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SUMMARY

Intraperitoneal administration with anti-CD86 (B7.2) MoAb into the murine model for primary SS in

NFS/sld mutant mice resulted in dramatically inhibitory effects on the development of autoimmune

lesions, while no signi®cant effects were observed when the mice were administered with anti-CD80

(B7.1) MoAb. We found that spleen cells in the murine SS model treated with anti-CD86 MoAb showed

a signi®cant impairment of autoantigen-speci®c T cell proliferation. T cell activation markers

(CD44high, CD45RBlow, Mel-14low) were signi®cantly down-regulated in the spleen cells gated on

CD4 in anti-CD86-treated mice. We detected a higher level of cytokine production of IL-4 from splenic

T cells in anti-CD86-treated mice, but not of IL-2, and interferon-gamma (IFN-g), compared with those

in the anti-CD80- and PBS-treated SS model. Moreover, serum autoantibody production against

a-fodrin autoantigen was almost entirely suppressed in anti-CD86-treated mice. These data

provide strong evidence that in autoimmune exocrinopathy resembling SS in NFS/sld mutant mice,

the CD86 costimulatory molecule plays a crucial role in the initiation and subsequent progression of

Th1-mediated autoimmunity in the salivary and lacrimal glands.
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INTRODUCTION

It is well known that the initiation and maintenance of a T cell

response to antigen require at least two signals [1,2]. One signal is

delivered through binding of the antigen-speci®c T cell receptor to

its MHC ligand that displays processed antigen on the surface of

antigen-presenting cells (APC), and the second signal is delivered

by costimulatory molecules expressed on the same APC [3±8].

Costimulatory molecules of the B7 family, including CD80 (B7.1)

and CD86 (B7.2), provide key signals for the generation of T cell

responses by interacting with the CD28 and CTLA-4 counter-

receptors on the T cell [3,4,6,9,10]. Previous studies showing that

CD80 activates antigen-primed but not naive T cells led to the

suggestion that CD86-mediated costimulation is important in the

initiation phase of a T cell response, whereas the role of CD80 may

be to maintain and expand the ongoing T cell response [11±14].

SS is a chronic autoimmune exocrinopathy affecting the

salivary and lacrimal glands and leading to clinical symptoms of

dryness of the mouth and eyes (sicca syndrome) [15±17]. In

primary SS patients, a wide spectrum of extraglandular mani-

festations may occur, including vasculitis, thyroiditis, nephritis,

pneumonitis, neuropathy, and lymphoproliferation, besides sicca

syndrome [16]. In our laboratories we have established an animal

model for primary SS in NFS/sld mutant bearing an autosomal

recessive gene with sublingual gland differentiation arrest [18,19].

Autoimmune lesions in this model are mediated by CD4� T cells,

and tissue in®ltrating autoreactive T cells have revealed the

presence of mRNA for Th1-type cytokines including IL-2, inter-

feron-gamma (IFN-g), but not for Th2-type cytokines [20,21].

Recently, we identi®ed the 120-kD a-fodrin autoantigen from the

salivary gland tissues of this murine SS model, and determined T

cell responses speci®c to this protein besides in vitro production of

IL-2 and IFN-g [22]. It was suggested that the 120-kD a-fodrin

molecule may be an important autoantigen in the pathogenesis of

SS. Although blocking CD80 and CD86 has been shown to have

differential effects on autoimmune responses in vivo depending

upon the different disease models studied, the role of B7

costimulation on the development of Th1-mediated autoimmune

exocrinopathy in the murine SS model has not yet been

investigated.
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This study demonstrates that the preventive effects of in vivo

administration with anti-CD86 MoAb, but not with anti-CD80

MoAb, were clearly observed in the murine SS model, and

analyses the mechanisms during immunotherapeutic effects

through the Th1-mediated autoimmunity and cytokine balance.

MATERIALS AND METHODS

Mice and experimental protocol

Female NFS/N strain carrying the mutant gene sld (NFS/sld) [18]

were reared in our speci®c pathogen-free mouse colony, and given

food and water ad libitum. Establishment and characterization

of this murine SS model in NFS/sld mice have been reported

previously [19±21]. Autoimmune lesions in the murine SS model

are mediated by CD4� T cells, and tissue-in®ltrating T cells have

revealed the presence of mRNAs for Th1-type cytokines including

IL-2 and IFN-g, but not for Th2-type cytokines [20,21]. To analyse

the preventive effect of treatment with antibodies to B7 costimu-

latory signal, RM80 (anti-CD80, rat IgG2a) and PO3 (anti-CD86,

rat IgG2b) were used in in vivo studies. Each MoAb was injected

intraperitoneally with a once a week dose of 100 mg of either anti-

CD80 MoAb (RM80) (n� 8), or anti-CD86 MoAb (PO3) (n� 8).

These groups were compared with controls treated with PBS alone

(n� 7). At 3 weeks before disease onset, the i.p. injection schedule

with these MoAbs was started, and treated until 7 weeks. At 8

weeks these mice were killed, and analysed from a variety of

approaches. We compared these treated groups with 3d-

thymectomized (Tx) NFS/sld mice as non-treated positive controls

(n� 15), and non-Tx NFS/sld mice were used as non-treated

negative controls (n� 12).

Histology and immunohistochemistry

All organs were removed from the mice, ®xed with 4% phosphate-

buffered formaldehyde pH 7´2 and prepared for histological exami-

nation. The sections were stained with haematoxylin and eosin

(H±E). Histological grading of the in¯ammatory lesions was done

according to the method proposed by White & Casarett [23] as

follows: score 1 indicates one to ®ve foci composed of more than

20 mononuclear cells per focus were seen; score 2, more than ®ve

such foci were seen but without signi®cant parenchymal destruc-

tion; score 3, degeneration of parenchymal tissue; score 4, exten-

sive in®ltration of the glands with mononuclear cells and extensive

parenchymal destruction. Immunohistochemical staining with

MoAbs was performed on freshly frozen sections utilizing the

biotin-avidin immunoperoxidase method. Brie¯y, frozen sections

approximately 4 mm in thickness were ®xed in acetone for 5 min,

rinsed in PBS pH 7´2, and incubated with each of the ®rst

antibodies as follows: biotinylated rat MoAbs to CD3 (GIBCO

BRL, Grand Island, NY), B220, CD4, CD8, Mac-1 (Becton

Dickinson, Burlingame, CA), CD28, B7.1 (CD80), and B7.2

(CD86) (PharMingen, San Diego, CA), and incubated with bio-

tinylated anti-rat and anti-hamster IgG (Tago Inc., Burlingame,

CA), followed by ABC complex reagent (Vector Labs Inc.,

Burlingame, CA). All control samples treated with normal rat

and hamster serum (Cappel Labs, Cochranville, PA) or PBS

instead of the ®rst antibodies gave negative results. In®ltrating

mononuclear cells staining positively with MoAbs including

CD28, CD4, CD8 and B220, were enumerated using a 10 ´ 20-

mm grid net disc covering an objective of area 0´16 mm2.

Isolation of mouse salivary gland epithelial cells

Primary culture of mouse salivary gland epithelial cells was

prepared as described previously [24]. Brie¯y, the epithelial cells

were from NFS/sld mice at 3±5 weeks and prepared by enzymatic

digestion with 0´76 mg/ml EDTA and a mixture of collagenase

(type I: 750 U/ml) and hyaluronidase (type IV: 500 U/ml), plated in

24-well plates (250 000 cells/well), and maintained in minimal

essential medium (MEM) containing 10% fetal calf serum (FCS)

for 10±14 days. These primary cultures contained a mixture of

epithelial cells (85±95%) and ®broblasts (1±5%). Cultured cells

were used for ¯ow cytometric analysis.

Flow cytometric analysis

Spleen cells from treated and control 3d-Tx NFS/sld mice were

analysed by ¯ow cytometry, and compared with those from non-Tx

NFS/sld mice. Single-cell suspensions were stained with anti-

bodies conjugated to PE (anti-CD3, GIBCO BRL; anti-CD4,

Cedar Lane Labs Ltd, Ontario, Canada; B220, PharMingen), and

FITC (anti-CD8, Cedar Lane Labs; Thy1.2, anti-CD80, anti-CD86,

anti-CD28; anti-CD44, anti-CD45RB, and Mel-14, PharMingen),

and analysed with EPICS (Coulter, Hialeah, FL). To analyse

activation markers, regional lymph node (LN) cells were also

prepared. Cells were gated according to size and scatter to

eliminate dead cells and debris from analysis. Single-cell suspen-

sions of spleen cells and primary cultured mouse salivary gland

cells were stained with antibodies conjugated to PE (anti-I-As;

PharMingen) and FITC (anti-CD80 and anti-CD86; PharMingen),

and analysed with EPICS.

Detection of cytokines by ELISA

Levels of IL-2, IL-4 and IFN-g in culture supernatants of spleen

cells from each experimental group of mice activated with

immobilized anti-CD3 MoAb (Cedar Lane Labs) for 3 days were

measured by ELISA using the mIL-2 and mIL-4 ELISA systems

(Amersham, Arlington Heights, IL), and IFN-g-speci®c MoAb

(PharMingen), respectively [22].

Proliferation assay

Single-cell suspensions of spleen cells from treated and control 3d-

Tx NFS/sld mice were cultured in 96-well ¯at-bottomed microtitre

plates (5 ´ 105 cells/well) in RPMI 1640 containing 10% FCS,

penicillin/streptomycin, and b-mercaptoethanol. A total of

5 ´ 105 cells were added to a 96-well ¯at-bottomed microtitre

plate (Nunc, Roskilde, Denmark) immobilized with or without

anti-CD3 MoAb (Cedar Lane Labs), and recombinant a-fodrin

protein [22]. For proliferation assay, prepared cells were cultured

for 72 h under stimulation with concanavalin A (Con A) or

recombinant a-fodrin protein, and pulsed with 1 mCi/well of 3H-

thymidine (NEN Life Science Products, Boston, MA) during the

®nal 20 h of the culture. 3H-thymidine incorporation was evaluated

using an automated b liquid scintillation counter. Data were

expressed as the mean 6 s.d. determined in triplicate wells.

Western blot analysis

To detect serum autoantibodies against 120-kD a-fodrin auto-

antigen, the autoantigen was electrophoresed in non-reducing

buffer in 10% SDS±PAGE gels, and the protein was then

electrophoretically transferred to nitrocellulose which was

probed with serum antibodies from treated and control 3d-Tx

NFS/sld mice. Nitrocellulose membranes were incubated with

peroxidase-conjugated horse anti-mouse IgG (Vector Labs).
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Autoantibodies were detected using ECL Western blotting reagent

(Amersham) [22].

RESULTS

Pathological and immunohistochemical ®ndings

The histopathological characteristics of autoimmune lesions

developing in 3d-Tx NFS/sld mice were described previously in

detail [19±21]. Brie¯y, autoimmune lesions in the salivary and

lacrimal glands develop at 4 weeks of age or later, while no

in¯ammatory lesions were observed in non-Tx NFS/sld mice at

any age. Autoimmune exocrinopathy in the salivary and lacrimal

glands aggravated gradually with advancing age. Immunohisto-

chemical analysis to identify cell populations revealed that a

majority of in®ltrating cells in the salivary and lacrimal glands

were CD3� and CD4� from disease onset, whereas a lesser number

of CD8� and B220� cells was observed [19] (Table 1). CD28� T

cells were constitutively observed in these in¯ammatory

lesions (61±73%) at all ages in 3d-Tx NFS/sld mice (Table

1), but not in non-Tx NFS/sld mice. A considerable proportion

of CD80� and CD86� cells was detected exclusively in

epithelial duct cells in the salivary and lacrimal glands of

3d-Tx NFS/sld mice, but not in non-Tx NFS/sld mice.

Immunohistochemically, no signi®cant difference was observed

between CD80� and CD86� cells in the in¯amed salivary gland

tissues (data not shown). This is consistent with the data on ¯ow

cytometric analysis using the isolated mouse salivary gland

epithelial cells from 3d-Tx NFS/sld mice (CD80, 28% and

CD86, 27%) (Fig. 1). In contrast, a larger proportion of spleen

cells was positive for CD86 (55%) than for CD80 (10%) in 3d-Tx

NFS/sld mice (Fig. 1).
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Table 1. Proportion of CD28�, CD4�, CD8� and B220� cells in

autoimmune sialadenitis of 3d-thymectomized (Tx) NFS/sld mice

Percentage* (mean 6 s.d.) of mononuclear cells

staining positively for

Age

(weeks) CD28 CD4 CD8 B220

4 (n� 5) 62 6 9 72 6 7 10� 3 7 6 2

8 (n� 5) 61 6 7 77 6 8 8 6 3 9 6 3

12 (n� 5) 73 6 10 81 6 10 9 6 4 8 6 2

* The number of mononuclear cells was counted using a 10 ´ 20 grid net

micrometre disc covering an objective of area 0´16 mm2.

Values are the average of ®ve samples examined.
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Fig. 1. Flow cytometric analysis of CD80 and CD86 expression on

isolated mouse salivary gland cells and spleen cell suspensions from 3d-

thymectomized (Tx) NFS/sld mice (control) gated on I-As. While no

difference was observed between CD80� (28%), and CD86� (27%) cells

in the isolated mouse salivary gland epithelial cells, a larger proportion of

spleen cells was CD86� (55%) than of cells expressing CD80 (10%). Three

experiments in each group (8 weeks old) were performed.
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Fig. 2. Preventive effect of i.p. injection of anti-CD86 MoAb. Anti-CD80

MoAb (100 mg) (n� 8), and anti-CD86 (n� 8) were injected intra-

peritoneally into 3d-thymectomized (Tx) NFS/sld mice once a week

(treated with MoAb from 3±7 weeks). These groups were compared with

controls treated with PBS alone (n� 7). Mice with treatment were

examined histopathologically at 8 weeks. Mean grade of in¯ammatory

lesions was expressed as described in Materials and Methods. *P< 0´01,

Mann±Whitney U-test.
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Fig. 3. Effect of in vivo treatment with anti-CD86 MoAb on proliferative T

cell response to the recombinant a-fodrin autoantigen. A signi®cant

inhibitory effect on T cell blastogenesis to the recombinant a-fodrin

autoantigen was observed in 3d-thymectomized (Tx) NFS/sld mice treated

with anti-CD86 MoAb, but not in those treated with anti-CD80 (*P< 0´05,

Student's t-test). No difference was observed in concanavalin A (Con A)-

stimulated blastogenesis measured in spleen cells from each group of mice.

Three experiments in each group of the same age were performed. Data are

expressed as ct/min per culture 6 s.d. in triplicate.



Effect of in vivo treatment with anti-B7 antibodies

3d-Tx NFS/sld mice treated with a once a week dose of 100 mg of

anti-CD80 (n� 8) showed slightly preventive effects, but not

statistically signi®cant, on the development of autoimmune

lesions. In contrast, treatment of 3d-Tx NFS/sld mice with a

once a week dose of 100 mg of anti-CD86 (n� 8) showed a

signi®cantly preventive effect on the development of autoimmune

lesions in the salivary and lacrimal glands (P< 0´01) (Fig. 2).

Proliferative T cell response to a-fodrin autoantigen

To address the role of a-fodrin autoantigen-reactive T cells, we

examined the effect of in vivo treatment with anti-CD86 MoAb

on proliferative T cell responses against recombinant a-fodrin

autoantigen in spleen cells. We found that spleen cells in 3d-Tx

NFS/sld mice treated with anti-CD86 MoAb showed a signi®-

cant impairment of autoantigen-speci®c T cell proliferation

(8 weeks old) compared with 3d-Tx NFS/sld mice treated

with anti-CD80, and PBS alone (Fig. 3). No signi®cant dif-

ferences were observed in proliferative responses in these groups

stimulated with Con A.

Flow cytometric analysis of activation markers

We reported previously that a signi®cant proportion of splenic

CD4� T cells express activation markers (CD44high, CD45RBlow,

Mel-14low) at a high level in this murine model of 3d-Tx NFS/sld

[20,21]. To clarify whether the activated self-reactive T cells were

impaired by the treatment with anti-CD86 MoAb in 3d-Tx NFS/sld

mice, we analysed the CD4� T cells in spleens and LN cells

bearing activation markers by ¯ow cytometry. We found that

activation markers (CD44high, CD45RBlow, Mel-14low) were sig-

ni®cantly down-regulated in both spleen and LN cells gated on

CD4 in anti-CD86-treated 3d-Tx NFS/sld mice (Fig. 4). In this

case, more prominent suppressive pro®les were observed in

regional LN cells than in spleen cells. It is possible that the effector

CD4� T cells responsible for tissue destruction appear to be more

suppressed by the treatment with anti-CD86 MoAb in the regional

lymphoid tissues than in the periphery.

Detection of cytokine production

We investigated the cytokine production in vivo, and found that

anti-CD3-stimulated splenic T cell culture supernatants in the anti-

CD86-treated murine SS model contained a high level of IL-4, but

a lower level of IL-2 and IFN-g compared with anti-CD80- and

PBS-treated mice by ELISA (Fig. 5).

Detection of serum autoantibody production

Protein immunoblotting revealed that sera from the murine SS

model of control NFS/sld mice were positive for the 120-kD
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Fig. 4. Flow cytometric analysis of activation markers in spleen cells (a) and regional lymph node (LN) cells (b) from anti-CD86-treated and PBS-treated 3d-

thymectomized (Tx) NFS/sld mice gated on CD4�. Down-regulation of activation markers (CD44high, CD45RBlow, and Mel-14low) was clearly observed in

both splenic and LN CD4� cells (more prominent in LN cells) from anti-CD86-treated mice, compared with PBS-treated mice. Five mice of the same age (8

weeks old) were analysed.
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a-fodrin protein. In contrast, serum autoantibody production

against 120-kD a-fodrin autoantigen was almost entirely sup-

pressed in the anti-CD86-treated murine SS model, but not in

CD80- and PBS-treated mice (data not shown).

DISCUSSION

It has been demonstrated that CD86 is expressed earlier and at

higher levels than CD80 after activation of these cells during an

immune response [25±27]. Previous studies showing that CD80

activates antigen-primed but not naive T cells led to the suggestion

that CD86-mediated costimulation is important in the initiation

phase of a T cell response, whereas the role of CD80 may be to

maintain and expand the ongoing T cell response [28±31]. Block-

ing CD80 has been shown to prevent experimental autoimmune

encephalomyelitis (EAE), while treatment with anti-CD86 resulted

in the production of effector cells of a Th1 phenotype and increased

disease severity [11,32]. In contrast, blocking CD86 prevented

autoimmune diabetes in non-obese diabetic (NOD) mice, while

CD80 blockage worsened disease [33]. These ®ndings suggest a

differential role of CD80 and CD86 in certain situations in

different autoimmune responses.

In the present study, treatment with anti-CD86 MoAb could

prevent the development of autoimmune exocrinopathy in the

murine SS model, demonstrating the crucial role of CD86 costimu-

latory molecule that may be important in eliciting autoreactive T

cell responses to an organ-speci®c autoantigen, a-fodrin [22].

Treatment with anti-CD80 MoAb could not prevent the develop-

ment of these lesions. These results are consistent with an essential

timing required for the co-ordinated interaction of B7 and CD28

family receptors, as reported previously [33,34]. Recent studies

have demonstrated the important contribution of two members of

the B7 family molecules in directing the outcome of the T cell

effector function [35,36]. Although both molecules are able to

provide costimulation to T cells for proliferation, CD80 has been

reported to drive Th1-type T cell responses, whereas CD86 directs

a Th2-like response [11]. In our experiments, cytokine production

of splenic T cells from anti-CD86-treated mice showed a Th2-like

response expressing IL-4. In addition, autoantigen-mediated T cell

proliferation was signi®cantly suppressed on splenic CD4� T cells,

and T cell activation markers were clearly down-regulated in

splenic and LN CD4� T cells in the anti-CD86-treated murine

SS model. Recent studies have demonstrated that CD86 provides a

critical early costimulatory signal, determining whether or not the

T cells will participate in a variety of immune responses

[13,14,37]. Our results showing that in vivo treatment with anti-

CD86 MoAb was effective in preventing autoimmune lesions

strongly support a major role of CD86 as a costimulatory molecule

in the initiation of an autoantigen-speci®c immune response in the

murine SS model. It was also demonstrated that CD86 expression

is increased on APC after exposure to IFN-g [38]. Previous data of

ours showed a signi®cant expression of IFN-g mRNA in the initial

stage of this murine SS model [20,21]. We found that a larger

number of spleen cells was positive for CD86 than of those

expressing CD80 on ¯ow cytometric analysis.

An animal model of primary SS in NFS/sld mutant mice is

mediated by CD4� T cells, and tissue-in®ltrating T cells have

revealed the presence of mRNA for Th1-type cytokines [19±21].

This is the ®rst report to demonstrate that in the murine SS model

the CD86 costimulatory molecule plays a key role in the develop-

ment of Th1-mediated autoimmune disease. It is well established

that several organ-speci®c autoimmune diseases, including EAE,

are induced by autoreactive Th1 cells [39,40]. Regulatory T cells

that suppress the development of Th1-mediated autoimmune

diseases produce Th2 cytokines, and recovery from EAE in mice

and rats is associated with Th2 cells and its cytokines [26,41].

Experimental evidence in this study suggests that anti-CD86

treatment has a negative regulatory effect on autoreactive T cells

by down-regulating IL-2 production and autoantigen-speci®c

immune responses. Thus, blockade of CD86 costimulatory signals

prolongs T cell activation and plays a role in regulating peripheral

T cell tolerance and differentiation. These data demonstrate that

anti-CD86 MoAb administration results not only in prevention of

organ-speci®c autoimmune lesions in vivo, but in inhibition of

organ-speci®c autoantibody production. It was reported that treat-

ment with anti-CD86 MoAb resulted in a marked reduction of

autoantibody production in murine lupus [42]. Our data demon-

strate that blockade of CD86 costimulation during autoantigen-

speci®c T cell activation promoted the differentiation of CD4� T

cell subsets into IL-4-producing T cells. It was shown that IL-4

regulates the differentiation of CD4� T cells by stimulating

precursor cells to mature into Th2-type cells while inhibiting the

generation of Th1-type cells [43,44].

Taken together, these data support a crucial role for CD86

costimulation engagement in the regulation of both tolerance

induction and T cell differentiation in the murine SS model in

vivo. Treatment with anti-CD86 MoAb may block the interaction

of CD28 and subsequent progression of Th1-mediated autoimmu-

nity, resulting in an increase in the promoting signals through IL-4

production.
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