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Detection of hepatitis C virus cross-neutralization antibodies in sera of hepatitis C patients
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[ Abstract] Objective To investigate the presence of neutralization antibodies in the sera of hepatitis C patients.
Methods A eukaryotic expression plasmid encoding carboxyl terminal-truncated HCV envelope protein 2 (E2) was transfected
into human 293T cells. ELISA method was established to examine the anti-E2 antibodies in the sera of 32 hepatitis C patients.
The full-length envelope protein expression plasmid was transfected into 293 T cells and the reactivity of transfectant with anti-
E2 IgG positive sera was analyzed by immunofluorescence. Five strains of HCV pseudotype particle (HCVpp), including H77
(1a genotype), Con-1 (1b genotype), J4 (1b genotype), J6 (2a genotype), and UNK3a (3a genotype), and two strains of cell
cultured HCV (HCVece) were used to assay the neutralization activity of 12 anti-E2 positive serum samples. Results ELISA
results showed that 26 of 32 serum samples were anti-E2 IgG positive, with the positive rate being 81. 3%. The 12 serum samples
positive for HCV RNA were all anti-E2 IgG, and the virus load was negatively correlated with the anti-E2 antibody level. The anti-E2
positive sera could neutralize the infections of five strains of HCVpp and two strains of HCVcc to various extents, and the neutralization
activity was consistent with the anti-E2 antibody level. Conclusion It is suggested that HCV infection can induce protective humoral
immune response, and cross-neutralization antibodies against HCV are present in sera of hepatitis C patients, which indicates a
feasibility for developing vaccines that can induce broadly-reactive neutralizing antibodies.
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1.1 EZ&HH PWEIL J4 R HCV IR E2 8HH
() B % 36 35 BURE pcDNA3. 1-1b661 DA & ik H77
Pk (1a WAL . Con-1 £ (1b EAL) \J6(2a WHY)  J4 ¥
(1b MEAY) (DA K UNK3a # (3a WA 42K 4 i 2R
() L A% 2% 38 JBURL FH AR 2 09 3 A L ¥ DL peDNAS. 1
AR VYT R I H AR A R R A K IR B R
JeRE AL 5 12 W B4R 4L, 3 HCV PR BH M
HCVpp 48 A ik i 2 B B B ENS K2 Cosset
FL #FZHEW, 2a Ak & HCV 2K cDNA # % Ji
i pFL-J6/JFH-1 LA K A9 41 B Bk Huh7. 5 H 3€
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PR —P0 . FH B 115 B 0 2 G W00 440 i 2 o A 4 i
RBFEEE T HCV E2 . L GNA {9 [ br
M, 4 CRER (1 pg/fL) K H 37°CEH M 2 h, PE#k 1

W, & L R peDNAS. 1-1b661 % 4+ () HEK
293T 4 Hd 47 I 100 pl, 3 2 ho YEAR 2 WK, AL
1+ 10 Fi B N T A LT 100 1], 37°C 40 min, ¥
M 5 W HRP-HE A IgG(1 = 2 000 HiBE) ,37°C 40
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KFHN E2, 0 fE 5401 E2 BB IE L8 B 5 i A7
K(E D,
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Fig 1 Analysis of expression and secretion
of HCV envelope protein by Western blotting
1. Lysate of 293T cells transfected with mock vector; 2: Supernatant
of 293T cells transfected with mock vector; 3: Lysate of 293T cells
transfected with encoding full length of HCV envelope protein; 4:
Supernatant of 293T cells transfected with encoding full length of

HCV envelope protein
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i 26 ], A 81. 3%
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KFRANX  ELISA KR 32 43 79 8 1
12 0y I3 4 5% SE-SE 9 % E i PCR AR
HCV RNA I, H Ay 20 63 1ML 75 A 20 33 s 55 mf
wIEE B PCR A&, HCV RNA FHIERY 12 43 ML i
¥1oh E2 Uik M E2 iR K 5 HCV RNA JKF
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Fig 2 Level of anti-HCV E2 IgG was negatively
correlated with HCV RNA load in HCV RNA positive sera
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T HE— 0BT ELISA K I 45 5 00 e o e,
Bk T 4 {51 B B LT AN 12 1) E2 Hi ik FHE Y
P8 E AR Y8 Do /Deso #53X 12 41 11L7E 19 E2
oSy AR (L1:0. 231,1.2:0. 227,1.3: 0. 278, L4
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0.812) . % (H1.1.198,H2.1. 299, H3.1. 321, H4.
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W J4 2K E1E2 KB Bk 55 Y 293T 4,
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293T 4 MR R B BTk i i 1 2K E2 H (K 3).,
B oM 16 B M35 5 293 T 40 M A 45 & I B, 45
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B3 ZARMTBERMEK HCV
fF% B2 EATE 293T A A FRiE
Fig 3 Analysis of full envelope 2 protein
in 293T cells by Western blotting analysis
1: Lysate of 293T cells transfected with plasmid encoding full length
of HCV envelope protein; 2: Lysate of 293T cells transfected with

mock vector
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1L MLV X HCVpp (4 FLYE T A R 3G 5, H 4
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B 4 HCV &I E2 Sk BA I F 3 HCVpp B 1R
Fig 4 Neutralization against HCVpp
by sera positive for anti-HCV E2 antibodies
* P<0.05, ** P<C0.01 vs L1-4 group; £ P<C0. 05 uvs M1-4 group.
n=12, x+s. L. Low; M. Middle; H: High
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W5 JFH-1 Ml J6/JFH-1 #t & HCVee IR A W
ARG Huh7. 5 40,3 d SR 4 e N HCV
RNA AXF K PR I X HCV By AT A L 45
T E2 PR K P 8 1 0T AT AR % 2 bR
HCVee MG AR E2 AR 7K 7 B AR i 7 1495 2
HRE A BH 5, 45 SR 3R B L B2 B AR K 7l e
ME X HCV By Hh FE FH 8k, H 41 1l v /9 H Ao
3% F L 4 (P<<0. 001 Al M 41 (P<C0. 01) , M 4 Ifil.
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Fig 5 Neutralization against HCVcc by sera
positive for anti-HCV E2 antibodies
** P<C0.01 vs L1-4 group; # P<C0. 01 vs M1-4 group. n=12, r+s.
L: Low; M. Middle; H. High
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FAE B2 B BHPE A 79 T B8 1035 B 22 b £
AFE AL/ R HCVpp M HCVee AR GS 1, Il 75
(R ANEME S E2 UK IEAROG, X 245 LR
HCV BGL AT % S AR 40 IR W e e N 28 T R T
HCV A 58 F 0 7 5 i B Al A7k

(& % 3 #k]

[1] Rohrbach J,Robinson N, Harcourt G, Hammond E,Gaudieri S,
Gorgievski M, et al. Cellular immune responses to HCV core in-
crease and HCV RNA levels decrease during successful antiret-
roviral therapy[J]. Gut,2010,59,1252-1258.

[2] Rodrigue-Gervais I G, Rigsby H, Jouan L, Sauvé D, Sékaly R,
Willems B, et al. Dendritic cell inhibition is connected to exhaus-

tion of CD8' T cell polyfunctionality during chronic hepatitis C

[3]

[4]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

virus infection[J]. J Immunol,2010,184.:3134-3144.
Ulsenheimer A,Gerlach J] T,Gruener N H,Jung M C, Schirren
C A,Schraut W, et al. Detection of functionally altered hepatitis
C virus-specific CD4 T cells in acute and chronic hepatitis C[J].
Hepatology,2003,37:1189-1198.

Ulsenheimer A, Lucas M, Seth N P, Tilman Gerlach J.Gruener
N H,Loughry A,et al. Transient immunological control during
acute hepatitis C virus infection:ex vivo analysis of helper T-
cell responses[J]. ] Viral Hepat,2006,13:708-714.

Bartosch B, Dubuisson J,Cosset F L. Infectious hepatitis C virus
pseudo-particles containing functional E1-E2 envelope protein
complexes[J]. ] Exp Med,2003,197:633-642.

Hsu M, Zhang J,Flint M, Logvinoff C, Cheng-Mayer C, Rice C
M, et al. Hepatitis C virus glycoproteins mediate pH-dependent
cell entry of pseudotyped retroviral particles[ J]. Proc Natl Acad
Sci USA,2003,100:7271-7276.

Wakita T, Pietschmann T,Kato T,Date T, Miyamoto M,Zhao Z,et
al. Production of infectious hepatitis C virus in tissue culture from a
cloned viral genome[ J]. Nat Med,2005,11;:791-796.

Lindenbach B D, Evans M ], Syder A J, Wolk B, Tellinghuisen
T L,Liu C C,et al. Complete replication of hepatitis C virus in
cell culture[ J]. Science,2005,309;623-626.

Kamal S M, Amin A, Madwar M, Graham C S,He Q, Al Tawil A,
et al. Cellular immune responses in seronegative sexual contacts of a-
cute hepatitis C patients[ J]. ] Virol,2004,78:12252-12258.

Post J J,Pan Y,Freeman A J,Harvey C E, White P A, Palladi-
netti P, et al. Clearance of hepatitis C viremia associated with
cellular immunity in the absence of seroconversion in the hepati-
tis C incidence and transmission in prisons study cohort[J]. ]
Infect Dis,2004,189.1846-1855.

Ishii K,Rosa D, Watanabe Y,Katayama T, Harada H, Wyatt C,
et al. High titers of antibodies inhibiting the binding of envelope
to human cells correlate with natural resolution of chronic hepa-
titis C[J]. Hepatology,1998,28:1117-1120

Yu M Y,Bartosch B,Zhang P,Guo Z P,Renzi P M,Shen L. M,
et al. Neutralizing antibodies to hepatitis C virus (HCV) in im-
mune globulins derived from anti-HCV-positive plasmal J]. Proc
Natl Acad Sci USA,2004,101:7705-7710.

Logvinoff C, Major M E, Oldach D, Heyward S, Talal A, Balfe
P,et al. Neutralizing antibody response during acute and chronic
hepatitis C virus infection[ ]J]. Proc Natl Acad Sci USA, 2004,
101:10149-10154.

Burlone M E,Budkowska A. Hepatitis C virus cell entry:role of
lipoproteins and cellular receptors[ J]. ] Gen Virol, 2009, 90
1055-1070.

Helle F,Dubuisson J. Hepatitis C virus entry into host cells[J].
Cell Mol Life Sci,2008,65:100-112.

Zeisel M B, Cosset F L, Baumert T F. Host neutralizing respon-
ses and pathogenesis of hepatitis C virus infection[ J]. Hepatolo-
ay.2008,48:299-307

Law M, Maruyama T, Lewis J, Giang E, Tarr A W, Stamataki
Z,et al. Broadly neutralizing antibodies protect against hepatitis

C virus quasispecies challenge[ J]. Nat Med,2008,14;:25-27.
[AXHE] 7 X



