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WO 2004/090163 PCT/JP2003/004458 DESCRIPTION METHOD OF
DEFINING THE DIFFERENTIATION GRADE OF TUMOR 5 Technical
Field The present invention relates to a method of defining the
differentiation grade of tumor. More particularly, the present invention

Wae%%%gg?ﬁ? method of defining the differentiation grade_of t‘ful)%%gﬂp%ss

. . CT/ :
selecting genes and/or 10 proteins whose expression FEl 8RR with
each differentiation grade of hepatocellular carcinoma (HCC), measuring
the expression of the genes and/or proteins of human tumor tissues in
each differentiation grade. The present invention also relates to the use of
these genes and/or proteins?’¥5§BE¥id§Hosing the differentiation grade of
HCC and for screening anti-cancer agents for HCC treatment. The

pregenbinventigraleaelaias i pidkiar DeriINingbe wiethgdsp! the

present invention comprising DNA 20 chips, oligonucleotide chips, protein
Tchi S eptides, antibodies, probes and primers that are necessary for
—ﬁﬁ—%&g&ﬁ%\%, oligonucleotide microarrays, protein arrays, northern

blottind i Site A§BEIZAMeH RN asd prstediore assdys! wésttehiblbting,
thd |8 dssays i enlensegiransckiitiantix polymesage-chadinreatiionthe
p@@@iﬂa{@&éﬁﬁ%ﬁq:ﬁ&aﬁ:gg -E&B)m@cﬁzsam%e&@%w&%% of the

.proteins.whose. expression level correlates with the
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PERTREIN &' BPEEafRT 7S WiHd- S P ictRRf, Ai&a Bt EluRg Larcinoma

dyfechis onklontHE At oéohrRabrestéaraworkivideomhidBEpresents a

menajoriintarnationaldesdltnprobiam gecausadf dts nereasig 35 lineisgence

i FPaRY GALNYTIes @é@faz&ﬂ%%%%?@@é%ﬁ"lg%geégoef%@(%%ﬂaﬁt

. oma,.L.an - , .

B e S R SR et vens Sl et

L rdiRnaS BE e L 56l 2692 strerfo ) i Rl

s HIepafoce | RMA carcigemasRiiepatsl. BOC 225:38742D00)) Chronic
hepatitis C virus (HCV) infection is one of the major 5 risk factors for HCC

as welgs hepaliis Bivius (KB Linfgclign aleohgl conspmption, and

S8 gxtr%llrciar Ino en: sgch aflatoxin B1 (Okuda, K. Hepatocellular
pETECima g i Mot % T e p00) SRl SRERIEs e been
Chidsiptef-fsfo ettt BrMeE C PTRBeEINERRS sURRBAR ARSaction, 10
arrbiiothesapyrcheasothedapy iandithedicaktherapysnelydifigr DNA
microarrays, oligonucleotide microarrays, protein arrays,
northern blotting, in situ hybridization, RNase protection
assays, western blotting, ELISA assays, reverse transcription
polymerase—chalin reaction (hereinafter referred to as RT-PCR)
to examine the expression of the genes and/or proteins whose
expression level correlates with the differentiation grade of

tumor.

Background Art

Cancer is the major causative of death in the world.
Particularly, hepatocellular carcinoma (HCC) is one of the most
common cancers worldwide, which represents a major
international health problem because of its increasing
incidence in many countries {Schafer, D.F. and Sorrell, M.F.
Hepatocellular carcinoma, Lancet 353, 1253-1257 (1999),
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hormonal and gene therapy. However, none of these therapies could cure
the disease. One of the major problems of HCC treatment is that
characteristics of cancer cells change during the development and
progression of the disease. Particularly, 15 changes in the differentiation

W@@Qggggﬁtymor cells are apparent and frequent. Such ghanges aligisthe

ability of tumor cells to invade and metastasize and also the sensitivity of
cancer cells to different therapies, causing resistance to anti-cancer
agents. If the changes in the characteristics of 20 cancer cells are
precisely diagnosed and managed, cancer th?crgﬁ will be more effective.

CP ARG StudRRE SR sted H8 i8I eMEAT G R B 28U SBres S Henes
Segrid: onebierendy suchas p63; 983cdidtif) angnAXakidgents in
Hepatecarcnogenesisrékabe;. H<patodl, .S 3 Katbz 282F 7 Kitalana, 0.,
ChYBNa0aR:R;  YarBaeka, & - (6PN adasebe i BHIUkawk ¥ aRd Nakamura,
=123 CENADE WA apalvals glgeng exgiessieninbuman hepatgeelular
_ carcinomas using A microarray: identification oflgqnes Involved in
ISRt iedisSRAT TR ProgRSsisH SEah BT Kag g Ergosuch
as24 Dhr 29 Y B OOHuitshak -alirrhtensigdested tivante: dévalgpatent-of
3Hmswiged HEC cavbeathatacterized by thebpathalbgicabevolution
thféoqkeaﬂml%e%iggaﬁ@@d tgﬁll%rsﬁlvmﬁﬁlﬁeﬁre%ﬁ%ifwgb lq%@iéf@%@e;i?tifn of
ncer cells iro, M. Patholagigal evolution of early hepatacellula
e B S o

hoSPEREA AR oBFRSy toERRSDYieE TR fifed iﬁ%’f‘&fé’ﬁc‘é‘?é@héﬁﬁ?af wWd
coRdPA/08F1 63 P AT#3R2003/0044 58 MheShalew, Drasins RIVEGHd
crBeawien P 0. 1QHanriiativetr exdritdringodl gene:e X Essionpaitaing ivith a

th@&&@ﬁ&%ﬁ@ﬂ %m@&gggm Seienee AL ART-4804199D). PRSI,
e@ggg, Pb%lngag, M., Chen, 5

Ch%ﬁggestrj"%]d&hléa#? #g:r?g 5%%?%&2%?%0% A mlcrgarray to anraeiyse gene
PRGSO HIRFNETR nUtHER ERARER N CBRBE 2R 1L Ad0THYYB))
cefbhytstudissdhewddgars-exptassiordpattemd-helating id oty asbects
cafbtHEGdlag, W . Y1 dmir ErB. Hreiingi M.F .chesngy B-6si¥WangeN:oChen,
ani-LEHRG, Ty and Liew., 10 &0, Lifferential gene xpression el o
Cahegato%glgzjlar carC|ngqae$|n i%D 66\ nélcr%%rr%%ﬁaré%ﬂ.s (ercl:%orl. Res.
TE, 5o° 5066?, Hrackdis: orne,%.,s(foo%man, D |ﬁ%ms, AJ.,
thoyrsh DL BeskerGaRtFeodde .M., Boland, J.F., Scherf, U., and
Vockl@yed:Buidertifitatiorsotdiferentioly expressetsgenes 18inor
supgpatacallyan carainenaa anshmeatastatic Hyepisamops. by gligenugigotide
Aﬁﬁgr gﬁle%‘] igf%%moggggﬂg%e&gé éo(%k@l?ep,lii ’ %Ha‘:oh ',_| 'E!i: ,'-Ka¥\46}” g,
S.,Gong, J.,Jdin,Y.,Wang, Y.,
T., Kitahara, 0., Yanagawa, R., Yamaoka, Y., Tsunoda, T.,
Furukawa, Y., and Nakamura, Y. Genome-wide analysis of gene
expression in human hepatocellular carcinomas using cDNA
microarray: identification of genes invelved in viral
carcinogenesis and tumor progression, Cancer Res. 61,
2129-2137 (2001)). It has alsc been suggested that the
development of HCV-associated HCC can be characterized by the
pathological evolution from early to advanced tumor, which
correlates with dedifferentiation of cancer cells (Kojiro, M.
Pathological evolution of early hepatocellular carcinoma,
Oncology 62, 43-47 (2002)). Particularly after introduction
of DNA micrearray technologies into medical science (Schena,
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Ji, Y., Wu, X., Han, Z., and Hu, G. Expression profiling suggested a
regulatory role of liver-enriched transcription 20 factors in human
hepatocellular carcinoma, Cancer Res. 61, 3176-3681 (2001), Xu, X.R.,
Huang, J., Xu, Z.G., Qian, S.Z., Zhu, Z.D., Yan, Q., Cai, T., Zhang, X.,
ian, , Qu, J., Liu, F., Huang, Q.H., Cheng, Z.H., L] . olJ.,

w‘?—(&?,‘?ﬂ"f%’%%en, K.T., Lu, G., Fu, G., Zhong, M., Xu, s#@a’%\‘;\%ﬁ‘%
Huang, W., 25 Zhao, X.T., Hu, G.X., Gu, J.R., Chen, Z., and Han, Z.G.
Insight into hepatocellular carcinogenesis at transcriptome level by
comparing gene expression profiles of hepatocellular carcinoma with
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93 29 PO 2ES TR OV T SO V2 IRk S - Hofrfa, e RAWEHS H.F.,
4 5gindk KoHayashi, Knkdentificdtien chdiffedentiadyiv6:3064/080L63ns
rﬁgaiaﬁzeg%'gﬁé%e%mrw@d:geemin hepatogelular earcingma,with
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Tra'b rnot

euillard ‘Brechot, C.; and _Krem

|derﬁ“ﬁc§%on PUdn e PRAARE c?SéPr%y"ir{%%?&EO%e&flaﬁlsi’lﬁéfag‘é%‘émma
uw&@ﬂ&n’wwe%@s@aa%@@ With GFamblofra dfd VAf1BYidalfe@tures
Tagidedpatbreiielab . cafcibrma, @nDogMIiasﬁQZ@:ZB&?ﬂQD@&) lizuka, N
Esk@kaaM., ‘famaa@@@kﬁb@ H.eMahd\. JlamesgederOkada, Tna

Vo-Ei'i%'EPOEP Je 15&9&%‘&&20’3%@&&:&&% %Xf m%’xglr.’es g%ti?és

Uchimura,

and Hamamoto, Y. Comparison o

ene expressi

in) Bghe fel ikt B ARG SNA tFébdaﬁ?%tés?/?rE%"m SERT HEPRISC&Mlar
oldgiemiserhy Sigoridestige Riefddriay dftateseddn 3 Suptivised
(Zleamingmethodidante; Resy 62,.3938:3947. (20012) ,yandwdidpnrikawa,
JiY. Y Sutgymix S,, ﬁénTaﬁigucade}}ul,Shﬂ '\@xm%anrngﬁH% T,

Sug%(%y%erlltlatlo

fa&?fal’g}ils“ﬁWi%&ﬁ%@?%&%19‘3136363%{‘?6@2))‘3&&%9‘?%%m fwo
31ZRofeS brofikH hentuexPréssiofvaiidCd in 20trelatidn taitsevbl8pment
zh{Qkabe, HyaSatoh, $a#ato, Tzhdsitpharg, Ria¥anagawanR. FYamagka, Y.
F. TSBROMR, 5. }FUW%@W@; -nand Nakamurap,y. Genomg;wide agalysis of
gen%exp&ess F h%an heﬁato%ellu#ar car%no%a% us cDN,%
IC

mléroarfay identi

Zhao, X.T., Hu, G.X.
into hepatocellular carcinogenesis at transcriptome level by

ation o?genes Vo

rurata H. j:dentlflcatlon of Laenes gnsssg%at d W|th

oce ular carcinoma WI'[?T expression profi |ng

ed in viral carcfnogengéls ahd
, Gu, J.R., Chen, 2., and Han, Z.G. Insight

comparing gene expression profiles of hepatocellular carcinoma

with those of corresponding non-cancerous liver, Proc. Natl.
Acad. Sci. U.S.A. 98, 15089-15094 (2001), Okabe, H., Satoh, S.,

Kato, T., Kitahara, 0.,

Yanagawa, R., Yamaoka, Y., Tsunoda, T.,

Furukawa, Y., and Nakamura, Y. Genome-wide analysis of gene

expression in human hepatocellular carcinomas using cDNA

microarray:

identification of genes involved in viral

carcinogenesis and tumor progression, Cancer Res. 61,
2129-2137 (2001), Shirota, Y., Kaneko, $., Honda, M., Kawal,

and Kobayashi,

K. Identification of differentially

n profiles



10

15

20

25

30

35

25 tumor progression, Cancer Res. 61, 2129-2137 (2001) and
Midorikawa, Y., Tsutsumi, S., Taniguchi, H., Ishii, M., Kobune, Y.,
Kodama, T., Makuuchi, M., and Aburatani, H. Identification of genes
associated with dedifferentiation of hepatocellular carcinoma With

WS)&QJS@%[RQ profiling analysis, Jpn. J. Cancer 30 Res. 9§ P %!%902))
However, nothing is known about genes and/or proteins t a aracterlze

and/or regulate each differentiation grade of HCC during the course of

oncogenesis and development of HCV-associated HCC. Genes and/or

proteins that regulate the differentiation grade of HCC can be used for 35
EHIGIESIH IRREdiffet hERHBPCGldde BF HECCARETer YéidesiPRP anti-cancer
magreras foy the Haatimentoyf BIEC &isiagdroimnod WO 2e0d/20168. , .
RGP 2003/004458 chionic GV infeation. In the-presentdnyestion, the

xIVEors descrbe a ;nethed of diagn %&b%gaff%rentaaﬂ% agfagles?f

% or an screening anti- cancer agents for the treatmen ereo

;&r]%cufarfy, e RVERS RS 8582 BES &SP MG 40 or more
PYHEC A pRteIHE AAsES v R pFESSIBR O PEl beP alithhBdierentiation
caratlecofell ©8rageaselof 28ése Pfes2andior ploteirs for didigmopsing the
vaiffarentiation grademf-iCE. anthiarsscregninggiiscancer agemisder the

treaitgql%%tkgf I—@C %ggferﬁnt %rgggfm{}gor%partﬁ,ij%gtghe inventors

escribe a method o%rﬁredlctln%non cancerous liver, pre-cancerous liver,

VST 8523 differaRfafioirgrade o H&@‘V\ﬁﬁﬁ@rbé’r?egeﬁﬁd?&pﬁﬁﬁﬁﬁ?g 15
P@%ﬁi@sﬁj reSSH R riatticrt iSubh iRy of thednteradh Hepstocellular
vicaretrioriaqH@C)ep ool té amostcoimmon  bancélisywortdwitie.de

nideweresyikeraisRodherany ihgtcansanel dheWiseaser HoUS i8ancer
Rgewae%eugégﬁ%ﬁ%'w Shanensin: Q.0 ieHigR gheancey cells

rln%t he development and’ progression of the'disease. Partlculary

Brogrshdiod of tahebr 1 offSPRES o fate ST Rre chaligEaight - M
aftﬂiﬁ%ﬁﬁéﬁ&% - gfbdd ¢l edlio D il rgsie anasrrsbrieent U such
dechigigesnoficanicer cllepilt teake chncenthet apyanarereéiesives 125

prbeiNrasenidayentian, genesWhQse 8XPResSIOSRCOF SRt Wiltno2) ) |

aEPYGsISand developmentaf HEG are identified by, olig legtide
mlcroarray representing ap I'OXImat6| 086( genes rom 5 epz;lfhns C

AT s SRR IHER 148588 ant 11 TorRRmdroukate. T
Kirrdrrcancerosanghpro-canctavaskiivey . 30 tiysads.. Diffentidtiore states
Y .gredvideddanta 5,gradesn Memcancersssybes GO histhelives faabis
inhWQQiQ?éiyatocellular carcinomas using cDNA microarray:
identification of genes involved in viral carcinogenesis and
tumor progression, Cancer Res. 61, 2129-2137 (2001) and
Midorikawa, Y., Tsutsumi, S., Taniguchi, H., Ishii, M., Kobune,
Y., Kodama, T., Makuuchi, M., and Aburatani, H. Identification
of genes associated with dedifferentiation of hepatocellular
carcinoma with expression profiling analysis, Jpn. J. Cancer
Res. 93, 636-643 {2002)). However, nothing is known about genes
and/or proteins that characterize and/or regulate each
differentiation grade of HCC during the course of oncogenesis
and development of HCV-associated HCC. Genes and/or proteins
that regulate the differentiation grade of HCC can be used for
diagnosing the differentiation grade of HCC and for screening
anti-cancer agents for the treatment of HCC arising from
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normal and is seronegative for both hepatitis B virus surface antigen and
HCV antibody. Pre-cancerous liver (L1) is the liver 35 that is HCV-infected
and is histopathologically diagnosed as chronic hepatitis or liver cirrhosis.
WeII differentiated HCC 5 WO 2004/090163 PCT/JP2003/004458 (Gl) is

he HCC consisting of cancer cells that are characterlze% v, an, increase

wo 200494163 4458
it Cell c‘iensny with elevated nuclear/ cytoplasm ratios compared"{o normal
hepatocytes but show the morphologies similar to normal hepatocytes. 5
Moderately differentiated HCC (G2) is the HCC consisting of cancer cells
that are large and hyperchromatic. There are trabecular- or gland-like

CRIRTGrESHh daReeEtell nest in G2 grade. Poorly differentiated HCC (G3)
is the HC G wongisting ofithezcancer, cells thatara:pleomesphimer a

nénubinusteaten g Iumer grows tnsqlid Massesak cel negislevaid of

s@lebiierrah AANNEMeN NG 91308, 31, G2, BN S mars,

corre (ﬁ gpes [, Il, and Il of Edmondso einer cf%lssﬁcanon

respe BN EHONTYSH AR, SFRFEtEReT, PERRRiM A SeRich g of

1G4heniTeE e gﬁm’;ﬁ OFADIPEBES EHHBAGES TO GBS bIS i CS rEarres s,
wi48P 804 ¢1954Yerk sapioviseck Bamingaoethod fodewst theadandomn

ampreauiatien iastofoigagusisotifenvicreauay,dalads 4sgd 9. SAleglc
argf'@‘3§ wagésﬁw%&% éé%'é%? Qﬁ%@a@?%&?t““g? the 29 transjfion

rgr%won C ncer(?us liver without HCV mfectlon re cancerous

iver with in ectlonc(fi)paﬁgﬁ‘f ‘ﬁllatﬁl%elp’tﬁﬁ’é%ﬁ]ﬁa?é& AesETED,

a frshred fo MYESEER GiIfRIBRAATSE TRGT IER randftorprGRrrpoorly
Ligitferentidterh IC G {GR)reSelfatriganigingimaE withcalk the selegtack40
angeuesyhesa 25 expression is significantly altered in each transition stage

can correctly predict the differentiation grade of tumor tissues. Thus,

I)ltshg e gegesfcar}lbe used for diagnosing the differentiation grade of HCC

—aﬁg%rs-ereemﬁg—armagents for the treatment of HCC in each

SuirerEnfiatishy rieen3d Detailed Description of the Invention In the
presefierentiol], Wumar hepatosellitay careneoma (HEG)dissdrmand

caR@B:1HMerQUs {AAN-CADFETAYS %ﬂ@rgrespﬁecea %Q%S&&? agdsed.
th'é'%cf§e"é£'et.g HCf\(lirgfectl%r}: 355 u%ra% for ana zm S. Presenqe of
V and/or HBV |nfec Ion can eyde}lermlne y mmuﬁoreac’:’tlwty

Chﬁé%ﬁ%‘?’-’é%%dbﬁ/ﬁgﬁi%é s P%b’b%}@o%%d%ﬁﬁlﬂw%tmy and
pPragisaBirantBbobordby aasplifyiRg HEwe by, HB grerrsrhenbp PCR.
cadberdifferemitationgrattereiE€hcan: changes of differentiation

grade of tumor cells. Diagnosis and management of such changes
of cancer cells will make cancer therapy more effective. In
the present invention, genes whose expression correlates with
oncogenesis and development of HCC are identified by
oligonucleotide microarray representing approximately 11,000
genes from 50 hepatitis C virus (HCV)-associated HCC tissues
and 11 non~tumorous (non-cancerous and pre—~cancerous) liver
tissues.

Differentiation states are divided into 5 grades.
Non-cancerous liver (L0) is the liver that is histologically
normal and is seronegative for both hepatitis B virus surface
antigen and HCV antibody. Pre-cancerous liver {L1) is the liver
that is HCV-infected and is histopathologically diagnosed as
chronic hepatitis or liver cirrhosis. Well differentiated HCC
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be determined by histopathological examination, and HCCs are classified
into well differentiated HCC (G1), moderately 5 differentiated HCC (G2),
and poorly differentiated HCC (G3). Non-tumorous liver samples can be
obtained from patients who underwent hepatic resection for benign or

W (gnz%%@tlg liver tumors. A liver sample without HCV infection is classified

as non-cancerous liver (LO), and that with HCV infection 18 10-clasaried

as pre-cancerous liver (L1). After resecting liver tissues during surgery, it
is preferable that tissues are immediately frozen in liquid nitrogen or
acetone containing dry ice and stored at between -70 and -80C until use.
(Fhe fissties FRY errmfhbrdbeéntadded ¢eD.€ Thabnapeund
ciSakuta:Seikii &5 Fokyaclapan, Gatatog Ne=#583) Theexpressianiof
ngenes:Agionialaingof HECalsauen and AORLIMAGNS Dot Ussis can
s@&agﬂg§§&gx cﬂeé.%lérs'n ev%l of Rl\rln%fr}gé?)r Eéotelns In most
etermine

ses, the level of \ r(rj‘}or protelns IS %‘S/ measuring
AT R I G s DAL Al P
CHMERIlGMtresddide o landinoled duivacttigrobtadioactiver enaterials
tinbleding 8Hp 41 356 B3t S2Ryr antht252; mrc npticalcdensiy: Fer g2
gexampledhe oxprassionlevel ofi RNA qadjor; preteing s d&!ﬁg%f&%ﬁ&y

&9@/@5&%@%@1&%%9@ DA %QO%CV&I fra&SC*&e{‘&%ﬁl&é@e The

q({)huantltatlve monitoring of gene expression patterns

SR TNty DNA %%FSBr?gyceé%lﬁﬁéé §?6°&@Pﬁ?@‘(ﬁ9§8§‘&ﬁ‘cﬁl
aqnABERTRT, LreCal. JHRfe defsity Eynthed Galigumgsie otiver asmysd Nat.
tyBenel 21,1 20224 (1909}, REBER (WVaiss Solthet ab1Retactioavfon,

rdapeaRNAs,3Quiasasuiative R TRE R Trends Genget. 8,.263:064 (1992)
Ca%q_n%[ldgtlgf A APfQél{[e guagtlga%atl nlchmRNJ% ﬁl\J/ISéll% real é"g%qreverse

transcription merase chaln redaction assays OC'I'In

“EERYT 0 cﬁ6rt?1erﬁﬁ§l6% élrﬂﬁ?r’éltu hybridization (Parker, R.M.

and Barnes, N.M. mRNA: detection 35 in situ and northern hybridization,
MethosisshMebrBioteH08 e 247128 2:61099) ) RN ase pretectionassay (Hod,

pe¥eraimplifieds¢ WQ 2 989Q5%&8g2Q952¥¥¥¥%?4é§§‘HP%QEQQQ§e
e%rot ctlorpeﬁs%gsglﬂe Slges 13 8 2-854 (1992) and Saccomanno,

fer nbonucicace t%}ecf' ion st h@logfeecﬁﬁfqlﬁ&%
tIgRg “ééé”@i%)?ﬁfés‘féwe}ﬂ%&?ng hHu‘étHélVE@E%‘*pm?e&I&)
torrsferbtsnmatelis fromi pbljiaTafeiceigels 1d hitréceiulesesshekts,
diPreceNallafeadicBriidl S Ardh, ¢3%0- 4331 £2949) and: Burpgites tW4N.
ncWegieyn bloting; fleghoph 8891%6"&?915&@{9&%‘?%@1@{8& fé’éﬁ'm dodecyl
5 i@fat::-}{?o acr Iamlde k %% I’%Odlfled nitrocellulose an
Sradioiouinated protein & i tected 40 genes whose
expression is sa.gm,fa_cantly altered in each transition stage
can correctly predict the differentiation grade of tumor
tissues. Thus, these genes can be used for diagnosing the
differentiation grade of HCC and for screening anti-cancer

agents for the treatment of HCC in each differentiation grade.

Detailed Description of the Invention

In the present invention, human hepatocellular
carcinoma (HCC) tissues and non-tumorous (non-cancerous and
pre-cancerous) liver tissues are used. HCCs with HCV infection
are used for analyzing HCCs. Presence of HCV and/or HBV
infection can be determined either by immunoreactivity against
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10 112, 195-203 (1981)) , ELISA assay (Engvall, E. and Perlman, P.
Enzyme-linked immunosorbent assay (ELISA) : Quantitative assay of
immunoglobulin G, Immunochemistry 8, 871-879 (1971)), and protein
array (Merchant, M. and Weinberger, S.R. Review: Recent

wahsgpgents in surface-enhanced laser 15 desorptiop/i % [M e of
tflight-mass spectrometry, Electrophoresis 21, 1164-11 ) an
Paweletz, C.P. et al. Rapid protein display profiling of cancer progression
directly from human tissue using a protein biochip, Drug Dev. Res. 49,
34-42 (2000)). 20 Genes and/or proteins that are differently expressed in

RHCH A frérEntRRSh grsie s ERY AREABAGYINSGT G APkl ExAREr8GY and
apféccanBEraesdlivdnais Belcthedby feampal iyl the @xpiessionde valrof
bgehas antied gteins wipevs. HGC-tisswesin eachaliffeigatiation grade
cﬁm«,m@ﬂéﬁfmQW%@ﬁll\@f:@é%l@@Q&%&d/%#fot‘?df;gé?é%@{e

renta e S ween non-cang us liver an
d%%%ggﬁ%e%us&({%{/%? tﬁ%&;ave eonof:n ril ? f‘ﬁeﬁE\?% ﬁ)gr% Fidéhtified
N‘H&, HEIRpAhg T ExPRESBH RARIN k&R YRR ARammaicienthelreen
WK eeeerons tiver tisseesiand fire-bandgro usdivert3s tissue sl Gemes
tard/or proteins thedmpedifferentiallycexpressedde nesnpre-€28§aI9US
ndwfg&@em@wﬁfqmﬂa@d*%é%@{ eﬁé@“ﬂﬁ%&%&f?”ﬁarmg the

ene n /or geln gtwee re (;ancerous liver

cJRHression level of each
tissties anéI;l wél differentiated Jé’(e,% |ssues CEDFEEhed Gridl/or
LISite M AN S UrisTaially dRpRISIRFBRFe&h Tl difdRhitRlied HCC
imElia WY Z004/090 266 PG T 31 PRODS1 00 A58 arvdaatietately dry
iadifferentiateedHEQGR)are-identified sy ccamparing dhe expressianslevel
ma@f @@%ﬁﬂ%@@%r@@!ﬁ@d bﬁ{V\@Q{l HCC{G).and (i%@eglelkl

ﬁere tlated % ds 2)). Similarly, genes and/or proteins
tar areagdnfferen |aI expressed bétween moderately differentiated HCC

(G2) atf ﬁﬁaﬁf’e?anﬂgtgﬂqeef(ﬁara@iﬂé?ﬁﬁmw{%rﬁpﬁfm@ethe
angippastiorrieves dfiaaehtgesesndior peoteml Detdeenmid 4G R anc
lepeorymiferenited Hes disssies (HeE(E M .«dP, Ditfarences indha

an@fBiessiondeye! of arnes ARy Rrafeing of nanscancerous liver,
E' %eancerousllilv r, well_differentiated HCC, nmio erate?y dpﬁlerentlated
§

"8Ra posy AR ERHSESTERAR AR b’éhgﬁlﬁfg‘/’z‘éﬁ and detected by
Chﬁﬂe&mﬂﬁ%ﬁ%mmaﬂmmhﬁa%@éow‘aﬂ@@eﬁmﬁmlﬂcmve
matemigdringithewekprestion'fevel’sf, gEres*and/anprittinsdatweencal
density. For example, the expression level of RNA and/or
proteins is determined by known methods including DNA
microarray. (Schena, M. et al. Quantitative monitoring of gene
expression patterns with a complementary DNA microarray,
Science 270, 467-470 (1995) and Lipshutz, R.J. et al. High
density synthetic oligonucleotide arrays, Nat. Genet. 21,
20-24 (1999)), RT-PCR (Weis, J.H. et al, Detection of rare mRNAS
via quantitative RT-PCR, Trends Genet. 8, 263-264 (1992) and
Bustin, S.A. Absolute quantification of mRNA using real-time
reverse transcription polymerase chain reaction assays, J. Mol.
Endocrinol. 25, 169~193 (2000)), northern blotting and in situ
hybridization (Parker, R.M. and Barnes, N.M. mRNA: detection
in situ and northern hybridization, Methods Mol. Biol. 1086,
247-283 (1999)), RNase protection assay (Hod, Y.A. Simplified
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two grades selected from LO, L1, Gi, G2, and G3, the following
procedures are taken. In the first step, genes and/or proteins with certain
20 expression level (e.g. genes with expression level greater than 40 as
judged by the arbitrary units by Affymetrix gene chip results) in all the
wglg&&ﬂ%mples and in the non-cancerous and pre-cance %H%zggsegﬁsamp es
are selected. This selection results in certain number 6 genes andrdr
proteins. Then, the 25 discriminatory ability of each gene and/or protein to
discriminate LO from L1, L1 from GlI, Gl from G2, and G2 from G3 is
determined by the Fisher ratio. The Fisher ratio for a %enej is given by (ft

TARIIU (RIS PG THSR IR nRISLRPIB AR drthe®reision level
(Bigenandforahecsamples th Grade kand5i@staehersdmplelgraace of

piheexiressiendgyekob genrr forsleisgmples s Gradm) 9 WQstern
1?&%/9@0@@%’@/1;?2%@?»@94%%4&%915%@%@@ stefnthe.selpeted

enes an /or proteins are ranked in.the order of decreasing magnijtude of
’%e Fls*helgI “ratis. Ak iran Em e%mﬁ Jt'on tedtis a?sog)% orm%e Eg L
e

Prfstedfiint 89AE miifibel of gzénéé afdrdr frotéind I8 Yefing figrnette,

W diffelentiaionigreitelotH G ept e berpiutatibnaest sampledabels:are
faandemiyperrauted hatween-two pradesitadaserapared, vanddhei kisher
nlrePch@Iﬁﬁ%Q%aﬁg&roﬁl’&&%h'@eegg%@fﬂpﬂte%&'s rgndom,,

lﬁerm%a%}?romgt% étu is reg d 10 #Oxg times, The Fisher ratios

generate a ar SI ase on e%ns'trpbutlon

EngpihR HH%‘%%HB@HBH?P&?&OW@H SEtonPHE bitAbtitis f8F #e
ofFighetneatiob blige & onltiveurarTdmmizdd dfta, 87 gRtes(2Ad0n preteis
pribat e desgrmisedHanke statisticaly significantdngweadkb gradesdaythe

a&@&%&%@%ﬁ%%‘é@eﬁf&ﬁ%@&éﬁd 1Mare particularly, the genes and/or
eorotelns th,e\t have the P value Igs§ O 005 b the random ermutation

test%etween rhe tWO a&es are S e mon se selte éd genes
e i S ondfcse eted gone
Rapitid 19 ezioch dompavisore béhiegr Aorecaec erouvsdesr iy aneb t 1y

f ripfe - vancerousslivet §ib)y prepeaneerous dveikl 1pang well, difereatiated
34HELC (& yyell differentiated HCC (G1) and moderately dlfferentlated

HCC (G2), m ratel dlfferentl ted HCC (G2) and po differentiated
HCC %gg)eare fheP “SBRE aﬂ?er%kﬂﬁ Sf e %e'lg YA GABs

eaghdfbrifrieiid #8 iaRtingadh ASnES M CaDUICIVERITPHROM

(npn;@gmmﬁaguslamﬁ pre—cancerous) liver are selected by
comparing the expression level of genes and/or proteins among
HCC tissues in each differentiation grade and non—tumorous
liver tissues. Genes and/or proteins that are differentially
expregsed between non—cancerous liver (L0) and pre—cancerous
liver that have been infected with HCV (L1) are identified by
comparing the expression level of each gene and/or protein
between non-cancerous liver tissues and pre-cancerous liver
tissues. Genes and/or proteins that are differentiazlly
expressed between pre-cancerous liver (Ll) and well
differentiated HCC (Gl) are identified by comparing the
expression level of each gene and/or protein between
pre—cancercus liver tissues and well differentiated HCC
tissues {HCC(Gl)). Genes and/or proteins that are
differentially expressed between well differentiated HCC (G1)
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(L1), pre-cancerous liver (L1) from well differentiated HCC 30 (G1), well
differentiated HCC (G1) from moderately differentiated HCC (G2),
moderately differentiated HCC (G2) from poorly differentiated HCC (G3)
is verified by the minimum distance classifier and the self-organizing map

W(()Sz OM?%;@e minimum distance classifier is designed using the 40 35
génes and/or proteins selected in each transition stagel? ﬁ]@z@%ﬂ%@ion
level of each gene and/or protein is normalized to 10 WO 2004/090163
PCT/JP2003/004458 have zero mean and unit variance using all the
training samples from two grades. After measuring the Euclidean

apfsfEneer Hethicch dtennpld ahede 468 n62h vactor dhetddiivle iy

cemsigried tothegpadsofthelrearest measvesins The minipusadistance

néealassifierahet js ssgatedvith e selecied 40 9enes dpd/ar; proteins in

oRRelERnsiian giade {52 sausedipieaicL e, difegntiaton grade of
iffe

d)%c%c samples whose entiation gradé3 5ot agte_rmine%r.el'_o diagnose
e HRRTERTATo N BTE0E O HEEES T G Ve Hy 0 P pravidassa
HfedGHedr ther Surdplefarad-Ja toiAHCMixERe sonsistang bf Brades A
cankBiog dlgerspisobtaimetkby NANBakhNferreNErB/ 64) pNAtNB 'U j
pdBevheredds theraupherof sareplasfiom Gradet Nexkthe sample

(B Bj of the mixture consisting of Grades A and 15 B on the gene |
is obtained by L- NA+-1r (NA 1)a (A)+(NB 1)6j(B)+N N~ (F~;(A) f~;(B))2 A
B Using uf and 6l , ,t and V are defined by A[ ,A21...1A40IT0 1V =(720
1 640 DEEFREMAN @eSakbl&beisararraliion blewe] T¢L-RetesNmd/or

Pr2064 1690 £680RCIHIP20O34004468 , wherexkisthenormalged sgample.

ditﬂsksngeﬁaa@émaktagdmgame?w@ﬁi@f@ef@ﬂ%%a{%EE f%ﬁ&%&!wi%det iz
: : € | Istance classiier, Ine score value IS compute

R R R TR R o™

yses. 1In all experiments for
comparing the expression level of genes and/or proteins between

two grades selected from L0, L1, 61, G2, and G3, the following

procedures are taken.

In the first step, genes and/or proteins with certain
expression level (e.g. genes with expression level greater than

40 as judged by the arbitrary units by Affymetrix gene chip

results) in all the HCC samples and in the non-cancerous and

pre—cancerous liver samples are selected. This selection
results in certain number of genes and/or proteins. Then, the
discriminatory ability of each gene and/or protein to
discriminate LO from L1, L1 from Gl1, Gl from G2, and G2 from

G3 is determined by the Fisher ratio. The Fisher ratio for a

gene j is given by

REACEIAL
62(A) +67(B)

F(j)
where /#,(i) is the sample mean of the expression level of gene

J for the samples in Grade i, and &7(i) is the sample variance

of the expressicn level of gene j for the samples in Grade i.
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T3 (%) -11 x 1011 112 -11 z - J202 112 T4(x) =41 x-f1G2 112 -ll x-/2G3
112 Using four minimum distance classifiers, the differentiation 10 grade
of HCCs can be diagnosed as follows: (i) A normalized sample x is
classified into Grade LO if T,(i)<O, T2(%)<0, T3(%)<0 and T4(V)<O. (i) A

WQZQ%Q%%Q sample i is classified into Grade LI if TI(i)>_9€ ‘m}%ﬁ% 4458

and T4(x")<0. 15 (iii)A normalized sample x is classified Into
Grade G1 if T(%)>0, T2(i)>0, T3(i)<.0 and T4(.x)<0. (iv) A normalized
sample i is classified into Grade G2 if TI(i)>0O, T2(%)>0, T3(%)>0 and
T4(i)<0. (v) A normalized sample i is classified into Grade G3 20 if
Ti(x")>0, T2(i)>0, T3(%)>0 and T4(i)>O. The SOM is a neural network
algoritiim widelyeusedt foteplustbengeand isdvelb ke ascanpeficientitool
afer themdauglizetienefipyubidimensiapahgata {Faman0 oF . @ldly 2oner
rHUELRISlIng. pAYENS l.agne eXRIESSIoN il Scae;_l%E%E%%ﬁ'%'é‘%e@eaﬁ% e
ethods and lication to, hemato tic differentiation, Proc. atl.

p oie

CAEHILET P& RCHE AR5 9512 L1G0S) ik SIRGHENER: al. Binary
dybershuEinetPrvestaiguahisitiontappi6 R pr iy eiisterirs shd vistlizing
1 prietcanay CatdoBlyi plormetics 36 SempptloSit-5d4.9 2002 orihe SOM
atvith-all theselecied 40 senesaRdimpraleisds earsied aui acsgrding to
cSipmetod.giMatlal Rininine sMisalbospvalanle g ueb
15&& 2 WO 20041090163 PCT/JP2003/004458

hittp/ AR Cis. HUR. T/ projectsTeoimtod B (KEh I, 50 B Bich Letr
2¥6rfSge RS Al drgRitciRsthncEeExpradsion & sidiffcrirafietéds
Exhmingthiransitior feom 5 non-thacdicus liver(ldD) ¢d preecaictratls
rdives {l3dsHarBnPiRCARseERES dNaldtd) tenwelkdifferantialed HGE (1),
cd@m Welldiffergatiated H6C (Gl 1am %%&%&e'g/-%%fe{e@éﬁ%%ﬁ%% (G2),

from moderately differentiated HCC (G2) to oorny differentiated HOC
e te et for ARUTbATGTRErHb SFI6 RS BEAFErBhend 98 ot HCC,

Pafel SR o YscigehiBpf eh e iagdrsnh it haud forahe webiment
1ed HOGIN0 e@Ch Dratke Fack setpeirfontyage nestand/aeptaieinsvehose

gEdEeSsian é%ﬁc{;&&iéi&ant%%'ﬁ%fe&iﬁ%ngéb?&ﬁ%‘&i?%ﬁ'eféo%&%r
- cerqu |Iye Orpl’%‘_a anlcesr usvll\éler | Q re-cancerous
PSRRI e o L A e o ROBL BV BaeErd

LB %10 B atOFaTET BRRREY SR BORC ST G PRbALVRBIYR0) and
PrifferERERRESHEC $G 2)1b pobrg-diferentiated HEE (G3) isestpredsed in
diratiesar eakady@tic (Gl), well differentiated HCC (Gl) and
moderately differentiated HCC (G2}, moderately differentiated
HCC (GZ) and poorly differentiated HCC (G3) are further

selected.

The ability of the selected 40 genes and/or proteins to
distinguish non~cancerous liver (L0) from pre-cancerous liver
{L1), pre-cancerous liver (L1l) from well differentiated HCC
(Gl), well differentiated HCC (Gl} from moderately
differentiated HCC (G2), moderately differentiated HCC (G2)
from poorly differentiated HCC (G3) is verified by the minimum
distance classifier and the self~organizing map (SOM).

The minimum distance classifier is designed using the 40
genes and/or proteins selected in each transition stage. The
expression level of each gene and/or protein is normalized to

10
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20 cells, and cell-free systems. Agents that affect the expression and/or
function of the genes and/or proteins are screened by monitoring the
expression and/or function. Monoclonal antibodies against the proteins
are also raised and used for treating HCC in different grades. As
| 25 antibodies, whole mouse monoclonal antibodies
wﬁfbnlalgﬁggg antibodies, chimeric antibodies, single chaFnég%]fﬁS)g%?Ge?:j 8
divalent single chain antibodies, and/or bi-specific antibodies can be
raised against the purified proteins, and they are used for diagnosing the
hg(?aedgeq_joHIEC and the treatment 30 thereof. A kit to examine the
exprassion of tha Jers afiorSrottme s aido tdre it mins Idevohsists
ISP the MM BEERER: inchitipl resgnts for arhRNRuextrastion denzymes for
bsymesie 3Gump LOMAJanscaRNAL DMNAtPSEBEgoRMsIROtdeChiPSneq
t&geér@?ﬁo@rgheg@@gégﬂg%ﬁ?ébecgﬁﬁe?@'hlﬁ]f{r%gén“‘é@%t%cle?’
e conirol genes, and antibodies to
Jthe {g%eigg%%gmgéﬁéﬁé %Jf%ﬁe%.te are %%%ﬁ?%\%jlléﬁ%eﬁqﬁ?ﬂ@r
market. Brief DEScHpABRTGHe HRinkE 5HG. t9rdstatesbior disslays
A4t fi5e Txptasdon erese gehdiCviTmsweprossion waissignificaatiy on
gaéretisouringehe riramsition éraikbabige 4 Ka) d 19% geRes WIS rade
expression was significantly altered during the transition from L1 to Gl (b),
°Ba'fdries WdEE expfdssiddval; SRinitikemthcaltdredddurimgthe 10the
transition from Gl to G2 (c) , and 40 genes whose expression was
ssigiticanily gitered dneng ihe arsilion FOMLIAGERH(D) » Ranels 8, . 9.
and h illustrate expression of the selected 40 genes in each transition
a S¥age i aflshetsmhpies HExpression of the selected 40 genes whose
. expresgion was significantly 15 altered during the transition from LO to LI
& wTaR LA - fipitRio G2 (g) , and from G2 to G3 (h) is shown.
w LQ% Sﬁlected %O ehes ih each transition stage discriminate samples
tre and At Stha BRAS R, CBRGE SirE o R 3 eletrealenf ordee of
s [ raf indicated by GenBank accession 20 numbers.
EEARE R i e B T
B Nh-@heNkcb6, I}ILi@7,OINJEa§§e&IL5§9, IL-49, IL-58, IL-59, IL-60, IL-62,
G1-26T, G1-42T, G1-85T, G1-86T, G1-87T, G1-147T, G1-165T, G2-1T,
&ZGWZ-ZT,IBZ-6 G2-8T,G2-10T, G2-12T, Gg 16T, 25 G2-18T, G2-20T,
e ey SAlRel A NG e Z%%gﬁ(w@@%@)zgz-sﬁ,
G2-43T, G2-45T, G2-46T, G2-49T, G2-58T* G2%59T, G2-60T, G2-62T,
G2-89T, G2-9QT, G2-105T, G2-151T, G2-155T, G2-161T, G2-162T,

A

USEs 1 637200 §71 TAGOMBIT a5s- I ied by,

ﬁ m[ﬁl’ﬁZ:---vﬁJW]T

1 ]
— /]
T3
. _1—.
V= &,
0 "1
i Oy |

Then, a sample x is normalized by

E=V7(x-f)

i1
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G3-25T, G3-35T, G3-80T, G3-81T, G3-107T, G3-174T, from the 30 left.
The name of each gene is indicated on the right of the photo. In the case
of panel e, M18533, AF035316, AL049942, L27479, "Fibronectin, Alt.
Splice 1, U19765, X55503, AL046394, AB007886, AL050139, AF012086,
, M19828, U92315, D76444, 35 X02761, AF 400326,
W%@%’gﬁ% L13977, D32053, AF038962, AL0O08726, 7%%%%%@%“6%3
AL080080, M63138, L09159, AF017115, 14 WO 2004/090163
PCT/JP20031004458 M13560, M36035, 047101, 081554, M21186,
D32129, AL022723, M83664, 050523, M81757, AF102803, from the top.
e tads ofRRANBPEISESSL, WISy 21, UB1BY2 thRgBe7alized
sapP2622, Kro55376¢ RYFSIPCRI2SST, DBIU6H ARF052 £ 82 B8R40 R
£hig] 1094 BN kBAS S, 155 754, 1 X 0254 4; Wt088a T ZPARRS 132266Ayted
pyM62403, M35878, 084011, AF055030, L13977, D13891, M63175,
AB023157, 020982, M14058, AL049650, 061232, A1991040, 064444,
T, (BpIDD 7 K5B50BFAHBI181, X76228, AB018330, D76444, 070660,
U10323, from the top. In the case of panel g, M87434, M12963,
7, (62844, NP7936. £99429, 10 L07633, D50312, 007364, AABB3502,
7935, AF061258; AB007447, M97935, W28281, M97935, Y00281,
D28118, AF104913, AA675900, L27706, D32050, M63573, AF014398,
T,6crebya io78674 Xamisa 63, AB014569, M23115, D38521, X00351,
L11672, X82834, AB007963, 076247,X68560, AB015344, AB018327,
T, 6y 03430, w1463 L ABP28449, 15 from the top. In the case of panel h,
AA976838, 711793, AB002311, 118004,AL031230,
Us AR 02697 iiBAH4H96] 519897 cARSTOEVEr 54801823 1 1263099, 122061,
qrédd 725, RSl 34081 aMRR4AE8 206842 80we32098, D10040,
. AB023194 AF001903, X96752 M751Q6, Y12711,D14662,
(128%5%%?%11199?%@%391: ﬁ%f%%%’%ii%@ y citkho
ABO0C0IEREDD6 78 Vi 185 REdb 212, : A1541308, 749107,
(107735 mM3d449dfrornphe tépiFigi2 iribtiads thevdhicrdor-bf the
selected B(eyeries i (epch fraféifjerstage t6, F3tiruish the
(igsﬂ‘é%rgm;(iﬁﬁgﬂiqr@&es&épé ﬂz?@s l@f@&&@@&!“ﬁ&&gﬁ#@ gLl (@) , from
1 10 g (0) , rom , the minimum
J...IL_ q)fx glfdljg'r %%(:@?&02, C).&ngé ar}]t%%;hx §d

distance “¢lass S‘construtted with t ples in consecutive two

'~

Cltidreriatvh GRtieas ifidtated Pt fdd Bat traifing<so $amples),
andiwad,; Gpptied tdA3e s8mpleerrrtheardhdutmb< Bifferentiation grades as
(vindigatied-hythedlaskpar(t@st samples)rTbe resulting glrssifier

classjfied-ihg Lt sppley )’Vi’f@(ﬁ)‘%ﬁc%écn £9200 (a) , 98% (b) , 84%
(c), and 100% (d) 35 Fig. 3 illustrates the result of analysis by the

self-organizing map (SOM) algorithm of the genes whose 15
The SOM is a neural network algorithm widely used for

clustering and is well known as an efficient tool for the
visualization of multidimensional data (Tamayo, P. et al.
Interpreting patterns of gene expression with self~organizing
maps: methods and application to hematopoietic differentiation,
Proc. Natl. Acad. Sci. U.S8.A. 96, 25807-2%812 (1999} and Sultan,
M. et al. Binary tree-structured vector quantization approach
to clustering and visualizing microarray data, Bioinformatics
Suppl 1, 8111-8119 (2002)). The SOM with ali the selected 40
genes and/or proteins is carried out according te the method
of MATLAB R13 with the S0M toolbox available in the web site,

12
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WO 2004/090163 PCTIJP2003/004458 expression changed during the
transition from non-cancerous liver (LO) to pre-cancerous liver (L1), from
pre-cancerous liver (L1) to well differentiated HCC (G1), from well
differentiated HCC (G1) to moderately differentiated HCC (G2), 5 and

wiom negerately differentiated HCC (G2) to poorly dlff?ﬁ@%ﬁ cei%g he

(G3). Fig. 3a illustrates clusters of the samples (Table
SOM grid corresponds to one cluster. The vectors of neighboring cells
are usually located close to each 10 other. (m, n) , index of the cell

| d at m-th d n-th | les f
tr%:n}?é"%e?%ﬁ% %?ﬁnﬁﬁ%ﬁﬂ%\%n%e@tlonﬁﬁ it e rzg‘égr}rfpI‘ze%Of1 orn

HCV-infected pre-cancerous liver (Li); Gi-XXT, samples from well
differestidtect HEC {GL)y @anxipgmmesmm&e%m?s sion
1 iffesentiates HGCa(RR) Q3 Xihgsamplesdreamunederataly differentiated
nofl Gl Qo6 AR shpys ﬂaatptma 5@%@3&&9@%@%@ ;a signygid

curve inthe order of LO Ll Gi vessel

PERVBNSTENt (bid EREERE) A2 T’oﬁt &t ]gose fg: éﬁtsam é%es and’ 2%)
weddniifesanfntiessed iRGeIVEHe W(Fw%ﬁﬁé}%}hrgﬁééaﬁftdié*&@%{@s
(ceamplesnFipBirdiustratdstherdistdnteddi@eentihe fieighiyoring
diglusters: (M) nindexcaf the: celldacatad at snth sovmanda-Hreadumn. 25
i o
i

T grfy %ﬂe%ﬁw%e fion- u%%r%tus 1(erklxonh'f:anc%?oulé arr%d}[!{zjéj
eagfe g&#eRrous) liver samples and HCC samples are relatively far apart in

all thegselected 490 fenes g80:F avlé/dilipstratas clubess ekparysiésn

ispeafiedtoda0:bl, Gl d2gane:Geasshovva ik Hg.oza s Fahle 2 illustrates
mﬁ"@gg@@m@gmaeqor&ﬂ thg HEC used.n the presentinventian,35
Table 3 illustrates top-40 dlscrl naéog_y genes In LO % 'gab eq

PLGCHATEE 185-20 Hachittihate ory genasih T T A e ?1 B bod480163
wepE A ra68/00445B IFGhIEY iltsthanes tfplo distirrpmion) 68iksin G1
(Gamg G2oml abli=6 dtustyatestttpedfdistemiiatoryagenés ip®2 Bnd G3.
d&?@%%@@%’&f@&Qﬁfd‘:yiﬂﬁla@%ﬂ@)!ﬁ%@g@ﬂ 5.7 s fallowing expamlesimerely
celtipralgdnedyeioned mathadtor igshlificatipn.and kg.otggnes andlor

protelns at are ere tly expressed IN Nonh-cancerous I|ver
expression and/or function of the genes and/or proteins are

screened by monitoring the expression and/or function.
Monoclonal antibodies againgt the proteins are also raised and
used for treating HCC in different grades. As monoclonal
antibodies, whole mouse monoclonal antibodies, humanized
antibodies, chimeric antibodies, single chain antibodies,
divalent single chain antibodies, and/or bi-specific
antibodies can be raised against the purified proteins, and
they are used for diagnosing the grade of HCC and the treatment
thereof.

A kit to examine the expression of the genes and/or
proteins is also created. The kit consists of the components
including reagents for an RMA extraction, enzymes for synthesis
of cbNA and ¢RNA, DNA chips, oligonucleotide chips, protein
chips, probes and primers for the genes, DNA fragments of
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pre-cancerous liver, well differentiated HCC, moderately differentiated
HCC, and poorly differentiated HCC. 10 Herein below, the present
invention will be specifically described using examples, however, it is not
to be construed as being limited thereto. Example 1. Preparation of

wggmgetlié,sues 15 Fifty patients underwent surgical treﬁgglﬁp}[’g%(ugg at
Yamaguchi University Hospital between May 1997 and August 2000.

Written informed consent was obtained from all patients before surgery.
The study protocol was approved by the Institutional Review Board for
the Use of Human Subjects at the Yamaguchl 20 UnlverS|ty School of

CREBRIRETRIP of thE 3D PhsHE Wt e RiTISHVE forTheE P AMtRIRIY-S
o HOVAB)tand serondyativuddl shdpafitionB Virasmsurkade antigen (HBsAQ).
A histopathological diagnosis of HCC was made in all cases after

Bﬁlggggg@@ﬁ,ﬁlg}pgﬁth@}@g|§§g§)l(§(5@|natlon showed that seven patients
had, 25, well differentiaied HICC.(GT ad moderate ntiated

Flﬁc& %\g and%%e remalncliﬁS a1 ght ﬁadi"ﬂoorf Giferen ated?l{?c%?

Whéﬁﬁlc%’ﬁéﬁﬁﬁﬁj‘ﬁie fﬁéﬁo@%ﬁéf‘é B%?@Wné’&%%ﬁ@?d |ﬂ@rtH“‘¥h§}iﬁternatlonal

tgnfort deRidseT dit T MM tlassifightiorn eFistiersceraptrest i Student's t
s itgst fandMannbitaayts b 130 test wveresisedriorelusidate sher differences

Mra;ghe@%@up %Q&Q@E%ﬁt%ré%.t'9§cffm%ﬂ9a%§ 9BdeS Bdu G2 2HLC3
HCC. P< 0 9 %'slcgngge{eg S aqlr(lii1 g@nt SiX non-cancerous ljver samples

transit nes whose e

were o talne rom six en’tS wno uﬁgerwen %epatx@ reseétlon"%r
sigadibirapristy m&e&%%&ﬁcﬁwﬂarﬁaﬁstaﬁase&ﬁméa% fiaverristoi8gically

Papeifat liversy .Thay weid hilissearre gatve foi both HBsA g alek e WO

ge2@841090463 PG TAIR20035304458n HTCV Ahe Hypdiey-infegieddbmim

oﬁ%’ﬂ@'@%ﬂ%%ﬁ?eé'%%%%@%ﬁ@% the,pepstmoLaUs QE%%?{QX{?&%I'GMS
Ig(éc All fl\t/g qu_egr samples were Q@tg(?aﬁqm(%ﬂlca \r/dlag{nose% S

I’OﬂIC ga%tls or liver CII‘I’ﬁOSIS Inrflorme consent’in Wl’ll?n was

(fébteﬁﬁ@a ffontalSatiéhts BafdrEs I &y e pie Zlﬁllﬁﬁ@é}’ﬁ‘athc%@lc
sedlatacidifstiesof HCEwHiswlodithbexdmirationsrsdweterainabeeng
bethrrbQdGYassesteshEEs @rotiedds this SHeyn Sayer yveiswel 10

orfifferantiated HEG (G Sanwere.maderataly differanfiated HGC (G2).
nu:FEd the remaining eight were poorly differentiated HCC (G3) (Table 2).

'tumor size of G2 and G3 HCCs was significantly larger than that of
The parecefpeerToperdifdls=trd282 red sectiorly hyaramiviaitfeys U
NItegl). Fhebincitenee  ofl56/essegi/oNerent I-G2 and. &8 HCCSwas
rrsignjficantly highers tham thatin €1 HEE, (9T0s@38 lay Fishergiexacttest).
GlLrl55T, G2-17, G2-2T, G2~6T, G2-8T, G2-10T, G2-12T, G2-16T,
G2-18T, G2-20T, G2~22T, G2-23T, G2-27T, G2-287T, G2-29T, G2-31T,
G2-34T, G2-37T, G2-43T, G2-45T, G2-46T, G2~49T, G2-58T, G2-59T,
G2-60T, G2-62T, G2-89T, G2~90T, G2-105T, G2-151T, G2-155T,
G2-161T, G2~162T, G2-163T, G2-171T, G2-182T, G3~-19T, G3-21T,
G3-25T, G3-35T, G3-80T, G3-81T, G3-107T, G3-174T, from the
left,
The name of each gene ls indicated on the right of the photo.
In the case of panel e, M18533, AF035316, AL(048942, 127479,
“Fibronectin, Alt. Splice 17, U19765, X55503, AL046394,
AB007886, ALO50139, AF012086, AI539439, M19828, U92315, D76444,
X02761, AF001891, AT400326, AT362017, L13977, D32053, AF038962,
AL0OB726, J03909, %69043, ALOB0080, M63138, L0O9159, AF017115,
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parallel to dedifferentiation from Gl to G3, tumor stage was more
advanced (p=0.066 by Fisher's exact test) . Thus, each type of G1, G2,
and G3 HCCs enrolled in this study showed 20 characteristics
corresponding to dedifferentiation, i.e., tumor size, metastatic potential,

wol Jnes stage, as proposed by Kojiro (Kojiro, M. Paghalagical evolution
of early hepatocellular carcinoma, Oncology 62, 43-47 (2002)). 25

Example 3. Extraction of the RNA from tissues Pieces of the tissues
(about 125 mm3) were suspended in TRIZOL (Life Technologies,
Galthersbur USA, Catalo No. 15596-018) or Sepasol-RNAI %v?acalai
Migale, 82 Jaﬁéﬁméat BY"NG: 366L585 anbPidmogei?éd tiice with a
ME3GIGEror 305 neMfalTcd, Litial ) DRizefuem) {Bsdeat marinibm speed).
o Aftet additimpiaiahlemeéoun? theviidsues henegepatesowef e aergafuged at
Rgﬁlﬁ)ﬁ? i‘aﬁzf?{l:ll-o ﬁ@s@@%‘Rd %Q@Qyﬁsph%%%? 2hiGh mﬁa'@ﬁ%w were
a
wagﬁéggg%g%%vﬁ?%?/ﬁ g Qg\%r\??ﬁélgg%%%gu’sﬁgng Hé trea%-b Water
ARP 10 F%cHHGB e, %éﬁﬁérsﬁ‘{?@l’ﬁs&%’&%&d N&Zfééf?, 3HAI5E8 wo
AIIGARD0 Y63 PCT/BP2DUBI004 458 Afteh trscred Witho05, UkissofBNase |
X1&ifesT eboidlagies pGaike rsbueg o) $A p Catalag Mot A806%-015), the
ca@%‘%ﬁ’%ﬁrf@legraﬁm%\@th E&Z%L/CJSMﬁ@&m p@#@ﬁﬁte%wﬁsetham'
issplved in r er
Lo%’%‘%% Sobed I REEC; raaled.w, cﬁ% ME'?S o%fgr%% mﬁ? ‘!g?zw
t

we It nucleotides were removed by usin Nea
oréls

n, BdAiany e ARy N%D%Oi)zé A3 Man
LZﬁ%%ctWﬁ%uMG@FaﬂltykﬁQhé&%@al m&%asqﬁﬁgéélrfrwm@bo of
ARR8S5HY] 18 1ibosomalRNA aftEss agarase pe) etectsaphoresis7 Fbe,

uRifeckiniak RNAwRs:s0rathohQ 88 780,60 49% 1hapeh SalkioR At
£ ise :Fx%m le 4 g}/nthess %f cDNf\ angpfg?:% % 950b|i§§0 SEﬂA was
oicé '

n esl|z db usm reverse9§£ersér

vij 88%&6&?&&%@%@%6?& BB B3atoE PS5 No. ﬁ%@)@@@ﬁg)‘@@é@%mg
ATehtHE? Phanizfak tdrer&2ibistiuctiohy T anual 40k mittogp&m 68 #8S purified

xdmiabRINAowers hybrisized with @iigesd xpamers (Savesty. T aehnoiagy,
e, o e S e IO 9
ey L L i ol RS Rt
U7ﬁ7ﬁﬁed%ﬁﬁ¢9ﬂa§é?‘6&h@eﬁﬂ Light (Eppendorf, Hamburg, Germany,
Catalog No. 0032 005.101). cRNA was also synthesized by using

riEGAsGrpt T ddb (Ambian. Austion UsAsfeatalog Nealddfand cNA

caldfi @QH@%&E%ﬁ&&%f%af%@%m@%%%%@%%&ﬂ%lon grade
Aggroxmate y5

In each transition, from L0 to L1 (a), from Ll to Gl (b), From
Gl to G2 {(c}, and from G2 to G3 (d), the minimum distance
classifier was constructed with the samples in consecutive two
differentiation grades as indicated by the red bar (training
samples), and was applied to the samples in the remaining
differentiation grades as indicated by the black bar (test
samples) . The resulting classifier classified the test samples
with the accuracy of 392% (a), 98% (b), 84% (c}), and 100% (d).

Fig. 3 illustrates the result of analysis by the
self-organizing map (SOM) algorithm of the genes whose

15



i0

15

20

25

30

35

pg of the cDNA was incubated with 2 pl of enzyme mix containing T7
polymerase, 7.5 mM each of adenosine triphosphate (ATP) and
guanosine triphosphate (GTP), 5.625 mM each of cytidine triphosphate
(CTP) and uridine triphosphate (UTP), and 1.875 30 mM each of
in-11- and Bio-16-UTP (ENZO Diagnostics, Farmi USA
w@'%g%%%ﬁgg 42818 and 42814, respectively) at 37 C fcrggég}%%%mmsg
Mononucleotides and short oligonucleotides were removed by column
chromatography on CHROMA SPIN +STE-100 column (CLONTECH,
Palo Alto, USA, Catalog No. K1302-2), and the 35 cRNA in the eluates
SRRILEE ARG IRPaduintR 8t HZYRo It ERTEY L BRtHE eR NI aS HGEget from
Live terig® of thecRiNArafteragaidse 1 AMWD, 20044090E68ancerous
1P&T 11PROO3/H00AA58: gelalaetiopbaresis. Theypurfied GRNA was
astarerat 80 & HEE0(0601?&2%{19&&8%%%'1%@1'%@&%@@4% AP
-SiPEession.anaisls of HeC in. diferent, S differeniation grade Gene
expression of human primary urmors rom glioma’ pafleRESHas examined
db?/’%ﬁ@?ﬁ&éﬁ‘éﬁ? difgonifdeéotide microarrays (U95A array, Affymetrix,
F BantasClarbu ISAL Gataloy tos 5401879 (kipshieaz, Rekbetal)High density
Esynthetia 1holigengcleaticeiatayse Najn&ened. ade 20r34+(d999)hzor

vm@éwg@y%z%}hgeﬂgﬂa%@q@swegngm%&Q%&BB&% was P2

mgla mented at 95 C for 35 min in a buffer containing 40 mM Tris (Sigma,
t..Louis, USA, Catalog No. T1503) -acetic acid (Wako, Osaka, Japan,

(FatilogiNE D PE-GES565 {pH 82t ADE M bbt&ssi AR Bk taed Wivako,
NiO%dkas Japbes CataloypMNocdr6B0847 5)ivand-30Q nolit maygnesiunt acetate

(KWakarOsakas alapan Gatalogdvo: 330-00095)« Hybxicizatian Wa% »

: ; £ ini A(N= li
(perfognegkin 200,p1 of & huf @gggrg@ﬁ@%ﬁg%&gg%g g{%?@%%%%)

ethanesulfonic acid (MES) (Sigma, St..
R 1 RS S A A R RSO ) oo o,
sappl o) 9 RPRERRS Ien Sithesayipiiamyd éthér (ERko, Osaka, Japan,
TIGatalp s iNgs168: 1 1805)5 200ig hertiemrdpefimrDAA { Prognedd, Madison,
1SR, oCadaleg Mo, DISER), AP0 paiacelyaiedhoyine.sarkin albumim
1RGPl LBYISe Q%e%za@ge’_\i%c%@e@%l’ oL R, qtfhe 23 fragmented

G cRNA, and bjotinylated-cqntrol oligonucleotides,

BRI EC TR RA TS T ACE I PISAC 3o o AR AR TAOLSTERS o,
clpgfarty, §845°€HbPA2 hr. After washing the chips with a buffer containing
Fig013W MESqpteted), thié MiNathcant:00480 thelyaxytene@0)q
c1ealylphenyl ether buffer, the chips were 30 incubated with biotinylated -

nijsstr idin. anti (Funakoshi, Tokyp, Japan, Catalog No.
A RodT it ST St oL L o (v

TS, §i5dS E GG ehe (FEAL SCARIb TGS 566 s IctEa s s HdizEReN

neg'.@h}aqg:'agg clusters; a red color means a long distance. The
red cells in the upper area clearly show that the non-tumorous
(non-cancerous and pre-cancercus) liver gamples and HCC

samples are relatively far apart in all the selected 40 genes.

Table 1 illustrates clusters of samples profiled to L0, L1, G1,
G2, and G3 as shown in Fig. 3a.

Table 2 illuustrates clinicopathologic factors of the HCC used
in the present invention.

Table 3 illustrates top~40 discriminatory genes in L0 and L1.
Table 4 illustrates top-40 discriminatory genes in L1 and G1.
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described in the instruction manual (Affymetrix, Santa Clara, 35 USA).
Each pixel level was collected with laser scanner (Affymetrix, Santa
Clara, USA) and levels of the expression of 20 WO 2004/090163
PCT/JP2003/004458 each cDNA and reliability (Present/Absent call)
W(\‘v&q}gmgﬁlﬁgulatgd with Affymetrix GeneChip ver. 3.3 anq)éfmg}r&)% 55
Microarray Suite ver. 4.0 softwares. From these experiments, expression
of approximately 11,000 genes in the human primary 5 tumors of glioma
patients was determined. Example 6. Statistical analysis of the
oligonulceotide microarray data Genes with average differences greater
T%Hfﬁ 2013 LSMFEERY (oiks By ARSRTEHIR AT ahEese HET Sampfe§Hnd
Tahéel ® riddtaineroes teon-danderoustand ipreycaroerous) Hzeansaniples
were selected. This procedure yielded 3,559 genes out of approximately

ekl OR0a e, the Fisher ralie was defeumined, (lizuka, N., Oka, M.,
Yama(t%é%g%fzéwq.ﬁ VIO, N.l |§Q§§§1 [ .i*}:laucs)gadaé T.ﬁTakemoto, T.,
Tangoku; A., Ramada, K-, Rakayama, b.. Miyamnots, The RAFETECS.

m %Sﬁ%hi’&%?%?lééﬁ%ﬁér%%ﬁ BF YRS BPTERIS R PRANES Hetiderk

arsesttitfeBevitdy- anpisepatitid "Crrirussirfeetedihepitecellular carcinoma

piey-eligesueleotide snjcreartay data baserhesd supervisadgaging

aiPedied (cancer 2R Res, £2,:3939 3344 2002) and{ ye.J. , Duggan, D. J.
, Cherh Y.,.S %\i%%eo%ﬁ]., Emgghg.l,\/l., Bittner, M,LgtTrent, J.M., and

Isaacs, W-B. Human prostate cancer ahd benign rostatié hyperplasia:
SPTolddNat HisSESFSARRARAENEX SFEdEdR ProfifiigY Canér Regob1to
b2/ 6831688266 1 Petnavalusiediesbageries as 25 discriminators of LO

from L1, L1 from G1, G1 from G2, and G2 from G3. The above 3,559

EQRRES Wereptanied in e prdenef 0egiaasigo magnitude of the Fisher
ratio. 'ﬁ-\ {gggorgtpermutation test was also aperformed to determine the

number of genes o' detne the diffeTehtalion grtfe-BF EiCE2 THE tahdom
Yang BeriiutRtioit Tedtwas tifiad batueiedeyrindd provichisp s(HAND N,
WrOkagMin¥amedacOkadet, HasMdrf,aNneBafnesaa T1, p@kaedat J hdakemoto,
suFgek§nNgokis étddwﬂagﬁol{_oﬂ.l\@@ﬁﬁﬂ}ﬁbdéd Mb@f@@@s@iﬁ:h’@b@ﬂ&'ﬁﬁ S,
rRe@0d:Hamamoty, .Y, forgparisen.pf deng  cxpression profiles between
hepatitjs B virus- and hepatitis 35 C V|rus-|nfectedaf'uepatoce?lr&fle%

UndYdioa BSBIRorticEetds i crodrtdy YatiiSasdd Bhtd Rire iR
SeRRARY htethirer d&fcer Zibein 1664/690 869 FETAIREB031G04453
heReisi 625 BO39=-3944:2002 panddeaio (H5dagygan hRskofdetMbgical
di9GhY8g80s£) adaMing GaMe Bittner; Mokse brefite d:Me20d rl5aaGH, W.B.
hiE@@%Q@J?g&%@aﬁaggggg@gtggg'%%g&%%taﬂ%t seven patients had
well differentiated HCC (G1), 35 had moderately differentiated
HCC {G2), and the remaining eight had poorly differentiated HCC

(G3) . Clinicopathologic factors were determined according to
the International Union against Cancer TNM classification.
Fisher's exact test, Student’s t test, and Mann-Whitney’'s U
test were used to elucidate the differences in
clinicopathologic characteristics among the 3 grades, Gl, G2
and G3 HCC. P<0.05 was considered significant. ‘

Six non-cancerous liver samples were obtained from six
patients who underwent hepatic resection for benign or
metastatic liver tumors, and confirmed to have histologically

normal livers. They were all seronegative for both HBsAg and
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hyperplasia: molecular dissection by gene expression profiling, 5 Cancer
Res. 61, 4683-4688 (2001)). In the test, sample labels were randomly
permuted between two grades to be considered, and the Fisher ratio for
each gene was again computed. This random permutation of sample

withelsdas repeated 1,000 times. The Fisher ratios gepgfﬁgggﬂgy&m@e

actual data were then assigned 10 Ps based on the distribution of the
Fisher ratios from randomized data. From the distribution of the Fisher
ratios based on the randomized data, all of the genes that could pass the
random permutation test (P< 0.005) were selected. This procedure was

A srhed il e e&?)%‘?ﬁﬁ&ﬁt%%?fh%aé‘%%%ﬁ?&? 53 BrsRpaned R a

thaspn15mganes witedise Hishéy raig$ Lhigkerihah 4190 webd Statistically

1 sigmifisam thscrimirators tbpweehdg@cand ¢ | diilkenised19% genes: with

ndpetiisherdatios dHaherthasn 4. OSI@EQE%@E@@&AE@H‘&E%Q%

oﬁ’%‘.‘&'iz’i@ﬁ E%erﬁrﬂl ta&cg}]e{;hg&%] }% crlmlnate Gl from G2, and 20
t er than

40 genes with the Fl er ratios hi 5% to discriminate G2 from
G3, were identified. Example 7. Selection of genes whose expression
EXa5pemtés vl disrepeshiadon g sehasRre T DBt efigBfiteleotide array
data, ¢hizrigesdi thd germeniexprassion during aheagenasisy ieaefrom
HOVRSACRIeHS livers ()40 HE Viinfegtad QE%@@nceé%lﬁ liyerdLsld and
%EMM%{' Edféeigﬂ fiated HIGG &%&ér%@%df’ g flediffe fent'g“ﬁecof

ere analyze e supervise

Erdiot bbb foril e s e
(GFendSHGse exprébsiotiiesel wWas sifnifidantyf ERad§éad difring the

s igan siticenfrom l:@dod thAmorg the ¢bAgenes;o 6Fowerendpsequisted and
r3pavarsdownreguinted suring dbis; ttﬂ&%’ﬂ@ﬂ In mseﬂﬁa@%e%fwl
ve%%@?%‘@(@??@e‘?ﬁ%@sﬂoﬁzggnﬁvggv‘{-%% n'f'c% n%’xn tﬁ [ing fhe

transition from L1 to Gi HCC were | fge s 95

TR ERIWS SgodfdooEss %ﬁ/ﬁzgﬁkﬁﬁﬁ?WEgﬁ?&@d and™6 were
Pa@gwhtégttatéerddhaganisiabheitidmorifiy-four Gendsmppesiredaobe
modifferbriialhdekpressed heriern:Gd antcG2 IS, Tngsaany them the

ofO¥RreSHION Qi BG:9eness was areased and hatahl8geRes was
decrei ased urlsr)g the 5 tran ition qut)égenes turned out to

ald ris corraes f'£0m GCil-l Gze

hb ferent yexpressgginbet[\llgee Gdf' df 8‘5 S, and among them
tuf?fefeﬁép?@séﬂ?ﬁ%?Eﬁé@ﬁ@&%@ﬁkreﬁ%‘%&%ﬁ%ﬁ@@%%&é
byd&edased SelibgrthéltraPsithon foimd 2¢pdd 8t Tore xdimise zerformance

nephthe:genesaselesied iveachodébgrage 62 the ncpgenssis and
development of HCC, the inventors applied data of these genes to all

Examp e § ﬁ?x%zr:%% }.o%m(]:(%stthe RNA £from tissues

Pieces of the tissues (about 125 mm®) were suspended in
TRIZOL {Life Technologies, Gaithersburg, USA, Catalog No.
1555%6-018}) or Sepasol—RNAI (Nacalal tesque, Kycto, Japan,
Catalog No. 306-55) and homogenized twice with a Polytron
(Kinematica, Littau, Switzerland) (5 sec at maximum speed).
After addition of chloroform, the tissues homogenates were
centrifuged at 15,000 x g for 10 min, and aqueous phases, which
contained RNA, were collected. Total cellular RNA was
precipitated with isopropyl alcochol, washed once with 70%
ethanol, and suspended in DEPC-treated water (Life
Technologies, Gaithersburg, USA, Catalog No. 10813-012).
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all of these genes selected in each transition stage were placed in LO-L1
transition, L1-Gi transition, GI-G2 transition, and G2-G3 transition. For
example, the 191 genes that discriminate 15 L1 from G1 HCC could
clearly distinguish non-tumorous livers (LO and Li) from HCCs (G1, G2,
qu&ﬁ}@f@g. 1) . These re_sults ind!cate that altered level of %tg%ﬁ%?“lsescted
genes plays central roles in determining each grade o
pathogenesis. 20 Example 8. Genes whose expression changed during
the transition from non-cancerous liver (LO) to pre-cancerous liver (LI)
Expression of most of immune response-related genes,
AhhetaldIRthad | abehgénésutbrs poft-PRated HeHest episiebnsisgetaed
Gyyeries; sindondogfenasisabtatediogen@s #a$ 125 increasruh argkthat of
réranscriptianrelaigdganes was desteansd ghuing the raasitian, from LO to
etrablabled) Jmoung Jgsponsestelated genes.ipclude MEC clasg | family
%&ﬁ-é -C, -E, and -MHC qtlags [l famlla%gHLA-DPBl andiH A-DRA),
ST AN AT BB 1T CEREE AT RS0 P Upreg Rt Bp dieasy
MiRteffeFolRAEFNndddibre gSremamh 45 1Eisy Aoy répREenrhestévgense
tagamstwiral inteotion ioweverd ahshawle be ndted that sévetial total
rifENelpieggeneswvere seaeasedshiing dedifferantiationof:Glieds2 as
agﬁ@@ygrfi iy dae faligwing f@ﬂ@ﬂ&%@:ﬁ%p&%é@ﬁ& wag stored

g@gg |sm-rglg°ted1glene include KARS, ALDOA, ASAH, MPI, an

AGAPD. Indfedsed BVEIRSF RRRE 57y AEb A Hance protein 23 WO
2004/090163 PCT/JP2003/004458 biosynthesis and glycolysis,

ExeepbetidelEdphegilaton ofDRS AdMBL i GRRD aughrents
biosynihasis.atfaihnasics s anmgsesand grcanaidelydeLmspgatively.

cefPRSRYLElRE genes Elide WY SRRARGEE -d BATPNT-
NoS.'S 840|s _r_%s%?nsmle }‘:orithe effective transﬁport 0 neyv'l_y_ synthe_5|ze
SolyPepliaes’ AFOXI AL opher FaReRSHar BN Rrfintt 8558 Th iR
meBSressidrt CausERrasiFEiforr bf Yaricuy HéathdltpatiNay yesecause
hyinaihyierdymosreduite cdpperionzs (& sofastor of lenzymagtic ackivdy. 10
JREpObYRIS-Telates: aenes daakile-C B3 anth CIA R GRE3 sdpyoluasl in
wiascHaumalion nereased. serumevel of IS0 prolein. pas.ghsrved
in,cirrhotic patients who may develop pre-cancerous hepatic hodules
425t B, TimineNs, R tﬁi‘i%%%%% BasvRRtkRe e 8oksi, M.,
PhRUgEEFR 0% 1B erbbrarit Gethebidin Phraeeuioriagtedohderahdtions in
(Epatients- fyith hepatocelialar-carcineraalaadios lives Tirrbosisi&yr, J. Clin.
Chemc&lin Biochems. 3¢n5Ra:36Q41896)) Rncogenesissialated gepes
aipslide MED2, RR310. RRS3, RES1S,and RES1E DNA meihylgtion is a
common eplgcenetlc change ) ) _
he manufacturer’s instruction. Approximately 5

according to
ng of the cDNA was incubated with 2 pl of enzyme mix containing
T7 polymerase, 7.5 mM each of adencsine triphosphate (ATP) and
guanosine triphosphate (GTP}, 5.625 mM ecach of cytidine

triphosphate (CTP) and uridine triphosphate (UTP), and 1.875
mM each of Bio-11-CTIP and Bio-16-UTP (ENZ0 Diagnostics,

Farmingdale, USA, Catalog No. 42818 and 42814, respectively)
at 37 °C for 6 hx. Mononucleotides and short oligonucleotides
were removed by column chromatography on CHROMA SPIN 4+STE-100
column (CLONTECH, Palo Alto, USA, Catalog No. K1302-2), and the
CRNA in the eluates was sedimented by adding ethanol. Quality
of the cRNA was judged from the length of the cRNA after agarose
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20 in many malignancies, thus, DNA methylation patterns are determined
by the enzymatic processes of methylation and demethylation.
Upregulation of MBD2, which inhibits transcription from methylated DNA,
plays an important role in downregulation of tumor suppressor genes

w& Y, fpethylated 25 DNA at their promoter regions.lj%gmﬁgwgaggr} _of

a transcription-related gene, RB1CC1, was observed during the transition
from LO to LI. The RB1CC1 protein is a major regulator of the tumor
suppressor gene RB1, thereby decreased levels of RB1CC1 can promote
oncogenesis via 30 decreased activity of RB1 protein. Thus,

IR RTETEEG Prasdancerdtfs Rvér 5 Charatietzdd By ttrdatsrad? °c
irexressidwed thesé yeimes, wohich wifygests that initiation of
hepatocarcinogenesis occurs during HCV infection. Among genes whose

Ex2XESSION 6520085, dutngHhe3atansitign fRm LQ 19:lkdsthage involved
dil%%rzoéggyg{% ggdgon ogenesis may serve as molecular targets for
chemoprevention® 24 WO 20041090163 PCT/JP2003/004458_ of
HCV- ST BREECERIMPIES GErZe h JSB X Pré<SBnLHA Ged
Padding theasamsigonn ddprel ghndersus-ived (ldy rowelb tiffierentiated
mikGG {Geh)s S BeresmhoSreXpiession Wasnaliered furingahe reansiipn
NofToBY bite7G! inclyde mest ﬁnﬁpgs@egiﬁ-rﬁlﬁ%ﬁdcgﬁ{ﬁsayswheuc
o1psduelianiIglated. genesyuanscrplion gfatef) geneg,gnoportiglated
enes, detoxi |cgstt|on-|)éﬁe{ted'3 enes, and immune response- elated” genes
Dy PR A S R e EIRBE G675 GBR SL BNIP SR B8R W,
fragaetCERRS tHaf€dirmdbaelapspiéisiBiesormmtancéngdt s IGEBP4
(sthatpctstas myu inhibitex pfcikERiinduced cel gapliteration avere (Wako,
oSQszwmf@Afxt,ee@m?%t%@@.t%w&@@@smdlpg@@ SOWREROHIAYOR-QLING:
n | ol ortantior the omaQlion rcino eslis.
o R e 1€ B oty SXUrc 8 o (B e

maESEBBIFATEES CkRed VR ndARifmoRsS o8 YOKABE, F083loh, S.,
HyRmidi 7 tikimhera, OerYaragvia, RO0Yamabka, YufTsunoatsaining
0. Funukavea: M6 ainsh Nakpreuran¥s Geneme-wide analysis(ef geae 2@
rofiXBresaan iphuman Repajpcgliugr ??Epita@ma,s Ysing,GPNANTUGHRATaY:
telsd%rglflclgtlc())&of enes mgglveld in viral carc gerbe5|soand tumor
gressjfon, Cancer Res. é‘i %%—21@(%@1’) aﬁajﬁelpuech, 0.,
Po¥YamBut oPB (1ehrtyFRheau & or, Bietholekand 3aemstRirDg
Noldehfifitation) 23UsingoDiNigmacroabidly {hadysigaoitistisohgares,
ca€XPeRssion prefiles assecipied vaty pathelogicaland virglogicsliealures
(s 25REPatace iy cargiemMa, ONCAOGNE 2. #926298¢ (200%) the
fragmented cRNA, and blotinylated-control oligonucleotides,
biotin-5’-CIGAACGETAGCATCTTGAC-3" (Sawady technology, Tokyo,
Japan) , at 45 °C for 12 hr. After washing the chips with a buffer
containing 0,01 M MES (pH 6.7}, 0.1 M NacCl, and 0.001%
polyoxylene (10} octylphenyl ether buffer, the chips were
incubated with biotinylated anti-streptavidin antibody
{Funakoshi, Teokyo, Japan, Catalog No. BAGS00) and stained with
streptavidin R-Phycoerythrin (Molecular Probes, Eugene, USA,
Catalog No. S-866) to increase hybridization signals as
described in the instruction manval (Affymetrix, Santa Clara,
USA). Each pixel level was cocllected with laser scanner
(Affymetrix, Santa Clara, USA} and levels of the expression of
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The data of the present invention provide additional insights that
downregulation of these two genes has already occurred in 30 well
differentiated HCC. MAF functions as a regulator for cell differentiation.
BNIP3L induces cell apoptosis via inhibiting activity of BCL2. In some

nga]%gﬁ%pressmn of FOS seems to be associated wﬂp&m%% o I

death. Thus, downregulation of these five genes is likely to trigger the
transformation of 35 hepatocyte after chronic HCV infection. Signal
transduction-related genes such as CAMKK2, GMFB, 25 WO
2004/090163 PCT/JP2003/004458 RALBP1, CDIPT, ZNF259, and
SRRRCP i d Pt ition-Hétatd A6 8ARE/ARIPAL SRAP1¥EF2, BMIL, and
CPIRE rsted e dul Atete tadrin g ehedrdpsivion -frénBLand GIfdther Signal
Miransduefosuretated gened suehtas AL Mir A BAds d CREBPnamek 5

eARZKIweredowpregulated durigg dhiz tansitiop, Dawnregylation of
tu];lg%zogg Gl HCC ma reflectd eased d immune response. Alteration

1Qma
eexp S|on genes nvolve |n Various 'signal transduction

pathways may reflect a true portrait in well differentiated HCC arising
ExpgLrl G -iBfedibat icppraeakiveisusfivekreT addssonekermbiidgenes such
miasdBCEy AIBRSVIE, ATOX1, and SEC61G were upregulated, and those

fuch @%&56311@14 )%?@B?él&ﬂ%mel@@@g@mg dytng 4he transition

r 0G is.an intrace r sporter was
{al]ﬁgrrlTeJCgl’:L%1 lated 1%d%r’lyng th& t ranS|t|onJTno lfil ?f %% IIIr(2-'[1t5'\?va ?fufcthaer?d
Chip g RIEte AR the RRRIRTASIT Fot LI DGR SR SFF Wit skiVe ™
SIEHPHEriSIexRe b elveh . lefidl tootrchdpatoryrsiedistiidte gpreassiontof
o fATPXdxgeaesialtels tttacelidar, coppRL sibercostentrations: daaretns
(I?hrﬂmgteﬁ D%Qf?rﬁfge@mg&aelbmw% 20 Inﬁetga aﬁeceﬁgg&%y Sflowetd

reve effec er- ing.agents u evelopment in

Okt %‘?ngrlnemII ﬁ% xeho Jraft m%‘é osh%aﬁla@oé%} I-F%LPFI arﬁa[121
Miganedaky; - WCW&@% %q eﬂa&‘éﬂﬁm%,.ﬁo@mamﬁataﬁ. gene
xR EA0M Pmdeﬁ@b@@mzhmtlmeﬂ_@rerwﬂ\ﬂ 8ndl égral261A.M.,
c ancusukuidtrbenegRpecehelating aganintirNtineo 1SURPHESEESILIROr

mie%gmpeau@gmogm% 0 Ahemuenine hepataceiar carginoma
(2001)) DNA dama e and cell injury

ceII In C
g%é gggrghegr?t%% 6%}22?3‘3} Wnregulatlor%?ah an Oklggﬁflge%e CAT
Sa&ﬁag%%%xfﬁcatl%ﬂlfeqat&}Eene%léifél’?ﬁs MTaH, e -MT2E, VA8,
IshPEB, alidBJGR2BY, prorabiihg thendedifferd ntiatiogrofidC€G.attsing

hygelifiyalusenas eeeapipul antihady, Gagsis aipakshoweskthatithey,
CaﬂHle%regf. lwph@éi&lﬁ%ﬁseﬂﬁﬁﬁma‘ugre@alua‘te these genes as
discriminators of L0 from L1, LI f£from GlL, G1 from G2, and G2
from G3. The above 3,559 genes were ranked in the order of
decreasing magnitonde of the Fisher ratio. A random permutation
test was also performed to determine the number of genes to
define the differentiation grade of HCC. The random
permutation test was carried out as described previously
{Iizuka, N., Cka, M., Yamada-Okabe, H., Mori, N., Tamesa, T.,
Ckada, T., Takemoto, T., Tangoku, A., Hamada, K., Nakayama, H.,
Miyamoto, T., Uchimura, S., and Hamamoto, Y. Comparison of gene
expression profiles between hepatitis B virus- and hepatitis
C virus-infected hepatocellular carcinoma by oligonuclectide
microarray data based on a supervised learning method, Cancer
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35 HCC than in non-tumorous liver tissues such as liver cirrhosis (Mouta
Carreira, C., Nasser, S.M., di Tomaso, E., Padera, T.P., 26 WO

2004/090163 PCT/JP2003/004458 Boucher, Y., Tomarev, S.I., and Jain,
R.K. LYVE-1 is not restricted to the lymph vessels: expression in hormal

wllvss ;56'899 sinusoids and down-regulation in human "‘ﬂ:‘cr CRRGS &gg;
cirrh4osis, Cancer Res. 61, 8079-8084 (2001)). In the pregent 5 {Rvention,

expression of immune response-related genes such as ORM1, C1R, C6,

IL4AR, C8B, and C1S was decreased during the transition from LI to G1,

indicating that changes in micro environment in HCC occur during the
RefanSition fromI1A4e G10As fepoked plevidlisiyamaRy Yenédencoding
Ssgomgternent . 10Bsomponent werdidonsreguldted dusng this. transkioh
1d&kahe s SatelanSptaiaite, Kitlaharaafh, ¥anagavwdisafamaoka, Y.,

nybRinada; 1. Furdkaya, Xi's@@q\@i%mlsjgtgeng <gnamewide analysis of

enée expression in human hepatocellular carcinomas using cDNA
s, DhentNEATaN Ot GALEL ol Bt Hi BTl ST T5QRREEE and
. VSEMBR oG HE SR 8RR RE’T 1 ° ZE29eR 87 PR00T) BHPHEGkE M,
thekai MeryemiadaEOkabehHienM o sNegT amesapTte@kalihi § .rdmkemoto,
pebmJRQRKU oA s iadBatel Nakayarapekteliyaouyor Incdchimuea, S.,
rid Hamamoia, Xr fampatizon.af gene expressianprgfiles hetween 20

P h%patit&s B virus- gnd hegatltis C vgusﬁinfectegl hegato,cellular carcinoma
“by ohigontitledtidé icroatray datd” baked on & Suparviséd eding
TaRdeRed e aider R 62, tB9 381851 AN TN oF 5 iERa fibiB S0 TaEHRS
bayhdssnekipressivivehagd e tarireg the L tidnsitiendsobhate b differ gratisted
tHd GGk toemnderately diffarentiated ddEL (2 GRnes¥dinse This
prRESsIoNWasQieiar during the Laasitin from Gl g S2IRsIAR on
IFN-reIateéi genes, cell 30 t{gucéurg and motlll‘t%{related,% nes, .
T AR FRORreldtEd” JeHak: and YanTSP S TpBredsSrgehit %ﬁrakﬁ%)q:‘})(?s
highfindtrhiitth1rsn Sabiebl asd hiosiprohlinent Geretiénanges
begppearad tndeLdowniegmtation PIFNeretated thehies Suchas QASEs
nighéd tnEsMEh @Gﬁ%@:ﬁ@&%@éﬂllﬁrﬁ -éﬁﬁﬂi I@% 3% @eg@{i@sgtaﬁagec&lwzre
:als0 0 in pr n s Shoy, J.. . Sogi Hayward,
T e bt ss B H b5 ohuss
10RIRRE S HE BT SR FREL R TR B2 huthdh? AP TS of
G2pfomatic artsrereleis bfdrdct involvement of interferon signaling in
prostate tumor progression, Proc. Natl. Acad. Sci. U.S.A. 99, 2830-2835

ExE0)7 IFNLAGLS ) 07 ¥y88es whose expression correlates with
differentiation grade of HCC

With oligonucleotide array data, changes in the gene
expression during oncogenesis, i.e., from non-cancerous liver
(L0} to HCV-infected pre-cancerous liver (L1} and from L1 to
well differentiated HCC {Gl), and during dedifferentiation of
HCC (Gl to G2 and G2 to G3) were analyzed. The supervised
léarning method followed by a random permutation test
identified 152 genes whose expression level was significantly
changed during the transition from L0 to Ll. Among the 152 genes,
67 were upregulated and 85 were downregulated during this
transition. In the same menner, 191 genes whose expression
level was significantly changed during the transition from L1
to Gl HCC were identified. BAmong the 191 genes, 895 were
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5 an antiviral agent but also as an anticancer agent; however, certain
types of HCC do not respond to IFN. Downregulation of the IFN-related
genes can attenuate response of tumor cells to IFN, suggesting that
resistance of HCC to IFN is exploited during the transition from G1 to G2.
IFN-related 10 genes, STAT1 appeared fouyy.ij i list of
Wé}%ﬂﬁ%ﬂs\%?tors of Gl from G2 (Table 5). Unlike other g;i:rch?t?fﬁ ?I!l)(g%grsne
family, STATL1 functions as a tumor suppressor (Bromberg, J.F.
Activation of STAT proteins and growth control, Bioessays 23, 161-169
(2001)). Interestingly, IFN treatment increases STAT1 15 expression in
UesRtOR R St S P assrrasip TR ReRBA R § chusi IR AddEVAr F15 34ARTe, B.,
FHopg fBwKuap¥s Hippany &l , CalbheHd iStenyrS.{ 4idyYexbkAssad] 0., and
bésaeeBcinederpnaipha agtiviaies eadtiRle S Ak sighals 8Ad s genes

wowplegulates g Met in Py Quman hepaldeytes. g9 Gastipenigrology
122,.1020-1034 (2002)3. U regbylagclon of STAT_l in HCC cell linés was

CISBSEERPAbARY difrefénfation MducelrBS SodhTRehuR St SHERg, W.C.
i etaRd . preeriaRf Baftate SAnRES SEAT. 1284nBeER fH§T
IR &/PRE/S1Uvepatoi@ gellssanasaligmentsdiiainrespensiveridsgénes
wdBterferanalphauBinl 2n£ances80: 485 (§999)). dhe facts that

STATLIs @xmq%&rji?é%%%t 9%%LGgéiﬂggp@fi@él&eqpqmoggc@ﬁect
AL Torcall , M. N?%ala, S.R., Horton, W.A., Pattee,

odeGFBPB (Spagnali

9B %waFﬁ?,oc%ﬁua?Sfﬁ?EFF?éber BT P Hlseifidl B g tors
anBeHAf CRich O SToer- T3R°E bRt fifg e POFAGEBP-B i st
aljrodessesfechoneh cgeresisd L iBielchChems 277011 886018867 {2062J) and
1dhes 1GFRRSnisdovsneguiated Juriegthedraasition frognbidoe) stkangly

cS440085E gt decregged.exprassian, of STALL durind ihe: tapsjiion from Gl
HCC facilitate the furt e;ﬁedlﬁeren,tlatlon of HCC. 35

to G2 CC. _
L iRBh b re Rt g ShEAFRIMIS HAIFE 1RG0 RN i O 8 HE bY o=
USiedidal plocsECmdGlin§ el Bfo®ih, S80R2004P096168suLLs
ird€d4 3R 20(3/604458ddikerentiftion, aatlquaitdgenesiplayd itemoral

roIRPIASSAEGERA nERP 2 A thatipometescefl praliferationsvere also
upregulated during the transition from Gl to G2. Upregulation of these

genes in G2 HCC may promote growth and invasjon of tumor cells. 5

EXRRRfhis LERER B T B8R S U S e AT B TSGR from
£remcReBrEpRIfeaaRidiEeA CEQE HaoFsotpnditeeuatiaiate FICELHG3)
Genegxhasss expressinnsvas falteteahadu g ibe sko- franstiéan dkem G2 to
neERpciude proteqlysissialated gengs, BCLLrelated gane, and
pr@gég‘?}gg%@—-raérl% Qgrggr%%rle'ai%t.ogﬁcogenesiSWrelated genes was
increased, and that of transcription-related genes was
decreased during the transition from L0 to L1 (Table 3}.
Immune response—related genes include MHC class I
family (HLA-A, ~C, -E, and -F), MHC class II family {HLA-DPBI1
and HLA-DRA), CDV4, NK4, LILRB1l, FCGR3B, and IFI30.
Upregulation of an interferon (IFN) inducible gene such as
IFI30 may represent host defense against viral infection;
however, it should be noted that several IFN-related genes were
decreased during dedifferentiation of Gl to G2 as mentioned in
the following section (see Example 10}. )
Metabolism-related genes include KARS, ALDOA, ASAH, MPI,
and GAPD. Increased levels of KARS and ALDOA enhance protein
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related genes (Table 6). SPINT1 and LGALS9 turned out to be
upregulated during the transition from G2 to G3. SPINTI is involved in
regulation 15 of proteolytic activation of hepatocyte growth factor (HGF)
in injured tissues. Previously, Nagata et al. showed that transduction of

wiRR9sg;SPINTI (HAI-1) inhibited the growth of humgp.henatomagells,
suggesting that SPINTI plays an important role in the progression of HCC

(Nagata, K., Hirono, 20 S., Ido, A., Kataoka, H., Moriuchi, A., Shimomura,

T., Hori, T., Hayashi, K., Koono, M., Kitamura, N., and Tsubouchi, H.

Expression of hepatocyte growth factor activator and hepatocyte growth
big T

6 AR Htof MhiBIBF RIS 15in RERST HEFAD cellbRicRItiOME
AEi8ch¥RT. Bigphyz: iRe s ugopmirk 28y 25 9952 0 f (2001)).dcGALS9
migelongs teralledtirctamilydhatits, invepwad:in-eal;adhesion, cell growth

reguIa&eanspﬁ_amm@ﬂ%@e&rﬁeﬂamggwﬁ@a vm@r;t%@ﬁﬁwﬁﬂﬁt%asi&
er ectins are tho. o here o.canger cell adhesion
e S R K e
SEIBRE 399 PRAFASEIRHIRE - C A CiberhBrioRPRitRiJemamersi and
any |y ESARR dtes Het exRyaAdsTor erilestin 3 heman cofomasaieiroma
neelliso Canpet Res.=H5b2d91s 2 106 95N e BNIRE, ia Bobgoealated gene,
a Wag glownregulated.ehiring 233 1he transition from G2 to G3. BNIP3 shares
56% ami id.. sequ aei entity with BNIP3 meniioned a ,
. exprei%gr?e% W%%%%%glggf %Scﬁfgﬁé&%g}zgg%oe%ﬁms{%gs

v ]

S S AN R AR STEGA T 1 td 6T e 68 BEE S dibns

CTED gy ahtitapototsrictes dpwarsddibtion ot BNIPSKEnu=BNIP8: 1op

prproraotesronsogenesis; facilitasing( tha dedifferentiationeqfi ympr ge|ls. 5

e e, St 808 SRR c
wpregu ring this transition. In addition, expression o

e s L PN L o Rt bt TS o

W iR RO GEEIITET ity HB2 R i HoRGolir 6% ‘Be chédsed -

CldypreSemnn of RARRESChsy 36 be Bfe thlisali®é®fpoor response of G3

ECC tonetifeie atidse Exesaplpias Golen displapsf themexpressiass of the

reBQIS R @885 inmachdansilienssiage.FxRsSIan ofdna 98nes yyose

ineéﬁ%eys&%glwa% I}(:Sisélgnlf{:%%nstly gggr%% &yrﬂ%the transition fromeL to LI
g 1a) 19T GeRes Whose expression was signrieantr aiteréd Sduring

deRFBAREHIGH ot LIRS ISTSH §eres WRsEE L akprassipd was
desgighifidarithralter@o chaing the tramSitiBR 2fronh Gito B2 {Fig.sic), and 40
trgaBes Whesa SHILSHOAMased DNA, plays an important role in
downregulation of tumor suppressor genes carrying methylated
DNA at their promoter regions.

Downregulation of a transcription-related gene, RBICC1,
was observed during the transition from LO to L1l. The RBICCL
protein is a major regulator of the tumor suppressor gene RRI1,
thereby decreased levels of RB1CCL can promote oncogenesis via
decreased activity of RBl protein.

Thus, HCV-infected pre—cancerous liver is
characterized by the altered expression of these genes, which
suggests that initiation of hepatocarcinogenesis occurs during
HCV infection. Among genes whose expression changes during the
transition from L0 to Ll, those involved in proteclysis and

oncogenesls may serve as molecular targets for chemoprevention
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20 significantly altered during the transition from G2 to G3 (Fig. Id) was
shown by color display. These genes clearly distinguished the samples in
the.two consecutive differentiation grades. Fig. le-h indicate the
expression of the selected 40 genes in each transition stage in all the 25

Wgaga%}’gﬁﬁgxpression of the selected 40 genes whose q;gglrjgé?gm? nas

significantly altered during the transition from LO to L1 rom L1
to G1 (Fig. If), from Gl to G2 (Fig. Ig), and from G2 to G3 (Fig. Ih) was
also shown by color display. The selected 40 genes in each transition
stage discriminated 30 samples before and after the transition. Example
of FYFREGT BFtHe S ected 40 genes in each transition stage to
distinguish the differentiation grade of RCC 35 To validate discriminative
Efpaifaeancerddhasslceied «4Q DaneRdnRACRdERstion 2g8s iR on
£8P AIRIANGG 39 WQ- 2004/ OQQ%P‘&IEE%QQ%%%@ECE'@W

with thge%elect%d 40 genes in.each transit%on S %e was created. In each

transition, the MNIMUNT distance Classtier Was constiretsd with the
LEipleLih TR bR E hviB 4 STdtioRgERRR S Thgitated ByRe red
s fspra(traimans 8wdrhples)s BrickWascapplied tethe:samptes-irefls-e@maining
gaiifferentiatiopogrades asdadjeated e the blacdcbasftesi 1 samples)dEig. 2).

anﬁ‘%ﬁﬁﬂ'éinﬂe%@ééﬁ@r@ﬁ%@i?%ﬂ?ﬁeé?%%i@'@?_With the accuracy of
92% (FITCI]. 2a 4% Ifllgn %c ,B%nd 00% (Fig..2

, 98% (Fig. 2b d). 1
Exam&ecfggﬁﬁséffﬁé I%aﬁ?é? &?}Z}S'rsgémzmgs)mag M) & gglr?t%lea%% the

T GE ST AbSERRABILSTOTPERARGED BEAN AEPRERSIFEA LiGAd IGFBE4
thadn-sebeeroustivier{LiO )t orpre-ca@icetods diwer €ki) frame piéegaricemus
wdinerdbd) teguel eilfemntialedulE G el froted b well idifferemtiated HCC

adbmaderately differengated HGC, {G2): apd.fram maderately
dlﬁE{Gﬂtlaterd gé:gt(gaza) to, goorl gllfferenlyated HCC gGB Expression of
P Li%rgogé“ﬁze}s?/vhosg exp(fe‘ggflbno%%_se s’f&isticaﬁ@%@ﬁfi&ﬁﬁ Hifferdht
shpuRvk &R P GHREARRBPOUS PO TR B IR atG TRE T itk rbeEBR e rige 1HCC
coprescadceigbstorertilrd ranve e W eiffd fevatiste HHC SaiBh), well Kato,
t.Jiffereatiated, HCC eddangd mederatehadifferentiated ie@a(G2),,

rdbggately difeieniatet e (O2and oy SRISYRed ) e (C3)
was analysed according to the method of MATLAB Rl%_wnh the ' SOM 25
eXPEATSI U aﬁ%bw?hgwgg%ﬁ%%lular carcinomas using cDNA

migEpFATRW. cidRntfifprefdderssriteisex/ {Rphsnen, T001)rad0 genes in
cagachopmpalisoardetiveen norsganeetiaws livanle®)Res. 61,
2129-2137 (2001) and Delpuech, 0., Trabut, J.B., Carnot, F.,
Feuillard, J., Brechot, C., and Kremsdorf, D. Identification,
using c¢DNA macroarray analysils, of distinct gene expression
profiles associated with pathological and virological features
of hepatocellular carcinoma, Oncogene 21, 2926-2937 (2002)).
The data of the present invention provide additional insights
that downregulation of these two genes has already cccurred in
well differentiated HCC. MAF functions as a regulator for cell
differentiation. BNIP3L induces cell apoptosis via inhibiting
activity of BCL2. In some cases, expression of FOS seems to
be associated with apoptotic cell death. Thus, downregilation
of these five genes is likely to trigger the transformation of
hepatocyite after chronic HCV infection.

Signal transduction-related genes such as CAMKKZ, GMFR,
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and pre-cancerous liver (L1) , pre-cancerous liver (LI) and well
differentiated HCC (G1), well differentiated HCC (Gl) and 30 moderately
differentiated HCC (G2) , moderately differentiated HCC (G2) and poorly
differentiated HCC (G3) were used. The vectors of neighboring cells were
wiPsRigg,close to each other in the 155-dimentional ger}%§%g£]g %QSSSa),
where (m, n) indicated the cell located at m-th row and n-t cofumn,
NL-XX 35 indicated samples from non-cancerous liver without HCV
infection (LO), IL-XX indicated samples from HCV-infected 31 WO
2004/090163 PCT/JP2003/004458 pre-cancerous liver (Li), GI-XXT
RAHatetPeahpl €8 from welt differéntiafst Hreeyenireerxaekidiedted
gemaptesirom dderatéhFdiffaddiliated  CCHIG X @3 uXTdntidatéd
asamgles fremmodasielyrdifferentiater HCEH(=3). dikg:giap showed that

- wr2iResamples clearlysformed a sigmeid eanve indhgorderids, Lh Sl

: nd G3. G2 samples without vessel jnvolvement,(blue letters) were
M ST AR SHAS0 SRIas GhFe VA2ae1 involuement

Doffagqeiteid) fr Rl SEaRF cidse s emdumpld< Atiglesa P as s S AMpIas
ragithoet verfddsiraaisionafetd d Gehawated ictose fogghsamiples larmd G2

vaSAlpes Mﬁaygﬂmiwaﬁhm wg&ld@g@teﬁbgogeﬁgeea %m@@s. Thus,
po@@r§_9évhﬁ|%%§'ﬂe&’i§3em&%@tﬁwgﬁﬁﬁaefrbﬁ-HEUU%MHH—!S”OUS
invasion and_that without venous invasion, in the stream of
Prieditferentiation grade. When the distance between the 15 neighboring
clustefE WP SREWIFHY oRS IRt fditaten RhgedistanéeCtHe red
ancelEGhliferempperatea bidady aemidnsimtedithas FleCAOAtamd IUE. 9
welROBEANCRIOUSRANI RERRARGEr @ushibieri a6 Isamples wereox 1
eniplatiely-faranart Jmibe., 158ientionalgsnes snace (Fige3h)a284
d Industngl A&pllcabl_‘lltg H%pato eélu,lcar ¢qreinoma (tHCCS) is one of the most
uring the ansiti rom [e) and i =) urE} T
common cancers worldwide. owever, there Is'ho ‘f’herapy that can cure
UPFROMSRERD SIS presukanty dieto SetfudntiateHahgeSitigs an
excitarsicteristive®f danderdells durirng: the developnidnt drgaprogression of
dithei diseaserBasticwatyapregressien of ceancen s ofiemasseciggwith

1 e &Nangss pf difereqliatiny Qrade alMOn Calls DIRGNAsIS and,,,

management of such ¢ anlgées of cancer cells will make cancer fherapy

h ch
IoitE etréctve 36 thE R RE hvainids SGERES 1h 656 Epresion

COPBRERABIIRANS RBYLTeSR BrfPdedeTSIRErt Y T EhG 8TISARTBEC A
xesupenisetlearningsmethorl. fotowediby & randomvpermutatiorkdeskis,

v .Useddagaleckgeneginhosg expression significantiikehamnges#uring the
ki UR0gIIon frofm, pon-cancergus Ivey WIthQll 1 o renzo, M.5., Tejera,
A.M., and Fukui, H. The copper-chelating agent, trientine, -
suppresses tumor development and anglogenesis in the murine
hepatocellular carcinoma cells, Int. J. Cancer. 94, 768-773
(2001)).

DNA damage and cell injury can be augmented by the
downregulation of an antioxidant gene CAT and
detoxification~related genes such as MT1H, MT1E, MTLF, MT1B,
MT3, and UGT2B7, promoting the dedifferentiation of HCC.

Using anti~-hyaluronan receptor-1 antibody, Carreira et
al. showed that the number of lymphatic vessels was smaller in
HCC than in non—tumorous liver tissues such as liver cirrhosis

(Mouta Carrelra, C., Nasgser, S.M., di Tomaso, K., Padera, T.P.,
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35 HCV infection (LO) to pre-cancerous liver with HCV infection (L1),
from L1 to well differentiated HCC (Gl), from G1 to 32 WO 2004/090163
PCT/JP2003/004458 moderately differentiated HCC (G2), and from G2 to
poorly differentiated HCC (G3). The minimum distance classifier and the

wosiiganizing map (SOM) with the selected 40 genespwﬂ%ggg%m%ssion
¥ 260 )

Is significantly altered in each transition stage 5 can correctly predict the
differentiation grade of tumor tissues. Thus, these genes can be used for
diagnosing the differentiation grade of HCC and for screening anti-cancer
agents for the treatment of HCCs in each differentiation grade. 33 WO

BOE34H90163 BERER2063/H04 438 TapR 1 Rckusttid Bt Sahipkatprofiled
reptirdetedGtoGhiand@B. el sahplefb1yds49; |L5800mbY, Li~6o;
b 1606825 (Bl sBAn N kbl -MechB Mk B9 1 A 66 M- GErida’) 4241)
o226 3En2) 424) 2,567 1605 57,891 $2-48T (22T (1)
inGlﬁ%ST 531-81T g?%%‘g 3,3) G1-42T G2-22T gﬁg%s ?%%’ G(I*_lr%86T

RS OB P CIIET 1AM GRG0 e B e
ORYY 1 57F: SP1681R5, 5815, 3382 66T &5 4 eranreds By é&as e
trgesR0ToGIseT L1 to G1, indicating that changes in
microenvironment in HCC occur during the transition from L1 to
Gl. As reported previously, many genes encoding complement
compenent were downregulated during this transition {(Okabe, H.,
Sateh, 5., Kato, T., Kitahara, 0., Yanagawa, R., Yamacka, Y.,
Tsunoda, T., Furukawa, Y., and Nakamura, Y. Genome-wide
analysis of gene expression in human hepatocellular carcinomas
using cDNA microarray: identification of genes involved in
viral carcinogenesis and tumor progression, Cancer Res. 61,
2129-2137 (2001) and Iizuka, N., Cka, M., Yamada—-Okabe, H.,
Mori, N., Tamesa, T., Okada, T., Takemoto, T., Tangoku, A.,
Hamada, K., Nakayama, H., Miyamoto, T., Uchimura, 8., and
Hamamoto, Y. Comparison of gene expression profiles between
hepatitis B virus— and hepatitis € virus—infected
hepatocellular carcinoma by oligonucleotide microarray data
based on a supervised learning method, Cancer Res. 62,
3939-3944 (2002)).

Example 10. Genes whose expression changed during the
transition from well differentiated HCC (Gl) to moderately
differentiated HCC (G2)

Genes whose expressicn was altered during the
transition from Gl to G2 include IFN-related genes, cell
structure and motility-related genes, transcripticn-related
genes, and tumor suppressor genes (Table 5).

During transition from Gl to G2, the most prominent
genetic changes appeared to be downregulation of IFN-related
genes such as OAS2, STAT1, PSMEl, ISGF3G, and PSMB9. Similar
genetic changes were also observed in prostate cancer cells
{Shou, J., Soriano, R., Hayward, $.W., Cunha, G.R., Williams,
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(6,1) G3-21T (6,2) G3-80T (6,3) G2-1T, G2-163T G2-161T (6,4)
G2-28T, G2-155T (6,5) G2-90T (7,1) G3-107T (7,2) G3-25T (7,3)
G2-46T, G2-62T, G2-171T G2-162T (7,4) (7,5) G2-37T G2-6T, G2-58T
34 WO 2004/090163 PCT/JP2003/004458 (8,1) G3-35T, G3-81T,

w& Rk A1688.2) G2-49T G2-23T G2-12T (8,3) G2-10T G749 484k
G2-89T [18G21-43T, G2-182T 35 WO 2004/090163 PCT/JP2003/004458

Table 2. Clinicopathologic characteristics per study group. Factors Well
Moderately Poorly P value (G1) (G2) (G3) Sex N.S. Male 4 24 6 Female
3 11 2 Age (year) 65.32.6 65.41.2 67.23.3 N.S. Primary lesion N.S.
P -Hingl8ttniaPe 152 MiRiTs TarfoR 506 6 DGo FuTamsr iz (dif)
noZigh. 35 pOB 6025 (BhosG2PYse0.928 (BIestGRySthgemant0 066 | 6
inte Pk Aoh 7= 3gHPAANG0I8 BrVensus timastiatdeEe 8 tr) P2dc3 Natl.

Acad. Sci. U.S8.A. 99, 2830-2835 (2002)). IFN acts not only as
an antiviral agent but also as an anticancer agent: however,
certain types of HCC do not respond to IFN. Downregulation of
the IFN~related genes can atienuate response of tumor cells to
IFN, suggesting that resistance of HCC to IFN ig exploited
during the transition from Gl to G2. BAmong the IFN-related
genes, STAT] appeared four times in our list of discriminators
of Gl from GZ (Table 5}. Unlike other genes of the same family,
STAT1 functions as a tumor suppressor (Bromberg, J.F.
Activation of STAT proteins and growth control, Bioessays 23,
161--169 (2001)). Interestingly, IFN treatment increases STATIL
expression in hepatocyte as well as many IFN-related genes
(Radaeva, 8., Jaruga, B., Hong, F., Kim, W.H., Fan, $., Cai,
H., Strom, 5., Liu, Y., El-Assal, 0., and Gao, B.
Interferon—alpha activates multiple STAT signals and
down~regulates c-Met in primary human hepatocytes,
Gastroenterology 122, 1020-1034 (2002)). Upregulation of
STATL in HCC cell lines was observed during differentiation
induced by sodium butyrate {Hung, W.C. and Chuang, L.¥. Sodium
butyrate enhances S$TAT 1 expression in PLC/PRF/5 hepatoma cells
and augments their responsiveness to interferon-alpha, Br. J.
Cancer 80, 705-710 (198%)). The facts that STATl is a
transcriptional target of the IGF-independent apoptotic effect
of IGFBP3 (Spagnoli, A., Torello, M., Nagalla, S.R., Horton,
W.A., Pattee, P., Hwa, V., Chiarellil, F., Roberts, C.7T. Jr.,
and Rosenfeld, R.G. Tdentification of STAT-1 as a molecular
target of IGFBP-3 in the process of chondrogenesis, J. Biol.
Chem. 277, 18860~18867 (2002)) and that IGFBE3 is downregulated
during the transition from LI to Gl strongly suggest that
decreased expression of STAT1 during the transition from Gl to
G2 HCC facilitate the further dedifferentiation of HCC.

Transcription-related gene TRIM16 that is involved in
a variety of biological processes including cell growth,
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(+) 0 14 5 Non-tumorous liver N.S. Normal or chronic 2 15 2 hepatitis
Liver cirrhosis 5 20 6 *, Tumor differentiation, stage, and venous invasion
were 5 determined on the basis of TNM classification of UICC. Fisher's
exact test, Student's t test, and Mann-Whitney's U test were used to

w8 hisiglatesshe differences in backgrounds between each differentiation
grade. N.S., not significant. 36 WO 2004/090163 PCT/3P2003/004458 0
S1TY inHC 4JfroPAE~*45)4\H 4-)i)'0g-HOia)rd-P4J-P0)
rr 31qg.A0OOl'dapaH IPPUmAO1-14a00Fa0 aria(turl040
}4-4H4 4r4.iZS\|4AP'dHbda) NCC)7arTWUC44CC1PC
d%%‘?ﬁfﬁ%‘s&%% SHUPEFRPIRI%PE o8 Y HURREF6 TR AR a X
TERN B FbaN RuorPtay 99 W1 e i Ber X tkam Nre Pl2az70prgatda8e ba
duiiRgl Tlea)patsitd G CERNoM$EAIP YO sat3 QBmegI WL L meMck2dEH M

geme M 'dd MeMihyi MAbeE Qi and MNATN & Hi gl 241Q N Y)
HNNNNHaON Gto~~$i>INHaNOOMMOI'JmNF4m ro

~e~ MNWHOMP4OO03"1P4HYV) UidN
Example 1l. Genes whose expression changed during the

transition from moderately differentiated HCC (G2) to poorly
differentiated HCC (G3)

Genes whose expression was altered during the
transition from G2 to G3 include proteolysis-related genes,
BCLZ2-related gene, and metabolism— and energy genexation-
related genes (Table 6).

SPINT1 and LGALSS turned out to be upregulated during
the transition from G2 to G3. SPINTI is involved in regulation
of proteolytic activation of hepatocyte growth factor (HGF) in
injured tissues. Previously, Nagata et al. showed that
transduction of antisense SPINT1 (HAI-1} inhibited the growth
of human hepatoma cells, suggesting that SPINTL plays an
important role in the progression of HCC (Nagata, K., Hirono,
8., Ido, A., Kataoka, H., Moriuchi, A., Shimomura, T., Hori,
T., Hayashi, XK., Koono, M., Kitamura, N., and Tsubouchi, H.
Expression of hepatocyte growth factor activator and
hepatocyte growth factor activator inhibitor type 1 in human
hepatocellular carcinoma, Biochem. Biophys. Res. Commun. 289,
205-211 (2001)). LGALSY belongs to a lectin family that is
involved in cell adhesion, cell growth regulation,
inflammation, immunomodulation, apoptosis, and metastasis.
Several galectins are thought to be related to cancer cell
adhesion (Ohannesian, D.W., Lotan, D., Thomas, P., Jessup, J.M.,
Fukuda, M., Gabius, H.J., and Lotan, R. Carcincembryonic
antigen and other glycoconjugates act as ligands for galectin-3
in human colon carcinoma cells, Cancer Res. 55, 2181-2199
(1995} ).

BNIP3, a BCLZ-related gene, was downregulated during
the transition from G2 to G3. BNIP3 shares 56% amino acid
sequence identity with BNIP3L. As mentioned above, expression
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expression of PGRMCI encoding a liver-rich protein that binds

to progesterone and RARRESZ was also decreased during the

transition from G2 to G3. Decreased expression of RARRES2 may

be the causative of poor response of G3 ECC to retinoic acids.

Example 12, Color display of the expression of the selected
genes in each transition stage

Expression of 152 genes whose expression was
significantly altered during the transition from L0 to L1 V(Fig.
ia), 191 genes whose expression was significantly altered
during the transition from L1 to G1 (Fig. 1lb), 54 genes whose
expression was significantly altered during the transition
from Gi to G2 (Fig. lc}, and 40 genes whose expression was
significantly altered during the transition from G2 to G3 (Fig.
id) was shown by color display. These genes clearly
distinguished the samples in the two consecutive
differentiation grades. Fig. le-h indicate the expression of
the selected 40 genes in each transition stage in all the
samples. Expression of the selected 40 genes whose expression
was significantly altered during the transition from L0 to L1
(Fig. le}, from Ll to Gl (Fig. 1f), from Gl to G2 (Fig. 1ig),
and from GZ to G3 (Fig. 1h) was also shown by color display.
The selected 40 genes in each transition stage discriminated

samples before and after the transition.

Example 13. Validation of the selected 40 genes in each
transition stage to distinguish the differentiation grade of

HCC
To validate discriminative performance of the selected

40 genes in each transition stage, the minimum distance
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00-H3g "1 -rf00rtRRoo0o(d0O4) tONHromOmQ4)4)myd)a)>
MU ONNd)4Q)sC)4-14)rd4-1902HO0-r100 Ua)0"/4)4 Al-rim-P
-AONOMAPMZS4J4)0k109CO00PuOiU,d) -i-mOT1Oroli
W%zf?%’f’%lﬁ HS4 S4044)QNab-M-HNHH I~ N‘)W ARMEH H M
bPN-HbMHHOH G{J.. .bPH'H ,HNHbrR f-ImQNH~ A"H br
RiornHNNtONH 10-l ~nlv'y:Hm O CiHM .-1 Ui~ p'NOH 1H4
rocoRdcoUM HHU>, -a'wwO<v)awH UO4AWH PrJWmO
clpapht i e Lo 2heBseQ @ URIN HGps2" LINPOL AIs4 3 197 ) A3 g M ..
waB Hre:4d O Mi)af2h) 10040 0ikd14 el thithidn Riafinedd a) 011 4)
clhds B PAY Rt OoH A4 FRLR4 Q00 BR Q&%z@?%%&%@%'ﬂﬁﬁﬁ NP
a

HOTaM.H-~,. HOQ+U4'1111 .4 " rt7.0-Hd
IR 13 1 T LA B O R ad 1
SRR H 8719 FRONFRLAH Y6 39 SURIRSOI" the remaining

‘differentiation grades as indicated by the black bar (test

samples) (Fig. 2}. The resulting classifier classified the
test samples with the accuracy of 92% (Fig. 2a), 98% (Fig. 2b),
84% (Fig. 2c¢), and 100% (Fig. 24}.

Example 14. Analysis by the self-organizingmap (SO0M) algoxrithm
of the genes whose expression changed during the transition
fromnen—cancerous liver (L0) to pre-cancerous liver (L1), from
pre—cancerous liver (1L1) to well differentiated HCC (Gl), from
well differentiated HCC (Gl) to moderately differentiated HCC
{G2), and from moderately differentiated HCC (G2} to poorly
differentiated HCC (G3)

Expression of the genes whose expression was
statistically significantly different between non-cancerous
liver (L0} and pre-cancerous liver {Ll), pre—-cancerous liver
(I.1) and well differentiated HCC (Gl), well differentiated HCC
{Gl) and moderately differentiated HCC (G2), moderately
differentiated HCC (G2) and poorly differentiated HCC (G3) was
analysed according to the method of MATLABR R13 with the SOM
toolbox available in the web site,
http://www.cis. hut.fi/projects/somtoolbox/ (Kchonen, 2001).
40 genes in each comparison between non-cancerous liver (L0)
and pre—~cancerous liver (Ll)}, pre-cancercus liver (L1l) and well
differentiated HCC {(Gl), well differentiated HCC (Gl) and
moderately differentiated HCC {G2), moderately differentiated
HCC (G2) and poorly differentiated HCC (G3} were used. The
vectors of neighboring cells were located close to each other
in the 155-dimentional gene space (Fig. 3a), where {(m, n)
indicated the cell located at m-th row and n~th column, NL-XX
indicated samples from non-cancerous liver without HCV
infection (%L0), IL-X¥X indicated samples from HCV-infected
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U44-dUOKU4)4) Hb)bid)04)N4) 041 04 HAE,QdOEmMO
dmH-HO4INVEO Ocd:i(d0rl0r1-11i4V]y>1S40i0OCPO0O0OO
dNm44 EN444NQWd)Ua " HCOPI4 -HO01P4Q4HtohNtO
U)WHCINTAHIi-MtoNOL Hcd. to0)MOOht)C,hO"ITMhHO
OWNOLNtoNOOOtoMNMOM O)rOJIak|WOHHA7Q
WW““%’H”% SFCFC 1,CIMON'M{3dtto0100H LOTHRNLEE ~.
drto1f)hdih 0000 it OHOMHH HHHHH"~cStNNHHH
38 WO 2004/090163 PCT/JP2003/004458 >10) 0 N N ,.; C 4-) m 44 6a)
H~0)0000a>1>1C$4-dC to>14)HrlwPOOOCNNOC>1a)0
PreEOcang@ad) 10an Ol 2f 66 COAP b4 st O-EH GakB8 & H AGmWALI0 M

dideerenEl 8R4 JdZ a@ 1) C NRx:UP A adt Lias4ddne9 M+eC N ro N It
m@@ﬂ&iwél@%%&t%%aoﬁ&ﬂég O %‘ﬁ >E'x@ %%‘r&c‘ytg Ho QNS E
mC a)C % ol éd A It )ﬁgi Cm.Cx. m6)ism
TR OO A A ON P50 R ISR 047 o m
the45aRpLies 6f srEhvCiprmas @ ﬁl@ﬂelﬁl CUEY )R g 00isF e Fi 29.E 6)
Ll6) &1 .12 - 1@ G3 MGP) 8aup)livb N drhiva v G AL ' ItV hdd tr BbRyecli ty,
lelefelrsq el LNINtHddH 1@ 6614 06LQ &fples and G2 samples with
vessel involvement (red letters) were located close to G3
samples (Fig. 3a). G2 samples without venous invasion were
located close to Gl samples and G2 samples with venous invasion
were located close to G3 samples, Thus, the SOM classified G2
samples into two sublypes, i.e., tumor with vencus invasion and
that without venous invasion, in the stream of
dedifferentiation grade. When the distance between the
neighboring clusters was shown by colors where red indicated
long distance, the red cells in the upper area clearly
demonstrated that the non—tumorous (non—cancercus and
pre-cancerous} liver and HCC samples were relatively far apart
in the 155-dimentional genes space (Fig. 3b).

Industrial Applicability

Hepatocellular carcinoma (HCC) is one of the most common
cancers worldwide. However, there is no therapy that can cure
the disease. This is presumably due to sequential changes in
characteristics of cancer cells during the development and
progression of the disease. Particularly, progression of
cancer is often associated with the changes of differentiation
grade of tumor celis. Diagnosis and management of such changes
of cancer cells will make cancer therapy more effective. 1In
the present invention, genes whose expression correlates with
oncogenesis and development of HCC are identified. A
supervised learning method followed by a random permutation
test is used to select genes whose expression significantly
changes during the transition from non-cancerous liver without
HCV infection {LO) to pre-cancerous liver with HCV infection
(L1}, from L1 to well differentiated HCC (Gl), from Gl to
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tissues. Thus, these genes can be used for diagnosing the
differentiation grade of HCC and for screening anti-cancer
agents for the treatment of HCCs in each differentiation grade.
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Table 1. Clusters of samples profiled to L0, L1, Gl, G2, and

G3.

cell sample
(1,1} |IL-49, I5-58, IL-59, IL-60, IL-62
{1,2)
(1,3) |NL-64, NL-65, NL-68, NL—69
(1,4) |NL-66, NL-67
{1.5)
(2,1)
(2,2) |G2-34%
{z,3)
{2,4) '
G2-16T, G2-29T, G2-45T
{2,5) GO 3T
{(3,1) |Gl-85T, G1-87T
(3,2)
G1-42T
(3,3) G2-22T
(3,4)
{3f5)
G1-86T
(4,1) G2-105T
{4,2) |Gl-267T
(4,3)
(4,4) |G2-8T, G2-27T
(4,5) {@G2-151T
(5,1) |G1-147T, G1-165T
{5,2)
{5,3) |G2-60T
{(5,4) |G2-18T
G2-31T
(5,5 G2-20T, G2~59T
(6,1) |G3-21T
(6,2) |G3-80T
G2-1T, G2~163T
(6,3) G2-1617T
(6,4) |G2~28T, G2-155T
(6,5) |G2-90T
(7,1) |G3-107T
(7,2) |G@3~25T
(7.3 G2-46T, G2~62T, G2-171T
! G2-162T
(7. 4)
G2-37T
(7,5) G2-6T, G2-58T
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Mele 4 24 6
Female 3 11 2
Age (year) 65.3x2.6 | 65.4x1.2 | 67.2£3.3
Primary lesicn
Single tumor 6 15 2
Multiplie tumors 1 20 6
p=0.0007
Tumor size (cm) 2.040.3 | 5.0%0.5 | 6.082.5 | oF V€2
p=0.028
(Gl vs G3)
Stage* p=0.066
I 6 10
11 1 17
IIIA/IV 0 8
Vencus invasion® p=0.038
(=) 7 21
(+) 0 14
Non—-tumorous liver N.S.
gz eeniel s |
Liver cirrhosis 5 20 6

*, Tumor differentiation, stage, and venous invasion were
determined on the basis of TMM classification of UICC.
Fisher’s exact test, Student’s ¢ test, and Mann—Whitney’'s U
test were used to elucidate the differences in backgrounds
between each differentiation grade.

N.S., not significant.
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Table 5. Top-40 discriminatory genes in G1 and G2.
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human tumor tssues {)btamab le from cancer patients wherein the

genes and/or proteins are selected in descending order of the Fisher

ratic.

)

The in viiro method according to claim 1, wherein the human tissues

are human liver tissues,

L

The in vitro method according to claim 2. wherein the differentiation
. grade of tumor 1s selected from the group consisting of non-
- cancerous liver, pre-cancerous Hver, well differentiated
hepatocetlular carcinoma (HCC), moderately differentiated HCC

and poorly differentiated HCC.

4. The in vifro method according to claim 3, wherein the genes and/or
-proteins are differentially expressed between non-cancerous liver and
pre-cancerous liver, pre-cancerous liver and well differentiated
hepatocellular carcinoma (HCC), well differentiated HOC and
moderately differentiatad BCC, or moderately differentiated HCC

and poorty differentiated HCC.

5. The in vitro method according to any one of claims | to 4, wherein
the expression level or pattern of genes and/or proteins is examined
by means of DNA microarray, reverse transcription polymerase-

chain reaction or protein array.
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Ndl4mcor-111Mco NNNriHHHHHS52CLAIMS 1. Anin vitro
method of defining the differentiation cad- of tumor with. genes and/or
proteins selected by the statistical analyses based. on the expression
level or pattern of the genes and/or proteins of. human tumor tissues

obtainghle from cancer patients whe r{eii%[}]nt,}hg“ J80es.and/or proteins, are
selected in. descend 5T

ing order of the Fisher Tatio. e In vitro method
accordingetoapkaim brevhieremtisvbrmddrtissés are human liver tissues.
The in vitro method according to claim: 2. wherein the differentiation
grade of tumor is selected from the group consisting of non- cancerous
liver, pidcancerous:liveraweitidiffarentiated Wepatodbluiambarcintma

(nce;, ﬁ%%g%%@ggl r%%fiﬁ{«? Ntﬁ%tﬁggl%%%:’ap%”%po‘)”y differentiated HCC. 4.

The in‘vitro method according to claim 3, wherein the genes and/or
proteins are differentially expressed between non-cancerous liver and

PregCangs E%%;UX%%B{S"&Q Q%g?%%“é%{i&rﬂ-GM?A!QW%Q?HHE%&?& of the

hepatoeellula- carcinoma (E , well différentiated 11CC and
moderately différemtiated HCE), or moderately difibrentiat ¢ ICC and
poorly differentiated 1ICC 5. The in vitro method according to any one of
claims 1 - - to 4, wherein the expression level or pattern of genes and/or
proteinstisrexaminethay rhesnsiat DNARGoRHEY. sreversadrapsdhiption
poIym%ggﬁ;éc%w{%ﬂgi%&rﬁotein array. - 53 6. 'Me in vitro method

according to claim 5, wherein the number of the genes and/or proteins is
betweeff40 &7idc10Q. ErThe i vitbortnethod aveor dinduhelimsBrwherein
the number of the ;. ones and/op proteins is between. 15 and, 45, 8. The in
vitro method according to claim 7. wherein the number of the genes
and/or proteitigiis s $ivAn incvitocrietsdty of detining theceetitidatation

grade of tumor, Ihe. method camprising stens 0l (@) seleclng.coenes
and/or proteins that have the highest Fisher ratios in comparison between
noncancerousdiNvaEaERd e cardetdis tiver préscakcefolisiverand well

differentiated ; hepatocelluiarcarcinema(HEE), well differentiated HCC
and. moderately difierentiated HCC. or moderately differentiated HCC

and poofly ditféremgateddHET: G oraesiningThe diffefedtiation grade
ofturnor by uging.the : genes and/or proteins. 10. An. in vitro r ethod
ol'defining the differentiation grade of" tumor, the

16, Anin virro method of defining the differentiation grade of tumor, the
method comprising steps of:

{a) determining the number of genes and/or proteins to define the
differentiation grade of tumor |

{hy  selecting a number of genes and/or proteins decided in step
{a) that have the highest Fisher ratios in comparison between
non-cancerous liver and pre-cancerous Bver, pre-Cancerous
liver and well differentiated hepatoceliular carcmoma (HCC),
well differentiated HCC and moderately differentiated HCC,
or moderately differentiated HOC and poorly differentiated
HCC:

{c) applying the data of genes and/or proteins selected n step (b)

to all sampies: and
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method comprising steps of: (a) determining, the numb . of genes and/or
proteins to define the differentiation grade or: tumor ; (b) selecting a
number of genes and/or proteins decided in step (@) that have the highest
Fisher ratios in comparison between. non-cancerous liver and
Pre-gangeroys Vet piescaneeious,Jiverandwell differentiated . ..
hepatocellular carcinoma (11".-Cr.". well. diff rentiated HCC and
moderaféhrarifereptiaEasHEC for moderately differentiated 1"1.C. C and.
poorly d:g_féb; nt,-&f&%ﬁﬂﬁ%ﬁ {8 ARphingrthe, dala 9f0sRGS ANAIOLAIeINns
selected u7. step "b) to all samples; and - 54 11. An in vitro method of
defining the diffegetitifiont giadebitupiérMaE method comprising steps
of: (2) detgrmining the number.of.oenes and/or protgins fo.defing Jfhe
differentiation. grade of tumor; (b sélecting a number of genes and/or
proteins decidd@ifiatdigva thachavd tHehighestfisharaatios in
comparison befween NN CANEEIOUS IV HANG RIeCADCRIONSliveY, pre-
cancerous liver and well differentiated hepatocellular carcinoma (HCC),
well differentiated e dhg hisderately TaiferamibtstarcalWimoderately
differentiated 116Grand, peory diffprentiated HGCid(e) appiyingthe data

of genes and/or proteins selected in step (b) to all samples (1d)

designin<g a nilHiSH Adistatice GagkiReriin dhegatase Hérfedsnd/or
proteins selected i steprdh).(e)applying the minimum distance classifier
designed in step gdﬁ to all samples; (:0 generating self-organizing map
with the tata of Bl YHESJEREE BNIPER TrBtENg BEIEISHIHF S () elg)
applying the self, prganizing.map generated in step (f) to all samples; and
(h) defining the differentiation grade of tuner, -55
{_d(); designing a minimum distance classifier with the data of
genes and/or proteins selected in step (b) ;
{e}  applying the mmimum distance classifier designed in step
(d) to all samples;
(f} generating self~organizing map with the data of all the genes
ancd/or proteins selected in step (b ;
(g}  applving the sell organizing map generated in step (f) to all
samples; and

(hy  defining the differentiation grade of tumor.
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