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ABSTRACT

Objective. To identify prognostic fac-
tors among serum biomarkers and en-
dothelial vasodilator function findings 
in patients with systemic sclerosis (SSc).
Methods. This is a clinical observa-
tional study. We assessed 60 consecu-
tive SSc patients (44 limited cutane-
ous-type, 16 diffuse cutaneous-type). 
Circulating growth differentiation 
factor-15 (GDF-15), placenta growth 
factor (PlGF), endostatin, vascular en-
dothelial growth factor (VEGF), and 
pentraxin 3 (PTX3) were measured by 
ELISA. Peripheral endothelial func-
tion was measured by forearm blood 
dilatation response to brachial artery 
occlusion using non-invasive plethys-
mography (EndoPAT2000), which is 
associated with nitric-oxide-dependent 
vasodilatation and yields a reactive 
hyperaemia index (RHI). We evaluated 
whether abnormalities in these values 
were associated with type of SSc – 
namely, diffuse cutaneous SSc (dcSSc) 
or limited cutaneous SSc (lcSSc) – or 
organ involvement including interstitial 
lung disease (ILD), digital ulcer (DU) 
and estimated right ventricular systolic 
pressure (RVSP) by echocardiography 
>30 mmHg.
Results. SSc patients showed signifi-
cantly elevated serum GDF-15, PlGF, 
endostatin and VEGF but not PTX3 
compared with controls. GDF-15 and 
PlGF were high in dcSSc patients. En-
doPAT-RHI was low, and incidence of 
RVSP >30 mmHg was high in dcSSc. 
Multivariate analysis revealed that ele-
vated GDF-15 was highly predictive of 
dcSSc, ILD or RVSP >30 mmHg. PlGF 
for DU was also found. Conversely, a 
low EndoPAT-RHI value was predictive 
of the presence of dcSSc, ILD or DU.
Conclusion. This is the first study to 
inclusively investigate the relationships 

among biomarkers, EndoPAT-RHI and 
organ involvement in patients with SSc. 
Our data suggest a complex pathologi-
cal progression of SSc through fibrotic 
impairment and microvascular damage.

Introduction

Systemic sclerosis (SSc) is a chronic, 
complex, and not yet completely un-
derstood autoimmune disease char-
acterised by the presence of immuno-
logical events, fibrosis, and vascular 
alterations (1-4). The development of 
fibrosis seems to be a consequence of 
the initial ischaemic process related to 
endothelial injury (1, 2, 4). Many cell 
types, such as endothelial cells, smooth 
muscle cells, pericytes, fibroblasts and 
mononuclear cells, interactively con-
tribute to the disease progression. The 
hypothesis of Vaga et al. regarding dis-
ease pathogenesis suggested that the 
disease is initiated by microvascular 
injury inducing local inflammation and 
autoimmunity (4). This local inflamma-
tion directly activates fibroblasts and 
induces recruitment and transdifferen-
tiation of progenitor cells of mesenchy-
mal origin, which further contribute to 
fibrosis and tissue damage (4, 5).
Circulating biomarkers have the poten-
tial to play a significant clinical role in 
defining the disease activity and pre-
dicting the prognosis of patients with 
SSc (5-8). Since the organ involve-
ments of SSc are widely distributed, re-
lated changes in a variety of serum bio-
markers involved in autoimmunity (i.e. 
autoantibodies), inflammation, fibrosis 
or angiogenesis have been reported (2, 
3, 9). Considering the hypothesis that 
vascular injury with fibrosis is one of 
the most important and earliest clinical 
features of SSc, the search for vascu-
lar/fibrotic biomarkers reflecting the 
severity of SSc is considered particu-
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larly meaningful. In this regard, previ-
ous studies have examined the roles of 
such biomarkers as growth differen-
tiation factor-15 (GDF-15) (6-8], pla-
centa growth factor (PlGF) (5, 10-14), 
endostatin (14-7), vascular endothelial 
growth factor (VEGF) (14, 18, 19), and 
pentraxin 3 (PTX3) (20, 21).
In addition to serum biomarkers, other 
non-invasive measures assessing en-
dothelial vasodilator function include 
endo-peripheral arterial tonometry 
(EndoPAT). To measure digital reac-
tive hyperaemia, PAT involves measur-
ing arterial pulsatile volume at rest and 
during conditions of increased shear 
stress that result in a release of nitric 
oxide (NO) and other mediators affect-
ing vascular tone and homeostasis (22). 
Although the usefulness of EndoPAT 
for atherosclerosis and cardiovascular 
disease has been previously reported 
(23, 24), only a few reports have used 
EndoPAT to demonstrate microvascu-
lar abnormalities due to peripheral en-
dothelial dysfunction in SSc (25, 26). 
We previously reported that the plasma 
concentration of NO was low in SSc 
patients complicated with pulmonary 
hypertension (27). Therefore, periph-
eral endothelial dysfunction observed 
by EndoPAT may reflect organ involve-
ment including pulmonary hyperten-
sion and its severity in SSc patients.
The objectives of this study were to 
explore the roles of serum biomarkers 
and endothelial function measurement 
by Endo-PAT in predicting organ in-
volvement in patients with SSc.

Materials and methods

Patients
Sixty Japanese patients with SSc, who 
fulfilled the 2013 classification criteria 
for systemic sclerosis (28), were con-
secutively recruited to the present study 
from May 2011 to November 2014. Pa-
tients visited our hospital with referrals 
from the Japanese Red Cross Nagasaki 
Genbaku Hospital, Isahaya General 
Hospital, Nagasaki Medical Hospital 
of Rheumatology, and NHO National 
Nagasaki Medical Centre. Patients 
were grouped according to the classi-
fication system proposed by LeRoy et 
al. (29): 44 patients had limited cuta-
neous SSc (lcSSc) and 16 patients had 

diffuse cutaneous SSc (dcSSc). Five 
patients had been treated with low-
dose corticosteroids (prednisolone <10 
mg daily). None of the patients had 
received immunosuppressants or vaso-
dilators such as endothelin receptor an-
tagonists and phosphodiesterase type 5 
(PDE5) inhibitors. Ten patients treated 
with Calcium channel blockers against 
hypertension and nine patients were 
treated with antiagrregants. All patients 
underwent a full medical history and 
physical examination. Laboratory as-
sessment included blood tests, pulmo-
nary function tests, carbon monoxide 
diffusion capacity (DLco), electrocar-
diogram, transthoracic echocardiogra-
phy, chest x-ray and/or high-resolution 
computer tomography computer to-
mography (HRCT), and EndoPAT. An-
tinuclear antibody (ANA) was deter-
mined by indirect immunofluorescence 
using HEp-2 cells as the substrate, and 
autoantibody specificities were further 
assessed by enzyme-linked immuno-
sorbent assay (ELISA). Serum and 
plasma were stored. This study was 
prospective and cross-sectional. The 
patients gave their informed consent to 
be subjected to the protocol, which was 
approved by the Institutional Review 
Board of Nagasaki University Hospital 
(approval number: 11032820).

Skin assessment
Skin thickness was scored by Japanese 
Dermatological Association-certified 
dermatologists (F.O), according to 
the modified Rodonan total skin score 
(mRTSS), which was measured by 
summing skin thickness measurements 
determined on a 0-3 scale by palpating 
skin in 17 body areas (30). Digital ulcer 
(DU) was defined as a loss of epithe-
lialisation on the distal finger surface 
of ischaemic origin according to the 
physician (31-33). A presence of nail-
fold bleeding was visually confirmed 
by F.O.

Peripheral endothelial function 
measurement by the reactive 
hyperaemia index (RHI)
Digital pulse amplitude was meas-
ured with a PAT device by placing the 
probes on the tips of both index fingers 
(Endo-PAT 2000; Itamar Medical, Cae-

sarea, Israel) as previously described 
(34). PAT signal measurement was 
performed with the digital probe infla-
tion pressure set at 10 mmHg below the 
diastolic pressure or 70 mmHg (which-
ever was the lowest), as previously de-
scribed in the Framingham study (35). 
Briefly, baseline pulse amplitude was 
recorded bilaterally on the tips of the 
index fingers for 5 minutes. This was 
followed by vaso-occlusion on the right 
side. After 5 minutes, the cuff was rap-
idly deflated and the PAT signal meas-
urement was recorded for an additional 
5 minutes. As the control, measurement 
of non-endothelial-dependent systemic 
changes occurring during the study was 
done on the contralateral finger. Mean 
PAT amplitudes were measured 90 sec-
onds after the occlusion for a duration 
of 60 seconds. Finally, the ratio of the 
post-to-pre occlusion PAT amplitude of 
the tested arm, divided by the post-to-
pre occlusion ratio of the control arm, 
was calculated as the reactive hyperae-
mia index (RHI). All PAT amplitudes 
and RHI values were automatically 
calculated by the EndoPAT device, with 
an RHI of <1.67 considered the cut-off 
defining endothelial dysfunction based 
on an earlier study (26).

Echocardiography
Right ventricular systolic pressure 
(RVSP) was estimated by trans-tho-
racic echocardiography for screening 
of pulmonary hypertension. RVSP was 
calculated from the peak signal velocity 
of the tricuspid regurgitant (TR) signal 
using a modified Bernoulli equation. 
Right atrial pressure was estimated by 
evaluating the size and collapsibility of 
the inferior vena cava and was added to 
the calculated TR jet velocity to obtain 
the estimated pulmonary artery systolic 
pressure.

Biomarker measurement
The serum levels of GDF-15 (R&D 
Systems, Minneapolis, MN), PlGF 
(R&D Systems), endostatin (R&D Sys-
tems) and VEGF (R&D Systems) and 
the plasma levels of PTX3 (Perseus 
Proteomics, Tokyo, Japan) were meas-
ured with specific ELISA kits using 
stored samples. These biomarkers were 
also measured in 25 healthy controls. 
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Serum levels of KL-6 (normal range, 
<500U/ml) and NT-proBNP (normal 
range, <125pg/ml) were measured in 
clinical practice. 

Statistical analyses
Statistical analysis was performed us-
ing JMP Pro statistical software, ver-
sion 11.0 (business unit of SAS Insti-
tute). Within-group comparisons were 
made using Mann-Whitney U-test and 
the χ2 test, or Fisher’s exact probabil-
ity test when appropriate. Correlations 
were assessed with Spearman’s corre-
lation coefficient. We tried to find the 
variables associated with cutaneous 
type or organ involvement from serum 
biomarkers and EndoPAT-RHI using 
multivariate logistic regression analy-
sis. Variables with p-values less than 

0.05 were used in multivariate models. 
The overall significance level for sta-
tistical analysis was 5% (two-sided). P-
values less than 0.05 were considered 
statistically significant. 

Results

Demographic and clinical 
characteristics of the 60 SSc patients
Demographic and clinical characteris-
tics of the 60 SSc patients are shown 
in Table I. The median (interquartile 
range, IQR) of the patients’ ages was 
64 (57–69) years, and that of their dis-
ease duration was 2.0 (0.5–7.3) years. 
The rate of the limited cutaneous type 
was higher than that of the diffuse cu-
taneous type (73.3% vs. 26.7%). The 
positivity of anti-centromere antibody 
(51.7%) was higher than those of anti-

topoisomerase I (25.0%), anti-U1-RNP 
(10.0%), and anti-RNA polymerase III 
antibodies (5.0%). The median (IQR) 
value of mRTSS was 5 (4-8). Twenty-
four (40.0%) patients were complicat-
ed with interstitial lung disease (ILD). 
HRCT was examined in 56 patients 
(93.3%). In the remaining 4 patients, 
chest x-ray and pulmonary function 
test were normal. Ten (16.7%) patients 
had DUs. The incidences of pulmo-
nary hypertension, heart involvement, 
and renal involvement were low in our 
cohort, probably due to the preponder-
ance of relatively early disease. How-
ever, the mean value of EndoPAT-RHI 
was 1.56 in SSc patients, which may 
indicate the existence of microvascular 
endothelial vasodilator dysfunction.
The characteristics of dcSSc were quite 
different from those of lcSSc: namely, 
the former showed significantly higher 
mRTSS, ILD, DU, anti-topoisomer-
ase I antibody, KL-6, and RVSP esti-
mated by echocardiography but low 
anti-centromere antibody. Compared to 
healthy controls, SSc patients showed 
significantly elevated serum GDF-15 
(p<0.0001), PlGF (p<0.0001), endosta-
tin (p<0.001) and VEGF (p<0.001) but 
not PTX3 (p=0.10). (Supplementary 
Table I). As shown in Table I, GDF-15 
and PlGF were high in dcSSc patients. 
GDF-15 significantly correlated with 
mRTSS (rs=0.30, p=0.020), but there 
was no correlation between other bio-
markers and mRTSS. In addition, En-
doPAT-RHI was low and the incidence 
of RVSP >30 mmHg was high in dcSSc.

Distribution of biomarkers in 
SSc patients with or without organ 
involvements
Table II summarises the data. Among 
biomarkers examined, GDF-15 was 
significantly high in SSc patients with 
ILD, DU, or RVSP >30 mmHg. Also, 
PlGF was significantly high in SSc pa-
tients with ILD or DU, and PTX3 and 
endostatin in those with DU. However, 
no difference in VEGF was found be-
tween the presence and absence of or-
gan involvement. EndoPAT-RHI was 
low in SSc patients with ILD or DU. 
DUs were present at fingertip in 7 pa-
tients and other sites such as nailbed in 
1 patient, extensor area of distal inter-

Table I. Demographic and clinical characteristics and biomarker levels of the 60 SSc        
patients.

 SSc dcSSc lcSSc p
 (n=60) (n=16) (n=44) (dcSS vs lcSSc)

Age (yrsa) 64 (57-69) 64 (58-67) 64 (55-69) NS
Gender (female) 56 (93.3) 15 (93.8) 41 (93.2) NS
Duration of disease (years ) 2.0 (0.5-7.3) 3.8 (0.5-10.0) 2.0 (0.5-5.5) NS
Cutaneous type (diffuse / limited) 16 (26.7) / -  -  - 
 44 (73.3) 
Raynaud’s phenomenon 51 (82.3) 15 (93.8) 36 (81.8) NS
Nailfold bleeding 32 (53.3) 12 (75.0) 20 (45.5) 0.043
mRTSS (points) 5 (4-8) 11 (6-14) 4 (3-6) <0.001

Organ involvement    
   Interstitial lung disease 24 (40.0) 15 (93.8) 9 (20.5) <0.0001
   Pulmonary hypertension 4 (6.7) 1 (6.3) 3 (6.8) NS 
       (including borderline) 
   Heart involvement 1 (1.7) 0 (0) 0 (0) NS
   Renal involvement 0 (0) 0 (0) 0 (0) NS
Digital ulcer (presence or history) 10 (16.7) 8 (50) 2 (4.5) <0.0001 

Autoantibodies 
   Anti-nuclear antibody 56 (93.3) 15 (93.8) 41 (93.2) NS
   Anti-topoisomerase I 15 (25.0) 10 (62.5) 5 (11.4) <0.0001
Anti-centromere 31 (51.7) 3 (18.8) 28 (63.6) 0.0021
   Anti-U1-RNP 6 (10.0) 3 (18.8) 3 (6.8) NS
   Anti-RNA polymerase III 3 (5.0) 2 (16.7) 1 (2.6) 0.069
KL-6 (U/ml) 317 (200-754) 960 (473-1750) 262 (177-428) <0.001
NT-proBNP (pg/ml

a
) 95.2 (44.6-182) 88.4 (54.1-224.3) 99.3 (40.5-178.6) NS

GDF-15 (pg/ml) 1117 (676-1823) 2801 (1732-3766) 784 (629-1401) <0.001
PlGF (pg/ml

 
) 13.2 (8.2-17.9) 18.6 (13.2-20.8) 9.5 (7.5-16.2) 0.0016

VEGF (pg/ml
 
) 384 (191-561) 376 (223-429) 391 (166-580) NS

PTX3 (ng/ml) 2.79 (2.1-3.5) 3.0 (1.6-3.8) 2.8 (2.2-3.4) NS
EndoPAT-RHI 1.56 (1.24-2.02) 1.18 (0.96-1.48) 1.58 (1.45-2.09) 0.023
RVSP estimated by 29 (24-37) 35 (30-39) 28 (23-33) 0.015 
   echocardiography
RVSP>30mmHg  24 (40.0) 10 (62.5) 14 (31.8) 0.032

Data are expressed as the median (interquartile range) or a number (percentage).
Mann-Whitney U-test and χ2 test were used for the statistical analysis (and Fisher’s exact probability 
test when appropriate).
mRTSS: modified Rodnan Total Skin Score; GDF-15: growth differentiation factor 15; PlGF: placenta 
growth factor; VEGF: vascular endothelial growth factor; PTX3: pentraxin 3; RHI: reactive hyper-
aemia index; RVSP: right ventricular systolic pressure; SSc: systemic sclerosis; NS: not significant.
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phalangeal joint in 1 patient, and lateral 
aspect in 1 patient. There was no differ-
ence of biomarkers and EndoPAT-RHI 
by this distribution of DUs or treatment 
such as Calcium channel blockers and 
antiaggregants. In addition, GDF-15, 
PlGF, and EndoPAT-RHI respectively 
correlated with abnormalities of pul-
monary function (GDF-15 vs. %VC; rs 
= -0.42, p=0.0009, GDF-15 vs. %DLco; 
rs = -0.43, p=0.0008: PlGF vs. %VC; 
rs=-0.14, p=0.30, PlGF vs. %DLco; rs 
= -0.39, p=0.0028: EndoPAT-RHI vs. 
%VC; rs=0.30, p=0.026, EndoPAT-RHI 
vs. %DLco; rs = 0.34, p=0.011).

Multivariate analysis predicting dcSSc 
and organ involvements of SSc
Multivariate analysis was performed 
to determine whether serum variables 
or EndoPAT-RHI are predictive of the 
presence of dcSSc or organ involve-
ments of SSc. As shown in Table III, 
the increment of GDF-15 was highly 
predictive toward dcSSc, ILD or RVSP 
>30 mmHg. In addition, PlGF for DU 
was also found. Conversely, a decrease 
of EndoPAT-RHI was predictive of the 

presence of dcSSc, ILD or DU, but the 
PTX3 level was not predictive.

Correlations among biomarkers
Table IV shows the correlations among 
biomarkers including GDF-15, PlGF, 
endostatin, PTX3, VEGF and Endo-
PAT-RHI. There was a significant posi-
tive correlation between GDF-15 and 
PlGF or endostatin. In addition, we 
identified non-significant trends of a 
negative correlation of GDF-15 with 
EndoPAT-RHI and of PlGF with Endo-
PAT-RHI. No correlations were found 
among other biomarkers.  

Discussion

Regarding serum or plasma biomark-
ers, we focused on the factors that are 
considered to be deeply involved in 
microvascular injury in patients with 
SSc (2, 5-9, 11-21) Overall, we found 
high serum concentrations of GDF-15, 
PlGF, endostatin and VEGF in SSc 
patients compared with healthy con-
trols. Plasma concentrations of PTX3 
also tended to be high in SSc patients. 
Impairment in the hyperemic response 

calculated by EndoPAT-RHI has been 
shown to correlate or predict coronary 
artery endothelial dysfunction or car-
diovascular death in atherosclerosis 
patients (36-38); in addition, this is the 
first analysis of EndoPAT-RHI in SSc 
patients in relation with biomarkers. 
We obtained the following new in-
sights highlighting the association of 
these markers with organ involvement. 
First, among the biomarkers examined, 
GDF-15 is considered the principal 
biomarker associated with the patho-
logical processes of SSc, since GDF-
15 has been well correlated with organ 
involvement. GDF-15, also known as 
macrophage inhibitory cytokine-1, is 
a member of the transforming growth 
factor β (TGFβ) superfamily. Recently, 
GDF-15 has been reported to be asso-
ciated with the development of pulmo-
nary hypertension (6) and cutaneous 
and pulmonary fibrosis (7, 8) in SSc 
patients. Since our present data indi-
cate the association of serum GDF-15 
concentrations with dcSSc, ILD or 
RVSP >30, GDF-15 appears to reflect 
a general role in the fibrotic process of 

Table II. Comparison of biomarkers and endothelial function between patients with and without organ involvements.

 ILD (+) ILD (-) p DU (+) DU (-) p RVSP>30mmHg RVSP≤30mmHg p
 n=24 n=36  n=10 n=50  n=24 n=36 

Anti-topoisomerase I 12 (50.0) 3 (8.3) 0.0003 5 (50.0) 10 (20.0) 0.046 8 (33.3) 7 (19.4) NS
Anti-centromere 5 (20.8) 26 (72.2) <0.0001 2 (20.0) 29 (58.0) 0.028 9 (37.5) 22 (61.1) 0.073
Anti-U1-RNP 4 (16.7) 2 (5.6) NS 1 (10.0) 5 (10.0) NS 2 (8.3) 4 (11.1) NS
Anti-RNA polymerase III 2 (8.3) 1 (2.8) NS 1 (10.0) 2 (4.0) NS 2 (8.3) 1 (2.8) NS
GDF-15 (pg/ml) 1911 (1306-3307) 766 (618-1338) <0.0001 2315 (1785-2999) 1076 (647-1668) 0.0094 1667 (780-2672) 856 (624-1581) 0.018
PlGF (pg/ml) 17.0 (13.2-20.3) 9.2 (7.2-14.4) 0.0010 19.5 (14.1-21.3) 10.8 (7.6-16.6) 0.0044 14.1 (8.6-19.4) 13.0 (7.0-17.0) NS
VEGF (pg/ml) 385 (234-552) 338 (157-567) NS 385 (287-588) 384 (160-557) NS 376 (149-538) 385 (228-561) NS
PTX3 (ng/ml) 2.8 (2.1-3.5) 2.8 (2.1-3.5) NS 3.45 (2.65-3.91) 2.73 (1.97-3.29) 0.0058 2.89 (2.32-3.73) 2.79 (2.0-3.2) NS
EndoPAT-RHI 1.24 (1.06-1.48) 1.64 (0.72) 0.006 1.06 (0.63-1.10) 1.58 (1.45-2.19) 0.0005 1.46 (1.07-1.94) 1.61 (1.39-2.12) NS

Data expressed as median (interquartile range) or as number (percentage). 
Mann-Whitney’s U test and χ2 test (Fisher’s exact probability test when appropriate).
DU: digital ulcer; GDF-15: growth differentiation factor 15; ILD: interstitial lung disease; PlGF: placenta growth factor; VEGF: vascular endothelial growth 
factor; PTX3: pentraxin 3; RHI: reactive hyperaemia index; RVSP: right ventricular systolic pressure; NS: not significant

Table III. Multivariate logistic analysis.

 dcSSc ILD DU RVSP>30

  OR 95%CI p OR 97%CI p OR 98%CI p OR 99%CI p

GDF-15 100 increase 1.19 1.07-1.39 0.0003 1.13 1.03-1.26 0.0050 1.08 0.98-1.21 NS 1.08 1.02-1.15 0.0054
PlGF 1 increase 1.01 0.89-1.15 NS 1.03 0.93-1.15 NS 1.21 1.00-1.61 0.048   
PTX3 1 increase       1.57 0.79-3.73 NS   
EndoPAT-RHI 1 decrease 5.46 1.58-27.3 0.0059 3.01 1.12-9.52 0.028 72.4 6.51-6785 <0.0001   

DU: digital ulcer; GDF-15: growth differentiation factor 15; ILD: interstitial lung disease; PlGF: placenta growth factor; VEGF: vascular endothelial growth 
factor; PTX3: pentraxin 3; RHI: reactive hyperaemia index; RVSP: right ventricular systolic pressure; dcSSc: diffuse cutaneous systemic sclerosis; NS: not 
significant.
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SSc. Lambrecht et al. suggested that in-
creased GDF-15 in the blood originates 
from affected organs such as the lung 
and skin (7) However, they also found 
that GDF-15 is not indispensable for 
fibrosis development (7), which might 
explain the lack of significant relation 
of GDF-15 with the DU of the present 
data despite GDF-15 being higher in 
subsets of the DU+ group. 
PlGF was also recently studied as a 
predictor of vascular complications (5, 
12) PlGF, a secreted dimeric glycopro-
tein very similar to VEGF, has been 
shown to be chemotactic and mito-
genic for endothelial cells in vitro (39) 
and proangiogenic for endothelial cells 
in vivo (40) Consistent with a previous 
report (12), the multivariate logistic 
analysis of the present study confirmed 
the previous observation that the PlGF 
level predicts the presence of DU. Al-
though the PlGF level was high in our 
patients with dcSSc as in previous re-
ports (10, 13), the association by mul-
tivariate logistic analysis did not reach 
statistical significance. However, there 
was a clear positive correlation of PlGF 
with GDF-15, identified as a predictor 
of dcSSc. Thus, PlGF might be impor-
tant in skin fibrosis such as dcSSc.
Endostatin is a proteolytic fragment 
of type XVIII collagen that acts as an 
angiogenesis inhibitor. Endostatin ex-
erts its anti-angiogenetic effect by its 
interaction with several endothelial cell 
surface receptors as it competes for the 
receptors of VEGF (41). The present 
study showed that endostatin is higher 
in patients with SSc, especially in pa-
tients complicated with DU, supporting 
previous studies (15-17, 42). Endosta-
tin might participate in the occurrence 
of ischaemic manifestations in SSc 
(15). Endostatin might negatively regu-

late against excessive angiogenesis due 
to VEGF. Also, previous investigations 
have revealed an increased serum con-
centration of VEGF or PTX3 in patients 
with SSc (18, 20, 21). Our present data 
also showed a high serum concentra-
tion of VEGF in SSc patients compared 
with controls but no clear association of 
VEGF with the organ damages of SSc. 
The association of VEGF with organ in-
volvement of SSc has been controver-
sial; thus, larger sample numbers with 
prospective observations are necessary 
to reveal the role of VEGF in the patho-
logic manifestations of SSc. PTX3 is a 
pleiotropic pattern-recognition protein 
that acts as an antiangiogenic factor 
by binding to fibroblast growth factor 
2 (FGF-2) and inhibiting FGF-2-de-
pendent EC proliferation and neovas-
cularisation (20, 43, 44) PTX3 in the 
present study tended to be higher in 
SSc patients compared with controls, 
but not significantly so. Previous stud-
ies have found associations of PTX3 
concentration with mRTSS, ILD, DU, 
and cardiac involvements of SSc (20, 
21), and these associations could have 
been responsible for differences in the 
patient characteristics within the popu-
lation studied.
Nailfold capillaroscopy is widely ac-
cepted as a diagnostic tool for SSc and 
is included in the 2013 classification 
criteria for SSc (28). Abnormalities de-
tected by nailfold capillaroscopy reflect 
morphological alterations, whereas 
EndoPAT-RHI reflects changes of en-
dothelial function (22). Our present 
data showed low EndoPAT-RHI in SSc 
patients as found in previous studies 
(25, 26); moreover, it was the first to 
show that low EndoPAT-RHI predicts 
the presence of organ involvement of 
SSc. These EndoPAT-RHI data may 

support the consensus that SSc is an 
immune-mediated vascular and fibrotic 
disease. Since an association of nailfold 
capillaroscopy abnormalities and inter-
nal organ involvement of SSc has been 
previously reported (45), further stud-
ies investigating the relation of Endo-
PAT-RHI with nailfold capillaroscopy 
abnormalities in conjunction with bio-
markers are required. Our preset data 
showed EndoPAT-RHI was low in pa-
tients with DU. Machin et al. reported 
SSc patients with history of DU had 
endothelial dysfunction measured by 
flow-mediated dilatation (FMD) (46).
As a limitation of this study, a fre-
quency of patient with lcSSc was much 
higher than that of patient with dcSSc 
(44 lcSSc vs. 16 dcSSc). This result 
may be affected by shorter disease du-
ration without extension of scleroder-
ma of patients with SSc in this study. 
In previous report of 405 Japanese SSc 
patients with disease durations of 13-15 
years, lcSSc was twice as frequent as 
dcSSc (47). Although the positivity of 
anti-centromere antibody was higher in 
this study, distribution of autoantibod-
ies was not much different from that in 
the previous report (47). Endothelial 
dysfunction markers such as soluble 
adhesion molecules associate with vas-
culopathy in SSc (48, 49). If we have 
measured these markers, we may have 
additional information. Also, nailfold 
videocapillaroscopy (NVC) is a useful 
diagnostic tool in SSc (28, 50). If we 
have examined NVC, we could have 
analysed associations between NVC 
alterations and indicators examined in 
this study in detail.
In conclusion, this is the first study to 
inclusively investigate the relationship 
among biomarkers, EndoPAT-RHI and 
organ involvement in patients with 
SSc. Our data have demonstrated the 
complex pathological progression of 
SSc through fibrotic impairment and 
microvascular damage.
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