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SUMMARY

Hepatitis C virus (HCV, the family of Flaviviridae) is well known to be associated with
liver cirrhosis and hepatocellular carcinoma. Its genome [(+) single-stranded RNA] consists
of 9.6 kb, which produces 10 polyprotein including core, NS5A, and NS3. We found that
the NSHA of HCV modulates the expression of cellular genes POLRZK, 1-8U, thymosin
beta 4, NRF and HSP90 genes. Since POLR2K, which is a smallest subunit of host RNA
polymerases, was severely repressed by the NSDHA, we focused on how and why NSoA
represses POLRZK gene among other genes. Unexpectedly, we found that putative IRF-1
binding site is present in the promoter region of POLRZK. We obtained preliminary
evidences that NSbA repressed POLR2K gene expression through the putative IRF-1
binding site and IFN induced expression of POLR2K. This is an accumulating evidence
that the NSHA is responsible for IFN resistance through interference of the NSSA with
DNA binding activity of IRF-1 or down-regulation of IRF-1. Our preliminary data suggest
that the expression of IRF-1 gene itself is also down-regulated by the NS5A. This is a
significant result which can partially account for oncogenesis of HCV, because in addition
to being involved in the regulation of the IFN system, IRF-1 is also involved in
oncogenesis as a tumor suppressor. Although we have vet to determine whether POLRZK
protein level and host RNA polymerases activities are indeed decreased in a variety of cells
expressing NS5A, we found that adenoviral propagation in HelLa-NS5A cells 1s
significantly impaired compared to parental cells. We hypothesized that a biological
consequence of the repression of POLR2K by NS5A may be a host shut off mechanism of
HCV. Since it is largely unknown how HCV shuts off host metabolism, this is other
significance of our results. Finally, since POLR2K is an essential subunit of host RNA
polymerases, it will be interesting and important to know why POLRZK expression is
regulated by IRF-1 which is induced by many cytokines. Further study on that aspect may
contribute to understanding molecular mechanisms by which host RNA polvmerases are
regulated. The core of HCV induced expression of TSG101, KIAA1254, and Ras-GRF2
genes. TSG10l gene was originally discovered for potential tumor suppressor using
insertional mutagenesis in immortalized fibroblasts. Altered transcripts of this gene have
been detected in sporadic breast cancers and many other human malignancies. Recent
results indicate that TSGI101 is essential for cell growth, survival, and proliferation, but not

a primary {umor suppressor in mouse embryonic fibroblasts. KIAA1254 (CPR8) is one of
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human cell cycle progression restoration (CPR) genes. This gene was discovered in search
of human genes that allow yeast cells to progress through the cell cycle in the presence of
an activated pheromone response pathway. Since then, no study on this gene has been
performed and the function of KIAA1254 is unknown. It is speculated that KIAA1254 gene
may regulate cell growth positively. Ras-GRF2 (guanine nucleotide releasing factor 2) is a
widely expressed, calcium-activated regulator of the small-type GTPases Ras and Rac.
Epithelial cells overexpressing Ras-GRF2 are morphologically transformed and grow in a
disorganized manner with minimal intracellular contacts. The known or assumed functions
of the three genes suggest that they regulate cell growth positively. Although we have yet
to determine whether expressions of those genes are indeed increased by the core at
protein level, those are candidate genes that may function as important mediators in the
core-mediated transformation. We found that NS3 protein physically associates with
PRMT5, and the NS3 protein is an in vitro substrate for PRMTI1. We obtained
experimental evidences suggesting that NS3 is responsible for IFN resistance, while the
PRMTS enzyme activity enhances IFEN response. These are significant and important
results which can explain why NS3 interacts with PRMTS5 that interacts with Jak kinases.
Since IFN resistance of HCV patients can not be explained throughly by the interaction of
NS5A with PKR, the negative regulation of IFN response by the NS3 is likely one of
several mechanisms which HCV employs to counteract IFN response and appears to be
phvsiologically relevant.

We have performed a veast two-hybrid experiment with the human liver cDNA
prev-library using the NS5A protein of HCV as a bait. For experimental convenience, we
have divided NS5A into 4 different domains NS5A-a(17150 aa), -b(17300 aa), —c(3007447
aa). and d(1507447 aa)in addition to NSHA-F (full-length, 17447 aa). Yeast two-hybrid with
NS5A-d was not suitable as all the transformants showed blue color due to its nature of a
transcriptional activation domain. Also, yeast two-hybrid with NS5A-a did not give any
candidate transformants. Yeast two-hybrid with NSS5A-F gave 3 candidates, SFRP4,
AHNAK-related protein, KTcD37 (homologue of GTPase activating protein). Through in
virrobinding assay, ATcD37 was confirmed to interact with NSHA. The results with
NS3A-b gave 3 clones (NDRGI, MGP. andPP2A) In addition, yeast two-hybnd with
NS3A-¢ gave 12 candidate clones. Through in vitro binding assay, 5 clones were identified
to interacting with NSHA.

In overall, 3 candidate clones are related with Ras signaling, which means the role of
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NS5A may be activating the host Rassignaling pathway to drive host cells to provide

HCV with organic molecules for their successful replication. Among 3 of them, ATcD37 is
highly homologous to the DroshophilaPrune protein, a homologue of mammalian GAP. Also,
C78 (CENTD2) and C45 clones (PI4K), may be related with Ras signaling as they have
typical domains for Rho-GAP and PI3K, respectively.
Successful identification of the cellular factors that regulate the X protein of HBV strongly
depends on the experimental system. The viral X protein plays a key role for cell
transformation and apoptosis. Here, we demonstrate for the first time that oxidative stress
results in death of liver cells expressing the HBx protein. Based on these results, we
established a method for identification of the cellular factor(s) that inhibits the X
protein-dependent apoptosis. To determine the role(s) of ROS (Reactive Oxygen Species) in
the HBx-mediated apoptosis, we utilized the KUGI microarray that contains about 13K
human gastric tissue cDNA clones to examine the gene expression profiles in either Chang
liver cell line expressing HBx or control cell line. The microarray results showed one of
antioxidant genes was highly down-regulated in HBx-expressing Chang liver cells. The
down-regulated gene expression was validated through semi-quantitative RT-PCR. We also
found that another anti-oxidant gene expression was down-regulated in the
HBx-expressing Chang liver cells when compared with control cells. Our findings are
consistent with the hypothesis that ROS-mediated apoptosis of HBV-infected hepatocytes
may be a main event in viral hepatitis. We are now examining the mechanism(s) for
down-regulation of anti-oxidant gene expression by HBx and the relationship between the
down-regulation of the anti-oxidant genes and the HBx-mediated cell death.

Persistant infection with hepatitis B virus (HBV) is a leading cause of human liver disease
and is associated with hepatocellular carcinoma, one of the most prevalent forms of human
cancer. Among four gene products of HBV, HBxAg, a protein of approximately 154 amino
acids has been detected with high frequency in liver cells from patient with chronic
hepatitis, cirrhosis and liver cancer and might be a prime candidate for mediating the
pathological effects of HBV. In order to isolate the novel genes which are related to HBX
functions, veast two-hybrid analvsis, DD-PCR analysis and promoter binding assays were
used. We isolated different genes which are influenced by HBX. We categorized the
isolated genes into three groups : the genes which are involved in mitochondrial
physiology, transcriptional acetvlations and promoter binding.. Each of the novel
HBX -response gene products are assayed for their functions in relation to the HBX

function. These results will provide the experimental rationale in investigating HBX
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functions in rapidly renewing tissue, as in hepatocellular carcinoma.
The aim of this study is to evaluate the immunogenetic and virological factors affecting
various clinical outcomes especially progression to liver cancer after HBV infection.

We studied a total of 370 patients, and they were classified into four groups according to
the status of the various status of HBV infection: 1) Unexposed group (UE) [HBsAg,
Anti-HBc negativel, 2) Spontaneous clearance group(SC) [HBsAg negative, Anti-HBc and
Anti-HBs positivel, 3) non-progression group(NP) [HBsAg positive, HBeAg negative,
normal transaminase], 4)Progression group(PR) [HBsAg positive & chronic hepatitis
/cirrhosis  /hepatocellular carcinoma]. HLA-DR genotyping was performed with ELPHA
DRB high resolution technique, and the TNF-a promoter polymorphism and MBL codon 54
mutation were tested by ABI Prism SnaPshot ddNTP Primer Extension Kit. As the results,
TNF-a promorter polymorphism at -308(G to A transition) was observed in 22/84(26.2%)
patients in SC group, which was significantly more frequent compared with UE (7/60,
11.7%). NP (2/66, 3.0%) and PR (11/160, 6.9%)(p<0.001). HLA-DRB1*13 is associated with
the clearance of HBV infection(UE:13/60(21.7%), SC: 18/84(21.4%), NP: 2/52(3.8%),
PR:12/159(7.5%). (p=0.001) The MBL gene mutation and TNF-a promorter polymorphism at
-238 didn't showed significant different distribution in divided four groups. The genetic
association was also noted between TNF-a promorter polymorphism at -308 and
HLA-DRB1*13(TNF-a promorter polymorphism at -308 & HLA-DRBI1%13 both positive:
444% vs TNF-a promorter polymorphism at -308 negative and HLA-DRB1*13 positive:
7.1%). (p<0.001) These association was also observed but weakly between MBL gene
mutation and HLA-DRB1=13.

We characterized the HBIG and lamivudine-resistant HBV. Seqguencing analysis of
full-length viral genome revealed many mutations in the basal core promoter, the precore
region, the polymerase (L4261/L526M/M5501 triple mutation), and D144E mutation in the ‘a’
determinant of HBsAg. Our study suggests that mutations in the HBsAg (D144E) and the
polymerase (L4261/L526M/Mb550D) of HBV genome act synergistically to thwart lamivudine
therapy and HBIG prophylaxis.In conclusion, the TNF-a promoter polymorphism at position
-308 and HLA-DRBI1#13 were associated with the clearance of HBV infection. However,
important genetic association was also suspected between HLA-DRB1*13 and TNF-a
promoter polvmorphism at -308/HLA-DR Bx13. Therefore, immunogenetic factors may have
a role in the clinical outcome after HBV infection. Our result can play an important role in

our understanding of diverse clinical outcomes or therapeutic responses.
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Aol g A WAL FrAEL Y2, FUHE AR HAT. wEA HCV
9% et ARPHow Boljst A A VEF L s FHATE B
A 2 M r)EMee Ao H £

HCVE wazbere] (<)RNA Hloldl A2 A <k 10 kb9 4 A7 S

Ao A& 3010709 ofbn]=Abe 2k ©d polvprotein®] YHEO] AL, ©] © polyprotein<
AE7F 221 Qe OB TS (cellular signalase)$t Blolel A7t 2t Qv @ P Aol
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RNA helicase 4% 2zt 5ol
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HCV7F Qg #H &l g W3S z2te ExArde ¥Wsle d7ddA NS5A ©@dldo] PKR
(interferon induced double-stranded RNA-activated protein kinase)® 5co]lH o= ZAE3 &
7ol 9 At PKRE AE s o3 FAsiEeE A2 A dldddd £33 elF-2a
9] Ser-51% <IAFstAlA mRNAS WS Ay Axe A4S Aastitt. PKR2 1« B2
Aists FxsEtdd NF«B &R AlX %i A58 HAME 2T PKRE 2E#H 2o o
*ﬂi*}“%ﬂ T8¢ AR EA ‘3:.3?1?@] o™ PKR 715 A&EHo2 AT A Axy ¢
2 fx89d. PKRY kinase 7152 HCV E2 gt Ao o3 A= PKR @94 &
A D HNERF AsrlsE DAt HCVY NS5A F3A9 NZdo)] EAshs 14678
opv):=AbS FR O GAL4 DNA ZFESd 4342 €8 F3ds TR HIAETFAAN
Zed Al 2433 $ESHAT NSSA A e AEF7] 28A7 p21™ fadxtel A
2 JAsH T, AHAY fibroblast® Atge] A EFol A PCNA (proliferating cell nuclear
antigen)r %Z}E gAAATY. I  NSSA  FAAZE HEEE NIH3ITHEF=
anchorage-independent growthZ %3929, nude micedA tumor noduleg /33t
&5 9 two hybrid screend F3te] NS5A @l ol Alyf A X HAAzA A SRCAPSH 2
et Aol walzch NS5A9] 93 p21 TR R EY AALYAlE SRCAP Fxag H=dd
N72E& o down-regulation® 1t}.
HCV Core 822 webd KAA ras?t 37 primary rat embryo fibroblast (REF)ol =<
stiS @ REF7} ﬁéﬁ%(transformaﬁon)%‘o o2 A7E(1996)0] e F, 2l A"
(1998)%= core®t ras A7} REF AES FAAE A7]A X5t Rat-1AEFE 248
A7)E olE coredAA BEFN BeEFHo Y HUTh Y& Koke K A7H(1998)2
core’} WEHE transgenic miceol A zFero] 1670¥wHd FEEE WE HCV F4x Fol
core AR dBAe) AHHow AP HAxE FHEAY. Coredt AF e B2 AE
QlAE  (heterogenous ribonucleoprotein K, DEAD box RNA helicasé, 14-3-3, bZIP nuclear
transcription factor, lymphotoxin-8 receptor, TNF-a receptorl® cytoplasmic domain) € ©|
FREAct o]F HCV 271 dL BaFFEds 98 AFE  coreLZIP 3+
interaction® 2 LZIP nuclear transcnptlon factor® core’t M X |H A S EASS LZIP 7]
=9 BaAgsNA AT FFARS Fsne Bk AXe A ApEe HAA
go] ARSI LM DA YormB core FHAIE FHHE thAd 2T (Hela,
HepG2, HuH7, MCE7)E°] A& 5o TNF-a, anti-Fas antibody§ 22 HejstdE o A%
of wet MEAES EJAAGE ATAFHYG AFALE A s A2 gt d7ED
o] ¥ 1 At} Core A7 thekdt promoterd] A& Fv Ao W= pd3
p21 WAL GRSl o moter @43 0] coreoll 28] @Al S 3, TNF-a o 9138 NF*k paB 24&
A5, MAPKKS INKES #4344 AP-12 &43F AZth Core @A AR IHebAl
Z Huh-7°)4 HBVS) #dArst BAE oxstgdnm o= PKA, PKCel &3l 353—;3%?):2‘11 core

0

B m
%

Ma 42 3w %N

s

_26_



G Ad o) ser-99, ser-1169] PKA, PKCd ¢35 ¢14+st= g1},
NS3 #2429 NE&§ 2dsE NIH3T3 AlEF= #E $4& BT, contact inhibition®]
#1015 29 anchorage-independent growth?’} ¥o{%r o5 nude miceol A tumor nodules &
dsta, Cudoe] AAHE NS3 vz g whadhi= NIH3T3 Al L5+ actinomycin Dol & 8t
AEAPE S A, NS3 faz kg Axalyzeol olg& pb3el 98 Z7=Eoch
NS3 ©@#Hd2 cAMPoEA protein kinase9] histone UAEE A3, cAMP &4
protein kinase® catalytic subunit®] A E4W oS AP 2w, histonedt ZAIE G 1
protein kinase C (PKC)2t A 3stel Al PKCE 7158 AsisiAtt
2 GAel A NSSAC 93] 2 Hdo] ZAYE AEIAE =3 Hs) NSSARHAAE &
UE AANSSA F2zF A7t AzEP 1, NSSAZE A 2d s 259 e L3 Az
o] NS5Ad o)8) ZAHdEs 59 TS B4EF5 T o5 RNA polymerase subunit
Z 9 sl POLR2K #dAke] Zdo] NSHAC 9&] JAHe= RAE @519 NS5A] 9
g POLRZK o] L@ 7]dg dolrr] $dte] POLR2K A L@ zHH 99
cis-acting element& A3 A3} IRF-1(interferaon regulatory factor-1) Z2&¥97F EAlsl
o IRF-1 2&34E §3td NS5A7F POLR2K®] 23 & AAstE 3-& 2T NS5A4
2]t RNA polymerase?] subunit% 2 stel POLRZ2K FA A & AHshd wE SFH X
°] RNA polymerase I &Al¢] A3t= dF o niolg{xo 23 host metabolism shut-off 7]
4 < ATE 7HE4E Aoz AAFITE =3 A ¥ RNA FFa47 A HE 93]
2398 F Ave 7teds MgeR ANEGHET. B #A FHL T3] Coredl o3& 2
Tddo] ZAEE 359 HAEIAE FEF coredt Aol gt MExo ¢t s FAARL
T AT F AE A2ANE LFHE T NS3o| 3 Axe] ¢sage olslistr] HaiA
NS3¢} AT A(PRMTH)9e] A5 2§ AESH on & FAFsHATH PRMTSw @2 9
arginine$ methylationAl 7= & A2 Jak kinase} M3 L= Aoz gEHz] bt
PRMT5% Jak kinase2}td] A& Z o] NS3g#i A o8 Asj=e AL EAsAW. PRMTS
7b AEHE-Jak-STAT AzA2AE SA4sA7H, o Bz AAc= PRMTo9
methyltransferase &4 ZAlol Toslo] 91&S wAstdtt A5 NS3E PRMT59 AH=HE
A E Mol negative factor24 &3t HCVZE &3] WAAANA AESHY] A% d=d
F AddE e AAE £ A o]y B AFA FYor 4 ARELS TUHL
2 RIE 8 PE RS AAAERAN MR AAQYHo Y ATFFTOE A5 HT
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M 3 2 dAofjiekrest Lf2 o Zof
1. HCV NSSA%E+ Coredll 93] =d v A ¥QIx vz

(1) A3 A8E AXF

Transient expressiong 93t transfection '@ reporter assayS 3= HEK293 celle] F
2 AEHAY £ AXE 10% FBS/F 234 low glucose DMEM  (Dulbecco’s Modified
Eagle Medium)24 377C, 5% COz Z7ANA v dct. 2% Chang's liver, HepG-2, Huh-7
%9 hepatocarcinoma A X ¥ AZ% oldgx ulolzlA WMEL o] L3 HCV w@uizde] whd o
AlEH AT B AEe 10% FBS7F £338 high glucose DMEM 24 37C, 5% CO2 27l A
v ¢ A

HCV NS5A 2@ o& Mxd B9 wHsls gotny] 93}

£ HeladlA A&t HeLa-NS5AzH 9

neomycin®l] A#FATE 7MW MEFE A A Hela-Neozt WHATH 1 A& 7Hd3)
AYgstd, CMV Z22HE 7FA 32 029 neomycin®] A#A % Flag EAAE 7HA 3 ¢
= WHo)] NSSAE £243l9 HeLa M EF9A transfection 3}31 Neomycino 2 A¥d t}
& NSHA &S FHUsHaL (Fig. 1) ol 2 AHEstAT

ol 8

o

(2) HCV NS5A #38A7} ofdcnfolgj~ HFAAo] Y AANS5A 2 Ad. core Ht9)
)2 Az L 3dd HF

HCV NS5A % Core @82 AXUoA gHoz 2dT £ JEF 5t7] $ste] obrix
upolgj 2~ WHE o] g3t AdANSS5A 9 AdCore® A sk ds A9ty
pxdCMV-Flag/NS5A #E E= CoreE 7R dE ¥WHE pBHGIOE FAlel 293 celldl
transfectiond}4} in vivo homologous recombinantd] ¢]8) THEojZ uloj# 27} plaqued ¥4
& o Feljsta FF AT e oldx WE S HHL Chang's liver, HepG-2, Huh-7%
9] hepatocarcinoma cell*l A 100 MOI9] AdNS5A % Ad.CoreE transduction #1713l NS5A
o] 3% anti-Flag antibody 22 Core2l 7% 9= anti-Core antibody & ©]&% Western blot

o2y e (Fig. 1).

(3) B7 B A A NSS5A 2 Coreoll 935 =dTE AEFAAY =

obricntolel s fA D) Y9 ;e FAE 3ol NSSARAHAE 2
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1: NSS5A permanently expressing Hela cell line,
2: Ad.NsS5A in Chang's liver ceil (100MOl),

3: Ad.Ns5A in HepG2 cells (100MOI),

4: Ad.NsSA in Huh-7 cells (100MO),

5. pCMV-Flag/NS5A in HEK 293 cells,

NS5A —»

Lane 1: AANS5A 10MO!

: 2: Ad.NS5A 50MO!

NS5A B 3:AdNS5A 100 MO!
: 4 Ad.NS5A 200 MOI

1: Ad.core 50 MOI
2: Ad.core 100 MO
3: Ad.core 200 MOI

Core -

Fig. 1. Western blot analysis showing that NS5A and Core are expressed in Ad.NS5A and
Ad.Core viruses-transduced cells.

Hepatocarcinoma cells were transduced with Ad.NS5A or AdCore. Or HEKZ293 was
transfected with pCMV-Flag-NSHbA. At 48 hr posttransfection, the cells were harvested
and disrupted using lysis buffer. The presence of Flag-NS5A or core in the soluble protein

extracts was detected by Western blots with anti-Flag or anti-core antibodies.
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o LHAA NSHAC ofa] 1 ddo] 2w ME FHAE AFHY oM HZstna &
At In vivo AR & AxFotdwulolei~g EagAsr] e Az otuwnfolg 2 ES
20342 5 MOIZ #Z A 7131, 24-48A17 Fof widllst QXSS 88U vlolg|2E
A ZAAN FelAl7)7] 1’10}04 Freezing(-70C)-thawing & & ¥, Z&H=Z A3l Hiolg 2
i FEES 2 F 239 AR CsCl, 29452 E 539 vlolgi & AA s ZUW_
Hpol 29 Elo]BH & 293 AIXFolA E& assayE F8lo] 35 23 AdANSHAY 7
x10"10 pfu/ml, AAd.GFP (control #felg]2)e]l 7% 15 x10°11 pfu/mlE °|dt}. #g Xé d| €
AdNS5A Hlo|H A E 11131 AW S B3l FAEEE S uf 10710 pfud] A AFHA} AMLES
B7ste] ofdmulolex HH FqLFE Moz AAFAG. AAE AR otdlwnl
g 2E9 kIt pfu(plaque forming unit)E PBSel 33ty AA &% 200ul & 75€
A (BALB/c)ol megdwo] HFste] A Fo £3F& A, 71 A3 AINS5AY
5X10°8 pfu’t Aol Foj§Fo 2 UEYT AINSSA ¥ AAGFPE 471z Huo %
% NS5A % GFPe 2d& A5 7+E32 oA immunobloting, RT-PCRE 9] W oz 23st
o, ol FAF 3¢ Fol AFH FEAL paraffin sectionS 3 W&, H&E staining
ot Wl 1 H Folg olddAdE HAY + YU AANS5A 3 AAGFPE AF 2
g Ao T F E¢
£33 cDNAZE
3% A3 AANS5A 2

o o

O
-~

'U |

to 2 o
4 ¥ &t Jo o

h

FAAEY] LdE #BA F AH HxAE Estd RNA
P22 X3tz ¥ Sd Atlas cDNA expression microarray
d.GFPzte] Aol AT 4 vk A 7+ 229 iy &
ot g A S AolE AN A AANS5A ¥ AdGFPE A

Ll

23t AH 7rol A coredl 98] AW AT SHAE
2287l $5k] Adcore R AAGFPE EAA AT FAHo2 AxF ofvlntolZ2E
2 RAG 7] A8 AZF obelwmvlol 25 2034 o) 5 MOIZ ZHEAI71 3L, 24-48X13F 3
of v AMEFES 7. o]y 2E MEAAM FAINZ] A Freezing(-70T) &
thawings & F, 25342 AYsta wtolgx FF FE2ES €& F 23 2 CsCl 24
A B2 e Edo nlolgAaE BEAASIT AP vpo)yAE 293 M EFAM ZHassay s
Tatel 2 BlolHE A% A AdCored 7% 1.5x10"11pfu/ml, Ad.GFP (control #Fo]#]2:)el
2+ 1.5 x10711 pfu/ml oIt AdCored] A HFAFAEFS Z2H57] fste] A% 7

o] 47 & wlejd 4X10°8, 4X 1079, 3x10°10 PFU o A=¥ wlojeixg me] AWon Fof
g A3, 3X10°10 PFUS A3} wpolgj2s R Y3e BF 36AA ARSI T, 4N

10°9 PFU ©]ste] Ax§ wloje] 22 Fojg Aol Fo F 3dA2AR AEA L, 3L Al

CEERE RN

oldlinlolal s A% ALAE o

o

|

ol

i

__4
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A bz el WYz WsE #Ad A AnuHog NAAANIEY MEY Av|st )
st A X4 vesicular change’} T AT (Fig. 2). o]# g W3dlE A2 AdGFPY A%
¢t AdCoreg Folg Aol ol FASHA #aEo] slolzjx e g#4d oz FAHHY
th. 4X10°8 PFU4 Ad.core Blol#{ &8 Fo3t Z9olc vjma HdHQ wezzesy 47
S YJERAT. ot AP A= 4x10°9 PFUY OPH]L:H}OlEii—% AR | FAR 5
st 3Y Fol z2AS do] Ay AT F UeE ¢ YU AdCore ¥ AdGFPE
A e Ao Fod & AH xS B § RNAE FE3+1 DNAE 4T ¥
P2 ZAstw AF S Atlas cDNA expression microarray® 433 A3 Ad.core ¥
AdGFPZte] AZol& #AE & gt AF txxe giid FEdE Jd2 £ 2-D ¥4
Eoto] duA S Aols FALE A} Adcore D AAGFPE A3 A Folr ZolE HHAY
F gt

o=

(4) DNA chip$ |83 NS5A9 9& xAHE AXY FAAESY U=

DNA chipg ©}&3 NSHA 43 ZAWRE MNEZFAAE TE37] Y8t AANSSAE
transductiondt Chang liver cell®] total RNAE %349 (Fig. 3), Cy3(ed)& label 3},
Ad.GFPE£ infection¥ Chang liver cell®] total RNAE F%3t4, Cyblgreen). 2 labelst S th
(Fig 4-5, total RNA quality). Cy5-labeled NSHA total RNA$} Cy3-labeled GFP total RNA
s 5% £9T ¥, T 4S DNA chip (A AAId Dol Al A zHd 23K DNA chip)oll &
o] gl 11 hvbridization ¥, ScannerZ A}-£3te] scanning® normalizationS 3 &, MAAS
programol A Cy3:Cy5¢] ratio® ZA sttt Cyb%t Cy32 imageE overlapping?t ¥, data #
A& 3 A, 44 o4 down-regulation® gened profileg 1xA o2 AUt} (Table 1). ©]
E % 9% %E northern bloteZ HFd A3 1-8Uzte FAA7E AANSS5AR transduction®
M L F o A repressionF o} AT AL LAFFI

(5) 2D-electrphoresis& o] 83 MUY FAAES9 2=

HCV NS5A && Core $ido] o8 2d=E AT FdE od FEelA G357
28t 2D-electrophoresisZ A A1 &%

NS5A9 9= NS5A 28 HeLa-NSHA Al 59} HeLaNeo AlEXFE F7sto] d3stle
m Core?l A%+ AdCore® Chang's liver cellel transduction (100 MOD3Fil a0 2=
Ad.GFP (100 MODE transduction A17] AXE At&sdct. =AY AEE PBS (phosphate
buffered saline)2 % ¥ AlH& 2 ImM PMSF and 1mM EDTA7F ¥&5e| e 20mm
Tris buffer (pH 7.5) o #& 3}3 sonicator (SONIFER, Branson)
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Ad.GFP AdNSSA Ad.Core

Fig. 2. H&E staining of liVer tissues of mice injected with Ad.GFP, AdNS5A, or Ad.core
via tail vein.

AdNS5A, Ad.Core, or Ad.GFP were injected into tail vein of Balb/C mice at 5 X 1078 pfu

(plague forming unit). At 72 hours postinjection, livers were removed aseptically. Liver
tissues were stained with H&E.
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Lane 1 : NV Chang liver cell total RNA(first elution)

2 : GFP Chang total RNA(first elution)

3 : Core Chang total RNA(first elution)

4 : NS5A Chang total RNA(first elution)

5 : NV Chang liver cell total RNA(2nd elution)
6 : GFP Chang total RNA(2nd elution)

7 : Core Chang total RNA(2nd elution)

8 : NS5A Chang total RNA(2nd elution)

Fig. 3. The RNAs prepared for DNA chip analysis were intact.

Total RNAs were extracted from Chang liver cells transduced with Ad.NS5A, Ad.core, or
Ad.GFP. The RNAs were used for gene expression analyses using 2.3k DNA chip.
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Table 1 Candidate genes down-regulated by the NS5A in DNA chip analysis

Log ratio spot name.
-3.414 chromosome X open reading frame
-3.116 Annexin A7
-2.953 KIAAQ678 protein
-2.580 dolicyl-phosphate mannosyltransferase
-2.408 cytochrome b5(partial)
-2.345 vesicle~associated membrane protein 4
-2.258 asparagine synthetase
-2.243 ?
-2.242 HZA histone family member Y
-2.222 homeobox gene
-2.192 interferon « inducible protein{(clonelF1-6-16)
=2.175 ? '
-2.170 profilin 2
-2.169 dynactin light chain
-2.136 pyruvate kinase(liver & RBC)
-2.120 guanine nucleotide regulatory protein{oncogene)
-2.118 transducin-like enhancer of split 4
-2.116 small inducible cytokine subfamily A(Cys-Cys)
-2.113 H3 histone family 3B(H3,3B)
-2.109 protocadherin 2(cadherin-like2)
-2.105 guanine nucleotide binding protein(G protein)
-2.097 kinesin family member 3C
-2.082 EST
-2.082 clone 23927 mRNA
-2.072 pre~T/NK cell associated protein
-2.058 tryptophan hydroxylase(tryptophan 5-monooxylase)
-2.056 potassium voltage gated channel
-2.045 actin dependent regulator of chromatin, subfamily
-2.045 ribosomal portien L15
-2.015 protein tyrosine phosphatase
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24 stk 12,000 rpm, 20 & T LA E A cell debrisE A AT 4TAA
9 DNAse [ (100 ug/ml) ﬂﬂ%‘}?\i‘:}. AA AL 75000 rpme 2 40%F T 2Y
(TLA rotor, Beckman, USA)3l9 A AE sl olELRE F=3ta HAEL 8M urea,
4% Triton X-1000] £ %% UTT bufferd] =3tk @¥ldol X+ Bradford *H(Bio-Rad) 2.
2 FAsn o 3B uguHEE st AP AHESAT 1mgé ©¥EE IEF buffer
(Pharmacia) ¢ rehydration buffer (Pharmacia)® % %3t £ immobilized pH 3-10 linear
gradient strip (18cm, Pharmacia, USA)ol loading3dlel 500Vell X 12A1%F rehydration-of
8000V 7+A voltageE ¥ o] IEFE AAsgth ol % IEF strip2 WAl SDS-PAGE] && A
7195 % HAIste] 22 AANSHA sliver stain dte] wdo] thE TME spord H A
(Fig. 4, 5. 99 2 74 338 HAAsd Ad=es d¥d spotE& MALDI-TOF peptide
analysis® A Al3to] EAZ identificationdt ek, wde] FrtHe oz VdHE FHA4E
o] st quantitative RT-PCREZX x} ¥lasba, o] wf 4 PCR AHE-§ probe® o] &3}
of o] 7}x ZZA oA Northern blotZ AAlEte] E& o zto]lE ThA]l &<l

I Azl NS5A] o8] wde] ZFrkd Aoz veld {AAE NRF (NF« -B repressing
factor), Hsp 90 (Heatshock protein 90)5 2.8 uelyt o v (Fig. 7 Table 2), Coreoll o}s] 2 &
o] Z7tH¥E £AHAE Cytochrome P 450, Neurofibromatosis, CDC-Kinase 3, Mvelin
transcription factor, TGS101 (Tumor susceptibility gene 101), KIAA1254, Ras-GRF2 °|1 &
o, RT-PCR % Northern blotelq #94-¢ vebdl A2 TGS101, KIAALZHM, Ras-GRF2's
o2 vetgt (Fig 9, 10, Table 3).

o
gii
e

(6) PCR-based cDNA subtractive hybridization ¢} &3 AX | FARSS T2

@O cDNA subtractive hybridization

gulde s aREdos WAL F gl AxF oldle wpolez Wiy % ONSHA
& MEF HelLa NSBA 5% ol &3stod A X el NSSA & Coredll 93] =3 W= A )
SHAE mRNA SEold B3 n AEstnst g AZF 29 NSSHA 2@ A5
A tester cDNAS HeLa-Neo AXF A driver cDNAE z+zt #38) A &3ty o, Ad.Cored
Hox AdCoreZ transduction (100MOI) A7l Chang's liver cellolA tester cDNAE
Ad.GFPE transduction (100MOD A% Chang's liver cellel A driver cDNAE Z+Z} &3] A
Gakgich 2 NS ] AWstd ober 2ok

7t A Eo A TS0l A tester £ driver cDNAE Rsal AFEAEHN ZEat tester cDNA
ot witie] 7}yl ©}E  adapterZ ligationste] Fulghch. o3 vlol  driver ¢DNAE %O
hvbridizationdhe] NS5AS] o & @ o] 7kt F4 2} (Forward)Wh2 adapter specific
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pH3 pH10 pH3 pH10

Hel.a-Neo Hela-NS5A

Fig. 4. 2-D gel proteome analysis of NS5A expressing cell line.
Soluble lysates of HeLa-NS5A and HelLa-Neo cells were concentrated and resuspended in

UTT buffer (8M urea, 4% triton X-100, 40mM Tris, pH 7.5) for IEF and 2-D gel
electrophoresis. An arrow indicates the protein spot induced by the NSOHA.
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pH3 pH10 pH3 pH10

Fig. 5. 2-D proteome analysis of the cells transduced with Ad.Core.

Soluble lysates of Ad.core virus-transduced cells were concentrated and resuspended in
UTT buffer (8M urea, 4% triton X-100, 40mM Tris, pH 7.3 for IEF and 2-D gel
electrophoresis. A, Ad.Core; B, Ad.GFP; Circles indicates the regions in whcih the protein
spots were detected differentially in Ad.core-transduced cells compared with
Ad.GFP-transduced cells.
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PCREZH g3l on wao] H4g (Reverse) FAAE ©A37] HeiA = driver cDNAO
adapterZ ligationdte] SYI Wyoz Fefstdry.

@ Differential screening

PCR based c¢DNA subtractiondl] €oj2 up regulation (Forward clones) %<& down
regulation (Reverse clones) ® ®#AES T vector(Topo-2.1, Invitrogen)ol cloning &t
differential screeningS AAl3te wWge HAdL AT s HHEEH, Forward
cDNA poololl &= ZA3H A reverse cDNA pooldl = EA81A &1, T 2 ¥l A%
clones5< colony dot southern blotS o]-&3le &34t} (Fig. 6).

® Northern blot analysis

Differential screening®lA] ¥olA FAxE2l W3S otA] Northern blotg F3td HE3A
t}. AANS5A %2 Ad.GFP7} transduction (100MOI) ¥ Chang's liver cell ¥ HepG-2,
Huh~-72% 5 total RNAE ®#3d o pCMV-Flag/NSSA 22 UF3-CoreE transfection
AlZ1 HEK293 M X2 H¥ total RNAE #3235t 25ug/well ¢ RNAE MOPS buffered based
agarose A7]19%5& AAdUTt. A/4E RNAEZ membrane (Hybond N+, Amersham)ol
capillary transfer A17] 2 @ *P-dCTP2M ZAE Z+7+e) clonedl Al #8 ¥ plasmidE probed
AHE-5te 65°C, 16417+ hybridization 31T 02 X SSC, 0.2% SDS7F £ 5o 91 washing
solution®. 2 30¥-1A17+ A& % BAS reader (1500, FUIDE4 243t4H.

PCR-based subtractive hybridization© & NS5A°] ol ZHHE AEZW FHA4E E=% 2
#}, up regulation® ¥ FHAZE ATP synthase, Enolase, GADPH, Cytochrome oxidase II,
Lactate dehydrogenases©°] A2, down regulation®& A =oll= Thymosin, BetaZ
microglobulin, POLR2k. Transmembrane super family 4, Phospholipase A2 &°livt (Fig. 7,
Table 2). 919 &HEe A7 #FF HojE 2oy, 53 RNA polymerase II
polypeptide K (POLR2k)E NSBAe] 93] dA3 1 2do] AsdHE Aoz Yo,
NS5A°] oJ ¢ POLR2k®] =2& % F9 hepatocarcinoma cell lines]l AANSSA7F =4 HUA L
g FAdHAS (Fig. 8)

Cored] 7Z%o]¥ Cyvtochrome C oxidase subunit 1, Cabamoy! phophate synthetase I,
Protein phosphatase 1, Signal peptidase spc 22/23, Beta2 Microglobulin, , HLA-B,
RP11-292913 9] §AAE9 up regulation ol g Aoz yehgon, MDM2, Annexin
A2.H?A histone family member Z, SET translocation, RP11-77n9 , Rpll- 713019,
Rpll-452f10, SMAP425 9] 4 dA50] down regulation HojE Ao yelwt (Table. 3)

121} Northern blot9] W o2y FAxe) on) Qe 2@ Hg #FE 5+ U
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Fig. 6. Colony dot blot for differential screening of the subtracted clones.

Forward subtracted library; A, colonies were hybridized with forward subtracted probes;
B, colonies were hybridized with reverse subtracted probes. Reverse subtracted library; C,
colonies were hvbridized with reverse subtracted probes; D. colonies were hybridized with
forward subtracted probes. Arrows indicate the positive clones.
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Permanently NS5A-expressing Hela cells

in POLR2k B2M

NRF/Hsp  Thym:

NRF

Hsp

< B-actin
Neo NS5a Neo NS5a Nea NS5a Neo NS5a
Transiently NS5A-expressing HEKZ293 celis
NRF/Hsp Thymosin POLR2k B2M
NRF
Hsp
B-actin

GFP NS5a GFP NS5a GFP NS5a GFP NSba

Fig. 7. Northern blot analysis of genes modulated by NS5A.

To confirm differential expression of the candidate clones, Northern blots were performed
by each candidate gene as probe. Each lane contains 30ug of total RNA from HelLa-Neo
and HelLa-NS5A cells. The NS5A or GFP expression vectors were transfected into
HEK?293 cells, and then same procedures were performed.
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Neo NS5A MOC NS5A GFP NS5A GFP NS5A GFP NS5A

Fig. 8 POLR2K was down-regulated by NSSA.

Northern blot was performed to determine whether for analysis of expression of NS5A
represses gene expression of POLR2k in various cells. A, HelLa cells constitutively
expressing NS5A; B, HEK293 cells transiently expressing NS5A; C-E, Huh-7, HepG2, or
Chang liver cells transduced with AANSS5A or AAd.GFP as a control.
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Table 2. Candidate Genes modulated by the NSbHA.

NS5A inducible genes candidates

Gene Location
ATP synthase E-8
Enolase 1 D-8
GADPH H-8
Cytochrom oxidase i J4
Lactate dehydrogenase L4
NRF 2D spot
Hspg0 2D spot

NS5A reducible genes candidates

Gene Location
Thymosin F-5
Beta2 microglobulin A7
RNA polymerase |i polypeptide K G-1
(POLR2K)

Transmembrane super family 4 H-2
Phospholipase A2 L-6
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TSG101 KIAA1254 Ras-GRF2 TSG101  KIAAI254  Ras-GRF2

Core GFP Core GFP Core GFP Core GFP  Core GFP  Core GFP

Fig. 9. Differential screening for the candidate genes induced by the Core.

Quantitative RT-PCR and Northern blots were performed to determine whether the
candidate genes were differentially expressed in Chang liver cells transduced with Ad.core
compared with Ad.GFP. Left panel, quantitative RT-PCR. Right panel; Northern blot
analyses performed with %P radiolabeled RT-PCR products as probes.
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TSG101 KIAA1254

HepG2 Huh?7 HepG2 Huh7

GAPDH

Core GFP  Core GFP

B =~ |~

Core GFP Core GFP Core GFP  Core GFP

Fig. 10. TSG101 and KIAA1254 were induced by Core in hepatocarcinoma cells.

HepG2 and Huh-7 cells were transduced with Ad.Core. And then differential expression of

the candidate genes was confirmed using quantitative RT-PCR and Northern blot. A,
quantitative RT-PCR. B, Northern blots were performed with ¥p radiolabeled RT-PCR
products as probes.
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Table 3. The candidate genes modulated by the HCV Core

Core inducible genes candidates

2-D electrophoresis Subtractive hybridization
Neurofibromatosis Cytochrome C oxidase subunit 1
Cytochrome P 450 Cabamoyl phophate synthetase 1
Ras-GRF2 Protein phosphatase 1
CDC-Kinase 3 Signal peptidase spc 22/23
Myelin transcription factor Beta2 Microgiobulin
KIAA1254 HLA-B
Tumor susceptibility gene 101 RP11-292913

Core reducible genes candidates

2-0 electrophoresis Subtractive hybridization

PML protein MDM2

Annexin A2

H2A histone family member 2
SET translocation

RP11-77n9

Rp11-713019

Rp11-452f10

SMAP42
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2. NS5A 9 9] 3] down regulation 5+ POLR2ke] AlX Y 7|5 &4
PCR-based subtractive hybridizationel] A NSHA¢] 23] & A3l down regulation H & Z o2
Uebd POLRZke] HCV Zdel ol 7158 walnx gy 28 488 HAAsdd

(1) POLR2k 2d =4 71& % Z2RH &
NS5A0] 98] =4 POLR2ke 2adAS #4387 Y3t POLR2k® promoterg FE
33t BA89 T Sequences@ B E UCSC genome bioinformatics (USA)lA Ao,

computational ¥412 Genomatix software (Germany)< ©l &3ttt

i

A -4810 A +7052] 1200 base pair 9714 ¥S luciferase genes E3dt+ PGL2 basic
vector (Promega) 2 93tx, 238 zd9 4y Y95 Z7 Y& 5 dFo2HE 300 base
pair A< A&3 fragment (A; -201~+705, B; +99~+705 C; +439~+705)& RwtEo| 747t
PGL?2 basic vectorell 23 3l T3k 481014 1729 300 base pairt-#-& SV40 minimal
TATAZ} 89 PGL3 vectorell 243t 5300bpet B9 AT
Z2REY 2R E LTEE reporter genel.E HEK 293 A Eol| A Juciferase 24& &4}
AL o, -4819 4 -1722] 300 base pairf-¥ol A TZEEH Ao 4 FALE ¢
AT (Fig. 11).

Z 2 RE Y cis/trnas-elementE Genomatix software (Germany) ©[-&3tol 4& AL
] IRF-1 (interferon regulating factor 1) %3 ¢ %, IRE’} (AATCAAGAGAAAGG) &
Qe RS ¢ IRES ¥ e 58188 -17270A12] oF 400 base pairf#2 PGL3
vectorel E24Y31 5400bpst BWHIHT. %3 IRE deletion mutantE A2t PGL3
vectore] £ 243t 5'400MUz  H st th.
5'400bpet 5'400MU @] luciferase 849 #}o]E& HEK 293 M EollA NS5A7F = =1a ¢
= ZAdA Z+Zt co-trnasfection A7) 3, 24X7+% IFN-¢ € 3, 30 300unit® A st thA
12A17F Zo] MEE $£A3LY luciferase activity® ZA34 . Z 3, IRF-1/IRE7F deletion
mutantdml #4d0) A aste AL B 4, IRF-1°] POLR2k o 2@z Fad
transcription factor® Al H A} (Fig. 12).

(2) NS5A°] 9] IRF-12] 2& Asfo] @& POLR2k® down regulation
NS5A9] 213 POLR2k 2d 3] dA4to] IRF-19) 9% Ao R A5 x o] IRE reporter gene
(PGL2-IRE)S ©] &8t reporter assav % Northern blot ¥ o2 NS5A @AY IRF-1
mRNA ¢} W3S watsidch s dstd pCMV-NSS5A9E UF2-GFPE
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A B

TATA
Full | j
-481 +1 +/05
5'300bp ——
-481 -172
A
-201 +705
3 ———
+99 +705
- +439  +705
I: Putative TATA box
~1: Putative transcription initiation site

Fig. 11. 5’300 nt of the upstream region is essential for promoter activity of POLR2Kk.

A. The promoter region from -481 to +705 nt was cloned into PGL2 plasmid (Promega),
named Full. Promoters with deletions of about 300 nucleotide (named A, B and C) from
-531 to +705 nt position were serially constructed and cloned into a reporter plasmid
containing luciferase as a reporter gene. The promoter region of the POLRZk from -481
to +172 nt (300) was cloned into the reporter gene containing SV40 minimal TATA box.
B. Each plasmid was transfected into HEK293 cells. At 24 hours posttransfection, the éells
were harvested and luciferase activity was measured.
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E154/5 40Cbp
W5 4000

i | Osa(s acoomu)
015 4000oMU

0 3 0 X0

Relative luciferase activity

IFN-alpha(Unit)
Exon1(5'UTR)
Pautative TATA
Promoter region Exon4
IRFARE Exon2 Exon3 IVTR
-581  -172 +1
POLR2k
3542 bp

Fig. 12 IRF-1 binding site was essential for POLR2k promoter activity.

The region of POLR2k promoter from -581 to +172 nt (400 bp) was cloned into the
reporter gene f(named 5 400bp) containing SV40 minimal TATA box. The POLRZk
promoter with a deletion of IRF-1 binding sequence (CAAGAGAAAG) was cloned into
PGL3 vector (5’ 400bpMU). At 24 hours post co-transfection, cells were treated with
IFN-alpha (3. 30, 300 U/ml) and then harvested, and measured luciferase activity at 12
hours posttreatment of IFN-alpha.
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PGL2-IRE®} 293 celloll co-transfection 3}, 24417t %9l reporter assay® At A
o pCMV-NS5A %} UF2-GFPE transfection 2171 HEK293 cell 2% € total RNAZ g3t
«“P-dCTPE4 %218 MT7-mIRFl1 4 hybridizations AAlstdrt. 2 A3} IRF-19] 2
Hol NS3AC oz @A3] ase AS ¢ & AV (Fig. 13, 14).

olgigt AHRE IAHE EAStY B NSHACl 213 POLR2k® down regulation2 IRF-19]
down regulation®] 7]dg Reoez A gslo] Ao POLR2kE IRF-10] 4" oz Bods=
interferon (IFN) A3 H23Ao] #AsugE RAeZ ZAHA2YA F5E F Ao =3
NS5A9 93k o] ¥ down regulation®& HCV 7+l ¢lo] IFN A A&

2 AR Hol Ah

o

(3) POR2k & x4 HCV 2 & o] vlx&= 43

POLR2k ¥d ZZo HCV ©¥d 2@ g8 odwlzde 9438 reporter assay 2 Northern
blote &5 #A}ATH

Reporter gene® 2+ POLR2k ZZ R E 9l full length7} S+ Full'& AFgEd e, HCV
o 3d #Hyg 2 e pCMV-Flag/NS54A, pCMV-Flag/NS3, UF3-Core®} Hlx @il 2 =
pCMV-Rep68, UF2-GFP, pCMV-PRMT1& At&stath ‘Full'# Zb plasmidEe HEK293 cellol
calcium phosphate ¥ © 2 co-transfectiond}il 2447 & MEE 73 % reporter assay
kit (Promega)® & luciferaseS ZAst9

8 POLR2kS] AAMA +=F¢] Wstg @asy] fstd 2z duiidoe] S HE 293 cellol A
total RNAE #e38te POLR2kel tidted Northern blotg &7 dAjsth. 23 POLRZkE
HCV @@ Eo o]s] 5% down regulation®l oy, 1 ¢ & proteindl] & E d&FS
B] gkokrt, oA HCV w@uizdEe Mxuda 2d=" of ERY EAsA Hed, oA
2}3} stress responsed Ao T FAA#A AlgE oAt (Fig. 15).

(4) HCV replicon systemoll A PLR2k 23d %44

HCV 9] particle® EA7FA] in vitrodl Al @& 4 §17] w9 HCV infection animal model®ll
o] POLR2kel & s #ad & gtk Huh-7 cellel Al replicon system- of2{gt &
e 2Folvint AT =+ Qg AR Jigatn & 43& EAe

n} 3= Rockfeller ™2 CM. RiceZ%-El HCV replicong 7FAZ Q& Huh-7 cell3 & ©
o} Ado] Abgstnt d¥xe EAL g3 2o FL& HCV full length genomei?
neomycin A& FAFE £88= pHCVBMFL-neo/S22041 plasmid& 7FA 3L LS.

|

4> tlo
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B, SG¥ NS3%E NS5B7HA] vlfz awiAdS ¥3Hste] £33 neomycin A% FAzE £3
&&= pHCVreplbSG-Neo (S2204D) plsmidg 7FA1 gle M Eoltk, FL# SG 2% NS5A 47

HA olm=4to] X]3H adaptive muatationS 7}RX 3 gt Y AEEL ¥5F 10% FBSE %
3tst= DMEM (non essential amino acid, glutamate)Oﬂ A 37T, 5% CO7F FAIHE Z=d
A wjerdtsdct. 1006 dishell <F 107 cell& 3le] total RNAES 23t o 22 @ylo

Z POLRZkel| W& Northern blotg A A o}%lq A3 FL# SGellAM 25 # A3 POLR2ke
BHol A Hol A& B & F AN (Fig. 16).
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IRF-1 binding secquence: GAJAAAGTGAAAGT
Sequence inpromoter:  AATCAAGAGAAAGG

Fig. 13. IRF-1 stimulates POLR2k promoter activity, but NSSA interferes with activation of
POLRZk promoter by IRF-1.

5'300bp plasmid was co-transfected with either 0.1 ug, 1 ug and 5 ug of mIRF-1

expression vector or NS5A into HEK?293 cells. At 24 posttransfection, cells were harvested
and luciferase activity was determined.
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Fig. 14. The NSHA represses IRF-1 gene expression.

A. The reporter plasmid containing interferon-response element (IRE) to which IRF-1
binds was transfected with either NS5A or GFP expression vector into HEK293 cells. At
24 posttransfection, cells were harvested and activity of luciferase was determined. B. Total
RNA was isolated from either HEK?293 cells transiently expressing NS5A or GFP. Northern
blots were performed using %p_labeled mIRF-1 gene as a probe.
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Fig. 15. POLR2K gene expression is modulated by other proteins.

A, HEK?293 cells were transfected with POLR2K promoter-luc (Full) and co-transtected
with either HCV proteins (NS5A, NS3, core) or other proteins (Rep68, GFP, PRMT1). At
24 hrs postiransfection, cells were harvested. B, 293 cells were transfected as described in
A. And then Northern blots were performed using %p_labeled POLR2k gene as a probe.
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Tota!l RNA ACTIN POLR2k RT-PCR

FLSGPa FLSGPa FLSGPa M 1234

FL: Huh~7 cell harboring pHCVBMFL-neo/S22041
SGiHuh-7 cell harboring pHCVrep 1bSG-Neo{S22041)
Pa; parental Huh-7 ceft

M: DNA 100 bp ladder

1. PCA tor the HCV 5’ UTR with cDNA from FL,

2: PCR for the NS3 with cONA from SG,

3: PCR for HCV 5’ UTR with cDNA from parental Huh-7,
4. PCR for the NS3 with cDNA from parental Huh-7.

3o
7 ] ,?
Q{Neo H NS3 MS4A T NS48 J NS5A l NS58 SG: pHCVrep 1bSG-Neo{522041)
EVCV!
NS5A adaptive mutation, $2204!

_‘,Q;C‘ neo > [en [ e [o7 [ o2 [ noen [wsem [ mswn | NSW FL: PHCVBMFL-rieo/$22041

NS5A adaptive mutation. S2204l

Fig. 16. POLR2k gene expression was repressed in HCV-replicon harboring cells.

FL, Huh-7 cell harboring pHCVBMFL-neo/S22041, SG, pHCVreplbSG-Neo(522041) and Pa,
parental Huh-7 cell. Total RNAs were isolated from each cell line respectively. In order to
determine the level of POLR2k transcripts, Northern blot was performed. RT-PCR revealed
that FL and SG cells harbored HCV -replicon.
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(5) NS5A 2@ AxF9 54
O MxA4d =9 NFkB 843 4
HeLa-NS5A AlZ 59 A4 E HelLa-Neo AIXEF9F v g AI 2% EFoMq AFEQ
Feol ZHaEo] 3128 WASIY (Fig. 17). ol 24 NASAZL Mo Ags Fu9l
4 Ak TNF-alphao] ©]& AEAEA 2] NS5A8] 715& &oti”] 9dted NSH
H]E%% TNF-alpha® A3t A& AEFE ZAS A3 d2A Xl vl&] & Zolrt
o1}, NFkB-luciferase®Z ©)£3} reporter assayZd ¥ NSHA L@AN X Fo) A TNFalphaol
ol g NFKBE/E@U]' HEAEZFol vla] 2-38 4TS dAs A (Fig. 18). ©1 4% NFkB
A% DNASAZ o] 8% EMSA (electoromobility shift assay)Z @} NSHA & MIEZ T
NFkBEX o] A= J&e LAt o] A2#E NSS5AFAA7E TNF-alpha A3 d 2
Fosta, Ao FHo) ¥ odam e & F YA (Fig. 19).
@ Wild type o}l vlolz] 2~ (WT.AQ)Q HA A3
NS5A7F HdH = A E£F HeLa-NS5Ad A POLR2k®] down regulation<= RNA polymerase
activity A= FFS F F AT A2 AlEHO| o]& HHA R dotE: F e oftH
w ulolelx Ea] WS NSSA Hd A¥FE gaom ssgd
Monolaver= &8]® HeLa-NSHA T+ HelLa-Neo A|EZ o) 0.5 MOI®] WT.AdE infection

to o,

ON
o
o

>
L

Bl

‘;*.SI

O

st 48417t Foll crystal violet®. 2 CPEE #asglith =t A9 CARS WEE #<lst
1z Ad. GFP AH&3t4th IMOI®l AAGFPE Sdxzdoz Fulg A7zt Axo] A7)
324 N E FBEn|gozn GFPY 2@ S vlmgoe =z nHiol2xe] HFARE &l
Aot A3 NSSAZE 2dHE A EFoxE WTAAY 28 CPEF 8438 adidss &

| = 2

4 A (Fig. 20). AAGFPY 28 A Ag8 AxFo] v ez Bop npojgo

ZA3R g BA FFo] B2 Aoz AaHdnk 3 WT-AdQ replication®] 74
2 M oA BEEy] 938t viral genome B VAl(virion associated RNA ), E1A9
wa 2}o]E Northern bloto.2 &3t4th Viral genomic DNAT 2 MOI®] WT.AAE A 25
of HAA T U4AT Fof A3t freezing & thawing HEE virusg ¥ PEG 60002=
2 A A phenol/chloroform. 2 F&3¢th dolx DNAE 1% agaroseo] d7] 4%& st
Astodh zb A EFo] 2MOIe] WT-AdE infection A713 6412 Foll= EIA 2@ Aol
& total RNAS 2gst@ o, 24 A7 Fol=VAIY 2@ Aol & deotr 7] sl total RNA
2 walsle] 27k o Fp-dCTPE M T AE Z4Z+e] probeZ Northern blot WH o &
v}, A3} NS5AQ 28-S viral genomic titer®] ZHA, VA 2 ElIA §#34 239 ZFad i
ahi- Aoz yEelgt (Fig. 21).
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NFkB-Luc

700000

Relative luciferase activity
(fold)

s wm oo o (¢ Flag-5A

Fig. 17. NS5A inhibits an activation of NFkB induced by the treatment of the cells with
TNF-alpha.

NF-kapa B luciferase as a reporter and pCH110 as a control to correct transfected DNA
amount were cotransfected into HeLa-NS5A (6A-1 and 5A-2) and parental HelLa cells
(FIN). At 24 hrs posttransfection, cells were either untreated or treated with TNF-alpha

(10ng/ml) for 6 hrs. And then, reporter activity was measured.
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FIN 5A-1 5A-8

TNF-a(hrs) 012340123401234

w““”"‘} u’v [ vepf ¥

Fig. 13. Electrophoretic mobility shift assay (EMSA) showing that NS5A inhibits formation
of the specific protein-DNA complex comprizing of NFkB protein and an oligomer with
NFkB-binding-consensus nucleotide which was induced by the treatment of the cells with
TNF-alpha.

B. Neo control (FIN) or NSHA-expressing (5A-1, 5A-8) cells were treated with
TNF-alpha (10 ng/ml). Nuclear extracts were prepared before (0) or after TNF-alpha
treatment for the indicated time. EMSA was performed with the nuclear extracts and
NF-kappa B binding consensus oligonucleotide labeled with ¥p,
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Fig. 19. NSSA inhibits cell growth and colony formation.

A, Cell growth analysis. Neor control or NS5A-expressing cells (5A-1, bA-8) at 5 X 10*
were seeded onto 35-mm dishes and grown in medium containing 10% fetal bovine serum
at 37°C in CO2 incubator. The number of survival cells was counted at the day indicated.
Each point represents the mean of duplicate dishes. B, Colony formation efficiency assay.
Cells of Neo' control or NS5A-expressing cells (5A-1, 5A-8) at 5 X 10* were seeded onto

60-mm dishes and cultured for 14 days and stained with Coomassie Blue.
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\ N ~l aretal 1

& = 4— POLR2K

5A-1 5A-8 Neo Pa

WT-adenovirus

Fig. 20. Replication of wild type adenovirus 5 is inhibited in NS5A expressing cells.

A, 05 MOI (multiplicity of infection) of AdS was infected to either HelLa-NSOA or
HeLa-Neo cells. At 48 hrs postinfection, cells were stained with crystal violet. B, Northern
blot analysis was carried out to determine the level of POLR2K transcripts in each cell
lines.
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Fig. 21. NS5A inhibits replication of adenovirus genome.

A, Sourthen blot showing the amounts of adenoviral genomic DNA in HeLa-NS5A and
parental cells. B. Northern blot showing the transcript level of virion-associated RNA I of
adenovirus at 24 hrs postinfection. C, Northern blot showing the transcript level of the
ElA gene of adenovirus at 6 hrs postinfection. D, Northern blot showing the amounts of
actin mRNA in the RNA samples. E, The effect of NS5A on the formation of the
infectious adenovirus production in 293 cells transiently expressing NSSA. The number of
infectious adenovirus was determined by plaque forming assay on 293 cells. F,

yield-comparison of infectious adenovirus production in HeLa-NS5A and parental cells
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Fig. 22. Promoter-independent transcription activity (Pol II) was decreased in
NSHA expressing cell.

Promoter-independent enzyme activity assay was performed using 50 u/ml of poly
(dA-dT) as template and quantified by filter binding assay. A, nuclear extracts (NE) were
isolated from either NS5A-transfected or GFP-transfected 293 cells and used for
nonspecific RNA polymerase assav. B, nuclear extracts (NE) were isolated from

HelLa-NS5A and Hel.a-Neo and used for RNA polymerase assay.
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ole]dt W3+ infectious viral particle@AE ZaAZd Aoz2 Hu AHS AHAAFH
pCMV-Flag/NS5A 2 UF2-GFP plasmidZ transfection 2131 HEK293 cellel] 214 0.06MOI2)
WT.Ad% infection3lX gum agarE overlay 3t plaqued A W3S B AT & A
ol Wb o 2 = HeLa-NS5A¢ HeLa-Ntf MEFo 1 MOI 9 WT.AAE infection A]7]31 Z
7} 12, 24, 36, 487+ Fo cell® £33t freezing & thawing WH S Z4 viral suspension
S AAG. ol 7FA 31 HEK293 celldl A ©A] plaque assayE A A8t PFUY ®istE &9l
sttt 23, NSSA 2@ M EFol A WT.AJS infectious viral particle®do] @A 3] YA
eyttt (Fig. 21).

@ RNA polymerase II &4 74

Aot e FFo Fihes AXTUHS RNA polymerase BAWIE AH A Wyiog
2.2} promoter independent enzyme activity assayg A3 o

Template 2R = 50u/ml8) poly (dA-dT) (Amersham)& A}&£31 o0, NSHA7F 2@ = 24
AEFEZHE AR nuclear extract® ¥ 9 (10mM Tris-HCL, 10mM MgCl2, 0.1mg/ml
bovine serum albumin, ImM DTT, 1 unit/ul, ImMATP, 0.5mMGTP, 0.5mMCTP, 60uM «
“P-UTP)S £%8te] RToIA 2412 whg A7l ¥, Whatman GF/B paperell o #sto] dzA
7} 1. radioactivity® liquid scintillation counter=X ZA3t4 . Z 3 RNA ppolymerase 11 &
ol NSSA7F 2d == MEFAAE St 744 Aot (Fig. 22). ol#igh #4-& NS5A7E
HCV g Aol mpolelxel 2)8 host shut off 712l ¥ & Ao Alg ozl

3t

i
e

3. HCV NS3gd¥l Ao A¥Xxd 7519

(1) HCV NS3 99 A 9] postranslational modfification

NS3g#l A o] NZ o] A¥9 43 5T & dvhE vt e vk NS3 @23} 2
= AEAA (PRMTH)E 2235t PRMTS7F ©¥A 9 arginine’] € methylationA 71 &4
s dAsYGT BEe RNA A adL arginine-glycine (RQ)repeatd z3l 131, ol RG
repeat’} methylation® & Roz 4#xd glo] PRMTS59 NS3 @a o] ZHeE RNA
gl o] AFQ) NS3W Aol methylation® F Uvhe 7FeAdS AAS AT, NS3EH A
obol: A MEE AR Az 7/he] RGZF EAEA, ©] F NS3 helicase IVEH
(QRRGRTGR)®l 42} 719 arginine®l &S 2AEA L, o] 50| methylaton® RO
A5 Ath. NS3 helicase IV 9499 QRRGRTGR motifEs ZE HCV Ao BHEH U
T, 7] vpelel s, ¥ Hdutolel A AW wlej]a FolA TAHUAT (Fig 23). HCVE
NS3 g do] X Yol vl 3tso] 9l A& Flag epitope2 2 ZAE NS3 ©hf o] =
& ¥ i= 2934 £ & anti-methylarginine 3 &

—

I
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AAAAZ ¥ anti-Flag A2 immunoblotdt A Y anti-Flag 33 £ Flag- NS3¢ go] wt
AP MEE HAXAAZ] F  anti-methylarginine @32 immunoblotdle] NS3¢l A o]
methylation® = A& #la 4= g9l (Fig. 24). NS3d# g o] A2 ol A methylation¥
A 7L AN T ofjd PRMTY} NS3E methylationAl 71 A 9F HAZ NS3 helicase
domain IV7} methylation® & A S ZASIGY. QA A EFAA S AAH NS 2 2
AFo A Zd EalAAE NS3 helicase @HAS 7[AE ARt AlE ool A
methyltransferase assay® <33ttt  Methyltransferase & =24  GST-PRMT1I ¥
GST-PRMT32 W@ dold EeAAsS ALEst9 o™, Flag-PRMTHoE A 2934 5o A
w4 @ A& AHE3%ith Mehtyl donor2A = [“C}AdoMet& AH&3st3th wsEE
SDS-PAGEZ A EeAZAT F ﬂuorography0}°1 HEAHES FAEIES
GST-PRMT1ol 9j#iA full-length NS3¢} NS3 helicase g%l methylations= & &
At (Fig. 25). PRMTI1el 93t  full-length NS3 @ A3 NS3 helicased 4 ol
methylation® i1 NS3 protease® & o] methylation=] A &+ e RS diATAA FHAA
maltose-binding protein®l €12 ¥ NSN protease ¥4 ©@¥d (MBP-NSN)< methyl acceptor

F g2t (Fig.25). NS3 w@#izl o]
PRMTI1e methylation¥ 7] w&ol o] @wiaEzte] Ao AP HAA dojvt=s AE =
At 23 full-length NS3 @@ @3} GST-PRMTI1% A=z Agstgon, GST-PRMTI1#
NS3 helicase & ho] A5 A% o] UoldS in vitro binding assays Fst & & AR+
(Fig.26). ©] ZA#=L NS3gWEL ¥ WA methylationHo] 1o, Al g Bl A
PRMTI1ol 281 methylation® ™, methylation® ¥ NS3g@#la J A2 pNS3 protease 9 H ©l
ol @}, helicase domain®l&tE 2 A|AsHgth o]+ PRMT1# NS3 helicased 9ol AlE#
el Mz Z2gsttts= Abde] 8] X H 3 vk NS3 helicase ¥ 4 ©] methylation¥= A
2 o3 & AAE NS3 helicased ol £AstE domain IV7F methylation® = 2-& Z£AHS
At zdo] A lE 3% domain IVE ¥ 838t recombinant GST-&3 “@¥2d&
R FAA L&A F glutathione-agarose beadsE 3t wE8AAStT in vitro
methyltransferase assay= 33, | 2 3 domain IS x et
GST-NS3H(1468-1547) vt A o] methylation® &= A& ¢ 5 AU (Fig. 27). NS3 helicase
domain IVol® 4702) arginine®] EA3t3 ©]% oW arginine ©] methylation®l £ A& %ot
7] 295t domain IV arginines X &3tE ofnibEo] & ofnxitoz X H 8F 9
NS3 helicase point mutant®< Ab$3+4d in vitro methyltransferase assay g FH AT 1
2} 1493H e 92 S arginine©] lysine2 & uh@ R1493K NS3 helicase® methylation®] ¢

2] oretr}. o] AxtE arginine 14939]

4 2 b

O

]

2 A} 83 in vitro methyltransferase assay® ¥38to &

i

=
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F 2 methylations & arginineo] gt AL AAEF T Al AW methyltransferase ¥H-¢-2 vl
S HEEHA TANEOR 4 F VA9 v we RSB ES HFse de Aot
o = 9l B]E NS3 helicase R1493K ©¥ & 2] methylations 0.1 ug® PRMTI1& A&3f
Qe AF HAFYE 5 GAAT PRMTIS 558 F7HAZ % -$ arginine-1493019]9 ¢ &

arginine®] methylation® & Qe 7heA S wiAE gAY ol & dolry] o 05 2
15 ug® PRMTI1S A}83t9 NS3 helicase R1493K ©¥ A& methylationAl & = NS3
helicase R1488L ©@# A BT 2% methylationH s A& 9% & AT (Fig. 28). )
A7 arginine-1493¢]1219]  ©E  arginine®] methylation®tis AL o0 A
Arginine-1493°] 2} ] methylation®} & arginine® <ot 7] $43ted 1493-arginine®| leucine >
2 AgH3x, FAo| 1483-arginine®] leucineo® A #H  GST-NS3H1458- 1547-DM
(QRLGRTGTG) @A S oA B Ao in vitro methyl transferase assayE 3
ATt a A3 GST-NS3H1458-1547-WT-& methylation® & HHA of
GST-NS3H1458-1547-DM @A 2 methylationd A 2% (Fig. 29). o A=
arginine-1493°] 2 methylation® & ©}7)x=2t0) 3 arginine-1488% methylation2 < Ut
£ 22 AU NS3 RNA helicase= RNA%H 23l @M@ 24 domain IV RNASH
Agtsl= dlol 715 4 Atk NS3 helicase®| arginine-1493¢] RNA}e] Aol {3 o
2 #AAFAY, AR Aoz AFSA Yy E RNAS 435 #88 Fdto 759 W3t 4o
Yot arginie®] methylation®] W37 dojg Ao2 FAHYGY vdst FEe poly(U),
poly(A). poly{(G), poly(C)E NS3 helicase @¥ a3 #-&AIZ] ¥+ PRMT1E ©]&sted in vitro
methyltransferase assay® S #83t3 W58 SDS-PAGER ¥8l$ § fluorographyE st
t}. 2 A3 NS3 helicase®] methylation2 A X0 zole ARARE homoribopolymerell <] &}
Aaprs AL BAY + AR (Fig. 30). o] BH= NS3 helicases| domain IV 53t
arginine-1493°] RNA binding®l AZAH A2 HAojstn Aote A& AA A

2,

(2) NS3-PRMTS5 234%9 A&y v 4

NS3¢ @ gs PRMTS57E AEZueld Az ZfFste RS Lobr7] fste] 203 A 2o
Flag-NS392t GST-PRMT5% cotransfection® ¥ anti-Flag @A 2 HH A7) L, anti-GST
&4 2 immunoblot 8+1& W GST-PRMT57F AEHAL, anti-GST A2 A
A HES anti-Flag 34 £ immunoblotdt S Wl Flag-NS37F 2& = Aok (Fig. 31). ©l
zrol A X oA NS3¢ PRMT57F A& ZA¥eta 28 coimmunoprecipitation’d &
. 2Qlsk T NS39 PRMTS7F AlE ol d 84 &Asts & At of 49 Flag
o 5%% tull-length NS3 (Flag-NS3), NS32]

-y
n&
O

&
R

Ly
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A B

v

1027 221TAYSCOTMRALLGCI ITSLTGRDRNQVE 1056
HCVia (HCV-1) SPTIQRRGRTGREKP
1057 SEVQVVSTATQSFLATCVNGVCHTVYHGAG 1086 HCV1b (Conl) SPHORRGRTGRERM
1087 SKTLAGEXGPITQMYTNVDQDLVGWQAPPG 1116 HCV1b (NIHJ1) SPTIQRRGRTGRERE
1117 2PSLTPCTCGSSDLYLVTRHADVIPVRRRG 1146 HCV1b (BK) SSTQRRGRTGRGRF.
R HCV2a (HC-J6) SPTQRRGRTGRIGKP

1147 >3RISLLSPRPYSYLKGSSGGPLLCPSGHA 1176
HCV2b (HC-J8G)  SPTORRGRTGREGRL
1177 YGIFRARVCTRGVAKAVDFVPVESMETTMR 1206 HCV2¢ (BEBEL) SPYORRGRTERERL
1207 SPVFTDNSSPPAVPQTFQVAHLHAPTGSGK 1236 HCV3a (NZL1) SP.SQRRGRTGRERL

1 .
1237 ZTKVPARYAAQGYKVLVLNPSVAATLGFGA 1266 HCV3Db (TrKj) SPSQRRGRTGRGRP
. ORRGRTG
1267 YMSKAHGIDPNIRTGVRTITTGAPITYSTY 1296 HEVEa(2D43) SPSQRRGRTGRERL
HCVSa (HC-G9) SP.SORRGRTGREKH
7 SKFLADGGC 2
1257 SKFLADGSCSGGAYDITICDECHSTDSTTI 1326 HCVEa (euhk2) 6P SORRGRTGREKD
1327 LGIGTVLZQAETAGARLVVLATATPPGSVT 1356 HGV LSMORRGRTGRERS
I

1357 VPHPNIEZVALSSTGEIPFYGKAIPIETIK 1386
1387 3GRHLIFCHSKKKCDELAAKLSGLGLNAVA 1416 DEN2 SAHQRRGRIGRNP?
TBE SAHQRRGRVGRPDG

1417 YYRGLDVSVIPTSGDVIVVATDALMTGFTG 1446
JEV SABAORRGRVGRNPN
1447 SFDSVIDCNTCVTQTVDFSLDPTFTIETTT 1476 YFV sarORRGRIGRNPN
1477 vPQDAVEESQHRGRIERGRMGIYRFVTRGE 1506 BVDV EQMORRGRVGRIKP

v

1507 ZPSGMFCSSVLCECYDAGCAWYELTPAETS 1536 CSFV EQARRRGRVGRVKP

1537 “ELRAYLNTPGLPVCQDHLEFWESVFTGLT 1566
156~ HIDAHFLEQTKQAGDNFPYLVAYQATVCAR 1596
1597 AQAPPPSWDIQMWKCLIRLKPTLHGPTPLLY 1626

1627 FLGAVQNZVTTTHPITKYIMACMSADLEVVT 1658

Fig 23. NS3 protein of HCV contains potential arginine methylation sites.

(A) Amino acid sequence of NS3 protein of HCV1b. Conserved motifs [,II,II, and IV in
the DEAD box family of RNA helicases are underlined. Potential RG motifs in the NS3
protein methylated by PRMTs are boxed and indicated by boldface type. The amino acid
sequence of NS3 was obtained from GenBank (accession no. AJ238799). (B) Sequence
alignment of motif IV in the RNA helicases of various HCV genotypes and other viruses.
Motif IV is boxed. RGR, GRG, and RG motifs are indicated by boldface type. Den-2,
dengue tvpe 2 virus: TBE, tick-borne encephalitis virus; JEV, Japanese encephalitis virus:

YFV, vellow fever virus; BVDV, bovine diarrhea virus; CSFV, classical swine fever virus.
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Blot: a-mono/di | Wil .| €& FLAGNS3F
methylarginine § i
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methylarginine E
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Fig 24. Full-length NS3 protein is arginine-methylated in vivo.

Plasmids harboring full-length NS3 (Flag-NS3F), NS3 helicase domain (Flag-NS3H), NS3
protein with a C-terminal deletion including domain IV (Flag-NS34C), NSoA (Flag-NS5A),
and STAT3 (Flag-STAT3) were transfected into 293 cells. The cell lysates were divided
into three portions. The portions were immunoprecipitated (IP) with anti-Flag or
anti-mono/dimethylarginine antibodies. The precipitates were analyzed by Western blots

with anti-Flag or anti-mono/dimethyvlarginine antibodies.
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GSTPRMT1 | -
GST-PRMT3] - | -

Fig 25. PRMT1 methylates full-length NS3 helicase domain.

(A) PRMTL, but not PRMT5, methylates the NS3 protein. (B) The NS3 helicase domain
but not the protease domain is methylated by PRMT].
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Fig 26. Full-length NS3 RNA helicase domain bind PRMT1 in vitro.

(A) Binding of full-length NS3 protein to PRMTI1. (B) The NS3 helicase domain
specifically binds Flag-PRMTI.

- 68 -



68

43

29

14C-Methylation

GST-NS3H
1196-1657
GST-NS3H

1196-1547

4~ GST-NS3H
1468-1547

GST

GST-NS3H
1196-1657
GST-NS3H
196-1547
14668-1547

1196-1657

GST-NS3H
1196-1547

4= GST-NS3H
1468-1547

g 4~ GST

Coomassie bhlue

Fig. 27. TheQRRGRTGRG motif VI region

by PRMTI.

GST-NS3H

fo

GST-NS3H
1196-1667

GST-NS3H
1196-1547

GST-NS3H
1468-1547

Methylation

I\

-:::H:] +
GST
1

1657

v

q_;:nq +

1547

W

GST
1468 1547

NS3 helicase domain

(A) The QRRGRTGRG motif VI region is methylated by PRMTI.

illustrations of the NS3 helicase domain deletion mutants.

_69_

is methylated

(B)

Schematic



Name

WT

Mutants

Q1486H

R1487A

R1488L

Gl1489A

R1490A

T1491N

G1492A

R1433K

Fig. 28. Arg1493 residue is essential for
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Fig 29. Arg™® in motif VI is potentially methylated by PRMT1.

(A) An arginine residue, with the exception of Argmg, is methylated. (B) The NS3 mutant
containing R1483L and R1493T is not methylated.
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protease domain (Flag-NS3AC), NS3 helicase domain (Flag-NS3H)2 5
=& GFP-PRMT5% &7 contransfection3 ¥ PRMT59 MX W X m4dgoz
NS3 @ d 2o $x& anti-Flag@dol g 23 Aol &#23H Rhodamine 322
HdEH Ak GFP-PRMT5% 2@ s 73¢9 GFP-PRMTSe AlZdF A EAst
Flag-NS3H % Flag-NS3ACY A$d%E AL 98Ho EA439 24, Flag-NS39 7
F AEd &A5tn S ¢ F AU (Fig. 32). F]ag—NSB Flag-NS3AC, Flag-NS3H
z+7}8 GFP-PRMTSSE &7 2934 Eof| cotransfectionA] 71 ¥ NS3©¥ d 3 GFP-PRMTS®
WA= AT W Y92= confocal microscopydtoll Al Z2AFEH A3} FIag—NS3 9 Flag-NS3A
' AZRHAA A Yxlsted EAstg o, Flag-NS3H= GFP-PRMT59 &4 & A A
ettt o) A= GFP-PRMTS5$} full-length NS3©® @4 M= ZAgtsty, ZAgshs 59
NS3 helicase domain®] ©Fd protease domaino|gteE A& AAsod FUG. o] Aze
T35 NS3 protease domaine ©]£3ste] 29 two hybrid® %8 w PRMT5HY Ca oz}
A3t Al T Ax]e4nh Pollack 52 %9 two hybrid 243828 %39 PRMT5H7F
Jak kinaseE % M2z Zgde ALEE Bastdnh of Abdd A% 2= Jak kinase
$} PRMT5 @i A7t 735;}0 NS3 gl do] oa) 9F& ¢& 7 S Aoz PgstAnh
o] 2 =37l ¢ate] A Jak kinase®t PRMT57te] Aol AX uldlA dojye A2
AZ39v). Flag epitopel® H AR Jak kinase 29 GST-PRMT5E 293425l
cotransfectiond % anti-Flag FHAE WHIgFIAANZ F HAAES anti-GST A=
immunoblot3t2 S @ GST-PRMTS57F BEHUL, anti-GST FAZ AR AAZ & HY
AHES anti-Flag &2 immunoblotdt4< W Flag-Jak kinase’} #@EH Ao (Fig. 33).
o] =AM NS3E 4 LHEAZAL W Fd Jak kinase?} PRMTHS}] A& A g ol A3
= 22 2A8lg Yl Jak kinase 29 GST-PRMTS5E NS3 23 HE(9} 7 2934 o
cotransfection 3 ¥ anti-GST#AEZ WARAAZ F HWAAAHESL anti-Flagd A=
immunoblotstad GST-PRMT59 £ 2g At th NS3 §l¢] Jak kinase 29+ PRMTS
ukS cotransfection.3t]& A% Jak kinase 29+ PRMTHZte] ZAje #HFH Ao, NSS,
Jak kinase 2. PRMT5& &7 cotransfectionst@ & 7-$- Jak kinase 29 PRMT5%He] %
Agte A9 #FHxR gt (Fig. 34). ola1§ #AE Jak kinase 19| Afdl&E &L
sl (Fig. 34). ©) 23 & Jak kinase®t PRMTS5ZES] Adto] NS3g#a ol FiofEH
o2 W w=t= AL AAs AU Jak kinaseE ¥Z 9 tyrosine kinaseZA] Al X2}
of ZYsto] IL-6, QEIHZ &u, wgl, gut F 2 ligando] & #dstEW jJak

kinase®] tyrosineo] 214tz 5 1 o] Wl STAT (signal transducer and activator
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of transcription)e] 14F3H(&ZA3HE Jak kinased] 98] 2AAt3txo] STAT dimer2A AX
Ao o]Fdtd HWAIFAZ}Z AT} o] A HE-Jak kinase-STAT AzddaA
S Mxel F4 ¥3} antiviral difence 71 W 224 oldlH 1 A, Jak kinaset PRMT5%}

A58 e AHHE-Jak kinase STAT AEADTAe] PRMTS7F FZboiia 24 7%
& AdE 7t54e AN F31 gtk AA2 PRMT A9 syl PRMTICl Jets &
G, et FEA SHor AFY Wwlo] ojygt STATIH ZEst= Zol RuH

t}. STAT1S PRMTIlol ¢ &l methylation® i methylation® STAT12 STATIY Alxu
A AL PIAS (protein inhibitor of activated STAT) ©¥iAstel Ago] HolA A = o
STAT1 methylation QEHHE A5 HZE A5 e do 715§ gt ez RudHAo
oj2igt AAHEL TEHH PRMTS5+ UEHE-Jak kinase-STAT AsHdEHgo] dFYY
positive factor&4 &3+ sl Aol =1, o7)9] methyltransferase ZAlo] #ois o &
Zb5A0l YTt o] JtEAAEL dotEy] 938t infereron regulatory factor (IRF-1)9]
promoter®] £ A3t interferon response element (IRE)E %319+ reporter gened Ab-%38}
of <HAE AsdDAdAMe PRMT5S S =AeH. ©f W PRMT59
methyltransferase@ 4 o] #Fdsts A& LdolR7] $3ted methyltransferase® o] U=
PRMT5MS A &atd . GST-PRMT59 GST-PRMTAM 2@ HEHE reporter genel =
IRE-luciferase®™ &7 HepG2 A E | cotransfectiond & IL-6, QEHHAE Zoulz AHgstn
luciferase® A & ZAbetd k. GST-PRMTS7F EA48 w luciferase@/d o] IL-6 &2 <IE#
2 Zuto e 28 B x F718Q 1, GST-PRMTEMeo] £A189 & o luciferase &4 ol 4u)
oA #ATATH (Fig. 35). o] Z3E PRMTS7 IL-6 52 JEHAE nte] AS WG
postitive factor® Z&3tt= A3 PRMT59 methyltransferase €4 o] <IE I E-Jak
kinase-STAT AZALHAo] Foixo] Qubes AL GASL ok NS3 @wfdo] Qe

2-Jak kinase-STAT Az dgnAo] #odsts AE dojry] 93t NS3 H@EWE S
IRE-luciferase reporter genes cotransfectiondti AEHHAE < FL& ZAntE AHesta
luciferase 43S FAI8IY S ®W NS37F EA8E 4% luciferase 4ol #idte Ao
el ok (Fig. 36). o813t AE & &t & 7o I IRE-luciferase@ 4] 32] NS3¢
oJ%t Ay STATI 52L& STAT3IE ZEAAS o FEHJT o] Ze NS3 @dol
e HE A FT AL M negative factor2 AL 3th=

lo
r {
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Fig 31. NS3 associates with NS3 in vivo. 293T cells were transfected with
GST- or Flag-tagged plasmids.
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Fig 32. NS3 colocalized with PRMT5 in vivo.
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Fig 34. The effect of NS3 on the binding of GST-PRMTS5 to JAK kinase in vivo
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Mo4® SEINE 2 BeLohle JofE

4.1. 14d% (2001.01.01-2001.06.30)2] =X+ NSHA 2 Coreell 93] A= AY AR
S8 ujd M 2D AFHe oA =Sy Y3 transient expressiong FESHA FEdtE
otd:ufojg] 2 FAA LA o] NSSA % Corer AAHE E{38HL, AANS5A 2 Core WMHE
Aste AolUrh EF NSSA7E Aoz dase 23 Wy A 9 oF o8 AX
F9o Aot ol E st AANS5HA, Ad.core viel2l2Eo] A AEHJAD o vloleiAE R
transduction® M EZEoA NS5A -2 core @9l HHS immunoblote 2 ZHFstinh. A
#Ho) T xAo NS5A 2 Corev¥lde Agsiy] 43 AAE a7 st AdCore,
AdNS5A. AAGFP Bol§ 258 CsClh &44odld 2d4EE B3rd BaAAsAL, °f
£9 EHolHE EHHFTUS Fat9 AAFAC olE uboldAES AF m o] FAG
T 7 24& HZ5t1, H&E stainingS &3t #ejshd o|Joq R E Loprsgton, HH wt
ojgix RIS UV 3 AEE FYsiATh

Transient expressions +E3h= ofdmnloleis FH2 AGAE o] &3te] NSHA 93] =
Aie AX FAAE D237 98t AANSSA 2 Adcorevtolgl 259 BolHE ZASHL
50 MOI®} AdNS5A/Ad.GFP, Ad.Core/Ad.GFP vlol#l~Z Chang liver celloll transduction 3t
T NS5A ¥ core @¥de] 2EH S Sl

AdNS57, Ad.GFP, Ad.Coretlo]d] ~2 z}z} transduction Al¥¢ mRNAE #:e3st3, PCR
based cDNA subtraction WH& o]&3tad NS5AYU Coreoll 93] up-regulation 2
down-regulation® = AE FAAES 22 4 de MNAE &Ysdo PCR based cDNA
subtraction ¥ 9ol cDNA microarray & ©o]-&3t] NS5AY Coreol ©}3l up-regulation &
down-regulation® &= AIX FAAEL 2287 98t AdNSS5A/AA.GFP, Ad.Core/Ad.GFP
vlol 8} A S-S Chang liver celld] 283 total RNAZ #&3 3, Cyd ¥ Cy3= labeling$ At
Aol A ARt 23 k DNA chipg ©}83+a] gene expression profiling 3 3t1 expression
profiling dataZ £Mst= AAES FHstgd otdlxufelzis AR ALAE ol §sto
NS5A 2 coreF Ao o8 ZzHwE= Ax FAxE LIFIe AAE FHITR A
ecdysoned] 93] NS5A7F #EHo2 HdHE AEFE AZsty] HAstel pIND/NSSA #H
2 A =A33 o]E Chang liver celld) transfectiondle] stable transfectantZ A2ttt E &
NS5A ©reidoe] 4 A= AEF AFs AL

AEHoZ 60Y Y 1AGE dF EXE AYF sdE FAEHAL, otdeutoje s ¥WH
S o] £ A9 oo §HR WE7)%, PCR-based subtraction WH& o] &3 Fda
u

o]
b2 7] 4 cDNA microarrayE o] €3 §xxp wrEFw Fo] REHo=Z HYEch
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42. 224 x  (2001.07.01-2002.06.30)9] HAFE5EE 1adxodA  &Yd®  PCR-based
subtraction ¥, cDNA microarray ¥ w#ael 2D 48 F3td HCV NS5A £
Core Tl Ao os) 1 WHo|l HHE H\E‘ﬂ?‘}% Haste A NS3 @Ay Agse
PRMTSS9 A o] o289 ouE st oAt
M4 E ol 8 NSHAC] ojaf - AE FHAE 2287) 98] AANSSA R Ad.GFP
o] 22 transduction® A ¥ mRNAE B33 Cyd ¥ Cy3x2 HA3 g, cDNA chip
P L F3lo} NSSAd 93 2 28] dalde AE fFAx 1-8UF Z=3tdoh 1-8U &4
AEHE s 2 ol 2HHE FH
#AT AoZ FALYG EF 2-D gel #4E F35td NSSA°ﬂ s ‘??‘._@O] z4dd 5
T oads BEadt. FEAHQA NSSA LHdAXFTE AFHA @gkeut NSSAEH o]
t 289 dPAEF (2F-NS5A)E A Fstn, FEH-NSS5A AEFY EA4S
parental HeLaA| X9} v]lm A8 A3 NSSALE AE2Fo X4 X7} parental celie] vl
) BAadtda, o5 A ¥EE TNF-alpha®Z g8t HelLa-293 A ¥} parental HeLa Al 2
AE}E AXE Ford S o gvde ol #AT F AT, T repoter genel =
NFkB-luciferase &% ZeAUEE  transfectiond F TNF-alpha® HsAS 4
HeLa-NS5A M X F ol A reporter gene©] parental cellol] B3] v]d Al ZAFRT, o5 A
T W 2537 NFkB 22 9E Zta 9+ oligomerst ¥HEAZl ©h& EMSA assays 3%
S o), o]l NFkB-DNA E3 A9 44 o] HeLa-NSS5AS 24 @A A #Hasd. ©f
A= NS5A] 98] NFkBel 24317t Asigdtes thE d7aAse] d3st dAsgd =3
o] B3}t Hela-NSSAAEoH NS5AZF 71583 ke A& AAds w o AEFs
NS5AC) 28 Z2dPe= AE A 22 42 F ASS ¢ F IAG
A7 2+ zAoA NSSA F2 coredl 98 zHWws HEX FHAE
AdNS5A AdCorevtolgi29l HA R4S or AAFAY. o= 1&F] AdDNSSA,
Ad.core, AAGFP vlo]g]2~S AFA mzl Ado FAstgS = AH7F £, inflammation©f
e Ao ztzale &4o] #FHAUZ "R AR T A FA4E F A= HA
AdNS5A 2 Ad.core vlolaia £%S A3 the Atlas ¢cDNA microarrayE ©]-83t NSHA,
Coreoll 93t} ZAEE ME FAR] 22L& AEsdY. $4H 28 AINS5A "ol 2 g
Az ma] Ao FAMG F HCV NSSA FAA @ o
sttt A uvpoly A FALTFNA AF kx| Holgt HHEAL ]
NS5A9 #do] #elsE AANS5A Hiolda &g o3 § AF xS AT U&
cDNA microarray 2 2-D gel ¥#24& A%t ot NSS5A0] A wE AX FHx 2 &z
& wr3E]r] 2otrh AdcoreE o] &3te] AF 7 Ao I 2dHol BMgHE ME {FHxt
22 AEFH oY FA) NS5AS 299 npR bR Coreoll ZEWE ML FH2F % W

T

...82_



i)
rlo

2 H A gt} olulk: I o] AANSS5A EF2 Adcore’t AFH 7F A ¥ 3 dn
o] MY AY NS5A £& core @ Fo] @go 71ad Aoz FAHHJY. 28y, 4F

A
=

dzrel FAAE ABT £ Qe PYS FYSPgonz AYY BEE YeHoz 4%
Atk o) e fAAel AA W 7R 288 + 9% ReE v
NS3¢ o] PRMTS® A¥ @tk Abidel 273l NS3wae) X 7158 F3stas

sttt NS3g#ial o] A Z A G A 8H Wol A methylation®sE AL A Loz dAst)

PRMT5% Jak kinase® A|@#o|A M2 AgGsche Apdo] Bid #f ojE319 Ax

gtol dojy= AS coimmunoprecipitation®™H & 2 3H¢13tl 1, Jak kinase®t PRMT57H] A

X U Zgo] NS3d#idoe] EAE Aol Asivte AL EAste] ol &@do] HCV 9

S AR Ao Aol B F USE W

FAH R AANSHA, AAGFPutolgl2 42 HALEAE ]88t NSHA of#f I Td

A=E AX FH4x 1-8UE TE3A A, 2-D gel ¥4& Fstol NSSAC os) 2 H&H ol
Qe vllAS FHdA 23d% AFEEE S HATE NSSAVE 4 HE

TE AzAsd i, NSbALd AMEFo 548 tEste] AL

O

R
o EE NSSASUAE A9 el HYY & Jv %S FUsAT NSRS 2
£ AEAge J5e BAY u wue] methylatond UorlE AL b wwa

o

(PRMTS)olsl o NS3thd = o] methylatlonﬂ% 2E Hhstdr, PRMT5% Jak kinase)

AE W Ago] NS3o o At
=y

43. 3749 % (2002.07.01-2003.06.30) o A = NSSA Coredl 3] 2A¢e= AX FAAE F
7t2 wEeta I vlses EEky, NS3-PRMT5 A& 2% AEstd ong 79

At

HCV NS5Ad o8] xdwrs AT GHAE 2-D gel electrophoresis 2 subtractive
hybridization®¥}'§ 2.2 B8 23 NS5A] & FEHE AXAR 753 A ALAA
52< WEsty, AEAAES induction L repressionS NSS5AVE A H o2 BdH= 26t
ol #Z3% A3 RNA polymerase II polypeptide K (POLR2K; &M XS RNA Pol II
subunitZ 9} StHEA 1 7% A9 gzl v 95)e] mRNAZF NS5A o 7Hd @A st
A AdAHE RS dASE T o] 81d NS5A 93 POLR2K mRNA A4 el o Al (repression)
HArol Ht A EFAME TFFHAUT HCV NSHAC 93 RNA polymerase subunit K
(POLR2K) & dzte] BdAA 7 HE #4387 98t POLRZK fFAzte] dApzdRods 22
datela, ol 2 luciferase reporter genedl] ¢ A3t POLR2K promoter-luciferase reporter

gened A Z5be transient expression assayE stQ& W luciferase @ o] NS5HAC 23] A

_83_



glo) 5 2ok 300bp7t A A promoter activityoll L&A &3 e ASE ¢ F UN
t}. POLR2K promoter % 9o} IRF-1 (Interferon regulatory factor-1)¢| binding site7t &xj3s}
¥ &1 3o FRE Bicinformatics DBl A% #4082 d¢ F UUY AA=
POLR2K-S A x}2] W& o] Sl # &) 93] 2751, IRF-10] POLR2K promoter @ ol &xj
3+ IRF-19] binding siteo] Zgdcts AHdE 2759t POLR2ZKE 2@ o] NS5A &3
Asjuterd AW RNA pol [ I, 119 &4 Asid Aoz 7HAsa, ol & dotry] fs
of nloj2jx FAo) RNA pol I 2 19 #4do] B e otdmnjolgiie) FAYEE NSSA
BHAE AN FASA 2% NS5A #d ME F(NS5A-1, NSHA-8)olM wild type
adenovirus9) replicationd £ & Southern bloto. 2 FAF3+ ZA 3} parental celil B]3] NS5AEH
HEFAA otdutoldx FAAY BA gAHAoH, o] ZIAHUE ofdlmutole) L9
A9 Atz AZAHATE NS5A 3§ obdianloly 29 FAAS AL POLR2KY 23
A 3te] wE RNA polymerase (Pol II & Pol ) 849 Asid oz 7HAstn ofsllxn}o
#29 Pol Il ¢J&A Virion-associated(VA) RNA 2 Pol II &4 EIA Fda 2d&
HelLa-NS5A MlE 2 parental HeLasl £ ol 4] Nortern blot22 33 Z3 VA RNA % EIA
] mRNA7Z} HeLa-NSSA/‘ﬂE%Z—OHH Aol 9 AL HA3A Y. RNA polymerase 11 &
3 o] HeLa-NS5A M XA parental HeLaA X8t 2A Udetyes RS ZFAsAd. oz g
dxA o 2 HCVHLol 2129 host cell metabolism shutoff 71 2.2 olsf¥ 4 vt ¢

15
b=

¢

—

58 0 2= HCVY host immune escape A& AR 2ZA HCVE chronic infectiond &3
Hog SrdtE 7ldor MAE F A3 oz AL HHAEA HCVY 271 de] <
2o Aoz AZE B 4 9t

HCV coreoll 93] 2w I HFALE Adcore ¥ AdGFPZ transduction® A ¢z o
2-D gel electrophoresis @ A% RNAS PCR-based subtractive hybridization 22 &
3 A3 coreol oF w@o] FEHE AT 7F3H AAHE MEAA 8FE AL

W23l 3, o] & RT-PCR 2 Northern blot analysis& %3+ HCV coreoll 93l induction
5= AXAxE RAS-GRF2, KIAA1254, TSG101¢! Aoz ¥ AT, TSGI0L, KIAALZHM,
Ras-GRF? & @ o] Cored] 23} @do] Z7l5lE= RS Ad.Core wtolg & ©]838t Chang
liver cell olA Northern biot& £33 #AsHt YT 2zolA Huh7 % HepG2 cell ol
A ¢ @eige) Wslg RT-PCR2A #stde w TSGI01FH KIAALSA @Rd2 5 2
&o] Z7txlo] Aoy, Ras-GRF2E RT-PCRAM o4 product 7b “ERA egkot.
Northern blote 2 TSG101¥3tE 321359 ¢ W Huh?7 & HepG2 cellol A} ©]E2) transcript7t
Z750] A RS FAFT F dAh TSGI01E AAAEY tumorignesisel] FHEIAT}= 22
7} Qo KIAAI254E cell proliferationd] “A3E Aoz HiEo] AR A7EA o] «
AR50 7150l FEs] LeiAn ¢tk Coreol 93 A7) SAAES9 Wdol FAUHE= A

flo
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core7} liver cell®) carcinogenesis®] ##eo] g1& Ao 7HAT + Y& Zolv. ol& HIF3F
7] YA B A 8 WeE A&Aeo] transformation assays g AAEAE A
promoter analysis® 2 &e A Folr}; o]z AFE HCVA 93 77| dd8e 719
g Aoz HlLh

HCV NS3 wido] PRMTSHS &l ez ZAYstn USE B A78°l HHL PRMTS7}
Jak kinase7} 43 At glgeo] BusHAT o2 N
2 Qlste} HCV NS3@¥ido] e} o &-Jak-Stat AT Aol

AAr& HCVY chronic infection % 2 7+et @43 d@=o]l g + UAT ol & Lot
7} Y8ted Jak2E AXE o) HF FEAHE W doju= Jak

of NS3gwWido] wWxE aFRE FAEGT. 2 A% NS3@#Ae]  Jak  kinased]

4

kinase®] autophosphorylation

oulat o] A EAS mediatorE PRMT5Y & vk A& AAated FUn. o @4
HCVQ chronic infection % 2 7H¢ WAz ddsol 98 Aoz B,

22X o2 3zhdEoA HCV NS5A9 ojs) z=dwts 12F9 $E AXFARE s,
o] % RNA polymerase II subunit®¢] st POLR2KS #@e] NSbHAC o3 7Hd @At
A dAHE /1AL FHse], HCVetel#] 49 host cell metabolism shutoff 717 %2 HCV
o] host immune escape M &9 QX Z A HCVY chronic infectiong EHH o2 FEde 7l
A & 9ee AAFATY. HCV coredll 93] A we 15F9 NEFEAE dAHo2 ¥
2391 o] & RT-PCR 2 Northern blot analysis$ $38tal HCV coreell 93} induction®
= A Zolal= RAS-GRF2, KIAA1254, TSG101¢l Aoz WAl ols {a A4 V& A
Fo ZA3 BAFYS) QouF Cored] o FHAE dFAHE HEHOR H4FE ¥
Aoz weltd HCV NS3-PRMT5-Jak kinase A& #Hg02 lsted HCV NS3@ A o] QIE
A E-Jak-Stat NEAD] AFS 2 AT FAHAL, o& FAFHez dF FHIASL
gty AAHos ALY ATEEE GASHT 33 dEo] e dFAXES HOVA o

==
o) AWHREL EAARFEAN AR A AT 5 AL Ao 47N

32
o
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>

I
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H 5 & AeZnte] EEH 2

HCVE #A9d 329 60-80%7F vt oz AP w4 @ &xF 20%7F AU F

& Futdle AEgoz g HCV 2 F ol 2AT f7iA e 10-200d of4dol

Aol ez deia vk o2 Arizbe] A wpolelas A Eee] BT FEAE
bl

£olo) HOVE &3 AZolM AEe7] 98 u} bo e TASRD SR

—_—

o

M
i
K}
o
o
o,
.2:

&l

lo
g

oftt
>,
3
\J
)
=
5!
lo
)J

.14
ro,
N

g}, o HHol AR og%—om% wgz »}F/Mz, Aol we 7 AT I3 D Aol
MW QolupA Hol, AR o] FAA 7 AT FHH WolE B YA FAE W
ol wol Al%7} @A HI ol@ Wold 2 AEI I AWFE AR T ML
Agsts Aoz osigm Aot olele 3 AXY TAHAHL HCVIF BAE Weolg FE3
= ool e 1ol EAT AL ZaA ok olHd HAL olFes] Aste] £ A7
= FYHAG. 2 A70)A HCV NS5AY 98] 288 £59 AERdxg 22t o

53] ¥ZA X9 RNA Pol Il subunitZ 8¢l POLRZK 32kl 2@ o] NSS5A] ¢fs) 7t
A HAA dAHE AL TAsAT HCV NS5AC] 2] RNA polymerase subunit K
(POLR2K) $x Ao} #d A7) 4& #9493 A3 POLRZK promoter Bl EAsta A&
IRF-1 binding site’} 8 94&% stz JdE A& A3 AAZ POLRZK 8z &
2 A o3 FEHUC AdE HCVZE 2 d AXodAM asxoz F467]
At SFAHEY hALE 115}10}71‘% Agste 7149 sz 3 vl E oldiEd & AT
e sldogE HCVY T AAE dHste AgFe] dF 24 HCVE chronic infection
< aRHeE fFxdtE vidoz Hd9d ¢ d o 4L HHAHJ HCVY Bdwd
7179 ARy Aow Az B £ vk o] UFEy) A FAATr 2LY AeE AR

X

ol

At} %3 RNA polymerase® 2% subunit®¢ 31¢l POLR2KZF e s &6 o) =2
L £ YoE AEE 579 FAZ B@xH dio] HE RNA polymerase®] =271

o

e 719 ¢ As RAeE Bt

HCV coredl 23 induction®lE A X eAE= RAS-GRF2, KIAA1254, TSG101%! ALo® Adxt
o g WAt TSGI0lE RAAN T tumorignesisell B&EFTHE B 7t 9low, KIAALIZYM
cell proliferationd] #T&HEE HoZ Bygo] YAt HA7A of FAAEY 7T A&
5 geixul gtk RAS-GRF2E H2dAZe o Ax9 gstdde] dojute Aoz 4 A
e}, Coreol] 98] A7) FAAS wdo] HA5E AL core?t liver cell®] carcinogenesis

@0l Qe ROZ B £ AL Aotk o F AFHY) AAM ¥ FHA) VA U

rir

=2

Z A A3t transformation assay52 AAISE o]9} &7 promoter analysis® W& F U

thd HCVel 9% zrhfarididel 7148 oz weld o A+ iy s
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ozt 7+ AN &EA Ao FEF 247 B F e AL ARG,

HCV NS3 @¥lamo] PRMT59 Ea® oz ZA%stn g1, PRMTS5 methyltransferase@ 4 ©|
JEHE AlF Ao postitive factor® A3l &g £ A€ol ¥y PRMTH7} Jak
kinase7} A% ZAgatn Lol RuHA} o)2 g NS3-PRMT5-Jak kinase 4& 2822 <l

ol HCV NS3@t## o] Qg H&-Jak-Stat AEZ A &S & ZAo2 FAHJL, o &
Ao HCVEY chronic infection &% % 7+¢t 2alst A=l J& & Aok of A
PRMT59] methyltransferase@/d o] o] 24 #odgo] gl A& &FF Fsddor & $2% &

A2 Febsleh
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H 6 & AP R el sEE

o AAAHoZ T WA a4 MESLE Zhe XPAd Ao A glor 20008 =

ok o squbo] A E oz Atk 7Y ofrlo} B o7t A oA wol EAsL o
o, HZ d7AFE 0F, 92, FHAT A @At sk Jde Aex HiHa gt
kel fEizke ZFgukel Eii"—, 4F, o} EFHEA Fo] LA gou EAMEFEAAY TEdo
AL o}AE FHHA &3 Utk AFAA GHRA 1% AJAAAEEME p53, Rb, beat-catenin &
o) mutation, F}atA FEF c-myc, cyclin DI 5¢] gith. LOH (loss of heterozygosity)© ¥ AF4
Ao}l BgAslel gaso] 9 5 e o, ELA G4 Ip, 4q, 6g, 8p, 13g, 16g, B 17p A
ol LOHZ} wldlstAl ojuzm Utk 22yt of2fd dHAd U4#ad 5L 13 M2 s}
A AZAHA FT 7] @B, T AEES Tk 711E Bk B des FAHI QU of
23 A A Hoo ALY FAAERAMY AR FRA TEFY $A471% (gene expression
priiling) & Boh A2} Y& AR S olaidhe dol o]&Hx Aok Y AW FAAE T
23171 ¢t Differential Display (DD), SSH, (suppression subtractive hybridization), PCR-based
subtractive hybridization, RDA (representational difference analysis) %% ¢l AHEE Ao, o] WY
& AFgHRo)x] gon n% FAHolmg o ZE37] st SAGE (serial analysis of gene
expression) o] ALHYT Bk gFHHoz gAY FAASS dRE B AR FHeR
cDNA microarray7|®8o] A=A m, ojuch Eolie] &AE oligonucleotide® ©l8% arrayZ|®¥ol 7
gylo] @ dAFEd s /\F%ﬂﬂ 9lth o]21% microarray’|'8 & ¥ matrix metalloprotease 14
(MMP14), osteonectin (SPARC) §AAES0] b EgtolA mhdtd=o] e o] ¥aixch MMPlAw
basement membrane¥ stromal extracellular matrixg E#dhe 715& 35t ¢AFd T8 9%
2 583 osteonectin® UF o] GehA e X9 matrixE ATAseE dol 2 s
RhoB(ARHB):= 7Hto)A) 1 o] wigkom Ras 24z Ade RhoA(ARHA)S 2EE ol
XN Z7450) 9iglth o] ATWEL Ras/Erk 2 Ras/RhoA AZALA7L A4 TAEelA cytokineol] <]
3 SE5E NOS29 2&S oAlshs wuld RhoBE NOS29 2@& FAANTe Zdst dAEA
t}. o] A7 Ras % RhoAst & AEYsax FaxE] NOS2e ¢d& Asishe whd, RhoBet
2o JAAGARSES NOS29 2dS EZPATH:E Hzo] AU Dynein® EAEHEA
microtubule2 wal ¢ oj= Tl elY] dynein light chain 1 (PIN, ddlel)e] #do] et 2 HCV %
HBVE 7Z+9® wh ztde) #So] Z7t5o] 91tk Dyneind AXAPES AdAste 282 2te Rol
zhelo) A WA £3 Dynein® NFKkBIEH Hd2 wdzHo] daiso] glgo] WMt ue}
A, dynein® XS] ejiato] ohe} AEAMEAA LS Fato] R Al ddHA AS THe A
o] A HYT}H Decoring ZHelA 1 wao] e Aoz wra A, Decorin® TGF betadl Z s}

of 1 71%¢ Aasks Aoz ¥R BANEE AR 0 AP AHcE AXJIAD F A

O



ol AAEY. DLC1 (deleted liver cancer 1) frAdAte ZtgelA AAHY Sle Aos H3zn,
DLCl FAAE g ALAANAS W, 437t dAHE Aoz Bop TR negative factorz
A 7158 Ao FAH ot

Microarray 7|12 o|8% ¢t B §A4 W2L ajo] ohdae] Holshe
il FEHOR T80 7)ge] 4o R Te] dAA o] MA
o] key players< oA & A &3]

SolAoln RAEV}F gE3 FAFHA 52 g g deEste

9] heterogeneity2 ZH¢Hstuiete 7HoF whAo)] Q3% 7|58 st EARAY wEo] Y A8A

Mol ZRAD Ao welth FATE o]
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H 2z =muel 7 #E

Ofol

A7 A o] NSbAd] theh Fuiele] @2 AFE NS5A% Corest o dd <=

A7 AFHE A FHE T3 gk A2 239 HCV NSbASH 4% diste
AE gulzyie AFRRL 71E9 Azag duld oo & FF @do] HCV
NS5AS 435 Agsteates RS 7tsA o

AA7x] NS5AS 7)sol dis) Ry dF dFe g3} 2o, Katze groups
vaccinia-based assay system< ©] &34 HCV NS5A9 AE W 7l5& B3t o &
o] o3tH NSS5AE vaccinia vectorZ 53] Hela S3A|XolA Z@EA7I™, wx PKR
(Interferon-induced Protein Kinase R)9] <14t3t 2 #43& 4Asti(He and Katze,
2002), 1 & o2 PKRY| o1& elF29] Sertl QA E WalsoA, HAFH o2 AEHE
Ao F23 AFX U SuAFAHe] AxEdy BusUY. F PKR > p38
(stress-activated protein kinase) -> MnKl -> elF4E2}&= cap-dependent translation
pathway”7} NS5A0] 93l @ BL BAFYh o] HCVZ) infection® A& o, 554+ 9
cap-dependent translation pathway® NS5AZ &A% HCV mRNAC #2g
cap-independent translation@#4 < W&ol F& Aoz #Budgtt (He et al, 2001). °] 3
He oA AFT3 Grb2= £3+ MAP kinase pathwayste ©& T shubel HCVS #HalH
71zto g wolEdd A 9t} David Gretch groupe NS5A¢ &% QEjs &9 & vlojx
232 A E Qo] Avle]l PKRAL oA 9ok, NS5A¢ €& Interleukin-8
(IL-8)9) AA} F7hgkn BZea Aok (Polyak et al., 2001).

Lai group® =9 &dd) 2 olsto{ddTEA7A] s, NS5A7F TNF--induced
signaling®] YR E 71 EWA 1 signaling® ¥¥¢ NF-Be| @4sts vty 23
sttt (Park et al, 2002). Lai groupe ©]Ad) = yeast two—hybrid Bell 23k}, NS5A7}
HCV® RNA polymerase (NS5B)S} ZA#3twA SNARE-like ©#a [o] =&l 254,
hVAP-33 (human vesicle-associated membrane protein of 33 kDa)]®% Z¥3to] complex
E FASg T Budst doh o)A Abd-& NS5A7F NSSBS’} 37 membrane?] replication

-

ol

N

complex$t A@ato @M HCVY replicationdll 433 B& #o4E dtx d5E & + Aok
w3k Lai groupe HCVel 93 7hg wdl A rz o] Aol ZHAHE steatosis A2
glole W37 E 2tk Yeast two-hybrid® Z el o8t NS5AE Corest 7154 &9l

colocalize3t™® 4] HDL®l 2 wwAdl ApoAlets Z¥3 & A} (Shi er al, 2002). =i
o] A7 Hoig AdMpw IgIY FHr) BFHol 1 7TE F & F AR, NSSAE
A E e RNA 40 #od3E karvopherin 39t A§dS B3t tHChung ef al., 2000).
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olulE o]H-2 NS5A7F HCVY replicationo] #o& & £% 9o HE AAH NSHA
¢ Core7t 2435 AY gohe AL O 98 A7 21§ dstdr o] wiad v gloh
NS5A+ HCVYRNA polymerase (NS5B) o] 9loll = Coret= A¥35I (yeast two-hybrid2
4 A) Coredll 93to} proteolytic cleavageE 33ttt B3 g v AHGoh et al., 2001).
NS5ASH A@sittn 2urt ° Core 94 NSSAVE A#ste oz dad e BE 45
MEe) dutdx A%S st 1 Jisk gYsitan 43 U dfEH o2 Corest A3dtst
T sFAX @wae g3 zZrh ; TNFR (Zhu et al, 1998), Lymphotoxin receptor
(Matsumoto et al., 1997), RNA helicases (Mamiya and Worman, 1999), heterogenerous
ribonucleoprotein K (Hsieh et al., 1998), p53 (Lu et al., 1999), LZIP (Jin et al., 2000). 12}
U Core® F2 £FTAEY AEF EANERE, AAXHEY ZA #odstr] Hstdxe
o ZAg71-o] NS5AS up7bAl2 Zhg A olojop gt} mebx] NS5ASH Coret A2 A
F0E AMEE Core?l 499 mlastAZ J2s] B2 9 5 dwldo] NSbA9 2/7HH
o2 Fodojglths H& ALY NS5A9 A ZAGE 7= NSSAT Y d57F dASAR
B (transcriptional activation domain)o]gtE AR A 7]elgg shAIRF UE 4 Omata
group® 9&d ol AAIEH 1%L otulw Wike] EAS= oF 146 oluj it 2 o] Fo
2 AAFER A A7) 5o 9std 1 7)Eo] #EoA vt (Kato et al., 1997).

BE AF 18E0] NSSAY M EAREAHE dFsie g=th 3T Padmanabhan 19
o, NS5AE AEF7] 28o|A S phase® £°l1 G2/M phases 24 AZHZE A
3ot B3R Y (Arima et al, 2001). Ray groupe NSS5AE pb3d Aoz ZAYPs
o, p2l/wafl A2 level& down-regulation AlZC.2H AETAIZEHAE HAFHD
5491+ (Majumder et al, 2001). p53% p2l/waflE A AXF7] 2 AZ W g A
AGAE BASGE 2% 847 A7 vk NSSA7E o] key factorsE F& A3
o NS5A7F 2 71& M 57 988 & & dude F2& 7heA s o
Ray groupS XE3& vyeast two-hybrid A#o g, NS5A7F AAL &Xel #of3=CREB
binding proteing! CBP% #o] ALY coactivator2 2-831=SRCAP (SNF-2 related CBP
activator protein: sir CAPS 2 W&ysutx Aoty Rty 223 mammalian
two-hybrid assay®}t in vitro binding assay® £3] NS5A7} SRCAP# Eelx o g Ages
w&A T} (Girard ef al, 2002). )8 84& E8) HCV NSHAZ} virus-mediated pathogenesis
2 gurslelel 2Astn Yok Katze groupd 7ol &8t Hela celldl Al mitogenic
signaling®] #33H= Grb2 (growth factor receptor-bound protein 2) adaptor protein®] N-
gteke] SH3 X193t NS5A2] C-ueko| &3 =proline-rich A1 <l9l 278¢] SH3-binding
do] A% AFsTIE Aol A AT} (Tan et al, 1999). ] RE NSBA 7|5 T2 a7t
ERK1/2 A% d2Adg agdgozM A A% dade] $3< mitogenic signalings ¥

drm
ok

o
o

-Yl I
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A Fx does HoM AAEIE w7l A o] Rax e NSHAZE AE | MAP kinase
pathwayell #osl= Hxeol RuMo|tt o]zl HIo] o]ojA, Harris M 25 &A
NS5A7}F Ras-ERKA & A E-S "o 24 activating proteinl (AP-1)8] &4& At
= ®a7t dtd (Macdonald et al, 2003). ol3 RIE2NSHAS] gk ASHGA Y Ego)

hepatocacinoma?) 2, 7+ A2 o] € £& Y& AT
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M3 F AW e H Z1

31 43 %H

3.1.1. Yeast two-hybrid screening

3.1.1.1. Construction of bait plasmids

Yeast two—hybridﬂbait plasmid# #& 93§ parents plasmidZ pHybLex/ZeoE AF&31%t}.
NSS5A 4219l full-length(2F 1.3kb)E= HCVE cDNAE template2 AF8-38t3L, AE A Sall
extensiong 7t Table 1A9 2¢] A ZE NS5A(Full) Forward®t Reverse primer® A &g
polymerase chain reaction(PCR)& £3te £Z3F ¥ pGEM-T easy vector®l cloning 3t
pGEM-T-NS5A-F (full-length)& A2 T Asdg4 Sall2 Ze}Sall-Sall NS5A-F
fragment (1.3 kb)E2 94& & A3 &4 Salle® Ae® pHyblex/Zeo plasmidol 448t
pHybLex/Zeo-NSSA-F& A &AeA™ (Figure 1). ZZ] INS5AW] putative transcriptional
activation domain® cleavage siteZt EAEE 4FF 2 NSHA-domain, ¥ NSHA17150aa,
NS5A17300aa, NS5A3007447aa, 2# 31 NSHA1507447aa & Y73 242} NS5A-a, NS5A-b,
NS5A-¢c 28l NS5A-d & BWHatgoh (Figure 1). ©lE domainEXx NSS5A-FI zZ& "o
2 pHybLex/Zeoo cloning 3ttt ZF domain® # A A= pHybLex/Zeo-NS5A-F& template
2 Apgél Table 3B Zo] AZE primerE Table 1C9 22 oz PCRES A #std
ZZa90on forward primerd 5 TddlE= AT EA Notl extensions 23l o™ reverse
primer®] 5" @dtol= A a4 Sall extension & zZtET (Table 1B).

7} NS5A domain® PCR AEE<S pGEM-T easy vectordl cloning?t $-, Algt &4 Notl#}
Sall2 @@d pHybLex/Zeool 413ty pHybLex/Zeo-NS5A-a, -b, ¢ 183 -d& Azt
1, pHybLex/Zeo -NS5A-F$} &7 yeast two-hybridol Al bait plasmid2 At&3tth (Figure
1). Yeast two-hybrid®] prey plasmide pYESTrp2¢ EcoRIZ} Xhol sited] cloning® ol &
human liver ¢cDNA libraryE& T3te] AH&3tdth Bait plasmid® prey plasmid<= yeast
two-hybrid screening < 93] cesium chloride-ethiduim bromide gradient method & °l-& 3t
o " s

3.1.1.2. Yeast two—hybrid

Yeast two-hybrid systeme recombinant DNA technologyE ©]&3t> DNA-binding
domain (DBD)# activation domain (AD)S E2ld oz ¥ad #, shvhel host cellfolA 2
=2 wdAA7E wgelt. wek AF Aol sEF F d¥AY FH¥AE 44 DNA
binding domain T activation domain® Zt& plasmid & Axg & H, £F a2 =AU
BHAFY F wmiRe] A3 AL 938 DNA binding domaind activation domaino] ¥+7
AAE 2208 4 QA f 7129 GAL4 systemtS o2 AEE LexA systeme E. coli
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DH5 ¢ SOS gene? repressor 7154 3+ LexA ©¥2-S& DNA-binding domain2 g of-&
1, £F ARAM HAAIISTS & F UE E coli DHS 9 B42 @™ A S activation domain
o7 ol83} o] system®] AL, reporter genel 22X lacZ & A}E3F3, I upstreamol &
LexA operator’t £#A)8t1 &2 inducible GALl promoterE A}-43t galactoseo o3
activation domain®] fusion @¥ A9 W&He] x4 W& 4 U Ho ded, ol 9y v
Aol &Y AXE WelM toxicdtA &4 & & gt st5AE Fole FHol U EF lacZ
reporter gene©l TR A X9 genomed) one copyE FAstE Aol ofYe} high copy® EA st
o] X-galo] 8" wjA oAl B-galactosidase activityS fA AT F e FIE o=
Lex system (InvitrogenAl)& o] 884t} Large scale yeast two-hybrid screenings = %3t
7)ol @b 7} bait®] self-activation o2& F<elstna} filter-lift -galactosidase assayE A
gt ola AAE AH self-activation ZHEo] $1E pHybLex/Zeo-NS5A-F, -a, -b 18X
~c9) bait plasmidZ 7}A 3 t) %9 yeast two-hybrid screening® 33tk S. cerevisiae
L40¢] single colony 273 /RS YPDA 250 mlo] HAZF3dte] 30T oAl overnight w3t 3,
YPDA 500 mlel O.D6007F 0.270.3] F== H%F3 =, OD600 7F 0.570.60] 2 HW7E=30TCA
A 200mpmo.2 AgujdatAtt. OD6007F 0.570.69) S. cerevisiage L40& ‘oA 3,000rpm<
2 102 =9 AR5 cell pelletS 4o, 250 mie] ETFFE washing®d ¥ 1X
TE/LiAc 4 ml& A7t S cerevisiae 140 competent cells FuldtHth oA FHlE
competent cellol DNA-BD/Bait¢! pHybLex/Zeo-NS5A, v-a, -b, -¢ =¥ -d plasmid 500 g,
pYESTrp2-human liver cancer cDNA library plasmid 500 g Z12] il denatured salmon sperm
carrier DNA (10 mg/ml) € 7} FTE/LiAc/40% PEG3350 solution 30 mlE #7rsted 30
ToAlA 305 59 200rpme Z Aerujdstsdth. w)Y¥ $Dimethyl sulfoxide (DMSO) 3.5 mi=
HA7tstg ew, 2ToAA 158 T whgAZl F dgelA 1728 F¢ 4% oF 3,000rpme=
102 B g8 1X TE 5 ml& #7189 resuspending® ¥ #1589 SD/
-Ura -Trp -His /Zeo plate] spreadingst@d®, 30Celd 574 & st
-galactosidase plate assay$} filter-lift -galactosidase assayZ A3t blue positive clone&
stolstgdet. A7l plateol 4] Aeh=  cotransformants-&SD/-Trp/-His/-Ura agar plate <t
SD/-Trp/-His/-Ura//X-gal agar plate ol EAlo] & $Jxolpatchdte] 30T oA 172¢ <
Bt X-gal plate olA A HE colony B9 42 Wss BESG 20, Whatmann filter
paper2 SD/-Trp/-His/-Ura/agarplate®] cotransformants& £ H 43 2o < 30 &<
237 cell® 7 F, X-gal/Z buffer solution ©] ©A & petri disholl HE o5, 30T
incubatoroll A ¥Fg&Al#H M7 W3l #BE3le blue positive colonyE M # s AT (Figure 3).
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3.1.2. Isolation and confirmation of blue positive colonies

3.1.2.1. Isolation of plasmid from positive S. cerevisiaecandidate clones

Blue positive colonyE< SD/-Trp/-His/-Ura/agar plateZ2 %8 HEoH ojFANZ 5319
YPAD/Zeo A vl 2 mlo]l &3] 30Col A overnight A &uILS & 3000mpme= 10
ol AARZFA cell pellets ATt o} pelleto] yeast lysis buffer 400utE H7Esko] pellet
€ resuspending® ¥, phenol : chloroform (1:1) 40049} glass-bead ¢t 0.3gd =373 thg
3745 =9 vortexingdt4th 4°C, 12,000rpmol A 102 E¢F d4Eg sto] 45HAS A tube
2 8713, A5A9 17107 2689 sEstE 3 M NaOAc (pH 5009 99.9% EtOH& FH7Hg
g &gt m, -70ColM 2A17+5 ¢ plasmidE A AlZATh 2™ &5, 4CTlA 12,000rpm .
Z 2059 Y4BT 35t plasmid pelletS B3, ©} pellete 70% EtOHZ 23 washingdt ¥
P79 33 2F4 2 plasmid pelletS %o 238t

Mo

3.1.2.2. Transformation of the plasmids into E. coli DHb5a

DH5a competent cell 5040 Z+ blue positive cotransformantsZ 8 #28] ¥ plasmidsE
2 7}3t & electrophoration A/ZATH 9 celidl SOC AAHIA 1 mlE H7pste] 37Tl A 143
=0l regeneration A7l T, LB/Ampicillin (50ug/ml) platelspreading atd 1, 37T oA

overnight ¥} 93131},

3.1.2.3. Isolation of the plasmids from E.coli DHbatransformants

9 ¢] Z+E coli transformantS 22 Eplasmid extraction kit (BIONEER AH& o]-&3to cDNA
library plasmidE %259t WA LB/Ampicillin plate IA AAd¥ Ecoli transformants
LB/Amp 2 mld] HE3l 37ColA overnight A& Fe F 8000rpmolA 58 &< dHL
25t cell pellete AUTh o] pelletol resuspension solution 250u4-& H7tate] cell pellets
resuspending¥ ©+S, lysis solution 250p48 #H7beted REgA EFEAR, of7iel wA
neutralization solution 35042 H7}e § B EEE F, 4T, 12000mpmolA 106
A Bastg et A5 ASDNA binding & columnd] $935ta] SAEels 1 80% EtOH 700u0&
column®l £9] AlA 23 washingd % elution buffer 504 loading 3t th. ol columng €
ARgste plasmid® Eadon A% &4EcoRIF Xhole® Ze} insert, & cDNA &4+
F& FAdskivh

3.1.24. Analysis of ¢cDNA sequence

stol ¥l insertE sequencing (KRIBB)3te] 3 $1 NCBI (National Center for Biotechnology

Information) network service?] BLAST program (http//www.ncbi. nlmnih.gov/ blast/)& o]
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2389 frameo] L&A &g F frameo] @ cDNAEY Uizt FAARRE A, £33
NCBI® conserved domain search programs ©}&3led z} §Ax el Q& o

domaing #4351

3.1.3. In vitro binding

3.1.3.1. Construction of GST/NS5A fusion protein

GST/NS5A-F (pGEX4T-2/NS5A-F)¥ pHybLex/Zeo-NS5A-F plasmidE A zH& Wys 22
WA o= At} pHybLex/Zeo-NS5A-F plasmidE A& &4 Sall2 Adste) NSS5A-F
fragment (1.3 kb, Sall-Sall fragment)E& YU R, pGEX-4T-2 plasmid= A 4 Sall2 &
@3l gt} Sall-Sall NS5A-F fragmentE Sallg Hdtd pGEX-4T-29 Sall siteell frameel %
o} 49138l pGEX4T-2/NSSA-F& A&t H ot (Figure 4),

3.1.3.2. Construction of MBP/positive clones fusion proteins

Yeast two-hybridE® Z3] TZ3INSSA-cst A& ZAgstes @A T F cl4, 18, c39, c4),
c782] cDNA full sequenced| thd primerE Table 49 Zo] AFsAT. 2+ clone?
full-length= ¢cDNA library& template® A}-&3t3, Table 49 primer& At-&3stel 2433 PCR
S 239 Z2Zsgoen Z+ forward primer 5 T¢olE AT EA EcoRI extension & Zil
9l o1, reverse primer 5° T@o)E A3 EFA BamHI extension & Z =t (Table 2). 9A
pGEM-T easy vector®l cloning® §, A& &4 EcoRI#BamHICZ A2, FA A A4
EcoRI#BamHI©. 2 A¢® pMAL-criol A3t pMAL/cl4, cl8, ¢39, c45, 181 c¢78& Al
zZrekA ot (Figure 5).

3.1.3.3. Expression and purification of the fusion proteins

NSS5A-co A3 Agsl= 9wAd 3 cl4, cl8, 39, c45 28 3c780]l BA 9 (in vitro)l A A
HEE ¥For A3 AFSEANE FAsr] A8 GST pull-down assay (Figure 10) <+
MBP pull-down assayE %< o] &3ttt GST/NS5A F fusion protein® MBP/cl4, cl8,
c39, c45, 1813 ¢78% 27 Y8l pGEXAT-2/NSSA plasmid®t pMAL-cri/cl4, 18, ¢39, c45
2183 ¢78 plasmidsE E. coli DH5a0)] & @M 3sto] transformantE A SATE ©] transformant
2= LB/Amp 4 wix] 15 mldl HEst] 37CollA overnight I B3t ct. o overnight
culture® AZ&eo] LB/Amp HA #ixeo] 0.D600=02 7} HE%F HF st 0.D600= 047057}
2w 74z 37ColA Aeiksidh. O.D600 = 047059 cell cultureel IPTG (isopropyl
1-D-thiogalactopyranoside, 1 mM)& FH7b8 & 37CoAM 523 5 Wgujgsta

over-expressiong - E3+4 . Overexpression® cell culture® 4TelA 5000rpm2 = 10+¢

- 100 -



Zot A2 73t cell pellets & g, -70Ce] R#A3HTE ©] cell culture ¥ 1 ml& 15
ml microtubeo] Tob AA B cell pellets €& Y, 1X PBS buffer 200 w=
resupending 39 cell€lysisAl717] $18te] sonication st T Sonication® cells 4TolA
12,000rpm o2 10% St AR s 45 AL A} 1.5 ml microtubeZ &%t ©] samplec]
5X SDS sample buffer 4008 #71g 5 99TolA 108 F3 heating & F, 24 AR
t}. o] sample€ 4CoA 12000pmeZ 108 T4 € st A5 F AdEE 10%
SDS-PAGE gel® %3] protein expression®d 5% 3ttt (Figure 8). control®
pGEX4T-13% pMAL plasmid® #2& 2702 expressionAl
Expression® protein® %< 23 oS, -70Ce] HFHo cell&
=t} 7+ cellel Ecoli lysis buffer & #7t8ta] sonicationd o
15% 29 o) W ARG ARTE F5dE 55U

Jot >
2 do

b

)

;0
e
42
ofl

F AW dEA
A} 12,000rpm .=

filo

o

ol

tlo
SN
@

3.1.34. In vitro binding

A7 cloneS(cl4, cl8, ¢39, c45, 1813 ¢78)0] NSSA-F3t A Ao ZAYsteAE Lot
¥7] 98 GST pull-down (Figure 6) & MBP pull-down & ©l&3}% in vitro binding
assayE A P39t Sonication®d GST E¥ GST/NSS5A-F A5 AIMBPE = MBP/cl4, cl8,
39, c45, 183 78 ¢ A5 Hel &jdlo GSH sepharose bead E+= amylose resing Z+z¢
A7}3+e 4Co A overnight binding At o127 incubation® & & 1% Triton X-1007%
05% NP-40 (in 1X PBS buffer)2 3~ 43] washing & ¥, 10% SDS-PAGE & %3} A7
S ATH

3.5. Confirmation of binding by western blot analysis

SDS-PAGE gel® 53 d7]9%52 3 gel2PDVF membrane (Millipore)o] transfer?t #,
o] filter2 blocking buffer (5% Skim milk)lAl 2A1ZFe}d blocking¥H-&A o 1™ o &
primary antibody$t secondary antibody2 A HE 1A T vte A7l % PDVF
membrane washing buffer® 33 washings}@th. 2 ¥, #MA % (ECL kit)& A&t film
o wE2A7)1 @A, GST pull-downe ©l €3 in vitro binding& #<Ud% 4+, GST
2 GST/NS5A-FE rabbit polyclonal anti-GST (1:2,000)¢} anti-rabbit Ig (1:5000) 2.5 A&
5193, MBP 2 MBP/cl4, cl8 39, c45, 183 c78Emouse anti-MBP altose binding
protein) (1:2,000)%} anti-mouse Ig (1:5,000)2 &3ttt (Figure 10).
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*ull 1 Lo
TG 1. 55,

G 11, ALT ————— T, OTT GAC
68 A Tk £ 00U HIAE ‘ﬁrﬁcnccrc

Hod 15 op Sl
§ g GO CTT Y14 T4 GTC QI
pliyblexiZeo oz o OTACT GG LT
200
4765 bp . o 7547560 GTC G
I WAL
Promotec LT KTCAGETS
g
S e i ]
& 5L O6C Cuiia
15 — “w
G COE LG CTTIVE YT 1 Tk BT GHC
EoE B Crslasn L2 w0l 7T ICT TG CTG
| T | Sop Sop SN
FRAoBc w3 gl
FiE288253

{ Notl/Sall or Sali/Sall
pHybLex/Zeo-NS5A F, a, b, c, d

Expression

LexA DBD

GAATTC AAGCTT GAGCTCAGAT CTCAGCT GGGCCCGGT ACCS 033 CCGCTC GAG T3 ACCTGCAGC
CTT AAG TTCGRACTCGAGT CTAGAGTC GACCC GG GCC AT GGC GCC GGC GAG CTC AGC TGGACGTCS

Figure 1. Construction of the bait plasmids : pHybLex/Zeo-NS5A-F, —a, -b, —c,

and -d
pHybLex/Zeo-NSS5A-F  was constructed by the Sall-Sall fragment from the
pGEM-TNS5A-F into the Sal I-digested pHybLex/Zeo. pHybLex/Zeo-NS5A-a, -b, -c¢ and
-d were constructed by the same strategy above. The ADHI promoter of pHybLex/Zeo

which is a strong, constitutive expressed, is used for LexA fusion with the bait plasmids
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Table 1. PCR primers used to construct bait plasmuds

A. PCR primers used to construct pHybLex/Zeo-NS5A-F

) . Restriction| Size
Primer Primer sequence .
site (mer)
NS5A
(FUll=F) 5'-CGTCGACTGCCTCCGGCTCGTG3' Sal | 21
U —_—
NS5A ,
5'-GTCGACTCAGCAGCAGACGAC-3' Sal | 21
(Full-R)

B. PCR primers used to construct pHybLex/Zeo-NSbA-a, -b, —c, and d
NS5A (150-F) | 5-GCGGCCGCTTTTCACAGAATTGGATGGGGTGC-3" Not | 31
NS5A (300-F) | 5-GCGGCCGCTTGCGGAGATCCTGCGGAGAT-3 Not | 29
NS5A (150-R) | 5-GTCGACTCATTAGAAGAATTCAGGGGCCGGAA-3” Sal | 32
NS5A (300-R) | 5-GTCGACTCATTACGCCGGAACGGATACTTCCC-3' Sal | 32
NS5A (447-R) 5-GTCGACTCATTAGCAGCAGACGACGTCC-3' Sal t 28

C. Combination of primers used to construct pHybLex/Zeo plasmid

PCR Product Primer

NS5A Full

’ NS5A (Full-F) + NS5A (Full-R)
length
NS5A-a NS5A (1-F)+ NS5A (150-R)
NS5A-b NS5A (1-F)+ NS5A (300-R)
NSS5A-¢ NS5A (300-F)+ NS5A (447-R)
NS5A-d NS5A (150-F)+ NS5A (447-R)
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Figure 2. Schematic illustration of Yeast two-hybrid system (Invitrogen)

The Hybrid Hunter Two-Hybrid System is based on the fact that transcription factors are
comprised of two domains, a DNA binding domain (DBD) and an activation domain (AD).
In this hybrid system, two separate hybrid proteins are constructed. The first hybrid
protein is the LexA DBD/Bait fusion (Figure A) while the second hybrid protein is the
B42 AD/Prey (cancer cDNA library)fusion (Figure B). Prey can be replaced with a cDNA
library in order to screen for unknown proteins that interact with the bait of interest.
These two hybrids are on separate plasmids and are transformed into a yeast strain that
contains two reporter genes (an auxotrophic marker and lacZ). The regulatory regions for
these two reporters contain the LexA DNA binding sites (operator sequences) that act as
upstream activating sequences (UAS) in yeast. If bait interacts with prey in the nucleus,
this will bring the activation domain together with the DNA-binding domain to reconstitute
transcriptional activation and result in expression of the reporter genes (Figure C). Positive
interactions can be detected by selecting on plates lacking the auxotrophic marker, followed

by a second screen for B-galactosidase expression.
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Figure 3 . Confirmation of positive clones using the8-galactosidase assay.

(A) -galactosidase plate (SD-WHU/X-gal) assay. The yeast cotransformants were patched
on SD-WHU/X-gal plate. The color of cotransformants contaning the bait and prey
plasmids turns into blue because of the reporter gene lac Z. (B) Cotransformants were
lifted from SD-WHU plate into Whatman filter paper, and the filter was incubated in

X-gal- Z buffer solution. The arrows indicate positive cotransformants
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&l 1

PGEXAT2 oLl

@0 kp St ol KA Bt
o0 il
I%"g‘gil
2§ gﬁg
$ Sall/ Sall
pGEXAT-2/NSSAF
Expression

GGATCC CCAGGARTT €CCC GGG 7/ FACT COA GG GCC GCAT
CCT AGG GGT CCT TAA GGG CCC AGC TGAGCT CGC CGG CGT A

Figure 4. Construction of pGEX4T-2/NSHA

pGEX-4T-2/NS5A was constructed by inserting the Sall - Sallfragment from
pHybLex/Zeo-NS5A-F  plasmid into  Sall site  of the pGEX4T-2  plasmid.
pGEX-4T-2/NS5A-F were constructed by inserting each of Notl I-Sall fragment from

pHybLex/Zeo-NS5A-F plasmid into the Notl-Sall site of pGEX-4T-2.
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PGEXAT-2 Lo ‘ ses

CG . LT 0 GIT GaC
4570 bp D STEELTHRCGS hiiold s s
: ;o WM

* Sall / Sall
pGEX4T.2/NS3A-F

v

Expression

GGATCC CCAGGARTT CCC 666 TG ACT COA G0 GCC GCAT
CCT AGG GGT CCT TAA GGG CCC AGC TGR GCT CGC €66 CGT A

Figure 5. Construction of the pMAL-cri/cl4, c18, c39, c45 and ¢78 plasmids.
The pMAL-cri/cl4, 18, 39, c45 and 78 were constructed by inserting
EcoRI-BamHI-digested pMAL-cri.
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GST/NSHA fusion orotein MBP heidn Droteins.

Immobifized GST/NSHA fusioa profein
by Glutathione Sepharose begds

‘____J

@ Interact at § C

"] GeTNSSA faion probin-WBPHmbA
protein interaction

Figure 6. Schematic illustration of in vitro binding assay
The GST/NS5A-F fusion protein and its interacting proteins were resolved on SDS-PAGE

gels, analyzed by western blot, and subjected to autoradiography for visualization.
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32. A8 4%

3.2.1. Self-activation test of bait plasmids

HCV 1b38 9 NS5A9 A3 Agste sFAYX dwds wEstaa NS5A  full-length
(1744722) S baitZ ol &35l9 k. 283y NS5AUCl putative transcriptional activation domain3
cleavage site7} A 2R AP HAYE 9o 4FTHFY NSSHA domain 5 NSHA1T150aa,
NS5A17300aa, NS5A3007447aa 212} 3INS5A1507447aa2 2 Yvdoem & NS5A-a,
NS5A-b, NS5A-c¢ 181 NS5A-dZt HHEH3 o5& bait® 38t yeast two-hybrid
screening S 33+t Large scale yeast two-hybrid screening® +33t7]1 <bAl, Z bait9l
non-specific activation d¥& #1387 ¢sto filter-lift -galactosidase assayE A8t
1 A, NS5A-d "ol zHal AAZA LS Yeldle A& FA8 AN (Figure 7). ©) &%
FRF2 NSS5AY 1507447aa 4 9 dlltranscriptional activation domain®] EA3E 1 &+
oo, olgt e AMAE ojw] BzmE w JH (Goh et al, 2001; Kato et al, 1997;
Pawlotsky and Germanidis, 1999; Tanimoto et al., 1997).

3.2.2. Identification of interacting proteins by yeast two-hybrid
Bait plasmid (pHybLex/Zeo-NS5A-F, a, b, ¢ 2183 d)9} prey plasmid (pYESTrpZ2-human
liver cancer cDNA library plasmid)& large scale® yeast Wl cotransformation® ¥
(efficiency & F 5x10°Ft}) (Table 3). X-gal plate$} filter-lift -galactosidase assay & &3l
blue positive clone & #E3t9th Positive cotrans-formants2 - plasmidE &2 &t 3L
Al E coli DH5ol 8 RAASBAA plasmid® B o, A 4T B3 insert A
re #89c insert7t #QE clone & sequencing (KRIBB)3 ¥, NCBI (National
Center for Biotechnology Information)®|BLAST program (http//www.ncbinlm.nih.
gov/blast/) & ©] 43t frameo] BEAES F8¢ A, NS5A-F, NS5A-b, 2831 NS5A-c ¢
NE AGSE SFAE Y R AF S Table 73 Zo] #Fe¢th HCVEl NS5A full-length
o} A% AREE 3FFC wumA = KTceD37, AHNAK-related protein, 283 Secreted
Frizzled-Related Protein 4 (SFRP4)& w=3ltt. ¥8 NLS-masking sequence® ¥83te
NSS5A-be 2% A33l= N-myc Downstream Regulated Gene 1 Protein (NDRG1) Matrix
Gla Protein (MGP), Serine/ threonine Protein Phosphatase 2A, regulatory subunit (PP2A)E

w253tk ISDR (interferon sensitivity-determining region) mitogenic signaling©l
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* NSSAF
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Figure 7. Self-activation test for non-specific activation of bait plasmids
(A) Schematic drawings of the NS5A derivatives used in the test (B) self-activation test

of controls (upper panel) and the NS5A derivatives (lower panel)
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Table 3. Summary of the yeast two-hybrid screening

Self-test F oo .
Control a [ 1150 447 aa
w— 1t b 1300

- ¢ )

L J d [ ]

F a blc|d
No. of clones screened 5x%x106 ND
No. of blue clones 83| 3 10 | 82 ND
No. of confirmed clones 3 3 12 ND
No. of in vitro binding assay 1 - - S ND
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#d&E Grb27F bindingdte Ao Ea® SH3-motif® NLS (nuclear localization
signa)E& X3+ NSS5A-c® 4% ZAjSH:E Cellular Retinoic Acid Binding Protein 1
(CRABP-I), Ferritin Heavy Chain (FTHI1), Translokin, SVAP1 protein, Phosphatidylinositol
4-Kinase (PI4K), Human Ul Small Ribonucleoprotein 70 kDa protein (SRNP), Prothymosin
Alpha, pro alpha 1(I) collagen (COL1A 1)¢} Centaurin Delta 2 (CENTD2, Rho-GAP domain
g5) 28l 3FF9 unknown protein, & CTD-253719 (git 21743742), 2@ MGC 2574 (gi
12655057), Human chromosome 9 open reading frame 6 (gi: 12002684)8 2=3}3th (Table
4). 181 yeast cotransformantsZ2 %8 ¥l plasmid® 2] bait plasmidE ©A] yeast
ol cotransformationd}la] -galactosidase assayS A A)8to] self-activation o9 435 ZAgd]
22 gttt 1 A3, ZF clone £9| self-activity 7} 9l Aoz &gt} NS5A-c¢}
4% ZAFse WA T F CRABP- I CTD-253719, Translokin 2231 MGC 2574% NS5A-F
9% 45 28T FAAUT (Table 4)

3.2.3. Domain analysis of clones
Yeast two-hybridE& $3] 223 9d¥AE F ou] 9= cloneS 27] $438 NCBI conserved
domain search program< ©]&3tq ZF d®MAS g conserved domaing AT
(Figure 8). =1 A3}, ATcD3791+= DHH2 domain°o] & Ao &3ttt o] domaind 120
el IR o]FojH QOmMGTPase activating proteingd 2 #1314tk 128l SFRP4d &
cysteine®] EX3l1 G-protein® FA}g+ Frizzled (Fz) domain®o] A3 AL 2 &1 o
o, 2 7% disiAe 43 urb gl NDRG1olE Ndr family domaine] &Ajsted], ©f
family = Ndrl/RTP/Drgl, Ndr2, Ndr3Z o] Foj# 3lc}h. 1 7150l disiiAe 3] wax A
%t Al gkeellular differentiationol]l Zedstelet FAHE 1 Aot Ndrl @9 A2 retinoic acid® 2
€ chemicalol ¢]&} differentiation®] A =2 W AFAHH £33 o2 chemicalol s T &
o] 843y =, tunicamycin® homocysteineS umbilical endothelial cellol A Ndr1g] @&
& 553l nickel2 o cell tvpeol Al Ndr1& 532 st} MhpC domain & £t
¥}, ©o] domaine hydrolase H3= acyltransferase (alpha/beta superfa mliy) 2t3 €&3A4 ot
olt}, MGPdl&= GLA domain°) A3+ ©] domain®l¥ gamma-carboxyglutamate 3t7]E
Tt 9o extracellular matrix, cell adhesion 22 1 cell migration®} #&d Qv ¥
A A wAEE hyaluronan-binding domain® £ Xcalcium ion®el 3t o] At} PP2A =
fission yeast® CDCS55, Serine’threonine protein phosphatase 2A, regulatory subunit®}
homologyE Zt2u WD40 domainel &#]3+t}h. o] domaind %2 eukaryotic proteinsol Al 2
Ax  ©w  signal transduction. pre-mRNA processing % cytoskeleton assemblyA]

adaptor/regulatory modules2419) 715 ¥ 33 e 7j5E& o d¥HoR N-Eo
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11723%7]2 o] Fo]x GH dipeptide7} EAst C-Zetol= 4074e] Z72 o] Fojzl WD
dipeptideZ7}= A3t 2 D402t A =td. CRABPlY = lipocalin domain®] &3l o)
domain& cytosolic fatty-acid binding protein familyell £3}™, lipids, steroid hormones,
bilins Z¥] 1 retinoids®t %2 small hydrophobic moleculesE 43l transportero] o}
Retinoic acid (RA)E in vivo and in vitroolA] human epidermal cells® growths}
differentiation] Qd¥& Fv A2 ¥#A Ut Retinoids= vitamin A9l FiAEZA of 2
Z=o] wer3le] vision, growth 12 Ireproduction® 28 716& FAH7] & upAAAf
2% 948 3= Aoz 4#A 9ok CRABP I2retinoic actid?} &l Eg@3x] #3174 3}
AW retinoic acid® cytoplasmoll A o Z 9] transportd] FFE T (Boylan and Gudas,
1991). FTH19l¥+ Ferritin-like domain®l &A1&, Translokinoll£ chromosome segregation
ATPase?! smc domain®] v ZAo=2 A3ttt 28 il COLIAL ©l+= COLFI (Fibrillar
collagen C-terminal domain)®}VWC (von Willebrand factor (vWF) type C domain) ©l &=}
3t PI4Kl+= phosphoinositide 3-kinase(PI3K), catalytic domain (PI3Kc)o]l &)t
PI3K =cell motility, Ras pathway, vesicle trafficking % secretion, 22l 31 apoptosiss & oY
3 A B3l o]E homologuet lipid kinases $F/E+E protein kinase¥d TX 3t}
lipid kinase¥ 7-$-, inositol phospholipid®] inositol ring 3¥ A& AAt3s} d¥ = PI4K
activity & zte=t}. PI4Ko) = PI3K family, accessory domain (PI3Ka)$} PIK domainX% < 3}
4], oldomain® 2E PI3K ¢ PUKd &Adw 1 7|5L HEsHA R, CENTD2 =
RhoGAP, Pleckstrin Homology (PH) domaine] &Aete Aoz A3t 221 B link
program< £3) KHTcD37& Schizosaccharomyces pombe (S. pombe)2] Ppxl¥ 44% A=
A}ebil, PP2AE S pombed| Pabl+$t 69% A %Astn, PIAKE S, pombe?} PI4KSL 45%
AT SAtE Aoz syt aeln CENTD2E S pombe2] Rho-like GTPasesol| of &
GTPase-activator 9 53% A FAslE Ao FAsgon, S pombes ©l&35te] ol ©&
WA 75 U AL JA AFE Aol
3.2.4. In vitro binding assay

NS5A-F& GSTdl fusion A1 1, 7+ cloneo] W& back tranformation® domain alnalysis
S 23 5289 clone, = cl4 (CRABP-1), cl8, ¢39, c¢45 (PI4K) 18]3 CENTDZ (c78) &
A 3 MBPO) fusion AA 47 E coli A HEHEAE 8% o5 (Figure 9), GST
pull-down assay 9+ MBP pull-down assay® #3¥< ©|€3 in vitro biding assays 2 &
231, 7} cloneS9] in vitrolA NSS5A-F APz 43 AFTS HFAF &+ dAH
(Figure 10).
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Table 4. List of proteins interacting with NS5A-F, -a, and —¢

Proteins interacting with NS5A Full length

Hame of .
Clones Genes p -Gal Filter assay
hTCD3? hTCD37 (T¢D37 homolog ) .
AHNAK AHNAK-related protein A
SFRP4 SFRP4 (Secreted frizzled-related protein 4) o
Proteins interacting with NS5A-b
Name . # —Galalctosidase Filter assay
of Proteine
Clane
e Domaia b Pull
b01 NDRG! NN -my ¢ downstream regulated gene protein 1)
b03 MGP (matrix Gla protein)
b08 PP2A (Protein phosphatase—24 subuait ) -
Proteins interacting with NS5A-c
Nare of . f -Galactosidese Filter assay
Clores Proteins
Domain ¢ Full
cl4 CRABP-I(Cellular retingic acid binding protein 1) s
cl8 Human chromosome 19 clone CTD-233719 ga—— -
c22 FTH1{ferritin heavy chain) A
<36 Similar to KIAAOD92 gene product ~
Similar to RIKEN ¢cDN4& 4921510P06 gexne
c39 Urknown (Protein for MGC 2574) —
cd4 SYAP! protein(S yaptosomal-associated protein ) . o
cds PI4K 230(Phospha tidylinositol 4-kinase 230) -
c62 Small rbonucleogrotein 70 kd protein B
c66 Prothyanosin o .
o?5 COL1Al[Pro alpha 1{I) collagen] ——
c78 CENTD2(Centaurin delta 2, isoform b) S
¢80 GCV-H(G cleavage H-protein) w—-
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MGP (mattix Gl a protein)
B 03] ) B " ]1oa
GLA
gla

hPP2A (Protein phosphatase-2A regulatory subunit)
B 08|

CRABP-{ (Celidar Retincic Add Binding Protein 1)

o4 153 137
[ £ -1
Lipocalin ;
#TeD37(GTPase Adivating Proten)
Foz[

F 88|

NDRG1 (N-myc downstream regulated gene 1 protein)
8 01[ -

i 39§
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Fgure 8. Schematic drawings of the results of domain analyses
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Figure 9. Expression of GST and MBP fusion proteins

(A) Lane M : Marker, lane 1 : GST only, lane 2 :GST/NS5A-F. (B) Lane M : Marker
lane 1 : MBP only, lane 2 : MBP/cl4, Lane 3 : MBP/c18, Lane 4 : MBP/c39, Lane 5
MBP/c45, lane 6 : MBP/c78
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Figure 10. In vitro interaction of NS5A-F with cl4, c18, ¢39, ¢45, and c78

GST pull-down assay (upper) and MBP pull-down assay (lower) : GST, GST/NS5A-F,
MRBP, and/or MBP/c-derivatives were mixed up as indicated on the top of the figure,
resolved by PAGE, and subjected to western blot analysis The upper and lower pairs of
panels show the results of western blot with anti-GST antibody and anti-Mal antibody,

respetively.
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3.3 A o

HCVE SFAXY Axws EF38)A viral genome®] SFMIEL AHZTE oA
translation ¥ U. Polyproteine processing #AE AR AXA o wers] A}
minus-strand RNA7} replicase complex WollA 4 & ojplus-strand RNAS] §&AlA] 8o g
o] 8"t} Struc-tural protein®} A% 3o 2 plus-strand RNAE capsid®Z S 4ol A
¥ virus particle® AXA Y lumeno® Eo7F H Golgi complexg& &3 SFAHE oz
w7 Yo Al #o} (Bartenschlager and Lohmann, 2000) ¢l19} 22 life cycled Ze Aoz F
A=A AgstA BHAA = FUT

HCVZF &3 AE ol st sFAxe 3 blolglx &S Wafste 714E Wy
HCVel gk wiaizgo] o]Fojxof & Zojnt. dAZX = THEA
sty sFAx JQEAE ¥hgo] o]y AEES
olty, ey SydelA F2 X3 gl HCV 1b39 ¢ AHHAEA ¢ s34
7b - ol HCVel oigh #Walfde] Algstrt. o] HAATS HCVE genomeo] HAH=
@A 9} virus particle®) £FAEEZRE HAd Yo @AE we=gEX HCVY polyproteing
o] V|5& wrgdozH sissteet Addn. gy B2 AT AbEe] HCVY polyprotein® A
3 B SFAE ) 9 RS @23 polyprotein F L=
st HCVZF 7 A xe] & nloj2ix 28& wWajste v, 2
dog)x 712 #HEy] Y8 =yam Yo 53] HAIodE UAHAEY AL&S Welste
AZtH e 99e e NSHAC dis) Be A7t o|fojxn glou, ofA7HA] NS5AS 7%
of g HEstA HEI vt gloh AN E dF X
A HAZY & wlolejx g i HCVEY WAy #AFo] olFojxrt (He and Katze,
2002; Pawlotsky, 1998). 22]\} I host molecular targetol Waix = WA #Hsx A
ot 714 ALewtd maE fEudde F2 FEan e HCV 1b9] NS5A7E QIE#H Ed
8 effector®Aviral RNA transcription 2 translation <Ao}A  viral transcripts®
degradation®ll °]27|7+A] thekdt leveldl Al viral gene expression® A dte S & volg{s
244 3= PKRY 288t I activity® gA8d s 2art ok (Gale et al, 1998, 1997
Girard et al, 2002; He and Katze, 2002; Polyak et al., 2001). =3 PKR & wlolelx zh&
o)9)ell signal transduction pathwayol =&3te] AALFFolAM gene expressions 39
apoptosis& G T3t Roz dald Aot (Tan and Katze, 1998). Z12l3 &2 NSS5A7F e
& cellular protein 3 7§39 anti-apoptotic# oncogenic property$t A3 Aoz A@H 3
o1 (He and Katze. 2002; Pawlotsky, 1998) cell cycle® cell growth o d&& & Holgt

B 1353 9tk NS5A 7 cell cycle regulatory genesSmodulationAl # cell growth® 313 th=
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A¥H dx ot (Ghosh et al, 2000). Tumor suppressor protein?! p53 & DNA repair,
apoptosis 18] I antioxidant response®] #ojdts= Aoz d#x gl=dl, NSSAZF ph3d A H
Fogd 1 AEs JATHUE Exx .

old BuEY gy B AFdAE NSSA gene (full-length)E EERo| FAHIAAZ H
cellg 719 #AAANM cell growth7t =oAA & 4T septumo] Beo] A7l AL #AFsIA
t}, =3l NASBA-aE bait® 3t yeast two-hybrid screening®lA %3 positive colony 53
M E7F  aggregation HE T AXAAFo]l AFde LS BFEISFIY. ol& Cdkl/2-cyclin
complexoll 28 AEXF7& W@FAZGYE B3, & NSSAZF MlEF7] - A S phases &
o] G2/M phase® 8 AZXAY AHEAAE BAF/E s B dXse difol
g & &+ Jo (Arima et al, 2001). NDRGI2 N-myc down-regulated gene (NDRG)
familyol £3dx F2 AHHEe] HEAA EAstH (Lachat et al, 2002) &
physiological 221231 pathological 27 (hypoxia, cellular differentiation, heavy metal, N-myc
18] 1 neoplasia) dtollA] NDRGI! transcription, mRNA stability, =22 2 translation®] ¥ gt}

NS5Ae) = cellular signaling moleculedlAl 27+ Src homology (SH)3-binding sitet
A x5t proline-rich % G(PXXP motif)e] ¥ &6, & class I SH3-binding motif$} class II
SH3-binding motif7} A3t} 53], Grb2et AH A5 ZFFT S 2 A mitogenic signaling
pathway @l viral inhibitor2 ZH&3ctn B use] gtk Grb2¥ SH3 domaing ZtE adaptor
protein® growth factor®] A=-& #oW guanine nucleotide exchange factor, Son of
sevenless (Sos) 1729} complexE& BT 2 2 M intracellular signalingS "i7lsc}. o] AR F
ot Sos7t Ras-MAPK pathway® ZEA 71 Cross et al, 2000). 2134, NS5AS] I ol
ERK®] <1432 AdAgttes Aol wragon =3 NS5A 9¢ MAPK pathway® g
MAPK pathway$t JAK/STAT pathwayAle]l 9 cross-talk®™&oll QAEI#& signaling pathway
of A e Frx AYAE REU (He and Katze, 2002; Tan and Katze, 2001; Tan et al,
1999). T3 NS5A7F Grb2et 2#d & Jduhe AME S HUuehkE, NS5A7F mitogenic pathway

9] viral inhibitor®d -2 <A o}

¥ AN AE Figure 11914 B¥E vlel zro] MAP kinase pathwayst #&d g9l d =&
B23l 9t} Grb2-NS5A complexE #43§ 3 Ras GAPQ ATcD37& A=39 RasgE 84

A}713, Rho-GAP domaing ztE CENTD2Z A3l cell spreading #  vesicle traffics
cell movement, cell survival % differentiationd Wajdtcka Aztd 4 gk Iy
polyphosphoinositides= eukaryotic cellol 4] & signal pathwayol] #ejst=dl. 2 AWM o
A7} vi2 PlAKY] 23] phosphatidylinositol 4-phoaphate’t 843 =& Helt}h (Gehrmann and
Heilmeyer, 1993). PHKolE PI3Ke, SH3 domain, proline rich  domain(PXXPP,
PXXXXPPPXXP), nuclear targeting signal, leucine zipper, helix-loop~hehx motif,

- 120 -



lipoid-kinase unique domain, PH domain&A3l=48l, phosphoinositide 3-kinaseT cell
motility, Ras pathway, vesicle trafficking 2 secretion 1@ il apoptosiss 2 Th¥s 274
Bttt o]% homologue= lipid kinases %% protein kinase &-& F &49 7|%5& & &+
T 29t lipid kinase® 7Z-%, inositol phospholipid®] inositol ring 3 YA E Q4tssct 1
2] 1 PI4Kol = PI3Ka%}t PIK domain® &3t ©] domaine ZEE PI3Ke Pl4Ke| &x}s}h
M 1 7)%e g3ex &d et NS5A 9 proline rich region®] PI4Kel SH3 domaine] 2
gtato]l A7 du AlEH 02 phosphatidylinositol cascadeE A3t} Ca2+& WEA 3
o ZAZF NF-BZactivationAl# anti-apoptotic gened =d& FTsteiet MzEo T3
NS5A-b¢t AtE Agsts dwd F PP2A(protein phosphatase 2A)= cell growthel]l FA A
ol z+g3 R Z&g ft} Cell survivaldl Z+AQ w¥ldoldHMumor BAS A3
= 2282 &, ° tumor A ETHEPP2A regulatory subunitel] 938 ZAdAdE ¥t
21t} (Schonthal, 2001). 3 NS5A-b 9 A% Z§3slE positive yeast colonyE 715+ #A
NA cell growth7} dAEE AL B2 £ At NS5A7F PP2ASE A §éto{PP2A Y]
tumor suppressor24] 715 & A Az

Wb 2 Ao HZFe gease] F2 L34 3E 9 apoptosis, cell differentiation 712
cell migration 59 cell survival®} ## ¢lE MAP kinase pathwayol #Hdste @ dT
1 2w HCVS NS5A7} o218 MAP kinase pathway s M &A|A sFA3Ee] & vio]
29 AE&-S gt s 7|EY Ay B A5t 73401‘4 Yo F oF WIF dlz
o) V5L AR QA FESHIUNSSAS wiZE 8 HCVY £F AL dhldFo] gk 2s
71de waozn HCVel et WAS T3 x1goF 7ol 7lojstelet Aztdn.
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In mammal
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Anti-apoptosis,
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Figure 11. Summary of identified clones interacting with NS5A
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M2 & =l 7lsie g

o I« g A7
(on anti-apoptotic function of HBx)
- g3¥ By wlojy 24 et #xjolA HBx7F AE8S 8 (HBx ©]99 HBV @ dSo| A& HA

- HBx¥ 73 3% transcription activatord] NF- xBE @Al3tAlziths AME S 91Y

- p53 ©d o] AEZolA HBxo| 23] sequestration BThe Aol B A

- HBx9 #LdEE NEFEF] HdEF5EANA cell transformations &tk Aol FFH uf S
(on pro—apoptotic function of HBx)

~ HBx¥ p53-dependent ¥ p53-independent mode® apoptosisE F =28 - Jthe Aldo] RuH S
- HBx+= 7HH X9 apoptosis® serum starvation 5o 2)8} sensitization Bt Aol #FHJE

~ Hx9 transactivation domain 9+ 2% primary rat embryo fibroblast AlZ2] apoptosis’} FrE® e
Aol BEHAE

- HBxE Chang liver celllA] TNF- o/MEKK] pathwayE ‘&3l apoptosisE sensitization A|Zthe
Aol RS

Qo)A AFst ukel o] HBx| 93} anti-apoptosis @ pro-apoptosis®] #3t B AFAH}EC] B

1H 31 YA oA molecular levelol A= mechanism FHHA £33k Atk

o Faf A7

- Y HxE §2Y BY Hgutold A fAAS 24 oy BAMEH 7ES oo
subtyped TFH3IHS.

- HBx9 pro-apoptotic functione] ROS9 72 dojdths A4S Hx=2 wHsiden, of d4S
ol-4-3lo] HBxol 9% X AMEg AAT & e PasA) 2 FAE FAAE B 22 7 3
EA2EE TR 592 s
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31 HBx 9¥WAE LHsE F MEFo &1 AxAE 273 39

3.1.1. NF-kBe] &4 AAAe 43 a FEAE SAd o] &3 ¥
2 dFdA e NF«kBe 4 JdAAA daadads 84 i 24 duytele 2 &
ALEEA 1A DA E FHT AZEAIEZ ol2& WS #FYsAY. o W A& AA
MEE HBx @A S JFH o2 BEE= Chang X313 HBx FAAE Xgslx] ¢ ¥WH
gk =909 ix AMEF Chang VIS AME3HA Y (19 1)
7t MEFY 4FET Ao)E #gste] 6-9 ZYolEo] Chang X31 AEFE 1IXIO,
Chang V9 MEFE 08X10°70e) AEE 247 FFeach @70 AR AxAE 248 &
gatr] fstd AXZHET 4BAF 5 AxdErt 60%8% HAS 9 5 10, 150Me] wythoj&
(SigmaAh, #=) 2 01, 05 1mM< Aa-iebz(Sigmarl, v1=)& Aol Aelg 5, 24413
Zof MEAE 45 BRI
I A3 1M Hyttel 2 3 ImM AaadetRls FAlC Aeld 43 LelA Chang VO Al
Fo MEIAIEE FEEZ &= 9E Chang X31 AXFE 100% AZAIEo] s+ A
dEstAT (28 2). 323 AR AZEAE 2718 7] fdte AE HE BT F
Z+zk uM HWEfche] 2 W ImM A apaberzl, 2 10uMe] Wutel ® ImMe Hapdexl
FAo] Hrbsha, o] F 48417 AL E A} FE wjFHo R wHHE FEA AME WIE A
Ho g #AAIAT.
2 A, 100MY Hyge] 2 ImMe duidetilg A e P79 Chang X31 A E 5
A ok 24X 7 F 100% A EAbFel S EEglx, o 12043 F Chang V9 AEFAME 50%
ol 4ol AFEAIE HAAle] BAHYG (2Y 3). wHH, 7uMe] wlyriel & ¥ ImMe| dapidet
NS A APF Chang X31 AEFANAE 4847 F ATA H] oF 5 W) 10%2 @2
Hoprt, 96A1E Foll A Ee) Hejeta moF Wby BREHUA A EARo] ¢ 10 WA 20% %
Az Z7tEQon @A5 AITAHo] FEHI| 7R E oF 120A17ke] A2 %3, Chang V9
AT AFTAE AL FAHR gt (2 3).92HA, Chang X31 A EFolM ©7)3H24
A oluel] MEAES FEEI] AsiME 10uM Hludel 2 ImM Adapderxlg A2t
I A THI0A 7Y o))l AR AEAIES FEs] AT M vdtiol 3 ImM A
AR E Heste AxAE 218 gHstdh

filo

=

prAa

A o
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Chang V¢ Chang X31

+—— HBx (about 23 kDa)

298 1. Western blot analysis of Chang V9 and Chang X31 cell lines with
anti~-HBx antibody.
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Cell Survival Rate(%)

o B T o

-
o4

g 2. NF-kB
= g,

SE e b

OChang V%
] W Chang X31

2 3 4 5 6

No treatment

Sufasalazine 0.} mM / Menadione 5pM
sufasalazine 0.1 mi / Menadione 10uM
suffasalazine 0.1 mM / Menadione 15uM
sufosalazine 0.5 MM / Menadione Sui
Sufosalazine 0.5 mi / Menadione 10
Sufasalazine 0.5 mivt / Menadione 185M
sufasalazine 1 mi /Menadione Sp
sufasalazine 1 mM f Menadione 10pM

sufasalazine 1 mM / Menadione 15pM

A#A gt ROS FEAES
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Chang V?

Cell Survival Rate (%)

Davs

Chang X31

Cdll survival rate (%)

— & Nomd
—— Sulfasalazine 1ImM/ Menadione 7ui

-4 - - SUlkisakazne 1M/ Menaidione 10uM

9% 3. NF-KB 4849 ROS SEAS A7\ st A BAxe] S99
NEERIE-L
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312. NF-kB9] &4 g d50=2 o] &3 9

=2

B AT NF-kBY &4 dAAA Agdatd s d50 82 st TNF- ool g A
IREHEE AdFozN HBx @A S ¢t A2 HAEFY 44 qExAE =4

gyt

Chang X31 A¥F9 Chang V9 AZF9 AFEE Aol st IX10°74, 08X10°HE
2+zy G- EolEd HEsn HAEX TEJF 60%HER AFT HF 48ATA 1.0mM,
1.3mM, 1.5mM, 1.7mM, 2.0mM ¥ Adspdeiz s Zhzh drtstdvh dapaab 2 e 484)3F
Aol A& uiXZ 3P T v Aupdang APstdn. dapdad A4Hrt 3
A T AEAE FHFZFH 1.0mM 2GR Aol E Chang V9 3 &0 Chang X31
NME MEI}F 50% ooz A& on, 1.3mM Aadd#E Hed AL Chang
V9 AEF QFEABL FEHX &3 Chang X31 AEFAR 100% MEAPEC] FEHE
Aol #& A 15mM v&E A TR 2T Chang VO AEFAIHE dapidet
ol o5t AEAPEo] FEHIJHE 4).

o

X

3.1.3. 2I1zF 7+ M EF(Chang X319 9A3d AxALE o] Fefety
HBx 28 7t 7+ M EF(Chang X31)9 A ZTAIES dgigyoz 37 A HHos
A AFZo] 7153 DAPI S48& ngo}‘ﬁ‘:} Chang X313% Chan

§j].o

:‘EE}E“H]@]E)C’H B2 w23 & Ak % gooz 23] AHs)

img M2 A" DAPI €A A(Sigmarl, ul=)S HA7FstAch o & Al A

AA FHA Ao 5A17F 52 DAPI €Ae AFsdeh. ¥ dvES T3 AEgY
3

DAPI €2 & A3} Chang V9 A EFoMet 22 Chang X3lol A ut AlEAIEA] AEH o
2 g3EE g¥d o= xazts, 4o AR (fragmentation) BAFo] FHHHJHIH 5)
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100

a. M OoChang Vo
_ 87 m Chang X31
IS
T |
e 9 T
T
£
5 &or
2
3

20 t
0 A, 4 1 1 —
1.0mM 1.3mM 1.5mM 1. 7mM 2.0mM

Sulfasalazine

NF-«B inhibitor (1.3mM of Sulfasalazine}

Chang V¢

19 4. NF-kB AHAES o] &3 AA AL 417 AbE=

- 136 -



1.0mM of Suitasalazine and 10uM of Menadione

Chang V¢ Chang X31

-

‘.
‘

NERSENZ
AL

2% 5. DAPL g4 o] 83 A A AMEANE A
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32 dEZnHlolzi2 cDNA 2@ olHeigle) Ax 9 HBx Wil AAAE AEAE AA
FrAA @A

library A2t Al E 23 independent clone?] +& Zol7] s A ZE cDNA normalization
W g kst eh M Eol A mRNAE £33 § cDNAE &3 °|F PCRe 3 %
L biotinylation A7l % denaturation®} renaturation® %3] 47 renaturation ¥ abundant
& FAAELS AAToZM cDNA normalizationg F X34t normalization cycle &3 %
cDNA°I A 9] abundant 3 FAAESY 4 7233 low copy FAAY FL F7HHE A
© 2 ZALste] normalization®] A FH o2 2y dg &ttt (¥ 6).Chang X31 AIZF ¢
ARe AAEE FAAES GG E do] FEZuolE A DNA ol2 ] HEE ol &8 &
A Byl sty HEZutole]~ grojrE e H7tE FARSIAY. ©E s lacZ
fFAZE Ldste Xy dEZuelelx HER] MFG/lacZ/puro(Oh et al, Mol Cells
11(2), 192-197, 2001, &doh oo} o AEswAd A58 WAZRE dF)E ol gstd g5
22 48 AAstid. 6-4 Eaﬂoléoﬂ dEZutole]x X MEF GP293 A E(clontechA},
o) 8X10°70E AES T 2447 § ¥ Helyl =2 A (lipofectamine Plus, invitrogenAt, ol
)8 AMR o] MFG/LacZ/puro 05pgdt AXA FUHE wlo] e (vesicular stomatitis virus,
VSV)el oy gobiid adwW e (pHCMV-G)(Aiken C., J. Virol T1(8), 5871-5877, 1997) 0.5
e FATJANZAY. AT 48417 Fofl wpoleiart T FE AE wFA L FASA, 5%
Aol 2X10°0 H%¥ Chang X31 MEFo ZAAAT. 37CTAA 4842 MF& ¥, lacZ F
AR7L 29" Chang X31 AEE nHA(1% TELU3E, 02% SFEHELHI )02 57
7 AAAT I A @F Aoz 28] At nANE AAR F, EA4(4mM potassium
ferrocyanide, 2mM & 3}v} 14, 0.625mg/ml X-gal)& #7718t 15412 B¢ X-gal@4 &
gttt dEZujojg A golBeia e Chang X31 AXF izt A7t d=(field)7t 1
?A ZyolEA T F=o] wet-ZSEA LA (B-galactosidase)ol F4E AEFE A F,
AA lacZ AR A" NEX5E AT Chang X31 AIEFE

1 24 X 10°%fu/mt 014 A7te] AxF dEZulolgart REHEE FUSHT oA Ax
2 QEZueldAs AMgstd o 2 x 107 /e FolrdeE ¥4 ZI} HBx-mediated
apoptosisZHE ol 1079 colonyE cloning 34tk (28 7). ol AX 285& FHHY
A7l 5, PCR ¥ Southern blotg ol &3t} gaao] 4tld #HEZuto]2}2~ proviral DNAS
sataa sk 2y 10709 F8 25 (DNAZ 23A7 7] g8 Agd dERdtole
29 provirus® ¥ ¥8+A & E revertant2 FAHAG (LY 7).

ol

>.

e

i
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_Control ¢cDNA

#of PCR cycles 24 26 27 28 24 26 27 28
B-actin
ALDO-A S G B S e A

719 6. Normalized cDNA 43

Human hepatocyte

cDNA LUibrary in pUB e Severty 8-well plate cover

. 1 X 107 retroviral library screening
5 X 109 colonies/transformation

Need to screening over 1 X 107

. . Two hundreds of
Retroviral library

6-well plate

Transtect packaginig Colony fopmation
cell line (GPZQS) aﬁer 2 W ks

R '

J, Colony isclation

Collect virus from | Infect target cell,
supernatant of with virus-co
packaging cells supemat

10 apoptosis-
resistant clones

\

2.4 X 104 cfu/mi All revertants

Induction of apoptosis

19 7. Screening for HBx-expressing clones resistant to HBx-mediated apoptosis
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o g4

6-well TolE HEFst 48AA ) & 4HstAd ZFEEl L (Glutathione, GSH)(Sigma
¢1)(Sigmatt, P1=) ImM A&, & AsAE
2 E}-$-2 2 ¥ Y(Staurosporine)(Sigmart, °13)

A2 stA] F& 2 38 AAY
05mME g HPTe dxTog vy TARX AT AXAES 28 7 e
1

AEH 59 B o g At 3 23, A

= AP 99 FAGAAE M dx=IoAME 100% XAl

" 9y, 2FEEE 2 NACE Ad Aoy es Axatdol FEHoz oalxo] AX

. F4d AEF2 o s 05% Zel g Hio]l (At

Psto] Z2Y FAASE FAdAHIE 8). ol &

AP S dAlste 248 7HA
4 5=
]

3]
M
24E AAA R

Y
So SEES L NACSH 28 FUAE 1 AEFY A
U, SESRAEAS 2o 9MA G4 dANE ATAPS or
gosidth %, HBxE BEste PAEFY AEAES AE 1)
3}

o

o

gL TE NAFE A

34. s KA =l o b AEF AEAE A B

X HolEd 15X 10° AXF2 HFstm 2442 & Fa43 e ¥
FEEAT Yoo 2RAY & JYEE F2Y F STFEHEHES HASAIGohA GPx 2d 9E
(PCNS-GPx:ZEE 0] ArFAA AdTo2ie 94), dASZAASA I (Prx 1) Z3HH
(pPCMV/myc/cyto-Prx II: Kang et al, ]. Biol. Chem. 273, 6297-6302(1998)), A&l a5 I
(Prx ) w&WE (pCMV/myc/cyto-Prx II: Kang et al, J. Biol. Chem. 273
6297-6302(1998)) 2 34ts HAAE HEHEA dr g ¥WE pMYK-eGFP & ZtZF 2pe
Exogene 500 (MBI Fermentus Al #]3)& olgste A% At |FAHAAEYN 3BAL &
of AN I1olMet FU3 Wygos Aspdzbd 13mMe MEldte fFrd AZAE 2de

2 3

BEy Qe oRg #Astax stgvh oE At 3d F AEAF A S 7
AE £8tAl Xe tiETe B9 100% AXAbHo]l Batd vy, A3 fHAE =AU 4
AT S ME MEAIEo] BEHoz AAHA AXZaYrt =R Ae Zol FFHUY
48 AEEEYel sl 05% 22w vol&A(4sse, 3, dd)eg TEY 92
T3 Ty FPAHFEE A E 9).
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NF-xB inhibitor (1.3mM of Sulfasalazine)

No treatment STS 0.5 mM GSH 2mm NAC 1Tm

a9 8. FAstAe 9% HBx w7/ AEAPES HE#HE

NF-«B inhibitor (1.3mM of Sulfasalazine)

gakst A =29 4 wde] og HBx Wi/ MlEZAPE e REAE
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ASAASEY I G877 950} AEAES JAste AERANE ASAASA 11 oy
1E Pt AL d2d BUYow FAstGrhIY 10). oA Ane xFo] ue)
Had fHAE EU AYESAN AXBRU F4EE Ane 4F S44 GPx,

= =
Prx II, 2 Prx IDe & <3 HBxE 2 ¥3+= Chang X31 ZHHIET 9 M XAlHo] A
23 4 ASE 9gnsly, E3 HBxE La3ls AEFo AFEAELS AX Y gAML 2H

35. HBx &) <}s) differentially expression® = Q1A ZHAE AR wz

HBxE Td3e= M XS (chang X31)2] %9, NF-kB A AI¢! sulfasalazine 1.3mMeoll <} 3}
SHG AMEAER o2& WY HBxE WdeA & MEF (chang VOT A EALE] Ao
YA 3 gl A AEF HBx B3 o2 o' fHxtEe wdo] Watso] sulfasalazine
of sl sensitivity7} Z7Fete=X #8998 Fart Uk oo chang VO3 chang X312 RNA
Z o] 83 cDNA arrayE 3839t} Chang V93 chang X31 AEFE 100 f dishell 1 x
10002 split 8 5, 48A17Fe] A dZFo] AT E harvestdtd RNeasy Midi kit (Qiagen AHE
o] &3te] RNAE preparation 3+t RNA purity® Formaldehyde RNA geldl RNAE

running ¥ ¥, EtBr staining®. 2 3ttt 48 RNAE o] &3 cDNA array ¥48-& A3
FAA A del o=adth. DNA chipe It F3A AdelA A=d Ao Fd w44

Z FAE 14K chipg AFE3tch A0 AHEE RNAE 59428 29 of4 preparation 3}
A1, Zztel F18l®l RNAE o] &3t FHa 29 ol arraygE T35 §O}°ﬂ‘4 Chang V93 chang
X31 RNAE o] &% cDNA array 23, chang X314 #44QA up-regulation (46 genes)
=AY, down-regulation(20 genes) ¥ FHAEE AR (Table 1).
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Chang X 31

Control Prx il

44— pix Il expressed from transfected gene

4 pixil expressed from authentic gene

a9 10. 92" E30Y WS AR Prxll 28 HEH 29 ofg
Chang X31 Alx2e|A e PrxIl @izl ity &<l
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Tablet a. Up-reguiated genes

Gene Description NCB! unigene# exp1 exp2 exp3 expd
P glutathione S-transterase pi Hs. 2267395 17.5 18.5 256 17.2
MT2A metallothionein 2A Hs. 118786 9.8 7.6 18.9 16.0
ANXAZ annexin A2 Hs. 217495 4.0 4.5 3.7 3.4
NMT2 N-myristoyltransterase 2 Hs. 122647 4.9 3.2 3.4 3.7
PPIB peptidylprolyt isomerase B (cyclophilin B) Hs. 699 3.5 3.7 4.3 3.0
KRT19 keratin 19 Hs. 182265 2.8 3.0 31 2.7
GPR56 G protein~coupled receptor 56 Hs. 6527 7.4 5.6 3.0 3.6
cLu clusterin Hs. 75106 2.8 3.2 4.0 2.8
P8 pB protein (candidate of metastasis 1) Hs. 8603 3.0 2.9 4.0 6.0
RNF10 ring tinger protein 10 Hs. 5084 3.0 39 2.6 2.8
PSK-1 type 1 transmembrane receptor Hs. 6314 3.4 3.9 2.4 3.0
FLJ12443 hypothetical protein FLJ12443 Hs.178882 4.2 2.8 9.8 4.2
DSTN destrin(actin depolymerizing factor) Hs. 82306 2.4 2.3 2.8 2.6
HSPC182 HSPC182 protein Hs. 30026 2.8 2.4 2.6 2.3
B2M beta ~2-microglobulin Hs.75415 2.3 2.6 2.4 2.8
IGFBP3 insulin—like growth factor binding protein 3 Hs.- 77326 5.6 2.3 3.0 4.9
HK1 hexokinase 1 Hs. 118625 7.1 2.3 38 3.7
ENGMA enigma{lLiM domain protein) Hs. 102848 5.1 3.4 4.2 2.1
RAIZ retinoic acid induced 3 Hs. 184691 2.6 2.8 3.1 2.1
AKRI1C1H aldo-keto reductase family 1, member C1 Hs. 306098 3.8 2.8 2.2 6.7
ADRM1 adhesion regulating molecule 1 Hs. 90107 3.2 2.2 2.5 2.2
C5ort7 chromosome 5 open reading frame 7 Hs. 24125 2.6 33 2.1 2.2
IRAK1 interleukin~1 receptor—associated kinase 1 Hs. 182018 2.0 2.9 2.2 2.5
MAPRE1 microtule-associated protein Hs, 234279 25 .9 4.3 2.9
CLICt chioride intracellular channel 1 Hs. 74276 2.0 2.0 2.0 2.1
GOLPHS5 golgi phosphoprotein 5 Hs. 4291 2.5 1.9 2.2 2.1
VATI vesicle amine transport protein 1 Hs. 157236 1.9 2.1 3.0 2.7
SLC28A3 solute carrier family 28 Hs. 306216 5.6 2.0 3.2 2.4
CLDON18 claudin 18 Hs. 278966 2.1 4.6 9.8 2.3
UBE2C ubiquitin—-conjugating enzyme £2C Hs. 83002 1.7 2.7 5.2 34
LOCS51234 ypothetical protein LOC51234 Hs. 250905 2.8 2.1 1.8 2.8
SPTAN1 spectrin, alpha, non-erythrocytic t(alph-fodrin) Hs. 77198 3.4 2.4 i.9 2.1
Tablei b. down-requiated genes
Gene Oescription NCB8I unigene# expl exp2 expd expd
: P450(cytochrome) oxidoreductase Hs. 167246 -4.9 -4.0 ~-49
PSME1 proteasome activator subunit 1{PA28 alpha) Hs. 75348 -3.2 -2.8 ~3.2
PGM1I phophoglucomutase 1 Hs. 1869 -3.0 -3.0 ~-3.0
INF76 zinc tinger protein 76 Hs. 29222 -3.0 -2.3 ~3.4
FBLN2 fibulin 2 Hs. 198862 -4.6 -3.9 ~2.8
TUBA1 tubulin, alpha 1(testis specific} Hs. 75318 -2.4 -2.2 ~2.4
PGM1 phosphoglucomutase 1 Hs. 1869 -3.7 -2.6 ~-2.8
. > microsoma! glutathione S~transierase 3 Hs. 111811 -3.1 -2.8 -3.8
MOV10 Mov10. Moloney leukemia virus 10, homolog{mouse} Hs. 20725 -3.2 -2.3 -2.4
SN creatine kinase. mitochondrial 1 (ubiquitous) Hs. 153998 -2.2 -2.6 -2.7
CHNZ chimerin {chimerin) 2 Hs. 286055 -2.2 -2.4 -2.1
P100 EBNA-2 co-activator {100kD) Hs. 79093 -2.6 -5.2 -2.4
RXRA retinoid X receptor, alpha Hs. 20084 -2.0 -2.6 -2.8
RPSIO ribosomat protein 510 Hs. 76230 -2.6 -3.0 -2.1
FLJ23091 hypothetical protien FLJ23091 Hs. 250746 -2.0 -2.4 -2.1
UBEZE1 ubiquitin—conjugatin enzyme E2E 1 Hs. 7766 -2.4 -2.1 -2.1
RABGGTB Rab geranyigeranyltransterase, beta subunit Hs. 78948 -3.7 ~2.0 -2.3
CABCH chaperone, ABC1 activity of bc1 complex like Hs. 273186 -2.4 -2.3 -3.2
SGK serum/glucocorticoid rugulated kinase Hs. 296326 -3.0 -1.8 -3.2
PMLP plasmolipin Hs. 12701 -3.0 -2.4 -1.8
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1.

M1 & AL ol e

AT e 24

HBV-X A% w¥ldo w231 7% ¥4, Apoptosis ¥ anti-apoptosis *2 FdAT ] E=
AL Fridol 3P FHATY 2z 2 7% B4& st BE 19 mpold g ek 44

g wa A &9

A Mol deA

SR

9]

HBV-X @@ & (HBx)o] 3+ &A1l - A UAA(Kim et al, Nature, 3351: 317-320,

1991)e. 2 v A o3 HBx7} o

gar3] olFoA 1 Sl EF3lL, o}FE B
A~

PRl @2 Aol wetd BE g Hhol

ol

Foauae wE, 2estel 059 J% BN F3 1YY W18 L oHRnA B3
o BY 7+ vholeisol @ vk 447 Bl HBVZE S/preS, C/preCst HBx w4l

43S encoded-& # &adA gtk o|F HBx 9z 71t A F8& Adaz d4H
2% Ag9ol wyAx vk 53] HBx @A
2 AEAR Wel ESAstn A7t SRR o) T3l e FHAEL A B4E s
g, olgt BHY AY wwiRe) o] BY 1+ wpolg e ¥ Iy MY rHe ¥
o} sith ole] B AFolMe BY g vlolglx9 Fo 4HE
T HRAAE 2F, Bty o859 VT v¥E T8 %L
k. o]2 Y3t Yeast two hybrid system2 ©]&3t4 HBx

A n AvlslE A §AAE human fetal liver ¢cDNA library2 58 ®A35% 10,

H
¥
!
L
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e
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iz
zi
S
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oX
S

1
o,

o o3

-]

D-PCR analvsis, promoter binding assays 5% F33agu. 7 Z3 HBxl ¢
& B oo $HASS BEsted AEstgn, ¥ dFE oS HBx ¥ AW 44
&

o

S transcriptional acetylation®l @& %® =, mitochondrial physiology 2t #
b, 712]2 HBx promoterdl H¥ETstE w-A 5 A M 1SR FESI. 77 HBx

ol A 3 B she] functional studyE A 3T

4 43
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M 2 & el Jlsrig dE

1. BE 2+ wiola{ ol &3 ek B4 7)1 & el B3 A7 #o

naad

B¥ ztgdvulo]l2l A= hepadnavirus family® prototypic virus®A] #lelglA  particled ol &
HBVSY #2429 o) Solg T2 oF 32kbe partial duplex circular genome$ Zt3l §)
HBVE DNA virus ©|34 RNAZ EA3tE of$ Exsly Eold {FAX BAZAELE 7R

£

ot HBV+= Wl 7le] ¥ld (ie, core, DNA polymerase, HBsAg, X)& enconded}™, 21509
Al Xgitdo] oF AR #Ro] Qle AoE BuHA

HBx ©wiae] A3tstz &4 FoA 713 2 d39" 7152 transcriptional transactivator
249 HBx @94l 7lgelth. 3} Axde] EAsE HBV-X &2 2 DNA #y 2%
stA & &AW RNA polymeerasel1 9] HARIARI AP-1, AP-2, NF-KB, TFIIC T #4s3t
A1 pb3F 2 tumor suppressor®t A3 ASAHY RNA polymerase M9 FZEA <
RPB54t CREB/ATE2, TATA Z% v 2 (TBP)3 protein-protein interaction®. 2 F-H =} &
ol FAST} HITole HBV-X @il do] AL NS AGAA APHoR AGdvdes &7
A3xE 393 gt X-dwA o] PKC dependent pathway$t ras -MAP kinase pathway &
g ezl AR HEE F/HAAYE Aol
ole} Zo] FYfH o HBVY tidt A+ FHASA olFolA glen, 53 HBV-X &
ol 7t WA HHHQ Yoz wHA o]lF (Kim et al, Nature, 3510 317-320, 1991)
HBV-X ©¥de] 33 A77F FFHo2 ojFojAa k. a2y AA7A HBx7t A8 +
7t i3] ol FojX 1 gl BTk, of
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rlr
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2. BE tg whojeiaA T #E At 73 2w %"EOF
B¥E 7t wioleizol o3 3+t A

A% wulAe] o] BY 21d wholeae] of@ ek A4 1AS WHE W40l
g8 H2 HBVZF AE X A6 28sHE X aulde) 1A¥e dsdgd 470
Ay A4en wandow, a5 BAY 33 RS YA Fdoh AN ol

- 150 -



A
b

L]:O

HBV ¢

bedl @ d2g @ so2 Jgga o

[

o] 8}

g

d

A

3. Hlolefx

| =2
El

A

Nz

Al

Aol BrAd AAZA o

=

A Hol AARAY o

, B3s

o8 A%

bs|
&

Hj A}

T
L

oz 9 uf ZHAE

44

AA WA

bo. webd, 280 A9

)
L84

171 &

ol

3

XAzl A 2EH = Xd

T
L

%8 <&l x, HBV7} 714

=
-

e
file)

——
fI%)

ol
~

o R o) FojX 3 girh

Bty
=

A7k A

=
-

A =¥ g 1 Ay, X

)

Ho

ofp

g AE (HepG2 ¥ Hep3B) 2 ¥ AW HepG2-X<+ Hep3B-X Al

0|
i

o}
5

w2} 7 viability7h BE "olAE &

BAlE ggol

A=

e AAd 7

=

BN

e
"o

Lk:

s .0
e

X ¢

R

3t HBV

o o
ATEZ ST o HBV-XaW Ao w@ o] cyclins, cdk, p53, 2213 RB

71 24 9AY

o AEF

=
[#)

o cdk A A

I} pld, pl6. p2l, p27%

A&
o]

< HBV-X

]

Ra

B
pil

fi%e)

Ko

—t

)
o

Bk
—_—

assay system< &H3

ks

=2
=

to2 ol

]

T8

AEF2HEH HBV-X

L
T

ol

ol

|
(ile)
=

s

il

=

r 3
)

o]

G+

i

SEER

kls

o] &

Ean=g

kil

=

4 o]

Arsbd Splat

A

AN RezH ol

=
=

QA43}E

el SplY

RS

&
ol

HBV-X7} Al

- 151 -



DNAS 2FE Z7/A71D IGP-I9) §4A%e 28S Stk o4d X wude was
IGF-1 #@Atolo] W Azkol 9, ool 2 BARAY 28 Aoz 487 +
282 Lelste] AL HZa ool o2t 3+ A% WA FHY AR X B
o) Ao Bolah: AoT AL IGF-I Ao €A BAsn AL kinaseS ol
ENS 7% oz Az 2 ulolgiie] S ¥ secondary messenger$d &=}
o oz ¥ 7 FH AL olAHLA APk ALY AzALe] BAE o
kinasesol W@ AAA e 2 W@ ZTgruse Ag A3 HBV-X @A PKCe
MAPKE $3H= A% A2AAs Basiel Sple] gA4sE HAA7 T 12 g DNAe)
A%2 Z7HAA IGF-I fAAe] 28L 274713 IGF-I 99de] Bujg ZANPS ¥
g ool 4% model R ATFE BYe vloleay W FAA AEF] ol FAH

o wgo] At 714E ¥ Aeloh

3 T FRA e ol digk A4 e

o] e A wFIUEFL el olgt #HY tE apoptotic =£E antiapoptotic factor &
S =8 A3da gl 1F F23FF apoptotic pathways 27FA2 2 £ ded, AH
caspase cascade® AXE 7¢ caspase-8, caspase-3 T2 X I T FHAI BEHO
caspase substrates® AWl HZF apoptosis® ©]11E 97} 313, mitochondrial pathway
g %Z3le 7% Bel-2 familyZ7b 24 8tA #¥ste]  mitochondria membrane potential ¥ 32
apoptosisE ¥ o7l= AS$7t 9tk olu Bcl-2 membersol= ©% 3 proapoptotic factors$}
antiapoptotic factors”} o]u] ¥l it} ojute] & NF- « B9 p532  apoptosis® PISK/AKT
£ E8M & antiapoptosis7t doluta lgol w1, ofg HAH B FHA A €
Aq, &z Folth ol#d FAA HBx @7 #dAd AX AE dFe Ag7tA F2
p53 wMlAnte] AN A7l grd o AF)A HBx BuEe HAEAY ML) ps3
A% o] glo] AAt gl WA o] & we oz A APEF #Hste] HBx &Y
Ao} 71%50] caspase 39 Aol o ALE glgol Hu HI Jow =3I HBxel 9%
NF-kB otz o] g8A3 % w32z ot a2y ol9ks vidl2 HBxol 93 aitiapoptisis
e H A7) Ha o Aolth, ojg} o] mieleizA Hd WAl HBxel %
FHol Zgo o) MEe] ¥ A mt 2AEIdS on

&1 gl ol e Aol WS HBxo 3§ 7ol MAS 95rE Ut

rlo

T

fr

=
apoptosis/antiapoptosis @4 B
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OU

7},
g dtolg=(HBV)E dAlel 2+, 7+
ZHAE X izl 2 He X dde] tAxel AsAg AAd Ay &%ﬂt}_h L
Haov, a9 fAY FF3 717 2

= 1=
d HBxsh 45 2she A7 #A48 2231, 7 715S ¥ARE YL Y dAlA 2
) g

B 0D spojy A Ty BR Aap
7

FAANG A5A Ao Edizl 2 AHolg AR"ET wlolg A Y FH SAxE LEFs}
7] $18} 28 d B{E Human fetal liver cDNA library 2% ¥ Yeast two hybrid system<

o) g3he) HBxst $Egot A7 SARE F2nA ok

1) Yeast two hybrid system

HBx¢ 3 zgsts A 2 48 s £ A7 ClontechAte] Matchmaker
GAL4 two hybrid systems |23ttt ©] systeme veastd GAL4 HAL &4 A#4)
DNA-binidng domain¥} activation domaing ##3le Y HHEE 53 reporter A AHlacZ)
o} promoter upstreamoll GAL4 upstream activation sequence(UAS)7} F#A%t}. o] & system
S THM A3 ALseE F ouwES A2 Y domain® A RIAAIA HW GAL4
DNA-binding domain®] DNAZol ¢ A8tA =i o7 stvte Fuz Ldd oz
activation domain® 2@ @ 9N A3} H33stA reporter genedl lacZ7} &d Ol HAAZ yeast
AE Joll A F diizdo] Fxagetn s & 5 A Ak

Bait
protein

ONA-BD

Library
protein

transcription }

GAL UAS

: ,' Reporter gene

GAL4 yeast two hybrid system? 224 %
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2) Fetavle AR

Yeast two hybridE <33}l7l 93] DNA binding domaing %+ pAS2-1 #¥E o] HBx whwlz
< Pst I & EcoR 19 T71A Ag EAE o] &3ta] A2 dJvh. E3 activation domaing
zb= pACT2 ¥WE{o| human fetal liver ¢cDNA libraryE AMZF AlA AdAHFAAE AE3Y
o 24 M9 GALAAD-library 222d A8E ARst7] %A pAS2-1/HBx AZF Shan)
=9 A7} AA BHEE HAAStY ©GEOE reporter FAAE HEA A FSE A H ).

ol

3) Yeast9] Co-transformation

HBx 99d# ds zE3te AE FHAE @48 93 yeast ol pAS2-1/HBx$t
pACT2/library ZZ2AM =S co-transformation A1ZIth WA 3mle] YPDujA o yeast® Hu
ste] 30TCol wiFstn olRAE HA MUY F ODwdtel 05 A= HES Fujgo. FHld
yeasto] PEG/LiAc #9& o]&3t9 carrier DNA (single stranded salmon sperm DNA)%} 2
Mol Z22v =& Heat-shockAl#A co-transformation A7t P A A3 H veaste A8 ujA

ol platingste] 4-7¢ #Aste B34,

4) B -gal filter assay

His Ag wixlo] 2] 22| yeastE TAl LacZ #d #F5F2 sty da 2247 A
1} plateo] B-gal filter assay2 &gt AA 7R3 HAME o] &3} Whatman 50 €4 F
JHE plated] 31 3 ml Z buffer, 20 09 2% X-gal (DMFo =] -20Te] &3, 8 wh
B -mercapto-ethanol-& 20]& & Whatman #3 SEZ Z buffer £ o] € plated ¥+
o dH Ao 5-10 2 B2 filters A4 20-60 27t A F filter ol veast7t U=
Ho| 9E FIEE AMNE ojfsted T Y3 J7CAM F2Yst FEAE 2 d71A] 234
Ah=y

Ny

5) Yeastoll A plasmid DNAS] &4 £

B -gal filter assayold] FEM4L = F2UE SD-Leud AT 33 30T wWiF7] A HA 7
9t} 1AL microfuge tubeo A YAET ] yeast AEH AL AL & 2% Tnton X-100,
1% SDS, 100 mM NaCl, 10 mM Trs pH 80, 1 mM EDTAE ¥ed. 771
phenol-chloroform-isoamyl alcohol (25:24:1)% ©l3l3x acid-washed glass beadE (0.45-0.52
mm glass beads, M X 238) Y&} glass beadt ZBAH oo g A 2?2 £ £ oY
W Mol & I ulax g Feo o] TIFEL vortexingdt L AR A5 AL E. colidl
transformation A7t} &2 HA3H E colizH ZFeAv=E &5 st AY 148

xg] & ¥ plasmid genotypeg #<1gHc)
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6) false positive | A
d4 M3d yeastd His+lacZ+ A7} hybrid @A E7vY AF Ml Ao s dojuA
2L false positiveE AATI7] Y&l &4 B3 GAL4AD-library plasmidsE ©A] yeastoll
B4 M3AZIt}h oluf GAL4AD-library plasmid @3, pAS2-1 W E 3} &7, pAS2-1/HBx %}
A 5% Z4Zel GAL4AD-library plasmid@d 3 £7F9 yeast FAAES HA 3. 37HF
Aol YU "33 AHE filter assayS A 332 GAL4AD-library plasmids oAl 2 2
pAS2-1/HBx ¢ &7 & Aoyt FEM8 Bolx= GAL4AD-library plasmidE7
Adg Pdct. Yo A¥E AH Add GAL4AD-library plasmid®] E7] AdE &

3

7) In vitro interaction ¥4
Yeast two hybrid& %3] HBx9 A35z4& st @d¥d S &<1sty] A3 A4 HdAEF
! Hep3B AlEA ztzhe] dwid g @@ A7 § Immunoprecipitaions Al B8 ol ¢
8 WA Hep3B MXol 2y A7l AA d¥lzdS £ g v HBx% HDACL A& ol &
st IPE A3 [P 10mM Tris, pH80, 150 mM NaCl; and 05 % NP-40, 1 g/ml
leupeptin, 1 g/ml aportinin, 1 mM PMSFo. 2 o] Fo|x [P &FHo A9t A8 dlds 4
FHA 4CAA A whg A 71 7] protein A plus G Sepharose bead(Santa Cruz,
USA)E W$AA Y488 3 $#A%D. A8 AMES P 45948 o) &8t 33 AojFu
o]A& SDS AH7]9%EE 433to] monoclonal anti-histone deacetylase (HDAC)1 (Santa

Cruz)& A2 o]& western blot dte] &<t}

=9

U AlEF7] Bo] By FRXE e
HBV7E 7+, 7r¢te) 8 g xtelm 53 HBVIE 7HAl e X-fztel wds = Xad
Ao ool we] Fod Az LA ok ol2lE HBx dlEE HEFy] 23 #ds
o]9}= whthg XewiAo] cell transformationd} ¥
o

* Il =
istol AEFNE AAANTGE AT 4E wE 2unn Ao ok ¥ AFANA A7
o

24

3 AEFVE WPz BFYHY 23 4T WF F UAEE 2AFE doln
| & %
P

Tzl was Fa% s 7y

RYH Y B4 Rl wodd Aoz

o] 7+ M EFE (HepG2, Hep3B)

}'rgr
AR = HBV-X @92 & permanentdtAl & A7)
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¥ HBV-X2&d ZIAHEFE o] &3 HMEF7] ¥o] dFe st A it

1) 858 HBx 9+ 2d gAxET9 HF5

HBx @wizdo] 43 &d He 14 AXFE Ax 3§ F Axd AxFsd g a4
southern®} northern blot& %3 HBx9l 2@ #F& ZHFsAt. ¥4 HBx DNAY A% &
72 A%37) 9% southern blot2 Z+zZe) AXFENA 20uge F4A DNAE F5T %
AT &AL EcoRI AE3te) doasth ddd DNATE 08% agarose Aol AZIEFE Al %
nitrocellulose paper®ll transfer A71th. Aol® DNAE P2 X A9 465 bpd Sal 1 #H
HBV-X DNAZE probe® A&3led #<l3tt. HBx RNAY 28 FF& HAFst7l A%
northern blot A9 2tzte] AXFEZ FE 20ugd RNAS FE¥ F 08% agarose, 22 M
formaldehyde-denaturing Ad) M7]%9% 3 % nitrocellulose paperel transferstel Pz A

® 465 bp Sal [ A HBV-X DNAE probeE 3lof &<l3dtc}

¢

2) HBxol| o3 MxF7] Wol] #z
HBxol 9% AX F719 ¥W3E #2357 st HBx ©¥do] 473 L= ek AX
Z(Hep3B, HepG2)E ul%¥3d & 478t Becton Dickinson FACScan flow cytometer& ol-§
st AMEF719] HolE #ASH T

ﬂ?-

= w2ey) Yot ARG Faw AHow L
g Bad §HA4PE BEna AR o2
S8 A HBx wujdo] ZAATFAN ATAY AN ome AP AAEE

1) DD-PCR

HBx &4dxtel 93 dzA 2dHE genes 7] A & A7EHS

cell line(HepG2)¥ HBV-x #HAE Y& HepG2-4x MEFE 3ol differential display
polymerase chain reaction(DD-PCR)& <335 th.

human hepatoblastoma

2) DNA fragmentation assay

Apoptosis® FBHEE= of7tE= A AroA genomic DNAY s @S AFFoR
ob & e}, o] 98] M X (HepG2, HepG2-3X, CHL, CHL-X%5)°l A genomic DNAE &8}
of A71d% sATh

o
*
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3) FACS analysis

Axe] vjE] 5uM DCFH-DAE 1AIZFESE 37CoAA wigd ¥ 2mM FSHE A zstn
peroxide level& excitation 488nm, emission 530nmZ seiting® Bechton Dickinson FACScan
flow cytometer® ZA39 . superoxide aniong ZA3F7] #13] 10uM HEE 37CelA 15&
2+ Helg o, intracellular superoxide anion levels€ excitation 488nm, emission 600nm=

setting® Bechton Dickinson FACScan flow cytometerol A A}-8-3 EB fluorescence® 743}
At

e HEste FaAE, A2 HBVIL
sHg AA A AL By
Yotk ol2id HBVY 1+ A 7] ztel
WAz AFzaesl= AF $AAE Yeast two hybrid systeme ©]£-3hd
human fetal liver cDNA librarv 258 22312} E}o 3 e AEE YT
1) pAS2-1/HBx Egtavr= A%

Yeast two hybrid system& ©|£3} human fetal liver cDNA library %8 HBx¢ 43
243l AF FAE GAs8 1A yeast two hybrid systemo] L7HE EHAR=
pAS2-1/XE A F39T}. (Fig.) pAS2-1/XE YeastlolAdl HBx ©@#zg #¥stix HBx
ORF (1-154 Amino Acids)& Zel2ul= pAS2-19 A a4 Pst I 3 EcoR I& ©] &3t )
2T E AT

2) Yeast two hybrid system T
Pz ®  pAS2-1/HBx $ Human fetal liver cDNA librarvel W&k yeast
co-transformationg 4 #3te] veastlold Tld S WA gozN Gudte] A3 ES

AR st AA A 28-S Fig. 2.0 9 2ol 1FHAH

- 157 -



HBX
(460 bp)

Fig. 1. HBx 2@ Zd2v =9 Az
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Wawcxy bl fws w0,

i
KLl
; o laMacr
o K
LT AT -PCR using | 1 o 1=l Tl giimec

POR vl & gt encating
s Lawl Ecoft 1 " e bl Rt
' =L WA~a ki xive Jactiomi

v /L

R V11N YRty
€100 5>

s Dk
& e< 1t Qut e
£l a0 e ..
L |

,L Yeast co- tansformafion

° o o ° BD-Log /T -{HB- Dite

o © A-Gui sanmy

Selection of the five putative positive dlones

Fig. 2. Yeast two hybrid 23#¢4d 248 %
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3) Yeast two hybrid 2383 A3

9) o} 7ol F&9H yeast two hybrid systemol] 23] pAS2-1/HBx ¢ pACT2-cDNA &%
FAASA 3x10° 7S His platess #ed = Ada Z2YE f-gal filter assay B A&
A HBx% 43 ZALstalel AAAE 8709 F8 44 ZE(putative positive clone)& EE.
9ok (Fig. 3, tablel)

4) FRFHAAY 24 2
human fetal liver cDNA library 2% € HBx9 A 3783 FAAE A9 2o 2agy
o3

3 A7 =2 8 £RB SAAE E colidl FAAH AA FVNAEE 45 71EY
Histone deacetylasel (HDACL)¥ #A1s @47] M FRE 71X &l Wasth of A+
Z conform37l $ete] pAS2-1/HBx®t pACT2/HDAC Z#2v=E  Scerevisiaed]
co-transformation A7} & His ,B-gal filter assay A3t 43 2838 <215 HFig.
4.(b))

5) In vitro interaction ¥4 23}
9o AT T2y ITr E2AL 0L 3 AN EF Hep3BUHolA LdA HBx%

HDAC1 ©#id ¢ 43242 Immuno-precipitationg %3} in vitro lA &3 Acth Figd
(@)l 4 B ups} ro] Hep3B Al ¥ol Z+zZt HBx$t HDAC 1§ 28AY & A4 A X o
A& HBx antibody® immuno-precipitation A17]32 HDAC1 antibody 2 western blot& A A
g A3} HBx¢ HDACI ©] M2 ZAfgo] ZHAUL o9t 22 Z34E Edi= BE 4 vt
olgf 29 Ao F2F AL stE HBx dwizo] ZHHIX W oA histone deacetylasest
335 ZE ol e FHHAT

o
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pAS2-1 pAS2-1/X

A % L B
P1 cDNA|P1 cONA N
P2 cONAIP2 cDNA ,
P7 CONAP7 oA ]
P8 cONA P8 cDNA, o
‘%‘ :\
C D
His selection X-Cal assay

Fig. 3. Selection of the five putative positive clone
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Table 1. Candidate genes with specific interaction of HBX

candidate |size(base sequencing data

genes pairs) genes with homology homology

pl 1500 CBI.) A : ; 6%

Human gene for alpha-1-antitrypsin, 3'-flanking region 95%

human transporter gene Na+ and H+ coupled amino acid
p2 1000 97%
transport system

p7 750 human metahllothionein—-1I gene 96%

p3 750 human metahllothionein-II gene 98%

p9 750 human metahllothionein-II gene 97%

human chromosome 14 DNA sequence 98%

pl0 1500 human chromosome 14 DNA sequence 97%

human gene for alpha-1-antitrypsin, 3'-flanking region 97%

pl3 750 human metahllothionein-1I gene(mt~II) 99%

pl4 1500 HDACI1 99%
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¢— HDACH
52
368

3z

His-

X-gal

PSAZ-1
PACTZ -
PASZ2-1r% -
PACTZ2/HDACT -

[

Poe o

Fig4 HBx interacts with HDAC1. (a) HBx and HDAC1 are part of a multimolecular
complex: whole-cell extracts were immunoprecipitated with anti-HDAC1 (lane 1), anti-HBX
(lane 2) or control (preimmune (PI) serum) antibodies (lane 3) and analysed by western
blotting using anti-HDAC1 antibodies. (b) Specific interaction of HBX with HDACI in S
cerevisiae. Transformants were spotted on the plate, and the plates were photographed 3
days later. The sample positions are identical on each plate. Positive interaction is scored

as blue on X-gal plate and as growth on His~ plate.
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6) HDACI recruitment® %3 HBx9 IGFBP-39 downregulation

HBx+ multiple gene deregulation®] ## ¥ transcriptional co-activatorZ %¢alx go=g
H g poas WA oA FAAe shuE ¢eid IGFBP-3 (insulin-like growth factor
binding protein-3) 2@} HBx ©¥lzo] #ad 715AE =ASIYG Y.

HBxE transient transfectionstAyt HBxE& 47 LHAZ A EZFA IGFBP-39 $&E A}
g A3 HBxE 2¥A7A &2 A5l vz ddFo] mRNAS protein levelol A 2% Zha
St (Fig5) HBxo] 9% 2dF 740 ZRIFEHY ok RYrt 8% &8 E33e
2 dolr 7] 93] IGFBP-38 Z 22 E HE o dig mutation analysisE T3 on a2 Z
3 HBx® Spl siteg® F3) IGFBP-39 wa%FS FaAdle ALq FHHAF(Fig6). &4
Fig.72 HBxo| 93] 74 IGFBP-39 2@ o] HDAC inhibitorl TSAel 93 3 E=m o
3 HDAC activity® HBx ©@¥d 7 #d g & HAET

22 transcriptional regulatorZ} acetylation & deacetylationd] 2] 3} }_7‘451% Ao g <4y
7 131 HBxo| ©]§ IGFBP-39 2d a7t TSAM 98 A Frtetes Ao g nFof of
Ao HDAC1S #EAE ZASHA =k 2 A3 HDACe] HBx9] IGFBP-3 2@ zx 3o
FAHA T, HDACI 9522 & IGFBP-39 2d & =3E + f1en @A HBxo IGFBP-3
2E S mediatedts RASE FHEHJY (Fig. 8).

o

G AEF] do] B HARTY B

1) HBx B4 Z71E8 dole 2 TENE 39 &al
AFEF7) NgH2de 98L Fd Aa9E HBxY B4 71 T2EHE 439 e 1
F7] HEL& AAEY 1063 141H 9Fo] T2 wE Ao X%}, (Fig9)

2)HBx TERE A% gz w2
HBx Z2oy A auid2 $Isty] 93 AZap wE] grolBeig]E F&35HaL probed ©)
& stz 1 ZA}EE south westernS &
2z ~3Y 3 A 89 AF Guwlo] wzHrh o] 374E EA AT hemoglobin

B, 7, cytochrome p4502.2 A HN T Yroix= &< Folrt. (Fig.10, 11, Table 2)

o
4
o
ok
_& X
o
)
1
.QL

/3t colony hybridization
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4—IGFBP3 mRNA

— 288 {— Albumin

Fig. 5 HBX downregulates IGFBP-3 expression. (a) HBX downregulates the expression
of IGFBP-3 mRNA. Cells were transfected either pMAM-X (2, 5 and 10 ug) or
pMAM-neo, and then 15 ug of total RNA was analyzed by Northern blotting using
32P-labeled full length IGFBP3 cDNA probe. (b) HBX downregulates the expression of
IGFBP-3 protein. The expression of IGFBP3 protein was examined from medium of Hep3B,
-6X, and 8X.
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B 54{"‘\' ;Qﬁrﬂf
£ & 7y &
§ &3 £E 2
oG LR THH LS
o S N N Y L T
7"'?'??*75""*'7‘75'
TR B £ 2 r LA A 4 [N N4
PMAM-X - - - - - 4+ + + + +

pMAM~neo + + + +

Fig.6 HBx repress IGFBP-3 Promoter through Splsite. (a) Diagram of the human
IGFBP-3 promoter. The mutations were introduced into the Spl site (CCCGCC) and/or the
AP?2 site (CCCCTC) contained within construct pGM41-115. The CC in Spl binding site
andor the CCC in AP2 binding site was changed to AA and/or AAA in
pGM41-115-mtSpl, pGM41-115-mtAP2 and pGM41-115- mtSpl /AP2. (b) Effect of HBx
on transcription of the Spl binding site mutant and wild type in Hep3B. The parental

plasmid pGM41-604 and the mutants were transfected into Hep3B cells.
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pMAM-X (g} - 2 5 10 - 2 5 10
oMAM-nBs - - - - & . . -
TSA (480ng/mi) - - - - -

[
{53
PMAM-X - ‘ - 4 B & z: [ S
PMAM-noo - - . 2"
TSA (ng/mi) 30 90 150 240 480 Z -
L. O
)
T II
1
o ML l H
TSA x £

anti-HBX

—
k-]

2 346526 7 8

Fig.7 Trichostatin A treatment relieves IGFBP3 repression by HBV-X. (a) Effect of
TSA on the repression of IGFBP3 by HBX in dose-dependent manner. Hep3B cells were transiently
transfected with 5 ug IGFBP3-CAT reporter vector, 5ug pMAM-neo and the indicated doses of
pPMAM-HBX, and then cells were exposed either to medium alone or to medium containing 430
ng/ml TSA for 24 h, and then the expression of IGFBP3 protein was examined. (b) Dose response
of TSA on the IGFBP3 repression by HBX. Hep3B cells were transiently transfected with 5 ug
IGFBP3-CAT reporter, Sug pMAM-neo and 5 ug pMAM-HBX, and then cells were exposed either
to medium alone or to medium containing 30, 90, 150, 240 and 480 ng/ml TSA for 24 h, and then
the expression of IGFBP3 protein was examined. (c¢) Histone deacetylase activity is associated with
HBX. Hep3B-cell extracts were immunoprecipitated with anti-HBX or control(preimmune serum) and

immunoprecipitates were assayed for deacetylase activity.
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a b

IR o | PSSR cnermto |
ROACHug) - 02 1 2 W - 02 1 2 10 HDAC1(ug)
HBx{5ug) - ~ - = - - 4 + + +  HBx(Sug)

Fig.8 HDAC mediate HBx regulation of IGFBP-3. (a) HDAC does not downregulate
the IGFBP-3 expression. Hep3B cells were transiently co-transfected with 3ug of
IGFBP-3-CAT reporter and 0, 0.2, 1, 2 and 10ug of HDAC expression vector for measuring
CAT activity. (b) HDAC mediate HBX regulation of IGFBP-3. 5ug of HBX expression
vector, 0, 0.2, 1, 2, 10ug of HDAC expression vector and 3ug of IGFBP-3- CAT reporter

were triple transfected in Hep3B cells for CAT assay.
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—141 -106 +1

t—cata- 1} eer —{cres ——4777ZZ4—— HBx promoter

Possible sequence for protein bindings(that might
determine cell cycle signaling)

Fig. 9. Important promoter region for HBx replication
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A. 1st screening (colony hybridization)

./~
f

B. 2nd screening (Southwestern)

Whole protein from clone

Hybridize with probe

Fig.10 Screening of novel HBx promoter binding proteins by colony hybridization
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M 123456789101112

Fig.11 Determination of the genes from screening by PCR analysis
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Table 2. Sequence determination

(-106 ~ -141)

of cloned genes which bind to HBx promoter

Number of Clones Name

1to 4 unknown
6 unknown
7 Human Hemoglobulin y
8 NADH-Cytochrome P450 reductase
] unknown
10 unknown
1" unknown
12 Human hemogloblin B
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dZ35t7] Yste] WA AEF7] doled BYE FH A HBx
gula g o3 2y A7lE Y AEZFE AZRIFAYG. olE A THLAEFA HepGe,
Hep3B F7FA] AlEF o] MAM neo e AZTE HBxE transfectionA]Zl & A& wjA&
%3 HBx7} 9+ 2@HE AEFE &F it ¢ #d8 AxFo g4A DNA=
Fig.13ol 49} 7ol Southern blotg F33te z+zhe) MXFA HBx DNAZF A4 YHASS
gelst =g Northern blot ¥4 53 RNAVF A os ddds &ddn.

2) HBx 9} apoptotic signaling®] |34 FA} |

HBx: mitochondrial physiologyd %& R &8 XHde A2z 4¥A leoeH, B dF 2
o] o3t HBxy AAAGA BH mitochondrial enzymeES downregulationdts RO
uta| 1 tH(Fig.13). o]+ HBx7} ROS-dependent apoptotic signalingol #HHEAGE & 2o
FE Aot}

} HBxel @do] HaA LA 9 inhibition¥ oxidative phosphorylation®] uncouplingS 7t
= Aol A=A (Fig.14).
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g.12 Integrations and expressions of HBx gene products in HepG2 and Hep3Bcells
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1 , " g} NADH 1 - Succinate ubiquitol
. — - Dehydrogenase(l) § B < oxidoreductasel(l)
- P -+ Cytochrome C 3 -} Ubiquitol
-} Oxidase(iV) Oxidoreductase(lll)
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anenemes < (7Y
Subunit 6(v) @ actin
B actin
B
I COXIV
288
188
COX Vi-b

285
188

Fig.13 Mitochondrial enzymes involved in electron transport are down regulated by

HBx.

A. Northern blot analysis of the DD-PCR products. I. Northern blot analysis of NADH
dehydrogenase. cytochrome C oxidase and ATP synthase subunit 6 on the mRNA of
HepG2 and HBx expressing HepG2 cell line (1X, 3X and 4X). II. Northern blot
analysis of succinate-ubiquinol oxidoreductase and ubiquitol C oxidoreductase probes
on the mRNA of HepG2 and HBx expressing HepG2 cell lines (1X, 3X and 4X). £
-actin was used for even loading.

B. Northern blot analysis of cytochrome C oxidase subunits I, II and [I (mitochondria
encoded) And IV, VI-b (nuclear encoded) on the mRNA of HepGZ and HBx
expressing HepG2 cell lines. Total RNA was shown as a control for even loading.
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Fig.14 Effect of HBx expression on the inhibition of electron transport or
uncoupling of oxidative phosphorylation in hepatoma cells. HepG2 and HepGZ2-3X
cells were treated with rotenone (1.25 M), TTFA (125 uM), antimycin A (1.25 uM),
azide (500 pM), oligomycin B (625 uM) and valinomycin (5 M) for 24 hr and the
mitochondrial membrane potential was assessed with tetramethylrhodamine methyl
ester(TMRM) by flow cytometry. For the positive control, the protonophore carbonyl
cyanide n-chlorophenyl —hydrazone(CCCP):50 yM) was used.
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M4 SpEdr ¥ H#HEFoMNe 7/H:

1AZ=E

HBV-X 2% w¥ide] a3 7% ¥4, Apoptosis ¥ anti-apoptosis & Fdzpte] 2
=, ME Frdo Fd {AHAATY ZF 2 vle BHES Fstd BE TE vl aAd T
A3 71Zs wel At sy
2. AdxE AFER du] gAE
g24x
T AT+ER A7 &
(%)
1Ad: BE Y wboldx A 7HY ' i
vl 2 vk Q
(20000 |BA A7 KA BE HBX 2% ¥4 ¥ 100%

= =7
kﬂ;_i_ ‘r‘ﬂ‘ﬂol 1_‘?;:1 HDACQ] HBx ﬁ/\}%}g %%Ag E} AN

g | TAATH dE R 7l HDACT HBxe] 2% 72 w4
%’.—H/ BY 24 volef 0%
200 | wel Ao axs | HDACS HBx 2 713 g
°: v = HBx T2 RE A A7 oz uz
715 ¥4
Apoptosis % HDACS] HBx HAMEA 713 &4
3 anti-apoptosis % HBX¢} CBPS) 4228 o4
‘—-7 S AT WZF/ B3 7+d HBX 9] apoptosis ¥& 32 | 100%
(20020 | wpojeym 4 zrer B oy 2H 2}

AT KRR 7% 2

X @wido] & oA HDACI#e] 528& T3 %3F Fdxe
e ZAsTHE R A7 A9} Apoptosis @ anti-apoptosis - F A Ao
F R AMEFI ¥o] BE FAAY w3 F= BY HE wpolelxd et A4 71EE o
sisted St swte] HE RAoRA o] Rope AaA| el mlA o] W At st
Ack, E=H olH g AT AIE HBV 099 o2 TE wlojize A U g 7 Hd @
A7 g NEE GAE ATY Aoz 7igEn.
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L 71R AT Eobe 849

Bd 7+ wvlolgixo) g zhet AP #ASe] HBV-X @A L 7kt Mo Fad A
2 453 gt 53 HBX @¥de AXa o EAsta vzt 8 yE ojFste] &
ooz olet AU HBX ZE wiidd
Wz By zhy mlolgaA 7y A4 JIRE wElE 8% 9M E ZAog AAR gk
2 d7E Estd A R2o] #wEH HBX ZAY A F-FAA Histone deacetylasel(HDAC1)®]
HBX%e] 43248 53 ¢ 9dA #2AA IGFBP-39 2@ & AT AELE 2 a3
Je B 71 Fo A A= g A4 NH
g2 & ez AsdErh. ¢lEo] Apoptosis %
anti-apoptosis T FAATL LF L AETF7) Hol A {FHAY U AAE BYE Y
npolgiaAd zhehel A 71&AL olsisted 58§ 7|dte] & Folw, HBV o9 42 v &
volgl 2] AE ) g 7lde] #3 A7 HFE AEE SGHE ATE e JdEy
geta B A7Ae ofH AFAAE uig oz BY I wvlojEz9 TG 7 H #E
B ¥ZHA &g ¢l ¢, HBxol % EIFFAAY AAzdd BY ArE
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metylation, acetylation S} epigenetic regulation®] ZtE=olA BT A ot

2. AA, YA B8 75

BY 2tg BAE A AAHCE 40w, Fuels 30001 Hol e Aoz FAHD o
g sted vl

2¢ ohe ¥4 BAE WEY 23 HBX wudel 9% A%

Z719} apoptosis #& FHAAY] #FL vpolgxe g J1AY AT oJsE Bl EHEA
ok =

o] & Yo HDACIHS FE &8-S B3 5F F A

T A7} Apoptosis ¥ anti-apoptosis % AR wE L MX

olgt & & Utk EF HBVY AX U fx A dziiFdl 8 ol I L= It
oleizAe] AW Foll MEL AT LIS ANG + Us = g
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M6 & AyfenidolM aiet sielasv|sdE

1. o AT acetylation

ot &3t (acetylation) @4L S8 DAY acetylatione®  F  4#HI F&
post-translational modification #38 Z¢| svfo|t} A3 A L2 DNAE d|laEolghes d7A
Gdd A nucleosomes HAIEAM F& 8 Ul FhA @4F, AGH deEd o 4
ARE 837 M A A7l o] F2E =& FAFI, & A 45 Fe
F2H ¥srst a3 8Yg. o] HAgM FHAE FWAe)  acetylation®  deacetylation-
chromatin® Tx2 WIFE doy|v FAd FH4 THY 2HE 7ML Fas 9 &
g3l Utk (Hassig and Schreiber, 1997; Kuo and Allis, 1998). olgigt I|2EY
acetylatione AW #HHA FH FHAY TdE xAd 2 #do] glon, 3aE @
t= HDACS AdaF, AE93) L

AgA FAAS FHEE Ao METY FAE ZFIANIE 4TS Tl 2 HHA

th 53 HDACS 518 Asix9l TSAS o] 4§ ATE HDACO #4874 ¥& xHd F

s

ol
ol
1141
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deacetylationS &

HZ HATH HDACY v BAAQ &4 2 recruitmentd] 23] ¥ FAA 2do] o A
I 9-E AAI JdeE Aoew BIHI Y} acute promelocytic leukemia M EF oA B A
Ax o2 HDACO) recruitment¥ o] 54 #AxE FdA 7| ol Al AHFA gl

H= AoT BT 9} T HPV 28 AR ee] Wbyl Ao X oncoproteing! E7°]

oF AR M Aol WA HAALQIAIel IRF-1 (interferon regulatory factor-1)9] #4& AA s+ 3
o] #HlE Yt (Park et al, 2000). ol £& A3e HDAC &4 €4 9 19 complex ¥
Ao A Balnk ollg} ¢gilelk F2%% 4TS u UFE RAFT A IGFBP3+&

MZ YA B3} A2 So #Hd dwlidel IGFY AEH S -8y 4548 ste Ao
oz wwa o gty B A7 g @A oy Ao o pb3-mutant human
hepatocellular carcinomag! Hep3Bel Al S AlHoigld IGFBP3 F A A2} 3ol TSA el
olg) ¢xEgon o] Aol Lz FE el SPI binding siteoll s wiHE HoR #AdHA
ch. wmd dpolelasl Al¥e fA HAE G oyt MEEEH AZAES
coordination 3H¥ Ao & %X HBx w#ldo] HDACH Au&gste Zog ¥ Al

&) FelE At weka] Frkx ou] Au2 X e HDACH HBx4 &3} tumor suppressor
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2. HBxoll 2J3F ROS generation

=&ollAl = ROSE receptor signaling®l A intracellular messengers2A 2Hg-&
F d&E AASAT. ROSE AE7F TGF-A81, platelet-derived growth factor(PDGF),
fibroblast growth factor, epidermal growth factor(EGF), TNF-a ¢ IL-13 & 2@ Azl
AEe] o ASE ol kg FEE MAAH o ofzg ROSY A& NF-«B
egr-1, AP-1, mitogen-activated protein kinase(MAPK), phospholipase®} #Z& WA} ¢lzte} &
Astel o7 AEAALS FE H protein tyrosine phosphatases®] Ao oot whaba
ROSTE AAIIALS] F A AH(regulators) @ protein tyrosine phosphatases®] & A A (inhibitors) &
AN S Tt £ Agdea ol PKC pdd/pd2 MAPK cascades?7t HBxoll o]

Spl-mediated IGF-1I gene expression® Z4 A<l signal pathway¥d & ¥ 3 th(Kang-Park et
al, 2001). TGF-B81¢ 74 %ol= %3k cell linesol Al ROS AAHE z=dta, Bakdd ROSE
EA Az Ld(target gene expression)S F7FAZA T E3F signal pathwaydelA Ca™

influx, MAPK 2443}, AP-1 #43} & fF2dct (Shih et al, 2000).

3. HBxoll 9 & cell cycle arrest, apotosis, anti-apotosis fr&tol] &% Q7

HBx <+ multifunctional protein®.2 @A cell cycle arrest, apotosis, anti-apotosis el
B3 G A7 o) FAA 1 U}, cell cylee arrest®t #FHE 3] human hepatoma cellsol A
HBx protein®] p2lwafl/cipl®] & & ZF7[A]7]3 pS3-independent pathwayollAl Gl-->S A
olE AN o] L&A Uut (Park et al, 2000). Activated ras oncogenes HBx-mediated
apoptosisE  AAlste Ho=z LaAAd Jdem (Ryu Ws et al, 2001), HBx7}
PI3-kinase-dependent survival signaling cascadeZ &A3A17]= Aol WHZAT (Lee et al,

2001).
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476l oheel Fd Ao Awwq. 42 24 AH W

g4 BasE el Ador ARRY BAYS

o whg vholelad thEel M Hpolese) A& A

ded H2e £e& £ 4 ATk FAC HLAY 28¢ ¥ $44 A7

AvE AT BTWES AR Ao, AT HoE FEHH RAYe B bz
3t o

AN
linkage-disequilibium® Z& 5229 nonrandom association®. 2 #THHEA FH AT

o
=Y
ol
9'_14‘
I
_2
:z:ﬂ
-1—‘

T
W} 3T genome wide scanseltt 5 polymorphism screening §¢ WEE A ETA
712 AAE gTERZ gYd 4 EAE AMse Aol 7hsstA Hol of Fokel o
A A7 sbsEtA HAT FEAAAY ERAA @ Fedely B d¥Fe Fo
FAE T dAHoz {FAA dHEAR AEFe AFgolt THEHE ASH F0Y
4 ek AAA o2 HIVAA chemokine receptor CCR57F CD4 cell?] HIV-19] #H Y4 2ol
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=
corecepter®= 23t} o] FAA 2919 32 bp deletion (CCR5 32)9] homozygous ¥ %
AeA4E 23 o8 heterozvoust B MaAo] =rhs ARdo]l WH HF Yo £ W
A2+ % Najor Histocompatibility Complex (MHC)¥ chromosom 62} short armel] €] s}7
compliment, TNF-alpha, HLA complex ¥ 33 ofz] iz AAjo] AR d37F gled 7
g dAFA g9o] g FoF oo TS & F A A 54 vpojLg 7

A Aatst §ARgre] BAAYe] WAL ulolere) WHIAL olsidn FHsEH LT
Awe T & AY.
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Factors influencing the outcome of viral hepatitis

Host factors

Immunogenctic factors

¥ Determining the evelopment of HCC

. ‘ Viral Factors
EﬂVl!‘On men tal factors o Virpleace and viral amount

- . X . Modv ol viral infection -
l“'““"«‘ Stud-\ infeciion period and duration

Genomic variahifty of the virus

1) Genetics and Hepatitis Virus
4 rgutold e AR 7 e FFde Aol ZAA AAteE FHA
e A7t A2 243 18 Folm gF JEA LS AAste FRAVE HASHL ¢
A= vhol2f 2 7“’301] W 3 AGugd] Bodste 384 8ol FRFT Ao
o AdHoz BY 7ty stol#] A9 nucleocapsid antigen©l ™3 CD4+ T-helper cell
FA 7tdsiziol wls) WA @zl AAs Be W3 CD4+ T-helper cell ©)
antigenic peptideZ ©|$3t=HLA class II molecule® T cel 15838 A5 28 o3 #A=
dge B ojn] &g Abdoeltt, Wl MHC class II allele sequencesgl tpAd ol matA
antigenic peptides & A #™E 4 U} Thursz $&Gambia 45 J oA molecular MHC
genotyping2 A 33y HLA-DRB1+1302%} HBV 2] A &3 7“554 Al As Ae &
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©2 HLA class | o] vtoleiz ol 2@ olgg Rols 27T 7L #3838 d77}
9UR Qo o Pope] nTh 77} Basi,

2) TNF-a Promoter #9¢ 77 thadd3 HBV
g E G ntAZRolR| oA F2 RulEm, @F W F3A Ro]Espdeltt. TNF- fxat
= QIzF 69 EAA ] Aol HLA-B 9 DR Abe], & MHC clss I §9o A3t
Az+e] promoter ¥ & -163, -238, -308, -376 oA guanine(G)ol A adenine(A)2. 2 %
b dojues 202 B3R do. A o] F TNF- o 2do] g g u
A& -308 W3 -238 K99 G?AAE (single nucleotide polymorphism)o|th. £3
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3) Mannos binding lectin gene(MBL) ¢ HBV

Mannose Binding Lectin(MBL)gene?] Edol9} BE g ulolzid 7ol #AZ Aol
q&oZ BiuFdEd o)5L CocassianZ o)A MBL gene2l codon 52% 9] 9mutationo] &
progression ¥ #A7F 2122 ¥t (Thomas et al, Yhe Lancet 1996; 348 1417-1419). ©]
Fo] £FolA HBVSe #AZE BT (Yuen et al, Hepatology 1999; 29: 1248-1251) 3+,
YR M= MBL gene o Eduolrl HCVEY #dy #A7} s A 4k
(Matsushita et al, J. of Hepatology 1998,695-700. Matsushita et al, Arch Viral
100R:143:645-651). 221} W) ohekst X ao) & MBL gene ¢ mutation®] thdh xpAlSH B2

e obA gle dAeld
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AE HBVY #E F A3 dds F& 559 ©Y

Az d2g 95t HBV ZEAl HBVAIAA Boste SAFHABMHLA Class 1T DR
genotype) &AM # HBV ZEI P02 AgHesd #dd e FEFAA A4e 5 o=

ol 488 QWAL

A3 2 A #EE HLA #3834 248 FRAHAA 2 %’i"é T
; TNF-a promoter gene polymorphism #¢] &4l 2cl& 93 ity <
2 29l 7%, HLA-DR TYPE 5 EARFAA4 Aad A
HLA-genotypingS HY|&£3% FEHH AAL A3gsied #d F34F =28 943 pilot
study Al &ttt
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2) Mannose Binding Lectin gene®] EdWojst By 2td

T8 BE rdutoln o o 3+E 2_91 Aro] wet #@xe] ddozHE MBL FHA9
point mutation £A} ¥ Ao ABA A

D A7 349 serume ZRE €l ) MBL @A T RALE B3 AR g @A
A3 vzt Zadatge 3258 MBL gene point mutation® TNF-a promoter gene
polymorphism 279 d# #AC #F d5F - MBL A& codon 52(CGT->TGT),
54(GGC->GAC) 57 (GGA->GAA) point mutation =Ah °F 25093 32} sampleZF-E 2R g
+ 42 & sequencing ¥ SNaP shot ¥4& &8 7 FHANS] JuAAS AvstAt
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3) 2 WA AE W AAESFA 2 HANe] BT AT

L F EA S0 BY hY 29F 94 oedd f84 2
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3k 2+AZ dejo AABA ¥4 TNF-a promoter gene polymorphism, 34 Q<1 9
HLA DR 5485732t A8 xAst4
-9 234E BEdE S5y BY g whdsh ez o] Zdo] host 2ot H

BlREEAE 2F

ot

=252 ge FAZBE g g RE FAA &4), BY 44 o)#HA
t7b A §¥ F(HBsAg:-, Anti-HBci+, Anti-HBsi+). e%d¥ &
HBeAg:-, % transaminase:d4), @4 BY 24, BY 19e=
Fehsk AaA TS F T FAE QAR stA
TNF-a promoter & #4474 G84& 27 A3 4gL 084 M2 AP, gx9 &
A A} QIAamp DNA Blood MiniKIt(QIAGEN Inc, Valencia, CA, USAE ©|§, DNAE &
3 3 TNF-a 532 5 untranslated region & -396914 -69°] 3|23}l 328bpH-H Eprimer
& o]&, PCRE 3&tgtt. [Primer : TNF-396(5' TTCCT GCATC CTGTC TGGAA 3)
TNF-69(5'" CAGCG GAAAA CTTCC TTGGT 39)] olg A luldl TNF-a 69 primer(20
pmol/ul) 0.5 ul® TNF-a 3%primer 0.5 ul, dNTP 2ul, 10X buffer 5ul, %< 40.5ul, Taq
polymerase 0.5ulS E#ste] Z50ul® WHEoAM 4% 5%, 55% 18, 2% 1&9 A48 F 3H
AlolE wrL Al AT, PCR AMES 2% agarose gelo A719% % QIA quick PCR purification
Kit(QIAGEN inc. Valencia, CA, USA)e.= AA AT olofA A 4ul, $F5 6ul, SA
phosphatase 2ul& 3%, 37%o)A 1A7H 72504 158 #&AIAY. v ABI PrismOR
SNaPshort TM ddNTP primer extension KitE AF&3dte] 3083 2385919 G->A x& of

B2 ololrorth WSS v mix lul, DNA 15 ul, primer(0.5 pmol’ul) 2ul, 2X buffer 4ul,
4 1508 st & 10ul® ¥R 25E 965 10+, 50x 5%, 60% 309 =M=

% 25 AlolE A A AT o] AN primer 2E -308 sense(5’'AATAG GTTTT GAGGG
GCATG 3'). -308 antisense (5° TTTTT TCTGG AGGCT GAACC CCGTC C3), -238
sense (5 TTTTT TTTTT TTTTT TAGAA GACCC CCCTC GGAAT € 3'), -2338
antisense (5'TTT TTTTT TTTTT TTTTT TTTTT ACTCC CCATC CTCCC TGCTC
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37tz AL E AT 9714 d9A HA = 10ul 3 SA phosphatase 2ulg E£§3te] 37%4
A IAZ, 725004 158 wE A7tk o] 3 denaturation 34 S 2 A deionized formamide 20ul
of % A4E g H®rtste BrolA 5 WA Z

MBL 745 TNF-a%} 2 o g DNAE FEstg o Primer+
5 -CTGTGACCTGTGAGGATGC-3, ¢ 5-AGAGGAAACTGCCTGGGGA-3& A st AH&
&49th. PCR Product® purification 3 ¥ €] TNF-a ¢ 4% #H 22 SNP assayE ot
o ZF ¥99 mutations HEHAT
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candidate gene analysis W o® Ay ABAS ¥WE Aol F23. TNF-av BE 7
d uwlold ~(HBV) g4, 98 THAIZE AASE H 88 7S e Aoz 494
Roew, HBVEY wAx wdx F48& AAAZIH(Guidotti et al. Immunity 4:25, 1996).
TNF-a %32+ HLA-B®F -DR Atel, & MHC class I F9lo A ste=d, #Ha
promoter ¥¢ % -308W 3 -238¥W %99 G — A % (single nucleotide polymorphism)°]
TNF-a9] #3d Zg83ctn &34 ArHWilson et al. J Exp Med 177:557, 1993; DAlfonso
et al. Immunogenetics 39:150, 1994). £3) -308H 2] AZ9 A& TNF-a #d F7is}
##Ho] gt} (Wilson et al. Br J Rheumatol 33:89, 1994) €% QFAEL -3084 9
polymorphismo] 18 A7IASA tdolA EFF Xsvhg 2 HAMIToze Iy 9Pn
#Hel P& Wy om(Czaja et al. Gastroenterology 117:645, 1999), ¥iAd sty @34
(Primary Sclerosing Cholangitis)oll A= -308# 9] polymorphisme] #Hg-S ®udk uf v}
(Bernal et al. ] Hepatol 30:237, 1999). B¥ ulo]g 24 Zrgel distel= Hohlergo] -238%
929 polymorphism® A +gz7he] dRAAE 93l th(Hohler et al. Clin Exp Immunol
111:579, 1998). &+ ] BE 7+ wholgia whd B {9 24%, A ARKT T 14.8%7F
Bgsln 9uin ® mAoA B 3(Ahn et al. Hepatology 31:1371, 200008+ HLA-DRB1%139]
dE §AFL BE wpoldAad 1t utste did BivES ste Ao dHA Sl
t}(Thursz et al. NEJM 332:1063, 1995; Hohler et al. J Hepatol 26:503, 1997)

HBVe] W@ QAo Wegurs F HBV AA0 #ste 7o 54 FAIA #54 @
A BY ZEom s A H3F add oid 7 gA B 2He] BT JH
U Wz d79 bzl 9z &% BE do)A HBV clearance 9+ HLA Class I8} ## Aol
=5l HLA Class 12 #d4 22 7hs4del g Aoz 7ld=EY A gl g A7
7b wEsith, £ QA4 He ddstel AF APy g B} FHE A7 A
25 Arg)ol® TNF-alpha, MBP (Mannose Binding Protein), Vitamin D receptors©] 7}&
zne AESY v 9= Adolth waka Aol B B o] Ju vhojH s
3 7hgel APHA Aol A= e FAANE Fste dTE 4D @S FATS

S gon 429 dEEe gusler dohe #A7 A

human genome 19
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M3 A= g & 2

7} BY mpold A g9 gekdt Z94el9l TNF-a promoter polymorphism 7+e] 434 o
e A7
B8 72149 =Z5A %2 F(UE) 60, B 2ol A=A sj&E=" F(SC, HBsAg: —,

Anti-HBc:+, Anti-HBs:+) 849, v]&FA tAd

3 B A2 (NP; HBsAgi+, HBeAgi—, 8%
transaminase: A4) 664, ®t4 BE 4, BE ¥ oE ¢
L=

GEoR A AW F Y F& TET
A4 AFZ(PG) 1604 5 F 3704 E oz A9 doddr DNAE +3F F,
TNF-a #2112 5 untranslated region® -396°]4] -69] &} F3t= 328bp ¥+ HE primerE
ol8 PCRZ FZ3% g ABI Prism SNaPshotTM ddNTP primer extension kit& A}-83}
o -3087% -238 89 G—A AHE QR E A3 It AFZAH promoter -308 FH9 G
—A A2 AFT(SCONMTE 262%2 AUUA & ANE2 FFHAUIDL (TABLED 53
-3089] polymorphism< HLA-DRB1*13 ¥4 FoA &4 TRY FAHLE onigl
A ¥ Hxz FAHAD44.4% vs. 7.1%: p<0.001). A -238 99 G—A H3HE 4
Tl F93 HolE xolx gttt (UE;, 5.0%, SC; 14.3%, NP; 106%, PG; 6.3%)
(TABLE 4)

A drnunzEael g2l TNF-a 3 A Promoter -308 ¥#9 G — A A%%E TNF-a
o A7) Aol 2lg BE Y wlolgl &Y clearance} THo] Slg AoR AZHU -308 F
219l polymorphism< HLA-DRB1#133 2ujgle 44 d#AHE 2d &FF o HLA
locus$} B& 749 uboly 2 9] clearancetd] AaaAlol didt &lo] #H st}

t}. HLA DR genotyping

HLA-DRB1*13% HBV g3 Ex #ddo]l glge AFH Aol ARl olv] &dd
gt gtk UESE SC¥& HLA-DRBI1#13 phenotyping @422 e Wit HZad
DNA9IA HLA-DR genotypingS A& en NP9t PGFE& AMZo] ELPHA DRB
Typing Kit (Biotest, Germany)& A}&3to genotypingg AR £ 23 UETA
HLA-DRB1x1301 13%(4/23), *1302 66.7%6(16/23), *1303 9.5%(2/23), *1305 4.8%6(1/23)°13d
ounl SCToAAME *1301 152%(8/47), *1302 69.6%(32/47), *1303 6.5%(3/47), *1305

87%@ANZA F2 ol gl FANYY BE ol nEY F gl
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TABLE-1 The association of TNF-a promoter gene polymorphism and various

stages of HBV infection

TNF-a promoter

| _ UE (n=60) | SC(n=84) | NP (n=66) | PR(n=160)
§ polymorphism
-308 G/G 53(88.3%) 62(73.8%) 64(97.0%) 149(93.1%)
G/A 7(11.7%) 22(26.2%) 2(3.0%) 11(6.9%)
p<0.01
~238 G/G 57(95.0%) 72(85.7%) 59(89.4%) 150(93.7%)
G/A 3(5.0%) 12(14.3%) 7(10.6%) 10(6.3%)

TABLE-2. The association of HLA-DR B1*13 and various status of HBYV

infection
i
HLA-DR B+13
UE (n=60) SC(n=84) | NP (n=66) | PR(n=159)
. 47 62 50 147
negative
gaty (78.3%) (78.6%) (96.2%) 92.5%)
N 13 18 2 12
POSIIVE (21.7%) (21.4%) (3.8%) (7.5%)
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t}. Mannose Binding Lectin gene®l E@wWols} Bd 7+ ulolejzof ot 7+ Agatel #A

g

B 7+ =&HA ¢ F(UE) 384, BY tdell ZdHAT 388 2(SC; HBsAg: —
Anti-HBc:+, Anti-HBs:+) 564, e® 9 &4 94 R/ (NP; HBsAg:+, HBeAg:—, &
A transaminase: A4) 484, WA BY 79Q, BY 7tgo R A% 7E R Y v =
ek A4 ARZPG) 131d 5 & 273408 gjarez @xe delo|x DNAZ #%3
% TNF-ast 22 9o codonsd F9 9 mutations #E&HAE. A7 2% codondd +
99 G—A AL UE 34.2%, SC 31.3%, NP 31.3%, PG 333%= ul &8 A4 #9
& Zolrt AL, 71€9 Aol ©sH codondd FHS G-A HFe] HBV disease
progression® A7 vtz BaE wigloy 9 Ay AIFgqMe ol #FFT F ¢l

2. oA AFA Hols} NFH Aolof ot Ao® FAHHUY (Table 3).

2 g A AU AR AR Qe HEAd #d 97

} & -238 ¥99 TNF-a promoter polymorphisme] A& #xfollA 7}
%3} 7 Rgg ERo HBV Hi4&0] Auder vud 2 33ds B
04 HBV el g 34 725433 dadel e Azl A4AIR.

=

ol HBVS 718 ¥ ZAue] dFS T+ Hosty #BAFATH 299 w98 % F8
e

ZReAe 3z 22l= Chemokine recepter(CCRS) ¢ polymorphism$& &Ab 3pth.1
A3} CCR59 promoter 59029 9] G/G homozygote?t B3 ztg upol# 29| clearance$t ¥
Hol gl AoZ Yeryt. (SC 35.7%,p<0.05)

i)
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Table 3. The association of MBL gene mutation among various stages of HBV

infection
MBL codon 54
codon UE (n=38) SC(=56) | NP (n=48) | PR(n=131)
Mutation
G/G
25(65.8%) 37(66.1%) 33(68.8%) | 93(71.0%)
G/A or G/A
13(34.2%) 19(31.3%) 15(31.3%) | 38(29.0%)

Table 4. The correlation between TNF-a promoter gene polymorphism/ MBL gene
mutation and HLA-DR B1#13

TNF-a prorr‘loter MBL codon 54 mutation

polymorphism G/G G/A

G/G G/A AJA

HLA-DR A/A =180 =78

B1+13 n=310 n=45
Negative 288(92.9%) 25(55.6%) 169(93.9%) 67(85.9%)
Positive 22(7.1%) 20(44 .4%) 11(6.1%) 11(14.1%)
p<0.001 p=0.034
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o4& sE2dr ¢ saiokolel 7|6

—

HLA genotypng 23 DR 1301, 13029} genotype©] HBV clearance ¢} R s Hxdol &
15199 HLA class I # TNF-alpha promotor gene®| polymorphismol st AF& <3
o] 22 AxE @AYt a3y He Ay APE FH FHAAE g dd YH
ojojthk FHA a9 B3 9T 7Y J1Fe PATGRE AL JPFojdA Fozd FYH
wo A2 Sysiey BHeol F 5 YEE &9t MBL genedt 7+ 2¥ 2 HBV 73
A8 mutation 2AE TNF-a 5399 polymorphism# 2] Q#A FAbe} vla7tAl2 43

ol

}9 o diseaseste] fold-e BwAEA Gy

- 194 -



ioj

7t7) olol ¥ A7 A AAHoR =3] vl

Hlo)g} 2~ A A HLA-DRZ TNF-a promoter %912l polymorphism¥¢] 4

AAE 93 HE BE 7+9 ¥ immunogeneticsd] #HHAA

sol BB W AT

o

ol A FuolH 2 X5 A o] LI H Al AR

o
~

o

=
(e}

&3 7

A 2

g zstEuE B ATARI} §85

IR

3|

i &87ks

T
L

o) %3

o
=

Hr

b obgd 2

3|

48

} {2} screening ]

o5 $%
ATZEAIL B

R BRI

[

ojp

- 195 -



Guidotti et al. Immunity 4:25, 1996

Wilson et al. ] Exp Med 177:557, 1993; DAlfonso et al. Immunogenetics 39:150, 1994
Wilson et al. Br J Rheumatol 33:89, 1994

Czaja et al. Gastroenterology 117:645, 1999

Bernal et al. J Hepatol 30:237, 1999

Hohler et al. Clin Exp Immunol 111:579, 1998).

7. Thursz et al. NEJM 332:1065, 1995; Hhler et al. J Hepatol 26:503, 1997)

8. Thomas et al., Yhe Lancet 1996; 348: 1417-1419

9. Yuen et al., Hepatology 1999; 29: 1248-1251

10. Matsushita et al., J. of Hepatology 1998; 695-700. Matsushita et al., Arch Virol. 1998,
143: 645-651

11. Wilson et al. J Exp Med 177:557, 1993; DAlfonso et al. Immunogenetics 39:150, 1994

12. Tilg H, Wilmer A, Vogel W, Herold M, Nolchen B, Judmaier G, et al. Serum levels of
cytokines in chronic liver diseases. Gastroenterology 1992;103:264-274

13. Ahn SH, Han KH, Park JY, Lee CK, Kang SW, Chon CY, Kim YS, Park K, Kim DK,
Moon YM. Association Between Hepatitis B Virus Infection and HLA-DR Type in Korea.
Hepatology @ 1371-1373, 2000

14. Czaja AJ, Cookson S, Constantini PK, Clare M, Underhill JA, Donaldson PT. Cytokine

polymorphisms associated with clinical features and treatment outcome in type 1

SO W N

autoimmune hepatitis. Gastroenterology 1999;117:645-652.

- 196 -



15

74

20033

FIYY-

=

A

=
=

BATALAY ATAT BEAGM()

=
=

G S ,w
~| =2 &
do| 9 | gn | R w
| 5 — -
)
.IE
| = | e
SR . | 1E
"/ | 3k
- R
p . =,
T 7 &1
o
(ew]
g ~
< | zm
™| = o
~ T . o
| B o Mo 3
B _.__o J! J. gl m .myl
— B W | S
S I | = of
T | w o I+
R T B0 g | R i
H) of Mo = o o
S N ) =
| i (i T
e i % B
.m.o
B R
gx |
b | = W T o BN |~
NN A E N LR
m| el || B B
B P o R || o | B
& Ho | oF
~

L1 AT AT BEAHA 18
2. 7% 0k 1%

ERATNEA] AT A NR(ATFNLAFHY Ba) A 28] o
T2 EEA YA

- B
e

i
Ho

oR

of
=

B/

- 197 -




A& A1)

)

=
=

dtelgl 2 F (HCV, HBV)ol 23t

(711 4+ 2FA S EAHH(HASFELA
4

}

s

il B M= B ~
e %) Jo U - N
ojr N i o
Iv,A| To > o B.*
&O ~ =] B
ﬂ.ﬂ K- K Moo op W
oF rh o o
kol b - % ‘.\MM.. mub W
= O e g T & o
T ~ T do » x
e 7 R g 2w
- do T T o &
E \ 03 1‘# Mﬁ m E“E
o]
o % ) SN il
= 3 e T B = X
2 %w Y w5 g O
x: £ ~ B g ©
J 2 O
la + X B o w8 ©
X ) JH %)
C ARSI T G 9 5 o
N e X z B -
o v;O Q b mo H
e ke
Ty~ A & = F @
HHO wm Ak N mw__ g oy 3
Jo = z < T
—_— o) D Jo N
A A M - -
v oH o4 P g Koz ° o ow
D oW T g W " g W
S e w % Kl ok - Eog oy T
G A b B om
e oo < L5 g T oo
oo Ao W g BT
R TR - o W
R .35 W o= Mo = B
T oE N - T o T W
G pxPE o XRER®
N ™o
T % N R T
TS hoe¥TRe
T T T =T T BT
Mo o= oo 2 W W T
NG T R S o ,1% mc "
20 Ul Q f —_~
¢ oy N 5 T N
A S S 5 @ % = n B
o T T N o RN o vl £ s
N T B LT ® |

18838 22}2] sample ¥ &E#)

-

A
&4 %

- 198 -

inactive status $AF9} 7FE 9] H

5
T

SEroconversion



2. 97234 AH(ATFTEAHAA)

) 5 ArE=

o4

.

[e]

.

~—

Iy
g

e
T
i) M =)
% B O g N
Mo ~
_~ = o Bo oF
X © Eo
o o ?Mﬂ% 2o
) g
L %\ R
w
G =~
oo ~
SN I
Mo Mﬂ =
o) ol ©
5 B S
Mo T
Mo o m 2]
® 5 N
I
—t
D]
W= K 5 G9E%
‘aoun.*muWoW EOSWMFO
_\a.._mnu\r — RHWNULOE >y
| %MUQHWTOEWEMQ
o Ewm M a7 DGMMG%GM
o ME N %MMEENSDG
= =r ~ ,Ilu.WTCTNm\I.uDVm
T Bad e Rasatacn
RE 2 - EAasi It
AT CECBARE
AT T B 5 ‘%Rh
TRPT XK O HERH

plo

M

ap
T

0°

7o
o
B
o

fi%e)

A

- 199 -



o EERAA R %E 47

O

=AM AR (B LA HAAE)
. . ANE | . SCIA
Sl o H) i=8 vl 713 o
st 7) B3 A B 90 3 g =9 Ao
The argininel493 residue in
QRRGRTGR1493G motiv IV of the 5| by sy
. hepatitis C virus NS3 helicase domain 12% o3
J Virol is essential for NS3 protein methylation 200%%9 8031~ A‘}};Q ml=| SCl
by the protein arginine 3044
methyltransferase 1
27634
PRMTS, which forms distinct homo-oligomers, | oy, 143 |o]= 43}
J Biol Chem lis a member of the protein-arginine 49 6“5—;? 11393|8 - £ = v | SCI
methyltransferase family = 0= 1140[ 8288
1
Biochem Tﬁphostatin A3 a histone deacetylase
Biophys inhibitor,  activates  the  IGFBP-3 20023 | 296; Elsevier
Research promoter by upregulating Spl activity| 89 |1005- Inc ol SCI
Comm [T hepatoma cells: alterations of the| 30% | 1012 '
Spl/Sp3/HDAC1 multiprotein complex.
Activation of Insulin-like growth factor II ~
Mol signaling by mutant type pb3: physiological 2009;3 20.3(17 Elsevier
Cellglar 757 ° . e 5¢ |2)51 m= | SCI
Endocrinol implications for potentiation of IGF-II signaling 302 63, Inc.
by p53 mutant 249,
PTEN modulates insulin-like growth factor II 20034 |545(2- European
FEBS  |UGF-I)-mediated signaling; the protein 6 %J“ 3203 Biochemi| Den SOJ
Letters  [phosphatase activity of PTEN downregulates 192 —208 -cal |mark
IGF-1I expression in hepatoma cells. = " | Societies
Evolution of Hepatitis B  Virus
Sequence from a Liver Transplant 2003
J Med Virol {Recipient with Rapid Breakthrough t;d o}z SCI
despite Hepatitis B Immune Globulin accep
Prophylaxis and Lamivudine Therapy
[e] [e]
J Gastro {Immunogenetics of hepatitis B virus 20024 T}:\Lt‘j} o
Hepato |infection. 129 © °§1‘“
. Upregulation of interleukin-8 by low-density
Atherioscler lipoprotein via H:O», p38 kinase, and in EEREY
Thromb . e : . 8 8) o} | SCI
Vase Biol activator protein-1 in human aortic smooth |revision o
muscle cells
Kluwer
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339 B4 A ] ALY xR
The argininel493 residue in
8th International QRRGRTGR1493G motiv IV of
Symposium on {the hepatitis C virus NS3 helicase| 2001'd 9¥ =zt
Hepatitis C virus &| domain is essential for NS3 2959 2
Related viruses |protein methylation by the protein
arginine methyltransferase 1
= = =]
Aﬂﬂ ]El ’;]%g ;‘L ;Z;]) NS3 Protein methylation of HCV 2(1)8%% i
Search for and functional analysis 20023
g -2 A 81 3] of cellular factors modulated by 3 %L‘ =
NSHA protein of hepatitis C virus
Arginine methylation of the NS3 200213
33123318+ 3] (F4)) | protein of hepatitis C virus and o Cla=sy
) . . 108
its biological implication
International 200243
Symposium on HBV| PTEN modulate HBx-induced survival | o onop ~ oz
and Hepatocellular signaling in liver cell. 92 ?9 4
) 108 3¢
carcinoma
¢ The HBx gene product produces ROS. “ “
“ HBx downregulates IGFBP-3 by “ “
recruiting HDACL.
Mitochondrial injury, oxidative stress,
“ sensitization of mitochondrial membrane ;
potential and deregulated gene
expression in mitochondria.
Hydrogen peroxide (H20:) and super
2003 AL 2o oxide (O%) play different roles in S ?‘7\} ]
sHeRE ’ human vascular smooth muscle cells [2003d 2¥ *ﬂ_i \ Elen
- - (VSMCs) activated by native low X &3 3
density lipoprotein (FA2# I-])
Native LDL induces cell proliferation
S AL and production of a cytokine in s
T I}{j{?ﬁiﬁ’ human vascular smooth muscle cells [2002d 10¥ z&iﬁg}ﬂ 3
‘ (hVSMC) K
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A 10 4

- 201 -




3. A7AH

- HCV Y NS5A9] o) 2 2do] 2-HE 5/ SREAAE BZFsta, olF 179 fdA
o)l MHZAHVNHATE Edtod AJZE& HCVY host metabolism shut off 7] & Aot
- HCVY coreoll &) 2do] 2EHE 309 FRFAAE W=

-~ HCVY NS3¢t Alxeixtebe] Adto] HCV persistencedt FH&EEHo] 98 Aoz 749
- HCVE NS5A# Agat=190e &A1 EAsts dllAdATFe ATHoZ B
<]

- HBX Z% A3 H42 Histone deacetylase1° 2e AXAAM 3J|2EQ acetylation
deacetylations &3] HAIGY ZHo| T T8 TWAY A o] djao] HBX9
FeAgE dive AAE B A7 93 EIZL_E 3’3%
- Al HEZ HBx Bol& ALZAIE S 100% RFXdte HHES

- %2 HBx 9% A 7&*%]%94 A o] ROS°ﬂ o Aol AMEE i, cDNA
microarray %< ol &35 B FANESL BT

- BY 799 A9ow A% Y WA BAFATH 8AL HAY ATE ABAA ol
of BAW AT AMAGoR 33 NEY JUZ FEY DTS P2 AW 35
[o]

ATAAR oMol N WY f1H Qo] BJUTE AL Aoz BAFAS
oH % AFAHEL o SCIEA ! 3
217 29598 71€01Ae obd glou FHATE Fahed t5T Ao nal.

£ oA g AFAREL vlEoldo] b3 HEAA AFAFES JHAsetr] sl 2 @
AR AA 7T A4 (2003, 7.-2006. 6) 2 20039 %= =3 ?3%1711”‘*}%’3(*"5“8 st A
g T AL AFE FAsm, | dAMAM 4T 5= PCT €4 F Hojdd oz e
F%

HCV2] NS5A, NS39¥9 @3 Z3sle Axdxte] ¥z 3 oE
P31 HCVE NS5A, core T Aol o) 1 wdo] d3d& ¥
FANAT HCVe 93 2hdat 7|6 g EaeEoA i e :
A 5o Wz HBX A3 A8 A Histone deacetylasel (HDAC1)ol HBX9e 43382
S8 o A4 542 IGFBP-39 2388 AAdvhe A B A7 o3 Hx

o A& AYPH e AL Ve A3 A G A U FoF GAS ol

Shis Al Ml A% e & HoF AR W, ti¥o] Apoptosis E anti-apoptosis % F A At 2
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H Az Bz dide BE Y vlolgEaA
F Zolg, HBV o|9l¢] o2 b npojzi 29
& BHME AFE ez JidE. CE g

i, "—m‘l 2 g3 X]l"ﬂﬂﬂ glom, ofd
] A3 27 @ AFdA oy AREL AUl S E7)d Adste
g4t g7 Ee] Yo %}%O}Ui, chemical genomics & °]&%

kel A4 7)zte
Ax W Zg 71
A= ZWdHoF

Qe kel

throughput screening)oll A EA}LZ o] f5o] npolgi Ay Y X FA 7o &84 BY 3¢
Aol A Fupolgia A FEA o] BLE H A|HAA AFZHEEo] & M} A BRSS9

sty d #&3u] Hol AYE == go &8F. #F¥ HBx-mediated apoptosis T#H
FAAE] AL U 2SS THGAoR B AYFELS Ay FHAA BAsta of
o

o
2 272 A4 4y AES simulation & F v AlaE st &

2~

th AdEClE BEAYEHAN wet FAGOR H4)

2

og AAY F g 7|
| Z15dFA (2003, 7- 2006. 3)
g AFHTEe] doid A3 FF 74

- R
Al M 5 ELE Tiee oAy ofxe FA
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AES) SHY ATAEE FEAZIE B 4 o WEg ojg3t
%% (METHOD FOR INDUCING THE
COMPLETE APOPTOSIS OF LIVER CELLS EXPRESSING PROTEIN HBx AND
FOR INHIBITING APOTOSIS).
E32 A9k 20039 29 7Y, LHA (FY) FAF 9 79,

Ela=gc ok R R

Biiss 253 4Ad%
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