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Research progress on hepatitis C virus quasispecies and its clinical

significance
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Abstract: Hepatitis C virus (HCV), with highly genetic variation, was characterized by the existence of a wide
quasi species distribution within a single infected individual. It was proved HCV quasispecies play an important
role in the virus escaping from the host immunosurveillance and the resistance to antiviral therapy, which lead to
the chronic virus infection and persistent pathogenicity. Here, we summarized the generation of HCV quasispecies,
the research of quasispecies characters within each gene of HCV genome, and its clinical significance.

Key words: HCV; quasispecies; variability

(HCV) RNA
9.6 kb HCV HCV
HCV .
HCV
2006~30% 10%~20% ) ) Domingo
5% g Qb RNA “ "
HCV
2 HCV 2010-07-26 2010-08-30
[3.5] 973
HCV (2009CB522502); (C150703);
(2009CD194)

5'UTR Core E2 NS2 NS3 NS5A * E-mail: oliverxia2000@yahoo.com.cn



71

RNA HCV
1022 @
——RNA RNA
103~10° 1 o
HCV HCV
(genetic drift)
2 HCV
HCV
2.1
PCR PCR
HCV
Gretch @ HCV
20~100 20
95%
McCaughan © HCV
99
95%
HCV

MEGA DNAStar PHYLIP
(synonymous substitutions)
(nonsynonymous substitutions)

(dN/dS)
dN/dS 1 “ ”
dN/dS 1 “ ”

[10]

2.2 (single-strand confor-
mation polymorphism, SSCP)
SSCP DNA
DNA
SSCP
PCR PCR
DNA DNA

DNA

Vera-Otarola 14

Southern
HCV
SSCP
SSCP
HCV
2.3 (heteroduplex gel shift
assays)
SSCP

[2(heteroduplex tracking assay,
HTA) (clonal frequency analysis,
CFA)
HCV RNA
PCR
HTA PCR

DNA
CFA PCR

(heteroduplex mobility ratio, HMR)



72

23

2.4 (matrix-
assisted laser desorption ionization-time of flight
mass spectrometry MALDI-TOF-MS)

MALDI
TOF
(M/2)
HCV
RNA RT-PCR [RT-PCR
(Flag)
] PCR
MALDI TOF
[13-15]
SSCP MALDI-
TOF
3 HCV
HCV
HCV
3.1 5° (5"UTR)
5UTR 319~-341 HCV
5'UTR

(IRES) RNA

Soler © 6 a-lFN

HCV 5UTR

5'UTR
(2a/1b,3a/1b)
IRES
HCV
Vera-Otarola 19 45
HCV
5UTR HCV
5'UTR 56.7%
HCV
HCV 5'UTR
3.2 Core
Core
HCV
Ray (7 Core HCV
Core
HCV Hayashi (8 HCV
Core
Core
Core
Christie 19 6 HCV
3 3
HCV Core
Core
3.3 E2
E2 1 (high
variation region 1 HVR1) 1
27 27
HCV
HVR1
HCV
Alfonso @ 12
1
HVR1 3
E2
1
L 6pez-L abrador
(21 340 HIV/HCV
HVR1 HCV
dN/dS

[22]



73

HVR1

HCV
HCV
HCV
3.4 NS2
HCV
N S2
HCV NS2
[23] [24] - PCR 1
HCV 1
NS2 DNA T
5
NS2
N NS2
HCV HCV NS2
NS2
3.5 NS3
NS3 N
Winters [ la 1b 2a
3a HCV HIV/HCV HCV
la
NS3
CTL
NS3
IL-2 IL-10
Wang Eckeld® HCV NS3 358~375 (
IL-2) NS3505~521(  IL-10)

NS3 358~375 NS3 505~521

T
3.6 NS5A
NSSA  C  (2220~2248 aq)
(ISDR)
(PEG-IFNa) NS5A
Jardim #2711
HCV1 NS5A 163
NS5A
NS5A
ISDR
V3
NS5A HCV
3.7 3" (3"UTR)
3UTR  HCV 128,29
[30]
3UTR 6 1b HCV
RT-PCR 400bp 3UTR
12~15
Poly(U/
0) 3UTR
4 HCV
4.1
HCV
[31-33]
[14]
HCV
m4 HCV HVR1
(13 HVR1
(3438 HCV/HIV
HCV HCV

[36]



74

23

HCV
HIV HBV
ALT
4.2
IFNa —
52% 1 HCV
3 HCV
[46]
Salmeron 7
IFN
NS5A
5
HCV
HCV
HCV Core
NS5 CTL

ALT

B HCV

Rothman 2
ALT
Farci [
HVR1

HVR1

ALT
HCV

42%~
76%~84% 2

[43-45]

50

48 HCV
49 HCV HVR1

[49-53]

(ISDR)

[54-56]

HCV HCV
HCV

NS3 NS4

HCV

[1]

(2]

(3]

[4]

(5]

(6]

[7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[ 1
Bukh J, Miller RH, Purcell RH, et a. Genetic heterogeneity
of hepatitisC virus: quasi speciesand genotypes. Semin Liver
Dis, 1995, 15(1): 41-63
Poyak SJ, McArdle S, Liu SL, et al. Evolution of hepatitisC
virus quasispeciesin hypervariable region 1 and the puta-
tiveinterferon sensitive-determining region during interferon
therapy and natural infection. JVirol, 1998, 72(5): 4288-96
Curran R, Jameson CL, Craggs JK, et d. Evolutionary trends
of the first hypervariable region of the hepatitis C virus E2
protein in individuals with differing liver disease severity. J
Gen Virol, 2002, 83(1): 11-23
Duffy M, Salemi M, Sheehy N, et al. Compariative rates of
nucleotide sequence variation in the hypervariableregion of
E1/ E2 and the NS5b region of hepatitis C virusin patients
with a spectrum of liver disease resulting from a common
source of infection. Virology, 2002, 301(2): 354-64
Soler M, Pellerin M, Malnou CE, et a. Quasispecies hetero-
geneity and congtraints on the evolution of the 5-noncoding
region of hepatitis C virus (HCV): relationship with HCV
resiganceto interferon-therapy. Virology, 2002, 298(1): 160-
73
Nitkiewicz J. Chronic hepatitis C infection-mechanisms of
virus“immune escape” . Przegl Epidemiol, 2004, 58(3): 423-
33
Drake JW, Holland JJ. Mutation rates among RNA viruses.
Proc Natl Acad Sci USA, 1999, 23(96): 13910-3
Gretch DR, Polyak SJ. The quasispecies nature of hepatitis
C virus: research methods and biologica implications[C].
Proceedings of the Hepatitis C virus GEMHEP Conference,
John Libbey Eurotext, Paris, France, 1997: 57-69
McCaughan GW, Laskus T, Vargas HE. Hepatitis C virus
guasispecies. misunderstood and mistreated? Liver Transpl,
2003, 9(10): 1048-52
Rocha EP, Smith JM, Hurst LD, et al. Comparisons of dN/
dS aretime dependent for closdly related bacterid genomes.
JBiol, 2006, 239(2): 226-35
Vera-Otarola J, Barri aMI, Ledn U, et al. Is single-strand
conformation polymorphism analysis of the full 50
untrandated region an adequate approach to study Hepati-
tis C virus quasi species distribution? J Virol, 2009, 9(83):
9018-21
Garci aF Jr, Garci aF, Bernal MC, et a. Genomic variability
of hepatitis G virus/GBV-C at the NS3 region: clinical
implication. Microbios, 2000, 102(401): 17-25
Farci P, Quinti I, Farci S, et a. Evolution of hepatitis C vira
guasispecies and hepatic injury in perinatally infected chil-
dren followed prospectively. Proc Natl Acad Sci USA , 2006,
103(22): 8475-80
Farci P, Strazzera R, Alter HJ, et d. Early changesin hepa-
titis C vira quasispecies during interferon therapy predict
the therapeutic outcome. Proc Natl Acad Sci USA, 2002, 99
(5): 3081-6
YeaC, Bukh J, Ayers M, et al. Monitoring of hepatitis C
virus quasispecies in chronic infection by matrix-assisted
laser desorption ionization-time of flight mass spectrom-



75

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

etry mutation detection. J Clin Microbiol, 2007, 45(3): 1053-
7
Vera-Otarola J, Barri aMI, Ledn U, et al. Hepatitis C virus
guasispecies in plasma and periphera blood mononuclear
cells of treatment naive chronicaly infected patients. JViral
Hepat, 2009, 16(9): 633-43
Ray BR, Meyer K, Ray R, et al. Suppression of apoptotic
cell death by Heptatitis C virus coren protein. Virology,
1996, 226(2): 176-82
Hayashi J, KishiharaY, Yamgji K, et a. Hepatitis C viral
guasispeciesand liver damagein patientswith chronic hepa-
titis C virusinfection. Hepatology, 1997, 25(3): 697-701
Christie JM, Chapel H, Chapman RW, et a. Immune selec-
tion and genetic sequence variation in core and envelope
regions of hepatitis C virus. Hepatology, 1999, 30(4): 1037-
44
Alfonso V, Flichman DM, Sookoian S, et a. Evolutionary
study of HVR1 of E2 in chronic hepatitis C virus infection.
JGen Virol, 2004, 85(Pt1): 39-46
Lopez-Labrador FX, Dove L, Hui CK, et a. Trends for
genetic variation of hepatitis C virus quasispeciesin human
immunodeficiency virus-1 coinfected patients. Virus Res,
2007, 30(12): 285-91

, . HCV

, 2008, 42(1): 75-7
Zhang ZX, Chen M, Sonnerborg A, et a. Antigenic structure
of the complete nonstructural (NS) 2 and 5 proteins of hepa-
titis C virus (HCV) anti-HCV NS2 and NS5 antibody reac-
tivitiesin relation to HCV serotype, presence of HCV RNA
and acute HCV infection. Clin Diagn Lab Immunol, 1994, 1
(3): 290-4
, , .. NS2

. ,2001, 16 (3): 215-9
Winters MA, Welles SL, Holodniy M. Hepatitis C virus
protease gene diversity in patients coinfected with human
immunodeficiency virus. JVirol, 2006, 80(8): 4196-9
Wang H, Eckels DD. Mutationsin immunodominant T cell
epitopes derived from the nonstructural 3 protein of hepati-
tis C virus have the potential for generating escape variants
that may haveimportant consequencesfor T cell recognition.
JImmunol, 1999, 169(2): 4177-83
Jardim AC, Y amasaki LH, de Queiréz AT, et d. Quasispecies
of hepatitis C virus genotype 1 and treatment outcome with
Peginterferon and Ribavirin. Infect Genet Evol, 2009, 9(4):
689-98

) , .. 1b 3

, 2002, 10(6):

469-70
Friebe P, Boudet J, Simorre JP, et a. Kissing - loop interac-
tionin the 3'end of the hepatitis C virus genome essential for
RNA replication. JVirol, 2005, 79(1): 380-92

) ) , . 3

. , 2005, 7(12): 1598-600
Cooper S, Erickson AL, Adams EJ, et a. Anaysis of asuc-
cessful immuneresponse against hepatitis C virus. Immunity,
1999, 10(4): 439-49

(32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Erickson AL, KimuraVY, Igarashi S, et a. The outcome of
hepatitis C virusinfection is predicted by escape mutations
in epitopestargeted by cytotoxic T lymphocytes. Immunity,
2001, 15(6): 883-95

Timm J, Lauer GM, Kavanagh DG, et d. CD8 eptiope es-
capeand reversion in acute HCV infection. JExp Med, 2004,
200(12): 1593-604

Farci P, Strazzera R, Alter HJ, et d. Early changesin hepa-
titis C vira quasispecies during interferon therapy predict
the therapeutic outcome. Proc Natl Acad Sci USA, 2002, 99
(5): 3081-6

Schvoerer E, Soulier E, Royer C, et al. Early evolution of
hepatitis C virus (HCV) quasispecies after liver transplant
for HCV-related disease. J Infect Dis, 2007, 196(4): 528-36
Canobio S, Guilbert CM, Troesch M, et al. Differing pat-
ternsof liver disease progression and hepatitis C virus(HCV)
guasispeciesevolution in children vertically co-infected with
HCV and human immunodeficiency virus type 1. J Clin
Microbiol, 2004, 42(9): 4365-9

Domingo E, Gomez J. Quasispecies and its impact on vira
hepatitis. Virus Res, 2007, 127(2): 131-50

Arenas Jl, Gallegos-Orozco JF, Laskus T, et a. HepatitisC
virus quasispecies dynamics predict progression of fibrosis
after liver transplantation. JInfect Dis, 2004, 189(11): 2037-
46

Canobio S, Guilbert CM, Troesch M, et al. Differing pat-
ternsof liver disease progression and hepatitis C virus(HCV)
quasispecies evolution in children vertically coinfected with
HCV and human immunodeficiency virus type 1. J Clin
Microbiol, 2004, 42(9): 436-69

Qin H, Shire NJ, Keenan ED, et al. HCV quasispecies
evolution: association with progression to end-stage liver
disease in hemophiliacs infected with HCV or HCV/HIV.
Blood, 2005, 105(2): 533-41

Vdlet S, Gouriou S, Nkontchou G, et d. |'s hepatitis C virus
NS3 protease quasispecies heterogeneity predictive of pro-
gression from cirrhosis to hepatocellular carcinoma? JVira
Hepat, 2007, 14(2): 96-106

Rothman AL, Morishima C, Bonkovsky HL, et a. Associa-
tions among clinical, immunological, and viral quasispecies
measurementsin advanced chronic hepatitis C. Hepatology,
2005, 41(3): 617-25

Fried MW, Shiffman ML, Reddy KR, et a. Peginterferon
afa-2aplusribavirin for chronic hepatitis C virusinfection.
N Engl JMed, 2002, 347(13): 975-82

Pawlotsky JM. The nature of interferon-alpharesistancein
hepatitis C virusinfection. Curr Opin Infect Dis, 2003, 16
(6): 587-92

Hadziyannis SJ, SetteH Jr, Morgan TR, et al. Peginterferon-
a2aand ribavirin combination therapy in chronic hepatitis C:
arandomized study of treatment duration and ribavirin dose.
Ann Intern Med, 2004, 140(5): 346-55

Wedemeyer H, Wiegand J, Cornberg M, et a. Polyethylene
glycol-interferon: current statusin hepatitis C virus therapy.
J Gastroenterol Hepatol, 2002, 17(Sup3): 344-50
Salmeron J, Casado J, Rueda PM, et al. Quasispecies as



76

23

[48]

[49]

[50]

[51]

predictive factor of rapid, early and sustained virological
responses in chronic hepatitis C, genotypel, treated with
peginterferon-ribavirin. JClin Virol, 2008, 41(4): 264-9
Quesnel-Vallieres M, Lemay M, Lapointe N, et al. HCV
guasispeciesevolution during treatment with interferon afa
2b and ribavirin in two children coinfected with HCV and
HIV-1. JClin Virol, 2008, 43(2): 236-40

Pellerin M, Lopez-Aguirre Y, Penin F, et al. Hepatitis C
virus quasispecies variability modulates nonstructural pro-
tein 5A transcriptional activation, pointing to cellular com-
partmentalization of virus-host interactions. JVirol, 2004,
78(9): 4617-27

Abbate I, Lo lacono O, Di Stefano R, et al. HVR-1
guasi species modifications occur early and are correlated to
initial but not sustained response in HCV -infected patients
treated with pegylated- or standard-interferon and ribavirin.
JHepatol, 2004, 40(5): 831-6

Chambers TJ, Fan X, Droll DA, et al. Quasispecies hetero-
geneity within the EL/E2 region as a pretreatment variable
during pegylated interferon therapy of chronic hepatitis C
virusinfection. JVirol, 2005, 79(5): 3071-83

[52]

(53]

[54]

[55]

[56]

Kumar D, Mdik A, Asm M, et a. Response of combination
therapy on vira load and disease severity in chronic hepatitis
C. Dig Dis Sci, 2008, 53(4): 1107-13

Moreau |, Levis J, Croshie O, et a. Correlation between
pre-treatment quasi species complexity and treatment out-
comein chronic HCV genotype 3a. Virol J, 2008, 5: 78
Nousbaum J, Polyak SJ, Ray SC, et al. Prospective charac-
terization of full-length hepatitis C virusNS5A quasispecies
during induction and combination antiviral therapy. JVirol,
2000, 74(19): 9028-38

Puig-Basagoiti F, Forns X, Furcieel, et al. Dynamics of
hepatitis C virus NS5A quasi species during interferon and
ribavirin therapy in responder and nonresponder patients
with genotype 1b chronic hepdtitis C. J Gen Virol, 2005, 86
(Pt4): 1067-75

Veillon P, Payan C, Guillou-Guillemette H, et al.
Quasispecies evolution in NS5A region of hepatitis C virus
genotype 1b during interferon or combined interferon-
ribavirin therapy. World J Gastroenterol, 2007, 13(8): 1195-
203



