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Abstract Over the course of time, Hepatitis C has
become a universal health menace. Its deleterious effects
on human liver encompass a lot of physiological, genetic as
well as epigenetic alterations. Fatty liver (Hepatic steatosis)
is an inflammation having multifactorial ancestries; one of
them is HCV (steatohepatitis). HCV boosts several cellular
pathways involving up-regulation of a number of cytokines.
Current study reviews the regulation of some selective
key cytokines during HCV infection, to help generate an
improved understanding of their role. These cytokines,
IL-1p, IL-6, TNF-a, and IFN-Y, are inflammatory mark-
ers of the body. These particular markers along with oth-
ers help hepatocytes against viral infestation. However,
recently, their association has been found in degradation
of liver on the trail heading to non-alcoholic steatohepati-
tis (NASH). Consequently, the disturbance in their equilib-
rium has been repeatedly reported during HCV infection.
Quite a number of findings are affirming their up-regula-
tion. Although these cell markers are stimulated by hepato-
cytes as their standard protection mechanism, but modern
studies have testified the paradoxical nature of this defense
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line. Nevertheless, direct molecular or epigenetic research
is needed to question the actual molecular progressions and
directions commanding liver to steatosis, cirrhosis, or even-
tually HCC (Hepatocellular Carcinoma).
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Introduction

The World Health Organization estimates that every year
3-4 million people get infected with hepatitis C virus
(HCV) worldwide. Whereas 130-170 million of chroni-
cally infected individuals are at a risk of developing liver
cirrhosis, hepatocellular carcinoma (HCC), or both. These
infections lead to more than 350 thousand deaths per
annum [1], but the manifestation varies widely with geo-
graphical deviations. The prevalence is as low as 0.1-1% in
northern Europe to 2.5-3.5% in southern Europe. Amongst
worst effected countries is Egypt, with 22% of its popula-
tion infected, then come Pakistan and China, with more
than 3% of their population infected with HCV [1].

HCV belongs to genus Hepacivirus [2], resembling the
Flaviviridae family of viruses [3]. Its size ranges between
50 and 60 nm in diameter. A lipid bilayer envelope sur-
rounds a capsid. The viral envelope bears E1 and E2 gly-
coprotein complex that plays a fundamental role in viral
and host cell interaction. Viral genome is a single stranded
positive sense RNA molecule, comprised of 9600 nucleo-
tides, encoding a 3000 amino acid polyprotein, which is
post-translationally modified into three structural pro-
teins and six non-structural proteins. Structural proteins,
Core, E1, and E2, make the capsid and the envelope, while
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non-structural proteins, NS2, NS3, NS4A, NS4B, NS5A,
and NS5B, are the building blocks for the particle and play
the vital role as genome replicating proteins [3].

Steatohepatitis/hepatic staetosis or more commonly fatty
liver frequently causes elevation of serum aminotransferase
levels and is commonly prevalent in general population [4].
This hepatic ailment is considered a consequence of meta-
bolic syndrome, whose major underlying factor is insulin
resistance, which in turn is a sequela of hyper-triglyceri-
daemia, obesity, and diabetes mellitus. Alcohol abuse and
chronic HCV infection may also lead to hepatic steatosis.
Hepatic steatosis without excessive alcohol consumption is
termed non-alcoholic fatty liver disease (NAFLD). NAFLD
further comprehends a range of diseases from simple stea-
tosis to Non-Alcoholic Steato-Hepatitis (NASH). NASH
may lead to development of liver fibrosis and cirrhosis [5].
The only way to cure non-alcoholic steatohepatitis (NASH)
is to achieve weight loss and modification of risk factors,
such as dyslipidemia, insulin resistance, and hyperglycemia
associated with metabolic syndrome [6].

Since ~50% HCV patients develop hepatic steatosis,
chance alone cannot be expected to cause this association,
thus suggesting some germaneness [7]. Hepatitis B can be
another cause of hepatic steatosis, but this association is
seen only in ~18% of the cases [8], which is a profoundly
smaller percentage. The HCV and hepatic steatosis associa-
tion is a multifactorial link. While so-called ‘metabolic ste-
atosis’ is the metabolic syndrome, whose features are con-
nected with hepatic steatosis in HCV patients [9]. However,
this may occur in the absence of these factors, just through
HCV itself, a ‘viral steatosis’. Such steatosis is often linked
to HCV genotype 3 infections [7]. HCV genotype 3a has
direct association with high intrahepatic viral levels of
hepatic steatosis, while other genotypes are involved with
metabolic syndrome in NASH patients [10].

Most of the types of liver cells, along with virtually all
nucleated cells of the human body produce pleiotropic reg-
ulatory peptides, the Cytokines [11, 12]. There are quite a
few subfamilies of the cytokine family. These include inter-
leukins, interferons, tumor necrosis factor (TNF) family,
IL-6 and its relatives, colony stimulating factors, transform-
ing growth factor, the chemokines, such as IL-8, and others
[13]. Production of these autocrine, paracrine, and endo-
crine effector molecules is absent or minimal during nor-
mal body functioning in most of the body tissues, includ-
ing liver. However, as the cells are activated by pathologic
or physiologic stimuli or both, the cytokines production
increases and they coordinate the tissue’s response to the
stimulus [11, 12].

Cytokines in liver mediate its regeneration after any
injury [14]. These contribute to upregulation or down-
regulation of cytokines production by monocytes/mac-
rophages at the site of inflammation [15]. However, there
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is increasing evidence that paradoxically these same
cytokines mediate inflammation in liver, cell necrosis
and apoptosis, fibrosis, and cholestasis [13] This review
covers the functioning of four selected cytokines, i.e.,
Interleukin-1p (IL-1f), Interleukin-6 (IL-6), Tumor Necro-
sis Factor-a (TNF-a), and Interferon-Y' (INF-Y), during
non-inflammatory conditions and alterations in their regu-
lation under the effect of HCV-induced NASH (Fig. 1).

Selective cytokines operative and HCV-induced
regulatory alterations during NASH

IL1p

Almost every tissue and organ system is affected by the
polypeptide cytokine interleukin-1 (IL-1a and IL-1p) [16].
IL-1p participates in regulation of immune responses,
inflammatory reactions, and hematopoiesis. IL-1p is
involved in activation of various pro-inflammatory genes
expression that includes autocrine production of IL-1 by
binding to IL-1 receptor type L. It itself is produced as a
precursor and develops to its mature form by specific cel-
lular proteases. The precursor molecule is cleaved by
caspase-1 to its activated mature form [11, 17]. Genetic
polymorphism of IL-1p gene is linked to susceptibility of
various diseases, including periodontal disease, inflamma-
tory bowel disease, and gastric cancer [18].

IL-1P shows response in viral diseases in both acute and
chronic inflammation [19, 20]. It is produced in response
of pathogen associated molecular pattern (PAMP) motifs
inside macromolecules that are accumulated during micro-
bial infection [21, 22]. Active form of IL-1f is produced by
two signals, first signal activates NF-kB (Nuclear Factor-
kappaB) and induces IL-1 mRNA expression, and second
signal activates NOD like receptor (NLR) for downstream
cleavage of caspase-1 and production of biological active
cytokine by processing of prolL-1p [23, 24]. During viral
infection, production of IL-1p is induced by inflammasome
signaling. Flaviviruses that include Hepatitis C Virus, Japa-
nese Encephalitis Virus and West Nile Virus activate pro-
duction of IL-1p through NLRP3 inflammasome pathway
[25]. Its autocrine nature and HCV-induced activation is
depicted for the sake of general understanding in Fig. 2a.

Although IL-1p is involved to activate expression of
pro-inflammatory genes, recruitment of immune cells to
the infection site, and modulation of in-filtering cellular
immune effector actions, but inside the liver, range of IL-1
responsive genes is not clear yet [26]. IL-18 might have its
potential role in HCV pathogenesis by having the ability to
promote tissue pathogenesis and to induce pro-fibrogenic
mediators production [27, 28]. T cells and macrophages
(Kupfter cells) are main sources of IL-1p production and
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levels of IL-1p increase during chronic hepatitis. HCV-
related liver diseases have higher level of IL-1p as com-
pared to other liver diseases, and IL-1f polymorphism
has a link to progression of HCC [29]. Serum IL-1f and
IL-6 can be used as markers for HCV-infected liver disease
progression [30]. During HCV infection elevated levels
of c-myc expression, oxidative DNA damage and IL-1p
release are associated with development of cirrhosis [31].
IL-1o and IL-1p might have a significant role in conversion
of steatosis to steatohepatitis and liver fibrosis [32].

In human hepatoma cells, IL-1 has direct antiviral activ-
ity through activation of Extracellular signal-regulated
kinases- mitogen-activated protein kinases, ERK MAP
kinase pathway. Potential antiviral activity of IL-1 could
be administered, as anti-viral treatment to chronic HCV
patients having IFN resistance [33]. Major target for IL-
1-mediated inflammation is endothelium. Systemic IL-1
triggers its receptors and activates production of pros-
taglandin E, neutrophil release from bone marrow and
production of IL-6. IL-6 induction by IL-1 accounts for

N

Alcoholic
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thrombocytosis and hepatic acute-phase protein (APP) syn-
thesis [34]. High levels of IL-1f in serum and liver inhibit
IFN-o/p-activated signals and antiviral activity results
in reduction of therapeutic responses to IFN-a in chronic
HCV infected patients by suppressing Signal Trans-
ducer and Activator of Transcription 1 (STAT1) activity
in a proteosome-dependant approach [35]. Studies have
shown that TNFa, IL6, and IL1b are upregulated in NASH
patients, which are involved in hepatocyte apoptosis, Mal-
loray—Denk bodies, and hepatic insulin resistance [36].

IL-6

IL-6 plays a central role as a distress cytokine during
inflammation in body. It is the key cytokine in liver which
makes dramatic amendments to the synthesis of a number
of APP proteins [37-39]. Being a multifactorial cytokine,
it is not only involved in inflammation responses of
body but in a varied range of cell functions, such as cell
survival, apoptosis, and proliferation etc [40]. During
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Fig. 2 Schematic representation of HCV-induced regulatory altera-
tions of IL-1p, IL-6, TNF-a, and IFN-Y" and their autocrine feed-
back, leading to production of these cytokines and their deleterious
effects in taking liver to Non-Alcoholic Steatohepatitis (NASH) and
Hepatocellular Carcinoma (HCC). HCV enhances the normal body
production of inflammatory cytokines, through positively influencing
different receptors and mediators of our immune system cells. This
over expression gives rise to anti-viral responses. At the same time,
these cytokines lead liver to degeneration, taking it through Hepatic

Hepatitis C infection, the production of IL-6 along with
interferon beta, from B cells is immensely increased.
These events follow a strong activation of TLRs (Toll-
like Receptors). TLRs are actually trans-membrane pro-
teins which detect and respond to microbial ligands, act-
ing as pattern recognition receptors. TLR4 is one member
of the family, triggering IL-6 production [41]. TLRs acti-
vate NF-xB [42], which in turn triggers IL-6 production
by binding the promotor region of IL-6 gene [43]. Being
autocrine in nature, IL-6 can help self-production through
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steatosis, liver fibrosis, cirrhosis and ultimately HCC. a IL-1p Recep-
tor induces the production of IL-1 in macrophages through a series of
events, ultimately involving inflammasome and caspase-1 giving rise
to IL-1p precursor. This production is further enhanced by HCV. b—d
HCYV induces production of IL-6, TNF-a, and IFN-Y through induc-
ing Toll-Like Receptors, TLR, in different immune cells; stimulating
their pro-inflammatory production. Once stimulated, these cytokines
keep their production going through autocrine inductions, which
involves JAK-STAT pathway in most cases

binding to a heterodimeric complex, IL-6R/gp130 com-
plex, present on surface of active B cells, as well as
number of other cells [44]. This heterodimer triggers an
activation process of different cell modulators, such as
Janus Kinases (JAK), and the effectors downstream, such
as Phosphatidylinositol-3-Kinase and Protein Kinase B
(PI3K/Akt), STAT3, and SH2-domain-containing protein
tyrosine phosphatase-2/Ras (SHP-2/Ras) [40]. This JAK-
STAT?3 pathway keeps the production cycle going [45], as
evident in Fig. 2b.
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It was implicated earlier that IL-6 along with one of
its major effectors, STAT3, are pro-tumorigenic agents in
a variety of cancers [46]. It is a key cytokine to regen-
erate liver after liver injury [14, 47-49]. However, if its
signaling goes uncontrolled, several chronic diseases,
such as liver fibrosis, are triggered and maintained [50],
thus emphasizing a need of effective signal termina-
tion mechanisms along with signal initiation processes
[51]. The signal termination is acquired through several
counter-balancing mechanisms. These include the pro-
tein inhibitor of activated STAT3 (PIAS3) and the pro-
tein tyrosine phosphatase SHP2, but the critical negative
signaling component is Suppressor of Cytokine Sign-
aling 3 (SOCS3), induced by IL-6 itself as a feedback
inhibitor. Transitory IL-6 signal transduction termina-
tion is achieved through rapid and short lived induction
of SOCS3. SOCS3 binds to phosphotyrosine-759 of acti-
vated gpl130 in IL-6R/gp130 complex and inhibits JAK
activity. This inhibition further prevents the activation of
above-mentioned signaling components through termi-
nating their phosphorylation [52].

IL-6 role in insulin resistance has not been much investi-
gated, though it is secreted by adipocytes and adipose stro-
mal cells also, along with many others [53, 54]. This pro-
duction increases notably after meals [55]. IL-6 along with
TNF inhibits Lipoprotein lipase (LPL) expression but does
not stimulate lipolysis, which TNF does [56, 57]. While
studies rendering IL-6 and insulin resistance linkage have
shown an increase in adipocytes secretion of IL-6 in obese
[58] and diabetic objects [59].

HCYV has been reported to induce inflammation through
a significant raise in serum IL-6 levels in chronically
infected HCV patients [60]. These increased serum levels
were also observed during alcoholic hepatitis as well as
chronic hepatitis B and C that lead to further development
of HCC. IL-6 itself signals promotion of HCC [61]. This
role of inflammatory pathways in developing HCC was also
observed by Park et al. They established that obesity pro-
moted HCC has its roots in IL-6 and TNF signaling [62].
Similar results were found while working with immortal-
ized human hepatocytes (Human hepatocarcinoma cell
line-Huh 7). Significant upregulation of IL-6 and STAT3
was observed after induction of Huh 7 cultures with HCV
core protein [63].

IL-6 expression level elevation in objects during
NAFLD and NASH has been recurrently reported in dif-
ferent studies [64—67]; however, Lima-Cabello et al. have
reported that level of upregulation of IL-6 and TNF-a is
higher in steatotic objects as compared to objects having
hepatic steatosis [64]. Similar findings of increased IL-6
expression during NASH have been reported in different
studies conducted on humans as well as transgenic animal
models [65, 68, 69].

TNF-o

During acute phase inflammatory response, TNF-a along
with other cytokines is produced to activate endothelial
cells and leukocytes. In many inflammatory diseases, such
as osteoporosis, cachexia in cancer patients, chronic rheu-
matoid arthritis, and viral hepatitis, dysregulation of TNF-a
levels is observed [70, 71]. TNF-a might be key player in
both cell death and cell proliferation. Studies have shown
that TNF-a promotes hepatocyte proliferation rather than
their death when it is administrated to animals or incubated
with hepatocytes in vitro [72]. Antibody neutralization
studies and experiments with TNF type I receptors defi-
cient mice have revealed that TNF has a role in initiation of
regenerating liver tissues by activation of type I TNF recep-
tors, followed by partial hepatectomy, an offend of liver tis-
sues that causes increased production of TNF-a [14, 73].
TNF-a, cytokines that regulate TNF and cytokines involve
in altering synthesis and biological events of TNF mediate
a variety of aspects of liver damage and repair. Therefore,
cell death is not a usual result when hepatocytes experience
to TNF-a and it indicates that during liver injury or dam-
age, normal hepatocytes response to TNF-a in a destabi-
lized manner. TNF-a has not only role in initial stages of
fatty liver disease, but it is also involved in evolution of
advanced stages of liver injury [13].

TNF is type II protein which upon proteolytic cleav-
age produces a soluble homotrimer of 17 kDa. TNF yields
its function by interacting with one of its receptors: type I
(p55) and type II (p75), which are present on various cell
types, including hepatocytes [71]. TNF—« signal is trans-
duced by activation of transcription factor NF-kB that
results in activation of various genes involved in cell pro-
liferation and death, inflammation, and cancer [74]. Mac-
rophages and monocytes primarily produce TNF as well
as lymphocytes; endothelial cells, fibroblasts, and neurons
also produce TNF-a. In liver, macrophages and Kupffer
cells are its main source [75]. Although hepatocytes com-
prise major part of liver (~60-80%), they only produce it
during chronic Hepatitis C virus infection [76].

Several gene expression mechanisms regulate the levels
of TNF-a. In response to stimuli, TNF-a mRNA induction
takes place, and then, it is rapidly degraded. First, induction
of TNF-ao mRNA is regulated by transcription of NF-kB.
Second, cis control elements: a cluster of AU-rich elements
(ARES) located in the 32-untranslated region (32°UTR) sta-
bilize and regulate mRNA [77]. ARE motifs are frequently
found in 32'UTR of inducible genes, such as chemokines
and inflammatory cytokines [78]. Third, TNF-o« mRNA
stability is regulated by RNA binding proteins by binding
to the ARE in 32'UTR [79]. In an autocrine response, TNF
receptors, TNFR1 and TNFR2 present on macrophages
receive TNF-a [80] which keeps the cycle going for itself
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through activating NF-kB, [81] until negative regulation.
This attribute is portrayed briefly in Fig. 2c.

Some experimental studies have shown that endotoxin-
mediated release of cytokine has a role in development of
liver damage in NASH; Yang et al. demonstrated that dur-
ing severe steatosis, obese mice showed more sensitivity
to endotoxin than lean ones. They also showed that TNF-«
and interferon gamma might have role in liver injury [82].
Studies have reported that TNF receptor deficient mice
showed complete protection from alcoholic induced steato-
hepatitis, which reveal the significance of TNF-« in inflam-
matory stages of fatty liver disease [83]. In obese leptin
deficient mice, metformin plays a role in reversion of fatty
liver disease by adopting a mechanism that inhibits expres-
sion of TNF-a and TNF-inducible factors that are involved
in adenosine triphosphate depletion and hepatic lipid accu-
mulation [84]. NASH patients with significant fibrosis are
associated with elevated level of TNF-o mRNA expression.
Over expression of TNF-a mRNA in liver and adipose tis-
sues, and increased level of p55- mRNA in NASH patients
demonstrate that TNF-a system may be involved in patho-
genesis of NASH [85].

INF-Y

The interferons, a, B, and Y, are the extracellular signaling
proteins (ESPs) that bind with cellular receptors at cell sur-
face, to play role in activating previously quiescent genes
at transcriptional levels-the epigenetic interaction. Some
structurally unrelated ESPs remain successful in rapidly
activating some of the genes [86-92], while some other
activator specific genes require specific ESPs for their rapid
activation [89, 93]. Intra cellular pathogens resistance and
mediator activation are mediated principally by INF-Y', the
lymphokine [94].

Certain T-cell-derived cytokines are further classified
as T-helper type-1 (Thl) and T-helper type-2 (Th2), on the
basis of their production pattern. IFN-Y and IL-2 are Thl,
while IL-4 and IL-10 are Th2 [95]. IFN-Y along with oth-
ers performs a wide range of regulatory functions, signal-
ing for activating and promoting growth and differentiation
of T-lymphocytes, granulocytes, macrophages, and Natural
Killer Cells (NK) are few of them [96-98].

IFN-Y is produced by a number of different cells, and
these include T cells-CD4 or CD8+, NK, and NKT cells.
Its receptor is a heterodimer of IFN-YR1 and IFN-YR2.
The control of microbial infection is achieved through
mutation in the receptor or the cytokine itself. Several
viruses interfere with its receptor signaling by encoding
proteins specific for this task, thus indicating its impor-
tance in viral infection cycles. Its role in adaptive immune
response is as vital. CD8+4+T cell activity is highly
affected by IFN-Y, as it induces immunoproteasome,
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TAP (Transporter associated with antigen processing) and
MHC (Major histocompatibility complex) class I expres-
sion. These inductions lead to increased visibility of
intracellular pathogens to the adaptive immune response.
These “positive looking” effects though actually suppress
the CD8+T-cell activity. IFN-Y-treated T cells show
increased apoptosis and reduced proliferation. It directly
acts on these cells to control their abundance [99]. Viral
induction of TLR leads to activation of NFkB and API,
which along with a lot many other cytokines stimulate
IFN-Y production [100]. Once initiated, the supply goes
on by autocrine self-production. This is achieved through
binding with IFN-YRI, IFN-YR2 complex, involving
JAKI1, JAK2, and finally activating STAT1 homodimer to
elicit transcriptional response [101]. A simplified illustra-
tion can be seen here in Fig. 2d.

Kusters et al. have studied that IFN-Y" plays its role in
mediating liver injury along with other cytokines, such as
TNF [102]. It is also an important factor in other immune
responses and also in inflammatory diseases, such as
chronic HCV [103]. IFN-Y along with other immunoregu-
latory cytokines, IL-2, IL-4, and IL-10, are particular mod-
ulators in HCV infection and host immune responses [95].
IFN-Y producing cells has been found localized in liver of
chronic hepatitis B patients as well [104] quite a number of
other studies have got similar findings [105, 106], leading
to its widely known establishment as an anti-viral agent.
These finding are not different than studies conducted on
HCV in this regard. Cacciarelli et al. have found signifi-
cant raise of IFN-Y" in serum of HCV patients as compared
with normal controls [107]. Similar findings by Tilg et al.
regarding IFN-Y" have suggested its role in viral-induced
liver inflammation [70]. In vitro studies conducted on HCV
genomic and sub-genomic replicons also supported these
findings. The protein synthesis as well as RNA replication
of these particles is prohibited by IFN-Y. This study has
shown that IFN-Y" produced by cytotoxic T cells and NK
cells is an extra defense mechanism to enhance the intracel-
lular viral replication inhibition along with their cell killing
accomplishments [108]. Although this NK cells mediated,
IFN-Y production raise is not the case with all viral infec-
tions [109].

Different studies conducted in vitro [110] and clinical
[111] demonstrate an increase in NK cells fashioned Thl
cytokines production in liver during obesity. This leads
to hepatic steatosis [112], NASH and eventually HCC
[113]. Bertola et al. have reported an antagonistic relation
between pro-inflammatory IFN-Y and Th2 cytokine IL-10
genes regulation during NASH, with IFN-Y upregulated
remarkably [114]. Increased IFN-Y production during stea-
tosis and NASH has been reported in a number of studies
illustrating a shift of NK cells towards Thl cytokine pro-
duction [111, 115, 116].
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Conclusions and future perspectives

Our understanding of viral detection through innate immune
system and corresponding antiviral responses has immensely
increased during the past decade. We have gained better dis-
cernments in the functioning and effects of cytokines as host
defense mediators against inflammation. A number of over-
lapping and intersected pathways have been generated by the
host in order to defy viral attack. These pathways comprise a
large number of cytokines working along with each other to
produce an anti-viral effect. IL-1f, IL-6, TNF-a, and IFN-Y
are few among them. Hepatocytes like the rest of body cells
deviate from routine signaling towards preferment of these
particular cytokines to protect themselves from invading
viruses. These triggered mechanisms are a consequence of
the changes that viral nucleic acid persuades in intracellular
environment. IL-1B, IL-6, TNF-a, and IFN-Y play a pivotal
role in cell defense, thus are subsequently up-regulated dur-
ing HCV induced NASH.

What remains unrequited is the direct evidence to their
connection with HCV-induced NASH in particular at a
molecular level as compared to the incidental inferences
obtained through clinical and experimental studies. By
scheming laboratory studies regarding the unswerving epi-
genetic effects of viral nucleic acid on the regulation of
cytokines can help generate more clear and strong evidences
for further development of more useful drugs in future and
may be ways to even revoke the damage already done to liver
in the course of NASH, which ultimately leads to HCC [113].
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