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Serum levels of leptin receptor in patients with systemic sclerosis
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Summary

Microvascular damage is one of the primary pathologic components of systemic sclerosis
(SSc). Serological abnormalities of angiogenic and angiostatic factors in SSc have
previously been described. Like these factors, the plasma levels of leptin were significantly
elevated in patients with SSc in comparison to normal controls. However, leptin receptor
has not been examined in patients with SSc. The current study used sandwich ELISA
to evaluate the serum levels of leptin receptor in patients with SSc. Serum samples were
obtained from 36 patients with SSc. Samples were also obtained from 12 healthy control
subjects and 10 patients with scleroderma spectrum disorder (SSD) who did not fulfill
the criteria for SSc but who had the potential to develop SSc. Mean serum leptin receptor
levels were significantly higher in patients with SSD than in patients with SSc (255.7 ng/mL
vs. 184.6 ng/mL, p < 0.05 according to a Mann-Whitney test). There were no statistically
significant differences between healthy control subjects and patients with SSc. Clinical
parameters were evaluated, and the frequency of esophageal reflux was significantly lower
in patients with elevated serum leptin receptor levels than in those with reduced levels
(6.3% vs. 35.3%, p < 0.05). In summary, these results suggest that the serum levels of leptin
receptor are a clinically useful marker of SSD, and measurement of serum leptin receptor

over time in patients with SSD may lead to early detection of SSc.
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1. Introduction

Systemic sclerosis (SSc), or scleroderma, is an acquired
disorder that typically results in fibrosis of the skin
and internal organs. Although the pathogenesis of SSc
is still unclear, it includes inflammation, autoimmune
attack, and vascular damage. The condition leads to the
activation of fibroblasts and abnormal accumulation
of extracellular matrix, mainly in the form of type I
collagen (7,2).

Vascular damage is one of the primary pathologic
components of SSc. Raynaud's phenomenon, or aberrant
nailfold bleeding, is known to be an early vascular
event associated with this disease. Telangiectasias,
pitting scars, skin ulcers, impaired wound healing, and
pulmonary hypertension are frequently observed in
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the disease process and can severely affect the quality
of life of these patients. Serological abnormalities of
angiogenic and angiostatic factors, including vascular
endothelial growth factor, angiopoietin-2, and platelet-
derived growth factor, in SSc have previously been
described; uncontrolled activation of such signaling
rather than its inactivation may be the cause of the
disturbed vessel morphology in sclerotic skin (3,4).

Significantly increased plasma levels of leptin
were also reported in patients with SSc in comparison
to normal controls (5). Leptin, the ob gene product
consisting of 146 amino acid residues, is known
to be secreted by adipocytes (6). Leptin helps to
regulate body weight by affecting food intake, energy
expenditure, and thermogenesis (7). Furthermore,
leptin is involved in many physiological processes,
including angiogenesis, by stimulating endothelial cell
proliferation (8).

Leptin takes action by binding to its receptor. The
leptin receptor usually consists of an extracellular
domain and cytoplasmic portion and is restricted to
the cell surface. Leptin receptor levels are highest in
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infants, decrease into adolescence, and remain stable
throughout adulthood (9). The receptor is expressed
predominantly in areas of the hypothalamus, indicating
that the leptin receptor also plays an important role in
regulating body weight (7). That said, the receptor is
also associated with conditions that negatively affect
health. The extracellular domain of the receptor can be
secreted into body fluid in soluble form. Soluble leptin
receptor is found to be up-regulated in patients with
obesity as well as in chronic heart failure, end-stage
renal disease, and anorexia (/0). However, serum leptin
receptor levels have not been examined in patients with
rheumatic diseases.

The current study posited that leptin signaling
contributes to the pathogenesis of vascular damage in
SSc and it sought to evaluate the potential for serum
levels of leptin receptor to be a useful marker of SSc.

2. Materials and Methods
2.1. Clinical assessment and patient characteristics

The rheumatic diseases of systemic lupus
erythematosus (SLE), dermatomyositis (DM), and SSc
as are associated with vasculopathy or dysfunction of
endothelial cells were studied. Patients with SSc or
SLE fulfilled the criteria proposed by the American
College of Rheumatology (ACR) (//,12). SSc was
categorized as diffuse cutaneous SSc (dcSSc) or limited
cutaneous SSc (1cSSc) according to the classification
system proposed by LeRoy et al. (13). The concept of
scleroderma spectrum disorder (SSD) was originally
proposed by Maricq et al. to unify typical SSc, early
forms of SSc, and closely related disorders, including
mixed connective tissue disease (MCTD) (/4,15). Thn
et al. later redefined SSD as patients did not fulfill the
criteria for SSc but some later developed SSc, so they
suggested a new method of diagnosis using a point
system to distinguish SSD from early SSc. A total score
was obtained as the sum of the following five factors:
i) extent of skin sclerosis (maximum, 10 points),
ii) pulmonary changes (maximum, 4 points), iii)
antinuclear antibodies (maximum, 5 points), iv) pattern
of Raynaud's phenomenon (maximum, 3 points), and
v) nailfold bleeding (maximum, 2 points). A score of
9 or more points is consistent with SSc and a score
of 5 to 8 points is consistent with SSD (/6). Patients
diagnosed with SSD who fulfilled the criteria proposed
by Ihn et al. (16) were also included in the current
study. Classical DM was diagnosed based on the
criteria proposed by Bohan and Peter (/7). Clinically
and histopathologically typical cutaneous lesions
without classical myositis were diagnosed as clinically
amyopathic DM (CADM) in accordance with previous
criteria (/8,79). Clinical and laboratory data reported
in the current study were obtained at the time of serum
sampling.

2.2. Measurement of leptin receptor levels

Levels of serum leptin receptor were measured with a
specific ELISA kit (Human leptin receptor, BioVendor
Laboratory Medicine, Czech Republic) (20). Briefly,
monoclonal anti-human leptin receptor antibodies were
precoated onto microtiter wells. Aliquots of serum were
added to each well, followed by peroxidase-conjugated
antibodies against leptin receptor. Color was developed
with hydrogen peroxide and tetramethylbenzidine
peroxidase and absorbance at 450 nm was measured.
Wavelength correction was performed based on
absorbance at 630 nm. The level of leptin receptor in
each sample was determined by interpolation from a
standard curve.

2.3. Statistical analysis

Statistical analysis was carried out with a Mann-
Whitney test for the comparison of median, and Fisher's
exact probability test for the analysis of frequency. A p
less than 0.05 was considered significant.

3. Results and Discussion
3.1. Serum levels of leptin receptor in patients with SSc

Serum leptin receptor levels in patients with various
rheumatic diseases and in healthy control subjects are
shown in Figure 1. Serum samples were obtained from
36 patients with SSc (13 dcSSc and 23 1cSSc). Samples
were also obtained from 12 healthy control subjects, 10
patients with SLE, 15 patients with DM, 5 patients with
CADM, and 10 patients with SSD who did not fulfill
the criteria for SSc but who had the potential to develop
SSc. Patients with diabetes, obesity, atherosclerosis, or
metabolic syndrome and those who had been treated
were excluded.
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Figure 1. Serum concentrations of leptin receptor in
patients with SSc¢, SSD, SLE, classical DM, CADM,
and NS. SSc was classified as dsSSc or 1cSSc. Serum
leptin receptor levels were measured with an ELISA kit as
described in materials and methods. Serum leptin receptor
concentrations are shown on the ordinate. Bars indicate
means. A p less than 0.05 is considered significant.
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Mean serum leptin receptor levels were highest
in patients with SSD. Although mean leptin receptor
levels were elevated in patients with SSD compared to
those in patients with SSc or in healthy control subjects,
there were no statistically significant differences among
the groups. Mean serum leptin receptor levels were
significantly higher in patients with SSD than those in
patients with dcSSc (255.7 ng/mL vs. 184.6 ng/mL, p
< 0.05). Serum leptin receptor levels may transiently
increase in the SSD stage but normalize in the SSc
stage. Because progressive tissue fibrosis caused
by SSc is often irreversible, at least clinically, new
strategies need to be quickly developed to diagnose
patients as early as possible and follow them closely.
Accordingly, the concept of SSD should be better
understood and characterized. The current findings
suggest that elevated serum leptin receptor levels may
serve as a useful marker for the differentiation of SSD
from SSc. Moreover, patients with SSD frequently
have an increased risk of developing SSc in the future.
Measurement of serum leptin receptor levels over time
in patients with SSD may lead to early detection of
SSc. The current study did have one limitation in that it
involved a small sample of patients with SSD because
SSD is a fairly rare disease. However, the current
approach may be a useful way to diagnose SSD. Studies
with larger samples are needed in the future.

3.2. Correlation of serum leptin receptor levels with
clinical and serological features of SSc

Table 1 shows the clinical and laboratory features of
SSc in conjunction with elevated or reduced leptin
receptor levels. There were no significant differences
between these two groups in term of sex, age of onset,
or the prevalence of dcSSc. However, esophageal reflux
was significantly less prevalent in patients with elevated
serum leptin receptor levels than in those with reduced
levels (6.3% vs. 35.3%, p < 0.05). As noted earlier,
leptin receptor was thought to possibly be involved in
the pathogenesis of vascular abnormalities in patients
with SSc, but serum levels were not associated with
the prevalence of Raynaud's phenomenon, pitting
scars, nailfold bleeding, or pulmonary hypertension.
Esophageal reflex is treatable and reversible but cannot
be detected by serology. Serum leptin receptor may
serve as a clinically useful marker. Since patients with
SSD had higher leptin receptor levels than both patients
with SSc and control subjects and since patients with
SSc and elevated serum levels had less esophageal
reflux, leptin receptor levels may increase in the very
early stage of this disease and thus act to mask the SSc
phenotype. However, the exact role of leptin receptor
in the pathogenesis of SSc remains unclear. Further
studies are needed to clarify these aspects.

In conclusion, mean serum leptin receptor levels
were highest in patients with SSD. These results suggest

Table 1. Correlation of serum leptin receptor levels with
clinical and serological features in patients with systemic
sclerosis (SSc)

Serum leptin receptor levels

Items Elevated Low
(n=18) (n=18)

Age at the time of serum sampling 63.7 59.5
(mean years, interquartile range)

Duration of disease 102 413
(mean years, interquartile range)

Type (diffuse: limited) 6:11 8:09

MRSS (point) 8.4 13.17

Clinical features
Pitting scars/ulcers 41.2 50
Nailfold bleeding 58.8 66.7
Raynaud's phenomenon 88.2 92.9
Telangiectasia 25 21.4
Contracture of phalanges 85.7 85.7
Calcinosis 0 12.5
Diftuse pigmentation 36.4 20
Short SF 69.2 81.8
Sicca symptoms 53.9 53.9

Organ involvment
Pulmonary fibrosis 29.4 44.4

Mean % VC (%) 105 97.6
Mean % DLco (%) 89.6 84.2

Pulmonary hypertension 27.9 28.3
Oesophagus 6.3* 353
Heart 37.5 17.7
Kidney 0 0
Joint 50 66.7
Thrombosis 0 0

ANA specificity
Anti-topol 222 333
Anti-centromere 50 27.8
Anti-Ul RNP 16.7 16.7

Unless indicated, values are percentages. MRSS: Modified rodnan total
skin thickness score; SF: Sublingual frenulum; VC: Vital capacity;
DLco: Diffusion capacity for carbon monooxidase; ANA: Antinuclear
antibodies; Anti-topo I: Anti-topoisomerase I antibody; Anti-
centromere: Anti-centromere antibody. *p < 0.05 versus patients with
normal leptin receptor levels according to a Mann-Whitney test.

that elevated serum leptin receptor levels may serve as
a useful marker for the differentiation of SSD from SSc
and the reduced prevalence of esophageal reflex in SSc.
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