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Sclerotic skin disease: when 
smooth skin is unwelcome
‘Dermatologists can participate in the holistic care of 
patients by aiding in early diagnosis and contributing to 
the management of specific cutaneous complications.’
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Localized scleroderma (LS) and progressive
systemic sclerosis (SSc) are debilitating and
potentially fatal sclerotic skin diseases with
uncertain etiology. How vascular alterations,
inflammation and autoimmunity, and fibrosis
interact in the pathophysiological triangle of
the sclerodermas is not completely under-
stood. Extensive research has been rewarded by
therapeutic strategies that have led to
decreased morbidity and a better quality of life
for patients. With sustained interest and
continuing research efforts, we are hopeful
that further promising treatments will emerge. 

Sclerotic skin disease: when smooth skin 
is unwelcome
Scleroderma is derived from the Greek term
skleros (hard) and derma (skin). Sclerotic skin
disorders are an intriguing group of diseases,
with incompletely understood pathogenetic
complexities and ongoing therapeutic chal-
lenges. They are important to recognize as they
can be associated with significant morbidity
and occasional mortality. Primary cutaneous
sclerosis encompasses morphea or LS and SSc.
Nonimmune or secondary cutaneous sclerosis
may be associated with drugs such as bleo-
mycin and pentazocine, exposure to chemicals
such as polyvinyl chloride, metabolic disorders
including porphyria cutanea tarda and nephro-
genic fibrosing dermopathy, genetic disorders
or malignancy.

Localized scleroderma
LS is characterized by limited inflammatory
sclerosis and fibrosis of the skin and adjacent
subcutis. In contrast to SSc, Raynaud’s

phenomenon (RP), acrosclerosis and internal
organ involvement do not usually occur. LS
may be classified under five subtypes: plaque,
generalized, bullous, linear or deep morphea [1].
In one pediatric series, 15% of patients had a
mixed subtype [2]. The different types of LS
are similar in the elements of the histopatho-
logical findings, but differ with regard to
severity and depth of involvement. The
histopathological differentiation between LS
and SSc is not always possible. In a
histopathological study, inflammatory changes
were more prominent in LS than in SSc, and
sclerosis of the papillary dermis was frequently
seen in LS but absent in SSc [3]. The simulta-
neous involvement of the superficial dermis
with deep dermal changes may help in
differentiating LS from SSc.

Etiopathogenesis
The cause of LS or SSc remains unknown. LS
has been reported after trauma [4], tetanus
vaccination [5], ischemic injury [6], radiation [7]

and at sites of venous insufficiency [8]. LS and
SSc may potentially be associated with occupa-
tional toxic factors, including organic solvents,
epoxy resins and silica [9,10]. Weide and
colleagues summarized studies that have
attempted to detect Borrelia burgdorferi in
lesional skin of patients with morphea using
histological and immunohistological methods,
cultivation of the spirochete from tissue
sections, PCR or serological methods [11]. It
appears that B. burgdorferi may be implicated
in the pathogenesis of at least some cases of
morphea in Europe and Asia [12,13], but almost
certainly not in the USA [13,14]. 
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Prognosis
The historical concept that LS differs from SSc in that patho-
logy in the former is confined to the skin and confers a
relatively benign course, has been challenged by recent data
from a large series of 750 children with juvenile LS where
22.4% of these children were found to have extracutaneous
manifestations of LS. The risk of patients with juvenile LS
and extracutaneous manifestations developing SSc was low
(0.13%), but the disease appeared to be more severe in these
patients than those with skin involvement only [2]. These
findings raise the issue of how extensively children, and
perhaps adults with LS, should be evaluated and monitored
for internal organ involvement, particularly the joints, eyes
and CNS.

Immunological abnormalities
Autoantibodies are common in LS, underlining the systemic
nature of the disease process [15]. Recent studies have identi-
fied serum autoantibodies to fibrillin-1 in LS [16] and SSc [17].
Fibrillin-1 is the major component of the extracellular matrix
found in skin and other connective tissue. No correlations
have been found between antifibrillin-1 antibodies and skin
disease activity or antinuclear antibody positivity in patients
with LS. Rheumatoid factors are well described in LS [18].
Serum levels of antiagalactosyl (anti-AG) immunoglobulin
(Ig)G antibodies, denoting a specifi-
city commonly found in rheuma-
toid factors, have also been found to
be significantly higher in patients
with LS than in healthy controls [19].
A correlation between the number
of sclerotic lesions or involved areas
with anti-AG IgG levels suggest that serum anti-AG IgG
levels may be a useful marker in determining the severity of
LS. Interestingly, plasma cells and immature plasma cells have
long been known to contribute to the cellular infiltrate in
morphea, although their pathophysiological role remains
unclear [20]. 

Therapy
There is no uniformly effective or accepted therapy for LS.
Phototherapy and photochemotherapy have become impor-
tant treatment options for sclerotic skin diseases. Overall,
long-wave UVA (UVA1) appears more efficacious followed by
psoralen plus UVA (PUVA) with either topical or systemic
psoralens. The mechanism of action of UVA in sclerotic skin
disease appears to involve the local induction of collagenase
production by fibroblasts [21]. It has been shown that
increased collagenase expression in irradiated plaques of
morphoea accompanies improvement with UVA1 photo-
therapy [22]. As PUVA increases the risk of cutaneous malig-
nancy and long-wave UVA sources are expensive and in
limited supply, broadband UVA can be considered as an alter-
native therapeutic modality in both LS and SSc [23]. In a rand-
omized controlled trial comparing the safety and efficacy of

low-dose UVA1 (20 J/cm2), medium-dose UVA1 (50 J/cm2)
and narrowband UVB (NBUVB) in the treatment of LS,
medium-dose UVA1 was significantly more effective than
NBUVB and low-dose UVA1 was as effective as NBUVB [24].
Combined therapy with calcipotriol ointment and low-dose
UVA1 phototherapy has also been reported to be highly
effective in childhood morphea [25]. Further controlled (and
preferably blinded) studies are still necessary to confirm the
benefit of these phototherapeutic modalities.

For generalized, aggressive disease, UVA treatment modali-
ties, systemic corticosteroids or methotrexate may be contem-
plated. Methotrexate (with or without oral corticosteroids) was
shown in a recent series to be effective and safe in 17 pediatric
patients with LS who failed topical therapy [26]. In a study of
severe LS, 13 out of 15 patients treated with oral methotrexate
combined with pulsed intravenous methylprednisolone for a
mean duration of 9.8 months had significant improvement in
clinical scores and histological and ultrasonographic
assessments [27]. There were no serious adverse effects. 

Progressive systemic sclerosis
Progressive SSc is a multisystem disease, characterized by
distal and proximal extremity and truncal skin thickening. In
diffuse cutaneous SSc (dcSSc), sclerosis occurs proximal to
the neck, elbows or knees, and interstitial lung disease, renal

and cardiac involvement may occur.
In limited cutaneous SSc (lcSSc;
previously calcinosis, Raynaud’s
phenomenon, esophageal dysmotil-
ity, sclerodactyly and telangiectasia
[CREST] syndrome), sclerosis
involves distal sites only and

pulmonary hypertension and small bowel malabsorption are
potential severe complications. The term systemic sclerosis
sine scleroderma is applied to individuals who have serological
or vascular features of SSc but who lack definite skin sclerosis.
Scleroderma overlap syndromes include mixed connective
tissue disease, scleromyositis (associated with anti-PM-Scl
antibodies) and the synthetase syndrome (associated with
anti-Jo-1 antibodies). 

Etiopathogenesis
Three main themes have evolved from studies on the patho-
physiology of both LS and SSc: vascular damage, immune
system activation and inflammation, and altered collagen
metabolism [28]. Other mechanisms, such as apoptosis of
endothelial cells and oxidative stress with overproduction of
reactive oxygen species, are also speculated to be involved in
the induction of scleroderma [29]. The finding of increased
prevalence of human parvovirus B19 DNA in SSc skin [30],
and the demonstration of parvovirus B19 DNA in bone
marrow biopsies of SSc patients [31], suggest that the virus
may be involved in the pathogenesis of SSc. Genetic factors
possibly play a role. The Amerindian human leukocyte
antigen haplotype appears to be a risk factor for disease

‘Extensive research has been 
rewarded by therapeutic strategies 

that have led to decreased 
morbidity and a better quality of life 

for patients.’
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development [32], and a gene haplotype of the gene for
fibrillin-1 is seen in increased frequency in the Choctaw
Indians [33]. Interestingly, abnormal fibrillin-1 expression has
recently been associated with excessive transforming growth
factor (TGF)-β signaling [34]. A study investigating racial
variation demonstrated that black people experienced an
earlier age of disease onset than white people, and were sig-
nificantly more likely to have diffuse disease, digital ulcers,
digital pitting and impaired lung function [35]. 

Autoantibody profiles
Autoantibody profiles within the scleroderma disease spectrum
associate with disease phenotype and are important diagnostic
and prognostic markers [36]. For example, patients with the
anticentromere antibody are not likely to develop diffuse cuta-
neous disease and demonstrate a lower frequency of pulmonary
fibrosis [36]. They do, however, need to be carefully monitored
for the development of pulmonary hypertension, as this is the
major cause of death in these patients. 

Prognosis
A review of the US national mortality rate for SSc over a
20-year observation period revealed a mortality rate of 3.9 per
million [37]. The risk of developing and dying from severe organ
complications in SSc is highest within the first 5 years of the
disease. A study involving 953 patients with SSc revealed that
patients with only severe skin
thickening and no other severe
organ damage had a cumulative
9-year survival rate of 72%, which
was significantly and dramatically
better than 38% for those with any
severe organ involvement [38].
Approximately 50% of sclero-
derma-related deaths are a result of pulmonary disease, whilst
renal disease accounts for another 7–10% [39]. Mortality from
scleroderma renal crisis has fallen significantly following the
advent of angiotensin-converting enzyme inhibitors. Patients at
high risk for pulmonary or renal complications should be
identified and closely monitored [39,40].

Management of skin disease
Although treatment of SSc is difficult, there have been sub-
stantial advances in the treatment of individual organ-based
complications, resulting in improvement in morbidity and
quality of life. Treatment is targeted at the pathogenic pathways
causing variable damage in individual organs and is focused on
vascular, immunological and antifibrotic therapies. General
measures, including protection against cold and trauma, and
active and passive physiotherapy, should not be overlooked.

Raynaud’s phenomenon & digital ulcers 
Calcium channel antagonists remain the primary therapeutic
modality for RP. A meta-analysis of the efficacy of calcium
channel blockers for the treatment of RP in SSc showed that

calcium channel blockers resulted in a mean reduction of
8.3 attacks in 2 weeks, and reduction in severity of 35% [41].
The angiotensin II receptor type 1 antagonist, losartan, has
been shown to result in symptomatic improvement in both
primary RP and RP secondary to SSc [42]. Intravenous
iloprost, a prostacyclin antagonist, is another effective agent
in the treatment of RP secondary to SSc, decreasing the
frequency and severity of attacks, as well as improving quality
of life [43]. A preliminary report suggests that statins may
enhance deficient circulating endothelial cell precursors in
SSc and improve RP [44]. Bosentan is an endothelin-1
antagonist effective in the treatment of idiopathic and sclero-
derma-associated pulmonary hypertension. It has been shown
in a multicenter, placebo-controlled trial that bosentan is
effective in preventing the development of digital ulcers in
patients with SSc [45]. Data from a retrospective analysis
suggests that bosentan may also promote healing of active
ischemic digital ulcers [46], although this has not been
confirmed prospectively [47].

Calcinosis
Several therapeutic modalities have been attempted with
variable success and include low-dose warfarin, colchicine,
bisphosphonates, calcium antagonists, probenecid, surgical
excision and carbon dioxide laser therapy [48]. Minocycline in
doses of 50 or 100 mg daily may be beneficial in decreasing the

frequency of ulceration and
inflammation associated with
cutaneous calcinosis, as well as
reducing the size of calcium
deposits [49]. 

Fibrosis   
In a study of 18 patients with

SSc, low-dose UVA1 (30 J/cm2 per exposure for 50 sessions)
therapy of the hands resulted in increased skin elasticity,
decreased skin thickness, improved finger mobility and an
increase in collagenase [50]. Maintenance of clinical improve-
ment was not assessed in this study. TGF-β is a key mediator
in fibrosis and has been postulated to play a role in the patho-
genesis of scleroderma [29]. Studies in mouse models of bleo-
mycin-induced scleroderma have demonstrated that blockade
of TGF-β by antibodies to TGF-β resulted in a reduction in
cutaneous sclerosis [51]. Targeting TGF-β signaling may
therefore be a potential therapeutic approach in ameliorating
fibrosis in SSc and developments in this field are ongoing. 

Extracorporeal photochemotherapy (ECP) may be a
promising modality for the treatment of cutaneous disease in
SSc. In a placebo-controlled trial, skin thickness and joint
involvement improved within 6 months of photophoresis
when compared with baseline values [52]. It has been proposed
that ECP induces the release of various cytokines by
phototreated monocytes, including interferon-γ and tumor
necrosis factor-α, activating collagen degradation and
decreasing collagen synthesis [53].

‘Although intense research has led to 
significant advances in therapies 

directed at pathogenetic mechanisms 
and end-organ complications, 

optimal therapeutic strategies remain 
a challenge.’
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Immunosuppressive therapy 
Evidence for the involvement of cellular and humoral
immunity in the pathogenesis of SSc has led to the use of
various immunosuppressive agents as potential disease-modify-
ing therapies. The effects of intensive immunosuppressive and
anti-inflammatory therapy are, however, disappointing when
compared with other rheumatic diseases. For example, metho-
trexate as a treatment for cutaneous disease in SSc has produced
mixed results in two placebo-controlled studies, one demon-
strating improvements in skin scores and hand-grip strength in
treated patients [54], the other favoring methotrexate but failing
to reach significance in several key outcome measures [55],
possibly due to lower treatment dosages. 

Autologous stem cell transplantation
Uncontrolled trials have suggested that immunosuppressive
therapy followed by autologous stem cell transplantation may
result in complete or partial remission of disease in some
patients (including resolution of dermal sclerosis), but concerns
surrounding transplant-related morbidity and mortality
remain [56–58]. There are ongoing multicenter trials examining

the safety and efficacy of high-dose immunosuppressive
treatment and autologous stem cell transplantation versus
conventional chemotherapy in patients with severe SSc at risk
of mortality from organ failure [59]. 

Conclusion
There remain unanswered questions regarding the etiology of
the sclerodermas and disease pathogenesis is only partially
understood. Although intense research has led to significant
advances in therapies directed at pathogenetic mechanisms and
end-organ complications, optimal therapeutic strategies remain
a challenge. Do dermatologists have a role in the management
of this group of diseases? Dermatologists can participate in the
holistic care of patients by aiding in early diagnosis and
contributing to the management of specific cutaneous compli-
cations, as well as to the prompt detection of other organ
involvement. Dermatologists can also facilitate entry of appro-
priate patients into ongoing clinical trials, which will hopefully
provide us with new data regarding therapeutic approaches,
ultimately leading to more effective disease-modifying therapy
in the near future.
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