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Abstract
Systemic sclerosis (SSc) is a complex, heterogeneous, multi-organ disease, the etiology of which is not yet fully 
understood. Although fibrosis of the skin and major organs is a well-known, characteristic sign of this condition, 
the primary dysfunctions contributing to the disease phenotype appear to be vascular and immune in nature. The 
mechanisms leading to vasculopathy in SSc include dysregulation of vascular tone and endothelial dysfunction, 
followed by vascular remodeling, as well as abnormal angiogenesis and vasculogenesis. In addition, coagulopa-
thy also plays a role in the disease process. Together, these factors produce a form of vasculopathy specific to 
SSc, characterized by vascular intimal proliferation in the macro- and micro-circulation, as well as qualitative and 
quantitative capillary changes.
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INTRODUCTION
Systemic sclerosis (SSc) is a multi-faceted, het-

erogeneous disease of unknown etiology. Despite its 
high clinical variability, it is consistently character-
ized by three main elements: vascular alterations, 
autoimmunity and progressive fibrosis. However, 
there is increasing evidence that SSc pathogenesis is 
dominated by vascular changes, as demonstrated by 
numerous experimental and clinical studies (1).

Diagnosis is based mainly on the presence of 
clinical features like skin sclerosis; however, until 
recently, the requirements for classifying patients as 
having SSc lacked sensitivity for milder or early 
forms of the disease. Taking into account the multi-
systemic SSc clinical features, the American College 
of Rheumatology (ACR) together with the European 
League Against Rheumatism (EULAR) have recent-
ly developed highly sensitive and specific classifica-
tion criteria for SSc (2). These criteria are also help-
ful for diagnosing the condition accurately and quite 
early, allowing early medical intervention, and pre-
sumably, improved prognosis. 

According to the 2013 ACR/EULAR criteria (2), 
patients with skin thickening of the fingers extend-
ing proximal to the metacarpophalangeal joints are 

considered to have SSc without having to satisfy any 
other criteria. If this first criterion is not present, 
seven additional items are considered, each one hav-
ing a numerical value reflecting its diagnostic im-
portance. Patients scoring greater than or equal to 9 
are classified as having SSc. A lesser extent of skin 
thickening of the fingers could consist of either puffy 
fingers (score=2) or sclerodactyly of the fingers 
(score=4), only the highest of these scores being 
used. Fingertip lesions include digital tip ulcers 
(score=2) or fingertip pitting scars (score=3), again, 
only the highest score is used out of these two. The 
presence of telangiectasias (score=2), abnormal nail-
fold capillaries (score=2), Raynaud’s phenomenon 
(score=3) and pulmonary involvement, in the form 
of pulmonary arterial hypertension (PAH) and/or in-
terstitial lung disease (score=2) are also considered. 
The final criterion is the presence of SSc-related au-
toantibodies (score=3), consisting of one of the fol-
lowing: anticentromere antibodies, anti-topoisomer-
ase I antibodies and anti-RNA polymerase III anti-
bodies. These criteria are not applicable to patients 
with skin thickening sparing the fingers (2). 

The 2013 ACR/EULAR Classification Criteria 
showed improved sensitivity and specificity in the 
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validation cohort (91% and 92% respectively) com-
pared to the 1980 ACR Classification Criteria, who 
had only 75% sensitivity and 72% specificity for 
identifying SSc cases in the same study (2). This 
brings an important improvement in clinical prac-
tice, by reducing the rate of SSc misdiagnosis (3) 
and including the sine scleroderma and limited cuta-
neous SSc subsets (2). Additionally, implementation 
of the new criteria allows an increased number of 
patients with SSc to participate in clinical or experi-
mental studies (2,4).

Once diagnosed, patients can be categorized as 
having limited cutaneous systemic sclerosis (lcSSc) 
or diffuse cutaneous systemic sclerosis (dcSSc) 
based on the extent of skin involvement (5). These 
groups also have distinctive autoantibodies and bio-
markers and differ significantly in disease prognosis.

In patients with lcSSc, skin fibrosis is limited to 
the fingers, distal extremities and face (6). Rayn-
aud’s phenomenon (RP) generally precedes skin in-
volvement and other disease manifestations, while 
severe complications such as scleroderma renal cri-
sis and interstitial lung disease are rare (6). The auto-
antibody profile of these patients typically consists 
of centromere protein specific autoantibodies (7). 
Anti-Th/To antibodies and anti-U1RNP antibodies 
have also been observed in this milder form of SSc 
(2,6,7). In the case of lcSSc, disease progression is 
slow with late development of PAH in some cases (6).

Patients with dcSSc present with skin fibrosis ex-
tended of the trunk and proximal extremities, in ad-
dition to that of the distal extremities and face. Also, 
dcSSc is characterized by rapid disease progression 
with early internal organ involvement (6). This more 
severe form of SSc has been associated with several 
autoantibody profiles, including anti-topoisomerase 
I, anti-RNA-polymerase III and anti-U3RNP specif-
ic autoantibodies (7).

Not all patients can be categorized into these two 
disease subsets, and the situation can change over 
time. There are additional forms such as SSc sine 
scleroderma, which presents no skin involvement at 
all, and SSc-overlap syndromes, in which another 
connective tissue disease is present concurrently 
with SSc (5).

This paper focuses on the vascular events con-
tributing to this condition.

VASCULAR PATHOPHYSIOLOGY IN SSC
Vascular involvement in SSc is mainly character-

ized by intimal proliferation in skin, pulmonary, 

coronary and renal arteries, in the absence of inflam-
mation (8). In addition, dysregulation of vascular 
tone, expressed in over 90% of patients as RP, plays 
an important role in SSc pathophysiology. The cru-
cial element in SSc vasculopathy appears to be endo-
thelial damage. There is evidence of endothelial cell 
damage preceding fibrosis, especially involving the 
arterioles: noticeable changes include the disappear-
ance of membrane-bound vesicles, vacuolization of 
endothelial cell cytoplasm and gaps between endo-
thelial cells (1). A decreased number of capillaries 
and abnormal capillary structure, also characteristic 
for SSc, are the result of defective vasculogenesis 
and angiogenesis (5,8). 

These vascular abnormalities apply especially to 
the microvasculature, and only in a smaller percent-
age of patients also to the larger vessels (such as the 
ulnar artery), resulting in various symptoms depend-
ing on which vessels are affected (1,8). The most 
frequent vascular complication of SSc is the occur-
rence of digital ulcerations, in up to about 50% of 
patients through their entire lifetime (1). Moreover, 
digital ulcers were shown to be an important prog-
nostic factor for the evolution of SSc, their presence 
being associated with higher mortality (9). SSc may 
also lead to more severe vascular complications, in-
cluding PAH and scleroderma renal crisis (SRC). 
Approximately 15% of the patients with SSc devel-
op PAH, which tends to occur more in lcSSc (5). Re-
nal crises are less common, occurring in only 5% of 
patients, but are significant due to their much poorer 
prognosis; even with treatment, about 50% of pa-
tients progress to end-stage renal failure or die (5). 

Matucci and coworkers consider that vasculopa-
thy is the initial event in the natural course of SSc, 
RP being for the majority of patients the very first 
symptom (1). The triggers for SSc-vasculopathy are 
unknown, but the pathological processes include 
dysregulation of vascular tone and endothelial dys-
function, leading to endothelial injury. Furthermore, 
vascular wall remodeling resulting from this endo-
thelial damage, abnormal angiogenesis and vasculo-
genesis, dysregulation of coagulation and fibrinoly-
sis, as well as enhanced platelet aggregation in 
response to certain triggers are also present in SSc 
(1,8).

Dysregulation of vascular tone

Dysregulation of vascular tone in SSc may be at-
tributed to an imbalance between vasoconstricting 
and vasodilating factors (1,8). High levels of endo-
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thelin-1 (ET-1), a potent vasoconstrictor, have been 
found in the blood vessels, lungs, kidneys and skin 
of SSc patients, in both early and late stages of the 
disease (10). ET-1 is involved in endothelial dys-
function and contributes to decreased nitric oxide 
(NO) levels (10). Concurrently, reduced endothelial 
NO synthetase expression in SSc patients also leads 
to a decrease in NO release and deficient vasodila-
tion capability (11). In addition to its role as a vaso-
dilator, Berk and his colleagues (12) demonstrated 
that NO has the potential to counter certain vascular 
alterations present in SSc, through various mecha-
nisms such as decreasing cytokine-induced endothe-
lial activation and monocyte adhesion. They also 
found it to inhibit the release of interleukin (IL) 6 
and IL-8, and prevent vascular smooth muscle cell 
proliferation (12). On the other hand, decreased lev-
els of NO result in altered vascular tone and in-
creased susceptibility of endothelial cells to oxida-
tive damage (12). Thus, NO deficit presents an im- 
portant pathogenic mechanism for arteriolar intimal 
proliferation and dysregulation of vascular tone (8).

The substantial body of evidence implicating the 
above factors as mechanisms of SSc-vasculopathy 
has led to the use of several pharmacological agents 
targeting vascular tone. Endothelin antagonists, such 
as bosentan and ambrisentan, have been shown to 
improve PAH severity and bosentan plays also a role 
in the prevention of digital ulcers. Another group of 
drugs, phosphodiesterase inhibitors, including silde-
nafil and tadalafil, stimulate the NO-mediated vaso-
dilation pathway; these have also been demonstrated 
as being beneficial for PAH and RP (1).

Endothelial injury

The exact trigger of endothelial injury in SSc is 
unknown, but several mechanisms have been con-
sidered: infections with viral agents, particularly hu-
man cytomegalovirus (hCMV), abnormal cellular-
mediated and humoral immune responses, including 
antibody-dependent cellular cytotoxicity (ADCC) 
and anti-endothelial cell antibodies; additionally, 
ischemia/reperfusion injury also seems to contribute 
(see Fig. 1) (1,8).

FIGURE 1. Mechanisms of endothelial dysfunction (1,8). Reactive oxygen species (ROS), nitric oxide (NO), human 
cytomegalovirus (hCMV), natural killer cells (NK cells), intercellular adhesion molecule 1 (ICAM-1), vascular adhesion 
molecule 1 (VCAM-1), interleukin 6 (IL-6).
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Kahaleh and colleagues (13) state that increased 
levels of hCMV antibodies have been observed in 
patients with SSc and that there is an association be-
tween these antibodies and vascular intimal prolif-
eration and vasculopathy. Furthermore, the target of 
these antibodies shows homology with a microvas-
culature endothelial cell (MVEC) surface protein 
named tetraspan novel antigen-2 (13). These anti-
bodies have been shown to induce MVEC apoptosis 
(8).

MVECs were found to be destroyed by several 
immune mechanisms, both cell-mediated and hu-
moral in nature (13,15). One of the proposed cell-
mediated mechanisms of MVEC destruction in-
volves cells which use the granzyme-perforin 
system, such as cytotoxic (CD8+) T cells, natural 
killer cells and lymphocyte-activated killer cells, 
which were demonstrated to be involved in ADCC 
on MVECs (13). Moreover, there is also a subset of 
cytotoxic (CD4+) T cells that can induce MVEC 
apoptosis through the Fas-related pathway (13). 
Cell-mediated cytotoxicity towards MVECs could 
be perpetuated by the phagocytosis of apoptotic cell 
fragments by immature dendritic cells and macro-
phages, resulting in antigen presentation to CD8+ T 
cells (16). Regarding humoral immune mechanisms, 
these same fragments may also serve to activate the 
alternative complement pathway, as well as promote 
coagulation, contributing to vasculopathy (8). Final-
ly, anti-endothelial antibodies have been demon-
strated to induce MVEC apoptosis in vitro (16).

Ischemia/reperfusion injury, mostly associated 
with RP, is accompanied by up-regulation of cellular 
adhesion molecules (CAMs). Increased CAMs al-
low platelet and neutrophil attachment, leading to 
MVEC injury due to superoxide radical production 
and subsequent decrease in vasodilating substances 
such as NO and prostacyclin (8,13). Exposed suben-
dothelial tissue, resulting from endothelial injury, 
forms a site for platelet aggregation, finally leading 
to intravascular thrombus formation (17).

Defective angiogenesis

Any structural defects at the microvascular level 
would normally be repaired by either angiogenesis 
(which is defined as compensatory growth of new 
vessels from existing ones) or vasculogenesis (de 
novo formation of new blood vessels involving stem 
or progenitor cells) (1). There is evidence of im-
paired angiogenic response, resulting in the loss of 
capillaries and small blood vessels in patients with 

SSc (1,18). This occurs despite an apparent increase 
in various pro-angiogenic factors including growth 
factors, cytokines, chemokines, vasoactive factors, 
cellular adhesion molecules, such as E and P selec-
tins, and other molecules (8,18,19) (see Table 1). One 
of the most important and well studied pro-angio-
genic factors is the vascular endothelial growth fac-
tor (VEGF). Chronic overexpression of VEGF along 
with impaired VEGF receptor signaling are thought 
to be the cause of the large, irregularly shaped capil-
laries that are characteristic of SSc (1,18).

TABLE 1. Mediators of angiogenesis (1,8,18,19) 
 Pro-angiogenic 

mediators
Anti-angiogenic 
mediators

GROWTH 
FACTORS

VEGF, FGF-2, PDGF, 
TGF-α, TGF-β, HGF, 
IGF, G-CSF, BFGF, 
GM-CSF, PIGF, 
Angiopoietin-1, 

Angiopoietin-2

CYTOKINES TNF-α, IL-6, 
Erythropoietin 

IFN-α, IFN-β, IL-12, 
IL-4

CHEMOKINES MCP-1, IL-8 (CXCL8), 
CX3-CL1, CXCL12

CXCL10, CXCL9

VASOACTIVE 
FACTORS

ET-1

OTHER 
MOLECULES

Tissue Kallicrein, 
Kallicrein 9,11,12, 
Metalloproteinases 
(MMP-9, pro-MMP-1), 
uPAR

Angiostatin, 
Endostatin, 
Thrombospondin-1,2, 
PAF, Tissue 
inhibitors of 
metalloproteinases, 
Pentraxin 3 

Vascular endothelial growth factor (VEGF), fibroblast growth factor-2 
(FGF-2), platelet derived growth factor (PDGF), tumor growth factor-α, 
β (TGF-α,β), hepatocyte growth factor (HGF), insulin-like growth factor, 
(IGF), basic fibroblast growth factor (BFGF), granulocyte-colony stimula-
tory factor (G-CSF), granulocyte-macrophage colony stimulatory factor 
(GM-CSF), placental growth factor (PIGF), tumor necrosis factor-α 
(TNF-α), interleukin-6 (IL-6), interleukin-4 (IL-4), interleukin-12 (IL-12), 
monocyte chemoattractant protein-1(MCP-1), interleukin-8 (IL-8), in-
terferon α, β (IFNα, β), urokinase plasminogen activator receptor 
(uPAR).

 
The rarefaction of small blood vessels is likely 

due to an imbalance between pro-angiogenic and an-
giostatic factors, with an even greater upregulation 
of the latter. The anti-angiogenic factors that are in-
creased in SSc are listed in Table 1 (8,19). 

Some of these pro-angiogenic molecules are also 
important activators of vascular smooth muscle 
cells, pericytes and stromal fibroblasts, providing a 
link between the vascular and fibrotic events in SSc 
(20). Pericytes, which play a crucial role in angio-
genesis by stabilizing the developing vessel and al-
lowing it to mature, show increased expression of 
regulator of G-protein signalling (RGS-5), a nega-
tively regulating angiogenic factor (8,18). Further-
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more, pericytes of SSc patients have a tendency to-
wards increased proliferation, leading to increased 
vascular wall thickness and decreased lumen size 
(21). Also, increased platelet activity could promote 
defective angiogenesis by contributing to the imbal-
ance between the stimulators and inhibitors of this 
process (8). 

Defective vasculogenesis

Circulating endothelial progenitor cells (EPCs) 
seem to be key players in SSc vasculopathy, with 
respect to vasculogenesis; these cells would normal-
ly be able to initiate and restore the vascular supply 
to ischemic tissue (1). However, there have been 
conflicting experimental results in terms of the role 
and presence of EPCs in SSc: some studies have re-
ported increased levels, while others have observed 
decreased EPC levels (8,18). Different experimental 
protocols, medications the patients were taking and 
the severity of the disease when the samples were 
taken are only a few of the many factors that could 
explain this discrepancy (18). 

Kuwana et al. (2004) found that SSc patients with 
pitting scars and active fingertip ulcers had the low-
est levels of EPCs (22). Furthermore, the EPCs 
showed impaired maturation capacity; early out-
growth EPCs of these patients showed a lack of ma-
ture endothelium markers, such as VE-cadherin, 
CD146 and von Willebrand Factor (22). On the other 
hand, early SSc with high disease activity was asso-
ciated with increased levels of EPCs, which showed 
a positive correlation with peripheral vascular mani-
festations (23). With disease progression, some stud-
ies noted a drop in EPC levels, which corresponded 
to endothelial dysfunction, capillary loss and the de-
velopment of severe cardiac involvement and PAH 
(23).

There seems to be a trend of increased EPC levels 
at the beginning of the disease, perhaps due to EPC 
mobilization to hypoxic tissues, while these levels 
drop significantly in late-stage SSc, possibly due to 
bone marrow depletion (18,23). Other theories for 
decreased levels of EPCs include an impaired bone 
marrow microenvironment for endothelial stem cells 
(24) and SSc patient serum toxicity for EPCs due to 
IgG antibody involvement (25).

Avouac et al. (2008) demonstrated that SSc late-
outgrowth EPCs failed to up-regulate VEGFR-1 in 
hypoxic conditions; consequently, VEGF might 
preferentially interact with VEGFR-2, leading to 

chronic stimulation by VEGF, resulting in abnormal 
vessel shape and functionality (26).

Endothelial transformation to a mesenchymal 
phenotype

Endothelial transformation to a mesenchymal 
phenotype, expressing α-smooth muscle actin, vi-
mentin and collagen, can be detected in SSc patients 
(17). This transformation may be due to local growth 
factors and cytokines, especially TGFβ (27). Upreg-
ulation of the transcriptional repressor snail-1 (which 
forms a complex with Smad3/Smad4) induces tran-
scriptional events that could lead to this functional 
modification (28). Other factors that seem to be in-
volved include PDGF, VEGF, insulin-derived GF, 
CTGF, ET-1 and several miRNAs (8). Decreased 
values of miRNA-21, miRNA-155 and miRNA-126 
have especially been associated with vascular dis-
ease (29).

Coagulopathy

The vascular alterations in SSc include coagu-
lopathy in the form of microvascular thrombosis and 
enhanced fibrin deposition (8). Impaired fibrinolysis 
is SSc may be a consequence of defective tissue 
plasminogen activator (tPA) release (8) or increased 
levels of tPA inhibitor (PAI) (30). Increased coagula-
tion activation, as well as elevated levels of fibrino-
gen and vWF have been found in SSc patients (31). 
Excessive inactivation of plasmin by α2-antiplasmin 
is associated with fibrosis and has been observed in 
SSc patients (32). α2-antiplasmin increases TGFβ 
levels by activating the phospholipase A2 pathway 
(32).

Platelet abnormalities

Platelets are important players in SSc pathogen-
esis, because their contribution to the development 
of this disease seems to involve many different path-
ways including defective angiogenesis: their granule 
content includes some pro-angiogenic factors, such 
as VEGF, PDGF, and TGF and also, some anti-an-
giogenic factors, including endostatin and thrombo-
spondin-1 (18).

Chronic platelet activation and product release 
(many of which are inflammatory mediators) con-
tribute to SSc pathology (33). Platelet derived in-
flammatory factors include nitric oxide, serotonin, 
thromboxane A2, prostaglandin-D2, prostaglandin-
E2, prostaglandin-F2, 12-hydroxy-eicosatetraeonic 
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acid, β-thromboglobulin, neutrophil-activating pep-
tide-2, platelet factor-4, platelet activating factor, ad-
enosine, histamine, P-selectin, CD40 ligand, dinu-
cleoside polyphosphatases and 2-arachidonyl gly ce-
ride (33).

Enhanced platelet aggregation in response to col-
lagen, adenosine diphosphates, 5-hydroxytryptamine 
and endothelin-1, is also present in SSc (33,34). This 
is due to the overexpression of phosphatidylinosi-
tol-3, a collagen receptor, as well as increased nitro-
sylation and protein B kinase activity (33,35). Plate-
lets also store numerous fibrogenic mediators, 
including TGFβ1, TGFβ2, PDGF A,B,C,D, adenos-
ine, CTGF and IGF, contributing to the chronic tis-
sue fibrosis (36).

BIOLOGICAL MARKERS INDICATING VAS-
CULAR INVOLVEMENT IN SSC

Several biological markers have been suggested 
as indicators of endothelial injury in SSc, including 
circulating levels of von Willebrand factor (vWF), 
vascular endothelial growth factor (VEGF), endo-
thelin-1 (ET-1), thrombomodulin, thrombospondin, 
brain natriuretic peptide (BNP), endostatin, plasmin-
ogen activator, prostacyclin, thromboxane and circu-
lating metabolites of NO (7,37). VEGF is elevated in 
SSc patients; one study found a positive correlation 
between VEGF levels and systemic organ involve-
ment (38). Others postulate that chronic VEGF up-
regulation (39) or impaired VEGF signaling (26) 
could be a cause of vascular abnormalities. Elevated 
vWF plasma levels have been linked with increased 
disease severity and early pulmonary involvement 
(7).

Circulating viable and dead endothelial cells (40) 
are important markers of endothelial damage, in ad-
dition to microparticles (41), which are small vesi-
cles released into the circulation by distressed endo-
thelial cells. These endothelial microparticles have 
been reported to be elevated in SSc and could consti-
tute useful markers for disease progression and vas-
cular involvement. Plasma levels of CD40 ligand are 
also elevated in SSc and seem to be associated with 
the presence of PAH and digital ulcerations (42).

Endothelial injury stimulates the expression of 
cellular adhesion molecules (CAMs), but the result-
ing recruitment of inflammatory cells may further 
damage the endothelium (7,37). Elevated levels of 
circulating ICAM-1 were associated with dcSSc, 
rapid disease progression and the presence of digital 

ulcers (43). Circulating levels of ICAM-1, P-selec-
tin, vascular cell adhesion protein (VCAM)-1 and 
E-selectin were all demonstrated to positively cor-
relate with disease activity (7).

Endothelial cells in the skin of patients with early 
dcSSc have been observed to express higher levels 
of IL-6 (44). Some studies have demonstrated a pos-
itive correlation between IL-6 and extent of skin 
thickening (44,45); higher levels were indicative of 
poor prognosis. Serum levels of IL-6 were demon-
strated to be an independent predictor of the diffu-
sion capacity for carbon monoxide decline in SSc 
interstitial lung disease (46).

The increased expression of angiostatic mole-
cules in SSc patients rivals that of pro-angiogenic 
factors. Angiostatin, endoglin, endostatin thrombos-
pondin and VEGF receptor are all elevated and have 
been suggested as possible markers for SSc vascu-
lopathy (7). A study by Hummers et al. (2009) found 
elevated plasma levels of endostatin that correlated 
positively with right ventricular systolic pressure, 
which is indicative of PAH (47). On the other hand, 
soluble endoglin levels were increased in SSc pa-
tients with skin ulcerations and in those positive for 
anticentromere antibodies (48). Elevated levels of 
soluble endoglin are more likely found in lcSSc pa-
tients and are indicative of PAH prognosis (49).

TABLE 2. Biomarkers indicating vasculopathy in SSc 
(7,37-44,46)
Growth factors VEGF*
Cytokines IL-6 
Adhesion 
molecules

ICAM-1*, VCAM-1*, E-selectin*, P-selectin

Vasoactive 
factors

ET-1*, prostacyclin, thromboxane, NO 
metabolites

Angiostatic 
factors

Angiostatin, endoglin, endostatin, 
thrombospondin

Other vWF* 
CD40 ligand 
thrombomodulin 
plasminogen activator
BNP
circulating endothelial cells 
endothelial cell fragments

Vascular endothelial growth factor (VEGF), interleukin 6 (IL-6), intercel-
lular adhesion molecule 1 (ICAM-1), vascular cell adhesion molecule 1 
(VCAM-1), endothelin 1 (ET-1), von Willebrand factor (vWF), brain natri-
uretic peptide (BNP).
*These molecules are well-known and established biomarkers for SSc 
(37).

Despite a rather long list of possible biological 
markers indicating vascular involvement in SSc, 
there are a few, widely acknowledged ones, which 
should always be kept in mind for assessing disease 
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activity or treatment response. These include vWF, 
ET-1, ICAM-1, VCAM-1 and E-selectin, which sig-
nal endothelial damage, and VEGF, a potent angio-
genic factor (7,37).

CONCLUSION
In conclusion, SSc is a complex disease with nu-

merous, intricate mechanisms that are not yet fully 
understood. The new ACR/EULAR classification 

criteria have improved our ability to recognize and 
diagnose this condition, but our capacity to prevent 
or treat SSc remains limited. It is important to con-
tinue investigating SSc pathogenesis, especially its 
significant vascular involvement, as this seems to be 
the primary pathogenic event. Further research in 
this area could provide opportunities to identify ad-
ditional targets for pharmacological intervention in 
order to stop or even reverse disease progression.
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