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Abstract
Hepatitis C is recognized as a major threat to global public 
health. The current treatment of patients with chronic 
hepatitis C is the addition of ribavirin to interferon-based 
therapy which has limited efficacy, poor tolerability, and 
significant expense. New treatment options that are more 
potent and less toxic are much needed. Moreover, more 
effective treatment is an urgent priority for those who 
relapse or do not respond to current regimens. A major 
obstacle in combating hepatitis C virus (HCV) infection 
is that the fidelity of the viral replication machinery is 
notoriously low, thus enabling the virus to quickly develop 
mutations that resist compounds targeting viral enzymes. 
Therefore, an approach targeting the host cofactors, 
which are indispensable for the propagation of viruses, 
may be an ideal target for the development of antiviral 
agents because they have a lower rate of mutation 
than that of the viral genome, as long as they have no 
side effects to patients. Drugs targeting, for example, 
receptors of viral entry, host metabolism or nuclear 
receptors, which are factors required to complete the HCV 
life cycle, may be more effective in combating the viral 
infection. Targeting host cofactors of the HCV life cycle is 
an attractive concept because it imposes a higher genetic 
barrier for resistance than direct antiviral compounds. 
However the principle drawback of this strategy is the 
greater potential for cellular toxicity.
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INTRODUCTION
Chronic hepatitis C virus (CHC) infects approximately 
170 million individuals worldwide and is a major cause of  
mortality and morbidity[1].

Egypt has the highest hepatitis C virus (HCV) preva-
lence in the world (overall prevalence of  HCV is 12% 
among the general population, reaches 40% in persons 
above 40 years of  age and is more in rural areas)[2,3].

HCV is an RNA virus that belongs to the family Flavi-
viridae with six known genotypes (numbered 1-6) and more 
than 50 subtypes (e.g. 1a, 1b, 2, etc)[4]. In general, the genetic 
make-up of  the HCV genotype varies by about 30%-35% 
between its different genotypes[5,6], and these differences in 
genotype are related to response to antiviral treatment.

Current treatment for patients with CHC is interferon-
based therapies with ribavirin for 24-48 wk. Unfortunately, 
a sustained virological response (SVR) is achieved in only 
42%-52% of  treatment-naïve patients, and the rest of  pa-
tients either show no response or experience a relapse when 
therapy is stopped[7], with a wide profile of  side effects.

The mechanisms underlying the failure of  interferon 
therapy are not well understood, but evidence indicates 
that in addition to viral factors, several host factors are also 
involved[8]. So, CHC patients still need a novel approach 
for treatment of  HCV infection.

A major obstacle in combating HCV infection is that 
the fidelity of  the viral replication machinery is notoriously 
low, thus enabling the virus to quickly develop mutations 
that resist compounds targeting viral enzymes[9]. Therefore, 
an approach targeting the host factors that are indispensable 
for the propagation of  viruses might be an ideal target for 
the development of  antiviral agents because of  a lower rate 
of  mutation compared to that of  the viral genome, as long 
as they have no serious side effects to patients. 

A unique aspect of  HCV that has not been observed 
in other viruses is that the entire viral life cycle is associated 
with cholesterol metabolism in host cells. Thus, drugs that 
target cholesterol metabolism might be useful for treating 
HCV infection[10]. Also, drugs targeting the host proteins 
required for HCV infection, nuclear receptor or anti-
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receptor antibodies may be more helpful in combating the 
viral infection[11] (Table 1).

INHIBITION OF VIRAL ENTRY
Anti-receptor antibodies
HCV circulates in the bloodstream in different forms; 
either free or in a complex with immunoglobulin or 
lipoprotein. Implicated lipoproteins are very-low-density 
lipoprotein (VLDL), intermediate-density lipoprotein, or 
low-density lipoprotein (LDL)[12]. HCV RNA is always 
found in at least one of  these fractions and represents 
8% to 95% of  the total plasma HCV RNA[13,14]. Entry 
into the host cell is the primary step in the HCV life cycle, 
which makes it an attractive target for antiviral therapies. 
Inhibition of  viral entry can be accomplished at the level 
of  cell receptor(s) or HCV pseudo-particles (HCVpp) 
but both approaches require an in-depth knowledge of  
interactions between host and virus[15].

Attachment and cell entry of  HCV is pH dependent 
and is a clathrin-dependent endocytic pathway[16,17]. 
Although the molecular details regarding how this virus 
enters a cell are unknown, CD81[18] and scavenger receptor 
class B type 1[19] seem to be the key receptor components 
that mediate viral entry. However, other potential receptors 
play a role in entry of  HCV such as LDL receptor[20], 
negatively charged glycosaminoglycans, and recently, Evans 
et al[21] added another molecule to the list of  HCV receptors, 
namely, the tight junction protein claudin-1 (CLDN1).

The rationale for anti-receptor antibodies as a drug 
target is based on them not being prone to the problems 
of  viral variability and high density lipoprotein (HDL) 
attenuation of  neutralizing activity[22]. 

Targeting viral receptors can be accomplished by 
various methods, including the design of  small molecules 
that bind to proteins and prevent interaction(s) with HCV. 
The crystal structure of  CD81 long extracellular loop 
enabled the design of  small molecules that bind CD81 
and prevent its association with HCV E2[23]. A recent 
presentation by Liu et al[24] identified compounds that 
displayed a dose-dependent inhibition of  HCV infection.

Scavenger receptor BI (SR-BI): SR-BI is a lipoprotein 
receptor with the highest levels found in the liver and 
adrenal glands, responsible for the selective uptake of  
cholesteryl ester from HDL[25-27]. HCV particles have been 
reported to be complexed with lipoproteins; it is possible 
that HDL interacts with HCVpp, via protein/protein or 
lipid/protein interactions[28], suggesting an indirect interac-
tion of  virus with lipoprotein receptors[29,30]. Recent studies 
have demonstrated the cell culture-derived HCV associa-
tion with VLDL containing apolipoprotein B (ApoB) and 
apolipoprotein E, supporting earlier claims of  lipo-viral 
particles in human plasma. 

Previous observations implicated SR-B1 as important 
for infection by different HCV subtypes and support 
for this hypothesis is the fact that the same SR-B1 
protein element is responsible for the recognition of  
different HCV E2 glycoproteins despite the high level of  
variability between their amino acid sequences, especially 
in the HVR1 region previously shown to be involved in 

interaction with SR-B1[19,31]. 
HCV appears to use SR-BI during cell entry not 

merely as an additional site for the viral particle entry 
but also for exploiting its physiological activity, i.e. the 
capacity to mediate lipid transfer from HDL which is 
known to facilitate the entry of  many different viruses, 
such as influenza virus, HIV, and HCV[32,33]. However, 
HCVs are many times more sensitive to HDL-mediated 
infection enhancement than other cholesterol-sensitive 
viruses. Therefore, enhancement of  viral infection might 
be dependent on the lipid exchange activity of  SR-B1[28]. 
Recently, a novel function of  SR-Bs for viral antigen uptake 
and recognition has been suggested; SR-BI may represent 

a cell-surface receptor for the recognition of  viral antigens 

and be implicated in trafficking exogenous viral antigens 
toward the MHC class Ⅰ presentation pathway. The SR-
BI-viral antigen interaction may represent a novel target for 
therapeutic or preventive strategies aiming at the induction 
of  efficient antiviral immune responses[34].

Moreover, HDL with SR-BI is the predominant 
enhancing factor in infectivity and the presence of  HVR1 
with HDL protects HCV from neutralizing antibodies 
as HDL can reduce the neutralizing effect of  anti-HCV 
antibodies[35,36]. This phenomenon might be responsible, at 
least in part, for the limited ability of  the humoral immune 
response to control HCV infection in vivo, which raises 
concerns about the efficacy of  anti-HCV antibodies for 
active or passive immunotherapy[37]. Thus, as an alternative 
to the development of  anti-HCV antibodies, one could 
consider anti-SR-B1 human MAbs or anti-CD-81 capable of  
interfering with HCV infection as potential therapeutic leads. 
Agents involved in modulating the normal hepatocellular 
processes of  lipid transport have been reported to have 
pleiotropic effects on HCV infectivity. Antibodies to 
ApoB have been shown to have antiviral activity[13,29-31,38-43]. 

Table 1  Summary of the potential treatment options of CHC 
targeting host factors and their mechanism of action

Drug Mechanism of action

Nitazoxanide Induces PKR phosphorylation
HMG-CoA reductase 
inhibitors

Disruption of HCV replication; depletion of 
geranylgeranyl lipids

Antisense RNA drugs 
targeting apoB

Blocks the assembly and secretion of VLDL, 
inhibits release of HCV particles from 
infected cells

Microsomal 
triglyceride protein 
(MTP) inhibitors

Blocks the assembly and secretion of VLDL, 
inhibits release of HCV particles from 
infected cells

Insulin sensitizer
   Metformin Insulin sensitivity by acting on hepatic AMP-

activated protein kinase
   Thiazolidindiones 
   (pioglitazone)

Insulin sensitivity by activating peroxisome 
proliferator-activated receptors (PPARs)

Debio-025 Inhibition of Cyclophilin B
NIM 811 Inhibition of Cyclophilin B
Tamoxifen, other 
anti-estrogen drugs

Potentially suppresses genome replication

Small molecules (e.g. 
receptor mimics, 
soluble intracellular 
adhesion molecule-1)

Receptor and uptake inhibition

Receptor antibodies 
(e.g. Anti CD81)
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Recent data show that BLT-4 and other inhibitors of  SR-
BI-mediated lipid transfer not only inhibit HCV entry but 
also fully restore the potency of  neutralizing antibodies in 
infection assays conducted in the presence of  HS/HDL, 
indicating an intriguing link between neutralization efficiency 
and stimulation of  cell entry[28,35]. However, it is too early 
to know whether the potential for vaccines and passive 
immunotherapy will be realized. Cholesterol-lowering drugs 
may be beneficial in patients with chronic hepatitis C by 
exerting effects on cholesterol metabolism and lipoprotein 
trafficking via SR-BI (See below).

CD81: Recently, Meuleman et al[11] showed that CD81 is 
a critical receptor for HCV infection in vivo. Prophylactic 
injection of  monoclonal anti-CD81 antibodies prevented 
infection of  human liver-uPA-SCID mice, however once an 
infection occurred, no significant difference in viremia was 
observed between anti-CD81-treated and control animals 
(irrelevant antibody). These results strongly support the use 
of  CD81 as a clinical target for HCV prevention, especially 
in the context of  orthotopic liver transplantation[11].

Modes of virus transmission
Targeting CD81, SR-BI or CLDN1 may be complicated 
by receptor-independent modes of  virus transmission. 
In general, there are two primary routes of  virus trans-
mission: cell-free and cell-to-cell. Cell-free transmission 
begins when virus is released from an infected cell and 
enters the extracellular environment. The virion can bind 
to surface-expressed receptors on naïve or uninfected 
cells, become internalized, and initiate new rounds of  in-
fection. En route from one cell to the next, the virus may 
encounter neutralising antibodies or other components of  
the immune response that may limit infection. In the sec-
ond route of  transmission, the virus spreads directly from 
one cell to another and, in doing so, may bypass receptor-
mediated attachment as well as the immune response. 

Direct cell-to-cell transmission has been observed 
with several viruses, including HIV[44], human T-lym-
photropic virus type 1[45] and vesicular stomatitis virus[46] 
and it was recently proposed that HCV may use this 
route in vitro[47]. Whether cell-to-cell HCV transmission 
occurs in vivo remains to be determined. If  this mode 
of  transmission exists in vivo, targeting cellular receptors 
alone may not be an effective antiviral therapy[48]. 

Targeting receptors as antiviral therapy may also be 
complicated by their ubiquitous expression in human 
tissue and their essential roles in cell biology.

TARGETING HOST METABOLISM
HCV seems to be not only an infectious hepatotropic virus 
but also a metabolic disease[49] with a wide area of  metabolic 
disarrangement, including lipid metabolism[50], glucose 
metabolism[51] and vitamin D metabolism[52,53]. Metabolism 
refers to all the reactions by which living things break down 
nutrients to produce energy, along with those reactions by 
which they rebuild broken-down nutrients into complex 
molecules (e.g. DNA). Many viruses, including influenza, 
HIV and hepatitis, dramatically increase cellular metabolism. 
The fields of  metabolomics and fluxomics have emerged to 

measure these patterns and to provide insight into diseases 
with a metabolic component, from diabetes to cancer to 
infectious diseases such as HCV. Many metabolic processes 
are essential to the survival of  human cells, and so are not 
candidates for research efforts that would shut them down 
in an attempt to stop viral replication. 

Host lipid biosynthesis inhibitors 
Recently, using the new fluxomic techniques, studies 
revealed that viral infection takes control of  cellular 
metabolism and drives, among other things, marked 
increases in fatty acid synthesis. Interfering with glucose-to-
fatty acid metabolism could stop viral replication, because 
fatty acid biosynthesis is not essential in adult humans. It 
does appear, however, to be essential to the ability of  HCV 
to build their envelopes, reproduce and spread. So, targeting 
of  host lipid metabolism by the existing anti-obesity 
drugs may represent a new way to block these metabolic 
changes and inhibit viral replication, and may therefore be a 
potential novel approach that could improve response rates 
to treatment[54]. There are at least two different molecular 
mechanisms representing a novel target for management 
of  HCV through the modulation of  cellular lipid and 
cholesterol metabolism. In vitro data suggest that statins, the 
widely used cholesterol-lowering drugs, may inhibit HCV 
RNA replication by depletion of  geranylgeranyl lipids[55,56]. 
It was recently demonstrated that dose-dependent strong 
antiviral effects exist for all the 3-hydroxy-3-methylglutaryl 
coenzyme A reductase inhibitors, except for pravastatin, 
in vitro. Fluvastatin exhibited the strongest antiviral activity, 
followed by atorvastatin and simvastatin[57].

Recently, Bader et al [58] reported that fluvastatin 
inhibits HCV RNA replication in patients with CHC; the 
study provided evidence that fluvastatin is well tolerated 
in patients with CHC and at relatively low doses. 

These findings, along with other data suggesting 
synergism with α-interferon, support ‘proof-of-concept’ 
for trials combining fluvastatin with standard pegylated 
interferon plus ribavirin. Cautious, prospective and 
randomized trials are needed before we can call statin 
therapy an adjuvant treatment panacea[54].

Another class of  drugs designed for treating 
hypercholesterolemia blocks the assembly and secretion of  
VLDL. These drugs may also be effective in treating HCV 
infection because they inhibit release of  HCV particles 
from infected cells[59]. In this regard, antisense RNA drugs 
targeting apoB[60] and several microsomal triglyceride 
protein (MTP) inhibitors[61,62] have already been tested 
in clinical trials because of  their ability to block VLDL 
secretion, thereby lowering the plasma levels of  VLDL 
triglycerides and LDL cholesterol. Long-term treatment 
with MTP inhibitors led to the toxic accumulation of  
fat in livers[61,62], thus hampering the approval of  these 
drugs for the treatment of  hypercholesterolemia on a 
long-term basis. However, short-term treatment (up to 
several weeks) reduced the plasma level of  VLDL with 
only minor adverse effects, which disappeared after 
drug discontinuation[61]. It will be interesting to examine 
whether short-term treatment with MTP inhibitors is 
beneficial in treating HCV infection (Figure 1).
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Cyclophilin B inhibitors 
Another host cel l factor involved in HCV RNA 
replication is the human protein cyclophilin B protein 
which interacts with the C-terminal region of  NS5B and 
appears to stimulate its RNA binding activity[63]. The 
cyclophilin B inhibitor Debio-025 potently suppresses 
genotype 1 HCV replication in vivo[64]. 

Insulin resistance 
Insulin resistance emerges as a very important host 
factor in patients with CHC, mainly because it has been 
related to steatosis development, fibrosis progression 
and non-response to peg-interferon plus ribavirin[65]. 
Insulin resistance is the main pathogenic factor in the 
development of  steatosis in chronic hepatitis C; both viral-
induced insulin resistance and metabolic insulin resistance 
could be implicated in the development of  steatosis[66].

Insulin resistance, calculated by the homeostasis 
model assessment (HOMA), has been found to be 
one of  the most important host factors related to the 
impermanence of  virological response to combined 
therapy in chronic hepatitis C patients[67].

Recently, obesity has been identified as a modifiable 
host factor associated with a lower SVR. An elevated BMI 
is associated with reduced insulin sensitivity and HCV 
treatment outcome. This observation has led experts to 
suggest that managing insulin resistance might improve 
hepatitis treatment outcome and that insulin resistance 
seems to be a new target in the management of  hepatitis C.

The rationale of  increasing insulin sensitivity in patients 
with chronic hepatitis C is based on the premise that insulin 
resistant state directly or indirectly inhibits the antiviral 
action of  interferon (IFN)-α-β, or increases the viral fitness 
making it more resistant to therapy, or both[8,68]. Since HCV 
appears to directly interfere with the glucose homeostasis, 
several studies have tried to analyze in detail the potential 
interactions between viral products and insulin signaling. 
Experimental data suggest a direct interference of  HCV 

with the insulin signaling cascade via proteasome degradation 
of  the insulin receptor substrates-1 and -2[69,70]. HCV may 
also impair insulin signaling transduction indirectly, that is, 
through increased levels of  proinflammatory cytokines such 
as tumor necrosis factor (TNF)-α[71,72]. The interference 
with insulin signaling seems to proceed via HCV genotype-
specific mechanisms and insulin resistance levels vary 
according to the infecting HCV genotype, although all 
genotypes induce insulin resistance. Interestingly, intracellular 
factors dysregulated by HCV and responsible for the insulin 
resistant phenotype may play promiscuous effects as they 
are also involved in regulating IFN-α signaling (Figure 2). 
These factors include some members of  the suppressor 
of  cytokine signalling (SOCS) family[69,70,73] and the protein 
phosphatase 2A[74]. Thus, modulating the levels and/or 
the activity of  these factors may not only reverse hepatic 
insulin resistance but also help in establishing the IFN-α-
induced antiviral state at the site of  HCV replication. This 
is one of  the reasons for trying to restore insulin sensitivity 
in chronic hepatitis C patients, especially those who failed to 
respond to therapy. Although increasing insulin sensitivity 
may be a rational option in chronic hepatitis C patients, 
especially in those with metabolic syndrome, the modalities 
of  this intervention, however, have not been established. In 
addition, it is unclear whether one should start the antiviral 
treatment together with the insulin sensitizer or only 
once the HOMA-IR score has been decreased to a level 
predicting sufficient SVR rate[67].

However, specific inhibitors of  SOCS family members 
and of  the protein phosphatase 2A are either not suitable 

Gernyl-gernyl
transferase enzyme 

inhibitors

Sta
tin

s

HMG-CoA
 re

du
cta

se

inh
ibit

orsGernyl-gernyl
protein 
(FBL2)

HCV
NS5A

HCV
replication

HCV
release

VLDL
+

HCV

LDL HDL

CD81SRB-1LDL-R

Acet
yl-

CoA

HMG-CoA

Cholesterol

Forsenyl

Gern
yl-

ge
rny

l

tra
ns

fer
as

e Ⅰ
Mevalonic

acid

Gernyl-gernyl
lipids

2

2

2

1

3

4

MTP

FXR

ER
PPAR

?

Figure 1  Possible sites targeting host factors as a novel antiviral 
treatment. (1) Inhibition of HCV entry by anti-receptor antibodies; (2) 
Interference with the host metabolic factor involved in HCV replication; (3) 
Modulation of nuclear receptors involved in HCV replication; (4) Inhibition of 
HCV release. LDL-R: Low density lipoprotein receptor; HDL: High density 
lipoprotein; VLDL: Very low density lipoprotein; SRB-1: Scavenger receptor 
B1; FXR: Farnesoid X receptor; ER: Estrogen receptors; MTP: Microsomal 
triglyceride protein; HMG-CoA: 3-hydroxy-3-methylglutaryl coenzyme A.

Khattab MA. Host factors and HCV management                                                                                          3475

Oligoadenylate synthetase OAS (inactive)

Oligoadenylate synthetase OAS (active)
(multiple forms: nuclear and cytoplasmic)

2',5'-oligo 
adenylic acid (2, 5A)

ATP
AMP

RNA degradiation

?? Insulin
resistance

dsRNA
ssRNA

IFN Glucose

MxA
5',2'OAS

PKR
GLUT4

AKT

PI3K

IRS-2

PA
2A

SOCs

ST
AT

1

ST
AT

2

ST
AT

1
ST

AT
2

P P

P

P

Jak1Tyk2

IFNAR-1 IFNAR-2

IFN-α Insulin

Figure 2  Interaction between insulin and interferon-alfa signaling 
pathway. SOCs: Suppressor of cytokine signaling; PA2A: Protein phosphatase 
2A; PI3K: Phosphatidil-Inositol 3-kinase; JAK: Janus kinase; STAT: Signal 
transduction and activator of transcription; TYK2: Tyrosine kinase 2; Dotted 
lines: Represent inhibition; Continuous lines: Represent activation.



www.wjgnet.com

for in vivo administration or are toxic. Alternatively, 
increasing insulin sensitivity may be achieved by modulating 
serum levels of  specific cytokines, such as TNF-α, 
associated with insulin resistance[71,72], but the administration 
of  anti-TNF-α antibodies to chronic hepatitis C patients 
may be risky[75]. Insulin sensitizers not only increase 
insulin sensitivity but may also inhibit HCV replication 
by decreasing serum free fatty acid flow to hepatocytes; 
saturated and monounsaturated free fatty acids have indeed 
been shown to stimulate HCV replication in an in vitro 
model[57]. It is not clear whether the best approach would be 
using a thiazolidindione, activating peroxisome proliferator-
activated receptors (PPARs) (see below), or a biguanide such 
as metformin, whose mechanism of  action is specifically 
directed to the hepatic AMP-activated protein kinase.

Recently, metformin-based triple therapy has been 
shown to be safe, improving insulin sensitivity and 
increasing SVR rate by 10% in patients with hepatitis C 
genotype 1 and insulin resistance (HOMA > 2). This 
therapy was especially effective in females in whom 
metformin significantly raised the SVR rate[76].

NUCLEAR RECEPTORS
PPAR receptor
The PPARs are nuclear factors (amongst others) involved 
in the regulation of  glucose homeostasis. In addition to 
the direct effects on factors involved in lipid and glucose 
homeostasis[77-81], PPARs may have insulin sensitizing effects 
via their anti-inflammatory activity[82,83]. Thus, treatment 
with PPAR agonists results in improved insulin sensitivity 
via diverse mechanisms, both direct and indirect, and both 
at the level of  the liver and at the level of  extrahepatic 
tissues[77]. The relationship between HCV replication, 
protein expression and PPARs has been the focus of  some 
recent studies. However, the data available so far are quite 
scanty and concern only the HCV genotype 3a[77].

In a recent randomized, double-blind, placebo-controlled 
study, adding concurrent (PPAR-γ agonist) pioglitazone  
30 mg QD to the standard of  care (i.e. without a preceding 
administration as monotherapy) markedly increased the on-
treatment virological response, but failed to increase the 
SVR after the end of  treatment[84]. In a related but smaller 
and shorter study, another research team reported that 
pioglitazone given as an adjuvant to pegylated interferon/
ribavirin in HCV genotype one patients improved viral 
kinetic response during the first 4 wk of  therapy[85]. 

Also, in a recent study, the level of  PPARα mRNA 
was found to be profoundly suppressed in the liver of  
chronic hepatitis C patients (about 85% compared to 
control livers)[86]. The suppression of  PPAR-α leads to the 
upregulation of  nuclear factor (NF)-κB. NF-κB has been 
shown to accelerate virus replication[87], and it has been 
speculated that activation of  PPAR-α with subsequent 
NF-κB suppression leads to decreased HCV replication 
in hepatocytes[88]. Given the availability of  potent agonists, 
PPARs may represent a novel pharmacological target in the 
treatment of  liver lesions observed in chronic hepatitis C.

Farnesoid X receptor (FXR)
The bile acid receptors were found to play a role in 

bile acid-mediated promotion of  HCV replication[89]. 
Fur ther more, i t was d iscovered that b i le ac ids 
compromised the anti-HCV effect of  IFN in the cells. 
These findings suggest a mechanism for persistent 
infections of  HCV in hepatocytes and for the failure of  
IFN-based treatment for certain HCV patients[89,90]. These 
data suggest a novel mechanism for bile acid-mediated 
gene regulation at virus and host levels. Importantly, these 
data may contribute to the finding of  better regimens for 
the treatment of  chronic HCV infections by including 
agents altering the bile acid-mediated FXR pathway[89].

Estrogen receptor (ESR)
ESR belongs to the steroid hormone receptor family of  
the nuclear receptor super family. There are two different 
forms of  the estrogen receptor, usually referred to as 
α and β, each encoded by a separate gene[91]. The novel 
role of  ESR α in regulation of  HCV replication has been 
recently reported[92]. Tamoxifen and other anti-estrogens 
suppress genome replication, as part of  ESR resides on 
the endoplasmic reticulum and interacts with HCV RNA 
polymerase NS5B, so ESR is suggested to serve as a 
potential novel target for anti-HCV therapies[92].

OTHER PRINCIPLES
Nitazoxanide
Nitazoxanide is an oral prodrug of  a thiazolide (tizoxanide), 
and was approved for the treatment of  protozoal infec-
tions[93]. In addition to having antiprotozoal and antibacte-
rial activity, nitazoxanide coincidently was discovered to 
inhibit HCV replication[94] through a recently identified 
host-mediated mechanism of  action. The antiviral mecha-
nism of  action of  nitazoxanide appears to be different 
from the mechanism of  action of  nitazoxanide in pro-
tozoa and anaerobic bacteria. Recent studies suggest that 
nitazoxanide and other thiazolides selectively induce PKR 
phosphorylation, which leads to increased cell concentra-
tion of  phosphorylated eIF2, a naturally occurring antiviral 
intracellular protein (Figure 3)[95]. This mechanism of  ac-
tion is only triggered when a cell is infected with HCV 
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while nitazoxanide has no effect in uninfected cells, which 
provides a possible explanation for its very low rate of  
toxicity. 

Furthermore, nitazoxanide does not appear to induce 
antiviral resistance, based on an attempt to produce a resis-
tance to nitazoxanide and tizoxanide in HCV replicon-con-
taining cell lines[96]. With serial exposure to nitazoxanide 
or tizoxanide, direct HCV viral resistance did not emerge, 
suggesting that the genetic barrier to the development of  
resistance to nitazoxanide is high. The drug has been re-
cently studied in combination with the standard of  care in 
96 treatment-naive patients in Egypt infected with geno-
type 4 HCV infection. The combination of  nitazoxanide, 
peginterferon α-2a, and ribavirin increased the percentage 
of  patients with rapid and sustained virologic responses, 
compared with patients given peginterferon plus ribavirin, 
without an increase in adverse events[97].

Nitazoxanide, a novel protein kinase inducer, has 
the potential not only to increase the SVR rate but also 
potentially to shorten the duration of  therapy.

In summary, the suboptimal response to the currently 
available standard therapy has led to an extensive search 
for novel therapies with new therapeutic approaches. 
Targeting host cofactors of  the HCV life cycle by dif-
ferent strategies (inhibition of  viral entry, targeting host 
metabolism, nuclear receptors and other principles) may 
be a novel rational option, especially because they impose 
higher genetic barriers for resistance than direct antiviral 
compounds. However, the principle drawback of  these 
strategies is the greater potential for cellular toxicity.
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