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Summary

Studies have demonstrated that B cells play important roles in systemic scle-
rosis (SSc), especially through the CD19/CD22 autoimmune loop. CD22 is a B
cell-specific inhibitory receptor that dampens B cell antigen receptor (BCR)
signalling via tyrosine phosphorylation-dependent mechanism. In this study,
we examined the presence and functional property of circulating autoanti-
bodies reacting with CD22 in systemic sclerosis. Serum samples from 10 tight
skin (TSK/+) mice and 50 SSc patients were assessed for anti-CD22 auto-
antibodies by enzyme-linked immunosorbent assays using recombinant
mouse or human CD22. The association between anti-CD22 antibodies and
clinical features was also investigated in SSc patients. Furthermore, the influ-
ence of SSc serum including anti-CD22 autoantibodies for CD22 tyrosine
phosphorylation was examined by Western blotting using phosphotyrosine-
specific antibodies reacting with four major tyrosine motifs of CD22 cyto-
plasmic domain. Anti-CD22 autoantibodies were positive in 80% of TSK/+
mice and in 22% of SSc patients. Patients positive for anti-CD22 antibodies
showed significantly higher modified Rodnan skin thickness score compared
with patients negative for anti-CD22 antibodies. Furthermore, anti-CD22
antibodies from patients’ sera were capable of reducing phosphorylation of all
four CD22 tyrosine motifs, while sera negative for anti-CD22 antibodies did
not affect CD22 phosphorylation. Thus, a subset of SSc patients possessed
autoantibodies reacting with a major inhibitory B cell response regulator,
CD22. Because these antibodies can interfere CD22-mediated suppression
onto B cell activation in vitro, SSc B cells produce functional autoantibodies
that can enhance their own activation. This unique regulation may contribute
to the autoimmune aspect of SSc.
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Systemic sclerosis (SSc) is a connective tissue disorder pre-
senting fibrosis and vascular changes with an autoimmune
background [1–3]. Autoimmunity in SSc is characterized by
the presence of anti-nuclear antibodies, which is positive in
more than 90% of patients [4]. Furthermore, the specificities
of autoantibodies correlate closely with the clinical manifes-
tations: anti-DNA topoisomerase I (topo I) antibodies and
anti-RNA polymerase antibodies are associated with diffuse
cutaneous SSc (dcSSc), while anti-centromere antibodies are
found in limited form [1,5]. None the less, while it is likely
that autoantibody production is linked closely to the devel-
opment of SSc, the pathogenic relationship between systemic

autoimmunity and the clinical manifestations of SSc remains
unclear. Recently, several studies have revealed that auto-
antibodies may play pathogenic roles in SSc [6]: studies have
shown that anti-topo I antibodies can bind directly to the cell
surface of fibroblasts, which can induce monocyte adhesion
and activation [7,8]. Furthermore, agonistic autoantibodies
that recognize and stimulate platelet-derived growth factor
(PDGF) receptor have been reported [9], although other
studies failed to reproduce the finding [10,11].

Recent studies have demonstrated that B cells play critical
roles in the manifestation of connective tissue diseases
by a variety of functions other than well-established
autoantibody-mediated mechanisms [12–16]. In addition to
autoantibody production, SSc patients exhibit polyclonal B
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cell hyperactivity and hyper-g-globulinaemia, suggesting
that abnormal B cell activation exists in SSc [17]. Several
studies have revealed the presence of B cell infiltration in the
skin and the lung of patients with SSc [18,19]. However, the
underlying mechanisms inducing B cell hyperactivation in
SSc remains unclear. B cell functions are regulated by the
B cell antigen receptor (BCR) and specialized cell surface
co-receptors, or ‘response regulators’, which inform B cells
of their microenvironment [20,21]. Among these response
regulators, CD22 is a B cell-specific inhibitory receptor that
contains immunoreceptor tyrosine-based inhibitory motifs
[22–25]. The lack of CD22 in mouse leads to abnormal B cell
activation and autoantibody production such as anti-DNA
antibodies [26]. CD22 dampens B cell signalling via the
tyrosine phosphorylation-dependent mechanism. Tyrosine
residues within CD22 are phosphorylated upon BCR liga-
tion [22,27], and then recruit signalling molecules such as
SHP-1 and Grb2 [28,29]. Studies have demonstrated that B
cell signalling mediated by the CD19/CD22 autoimmune
loop is disrupted in patients with SSc as well as other
autoimmune diseases [30,31]. We have reported that phos-
phorylation of CD22 was decreased in B cells from the tight
skin (TSK/+) mouse, a genetic animal model for SSc [32].
The phenotype of B cells from hemizygous TSK/+ mice
resembles that observed in CD22-deficient mice [32].
Indeed, B cells from TSK/+ mice exhibit an exaggerated
[Ca2+]i response after BCR ligation due to CD22 dysfunction.
These studies suggest that disruption of CD22 function may
contribute to the autoimmune aspect of SSc.

In this study, we assessed the presence of autoantibodies
against CD22 in the sera from TSK/+ mice and SSc patients.
Furthermore, anti-CD22 antibodies decreased CD22 phos-
phorylation induced by BCR ligation. Thus, that anti-CD22
antibodies affect functionally signalling events from BCR
raises the possibility of autocrine B cell activation that SSc B
cells produce functional autoantibodies, which then regulate
B cell activation.

Materials and methods

Mice and cells

Heterozygous TSK/+ mice on a C57BL/6 background were
purchased from the Jackson Laboratory (Bar Harbor, ME,
USA). TSK/+ mice deficient for CD22 were generated as
described previously [32]. To verify the TSK genotype, poly-
merase chain reaction (PCR) amplification of a partially
duplicated fibrillin 1 gene was carried out using genomic
DNA from each mouse [33]. C57BL/6 mice were used as
controls. All mice were housed in a specific pathogen-free
barrier facility. The Committee on Animal Experimentation
of Kanazawa University Graduate School of Medical Science
approved all studies and procedures. Human B lymphoblas-
toid cell lines (BJAB cells) were cultured at 37°C in RPMI-
1640 medium supplemented with 5% fetal calf serum (FCS).

Patients and sera

Serum samples were obtained from 50 Japanese patients
with SSc (40 females and 10 males). All patients fulfilled the
criteria proposed by the American College of Rheumatology
(ACR) [34]. These patients were grouped according to the
classification system proposed by LeRoy et al. [35]: 20
patients (six females and 14 males) had dcSSc and 30
patients (26 females and four males) had limited cutaneous
SSc (lcSSc). Detailed data were available in 43 patients, and
the age of patients with SSc [mean � standard deviation
(s.e.)] was 49 � 15. The disease duration of patients
with dcSSc and lcSSc was 2·3 � 2·2 and 8·9 � 10 years,
respectively. Raynaud’s phenomenon being excluded, the
disease duration of all patients was less than 5 years. None
of the SSc patients were treated with corticosteroids,
d-penicillamine or immunosuppressive therapy. As a disease
control, 20 patients with systemic lupus erythematosus
(SLE), who fulfilled the ACR criteria [36], were also
included. These patients had active SLE as determined by the
SLE Disease Activity Index [37]. Age- and sex-matched 17
Japanese healthy individuals were used as normal controls.
All serum samples were stored at -80°C prior to use.
Melon™ Gel IgG Spin Purification Kits (Pierce, Rockford, IL,
USA) were used for immunoglobulin (Ig)G purification
from serum samples.

Complete medical histories, physical examinations and
laboratory tests were conducted for 43 of 50 patients.
Skin score was measured using the scoring technique of the
modified Rodnan total skin thickness score (modified
Rodnan TSS) [38]. Organ system involvement was defined
as described previously [1]. The protocol was approved by
Kanazawa University Graduate School of Medical Science
and Kanazawa University Hospital, and informed consent
was obtained from all patients.

Enzyme-linked immunosorbent assay (ELISA) and
Western blot analysis for anti-CD22 antibodies

Mouse or human recombinant CD22/Fc chimera protein
(R&D Systems, Minneapolis, MN, USA) was used as antigen.
In this recombinant protein, extracellular domain of mouse
or human CD22 was fused to the C-terminal of Fc region
of human IgG1. Serum anti-CD22 antibody levels were
determined by ELISA. Briefly, 96-well plates [enzyme
immunoassay/radioimmunoassay (EIA/RIA) plate; Coster,
Cambridge, MA, USA] were coated with mouse or human
recombinant CD22/Fc chimera protein (5 mg/ml) at 4°C
overnight. The wells were blocked with 2% bovine serum
albumin and 1% gelatin in Tris-buffered saline for 1 h at
37°C. Serum samples were preabsorbed on wells coated with
human IgG1 Fc (R&D Systems) for 1 h at 20°C. Then, the
serum samples were diluted 1:100 and added to duplicated
wells for 90-min incubation at 20°C. After washing four
times, the bound antibodies were detected with alkaline
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phosphatase-conjugated goat anti-mouse or anti-human
IgG antibodies reacting with F(ab)′ fragments (Cappel,
Durham, NC, USA), using p-nitrophenyl phosphate (Sigma-
Aldrich, St Louis, MO, USA) as substrate. The optical density
(OD) of the wells was determined subsequently.

Human recombinant CD22 (0·5 mg/lane) was subjected
to electrophoresis on 7·5% sodium dodecyl sulphate-
polyacrylamide slab gels. The proteins were electro-
transferred from the gels to nitrocellulose sheets for
immunoblotting analysis. The nitrocellulose sheets were cut
into strips and incubated overnight with serum samples
diluted 1:50 at 4°C. The strips were then incubated for 1·5 h
with alkaline phosphatase-conjugated goat anti-human
IgG antibody (Cappel), and colour was developed using an
amplified alkaline phosphatase assay kit (Bio-Rad Laborato-
ries Inc., Hercules, CA, USA). Four SSc patients positive for
CD22 autoantibodies by ELISA and four healthy individuals
were evaluated.

B cell activation and Western blot analysis

B cell activation and Western blot analysis were performed as
described previously [39]. BJAB cells were incubated in
RPMI-1640 medium containing 20% serum samples for
10 min at 37°C. Serum samples were from SSc and SLE
patients who showed high anti-CD22 antibody levels or
healthy individuals. Subsequently, BJAB cells were stimu-
lated with F(ab′)2 anti-human IgM antibody (20 g/ml;
Cappel), before cells were lysed in buffer containing 1%
Nonidet P-40, 150 mM NaCl, 50 mM Tris-HCl (pH 8·0),
1 mM Na orthovanadate, 2 mM ethylenediamine tetraacetic
acid (EDTA), 50 mM nafamostat mesylate (NaF) and pro-
tease inhibitors. The lysates were subjected to sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE), and electrotransferred to nitrocellulose membranes.
The membranes were incubated with phosphospecific poly-
clonal antibodies to four CD22 tyrosine motifs (Y762, Y807,
Y822 and Y842) [27] or anti-phospho-CD19 (Tyr531) anti-
body (Cell Signaling Technology, Beverly, MA, USA),
followed by incubation with horseradish peroxidase (HRP)-
conjugated anti-rabbit antibodies (Pierce). The membrane
was developed using a chemiluminescent substrate (Super-
Signal; Pierce). To verify equivalent amounts of protein in
each lane, the blots were probed with anti-extracellular-
regulated kinase 2 (ERK2) (Santa Cruz Biotechnology, Santa
Cruz, CA, USA). ERK2 expression levels were confirmed not
to change during the assay. Band intensity was quantified
using Quantity One software (Bio-Rad). To preabsorb anti-
CD22 antibodies in the sera, samples were incubated with
protein A-coated agarose beads conjugated with CD22/Fc
proteins for 1 h.

Statistical analysis

Statistical analysis was performed using Mann–Whitney
U-test for comparison of antibody levels, Fisher’s exact

probability test for comparison of frequencies and Bonfer-
roni’s test for multiple comparisons. Spearman’s rank cor-
relation coefficient was used to examine the relationship
between two continuous variables. A P-value less than 0·05
was considered significant.

Results

TSK/+ mice produce anti-CD22 autoantibodies

TSK/+ mice exhibit skin fibrosis and autoimmunity, and
have a partial resemblance to human SSc patients. Previ-
ously, we have reported that B cells isolated freshly from
TSK/+ mice mounted impaired CD22 phosphorylation and
exaggerated [Ca2+]i response and upon BCR stimulation
[32], suggesting that TSK/+ B cells are activated in vivo by
soluble factors, such as circulating autoantibodies. Based on
this, we first assessed whether TSK/+ mice had anutoanti-
bodies to CD22. The presence and levels of anti-CD22
autoantibodies in 10 serum samples from TSK/+ mice were
assessed by ELISA using recombinant mouse CD22 as an
antigen (Fig. 1b). TSK/+ mice exhibited significantly higher
mean anti-CD22 antibody levels than those in wild-type
C57BL/6 mice as normal controls (1·126 versus 0·129 OD,
P < 0·005). Eight of 10 serum samples from TSK/+ mice
exceeded the mean � 2 s.d. of the samples from wild-type
mice. Thus, TSK/+ mice produce autoantibodies reacting
with CD22.

Anti-CD22 autoantibodies in human SSc patients

Next, we assessed the presence of anti-CD22 autoantibodies
in human SSc patients. The presence and levels of anti-
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Fig. 1. Anti-CD22 antibody levels in serum samples from tight skin

(TSK/+) mice and C57BL/6 mice. Antibody levels were determined by

an enzyme-linked immunosorbent assay using a recombinant mouse

CD22 protein as an antigen. The short bar indicates the mean value

in each group. A broken line indicates the cut-off value (mean � 2

standard deviations of the C57BL/6 mice). *P < 0·05.
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CD22 autoantibodies in serum samples from SSc patients,
SLE patients and healthy individuals were assessed by
ELISA (Fig. 2). Serum anti-CD22 antibody levels were sig-
nificantly higher in SSc patients compared with healthy
individuals (0·756 versus 0·52 OD, P < 0·05, Fig. 2). Fur-
thermore, serum anti-CD22 antibody levels were signifi-
cantly higher in SSc patients than in SLE patients (0·756
versus 0·563 OD, P < 0·05, Fig. 2). Anti-CD22 antibody
levels tended to be high in dcSSc patients compared with
lcSSc patients, although there was no statistical difference.
When an absorbance value higher than the mean � 2 s.d.
(0·982) of the healthy individuals’ samples was considered
positive, anti-CD22 autoantibodies were positive in 22% of
SSc patients (11 of 50, Fig. 2). By contrast, anti-CD22 anti-
bodies were negative in all healthy individuals. While SLE
patients did not exhibit a significant elevation of serum
anti-CD22 antibodies, four patients were positive for anti-
CD22 antibodies.

The presence of anti-CD22 antibodies was confirmed by
immunoblotting analysis using human recombinant CD22.
Serum samples from SSc patients positive for anti-CD22
antibodies by ELISA exhibited reactivity with CD22
(~127 kDa) by immunoblotting (lanes 1 and 2; Fig. 3). By
contrast, no serum samples from healthy individuals reacted
with CD22 (lane 3). Thus, the presence of anti-CD22
autoantibodies in patients with SSc was confirmed by
immunoblotting analysis.

Frequency of anti-CD22 positivity and clinical
correlation in SSc

We assessed whether patients positive for anti-CD22 anti-
bodies have common clinical features when compared with
those negative for anti-CD22 antibodies. SSc patients posi-
tive for anti-CD22 antibodies had higher modified Rodnan
TSS than those negative for anti-CD22 antibodies (16 � 11
versus 8·4 � 8·6, P < 0·05, Table 1). There was no association
with disease duration. Thus, anti-CD22 autoantibody levels
were increased in SSc patients, especially in dcSSc patients.
Patients with anti-CD22 antibodies showed higher values of
SP-D, a marker for interstitial lung disease, than those
without anti-CD22 antibodies [Table 1; SP-D, 137 (44–502)
ng/dl versus 73·2 (29·2–311) ng/dl, P < 0·05]. When dcSSc
patients were divided into those positive and negative for
anti-CD22 antibodies, the presence of anti-CD22 antibodies
showed a tendency to be associated with lower values of
%vital capacity (VC), although the difference was not statis-
tically significant (78·2% versus 99·2%, P = 0·06). Oesoph-
ageal involvement was also observed at higher positivity in
patients positive than in those negative for anti-CD22 anti-
bodies, although it was also not significant (P = 0·06). There
was no other association with the presence or absence of
disease duration or organ involvement, including heart,
kidney, joint and muscle. Anti-CD22 autoantibody levels
were not associated significantly with other anti-nuclear
antibody specificities, including antibodies against topo I,
centromere and U1RNP, although anti-topo I antibodies
were found more frequently in anti-CD22-positive patients
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Fig. 2. Anti-CD22 antibody levels in serum samples from patients

with systemic sclerosis (SSc), those with systemic lupus erythematosus

(SLE) and normal human subjects (NHS). SSc patients included 20

with diffuse cutaneous SSc and 30 with limited cutaneous SSc.

Antibody levels were determined by an enzyme-linked

immunosorbent assay using recombinant human CD22. The short
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Fig. 3. Representative immunoblotting of recombinant CD22 with

sera from patients with SSc positive for anti-CD22 autoantibody by

Western blotting. Lanes 1 and 2, serum samples from patients with

systemic sclerosis (SSc) positive for anti-CD22 antibodies by

enzyme-linked immunosorbent assay; lane 3, a serum sample from a

normal human subject (NHS).
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(Table 1; 55% versus 35%). When SSc patients positive for
anti-topo I antibodies were divided into those positive and
negative for anti-CD22 antibodies, patients positive for
anti-CD22 antibodies showed higher titres of anti-topo I
antibodies by approximately twofold than those negative
(151·3 � 60·2 IU/l versus 78·7 � 43·2 IU/l, P < 0·05). Cell-
surface CD22 expression on peripheral B cells from SSc
patients was also assessed. Patients positive for anti-CD22
antibodies exhibited slightly lower expression of CD22 than
those negative, although the difference was not significant
(92·3 � 8·4% of patients negative; P = 0·11).

Autoantibodies to CD22 in sera from SSc patients
diminish tyrosine phosphorylation of CD22

As shown above, a proportion of SSc patients produce
autoantibodies to B cell surface molecule CD22, while
whether these autoantibodies can affect B cell functions was
unclear. Because CD22 functions are regulated by tyrosine
phosphorylation on the cytoplasmic domain of CD22 [27],
we examined whether anti-CD22 autoantibodies can affect
their tyrosine phosphorylation using a human B cell line,
BJAB cells.

CD22 has six tyrosine residues, which are phosphorylated
by Lyn upon BCR ligation. We have previously generated
polyclonal antibodies that recognize phosphorylation of
four tyrosine residues that are demonstrated to have critical
functions [27]. BJAB cells were preincubated with sera from
SSc patients with anti-CD22 antibodies or from healthy indi-
viduals before they were stimulated with F(ab′)2 fragments
of anti-human IgM antibody. Preincubation with serum
samples from patients or controls did not alter cell surface
CD22 expression significantly (data not shown). Stimulation
using F(ab′)2 anti-human IgM antibody was confirmed to
induce Lyn kinase activation as well as intracellular [Ca2+]
increase (data not shown). Anti-IgM stimulation induced
intense phosphorylation on all four tyrosine residues of
CD22, as reported previously (Fig. 4a, centre lane) [27].
However, preincubation with serum samples positive for
anti-CD22 antibodies reduced phosphorylation of the four
tyrosines significantly when BJAB cells were stimulated iden-
tically otherwise (Fig. 4a, right lane and 4b; P < 0·05). This
reduction in CD22 phosphorylation was not observed when
BJAB cells were preincubated with serum samples from con-
trols (Fig. 4b). The same assay was performed using serum
samples of SSc patients from whom anti-CD22 antibodies

Table 1. Clinical and laboratory characteristics of patients with systemic sclerosis (SSc) positive for anti-CD22 autoantibodies

Anti-CD22

positive (n = 11)

Anti-CD22

negative (n = 32)

Sex (female/male) 9/2 26/6

Clinical features

Median (range) TSS 13 (1–39)* 5 (1–40)

Pitting scar 56 42

Nailfold bleeding 78 85

Raynaud’s phenomenon 77 87

Organ involvement

Pulmonary fibrosis 64 70

Decreased %VC 36 13

Decreased %DLco 64 59

Heart 0 21

Kidney 11 0

Joint 33 29

Oesophagus 89 47

Muscle 11 29

Laboratory data

Positive anti-topoisomerase I antibody 55 35

Positive anti-centromere antibody 33 35

Positive anti-U1RNP antibody 0 5·8

Elevated CRP level 0 13

Elevated ESR 36 25

IgG, median (range) mg/dl 1420 (1199–2790) 1385 (846–2541)

SP-A, median (range) ng/dl 46·7 (19·1–56·9) 36·8 (8·3–158)

SP-D, median (range) ng/dl 137 (44–502)* 73·2 (29·2–311)

KL-6, median (range) U/ml 370 (201–1156) 269 (138–2629)

*P < 0·05. Unless noted otherwise, values are percentages. TSS, modified Rodnan total skin thickness score; VC, vital capacity; Dlco, diffusing

capacity for carbon monoxide; SP-A, pulmonary surfactant protein A; SP-D, pulmonary surfactant protein D; KL-6, sialyated carbohydrate antigen

KL-6; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
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were removed using recombinant CD22 protein. Removal of
anti-CD22 antibodies in the patients’ sera restored normal
CD22 phosphorylation in all four tyrosines (Fig. 4b), while
preincubation with control Fc did not affect CD22 phospho-
rylation (data not shown). That the antibodies were respon-
sible for decreasing CD22 tyrosine phosphorylation was also
confirmed by purified IgG fraction from the patients’ sera,
which showed identical results to whole serum samples
(Fig. 4b). Therefore, anti-CD22 autoantibodies had the
ability to reduce BCR-induced tyrosine phosphorylation of
CD22.

Several SLE patients were also positive for anti-CD22 anti-
bodies (Fig. 2). While preincubation with serum samples
from SLE patients positive for anti-CD22 antibodies reduced

phosphorylation of the four tyrosines (Fig. 4b, P < 0·05),
sera from SSc patients negative for anti-CD22 antibodies did
not affect normal CD22 phosphorylation (Fig. 4b). There-
fore, the existence of serum anti-CD22 antibodies that were
capable for reducing CD22 phosphorylation was not specific
for SSc patients.

To clarify the consequence of decreased CD22 pho-
sphorylation, tyrosine phosphorylation status of CD19 was
assessed. Preincubation with serum samples positive for
anti-CD22 antibodies increased tyrosine phosphorylation of
CD19 significantly (Fig. 4c, P < 0·05). Cell-surface CD19
expression was not altered (data not shown). Therefore, anti-
CD22 autoantibodies had the ability to not only reduce
BCR-induced tyrosine phosphorylation of CD22, but also to
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Fig. 4. The effect of anti-CD22 autoantibodies on B cell antigen receptor (BCR)-induced tyrosine phosphorylation of CD22. (a) B lymphoblastoid

cell lines (BJAB) cells were preincubated with sera from systemic sclerosis (SSc) patients positive for anti-CD22 antibodies (right lane) or from

healthy individuals (left and centre lanes) before they were stimulated with F(ab′)2 fragments of anti-human immunoglobulin (Ig)M antibody for

0 min (left lane) or 3 min (centre and right lanes). Lysed cells were subjected to sodium dodecyl sulphate-polyacrylamide gel electrophoresis

(SDS-PAGE) and subsequent Western blotting with antibodies to phosphotyrosines of CD22. Anti-extracellular-regulated kinase 2 (ERK2) blotting

was performed for a loading control. (b) The intensity of each CD22 tyrosine phosphorylation in BJAB cells was quantified as a ratio to the

phosphorylation level induced by anti-IgM ligation. Phosphorylation levels induced by anti-IgM ligation without serum preincubation were defined

as 100% (none). As described in (a), prior to stimulation, BJAB cells were preincubated with serum samples from normal healthy subjects (NHS),

those from SSc patients positive for anti-CD22 antibodies (Pt), the same anti-CD22-positive sera from which anti-CD22 antibodies were removed

using recombinant CD22 protein-conjugated beads (Pt, preabsorbed), purified IgG from the same anti-CD22-positive sera (Pt, purified IgG), serum

samples from systemic lupus erythematosus (SLE) patients positive for anti-CD22 antibodies (SLE) or SSc patients negative for anti-CD22

antibodies (SSc, antibody-negative). *P < 0·05. (c) The effect of anti-CD22 autoantibodies on BCR-induced tyrosine phosphorylation of CD19.

BJAB cells were processed as described in (b), followed by Western blotting by anti-phospho-CD19 antibody. The intensity of each CD19 tyrosine

phosphorylation in BJAB cells was quantified as a ratio to the phosphorylation level induced by anti-IgM ligation. Phosphorylation levels induced

by anti-IgM ligation without serum preincubation were defined as 100% (none). *P < 0·05.
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enhance CD19 tyrosine phosphorylation induced by BCR
cross-linking.

Discussion

The current study revealed that anti-CD22 autoantibodies
were present in the sera from SSc patients (Figs 2 and 3).
Anti-CD22 antibodies from SSc patients’ sera were capable
of reducing BCR-mediated phosphorylation of all four
major CD22 tyrosine motifs (Fig. 4), suggesting that anti-
CD22 antibodies can modulate the B cell response. Thus, a
subset of SSc patients possessed autoantibodies reacting to a
major inhibitory B cell response regulator, CD22, and these
antibodies can interfere with the CD22-mediated suppres-
sion onto B cell activation in vitro, suggesting that autoanti-
bodies produced by B cells can modulate the functions of B
cells themselves.

While anti-CD22 antibodies were detected at high fre-
quency in TSK/+ mice (80%, Fig. 1), human SSc patients
possessed anti-CD22 antibodies at a much lower frequency
(22%). Therefore, B cell hyperactivation in SSc patients
is not explained solely by the presence of anti-CD22
antibodies. With regard to clinical correlation, modified
Rodnan TSS was significantly higher in SSc patients positive
than those negative for anti-CD22 autoantibodies. Thus,
anti-CD22 antibodies may be associated with an accelerating
fibrotic process. None the less, while anti-CD22 antibodies
were not detected in healthy subjects, anti-CD22 antibodies
were also detected in comparable frequency in sera from
patients with SLE (Fig. 2). Anti-CD22 autoantibodies from
SLE patients’ sera also had the ability to reduce CD22 phos-
phorylation at the same levels observed in those from SSc
patients’ sera (Fig. 4b). This suggests that these autoantibod-
ies are not specific to SSc and may occur in other autoim-
mune disorders. Therefore, anti-CD22 autoantibodies may
drive B cell activation in autoimmune diseases and that,
in SSc, augmented B cell activation possibly contributes
co-operatively to the fibrotic process with other multiple
fibrosing factors that are specific for SSc and are not dysregu-
lated in other autoimmune diseases. Thus, anti-CD22
autoantibodies may not have the ability to induce sclerosis
solely, but may serve as an exacerbating factor in a propor-
tion of SSc patients. The mechanisms of how CD22 become
a target in SSc are also unclear. As CD22 is a highly glycosy-
lated surface protein, unglycosylated forms expressed during
the inflammatory process may serve as an antigenic
molecule. Alternatively, unknown cross-reactivity with
microorganisms may trigger the induction. Collectively, this
novel mechanism of autoantibody-mediated B cell activa-
tion may contribute to B cell-driven autoimmune mecha-
nism in SSc and other connective tissue diseases.

Although the mechanism of how anti-CD22 antibodies
decrease CD22 phosphorylation remains unsolved, there are
several possibilities. CD22 expression appears on the cell
surface of IgM+IgD+ mature B cells and disappears with dif-

ferentiation to plasma cells. CD22 is a potent intercellular
adhesion molecule recognized as a member of the ‘siaload-
hesin’ or ‘SIgLec’ family [40,41]. Through binding with sialic
acids, CD22 is associated constitutively with the BCR by way
of cis interactions [42]. Anti-CD22 antibodies may disturb
the association between BCR and CD22. Alternatively, as
antibody binding to the CD22 ligand-recognition site is
reported to lead to prompt internalization of the molecule
[43], anti-CD22 ligation may lead to the internalization of
surface CD22 into the cytoplasm, which results in inhibitory
feedback onto BCR from CD22. Decreased CD22 phospho-
rylation by anti-CD22 antibody ligation is likely to result in
B cell activation, as it also increased tyrosine phosphoryla-
tion of CD19 (Fig. 4c). CD19 is also a B cell-specific cell-
surface molecule that critically regulates B cell activation
thresholds [31]. Thus, the dysregulated CD19/CD22 loop
may lead to amplification of autoimmunity.

Whether anti-CD22 autoantibodies have an agonistic or
antagonistic role in autoimmunity is important. Because
anti-CD22 antibodies diminish BCR-induced tyrosine
phosphorylation of CD22, anti-CD22 antibodies can be
considered theoretically to serve as an accelerator of BCR
signalling. However, this is not simple, because CD22 itself
has both positive and negative effects on B cell function.
CD22 regulates B cell activation negatively, while CD22
regulates B cell survival positively [23,44]. Moreover, by con-
trast, CD22 can also regulate B cell survival negatively in the
presence of CD40 signalling [45]. Thus, CD22 function is
determined by the circumstance (such as the presence of
other signals) as well as the nature of B cell itself (such as the
developmental stage and naive/memory). Furthermore, B
cells can also be classified into effector and regulatory subsets
[16]. B cells can play not only a pathogenic role but also a
protective role. Therefore, the effect of anti-CD22 antibodies
also depends upon the B cell role in the disease. This issue is
especially important because CD22 is a promising therapeu-
tic target by monoclonal antibody therapy. Epratuzumab, an
anti-CD22 humanized monoclonal antibody, is currently
undergoing clinical trials in SLE and Sjögren’s syndrome
[46–48], where its efficacy has been proved. In mice, anti-
CD22 antibody treatment is effective particularly for mar-
ginal zone B cell population [43]. Because marginal zone B
cells are important both for accelerating and protecting
roles for autoimmunity [14,49], the relevance of anti-CD22
autoantibodies in vivo is intriguing and needs further
clarification.

We have reported herein that functional autoantibodies to
CD22 are present in sera from SSc patients. Several studies
have demonstrated that the CD19/CD22 autoimmune loop
plays a critical role in SSc and autoimmune diseases [31].
CD19 deficiency in TSK/+ mice results in remarkable reduc-
tion of hypodermal thickening [50]. B cells from TSK/+
mice exhibited chronically activated phenotypes, such as
decreased IgM expression and increased I-A expression [32].
In particular, TSK/+ B cells showed lower phosphorylation
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of CD22 and augmented phosphorylation of CD19, hence
mounting an exaggerated [Ca2+]i response upon BCR stimu-
lation [32]. Thus, anti-CD22 autoantibodies can interfere
with the suppressive mechanism onto B cell activation pro-
vided by the CD19/CD22 regulatory loop. This suggests the
hypothesis that in autocrine B cell activation, B cells pro-
duce functional autoantibodies with enhanced activation of
B cells themselves, resulting in amplifying the immune
response. This potential mechanism of autoantibody-
mediated B cell activation may be involved in the pathogen-
esis of SSc. Recently, B cells have been considered to be an
attractive therapeutic target in SSc [17,51]. We have reported
that B cell depletion therapy by anti-mouse CD22 antibody
resulted in reduction of hypodermal fibrosis in TSK/+ mice
by approximately 50% [52]. In human SSc patients, B cell
depletion therapy by rituximab has been reported not to
affect TSS in a study [53], while two other studies reported
efficacy in reducing TSS [54,55]. Therefore, while it is still
controversial whether B cell depletion therapy is useful for
SSc, modulating B cell activation that may contribute to the
fibrotic process regulated co-operatively by other multiple
factors can be a candidate for therapeutic strategies for SSc.
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