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Abstract
Rheumatoid arthritis is a chronic autoimmune immune disease affecting approximately 1% of the
population. There has been a renewed interest in the role of B cells in rheumatoid arthritis based
on the evidence that B cell depletion therapy is effective in the treatment of disease. This review
summarizes the current knowledge of the mechanisms by which B cells contribute to autoimmune
arthritis including roles as autoantibody producing cells, antigen-presenting cells, cytokine
producing cells, and regulatory cells.
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Introduction
Rheumatoid arthritis (RA) is a chronic, progressive autoimmune disease primarily affecting
the synovial joints and causing both significant morbidity and increased mortality. The
discovery of Rheumatoid Factor (RF) as an autoantibody targeting the immunoglobulin (Ig)
Fc region initially defined RA as an autoimmune disease [1]. However, interest in
autoantibodies and B cells waned following the discovery that RF did not always correlate
with disease. Recently, efficacy of B cell depletion has lead to a resurgent interest in B cells
as mediators of RA pathogenesis [2]. There are several different mechanisms by which B
cells contribute to autoimmune disease. Defects in B cell tolerance checkpoints lead to
autoreactive B cells in RA. Autoreactive B cells act as antigen-presenting cells (APCs)
capable of stimulating autoreactive T cell activation. B cells produce both pro-inflammatory
and anti-inflammatory cytokines. B cells function as antibody-producing cells. Each of these
functions, alone or in combination can contribute to RA pathogenesis.
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B cell tolerance checkpoints defective in autoimmune disease
The B cell receptor (BCR) is generated in the bone marrow by the random recombination of
Ig variable (V), diversity (D), and joining (J) gene segments from the heavy and light chain
alleles. The BCR is further diversified and selected in the periphery by somatic
hypermutation. Analysis of individual B cell clones at sequential developmental stages has
demonstrated that 75% of early immature B cell precursors display some degree of
autoreactivity, and that in healthy individuals these B cells are removed at two different
check points [3].

Initially, autoreactive immature B cells are negatively selected within the bone marrow, and
are either deleted through apoptosis, undergo BCR editing by secondary recombination
events at the IgL chain, or exit the bone marrow in an unresponsive state of anergy or
ignorance [4, 5], [6]. Following escape into the periphery, anergized B cells enter into a pool
of transitional B cells known as early immigrants where most of them rapidly die [3, 7].
However, elevated percentages of newly emigrated B cells displaying polyreactivity are
found in the blood of patients with RA compared to normal donors, suggesting a defect at
this initial checkpoint [8]. It is estimated that only 5% of newly formed B cells survive to
mature populations in the periphery. Similar to the defects found at the early checkpoint, the
naïve population of mature B cells in patients with RA and systemic lupus erythematosus
(SLE) patients were found to express a high frequency of autoreactive BCRs suggesting that
the second checkpoint in B cell tolerance is also defective [8, 9].

Several different mechanisms control the transition of B cells through this second
checkpoint. Differential BCR signaling appears to be involved in the decision of transitional
B cell to differentiate further along the pathway towards maturity, fail to differentiate, or be
deleted [10, 11]. Assessment of RA and SLE patients B cells, generated from cloned and
expressed recombinant antibodies from single B cells, demonstrate a high proportion of self-
reactive antibodies indicating a defect in the removal of autoreactive B cells [8, 12].
Furthermore, these autoreactive B cell clones are not a product of ongoing inflammation, as
methotrexate and/or anti-TNF-α therapies did not correct the B cell defect [13]. The survival
of B cells as they move from the transitional to the mature stage is also determined by
interclonal competition [14, 15]. It has been shown that autoreactive B cells are at a
competitive disadvantage and only persist in the absence of competition [16]. Therefore,
survival signals, either stimulation from extrinsic factors or directly through the BCR, are
critical for the entrance of mature naive B cells into the peripheral pool, and represent
potential escape mechanisms of autoreactive B cells from peripheral tolerance.

BAFF a pro-survival factor
The peripheral B cell pool is stringently regulated by the pro-survival cytokine BAFF (B-
cell activating factor) also called BLyS (B lymphocyte stimulator). BAFF was first
discovered as a potential growth factor for B cells, and was subsequently demonstrated to be
critical for B-cell development as BAFF−/− mice have a near complete deficiency of
peripheral B cells[17, 18, 19]. The findings that mice transgenic for BAFF developed
autoimmunity with high levels of rheumatoid factor, circulating ICs, and anti-DNA
antibodies indicates that BAFF plays a major role in regulating peripheral B cell
homeostasis [20]. BAFF has several receptors; BCMA (B cell maturation antigen), TACI
(transmembrane activator and CAML interactor), and BAFF-R (BAFF-receptor). Although
BCMA−/− or TACI−/− mice have relatively normal B cell compartments, BAFF-R−/− mice
have a B-cell developmental defect similar to BAFF−/− mice indicating that the BAFF
survival signal is mediated through BAFF-R [21, 22]. The BAFF-R is initially expressed at
the late transitional stage of B cell and increases as B cells mature. Importantly, excessive
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BAFF rescues self-reactive transgenic B cells from deletion and allows enhanced
autoreactive B cell presence in the peripheral pool [23, 24].

In addition to potentiating defects in B cell tolerance checkpoints within mice, BAFF
appears to be influential in the pathology of human RA. Serum levels of BAFF are
significantly higher in RA patients in comparison to healthy controls [25]. BAFF levels also
positively correlate with RF titers suggesting a contribution from BAFF to the survival of
autoreactive B cells [25, 26]. BAFF levels are considerably higher in patients with early
symptoms of RA in comparison to patients with established RA, and are appreciably higher
in synovial fluid in comparison to serum [27], although this was not observed in all studies
[28]. The presence of increased survival factors in RA patients may account for the increase
in post-switch memory B cells observed in these patients [29, 30]. In patients treated with
the B cell depleting anti-CD20 antibody, Rituximab, BAFF levels increased during B cell
depletion and declined with the re-emergence of B cells [31, 32]. In addition, BAFF and
BAFF-R are widely expressed in RA synovium [33]. BAFF is constitutively expressed by
fibroblast-like synoviocytes from RA patients and pro-inflammatory cytokines upregulate
BAFF expression. Lymphoid aggregates occasionally form germinal centerlike structures in
synovial tissue and these are capable of synthesizing RF and anti-CCP antibodies [34].
BAFF expression likely contributes to survival of B cells in these lymphoid aggregates.
Currently, therapies that target BAFF or BAFF receptors are in clinical trails including the
anti-BAFF antibody Belimumab and BAFF-R-Ig that selectively block BAFF, along with
TACI-Ig (Atacicept), which blocks BAFF binding to TACI [35].

B cells as APCs
Upon activation by cognate antigen, B cells rapidly endocytose, process and present antigen
to CD4+ helper T-cells in an effort to stimulate an immune response. In fact, B cells function
as APCs 103-104 more efficiently than other antigen-presenting cells [36-38]. In the context
of RA, self-reactive B cells may exacerbate or perpetuate disease through the activation of
autoreactive T cells. As the number of antigen-specific B cells increases over the course of
an immune response these B cells likely play an increasing important role in autoreactive T
cell activation. Accordingly, B cell depletion in mouse models of arthritis and in RA is
associated with reduction in T cell activation [39-41]. In the proteoglycan (PG)-induced
arthritis (PGIA) model, specific recognition of PG by the BCR is necessary for the
activation of autoreactive T cells. In the absence of PG-specific B cells activation of PG-
specific T cells and development of arthritis is absent [42]. Interestingly, this activation of
PG-specific T cells occurred in the absence of secreted antibody demonstrating that
presentation of antigen is through direct binding of PG to the BCR, not through immune
complexes (ICs) [42].

The interaction between B and T cells may occur systemically in peripheral lymphoid tissue
or locally within the synovium where lymphoid aggregates optimize antigen recognition
[43]. It is now clear that multiple autoantigen-specific antibodies are found associated with
joint tissue in RA [44]. How these accumulate in the joint is unclear, but joint inflammation
or damage could cause the release of macromolecules inducing the activation of B cells
present in the synovial tissue. Alternatively, released macromolecules may travel to the
draining lymph nodes leading to activation of cognate B and T cells. The presence of
polyreactive B cells that have escaped B cell tolerance checkpoints in draining lymph nodes
or locally within inflamed synovium are a potential source of antigen-specific APCs for T
cell activation. Although autoantigens in RA patients are defined by the presence of
autoantibody, a B cell product, it is anticipated that autoreactive T cells specific for these
same autoantigens are present in RA patients, however, this is yet to be examined.
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B cell expression of CD80/86 is necessary for induction of arthritis
CD4+ T cell activation is a two step process. Initially, the T cell receptor recognizes peptides
in association with MHC II on the surface of antigen-presenting cells (APCs), followed by a
secondary co-stimulatory signal from CD28 expressed on T cells through ligation with
B7-1/B7-2 (CD80/CD86) molecules on APCs [45-47]. Studies using blocking antibodies or
mice deficient in either CD28 or CD80/CD86 mice support the importance of this pathway
in CD4+ T cell activation [48-50]. CTLA-4, a second ligand for CD80/CD86 that binds with
higher affinity, functions as an inhibitory receptor [51]. CTLA-4-Ig (Abatacept) has been
successfully developed to interfere with the interaction of CD28 with its ligands CD80/
CD86 in autoimmune diseases [52]. Abatacept was approved by the FDA in 2007 for the
treatment of RA.

Expression of CD80 and CD86 is minimal on resting B cells, but is increased on activation.
Increased expression of CD80/CD86 by the B cells permits interactions with CD28-
expressing T cells to induce T cells activation and/or receive T-helper signals [49, 53-55]. In
CIA interference with CD80, CD86 or CD28 ameliorates disease [56-58]. These findings
were confirmed in PGIA, demonstrating that the complete absence of CD80/86 prevents the
development of arthritis [59]. Is the expression of CD80/86 on activated B cells necessary
for the development of arthritis? This question was addressed in the PGIA with the creation
of mixed bone marrow chimeras that have a B-cell-specific deletion of the CD80/86
molecule while APCs expression remained normal. In this context, expression of CD80/86
on macrophages and dendritic cells is not sufficient to induce PGIA [59]. Reductions in T
cell recall responses along with an inability of T cells to adoptively transfer arthritis
indicated PG-specific T cell activation is severely defective in the absence of B cells
expressing CD80/86 [59]. Interestingly, B cell expression of CD80/86 is not required for the
development of autoantibody responses as PG-specific autoantibodies are normal in the B
cell-specific CD80/86 deficient chimeras [59]. Cross-linking of the BCR accompanied by
signals provided by CD154 (CD40L) on activated T cells and the CD40 receptor on B cells
leads to up-regulation of CD80/86 and MHC II on B cells [60, 61]. Previous studies have
shown that B cell expression of CD40 is required for antibody production, which may
account for the unperturbed autoantibody response in these mice [62].

B cell expression of CD80/86 is necessary, but not sufficient for induction of arthritis
Several APCs are capable of expressing CD80/CD86 [63]. However, lack of CD80/CD86
specifically by B cells impairs PG-specific activation and PGIA pathogenesis [59]. This
finding is suggestive that B cells exclusively are required for autoreactive T cell activation
and arthritis pathogenesis. Therefore, the question arises if B cells alone are sufficient to
activate autoreactive T cells and the development of arthritis or do other APC's also play a
role? We addressed this question by asking whether CD80/CD86 expression only on B cells
is sufficient for activation of autoreactive T cells and the induction of arthritis. Mice were
generated in which CD80/86 was expressed only on B cells and not other APCs. To do this,
SCID mice were bred to CD80/86−/− mice and selected for homozygous SCID mutation and
CD80/86−/−, designated as SCIDCD80/86−/−. Either SCID or SCIDCD80/86−/− mice were
reconstituted with B cells from either wild type (WT) or CD80/CD86−/− mice (BWT and
BCD80/86−/−, respectively) along with B cell-depleted splenocytes from either WT or CD80/
CD86−/− mice (TWT and TCD80/86−/−, respectively). Four groups of mice were generated;
positive control for CD80/CD86 expression on all cells, (BWTTWT)→ SCID, control for loss
of CD80/CD86 expression on SCID recipients, (BWTTWT)→ SCIDCD80/86−/−, negative
control for absence of CD80/CD86 expression on donor and recipient, BCD80/86−/−

TCD80/86−/−→ SCIDCD80/86−/−, and the experimental group where only B cells express
CD80/CD86, BWTTCD80/86−/−→ SCIDCD80/86−/−. Reconstituted mice were immunized with
PG and the development of arthritis monitored overtime (Figure 1). SCID mice reconstituted

Finnegan et al. Page 4

Autoimmunity. Author manuscript; available in PMC 2013 April 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



with WT cells, (BWTTWT)→ SCID, developed severe inflammatory arthritis with 100%
incidence of disease. Transfer of WT cells into CD80/86 deficient SCID recipients,
(BWTTWT)→ SCIDCD80/86−/−, had a dramatic effect on the induction of arthritis as only
20% of the recipient mice developed arthritis and the severity was very low. Similarly,
transfer of WT B cells and B cell-depleted splenocytes from CD80/86-deficient mice, BWT

TCD80/86−/−→ SCIDCD80/86−/− did not develop arthritis These data demonstrate that
CD80/86 expression is required on APCs other than B cells, and that in the SCID transfer
protocol, expression of CD80/86 on the transferred cells is insufficient to induce disease in
the absence of CD80/86 expression in the recipient.

We reported that CD80/86 expression confers a survival advantage in bone marrow chimeric
mice [59]. Therefore, it is possible that different survival or repopulation rates of WT or
CD80/86 deficient cells in SCIDCD80/86−/− recipient mice accounted for the difference in
arthritis severity. At the termination of the experiment, spleen cells were assessed for the
percentage and number of B cells (CD19), T cells (CD3), and macrophages/dendritic cells
(CD11b) and for the expression of CD86 on these various cell population. There was a
significant reduction in the percentage and number of B cells and T cells only when donor
cells were deficient in CD80/86 expression (Figure 2 B & D). The increase in the percentage
of CD11b positive cells was due to the reduction in percentage of B cells and T cells (Figure
2 A & C). These data show that insufficient repopulation of donor cell in the
SCIDCD80/86−/− recipients does not account for the reduction in arthritis.

CD80/86 co-stimulatory molecules are increased after cell activation. We assessed whether
CD86 was up-regulated on cells repopulating SCID recipient mice as an indicator of cell
activation. We found that the percentage and number of T cells and macrophage/dendritic
cells expressing CD86 was significantly reduced in all groups when donor cells transferred
into SCIDCD80/86−/− recipient mice were either WT or CD80/86 deficient (Figure C & D).
Interestingly, the percentage and number of B cells expressing CD86 were similar to
controls when both B cells and B cell depleted splenocytes were WT, but not when either
the B cells or the B cell depleted splenocytes were CD80/86-deficient (Figure 2B & D).
These data demonstrate that despite the maintenance of high expression of CD86 on B cells
in (BWTTWT)→ SCIDCD80/86−/− mice, donor cells were unable to induce severe arthritis
when recipient mice were CD80/86-deficient. The reduction in CD86 expression in the WT
B cells transferred with CD80/86 B cell depleted splenocytes in BWT TCD80/86−/−→
SCIDCD80/86−/− mice suggests that interaction between B cells and other cell populations of
the B cell depleted splenocytes was necessary for CD86 expression.

To determine whether reduction in T cell responses account for the failure to induce severe
arthritis, we examined T cell proliferation and cytokine production in vitro. In comparison to
the positive control, (BWTTWT)→ SCID, PG-specific proliferation and production of the
proinflammatory cytokines IFN-γ and IL-17 were significantly suppressed in all the other
groups (BWTTWT)→ SCIDCD80/86−/−, BCD80/86−/−TCD80/86−/−→ SCIDCD80/86−/−, and
BWTTCD80/86−/−→ SCIDCD80/86−/− (Figure 3 A & B) These data demonstrate that CD80/
CD86 expression on SCID APCs is necessary for the priming of T cells. The donor cells
expressing CD80/CD86 either by B cells or B cell depleted splenocytes were insufficient to
activate autoreactive T cells in vivo.

We have reported that a B cell-specific deficiency of CD80/CD86 does not affect the
initiation of autoantibodies despite a reduction in T cell activation [59]. To determine
whether a reduction in autoantibodies contributes to a decrease in arthritis severity, serum
antibodies specific for human and naïve mouse PG were assessed. The IgG1 anti-human and
anti-mouse PG antibodies were significantly reduced in immunized SCIDCD80/CD86−/− mice
reconstituted with either WT or CD80/CD86−/− donor cells whereas only the IgG2a anti-
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mouse was significantly decreased in CD80/CD86−/− recipient mice (Figure 3 C & D).
These data demonstrate that the decrease in T cell and antibody responses coincided with the
reduction in arthritis in SCIDCD80/CD86−/− mice reconstituted with either WT or CD80/
CD86−/− donor cells. Collectively, these data demonstrate that the CD80/86 expression by
the recipient APCs is necessary for T and B cells activation and indicate that B cell
expression of CD80/86 is not sufficient to overcome the lack of expression of CD80/86 by
other APCs. These data suggest that B cells may be more effective at activating memory T
cells than priming of naïve T cells.

B cells in RA synovium
The synovial tissue of RA patients can be divided into those with diffuse lymphocyte
aggregates, those with T and B cells aggregates, and those with highly developed germinal
centers designated as tertiary lymphoid tissue (TLT) that contain follicular dendritic cells,
and segregated T and B cell areas [64, 65]. The development of TLTs is not unique to RA,
but has been described to occur in other inflammatory conditions and is associated with
chronic activation of the immune system [66]. Chemokines and cytokines, many of which
are necessary for secondary lymphoid organ development, regulate TLT neogenesis,
complexity and size. In synovium there is an increase in the local expression of lympotoxin
(LT) α, LTβ, CXCL13, CCL21, CCL20, and CXCL12 where TLTs are present in
comparison to tissue that forms diffuse lymphoid aggregates [65, 67-70]. Accordingly, the
expression level of CXCL13 and LTβ is highly predictive of the presence of TLT [65].
However, the role of CXCL13 may be secondary to LTβ for TLT neogenesis, as ectopic
lymphoid cluster development in CXCL13 transgenic mice is dependent on B cells
expression of LTβ [71]. In a model of chronic arthritis, the CXCL13 ligand, CXCR5, and
the CCL20 and CCL19 ligand, CXCR7, are necessary for the development TLT [72]. B cell
expression of LTα and LTβ is also important for the maintenance of B cell follicles [73].
Interestingly, patients treated with anti-TNF-α (entanercept) that binds to both TNF and
LTα have disrupted peripheral lymphoid germinal centers and reduced synovial TLT
neogenesis [74, 75]. Fewer patients were responsive to anti-TNF therapy if they were
positive for TLT, however, abrogation of TLT features following anti-TNF therapy was
associated with a clinical response [75].

B cells in germinal centers of secondary lymphoid tissues are capable of undergoing affinity
maturation through somatic hypermutation and class-switch recombination of the Ig genes,
and potentially differentiating into memory B cells and antibody-secreting plasma cells [76,
77]. B cells accumulating in the synovium display highly mutated V regions suggestive of
somatic hypermutation events [78]. In addition, activation-induced cytodine deaminase
(AID), which is important for somatic hypermutation and class-switch recombination is
present in the TLT indicating that TLTs are able to sustain the diversification of the B cell
repertoire [79]. Evidence suggests that TLTs contribute to the production of pathogenic
autoantibodies in the synovium as synovial tissue from patients with lymphoid aggregates
are enriched for IgM RF and anti-CCP IgG antibodies in comparison to patients with diffuse
lymphoid infiltration [80]. There is also significant accumulation of plasma cells in TLTs
[81, 79]. Co-stimulatory molecules CD80/86 and CD40 are expressed in varying levels by
macrophages, DC, and B cells in the joint, which presumably permits these APCs to activate
T cells [82].

B cells in the TLTs are also necessary for the activation and effector function of synovial T
cells suggesting that B cells function as APCs in TLTs [83]. The importance of B cells in
lymphoid aggregates is best seen in B cell depletion studies (Rituximab) where positive
clinical responses were observed in patients with decreased synovial B cells, plasma cell and
Ig in the synovium [84-86]. Interesting, synovial B cells are specifically reduced in patients
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responding to treatment with CTLA-Ig (Abatacept) [86] and anti-TNF therapy
(Adalimumab) with coincidental reduction of CD86 expression on peripheral B cells [87]

B cells as cytokine producing cells
Human and mouse B cells produce a variety of different pro- and anti-inflammatory
cytokines. Similar to the delineation of CD4+ T-helper (Th) cell subsets upon individual
effector functions, B cell in mice can be functionally divided into separate populations by
the type of immune response they incite, and are designated as Be1, Be2, and regulatory B
cells [88]. Be1 cells, primed by Th1 cytokines, produce IFN-γ, IL-12 (p40), IL-6, TNF, and
IL-10, but not IL-4, IL-13, or IL-2, whereas Be2 cells primed by Th2 cells secrete IL-4,
IL-3, IL-2, IL-10, TNF, IL-6, and small amounts of IFN-γ and IL-12 [89]. Human B cells
produce a similar variety of cytokines [90], however, whether human can be divided into
Be1 and Be2 is not as clear. In assessing cytokine mRNA transcripts from different cell
populations isolated from RA patients synovial fluid it was found that B cells from all
patient express transcripts for IL-12p35, IL-12p40, IL-23p19, IL-7, IL-15, TNF-α, LT-β,
BAFF, APRIL and RANKL whereas only some patients B cells expressed IFN-γ, IL-2,
IL-1P, IL-21, IL-18, IL-6, and IL-10 [91]. Interestingly, RANKL expressing B cells were
found in synovial fluid of RA patients suggesting that depletion of B cells may contribute to
the inhibition of bone erosion by Rituximab [92]

Regulatory B cells, also referred to as B10 cells, are activated by anti-CD40L and TLR
ligands to produce IL-10, the hallmark cytokine of regulatory B cell populations [93-95].
There are two main populations of regulatory B cells in mice; a marginal zone transitional B
cells (CD19+CD21hiCD23hiCD1dhi) demonstrated to prevent induction of arthritis [96], and
a B10 population (CD19+CD5+CD1d+) described to inhibit T cell-mediated inflammation
(contact hypersensitivity) [97, 98]. In humans an IL-10-producing B cell is contained within
the immature B cell subset (CD19+CD24+CD38+) [99]. This population is present in healthy
individual, but defective in SLE patients with defective CD40-induced IL-10 production
[99]. A similar population of regulatory B cells was observed in RA patients [100].

B cells as autoantibody-producing cells in RA
In RA, autoantibodies directed against self-antigens including RF and cyclic citrullinated
peptides (CCP) are found in the serum of patients many years before the onset of clinical
symptoms of disease [101]. Recent assessment of sera from patients with RA using synovial
proteome microarrays have confirmed these autoantbodies, and identified new candidate
autoantigens [102]. Autoantigens have also been identified to deposite on the surface of
cartilage in the form of immune complexes (IC) [44]. Although it is unclear if these
antibodies are pathogenic in RA, murine models of RA have demonstrated the pathogenic
potential of autoantibodies. Anti-collagen type II and anti-glucose-6-phosphate isomerase
(GPI) are sufficient to induce joint destruction [103, 104]. ICs and activated complement
components deposited on cartilage surfaces promote activation of Fc receptors and
subsequent local inflammation in the joint. The requirement for activation of the alternative
complement pathway in the development of arthritis is observed in collagen-induced
arthritis (CIA), K/BxN, and in our model, proteoglycan-induced arthritis (PGIA) [105, 106].
Additionally, Fc gamma receptors (FcyR) play a critical role in arthritis development in
animal models of RA [105, 107-111]. A deficiency in FcγRIII, an activating receptor,
inhibits arthritis while a deficiency in the inhibitory FcγRII exacerbates disease. Thus, the
depletion of autoantibodies after B cell depletion therapy in RA patients is at least one
possible mechanism contributing to the observed reduction in disease symptoms.
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Conclusion
Since the initial discovery of RF, research has greatly advanced our understanding of how B
cells contribute to RA. The finding that B cell depletion is an effective therapy in
autoimmune diseases has been the impetus to explore the potential for targeting more
specific functions of these cells for the treatment of autoimmunity and other immune
mediated conditions.
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Figure 1.
B cell-exclusive expression of CD80/86 was not sufficient to induce arthritis. SCID and
SCIDCD80/86−/− were repopulated with purified B cell (1 × 107) and T-cells (B cell-depleted
splenocytes) (1 × 107) from WT and CD80/86−/− mice (BWTTWT)→ SCID, (BWTTWT)
→SCIDCD80/86−/−, BCD80/86−/−TCD80/86−/−→ SCIDCD80/86−/− and BWT TCD80/86−/−→
SCIDCD80/86−/− One wk after repopulation, mice were immunized with PG in adjuvant i.p. 3
times at 3 wk intervals. (A) Arthritis score was based on the degree of erythema and
swelling. Paws were scored on a scale of 1 to 4. (B) Arthritis Incidence denotes percentage
of mice that develop arthritis. Data represent the mean and SEM (n=7). All groups are
statistically significantly different p<0.05 than the control group (BWTTWT)→ SCID.
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Figure 2.
Donor cell sufficiently repopulated the recipients; however, CD86 was reduced on donor
cells. At the termination of the experiment (A & C) percentage and (B & D) number of
presence of B cell, T cells, and macrophages (A & B) along with their expression CD86 (C
& D) were determined by flow cytometry of spleen cells. Data represent the mean and SEM
(n=7). * represents statistically significantly different p<0.05 than the control group
(BWTTWT)→ SCID.

Finnegan et al. Page 15

Autoimmunity. Author manuscript; available in PMC 2013 April 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Decrease in T cell and antibody in SCIDCD80/86−/− recipient mice. (A) T cell proliferation
was measured by 3H-thymine incorporation in PG activated spleen cell cultures, (B)
cytokine levels in supernatants from PG activated spleen cells, (C) serum human PG-
specific antibody response, (D) serum mouse PG-specific. Data represents the mean and
SEM (n=7). Data represent the mean and SEM (n=7). * represents statistically significantly
differents p<0.05 from the control group (BWTTWT)→ SCID.
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