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Abstract. Background/Aim: A novel human coronavirus,
named SARS-COV-2, has recently caused thousands of
deaths all around the world. Endoplasmic reticulum (ER)
stress plays an important role in the development of diseases.
Patients and Methods: We aimed to to investigate the
relationship between ER stress markers in patients infected
with SARS-COV-2 and patients with pneumonia. A total of 9
patients (4 patients diagnosed with pneumonia and 5
patients diagnosed with SARS-COV-2 infection) who
admitted to the emergency Department with symptoms of
pneumonia and SARS-COV-2 were included in the study. A
total of 18 healthy individuals without any known chronic or
acute disease and drug use were included as the healthy
control group. Serum human glucose regulated protein 78
(GRP78), serum human C/EBP homologous protein (CHOP)
and serum human phospho extracellular signal regulated
kinase (PERK) levels were measured using enzyme-linked
immunosorbent assay (ELISA). Results: GRP78 levels were
found to be significantly higher in SARS-COV-2 positive
cases compared to individuals in other groups. Serum GRP-
78 level median value was statistically significantly higher
in SARS-COV-2-positive group compared to the other groups
(p=0.0003). Serum PERK level was statistically significantly
higher in SARS-COV-2-positive pneumonia cases (p=0.046).
Conclusion: An association was shown between GRP78 and
SARS-COV-2 infection. Although a small number of patients
was investigated, these results will be important and guide
future treatments of SARS-COV-2.
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Coronaviruses are spherical or pleomorphic in shape with a
mean diameter of 80-120 nm. They have heavily
glycosylated trimeric spike (S) proteins on their surface (1).
Coronavirus infection starts with receptor binding via the S
protein. The interaction between the host cell surface
receptor and the S1 subunit is the major determinant of the
tropism of coronaviruses (2, 3). Upon receptor binding of S1,
a conformational change is triggered in the S2 subunit,
exposing its hidden fusion peptide for insertion into the
cellular membrane.

Endoplasmic reticulum (ER) is the organelle where the
synthesis, folding, maturation and transport of proteins,
calcium storage and lipid biosynthesis of the cell processes take
place. ER stress is defined as the result of ER protein folding
capacity, resulting in wrongly folded or unfolded protein
accumulation (4). Excessive synthesis of secretion proteins,
mutations in proteins involved in protein folding, abnormal
changes in the amount of Ca*? in ER and viral infections are
some of the factors that cause protein accumulation in ER (5,
6). The cell activates three mechanisms to eliminate ER stress
caused by an imbalance between the amount of unfolded
proteins in ER and the capacity of the cellular mechanism that
handles this amount. Firstly, protein synthesis and translocation
of proteins to ER are decreased, and the amount of protein
entering ER is reduced with a temporary adaptation. Secondly;
unfolded protein response (UPR) is activated. Therefore, an
increase in the capacity of the ER will occur to deal with
unfolded proteins. Thirdly, if homeostasis cannot be restored,
a cell death response occurs to protect the organism from cells
that display unfolded proteins (7). In order to prevent ER stress
in the cell, proteins formed as a result of stress, unfolded or
misfolded are destroyed by proteosomes in the cytoplasm. This
mechanism is called ER-related decay, endoplasmic-reticulum-
associated protein degradation (ERAD) (8, 9).

If the endoplasmic reticulum stress cannot be corrected by
the ERAD mechanism, the UPR path must be activated in
order to prevent ER stress in the cell and create ER
homeostasis again (5, 6). UPR activates three important
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Table 1. Clinical parameters of the examined cases.

Case-No Diagnosis Coughing Sore Throat Dyspnea Weakness Fever (°C) Comorbidites sPO,
Case-1 SARS-COV-2 (-) pneumonia + - - - 38.1 No 96
Case-2 SARS-COV-2 (-) pneumonia + - + + 38.4 COPD, CAD 88
Case-3 SARS-COV-2 (-) pneumonia + - + + 39 COPD, CAD 85
Case-4 SARS-COV-2 (-) pneumonia + - + + 38.8 CAD 89
Case-5 SARS-COV-2 (+) pneumonia + + + + 38.4 No 88
Case-6 SARS-COV-2 (+) pneumonia + - + + 36.4 No 91
Case-7 SARS-COV-2 (+) pneumonia + - - + 36.4 No 99
Case-8 SARS-COV-2 (+) pneumonia + - - + 38.2 No 97
Case-9 SARS-COV-2 (+) pneumonia + + + + 36.6 Astma 99

COPD, Chronic obstructive pulmonary disease; CAD, coronary artery disease.

Table II. Laboratory parameters of all examined groups.

Table III. ER stress marker levels of the examined pneumonia and
healthy cases.

Healthy Pneumonia Pneumonia  p-Value
Group SARS-COV-2 (-) SARS-COV-2 (+) Case No Diagnosis PERK GRP78 CHOP
median (IQR)  median (IQR) median (IQR) (pg/ml) (pg/ml) (pg/ml)

WBC 7.66 14.8 4.99 0.022 Case-1 SARS-COV-2 (-) 578 320 61
(K/ul)  (6.84-10.19) (9.85-15.7) (4.23-9.11) Case-2 SARS-COV-2 (-) 594 256 60
Neu 5 11.75 3.11 Case-3 SARS-COV-2 (-) 496 312 68
(K/pl) (4.2-6.54) (6.33-12.8) (2.2-6.84) 0.05 Case-4 SARS-COV-2 (-) 493 278 57
Lymph 22 2.58 1.65 0.470 Case-5 SARS-COV-2 (+) 608 1850 52
(K/ul) (14-2.8) (1.33-2.96) (1.21-2.09) Case-6 SARS-COV-2 (+) 529 1800 56
CRP 0.157 4.57 1.175 0.004 Case-7 SARS-COV-2 (+) 549 1954 53
(mg/l)  (0.086-0.38) (0.38-10.57) (0.244-11.45) Case-8 SARS-COV-2 (+) 499 1825 65
Hb 14.1 154 14.6 0.254 Case-9 SARS-COV-2 (+) 485 1974 62
(gdl)  (12.57-154)  (12.37-16.05) (14.3-15.6) Case-10 Healthy subject 553 218 204
PIt 268 326 221 0.021 Case-11 Healthy subject 357 561 92
(K/ul) (223-290) (294-349.75) (176-232) Case-12 Healthy subject 508 347 47
BUN 12 17 14 0.039 Case-13 Healthy subject 522 210 63
(mg/dl) (11-14) (12-22) (11.5-14) Case-14 Healthy subject 483 286 47
Crea. 0.83 1.02 0.95 0.637 Case-15 Healthy subject 303 568 220
(mg/d)  (0.66-0.91) (0.88-1.22) (0.76-1.11) Case-16 Healthy subject 279 329 30

Case-17 Healthy subject 266 256 24
Neu, Neutrophil; Lymph, lymphocytes; CRP, C-reactive protein; Hb, Case-18 Healthy subject 294 423 28
hemoglobin; Plt, platelete; BUN, blood urea nitrogen; Crea, creatinine. Case-19 Healthy subject 269 259 27

Case-20 Healthy subject 296 154 39

Case-21 Healthy subject 293 188 46

Case-22 Healthy subject 266 164 40

Case-23 Healthy subject 304 137 60
signaling pathways initiated by localized stress sensors in ER ~ Case-24 Healthy subject 190 258 128
such as pancreatic ER kinase (PKR), pancreatic-like ER ~ Case-25  Healthy subject 299 286 25
kinase (PERK), inositol-requiring enzyme 1 (IRED) and coe  periy Siet 50 S -
activating transcription factor 6 (ATF6) (10, 11). Case-28 Healthy subject 679 267 28

Inflammatory processes lead to oxidative stress and
oxidative stress leads to release of toxic oxygen metabolites
(12, 13). After initiating endoplasmic reticulum stress
through various activators, UPR is activated. After UPR
activation, glucose regulating protein 78 (GRP78) and other
chaperone protein levels increase. The PERK protein is
activated by autophosphorylation and protein synthesis is
suppressed to reduce ER stress. Autophosphorylation of
PERK protein plays an important role in providing
homeostasis in ER stress (14).
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PERK, Protein kinase RNA-like endoplasmic reticulum kinase; GRP78,
glucose regulated protein; CHOP, C/EBP homologous protein.

The GRP78 or binding immunoglobulin protein (BiP) is
the master chaperone protein of the UPR (when unfolded or
misfolded proteins accumulate) (15-17). Under reasonable
conditions, GRP78 is found in the lumen of the ER and
inactivates three enzymes responsible for cell death or
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Figure 1. Radiological images of SARS-COV-2-positive pneumonia cases.

differentiation. These enzymes are ATF6, PERK, and IRE1
(18). Above a threshold of accumulated unfolded proteins,
GRP78 releases ATF6, PERK, and IRE1, leading to their
activation. Inhibition of protein synthesis and enhancement
of refolding is the end result of the enzymes’ activation (18,
19). Overexpression of GRP78 is also initiated upon cell
stress, which increases the chance for GRP78 to escape ER
retention and translocate to the cell membrane. Once

Case-9

translocated to the cell membrane, GRP78 is susceptible to
virus recognition by its substrate-binding domain (SBD), and
can mediate the virus entry in the cell (18).

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 (20). Thus, the aim of our

1647



in vivo 34: 1645-1650 (2020)

Case-3

Figure 2. Radiological images of SARS-COV-2 -negative pneumonia cases.

study was to investigate the relationship between, ER stress
markers in patients with pnuemonia and patients infected
with SARS-COV-2.

Patients and Methods

Study population and data collection. A total of 9 patients (4
patients diagnosed with pneumonia and 5 diagnosed and confirmed
with SARS-COV-2 infection) who admitted to the emergency
department of the Pamukkale University Hospital with symptoms
of pneumonia and SARS-COV-2 infection were included in the
study. A total of 18 healthy individuals without any known chronic
or acute disease and drug use were included as healthy control
group. Informed consent was waived, and researchers analyzed only
deidentified (anonymized) data.

Specimen collection and testing. Blood samples and biochemical
parameters. Blood samples were drawn from the antecubital vein
of each individual at the time of their attendance to the Emergency
Clinic for biochemical analysis. Blood samples were collected to
test tubes containing ethylenediamine-tetraacetic acid, test tubes
containing citrate and test tubes without anticoagulant were
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centrifuged within 20 min after collection. Serum and plasma
samples obtained by centrifugation at 4,000xg for 15 min were
utilized for biochemical analysis. Two ml of each serum sample
were stored at —80°C in eppendorf tubes for analysis.

Measurement of CHOP, PERK and GRP78 levels. Serum GRP78
levels were measured using a commercially available enzyme-linked
immunosorbent assay (ELISA) kit, (SL2048Hu; SunLong Biotech,
Hangzhou, Zhejiang, PR China), according to the manufacturer’s
protocol. The detection rate of this kit is 16 pg/ml. Serum CHOP
levels were measured using a commercially available ELISA kit
(SL2631Hu; Sunlong Biotech, Hangzhou, Zhejiang, PR China),
according to the manufacturer’s protocol. The detection rate of this
kit is 6 pg/ml. Serum PERK levels were measured using a
commercially available ELISA kit (MyBioSource.com,
MBS014568, USA), according to the manufacturer’s protocol. The
detection rate of this kit is 18.75 pg/ml (10).

Data analysis. The statistical Package for Social Science program
(SPSS for Windows, version 17.0; SPSS, Chicago, IL, USA) was used
for analyzing differences between three groups. The Chi-square test
was used to compare gender distribution of the groups. When
parametric test assumptions were not provided, the Kruskal Wallis test
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Table IV. Comparison of ER stress parameter levels between groups included in the study.

ER stress Healthy group SARS-COV-2 (-) pneumonia SARS-COV-2 (+) pneumonia p-Value

parameters median (IQR) median (IQR) median (IQR)

CPERK 303 (266-508) 537 (493.75-590) 529 (492-587.5) 0.031

GRP78 267 (210-374) 295 (261.5-318) 1850 (1812.5-1964) 0.003
0.0022
0.046b

CHOP 47 (28-92) 60.5 (57.75-66.25) 56 (52.5-63.5) 0.534

p-Values are derived from the Kruskal-Wallis test and show results of comparison between the three groups. 3Derived from Mann-Whitney U-test,
shows the comparison between healthy group and SARS-COV-2-positive pneumonia groups. PDerived from Mann-Whitney U-test, shows the
comparison between SARS-COV-2-negative pneumonia and SARS-COV-2-positive group.

was used to compare between three independent groups. Mann-
Whitney U-test was used to compare independent subgroup differences.
All the analyses were evaluated statistically significant at p<0.05.

Results

All patients had cough complaints. A total of 8 (88.8%)
patients had weakness, 6 (66.6%) patients had dyspnea, and
2 (22%) had sore throat. Body temperature was above 38°C
in all SARS-COV-2-negative pneumonia patients, but body
temperature was above 38°C in 2 patients with SARS-COV-
2-positive pneumonia (Table I). Age and gender distribution
of all groups were similar (p=0.313 and p=0.443).
Considering CT images, only 1 of SARS-COV-2-positive
patients had bilateral multiple ground glass opacities. The
other patients only a ground-glass appearance at one point
(Figure 1). In SARS-COV-2-negative pneumonia cases, 2
patients had multilober ground glass areas, while 2 patients
had ground glass areas in one lobe (Figure 2). In the SARS-
COV-2-positive pneumonia group, white blood cell (WBC)
and platelet levels were found statistically significantly lower
(p=0.022 and p=0.004). Blood platelet level and serum CRP
level median value were significantly higher in SARS-COV-
2-negative pneumonia cases (p=0.039) (Table II).
Considering serum ER stress markers, GRP78 levels were
found to be significantly higher in SARS-COV-2-positive
cases compared to individuals in the other groups (Table III).
Serum GRP-78 level median value was statistically
significantly higher in the SARS-COV-2-positive group
compared to the SARS-COV-2 negative and control groups
(»=0.0003). Serum PERK levels were statistically
significantly higher in SARS-COV-2-positive pneumonia
cases (p=0.046) compared to the control group (Table IV).

Discussion

Treatment of diseases has been an important issue
throughout history. For this reason, protection from diseases,
diagnosis and treatment have gained importance in parallel
with the developments in scientific methods. It is important

to reveal the underlying causes of diseases and the
effectiveness of the treatments to be applied.

Errors that occur during the maturation of proteins as a
result of malfunctions in ER normal function cause the
accumulation of proteins in the organelle. Accumulation of
proteins triggers ER stress. It has been found that ER stress
and response pathways related to ER stress are active in the
pathogenesis of diseases (21). As it is known maintaining
cellular homeostasis is important for cell survival (22). Viral
virulence is determined by successful entrance, replication
in the host cell, and release of mature virion. ER stress may
arise from the exploitation of the ER membrane,
accumulation of misfolded proteins, depletion of the ER
membrane during virion release.

Many positive-strand RNA viruses cause the rearrangement
of host intracellular membrane compartments that house
replication complexes. ER, trans-Golgi, or lysosomes are the
likely origin of virally induced membranes (23). In a in vitro
study, it was determined that expression of the coronovirus
spike proteins induce ER stress and also trigger the immune
response (24). In a recent study, molecular docking results
suggests the possible recognition of the SARS-COV-2 spike
by the cell-surface GRP78 in the cell stress (25).

Herein in our case control study, higher serum GRP78
concentrations were found in the SARS-COV-2 infected
patients compared to patients with pneumonia and the control
group. No significant differences were found in serum CHOP
concentrations between all the groups. Since CHOP is a
protein that plays a role in apoptosis mechanism rather than
acute inflammatory processes (21), it was not found at
different levels in both SARS-COV-2 (+) and SARS-COV-2
(-) pneumonia cases compared to the healthy group. If the
issue was a chronic inflammatory process and prolonged ER
stress, we could also expect a high CHOP concentration.

As expected, there are certain limitations to our study.
There is no clear literature data on levels of serum ER stress
markers serum level at the time of symptom onset, which
was different from symptoms in patients presenting with
SARS-COV-2 infection. An association was shown between
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GRP78 and SARS-COV-2 infection. Although a small
number of patients was investigated, these results will be
important and guide future treatments of SARS-COV-2.
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