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Introduction: Scleroderma is a chronic connective tissue disease resulting in fibrosis.

Aim: The aim of the study was to determine the connection between sE-selectin and sIL-2R and the severity of
skin lesions in various subtypes of LoS. Evaluation of disease severity, the location of skin lesions, the duration
of symptoms and disease activity were assessed in relation to the three different LoS subtypes in patients with
localized scleroderma.

Material and methods: The study included 42 patients with localized scleroderma and the control group consisted
of 41 healthy subjects. All patients in the LoS study group had a confirmed diagnosis via skin biopsy and underwent
serology testing for sE-selectin and sIL-2R concentrations by enzyme-linked immunosorbent assay (ELISA).
Results: Significantly higher levels of sE-selectin and sIL-2R were observed in the LoS study group when compared
with the control group (p < 0.001). The analysis showed a result close to statistical significance (p = 0.058) between
sE-selectin concentration during the time of active disease in the LoS study group. The highest concentrations of
sE-selectin and sIL-2R were observed in patients with the generalized subtype of LoS. A positive, statistically signifi-
cant, curvilinear relationship was shown amid the modified Localized Skin Severity Index (mLoSSI) and sE-selectin
and sIL-2R concentrations in the LoS study group.

Conclusions: Concentrations of the circulating form of sE-selectin appear to be an adequate marker of the endo-
thelial function, positively correlating with the severity of the disease. The proven correlation of sIL-2R concentra-
tions with the severity of the disease indicates that it is a valuable prognostic factor for predicting the impending

course of the disease.
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Introduction

Scleroderma is a chronic connective tissue disease
resulting in fibrosis. The pathogenesis of the disease is
not fully understood. Some studies indicate that autoim-
mune factors lead to vascular wall changes, endothelial
injury and inflammatory infiltration which lead to the in-
duction of fibrosis. There are two forms of scleroderma:
systemic scleroderma (SSc) and localized scleroderma
(morphea, LoS) [1]. Symptoms in LoS are most commonly
limited to the dermis, epidermis and subcutaneous tis-

sue. There is a high likelihood that microvascular damage
is a very important feature of the early stages of localized
scleroderma in that it initiates a cascade of processes
leading to tissue fibrosis [2]. Vascular abnormalities in-
clude an increased expression of adhesion molecules
which is noticeable in the area of skin affected by the
disease. These molecules strengthen the adhesion of leu-
kocytes and proteins and cause exacerbation of inflam-
mation pending in the vascular wall [3]. One of those pro-
teins is E-selectin whose expression is intensified on the
surface of stimulated endothelial cells during the inflam-
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matory process. This phenomenon is strongly induced
by inflammatory mediators such as interleukin 1 (IL-1),
tumor necrosis factor a. (TNF-a) or interferon g (INF-y). In
fact, circulating soluble forms of adhesive proteins (ab-
breviated as ‘s’) are formed as a result of a proteolytic 5"
extracellular domain disconnection. They are proponents
of adhesion molecule expression and thus can act as in-
dicators of inflammation and vascular abnormalities. At
the same time, they stimulate T-cell receptors to produce
proinflammatory cytokines [3-6].

Interleukin-2 (IL-2) is well known for its function in
the promotion and modulation of the inflammatory pro-
cess. In response to IL-2, increased synthesis of a chain
(CD25) expression occurs leading to the development
of a specific high-affinity IL-2 receptor. IL-2Ra appears
only on the surface of activated lymphocytes. Its 45 kDa
fragment, called soluble IL-2 receptor (sIL2-R), is released
into the blood stream. sIL-2R binds free IL-2 and thereby
contributes to the immunomodulating functions of other
interleukins as well. It appears to be a very good marker
of immune system activity and its increased levels are
observed among other autoimmune diseases [1, 7, 8].

Aim

The aim of the study was to determine the connec-
tion between sE-selectin and slIL-2R and the severity of
skin lesions in various forms of localized scleroderma
(LoS). The evaluation of severity and damage, the loca-
tion of skin changes, the duration of active disease and
disease activity was assessed in relation to the three dif-
ferent LoS subtypes in the LoS study group.

Material and methods

The LoS study group included 42 patients with lo-
calized scleroderma which consisted of 35 women and
7 men aged 21 to 65 years (mean age: 49.0 +14.4). The
control group consisted of 41 healthy subjects including
28 women and 13 men aged 23 to 65 years (mean age:
46.3 £12.6). The LoS study group and control group were
statistically homogeneous in terms of age (p = 0.171) and
sex (p = 0.109).

All patients in the LoS study group met the inclusion
criteria which includes the characteristic clinical pre-
sentation of LoS which were confirmed by skin biopsy.
Exclusion criteria were: comorbidities, infection, immu-
nosuppressive therapy and systemic steroid therapy
within 3 months prior to the study. Despite being known
as a ‘localized’ disease, one quarter of LoS patients have
a comorbidity, including orthopedic, neurologic, ocular,
and other autoimmune conditions [9, 10]. All partici-
pants received detailed information on the purpose of
the study and its methodology. Informed consent was
obtained. The study was performed according to the pro-
tocol which received positive opinion from the Bioethics
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Committee of the Medical University of Silesia (resolu-
tion No. KNW/0022/KB1/150/12 form 27.11.2012).

The subtype of the disease was evaluated in all pa-
tients in the LoS study group. These include the gen-
eralized subtype, the plague subtype and the linear
subtype. The Localized Scleroderma Assessment Tool
(LoSCAT) is easy to use and includes two LoS domains:
the modified Localized Skin Severity Index (mLoSSlI),
which measures disease activity, and the Localized
Scleroderma Damage Index (LoSDI), which measures
damage. Both were found to have excellent reliability
and validity in prior LoS studies [11-13]. All patients
were evaluated through assessing the location of the
skin lesions. This was done by measuring the duration
of the disease which was done by counting time lapsed
from the onset of the initial symptom or a reactivation
of the existing lesions and by measuring disease ac-
tivity based on the mLoSSI [12]. All patients in the LoS
study group underwent serology testing for concen-
trations of serum sE-selectin and sIL-2R levels by the
enzyme-linked immunosorbent assay (ELISA).

Statistical analysis

Statistica (version 10) and IBM SPSS (version 22) were
used for statistical computation.

Results

The findings showed that significantly higher levels
of sE-selectin were observed in the study group with LoS
when compared with the control group (p < 0.001). In
patients’ serum, the concentration of sE-selectin was in
the range of 17.45-99.50 ng/ml (median: 34.75 ng/ml),
whereas in the control group, the concentration of sE-
selectin ranged from 10.00 to 74.45 ng/ml (median: 21.40
ng/ml) (Table 1).

Analysis of sIL-2R concentrations showed statistically
significant differences between the LoS study group and
the control group. The patients with LoS slL-2R concen-
trations ranged from 2.98 to 20.08 ng/ml (median: 8.99
ng/ml) and were significantly higher in comparison to
the control group (p < 0.001). The control group sIL-2R
concentrations ranged from 2.74 to 13.80 ng/ml (median:
6.22 ng/ml) (Table 1).

Out of the 42 patients in the LoS study group, 3 sub-
types were indentified based on the characteristics of
the disease. Nineteen of the patients were diagnosed
with the generalized subtype, 14 were diagnosed with
the plaque subtype while 9 patients were diagnosed with
the linear subtype.

The highest concentrations of sE-selectin, ranging
from 21.40 to 99.50 ng/ml (median: 54.85 ng/ml), were
observed in patients with the generalized scleroderma
subtype. Results obtained from the patients with the
generalized subtype were statistically significant and
were higher when compared with the patients who
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Table 1. Comparison of concentrations of investigated molecules in the study and the control group

Investigated Group  Number Average Standard Basis Lower Median Upper Range Statistical

molecules of people deviation of error quartiles quartiles search

sE-selectin Study 42 43.62 21.66 3.34 26.30 34.75 54.85 17.45-99.50 Z=4.67

[ng/ml] Control 41 2530 1292 202 1895 2140 2910  10.00-7445 P <0001
All 83 34.57 20.03 2.20 21.10 27.95 42.30 10.00-99.50

sIL-2R Study 42 9.95 3.99 0.62 7.60 8.99 11.70 2.98-20.08 Z=45

[ng/mi] Control 41 5.69 215 034 5.34 6.22 7.70 2741380 P <0001
All 83 8.29 3.61 0.40 5.74 7.62 9.74 2.74-20.80

had the plaque subtype in which the concentrations
of sE-selectin ranged from 17.45 to 63.65 ng/ml (me-
dian: 31.30 ng/ml) (p = 0.18). The analysis showed
significantly higher concentrations of the measured
parameters in the generalized subtype than in the lin-
ear subtype (p = 0.030) where the values ranged from
23.60 to 50.90 ng/ml (median: 29.20 ng/ml). On the
other hand, there was no significant difference in sE-
selectin concentration between the plague and linear
subtypes (p = 0.983).

sE-selectin levels were compared to the control group
in all three subtypes of localized scleroderma in the LoS
study group, with the values of the following param-
eters. Statistically significant differences in sE-selectin
concentrations were observed in all subtypes of the dis-
ease when compared to the control group. Values of the
examined parameters in patients with the generalized
LoS subtype ranged from 21.40 to 99.50 ng/ml (median:
54.85 ng/ml) and were statistically significant (p < 0.001).
These results were higher than the healthy control group
participants where it ranged from 10 to 74.45 ng/ml (me-
dian: 21.4 ng/ml).

A similar relationship was also observed in the plaque
subtype (p = 0.017) where sE-selectin levels ranged from
17.45 t0 63.65 ng/ml (median: 31.30 ng/ml) and the linear
subtype (p = 0.040) in which sE-selectin concentrations
ranged from 23.60 to 50.90 ng/ml (median: 29.20 ng/ml).
The results of the statistical analysis of the relationship
between sE-selectin concentrations between the patient
group with LoS and the control group of healthy individu-
als are presented in Table 2.

We assessed the relationship between the subtypes
of LoS and slL-2R serum levels. The highest values of
the parameters tested range from 5.1 to 19.72 ng/ml
(median = 9.94 ng/ml) and were found among patients
with the generalized subtype. Medium concentrations
of sIL-2R, ranging from 5.34 to 20.088 ng/ml (median =
8.23 ng/ml) were reported in the plaque subtype, while
the lowest was seen in the linear subtype which ranged
from 2.98 to 19.24 ng/ml (median = 7.52 ng/ml). The
studies did not show any statistically significant rela-
tionship between sIL-2R serum concentration and the
LoS subtype.

The results of sIL-2R concentrations showed a sta-
tistically significant difference (p < 0.001) between
the group of patients with the generalized subtype,
where sIL-2R ranged from 5.10 to 19.72 ng/ml (median:
9.94 ng/ml, and the control group where it ranged
from 2.74 to 13.80 ng/ml (median: 6.22 ng/ml). The
patients with the plaque subtype the sIL-2R concen-
trations ranged from 5.34 to 20.08 ng/ml (median:
8.23 ng/ml) and were statistically significantly high-
er (p = 0.001) when comparing to the control group.
There were no significant differences in the sIL-2R con-
centrations between patients with linear subtype and
the control group. The results of statistical analysis of
sIL-2R concentrations between LoS subtypes and the
control group are presented in Table 3.

The analysis of the correlation between sE-selectin
and sIL-2R concentrations and disease activity based on
the mLoSSI scale is presented in Figure 1. A positive, sta-
tistically significant, curvilinear, relationship was shown

Table 2. Analysis of sE-selectin concentrations between the study and control groups

Assessed relationship Number of people  sE-selectin average range [ng/ml] z P-value
Generalized type Generalized type 19 46.7 4.89 < 0.001
vs. control group Control group 4 23.0

Plaque type vs. control Plaque type 14 36.8 2.38 0.017
group Control group 41 25.0

Linear type vs. control Linear type 9 34.6 2.06 0.040
group Control group 41 235
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Table 3. Analysis of sIL-2R concentrations between the study and control groups

Assessed relationship Number of people sIL-2R average range [ng/ml] z P-value

Generalized type vs. control group Generalized type 19 45.5 4.51 < 0.001
Control group 41 23.6

Plaque type vs. control group Plaque type 14 40.0 3.23 0.001
Control group 41 23.9

Linear type vs. control group Linear type 9 30.3 1.07 0.283
Control group 41 245

between mLoSSI and sE-selectin and slL-2R concentra-
tions in the LoS study group. In patients with more severe
disease, the serum concentrations of the parameters
were also increased. sE-selectin presented with a mod-
erate correlation (p < 0.001) and sIL-2R presented with
a weak correlation (p = 0.003).
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The analysis showed a statistically significant (p =
0.058) correlation between sE-selectin concentration and
duration of disease activity in the LoS study group. High-
er values of the parameters were observed in patients
whose active phase was longer. No similar relationship
was observed for sIL-2R concentrations (p = 0.748).
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Figure 1. Relationship between sE-selectin (A) and sIL-2R (B) concentrations and disease activity (mLoSSI) in patients

with scleroderma
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Discussion

The early active phase of scleroderma has the most
characteristic effect due to the damage caused by the
stimulation of endothelial cells and immune system acti-
vation resulting in the initiation of the inflammatory pro-
cess. sE-selectin levels in serum and from the biopsies of
skin lesions are an adequate marker of endothelial func-
tion which has been confirmed in many studies concern-
ing systemic and localized scleroderma. This correlates
with the severity of the disease and the surface area
affected by the disease. In cases of systemic sclerosis,
organ changes also show this correlation.

Significantly higher levels of sE-selectin have been
shown in patients with LoS as compared to the control
group (p < 0.001). They directly correlated with the sever-
ity of the skin lesions evaluated using the mLoSSI scale
(p < 0.001) and the highest values were noted in the gen-
eralized subtype.

Damage to the vascular endothelium and activation
of the inflammatory response which is manifested by
increased secretion of E-selectin are the most character-
istic early stages of scleroderma. Hypothetically, the high-
est concentrations of this molecule should be associated
with the initial active phase of the disease. Longitudinal
studies confirmed this relationship in systemic sclerosis.
There is an increase in sE-selectin levels which corre-
lates with the severity of vascular pathology assessed
via capillaroscopy which was performed during the first
48 months of SSc. Similar observations were linked to
scleroderma where elevated sE-selectin levels were
observed in patients with disease duration averaging
2.9 +2.2 years while those with a history of about 4.9 £5.9
years had normal sE-selectin concentrations. Our study
does not confirm lower concentrations in patients with
a longer disease history. This is most likely due to the fact
that only patients presenting with active lesions, for an
average of approximately 12 months (3 to 24 months),
were included in the study [4, 5, 14-21].

The role of increased immune activity manifested by
increased synthesis of different stimulation markers is
one of the key components of the pathogenesis of sclero-
derma. Many studies have confirmed elevated levels of
sIL-2R in serum and skin lesions in patients with systemic
sclerosis. This correlates with disease severity and was
higher in patients with diffuse cutaneous systemic scle-
rosis (dcSSc) than in limited cutaneous systemic sclero-
sis (IsSSc) and in cases of rapid progression of systemic
lesions [22]. Patients undergoing immunosuppressive
treatment had decreased concentrations of sIL-2R. Ele-
vated levels of sIL-2R have also been reported in patients
with scleroderma (p < 0.001) and a positive correlation
was noted between sIL-2R concentrations and the sur-
face area of affected skin.

This study confirms a positive, curvilinear relationship
between severity of scleroderma and slIL-2R concentra-
tions (p = 0.003) and indicates that there is no statis-
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tically significant difference between the values of this
parameter and the different clinical manifestations of
LoS. Long-term follow-up of patients with systemic scle-
rosis shows a reduction in sIL-2R levels during the course
of the disease which indicates improvement in clinical
status. In our studies there was no correlation between
the duration of scleroderma and the concentrations of
the tested molecule. However, it should be noted that
all analyzed cases involved in the study presented with
active forms of the disease. Based on the available stud-
ies it can be concluded that, similarly to SSc, localized
scleroderma will show improvement in clinical status if
accompanied by a decrease in sIL-2R levels which are as-
sociated with decreased immune activity [23, 24].

Conclusions

Our study and available resources confirm the sig-
nificant contribution of E-selectin to the pathogenesis
of scleroderma, especially in the initial, active phase of
the disease. Concentrations of the circulating form of
this adhesion molecule appear to be a sufficient marker
of endothelial function, directly correlating with the se-
verity of the disease. The role of sIL-2R as a marker of
immune system activity in localized scleroderma has
been confirmed in both our research and earlier re-
ports. The proven correlation of sIL-2R concentrations
with the severity of the disease seems to make it a valu-
able prognostic factor for predicting further course of
the disease.
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