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1. Introduction 

Systemic sclerosis (SSc) is a complex systemic autoimmune rheumatological disease 

characterized by vascular damage, immunological abnormalities and fibrosis of the skin and 

internal organs. Diffuse cutaneous SSc (dcSSc) is a more severe form of the disease with a 

worse prognosis and is characterized by extensive skin lesions and severe cardiac, pulmonary, 

renal and gastrointestinal symptoms [1]. B cells play a role in the pathogenesis of SSc through 

several functions, such as the production of autoantibodies and cytokines, the regulation of T 

cell and dendritic cell functions and altered antigen presentation [2]. It is also known that B-

cell activation is an early event in the development of the disease [3].  

In SSc, the most obvious sign of impaired B-cell tolerance is the high levels of 

circulating autoantibodies in the serum of patients. Anti-nuclear autoantibodies (ANA) directed 

against various nuclear components, including anti-topoisomerase I (anti-topo I), anti-

centromere (ACA) and anti-RNA polymerase III, are typical and they correlate with disease 

severity [2]. In SSc, increased production of IL-6 and TGF-β by B cells has been described, 

which contribute to antibody production and the development of fibrosis  [4,5]. Furthermore, 

decreased numbers and impaired function of IL-10 producing regulatory B cells were observed 

in SSc  [6]. 

In addition to altered B-cell homeostasis, a different distribution of B-cell compartments 

was also observed in SSc. Naive B cells are increased, whereas memory B cells are decreased 

but activated in the peripheral blood of patients [7]. Our research team has previously shown 

that reduced memory B-cell levels in patients with SSc may be due to a reduction in the number 

of non-switched memory (NS) B-cells, which are thought to be able to produce natural 

autoantibodies [8].  

Natural antibodies are low-affinity, polyreactive, mostly IgM isotype antibodies 

directed against various evolutionarily conserved antigens, and play an important role in 

defense against pathogens and infections, modulating innate and acquired immune responses 

and regulating inflammatory and autoimmune processes [9]. Our research team has previously 

shown that natural autoantibodies against the mitochondrial inner membrane enzyme citrate 

synthase (CS) and the F4 epitope of topoisomerase I are present in the serum of healthy 

individuals and autoimmune patients [10,11]. 

B cell function is known to be regulated by innate immune molecules such as Toll-like 

receptors (TLRs) [12]. TLRs are able to recognize pathogen-associated molecular patterns 
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(PAMPs) and contribute to the development of an effective immune response by serving as a 

first line of defense and early recognition of the invading pathogen [13]. Altered expression and 

function of several TLRs have been observed in autoimmune diseases [14].  

CD180 is a TLR homologue membrane protein lacking the intracellular TIR signaling 

domain [15]. CD180 was originally identified as a B-cell surface molecule capable of inducing 

polyclonal B-cell activation, proliferation and robust immunoglobulin (Ig) production [16]. In 

patients with systemic lupus erythematosus (SLE), an increase in the proportion of CD180-

negative B cells was observed, which was associated with disease severity [17]. 

Phosphatidylinositol 3-kinase (PI3K)/Akt and the mammalian target of rapamycin 

(mTOR) signaling pathway appear to play a key role in the pathogenesis of SSc, in particular 

in two typical features of SSc, fibrogenesis and B-cell activation [18,19]. TLR and B-cell 

activating factor (BAFF)-mediated effects also act through the PI3K/Akt/mTOR pathway [20].  

 BAFF plays an important role in B-cell survival and homeostasis, its  increased level 

have been observed in SSc, contributing to the breakdown of B-cell tolerance by protecting 

autoreactive B-cells [21,22]. Increased levels of anti-BAFF autoantibodies have been observed 

in SLE, which may regulate BAFF activity [23]. BAFF is able to bind to several receptors on 

B cells, such as the BAFF receptor (BAFF-R), which is a positive regulator of B cell 

homeostasis providing a continuous survival signal, and the transmembrane activator and 

calcium modulator and cyclophilin ligand interactor (TACI), which stimulates Ig isotype 

switching and plasma cell differentiation [24,25].  
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2. Aims 

 

Our main objective was to investigate the possible role of the TLR homologue CD180 mediated 

B-cell activation in the pathogenesis of dcSSc.  

 

Our specific objectives: 

1. To determine the expression of CD180 molecule in peripheral blood B cells from early 

dcSSc patients compared to healthy individuals. 

2. To investigate the effect of stimulation via CD180 on the phosphorylation of Akt, S6 

and NF-κB molecules,which are related to signaling pathways that play a crucial role in 

both SSc pathogenesis and B cell activation, in B cells of dcSSc patients compared to 

healthy individuals.  

3. To measure anti-BAFF autoantibody levels in serum samples from dcSSc patients 

compared to healthy individuals. 

4. To determine the expression of BAFF receptors in B-cells and B-cell subsets from 

dcSSc patients compared to healthy individuals and to investigate the effect of 

stimulation via the CD180 molecule on BAFF receptor expression. 

5. To model the possible role of CD180 in the pathogenesis of SSc using tonsillar B cells: 

a. To investigate B cell activation, cytokine and antibody production after anti-

CD180 antibody treatment. 

b. To study whether the presence of another TLR ligand (CpG) affects the effect of 

CD180 ligation on these B cell functions. 
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3. Materials and methods 

3.1. Samples 

We used peripheral blood samples from 30 early dcSSc patients for our studies on peripheral 

blood B-cells. All patients fulfilled the 2013 ACR/EULAR SSc classification criteria. Controls 

(n=36) were age and sex-matched healthy individuals (HC). For our studies on tonsillar B cells, 

we used tonsillar samples from asymptomatic children who had undergone routine 

tonsillectomy. 

3.2. Mononuclear cell isolation, B cell separation and cell stimulation  

Mononuclear cells were isolated from peripheral blood samples or from manually 

homogenized tonsillar cell suspensions by Ficoll density gradient centrifugation, followed by 

purification of B cells by magnetic bead-based negative selection. The natural ligand of the 

CD180 molecule is unknown, therefore monoclonal anti-CD180 antibody was used to stimulate 

B cells via the CD180 molecule. Anti-human CD180 antibody and TLR9 ligand CpG were both 

used at a concentration of 1 ug/ml. 

3.3. RNA isolation, cDNA Synthesis and qPCR 

After RNA isolation from the isolated B-cells and cDNA generation, the expression of 

CD180 and BAFF-R mRNA was determined by qPCR using GAPDH as a reference.  

3.4. ELISA and MAGPIX measurements 

The levels of natural autoantibodies (anti-CS and anti-topo I antibodies) were measured 

from the supernatants of stimulated tonsillar B cells using in-house ELISA tests, and the levels 

of cytokines (IL-6 and IL-10) were determined using commercial ELISA kits. Luminex 

MAGPIX method was used to quantify anti-BAFF autoantibodies in the serum of dcSSc 

patients and HCs. 

3.5. Flow cytometry 

In our flow cytometry studies, B cells were identified using the CD19 cell line marker and 

the CD27 and IgD markers were used to identify the following 4 B cell subsets: CD27+IgD+ 

non-switched memory (NS), CD27+IgD- switched memory (S), CD27-IgD- double negative 

(DN) and CD27-IgD+ naive B cells. Furthermore, flow cytometry assays were also used to 

determine CD180, BAFF-R and TACI protein expressions. Phosphorylation assays of Akt, S6 

and NF-κB signaling molecules were performed using the BD Phosflow protocol and flow 

cytometry.  



6 
 

4. Results and conclusions 

4.1. Investigation of the effects of stimulation via the CD180 molecule on peripheral blood 

B cells in dcSSc patients 

Studies on the involvement, the contribution of innate immune molecules to B-cell 

dysfunction in SSc are scarce. The TLR homologue CD180 is able to activate the majority of 

B cells and induce phenotypic and functional changes. Elevated levels of CD180-negative B 

cells have been described in SLE patients and in a mouse model of SLE. We were the first to 

determine that peripheral blood B cells of dcSSc patients showed diminished expression of the 

CD180 molecule at both protein and mRNA levels, suggesting a possible role for the CD180 

molecule in B cell dysfunction in SSc. 

PI3K/Akt/mTOR signaling contributes to the development of fibrosis in SSc and inhibition 

of the pathway prevents fibrosis development in a bleomycin-induced SSc mouse model. In 

addition, the PI3K/Akt/mTOR pathway plays an important role in B-cell activation and 

differentiation and B cells are known to play a key role in the pathogenesis of SSc. Furthermore, 

TLRs also act through this signaling pathway and stimulation via CD180 has been described to 

increase the phosphorylation of Akt in B cells from B-CLL patients. We showed that 

stimulation via CD180 increased phosphorylation of Akt and S6 in both dcSSc and HC B cells, 

however, we observed lower levels of Akt activation in dcSSc than in HC, suggesting an 

impairment of CD180 signaling in the PI3K/Akt pathway in B cells from dcSSc patients. 

Previously, decreased phosphorylation of mTOR was observed in B cells from SSc patients. 

In contrast, we found no difference in S6 phosphorylation between dcSSc and HC B cells, 

suggesting that alterations in mTOR pathway in SSc B cells may influence other down-stream 

molecules than S6. NF-κB is an important central pathway that interacts with several other 

upstream and downstream signaling pathways, including the PI3K/Akt/mTOR pathway. 

Furthermore, it is known that stimulation via TLRs can trigger NF-κB activation. In our studies, 

anti-CD180 antibody treatment increased NF-κB phosphorylation in B cells both in dcSSc and 

HC, but to a lesser extent in dcSSc, suggesting an impairment of CD180 signaling in the NF-

κB pathway in B cells from dcSSc patients. 

The PI3K/Akt/mTOR pathway also plays an important role in the BAFF-mediated B-cell 

activation and differentiation. BAFF is essential for B cell survival, maturation and 

homeostasis. Increased BAFF may contribute to the development of systemic autoimmune 
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diseases by disrupting B-cell tolerance. Elevated levels of BAFF have been observed in patients 

with SSc, which correlated with disease severity and activity. Although autoantibodies against 

BAFF have also been detected in the serum of healthy individuals, elevated levels have been 

observed in patients with SLE. Examining the levels of anti-BAFF autoantibodies in patients 

with SSc, we obtained similar results to those observed in patients with SLE, levels of anti-

BAFF autoantibodies were higher in dcSSc patients than in HCs. This suggests that the 

increased levels of anti-BAFF autoantibodies may be part of a regulatory mechanism in 

response to the elevated BAFF levels observed in SSc patients.  

BAFF is able to bind to multiple receptors on B cells thus exert different effects. BAFF-R 

is involved in normal B cell development and survival, while TACI stimulates Ig isotype 

switching and plasma cell differentiation. Our studies have shown decreased expression of 

BAFF-R at protein and mRNA levels and increased expression of TACI at protein level in B 

cells from dcSSc patients compared to HCs. The decreased expression of BAFF-R and 

increased expression of TACI in B cells from SSc patients may contribute to the differentiation 

of autoreactive B cells into antibody-producing plasma cells and it is well known that 

autoantibodies play a key role in the pathogenesis of SSc.  

Differences in BAFF-R and TACI expression observed in B cells from dcSSc patients and 

HCs may be due to different expression of these molecules in naive B cells, since examining 

BAFF-R and TACI expression of B cell subsets identified by CD27 and IgD labelling, we found 

decreased BAFF-R and increased TACI expression in naive B cells in dcSSc. The significance 

of this finding is highlighted by the increased proportion of naive B cells observed in SSc 

patients and these results provide further evidence that differences in the distribution of B cell 

subsets, in particular an increase in the number of naive B cells, may play an important role in 

the development of SSc.  

TLR signaling can influence the expression of BAFF receptors, therefore we investigated 

the effect of activation via CD180 on the expression of BAFF-R and TACI of B cells and B cell 

subsets defined by CD27 and IgD labeling, in dcSSc and HC. We showed that CD180 ligation 

resulted in decreased expression of BAFF-R and increased expression of TACI in HC B cells, 

reaching levels observed in dcSSc. This change may also be due to differences in naive B-cells, 

as stimulation via CD180 increased BAFF-R and decreased TACI expression in naive B-cells 

from HCs, reaching the levels observed in naive B-cells from dcSSc patients. Our results raise 

the possibility of an impairment of CD180 signaling in B cells in dcSSc patients, which may 

contribute to a pathological shift in BAFF signaling, particularly in naive B cells.  
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4.2. Investigation of the effects of stimulation via CD180 on tonsillar B cells 

In our studies on tonsillar B cells, we have shown that CD180 expression in tonsillar B cells 

is downregulated following stimulation via the CD180 molecule. It is known that in SLE, 

CD180-negative B cells are highly activated and that CD180 can be internalized following anti-

CD180 antibody binding. These findings suggest that increased B-cell activation via CD180 

may be a possible explanation for the reduced CD180 expression observed in B-cells from SSc 

patients. 

First, we examined the expression of CD180 molecule in the B-cell subsets identified by 

CD27 and IgD labelling and showed that the proportion of CD180+ cells was highest in the NS 

B-cell subset. Anti-CD180 antibody treatment significantly decreased the proportion of 

CD180+ cells in all investigated B-cell subsets, suggesting that CD180 ligation stimulates 

CD180 internalization. In addition, we showed that anti-CD180 antibody stimulation decreased 

the expression of CD180 mRNA supporting the possibility of CD180 autoregulation by B cells.  

Stimulation via CD180 can activate marginal zone (MZ) B cells. NS B-cells represent the 

MZ-derived B-cells in human peripheral blood and our results showed that NS B-cells were the 

most activated among B-cell subsets following anti-CD180 antibody stimulation when 

examined for expression of CD69, an early activation marker. 

Our research team has previously shown that the proportion of NS B cells is decreased in 

SSc. Like B1 B cells, NS B cells may also be able to produce natural autoantibodies. Natural 

IgM autoantibodies are polyreactive and play an important role in the clearance of damaged 

molecules and cells and in the regulation of inflammatory and autoimmune processes. We 

investigated the effect of stimulation via TLRs on natural autoantibody production by tonsillar 

B cells and found that simultaneous administration of anti-CD180 antibody and TLR9 ligand, 

CpG, significantly increased the production of anti-CS and anti-topo I IgM autoantibodies, 

suggesting a synergistic effect of anti-CD180 antibody and TLR9 ligand on natural 

autoantibody production. Anti-CD180 antibody treatment alone increased the amount of 

produced anti-topo I IgM antibody, but did not affect anti-CS IgM antibody production. The 

CS molecule is not a target for disease-specific pathological antibodies, whereas natural anti-

topo I autoantibodies are directed against topo I, which is the target antigen for SSc-specific 

pathological autoantibodies (anti-Scl-70). Activation of B cells via CD180 may play a role in 

regulating the levels of natural IgM antibodies directed against the target antigen of pathological 

antibodies.  
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Elevated serum levels of IL-6 have been observed in patients with SSc and SLE, and in 

addition, The IL-6 production production by B cells promotes the formation of autoimmune 

germinal centers and thereby the development of the disease in a mouse model of SLE. In 

addition, IL-6 plays a role in plasma cell differentiation and survival. In our studies, anti-CD180 

antibody treatment stimulated IL-6 production by tonsillar B cells, which was increased by the 

addition of CpG. This suggests that B cell activation via CD180 alone, or in combination with 

TLR9 ligand may contribute to plasma cell differentiation and antibody production.  

Decreased number and impaired function of regulatory B cells have been described in 

patients with SSc, therefore we also examined the effect of anti-CD180 antibody treatment on 

IL-10 production by tonsillar B cells. IL-10 production was only enhanced only by anti-CD180 

antibody and CpG co-treatment suggesting a synergistic effect of the two TLRs.  

Our results suggest that CD180-mediated B-cell function may play a role in the 

development of SSc, but also suggest that anti-CD180 antibody therapy, which has been 

implicated in the treatment of SLE patients, may have an adverse effect on B-cell function in 

SSc. 

  



10 
 

5. Summary of the new scientific results  

5.1. Investigation of the effect of stimulation via the CD180 molecule on peripheral blood 

B cells in patients with dcSSc:  

1. We found reduced protein and mRNA expression of the CD180 molecule in peripheral 

blood B cells of early dcSSc patients compared to healthy individuals. 

2. Upon stimulation via CD180, we observed a lower increase in Akt and NF-κB and a 

similar increase in S6 phosphorylation in B cells from dcSSc patients compared to 

healthy controls. 

3. Elevated serum levels of anti-BAFF autoantibodies were detected in patients with dcSSc 

compared to healthy individuals. 

4. We found decreased BAFF-R and increased TACI expression in B cells from dcSSc 

patients compared to healthy individuals, which was due to differences observed in 

naive B cells. 

5. CD180 ligation reduced BAFF-R expression and increased TACI expression in B cells, 

specifically in naive B cells of healthy controls to the levels observed in dcSSc patients. 

5.2. Investigation of the effect of stimulation via the CD180 molecule on B-cell function in 

tonsillar B-cells: 

6. The expression of CD180 protein and mRNA in tonsillar B cells and B cell subsets was 

reduced following anti-CD180 antibody treatment. 

7. Anti-CD180 antibody treatment activated all investigated tonsillar B-cell subsets. 

8. The expression of CD180 was highest in non-switched memory B cells and this tonsillar 

B-cell subset was activated to the highest extent after anti-CD180 antibody treatment. 

9. Stimulation via CD180 induced the IL-6 production of tonsillar B cells, but it did not 

affect their IL-10 production. 

10. The anti-CD180 antibody treatment itself increased the production of anti-topo I but not 

the production of anti-CS IgM natural autoantibodies by tonsillar B cells. 

11. We observed a synergistic effect of anti-CD180 antibody and TLR9 ligand CpG on 

cytokine and natural autoantibody production of tonsillar B cells. 
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