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Abstract

COVID-19 infection is a serious threat to patients with primary diseases, especially multiple cancers. Studies sug-

gest that cancer patients are one of the most susceptible populations to experience severe COVID-19 and death. In
addition, a number of studies suggest various mechanisms for SARS-CoV-2 in cancer progression. In this study, we
discussed the role of SARS-CoV-2 in the induction of autophagy and we hypothesized that autophagy induced by
COVID-19 not only can contribute to viral replication but also potentially can lead to cancer progression, chemo-
resistance, and tumor recurrence in multiple cancer patients. Therefore, targeting autophagy-related signaling path-
ways and cellular and molecular processes could be a potentially promising therapeutic approach for cancer patients
with COVID-19. Hence, this study can shed light on a new window on the management of such patients. However,
more investigations in the future are required to understand other pathological effects of COVID-19 infection on can-
cer patients to provide new therapeutic strategies to combat these complications in these patients.
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Dear Editor,
Nowadays, Coronavirus disease-2019 (COVID-19) pan-
demic which caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has been a serious
issue worldwide. It has been suggested that patients with
cancer are one of the major cases who are susceptible to
experience severe COVID-19 courses and death, poten-
tial long-term impact of COVID-19 on cancer patients’
prognosis and progression, as well as their response to
different anti-cancer therapies [1-5]. SARS-CoV-2 can
exert its role by induction of autophagy to lead to these
COVID-19 complications [6, 7].

Here, we hypothesized that COVID-19 by induction
autophagy in tumor cells not only can lead to cancer
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progression but also can lead to chemo-resistance and
tumor recurrence in these patients. Therefore, pharma-
cological targeting autophagy for cancer patients with
COVID-19 must be considered in future investigations.

Autophagy is a preserved cellular process that involves
enclosing cytoplasmic residues such as aged proteins,
and organelles in autophagosomes, and delivering them
to lysosomes for degradation [6]. Multiple steps are
involved in the autophagy pathway. Initially, the pha-
gophore, the compartment that sequesters autophagy,
originates and expands. An autophagosome is formed
when the phagophore closes and traps cargo in its dou-
ble membrane [6]. ULK1 complex, PtdIns3K complex,
and autophagy-related (ATG)16L1 complex are involved
in the formation of autophagosomes [7] (Fig. 1). As the
autophagosome merges with the endosome, the acidic
amphisome is formed. As a final step, the amphisome
merges with the lysosome to facilitate the degradation of
vesicular contents in the autolysosome [6].

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-8057-2804
http://orcid.org/0000-0002-0660-7669
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13027-022-00450-2&domain=pdf

Zalpoor et al. Infectious Agents and Cancer (2022) 17:38

Page 2 of 4

<%
J %, j, SARS-CoV-2 T
induced by
COVID-19
. Cancer progression,
ey chemo-resistance, AMPK
“<%% —» ORF8  tumor recurrence l
l l Pox
Autophagic BEGHA I |
machinary \ ( Ros mTOR
e Autophagy ks
Viral RNA <K% /\
protection 5 — NSPY " (N5 ,
e S t//\ \g////
R Autolysosome
ULK1, < -] Iy
ATG16L1,—> (0 — (L L» o) :. ] _J
PtdIins3K : Nt
Phagophore  Autophagosome Autophagosome &
Lysosome fusion
Infected cell
(Cancer cell)
Fig. 1 Potential role of SARS-CoV-2 in the induction of autophagy in infected cells (cancer cells), which can lead to cancer progression,
chemofresistance, and tumor recurrence

Interestingly, the process of autophagy is induced
by many Coronaviruses, even though a few of these
viruses arrest its progression before autophagic degra-
dation. On the other hand, some coronaviruses seize
autophagy pathway components in a non-canonical way
[6]. However, the interaction between Coronaviruses and
autophagy is extremely complicated and not fully under-
stood. Coronaviruses utilize autophagy for viral repli-
cation. They may induce distinctive rearrangements in
endoplasmic reticulum (ER) membranes that lead to the
formation of intricate membranes and connected double
membrane vesicles (DMVs). These cytosolic membranes
function as a scaffold for viral RNA and protect viral
elements from the host cells’ defensive mechanisms [7]
(Fig. 1). In a recent study, it was demonstrated that the

protein encoded by SARS-CoV-2 ORF8 promotes lyso-
somal degradation of the major histocompatibility com-
plex I (MHC-I) molecules through an autophagy pathway
dependent on BECN1 [7]. Another study confirmed that
B-coronaviruses (B-CoV) induced autophagosome forma-
tion via NSP6 mediated ATG5 [8]. The levels of SQSTM1
increases approximately 1.5-fold when SARS-CoV-2
ORF7a, ORF3a, and E proteins are present [7]. ATG8
proteins bind ubiquitylated targets and direct them to
autophagosomes through autophagy receptors, such as
SQSTM1/p62.

Mouse hepatitis virus (MHV, a B-CoV), NSP3 of
CoV-NL63, and NSP6 of infectious bronchitis virus
(IBV, a y-coronavirus) develop autophagosomes forma-
tion, which is often associated with virus replication
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complexes. Although, Coronavirus proteins can stimulate
DMVs directly from the ER, including NSP3, 4 and 6 of
SARS-CoV-1, and NSP3 and 4 of Middle East Respiratory
Syndrome Coronavirus (MERS-CoV) [6]. IBV infection
leads to autophagy through ERN1/IRE1, which is one of
the unfolded protein response pathways (UPR) involved
in autophagy through ER stress [7].

Coronaviruses can also interfere with the fusion of
autophagosomes and lysosomes. Fusion can be blocked
by directly or indirectly inhibiting BECNI1, a host pro-
tein that promotes fusion. The PLP-domain of CoV-NL63
NSP3 binds STING1 and BECNI, inhibiting BECN1’s
effects on autophagosome and lysosome fusions and
inhibiting interferon production [6]. MERS-CoV infec-
tion prevents autophagy through NSP6 and accessory
proteins 4b and 5 at the stage of autolysosome construc-
tion [7].

Interestingly, in addition to the fact that the SARS-
CoV-2 virus can directly induce autophagy, the condi-
tions it causes can also contribute to autophagy. These
conditions include hypoxia, oxidative stress, and the pro-
duction of inflammatory cytokines.

In a previous study, we suggested that hypoxia induced
by SARS-CoV-2 infection can lead to activation of both
(HIF-1a) and autophagy, which could be a hallmark for
acute myeloid leukemia (AML) patients and leukemia
progression, especially for AML patients who have Flt3-
ITD (FEMS-like tyrosine kinase-3 receptor internal tan-
dem duplications) mutations [5].

In addition, according to Mehri et al. studies, it has
been shown that the amount of reactive oxygen species
(ROS) in COVID-19 patients is directly related to the dis-
ease burden. Respiratory macrophages have been shown
to produce significant amounts of ROS in response to
SARS-CoV-2 infection. NADPH oxidase 2 (NOX2),
which plays a significant role in the production of ROS,
is also found in high levels in the serum of these patients.
Hypoxia caused by infection can cause the production of
H202, which is involved in the overproduction of inflam-
matory cytokines. Also, ROS activates NLRP3/NALP3
and triggers a cytokine storm by activating the inflamma-
some. In addition, ROS can increase inflammasomes by
activating NF-«B [9].

Accordingly, Martinez-Outschoorn, Whitaker-Men-
ezes’s studies performed on co-cultured fibroblasts with
cancer cells, and the treatment of these cells with inflam-
matory factors such as IL-6, IL-8, IFN-y, RANTES, and
TNF-a cause an increase in LC3B -II as an autophagic
response marker. Also, according to the in vitro study
of this group, the oxidative stress imposed on fibroblast
cells in the microenvironment of breast cancer tumors,
leads to the production of inflammatory cytokines
through the activation of NF-kB and ultimately activates
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inflammation and autophagy. Autophagy causes the loss
of Caveolin-1 (CAV-1) in these cells and this condition
intensifies oxidative stress and autophagy and leads to
tumor recurrence [10].

Importantly, according to a study by Liu et al. Hypoxia
causes upregulation of AMPK in the hypoxic tumor
microenvironment (TME) occurs in many cancers,
including colon, renal, breast, prostate, melanoma, lung,
and ovarian cancer. This study showed that AMP-acti-
vated protein kinase (AMPK) can cause proline oxidase
(POX) overexpression as an enzyme that converts pro-
line into an energy source under stress conditions. POX
also induces autophagy through 2 pathways. (a) Increases
ROS levels in TME, and (b): induces autophagy by inhib-
iting mTOR (as an autophagy suppressor) and its down-
stream factor S6 [11] (Fig. 1).

Autophagy can act as a tumor enhancer in some cases
by maintaining cellular homeostasis in nutrient-depleted
and hypoxic conditions [12]. There are cancer cells that
remain in a "dormant” state between tumor formation
and recurrence (also known as relapse), demonstrating
balanced proliferation or no proliferation at all during
this time. Dormant cells can sometimes reactivate and
develop new metastatic lesions. Such tumors tend to be
drug-resistant and aggressive. Therefore, the prognosis
of most patients with recurrent disease is poor [8]. Thus,
it seems that SARS-CoV-2 potentially can promote dor-
mant cells by activating autophagy pathways.

Studies have demonstrated that autophagy enhances
tumor cell survival and leads to therapy resistance in
some cancer types, such as breast cancer, prostate can-
cer, and gastrointestinal stromal tumors. Additionally,
autophagy has been implicated in protecting cancer stem
cells in pancreatic cancer, glioblastoma, colorectal cancer,
chronic myeloid leukemia, and bladder cancer [13].

Kim et al. provided the first evidence for the function of
breast cancer cell-astrocyte interactions in driving brain
metastatic transformation through the up-regulation of
several pro-survival genes, including those stimulating
autophagy. Increased resistance to various chemothera-
peutics is linked to these cell—cell interactions and cancer
cell survival [14]. In addition, Lee et al. discovered that a
new autophagy regulator causes tamoxifen resistance in
breast cancer cells [14].

According to Ojha et al. [12], a high autophagic rate
in side population cells is linked to resistance to chemo-
therapy. As a result, autophagy is linked to cell survival in
bladder cancer and could be a promising target for creat-
ing more effective treatments to improve patient survival.
In addition, conventional methods such as radiotherapy
and cytotoxic chemotherapy kill the dividing cells in
cancer stem cells (CSCs), but the tumor-initiating CSCs
are alive due to an autophagy-mediated cell survival
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mechanism. Consequently, inhibiting autophagy in CSCs
could reduce tumor resistance and recurrence. Other
studies show that autophagy may be a contributing ele-
ment in the reported robustness of dormant cells when
confronted with anticancer treatments, as autophagic
activity is enhanced in dormant cells [8].

In recent studies, autophagy-related drugs have been
suggested as potential anti-SARS-CoV-2 agents, from
numerous in vitro to in vivo studies [15].

In conclusion, this evidence suggests that COVID-19
can stimulate autophagy by using multiple factors and
we hypothesized that autophagy induced by COVID-19
potentially can contribute to cancer progression, chemo-
resistance, and tumor recurrence in cancer patients with
COVID-19. Hence, targeting autophagy not only can
be an anti-viral therapeutic strategy but also can be a
promising therapeutic approach for cancer patients with
COVID-19 to reduce the risk of mortality, cancer pro-
gression, chemo-resistance, and tumor recurrence. We
encourage researchers to conduct new studies to confirm
this hypothesis.
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