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Abstract

Cancer is defined by a set of more than 100 diseases that have in common disordered
autonomous growth of abnormal cells and genetic alterations, including acquired mutations
and genetic instability. The infectious etiology of cancer, on the other hand, is the result
of virus activity, which induce tumor cell transformation. This transformation results in
activation or deactivation of key regulatory genes, cell proliferation and differentiation.
The alterations of these events leads to important modulatory changes in the expression
of several proteins and/or their structure, causing profound modifications on cellular
metabolism. Carcinomas are cancers that occur in epithelial tissues, as skin or mucous.
Among those, the hepatocellular carcinoma (HCC) is one of the most relevant carcinomas
and is the sixth most common cancer worldwide. Several factors are associated with
progression of HCC, among them diabetes, obesity, metabolic syndrome, alcohol,
tobacco, aflatoxins, genetic predisposition and hepatitis B and C virus. The hepatitis C
virus (HCV) it is one of the most important etiological agents of HCC, resulting in virus
induced liver necroinflammation. The infection of hepatitis C virus (HCV) in hepatocytes
is an orchestrated event involving viral oncogenic factors and its development in the host
cell, which involve viral envelope glycoprotein structures such as E1 and E2. The most
interesting trade is that the HCV genetic material does not invade the nucleus of the infected
cell, it acts directly as a mRNA in the cytoplasm, where virus transmission is initiated by the
internal ribosome entry site. Numerous events are involved in the molecular pathogenesis
of HCC by HVC. In this review, we highlight those involved in p53 signaling pathway; Wnt
signaling and E-cadherina/B-catenin activation and TGF-f/activin pathway regulation. As
these molecular alterations derived from host-pathogen interactions interfere in hepatocyte
normal effectors expression, to understand the interactome behind these well-driven
mechanistic events could lead to more realistic molecular targets, as well to early screening
for possible biomarkers molecules.
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Introduction

According to the Instituto Nacional do Cancer (INCA), the cancer is
aset of more than 100 diseases that are caracterized by the uncontrolled
growth of cells that invade tissues and organs and can spread to
nearby areas (lymph nodes) or other body regions (metastasis). When
it begins in epithelial tissues, such as skin or mucous membranes, they
are named carcinomas; when in connective tissue, such as cartilage or
bone, they are called sarcomas.! The evolutionary process of the cancer
can be described as a phenomenon in which genetically altered cells
lose the ability to renew themselves every cycle in a non-pathological
form, resulting in cell trait loss, causing damage to one or more genes
from a single cell and genetic instability. Metabolic changes occur in
cell growth, allowing the rise of cell populations that do not follow a
standard construction and maintenance of normal tissue. The structure
of tumor tissues presents a disorganized combination, indicating that
the cancer is a disease formed by heterotypic malfunctioning.?* The
cell multiplication occurs by the cell division processes, in which the
cell grows, replicates its DNA and divides. There are checkpoints
where the cell assesses the cellular environment and it defines whether
to continue the cell cycle. Thus, the genetic alteration may cause
uncontrolled cell proliferation.*

The infectious etiology of cancer, on the other hand, is the result
of virus activity, which induce tumor cell transformation. This
pathogen-driven transformation results in activation or mutation of
key regulatory genes, cell proliferation and differentiation.® Thus,

the machinery responsible for DNA repair and maintenance can
be affected by mutations. The alterations of these events leads to
important modulatory changes in the expression of several proteins
and/or their structure, causing profound modifications on cellular
metabolism.”

Hepatocellular carcinoma (HCC)

Hepatocellular carcinoma (HCC) is a primary liver cancer derived
from hepatocytes mutation that causes an impair at cellular and
metabolic levels, in which defective cells multiply uncontrolled.® The
HCC is the sixth most common cancer worldwide. It is the fifth most
common malignancy among men and the eighth among women.’
Within the various etiologies already identified, which causes HCC
appearance, chronic hepatitis caused by virus B (HBV) and C (HCV)
are among those most important in HCC genesis.’ Regarding the HCC
infectious etiology, hepatitis virus C (HVC) is estimated chronically
to affect 130—170 million people and several conditions, causing long-
term complication of HCV infection.’” The severity of the disease
could be increased by advanced fibrosis phenotype, development of
cirrhosis and hepatocellular carcinoma, making HCV carriers the
most common subjects for liver transplantation.'"'?As causes of these
mutations that leads to HCC development, the recurring regeneration
in chronic hepatitis and the excessive multiplication of cells, is a
positive feedback on HCC progression. Within this scenario, HCC is
considered a highly aggressive cancer with incidence/mortality ratio
0f 0.93.5
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Molecular events of hepatitis C in hepatocellular carcinoma

Hepatitis C virus (HCV)

The hepatitis C virus (HCV) is a member of the Flaviviridae
family, within the Hepacivirus gender. The Flaviviridae family
has other important pathogens, such as dengue and yellow fever
virus.'’. The HCV is a spherical shaped virus with 50mm in diameter,
enveloped nucleocapsid and its genetic material consists of a linear
strand of RNA with positive polarity.'*

The HCV genetic material is composed by approximately 9.6-
kb genome and consists of a single large open reading frame (ORF)
encoding a polyprotein of 3,000 amino acids involved in two
noncoding regions.?. This polyprotein is processed by viral proteases
and host cells in the N-terminal pole, in three structural proteins:

i. the nucleocapsid (core),
ii. glycoprotein core structure one (E1) and
iii. glycoprotein core structure two (E2).'

The HCV penetrates a susceptible host entering the bloodstream
towards the liver and by going through several tissues such as
pancreas, thyroid, adrenals, spleen, bone marrow and to peripheral
B-cells and T-cells, that can be infected by the virus, allowing its
multiplication.'® The liver is the major site to HCV replication, where
the virus infects about 10% of the liver cells.' In 60% to 85% of cases
of HCV infection, the chronic liver disease may progress and cause
liver cirrhosis and/or hepatocellular carcinoma.'®!”

Virological aspects of hepatitis C

HCV is a single-stranded RNA virus that has the hepatocytes, as
primary target.’® This is an important pathogen that induces chronic
hepatitis and activates the host immune response to viral infections."
The infectious virus particle encode two glycoproteins, E1 and E2
which are initially originated as part of the virus protein.”’ The HCV
infection requires the interaction of E1 and E2 with the hepatocytes
cell membrane.'

Nonetheless, the entire host-pathogen process is not fully
elucidated, it is known that the entry of hepatitis C virus (HCV) in
hepatocytes is an organized event involving oncogenic viral factors
and their development in the host cell.

The viral envelope structures are involved in this process (such as
glycoprotein E1 and E2) and also the recognition of the CD81 receptor,
present at hepatocytes cell membrane. Low density lipoprotein
receptors (LDLr) and scavenger receptors class B type I (SR-BI)
play also an important role in the host-pathogen interactions. Other
important structures have been nowadays described in these events,
such as adhesion protein claudin-1 (CLDN1) and occludin (OCLN).!®

Studies have discussed the characteristics of HCV entry receptors
into cells. One of these important molecules mentioned in the
literature is a member of the superfamily of tetraspanin, the CD81.
This receptor has been identified as a direct binder of the recombinant
HCV protein envelope, the E2 glycoprotein, resulting in a potential
cell receptor or co-receptor for HCV entry into hepatocytes.?

The HCV structural proteins are attacked by enzymes of the
infected cell, the hepatocytes, and these viral envelope proteins are
glycosylated and then involved in the binding with CD81 and LDLr
receptors, responsible for fusing the virus.?!.
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The activation of signaling pathways initiate after the binding of
these CD81 and LDLr receptors. The HCV genetic material does not
invade the nucleus of the infected cell, it acts directly as a mRNA in
the cytoplasm, where virus transmission is initiated by the internal
ribosome entry site.’. Subsequently to the connection to several cell
surface molecules, HCV acts directed into adhesion proteins, where
it interacts with CLDN1 and OCLN, facilitating their adsorption.!

The HCV enters the cell cytoplasm by endocytosis and after the
fusing process and adsorption of RNA, triggers the synthesis and
maturation of the nonstructural proteins (NS2, NS3, NS4 and NS5)
forwarding to replication complexes.'® The viral RNA and envelope
proteins combine to form the nucleocapsid, which is transported in
cytoplasmic vesicles to the surface of the host cell, passing through
the Golgi complex, to meet other particles, in which undergoes
to exocytosis, releasing the newly formed HCV viral particles to
complete a new cycle. The HCV expresses high replication rate,
and high rate of mutation, which leads to the great heterogeneity of
manifestations.'*"

The HCYV lifecycle
Cellular attachment of HCV virions and entry

The HCV lifecycle is not yet fully comprehend and several cell
surface molecules have been proposed to mediate HCV binding or
HCV binding and internalization.

CD8I

Among all putative HCV receptor molecules, CD81 has been the
most extensively studied. Human CD81 (target of antiproliferative
antibody 1, TAPA-1) is a 25-kDa molecule belonging to the tetraspanin
or transmembrane 4 superfamily. The CD81 has been shown to
mediate binding of HCV through its envelope glycoprotein E2.2 The
site of interaction appears to involve CD81 residues 163, 186, 188
and 196 which also need a two disulfide bridges for the CD81-HCV
interaction to occur.*? Several studies argue that cellular factors
other than CD81 are required for HCV infection. The expression of
human CDS81 in a CD81-deficient human hepatoma cell line restored
permissiveness to infection with HCV pseudo-particles, but a murine
fibroblast cell line expressing human CDS81 remained resistant to
HCV entry.” In addition, expression of human CD81 in transgenic
mice did not confer susceptibility to HCV infection.?

SR-BI

The scavenger receptor B type I (SR-BI) has been proposed as
another candidate receptor for HCV.?” It is expressed at high levels in
hepatocytes and steroidogenic cells.?? The natural ligand of SR-BI
is high density lipoproteins (HDL). HDLs are internalized through a
non-clathrin-dependent endocytosis process that mediates cholesterol
uptake and recycling of HDL apoprotein.’* HCV genotypes la and 1b
recombinant E2 envelope glycoproteins were shown to bind HepG2
cells (a human hepatoma cell line that does not express CD81) by
interacting with an 82 kDa glycosylated SR-BI molecule. The SR-BI
appeared to be responsible for HCV binding, and HVR1 was recently
suggested to be the E2 envelope region involved in the interaction,
which was facilitated by serum HDLs.”’*!32 However, the fact that
antibodies against SR-BI resulted only in a partial blockade of binding
suggests that SR-BI is not the only cell surface molecule involved in
HCV binding to hepatocytes.?’
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LDL-R

The low-density lipoprotein (LDL) receptor (LDL-R) is an
endocytic receptor that transports lipoproteins, mainly the cholesterol-
rich LDLs, into cells through receptor-mediated endocytosis.**3*
Virus-like particles complexed with LDLs have been reported to enter
into cells via the LDL receptor.*>*¢ Thus, binding of low-density HCV
particles recovered from plasma by sucrose gradient sedimentation
correlated with the density of LDL receptors at the surface of MOLT-
4 cells and fibroblasts. The binding was inhibited by LDL but not by
soluble CD81.%

Mechanisms of cell entry and fusion

After attachment, the nucleocapsid of enveloped viruses is
released into the cell cytoplasm as a result of a fusion process between
viral and cellular membranes. Fusion is mediated by specialized viral
proteins and takes place either, directly at the plasma membrane or
following internalization of the particle into endosomes. The entry
process is controlled by viral surface glycoproteins that trigger the
changes required for mediating fusion. At least two different classes
of fusion proteins (I and II) can be distinguished.*® In general, the
flaviviruses enter target cells by receptor-mediated endocytosis and
use MHC class II fusion proteins.** By analogy, researchers believe
that HCV events resemble the other viruses from the family.*
However, in contrast with other class II fusion proteins, HCV
envelope glycoproteins do not appear to require cellular protease
cleavage during their transport through the secretory pathway.*! HCV
entry into cells is pH-dependent and endocytosis dependent,* but the
identity of the HCV fusion peptide remains unknown. E1 appeared as
a good candidate because sequence analysis suggested the presence of
a fusion peptide in its ectodomain.*

After the viral genome is liberated from the nucleocapsid
(uncoating) and translated at the rough ER, NS4B (perhaps in
conjunction with other viral or cellular factors) induces the formation
of membranous vesicles (referred to as the membranous web). These
membranes are supposed to serve as scaffolds for the viral replication
complex. After genome amplification and HCV protein expression,
progeny virions are assembled. The site of virus particle formation has
not yet been identified. The biological significance of these protein-
RNA interactions remains unknown.**

HCYV replication
The HCYV replication complex

Infection with a positive-strand RNA virus leads to rearrangements
of intracellular membranes, a prerequisite to the formation of a
replication complex that associates viral proteins, cellular components
and nascent RNA strands.*#® Overall, the membranous web consists
of small vesicles embedded in a membranous matrix, forming a
membrane-associated multiprotein complex that contains all of the
nonstructural HCV proteins.?’

Mechanism of HCV replication

The precise mechanisms of HCV replication are still poorly
understood. By analogy with other positive-strand RNA viruses,
HCV replication is thought to be semi-conservative and asymmetric
process.?’#® The positive-strand genome RNA serves as a template
for the synthesis of a negative-strand intermediate of replication
during the first step. In the second step, negative-strand RNA serves
as a template to produce numerous strands of positive polarity.*
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This template will subsequently be used for polyprotein translation,
synthesis of new intermediates of replication or packaging into new
virus particles.”® Initiation of RNA replication is triggered by an
interaction between proteins of the replication complex that forms a
pseudoknot structure with a stem-loop.>**!

Virus assembly and release

Little is known about HCV assembly and release due to the lack of
appropriate study models. Different variants of the HCV core protein,
which can exist as dimeric, and probably multimeric forms as well,
have been shown to be capable of self assembly in yeast in the absence
of viral RNA, generating virus-like particles with an average diameter
of 35 nm.** Particle formation is probably initiated by the interaction
of the core protein with genomic RNA; HCV core can indeed bind
positive-strand RNA in vitro through stem-loop domains I and III.%

Discussion

Hepatitis C virus (HCV),and hepatocellular carcinoma
(HCO)

The HCV-related HCC is the result of liver necroinflammatory
virus induced, and there is recent evidence suggests the virus may
also act as a direct carcinogenic factor causing direct mutation in the
DNA of the hepatocytes, as well as in carcinogenesis caused by B
viruses (HBV).?! The HCV protein might act by repressing the p53
activity, because after the virus-host interactions, the HCV protein is
preserved. This structure operates modulating of cell proliferation,
apoptosis and immune response and plays an important role in
hepatocarcinogenesis, favoring tumor growth.?® In typical cases of
chronic hepatitis C there is a quiescent state for 10 years or more and
the mean time of HCC onset, after the viral infection, is 30 years in
most cases.”**

The influence of hepatitis ¢ molecular events in
hepatocellular carcinoma

The causative mechanisms of HCC in people infected with HCV
remains poorly understood, however it has been shown that the
infection leads to persistent inflammation (chronic inflammation),
steatosis, fibrosis, cell regeneration and proliferation, acquiring pre-
neoplastic characteristics in an oxidative metabolic processes that
affect DNA (production of reactive oxygen species) turning into a
positive feedback to the malignant transformation.

Numerous genetic and environmental changes are involved in
the molecular pathogenesis of HCC. The p53 tumor suppressor gene
when mutated requires only the modification of one allele to have its
function alterated, since the mutant protein is unable to protect the
cell cycle functions.” The p53 gene is involved in various cellular
homeostasis maintenance functions. It is responsible for inflammatory
response to stress, at lower levels of DNA damage in the cell cycle.’

The proteins encoded by the HCV RNA bind to p53 to form protein-
protein complex and inactivate p53 dependent-events. This effect of
the virus on p53 provides the basis for malignant cell transformation.'
Mutations that occur in the hepatocytes genome are identified and
repaired by p53. Its auditing function in cell division events become
dysfunctional with the assembly described previously,”’ inducing
errors in gene expression. Therefore, the mutation of pS3 may lead
to failure in DNA repair causing the onset of mutated hepatocytes.’>

Another important component in the development of HCC is
B-catenin, a protein with multiple functions essential in the cell-cell
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adhesion process, cell communication and cellular signals transducing,
fundamental processes in the regulation of cellular functions such
as growth, differentiation, migration, proliferation and cell death.*
Some studies have shown that B-catenin downregulation expression is
present in several types of malignancies, including HCC.¢!62

B-catenin is rapidly phosphorylated and degraded in the cytoplasm,
but when there is activation of Wnt signaling pathway, the E-cadherina/
B-catenin complex became stabilized, thereby facilitating -catenin
translocation towards the nucleus.®'* Recent studies have shown that
the frequency of genetic mutations of B-catenin in HCC patients with
HCYV is usually twice, compared to other cancers.'?

Other important effectors were also reported in the literature due
to the carcinogenesis process in patients infected with HCV, such
as transforming growth factor beta, TGF-B, and reactive oxygen
species (ROS).* TGF-f plays an important role in apoptosis and liver
fibrosis.® TGF-B and activin are members of the TGF superfamily
and play a wide role in development, proliferation and apoptosis.
These growth factors exert their biological effects by binding to the
type I and II membrane receptors to transduce their signaling through
the nucleus by phosphorylation of R-SMADs (SMAD 2/3) and co-
SMADs (Smad 4). The proper control of TGF-f/activin pathway
is negatively regulated by inhibitory SMAD (SMAD7) and by E3
ubiquitination enzymes (Smurfs). Alterations in the receptors and
components of SMAD signaling pathway are associated with several
types of tumors. Since TGF-f and activin generate their intracellular
signaling through the same components of the SMAD pathway, in
the susceptible HCC cells, the unbalance of this pathway impairs
may play also an important role on both of the described above anti-
mitogenic signals on the HCC development and progression.®

ROS act directly on essential biomolecules, inducing
hepatotixicty, and also indirectly activating the cascades of redox-
sensitive transcription factors which leads to the production of
cytotoxic, pro-inflammatory and fibrogenic mediators. The chronic
hepatitis phenotype increases with fibrotic events and higher degree
of necroinflammatory.®® When those events are associated with
downregulation of the tumor suppression signals - p53, pl6 and
p21 pathways - the mechanisms that impel hepatic fibrosis, ROS-

dependent increase the risk of HCC occurrence. ¢

Conclusion

Understand the cellular and molecular basis of neoplastic
transformations that occur in the liver, represents an important key
in the development of effective strategies for the prevention and/
or treatment of HCC. In update description through this work, we
demonstrated important signaling pathways in the development of
HCC carcinogenesis throughout HCV pathogenesis and its molecular
mechanisms. It was possible to highlight, at molecular level, that
HCYV influences chronic hepatitis, evolving into the HCC phenotype.

These molecular alterations derived from host-pathogen
interactions interfere the hepatocyte normal effectors expression
leading to severe, and most of the times, irreversible changes in liver
cell metabolism. To understand the interactome behind these well-
driven mechanistic events could lead to more realistic molecular
targets, as well to early screening for possible biomarkers molecules.

Acknowledgements

The authors thanks Dr. Bernardo Petriz de Assis for his valuable
comments and feedback.

Copyright:
©2016 Reisetal. 105

Funding

None.

Conflict of interest

None.

References

1. Instituto Nacional de Cancer José Alencar Gomes da Silva (INCA)
(2014) Brasilia (DF).

2. Weinberg RA. A biologia do cancer. Porto Alegre: Artmed. 2008:26-29.

3. Eliana Maria Texeira Barreto. Occurrentes that made the history
of oncology in Brasil: Nacional Cancer Institute (INCA). Revista
Brasileira de Cancerologia 51(3): 267-275.

4. Lucia de Almeida V, Leitdo A, Carmen L, et al. Cancer e agentes
antineoplasicos ciclo—celular especifico e ciclo—celular ndo especifico
que interagem com o DNA: Uma introdug@o. Quim Nova. 2005;28(
1):118-129.

5. Spence RAJ, Jonhston PG Em Oncology, Jonhston PG. Oxford
University Press: Oxford, USA. 2001;1-14, 121-132.

6. Neidle S, Waring, Verlag Chemie, Weinheim. Molecular Aspects of
Anti—cancer Drug Action. 1994:315.

7. Meza—Junco J. Bases moleculares del cancer. Revista de Investiga¢do
Clinica. 2006;8(1):56-58.

8. Tatiana Martins, Narciso—Schiavon JL, Lucca Schiavon L.
Epidemiologia da infecg¢do pelo virus da hepatite C. Rev Assoc Med
Bras. 2011;57(1):107-112.

9. Ferenci P. Carcinoma hepatocelular (CHC): umaperspectiva mundial.
World Gastroenterology organisation practice guidelines. 2009:3-7.

10. Troels KH Scheel, Charles M Rice. Understanding the hepatitis C virus
life cycle paves the way for highly effective therapies. Nature medicine.
2013;19(7):837-849.

11. David L Thomas. Global control of hepatitis C: where challenge meets
opportunity. Nature Medicine. 2013;19:850-858.

12. Kew MC. Prevention of hepatocellular carcinoma. HPB. 2005;(7):16—
25.

13. Gomes MA, Priolli DG, Tralhdo JG, et al. Carcinoma hepatocelular:
epidemiologia, biologia, diagnostico e terapias. Rev Assoc Med Bras.
2013;59(5):514-524.

14. Barone AA. Hepatite por VHC. Aspectos Virologicos e suas Implicagdes
Praticas. I Consenso da Sociedade Brasileira de Infectologia para o
Manuseio e Terapia da Hepatite C. Laboratorio de Hepatites — LIM 47
— DMIP-HC-FMUSP — Sio Paulo, Brasil. 2008:20-23.

15. Viso AT. Patogenia da Hepatite C — Consenso VHC 2007 — Aspectos
Virologicos e suas Implicagdes Praticas. I Consenso da Sociedade
Brasileira de Infectologia para o Manuseio e Terapia da Hepatite C.
Laboratério de Hepatites — LIM 47 — DMIP-HC-FMUSP — Sao Paulo
— Brasil. 2008:24-28.

16. Aldana AA, Arias JC, Lopez FS. Carcinogénesis inducida por el virus
del papiloma humano. /nvestigaciones Andina. 2012;14(24):443-444.

17. Shepard CW, Finelli L, Alter MJ. Global epidemiology of hepatitis C
virus infection. Lancet Infect Dis. 2005;5(9):558-567.

18. Zeisel MB, Fofana I, Fafi—-Kremer S, et al. Hepatitis C virus entry into
hepatocytes: Molecular mechanisms and targets for antiviral therapies.
J Hepatol. 2011;54(3):566-569.

19. Giannini C, Bréchot C. Hepatitis C virus biology. Nature Publishing
Groups. 2003;10:S27-S28.

Citation: Reis ADS, Ribeiro MB, Sarto RPD, et al. Molecular events of hepatitis C in hepatocellular carcinoma. Gastroenterol Hepatol Open Access.

2016;4(4):84-89. DOI: 10.15406/ghoa.2016.04.00108


https://doi.org/10.15406/ghoa.2016.04.00108

http://www.inca.gov.br/rbc/n_51/v03/pdf/historia_inca.pdf
http://www.inca.gov.br/rbc/n_51/v03/pdf/historia_inca.pdf
http://www.inca.gov.br/rbc/n_51/v03/pdf/historia_inca.pdf
http://www.readcube.com/unsupported/10.1590/S0100-40422005000100021
http://www.readcube.com/unsupported/10.1590/S0100-40422005000100021
http://www.readcube.com/unsupported/10.1590/S0100-40422005000100021
http://www.readcube.com/unsupported/10.1590/S0100-40422005000100021
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-42302011000100024
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-42302011000100024
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-42302011000100024
http://www.worldgastroenterology.org/UserFiles/file/guidelines/hepatocellular-carcinoma-portuguese-2009.pdf
http://www.worldgastroenterology.org/UserFiles/file/guidelines/hepatocellular-carcinoma-portuguese-2009.pdf
http://www.nature.com/nm/journal/v19/n7/abs/nm.3248.html
http://www.nature.com/nm/journal/v19/n7/abs/nm.3248.html
http://www.nature.com/nm/journal/v19/n7/abs/nm.3248.html
http://www.nature.com/nm/journal/v19/n7/full/nm.3184.html
http://www.nature.com/nm/journal/v19/n7/full/nm.3184.html
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0124-81462012000100007
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0124-81462012000100007
http://www.ncbi.nlm.nih.gov/pubmed/16122679
http://www.ncbi.nlm.nih.gov/pubmed/16122679
http://www.ncbi.nlm.nih.gov/pubmed/21146244
http://www.ncbi.nlm.nih.gov/pubmed/21146244
http://www.ncbi.nlm.nih.gov/pubmed/21146244
http://www.nature.com/cdd/journal/v10/n1s/pdf/4401121a.pdf?origin=publication_detail'
http://www.nature.com/cdd/journal/v10/n1s/pdf/4401121a.pdf?origin=publication_detail'

Molecular events of hepatitis C in hepatocellular carcinoma

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Jones IM, Chan—Fook C. Receptors for hepatitis C virus. Journal of
Virology. 2000;74(22):10860—10861.

Burlone ME, Budkowska A. Hepatitis C virus cell entry: role of
lipoproteins and cellular receptors. Journal of General Virology.
2009;90:1055-1063.

Pileri P, Uematsu Y, Campagnoli S, et al. Binding of hepatitis C virus to
CDS8I. Science. 1998;282(5390):938-941.

Petracca R, Falugi F, Galli G, et al. Structure—function analysis of
hepatitis C virus envelope—CD81 binding. J Virol. 2000;74(10):4824—
4830.

Meola A, Sbardellati A, Bruni Ercole B, et al. Binding of hepatitis
C virus E2 glycoprotein to CD81 does not correlate with species
permissiveness to infection. J Virol. 2000;74(13):5933-5938.

Flint M, Mc Keating JA. The role of the hepatitis C virus glycoproteins
in infection. Rev Med Virol. 2000;10(2):101-117.

Cormier EG, Tsamis F, Kajumo F, et al. CD81 is an entry coreceptor for
hepatitis C virus. Proc Natl Acad Sci USA. 2004;101(19):7270-7274.

Masciopinto F, Campagnoli S, Abrignani S, et al. The small extracellular
loop of CD81 is necessary for optimal surface expression of the large
loop, a putative HCV receptor. Virus Res. 2001;80:1-10.

Scarselli E, Ansuini H, Cerino R, et al. The human scavenger receptor
class B type I is a novel candidate receptor for the hepatitis C virus.
EMBO J. 2002;21(19):5017-5025.

Babitt J, Trigatti B, Rigotti A, et al. Murine SR-BI, a high density
lipoprotein receptor that mediates selective lipid uptake, is N-
glycosylated and fatty acylated and colocalizes with plasma membrane
caveolae. J Biol Chem. 1997;272(20):13242—13249.

Krieger M. Scavenger receptor class B type I is a multiligand HDL
receptor that influences diverse physiologic systems. J Clin Invest.
2001;18(6):793-797.

Silver DL, Wang N, Xiao X, et al. High density lipoprotein (HDL)
particle uptake mediated by scavenger receptor class B type 1 results
in selective sorting of HDL cholesterol from protein and polarized
cholesterol secretion. J Biol Chem. 2001;76:25287-25293.

Bartosch B, Verney G, Dreux M, et al. An interplay between
hypervariable region 1 of the hepatitis C virus E2 glycoprotein,
the scavenger receptor BI, and high—density lipoprotein promotes
both enhancement of infection and protection against neutralizing
antibodies. J Virol. 2005;79(13):8217-8229.

Voisset C, Callens N, Blanchard E, et al. High density lipoproteins
facilitate hepatitis C virus entry through the scavenger receptor class B
type 1. J Biol Chem. 2005;80(9):7793-7799.

Barth H, Schafer C, Adah MI, et al. Cellular binding of hepatitis C virus
envelope glycoprotein E2 requires cell surface heparan sulfate. J Biol
Chem. 2003;78(42):41003-41012.

Chung NS, Wasan KM. Potential role of the low—density lipoprotein
receptor family as mediators of cellular drug uptake. Adv Drug Deliv
Rev. 2004;56(9):1315-1334.

Agnello V, Abel G, Elfahal M, et al. Hepatitis C virus and other
flaviviridae viruses enter cells via low density lipoprotein receptor.
Proc Natl Acad Sci USA. 1999;96(22):12766-12771.

Monazahian M, Bohme I, Bonk S, et al. Low density lipoprotein
receptor as a candidate receptor for hepatitis C virus. J Med Virol.
1999;57(3):223-229.

Wiinschmann S, Medh JD, Klinzmann D, et al. Characterization of
hepatitis C virus (HCV) and HCV E2 interactions with CD81 and the
low—density lipoprotein receptor. J Virol. 2000;4(21):10055-10062.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

Copyright:
©2016 Reis ecal. 106

Lescar J, Roussel A, Wien MW, et al. The Fusion glycoprotein shell
of Semliki Forest virus: an icosahedral assembly primed for fusogenic
activation at endosomal pH. Cell. 2001;105(1):137-148.

Lindenbach BD, Rice CM. Unravelling hepatitis C virus replication
from genome to function. Nature. 2005;36:933-938.

Yagnik AT, Lahm A, Meola A, et al. A model for the hepatitis C virus
envelope glycoprotein E2. Proteins. 2000;40(3):355-366.

Op De Beeck A, Voisset C, Bartosch B, et al. Characterization
of functional hepatitis C virus envelope glycoproteins. J Virol.
2000;78(6):2994-3002.

Flint M, McKeating JA. The role of the hepatitis C virus glycoproteins
in infection. Rev Med Virol. 2000;10(2):101-117.

Chen Zhang, Zhaohui Cai, Young—Chan Kim, et al. Stimulation of
hepatitis C virus (HCV) nonstructural protein 3 (NS3) helicase activity
by the NS3 protease domain and by HCV RNA-dependent RNA
polymerase. J Virol. 2005;79(14):8687-8697.

Kato J, Kato N, Yoshida H, et al. Hepatitis C virus NS4A and NS4B
proteins suppress translation in vivo. J Med Virol. 2002;6(2):187-199.

Shih CM, Lo SJ, Miyamura T, et al. Suppression of hepatitis B virus
expression and replication by hepatitis C virus core protein in HuH-7
cells. J Virol. 1993;67(10):5823-5832.

Gao L, Aizaki H, He JW, et al. Interactions between viral nonstructural
proteins and host protein hVAP-33 mediate the formation of hepatitis C
virus RNA replication complex on lipid raft. J Virol. 2004;78(7):3480—
3488.

Egger D, Wolk B, Gosert R, et al. Expression of hepatitis C virus
proteins induces distinct membrane alterations including a candidate
viral replication complex. J Virol. 2002;6(12):5974-5984.

Bartenschlager R, Ahlborn-Laake L, Mous J, et al. Nonstructural
protein 3 of the hepatitis C virus encodes a serine—type protease
required for cleavage at the NS3/4 and NS4/5 junctions. J Virol.
1993;7(7):3835-3844.

Astier—Gin T, Bellecave P, Litvak S, et al. Template requirements
and binding of hepatitis C virus NS5B polymerase during in vitro
RNA synthesis from the 3’—end of virus minus—strand RNA. Febs J.
2005;272(15):3872— 3886.

Friebe P, Boudet J, Simorre JP, et al. Kissing—loop interaction in the
3’ end of the hepatitis C virus genome essential for RNA replication. J
Virol. 2005;9(1):380-392.

Chang SC, Yen JH, Kang HY, et al. Nuclear localization signals in
the core protein of hepatitis C virus. Biochem Biophys Res Commun.
1994;05(1):1284-1290.

Acosta—Rivero N, Rodriguez A, Musacchio A, et al. Nucleic
acid binding properties and intermediates of HCV core protein
multimerization in Pichia pastoris. Biochem Biophys Res Commun.
2004a;323(3):926-931.

Shimoike T, Mimori S, Tani H, et al. Interaction of hepatitis C virus
core protein with viral sense RNA and suppression of its translation. J
Virol. 19994;3(12):9718-9725.

Papaiordanou F, Ribeiro—Junior M, Saad W. Prevention of hepatocellular
carcinoma. ABCD Arq Bras Cir Dig. 2009;2(2):115-119.

Bartosch B, Thimme R, Blum HE, et al. Hepatitis C virus—induced
hepatocarcinogenesis. Journal of Hepatology. 2009;51(4):810-820.

Nita ME, Alves VA, Carrilho FJ, et al. Molecular aspects of hepatic
carcinogenesis. Rev Inst Med Trop Sao Paulo. 2002;4(1):39-48.

Roger C. Imunologia clinica das neoplasias. Faculdade de Medicina—

Citation: Reis ADS, Ribeiro MB, Sarto RPD, et al. Molecular events of hepatitis C in hepatocellular carcinoma. Gastroenterol Hepatol Open Access.
2016;4(4):84-89.DOI: 10.15406/ghoa.2016.04.00108


https://doi.org/10.15406/ghoa.2016.04.00108

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC110967/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC110967/
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.320.4649&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.320.4649&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.320.4649&rep=rep1&type=pdf
http://www.ncbi.nlm.nih.gov/pubmed/9794763
http://www.ncbi.nlm.nih.gov/pubmed/9794763
http://www.ncbi.nlm.nih.gov/pubmed/10775621
http://www.ncbi.nlm.nih.gov/pubmed/10775621
http://www.ncbi.nlm.nih.gov/pubmed/10775621
http://www.ncbi.nlm.nih.gov/pubmed/10846074
http://www.ncbi.nlm.nih.gov/pubmed/10846074
http://www.ncbi.nlm.nih.gov/pubmed/10846074
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291099-1654%28200003/04%2910:2%3C101::AID-RMV268%3E3.0.CO;2-W/abstract
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291099-1654%28200003/04%2910:2%3C101::AID-RMV268%3E3.0.CO;2-W/abstract
http://www.ncbi.nlm.nih.gov/pubmed/12356718
http://www.ncbi.nlm.nih.gov/pubmed/12356718
http://www.ncbi.nlm.nih.gov/pubmed/12356718
http://www.ncbi.nlm.nih.gov/pubmed/9148942
http://www.ncbi.nlm.nih.gov/pubmed/9148942
http://www.ncbi.nlm.nih.gov/pubmed/9148942
http://www.ncbi.nlm.nih.gov/pubmed/9148942
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC200944/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC200944/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC200944/
http://www.ncbi.nlm.nih.gov/pubmed/15956567
http://www.ncbi.nlm.nih.gov/pubmed/15956567
http://www.ncbi.nlm.nih.gov/pubmed/15956567
http://www.ncbi.nlm.nih.gov/pubmed/15956567
http://www.ncbi.nlm.nih.gov/pubmed/15956567
http://www.ncbi.nlm.nih.gov/pubmed/15632171
http://www.ncbi.nlm.nih.gov/pubmed/15632171
http://www.ncbi.nlm.nih.gov/pubmed/15632171
http://www.ncbi.nlm.nih.gov/pubmed/12867431
http://www.ncbi.nlm.nih.gov/pubmed/12867431
http://www.ncbi.nlm.nih.gov/pubmed/12867431
http://www.ncbi.nlm.nih.gov/pubmed/15109771
http://www.ncbi.nlm.nih.gov/pubmed/15109771
http://www.ncbi.nlm.nih.gov/pubmed/15109771
http://www.ncbi.nlm.nih.gov/pubmed/10535997
http://www.ncbi.nlm.nih.gov/pubmed/10535997
http://www.ncbi.nlm.nih.gov/pubmed/10535997
http://www.ncbi.nlm.nih.gov/pubmed/10022791
http://www.ncbi.nlm.nih.gov/pubmed/10022791
http://www.ncbi.nlm.nih.gov/pubmed/10022791
http://www.ncbi.nlm.nih.gov/pubmed/11024134
http://www.ncbi.nlm.nih.gov/pubmed/11024134
http://www.ncbi.nlm.nih.gov/pubmed/11024134
http://www.ncbi.nlm.nih.gov/pubmed/11301009
http://www.ncbi.nlm.nih.gov/pubmed/11301009
http://www.ncbi.nlm.nih.gov/pubmed/11301009
http://www.nature.com/nature/journal/v436/n7053/abs/nature04077.html
http://www.nature.com/nature/journal/v436/n7053/abs/nature04077.html
http://www.ncbi.nlm.nih.gov/pubmed/10861927
http://www.ncbi.nlm.nih.gov/pubmed/10861927
http://www.ncbi.nlm.nih.gov/pubmed/14990718
http://www.ncbi.nlm.nih.gov/pubmed/14990718
http://www.ncbi.nlm.nih.gov/pubmed/14990718
http://www.ncbi.nlm.nih.gov/pubmed/10713597
http://www.ncbi.nlm.nih.gov/pubmed/10713597
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1168731/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1168731/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1168731/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1168731/
http://www.ncbi.nlm.nih.gov/pubmed/11782927
http://www.ncbi.nlm.nih.gov/pubmed/11782927
http://www.ncbi.nlm.nih.gov/pubmed/8396658
http://www.ncbi.nlm.nih.gov/pubmed/8396658
http://www.ncbi.nlm.nih.gov/pubmed/8396658
http://www.ncbi.nlm.nih.gov/pubmed/15016871
http://www.ncbi.nlm.nih.gov/pubmed/15016871
http://www.ncbi.nlm.nih.gov/pubmed/15016871
http://www.ncbi.nlm.nih.gov/pubmed/15016871
http://www.ncbi.nlm.nih.gov/pubmed/12021330
http://www.ncbi.nlm.nih.gov/pubmed/12021330
http://www.ncbi.nlm.nih.gov/pubmed/12021330
http://www.ncbi.nlm.nih.gov/pubmed/8389908
http://www.ncbi.nlm.nih.gov/pubmed/8389908
http://www.ncbi.nlm.nih.gov/pubmed/8389908
http://www.ncbi.nlm.nih.gov/pubmed/8389908
http://www.ncbi.nlm.nih.gov/pubmed/16045758
http://www.ncbi.nlm.nih.gov/pubmed/16045758
http://www.ncbi.nlm.nih.gov/pubmed/16045758
http://www.ncbi.nlm.nih.gov/pubmed/16045758
http://www.ncbi.nlm.nih.gov/pubmed/15596831
http://www.ncbi.nlm.nih.gov/pubmed/15596831
http://www.ncbi.nlm.nih.gov/pubmed/15596831
http://www.ncbi.nlm.nih.gov/pubmed/7802660
http://www.ncbi.nlm.nih.gov/pubmed/7802660
http://www.ncbi.nlm.nih.gov/pubmed/7802660
http://www.ncbi.nlm.nih.gov/pubmed/15381089
http://www.ncbi.nlm.nih.gov/pubmed/15381089
http://www.ncbi.nlm.nih.gov/pubmed/15381089
http://www.ncbi.nlm.nih.gov/pubmed/15381089
http://www.ncbi.nlm.nih.gov/pubmed/10559281
http://www.ncbi.nlm.nih.gov/pubmed/10559281
http://www.ncbi.nlm.nih.gov/pubmed/10559281
http://www.ncbi.nlm.nih.gov/pubmed/19545926
http://www.ncbi.nlm.nih.gov/pubmed/19545926
http://www.ncbi.nlm.nih.gov/pubmed/11896411
http://www.ncbi.nlm.nih.gov/pubmed/11896411

Molecular events of hepatitis C in hepatocellular carcinoma

59.

60.

61.

62.

63.

USP, Sao Paulo—SP, disponivel em. 2004:18(07).

Schmitt A. Modelagem matematica do crescimento tumoral e sua
relagdo com sistema imunologico. 2011.

Beavon IRG. O complexo E-caderina—catenina em metastases
tumorais: estruture, fungio e regulagio. Eur J Cancer. 2000;36:1607—
1620.

Melo AU, Rosa MR, Xavier FC, et al. Current Review of Beta—Catenin
Expression and its Implications in the Oral Epithelial Dysplasia Study.
Revista Brasileira de Cancerologia. 2010;6(3):381-390.

Gao S, Eiberg H, Krogdahl A, et al. Expressao citoplasmatica de E—
caderina e f —catetina correlacionada com LOH e hipermetilagdo do
gene APC em carcinomas de células escamosas orais. J Oral Med
Pathol. 2005;34:116-119.

Freitas RA, Silveira EJ, Silveira JP, et al. Correlation of § —catenin
expression and metastasis in tongue squamous cell carcinoma. Acta
Cirtrgica Brasileira. 2010;25(6):513-517.

64.

65.

66.

67.

Copyright:
©2016 Reisetal. 107

Souza, Carine Ferreira e Luiz Claudio Cyrino. Producdo de espécies
reativas de oxigénio durante o exercicio aerobico e anaerdbico, Rev.
bras.cineantropom.desnempenho hum. 2006.

Matsuzaki K, Murata M, Yoshida K, et al. Chronic inflammation
associated with hepatitis C virus infection perturbs hepatic transforming
growth factor beta signaling, promoting cirrhosis and hepatocellular
carcinoma. Hepatology.2007;46(1):48-57.

Edna TK, Silvia EM, Filho R, et al. TGFbeta, activina e sinaliza¢ao
SMAD em cancer de tirdide. Arq Bras Endocrinol Metab.
2009;51(5):683-689.

Hotamisligil GS. Inflammation and metabolic disorders. Nature.
2006;444(7121):860-867.

Citation: Reis ADS, Ribeiro MB, Sarto RPD, et al. Molecular events of hepatitis C in hepatocellular carcinoma. Gastroenterol Hepatol Open Access.
2016;4(4):84-89.DOI: 10.15406/ghoa.2016.04.00108


https://doi.org/10.15406/ghoa.2016.04.00108

http://www.ncbi.nlm.nih.gov/pubmed/17596875
http://www.ncbi.nlm.nih.gov/pubmed/17596875
http://www.ncbi.nlm.nih.gov/pubmed/17596875
http://www.ncbi.nlm.nih.gov/pubmed/17596875
http://www.scielo.br/scielo.php?pid=S0004-27302007000500005&script=sci_abstract
http://www.scielo.br/scielo.php?pid=S0004-27302007000500005&script=sci_abstract
http://www.scielo.br/scielo.php?pid=S0004-27302007000500005&script=sci_abstract
http://www.ncbi.nlm.nih.gov/pubmed/17167474
http://www.ncbi.nlm.nih.gov/pubmed/17167474

	Title
	Abstract
	Keywords
	Introduction
	Hepatocellular carcinoma (HCC) 
	Hepatitis C virus (HCV) 
	Virological aspects of hepatitis C 
	The HCV lifecycle 
	Cellular attachment of HCV virions and entry  
	CD81
	SR-BI  
	LDL-R  
	Mechanisms of cell entry and fusion  

	HCV replication 
	The HCV replication complex 
	Mechanism of HCV replication 
	Virus assembly and release  

	Discussion
	Hepatitis C virus (HCV), and hepatocellular carcinoma (HCC) 
	The influence of hepatitis c molecular events in hepatocellular carcinoma  

	Conclusion
	Acknowledgements
	Funding
	Conflict of interest 
	References

