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and 8 men) had diffuse cutaneous SSc (dSSc). The mean+SD
age of the patients was 47x16 years (dSSc; 48+18, ISSc; 45+17)
and the disease duration of patients with dSSc and ISSc was
8.5+9.5 and 3.1£2.5 years, respectively. None of the patients
was treated with corticosteroid or other immunosuppressive
therapy at the evaluation. Antinuclear antibody (Ab) was
determined by indirect immunofluorescence using HEp-2 cells
and specificities were further assessed by ELISA and immuno-
precipitation. Anti-topoisomerase I Ab was positive for 41 (34
dSSc and 7 1SSc), anticentromere Ab for 37 (2 dSSc and 35
ISSc), anti-UIRNP Ab for 2 (all ISSc), anti-USRNP Ab for 1
(dSSc), anti-RNA polymerases I and III Ab for 7 (all dSSc) and
Th/To Ab for 1 (ISSc). The remaining two patients were nega-
tive for autoantibodies. Twenty age- and sex-matched healthy
Japanese individuals (17 women and 3 men; age 48+15 years)
were used as normal controls. In a retrospective longitudinal
analysis we examined serum samples from 10 patients with
SSc (5 dSSc and 5 1SSc).

Clinical assessment

Complete medical histories, physical examinations and labora-
tory tests including vital capacity (VC) and diffusion capacity for
carbon monoxide (Dlco) were conducted for all patients. When
the Dlco and VC were <75% and <80%, respectively, of the pre-
dicted normal values, they were considered to be abnormal. Skin
score was measured by the modified Rodnan total skin thickness
score (TSS).28 Organ involvement was defined by rheumatolo-
gists, neurologists, nephrologists and radiologists as described
previously?#-25: pulmonary fibrosis=bibasilar fibrosis on chest
radiography and high-resolution CT; cesophagus=hypomotility
shown by barium radiography; joints=inflammatory polyarth-
ralgias or arthritis; heart=pericarditis, congestive heart failure or
arthythmias requiring treatment; kidney=malignant hyperten-
sion and rapidly progressive renal failure with no other expla-
nation; muscle=proximal muscle weakness and elevated serum
creatine kinase.

IL-27R expression in sclerotic skin

Immunohistochemistry for IL-27R was performed as previ-
ously described.?? Skin tissues were obtained from the fore-
arms of 10 patients with dSSc (5 women and 5 men; median
age 42 years, range 28-53) and 5 normal controls. Sections
were incubated with a primary monoclonal Ab to human
IL-27R (10 pg/ml; Abcam, Cambridge, Massachusetts, USA).
Concentration matched monoclonal mouse immunoglobulin
G (IgG) (Abcam) was used as isotype control staining. The
reaction products were visualised using diaminobenzidine
(Dako, Carpinteria, California, USA) with methyl green as a
counterstain. Each section was examined independently by
two investigators (AY and SS) in a blinded manner. Expression
levels of IL-27R and IL-27 were also analysed using a real-time
PCR quantification method as described previously.® Each
sample was tested in duplicate.

ELISAs for serum IL-27, interferon v, IL-4, IL-10, IL-17 and
hyaluronan levels

ELISAs for serum levels of IL-27 (ID Labs, London, Ontario,
Canada), interferon y (R&D Systems, Minneapolis, Minnesota,
USA), IL-4 R&D Systems), IL-10 (Immunotech, Munster,
Germany), IL-17 (BioSource, Fleurus, Belgium) and hyaluronan
(Echelon Biosciences, Salt Lake City, Utah, USA) were per-
formed as described using specific ELISAs.# ® 30 81 Each sample
was tested in duplicate.

Ann Rheum Dis 2011;70:194-200. doi:10.1136/ard.2009.121053

Monocyte, T cell and B cell purification and stimulation
Heparinised blood samples were obtained from 25 patients
with dSSc (21 women and 4 men; median age 47 years, range
21-68) and 10 healthy individuals. Peripheral blood monocytes,
CD4 T cells or B cells were enriched with each isolation kit
using AutoMACS isolator (Miltenyi Biotec, Bergisch Gladbach,
Germany), respectively. A total of >99% of these cells were
CD14, CD4 or CD19 (data not shown). To analyse mRNA
expression of IL-27R, total RNA was isolated from CD4 T cells
and B cells with RNeasy spin columns (Qiagen, Crawley, UK).
Purified monocytes, CD4 T cells or B cells (1 x 105, respectively)
were cultured in RPMI 1640 containing 10% heat-inactivated
fetal calf serum (Gibco Life Technologies, Paisley, UK). Cells
were serum-starved for 12 h and then stimulated with 0.2 ng/ml
human recombinant IL-27 (rIL-27; R&D Systems) with or with-
out 50 ng/ml low molecular weight hyaluronan (15-40 kDa;
R&D Systems) or LPS (Sigma-Aldrich, St Louis, Missouri,
USA). rlL-27, hyaluronan and LPS were dissolved in phosphate-
buffered saline (PBS). Monocytes or T cells were cultured for
72 h and IL-27 or IL-17 concentrations in the culture medium
were measured by ELISA. In addition, B cells were cultured
for 8 days and IgG concentrations in the culture medium were
measured by ELISA (Bethyl Laboratories, Montgomery, Texas,
USA). Each sample was performed in triplicate.

Fibroblast proliferation and collagen synthesis with I1L-27
stimulation

Human dermal fibroblasts were obtained by skin biopsy from the
forearms of six patients with dSSc (3 women and 3 men; median
age 41 years, range 28-53) and six healthy individuals. Primary
explant cultures were established.®? Fibroblasts were serum-
starved for 12 h and then cultured for 24 h with or without rIL-27
(0.2 ng/ml) and/or rIL-17 (0.2 ng/ml; R&D Systems). Expression
of IL-27R was analysed using western blot assay.?® The protein
was subjected to sodium dodecyl sulphate—polyacrylamide gel
electrophoresis and transferred onto membranes for immuno-
blotting. These membranes were incubated for 1 h at room tem-
perature with 1:200 dilutions of the anti-IL-27R Ab (Santa Cruz
Biotechnology, Santa Cruz, California, USA). We processed
anti-glyceraldehyde 3-phosphate dehydrogenase (GAPDH) Ab
(Cell Signaling Technology, Beverly, Massachusetts, USA) as an
indicator of the amounts of protein loaded. The intensities of
IL-27R band and GAPDH band in each lane were quantified with
an automated gel digitising system (Un-Scan-It; Silk Scientific,
Orem, Utah, USA). Proliferation of cultured dermal fibroblasts
was quantified by a colorimetric 5-bromo-2-deoxyuridine (BrdU)
cell proliferation ELISA kit (Roche Applied Science, Indianapolis,
Indiana, USA). Type I collagen, the major fibre-forming collagen
of the skin, is the product of the proal (I) collagen type I al
(COL1A1) and proa2 (I) collagen (COL1A2) genes.3* Therefore,
to assess the collagen synthesis activity in fibroblasts, COL1A1
and COL1A2 were analysed using real-time PCR. Type 1 col-
lagen protein levels were also assessed using a specific ELISA kit
(Applied Cell Biotechnologies, Yokohama, Japan). Each sample
was performed in triplicate.

Statistical analysis

The Statview Il program (Abacus Concepts, Berkeley, California,
USA) was used for statistical analyses. Statistical analysis was
performed using the Mann-Whitney U test for determining the
level of significance of differences between sample means, the
Fisher exact probability test for comparison of frequencies and
the Bonferroni test for multiple comparisons. Spearman rank

185



Downloaded from ard.bmj.com on February 6, 2014 - Published by group.bmj.com

correlation coefficient was used to examine the relationship
between two continuous variables. A p value <0.05 was consid-
ered statistically significant.

RESULTS

Serum IL-27 levels in SSc¢

The levels of IL-27 in serum samples from patients with SSc and
controls were assessed by ELISA (figure 1). Serum IL-27 levels
were significantly elevated in patients with SSc (median 74.1 pg/
ml (range 21.5-188.8)) compared with controls (median 41.8 pg/
ml (range 28.7-63.6); p<0.005). For the SSc subgroups, IL-27
levels in both patients with dSSc (median 83.0 pg/ml (range
37.1-188.8)) and those with ISSc (median 65.3 pg/ml (range
21.5-112.1)) were elevated compared with those in controls
(p<0.001 and p<0.01, respectively). Furthermore, serum IL-27
levels were significantly elevated in patients with dSSc relative
to those with I1SSc (p<0.05). Values higher than the mean +2SD
(62.9 pg/ml) of the control serum samples were found in 58%
(58/91) of all patients with SSc, in 71% (32/45) of patients with
dSSc and in 46% (21/46) of patients with 1SSc. By contrast, only
5% (1/20) of controls had elevated IL-27 levels.

Clinical features of patients with SSc¢ with 1L-27 overproduction

We assessed the clinical features of patients with SSc with
increased IL-27 production compared with patients with SSc
with normal IL-27 production (table 1). The duration of disease
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Figure 1  Serum levels of interleukin 27 {IL-27) in patients with
systemic sclerosis (SSc), diffuse cutaneous SSc (dSSc) or limited
cutaneous SSc (ISSc) and healthy controls (CTL). Serum IL-27 levels
were determined by a specific ELISA. Data are presented as box plots,
where the lines inside the boxes indicate the medians, the boxes
represent the 25th and 75th percentiles and the lines outside the boxes
represent the 10th and 90th percentiles. Broken line indicates the cut-off
value {(mean +2SD of healthy control samples).
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was significantly shorter (p<0.01) in patients with SSc with
increased IL-27 production (3.0£3.2 years, n=52) than in those
with normal IL-27 production (7.2+8.1 years, n=39). Moreover,
the retrospective longitudinal analysis in this study showed a
tendency for serum IL-27 Jevels to be attenuated during the fol-
low-up period (figure 2).

In addition, as shown in table 1, patients with SSc with
elevated serum levels of IL-27 had significantly higher modi-
fied Rodnan TSS points (total SSc¢, p<0.05; dSSc, p<0.01; ISSc,

Table 1 Clinical and laboratory features of patients with SSc
Elevated IL-27  Normal IL-27
Characteristic (n=52) (n=39)

Sex, M/F 6/46 4/35

Age at onset, mean=SD (years) 4714 4617
Disease duration, mean=SD (years) 3.0+3.2%* 7.2x8.1
Disease pattern, number with dSSc/ISSc 32/20* 13/26
Clinical features
Modified Rodnan TSS, mean==SD (points) 16.9£11.2% 11.9+8.6
Pitting scar/ulcer 60 41
Organ involvement
Lungs
Pulmonary fibrosis 67%% 31
%VC, mean=SD 85.1::23.4% 97.6+22.3
%Dlco, mean==SD 56.5+17.6* 66.7+18.2
Oesophagus 63 62
Heart 21 15
Kidneys 4 5
Joints 23 15
Muscles 21 15
Laboratory findings
Serum IgG, mean=SD (mg/dl) 1847+539* 1604428
Serum IgM, mean==SD (mg/dl) 197125 18274
CRP, mean=SD (mg/dl) 0.27+0.38 0.21=0.17
Serum hyaluronan, mean=SD (ng/ml) 283.9=x161.5%  228.7x129.6
Serum IFNvy, mean=SD (pg/ml) 12.7+3.3 11.9x2.4
Serum IL-4, mean=SD (pg/ml) 67.5+5.9 56.6+7.8
Serum IL-10, mean=SD (pg/ml) 42.1+6.2 45.3+8.1
Serum IL-17, mean=SD (pg/ml) 26.9+8.1%% 14.3+5.8

Values are percentages unless stated otherwise.

*p<0.05, **p<0.01 vs patients with SSc with normal IL-27 levels.

CRP, C reactive protein; Dlco, diffusion capacity for carbon monoxide; dSSc, diffuse
cutaneous SSc; IFNvy, interferony; IL, interleukin; ISSc, limited cutaneous SSc; SSc,
systemic sclerosis; TSS, total skin thickness score; VC, vital capacity.
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Figure 2 Serial changes in serum interleukin 27 {IL-27) levels during
the follow-up period in 10 patients with systemic sclerosis (SSc)
patients (5 with diffuse cutaneous SSc (dSSc) and 5 with limited
cutaneous SSc (ISSc)). This retrospective longitudinal analysis showed
the tendency for serum IL-27 levels to be attenuated during the
follow-up period.
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p<0.05), higher frequency of dSSc (p<0.01), decreased %VC
(total SSc, p<0.05; dSSc, p<0.01; 1SSc, p<0.05), decreased %Dlco
(total SS¢, p<0.05; dSSc, p<0.01; 1SSc, p<0.05), elevated levels of
serum hyaluronan (total SS¢; p<0.03, dSSc; p<0.01, 1SSc; p<0.05)
and more frequent involvement of pulmonary fibrosis (total SSc,
p<0.01; dSSc, p<0.01; ISSc, p<0.01) than those with normal lev-
els. Serum [L-27 levels also correlated inversely with %VC (total
SSe: r=-0.29, p<0.005; dSSc: r=-0.84, p<0.001; 1SSc: r=-0.28,
p<0.005) or %Dlco (total SSc: r=—0.32, p<0.005; dSSc: r=—0.36,
p<0.001; 1SSc: r=—0.29, p<0.005; figure 3). Furthermore, serum
[L-27 levels correlated positively with the modified Rodnan
TSS (total SSc: r=0.36, p<0.0005; dSSc: r=0.44, p<0.001; 1SSc:
r=0.31, p<0.005) and serum hyaluronan levels (total SSc: r=0.45,
p<0.0001; dSSc: r=0.47, p<0.0001; 1SSc: r=0.44, p<0.0001;
figure 3). However, serum IL-27 levels did not correlate with any
other clinical parameters.

With regard to correlation of serum IL-27 levels with immu-
nological parameters, patients with SSc with elevated IL-27
levels had significantly higher frequency of elevated levels of
serum IgG (total SSc, p<0.05; dSSc, p<0.05; 1SSc, p<0.05) and
IL-17 (total SSc, p<0.01; dSSc, p<0.01; 1SSc, p<0.01) than those
with normal levels (table 1). Moreover, serum IL-27 levels cor-
related positively with levels of serum IgG (total SSc: r=0.43,
p<0.0001; dSSc: r=0.42, p<0.0001; 1SSc: r=0.45, p<0.0001) and
IL-17 (total SSc: r=0.39, p<0.0005; dSSc: r=0.41, p<0.0001; 1SSc:
1=0.35, p<0.0005; figure 3).

1L-27 production by cultured SSc monocytes

Unstimulated dSSc monocytes produced higher levels of IL-27
relative to normal monocytes (p<0.05, figure 4A). When mono-
cytes were stimulated with LPS or hyaluronan, IL-27 production
by both dSSc and normal monocytes was significantly increased
(p<0.05). In addition, IL-27 production by LPS- or hyaluronan-
stimulated dSSc monocytes was higher than those of nor-
mal monocytes (p<0.01). Similar results were obtained using
1SSc samples (data not shown). The minimal effective dose of
hyaluronan was 50 pg/ml.

Effect of IL-27 on SSc T cells and B celis
The levels of IL-27R expression on dSSc B cells and CD4 T cells
were 3.6- and 8.1-fold higher than those observed in healthy
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controls (p<0.005 and p<0.001, respectively; figure 4B). In the
absence of IL-27, the production of IgG by hyaluronan-treated
dSSc B cells was higher than that of hyaluronan-stimulated
healthy B cells (p<0.005, figure 4C). Healthy B cells treated
with hyaluronan and IL-27 decreased production of IgG com-
pared with those treated with hyaluronan alone (24% decrease,
p<0.01), while dSSc B cells treated with hyaluronan and IL-27
increased production of IgG compared with those treated with
hyaluronan alone (31% increase, p<0.01; figure 4C). Similar to
IgG production by B cells, IL-27 treatment reduced IL-17 produc-
tion by hyaluronan-treated healthy CD4 T cells (41% decrease,
p<0.01), while dSSc CD4 T cells treated with both hyaluronan
and IL-27 increased production of IL-17 (38% increase, p<0.01;
figure 4D). Similar results were obtained using ISSc samples
(data not shown).

IL-27R expression in the fibrotic skin

IL-27R expression was only faintly detected in the cell membrane
and cytoplasm of healthy skin fibroblasts (figure 5A). In con-
trast, patients with dSSc had higher membrane and cytoplasmic
expression of IL-27R in skin fibroblasts (figure 5A). While IL-27R
expression was also detected in keratinocytes, endothelial cells
and perivascular infiltrated and/or resident mononuclear cells,
the expression levels of IL-27R in these cells were not different
between dSSc and normal skin. IL-27R expression in sclerotic
skin of patients with 1SSc was similar to that of patients with
dSSc (data not shown). Furthermore, IL-27R expression levels
of total skin extract were confirmed using the real-time PCR
quantification method (p<0.05, figure 5B). We also assessed
IL-27 expression levels in skin samples. IL-27 expression levels
in patients with dSSc were significantly higher than those in
healthy controls (p<0.01, figure 5B).

Fibrobiast proliferation and collagen synthesis with IL-27
stimulation

Stimulation of dSSc or healthy fibroblasts with rIL-17 increased
expression of IL-27R compared with PBS alone (p<0.05,
figure 5C). Similarly, stimulation of fibroblasts with a combina-
tion of rIL-17 and rIL-27 increased IL-27R expression compared
with PBS alone (p<0.05). Furthermore, the expression levels of
IL-27R in dSSc fibroblasts treated with both rIL-17 and rIL-27
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Figure 3 Correlations of serum interleukin 27 (IL-27) levels with modified Rodnan total skin thickness score (TSS), percentage vital capacity (%VC),
percentage diffusion capacity for carbon monoxide {%Dlco) and serum levels of hyaluronan, IgG and IL-27 in patients with systemic sclerosis. Serum

IL-27, hyaluronan and IL-17 levels were determined by specific ELISAs.
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(A) Interleukin 27 (IL-27) production by monocytes, (B) expression of IL-27R on B cells and CD4 T cells and production of (C) IgG and (D)

IL-17 by B cells and CD4 T cells, respectively. Monocytes, B cells and CD4 T cells were obtained from peripheral blood of 25 patients with diffuse
cutaneous systemic sclerosis (SSc) and 10 healthy controls (CTL). For production of IL-27, purified monocytes (1x 10%) were stimulated with
hyaluronan {HA} or lipopolysaccharide (LPS). IL-27R mRNA expression was analysed using real-time PCR. For production of IgG and IL-17, purified
B cells (1x10°%) and CD4 T cells (1% 10%) were stimulated by HA with or without riL-27. Culture supernatants were analysed by ELISA to determine
the amount of IL-27, IgG and IL-17. In (A), (C) and (D), bars show the mean and SD. In (B), the data are presented as box plots where the lines inside
the boxes indicate the medians, the boxes represent the 25th and 75th percentiles and the lines outside the boxes represent the 10th and 90th

percentiles. *p<0.01, **p<0.005.

were higher than those of rJL-17-treated fibroblasts (p<0.05).
However, only rlL-27 stimulation did not affect expression
of IL-27R. The levels of IL-27R expression on SSc fibroblasts
were higher than those of healthy controls in each group
(p<0.05). The proliferative effect of IL-27 was not observed on
healthy fibroblasts but was detectable with 0.2 ng/ml IL-27 on
SSc fibroblasts (p<0.01, figure 5D). Similarly, IL-27 had a sig-
nificant effect on collagen synthesis in fibroblasts. In healthy
fibroblasts, 1 ng/ml IL-27 significantly increased COL1A1 and
COL1A2 expression and type I collagen production compared
with vehicle alone (p<0.05). In SSc fibroblasts, 0.1 ng/ml IL-27
also significantly increased COL1A1 and COL1A2 expression
and type I collagen production compared with vehicle alone
(p<0.05, figure 5D).

DISCUSSION
This study is the first to show that IL-27 levels are elevated
in serum samples from patients with SSc compared with nor-
mal controls (figure 1). We also showed that IL-27 levels cor-
related positively with modified Rodnan TSS (figure 3 and
table 1). Furthermore, elevation of IL-27 levels was accom-
panied by the presence of pulmonary fibrosis and decreased
%VC and %Dlco, indicating that IL-27 levels correlated with
the severity of lung fibrosis. Furthermore, retrospective longi-
tudinal analysis showed that there was a tendency for serum
IL-27 levels to be attenuated during the follow-up period (fig-
ures 2 and 3 and table 1). Collectively, these results may sug-
gest that overproduction of IL-27 has an important role in
the pathogenesis of SSc, especially in the earlier phase of the
disease.

IL-27 is mainly secreted from activated antigen-presenting
cells such as monocytes by stimulation with their TLR 1113 35
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LPS is an exogenous ligand for TLR4 which strongly induces
IL-27 secretion from monocytes (figure 4A), as previously
described.'* 15 Recently, many studies have identified vari-
ous endogenous ligands for TLR4, such as hyaluronan which
regulates inflammatory responses.®  In our study, hyaluro-
nan treatment enhanced IL-27 production by both healthy and
SSc monocytes (figure 4A). Recent studies have shown that, in
patients with SSc, monocyte activation may be maintained by
one or more enhancing signals such as IL-6 and TNFa which
are increased in patients with $Sc¢® and are known to trigger
the activation of TLR4 expression.?® This may explain why
IL-27 production by SSc monocytes was higher than by healthy
monocytes (figure 4A). Thus, IL-27 production is strongly
induced by hyaluronan stimulation in SSc monocytes compared
with healthy monocytes.

IL-27R is expressed by a wider range of cells, especially acti-
vated CD4 T cells and B cells, which may explain the pleiotropic
role of IL-27.3% To date, IL-27R expression in SSc T cells and
B cells remains unknown, although T cell and B cell activation
is detected in patients with SSc.3” % This study is the first to
indicate that T cells and B cells in patients with SSc had higher
expression levels of IL-27R than in healthy controls (figure 4B).
Currently, the role of IL-27 in various models of inflammatory
disease is still controversial. In some disease models such as
allergic asthma and experimental autoimmune encephalomyeli-
tis, IL-27 has been found to suppress the inflammation?® %2 4
but, in other disease models such as concanavalin A-induced
hepatitis and dextran sulphate sodium- or oxazorolone-induced
colitis, IL-27 has been found to exacerbate inflammation.*>-#4 In
this study, serum IL-27 levels correlated with serum levels of IgG
and IL-17 in patients with SSc (figure 8 and table 1). Furthermore,
IL-27 stimulation strongly induced IgG and IL-17 production by
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Figure 5 (A) Immunohistochemical analysis of fibrotic skin using interleukin 27 receptor (IL-27R) mouse manoclonal antibody compared with

concentration-matched mouse monoclonal antibody IgG isotype control (CTL). (B} IL-27R and IL-27 mRNA expression of healthy control (n=8) and
systemic sclerosis (SSc) (n=8) skin analysed using real-time PCR. (C) Western blot analysis of IL-27R protein in stimulated fibroblasts with or without
rlL-27 and/or riL-17. Fibroblasts were grown to confluence and culture medium was replaced with serum-free modified Eagle’s medium. (D) After
further incubation for 24 h, fibroblasts were stimulated with each concentration of riL-27 for 24 h. After incubation, collagen type | a1 (COLTA1) and
COL1A2 mRNA expression and type | collagen protein production were analysed by real-time PCR and ELISA, respectively. In proliferation assay,

after 24 h incubation, 5-bromo-2-deoxyuridine (BrdU} (10 um) was added to each well and incubated for 24 h. BrdU incorporation in proliferating cells
was quantified by ELISA. In (B), data are presented as box plots, where the lines inside the boxes indicate the medians, the boxes represent the 25th
and 75th percentiles and the lines outside the boxes represent the 10th and 90th percentiles. In (C) and {D), bars show the mean and SD. *p<0.05,
**n<0.01 vs each fibroblast cultured with vehicle alone. Original magnification % 100.

B cells and T cells in patients with SSc (figure 4C,D). Thus, IL-27
may have a role in immunological abnormalities associated with
SSc.

A recent study has shown that increased IL-27R expression
is also detected in activated fibroblasts.”” In our study, IL-27R
expression was significantly higher in SSc fibroblasts than in
healthy fibroblasts (figure 5A-C). In patients with SSc, fibro-
blast activation is induced by several cytokines including IL-17,
which may explain the higher expression of IL-27R in SSc fibro-
blasts.® %6 In addition, ligation of IL-27 to IL-27R expressed by
fibroblasts is likely to facilitate further fibroblast activation.'”
Indeed, in this study rIL-17 stimulation increased IL-27R expres-
sion on SSc fibroblasts which was further enhanced by rIL-27
costimulation (figure 5B). Furthermore, IL-27 expression was
increased in the skin of patients with SSc (figure 5A) and rJL-27
strongly increased proliferation and collagen synthesis of SSc

Ann Rheum Dis 2011;70:194-200. doi:10.1136/ard.2009.121053

fibroblasts (figure 5D). Thus, IL-27 may have a role in the devel-
opment of SSc by amplifying collagen synthesis and increasing
fibroblast proliferation.

Although further studies are required to clarify the role of
IL-27 in the development of SSc, it may be a useful serological
marker for disease severity and a new therapeutic target in SSc.
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Abstract

Objective. Although findings of nail-fold capillary changes and reduced red blood cell velocity in SSc
patients are well established, studies in adult-onset DM patients are scarce. Our objective was to assess
the changes and red blood cell velocity in finger nail-fold capillaries using nail-fold video capillaroscopy
(NVQC) in patients with adult-onset DM.

Methods. This study included 50 patients with adult-onset DM and 20 healthy subjects. A semi-quantitative
rating scale was used to score capillaroscopy changes. Red blood cell velocity was evaluated using
frame-to-frame determination of the position of capillary plasma gaps.

Results. Thirty-seven (74%) patients showed the scleroderma NVC pattern. Patients with the scleroderma
pattern exhibited elevated serum creatine kinase levels more frequently and increased visual analogue
scale of muscle disease activity. Scores of loss of capillaries were associated with muscle and global
disease activity, whereas scores of haemorrhages were associated with skin disease activity. However,
NVC findings were not significantly associated with lung involvement. The scores of irregularly enlarged
capillaries, haemorrhages and loss of capillaries were reduced after stabilization of disease activity by
treatment. The mean red blood cell velocity was not significantly reduced in DM patients compared with
healthy controls and was not changed by treatment.

Conclusion. Our results suggest that changes in nail-fold capillaries reflect disease activity in DM.
Furthermore, the differences found in red blood cell velocity may reflect somewhat distinct microcirculation
injuries in DM and SSc.

Key words: Capillaroscopy, Dermatomyositis, Disease activity, Red blood cell velocity, Systemic sclerosis.

examples of organ complications that affect the prog-
nosis of DM. Pulmonary involvement is frequently seen in
patients with anti-aminoacyl tRNA synthetase (ARS) anti-

Introduction

DM is an autoimmune connective tissue disease in which

characteristic patterns of inflammatory injury occur in
striated muscle. PM is a similar disease, but DM can be
distinguished from PM via the presence of cutaneous
features such as heliotrope rash or Gottron’s papule/sign.
Interstitial pneumonia and internal malignancy are
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bodies [1] or anti-clinically amyopathic DM (CADM)-140
antibody [2]. In contrast, a recent study has reported
that autoantibodies reactive with 155kDa (and 140kDa)
nuclear proteins (anti-p155 antibody/anti-155/140 anti-
body) are associated with malignancy in patients with DM
[3, 4]. DM patients with anti-Mi-2 antibodies typically
present with relatively mild symptoms and have a good
prognosis [5].

A vast amount of well-documented data exist regarding
nail-fold capillaroscopy and nail-fold video capillaroscopy
(NVC) in the diagnosis and follow-up of microvascular
damage in patients with RP or scleroderma spectrum
disorder (SSD), SSc and its related diseases [6-11].
Furthermore, NVC changes are just as prevalent and
prominent in DM as in SSD {12, 13]. However, such findings

© "The Author 2011. Published by Oxford University Press on behalf of the British Society for Rheumatology. All rights reserved. For Permissions, please email: journals.permissions@oup.com
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are not frequently detected in patients with other connect-
ive tissue diseases. Video recordings of blood capillary
flow also allow measurement of capillary red blood cell
velocity. We recently reported that red blood cell velocity
is remarkably reduced in SSc patients compared with
healthy individuals [14]. Additionally, reduced peripheral
blood flow has been demonstrated using laser-Doppler
perfusion imaging [15, 16].

Despite numerous reports regarding NVC findings in
SSc, there are relatively few NVC examinations in DM,
and this is especially true for adult-onset DM [17-20] com-
pared with JDM [21-23]. In addition, the clinical relevance
of NVC findings in DM has not yet been established, as
there are inconsistencies among reports, and quantitative
analyses have not yet been adequately assessed.
Furthermore, red blood cell velocity has not been evalu-
ated, except for our previous report of a small cohort [14]
of patients with DM. In this study, we assessed changes in
nail-fold capillaroscopy and red blood cell velocity in pa-
tients with DM. :

Materials and methods

Patients and clinical assessment

Fifty Japanese patients with DM [39 females and
11 males; mean (s.n.) age, 54.7 (14.8) years] who visited
Kanazawa University Hospital between 7 October 2007
and 31 July 2010 were included in this study. Forty
patients fulfilled the criteria of Bohan and Peter [24, 25],
while the remaining 10 did not fulfil the criteria, but fulfilled
Sontheimer’s criteria [26], due to the absence of clinical
muscle symptoms and presence of subsistent clinical skin
eruptions. No patients met the criteria for other rheumatic
diseases such as SSc. Mean disease duration was
3.9 (5.1) years. At the time of evaluation, 72% of the pa-
tients were already receiving oral predonisolone (PSL)
therapy and 26% of the patients were treated with im-
munosuppressive drugs, including CYC, CSA and tacroli-
mus, in addition to PSL. A total of 20 healthy subjects [15
females and 5 males; mean (s.n.) age, 51.4 (17.2) years]
were also evaluated.

Complete medical histories, physical examinations and
laboratory tests were conducted for all patients during the
first visit, with limited evaluations during follow-up visits.
The patients were diagnosed as having interstitial lung
disease (ILD) according to the results of chest radiog-
raphy, chest CT and pulmonary function testing. Serum
Krebs von den Lungen-6 (KL-6) levels as a serum marker
of ILD were determined by ELISA as described previously
[27]. Presence of internal malignancy was carefully exam-
ined using CT, gastrointestinal fibrescope, gallium scintig-
raphy and other procedures according to need. The local
ethics committee (Kanazawa University Hospital, Ishikawa,
Japan) approved this study protocol. Informed consent
was obtained from each patient.

Immunoprecipitation assays were performed to identify
autoantibodies using extracts of the leukaemia cell line
K562, as previously described [2]. Using this method,
25.5% of patients were positive for anti-ARS antibody,
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18.6% were positive for anti-155/140 antibody and 9.3%
were positive for anti-Mi-2 antibody. Anti-SS-A antibody
was detected in two patients and anti-NOR 90 antibody,
anti-SRP antibody, anti-U1 RNP antibody and anti-Wa
antibody were detected in one patient each.

To assess disease activity based on individual organ
systems, the Myositis Disease Activity Assessment VAS
(MYOACT) portion of the Myositis Disease Activity Tool
[28] was used. The MYOACT assessment utilizes separate
100-mm visual analogue scales (VASSs) to gauge the phys-
ician’s evaluation of disease activity in several discrete
domains. Involvement of all non-muscle organ systems
(constitutional, cardiac, pulmonary, gastrointestinal, skel-
etal and cutaneous) was also evaluated using the com-
posite extra-skeletal muscle VAS score. An additional VAS
measure, the global VAS score, was used to rate overall
disease activity.

NVC pattern classification

We assessed NVC findings using a video capillaroscopy
system (CP-1000; Chunichi Denshi, Nagoya, Japan), as
previously reported [14]. Classification of NVC patterns
was performed according to the criteria of Maricq and
colleagues [29, 30]. Diagnostic capillaroscopy patterns
were grouped into the following categories, as previously
described [31]: (i) normal pattern: homogeneous capillary
distribution in the nail-fold plexus without capillary loss
(normal medium density: linear 30 capillaries per 5 mm)
and no morphological alterations; (i) scleroderma pattern
(defined according to Maricq and colleagues [29, 30], with
modifications according to Bergman et al. [32]): two or
more of the following abnormalities: enlarged capiliaries,
haemorrhages (more than two punctate haemorrhages
per finger, or confluent haemorrhage areas), disorganiza-
tion of the normal capillary distribution, moderate or
extensive capillary loss (i.e. avascular areas) and tortuous,
crossed and/or ramified capillaries; and (i) non-specific
pattern: lack of complete scleroderma pattern criteria.
Since it was often difficult to distinguish between the
normal and non-specific patterns, these patterns were
combined into a normal/non-specific group in this study.
The scleroderma patterns were further classified as pre-
viously reported [33], as follows: (i) early NVC pattern: few
enlarged/giant capillaries, few capillary haemorrhages,
relatively well-preserved capillary distribution and no
evident loss of capillaries; (i) active NVC pattern: frequent
giant capillaries, frequent capillary haemorrhages, moder-
ate loss of capillaries with some avascular areas, mild
disorganization of the capillary architecture and absent or
ramified capillaries; and (i) late NVC pattern: irregular
capillary enlargement, few or absent giant capillaries,
absence of haemorrhages, severe loss of capillaries with
large avascular areas, severe disorganization of the normal
capillary array and frequent ramified/bushy capillaries.

Scoring of NVC findings

A semi-quantitative rating scale to score six capillary par-
ameters (irregularly enlarged capillaries, giant capillaries,
haemorrhages, loss of capillaries, disorganization of the

www.rheumatology.oxfordjournals.org
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vascular array and capillary ramifications) was adopted
(0=no changes, 1=<33% capillary alterations/reduction,
2=33-66% capillary alterations/reduction, 3=>66% ca-
pillary alterations/reduction, per linear mm) according to
previous studies [11].

Measurement of red blood cell velocity

We measured red blood cell velocity using the video capil-
laroscopy system, as previously reported [34]. Mean
blood cell velocity was calculated by averaging the results
from three capillaries, excluding giant or ramified capil-
laries, in each ring finger. The examination was performed
blindly by the same operator, without knowledge of
patients’ clinical conditions or characteristics. Red blood
cell speed in nail-fold capillaries was evaluated by frame-
by-frame analysis of video data, as described previously
[35]: displacement of the edge of the plasma gap was
measured on a frame-to-frame basis as it moved in
the capillary limb. The velocity was then calculated by
relating this displacement to the framing rate (fixed at
30 frames/s) [35].

Statistical analysis

Statistical analyses were performed using JMP® 7.01
Statistical Discovery Software (SAS institute, Cary, NC,
USA). Chi-squared test and t-test were used for compar-
ing the frequency and the mean value, respectively.
Spearman’s rank correlation coefficient was used to
examine the relationship between two continuous vari-
ables. Bonferroni correction was performed for multiple
comparisons. A P <0.05 after Bonferroni correction was
considered indicative of statistical significance. All data
are shown as mean (s.D.), unless otherwise indicated.

Results

NVC pattern classification

Among patients with DM, 74% displayed the NVC sclero-
derma pattern. Among these patients, the early NVC pat-
tern was observed in 12 (24.0%) patients, the active NVC
pattern was noted in 23 (46.0%) patients and the late NVC
pattern was recognized in 2 (4.0%) patients. None of the
20 normal control subjects demonstrated a scleroderma
pattern.

Association between scleroderma pattern and
clinical/laboratory findings

We examined the association between NVC changes and
clinical or laboratory features. Patients with the sclero-
derma pattern had shorter disease duration than patients
with the normal NVC pattern, but the difference was not
significant (Table 1). The frequencies of muscle weakness,
Gottron’s sign and heliotrope rash were higher in patients
with the scleroderma pattern than in patients with the
normal NVC pattern, but these differences were not sig-
nificant. In addition, patients with the scleroderma pattern
displayed internal malignancies more frequently than
patients without the pattern, although this difference was
not significant. The presence or duration of RP was not

www.rheumatology.oxfordjournals.org

TasLe 1 Association between scleroderma pattern and
clinical or laboratory findings

Age, mean (s.p.), years 55.9 (14.5) 51.3 (16.0) 1.0
Sex (male: female) 6:31 5:8 0.30

Disease duration, 37.0 (62.0) 75.8 (50.7) 0.14
mean (s.p.), months
Symptoms, %
Muscle weakness 48.6 30.8 1.0
Gottron’s sign 54.1 38.5 0.30
Heliotrope rash 24.3 7.7 0.60
ILDs 43.2 53.8 1.0
Internal malignancy 24.3 7.7 0.22
RP 21.6 15.4 1.0
Laboratory findings, %
Elevated CK 40.5 0 0.0061**
Elevated KL-6 37.8 61.5 0.14
Autoantibodies, %
Anti-ARS antibody 29.7 15.4 0.93
Anti-155/140 antibody 24.3 0 0.15
Anti-Mi-2 antibody 5.4 15.4 0.75
Medications, %
PSL 62.2 100 0.090
CYC 2.7 0 1.0
CSA 8.1 53.8 0.090
Tacrolimus 2.7 0 1.0
MTX 0 7.7 1.0
VIG 2.7 15.4 1.0

P <0.01.

associated with scleroderma pattern. Examination of
laboratory findings revealed that patients with the sclero-
derma pattern displayed elevated serum creatine kinase
(CK) levels more frequently than patients without the
scleroderma pattern (P <0.01). Although patients with
anti-155/140 antibody had the scleroderma pattern more
frequently compared with patients without the antibody,
the difference was not statistically significant. The fre-
quency of oral PSL and CSA use was lower in patients
with the scleroderma pattern than in patients without it,
but the difference was not significant. Other than these
results, there were no associations between the NVC
scleroderma pattern and clinical or laboratory features in
patients with DM. Thus, the scleroderma pattern was
most associated with elevated serum CK levels in patients
with DM.

Association between scleroderma pattern and
disease activity

To assess disease activity based on individual organ
systems, the MYOACT portion of the Myositis Disease
Activity Assessment Tool was used. The VAS scales of
muscle disease activity were significantly higher in
patients with the scleroderma pattern than in patients
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without it (P <0.01, Table 2). We examined six aspects
of global extra-skeletal muscle disease activity. The total
global extra-skeletal muscle disease activity, constitu-
tional disease activity, cutaneous disease activity and
skeletal disease activity were higher in patients with the
scleroderma pattern than in patients without it, although
these differences were not significant. Pulmonary activity
was comparable between patients with the scleroderma
pattern and patients with the normal/non-specific pattern.
Global disease activity, defined as muscle disease activity
merged with global extra-skeletal muscle disease activity,
was higher in patients with the scleroderma pattern than
in patients without it, but the difference was not signifi-
cant. Thus, the scleroderma pattern was significantly
associated with muscle disease activity.

Association between the score of NVC changes and
disease activity scales

Among six capillaroscopic parameters, the score of capil-
lary ramifications was excluded in this analysis, since the
number of patients with this abnormality was small (12%).
The scores for loss of capillaries were significantly asso-
ciated with the scales of muscle disease activity (r=0.34;
P <0.05) and global disease activity (r=0.37; P <0.05,
Table 3). On the other hand, the scores of haemorrhages

TasLE 2 Association between scleroderma pattern and
myositis disease activity scale

No’rmal/:

Scleroderma non-specific
~_ pattern 2 pattern

Myositis disease . ] ,
(n=37) (n=13) P-value

activity scale

Muscle disease activity

20.7 (24.7) 4.6 (7.8)  0.0030*
Global extra-skeletal 13.7 (7.7) 7.9 6.7) 0.060
muscle disease activity
Constitutional 18.2 (17.0) 6.2 (8.7 0.29
disease activity
Cutaneous disease activity 37.0 (23.5) 18.2 (17.8) 0.17
Skeletal disease activity 3.5 (9.2) 0.8 (2.8) 1.0
Gastrointestinal 2.4 (11.6) 2.3 (6.0 1.0
disease activity
Pulmonary disease activity 17.8 (24.2) 20.0(24.5 1.0
Cardiac disease activity 3.2 (6.7) 0 1.0
Global disease activity 23.9 (16.6) 11.4 (11.9) 0.054

*P <0.01. Data are shown as mean (s.n.).

were significantly associated with the scales of cutaneous
disease activity (r=0.41; P <0.01, Table 3). However, no
parameters were associated with pulmonary disease ac-
tivity. Thus, there are some specific associations between
the scores of NVC changes and muscle, cutaneous and
global disease activity scales.

Red blood cell velocity

Mean red blood cell velocity was 0.800 (0.164)mm/s in
healthy volunteers (Fig. 1). Patients with DM had a
reduced blood velocity of 0.663 (0.204) mm/s,; which was
82.9% that of healthy controls; however, this difference
was not statistically significant. In addition, the blood
velocity values were not significantly different between
NVC patterns (early, active, late and normal/non-specific).
No significant association between blood velocity and
clinical features was found in patients with DM (data not
shown). Although there are several patients who showed
reduced red blood cell velocity, no specific clinical fea-
tures were detected in these patients. Thus, red blood
cell velocity was not significantly changed in patients
with DM.

NVC changes during the longitudinal study

Twelve patients who had a first visit due to active DM were
followed up until the disease was stabilized by treatment
with immunosuppressive agents, a period of time that
averaged 9.2 (8.4) months. The profile of these patients
is shown in Table 4. The mean scale of global disease
activity was 33.3 (16.1) at their first visit, which was
significantly reduced to 11.9 (9.4) after stabilization by
treatment (P < 0.001). Of six capillaroscopic parameters,
the score of capillary ramifications was excluded from
this analysis, since only one patient had this abnormality.
The scores of irregularly enlarged capillaries [1.33 (0.89)
—0.17 (0.58)mm/s], haemorrhages [1.83 (1.19)—0.17
(0.39)mm/s] and loss of capillaries [0.58 (0.72)—0.08
(0.29ymm/s] were significantly reduced after stabilization
of disease (P <0.01), whereas the scores of giant capil-
laries [1.92 (0.67)—1.17 (0.39) mm/s] and disorganization
of the vascular array [1.17 (1.19)—0.75 (0.87) mm/s] were
not significantly changed. Five representative cases are
shown in Fig. 2. These pictures demonstrate that irregularly
enlarged capillaries, haemorrhages and loss of capillaries
are reduced or disappear, and gradually regenerate, after
stabilization of disease activity. In contrast, red blood cell

TaBLe 3 Association between the score of NVC change and disease activity scale

Irregularly

enlarged
capillaries, r

' M&ositi:s disease

Giant.
capillaries, r

Disorganization

activity scale

Muscle disease activity 0.08 0.11
Cutaneous disease activity 0.29 0.22
Pulmonary disease activity 0.03 0.16
Global disease activity 0.15 0.26

Loss of of the vascular
Haemorrhages, r capillaries, r array,r
0.21 0.34* 0.28
0.41* 0.21 0.30
-0.15 0.003 0.04
0.19 0.37* 0.33

*P <0.05, P <0.01.

1004

www.rheumatology.oxfordjournals.org



Capillaroscopy findings in dermatomyositis

Fie. 1 Red blood cell velocity in patients with DM and in
healthy controls. In patients with DM, the data were also
shown dependent on the NVC pattern. Red blood cell
velocity was evaluated using frame-to-frame determin-
ation of the position of a plasma gap in the capillary. The
short bar indicates the mean value in each group.
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velocity was not significantly changed by treatment [0.739
(0.149)—0.653 (0.161)mm/s]. Thus, the NCV abnormal-
ities, especially irregularly enlarged capillaries, and haem-
orrhages and loss of capillaries likely reflect therapeutic
effects in patients with DM.

Discussion

Using a video capillaroscopy system, we assessed
morphological change and red blood cell velocity in the
nail-fold capillaries of DM patients. The NVC scleroderma
pattern was frequently detected in patients with DM, and
was associated with disease activity, especially muscle
disease activity. Among various NVC findings, loss of
capillaries was significantly associated with muscle and
global disease activities. In addition, haemorrhage was sig-
nificantly associated with cutaneous disease activity.
Findings of irregularly enlarged capillaries, haemorrhage
and loss of capiltaries were decreased after stabilization
of disease activity by treatment. Red blood cell velocity
was not significantly reduced in patients with DM com-
pared with normal controls and was not changed by
treatment.

Although information regarding nail-fold capillary
changes and red cell velocity had been previously avail-
able for SSc, such information was not fully established
for adult DM. In our study, the NVC scleroderma pattern
was found in 74% of DM patients, which was slightly
lower than, but comparable to, what we previously
reported in SSc patients (84%) [14]. Previous studies
have reported significant positive correlation between
cutaneous blood flow measured by laser Doppler imaging,
and disease severity in adult patients with DM [36].
In contrast, reduced cutaneous blood flow detected by
laser Doppler imaging has been reported in patients with

www.rheumatology.oxfordjournals.org

TasLe 4 The profile of patients followed until the stabilization of disease activity
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Fia. 2 Representative NVC images at (A) base line and (B) after treatment, demonstrating how changes can be followed
after stabilization of the disease activity in patients with DM. «: haemorrhages; & : irregularly enlarged capillaries; #: loss

of capillaries.

A case i

PM/DM [19]. However, as far as we know, red blood cell
velocity using video capillaroscopy has not been
assessed by other groups. We previously reported that
patients with SSc showed a 63% decrease in red blood
cell velocity compared with healthy controls [34]. In that
study, DM patients included as disease controls exhibited
slightly but not significantly reduced red blood cell velo-
cities compared with healthy controls. In this study, we
confirmed that result in a larger DM population, and as-
sessed the association with clinical features. Although the
NVC findings in DM are indistinguishable from those in
SSc [12], our findings indicate that the reduction in red
blood cell velocity is more modest in DM patients than
that in SSc patients. This may reflect somewhat different
microcirculation injuries in DM vs SSc.

Our findings indicate that NVC changes are significantly
associated with disease activity in patients with DM.
Patients with the scleroderma pattern had elevated
serum CK levels more frequently and had higher VAS
scales of muscle disease activity than patients without
the scleroderma pattern. Patients with scleroderma pat-
tern also showed skin symptoms more frequently and
elevated cutaneous disease VAS scales compared with
patients without scleroderma pattern, although these
differences were not significant. On the other hand, the
frequency and disease activity of interstitial pneumonia
was comparable between patients with the scleroderma
pattern and patients without it. Since interstitial pneumo-
nia is often retractable, our findings may at least partly
reflect the difficulty of evaluating lung activity. Thus, the
current study suggests that NVC change is associated
with disease activity, especially muscle disease activity.

Our study identified several disparities between DM
patients who displayed the scleroderma pattern and
those who did not. For example, scleroderma pattern
DM patients had shorter disease duration than DM
patients without the scleroderma pattern, although the
difference was not significant. Furthermore, patients with-
out scleroderma pattern were receiving PSL and CSA
more frequently than patients with scleroderma pattern,
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case 8
-

although these difference were not significant. These find-
ings likely reflect the fact that patients with short disease
duration tend to have active disease, whereas most
patients with long disease duration are stable with treat-
ment. In fact, the clinical features at their active phase
(before treatment) were not significantly different between
patients treated with PSL or GSA and patients not receiv-
ing treatment (data not shown). In addition, DM patients
with the scleroderma pattern had internal malignancies
more frequently than DM patients without the scleroderma
pattern, although the difference was not significant.
Consistent with this, anti-155/140 autoantibody, which is
commonly detected in DM patients with internal malig-
nancy, tended to be more frequently detected in DM pa-
tients with the scleroderma pattern than in patients
without it. Since DM patients with either anti-155/140 anti-
body or internal malignancy typically exhibit cutaneous
eruption and myositis without lung involvement [3, 4],
such associations may be due to the cutaneous and
muscle disease activity in these patients.

Importantly, NVC changes were improved by disease
stabilization in DM patients during the follow-up period.
Among NVC changes, irregularly enlarged capillaries,
haemorrhages and loss of capillaries were significantly
reduced after stabilization of disease activity (Fig. 2).
Therefore, monitoring these changes will likely be useful
in evaluating disease activity and therapeutic efficacy. On
the other hand, it has been reported that capillary loss
is associated with progression of SSc and generally of
the microvascular damage in secondary Raynaud’s syn-
drome, at least in SSc [37-39]. In SSc patients, giant
capillaries and haemorrhages were not considered critic-
ally important in the evaluation of SSc microangiopathy,
as these abnormalities are evident only in the early stages
of the disease, and then disappear or become rare in the
advanced stages [33, 40]. Thus, our study demonstrates
that the significance of each NVC change is different in
some degree between DM and SSc.

A previous study of adult-onset PM and DM patients
found that RP, arthritis and pulmonary involvement were
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associated with increased numbers of enlarged capillary
loops and more severe avascular lesions [18]. In that
study, the severity of the observed abnormalities did not
correlate with the occurrence of malignancy or active
myositis, but tended to decline with prolonged disease
remission [18]. In a recent study including 53 adult pa-
tients with inflammatory myopathy, disease activity and
severity were both significantly associated with alterations
in capillary morphology [20]. Furthermore, marked
abnormalities of capillaries were significantly associated
with the involvement of internal malignancy or ILD. There
are also some reports regarding NVC findings in JDM.
One study found that NVC abnormalities are associated
with skin involvement in patients with JDM [22]. Another
study demonstrated that capillary loss was associated
with skin involvement in JDM [21]. A prospective study
involving 13 JDM patients demonstrated that capillary
dropout was most frequently correlated with disease
activity [23]. Longer duration of untreated disease and
severe skin lesions were associated with capillary reduc-
tion in JDM [41]. Regarding associations with autoanti-
body, anti-Jo-1 antibody was associated with reduced
capillary density [17]. Thus, our findings show some dis-
crepancies with previous findings in patients with inflam-
matory myopathy. The main cause is likely due to the
heterogeneity of inflammatory myopathy, and this makes
the case for studying adult DM exclusively. Most previous
papers have assessed inflammatory myopathy, both DM
and PM, whereas our study is restricted to DM. For
example, it has been reported that microhaemorrhages
and capillary enlargement appear to represent the char-
acteristic NVC pattern in patients with DM, but not in
those with PM [20]. Ethnic differences also affect the re-
sults. Nonetheless, our results in DM, along with previous
findings in inflammatory myopathy, are at least consistent
in finding that general disease activity and severity are
associated with prominent morphological changes.

Thus, our findings, together with previous reports, indi-
cate that NVC findings are useful for diagnostic purposes,
as well as for assessment of disease activity and response
to treatment in patients with DM. Nonetheless, this study
has some limitations. Although DM is rare, the number
of patients analysed was not large and the study was
restricted to Japanese individuals. Furthermore, most
patients were already stable due to treatment at the
time of evaluation. Therefore, further prospective multi-
centre studies using larger patient populations will be
needed to confirm our results.

_ Rheumatology key message.

o Morphological variation of nail-fold capillaries but
not red blood cell velocity is associated with dis-
ease activity of DM.

Acknowledgements

We thank Tomoko Hayashi for her technical assistance.

www.rheumatotogy.oxfordjournals.org

Funding: This work was supported by funds for research
on intractable diseases from the Ministry of Health,
Labour and Welfare of Japan.

Disclosure statement: The authors have declared no
conflicts of interest.

References

1 Targoff IN. Laboratory testing in the diagnosis and
management of idiopathic inflammatory myopathies.
Rheum Dis Clin North Am 2002;28:859-90.

2 Sato S, Hirakata M, Kuwana M et al. Autoantibodies to a
140-kd polypeptide, CADM-140, in Japanese patients
with clinically amyopathic dermatomyositis. Arthritis
Rheum 2005;52:1571-6.

3 Kaji K, Fujimoto M, Hasegawa M et al. Identification of a
novel autoantibody reactive with 155 and 140 kDa nuclear
proteins in patients with dermatomyositis: an association
with malignancy. Rheumatology 2006;46:25-8.

4 Targoff IN, Mamyrova G, Trieu EP et al. A novel
autoantibody to a 155-kd protein is associated with
dermatomyositis. Arthritis Rheum 2006;54:3682-9.

5 Ghirardello A, Zampieri S, laccarino L et al. Anti-Mi-2
antibodies. Autoimmunity 2005;38:79-83.

6 Maricg HR, LeRoy EC. Patterns of finger capillary
abnormalities in connective tissue disease by “‘wide-field”
microscopy. Arthritis Rheum 1973;16:619-28.

7 Maricg HR. Wide-field capillary microscopy. Arthritis
Rheumn 1981;24:1159-65.

8 Redisch W, Messina EJ, Hughes G et al. Capillaroscopic
observations in rheumatic diseases. Ann Rheum Dis 1970;
29:244-53.

9 Cutolo M, Grassi W, Matucci Cerinic M. Raynaud’s
phenomenon and the role of capillaroscopy. Arthritis
Rheum 2003;48:3023-30.

10 Ingegnoli F, Boracchi P, Gualtierotti R et al. Prognostic
model based on nailfold capillaroscopy for identifying
Raynaud’s phenomenon patients at high risk for the
development of a scleroderma spectrum disorder:
PRINCE (Prognostic Index for Nailfold Capillaroscopic
Examination). Arthritis Rheum 2008;58:2174-82.

Sulli A, Secchi ME, Pizzorni C et al. Scoring the nailfold

microvascular changes during the capillaroscopic analysis

in systemic sclerosis patients. Ann Rheum Dis 2008;67:

885-7.

12 Blockmans D, Beyens G, Verhaeghe R. Predictive value of
nailfold capillaroscopy in the diagnosis of connective
tissue diseases. Clin Rheumatol 1996;15:148-53.

13 Minkin W, Rabhan NB. Office nail fold capillary
microscopy using ophthalmoscope. J Am Acad Dermatol
1982;7:190-3.

14 Mugii N, Hasegawa M, Hamaguchi Y et al. Reduced red
blood cell velocity in nail-fold capillaries as a sensitive and
specific indicator of microcirculation injury in systemic
sclerosis. Rheumatology 2009;48:696-703.

15 Rosato E, Borghese F, Pisarri S et al. Laser Doppler
perfusion imaging is useful in the study of Raynaud’s
phenomenon and improves the capillaroscopic diagnosis.
J Rheumatol 2009;36:2257-63.

16 Cutolo M, Ferrone C, Pizzorni C et al. Peripheral blood
perfusion correlates with microvascular abnormalities in

1

ey

1097



Naoki Mugii et al.

systemic sclerosis: a laser-Doppler and nailfold video-
capillaroscopy study. J Rheumatol 2010;37:1174-80.

17 Mercer LK, Moore TL, Chinoy H et al. Quantitative nailfold
video capillaroscopy in patients with idiopathic inflamma-
tory myopathy. Rheumatology 2010;49:1699-705.

18 Ganczarczyk ML, Lee P, Armstrong SK. Nailfold capillary
microscopy in polymyositis and dermatomyositis. Arthritis
Rheum 1988;31:116-9.

19 Szabo N, Csiki Z, Szanto A et al. Functional and
morphological evaluation of hand microcirculation
with nailfold capillaroscopy and laser Doppler imaging
in Raynaud’s and Sjogren’s syndrome and poly/
dermatomyositis. Scand J Rheumatol 2008;37:23-9.

20 Selva-O’Callaghan A, Fonollosa-Pla V, Trallero-Araguas E

et al. Nailfold capillary microscopy in adults with

inflammatory myopathy. Semin Arthritis Rheum 2010;39:

398-404.

Smith RL, Sundberg J, Shamiyah E et al. Skin involvement

in juvenile dermatomyositis is associated with loss of

end row nailfold capillary loops. J Rheumatol 2004;31:

1644-9.

22 Christen-Zaech S, Seshadri R, Sundberg J et al. Persistent
association of nailfold capillaroscopy changes and skin
involvement over thirty-six months with duration of un-
treated disease in patients with juvenile dermatomyositis.
Arthritis Rheum 2008;58:571-6.

23 Nascif AK, Terreri MT, Len CA et al. Inflammatory
myopathies in childhood: correlation between nailfold
capillaroscopy findings and clinical and laboratory data.
J Pediatr 2006;82:40-5.

24 Bohan A, Peter JB. Polymyaositis and dermatomyositis
(first of two parts). N Engl J Med 1975;292:344-8.

25 Bohan A, Peter JB. Polymyositis and dermatomyositis
(second of two parts). N Engl J Med 1975;292:403-7.

26 Sontheimer RD. Cutaneous features of classic
dermatomyositis and amyopathic dermatomyositis.

Curr Opin Rheumatol 1999;11:475-82.

27 Kobayashi J, Kitamura S. KL-6: a serum marker for
interstitial pneumonia. Chest 1995;108:311-5.

28 Sultan SM, Allen E, Oddis CV et al. Reliability and validity
of the myositis disease activity assessment tool. Arthritis
Rheum 2008;58:3593-9.

29 Maricq HR, LeRoy EC, D’Angelo WA et al.

Diagnostic potential of in vivo capillary microscopy

2

pry

1008

in scleroderma and related disorders. Arthritis Rheum
1980;23:183-9.

30 Carpentier PH, Maricg HR. Microvasculature in
systemic sclerosis. Rheum Dis Clin North Am 1990;16:
75-91.

31 Beltran E, Toll A, Pros A et al. Assessment of nailfold
capillaroscopy by x30 digital epiluminescence
(dermoscopy) in patients with Raynaud phenomenon.

Br J Dermatol 2007;156:892-8.

32 Bergman R, Sharony L, Schapira D et al. The handheld
dermatoscope as a nail-fold capillaroscopic instrument.
Arch Dermatol 2003;139:1027-30.

33 Cutolo M, Sulli A, Pizzorni C et al. Nailfold videocapillaro-
scopy assessment of microvascular damage in systemic
sclerosis. J Rheumatol 2000;27:155-60.

34 Mugii N, Hasegawa M, Matsushita T et al. The efficacy of
self-administered stretching for finger joint motion in
Japanese patients with systemic sclerosis. J Rheumatol
2006;33:1586-92.

35 Butti P, Intaglietta M, Reimann H et al. Capillary red
blood cell velocity measurements in human nailfold by
videodensitometric method. Microvasc Res 1975;10:
220-7.

36 Dawn A, Thevarajah S, Cayce KA et al. Cutaneous blood
flow in dermatomyositis and its association with disease
severity. Skin Res Technol 2007;13:285-92.

37 Smith V, Pizzomi C, De Keyser F et al. Reliability of the
qualitative and semiquantitative nailfold videocapillaro-
scopy assessment in a systemic sclerosis cohort: a
two-centre study. Ann Rheum Dis 2010;69:1092-6.

38 Cutolo M, Sulli A, Smith V. Assessing microvascular
changes in systemic sclerosis diagnosis and
management. Nat Rev Rheumatol 2010;6:578-87.

39 Herrick AL, Cutolo M. Clinical implications from capillaro-
scopic analysis in patients with Raynaud’s phenomenon
and systemic sclerosis. Arthritis Rheum 2010;62:
2595-604.

40 Cutolo M, Pizzori C, Tuccio M et al. Nailfold videocapil-
laroscopic patterns and serum autoantibodies in systemic
sclerosis. Rheumatology 2004;43:719-26.

41 Ostrowski RA, Sullivan CL, Seshadri R et al. Association of
normal nailfold end row loop numbers with a shorter
duration of untreated disease in children with juvenile
dermatomyositis. Arthritis Rheum 2010;62:1533-8.

www_rheurriafology,oxfordjournais.brg



Serum Levels of Galectin-3: Possible Association with
Fibrosis, Aberrant Angiogenesis, and Immune
Activation in Patients with Systemic Sclerosis

TAKASHI TANIGUCHI, YOSHIHIDE ASANO, KANAME AKAMATA, SHINJI NODA, YURI MASUI,

DAISUKE YAMADA, TAKEHIRO TAKAHASHI, YOHEI ICHIMURA, TETSUO TOYAMA, ZENSHIRO TAMAK]I,
YAYOI TADA, MAKOTO SUGAYA, TAKAFUMI KADONO, and SHINICHI SATO

ABSTRACT. Obyjective. Galectin-3 is a multifunctional protein implicated in a variety of biological processes includ-

ing fibrosis, angiogenesis, and immune activation, all of which are associated with the development of
systemic sclerosis (SSc). We investigated the clinical significance of serum galectin-3 levels in SSc.
Methods. Serum galectin-3 levels were determined by a specific ELISA in 58 patients with SSc and 19
healthy controls.

Results. Serum galectin-3 levels were significantly lower in patients with diffuse cutaneous SSc
(dcSSc) than in controls (3.29 + 3.27 ng/ml vs 4.91 + 2.67 ng/ml, respectively; p < 0.05), while being
comparable between limited cutaneous SSc (3.70 + 2.39 ng/ml) and healthy controls. In dcSSc, serum
galectin-3 levels significantly correlated with total skin score (r = 0.45, p < 0.05). Serum galectin-3
levels were significantly decreased in early dcSSc (disease duration < 1 year; 1.64 + 1.74 ng/ml; p <
0.05), but not in mid-stage deSSc (1 to 6 years; 3.22 + 3.16 ng/ml) or late-stage dcSSc (> 6 years; 4.86
+ 4.10 ng/ml), compared with controls. Serum galectin-3 levels were higher in SSc patients with both
digital ulcers (DU) and elevated right ventricular systolic pressure (RVSP) than in those without each
symptom (DU: 5.44 + 3.74 ng/ml vs 2.99 = 2.36 ng/ml, p < 0.05; elevated RVSP: 444 + 3.14 ng/ml vs
2.82 +2.64 ng/ml, p < 0.05).

Conclusion. Galectin-3 may be related to the developmental process of skin sclerosis in deSSc and of
DU and pulmonary vascular involvements in total SSc. (First Release Jan 15 2012; J Rheumatol

2012;39:539-44; do0i:10.3899/jrheum.110755)

Key Indexing Terms:
SYSTEMIC SCLEROSIS
PULMONARY ARTERIAL HYPERTENSION

Systemic sclerosis (SSc) is a multisystem autoimmune disease
characterized by initial vascular injuries and resultant fibrosis
of skin and certain internal organs'. Although the pathogene-
sis of SSc remains unknown, an increasing number of growth
factors, cytokines, and other molecules have been shown to be
involved in the complex network of signaling pathways driv-
ing aberrant immune activation, dysregulated angiogenesis,
and deposition of extracellular matrix throughout the course
of this complex disorder.

GALECTIN-3

From the Department of Dermatology, University of Tokyo Graduate
School of Medicine, Tokyo, Japan.

Supported by a grant for Research on Intractable Diseases from the
Ministry of Health, Labor, and Welfare of Japan.

T. Taniguchi, MD, Graduate Student; Y. Asano, PhD, Lecturer;

K. Akamata, MD, Graduate Student; S. Noda, MD, Graduate Student;

Y. Masui, MD, Graduate Student; D. Yamada, MD, Graduate Student;

T. Tukahashi, MD, Graduate Student; Y. Ichimura, MD, Graduate Student;
T. Toyama, MD, Graduate Student; Z. Tamaki, PhD, Assistant Professor;
Y. Tada, PhD, Lecturer; M. Sugaya, PhD, Lecturer; T. Kadono, PhD,
Associate Professor; S. Sato, PhD, Professor, Department of Dermatology,
University of Tokyo Graduate School of Medicine.

Address correspondence to Dr. Y. Asano, Department of Dermatology,
University of Tokyo Graduate School of Medicine, 7-3-1 Hongo,
Bunkyo-ku, Tokyo, 113-8655, Japan. E-mail: yasano-tky@umin.ac jp

Accepted for publication October 28, 2011.

SKIN FIBROSIS
DIGITAL ULCER

Lectins are carbohydrate-binding proteins with a selective
affinity for specific oligosaccharides?. Galectins are a grow-
ing family of B-galactoside-binding animal lectins, 15 mem-
bers of which have been identified to date’. Among them,
galectin-3 has a unique structure whereby its single polypep-
tide chain forms 2 structurally distinct domains, such as the
C-terminal carbohydrate recognition domain and the atypical
N-terminal domain®. While the C-terminal domain is respon-
sible for lectin activity of galectin-3, the N-terminal partici-
pates in multimer formation and secretion of galectin-3 and in
oligosaccharide binding*>. In normal adults, galectin-3 has
been detected mainly in epithelial cells and myeloid cells,
including the epithelium of gastrointestinal and respiratory
tracts, renal distal tubules, activated macrophages, eosino-
phils, neutrophils, and mast cells®. In addition, galectin-3 dis-
plays pathological expression in many tumors, such as thy-
roid, pancreatic, and colon cancers’. Although galectin-3 is
predominantly located in the cytoplasm, it has also been found
on the cell surface, within the extracellular matrix, and in the
nucleus, suggesting the pleiotropic roles of galectin-3 depend-
ing on its localization?. Intracellular galectin-3 inhibits apop-
tosis, regulates the cell cycle, and participates in the nuclear
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splicing of pre-messenger RNA82-10.11 Tts extracellular func-
tions encompass cell to cell and cell to matrix adhe-
sions!213:14 angiogenesis'?, fibrosis'®!718:19 and the activa-
tion of various immune cells, such as macrophages, neu-
trophils, mast cells and lymphocytes?92!:2223-24 " Consistent
with its various roles, the levels of soluble and/or cellular
galectin-3 are increased in autoimmune diseases such as sys-
temic lupus erythematosus, rheumatoid arthritis, and Behget’s
disease, and correlate with their disease activities?>:26:27,

This situation led us to focus on the role of galectin-3 in the
mechanism responsible for the development of SSc. As an ini-
tial step, we measured the serum levels of galectin-3 in
patients with SSc and evaluated their association with clinical
features.

MATERIALS AND METHODS

Patients. Serum samples, frozen at —80°C until assayed, were obtained from
58 consecutive patients with SSc (56 women, 2 men; mean age 57.0 + 14.2
yrs; mean disease duration 7.9 + 10.2 yrs) who presented to the dermatology
department of Tokyo University Hospital, a tertiary academic center in Japan,
and 19 healthy individuals (18 women, 1 man; mean age 56.0 + 10.0 yrs)
without history or family history of SSc. All subjects gave informed consent,
and institutional approval was obtained (University of Tokyo Graduate
School of Medicine). Patients were excluded if they had been treated with
corticosteroids or other immunosuppressants against clinical symptoms asso-
ciated with SSc prior to their first visits. Patients were grouped by LeRoy’s
classification system': 29 with limited cutaneous SSc (IcSSc) and 29 with dif-
fuse cutaneous SSc (deSSc). All patients with deSSc and 26 of the patients
with 1cSSc fulfilled the criteria proposed by the American College of
Rheumatology®3. Three patients with 1cSSc not meeting these criteria had
sclerodactyly and at least 2 other features of SSc, such as calcinosis,
Raynaud’s phenomenon, esophageal dysfunction, and telangiectasia. All
patients but those with skin sclerosis clinically limited to distal to hands
underwent skin biopsy and were histologically diagnosed as having SSc.

Measurement of serum galectin-3 levels. Specific ELISA kits were used to
measure serum galectin-3 levels (R&D Systems, Minneapolis, MN, USA).
Briefly, polystyrene 96-well plates coated with antigalectin-3 antibodies were
incubated with 100 y1 of serum at room temperature for 2 h. Then the wells
were washed and incubated at room temperature for 2 h with horseradish per-
oxidase-conjugated antigalectin-3 antibodies. Next, the wells were washed
again, added to tetramethylbenzidine, and incubated at room temperature for
30 min. Finally, H,S0, was added to terminate the reaction and the
absorbance at 450 nm was measured. Serum galectin-3 levels were calculat-
ed using the standard curve.

Clinical assessments. The clinical and laboratory data were obtained when the
blood samples were drawn. Patients were evaluated for the presence of
esophageal, cardiac, renal, joint, and muscle involvements as described??0.
Skin score was measured using modified Rodnan total skin thickness score
(mRSS)3!. The degree of interstitial lung disease (ILD) was evaluated by the
percentage of predicted vital capacity (%VC) and the percentage of predicted
%DLCO on pulmonary function test. Elevated right ventricular systolic pres-
sure (RVSP) was defined as = 35 mm Hg on echocardiogram. Disease onset
was defined as the first clinical event of SSc other than Raynaud’s phenome-
non. Disease duration was defined as the interval between disease onset and
the time the biood samples were drawn.

Statistical analysis. Statistical analysis was carried out with the
Mann-Whitney U test for 2-group comparisons, with a Kruskal-Wallis test
and a Steel-Dwass test for multiple comparisons, and with Fisher’s exact
probability test for the analysis of frequency. Correlations with clinical data
were assessed by Spearman’s rank correlation coefficient. Statistical signifi-
cance was defined as a p value < 0.05.

RESULTS

Serum galectin-3 levels in SSc. Serum galectin-3 levels in
patients with SSc were significantly lower than those in
healthy individuals (3.50 +2.85 vs 4.91 + 2.67 ng/ml, respec-
tively; p = 0.035, Mann-Whitney U test). Since the expression
profiles of certain growth factors and cytokines can be quite
different between dcSSc and 1cSSc, we also evaluated serum
galectin-3 levels in these subgroups. As shown in Figure 1,
serum galectin-3 levels were significantly lower in patients
with deSSc (3.29 + 3.27 ng/ml) than in healthy controls (p <
0.05, Kruskal-Wallis test and Steel-Dwass test), while there
was no significant difference in serum galectin-3 levels
between patients with [cSSc (3.70 + 2.39 ng/ml) and controls
(p > 0.05, Kruskal-Wallis test and Steel-Dwass test).
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Figure 1. Serum galectin-3 levels in patients with diffuse cutaneous systemic
sclerosis (dcSSc), limited cutaneous SSc (1eSSc), and healthy individuals.
Serum galectin-3 levels were determined by a specific ELISA. Bars indicate
the mean value in each group. Statistical analysis by Kruskal-Wallis test and
Steel-Dwass test for multiple comparisons.
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Collectively, the decrease in serum galectin-3 levels may be
associated with some aspects of the disease process in deSSc.

Serum galectin-3 levels correlate with the severity of skin
sclerosis, but not ILD, in dcSSc. Since dcSSc is characterized
by progressive skin sclerosis and ILD, we next focused on this
patient group and evaluated the association of serum
galectin-3 levels with fibrotic response in skin and lung. To
this end, we looked at the correlation of serum galectin-3
levels with mRSS, %VC, and %DLCO in dcSSc.

A significant positive correlation was found between
serum galectin-3 levels and mRSS in patients with deSSc
(r =045, p < 0.05; Figure 2). In contrast, neither %VC nor
%DLCO showed a significant correlation with serum
galectin-3 levels in dcSSc (data not shown). Given a pro-
fibrotic effect of galectin-3 in various pathological fibrotic
conditions!:17:18:19 these results suggest that galectin-3 is
associated with the development of dermal fibrosis, but not
ILD, in dcSSc.

Decrease in serum galectin-3 levels and initiation of dermal
fibrotic responses in dcSSc. As described, serum galectin-3
levels correlated positively with mRSS in decSSc. However,
this result appears to be contradictory to the finding that serum
galectin-3 levels are relatively decreased in patients with
dcSSc compared with patients with lcSSc. One of the plausi-
ble explanations for this observation is that reduction of
galectin-3 levels may largely contribute to the initiation of
fibrosis in the early stage of dcSSc, but not afterward. To
assess this hypothesis, we classified patients with deSSc into
3 subgroups according to their disease duration, that is, early
dcSSc (disease duration < 1 year), mid-stage dcSSc (disease
duration 1 to 6 years), and late-stage dcSSc (disease duration

30,
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Figure 2. Correlation of serum galectin-3 levels with modified Rodnan total
skin thickness score (MRSS) in patients with diffuse cutaneous systemic
sclerosis (dcSSc). A significant positive correlation was found between
serum galectin-3 levels and MRSS in patients with deSSc (r =045, p <0.05,
Spearman’s rank correlation test). Solid line represents the regression line.

> 6 years), and evaluated the correlation of serum galectin-3
levels with disease duration (Figure 3). Supporting our
hypothesis, serum galectin-3 levels were decreased in patients
with early deSSc (1.64 = 1.74 ng/ml) compared with healthy
controls (p < 0.05, Kruskal-Wallis test and Steel-Dwass test),
while there was no significant difference between patients
with mid-stage dcSSc (3.22 + 3.16 ng/ml) or late-stage dcSSc
(4.86 +4.10 ng/ml) and controls (p > 0.05, Kruskal-Wallis test
and Steel-Dwass test). Therefore, the reduction of galectin-3
may contribute to the initiation of dermal fibrosis in early
dcSSc, probably modulating immune responses.

Elevated serum galectin-3 levels and development of digital
ulcer and pulmonary vascular involvement in SSc. To further
investigate the association of serum galectin-3 levels with
clinical manifestations of SSc other than skin fibrosis and
ILD, we classified patients with SSc into 2 groups according
to the presence or absence of each organ involvement and
compared serum galectin-3 levels between these 2 groups
(Table 1). Among various organ involvements, digital ulcer
(DU) and elevated RVSP were associated with elevated serum
galectin-3 levels in SSc. Serum galectin-3 levels were higher
in SSc patients with DU than in those without (5.44 + 3.74 vs
2.99 + 2.36 ng/ml; p = 0.033). Further, patients with elevated
RVSP showed higher galectin-3 levels than those without
(444 + 3.14 vs 2.82 + 2.64 ng/ml; p = 0.033). These results
indicate that the increase of galectin-3 may be involved in the
mechanism responsible for the development of DU and pul-

15;
P<0.05
A
fans
= ¥
~
o 107
&
3 .
= =
=
¥
= = I
=
Y v
g 5- ® A b
=3 & ¥
b
7 4] e
»
» = * N
: ¥
- o &
» v
- Bans® *
i) . :

early stage mid-stage Iatestage Controls
deSSe deSSc deSSe

Figure 3. Serum galectin-3 levels in patients with diffuse cutaneous systemic
sclerosis (dcSSc) classified into 3 subgroups based on disease duration < 1
year, disease duration 1 to 6 years, and disease duration > 6 years. Serum
galectin-3 levels were determined by a specific ELISA. Horizontal bars indi-
cate the mean value in each group. Statistical analysis by Kruskal-Wallis test
and Steel-Dwass test for multiple comparisons.
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Table 1. Associations of serum galectin-3 levels with organ involvement.

Organ Involvement Status Mean + SD ng/ml p

Digital ulcers + 544374 0.033
- 299 +236

Elevated RVSP + 444 +3.14 0.033
- 2.82 +2.64

Esophageal dysfunction + 348 £3.15 0.908
- 346+251

Heart involvement + 258 +£2.24 0.538
- 343 +£291

SSc renal crisis + 372 +2.70 0.483
- 349+293

Arthralgia/arthritis + 3.00 £3.00 0.293
- 4.06 +3.31

Muscle involvement 258 £2.24 0.538
- 343+291

RVSP: right ventricular systolic pressure; SSc: systemic sclerosis.

monary vascular involvement leading to pulmonary arterial
hypertension in SSc.

DISCUSSION

Although the pathogenesis of SSc is still unknown, experi-
mental data from patient cells and sera continue to provide us
with clues to the mechanism responsible for the development
of fibrosis, vasculopathy, and autoimmunity in this complicat-
ed disorder. Recent studies demonstrating pleiotropic effects
of galectin-3 on fibrosis, angiogenesis, and immune activation
led us to investigate if this cytokine is involved in the patho-
logical events in SSc. As an initial step to address this issue,
we investigated serum galectin-3 levels and their associations
with clinical features in SSc. Serum galectin-3 levels were
significantly lower in patients with dcSSc than in controls,
while there was no significant difference in serum galectin-3
levels between patients with 1cSSc and controls. Serum
galectin-3 levels were decreased in patients with early-stage
deSSc compared with controls, while mid-stage and late-stage
patients had serum galectin-3 levels similar to those in con-
trols. Together with the finding that serum galectin-3 levels
did not correlate with %VC or %DLCO, but with mRSS in
dcSSc, galectin-3 may be involved in the development of der-
mal, but not pulmonary, fibrotic response in dcSSc, probably
through its profibrotic and immunomodulating effects. On the
other hand, elevated serum galectin-3 levels were linked to the
development of DU and pulmonary vascular involvement in
total SSc. Therefore, galectin-3 appears to play some roles in
the pathological events relevant to vasculopathy as well as
dermal fibrosis in SSc.

A series of in vivo and in vitro studies demonstrated that
galectin-3 plays a pivotal role in the developmental process of
certain pathological fibrotic conditions. A study by
Henderson, et al'6 demonstrated that galectin-3 is upregulated
in established human fibrotic liver disease and is temporally
and spatially related to the induction and resolution of exper-

imental hepatic fibrosis. Further, RNA interference-mediated
silencing of the galectin-3 gene inhibits myofibroblastic dif-
ferentiation of hepatic stellate cells, and galectin-3-null mice
are resistant to the development of CCL,-induced hepatic
fibrosis largely due to the lack of transforming growth fac-
tor- (TGF-B)-induced transactivation of hepatic stellate cells.
Similarly, Henderson, et al'® also revealed that galectin-3
expression and secretion by macrophages promotes renal
myofibroblast accumulation/activation and fibrosis in a
mouse model of progressive renal fibrosis. These data suggest
that galectin-3 is required for TGF--mediated myofibroblast
activation and matrix production in certain types of patholog-
ical fibrosis. Supporting this idea, serum levels of galectin-3
reflect the severity of fibrotic conditions in liver and heart dis-
eases>233:343536 and bronchoalveolar lavage fluid levels of
galectin-3 correlate with the severity of pulmonary fibrosis®’
in humans. As for the association of galectin-3 with dermal
fibrosis, a recent study by Dvordnkovd, et al'® demonstrated
that galectin-3 induces the expression of o-smooth muscle
actin, a marker of myofibroblasts, suggesting that galectin-3
exerts a profibrotic effect by promoting the activation of der-
mal fibroblasts into matrix-secreting myofibroblasts. With our
current data that serum galectin-3 levels positively and signif-
icantly correlate with mRSS but with neither %VC nor
%DLCO in dcSSc, galectin-3 may be associated with the
development of dermal fibrosis, but not ILD. To confirm this,
we are currently investigating the significance of galectin-3
for the establishment of myofibroblastic phenotype in SSc
dermal fibroblasts.

A growing body of evidence demonstrated that galectin-3
is one of the important factors skewing Th1/Th2 polarization
of the Th cell response in various pathological conditions. For
instance, galectin-3 induces selective downregulation of inter-
leukin 5 (IL-5) gene expression in several cell types, includ-
ing eosinophils, T cell lines, and antigen-specific T cells®.
Consistently, treatment of chronic asthmatic mice with gene
therapy using plasmid encoding galectin-3 leads to an
improvement in Th2 allergic inflammation®®. On the other
hand, galectin-3 deficiency reduces the development of exper-
imental autoimmune encephalomyelitis®®, where Thl and
Th17 cells are thought to be responsible for the inflammatory
demyelination, by decreasing interferon-y and IL-17 produc-
tion but expanding populations of Th2 cells and inducible reg-
ulatory T cells. Thus, galectin-3 promotes the pathological
Th1/Th2 polarization in a context-dependent manner.

In the case of SSc, serum galectin-3 levels were decreased
in its early stage, but reversed up to normal levels afterward.
The dynamics of galectin-3 along with disease course implies
that galectin-3 acts as a factor promoting the Thl polarization
in SSc according to the canonical Th1/Th2 paradigm in this
disorder. In the early stage of dcSSc with progressive skin
sclerosis, serum levels of IL-6 and IL-10 are significantly ele-
vated, while levels decreased to normal in the late stage of
dcSSc with the improvement of skin sclerosis*'. Another Th2
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cytokine, IL-4, has normal levels in the early stage of dcSSc,
but is decreased as well in the late stage of deSSc. In contrast,
serum levels of IL-12, a key Thl cytokine, are decreased in
the early stage of dcSSc, then gradually increase in parallel
with disease duration and finally reach significantly higher
levels than normal controls in the late stage of deSSc with the
resolution of skin sclerosis*2.

Of note, the maximal levels of serum IL-12 throughout the
disease course correlate inversely with mortality in early
dcSSc with diffuse cutaneous involvement. Thus, immune
polarization in SSc generally shifts from Th2 to Th1 in paral-
lel with disease duration, while the sustained Th2 immune
polarization closely associates with exacerbation of the dis-
ease. Therefore, the decrease in galectin-3 levels may con-
tribute to the initiation of the disease by decelerating the Th1
polarization of the Th cell response in concert with various
cytokines in early stage SSc.

Another important pathological aspect of galectin-3 is to
exert a potent proangiogenic effect in concert with various
proangiogenic factors, including vascular endothelial growth
factor and basic fibroblast growth factor’>#3, In our study,
serum galectin-3 levels were significantly elevated in patients
with DU or elevated RVSP compared to those without, in total
SSc. Given that macrovascular involvement, which is charac-
terized by intimal thickening, is closely associated with severe
skin ulcers, galectin-3 may be linked to the development of
proliferative vasculopathy, such as pulmonary vascular
involvement leading to pulmonary arterial hypertension and
macrovascular involvement, in total SSc. Although the
detailed mechanism of proliferative vasculopathy remains
unknown, proliferation of endothelial cells and vascular
smooth muscle cells due to aberrant activation of angiogene-
sis may play a pivotal role in this pathological process*.
Increasing evidence revealed that angiogenic factors can be
placed in 2 categories: the factors inducing proliferation and
differentiation of endothelial cells (e.g., basic and acid fibro-
blast growth factor, vascular endothelial growth factor, and
TGF-0,), and the factors inducing differentiation but not pro-
liferation of endothelial cells (e.g., angiogenin, TGF-8, and
tumor necrosis factor-o,)*>. Although it appears to belong to
the latter category!?, galectin-3 may accelerate the activation
of pathological angiogenesis leading to proliferative vascu-
lopathy in concert with various proangiogenic factors promot-
ing endothelial proliferation.

We have reported the first study, to our knowledge, regard-
ing the clinical significance of serum galectin-3 levels in SSc.
A series of analyses indicate that galectin-3 may be associat-
ed with the pathological events relevant to the development of
skin fibrosis and proliferative vasculopathy in SSc. Our study
supports previous findings that galectin-3 may be involved in
the mechanism responsible for the development of auto-
immune diseases.
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