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Background: Hepatitis C virus, a member of Flaviviridae is a single-stranded positive-sense RNA virus infecting 62-79
million people around the globe. This blood-borne virus is one of the leading causes of liver diseases worldwide. This
review aims to identify novel potential genes linked to cellular host factors, as well as revise the roles of each gene in
hepatitis C Virus infection. This review also aims to provide a comprehensive insight into therapeutic advancements

Methods: For this review article, 190 articles were searched via PubMed Central, Bio-One, National Academy of Sci-
ence, Google Scholar, and Worldwide Science. Out of these 190 studies, 55 articles were selected for this review. The
inclusion of articles was done on the criteria of high citation and Q1 ranking.

Results: The information gathered from previously published articles highlighted a critical link between host-cellular

Conclusion: Although many advancements in HCV treatment have been made like DAAs and HTAs, the develop-
ment of a completely effective HCV therapy is still a challenge. Further research on combinations of DAAs and HTAs
can help in developing a better therapeutic alternative. Keywords: Hepatitis C virus, Replication cycle, Non-structural

Background

Hepatitis C virus (HCV) is a single-stranded blood-
borne RNA virus infecting 62—79 million people around
the globe. It is one of the leading causes of liver diseases
worldwide. Almost 3% of the world population has the
chronic infection of HCV that leads to fibrosis, cirrho-
sis, and eventually the carcinoma of hepatic cells in most
cases [1]. In Pakistan, nearly 1 in every 20 individuals
is a victim of this viral infection [2, 3]. To date, six dif-
ferent genotypes of HCV are reported. Due to the high
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mutation rate, all six genotypes further possess many dif-
ferent subtypes. Of these, four subtypes (1la, 1b, 2a, and
3a) are reported repeatedly across the globe, but the epi-
demics of others are still bound to specific geographic
distributions [4] Genotype 4 is reported as the highly
prevalent genotype in Middle East countries including
Saudi Arabia and Central Africa but very little is known
about its genotypic pandemic background at the sub-
type level in the region [5]. However, a recent virologic
report on HCV has predicted the molecular phylogeny
of 4a genotype with Egyptian prototype strain, while 1a
isolates were closely related phylogenetically to North
American and European countries [6]. A recent study in
Iran has shown a remarkable growth of genotype 3a as
a dominant infectious agent of HCV followed by 1a [7].
This high rate of mutations in the HCV virus has been a

©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/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43066-022-00232-w&domain=pdf

Butt et al. Egyptian Liver Journal (2022) 12:71

major hindrance in the development of an effective vac-
cine against its infection. The 9.6 kb genome of this envel-
oped virus consists of a single large open reading frame
(ORF) and encodes 3 structural and 7 non-structural
proteins. Structural proteins include core protein, enve-
lope protein 1, and envelope protein 2. Non-structural
proteins (NS) include p7, NS2, NS3 and NS4A, NS4B,
NS5A, and NS5B (RNA-dependent RNA-polymerase [3].

Our genome is transcribed into two categories of tran-
scriptional products, i.e., coding RNAs and non-coding
RNAs. Coding RNAs are translated into proteins that
play crucial biological functions in our body. Many of
these protein-coding genes have been reported to be
potential biomarkers for HCV infection. In this review,
we have not only described the role of the coding region
of the genome in HCV prognosis and diagnosis but
have also highlighted the importance of the non-coding
region. Non-coding RNAs once referred as “transcrip-
tional noise”, are now being reported not only as good
therapeutic targets but also as potential biomarkers.
The non-coding RNAs play a significant regulatory role
in the expression of gene networks [8]. Circular RNAs
(circRNA) are a subset of specialized non-coding RNA.
Interestingly, circRNAs have been reported to hinder
the progress of tumor formation in HCV-related carci-
noma by playing a regulatory role in cell division, growth,
migration, and apoptosis. Thus, circular RNAs are not
only potential therapeutic targets but can also serve
as biomarkers for the diagnosis and prognosis of HCV
infection and HCV-related hepatocarcinoma [9-11].
Moreover, MicroRNAs (miRNA) is another host factor
reported to be associated with the progression of HCV
infection [8, 12].

Methodology

This article was prepared with the aim to review the role
of viral and cellular host factors in infection of hepatitis C
Virus. For this review article, 190 literature papers were
searched via PubMed Central, Bio-One, National Acad-
emy of Science, Google Scholar, and Worldwide Science
using the following keywords: ‘HCV; ‘Life cycle of HCV;
‘Translation of HCV genome; ‘Host-cellular factors cru-
cial for HCV infection; ‘HCV receptors, and ‘Immunity
against HCV” These 190 studies were then subjected to
initial screening in which duplicated, and review articles
were removed. Following an initial screening, the final
screening was performed independently by two authors
(Fatima Butt and Muhammad Shahid) on 135 studies.
During the final screening, studies were subjected to our
inclusion/exclusion criteria. Consequently, 104 articles
were selected considering the following factors: (1) high
citation and (2) Q1 ranking. Out of these 104 studies, 80
full-length articles were selected for eligibility testing.
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Subsequently, 55 articles were selected to be included in
this review (Fig. 1).

Role of different viral and cellular factors in the life
cycle of HCV

Life cycle

Attachment and entry

The presence of certain specific receptors and additional
host entry factors at the hepatocytes make them suscep-
tible and permissive cells for HCV infection as shown in
Fig. 2. These blood-borne viral particles reach the baso-
lateral surface of liver cells via blood flow after passing
through sinusoids. The two transmembranes envelop
proteins, E1 and E2, facilitating the binding of HCV to
the host cell receptors. The outer surface of hepatocytes
carries four receptors of HCV, i.e., the scavenger recep-
tor class B type I (SCARB1), occluding (OCLN), cluster
of differentiation 81(CD81), and claudin 1 (CLDN1) are
present [13]. Along with these receptors, other additional
factors like attachment factors glycosaminoglycans, low-
density lipoproteins LDL-R receptors, Niemann-Pick
C1-Like 1 (NPC1L1), and transferrin receptor 1 are also
believed to contribute to the susceptibility of hepatocytes
for HCV infection [1]. The association of HCV with lipo-
proteins and apolipoproteins makes its unique structure
in the Flaviviridae family. This association helps in cam-
ouflaging HCV particles and prevents them from elicit-
ing an immune response. However, the viral-lipoprotein
association is also believed to facilitate the entry of HCV
into host cells via LDL receptors only to onset a pathway
leading to the degradation of these foreign viral particles
by the host cell.

The first interaction for attachment between viral
particles and hepatocytes is usually via SCARB1 which
is an integral membrane protein that acts as one of the
receptors for HCV particles. To date, several hypotheses
regarding the HCV-SCARBI association have been sug-
gested. The earliest studies reported that viral glycopro-
teins are responsible for the initial interaction between
HCYV and host liver cells. The binding between the HVR1
region of E2 glycoproteins and the SCARBI receptor of
hepatocytes can be the first attachment signal stimulating
the entry of the virus in host cells [14]. However, some
modern studies also propose the involvement of associ-
ated apoprotein E in initial HCV-SCARB1 binding. Like-
wise, some other studies suggest that interaction between
HRV1 and SCARBI1 can also assist the binding of E2 with
the CD81 receptor of host cells. CD81, a transmembrane
protein, containing an extracellular domain for interac-
tion with E2 of HCV particles is also considered one of
the receptors for HCV particles [15, 16]. The HCV inter-
action with CD81 is considered to be a significant event
in facilitating the viral entry into host cells [17]. CD81 is
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Fig. 1 Flowchart describing the steps of the methodology
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also believed to interact with another receptor of HCV
known as CLDN1 [18]. CLDNI is a tight junction pro-
tein that is expressed in many cells and tissues including
liver cells. In hepatocytes, they play their role by separat-
ing bile from blood. The interaction between CD81 and
CLDN1 is seemed to be assisted by EGFR (epidermal
growth factor receptor). EGFR stimulates HRAS activa-
tion which results in CD81 diffusion, thus helping in the
formation of the CD81-CLDN1 complex that enters the
hepatocytes along with HCV particles [19]. Similarly,
another tight junction protein, OCLN is one of the key
receptors for HCV particles and plays a significant part
in determining tissue tropism of HCV. However, the
mechanism of OCLN action in the viral entry is still not
known [14].

In addition to these receptors, some other host factors
like factors glycosaminoglycans, Transferrin receptor 1,
and NPC1L1 have also been shown to contribute to viral
attachment and entry, but the exact mechanism of their
role is still unknown. After attachment, the next step in
the viral life cycle is the entry of these HCV particles into
hepatocytes. These HCV particles enter hepatocytes via
clathrin-dependent endocytosis. Following the entry into
the cells in form of endosomes, pH-dependent fusion
takes place between the endosomal membrane and viral
envelope [20].

Translation and replication
The positive-strand RNA of HCV is released into the
cytosol and its replication starts directly at ER via ribo-
somes of host hepatocytes. Essentially, only one large
polyprotein is expressed from the single ORF of the viral
genome which is then cleaved into 10 different proteins
exploiting both host and viral proteases. The ORF car-
ries the flanking regions 5’ and 3’ UTRs (Un-translated
regions) that are essential for the translation and repli-
cation of viral RNA. 5/ UTR region includes an internal
ribosome binding site (IRES) that instigates the transla-
tion of viral RNA into one large polyprotein. Proteolytic
cleavage of this polyprotein results in the formation of
ten different proteins. Among these 10 proteins, core
protein, envelope protein 1, and envelope protein 2 are
structural proteins while non-structural proteins include
p7, NS2, NS3 and NS4A, NS4B, NS5A, and NS5B.
Enzymes (non-structural protein) encoded by its genome
viz. cysteine protease (NS2), serine protease (NS3-4A),
helicase (NS3), and RNA-dependent RNA-polymerase
(N'S5B) are recruited during the replication process [21].
Signal peptide region E1 transports polyprotein to
the ER membrane. Once the polyprotein reaches the
membrane of ER, core protein is cleaved via subsequent
host cell signal peptidase (SP) SP and signal peptide
peptidase (SPP) cleavage. SP cleavage is important for
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the release of infectious viral particles from cells while
SPP cleavage helps in viral displacement to lipid drop-
lets. Owing to its cysteine proteolytic activity, NS2 is
responsible for the cleavage of NS 2-3 junction. Like-
wise, NS3-assisted cleavage separates NS4A from NS3
and NS4B that ensues the NS3-4A association which
can, in turn, modulate the cleavage of NS4B-5A and
NS5B-5A junctions. After post-translational cleavages
and polypeptide processing, non-structural HCV pro-
teins are recruited for replication of viral RNA. A key
event in this process is the formation of a negative-
strand RNA intermediate by NS5B. After replication,
the newly formed RNA molecules again go through the
mechanisms of translation and replication and are ulti-
mately packaged into capsids to form infectious viral
particles. A specialized compartment called “mem-
branous web” mainly composed of double-membrane
vesicles (DMVs) is created in the cytosol for the repli-
cation of the HCV genome. The formation of this web
is induced by viral proteins; however, the exact mecha-
nism of induction is still not completely understood
[21].

Several host-cellular factors are shown to be crucial
for the replication of the HCV genome including micro-
RNA 122, phosphatidyl-inositol-4-kinase-III (PI4KIII),
ADP ribosylation factor GTPase activating protein 1
(ARFGAP1), and cyclophilin A (CypA) [22]. MicroRNA
122 is a liver enzyme that prevents the enzymatic degra-
dation of viral RNA by attaching the Argonaute 2 enzyme
at the 5" UTR site thus stabilizing the viral genome. The
interaction between PI4KIII and NS5A has also been
shown to assist the maintenance of membranous web
structure by mediating the accumulation of phosphati-
dylinositol-4-phosphate (PI4P) in this cytosolic web [23].
Furthermore, NS5A has also been reported to interact
with CypA assisting in viral protein configuration and
folding. Interestingly, inhibition of Cyp A has been shown
to prevent the formation of double-membrane vesicles
of the membranous web. Moreover, NS5A also interacts
with ARFGAP1 for maintaining a high concentration of
P1P4P at the membranous web [24]. Additionally, some
other cellular molecules like proteins of intracellular
transport, lipids including cholesterol, and vesicle-associ-
ated membrane proteins (VAP-A and VAP-B) have also
been reported to favor the replication of HCV inside host
cells.

Another key player in favoring HCV replication and
translation is lipid droplets (LDs). LD-associated pro-
teins, TIP47, and Rab18 stimulate LD interaction with
NS5A and thus modulate viral replication [25]. Moreo-
ver, according to an ex vivo study, the presence of dou-
ble-stranded RNA molecules of HCV adjacent to LD-rich
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sites illustrates the significance of LDs for the replication
of the virus [26].

Assembly and release

Following genome translation and replication, assem-
bly and release of infectious virions take place. The viral
core proteins after undergoing SPP cleavage, are trans-
ported to LDs at which they get attached via their C ter-
minal domain. The exact mechanism of HCV packaging
and release is unclear. Consequently, different models
have been proposed regarding its assembly and release.
According to the most widely accepted model, the pack-
aging of the viral genome into the capsids takes place in
surrounding sites of LDs. Next, these nucleocapsids are
trafficked to the ER from where they acquire their glyco-
protein-containing envelope through budding. Another
model proposes that E1 and E2 glycoproteins are dislo-
cated to LD surrounding sites where viral particles get
assembled. This dislocation is shown to be modulated
by the interplay between NS2 and other viral proteins
namely E1, E2, and p7 [27, 28]. Following assembly,
HCV particles either undergo maturation or degrada-
tion depending upon their quality. Viral protein NS5A
is crucial for virion assembly since phosphorylation of
its C-terminal domain modulates viral packaging [29].
This C-terminal domain also interacts p7-NS2 complex
[30]. Likewise, NS3-4 A complex also has been reported
to be crucial for packaging HCV particles [31]. Moreo-
ver, mutations in p7, NS2, and NS5B proteins have been
shown to cause improper packaging of viral particles elu-
cidating the significance of these proteins in HCV mor-
phogenesis [32].

Mature HCV particles exit the cells via very low den-
sity lipoprotein (VLDL) secretory pathway and circulate
in the blood in close association with host lipoproteins.
Thus, a host protein required for VLDL secretory path-
way called MTP (microsomal triglyceride transfer pro-
tein) is also vital for the synthesis of infectious HCV
particles. Similarly, another host protein Y-box-binding
protein 1 (YB-1) interacts with the NS3-4A complex
and has proved to be crucial for HCV particle synthesis.
Additionally, two host enzymes namely DGAT1 (dia-
cylglycerol acyltransferase 1) and PLA2GA4 (cytosolic
phospholipase A2) are shown to play a key role in the
assembly and release of HCV [33]. DGAT1 is essential
for the interaction between viral core and lipid droplets
while PLA2GA4 makes favorable changes in fluidity and
curvature of membrane for proper assembly of HCV par-
ticles [34]. Moreover, glucosidase enzymes present in ER
of the host modulate the proper folding of viral E1 and
E2 proteins. Likewise, apoproteins (majorly apo E) have
been reported to be crucial for the synthesis of infectious
HCV particles [35]. Surprisingly, in vitro studies have
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also reported direct transfer of HCV infection from one
cell to another known as cell-to-cell contact-mediated
(CCCM) transfer for which all HCV receptors along with
actin cytoskeleton are needed. However, this process
remains unclear in vivo [36].

Therapeutic strategies

On account of the high mutation rate of this virus, no
preventative vaccine is available for the hepatitis C virus.
However, extensive research on therapeutic measures is
being done. Currently, the most commonly used antivi-
ral agents against HCV are direct antiviral drugs (DAAs)
which target viral proteins. The most widely targeted
proteins include NS3-4 complex owing to its proteo-
lytic activity and NS5B protein due to its RNA-depend-
ent RNA polymerase activity. The first DAA that was
licensed against HCV used NS3-4 complex as the target.
A study in 2019 has shown that DAAs have improved
survival rates in patients having HCV-related cirrhosis.
Chronic infections by all 6 major genotypes of HCV have
been reported to be treated safely and efficiently using
a combination of two DAAs targeting NS3-4 complex
(Glecaprevir) and NS5A (pibrentasvir) [36].

Sofosbuvir (SOF) is a very efficient and effective pan-
genotypic drug, especially for 1-4 HCV genotypes. It has
great potential to act as an antiviral agent and has suita-
ble pharmacokinetic properties [37]. This drug is safe for
consumption and there is minimal risk of drug resistance.
It is a NS5B nucleotide inhibitor that prevents the forma-
tion of HCV nucleotide (RNA) synthesis by the termina-
tion of RNA chains [38].

Likewise, another pan-genotypic drug, MAVYRET
(combination of Glecaprevir and Pibrentasvir) has been
approved by FDA in 2017 for treating chronic hepatitis
C infections. EPCLUSA (combination of sofosbuvir and
velpatasvir) is another pan-genotypic drug that has been
approved for treating adults infected with chronic HCV
infection. VOSEV], a remarkable drug which is the com-
bination of drugs from three separate antiviral groups,
have been approved in 2017 for HCV genotypes 1-6 [37].

However, genetic diversity among variants due to the
high mutation rate of HCV is a major challenge to the
broad-term efficacy of DAAs. Moreover, serious side-
effects and the development of resistance in patients are
also some of the major shortcomings of DAAs. One of
the possible reasons for this resistance could be the cell-
to-cell-mediated transferability of HCV [39].

Viral genotype assessment is required in nations with-
out pan-genotypic programs to customize medication
and provide affordable therapies [40]. The drug named
HARVONI which is a combination of ledipasvir and
sofosbuvir was approved in 2014 for treatment of HCV
genotype 1 in patients having liver cirrhosis. It is more
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effective drug as compared to traditional Ribavirin or
peg-interferone therapy. It is a non-invasive treatment
method having less side effects, high SVR rates, and the
brief length of therapy [40]. Zepatier is an excellent drug
for treatment of HCV genotypes 1 and 4 infection. It is
a combination of grazoprevir and elbasvir. It yields high
SVR rates and is favorable in terms of safety and efficacy.
Patients with liver cirrhosis can also be treated using
Zepatier [41]. Daclatasvir is an efficient antiviral agent
used for the treatment of HCV genotypes 2 and 3. It is an
inhibitor of NS5A protein. Daclatasvir is used in combi-
nation with sofosbuvir for treating HCV infections with
SVR rates of 90% in patients having cirrhosis and > 90%
for patients without cirrhosis. This drug has high safety
and tolerability properties and can effectively treat HCV
infections [42].

A combination of sofosbuvir and velpatasvir is
approved for the treatment of patients infected with gen-
otypes 5 and 6 for 4 months. High SVR rates are achieved
in case of patients receiving treatment and for those who
have not been treated before. Patients having cirrhosis
are also effectively treated using this drug [43].

Now with the advancements in tissue culture models
for HCV, host factors have also been shown to be poten-
tial targets against HCV infection that resulted in the
development of host targeting agents (HTAs). An effec-
tive way to control HCV infection is to inhibit the entry
of HCV in hepatocytes. This can be achieved by targeting
host receptors and additional entry factors. One of the
potential targets is the SCARBI receptor against which
ITX 5061 is available as HTA. However, a mutation in E2
glycoprotein has been reported as a result of long-term
use of ITX 5061, indicating the possibility of HTA resist-
ance in patients. Remarkably, neutralizing antibodies
have also been proved to be effective as in HCV clear-
ance. In addition to entry factors, other factors of host
required at later steps of HCV cycle can also be used
as targets for HTAs like CypA, apo E, miR-122, MTTP,
PI4KIIIa, and DGAT1. For instance, Avasimibe, an inhib-
itor of Apo B and Apo E secretion, is a clinically approved
HTA and can be used against all 6 major genotypes of
HCV [39]. Likewise, ASP5286, a potential inhibitor of
HCV has been discovered that targets cyclophilin [44].

The non-coding RNAs (ncRNAs) is a novel class of
potential genes that can serve as potential targets for
drug development or discovery. These genes not only
regulate the expression and functioning of normal genes
but also aid in disease progression. Understanding the
mechanism of action of these genes and their classifica-
tion can aid in designing customized therapies for the
treatment of HCV and other infections [8].

Circular RNAs (circRNA) are a subtype of non-coding
RNAs that despite their low abundance, are very stable
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molecules and are found to be associated with the pro-
gression of several diseases. In the case of HCV infection,
some circRNAs are found to be upregulated while oth-
ers are reported to be downregulated. One example is of
circPSD3 whose deregulation was found to be associated
with the pathogenesis of HCV [9]

Moreover, downregulation of circ-ZEB1.33 is found
to be associated with HCC progression. On contrary,
some circRNAs hinder the progression of HCV-related
carcinoma, e.g., circFBLIMI and circSETD3. Thus, the
potential of circRNAs as biomarkers can be evaluated by
analyzing their expression upon HCV infection [10].

Interestingly a study has reported upregulation of circ-
CMTM3 in HCC cells. This circ RNA has been shown to
regulate the expression of EZH2 and thus can serve as a
therapeutic target in HCV infection [11]

MicroRNA ‘miR-122’ is abundantly present and highly
expressed in liver cells. It facilitates the synthesis of HCV
RNA by efficiently binding with 5-UTR of HCV RNA.
Targeting this microRNA, the replication of HCV RNA
can be inhibited. Miravirsen, an anti-miR-122 is devel-
oped to prevent miRNA-122 role in promoting HCV
infection [8]. Miravirsen injections have been given to
hepatitis patients and a substantial amount of decreased
miRNA levels have been observed in the plasma of these
patients [12].

MicroRNA (MiR-155) is responsible for cancer forma-
tion due to its oncogenic potential. It causes inflamma-
tion leading to the formation of tumors at sites. The levels
of MiR-155 are upregulated in the case of hepatocellular
carcinoma. MiR-155 promotes cell migration, cell inva-
sion and cell proliferation in hepatic cells (hepatocytes)
[8].

Some other novel genes include TAF1 and HNF4A can
serve as potential biomarkers for the assessment of liver
fibrosis. These can also be targeted to design therapy
for liver treatment. The CALM2 gene levels are found
to be inversely proportional to the degree of liver fibro-
sis. Upregulation of the CALM?2 genes can be helpful for
designing liver cancer treatment [45].

A potential vaccine candidate against HCV could be
a disulfide motif of broadly neutralizing antibodies that
interacts with E2 protein [46]. Similarly, neutralizing
antibodies against the AR3 epitope of HCV have been
reported to promote viral clearance [47]. Interestingly,
it has been proposed that combinations of different
neutralizing antibodies can be an effective and broad-
term therapy against the hepatitis C virus. Moreover,
a peptide vaccine containing 6 different epitopes has
been shown to induce a very strong immune response
in mice models. Likewise, antibodies against host fac-
tor OCLN has been reported to completely inhibit
HCV infection in a mouse [48]. A study has reported
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that recombinant E1E2 glycoproteins of the HCV enve-
lope can induce an insufficient anti-body response in
humans and non-human primates [49]. In addition to
entry factors, other factors of host required at later
steps of the HCV cycle can also be used as targets for
HTAs like CypA, apo E, miR-122, MTTP, PI4KIIIa, and
DGAT1 [49].

Conclusion

During the last two decades, extensive research on
the hepatitis C virus has provided significant informa-
tion regarding its structure and life cycle that not only
revealed its molecular nature but also gave insight into
better therapeutic strategies. Although many advance-
ments in HCV treatment have been made like DAAs
and HTA s, the development of a completely effective
HCV therapy is still a challenge. Further research on
combinations of DAAs and HTAs can help in devel-
oping a better therapeutic alternative. Furthermore,
many viral and host-cellular factors involved in differ-
ent stages of the HCV life cycle have been discovered;
however, the complete mechanism is still unknown.
Extensive studies in this area would not only contrib-
ute to the knowledge concerning HCV infection but
would also help in the development of novel and mod-
ern treatment strategies against this blood-borne virus.
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