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Abstract: Connective tissue diseases (CTDs) are a group of clinical disorders that have an underlying autoimmune patho-

genesis. These include a diverse set of diseases such as relapsing polychondritis, rheumatoid arthritis, and eosinophilic 

fasciitis, along with more common entities like Sjogren’s syndrome, dermatomyositis, scleroderma, and lupus erythema-

tosus. The latter three will be the focus of this review, as they constitute the most significant and common CTD with cuta-

neous manifestations. The cutaneous signs often represent the preliminary stages of disease and the presenting clinical 

symptoms. Therefore, comprehensive knowledge of CTD manifestations is essential for accurate diagnosis, better assess-

ment of prognosis, and effective management. Although the precise etiologies of CTDs remain obscure, recent advances 

have allowed for further understanding of their pathogenesis and improved disease classifications. In addition, there have 

been developments in therapeutic options for CTDs. This review provides an overview of the epidemiology, clinical pres-

entations, and current treatment options of cutaneous lupus erythematous, dermatomyositis and scleroderma. 
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INTRODUCTION 

 Cutaneous lupus erythematous (LE), dermatomyositis 
(DM), and scleroderma (Scl) are CTDs with significant cu-
taneous manfestations that may exhibit widespread systemic 
dysfunction. The pathogenesis of connective tissue disease 

(CTD) is quite variable and not completely understood. They 
may present clinically as localized abnormalities, resulting in 
only cosmetic deformities, or they may involve debilitating 
systemic complications. All of the CTDs discussed in this 
review are polygenic, and can be linked through the concept 
of autoimmunity and the production of pathogenic autoanti-
bodies [1-6]. There exists strong evidence to suggest that 
both genetic and environmental factors serve to initiate and 
promote the autoimmune response. As with many autoim-
mune diseases, CTDs display a strong predilection for 
women, ranging from 2:1 up to 15:1 female predominance, 
and in addition, racial background occasionally plays a role 
in either the severity or prevalence of disease [7]. 

 Although CTDs are multisystem disorders, the skin is 
often the presenting sign. Interestingly, the clinical spectrum 
of presentation for CLE, DM, and Scl can vary from skin 
only to internal organ only. This offers the clinician a diag-
nostic challenge and it is thus critical that dermatologists 
maintain a heightened awareness of non-skin manifestations 
when working up patients for CTD. Furthermore, the wide 
array of clinical signs within each disease makes absolute 
classification of CTDs exceedingly difficult, especially in  
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cases of overlap. Once a diagnosis has been established, the 
clinician is often disappointed by the lack of curative phar-
macological options available for the treatment of CTD. 
Therefore, clinicians should be aware of the pathogenesis 
and implications of cutaneous findings in CTDs, as they may 
be significant to the clinical course and effective manage-
ment of the disease. Although the precise mechanisms relat-
ing to the pathology of CTDs remain obscure, this review 
aims to elucidate the prevailing knowledge, current clinical 
assessments, and treatment options of CLE, DM, and Scl. 

CUTANEOUS LUPUS ERYTHREMATOUS 

Epidemiology & Pathogenetics 

 Cazenave first coined the term lupus erythematosus (LE) 
over a century ago [8]. Much progress has been made since 
then in understanding the complex array of clinical manifes-
tations of LE. LE is a chronic autoimmune disorder that can 
involve virtually any organ of the body, leading to problems 
such as arthritis, anemia, nephritis, serositis, and cardiac 
conduction defects. The prevalence of LE in the United 
States is estimated at 14-122 per 100,000 persons [9]. In ad-
dition, 80-85% of the patients are women who fall into the 
reproductive age group [10-12]. When LE involves the skin, 
in the presence or absence of systemic disease, it has been 
termed cutaneous lupus erythematosus (CLE). Cutaneous 
forms of LE appear approximately two to three times more 
often than the systemic variant [13]. More than 75% of pa-
tients with LE present with cutaneous lesions during the 
course of the disease. In an international survey of LE, Vitali 
et al. found malar rash (40%), alopecia (24%), and oral ul-
cers (19%) to be the most frequent dermatologic signs [14]. 
Furthermore, approximately 20% of patients report cutane-
ous manifestations as the initial symptom of LE [9]. This 
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emphasizes the importance of diagnosis based on cutaneous 
findings. 

 CLE can be further subdivided into acute (ACLE), suba-
cute (SCLE), and chronic (CCLE) forms. The clinical fea-
tures of these 3 variants are summarized in Table 1. Re-
cently, another variant, known as LE tumidus (LET) has 
been classified as an intermittent subtype of CLE, and the 
clinical course and prognosis of this subtype is usually more 
favorable than other forms of CLE [15]. In addition, patients 
who develop significant scarring with CLE are termed to 
have discoid LE (DLE), and this is the most prevalent mani-
festation of CCLE [9]. Vigilance in understanding how to 
classify and diagnose CLE is necessary as progression to the 
more grave systemic form, or SLE, occurs at varying fre-
quencies. Genetics appears to convey the greatest risk factor 
for developing CLE. A strong association exists between 
specific subtype predispositions and HLA region genes, as 
well as with complement deficiencies and cytokine abnor-
malities. ACLE is associated with HLA-DR2 and HLA-
DR3, while SCLE is associated with HLA-A1, HLA-B8, 
HLA-DR2, HLA-DR3, HLA-DRw52, HLA-DRw6, HLA-
DQ1, and HLA-DQ2 [9, 16, 17]. Furthermore, SCLE has 
been strongly linked to deficiencies in MHC class III genes 
coding for complements C2 and C4 [18]. Interestingly, a 
polymorphism in the tumor necrosis factor-  (TNF- ) pro-
moter, which is stimulated by ultraviolet (UV) light, has also 
been found with increased frequency in patients with SCLE 
[18]. CCLE is associated with HLA-B7, HLA-B8, HLA-
Cw7, HLA-DR2, HLA-DR3, and HLA-DQw1, along with 
decreased levels of complements C2-C5 [9]. MHC class III 
genes also code for heat shock proteins, which have been 
previously shown to exacerbate CLE [18]. 

 In addition to genetic factors, a number of environmental 
factors have been postulated to play a role in either the initia-
tion or propagation of the autoimmune response in LE. Ul-
traviolet light (UV)-induced skin lesions are found in a sig-
nificant number of patients with CLE, and this phenomenon 
has been referred to as photosensitivity. The proinflamma-
tory effect of UVB radiation via induction of cytokines such 
as TNF- , interleukin-1  (IL-1 ), IL-6, IL-8, and IL-10, may 
be important to CLE [13]. Pathologic photosensitivity is ob-
served in 72% of patients with LET, 63% of patients with 
SCLE, 60% of patients with ACLE, and 45% of patients 
with DLE [15, 19]. Patients often do not associate derma-
tologic flares with sun exposure since the response may be 
delayed. The presence of Ro/SSA and/or La/SSB autoanti-
bodies, as well as the TNF-  promotor polymorphism, play 
an important role in the pathogenesis of photosensitivity in 
SCLE [18]. In addition, a number of medications such as 
angiotensin-converting enzyme inhibitors (captopril, 
cilazapril), calcium channel blockers (nifedipine, diltiazem, 
and verapamil), procainamide, sulfonylureas, and naproxen, 
amongst others, can induce CLE-like symptoms [18]. Often, 
these medications are known photosensitizers, and UVA and 
UVB may be important mediators in this response. Other 
environmental factors incriminated in the pathogenesis of 
CLE include smoking, laser-induced thermal injury, and 
long-term exposure to quartz (silica) [18]. Recently, 
CD4+CD25+ regulatory T cells (Treg) were found to be defi-
cient in skin lesions of various subtypes of CLE [15]. Since 
Treg cells are known to be important in the suppression of 
immune response to self-antigens, a Treg deficiency may play 

a key role in the pathogenesis of CLE. Furthermore, cytokine 
abnormalities have been observed in CLE patients. For ex-
ample, type I interferons (IFNs) are found to be upregulated 
in nonirradiated skin of CLE patients compared to healthy 
patients, which may be due to UVB radiation exposure [15]. 

Diagnosis 

 Classification of the cutaneous signs of LE were devel-
oped by Gilliam, who separated skin lesions into non-
specific and specific, with the latter further subdivided into 
acute, subacute, and chronic [20]. ACLE is characterized by 
abrupt, usually in the setting of systemic illness, and 100% 
of ACLE patients develop SLE [9]. The typical ACLE pa-
tient is a female in her third decade of life who presents with 
the classic butterfly rash after sun exposure (Fig. 1). Lesions 
may be localized or widespread and commonly appear in the 
face (87%), upper limbs (73%), and the trunk (36%) [9]. 
Irrespective of location, the rash can range from mild 
erythema to significant edema, lasting from hours to weeks, 
and heals without scarring. Accompanying changes include 
poikiloderma, oral ulceration, scales, and a papular compo-
nent. There can also be diffuse thinning of scalp hair, as well 
as loss of the frontal hairline with evidence of hair fragility. 
Cuticular abnormalities are often observed, such as 
telengiectasia and erythema in the proximal nail fold. Rare 
features include bullae on sun-exposed skin, and toxic epi-
dermal necrolysis-like lesions with insidious onset [21, 22]. 
About 95% of ACLE patients are positive for anti-nuclear 
antibodies (ANA), including anti-dsDNA, Smith, Ro, or La 
[18]. The presence of anti-dsDNA antibodies may lead to 
lupus nephritis, and therefore, these patients should be regu-
larly screened for internal organ disease [23]. 

 

Fig. (1). Acute cutaneous lupus. Malar rash with scale. Photo cour-

tesy of David F. Fiorentino, M.D., Ph.D. 

 In 1979, the term SCLE was coined by Sontheimer, 
Thomas, and Gilliam to describe a subset of LE patients with 
a subacute presentation [24]. These patients were also fe-
males typically in their third to fourth decade of life with 
strong correlation to 50% demonstrating photosensitivity. 
This subtype appears in women 3-4 times more often than 
men [9]. The typical eruption consists of nonscarring 
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erythematous papules with either an annular (42% of pa-
tients) or psoriasiform (39% of patients) pattern [9, 18]. 
These lesions are commonly distributed on the face, upper 
trunk, and extensor forearms. Telengiectasia and dyspigmen-
tation are almost always present. Other associated findings 
include alopecia, malar eruption, perinungal telengiectasia, 
poikiloderma, livedo reticularis, and rarely a pityriasis-like 
pattern. In 20% of patients, lesions of the discoid LE type 
precede the onset of SCLE [24]. Serological testing is useful 
in diagnosis of SCLE. Patients with SCLE are positive of 
ANA in 70 to 80% of cases and Ro/SSA in 50 to 71% of 
cases (especially the annular variant) [9]. In one study, reac-
tivity to anti-dsDNA was detected in only 5% of patients, 
and therefore, serological testing may often be unreliable for 
diagnosis of SCLE [18]. It is estimated that approximately 
15% of patients will eventually have internal organ involve-
ment [23]. Approximately 50% of patients with SCLE will 
meet the diagnostic criteria of SLE, however these patients 
will present with less severe complications [9]. 

 CCLE is the most common type of CLE, and it presents 
2-3 times more often than SLE [25]. CCLE can present in 
multiple forms including discoid LE (DLE), hypertrophic, 
LE-lichen planus overlap, chilblain, lupus panniculitis (lupus 
profundus), and lupus tumidus. Some of these clinical enti-
ties are not strictly seen in CCLE. The typical patient is a 
female between the ages of 20 to 40 in the setting of a long-
term low grade illness or rarely life threatening SLE [26]. In 
DLE, a history of Raynaud’s phenomenon can be found in 
15% of the cases [18]. Unlike SCLE, no clear association 
with sun exposure has been established despite a predilection 
for photosensivity of the face, scalp, and ears. DLE rarely 
involves the mucosa or regions of the body below the neck 
(in the absence of lesions above the neck). The findings of 
DLE are characterized by well demarcated indurated scaly 
erythematous plaques with adherent scale extending into hair 
follicles. These plaques heal centrally first, and then, atro-
phy, scarring, dyspigmentation, and telengiectasia usually 
follows (Fig. 2). The periphery often is hyperpigmented. 
Scarring alopecia may result from scalp involvement, and 
clinicians should distinguish this manifestation from the in-
cidence of alopecia areata in the setting of LE. Often, follicu-
lar involvement progresses to the development of keratotic 
spikes (carpet-tack sign). DLE lesions found exclusively in 
the head and neck region are classified as localized DLE, and 
lesions extending both above and below the neck are catego-
rized as generalized DLE [9]. 5% of patients exhibiting lo-
calized DLE develop SLE, and 20% of generalized DLE 
patients develop SLE [9]. Therefore, it seems a transition 
from localized DLE to a generalized form places the patient 
at a greater risk for SLE, which should be suspected with the 
onset of fever, increasing ANAs, leukopenia, hematuria, or 
albuminuria. Clinicians should be aware of the fact that dis-
coid lesions, the hallmark of DLE, are commonly seen in 
SLE; therefore, a search for other SLE criteria should be 
undertaken when evaluating patients with suspected DLE. 
As in most chronic scarring process, DLE patients are at an 
increased risk of developing squamous cell carcinoma, most 
commonly seen on the lower lips of African American pa-
tients with hypopigmented scars [18]. Serological screening 
is somewhat helpful, although testing positive to ANA, 
dsDNA, Sm, U1RNP, or Ro/SSA antibodies is less common 
than SCLE or ACLE [16, 27]. 

 

Fig. (2). Discoid lesions of chronic cutaneous lupus with significant 

scarring. Photo courtesy of Amy McMichael, M.D. 

 Hypertrophic CCLE lesions constitute about 2% of CLE 
[18]. In this CCLE variant, a papulonodular often hyperkera-
totic eruption is present most commonly on the extensor ex-
tremities, but may present of the face, palms, and soles. With 
diffuse scaling, the hyperkeratotic component gives the skin 
a chalky dust appearance. Usually, discoid lesions can be 
detected in other locations of the body, helping secure the 
diagnosis. 

 An important clinical challenge lies in the diagnosis of 
SLE in patients with CLE. Patients who meet at least 4 out 
of the 11 criteria established by the American Rheumatism 
Association (ARA), now known as the American College of 
Rheumatology (ACR), may be diagnosed with SLE [9]. 
However, muco-cutaneous manifestations (malar rash; dis-
coid rash; photosensitivity and oral ulcers) represent 4 of the 
11 ACR diagnostic criteria, challenging the reliability of this 
classification system [9]. More recently, the European Acad-
emy of Dermatology and Venereology (EADV) developed 
criteria aiming to increase the accuracy of diagnosing SLE in 
CLE patients [28]. In a comparative analysis of the two clas-
sification schemes, the ACR criteria exhibited a sensitivity 
of 88%, a specificity of 79%, a positive predictive value of 
56%, and a negative predictive value of 96%, and the EADV 
criteria demonstrated a sensitivity of 64%, a specificity of 
94%, a positive predictive value of 61%, and a negative pre-
dictive value of 94% [28]. These findings suggest that the 
ACR criteria may be unsuitable for diagnosis due to a dis-
proportionately high sensitivity compared to a weak specific-
ity. On the other hand, the EADV criteria are more specific 
while being less sensitive. 

Treatment 

 Unfortunately in CLE and most autoimmune disorders, 
most treatments are not curative. Therefore, most therapies 
aim to prevent disease progression and restore the patient’s 
normal appearance (Table 2). It is critical to educate patients 
on heat and sun exposure, as well as the avoidance of par-
ticular medications, which may exacerbate the condition. 
The most important preventive measure is perhaps the use of 
photoprotection. This can be achieved with various FDA-
approved clothing lines, broad spectrum sunscreens, and 
physical blockers such as zinc oxide or micronized titanium 
dioxide. The most effective sunscreens contain both UVA 
(parsol 1789, mexoryl SX, mexoryl XL) and UVB protec-
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tants (octocrylene) [29]. A high level of sun protection is 
necessary to prevent photosensitive eruptions of CLE. Topi-
cal or intralesional corticosteroids are sometimes effective in 
treating localized CCLE as well as CLE involving the scalp 
[18]. For telengiectasia, the pulse dye laser has proven to be 
a safe treatment with few side effects and a clearance rate 
approaching 70% [18]. Scarring of CCLE can be addressed 
using a carbon-dioxide laser; however, this should be 
avoided in patients who have been treated with isotretinoin 
in the past 1-2 year [18]. 

 In the absence of systemic involvement, the anti-malarial 
drug hydroxychloroquine (400 mg/d) is used as first-line 

treatment for widespread CLE. This treatment has a slow 
onset, and hence, patients should be forewarned that im-
provement may not surface until 6-8 weeks after treatment. 
Quinacrine (100mg/d) may be supplemented in refractory 
cases [14]. Chlorquine phosphate may be appropriate for 
patients who fail the combination of hydroxycholorquine and 
quinacrine. However, this treatment poses risk of ocular tox-
icity and therefore should be dosed at less than 3.5mg/kg/d 
and followed by an ophthalmologist visit every six months. 
Furthermore, patients on anti-malarial medications should be 
advised to avoid smoking, which diminishes the efficacy of 
these drugs. Other longstanding treatment options include 
mycophenolate mofetil, thalidomide, dapsone, clofazamine, 

Table 1. Cutaneous Lupus Erythematosus (CLE) Variants and Clinical Features 

 

CLE Variants Clinical Features 

Acute CLE  

• Abrupt onset of lesions on the face, upper limbs and/or trunk 

• Poikiloderma, oral ulceration, scales, periungal telangiectasia and alopecia  

• Heals without scarring 

Subacute CLE  

• Insidious onset of lesions on the face, upper trunk and/or extensor forearms 

• Erythematous papules with either an annular or psoriasiform pattern  

• Poikiloderma, periungal telangiectasia, livedo reticularis, and rarely a pityriasis-like pattern 

• Heals without scarring 

Chronic CLE  

• Lesions are limited to the head and neck 

• Indurated scaly erythematous plaques, followed by dyspigmentation and telangiectasia  

• Scarring alopecia with keratotic spikes (carpet-tack sign) 

• Heals with scarring 

 

Table 2. Summary of Connective Tissue Diseases 

 

Disease 
Genetic Associa-

tions/Etiologies 
Auto-Antibodies Prevalent Complications Standard Treatment (Refs.)

1
 

CLE 

HLA-DR2 

HLA-DR3 

HLA-B7 

HLA-B8 

C2-C5 deficiency 

anti-nuclear 

dsDNA 

Smith 

Ro 

La 

Raynaud’s phenomenon 

progression to SLE 

glomerulonephritis 

pulmonary fibrosis 

serositis 

 

UVA and UVB sunscreens [29] 

topical corticosteroids [18] 

intralesional corticosteroids [18] 

chloroquine [14] 

hydroxycholoroquine [14] 

quinacrine [14] 

DM 

 C5b-C9 levels 

MxA protein 

Th1 activation 

TNF receptor 

MHC-I 

IL-1  

anti-jo-1 

Mi-2 

SRP 

anti-U1RNP 

Ro 

PM 

interstitial lung disease 

arthralgias 

dyspnea 

dysphagia 

arrhythmia 

dysphonia 

malignancy (ovarian, stomach, lymphoma) 

UVA and UVB sunscreens [32] 

Corticosteroids [41,42] 

Methotrexate [39, 41] 

IVIG2 [39, 41] 

cyclophosphamide [39, 41] 

cyclosporine [39, 41] 

mycophenolate mofetil [39, 41] 

Scl 

oxidative stress 

aberrant free radicals 

 ascorbic acid, 

 selenium, 

 vitamin E 

carotene 

anti-nuclear 

dsDNA 

histone 

topoisomerase cen-

tromere 

arthritis 

Raynaud’s phenomenon 

neurological abnormalities 

vascular changes 

gastrointestinal conditions 

respiratory disorders 

other autoimmune disorders (eg. thyroidi-

tis) 

Corticosteroids [45] 

Sulfasalazine [45] 

pencillamine [45] 

-interferon [45] 

methotrexate [45] 

phototherapy with UVA light [45] 

calcipotriene [39] 

stem cell transplantation [60] 

1Refs.: reference number. 
2IVIG: intravenous immunoglobulin. 
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retinoids, and auranofin [14]. However, recent evidence on 
significant toxicity should be considered. For example tha-
lidomide, in a recent study, was found to successfully treat 
81% of patients with LE exhibiting skin involvement, but, 
other studies have found that the incidence of irreversible 
neuropathy associated with treatment is observed in greater 
than 50% of patients [24]. Overall, existing treatment options 
for CLE are not efficacious. In recent years, promising re-
sults were observed in photosensitive variants of CLE treated 
with low-dose UVA1 therapy [14]. The efficacy of this 
treatment is believed to lie in the ability of UVA1 radiation 
to induct IL-12, which plays a role in DNA repair (14). 
Emerging therapeutic strategies are aimed at exploiting the 
immunopathogenesis of CLE, since immune dysregulation, 
involving antibody-secreting B cells and aberrant T cells, is 
thought to be responsible for the development of LE [9]. One 
novel therapeutic target is B cell-dependent T cell activation. 
CTLA-4, which is expressed by activated T cells, serves to 
diminish T cell activation via fusion of co-stimulatory mole-
cules CD28 (expressed on T cells) and B7 (expressed on B 
cells) [9]. These interactions served as the basis for the de-
velopment of fusion proteins, which bind to CTLA-4 and 
result in down regulation of co-stimulation of T cells by B7-
CD28 interactions. Fusion proteins have shown promising 
results in treating lupus in murine models and are currently 
in human trials for lupus patients [9]. Other potential thera-
pies are aimed at targeting B and T cells directly as well as 
cytokines such as IL-1, TNF- , and IFN- , which are 
upregulated in lupus [9]. Further understanding of the patho-
genesis of CLE will lead to improved diagnosis and treat-
ment options for patients. 

DERMATOMYOSITIS 

Epidemiology & Pathogenetics 

 DM is an idiopathic inflammatory myopathy of autoim-
mune etiology characterized by a cutaneous eruption in the 
setting of symmetric proximal, extensor myopathy. Often, 
the cutaneous manifestations are the most difficult to treat 
and result in significant morbidity among patients. The mean 
age of onset of adult DM is 52 years and there is a strong 
female predilection, as well as an increased risk of malig-
nancy [30]. Generally, the cutaneous signs precede the de-
velopment of cancer and dermatologists play an integral role 
in the early detection of internal organ involvement. The 
pathogenesis remains unknown, although supporting evi-
dence is building for a model of immune-mediated destruc-
tion of muscle in association with apoptotic reactions leading 
to skin lesions. Recent evidence has implicated complement 
components in the development of vascular pathology asso-
ciated with DM [22]. Elevated C5b-9 deposition in vessels 
was found in biopsies from DM patients, suggesting the pos-
sibility of humoral and complement-mediated damage of 
endothelium and kertinocytes in DM [22]. Wenzel and col-
leagues have observed increased expression of MxA protein, 
along with cytokine profile suggestive of enhanced Th1 acti-
vation in DM patients [31]. This finding supports that innate 
immune responses along with adaptive immune responses 
may be associated with the etiology of DM. Other studies 
have found unusual levels of nitric oxide, upregulation of 
circulating TNF receptors, increased soluble CD40  
 

expression, and upregulation of MHC I genes and IL-1  
within the muscle of patients with DM [32]. 

Diagnosis 

 DM can present with a wide spectrum of clinical findings 
and can be subtyped as amyopathic DM, clinically amy-
opathic DM, or classic DM [33]. Amyopathic DM refers to 
the presence of characteristic cutaneous features of DM 
without muscle involvement, as confirmed by muscle bi-
opsy, electrography, and magnetic resonance imaging [34]. 
This diagnosis cannot be established if patients have under-
gone recent immunosuppressive therapy of 2 months or 
greater duration within the first 6 months of onset of cutane-
ous disease [33]. Coincidental appearance of classic skin 
findings with use of medications known to generate DM-like 
cutaneous changes (hydroxyurea or the statin class of lipid 
lowering agents) also precludes a diagnosis of amyopathic 
DM [33, 34]. Patients, who on more rigorous muscle testing 
(laboratory, electrophysiologic, or radiologic evaluation), are 
found to have positive test results representing subclinical 
myositis are best classified as hypomyopathic DM [33]. The 
term clinically amyopathic DM includes both amyopathic 
DM as well as hypomyopathic DM, since cutaneous lesions 
represent the primary clinical finding in both entities. In 
classic DM, patients present with hallmark skin findings of 
DM as well as both clinical and objective evidence of muscle 
inflammation [33]. 

 The two characteristic and perhaps pathognomonic cuta-
neous manifestations of DM are the heliotrope rash and Got-
tron’s papules [32]. The heliotrope rash is characterized by a 
violeceous erythema in the periorbital region. In some cases, 
the heliotrope rash is represented solely by dilated veins in 
the eyelids, which is believed to result from inflammation of 
striated muscle [32]. Also, affected regions undergo scaling 
and desquamation. Clinicians should be aware that the helio-
trope rash may range from a slight discoloration surrounding 
the margin of the eyelid to profuse edema. Gottron’s paules 
are indurated, violaceous papules and plaques found on the 
metacarpophalangeal joints, the proximal interphalangeal 
joints, and/or the distal interphalangeal joints (Fig. 3). Often, 
telangiectasia occurs in the lesions, which may appear simi-
lar to lesions of LE or papulosquamous disorders such as 
psoriasis or lichen planus [32]. Hence, frequent histologic 
analysis may be needed in differential diagnosis. In addition, 
to the heliotrope rash and Gottron’s papules, DM patients 
exhibit other cutaneous manifestations such as malar 
erythema, poikiloderma (photosensitive distribution), viola-
ceous erythema on extensor regions, periungal and cuticular 
alterations, and alopecia. Poikiloderma classically appears on 
the extensor regions of the arm, the “V” of the neck or the 
upper back (shawl sign), and/or the lateral aspects of the 
upper hips and thigh (holster sign). Furthermore, DM pa-
tients often exhibit psoriasiform dermatitis in the scalp, and 
this often necessitates histological differentiation from sebor-
rheic dermatitis or psoriasis [32]. Uncommon cuteaneous 
findings in DM patients include vesiculobullous lesions, an 
eruption that induces pityriasis rubra pilaris, vasculitits, ero-
sive lesions, and exfoliatiative erythroderma; there is specu-
lation that these findings are observed more commonly in 
patients with malignancy [32]. 
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Fig. (3). Dermatomyositis of the dorsal hands and forearms. Photo 

courtesy of Amy McMichael, M.D. 

 DM is a multisystem autoimmune disease and can lead to 
significant internal organ involvement. The two most clini-
cally important associations with dermatomyositis are ma-
lignancy and pulmonary disease. The increased risk of ma-
lignancy (from 1.7 to 6.5 fold) is greatest in the first 1 to 2 
years post-diagnosis but remains elevated for many years 
[36]. The occurrence of malignancy in adult DM patients is 
estimated to be 6% to 60%, with large population-based co-
hort studies predicting incidence in 20% to 25% of cases 
[35]. The most often reported malignancies are gynecologi-
cal, especially ovarian carcinoma; however, others associ-
ated with DM include lung, pancreatic, stomach, colorectal, 
and non-Hodgkin’s lymphoma [35]. Ovarian cancers are 
usually found in female patients while stomach and lym-
phoma prevail in men. In addition, In addition, malignancy is 
more frequent in older patients [31]. Pulmonary disease is 
observed in 15% to 65% of patients [36, 37]. Interstitial 
pneumonitis is the most prevalent lung complication associ-
ated with DM, and it also appears to affect patients with the 
amyopathic variant as well. In a retrospective study at Mayo 
Clinic of 70 patients with DM and interstitial lung disease, it 
was found that only 15 patients presented with simultaneous 
involvement, suggesting that patients may more commonly 
experience symptoms of lung disease and myositis sepa-
rately [38]. Patients with interstitial lung disease usually pre-
sent with a non-productive cough and dyspnea on exertion. 
Pulmonary function tests in these patients exhibit a restric-
tive pattern. Other systemic manifestations include proximal 
muscle weakness, dyspnea, dyphagia, arrhythmia, and dy-
phonia [21]. Diagnosis is validated through laboratory tests 
revealing increased muscle enzymes such as creatine kinase, 
aldolase, aspartate aminotransferase, and/ or lactate dehy-
drogenase [22]. Arthralgias are found in nearly 25% of pa-
tients exhibiting inflammatory myopathy and usually present 
with morning joint stiffness [32]. Esophageal disease, char-
acterized by dysphagia is found in 15% to 50% of patients, 
and distal dysphagia correlates with a worse prognosis than 
proximal [32]. Although rare, cardiac abnormalities also may 
occur in DM patients, with conduction defects and arrhyth-
mias being the most common [32]. 

 Juvenile DM is classified as disease onset prior to the age 
of 16, and the peak incidence occurs between the ages of 5 
and 10 [34]. The mean age at diagnosis is 10.8 years, and 

there is approximately an equal ratio of male and female 
patients [39]. The juvenile form exhibits a greater frequency 
of calcinosis, vascular inflammation, insulin resistant-
lipidystrophy than the adult DM [32, 39]. Contrary to adult 
DM, there is no significant risk of malignancy associated 
with the juvenile form. Symptomatic treatment of cutaneous 
manifestations and careful management of clinical course is 
correlated with good prognosis [39]. 

 As with other CTDs, DM is characterized by autoanti-
bodies to different cellular constituents. Autoantibodies that 
are specific for DM are known as myositis-specific autoanti-
bodies and include antisynthetases (anti-jo-1 being the most 
common), Mi-2, and SRP [40]. Autoantibodies associated 
with DM, but share overlap with other pathological condi-
tions of myositis, are U1RNP, Ro/SSA, and PM/Scl. Autoan-
tibodies specific for DM have been grouped into myositis-
specific (antisynthetases, Mi-2, and SRP) and myositis-
associated (PM/Scl, Ro/SSA, U1RNP) autoantibodies [40]. 
Anti-synthetase antibodies such as anti-Jo-1 have been asso-
ciated with a clinical manifestation known as Anti-
synthetase syndrome, which is characterized by myositis, 
interstitial pneumonia, polyarthritis, mechanic’s hand, Ray-
naud’s phenomenon, and fever [40]. The clinical usefulness 
of these autoantibodies as diagnostic screening tools is ques-
tionable in the face of their low frequency. In a past Euro-
pean study of 181 classic DM patients, no autoantibodies 
were found in more than 50% of patients [30]. However, 
recent research has found two additional autoantibodies as-
sociated with DM: anti-CADM-140 antibody and anti-p155 
antibody [40]. In a small study, anti-CADM-140 was found 
in more than 50% of patients with amyopathic DM, and in a 
separate study, anti-p155 was found in 20% of DM patients, 
with strong correlation to cancer-associated DM [40]. The 
discovery of these novel antibodies increases the signifi-
cance of serological testing and offers further insight into the 
pathology of DM. 

Treatment 

 The prognosis of DM has been significantly influenced 
by the development of treatments (Table 2). Factors influ-
encing prognosis are patient’s age, severity of myositis, oc-
currence of dysphagia, cardiopulmonary complications, DM-
associated malignancy, and the response to corticosteroid 
therapy [32]. Mortality ranges from 8.9% to 52% due to 
variation of complications in patients [41]. One-year, 5-year, 
and 9-year or greater survival rates range from 83% to 95%, 
63% to 95%, and 53% to 100%, respectively [41]. These 
survival rates reflect a much better prognosis than the 50% 
mortality rate associated with the progression of the natural 
course of DM without corticosteroid therapy [42]. Juvenile 
DM has a significantly lower mortality rate [39]. Corticos-
teroid therapy has diminished the mortality rate of juvenile 
DM from 34% to 1.5% or 0%, depending on the study [41, 
42]. These results demarcate why immunosuppression with 
corticosteroids remains the gold standard therapy in DM. 
Early treatment may be life saving in DM patients. Therapy 
should be catered to the manifestations of DM, the patient’s 
responsiveness to treatment, and the effect on a patient’s 
quality of life. Methotrexate is a second-line treatment for 
patients with severe DM or those whose conditioned has not 
improved with corticosteroids [39]. Other second-line and 
third-line treatments include intravenous immunoglobulin, 
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cyclophosphamide, cyclosporine, and mycophenolate mofetil 
[41]. Since most cutaneous lesions are photosensitive, pa-
tients with cutaneous disease should follow strict UV avoid-
ance measures and daily use of sunscreens with broad spec-
trum activity is recommended [32]. Cutaneous calcinosis is 
often a severe complication of DM in children, and research 
has attributed it to delays in diagnosis and treatment [41]. 
Case reports have detailed successful treatments with vary-
ing treatments including diltiazem, probenecid, and alendro-
nate, however surgical excision may be the best option for 
large deposits [41]. Ongoing research is investigating the 
potential for other immunomodulatory treatments for DM. A 
recent pilot study has found that B-cell depletion via the anti-
CD20 monoclonal antibody rituximab resulted in increased 
muscle strength from baseline by 36% to 113% in DM pa-
tients, possibly implicating B cells in pathogenesis [43]). 
Another study found promising results with the use of tumor 
necrosis factor-  as monotherapy for DM [41]. These im-
mune-targeting therapies may represent the future of DM 
treatment. Astute clinical diagnosis of DM remains critical to 
the prognosis of DM. 

SCLERODERMA 

Epidemiology & Pathogenetics 

 Scleroderma is a disorder characterized by excessive fi-
brosis, which may be systemic or localized to skin. When 
fibrosis is limited to the skin and subcutaneous tissue, the 
disorder is classified as localized scleroderma or morphea 
[44]. Systemic sclerosis refers to a multi-system disorder 
involving fibrosis of skin, blood vessels, and internal organs 
[45, 46]. In spite of significant research efforts, the precise 
pathological origin of scleroderma remains obscure. Recent 
research supports the hypothesis that scleroderma may be 
due to oxidative stress and an aberrant activation of damag-
ing free radicals [47]. Scleroderma patients were found to 
have reduced serum levels of antioxidants such as ascorbic 
acid, selenium, vitamin E, and carotene [48, 49]. Further-
more, elevated levels of nitric oxide, a reactive oxygen 
molecule involved in inflammatory injury, were found in 
scleroderma patients, along with autoantibodies against per-
oxiredoxin I, an antioxidant enzyme [47]. The generation of 
free radicals may lead to the development of fibrosis through 
their link to cytokines and growth factors such as tumor 
growth factor-  and platelet derived growth factor, which 
have been implicated as mediators of fibrosis in scleroderma 
[50]. In addition, recent evidence has implicated endothelin-I 
as an important mediator in the pathogenesis of scleroderma 
[51]. Endothelin-I has been found in early lesions, is released 
from damaged endothelial cells, and mediates effects associ-
ated with scleroderma, such as inducing extracelluar matrix 
biosynthesis and inhibiting matrix-degrading enzymes [51]. 
It is challenging to diagnose scleroderma, as there are vari-
ous other disorders that exhibit cutaneous sclerosis, such as 
sclerederma, myxedema, scleromyxedema, nephrogenic fi-
brosing dermatopathy and eosinophilic fasciitis. The clinical 
course of scleroderma often makes accurate diagnosis very 
challenging. Various genetic disorders (Progeria), metabolic 
diseases (porphyria, lipodystrophy) and paraneoplastic syn-
dromes may display significant cutaneous sclerosis. In addi-
tion, toxins (rapseed oil), medications (bleomycin) and even 
external trauma (vibrations) can results in scleroderma-like 
signs. Therefore, knowledge of the broad range of clinical 

manifestations is essential to accurate diagnosis and effective 
clinical management of the disorder. 

Diagnosis 

 True scleroderma occurs in two distinct categories – lo-
calized or systemic. Localized scleroderma, or morphea, 
although limited to the skin and subcutaneous tissue, can 
produce lesions that cause severe functional and aesthetic 
defects. Tuffanelli and Winkelmann classified localized 
scleroderma into the following three categories, which are 
commonly used today: morphea, linear morphea, and gener-
alized morphea [46]. Patients with morphea usually present 
with an insidious onset of an indurated plaque with an ivory-
colored center and violoaceous halo (Fig. 4) [50]. Often a 
violaceous or erythmatous border, commonly referred to as 
the lilac ring, appears in the early course of the disorder. 
This halo indicates active inflammation, and it is replaced by 
sclerosis with central atrophy as the disease progresses, pro-
viding an ivory appearance to the skin. “Superficial mor-
phea” refers to lesions in which collagen thickening is lim-
ited to the upper dermis, and theses lesions may be hyper-
pigmented without underlying sclerosis. Punctate morphea is 
variant of localized morphea and is characterized by small 
plaque complexes [50] Linear scleroderma, which is the 
most common type observed in pediatric cases, appears as a 
linear streak of fibrotic lesions that may extend from the 
dermis to the underlying bone [45]. When linear morphea 
afflicts the face or scalp, it is known as en coup de sabre 
[45]. A severe manifestation of en coup de sabre is known as 
Parry Romberg Syndrome, and this form presents as hemi-
facial atrophy of skin and subcutaneous tissue below the 
forehead [45]. Generalized morphea is the most severe type 
of localized scleroderma, and it is characterized by extensive 
full-thickness involvement of the skin along with plaques, 
hyperpigmentation, and muscle atrophy [50]. Recent re-
search has implicated generalized morphea in the develop-
ment of squamous cell carcinoma [52]. 

 

Fig. (4). Morphea. A well demarcated sclerotic plaque with central 

yellowish color and peripheral violaceous erythema. Photo courtesy 

of David F. Fiorentino, M.D., Ph.D. 
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 In addition to cutaneous findings, localized scleroderma 
has been linked to systemic complications, such as arthritis, 
neurological abnormalities, other autoimmune conditions 
(ex. thyroiditis), vascular changes, GI conditions, and respi-
ratory disorders [45]. Of these, arthritis appears to be most 
common extracutaneous complication of localized 
scleroderma [45]. Localized scleroderma also results in an 
elevation of autoantibodies in many patients. Antinuclear 
antibodies are found in 73% of patients, more specifically, 
anti-double-stranded (50%), anti-histone (47%), anti-
topoisomerase (76%), and anti-centromere (12%) antibodies 
are found [50]. In addition, plasma rheumatoid factor is 
found in 60% of the patients [50]. The link between the 
prevalence of these autoantibodies and the pathology of 
scleroderma remains unknown. Eosinophilia has been re-
ported in patients with linear and generalized morphea, and 
may correlate with disease severity. Autoantibodies markers 
should be viewed skeptically because patients with localized 
scleroderma have minimal risk of systemic disease. Progno-
sis of skin disease is favorable, with lesions regressing spon-
taneously over several years; however, linear and general-
ized morphea may be chronic and progressive. 

Treatment 

 Management of localized scleroderma remains a clinical 
challenge. The subjective nature of clinical assessment of 
localized scleroderma often poses difficulties in established 
skin scoring methods. Recent technological advances have 
allowed for improved evaluation of localized scleroderma. 
Infrared thermography has been used to detect active lesions 
[53]. Also, laser Doppler flowmetry, a non-invasive tool to 
evaluate cutaneous microcirculation, was found successful in 
evaluating active en coup de sabre lesions, which lack exter-
nal signs of inflammation [54]. 

 Treatment of localized scleroderma has included topical 
and systemic drugs, including corticosteroids, sulfasalazine, 
penicillamine, gamma-interferon, methotrexate, and pho-
totherapy with UVA light (Table 2) [45]. Pruritus may be 
managed by dry skin care and topical (pramoxine, menthol) 
or oral antihistamine therapy. Intralesional corticosteroids 
may be used for localized lesions. Since the effects of local-
ized scleroderma are usually limited to aesthetic deformities, 
therapies with low therapeutic indices are usually not rec-
ommended. For example, although phototherapy with ultra-
violet light has shown some promise in managing localized 
scleroderma, the potential side effects with long-term use, 
such as accelerated skin aging and carcinogenesis, should be 
considered before therapy initiation [45]. For debilitating 
cases of localized scleroderma, systemic treatment involving 
a combination of methotrexate and a corticosteroid such as 
prednisone is a potential option. Recently, calcipotriene, a 
vitamin D3 derivative, has been reported to regulate fibrosis 
associated with localized scleroderma through inhibiting 
fibroblast proliferation [39]. 

Diagnosis and Treatment of Systemic Sclerosis 

 Systemic sclerosis is a chronic connective tissue disorder 
characterized by symmetrical fibrotic change in the skin, 
with visceral organ involvement. Denton and Black classi-
fied the pathology of systemic sclerosis with three key clini-
cal manifestations [55]. The first main facet of the disorder is 
endothelial cell injury, which is observed in all patients who 

experience the disorder. This component manifests clinically 
as Raynaud’s phenomenon. The second component is in-
flammation, resulting in mononuclear cell infiltration. The 
last manifestion is fibrosis, characterized by irreversible 
damage of normal tissue and organs, and this component is 
responsible for the morbidity of systemic sclerosis. Systemic 
sclerosis is further divided based the nature and extent of the 
sclerosis. Patients in whom sclerosis is limited to involve-
ment of the forearms, hands, regions proximal to the neck 
and perioral area are deemed to have limited systemic sclero-
sis [55, 56]. This form was formerly known as CREST syn-
drome, which characterized mainly by the pentad of calcino-
sis, Raynaud’s phenomenon, esophageal dysmotility, sclero-
dactyl (Fig. 5), and telangiectasias [55]. Limited systemic 
sclerosis patients are at a high risk for isolated pulmonary 
hypertension, but they are at low risk (2%) for the develop-
ment of scleroderma renal crisis, which remains a major 
cause of morbidity associated with scleroderma [55]. Pa-
tients who present with widespread sclerosis involving re-
gions proximal to the neck and proximal limbs are deemed to 
have diffuse systemic sclerosis. The most common systemic 
complication involves the gastrointestinal tract, which can 
lead to altered motility, bacterial overgrowth, and malabsorp-
tion [55]. Diffuse systemic sclerosis can also present with 
fibrosis in other visceral organs such as the lung (30%), heart 
(10%), and kidney (12%) [55]. 

 

Fig. (5). Sclerodacytly of systemic sclerosis. Note claw-like hands 

and digital ischemic ulcers. Photo courtesy of David F. Fiorentino, 

M.D., Ph.D. 

 As with other autoimmune disorders, there is an elevation 
in plasma autoantibodies commonly observed in patients 
with scleroderma. Autoantibodies are found in more than 
95% of the patients with the disorder [56]. Furthermore, ele-
vation of certain antibodies is associated with specific organ 
complications. Pulmonary arterial hypertension is found al-
most exclusively in patients positive for anti-centromere 
antibodies [56]. Patients with anti-RNA (POL3) appear to 
suffer the most severe skin fibrosis and have the highest fre-
quency of renal complications, but these patients do not ex-
perience severe interstitial fibrosis [57, 58]. Patients with 
anti-topoisomerase classically present with renal crisis and 
severe lung disease, and these patients usually experience 
digital ulcers, gangrene and acroosteolysis more commonly 
than other patients with systemic sclerosis [56, 59]. The nu-
cleolar antibody, U3-ANP, is found in patients have the most 
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severe visceral organ involvement and have the worst prog-
nosis among scleroderma patients [56]. Due to the existence 
of a strong correlation between specific autoantibodies and 
organ complications, clinicians can have insight into progno-
sis and management of scleroderma after serological analy-
sis. Furthermore, clinical manifestations and forms of 
scleroderma have been associated with nationalities and eth-
nicities of patients, suggesting a genetic basis for the devel-
opment of disease [56]. 

 Management of complications is usually organ specific. 
Angiotensin converting enzyme inhibitors have significantly 
improved the prognosis of renal crisis associated with 
scleroderma (Table 2) [55]. Results from early case-control 
studies show a decrease in 12-month mortality from 76% to 
below 15% [56]. Cardiac complications are currently treated 
with prostacyclin analogues, and in cases of severe conduc-
tion abnormalities, pacemakers are implanted [56]. Cyclo-
phosphamide and corticosteroids are used to treat chronic 
interstitial lung disease, and gastrointestinal involvement is 
managed with dietary alterations, antispasmodics, and anti-
biotics [56]. Recent advances in research and technology are 
exploring alternative options in therapy. Two current phase 3 
clinical trials, the Autologous Stem Cell Transplantation 
International Scleroderma trial in Europe and the 
Scleroderma Cyclophosphamide or Transplant trial in the 
US, have generated promising results in scleroderma patients 
after autologous stem cell transplantations [60]. In these 
trails, 70% of patients exhibited an improvement in skin 
hardness, and 33% of patients displayed prolonged remission 
after transplantion with CD34+ hematopoietic stem cells 
[60]. The success of these trails is believed to attributed to 
the fact that scleroderma patients have a deficiency in circu-
lating bone marrow-derived endothelial progenitor cells, and 
hence the ability of stem cells to increase the number of cir-
culating progenitor cells may improve blood vessel repair 
and and neovascularization in scleroderma patients [60]. 
Also, early trials show an efficacy of intravenous immuno-
globulin therapy in treating patients with systemic sclerosis, 
however, the precise mechanism of pharmacological action 
is not completely known [61]. Imatinib (STI571, 
Gleevec/Glivec) has shown potent anti-fibrotic effects in 
patients with chronic myelogenous leukemia and is currently 
being investigated for treatment of scleroderma [61]. 

CONCLUSION 

 In summary, this review has addressed the current clini-
cal assessment and therapeutic options for CLE, DM, and 
Scl. CTDs remain challenging disorders to diagnose and 
treat effectively. Current research aims to elucidate the un-
known elements involved in the pathogenesis of these disor-
ders. New molecular techniques, such as high-throughput 
gene and protein analysis have advanced the prevailing con-
cepts of etiologies of autoimmune dysfunctions. In addition, 
ongoing clinical trials of novel therapies may contribute to 
the emergence of improved therapeutic options in the near 
future. The extensive efforts in basic and applied science 
research are rapidly illuminating our comprehension of 
CTDs. Such knowledge will serve to enhance evaluation of 
prognosis and delivery of treatment in patients with CTDs. 

ABBREVIATIONS 

ACLE = Acute cutaneous lupus erythrematosus 

ACR = American College of Rheumatology 

ANA = Anti-nuclear antibodies 

ARA = American Rheumatism Association 

CCLE = Chronic cutaneous lupus erythrematosus 

CTD = Connective tissue disease 

CLE = Cutaneous lupus erythrematosus 

DM = Dermatomyositis 

DLE = Discoid LE 

EADV = European Academy of Dermatology and  
   Venereology 

IFN = Interferon 

IL = Interleukin 

LE = Lupus erythematosus 

LET = Lupus erythematosus tumidus 

Treg  = Regulatory T cells 

Scl = Scleroderma 

SCLE = Subacute cutaneous lupus erythrematosus 

SLE = Systemic lupus erythrematosus 

TNF-  = Tumor necrosis factor alpha 

UV = Ultraviolet light 
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