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Serum levels of heat shock 
protein 70, a biomarker of 
cellular stress, are elevated 
in patients with systemic 
sclerosis: association with 
fi brosis and vascular 
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ABSTRACT
Objective. To determine the clini-
cal signifi cance of heat shock protein 
(Hsp) 70, a sensitive biomarker for 
monitoring cellular stress, in systemic 
sclerosis (SSc), we investigated the 
prevalence and clinical correlation of 
serum Hsp70 levels in SSc patients. 
Methods. Serum Hsp70 levels were  
examined in 48 patients with SSc by 
enzyme-linked immunosorbent assay. 
Result. Serum Hsp70 levels were sig-
nifi cantly elevated in SSc patients com-
pared to normal controls (n=30), and 
were similar between patients with dif-
fuse cutaneous SSc (n=26) and those 
with limited cutaneous SSc (n=22). 
Serum Hsp70 levels were elevated in 
27% of total SSc patients with 30% of 
diffuse cutaneous SSc patients and 23% 
of limited cutaneous SSc patients. Hsp70 
levels were signifi cantly increased in 
SSc patients with pulmonary fi brosis 
or contracture of phalanges compared 
with those without pulmonary fi brosis 
or contracture of phalanges. Serum 
Hsp70 levels correlated positively with 
modifi ed Rodnan total skin thickness 
score, renal vascular resistance, serum 
levels of monocyte chemotactic pro-
tein-1, C-reacting protein, and serum 
levels of 8-isoprostane. 
Conclusion. Serum Hsp70 levels were 
increased in SSc patients and were as-
sociated with pulmonary fi brosis, skin 
sclerosis, renal vascular damage, oxi-
dative stress, and infl ammation. These 
results suggest that Hsp70 is a useful se-
rological marker for evaluating cellular 
stresses and the disease severity in SSc.

Introduction
Systemic sclerosis (SSc) is a connec-
tive tissue disorder characterized by fi -
brosis, vascular changes in the skin and 
other visceral organs, with autoimmune 
background. SSc patients exhibit nota-
ble evidence of oxidative stress, shown 
by abnormalities of nitric oxide (NO), 
nitric oxide synthase, and increased 
levels of other biomarkers including 
8-isoprostane that indicate excess oxi-
dative stress (1,2). Oxidative stress has 
been suggested to contribute to clinical 
manifestations associated with SSc, 
such as vascular damage, fi brosis, and 
autoantibody production (3, 4)

Heat shock proteins (Hsps) are a fam-
ily of highly conserved proteins found 
in all organisms cells and function 
as molecular chaperons facilitating 
protein folding, assembly, and intra-
cellular transport (5). Their synthesis 
is increased greatly in response to a 
variety of stressful stimuli, such as 
hyperthermia, hypertension, hypoxia, 
ischemia-reperfusion injury, infl am-
mation, and autoimmunity (5). Pre-
vious studies have shown that Hsp70 
plays an important role in protecting 
against acute lung injury and oxida-
tive stress, such as NO (6, 7). Thus, 
Hsp70 has been considered a sensi-
tive biomarker for monitoring not 
only oxidative stress, but also other 
cellular stresses, including infl amma-
tion and tissue injury.
To evaluate stressful stimuli as men-
tioned above and its signifi cance in 
SSc, we assessed serum Hsp70 levels 
and their clinical correlation in SSc 
patients. Hsp70 levels were also com-
pared with one of the oxidative stress 
marker, 8-isoprostane, and with infl am-
mation initiator, monocyte chemotactic 
protein-1 (MCP-1), in SSc.

Patients and Methods
Serum samples
Serum samples were obtained from all 
SSc patients who visited our sclero-
derma clinic over the last 7 years. They 
were 48 Japanese patients with SSc 
(41 females, 7 males; age 49.1±17.1 
years) who fulfi lled the criteria pro-
posed by the American College of 
Rheumatology. They were grouped 
according to the classifi cation system: 
22 patients (20 females, 2 males; age 
53.7±12.8 years) had limited cutane-
ous SSc (lSSc) and 26 patients (21 fe-
males, 5 males; age 45.3±19.4 years) 
had diffuse cutaneous SSc (dSSc). 
The disease duration of lSSc and dSSc 
patients was 10.3±10.1 and 3.1±3.1 
years, respectively. None of the SSc 
patients was treated with oral steroid, 
D-penicillamine, or other immuno-
suppressive therapy at the evaluation. 
Anticentromere Ab was positive for 
17 patients, antitopoisomerase I Ab 
for 21, anti- U1 RNP Ab for 2, anti-U3 
RNP Ab for 1, anti-RNA polymerases I 
and III Ab for 4, and Th/To Ab for 1. 
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Thirty healthy Japanese people with 
similar age and gender (27 females, 3 
males; age 44.6±11.3 years) to the pa-
tients were used as normal controls. 

Smokers were excluded from this study. 
Blood samples were centrifuged shortly 
after clot formation. All samples were 
stored at -80ºC prior to use.

Fig. 2. Hsp70 levels in SSc patients in the presence and absence of pulmonary   fi brosis (A) and con-
tracture of phalanges (B). Inducible Hsp70 levels were determined by specifi c ELISA. Horizontal lines 
show the median values and interquatile range.

Fig. 3. The correlation of serum Hsp70 levels against modifi ed Rodnan TSS (A), pulsatility index (PI; B), and serum levels of 8-isoprostane (C), MCP-1 
(D), and C-reactive protein (E) in SSc patients. Serum levels of Hsp70, 8-isoprostane, and MCP-1 were determined by specifi c ELISA. The PI is a parameter 
for renal vascular resistance determined by color-fl ow Doppler ultrasonography of the renal interlobar arteries of both kidneys. 

Fig. 1. Inducible Hsp70 levels in serum samples 
from patients with dSSc, those with lSSc, and 
normal controls. Inducible Hsp70 levels were 
determined by a specifi c ELISA. Horizontal lines 
show the median values and interquartile range. 
A broken line indicates the cut-off value (mean 
+2 SD of the control samples). 
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Clinical assessment
Complete medical histories, physical 
examinations, and laboratory tests, 
including vital capacity (VC) and dif-
fusion capacity for carbon monoxide 
(DLco), were conducted for all pa-
tients within 3 to 5 weeks after serum 
collection. When the DLco and VC 
were <75% and <80%, respectively, 
of the predicted normal values, they 
were considered to be abnormal. Skin 
score was measured by scoring tech-
nique of modified Rodnan total skin 
thickness score (modified Rodnan 
TSS). Renal vascular damage was de-
termined as a pulsatility index (PI) by 
color flow Doppler ultrasonography 
of both kidneys (8). The protocol for 
the study was approved by local ethi-
cal committee of Kanazawa Universi-
ty School of medicine and Kanazawa 
University Hospital, and informed 
consents were obtained from all the 
patients according to the declaration 
of Helsinki.

Enzyme-linked immunosorbent assay 
(ELISA)
Serum Hsp70 (Stressgen, Victoria, 
Canada), 8-isoprostane (Cayman, MI, 
USA), and MCP-1 (Pharamingen, San 
Diego, CA, USA) levels were exam-
ined by a specifi c ELISA kit according 
to the manufacturer’s protocol. Each 
sample was tested in duplicate. 

Statistical analysis
Statistical analysis was performed using 
Mann-Whitney U-test for comparison 
of Hsp70 levels, Bonferroni’s test for 
multiple comparisons, and Spearman’s 
rank correlation coeffi cient for the rela-
tionship between two continuous vari-
ables. A p-value of less than 0.05 was 
considered statistically signifi cant.

Results
Serum Hsp70 levels in SSc
Serum Hsp70 levels in SSc patients 
(mean±SD, 14.1±1.6 ng/ml) were sig-
nifi cantly elevated compared with 

healthy controls (12.7±1.2, p<0.001; 
Fig. 1). Patients with dSSc (14.2±1.6) 
and lSSc (14.0±1.7) had signifi cantly 
higher inducible Hsp70 levels than 
healthy controls (phealthy controls (phealthy controls ( <0.001, p<0.05, re-
spectively). However, Hsp70 levels 
were similar between dSSc and lSSc 
patients. Values higher than mean + 2 
SD of healthy control serum samples 
were considered elevated in this study. 
Increased Hsp70 levels were detected in 
27% (13/49) of total SSc patients, with 
30% (8/27) of dSSc patients and 23% 
(5/22) of lSSc patients. By contrast, 
none of the healthy controls showed el-
evated Hsp70 levels. 

Clinical correlation of serum Hsp70 
levels
Inducible Hsp70 levels in SSc pa-
tients with pulmonary fi brosis (n=19, 
14.7±1.5) were signifi cantly higher 
than in those without it (n=29, 13.8±1.6, 
p<0.05). Similarly, Hsp70 levels in SSc 
patients with contracture of phalanges 
(n=23, 14.7±2.0) were signifi cantly in-
creased than in those without it (n=25, 
13.6±1.1, p<0.05; Fig. 2). Serum 
Hsp70 levels correlated positively with 
modifi ed Rodnan TSS (r=0.32, p<0.05) 
and renal vascular resistance (r=0.40, 
p<0.05). However, Hsp70 levels were 
similar between SSc patients with dig-
ital pitting scar/ulcers and those with-
out each complication. Serum Hsp70 
levels correlated positively with serum 
level of 8-isoprostane (r=0.38, p<0.01), 
C-reacting protein (r=0.30, p<0.05), 
and MCP-1 (r=0.44, p<0.05; Fig. 3). 
The clinical characteristics of patients 
with elevated Hsp70 levels were de-
scribed in Table I. Thus, elevated in-
ducible Hsp70 levels correlated with 
the severity of pulmonary fi brosis, skin 
sclerosis, renal vascular damage, oxi-
dative stress, and infl ammation.

Discussion
The present study is the fi rst to reveal 
that serum Hsp70 levels were signifi -
cantly elevated in SSc patients, sug-
gesting that SSc patients are subject to 
various cellular stresses. Up-regulated 
Hsp70 transcription levels are observed 
in fi broblasts derived from SSc patients 
(9) and its expression is increased by 
TGF-β stimulation (10).

Table I. Clinical and laboratory data of patients with SSc showing elevated serum 
Hsp70 levels at the fi rst evaluation. Values of clinical features and organ involvement are                
percentages.

  Elevated Hsp70 Normal Hsp70
  n=13 n=35

Age at onset, yrs, mean ± SD 46 ± 14 43 ± 19
Sex, F:M  11:2   32:5 
Duration, yrs, mean ± SD 4.4 ± 6.8 6.9 ± 8.0

Clinical features:
Diffuse cutaneous SSc 62 54

 Limited cutaneous SSc 38 46
 Pitting scars 54 41
 Short sublingual frenulum 69 47
 Contracture of phalanges 69 41
 Diffuse pigmentation 54 54

Organ involvement:
 Lung
      Pulmonary fi brosis 54 38
      Decreased %VC    54* 23
      Decreased %DLco 77 77
 Esophagus 39 58
 Heart 15 19
 Kidney
      Increased vascular resistance 18  14
      Renal crisis   8   3
 Joint 31 22
 Muscle 15 24

Autoantibodies:
 Anti-topoisomerase I antibody 46 46
 Anticentromere antibody 15 41
 Anti-U1RNP antibody   8   3

All the clinical and laboratory parameters and serum Hsp70 levels were obtained at the fi rst evaluation. 
*p*p* <0.05 vs. SSc patients with normal Hsp70 levels. 
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Therefore, increased Hsp70 levels may 
be related to the enhanced TGF-β sig-
naling in SSc. Furthermore, serum 
Hsp70 levels increased in SSc patients 
with pulmonary fi brosis or contracture 
of phalanges, and correlated positive-
ly with modifi ed Rodnan TSS, renal 
vascular resistance, and infl ammation 
markers such as C-reacting protein and 
MCP-1. These results suggest that se-
rum Hsp70 level is a useful serologic 
marker of fi brotic process and vascular 
damage in SSc patients. MCP-1 is ex-
pressed in infl ammatory mononuclear 
cells, endothelial cells, keratinocytes, 
and fi broblasts in the skin from earlier 
onset of SSc, leading to enhanced leu-
kocyte migration into the affected tis-
sues (11). Cellular stresses induced by 
MCP-1 might be related to up-regula-
tion of Hsp70 expression in SSc, which 
may result in the positive correlation of 
serum Hsp70 levels with serum MCP-1 
levels and the extent of skin fi brosis in 
this study. 
We also demonstrated that serum Hsp70 
levels positively correlated with serum 
levels of 8-isoprostane, a stable bi-
omarker that closely refl ects oxidative 
stress, in SSc patients. This suggests 
that enhanced levels of oxidative stress 
contribute to up-regulation of Hsp70 
expression. Furthermore, the positive 
correlation of serum Hsp70 levels with 
renal vascular damage in this study also 
suggests that Hsp70 induction refl ects 
oxidative stress, since ischemia and 
reperfusion injury following Raynaud’s 
phenomenon can generate reactive oxy-
gen species that may result in vascular 

endothelial damage (12). Therefore, 
serum Hsp70 level may be a serologi-
cal marker for oxidative stress and renal 
vascular damage in SSc. Previous stud-
ies have shown the cyto-protective ca-
pacity of increased Hsp70 against toxic 
stimuli and ischemic-reperfusion injury 
(7, 13, 14). Since endothelial cells from 
SSc patients exhibit augmented apopto-
sis (15), serum Hsp70 levels may be el-
evated to protect apoptosis and ischem-
ic-reperfusion injury in SSc.
In conclusion, although the functional 
signifi cance of serum inducible Hsp70 
remains unknown in this study, our re-
sults suggested that inducible Hsp70 is 
related to the excessive oxidative stress 
associated with SSc.
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