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SUMMARY

B7-1 (CD80) and B7-2 (CD86) molecules on antigen presenting cells play important roles in providing

co-stimulatory signals required for activation and expansion of autoreactive T cells. Moreover, some

reports have suggested that these molecules may have distinct functions in the differentiation of Th1 and

Th2 cells. Mercury-induced autoimmunity in H-2s mice is characterized by lymphoproliferation of T and

B cells, serum increases in IgG1 and IgE and production of antinucleolar antibodies (ANoA). The

mechanisms responsible for the various manifestations of this syndrome have yet to be elucidated. To

examine the contributions of B7 co-stimulatory molecules to this model, susceptible mice were treated

with antibodies to B7-1, B7-2, or both during the development of mercury-induced autoimmunity. The

combination of anti-B7-1 and anti-B7-2 antibodies prevented Hg-induced disease in H-2s mice.

Additionally, single anti-B7-1 antibody treatment was sufficient to prevent Hg-induced ANoA

production, but not IgG1 and IgE hypergammaglobulinaemia. Further, single antibody treatment with

anti-B7-2 resulted in a partial reduction of ANoA titres but had no significant effect on total serum IgG1

and IgE levels. Taken together, these results indicate that B7-1 and B7-2 molecules are critical for the

development of Hg-induced autoimmunity and suggest that the different manifestations of the syndrome

are regulated by independent mechanisms.
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introduction

In addition to antigen-specific signals mediated through the T cell

receptor, T cells require additional, antigen non-specific co-

stimuli for activation. The B7 family of molecules, which includes

B7-1 (CD80) and B7-2 (CD86), is a major provider of co-

stimulatory signals required for the development of immune

responses to foreign and self antigens. B7 molecules, which are

expressed on antigen-presenting cells, are specific for both CD28

and CTLA-4 coreceptors found on T cells. CD28/B7 interactions

are important for augmenting and sustaining T cell responses, and

can have multiple effects upon the production of various

cytokines, chemokines and anti-apoptotic proteins [1,2]. In

contrast, CTLA-4/B7 interactions usually result in an inhibition

of T cell activation (reviewed in [1]). Another recently described

B7 family member, PD-L1, inhibits proliferation and cytokine

secretion after engaging the PD21 receptor on T lymphocytes [3].

Recently, much attention has focused on the role of B7

co-stimulatory interactions in the pathogenesis of various

autoimmune phenomena, including EAE [4,5], diabetes [6],

GVHD [7] and SLE [8,9]. Investigators have utilized soluble

CTLA-4 Ig, individual MoAbs directed against B7-1 or B7-2 or

mice lacking expression of these molecules to explore the roles of

these interactions. While these studies have shed light on our

understanding of co-stimulatory events and T cell activation

requirements in the context of autoimmunity, they have also raised

important questions concerning the individual contributions of

B7-1 vs. B7-2 signals to these processes. In particular, it remains

highly controversial whether B7-1 and B7-2 possess distinct roles

in Th subset differentiation and regulation. For instance,

administration of anti-B7-1 MoAb inhibits development of EAE

in SJL mice and blocks the pathogenic Th1 response while single

MoAb to B7-2 exacerbates disease [4]. In contrast, in NOD mice

which develop a Th1-mediated diabetes, treatment with anti-B7-2

MoAb prevents development of diabetes whereas anti-B7-1

MoAb accelerates disease [6]. Similarly, treatment of mice with

anti-B7-2 antibodies prevents Th1-mediated autoimmune lesions

in a murine model of SjoÈgren's syndrome through up-regulation of

Th2 responses [10]. Thus, it is unclear whether B7 molecules have

distinct or overlapping functions in the development of an

autoimmune response.

Mercury (Hg)-induced autoimmunity in genetically
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susceptible H-2s mice is characterized by a loss of tolerance to

nucleolar antigens such as fibrillarin as well as a profound

lymphoproliferation and hypergammaglobulinaemia. Mice receiv-

ing injections of mercuric chloride (HgCl2) develop IgG anti-

nucleolar antibodies (ANoA) and serum increases in IgG1 and IgE

(reviewed in [11±13]). Although both Th1 and Th2 cells

participate in Hg-induced immune responses, the mechanisms

for induction and regulation of this autoimmune syndrome are

unclear. The aim of our study was to investigate the individual

roles for B7 molecules in the development of Hg-induced disease

and to determine whether the blockade of signalling through either

of these molecules selectively affects the manifestations of this

syndrome.

MATERIALS AND METHODS

Mice

Female A.SW/SnJ (H-2s) mice were obtained from the Jackson

Laboratories (Bar Harbor, ME, USA) and maintained in our

animal facilities. All mice used in experiments were at least

2 months old.

Antibodies

Anti-B7-1 (IG10, g2a) and anti-B7-2 (2D10, g2b) antibody-

producing hybridomas were a kind gift from Dr V. Kuchroo

(Harvard University) [4]. Rat antiras p21(Y13-238) and rat anti-

DR5 (SFR-DR5) antibody-producing hybridomas were obtained

from ATCC (Manassas, VA, USA) and used as IgG2a and IgG2b

isotype controls, respectively. Monoclonal antibodies were

purified from culture supernatants by affinity chromatography

over a protein G column.

HgCl2 and antibody treatment

Mercury-induced autoimmunity was induced in groups of A.SW

mice (H-2s) according to a standard protocol by subcutaneous

injection (30 mg HgCl2 in 0´1 ml sterile PBS) three times weekly

[14]. In addition to HgCl2, some groups of mice received anti-B7-1,

anti-B7-2 or control antibodies. In the first series of experiments

(protocol 1), control groups received either rat g2a isotype control

antibody, rat g2b control antibody or a combination of both

antibodies. No statistically significant differences were observed

among these groups in their responses to HgCl2 injections, thus

these values were pooled into one isotype control group. In the

second series of experiments (protocol 2), control mice received a

combination of g2a and g2b isotype control MoAbs. Antibody

injection in protocols 1 and 2 were adapted from those used by

other investigators [4] and are described in detail in Fig. 1. In all

cases, antibodies were administered intraperitoneally and mice

received 100 mg of each antibody in 0´2 ml sterile PBS per

injection.

Antinucleolar antibodies (ANoA) immunofluorescence

ANoA levels in serially diluted mouse serum were determined by

indirect immunofluorescence, as described previously [14]. Sera

diluted in PBS containing 1% BSA and 0´02% sodium azide were

incubated with HEp-2 slides (Antibodies, Inc., CA, USA) for

30 min, and ANoA were detected with FITC-conjugated goat

antimouse IgG1 or IgG2a antibodies (Southern Biotechnology

Associates). The initial serum dilution was 1/100. The inverse of

the highest serum dilution at which nucleolar fluorescence could

be detected was defined as the ANoA titre.

ELISA for mouse serum IgG1

Total serum IgG1 was determined using a sandwich ELISA

adapted from a previously described method [14]. Briefly, plates

were coated overnight at 48C with goat antimouse Ig (Southern

Biotechnology Associates, Birmingham, AL, USA) diluted 2 mg/ml

in carbonate buffer. Following three washes with PT buffer

(PBS 1 0´05% Tween), wells were blocked with PBTN (PBS

containing 1% BSA, 0´05% Tween 20 and 0´02% sodium azide)

for 30 min. Sera diluted 1/60 000 in PBTN containing 20% goat

serum (PBTN-G) were then added to wells and incubated at room

temperature for 2 h. Samples were washed out six times with PT,

and alkaline phosphatase (AP)-conjugated goat antimouse IgG1

secondary antibody (Southern Biotechnology Associates) diluted

1/4000 in PBTN-G was added for 1´5 h. Secondary antibody was

washed out with two washes each of PT and AP substrate buffer

(10 mm diethanolamine and 0´5 mm MgCl2 in dH2O). p-nitrophe-

nylphosphate substrate (1 mg/ml in AP buffer) was then added

and allowed to develop 20 min. Absorbances were read at

405 nm. A standard curve was generated using varying concen-

trations of ASWU1 (IgG1) MoAb [15].

ELISA for mouse serum IgE

Total serum IgE levels were determined using a sandwich ELISA

which has been described previously [14]. Briefly, plates were

coated overnight at 48C with a rat antimouse IgE capture MoAb

(clone R35-72, Pharmingen, San Diego, CA, USA) diluted 2 mg/

ml in carbonate buffer. Following several washes and a blocking

step with PBTN, sera diluted 1/100 in PBTN with 20% rat serum

were then added to wells and incubated at room temperature for

2 h. After several washes, the secondary antibody, biotinylated rat

antimouse IgE (clone R35-92, Pharmingen) diluted 2 mg/ml in

HgCl2 s.c. (3× weekly)

Day

MoAb treatment
(anti-B7-1, anti-B7-2 or controls)

0 2 4 6 8 10 12 14 16 18 21 28 42
Protocol 1

HgCl2

Day

MoAb treatment
(anti-B7-1, anti-B7-2 or controls)

0 2 4 6 8 10 12 14 16 18 21 28 42
Protocol 2

Fig. 1. Time-course of HgCl2 and anti-B7 antibody injection protocols. In

protocol 1, mice received subcutaneous injections of 30 mg HgCl2 in

0´1 ml sterile PBS three times weekly throughout the duration of the

experiment. In protocol 2, only three injections of 30 mg HgCl2 were

administered at days 0, 2 and 4. Arrows indicate dates of antibody

injections (anti-B7-1, anti-B7-2, both, or isotype controls). In all cases,

mice received 100 mg of each antibody intraperitoneally in 0´2 ml sterile

PBS for each injection. Serum was collected at weeks 0, 1, 2, 3, 4 and 6 in

all animals.
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PBTN containing 20% rat serum was added to wells and incubated

at room temperature for 45 min Secondary antibody was then

washed out and streptavidin-AP (Southern Biotechnology Associ-

ates) diluted 1/2000 in PBTN was added to each well and allowed

to stand at room temperature for 45 min. Plates were then washed

several times with PT, and p-nitrophenylphosphate substrate

(1 mg/ml in AP buffer) was added to each well. Absorbance

values were measured at 405 nm after 2 h. A standard curve was

generated using varying concentrations (3±800 ng/ml) of purified

mouse IgE (clone IgE-3, Pharmingen).

Measurement of mouse serum antibodies to administered rat Ig

Mouse serum antibodies were tested by ELISA for reactivity to

the administered rat IG10 (antimouse B7-1) and 2D10 (antimouse

B7-2) MoAb. Plates were coated overnight with IG10, 2D10, or

both (each at 1 mg/ml in carbonate buffer). Plates were blocked

with PBTN for 30 min. Serum samples diluted 1 : 1000 in PBTN

were added and incubated for 2 h at room temperature. Plates were

washed and incubated with biotinylated rat antimouse IgG

(H 1 l) (Jackson Immunoresearch, West Grove, USA), diluted

1 : 50 000 in PBTN, for 1 h. Plates were then incubated with

streptavidin-AP for 30 min Following washing, plates were

developed with PNPP (1 mg/ml) and absorbances were measured

at 405 nm.

Statistical analyses

Prior to analysis, all data were tested for normality using the

Shapiro±Wilk test [16] and for homogeneity of variance using the

Levene test [17]. The dependent variable data were significantly

non-normal. In order to apply anova methods, a `normalized-

rank' transformation was applied to the data [18,19]. The rank-

transformed data were analysed using an anova for repeated

measures followed by multiple comparisons to detect significant

individual pairwise mean differences. Multiple pairwise compar-

isons used the Dunn±Bonferroni adjustment [20] to maintain an

overall experiment-wise type I error of 0´05 or less. Significant

individual differences were represented as P # 0´05 to indicate

the adjusted P-values for the multiple comparisons.

RESULTS

Combination of anti-B7-1 1 anti-B7-2 MoAbs prevent Hg-

induced autoimmunity

To assess the roles of B7-1 and B7-2 in Hg-induced autoimmu-

nity, we initially conducted a series of experiments (protocol 1) in

which groups of five ASW mice received HgCl2 injections three

times a week throughout the experiment. Antibody treatments

were administered every other day from day 0 until day 18 (see

details in Fig. 1). Mice receiving either HgCl2 or HgCl2 plus

isotype control antibodies developed IgG1 and IgG2a ANoA

responses which peaked at week 3 and remained elevated

thereafter (Fig. 2). In contrast, mice treated with both anti-B7-1

and B7-2 MoAbs had no ANoA detectable in the serum by week

6. Treatment with either anti-B7-1 or anti-B7-2 alone did not

prevent the production of Hg-induced ANoA, although IgG1 and

IgG2a ANoA titres in these groups were slightly, but significantly

(P , 0´05) reduced at week 2 in comparison with control groups.

In addition to autoantibody production, increases in serum IgG1

and IgE are an important feature of Hg-induced autoimmunity.

Mice receiving either HgCl2 or HgCl2 plus rat isotype controls

developed dramatic serum IgG1 and IgE increases (Fig. 3)

peaking at 3 and 2 weeks, respectively, and gradually diminishing

thereafter. As was the case with the ANoA response, mice

receiving a combination of anti-B7-1 and anti-B7-2 antibodies

maintained low levels of IgG1 and IgE, and did not show the

striking increases of the control groups. Single treatment with

either anti-B7-1 or anti-B7-2 MoAbs did not prevent the Hg-

induced increases in IgG1 and IgE, although serum IgE levels

were moderately, but significantly (P , 0´05) lower at weeks 2

and 3 in mice treated with anti-B7-1 MoAb.

Co-stimulation through both B7-1 and B7-2 is critical for Hg-

induced ANoA production

In the experiments conducted under protocol 1, interruption of

either B7-1 or B7-2 co-stimulatory interactions alone by means of

single antibody administration was not sufficient to prevent the

production of Hg-induced autoantibodies. A concern, however,

was that mice receiving single antibody treatment may have

mounted a host antirat Ig immune response that would have

neutralized the anti-B7-1 or anti-B7-2 antibody treatment. Indeed,

several investigators have reported significant mouse antirat

Fig. 2. B7-1 and B7-2 blockade prevents autoantibody formation. Groups

of five mice received HgCl2 and antibody injections as detailed in protocol

1 (Fig. 1). ANoA were detected by immunofluorescence on HEp-2 cells

using isotype-specific FITC conjugates [14]. Results are expressed as

serum titres (inverse of the highest serum dilution that yielded nucleolar

fluorescence) ^ s.d. None of the mice receiving both anti-B7-1 and anti-

B7-2 MoAbs developed ANoA. Mice receiving single anti-B7-1 or anti-

B7-2 MoAb treatment did not differ significantly from the control groups

except for slightly lower ANoA titres at weeks 2 and 3 than in the control

groups. A, Anti-B7-1; K, anti-B7-2; W, anti-B7-1 1 anti-B7-2; V, isotype

control; B, mercury alone.
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responses elicited in mice treated with rat MoAbs to CD80 (B7-1) or

CD86 (B7-2) [8,21]. The host immune response is not a concern

when animals receive both anti-B7-1 and anti-B7-2 antibodies

since blockade of both B7-1 and B7-2 molecules prevents the

formation of mouse antirat Ig antibodies [8,21].

To verify whether our mice indeed developed a host immune

responses to the administered xenogenic rat MoAb, their sera (at

week 2 of protocol 1) were tested by ELISA for reactivity to IG10

(anti-B7-1) or 2D10 (anti-B7-2). The results in Fig. 4 show that

mouse antirat antibodies were readily detectable in mice treated

singly with either anti-B7-1 or anti-B7-2, but were not present in

mice receiving both anti-B7-1 and anti-B7-2 rat antibodies. These

data suggest that mouse antirat immune responses may have

neutralized single antibody treatments to either B7-1 or B7-2.

To offset the role of the host immune response, we therefore

designed a new treatment regimen in which we limited the

duration of mercury and antibody administration. In protocol 2

(Fig. 1), mice received three HgCl2 injections on days 0, 2 and 4

and a daily antibody injection from day 0 to day 4 (for a total of

five MoAb injections). The purpose of this protocol was not to

prevent the mouse antirat Ig response; rather, it was to ensure that

the effects of Hg would take place before the production of antirat

antibodies. Indeed, a series of five daily injections of rat

antibodies is certainly immunogenic in mice, but this antiglobulin

response takes several days to develop and does not interfere with

the induction phase of autoimmunity since the last Hg injection

was given on day 4 (Fig. 1). Following this protocol, mice

receiving either HgCl2 alone or HgCl2 plus a combination of rat

g2a and g2b isotype controls developed elevated titres of IgG1

and IgG2a ANoA by week 4 (Fig. 5). In contrast to protocol 1,

Hg-injected mice receiving only anti-B7-1 MoAb within the first

week of treatment had no detectable levels of either IgG1or IgG2a

ANoA. Similarly, mice receiving treatment with anti-B7-2 MoAb

had very low levels of serum IgG1 ANoA (only 20% of mice

tested positive by IF) and significantly (P , 0´05) reduced levels

of IgG2a ANoA compared to control groups. Moreover, mice

receiving a combination of both antibodies had no detectable

levels of serum ANoA, confirming our initial findings of

experiment 1.

Blockade of both B7-1 and B7-2 interactions is required to

prevent Hg-induced increase in total serum IgG1 and IgE

Serum samples from mice treated according to protocol 2 were

also used to measure total serum levels of IgG1 and IgE by

ELISA. Overall, the increases in IgG1 and IgE serum levels were

of a lesser magnitude (with more interanimal variation) than those

seen with protocol 1, probably as a consequence of the shorter

duration of HgCl2 treatment. Mice receiving HgCl2 alone

developed increased levels of serum IgG1 which peaked at week

2 (Fig. 6). These levels remained elevated for some time and

gradually tapered off. Similarly, mice receiving a combination of

rat isotype controls in addition to HgCl2 had increased levels of

total serum IgG1. While this response was slightly delayed in

Fig. 4. Anti-rat Ig responses in anti-B7-1 or anti-B7-2 treated mice.

Groups of five mice were treated as described in protocol 1. Week 2 sera

were evaluated for the presence of antibodies to rat Ig by ELISA as

described in the Materials and methods section and results are expressed in

absorbances ^ s.d. Only animals receiving single anti-B7-1 or anti-B7-2

MoAbs developed mouse antirat Ig responses. Absorbances in mice treated

with both anti-B7-1 and anti-B7-2 MoAbs or in mice receiving HgCl2
without rat MoAb treatment were similar to those of animals receiving no

treatment at all.
Fig. 3. B7-1 and B7-2 blockade prevents the increase in serum IgG1 and

IgE during Hg-induced autoimmunity.Groups of five mice were treated as

described in protocol 1 (Fig. 1). Serum immunoglobulin levels were

measured by ELISA as described in the Materials and methods section and

are expressed in mg/ml ^ s.d. (IgG1) or mg/ml ^ s.d. (IgE). From week 2

and thereafter, serum IgG1 and IgE levels were significantly (P , 0´05)

lower in mice receiving both anti-B7-1 and anti-B7-2 MoAbs than in mice

treated with control MoAbs. Levels of serum IgG1 and IgE were not

significantly different in mice receiving single anti-B7-1 or anti-B7-2

MoAb treatment than those in mice treated with control isotypes (except

for lower levels of serum IgE at weeks 2 and 3 in mice treated with anti-

B7-1, p , 0´05). A, Anti-B7-1; K, anti-B7-2; W, anti-B7-1 1 anti-B7-2; V,

isotype control; B, mercury alone.
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comparison with mice receiving HgCl2 alone, there were no

statistically significant differences in the magnitude of the

response between these two groups. In contrast, at week 2 mean

serum IgG1 levels in mice receiving both anti-B7-1 and anti-B7-2

antibodies were almost sixfold lower than those in mice receiving

isotype controls (0´4 mg/ml versus 2´4 mg/ml). Therefore,

administration of both antibodies resulted in a significant

inhibition of the Hg-induced IgG1 increase (P , 0´05). In

contrast, administration of either anti-B7-1 or anti-B7-2 alone

had no statistically significant effect on serum IgG1 levels in

comparison with mice receiving isotype controls.

As expected, mice receiving either HgCl2 alone or in

combination with rat isotype controls increased their serum IgE

levels, which peaked 2 weeks after HgCl2 was administered

(Fig. 6). Additionally, mice treated with anti-B7-2 antibody alone

developed an increase in the IgE response which was similar to

control mice levels. Serum IgE levels also increased in mice

treated with anti-B7-1 antibody alone, but remained significantly

(P , 0´05) lower than those detected in the control groups. Serum

IgE levels remained low in mice receiving both anti-B7-1 plus

anti-B7-2 antibodies. Levels of serum IgE for mice in this group

showed virtually no increase in response to Hg treatment.

DISCUSSION

Recent reports have demonstrated that B7-1 and B7-2 molecules

on APCs play critical roles in the co-stimulation and activation of

autoreactive T cells. The present study indicates that B7-1 and B7-2

co-stimulatory interactions are necessary for the loss of tolerance

and subsequent production of autoantibodies seen in mercury-

induced autoimmunity, as mice receiving antibodies to both B7-1

and B7-2 had no detectable ANoA in their serum. Our data

support the view that the production of ANoA in Hg-induced

autoimmunity is self-Ag driven [15]. These findings are also

consistent with a growing body of evidence implicating critical

roles for B7 molecules in the activation of autoreactive T and B

cells required for autoantibody production. For instance, complete

Fig. 5. Single anti-B7-1 or anti-B7-2 MoAb treatment can inhibit ANoA

induction In Hg-induced autoimmunity. Groups of five mice received

HgCl2 and antibody injections as detailed in protocol 2 (Fig. 1). ANoA

were detected by immunofluorescence on HEp-2 cells using isotype-

specific FITC conjugates [14]. Results are expressed as serum titres

(inverse of the highest serum dilution that yielded nucleolar fluorescen-

ce) ^ s.d. None of the mice receiving either anti-B7-1 MoAb alone or

both anti-B7-1 and anti-B7-2 MoAbs developed ANoA. Although some

anti-B7-2-treated mice developed ANoA after week 3, their titres were

significantly (P , 0´05) lower than those in the control groups. A, Anti-

B7-1; K, anti-B7-2; W, anti-B7-1 1 anti-B7-2; V, isotype control; B,

HgCl2 alone.
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Fig. 6. Serum immunoglobulin levels in A.SW mice receiving HgCl2 and

anti-B7 antibody treatment. Groups of five mice were treated as described

in protocol 2 (Fig. 1). Serum immunoglobulin levels were measured by

ELISA as described in the Materials and methods section and are

expressed in mg/ml ^ s.d. (IgG1) or mg/ml ^ s.d. (IgE). From week 2

and thereafter, serum IgG1 and IgE levels remained significantly

(P , 0´05) lower in mice receiving both anti-B7-1 and anti-B7-2 MoAbs

than in mice treated with control MoAbs. Levels of serum IgG1 and IgE

were not significantly different in mice receiving single anti-B7-1 or anti-

B7-2 MoAb treatment than those in mice treated with control isotypes

(except for lower levels of serum IgE at weeks 2, 4 and 6 in mice treated

with anti-B7-1, p , 0´05). A, Anti-B7-1; K, anti-B7-2; W, anti-B7-1 1

anti-B7-2; V, isotype control; B, HgCl2.
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interruption of all B7 interactions by means of anti-B7-1 and B7-2

MoAbs or CTLA-4 Ig is effective at preventing autoantibody

production in lupus-prone MRL-lpr/lpr [9] and NZB/W F1 mice

[8], in a model of collagen-induced arthritis [22], and in GVHD

[23]. Our results confirm an earlier study showing treatment with

CTLA4-Ig prevents the development of Hg-induced autoimmun-

ity in SJL mice [24]. Our data also indicate that, in our model, the

recently described ICOS/B7 h pathway cannot substitute for

CD28/B7 interactions. This is not unexpected since B7 co-

stimulation is needed to optimally induce ICOS expression [25].

Since cognate MHC-restricted T cell help is required for

ANoA production [26], we anticipated that interruption of B7/

CD28 interactions might prevent the development of an autoanti-

body response directed towards specific self antigens. It is also

significant that B7 blockade suppressed the Hg-induced increase

in serum IgG1 and IgE levels. The B7-CD28 pathway provides

co-stimulatory signals that are essential for the T±B interactions

involved in immunoglobulin class switching and germinal centre

formation during a conventional immune response (reviewed in

[2]). Anti-B7-1 and B7-2 antibodies can inhibit class switching by

at least two different mechanisms: (i) in an indirect manner, by

interruption of CD28/B7 interactions between APCs and inter-

leukin-producing helper T cells which regulate class switching;

(ii) in a direct fashion by preventing the necessary T±B

interactions required for B cell activation and immunoglobulin

synthesis. Further, B7-1 and B7-2 molecules appear to have

overlapping or compensatory functions in Hg-induced isotype

switching, as single blockade of either molecule in our study did

not affect overall Ig increases in Hg-treated mice. Our data are in

agreement with findings reported by Borriello et al. in which

antigen-specific IgG1 and IgG2a responses and germinal centre

formation were defective in mice deficient in both B7 molecules,

but functional in B7-1 or B7-2 singly deficient mice [27].

Nevertheless, conventional isotype switching mechanisms involve

cognate, antigen-specific interactions between T and B cells. In

contrast, most of the increase in serum IgG1 and IgE

immunoglobulins during Hg-induced autoimmunity is polyclonal

in nature and not targeted against a specific antigen. This

phenomenon presumably reflect a Hg-driven, non-antigen specific

isotype switching process in B lymphocytes.

Although several lines of evidence have suggested that B7-1

and B7-2 have differential effects on Th1 and Th2 differentiation

and activation, the issue remains controversial. Some of this

evidence derives from murine models of autoimmunity in which

susceptibility to disease can be modulated by selectively blocking

either B7-1 or B7-2 co-stimulatory events. As mentioned above,

blocking the pathogenic Th1 response in EAE with anti-B7-1

MoAbs inhibits development of disease, while antibodies to B7-2

exacerbate disease, presumably by suppressing the protective Th2

response [4]. Additionally, anti-B7-1 MoAbs can increase IL-4

production in mice, and anti-B7-2 antibodies can increase IFN-g
production in vitro [4]. Taken together, these studies support a

model whereby B7-1 co-stimulation promotes Th1 responses and

B7-2 co-stimulation promotes Th2 responses (for review see

[28,29]). Hg-induced autoimmunity has been traditionally viewed

as a Th2-driven disease, but recent studies using IL-4 deficient

mice have demonstrated that IL-4 is not required for the

Hg-induced loss of tolerance [30,31]. Similarly, treatment with

IL-12, a Th1-promoting cytokine, does not fully prevent

Hg-induced autoimmunity [14,32]. Moreover, Kono and collea-

gues have suggested that IFN-g , and therefore the Th1 subset of T

cells is required for development of Hg-induced disease [30]. The

results from protocol 2 indicate that treatment with anti-B7-1 or

anti-B7-2 MoAb equally affects IgG1 and IgG2a ANoA

production and does not promote either a Th1 (IgG2a) or Th2

(IgG1) isotype profile. Further, treatment with anti-B7-1 MoAb

partially inhibits the Hg-induced increase in serum IgE in both

protocols 1 and 2, arguing against a role for B7-1 co-stimulation in

promoting the Th1 subset. Therefore, our data do not support the

view that blockade of only B7-1 or B7-2 can bias Hg-induced

autoimmunity towards a Th1 or Th2 phenotype, respectively. This

lack of a specific association between B7-1/B7-2 and Th1/Th2

phenotype has been observed by others [33±36] and a distinct role

for B7 molecules in T helper subset differentiation may thus be

limited to certain experimental settings.

As mentioned earlier, mercury induces a dramatic polyclonal

activation of the immune system, marked by lymphoproliferation

of T and B cells as well as a resulting hypergammaglobulinaemia

in genetically susceptible mice. Mercury and other heavy metals

can also prevent apoptosis, have mitogen-like effects on cells and

are strong activators of the immune system [37±41]. Significantly,

in H-2s mice mercury up-regulates expression of IL-2 receptor

proteins CD25 and CD122 and the proliferation marker CD71 on

T cells [42], and MHC class II molecules on B cells [43]. These

molecules, along with co-stimulatory molecules such as B7-1 and

B7-2, can facilitate interactions between T and B cells and may

contribute to the T cell-dependent activation of autoreactive B

cells seen in this syndrome. A role for both B7-1 and B7-2 in

mercury-induced autoimmunity is further supported by our

observation that the percentages of both B7-1- and B7-2-positive

cells increase after 7 days of HgCl2 exposure (18´3% B7-1 1
splenocytes in mice receiving PBS versus 60´7% positive cells

after HgCl2 treatment; 10´5% B7-2 1 splenocytes in mice

receiving PBS versus 45´8% positive cells after HgCl2 treatment)

(unpublished data). We are currently evaluating which cell

populations increase their expression of B7 markers and other

co-stimulatory molecules during mercury-induced autoimmunity.

Our data suggest that B7-1 may play a more critical role in the

events leading to autoimmunity in this model, as a single antibody

blockade by anti-B7-1 MoAb is sufficient to block induction of

both IgG1 and IgG2a ANoA in protocol 2. In comparison, mice in

which B7±2 interactions alone were blocked showed only a

partial reduction of ANoA levels. Our observation is similar to

that recently made in a model of Goodpasture's disease, where the

treatment of rats immunized with glomerular basement membrane

with a mutant CTLA-4 Ig which selectively binds B7-1 resulted in

reduced glomerulonephritis [44]. Similarly, our results suggest

that, in the absence of B7±2 interactions, signalling through B7-1

is able to partially compensate for the co-stimulation required for

the breaking of tolerance to self antigens. These results are in

agreement with a recent report that quantitative differences exist

between B7-1 and B7-2 in their ability to signal through CD28

[45]. This study indicated that co-stimulation via B7-1 resulted in

more CD28 tyrosyl phosphorylation than via B7-2 [45], support-

ing our observation that B7-1 signalling is more critical than B7-2

in Hg-induced autoimmunity. We cannot, however, formally

exclude that our anti-B7-2 treatment was less efficient than the

anti-B7-1 MoAb at blocking interactions with CD28. This could

be due to intrinsic properties of the two MoAbs such as a stronger

affinity of the anti-B7-1 than that of the anti-B7-2 antibody for

their respective targets resulting in a more efficient blockade with

the anti-B7-1 MoAb. It is also possible that the anti-B7-2 elicited a
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stronger antirat response resulting in a decreased efficiency for

this particular MoAb. This was observed by Nakajima et al. in a

previous study of the effects of anti-B7-1 and anti-B7-2 MoAbs

upon the development of lupus in NZB/W F1 mice [8]. They

indeed detected a stronger mouse antirat response to the anti-B7-2

MoAb than to the anti-B7-1 MoAb [8]. These authors, however,

used a different set of anti-B7 antibodies than the pair that we used

in our studies and it is unknown whether anti-B7-2 antibodies

would always elicit stronger xenogenic responses than anti-B7-1

antibodies. Irrespective of this issue, the respective roles of B7-1

and B7-2 will be definitively addressed when mouse lines that are

genetically deficient for either of these two molecules will be

crossed onto a susceptible H-2s background and will be evaluated

for their autoimmune response to mercury.

A caveat of studies employing xenogenic antibodies to

examine their effects on disease is the development of host

immune responses to the administrated MoAb. While host

responses to single administration of rat anti-B7-1 or B7-2 alone

can reduce or eliminate their efficacy, administration of both

MoAbs may prevent this host response to the xenogenic Ig [21].

Initially (protocol 1), we administered HgCl2 throughout the

duration of the experiment while antibody treatment was

administered every other day for 18 days, identical to the protocol

used to successfully block EAE in susceptible mouse strains [4].

Since mice receiving individual MoAbs to B7-1 or B7-2

developed antibodies to rat IgG, the host immune response

probably neutralized single antibody treatments. In protocol 2, we

limited the number of HgCl2 injections to three over a span of 96 h

(simultaneous with anti-B7-1 or anti-B7-2 treatment) and there-

fore prevented the antirat immune response in protocol 2 to

interfere at the initiation stage of this autoimmune syndrome. This

approach allowed us to observe an alteration of the autoimmune

response by blocking only B7-1 or B7-2, a finding which was not

apparent in the first protocol. Our results suggest that some

earlier studies performed with anti-B7-1 and anti-B7-2 MoAbs

as biological response modifiers should be re-evaluated since

the host immune response has not always been taken into

consideration.

Loss of tolerance to nucleolar antigens arises within 10 days

after the beginning of mercury injections and is dependent on

cognate interactions between T cells and B cells, as depletion of T

cells by anti-CD4 MoAb [46] or treatment of mice with CTLA-4

Ig or anti-CD40L MoAb [24] prevent disease. Nevertheless, it is

still unknown how heavy metals such as mercury exert their

effects and induce autoantibody production and activation of the

immune system. Mercury may modify self antigens or their

processing, thus rendering them immunogenic [47,48]. Addition-

ally, mercury and other heavy metals can induce proliferation and

cytokine production by cells of the immune system [39,40,49±

53]. However, several features of this model suggest that the

polyclonal activation and the production of specific autoantibo-

dies may be regulated by separate mechanisms [14,31]. Indeed,

our observation that single blockade of either B7-1 or B7-2

co-stimulation can inhibit ANoA production without prevent-

ing total serum IgG1 and IgE increase lends support to the

existence of independent regulatory mechanisms.
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