD86. Meanwhile, neither the transfection reagent nor the

siRNA alone showed a marked reduction of co-stimulatory

molecules expression (data not shown). CD80 expression

in co-transfected DC was lower than that in DC transfected

with individual CD80 siRNA. There was a similar detection

in CD86 expression. These data clearly show that we

could efficiently suppress CD80/CD86 expression in DC by

siRNA.

CD80 and CD86 differentially increase allogeneic T-cell

proliferative responses

As shown in Fig. 1, DCs transfected with CD86 siRNA

reduced allogeneic T-cell proliferation compared with no

treatment group (P < 0.05). However, co-transfected DCs

resulted in a further suppression on proliferation of allo-

geneic T cells (P < 0.05). While CD80 siRNA group was

similar to the group with no treatment (P > 0.05), it

shows that co-stimulation by CD86 is more efficient in

stimulating proliferation.

Role of CD80 and CD86 on T-cell differentiation

To evaluate T-cell differentiation, IL-2, IL-10, IL-4 and

IFN-c levels were determined by ELISA in the culture

supernatants that were collected from MLR at a stimula-

tor: responder ratio of 1:10. Compared with the untreated

group, CD80 siRNA group resulted in a slight IFN-c
reduction and CD86 siRNA group or co-transfection

group resulted in a stronger IFN-c reduction (P < 0.05)

(Fig. 2). Neither group resulted in induction of IL-4

(P > 0.05) (Fig. 2). CD80 siRNA group, CD86 siRNA

group and the co-transfection group were equally effective

in blocking the IL-2 production (P < 0.05) (Fig. 2). Both

CD80 as well as CD86 blockade led to a marked increase

Table 1. Phenotype analysis of bone marrow-derived dendritic cells.

MHC-II

(MFI)

CD40

(MFI)

CD80

(MFI)

CD86

(MFI)

CD80 siRNA 209 66 68 267

CD86 siRNA 217 58 239 78

CD80 + CD86 siRNA 198 63 31 35

Scrambled siRNA 218 54 245 274

No treatment 204 67 257 273

MFI, median fluorescence intensity. Data are representative of three

similar experiments.
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Figure 1 C57BL /6 spleen T-enriched cells (2 · 105) were cultured

with Gamma-irradiated (20 Gy) C3H bone marrow derived DCs were

treated with relevant 400 nmol/L siRNA in the presence of transfection

reagent. Incorporation of [3H]-TdR was assessed by liquid scintillation

counting. CD86 siRNA group is in possession of a lower stimulatory

function. Results are expressed as mean cpm ± 1 SD in triplicate. The

data are representative of three independent experiments.

Xiang et al. Graded function of CD80 and CD86

ª 2007 The Authors

Journal compilation ª 2007 European Society for Organ Transplantation 21 (2008) 163–168 165



in the level of IL-10 (P < 0.05), though they were not

equally efficient (Fig. 2).

Effect of CD80 and CD86 on survival of cardiac allografts

As shown in Fig. 3, survival of C3H heart allografts in

C57BL/6 recipients was significantly prolonged in the

co-transfection group [median survival time (MST)

15 days, n = 6] compared with the scrambled siRNA

group (MST 7 days, n = 5, P < 0.05) or the PBS group

(MST 6.5 days, n = 8, P < 0.05). Similar results were seen

in CD86 siRNA group; however, the extent of prolonged

survival was less than that seen in co-transfection group

(MST 12 days, n = 5). DCs transfected with CD80 siRNA

did not display this effect of prolonged survival (MST

7 days, n = 6).

Discussion

RNA interference permits the selective post-transcrip-

tional down-regulation of target genes in the cells of

metazoan eukaryotes. RNA interference is mediated by

22 bp dsRNA molecules, bearing two nucleotide 3¢ over-

hangs, termed siRNA duplexes. These siRNA duplexes

can be generated in situ by cleavage of long dsRNAs, or

artificial short hairpin RNAs, by the cytoplasmic RNase

III enzyme Dicer or can be directly introduced into cells

by transfection. One strand of the siRNA duplex, termed

the guide strand, is then incorporated into the RNA-

induced silencing complex (RISC), while the second,

passenger strand, is released and degraded. Once incorpo-

rated into RISC, the siRNA guides this protein complex

to mRNAs bearing highly complementary target sites,

which can then be cleaved by the action of the RISC-

component, leading to their degradation [7]. RNA

interference has evolved into a powerful research tool to
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Figure 2 The supernatant culture was examined for interleukin-2 (IL-2),

IL-10, IL-4 and IFN-c expression levels by ELISA. CD86 possesses a minor

reduction in IFN-c production and a minor induction in IL-10 production.

The results are expressed as mean concentration ± 1 SD in triplicate.

The scrambled siRNA and no treatment groups were used as controls.

The data are representative of three individual experiments.

0

0.2

0.4

0.6

0.8

1

1.2

0 5 10 15 20 25
Day after transplantation

G
ra

ft
 s

ur
vi

va
l (

%
)

CD80 siRNA

CD86 siRNA

CD80 + CD86 siRNA

Scrambled siRNA

PBS

Figure 3 2 · 106 dendritic cells (DCs) derived from C3H bone marrow

that were treated with relevant 400 nmol/l siRNA in the presence of

transfection reagent were i.v. injected into C57BL /6 recipients 7 days

before transplantation of C3H heart graft in the absence of immuno-

suppressive therapy. Co-transfected DCs were administered i.v. 7 days

prior to heart transplantation in absence of immunosuppression and

this prolonged the survival of heart allografts. Control recipients

received DCs transfected with scrambled siRNA or PBS.
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functionally characterize genes. Genome-wide RNA inter-

ference reagents can study the loss-of-function phenotypes

of candidate genes in various disease model systems [8]. In

this study, we applied RNA interference to suppress co-

stimulatory molecules expression, and we showed that

RNA interference is an efficient way to block co-stimula-

tory molecules. CD80 and CD86 siRNAs suppressed the

expression of CD80 and CD86 to 31.05 ± 2.41% and

25.43 ± 0.85%, respectively, of the level in untreated cells

(P < 0.05). Under the complex cytokine milieu in vivo, DC

may rapidly up-regulate their surface expression of MHC

and co-stimulatory molecules, shift from ‘tolerogenic’ to

‘immunogenic’ [9]. We found that LPS succeeded in accel-

erating the maturation of untransfected DC, but failed to

stimulate those co-transfected DC.

A Chinese hamster ovary (CHO) cell line expressing

CD86 activated murine T cells. In contrast, CHO cells

expressing either CD80 or a chimaeric construct of the

CD86 V domain and the CD80 C domain showed a signif-

icantly reduced activation. Vasu et al. [10] demonstrated

that the decreased activation by cells expressing the CD80

or a chimera containing CD80 C domain is most likely on

account of enhanced CTLA-4 binding. CD86 is the initial

co-stimulatory ligand based on its more abundant and

previous expression pattern. CD80 has a role following

APC activation. Sansom et al. [11] investigated that CD80

is the initial ligand, responsible for maintaining aspects of

immune tolerance through interaction with CTLA-4.

These inhibitory functions can be over-ridden by the

up-regulation of CD86 on DCs as a result of inflammatory

stimuli, leading to immune activation. Our results in MLR

showed that co-stimulation by CD86 is more efficient in

stimulating proliferation and CD80 is in possession of a

lower stimulatory function. The reason may be that CD80

has a much higher affinity than CTLA-4.

Slavik et al. [12] found that ligation of CD28 with

either CD80 or CD86 leads to shared early signal trans-

duction events such as the tyrosine phosphorylation of

CBL and VAV, to NFAT-mediated transcriptional activa-

tion, and to the co-stimulation of IL-2 and GM-CSF

production. However, CD80 and CD86 also induce dis-

tinct signal transduction pathways including the tyrosine

phosphorylation of CD28 and phospholipase Cc1 and the

SH2-dependent association of phosphoinositide 3-kinase

with CD28. Differences between signalling initiated by

these two ligands for CD28 may contribute to Th1 or

Th2 differentiation in T-cell responses. Lang et al. [13]

administered anti-CD80 or CD86 blocking mAb alone to

mice with parent-in-F1 graft-vs.-host disease (GVHD)

and investigated that selective CD80 blockade in chronic

GVHD was converted to acute GVHD. This effect was

associated with the induction of Th1 cytokine production.

In addition, gamma irradiation can reduce CD80 and

CD86 expression on DC, especially CD86. Compared

with naı̈ve DC, irradiated DC showed a markedly lower

capacity to promote T-cell proliferation, and strikingly

up-regulated secretion of IL-4 and IL-2 by autologous

T cells. No significant differences were noted in IL-6 and

IL-10 production between T cells co-cultured with naı̈ve

DC and irradiated DC [14]. Our data demonstrated that

the level of IL-4 as one of Th2 cytokine had no significant

differences between the various groups. While IL-10

increased in CD80 siRNA group, CD86 siRNA group and

co-transfection group. We also found blocking CD80

possesses a minor reduction in IFN-c production and a

minor induction in IL-10 production, whereas blocking

CD86 or co-blocking results in a stronger IFN-c reduc-

tion and in a stronger IL-10 induction.

Dendritic cells can be genetically engineered using

adenoviral vectors encoding CTLA4Ig [15] to generate

stably DCs that secrete the potent co-stimulation blocking

agent. Administration of these DCs before transplant sig-

nificantly prolongs MHC-mismatched vascularized heart

allograft survival. Transduction with antisense oligodeoxy-

ribonucleotides [16,17] targeting CD80 or CD86 mRNA

is also a feasible and effective approach to modify DCs

that render them tolerogenic by inducing T-cell hypore-

sponsiveness and apoptosis. In this study, co-transfected

DCs were administered i.v. 7 days prior to heart trans-

plantation in the absence of immunosuppression, and

these DCs prolonged the survival of heart allografts. Simi-

lar results were observed in CD86 siRNA group, although

the degree of inhibition was always less than co-transfec-

tion. Lang et al. [13] found that CD86 blockade begin-

ning at the time of donor cell transfer abrogated either

acute or chronic GVHD by preventing the activation and

maturation of donor CD4+ T cell. Schweitzer et al. [18]

demonstrated that the activation state of a T cell at the

time of B7: CD28/CTLA4 pathway blockade may deter-

mine whether blockade predominantly affects T-cell

expansion, differentiation or expression of effector cyto-

kine production, the latter either directly or via cytokine-

mediated cross-regulation. Zheng et al. [19] observed that

CD86 blockade potently enhanced suppression by

CD4+CD25+ regulatory T cells (Treg). In contrast, CD80

blockade enhanced proliferative responses by impairing

Treg suppression. CD80 and CD86 have opposing func-

tions through CD28 and CTLA4 on Treg. A membrane-

anchored form of CTLA-4 on Treg may bind to B7, this

pathway results in the production of IFN-c by DCs,

which acts in an autocrine or paracrine mammer to stim-

ulate indole amine 2,3-dioxygenase, which degrades tryp-

tophan. The resulting degradation products and

tryptophan deprivation inhibit T-cell proliferation and

promote apoptosis [20]. So there may be several reasons

for prolongation of allograft survival, such as T-cell
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hyporesponsiveness, effector T-cell apoptosis, Th1/Th2

immune deviation and regulatory T cells.

In summary, our research demonstrates that co-stimu-

lation by CD86 is more efficient in stimulating prolifera-

tion, IFN-c induction, IL-10 reduction and allograft

rejection than CD80. However, there are still several con-

troversial issues. Further studies are needed to explore

CD80 and CD86 functions for therapeutic implications in

autoimmune and infectious diseases and of graft

rejection.
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