World Journal ¢

World | Gastroenterol 2021 April 21; 27(15): 1524-166

Baishideng Publishing Group Inc




Contents Weekly Volume 27 Number 15 April 21, 2021

World Journal of
Gastroenterology

1524

EDITORIAL
Textbook outcomes in hepatobiliary and pancreatic surgery

Tsilimigras DI, Pawlik TM, Moris D

1531

REVIEW

Impact of cytokine storm and systemic inflammation on liver impairment patients infected by SARS-CoV-
2: Prospective therapeutic challenges

Ali FEM, Mohammedsaleh ZM, Ali MM, Ghogar OM

1553

1563

1569

MINIREVIEWS

Diagnostic approach to faecal incontinence: What test and when to perform?

Sbeit W, Khoury T, Mari A

Prevention of late complications with coverage agents in endoscopic resection of colorectal lesions:
Current landscape in gastrointestinal endoscopy

Lorenzo-Zuiiiga V, Bustamante-Balén M, Pons-Beltran V

Current status of diagnosis and therapy for intraductal papillary neoplasm of the bile duct

Sakai Y, Ohtsuka M, Sugivama H, Mikata R, Yasui S, Ohno I, lino Y, Kato J, Tsuyuguchi T, Kato N

1578

1595

1616

1630

ORIGINAL ARTICLE
Basic Study

Leucine-rich repeat-containing G protein-coupled receptor 5 marks different cancer stem cell
compartments in human Caco-2 and LoVo colon cancer lines

Alharbi SA, Ovchinnikov DA, Wolvetang E

Abelson interactor 1 splice isoform-L plays an anti-oncogenic role in colorectal carcinoma through
interactions with WAVE2 and full-length Abelson interactor 1

Li K, Peng YF, Guo JZ, Li M, Zhang Y, Chen JY, Lin TR, Yu X, Yu WD

Effects of CXCL12 isoforms in a pancreatic pre-tumour cellular model: Microarray analysis

Cecati M, Giulietti M, Righetti A, Sabanovic B, Piva F

Retrospective Cohort Study

Resection of pancreatic cystic neoplasms in recurrent acute pancreatitis prevents recurrent pancreatitis but
does not identify more malignancies

Muniraj T, Aslanian HR, Laine L, Jamidar PA, Farrell JF, Mitchell KA, Salem RR

Jaishideng®

WJG | https://www.wjgnet.com I April 21,2021 | Volume27 | Issuel5 |



World Journal of Gastroenterology

Contents
Weekly Volume 27 Number 15 April 21, 2021

Retrospective Study

1643  Intestinal bacterial overgrowth in the early stage of severe acute pancreatitis is associated with acute
respiratory distress syndrome

Liang XY, Jia TX, Zhang M

CASE REPORT

1655  Gastrointestinal cytomegalovirus disease secondary to measles in an immunocompetent infant: A case
report

Yang QH, Ma XP, Dai DL, Bai DM, Zou Y, Liu SX, Song JM

Bishidengs WIG | https://www.wjgnet.com I April 21,2021 | Volume27 | Issuel5 |



World Journal of Gastroenterology

Contents
Weekly Volume 27 Number 15 April 21, 2021

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology, Halina Cichoz-Lach, MD, PhD, Professor, Department
of Gastroenterology with Endoscopic Unit, Medical University of Lublin, Jaczewskiego 8, Lublin 20814, Poland.
halina.lach@umlub.pl

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJ]G, World | Gastroenterol) is to provide scholars and readers
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical
research articles and communicate their research findings online. WJG mainly publishes articles reporting research
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now indexed in Current Contents®/Clinical Medicine, Science Citation Index Expanded (also known as
SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, and Scopus. The 2020
edition of Journal Citation Report® cites the 2019 impact factor (IF) for W]G as 3.665; IF without journal self cites:
3.534; 5-year IF: 4.048; Ranking: 35 among 88 journals in gastroenterology and hepatology; and Quartile category:
Q2. The W]G's CiteScore for 2019 is 7.1 and Scopus CiteScore rank 2019: Gastroenterology is 17/137.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yu-Jie Ma; Production Department Director: Xiang I.i; Editorial Office Director: Ze-Mao Gong.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastroenterology https:/ /www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1007-9327 (print) ISSN 2219-2840 (online) https:/ /www.wijgnet.com/bpg/Getlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 1, 1995 https:/ /www.wignet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Weekly https:/ /www.wignet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski, Subrata Ghosh https:/ /www.wjgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http:/ /www.wjgnet.com/1007-9327/ editotialboard.htm https:/ /www.wijgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
April 21, 2021 https:/ /www.wjgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

Bishidengs WIG | https://www.wjgnet.com I April 21,2021 | Volume?27 | Issuel5 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/1007-9327/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.3748 / wjg.v27.i15.1531

World Journal of
Gastroenterology

World | Gastroenterol 2021 April 21; 27(15): 1531-1552

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

REVIEW

Impact of cytokine storm and systemic inflammation on liver
impairment patients infected by SARS-CoV-2: Prospective
therapeutic challenges

Fares E M Ali, Zuhair M Mohammedsaleh, Mahmoud M Ali, Osama M Ghogar

ORCID number: Fares E M Ali 0000-
0001-8341-7458; Zuhair M
Mohammedsaleh 0000-0002-7391-
0529; Mahmoud M Ali 0000-0001-
6173-1876; Osama M Ghogar 0000-
0002-2003-1408.

Author contributions: Ali FEM
designed and critical wrote the
manuscript; Mohammedsaleh ZM
performed the manuscript proof
editing and revision; Ali MM and
Ghogar OM collected data and
drafting the manuscript.

Conflict-of-interest statement: No
potential conflicts of interest and
financial support for this work.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ / creativecommons.org/licenses
/by-nc/4.0/

Manuscript source: Invited

Jaishideng®

WJG | https://www.wjgnet.com

Fares E M Ali, Department of Pharmacology and Toxicology, Faculty of Pharmacy, Al-Azhar
University, Assiut Branch, Assiut 71524, Egypt

Zuhair M Mohammedsaleh, Department of Medical Laboratory Technology, Faculty of Applied
Medical Sciences, University of Tabuk, Tabuk 71491, Saudi Arabia

Mahmoud M Ali, Osama M Ghogar, Pre-graduated students, Faculty of Pharmacy, Al-Azhar
University, Assiut Branch, Assiut 71524, Egypt

Corresponding author: Fares E M Ali, MSc, PhD, Lecturer, Research Scientist, Department of
Pharmacology and Toxicology, Faculty of Pharmacy, Al-Azhar University, Assiut Branch, Al-
Azhar University Street, Assiut 71524, Egypt. faresali@azhar.edu.cg

Abstract

Coronavirus disease 2019 (COVID-19) is a devastating worldwide pandemic
infection caused by a severe acute respiratory syndrome namely coronavirus 2
(SARS-CoV-2) that is associated with a high spreading and mortality rate. On the
date this review was written, SARS-CoV-2 infected about 96 million people and
killed about 2 million people. Several arguments disclosed the high mortality of
COVID-19 due to acute respiratory distress syndrome or change in the amount of
angiotensin-converting enzyme 2 (ACE2) receptor expression or cytokine storm
strength production. In a similar pattern, hepatic impairment patients co-infected
with SARS-CoV-2 exhibited overexpression of ACE2 receptors and cytokine storm
overwhelming, which worsens the hepatic impairment and increases the
mortality rate. In this review, the impact of SARS-CoV-2 on hepatic impairment
conditions we overviewed. Besides, we focused on the recent studies that
indicated cytokine storm as well as ACE2 as the main factors for high COVID-19
spreading and mortality while hinting at the potential therapeutic strategies.

Key Words: COVID-19; Hepatic impairment; SARS-CoV-2; Cytokine storm; Immuno-
modulators receptors
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Core Tip: Implications of fast coronavirus disease 2019 (COVID-19) outbreak are huge
annoying problems that affected countries' health and economies around the world.
Patients associated with hepatic impairment are considered at a high-risk target for
severe acute respiratory syndrome namely coronavirus 2 severity and mortality. A
good understanding of virus machinery provides excellent ideas about how to combat
this monster. We provide detailed information about the recent mechanisms of
COVID-19 pathogenesis, implications on several hepatic disorders, and potential
therapeutic strategies.

Citation: Ali FEM, Mohammedsaleh ZM, Ali MM, Ghogar OM. Impact of cytokine storm and
systemic inflammation on liver impairment patients infected by SARS-CoV-2: Prospective
therapeutic challenges. World J Gastroenterol 2021; 27(15): 1531-1552

URL: https://www.wjgnet.com/1007-9327/full/v27/i15/1531.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i15.1531

INTRODUCTION

Coronaviruses are classified into four categories, namely a, B, y, and  type. The a-
and B-coronaviruses could infect mammals, while y- and 6- coronaviruses appear to
infect birds!'. Six coronaviruses reported as human-affected viruses include a-
coronaviruses NL63 and 229E, low-pathogenic -coronaviruses OC43 and HKU1,
these viruses cause mild respiratory symptoms as common cold”. The remaining two
types were identified as $-coronavirus, which unusually induced fatal respiratory tract
infections”l. Between 2002 and 2003, severe acute respiratory syndrome (SARS)
resulted in the outbreak of SARSOI. In 2012 the Middle East respiratory syndrome
(MERS) originated and circulated in camels®.

In 2019, a newly discovered coronavirus is a SARS coronavirus 2 (SARS-CoV-2),
which induces a contagious disease coronavirus disease 2019 (COVID-19) and is
currently spreading nationwidel’. Consequently, the third identified zoonotic
coronavirus detected after SARS and MERS cause potentially fatal respiratory tract
infections!”*l. The early cases of COVID-19 were linked to the Huanan seafood market,
Wuhan, China'"l.

On January 12, 2020, the World Health Organization (WHO) temporarily named
this new virus the 2019 novel coronavirus (2019-nCoV)!"'. On January 30, 2020, the
WHO declared the 2019-nCoV epidemic a public health emergency of international
burden!'l. After that February 11, 2020, the WHO formally named the disease caused
by 2019-nCoV as COVID-191"l. On the same day, the international committee of
taxonomy named this virus as SARS-CoV-2 and classified it as coronavirus under the
family Coronaviridae, subfamily Orthocoronavirinae, based on the genotypic and
serological characterization!"***.

SARS-CoV-2 is a new generation of f-coronavirus which shares 79% and 50%
genome sequencing with SARS and MERS, respectively!l. This information confirmed
some of the available evidence that SARS-CoV-2 was generated from bats and
pangolins!'l. Other studies suggest that SARS-CoV-2 was a chimeric virus obtained
from the fusion of a bat's coronavirus and a coronavirus of unknown origin''’. In the
same context, the study conducted by Sun et all'”! showed that the structure of SARS-
CoV-2 was similar to the coronavirus isolated from Chinese chrysanthemum-headed
bats in 2015. So far, no confirmation has been made of the zoonotic source of SARS-
CoV-2 yet!".

SARS-CoV-2 has a 29891-nucleotide genome (encoding 9860 amino acids)!"” with a
diameter of about 50-200 nm!). Two-thirds of viral RNA, primarily in the first open
reading frames (ORFs) (ORFla/b), converts into two non-structural polyproteins
ppla, pplab, and encodes 16 non-structural proteins (NSP). In contrast, the remaining
ORFs encode structural and accessory proteins!**?l. Six ORFs of functions are arranged
between 5' to 3' (ORFla/ORF1b), spike glycoprotein (S), a small envelope protein (E),
matrix protein (M), and nucleocapsid protein (N)1. Moreover, seven putative ORFs
encoding accessory proteins are disseminated between the structural genes**1. The
glycoprotein S is responsible for the receptor-binding site and membrane fusion”!. The
envelope protein E has essential roles in releasing and accumulating viruses™!, besides
protein M1, Additionally, a NSP plays many functions during the viral cycle/.
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SARS-CoV-2 AND ANGIOTENSIN-CONVERTING ENZYME 2

Only specific and permissive cells inside the host may be infected. Specifically, cells
that generate proteins and viral factors which are required for virus replication. As
soon as the virus enters the cell, the virus recruits cells to produce essential viral
encoded proteins involved in replicating the virus's genetic material®. The viral
replication process generally known as cytopathic effects, could induce biochemical
changes resulting in cellular damage. Interestingly, SARS-CoV-2 relies on specific
cellular receptors to invade the cells that carry these factors like other types of
coronaviruses™.

The surface of SARS-CoV-2 is covered by several types of glycosylated S proteins
that facilitate the virus's attachment to the host angiotensin-converting enzyme 2
(ACE2), hence mediating the entry of the virus into the host cells”. This action could
activate S protein by a specific type of serine protease located on the host cell
membrane called TM protease serine 2. After the virus recruited the host cell, it
releases its RNA and uses the host cells to replicate and synthesize its functional
proteinst™.

SARS-CoV-2 is predicted to have organ tropism beyond the respiratory tract, also
including the kidney, heart, skeletal muscle, central nervous system, liver, and
gastrointestinal tract. The spread of infection through the body is reasonable for
developing COVID-19 systemic symptoms and exacerbating pre-existing
disorderst™*l. Therefore, patients with severe COVID-19 illness show multiple organ
damage, such as acute kidney injury, acute pulmonary injury, heart injury, and liver
injury®.

SARS-CoV-2 may induce liver injury via a similar mechanism. Furthermore, we
cannot neglect angiotensin II's action; once SARS-CoV-2 binds to ACE2 receptors it
stimulates angiotensin II to mediate the tissue injury™. These findings confirm that
angiotensin II levels are increased in healthy patients with COVID-19 and are directly
correlated with viral load™.

Hepatic sharing of ACE2 receptors is unreasonable; it is widely distributed in the
endothelial layer but not in the sinusoidal endotheliuml™. On the surface of
cholangiocytes, ACE2 receptors have more significant expressions than hepatocytes™!.
Cholangiocytes ACE2 receptors expression was close to that of type II alveoli cells in
the lungs, indicating that the liver may be a strong candidate for SARS-CoV-21. In
Contrast, Immunohistochemical stains for Kupffer cells and lymphocytes T and B for
ACE2 are negativel’l. In fact, in patients with COVID-19, SARS-CoV-2 has been
detected in their liver and can induce liver injury through different pathways!“’. The
general mechanism of ACE2 mediated SARS-CoV-2 infection is outlined in Figure 1.

SARS-CoV-2 and devastating cytokine storm

Cytokine storm is an augmented cytokine output attributable to an irregular immune
response to various stimuli like viral infections, rheumatic disorders, cancer, sepsis,
multiple organ failure, and drugs that contribute to unnecessary immune cell
activation!’. Consequently, the rising aggressive systemic hyperinflammatory reaction
is associated with the release of many pro-inflammatory cytokines responsible for
critical illness!***!l. Cytokine storm has been found in various viral infections, including
influenza H5N1, H1IN1 viruses, and two SARS-CoV and MERS-CoV coro-
naviruses!*.. Recent data reported that patients infected by SARS-CoV-2 show
massive levels of cytokines and chemokines and are implicated with COVID-19
severity and high mortality ratel*’l.

The growing cytokine storm results in the continuous activation and expansion of
innate and adaptive immune cells to produce a harmonized cascade of inflammatory
responses, resulting in a devastating cytokine storm!™.. Indeed, the result of a mixture
of several immune active molecules is the cytokine storm's product. The main
components involved in forming the cytokine storm are interferons (IFNs) and
interleukins (ILs)"). However, other inflammatory biomarkers such as c-reactive
protein (CRP), fibroblast growth factor, macrophage-colony stimulating factor (M-
CSF), interferon gamma-induced protein 10, monocyte chemoattractant protein-1
(MCP-1), macrophage inflammatory proteins-la and 1B, platelet-derived growth
factor, tumor necrosis factor-alpha (TNF-a), and vascular endothelial growth factor
(VEGF) are markedly detected in the COVID-19 sever case-patients® 1. Hence, the
uncontrolled response in severe COVID-19 patients is correlated with unfavorable
clinicopathological consequences.

During COVID-19 illness, several pathological factors have been reported to
participate in the initiation and propagation of SARS-CoV-2-induced cytokine storm
(Figure 2).
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ACE 2 as host for SARS-CoV-2 infection
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Figure 1 Angiotensin-converting enzyme 2 as a host for severe acute respiratory syndrome coronavirus 2 infection. SARS-CoV-2: Severe
acute respiratory syndrome coronavirus 2; ACE: Angiotensin-converting enzyme; Ang: angiotensin; ATR: Angiotensin receptors type.
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Renin angiotensin-aldosterone system

The Renin-angiotensin-aldosterone system (RAAS) is a significant regulator of several
physiology and pathophysiology conditions such as maintenance of fluid and
electrolyte homeostasis with the maintenance of vascular tone**!. Recent evidence
implies that RAAS has autocrine and paracrine effects in addition to the classical
circulating endocrine effects. Hence, RAAS plays pivotal roles in cellular growth,
migration, differentiation, apoptosis, inflammation, thrombosis, and fibrosis!*"*"-*1.

When renin is secreted directly into the bloodstream by juxtaglomerular cells, this
secreted renin cleaves the liver-released substrate, angiotensinogen, to generate the
inactive peptide, angiotensin (Ang) I, which is then converted by endothelial ACE to
Ang 1% On the other hand, ACE2 cleaves Ang I to produce Ang (1-9) peptide.
Besides, Ang II and Ang (1-9) can metabolize by ACE or other peptidases to form Ang
1_7[(11,(11].

The RAAS is a double-edged sword that acts through two distinct opposing arms:
the ACE/Ang II/AT1 receptor axis, which is responsible for main actions, and the
ACE-2/Ang-(1-7) /Mas receptor axis, the counter-regulatory arm!”®l. The ACE
catalytic activity contributes to an increase of Ang II levels and an increase in Ang-(1-
7) catabolism, while ACE2 catalytic activity is primarily based on Ang I and Ang II
and leads to the formation of Ang (1-7)**\. Ang II plays a central role in the RAAS via
angiotensin II type 1 and 2 receptors (AT1R and AT2R); thus, stimulating the
ACE/Ang 11/ AT1 receptor axis which results in regulating vasoconstriction, fibrotic
remodeling, inflammatory response, and production of reactive oxygen species
(ROS) 1. Ang II itself will directly activate the nuclear factor-kappaB (NF-«B) pathway
through the phosphorylation of the p65 subunit of NF-xB; therefore, increases the
output of IL-6, IL-1B, TNF-a, and IL-101"%l. Ang II also affects mitogen-activated
protein kinases (MAPKs; extracellular signal-regulated kinases 1/2, c-Jun N-terminal
kinases, p38-MAPK), which have a high impact on pro-inflammatory cytokines
releasel**”’]. Besides, a spontaneous association of Ang II with host immune cells, e.g.,
neutrophils, T and B lymphocytes, and tissue-resident cells results in the release of
pro-inflammatory cytokines, including prostaglandins, IL-6, IL-1p, TNF-a, VEGF, and
IFN-y, as well as the activation of kinase plethora [e.g., Janus kinase (JAK) and p38
MAPK]71,

As soon as the SARS-CoV-2 spike (S)-protein binds to ACE2", the serum level of
Ang II was significantly increased, which in turn mediated trans-signaling of the IL-
6/soluble IL-6 receptor-a complex in to finally activate of signal transducer and
activator of transcription 3 (STAT3)!”l. STAT-3 has been reported to up-regulated
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Figure 2 Coronavirus disease 2019 and devastating cytokine storm. COVID-19: Coronavirus disease 2019; SARS-CoV-2: Severe acute respiratory
syndrome coronavirus 2; C5a: Complement component 5a; RAAS: Renin-angiotensin-aldosterone system; NLRPR: Nucleotide-binding oligomerization domain,
Leucine-rich repeat and pyrin domain-containing receptor; PPRs: Pattern recognition receptors; ARDS: Acute respiratory distress syndrome.
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several inflammatory genes like NF-kB. Besides activation of NF-xB by SARS-CoV-2
mediated STAT3 activation, SARS-CoV-2 itself can activate NF-xB by binding with
pattern recognition receptors (PRRs). The net results trigger a cytokine storm
accompanied by acute respiratory distress syndrome (ARDS) and multiple organ
damagel®”!l. During COVID-19, ACE2 depletion and ACE/Ang II/ATIR axis activity
are highly augmented”. Therefore, a therapeutic modality by administering
exogenous ACE2 to patients with COVID-19 can potentially impact COVID-19
severity”l. On the other hand, targeting the ACE/Ang-II/ATIR axis downstream,
such as the IL-6/STATS3 axis, should be considered to avoid ARDS inflammation and
end-organ damage induced by cytokine storm!*"l,

In contrast to the ACE/Ang II/ AT1IR pathway, the Ang (1-7) interacts with the Mas
receptor to provide vasodilation and antiproliferative effects”l. Indeed, activating Mas
receptors induce activation of phospholipase A, phosphoinositide 3 kinases/ protein
kinase B axis, endothelial nitric oxide synthase, and intracellular calcium
accumulation”. Additionally, Ang (1-7) down-regulates p38 MAPK and NF-«xB
expression harmony with the suppression of inflammatory markers such as IL-6, IL-8,
and TNF-al*l. Furthermore, Ang (1-7) via the Mas receptor activation attenuated Ang
II-induced intercellular adhesion molecule-1, vascular cell adhesion molecule-1, and
MCP-171, Together, activation of these pathways suggests that Ang (1-7) has
antiproliferative, anti-thrombotic, and anti-inflammatory functions and ameliorates
tissue damages!”""l.

Interestingly, down-regulation of the ACE-2/Ang (1-7)/Mas receptors axis was
proposed to be increased during COVID-19; since the virus uses the enzyme's
peptidase domain to enter into the cells, there is a down-regulation of ACE-2 with
ACE up-regulation™. Thus, it contributes to a massive release of cytokines and
inflammatory responses. Since Ang (1-7) plays a critical role in counteracting the pro-
inflammatory activity of RAAS, it has been proposed that Ang (1-7) or one of its
associated agents could be administered to patients with COVID-19 since it protects
against activation of inflammatory mediators in a cytokine outbreak!*”. Additionally,
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Ang (1-7) was previously reported to inhibit liver fibrogenesis®®l. Thus, it may be
helpful to attenuate liver injury in patients with liver impairments infected with SARS-
CoV-2.

Fc receptor

SARS-CoV-2 is a specific antibody with the Fc receptor. Indeed, SARS-CoV-2 recruits
several immune cells, e.g., granulocytes, monocytes, and macrophages, and activates
the complement cascade, resulting in high virus reproduction and violent
infection® . Since the liver includes several cells related to the immune response, so,
antibody-dependent, ACE2-independent pathway was activated®!. As a result, SARS-
CoV-2 infection overactivated and secreted excessive amounts of cytokines and
chemokines such as TNF-a, IFN-y, IL-6, IL-8[*l.

Viral nucleocapsid proteins

Viral nucleocapsid proteins fused with the infected cells' host cell membrane, which
permits the viral nucleocapsid protein to stay on the surface of the cell membrane!™!.
This fusion makes the proteins easily recognizable by antigen-presenting cells that
activate the immune responsel*l. The normal antigen-presenting cells are dendritic
cells, macrophage cells, monocytes, plasma cells, efc., introduced to viral particles
CD8+ cytotoxic and CD4+ regulatory T lymphocytes, the major histocompatibility
complexes!®l.

PRRs

Several PRRs are the first line receptors that detect pathogenic infection like SARS-
CoV-2. After the virus enters the body, it produces pathogen-associated molecular
patterns (PAMPs), which recognizes by PRRs and fires the standard innate immune
system™l. The membrane-bound toll-like receptor (TLR) family among PRRs,
predominantly recognizes PAMPs in the extracellular system and to a lesser degree in
the intracellular milieu™!. Activation of this signal contributes to increasing the
expression of transcription factors that induce pro-inflammatory cytokine production,
such as NF-kB, and activate immune defense against viral infection via the IFN type I
pathway™*.,

Nucleotide-binding oligomerization domain, Leucine-rich Repeat and Pyrin domain-

containing (nod-like receptor protein) receptor

Another family of pathogenic detecting receptors is nod-like receptor protein (NLRP)
receptors (NLRP1, NLRP3, NLRP7, and NLRC4), which are the cytosol of endogenous
danger-associated molecular patterns expressed inside the cell®*. The activation of
these receptors by SARS-CoV-2 has been reported to associate with the adhesion of
molecules' activation, inflammatory response, and triggering innate immune cells"!l.
This reaction contributes to the activation of pro-inflammatory mediators cytokines
production such as TNF-a, IL-1, IL-6, IL-10, or type 1 interferons!>”..

T-helper type 1 cell

The T-helper type 1 (Thl) cell response can be triggered by the elevation of
inflammatory cytokines, which plays a significant role in providing a memory
response against the virus and adaptive immunity. It is essential to coordinate
humoral and cytotoxic T cell responses during viral infections!”. Besides, elevated
levels of Th2 cells secrete cytokines in patients with COVID-19, e.g., IL-4 and IL-10,
which inhibit inflammatory responses!”.. Furthermore, there was a significant increase
in cytokines secreted by Th1 and Th2 cells, such as TNF-a, IL-6, IL-18, IL-4, and IL-10.
Additionally, IL-2 and IL-6 are significantly elevated in patients with COVID-19 and
correlate with the disease's seriousness!™.. Interestingly, hepatocytes, Kupffer cell, and
hepatic stellate cells after being infected with SARS-CoV-2 immune cells after
overactivation and secretion of excessive cytokines, e.g., IL-6, IL-8, TNF-a, IFN-y,
which are involved in severe cytokine storm and causes tissue damage®*”]. Compared
to a reduced level of naive B cells, plasma B cells significantly increased in COVID-19
patients, several naive B-cell receptor isotypes [immunoglobulin heavy chain (IGHV)
3-15, IGHV3-30, and IGHV3-11] were previously used in the manufacture of other
virus vaccines which were also reported and identified in patients”. Furthermore, the
novel target genes in cytokine storm are IL-1§3, IL-6, and the granulocyte-macrophage
colony-stimulating factor (GM-CSF), while TNFSF13, IL-18, IL-2, and IL-4 seemed to
help patients' recovery from COVID-19"1.
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Complement activation

Viral infection has been reported to stimulate the complement cascade and
consequently, initiate specific inflammatory responses!”). Among these complements,
complement factor 5a (Cba) is the most potent inflammatory peptide in the
complement cascade, which increases the production of pro-inflammatory cytokines
such as IL-6, IL-1, and TNF-a from macrophages under the effect of TLR-2, TLR-4, and
TLR-9""'2I, Terminal complement variable C5b-9 stimulates the release of IL-6 from
vascular smooth muscle cells by stimulating the redox-sensitive transcription factor
NF-xB, activator protein 1, and MCP-1I'"l. Besides, C3a overexpression results in
increased production of IL-1, IL-6, and TNF-al'™..

The complement cascade plays aberrant pivotal roles in the pathogenesis of SARS-
CoV-2. It promotes viral nucleocapsid protein-mediated auto-activation of mannan-
binding lectin serine peptidase-2 (MASP-2)I'"l. Indeed, MASP-2 is considered the main
serine protease in the lectin pathway. It binds to the mannose-binding lectin pathway
to induce the downstream complement cascade, which in turn accelerates
inflammatory responses. In two patients with COVID-19 who received an anti-C5a
antibody, a positive clinical response was improved as evidence by enhancing lung
oxygenation and alleviating systemic inflammation!*'*l. Hence anti-C5a antibodies
could be a new therapeutic option for combating COVID-19 severity.

COVID-19 and hepatic dysfunction

Patients with digestive issues and co-infected with SARS-CoV-2 show a higher risk of
mortality than patients without digestive problems. In severe cases of COVID-19, liver
dysfunction was observed and associated with extensive activation of coagulative and
fibrinolytic pathways as well as alteration of platelets, neutrophils, and lymphocytes
profilestl. In parallel, patients with chronic liver disease (CLD), hepatitis viruses
[hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis D virus, and hepatitis E
virus], hepatotropic viruses infection, non-alcoholic fatty liver disease, and non-
alcoholic steatohepatitis are more susceptible to COVID-19 and may present worse
outcomes from ARDS compared with the other critically ill patients®'"l. Algahtani
et all"™™ performed a meta-analysis that showed that patients with a previous history of
liver disease have a 57.33% chance of severing COVID-19 infection and a 17.65 %
higher mortality rate than other patients!'”. A recent multicenter cohort study showed
that hepatic decompensation was positively associated with COVID-19 disease, which
increasing the risk of death from 26.2% to 63.2%!'"). This rate could be related to low
platelets and lymphocytes in those patients or due to cirrhosis-related immune
dysfunction”). Besides, COVID-19 is markedly distinguished by an increase in
cytokine secretion, which induces hepatocytes injury, contributing to the loss of
hepatic regeneration and worse clinical outcome, especially in patients with CLD""'I,
In contrast, Lippi et al'"'" indicated that CLD plays a minor role in affecting patients'
progression, severity, or mortality'l.

The pattern of liver damage in COVID-19 is essentially considered during COVID-
19. The liver injury can be associated with the virus's immediate cytopathic effect,
unregulated immune response, sepsis, hypoxia, and drug-inducing liver injury!"'>'"l.
Also, COVID-19 causes underlying chronic hepatic disorders to exacerbate and
contributes to liver decompensation with higher mortality!"*. Recent general studies
show that about 2%-11% of COVID-19 patients have underlying CLD, and 14%-53%
developed hepatic dysfunction with COVID-19¥*!5%] [n patients with severe
COVID-19, the ratio of hepatic injury is highly set in contrast to mild patients' rate.
Hence, hepatic injury frequency can represent 58.06%, 51%, and 78% in patients' death
from COVID-19". Cai et al"'! conducted a study on 417 patients with COVID-19
which showed that about 76.3% of patients had abnormal liver test results and 21.5%
exhibited liver injury during hospitalization""). Li et al"**! indicated that patients with
abnormal liver activity (58.8% and 66.7%) could be more likely to have moderate to
severe COVID-1914,

It is understood that cholangiocytes play an essential role in liver regeneration and
immune response, and cholangiocytes ACE2 expression is greater than that of
hepatocytest™''*!"’l. Thus, it was proposed that the liver injury that resulted in SARS-
CoV-2 infection could be due to the damage caused by virus infection to bile duct cells
and not liver cells!""”l. The expression of ACE2 in cholangiocytes was also observed, it
is about 20 times higher than in hepatocytes!. Additionally, gamma-glutamyl
transferase, a diagnostic biomarker for cholangiocyte injury, has also been identified to
be highly up-regulated in severe cases of COVID-19I""""'l,. However, aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) are elevated
predominantly in COVID-19. Generally, it is 1-2 times more than the normal range,
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which averages to modestly elevated total bilirubin (TBIL) levels early in the disease
processl'#!>11l_On the contrary, the study conducted by Chen et al'*) showed an
elevation of ALT and AST serum levels to 7590 U/L and 1445 U/L, respectively, in
patients with severe COVID-19!'*2.

Several studies have found that AST, ALT, and TBIL were substantially higher in
the intensive care unit (ICU) patients than in non-ICU patients!'>'*1. A retrospective
cohort study performed by Hundt et al'*! reported abnormal liver tests [AST, ALT,
Alkaline phosphatase (ALP), and TBIL] in the patients with COVID-19. Most patients
with abnormal liver tests had an elevation limit of 1-2 times more than the normal
limits. It has also been reported that abnormal liver tests were directly proportionated
with poorer clinical outcomes!'*!.

Hypothesizes of hepatic injury during COVID-19 illness

Hepatic injury in COVID-19 patients could result from a cytokine storm rather than
direct cytopathic effects of the virus itself!">"">'*l. The direct cytopathic effects of SARS-
CoV-2 can induce stress on endoplasmic reticulum and mitochondrial dysfunction!*.
Moreover, the human body can initiate immune-mediated inflammation, such as
cytokine storm resulting in liver damage or hepatic failure in critical COVID-19
patients!'”"*. Hypoxia is also a common characteristic of extreme COVID-19 illness
that promotes ROS production and initiates the release of multiple pro-inflammatory
factors to induce more liver damagel*”. Electron microscope examination of liver
obtained from patients infected with SARS-CoV-2 revealed that SARS-CoV-2 causes
endoplasmic reticulum tension that induces de novo lipogenesis. Lipogenesis could
also contribute to the production of non-specific inflammatory changes, including
hepatocyte swelling and steatosis, mild hepatic sinus cell proliferation, and Kupffer
cell hyperplasia®.

Effect of SARS-CoV-2 on several types of liver disorders

As we mentioned before, SARS-CoV-2 is remarkably impactful on patients with
chronic diseases, including chronic hepatic impairments. The impact of SARS-CoV-2
on several types of liver disorders is outlined in Table 1.

Non-alcoholic fatty liver disease and COVID-19

Several studies have documented that obesity is a significant mortality factor in
COVID-19 patients. The need for overall survival and mechanical ventilation
correlated with obesity!*!l. Typically the ACE2 expression level in adipose tissue is
greater than that of lung tissuel”l. These clarify adipose tissue's susceptibility to
invasion by SARS-CoV-2, and then the virus can spread to other organs!J. Obese
patients are at high risk for non-alcoholic fatty liver disease (NAFLD), which in turn
has a higher chance of developing severe COVID-19 with a higher probability of
abnormal liver function and a more extended viral shedding period"*. NAFLD is
associated with the development and severity of COVID-19"*. NAFLD patients also
elevate cytokine levels, rendering them more vulnerable to COVID-19 related to
excessive cytokine production!*l. Experimentally, it has been shown that ACE2
expression increases in chronic liver damage and NAFLD!"*l. Patients with COVID-19
exhibit increased serum levels of MCP-1, which exacerbate steatohepatitis; thus, the
virus can increase NAFLD progression to Non-alcoholic steatohepatitis (NASH)!".
Multicenter retrospective by Hashemi et al'"*"! study the clinical outcome of COVID-19
and CLD. Patients with high NAFLD require ICU admission and mechanical
ventilation. There is no overall mortality among CLD patients mainly due to
NAFLD!". According to the evidence available, NAFLD is an independent risk factor
for extreme COVID-19, but most studies did not separate NAFLD from its more
extreme NASH!"*,

Liver cirrhosis and COVID-19

Patients with liver cirrhosis have a potentially higher risk of SARS-CoV-2 infection, a
higher risk of a severe condition, and a higher risk of liver decompensation!"*.. Liver
cirrhosis in SARS-CoV-2 infected patients is described as a predictor of mortality!**!1.
A decrease in ACE2 via SARS-CoV-2 induced internalization is predicted to exacerbate
liver fibrosis and augment the disease's severity, especially in the long term. Therefore,
the impact of COVID-19 on long-term liver-related outcomes is also worth considering
in patients with cirrhosis"*. A multicenter matched cohort study by Kushner and
Cafardi™” patients with cirrhosis plus COVID-19 were observed to have mortality
equal to cirrhosis patients alone higher than those with COVID-19 alone!*l. Sarin
et all*1 The APCOLIS study of pre-existing liver disease indicated that in CLD patients,
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Table 1 Implication of severe acute respiratory syndrome coronavirus 2 on patients with hepatic disorders

Hepatic disorders Main findings of the study Ref.

NAFLD NAFLD is associated with a higher risk of symptomatic, severe, and progressive COVID-19 Hashemi et all'”7], 2020
SARS-CoV-2 infection in patients with NAFLD required ICU admission and mechanical Sachdeva et all*'?, 2020
ventilation concomitant with increased NAFLD progression to NASH

Liver cirrhosis Patients with liver cirrhosis and COVID-19 are related to worse clinical outcomes and a high Kushner and Cafardil'*”},
mortality rate than patients with COVID-19 alone 2020
SARS-CoV-2 co-infection augmented liver injury as evidenced by worsens decompensated Sarin et all'"*"l, 2020

clinical status

Cirrhotic patients with COVID-19 had a higher risk of mortality than COVID-19 patients alone,  Bajaj et all'*l, 2021
but they are equally mortality rate with cirrhosis patients without COVID-19

HCC Patients with HCC consider a risk group, and HCC is positively related to deterioration Zhang et al”"*, 2020
symptoms and bad outcomes in COVID-19
Patients with cancer are more susceptible to infection and poorer prognosis of COVID-19 Liang et all'"*’}, 2020
Hepatitis B Patients infected with HBV tend to have a more severe form of COVID-19 Chen et all" ;”], 2020
SARS-CoV-2 and HBV co-infection showed monocytopenia, lymphopenia, and Liu et all"™, 2021
thrombocytopenia, as well as metabolic disorders
COVID-19 may induce HBV reactivation, but it rarely occurs Aldhaleei et all'™, 2020
Hepatitis C Patients infected with HBV or HCV showed a high risk of mortality and morbidity if co-morbid ~ Mirzaie et all'>, 2020
with COVID-19
Patient with hepatic c and COVID-19 has an undesirable clinical outcome Mostardeiro et al''*], 2020
HCV pre-existing was associated with high mortality Mangia et all'*”], 2020

NAFLD: Non-alcoholic fatty liver disease; HCC: Hepatocellular carcinoma; NASH: Non-alcoholic steatohepatitis; SARS-CoV-2: Severe acute respiratory
syndrome coronavirus 2; COVID-19: Coronavirus disease 2019; HBV: Hepatitis B virus; HCV: Hepatitis C virus; ICU: Intensive care units.

SARS-CoV-2 infection causes severe liver damage, decompensating one-fifth of the
cirrhosis and worsening the already decompensated clinical status!*’l. Bajaj et all'*"
multicenter North American contemporaneously enrolled study, compared to patients
with cirrhosis alone or cirrhosis and COVID-19 patients had similar mortality rate, but
higher than patients with COVID-19 alone!"*.

Hepatocellular carcinoma and COVID-19

In general, cancer patients, especially those who have recently received cancer
treatment, have a greater chance of infection and a worse outcome. Besides,
epidemiological data suggest that patients with cancer are more vulnerable to SARS-
CoV-2 infection!"*”l. Hepatocellular carcinoma (HCC) is the sixth most prevalent cancer
globally, accounting for about 6% of all cancer incidences!*l. HCC patients are more
susceptible than other cancers to the consequences of the COVID-19 pandemic since
the liver damage caused by SARS-CoV-2 could complicate current hepatitis in most
HCC patients!*l. A retrospective cohort study by Yang et al”! confirmed that cancer
patients had deteriorating symptoms and bad results from SARS-CoV-2 infection!"\.
Besides, these patients have poor nutritional status-related anemia and hypo-
proteinemia that impair their immunity, rendering them more vulnerable to severe
diseasel™.

A prospective nationwide cohort study in China on cancer patients, including HCC
patents and COVID-19, was more vulnerable to severe disease. They had an increased
chance of mortality and ICU admission. Recent chemotherapy within a month also
increased the risk of severe diseasel'”l. Most HCC and CLD patients fall into a high-
risk group and are expected to have worse outcomes!'!l. Vigorous screening for
COVID-19 disease should be prescribed in cancer patients undergoing antitumor
therapy, and medications that induce suppression of immunity should be stopped, or
their dosages decreased in the event of COVID-19"1,

Hepatitis B and COVID-19

For patients with chronic hepatitis B and are in the immune tolerance phase, further
tests are required to confirm whether these patients have active viral replication and
repeated liver damage after co-infection with SARS-CoV-2l. Several Chinese clinical
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trials have found patients with hepatitis B infection are also present among patients
with severe COVID-19 cases. That suggests that patients infected with HBV tend to
have a more severe form of SARS-CoV-2'*1. Chen et all”"! found that 47% of patients
with HBV are observed with severe COVID-19 cases!'™!. However, other studies have
shown that chronic viral hepatitis does not seem to be proportional to the severity of
COVID-19""L Liu et all"! retrospective study reported that COVID-19 was not
substantially affected by co-infection with HBV. However, at the onset of COVID-19,
patients co-infected with SARS-CoV-2 and HBV showed more severe monocytopenia,
thrombocytopenia, hypoalbuminemia, and hepatic deficiency in lipid metabolism!"*!l.
SARS-CoV-2 and HBV co-infection produces lymphopenia that can cause HBV
reactivation. However, it has been reported just in one case of a patient with potential
HBYV reactivation, which seems to be an unusual event!'"”. Chinese medical association
and Chinese society of hepatology indicated that patients with hepatitis B
administrated antiviral therapy, discontinuation of anti-HBV drugs, or failure to
receive anti-HBV treatment can lead to the reactivation of HBV, especially during
SRSA-CoV-2 infection following high-dose hormone therapy!™.

Hepatitis C and COVID-19

HCV infection is a dominant factor for liver diseases, including liver cirrhosis,
hepatocellular carcinoma, and a common liver transplantation causel™l. All over the
world, HCV infection is the primary cause of liver-related mortality and morbidity!*.
Similarly, the symptoms of hepatic impairments are widespread among patients with
COVID-19 and HCV!"™ I, Therefore, the American associations of liver disease
evaluated the underline liver diseases' status, e.g., hepatitis A, hepatitis B, and hepatitis
C, in COVID-19 patients and found that co-infection between HCV and SARS Cov-2
increased liver enzyme levels, especially in pediatric!'?. Besides, a systematic preprint
review by Mirzaie ef al"”! suggested that patients with hepatitis B and/or hepatitis C
present a high risk of morbidity to COVID-19 and require further investigation to
overcome a significant marker of mortality due to co-infection!"*”.. Mostardeiro et all'*!
reported that in a case study patient with hepatitis C and COVID-19 co-morbidity has
an undesirable clinical outcome!"*l. Correspondingly, a cohort study by Mangia et all"*"!
has been elucidated that HCV pre-existing associated with high mortality; meanwhile,
HCYV antibodies suggestive as a protective agent against COVID-19!""],

On the other hand, countries co-operated and adapted to develop a screening model
to detect HCV as a hepatitis elimination program!*. Nowadays, due to the spreading
of the COVID-19 pandemic, it extends beyond the direct morbidity and mortality
associated with coinfection COVID-19 may act as a barrier to reduce hepatitis C care,
result in a decrease in HCV serological testing and identification"). Hence, Blach
et all™! based on their mathematical models, predicted scenario of the 1-year delay
which resulted in an additional 44800 liver cancers and 72300 deaths from HCV
globally by 2030U'“). Thus, rapid HCV testing in the context of SARS-CoV-2 screening
programs may be the only solution for achieving the WHO’s 2030 HCV elimination
target!'*',

Therapeutic approaches for aborting COVID-19 cytokine storm

As mentioned before, SARS-CoV-2 infections may cause cytokine storm to result in
hyperactivation of T lymphocytes and release massive amounts of cytokines such as
IL-6, IL-1B, TNF-a, and others!'?. Neutralization of these cytokines offer an excellent
therapeutic avenue in combating the COVID-19 outbreak. Here, several therapeutic
options can be used for terminating SARS-CoV-2-induced cytokine storm.

IL-6 inhibitors

IL-6 acts as a critical catalyst during cytokine storm, specifically during COVID-19!""l,
Hence, IL-6 may be the main accused acute phase response, including fever, the
elevation of CRP and ferritinemia, ARDS, multiorgan damage in cases of severe
COVID-19"""l. Anti-IL-6 biologics targeted the IL-6 receptor or IL-6 itself with anti-
inflammatory properties*l. So, anti-IL-6 agents like tocilizumab, siltuximab, and
sarilumab are all humanized monoclonal antibodies that are generated to the IL-6
receptor!’®'*l. Currently, tocilizumab (TCZ) is used in active rheumatoid arthritis,
juvenile idiopathic arthritis, autoimmune rheumatic diseases!'*'*’], temporal arteritis,
and giant-cell arteritis!'*"l. Recently, TCZ is used to attenuate the adverse effects of the
cytokine storm-induced by chimeric antigen receptor T cell treatment!*'"". Giving
TCZ a potential therapeutic option for critically ill patients with COVID-19 who have a
significant elevation in the level of IL-6!""l. However, the treatment of COVID-19 with
TCZ is an off-label usel'””. However, based on existing evidence, it could be a right and
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safe choice to compete with cytokine storm during COVID-19. A retrospective study
by Nasonov and Samsonov!” indicated that tocilizumab directly enhances clinical
outcomes in severe and critical COVID-19 patients, no noticeable adverse reactions
were observed, and it is effectively reducing mortality'’”. Another retrospective study
by Luo et all'”! reported that in COVID-19 patients with a risk of cytokine storm, TCZ
is an excellent treatment choice. They are also recommended a repeat dose of TCZ for
severe COVID-19 patients with elevated IL-6['". Because of its common uses in
rheumatoid arthritis and other auto-inflammatory disorders, TCZ hepatic side effect is
well known. Typically mild elevations of serum aminotransferase are observed!”!. In
contrast, TCZ may be correlated with HBV reactivation. Hence, HBV serological test
could be a part of routine pretreatment work-up!'”..

IL-1 inhibitors

IL-1 is an active pro-inflammatory cytokine secreted during cytokine storm®’. It can
lower pain thresholds, on the other hand it is one of the cytokines playing a dominant
role in tissue damage!”*""1. The IL-1 receptor antagonist, anakinra, canakinumab, and
Rilonacept are already indicated in conditions characterized by sustained fevers and
systemic inflammatory response such as rheumatoid arthritis, familial Mediterranean
fever, and cryopyrin-associated periodic syndromel'®. Anakinra is the first biologic
recombinant IL-1R antagonist. Anakinra inhibits both IL-1la and IL-10 via
competitively IL-1R binding!". As previously reported, anakinra is effective in
attenuating cytokine storm*”'”l. These promising results suggest the role of anakinra
in combating CS in patients with COVID-19""1. A retrospective cohort study by Huet
et all'™! showed that in patients with COVID-19, anakinra decreased both the need for
invasive mechanical ventilation in the ICU and mortality rate without significant side
effects!'”l. Anakinra is not a hepatotoxic agent but is more likely to indirectly trigger
acute liver damage through activity against IL-1 or the immune system. Moreover, it
has not been related to hepatitis B reactivation*l.

TNF-a inhibitors

The viral spike protein of SARS-Cov2 induced a TNF-a converting enzyme-dependent
shedding of the ACE2 ectodomain, facilitating viral penetration into cells and
promoting tissue injury via increased TNF-a production™ . TNF-a is a crucial
cytokine produced in all inflammatory conditions, and autoimmune diseases stimulate
inflammation and oxidative stress production. TNF-a is mainly produced by
monocytes, macrophages, B cells, and other tissues”™'*]. Activation of TNF-a increases
IL-1 and IL-6 release. TNF-a inhibitors such as adalimumab, etanercept, and
infliximab are used to manage several conditions like rheumatoid arthritis, ankylosing
spondylitis, psoriatic arthritis, and inflammatory bowel disease’®"'“. Consequently,
attenuate IL-6, IL-1, and VEGF levels as well as adhesion molecules and angiogenic
factors. In patients with COVID-19, both plasma and tissues show an excessive
amount of TNF-al"*l. Therefore, the anti-TNF-a antibody markedly reduces TNF-a in
the blood, indicating that anti-TNF-a antibody could have potential anti-inflammatory
benefits during COVID-19"¥1. Additionally, it may cause downregulation of ACE2
expression and shedding!**'¥l. So far, in treating patients with COVID-19, TNF-a
blockers have not been proposed, but TNF-a blockers' effectiveness in treating patients
with COVID-19 needs more priority!"*'*],

JAK/STAT inhibitors

The JAK family and the adaptor-associated protein kinase 1 (AAK1) is a member of the
numb-associated kinase family that plays a role in viral particles endocytosis, which
act as a regulator of clathrin-mediated endocytosis!”"'*!l. Inhibitors of AAK1 can
prevent viral particles entry into the celll”*"l. Phosphorylated cytokine receptors recruit
STAT transcription factors that modulate gene transcription. Furthermore, inhibiting
activated cytokine receptors' phosphorylation through Janus kinase inhibitors, which
could suppress cytokine signaling pathways!*l. Thus, AAK1 inhibitors have been
suggested as possible candidates for the treatment of COVID-19. By inhibiting the
JAK-STAT pathway, and cellular viral entry in COVID-19"">'"’], Janus kinase inhibitors
such as baricitinib, filgotinib, fostamatinib, peficitinib, tofacitinib, and upadacitinib are
previously indicated in managing the treatment of rheumatoid arthritis and
autoimmune diseases!”*'*’l. Baricitinib is a JAK inhibitor with an extreme affinity to
AAK1-binding!"!. Therefore, it inhibits the JAK-STAT pathway, that is used to
suppress pro-inflammatory cytokine and attenuate the risk of cytokine storm!*.
Baricitinib is supposed to have dual effects in COVID 19 patients via reducing viral cell
entry and inflammation”’l. One consideration related to the use of Baricitinib could be
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superior to other JAK-STAT signaling inhibitors, as it is relatively safel”"'*’. However,
baricitinib is in harmony with increased thromboembolic events, which affect the risk
of developing these events in patients with COVID-19!"*l. However, it is also probable
that the JAK inhibitors might affect the activity of numerous cytokines, e.g., INF-a, a
potent mediator of antiviral response, may be impaired by JAK inhibitors!"”’l. Data by
Bronte ef al”" suggests that baricitinib prevented the progression of COVID-19 by
regulating patients' immune response, accordingly improving clinical outcomes".

Corticosteroids
Corticosteroids have a broad spectrum of cellular immune responses, different
pharmacological activity, and wide therapeutic applications™**?l. Glucocorticoids can
inhibit innate and adaptive immune responses which are significantly used in
inflammatory conditions and autoimmune disorders””. These anti-inflammatory and
immunosuppressive effects occur in different mechanisms through direct actions on
gene expression, transcription factors, and glucocorticoids' receptors' second
messenger cascades””. Corticosteroids receptor complex induces gene transcription of
many anti-inflammatory genes, involving IxB, which have immunosuppressive effects
by inhibiting the activation of NF-kB signaling resulting in downregulation of IL-1p,
IL-4, IL-10, IL-13, GM-CSF, TNF-q, and transforming growth factor-p'®2+l,
Additionally, Corticosteroids reduce T cells and macrophages proliferation,
activation, differentiation, and survival. Corticosteroids diminishes Th1l and
macrophage pro-inflammatory cytokines IL-1p, IL-2, IL-6, TNF-a, and IL-17**"). The
uses of corticosteroids suppress the immune response, reduce viral clearance, and
provoke viral replication™?. Corticosteroids are widely used in critically ill patients
with SARS and MERS infections!*!l. Evidence has shown that corticosteroids' delayed
their viral clearance™'.. The controversy on the use of corticosteroids remains far from
definitive in COVID-19 patients. Corticosteroids decrease the pro-inflammatory
cytokine's transcription, thus avoiding prolonged cytokine reaction and cytokine
storm™. It allows corticosteroids in low doses and short duration and specific
conditions with COVID-19 and requiring respiratory support the wat to survive*”.. In
patients with COVID-19, trials indicated that dexamethasone in low dose, i.e.,, 6 mg
once daily orally for ten days reduced the death rate by one-third in patients who
undergo ventilation and one-fifth in patients with oxygen supplementation"’l. Today,
dexamethasone is widely used in severe COVID-19, including in patients with pre-
existing CLD L.

CONCLUSION

The outbreak of COVID-19 disease is the most annoying problem all over the world.
This situation was developed due to a mutant version of the SARS virus called the
SARS-CoV-2 virus. Studying the virus structure, mode of infection, and pathogenesis
mechanism provided excellent hints about how we can fight it. In this review, we
concluded that the most destructive power of the virus is the generation of violent
cytokine storm, which is probably the cause of high mortality rates in hepatic and non-
hepatic patients. Moreover, this review concluded that the possible ways to combat
aggressive cytokine chaos might be a potential therapy for the COVID-19 patient co-
morbid with liver disorders. Finally, this review encourages the scientists to study the
SARS-CoV-2 virus cytokine storm in deep to find more effective and promising
therapy for COVID-19 illness.
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