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Due to shared transmission routes, coinfection with Hepatitis C Virus (HCV) is common in patients infected by Human
Immunodeficiency Virus (HIV). The immune-pathogenesis of liver disease in HIV/HCV coinfected patients is a multifactorial
process. Several studies demonstrated that HIV worsens the course of HCV infection, increasing the risk of cirrhosis and
hepatocellular carcinoma. Also, HCV might increase immunological defects due to HIV and risk of comorbidities. A specific
cross-talk among HIV and HCV proteins in coinfected patients modulates the natural history, the immune responses, and the
life cycle of both viruses. These effects are mediated by immune mechanisms and by a cross-talk between the two viruses which
could interfere with host defense mechanisms. In this review, we focus on some virological/immunological mechanisms of the
pathogenetic interactions between HIV and HCV in the human host.

1. Introduction

Hepatitis C Virus (HCV) and Human Immunodeficiency
Virus (HIV) cause considerable global health problems.
Coinfection with HCV is frequent in HIV infected individ-
uals, because the viruses share their modes of transmission.
So, in the United States, approximately 25% of 1.2 million HIV
infected patients are coinfected with HCV [1, 2]. Moreover,
in Europe and Asia, rates of HCV coinfections among HIV
infected individuals who used injection drugs overcame 90%
[2]. Although in the era of Highly Active Antiretroviral
Therapy (HAART) worthy achievements have been obtained
in the treatment of HIV and HCV infections, HCV-related
liver disease remains a significant therapeutic challenge in
HIV/HCV coinfected patients.

While HCV is mainly a hepatotropic virus, HIV infects a
variety of immune cells, such as CD4+ T lymphocytes and
monocytes/macrophages. However, several studies showed

that HCV replicates outside the liver [3], while HIV may
infect hepatocytes and Hepatic Stellate Cells (HSCs) as well
(4].

The disease course of HIV-1 infection is associated with
a profound dysregulation of the immune system. During
HIV/HCV coinfection, the immune dysregulation is more
severe, leading to lower rates of spontaneous control of HCV
infection as well as to a faster progression of liver disease [5].
The immunopathogenesis of accelerated hepatic fibrosis is a
multifactorial event [6] and several mechanisms have been
postulated:

(1) HIV associated immune dysfunction;
(2) defective antiviral CD8+ T cells responses;
(3) reduced CD4/CDS8 ratio;

(4) direct activation of HSCs by HIV gp 120 or via proin-
flammatory mediators [7-9];
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(5) HIV and HCV inducing production of Reactive
Oxygen Species (ROS) which activate the Mitogen-
Activated Protein Kinases (MAPK) pathway and
upregulate TGF-f3 [10, 11];

(6) stimulation of HCV infected hepatocytes by HIV gp
120 that induces HCV replication via TGF-p, which
modulates the immune response and favors fibrosis
and transformation toward hepatocellular carcinoma
(1,10];

(7) hepatocytes exposed to HCV and HIV envelope
proteins that undergo apoptosis and, in particular,
HCV E2 and HIV gp 120 that induce apoptosis via a
Fas-FasL-dependent pathway [5-7];

(8) HCV core and NS3 proteins that trigger, through
Toll-Like Receptor- (TLR-) 2 and Interleukin- (IL-)
1 Receptor-Associated Kinase (IRAK) activity, the
release of inflammatory cytokines and chemokines by
HSCs [6].

Although the impact of HCV on HIV natural history is
debated, the contribution of HCV core in enhancing HIV-1
infection in macrophages has been recently established [12].
Also, it has been suggested by some studies, but not by others,
that the immunological response after HAART is impaired in
HCV coinfected patients [13].

In this review we focus on the influence of HIV on
HCYV infection and vice versa. In particular, virological and
immune escape mechanisms of HIV/HCV pathogenesis have
been reviewed.

2. HIV/HCYV Infection as Challenge to
the Immune System

HCV and HIV evade the host immune response through
intricate processes including signaling interference, effector
modulation, and continuing viral genetic variations [1, 14].

Viral RNA is recognized via TLRs or the Retinoic Acid
Inducible Gene I (RIG-I) helicase [15]. These interactions
activate downstream signaling pathways, inducing type I
interferon (IFN«/f3) and other antiviral effects, which are the
first innate immune response against intracellular pathogens
[16].

IFNa/f is produced by plasmacytoid dendritic cells
(pDCs), myeloid DCs (mDCs), and hepatocytes [16]. The
production of IFN-« induces the expression of several
IEN Regulatory Factors (IRFs) and the induction of IFN-
Stimulated Genes (ISGs), leading to an antiviral state in cells
and promotion of proliferation [17, 18].

HCV acts with several immune escape mechanisms inter-
fering with type I interferon signal transduction molecules
[16]. For instance, HCV NS3/4 protease cleaves proteins such
as TIR-domain-containing adapter-inducing interferon-f3
(TRIF) and CARD adapter-inducing interferon- 3 (CARDIF),
which are required for rapid induction of IFN- 8 through the
activation of IRF-3 [19]. Moreover, NS5A, a protein that plays
a crucial role in viral RNA replication, virus assembly, and
viral pathogenesis [20], and E2, an envelope glycoprotein [21],

Mediators of Inflammation

mediate inhibition of protein kinase RNA-activated (PKR)
activity [22].

Similarly, HIV-1takes part in pathogen-associated molec-
ular pattern via TLRs, because it contains motifs that are
recognized by TLR8 [23] and TLR7 [1] and also interfere
with PKR activity through Tat protein, a small activator of
viral transcription from the Long Terminal Repeat (LTR)
promoter [24].

Type I IFN secreted from DCs promotes recruitment and
activation of natural killer (NK) cells to the site of infection
[20].

NK cells are mediators of antiviral defenses and constitute
a significant proportion of liver-infiltrating lymphocytes
during HCV infection and an impairment of their function
favors viral persistence [20].

In particular, HCV E2 protein can interfere with NK
receptors, altering their function through cross-linking of
CD81 [25, 26]. In fact, Tseng and Klimpel demonstrated that
CD81 cross-linking inhibits cytotoxicity and IFN produc-
tion of NK cells through immobilized E2 or specific CD81
monoclonal antibody (mAb) [27]. On the side of HIV, the
following are well recognized: the decrease in number and
dysregulation of CD4+ T cell function, the reduction of
antifibrotic activity of NK cells, and production of an atypical
milieu of ILs (IL-4, IL-5, IL-10, and IL-13) [25, 26]. Altogether
these events may contribute to a profound dysregulation of
the immune system as follows.

Dysregulation of the immune system in the pathogenesis
of liver fibrosis progression (HIV/HCV coinfected patients)
is as follows:

(1) lymphocyte apoptosis and CD4+ T cell depletion [1,
28-30];

(2) imbalance among CD4 and CD8 cell responses: this
altered ratio is correlated with modified cytokine
networks (such as increase in TGF-f and decrease in
IFN-y [6];

(3) “by-stander effect”: HIV-1-specific CD8+ T cells are
attracted to the liver of HIV/HCV coinfected patients,
contributing to release of profibrotic cytokines [29];

(4) aberrant dysregulation of natural killer cells function
which leads to altered secretion of cytokines [25-27,
31-33].

Thus, a complex framework is established in the pathogenesis
of HIV/HCV coinfections which ends up with a fast progres-
sion of liver disease [31].

3. Do HIV Proteins Affect HCV Infection?

Among HIV proteins, a role of gp 120, Rev, Tat, Nef, and Vpr
in enhancing HCV replication has been established [10, 34—
37].

HIV infection produces effects on hepatocytes and HSCs;
indeed, both cells express key HIV coreceptors; the inter-
action of HIV gp 120 with C-C chemokine receptor type 5
(CCR5) and C-X-C chemokine receptor type 4 (CXCR4)
activates specific cell signaling in the liver [6, 28, 29, 38, 39].
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The HIV envelope protein gp 120 has been shown to
promote hepatocyte apoptosis, hepatocellular secretion of the
proinflammatory cytokine IL-8 [38], proinflammatory and
profibrogenic effects on HSCs, and directional migration [9].

Moreover, a link between HIV infection and liver fibro-
genesis has been demonstrated in vitro. In particular, HIV
gp 120 induces a significant increase in HSCs chemotaxis
and increased expression of the proinflammatory chemokine
Monocyte Chemoattractant Protein-1 (MCP-1), IL-6, and
tissue inhibitor of metalloproteinase-1 (TIMP-1), thereby
leading to increased liver inflammation and fibrogenesis [9].

Concerning its effect on increased HCV replication, as
demonstrated by Lin et al. [10], it has been shown that inacti-
vated HIV and gp 120 enhance HCV replication in a CXCR4
or CCR5 engagement-dependent manner. Enhancements of
HCV-regulated Transforming Growth Factor- (TGF-) fi1
have been also shown in both a replicon and an infectious
model of HCV infection [10].

Coinfection with HIV-1 causes increased HCV viral
loads, as well as enhanced morbidity in coinfected individuals
[40]. HIV contributes to the stimulation of HCV replication
and this may change the course of HCV-related liver disease.
Mechanisms of HIV effects on HCV replication are not fully
clear. However, upregulation of HCV replication may be due
to HIV viral proteins, which are secreted from HIV infected
cells and diffused into hepatocytes [11, 34].

As demonstrated by Qu et al. [41], HIV Rev protein
is a pivotal regulatory protein in the early-to-late switch
in the virus life cycle and is involved in the promotion of
translocation into the nuclear compartment, translation, and
encapsidation of viral RNAs [41]. HIV Rev protein stimulates
HCV gene expression through its binding with first internal
loop (IIIb) of 5'-Untranslated Region (5'-UTR) HCV RNA
[41]. Moreover, Rev regulates Internal Ribosome Entry Site-
(IRES-) mediated translation of HCV via an enhanced poly-
somal association of Rev-responsive element- (RRE-) con-
taining RNAs [42].

HIV-1 Tat is a transactivating protein which determines
transactivation of viral and cellular genes [43], triggering
virus invasion [44, 45]. Tat is released from HIV infected cells
and induces its biological effects such as cytokine expression
and CCR5 and CXCR4 receptors on neighboring infected
or uninfected cells [46]. Qu et al. [35] used two different
infectious HCV models to investigate the effects of HIV-
1 Tat and interferon gamma-induced protein 10 (IP-10) on
HCYV replication, demonstrating that both HIV-1 Tat and IP-
10 activate HCV replication. Moreover, HIV-1 Tat activates
HCV replication by upregulation of IP-10 production, which
in turn has been correlated with increased liver damage and
higher HCV RNA in HIV/HCV coinfected patients [47].

The viral protein Nef exerts pleiotropic effects during
HIV infection and regulates multiple host factors [48]. Nef
modifies actin remodeling in various cell systems, alters
actin rearrangements, and inhibits immunological synapse
formation [49]. Nef also induces the extension of long inter-
cellular conduits allowing its own transfer [50]. Moreover, as
demonstrated by Park et al. [34], HIV Nef protein increases
HCV replication in the target cells (such as subgenomic
replicon cells) most likely through changes in the size and

number of lipid droplets. Indeed, it is interesting to observe
a drastic increase of HCV replication and an increase of ROS
(a critical regulator of hepatic fibrosis progression) when the
Nef-expressing cells are treated with ethanol [34, 51-53].

HIV Vpr, a multifunctional protein, mediates many pro-
cesses such as activation of HIV-1 infection, evasion of the
immune system, and induction of infection persistence in
the host [54]. Vpr molecular functions include the following:
(i) nuclear import of viral Preintegration Complex (PIC);
(ii) transcriptional activation of viral and host genes; (iii)
regulation of Nuclear Factor kappa B (NF-«B) activity; and
(iv) modulation of T-cell apoptosis [54]. Peng et al. [55]
provided evidences to support relationships among HIV Vpr,
microRNA 122 (miR-122), and HCV replication. However,
several lines of evidence showed that Vpr promotes not
only HCV RNA replication, but also protein expression,
enhancing the HCV 5’ UTR activity through the stimulation
of TATA box in the miR-122 promoter [55-58]. More-
over, miR-122 inhibition produces a significant reduction
of Vpr-induced HCV 5" UTR activity [55]. However, miR-
122 inhibitor cannot fully abrogate the Vpr-induced HCV
replication, suggesting that other mechanisms may create
a favorable environment for maximizing virus replication
(59, 60].

4. Do HCV Proteins Affect HIV Infection?

Despite the fact that HCV coinfection is able to increase
immune activation and CD4 apoptosis [3], the mechanisms
by which HCV modulates HIV replication are not completely
understood.

HCV is a positive strand RNA virus whose genome
encodes for a single polyprotein cleaved by host and cellular
proteases to generate four structural (Core, El, E2, and p7)
and six nonstructural (NS2, NS3, NS4A, NS4B, NS5A, and
NS5B) proteins [61].

The current knowledge on HCV proteins in the regulation
of HIV-1 replication and the molecular mechanism involved
will be reviewed below.

NS3 and NS4A proteins associate to form an active
enzyme with RNA helicase and serine protease activities
involved in the proteolytic processing of NS proteins. NS4A
protein is required for proper functioning, while NS3 is
a multifunctional protein with serine protease activity at
the N-terminal and a Nucleoside-Triphosphatase (NTPase)
dependent RNA-helicase activity (NS3 NTPase/helicase) at
the C-terminal [62].

As demonstrated for the first time by Simmonds [61],
the HCV NS3/4A protein can activate HIV-1 transcription
from its LTR region, suggesting that binding activities of
the transcription factor activating protein-1 (AP-1) are part
of the mechanism involved. The serine protease activity of
NS3/4A is essential for such activation effect [66]. Kang et al.
developed an in vitro model of coinfection [36], showing that
NS3 protein of HCV enhances HIV-1 LTR transcription and
that Vpu protein regulates transcription of the HIV-1 genome
by interacting with NS3/NS4A complex of HCV. Indeed, Vpu
removes NS3 from the NS3/NS4A complex of HCV, thus
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TABLE 1: Interactions among proteins of HIV and HCV (relevance for HCV/HIV coinfection models).

HCV proteins Effect on HIV replication

NS3/NS4A It interacts with HIV-1 Vpu promoting HIV transcription. Vpu facilitates degradation of NS3/4A and nuclear
transfer of NS3 which can activate HIV-1 transcription [36].
It restricts HIV-1 transcription and modulates viral replication in a hepatoma cell line through a repression
before accumulation of threshold levels of Tat protein [63].

c It downregulates HIV LTR activity, in presence of high TNF-« level [3].

ore

It activates the TRAF pathway interacting with HIV-1 Nef, activating the NF-xB pathway via TRAF2, TRAFS5,
and TRAF6 pathways, and enhancing HIV-1 replication in macrophages [64].
It induces HIV-1 reactivation in Ul cells through TNF-« and IL-6 [12].

HIV proteins Effect on HCV replication

gp120 It enhances HCV replication in a CXCR4 or CCR5 engagement-dependent manner [9-11, 31, 34-36, 38-40, 65].

Rev It increases gene expression of HCV by binding to the first internal loop (IIIb) of 5'-Untranslated Region and
sites IRES of HCV RNA [42].

Tat It activates HCV replication by upregulating IP-10 [47].
It exerts stimulatory effects on HCV replication, modifying the size and numbers of lipid droplets, increasing

Nef - \ ) ] ;
ROS, and, possibly, accelerating progression of liver disease [51-53].

Vpr It enhances activity of 5'-Untranslated Region of HCV through stimulation of TATA box in the miR-122

promoter, upregulating miR-122 expression [55, 59, 60].

HCV: Hepatitis C Virus; HIV-1: Human Immunodeficiency Virus 1; NS: Nonstructural protein; CXCR4: C-X-C chemokine receptor type 4; CCR5: C-C
chemokine receptor type 5; IRES: Internal Ribosome Entry Site; LTR: Long Terminal Repeat; TNF-a: Tumor Necrosis Factor alfa; IP-10: interferon gamma-
induced protein 10; TRAF: TNF Receptor Associated Factor; NF-xB: Nuclear Factor xB; ROS: Reactive Oxygen Species; Ul: HIV-1 latently infected Ul

monocytic cell line; IL: Interleukin; miR: microRNA.

promoting NS3 nuclear translocation for the activation of
HIV-1 transcription [36].

HCV core is mainly a cytoplasmic component, located
on the endoplasmic reticulum membranes and around lipid
vesicles [67]. It is unique in its pleiotropic effects: in addition
to its role in packaging viral RNA, it can indeed modulate
cellular transduction pathways, transactivate a number of cel-
lular promoters, regulate viral and cellular gene expression,
modulate apoptosis, and inhibit host immunity [68].

Although contributions of HCV core to HIV patho-
genesis remain controversial, this core protein has been
shown to restrict HIV-1 transcription and modulate viral
replication in a hepatoma cell line through a repression
before accumulation of threshold levels of Tat protein [63].
Moreover, to better explain the influence of the HCV on
HIV replication, Sengupta et al. [3] evaluated HIV LTR in
hepatocytes through the analysis of basal and/or Tat-induced
activation in presence of HCV core protein, TNF-«, and
infectious HCV [3]. These authors demonstrated that HIV
LTR activity was downregulated by HCV core protein with
high TNF-« levels and that, conversely, it was increased
by infectious hepatitis C virions. These data suggest that
inhibitory activity of HCV core protein is unchanged and
both host cellular where HCV viral proteins influence HIV
replication [3].

Khan et al. [64] proposed that HIV-1 Nef and HCV
core protein activate the NF-xB canonical pathway in pri-
mary macrophages through TNF Receptor Associated Factor
(TRAF) 2, TRAF5, and TRAF6 pathways and enhance HIV-1
LTR-driven luciferase expression in a transiently transfected

human monocytic cell line through the same pathways.
Therefore, this mechanism may promote HIV-1 replication
and represent a critical factor for optimal replication of
HIV-1 in macrophages of HIV-HCV-coinfected patients.
Lastly, Swaminathan et al. [12] analyzed the effect of HCV
core on HIV-1 replication in promonocytic cell line THP-1,
primary monocyte-derived macrophages (MDMs), and in
the HIV-1 latently infected Ul monocytic cell lines. They
found that HCV core enhances HIV-1 infection in both
THP-1 cells and primary macrophages. Particularly, HCV
core protein promotes HIV-1 infectivity in macrophages
via TLR2-, JNK-, and MEK1/2-dependent pathways, while
a differential activation/regulation of p38 kinase in THP-1
and MDMs was found. Interestingly, although HCV core
lacks ability to directly reactivate HIV-1 in latently infected
Ul cells, conditioned media (CM) of THP-1 macrophages
and primary MDMs of HCV core-stimulated macrophages
induced HIV-1 reactivation in Ul cells through TNF-« and
IL-6. Therefore, these studies definitely established a role of
HCYV core in exacerbation of acute and latent HIV-1infection
in macrophages.

Interactions between HIV and HCV proteins and their
effect on replication of both viruses are summarized in
Table 1.

5. Conclusion

Several in vitro and in vivo studies indicated that HCV and
HIV interact with each other and with innate or adaptive
immune system exerting a variety of effects and promoting
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a series of hypothesis to be tested in future studies as
follows:

(1) HIV infection is associated with a profound dysregu-
lation of the immune system; during HIV/HCV coin-
fection, this immune dysregulation is more severe,
leading to lower rates of spontaneous control of HCV
replication and to a faster progression of liver disease
[5, 6];

(2) cross-talk among HCV and HIV proteins modulates
fibrogenic/inflammatory mediators, immune system
response, and replication of both viruses [6];

(3) characterization of viral protein interactions and their
effects both on replication of these viruses and on liver
function at a cellular level will significantly improve
our understanding of HIV/HCV pathogenesis [3, 34,
36, 55, 59, 64, 66].

It is clear from this review that several problems remain to
be understood for a better comprehension of the multiple
virus-virus and virus-host interactions that can lead to liver
fibrosis and enhancement of the pathogenetic effects of both
viruses. The development of coculture systems that model
the effects of HCV/HIV in hepatocytes will advance our
understanding of the pathogenesis of this coinfection. How-
ever, it is not obvious that in vitro interactions are confirmed
in vivo. So, a suitable animal model could provide deeper
understanding of virus-virus interactions and immunologi-
cal relationships. Hopefully, recognition of the cause-effect
relationships between infection, inflammation, and liver
fibrosis progression in HIV/HCV coinfected patients could
lead to therapeutic approaches to better control these viruses.
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