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The Association of COVID-19 and Reactive Oxygen Species
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There is no denying that the massive spread of COVID-19 around the world has worried
everyone. The virus can cause mild to severe symptoms in various organs, especially
the lungs. The virus affects oxidative stress in the cells. Reactive Oxygen Species modu-
lator 1 (ROMOL1) is one of the most important mitochondrial proteins that plays a crit-
ical regulatory role in the production of Reactive Oxygen Species (ROS). According to
the studies, COVID-19 can promote oxidative stress through some important path-
ways, for instance, TNF-o and NF-«B routes. Furthermore, ROMOL1 is closely related
to these pathways and its dysfunction may affect these routes, then promote oxidative
stress, and ultimately cause tissue damage, especially in the lungs. Another factor to
consider is that the TNF-o and NF-xB pathways are associated with ROMO1,
COVID-19, and oxidative stress. To summarize, it is hypothesized that COVID-19 may
increase oxidative stress by affecting ROMO1. Understanding the exact molecular
mechanisms of ROMO1 in the pathogenesis of COVID-19 can pave the way to find better
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therapeutic strategies.
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INTRODUCTION

It is universally accepted that Corona Virus Disease-19
(COVID-19), also known as Acute Respiratory Disease-
2019 or commonly known as Coronavirus (nCoV acute res-
piratory disease-2019), is an infectious disease, caused by
Coronavirus Acute Respiratory Syndrome 2 (SARS-CoV-
2).! This disease is the cause of the recent pandemic.’ Com-
mon symptoms are fever, cough, shortness of breath, tem-
porary loss of smell, muscle pain, sputum production, sore
throat, nausea, and red eyes.” Although, the majority of
cases of the disease lead to mild symptoms, some cases
progress to pneumonia and organ failure.”* Mortality rates
are estimated at between 5% and 15%, however, this de-
pends on age and other health conditions. The disease is
mainly spread through tiny respiratory droplets to other
people when people with COVID-19 cough or sneeze.** The
time between exposure to the disease and the onset of
symptoms is about 2 to 14 days. It can be prevented by
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washing hands and other hygiene measures.*’

One of the most important proteins that is involved in
the production of Reactive Oxygen Species (ROS) is Re-
active Oxygen Species modulator 1 (ROMO1).%” Also known
as Glyrichin, it has 79 amino acids and is located in chromo-
somal locus of 20q11.22.° ROMO1 is a mitochondrial pro-
tein that binds to some proteins of mitochondrial inner
membrane and was first reported in various cancerous tis-
sues which cause drug resistance.’ Furthermore, ROMO1,
as an ROS- producing protein, has been observed in various
cancers and has also been implicated in the invasion and
progression of cancer cells.® In addition to various neo-
plasms, ROMO1 is also involved in other diseases such as
diabetes, respiratory diseases, and even infertility.®

ROSs are produced endogenously through the electron
transfer pathway in mitochondria as well as in other meta-
bolic pathways.*® External and environmental factors are
also involved in the formation of ROS, including chemical
intake and some types of radiation.® Also, ROSs play a mul-
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tiple part role in the normal cellular physiology processes,
so certain levels of ROSs are required for normal cell func-
tion.*® Accumulation and changes in these molecules can
play a dual role in cell function, which is related to the con-
centration of ROSs in a cell. Further, ROSs can over-acti-
vate certain signaling pathways, which may change a nor-
mal cell and cause mutations in the genes. As previous
studies have shown, changed levels of ROS may cause cell
damage, inflammation, and mutations in DNA, then can
affect most organs and lead to various diseases.*®

According to the significant effects of ROS, and the asso-
ciation of coronavirus and ROMO1 with oxidative stress,
separately,”’ it is possible that the virus may have an effect
on this important mitochondrial protein, and increases
ROSs and activate some critical pathways.” As a conse-
quence, the purpose of this article is to demonstrate the as-
sociation between COVID-19 and ROMO1 with oxidative
stress to understand the exact molecular mechanisms un-
derlining of Coronavirus infection.

In this article, we used international databases such as
Google Scholar, Web of Sciences, Scopus, and Pubmed, by
using keywords including COVID-19, ROMO1, Oxidative
Stress, ROS, Acute Respiratory Syndrome, and Diseases,
and we found information about COVID-19, ROMO1, and
their relationship to each other and oxidative stress.

COVID-19 AND OXIDATIVE STRESS

COVID-19 is rapidly spreading through the world and
has affected almost very country.' Most patients with
SARS-CoV-2 have symptoms, but about 5% of these pa-
tients show severe lung damage and/or dysfunction of vari-
ous organs such as the kidneys, and even they suffer from
septic shock.? Therefore, considering the country and its
hospital facilities, the mortality rate is between 5% and
15%. In addition, patients with COVID-19, who are se-
verely sick, often show severe clinical manifestations and
a variety of metabolic disorders including poor peripheral
pulses, metabolic acidosis, and impaired coagulation pa-
rameters (e.g., PT, INR, D.Dimer, FDP).>'° There is how-
ever, strong evidence that this pandemic is declining in
some countries due to the creation and distribution of sev-
eral novel vaccines.

Recently, oxidative stress has been suggested as a cru-
cial factor in COVID-19 and has many disturbing effects
on the body.'""? Furthermore, imbalance in the amount of
oxidants and antioxidants has been observed in many med-
ical afflictions , including, diabetes, cancer, infertility, and
especially in lung diseases which causes increased oxida-
tive stress and promotes tissue and cell damage in various
organs.'’ Anand et al."* showed that the potent binding of
SARS- CoV-2 to Angiotensin-Converting Enzyme 2 (ACE2)
is about twice as high as in previous SARS-CoV viruses.
This mechanism involves the activity of ACE2 on the octa-
peptide Angiotensin II (Ang IT), which was previously trig-
gered by ACE.">'® Because Ang II is a vasoconstrictor and
plays an important role in raising blood pressure, its proc-

essed by ACE2 dilates blood vessels and this process is
highlighted by a vasodilator peptide called Angiotensin 1-7
(Ang 1-7)."*'" The binding of SARS-CoV-2 to ACE2 leads
the virus to enter the cells and ultimately decreases the bio-
logical access of ACE2."

Some previous studies have shown, when Ang II binds
to Angiotensin Type 1 Receptor 1 (AT1R), it may affect and
regulate Nicotinamide Adenine Dinucleotide Phosphate
(NAD(P)H) Oxidase (NOX) activity.'*” NOX activation is
one of the most important factors in the production of ROS
(including superoxide radical anion (027) and hydrogen
peroxide (H202)). Thus, a decrease in ACE2 bioavailability
following SARS-CoV-2 connection allows Ang II to be acces-
sible to interact with AT1R, which regulates to trigger
NADPH oxidase, oxidative stress, and inflammatory re-
sponses™, which eventually leads to aggravate COVID-
19." Other pathways have also been associated with ACE2
and oxidative stress in the pathogenesis of COVID-19 and
include endothelial cell dysfunction that results in the pro-
duction of ROS by NAD(P)H oxidase, which decreases the
bioavailability of nitric oxide, and ultimately leads to redox
imbalance, inflammation, vasoconstriction, and endothe-
lial dysfunction. Accumulating this evidence has shown
that when ACEZ2 function is impaired due to SARS-CoV-2
binding, the classic Renin-Angiotensin-Aldosterone System
(RAAS), particularly the ACE2-Ang-(1-7) axis, causes a po-
tent pro-oxidant system in vessels.'®'"**%

On top of that the pathways mentioned, the virus can also
play a role in the release of iron from red blood cells into
the bloodstream, which in turn can trigger Fenton and
Haber-Weiss reactions. In this mechanism, SARS-CoV-2
attacks hemoglobin, and releases Fe (III) ions from red
blood cells, which ultimately increases ferritin levels."
Iron dysmetabolism and hemoglobin disorders, caused by
COVID-19, can eventually cause clinical symptoms such
as mitochondrial and related protein damage, lipid perox-
idation, Ferroptosis, and oxidative stress.””®

According to a study that Wenzhong and Hualan® con-
ducted, COVID-19 can use its E protein to initiate a viral
infection by binding to iron and haem, which results in at-
tack haemoglobin and phagocytes. While E protein binds
haem, produces free radicals such as superoxide anions,
hydrogen peroxide, and hydroxyl radicals, leads to an in-
crease in the amount of free radicals, and attacks different
cells, especially the immune system cells, which eventually
causes damage to the immune system.”’

ROMO1 AND OXIDATIVE STRESS

One of the most critical proteins in the production of ROS
is ROMOL1. Structurally, this protein is associated with
some critical proteins in the mitochondrial inner mem-
brane,’ and has two membrane domains (TMDs). One of
them consists of an alpha helix, and the other can be con-
nected to the alpha helix by a base loop. Furthermore, TMD2
has some polar amino acids, for instance, K58, T59, Q62,
S63, T66, and T69.°



Accumulated evidence has shown that ROMO1 is an
ROS-producting protein in various cancer cells.” It has al-
so been implicated in the invasion and proliferation of neo-
plastic cells. In the same way, ROMO1-induced ROS can
lead to a growth, proliferation, and metastasis of cancer
cells through various signaling pathways.” As a result,
ROMO1-induced ROS triggers cell proliferation by various
factors such as the Extracellular-signal-Regulated Kinase
(ERK) pathway, Transforming Growth Factor-B (TGF-)
and their agents, which can include Smad 2/3 protein, Extra
Cellular Matrix (ECM) and Epithelial-Mesenchymal Trans-
porters (EMT). For this reason, ROMO1 may affect differ-
ent signaling pathways in the cell.***

As previous mentioned, ROMO1 can affect other path-
ways, like NF-xB. Overexpression of ROMO1 can launch
ROS production by activating NF-kB signaling pathway
and degrading and controlling the kB kinase inhibitor,
which eventually leads to metastasis, proliferation, and
invasion.”?® According to previous studies, the EMT sig-
naling pathway leads to metastasis, invasion, and pro-
liferation by impairing cell-cell interaction and loss of cell
adhesion to the other factors. Thus, ROMO1 affects the
growth of cancer cells by activating NF-xB-driven EMT
factors.” Besides, ROMO, by activating NF-xB pathway,
can trigger NLRP3, Pro-IL1j, and inflammasome complex,
which will ultimately increase oxidative stress, cytokine
storm, and inflammation (Fig. 1).%

One of the most important factors in inflammation is
Tumor Necrosis Factor-alpha (TNF-o).*! TNF-a has two
critical pathways. One of these signaling pathways is in-
flammation that is called the complex 1 route, which stim-
ulates Mitogen-Activated Protein Kinase (MAPK or MAP
kinase) and NF-«B. Another route leads to apoptosis by
launching of Complex 2, which includes the Cascade ROS
route and mitochondrial function as the downstream medi-
ators.’

Another point worth noting is that ROMO1 is involved
in various cellular routes, especially TNF-o and NF-xB
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FIG. 1. This figure shows that COVID-19 can initiate oxidative
stress by affecting ROMO1 as well as other factors such as NF-«B,
TNF-a and NADPH oxidase, and eventually result in tissue dam-
age and lung dysfunction.
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pathways.®*! At the same time, when ROMO1 activity in-
creases, these factors can trigger some pathways that are
related to inflammation and oxidative stress in the cell.*
Increased oxidative stress and inflammation in the cells
and mitochondria, in addition to mutations in the genomes,
can lead to cell and tissue damage.”*

COVID-19 AND ROMO1

There strong evidence that ROMO1 has been identified
in different diseases, particularly lung diseases, stomach
cancer, bladder cancer, diabetes, and some infertility prob-
lems.®” In 2020, Amini et al.” conducted a study on ROMO1
and OMA1, and found that overexpression of ROMO1 in
gastric cancer tissue promotes oxidative stress in patients
with gastric cancer, which is an critical factor in aggravat-
ing and even the onset of this deadly cancer. At the same
time, in 2020, Ghasemi et al.** conducted a study on the mi-
tochondrial protein and observed that overexpression of
ROMOL1 in bladder cancer tissue and also increased ROMO1
in the serum of people with bladder cancer may promote
some parameters of oxidative stress in these patients.

Another point worth noting is that ROMO1 and its asso-
ciation with oxidative stress can affect various organs, par-
ticularly the lungs, and it has been observed that ROMO1
might cause some diseases related to this organ, namely
lung cancer and some other respiratory diseases.>* In 2017,
Lee et al.** did a study on Lung Cancer-Related Malignant
Effusion (LCRME), and observed that ROMO1 in the fluid
isolated from the lungs is increased in the malignant state
compared with the benign state, then, they introduced
ROMOL1 as a marker for lung cancer-related malignant
effusion. Similarly, in 2020, Kong et al.** carried out re-
search on poor distant metastasis-free survival in patients
with Non-Small Cell Lung Cancer and observed over-
expression of ROMO1 in this type of lung disorder. In the
same way, in 2018, Ye et al.”® conducted a study on people
with Obstructive Sleep Apnea Syndrome (OSAS) and found
that an increase of ROMO1 in their serum, compared to
normal people, leads to an increase in oxidative stress and
severity of the disease. Likewise, in 2019, Ye et al.*” con-
ducted research on people with Chronic Obstructive Pul-
monary Disease (COPD), and according to their results,
they showed that overexpression of ROMO1 might increase
inflammation and oxidative stress, which can ultimately
affect lung function.

Most studies that have been done on ROMO1 are about
non-viral diseases (cancer, diabetes---), and it is often said
that its dysfunction will cause an increase and over-
production of ROS, which leads to damage different cells,
tissues and organs, especially the immune system and fi-
nally aggravate or intitiate these diseases.®”* In addition
to non-viral diseases, this protein has also been studied in
Human Immunodeficiency Virus (HIV).* In 2021, Merlini
et al.*® evaluated ROMOL1 in the serum of patients with HIV
and found that this protein has significantly increased and
they introduced ROMO1 as a factor which increases the
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amount of oxidative stress in this viral disease.

According to these studies, ROMO1 dysfunction can be
the cause of increased oxidative stress in various cells and
tissues, especially the lungs that might ultimately promote
oxidative stress which impairs lung function.’ Another fac-
tor to consider is the pathogenesis of COVID-19 in different
cells, especially in lung cells.” The association of COVID-19
and oxidative stress might have a direct or indirect rela-
tionship with this mitochondrial protein in the patho-
genesis of COVID-19. As mentioned above, The TNF-o. and
NF-kB pathways increase oxidative stress and ROS within
the lung cells, which are closely related to ROMO1 protein.>®
To put it simply, overexpression and dysfunction of ROMO1
might launch these pathways, which ultimately promotes
oxidative stress in the lung cells.

To sum up, there is the hypothesis that COVID-19 might
have a direct or indirect association with this important mi-
tochondrial protein through related molecules, which pro-
mote oxidative stress and ROS within the lung cells, and
lead eventually to lung dysfunction (Fig. 1).

CONCLUSION

To summarize, TNF-o and NF-«B pathways play an im-
portant role in inflammation and oxidative stress, and, are
also associated with ROMO1 and COVID-19. Consequently,
it is hypothesized that COVID-19 might increase oxidative
stress by affecting ROMO1 through activating these path-
ways. This strong implies the role of ROMOL1 in the patho-
genesis of COVID-19 and may help pave the way to the de-
velopment of strategies for effective potential therapeutics.
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