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£%¤¥83529�_D�P�WINZ������DP��IUI���̂IUV�U�P�F \K�Z�I[��UW����GJ�P�J��GO�HIP�ZU���IU�IP�ZN�ZHIJP���F \E

¦§C§:;4�̈§;6©:§+

_INZ������D���JX���_D����U�IV��GU����Z�HZ�GJ��̂G�Ẑ
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Z��IV�I[��«_¬�[Z�Z�P�Ẑ�WGX�W��WI��UV�[IUVI��ZJ�I���JGH�GUI
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G���U�IV�I[��U[���[XẐ��[I�ÎGN�I��IV���I��ZJJ�IJ���WZ����UẐ̂�
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�G��UI�[�ZJJWIZ���JX���]�¢�P�Z�NI�����JX���ZU[�³]���JX�E
�WI�_D���IUGHI��WG����JIZ���ZJ�Z��̂�����W�VW�Ẑ̂G����WI
�[IU����VZ��GU�G����́��IUG��NI��̄�°�[���IJ�U���JGH�GUI�G�WIJ
���XN��G������U��WI�J�UXV̂IG��[I��IYXIUVI���JI��I�I[��U�̄�°�E
QXJ�WIJ��X���NI��ZU[���ĜZ�I��G���WI�I�[���IJIU���IUG��NI�

\̀[[JI���VGJJI�NGU[IUVI��G��W���ZX�WGJ�Z���WI�¡U����X�G�[I�µZJZ���ĜG�¶Z��
]�GHI[�V�UZ�·LMNIOK I�JZ̧�DS¡DP�µZJYXI��IVUĜM��VG�[I�D�IUV�Z��[I�̂Z
SẐX[P�\�[ZE�[Î�DGUGV�H�IU�G��¹UP�\JH�̂̂Z������P�³JZUZ[ZP�SNZ�U±��Îº
»����­������¼���±�QŹº�»����­������¼��®±�½KHZ�̂º�Z�IJOẐW¾�N�EV��VEI�

�ZJ��U���U��WI�J���JX̂IUVI�WZ�I�Ẑ�G��IIU�[I�VJ��I[E���JẐ
�IUG��NI�V̂IZĴ��Z��IV����WI��XVVI���G���U�IJ�IJGU��WIJZN�P
Ẑ�WGX�W�UG�V̂IZJ�VGJJÎZ��GU����W���JX̂IUVI�Í����E

¡U�Z[[���GUP��WI�_D��NGNX̂Z��GU�NJI�IU���U�ZU��U�IV�I[
NZ��IU�������JXV�XJI[��U��IJH��G���fkcecwiseicE��W����IJH
[I��UI���WI�V̂G�Î��JÎZ�I[��IYXIUVI��G��Z�WI�IJG�IUIGX�
��JẐ�NGNX̂Z��GU��U�IV��U��Z���U�̂I��U[���[XẐ�̄­°E�³IUGH�V
�IYXIUVI�[��IJ��������HZ�Û��[XI��G��WI�W��W���JẐ�JIN̂�VZ��GU
JZ�I�ZU[��WI�HX�Z��GU���U�JG[XVI[������JẐ�F \K[INIU[IU�
F \�NĜ�HIJZ�I��F[FN��[XJ�U���WI�JIN̂�VZ��GU�G���WI���JẐ
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�X��IYXIU��[I�ÎGNHIU��G��Z�VWJGU�V��U�IV��GU�̄�°E�¡��WZ�
�IIU�JINGJ�I[��WZ���WI���JẐ�NGNX̂Z��GU���U�IV��U���HHXUGK
�XNNJI��I[�NZ��IU����WG��Z�JI[XVI[�NJG�Z��̂����G��HX�Z��GU
VGHNZJI[��G��WZ���IIU��U�UGUK�HHXUGVGHNJGH��I[
�U[���[XẐ��̄�K��°E�\���JGU��WG����HHXUI�JI�NGU�I�HZ�
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�I�[I�IV�I[��U�NZ��IU���IJXH�I��WIJ�VGHN̂ÍI[��G��HHXUGK
�̂G�X̂�U��GJ�̂G��[IU�����̂�NGNJG�I�U�P�GJ�Z���JII���JẐ
NZJ��V̂I��̄��°E��WI��IUI��V�HZ�IJ�Ẑ�����GXU[��G��WI�VGJI
NJG�I�UP��GJH�U��ZU��VG�ZI[J�V�VZN��[E��W�������U��XJU�VG�IJI[
���Z�̂�N�[�IU�ÎGNIE�\�WI�IJG[�HIJ�V�VGHN̂Í�VGU�����U��G�
�WI���JẐ��̂�VGNJG�I�U��½��ZU[�½®P����V���GX���WJGX�W��W��
IU�ÎGNI�̂��I��N��I��̄��°E
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VGU�Z�U����G�W��Ŵ��VGU�IJ�I[�XU�JZU�̂Z�Z�̂I�JI��GU���Á�F�
�̂ZU��U���WI�VG[�U���IYXIUVIP��W�VW�N̂Z��ZU�I��IU��Ẑ�JĜI��U
��JẐ��JZU�̂Z��GU�ZU[�JIN̂�VZ��GU�̄��K®�°E��WI���JẐ�NJG�I�U�
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Fig. (1). Genetic organization and protein products of HCV. Above: the HCV genome, showing the 5’ and 3’ untranslated regions. The
proposed secondary structure for the CRE domain (cis-response element) is also shown. IRES-dependent translation generates a 3011 amino
acid-long polyprotein product (below) which is subsequently processed into structural and non-structural proteins. The proteolysis products
and their functions are indicated.

proteases. The structural proteins include the capsid protein
(C), p7 and the envelope proteins E1 and E2. The non-
structural products are involved in polyprotein processing
(NS2, NS3, NS4A) and replication (NS4B, NSSA and
NSSB).

The success ofHCV infection is conditioned by how well
the virus avoids the immune host response. The initial
defense reaction depends on the viral pathogen-associated
molecular pattern (PAMP). For HCV, the PAMP includes
the genomic RNA, the NSSA protein, the core protein, and
even entire viral particles, all of which can be presented by
dendritic cells (for a review, see [22]). PAMP presentation
initiates the production of interferon and cytokines [23] in an
autoregulatory fashion ([24]; reviewed in [22]). It has been
reported that the NS3/4A protein acts as an antagonist of
certain key factors in the induction of the immune response.
This mainly involves a reduction in IFN production, thus
inducing alterations in the pathways and complexes whose
functioning is dependent on it. For example, antigen
presentation is greatly reduced, meaning T cells cannot be
stimulated. NS3/4A has also been related to a prolonged
blocking of pro-apoptotic factor activity, providing a
molecular link between HCV infection and the development

of hepatocellular carcinoma [25]. Similarly, the NSSA
protein may activate IL-8 production, which interferes with
IFN-mediated response pathways, and in conjunction with
E2 it may block protein kinase R (PKR), an enzyme involved
in the amplification of the immune response. The intensity of
these effects differs depending on the genetic diversity of the
infecting viral pool. Finally, HCV genotypes 1a and lb have
a smaller number ofUU and AU sites than genotypes 2 or 3,
impeding RNase L-mediated degradation of the HCV
genome (this enzyme specifically cleaves nucleic acids at
these sites; [26]). This provides another possibility for
variation in terms of resistance to IFN since RNase L is

activated by this molecule.

The identification of HCV in 1989 by Houghton and co-
workers [15] led to numerous studies aimed at deciphering
its molecular biology, but advances in our knowledge
regarding the viral cycle have been hindered by the lack of
an efficient and stable culture system. However, recent
advances in replicon and pseudoparticle production methods
[27, 28] have allowed a more detailed understanding ofHCV
spread and replication to be grasped. In addition, the latest
virion production strategies provide the starting point for the
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Fig. (2). Proposed secondary structure of the 5’UTR domain of HCV. Domains involved in the interaction with eIF3 factor and ribosomal
subunit 405 are marked in boxes. The translation start codon is shown in bold.
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