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A B S T R A C T

Objectives: Systemic sclerosis (SSc) is a complex autoimmune disease characterized by microvascular damage, 
immune dysregulation, and tissue fibrosis. While lymphocyte-platelet (PLT) complexes have been implicated in 
autoimmune diseases, their role in SSc is not well understood. Methods: In a study of 21 predominantly female 
SSc patients, 66.7 % had limited SSc (lcSSc), with anti-centromere antibodies (ACA) being the most common 
autoantibody pattern. We applied flow cytometry to analyze B cells with bound PLTs, enzyme-linked immu
nosorbent assay (ELISA) to determine plasma levels of activated PLT soluble factors, and co-culture assays to 
evaluate B cell cytokine secretion and plasma cell differentiation. Results: SSc patients had a higher percentage of 
B cells, but not T cells, with bound PLTs compared to healthy donors (HD). Despite similar PLT counts, SSc 
patients showed higher plasmatic levels of P-selectin (CD62P), soluble CD40 ligand (sCD40L), platelet-derived 
growth factor (PDGF), and transforming growth factor–β (TGF-β). Plasma IL-10 levels were also higher in SSc 
patients, with increased intracellular IL-10 in B cells with bound PLTs. We observed an increased IL-10 pro
duction and plasma cell differentiation when B cells were co-cultured with PLTs, especially from SSc patients. B 
cells with bound PLTs were associated with calcinosis, digital ulcers, and ACA status, with no effect from pre
vious corticosteroid or aspirin therapy. Logistic regression identified B cells with bound PLTs as a predictor for 
distinguishing lcSSc patients. Conclusions: B cells with bound PLTs play a significant role in SSc by modulating B 
cell function and contributing to disease pathogenesis. Their association with clinical parameters suggests their 
potential as biomarkers for disease severity and subtype classification in SSc.

Introduction

Systemic sclerosis (SSc) is a connective disease characterized by 
features of autoimmunity, vasculopathy, inflammation, and fibrosis. 
However, the pathogenesis of SSc is not completely understood.1 Au
toantibodies are present in 95 % of SSc patients, and are either specific 
for SSc or have overlap with other connective diseases.2 The presence of 
autoantibodies suggests a pathogenic role of B cells in SSc. Studies have 
reported hyperactivity of B cells in SSc patients, leading to the over
expression of autoantibodies.3 These autoantibodies can induce a 
pro-inflammatory and/or fibrotic response in patients with SSc.4,5

Moreover, increasing evidence suggests that B cells contribute to auto
immune responses by a series of antibody-independent mechanisms, 
which include cytokine secretion, such as IL-10.6,7 It has been reported 
that IL-10 enhanced B-cell proliferation and promoted the generation of 
plasma cells, contributing to autoimmune disorders, such as systemic 
lupus erythematous (SLE).8 In SSc patients, particular IL-10 genotypes 
were associated with SSc-related autoantibodies.9 Further, serum levels 
of IL-6 and IL-10 correlate with total skin thickness score in patients with 
SSc.10 However, IL-10 alleviated pulmonary inflammation and fibrosis 
by reducing IL-17A and IL-4 levels in a bleomycin (Bleomycin)-induced 
SSc mouse model.11
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In addition to the contribution of B lymphocytes to the pathogenesis 
of SSc, numerous studies have also emphasized an important role of 
platelets (PLTs) in this disease. Many reports have shown an activation 
of PLTs in SSc patients (10,11) that participates to immune dysregula
tion associated with SSc. Further, enhanced activation of PLTs and 
increased tendency to aggregation has long been observed in SSc pa
tients12,13 and are generally attributed to the concomitant dysfunction of 
endothelium.14 In addition, the elevation of markers of PLT activation 
like the P-selectin has been shown to correlate with disease activity in 
SSc,15,16 as well as in other diseases characterized by prominent vascular 
inflammation.17 Previous studies in our laboratory have shown that B 
cells with bound PLTs had an increased percentage of IL-10-producing 
cells compared with those without bound PLTs in SLE patients.18 In 
these patients, B lymphocytes with bound PLTs were associated with the 
presence of immunoglobulin (Ig) G (IgG) and IgA, as well as disease 
severity.18 However, the binding of PLTs to B cells in SSc patients has not 
yet been studied and there is a lack of information about the relationship 
between PLT-binding to B lymphocytes, their function, and the clinical 
parameters of these disease.

Therefore, the main goal of this study is to decipher the possible role 
of lymphocyte-PLT complexes in the altered B cell function and SSc 
pathogenesis. Firstly, we compared the numbers of lymphocytes with 
bound PLTs in SSc patients or HD, and established their relationship 
with plasma PLT activation markers. Secondly, we investigated cytokine 
secretion and plasma cell differentiation of B lymphocytes with bound 
PLTs in SSc patients and HD. For this analysis, we co-cultured peripheral 
blood mononuclear cells (PBMCs) and PLTs from SSc patients and HD. 
Finally, we established the relationship between B cells with bound PLTs 
and the clinical and laboratory features of SSc patients.

Material and methods

Patients and samples

A prospective observational study was performed at Hospital de la 
Santa Creu i Sant Pau from 2020 to 2023. The selected population was 
SSc patients following our scleroderma program. All of them fulfilled the 
ACR/EULAR 2013 systemic sclerosis classificatory criteria.19 The pa
tients were classified as having diffuse (dcSSc) or limited (lcSSc) cuta
neous SSc according to LeRoy’s classification.20 The extent of their skin 
involvement was assessed using the modified Rodnan skin score 
(mRSS).21 A peripheral blood sample was obtained from each patient. A 
summary of patient characteristics is given in Table S1. Written 
informed consent was obtained from each patient and the ethical 
approval for the study was granted by the Hospital de la Santa Creu i 
Sant Pau Institutional Ethics Committee.

Surface staining and analysis by Flow Cytometry

Peripheral blood from 10 healthy donors (HD), as controls, and 21 
SSc patients were collected in Vacutainer tubes with heparin (BD Bio
sciences, San Jose, USA). Whole blood cells (100 µl) of HD and SSc pa
tients were stained with the following anti-human antibodies: anti-CD4- 
Viogreen (Miltenyi Biotec, Bergisch Gladbach, Germany), anti-CD41a- 
FITC (Immunotools, Friesoythe, Germany), anti-CD62P-PE (Immuno
tools), anti-CD8 PerCP (Biolegend, San Diego, CA, USA) and anti-CD19- 
PE-Cy7 (Biolegend). Then, red blood cells were lysed and leukocytes 
fixed using BD FACS lysing solution (BD Bioscience), washed with PBS 
and analyzed by flow cytometry. Data acquisition and analysis was 
performed on a MACSQuant Analyzer 10 flow cytometer (Miltenyi 
Biotec). For data analysis, live single cells were analyzed to select lym
phocytes based on their morphology by forward- versus side-scatter 
(FSC-SSC) dot plot. CD4+ and CD8+ T lymphocytes with bound PLT 
were identified on gated lymphocytes as CD3+ CD8- CD41a+
(CD4+PLT+) and CD3+ CD8+ CD41a+ (CD8+PLT+), respectively, as 
previously reported in our laboratory.22,23 B lymphocytes with bound 

PLTs were identified on gated lymphocytes as CD19+ CD41a+
(CD19+PLT+). To analyze PLTs and activated PLTs in blood, samples 
were acquired using logarithmic FSC and SSC. Blood PLTs were identi
fied as CD41a+ events and activated PLTs as CD41a+CD62P+ events. 
The percentage and mean fluorescence intensity (MFI) of CD41a+ cells 
in each subset were obtained using FlowJo version 10 (FlowJo, Ashland, 
OR, USA). Data acquisition were performed on a MACSQuant Analyzer 
10 flow cytometer (Miltenyi Biotec).

Isolation of human PLTs

PLTs were isolated from 10 ml of heparin blood and were centrifuged 
at 190×g for 20 min at RT. The upper part was PLT-rich plasma (PRP), 
and it was collected and centrifuged at 190×g for 10 min at RT. The new 
upper part of the centrifuged PRP was collected and centrifuged at 
1000×g for 10 min at RT. PLT pellets were washed with PBS containing 
5 mM EDTA to avoid PLT activation at 1000×g for 10 min at RT. The 
PLTs were then resuspended in RMPI-1640 (Biowest, Nuaille, France) 
supplemented with 10 % fetal bovine serum (FBS, Biowest) and 1 % 
Penicillin/Streptomycin (Biowest). Purity (measured as percentage 
CD41a+ events), activation (measured as percentage CD62P+ of 
CD41a+ events), and the number of PLTs were assessed by flow 
cytometry. Data acquisition were performed on a MACSQuant Analyzer 
10 flow cytometer (Miltenyi Biotec).

Cell culture and intracellular IL-10 by flow cytometry

To evaluate intracellular production of IL-10, PBMCs were cultured 
in 96 well-plates (Thermo Fisher Scientific, Vienna, Austria) with com
plete RMPI-1640 medium and stimulated with 2.5 μg/mL of CPG-B 
oligodeoxynucleotide-2006 (ODN2006; InvivoGen, San Diego, CA, 
USA) and 2 μg/mL soluble CD40 ligand (sCD40L) (PeproTech EC, Lon
don, UK) during 48 hours in 5 % CO2 at 37◦C as previously described.24

For co-culture experiments, PBMCs without bound PLTs were isolated 
using a negative magnetic separation with biotinylated anti-CD41a 
(Miltenyi Biotec) and MagnisortTM positive selection beads (Thermo 
Fisher Scientific). PBMCs without bound PLTs from HD or SSc patients 
were cultured in the absence or presence of PLTs from HD or SSc patients 
at different PLT/PBMC ratios (50:1, 10:1, and 1:1) according to our 
previous studies.25 Prior to intracellular cytokine analysis, PBMCs were 
restimulated with 50 ng/ml phorbol myristate acetate (PMA, Sigma 
Aldrich, S. Louis, Missouri) and 500 ng/ml ionomycin (Sigma Aldrich) 
for four hours in 5 % CO2 at 37◦C. Cells were collected and stained with 
anti-CD41a-Viogreen (Miltenyi Biotec) and anti-CD19-PE-Cy7 (Bio
legend). PBMCs were then intracellularly stained with anti-IL-10-APC 
(Miltenyi Biotec) after fixation and permeabilization with BD Cyto
fix/Cytoperm kit (BD Biosciences) according to the manufacturer’s 
instructions.

For intracellular IL-10 production analysis, B cells with or without 
bound PLTs were identified on gated lymphocytes as CD19+ CD41a+
(CD19+PLT+) and CD19+CD41a- (CD19+PLT-), respectively. The 
secretion of IL-10 on CD19+PLT+ and CD19+CD41a- was evaluated. 
Data acquisition were performed on a MACSQuant Analyzer 10 flow 
cytometer (Miltenyi Biotec). The percentage of IL-10+ cells (% cells) 
was obtained using FlowJo version 10 (FlowJo LLC).

Plasma cell differentiation

PBMCs were cultured with complete RMPI-1640 and stimulated with 
2.5 μg/mL of ODN2006 (InvivoGen, USA), 2 μg/mL sCD40L (PeproTech 
EC), 5 μg/mL F (ab)2 goat anti-human IgM (Sigma-Aldrich) and 100 ng/ 
mL recombinant IL-21 (Peprotech) during 7 days in 5 % CO2 at 37◦C, as 
previously reported.26 For co-culture experiments, PBMCs without 
bound PLTs were isolated using a negative magnetic separation with 
biotinylated anti-human CD41a (Miltenyi Biotec) and MagnisortTM 
positive selection beads (Thermo Fisher Scientific). PBMCs without 
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bound PLTs from HD or SSc patients were cultured in the absence or 
presence of PLTs from HD or SSc patients at different PLT/PBMC ratios 
(50:1, 10:1, and 1:1). For plasma cell differentiation analysis, cultured 
cells were analyzed by flow cytometry using anti-CD38-Vioblue, anti-
CD3-Viogreen (Miltenyi Biotec), anti-CD27-FITC (Immunotools), 
anti-CD41a-PE (Immunotools) and anti-CD19-PE-Cy7 (Biolegend) anti
bodies. Plasma cells (CD19+CD27+CD38+CD3-) with or without bound 
PLTs were identified on gated lymphocytes as Plasma cell+ CD41a+
(Plasma cell+ PLT+) and Plasma cell+ CD41a- (Plasma cell+ PLT-), 
respectively. Data acquisition were performed on a MACSQuant 
Analyzer 10 flow cytometer (Miltenyi Biotech). Data analysis was ob
tained using FlowJo version 10 (FlowJo, Ashland, OR, USA).

Determination of plasma cytokines

Plasma concentrations of IL-10 (Immunotools), P-selectin (CD62P, 
R&D Systems, Minneapolis, MN, USA), sCD40L (Peprotech EC), platelet- 
derived growth factor (PDGF, Peprotech EC), transforming growth 
factor–β (TGF-β, Mabtech, Stockholm, Sweden), and IL-6 (Mabtech) 
were determined using specific enzyme-linked immunosorbent assay 
(ELISA) kits according to the manufacturers’ instructions and using the 
specific standard curves of recombinant molecules. The limits of 
detection were as follows: 15.62 – 1000 pg/ml for IL-10, 125 – 1000 pg/ 
ml for CD62P, 31.3 – 2000 pg/ml for sCD40L, 15.62 – 1000 pg/ml for 
PDGF and 62.5 – 4000 pg/ml for TGF-β.

Statistics

Statistical analyses were performed using GraphPad Prism 7 soft
ware. Normal data distribution was assessed by the Kolmogorov- 
Smirnov test. Variables were presented as mean ± SEM or median 
(interquartile range-IQR-) according to normal or non-normal distribu
tion respectively. Comparisons between the two groups were tested with 
the Student’s t-test (paired or unpaired) or the Mann-Whitney test 

according to normal distribution. Comparisons of three or more groups 
were tested with a one-way analysis of variance (ANOVA) and the 
Bonferroni post-hoc test. Correlation analyses were determined with 
Pearson’s or Spearman’s correlation according to normal distribution. 
All p values were based on a 2-sided hypothesis, and those under 0.05 
were considered statistically significant. Correlation matrices were 
drawn employing an R package called “corrplot”.27 A multinomial lo
gistic regression analysis was performed to identify the risk factors 
associated with limited or diffuse cutaneous pattern in SSc patients. 
Forest plot analyses were conducted in SSc patients using the JASP 
0.17.2 (Amsterdam, The Netherlands).

Results

Population

The characteristics of 21 patients included in the study are shown in 
Table S1. Mean age was 64 years and there was a predominance of fe
male (20 cases). Fourteen cases (66.7 %) were classified as limited SSc 
(lcSSc) and the most frequent autoantibody pattern was positive for anti- 
centromere antibodies (ACA) (57.1 %). The most frequent organ 
involvement was cutaneous (76.2 %), following by gastrointestinal 
(47.6 %).

Differential binding of PLTs to lymphocytes in SSc

We firstly compared the percentage of lymphocytes with bound PLTs 
in HD and SSc patients. We found that the percentage of CD4+ or CD8+
T cells with bound PLTs were comparable in both groups (Fig. 1A-B). In 
contrast, the percentage of B cells with bound PLTs was higher in SSc 
patients than HD group (Fig. 1A-B).

The percentages of CD4+ and CD8+ T cells with bound PLTs were 
correlated in SSc patients (Spearman correlation: r = 0.95, p < 0.001), 
while no correlation was found between the percentages of B cells with 

Fig. 1. Percentage of circulating lymphocyte–PLT complexes in healthy donors (HD) and systemic sclerosis (SSc) patients. (A) The dot plot shows the percentage of 
circulating B cells (CD19+), CD4+ and CD8+ T lymphocytes with bound PLTs in HD (n = 10) and SSc patients (n = 21). (B) A representative image of B cells, CD4+
and CD8+ T lymphocytes with bound PLTs in HD and SSc patients is shown. Spots in black correspond to SSc patients and spots in grey to HD.***p < 0.001.
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bound PLTs and CD4+ or CD8+ T cells with bound PLTs. However, the 
MFI of CD41a on B cells, CD4+ T cells and CD8+ T cells was similar in 
both groups, without correlation between the MFIs of CD41a on CD4+ T 
cells, CD8+ T cells and B cells (data not shown).

Enhanced Platelet Activation and plasma PLT-derived Markers in SSc

We found that the number of PLTs count was comparable in both 
groups (Fig. 2A). However, we found that the percentage of activated 
PLTs and B cells with activated bound PLTs were higher in SSc patients 
than HD group (Fig. 2B-C). The percentage of CD4+ and CD8+ T cells 
with activated bound PLT was similar in both groups (data not shown). 
Further, CD62P, sCD40L, PDGF, and TGF-β levels were higher in SSc 
patients than HD group (Fig. 2D-G). Only in SSc patients, we found that 
the percentage of B cells with bound PLTs correlated positively with the 
percentage of activated PLTs and B cells with activated bound PLTs, but 
negatively correlated with plasma TGF-β levels (Fig. 2H). In addition, we 
found a positive correlation between the percentage of activated PLTs 
with plasma levels of CD62P, PDGF and sCD40L levels in SSc patients 
(Fig. 2H).

Elevated plasma IL-10 and immunoglobulin correlations with PLT-bound B 
Cells in SSc

We observed that plasma levels of IL-10 were higher in SSc patients 
than HD group (Fig. 3A). In contrast, plasma levels of IL-6 were com
parable in both groups (data not shown). Moreover, in culture exper
iments, we showed a higher percentage of intracellular IL-10 in B cells 
with bound PLTs compared to those without bound PLTs in both groups 
(Fig. 3B), but a higher percentage of intracellular IL-10 in B cells with 
bound PLTs in SSc patients compared to HD group (Fig. 3B-C). We found 
a positive correlation between the percentage of intracellular IL-10 in B 
cells with bound PLTs and plasma levels of IL-10, and the percentage of 
circulating B cells with bound PLTs in both groups (Fig. 3D-E). More
over, we found a positive correlation between the percentage of circu
lating B cells with bound PLTs and plasma levels of IL-10 in both groups 
(Fig. 3F).

In cell cultures, we found a higher percentage of differentiated 
plasma cells with bound PLTs compared to those without bound PLTs in 
both groups (Fig. 4A). This percentage of plasma cells with bound PLTs 
was higher in SSc patients than in the HD group (Fig. 4A-B). We next 
found a negative correlation between the percentage of circulating B 

Fig. 2. Association of B cells with bound platelets (PLTs) with PLTs derived factors in healthy donors (HD) and systemic sclerosis (SSc) patients. (A) PLTs count, (B) 
percentage of circulating activated PLTs (CD62P+PLT+), (C) percentage of circulating B cells with bound activated PLTs (% CD62P+/CD19+PLT+), plasma levels of 
(D) sCD40L or (E) PDGF, (F) CD62P, and (G) TGF-β in HD (n = 10) and SSc patients (n = 21) determined by flow cytometry and the corresponding ELISAs. (H) 
Correlation matrices showing the association between the percentage of circulating B cells with bound PLTs and PLTs derived factors in HD and SSc patients. Spots in 
black correspond to SSc patients and spots in grey to HD. *p < 0.05; **p < 0.01; ***p < 0.001.
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cells with bound PLTs and IgM plasma levels, and a positive correlation 
with IgG and IgA plasma levels in SSc patients (Fig. 4C-E).

PLTs Influence on B Cell IL-10 Production and Plasma Cell Differentiation 
in SSc

When we co-cultured PBMCs from both groups with PLTs from HD 
and SSc patients at different PLT/PBMC ratios (50:1, 10:1, and 1:1), we 
found an increased percentage of intracellular IL-10 in B cells with 
bound PLTs at 50:1 ratio in both groups (Fig. 5A). However, the per
centage of intracellular IL-10 in B cells with bound PLTs, from either 
group, were higher when co-cultured with SSc PLTs than with HD PLTs 
(Fig. 5A). Further, the percentage of intracellular IL-10 in B cells with 
bound PLTs, from either group, were higher when co-cultured with SSc 
PBMCs than with HD PBMCs (Fig. 5A).

Similarly, we found an increased percentage of plasma cells with 
bound PLTs when cells were cultured with PLTs at 50:1 ratio (Fig. 5B). 
Again, the percentage of plasma cells with bound PLTs were higher 
when cells from either group were cultured with SSc PLTs than with HD 
PLTs (Fig. 5B). Furthermore, we found a correlation between the per
centages of intracellular IL-10 in B cells with bound PLTs and plasma 
cells with bound PLTs when B cells were co-cultured with PLTs from SSc 
but not HD PLTs (Fig. 5C-D).

Association of PLT-bound B cells with clinical features and disease 
subtypes in SSc

We found that the percentage of B cells with bound PLTs were higher 
in limited (lcSSc) than diffuse (dcSSc) cutaneous disease patients 
(Fig. 6A). Moreover, we found a positive correlation between B cells 
with bound PLTs and plasma levels of IgG, IgA, and IL-10, and the 
percentage of B cells with activated bound PLTs in lcSSc but not in dcSSc 

patients (Fig. S1). Only in lsSSc, plasma levels of IgG correlated with 
plasma levels of IgA and IL-10, and activated PLTs correlated with 
plasma levels of PDGF and sCD40L (Fig. S1).

We observed that percentage of B cells with bound PLTs were higher 
in SSc patients with the presence of calcinosis (CC), digital ulcers (DUs), 
and in ACA+ patients (Fig. 6B-D). Further, we not found differences in 
the percentage of B cells with bound PLTs when patients were segre
gated according cutaneous or gastrointestinal disorders, and mRss score 
(Fig. 6E-G). No effect of corticosteroid or aspirin therapy were found on 
the percentages of B cells with bound PLTs (Fig. 6H-I).

A multivariate logistic regression model to determine the contribu
tion these factors in differentiating lcSSc and dsSSc identified B cells 
with bound PLTs as the strongest predictor, followed by plasma levels of 
IgA and percentage of activated PLTs (Fig. 6G). To find a statistically 
value, a receiver operating characteristic (ROC) curve analysis with all 
patients was performed to find a valid cut-off point of the percentage of 
B cells with bound PLTs to differentiate lsSSc and dsSSc patients leading 
to >9.10 as the value for limited SSc patients. The area under the ROC 
curve was 0.892, the sensitivity was 71.4 % and the specificity was 92.8 
% (Fig. 6H).

Discussion

This study provides a comprehensive analysis of the differential 
binding of PLTs to lymphocytes in SSc patients and its potential impli
cations for disease pathology and clinical features. Our findings high
light distinct interactions between PLTs and various lymphocyte subsets 
in SSc patients compared to HD, underscoring the potential role of PLTs 
in modulating immune B cell responses in SSc.

Our data reveal that while the percentages of CD4+ and CD8+ T cells 
with bound PLTs were comparable between SSc patients and HD, B cells 
with bound PLTs were significantly higher in SSc patients. Additionally, 

Fig. 3. Association of B cells with bound PLTs with plasma and intracellular production of IL-10 in healthy donors (HD) and systemic sclerosis (SSc) patients. We 
stimulated PBMCs with ODN2006 and sCD40L during 48 hours. The percentage of intracellular IL-10 in B cells with or without bound PLTs in HD and SSc patients 
were evaluated by flow cytometry. (A) Plasma levels of IL-10 and (B) percentage of intracellular IL-10 in B cells (CD19+) with or without bound PLTs from HD (n =
10) and SSc patients (n = 10). (C) A representative image of the percentage of intracellular IL-10 in B cells with or without bound PLTs in SSc patients is shown. 
Correlation between the percentage of intracellular IL-10 in B cells with bound PLTs and (D) plasma levels of IL-10 or (E) the percentage of circulating B cells with 
bound PLTs in HD and SSc patients. (F) Correlation between plasma levels of IL-10 and the percentage of circulating B cells with bound PLTs in HD and SSc patients. 
Spots in black correspond to SSc patients and spots in grey to HD. *p < 0.05; ***p < 0.001.
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we have found no correlation between B cells and T cells with bound 
PLTs. This suggests a unique role for PLT-B cell interactions in SSc, 
possibly due to higher levels of PLT ligands on B cells, such as P-selectin 
glycoprotein ligand-1 (PSGL-1) or CD40. Our previous studies showed 
that PLT binding to CD4+ and CD8+ T cells decreased by approximately 
60 % after blocking their interaction with P-selectin.25 Other studies 
have also reported that PLT activation initiates heterotypic conjugation 
with lymphocytes, which was significantly reduced by P-selectin 
blockade, suggesting a dominant role for PLT-bound cell interactions.28

These authors also demonstrated that blocking agents targeting GPII
b/IIIa, CD11b, or CD40L individually tended to reduce these in
teractions, without reaching statistical significance.28 B cells from SSc 
patients have been reported to present an activated phenotype.29 In line 
with these results, we have previously reported an increased 
lymphocyte-PLT complexes in rheumatic diseases like SLE and 
arthritis.18,25 However, in SSc, a selective interaction between PLTs and 
B cells potentially contributes to the altered immune landscape. It would 
be interesting to explore how multiple ligands work together to enhance 
PLTs-B cell interactions, specifically by assessing whether their simul
taneous blockade could fully inhibit PLT aggregation. With this lack of 
PLT interaction, B cells would differentiate less into plasma cells and 
decrease IL-10 production.

Despite comparable PLTs counts, SSc patients exhibited elevated 
plasma levels of PLT-derived molecules (CD62P, sCD40L, PDGF, and 
TGF-β), indicating that PLTs activation, rather than quantity, is a dis
tinguishing feature in SSc. Accordingly, upregulated markers of acti
vated PLTs (CD62P, CD147, membrane-bound TGF-β) have been 
reported in SSc patients.13,15,30 Moreover, the higher percentages of 
activated PLTs and B cells with activated bound PLTs, and the correla
tions between PLTs activation markers and PLT-bound B cells in SSc 
patients underline the potential contribution of PLT activation to B cell 

dysregulation in SSc. Notably, it is intriguing that PLT activation pref
erentially binds to B cells, leaving other lymphocyte subsets unaffected.

Plasma levels of IL-10 were significantly higher in SSc patients than 
HD, with intracellular IL-10 elevated in PLT-bound B cells. This suggests 
that PLT-B cell interactions may enhance IL-10 production, promoting 
an immunoregulatory B cell phenotype in SSc. The positive correlation 
between IL-10 levels and PLT-bound B cells further supports this hy
pothesis. Additionally, correlations between PLT-bound B cells and 
immunoglobulin levels (IgG and IgA) suggest these interactions influ
ence antibody production. Recent studies suggest that PLTs can regulate 
immune cell function through diverse mechanisms, including tran
scriptional factors31,32, long non-coding RNAs33, epigenetic modifica
tions34, and metabolic pathways35,36. The mechanisms of these 
regulatory effects can occur both directly, through PLT-derived 
signaling molecules and organelle transfer, and indirectly, via secreted 
factors such as PDGF31,32,35. Exploring whether these processes 
contribute to PLT-mediated regulation of B cells in SSc could provide 
valuable insights into disease pathology and potential therapeutic 
targets.

Our findings also suggest that PLTs influence plasma cell differenti
ation in SSc. Co-culture experiments demonstrated that PLTs from SSc 
patients increased the percentage of IL-10 production and induced 
plasma cell differentiation in B cells with bound PLTs more effectively 
than those from HDs. This mechanism parallels our previous findings, 
where B cells with bound PLTs showed increased plasma cell differen
tiation. The correlation between intracellular IL-10 in PLT-bound B cells 
and plasma cell differentiation emphasizes IL-10′s role in PLT-B cell 
interactions, driving pathogenic B cell responses in SSc. IL-10 has been 
shown to play a positive role in B lymphocyte survival, proliferation, 
switching, and autoantibody production8 as promoting the differentia
tion of activated B cells into plasma cells.37 In line with these results, 

Fig. 4. Association of B cells with bound PLTs with plasma cell differentiation in healthy donors (HD) and systemic sclerosis (SSc) patients. We stimulated PBMCs 
with ODN2006, sCD40L, F-(ab)2 goat anti-human IgM and IL-21 during 7 days in 5 % CO2 at 37◦C. The percentage of plasma cells in B cells with or without bound 
PLTs in HD (n = 10) and SSc patients (n = 10) were evaluated by flow cytometry. (A) Percentage of plasma cells in B cells (CD19+CD27+CD38+) with or without 
bound PLTs from HD and SSc patients. (B) A representative image of the percentage of plasma cells in B cells with or without bound PLTs in SSc patient is shown. 
Correlation between the percentage of circulating B cells with bound PLTs and plasma levels of (C) IgM, (D) IgG, and (E) IgA in SSc patients. Spots in black 
correspond to SSc patients and spots in grey to HD. ***p < 0.001.
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Zamora et al. demonstrated that B cells with bound PLTs had an 
increased percentage of IL-10-producing cells compared with B cells 
without bound PLTs in SLE patients and HD.18 This suggests a potential 
role of PLTs in modulating B cell function across different autoimmune 
diseases. However, whether PLTs-B cell interactions contribute to dis
ease pathogenesis in the same way in SSc and SLE remains unclear. 
Although both conditions share features of autoimmune vasculopathy 
and immune dysregulation, their distinct clinical and immunological 
profiles suggest that the functional impact of PLT-B cell interactions may 
differ. In SLE, where autoimmunity and immune complex-mediated 
damage are central to disease progression, PLT-B cell interactions may 
contribute to the dysregulation of B cells and are associated with the 
presence of autoantibodies and increased inflammatory responses.18 In 
contrast, in SSc, where fibrosis and tissue remodeling are more promi
nent, the role of PLTs in regulating B cell function may be more 
immunoregulatory. In this context, PLTs could influence B cells in a way 
that modulates the fibrotic process and immune tolerance, potentially 
promoting a shift toward a pro-fibrotic phenotype rather than exacer
bating autoimmunity. This difference underscores the need for further 

studies, including proteomic analysis of B cells and PLTs, to determine 
whether PLT-B cell interactions lead to disease-specific alterations in 
immune responses, highlighting the contrasting immunoregulatory roles 
PLTs might play in each disease. Accordingly, we established an asso
ciation of PLT-bound B cells with specific clinical features and disease 
subtypes in SSc. The highest percentages of B cells with bound PLTs were 
found in SSc patients with calcinosis, digital ulcers and positive ACA 
autoantibodies. Our results suggest not only that PLT-B cell interactions 
may be linked to particular disease manifestations but also blocking PLT 
binding to B cells could be a potential treatment for calcinosis in SSc. No 
differences in PLT-bound B cells were observed based on treatment, 
aligning with previous studies showing similar results in SLE patients on 
antiaggregating drugs.

With a multivariate logistic regression model, we identified PLT- 
bound B cells as a predictor of limited cutaneous SSc (lcSSc), with 
high sensitivity and specificity in distinguishing lcSSc from diffuse 
cutaneous SSc (dcSSc). Increased PLT activation in lcSSc patients may 
induce higher percentages of B cells with bound PLTs, correlating with 
elevated Igs and IL-10 plasma levels. This aligns with studies showing 

Fig. 5. PLTs from systemic sclerosis patients (SSc) patients altered B cell functions. We co-cultured PBMCs from healthy donors (HD) or SSc patients in the absence or 
presence of PLTs from HD or SSc patients at different PLT/PBMC ratios (1:1, 10:1, 50:1). In intracellular IL-10 experiments, PBMCs stimulated ODN2006 and sCD40L 
during 48 hours in 5 % CO2 at 37◦C. The percentage of intracellular IL-10 in B cells with or without bound platelets (PLT) in HD and SSc patients were evaluated by 
flow cytometry. (A) Percentage of intracellular IL-10 in B cells (CD19+) from HD (n = 5) or SSc (n = 5) patients with or without bound PLTs from HD or SSc patients. 
In plasma cell differentiation experiments, PBMCs stimulated with ODN2006, sCD40L, F-(ab)2 goat anti-human IgM and IL-21 during 7 days in 5 % CO2 at 37◦C. The 
percentage of plasma cells in B cells with or without bound PLTs in HD and SSc patients were evaluated by flow cytometry. (B) Percentage of plasma cells in B cells 
from HD (n = 5) or SSc (n = 5) patients with or without bound PLTs from HD or SSc patients. Correlation between the percentage of plasma cells in B cells with bound 
PLTs and the percentage of intracellular IL-10 in B cells with bound PLTs in co-culture experiments using PLTs from (C) SSc patients or (D) HD. Spots in black 
correspond to SSc patients and spots in grey to HD. *p < 0.05; **p < 0.01; ***p < 0.001 when compared to their respective ratio in HD PLTs condition. #p < 0.05; ##p 
< 0.01; ###p < 0.001 when compared to their respective ratio in HD PBMCs condition.
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Fig. 6. Association of B cells with bound PLTs with clinical features in systemic sclerosis (SSc) patients. Dot plots of percentage of circulating B cells (CD19+) with 
bound PLTs in SSc patients segregated according to (A) limited (lcSSc) or diffuse (dcSSc) cutaneous disease, the presence (w) or absence (w/o) of (B) calcinosis (CC), 
(C) anticentromere (ACA) autoantibodies, (D) digital ulcers (Dus), (E) cutaneous (CD) or (F) gastrointestinal (GD) disorder, (G) mRSS score, and (H) corticosteroid 
(CT) or (I) aspirin (AT) therapy. (J) Forest plot of logistic regression analysis for factors predicting lcSSc or dcSSc in SSc patients. The reference group was dcSSc 
patients. Dots represent the odds ratio and the errors bars represent the 95 % CI. (K) ROC curve analysis of the percentage of circulating B cells with bound PLTs from 
lcSSc and dcSSc patients. Spots in black correspond to lcSSc patients and spots in red to dcSSc patients. *p < 0.05; ***p < 0.001.
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higher mean platelet volume in lcSSc patients, reflecting increased PLT 
activation.38

Despite the insights provided, our study has some limitations. 
Lymphocyte-PLT complexes were analyzed at a single time point per 
patient. Longitudinal studies are needed to validate PLT-bound B cells as 
a tool for monitoring SSc activity. Additionally, a larger cohort study is 
required to assess the effects of antiaggregating drugs or immunosup
pressants on lymphocyte-PLT complexes and their impact on different 
organ manifestations. Lastly, our findings cannot be extrapolated to 
tissue, as the phenotype and functional mechanisms of PLTs and B cells 
may differ in the lung microenvironment. Nonetheless, our findings 
suggest that controlling PLT binding could be beneficial for therapeutic 
regulation of autoimmunity in SSc.

Our findings on B cell-PLTs interactions in SSc suggest translational 
implications. The association between B cells with bound PLTs and 
specific clinical manifestations, such as calcinosis and digital ulcers, 
raises the possibility of using these complexes as biomarkers for patient 
stratification. Moreover, since platelet activation appears to be a key 
factor in disease pathogenesis, strategies aimed at reducing PLT acti
vation may provide additional immunomodulatory benefits beyond PLT 
aggregation control. However, further clinical and experimental studies 
are needed to validate these hypotheses and determine the feasibility of 
interventions targeting lymphocyte-PLTs interactions in SSc.

Conclusions

This study provides novel insights into the immunopathogenic 
mechanisms underlying SSc, highlighting the significant role of PLT- 
bound B cells in contributing to immune dysregulation and inflamma
tion. The findings suggest that SSc-specific PLTs influence B cell function 
enhancing IL-10 production and plasma cell differentiation. Moreover, B 
cells with bound PLTs emerged as a predictor for lcSSc, offering a po
tential biomarker for distinguishing between subtypes. Targeting PLT- 
bound B cells could present a new avenue for modulating the immune 
response in SSc.
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sabet Cantó: Writing – review & editing, Methodology. Berta 
Magallares: Writing – review & editing, Methodology. Albert Guinart- 
Cuadra: Writing – review & editing, Methodology. Patricia Moya: 
Writing – review & editing, Methodology. Hector Corominas: Writing – 
review & editing, Methodology. Silvia Vidal: Writing – review & edit
ing, Writing – original draft, Visualization, Validation, Supervision, 
Resources, Project administration, Methodology, Investigation, Funding 
acquisition, Data curation, Conceptualization.

Acknowledgments

There are no conflicts of interest to disclose, and all authors have 
read the journal’s authorship statement and the manuscript has been 
reviewed by and approved by all named authors.

Supplementary materials

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.trsl.2025.07.001.

References

1. Sakkas LI, Chikanza IC, Platsoucas CD. Mechanisms of disease: the role of immune 
cells in the pathogenesis of systemic sclerosis. Nat Clin Pr Rheumatol. 2006;2: 
679–685.

2. Meyer O. Prognostic markers for systemic sclerosis. Jt Bone Spine. 2006;73:490–494.
3. Lanteri A, Sobanski V, Langlois Carole, Lefèvre G, et al. Serum free light chains of 
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R. Osuna-Gómez et al.                                                                                                                                                                                                                         Translational Research 282 (2025) 31–40 

40 

http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0013
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0013
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0014
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0014
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0015
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0015
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0016
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0016
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0016
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0017
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0017
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0018
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0018
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0018
https://doi.org/10.1136/annrheumdis-2013-204424
https://doi.org/10.1136/annrheumdis-2013-204424
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0020
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0020
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0021
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0021
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0021
https://doi.org/10.3390/cancers13246167
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0023
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0023
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0024
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0024
https://doi.org/10.4049/jimmunol.1601708
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0026
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0026
https://doi.org/10.3390/cancers14102529
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0028
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0028
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0029
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0029
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0029
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0030
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0030
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0031
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0031
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0031
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0032
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0032
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0032
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0033
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0033
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0033
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0034
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0034
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0034
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0035
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0035
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0035
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0036
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0036
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0036
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0037
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0037
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0037
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0038
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0038
http://refhub.elsevier.com/S1931-5244(25)00075-1/sbref0038

	Platelet bound B cells and their role in SSc: Implications for disease subtypes and clinical outcomes
	Introduction
	Material and methods
	Patients and samples
	Surface staining and analysis by Flow Cytometry
	Isolation of human PLTs
	Cell culture and intracellular IL-10 by flow cytometry
	Plasma cell differentiation
	Determination of plasma cytokines
	Statistics

	Results
	Population
	Differential binding of PLTs to lymphocytes in SSc
	Enhanced Platelet Activation and plasma PLT-derived Markers in SSc
	Elevated plasma IL-10 and immunoglobulin correlations with PLT-bound B Cells in SSc
	PLTs Influence on B Cell IL-10 Production and Plasma Cell Differentiation in SSc
	Association of PLT-bound B cells with clinical features and disease subtypes in SSc

	Discussion
	Conclusions
	Data availability statement

	Funding
	Conflicts of interest disclosure
	Ethics approval statement
	Patient consent statement
	Permission to reproduce material from other sources
	Clinical trial registration
	CRediT authorship contribution statement
	Acknowledgments
	Supplementary materials
	References


