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Expression of Intracellular Single Chain Antibody Specific to
Hepatitis B Virus X Protein

Young Hee Jin, Hyung-il Kim and Sun Park

Department of Microbiology, Ajon University School of Medicine, Suwon, Korea

ABSTRACT

Background: Intracellular antibody specific to hepatitis B virus X protein (HBx) might
be useful for studying the role of HBx in hepatocellular carcinogenesis and HBV
replication. Methods: With variable region genes for H7 monoclonal anti-HBx Ab, we
constructed a vector for bacterial expression of single chain Ab (scFv) and a vector
for eukaryotic cell expression of it. The expression of H7 scFv and its binding activity
against HBx was examined by immunoblotting and immunofluorescence microscopy.
Results: H7 scFv expressed in bacterial cells retained reactivity to HBx. We
demonstrated its intracytoplasmic expression in CosMG6 eukaryotic cells. Conclusion:
This is the first study showing the expression of intracellular anti-HBx Ab in eukaryotic
cells. H7 scFv may be a good tool to study the function of HBx in HBV infection.
(Immune Network 2003;3(1):23-28)
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X @i g e} 7]5& qAsh= WS HBV ¢ 1t
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o84 4 Ut} Gl A FFEA 54 g V)5S
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Prokaryotic H7 scFv expression vector®] A4}, H7 %2
ZPAF(VH)SF B4 7FER(VL) 327 242 E0l3l=
pGEM-T Easy vector (14)% F8o=F 3o PCRS A3y
ﬂOiéﬂ H7 VH®} VL #3725 7242 SZAH . ©]
W VH 329 ZZS 93] Xmal U2 LS 71
VHU2 (TCCCCCCGGGCACAGGTCCAACTGCAGCAG)
9} Xbal Q12 M €S 7}7 VHL4 (GCTCTAGAGGAGAC
TGTGAGGGTGG) primer”} /\}QQ a, AR Y =
=5 918l Bgm Q14 &8 7HX] VKU3 (GAAGATCTT
GATGTTGTGATGACCC)9} Neol Q214 ES 7172 VKL2
(CATGCCATGGGCGGCCGCGATCAGCCCGTTT) primer
7F AHEE T & VH DNAS| Xmal¥?} XbalO 2 A}
2 Z7}S pIg20 vector (Dr. B.D. Stollar, Tufts Univ.,
Mass., USA Aol AU AIA plg20-HIVHE A& T,
BgllI$} Neol© 2 Z¥ VL DNAZ pIg20-H7VH vector]]
AYste pIg20-H7scFvE A+l A thFig. 1). A9 e
HiscFve] #3245 971X g E438t st
ARG P O 2 HBV 98 Tl o gk 34 S2E1 (15)
of Faet B 7HAF FAAE pIg20 vectoroll A
3} plg20-S2ElscFvE AJAbstal txw o2 o] 83191
o} o]uj ARt primer= Uhe¥ Zth VHU2, VHLI
(GCTCTAGAGACAGTGACCAGAGTCCC), VKU1 (GA
AGATCTCAGGGGACAAAAGTTC), VKL6 (CATGCCA
TGGTGTGATGATGATCAGCCCGTTT).

Aol THE HT scFve] Al plg20-scFvE &2
H3kE o)A (BL21-plyse strain)= ampicillin 100pg/ml
o] g5 37°C LB v Ao A] 8] %F3}aL 0.5 mM isopropyl
B-D-thiogalactoside (IPTG)Z scFv &S =3t} 1gG
sepharose column=- Tris-saline Tween 20 buffer (50 mM
Tris buffer, pH 7.6, 150 mM NaCl, 0.5% Tween 20)%} 5

gk o, Y
Eoste] A& A AS IgG sepharose column
of WkSAZ o HFS-AlZ] columnd] 0.1 M acetic acid
E3A A HIscFvE €&

mM ammonium acetate buffer, pH 5.02 A%
FAS dA

(ammonium acetate 2 pH 3.4)5
(elution) 3} A T}

QAT A X @A w3 A A, Histidine tag7} 2
FE X @A 2 vectorE 7FA 2L A= AT (DHSa
strain)<- ampicillin 100ug/ml°] 7% 37°C LB Hl A o] A
v oF3t a1 600 nmol A EF=7) 06~0.7Y wf IPTGE ¥
I AL A 5417 5 b okao;;,q X gl Ao e
FEatdth TS 83te] lysis buffer (50 mM
Na,HPO,4 pH8.0, 500 mM NaCl, 10 mM imidazole) of B
o 3 2592 AZE BHsidth ARt 34
Sk A Ao A X T A2 Ni-NTA column (Qiagen Inc.,
Hilden, Germany)¥} imidazole bufferS ©]-&3}o] A A3}
Aot FAE GWAS SDS-PAGESIS] 19 Kda F2&
28 A7) EZ(electroelution)dt A Th &% (eluate)S
4°ColA 1 mM EDTA A 54 (dialysis)&}< ultrafilterator
Tt AHEEtH

9} microcon®. & 5

T7 promoter

f Wer
pUC ori

proteln A
pIg20-H7scFv
aésbp 0 SP6 promoter
APr %1 ori
%(CMV IE)
Myc tag
P
APr H7VH
pCMV-Myc/H7scFv
by
4ot linker
H7VL
S Q \/SV40 poly A
pUC ori

Figure 1. Construction of scFv expression vectors. Genes for H7
VH and VL were inserted into a plg20 vector. H7 scFv gene
was subcloned into a pCMV-Myc vector.



SDS-PAGE®} immunoblotting. 4 A] ¥ X @l .2 A
I §9S 15% T+ 10% SDS-PAGEZ £3 F
nitrocellulose membrane > = 7 O](transfer)d}3tF.  Mem-
braneS 3% 8% &FHlo] FHE ALAAF A E5o
FIL2AZE EE Ao A3 ok AAakA 9 241 7F
S RESA AT dAFA R o] &H AL iAol A
WHE H7 scFve} 2702 o] &9 S2EI scFv(HBV S
o ol &A)), H7 GFE A =2 anti-Myc tag
AbO] 2Tt MembraneS 0.05% Tween 20°] ¥ <14+
A AAFE Al H AHS = DA FA 7 el A
W scFv?l 7% membraneS E7] A9} 24131 HE
$A1Z]1 Y alkaline phosphatase”} Z %% anti-rabbit Ig
AbS} 2717 WG AT T AAHEA7E HT G2 8 A &
+ anti-Myc tag Ab (ClonTech)$! 73-F- membrane-2- alkaline
phosphatase”} 23 anti-mouse Ig Ab9} 2417t RE-S-AI 7
o} Membranes Al g Thg 5-bromo-4-chloro-3-indolyl
phosphate 2} nitroblue tetrazolium 7] 3} WH-&-A]Z T},
Eukaryotic H7 scFv expression vector®] AJ4F. PIg20-
H7scFvE F8 02 33l EcoRIT} Xhol 914 A Go] 7t
7} 5909+ VHUS (GGAATTCATATGCAGGTCCAAC
TGC)3} VKL7 (CCGCTCGAGTTAATGGTGATGATGA
TG) primerE ©]&3}lo PCRE A3t 5= H7
scFv DNAE pCMV/Myc (ClonTech)9] EcoRIZ} Xhol site
o] 443t pCMV/Myc-H7scFvE THE- U THFig. 1). AU d
HiscFve] fr32kE @714 E w48t gelat

H7 scFve] A3 A E Y ¥4, Lipofectamine (GibcoBRL)
S o]83t 35 mm petridishol]l H] 3 COSM6 celloll
pCMV/Myc-H7scFvE Z=YAIZTh Immunoblotting © 2
H7 scFve] @S AALSH7] 9138t 48417 3 Al &3
A& A9k ojw RIPA buffer (0.15 M NaCl, 10 mM
Tris-Cl pH 8.0, 0.1% SDS, 0.5% Deoxycholate, 0.1 mM
PMSF, 0.1% Aprotinin)7} ©] &5 Atk AE LafHS
10% SDS-PAGEZ E&]38} 3 nitrocellulose membrane 2.
2 Ao](transfer)st At} 1ol 71& 3 WHI anti-Myc tag
AbS} alkaline phosphatase”} A% anti-mouse Ig AbS
0]&-3}] immunoblottingS A] 3 5} At}

Wl g JAMO T HY schve] AZ W) 2 XS
ZArEFAT 4 e COSM6 A XS 48412 1 Hj
FeF ¥ 4% formaldehyde”} S+ AAFAFA Aol ¥
1587 AAFozN ME 1H3aL, 02% Triton
X-1000] EoU= A4 &F AFgol 1583 F A5t
Azute] B E =9 ths anti-Myc tag Ab9} HH§-A|
At AELE AFSE & Cy37F 2% 9 anti-mouse Ig Ab
2 dAsta PPAv|F o2 HEstAth
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H7 scFve] tiZwd) 2389 X @93 A5, A A
Fuf A EAR o] ALEAS o= AA FA F4
A5 AE el A EdAZ oY, AE W g 2
ALY A7) T o2 - Al Fas A9
Fab, =& scFv FH Y FHAE LA = A=7F 9
a1, o]F W AR A scEve] FEHE A XU A
AWM o83t ATH(16,17).

X @A thgk A H7 FHAAETH scFv FH 9
A I WEE ALetr] st T AHE 9F
AAFE AZA(linker) FELO|E FAATE o]7] So90=
HH plg200l] H79] S ¢k Ao FAAE 44 =9dst
A THFig. 1). plg20> Al Hd HMEZ A scFv F34}9
5> @tol| M|it9] alkaline phosphatase A2] leader 3 E}©]
T A7 Ao] scFv7h ol A AlERte 2 Fu)
HE2 3tk =3 plg200)= scFv f3Ae] 30 T
protein A T A F-H 27} 91O scFv-protein A §3 o
AT AHE TR 5] scFve| AA 9 AES 94 &
o H7 scFv7t Aol A 23 s 39 AesS frA8t
EA &1z}, e A pIg20-H7scFvE =Y o412
Hj Ao A H7 scFv-protein A §3 T A S IgG-se-
pharose column<- ©]-8-3}od A3} th. W SDS-PAGE
9} immunoblottings A 38t 7|thstd oF 35 kd 2719
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bandS HEFOZH HT scFve TS It
(Fig. 2). T+22. 2 AAE HT scFvet AAE X @2 S
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Figure 2. Purification of bacterially expressed H7 scFv. H7 scFv
secreted by E. coli. transformed with pIg20-H7scFv was purified
by IgG sepharose column chromatography using the advantage
of protein A, the fusion partner of H7 scFv. For immuno-
chemical detection, rabbit Ig and alkaline phosphatase conjugated
anti-rabbit Ig Ab were used. (A) SDS-PAGE and (B) immunoblot
analysis of purified H7 scFv.
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Figure 3. Immunoblot analysis of H7 scFv binding to HBx. HBx
was electrophoresed on a SDS-PAGE and transferred to a
membrane. The membrane was incubated in the solution
containing either purified scFv or H7 control Ab. The bound
scFv was visualized with rabbit Ig and alkaline phosphatase
conjugated anti-rabbit Ig Ab as described in Methods. The
purified H7 scFv (lane 2) but not control S2E1 scFv (lane 3)
shows the binding activity to HBx. Purified H7 Ab (lane 1) was
used as a positive control.

S2E1 scFve X @l o] 2337 &2 §HA H7 scFve
X Gl Ay AeS B o gM HT scFvel & A%
s AT & AAThFg. 3).

AHAAE COSM6 A E A 2] HT scFve] &, H7
scFv A XY @3 W& vHE314} plg20-H7scFvE ©]&
slod 5F3F HT scFv -34S pCMV-Myc vectorol] T ¢
A thFig. 1). A2FE pCMV-Myc/H7scFvE 18] A3
COSM69 =93+ 3 H7 scFve| ¥HdS A th(Fig.
4). ¥4 H3H COSM6 AEY AE L PO E im-
munoblottingS- A& s+ A} 7|t)std =719 °F 30 kd<]
bandE S F AN, FF FA) G4 H3} COSM6
AE ] AEZAA HT scFv7} 2dH = AL #AF19
o}
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of 2] vpole] 2 Tl A3} oncogene T H o] T Al X
Wl A ZF s 14 guld e 75 S JAE AT
3 B35 o] 9)t}, Human immunodeficiency virus Vif pro-
tein, matrix protein p17, tat, 18]l gp1202] CD4-binding
o gk AZW A= 77 o] vlo]|y 29 F4&
AA3tH L, CE 7+ Hho] 2] 2-9] nonstructural 3 protein
9] helicase 7]%5S YEIW = F&of tdt A2y A=
C¥ 719 nlol g 29 F241& A9 oH, HBVY
AlE gl o] tigk A Ed A= HBVY] 2418 94
stal, HBVY] &gt el d o] gt Al xd A<

g o) BrlE oAt ATh(12,13,18-22). ¥ FAA
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Figure 4. Intracellular expression of H7 scFv in eukaryotic cells.
(A). Immunoblot analysis of H7 scFv expression in COSM6 cells
transfected with pCMV-Myc-H7scFv (lane 2) using mouse
anti-Myc tag Ab and alkaline phosphatase conjugated anti-mouse
Ig Ab. As a negative control, cells transfected with pCMV-Myc
(lane 1) were used. (B). COSMG6 cells transfected with pCMV-
Myc-H7scFv were stained with mouse anti-Myc tag Ab and Cy3
conjugated anti-mouse Ig Ab. Negative control (cells transfected
with pCMV-Myc) was not shown because there was no signal.
(%200).

o

A5k nude P20 A £ A7) 7
o, 53] erbB-20] the AW A=
of JE2& A5 WHOR o] &2 F U=A Fo}
3l phase I AF7hA vFA 7 A8 o] TH(23,24).
B& 7t nloly 9] X ©hul g S wlole) o] FA 7
7k HA A Fag 98-S she oy ofF] o]
il o) gk AEZ A= RaEA ZFdt X ol
2o 7155 JAstaA; o] @A) 5ol anti-sense
oligonucleotides 9} ribozyme©] ILSH% Sl 01} o] 5] QH
HEY WS FED T JSEE o]50 Y3t X T
2 qA a3t A" EH A 2Este YEhd A
A 7hs/do] wiAl Hojof &Rt o] & W3] g A=
Zrol £ 4 {1th25,20). ¥, X @ o] th gk dominant
negative mutant®] 7% HA| &S o= o SHT. 9
wetd, X @il ot f-1x &4 715, AZAF 9A
T B2 5o X @A ¢ ¥k 2/3 Fiol o3 o
oty BHaEo] e ¥hd g Aol X T Ao
U A N 2 173 2] 19 Bl Sa3 FEel
s

N

B b
t

N

1o Yo o

LA
1

I A 7t A A LEEE X g Ee ¢ T
o] A4d Fejrt 43| Bt Bl o] & Sy
3tal 919 dominant negative mutantZ ©]-8% 4 U= X
Sl de] Fejrt obA WeetA 2 dEjol7] Wil

h(27-31).

ol Ao ME B AF7lo] o]l AT (14)0) A &
ek X @A) ik G2 A H79 FHAE o] &
ste] scPvEEl Y] A2y @A 2 WEE A xS
HA gA o Fae} Ao 7PHETL linker EFO|EZ

N



o

AZE HT scFve] &9 23eS Lotz vl
A A2bE HT scPve X @A} vh-gA1A Boket &7t
2 A% F J= HT FA ) Hsto @72 Adtets
H7 scFv7} X el A o) 3t vkg-Ado] Az oz &
Ao 7 JAER Y immunoblotting©. 2 F w A 7H
o 2%E g9 & AT 522 COSM6 13 A
F A HT scFv7F $& &= 21 immunoblotting©. & 1.
ola, WY ¥4 Hu|FAMOE HT scFve] 2d F47}
/‘ﬂi’é‘?l AL At ol gAE £ AFdAM=
8 A3 Yol A ZdE HT scFve] &9 w342 lst
A Z3tth ol & g¢lety] fjstde X @ dd HY
scFv7} 2o] &&=+ M E A immunoprecipitations
AlgYsfoF & Flojth(@AA A& F). oW wiFA = o
& X @] o] nfg- Ytk Holth &3 HY
scFve] ZIal Al f dd o] thFdol A e =4 &
Lt Hi sk ol wE o gl JleBE X3 A%
W 2R E A E FAst X Gl d w3 AA Bl
A A kA Fkeh ey Al ol A L EE HT scFv7t

X S s Agaths 49 oe A7 o3 A%
W @A 2 A7 Ao ud w2 A2 oA
GEE HT scFv7h X @ ds} 29ehA] ¥ 7he
) ghoia A7 B A7 Ak X e o
Aol 0§ & QU AZ ) PA BAY FLL 9
g3 AI=EAM 9ot T

2 1 2 #

1. Chisari FV: Hepatitis B virus immunopathogenesis. Ann Rev

Immunol 13;29-60, 1995
. Ahn JY, Jung EY, Kwun HJ, Lee CW, Sung YC, Jang KI: Dual
effects of hepatitis B virus X protein on the regulation of
cell-cycle control depending on the status of cellular p53. ]
Gen Virol 83;2765-2772, 2002
3. Terradillos O, de La Coste A, Pollicino T, Neuveut C,
Sittetlin D, Lecoeur H, Gougeon ML, Kahn A, Buendia MA:
The hepatitis B virus X protein abrogates Bcl-2-mediated
protection against Fas apoptosis in the liver. Oncogene 21;
377-386, 2002
4. Wang XW, Gibson MK, Vermeulen W, Yeh H, Forrester K,
Sturzbecher HW, Hoeijmakers JH, Harris CC: Abrogation of
p53-induced apoptosis by the hepatitis B virus X gene.
Cancer Res 55;6012-6016, 1995
5. Diao J, Khine AA, Sarangi F, Hsu E, Iorio C, Tibbles LA,
Woodgett JR, Penninger J, Richardson CD: X protein of
hepatitis B virus inhibits Fas-mediated apoptosis and is asso-
ciated with up-regulation of the SAPK/JNK pathway. ] Biol
Chem 276;8328-8340, 2001
6. Shintani Y, Yotsuyanagi H, Moriya K, Fujie H, Tsutsumi T,
Kanegae Y, Kimura S, Saito I, Koike K: Induction of apo-
ptosis after switch-on of the hepatitis B virus X gene medi-
ated by the Cre/loxP tecombination system. ] Gen Virol 80;
3257-3265, 1999
7. Klein NP, Schneider R]: Activation of Src family kinases by
hepatitis B virus HBx protein and coupled signaling to Ras.
Mol Cell Biol 17;6427-6436, 1997
8. Fukuda R, Nguyen XT, Ishimura N, Ishihara S, Chowdhury

NS

Intracellular Ab against Hepatitis B Virus X Protein 27

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

A, Kohge N, Akagi S, Watanabe M, Fukumoto S: X gene
and precore region mutations in the hepatitis B virus genome
in persons positive for antibody to hepatitis B e antigen:
compatison between asymptomatic “healthy” carriers and pati-
ents with severe chronic active hepatitis. ] Infect Dis 172;
1191-1197, 1995

. Bouchard MJ, Wang LH, Schneider R]: Calcium signaling by

HBx protein in hepatitis B virus DNA replication. Science
294;2376-2378, 2001

Reifenberg K, Nusser P, Lohler ], Spindler G, Kuhn C, von
Weizsacker F, Kock J: Virus replication and virion export in
X-deficient hepatitis B virus transgenic mice. ] Gen Virol
83;991-996, 2002

Zhang Z, Torii N, Hu Z, Jacob ], Liang TJ: X-deficient
woodchuck hepatitis virus mutants behave like attenuated
viruses and induce protective immunity in vivo. ] Clin Invest
108;1523-1531, 2001

zu Putlitz J, Skerra A, Wands JR: Intracellular expression of
a cloned antibody fragment interferes with hepatitis B virus
surface antigen secretion. Biochem Biophys Res Commun 255;
785-791, 1999

Yamamoto M, Hayashi N, Takehara T, Ueda K, Mita E,
Tatsumi T, Sasaki Y, Kasahara A, Hori M: Intracellular
single-chain antibody against hepatitis B virus core protein
inhibits the replication of hepatitis B virus in cultured cells.
Hepatology 30;300-307, 1999

Park OY, Jin YH, Lee M, Shin HJ, Kim HI, Cho H, Yun
CW, Youn JK, Park S: Characterization and gene cloning of
monoclonal antibody specific for the hepatitis B virus X
protein. Hybridoma 19;73-80, 2000

Park OY, Patk S, Lee M, Jin YM, Kim HI: Production and
gene cloning of monoclonal antibodies directed against S antigen
of hepatitis B virus. Korean | Immunol 21;115-120, 1999
Bradbury A, Rubertt F, Wrge T, Amati V, Luzio AD,
Gonfloni S, Hoogenboom H, Piccioli P, Biocca S, Cattaneo
A: The cloning of hybridoma V regions for their ectopic
expression in intracellular and intercellular immunization. In:
Borrebaeck CAK ed: Antibody engineering, p339, U.S.A,
Oxford University press, 1995

Levin R, Mhashilkar AM, Dorfman T, Bukovsky A, Zani C,
Bagley ], Hinkula ], Niedrig M, Albert J, Wahren B,
Gottlinger HG, Marasco WA: Inhibition of early and late
events of the HIV-1 replication cycle by cytoplasmic Fab
intrabodies against the matrix protein, p17. Mol Med 3;
96-110, 1997

Goncalves |, Silva F, Freitas-Vieira A, Santa-Marta M, Malho
R, Yang X, Gabuzda D, Barbas C 3rd: Functional neutralization
of HIV-1 Vif protein by intracellular immunization inhibits
reverse transcription and viral replication. | Biol Chem
277;32036-32045, 2002

Mhashilkar AM, LaVecchio J, Eberhardt B, Porter-Brooks ],
Boisot S, Dove JH, Pumphrey C, Li X, Weissmahr RN, Ring
DB, Ramstedt U, Marasco WA: Inhibition of human
immunodeficiency virus type 1 replication in vitro in acutely
and persistently infected human CD4+ mononuclear cells
expressing murine and humanized anti-human immuno-
deficiency virus type 1 Tat single-chain variable fragment
intrabodies. Hum Gene Ther 10;1453-1467, 1999

Levin R, Mhashilkar AM, Dotfman T, Bukovsky A, Zani C,
Bagley J, Hinkula ], Niedrig M, Albert J, Wahren B, Gottlinger
HG, Marasco WA: Inhibition of early and late events of the
HIV-1 replication cycle by cytoplasmic Fab intrabodies
against the matrix protein, pl7. Mol Med 3;96-110, 1997

Chen SY, Bagley J, Marasco WA: Intracellular antibodies as
a new class of therapeutic molecules for gene therapy. Hum
Gene Ther 5;595-601, 1994



22.

23.

24.

25.

26.

28 Young Hee Jin, et al.

Sullivan DE, Mondelli MU, Curiel DT, Krasnykh V,
Mikheeva G, Gaglio P, Morris CB, Dash S, Gerber MA:
Construction and characterization of an intracellular single-
chain human antibody to hepatitis C virus non-structural 3
protein. | Hepatol 37;660-668, 2002

Cochet O, Kenigsberg M, Delumeau I, Virone-Oddos A,
Multon MC, Fridman WH, Schweighoffer F, Teillaud JL,
Tocque B: Intracellular expression of an antibody fragment-
neutralizing p21 ras promotes tumor regression. Cancer Res
58;1170-1176, 1998

Alvarez RD, Barnes MN, Gomez-Navarro J, Wang M, Strong
TV, Arafat W, Arani RB, Johnson MR, Roberts BL, Siegal
GP, Curiel DT: A cancer gene therapy approach utilizing an
anti-erbB-2 single-chain antibody-encoding adenovirus (AD21):
a phase I trial. Clin Cancer Res 6;3081-3087, 2000
Weinberg M, Passman M, Kew M, Arbuthnot P: Ham-
merhead tibozyme-mediated inhibition of hepatitis B virus X
gene expression in cultured cells. ] Hepatol 33;142-151, 2000
Mortiya K, Matsukura M, Kurokawa K, Koike K: In vivo
inhibition of hepatitis B virus gene expression by antisense

27.

28.

29.

30.

31

phosphorothioate oligonucleotides. Biochem Biophys Res
Commun 218;217-223, 1996

Kumar M, Jayasuryan N, Kumar R: A truncated mutant
(residues 58-140) of the hepatitis B virus X protein retains
transactivation function. Proc Natl Acad Sci USA 93;5647-
5652, 1996

Lee YH, Yun Y: HBx protein of hepatitis B virus activates
Jak1-STAT signaling. ] Biol Chem 273;25510-25515, 1998
Gottlob K, Fulco M, Levrero M, Graessmann A: The
hepatitis B virus HBx protein inhibits caspase 3 activity. |
Biol Chem 273;33347-33353, 1998

Gottlob K, Pagano S, Levrero M, Graessmann A: Hepatitis
B virus X protein transcription activation domains are neither
required nor sufficient for cell transformation. Cancer Res
58;3566-3570, 1998

Tu H, Bonura C, Giannini C, Mouly H, Soussan P, Kew M,
Paterlini-Brechot P, Brechot C, Kremsdorf D: Biological
impact of natural COOH-terminal deletions of hepatitis B
vitus X protein in hepatocellular carcinoma tissues Cancer

Res 61;7803-7810, 2001




