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A review article on IFN-y and FOXP-3 in Hepatitis C virus infection.

Abstract:
Hepatitis C virus (HCV), which belongs to the Hepacivirus genus in the Flaviviridae

family and contains a single-stranded positive-sense RNA genome, has emerged as a
common cause of liver-related disorders worldwide. The genome of HCV is approximately
9,600 bases long and contains a large open reading frame (ORF). This ORF is linked to 5’
and 3’ untranslated regions (UTRs). The immune system, both the innate and adaptive
responses, plays a vital role in HCV infection. These immune responses towards HCV
infection include different cytokines and immune cells. During HCV infection, Interferon-
gamma (IFN-y) and Fork-head box protein P3 (FOXP3) genes play a significant role in
managing the immune responses. IFN-y, being a type-Il cytokine, promotes the control of
viral replication and clearance of infected hepatocytes during HCV infection. Studies have
reported that higher expression of IFN-y is linked with a better prognosis, and there is more
likelihood of viral clearance. On the other side, FOXP3 is a transcription factor that is
essential for the development and functioning of regulatory T cells (Tregs), which are
important for maintaining immune tolerance and preventing autoimmunity. FOXP3+Tregs
play a dual role in HCV infection. They downregulate excessive immune responses and
prevent liver damage by controlling effector T cell activity. The efficiency of antiviral
response is limited by the immunosuppressive function of FOXP3. In conclusion, IFN-y and
FOXP3 have a vital role during HCV infection, focusing on the dynamic and complex nature
of the host—virus interaction. The IFN-y is important for the antiviral immune response in
HCV infection. However, the activity of IFN-y must be controlled to prevent
immunopathology. Similarly, FOXP3+Tregs play a protective role in reducing liver
inflammation as well as damage to liver cells. FOXP3 can also facilitate the virus to persist in

the liver cells, which can lead to a chronic HCV infection.
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Introduction:

Globally, Hepatitis C virus (HCV) infection has emerged as a common cause of liver-
related diseases *. The innate and adaptive immune responses play a complex and challenging
role in the immune response against HCV infection. These immune responses towards HCV
infection include different cytokines and immune cells. The non-structural protein (NS) of the
virus is primarily targeted by these cytokines along with CD4+ and CD8+ T cells . During
HCV infection, Interferon-gamma (IFN-y) and Fork-head box protein P3 (FOXP3) genes

play a significant role in managing the immune responses.

IFN-y is a critical cytokine involved in innate immunity as well as activation of
adaptive immune response. This cytokine is largely produced by natural killer (NK) cells and
cytotoxic T lymphocytes (CTLs). It plays a significant role in the non-cytolytic clearance of
HCV-infected hepatocytes. This clearance is induced by interferon-stimulated genes (ISGs)
and by activating antiviral pathways 2. Additionally, IFN-y enhances the cytolytic activity of
NK cells and CTLs. This mechanism helps in the removal of infected hepatocytes * *. IFN-y

also plays an important role in controlling HCV replication and promoting viral clearance *.

FOXP3 is a transcription factor for the development and functioning of regulatory T
cells (Tregs). During HCV infection, the Tregs have a very important role in maintaining
immune tolerance and preventing excessive immune-mediated liver damage > °. Tregs, by
limiting the activity of effector T cells, help in reducing immunopathology while allowing the

development of virus-specific immune responses °. The FOXP3 gene regulates the balance
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between Tregs and effector T cells. This regulation is crucial for an effective but controlled

immune response against HCV infection "2,

This review article aims to provide valuable information regarding the interaction
between IFN-y and FOXP3 in HCV infection. This will include immune regulatory
mechanisms and potential therapeutic targets for antiviral immunity while minimising liver

damage.

An overview of the Hepatitis C Virus (HCV):

HCV belongs to the Hepacivirus genus in the Flaviviridae family °. It is an enveloped
virus with a positive-sense single-stranded RNA °. The genome of HCV is approximately
9,600 bases long and contains a large open reading frame (ORF). This ORF is linked to 5’
and 3’ untranslated regions (UTRs) *!. The transcription and translation of viral proteins are
mediated by the single-stranded RNA genome of the virus. The ORF of the 5’ region has four
domains, domains | to IV. Domain — | have a short stem-loop structure, and other domains Il
to IV form the internal ribosomal entry site (IRES), which is a highly structured element to
regulates the binding of viral RNA to the host ribosomal subunit. This IRES plays a central

role in translating the ORF region %2,

The HCV genome consists of three structural proteins, i.e. Core, E1 and E2 and seven

non-structural proteins i.e. P7, NS2, NS3, NS4A, NS4B, NS5A and NS5B (Figure 1) *.

Structural Proteins Non-structural Proteins

> & >
< > < L

5°URT N Poly U/UC
E2 P7 || Ns2 NS3 NS5 NS5 o
A 3 A B

Figure 1: Hepatitis C virus genome proteins (Structural proteins and Non — Structural

proteins) .
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The HCV core is the first protein that translates from the genome and forms the viral
capsid *> . As a structural part of nucleocapsid, the HCV core protein promotes the binding

of HCV RNA to the host-presented lipid membrane **'.

The E1 and E2 are envelope glycoproteins. These proteins are highly glycosylated
transmembrane proteins. They form a heterodimer that is essential for the HCV replication
cycle 1819 The E1 protein primarily attaches the virus to the host cell, aids the fusion of the
endosome-lipid membrane, and also assists the E2 protein in maintaining a conformation
suitable for receptor binding “°%. Studies also suggest that the E1 has a role in binding to
host apoproteins, CD36 *%. The heterodimers of E1-E2 are fixed in the lipid membrane
derived from the host and facilitate the formation of the viral envelope % ?*. The entry of the
virus, as well as fusion with the endosomal membrane, is facilitated by the E2 protein bound
to host receptors, which include CD81 and scavenger receptor class B type 1 (SR-B1). This

allows the release of HCV RNA into the cytoplasm %,

The p7 protein of the HCV genome is a hydrophobic transmembrane protein. It is also
involved in the assembly of the virus and its release. The oligomerized hexamer of the p7
protein has the property of being an ion channel in host cell membranes % %°. Though p7 is a
part of non-structural proteins in HCV viral proteins, in hepatocytes, it has a structural role 2’.
The p7 protein works along with other proteins of the virus to deliver core proteins used for
the assembly of the capsid at the endoplasmic reticulum while structuring the viral genome.
The activity of the p7 channel protects the viral glycoprotein inactivation from by the low pH

of secretory compartments of cells 2* %%,

The non-structural protein 2 (NS2) works as a dual-functioning protein involved in

cysteine protease and acts as a cofactor during assembly of the HCV genome ?°. The protease
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domain of the NS2 protein, along with the N-terminal region of NS3, helps to catalyse the
cleavage between the NS2 and NS3 proteins. This cleavage plays a vital role during HCV
RNA replication. During HCV viral assembly, the NS2 protein with other viral proteins,

plays an important role, though it is not associated with HCV RNA replication 3.

The non-structural 3 (NS3) protein acts as a bifunctional enzyme, i.e. helicase activity
and serine protease **. The Helicase region of the NS3 protein plays an important role in
HCV RNA replication by unwinding the viral RNA. The viral polyprotein is cleaved by the
NS# region of serine-type protease. NS3 also weakens the innate host immune response by

inactivating host cell factors. 334,

The non-structural protein 4a (NS4A) is one of the smallest non-structural proteins of
the HCV genome. The outer part of the endoplasmic reticulum and the outer membrane of
mitochondria are anchored by a complex of NS3 and NS-4A proteins *°. The NS4A protein
acts as a cofactor for serine protease and catalyses the helicase activity of NS3A. NS4A also
regulates NS5A hyperphosphorylation as well as HCV replication of the virus. The NS4A
with NS4 B controls replication of the HCV genome, and with NS3, it plays a vital role in
assembly of the virus ** 3. Non-structural protein 4B (NS4 B) incorporates changes in the
cytoplasmic membrane and resolves the interaction between the virus and host *. Along with
endoplasmic reticulum and other NS proteins, this NS4 B forms the complex of replication.
For viral replication, this NS4 B protein is essential to create a microenvironment within the

cytoplasm 3.

Non-structural protein 5A (NS5A) is critical in the HCV replication complex. The
NS5A protein works together with NS5B and NS4B along with viral RNA and cellular
proteins of the host, e.g. kinases, cyclophilin A, helps to regulate replication of the virus and

its assembly **. This non-structural protein also has a significant role in the endoplasmic
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reticulum-derived structure of double-membrane vesicles (DMVs). NS5A protein also
promotes the pathogenesis of HCV by modulating virus propagation and cell signalling

pathways *.

Non-structural protein 5B (NS5B) is an RNA-dependent RNA polymerase (RdARp),
which has a significant role in replication of the virus by catalysing polymerisation of
ribonucleoside triphosphates (rNTPs). NS5B polymerase inhibits nucleotide analogues
simulating the natural substrate and influences termination of the chain into a new RNA. The
non-nucleotide inhibitors allosterically bind to the sites of the enzyme and weaken its

function *> %4,

Interferon-gamma (IFN-y):

The structure of IFN-y is a homodimer, and it is the only class Il interferon in the
cytokine family. The activity of IFN-y is influenced by binding with its receptor complex,
composed of IFN-y R1 and R2 genes. These receptor genes are located in human
chromosomes at 6q23-g24 and 21022.11 locations *°. This class Il interferon is a major
cytokine, which participates in innate as well as adaptive arm of immune responses. In innate
immune response, T-cells, natural killer cells (NK cells) are the main inducers for the
production of IFN-y, whereas in adaptive immune response, CD8+ and CD4+ T-cells are
major sources for the production of IFN-y *® ', The JAK-STAT pathway is the primary
pathway for the signalling of IFN-y. This pathway is very much essential for various growth
factors, cytokines, and hormones to regulate their associated genes *. The IFN-y receptors,
i.e., IFN-yR1 and IFN-yR2, interact with the Janus tyrosine kinase (JAK) and activate JAK1
and JAK2, subsequently phosphorylase signal transducer and activator of transcription
(STAT) 1. The STAT1 self-associates to form a homodimer, then moves towards the cell

nucleus, then binds with the IFN-y-activated site (GAC). The IFN-y-regulated genes consist
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of these GAC elements at the promoter region, activating the classical JAK-STAT signalling

pathway and subsequently initiating transcription of various genes ***°.

IFN-y has antiviral activities against HCV through various mechanisms that improve
the immune response in the host and inhibit replication of the virus. This mechanism includes
modulation of cellular receptors, induction of antiviral proteins, and enhancement of immune

5L 52 It reduces the

cell activity, collectively contributing to controlling HCV infection
expression of a key receptor for HCV entry, i.e., claudin-1, thus disrupting the viral entry into
host cells. This downregulation results in altered obstructive function in epithelial cells,

which makes them less susceptible to HCV infection >

. IFN-y stimulates expression of
interferon-stimulated genes (ISGs), e.g. PKR, 1SG20, and viperin. These ISGs inhibit
replication of the HCV genome, non-cytopathically, specifically targeting viral components
and restricting the replication process **. IFN-y also helps in the proliferation and activation
of HCV-specific T cells, which improves the immune response against the virus. Recent

studies also suggested that IFN-y facilitates the immune cells to migrate into the liver by

promoting the expression of various markers *°.

Studies have supported that increased expression of IFN-y in HCV-infected patients is
associated with various clinical findings that indicate the disease severity and treatment
outcomes. Higher IFN-y levels were associated with advanced fibrosis stages (F2—F3, F4)
and hepatocellular carcinoma (HCC), with a statistical significance of P < 0.0001 in
comparison with healthy controls *°. An increase in the level of IFN—y is also associated with
key markers of liver dysfunction, which include albumin levels, platelet counts, and total
bilirubin °’. Studies also revealed that increased IFN-y levels in patients with specific genetic
backgrounds, e.g., interleukin-28B rs8099917TT carriers, are related to treatment failure

while treated with peginterferon/ribavirin *8 The lower levels of IFN—y at treatment initiation
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are predictive of achieving sustained virological response (SVR), which highlights its
efficiency during treatment. The rise in IFN-y levels is often linked with adverse clinical
outcomes, studies also suggest that it may show a protective role in viral clearance, indicating
a complex relationship between the levels of cytokines and disease progression in HCV

infection *°.

Fork-head box protein 3 (FOXP3):

The FOXP3 gene has 12 exons, which code for 431 amino acids of the FOXP3
protein. This FOSP3 protein contains a C2H2 zinc finger (Cys2-His2), a C-terminal forkhead
(FKH) domain and an essential leucine domain . This gene has a significant role in
preserving immune tolerance through its function in regulatory T cells (Tregs). It is a crucial
transcription factor for the development of Tregs in the thymus, essential for suppressing
excessive immune responses and preventing autoimmunity. Studies have shown that
mutations in this gene can lead to autoimmune diseases, which highlights its central role in
immune regulation ®. The anti-inflammatory cytokines produced by FOXP3+ Tregs suppress
immune responses and inhibit the activation of effector T cells ®*. FOXP3 has a role in Tregs'
function as it can form higher-order multimers, allowing it to bind to DNA and regulate gene
expression effectively ®. In clinical implications, it has been reported that lower levels of
FOXP3 splice variants are associated with poor outcomes in kidney transplant recipients .
The FOXP3+ Tregs' functions are being explored to improve the safety and efficiency of

therapies like Adeno-Associated Virus (AAV) gene therapy .

The maturation and development of Tregs primarily occur in the thymus (Figure 2). In
the thymus, T-cell receptor (TCR), CD4 and CD8 double-positive cells obtained from
hematopoietic cells differentiate into CD8 and CD4 single-positive thymocytes. The CD4+

cells differentiate into pTregs when stimulated by antigen stimulation, along with the
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expression of transforming growth factor-f (TGF-B) and IL-2. However, in the thymus,
CDA4+ cells differentiate into tTregs upon upregulation of IL-2Ra/CD25, FOXP3, cytotoxic
T-lymphocyte—associated antigen 4 (CTLA-4) and glucocorticoid-induced TNFR-related

protein (GITR) ¢,

Hematopoietic
Progenitor cells

Thymus

/ \ \  CD4
Q | | cov
\ / / Double
\\ = // Positive
Periphery

“ \ TGF-B, IL-2, 7 \
\\ Antigen Stimulation / \

\ .: pIreg | |

> | /

FOXP3+,IL —
2Ra, CD25,
CTLA-4, GITR

CD4*CD25*FOXP3* T Cell

Figure 2: Schematic diagram of Treg development.

The differentiation of FOXP3+ Tregs requires activation of the phosphatidylinositol-
3-kinase (PI3K) signalling pathway, mediated by the TCR-CD28 complex . Recent studies
also reported that Treg development markers like CTLA-4 and CD25 are influenced by the
insulin receptor substrate 1 (IRS1) signalling pathway. The reduced expression of Treg

phenotypic markers and FOXP3 can be observed when there is an overexpression of IRS1 .
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The Tregs play a multifaceted role during HCV infection, primarily involving the
regulation of immune tolerance and suppressing excessive immune activation. Tregs are
crucial in maintaining a balance between viral replication and immune responses, which can
influence disease progression and persistence of the virus. Studies suggest that HCV-infected
patients exhibit a higher frequency of CD4+CD25+CD127- cells and low Tregs in
comparison with healthy controls (8.2% vs. 5.4%). These elevated levels may correlate with
impaired antiviral immunity, suggesting a potential role for Tregs in promoting viral
persistence "*. Tregs express immunosuppressive cytokines such as 1L-10, which can inhibit
effector T cell responses, which limits the ability to clear the virus. The upregulation of Tim-
3 on Tregs during chronic HCV infection increases their immune-suppressive functions,
which further limits the virus-specific T-cell response ’2 Genetic polymorphisms in FOXP3
and TGF-f1 have been shown to modulate immune responses in viral hepatitis, which
indicates that genetic factors can also influence Treg activity and the overall immune
response " The Tregs play a protective role in averting excessive liver inflammation during
hepatitis infection. However, the overactivity of Tregs can hamper an effective antiviral
response. This may lead to a chronic infection in patients with HCV infection. This dual

nature of Tregs highlights the complexity of its functions in HCV infection.

Interaction between IFN-y and FOXP3 in HCV infection:

The interplay between IFN-y and FOXP3 expression significantly influences immune
responses and regulatory T cell (Treg) dynamics, which impacts the progression of liver
diseases caused by HCV. Being a critical factor for transcription, FOXP3 controls the
stability and suppressive functions of the Tregs, which are vital for controlling immune

response and preventing excessive inflammation during infections like HCV. Studies show
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elevated FOXP3 expression is related to chronic HCV infection, where it plays a crucial role
in immune tolerance and disease severity "*. Studies also supported that elevated levels of
FOXP3+Tregs have a strong association with HCV viral load in chronic HCV infections with
a p-value less than 0.001 °. The FOXP3+Tregs play a dual role in antiviral immunity. While
they are necessary to prevent intense immune responses that can lead to tissue damage, they
can also suppress the effector T cells' activity, which is crucial for clearing viral infections,
leading to the chronicity of the disease " ”". On the other side, IFN—y has a crucial role in the
activation of the immune response during HCV infection. It also impacts the expression of
FOXP3 during HCV infection. Studies showed lower expression of FOXP3 on HCV-specific
CD4 T cells, while there are cases where elevated levels of FOXP3 expressions are
associated with a loss of HCV — specific T — cell proliferation and reactivation of the virus .
IFN-y also plays a significant role in the introduction of FOXP3 and the alteration of CD4+ T
cells to Tregs "°. The balance between IFN-y production and FOXP3 expression may regulate

the consequence of HCV infection, influencing both inflammation and progression of fibrosis

80

Conclusion:

The roles of IFN-y and FOXP3 in HCV infection underscore a complex interaction of
both innate and adaptive immune responses. These immune responses significantly influence
the progression and outcome of the disease. The IFN-y and FOXP3 play a vital role to control
as well as to clear the HCV infection immunologically. The HCV genome itself has a vital
role in these immunological interactions. The genome of the virus encodes numerous
proteins. These proteins can interfere with immune responses in the host. The NS proteins of
HCV, specifically NS3 / 4A and NS5A, show inhibition of IFN-y signalling. Whereas the

HCV core protein can control Treg function. This property of core protein enhances their
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suppressive activity and promotes immune tolerance. These strategies of the HCV virus help

to persist in the host cells and contribute to a chronic infection.

IFN-y is a type II cytokine. This cytokine has a critical role in the immune response
against HCV infections. The primary producers of IFN-y are T cells and NK cells. The
antiviral properties of IFN-y are mediated through activation of macrophages, enhancement
of antigen presentation, and promotion of Thl responses. IFN-y promotes the control of viral
replication and clearance of infected hepatocytes during HCV infection. Studies have
reported that higher expression of IFN-y is linked with a better prognosis, and there is more
likelihood of viral clearance. However, prolonged production of IFN-y can be a vital cause of

liver inflammation as well as tissue damage, which can lead to chronic HCV infection.

FOXP3 is being a transcription factor which is very essential for the development and
functioning of Tregs. Tregs are important for maintaining immune tolerance and preventing
autoimmunity. FOXP3+Tregs play a dual role in HCV infection. On one side, they
downregulate excessive immune responses and prevent liver damage by controlling effector
T cell activity. The efficiency of antiviral response is limited by the immunosuppressive
function of FOXP3. This activity allows HCV to persist and cause a chronic infection. The
interaction between IFN-y and FOXP3 in HCV infection is multifaceted. This interaction
presents a delicate balance between immunopathology and viral clearance. HCV has
recognized multiple ways to escape these immune responses. These include the modulation
of cytokine production and the induction of Treg activity. HCV can also downregulate IFN—y
signalling pathways. The result of this altered signalling can reduce the antiviral efficacy of
the immune response towards the virus. In addition, HCV infection can increase the

expression of FOXP3+Tregs. This activity can suppress the activation and function of the
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HCV-specific T cells. The increased expression of FOXP3+Tregs can lead to a chronic

infection.

In conclusion, IFN-y and FOXP3 have a vital role during HCV infection, focusing on
the dynamic and complex nature of the host—virus interaction. The IFN-y is important for the
antiviral immune response in HCV infection. However, the activity of IFN-y must be
controlled to prevent immunopathology. Similarly, FOXP3+Tregs play a protective role in
reducing liver inflammation as well as damage to liver cells. However, it can also facilitate
the virus to persist in the liver cells. This activity can lead to a chronic HCV infection. The
role of FOXP3 in liver-related disorders presents new prospects for better treatments by
targeting FOXP3 and Tregs, involving pathways. This approach could improve immune
responses against viral infections. The reduction in inflammation, as well as damage to the
hepatocytes can improve the management of chronic HCV-related liver disease.
Understanding the delicate balance between these immune regulators and their interaction
with the HCV genome is very important for the future development of effective therapeutic
strategies to achieve viral clearance while minimizing injury towards the hepatocytes. Future
research should focus on resolving the detailed mechanisms by which HCV controls these

key immune regulators and on identifying potential targets for immunomodulatory therapies.
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