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ÖZET

ABSTRACT
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused a global pandemic and major public health issue called

the disease as coronavirus disease-2019 (COVID-19). It spreads rapidly from an infected person via respiratory droplets by breathing,
sneezing, coughing. The symptoms of COVID-19 are dry cough, fever, fatigue, shortness of breath, pneumonia. The epidemiological
and pathological features of SARS-CoV-2 are still unclear and require further investigation. In previous studies, coronaviruses have
been shown to use the endocytic pathway and autophagy mechanism to enter and replicate into the host cells. Chloroquine (CQ) is used
in COVID-19 treatment, also known autophagy inhibitor. Therefore, Autophagy has been identified as one of the new therapeutic target
against SARS-CoV-2. In this mini-review, we will briefly summarize the role of the autophagy mechanism in SARS-CoV-2 infection and
therapeutic potential of this pathway to treatment of COVID-19.
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Şiddetli akut solunum sendromu koronavirüs 2 (SARS-CoV-2), koronavirüs hastalığı-2019 (COVID-19) olarak da adlandırılan
küresel bir salgına ve önemli bir halk sağlığı sorununa neden olmuştur. Enfekte bir kişiden solunum, hapşırma, öksürme ile damlacıklar
yoluyla hızla yayılır. COVID-19 semptomları kuru öksürük, ateş, yorgunluk, nefes darlığı, zatürredir. SARS-CoV-2’nin epidemiyolojik
ve patolojik özellikleri hala belirsizdir ve daha fazla araştırma gerektirmektedir. Daha önceki çalışmalar, koronavirüslerin konak hücrelere
girmek ve replikasyon için endositik yolu ve otofaji mekanizmasını kullandığı gösterilmiştir. Otofaji inhibitörü olarak da bilinen
klorokin (CQ), COVID-19 tedavisinde kullanılmaktadır. Bu yüzden, otofaji SARS-CoV-2’ ye karşı yeni terapötik hedeflerden biri olarak
tanımlanmıştır. Bu mini derlemede, SARS-CoV-2 enfeksiyonunda otofaji mekanizmasının rolü ve COVID-19 tedavisine yönelik terapötik
potansiyelini kısaca özetleyeceğiz.

Anahtar Kelimeler: SARS-CoV-2, COVID-19, Koronavirus, Otofaji

SARS-CoV-2’de Yeni Terapötik Hedef Olarak Otofaji Mekanizmasının Önemi
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INTRODUCTION

Coronaviruses (CoVs) are a broad family of viruses
that cause common respiratory diseases such as Severe
Acute Respiratory Syndrome (SARS) and Middle East
Respiratory Syndrome (MERS). CoVs are divided into three
groups: Alpha-, Beta- and Gamma-coronavirus. Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) belongs to
beta-coronavirus and has a positive-polarity, single-strand RNA
virus and is composed of four major structural proteins: the
spike (S), membrane (M), envelope (E) and the nucleocapsid
(N) protein [1, 2]. The viral life cycle is described the five steps:
attachment, penetration, replication, assembly and release.

The key step in viral infection is the process of viral
entry into the host cells. SARS-CoV-2 binds angiotensin-
converting enzyme II (ACE2) as its receptor to enter into the
host cells [3]. Although ACE2 expression was firstly found
in heart, kidney, testis, its expression is shown to be higher in
lung epithelium and small intestine [4]. It has been shown that
CoVs including MHV, SARS-CoV and MERS-CoV entry into
different host cells by using endosomal pathways [5]. Clathrin-
dependent endocytosis and cathepsin-mediated S protein
cleavage are two important steps for viral entry and infection.
Viral polyproteins and nonstructural proteins are synthesized
after viral replication is initiated by translation of the replicase
protein [6, 7]. SARS-CoV-induced double-membrane vesicles
(DMVs) by nonstructural protein (Nsp) 3-4-6 are formed from
ER, and viral replication occurs within these DMVs [7-9]. All
human coronavirus virions take place through budding into the
ER golgi intermediate compartment (ERGIC) lumen, then they
are released via exocytosis from the host cells [10, 11].

Autophagy is an intracellular degradation process that
remove damaged organelles, unused proteins and also pathogen
microorganisms to maintain cell homeostasis [12]. It takes role
differentiation, embryonic development, aging, immune system.
Imbalance autophagy may lead to cancer, neurodegenerative
diseases and infections [13-15]. Autophagy related genes (ATG)
ensure the regulation and completion of the autophagy process.
Cellular stress such as starvation, hypoxia, DNA damage is
important autophagy inducers. mTOR (Mammalian Target
of Rapamycin), serin-threonine protein kinase, is involved in
cell survival, proliferation, motility [16]. Autophagy triggers
when dissociation of ULK1 kinase complex, which includes
Atg13, Fib200, from inactive mTOR. Beclin-1/PI3KIII
complex consisting of Beclin-1(ATG6), Vps34 (PI3KC3), p150
(Vps15, PI3KR4), Uvrag, Atg14L, Ambra1, Bif-1 are involved
in the autophagosome formation [17, 18]. Two ubiquitin-like
conjugation systems which include Atg12- Atg5, Atg16 and
LC3-II are required for autophagosome membrane elongation
[19]. Then, Autophagosome fuses lysosome to degrade cell
components.

The autophagy is one of the crucial ways to degrade
invading viruses from host cell, is known as xenophagy
(also called to virophagy for viruses).  The invasive viruses
have developed different mechanism to escape autophagic
mechanism and hijack the autophagosomes, and also their
replication and spread have provided [20, 21]. Measles virus-
MeV, Chikungunya virus-CHIKV, human immunodeficiency
virus type 1/HIV-1, Macacine alphaherpesvirus 1/MCHV,
Picornaviruses and Coronaviruses hijack and manipulate
autophagy mechanism [22]. The first studies of autophagy and

coronavirus was carried out by using mouse hepatitis virus
(MHV), also known as mouse coronavirus (MCoV). Prentice
et al. demonstrated that the formation of double-membrane
vesicles (DMV) in mouse hepatitis virus (MHV) are similar
to the autophagosome and viral RNA replication complexes
on DMV were associated with the autophagy proteins [23]. In
addition, the replication of MHV decreased in ATG5 knockout
embryonic stem cell. These results suggested that autophagy
requires DMV formation and MHV replication [23]. Nsp6
which is encoded by the replicase gene activate autophagy [24].
Another study showed that SARS-CoV and MERS-CoV inhibit
autolysosomes formation blocking lysosome fusion while they
trigger autophagosome formation [25, 26]. Moreover, p62/
SQSTM1 has a role in autophagic clearance and the level of its
was shown to be increased in infected cells [27]. Coronavirus
proteins such as Nsp3, PLP-TM, of HCoV-NL63 block the
fusion of autophagosomes with lysosomes by binding to
BECN1, is one of the key protein of autophagy, and accumulate
autophagosomes in HeLa, HEK293T, and MCF-7 cells [17].
Thus, viral replication is protected without passing through
lysosome. Given that, induced autophagy process might be
beneficial against SARS-CoV infection.

However, some conflicting data in the literature has
shown that SARS-CoV replication is independent of autophagy
process. The colocalization between LC3 as a marker of
autophagy and SARS-CoV in Vero cells was not found [9].
Furthermore, The replication of SARS-CoV has not been
inhibited by the knockdown of ATG5 or ATG7 in infected MHV
cells [24, 28, 29]. The weight of evidence suggests that SARS-
CoV is indirectly regulated by autophagy. Taken together,
whether and how autophagy plays a role in CoV infection is still
controversial.  It may be a consequence of the use of various
viruses, different cells, and several techniques in the study of
autophagy.

Various anti-viral drugs such as CQ and HCQ have
been proposed to COVID-19 treatment, these drugs remain
controversial though. CQ and HCQ autophagy inhibitors,
prevent formation of autolysosomes [30]. Moreover, The
antiviral-effects of CQ and HCQ have been shown by disturbing
early step in the viral life cycle [31]. Liu et al have offered that
these drugs may be a target the entry of the virus through the
endocytic pathway [32]. In addition, it has been suggested that
these drugs can lead to apoptosis because of the accumulation of
autophagosomes [33]. Autophagy directly or indirectly causes
the destruction of SARS-CoV via several distinct mechanisms.
Autophagy function can change depending on virus entry, kind
of virus, cell types.

CONCLUSION

There is not yet an effective treatment choice against
COVID-19. SARS-CoV-2 is a highly contagious virus and
spread rapidly so there is an urgent need to improve effective
and safer antiviral drugs. Some autophagy-related drugs
are candidates for treatment COVID-19, while the role of
autophagy is unclear. Given that the role of autophagy in the
viral life cycle and the effect of autophagy inhibitors, it could
be a viable treatment strategy for COVID 19.
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