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proteing whose expression level correlates 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
for diagnosing the differentiation grade of HCC and for
screening anti-cancer agents for HCC treatment.

The present invention also relates to a kit for
performing the method of the present invention comprising DNA
chips, oligonucleotide chips, protein chips, peptides,
antibodies, probes and primers that are necessary for DNA
microarrays, oligonucleotide microarrays, protein arrays,
northaern blotting, in site hybridization, RHase protection
assays, western blotting, ELISA assays, revearse transcription
polymerase—chain reaction (hereipnafter refarred to as RT-PCR}
to examine the expression of the genes and/or proteins whose
expression level correlates with the differentiation grade cf

Lumor.

Background Art

Cancer 1s the major causative of death in the world.
Particularly, hepatocelliular 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.
Espatocellular carcinoma, Lancet 383, 1253-1257 (1999},
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SPRUSON & FERGUSON INTELLECTUALROOR., WO 2004/090163
PCTIJP2003/004458 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 relates to a method of
weelning:the differentiation grade of tumor by selectingcgapas:andéor 10
proteins whose expression level correlates with each differentiation grade
of hepatocellular carcinoma (HCC) measuring the expression of the
genes and/or proteins of human -tumor tissues in each differentiation

cSiads. The pigsent divention.alsq.iglatestathe use-of these genes

and/or grog?elrg 15 f% dlaggoze g ghggglﬁergggagggd%raqg of HCC and for
Screenin ant| cancer a ents for HCC trea%‘g Er h 3lc%rese?}t ”wentlon
6d GFihe

eRes arares 5 a Rt For P rfoFTmlnngﬁe et & presént invention
CBtRpAdIRGIINA- =26 Bﬁﬁﬁs diGShuEIEEEae Thibg, Prbtem EhfpE2pehtides,

r antibodiesr probesigRdaprinmrs tratieranetéssiryforBNAERIcroarrays,
ipligonuecleoiide-miCrearrays) prote i atrayse nalthent biotiings isusitu
abyridizations Ritasepyotealipn assays: avestars: hlattings, BldSfassays,
35EVeISeAEaNELHplion 25 polymerase-chala reaclion. herel exferred to

25 RT PCR to £ ine e e expressian of the genes a and lor roteins
Eiwose expressm evel correFates WI'[ the é%erentlatlon raae of tumor.

Ea BRI F KECRRCEPEs tRETAIGH BatiSativeSF oAt R E World.
hparktiafic HSPROEEIRARY carERTGITRE (1ET)asBnETRENTESP ¥ mmon
coantersyworlwidissaslhieh répresentsha majorr imerhatisnat he#lth problem
hegause ok its:nceasing:3b:istidence da-many:eouhties:.(BchafeigD.F.
A [Qrel M- Jdepajorelilan carcinamas Lancet 853, 12234257
412920 V Y OL%QOé‘{Q%Q%é%E&EQf%QQ%’OQ)%%%mQP'%@1‘1% W. Hepatitis C

VIrUsS an hepatoce ular carcinoma, min. L|ver is, 19, 263-269 (1999),

2RRRF BRUEA ﬁr?%patoceﬁufglr carcﬁ?osrﬁat?rlf‘ r“s“z’tyzﬁ FEP¥2000))
celfifortie H@ﬁéﬂﬁs@@/lﬂ@ﬂq@?fﬁﬁeﬁ%rﬁ?@né tﬁ%“ﬁfaﬁb?%ﬁh factors
ciortCCrasawel ak héputitic Bodras {pB Vi avebtion: eiéshahednsumption,
aefnid-sevesal epsainogens suehciasaflataxin B (@lardarKr Hepatocéllular

cAREEINQINE o). dHepatal:: 32; 2291231080 SeMalgt derapies-have been
wad r%ge%gqu the reatment of HCC. Those include surgical resection,
Previous studies suggested the involvement of tumox
suppresscr genaes and oncogenes such as p53, f-catenin, and
AXINI genes in hepatocarcinoegenesis (Okabe, B., S8atoh, 8., Kate,
7., Kitahara, ©., Yanagawa, R., Yamaoka, Y., Tsunoda, T.,
Furukawa, Y., and Rakamura, Y. Genome-wide analysis of gens
sxpression in human hepatocellular carcinomas using <DNA
microarray: identification of genes involved in viral
carcincgenesis and tumor progression, Cancer Res. 61,
2128-2137 {2001)). It has also been suggested that the
development of H{V-associated HCC can be characterized by the
pathological evelution from early to advanced tumor, which
correlates with dedifferentiation of cancer cells (Koliirc, M.
Pathological evolution of early hepatocellular cazcinoma,
Oncology 62, 43-47 (2002)). Particularly after inmtroductiocn

of DNA microarray technologies into medical science (Schena,
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10 radiotherapy, chemotherapy, and biological therapy including
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
waradesafidyimor cells are apparent and frequent. Suck«hapgessalter the
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
uPregisely diagnosggd.and mapagedacapsen therapygwilhbe more effective,
<Eleyious studies sudgested lne nvelvement of Lumor, sUBRressqrgenes
an oncoaenes,suc sp -catenin, an .i\xﬁ\,l enes In
S OCAT U TEE S (OkAE. 1 Sarsie s, JeAts 75T, KRARARS: 0.
LY af5gatva, FRO - Y dhabker ¥ Fsunbftzer Fhirdkawdyy Mand“Rétkamura,
YY. Sendrie-wide areilysis of géne oéxprdddion firdrurnan hepatdoeitular
geacianiras isingreRiNAn mitroamayy identiieation of genes invelved in
syifal arinogenesisand-lumar pHIGRSsIoN. GanceERRS: §1¢80ms
r23291243% (2090l has alsodeen suggested that the develgpment of
MI—%CV-ggsgmage HC > can Re Cc ﬁéacteg!zegre%the_ pﬁ?hqlo%cgj ee\_/olutlon
from eqﬂy% advahcec? fumor, . icH carre Stes with deﬁl?fléren iation of
CeancEr CEETRtiroI RS PERAGRTiICRI By ORRDT 6F LR RefHiotRitifar
UB ARG O IS5 ORESIBY B Y2347 1R002) RPartittilary ftef 478 duction
Tet RN A-Hricrearray techiiologidsintorihttiealssciedce (Bdlsena, D230
2090163 PGI4dP20031084458: M . ShalansHasDayis, RaY., and
vBERYw), PyQs Qﬁ%ﬁ&?hﬁ%ﬁ&ﬂ%rﬂ&@%%%?ﬁ%ﬁ%?g%@g%%’)%%ﬁ’ ig‘_ a
. complementar microarray, Scienc (- eRisi,
e I B o B0 ool e ekt 85 BRI Chom 5
oS YRE L PRERLS I, U8 of 4 CDIARTEo Sy T Al e gene
(e%Préssion pattdihs ik hufifcahceFEL. GendtraY 4572180 £1996)),
Jinany stiidies shoiwad deneaxpréssién phatteress retating folsarme aspects
sofdteted au - 5 laly PeBl el eong: vhkFepkedungd B-Ens\AGRE, B, Chen,
£Led2UNG, ToMhnanchbiewe10,G.T Pifferential gengexpressiogof
3??@%8&?”?&%9 EC%I“Q.#F'J“Qu%%[?,A&WPV _rray éf‘a'é%&%??': JRes.
12, 59-69 (2000),” Tackels-Borne, D., Gogdman, M.D., Williams, A.J.,
ZRfisort D. S5 ESkandi, T VOGET N 'BoiaRd, T.F: - Sehafr, U= thnd
FvioBRRSE J 8 | déitisatibntof differBntiatyPExptedsediferfes £55 -
K HepatoceltulaFear€inoéreramnd ¥netdstatic Biverdumdrs byHatigondtleotide
zexpression profiting, Cancer.82,3940%. , and Han, 2.G. Insight
into hepatocellular carcinogenesis at transcriptome level by
comparing gene expression profiles of hepatocellular carcinoma
with those of corresponding non—cancerous liver, Proc. Natl.
Acad. Sci. U.S5.A. 98, 15089-15094 (2001), Okabe, B., Satoh, 5.,
Kate, T., Ritahara, 0., Yanagawa, R., Yamaocka, Y., Tsuncda, T.,
Furukawa, Y., and Nakamura, ¥. Genome-wide analysis of gene
expression in human hepatocellular carcinomas using chNA
microarray; identification of genes involved in viral
carcinogenesis and tumor progression, Cancer Res. 61,
2128-2137 (2001}, Shirota, Y., Raneko, 3., Honda, M., Kawai,
H.F¥., and Kobayashi, K. Identification of differentislly
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(2001) , Xu, L., Hui, L., Wang, S ., Gong, J., Jin,Y.,Wang, Y, 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, B.Z., Zhu, Z.D., Yan, Q., Cai, T., Zhang, X., Xiao, H. S., Qu,
whrohiWaofis» Huang, Q. H., Chang, Z. H., Li, N. G., Dpgdybadsiodiids W
Shen, K.T., Lu, G., Fu, G., Zhong, M., Xu, S.H., Gu, W.Y., Huang, W., 25
Zhao, X.T., Hu, G.X., Gu, J.R., Chen, Z., and Han, Z.G. Insight into
hepatocellular carcinogenesis at transcriptime level by comparing gene
ressign roflles of hepatoc uI r carcinama_with thos
c&j?res ognoq[r)l Hoi- canfeg%us \%eraﬁrocrﬁlﬁm& CSFJT)‘SA 98,
”ﬁ@@?@é@ll (%@ff@ﬁﬁb@g BRaRP éz%katge%p“%}?ahara 0.,
raRdgawalR. CraRtaokd, Y. FasdAead; TV, -FErskaRE; . arfdd
Exakafoura, Y. @Wmnéima@canaWSg)tg@en@qm@nahmhmman
diepatoceltitlagaar cixpmassusin G e e anicsoa sy ddentification of genes
Javelved inral, gareinogenesis aaddumaar Progessions Ganger Res. 61,

1 h d H.F.,
Ca%gi%%az zi%cfgiqugr?ﬁf:c%?grﬁ ofé?ﬁ‘ eren tlallﬁ30\r/lvg 2I¥|00'4 évgll%g

/’0&44 e resSedzaenes i hepa?gcéllurdr caﬁ?ﬁ%?ﬁa with

cDI\FAmﬁﬁEFoaﬁaysHﬁ@ﬁétolﬁgy 388218405200y BIptiech, 0.,
UPRIBES). B ; CanbEAmameiiald, JOTBRGITON O.L AR K renvsiodoD.
pld@wfkfaﬁmmasmgaeﬁ)ﬁémmc&oarmamwsisaﬁaoﬁd'tatiru:t gene
vaxpeessioscpeefilRsrasseciaiadwith: pathelogicy! andqdrelonical iratures
mqfigsgﬂgget@y@rh%@n&mé.s PEAZENs Zlﬁagx%é@ %%ﬁggg%&%gn ONtO
M \ggm@ggm i( Ei\ln%glg?ﬁ:a{" Wal\/llyarh(qngto tISI}ITO Uschlmura

el s EonfREsn of gng E¥bressidit Brles Between
aRepAttsBafius fan8dsepatitisaCiorustirdesry hepatéashdiariddrcinoma

deylidligorracleotide: niidrepsiayrditalzasedron eosaperviseddeasning:
pirethoth Cancers Res. 52, 39363244 (2002) 9 and Midorikawen 2 ) .

ARSHISWIULS. 12 E@H&lé%hip%m@_fﬁi Mn e Kabune Yo Kdama. 1, .
%/ia %%h%o JH,Eisand urataril[:J lﬂkaq)entlgcatlgn ofhge@es %%%oc@ed with

erentiation o epa ar carcinoma wit e3<preSS|on roflllng

K4ha W‘s@ o FEERER Res."63°856-643 (FHH))> Aodd THERT wo
Ystudied Proffet gene eXPREZSION 6F MCT HF 2D RiatigrriG IR @EFéRIpbment
1Ok HeBatoly 1Sy liateaFsiKitarares Oy YelRdgawar Rxdamaoka, Y.
idannotdaaT i daubitkgems s YinandyMakameraa Y . aeanmeanide analysis of
GRHe 8XpEession.dn kuman-hepatogellufarearsinemas ysing LPNA
miUHSIORURY: v | vsutsumi, S., Taniguchi, H., Ishii, M., Kobune,
¥., Kodama, T., Makuuchl, M., and Aburatani, E. 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 ECC during the course of oncogenesis
and development of HCV-assocliated 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 tThe treatment of HCC arising from
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identification of genes involved in viral carcinogenesis and 25 tumor
progression, Cancer Res. 61, 2129-2137 (2001) and Midorikawa, Y.,
Tsutsunvi, S., Taniguchi, H. , Ishii, M., Kobune, Y., Kodama, T.,
Makuuchi, N., and Aburatani, H. Identification of genes associated with
dedifferentiation of hepatocellular carcinoma with expression profiling

Q%M,%;,%B;pn. J. Cancer 30 Res. 93, 636-643 (2002)), Howgyer, 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
cregoulate igrcn,@ diggregtiation grade of HCC can be used for 35 diagnosing
the aljff:erentiajhor?%ré?fé‘of HCC and for screening anti-cancer agents for
the tredtmént P HFEE hrisiiG Hormta \Wes Joterosasegdescribe &

TRERY PPOG3 044589 chfen gV sRfdctiomn nithedpredentimvemtion, the
sinvertorg describe acenethed of diagndsingthediffetentiatientgrade of
HaraeERn: 1SGresning.astiwearcae agenis ortbedseatmeniihereef g
sRagticyiarly the inyertars desedbe.amethod.of identifying, 40 ormore

«JeRep,analerprotding Whgse expressipn cadales b tbe differentiation

t

?je of BCC, and use of these genes_and/or proteins for dia ﬁgslng the
Tore RREOH 5ra0s STHCC INGHST CLTGBRITY ARDLCR R EeniHor the
Sfieatite Aot BICTY I in afferestt GREMSS. ford particatdmysthe fniehtors
igeSdriise cathiEsins of Yrodictny ivoAcdcetbast iven presclarcerdus liver,
aanetdachdiffereatiationygrade ef Hefowith #o-geneseanshoe prateins. 15
1BDisslosse ahthe Mvertion: Symman:akthe inveationtepatgeglivlar
26aEinoma(HGC) 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 20 characteristics of cancer cells
2 § rogression of the disease. Particularly,
SPregrassibrtet danedtisodften associated with the changes of
differe Hatibncgrade=of tamomesiis (Diagnesis:arnd ranagemsantahsuch
cehangescel sancer calswill:make sancen therapymore-effestive, /o 25
+Hhepresent invention, genas.whose expiession correlateswith. . <,
cpheogenesis and development of ek are dentiied iy aidonug eotide
microarray representing apprOX|matei'§/ ﬂgo genes r?o:’rriﬁ D ﬁepatitis C
Pﬁﬁ%ﬁ@ﬁtﬁviy Hod0tGated FHEE tisEGES St T homtarSRIS™ °F
CRRGAICAR Certtis HRP prateahe&FbUS) ivdr a0 Hisxti €8 L Derdnaation states
gméajhﬁd@dthﬂ@ﬂgpadeig__agnosis 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
oligonuclecotide 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 antikedy. Pre—cancerous liver (Li} is the liver
that is HCV-infected and ls histopathologically diagnosed as
chronic hepatitls or liver cirrhosis. Well differentiated HCC
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Non-cancerous liver (LO) 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 35 that is HCV-infected and is
histopathologically diagnosed as chronic hepatitis or liver cirrhosis. Well
differentiated HCC 5 WO 2004/090163 PCT/JP2003/004458 (Gl) is the
Wlal%?g: B&q&isﬁng of cancer cells that are characterized by aijng/gase in
ce éensﬂy with elevated nuclear/cytoplasm ratios compared to normal
hepatocytes but show the morphologies similar to normal hepatocytes. 5
Moderately differentiated HCC (G2) is the HCC consisting of cancer cells
:th%t are Igr}geﬁqnd hf;/lferch,romati_c. There are_trabecular- or gland-like
StrictireSin Cancer caiIShasEirR 622G ate. Soohy differ8hfiated HCC (G3)
GEAFRIITE TN SBLHY SIWRAEENERr s ek ey lebhofRiasrd
el desier T 1 OUmd rarows i stlichmasseshepeetiavestsdevoid of
sarphitecturel-grcangementin 3 gradeo 53,1 GZe@and £345mors
wearespond to dypamblktanddbofEdmendsgqn &d&telagk clagsification,

Jespectivaly (Edmondson H A, ang §§§J@@£hﬁo§a’é’{i{ﬂa%hg%ci99£na of

the liver: a study of 10C cases among 48,900 15 necropsies, C%Qc re,
46 -egéljf?%gf))?? s%;%erwse% 1éczil%rnign r%etﬁoacf%ﬁowe B?/gj ran (c?)zm
SPeffutation st BrofgSRMtTIEGHIE thicddmay ddts B G0 o Seteet
Oderis SHRE8E BXPIESEIGH SfhFicaritRrehanges T g té 2¢ trarfdifon
hrony soRvCaHeeroust iversuitikouteH Cdatettionifl ©) atocprésancerbus
alivenwitheRC Wnindeciiamiél 1) cfronad | teowell diffeseatiatedddCsa Gy, from
+@deltp moderataly: differentiated HOG (B3hang from.G2ste peorly,
diffarentiated HEG (GA). Self-organizing map.with all the selected 40

~genes whose 2o expression |§t5|gnificfanf%atered in eachntl?aﬁ;sition stage
can correctly predictihe diffefentiation grade"8fitimdPhgsids® hus,

PSP TS gﬁﬁcﬁé used 96 afdgrideiiy the differentiation grade of HCC
and for screening anti-cancer agents for the treatment of HCC in each
differertiztipr grasel 38:Detatedddesariptibhokineinvertiaidia the

phiaseRkinentien, umagdiepataselkiar: cascinomasHE C) tissuesand
09D GQIQ&%BQQ'&%‘@QH&%BVEBQEE%%%B@ Hgsves are used.

tHC%:stv:sL/ith '{'CVi%fI?EC'Qan’?Darseiu%ed f‘gr, nal zIm HQCCS._ Presence of
ERA andfor FREV Theciion can be determined either By iriminoreactivity

T FHRSEE WETDDOATEOTED PET AP AT/ 4258 4/63HEVEartRddy and

danfieFBV HtitoHGOr By amiplfyifig MCyoderately differentiated

HCC (G2), and from (G2 fo poorly differentiated HCC (G3).

Self-organizing map with all the selected 40 genes whose
expression is significantly altered in each transition stage
can correctly predict the differentiation grade of tumcr
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 (hon~cancercus 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 immunoresctivity against
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and/or HBV genome by PCR. The differentiation grade of HCC can 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

woslasiatig liver tumors. A liver sample without HCV ipfegtiansisslassified
as non-cancerous liver (LO), and that with HCV infection is 10 classified

as pre-cancerous liver (L1). After resecting liver tissues during surgery, it
is preferable that tissues are immediately frozen in liquid nitrogen or

a%%qt%ce@é%mag dns 'Cacéngs%torﬁgl%gstweegv (RSN BAG Hoy! use.
tls szgs ma%/ Or may, not be e t%[dgg Br‘%
Kira ki °15 kf%k 0, Japan ata og‘i\lro i§§ e epresgflon of

b&eﬁ%@%ﬁ&iﬂﬁ%ﬁ’é’t&ﬁ?@?ﬁ@@ﬁ%ﬁ@& ﬁﬁﬁ%%%rcﬁ@l%ﬁl%{fes can
BeHridlygedibymeasuriig fasedvel i RIGC afféfor protsinatefiymost
didsesethe evel sERNA jandier protelys dd tittermineddy measating
wiluorescenee flare2Q swhstances incluging flueressrinand shedanmine,
ueﬁewmlm%%%@eeéegmi@ﬁ% radigagtivity pf radiaactive ;smaterials

1:lncludlng 3H1 14C 35S§ %Pﬂta@gleS% agd optlcal dens}gty EIi:or
example, the ex fession level of RNA an rotelns IS dsetermlned by

“Ritow ﬁ’ﬁ?e‘t%%%slfn"c?ﬁd%ﬁ *DN?&‘%S“%?H?&Cro"élrF'a’y (é’cﬁ@hﬁchoﬁt af
OtttV PTG D entl Espression patRFreirerany 1iver
tégmplendantary BNAgnicrobrdy, ISEéaca2f0167-410Ug0%)rand
imipshistye R Fratzah High densit-synthetie aliganneleatice; afrays-Nat.
i@enel d1or20-24 (9990 RToPER (ieis ohHr ek Detectiqn gfdare
mﬁgRélﬁﬁ ¥ia guangiaiye RT:PER, Trends Gengt 8,263:264,(1992)

in, S.A. Absolute qu tf;catlon of MRNA using real-time reverse
F?)n po?ymera e chaln réaction assays, J. Mol. Endocrinol. 25,

Pra‘ﬁs "i‘

169- 19"£"E’2866§F§§dﬂﬁe?ﬁ BRRBACERAGA BFG RybAdZalith Pamss R.M.
agAd Barhess M. N Aidetectiopr3seingittvand vrtsemhikridiration,
1Metheds el aBiole 4 @60 247283101 983Y)) cRNaseroteetion assay (Hod,
aXaho SipHHiad s 7 W Q20041090 163:RC/3P2H031004458, sibgndelease

segg%maeﬁé%@gg;f echpigues.13. 8p2-804441992) and Saccomanno,
ataJ Afasterrbon Iease g‘otectlon assay, B|(%Tec,hn|ques 13,

c%i%l QIWeas egn ‘Imﬁlnbg gyvablhiﬁz etal. }Efecfro horetic transfer
m@F%rﬁPc}telnECf}éﬁlﬁglyﬁcrylﬁm|d§) gelrto Ritréd&lIulose %ﬁ%é’@“ﬁ?&c Natl.
dpeatEiSci. 195 2% 435004 384PEO7I and BErhette, R NrWestern
pblottitug: Electrophoretigitiansfecof proteings farmisadivgmmadecyl
mﬁaﬁa@z@y%yami,dﬁgel@ to ugmedifiedrive monitoring of gene
expression patiterns with a complementary DNA microarray,

Science 270, 467~470 (1885) and Lipshutz, R.J. et al. High
density synthetic oligonuclieotide arravs, Nat. Genet. 21,

20~24 {189%)), RT-PCR (Wels, J.H. et al. Detection of rare mRNAs

via quantitative RIY-PCR, Trends Genet, 8, 263-264 {199Z) and
Rustin, S5.2. Absolute guantification of mRNZ using real-time
reverse transcription polymerase chain reaction assays, J. Mol,
Endocrinel. 25, 169-183 (2000)}, northern blotting and in situ
hybridization {Parker, R.¥M. and Barnes, N.M. mRNA: detection

in situ and northern hybridization, Methods Meol. BRicl. 106,
247-283 (1998)), RNase protection assay (Hod, Y.A. Simplified
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nitrocellulose and radioiodinated protein A, Anal. Biochem. 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
ents in surface-enhanced laser 35 desorptign/jQnization-time of
“%c:;z gtﬂroﬁgf;% spectrometry, Electrophoresis 21, 1164Jk;9§¥178>(2%%zi ?%%d
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 prateins that are differently expressed in
BRI GrAcE BT S L bUE (nORLohberous and
{pPEarfE RTINS AFe Sei8ctetf b cotnpanihgthe BREFESSD level of
rgerestant/ e proteiftodateng PBETCliss §48 18 Eadh Hifelentigiiéadgrade
baodtiop-tumeraus 26 liver dissugs:Gengilscardior proterfthatfare
pefferentiathoegressad batween;pon-canseredsdver (LE) andets,
rRER-CaRceroys; dvarthay have beenisdecied withdHeV {id hare ddentified
wDY . ceLupating the expreszion level of each geng andlop protain, hetween
non-cancerous liver tiSsues and re-cancerous liver 30 tissues. Genes
/BT priteftS Tt &7 ditfrertiail Bk SR P hetwee A BIe cahedrous
nfijEp pet) aterhaPdifeiéntiated et pEaure Rentifiet b Hfaring the
18Rpregsich leved bf idachldéhczandiol ProwsihlbeBverry pre-dsitoefous liver
riisgrieslantstelbdifferentiated HGEE/3Elissaes (HEG(GE)i Genesgnd/or
oBroteinsdhaiares differentially exprassed betwaen welt differentiated HCC
(G 8 ﬂgngé%%@? 7 CHAR20030004458 and.maderatelyen.

aglfggrgqg!a%;[gs ggd%@“%g qu_ri% nl%glné@gdlb comparing the expression level

Of each gene and/or protein between 6(GI) and moderately -
SBffERNRREL, BCE SSuE S tHEC fG 2 SHifan T PEREe ™ idfor proteins
EfratareBoditfere Aal i édpidssed eeendniadeiatety differentigted HCC
REG2) andpoori differeptiafed HG ©C {G8)ere dentified by comparing the
rexprassion develofeach gepe andionpraigin betweenkCE462xand
s Ropsly diffarentiated HCC tissues (HCC(GJ)), 10 Differences in the

expression level of genes and/ roteins, Enon- ncerous Iiv%r,.
pre-case P TUgE, Bl e M HEC Thoderdialy amciantated

SRR HTE DO ditfereftidted HEC EPHBENATPR AR detected by
{RABVATISHTath oS OP Btafisficar aHaly Sels 9 airexpetRfshts far

comparing the eypression level of genes and/or proteins among
HCC tissues in esach diffesrentiation grade and non-tumcrous
liver tissues. Genes and/or proteins that are differentially
axprassed betwesen non-cancergus liver (L0) and pre—cancerous
liver that have been infected with HCV (L1) are identified by
conparing the expression level of sach gene and/or protein
between non-cancerous liver tissues and pre-cancerous liver
tissues. Genes and/or proteins that are differentially
expressed between pre—cancergus liver (L1) and well
differentiated HCC {Gl} are identified by comparing the
expression level of sgach gene and/or protein between
pre-cancerous liver tissues and well differentiated HCC
tissues (HCC{G1)). Genes and/or proteins that are
differentially expressed between well differentiated HCOC (GL)
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comparing the expression level of genes and/or proteins between two
grades selected from LO, LI, Gl, 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
HCC samples and in the non-cancerous and pre-cancerous liver samples
W&’réﬂ%”‘éq%ﬂ&fgd This selection results in certain number 6T GEAEE YU ™/ or
proteins. Then, the 25 discriminatory ability of each gene and/or protein to
discriminate LO from LI, LI from GI, Gl from G2, and G2 from G3 is
determined b}( the Fisher ratio. The Fisher ratio for a gene jis given by F
PSRN @ re R EIC30 Ghera R (i feuté SeApky mean of
cpeexpression I@&M@f’sgeneijefmkhefs@mpﬂegm@mdﬁ drapdB£isis the
tedmple varidnte efthewqpressiondeyetbotgenetiptordte sasyples in
Geade2; )9 WORO0A/D90163 RCTHIP2003/004458 {nthe.second step,
dtbegeeggglg%nemgé%epgeteeér@flﬁo&l@&W%ﬁPfgge&! ggasing

sRagpisyde e Fish ﬁ% . éatlo Ar %gf, éaer&]gtatlon fests als

perf ormea to deter [ the Rum e and/or protem?‘%o define
Cﬁwméj BTSNt SR e 8F H@E?iln%ee gtafoRTELE ISAMRIB  Tabels
bﬁF@’i’Sﬁd%%lﬁﬁﬁérﬁﬁﬁeﬁgﬁéﬁﬁeéhft%@%é%% BE¢orhpared, and the
{Pighé3iatio for each gene and/or protein is again computed. This random
permutation of sample labels is repeated 10 1,000 times. The Fisher ratios

generased-fgoanthe agtugl datas are assigned s based on the distribution
pgg{ger@sggrﬁggo&gmoqgnngg§ed (jaaéaéalzrgm the distribution.af the

IOS e on mne ran omlze data thefgenes and/or protelns

egreg ?ermlne%l 8BS SEAfeHCany s@ﬁﬁ%]a?ﬁel fifG 157 &FES BY the
dﬁﬁ&ﬁﬁ? HAStetion (88t Bfe W¥Medrry Mbfe dpanicararky theyanes and/or
mﬁ?@@iﬁs?ﬁa%‘%ﬁﬁéﬁiéqi Veilaey kess tham 021005 gy=thianeandofvr
cperatitatichdestbetveden the dworgrases are /selected: Ampagibese
r56leetat ganas andior-aroieinga 40:aenes, apgéos proteins having.the
pp&gg%ggsg%z@ ratios in each comparison between non-cancerous liver

(LO) agd anc rous Ilverdg 2 gr ancerous liver (L1) and well
dlfferentla % Gh el Gifferénti ?edlﬁe‘f,ef@i)wdﬁ& RfGdérdtely

SRFEFEHRA a‘iﬁéée(ez)g‘?ﬂeaaea%|§>mﬁe?éﬁﬂatéavﬁ@eecez)rmeoony
1Qigerandanst HCE G frthen 25sdlected viherabilitpof theigelected
rd:genesianglor proteins tamples 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
diseriminatory ability of each gene and/or protein to
discriminate LO from L1, LI from 61, 51 from G2, and G2 from

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

gene 7 is given by

()&j (A) - ;&j (B}}2
57 (4) +65(B)

F(j)=
where ;}J(ij is the sample mean of the expression level of gene

J for the samples in Grade I, and &f(z‘) is the sanmple variance

of the expression level of gene 7 for the samples in Grade 1.
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distinguish non-cancerous liver (LO) from pre-cancerous liver (L1),
pre-cancerous liver (L1) from well differentiated HCC 30 (GL), well
differentiated HOC (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
(5014). The minimum distance classifier is designed using the 40 35
Vgt 995 or proteins selected in each transition stag%mﬁgémé’%i‘é%smn
level of each gene and/or protein is normalized to 10 WO 2004/090163
PCTIJP2003/004458 have zero mean and unit variance using all the
training samples from two grades. After measuring the Euclidean
distance between a sample and each mean vector, the sample is
assigneth tnthegrade of the nearest mean weoios The/mintmetmigistance
b-classifies thatis created withithe salestedddhgenes and/ge praigins in

£ach transition.sgedsalsoused o predidt the differentiation grade of
ﬁg% mples, whose dlff%r ntl%trgn grad% is o%dete[ lined. To diagnose

rentlatlon gra e Q CCs usm J(A) and )prewousl

%esf’rf B 10 LEM5I8 ridaT ki'F {h I?‘ﬁ ﬁitéa%?félgf’ﬁ@ of es A
LAREES e geRETE BBEMEREF RN ANPESA FNANBNG ZEIR)
aphera N Fissther nuatbier 66 sarnplegfromaGdde i pNeseithe ssample
catianed d,0f the mixbtureconsisting:of CradessA and: 45 Brepdhesgene |
ismbtainedsDy 64N Tt B-1-Nes Llagth)eiNEd v B) Hhe NANa NaEEEL (A)
ar Bk s NA By Using, and Em f%l?é“ﬁﬁé@%b%%%ﬁdo%yth@ Jmsgeﬁ Jrzhl\é_s az 0
6ya2 Then,.a Y secrigut on. of}t)t sher
'2%’84 f€§7F?8T?S\?%§OOSg<68ﬂ4 hieré X Is the norma |zedlsample
lﬁgﬁ‘f@st aSﬁgTﬁzfél randommed data the genes and/or proteins
that are determined to be statistically significant in two
grades by the random permutation test are selectad. Nore
particularly, the genes and/or proteins that have the P value
less than 0,005 by the random permutation test beiween the two
grades are selected. 2among these selected genes and/or
proteins, 40 genes and/or proteins having the highest Fisher
ratios in each comparison between non—cancerous liver {1.0) and
préwcancerous liver {Li}, pre-cancerous liver (L1) and well
differentiated HCC (Gl), well differentiated HCC (Gl and
moderately differentiated HCC (G2}, moderately differentiated
HCC (G2) and poorly differentiated HCC {G3) are further

selected.

The ability of the selected 40 genes and/or proteins to
distinguish non-~cancercus liver (L0} from pre-cancerous liver
{L1)}, pre-cancercus liver (Ll) from well differentisted HCC
{G1), well differentiated HCC (GL) from moderately
differentiated RHCC {G2), moderately differentiated HCC (GZ}
from poorly differentiated HCC {G3) is verified by the minimum
distance classifier and the self-organizing map {(50M).

The minimum distance classifier is designed using the 40
genes and/or proteins selected in each transition stage. The

axpression level of each gene and/or protein is normalized to

14
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samples, the sample mean vector for each grade is obtained. In the
minimum distance classifier, the score value is computed by 5
Ti(a")dIx -/2aolll -11x"-,ui,lll T2(z) dI x/2ti 112 - X-/EG1 11Z T3(/x) 1 x (sGi
112 -1t & Mlcz 1IZ T4 (x) ~I x -uG2 11'-11 $."/LC3 112 Using four
minimum distance classifiers, the differentiation 10 grade of HCCs can be
diagnosed as follows: (i) A normalized sample is classified into Grade LO
“f?i%f(’fg%flﬂ(iko, T3(z)<0 and T4(1)<O. (ii) A normalFféFé“%zg?%Eﬂﬁ%
classified into Grade LI if T(i)>0, TZ(i)<0, T3(x)<O and T4(:x)<0. 15 (ii)A
normalized sample i is classified into Grade G1 if T(s)>0, T2(x)>0,
Q’%QC%cO and Tagé<0. ‘(1i:v) A normalized sample i is classified into Grade
C2oif 2 S0 T 205RY%0" TR AT THx9%0. (F ATidithanzedgantple
& Vaddife§THFBrad 8320 T2, THR)E0CTHRS0 ahdTac>0.
"M SON rareusihervdrredgorithvwideheusadbfor plusteriagaand is
wethlenpwias anefficientdeolfosthesvisualization:of multidimensional
dates(Famaye.k. ef al-2acnierprating paliens.efgene expression with
SYLOIENEING MARSICIodS.a00.appIEANON,Io fematopolelc. .
differeptiation, Proc. Natl. Acad, SSCIé%i'S'A' 86, 29 7281 8%3 5“ and
Sultan, M. et al. Binary tree-structurad vactoP Gtz apioieh to
GtisTering EndRABERID Y nTicrOHiFRy thid Biinforratics o Sappa,
o31ktAh1l ) ithall lected 40 genes.and/or
proteins is%:éa%r%%ezd gi;gm%ecc%)%\?ng’ ?g)thg gn%?ﬁégdg%ﬁ‘ I\%ﬁ%&[}ge& 13%% the

SOM toolbox available in the web site, 12 WO 2004/090163
*BETAB5003/604458" fitth it T8 hiit FifBFoREERSSIPtOBIBBR/ Bshonen,

220044 Each, set,of forty ggnes and/or proteins whose expression is
signifi%antly altered dyring the transition from 5 non-cancerous liver (LO)
Wéﬁ%@ﬁ‘;@ﬁ pre-cancerous liver (L1) to well

ﬁpﬁf%neﬁyw&'
difféveritired HCCN( iy, from well differentiated HCC (G1) to moderately
“Aitfsrefltiated e G2, frdmepwderatéhpuifferentiated HEE-(G2)do

SEJQO{I ‘%ig%ggtiatgld HfCC %332 is used for diagnosing the grade of 10
epatocarcinogeresis bf HCEI AR 8ISS6H-Erdshitly SRficaAcaPagents

sthat are usgd foy the trgatment of HCC in each grade. Each set of forty

genes and/or proteins whose expression is significantly altered during the

Jransition fro i . N.N.
G'j WWT(NA --}.}0",2(44) +(NB —1)6?(3)+mw1(‘4)mﬁj(3))2}

~

Using &, snd &7, 2 and V are defined by

j‘\[ z[ﬁzsﬁz’--wﬁm}?

=ty
It

Then, & sample x is normalized by

F=V'{x-2)

i1
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15 non-cancerous liver (LO) to pre-cancerous liver (Li), from
pre-cancerous liver (LI) to well differentiated HCC (G1), from well
differentiated HCC (G1) to moderately differentiated HCC (G2), from
moderately differentiated HCC (G2) to poorly differentiated HCC (G3) is
expressed in bacteria, eukaryotic 20 cells, and cell-free systems. Agents
that affect the expression and/or function of the genes and/or proteins are
Q¥ E Dy monitoring the expression and/or functioﬁ@%ﬂ‘ﬁgfﬁﬁﬁl
antibodies against the proteins are also raised and used for treating HCC
in different grades. As monoclonal 25 antibodies, whole mouse
monoclonal antibodies, humanized antibodies, chimeric antibodies, single
YBREM dntibBdide AREEAERTY IS TIRIR antifSdRS, AR/t BRepéeftc
saffibetlied eatrberaeehdirinst thevpefitie & proteirs c&hd i@y afé used
tier diagnosing shemgradd. e HE G and:the sreatment 80 thersohvAddt to
p@xamine the expression of the genes and/or proteins is also created. The
kit consists of the components including reagents for an RNA extraction,
TdRyshaestdarsyrithesis 45 of cDNA and cRNA, DNA chips, oligonucleotide
chips, protein chips, probes and primers for the genes, DNA fragments of
TIE MG 2004/090F 6P ET(JP2003/004458 control genes, and antibodies
to the proteins. The components of the kit are easily available from the
Tr@rg%._BrieEZqufgptiowof the Drawings 5 Fig. 1 illustrates color displays
bfthe exﬁl”éssion of 182 genes whose expression was significantly
altered during the_transition from LO to L1 (a) , 191 genes whose
Té%b%%mfm%s* IigriicAntly altered during the transition from LI to G1 (b),
54 gepnes whose expression was significantly altered during.the 10
R E G0 1 20 Gohaiinoss Broraagen
SBRARARAM SItERS Wi S TR IPIN MG oM B2 to G3 (d). Panels e, f, g,
tahd A iNastraté g reasios of the selécetf469genes fredehifansition
stageif dll(fhe§amples. Epréssion? ofthe Bélactdd 40 genes whose
(EXpressiomvas signifiepndlysl s altered-duting thedsansiion from LOto L1
(e) . framlt0.G1 @hom Chig 33 (ahaangfm G2 to G3 (h) is shown.
(J11§ Selecied 40 genies 1 egch Iransition sigoe discrimipgie, samples
ef re ang after the trf.ﬁ}sn'on. ene%are shown in decreasing order of

the Fidfier¥diic dndal&iRdicalatiby GERBamAccession 20 numbers.
(The harremsféaeh sEmple is'indicaléd b 65 ot eefetPphdto{e-h) ; NL-64,
NL-65; NI(:66,NL-BT NLL68 NE+89, BrdoZT{=h8UIL-59, IL-60, IL-62,
(B1-26T0 Gk AT CE8RTLGE-86T . GBIt G 11148 Torade 63

if TE>0, TE) >0, T,(x)>0 and T,(x)»0.

The 530M is a neural network algorithm widely used for
¢lustering and is well known as an efficlient tocl for the
visuvalization of multidimensional data (Tamayc, P. =t al.
Interpreting patterns of gene expression with self-organizing
maps: methods and application to hematopoletic differentiation,
Proc. Natl. Acad. Sci. U.8.A. 86, 2907-2912 (199%8) and Sultan,
M. et al. Binary tree-structured vector guantization approach
to clustering and visualizing microarrey data, Bloinformatics
Suppl 1, S1i1-3811% {(2002)). The 30M with all the selected 40
genes and/or proteins is carried out according to the method
of MATLAB R13 with the S0M toolbox available in the web site,

12
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G1-165T, G2-1T, G2-2T, G2-6T, G2-BT, G2-10T, G2-12T, G2-16T, 25
G2-18T, G2-20T, G2-22T, G2-23T, G2-27T, G2-28T, 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, G3-61T, G3-107T, G3-174T, from the 34 left.
WhB WA of each gene is indicated on the right of thépHBII*M“He case
of panel e, M18533, AF035316, AL049942, L27479, "Fibronectin, Alt.
Splice 1", U19765, X55503, AL046394, AB007886,P.L050139,
AF012086 Al539439, M19828, U92315, D76444, 35 X02761, AF001891
EATHOOIPE; AURER01 7 (3O DA ARDE606 2R 728 103909,
7269043, AL0O80080, M63138, L09159, AF017115, 14 WO 20041090163
PCT/IR2003K044 58 -M13666; MBB0351d4¢104 WH81554pk25186,

1 D32129-AL023723; £L183664- URD52R3, 14817501 AFE02803, from the
E)orpc nLQQ:gﬂzspileeangb ]\5!39 gl@:ﬁx': %82@11\4%1153(%1&3881@%

U12022 AF055376, 3 £ Q A 1 H 0,
piil@%rﬁﬁi’, é%e Gﬁ?ﬁ%ﬁﬁ g‘._\, % g Egég (]C:?i) %%ﬁi

2491 i 11 224725 EZ gg%g
wmézzeéfarfgés?*ga@g&ﬁﬂ@liaéﬁs%‘t?fﬁtf 77013651 116
(BBO23TST W9PegsPe 11 1H0HE r AI0206501TT6 1542, KA JORIAS U64444,
dD6399R £ X5550 BCAL 0881 8ik, mzemaf@m@a@wmw@mm,
w0323 romdbedens lasheccasemof ganeldn1 8743844412963,

=AL625844,.1197936,299129, 104076330 50312607364, AABE3502,
i 7935d AF061258, AB007447, 1197935 W28281, 1197935, Y00281,

B AF104913, AA675900, 127706, D32050, 1163573, AE014398,
x709433876%“%f £ RRANY TSN z?ﬁébmfz%‘fl‘g“ﬁ%ses Pt %0351,

1513679 5igBEUY @éé@?@%éﬁ%&?@x@é’s’%%%ﬁ?& AB018327,
nAFOOMB0 oD 4697 ABON8449 P15 franTHhetsp if Bie Eae of Pahel h,
PALIZ6R38:24 1793 ABDD AR de 1Y LBFE4r L0320 OBRBIZrom
XABJQ&%H&%Z} AFRO 7057 C:cl h80482: - AL 2630994122964, 1227725,

/994, 433084, 1188498 - HARL23,X32098, 11040, ARN23194,
001903, X96752, A 206202 11751%6 Y12711 14g 877539,

déf%i@%“%%%%iﬁ? ARAs53TeT 51767, Bb RB006095, ABO0B782,

cp121 165 NRDOZEEE SUBNTT A1 53908 SAGT0F- 1597735 11384409,
efrpne thedopuFide D ifustriates thé \?élﬁdgﬁéﬁsoﬁﬁ%@éleﬁéa%@ﬁé’ﬁé‘s in
seaebtsansition siage toglistingeigh thedifferentiatiofugreitier25 of HCC. In
b£§991t5§§§ifsi%@aﬂ&§ﬂ46oa§£hhhé%) siftoprddein Sk (o) 5 Feoma Gkt B2 (C),
w20 Fﬁ%’l‘ 5210,G3 (@ the, minimum distange sclassifiet-was eanstructed

with the sam esin consecutive two _differer L.gr icated by
e oS Bar (tgglnlng%sam Dfés y\;;m ('jtwasjg<';r1.|Jp:)}|r(§lf!i %l to th t% %%za?l szr%%gs in the

SfErhaRREe dlﬁ%?@ﬁﬁéﬁoﬁﬂdi%%’mﬁ@%ed BYthe Brack Bar Ttest

divalent single chain antibodies, and/or bi- specific
antibodies can be raised against the purified proteinsg, and
they are used for diagnosing the grads 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 coemponents
including reagents for an RNA extraction, enzymes for synthesis
of cDNA and cENA, DNA chips, oligonucleotide chips, protein
chips, probes and primexrs for the genes, DNA fragments of
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samples) . The resulting classifier classified the test samples with the
accuracy of 92% (a) , 98% (b) , 84% (c) , and 100% (d) 35 Fig. 3
illustrates the result of analysis by the self-organizing map (5011)
algorithm of the genes whose 15 WO 20041090163 PCT/JP2003/004458
expression changed during the transition from non-cancerous liver (LO)
to pre-cancerous liver (LI), from pre-cancerous liver (LI) to well
VHirfaErted HCC (G1), from well differentiated HCC ¢E¥F B Héterately
differentiated HCC (G2) 5 and from moderately differentiated HCC (G2) to
poorly differentiated HCC (G3). Fig. 3a illustrates clusters of the samples
(Table 1). Each cell in the SOM grid corresponds to one cluster. The
apadtors gfneighiotingtedlsiares (suatly kreatedrclos&te eathorgrdther.
ofnihy dexof thecell lecatetkat m-thagwaadwathecolumn. NL-XX,
samples from non-cancerous liver without HCV infection (LO); IL-XX,

amples L HGV-infected prezcancerous liver (L1); GI-XXT, samples
ATOM Wl ud's”e“’gel';afeg Hrgg%%isgj%t T 13,58Mpl6s ftom moderately
differentiated HCC f@ 3; - , samp es tfom mo lerately differentiated

e (B3 SR MalFEhonE tHal T EninibR d8ark ottheéd a sigmoid
tEGRe- thah e 5raek bIICO- LI 81 G2 LaRtPeS “B2safiies Witksut ¥essel
sinyoherreritl (brie-tettardrara it atetclosettooG fFsampled-ardl 20052
sgamples with yessekinmlveraent {ted teters) arellocatadielose tthe 3
tsamplesckigr-3bdliusirates dhe distancehaiweendbe neighlobnGias
s‘i'#ﬂ%rﬁcéma )1i0dex; of the-celllacated At msth rouy and nythcolymn. 25
Lhe color of the cells ndicales the distance between the eidhboring

C ues%ers;'a red c6for méans a ong distance. The regmcesll% m%ﬁe upper
9ERES CHBARFSHORhET 1R AGASRINORUs T RaHESoUS &G 520
ofréeanterotizydivér sarfiesiiid HEE Sswiple Y afeselatvalyaiit ‘apart in
zalt the Selected 4Begeness i30ckabled ustratas clustenssof Samples
erofilegste £0,1d, §31, 452, and &Iassshewrin Big. 3a. Siakie.2 itustrates
sehnicopathplagic fagtors. ot the, GG used, Jo g @f@é%ﬁ%&ﬂ&ﬁ&ﬁ
prable S lisiales fop:40discuminalory genes [p L0 anall., Teble s
iMustrates to -_26 Iscriminatory genes in fand 61" 18 W(S 5662[7&0163
OBEST| 36 20041004358 “TAIE SNGSTHEEISH- 86 GRGTAATSHy Gees in Cl
NHRHEGS:
The name of each sample 1s indicated on top of each photo {e-h}:
NL—64, NL~&5, HL—-66, NL-67, NL-68, NL-69, IL-49, IL-58, I1-59,
IL-60, IL—62, G1~267, G1-42T, G1-857, G1-B6T, G1-87T, GL-147T,
G1-165T, G2-1T, G2-2T, G2-67, G2-8T, G2-10T, G2-12T, G2-167%,
G2--18T, G2-20T, G2-227, G2~-23T, G2-277, G2-28%, G2~29T, G2-31T,
G2-34T, G2-377, G2-43T, G2-457, G2-46T, G2-497, $52-58T, G2-59T,
G2~60T, G2-62T, G2-89T, G2-90T, G2-L0S5T, G2~151T, G2-155T,
G2~161T, GZ-1627, G2~163T, G2-171T, G2-1827, G3-18T, G3-21T,
53-25T, G3-35T, G3~-80T7, G3-81T, G3-107T, G3-174T, from the
left.

The name of each gene is indicated on the right of the photo.

In the case of panel e, ML8533, AF035316, ALG49942, LZ27479,
“Pibronectin, Alt. Splice 17, U18765, X55503, ALD46394,
ABO07886, ALOS013%, AFO12086, AT53943%, M19828, US2315, D76444,
X02761, AF00189L, AT400326, AT362017, L13977, D32053, AFO38062,
ALOO0B726, J03309, %69043, ALOSOORS, ME3138, LOYL159, AFOLT7LLS,
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Table 6 illustrates top-40 discriminatory genes in G2 and G3. Best Mode
for Carrying out the Invention 5 The following examples merely illustrate
the preferred method for identification and use of genes and/or proteins
that are differently expressed in non-cancerous liver, pre-cancerous liver,
well differentiated ACC, moderately differentiated HCC, and poorly
differentiated HCC. 10 Herein below, the present invention will be
VEpEBitivals described using examples, however, it is FSTHF 28 E8H8trued
as being limited thereto. Example 1. Preparation of human tissues 15 Fifty
patients underwent surgical treatment for HCC at Yamaguchi University
Hospital between May 1997 and August 2000. Written informed consent
Nias Tbtaied Tronvall petiemsilbéforetsLrgéry SERe ZstudyEpratotd) was
pweved bysthe, |nstitetionalr Readew, Boarnd fatdhesbse of Humaise
subigets At e Xamaguehi20 Wniversity school of Medicine Al -of the 50
PRI Wels-peroposie [AnELY Ahibd 6%%&29“91 iegegatwe
patltls B V|rus gl:fr rg 5ge §A 'St%%%n %ca

C?Em s
AgNOSIS GFHCC WS Fiad it aN CASES afteraurg arg
ol e dion S FRSHhE pRAHE 1 el
HiffePépflatEaIREC E15238Radiimotieratefy dfer&dtiated MCENG2) , and
Athezmmainig eightied pootywifferentiated HEGCm (63) tGinicopathologic
dastorsrweredeterminecs accardingsto Ahexkiermnationakbinignsagainst
L‘éé‘é‘ﬁ?r M ﬁa%bf’?%%uzontmﬁésﬂﬁfzs %WJ«*?S%ES&%Q@@ES biRRTy and
es se cli

C|InICOp %} ?glsc %ﬁ%%%ferlgfgg%imo%ig e3 }?%Pegﬁg %ﬁf{]ﬁgg

158 59<8%55 as%%%wssﬁaeréﬁ ééﬁ?f?c’a%p%gﬁmr? E%?]%Je’roﬁ%él‘ﬁ@rﬁéamples
Afété Yhtaited ¥om SE patiemtBiARs-uRdéAlént Fephtfo réseetids Yor
Weéaigh Gr535 fhetastahd 4 e ARITMDIS 7 arid cotditthettbshavebistdtadically
Mermaldivers. Theywese all sereregativedosboth HBSAY, and o2 WO
ﬁ@@é@%}ﬂ&%E@T/ﬁﬁi@%%/ﬁoﬁé@&l%%@g Eive HigYopiected dives,

’ﬁ‘ﬁ!% W%%%r@éio prepased frogy fhe E%Qe%‘moﬁ&‘éiﬁfl ags%%‘ée patients

ve liver samples weré histopath % nosed as

Xgﬁro nic % tisAOBr Izvérg Gitrfioers- ARtormed ¢6n R IZIII Wae 5
%Bﬁlﬁedbf}éﬁ?%ll patiénts betsre’ SurdERF Exdmped P 3Ehnicopatiivlogic
ARARGterisHEY of HC EBsl Histoldyieal exartdiidn:sholad thatPaffong
uher 56, HBY4associated-HC ESpenrolled in this study, seven were well i0
differentiated HCC (G1), 35 were moderately differentiated HCC (G2),

$2pd the yemaining eight werg paorly, differentialed HEE 45 geres in
each transition stage to distinguish4fhe differentiation grade
of HCC.

In each trangition, from L0 to L1 {(a), from Ll to Gi (b}, From
Gl to 62 {(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 (Lest
samples) . The resulting classifier classified the test samples
with the accuracy of 82% (a), %8% (b)), B4% {c}, and 100% (4).

Fig, 3 1llustrates the resuli of analysis by the
self-organizing map (S0M} algorithm of the genes whose
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(G3) (Table 2). The tumor size of G2 and G3 HCCs was significantly
larger than that of GI HCC (p=D.0007 and p=0.028, respectively, by
Mann-Whitney's U test). The incidence of 15 vessel involvement in G2
and G3 HCCs was significantly higher than that in G1 FCC (p=0.038 by
Fisher's exact test). In parallel to dedifferentiation from G1 to G3, tumor
stage was more advanced (p=0.066 by Fisher's exact test) . Thus, each
WOBE4EPE®E, G2, and G3 HCCs enrolled in this study sHWBH02004458
characteristics corresponding to dedifferentiation, i.e., tumor size,
metastatic potential, and tumor stage, as proposed by Kojiro (Kojiro, M.
Pathological evolution of early hepatocellular carcinoma, Oncology 62,
AL (2002 D 2 Example 3. thxiraction ofitve RNA from-tissuesdieces
aftke tissyesdapostckaz anm3) waresuspendeddn FRIZQLMH8, s
Theehnqlogies, Gajthershuig. . 1SA.Cataleg Ne: , 15596:048) pr
aggg;gmﬁééé%aea!g%se%aue,d*éyglc%ﬁagaaegeaﬁ%'%gcN }gwnzer) and

%mé%g twice WI'[ a Polytron 3 inematica |ttau and) (5

séica MaXGRT Speed) At a&&?%% BFEnISiatorm, BO8%SS

ﬁﬁi@eé}ﬁﬁe%e\%e?@*cé‘?ﬁnfuged at 15, 000 x g for 10 min, and aqueous
Hilvasés, whitlyteahtsinet:RNAS weretoelleetel. sFotdldalrilal RNA was

Harecipiated withis qoro pdial cehotewiashed oacenwithi#3% 35 ethanol, and

veuspended ia RERGArRated watek (L e Technelngias, Gaithershiug,
JSA, Catalog No. 10813-012). 18 WO 2004/090163 PCT/JP2003/004458

fter treated with 1.5 uni DNas Life Technolo les, Gai hersburg
{A R) Cata?ilo N% %fﬁo !%1 ; Awas e ex??%cte Wllil

| h?ﬁffoﬁfé?ﬁ&?&roﬁmmp%apﬂa@%rm G Gt BECH A Lon

BPRClreated SraRYCT HeteatEr 5 8hRiCRtbleEBI AR AUtietides

(Were EmovEdByrpsimgtRMeas)L NinEKittQiAGEN;¢ilden, Germany,

seataleg Keon 4H04) aceopding sto-armaptdacturer sapstrugtionxmanual.

Quality of the t@é@gﬁwayva%mg@gﬁ%m@“q@5)285 and 18S

TE—{QO:%Q c?wl\el,Ac%ﬂ Rgagse gel eJ%%%?ghPJE%Sd Lhe, g}d“f'gd ‘Ota' RNA
nol s

10 at in /0% etha lution untal us xam

lgyiasg%eafogd@A DS ERNA probESNA AP S FeEod by
THEMY RS S d BilSetSHIBECHoiBe 353t FLRETEeHFoRRSes and
GG githersburgl USHe Gataloyg 1 5viNe:18086G:0 IS¢ aecoidimgetd the ted
carUfactarersdnsisyction manual. Five micrograms of the purified total

riNAwere shybridized with gligo-dIprmsrs(Sawady.1gchoelagy. Tokyo,
nggag;ghat contained sequences for the T7 promoter and 200 units of
uparScrlptII rever%e transcréjtase and mcubated at 2042 Cfor 1 hr. The

Tastitting SR WS exiFactd t m-th row and n-th column.
The cc—lor of the cells indicates the distance between the

neighboring clusters; a red color means a long distance. The
red cells in the upper area clearly show that the non~tumorouns
{non-cancerous and pre-cancerous) liver samples and HCC

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

Table I fllustrates clusters of samples profiled to L0, L1, &1,
Gz, and G3 as shown in Fig. 3a.

Table 2 illﬁustrates 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 11 and G1.
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phenol/chloroform and purified with Phase Lock GelTS Light (Eppendorf,
Hamburg, Germany, Catalog No. 0032 005.101). cRNA was also
synthesized by using MEGAscript T7 kit (Ambion, Austin, USA, Catalog
No. 1334) and cDNA as templates 25 according to the manufacturer's
instruction. Approximately 5 pg of the cDNA was incubated with 2 p1 of
enzyme mix containing T7 polymerase, 7.5 mM each of adenosine
WRipHEESAERte (ATP) and guanosine triphosphate (GTBY 888 M f%each of
cytidine triphosphate (CTP) and uridine triphosphate (UTP) , and 1.875
30 mM each of Bio-1I-CTP and Bio-16-UTP (ENZO Diagnostics,
Farmingdale, USA, Catalog No. 42818 and 42814, respectively) at 37 C
Tfri6 Fr. Vibneritdieotides ahd shorivligohucieotites wefd ramoved by
Teblum chiomategeaptnponiCGHROMA SRIN-+ $ERe:00: csluma G3.
(CLONTECH, Palo Alto, USA, Catalog No. K1302-2), and the 35 cRNA in

B@&%@@%W@%%@Q@ﬁgtggé%@@dﬂgge%@ml Quality of the cRNA was
“]udgedl 'Ié 'n%"'trg%l"' }5%9" th of The sRmNAﬁI_t ar Si% t19 /O, 2094/0%@163
PCT/JP2003]0044 Fe?ectro ore |s F led CRNA W was stored
rSt86 é"ﬁﬁ“?iﬁé}té?ﬁﬁﬁ%f%lm%ﬁstﬁwﬁ d%eéﬂelzs Peréa :@lé%]engxtpressmn
25AalidiS DFFPCEY it UifErRSTE S-HiffCreTfFRTST BFadéGRhe expression of
rhenvanrimarsy tdmors freh glichharpatisntsdvasexariisad ney
dhigr-glensity-eliganaclestidec mityodtrass 4425 Arad ayc Affymetrix, Santa
Clara, HSA:fatalog, N@}@%Qla%&-@iﬁﬁ@ﬂ&&u@iﬁlbbiigh density

t t 2 9
O SRR

ﬁa%?ﬁgﬁ e lﬁlﬁn ina ujﬁeer containing 40 mM Tris (Sigma,

St. Louis, USA, Catalog No. T1503) -acetic acid (Wako, Osaka, Japan,
Egannloy No BXEROG2S6R (BF BurpH 0d-#Nepotassium 15 acetate (Wako,

OsakafrldpampCatalog Nolcke6-03375) 1 @rid Smemagnesitinzacetate
vk HRsakaselapan, oatalag Ne: 3009959 s Hydigizatio e was.
Wgt%%g%gw%%% @%ﬁtéﬁb%gg égage?gr%éwl%&ﬁé%fﬁgﬁe%%)

ulfgni u

® rﬁeél? ﬁﬁ ﬁ%‘éj acalai %esam erol%e(ggt% J%a%ag at%%) m?\zlla
R%‘i%zeio %ﬁ%opoé&ﬂéﬁe%)%%ﬁ@ﬁy AR, BEARA S 3pan,
UGatalisg INoS 15821 180325 Bieherfnd SberT%“Dlﬁ% Wﬁiﬁ@@% WiFERlison,
sbiSAp GatalegiNo. B8 1B}, L6Oypd #bEtylatedcboemesgrmivallemin

nkDigma; St Lovis; HSAxdeatatogdio(B:8894), 48 pg-efihedzfrmgmented
dgg&}k 599 qugwlggesdMgrghogggngggeegth%@r surgery. This

GAACGGTAGC TCT d k
%‘?1% Efg JC”?or ?féaﬁmﬁﬁieornwi Tr% tﬁh(éch%%vgvltei%uffer %%%tgl?nng
Wﬁl(?ldmfmrt‘bﬁ%sﬁ)ﬂﬁc F Natt, had Mo AR C fferentiated

HCC (G2) , and the remaining a:ught had poorly diffsrentiated HCC
{3). 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, GI, Gz
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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polyoxylene(10) octylphenyl ether buffer, the chips were 30 incubated with
biotinylated anti-streptavidin antibody (Funakoshi, Tokyo, Japan, Catalog
No. BA0500) and stained with streptavidin R-Phycoerythrin (Molecular
Probes, Eugene, USA, Catalog No. 5-866) to increase hybridization
signals as described in the instruction manual (Affymetrix, Santa Clara,
35 USA). Each pixel level was collected with laser scanner (Affymetrix,
wWaaHielata, USA) and levels of the expression of 2G4 2PH044%90163
PCP1JP2003/004458 each cDNA and reliability (Present/Absent call)
were calculated with Affymetrix GeneChip ver. 3.3 and Affymetrix
Microarray Suite ver. 4.0 softwares. From these experiments, expression
EGVApproximaety 115600geiies ntrechamenyyiaiay B tmnors 6fglioma
+patiesiswwas deiermined. Mxamplera rStatistical anatysis okthe five
19ligenuseeatide, microarray dale Ganes withiaveragedifferences:areater
xR 40 4 farbltancbnite. Ry AyRetighin alibe:s0, oG samples and

16 11 nop-tumorous (pon-gﬁ:ange}_goug esmd é)re-cancerous) liver- samples
“Riere Selectel. This procedure yielded 3559 genes out of approximately
11,000. Next, the Fisher ratio was determined (lizuka, N., Oka, M.,
Exainde 2 O i@ iqonmet INgitafiesacrerts iesd 8L TECSsakemoto, T. ,
TangoRus e lddamddaxknjNakayamapkkd Miyamaotoydy, Yehibdura, S.,
nand:Earpameto, AtcEompalisan of gane: exquessicr-piafies-batasen
dﬁlgpﬁgg&ﬁ#&%@t@lgﬁ@paégls«egetw%&yﬁ@&zgdm@@y&@ﬂ#@é&wnoma

oligonugleotide . microarray data bas na rvi

B o e o 1" Ban, D.J.
CERdAZ S Sauvaot TEWiRG M BRIRCM IS TEARE J.M., and
sispadd cop B HIRERTpBETate Haft e bEiTgn PHOs @R PRfpethlasia:
ravolectiar tisséutioi by-Foatrexpressivesiofilinte CandaeRes. G,
v4683-46R% (Refd))ta evaluate fesemenes ad @b disctiminatarghetl O
comblel1frem Gds GLipm:edand G- fram &3 Theahove:3,559
pYELER.WEIE [anked lnthe qrdey,of decraasingmagnifide qt the Fisher
ratio. A randcg)m 9$rr51§1g%tlog_,_ test was also performed to determine the
R RSErBFgents to  defife the aifferentiation grade or FICC “The Tandom
oB(FPerfirnativn BitHas chhieti6tt 5 d8sEriBeHPrehGUER (lizuka, N.,
cBkacher Yerhot acOkatnm bl iIMbrioNdsTaftes®rTia0kada i T¢- Takemoto,
timpT angekuydha Hamadap Kephiakayamiat khe Miyamotes arbiehsisura, S.,
pRneblamameta. %, Gempatison of gene-RXpression prefiles between
nBERAJS B yius- andihepatitis 35 fyirussinfected hepafpcellular

carcinoma by oligonucleotide microarray data based on a supervised

learning method, Cancer )
Example 3. Extraction of the RNA from tissues

pieces of the tissues (about 125 mm®) were suspended in
TRIZOL (Life Technologies, Gaithersburg, USa, Catalog No.
15586-018} or Sepasol-RNAT (Nacalai tesgue, Kyote, Japan,
Catalog No. 306-55) and homogenized twice with & Polytron
{Kinematica, Littau, Switzerland) (5 sec at maximum speed).
After addition of chloroform, the tisgsues homogenates were
centrifuged at 15,000 2 g for 10 min, and agueous phases, which
contained RNA, were collected. Total celliular RNA was
precipitated with isopropyl aicohol, washed once with 70%
ethanol, and suspended in DEPC~tre=ated water (Life
Technologies, Gaithersburg, USA, Catalog No. 10813-012}.
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21 WO 20041090163 PCT19P2003(004458 Res. 62, 3939-3944 (2002)
and Luc, J., Duggan, D. J., Chen, Y., Sauvageot, J., Ewing, C.M.,
Bittner, M,L " Trent, J.M., and Isaacs, W.B. Human prostate cancer and
benign prostatic 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
wHighensatio for each gene was again computed. This pandenes/paesnutation
of sample labels was repeated 1,000 times. The Fisher ratios generated
from the actual data were then assigned 10 Ps based on the distribution of
the Fisher ratios from randomized data. From the distribution of the
Fishersatiesdbased an shedandamizeddata, alliglthm-grAescthaticould
dRassetherandam:permutation iest (Bs-0-00%), wera selggted:sThis

Rracedure was perfumed;in gl experiments fot the compatison 15 of two
ades. As g r%isult, jr:ﬁlSngeneDsE\évg[_rLdtTge JFisher ratios figher than 4.90
ew%af‘gos‘tat%?lca Y Significant discriminators between LO and LL. Likewise,
TG gRHES Wit fHe PRShBr FAGBS  AigHET AR ™ BB IS HIREHIRAIAREE EY from

¥&1i54 5dABRSRHIth e drishErvating. Highet #edirt. 32bdisasemidans G1
Hromm@2; faad 2G4 Osgénesrwithithe feishel ratinshighepthahel 3440
wisciminais. &S2-armre Jawesaidentified. foamplesAraelestiarretgenes
awhose expression sofelates with, differentation grade L ECG 2aWith

Qliggpuclegtidg,anay, daty, changes,in.the gene, expression during
oncogenesis, i.e., from non-cancerous liver (LO) to HCV-infected
pre-cancerous liver (L1) and from L1 to well differentiated HCC (G1), and

ESamPtPdedifEreRrsion Of 2REE a4 e sRd B rEDSRere analyzed.
The supsivisee 3Wiearaiigedetyod followay bys@ randens pemiutation test
daenidfiag bz genes Wwhasenxpassior el veas significantls rehianged
nuringothe gransiendrambQ Lo dnk. Amorgdhe-152 genes.-Sd-ware
-HAregulated, and. 85 were downteguiated during this, tiapsifion, in the
hsag]ed_mannwegﬁ%%l%egg Whgsge%xprggaloﬁfp 35 Ig\}/lrelg as &gﬁg%gantly
ERARGEF AUTIRG the TanstioR Trom L1 1o GrACESvere identified Among
P I BRN XI5 Wt 22 MR PB0ARTIG 163 PCRISPOBRB F604 458
ugpregedabed snid 98oREr erdvme Jaknedrdaiting Aistransitiort eFifty-four
sgefesappeared taobe differentially-expressed=between Giltand G2
phGEs/ and areng themdhe;expiession of36-0eres wasincigased and
@%&%&@@%&M@S ,d%%fﬁ%%%d during fheyp ragisition fLony @l to G2.
orty gengs tumed ol o be diferentially cxpresegd beljiesn G2 and 63
HCCs, and among thent
{Ambior’}, Austin, %SA, Catalog No. 1334) and cDNA as templates
according to the manufacturer’s instruction. Approximately 5
ng 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 sach of cytidins
triphosphate {CTP) and uridine triphosphate (UTP), and 1.875
mM eazch of Bio—-11—-CTFP and Bio~16~UTP (ENZO Diagnostics,
Farmingdale, USA, Catalcg No. 42818 and 42814, respectively)
at 37 °C for 6 hr. Mononucleotides and short oligonucleotides
were removed by column chromatography on CHROMA SPIN +STE-100
column {CLONYECH, Palo Alto, USA, Catalog No. K1302-2), and the
cRNA in the eluates was sedimented by adding ethanol. Quality
of the cRNA was tudged from the length of the cRNA after agarose
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the expression of 10 genes was increased and that of 30 genes was
decreased during the transition from G2 to G3. To examine performance
of the genes selected in each 10 grade in the oncogenesis and
development of HCC, the inventors applied data of these genes to all
samples. As a result, almost all of these genes selected in each transition
stage were placed in LO-L1 transition, L1-Gl transition, GI-G2 transition,
@ RIG3 transition. For example, the 191 genes thatidigwoiiimeste 15 LI
from G1 HCC could clearly distinguish non-tumorous livers (LO and L1)
from HCCs (GI, G2, and G3) (Fig. 1) . These results indicate that altered
level of the selected genes plays central roles in determining each grade
i HCEcpathegesesis. 2@ E=xanple & Genes whose expiession cifanged

iduripg the, transitign,. fros ner-cangerous liver (LO) to pre-cancerous liver
(L) Expression of most of immune response-related genes,

E@eta{)ollgm Grelate exr_i(%enes trar;é}pgrt relat%d %%Pes Br%tgo r¥S|s -related

enes, and ONncogenesis relat es was inCreased, 5 that of
dl%ﬁﬁ%ﬁ?fbﬁfcﬁﬁ@%@ﬁa&?nes was decreased during the transmon from LO to
LI (Tabie ™). SHRRfHIE T8 sponsetel REGFHEHe SRR/ MRICTeEER| family
oHLARDs -5 BprandnE)  WMHC oladsd b familyi(XdoaDP8it atel HLA-DRA),
Y 4 - NK4, Lk RBF &G R3IByand-tz] 360 | treguation af:an interferon
wdEN ndugible, gene: such-as, IRL3R:may: representhostdefense against
ovigLinferlionabopeusy. it shoulebe.potag hah sgyeralifrelaieg genes

were decreased unngﬂdedlf erentl%lono Glto 2as mentloned in the

?bﬁfojwﬁzagjé%rﬁon S EXAMple gﬁﬁe?’b Fsrﬁ’rélaﬁjd enes ficlude

fR?&F@SnWEDé,& SASART MP i“larfd1 GW?%H&%&E@M@%%‘%‘W&W and
(ALIDOA Bnhaneespréidin 28-WO2004 13903 63eRETIIRZ0E3 /084458
obiosynthesis, and-glyeplysisp raspeetivelyplpragulaton of ASA  MPS,
=2Bd:EARR avgmants bingynthesis ofJatty acido-mannoseaatk o my

%@&rﬂﬂe %J@%%guve&\gaﬁa%a%ye@t&dns%s inhude ARACS,
S RP,and 5 ATC r){%a S§ 4s rcisgon5|1% éici)r the effective

rans or?‘ojf new‘fl ? nt e5|zed g}g |des Spar 9
p

s acopper
Oh*aﬁ%ﬁor%rwhﬁﬁjrﬁefe%&?ﬁ?@l PeSsii Calides) adfivaiion Sfvarious

Lindtab lfdpaflaivaley DEvadse riany @rizymes reiirdeppeitenias a
teef@etprigfoenzymatic: activity 1 49 Rrotetlysiszielated fenes include CST3

pangb&TiShe GO 3cisvinvalved vascuardormation. fageagsesksenym level
n9f GESD 9695‘9"&5"@% pbservedin.cirrhelic patients whgsmay, develop

%re can%e %Z atic A dules %tCl % ﬁT%JmTAréelé%rﬁmM ,lelzzoIantl
alfo

o’reS| g
{Sigma, St. Louis, USA, Catalog No ' B-8894), 10 pg of the

fragmented cRNA, and bleotinylated—control ollgonmuclectides,
biotin-5 ' ~CTGAACGGTAGCATCTTGAC~3" {Sawady technology, Tokyo,
Japan) , at 45 °C for 12 hr. After washing the chips with a buffer
containing 0.01 M MBS (pB 6.7, 0.1 M NaCl, and 0.001l%
polyoxylens (10) octylphenyl ether buffer, the chips were
incubated with bilotinylated anti-streptavidin antibody
{(Funakoshi, Tokyo, Japan, Catalog No. BAG500) and stained with
streptavidin R-Phycoervthrin (Molecular Probes, Eugene, USA,
Catalog No. 5~866) to increase hybridization signals as
described in the instruction manuval (Affymetrix, Santa Clara,
USAY. Each pixel level was collected with laser scanner
{Affymetrix, Santa Clara, USA) and levels of the expression of

24



4]

i3

20

30

35

15 Gebbia, N. Cathepsin D serum mass concentrations in patients with
hepatocellular carcinoma and/or liver cirrhosis, Eur. J. Clin. Chem. Clin.
Biochem. 34, 555-560 (1996)). Oncogenesis-related genes include MBD2,
RPS19, RPS3, RPS15, and RPS12. DNA methylation is a common
epigenetic change 20 in many malignancies, thus, DNA methylation
patterns are determined by the enzymatic processes of methylation and
Vieietigigtion. Upregulation of MBD2, which inhibits Rf3#SetptitniSfrom
methylated DNA, plays an important role in downregulation of tumor
suppressor genes carrying methylated 25 DNA at their promoter regions.
Downregulation of a transcription-related gene, RB1CC1, was observed
edgtingtiffe aralhsitonarami LY & tésThe/RBECC leprdieimeisea major
segidaieeaf thetumersuppressengane RBL therebydeareasre levels of
MRB=Cl can. pramete ongpgeresisuia 3pdecigasedactivity,of RB1
Draten; 1hus HeVd 'gtfl}g% h prescapcerous Iver is, characterized by the

altered expression of these genes, wi ich, suggests that initiation o
Repatolardnogandsis occurswﬁunng B Rfection. Among genes whose
expression changes during the 35 transition from LO to L1, those involved
EppprotedlysiCahés bl anesisThayrde e ashghasaketbidets for -
méhemoprvenation 24 WO 2004/090163 PCT/JP20031004458 of
HCV-assasiated HGG-Example £.Gepes wheseexprgssion changed
{QEHE‘Qr tansitiqn, Ker.pre:cancerous)liver(ld) toawell differentiated

F %Genes Whose exgressmn wa altered durlncglt Fansmon
rom LI to G mcﬁjdle most oncogenesis- re enes sig naI

SHIRSH ET5H- P@l&?&&egdene?”tfaﬁ’s%?ﬁ%ﬁeréfa?e ‘één§§9tn%‘?i§epgoﬁ‘1?elated
of e ceRphfitation tefateléneSie g hnifte. respdisE S BT genes
{((Fabler4)N 10 OrcoYenesisadtatechgends suthas BNIPBindE0S TMAP,
oanda | GEBR3thategninduea apoptesis pisome canaereslismand |IGFBP4
athakRets, as aninhibites of IGR-Rducechcel proliferation JNETer gene
exgvv@sre&%agﬁgﬂ%@% 1& %Maggtmgagn@ g%\é"“rel%"ﬁgg&%ﬂese

enes is also Important romotion of hepatocarci enesiIs

“Previtis 1eportaISs a8 ﬂ “smc‘i“%xﬁe S IEFBPYand
TiGFBPAIH FREC wﬁﬁacrwvﬁwwmeﬁﬁ@w&m% FeRgeoh, S.,
REatob2T . 3Kitalvé@d: (2 Nanagaivau®R. JYarRaokany D TsunédenTY .
skuvdkaws, Y., asdiNakamwra, YiGerameswide analysis ol gene:28
T8XREESSIPIBIN humpanhieratacelular carcinomasising-elaA  microarray:
hl%%%fi%%tl‘?i” gf genes, Inye Q’seedclﬁé!hr%kr carGnogenesis AN Imor,
anc .rreSRSer?n %‘an‘ggg?}mgga {2001} ) to svaluate these genes as
discriminators of LO from L1, Ll from Gl, G1 from GZ, and G2
from G3., The above 3,559 genss were ranked 1in the order of
decreasing magnitude of the Fisher ratic. A random permutation
test was also performed to determine the number of genes to
define the differentiation grade of ECC. The random
permutation test was carried cut as described previously
{Zizuka, N., Oka, M., Yamada-Okabe, H., Mori, N,., Tamesa, T.,
Okada, T., Takemoto, T., Tangoku, A., Hamsda, K., Nakavama, H.,
Miyamote, T., Uchimura, S., and Hamamoto, Y. Comparison of gene
expression proflles between hepatitis B wvirus- and hepatitis

C virus-infected hepatocellular carcinoma by cligonucleoctide
micrearray data based on a supervised learning method, Cancer
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2129-2137 (2001) and Delpuech, 0., Trabut, J.B., Carnot, F., Feuillard, J.,
Brechot, C., and Kremsdorf, D. Identification, '.. 25 using cDNA
macroarray analysis, 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
walreaghypaccurred in 30 well differentiated HCC. MAF fawtices/@s:ss
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, downregulation of these:
Hive genesdsdlikelytaigagerthe transfermatign.ef, 35 hepatacyterafter

s%%@%gﬁc\é'nfem%g; Signal transdy,ctiog- relateprgs@esaswh ASha
"GME WO 200410 90 1dg3 P T/JP2003/094458

Iﬁ%\iﬁPl%’C%IWNEfgébgﬁ% ﬁi\%f an transc%tl%n -re afeg genes
hERERRIC BRAPLL $eEY RS Sd PME 1SR STRT S5 TR -aarihg the
Caanstisr Troft L £$83G4¢ GtHeéP Signal trah$8actidFire kBRI Geh®sich as
wEAL M RAR Ik Y RO BRparreh 54V AP2i6E Weresdowsrezuladechddring
+ihisHransitient ;b awnregilagion:of dsY REBPda-mh HEC maysrefieabm
pderraased.imipung yesnensa. Alleratienofihe expirssionef gengs
FIvolved in yarious sianal tr&v%%gcgmgftﬁg@ée@s‘seﬂsﬁ%e s

Pportralt in weII differentiated HCC arising from CV- 0 ectg
BrEXET UL ver > Frangiortietated genes P &ichAS TRCEATPGVIE,
G A AL A b LS A
bardDDX e m@o@éwﬁe@nate@@uﬂﬁgtﬁ%qweit‘réwﬁme&rﬁt@@l%
tAd QXdathapis-ant:iitace elar copper. rabispester wassupregulatads5
poudBng:the deansition from LO 10 Ll-apd-itnas further napregrlatedduring

th%f@%%yé?&fm@stg%@Lﬁm%%@@ﬁe vg G%QPﬁ£é%éQX£%‘e§§é/en
Iethal to the peg%atocgtesé thStInCt ?i(%)ressm .Of AT enes %Iters

B SCellifar Copper” oh concentra %lerelbcanromo {&s DNA damage
bﬁﬁﬁ%eé’ll W iva ?% InF4EEY Pécent %tﬁﬁ?eﬁh?ib\fgd the prevéntvaefsct of

hégpperithelding dgefis oHnimprd&veloprent iR AITeTRE e EE
Fxenegraftthodek (Yeshihal, Y.dshijp HisKullybmaeSi] IRepak  ¥nd
sbloguebiv R, @kyldas kb TouliReue 3o Nakataniz 4 «o KishidanthaNakae,

cP- = 530mez, D.E. . Delarenzo, M.S. , Tejera, 25 A.M., and Fukui, H. The
copper- chelatlng agent, trientine, suppresses tumor development and

angiogenesis in the murine hepatocellular carcinoma cells, Int. J. Cancer.

EgAHER 773°156615] PNIEURRRRR S RFRERIRTY SaRTe Hiniatad by

Gffferentiation grade of BCC

With oligonucleotide array data, changes in the gene
expression during oncogenesis, i.e., from non-cancerous liver
{0} to HoV-infected pre—-cancerous liver (L1} and from L1 to
well differentiated HCC {Gl), and during dedifferentiation of
BCC (Gl to G2 and G2 to G3) were analvzed. The supervised
learning method foliowed by & random permutation test
identified 152 genes whose expression level was significantly
changed during the transition from L0 to L1, Among the 152 genes,
67 were upregulated and 85 were downregulated during this
transition. In the same manner, 1%1 genes whose expression
level was significantly changed during the transition from L1
to 51 HCC were ldentified. Among the 181 genes, %5 were
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30 downregulation of an antioxidant gene CAT and detoxification-related
genes such as MT1H, MT1E, MT1, 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 35 HCC than in non-tumorous liver tissues such as liver
cirrhosis (Mouta Carreira, C., Nasser, S.M., di Tomaso, E., Padera, T.P.,

WZGZMADP2094/090163 PCTIJP2003/004458 Boucher, XCT/IRMENEN55.5.,
and Jain, R.K. LYVE-1 is not restricted to the lymph vessels: expression
in normal liver blood sinusoids and down-regulation in human liver cancer
and cirrhosis, Cancer Res. 61, 8079-8084 (2001)). in the present 5
upyeniinn: expressorofimmnune sespossenelated-genas-suehasnORM1,
EQ%&»»W@%%L%&&S%@E}Qsﬁé!aﬁéj%@@é%@%i%ﬂl@;ﬁé%g@n from
et Wae%l'@%%m&atgﬂaagg 55 L0 £ onment.in HEG, oceur

urln the transition from L grewo many enes

ort
"8ficd Fnra%%%q Bifent®10° omip&eé)‘r?tswe%e ownreg ué':ltef 4tifing
tt?éﬁ%i’t?‘dt?’(‘oﬁ%fﬁ‘éq:’i Baffsh, S OP(’ét‘t’og‘FneﬁltﬁﬁéFﬁdooWaﬁ‘ég%va R

Y AReaeka ¥ LTerprothe =T, PRUYaRAVWE, a0 SAdFRGkaaulanyng then
WBenomeswiden analysigofgene eXprassicadnaudman hegatdcakukay

WA GIREMAS sing-cRINAmIicraarsay: lentifigatian of genes involved in 15

viral CatEB'”&%ﬁ%@'%@ﬂg&ﬁﬁgﬁwVQQV%OEe%“%%&Bﬁéﬁln ?éla%g 2137

2B o ke, N, Qo M- Xomada Qhkabe fi, Mol Ny Tamesa. T

ei(h.nven
Takermoto Tangoku Ramada Na ayama,

aﬁﬁ%&ﬁ‘i%&?t? B RTRGESES &ﬁfﬁaﬁﬂﬁ%ﬁ% YA?:%rFﬁ)SéHsdnaé‘ asﬁe
sekpréSSienY BT eRiean l%éb&tﬁ@@ﬁ%% g hEpatifs Toed
ivirus-ihtetted: hiepatocaliligi coremmihadey cligofiudleatidlechvitroandy data
dhased-esra Stipervised leasning metkark Cancey Res 625039303944
120Q2). b FxampledQ: Genes whese sxressipn changed dukrgihe
sl ﬂgfoweﬁéygfew@fd g&%g@1gapdﬂqqer@aegxedgggm@ated

Genes whose exgre sl It red during the transmfn
%i‘r? $0&Z hichidg PRy a%{edt gencs Cai38d Sc’t’u vag
Tttty e RteRFEeres t%ﬁ&ﬁﬁﬁ@ﬁ RFatsF é@ﬁ@@?ﬁﬁﬂsﬁﬁnor suppressor
genes (Table 5). During transition from G1 to G2, the most prominent
Egenglic ghanrges appeanted tedd downsegatndoniaf Eid-tetated tgenes
546N 25 QA8 A T REMES) 18636, et PoMBI 1 Similar 85 genetic
Changegmegs 3150 gbsglveddn Aigatae gegg&tsceelkseﬁw gdnsi0riano,

unha, G.R.,

: metaboy\l\émw*e{éated genes, transpor —rélated genes,

proteclysis—~related genes, and oncogenesis—related genes was
increased, and that of transcription-related genes was
decreased during the transition from L0 to L1 {Table 3).

Immune response-related genes Inciude MHC class I
family (HLA~A, -C, —-E, and -F)}, MHC class II family (HLA-DPBI
and HLA-DRA), CD74, NE4, LILRBL, FCGR3B, and IFI30.
Upregulation of an interferon (IFN) inducible gene such as
IFI30 may represent host defense against viral infection;
however, 1t should be noted that several I¥FN-related genes were
decreased during dedifferentiation of §1 to G2 as mentioned in
the following section {see Example 10}.

Metabollsm~related genes include KARS, ALDOR, ASAH MPI
and GAPD. Increased levels of XARS and ALDOA enhance protez,n
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WO 2004/090163 PCTIJP2003/004458 P.M., and Gao, W.Q. Expression
profiling of a human cell line model of prostatic cancer reveals a direct
involvement of interferon signaling in prostate tumor progression, Proc.
Natl. Acad. Sci. U.S.A. 99, 2830-2835 (2002)). IFN acts not only as 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
vattanuatagesponse of tumor cells to IFN, suggesting thatresistease of
HCC to IFN is exploited during the transition from G1 to G2. Among the
IFN-related 10 genes, STATI appeared four times in our list of
discriminators of Gl from G2 (Table 5) . Unlike other genes of the same
#aBYhAIAT LIRS 85:3 JUMQL5UPRIeSS. (BIMBSIgadds. of
Astivation of. ALAL proleins.and groyuh.eaatrol %@G&S&sg 23,4161-169
r%%?&gl Ig%e&espn"ge%aﬁe trggtmgng increases STATL1 15 expression in
epatocyte as welfas magg; N-reﬁa}f’eé: enes‘"’(BRadaeva, S., Jaruga, B.,
Hong, F=RIRROEFE S FEOSoeS8, TFE SN0 PR L GV EAZAGsal™ , and
3% B SHiterfersrrppRARAGiTRIe M akipIe STAT Sighals asd newly
dowhesiguylates st inipeimafdiiman hepatoeytes;s285astroentérology
A2 2nt020:20384 (2002 ptipregiationset STATHR HE G celldineswas
Rhsened duningdiferentiationyinduerd. by sadiym hutrale {Hung W.C.

aarl%&@‘i@@%f!n%%%@m Qg@i@_tgyenhances STAT 1 expression in
PLC/PRE/S hepatoma cells and augments their

eir res onsiveness to
interferbFONPIT B ) 38 Carte B0- P0R 10 (Ho003 FREack it
ISTEPOL S rihSGiRTRal frgkt orthe IGESHRISISEhdeRM BBt Céffect
CEGRBPS (SHagrbl e AV el Tvho NayaHal SiRs, wertey, darALoPattee,
R g-dae;of g Ghiaredlt iE. fRabests, Cdtalr. ¢ andRoserfild, ReQu. |,
dAdentification of SThdchasa molecidar 30, target pfd&RBP-3.in thes

daagess ff chandragenesis. lnBigls Chem. 47 £, 1880018867 (2002)) and
v\ftg% I%%%}ED% | g&wnre%ulated duggg the transition from L tguGl gtrongly
a

sugge 8t ecreal'ffﬂsfe3 ré:)%ﬁlﬁéﬂgsi%n of ’éﬁ\“fﬁﬁﬁﬁi’tﬁ%ﬁ?anan%n from

Bito EFHCE HceiltabeirE further’deatfitentidtibh of HCC. 35
TranschpHePRrERted Fere PRAFIS tHAIsUuAT oS in RE Ve thesE -
RpivlogieabmpeEssaninekidingecelbyronth; @B WER2G41090 163 nge
1RGHIP 20034904468 s differentiation -and nathogenesisc and tugor
oBMBPHRSSON 9ene,f RRasl-2 fhalproquales cell praliferationwerg also
dipicaulaied. during Ine (ransition, ram 51 10,52, Uptegulation of these
genes’in Acc yguromote rowth ahd invasion of tumor cells, 5

i a 1y
“EXARABE TG EREE Widwd ExiitedsionFeidigRt dEprigite Toie in

downregulation of tumor suppresscr genes carrying methylated
DNA at their promcter regions.

Downregulation of a transcription—related gene, RBICCIL,
was observed during the transition from LO ©o L1. The RRICCIL
protein is a major regulator of the tumor suppressor gene RBIL,
thereby decreased levals of RBICCL can promote onoogenesis via
decreased activity of REBLl protein.

Thus, HCV-infected pre—cancerous liver is
characterized by the altered expression of these genes, which
suggests that initiation of hepatocarcinagenesis ccours during
HCV infection. Among genes whose expression changes during the
transition from L0 to L1, those involved in proteolysis and

oncogenesis may serve as melecular targets for chemoprevention
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transition from moderately differentiated ACC (G2) to poorly differentiated
11CC (G3) Genes whose expression was altered during the 10 transition
from G2 to G3 include proteolysis-related genes, BCL2-related gene, and
metabolism- and energy generation- related genes (Table 6). SPINTI 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
vgrosthvfactor (HGF) in injured tissues. Previously, Nageatarsalskowed
that transduction of antisense SPINTI (HAI-1) inhibited the growth of
human hepatoma cells, suggesting that SPINT1 plays an important role in
the progression of HCC (Nagata, K. Hirano, 20 5., Ido, A., Kataoka, H "

darmchisAe-Shtromara, T., Hari, T., Hayashi, K., Koono, M., Kitamura,
N., and Tsubouchi, 11. Expression of hepatocyte growth factor activator

sﬁz’gﬂpi@ Bat%%&tees ond faﬁ}:% QEI:.X"%IQ& %1'35’ e %P%&é“t@%n“%%mon

atocellular carcmoma Bio em f{{ omxnun 9,25

8§ BT (00T OE&Af%b(é‘lon S0 a?éll RIVRUEINS H5590had in cell
adhesﬁﬁn@éll“ﬁf‘b%\‘?tkﬁféﬁﬁ%ﬁw fhffamhiahss, ﬂﬁﬁ%&ﬁomﬁdulatlon
tapopiddien drdmidtastasis ngaderab galectrecaestoughetetevehited to
stgneer cellnadhesion{2hanee siandd W rkotarn; D ThomasaBeq Jessup,
géMs 30:Eukuda: M Galiugahbd., asthhotamR: Garcneembrwonic,
aggtlgﬁguggdgpﬁgggcggggt@aé%%@gt absligands for gaiectin-3 in human
colon carcinoma cell 3 es. b5 219 g&gg (JBQC%)WIP

ﬁre Lﬁateﬁhdurln t

BCL2- rerfategtfgene Was he frahsitioh ?rom G2
Hes Eﬁ‘l?%%’ﬁéﬁé&“@@%%ﬁﬁﬁ&sa%fds%ﬁ&5ﬁ881?d7e%§ Fth"SREB3L. As

thientisiied bcve, :@kpredsiorr 29 026827690253 PEEAPPEG3004458
wet B NIR3Ir was deciedsethduting thetrahsiton fiomikbatd@i. Because
dB@l2dunetions as arrapl-apapiotic factes, depsregidation ehBNIP3L and
pBMR3 pro @@tﬁéﬁ%&%g@@%%}eé@@maﬂn@éQ@z@%@iﬁﬁéﬁQP@tiﬂh &f tumor
s58lle.°> Many metabolism: and energy. generation: relaipd.genes, yere
also ownre ulated d urlnlg thls transition. In addition, expression of

dity SVEEHER b Stein Tl bints (0758esterdtie and

TRAF?F?E@ERﬁaSOaIsoY&é‘éEéé@edP%iunﬁ@”[‘ﬁ@kﬁar%ﬂioﬁ%if’é’ﬁf%fz fo G3.
FDadreesediexpressitnkehiRAR RE SEenrie 1 0ive the Catrsative of poor
ekgspense:nfia3ndaE thaetinaiciacitsr bxaniplent2. Colatdispiay of the
n€XPrassion. of the selectad genesda-rach transitian;stage-Expression of
c%?glg% Eﬁé’%??sgn%xﬁ%%sﬂoﬂr‘é@éessmn Cancer Res. 61,
2129-2137 (2001} and Delpuech, O., Trabut, J.B., Carnot, F.,
Feulllard, J., Brechot, C., and Kremsadorf, D. Identification,
using cDNA macroarrasy analyslis, of distinct gene expression
profiles associated with pathological and virclogical features
of hepatocellular carcinoma, Oncegene 21, 28526-2937 (2002)).
The data of the present invention provide additional insights
that downregulation of these two genes has already occurred in
wall differentiated HCC. MAF functions as a regulator for cell
differentiation. BNIP3L induces cell apoptosis via inhibiting
activity of BLLZ2. In some cases, expression of FOS sesems to
be associated with apoptotic cell death. Thus, downregulation
of these five genes is likely to trigger the transformation of
hepatocyte after chrounic HCV infection.

Signal transduction-related genes such asg CAMRKZ , GMFE,
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15 significantly altered during the transition from LO to Li (Fig. la), 191
genes whose expression was significantly altered during the transition
from Li to Gl (Fig. ib), 54 genes whose expression was significantly
altered during the transition from Gl to G2 (Fig. Ic), and 40 genes whose
expression was 20 significantly altered during the transition from G2 to G3
(Fig. id) was shown by color display. These genes clearly distinguished
wiheosanspies in the two consecutive differentiation grad@sPmigiofedds
indicate the expression of the selected 40 genes in each transition stage
in all the 25 samples, Expression of the selected 40 genes whose
expression was significantly altered during the transition from LO to LI
réFignie) csom | 1zier 63 Fignlf) rftom Ghip G2 (Rigrig), iand-bom&32 to G3
obRi%k 16) was alse shown by colgrdisplay. pihe splected40.0epesdn each

dtralnnsg}tlggestgge %IS,{(::{ICF}];ILI 11é;ated 30 §gr@'rl)les B@Kg@ %leaﬁer the transition.

xample 13, validation o the sel cted 40 gene eac ition stage
tf@ﬁgﬁﬁéﬂusrh fivd Biter SRt foR ra&e 5t 0 Va%%{?ﬁ_@ i

Mﬁ?&?ﬂﬁéﬁvé%ﬁ%éﬁ%@of‘ﬂ%‘%l@éﬁeﬁ FEYRNELTY each transition
Dgtagedtia mirinmdri Hhokihte 80 WORE04709616 3 PCFBP2003TE04458
relassifier withihe=selected 40¢enesdn each tansitien Stagewdsicreated.
v¥F 886N transitionthe mininiindistance slassilien was goastricted with
i samples jn, copsesyive. tue difigrentialion grades:as indicated by the

pgg bar gramlng 5 samples) and was applied to the samples in the

remalnlng “differentiation grades as indicated by the black bar
sampleSFTER 2y 8 e glﬂﬁﬁa |§%%%’n§rsci‘é%%ﬁre8‘?ﬁ8a %@st ALY Iés with

aPseSRELLFET 6 UZ%IFIG L 2%) 2OBSEPRR) SR 2BAYS IR 29 DBWlOO%

wiEig SRe) I Exanaepleldi vineipsis bystheicelffoadizing Aap LSOM)

+RigoHthmy of iBe-genes whosereressiasrehangedthiring ¢heltsansition
I{deﬂ%acwgpa@v@rf@e@ﬂ@ Ree-gancerausivesdLsfrom

re-cancer liver (L1).t || differe N, fr Il
grf?gu ent|ate ﬁ(:%g%éﬁ%o%n%%ée%tg%/ %%}%g%}g%g i ;%ii gﬁad from
late

“HTSaaIATR I WREFentalSd HOT (B57td ooty di fferen
dBE‘p‘r’é%s|6ﬁ%ﬁﬁ%@%ﬁ§$ﬂ%€%é§§6ﬁ%’ﬁﬁﬁ%ﬁﬁaﬁ§ E@%ﬁﬁ‘canny
1 diffeventetweamnoricarrderousme ey BY X B ame ré-eacéroustiver
L)z pre-caneeraus bvenil bhanshiwelkdiffereatiated REC(Gi ) fvell
%&e@@g&k&%&%mm@msﬁm@m@a@gﬁ@m
Re n a%t@!){odei {Yoshii, J., Yoshiji, H., Ku_:.::_yama, 5., Ikenaka,
Y., Noguchi, R.,, Dkuda, H., Tsujinoue, H., Nakatani, T.,
Kishida, H., Nakae, I., Gomez, D.E., De Lorenzo, M.8., Tejera,
A.M., and Fukui, ¥. The copper—chelating agent, trientine,
suppresses tumor development and angiogenesis 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 MT1E, MILE, MTLF, MIILB,
MT3, and UGT2B7, promoiing the dedifferentiation of HCC.

Using anti-hyaluronan receptor-1 antiboedy, Carreira et
al. showed that the number of lymphatic vessels was smaller in
BCC than in non—tumorous liver tissues such as liver cirrhosis
(Mouta Carreira, C., Nasser, $.M,, di Tomaso, E., Padera, T.P
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differentiated HCC (G2) and poorly differentiated HCC (G3) was analysed
according to the method of MATLAB R13 with the SOM 25 toolbox
available in the web site, http://www.cis.hut.fi/projects/somtoolbox/
(Kohonen, 2001), 40 genes in each comparison between non-cancerous
liver (LO) and pre-cancerous liver (L1), pre-cancerous liver (LI) and well
differentiated HCC (G1), well differentiated HCC (G1) and 30 moderately
wditfessriagted HCC (G2), moderately differentiated HET{GRyeepoorly
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,
sMlcpeX 3% indicsiedsamples freamanon:eansetous iver withowbkd CV
e b e el e e
) . prer us.liv -
"t SRS Tt iR (C) 28T i
LT G TR BT Atel i Sl Oz, 4 52 Prritates
LREPRp A FRIFRTRBERP ALl HIEPENRIBFRDE (B3P e AP Shotved that
0BMhe S§afpis cidaty, foitiedaadi§ifoidscuvecipeieedrder 62EGh4l, G1,.
tERsantdde A2 samples withadt vessel invelvement@luén letters) were
nlocatad, closeda Girsamples and G 2:spmples-with; vesselipyalverpent

{red jetters) were lgcatad clase t19.G3 samples.(59; 32)..G2 samples

without venous invasion yv%reedldo 1I:(gﬁcat%g close to Cl sam gsbandﬁc_sz

componant were downregula UrL is Yransiti rane,

san pFes With Venous ﬁ%‘/asmn Were Tocated close to G3 samplés. Thus,
SHe R oM ciidSifiet 6 2 S&Mpis ifito iSSP Rpes; f.e\{?ii‘fr%]é%jwﬁh’venous
Thwpasion And TREEFAHoutvensdd NYEETSH2in the SR of de
adetiféreritigion gradesWiertthewistaraes:betwéénithe & neighbering
uSlusiersinasishewn:hy colasedmresradindicated <long.distescei the red
vEells in-the ppatarea clearlypiemanstrated that the,pop-tunorgys
2 §aancanceiays and. pierapeerpus) dier and Higlr.samples ere

I
elatively far apart In the 155-dimentional %enes space (Fig. 3b), 20

Misdusthial ApBTicabilty HEFAeelfular &idiidma HCCFiEsié of the most
EgBiimor - callesis wWoridwide Miseser, thereismatérapy thatean cure
Edherdiseast. Tegrspresumabiieue cetr seggieritiab-chainges isbseen
nehatacieristies afcancer eelis during the dexeloprrentand progression of
h&%@@'@@@m Radiculadyrpregressionot cancelds:aitenassaciated with
wiigehanges.aldllerentiaion, arade.ehiunarells. Diagnasis and

management of such changes of cancer cells will make cancer therapy

M oA

Example 10, @Genes whose expression changed during the
transition from well differentiasted BCC (Gly to moderately
differentiated BCC (GZ}

Genes whose expression was altered during the
transition from G1 to GE incliude IFN-related genes, cell
structure and motlilitv-related genes, transcription-related
genes, and tumor suppressor genes (Table b).

During transition from Gl to G2, the most prominent
genetic changes appeared to be downregulation of IFN-related
genes such as OAS2, STATIL, PSMELX, ISGF3G, and FSMBS. Similar
genetic changes were also observed in prostate cancer cells
{Shou, J., Serianco, R., Hayward, 5.W., Cunha, G.R., Williams,
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30 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 35 HCV infection (LO) to pre-cancerous liver
with HCV infection (L1), from L1 to well differentiated HCC (G1), from G1
W6 2820013 2004/090103 PCT/JP2003/004458 moderkfiéRFHiftéfétifiated
HCC (G2) , and from G2 to poorly differentiated HCC (G3). The minimum
distance classifier and the self-organizing map (SOM) with the selected
40 genes whose expression is significantly altered in each transition
rstage ddarncorredly predictsthendiffergritiaton Hradercitumbt fissees.
S HUS, dhesecgenescanhausedviordiagnosiag therdifferentiation grade of
1H&;§f@99J%rl§ﬁ@%@ﬂ@q1@5@m +agents.fos thedreatmantof FICEs in
%Ie 'ffef%”%aﬂorbgfa%? 3%&@/9 é%‘ai‘v/ 901%%%1@!?39%3! é%58

1. CIuSters o f samples profiled toL

23S AR EE ) Rt P 158 259 A -80° e % ’ft%) L6,
oRIEBER NYE6S {1, 4T A%BONEFPEESF 2T - (2 W@ff%ﬁﬁaﬁ(ﬁ) 2,4)
R SFE246TcC 220 G 48 TeORDT {8SPPaIessT e g PR (Bs2Y°  (3,3)
18 - 42T 6222T (34) (8:5) (b6 bBEILCGR108 (4 23:B6R26Te{4,3)
d(ﬂ:ﬂﬂgegh%Ttﬁaﬁiz:Eofﬂ,ﬁcﬁthMﬁ GZ. Among the IFN-related
genes, STATI sppeared four times in cur list of discriminators
of Gi from G2 {Table 5). Unlike other genss of the same family,
gTAT] functions as a tumor suppressor (Bromberg, J.F.
Activation of STAT proteins and growth control, Bicessays 23,
161~169 (2001)). Interestingly, IFN treatment increases STATL
expression in hepatocyte as well as many IFN-related genes
(Radaeva, 5., Jaruga, B., Hong, F., Kim, W.H., ¥an, 5., Cai,
H., Strom, $., Liu, Y., Ei-Assal, 0., and Gao, B.
Interfercn-alpha activates multiple STAT signals and
down-regulates c-Met in primarv human hepatocytes, _
Gastroenterclogy 122, 1020-1034 {(2002)). Upregulation of
STAT! in HCC gell lines was observed during differentiation
induced by sodium butyrate (Hung, W.C. and Chuang, L.Y. Sodium
butyrate enhances 8TAT 1 expression in PLC/PRF/5 hepatoma cells
arnd augments their responsiveness to interferon-alpha, Br. J.
Cancer 80, 705~710 (1929})}). The facts that STATI is a
transcriptional target of the IGF-independent apoptotic effect
of IGFBP3 (Spagneli, A., Torsllo, M., Nagalla, 5.R., Horton,
W.h., Pattee, P., Hwa, V., Chiarelli, F., Roberts, C.T. Jr.,
and Rosenfeld, R.G. Identification of STAT-1 as & molecular
target of IGFRP-3 in the process of chondrogenesis, J. Biol.
Chem. 277, 18860-18867 (2002}) and that IGFBF3 is downregulatad
during the transition from L1 to Gl strongly suggest that
decreased expregsion of STATL during the transition from Gl to
(32 HCC facilitate the further dedifferentiation of HCC.
Transcription-related gene TRIM1E that is involwved in
a variety of bilological processes including cell growth,
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(5,1) G1-147T, GI-165T (5,2) (5,3) G2-60T (5,4) G2-18T (5,5} G2-31T
G2-20T, G2-59T (6,1) G3-21T (6,2) G3-80T (6,3) G2-IT, 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 2004/090263 PCTJJP2003/004458 (8,1) G3-35T,
G3-81T, G3-174T (8,2) G2-49T 1---- G2-23T G2-12T (8,3) G2-16T
BRB9P(B84) G2 89T (8,5) G2-43T, G2-182T f 35 WRAMM4/HA0468
PCT/JP2003/004458 Table 2. Clinicopathologic characteristics per study
group. Well Moderately Poorly Factors (G1) (G2) (G3) P value Sex N.S.
Male 4 24 6 Female 3 11 2 Age (year) 65.32.6 65.41.2 67.23.3 N.S.

dPrireasy tesionN, Susingledusane 6:15 2 Multiple-tumarsek 20-64270.0007
THAEONSIZR (G200 3200 58022 (GL¥S G2 BTA0ZBrequratea
during the transition from 61 to G2. Upregulation of these

genes in G2 HCC may promote growth and invasion of tumor cells,

Example 11L. 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 &3 include proteclysis-related genes,
BCLZ-related gene, and metabolism— and energy genepation-
related genes (Table &).

SPINT] and LGALS® turned cut to be upregulated during
the transition from G2 to G3. SPINTL is invelved in regulation
of proteclytic activation of hepatocyvte growth factor (HGF) in
injured tissunes. Previously, Nagata et al. showed that
transduction of antisense SPINTLI {HAI-I) inhibited the growth
of human hepatoma cells, suggesting that SPINTL plays an
important role in the progression of HCC (Nagata, X., Hirono,
5., Ide, A., Kataoka, B., Moriuchi, A., Shimomura, ¥., Hori,
T., Havashi, X., Roono, M., Kitemura, ., and Tsubouchi, H.
Expression of hepatocyie growth facter activator and
hepatocyte growth factor activator inhibitor type 1 in human
hepatocellular carcinoma, Bicchem. Biophys. Res. Commun. 289,
205-211 (2001}). LGALSS belongs to a lectin family that 1is
invoelved in cell adhesion, cell growth regulation,
inflammation, lmmunomodulation, apoptosis, and metastasis.
Several galectins are thought to be related to cancer cell
adhesion (Channesian, U.¥W., Lotan, D,, Thomas, P., Jessup, J.M.,
Fuiuda, M., Gabius, H.J., and Lotan, R. Csrcinoembryonic
antigen and other glycoconiugates act as ligands for galectin-3
in human colon carcinoma cells, Cancer Res. 55, 2191-219%
(1985} ).

BNIP3, & BCLZ-related gene, was downregulated during
the transitlion from G2 to 63. ENIP3 shares 56% amino acid
seguence identity with BNIP3L. As menticoned above, expression
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(G1 vs G3) Stage* p=0.066 1610211117 3 IlIA/IV0 83 Venous
invasion* p=0.038 (-) 7 21 3 (+) 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 elucidate the differences in

vRpakgiaupds between each differentiation grade. N.S¢nabsigmnifigant. 36
WO 2004/090163 PCT/SP2003/004458 46 OH~C m4)rom MIMIN O
Ct3la +-IN--tNO.HCm 4P'CCriai.im-:(roa)C"S434141 mE
OHMO-HItiIACP1acCisOOM4) mro0)O 4-i1H.i(-1D' mt31

32 Gftedyd QasF’cPeQ}&é%&' a%& HC!}LE %A’:@%\i& A»E’m ), H dlHsh4) d p
JCCCN g:a 004promNN

e L T B B AR AL LB EC G N A o a
R W?é#cﬁaﬁ RSP 535 RSB 0 11 (H
DN N W Ee N Mt E2 449700 H ) PRON [F9INN |

Many metabclism~ and energy generation— related genes
were also downregulated during this transition. In addition,
expression of PGRMCI encoding a liver-rich protein that binds
to progesterone and RARRESZ was also decreased during the
transition from G2 to G3. Dacreased expression of RARRESZ may

e the causative of poor response of G3 HCC to retincic acids.

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

Expression of 152 genes whose expression was
significantly altered during the transition from L0 to L1 (Fig.
la), 191 dgenes whose expression was significantly altered
during the transition from L1 to GL {Fig. 1b), 54 genes whose
expression was significantly altered during the transition
from 1 to 62 {Fig. lo), and 40 genes whose expression was
significantly alteraed during the transition from G2 Lo G3 (Flg.
idj 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. Ezpression of the selected 40 genes whose expression
was significantly altered during the transition from LU to L1
{Fig. le}, from LI to Gl (Pig. 1f), from GI to GZ (Fig. 1g},
and from G2 to 83 (Fig. 1h) was also shown by color display.
The selected 40 genms 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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‘differentiation grades as indicated by the black bar (test
samples) (Fig. 2}. The resulting classifler classified the
test samples with the accuracy of 92% (Fig. 2a), 98% (Fig. Zb},
84% (Fig. 2¢), and 100% (Fig. 2d}.

Example 14. Analysis by the self-organizing map {SOM) algorithm
of the genes whose expression changed during the transition
from non—cancerous liver (LY} to pre-cancerous liver (L1}, from
pre-~cancerous liver {L1) to well differentiated HCC (Gl}, from
well differentiated BOC (G1) 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-cancercus liver (L1}, pre-cancerous liver
{L1) and well differentiated HCC (Gl}, well differentiated HCC
{G1) and moderately differentiated HOC (5G2), moderaztely
differantiated HCC (G2) and poorly differentiated HCC (G3} was
analvsed according tc the method of MATLAB R13 with the 30M
toolbox avallable in the web site,
http://www.cis. hut.fi/projects/somtoclbox/ (Kohonen, 2001).
40 genes in each comparison between non-cancerous liver (LO)
and pre-cancerous Liver (L1}, pre-cancersus liver {L1) andwell
differentiated HCC (Gl), well differentiated HLC (Gi) and
moderately differentiated BCC {G2), moderately differsntiated
HCC (G2) and poorly differentiated HCC (G3) were used. The
vactors of neighboring cells were located close to each other
in the 155-dimenticonzl gene space {Fig. 3a), where {(m, n}
indicated the cell located at m~th row and n~th column, WL-XX
indicated samples from non—cancercus liver without HCV
infection (L0}, Il-XX indicated samples from HCV-infected
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moderately dlfferentlated BCC (B2}, G3I-XXT z.ndlcated samoles
from mederately differentiated HCC {G3). The map showed that
the samples clezsrly formed & sigmoid curve in the order of LO,
L1, G1, G2, and G3. G2 samples without vessel involvement (blue
letters) were located close to Gl samples and G2 samples with
vessel involvement (red letters) were located close to G2
samples (Flg. 3a). G2 samples withoui venous invasion wers
located close to GI samples and G2 samples with venous invasion
were located close to G3 samples. Thus, the SOM classified GZ
samples inteo two subtypes, I.e., tumor with venous invasion and
that without venous invasion, in the stream of
dedifferentiation grade. When the distance between the
neighboring clusters was shown by colors whers red indicated
long distance, the red cells in the upper zrea clearly
demenstrated that the non-tumorcus (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) ig one of the most conmon

cancers worldwide. However, there is no therapy that can curs
the disease. This is presumably due to seguential 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 cellis. Diagnosis and management of such changes
of cancer cells will make cancer therapy more effectiva. In
the present invention, genes whose expression correlates with
oncogenesis and development of HCC are identified. &
supervised learning method fellowed by a random permutation
test 1s used to sslect genes whose expression significantly
changes during the transition from non—cancerous liver without
HCV infection (L0} to pre-cancerous liver with HCV infection
{L1}), from Ll to well differentiated HCC (Gl), from Gl to
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can gorrectly 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.
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cell sample
{(L,1) IL-49%9, IL-58, IL-5%, I1-60, IL-62
(1,23

{1,3) NL—-64, NL-65, NL—-58, NL-69
{1,4) NL~-66, NL-67

{1,5)
{2,1)
(2,2} G2-347T
(2,3)
{2,4) '
G2-16T, GI2-29T, G2-45T7
(2.3) GI~2T
{3,1) G1-85T, G1-B7T
{3,2)
G1—427F
(3.3 Ge-22%
{(3.4)
{3,5}
G1-86T
t4,1) 52-105T
{4,2) 31-26T
{4,3)

(4,4 G2~8T, G2-27T
(4,5) GZ-1517
(5,1) Gi-147TF, GL-1G57
(5.2)
(5,3) G2-60T
{5,4) |G2-187T
G2-31T
(5,3) G2-207T, G2-397
(6,1) E3-217
{6,2) G3-80T
G217, G2-163T
(6,3 GZ~1E1T
(6,4) G2~-28T, G2-1557
{6,5) G2-80T
(7,1} G3-107T
(7.3) G2—~46T, G2-62T, G2-171T
' G2-162T
{7.4)

{7,5)

Gz~37T
G2-6T, G2—-58T
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Malie 4 24 &
Female 3 11 2
Age (year) 65.3%2.6 | 65.4+1.2 | 67.223.3 N.S
Primary lesion
Single tumor 6 15 2
Multiple tumors 1 20 )
p=0.0007
Tumor size (cm) 2.040.3 | 5.080.5 | 6.0%2.5 | o V2 6%
p=0.02Z8
{GL va G3}
Stage* p=0.066
I 6 10
Iz 1 17
IITIA/ IV 0 8
Venous invaslon¥ p=0. 038
(=) 7 21
{+) o 14
Non~tumorous liver N.3.
o gpeenie) o | |
Liver cirrhosis 5 20 3

¥, Tumor differentiation, stage, and venous invasion were
determined on the basis of THM classification of UICC.
Fisher’s exact test, Student’s t test, and Mann-Whitney’'s U
test were used to elucidate the differences in backgrounds
between gach differentiation grade.

N.8., not significant.
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Table 4. Top-40 discriminatory genes in L1 and G1.

I 1. N A D LI Ll - D11 Al £ 1
-:OK"PF\U} NN N L = NTHC, =1
+b'1.0 pi+)k04)kiOr,|+Ek 440 |
U Id-r4 fd>m RN P4 RN m >
G-riGO01QAB434)tE/ m
7 INFY(fr] EKRH R, -4\ kriC 0
F4 fix'ym ra 4P ' [Rm fd¥-) L k is
; O .
G'1CE, . ealgd‘ r"gn N §1 ol |\0|%N
= R
YT og CJ@“ ONZIW-€
7] o o |0 g & 44
[#] H =0 oo OB e
g6 = i Bl o w oo
H Bl o] S}
o ~ 5 im0 4| U
i &) g i oo & o Uy
fiad 1 = U (4 D o o
] &} o e o Bl [
4 H =] ¢ @] O8N 15
] 2y w0 DT ooy 13
o = o N —
m| o s Al 84
S0 | S E 8 s
ot o~ o ol Bt o
- & et o i
b o m
aft pd —
= F | E |3 % g
2] el = N (o] o
[y fxt = Tet £ o
P £ o ra =
<
) 0
<f Wi =
il 4 i
] i ﬂ)m U
% @ ! o4 vQ.',,{ D
e B a7y mola
: o ved i B o ooy
|, @ i o ah e g
58 a B+ fwae [Hu
Ea ! ~ & OOﬂ)m?ﬂ"dE & O
~ o B oM o#s el O At
;o D oo oo dly O % g
- B e d @lg 8o A ®
SO e I o ] O ety et e A4 N
fwi% Ha Mo 4 o
iRy -0 B M E @ w BB R~ D
SO W@ D0 ST Oy O e
Hit oo gl O m —t @ WiHH
Sei8 80 909 6o ois Y 0T
EfgRanRRERR Bd
iF bl d om0 T My did g QO
i o
fes] o (407 s fon ] o
ot o {5 <3t il [a]
[ o~ w < jiel m
o3 o it 0 o o
3 (" m |5 B 18
2 &
o o e~ - ot o
™ i e~ = " —t
g 2 [=3] o L)1 oy

44

{rimri 4J4}0-HKPOrdm

d40mr-4rookolr0Sirtu
HHai.CO0-Gi CrlGGrt

41t0:41zt04pm4qUOILT-PN

HHUKO--IHC>Vto0A
11m4-144M Etom M'N
H'Otold, NN ,"~NOON

ydPr'~YQFC



44 vS!In(M™ . Nf,,tod, r-ftomN OJ(Y}hINIOCcMN /rc HrHHH

rid MNN 46 WO 20041090163 PCTIJP2003/004458 41 C90m3m
WOHOImMP,p4J 04 OIpUN'0O ~HNmCrH{pmIlOC Rm~C
~.14Utm-i04jrtf~~ONRIUUNrim4Dj 044-i CJU'mNH'i I

cor-iN~rN.r410>1 FEmMORNgMCErm-14miON i-IN41RN

Hooys jesy

TOYODTE [ SEBTD

7 Sgepanyluis

spetTiuspeobt1o—,6-, 2
e 7

STIONPUT~NIT /utsioxd
sguodgsry [eITaTIUE
i

S <
s @)
>
=2
= 5
= A dad
4 BTEATORTRGS : 9IZy smizus
P
Q uN O] pue gisitosioxd eTh1T sledan Butgebnluon-utitubrqn | C09E88VY [
T afggonput-NAL/sTsATopTaded . TiTungns .
m-“V > pue stsAToezoxd ARE A TaRsd IoleatTioe swoseajoxd voEL00 coe
=35 . gED IS
= _ fp ATTuwRIgnE TSUURYD
L ods “11d £ y .
= wm \m 4T SURIY umTsselod E¢TTT4AZT gLMoH Butk3T108I-ATpIRMUT ZTe04a 80°¢
£35S wnTsgrlod
T- S Ponpur-Na1/sTsATopTIded . . TITUngNS .
§ 9 pue stsAtosroxd (AR L] TERsd x032ATI0R swosesioxd €ES5L01 80°%
N > Io30RI UOTIdTIDSTRIY
T M/ - worldraosueiy £e-zeby ZdSH ¢ woamEy Hera ; 6CT66% 71z
<
<
o
o
Z
©
A
=2

z pzhzt Z8%0

TNTT

FEF LB 6872

i T Aeagaed BurTeubis-NaY ] ) T worgdyzosueay y
I jeoradriosuesy z-zebg TLVLS 0 xogvatloe SL8L6H ey e
® S ! ) pug Isonpeuery teubts
X . BLEQTLMTA .
= X TEAOT{ULL QM@POHQ ..M,NU.H#@QH.OQ.MMH AR YA A 16°¢
z<3 & ATUnqns
mw o UOTIBOTITROASD gzb-TZby WIHAY wuydie sseuaboipiysp £96CTH €8¢
M- o

>
4 >

CAETE

19 YITh wostredwos g

ERl

Z5 .ﬁ,ﬁ ﬁﬂ#ﬁﬂﬁmﬁ.ngoﬁ soush UDDAITTA

!

C2NOYKN U4)aymOmptoprsdl.R,>U14IJCN'0%atiNHVN

HLMYV g

P.NNC+Nm30'4Uf,10~U OR'"4mMWO'HO~fNO pa"CRU
MN 1)M
athaN

w5 bhofrooottA? 4p0OPaUNCNT4 +~ 0O x. N O 41 N muhfRiedxC 0 O

‘za pue 15 ur seush Azojeurwriostp (F-doir ‘g OTgRL

43



™ r4AN4)NuO-ri.CS)FO."+CNOON'0'00i6rl0 0OmOON 4)

MNCNa*4)aiCTICFtCO-HI9td-1

IgPtoCHPO-HQ)HMiS~U

.d00to C~+HMOE41.QN31):4Hd OmMEUDUE 0O4-C+) o (0
P4)O-~+10p,04}.-10)0Cto3ibCttl OW > mfdNt4N+CO21

Stm4-4 '"CCO~yNf~O44rikmRisto.i1.104 mO .O# aN".C

H+

IStU43MEN2S?~p OpA4-'"-ImrntReb)\NNtTo-H0QG."CO

Wi 2d0k@eiil >M OO COOCONC'DOmMI1. ~mdN m@iraudMiass C C ~

rtrto4)aNRfOI44Cl PkaNHOUHMNM{x0OmMm .-tNXx

o > 0
T g==2gon
P12 Zo>3T
nul@rHiGiDLht&/U =% REr
C ., o & ErsAtopradsd . ; € .

Q= m_u e % QRecsTsA1os0ad e ezhe =duhd ursgexd SUTPUTH UTWIOI 0085L9WY Le’e
CF+¥oZS0J& Z eomeh § LO3DERI
:m M. c W x n~u o M_.a uctyersues | x93boyghbe TOPITE UoTIRTAITUT sT8eyYluis| €I6POTIV £€8°'2
T ToHA® 7 E . uysgoxd nrjokzigyns
@ Bt = T X O Uddpdyrosueay €-geblr T9TaNZ | 19T urejoxd xebuty DU g1182d GZ €

: VU= o ° ~ Burpur
2 C%mﬁmmnweom B wronara | ¢ GEP-€ TZhE | INaw 1 wpzoudoqrz| 18200X | TP

. ’ oy N e bl e M - . oy .
G @
T < > _~I O M e q_a T8 ULEs wostaedunos Uur 2o ug ﬁm#m.msmwkmw saush &bﬁushﬂﬁmkﬁ.
o = T - O 8 z -
s I — T uotidraosueal
b Befugpi fllrgeutte nar z'zgby TIVLS 3o Z09eATIOR | SEELEH 99T
- 20 Fugtfdraosuey .

Qo T~ . pue Isoupsueiy Teubts
MW o8 5 W TEO® o . T 8%37 ursjoxd )
3 w mﬁmwwﬁbu@wﬂw qnaoToTH Trerdey I pajeinosse-xojdadax TBZoZM LT
vl.OlJ l w..l.na.,rl ﬁmwmmmw
@ \%/m o) 1 uworadiansuray
- TPeubts-
(@) co QO Wlﬁww LS : Z.m.H ARAN T T4¥as o zojeaT]OE SEGLOH cL1

S o==z Audddransueny
Ko} —_— A Z.Z0 pue Isonpsuexl Teubis
T o = Sopauapguern reubis bzt 62N sonpoad sush 67 NTA| [PBL008Y | %2 T
X =g W mﬁ@ﬁﬁhnmﬁ T2ubTs zzby WIT uta3oId WIT| 8SZT90dV | E8 1
o 4 - drinsuriy .
¥ O &m@&mﬁw,@ TERUBTS - 1 detd -
2 =z E HTE FE-NAT . .
Zz X ez Fu ﬂ%ﬁumamuu z-zebe TIVILS FOo xOlBATIOR GEGLER §8°T

x O m pug xsonpsuwiy Teubrs
r e Ll ©0 szZz2<
QLETOT —o >Y(p,auon) -zp pue 1H Ut sBUSH ArxojeurwrIosTp 0p-dol "4 eTgel

46



~10"4HHHH," 13" t1ZH40

t),L"1.-40fad4).r,ad4lH uoWHOiIP,CC) OeU ,1% G404#cHH

UO4NA'GHa)2 41:3UUPIi NCTHN "ygNNMHHNNMNN N
OHr-l. HHm 4) rdNa)zP4Z,04w E<wWH EHQ41tCA UH
-HCIO pH;H4-1H4J1fu m-$4-HOOONP.0O PAO-HFAQO0100

z. ;'of NFTaxm0G."H CO1Q-HO,4pHP41ICANVUN'OmA4P
WO/ HC) .1 H. b+ gH C >1 00 > :c, Ol d OQUUH2RIBEESS rn p.

0414-HHP. MmO No#H4-10>ONwCPmMid)O41bHPO

HNICIOOMHMMMMTr-1.M HQ...

{(D,3uoD) -g5 pue 15 Ut sousb ATolRUuTWTaNsSTR (F—dol "¢ oTdR:

butureluon utuorsdeyd

a

23

(@
S =
3
=
S . ) 37 ATTweIqus UTH1oh :
e paodsuvay oyoTsea| g-1gd-zzde PYOTOD i webyauecqne 1HT0D YEBTBY ST
o+ uotidiansuesy | gid-1 e£1d61 T6ANZ 16 ursjoxd I=DUTI DUTZ ZLYTTY GL'T
- U0} eToys0lA0 zT1d-gT1dL qI0Y waeq ‘utane TGE00X 281
O steAtroprided . BAYN 00T .
c m pue stsitoeyord z 91dZ 00zvd zoneaTI0e smoseenozd TZ48€Q €87
Sl . : 2 oA TMY MOTS T eToenu
> paommmmuu wTOoa@TOWw yrews| T -wFzb-pzber IHEIIN oerpaed ‘Burtixodsueil STTEZI SeTT
\./O B0 'E8edLY
. UnouUn 3 6550%v1d | aonpoxd ouel ¢990WYIN | 696%108Y | 48 1
v =] BaQygq
> = Puysoess 1H1of| £ 1gb-g pede | dSVIOD ‘z utejoxd HuyyoeAs | ECHTLPTEVY 68T
+ O ATquwssseasxr thHTob
© MDY G | urszoxd .
= Py L1 L d1eY poleTes 7 UIRELER T480L0 €072
- butsssooxd ) o euTweinth/eurToad .
e ! uNgu/BuroTTds wigw 2 vedr Daas 103083 Butortds bF60LY 802
= . ] Zz oseaeydsoydoucli- (j ]
H. s NOTADUNSULI] .mm,ﬁ,@..nm Z Trdar CIENT x0) T (okw) TOTSOUT QEEFTOAY 6077
= . d SSEISUOST -
_M_.méo%mmrH sunumy /sucredeys | zgb-1zbgt qrad 1ApordApTaded £LSEOH 1°¢
N . STEIYIUAS . .
® O utejoxd/futssenocxd yEa zehot sawy mmmumﬁgmm ¥a—-TAuete 050ZEQ ST°¢
— = . AM
P Burprog uysnoxd/suczadeys T y1dL ¥9LOD | BI9Z) ¥ ITUNGUS UTADL | 904427 LZ°T

47




HHHHHHHH 48 WO 2004/090163 PCT1JP20031004458 k 0) m ,~ tr
a,mH 1HItOAVPIH {almH'00CO0-4-Hof POOmHaiPrttOm
MMOHHMU OMMOHHHRPa, R+=mCIHmmiH4~NCIiN4)
O4)OEmM'OCSI Vm4HO4CC4pmm3CHHC 4)pHisHHOO
CpHH-HU'-(HMO!~.HILHOCS!0O0OHmM4~mC®61 ~i4mHUOO
$41>rO0H$OH 10(Oamma,.C.1-(MR+~O0MHH-CG$4U

wC mBaeqe] 41N 2311 mi4 NmlaO-H H 44 H 731bckEaebidbO H 74

{contd)

Top~40 discriminatory genes in Gl and GZ2.

Table 5.
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52 CLAIMS I.. An in vitro method of defining the differentiation grade of

tumbr Mith yenesctndlof prontivshefotreehiativg statistcaranalyses

based .on:the.expressionlemeLpatisrn.ofthe.ganes andieeprateins of
human tumor tissues obtainable from cancer patlents wherein the genes

and/orBriteiigare Yelett dim Hestehdn §eordér Sr i £idher ratio. |

The in vitre-method:accerdingterclaimd. dmklﬁfqm*iﬂ& hummms&ues are
hunan liver tissyes 3. he in vier o meth d act r ||T im.2. whereln

the dif-RTEHIAHOT. PGrage ftdimor s Sefet fm Sm t Cé Lgrouﬁpmcon5|st|nvg
of non-reancerous liver, pre-cancerous I|ver, well differentiated ncpatocellu
:r c ~c noma. HC C). mode, ateiy; differennated r 1CC, and poor]-,,

diifferent;ated HCC. 4. The in vitro method according to claim 3, wherein
the gen&sednd/or method aceording to claim 1, wherein the human tissues

are human hiver tigsues,

The in viiro method according to olaim 2, wherein the differentiation

a2

. grade of tumor is selected from the group consisting of non-
cancerous liver, pre-cancerous liver, well differentiated
henatocellular carcinoma (HCC). moederately differentiated HCC,

and poorly differentiated HCC,

4. The in vitre method according to clabm 3, wherein the genes anddor
proteins are differentially expressed between non-cancerous Liver and
pre-cancerous lver, ore~cancerous liver and well differentiated
hepatocellular carcinoma (HCC), well differentiated HOC and
moderatelv differentiated HCC, or moderately differentiated HOC

and poorly differentiated HCC.

L

The in viiro method according to any one of claims 1 10 4, whersin
the expression level or pattern of genes and/or proteins is examined

by means of DNA microarray, reverse transeription polymerase-

chain reachon oF Protein aray,



proteins aye differenti..al.ly expressed betweenn. non. cancerous liver
anal p C cancerous liver, pre, eanc:erous liver and well differentiated
hepatoceliuiar carcincma (FICC). well d ffereniiated e]CC and moderately
differentiated iHC..C, or mod r tel3." differentiated I'IC acid poor!-,,
differentiated IFC. C. 5 The in vitro method. according to any one ofciaims
. to 4, wherein the expression level or pattern of vanes and/or prole in.s
is “xaxigineediny ywpteahe of DNAricioaitay HEVErSe amSERiptisi.
polymegase: ghalp seagtion: qL-piatein, aialype 53 b, Th- in vitro method
icco'rding to claim E? wherein the number of the. genes and/or proteins is
between. 40 and i 00. 7. The in vitro met- nod according to claim 5,

wheseir-the number-ofthe.geneas andionproigipsis beiweer:3§ and 45,
8. The in vitro method according to clam 7, whereln the number of the

*enes aHBOrProtems g @i@ﬁhﬂlﬁ Vith iethod of defining the
differentiation grade of tumor, the rnCt .od comprlsmg steps of: (a)
selegting gien, = and/eu proleins tnal ave g, lighest Flhey, fatigs In
comparison between/ non-cancerous liver @and pre- cancerous lover,
pre-cangerous.diverrarrdwaiit (irerentiated hepxtoceliular carcinoma
(F1CC)well differentiated ILICC and, moderately i7 iferentiated "-IC. or
moderately differentiated HCC and poorly differentiated HCC : and (bj
defiiFigthé differ S1tERion §rateer BAIRE LY #1208 Snd or
proteins, ks A pinvitrasmetirod iA defining the differentiation grade o to
n- or,, the method. comprising steps of: the. a) determ nlnggthe number
of gene éﬁd/&?bf%‘f?—ﬁ SRS GRS BiTBRHZASH Grade 6F fidr () selecting
a number of gengs aogiorproteinsdecided.cimsteps(@ythatdave h-

highest Esher ratlosv!g 9. parlsor betweiagwnpn cancerous over dand

pre-cancerous five - pré Cancerous fiver and well di ﬁ‘erentlgt_e 1”
henatoceiluiahgarointma CakGymwet ditferentidtda MCasdatmaedeéraizeiy

diferentiated HCG. .o moderptely difierentiptediGE anep e

differentiated 1 . ?C) applying tli data of genes anti/or proteins selected
n step, ON tdiéllis@rﬁﬁ[éé“:a@ieii@”&fi‘(@jiééﬁﬁﬁqg #he differentiation Made of

tumor. 11, Anjmyitro sethed of defining he differentiation:grade of tumor,
the method comprising steps of: a) determining the number of genes

andior protelns?oﬁ@ﬁﬁé proteis.

1), An in vitro method of defining the differentiation grade of tumor, the
method comprising steps of:

fg) determining the number of genes and/or proteins to define the
differentiation grade of tumor ;

) seleciing a number of genes and/or proteins decided in step
(a) that have the highest Fisher ratics in comparison between
nop-cancercus liver and pre-cancerous 1iver, pre-cancerous
Hver and well differentiated hepatocellular carcinoma (HCC),
well differentiated HOC and moderately differentiated HCC,
or moderatelv differentiated HCC and poorly differentiated
HCC:

(c) appiying the data of genes and/or proteins selected in step (b}

e all samples; and



the differentiation grade of rumor; (b) selecting a number of genes andior
proteins decided in step (@) that have the highest Fisher ratios in
comparison between non-cancerous liver and pre-cancerous liver, pre-
cancerous liver and well differentiated hepatocellular carcinoma (HCC),
well differentiated HCC and moderately differentiated HCC. or moderately
differentiated HCC and poorly differentiated HCC; (c) applying the data of
genes afdior mﬁﬁég&?&lﬁ?@?@ﬁr&%t a8 mples ; (d) designing a
minimum distance classifier with the data of genes andior proteins
selected in ste b)?ge applying the minimum distance.classifier designed
e B ot R S e e R
of all theagjerbsramikiorzproteins selected in step (b) (g) applying the self

organizing, ma n N D 10,4l ; fining the
differentlké%ion gﬁg%jeﬁo tgthé‘rrﬁ}ﬁ{ééé Iﬁ%ﬁ%egé%gébgggﬁggﬁ%&g e

PCTIJP2003/0t44%8eient izt SRS PITWTESTIET (RULE 26) WO

2004/ 09%63 RGIIR20931004478 -MME\a5H MMMO Goi Se)mdiie N
Mail ooc Gov;. ~c h<t t4) (flv10I0’ Tpg'QNCN—:N -iImC- M 91 tI' Oc*1 of ~
oocc ot'1 18'=kiFNEFVR/BNOBIEE T R 68 RN P panson

“Ws-IN.~~V1r #Qe3i/akmQhhk=bs-liver and pre-cancerous liver, pre-
ryI'M.MiML=y-HMV;‘r-a~OSC~' a~Cl' ~|\/|-]§.~~~{ + G3-174T1 G3-107T
L R T B e e e
G2-171T G2-168IndE2- 62T (&2 §81dF=mri &S 2H1B5TndGR0E5LF v

differentiated HCC, or moderatelv differentiated HCC and
poorly differentiated HCC;

{c)  applving the data of genes and/or proteins seiected in step
(b} 1o all samples :

(d)  designing a minimum distance classifier with the daa of
senes and/or proteins selected in step (b}

(e)  applying the minimum distance classifier designed in step
(d) 1o all samples;

{f} generanng self-organizing map with the data of all the genes
and/or proteing selected in step (b} ;

(¢)  applying the self organizing map generated in step (f) to all
samples: and

(h)  defining the differentiation grade of tumor.
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