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ABSTRACT  

 

Systemic sclerosis (SSc) is a rare and severe connective tissue disease combining auto-

immune and vasculopathy features, ultimately leading to organ fibrosis. Impaired 

angiogenesis is an often silent and life-threatening complication of the disease. We 

hypothesize that CCN3 (NOV), a member of the CCN family of extra-cellular matrix 

proteins, which is an antagonist of the pro-fibrotic protein CCN2 (CTGF) as well as a pro-

angiogenic factor, is implicated in SSc pathophysiology. 

We performed skin biopsies on 26 SSc patients, both in fibrotic and non-fibrotic areas for 17 

patients, and collected 18 healthy control skin specimens, for immunohistochemistry and cell 

culture.  

Histological analysis of non-fibrotic and fibrotic SSc skin shows a systemic decrease of 

papillary dermis surface as well as capillaries disappearance. CCN3 expression is 

systematically decreased in the dermis of SSc patients compared to healthy controls, 

particularly in dermal blood vessels. Moreover, CCN3 is decreased in vitro in endothelial 

cells from SSc patients. We show that CCN3 is essential for endothelial cell migration and 

angiogenesis in vitro.  

In conclusion, CCN3 may represent a promising therapeutic target for SSc patients presenting 

with vascular involvement.  
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INTRODUCTION 

 

Systemic sclerosis (SSc) is a rare and severe connective tissue disease combining 

autoimmunity and widespread vasculopathy, ultimately leading to organ fibrosis (Allanore et 

al. 2015; Gabrielli et al. 2009; Varga and Abraham 2007). Vasculopathy is a major issue in 

SSc (Allanore et al. 2018) and Raynaud’s phenomenon is usually the first manifestation of the 

disease. Digital ulcers (DUs) are frequent in SSc patients, responsible for serious morbidity 

such as gangrene and amputation, and associated with higher mortality (Meunier et al. 2018). 

Other vasculopathic manifestations such as pulmonary hypertension or renal crisis are silent 

at an early stage but are potentially lethal. A current challenge lies in discovering new 

therapeutic targets in order to treat these manifestations.  

CTGF (connective tissue growth factor), which is also known as CCN2, is a well-known pro-

fibrotic factor in SSc (Leask et al. 2004; Serratì et al. 2013). CCN proteins, a family of six 

matricellular proteins sharing a common multimodular structure, are involved in major 

cellular pathways of interest in SSc (Henrot et al. 2018). CCN3 (NOV) is thought to be an 

antagonist of CCN2 when induced by TGF-β (Lemaire et al. 2010; Madne and Dockrell 2018; 

Riser et al. 2009). However, CCN3 is also pro-angiogenic, probably by binding to cell surface 

integrins such as integrin α5β1, α6β1 and αvβ5 (Lin et al. 2005). Interestingly, CCN3 has 

been shown to be decreased in the placenta of pre-eclampsia pregnant women, a disease 

whose pathophysiology mimics SSc renal crisis (Gellhaus 2006).  

Thus, our hypothesis was that CCN3 could be a key player in SSc, particularly in vascular 

function. The aim of our work was to study the alteration of CCN3 in SSc skin and its role in 

SSc angiogenic dysfunction.  
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RESULTS 

 

SSc skin is characterized by a major decrease in papillary dermis  

Skin biopsies from 26 SSc patients were compared to 18 healthy control (HC) samples. 

Clinical characteristics of patients and controls are shown in Table 1. The thickness of the 

superficial (papillary) dermis was significantly decreased both in non-fibrotic (or clinically 

uninvolved) and fibrotic areas of SSc skin compared to HC skin (NFib: 0.0527 ± 0.006 mm, 

Fib: 0.0595 ± 0.006 mm; HC: 0.122 ± 0.008 mm; p<0.0001 in both cases; Figure 1a, b), even 

at the early stages of the disease (Figure 1a, recent SSc: <1 year of evolution after diagnosis). 

A significant decrease in the interdigitation index, representing a flattening of the basal 

membrane as compared to HC, was also noted both in non-fibrotic and fibrotic areas (HC: 

1.76 ± 0.442; SSc NFib: 1.31 ± 0.264; SSc Fib: 1.35 ± 0.240; p=0.0007 and 0.002, 

respectively; Figure S1).  

CD31 immunostaining (Figure 1c) showed a significant decrease in the number of dermal 

blood vessels in SSc skin, both in non-fibrotic and fibrotic areas compared to HC (NFib: 6.14 

± 0.927 dermal vessels/field, Fib: 6.66 ± 0.891 dermal vessels/field; HC: 23.5 ± 2.41 dermal 

vessels/field; p<0.0001 in both cases; Figure 1d). This was at least partly due to the 

disappearance of papillary dermal vessels (mainly capillaries), as evidenced by the significant 

decrease in the proportion of capillaries in non-fibrotic and fibrotic SSc skin versus HC 

(NFib: 62.7 ± 0.0597 %, Fib: 65 ± 0.0582 %; HC: 87.8 ± 0.0203 %; p=0.0009 and p=0.0008, 

respectively; Figure 1e).  

  

SSc skin is characterized by a decrease in CCN3 expression in dermal vessels 

Dermal vessels were then stained for CCN3 and CD34 (Figure 2a), the latter to evidence both 

endothelial cells (inner layer, white arrow) and peri-vascular CD34+ cells (outer layer, yellow 
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arrows) surrounding the dermal vessels. In HC samples, several layers of CCN3+ cells were 

observed: the CD34+/CCN3+ inner layer was identified as the tunica intima, the middle layer 

as the tunica media thanks to α-SMA staining (Figure S2), and the outer layer as 

CD34+/CCN3+ peri-vascular cells (Figure 2a). Other peri-vascular CCN3+ cells were 

identified as lymphocytes (CD3+) and fibroblasts (CD90+) (Figure S2). 

We observed a marked decrease in the number of CD34/CCN3+ layers in SSc dermal vessels 

compared to HC (p<0.0001, Figure 2b), especially in reticular dermal vessels, which was 

mainly attributed to the loss of CD34+ peri-vascular cells. Of note, the number of CCN3+ 

layers did not differ regardless of the SSc skin area, fibrotic or not (Figure S3a).  

We observed a marked decrease in CCN3 intensity in SSc endothelial cells (identified by 

CD31 staining) (1.58 ± 0.117 AU) compared to HC endothelial cells (2.71 ± 0.175 AU; 

p<0.0001, Figure 2c, d). Again, we observed no difference between non-fibrotic and fibrotic 

areas of SSc skin (Figure S3b). Of note, this result, as a mean CCN3 fluorescence intensity of 

all CD31+ cells, was neither influenced by the number nor by the size of dermal vessels. 

CCN3 expression in SSc endothelial cells did not differ in subgroup analysis regarding 

vascular involvement of SSc patients (Figure S3c). Interestingly, the mean CCN3 expression 

in endothelial cells was significantly correlated with the number of vessels (Spearman 

r=0.6227, p<0.0001, Figure S3d). 

We also observed a significant decrease in dermal cell density in SSc skin compared to HC 

skin (data not shown), which partially accounts for the lack of other CCN3+ cells in the 

dermis as shown in Figure 2c. Of note, epidermal expression of CCN3 was not found different 

between HC and SSc, although great heterogeneity was observed among SSc samples (data 

not shown).  
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CCN3 level is decreased in vitro and CCN3 is differentially localized in SSc endothelial 

cells compared to HC cells 

Cultured human microvascular dermal endothelial cells (HDMECs) from SSc biopsies and 

HC skin were checked for phenotype by CD31 labeling and flow cytometry (Figure 3a, Figure 

S4a). All cell populations (HC (n=7) and SSc (n=6)) were more than 95% CD31+. Western 

blotting revealed a significant decrease in intra-cellular CCN3 in SSc HDMECs compared to 

HC ones (p=0.04, Figure 3b and 3c). Of note, qPCR did not reveal any difference in CCN3 

expression at the transcriptional level (Figure S4b).  

CCN3 staining in HC HDMECs revealed both a cytoplasmic and nuclear expression, with a 

granulated peri-nuclear staining, suggesting an accumulation in the Golgi apparatus, as 

described elsewhere (Perbal 2006) (Figure 3d). Interestingly, intra-nuclear CCN3 staining was 

almost absent in SSc HDMECs, suggesting an intra-cytoplasmic retention of the protein. 

Moreover, the level of secreted CCN3 measured by ELISA in cell supernatants was 

significantly decreased in SSc HDMECs compared to HC HDMECs (p=0.01, Figure 3e). 

Secreted CCN3 was undetectable in 4 out of 5 SSc samples.  

Altogether, these findings demonstrate that CCN3 is downregulated in SSc endothelial cells at 

both the intra-cellular and secreted level.  

It is interesting to note that, although CCN3 basal secretion is very low in SSc HDMECs, it 

seems to be amenable to modulation. We have stimulated HC and SSc HDMECs with the 

pro-inflammatory cytokine IL-1β and found that CCN3 secretion tended to increase in SSc 

HDMECs only (Figure S5). 
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CCN3 is involved in HDMECs in vitro angiogenesis 

In vitro angiogenesis assays showed that incubation of HDMECs with anti-CCN3 antibody 

significantly impaired tube formation compared to control antibody (Figure 4a and 4b). We 

observed a significant decrease in the number of master junctions (p=0.008), meshes (p=0.01) 

and master segments (p=0.01) (Figure 4c and 4d; Figure S6b). A significant decrease in the 

total length of master segments (p=0.01) and in the total segment length (p=0.02) (Figure 4e; 

Figure S6c) was also observed. The total length of isolated branches tended to increase in the 

presence of anti-CCN3 antibody compared to control antibody, without reaching statistical 

significance (Figure S6d). Definition of each parameter is shown in Figure S6a. No significant 

difference was observed between non-treated cells and HDMECs treated with control 

antibody (data not shown).  

We sought to determine the mechanism underlying this impaired angiogenesis. The anti-

CCN3 antibody had no significant effect on cell proliferation and cell adhesion compared to 

control antibody and to non-treated cells (Figure S7a, b). However, a significantly decreased 

migration was observed in HDMECs incubated with the anti-CCN3 antibody compared to the 

control condition (Figure S7c), as assessed by the level of wound closure 8 hours after the 

beginning of the experiment (p=0.02; Figure S7d). No significant difference was observed 

between the control isotypic antibody and non-treated cells (data not shown). Altogether, 

these findings show that CCN3 blockade in HC HDMECs impairs in vitro angiogenesis at 

least partly by inhibiting migration.  

 

Next, we incubated SSc HDMECs with various doses of recombinant CCN3 (rCCN3: 0.1, 1 

and 10 µg/mL). rCCN3 0.1 and 1 µg/mL showed a tendency to improve in vitro angiogenesis, 

although not statistically significant (data not shown). rCCN3 10 µg/mL significantly 

improved in vitro angiogenesis, as shown by the significant increase in the number of master 
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junctions (p=0.0066; Figure 4h) and the number of meshes (p=0.0097; Figure 4i). A 

significant increase in the number of master segments (p=0.0005, Figure S6e) and the total 

segment length (p=0.0066, Figure S6f) was also observed. Finally, the total length of isolated 

branches tended to decrease in presence of rCCN3 (Figure S6g). Addition of rCCN3 (10 

µg/mL) to SSc HDMECs in a migration assay did not significantly change the level of wound 

closure (Figure S7 e, f).  

Altogether, these data show that rCCN3 partly restores the angiogenesis defect observed in 

SSc HDMECs.   
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DISCUSSION 

 

Our results highlight a systemic architectural modification in SSc skin, as shown by the loss 

of papillary dermis and capillaries. These changes are associated with a global 

downregulation of CCN3 in dermal vessels and endothelial cells. CCN3 was found to play a 

prominent role in HDMECs migration and angiogenesis in vitro.  

One striking histological finding was the disappearance of papillary dermis, seen whatever the 

area of biopsy in SSc skin, as mirrored by a dramatic decrease in the number of capillaries. 

Comparison of the same clinical sites that we analyzed (dorsal forearm and upper inner arm) 

also found similar histological features between the two zones (Van Praet et al. 2011). Of 

note, studies analyzing fibroblasts taken from both non-fibrotic and fibrotic zones in the same 

patients have either shown a difference in the molecular patterns (Corallo et al. 2017) or no 

difference (Fuzii et al. 2008). This decrease in papillary dermal surface seems to be different 

than papillary changes observed in other dermatological conditions such as lichen sclerosus et 

atrophicus, where the papillary dermis is often edematous (Brănişteanu et al. 2016; Uitto et al. 

1980). In any case, there is a need to decipher the pathophysiological mechanism behind the 

selective destruction of papillary dermis. It could be due to the enhanced secretion of matrix 

metallo-proteinases by inflammatory cells or to tissular destruction by local hypoxia in the 

context of SSc-impaired angiogenesis.  

Inflammation and hypoxia are factors that modulate the level of CCN proteins, in particular 

CCN3 (Jun and Lau 2011; Wolf et al. 2010). We observed a decreased dermal protein level of 

CCN3 in situ in the skin of SSc patients. This result is not in contradiction with the increase in 

CCN3 found by Lemaire et al (Lemaire et al. 2010), since they analyzed whole skin samples 

at the transcriptional level. The high rate of post-translational modifications of CCN3 

(Kyurkchiev et al. 2004; Yang et al. 2011) demonstrates the need for assessment at the protein 
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level, as shown by the discrepancy between qPCR and Western blot results in our work. Here, 

degradation of CCN3 protein in SSc HDMECs could be enhanced, or CCN3 stabilization 

(through dimerization for example) could be decreased. Moreover, we found CD34+/CCN3+ 

perivascular cells in HC skin that were almost absent in SSc skin. Due to the expression of 

CD34, the peri-vascular localization and peculiar morphological characteristics (small cell 

body and long cytoplasmic prolongations), these cells could either be telocytes which have 

been reported as decreased in SSc skin (Manetti et al. 2013), or mesenchymal stem cells 

(Barron et al. 2019). The origin of these CD34+ peri-vascular cells remains unclear, yet their 

loss contributes to the decrease of CCN3 expression in dermal vessels.  

We show that CCN3 blockade impairs HC HDMECs in vitro angiogenesis, and that adding 

recombinant CCN3 to SSc HDEMCs improves in vitro angiogenesis. These results are 

consistent with the impaired in vitro angiogenesis already observed in SSc endothelial cells 

compared to HC cells (Tsou et al. 2016). Thus, CCN3 seems to play a prominent role in 

HDMECs homeostasis, which is consistent with other reports (Lin et al. 2003; van Roeyen et 

al. 2012). In SSc HDMECs, low CCN3 expression seems to be amenable to modulation by 

stimulation with IL-1β (whereas no change in CCN3 extra-cellular secretion was seen in HC 

cells), although these data need to be confirmed with a larger data set. IL-1β stimulation 

activates many pathways in endothelial cells, triggering a response program including potent 

pro-angiogenic factors, notably via NF-кB pathway (Pober and Sessa 2007). These data could 

lead to decipher the IL-1β/CCN3 axis in endothelial cells on a therapeutic prospect. 

Impaired tube formation can be due to decreased migration or dysfunction in cell-cell 

attachment (Irvin et al. 2014). This is consistent with our results, showing a more important 

decrease of tube formation than in migration. This cannot be attributed to a difference in cell 

proliferation, given that it was not altered by anti-CCN3 treatment. Thus, in our model, CCN3 

blockade probably impairs mostly cell-cell attachment through defect in integrin binding, 
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directly or indirectly. A direct interaction between CCN3 and endothelial cells surface 

integrins (αVβ3, α6β1, α5β1) has indeed already been shown (Lin et al. 2005; Lin et al. 2003). 

CCN3 blockade could also impair CCN3’s binding to extra-cellular matrix (ECM) 

constituents (LIU et al. 2012) and thus inhibiting tubulogenesis by preventing ECM 

degradation. Adding rCCN3 to SSc HDMECs partly restores in vitro angiogenesis, which is 

particularly interesting from a therapeutic point of view. 

However, the full role of CCN3 in endothelial cells remains unknown. Intra-cellular CCN3, 

and particularly the nuclear form, may act as a co-transcriptional factor to regulate 

angiogenesis as well as other cellular functions. We have shown that SSc HDMECs do not 

exhibit intra-nuclear CCN3 staining, unlike healthy HDMECs. Further studies are needed to 

fully understand if intra-nuclear CCN3 regulates HDMECs homeostasis.  

Altogether, our data suggests the involvement of CCN3 in SSc skin pathophysiology, 

especially vasculopathy. On another note, CCN3 has been reported as antagonizing the pro-

fibrotic role of CCN2 in several models (Borkham-Kamphorst et al. 2012; Lafont et al. 2005; 

Lemaire et al. 2010; Riser et al. 2009) but not in the skin. Here, we show that CCN3 plays a 

pro-angiogenic role, CCN2 also being reported as a pro-angiogenic factor (Brigstock 2002; 

Chintala et al. 2012; Ponticos 2013). It is likely that CCN3’s role is organ and function-

dependant and its anti-fibrotic role in the skin remains to be demonstrated.  

In conclusion, our results indicate that decrease of CCN3 in SSc endothelial cells is linked to 

SSc impaired angiogenesis. A future challenge is to develop therapeutic approaches to restore 

CCN3 homeostasis in the skin.  
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MATERIALS AND METHODS 

 

Patients and controls  

26 SSc patients were recruited within the biomedical research cohort VISS (Vasculopathy and 

Inflammation in Systemic Sclerosis) approved by the institutional ethical committee (CPP, 

2012 A00081-42, Aquitaine), over a two-year period (from September 2015 to September 

2017). All patients met  the  classification  criteria  proposed  by  the  American  College of 

Rheumatology (ACR) and the EUropean League Against Rheumatism (EULAR) 2013 (26). 

All patients provided written, informed consent before entering the study. Skin biopsies were 

performed on the forearm, on a fibrotic zone whenever possible, as spindle-shaped biopsies of 

1 cm of wide axis. If the forearm was fibrotic (17 patients), another similar biopsy was 

performed on the proximal part of the same arm, in a non-fibrotic zone. For healthy control 

(HC) skin, 18 biopsy specimens were isolated from arm skin that had been discarded during 

plastic surgery (brachioplasty) thanks to a research convention with the plastic surgery 

department. For SSc patients, vascular involvement was defined as current or past history of 

digital ulcers and/or pulmonary hypertension and/or renal crisis.  

 

Histological assessment, immunohistochemistry, immunofluorescence 

Part of the skin biopsy was formalin-fixed and paraffin-embedded before undergoing 4µm-

thick microtome sections, another part being devoted for cell culture. Histological analyses 

were performed using Masson’s Trichrome Aniline Blue staining. Immunohistochemistry 

(IHC) was performed as previously described (Cario-Andre 2017; Marie et al. 2014), using 

antibodies against CCN3 (ab137677; Abcam), CD31 (clone JC70A; Dako), CD34 (QBEnd-

10; Thermo Fisher Scientific). Same dilutions were used for all immunohistochemical stains. 
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Images were acquired using an epifluorescence microscope (Leica). For analysis, see 

supplemental material & methods.  

 

Endothelial cell primary cell culture  

Human microvascular dermal endothelial cells (HDMECs) were obtained from 5 SSc patients 

and 7 HC skin samples, based on a previous protocol(Normand and Karasek 1995), improved 

with purification using a CD31 microbead kit (Miltenyi). The cells were then cultured in MV2 

EC medium (Promocell) and used between passages 2 and 5.  

 

Flow cytometry 

One passage after purification, HDMECs were labeled with an APC anti-CD31 (clone 

AC128, Miltenyi). Cells were analyzed using Canto I flow cytometer with FACSDiva 

software (BD) and data analysis was performed with FlowJo 10.1 software. 

  

Immunocytochemistry 

Cultured cells were fixed in 4% formol, washed with PBS, permeabilized with PBS-

TritonX100 0.2%, saturated with FCS 2.5% and incubated overnight (4°C) with anti-CCN3 

(ab137677; Abcam). Images were acquired using an epifluorescence microscope (Nikon 

Eclipse). 

 

Western blotting 

Cells were scraped with RIPA buffer and lysates were centrifuged 20min at 12500 rpm, 4°C. 

After electrophoresis on a 10% acrylamide gel, proteins were transferred to a PVDF 

membrane. Membranes were saturated in TBS-5% milk, then incubated with antibodies 

against CCN3 (ab191425; Abcam), β-actin (Sigma), and corresponding secondary antibodies 
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(Vector Laboratories) and revealed with ECL+ (Amersham). Chemiluminescence acquisitions 

were performed using LAS-3000 Reader (Fujifilm Life Science). Quantification analyses 

were performed using ImageLab 6.0 software (Bio-Rad Laboratories).  

 

Determination of secreted CCN3 level  

CCN3 levels in serum and cell culture supernatants were quantified using an ELISA kit (R&D 

Systems), according to the manufacturer’s instructions. The cut-off for CCN3 positivity was 

defined as values equal or superior to 8 pg/ml, which corresponds to the detection limit of the 

ELISA. 

 

Angiogenesis assay 

HDMECs from three different healthy and SSc donors were seeded on 6-well plates (200 000 

cells/well) and after allowing them to adhere, were incubated overnight with either 0.5 µg/mL 

of anti-CCN3 (ab137677; Abcam) or control antibody (ab37415; Abcam), either recombinant 

CCN3 (0.1, 1 or 10 µg/mL) (120-26; PeproTech). The day after, cells were seeded in 

complete growth medium MV2 on Ibidi microslides (Ibidi, cat. No. 81506) coated with 

Matrigel Matrix Growth Factor Reduced, Phenol Red-Free (BD, cat. No. 356231) and 

allowed to form tubes at 37°C. 10 000 cells were used per well, 5 wells were used per 

condition in a single experiment and experiments were replicated three times. Pictures were 

taken 6 and 24 hours after the beginning of the experiment with a phase contrast microscope 

(Leica). For analysis, see supplementary material & methods.  

 

For supplementary figures, see supplementary material & methods.   
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TABLES 

  
SSc patients 

(n=26) 

Healthy 

controls 

(n=18) 

 

Demographic 

characteristics 

Age (yo): mean (SD) 58.88 (9.45) 47.29 (9.85) p=0.0005 

Female: n (%) 15 (53.8) 16 (88.9) p=0.1037 

DcSSc: n (%) 10 (38) 

 

Disease duration (y): 

mean (SD) 
5.69 (5.46) 

Cutaneous 

involvement 

mRSS: mean (SD) 16.5 (12) 

Pigmentary disorders: 

n (%) 
14 (54) 

Vascular 

involvement 

Digital ulcers: n (%) 16 (62) 

PAH: n (%) 4 (15) 

SSc renal crisis: n (%) 1 (0.03) 

Pulmonary 

involvement 

ILD: n (%) 11 (42) 

Pulmonary fibrosis 3 (12) 

Gastro-

intestinal 

involvement 

Esophageal 

involvement: n (%) 
19 (73) 

Intestinal 

involvement: n (%) 
3 (12) 

Musculo-

skeletal 

involvement 

Synovitis: n (%) 8 (30) 

Joint contractures: n 

(%) 
4 (15) 

 

Table 1: Characteristics of SSc patients and controls. 

yo: years old, SD: standard deviation, DcSSc: diffuse cutaneous SSc, mRSS: modified 

Rodnan skin score, PAH: pulmonary arterial hypertension, ILD: interstitial lung disease. 
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FIGURE LEGENDS 

 

Figure 1: Morphological changes in Systemic Sclerosis (SSc) dermis compared to 

healthy controls (HC). Apparently non-fibrotic SSc skin (NFib, or clinically uninvolved 

skin) displays histological changes similar to fibrotic (Fib, involved) skin. 

Data represent mean ± SEM and are normalized by dermis surface. Each dot represents a 

patient or a HC sample (mean of three experiments for each dot). HC: n=18, SSc: n=26 (both 

zones for 17 patients). 

a: Masson’s Trichrome staining visualizing collagen fibers (blue). Top, healthy control arm; 

bottom, SSc arm (disease <1 year), non-fibrotic zone and fibrotic zone of the same patient 

(magnification x20). Scale bar, 50µm. White dots represent the junction between papillary 

(superficial) and reticular (deep) dermis.  

b: Major decrease in papillary dermis thickness in SSc patients, both in non-fibrotic and 

fibrotic zones (p<0.0001).  

c: Top, healthy control arm; bottom, SSc arm, non-fibrotic zone and fibrotic zone of the same 

patient (CD31/DAPI staining). White dots mark limit between epidermis and dermis. 

Magnification x40; scale bar, 50 µm.  

d: Significant decrease in number of dermal vessels in SSc patients (counted thanks to CD31 

staining). HC versus SSc Fib: p<0.0001; HC versus SSc NFib: p<0.0001. 

e: Loss of small capillaries (papillary dermal vessels) in SSc skin. HC versus SSc Fib: 

p=0.0008; HC versus SSc NFib: p=0.0009.  

 

Figure 2: CCN3 expression in situ in the dermis of SSc patients (n= 26) and HC (n=18). 

CCN3 is decreased in SSc patients’ dermal vessels.  



22 

 

Data represent mean ± SEM of a minimum of three independent experiments. Representative 

pictures are shown.  

a: CCN3/CD34 immunofluorescent staining of HC and SSc skin. CD34+ cells are endothelial 

cells (inner layer, white arrows, red dots) and surrounding peri-vascular CD34+ cells (outer 

layer, yellow arrow, yellow dots). Two layers of CD34+/CCN3+ cells can be seen in HC skin 

(top) whereas a single layer of CD34+/CCN3+ cells can be seen in SSc skin (bottom). Scale 

bar, 20µm. 

b: Significant decrease in number of CCN3+ layers around dermal reticular vessels in SSc 

patients (p<0.0001, Mann-Whitney).  

c: CCN3/CD31 immunofluorescent staining of HC and SSc skin. CD31+ cells are endothelial 

cells. CCN3 intensity is decreased in SSc CD31+ cells (bottom) compared to HC cells (top). 

Scale bar, 20µm. 

d: Major decrease in CCN3 expression in endothelial cells of SSc dermal vessels compared to 

healthy controls (p<0.0001). MFI=mean fluorescence intensity.  

HC vs SSc Nfib or Fib: unpaired t-tests with Welch’s correction or Mann-Whitney when 

indicated; SSc Nfib vs Fib: paired t-tests.  

 

Figure 3:  CCN3 expression is decreased in vitro in cultured endothelial cells of SSc 

patients compared to HC. 

a: Purity of human microvascular dermal endothelial cells (HDMECs) grown from SSc skin. 

Flow cytometry after staining for CD31 (APC) shows 98.2% of selected CD31+ population. 

b, c: Significant decrease in CCN3 expression in SSc endothelial cells (HDMECs) (n=4) in 

vitro compared to healthy controls (n=7) (Western blot) (p=0.0445, unpaired t-test with 

Welch’s correction). β-actin is shown as loading control. Results are mean of three 

experiments. Data represent mean ± SD. One representative experiment is shown.  



23 

 

d: Immunocytochemistry of CCN3 (green) in HC and SSc HDMECs. CCN3 can be found in 

cytoplasmic granules in both types of cells, but intra-nuclear staining is mostly seen in HC 

HDMECs and absent from SSc HDMECs. Representative pictures of two experiments 

involving six HC and six SSc patients are shown. Scale bar, 100 µm; close-up: scale bar, 20 

µm. 

e: Decrease in secreted CCN3 of SSc endothelial cells (HDMECs) (n=5) in vitro compared to 

healthy controls (n=5) (assessed by ELISA) (p=0.0159, Mann-Whitney). SN=supernatant. 

Data represent mean ± SD. Experiment was performed in triplicate.  

 

Figure 4: CCN3 is involved in HDMECs in vitro angiogenesis. NT = non-treated cells; Ab 

= antibody, rCCN3 = recombinant CCN3. Each experiment was performed in quintuplicate. 

Data represent mean ± SEM of three independent experiments involving three different 

donors (for both HC and SSc cells). Representative pictures of one experiment are shown. 

Scale bar, 200 µm. 

Panels a to e represent CCN3 blockade in HC HDMECs; panels f to j represent CCN3 

addition to SSc HDMECs.  

a: Angiogenesis assay on matrigel of HC HDMECs treated with control antibody. Pictures 

taken 24 hours after beginning of experiment (left panel). Analysis of tube number and quality 

shows master junctions as blue dots circled in red, master segments in yellow (right panel; 

software: angiogenesis analyzer for ImageJ).  

b: Angiogenesis assay on matrigel of HC HDMECs treated with anti-CCN3 antibody. 

Pictures taken 24 hours after beginning of experiment (left panel).  

c: Significant decrease in number of master junctions in HC HDMECs treated with anti-

CCN3 compared to control antibody (p=0.0080). 
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d: Significant decrease in number of meshes in HC HDMECs treated with anti-CCN3 

compared to control antibody (p=0.0146). 

e: Significant decrease in total length of master segments in HC HDMECs treated with anti-

CCN3 compared to control antibody (p=0.0104). 

f: Angiogenesis assay on matrigel of untreated SSc HDMECs. Pictures taken 6 hours after 

beginning of experiment (left panel). Analysis of tube number and quality shows master 

junctions as blue dots circled in red, master segments in yellow (right panel; software: 

angiogenesis analyzer for ImageJ).  

g: Angiogenesis assay on matrigel of SSc HDMECs treated with recombinant CCN3 (rCCN3) 

(10 µg/mL). Pictures taken 6 hours after beginning of experiment (left panel).  

h: Significant increase in number of master junctions in SSc HDMECs treated with rCCN3 

compared to untreated cells (p=0.0066). 

i: Significant increase in number of meshes in SSc HDMECs treated with rCCN3 compared to 

untreated cells (p=0.0097). 

j: Tendancy to increase in total length of master segments in SSc HDMECs treated with 

rCCN3 compared to untreated cells (p=0.0569). 

Two-way ANOVA with Sidak’s multiple comparisons test was performed for all analysis. 

 

 














