Cell Stress and Chaperones (2013) 18:809-813
DOI 10.1007/s12192-013-0425-z

SHORT COMMUNICATION

Elevated extracellular HSP70 (HSPA1A) level
as an independent prognostic marker of mortality

in patients with heart failure

Zsigmond M. Jenei - Timea Gombos + Zsolt Forhécz -
Zoltan Pozsonyi - Istvan Karadi - Livia Janoskuti -
Zoltan Prohaszka

Received: 4 February 2013 /Revised: 25 March 2013 /Accepted: 27 March 2013 /Published online: 7 April 2013

© Cell Stress Society International 2013

Abstract Predicting the survival of a patient with heart
failure (HF) is a complex problem in clinical practice. Our
previous study reported that extracellular HSP70 (HSPA1A)
correlates with markers of heart function and disease sever-
ity in HF, but the predictive value of HSP70 is unclear. The
goal of this study was to analyze extracellular HSP70 as
predictive marker of mortality in HF. One hundred ninety-
five patients with systolic heart failure were enrolled and
followed up for 60 months. By the end of follow-up, 85
patients were alive (survivors) and 110 died (nonsurvivors).
HSP70 (measured by ELISA in the serum) was elevated in
nonsurvivors, compared with survivors (0.39 [0.27-0.59]
vs. 0.30 [0.24-0.43]ng/ml, respectively, p=0.0101). In
Kaplan—Meier survival analysis higher HSP70 levels above
median were associated with a significantly increased mor-
tality. In multivariable survival models, we show that
HSP70 level above the median is an age-, sex-, body mass
index-, creatinine-, and NT-proBNP-independent predictor
of 5-year mortality in HF. Extracellular HSP70 could prove
useful for estimating survival in patients with HF.
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Introduction
Heart failure (HF) is a major public health problem associ-

ated with increased morbidity and mortality. As in the USA,
life expectancy increases and the population ages, the
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overall prevalence of HF will continue to rise (Deedwania
and Carbajal 2012). The prevalence of heart failure can be
estimated at 1-2 % in the Western world and its incidence
approaches 5—10 per 1,000 persons per year. Its prevalence
is 10 % or higher among individuals aged 85 years or older
(Mosterd and Hoes 2007). Heart failure has traditionally
been considered a disease of the myocardium, with symp-
toms arising from altered hemodynamics. However, it is
now recognized that, in addition to the marked neuroendo-
crine disturbance, there is a perturbation of cytokine expres-
sion in patients with heart failure. The resulting
inflammatory imbalance plays a central role in the underly-
ing pathophysiological processes of heart failure, and leads
to disease progression, as well as to a poorer prognosis
(Pugh et al. 2002).

Within the heat shock protein (HSP) family, HSP70
(HSPA1A) has been structurally and functionally conserved
during evolution. It is ubiquitous in all organisms, from
archaebacteria through plants to humans (Daugaard et al.
2007). HSP70 plays a multiple role in cellular homeostasis.
Its level increases rapidly in response to various types of
severe stress, as a protection against a subsequent, near-
lethal, ischemic, or hypoxic event (Hecker and McGarvey
2011). Besides, it is involved in the folding of proteins, in
their transport between cellular compartments, and in the
breakdown of the irreversibly damaged ones. HSP70 has
been detected also in the circulation, in the extracellular
space, and its presence has been demonstrated in the serum
of healthy individuals (Pockley et al. 1998). HSP70 could be
passively released from necrotic cells, and actively excreted
by a nonclassical secretory pathway (Asea 2007). HSP70
has a number of extracellular functions, some of which
involve immunoregulation, and others that are more focused
on cellular homeostasis and protection (Henderson and
Pockley 2010).
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Table 1 Demographic data and baseline clinical characteristics of the 85 survivors and 110 nonsurvivors (who died before the end of the 5-year-

long follow-up period)

Parameters Survivors (N=85) Nonsurvivors (N=110) p value®
Sex (males) 61 (71.8 %)° 84 (76.4 %) 0.4658
Age (years) 67.07 (58.71-75.85)° 71.50 (61.29-78.51) 0.0253
BMI (kg/m?) 28.4 (25.2-31.5) 25.7 (23.8-30.4) 0.0112
Heart rate (1/min) 80 (68-93) 78 (70-88) 0.7131
Systolic blood pressure (mmHg) 125 (120-140) 120 (110-133) 0.0725
Diastolic blood pressure (mmHg) 80 (70-80) 70 (65-80) 0.0115
NYHA class (I) 31 (36.5 %) 7 (6.4 %) <0.0001
NYHA class (1) 31 (36.5 %) 34 (30.9 %)

NYHA class (IIT) 21 (24.7 %) 48 (43.6 %)

NYHA class (IV) 2 (2.4 %) 21 (19.1 %)

Left ventricular ejection fraction (%) 37 (30-41) 32 (24-40) 0.0032
NT-proBNP (fmol/ml) 423.4 (268.6-869.3) 1,133.5 (571.1-2,153.3) <0.0001
Etiology (ischemic heart disease) 43 (50.6 %) 70 (63.6 %) 0.0672
Duration of HF (years) 2.6 (0.3-6.4) 2.8 (1.0-6.1) 0.7734
Serum sodium (mmol/1) 141 (139-143) 140 (136-142) 0.0056
Serum creatinine (umol/1) 90 (75-106) 107 (87-156) 0.0002
HSP70 (ng/ml) 0.30 (0.24-0.43) 0.39 (0.27-0.59) 0.0101

The detailed description of the patient group and its management, as well as data collection, blood sampling, and laboratory measurements were
reported previously (Gombos et al. 2008; Forhecz et al. 2009). Serum HSP70 levels (R and D Systems, Minneapolis, MN, USA) were measured by
ELISA, according to the manufacturers’ instructions. We use the term “HSP70” as a synonym for HSPA1A under the new nomenclature (Kampinga

et al. 2009)

BMI body mass index, NYHA New York Heart Association, NT-proBNP N-terminal prohormone of brain natriuretic peptide, HF heart failure

# Mann-Whitney test (continuous variables) or Pearson’s chi-square test (categorical variable), or chi-square test for trend (multiple ordered
categorical variables) between survivors and nonsurvivors. The statistical analysis was performed using GraphPad Prism version 5.0 (GraphPad
Software, La Jolla, CA, USA), and SPSS v13.0 (SPSS Inc., Chicago, IL, USA)

® Number of cases with percentages

¢ Median values with interquartile ranges

Elevated HSP70 level in the serum or tissues appears to be a
nonspecific indicator of organ ischemia or dysfunction (Hecker
and McGarvey 2011). A large body of evidence from the liter-
ature shows that extracellular HSP70 is important and useful as a
biomarker in different clinical situations, including heart failure.
Genth-Zotz and colleagues showed first that serum HSP70 is
elevated in HF patients as compared to healthy controls, and
increased serum HSP70 is related to disease severity but not to
survival (Genth-Zotz et al. 2004). Our group demonstrated pre-
viously that high serum HSP70 level is associated with the
severity of heart failure. Indicating a complex stress response,
HSP70 levels were associated with left ventricular ejection frac-
tion and NT-proBNP (Gombos et al. 2008). Circulating HSP70
levels were elevated in patients with idiopathic left ventricular
dysfunction (Giannessi et al. 2007). Serum HSP70 was also
significantly higher in heart failure patients with different types
of cardiomyopathy (Wei et al. 2009). Moreover, HSP70 plays an
important role in acute myocardial ischemia since it is rapidly
released into the circulation after acute myocardial infarction, has
been suggested as a marker of myocardial damage (Dybdahl et
al. 2005; Satoh et al. 2006). Increased levels of HSP70 were
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significantly associated with the risk and severity of the acute
coronary syndrome (Zhang et al. 2010). Additionally, the role of

Log-rank p= 0.0047
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Fig. 1 Kaplan—Meier survival plots in the two subgroups of HF
patients stratified according to median HSP70 (HSPA1A) levels. The
p value of the log-rank test is indicated. Survival times were measured
from inclusion until the end of follow-up. Survival was plotted accord-
ing to the Kaplan—-Meier method, and differences in survival between
the groups were compared with the log-rank test. The power of the log-
rank test was sufficiently high (p=0.9, alpha=0.05) to support the
above conclusion
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Fig. 2 Mortality rates (95 % CI) in the four subsets of HF patients
stratified according to HSP70 (HSPA1A) levels (25th percentile, me-
dian, and 75th percentile). The p value obtained by the chi-square test
for trend is indicated (chi-square=4.92, degrees of freedom=1). The
patients were contacted between the 56th and 60th months (median,
60 months) after study entrance. The primary outcome measure was
the death of the patient from any cause. We ascertained the death of the
patients reported by their family members or the medical staff by
checking the data of the national health registry. To compare mortality
rates, we calculated person-time incidence rates in the four subsets with
different ranges of HSP70 level: 0.10-0.26 ng/ml (9.58 deaths per 100
person-years), 0.26-0.33 ng/ml (9.81 deaths per 100 person-years),
0.33-0.52 ng/ml (12.55 deaths per 100 person-years), and 0.52—
3.08 ng/ml (13.33 deaths per 100 person-years)

HSP70 in the progression of vascular calcification was also
demonstrated: its levels correlated with the severity of athero-
sclerosis in patients with carotid artery disease and chronic lower
limb ischemia (Krepuska et al. 2011).

As an integrative marker of stress, and based on its rela-
tionship to disease severity, we hypothesized that HSP70
could be an independent predictor of mortality in HF.
Accordingly, the present study aimed to analyze the associa-
tion of HSP70 level with overall 5-year survival.

Results and discussion

One hundred ninety-five patients with systolic heart failure
were enrolled. Our work group reported previously the base-
line clinical characteristics of the study group (Gombos et al.

2008; Forhecz et al. 2009). The demographic data, clinical
characteristics, and comparison of the survivors and nonsur-
vivors followed up for 5 years are presented in Table 1. All
patients were followed-up for 60 months (contacted between
56 and 60 months; median, 60 months) after study entry. The
primary outcome measure was the death of the patient from
any cause. Eighty-five patients (43.6 %) were alive (survivors)
at the end of the 5-year follow-up; 110 (56.4 %) died
(nonsurvivors). First, we analyzed whether increased HSP70
levels are associated with all-cause mortality and found a
significant (p=0.0101) association (see Table 1). Advanced
age, elevated NT-proBNP and creatinine levels, as well as
decreased body mass index (BMI), and left ventricular ejec-
tion fraction (EF) were similarly associated with mortality
(Table 1).

Next, we analyzed survival. The 195 patients were strat-
ified, according to the median value of HSP70 (0.33 ng/ml),
into low- or high-HSP70 groups. Kaplan—Meier survival
analysis was done to describe mortality over time in both
groups (Fig. 1). In our study, higher HSP70 levels were
associated with an increased mortality (log-rank test, p=
0.0047, Fig. 1) during the 5-year-long follow-up period.
Additionally, we observed a trend of increasing 5-year mor-
tality rate in the groups with higher HSP70 levels. As
presented in Fig. 2, mortality rates rose gradually in the
subsets with elevated HSP70 levels (four subsets were cre-
ated according to the 25th, median, and 75th percentiles of
HSP70; chi-square test for trend, p=0.0265, Fig. 2).

Therefore, HSP70 was evaluated as a potential predictor of
outcome in univariable and multivariable Cox regression mod-
els. In the univariable Cox proportional hazards risk model,
HSP70 (as a categorical variable, stratified according to the
median level) was a significant predictor of 5-year mortality
(hazard ratio, 1.712; 95 % confidence interval, 1.174-2.496
when comparing patients with high versus low HSP70 level,
Wald chi-square=7.877, p=0.005, Table 2). In addition to
HSP70 levels, the univariate survival analysis showed that
age, BMI, and left ventricular EF, as well as NT-proBNP, and
serum creatinine levels were also associated with 5-year mor-
tality (data not shown). Therefore, multivariable Cox regression
analysis was performed to test the independence of HSP70

Table 2 Prediction of 5-year mortality by HSP70, Cox regression analysis

Models HR?* 95 % CI Chi-square p value

Univariable model of HSP70 (high vs. low) 1.712 1.174-2.496 7.877 0.005

Multivariable model of HSP70 (high vs. low) adjusted for age, 1.556 1.042-2.325 4.654 0.031
sex, BMI, serum creatinine and NT-proBNP

Multivariable model of HSP70 (high vs. low) adjusted for age, 1.590 1.046-2.417 4.720 0.030

sex, BMI, serum creatinine and left ventricular EF

HR hazard ratio

*HSP70 as a categorical variable, stratified according to the median level (HR for comparison of patients with high vs. low HSP70 level) with 95 %

CI; Wald chi-square and p values of likelihood ratio tests are presented
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from other covariates. In the multivariable Cox analysis adjust-
ed for age, sex, BMI, serum creatinine, and NT-proBNP,
HSP70 remained a significant predictor of 5-year mortality
(hazard ratio, 1.556; 95 % confidence interval, 1.042-2.325
for comparison of patients with high or low HSP70 level, Wald
chi-square=4.654, p=0.031, Table 2). Furthermore, the 5-year
mortality predicted by HSP70 was adjusted in a subsequent
model for age, sex, BMI, serum creatinine, and left ventricular
EF (hazard ratio, 1.590; 95 % confidence interval, 1.046-2.417
for comparison of patient with high or low HSP70 level, Wald
chi-square=4.720, p=0.030, Table 2). In summary, high (above
median) HSP70 concentration predicts 5-year mortality in HF
independent of age, sex, BMI, creatinine, and disease severity
(reflected by NT-proBNP or left ventricular EF).

A very large number of variables have been shown to
correlate with the outcome in HF (McMurray et al. 2012).
The assessment of prognosis is particularly important when
counseling patients about devices and surgery (e.g., transplan-
tation), as well as in planning end-of-life care (McMurray et
al. 2012). However, predicting the survival of HF patients
remains a complex and incomplete task in clinical practice
and therefore, new prognostic markers are needed. As men-
tioned above, several studies corroborate that circulating
HSP70 is detectable in the serum in response to various forms
of stress (Dybdahl et al. 2005; Satoh et al. 2006; Wei et al.
2009). This marker might gain wide acceptance in predicting
the prognosis of, or determining the patients’ risk status in
cardiovascular diseases (Zhang et al. 2010). However, Genth-
Zotz et al. reported conflicting data showing that serum
HSP70 was elevated in HF patients but did not predict sur-
vival (Genth-Zotz et al. 2004). Their study was limited by the
small number of subjects and by the poor detection limit of the
assay used (HSP70 was detectable in only 41 % of HF
patients). Our work group demonstrated previously that serum
HSP70 levels are associated with disease severity in heart
failure (Gombos et al. 2008), and using a sensitive immuno-
assay, HSP70 was a detectable in all of our patients. In the
present study, we have shown for the first time that extracel-
lular HSP70 is a predictor of all-cause, S-year mortality in
patients with heart failure. We found higher HSP70 levels in
nonsurvivors than in survivors (Table 1).

Elevated HSP70 levels could be linked to cellular stress
caused by mild hypoxia from heart failure. Activation of the
neurohormonal system with increased catecholamine levels
is known to occur in HF, with potential induction of heat-
shock (stress) response reflected by elevated HSP70 levels
(Moalic et al. 1989; Meng et al. 1996). In HF, hypoxia may
also be persistently present especially during acute cardiac
decompensation episodes. Hypoxia may further initiate ox-
idative stress, inflammation, and heat shock response as well
as remodeling. As an indicator of the above complex stress
response, HSP70 level correlated with left ventricular ejec-
tion fraction and NT-proBNP, as demonstrated previously
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(Gombos et al. 2008). According to previous data (Genth-
Zotz et al. 2004) and to our current results, HSP70 seems to
be a clinically useful biomarker for prediction of mortality
in HF; however, further studies are necessary to identify if it
is independent from other risk factors and to determine the
best cutoff value.

HSP70 levels, age, BMI, left ventricular EF, creatinine,
and NT-proBNP were also associated with 5-year mortality
in our patients. Considering the contribution of these cova-
riates, we performed Cox regression analysis to investigate
their potential influence.

In conclusion, we established that the high level of ex-
tracellular HSP70 is an independent prognostic marker in
HF and thus, HSP70 could prove suitable for predicting
long-term survival in patients with heart failure.
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