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Abstract

ered promising therapeutics.

Background: The rapid spreading of corona virus disease 2019 (COVID-19) worldwide results in pneumonia and acute respiratory
distress syndrome in many patients, which can be the major cause of death in cases with COVID-19. It has been reported that chloro-
quine (CQ) has improved COVID-19-induced pneumonia in clinical trials.

Objectives: Since CQ and its derivatives are proved to exhibit anti-autophagy properties based on previous studies, autophagy can
be introduced as a possible mechanism of respiratory complications.

Methods: In the current study, we reviewed papers of Google Scholar database with no time limitation.

Results: It was revealed that autophagy has an important role in the manifestation of COVID-19 respiratory complications
Conclusions: Autophagy is triggered by SARS-CoV2 virus for its replication and autophagy inhibitory treatments might be consid-
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1. Background

A severe acute respiratory syndrome was reported in
December 2019 in Wuhan, China. Patients admitted to the
central hospital with fever, cough, and dizziness under-
went bronchoalveolar lavage RNA sequencing test. It was
revealed that a new RNA virus from Coronaviridae fam-
ily, was the pathologic source of this disease, which was
named corona virus disease 2019 (COVID-19) by WHO (1). Up
to30 March 2020, 693,282 cases globally had been reported
out of which 33,106 cases ended to death (2).

The common features of the disease in 41 confirmed
patients in a hospital in Wuhan included abnormal chest
CT results and pneumonia. Acute respiratory distress syn-
drome (29%), RNAemia (15%), acute cardiac injury (12%),
and secondary infection (10%) were reported as their com-
plications. Admission to ICU occurred in 32% and re-
sulted in death in 15% of the patients. The patients in
ICU had elevated levels of interleukin-2 (IL-2), IL-7, IL-10,
granulocyte-colony stimulating factor (G-CSF), interferon-
~ inducible protein-10 (IP-10), monocyte chemoattractant
protein-1 (MCP-1), macrophage inflammatory protein 1-«
(MIP1-v), and tumor necrosis factor-a (TNF-«x) in plasma
(3).

The mortality of COVID-19 ranges from 2% to 20% with

the highest risk in immunocompromised and older pa-
tients. The luminal side of the respiratory tract receives
and releases viruses from the same side which can easily
spread (4).

It was reported in China that chloroquine phosphate,
previously used for the treatment of malaria had been safe
and efficient for the treatment of COVID-19-based pneumo-
nia (5).

2. Objectives

Since there is no general treatment or vaccine for
COVID-19, and chloroquine, which is a typical anti-
autophagy drug, is an effective drug, we suggest that
the possible mechanism of COVID-19 complications may
be autophagy.

3. Methods

In the current study, we reviewed papers of Google
Scholar database with no time limitation and a recent
World Health Organization report.
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4. Results and Discussion
Chloroquine [7-chloro-4-(4-diethylamino-1-
methylbutylamino)quinoline], exhibits anti-
inflammatory and anti-malarial characteristics (6).
Hydroxychloroquine is also widely being used for its
anti-inflammatory effects against rheumatoid arthritis
and lupus erythematosus (7). The anti-inflammatory
property of chloroquine is via the downregulation of the
cell-mediated immune response and as an inhibitor of
autophagy by blocking autolysosomes degradation (6).

Autophagy is a process in the cytosol performed by
trapping materials in a double-membrane vesicle named
autophagosome and transporting them to the lysosome
to remove unwanted substrates. After lysosomal hydrol-
ysis of the macromolecules, they are exported to the cy-
tosol. These autophagy processes are mediated by con-
served autophagy-related proteins (ATGs) (8).

Hydroxychloroquine as an analog of chloroquine with
fewer drug interactions might be a potential treatment for
COVID-19. It has been suggested that the drugs can change
the pH of the cell membrane surface and inhibit virus-cell
membrane fusion. They can also inhibit viral replication,
viral proteins glycosylation, new virus particle transport
and release. For COVID-19, a loading dose of 400 mg hy-
droxychloroquine orally, and a maintenance dose of 200
mg is recommended for 4 days (9).

In a recent study conducted on French patients with
COVID-19, 600 mg/day of hydroxychloroquine was orally
administrated and the nasopharyngeal viral load was eval-
uated. Azithromycin was also administrated in some ex-
perimental groups. After six days, 20 treated cases showed
a significant decrease in the viral carriage compared to the
controls. Azithromycin administration, in combination
with hydroxychloroquine, suggests a strong synergistic ef-
fect to eliminate virus infection (10).

Autophagy increases the replication level of some RNA
viruses like picornaviruses, which are single-stranded RNA
viruses. In Atg5 deleted pancreatic acinar cells in mice, a
dramatic decrease in the disease is observed in a model
of coxsackievirus-induced pancreatitis. Multiple picor-
naviruses use ATGs while producing new virions, to gener-
ate membranes as a replication platform instead of being
degraded. Generated autophagosomes in coxsackievirus
B3 and enterovirus D68 fuse the plasma membrane-like
secretory autophagy by viral proteases, which results in
the exocytosis of virion-containing vesicles. These pseudo-
enveloped virions contain phosphatidylserine, which im-
proves the penetrating into neighboring cells such as
macrophages. That is how ATGs help the replication and
cell penetration of Picornaviruses (8). It has been re-
ported that the RNA level of hepatitis C virus (HCV) as an

autophagy-inducing virus was decreased in the serum of
HCV infected patients after 8 weeks of QC administration
(11-13).

It has been revealed that hydrophilic pore (viroporin)
formation in viroporins can result in IL-18 production
by transporting K*, H', and Ca®" as well as reactive oxy-
gen species, autophagy, and endoplasmic reticulum stress.
Coronavirus envelope small membrane protein (E) has
shown a cation-selective behavior thatleads to excessive IL-
18 and IL-153 levels in the blood, lungs and lymphoid tissues
of COVID-19 patients (14).

It is reported that most severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV2) proteins might be evo-
lutionarily constrained, except for the spike (S) protein.
Antibodies for S domains cause Fc receptor-mediated up-
take leading to an alternative infection of phagocytic anti-
gen presenting cells (APC), called antibody-dependent en-
hancement of disease (ADE). T cell depletion is observed in
severe COVID-19 disease and may be exacerbated by APC in-
fection. Many efforts at the production of either SARS-CoV1
vaccines, MERS-CoV vaccines, or SARS-CoV2 vaccines have
encountered elevated risk of ADE induction through anti-
body infection of phagocytic immune cells (15).

In coronaviruses, the formation of replicative infec-
tious particles in double-membrane vesicles (DMV) as well
as autophagy, depend on ER-derived membranes. To the
best of our knowledge, it can be suggested that coron-
aviruses interact with autophagy pathway components
to utilize them for virus replication, and inhibit the au-
tophagic flux. Substances inhibiting the generation of
DMVs are reported to attenuate coronaviruses replication
in vitro (16).

Considering these findings, it can be concluded that
anti-autophagy therapeutics might improve respiratory
complications in clinical trials and decrease COVID-19-
associated mortality.
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