in vivo 33: 1581-1592 (2019)
doi:10.21873/invivo.11640

Predictive Value of Endoplasmic Reticulum Stress
Markers in Low Ejection Fractional Heart Failure

RAMAZAN SABIRLI!, AYLIN KOSELER?, NESTEREN MANSUR?, ALI ZEYTUNLUOGLU?,
GIZEM TUKENMEZ SABIRLI®, IBRAHIM TURKCUER® and ISMAIL DOGU KILIC?

IServergazi State Hospital, Department of Emergency Medicine, Denizli, Turkey;
’Department of Biophysics, Pamukkale University Medical Faculty, Denizli, Turkey;
3Department of Biotechnology, Institute of Health Sciences,

Acibadem Mehmet Ali Aydinlar University, Istanbul, Turkey;

“Department of Electronic and Automation, Denizli Vocational School of Technical Sciences,
Pamukkale University, Denizli, Turkey;

SDepartment of Pediatrics, Pamukkale University Medical Faculty, Denizli, Turkey;
SDepartment of Emergency Medicine, Pamukkale University Medical Faculty, Denizli, Turkey;
’Department of Cardiology, Pamukkale University Medical Faculty, Denizli, Turkey

Abstract. Background/Aim: Endoplasmic reticulum (ER)
stress plays a critical role in the development of cardiac
hypertrophy and heart failure. Heart failure is a crucial health
problem that affects 23 million people worldwide, causes
approximately 2 4 million people to be hospitalized every year
in the USA, and leads to the death of more than 300,000
people. In this study, we aimed to investigate the clinical
significance of ER stress markers and the predictive value of
acute decompensated heart failure in patients with low
ejection fraction heart failure (ADHF ). Patients and Methods:
This is a prospective case control study. The data included
laboratory parameters pertaining to patients with ADHF in
the emergency service and lipid parameters obtained during
their admission to the hospital. In addition, the same
parameters obtained from the control group patients with
chronic heart failure (CHF) during their routine polyclinic
control were recorded in the data set. Admission time to the
hospital and length of hospital stay were included in the data.
The levels of glucose regulated protein (GRP78), protein
kinase RNA-like endoplasmic reticulum kinase (PERK), and
C/EBP homologous protein (CHOP) in peripheral blood
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serum obtained from the patients and the control group were
measured using the ELISA method. Results: Serum GRP78
concentration was lower in the HF group (p=0.003) compared
to the control. The median value of serum PERK
concentration in the HF group was higher than that of the
control group (573 pg/ml, IQR=477.5-650 vs. 495.5 pg/ml,
IQR=294-648, respectively) (p=0.001). However, there were
no statistically significant differences in GRP78 and PERK
serum concentrations between ADHF and CHF subgroups.
Receiver operating characteristic (ROC) curve analysis
showed greater area under the curve (AUC) for the serum
GRP78 levels of the healthy individuals (AUC=0.748, 95%
CI=0.681-0.814, p=0.0003). The serum GRP78 level was
found to be 80% sensitive and 70% specific at 147.5 pg/ml
(p=0.0003) for distinguishing healthy individuals from HF
patients. In the ADHF subgroup, there was a moderate
correlation between hospitalization time and serum CHOP
concentrations (Spearman rho=0.586 and p=0.001).
Conclusion: High GRP78 serum concentration may protect
the patient from ER stress. In addition, the serum PERK level
is high in patients with HF, whereas it is insufficient in
predicting acute decompensation. CHOP may be useful in
predicting the length of hospital stay in patients with ADHF.

Heart failure (HF) is a clinical syndrome caused by the
structural or functional impairment of ventricular filling or
the ejection of blood. There is no single diagnostic test for
HF, because it is a clinical diagnosis largely based on a
history and physical examination of patients. HF is divided
into two main groups based on the status of ejection fraction
(EF) in the 2013 ACCF/AHA Heart Failure Guidelines: EF-
preserved HF (HFpEF) and HF with low EF (HfrEF), EF>50
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in HfpEF and EF H40% in HfrEF (1) and approximately
80% of HF are hospitalized due to acute decompensation (2).
While 70% of acute decompensated heart failure (ADHF) is
an acute exacerbation of chronic conditions, 15-20% of it
emerges as a new incident of HF. Acute decompensation
leads to disorders including acute coronary syndrome,
myocarditis, acute or progressive valve pathologies,
cardiomyopathies (tachycardia induced, recent onset dilated
KMP, takotsubo, efc.), uncontrolled hypertension, dietary
disorders, non-compliance with medical therapy, electrolyte
disorders, hypo- or hyper-thyroidism, atrial fibrillation,
systemic infections, pulmonary embolism, anemia, and
worsening of renal failure (3).

The endoplasmic reticulum (ER) has an important role in
the regulation of protein and lipid production in the cell,
protein folding and control, post-translational modification of
proteins, and calcium storage (4, 5). The processing of
proteins in the ER lumen is initiated by a signal peptide of
about 25 amino acids. When this signal peptide is detected
and the protein is transported to the ER lumen, proteins are
folded evenly with the helper proteins called chaperones and
folding enzymes (6, 7). Conditions such as viral infections,
oxidative stress, calcium metabolism disorders and
hyperlipidemia lead to deterioration of ER homeostasis (8, 9).
When ER stress occurs, the unfolded and improperly folded
proteins are deposited in the ER lumen. In response to the
stress occurring during this process, ER activates the unfolded
protein response (UPR) signal transduction pathway (10).

ER stress occurs in four main stages: i) Protein kinase
RNA-like ER kinase (PERK) phosphorylation and new
protein synthesis, phosphorylation and protein translation of
alpha subunit eukaryotic initiation factor-2 (elF-2a) protein.
ii) stimulation of Glucose Regulated Protein (GRP78) and
other chaperone proteins. iii) eradication of improperly
folded or unfolded proteins by the ubiquitin-proteosome
system in ER. iv) activation of apoptosis pathways if ER
stress persists severely for a long period of time (11).

PERK is one of the ER transmembrane proteins. The
PERK protein is separated from the GRP78 protein and then
phosphorylates itself by dimerization. It initiates and
regulates responses to stress (12). The GRP78 is considered
to be the protein which is active in UPR and can be
specifically stimulated in ER stress. The GRP78 protein acts
as a quality control system. It monitors the folding protein
and ensures that the protein is transported when it is properly
folded. Overexpression of GRP78 reduces ER stress and
cardiac damage (13-14). C/EBP homologous protein (CHOP)
is a pro-apoptotic protein, whose expression is regulated by
the PERK-activating transcription factor 4 (ATF4), the ATF6,
and the inositol-requiring enzyme 1 (IRE1) pathways. CHOP
protein plays a role especially in apoptosis (15).

ER stress plays a critical role in the development of
cardiac hypertrophy and heart failure. Heart failure is a
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crucial health problem that affects 23 million people
worldwide, causes approximately 2.4 million people to be
hospitalized every year in the USA, and leads to the death
of more than 300,000 people (16). In this study, we aimed to
investigate the clinical significance of ER stress markers and
the predictive value of acute decompensation in patients who
have low ejection fraction HF.

Patients and Methods

Study population. Prior to the study, ethical approval numbered
60116787-020/13220 was obtained from Pamukkale University
Ethics Committee. The study is a prospective, case-control study.
The study was conducted between January 2019 and April 2019 and
includes patients who applied to Pamukkale University Hospital
emergency service with heart failure complaints (1-3) and patients
diagnosed with HF who visited Pamukkale University Hospital
Cardiology Polyclinic for routine follow-up controls. The patient
group and the healthy control group were informed about the study
and a written consent form was obtained from all patients who
chose to participate in it. The control group consisted of healthy
patients who did not have a known chronic or acute disease and
were not using any related drugs.

Based on the participant inclusion and exclusion criteria, the
subjects were divided into two groups as the HF group and healthy
group (Control Group). The sociodemographic characteristics of the
patients as well as their information including causes of
decompensation (if the patient have decompensation findings),
comorbid diseases, drugs used, duration of admission to the hospital
(duration of the symptoms) and length of hospital stay were
recorded in the data.

HF group: This group included patients who had routine follow-
ups due to HF in the cardiology outpatient clinic or patients that
who have applied to emergency medicine department due to heart
failure symptoms or not. They were diagnosed with known low EF
deficiency and had no exclusion criteria. The diagnoses were
checked according to the 2013 ACCF/AHA Guideline for the
Management of Heart Failure (1). They all consented to participate
in the study and were included in the heart HF group.

Healthy group (control): This group consists of people with no
known history of acute, subacute or chronic disease. They were not
using any drugs, and they provided written consent to participate in
the study.

The exclusion criteria included the diagnosis of acute pulmonary
embolism, kidney and liver failure, pregnancy, history of chronic
inflammatory disease (e.g. rheumatic disease, autoimmune disease),
the presence of a known cancer diagnosis, chronic obstructive
pulmonary disease, asthma, history of cerebrovascular disease,
EF>40, clinical treatment of ongoing cardiogenic shock and having
infectious diagnosis. In addition, if the lipid profile of a patient was
examined on a different day from the one that the patient applied to
the emergency service, the patient was excluded from the study.

Echocardiography.  Echocardiographic ~ examinations  were
performed with ultrasound systems (Philips iU22 and Terason
3200t) by using 1-5 MHz frequency ranged curvilinear probe
according to the American Society of Echocardiography Guidelines
(17). An independent cardiologist who was not included in the study
performed echocardiograms on the patients and the healthy group,
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and the patients’ systolic pulmonary arterial pressure (PAP) value,
ejection fraction, and detected heart valve pathologies were recorded
in the patient form.

Noninvasive assessment of pulmonary artery systolic pressures
(sPAP) was achieved by the measurement of right ventricular
systolic pressure (RVSP), which was derived from the peak systolic
velocity of the tricuspid regurgitation and obtained with continuous-
wave (CW) Doppler using the modified Bernoulli equation:
AP=4xVmax?2 (18). The ejection fraction was calculated using the
modified Simpson’s rule, from a long axis view and four short axis
views at different levels of the left ventricule (LV) of the heart.

Blood samples and laboratory parameters. The HF group
parameters of the complete blood count (0 hour) routinely tested at
the time of admission to the emergency service cardiology
polyclinic, C reactive protein (CRP) values, and cardiac markers
(high sensitive troponin T (hsTnT), CKMB) were recorded in the
data set. The HF group patients’ admission date to the cardiology
service (0 days) and the CHF group’s lipid parameters (e.g. total
cholesterol, triglyceride, HDL, LDL, VLDL), which were routinely
examined during appointments to the cardiology outpatient clinic (0
hour), were recorded in the data set as well.

Blood samples of size 3-cc for lipid parameters were drawn from
the HF group patients when they came to the outpatient clinic and
from the patients who required hospitalization when they were
hospitalized. In addition, the same amount of blood samples were
drawn from the control group samples for the measurement of ER
stress parameters when they were included in the study. After the
blood samples were drawn into dry tubes and centrifuged at 5000
rpm for 10 min, the serum section was separated, and ER stress
markers were examined using the Enzyme-Linked Immunosorbent
Assay (ELISA) method. Furthermore, 3-cc blood samples from the
control group were drawn into the dry tubes, 3-cc blood samples
were drawn into EDTA tubes, and then all the laboratory parameters
were examined in the same laboratory using the same methods,
which were applied for the HF group.

ELISA for the detection of serum GRP78, CHOP and PERK. Serum
levels of GRP78, CHOP and PERK were measured using the
commercially available ELISA kits, namely Human Glucose
Regulated Protein 78 (GRP78) ELISA Kit (SL2048Hu; SunLong
Biotech, Hangzhou, Zhejiang, PR China). Human C/EBP homologous
protein (CHOP) ELISA Kit (SL2631Hu; Sunlong Biotech, Hangzhou,
Zhejiang, PR China), and Human PERK (Phospho Extracellular
Signal Regulated Kinase) ELISA Kit (MyBioSource.com,
MBS014568, USA), respectively. ELISA assays were performed
according to the manufacturers’ protocols. The detection rates of
GRP78, CHOP, and PERK were 16 pg/ml, 6 pg/ml, and 18.75 pg/ml,
respectively.

Data analysis. Given the lack of reference studies, the effect size
calculated for this study came out to be medium-high (f=0.5)
following the power analysis performed according to the
assumptions. As such, it was determined that at least 220 people (at
least 110 people per group) should be included in the study to obtain
95% power with 95% confidence.

Data were analyzed using SPSS statistical software package.
While mean values, standard deviations, and medians (IQR) were
provided for continuous variables, categorical variables were
presented in number and percentage. Mann-Whitney U-test and

Kruskal Wallis variance analysis were used to compare the
independent group differences when the parametric test assumptions
were not met. Added to that, the relationships between continuous
variables were analyzed by Spearman correlation analysis and the
differences between categorical variables were analyzed by Chi-
square analysis. Furthermore, receiver operating characteristic
(ROC) curve analysis was used to assess the discriminant
performance for the markers under investigation. The p-value <0.05
was considered statistically significant in all analyses.

Results

Between January 2019 and June 2019, 912 patients were
admitted to the emergency service with respiratory distress
and 195 of these patients were diagnosed with HF. Out of
these 195 patients, 34 refused to participate in the study.
Eight patients were diagnosed with HFpEF. Sixty-two
patients could not be asked if they wanted to participate in
the study because the emergency service was busy at that
time. Furthermore, 21 patients were excluded from the study
because they fitted one of the exclusion criteria. Sixty
patients were included in the HF group from emergency
medicine department (Figure 1). In the same period, of the
117 patients who had been diagnosed with HfrEF and
applied to the cardiology polyclinic for routine control, 42
patients refused to participate in the study. Fifteen patients
were excluded from the study because they fit the exclusion
criteria. Sixty patients were included in the HF group from
cardiology policlinic. In total 120 patients who were
diagnosed HfrEF were included in HF group (Figure 2). In
addition, 120 patients who met the age and sex criteria were
included in the control group.

As a result of the power analysis based on the results we
obtained in the study, the effect size of the serum ER stress
marker concentrations for the differences between the two
groups was medium-high (f=0.5) and while the power level
observed in the study for this effect size was 95%, the
reliability level was 96.4%.

The HF group included 68 (56.66%) male and 52
(43.34%) female participants. The gender distribution in the
control group was 52 (43.33%) males 68 (56.67%) females.
The mean ages of the HF and control group were 58.43+2.14
and 57+1 .41 years, respectively (Table I). In the HF group a
total of 32 (26.7%) patients were NHYA class1, 28 (23.3%)
patients were NHYA Class 2, 50 (41.7%) patients were
NHYA Class 3, and 10 (8.3%) patients were NHYA Class 4.
Valvular pathologies and comorbidities of the patients are
presented in Table I.

The systolic PAP median value was found to be
significantly lower in the HF group, compared to the control
(15 mmHg, IQR=14-17 vs. 30 mmHg IQR=15.25-40;
p=0.001). The median value of EF was 60 (IQR=60-60) in
the control group and 30 (IQR=25-37.25) in the HF group
(Table I). There were significant statistical differences were
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Total Emergency Service Admissions Due to Respiratory Distress

n=912

HF

n=195

Included

n=60 Patients

Acute hepatic failure=2 patients

Chronic Obstructive Pulmonary Disease=10 patients
Cancer diagnosed patients=4 patients

Cardiogenic shock=1 patients

Patient whose lipid profile studied another day=1 patients

Patienst can not be given information aout the study when ED was
crowded=62 patients

HFpEF diagnosed=8 Patients
Acute kidney failure=13 patients

Excluded
Patients have rejected the study=34 Patients

S

Figure 1. Patients with heart failure (HF) who are included from Emergency Medicine Department. ED, Emergency department; HFpEF, heart

failure with preserved ejection fraction.

found regarding the EF value between the HF and control
groups (p=0.00001) (Table I).

A total of 44 (36.66%) patients in the HF group did not
receive any diuretic treatment. Twenty-eight (23.34%)
patients were only using furosemide while 10 (8.33%)
patients were only using spironolactone. In addition, 38
(31.66%) patients were using furosemide and spironolactone
together, while 2 (1.67%) patients were taking thiazide
diuretic drugs. Ninety-eight patients (81.67%) in the HF
group were using a beta-blocking agent (Table II).

Among the laboratory parameters that were evaluated in
the HF and control groups, C-reactive protein (CRP;
p=0.001), creatinin kinase isoenzyme MB (CKMB;
p=0.012), white blood cell (WBC; p=0.044) and high
sensitive troponin T (hsTnT; p=0.0001) were higher in the
HF group. On the contrary, total cholesterol (p=0.011), low
density lipoprotein (LDL; p=0.002) and high density
lipoprotein (HDL; p=0.0001) were lower in the HF
compared to the control group (Table III).
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As shown in Table IV, the cause of decompensation in the
acute decompansed subgroup (ADHF) was determined as
acute coronary syndrome in 24 patients (41.38%), non-
compliance to treatment in 28 patients (48.27%) and acute
cardiomyopathy in 6 patients (10.35%). In addition, the
ADHF group, the median value of the length of time from
onset of shortness of breath to hospital admission was 7 days
(IQR=3-19), and the median value of the period from
hospitalization to discharge was 5 days (IQR=3-9).

When ER stress markers were examined, the median value
of serum PERK concentration in the control group was found
to be 495.5 pg/ml (IQR=294-648), 573 pg/ml (IQR=477.5-650)
in the HF group. The median value of GRP78 concentration
was determined as 258.5 pg/ml (IQR=154-347) in the control
group and 89 pg/ml (IQR=72.75-178.75) in the HF group. The
median value of CHOP concentration was determined as 47
pg/ml (IQR=30.25-75) in the control group and 39 pg/ml
(IQR=28-71) in the HF group (Table V). When all HF patients
were compared to the control group, the serum PERK
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The patients who have HffEF diagnose admitted to

Cardiology policlinic for rutine control
n=117

Included

n=60 Patie

Excluded
Patients have rejected the study=42 Patients
Acute or chronic kidney failure=3 patients

nts

Acute or chronic hepatic failure=1 patients

Chronic Obstructive Pulmonary Disease=9
patients

Cancer diagnosed patients=2 patients

/

Figure 2. Flow chart of the patients from cardiology policlinic, who were included into the heart failure (HF) group. HfrEF, Heart failure with

reduced ejection fraction.

concentration was higher in the HF group than the control group
(573 pg/ml, IQR=477.5-650 vs. 495.5 pg/ml, IQR=294-648; p
=0.001). The serum GRP78 concentration was significantly
lower in the HF than control group (89 pg/ml, IQR=72.75-
178.75 vs. 258.5 pg/ml, IQR=154-347; p=0.0003). According
to Table V, CHOP concentration did not differ between the two
groups (39 pg/ml, IQR=28-71 vs. 47 pg/ml, IQR=30.25-75;
p=0.069). ROC analysis showed greater AUC for the serum
GRP78 levels of the healthy individuals (AUC=0.748, 95%
CI=0.681-0.814, p=0.0003). The serum GRP78 level at 147.5
pg/ml was found to be 80% sensitive and 70% specific
(p=0.0003) for distinguishing healthy individuals from HF
patients (Figure 3). ROC analysis showed greater AUC for the
serum GRP78 levels of the HF patients (AUC=0.629, 95%
CI=0.557-0.702 vs, p=0.001). Furthermore, the serum PERK
level at 494.5 pg/ml was found to be 70% sensitive and 50%
specific at 494.5 pg/ml level (p=0.001) (see Figure 4).

When ER stress markers were examined in subgroups, the
median value of serum PERK concentration in the CHF
subgroup, was found to be 540.5 pg/ml (IQR=467-662) in
the CHF subgroup, and 594 pg/ml (IQR=504-634) in the
ADHEF subgroup. The median value of GRP78 concentration
was determined as 90 pg/ml (IQR=72-172) in the CHF
subgroup, and 87.5 pg/ml (IQR=75-198) in the ADHF
subgroup. The median value of CHOP concentration was
determined as 36 pg/ml (IQR=28-74.5) in the CHF subgroup

and 41.5 pg/ml (IQR=27.5-60) in the ADHF subgroup (Table
VI). When all the patients in the subgroups and control
group were compared, the serum PERK concentration was
significantly lower in the control group than in the ADHF
and CHF subgroup (492.23 pg/ml, IQR=294-648 vs. 571.83
pg/ml, IQR=467-662 and 569.71 pg/ml, IQR=504-634;
p=0.0001).Serum GRP78 concentration was significantly
higher in the control group than the ADHF and CHF group
(277.23 pg/ml, IQR=154-347 vs. 176.53 pg/ml, IQR=72-172
and 255.03 pg/ml, IQR=75-198; p=0.002). Among the
control group, the CHF subgroup and the ADHF subgroup
no statistical differences in serum CHOP concentrations
(p=0.179) were found (Table VI).

The serum GRP78 level was significantly higher in the
control group compared to the CHF and ADHF subgroups
(p=0.003 and p=0.009, respectively). However, there were
no statistically significant differences in GRP78 and PERK
serum concentrations between the ADHF and CHF
subgroups (p=0.777 and p=0.350 respectively) (Table VI).

Systolic PAP, ejection fraction, serum CKMB, and hsTnT
values were not strongly correlated with serum PERK,
GRP78 and CHOP concentrations (Pearson correlation
coefficient <0.30 in all parameters). Moreover, there was a
moderate correlation between hospitalization time and serum
CHOP concentrations in the ADHF group (Spearman rho=
0.586 and p=0.001).
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Table 1. Baseline parameters of the heart failure (HF) and the healthy control groups.

Control, n (%) HF, n (%) p-Value

Gender Male 52 (43.33%) 68 (56.66%) 0.268*

Female 68 (56.67%) 52 (43.34%)
Age, years (Mean+SD) 57+1.41 58.43+2.14 0.583**
NHYA class Class 1 - 32 (26.7 %)

Class 2 - 28 (23.3 %)

Class 3 - 50 (41.7 %)

Class 4 - 10 (8.3 %)
Aortic valve regurgitation Grade 0 30 72 (60.0%)

Grade 1 42 (35.0%)

Grade 2 6 (5.0%)

Grade 3 0

Grade 4 0
Mitral valve regurgitation Grade 0 30 14 (11.7%)

Grade 1 60 (50.0%)

Grade 2 42 (35.0%)

Grade 3 4 (3.3%)

Grade 4 0
Tricuspid valve regurgitation Grade 0 30 26 (21.7%)

Grade 1 64 (53.3%)

Grade 2 18 (15.0%)

Grade 3 12 (10.0%)

Grade 4 0
Systolic PAP (mmHg), Median (IQR) 15 (14-17) 30 (15.25-40) 0.00001%*%*
Ejection fraction, Median(IQR) 60 (60-60) 30 (25.00-37.25) 0.0001%**
History of hypertension 56 (45.16%) 52 (43.33%) 0.525%
History of diabetes mellitus 24 (19.35%) 30 (25.0%) 0.391*
History of hyperlipidemia 12 (9.67%) 10 (8.33%) 0.625*

*p-Value is derived from Fisher exact test. **p-Value is derived from Mann Whitney U-test. SD, Standard deviation; NHYA, New York Heart

Association; PAP, pulmonary artery pressure; IQR, interquartile range.

Discussion

This case control study investigated the predictive value of ER
stress markers in HF including PERK, GRP78, and CHOP
serum concentrations for acute and chronic HF. The results
showed that serum PERK concentration was found to be
higher in the HF group and the serum GRP78 concentration
was found to be significantly lower in the HF group,
compared to the control. However, there were no statistically
significant differences between the serum GRP78 and PERK
concentrations of the ADHF and CHF groups. In addition, the
results revealed that serum GRP78 concentration was 80%
sensitive and 70% specific at 147.5 pg/ml level.

To the best of our knowledge, there has been no prior
research investigating the clinical value of ER stress markers
in chronic or acute HF in humans. While one study in the
literature examined the ER stress markers in patients who
received return of spontaneous circulation (ROSC) and who
did not after cardiopulmonary resuscitation, there are several
studies investigating ER stress in patients who died due to
ischemic stroke (19, 20).
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Table II. Drug use data of heart failure (HF) patients.

HF group, n (%)

Diuretic use

None 44 (36.66%)

Spironolactone 10 (8.33%)

Furosemide 28 (23.34%)

Thiazide 2 (1.67%)

Combine 36 (30.0%)
Anti-hypertensive drug use

None 22 (18.33%)

Beta blocker only

Combination (Beta blocker plus other

anti-hypertensive drugs)
Anti-hyperlipidemic drug use

None

Statin

26 (21.67%)
72 (60.0%)

94 (78.33%)
26 (21.67%)

Building ischemia-reperfusion or cardiac arrest models in
animals, several studies have been conducted to investigate
the change of ER stress markers at the tissue level (21, 22).
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Table III. Laboratory parameters of the the heart failure (HF) and healthy control groups.

Control group HF group

Mean+SD Median (IQR) Mean+SD Median (IQR) p-Value
CRP (mg/dl) 0.59+1.69 0.175 (0.109-0.371) 1.88+3.62 0.482 (0.225-1.734) 0.001*
CKMB (pg/l) 2.37+1.00 2.49 (1.38-3.25) 11.54+41.89 3.13 (1.99-4.17) 0.012*
hsTnT (pg/l) 0.006+0.005 0.005 (0.004-0.007) 0.34+1.22 0.019 (0.08-0.958) 0.0001*
WBC 7.89+2.18 7.59 (6.29-9.48) 9.64+3.68 8.93(6.89-11.0) 0.044*
Total cholesterole (mg/dl) 193.3+40.19 219.5 (190.5-252.7) 163.11+44.29 161.5 (127-191.75) 0.011%*
LDL (mg/dl) 116.33+36.30 109 (89.5-138.25) 96.66+32.56 97.5 (73.25-119.25) 0.002%#*
HDL (mg/dl) 52.53+15.79 52 (41.75-60) 39.56+13.36 37 (30-46.75) 0.0001*
VLDL (mg/dl) 25.36+9.98 25.50 (18.75-30.50) 27.23+13.69 22.5 (16-34.25) 0.918*
Triglyceride (mg/dl) 126.16+49.53 128 (91.25-151.25) 135.25+69.14 111 (80-172) 0.949*

*p-Values are derivated from Mann Whitney U-test. **p-Values are derivated from independent samples T test. IQR, Interquartile range; CRP,
C-reactive protein; CKMB, creatine kinase-muscle/brain; hsTnT, high-sensitive troponin T; WBC, white blood cell; LDL, low density lipoprotein;

HDL, high density lipoprotein; VLDL, very low density lipoprotein.

Table IV. Clinical data of patients with acute decompensated heart failure.

n (%) Median (IQR) Spearman correlations (rho)
Cause of decompensation
Acute coronary sydrome 24 (41.38)
Non-compliance with treatment 28 (48.27)
Acute cardiomyopathy 6 (10.35)

Duration of symptoms (days)

Duration of hospitalization (days)

0.0992
0.031b
0.158¢
0.0512
0.3870
0.586¢-*

7 (3-19)

5@3-9)

arho value is derivated from Spearman Correlations and it shows correlation between duration of hospitalization and serum PERK levels. brho value
is derivated from Spearman Correlations and it shows correlation between duration of hospitalization and serum GRP78 levels. crho value is derivated
from Spearman Correlations and it shows correlation between duration of hospitalization and serum CHOP levels. *p-value for rho is 0.001. IQR,

Interquartile range.

Several studies have indicated that GRP78 induction is
cardioprotective and neuroprotective, whereas PERK protein
is protective against pressure overload-induced HF and lung
remodeling, and the CHOP protein is effective in sensitizing
cells to apoptosis by suppressing of the Bcl-2 protein family
that contains pro-apoptotic and apoptotic proteins. (15, 23-26).

The effects of PERK protein in the development of
atherosclerosis, chronic hypertension, and cardiac hypertrophy
were discussed in a recent review study in which ER stress
was described as a new therapeutic target in cardiovascular
diseases (27). In a study conducted with rats, it was found that
cardiac dysfunction and fibrosis were more frequently
observed in rats whose cardiac specific PERK protein was
destroyed. In another study, it was reported that PERK
expression in transverse aortic constriction-induced cardiac
hypertrophy in rats was still increased after 4 weeks, while 4-

phenylbutyric acid (4-PBA) reduced ER stress. In addition, it
was emphasized that the detection of ER stress by the PERK
protein correctly protects the heart from hypertrophy and
dysfunction, and it was stated that PERK protein is not
essential for cardiac function in stress-free periods but is
important for adaptation to cardiac stress in situations in which
chronic pressure increases (28). In a study in which a cardiac
arrest model was established in rats, PERK activation was
found to be different in peripheral organs. Following cardiac
arrest, the highest ER stress response was observed in the liver
and kidney. In this study, no markers were examined in
peripheral blood (29). In another study that predicted the
survival of ER stress markers in non-hospital cardiac arrest,
serum PERK values were examined and found to predict 24-
h survival. The median value of serum PERK concentration
was found to be higher in patients who survived 24 h (19).
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Table V. Endoplasmic reticulum (ER) stress parameters of the Control and heart failure (HF) groups.

Control group HF group
Mean+SD Median (IQR) Mean+SD Median (IQR) p-Value
PERK (pg/ml) 492.23+233.2 495.5 (294-648) 570.77£136.12 573 (477.5-650) 0.001
GRP78 (pg/ml) 277.23+165.38 285.5 (154-347) 215.78+307.62 89 (72.75-178.75) 0.0003
CHOP (pg/ml) 78.83+£75.28 47 (30.25-75) 66.49+66.65 39 (28-71) 0.069

p-Values are derived from Mann Whitney U-test. SD, Standard deviation; IQR, interquartile range; PERK, protein kinase RNA-like endoplasmic
reticulum kinase; GRP78, glucose regulated protein; CHOP C/EBP homologous protein.

Table VI. Endoplasmic reticulum (ER) stress markers of the groups.

Control group CHF subgroup ADHF subgroup p-Value
Mean+SD Median (IQR) Mean+SD Median (IQR) Mean+SD Median (IQR)
PERK (pg/ml) 492.23+233.2 495.5 (294-648) 571.83£161.48  540.5 (467-662) 569.71£106.27 594 (504-634) 0.0001*
0.350%*
GRP-78 (pg/ml) 277.23+165.38 285.5 (154-347) 176.53+240.15 90 (72-172) 255.03+360.64 88 (75-198) 0.002*
0.003#%%*
0.0097
077711
CHOP (pg/ml) 78.83+£75.28 52 (30.25-75.00) 60.05+54.05 36 (28.0-74.5) 72.93£77.16  41.5(27.5-600) 0.179*

*p-Value derived from Kruskal-Wallis test. **p-Value is derived from Kruskal-Wallis test, and refers to the comparison between ADHF and CHF
subgroups. ***p-Value is derived from Kruskal-Wallis test and refers to the comparison between Control and CHF subgroups. Tp-Value is derived
from Kruskal-Wallis test and p-value shows analyse results between Control and ADHF subgroups. Tp-Value is derived from Kruskal-Wallis test
and p-value shows analyse results between and ADHF and CHF subgroups. CHF, Chronic heart failure; ADHF, acute decompensation; SD, standard
deviation; IQR, interquartile range; PERK, protein kinase RNA-like endoplasmic reticulum kinase; GRP78, glucose regulated protein; CHOP, C/EBP

homologous protein.

In our study, higher serum PERK concentrations in the HF
group compared to the control group showed that ER stress
increased in HF patients in parallel with the literature. No
statistically significant differences were found in serum
PERK concentrations between the ADHF and CHF
subgroups, indicating that PERK values were not as effective
as we anticipated in predicting acute decompensation. There
is no research that has offered a cut-off value by examining
PERK concentration in peripheral blood. That serum PERK
concentration was of 70% sensitivity and 50% specificity at
494 .5-pg/ml levels suggests that this cut-off value may be
useful for distinguishing heart failure patients. ER stress
response is known to occur at the tissue level in a very short
period of time (30), while the serum PERK value is
considered to be lower than the peak concentration in the
long run. Duan et al. have shown that the GRP78 positive
cells were detected at the peak volume approximately in the
9th hour in the ischemic tissue when ER stress occurs.
Compared with the control, GRP78-positive cells increase in
4 h up to 4 days after ischemia (20). It was also considered
that a similar rise and normalization process could be seen
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in PERK. Considering that the median value of the time
elapsed between respiratory distress and referral to the
emergency service was 5 days, it was hypothesized that
PERK might be useful in the short term for ER stress studies
such as in the case of acute coronary syndrome, and it would
not be valuable in predicting acute decompensation in
chronic HF.

GRP78 is a chaperone protein that plays an important role
in ER stress. There are studies reporting an increase in GRP78
expression in ER stress at the tissue level (31-33). GRP78
induction is also known to have cardioprotective and
neuroprotective properties (14). In a study conducted on
muscle cell lines, it was found that GRP-94, similar to GRP78,
reduced cardiomyocyte necrosis in ischemia simulation (26).
In another study, it was suggested that proteosome-induced
cardiomyocyte death was prevented by GRP78 and
pharmacological induction of GRP78 could prevent
proteosome-induced cardiac tissue destruction. It was also
reported that the induction of BiP/GRP78 in the ER-stress
pathway inhibits hyperoxia and tunamycin-induced apoptosis.
BiP (GRP78) inducer X (BIX), a molecular chaperone
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Figure 3. Receiver operating characteristic (ROC) curve analysis chart
of glucose regulated protein GRP78 levels; heart failure (HF) group vs.
control group.

inducing agent, was reported to protect neurons from ER stress
(23). In their study on retinal cells, Inokuchi ef al. asserted that
BIX could be used as a therapeutic agent in retinal diseases
caused by ER stress (34). In a review by Minamino et al. on
treatment targets addressing ER stress in cardiovascular
diseases, it was stated that the induction of GRP78 could be
useful in preventing cardiovascular diseases (14).

In a recent study, it was revealed that GRP78
overexpression inhibited synoviocyte apoptosis in the synovial
fluid samples of patients with rheumatoid arthritis, which is
known as a chronic inflammatory process, and synovicyte
proliferation and angiogenesis were found to increase in rats
with osteoarthritis with repeated intra-articular BIX (32).In a
study conducted on chronic viral hepatitis B patients, no
statistically significant differences were found in GRP78
levels examined in peripheral blood samples of the patient and
healthy groups (35). Moreover, Ardic et al. have examined the
prognostic value of ER stress markers in patients who were
admitted to emergency service with cardiac arrest, and
demonstrated that GRP78 concentrations did not have an
impact on ROSC, 24-h, and 1- to 3-month survival periods.
Except for the current study, there has been no research
investigating the diagnostic value of GRP78 levels in
peripheral blood samples of patients with HF. The serum
GRP78 level was found to be higher in the control group in
our study. Although the level of GRP78 does not represent the
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Figure 4. Receiver operating characteristic (ROC) curve analysis of
protein kinase RNA-like endoplasmic reticulum kinase (PERK) levels;
heart failure (HF) group vs. control group.

level of GRP78 in the cardiac tissue, the high level of GRP78
in the peripheral blood seems to protect the individual from
ER stress in the normal physiological state (19). This is the
first study that offered a cut-off value of GRP78 concentration
in peripheral blood. The proposed cut-off for serum GRP78
concentration (147.5-pg/ml) was of 80% sensitivity and 70%
specificity, suggesting it value may be useful for the
discrimination of healthy individuals from HF patients.

UPR is activated after various activators inhibit ER stress.
The expression of GRP78 and other chaperone proteins
increases after UPR activation. The PERK protein is
activated by autophosphorylation, the eIF>*Ser>! protein is
also phosphorylated, and these two events affect the
synthesis of protein by reducing protein stress. The
autophosphorylation of PERK protein plays an important
role in providing homeostasis to ER stress (25). HF is also
one of the conditions in which ER homeostasis is impaired
and stress responses occur.

The eIF2%Ser>! protein of the PERK protein activates the
ATF4 protein of the eIF2*Ser>! protein. In previous studies,
the ATF4 protein has been proven to activate the pro-
apoptotic protein, CHP and cardiac hypertrophy and HF
occur when ER stress is too severe or too long. This results
in the activation of the apoptotic pathway (36, 37). In a study
evaluating ER stress regulation of the non-canonical
pathway, inhibition of the expression of the CHOP protein
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was found to reduce ER stress and protect the patient from
cardiac hypertrophy and HF (38). It was proven that the
inhibition of the Prostatic androgen repressed message-1
(PARM-1) protein, a type of transmembrane protein in salt-
sensitized rats, increases PERK, ATF6 and CHOP
expression, which triggers cardiac hypertrophy and HF (39).
In their study of CHOP protein ablation in rats, Fu et al.
suggested that CHOP protein play a role in the development
of cardiac hypertrophy of HF. In a study conducted with rats
using an acute mesenteric ischemia model, it was shown that
CHOP expression increased in ischemic tissue (37). Serum
CHOP protein concentration was found to be effective in
predicting survival time in patients who were brought to the
emergency service due to non-hospital cardiac arrest. In our
study, we found that serum CHOP concentration was not
different in the HF and control groups. It has been shown in
many studies that beta-blocker agents prevent cardiac
remodeling (40, 41).

Ni et al. found that ER chaperones and apoptosis
decreased in rats treated with beta-blockers, and it was
suggested that blocking of beta-blockers’ remodeling could
happen through ER stress suppression (42). In a study of
autoimmune cardiomyopathy-created rabbits, betal receptor
induction was found to increase ER stress (43). In a recent
review, it was emphasized that beta-blocking agents reduce
ER stress and that the use of statin group medication also
reduced ER stress and apoptosis (27). Although it has been
shown that CHOP increased in animal experiments, we think
that this result may have been obtained due to differences in
drug use and immunity status in humans. Considering that
81.6% of the total HF is a beta-blocker agent and that 21.6%
of patients use statin group drugs, we think this might have
contributed to the findings, in which no differences in CHOP
concentrations were found between the control group and HF
groups. CHOP may be useful in predicting the length of
hospital stay, although it does not have a promising value in
the prediction of acute decompensation since ER is effective
in the later period of stress.

There are some limitations to the current study. The sample
size of our study is small, although sufficient power is
reached. However, this study informs future research that
should be conducted with larger sample sizes. Patients
applying to hospitals with acute decompensation complaints
differ in periods from symptom onset to hospitalization
processes, resulting in timing confusions regarding the
examination of the serum ER stress marker level per hour.
Given that the marker levels of patients were examined at one
time, we were not able to see increasing or decreasing marker
levels in the following processes. Because of the very high
frequency of drug use that prevents remodeling, ER stress
marker level differences could not be investigated between
patients who used and did not use drugs. In our study, the
number of patients with NHIA Class 4 HF was low,
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preventing us from forming conclusions about the clinical
predictive value of ER stress markers in advanced HF.

Conclusion

As a result, the findings of this study suggest that GRP78
has high serum concentration in cases of ER stress, resulting
in the protection of the patient from ER stress. The findings
suggest that the serum PERK level is high in ER stress HF
patients, but it is insufficient to predict acute
decompensation. Moreover, serum PERK levels may be
predictive in cases with shorter follow-up periods such as in
the case of acute coronary syndrome. In patients with HF,
CHOP may be useful in predicting the length of hospital stay
in acute decompensated heart failure.
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