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Abstract Systemic sclerosis (SSc) is an autoimmune disease
of unknown etiology characterized by progressive fibrosis.
Activated fibroblasts are mainly responsible for fibrosis in
SSc. Galectin-3, a [3-galactoside-binding lectin, plays many
important regulatory roles in both physiological and patho-
logical processes including proliferation, apoptosis, inflam-
mation, and fibrosis. The purpose of this study was to assess
the serum galectin-3 levels in patients with SSc. Thirty-seven
SSc patients, 23 systemic lupus erythematosus (SLE) patients
(serving as patient control group), and 28 healthy volunteers
were enrolled in this study. Disease activity and severity
scores were detected with Valentini disease activity index
and Medsger disease severity scale in the SSc group and
SLE disease activity index and Systemic Lupus International
Collaborating Clinics/American College of Rheumatology
damage index in the SLE group. The serum levels of
galectin-3, vascular endothelial growth factor, transforming
growth factor-3, and interleukin-6 were determined. Com-
pared to the control group, the galectin-3 levels were higher
in the SSc and SLE groups. The galectin-3 levels were not
correlated with the disease activity and severity indexes in
both patient groups. But, the serum galectin-3 levels were
higher in the active SSc and SLE subgroups than in the
inactive SSc (4.6+5.8 vs. 1.3+1.1 ng/ml, p=0.015) and SLE
(17.4£11.3 vs. 6.5£8.9 ng/ml, p=0.019) subgroups. These
results suggest that galectin-3, which is associated with
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fibrosis and inflammation by previous studies, may be a
prominent biomarker of disease activity in SSc.

Keywords Disease activity - Galectin-3 - Systemic sclerosis

Introduction

Systemic sclerosis (SSc) is a multisystemic disorder charac-
terized by vasculopathy, inflammation, and progressive fibro-
sis of the skin and internal organs [1, 2]. The pathogenesis of
SSc is still not fully understood. Previous studies have shown
that an initial vascular damage leads to an inflammatory
response that finally promotes the development of an intense
fibrosis [3]. In SSc patients, activated fibroblasts are respon-
sible for the development of fibrosis and accumulation of
extracellular matrix molecules [4]. There are many growth
factors, chemokines, and cytokines associated with the path-
ogenesis of fibrosis in SSc [3].

Galectin (gal) is a 3-galactoside-binding lectin, composed of
two domains: the carboxyl-terminal and the amino-terminal
domains [5]. To date, 15 members of the Gal family have been
identified. This family can be divided into three main groups
based on the structure of gal. Gal-3, the only chimeric one [6],
has been first identified on the surface of murine thioglycollate-
elicited macrophages as a specific macrophage surface marker,
named Mac-2 in 1982 [7]. Nowadays, gal-3 is known to be
expressed on a variety of tissues and cells including monocytes,
macrophages, dendritic cells, mast cells, eosinophils, and B and
T lymphocytes. It has a variety of effects on biological and
pathological processes including inflammation, autoimmunity,
fibrosis, cell adhesion, proliferation, differentiation, and tumor
invasion [8, 9].

It has been previously documented that gal-3 plays an
important role on the development of lung fibrosis by
interacting with various cytokines and chemokines [10].
Moreover, it has also been reported that the blocking of gal-
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3 gene inhibits myofibroblast activation, decreases type I
procollagen expression in in vitro and in vivo settings, and
attenuates liver fibrosis [11]. Therefore, the purpose of our
study was to assess the serum gal-3 level and its potential
associations with disease activity and severity indexes in
patients with SSc.

Materials and methods
Participants

Thirty-seven patients with SSc, 23 patients with systemic
lupus erythematosus (SLE), and 28 healthy controls (HCs)
were included in this study. SSc and SLE were diagnosed
according to the established criteria [12, 13]. Moreover, SSc
patients were classified as having diffuse cutaneous or limited
cutaneous SSc [3]. The protocol of this study was approved by
the institutional ethics committee, and all the participants gave
informed consent before enrolling in the study.

Detailed histories of all participants were obtained, and
systemic and rheumatologic examinations were performed.
Glucocorticoid (GC) and disease-modifying antirheumatic
drug (DMARD) usages were recorded. For each patient, the
Valentini disease activity index, Medsger disease severity
scale, and modified Rodnan skin score (mRSS) in the SSc
group [14, 15] and the SLE disease activity index (SLEDAI)
and the Systemic Lupus International Collaborating Clinics/
American College of Rheumatology damage index in the SLE
group [16, 17] were determined. The diseases were considered
as active if Valentini disease index was >3 in SSc [14] and
SLEDAI was >6 in SLE [18].

Laboratory analysis

Blood samples were drawn from all the participants, who had
fasted overnight. Serum samples were stored at —20 °C until
further analysis. Routine laboratory evaluation of complete
blood cell count, hepatic and renal function tests, erythrocyte
sedimentation rate (ESR), and C-reactive protein (CRP) were
assessed in patients and controls using standard laboratory
methods.

Antinuclear antibody and anti-centromere antibody were
detected by indirect immunofluorescence using human epithe-
lial cells (Hep-2); the level of anti-topoisomerase (Scl-70) anti-
body was determined by a commercially available enzyme-
linked immunosorbent assay (ELISA) in patients with SSc.
Pulmonary function tests, diffusion capacity of carbon mon-
oxide, and high-resolution computed tomography were
performed to detect pulmonary involvement. Echocardiogram
was also performed. The result with >35 mmHg right ventricle
systolic pressure was defined as pulmonary hypertension.
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Serum gal-3, vascular endothelial growth factor, transfor-
ming growth factor-f3 (Bender MedSystems GmbH, Vienna,
Austria) and interleukin (IL)-6 (BioSource International, Inc.
Camarillo, CA, USA) levels were measured using appropriate
commercial kits by ELISA method.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS 16.0,
Chicago, IL, USA) was used for analysis. Normal distributions
were tested with the Kolmogorov—Smirnov test with Lilliefors
correction, and logarithmic transformations were applied to the
skewed data to normalize before entering the analysis. Quanti-
tative data with normal distribution were presented as mean=-
standard deviation. Statistical differences among the groups
were identified with one-way analysis of variance (ANOVA)
followed by the Tukey's post hoc test. Chi-square test was used
to compare the categorical variables. Correlation analysis was
performed using the Pearson correlation coefficient. The
p values less than 0.05 were considered as significant.

Results
The demographics

The demographical and laboratory data of the study groups
are summarized in the Table 1. Age, sex ratio, and body mass
indexes were similar in among the study groups. The mean
disease durations were 4.2+4.6 and 5.1+4.4 years in the SSc
and SLE groups, respectively (p=0.079). The characteristics
of the patients with SSc were summarized in the Table 2.

Serum galectin-3 levels

Compared to the HC group, in the SSc and SLE groups, the
gal-3 levels were higher (p<0.05, p<0.001, respectively). The
gal-3 levels were 4.2+6.7 and 2.9+2.8 ng/ml in diffuse cuta-
neous SSc (n=15) and limited cutaneous subtype (n=22),
respectively (p=0.490). And, its level was higher in both sub-
groups compared to the HC group (p=0.041 and p=0.015,
respectively). In the study groups, we did not find any signif-
icant differences between men and women in terms of the gal-3
levels. In addition, gal-3 levels were not correlated with the
inflammatory markers or the cytokines in the SSc group.

The association of galectin-3 with disease activity indices

The gal-3 levels were not directly correlated with the disease
activity and severity indexes in both groups of patients. However,
the gal-3 level in the active (n=22) SSc subgroup was signifi-
cantly higher than inactive (n=15) subgroup (4.6£5.8 vs.
1.3£1.1 ng/ml, p=0.015). Similarly, its level was higher in the
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Table 1 Demographics and laboratory parameters in the study groups
SSc (n=37) SLE (n=23) HC (n=28) P

Age (years) 45.7+13.6 37.949.3 42.5+139 0.110°
Gender (Female/Male) 32/5 21/2 22/6 0.302°
BMI (kg/m?) 242451 252+4.1 26.9+4.8 0.980°
WBC (10*/mm?®) 72425 6.1+2.6 7.1+1.4 0.580°
Platelet (10%/mm?®)° 305.1+116.8 267.2+74.2 275.8+65.7 0.530°
Hemoglobin (g/dl) 13.0+1.8 12.1+1.9" 13.8+1.8 0.004*
ESR (mm/h)° 24.7+19.9" 263+24.8"" 9.1+43 0.001*
CRP (mg/L)® 11.1+£20.7 47429 3.240.5 0.056*
IL-6 (pg/ml)® 11.4£5.6 18.5+20.4 14.9+26.1 0.116*
TGF-B (ng/ml)° 42.7+14.8" 32.8+11.7 3554122 0.085"
VEGF (pg/ml)® 337.4+242 2" 210.2+175.3" 330.9£195.6 0.023*
Galectin-3 (ng/ml)° 354495 # 14.0+11.6™" 13+1.1 0.001°

Data were presented as mean+standard deviation

SSc Systemic sclerosis, SLE Systemic lupus erythematosus, HC Healthy control, BMI Body mass index, WBC White blood cell, ESR Erythrocyte
sedimentation rate, CRP C-reactive protein, /L Interleukin, 7GF Transforming growth factor, VEGF Vascular endothelial growth factor

*ANOVA

® Chi-square

¢ Logarithmic transformations were applied to skewed data before entering the statistical analysis
*p<0.05; ** p<0.01; ™" p<0.001 (compared with control group); * p<0.05; * p<0.001 (compared with SLE group)

active SLE (n=15) subgroup than the inactive (n=8) SLE sub-
group (17.4+11.3 vs. 6.5£8.9 ng/ml, p=0.019). Gal-3 level was
not significantly different between patients with and without pul-
monary involvement, intestinal involvement, and digital ulcer.

The treatment modalities

There were no differences in GC usage and mean dose of GC
between SSc and SLE groups (Table 3). In both groups of

Table 2 Clinical and laboratory characteristics of SSc patients

Variables SSc (n=37)
Diffuse cutaneous subtype, 1 (%) 15 (40.5)
Limited cutaneous subtype, 7 (%) 22 (59.5)
Antinuclear antibody positive, 7 (%) 29 (78.4)
Anti-Scl 70 antibody positive, n (%) 13 (35.1)
Anti-centromere antibody positive, n (%) 5(13.5)
Modified Rodnan skin score 15.7+11.0
Valentini disease activity index 3.74+2.27
Medsger disease severity index 6.44+4.05
Visual analog scale 5.74+1.50
UKFS 7.4+6.7
Interstitial pulmonary fibrosis, 7 (%) 16 (43.2)
Pulmonary arterial hypertension, n (%) 17 (45.9)
Gastrointestinal involvement, n (%) 19 (51.4)
Digital ulcer, n (%) 8(21.6)

SSe Systemic sclerosis, UKFS UK scleroderma functional score

patients, there was no significant difference in terms of gal-3
level both between receiving and not receiving GC and be-
tween receiving and not receiving at least one DMARD (data
not shown).

Discussion

The present study demonstrated that the serum gal-3 levels
were higher in the SSc and SLE groups compared to the

Table 3 The disease durations and ongoing medications in the SSc and
SLE groups

SSc (n=37) SLE (n=23) p
Disease duration (years)® 42+4.6 5.1+4.4 0.079
GC dosage (mg/day)™ ° 71462 5.6+4.2 0.489
GC usage, n (%) 17 (45.9) 15 (65.2) 0.146
Azatioprin, n (%) 9(24.3) 12 (52.2) 0.063
Cyclophosphomide, 1 (%) 7 (18.9) 1(4.3) 0.029
Hydroxychloroquine, n (%) — 9(39.1) 0.000
Methotrexate, n (%) 2(5.4) 1(4.3) 0.856
Ciclosporin, 7 (%) 1(2.7) 2(8.7) 0.304

SSc  Systemic sclerosis, SLE Systemic lupus erythematosus, GC
Glucocorticoid

“Data were presented as mean=+standard deviation

® Equivalent prednisolone dosages of glucocorticoids
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healthy subjects. Moreover, active SSc and SLE patients had
higher serum gal-3 levels than in inactive ones.

Tissue fibrosis, the hallmark of SSc, is responsible for the
most of clinical manifestations. The extent and severity of
tissue fibrosis correlates with prognosis and mortality in SSc
[19]. The activation of fibroblasts which is triggered by
growth factors/cytokines leads to the overproduction of extra-
cellular matrix [20]. The behavior of fibroblasts is changed by
many mediators including cytokines, chemokines, and growth
factors [21, 22].

Gal-3 plays an important role in the development of in-
flammation by interacting with various cytokines and
chemokines [23, 24]. In an experimental study [23], gal-3
has been shown to be predominantly expressed by mononu-
clear cells infiltrating into necrotic areas in liver injury in-
duced by acetaminophen. On the other hand, acetaminophen-
induced hepatotoxicity has been attenuated in gal-3-deficient
mice [23]. Moreover, several studies [25-27] have shown that
gal-3 null mice exhibit a reduced inflammatory response
compared with wild-type mice. These results suggest the
pro-inflammatory nature of this protein [23, 25-27].

In our study, the gal-3 levels were higher in the patients
with SSc and SLE. Similarly, previous studies [28-30] docu-
mented the increased serum gal-3 levels in inflammatory
disorders SLE, rheumatoid arthritis, and Behget's disease.
Gal-3 expression has been induced by tumor necrosis factor-
alpha (TNF-«) and interferon-y in a monocytic cell line U937
[9, 10]. On the other hand, gal-3 has induced the mRNA
expression and protein production of TNF-« and IL-8 in a
macrophage cell line THP-1 [9, 10]. Thus, it may be conclud-
ed that the cause of increased gal-3 level in SSc and SLE may
be the inflammatory nature of the diseases.

Gal-3 has also stimulated NIH-3T3 fibroblast to induce
migration and collagen synthesis in vitro, suggesting direct
effects of gal-3 on fibrogenesis [10]. In vivo and in vitro
profibrotic potential of gal-3 has been demonstrated in the
experimental models of liver [23], renal [31], and vascular
fibrosis [24]. The level of gal-3 increases in fibrotic diseases
[11], and gal-3 activates fibroblastic cells [10, 11, 32]. More-
over, the silencing of the gal-3 gene inhibits fibroblastic
activity [11], and gal-3 knockout mice are resistant to devel-
opment of fibrosis [11, 25]. Moreover, Nishi et al. [10] have
reported that the concentrations of gal-3 in bronchoalveolar
lavage fluid are significantly higher in patients with idiopathic
pulmonary fibrosis and interstitial pneumonia associated with
collagen tissue diseases than in the control group. These
results suggest that gal-3 level has to be increased in SSc a
fibrotic disorder as in our study.

In contrast to present results, Taniguchi et al. [33] have
reported that serum gal-3 levels are significantly lower in
patients with diffuse cutaneous SSc than in healthy subjects
and limited cutaneous SSc. However, its level is significantly
and positively correlated with total skin score [33]. It is
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anticipated that serum gal-3 level is higher in SSc, as in our
study, in case of that gal-3 level is positively correlated with
skin score. Taniguchi et al. [33] have concluded that the
contradictorily lower gal-3 level may be associated with dis-
ease duration. Conversely, gal-3 level was not related with
disease duration in our cohort. The cause of discrepancy for
gal-3 level may be the difference of genetic background and/
or the difference in clinical involvement. Taniguchi et al. [33]
have also reported that pulmonary hypertension and digital
ulcer affect the gal-3 level. However, these clinical involve-
ments were not associated with altered gal-3 levels in our
study.

Measuring disease activity in SSc has been particularly
difficult. This difficulty is influenced by several facts, as
follows: SSc has an indolent course and the assessment of
vasculopathy and fibrosis are more difficult. Moreover, when
it becomes measurable, the disease is often progressed to
permanent damage [34-36]. There are currently three tools
that are used to measure disease activity in SSc including
physician global assessment, the Valentini disease activity
index, and the Medsger disease severity scale. Although the
physician global assessment has been commonly used, it has
not been formally evaluated. The application of others is
difficult in clinical practice, since they take a lot of time. In
addition, these index and score have failed to accurately
measure activity in SSc due to the fact that these reflect
damage and severity rather than activity [34, 37]. Disease
activity is potentially reversible under drug treatment or even
spontaneously; however, damage measures irreversible tissue
injury [34]. mRSS is the outcome measure mostly used in
clinical trials of SSc. Although mRSS is noninvasive and cost
effective, it is not possible to differentiate fibrotic skin thick-
ening from that resulting from tissue edema, inflammation, or
skin tethering [19, 34].

Nonspecific markers of inflammation such as ESR and
CRP could assess activity. However, they have not been
shown to predict outcome [34, 38]. Up to now, in SSc, several
biomarkers have been evaluated as potential markers [19];
those can be grouped as fibrotic, vascular, and prognostic
biomarkers. Despite extensive studies to develop outcome
measures for SSc, fully validated biomarkers that allow early
diagnosis and assessment of disease activity or that carry a
predictive prognostic value are not available [19]. Gal-3
which is also an important fibroblast product may be a poten-
tial biomarker to reflect the fibrotic and inflammatory process
in SSc. Indeed, gal-3 level is reported to be correlated with the
extent of skin involvement and with the severity of SSc [33].
In our study, serum gal-3 levels are higher in SSc patients
when compared with HC. In addition, gal-3 levels are higher
in active SSc patients than in inactive patients. This result
suggests that gal-3 may be a potential biomarker for assess-
ment of disease activity in SSc. However, extensive studies
will be required to validate whether measurements of serum
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level of gal-3 may be useful biomarkers for the process of
fibrosis in the disease.

There are no effective therapies for reversing or even
controlling fibrosis of SSc although the pathogenesis of SSc
is continually being better understood. Traditional medica-
tions are disappointing in clinical practice despite anecdotal
evidence of benefit. TD139, a novel synthetic inhibitor of gal-
3, has ameliorated the bleomycin-induced pulmonary fibrosis
[32]. This result suggests that the blocking of gal-3 function
may be an exciting novel therapeutic target to treat the fibrotic
disorders.

We realize that the present preliminary study has some
limitations. Firstly, the sample size could be small to reach
definitive judgment. Secondly, the local production of gal-3 in
affected and unaffected skin could be analyzed.

In conclusion, the serum gal-3 level increases in SSc.
Moreover, active SSc patients have higher serum gal-3 levels.
Therefore, it can be suggested that galectin-3 may be a prom-
inent surrogate biomarker of activity in SSc.

Disclosures None.
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