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In December 2019, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

emerged in Wuhan, Hubei province, China [1, 2]. According to the literature, the 

coronavirus was found to interact with autophagy pathways [3–6]. The autophagy 

process (recycling pathway) is very important for the degradation of cytosolic 

compounds and the creation of building blocks in cells [7]. During starvation 

conditions, this process can be activated. It delivers the cytosolic components, including 

the damaged cellular organelles and mis-folded proteins, into lysosomes by establishing 

autophagosomes, where the degradation takes place [3, 8]. It is reported to have a 

paradoxical role in protecting cells from viral and bacterial infections, depending on the 

types of pathogens and the host cells [3, 9]. Commonly known processes are xenophagy 

(viral particle degraded) and virophagy (degradation of neosynthesized components 

from virus), and innate- adaptive immune induction, by which autophagy contributes to 

the antiviral response [8, 10, 11].  
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Dear Editor, 

In December 2019, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged 

in Wuhan, Hubei province, China [1, 2]. According to the literature, the coronavirus was 

found to interact with autophagy pathways [3–6]. The autophagy process (recycling pathway) 

is very important for the degradation of cytosolic compounds and the creation of building 

blocks in cells [7]. During starvation conditions, this process can be activated. It delivers the 

cytosolic components, including the damaged cellular organelles and mis-folded proteins, into 

lysosomes by establishing autophagosomes, where the degradation takes place [3, 8]. It is 

reported to have a paradoxical role in protecting cells from viral and bacterial infections, 

depending on the types of pathogens and the host cells [3, 9]. Commonly known processes are 
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xenophagy (viral particle degraded) and virophagy (degradation of neosynthesized 

components from virus), and innate- adaptive immune induction, by which autophagy 

contributes to the antiviral response [8, 10, 11]. SARS CoV infection is capable of increasing 

the autophagosome formation, and it is assumed to activate autophagic flux by decreasing the 

angiotensin-converting enzyme 2 (ACE2) expression and leads to activation of the AMP-

protein activated kinase (AMPK) or inhibition of the mammalian target of rapamycin 

(mTOR) [3]. Cottam et al. reported that the NSP6 protein of SARS could be capable of 

activating autophagy by increasing the level of phosphatidylinositol 3-phosphate (PtdIns3P), 

recruiting the double-FYVE-containing protein 1 (DFCP1) for the generation of 

autophagosomes from the ER [12]. Furthermore, the SARS-CoV open reading frame (ORF) 

8b aggregates were reported to be capable of triggering cellular stress, leading to autophagic 

efflux [3]. On the other hand, similar to mouse hepatitis virus (MHV) infection, double-

membrane vesicles (DMVs) creation has been observed in SARS-CoV-infected cells [3]. This 

double-membrane vesicle is related to the autophagosome, which fuses with the lysosome, 

and is associated with the canonical autophagy pathway [4]. These lysosomal fusion and 

acidification are vital in some coronaviruses for the genome release process into the host 

cytoplasm [4, 13]. In MHV, the replication is also reported to decrease up to 1000 fold in 

embryonic stem cells without autophagy-related protein 5 (ATG5-/-) compared to wild types 

with ATG5 expression ability [3]. On the other hand, Middle East respiratory syndrome 

coronavirus (MERS-CoV) was found to decrease the BECN1 protein because it is capable of 

activating the S-phase kinase-associated protein 2 (SKP2) [4], in turn, results in BECN1 

protein degradation, leading to prevention of autophagosome-lysosome fusion [3, 4] as a 

possible protective strategy (to stop viral replication complex damage located on DMVs) [4]. 

It has been reported that ATG5 gene deletion in Vero B4 cells assisted replication 6-fold and 

helped in viral particle formation of MERS-CoV.  By inhibiting SKP2, it was found that this 

elevation of BECN1 performance and autophagy can reduce MERS-CoV replication up to 

28,000- fold [3, 14]. 

     It has been found that ORF3a as an accessory protein could initiate incomplete cellular 

autophagy for double-membrane autophagosome vesicles formation, where it is vital for 

efficient SARS-CoV-2 replication [15]. It has also been reported that SARS-CoV-2 

replication efficiency is reduced by using the genetic knockout process for autophagic genes 

(Atg3 or Atg5 knockout) [15]. Another study supports that autophagosome formation in 

COVID-19 infection may be important for the viral replication where knockout of Vps15 or 

Beclin 1 was reported to be fully associated with blocked SARS-CoV-2 replication in 

Huh7.5.1 cells [16]. Furthermore, another study by Bouhaddou et al. demonstrated that the 

p38/MAPK signaling pathway was activated in SARS-CoV-2 infected Vero E6 cells, while 

PIK3CA/AKT was found to be inhibited, resulting in induction of autophagy 

[3,17].  Furthermore, Gordon et al. showed that the N and the ORF8 proteins of the COVID 

19 virus led to MTORC1 inhibition, which is associated with mTOR signaling, including 

growth and stress, etc. [3]. 

             A growing body of evidence indicates that both SARS CoV and MERS CoV virus 

preferred autophagy induction for their existence but may not prefer autophagolysosome 

formation. Thus, inhibition of autophagy or autophagy-related genes could negatively affect 
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virus replication and positively affect treatment. Although the complete understanding of 

autophagy in MERS-CoV infection and SARS-CoV 2 is still unclear, it is essential to figure 

out the exact role of autophagy and its signaling before any helpful and constructive feedback. 

Literature also suggests that SARS-CoV 2 could interact with the autophagy process for its 

replication, but more evidence and further holistic researches in terms of autophagy 

mechanism are required. Rayner et al. showed that AR12 (OSU-03012) suppressed infection 

by autophagic flux improvement in SARS CoV-2 infected Vero cells [18]. Moreover, 

autophagy is known to adjust the inflammatory response (control of over-response) and 

divers’ antiviral immune response, but inflammation was found to be uncontrolled in COVID-

19 patients. Therefore, activation of the autophagy pathway or any autophagy-related genes 

could be a potential approach in such conditions to maintain homeostasis [8]. Another study 

about autophagy-related proteins reported that decreasing their level (LC3 in patients of any 

age and SQSTM1 in patients up to 50 years old) is associated with moderate-to-severe 

COVID-19 [19, 20]. 

          Several FDA-approved drugs are interconnected to have autophagy modulation property 

and antiviral activity against human COVID-19, reviewed in the literature [6, 20, 21]. Finally, 

it is very important to know the mechanism behind autophagy and COVID-19 for better 

treatment. For now, the use of approved drugs could be beneficial for rapid patient access to 

COVID-19 treatments. In the future, detailed study of how the virus regulates the pathway, 

understanding the cell biology of COVID-19 infection, and clinical trials with drugs to target 

autophagy and associated signaling proteins with other therapies can be of great importance.   
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