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Extracellular heat shock protein 70 is a mortality predictor in
patients with septic shock and is associated with the APACHE II
and SOFA scores, and the pro-inflammatory immune response

PATRICIA BAUTISTA-CARBAJAL!" , PABLO DUARTE-MOLINA®* , INDIRA ISAMARA CONTLA-MARTINEZ',
MIGUEL LEONARDO GARCIA-LEON', ANTONIO HUMBERTO ANGEL-AMBROCIO!,
NEYLA BALTAZAR-LOPEZ? and ROSA MARTA WONG-CHEW!

"nfectious Diseases Research Laboratory, Research Division, Faculty of Medicine,

National Autonomous University of Mexico, 04510 Mexico City;

’Infectious Diseases Intensive Care Unit and Central Laboratory,
General Hospital of Mexico Dr. Eduardo Liceaga, 06726 Mexico City, Mexico

Received September 25, 2020; Accepted April 8, 2021

DOI: 10.3892/wasj.2021.101

Abstract. The aim of the present study was to determine
the association between extracellular heat shock protein
(eHsp70) levels with mortality in adult patients with septic
shock, as well as the association between eHsp70 levels and
the APACHE II and SOFA scores, and the cytokines inflam-
matory response. The present study was an observational,
longitudinal, prospective, cohort study. Adult patients with
septic shock admitted to the intensive care unit (ICU) were
included in the study; the eHsp70 levels were measured in
sera by ELISA, and the APACHE II and SOFA scores were
determined upon admission and every two days until death
or discharge for improvement. The levels of pro-inflammatory
cytokines were measured at baseline and at discharge. A total
of 90 patients were included, 53 males and 37 females. In
total, 50% (n=45) patients succumbed to the disease. Upon
admission to the ICU, the eHsp70 levels (mean + SE) were
higher in the deceased patients (1,963+461.9) compared with
those in the survivors (1,499+482.0, P=0.02). ROC curve
analysis for predicting mortality revealed that the eHsp70
concentration during admission to the ICU exhibited an
area under the curve of 0.63, despite Kaplan-Meier analysis,
which revealed that the two higher quartiles of Hsp70 levels
predicted an early mortality. Higher APACHE II and SOFA
scores, as well as interleukin (IL)-6 (2,229+687 vs. 1,116+441,
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P=0.03), IL-8 (995+310 vs. 206+88, P=0.005) and IL-18
(1,482+314 vs. 664+150, P=0.001) levels were found in the
deceased patients. Thus, the present study demonstrates that
high levels of eHsp70, and high APACHE II and SOFA scores,
as well as a higher pro-inflammatory response is associated
with mortality. eHsp70 may thus prove to be a marker of
severity in adult patients with septic shock.

Introduction

Sepsis is a response to infection, that according to the
‘Sepsis-3’ consensus, can be derived from an inflammatory
response to a potentially fatal organ dysfunction caused by
a dysregulated immune response from the host to the infec-
tion (1). During the development of sepsis, a ‘cytokine storm’
occurs, which is probably responsible for the signs and symp-
toms associated with the infection (2). Clinically, septic shock
is an inappropriate activation of vasodilator mechanisms
and the concomitant failure of vasoconstrictor mechanisms.
Hypotension and tissue hypoxia are the dominant factors and
can lead to the development of a multiple organ dysfunction
syndrome. Septic shock is the primary cause of mortality in
intensive care units (ICUs) in all age groups worldwide, with
a very high cost (3).

To determine the severity of the condition and patient
outcome, some scores have been developed such as Acute
Physiology and Chronic Health Evaluation (APACHE) II (4)
and Sequential Organ Failure Assessment (SOFA) (5). These
scores require extensive laboratory workup and clinical
evaluations that are time-consuming. Other diagnostic and
prognostic markers have been studied, including procalci-
tonin, tumor necrosis factor (TNF)-a, interleukin (IL)-6, ILS,
E-selectin, adhesion molecule 1 and leukocyte elastase, among
others; however, their prognostic value is controversial (6). The
early recognition and diagnosis of the severity of septic shock
are crucial to improve the clinical outcome.

On the other hand serum cortisol, prolactin, heat shock
protein (Hsp)70 and extracellular Hsp90 (eHsp90) levels
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increase rapidly in adult (7) and pediatric patients (8). Hsp70 is
a heat shock protein involved in the folding of mature proteins.
However, its function is not completely intracellular; Hsp70
can be secreted from cells in the absence of cellular necrosis,
or Hsp70 can be produced in the liver and spleen as an acute
phase molecule and released into the circulation to facilitate
the elimination of the dying cells (9). Furthermore, the expres-
sion of Hsp70 can be stimulated by the presence of fever (10).
A positive association has been observed between the serum
levels of extracellular Hsp70 and markers of inflammation,
indicating that extracellular Hsp70 is involved in inflammatory
pathologies (11). In addition, an increase in the serum levels
of Hsp70 has been shown to be associated with mortality in
patients with sepsis (12).

The aims of the present study were to determine whether
serum eHsp70 is a prognostic factor of short-term mortality
in critically ill subjects with septic shock, as well as whether
eHsp70 correlates with the SOFA and APACHE II scores,
and whether it is positively asosciated with pro-inflammatory
cytokine levels.

Patients and methods

Ethics. The present study was approved by the Research
and Ethics Committees of the Hospital General de Mexico
‘Dr. Eduardo Liceaga’ (DI/16/405/04/141) and the Faculty
of Medicine, Universidad Nacional Auténoma de México
(064/SR/2017). The patients were invited to participate and,
if they were unconscious, the patients' guardians were invited
to have their relative participate in the study; written informed
consent was obtained prior to inclusion.

Study population. Subjects with a diagnosis of septic shock,
according to the sepsis consensus [clinically identified by
persisting hypotension from infectious origin requiring vaso-
pressors to maintain a mean arterial pressure of =65 mmHg
and a serum lactate level >2 mmol/l (>18 mg/dl) despite
adequate volume resuscitation], >18 years old admitted to the
Emergency Department, Infectious Diseases or Pneumology
ICU of the Hospital General de Mexico ‘Dr. Eduardo Liceaga’,
with the guardians' signed informed consent were included
in the present study from February, 2017 to February, 2018.
All patients received the standard of care treatment for septic
shock, including IV fluids, antibiotics, vasopressors, or the
pharmacological treatment required according to the clinical
evolution. The exclusion criteria included history of >72 h
of septic shock, patients transferred from other units, or not
having the signed informed consent by the individual or the
guardian. Healthy subjects >18 years old, mainly students,
nurses or doctors who worked at the hospital were also
included as the controls to measure the baseline Hsp70 levels
and cytokine levels.

Study procedures. A prospective, longitudinal, observational,
cohort study was performed. Blood draws were obtained to
perform a complete blood count (CBC), blood chemistry, liver
function tests (LFT), procalcitonin, coagulation and gasom-
etry tests, creatinine clearance at 24-h urine collection, at the
Central Laboratory as routine tests as well as serum samples
to analyze the eHsp70 protein levels and the human cytokine

inflammation panel at the Infectious Diseases Research
Laboratory, Research Division, Faculty of Medicine, National
Autonomous University of Mexico. Clinical, demographic
characteristics and comorbidities were recorded in a special
format designed for the present study; the APACHE and SOFA
scores were determined and recorded every day.

Enzyme-linked immunosorbent assay (ELISA) for detection of
eHsp70 levels. The protein levels of eHsP70 were determined
using an ELISA kit (ADI-EKS-715, Enzo Life Sciences)
according to the manufacturer's instructions. Briefly, a
whole blood sample from each subject was obtained. Serum
was collected, aliquoted, and stored at -70°C until use. The
eHsp70 standard was diluted in sample diluent to generate a
standard curve with six points and sample diluent alone as
0; prepared standards and undiluted serum were added to
a 96-well plate pre-coated with mouse monoclonal antibody
specific for eHsp70 and incubated for 2 h at room temperature.
The anti-eHsp70 goat polyclonal antibody was then added to
each well and incubated for 1 h at room temperature; after
rinsing, horseradish peroxidase-conjugate anti-goat IgG was
added to the plate and incubated for 1 h at room temperature,
followed by the addition of 100 pl of 3,3',5,5'-tetramethylben-
zidine substrate for 30 min in the dark. Finally, Stop Solution
was added, and absorbance was measured at 450 nm in a
microplate photometric reader MultisKan FC (Thermo Fisher
Scientific, Inc.).

Cytokine assays. The serum concentrations of interferon
(IFN)-v, IL-1p, IL-6, IL-8 (CXCLS), IL-10, IL-12p70,
IL-18 and TNF-o were measured using the BioLegend
LEGENDplex Human Inflammation Panel (8-plex) kit (cat.
no. 740809, BioLegend, Inc.) using the ‘Attune’ NxT Flow
Cytometer (Thermo Fisher Scientific, Inc.). The assays
were performed according to the manufacturer's instruc-
tions. Briefly, serum or standard was added to a V-bottom
96-well plate and mixed with assay buffer, beads and
biotinylated detection antibody mix and incubated for 2 h at
room temperature on a shaker at 600 rpm, rinsed twice and
read with an Attune NxT Flow Cytometer (Thermo Fisher
Scientific, Inc.).

The bead populations were identified by FSC/SSC features
and fluorescence intensity in the APC channel. Approximately
400 beads per analyte were acquired using LEGENDplex™
Data Analysis Software (version 8, BioLegend, Inc.). The
concentrations of these cytokines in serum were calcu-
lated from the standard curves of known concentrations of
recombinant human cytokines (pg/ml).

Statistical analysis. Sample size calculation was made on Epi
Info based on a previous study (13) with 45 ng/ml in 14%
mortality compared to 78 ng/ml in 86% survivors with septic
shock, with an a value of 0.05, power 80%, 20% of detec-
tion in controls and 50% detection in cases giving a total of
90 cases, 45 for exposed and unexposed. Central tendecy
measures were used for demographic, clinical character-
istics, and Hsp70 and cytokine levels; a Student's t-test or
Mann-Whitney U test were used to contrast two quantitative
variables, and ANOVA or the Kruskal-Wallis test were used
for the comparisons of three or more groups of quantitative
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Table I. Demographic comorbidities and clinical characteristics of patients with septic shock.

Cormobidity/characteristic Survivors (n=45) Deceased (n=45) P-value
Male n (%) 27 (60) 26 (57.7) 0.83
Female n (%) 18 (40) 19 (42.2)
Age (years, mean + SE) 50.22+2.07 48.4+1.98 0.336
Height (m, mean + SE) 1.62+0.011 1.63+0.012 0.709
Weight (kg, mean + SE) 68.79+2.52 69.50+2.52 0514
BMI, mean + SE 25.56+0.93 26.68+0.94 0.328
Comorbidities
Cancer 5(11.11) 3(6.67) 0.459
DM 12 (35.56) 19 (33.33) 0.824
Being overweight 17 (37.78) 9 (20) 0.063
Obesity 9 (20) 9 (20) ns
SH 10 (22.22) 5(11.11) 0.157
CRF 4 (8.89) 5(11.11) 0.725
ARF 8 (17.78) 7 (15.56) 0.081
HIV 4 (8.89) 10 (22.22) 0.396
Clinical characteristics
APACHE II (mean = SE) 24.27+8.85 31.60+6.29 0.001
SOFA (mean + SE) 10.76+2.95 13.29+3.20 0.001
Procalcitonin (ng/ml, mean + SE) 24.26+6.98 32.45+9.86 0.101
Leukocytes (10%/u1, mean + SE) 17.03+1.70 15.87+1.13 0.008
Hospitalization (days, mean + SE) 6.31+0.84 4.13+0.58 0.006

BMI, body mass index; DM, diabetes mellitus; SH, systemic hypertension; ARF, acute renal failure; HIV, infection with human immuno-
deficiency virus; CRF, chronic renal failure; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure
Assessment; ns, not significant. Chi-squared test and t-test were used to analyze the qualitative or quantitative variables, respectively.

variables. The Chi-squared was used to analyze qualitative
variables, and Spearman's correlation analysis was performed
to determine the correlation between the APACHE, SOFA
and Hsp70 levels. ROC curves and Kaplan-Meier analysis for
mortality and the days of hospitalization based on quartiles
of eHsp70 values were performed and the Breslow test was
used to contrast the mortality and Hsp70 levels. A value of
P<0.05 was considered to indicate a statistically significant
difference.

Results

Clinical and demographic characteristics. A total of
90 patients were included in the present study, with a mean
age of 49.31+2.03 years, 53 males and 37 females. In total,
50% (n=45) of the patients succumbed to the disease. No
marked differences in the baseline characteristics, including
sex, age, height, weight or body mass index (BMI) were
observed between the patients who were deceased and
those who survived (Table I). A total of 25 healthy subjects
were included as the control group for the baseline eHsp70
levels and cytokine levels.

The comorbidities examined were diabetes mellitus (DM),
being overweight, obesity, systemic hypertension (SH), acute
renal failure (ARF), human immunodeficiency virus infec-
tion (HIV), chronic renal failure (CRI) and cancer, with no
significant differences observed between the groups (Table I).

The APACHE II (31.60+6.29 vs. 24.27+8.85, P=0.001)
and SOFA (13.29+3.20 vs. 10.76+2.95, P=0.001) scores were
higher in the deceased patients compared with those of the
survivors. The leukocyte count was lower in the deceased
patients (15.87+1.13 vs. 17.03+1.70, P=0.008). Similarly,
the days of hospitalization were lower in the deceased
patients (4.13+0.58 vs. 6.31+0.84, P=0.006). The procalci-
tonin levels did not exhibit any marked differences between
groups (Table I).

Hsp70 levels upon ICU admission, and their association with
severity scores and outcome. Upon admission to the ICU, the
eHsp70 levels (mean + SE, pg/ml) were higher in the deceased
patients (1,963+461.9) compared with those of the survivors
(1,499+482.0, P=0.02) and healthy individuals (496.9+230.9,
P=0.0004) (Kruskal-Wallis test, P=0.001) (Fig. 1A). A posi-
tive correlation was observed between the eHsp70 levels upon
admission to the ICU and the SOFA scores in the survivors
(R?=0.36, P<0.05) and in the deceased patients (R?=0.37,
P<0.001). A positive correlation was also observed between
the eHsp70 levels and the APACHE II score in the survivors
(R?=0.36, P<0.05) and in the deceased patients (R?*=0.45,
P=0.004) (Fig. 1B and C).

ROC curve analysis for predicting mortality revealed that
the eHsp70 concentration upon admission to the ICU had a
discriminative survival capacity with an area under the curve
(AUC) of 0.64 (95% CI, 0.522-0.754) (Fig. 2).
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Figure 1. (A) Serum levels of Hsp70 upon admission to the ICU. Survivors, 1,963+461.9; deceased patients, 1,499+482.0; healthy individuals, 496.9+230.9.
“P<0.005 (Kruskal-Wallis test). (B) Correlation between the Hsp70 serum concentration and the index SOFA at admission to the ICU. Survivors, R?=0.36,
P<0.05; deceased patients, R?=0.37, P<0,001. (C) Correlation between the Hsp70 serum concentration and the index APACHE II upon admission to the
ICU. Survivors, R?>=0.3664, P<0.05; deceased patients, R>=0.45, P=0,004. Black dots and black dotted lines represent survivors, and grey dots and grey
dotted lines represent deceased patients. Hsp70, heat shock protein 70; ICU, intensive care unit; APACHE, Acute Physiology and Chronic Health Evaluation;

SOFA, Sequential Organ Failure Assessment.

The Breslow test based on the Kaplan-Meier curves
revealed a significant association between high eHsp70
levels and mortality, and was used as it gives more weight to
mortality at early stages (P=0.031; Fig. 3), with the two upper
quartiles associated with mortality in the first couple of days,
with 570 pg/ml being the lower value of the 3rd quartile.

Cytokine levels in patients with septic shock. Upon ICU
admission, the IL-6 (2,229+687 vs. 1,116x441, P=0.03), IL-8
(995+310 vs.206+88,P=0.005) and IL.-18 (1,482+314 vs. 664+50,
P=0.001) levels were higher in the patients who had succumbed
to the disease compared with those of the survivors; at the time
of discharge, the levels of IL-6 (1,642+587 vs. 1966, P=0.008)
and IL-8 (530219 vs. 89+28, P=0.03) were also higher in the
patients who had succumbed to the disease compared with those
of survivors (Fig. 4).

Discussion

The consensus for sepsis treatment ‘Surviving Sepsis
Campaign: International Guidelines for Management of Severe
Sepsis and Septic Shock 2016° highlights the importance of
the early recognition of septic shock to implement an early
treatment and decrease mortality (14). In the present study,
the baseline level of eHsp70 upon admission to the ICU was
higher in the deceased patients with septic shock compared
with the survivors and healthy controls. Although the AUC

1.0

0.8

0.6

Sensitivity

0.4

0.2

0.0. AUC=0.64
0.0 0.2 04 0.6 0.8 1.0
Specificity

Figure 2. ROC curves for the prediction of mortality in patients with septic
shock (n=90). The area under the ROC curve was 0.64. ROC, receiver
operating characteristic; AUC, area under the curve.

was 64%, which is a regular predictor, the two upper quartiles
of eHsp70 were associated with mortality in the first days of
admission to the ICU; the upper quartile values >1,800 pg/ml
with 45% of mortality in the first two days and the 3rd quartile
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Figure 3. Kaplan-Meier curves for the incidence of mortality in patients with
septic shock, stratified according to interquartile range of soluble Hsp70
(Breslow test, P=0.03). Hsp70, heat shock protein 70.

values ranged from 580 to 1,800 pg/ml with 18% mortality in
the first two days.

Hsp70 is involved in several biological functions, such
as apoptosis, carcinogenesis, protection against cytotoxic
damage and immunopathological events associated with
bacterial infections (15). The exposure of the cells to physical
or chemical stress results in a greater synthesis of Hsp70 (16)
with a positive feedback regulation of Hsp70 induction in
innate immune cells (17). The increase in the serum levels of
Hsp70 reflects a systemic inflammation and oxidative stress,
that can decrease inflammatory reactions mediated by T cells
in many clinical conditions (18).

Regulatory T cells (Tregs) suppress the immune response,
thereby maintaining homeostasis and self-tolerance. The
suppression of Tregs enhanced by extracellular Hsp70 can
prevent increased immune responses and may play an impor-
tant role in the maintenance of homeostasis (19). eHsp70 can
act as damage-associated molecular pattern (DAMP) via the
Toll-like receptors (TLRs), TLR2 and TLR4, and stimulate
inflammatory responses (20).

Heat shock proteins modulate the expression of pro-inflam-
matory cytokines by inhibiting the translocation of NF-kB
to the nucleus (19-21). However, in patients with sepsis, the
mechanism of the expression of Hsp70 related to inflammatory
mediators and the prognosis is not yet well understood (22).

Schroeder et al (23) found that Hsp70 expression was
lower in peripheral blood lymphocytes of patients with severe
sepsis compared with that of healthy controls or post-operative
patients. By contrast, in the present study, the serum concentra-
tions of eHsp70 were markedly higher (1,963+461.9 pg/ml) in
deceased patients, which could reflect higher levels of inflam-
mation and cell apoptosis. The ‘danger hypothesis’ suggests
the release of Hsp70 from severely stressed or damaged cells,
which serves as a danger signal to neighboring cells (23-25).
This increase in Hsp70 serum levels has been previously
reported in children with septic shock and has been suggested
to be a predictive marker of severity (13). In the present
study, ROC curve analysis for predicting mortality revealed
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that the Hsp70 concentration upon admission to the ICU
had a discriminative survival capacity with an (AUC of 0.64
(95% CI, 0.522-0.754). It is important to consider that the anal-
ysis of the AUC has limitations compared to other statistical
methods for analyzing biomarkers (26). Hsp70 is a protein that
responds to multiple stimuli and in other studies, an area under
the relatively low curve when analyzing Hsp70 as a possible
biomarker for various diseases was observed (27-29). However,
it has been considered a good candidate for the detection of
sepsis. The predictive capacity of the marker could increase if
other molecules are also analyzed.

The APACHE II and SOFA scores are models which can
be used to measure the severity of critically ill patients and
to predict mortality (30). In the present study, high levels of
eHsp70 are found to positively correlate with APACHE I1
and SOFA scores; thus this protein may be a good predictive
marker of the severity of sepsis.

Among the numerous pro-inflammatory cytokines
studied during sepsis, IL-1f3, IL-6, IL-12 and IL-17 have
been reported (31). IL-1p promotes a signaling cascade and
induces the synthesis of various inflammatory cytokines, such
as IL-6, IL-8, monocyte chemoattractant protein-1 (MCP-1),
cyclooxygenase 2 (COX)-2, inhibitor kB-a (IkBa), IL-1a,
IL-1p and mitogen-activated protein kinase (MAPK) phospha-
tase 1 (MKP-1) (31). During sepsis, it has been demonstrated
that IL-1P levels are higher in patients who do not survive (31).
High levels of IL-6 have been observed in a number of inflam-
matory diseases, such as cardiovascular disease, autoimmune
diseases or cancer; it has been demonstrated that high levels of
IL-6 and IL-8 are associated with the severity of sepsis (32-34).

In the present study, a higher inflammatory response was
observed upon admission to the ICU in deceased patients, with
a significant increase in the levels of the pro-inflammatory
cytokines, IL-6, IL-8 and IL-18, where the IL-6 and IL-8
levels of continued to be high until death. The high levels of
eHsp70 and pro-inflammatory cytokines in those who did not
survive suggest constant cell damage, without a counterregu-
latory mechanism to decrease inflammation. Although not
statistically significant, the levels of IL.-10 were higher in the
survivors, suggesting that this counterregulatory mechanism
may partially attenuate the damage, allowing the return to
homeostasis.

In the present study, leukocyte levels were also lower in
deceased patients, although the inflammatory cytokine levels
were higher, and the days of hospitalization were also lower,
which may be due to such a high inflammatory response
that caused multi-organ failure (MOF) in fewer days. It has
been described that while single organ failure has no impact
on long-term outcomes, the presence of MOF markedly
increases mortality and the risk of an impaired functional
status (35).

One limitation of the present study was the relatively small
sample size (n=90), despite finding statistical differences. In
addition, a high proportion of patients had comorbidities,
such as like HIV, diabetes, hypertension and renal failure,
among others; however, due to the sample size, multivariate
analysis could not be performed. However, the proportion
of comorbidities in both groups did not differ significantly,
which could suggest that the comorbidities had no effect on
mortality.
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Figure 4. Comparison of serum cytokine concentrations between patients with septic shock who were discharged and those who succumbed to the disease
upon admission to and discharge from the ICU. "P<0.05, “P<0.005, ““P<0.001. The Kruskal-Wallis test was used for the comparisons of three groups and the
Mann-Whitney U test for the comparisons of two groups. The three groups upon ICU admission exhibited differences in IL-10 (P<0.0001), IL-6 (P<0.0001),

IL-8 (P<0.001) and IL-18 (P<0.0001) levels.

In the present study, it was found that the serum eHsp70
levels upon admission to the ICU were high in adult patients
with septic shock who did not survive. Additionally, the
eHsp70 levels positively correlated with the APACHE II and
SOFA scores, and were also positively associated with the
pro-inflammatory cytokine levels. It is important to conduct
further studies with eHsp70 to improve the clinical practice,

timely treatment and prognosis, in order to reduce the mortality
of patients with septic shock.
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