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1. ABSTRACT

B lymphocyte chemoattractant (BLC/CXCL13) is than B2 cells. Bl cells failed to home to the peritoneal
ectopically and highly expressed in the target organs such cavity and preferentially recruited to the target organs in
as the thymus and kidney in aged (NZB x NZW)FI aged BWF1 mice developing lupus nephritis. B1, but not
(BWF1) mice, a murine model for SLE. Ectopic expression B2 cells possessed a potent antigen presenting activity in
of BLC/CXCLI13 was attributed to mature myeloid DCs allo-MLR and activated autologous thymic CD4 T cells in
infiltrating in the target organs. DCs were also increased in the presence of IL-2. CXCRS5" CD4 T cells were also
the peripheral blood in aged BWF1 mice and differentiated increased in aged BWF1 mice and they enhanced IgG
into BLC/CXCL13- producing DCs in the presence of production by B1 cells in vitro. These results suggest a
TNF-a or IL-1B, but not IFN-a or IFN-y. BLC/CXCL13 possible involvement of aberrant Bl cell trafficking in
expression in mature myeloid DCs was confirmed in bone activation of autoreactive CD4 T cells and autoantibody
marrow derived-DCs generated in vitro in the presence of production in the target organs during the development of
GM-CSF and TNF-a. Bl cells expressed higher level of lupus, providing a new insight for the pathogenesis of Bl
CXCRS5 and migrated towards BLC/CXCL13 much better cells in lupus.
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2. INTRODUCTION

B1 cells are a specialized cell population that is
distinguished from conventional B cells (B2 cells) by their
origin, antigen specificity, cell surface phenotype, and
unique tissue distribution (1-3). Bl cells were first
described as Ly-1 (CD5)" B cells and considered to be
involved in the development of autoimmune diseases
because increased frequency of B1 cells was observed in
particular autoimmune-prone mice including (NZB x
NZW)F1 (BWF1) mice. In consistence with this idea, it
was demonstrated that elimination of B1 cells from the
peritoneal cavity by injection of distilled water decreased
anti-dsDNA Ab production and pathogenic changes in the
kidney in BWF1 mice (4). It was also described that down-
regulation/elimination of B1 cells by administration of anti-
IL-10 antibody (5, 6) delays the onset and disease severity
in BWF1 mice.

B1 cells produce IgM antibodies (Ab) with broad
specificity including for self antigens (7) and they are able
to undergo isotype switching and somatic hypermutation
(8, 9), suggesting that B1 cell can contribute to produce
pathogenic high-affinity IgG autoantibodies. On the other
hand, B1 cells possess a potent antigen presenting activity
comparable to dendritic cells (10, 11). Lanzavecchia et al.
(12) reported that B cells could efficiently uptake antigens
through their surface immunoglobulin receptors, process,
and then present to specific T cells in a MHC-restricted
manner. These findings may indicate that B1 cells are
involved in the pathogenesis of murine lupus as APCs to
activate auto-reactive T cells.

In human, elevated levels of CD5" B cells have
been documented in patients with autoimmune disorders
including Sjogren’s syndrome, rheumatoid arthritis and
SLE (13-15). However, several evidences also suggest
minor role of CD5" B cells in the development of SLE (16,
17). Due to different frequency and localization of CD5" B
cells among the species (18), and also to possible
conversion of CD5 expression during B cell activation (19),
the pathological significance for CD5" B cells in the
development of SLE still remains controversial. In this
article, we highlight possible roles of aberrant Bl cell
trafficking in the pathogenesis of murine lupus.

3.  ABERRANT HIGH EXPRESSION OF
BLC/CXCL13 BY MYELOID DCS IN THE TARGET
ORGANS IN AGED BWF1 MICE DEVELOPING
LUPUS NEPHRITIS

BWF1 mice spontaneously develop systemic
autoimmune disorders characterized by production of a
variety of IgG autoantibodies and massive deposition of
immune complexes in glomeruli in the kidney (20, 21). A
marked mononuclear cell infiltration in the target organs
including the kidney and lung is another characteristic in
aged BWF1 mice. More than 95 % of the BWF1 female
mice die from renal failure before 12 months of age. RT-
PCR analysis revealed that BLC/CXCL13 expression was
markedly increased in the target organs including the
kidney and the thymus in aged BWF1 mice developing
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lupus nephritis (Figure 1A) (22). Quantitative PCR analysis
revealed that BLC/CXCL13 gene expression in the thymus
and kidney of aged BWF1 mice is 1500 and 500 times
higher, respectively compared to that in young mice. BLC
protein was also highly expressed in the cellular infiltrates
in these organs with a reticular pattern of staining (Figure
1B). Some, but not all blood vessels in the thymic medulla
were heavily stained with anti-BLC mAb. BLC expression
in the thymus of similarly-aged NZB and NZW mice was
much lower than that in aged BWF1 mice (data not shown).
It is generally accepted that BLC/CXCL13 is expressed by
follicular dendritic cells (FDCs) in B cell follicles of the
secondary lymphoid tissues (23, 24). However, aberrant
BLC/CXCL13 expression in the target organs in aged
BWF1 mice was attributed to mature myeloid DCs.
CDI11b'CD11c" cells were markedly increased in the
spleen and thymus and purified CD11b'CD11c" cells
preferentially expressed BLC/CXCL13 mRNA (Figure
1C). It was also demonstrated that CD11b"CD11c" cells
were increased in the peripheral blood in aged BWF1 mice
and differentiated into BLC/CXCLI13 expressing-mature
DCs in the presence of TNF-a (Figure 1D, E) (25). Both
TNF-a and IL-1B, but neither IFN-o nor IFN-y could
induce BLC gene expression in bone marrow-derived
immature DCs generated in the presence of GM-CSF
(Figure 1F). Since TNF-a and IL-1fB expression is in fact
enhanced in the target organs in aged BWF1 mice (26, our
unpublished data), it is likely that peripheral blood DCs
differentiate into mature DCs expressing BLC/CXCL13 in
the target organs during the development of lupus.

4. BLC/CXCL13 CHEMO-ATTRACTS MORE B1
CELLS THAN B2 CELLS

BLC/CXCL13 chemo-attracted more Bl cells
than B2 cells presumably due to higher expression of
CXCRS on Bl cells (Figure 2A, B) (22). Preferential
chemotaxis of B1 cells towards BLC was also observed in
other mouse strains including NZB, NZW, BALB/c, and
C57BL/6 (data not shown). Although SLC/CCL21 and
SDF-1/CXCL12 also have weak chemotactic activity for
B1 cells, there was no difference in chemotaxis by these
chemokines between B1 and B2 cells (unpublished data).

5. DEFECTIVE B1 CELL HOMING TO THE
PERITONEAL CAVITY AND PREFERENTIAL
LOCALIZATION IN THE TARGET ORGANS

It has been recently reported that BLC is essential
for B1 cell homing to the peritoneal cavity via omentum
milky spots (27). In CXCL13 deficient mice, few B1 cells
were present in the peritoneal and pleural cavity, but
present in the spleen. CFSE labeled-B1 cells failed to
migrate to the peritoneal cavity in CXCL13 deficient mice
when injected i.v. Interestingly, B1 cells failed to home to
the peritoneal cavity in aged BWF1 mice developing lupus
nephritis while B1 cell homing to the peritoneal cavity was
intact in young BWF1 mice (28). When CFSE-labeled B1
cells were i.v. injected into young BWF1 mice, a number of
labeled cells accumulated in the omentum milky-spots
while only few cells were observed in aged BWF1 mice
(Figure 3A). B1 cell accumulation in the omentum milky-
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Figure 1. Ectopic high BLC expression by DCs in aged BWF1 mice. A. RT-PCR analysis was performed on total cellular RNAs
obtained from the spleen, thymus, lung, kidney, and liver of young and aged BWF1 mice. B. Cryosections from kidney and
thymus of aged BWF1 mice were stained with goat anti-BLC pAbs followed by biotinylated rabbit anti-goat pAb and HRP-
labeled streptavidin. Representative pictures from one of three aged BWF1 mice are presented. (C) Quantitative RT-PCR analysis
for BLC expression on CDI1c¢" cells purified MACS® magnetic beads coupled with anti-CD11c mAb and FCM sorted-
CD11b°CDI11c" cells obtained from aged BWF1 thymus. BLC quantity in each purified cell population was expressed relative to
normalized BLC quantity in whole thymic cells. D. Increased DCs in the peripheral blood. PBLs from young and aged NZB,
NZW, and BWF1 mice were stained with FITC-labeled anti-CD11b and PE-labeled anti-CD11c Abs and analyzed on EPICS
flow cytometer. The mean = SD for CD11b"CD11c" cells were presented (n=3 for NZB and NZW mice; n=7 for 2 and 8 month-
old BWF1 mice, n=5 for 5 month old BWF1 mice). Statistical analysis was performed by Student’s t test. * p<0.03, ** p<0.0002
as compared to the 2 month old value. E. TNF-a, induces BLC expression in DCs. CD11¢" and CD11c” cells obtained from PBLs
of aged BWF1 mice were cultured in the presence or absence of TNF-a. for 3 days and RT-PCR analysis for BLC expression was
performed. F. Induction of BLC expression in bone marrow derived-DCs by TNF-a and IL-1f, but not by IFN-o and IFN-y.
Bone marrow cells were cultured in the presence of GM-CSF for 6 days with removal of floating cells at day 3. TNF-a (10
ng/ml), IL-1f (10 ng/ml), IFN-a (100U/ml), or IFN-y (100U/ml) for 3 days was added at day 6 and cultured for additional 3
days. RT-PCR analysis for BLC expression was performed.

spots was intact in similarly aged BALB/c mice, suggesting organs including the kidney, thymus, and lung in aged
that the defective B1 cell homing to the peritoneal cavity in BWF1 mice. When the mixture of CFSE-labeled B1 cells
aged BWF1 mice was not merely an age-related and CMTMR-labeled B2 cells were injected i.v. into the
phenomenon. It was also demonstrated that the number of same aged BWF1 mice, more B1 cells were recruited in the
peritoneal macrophages in the peritoneal cavity, a major cellular infiltrates in the target organs than B2 cells (Figure
cell source for BLC/CXCL13, was markedly decreased in 3B). In consistence with these results, the frequency of B1
aged BWF1 mice compared to those in young BWF1 mice cells in total B cells in the target organs in aged BWF1
(28). mice was significantly higher than that in secondary
lymphoid tissues (28). These results suggest that aberrant

Instead of homing to the peritoneal cavity, B1 high expression of BLC/CXCL13 in the target organs of

cells injected i.v. preferentially migrated to the target aged BWF1 mice and decreased number of BLC producing
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Figure 2. Preferential chemotaxis of B1 cells towards BLC. A. Mixture of spleen and peritoneal cells from young BWF1 mice
were stained for FITC-labeled CD5 and PE-B220 and sorted into B1 and B2 cells on an EPICS ELITE® cell sorter and then
subjected to BLC chemotaxis assay. Migrated cells were counted on a flow cytometer under the constant flow rate. B. Higher
CXCRS5 expression on B1 than B2 cells. Mixture of spleen and peritoneal cells from young BWF1 mice were stained with anti-
CXCRS5, anti-CDS5, and anti-B220 mAbs and then analyzed for CXCRS expression on gated Bl or B2 population. Mean
fluorescence channels for B1 and B2 cells were 796 &= 18 (n=3) and 113 =£ 9.0 (n=3), respectively (p<0.001). Staining on CD5"
B220" cells was presented as a negative control.
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Figure 3. Failure of B1 cells homing to the peritoneal cavity and migration to the target organs in aged BWF1 mice. A.
Decreased B1 cell accumulation to the omentum milky-spots in aged BWF1 mice. Four million CFSE labeled-peritoneal
B1 cells were injected i.v. into young and aged BWF1 mice. Omentum milky-spots were analyzed 24 hr after injection
under confocal laser scanning microscope (x100). B. Preferential B1 cell recruitment to non-lymphoid target organs
including the kidney and lung. B1 and B2 cells were labeled with CFSE (green) and CMTMR (red), respectively and the
1:1 mixture of B1 and B2 cells was injected i.v. into the same aged BWF1 mice. Mice were sacrificed 24 hr after injection
and analyzed under confocal laser scanning microscope (x200). Cellular infiltrates were highlighted using biotin-

conjugated B220 mAbs (blue).

peritoneal macrophages result in defective Bl cell
homing to the peritoneal cavity and preferential B1 cell
trafficking to the target organs.

6. POTENT ANTIGEN PRESENTING ABILITY OF
B1 CELLS

Mohan et al. (10) reported splenic Bla cells
possessed potent antigen-presenting capability in
NZM2410 lupus-prone mice. Peritoneal B1 cells
obtained from BWF1 as well as BALB/c mice also
induced a good alloreactive response in MLR when
used as antigen presenting cells while B2 cells
showed poor antigen presenting ability (Figure 4A)
(11). Antigen presenting ability of Bl cells was as
potent as that of splenic DCs and is not restricted to
B1 cells derived from autoimmune mice. Peritoneal
B1 cells expressed significantly higher levels of
costimulatory molecules including CD80, CD86, and
ICAM-1 than splenic B2 cells while the level of
MHC class II expression was similar between B1 and
B2 cells (Figure 4B).

7. B1 CELL MIGRATION TO THE THYMUS MAY
RESULT IN AUTOREACTIVE CD4 T CELL
ACTIVATION

Thymic post-capillary venules (PVS) were
markedly enlarged in aged BWF1 mice and a number of B
cells were infiltrated in the enlarged PVS (Figure 5A) (11).
Approximately 15 % of infiltrated B220" cells are CDS5
positive. The boundary between thymic PVS and
parenchyma became unclear and some B cells were readily
detected in the thymic medulla. BLC protein and PNAd
were co-localized on luminal surfaces of HEV-like blood
vessels in enlarged PVS. Recruitment of B1 cells to the
enlarged thymic PVS and transmigration across the
basement membranes to the thymic medulla was observed
when CFSE labeled-B1 cells were injected i.v. into aged
BWEF1 mice (Figure 5B).

It is of great interest what would happen to
tolerance induction when B1 cells which have a potent
antigen presenting activity aberrantly migrate to the
thymus. When thymocytes labeled with CFSE were
cultured with B1 or B2 cells in the presence of IL-2, small,
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Figure 4. B1 cells as potent APCs. A. Allogeneic mixed lymphocyte reaction (MLR). 3 x 10° splenic CD4" T cells from
C57BL/6 mice were co-cultured with either one of mitomycin C treated peritoneal B1 cells, splenic B2 cells or splenic DCs
isolated from 2 month-old BWF1 mice. T cell proliferation was assessed by WST-1 assay 96 hr after culture. *p<0.05, **p<0.01,
*#%p<0.001 as compared to splenic B2 cells. B.Expression of co-stimulatory molecules on B1 and B2 cells. Whole peritoneal
cells or splenocytes were stained with B220, CD5 and either one of MHC class II, CD80, CD86, CD40 and ICAM-1. Expression
levels of each molecule on gated peritoneal B1 (CD5 B220™) and splenic B2 (CD5'B220™) cells are shown (gray histograms).
Background staining is also represented as white histograms.
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but significant number of CD4" T cells in adult thymus
were activated by syngeneic Bl, but not B2 cells as
evidenced by diluted intensity of CFSE and by CD25
expression (Figure 5C). Bl cells obtained from NZB,
NZW, BALB/c and C57BL/6 mice also stimulated
proliferation and activation of syngeneic T cells,
demonstrating a generalized ability of B1 cells to activate
CD4 T cells, some of them being potentially autoreactive.
Activated CD4" T cells showed no TCR VP skewing after
B1 cell stimulation (unpublished data). Furthermore, B1
cells obtained from MHC class II deficient mice failed to
activate thymic CD4 T cells (unpublished data). These data
suggest that CD4 T cells were not activated by retroviral
superantigens encoded by MMTYV, but by self-peptides
associated with MHC class II molecules on Bl cells.
Possible roles of Bl cell-activated CD4 T cells in the

CFSE

Figure 5. B1 cell migration to enlarged thymic perivascular spaces (PS) in aged BWF1. A. Enlarged thymic PS of 8§ month-old
BWF1 mice. Frozen sections of thymus from 8 month-old BWF1 mice were doubly stained with antibodies to B220 (red) and
either one of cytokeratin (blue) (x200). M:medulla, C:cortex. B. Recruitment of B1 cells into thymic PS and the medulla. Ten
million of CFSE-labeled peritoneal B1 cells were transferred intravenously into aged BWF1 mice. Three days later, thymic
sections were stained with antibodies to cytokerarin (red) (x200). (C) Activation of self-reactive T cells in the adult thymus by B1
cells. Half million CFSE-labeled adult thymocytes were cultured with 5 x 10* of either peritoneal B1 cells or splenic B2 cells in
the presence of 5 U/ml of recombinant human IL-2. After 96 hr after culture, cells were stained with FITC anti-CD4 and PE anti-
CD25 mAb and analyzed on FCM. Dividing cells are indicated by arrows (gated for CD4 T cells).
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pathogenesis of lupus in BWF1 mice remain to be
elucidated.

8. CXCR5'CD4 T CELLS WITH SIMILAR
PHENOTYPE TO FOLLICULAR HELPER T CELLS
(Trn) MAY BE INVOLVED IN IGG
AUTOANTIBODY PRODUCTION BY B1 CELLS IN
BWF1 MICE

Recent studies have revealed the existence of the
third cellular subset of helper T cells designated as
follicular helper T cells (Tgy) (29, 30). Tgy cells show
distinct cytokine profiles from those of Thl or Th2 cells,
and they are able to enhance IgG and IgA antibody
production by tonsillar B cells in the absence of APCs. It
was also demonstrated that Tgy cells express CXCRS,
ICOS, CD69 and MHC class II molecules and migrated
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Figure 6. CXCR5'CD4 T cells enhance IgG Ab production by B1 cells. A. Increased frequency of CXCR5" CD4 T cells in aged
BWEF1 mice. Spleen cells from young BWF1, aged BWF1, NZB, NZW, BALB/c mice were stained with FITC-anti-CD4 and PE-
anti-CXCR5 mAb and analyzed on EPICS flow cytometer. The mean percentage of CXCR5" CD4 T cells among CD4 T cells
were presented. *p<0.02, **p<0.004, *** p<0.000003 as compared to the 2 mo old value. B. Cryostat section of spleen obtained
8 mo-old BWF1 mice stained with Alexa488 labeled-anti-CXCRS5 (green), Alexa555 labeled-anti-B220 (red), and Alexa647
labeled-anti-CD4 mAbs and were observed under confocal laser microscopy (x200). CXCR5+ CD4 T cells were localized in T
cell area and B cell follicles as indicated by arrows. C. Enhanced IgG antibody production by B1 cells in the presence of CD4 T
cells obtained from aged BWF1 mice. CD4 splenic T cells from young or aged BWF1 mice were purified by using anti-CD4
mAb conjugated-MACS beads. Each CD4 T cell population was cultured with peritoneal B (B1 enriched) or splenic B (B2
enriched) cells purified with anti-B220 conjugated-MACS beads. Ten days later, culture supernatants were collected and IgG
concentrations were determined by ELISA. * p<0.004 as compared to the group without T cells. D. Enhanced IgG antibody
production by B1 cells in the presence of CXCR5" CD4 T cells. Spleen cells were stained with FITC-anti-CD4 and PE-anti-
CXCR5 mAbs and CXCRS5" and CXCRS5 CD4 T cells were sorted on EPICS flow cytometer. Each T cell population was
cultured with peritoneal B (B1 enriched) or splenic B (B2 enriched) cells. Ten days later, culture supernatants were collected and
IgG concentration was determined by ELISA. * p<0.05.

towards BLC/CXCLI13. It has not been examined, however, similarly aged NZB and NZW mice also showed a much
whether or not Ty cells promote IgG autoantibody lower percentage of CXCRS5" CD4 T cells (Figure 6A).
production by B1 cells. In aged BWF1 mice, the percentage CXCR5'CD4 T cells in aged BWF1 mice expressed CD69,
of CXCR5" CD4 T cells were markedly increased while ICOS, and MHC class Il molecules, showing a similar cell
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Figure 7. Impaired mucosal immunity in the gut of aged
BWF1 mice. A. IgA concentrations in the feces of young
and aged BWF1 mice (n=10 and 17, respectively) were
determined by ELISA. Each circle represents the IgA level
of an individual mouse and bars represent median values. *
, P<<0.03. B. Increased susceptibility to bacterial infection
in aged BWF1 mice. Mice were infected with E. coli (109
CFU B41 strain) on day 1, 2, 3 and mortality was
monitored daily. Each group consisted of five mice: X =
young BWF1; & =aged BWFI infected with E. coli; [1=
aged BWF1 without infection. *p<0.05.

day

surface phenotype to human tonsillar Tgy cells.
CXCR5'CD4 T cells were localized in the B cell follicle as
well as in the T cell area in the spleen (Figure 6B). CD4 T
cells obtained from aged, but not young BWF1 mice
enhanced IgG antibody production by B1 cells while they
did not enhance IgM production while they had no effect
on IgG production by B2 cells from young BWF1 mice
(Figure 6C). Anti-ssDNA Ab activity was also detected in
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the culture supernatants when B1 cells were cultured with
CD4 T cells from aged BWF1 mice (data not shown).
Furthermore, IgG antibody production by Bl cells was
enhanced when B1 cells were cultured with CXCRS5", but
not CXCRS5 CD4 T cells (Figure 6D).

9. IMPAIRED MUCOSAL IMMUNITY IN THE GUT
IN AGED BWF1 MICE

Kroese et al. (31, 32) reported that approximately
half of IgA* cells in the intestinal lamina propria were
derived from B1 cells. It is, therefore, expected that
aberrant B1 cell trafficking during the development of
lupus in BWF1 mice would result in decreased IgA
secretion in the gut. In fact, the level of fecal IgA was
dramatically decreased in aged BWF1 mice developing
lupus nephritis (Figure 7A) (33). IgA levels in similarly
aged NZB and NZW mice remained unchanged (33). All
cellular components including CD4 and CD8 T cells, and B
cells in Peyer’s patches (PPs) were markedly decreased in
aged BWF1 mice. Furthermore, aged BWF1 mice showed
increased susceptibility to pathogenic bacterial infection
(Figure 7B). It was further demonstrated that induction of
oral tolerance was impaired and orally administered-
antigen induced systemic allergic T cell sensitization in
aged BWF1 mice (33).

10. DISCUSSION

Our findings in serial studies suggest that
aberrant high expression of BLC/CXCL13 in aged BWF1
mice result in abnormal B1 cell trafficking, activation of
self-reactive CD4 T cells and production of IgG
autoantibody in the presence of CXCRS5'CD4 T cells
during the development of murine lupus. Thus, cell
trafficking and localization as well as function itself can be
an important factor to wunderstand the pathological
significance of B1 cells in murine lupus.

Datta and his colleagues (34) previously reported
the presence of nucleosome-specific T cells in lupus-prone
mice including BWF1 mice, and their helper activity on
anti-DNA and histone IgG antibody production. It has been
recently reported that nucleosome specific T cells
engineered by TCR gene transfer were activated by splenic
DCs in BWF1 mice and that the antigen specific regulatory
T cells engineered to express CTLA-4 delayed the onset of
lupus nephritis (35). On the other hand, autoreactive Bl
cells specific for the ribonuclear protein Sm are tolerant or
ignorant in the peritoneal cavity (36, 37). Honjo and his
colleagues (38) also demonstrated that anti-SRBC B1 cells
escape from deletion in the peritoneal cavity in anti-SRBC
Ig transgenic mice. These results suggest that the peritoneal
cavity is a privileged site for autoreactive B cells to escape
from immunological tolerance. Where else it could occur?
Interestingly, the same group further demonstrated that
anti-SRBC B1 cells did survive in the lamina propria in the
gut of anti-SRBC Ig transgenic mice. It is therefore
possible that autoreactive B1 cells migrated to the target
organs expressing ectopic BLC/CXCL13 escape from
tolerance and that they present autoantigens to self-reactive
T cells and then are activated by those T cells to produce
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Figure 8. Hypothetical model for pathogenic roles of B1 cells in murine lupus. Aberrant B1 cell trafficking due to ectopic high
expression of BLC in aged BWF1 mice results in activation of autoreactive CD4 T cells, IgG autoantibody production in the
presence of follicular helper T cells (Tgy). DC: dendritic cells, PPs: Peyer’s patches, M: macrophages.

autoantibodies. In this context, it is of great interest that B1
cells activate thymic CD4 T cells in the presence of IL-2
although antigenic peptides presented by B1 cells remain to
be elucidated. We hypothesize that ectopic high expression
of BLC by DCs chemo-attracts Bl and CXCR5"
autoreactive CD4 T cells (Tpy-ike?) to form an
immunological platform for IgG autoantibody production
in the target organs (Figure 8).

Aberrant B1 cell trafficking may also be involved
in impaired mucosal immunity in the gut of aged BWFI
mice because B1 cells are the major source of secreted IgA
(31,32). IgA production by B1 cells is T cell-independent
and requires the presence of commensal microflora (39).
Furthermore, commensal bacteria bind mostly Bl cell-
derived intestinal IgA, and less so B-2 cell-derived IgA
(40). These results favor the idea that immunological
stimulation of B1 cells by commensal bacteria at neonatal
stage induce IgA production by B1 cells and at the same
time develop the mucosal immune system in the gut.
Therefore, decreased IgA secretion in aged BWF1 mice
may result in penetration of commensal bacteia into
systemic immune system. Penetration of commensal
bacterial antigen would provoke a vigorous immune
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response by B1 cells which are specific for polysaccharides
such as phosphorylcholine, lipids, and proteins of bacterial
components. Unlike mammalian DNA, bacterial DNA has
potent immunologic effects that lead to polyclonal B cell
activation as well as the production of specific Abs in mice
(41). It is also reported that bacterial DNA induces anti-
dsDNA antibody cross-reactive to mammalian dsDNA in
autoimmune prone mice such as BWF1 mice (42). It is,
therefore, tempting to speculate that impaired IgA secretion
in the gut lumen and low level of IgM natural antibodies in
aged BWF1 mice due to aberrant B1 cell trafficking may
result in penetration of commensal bacteria into systemic
immune system and induction of vigorous anti-bacterial
DNA antibody production which cross-reacts to
mammalian DNA. On the other hand, breakdown of oral
tolerance in aged BWF1 mice may be attributed to
abnormal DC trafficking or antigen trafficking in the
intestinal mucosa during the development of lupus.

It is also of interest whether or not stimulation of
thymic CD4 T cells by B1 cells in the presence of IL-2
abrogate Treg activity of CD25'CD4 T cells. It is well
established that depletion of CD25'CD4 T cells from the
thymus or spleen results in autoimmunity in various organs
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including the stomach and ovary (43). Although CD25"
CD4 T cells were increased in aged BWF1 mice, their
pathological significance in the development of murine
lupus remains to be elucidated.

Recent studies have revealed that type-I IFN
produced by plasmacytoid DCs (pDCs) play a pivotal role
for the pathogenesis of SLE (44, 45). Consistent with
findings in SLE patients, it has been also suggested that
type-I IFN is involved in the pathogenesis of lupus in
BWF1 mice (46, 47). However, the frequency of pDCs in
the peripheral blood is very low in aged BWF1 mice
(unpublished data), consistent with the study by Farcas et
al. (48) who demonstrated that pDCs accumulated in the
skin in SLE patients while the frequency of pDCs was low
in the peripheral blood. It has been also described that
pDCs induce plasma cell differentiation through IFN-a and
IL-6 (49). A critical role of pDCs for CTL generation has
been also documented (50-52). We recently demonstrated a
pivotal role of CXCR3/CXCL9 interaction for pDC-
transmigration into inflamed LNs through HEVs in
bacteria-induced acute hepatitis model (53). Since CXCL9
and CXCL10 expression is also elevated in the target
organs in aged BWEF1 mice (unpublished data), it is
possible that pDCs migrate to the inflamed target organs
and participate in the formation of immunological platform
together with B1, Try, and mDCs.

It still remains unknown what kind of stimuli
initiate autoimmune responses in BWF1 mice. Endogenous
retroviral activation may be involved in the first step in the
development of lupus in BWF1 mice. Lupus-prone mice
including BWF1 mice expressed a novel 8.4 kb full-length
retroviral transcript corresponding to an endogenous mink
cell focus-forming (MCF) env-related provirus (54).
Expression of thymic 8.4 kb MCF was detected soon after
birth and was determined by bone marrow derived-cells
rather than thymic epithelial cells (55,56). Since central
tolerance or TCR repertoire formation is completed at the
end of gestation, the expression of MCF env-related
provirus by bone marrow-derived cells in the thymus just
after birth may result in incomplete clonal elimination of
MCF virus-specific T cells. It is, therefore, possible that
activation of the virus-specific T cells would trigger
systemic inflammatory responses including production of
inflammatory cytokines/chemokines and generation of
apoptotic cells. Plasmacytoid DCs would also produce a
large amount of IFN-a at this stage. However, the
particular retroviral expression is not enough to induce
autoimmune disorders in BWF1 mice because the viral
expression is also observed in NZB and NZW mice that do
not develop lupus nephritis.

Recent genome-wide searches for susceptibility
genes in murine and human SLE have revealed important
similarities in the genetic mechanisms mediating SLE in
BWF1 mice and humans (57-59). Mohan et al. (60)
reported that Sle2 on mouse chromosome 4 led to
expansion of B1 cells although Sle2 alone on normal B6
background was insufficient to generate anti-nuclear Ab
and glomerulonephritis. In consistence with this study, a
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weak suggestive linkage with syntenic region on human
chromosome 9 is reported (61).

Although CD5 molecule is commonly used for
discrimination of B1 cells from B2 cells, CD5 may not be
the best cell surface marker for B1 cells of human or other
species. In human, CD5 is expressed on up to 30 % of B
cells in PBL and lymph nodes while in mice, CD5" B cells
are virtually absent from lymph nodes and PBL (18).
Although it was demonstrated that human CD5" B cells
selectively expressed a Vy4 subfamily of immunoglobulin
genes (62), IgM antibodies bind autoantigens irrespective
of CD5 expression (63). In rabbits, all B cells express CD5
molecules (64). These facts may indicate that CDS5
expression on B cells in other species does not necessarily
mean the same functional B1 subset described in mice. On
the other hand, it is reported that unique RP105 B cells are
increased in SLE patients and that the level of these B cells
are closely correlated with the disease activity (65). RP105
B cells lack CDS5 expression, but express CD86 and CD38
molecules on their cell surfaces and approximately 50 % of
RP105" B cells express intracytoplasmic IgG although
tissue localization, antigen presenting activity, BCR
repertoire of RP105" B cells are not addressed yet. It is,
therefore, possible that functional B1 cells with distinct
phenotypic characteristics from those in mice are involved
in the pathogenesis in human SLE.

11. SUMMARY AND PERSPECTIVE

Aberrant B1 cell trafficking and localization due
to ectopic high expression of BLC/CXCL13 may play an
important role in the pathogenesis of murine lupus.
Pathological significance of CXCR5' T cells for IgG
autoantibody production by Bl cells, of Bl cells for
activation of autoreactive CD4 T cells, and of impaired
mucosal immunity in the gut for systemic allergic
responses in BWF1 mice will be clarified in more details in
the near future. Our findings would provide a new insight
for pathological significance of B1 cells in the development
of SLE and a useful approach to regulate autoimmune
responses by targeting B1 cell trafficking.
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