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Abstract Atherosclerosis is a chronic inflammatory and
autoimmune disease. Candidate molecules/autoantigens
include heat shock proteins (HSPs); Hsp70 (HSPA1A)
is one of the best studied HSPs. Various studies have
shown a correlation between extracellular Hsp70
(eHsp70) and anti-Hsp70/anti-Hsp60 antibody concentra-
tion and development of atherosclerosis. A random
sample of 456 people aged 40–60 (218 males, 234
females) was studied to investigate the prevalence of
traditional vascular risk factors and eHsp70 and anti-
Hsp70/anti-Hsp60 antibodies levels, according to the risk
of vascular disease. Task Force Chart was applied for
classification. Subjects were divided into three groups:
G0 (with no vascular risk factor or a risk lower than
5%), n=239; G1 (moderated 10–20% risk, who do not
have established disease) n=161; and G2 (established
atherosclerosis disease) n=52. eHsp70 and anti-Hsp70
were significantly lower in the atherosclerosis group
(group 2) with respect to the other groups. Disease-free
people showed the highest anti-Hsp60 concentration
compared with the other two groups. A correlation
has not been demonstrated between the concentrations
of circulating Hsp70 (HSPA1A), anti-Hsp70, and anti-

Hsp60 and classical vascular risk factors and C-reactive
protein. Low levels of eHsp70 and anti-Hsp70 antibodies
should be considered as candidate FRV. Simultaneous
decrease of eHsp70 and anti-Hsp70 antibodies would be
explained by circulating immune complex formation, and
both could be proposed as biomarkers for the progression
of atherosclerotic disease. Levels of circulating anti-Hsp60
antibodies may constitute a marker of inflammation in
atherosclerosis.
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Introduction

Cardiovascular disease is the leading cause of death in most
western countries (Grau and Marrugat 2008). The inflam-
matory nature of atherosclerosis was proposed 30 years ago
by Ross (Ross and Glomset 1976); his response-to-injury
theory (Ross 1999) remains valid to this day. According to
this theory, the first step in the development of atheroscle-
rosis is endothelial dysfunction resulting from various
stimuli such as hypertension, free radicals produced by
tobacco, homocystinemia, the presence of oxidized low-
density lipoproteins (LDLs), or infection (Kaperonis et al.
2006). An alteration of the physiologic functions of the
endothelium, the onset of inflammatory reactions (with the
synthesis of proinflammatory cytokines and other mole-
cules such as C-reactive protein (CRP) on the atheroma
plaque), and immune reactions ensue as a result of
endothelial dysfunction. Both adaptive and innate immuni-
ties are also involved in the etiopathogenesis of atherogen-
esis (Jara et al. 2006). Specific antigens starting immune
response in atherosclerosis include oxidized LDL (Binder et
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al. 2004), heat shock proteins (HSPs; Mehta et al. 2005),
and β2- glycoprotein (George et al. 2000).

Within the superfamily of HSPs, the proteins most
widely studied in relation to the pathogenesis and develop-
ment of atherosclerosis are Hsp70 (HSPA1A, Kampinga et
al. 2009) and Hsp60 (HSPD1). An overexpression of
Hsp70 (HSPA1A) in macrophages, smooth muscle cells,
and endothelial cells in atherosclerotic plaques in apoE-
knockout mice (Kanwar et al. 2001) and the intralesional
expression of two genes of the Hsp70 family have been
demonstrated (Han et al. 2003). Hsp60 (HSPD1) has been
detected in endothelial, smooth muscle, and mononuclear
cells in atherosclerotic lesions in humans, but not in blood
vessels that do not have these lesions (Xu 2002). The
degree of intralesional expression of Hsp60 (HSPD1)
correlates positively with the severity of atherosclerosis.

For years, HSPs have been considered exclusively
intracellular molecules that could only be released to the
extracellular space via a passive mechanism from necrotic
cells (Calderwood 2005); currently, however, we know that
these molecules may be released by nonnecrotic viable
cells, including endothelial cells, through an active mech-
anism that includes the nonclassic protein release pathway,
through which HSP is released both as free protein and
within highly immunogenic exosomes (Asea 2008). Fur-
thermore, the presence of Hsp60 (HSPD1) and Hsp70
(HSPA1A) has been shown in the serum of normal
individuals (Pockley et al. 1998, 1999; Jin et al. 2004).
The role of circulating Hsp70 (HSPA1A) and Hsp60
(HSPD1) in the development of atherosclerosis is not
completely defined yet. Increased serum levels of Hsp60
(HSPD1) have been observed in patients with early-stage
atherosclerosis that correlate with the degree of carotid
artery intima media thickening (Pockley et al. 2000; Xu et
al. 2000), which could accelerate the progression of the
condition (Xu 2002). In contrast, high levels of circulating
Hsp70 (HSPA1A) are associated with low risk of coronary
artery disease (Zhu et al. 2003); they appear in hypertensive
subjects with a lesser intima media thickening after 4 years
of follow-up (Pockey et al. 2003) and in a disease-free
population, compared to a group of subjects with metabolic
syndrome (Armutcu et al. 2008). Additionally, serum levels
of Hsp60 (HSPD1) correlate directly with the classic factors
of vascular risk such as total cholesterol and LDL
cholesterol (Shamaei-Tousi et al. 2007) and with inflam-
mation markers such as tumor necrosis factor alpha (TNF-
α), but not with CRP (Lewthwaite et al. 2002a, b). In turn,
Hsp70 (HSPA1A) does not correlate with the concentration
of VLDL or triglycerides (Pockley et al. 2000) or with CRP
levels (Armutcu et al. 2008). Extracellular Hsp70
(HSPA1A) and Hsp60 (HSPD1) have powerful immune
properties: they activate the classic complement pathway,
and they participate in the processing and presentation of

exogenous antigens and show immune reactivity to
endogenous Hsps (Pockley et al. 2008; Molvarec et al.
2009).

Given the potential role of heat shock proteins in the
pathogenesis of atherosclerosis, the purpose of this study
was to determine the levels of circulating Hsp70 (HSPA1A)
and anti-Hsp60 and anti-Hsp70 antibodies in the general
population and its relation to the prevalence of vascular risk
factors or the presence of atherosclerotic disease.

Material and methods

Study population and design

This was an observational, cross-sectional, epidemiological
study on the incidence of vascular risk factors carried out
from January 2004 to June 2009. Inclusion criteria include
randomly selected voluntary subjects of both sexes aged
40–60 years and employees of the Hospital General
Universitario Gregorio Marañón (HGUGM) who signed
the informed consent. The study was approved by the
Research Committee and the Clinical Research Ethics
Committee of the center. All participants provided a clinical
history and answered an epidemiological survey including
age, personal and family medical history, smoking (number
of cigarettes per year and smoking duration; if former
smokers, number of years elapsed since smoking cessa-
tion), alcohol intake (if yes, grams of alcohol daily),
treatments, and occurrence or presence of disease of
atherosclerotic etiology. Blood pressure (BP) of all partic-
ipants was measured with an automated BP recording
device after an individual had been sitting quietly for 5 min.
Blood was taken for the appropriate laboratory measure-
ments. Exclusion criteria included pregnancy or breast
feeding, any systemic infection in the past 3 months,
current oncological disease or radiotherapy/chemotherapy,
autoimmune disease (rheumatoid arthritis, systemic lupus
erythematosus, and sarcoidosis), endocrine disorders (ex-
cept for diabetes), liver disease, renal failure, glomerulone-
phritis, congenital heart disorder, oncohematological
disease, or allergic disorders.

The Epidemiology and Preventive Medicine Service of
HGUGM calculated the sample size. In order to determine
whether there is a correlation between serum levels of
Hsp70 (HSPA1A) and the development or presence of
atherosclerotic disease and to estimate the size of a cohort
study, the following premises were presumed: (1) An
estimated incidence of the disease of 12.5% in the group
with a high serum concentration of Hsp70 (HSPA1A); (2)
this population has half the risk of the population with a
low concentration of developing the disease (RR 0.5), error
protection: alpha 0.05 (bilateral), beta 0.20.
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Assessment of vascular risk and classification of subjects

The absolute risk for developing cardiovascular disease in a
given period of time (usually 10 years) is estimated based
on the presence of prior coronary heart disease (CHD) and
the joint assessment of risk factors present (Grundy et al.
1999). A risk factor is defined as a measurable
characteristic that is causally associated with increased
disease frequency and that is a significant independent
predictor of an increased risk of presenting with the
disease (Dawber et al. 1951). The calculation of risk in
asymptomatic individuals is based on the presence of risk
factors. For this purpose, there are several tables based on
the follow-up of the Framingham study population
(D'Agostino et al. 2001). One of the most widely used is
the Task Force's Coronary Risk Chart (Wood et al. 1998).
The index of coronary risk of the subjects was obtained
considering the presence or absence and the severity of
each of the conventional risk factors, taking into account
gender, age, smoking status, lifestyle, systolic blood
pressure, and total cholesterol. Applying the coronary risk
chart, the subjects in this study were classified in three
groups: group 0 (G0), subjects with no vascular risk factor
or a risk lower than 5%; group 1 (G1), subjects with
moderate vascular risk (10–20%) who do not have
established disease; and group 2 (G2), subjects with
established atherosclerotic disease (Adult Treatment Panel
III 2001).

Definition of vascular risk factors (Wood et al. 1998;
Graham et al. 2007)

Obesity

Obesity was defined as a body mass index (BMI: kg/m2) >30
and overweight when the BMI was >25.

Blood pressure

BP of all participants was measured with an automated
BP recording device after an individual had been sitting
quietly for 5 min. Hypertension has been defined as a
systolic blood pressure of ≥140 mmHg and/or a diastolic
BP of ≥90 mmHg in at least two measurements taken
separately.

Blood lipids

Hypercholesterolemia was defined as a fasting total
cholesterol level of ≥200 mg/dl, or LDL cholesterol
of ≥130 mg/dl. By hypertriglyceridemia, we understand a
condition in which a fasting total triglyceride level
is ≥150 mg/dl.

Blood glucose

For epidemiological studies, estimates of diabetes
prevalence or incidence should be based on a fasting
blood glucose of ≥126 mg/dl (The Expert Committee on
the Diagnosis and Classification of Diabetes Mellitus
1997).

Laboratory tests

Venous blood was drawn after a 12-h fast and centrifuged,
and serum samples were frozen at −70°C for subsequent
testing. In order to assess causal and conditional vascular
risk factors (Lahoz and Mostaza 2007), total cholesterol,
HDL cholesterol, LDL cholesterol, triglycerides, and
glucose were quantified in a Hitachi Modular Analytic
SVA autoanalyzer, Roche Diagnostics S.L., Barcelona,
Spain.

C-reactive protein

CRP was quantified using a commercial enzyme-linked
immunosorbent assay (ELISA; CRP MTPL EIA, DRG
Instruments GMBH, Marburg, Germany) according to
manufacturer instructions. Final absorbances were measured
at 450 nm (Bio Rad 3550 Microplate Reader, Bio Rad
Laboratories, Hercules, CA, USA). Values under 5 µg/ml
were considered normal. CRP concentrations in the samples
were calculated by interpolation in the standard curve
obtained (range 1.62-25 µg/mL).

Plasma total homocysteine

Plasma total homocysteine (tHcy) was measured by
immunoanalysis of polarization of the fluorescence. Hyper-
homocysteinemia was defined as a fasting plasma tHcy
concentration >11 μmol/l in women and >15 μmol/l in men
(P95).

Serum Hsp70 (HSPA1A) and Hsp60 (HSPD1)

Hsp70 (HSPA1A) and Hsp60 (HSPD1) were quantified
in diluted serum 1:5 using the Hsp70 and Hsp60 ELISA
kits (EKS-715, EKS-600 Assay-Designs-Stressgen, Ann
Arbor, MI, USA) in accordance with manufacturers’
instructions. EKS-715 test recognizes recombinant and
native Hsp70 (HSPA1A), and there is no cross-reactivity
with constitutive Hsp70 (HSPA8) or human Hsp60
(HSPD1). Results were expressed in nanogram per
milliliter. The working range (linearity) for Hsp70
resulted in 0.34–6.25 ng/ml, and sensitivity was
0.30 ng/ml. The interassay and intra-assay precisions
were <10%.
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Serum anti-Hsp70 and anti-Hsp60 antibodies

Titers of anti-Hsp70 and anti-Hsp60 antibodies in serum
samples (diluted 1:1,000) were measured using two
commercial enzymoimmunoassays (EKS-750 and EKS-
650, Assay-Designs-Stressgen, Ann Arbor, MI, USA) in a
microplate coated with recombinant human Hsp70 or
Hsp60, capturing anti-Hsp70 and anti-Hsp60 antibodies
present in serum (the test detects all immunoglobulin
isotypes, IgA, IgG, IgM). HSP antibody concentrations
were expressed as microgram per milliliter. The working range
(linearity) for anti-Hsp70 resulted in 31.25–1,000 µg/ml, and
sensitivity was 6.79 µg/ml. The interassay and intra-assay
precisions were <10%. For anti-Hsp60, the linearity was 7.81–
250 µg/ml, the sensitivity was 6.79 µg/ml, and the interassay
and intra-assay precisions were <10%.

Statistical analysis

To examine the distribution of data, a Kolmogorov–Smirn-
off test was applied. As data were not normally distributed,
results were analyzed using their medians, ranges, and
interquartile ranges. Variable medians were compared using
nonparametric tests: Mann–Whitney’s U test for two
independent samples and Kruskal–Wallis test for three
independent samples. Qualitative and quantitative variables
were analyzed using Spearman’s correlation test. All
probability values are derived from two-tailed analyses,
and the statistical significance level selected was p<0.05.
SPSS 16.0 software for Windows was used for statistical
analysis (SPSS Inc., Chicago, IL, USA).

Results

The study population consisted of 456 subjects randomly
selected and stratified by gender, who were permanent
employees at HGUGM and who met the inclusion criteria
and provided their informed consent. Only four subjects
had to be excluded from the study for various reasons
(0.088%), for which reason a total of 452 subjects were
included, of which 234 were females (51.8%) with a mean
age of 49.95±6.89 (x ± SD) years and 218 were males
(48.2%) with a mean age of 48.86±7.27 years. After
applying the Task Force's Coronary Risk Chart (Wood et al.
1998), the subjects participating in the study were distrib-
uted as shown in Table 1.

Table 2 shows the prevalence of classic vascular risk
factors according to the criteria established by Wood et al.
1998.

Serum levels of Hsp70 (HSPA1A) were detectable in
444 subjects, representing 98.23% of cases. The median
values of circulating Hsp70 (HSPA1A) were 1.21 ng/ml

(range 0.00–29.55 mg/ml). The values were lower among
women (median = 1.19 ng/ml, range 0.00–6.76 ng/ml) than
among men (median = 1.26 ng/ml, range=0.26–29.55 ng/ml),
which has a marginal statistical significance (p<0.1 Mann–
Whitney test). When the population was segmented accord-
ing to vascular risk, the concentration of circulating Hsp70
(HSPA1A) was significantly lower in the group with
established atherosclerotic disease than in the other two
groups combined (p<0.05, Kruskal–Wallis test) and in group
0 (Mann–Whitney test p=0.010) and group 1 (Mann–
Whitney test p=0.010) separately (Table 3). Among the
subjects in group 0, the concentration of Hsp70 (HSPA1A)
was significantly lower in women than in men (data not
shown).

In contrast, Hsp60 (HSPB1) was detectable in only <5%
of the population studied, for which reason no analysis was
done.

There were detectable levels of anti-Hsp70 and anti-
Hsp60 antibodies in all study subjects. The median
concentration of anti-Hsp70 antibodies in the global
population was 339.84 µg/ml (range 48.50–2,796.81 µg/ml),
with no gender differences. When the subjects were sub-
divided according to their degree of vascular risk, patients
with some kind of atherosclerotic disease had the lowest
concentration of circulating anti-Hsp70 antibodies that was
statistically significant when compared to disease-free sub-
jects (p=0.026, Mann–Whitney test). Patients with moderate
vascular risk, group 1, showed also a significant decrease of
anti-Hsp70 with respect to group 0 (p=0.007, Mann–
Whitney test; Table 3).

The serum concentration of anti-Hsp60 antibodies in the
study population showed a median of 39.69 µg/ml (range
10.01–346.50 µg/ml), with no gender differences. This
concentration was higher in the group with no vascular risk
or with risk <5% (group 0) than in the rest of groups, and it
was statistically significant compared with group 1 (sub-

Table 1 Frequency of cases per vascular risk group, by gender

Gender Group Frequency Percent

Female Group 0 149 63.7

Group 1 65 27.8

Group 2 20 8.5

Total 234 100.0

Male Group 0 90 41.3

Group 1 96 44.0

Group 2 32 14.7

Total 218 100.0

Group 0 subjects with no vascular risk factor or a risk lower than 5%,
Group 1 subjects with moderate vascular risk (10–20%) who do not
have established disease, Group 2 subjects with established athero-
sclerotic disease
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jects with moderate vascular risk who do not have
established disease; p=0.039, Mann–Whitney test), but
not with group 2 (Table 3). We presume that the value of
anti-Hsp60 in group 2 can become statistically significant if
we increase the sample size of this group.

A correlation has not been demonstrated between the
concentrations of circulating Hsp70 (HSPA1A), anti-
Hsp70, and anti-Hsp60 and classical vascular risk factors
and C-reactive protein. However, there is a correlation
between serum levels of anti-Hsp70 antibodies and Hsp70
(HSPA1A; p<0.005, Spearman’s correlations) and between
anti-Hsp70 and anti-Hsp60 antibodies (p<0.001; Fig. 1).

Discussion

Because of the random character of the population
selection, the results obtained in relation to the cardiovas-
cular health state might be applicable to the general
population. All the individuals included in the study, with
the exception of the 52 patients with cardiovascular disease,
were, a priori, healthy people. Nevertheless, after applying
the Task Force's Coronary Risk Chart (Wood et al. 1998),
35.2% of them had a moderate risk, 59.6% of which were
males, without previous knowledge of it. This corroborates
the idea of the lack of awareness of the cardiovascular
health state of the population which contributes to the silent
development of the cardiovascular disease and supports the
need for the search of biomarkers of vascular risk that could

Table 2 Prevalence of classic vascular risk factors in the general
population

Vascular risk factor Frequency Percent

Hypercholesterolemia Chol>200 mg/dl 256 56.6

LDL>130 mg/dl 219 48.45

Hypertriglyceridemia 70 15.5

Hyperglycemia 38 8.4

Hypertension 103 22.8

Smoking statusa 0 312 69.0

1 84 18.6

2 50 11.1

3 6 1.3

Alcoholb 0 288 63.7

1 141 31.2

2 22 4.9

3 1 0.2

a Smoking degree: 0, nonsmoker; 1, 0–20 cigarettes per day; 2, 20–40
cigarettes per day; 3,>40 cigarettes per day
b Alcohol intake degree: 0, none or less than 20 g of alcohol per day; 1,
20–40 g of alcohol per day; 2, 40–80 g of alcohol per day; 3, >80 g of
alcohol per day

T
ab

le
3

C
ir
cu
la
tin

g
le
ve
ls
of

H
sp
70

(H
S
PA

1A
)
an
d
au
to
an
tib

od
ie
s
to

H
sp
s
in

th
e
st
ud

y
po

pu
la
tio

n,
gr
ou

pe
d
ac
co
rd
in
g
to

va
sc
ul
ar

ri
sk

G
ro
up

0
G
ro
up

1
G
ro
up

2
p

H
sp
70

(H
S
PA

1A
)
(n
g/
m
l)

N
=
23

5
1.
26

(0
.1
9–
29

.5
5)

N
=
15

8
1.
22

(0
.0
0–
7.
54

)
N
=
51

1.
09

(0
.0
5–

3.
90

)
0.
02

8*

A
nt
i-
H
sp
70

(µ
g/
m
l)

N
=
23

9
35

4.
72

(6
3.
00
–2

79
6.
81

)
N
=
16

1
31
1.
84

(6
6.
99
–2

00
2.
87

)
N
=
52

29
7.
22

(4
8.
50

–1
18

0.
60

)
0.
00

7*
*

A
nt
i-
H
sp
60

(µ
g/
m
l)

N
=
23

9
42

.0
3
(1
0.
01
–3

46
.5
0)

N
=
16

1
37

.8
9
(1
1.
15

–2
44

.2
0)

N
=
52

39
.6
1
(1
3.
70

–1
91

.9
0)

0.
03

9*
**

R
es
ul
ts
gi
ve
n
as

m
ed
ia
n
(r
an
ge
).

G
ro
up

0
su
bj
ec
ts
w
ith

no
va
sc
ul
ar

ri
sk

fa
ct
or

or
a
va
sc
ul
ar

ri
sk

lo
w
er

th
an

5%
,G

ro
up

1
su
bj
ec
ts
w
ith

m
od

er
at
e
va
sc
ul
ar

ri
sk

(1
0–
20

%
)
w
ho

do
no

th
av
e
es
ta
bl
is
he
d
di
se
as
e,
G
ro
up

2
pa
tie
nt
s
w
ith

es
ta
bl
is
he
d
at
he
ro
sc
le
ro
tic

di
se
as
e

*p
<
0.
05

gr
ou

p
2
vs

gr
ou

p
0
an
d
gr
ou

p
1
co
m
bi
ne
d
(K

ru
sk
al
–W

al
lis

te
st
)
an
d
se
pa
ra
te
ly
:g

ro
up

2
vs

gr
ou

p
0
(M

an
n–

W
hi
tn
ey

te
st
p
=
0.
01

0)
an
d
gr
ou

p
2
vs

gr
ou

p
1
(M

an
n–

W
hi
tn
ey

te
st
p
=
0.
01

0)

**
p
<
0.
05

K
ru
sk
al
–W

al
lis

te
st
.
G
ro
up

2
vs

gr
ou

p
0,

p
=
0.
02

6
M
an
n–
W
hi
tn
ey

te
st
;
gr
ou

p
1
vs

gr
ou

p
0
p
=
0.
00

7
M
an
n–

W
hi
tn
ey

te
st

**
*p

<
0.
05

gr
ou

p
0
vs

gr
ou

p
1
(M

an
n–

W
hi
tn
ey

te
st
)

Extracellular heat shock protein 70 (HSPA1A) and classical vascular risk factors in a general population 933



be applied in a simple and systematic way to the
population.

The present study showed significantly lower levels of
circulating Hsp70 (HSPA1A) in patients suffering from
some type of atherosclerotic disease, regardless of conven-
tional risk factors and inflammation markers. This agrees
with prior studies (Pockley et al. 2003; Zhu et al. 2003;
Marin-Ventura et al. 2007; Armutcu et al. 2008) and
corroborates the hypothesis that circulating Hsp70
(HSPA1A) should be considered a biomarker for the
progression of atherosclerosis. Additionally, low levels of
serum Hsp70 (HSPA1A) have been shown in patients with

metabolic syndrome (Armutcu et al. 2008) and with type 2
diabetes (Hooper and Hooper 2009). The lower concentra-
tion of circulating Hsp70 (HSPA1A) in women confirms
epidemiological data showing worse prognosis of cardio-
vascular accidents for women (Silander et al. 2008). The
unanswered question, asked by Hooper and Hoopet 2004,
remains: are low levels of Hsp70 the cause or the
consequence of atherosclerosis? Taking into consideration
that Hsp70 (HSPA1A) has anti-inflammatory properties due
to the inhibition of the expression of proinflammatory
cytokines (Luo et al. 2008) and of proinflammatory
transcription factors such as the nuclear κβ factor by
blocking target, activation, and binding (Stice and Knowlton
2008), low levels of Hsp70 (HSPA1A) would promote a
proinflammatory state and increase the vulnerability of the
arterial wall to the damaging action of vascular risk factors
involved in endothelial dysfunction, the first stage in the
development of the atherosclerotic plaque. On the other
hand, low levels of Hsp70 (HSPA1A) may be the result of
the endothelial dysfunction that entails a reduction in the
production of NO, a powerful inducer of protein synthesis
(Pockley et al. 2003). Marin-Ventura et al. (2007) submit that
the reduction in levels of circulating Hsp70 (HSPA1A;
which they verified) in patients with atherosclerotic disease
may be the result of the degradation of the protein by
proteases secreted by activated neutrophils present in the
atheromatous plaque and that the concentration of circulating
Hsp70 (HSPA1A) reflects the balance between its secretion
by healthy arteries and its degradation by atherosclerotic
proteases. In contrast to these studies, Zhang et al. (2010)
reported that high Hsp70 levels were associated with the
increased risk and severity of acute coronary syndrome,
levels that gradually decreased in the 7 days of recovery.
Differences in population characteristics between our
study—chronic atherosclerotic patients—and that of Zhang
et al. (2010)—patients with acute coronary heart disease—
might explain the discrepant findings.

In the present study, patients with a moderate vascular
risk (10–20%) have a concentration of circulating anti-
Hsp70 antibodies lower than the control group, and this
reduction is highest and statistically significant in the group
of atherosclerotic patients. Hsp70 is a protein with powerful
immunological properties: it has been associated with the
innate immune response (Triantafilou et al. 2008), and a
strong binding to B cells, which are responsible for
antibody production, has been shown (Asea 2005). Al-
though there are several studies that link immunity to
Hsp70 in the promotion of chronic inflammatory conditions
such as multiple sclerosis, diabetes, and cardiovascular
disease, many other studies show that such immune
response attenuates inflammatory disease (Wieten et al.
2007). Specifically, it has been shown that patients with
stable and unstable angina (Herz et al. 2006) and with acute
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Fig. 1 Correlation of anti-Hsp70 autoantibodies with Hsp70
(HSPA1A) and anti-Hsp60 autoantibodies (p<0.001)
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coronary syndrome (Zhang et al. 2010) have lower levels of
anti-Hsp70 antibodies than the healthy population and that
microvascular and macrovascular complications in patients
with type 1 diabetes positively correlate with lower levels
of anti-Hsp70 and anti-Hsp60 antibodies (Gruden et al.
2009). The decrease in circulating anti-Hsp70 antibodies in
atherosclerotic patients may be explained by the simulta-
neous decrease in the levels of extracellular Hsp70
(HSPA1A)—parameters which also show a significantly
positive correlation. A low serum concentration of Hsp70
(HSPA1A) may be lower than the threshold necessary to
induce immune response (Pockley et al. 2009), which
would determine a lesser synthesis of anti-Hsp70 autoanti-
bodies. For Herz et al. (2006), the lower levels of anti-
Hsp70 antibodies in patients with vascular disease may
reflect the formation of heat shock protein 70–heat shock
protein 70 antibody immune complexes within the athero-
sclerotic plaque, which would potentially contribute to the
progression of the plaque. Another explanation is that
serum Hsp70 (HSPA1A) and anti-Hsp70 antibodies could
be forming antigen–antibody complexes, thus decreasing
detectable levels of circulating anti-Hsp70 antibodies
(Pockley and Multhoff 2008b; Zhang et al. 2010).

In our study, serum levels of Hsp60 (HSPD1) were not
detectable in most cases, for which reason it is not possible
to discuss its potential role in the resulting atherosclerosis.
Similar to Gruden et al. (2009), the percentage of subjects
with detectable levels of Hsp60 (HSPD1) was under 10%;
we agree with these authors that this is not due to
methodological reasons because our serum samples were
adequately stored and the same samples were satisfactorily
used to quantify Hsp70 (HSPA1A). The population without
vascular risk factors or with a risk <5% had higher
concentrations of anti-Hsp60 antibodies. The precise role
of Hsp60 (HSPD1) in the pathogenesis of atherosclerosis is
not well defined; however, in contrast to Hsp70 (HSPA1A),
it seems to have proinflammatory properties (it has a direct
correlation with levels of TNF-α, Lewthwaite et al. 2002a,
b, and stimulates the release of IL-6 and IL-8 in adipocytes,
Gülden et al. 2008) and has atherogenic properties:
increased levels of circulating Hsp60 (HSPD1) has been
shown in subjects with borderline hypertension and intima
thickening in the carotid artery (Pockley et al. 2000) and in
atherosclerotic subjects (Xu et al. 2000, Xiao et al. 2005).
More recently, Zhang et al. (2008b) showed, in a wide
case–control study, a strong positive correlation between
high levels of Hsp60 (HSPD1) and the risk of CHD and
that this connection does not depend on conventional CHD
risk factors. In the same study, in a prospective observa-
tional study about the influence of acute myocardial
infarction (AMI) on circulating Hsp60 (HSPD1) levels,
they detected elevated Hsp60 levels in patients on the day
of arrival and the following day, probably due to either the

necrosis of cardiomyocytes and concomitant endothelial
dysfunction or AMI-related shear stress.

Hsp60 (HSPD1) is targeted by T and B cells in
spontaneous autoimmune NOD diabetes and in autoim-
mune diabetes patients (Szebeni et al. 2005). Elevated
levels of anti-Hsp60 antibodies in several vascular diseases
(Mehta et al. 2005) and specifically in patients with CHD
(Zhang et al. 2008a) have been described. Our finding of
lower levels of anti-Hsp60 antibodies in initial stages of
atherosclerosis (vascular risk 10–20%) may be due to the
expression of Hsp60 (HSPD1) on the surface of endothelial
cells stressed by the damaging action of various vascular
risk factors; Hsp60 (HSPD1) may act as a target epitope for
the attack of anti-Hsp60 antibodies stimulated by infection
or other stress situations (Wick et al. 2004), generating
immune complexes on the arterial wall and reducing the
levels of detectable circulating antibodies. The concentra-
tion of anti-Hsp60 antibodies would be an independent
marker of the degree of arterial inflammation, rather than of
atherosclerotic lesion. In order to compare our results about
the anti-Hsp60 concentrations in patients with established
atherosclerosis with the data of Zhang et al. (2008a, b) who
described, in a very large case–control study, the associa-
tion of high concentrations of anti-Hsp60 antibodies and
CHD risk, we need to increase the sample size of the
patient group to come to some definitive conclusions. To
calculate the sample size, it is important to bear in mind that
a lot of patients take multiple medications like statins and
that statins, on the one hand, improve vascular endothe-
lial cell function, inducing heat shock factor 1 and heat
shock proteins synthesis (Uchiyama et al. 2006), and on
the other hand, subjects under statin treatment have lower
antibody concentration to Hsp70, Hsp65, and Hsp70 than
subjects without treatment, probably because of their
immunomodulatory properties (Ghayour Mobarban et al.
2005; Guisasola et al. 2009).

In conclusion, serum Hsp70 (HSPA1A) levels themselves
are inversely related to the development of atherosclerosis.
More prospective studies, like that of Pockley et al. (2003),
are necessary to define whether the level of Hsp70
(HSPA1A) is a biomarker of the progression of the disease
or has an active role in the endothelial lesion, in which case
it would acquire the features of a “candidate” risk factor,
according to the definition of Pearson et al. (1996). In view
of the apparent atheroprotective effect of extracellular
Hsp70, potential therapeutic tools to increase its level should
be researched and should include not only new therapeutic
targets but also measures as simple as changes in lifestyle,
including physical exercise (more intense in women), which
have proven effects, increasing the levels of circulating
Hsp70 (Milne and Noble 2008). The reduction in the
concentration of anti-Hsp70 antibodies constitute a second
independent biomarker of vascular disease, and levels of
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circulating anti-Hsp60 antibodies may constitute, per se, a
marker of inflammation in atherosclerosis.
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