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Abstract 

Abstract (199 Words) 

Purpose. Systemic sclerosis (SSc) is characterized by autoimmunity, vasculopathy and fibrosis. 

Fibrosis is due to an activation of fibroblasts by the transforming growth factor-ß (TGF-ß). This study 

investigates the proteomic response of SSc fibroblasts to TGF-ß. 

Experimental design. Skin fibroblasts from diffuse SSc patients and healthy controls (HC) were 

cultured with or without TGF-ß. Two-dimensional differential in-gel electrophoresis and mass 

spectrometry (MS) combined with Ingenuity Pathway analysis (IPA) and Panther / David softwares 

analysed proteins differentially expressed between groups. Real-time cell analyser (RTCA) assessed 

fibroblast proliferation and viability. 

Results. Two hundred and seventy nine proteins were differentially expressed between groups. 

Principal component analysis showed significant differences between groups. IPA showed specific 

process networks such as actin cytoskeleton and integrin signalling. Panther and David softwares 

showed predominant biological processes such as cellular and metabolic processes. TGF-ß enhanced 

protein synthesis and protein pathways. IPA and RTCA suggested the involvement of epidermal 

growth factor receptor (EGFR) and phosphatidylinositol 3 kinase (Pi3K). 

Conclusions and clinical relevance. We confirmed that the proteome of fibroblasts differs between 

SSc patients and HC and demonstrated that fibroblasts exacerbate their proteomic phenotype upon 

stimulation with TGF-ß. We highlighted EGFR and Pi3K as proteins of interest in SSc fibroblasts. 
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Clinical Relevance 

Systemic sclerosis is a severe disease characterized by autoimmunity, vasculopathy and fibrosis. 

Understanding mechanisms by which fibrosis is driven is an unmet need and could lead to finding 

new target and new treatment option in SSc. 

In this study, we confirmed that the proteome of fibroblasts differs between SSc patients and HC and 

demonstrated that fibroblasts exacerbate their proteomic phenotype upon stimulation with TGF-ß. 

These findings support the inhibition of fibroblasts and / or TGF-ß in SSc as a possible treatment of 

fibrosis. 

Moreover, we highlighted EGFR and Pi3K as possible proteins of interest in SSc fibroblasts. 

Although these results needs to be confirmed by in vivo studies, there are monoclonal antibodies and 

chemical compounds, which are available are in development and target these pathways.  

Conclusively, our works brings new evidence and suggest new targets to inhibit fibroblasts in patients 

with SSc.  

INTRODUCTION 

Systemic sclerosis (SSc) is an autoimmune connective tissue disorder characterized by immune 

activation, vascular hyper-reactivity, and fibrosis 
[1]

. Fibrosis is a pathological process characterized 

by accumulation of connective tissue components leading to the destruction of the architecture of a 

tissue and/or an organ and/or the alteration of its function 
[2]

. In SSc, it mainly affect the skin and the 
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lungs but can be responsible for severe systemic features including gastro-intestinal tract and cardiac 

involvements causing much of the morbidity and mortality associated with the disease 
[3]

. 

Fibrosis is mostly due to an over production of collagen and proliferation of fibroblasts 
[4]

. Activation 

of fibroblasts leads to their differentiation into myofibroblasts 
[5]

. This activated phenotype goes along 

with a resistance to Fas-mediated apoptosis 
[6]

, an increase in collagen synthesis and a defect of 

extracellular matrix component regulators 
[7]

.  Many factors have been proposed to be responsible for 

fibroblasts activation in SSc, including interleukin (IL)-4 
[8]

, IL-6 
[9,10]

, connective tissue growth factor 

[11]
, platelet derived growth factor (PDGF) 

[12]
, reactive oxygen species 

[13]
, anti-fibroblast and anti-

PDGF receptor autoantibodies 
[14,15]

 and last but not least transforming growth factor-ß (TGF-ß) 
[16]

. 

TGF-ß is a pleotropic cytokine, belonging to the superfamily of signalling proteins, which regulate 

inflammation, vascular remodelling and fibrosis 
[16]

. It is a cornerstone of SSc pathogenesis. Its gene 

signature is a hallmark of SSc profiling 
[17–19]

. All three isoforms of TGF-ß are increased in the skin 

[20]
, and skin and lung expression of TGF-ß regulated genes, thrombospondin-1 and cartilage 

oligomeric protein,  correlates with disease activity 
[21]

.  Although myofibroblasts have their own 

secretion of TGF-ß, other cells including monocytes and macrophages secrete or activate its preform. 

Our group has recently reported that B cells also secrete TGF-ß to activate fibroblasts 
[10]

. TGF-ß 

binds to TGF-ß receptors I and II at the surface of fibroblasts. Fibroblasts activation then requires the 

dimerization of the receptors and subsequent activation of the Smad proteins which in turn co-

localized into the nucleus and activate transcriptional programs 
[22]

. This activation is then responsible 

for fibroblasts proliferation, migration, differentiation and production of extracellular matrix 

components.  

In addition to the acquisition of an activated phenotype and a defect in apoptosis, we wished to 

characterize the proteomic response of activated fibroblasts and hypothesized that fibroblasts response 
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to TGF-ß might be biased. Therefore, we decided to investigate the proteomic response of skin 

fibroblasts to TGF-ß in patients with SSc. 

METHODS 

Cells 

Skin biopsies were performed in involved skin of the forearm of 4 patients with diffuse SSc fulfilling 

the American College of Rheumatology (ACR) / European League Against Rheumatism (EULAR) 

criteria for the diagnosis of SSc (Supplemental Table 1) 
[23]

. Normal human skin fibroblasts were 

cultured from skin biopsies obtained from 3 healthy controls (HC). All patients and controls gave 

their written informed consent according to the ethics committee of Cochin university hospital and in 

conformity with the principles outlined in the Declaration of Helsinki. They were included in the 

HTAP-Ig study (Investigation and clinical research’s contract 2005, CIRC N° 05066, and Programme 

Hospitalier de Recherche Clinique N° P071209, promoter Assistance Publique – Hôpitaux de Paris). 

Biopsy specimen were cut into small pieces and seeded into Petri dishes and then into 175 cm
2
 plastic 

flasks. Patients and HC fibroblasts were grown in Dulbecco’s modified Eagle’s medium (DMEM) 

supplemented with 10% heat-inactivated fetal calf serum (FCS) obtained from Gibco (Life 

Technology, Saint-Aubin, France) at 37°C in 5% CO2.  All fibroblasts were kept separated during the 

experiments. 

Fibroblasts culture and sample preparation 

At the fourth passage, fibroblasts from each subject were starved (cultured 12 hours in DMEM 

without FCS) and then separately cultured in DMEM supplemented with 10% heat-inactivated FCS in 

the presence or in the absence of 10 ng/mL of TGF-ß1 (Tebu-bio SAS, Le Perray en Yvelines, 

France) for 48 hours. Then, the four groups of fibroblast were harvested for protein extraction and 

centrifuged at 400g for 7 minutes at 21°C. Cells pellet (stored at -80°C) were then lysed in lysis buffer 
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(8M urea, 2M thiourea, 4% CHAPS, 60mM dithiothreitrol). Then the protein extracts were clarified 

by ultra-centrifugation at 100.000g for 1 hour at 4°C as previously described 
[24,25]

.  

2-Dimensional differential in-gel electrophoresis, image analyses, in-gel trypsin digestion, and

protein identification by mass spectrometry 

The samples of the four different groups of fibroblast protein lysates were analyzed by 2-dimensional 

differential in-gel electrophoresis (2D DIGE). Sample preparation, labelling with CyDye DIGE fluor, 

2D-gels electrophoresis, DeCyder analysis and protein identification by mass spectrometry are 

described according to A. Regent et al 
[24]

 and H. Dib et al 
[26]

.  

Proteins of interest identified in each comparison had a fold change expression ratio greater than 1.3 

or lower than -1.3 and a Student’s t test p-value < 0.05. 

Functional classification 

To check for biological processes and pathways (expressed in GO terms) associated to significantly 

differentially expressed proteins, we uploaded our proteomic dataset into the Panther (protein 

annotation through evolutionary relationship) software (www.pantherdb.org) and the DAVID 

Bioinformatics Resources 6.8 software (https://david.ncifcrf.gov). Both softwares are based on a 

comprehensive classification system that combines gene function, ontology, and pathways, which 

enables the analysis of large-scale proteomic experiments 
[27]

. 

Generation of biological network 

To generate biological pathways and networks, we uploaded the list of significantly differentially 

expressed proteins of our proteomic data sets into the Ingenuity Pathway Analysis (IPA®, QIAGEN 

Redwood City, www.qiagen.com/ingenuity).  A pathway network with significant p-values (p < 0.05) 

was generated as previously detailed 
[24,25]

.  

http://www.pantherdb.org/
https://david.ncifcrf.gov/
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xCelligence real-time cell analyzer 

To validate proteins of interest we measured the proliferation and the viability of fibroblasts when 

cultured in the presence or in the absence of different inhibitors. At the third passage of culture, 

fibroblasts from HC or SSc patients were plated in a 96-well plate at a concentration of 2500 

cells/well in duplicate in the presence or in the absence of different inhibitors including trastuzumab 

(Herceptin
®
, Roche, Welwyn Garden City, United Kingdom), cétuximab (Erbitux

®
, Merck, Lyon, 

France), LY-294,002 hydrochloride solid (Sigma-Aldrich, Saint-Quentin Fallavier, France), IC-87114 

(Euromedex
®
, Souffelweyersheim, France) , or pictilisib (Euromedex

®
, Souffelweyersheim, France). 

Proliferation and viability of fibroblasts were measured using xCelligence real-time cell analyzer 

(ACEA Biosciences Inc., San Diego, CA, USA) after three days of culture. 

Statistical analysis 

In 2D-DIGE experiments, protein content was compared with ANOVA test (gate keeper strategy). If 

significant, the Tukey's multiple comparison test was used to investigate between which groups the 

difference in protein expression is significant. Comparisons were made using DeCyder software. A p-

value < 0.05 was considered as statistically significant. 

Results of survival and proliferation experiments in xCelligence real-time cell analyzer were 

compared with t-test or Mann-Whitney–test. All analyses were carried out using Prism 6 (GraphPad, 

La Jolla, CA, USA) with statistical significance defined as: * p < 0.05; ** p < 0.01; ***p < 0.001; 

****p < 0.0001. 

RESULTS 

Comparison of proteins differentially expressed between fibroblasts from SSc patients and HC 

cultured in the presence or in the absence of TGF-ß 
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Using DeCyder Image Analysis software, a mean ± standard deviation of 2713 ± 90 spots could be 

matched to the reference gel and were used for the comparative analysis. 

A total of 279 proteins were found as differentially expressed in at least one of those group 

comparisons: SSc fibroblasts cultured in the absence of TGF-ß (SSc) vs fibroblasts from healthy 

controls cultured in the absence of TGF-ß (HC); SSc vs fibroblasts from healthy controls cultured in 

the presence of TGF-ß (HCT); SSc fibroblasts cultured in the presence of TGF-ß (SScT) vs SSc; 

SScTvs HCT; HCT vs HC. Principal component analysis (PCA) was performed on the proteins of 

interest and showed four different clusters of proteome (Figure 1A and Supplemental Figures 1-2). 

Component 1 contributed to 60.9 % of the cumulative variance while Component 2 contributed to 

11.2 % of the cumulative variance. A hierarchical clustering of protein displayed as a heat map was 

also generated, confirming four discriminant clusters between fibroblasts from SSc patients and HC 

cultured in the presence or in the absence of TGF-ß (Figure 1B). 

Those 279 spots of interest were identified by mass spectrometry. 

Comparison of proteins differentially expressed between SSc and HC fibroblasts cultured in the 

absence of TGF-ß 

Forty-two proteins were significantly differentially expressed between SSc and HC fibroblasts 

cultured in the absence of TGF-ß (Table 1 and Supplemental Table 2). These proteins were involved 

in actin cytoskeleton signalling and integrin signalling as well as remodelling of epithelial adherens 

junctions. Several proteins were upregulated in SSc fibroblasts with a high difference in fold change 

of expression when compared to HC: Trio and F-actin binding protein which plays a role in actin 

modification, cell adhesion and cytoskeletal organisation (fold change 2.9), myosin 9 which plays a 

role in muscle contraction (fold change 2.15), and LIM domain and actin-binding protein 1 which 

regulates actin polymerization (fold change 1.9). Several proteins were also downregulated in SSc 
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fibroblasts with a high difference in fold change of expression when compared to HC: ras GTPase-

activating-like protein IQGAP1 which plays a role in the signalling pathway of fibroblast growth 

factors (fold change -1.7), ubiquitin-like modifier-activating enzyme (fold change -1.6), and major 

vault protein which plays a role in cell proliferation and in the negative regulation of protein tyrosine 

kinase activity and in the negative regulation of cell signalling (fold change -1.6). Using Panther
 
and 

David classification systems, the most predominant gene ontology biological processes were cellular 

process, metabolic process and cellular component organization or biogenesis (Table 2 and 

Supplemental Figure 3). These proteins are involved in several pathways including mainly integrin 

signalling pathways, adhesion, cytoskeleton regulation, and also PI3K pathway (Table 3 and 

Supplemental Figure 4). 

Comparison of proteins differentially expressed between SSc (SScT) and HC (HCT) fibroblasts 

cultured in the presence of TGF-ß 

Thirty-four proteins were significantly differentially expressed between SScT and HCT (Table 1 and 

Supplemental Table 3). These proteins were involved in citrulline biosynthesis or metabolism as well 

as the signalling pathway implicating Rho Family GTPases. Several proteins were upregulated in 

SScT with a high difference in fold change of expression when compared to HCT: tropomyosin β 

chain which plays a role in muscle contraction (fold change 3.3) (Supplemental Figure 5), myosin 

regulatory light polypeptide 9 which plays a role in muscle contraction (fold change 3.0), and 

caldesmon which plays a role in muscle contraction, actin assembly and response to TGF-ß stimulus 

(fold change 2.3). Several proteins were also downregulated in SScT with a high difference in fold 

change of expression when compared to HCT: prolyl endopeptidase FAP which plays a role in 

proteolysis (fold change -1.9), vimentin (fold change -1.6), and U6 snRNA-associated Sm-like protein 

(fold change -1.6). Using Panther
 
and David classification systems, the most predominant gene 

ontology biological processes were also cellular process, metabolic process and cellular component 
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organization, including cellular adhesion, epithelial differentiation, muscle contraction (Table 2 and 

Supplemental Figure 3). These proteins are involved in several pathways including mainly FAS 

signalling pathways, cytoskeleton regulation, and microRNAs (Table 3 and Supplemental Figure 4). 

Comparison of proteins differentially expressed in fibroblasts from SSc patients cultured in the 

presence (SScT) or in the absence (SSc) of TGF-ß 

Two hundred and thirty five proteins were significantly differentially expressed between SScT and 

SSc (Table 1 and Supplemental Table 4). These proteins were also involved in actin cytoskeleton 

signalling and integrin signalling (Supplemental Figure 3). Several proteins were upregulated in SScT 

with a high difference in fold change of expression when compared to SSc: tropomyosin α1 chain 

(fold change 6.7), procollagen-lysine,2-oxoglutarate 5-dioxygenase 2 (fold change 4.6), and calponin 

3 which plays a role in actomyosin structure organization (fold change 4.1). Several proteins were 

also downregulated in SScT with a high difference in fold change of expression when compared to 

SSc: protein S100-A4 (fold change -2.9), vimentin which plays a role in cellular response to fibroblast 

growth factor stimulus, cytoskeleton organization (fold change -2.8), and elongation factor 2 (fold 

change -2.8). Using Panther
 
and David classification systems, the most predominant gene ontology 

biological processes were also cellular process, metabolic process and cellular component 

organization, including cellular adhesion, and oxidation-reduction process  (Table 2 and Supplemental 

Figure 3). These proteins recruited more pathways than previous comparison. Such pathways are 

mainly involved in several pathways including mainly integrin signalling pathways, metabolic 

pathways, and cytoskeleton regulation (Table 3 and Supplemental Figure 4). 

Comparison of proteins differentially expressed in HC fibroblasts cultured in the presence 

(HCT) or in the absence (HC) of TGF-ß 
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One hundred and sixty two proteins were significantly differentially expressed between HCT and HC 

(Table 1 and Supplemental Table 5). These proteins were also involved in actin cytoskeleton and 

integrin signalling. Several proteins were upregulated in HCT with a high difference of expression 

when compared to HC: tropomyosin β chain (fold change 8.5), tropomyosin α1 chain (fold change 

8.4), and procollagen-lysine, 2-oxoglutarate 5-dioxygenase 2 (fold change 6.6). Several proteins were 

also downregulated in HCT with a high difference of expression when compared to HC: vimentin 

(fold change -3.4), dihydropyrimidinase-related protein 2, which plays a role in cell differentiation 

and cytoskeleton organization (fold change -2.6), and leucine-rich PPR motif-containing protein (fold 

change -2.5). Using Panther
 
and David classification systems, the most predominant gene ontology 

biological processes were also cellular process, metabolic process and cellular component 

organization, including cellular adhesion (Figure 2 and Supplemental Figure 3). As for fibroblasts 

from patients with SSc, proteins differentially expressed in the presence of TGF-ß are able to recruit 

more pathways than proteins differentially expressed between fibroblasts from SSc patients and 

fibroblasts from HC. Such pathways are also mainly involved in several pathways including integrin 

signalling pathway, adhesion pathways, and cytoskeleton regulation (Table 3 and Supplemental 

Figure 4). 

Biological network analysis of identified proteins 

Using data on the proteins that were differentially expressed between HC and SSc, we used IPA to 

generate a user-built network focusing on direct interactions and human proteins showed in Figure 2. 

Of note, TGF-ß1 was found to be in interaction with identified proteins. Interestingly, the epidermal 

growth factor receptor (EGFR) and the p85 subunit of the phosphatidylinositol 3 – kinase (Pi3K) 

receptor were also found as central proteins of the network. 

Proliferation and survival of fibroblasts with EGFR and Pi3K inhibition 
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To confirm a role for EGFR on fibroblasts of patients with SSc, we assessed its inhibition on 

fibroblast proliferation and survival. Proliferation and survival of fibroblasts from patients with SSc 

and/or HC were lower when cultured in the presence of cetuximab (Figure 3).  

We also assessed Pi3K inhibition on proliferation and survival of fibroblasts from patients with SSc 

and healthy controls. Proliferation and survival of fibroblasts were lower when fibroblasts from 

patients with SSc were cultured in the presence of LY-294,002 (Figure 4A) which inhibits Pi3K αβ 

and PI3Kδ subunits. To confirm these results, we inhibit fibroblasts proliferation and survival with 

IC-87114, a selective PI3Kδ subunit inhibitor and with pictilisib which is a selective Pi3K αβ and 

PI3Kδ subunits. Interestingly, proliferation and survival of fibroblasts were not modified by addition 

of IC-87114 (Figure 4B) whereas pictilisib decreases fibroblasts proliferation and survival after 48 

hours of culture (Figure 4C) suggesting that PI3K αβ subunits play a role in fibroblasts proliferation 

and survival. 

DISCUSSION 

Using 2D-DIGE, we compared the proteomes of fibroblasts from patients with SSc and HC and 

highlighted important differences between groups. We also emphasized differences between groups in 

the protein expression profiles of fibroblasts cultured in the presence of TGF-ß. 

Consistent with previously reported proteomic analysis of different starting substrates from patients 

with SSc (whole skin, secretome, matrix and fibroblast layer lysate), we identified proteins involved 

in cytoskeleton organization, cellular process and metabolic process 
[28–33]

. Mainly, we found an 

upregulation of Trio and F-actin binding protein and LIM domain and actin-binding protein 1 which 

are known to play a role in actin modification and contractility. We found that IQGAP1, which is a 

key player of fibroblast migration, was downregulated in SSc skin fibroblasts. Interestingly, IQGAP1 

has already been found to be deregulated in fibroblasts from patients with SSc 
[34]

. Indeed it was 
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reported to be upregulated in lung fibroblasts from patients with SSc when activated with connective 

tissue growth factor 
[34]

. Herein activation with TGF-ß did not upregulate IQGAP1. Taken together 

these findings suggest that lung involvement in SSc depends on proteomic modification including 

modulation of IQGAP1. More recently, Corallo et al reported that involved skin is reactive to type-1 

collagen and vimentin when compared to uninvolved skin 
[33]

. Our data support that the production of 

type-1 collagen is linked to TGF-ß stimulation but not spontaneous nor specific of SSc fibroblasts. 

Regarding vimentin that we found downregulated in fibroblasts from patients with SSc, the 

discrepancy with the work by Corallo et al highlights possible changes in fibroblast proteomic 

phenotype during disease evolution 
[33]

.  

Our work reinforces the role of TGF-ß in SSc as it shows that fibroblasts from patients with SSc have 

a high responsiveness to this cytokine. TGF-ß plays a pivotal role in the pathogenesis of fibrosis 
[16]

. 

TGF-ß stimulates fibroblast differentiation, proliferation and survival, and collagen and other 

extracellular matrix component synthesis 
[35]

. Fibroblasts from patients with SSc are characterized by 

an increased expression and function of TGF-ß receptors, partly due to a decreased expression of 

caveolin 
[35,36]

. Even if we did not find caveolin downregulation, our results emphasise this increased 

response of fibroblasts from patients with SSc to TGF-ß. Indeed addition of TGF-ß to the culture of 

fibroblasts from patients with SSc strongly enhanced their proteome expression, which remained 

similar to the one of fibroblasts from HC when cultured in the presence of TGF-ß. Interestingly, 

although biological processes remain similar in the presence or in the absence of TGF-ß, the number 

of protein pathways was increased by the addition of TGF-ß. Noteworthy, the enhanced phenotype 

was characterized by increased production of actin cytoskeleton proteins and integrins. This 

upregulation of integrin production is in agreement with the work of Gerber et al who advocated a 

role for integrin-modulating therapy in mouse models of scleroderma. In two different mouse models 

of stiff skin syndrome, an early-stage mouse model for skin fibrosis, the authors were able to prevent 
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skin fibrosis by modulating ß1 or ß3 integrins and reversed it by TGF-ß antagonism 
[37,38]

. 

Interestingly, fibroblasts from patients with SSc were nearly 1.5 times more modified by the addition 

of TGF-ß. It emphasizes that fibroblasts from patients with SSc have at least a quantitatively higher 

response to TGF-ß than fibroblasts from HC suggesting that fibroblast activation pathways are 

facilitated in SSc. Taken together these results emphasize the role of the integrin pathway and support 

the inhibition of TGF-ß in SSc. 

Interestingly we identified EGFR and Pi3K as two proteins of interest in our network analysis. EGFR 

is expressed at the surface of fibroblasts and involved in fibrotic process. In vivo mouse studies 

showed that renal fibrosis requires both expression and activation of EGFR. Tang et al studied mice 

lacking EGFR and showed that they had less renal fibrosis after renal ischemia injury 
[39]

. This fibrosis 

was shown to be dependent on TGF-ß1 genes which required EGFR activation 
[40]

. EGFR influences 

both fibroblast and myofibroblast functions. Giordani et al reported that fetal lung fibroblasts lacking 

EGFR had decreased apoptosis and inflammation 
[41]

. Migley et al reported in turn that TGF-ß1-

stimulated fibroblasts to myofibroblasts differentiation requires EGFR localization in lipid rafts 
[42]

. 

Lastly Yoo et al showed that activated myofibroblasts expressed increased amounts of EGFR 
[43]

. In 

the setting of SSc, Tokiyama et al were among the first ones to report EGFR abnormalities in SSc 

fibroblasts including decreased affinity for EGF, higher levels of RNA for EGFR gene and decrease 

response to transretinoic acid 
[44]

. More recently, Arts et al demonstrated that remodelling signalling 

events occur through the EGFR in vascular smooth muscle cells stimulated by immunoglobulin G 

from SSc patients 
[45]

. Of note, we have previously shown that immunoglobulin G from patients with 

SSc target Pi3K 
[46]

. Among autoantibodies found in patients with SSc, Planque et al. detected 

increased amounts of autoantibodies targeting the recombinant extracellular domain of EGF 
[47]

. 

Yamane et al reported EGF regulated expression of TGF-ß receptor type II in human skin fibroblasts 

by Pi3K/Akt signalling pathway and that abnormal activation of EGF-mediated signalling pathway 
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including Pi3K might play a role in TGF-ß receptor type II in SSc fibroblasts 
[48]

. Last but not least, 

Lofgren et al. reported very recently that 4 of 11 EGFR ligands as well as the PI3K/Akt pathway 

could be linked to the transcriptional signature of SSc in a multicohort analysis 
[49]

. Taken together our 

present work and previously reported results emphasize the role of EGFR in fibroblasts in SSc. 

Our study has some limitations. As often when performing two-dimensional gel electrophoresis and 

mass spectrometry, this analysis was performed on a small number of patients and unmatched 

controls. Still, these techniques are powerful tools for proteomic analyses and we believe we 

identified interesting proteins, biological process and pathways in the specific settings of diffuse SSc 

which remains a rare and severe disease.  Although we were able to identify a mean of 2713 different 

protein spots, some proteins were lost at each step of the experimental procedure and during the 

protein identification process. In addition, more than one protein was identified in numerous protein 

spots and it is not possible to assess the impact of each protein on the observed difference. Lastly, our 

results need to be confirmed in vivo and in additional patients and cohorts. 

To conclude, we here confirm that the proteomic profile of fibroblasts differs between patients with 

SSc and HC and demonstrate that fibroblasts change their protein expression profile and expand the 

number of protein pathways upon stimulation with TGF-ß. We highlighted that EGFR and PI3K 

might be proteins of interest in the setting of SSc. In vivo studies will be needed to confirm the 

potential efficacy of EGFR / Pi3K inhibition in SSc.  
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TABLE 

Table 1. Numbers of protein spots differentially expressed between fibroblasts of patients with 

diffuse systemic sclerosis and fibroblasts of healthy controls, cultured in the presence or in the 

absence of transforming growth factor-ß 

SSc vs 

HC 

SScT vs 

HCT 

SScT vs 

SSc 

HCT vs 

HC 

Number of protein spots differentially 

expressed (fold change ≥1.3) 
42 34 235 162 

17 18 111 100 

25 16 124 62 

Number of protein spots differentially 

expressed (fold change ≥1.5) 
21 20 232 136 

14 12 110 87 

7 8 122 49 

Number of protein spots differentially 

expressed (fold change ≥2.0) 
2 4 68 66 

2 4 43 49 

0 0 25 17 

HC: fibroblasts from healthy controls, HCT: fibroblasts from healthy controls cultured with TGF-ß, 

SSc: fibroblasts from patients with systemic sclerosis, SScT: fibroblasts from patients with 

systemic sclerosis cultured with TGF-ß, TGF-ß: transforming growth factor-ß 
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Table 2. Gene ontology biological processes associated to proteins differentially expressed 

between fibroblasts of patients with diffuse systemic sclerosis and fibroblasts of healthy 

controls, cultured in the presence or in the absence of transforming growth factor-ß  

David
®
 functional classification software was used to assess the gene ontology biological processes 

associated to proteins found in statistically significant altered abundance in fibroblasts from patients 

with diffuse systemic sclerosis compared to fibroblasts from healthy controls cultured in the presence 

or in the absence of transforming growth factor-ß  

SSc vs HC SScT vs HCT 

Biological process % Biological process % 

Cell-cell adhesion 12,2 Cell-cell adhesion 14,3 

Carbohydrate metabolic process 10,2 
Movement of cell or subcellular 

component 
11,4 

IRE1-mediated unfolded protein response 8,2 Muscle contraction 11,4 

Movement of cell or subcellular component 8,2 Epithelial cell differentiation 11,4 

Integrin-mediated signaling pathway 8,2 Muscle filament sliding 8,6 

Leukocyte migration 8,2 Response to ethanol proliferation 8,6 

Positive regulation of gene expression 8,2 Regulation of cell shape 8,6 

Protein transport 8,2 
Positive regulation of superoxide anion 

generation 
5,7 

Antigen processing and presentation of exogenous 

peptide antigen via MHC class I, TAP-dependent 
6,1 Ruffle organization 5,7 

Negative regulation of catalytic activity 6,1 Regulation of muscle contraction 5,7 

Cell-matrix adhesion 6,1 
Negative regulation of vascular smooth 

muscle cell 
5,7 

Protein folding 6,1 Cellular amino acid biosynthetic process 5,7 



www.clinical.proteomics-journal.com Page 21 Proteomics - Clinical Applications 

This article is protected by copyright. All rights reserved. 

21 

Positive regulation of vesicle fusion 4,1 Response to organic substance 5,7 

UDP-N-acetylglucosamine biosynthetic process 4,1 Regulation of heart contraction 5,7 

Positive regulation of NIK/NF-kappaB signaling 4,1 Chaperone-mediated protein folding 5,7 

Cell adhesion mediated by integrin 4,1 
Negative regulation of extrinsic apoptotic 

signaling pathway 
5,7 

Stress fiber assembly 4,1 Response to reactive oxygen species 5,7 

Cell-substrate adhesion 4,1 Protein peptidyl-prolyl isomerization 5,7 

Heterotypic cell-cell adhesion 4,1 

Leukocyte cell-cell adhesion 4,1 

Endodermal cell differentiation 4,1 

Actin filament bundle assembly 4,1 

Positive regulation of establishment of protein 

localization to plasma membrane 
4,1 

SScT vs SSc HCT vs HC 

Biological process % Biological process % 

Cell-cell adhesion 10,9 Cell-cell adhesion 13,9 

oxidation-reduction process 10,4 Negative regulation of apoptotic process 7,3 

Negative regulation of apoptotic process 9,4 Oxidation-reduction process 7,3 

Movement of cell or subcellular component 4,5 Protein transport 5,8 

Intracellular protein transport 4,5 Platelet aggregation 5,1 

Response to drug 4,5 

Movement of cell or subcellular 

component 5,1 

Cytoskeleton organization 4 Leukocyte migration 5,1 

Protein folding 4 Protein folding 5,1 

Epithelial cell differentiation 3,5 Extracellular matrix organization 5,1 

Cell redox homeostasis 3,5 Intracellular protein transport 5,1 
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Regulation of cell shape 3,5 Response to endoplasmic reticulum stress 4,4 

Response to reactive oxygen species 3 Muscle contraction 4,4 

Platelet aggregation 3 Response to drug 4,4 

Response to endoplasmic reticulum stress 3 Cell redox homeostasis 3,6 

Response to ethanol 3 Osteoblast differentiation 3,6 

Leukocyte migration 3 Regulation of cell shape 3,6 

Extracellular matrix organization 3 Cytoskeleton organization 3,6 

Positive regulation of cell migration 3,6 

HC: fibroblasts from healthy controls, HCT: fibroblasts from healthy controls cultured with TGF-ß, SSc: 

fibroblasts from patients with systemic sclerosis, SScT: fibroblasts from patients with systemic sclerosis 

cultured with TGF-ß, TGF-ß: transforming growth factor-ß 
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Table 3. Gene ontology pathways associated to proteins differentially expressed between 

fibroblasts of patients with diffuse systemic sclerosis and fibroblasts of healthy controls, 

cultured in the presence or in the absence of transforming growth factor-ß  

David
®
 functional classification software was used to assess the gene ontology pathways associated to 

proteins found in statistically significant altered abundance in fibroblasts from patients with diffuse 

systemic sclerosis compared to fibroblasts from healthy controls cultured in the presence or in the 

absence of transforming growth factor-ß  

SSc vs HC SScT vs HCT 

% Pathway % 

Focal adhesion 14,3 Regulation of actin cytoskeleton   11,4 

Regulation of actin cytoskeleton 14,3 MicroRNAs in cancer 11,4 

Proteoglycans in cancer 12,2 Hypertrophic cardiomyopathy (HCM) 8,6 

PI3K-Akt signaling pathway 10,2 Dilated cardiomyopathy 8,6 

Arrhythmogenic right ventricular 

cardiomyopathy (ARVC) 8,2 Alanine, aspartate and glutamate metabolism 5,7 

Hypertrophic cardiomyopathy (HCM) 6,1 

Dilated cardiomyopathy 6,1 

ECM-receptor interaction 6,1 

SScT vs SSc HCT vs HC 

% Pathway % 

Metabolic pathways 14,4 Focal adhesion 10,9 

Regulation of actin cytoskeleton 6,9 Regulation of actin cytoskeleton 10,2 

Focal adhesion 5,9 Proteoglycans in cancer 7,3 
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Tight junction 4 PI3K-Akt signaling pathway 7,3 

Protein processing in endoplasmic reticulum 4 Protein processing in endoplasmic reticulum 6,6 

Biosynthesis of antibiotics 4 Tight junction 5,8 

Carbon metabolism 3,5 Phagosome 5,8 

Phagosome 3,5 

Arrhythmogenic right ventricular 

cardiomyopathy (ARVC) 5,1 

Shigellosis 3 Hypertrophic cardiomyopathy (HCM) 5,1 

Arrhythmogenic right ventricular 

cardiomyopathy (ARVC) 3 Dilated cardiomyopathy 5,1 

Hypertrophic cardiomyopathy (HCM) 3 ECM-receptor interaction 5,1 

Salmonella infection 3 Shigellosis 4,4 

Fc gamma R-mediated phagocytosis 3 Leukocyte transendothelial migration 4,4 

Dilated cardiomyopathy 3 Platelet activation 4,4 

ECM-receptor interaction 3 Bacterial invasion of epithelial cells 3,6 

Pathogenic Escherichia coli infection 2,5 Amoebiasis 3,6 

Biosynthesis of amino acids 2,5 Pathogenic Escherichia coli infection 2,9 

Bacterial invasion of epithelial cells 2,5 Adherens junction 2,9 

Amoebiasis 2,5 Salmonella infection 2,9 

Alanine, aspartate and glutamate metabolism 2 Protein digestion and absorption 2,9 

Arginine and proline metabolism 2 

D-Glutamine and D-glutamate metabolism 1 

HC: fibroblasts from healthy controls, HCT: fibroblasts from healthy controls cultured with TGF-ß, SSc: 

fibroblasts from patients with systemic sclerosis, SScT: fibroblasts from patients with systemic sclerosis 

cultured with TGF-ß, TGF-ß: transforming growth factor-ß 
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FIGURE LEGENDS 

Figure 1. Comparison of proteomes of fibroblasts from patients with diffuse systemic sclerosis 

(SSc) and healthy controls, cultured in the presence or in the absence of transforming growth 

factor-ß 

Panel A: principal component analysis of the protein spots differentially expressed between 

fibroblasts of diffuse SSc patients (n=4) and HC (n=3) cultured in the presence or in the absence of 

TGF-ß. Panel B: hierarchical clustering of protein spots displayed as a heat map. The color scale goes 

from green (decreased protein expression), to black (no change in protein expression), and to red 

(increased protein expression). White color represents a spot, which is not detected or matched.   

HC: healthy controls; SSc: systemic sclerosis; TGF-ß: transforming growth factor-ß. 
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Figure 2. Simplified network generated by Ingenuity pathway analysis with Human proteins 

identified as specific target antigens interacting with deregulated proteins of fibroblasts from 

patients with diffuse systemic sclerosis. 

Network was generated by ingenuity pathway analysis (IPA) with identified proteins showing major 

differences in expression between fibroblasts from SSc patients and HC. Solid lines indicate direct 

interaction or regulation. Red nodes, up-regulated protein; green nodes, down-regulated protein; white 

nodes, protein added by IPA algorithm not present in our list of protein differentially expressed. The 

different shades of red and green reflect the relative fold change. 

 AHNAK: AHNAK nucleoprotein; ACTN4: actinin 4; ADAM 12: A disintegrin and metallopeptidase 

domain 12; Ck2: casein kinase 2; CTNNB1: catenin ß1; EGFR: epidermal growth factor receptor; 

ENO2: enolase 2; ERK: extracellular receptor kinase; ESR1: estrogen receptor 1; IQGAP1: IQ motif 

containing GTPase activating protein 1; HEXIM1: hexamethylenee bis-acetamide inducible 1; HGS: 

hepatocyte growth factor – regulated tyrosine kinase substrate; HSP90B1: heat shock protein 90kDa 

bet family member 1; ITGAV: integrin subunit α V; ITGB1: integrin subunit ß1; LMNA: laminin 

A/C; MAP4: microtubule associated protein 4; MSN: moesin; MVP: major vault protein; NFκB: 

nuclear factor κB; p85 pik3r: p85 subunit of phosphatidylinositol 3 – kinase receptor; PEA 15: 

phosphoprotein enriched in astrocytes 15; PGM3: phosphoglucomutase 3; Pka: A-kinase; RPS3: 

ribosomal protein S3; SRC; TLN1: Talin1; TP53: tumor protein 53; TGF B1: transforming growth 

factor ß1; VIM: vimentin; XRCC5: X ray repair complementing defective repair in Chinese Hamster 

cells 5.  
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Figure 3. Inhibition of epidermal growth factor receptor (EGFR) from patients with systemic 

sclerosis (SSc) and healthy controls (HC) 

Fibroblasts (2500/well) isolated from 5 SSc patients and 5 HC were cultured alone, with a monoclonal 

immunoglobulin G from a patient with multiple myeloma, or with cetuximab for 3 days. Proliferation 

and adhesion were measured using the xCELLigence
®
 real time cell analysis instrument. This assay 

system expresses impedance in arbitrary cell index units. Comparisons were performed using a 

Friedman test. Statistical significance was defined as: * p-value < 0.05. 

EGFR: epidermal growth factor- receptor; HC: healthy control; Ig: immunoglobulin; SSc: Systemic 

sclerosis. 
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Figure 4. Inhibition of phosphatidylinositol 3 kinase (Pi3K) in fibroblasts from patients with 

systemic sclerosis (SSc) and healthy controls (HC) 

Panel A: fibroblasts (2500/well) isolated from 5 SSc patients and 5 HC were cultured alone, or with 

Ly294002 (50µM) for 3 days. Panel B: fibroblasts (2500/well) isolated from 5 SSc patients and 5 HC 

were cultured alone, or with IC-87114 (0.5µM) for 3 days. Panel C: fibroblasts (2500/well) isolated 

from 5 SSc patients and 5 HC were cultured alone, or with pictilisib (33nM) for 3 days. 

Proliferation and adhesion were measured using the xCELLigence
®
 real time cell analysis instrument. 

Vehicle of the small molecules was not added to controls. This assay system expresses impedance in 

arbitrary cell index units. Comparisons were performed using a Friedman test. Statistical significance 

was defined as: * p-value < 0.05. 

Pi3K: phosphatidylinositol 3 – kinase; HC: healthy control; SSc: Systemic sclerosis. 


