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Self-destructive processes like autophagy are 
vital for balancing energy sources at key points 
in development and response to nutritional stress. 
Although autophagy has been linked to cell death 
in the absence of apoptosis, it is widely considered 
a  survival strategy. However, the mechanisms 
governing selective autophagy have not yet been 
completely figured out, therefore it is possible for the 
removal of certain organelles, ribosomes, and protein 
aggregates to occur in either a nonselective or selective 
manner during the autophagic process (1). 

Autophagy also plays role in antiviral response, 
including response against coronaviruses. 
Coronaviruses are a group of coated, single-stranded 
RNA viruses. One of the most important determinants 
of viral infection is the entry of the virus into host 
cells. The coronavirus carries out this process through 
two pathways: the endocytic pathway and the non-
endocytic pathway (2). As a  result, the endocytic 
pathway, including endosomes and lysosomes, has 
become an important target for the developing of 
therapeutic strategies in the fight against CoVs (3). RNA 
replication of coronaviruses occurs in the cytoplasm of 
the host cell and is directly related to the endoplasmic 

reticulum (ER). Some studies on coronaviruses 
suggest that replication of the virus can interfere with 
the normal functioning of the ER, create ER stress, 
and ultimately, the UPR (unfolded protein response) 
in virus-infected cells. UPR is activated in response 
to the accumulation of unfolded protein or incorrectly 
opened proteins in the endoplasmic reticulum lumen. 
The stress created in the ER can be a major factor in 
the virus-host interaction. It can also affect patients’ 
antiviral response (4).

UPR also activates autophagy. Autophagy is 
essential for maintaining tissue homeostasis and 
prevents the onset and progression of many diseases. 
Autophagy is a process that occurs in most cells and 
is responsible, i.e., for the removal of the damaged 
organelles through lysosomal degradation (5). 
Several viruses employ cellular autophagy to aid 
their reproduction, including coronaviruses (CoVs). 
The SARS-CoV open reading frame (ORF) induces 
intracellular stress and affects the innate immune 
system. Endoplasmic reticulum stress, lysosomal 
damage, and activation of Transcription Factor EB 
(TFEB) are all triggered by aggregation of ORF8b in 
cells. In epithelial cells, ORF8b induces cell death, 
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which may be partly reversed by lowering the capacity 
of the protein to assemble. Interestingly, accumulating 
ORF8b cytosolic aggregates may lead to mitochondrial 
malfunction and caspase-independent cell apoptosis 
in those cells deficient for NLRP3 (6). SARS-CoV-2 
protein ORF-8b forms intracellular aggregates that 
trigger cellular stress, specifically NLRP3 (NLR 
Family Pyrin Domain Containing 3) inflammasome 
activation, and IL-1β release. The NLRP3 activates 
macrophages that are involved in the regulation of 
IL-1β and IL-18 (3, 4). Simultaneously viral proteins’ 
replication induces ER stress, UPR and, consequently, 
autophagy process is also activated in virus-infected 
cells. 

The autophagy can indirectly regulate the cytokine 
process in infected cells. Collectively, SARS-CoV-2 
exploits cellular autophagy in enhance its own 
proliferation (2, 6). Angiotensin-converting enzyme 
2 (ACE2), the main receptor for SARS-CoV-2, not 
only mediates the entry of SARS-CoV-2 into host cells 
but also is associated with autophagy. Studies have 
shown that autophagy was decreased due to ACE2 
activity, as the overexpression of ACE2 was apparent 
in autophagy-deficient cells (5). Modulation of the 
immune response also plays a key role in fighting the 

disease. Neutrophils release neutrophil external traps 
(NETs) under the stimulation of autophagy. 

NETs are a  vast extracellular, web-like structure 
produced by neutrophils in the extracellular area 
which, because of their neutralizing and killing 
properties, are helpful in preventing the spread of 
diseases. Decondensed chromatin and proteins from 
the cytoplasm and granules make up these structures. 
From the nucleus and mitochondrial material, NET’s 
DNA is derived. NET comes in two flavors. NETosis 
(NET-mediated cell deaths) is one of the most important 
steps in the innate immune response and can be 
produced by infectious agents and some stimuli, such 
as cytokines, cholesterol crystals, autoantibodies, and 
immune complexes. Suicidal NETosis is one example. 
Antimicrobial peptides generated from granules are 
then mixed with chromatin and DNA. Ultimately, 
Reactive Oxygen Species (ROS) are discharged into 
the extracellular area. Then, in a vital NETosis, which 
releases NETs without harming the cells, phagocytosis 
is still possible. NET can control inflammation by 
activating the immune system, as well as by modulating 
the function of monocyte-derived dendritic cells by 
stimulating the expression of Th2-type cytokines and 
reducing the synthesis of Th1 and Th17 cytokines. The 

Fig 1. The role of endocytic and autophagy pathways in the pathogenesis of COVID-19 infection
SARS-CoV-2 enters the cell by two endocytic (b) and non-endocytic (a) pathways. After translation (c), ORF-8b can cause 
ER stress and, consequently, an unfolded protein response (UPR) in infected cells. ORF-8b also induces autophagy and 
NLRP3 inflammasomes (e), which is associated with pyro ptosis and the release of inflammatory cytokines such as IL-1β and 
IL-18 (f). Autophagy is also inversely related to Angiotensin-converting enzyme 2 (ACE2) receptor expression (d). Besides, 
activating of the NETosis in neutrophils by HMGB1 can exacerbate inflammation in COVID-19 patients (g) (13, 14).
Source: Own elaboration.
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NET response triggered by lung epithelial destruction 
and the severity of the disease seem to be connected 
in terms of pathology, biochemistry, and clinical 
observations in SARS-CoV-2 infection. SARS-CoV-2 
infection-related severe pneumonia has previously 
been linked to NETs, based on studies on serum NET 
elevations in COVID-19, the cytokine profile, and the 
clinical course (7, 8).

Different molecules can induce NETosis and 
autophagy. Some of the strongest activators have been 
damaged-associated molecular patterns (DAMPs), 
particularly high-mobility group 1 (HMGB1) boxes. 
This molecule is released by damaged lung cells 
and can trigger a  strong innate immune response. 
On the other hand, increased HMGB1 protein and 
NETosis in COVID-19 infection can cause persistent 
inflammation. HMGB1 acts as a  multifunctional 
protein through recombination, transcriptional 
regulation, and inflammation. This protein is actively 
secreted into the extracellular environment and acts as 
a  cytokine, chemokine, and promotes inflammation 
growth factors.  In addition, TLR-4 activation is 
required for NET formation, and viral proteins 
binding to TLR-4 initiate NETosis (7, 8). Finally, while 
NET formation can be harmful in pathogenesis of 
COVID-19 during prolonged periods of inflammation, 
we note that in general there is little evidence for its 
antiviral effect (8). Some effect has been only so far 
detected in the context of syncytial respiratory virus 
(RSV) and influenza virus (9). Therefore, it can 
be concluded that targeting molecules involved in 
NETosis and autophagy (e.g., NETs, DAMPs) can be 
considered as a  therapeutic approach in COVID-19 
and more research can be done in this field (3, 6-14). 
With all these descriptions, autophagy regulation is 
actually a  way to deal with COVID-19. Given that 
COVID-19 infection has become a  global problem, 
further research on UPR caused by the virus could 
be one of the goals in identifying new and effective 
treatments to improve patients’ outcomes (4).
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