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[ Abstract] Objective To study whether cross-neutralization antibodies a-

gainst HCV are present in sera of hepatitis C patients. Methods A eukaryotic expres-
sion plasmid encoding carboxyl terminal-truncated HCV envelope protein 2 (E2) of
H77 strain was constructed and transfected into human 293T cells. Both intracellular
E2 and secreted E2 protein in supernatant could be detected by Western blot analysis
with anti-E2 McAb. The supernatant was used to assay anti-E2 antibodies in sera of
hepatitis C patients by an ELISA kit. The full-length envelope protein expression plas-
mid was transfected into 293 T cells and the reactivity of transfectant with anti-E2 IgG
positive sera were analyzed by immunofluorescence. Results Thirty-six of 48 sera
samples were detected anti-E2 IgG positive. The intensity of intracellular green fluo-
rescence was paralleled with anti-E2 antibodies level of the tested sera. All the anti-E2
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positive sera could neutralize the infectivity of five strains of HCVpp at various de-
grees, and the neutralization activity was consistent with the anti-E2 antibodies levels.
Conclusions Cross-neutralization antibodies against HCV are present in sera of hepa-
titis C patients, and development of hepatitis C vaccines that induce broadly-reactive
neutralization antibodies may be possible.

[ Key words]l Hepatitis C; Neutralization antibodies; Envelope protein 2
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E R FEBR HCV R Y2 5 A/ FH B 8 K BT Bk SE AN AH SRS I5k  24 2 BT A
A 7E HCV B BELHAF= A58 - S0 R A Re A Mt HCV 48 i G5 B & T F bk
RETFR B ERRERANEE . R, BRI SRR HCV JE BRI 08 ¥ 7
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ISR E ST WL A DhRB YRR HCV mRE A 20 /D Ui g sk HIV &
EAHULSHEREMZEEH RNA /) HCV {E% 3 (hepatitis C pseudotype par-
ticle, HCVpp) LA X i 435577 4= ) HCV(HCVee) 4t R A bk i Fn
TEHERAL T RIAFAEEEL, U2 HCVpp, 7] B X & EE A/ WA HCV Hr ik
ISR 7 . ABRGER 4 ANFEE AL/ R HCVpp 4347 HCV f 3% I 3% ) o 0%
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SrIhERIs HT7 £k HCV R E2 T H MW EZ R AR pcDNA3. 1-1a661 LA K&
2535 H77 #(1a WWHI) . Con-1 A& (1b WA ) . J6(2a WHI) .J4 #(1b WHI) DA K&
UNK3a #£(3a WD £ K GREEANEERA RN HALREME, L peD-
NA3.1 &k REFRBEIMEHAKHBERKEBERBRRBAT REARE
BEL B2 WiRHR AL, 5% HCV $uikFH M. #%8 HCVpp Sk W BB i 36 B B &
ENS K2 FL Cosset Z{IZE M . R GNA W H Sigma A 5] - MR E2 B
i H53 B EEEDSEFr ] Dubuisson %15 M, E2 22314 BioDesign /A &) =
i 6 x His LS REGLIA N Qiagen A H] =& . E#br i LA K& FITC $rid ZHikh
Jackson A ] 725
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1. REFREEZ M HCV E2 Hifkf) ELISA &0 : A Lipofectamine 2000( In-
vitrogen ) ¥ iR, pcDNA3. 1-1a661 ¥4k 293T 4Hjifd.48 h jFWESMEEFE LE. LU
GNA IR, 4°Cd & (1 pg/FL) ¥k H 37°CHHH 2 h, ¥tk 1 K, EFLINERL
pcDNA3. 1-1a661 #44 ) HEK 293T 41 faZ4f# ¥ 100 pl, FRIBE 2 h, ¥E# 2 &,
&1L 1: 10 MR R B R B2 1M7E 100 pl,37°C 40 min, Ytk 5 K. i HRP-$i-
A IgG(1:2000 #H&> ,37°C 40 min, YEHR 5 . TMB B, M| A,,,/Ay- HCV Hifk
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B 8 fyfE e B ML R D BA v B PR 48 S8 3 TR ) Ayso/ Ase KT B
Xof BESEBI(E ) 2. 1 450 E2 fifd fd: -

2. NAIAFR B3 i yE o HCV E2 Hiikpd g2 64 : A Lipofectamine 2000
(Invitrogen) ¥4 45 7% H77 #k HCV £ KR H R A BL pcDNA3. 1-E1E2 % u
293T 401,48 h 5BV Ba iRk 4T SDS-PAGE F1 Western blot 4317, —$i % E2
ZIREGUR, — Pk AP FRICHLF 1G.  RIMHH BRI Je B fh T 96 FLAR P9 293T
44,48 h J5 R BRFL A B EESR U L0 B 100 pl, BT - 20°C vk 4% [E =2 20
min, R J5 W ER B, LA PBS ¥t — K, -1 0. 1% Triton-100 100 pl, ZiEHE
20 min, SR/5 W%, FI PBS $£—¥K, 2% BSA 100 pl, iRt 1 h, RGBS A
W B —FL i E2 M RAOBE R BLGT H53 (1:100) , HAR LA R P BT R B E 3
R M 100 wl(1:50), RS 1 h, Pefl 2 W, T H53 BFiflhn FITC-Hi/h
B 15G100 pl(1:100) , FHAFLAN FITC-HiA 1gG100 pl(1:100), ZiRFESN 1 h, ¥FL
2 % THOLBME T BB REIE-

3. HCVpp #1145~ : ¥ HEK 293T 40 & {0850 T 24 FLAR P9, YK H LA Lipo-
fectamine 2000 2 pl DA & FBL pcDNA3. 1-E1E2 0.1 pg(4 g HCV E1E2 3Rk kL
AFEGE) . pCMV-gag-pol 0.2 pg.pCMV-luciferase 0.2 pg FLFE4L. DL pCMV-gag-
pol 0.25 pg. pCMV-luciferase 0.25 pg ILFEGe/ER HCVpp X} R L. 12 h 5K
BRAIMEEESF IR A 500 pl & 10% ff 4 1% X WYL DMEM 35573, BT ¥
FEPIEESR 24 ~48 h, RIGWELMEER L, BEE OERBRRYH

4. HCVpp HHI5L%e: & HCVpp KyIESF EIE 45 pl BETHEBELEN MA
HCV BEREREAME 5 pl, i8S, T 37CHAHINE 1 b, ERHRESRINARE
BAA Huh7.5 4 96 fLAR BERAPATIL . AREEFEHE 72 h 5N E
fLEyEE RS (RLD  SFRE MR (IEH AME L RLU - HCV B F L
RLU - HCVpp X§ B8 & fL RLUD/(IE ¥ A M i& fL RLU - HCVpp X f& b ¥ 7L
RLU) .

s R

—ELISA $yW R ZUAF 42 R 3 M Y E2 Pk

BESER GNA R4S & HCV AR E2 A N-J0, N ILFDR: GNA A8t T8
PR, A2 R B E2 B H, AT S2 E2 PifAr ELISA el 5k . 8 A @A I
TR Ausy/AgsofT 0. 045 71 0. 165 2 i), SFH#{E K 0. 1019, LAz 2.1 4% 0. 214 K
cut off {5, M| 48 ZNRITR BH MK . E2 HuRFH kM N 36 1, FHEER 75% -
WE 1 PR

TSR R 2 B E IE PR RE A vUE

AT #E—2 54 ELISA feil 45 R e ERaE, FATIPELE T 4 BIERR B ML A1
12 4 E2 Gk PRI PR AT B8 3 M3 AR IR Auso/Asso T HFIX 12 BT 9 E2 P
A 2> MK (L1:0.253,12:0.289,13:0.243,14:0.268) . i (M1:0. 713, M2:0. 744,
M3:0.768,M4:0.78) /& (H1:1.295, H2:1. 509, H3:1.389, H4: 1. 147) =ZFp R
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IR ¥ HT7 Brek E1E2 SRk ORI FE 3 293T 40/, 40 I RE AT Western
blot FIABEF It/ Hr R I TR B i) 293 T 40 M ARk OB 4R S B B (1B 2
FE 3D . BEJEaHT 16 BlINTE S 293 T 4HMRMISE & KL, SRR @R A EA
54 E1E2 JoRiiy 293 T 41456 i E2 Siik MR BT R EE IERE S
293 T i R AR REEE S, FOLIREES E2 JifAok PEAIEM K (SRS OtH &
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K 2  Western blot 434 HCV

HWREE H7E 293T N R IE B3 GBS HCV AREZE H7E 293 T B 355
1. 293 T fif#sY: HCV &K A 1. 293 T #HiEEY: HCV &K AHE A5 HEYRB

FEZE B 5 MR 2. 293 T HMEFE YA IR G SRR

2. 293 T 4 il ik s

HIZYFRTR

= REITF& B E MIE RS AR gk HCVpp H RS

F15 Bk HCVpp A EPFH % o E2 Hufkry G4, HERR A ILE S5
HCVpp {BA LA5 B Huh?. 5 48/diYy RLU {H-5 B 4645 HCVpp /&Ze Huh7.5 40
i RLU [HHRZFRET 5% - RUERBA MEX HCVpp KRG T B2, H
I, AT ORI T8 VR A BA#E R IR 718 HCV 83 i Xk HCVpp B AT
& 4 2 L. M. HCp3RRAME P AR K E2 Suk iy 28 i & % A R pk HCVpp
RSP AR . T, 20 E2 Gk B i B XA R Bk HCVpp A A HFIE
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- P AR B RS MIE K E2 Sk FIERR.

HA-BEMADHE SHE DHiBAOH

L4 b4 LB}

4 LIHCV BREaHr HCV ARE A
I 5 AP B R AT 4

o 4

biikFE HCV B3 B HER —ER A i, 7E—28 HCV B E G AR,
ARERIE] HCV Hifk, HEER M B HCV 40 Ha S B R A TR e B g & I+ ok
KME HCV HifkRTiEE B RIEBRR T, X B APiRZE HCV BRI BT B
VERIT BB AEE" . [HiF — IR RH, 7 HCV RGP B EaEE N
bifks5 HCV BB BRA HER R, BIEER RN B 0 BEAKW A EEE
5 HCV RNA 7K B FARTE R A2 I TR _EAE—3 " e R R TR A
FIF HCV 3EBR . XA LIS MR DL R B - 2 iR 7E HCOV e g bR e
A>3 FIAR HCV B R MR AV AR R HCV EHAEER L. R
HCV BYLREiBS P Mbiik, 84 HCV wiREH BR R BN P AP EESR -
TiREE R HCV ERE A H E1 #1 E2 @3 Je M@ iR iR Rk, K E2 5§
HA5 HCV SIF4MEE S, El HTHRErT B F E AR B A AR A K KRS
RBABESAE/MERRES ALY, Bk B2 BEAEB LN ZRREE
KR APTAREST R, B Rr%EE K —fE s #1 HCVpp BRI M 5 5 50 & P A fk
W EERE X E2 BEHK

AT ARG R E H77 Bk E2 B H B EAR TN BT & B 2 s
E2 ifk, FEEE b H77 #k E2 BEARRKERE, HEET J4 &%, 7888 FlF
R R BURME . ZR 48 ZTRBFR BE MER E2 SikFBEERR 75% - H
F R4 HCV BRGE e SRR BRI R FERA B B, LR REFR Y
W2 KRB I, e B X FP S Tt B B B SN HCV 2R Ge Ry Be 46 9
TRG DAL X HCV RNA M HHGEAL B B R —25t 2 HCV B
& I 7E AT RESME SRR, HOV BRI B BEE AR = ARG AT AEE 1R
B, MR A GFECOREADIR . BRZ X IRRER H
WX G R AT X B E FE B R . b T 1k ELISA K
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Fesett, BATHE— P RHRE IO E SREEKRAEE AR 293T 41HH X
IE, 255 ELISA 3 L AOK -5 40 e 658 BE B AR — 3, X R B ELISA AW 2
FHATEER . H77 #4 1a B, MRERATH HCV £Z 8 1b &, st BIEARR
WRERE WA BT ESR Bk, NBRATHRIEER AT I, E2 ik R
A B B SR NP -

Fi HCVpp R 2L, PP MR o B = AR K E2 Hifk iy I & XF 5 Bk
HCVpp FHFIEHE , G5 R RHR 2 ML 78 BEA AR BE A9 22 X P Al 1aw1b.2a.2b 3a T
# HCVpp WG, PAIEH S E2 LK FEIIEMK. RERATH HCV LA
1b 259 3, (HAH M FHIXF H77 pREG P FIZRE R, WXt 1b IWRIE) J4 pREGFFIR
Bk EBEERR, H77 $k HCVpp W= BEERPME R, B3& & THAM Ik
HCVpp. Z8iH) HCV EE AR FEFE L) 57 -NCR MIEL5H X 5 H 55 12 57 K
B AW RGRER F I, GRRER P IFIH A Z X R R R - 3,
TR SEET SRR T 5B 4 E2 Siik M ME 51X 5 ke KaRE ARA TR
e 293 T 4B L, RELMIE S H77 BONFE R RIS & B BT 5 HAb 4
Bk E1E2 ORI RS & (SRR ER ) BR EIE2 BEHKREBKFREH
POLHR R TT RE IR (2 H77 BRE R B R d0 R M 5 i SU AR Bt 3 R AL
BT HA R

B2 ABFTTER ZHA BT 48 B3 M TE PRI Y E2 Yk, 3F B HCVpp
PRI B A BT 42 S8 3K I Y AR P A 2N E R 2L/ PR HCVpp HRRgutE:, BLIf
BH PSS E2 SiAKEIEMS.

2 £ X W

1 Grakoui A, Shoukry NH, Woollard DJ, et al. HCV persistence and immune evasion in the absence of memory T cell help. Sci-
ence,2003,302:659-662.

2 Thimme R, Bukh J, Spangenberg HC, et al. Viral and immunological determinants of hepatitis C virus clearance, persistence,
and disease. Proc Natl Acad Sci USA,2002,99:15661-15668.

3 Ulsenheimer A, Gerlach JT, Gruener NH, et al. Detection of functionally altered hepatitis C virus-specific CD4 T cells in acute
and chronic hepatitis C. Hepatology, 2003,37:1189-1198.

4 Ulsenheimer A, Lucas M, Seth NP, et al. Transient immunological control during acute hepatitis C virus infection: ex vivo analy-
sis of helper T- cell responses. J Viral Hepat,2006,13:708-714.

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

6 Hsu M, Zhang J, Flint M, et al. Hepatitis C virus glycoproteins mediate pH-dependent cell entry of pseudotyped retroviral parti-
cles. Proc Natl Acad Sci USA,2003,100:7271-7276.

7 Wakita T, Pietschmann T, Kato T, et al. Production of infectious hepatitis C virus in tissue culture from a cloned viral genome.
Nat Med,2005,11:791-796.

8 Kamal SM, Amin A, Madwar M, et al. Cellular immune responses in seronegative sexual contacts of acute hepatitis C patients. J
Virol, 2004,78:12252-12258.

9 Post]JJ, Pan Y. Freeman AJ, et al. Clearance of hepatitis C viremia associated with cellular immunity in the absence of serocon-
version in the hepatitis C incidence and transmission in prisons study cohort. J Infect Dis, 2004,189:1846-1855.

10 Ishii K, Rosa D, Watanabe Y, et al. High titers of antibodies inhibiting the binding of envelope to human cells correlate with nat-

ural resolution of chronic hepatitis C. Hepatology, 1998,28:1117-1120.

PDF SCfHffiH "pdfFactory Pro" i A4 www. Fineprint.com.cn



http://www.fineprint.com.cn

ARSI R R ZL A R FRRD)2008 458 A 552 % %5 3 i Chin J Exp Clin Infect Dis(Hecironic Version), August 2008, Vol 2, No.3 - 137 -

11 Yu MY, Bartosch B, Zhang P, et al. Neutralizing antibodies to hepatitis C virus (HCV) in immune globulins derived from anti-
HCV-positive plasma. Proc Natl Acad Sci USA,2004,101:7705-7710.
12 Logvinoff C, Major ME, Oldach D, et al. Neutralizing antibody response during acute and chronic hepatitis C virus infection.

Proc Natl Acad Sci USA,2004,101:10149-10154.
13 Op De Beeck A, Voisset C, Bartosch B, et al. Characterization of functional hepatitis C virus envelope glycoproteins. J Virol,

2004,78:2994-3002.

14 Bartosch B, Cosset FL. Cell entry of hepatitis C virus. Virology,2006,348:1-12.
CWc#% H $9:2008-02-04>

(A3 : EFH

PL, TR AR ARNEELFPHIIPARMAKII/CD]. P EBRPGEAEREE &
Fr&, 2008,2(3):131-137.

PDF SCHFi ] "pdfFactory Pro™ X AL www. Fineprint.com.cn



http://www.fineprint.com.cn

