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Abstract
Localized scleroderma (LS) is a disfiguring autoimmune disease of the skin and underlying tissue
that mainly affects the pediatric population. Inflammation of the tissue leads to fibrosis and
atrophy, causing physical and psychological disability that can continue throughout childhood into
adulthood. Available therapies for LS have had variable effects and are associated with morbidity
themselves. A better understanding of the pathophysiology of LS, especially during the active
inflammatory phase, would lead to more directed and efficacious therapies.

As in systemic sclerosis (SSc), the other form of scleroderma, T-helper (Th) cells and their
associated cytokines have been suggested to contribute significantly to the pathophysiology of LS
supported by the presence of cytokines from these lineages in the sera and tissue of LS patients. It
is postulated that the imbalance between Th1/Th2/Th17 cell subsets drives inflammation in the
early stages of disease (Th1 and Th17 predominant) and fibrosis in the later stages of scleroderma
(Th2 predominant). We review the available experimental data regarding cytokines in LS and
compare them to available clinical disease severity and activity features. This provides the
platform to launch further investigations into the role of select cytokines in the pathogenesis of LS
and to provide directed therapeutic options in the future.
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1. Introduction
Localized scleroderma (LS) is a disfiguring fibrotic autoimmune disease of the skin and
underlying tissue that is more common in children than adults, with a prevalence of 50 per
100,000 children [1]. It manifests clinically as discolored fibrotic patches or bands of skin
and is divided into clinical subtypes: plaque morphea, generalized morphea, deep morphea,
and linear scleroderma (of extremities and/or head) [2]. Plaque morphea (Fig. 1a), or
circumscribed morphea, is characterized by well defined oval-shaped lesions, and typically
does not extend beyond the dermis. Generalized morphea (Fig. 1b) is termed when there are
several plaques, which are often confluent and cover a large total surface area of the
patient’s skin. Deep morphea (Fig. 1c) is defined as lesions that affect deeper layer of the
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dermis, extending into the subcutaneous tissue and often muscle. Linear scleroderma (Fig.
1d and e), the most common subtype in children, is characterized by one or more linear
streaks down the extremities or head, and causes the most significant deformities and
morbidity, including joint contractures, leg length discrepancy, optic neuritis, vasculitic
strokes and seizures. Of the subtypes of LS, linear scleroderma and generalized morphea are
felt to be more severe, while plaque morphea is considered more benign.

The lesions of LS initially undergo an ‘active phase’ which is clinically recognized by
erythema or violaceous color, warmth, expansion of lesions, and/or appearance of new
lesions. Histologically, a dense dermal and subcutaneous lymphocytic infiltrate is identified
during this stage. This is followed by a ‘damage’ phase characterized by closely packed
homogenous dense collagen deposition with minimal inflammation corresponding to
physical examination findings of fibrotic patches or linear bands of skin that are thick, hard
and discolored on the face, trunk, and extremities [3,4]. The fibrosis and resultant atrophy of
the skin and underlying connective tissue, including subcutaneous fat, muscle, tendons and
bone, can cause significant deformity and severe functional impairment in actively growing
children and psychological disability that often continues into adulthood [5]. Many therapies
have been used to treat this condition but have had variable effects and are associated with
morbidity themselves. A better understanding of the pathophysiology of LS would lead
toward more directed and efficacious therapies.

Although the pathogenesis of localized scleroderma (LS) remains unknown, several lines of
evidence support CD4+ T-helper (Th) cells and the cytokines they produce as playing an
important role, as demonstrated in systemic sclerosis (SSc). Despite the different clinical
features of LS and SSc regarding organ involvement and skin lesion distribution, the
histopathologic features of the skin lesions are indistinguishable and both demonstrate a
predominant CD4+ T-helper (Th) lymphocytic infiltrate [6,7]. In addition to findings in the
tissue, Th cells and their associated cytokines have also been identified in the circulating
sera and stimulated PBMCs of LS and SSc patients.

T-helper cells consist of three main effector lineages, Th1, Th2 and Th17, each identified by
the cytokines they produce. The process of Th cell differentiation is dynamic, incorporating
epigenetic factors with antagonistic and self-perpetuating signals from mature T cell
effectors to create a transient cell lineage. The plasticity of Th effector cells has caused some
debate concerning proper cytokine lineage identification. Classically, Th1 cells have been
known to secrete IL-2, IFN-γ, and TNF-α, and are stimulated by IL-2 and IL-12. Th2 cells
have been shown to be activated by IL-4 and produce IL-4, IL-5, IL-10 and IL-13. Th17
cells, a more recently identified Th cell subset that has altered the classic Th1/Th2 paradigm,
produce IL-17 A/F, IL-21, and IL-22. IL-1, IL-6, IL-23, and TGF-β are now known to play
important roles in the differentiation and propagation of the Th17 cell lineage.

Many autoimmune diseases, including scleroderma, are thought to be propagated by an
imbalance of Th cell effector lineages and their associated cytokines. Evaluation of the
literature reveals a Th2 predominant cytokine profile in the biological specimens (sera,
PBMCs, and tissue) of those with SSc [8–10]. However, the literature available from studies
in LS show that Th1, Th2, and Th17 cytokines may contribute equally to the pathogenesis of
the disease. The data in LS consists mostly of cytokine analysis of serologic specimens and
are outlined below. These studies examined sera IL-2, IL-4, IL-6, IL-8, IL-13, TNF-α, and
TGF-β as well as the soluble IL-2 and IL-6 receptors in LS cohorts. Studies with substantial
clinical data to compare cytokine presence or level in LS patients with disease
characteristics are included in Table 1. A review of the literature for each cytokine or
receptor as well as its associated clinical findings in LS is described.
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2. Th1 associated cytokines
Effectors of the Th1 lineage are involved in the cellular immune response and are central to
the host inflammatory response. Th1 cells function to eliminate intracellular pathogens via
macrophage activation. A large body of evidence also supports the involvement of Th1-
released cytokines in autoimmune inflammation. IL-2 and IL-12 work through specific
signal transduction pathways to promote the differentiation of naive T-cell precursors into
this lineage. IL-2 and IL-12, in turn, are secreted from Th1 cells, perpetuating the
development of Th-1 effectors. IL-12 also demonstrates antagonistic effects on Th2 cells,
thus shifting the balance back towards Th1. Additionally, IFN-γ and TNF-α have been
shown to be secreted by Th1 cells. IL-2 and TNF-α have been evaluated in the sera of LS
patients, are reviewed below.

2.1. Interleukin-2
IL-2 is known to be secreted in response to the mitogenic or antigenic stimulation of T-cells,
which then promote the proliferation and maturation of activated B and T cells. Studies of
SSc support the presence and elevation of IL-2 in the serum in comparison to healthy
controls [11]. A correlation between IL-2 and early rapidly progressive disease was noted in
SSc by Lis et al. [12], suggesting a role of this pro-inflammatory cytokine in disease
activity. A correlation between serum IL-2 levels and disease progression, as evaluated by
skin score and disease duration, was also noted in patients with SSc [11].

Although no direct correlation between the presence of IL-2 and disease activity has been
described for LS, studies support IL-2’s presence, elevation, and correlation to disease
severity in LS [13,14]. In a serum ELISA analysis of 88 patients (48 LS, 20 SSc, 20
healthy), Ihn et al. [14] demonstrated a significant presence of IL-2 in the serum of LS
patients in comparison to both healthy controls and SSc patients. The mean disease duration
for the LS patients was 3 years (range 5 months to 10 years), and the disease duration of SSc
patients was not reported. LS patients were analyzed by subtype, and elevated IL-2 levels
associated with the more severe subtypes, linear scleroderma and generalized morphea
(Table 1) [14]. Results showed higher levels of IL-2 (263.5 ± 371.6 pg/mL) in 63% of
patients with generalized morphea (10/16), in 14% (3/22) of the patients with linear
scleroderma (level 73.59 ± 53.9 pg/mL) and in none of the patients with plaque morphea
(0/10) using a minimum detection level of 31.3 pg/mL for the assay [14]. The presence of
IL-2 in LS patients also correlated with a positive Rheumatoid Factor (RF) and increased
concentrations of IL-4 and IL-6. When evaluated longitudinally, IL-2 sera levels decreased
over time as the skin softened, signifying cutaneous improvement [14], possibly reflecting
IL-2 as a marker of disease activity in LS.

2.2. Tumor necrosis factor-alpha (TNF-α)
TNF-α is a commonly studied pro-inflammatory and immunoregulatory cytokine that is
synthesized by activated monocytes and plays a varying role in tissue fibrosis. Studies
conducted by Thornton et al. have found lower concentrations of TNF-α to stimulate
fibroblast synthesis and higher levels to be inhibitory [15]. SSc analyses conducted in vitro
have implicated TNF-α as a potential contributor to fibrosis, demonstrating SSc dermal
fibroblasts to be hyperresponsive to TNF-α [16]. In vivo studies have illustrated elevated
serum levels of TNF-α to be significantly correlated with the presence of pulmonary fibrosis
[17]. TNF-α also induces production of the profibrotic cytokine IL-6, further implicating
TNFα in the development of fibrosis [18]. Recent studies have shown a higher serological
TNF-α presence in SSc patients when compared to the sera of healthy controls [17].
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In a serum ELISA analysis of 45 Japanese LS patients (33 female, 12 male) with a mean age
of 27 (range 5–67) grouped according to disease subtype with 20 age and gender matched
healthy controls, Hasegawa et al. [19] showed detectable levels of TNF-α in 24% of LS
patients (11/45) and no significant detection of TNF-α in controls (Table 1). Levels of
detectable serum TNF-α were similar among the three subtypes of LS evaluated, with a
median value of 20 pg/mL when analyzed using an ELISA with a minimum detection limit
of 4.4 pg/mL. However, TNF-α was more frequently detected in the generalized morphea
(3/12) and linear scleroderma subtypes (6/22) when compared with the detection frequencies
of plaque morphea (2/11) and healthy controls (0/20) [19].

The presence of TNF-α in the serum correlated positively with the serological presence of
anti-histone antibodies (AHA), anti-single-stranded-DNA (ss-DNA) antibodies, and IL-6.
Moreover, the number of linear lesions and the frequency of muscle involvement in LS
patients correlated positively with the presence of serum TNF-α. The propensity for the
more severe subtypes of LS, association with auto-antibodies, and relationship to disease
burden (muscle involvement and number of lesions) support TNF-α as a marker of more
severe LS disease. In addition, TNF-α may contribute to pathogenesis in early disease as
disease duration was demonstrated to be shorter in patients with elevated serum TNF-α (2.5
± 2.7 years) than in those without elevated levels of the cytokine (6.0 ± 7.0 years) [19].

3. Th2 associated cytokines
Th2 cells are known to produce IL-4, IL-5, IL-10, and IL-13, and function to eliminate
extracellular pathogens through the upregulation of antibody synthesis by B-cells. Cytokines
of Th2 lineage have been characterized as pro-fibrotic and anti-inflammatory due to their
respective actions as initiators of extracellular matrix production and inhibitors of Th1 cell
function. Development of the Th2 cell lineage is induced by IL-4 and propagated by a
positive feedback loop involving this effector cytokine. IL-4 and IL-13 have been evaluated
in LS, as described below. However, findings regarding IL-5 and IL-10 have not been
published in LS.

3.1. Interleukin-4
IL-4 is a glycoprotein produced in response to repeated antigenic stimulation of CD4+ and
CD8+ Th2 cells as well as stimulation of mast cells and basophilic neutrophils [10]. IL-4
functions to stimulate the production and proliferation of B-cells, and has been shown to
increase immunoglobulin and adhesion molecule synthesis in vivo [20]. In fibroblasts, IL-4
has been shown to regulate TGF-β levels yielding in vitro fibrosis [21] and to stimulate
fibroblast proliferation. IL-4 also promotes extracellular matrix production by increasing
collagen [22], fibronectin [23] and proteoglycan synthesis [24] and inhibiting the synthesis
of specific collagenases [25] further supporting its involvement in tissue fibrosis. Patients
with SSc exhibit elevated levels of IL-4 in serum and in the dermis of skin biopsies [8–10].

IL-4 has been demonstrated in the serum of LS patients by Ihn et al. The same set of patient
sera used to evaluate IL-2 by Ihn described above [14], was examined for IL-4, including
LS, SSc and healthy patients. Those with LS exhibited detectable levels of serum IL-4
(>31.3 pg/mL) in comparison to healthy patients who lacked serum IL-4 (Table 1). A
correlation of IL-4 and AHA positivity was also demonstrated [14]. The presence of AHA in
patients with LS is thought to signify disease severity by correlating to the number of plaque
lesions and number of involved areas of the body (Section 7) [26]. Therefore, it was not
surprising to find that IL-4 was most commonly present in patients with generalized
morphea (6/16) with a median level of 110 pg/mL when LS patients were divided into
subtypes. Two out of 22 patients with linear scleroderma exhibited statistically significant
levels of serum IL-4 (median level of 50 pg/mL) while none of the 10 patients with plaque
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morphea and only one of 20 SSc patients (100 pg/mL) exhibited significant levels of the
cytokine [14].

3.2. Interleukin-13
IL-13 is a well known pro-fibrotic cytokine. There is a large functional overlap between
IL-13 and IL-4, which is most likely explained by the proximity of the genes for these
cytokines on chromosome 5q. Both IL-4 and IL-13 share a common receptor, IL-4Rα1, and
are pro-fibrotic through enhanced fibroblast proliferation [20], increased production of
collagen, and inhibition of collagenase synthesis [27]. IL-13 is produced by activated Th2
cells and, like IL-4, functions to inhibit the production of pro-inflammatory cytokines,
specifically Th1 associated cytokines. Hasegawa et al. [9] demonstrated the presence of
IL-13 in the sera of SSc patients in comparison to healthy controls.

Using the same patient cohort as that from their TNF-α studies reported above (25 LS
patients and 20 healthy controls), Hasegawa et al. [19] also investigated serum IL-13 levels
in LS using a serum ELISA assay with a sensitivity of 34 pg/mL and demonstrated a
significantly greater frequency of detection in LS patients (13/45) when compared to healthy
controls (0/20) (Table 1).

Similar to IL-2, IL-4, and IL-6, IL-13 was most commonly detected in generalized morphea
(7/12), with a median concentration of 77 pg/mL. Interestingly, IL-13 was also found to be
frequently elevated in patients with plaque morphea (4/11 detected at a median level of 70
pg/mL). Although IL-13 was detected in 2 out of 22 patients with linear scleroderma (with a
median level of 90 pg/mL) it was determined that the frequency of detection in patients with
this subtype did not differ significantly from the frequency of IL-13 detection in controls
(0/20). Elevated levels were associated with number of plaque lesions and the total number
of sclerotic lesions, supporting a correlation with disease severity. IL-13 did not correlate
with the serological presence of IL-6 or TNF-α [19].

4. Th17 associated cytokines
Th17 cells and effectors are part of a recently defined subset that plays an integral role in the
pathogenesis of many inflammatory and autoimmune diseases including rheumatoid
arthritis, systemic lupus erythematosus, psoriasis, inflammatory bowel disease, and multiple
sclerosis [28–30]. Th17 effectors include IL-17A/F, IL-21, and IL-22. Interplay among IL-1,
IL-6, IL-23, and TGF-β is required for the development and propagation of the Th17
lineage. Th17 differentiation is inhibited by IFN-γ and IL-4, Th1 and Th2 cell-derived
effectors, respectively [31,32]. The literature available for Th17 function proposes that
effectors of this lineage encompass both pro-inflammatory and pro-fibrotic characteristics,
suggesting that this cell type may act as an intermediate between the Th1 and Th2 lineages.
The other Th17 associated cytokines have not been reported in reference to LS in the
literature at this time. Our preliminary results in 71 pediatric LS patients have supported the
possible role of Th17 cells in early active disease, with elevated serum levels of the Th17
inducers, IL-1 and IL-6, in those with disease onset of less than 24 months and elevated
levels of Th-17 effectors, IL-17F and IL-22, in the serum between 24 and 48 months of
disease onset [33]. IL-6 and TGF-β have been previously characterized in LS patients and
are reviewed here.

4.1. Interleukin-17
IL-17 is a more recently identified cytokine that is secreted by CD4+ cells and has been
shown to enhance the secretion of the pro-inflammatory and pro-fibrotic cytokines IL-6 and
IL-8 from fibroblasts [34,35]. Studies comparing SSc patients to healthy controls have
demonstrated an increase in IL-17 levels in SSc serum that correlated significantly with the
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early stage disease. IL-17 was also shown to enhance the proliferation of fibroblasts, further
indicating a possible role in fibrosis [36]. To date, a serological presence of IL-17 has yet to
be formally established in LS patients. However, our preliminary results have shown IL-17F
and IL-22 to be elevated in serum samples obtained from pediatric LS patients compared to
healthy age-matched controls. Of interest was that these two cytokines were particularly
elevated in patients with disease duration between 24 and 48 month compared to those with
<24 months duration and those with >48 months duration, suggesting that Th17 associated
cytokines may play an intermediate role between the active and damage phases [33]. IL-17F
and IL-22 positivity also correlated with ANA, anti-histone, and ss-DNA Ab positivity,
reflecting more severe and perhaps immunogenically active group of LS patients [33].

4.2. Interleukin-6
IL-6 is a commonly involved cytokine of inflammatory and immune responses, and is
produced by multiple cell types including T cells, B cells, monocytes, and fibroblasts. In
association with autoimmune disease, IL-6 promotes the proliferation and maturation of B-
cells, and is known to regulate fibroblast activity [37]. IL-6 also favors the development of
fibrosis through stimulation of collagen production and inhibition of the synthesis of
collagenases [25]. Recent studies have shown that IL-6 is required for the differentiation of
Th17 cells, suggesting its role in the pro-inflammatory and fibrotic pathways.

IL-6 has been implicated in the pathogenesis of SSc, as it has been shown to be present and
increased in the sera [8] and dermis of SSc patients when compared to healthy controls [38].
An increase in the production of IL-6 by dermal fibroblasts of SSc patients has also been
demonstrated, while production cannot be detected in normal fibroblasts without external
cytokine stimulation [39]. Furthermore, studies have demonstrated the presence of IL-6 in
the sera of patients with early or severe systemic disease and have suggested the cytokine as
a marker for disease activity [12,40].

IL-6 has been shown to be present in the serum of LS patients when compared to healthy
controls [14] and was detected at higher levels in LS patients when compared to SSc patients
using the same patient population as that described by Ihn et al. for IL-2 and IL-4 assays
[14]. With an ELISA assay sensitivity of 3.0 pg/mL, serum IL-6 was detectable in 23 out of
48 LS patients with a mean of 16.4 ± 15.3 pg/mL, whereas 7 out of 20 SSc patients
exhibited significant levels of IL-6 with a mean concentration of 9.0 ± 3.7 pg/mL. With
regards to LS subtypes, trends with IL-6 levels were similar to those observed with IL-2 and
IL-4, as IL-6 was more frequently detected in patients with the generalized morphea (12/16)
and linear scleroderma (9/22) subtypes of LS (Table 1), with median serological levels of 17
pg/mL and 10 pg/mL, respectively. Statistically significant levels of IL-6 were detected in
only 2 out of 10 patients with plaque morphea, with a median level of 4 pg/mL.
Longitudinal studies undertaken by Ihn et al. also demonstrated a decrease in circulating
levels of IL-6 that paralleled disease improvement over time, possibly supporting IL-6 as a
marker of disease activity. Serum IL-6 levels also correlated positively with elevated IL-2
and IL-4 levels, as well as with the presence of AHA, reflecting disease severity [14].

4.3. Transforming growth factor-beta (TGF-β)
TGF-β has multiple well known functions in anti-inflammatory and immunoregulatory
pathways. Recently, TGF-β has been defined as a T-regulatory molecule involved in the
differentiation of naive T-cells into the Th17 lineage. TGF-β also plays an important and
well characterized role tissue fibrosis by stimulating fibroblasts to increase the production of
extracellular matrix proteins including collagen and fibronectin [41]. TGF-β has also been
described as a potent chemoattractant for fibroblasts and an inhibitor of extracellular matrix
breakdown [42]. Higley et al. [43] found an increase in serum TGF-β levels in LS patients,
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but did not see elevated levels in SSc patients. However, recent findings in SSc patients
showed an increase in the levels of circulating TGF-β when compared to that of controls
[44]. Analysis of SSc patient skin biopsy specimens demonstrated levels of TGF-β signaling
to parallel disease severity as measured by the modified Rodnan Skin Score (mRSS) [45].

Skin biopsies from LS patients have demonstrated increased TGF-β expression and co-
localization with activated fibroblasts and other inflammatory molecules implicating its
involvement in the pathogenesis of LS [43]. Immunohistochemical studies performed by
Querfeld et al. [46] further showed TGF-β to be present in inflammatory LS skin samples. In
examining a population of 55 pediatric LS patients with a mean age of onset of 9.2 years and
an average disease duration of 4.9 years [47], Uziel et al. showed a significant increase in
the mean TGF-β serum levels in LS patients (51,393 ± 33,953 pg/mL) when compared to
average levels in healthy age-matched control subjects (9825 ± 5287 pg/mL). The LS patient
population was also grouped according to disease subtype; generalized morphea, linear
scleroderma, and plaque morphea, and by clinical activity status as active, inactive, or
indeterminate. However, there was no difference noted in serum TGF-β levels among LS
subtypes or disease activity status groups (Table 1) [47].

5. Other cytokines
5.1. Interleukin-8

IL-8 has been described as chemotactic pro-inflammatory cytokine produced by several cell
types including monocytes, endothelial cells, and fibroblasts [48,49]. Similar to IL-2, IL-4,
and IL-6, IL-8 has been detected in the serum of SSc patients, yet is absent from that of
healthy controls [50]. As seen with IL-6, IL-8 production by dermal fibroblasts in SSc
patients is increased while production by normal, unstimulated fibroblasts is undetectable,
suggesting that the molecule also plays a role in fibrotic pathways [39].

Although the data of Reitamo et al. did not support the presence of IL-8 in LS patient serum
(0 out of 3), ELISA analyses by Ihn et al. using a larger population of LS patients
demonstrated the detection of IL-8 in 75% (36/48) of LS patients compared to 25% (5/20) in
SSc patients and 5% (1/20) of healthy controls [51]. Sera IL-8 was detected in 13 out of 16
patients with generalized morphea (median 55 pg/mL), 20 out of 22 patients with linear
scleroderma (median 60 pg/mL), and 3 out of 10 patients with plaque morphea (median 65
pg/mL) using a detection limit of 30 pg/mL. Though more prevalent in generalized morphea
and linear scleroderma, IL-8 was present in the serum of all LS subtypes in contrast to IL-2,
IL-4, and IL-6 which did not have a signal in plaque morphea (Table 1). Thus, IL-8 did not
appear to reflect disease severity as strongly as observed with the previously mentioned
cytokines. There was also a lack of correlation between IL-8 and antibody positivity,
including anti-nuclear antibody (ANA), AHA, and antiss-DNA antibodies and to disease
burden, documented by the number of sclerotic lesions and affected areas of the body [51].

6. Soluble interleukin receptors
In addition to an increased cytokine presence in serum and tissue of LS and SSc patients, an
increase in levels of serum soluble interleukin-2 receptor (sIL-2r) and interleukin-6 receptor
(sIL-6r) has been identified in the sera of SSc and LS patients, suggesting that the receptors
may play a role in the pathogenesis of both diseases. Cytokine receptor expression indicates
an activation of T-lymphocytes, further supporting the involvement and imbalance of Th1/
Th2 cells in SSc and LS.
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6.1. Soluble interleukin-2 receptor (sIL-2r)
sIL-2r has previously been shown to be a marker of immune activity, and increased levels of
sIL-2r can be indicative of autoimmune or inflammatory disease [52]. Expression of sIL-2r
on T-lymphocytes indicates that the molecule most likely regulates immune function [53],
and it has been suggested that sIL-2r plays a role in IL-2 inhibition. The receptor has been
characterized in many autoimmune diseases including systemic lupus erythematosus,
rheumatoid arthritis, and SSc. sIL-2r has been demonstrated to be present at higher levels in
SSc patient serum compared to healthy subject serum [54], and a correlation between sIL-2r
levels and SSc disease progression and activity has been proposed [55]. Steen et al. [56]
demonstrated a significant association between sIL-2r serum levels and mortality, extent of
skin thickness, early disease and disease activity of SSc patients. Longitudinal analysis of
sIL-2r in SSc demonstrated a decrease in the receptor over time, paralleling cutaneous
improvement [56].

Serum levels of sIL-2r were also studied in LS by Ihn et al. using a cohort of 48 LS patients
(16 generalized morphea, 22 linear scleroderma, 10 plaque morphea), 20 SSc patients, and
20 healthy controls (Table 1) [57]. An ELISA with a sensitivity of 5 pmol/L was used to
determine serum levels of sIL-2r. Higher concentrations were observed in those with LS
(104.8 ± 123.7 pmol/L) compared to healthy individuals (53.8 ± 28.9 pmol/L). Serum IL-2r
levels were most commonly elevated in general morphea (6/16, level 172.6 ± 199.2 pmol/L)
and linear scleroderma (4/22, level 84.8 ± 43.4 pmol/L) patients, while no patients with
plaque morphea exhibited a statistically significant increase in sIL-2r levels (level 40.4 ±
16.6 pmol/L). Eight out of 20 patients with SSc exhibited elevated sIL-2r serum levels, with
a mean value of 153.8 pmol/L [58].

Uziel et al. [58] showed a significant increase in levels of sIL-2r in pediatric patients with
active LS, as judged by physician, when compared to those with inactive disease and healthy
controls (Table 1). Low levels of sIL-2r were seen in the inactive phase of LS which
corresponded to lower anti-ssDNA levels and paralleled skin softening. Patients with
statistically elevated levels of sIL-2r were also found to have a greater number of sclerotic
lesions (4.88 ± 4.19 lesions) when compared to those without elevated sIL-2r levels (2.342 ±
2.23 lesions). Correlations were also demonstrated between the presence of elevated serum
sIL-2r levels and AHA levels, and the number of involved areas of skin, suggesting that
sIL-2r may reflect disease severity in LS. However, no associations between receptor levels
and disease duration were observed in this study [58]. Ihn et al. [57] confirmed a higher
frequency of sIL-2r detection in generalized morphea patients (Table 1).

6.2. Soluble interleukin-6 receptor (sIL-6r)
sIL-6r is secreted from T-cells and macrophages [59] and has been shown to bind and inhibit
the activity of IL-6, which has well characterized functions in autoimmune disease [60].
sIL-6r levels demonstrate an increased presence in many clinical conditions, such as
interstitial lung disease and rheumatoid arthritis [61,62]. When complexed, sIL-6r and IL-6
have been shown to inhibit fibroblast proliferation, suggesting a possible anti-fibrotic
function for the paired molecules [63]. Studies have shown a significant increase in serum
sIL-6r levels in SSc patients over levels of healthy controls, including both early and late
SSc [64,65]. Interestingly, no correlation between sIL-6r and IL-6 levels in SSc patients was
noted [64].

sIL-6r levels have been studied in the sera of LS patients. Nagaoka et al. [65] used ELISA
analysis (sensitivity 140 pg/mL) to determine serum sIL-6r levels in a group of 45 Japanese,
untreated LS patients (33 female, 12 male, mean age 27, age range of 5–67), 20 SSc patients
(15 female, 5 male, mean age 27, age range 6–69 years), and 20 age and sex-matched
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healthy controls. The group found sIL-6r levels to be significantly higher in LS and SSc
patients when compared to levels in healthy control subjects as 24% of LS (11/45) and 35%
of SSc (7/20) patients exhibited serum levels that were two standard deviations above the
mean sIL-6r level in healthy controls. Of the subsets of LS, general morphea and linear
scleroderma patients exhibited a higher frequency of sIL-6r elevation (5/12 and 5/22,
respectively) in comparison with plaque morphea (1/11). sIL-6r levels were demonstrated to
correlate with levels of AHA and the presence of RF (Table 1). The number of linear lesions
and involved body areas of LS patients also correlated positively with the elevated sIL-6r
levels [65], supporting the receptor as a marker of disease severity.

7. Autoantibody association
Many of described studies analyzing serum cytokines in LS compare cytokine presence and
level to more well established serologic autoimmune markers of disease, such as anti-
nuclear antibody (ANA), anti-histone antibody (AHA) and single-stranded DNA antibody
(ss-DNA Ab). ANA is a classic marker of autoimmune disease in general and higher titers
have been associated with early onset LS [66] as well as increased risk for extracutaneous
manifestations of LS [67]. The presence of ss-DNA Ab in LS is associated with linear
scleroderma, deep muscle involvement and more extensive skin disease, all reflecting
increased disease severity [66,68]. In a sub-group of LS patients, ss-DNA Ab has been
shown to reflect disease activity status with titers decreasing as the skin lesions clinically
improve [66,68]. As mentioned previously, AHA correlates with surface area of body
involved and number of lesions [66], it also correlates with linear disease and joint
contractures [68], both of which support its reflection of disease severity.

8. Conclusion
In conclusion, the literature suggests that cytokines of Th1, Th2, and Th17 cell lineages
contribute to the pathogenesis of both forms of scleroderma, systemic sclerosis (SSc) and
localized scleroderma (LS). Prior studies support the theory of Th1/Th2 imbalance in SSc
propagating disease in a Th2 manner, leading to skin fibrosis and damage. Although there
are discrepancies within results of various published studies, there is an overall notion that
pro-inflammatory Th1 and Th17 associated cytokines are elevated during the early stages of
scleroderma, whereas Th2 cytokines mainly correlate with disease damage and fibrosis
extent. This holds true in SSc but has only been partially investigated in LS, as reviewed
above. Longitudinal studies have shown an early presence of the proinflammatory cytokine
IL-2 and the Th17 inducer, IL-6, suggesting that an early influx of Th1 cytokines mediate
the active, inflammatory phase of the disease, and the subsequent propagation of
inflammation and transition to the fibrotic damage phase is achieved through the
differentiation and development of Th17 effectors (Fig. 2). This is further supported by
preliminary results showing the elevated Th17 effector cytokines two to four years after the
initial onset of disease activity. It can be postulated that the Th2 effector cytokines shown to
be present at elevated levels in LS patient serum promote the development of tissue damage
and fibrosis later in the course of the disease (Fig. 2).

The literature available, however, does not examine the presence or elevation of Th effector
subsets in reference to early or late disease. Future studies using serum ELISA or Luminex
assays as well as studies in tissue and PBMCs should be used to compare levels of cytokine
subsets, including Th17 effectors, longitudinally and to well defined disease activity
parameters in order to elucidate their true role in the pathogenesis of LS. Despite a limited
understanding of the relationship between the serological presence of Th1/Th2 cytokines
and the development and propagation of LS, studies have demonstrated positive correlations
between the detection of certain Th cytokines with established markers of disease, including
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AHA and anti-ss-DNA presence. Future investigation of the functions of Th1 and Th2
derived cytokines as well as Th17 and Treg cells in the serum, tissue, and PBMCs of LS
patients could provide further insight into the mechanisms mediating the progression of
localized scleroderma and provide novel therapies for this chronic and disfiguring disease.
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Fig. 1.
Subtypes of LS. (a) Plaque morphea of the back, (b) confluent lesions of the abdomen
characteristic of generalized morphea, (c) deep morphea lesion of the left thigh marked by
subcutaneous atrophy, (d) linear scleroderma of the right leg, (e) linear scleroderma of the
face extending from the scalp to forehead with associated hair loss.
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Fig. 2.
Proposed conceptual model of localized scleroderma: transition from Th1/Th17 to Th2
response.
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Table 1

Cytokines and their soluble receptors evaluated in localized scleroderma.a

Reference No. LS patients Subgroups Cytokines Disease features associated with cytokine presence or
quantity

Ihn et al. [14]b 48 Linear (22) Generalized
(16)
Plaque (10)

IL-2
IL-4 IL-6

Presence of IL-2, IL-4, and IL-6 correlated to one another
and had higher frequency of detection in generalized
morphea
IL-2 correlated with RF positivity
IL-4 and IL-6 correlated with AHA positivity

Ihn et al. [51]b 48 Linear (22) Generalized
(16)
Plaque (10)

IL-8 Detected in all subgroups, but higher detection frequency
in generalized morphea and linear scleroderma

Hasegawa et al.
[19]

45 Linear (22) Generalized
(12)
Plaque (11)

IL-13 Correlation with number of plaque lesions and total
number of lesions
Higher detection of frequency in generalized and plaque
morphea

TNF-α Correlation with IL-6, AHA, and anti-ssDNA presence,
number of linear lesions, and frequency of muscle
involvement
Higher levels correlated with shorter disease duration
Higher detection frequency in generalized morphea and
linear scleroderma

Uziel et al. [47]c,d 55 Linear (29) Generalized
(16)
Plaque (10)

TGF-β None

Ihn et al. [57]b 48 Linear (22) Generalized
(16)
Plaque (10)

sIL-2r Correlation with anti-ssDNA, AHA, IL-2, and IL-4 levels,
and number of sclerotic lesions and body areas involved
Higher levels and detection frequency in generalized
morphea

Uziel et al. [58]c 17 Active (5) Inactive (8)
Indeterminate (5)

sIL-2r Correlation with disease activity (clinician judgment of
active disease)

Nagaoka et al.

[65]b
45 Linear (22) Generalized

(12)
Plaque (11)

sIL-6r Correlation with AHA levels, RF presence, number of
linear lesions and body areas involved
Higher detection frequency in generalized morphea and
linear scleroderma

a
All cytokines were evaluated in the sera of adult localized scleroderma cohort using ELISA and were found to be elevated compared to controls,

unless otherwise specified.

b
Studied in comparison to healthy and systemic sclerosis (SSc) controls.

c
Evaluated in a pediatric localized scleroderma cohort.

d
Also grouped into active (21), inactive (23) and indeterminate (11) groups.
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