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systemic sclerosis (ssc) is characterized by extensive collagen 
deposition, microvasculopathy and autoantibodies. All three 
features can be promoted by activation of T cells and B cells. 
T cells are of Th2 type producing profibrotic cytokines Il-4 and 
Il-13 and inducing dendritic cell maturation that promotes 
Th2 response. B cells are overactivated and promote fibrosis 
by autoantibodies that activate fibroblasts or inhibit the 
degradation of extracellular matrix. They also promote fibrosis 
by cell-cell contact with fibroblasts or dendritic cells. B cells, 
through autoantibodies, may promote vasoconstriction and 
obliterative vasculopathy. They may also sustain activation 
of T cells by functioning as antigen-presenting cells. An 
immunoregulatory subset of B cells, namely Il-10-producing 
Bregs, is decreased in ssc. Finally, B cells have a critical 
role in animal models of ssc. All this evidence suggests an 
important role for B cells in the pathogenesis of ssc and 
makes B cells a potential target for therapeutic intervention 
in this disease. 
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ABsTRAcT:

KeY woRds:

s ystemic sclerosis (SSc) is characterized by extensive 
fibrosis in skin and internal organs, vasospastic episodes 

(Raynaud’s phenomenon) and fibrointi-
mal proliferation of microvascular vessels, 
and autoantibodies [1]. The pathogenesis 
of SSc is incompletely understood. Raynaud’s phenomenon and 
microvasculopathy may appear years before skin fibrosis [2], 
and endothelial cell apoptosis was shown to be an early event in 
an avian SSc model and was also detected 
in early human SSc [3]. Autoantibodies 
may also appear years before skin fibro-
sis and some of them, such as anti-topoisomerase I antibodies 
and anticentromere antibodies, are characteristic of SSc and 
are associated with the SSc skin extent [4]. These two features, 
Raynaud’s phenomenon and autoantibodies, are now included 
in the new classification criteria for SSc. 

Activation of fibroblasts is an absolute requirement for exces-
sive collagen deposition, and some evidence suggests that this 

activation may be initiated and/or propagated by T cells and 
B cells. The role of T cells in SSc has been outlined previously 
[5-7]. Briefly, T cells are detected in skin biopsies early in the 
disease process before histological fibrosis and there are signs 
of activation of T cells in the skin. In SSc skin these T cells bear 
markers of activation [8,9]. Sequence analysis of the β-chain of T 
cell antigen receptor from SSc skin biopsies revealed oligoclonal 
T cells, and in one patient the same clone persisted over time 
(in three available biopsies over 13 months). These findings 
indicated an antigen-driven expansion of T cells in skin lesions 
[10]. There are signs of T cell activation in peripheral blood 
as well. T cells are of Th2 type producing profibrotic IL-4 and 
IL-13. T cells can also induce maturation of dendritic cells that 
promote th2 response [7]. Deletion of the IL-4 or IL-4 receptor 
gene in animal models of SSc, namely TSK-positive mice and 
bleomycin-induced mouse model, reduced fibrosis. This finding 
demonstrates the importance of IL-4 in fibrosis [6,7].

B cells PRoMoTe FIBRosIs And 
vAsoconsTRIcTIon In ssc
Although B cells are variably detected in SSc skin lesions, there 
is sufficient evidence to implicate B cells in the pathogenesis of 
SSc. B cells are overactivated in SSc. Firstly, SSc B cells overex-
press the B cell stimulatory receptor CD19 by 30–50% [11,12]. 
It should be mentioned that overexpression of CD19 by 15–29% 

in a transgenic mouse cell line resulted in 
spontaneous autoantibody production 
[11], whereas in TSK-positive mice, an 

animal model of SSc with skin fibrosis and autoantibodies, 
CD19 depletion completely inhibited autoantibody produc-
tion and reduced skin fibrosis [13]. Secondly, the inhibitory 

B cell receptor CD22 is inhibited in SSc. 
Many patients with SSc have anti-CD22 
autoantibodies that are functional and 

inhibit the CD22 inhibitory signals [14].
B cells can promote fibrosis through cytokines, autoantibod-

ies, and cell-cell contact with dendritic cells and fibroblasts, or 
through the deficiency of regulatory B cells (Bregs). They may also 
function as antigen-presenting cells (APC) and thus affect T cell 
activation. On the other hand, B cell depletion therapy with ritux-
imab (anti-CD20 monoclonal antibody) decreases skin fibrosis.
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B cell cYToKInes PRoMoTe FIBRosIs
B cells can produce transforming growth factor-beta (TGFβ) 
[15] and IL-6 which are increased in SSc [16]. TGFβ is a 
powerful profibrotic cytokine, and IL-6 is a growth factor for 
fibroblasts, increasing collagen production [17]. On the other 
hand, anti-IL-6 receptor monoclonal antibody decreased skin 
thickness in patients with SSc [18] and in a bleomycin-induced 
mouse model of SSc [16].

AuToAnTIBodIes PRoMoTe FIBRosIs
Some autoantibodies detected in patients with SSc promote fibro-
sis, either by activating fibroblasts or by inhibiting matrix metal-
loproteinases (MMPs). These autoantibodies act against various 
antigens including constituents of fibroblasts, and endothelial 
cells. Autoantibodies may also target platelet-derived growth 
factor receptor (PDGFR) [19], fibrillin, matrix metalloproteinase 
(MMP)-1 [20], MMP-6, endothelin type A receptor (ETAR), and 
angiotensin type 1 receptor (AT1R) 
[6,21]. Anti-ETAR are agonists that 
activate fibroblasts, cause vasocon-
striction and activate T cells [21-23]. 
Anti-AT1R autoantibodies are also agonists causing vasoconstric-
tion and fibroblast activation [21,23,24]. Furthermore, anti-ETAR 
and AT1R antibodies injected into mice induced obliterative 
pulmonary arteriopathy [25].

B cells PRoMoTe FIBRosIs BY cell-cell conTAcT
B cells can promote fibrosis by cell-cell contact with fibroblasts 
or dendritic cells [Figure 1]. Co-culture of B cells with fibroblasts 
induced contact-dependent fibroblast collagen production [26]. 
Also, culture of B cells with dendritic cells induces dendritic cell 
maturation that favors Th2 over Th1 response [27].

deFIcIencY oF BReGs exPecTed To FAcIlITATe FIBRosIs
Regulatory B cells (Bregs) are a small subset of B cells and have a 
very important function [28]. Bregs inhibit Th1 and Th17 differ-
entiation and expand/maintain T regulatory cells (Tregs), thus 
ameliorating autoimmune diseases [29-32]. IL-10-producing 
Bregs were found reduced in SSc, particularly in SSc-associated 
interstitial lung disease [12,33]. Furthermore, Bregs numbers 
were negatively correlated with SSc-specific autoantibodies, 
anti-topoisomerase I and anti-centromere antibodies [33]. 
IL-10-producing Bregs were also decreased in human chronic 
graft-versus-host disease, a model for SSc [34]. 

B cells MAY FuncTIon As APc And Reduce T cell AcTIvATIon
B cells can be antigen-presenting cells and by B cell/T cell talk sus-
tain T cell activation in certain environments [35]. It is likely that 
this may operate in SSc, given the therapeutic efficacy of rituximab 
in SSc [36]. In patients with IgG4-related disease, a fibro-inflam-

matory condition characterized by 
fibrosis and lymphoplasmacytic 
infiltration, rituximab administra-
tion reduced activated fibroblasts, B 

lymphoplasmacytic and T cell infiltrates in lesions [37].

B cell dePleTIon TheRAPY decReAses FIBRosIs
In a small series of patients with SSc, B cell depletion with 
anti-CD20 monoclonal antibody (rituximab) decreased skin 
thickness and stabilized lung fibrosis [36], thus reinforcing the 
importance of B cells in SSc. 

B cells ARe cRITIcAl FoR The InducTIon oF exPeRIMenTAl ssc
B cells were found to be important in animal models of SSc. 
In TSK-positive mice and in bleomycin-induced SSc mouse 
model, deletion of CD19 inhibited autoantibody production 
and reduced fibrosis [38]. The importance of B cells in SSc is 
summarized in Table 1. 

Il-10-producing Bregs are reduced in 
ssc, particularly in ssc-associated 

interstitial lung disease

Table 1. Evidence for the importance of B cells in systemic sclerosis

• B cells are overactivated
• B cells promote fibrosis through autoantibodies that activate 

fibroblasts 
• B cells, through autoantibodies, inhibit the degradation of 

extracellular matrix 
• B cells promote fibrosis through cell-cell contact with fibroblasts
• B cells promote fibrosis through cell-cell contact with dendritic cells
• B cells, through autoantibodies, may promote vasoconstriction and 

obliterative vasculopathy 
• B cells might function as antigen-presenting cells and thus sustain 

activation of T cells
• Il-10-producing regulatory B cells, which expand regulatory T cells, 

are decreased in ssc
• B cell depletion treatment with rituximab decreases skin fibrosis in 

patients with ssc
• B cell CD19 deletion in TsK-positive mice and bleomycin-induced 

ssc mouse model inhibits autoantibody production and decreases 
fibrosis

Figure 1. In systemic sclerosis, interaction among B cells, T cells 
and dendritic cells results in autoantibodies and cytokines that 
activate fibroblasts and promote fibrosis

TGFβ = antibodies against transforming growth factor-beta,  
Il = interleukin, aPDGFR = antibodies against platelet-derived growth 
factor receptor, aAT1R = antibodies against angiotensin type 1 receptor, 
aETAR = antibodies against endothelin type A receptor
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FuTuRe PeRsPecTIves
Having outlined the importance of B cells in the pathogenesis 
of SSc, it appears we should target B cells therapeutically in this 
devastating disease. B cell depletion with rituximab is a promis-
ing strategy and should be tested in a proper randomized con-
trolled trial. Expanding Bregs ex vivo and re-infusing them back 
to the patient might be another strategy [12]. The therapeutic 
efficacy of B cell depletion with rituximab does not necessar-
ily contradict the latter strategy. At present we do not know if 
Bregs are resistant to rituximab or if Bregs recover early during 
reconstitution of B cell population after rituximab treatment.
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