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Abstract It has been previously reported that serum levels of
70-kDa heat shock protein (Hsp70) are elevated in peripheral
artery disease. The aim of the present study was to examine
whether increased serum Hsp70 levels are related to the extent
of arterial calcification and standard laboratory parameters of
patients with peripheral artery disease, as well as to markers of
inflammation (C-reactive protein), atherosclerosis (homocys-
teine), and calcification (fetuin-a). One hundred eighty chronic
atherosclerotic patients with significant carotid stenosis and/or
lower extremity vascular disease were enrolled in this cross-
sectional study. Systemic atherosclerosis and calcification was
assessed by ultrasound (carotid intima–media thickness (IMT),
presence of calcification at the abdominal aorta, carotid and
femoral bifurcations, and aortic and mitral cardiac valves).
Standard serum markers of inflammation, diabetes, renal

function, ankle-brachial indexes, and traditional risk factors
for atherosclerosis were noted. Serum Hsp70 levels were
measured with enzyme-linked immunosorbent assay. Standard
laboratory parameters (clinical chemistry), C-reactive protein
(CRP), and homocysteine levels were determined by an
autoanalyzer using the manufacturer’s kits. Fetuin-a levels
were measured by radial immunodiffusion. Patients’ median
age was 64 (57–71) years, 69% were men, and 34.5% had
diabetes. Serum heat shock protein 70 levels were significantly
higher in patients with more severe arterial calcification (p<
0.02) and showed significant positive correlations with serum
bilirubin (r=0.23, p=0.002) and homocysteine levels (r=
0.18, p=0.02). Serum Hsp70 did not correlate with body
mass index, IMT, CRP, or fetuin-a levels in this cohort.
Logistic regression analysis confirmed the association be-
tween sHsp70 and calcification score (OR, 2.189; CI, 1.156–
4.144, p=0.016) and this correlation remained significant
(OR, 2.264; CI, 1.021–5.020, p=0.044) after the adjustment
for age, sex, eGFR, smoking, CRP, and homocysteine levels.
Our data show that serum Hsp70 levels correlate with the
severity of atherosclerosis in patients with carotid artery
disease and chronic lower limb ischemia. These data support
a putative role for plasma Hsp70 in the development of
arterial calcification. Nevertheless, further studies are required
to investigate the usefulness of circulating Hsp70 level as a
marker of atherosclerotic calcification.
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γGT Gamma-glutamyl transpeptidase
CRP C-reactive protein
LPS Lypopolysaccharide

Introduction

Ischemic cardiovascular diseases (CVD) of atherosclerotic
origin are still leading cause of death in the USA (www.
americanheart.org) and in Europe (www.heartstats.org). The
presence of extended calcification in peripheral artery
disease (PAD) of the lower extremities and carotid artery
disease (CAD) is associated with a three- to fourfold higher
risk for mortality and cardiovascular events (Norgren et al.
2007; Rennenberg et al. 2009). While the adverse cardiac
and cerebrovascular complications are higher in persons with
more severe PAD, there is still a significant risk in persons
with mild and even asymptomatic disease (Eberhardt and
Coffman 2004). Stress factors alone—such as smoking,
hyperhomocysteinemia (Clarke et al. 1991; Norgren et al.
2007), or high C-reactive protein levels—do not always
explain the extent of calcified vasculature and later cardio-
vascular risk in peripheral artery disease and CAD (Cao et
al. 2007). Novel biomarkers of arterial calcification are
therefore urgently needed to avoid later major CVD
complications. Heat shock proteins (Hsp) are phylogeneti-
cally highly conserved molecules in their molecular struc-
ture, biochemical properties, and partly even in their
immunological structure. Hsps are traditionally classified
by their molecular weight, the 70-kDa family (Hsp70)
including constitutively expressed Hsp-8 and inducible
Hsp70-1, also called HspA1B (Hsp70 in the following refers
to the inducible form) members. Hsp70 is traditionally
considered as intracellular cytoprotective chaperone, and its
level can increase several-fold in response to stress (Pro-
haszka and Fust 2004). It has been recognised that Hsp70 are
present in the peripheral circulation of normal individuals
(Pockley et al. 1998; Dhingra et al. 2006) providing the first
evidence that Hsp70 may be released into the extracellular
environment not only in response to stress but also under
physiologic conditions. Soluble Hsp70 showed no apparent
endogenous circadian rhythm in a rested state (Fortes and
Whitham 2009). Elevated serum Hsp70 level was measured
in pathologic pregnancies (Molvarec et al. 2009) such as pre-
eclampsia and hemolytic anemia elevated liver enzymes low
platelet count syndrome. Increased serum levels of Hsp70
levels were reported in patients with peripheral and renal
vascular disease (Wright et al. 2000) and after acute
myocardial infarction (Dybdahl et al. 2005; Satoh et al.
2006), whereas circulating Hsp70 levels were positively
related to markers of tissue damage including creatine kinase
MB and cardiac troponin T. In chronic heart failure (CHF)

patients increased serum Hsp70 levels were found compared
to healthy controls (Genth-Zotz et al. 2004). It was shown
that Hsp70 levels positively correlate to NYHA (New York
Heart Association) classes. Gombos et al. (2008) completed
these findings in CHF by showing significant associations
between the Hsp70 and markers of disease severity such as
lower ejection fraction and higher NT-proBNP levels.
Elevated Hsp70 and heme oxygenase-1 (HO-1) levels have
been reported in response to LPS-induced endothelial injury
(Bernardini et al. 2010) and in brain stem death triggered by
hypoxia (Chang et al. 2009).

The source of the serum Hsp70 has not been fully clarified;
however, studies suggest that Hsp70 may be released from
viable endothelial cells within exosomes (Zhan et al. 2009).
This mechanism can be induced by certain cytokines in
breast adenocarcinoma (Bausero et al. 2005). Hsp70
expression was investigated in vitro in monocytes of patients
suffering from obstructive sleep apnea syndrome (Lavie et
al. 2009) and of peripheral artery disease (Luu et al. 2007;
Madden et al. 2009) where lower inducible monocyte Hsp70
levels were found compared to healthy controls. Hsp70 is
expressed in small arteries (Paier et al. 2009), explicated in
dendritic cells of the arterial intima (Bobryshev and Lord
2002) and in smooth muscle cells (Zhu et al. 1995).
Inducible Hsp70 can be released from the hepatosplanchnic
tissue during exercise (Febbraio et al. 2002) or from the
myocardium itself (St Rammos et al. 2002).

In the present study, we measured serum levels of Hsp70
in subjects with PAD of the lower extremities and with
carotid artery disease and determined the possible correla-
tion with the dimension of disease, and the presence of
cardiovascular risk factors (homocysteine, CRP, smoking,
and diabetes). We also aimed to investigate the association
between serum Hsp70 and fetuin-a, a novel marker of
arterial calcification (Fiore et al. 2007).

Research design and methods

Study population

In this cross-sectional study, 180 consecutive patients were
recruited at the outpatient clinic of the Department of Vascular
Surgery of Semmelweis University Budapest between January
and June 2009. Consecutive patients with history or present
symptoms of atherosclerotic chronic lower limb ischemia or
chronic carotid artery stenosis were considered for inclusion.
Patients who had acute onset of lower limb ischemia, clinical
or laboratory signs of acute infection, myocardial infarction,
stroke, trauma, and surgical procedure in the last 6 months
were excluded in this study. Patients with coexisting malignant
tumor, hepatic disease, end stage renal disease (dialysis) or
immune suppression were also excluded. The full clinical
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record of the patients was registered at inclusion with the
detailed physical status and routine clinical laboratory tests.
Blood samples for the measurement of serum Hsp70 and
fetuin-a were also collected at inclusion before the patients
underwent surgery or percutaneous transluminal angioplasty
(PTA). The study was carried out in accordance of the Helsinki
Declaration at the Department of Vascular Surgery, Semmelweis
University based on a study protocol approved by the
Semmelweis University Regional and Institutional Committee
of Science and Research Ethics. All patients provided written
informed consent.

Clinical data and calcification score

All patients had a medical history interview and physical
examination. A study questionnaire was used for recording
the relevant demographic and clinical data (age, weight,
height, smoking habit, medications, and concomitant disease).
The traditional Fontaine classification was used to assess the
clinical severity of the chronic lower extremity atherosclerotic
disease (groups I, II/a, II/b, III, and IV). Group II was
separated to “a” and “b” subgroups at walking distance of
200 m. Ankle–brachial index (ABI) measurement with
Doppler ultrasound probe was performed by a medical doctor
experienced in taking ABI. The patients lied in supine
position after resting at normal room temperature; measure-
ments were taken at each ankle over the posterior tibial and
dorsal pedal arteries. ABI was calculated as the lowest
pressure of the ankles divided by the higher of the left and
right arm pressures (Espinola-Klein et al. 2008; Fowkes et al.
2008). Carotid IMT and the noncardiac part of the general
calcification score was determined by a single experienced
radiologist who was blinded to patients’ clinical information.
IMT was measured at three points on a plaque free area of
the dorsal wall of both common carotid arteries using linear
(7.5–11 MHz) and convex (3.5–5 MHz) transducer of a
Toshiba Aplio SSA-770 ultrasound system. The mean value
and the maximum IMTwas used for calculations (Higgins et
al. 2005). At the same examination, carotid stenosis was also
determined (Grant et al. 2003), stenosis with 70% or more
were determined as significant. After having measured both
carotid arteries, the more stenotic artery was determined as
the maximal carotid stenosis. Body mass index (BMI) was
calculated as weight (kg)/height2 (m). To assess the overall
extent of systemic atherosclerosis a calcification score (CS)
was calculated after examining the vascular system at seven
sites: both carotid bifurcations, the infrarenal aorta, both
common femoral arteries, and aortic and mitral valves by B-
mode ultrasound (see technical details above at carotid IMT
measurements). If calcification was noted, the spot was rated
as one. Sites with no calcification received zero, so the
calcification range was 0–7 (Guerin et al. 2000; Cozzolino et
al. 2006). Transthoracic echocardiograms were performed by

one experienced cardiologist blinded for other study infor-
mation. According to the guidelines of the American Society
of Echocardiography, complete two-dimensional examina-
tions were performed including Doppler images in all
standard views using phased array transducers (2.5–
4.5 MHz) of a Toshiba Xario and Philips IE 33 ultrasound
system. Mitral valve calcification was defined as an
echodense (reaching epicardial density) structure of the
anterior and posterior mitral leaflet and the mitral annulus
on the parasternal short and long axis and apical four
chamber view. Aortic valve calcification was determined if
echodense structure (reaching epicardial density) was noticed
at the aortic root on the parasternal short and long axis and
apical five chamber view.

Blood samples and determination of serum soluble Hsp70

Blood samples were taken after 6 h of fasting between 8:00 a.
m. and 10:00 a.m. by antecubital veinpuncture into native,
ethylenediaminetetraacetic acid or sodium citrate anticoagu-
lated tubes. The samples were centrifuged, and aliquots of
serum and plasma were later stored at −70°C until further
analysis.

Soluble Hsp70 level was measured by using R&D System
(USA, Cat no. DYC1663E) enzyme-linked immunosorbent
assay (ELISA) kit. For Hsp70 family nomenclature, the
suggestions of Tavaria et al. (1996) were used. Ninety-six-
well microtitre plates were coated with mouse anti-human
Hsp70 capture antibodies (100 μl, 2 μg/ml) in carbonate
buffer (pH 9.5) overnight at 4°C. Plates were washed with
phosphate-buffered saline (PBS) containing 0.1% Tween 20
three times and non-specific binding sites blocked by
incubation with 200 μl of PBS containing 0.5% gelatine
and Tween 20 for 1 h at room temperature (RT). After
washing, 100 μl of the reference preparation (recombinant
human Hsp70, 0–10 ng/ml) or undiluted serum samples
were added, and the plates were incubated for 2 h at RT.
Plates were subsequently washed, and Hsp70 binding was
determined using biotinylated rabbit anti-human antibodies
(100 μl, 0.5 μg/ml) in PBS gelatine. After 1.5 h at room
temperature, plates were washed and incubated with strepta-
vidin–horseradish peroxidase (1:200) in PBS gelatine for
20 min at RT. Plates were washed, and 100 μl of o-
phenylene-diamine (Sigma, St. Louis, MO, USA) in citrate
buffer was added. The optical density was measured at λ=
490 nm (reference at λ=620 nm). The detection range of the
assay was 0.05–10 ng/ml, the intra/inter-assay variability
<10/<16%, respectively.

Determination of other laboratory parameters

Serum levels of fetuin-a were determined by radial
immunodiffusion. Five microlitres of patient’s serum
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diluted to 1:4 was applied in 11.5 ml of Litex agarose gel
(Sigma). Serum samples (1:4 dilution) with known concen-
trations of fetuin-a served as standards. The incubation was
done at room temperature for 48 h. We used two types of
antibodies against fetuin-a as the protein is synthesized as a
single chain and is rapidly converted to a dipeptide form
following the cleavage of a connecting peptide. The
commercially available product (anti-fetuin-a, IgG fraction,
Incstar, Cat. no. 81931, 13.7 mg/ml, in a final concentration
of 84 μl/11.5 ml gel) recognizes the dipeptide form. The
other type of antibody binding to the newly synthesized
single chain form of fetuin-a, was raised by immunizing a
rabbit with recombinant human protein (final concentration
of 568 μl/11.5 ml gel) (Kalabay et al. 2002).

Fasting serum samples were also used to examine
standard clinical laboratory measurements, CRP, and
homocysteine levels in the core laboratory of Semmelweis
University (diagnostic instruments: D-Cell 5D—Diagon
Ltd., Cobas Integra 400—Roche, STA-Compact—Diagnostica
Stago). We used the Cockcroft-Gault formula for the calcula-
tion of glomerular filtration rate. Estimated glomerular filtration
rate = ([140−age]×weight in kg)×constant/(serum creatinine
(μmol/L)), where constant was 1.23 for men and 1.04 for
women.

Statistical analysis

As most of the variables had non-Gaussian distributions, data
are presented in the text and in the tables as median (25th–75th
percentile) or as number (percent). Non-parametric tests were
used for group comparisons; continuous variables between
two groups were compared with the Mann–Whitney U test.
Spearman rank correlation coefficients were calculated for
estimation of interrelations between sHsp70 and other
variables. A power calculation was used to estimate the
sample size in the correlation analysis between sHsp70 levels
and CS (P=0.62). Multiple logistic regression analysis was
applied to estimate interrelationship between variables as
categorical predictors and severity of peripheral artery
disease. Analyses were carried out using STATISTICA 7.0
(StatSoft Inc., Tulsa, OK, USA), Prism for Windows v4.02
(GraphPad Software, San Diego, CA, USA) and SPSS for
Windows 13.0.1 (SPSS Inc., Chicago, IL, USA) statistical
software products. All statistical analyses were performed
two-tailed and p<0.05 was considered as significant.

Results

Patient characteristics

The mean age was 64 years in our 180 patient study
population, 56 (31.1%) were female, 98 (54.4%) were

current smokers and 55 (30.6%) were past smokers, only 27
(15%) patients smoked never before. The baseline clinical
and laboratory characteristics of the study population are
reported in Table 1. Thirty-seven (20.6%) patients suffered
from significant carotid stenosis only, 91 (50.6%) partic-
ipants had only lower extremity arterial disease, whereas 52
(28.9%) patients suffered from both diseases. The severity
of symptoms of our patients required surgery or PTA in 30
(81%) carotid patients, in 80 (88%) PAD patients, and in 50
(96%) patients suffering from the both diseases. According
to the Fontaine classification (I–IV) of chronic atheroscle-
rotic lower extremity arterial disease, 129 patients (71.7%)
belonged to Fontaine II/b-IV groups. The median values of
ankle–brachial index was 0.50 (0.26–0.76), mean IMT was
0.83 mm (0.70–0.97), and worst IMT was 1.00 mm (0.80–
1.30), respectively. Lipid profile results showed moderately
higher than normal levels of triglyceride, cholesterol, and
low-density lipoprotein (LDL). The median calcification
score (CS) was 5 (4–6), this corresponds with the severe
systemic arterial calcification of our cohort.

Association of sHsp70 levels with calcification severity
and clinical variables

We investigated the association between serum Hsp70 levels
and calcification score, clinical characteristics, and laboratory
parameters of patients with peripheral artery disease. Analysis
of clinical characteristics and other laboratory parameters
revealed a significant correlation between serum heat shock
protein 70 levels and age and serum bilirubin (Table 2).
Patients with higher calcification scores had higher soluble
heat shock protein levels (Mann–Whitney probe, p<0.02).
The significant relationships between soluble Hsp70 levels
and homocysteine, serum bilirubin levels, and calcification
scores are visualized on Fig. 1a–c. There were no significant
correlations between sHsp70 concentrations and other
markers of liver injury [aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and γGT]. No significant
association was found between serum Hsp70 levels and
clinical characteristics such as gender, BMI, hypertension,
diabetes, presence of ischemic heart disease, mean IMT, and
ankle–brachial index. Most importantly, no correlation with
CRP, triglyceride, cholesterol, serum creatinine, serum
carbamide levels, and eGFR was observed (Table 2). No
correlation was found between sHsp70 levels and any of the
medications used at the time the blood samples were taken
(data not shown). There were no significant differences in
Hsp70 (p=0.588) and fetuin-a levels between the three
patient groups (p=0.431). No significant differences have
been found between the three patient groups in age, gender,
BMI, diabetes, smoking, or calcification scores (p=n.s.,
respectively). The examination of Hsp70 levels (p=0.993) or
calcification scores (p=0.909) in diabetic and non-diabetic
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patients resulted no differences. In a univariate analysis,
patients with sHsp70 level above the 75th percentile
(0.7296 ng/ml) had an almost 2.2-fold risk to belong to the
seriously calcified group (CS 6–7). To evaluate the associ-
ation of sHsp70 level and the extent of arterial calcification,
logistic regression analysis were performed. We examined
the possible effect of three models (model 1: age, gender,
eGFR; model 2: model 1 + smoking (years); model 3: model
2 + CRP; and model 4: model 3 + homocysteine) on the
odds ratio. After correction for those major confounding
factors the significant correlation between circulating Hsp70
and arterial calcification still remained significant (Table 3).

Table 1 Clinical patient characteristics (n=180)

Variables

Demographics and risk factors

Age (years) 64.1 (57.04–70.66)

Gender (male) 124 (68.89%)

BMI 26.1 (23.88–28.99)

Smoking (years) 35 (25–41)

Consumed cigarettes/day 20 (20–30)

Hypertension 140 (77.78%)

Diabetes 62 (34.44%)

Ischemic heart disease 65 (36.11%)

Carotid stenosis significant (%) 95 (52.78%)

Carotid stenosis maximum 0.6 (0–0.9)

Fontaine stages I, II/a, II/b, III, IV (n=143) 14, 21, 83, 12, 13

ABI 0.50 (0.26–0.76)

IMT mean (mm) 0.83 (0.70–0.97)

IMT maximum (mm) 1.00 (0.80–1.30)

Calcification score 5 (4–6)

Drug therapy

Aspirin 118 (65.56%)

Clopidogrel 49 (27.22%)

Oral anticoagulants 12 (6.67%)

ACE-inhibitors 102 (56.67%)

Angiotensin receptor blockers 102 (56.67%)

β-blockers 83 (46.11%)

Oral hypoglycemics 43 (23.89%)

Insulin 18 (10.00%)

Statins 105 (58.33%)

Laboratory findings

Serum sodium (mmol/l) 141 (138–143)

Serum potassium (mmol/l) 4.5 (4.3–4.8)

Serum calcium (mmol/l) 2.47 (2.38–2.53)

Serum phosphate (mmol/l) 1.11 (0.97–1.21)

Serum creatinine (μmol/l) 89 (80–103)

Serum carbamide (mmol/l) 6.6 (5.20–7.85)

eGFR (ml/min) 75.8 (57.17–94.36)

Serum bilirubin (μmol/l) 9.65 (7.25–13.05)

AST (U/l) 21 (17–26)

ALT (U/l) 21 (14–28)

Gamma-GT (U/l) 33 (22–55)

Serum albumin (g/l) 46.5 (43.20–49.00)

CRP (mg/l) 2.7 (0.9–6.5)

Homocysteine (μmol/l) 16.1 (13.20–19.30)

Triglyceride (mmol/l) 1.7 (1.20–2.40)

Total cholesterol (mmol/l) 5.2 (4.30–6.40)

LDL (mmol/l) 3.1 (2.61–4.07)

HDL (mmol/l) 1.4 (1.20–1.58)

Fetuin-a (μg/ml) 732 (648–804)

Soluble Hsp70 (ng/ml) 0.63 (0.52–0.81)

Values are median (interquartile range) or number (%)

BMI body mass index, ABI ankle–brachial index, IMT intima–media
thickness, AST aspartate aminotransferase, ALT alanine aminotransferase,
Gamma-GT gamma-glutamyl transpeptidase, CRP C-reactive protein,
eGFR estimated glomerular filtration rate, LDL low-density lipoprotein-
cholesterol, HDL high-density lipoprotein-cholesterol

Table 2 Correlation coefficients with p values between serum Hsp70
levels and clinical and laboratory variables (total n=180)

Variable r p value

Age 0.150549 0.045485

Gender (male) −0.026178 0.729442

BMI 0.083219 0.270798

Smoking (years) 0.090170 0.269263

Consumed cigarettes/day 0.031008 0.704520

Hypertension 0.097433 0.196998

Diabetes −0.007125 0.925012

Ischemic heart disease 0.099890 0.185885

Carotid stenosis significant (%) 0.055731 0.461263

Carotid stenosis maximum 0.061359 0.417191

Fontaine stages I, II/a, II/b, III, IV (n=143) −0.157684 0.062791

ABI 0.062841 0.406005

IMT mean (mm) 0.076109 0.325362

IMT maximum (mm) −0.031641 0.682991

Calcification score 0.168998 0.024535

Serum creatinine (μmol/l) 0.111446 0.139731

Serum carbamide (mmol/l) Urea 0.030041 0.691422

eGFR (ml/min) −0.094085 0.212905

Serum bilirubin (μmol/l) 0.233000 0.002036

AST (U/l) GOT 0.126953 0.094095

ALT (U/l) GPT 0.101128 0.184258

Gamma-GT (U/l) 0.150425 0.046923

Serum albumin (g/l) −0.045852 0.551502

CRP (mg/l) −0.085874 0.262677

Homocysteine (μmol/l) 0.179437 0.017829

Triglyceride (mmol/l) −0.026359 0.729904

Total cholesterol (mmol/l) −0.028605 0.707898

LDL (mmol/l) −0.027531 0.728840

HDL (mmol/l) 0.020420 0.795849

Fetuin-a (μg/ml) 0.003335 0.964965

BMI body mass index, ABI ankle–brachial index, IMT intima–media
thickness, AST aspartate aminotransferase, ALT alanine aminotransferase,
Gamma-GT gamma-glutamyl transpeptidase, CRP C-reactive protein,
eGFR estimated glomerular filtration rate, LDL low-density lipoprotein-
cholesterol, HDL high-density lipoprotein-cholesterol
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Adjustment for type II diabetes mellitus with age, gender,
and eGFR has also not influenced the significant risk (OR=
2.136 (1.077–4.237) p=0.03) for extended calcification in
patients with higher soluble Hsp70 levels.

Discussion

The novel finding of the present study is that we reported a
significant increase in serum heat shock protein 70 levels in
patients with more severe systemic arterial calcification scores
in a cohort with severe chronic lower extremity atherosclero-
sis and severe carotid stenosis. We also observed significant
correlation between serum Hsp70 and homocysteine levels.
The detailed characterization of the patient population
allowed us to identify significant correlations between sHsp70
levels and age and serum bilirubin. There was, however, no

relationship between soluble Hsp70 and the acute phase
reactants C-reactive protein and fetuin-a.

A soluble heat-shock-mediated component to cardiovas-
cular disease has been suggested by a number of studies.
Previous works have shown an inverse correlation between
circulating Hsp70 levels and atherosclerotic disease progres-
sion in cardiac (Zhu et al. 2003; Zhang et al. 2010) and in
extracardiac vascular calcifications, such as peripheral artery
disease of the lower extremities and carotid artery disease
(Wright et al. 2000; Martin-Ventura et al. 2007). In their
elegant study, Martin-Ventura et al. (2007) showed signifi-
cantly decreased Hsp70 levels in plasma of patients with
CAD in relation to matched healthy subjects. In contrast,
Wright et al. had shown that Hsp70 serum levels were
increased in patients with PAD (Wright et al. 2000). This
discrepancy could have been due to the degree and
localization of atherosclerosis (peripheral versus carotid)
other samples (serum versus plasma) and different type of
ELISA used. However, potential mechanisms which could
explain this inverse relation have not yet been explored.

Our observations corroborate the results of Wright et al.
(2000) and Zhang et al. (2010) inasmuch as the higher
concentration of Hsp70 was related to disease severity in
peripheral artery and in acute coronary syndrome patients.
In our study group, Hsp70 levels significantly correlated to
the extent of arterial calcification in patients with PAD,
carotid artery disease, or in those suffering from both
localizations of atherosclerosis. The increasing serum
concentration of Hsp70 with the severity of arterial
calcification seemed to be independent of the condition of
the kidneys and the inflammation, proven by a logistic
regression model. Patient groups divided according to

Fig. 1 Association of serum
Hsp70 levels with calcification
score (a) and homocysteine
levels (b) and serum bilirubin
levels (c) in patients with
peripheral artery disease and
carotid stenosis

Table 3 Association between sHsp70 and arterial calcification score

Odds of more severe arterial calcification p value
(Odds ratio and 95% confidence intervals)

Unadjusted 2.189 (1.156–4.144) 0.016

Model 1 2.110 (1.066–4.175) 0.032

Model 2 2.233 (1.054–4.730) 0.036

Model 3 2.403 (1.115–5.181) 0.025

Model 4 2.264 (1.021–5.020) 0.044

Odds ratio and 95% confidence intervals (CI) were obtained by
logistic regression model

Model 1 demographics: age, gender, eGFR, Model 2 Model 1 +
smoking (years), Model 3 Model 2 + CRP, Model 4 Model 3 +
homocysteine
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lower and higher calcification score classes (1–5 vs. 6–7)
showed marked significant difference in sHsp70 levels and
were compared using a logistic regression adjusted for the
following variables: age, gender, estimated glomerular
filtration rate, smoking, diabetes type II, C-reactive protein,
and homocysteine levels. The risk to belong to the more
severe calcified group was more than two times higher for
those having high (>75% percentile, 0.7296 ng/ml) serum
Hsp70 levels as compared to those with low levels. This
association was independent from the above mentioned
variables. Furthermore, lack of significant correlation was
observed between sHsp70 and serum creatinine and serum
carbamide, indicating that the elevation of sHsp70 parallel
with calcification severity is not due to the impaired renal
clearance of Hsp70.

In a prospective study, Pockley et al. (2003) demonstrated
that increased concentrations of circulating Hsp70 correlated
with decreased changes in intima/media thickness in
hypertensive patients. It was also implicated by the same
authors that serum Hsp70 levels reflect tissue expression,
and elevated levels might therefore reflect the presence of an
antiatherogenic state in the vasculature. We could not
strengthen these findings with IMT because of our cross-
sectional study design and more severe atherosclerotic
cohort. In their well-designed study, Dulin et al. (2010) have
not detected any correlations between the concentrations of
circulating Hsp70 and classical vascular risk factors such as
homocysteine and C-reactive protein. In our present study, a
positive correlation between serum Hsp70 and homocysteine
levels was found. Hyperhomocysteinemia is a well-
known and independent risk factor for vascular disease
(Clarke et al. 1991) and triggers atherosclerotic lesion
development in apolipoprotein E-deficient mice involving
Hsp70 stress pathway (Zhou et al. 2004). Another
interesting animal study showed that heat shock protein
70 enhanced vascular bone morphogenetic protein-4
(BMP) signaling by binding matrix Gla protein, enhanced
BMP-induced calcium deposition. In addition, Hsp70
mediated the procalcific effect of interleukin-6 on calcifying
vascular cells (Yao et al. 2009).

The source of the serum Hsp70 has not been fully
elucidated. Febbraio et al. (2002) found inducible Hsp70
release from splanchnic tissues into the blood stream during
exercise. This elevation in plasma Hsp70 levels after acute
exercise stress has disappeared after longer intensive
exercise and heat acclimation suggesting a thermoregulato-
ry role on the cellular level (Magalhaes et al. 2010). This
finding is not in contradiction with our study since we
aimed to investigate the possible chronic effects of hsp70 in
vascular calcification. Our patients were investigated and
their blood samples collected in a rested state. No patients
had surgical or traumatic stress or suffered from any acute
disease in the last 6 months before their blood samples were

taken. We also observed positive correlation between
soluble Hsp70 and serum bilirubin levels. This result may
reflect the possible relation between hepatosplanchnic
tissue damage and circulating Hsp70, suggesting that one
source of heat shock protein 70 is maybe in the liver. This
hypothesis is in concordance with our previous results
(Gombos et al. 2008; Madach et al. 2008); however, other
markers of hepatic damage were not correlated with sHsp70
in our present study. The positive correlation between
elevated soluble Hsp70 and serum bilirubin levels indicates
that both factors increase due to chronic atherosclerotic
inflammatory and oxidative stress. HO-1, also known as
Hsp32, an enzyme in heme degradation, indirectly elevates
blood bilirubin levels in response to oxidative stress (Vitek
and Ostrow 2009; Grochot-Przeczek et al. 2010). Bilirubin
is a potent antioxidant by scavenging RONS directly, and
suppressing the activity of NADPH oxidase indirectly
(McCarty 2007; Jansen et al. 2010). Sources of circulating
Hsp70 can be endothelial cells induced by oxidative low-
density lipoprotein and homocysteine (Zhan et al. 2009).
Hyperhomocysteinemia triggers apoptosis in vascular en-
dothelial cells acting as an endoplasmic reticulum stress
inducer (Kyriakakis et al. 2010). Moreover, this extracellu-
lar serum Hsp70 may represent a danger signal of cellular
death or lysis-activating innate immunity through a strong
classical complement pathway activation (Prohaszka et al.
2002). These elevated levels of circulating Hsp70 may also
originate from necrotic cells, and stimulate macrophages to
secrete cytokines, and induce expression of antigen-
presenting and co-stimulatory molecules on the dendritic
cells, in response to cell death. The role of sHsp70 in
atherosclerosis is controversial. It is not clear, whether
higher serum Hsp70 levels are a causative or an atheropro-
tective factor due to severe systemic calcification. Evidence
suggests that soluble Hsp70 is likely to be involved in
cytoprotection (Bielecka-Dabrowa et al. 2009) due to the
chronic stress of atherosclerosis (Pockley et al. 2009). The
significance of this inverse relation between Hsp70 and
atherosclerosis remains to be clarified.

Study limitations

There are two major limitations of our study. The first one
is the different patient numbers in the three cohorts. The
different pathology of carotid and lower extremity athero-
sclerosis is well-known and widely investigated. The
relatively low number of our carotid artery patient group
compared to the other two groups and the severity of the
atherosclerotic disease in our whole cohort might have
influenced our analysis regarding this issue. The other
limitation of our study is the relatively small number of the
whole patient cohort. However, this is the first, small
number investigation related to vascular calcification and
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serum Hsp70 levels. Further investigations are needed and
a larger number of atherosclerotic cohorts with differing
extents of the disease should be investigated in the future to
confirm the novel findings of our study.

Conclusions

This is the first human study investigating serum heat shock
protein 70 in association with the extent of arterial
calcification in atherosclerosis. Our findings indicate that
higher numbers of calcified plaques are closely correlated
with higher Hsp70 levels. Further prospective studies are
required to establish the possible biomarker role of Hsp70
in arterial calcification, in order to clarify whether high
circulating levels of Hsp70 are a consequence of chronic
atherosclerotic disease or a predisposing factor for later
cardiovascular events.
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