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SUMMARY

Hepatocellular carcinoma (HCC) is the 5th most common cancer and the 3rd
leading cause of cancer deaths in the world, primarily due to late symptom
manifestation and unresponsiveness to treatment. Chronic hepatitis B virus (HBV)
infection is strongly associated with HCC, and the viral X—gene product (HBx) has
been implicated to play a major role in the etiology of HCC. The HBx protein is
implicated not to directly cause cancer but to play a role in hepatocellular
carcinogenesis as a co—factor or tumor promoter through its pleiotropic functions.
The long latent period between the initial HBV infection and manifestation of HCC in
chronically infected individuals provide ample opportunity for a tumor—initiating
event to occur. HBx, which is resident in these chronic HBV carriers, then acts as a
tumor promoter, modulating regulatory processes in these cells to facilitate the
transformation process. One likely tumor initiating event is DNA damage.

A systematic analysis of the genes targeted by HBx will be insightful in
understanding the molecular mechanism of HBx—associated HCC. Various groups
have embarked on this quest through gene expression profiling using serial analysis
of gene expression and cDNA microarray techniques for large scale identification of

genes modulated by HBx.

We reported HBx induces liver cancer in transgenic mice. HBx Tg mice
showed dysplasia within 4 weeks, dysplastic nodules after 6 months, HCA
after 9 months and HCC after 15 months of age. IGF—II is one of the protein
hormone, predominantly active in fetal liver. Higher expression of IGF—-II can be
detected in HCC. HBx Tg mice have an increased liver/body weight ratio as
well as cyclin D1 expression compared to wild mice after 2 weeks. At that
point, highly expressed IGF-II in wild mice started to decrease but in HBx Tg
mice the IGF—II expression still remained high level. The HepG2—HBx cell line
also has a higher expressed IGF-II level than the control cell line. Like in vivo
data, the HBx cell line showed fast growth and increased cyclin D1 expression
levels, In this study, we suggest IGF—II as an early diagnosis marker and it
leads to liver dysfunction via over—proliferation of an HBx damaged hepatocyte.
We still study to define the early mechanism of liver disease related with
IGF—II.

And we study about CIDE-a (cell death inducing DNA fragmentation factor
like effector) as a new marker for early liver disease. CIDE—a is highly
expressed in HBx Tg mice right after born compare to wild mice. And also

previous studies report CIDE—a is increased at old age compared to young and



CIDE—a can be detected 15month old of wild mice liver. Through our data,
CIDE—a is induced by oxidative stress related transcription factor Nrf2. we still
study to define the function of CIDE~—a in progression of liver diseases.

Hepatic steatosis occurs frequently in patients with chronic hepatitis B virus
(HBV) or chronic hepatitis C virus (HCV) infection. Recently, several studies
suggested that steatosis plays an important role as a cofactor in other liver
diseases such as hepatic fibrosis, hepatitis, and liver cancer. In contrast to HCV,
however, the molecular mechanism by which HBV mediates hepatic stestosis has
not been clearly studied., Here, we show the molecular mechanism by which HBx
induces hepatic steatosis. Overexpression of HBx induced hepatic lipid
accumulation in HepG2—HBx stable cells and HBx Tg mice. It also up—regulated
the messenger RNA and protein levels of sterol regulatory element binding protein
1, but not peroxisome proliferator—activated receptor alpha (PPARalpha).
Moreover, we also determined that the expression of HBx increases PPARgamma
gene expression as well as its transcriptional activity in hepatic cells, mediated by
CCAAT enhancer binding protein alpha activation. Finally, we showed that HBx
expression is able to up—regulate the gene expressions of various lipogenic and
adipogenic enzymes in hepatic cells. We showed that the increased HBx expression
causes lipid accumulation in hepatic cells mediated by sterol regulatory element
binding protein 1 and PPARgamma, which could be a putative molecular mechanism
mediating the pathophysioclogy of HBV infection.

Proteomic analysis was performed to identify proteins that may be involved in
hepatocarcinogenesis and/or that could be utilized as early detection biomarkers
for HCC. Proteins from the liver tissue of HBx Tg mice at early stages of
carcinogenesis (dysplasia and hepatocellular adenoma) were separated by
2—DE, and quantitative changes were analyzed., A total of 22 spots displaying
significant quantitative changes were identified using LC—MS/MS.

AMP—activated protein kinase (AMPK) acts as a cellular fuel gauge that
responds to energy stress by suppressing cell growth and biosynthetic
processes, thus ensuring that energy consuming processes proceed only if there
are sufficient metabolic resources. Malfunction of the AMPK pathway may allow
cancer cells to undergo uncontrolled proliferation irrespective of their molecular
energy levels. The aim of this study was to examine the state of AMPK
phosphorylation histologically in HBx induced HCC in relation to clinical and
anti—HBV therapy. In the liver, AMPK controls gluconeogenesis and lipogenesis,
although it has been unclear how the activity of AMPK is regulated. AMPK
levels were increased in livers of the HBx Tg mice at 6 months. However,
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AMPK expression and activation were decreased in hepatic tumor region of
HBx Tg mice at 15—18 months compared to non—tumor region. Also, the same
results we obtained in HBV patients of tumor region. It suggests that AMPK
reactivation could have therapeutic potential in HBx induced HCC. These
results, AMPK will be useful for discovery of potential treatment targets for
dysregulated metabolism of HCC in HBV patients and future anti—HBV therapy.

Hepatitis C virus (HCV) is a major cause of chronic hepatitis, liver cirrhosis

and HCC. However, the mechanism of HCV pathogenesis is not well understood.
Our previous in vitro studies suggested that non—structural 5A (NS5A) protein
may play an important role in liver pathogenesis. To elucidate the mechanism of
HCV-induced liver pathogenesis, we investigated the histopathological changes
of liver in transgenic mice harbouring the NS5A gene. We generated transgenic
mice harbouring HCV NS5A gene under the control of hepatitis B virus (HBV)
enhancer., Pathological changes were analysed by immunohistochemical staining
and western blot analysis. Lipid composition and ROS production in NS5A
transgenic mice were analysed. HCV NS5A transgenic mice developed
extraordinary steatosis over 6 months old and induced HCC in some mice.
NS5A was co—localized with apolipoprotein A—1I in fatty hepatocytes.
In addition, the extraordinarily high levels of ROS, NF— #B and STAT3 were
detected in hepatocytes of NSS5A Tg mice. These data suggest that NS5HA,
independent of other HCV viral proteins, may play an important role in the
development of hepatic pathologies, including steatosis and hepatoceullular
carcinoma in transgenic mice.

Recent highlights of oncogenes in cancer of the action of free radicals are
being studied. To understand the mechanism of action of free radicals in cancer,
we used mice of oncogenic ras—induced HCC and oxidative stress model. Ras
oncogene mutations in cancer is due to the development of effective inhibitors
do not have incurable cancer has been classified. Therefore, new approachs and
treatments are needed to advance the therapy for Ras—induced cancer. In this
regard, recently ROS or antioxidant enzymes provide a new paradigm of
research and diversification of research effort, and the result has been derived.
We reported mutant H—ras induces liver cancer in transgenic mice. To study
the biological function and its possible underlying mechanism of antioxidant
enzyme peroxiredoxin II (Prx II) in liver cancer, we generated H-ras'*'Tg
mice Prx II gene deleted and compared the phenotype with that of H-ras'?*'Tg
mice. H—raleVTg mice were found to have formation of liver tumors caused by
defects in the inhibitory effect of Prx II. Several studies have shown the

activation of the Ras/Raf—1/ERK pathway in Ras—induced tumor growth.



Therefore, we assessed ERK activation in H-ras'®YTg and H-ras'®'Tg X Prx
I/~ congenic mice at 7 months of ages. Increased phosphorylation of ERK was
observed in the H—raSIZVTg, however again reduced to normal levels in
H-ras'®Tg X Prx I/ mice. These results suggest that Prx II plays an
essential role in regulating Ras—induced ERK activation, which could contribute
to the pathogenesis of liver tumor growth. Prx II may be considered as a novel
potential therapeutic target in Ras—induced HCC.

These mice will be characterized to understand in vivo phenotype and associated

function next time,
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Hepatology 1994; 19:810-9, J Hepatology 1999; 31:123-132), HBxt Zt&#Alo] F9.¢
A& ste FoZ dHA L U
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HBx& t43t 715l WA e, #oA NF-kB, AP-1, CREB, TBP %9 #AALx
Aolztsl Az atgste] AlolEFIl So] AAE zHstm, MFEAA Protein kinase C,
Janus kinase/STAT, Phosphatidyl inositol 3-kinase (PI3K), Stress—activated protein
kinase/Jun N-terminal kinase, Protein kinase B/Akt 5¢] protein kinase$} % %}+8-3}
o Adsdgd xAste 7lwel ded, dF AEFdqxe] HBxO & Hd wet
cell cycles ZZ3tAY apoptosisE A st TIFHoZE LS dodle Aoz H
aFe] X3 vt (Journal of Viral Hepatitis 2004; 11: 383-393).

ol AE F¥sle] HBx7F 1T #FF o doheE RuE o 2006He] @l
ol HBx7} Z+¢& FE3te dHAAA S ¥el= Aojrh

2 ATYE old@ FAS IBY 5 b AIRVERL ALH vl glo} o]F oAz
olg3te] 7ok W AWE LA BAL WEHIL 21 el 2R /10 w9 fo04
%_

upebA] 3R & Hepatitis B Virus Hgol 93 7Hh-gdto] Fx20 o8-S d&

| HBx7} 28 5= HBx & A A $nl$-29} Hepatitis C virus7hdol] o8t 71ek&-wko
& Be NSSA7E wHédshs NSSA FAAGuSAE o] &3le] 7} wpg29) =
T8t genomics® proteomics'H ol 3 HFAGT Ade] JE MZE AL E=E3)
3 e 715 WIe 944 foAe Zax g
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M 2 g =Rl 7IEo0E 3ig

A14. HBx ZFIRdu}e-25 o] 83 7t A9 g iF Hof

HBx7} 7t =@+ transgenic mice 2}

HBx7} & AAgTHE BHiE olnl 1991d Nature (351;317-20)¢} 19941 Hepatology (19;
810-9)ell H Hoy 150 /e ulpiE ol4dle g ATyl AuE i Hol glojA
3 vh-2of tigt oAl Bokx, B HE 2E w2 E 9 oY tumorE AN A gGEdeE
MAAR] BRE went Qlvk A AFdele & d7do] Mg nlean E48e Aoz ¢
A3 glk

74 HBx HgEAnte-2E o]gele] M E 9 g gAs TEHYe Bas iz
HBx7} positived HepG2 cells¥ negativedt HepG2 cellsE ©]8&3t) PCR select cDNA
subtraction® A A]ste] HBxoll €3] upregulated cellular genes¢] tumor growth$} survivals &
AA1ZIka 20013 ©l5F Thomas Jefferson ™8he] Feitelson® ©] Hepatology (34, 146-157)¢] B3
v A=s

Feitelson§ 2 A7) AM&=9HE o] &3t wZ$ target (URG4, URG7, URGL], S15a, Suil 5)9]
antibody & ©]-8-3te] HBV 2hbebate] e EAste 3dS AT A7, positive #1868 HY
o254 HBV 74733 2 7+t 32}19) prencoplastic marker24 7}xj7F 928 wESISTH (Cancer
Research 2004, 64, 7329-7335).

A2, HYAE 0]3T 4T} dBD 4 el TF Eof

ke AN EY BdS 3 9ilA dFe A AAdHem s 13 T Uk HBx-+
#lo] zighol T whA AF Tl S B9, F5 549 Institute of Biotechnology <]
Dr. Yang Y ®BMAlEo] HBx transgenic miced] Z_P%P ANBE AHATE ol ﬁ]JLl?—*—q,o}Cﬁl
proteasome®} lysosomal proteasesE9] #do|l F7IEHo] UL AHEIAAT, 7Hete] Fuip
Hlnlgte] zhgke] A7 A #edte EAECle 2aly] olyrh AZMEE Nanyang Umver51ty
9] Dr. Chen WN BrA}El2 HBxE 7HH ¥59] Chang cell o transfectionA]Z] ol @] w3}
E 2UEHe] 2y WIE Ei—’_ﬁ}ﬁx}“}‘ e Wi3E Hol= chulz] Y AEE HUsYEE l‘i_\f,
B} Z1d dTFe Ak Fokh A 59 Dr. Lin H 2§23 HBx ©@¥do] A9
Hsp72¢} 2348 FAsta, odd 5§ A 3 "éol 7Heke) A Z]Adel #dojdhs et 2008
d J. Proteome Res. °ﬂ B3k

ARFH SR HBx frele] AEFE o83 dax] £4& s A9 Aze Iuode Rugn glo
™ 9o A= HBx transgenic mice®] AEE o4 A= 2006¢ T3 Dr. Yang Y 1E9
M7t etttk o] B 7 A SRS FASE Adorlo] 7k A Aoy Ag npAR
AR&E o= FA g Als 9 Aol
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A34d. HBxE WAAAAI}E =

o] gley HBVS 23 A=A
3k = B3y b g

75 A9 | ALY Wg | AFANYY B§EF
Al @ @ oto] Qo)A
) ) g dyA 2EG = Ao
University of Dundee 29 AMPKS ZA2 oAl }
2] PPARS 7154+

=38 E AMEste] AMPK7H Bx=-vlg #

A&t ob wAlo] e Frhe A2 A
2 79 A Az 7
o3 Gad Bofe] NxAT| ZAHG HEND FEE 5@
B 2% AYAA F2e B8 94
AEA2ME, GFAT, AP @ Add AT AREZ VY
=9 43 %

29 28712 AT
HBx HIRdnlo=s Q%] o4a A o drdst
stdon HBxel #@ WX 2 wEaer #A HBxsh o
o BE ATE A&Poz £ Aol BE FErAe] O
oo A7E AAFY

17
o3
Y
ikt

A4, shEA) gelA Prx 119 o4 74

1. =9 7laqsd 43

Ras #dAE A7te] 4% B%E 928 AEE vl$ Fa3 oncogeneo & delA k. upgl
A ras®] S JAT = U= AAA (¢, famesyltransferase inhibitor)E 7|23l = A7}
s AYH] gtort, AAA Bl GEo] AAHAE Ralum g AAolth AF otz
A el ddte] RasE 2AstuA sl A7 FHYT 9loH, 2 rasE o4 7]AY
T T 80 Bl ulg FEE ke Zi—»i ZALE 3L Qi) Ras9] o] o&] S441
ax(reactive oxygen species, ROS)7F 715+ Aoz deix] glon (Hole %, 2010), 53] ol& %t
BYALE 2HF 024 Rasel @4 0] 7’*@% ,\l-’:‘*XH A7t Mg FaF A es K
457] A zstactk wEba GRS 2d8kT e Patstase rasg}«} wEAged g q2E
Aeividel dpigozA FEU] Ao olsk @Este] AT AFHue] oIy
peroxiredoxin [°] A& HUE AS, EdWol raso] 9§ w9A "ol MROMAE (mouse
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embryonic fibroblast, MEF)] Z%40] dAsHA F7HEH, ol c-myc 32} WA I4
Hol e Ao® ZAE A Egler 5, 2005), 18y &Adatse] A9 O FEA] glo] ¥
S He YR BEAEA 9F He el AEY F4, AFE 2 239 22 72U A
o Al LA fdo| Je W, FHH FEAME o8 7R Fg L Awe] ez
Zg-gths Aol 2 g4 Atk (Valko 5, 2007). 2 SAAA] 3 2 H*-?%C’ﬂ et 7 28
A7} £33 v teksiA vdebd = gl7] gE ol& ZAse FAEAE dFshe Aol W
88 Aoz Fuse] ok uehA] B AFo)AE Rasd) ZEAEA peromredomn ne b4
& #lstna gk

2. Sdl ZlsAe |8

Cinnamaldehyde’} <1 o] H-rasol 23t 7+t AAFE v (Moon 5, 2006) dF¥aL,
AarAA o] 290l Hrasoll 93 3P4 S JATS 21 (Wang 5, 2006) 3tich RERG
FAA7F H-rasel 93t ¢ P44 HDACO] 3] Al Bolxoz Wdel PSS H
(Wang &, 2006)8}1, Prx II7} ras-Erk-NFxB A& Hg A ste] nf¢-2 o}l fopx o] u-ﬁ}
& AL B3 (Han 5, 2006)3} T}

7HrE A

2
= i

_ﬂm

3. ] - 9 ZlEARdAFAA FAGE A

B d7dolMEe FistEs Prx I 29 w2 89 oje} Edo] Horasd] 9§ U=
op9-2% ZHA Aztsle] grstn ok wEba] 444 Ee FAIsELd 9 rRAn -
3 invivo G72 SRR FYF £ e 7R A48 F43] 2En ok A%, B A
&5 ARATRE n vivo WA rasd FLL 2AsE FAslEAEA Prx 19 £848 37
BN A8 Aoz 7Yy, oje I ¥ ol oM E AAY Qe SAHA AT
Ang g

=]

n

o
ol
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H 3 & o7 et 3 i o Zi}
A 12. HBx ZMIRdupg-2F o835t 7IebA I el Fof

1. HBx Tg mice?] Zt%3% mRNAE °]43 DNA chip 438 2 RT-PCRe| 23
A52d8 44 54

7} o] &3, 4384 HIwU
B3 Z+gulo] g2 (Hepatitis B Virus, HBV)9 #d# & 8 ¢ Fdx2 4
X HBx (Hepatitis B virus X)& #¥¢d =% PP A8 A7 vk

oju] A BE APy ALr dutFolx gl ndFE S o] &sle] HHEE 5 THE
A}E 232} DNA microarray H-& ©]-&3t3th

HdE FA AERA7IEL thdo] SFEI o] on] Fa3 ot &R
o daiMe 259 FAA Ade] g WA on Fdoldje] £l of Fo] QYA F
2 Adgo] 443 W ZAeR oAE 1 9Jvd. DNA microarraye] A WA 38 HobE= gene
discovery©lth. mRNAE9 Id Axrl duht dsto] Hol & 7holl we} 2159 encodingdhe
S A functional linkageE F5% 4 Stk wElA] 7]FEo] 1 75l gl UA &S A=
& FHAE AT 4 9ok DNA chip 28-S %3] HBx Tg mice®] 7+ #9 (liver pathology)ol
2 FAxe] 44 patterne ZAMSFRTH

e ot HE oA A S 7k #8219 60~70%% B, 15~20%E C
Fig =y ¥, olF 80%0°]4o] A NZF Attt
H -0 T - TRF - Y AR AT F e
Q]

A Aelsty ez APA £ vk A shxie AlgE A9 HCC

g ¢ gJon, 71k FE249¢l HBx Tg miceol A= HCC ¥yt ofvel 7t 7] o
Q) dysplasia®t HCA ME& 83 5= 9ok

HBx Tg mice® Aatsto] &3 7ho] Welsty g ool F waAyas 3uke] o)y

b A4 RNAE %313, DNA chip A3% 238 A% $d5E §4248 2890

. d+4d3
HBx Tg mice®] dysplasia, HCA, ¥ HCC ®¥dAM 25 @ds= thpe xS 59
31, RT-PCRe] &8l 2 &8 A28 9w, human datast v 723},

(1) HBx Tg miceolA microarray 4] : HBx Tg mice? dysplasia®t HCA (

hepatocellular adenoma) H¥WF94¢] 7+ 22 A mRNAS F%3+9 oligo chip assay S
TSRS 2 A Itgab, Afp B Gpe 3 F3AA T o5 fAxe 23 o] wildtype

_21_



mice°l] ¥l& F7Feldel (F 2). 71 3R F, Itgab F A XE quantitative RT-PCR
(Z¥ 13 Western blot (¥ 2)& %3] 43994, wildtype miceo] B3] #<A
RA F7tE Y S FAsA

(2) BE #x 1 =AA 9 Fdx W@ 3N : HBx Tg mice®l dysplasia %
HCA FolA F949A FAA &do] F71e FAA F, ITGA6 5 9 +Axe] o4&
S B 7+t 237 (17)%EH 47D2RE %% RNAE ASged AdlE 2%
HozRE AF el RT-PCRE AAsATH (19 3).

¥ 2. Microarray w4 A3

Gene Dys_ Dys_ HCA_ HCA_
expression TargetID HBx-1 HBx-2 HBx-1 HBx-2

i5c130470.4.40~8 0.09  0.02 8.34 5.21 scl30470.4_40 H19
5c1022431.11_253—-8  4.05  4.23 4,27  4.46 scl022431.11.253 Wil
5c151827.6.1_1-S 432  2.32 359  4.53 scl51827.6.1_1 Cidea
5cl069583.1_127—5 289  3.09 3.48 290 scl069583.1_127  Tnfsfl3
5c136582.7.1_25-8 3.46  3.42 3.12 3.13 scl36582.7.1_25 Rbpl
5cl44314.9.1_18~-8 0.29  0.11 2.92 0.78 scl44314.9.1_18 Akrlcl8
5c117359.5_60—8 0.41 1.91 2.92 1.79 scll7359.5_60 Rgsl6
5c120797.28_28-S 0.74 075 2.92 1.49 scl20797.28_28 Itgab
5c144362.3_601—S 0.98  0.46 2.92 1.25 scl44362.3_601 Esml
5¢1017990.3_27-8 0.57  0.37 2.1 0.65 scl017990.3_27 Ndrl
5c150762.2_0-5 .19 0.03 2.89 2.69 scl50762.2.0 Ter3
5c137309.10_320—S 0.04 —0.08 2.88 1.03 scl37309.10_320  Mmpl3
5c148854.3.1_11-S 0.02 001 2.87 1.06 scl48854.3.1_11 Cbr3
 1sc136760.13.1.118-S  —0.26 —-0.27 - 2.86 2.00 scl36760.13.1_118 Anxa2
scl52114.2_187-S 1.10  —240 2.62 5.89 scl52114.2.187 Egrl
5c138707.5.30_13—8 .38 0.70 2.62 0.10 scl38707.5.30_13  Prtn3
scl17197.4_15-$ 0.33 ~0.17 2.53  0.69 scl17197.4_15 Tagln2
sc127608.15.10_44—-S -0.05 0.23 2.52 0.68 scl27608.15.10_44 Afp
115c132477.13_570-S 0.14 -0.05 251 1.41 scl32477.13.570  Prel
5c130628.6_19-S 0.87  1.40 2.48 1.79 scl30628.6.19 Prss8
sc154248.9.17_2-5 -0.19 -0.09 247 —0.09 scl54248.9.17.2 Gpe3
5¢133381.16_572—9 0.18  0.23 2.47 0.33 sci33381.16_572  Cdhl

SEARCH_KEY SYMBOL

Dys : Dysplasia
HCA : Hepatoceliular Adenoma
HCC : Hepatocellular Carcinoma

Relalive llgab mRNA
O - b L 4 N D 0

Wild Dys HCA HCC

2% 1. DNA chip 280A A523S 29 Itga6 A A2l qRT-PCR3% 23}
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Wild Dys HCA HCC

<= 160 kDa (intact form)
2% 2. HBx Tg miceol A ltgab S A9 raok &l

VI U o Ivmn nrry vy IV I Ivil I IVIN VI IVID IID HUIOR

NTNT NTNTNTNT NT NTNTNTNT NTNTNTNT

a3 3. B3 ¢ A dF FHAE RT-PCRE 23

o4 49 A%E AHw

@O HBx Tg mice9l A microarray #4138t 23 wildtype mice®l] ¥]8] Z7}&= 43

AHES s 5 Aok

@ HBx Tg mice? dysplasia @ HCA Y¥olA FoA49A A2
A F 43 E B A e 2 AR HEFHEE AL A9 + 9
@ AHfHo=, g 7t ¥4

2 dFAHEe BE Y nlelE e 9
dysplasia®} HCA #WelA] A3 e}l §-4AES oA & &
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2. At &9 7159TF
2-1) IGF2 7159+

7t o183, 483 Huw

Microarray 4% 53] HBxol &% 7] ¥HEE {94 A 371 3931 HBxdl 98
IGF2¢) wrd ko] Zrhgltle M3AT (Y1 Lee et al, Oncogene, 1998)& v}eto 2 HBxo| 9
d frEEE e A oA IGF27F oW JEE steA] dg dTE T3S
IGF27} 713 #do] Qlve BHiue gloy BW Z7dAe dA3s Ho x| ot
utebA], fetal liver 28] 7+ WA BEFFo] o}F =& IGF2 A7 27 7 wd
7} ojd Fde] AeA FHE] A3, miced) 7+ 2L F3 #HE HAE AP E3F mice
o} HBxE ¥dste stable cell lineE ©]-83t9 RNA ¥, RT-PCR, Quantitative RT-PCR,
ROS detection from primary hepatocytes, western blot $¢] W& o]-&3}ich

. A58

4 old GARE 4 F 19, olF 2 FHE b3 e WMEshy A} IGF2¢) wd, g4
29 4, HepG2-HBx cells % HBx Tg mice®| primary hepatocyted] 1] 2g w3l M¥E =
A e BAe wEtE A
o 49343

HBx Tg mice’} 27158 7H8|t) (Hepatomegaly) @A4HS BolEd, ol¥ HBxO| 938 Z7lste
IGF2¢] w33 #do] &g v BdS Fod FUglen) (Y2 imprinted gene, THE A%
$E28, IGFIR #¥ BAE2 HBxel oA A48 A ®3kA] FFo] #AAHUT) o8
HepG2-HBx cells 485 &3 A&Astuct (29 4). HBx Tg miceol A 7+2f o4 S4o] ygt
U AF FYsA HBxE @dsts A XEF7T control X Hl3] Hx3 F4& g Ao
A HALH ol= Frigt IGF2¢ #Ho] A< FAstdrt (27 5). IGF2E secretion™ &
ZAZAM autocrine, paracrine® T3l AEE At HoZ dA Utk IGF2E 5olFeg
et FAE ol 83t secrete® IGF2E F3hlS W IGF2d o) Y= s &8 + 4
<& elstdr
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1 day after born 1 week after born

Wild HBx Wild HBx

HBx

100 IGF-II

80 Gapdh |
60 2 week after born 3 week after born
40
L wild HBx WwWild HBx
B wild £74
HBx al HBx
3 IGF-II
2 ~ =
g 500 N B Gapdh "
@ ol bs L i P
g 400 2week 3week 4week Sweek 4 week after born 5 week after born
$ 300 | wild HBx wild HBx
-t
§ 200 HBx
2100 IGF-1I
3 o — ‘ ‘ Gapdh £}

1iday 1iweek 2week 3week 4week 5Sweek

1% 4. HBx Tg mice®] 7+ A4 RT-PCR, g-RT-PCRE & A7l =& IGF29 %

dy F2.

1.2
~~
o 1
(@)
~ 0.8
= o
e -g [
2 06 8s
o =
} 59 @
o 04 g
g 0.2! §1 Mock HBx
o 0 § E IGFII i

0

0 ! ‘ Mock HBx

1 day 3 day 5 day 7 day

9 5. HepG2-HBX cell F3lo] A3 AA&% IGF2 23 g9l

o] el 434 A=,

@ HBx Tg mice?} Z71%E 7l (Hepatomegaly) @4+
@ ol HBxol 93 Z7lste IGF29] 233 #Ho] gle

e
S
tijo
g
rO
ok
38
)

Hol
AApehe wholct,

to

e
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2-2) CIDE-A 7|59+

7} o4, A3 H3W

CIDE¥ cell death inducing DNA fragmentation factor like effector®4] 19983 EMBOY| A&
270E ATk Cell deathet A#E 7)50 e Bar) &olE o]Fo] A1 A4 PPAR alphash
gamma®) target geneC® AN At 2Fste AAEA vtz FHo] Juks BuER 4y
A Qlth (Z.Zhou et al, Nat.Genet. 2003). 18]y} CIDE-A2] 7|50 thslee o}x Bsg w}
7b Bol qlo] AAM e 75 AF7F B_F Aldolth HBx Tg mice? dysplasia, HCA 181
HCC WHeA wdo] F71=o] e CIDE-A7} HBx9] Lde] W& Z7] 7hdn ojd dlo)
25X HBx Tg mice, HepG2-HBx cells$ ©]-8-3te] EAAMEAETH o7 At

4 o)d SAIRE A F 1Y, olF 7+ FHE 7oA Welghs ZHA} CIDE-A2) 2,
Fd4tre]l 53, HepG2-HBx cellsoll A2l @raws 3wl Hxe] Wiz A =g
CIDE-A9] I3 & 24ddly 2HAA e st A= 3 T3k

v d74d+

HBxE& Wdsts wh5-29] b 2ZF A F53F RNAE ©]&3F DNA chip assay® %

3l wildtype mices} ThE HHE Bl FHAES EF33 RT-PCRE ©o]-§3td "3‘?‘1
o] AP LHI APS Hole AR AL AASFAT (X 3, 248 6).
Microarray 282 %3t 6709, 137194 HBx Tg miceo} ] wildtype mice®.t} f-2]A
UA CIDE-A9 2do] $71ed5S FUsAth o] & vgoz 3sto] mpgxo] yuy
2 CIDE-A% 2dZFS ZASIE T HBx Tg miced] 7rol A= dysplasiat € HCC7HA
CIDE- A7‘r < FEoR HEstn dSol #AFHASY wildtype miced A B
IE}E} g Fo] Frketx 917l sy HBx Tg mice?] P22 3} v e of njujgh @
d 44 Jehiidle ol & F351e CIDE-AQ 2do] He] 3zt Aol glon o
HBX 7} fEste W T #Re] Jd& AYE & F AU

HBxE 2H3E stable cellsE % Ago=2 Q13 Ax AZo] H44H CIDE-
A 2+E ROS (Reactive Oxygen Species; EAdAFA)o] wszlo] AA 3 A doE o] 23
s EE FAA (2" 7.

in vitro X2 HE ARNE EZ in vivo FEANA ol A7ld EA FHze @
ol MgyPs=x dolry| 93te] EI55 day (embryonic day 155) FE A% 14, 0 F
H2 gelste] B A, A% 195 E A §AA7 287 ARES g & ¢ AN
i ol¥ invitro 2E AF9 TUEA ROSe wsie}l UHI #Ho| UL A F 5
AATH (¥ 8).

Bl §Hzke) wEe] Q&S vA = 8AES Yoliy] 3lY FHAe T2 RE B
2 assay & ZAF, mice®t humano] FLsA I 2 7FA €] transcription factor
binding site® ¢ & & JJeom 1 FoA ROSS LA BAE 7137 factor’t EF
Hol ALE FAdT 8= HBxe 93] F7tek= ROS7F factord] el &g
21w factorel] o} B}l FHAFe] Wrdo] A" Folg dSEHTE Bl fAAXe] W

2

e
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H 3} o= transcription factor®] AHAIAAE GolH7] -?43}01 RT-PCR, western blot

Z39 factord LHEARE FAPL, o] T3t A FAAZE TAsE A
factor Al Zo] ¥ A& lgto = ElA fHAe #d-2 ROSH 93] #
HE 9= factoroll 98] 2HHS FUsA . Chip assayE &3dt9 factor’t Bl
Axpe] 2R R AFITES At (€ 9).

oft o mlo (et
tlo
Jﬁ?l'

olgA Z7le) WAl AFEE Bl FAA7F HBxl o8] FEHE 2 olgel Yol
A ooldg A waeAd g dre £3 Folu B 434 A 2ds
= AT 198 Vo 39 oF 9453} B w3 53

(g 10) T+ o4 Z7)d yeRY
= A3} st prof. Peng Li® knock out 2
inflammationdl] #oJsl= FAREo] 2wl A

é
o,
Q
=)
=
:
mlm
0,
¢]
2
S
=
>
]
o
R=)

¥ 3. DNA chip assayE %3 242 23 Ao

symbol Fold change symbol Fold change
BCO27556 4,444 Lyéd : 6.447
[Cidea’ T e 4,208 LOC268393 5.581
: e 3.933 Cyp2ad 5.366
, T 3792 Rads111 4,255
Cypdatd 3.740 Wt . 4.099
1810073K19RIKk 3.724 Ssult2a2 4.094
REL .. 3512 Cyp2bi3 3.917

» 0 34 o . 3888
Tnfsfl3 2,926 Gstm3 ' 3797
Ubd 2.795 Sipi 3.660
Cyp2ad 2.651 Cypdatd 3.652
Cypdal0 2.346 Cides” . 1 3550
Cyp2b13 2121 BREpL L 3.469
Urml 2.117 Tnfsfi3 3.336
mt-Nd5 2.040 H2-Ea g 3.083
201001 2P19Rik 2.029 cdad 3.065
Condl 1.898 Cyp2as 2.907
Uapili 1.699 Cyp2c39 2.852

6 month hybrid HBx Tg/wild 13 month hybrid HBx Tg/wild
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Wild Dys HCA  HCC

Itga6 HBx hybrid Tg mice
Wwtl
Lten2

Mug?2 ke
Slpi
Promil

Suit2a2

Ly6d
Dusp6
Tnfsf13 [t

Hsd3b5
Tes

Dys : Dysplasia
HCA ; Hepatocellular Adenoma
HCC : Hepatocellular Carcinoma

1Y 6. DNA chip 2golA A58 2 45 FHd2¢] RT-PCRE @3

HuhZ7-mock#25 Huh7-Hbx#15

M Non treat H202 10uM
HuhTmock, HubhZmock
Huh7HBx Huh7 HBX

i
?
}‘.
e

15% 13 [t 13% [
RS

Everts

24hour treated

0 10uM 25uM 50uM 100uM 200pM H202 treated {24hours)

219 7. HBx-stable cellel Hx0.E A
RAAre] WstE RT-PCRE %3

=
ok
2,
o
"y
>
O
621
i
L,
o
&
o
wn
1o
&
o
Sk
¢ o]
)
o
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A.18.5d.p.c. B. Post-hatal 1 day

% MopcrDA &
-
HBx-Tg . | nopcroa
g g o - g : N-Tg HBx-Tg
;’% ﬁf&ﬁ i 5 »
i Vr,
W‘m‘i«:
e 10 1 g ' 197 e’ '
ROS levels ROS levels
BCF1 HBx BCF1 HBx
HBx HBx
CIDE-a CiDE-a
Gapdh Gapdh

8 8. 2AAT o]F 9 whe-A primary hepatocyte®] ROSE FACSE %3to] A8l
SAze] WP RE RT-PCRE %3t #qld A

Prediction of CIDE-a promoter region has Nrf2 binding site

Human Mouse
45224531 ACCTGAAGgg 47534762 ACCCGAAGtg

Nrf2_01

BCF1 HBx BCF1 HBx

HBx
Nrf2

Gapdh

185 d.p.c.

HBx BCF1 HBx

N2 Nrf2

Gapdh Gapdh

Post-natal 1 day

a9 9. g4/ AA2] promotere] binding3dl: transcription factord &A% &%
transcription factor®] &£ RT-PCR, western blot& E3] &< Az, Chip

assayE =3 3elAd
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1 day afterbom 1 week after bom

BCF1 HBx BCF1 HBx

HBx

CIDE-a |

INOS

THF~a

Gapdh [

2% 10. RT-PCRE %3 f3xy wsts 1% A3
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3. HBx Tg mice?] 7} A& o] proteome ¥4% F3 A523 d9A
]

7t o]&3, 2437 HIUW

gld A HBxel 98 fEFHE WiE 2UE Y798 2-D PAGE 4 <
53 auidAe 248 YA gy A= @A) A7 FAdo] koA diFEe
S @A A B u HCCoE olv) A% H& HadE Aot dvbHelr) T
o] z7|ze] ARE f8 Forodx FasAw 27|ddE 9% 233 biomarker
o] wFo] wAslo o} 7R &2 QA HCCe &7|zZ el ofelge] Aot 53] At A

29 A, SRR Wolrt A¥dBY, 1Y 2VINEH 7 dAEEZ AF AFHs 4A
How By ]-%%}7] of 3219 AR E o] &3 biomarker?] F=ol= Z A ko] mET)

B a§°] B{3 HBx Tg mice®| Z-$, 1+ 24 z7|HE dAEE A5 AFH7}
7V mic e«} genetic backgroundt} %ktrfﬁﬂ o] £d&}7)o miceztd A AY
EA kol Z7) HCC AxhS #1§ biomarkere] #HEo] o8 7FX AHE& AYa
ok 2 BAME o3 oy kX FHE Ad HBx Tg miced 1txAE& ¢ @A

2 539 vy ENE PPN, g8 02 HCCE &7 Add 4 e
biomarker?] $E& ZEZ dtgon, T=Z3 AR GMASY A A B9 A 7t
T4 2 Y AAVIA B A3 E FYdaz o

8t 11,
B =

b AdE

@ DNA microarray 2849} Eds HBx Tg miced dysplasia, HCA ¥ HCC ¥+
oo 2oA aMd g FE35tA proteome A& AT

@ 2ol A$ &7] Agko]l Fa3slv]d), dysplasia®t HCA ©@Ald]l 24 & F3 903l
A dgsle dlAES Tz BN

Q@ Wz "dlEdE F X E }A] western blotS £ AAFsR e, AF5d o
A5 AA A7 FAAZA A HIE AT

@ RKIPZ E st dF S8 EES HBxSH 43 859 7I5d7E st A
=X

. aAR

L

(1) HBx Tg mice®] 7z} 7 a9 ¥4 : Dysplasia, HCA, ¥ HCC Z3d8< »
T miced 3+ ZAS 6, 11, 15LH Y w922 HEH AFst PP S TR
5t olE9 duiA BEAS F3Psr). ofdle 1Y 112 dysplasia 9} HCA 4
BolE uhg2ot o]d et of ] 7kxF 2-D oju]Aolt) onm gl WEE B
© O 2%s " Sd BAE g

23 11914 B%o] Dysplasia®l 735 & 10719 wizao] HCAS A$ F 12719 @
A ondleE ¥sE RYdS #EE 5 JdYh olele E 4E mass AL 53 o
Nd S Ao},

rulo .t
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Wild

B
&

AR
“

o gow gy

il

i

P

o7

.ol

= moused 7+ %32 2-D A UlE o]ulx

¥ 4. Dysplasia®} HCA ©@719] 9jvgls ¥HsE Rol= wild giE

Epot ATTESION Protain nome Funetion }o. of Matchsg amoscot TCowstags Aerabion
Mg B, pepiites BCOOE Ey 3

o3 18310758 Sarum SIGUMIN Pracursor Bignat tansduction -1 3 T2 252 3704
D1y EHBRTRIAY Fadty wet Dinlng pratetn 2, L3 prd ) 0% 2381
D14 CHI4ITIES Haat ahock. 7oGa protemn 3 MATIHCUIAT Chaperone 13 527 102 2434
D18 SHTZALBATIZ Ribosamsd Dinding protein 1 lestam a, DiNA-raiaied protaln £ &5 7 2204
D13 ot 0 + tarnity, meTher LY zz Bo 21 2134
T FHETIRORY ol A% Spaplosy kL ey 2wy 2554
-137 HYETSEIY Thiorsdoxin 1 Redox reguiation 3 = 38.1 2421
o198 | gy 3 3H5L0AC-CoM (hiio) 3 158 302 250 &
fairerd ¢i1zesa7a2 tnfarmasiata Marmend proten oytesksistan 1% 288 7.3 298
fal-Aog SUSTSONER ALK A5 Hpoptosiy % 304 179 250 ¢
A% HECTESMS Thyrosd homoneTesponaive protsln Mataboaiisery 16 267 253 srad
A-51 SHITINEIZY Sjanyn-tRNA pyettase RM2-ratatud grotain S 117 2R 2304
A pesTe: 9 erzyone ET (WAL Protsotyels E} 144 49 390 4
ey SHLRZINET Byt COA 2, P ¢ ey 28.9 2851
HFZ FHTRICZT Font-shook protsin 80 BADIRCUST CHDPBINE 5 184 3.5 280
AT 32T 14ST % FArCg: § tamily, Lt 3 1 168 41 zs50d
BeBsT LI AR A ORATY Protaln I Gracarane WP gl tranadustion 42 p X 0.8 P L Y
Ast 104321 THesprine rrativpiransterase LCatabytic protein & b 128 235 ¢
L-&E EHI2972S Protuin : B P Catakytie proban: Ed 28 8.5 2381
2132 | pysavizs CHtopasmic matats Setiydropanaes PMINT) stabotiem 15 3@ 275 2124
Aol GHREMOBEE Soerun RO SeRorsor (Repumin 1} Biguvad tranaduction 5 1ot 35 201
A-52% FYTA2NTISY Fg? kinase Inhinitor protedrs [RKIPY B tramsguction 1 3C5 283 2024
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@ wd Ws gude AZ AT : 589 9MAS Zo|A] heat shock proteinS 7
TZUWAE  (actin, tubulin )& A3 RE oM Ao] 3] western blot F2
real-time PCR 243d& %53 2D ¥4 A4S A=s9d (29 12A).

Wild Dysplasia Wild HCA Wild HCC
WIW2W3iT1 12 13 Wit W2 W3 Tt T2 T3 W1 W2 W3 Tl T2 T3
FABP2 | smwomer e s wonw] | U o

HADHA
TRX 1
AARS
UBA1
oDl
MDH1
RKIP
GAPDH

mRNA Levet {Fold)
MRNA Lavel {Fold}

mRNALevs! Fold)
mRKA Leve! {Foid)

AR iz WES 53 W32 B dwlAEo western #F real-time PCR #414
ME 22 dego WHils e A #42 4 9duqy
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(3) 24 st gulde QAASA S AF AT . FFo] & A G FoM F
A3 Aolg B dilAE HAAsI ojEe HAA A ABAA ] rMEAAE HES
B3tk A4 A5 A3 WEd & T ASSHAET ZRAT dF gdudy P4
AlA Z71WE-8] biomarkerZ AME- 7HsA S dASYY (¥ 13).

mlo

a b

Non-neoplastic region regions
9 13, 3AAIE 9 immunohistology data® %3 Z7] biomarkerZA4 el JHeA HAS

3. a) MDHI; b) FABP-2; ¢) HADHA; d) ALDHLI1

9 1394 BXo] 53 HADHAS 79l HCCH-9lot AAFaoAMe] 2% A
ol7F ATES tAE HAF F YT olHT AHEe E ’é"éﬂ*a— 3 e TR oy
Ao A AHge HCC 2717dd ol g3 & e 7t54E BoFErn gddrnh

F

(4) RKIP @929 7ksh A7 o] FRAT : B2 iy 3 Aoyl F2
& wuldel RKIP $9de] e 715 978 #9390 ok 29 14E RKIPY Aadg
Aol Sig 2 wue] 33 TEE 49 Fu ok
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RKIPS 113 14914 HXo] RAF-17 A#3le RAF-19 84& 9Algth HBx a9 2hetelA
o] RAF-12 HBx$} EIAE o]F nmEZgolE o]F3dlo anti-apoptotic effectE YERATIR
oa2iz] gloh. webd RKIPE @d 7471 RAF-19 nEE=gotg g olgo] das vl 2]
obd7} A3t Botth WA RKIP o33 4tst WA EdWolE Huh-7 AXF]A Tds}
Aok (2F 15).

Huh 7 HDBx

Hul 7 Mack

1Y 15. Huh-7 AEF)A RKIP o8& 413 B4 Edwiele) ¥

ol ¢ 43d& A,
@ Dysplasia @ HCA 542 Holt= m
ol A5 & 10719 @9 e], HCA9 4% F 1270¢] dade] ojrjgle Wse ByS

#2Y & Aich
® U2 ARE 3177] e, HBx Tg micedld o9 @ 225 glon
Ay wge] AN £ biomarkerZ AHE 754 WASAG
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4. HBx°ll 2]3 lipogenesis, gluconeogenesis ¥ tumorigenesis &4 7]& o3
4-1) lipogenesis % 71& A+

7t ol &4, A¥A

BY 3E@A M Aol dAEYE e 285 FAHLE HBx Tg miced A AWzt
WS dEea 3 LIS ATl Azteld Ao et HH 9 2 ) F3, 4
74 WS Fa 5o H4de] Hol AAAA AW A o] R A Rete] Aol A 2t FA
o 5%0°l8E AASHA He B4-E Toth APETe FAUL AL d=E el A
e e 3] HFHA7IT R
89 1%, 94, 2ol
o mE AT FHoz )
FH9Fe] A ‘i’ié} T Jog I
A gge] st Hglol 58 &
Rkl SAE S RHelx ot v
A&Pozy o 714 dE, F, 18, T, 1A 2
2 AW, 3EEF T& vRsd HAA #AEd, AHA, 4, o3 2 A3t 55
of7lstE Aoz RuFHWA oAle XAl AW F R AFEHI It (). Biol
Chem., 273, 32487-32490, 1998, Nature, 404, 652-660, 2000, New England J. Med.,
333, 677-685, 1995, JAMA, 282, 1523-1529, 1999). o]&]d HstEx} wgtzie] A 2
HRAVI e T 9 BAol AT FUketi e FAolth

>(E
>
o2

= e 2, ]ehl am]rg_],]
At 2RFGFo] H7) W] we

53], HZoe CY g nlolglart 1 Awssoly Al 28 dxwyd U3 Bl
Aol g3z ek CE 29 diolzl (HCV) H33 39 A43F Alole #HEAL
ggste], C¥ 7+ Hiolgla §4F 3o FgdE F(EdAY ALFE dhss A
o gzt 9 Axgs AE A UTk (J Hepatol, Dec., 37(6), 837-42, 2002).
T3 CH 719 dlolglae AWolA Uded AIAHSE doA Jdu FIS 3T 5 o
o AARN S Basta Qv (Gastroenterology, March, 126(3), 840-848, 2004). 121} B
g vpole 29 vkt wAE WEZ o7 gk

LS L R 8 B2
HBx Tg mice (BCF1 hybrid mixture)ell 4] AW7HE 0, A0 BA=E 2159 2dy
3}, HepG2-HBx cellsol] 4 9] lipogenesis % adipogenesis 712+ 478ttt

o A4

HBx wh$-22% wild typee] BIs) 7to] AIQLaL te] Mo] HZMda & Moz Wz At
(19 16). 1#]2 HBx: SREBP13#} PPAR gamma®l #dE& Z7pstoz4 adipogenesis 2
lipogenesisg &3 AWE FEste ASRE 98| (217), 2003 Gastroenterology (132(5),
1955-1967)e) 1 A+ ZA#E AA sdrh
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Wild HBx%®

e
it
M

19 16. HBx Tg miced) 7t A ARTE 2l

wild HBx® wild HBx®

PPARYL
PPARV2
Adiponectin
Adipsin

aP2

HBx

GAFDH

=12 17. Lipogenesis o) Bste FAAE RT-PCR3 A#H

ol e Ae AN,

@ HBx:= T4 AR R e el gel® g v opueh AEzEER

g ool e AHAE gelat .

@ HBx Tg mice?l cancer mal olya} lipogenesis R adipogenesis ° ¥&ol ATh

ol 4 AT
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4-2) gluconeogenesis & 714
7} ol &3, 493 HY

HBV Cihhrosis 34} 5 oF 20%7) @9¢] & Aoz ¢#|x HBx7} gluconeogenesisel] &
oJ3tERE g1yl 98] HBx Tg miceE o] &3t} ZAMSHT Wi FAAL, 24
AL, AEdAAL el AFHA Fo Al Has g A8

i A8

HBx Tg miceE o]&3sla w334 AL (glucose tolerance test)9} <A&d AL
(insulin tolerance test)® T3ttt HBx Tg mice 7rZ A 2] RNAE o] &3l FAA
A0 BostE FRAY HdFE A
B Zrdnpolaix 7Y F INOS #AxMe #Hdo] F7lstal old] HBx7F #o itk 1
19} iINOSE LPSY] 93] X% o] hyperglycemia®t insulin resistanced] #od3tct= B
27} 9le], HBx7} iNOSE Z73 3} gluconeogenesis®l F&S vwlx=x A8E& 4t
w2lA HBx Tg mice®}t iNOS knockout miceE I ¥)3te] double mutant miceE A4ks}
o ZAAFA FA3te FHAY HdFEE FUsAh

4. 94343

HBx Tg miceE ©]&3d AfFFAY do TE5L e FF glucose ¥l wildtype
mice 2Tt FAJA FSUFEIAT B FRAASY Aded AFHAE FPG AR,
HBx Tg micets Falttel el BADTE ¢ AT (39 19). HBxel 4ol 2}
PEPCK, G6Pase, PGCla 2 FOXOl #dae] @@ m%sp 22 2w ofe a4
AAld X wildtype mice® T FAUA F7FE AT (2 19). HBx/INOS knockout ‘3}
2o FAMEFAE BoAdsteE FHAe] B2 wildtype mice FELE FHAte] wE
o] vrolxth (17 20).

- e cg;@ o
g = o TR g
£ S o £3F
B s £ 5
o a # b
& 1 men b il
= W0 o = o
(&) % fesand o 40
S e P -
3 = Q. 3
=) w2 o
o 3 ke P fei) 3 L L S
g e 23 120 15 33 5 &
Fasted Fed ?»‘mtf{cs after giwnsemj edmn rm nuies after insulininjedion

719} 18, HBx miceol Al iAol =A
A: glucose % &34, B: @83 #AL C 1&d AZFA4}
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Pck1 Gbpc
1 i
M HBxTyg

(.3

Relative mRNA levels
o = R W A =

e MW O O =

L T

1] I
Adlb  Fasted Adlle Fasted Adlb  Fested Adlib__Fasted adlb  Fasted
19. Gluconeogenesis®] @&t F-AxE gRT-PCRE 23}

N
o

Pckl Gépc Ppargclia Foxal
7 6 o wid

0 l:l M HBxTg

o 6 5 O HexTgANOS +
a5 R
o« 4

Z 4

£ ’

g 2 2

© 1

& 1

I:r D - - 0 0 o o - :

Adlb  Fasted Adlb  Fasted Adlic  Fasted Adlb  Fasted

19 20. Double mutant mice®] 4] gluconeogenesis A2 gRT-PCR3% A

ol el A& A,

O HBx¥ iNOS®t 43#AE T3 WA a3 9 2t 2o B9 £ gl wnt
olvel FEEAA AL (G )} #do] glukes AHdS & 5 gt

@ ©olde ZHI= HBx7} INOSE E3te] gluconeogenesisel #ojdte] U35l
(Glucose intolerance)S ©F7]8te] HFH o2 Fxw (Diabetes)o] 2HE = J&& A

A g,
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4-3) tumorigenesis &8 713 dF¢

71 ol24, 493 F8d

Tumorigenesist A S e AdBFo] Urte A B1 58 F3u2, HBx
9]¢t HCC d Aol 31o}A, gluconeogenesis®} tumorigenesis®] G &4 £23 FAA=E
A AMPKY &3/t st gelsta 1 A&7 dE AT

o dge

HBx Tg mice®} HBx/iINOS double mutant miceolA MRI ¥H< E3) o =7
(tumor size)?} =AW A4S B3 ¢ ¢A-E& (tumor incidence)S F3Htt. AMPK
2¥-S HBx Tg mice$t BE 7Hg3ka &9 tumor$d non-tumor F$jolA I
protein®} RNAE 7}A] 31 western blot¥} RT-PCRS 31351t} BE 7harstx} 22 o)A
pAMPK #&& A9z My-& T3 st

. a4

(1) HBx @ Ao o}& Tumor P4 o] iNOS A 98 =449 & &S 549
HBx Tg micet 3/MEARE o|FAdZF (dysplasia)e] H&HT, 127198 E Tumor
F49E A2 xR s 389 (£ 5. HBx Tg micet HBx/iNOS

double mutant mice®] ZA A< FFS #AFIUE 9 15-1870€# W Tumor A9

ApolE sttt (¥ 6). Tumor FAel glolA HBx/iNOS double mutant miceol A

tumor Alo] AHubolAl ZFAFHH 2™, tumor size® EFHE #FAstATE (2 ¥ 21).

¥ 5. HBx Tg miced]A Al7]d wHLA

M &M 12M 18M

WT  HBxTg P wT HBxTg P WY  HBxTg P WY HBxYy P

(n=18)  {n=27) (n=20)  (n=20) =13 (n=15} w=9)  ia=20}
Micro-fatty change (0% 1% 004 2010%)  16(80%) <001 4(31%1 IS(100%) <00t 5{56%) 200100%F 002
b!acro-éatty change ' 0(8%) (}(O%)V - (0%} \5455%} <001 6(0%) 15(100%) <801 5(56%) 14(70%) 457
inflammation (0% B(3u%y 3 1US%)  6(30%M) 040 T 3(20%) freicrd M%) 13(66%; 008
Necrosis ' 0(0%} o{o%)‘ - o(oég; 0{o%) L amw 16.7%} S8 oo%) tS%; 562
Dysplasia 0[G%) 24(89%) <.00% 0(0%3  19(85%) <001 B(0%} I5(100%) <.om1 H{0%) 20(100%) <001
Dysplasitic nodute 0% o0%) - 00%  OO%) - 0% MET®) 352 0O%) 13(85% <001
Tumar DE%) 0%} - 0{0%} %) - Q0% HETH) .352 0(0%) 12(60%) 002

¥ 6. 15-1871¥ 8 HBx Tg mice$t HBx/iNOS double mutant mice® %28 kAt
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WT HBxTyg HBXTg/INOSY INOS*

(n=13)  (n=20) (n=18) (n=9)

Micro-fatty change 9(69%) 20(100%} 15(83%) 0{0%)
Macro-fatty change 754%)  4T0%)  12(67%) 0(0%)
Inflammation 5(38%)  13(65%) 12(67%) 8(67%)

: Nacro:;is ‘ o 0(0%) 1(5%) c(o%) 0{0%)
Dysplasia 0(0%)  20(100%) 18(100%) 0(%)
 Dysplasitic nodule 0(0%)  13(65%) 317%) 0(0%)
Tumor 0{0%) 12(60%) 5(28%) G{0%)

5 Figure. MR imaging of Hepatic tumor in HBxTyg and HBxTg/iNOS+
T2wi with FS TIW GATIWIWith FS e

A, D Turbo RARE T2-weighted image with fat saturation
{repelition time msec/echo time msec 3500/36) show a large
mass in figure A {(arrows) and a smaller nodule in figure D
{arrowhead) with ill-defined margins. These tumors are
hyperintense to liver and hypointense to hepatic cysts
{asterisk).

HBxTg

B, E Unenhanced fat-saturated T1-weighted image (361.5/11)
show that those tumors (arrows in B, arrowhead in E) is mildly
hypointense to the adjacent liver.

C, F Contrast-enhanced fat-saturated T1-weighted image
{361.5/11} obtained during hepatocyte selective phase
demonstrates heterogeneous enhancement of the tumor
{arrows) in figure C and homogenous enhancement of the
tumor (arrowhead) in figure F,

HBxTgliNOS*

g 21. 15-18719 % mice®] MRI g4 &=

(2) HBx 2d 3 AMPK @33t #aA 14

HBx7} diAbd s o] 523 fAx2 48 AMPK 2d8d wxE A3
3312} HepG2-HBx stable )39 NO (nitricoxide)®] A& F9& uw HBx7} 2d
st A XA AMPK 3ol 7188 western blotting W8S %3] #stdu (11‘?3
22).

tlo
pE =
B o

Mock HBx
SNP - + - +
PAMPHKa {Thr172) S | T,
o X ] m :‘“/31

AMPKo | %52 wum || e g |3

GAPDH v ] oo

19 22. HepG2-HBx AlE oA NOo} <3 AMPKa 2@ %7139
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(3) HBx Tg micedllA] AMPK @+l Ao} utd A}

67049 ¥ HBx Tg mice®t HBx/iNOS double mutant mice?] ZtZ2ZloA AMPK$]
dd-g st HBx Tg micedl A AMPKE 2do] $713E E{2H, HBx/INOS
double mutant miceoll4] HBx Tg miced]* Z7}3F AMPKS] @do] tha] 3JEFHo AL
Bk (g 23). o]E3 AMAS vlge 2 HBx9} AMPKE 434S AHE & gth

wild HBxTg HBxlINOS*
Sample# 1 2 3 1 2 3 1 2 3

PAMPKa (Thr172) | == 5% covr tem st momr s soe st

£4-

a9 23. 6 7/19¥ HBx9 HBx/INOS KO mice®] AMPKa & g4

(4) HBx Tg mice?] 7Fg=A oA AMPK il d o] Wd xA}

15-1871¢¥ = HBx Tg mice¢t HBx/iNOS double mutant mice®] g2 o)A
AMPK®] 2#8& <4t} HBx Tg miced] 1+t ZAoA FU4F9 Adx20] 1))
TSz A AMPKe] wdo] ZaHo &S &AUsSAT (IF 24). o= I BMC
cancer(IF. 3.159 2009; 9: 307.) "Histological evaluation of AMPK signalling in primary
breast cancer.”o|A Hu®E A7 Zo] AMPKe SR dEFolr F4FH A4z
B3] FFzA A AMPKe 2do] 7hx%e FHstgier AMPKE WY &9 g
ALz AAst 3ot

Wild HBxTg HBxIiNOS-

Sample # 1 2 1 2 1
N T N T N T

PAMPKe (Thr172) | @ wum smmn som meom  oson Sl ok

GAPDH WWWM S S W

18 24, 15-1871€# HBx Tg mice®l Tumor H¢¢ non-tumor ¥$ 7ol AMPKa
ey gl

(5) HBV 24l #xe] AAS 53
AAdetn oo Welsh wao]l Ade 2k A AANA HBxsh AMPKS 2
Ao Age FAsdrh BY 284 2504 AMPKe] @@ 348 HBx 2@}
W@ $AE A3, HBx Tg micedl 2ol HBY 249 a9 24004 5959 3424
o wla) FYEF o)A AMPKS) BHo] Fhslol &g FARAT (1Y 25).

ol
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HBVpatients

Sample® 1 2 3 4 5 & 7
N T NT NTNTNTNTITWNT

pAMPKa(Thri72) | s s N 5 U oo W . A i .
AMPKa &mwmmummmmm i S

GAPDH ‘mw WMWWMHWWWWI

: m = - ; s nr
O

N povs 800 120 1 b 5p

5° oo 500 129 3 &0

50 «0 30 G kel o

2 ¥ 300 Py 2 e

s 100 200 ©« y sk
5 100 2 20

] o o 2 [+ [+

HEVSIN HBYSLT HBV#ZN HBVE2T HEV#IN MEVS3T MBV#4N HEVAIT HBUSSN HBVAST ¢ HEV #6N HEVSST HEVEIN HBV#TT

ap

14
1

06

Retative mRNA levels

& , R

R

AMPK ot
B ANGADSN

o

a9 25. HBV 2t 3txe] A oA 9 Tumor(T) 9% non-tumor(N) €& protein}
RNA°) A AMPKa %3-S western blot¥ RT-PCR3% 43}

olde 435 AFsY,

@ HBx+E iNOS¢ AzaAE =3 94 312
ofvel FEEDANA AME (TG )T} 7o
@ HBx¢ AMPK9] d#4& A5d 4 32
gk Zhtell M AMPKE 3 X8 7HsAS 7ldd & 9l
® zretellA el HBx 2do] AMPK 23 Jes 593
AE g o s AMPK 3 #¢ HBx §Ax}7H 7153 Az a@A7} 2,5%—% % T 212
™ HBV Zdel o 1+l AMPKZF 28 €} 3

pr)
lo
fr
X
off
o
é
>
ek
&
38,
S
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A 28. NS5A Tg miced] 7P BAEo] £219) AF

1. o84, 483 < ¥4

HCV (NS5A)E apoptosis A& Fshe] 7hel #Hgd sty Fa3k 9388 s
(Int J Cancer 2003'10’7'65*73) o] JAZ&L TNF-a signalling @] Fo] glow,
NS5A-TRAF2 43 72% % NF-kB (nuclear factor-kB)¢] &4 A& F& 8"t
NS5AE ddste JAASuE2E Aidste] 7 ko] S AW 28l Ao o
A AEUAS T3 ATste A2 NS5AS] ol #HeElgrd wste] glojA Fadk o
7 9& Reom A}E%ﬂr. NS5A Tg mice®| hepatocyte primary cell culture W& &
d 3tm a9 #Ed g A 2AEY FFAYE A7, o] A ASug-20
carcinogen (DEN; N- Nltrosodlethylarmne) S Fo ¥ Brdu staining® TUNEL assay&
ol AlE 52 9 apoptosis 5& WEE & HIsA

2. A&
7}, 3 FA%v$-2 88 NSS5A Tg mice®t normal mice® Tu] AlA AHE whg-2

g AAksly| o] ufg-29] DNAE F%3l9 PCRE 5% genotypingS 3t oh

1}. NS5A Tg mice?] hepatocyte primary cell culture : w}-$2 (23 F#) 7+ Z3
HBSS® 387t 1% perfusion® 3 ¥ collagenase’} #7118 L-15 medium® 2 5%
2} perfusione 3tglch. o] F pipetting3dle] single cell2 ¥#l38t3, o] cell mixture®
percoll gradient ©]&3}o] hepatocyte primary cell ¥213 5 uj DGR A=,

t}. Hepatocyte primary cell &A44 A : NS5A Tg mice¢ hepatocyte primary
cell (1X10% 20 uM 2 7-dichlorodihydrofluorescein diacetate (DCF-DA; Invitrogen,
Seoul Korea)Z® 30min ¥ A3t PBSE 3¥ washing ¥ FACS Calibur flow cytometer
(Becton Dickinson, FranklinLakes,NJ,USA) %3] ROS level®E 433}

2}. Western blot @ 20ug9] proteing SDS-PAGE A 7|4 %3 % polyvinylidene difluoride
(PVDF) membrane (IPVH00010, Millipore Corp.)°l|l transferdt<], ploycloned rabbit anti
H-ras (C-20) antibody (1:200; Santa Cruz Biotech., Inc. U.S.)®} H¥H2-3F H, horseradish
peroxidase-conjugated goat anti-rabbit IgG (1:4000; Santa Cruz Biotechnology
Biotech., Inc. U.S.)¢} HFgA]#H, the enhanced chemiluminescence system (Plerce
Biotech, Inc., USA)Z %3] positive bandE <15t

vl a8t AAL 0 NSS5A Tg miced HEhAF 319, phenotyped] thdh &<F HAF &
e AT 10% FTA EE2ude uAse], webde] En wHE
hematoxylin—eosin G A& Ajdste] &njAF o2 2.

4N

B}, Brdu staining @ 25% NS5A Tg mice®} normal mice®) DEN
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(N-Nitrosodiethylamine) 10mg/kgg 13] &7} FAMgE, 24417 ¥ Brdu (Upstate CA
US). & 10mg/kg®E EBZFAL 5 2A12F & b 22 & sampling @vk. 23 Ewf 9hd 3l
5 dA3E 208 2AEY, mouse-anti-Brdu (Upstate CA U.S) 4Tl A4 12A17F staining
3] DABE &3l 243t

A}. TUNEL assay : 25% NSHA transgenic "H$-29 normal PH$-2°] DEN
(N-Nitrosodiethylamine) 10mg/kgE 13| 87} FA} 3 =, 24417t ¥ smapling § %,
24 Eu 9" 3 €348 308 AT o] 3 Converter-POD (Promega CA USA)
37C 30min staining 3}9} PBS 3¥ washing 5§ DAB 223}t

3. 4743

7}F. NS5A Tg mice?] hepatocyte primary cell ROS & XA}

NSS5A Tg mice?] hepatocyte primary cell A Z3le AW ROS #F8 FACSE ¥4
shdeh. L A¥, 29 Figure 26A%F Zo] NSS5A Tg mice®] hepatocyte primary cell A
EYo] ROSY FFo] Bol 75 e AL & & A, thd9 NS5A Tg mice
& XA A3, 29 Figure 26B 9F 2+o] NS5A Tg mice® hepatocyte primary cell©)
48 JA F7HEE AL & 5 JAe. NSS5A Tg mice?] hepatocyted] Al oxidative
stress7} 71 3 Ao@ #AFHJT

B £001
AR .12 |
- Wt z .
£ 1
~NS5A Tz 8g
» 8 g el
£ g2
® - I
5=
SE ¢
) g o
g»z mt *QQ ’;a m& hd
’ R 2 L —
Wt NSSA Tg

a9 26. (A) HCV NS5A protein induces the production of intracellular ROS in vivo.
(B) Fold increase of ROS production was compared between wild-type and
NS5A Tg mice.

t}. NS5A Tg mice®] NF-kB ¢ p-STAT3 @3

NS5A Tg mice®] 7t & oA NF-kB 3 p-STAT39)A 78k dtglo] gHolg o) (29
27).
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Wi NSSA Te

GAPDH

19 27. Comparison of proliferation-related protein expression levels in liver tissues
between NSS5A Tg mice and control non-Tg littermates.

t}. NS5A Tg mice DEN A& §F 7oA W sy 14y 4
NS5A Tg mice (25%)e] a3 IS 7AAF H&E 443, DEN Hdg %
control mice ¢} A FTAY Ho|7l &S & + JATt (29 28).

NSbA Tg

1

1

]

2% 28. Histopathological analyses of NS5A transgenic mice liver after DEN
treatment.

Z}. NS5A Tg mice DEN A 2] §F zto]A AEFH o] #F Brdu-staining £4
NS5A Tg mice (25F%)d] DEN A& 3 IHA X Z24] & Brdu-staining® 3] 43k
3} NSS5A Tg miceoll DEN # & % control mice & #A$ 2ol gl5& ¢ &
(28 29).

Wt

s

e i

2% 29, Brdu-staining of NS5A Tg mice liver after DEN treatment.

=
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v}, NS5A Tg mice DEN Az F 3l 4] A EA} (apotosis)ol 3 TUNEL &4
NS5A Tg mice (25%)¢] DEN Ag % 7+ A EALE TUNEL WH<S $3 £4% 23
NS5A Tg mice DEN A3 % control mice 2F @A 3 A EAF ztol7F Gt (¥ 30).

Wt NSbHA Tg

219 30. TUNEL assay of NS5A Tg mice liver after DEN treatment.

ole 43S A=Y,

@ NS5A Tg micet normal mice B3| ASAEYAE Hol Wom, H¥ NsAdQe] JF =
T Ak '

@ vproliferation TH Y NF-kB 3 pSTAT37} #As=Eien, o] A3} NSHAE
transcriptional trans-activator ¢ &8 3}9, cell proliferationol] ##o] & Ao =2 ot
o

@ o8 ul$-2A(young mice) A carcinogen (DEN) #2] % cell proliferation 3% cell death &= &
zhol7h AAdeS & & UATh o] A3 NSHAE © A7 2HgRT 71 A7kl A cell proliferation
3 cell death®] FaFE F & LS doyje Aoz B ¢ ok

)
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A 3"A. mH-Ras Tg/Prx II KO double miceE o]&
7kt Ao glojA Prx 119 93 4

ol

1. o]&4, 493 J8d

E9WO] rase] @4E 24T F v ANAE MEse A ojgt AU o AL A=}
= w9 Fosteh ey oo} HAS AFE whEhA ras®] Aol 9JF 47 ROSY 2EAE
A Peroxiredoxin I (Prx )9 7FsA< #lstna atdeh 2 FAdx Mded H-ras™ Tg
mice$t Prx I §3A4 2< vb$2 (knockout mice : KO) & wajsle) WeEled R3PS AEs
I #E A9 wistE Avugth

2. A%

7b. Prx 1 KO 2 H-ras™'Tg mice?] /12 2 £d3F AT : Prx II KO H-ras®Tg
miceZ WH]5}S] wildtype(WT), Prx I, H-ras'® Tg, H-ras® Tg x Prx I/ §4A¥-& 714
£ 4279 ve2E Agsldey 3,5 2 7 AEHY uleAE Ry 7gdEd dTE 59
3tk

. A7)3% 943 9 (magnetic resonance imaging, MRI) : Multislice spin echo T1WI
W3} FS(fat suppression; TR/RE 361.5ms/ 1lms, flip angle 180 deg., NEX 6, field of
view 256mm x 256mm, matrix 256 x 256) E& FS #HE& A= 7IH[TR/RE
300ms/11ms, flip angle 180 deg., NEX(number of exitations) 6, field of view 25.6 mm
x 256 mm, matrix 256 x 256], Turbo RARE (rapid acquisition relaxation-enhanced)
T2WI B3 FS(TR/RE 3500 ms/36 ms, flip angle 180 deg., NEX 6, field of view
256 mm X 25.6mm, matrix 256 x 256), 2@l 7HA|EZ E-o]% multislice spin echo TIWI
W3 fat suppression 71H& ol&dte] Az}t G4S dfden, ol 9AsA 0025 mmolkg
gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid (gadoxetate, Prim(}vist®,
Schering AQ)E A Aol Fdeti 107 F FSE St

. =Raqstets ga ; onles AAE o83 e PBS+heparin(l IU/ml) 4o
perfusiong A3, 450 mle] 4°C2 2% B AH 10% neutral buffered formaling 10
B4 30-40 mli/ming £%2 thA] perfusion @tk 7HERAL A o7 345t 10%
formalin®l O/N LA 3t3 paraffind] Zvjdtck 5 ume] FAZ 2AHAAE Az F o
Er8-8 o] 8319 deparaffinizations FX3t}h &H9 =& 98] citrate bufferd] &A
TN 4B #A F 3% H05 ]88t AA peroxidaseE B85 Al
HRP7} #&=Ho] e 13 &4 (Prx I 2 PCNA)E &5 HAH ZZstolA 30&3t
WH-& A7) 1, 3,3'-diaminobenzidine (DAB) & 3lojA] 28 FEAZ, drj3ez
F AR Z9S HAEAT

e

t}. Western blotting ¥4 : 20-30 xgo #% ©WEAE 12% sodium dodecyl sulfate-poly
acrylamide gel& AMg&te] A7) E3 F nitrocellulose (NC) membrane® 2 A7|H 02 o] FA|
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Atk vlEoldoz JAHE AL WAFIIstH 5% BARFRE 1AL A2oA Ao,
A 1z A (pJNK, JNK, pERK, ERK, GAPDH)2] fA-& 4T 1222k o A3ttt
TBST (10 mM Tris-HCl, pH 7.5, 150 mM NaCl and 02% Tween-20)2 30&3+ AR
3 2xFAE 2417 A2oA AREdS. TBSTE 30w7 AAE ¥ chemiluminescence
detection system (Amersham, Berkshire, UK)& ©]-§3l9 #HEo|Ho=z HPH=
bandE X-ray filmo] Z33AZ ).

3. d+4x

7F. H-ras'®Tg 2 Prx I congenic mice® &%A AA}

1) & 474 E wildtype (WT), Prx T77 2 H-ras”'Tg mice® mujste] 13 319 =4
ANFY 429 $A48 (WT, Prx I, H-ras®"Tg 2 H-ras? TgxPrx I7)g 2zt 1}
22 Juargon YT 2% A4S §EF T ARAL A2 2P FNAEE 9l

AT

O

@) Z47+e) 09 nieAS A 12X B2 A H-ras™Tg @ H-ras® TgxPrx
7 oA o] dAs] g glatgon, Hras™Tge 7oA frolxos £& F
& FAd&o] #FHAY (24 3L B, O

(3) Hras™Tg @ H-ras®TgxPrx I ol 2% A28 u|us 4% H-ras'?Tgol A
= zoke] =Y/} vl nE EXER ZA5n QYo H-ras'?TgxPrx II7 oA e 1)
Wy e 779 F¥o] Hol HARE Ao g FAEHY (29 31D).

[l

O

v A7) EYddEG ol 2% H-ras'®Tg 2 Prx I’ congenic mice? £gF=17]
ol

(1) H-ras®Tg @ H-ras®TgxPrx I o)A E%9] 37)E in vivo o)A 8|xd7] 9Jste] 5
NedE 2 7NLHE Y w28 Ar|FF ez sty ume A= a3 310049 rkRvR|
2 7448 H-ras™Tgel zHollA "oz HTh Adge 2% FAHT Ye&s &
Ze ¢ At (29 32, LEZ panel).

(2 28z 598 4% H-ras®Tgd 7ol Awt 2o AT QAL (28 32, 9
Z: panel)

(3) FS (fat suppression)& ’Q"‘]%‘} A FFE9 9
enhancement)ZS A AgF A3 =
Ao A H-ras?Vel 938 &4

tt.

l'ﬂ fo! N
o
o2
flo
N
o
tjo
X
w
o

th. H-ras'?¥Tg 2 Prx I/ congenic #}-$-29] W dA A}
(D) 302 2L 7088 WT, Prx I, H-ras®"Tg 2 H-ras®TgxPrx I’ congenic mice
o EAE o83t HEE 4L +3% Ad, 471 vie vidA R 77id#Ee] 2
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o 2 T BFFHAG (2E 33).

(2) 3% ALdME FEIAo BAIHAE oy Hras'™We 7z o4
hyperplasia @74 2ol 947 FFHAY (29 33, 9% panel, *EA))

(3) PCNA A& ol &3 HEsstd =2 A3 3MLHANE &5 ATt
dAol HE W 7AEEY H-ras™Tg 2 H-ras®TegxPrx I congenic m}H$-2 9]
ZFFEYANA =& PCNA GAo] A==t

(4) Prx 19 AS TSFAdA 2 B &o] F7lste Aoz ZAEUY (28 3¢, 28
% panel)

#. H-ras>Tg 2 Prx I’ congenic "}$-2¢] ERK A% AA}

3M€8 e WT, Prx I, H-ras'®¥Tg 2@ H-ras®®TgxPrx I’ congenic mice?] 7tz%
S o] &3lo] ERK? <1432 Western blotting 0.2 28 A3}, H-ras®'TgolA =7}
# ERKS 437t #@=on, v EAE H-ras” TgxPrx 7 nlg2oAE 2 2
o] A ANTFoZ FaHE Aoz ZAEYY (29 35).

@ X @ X @ {*P<0.05)
Wt Prx fi+ Haas®Y z
@ *
l g 201 ]
@ @é @ @ g
£
Pr it HarastaTy Haas ety 2 10
X Pyt -
]
+ } + 4 g *
z
v " [+
NYg NTy Ty Tg H-Ras'?v
+H+ -+ +i+ -4~ Prxil
B H-rast2v H-rast? x Prx /- D
{*P<0.01, ~*P<0.001)
120 -
L]
190 £ H-Ras¥
g w0 M H-Ras™® x Prx i+
Y
£
3 . -
g 40 —— o
” e [
0

<0.2 02-05 05<
Tumor size {long X short diameter, cm?)

(Scaie bar, 5 mm)

a9 31, Hras™Tg @ Prx II'” congenic mice?] £%4 ZAAL (A) H-ras®VTg 2
Prx 117 congenic mice®] A4+ @ ATE 98 HAE4A BAE, (B) Hras?'Tg 9
H-ras™Tg x Prx I congenic miced ZFA HE. %S HZE3r] A
FEIHY AR S #9 AY. (C) BEAE F3A3 9 “}"’\4 Zhol) AAdE F44
2 wms 239, (D) Hras™Tg 9 H-ras®Tg x Prx I congenic mice?] 7t
o BHE FTFY A& wug A

I
2

O
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SM ™

wr H-ras'® H-ras®V x Prx (- wT H-ras'®.Tg  Heras'? x Prx ™

™

T2+FS

T2+ FS+FE

g 32. Hras™Tg 2 Prx II7 congenic mice?l %A AALZ 93 2713w A4
#9. (A) WT, H-ras®Tg 2 Prx I’ congenic "}$22 Z+7} 57019 2 770 Y9
A7 EH G FEG S AAEke ol Y TR A7 S FFeA )

Genotypes

wWT Prx II*- H-ras1?vV H-ras??V X Prx i1~

Mouse age (month)

2% 33. H-ras"®Tg @ Prx I congenic mice?] ¥ 3% AL

T, tumor region; N, normal region



H-ras'® X Prx I

2% 34. H-ras®Tg © Prx I’ congenic mice?] @ 3t3 ZA},
T, tumor region, N, normal region

H-rast2v
WT Prx Ii7- H-ras1?v x Prx II7-

1 2 1 2 1 2 1 2

1% 35. EdWo] raso] 93 ERK 3HAstol] glo] Prx IT Ao o3 A5, 3/4UH
¢l WT, Prx I, H-ras®"Tg ¥ H-ras® TgxPrx I congenic "}+$-29] 7+ZA &
o]-&38lo] ERKell thd Western blotting 2 7}

o]} A4S Ay,

@D H-ras®Tgol g 742 Ao glo] Prx 119 Ao AdAZH} e AL &
T A

® A71EHAAEG A FS (fat suppression)S AAs A3 FEFH Yol FAo]
@5 ow tiA] FE (fat enhancement)E AAIT A3 TFF99 d4o] v HE
e aa-g-— BagozM, txAoX H-ras™ ol ola JAE I AYg 33
o2 FgH3tn de AE & F UAT

® 70889 H-ras?Teg 2 H-ras? TgxPrx I congenic 7}$-29] ZFr 9o A
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EZ PCNA 94| #ZEo]A, ol A7|eH I3 dHsol T4dLS A &
Aste otk EF Prx [ A5 FFFEANA 2 $d 8o Friste g
a3t

@ H-ras®Tg @ Prx II'7 congenic "F-29 ERK #AE AAIE B4, rase 84
< Prx 9] A&o] qAste T3V dS& Aske 2REAN &5 s #4188 T3ty
I 71H4E welaA gy didoez B dAFdis S9Wol rase] FEEA g1
Prx 7} W% 23 zdA98 & ¢ AUk
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M4 g SHEYE U A Zolofl2] o=

Al 14, HBx JHIEv-2F o] 83 P 33 e 22 #of

1 FZde C3 Y vlolglz=E Ao dad AASE doA 3w AL Fd
T Utk AMEE B asta v} (Gastroenterology, March, 126(3), 840-848, 2004). L
2l BE 7k wlojgl 29} wiwtzte] #AlE wE A o7b gidh. HBxE SREBP1#H PPAR
& Z718 024 adipogenesis 2 lipogenesisE £3) AWk GTdte Qo uw

gamma®] 2d&
3 Gastroenterology (IF 125)0] 7 T AFHE AA 39t

3] 3 2007

2. GRA 7S o] &8 xRy g upydE L g A A AF AHE g
gto] Aw 499 Proteomics (IF 4.8) 20099 11939 AA sgon, =4 E3& &
A ol i)

3. HBx¥ INOS¢ 43x#AE T w4 7623 2 7kt #a)e] #ojd £ 9 Wyt
ofyzl FERDINA AMA (T )T AT AHbe] Qv AMEE & $ th
HBx¢t AMPK® 4#4& 3% 4 Jon, ojd AMdS ulgoz HBx wifze) ¢
& el AMPKE 58 A& 7FsAS Zloisto 2ol A9 HBx 23 ol AMPK %
d ey sdTES BYS FRlstodA, o]zt < Hgo2 AMPK #3A9 HBx
FAAZE) 7]5H @AV dES & & dov HBV e 9% 3rdolA AMPK
b AR Ao JheAd AA S th

ol

Al 28, HCV NS5A transgenic miceE o]-£-3F 7Zkel kA 7]
Z 9 gARE AT

NSBAE HCV #7te] 2htaide] #do] gl& 3oz um A o} o] dFEE NS5A
7 2EEH e JAASS-AE AS }C’% hepatic tumor?} WAET= Hig g} givh B A7
HE o] A& WEE| st7] A3l & Aol A& ol HBV enhancerE E3she 3AIE
HRAE o] &35t NS5AZL e PYIH&v-9-28 /e A3, tumor incidences A%t
F 7% %7} hepatic tumorg FEsHE Ao EQlFo] Algidhe] Bagh wh gtk NS5A Tg
miced ©]&3te] HCV 7+ AA71A A7 A3E Journal of Pathology (IF 5.1) 20093 AlA]
=g

Al 3. mH-Ras Tg/Prx II KO double mice& ¢]4% 7+
gt el 9ojA Prx 119 9% 49
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H 5 & A7izanel &A=
A 14. HBx J4RAvf$-2E o] 4-3 5P 33 ) I Eof

L&A £4oz BAag o A aidEd W BG4 71-ele] 98 7 a7+
7b Bu JgHojor el AdHT. o] E S8 B AT A AT AYS X n

ik,

{1

O

2. HBx @93 9% ¢l d AMPKE $% A= 7F54$ 7lthsha, 2erelA HBx
2ol AMPK 2@ €3 399¢ RS FAselN, o A vigo
AMPK #2179 HBx %242 7153 45847 988 ¢ % 9100 HBV 24

ot kel A AMPKZF X2 B2 7F5A AAE & it

rk

2

3. F& EdelA 22 Bl FAAE Aol AWl HA8 HI st 44 woletst
o] dAIE EAste] 7} Aol At A gIE He vpolenA§ HEste #8Fch

Al 24. HCV NS5A transgenic miceZE o]-83F Zk¢} Al 7]
Z 2 EANE A7

NS5HA transgenic mice®] DENS & dl +dA A A4 A3}, NSHA Tg
mices EFARFEL 93 gEdE FHgelx e Aoz woych

Al 338. mH-RasTg/Prx II KO double miceE o]&3 71
Wt o]] 9loji] Prx 119 9 19

1. 8 dAFgAMs Prx 119 Ao sty 4@ A=l AL in vivo LS F3t
of 98t Yy Prx I A¢ % 2298 Z7he S4d449 AFHed #&

T
714 &A% A7 FF Heg JAoE wddn.

49} A 1 olsel dle] @ A
A FastEse F871WE odatnd W Faw ARZA 08T Aoz By
Amol §
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