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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
pol'ymerase—cha;‘z«n 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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GARY GHUA EE(ELECTHic AD(H-, HUBERT GIAM B EIE LE~1GsUIH
DNEI JONATHAN LOU RED-c- cKIIXIL-1-0 LE HONG MINA ~~--//
BE(M-crv)(lass) MTD ELLA CHEONG SPRUSON & FERGUSON
(SINGAPORE) LEE CHAT DAN BE ICHEU IOAL1(HD N E) LIM TECK
YEOW enc. BE<E~DLNE)IHDNEI REBECCA AW SIT ADVANCE ',,(IT)
wdARkAdoMING E E.(C HEM IOAU(H D 11) TRADE MARKB:&RkSHGNS
ANGETNE RAJ R++* LLB(HOrvl) LLM (HONN) KIRAN DIHARSAN+
LLEWCNSI MARY THOMAS 4d LLBIHON) IP MANAGEMENT STACY
NG BEC(1ppM) P REG PATENT AGENT (SG) REG PATENT AGENT

cé%ﬁ-)é RIEGzPéTéENISAET‘QRNE%&ALQP&BE&BAIEMI&H&R\BNEY
REG PATENT ATTORNE 9(grgs,) AREG,PATENT AGENT (US) +

NA E5TO 5G BAR & ADMITTED TG MY BAD P ADMITTED TO
H%ﬁ&&ﬁﬁ?%ﬂi@é“ﬁ“&dﬁ%ﬁﬁﬁm A%—;ZE:'N'“;ISZM%W’&I’:F
CHIADENTRRICAT FORNEY EK) NATSEYSIA SEPRECELRA BHEDNG

r SPRUSON R RERGUSONEW) SONSHD-2REE INDUGERIAL DESIGNS
S AGENTH(MY) N ASSOSIATION WATH (e EL A CHEQNG daifAlJuah D
a7 131 1d3d s " biGRL MY BERUSON S EERGUSOMN:, 7. Hepatol.
éNTz%BL%T%%QORsEV\éQﬁO&‘@QQQ@ RGINR ggoé’d%@%r

DE CR @) OF DEFI GTHE DIFFERENTIATION
‘SA % % glgé_l's 'I%c%nlcaﬁg%%‘

resent |nvent|on ' relates to a
T o nicel Ll C pebent ivento S arly,
hepaoptéset iEvRAtBREREEYeS tBOX HHEThoBBTUERNIFRF fife HifeRERAfAtion

coeadecotturtior by sedecting@enes diid/ora10mpoteinsemnhose EXpression

tieveheatrelates with-aach «difterentiaion grade-of hepatogellaiaring

tﬁ@&qgﬂ@é%@nd prograssion of the disease. Particularly,
changes in the differentiation grade of tumor cells are
apparent and frequent, Such changes alter the ability of tumor
cells to invade and metastasize and alsc the sensitivity of
cancer cells to different theraples, causing resistance to
anti-cancer agents. If the changes in the characteristics of
cancer cells are precisely diagnosed and managed, cancer
therapy will be more effective.

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 Nakamura, Y. Genome-wide ansalysis of gene
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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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 15 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
wihaumethed of the present invention comprising DNA p20 bigsenssss
oligonucleotide chips, protein chips, peptides, antibodies, probes and
primers that are necessary for DNA microarrays, oligonucleotide
microarrays, protein arrays, northern blotting, in situ hybridization, RNase

MProtelion, agsays.westegnploting, ELIGA a§,sqys,di§a\@g§@at@g§cnptlon

mn_&ol}yu1 erase-( -chain r%ggtlon (hegegnafter r%fﬁarred 1%81 'E PC%Q\,
examine the e% ression of the genes. andjor rotelnsw o086 X pression

mlle%ﬁac‘b’?%gl’af%‘?\ﬁ/?tﬁetﬁgﬂdlfﬁeren%%ﬁ drgiatie BFtinor” 30 BEIEBund Art
LCaficarty thefnajbi EaiRsative of d&&dT it the \world. FPArtutafen -
Yhepatogehulapcdtiromal(HC C s Une Ghe MOSE THIHo R TaNceE's
gatof|dwide swhieh gepresentda majer kwiermationaltheakhqarobiem
sbecapse 0idls NCIRASING 39 BCideneesl %éﬂéﬂké}%%mi%@%@é%ﬁ@ F.
and.sorrell, MLE k&g%%%@%@!?é&%&%o%aﬂamﬁ 39351253;

(999 WO 2004/090163 PCT1,]P2003/004458 C bo atltlsC
vjlrrué an%nﬁé atocéllu?argéarcmognga Séerﬁlil Civer %5“ 1979 ’\%3{' '(1999),

Cahd W&éektﬁép%%ﬁeﬁﬁﬁéﬁEi%&*ﬁ&m&%’aﬁ%‘b%%%f %W‘@OOO))
uEHIB e HePatifiscC i ArUSTHERA InfE8R6A isfeie dfthé mafor(29Fikk factors
TiekHCCragyeelltas fepdtitis Bavitus (HBM)=mfactioh, alcbhairconsdmption,
eanghaayerakcarcmegens. suchzas=aflataxin Bl (§kdda, Ku Hepatocellular
vGarsinpMa.ql. Hepatoh 32285231 420000 : severaliberanieshave been

iy OQtEQJ&Eﬁh ”eat”%%”&?éaH G Those) %“cdeif'# gical r§§§%§}r’n

radiothera emotherap g%loﬁ) ical therapy Inclu onal

in
Oéh%"aéﬁeefhfe*r%% ’iﬁféﬁfeiié’rn r%‘wae‘%)%Jtﬁ%se‘iﬁ‘é‘Fﬁﬁue's codid %ﬁf’e the
(&fsEdse*Onk- of tHé niajorBFsblems BPHMCEC tredtfert isTRAE Y-+
Jtha¥actdtistics of Bancer celedhdngd d kmg ¢heidevelogiheimand
sPHggEession otihe giseasecRardicularhy-1brahianges ithdhecdiftereatiation
sgrade-of wmor celis.are apparent-and-freguent. Such.changessalter the
3?.pé|lt¥6%f tu&@{gl ells fo 5[;1 de gr&%gwegastaglze and aI%QLth{e %Qsmvny of

t

cancer cells to ﬁ‘erent erapg:s causm reS|stance to anfl cancer
art

Zhhektd 1f the” Ch%n‘gg in the CRAPSCtEIStits 20 Cancet cins ard
pre%‘i@é‘f% dfagnosEtPaRd fninaded, EahcePthetrapy-vill b mo'?*é‘%*ffective,
K Previbus Studibs stiggébtad tHe. invielvémgnt 6tukhat siprassdr genes
zgagl, anangepes such, asuphi8,96;catieninzanthnAXEN] gepegizight
ihePagcarsinadenesisLekabeydile 33teR, BrakKate: 8botie Kitabars, 0.,
cé(n%%%%‘é\’%eﬁe e‘(c%%as%‘i%n‘éz J5UNQday . BUukawa, Y. c&”&k@k&amura

enome -wide anal SIS of ene expression !Ln human h%patocelllular
%. ?l ose of corr?f no ln non—canterous liver, Pro
fcinomas using ¢

Acad. Sci. U.S. A 28, 15085-15094 (2001), Okabe, H., 8atch, 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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microarray: identification of genes involved in viral carcinogenesis and
tumor progression, Cancer Res. 61, 30 2129-2137 (2001)). It has also
been suggested that the development of HCV-associated HCC can be
characterized by the pathological evolution from early to advanced tumor,
which correlates with dedifferentiation of cancer cells (Kojiro, M.

weatholegigal evolution of early hepatocellular carcinomay 32,63R6QQ0y 62,
43-47 (2002)). Particularly after introduction of DNA microarray

technologies into medical science (Schena, 2 WO 20041090163
PCT/JP20031004458 M., Shalon, D., Davis, R.W., and Brown, P.O.

uantitative_moniforin ene expressi atterns
ecggrﬁe?emer?tar%SDﬁFA F%D crogarrgl guence Z#‘O %@5 DeRisi,
MO BTN - LI BrORTCE 33 ‘BI%?E S L(zR/PeIIfzerDﬁgle%y 1, Chen, 5
rabSy, Y& ; afigFFrent, D.M FeseldfacoDNAmMRro ek t@anaﬁyée gene
lognaksidn paticierstint homtancaneérgNalGenet.obd r ad5704691996)),
dnamysstudie sgehewed generex pressian: paiiesns 1 rlatingi to: some aspects
SHHGGCALALL WY k2B ooyl Mo d LghofoCer WoRS, N., Chen,
Carc'xﬁHHQ Bn"é/o apd Lews ol Gy E%%”t'ak%&% expresgion pf

egg %%%ar carcmoma u5|n%cDN mlcroarra%anay&s Onc(:}o Res

'I%c?e’ls%érne B2 Gosdmai: ‘O Witk fﬁ%
TilSHRIBY Eska‘i’*ﬁi‘éﬁ’?&F Kogtakaamsoldhd; JEvasehart ., and
UgbERRsR J56. Rishtrestion of dfffé?@mmmy@zp@%swgm%swn
trepalecelhglarcariepaia ahe metastatic dver iwprarstdy oligonucleotide -
VXSS 08cRERSliRG-CoPCEr D 2.,-305r4080102083) o Xihdauchltickde Wang,
mRcroBONg, datdBaYed W@Qgs%er\ylsad WL X3 HaRe & oaNd-HiL G.
Exprgﬁﬁ%goglyng %@%?ste gﬁa%ulat%r%_ role Infer ennc,hegi
rsin

_transcription 20 facto dman hepatocelluidr & car‘cmoma , Cdngéf Res.

TR IOPPRA 3h a1 (901 Mka, SRR HUATIGEIORG 2 6. MBREACEiZ ¥ Zh,
apHAPERt TS CHi, ﬁd%rfarﬁcxtlm@mg@@@@swﬁetqd WF—IUang Q.
dedi Thanyt & tEon of Ne tobel LWllad. ¢dhr iWemeShigrl, d€pkedafdB., Fu,
poo £ Zhomg alWe L ¥k 5. HprfGUr WY ncBtiang: a3 25 Zhagy X (ko ddy) G.X.,
g] Bi@gh%gozsrtﬁageléaﬁr&@é@%% '@E&Q@Q@i@ﬁeﬂ'é'%fcc in
cﬁnglg nesi Sagg,\c;lrh[s P’&) e(g( I by on@aglc%g g§nelga>g%reslslon
ular ca

€S 0 epatoce rcinoma WI t 0ose 0 correspon |hg

il BRSOV TRATE B 08 NAEP IR, i TSI 08" 15b80 800
Y2001} ERkBErR. BatBrrSe30LRaBIT-Y KitaRardene, s@ragaind R. |
iy dma@kal}ép.a,twsahbdaﬂ cafundegaprYingndiNakanwygryay ©
i enameyidenanalyeis-ef gene: exprassiandd idraimbepaioce|kiar
+GABSINOrAasLaingCDNA-BlCERAITay] identiicatian of-genaesdpyolved in

nage tu or ion, C er.R
Mg%% %%@7’ c%goglpfl hirota, g\r(] lri<pangﬂ'1 3B nﬁ Ch“‘*%?av%?buﬁep and
" oBRIARR, K. 10T Ion 5 T LRSS WO 200HIO0 163"

Oég?wzam%m*m Wé%&@%‘e&%%@&ﬁ%ﬁh@%émar%ém with
cgDNAmaicrotlr ays rElepan| ogy 33,1882:840 2091 )/Belpliecrrosr
Res. 23, 636-643 (2002)) . However, nothing iz 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



16

15

20

25

30

35

Trabut, J.B., Carnot, F., Feuillard, J., Brechot, C., and Kremsdorf, D.
Identification, using cDNA macroarray analysis, 5 of distinct gene
expression profiles associated with pathological and virological features
of hepatocellular carcinoma, Oncogene 21, 2926-2937 (2002), lizuka, N.,
Oka, M., Yamada-Okabe, H., Mori, N., Tamesa, T., Okada, T., Takemoto,
Wé 2(;53 gu A., Hamada, K. Nakayama H. Mlyamolj;gﬂ};w]}geggglmura
Hamamoto Y. Comparlson of gene expression profiles between
hepatltls B virus- and hepatitis C virus-infected hepatocellular carcinoma
by oligonucleotide microarray data based on a supervised learning
gct)god %ncer Res 62 3939-3944 (2002) , and Midorikawa, Y.,
sutsuml 15 % anl ftichi, H. , Ishii, M. , Kobune, Y. , Kodama, T
Makuudfti, 115 pﬁﬁaeﬂbuf‘é’t‘é‘?ﬂtrlf’qde?ﬁﬁlch‘%?f‘l@ﬁén‘é%5§§§8€|a%ed with
“@éﬂﬁﬂa@ﬁt%ﬁ%‘bﬂ%{)é@ﬁéﬂﬁﬁ&ﬂé&?@ﬂ@?ﬁﬁ%%@@més’rmﬁpr@ﬁplmg
samabrsisolpnt-I- Caneer Resid3 16361643 (2002 :nAmbpagethem, two
ratticies profiedgenerexpressioniHGE in ABwelation todts devplgpment
4Okahg, H. g%ﬁé‘%hagﬁ/ gétgrgt’eﬁgat}ﬂ@se ex\ﬁagggw’cgrngﬂégka Y.
wIEHnafasleHtykawa, Y. and Nakamura, ¥, Genome-wide g%? sis of

aglgge ex resslon In human epatoce uIar carcmomas USII’]

Foairay " identtica BB GERES Ybived T VAl 3R dRageResiSand 25
SR pRIGRESKSIBA, ANTEFREY. 62212621 F7 200D taive “MiblGiikawa,
iy diTspramivitRie TaMgueia Hicshic M, RobaneenYorkcamal k.,
aMekinchip N paad Abukatanh Hzidertifieationeof genes-assectated with
16edifferantiation of ihepatacelidan Carciaema with-expressionyprafiling
=88bysis - Jp0; 4 Cancer 30 Res. 93, 636-643 (2002)). However, nothing is
known about genes and/or proteins that characterize and/or regulate
each dlfferentlatlon grade of HCC during the course of oncogenesis and
relons EHESEEAed HCC. Genes and/or proteins that
SPéﬁﬁF’sﬁtthﬁeLHFffé@fﬂﬁi’éhﬁgrade of HCC can be used for 35 diagnosing
the différeatiation. giadecet HiEGrandifur scseeningr anticancepagents for
ctiedteatroentafdd CGiansing: frame4 M@ 200410901682+ can cure

+RCEAR2003/004458 . chranic HGY infection. dn. e prasentiyention, the
hnventors d%scrlbe a method of @agposmg %}? d| fereftlatlon grade of
e

aracteri oL cancear
tumor and screening_anti- Cancer agen treatmeﬁ??ﬁ*ereo 5

PEHREFAT, tHe WiFeitoiE R8s cribE S A&t Bf iderRiRAT§ 2D 8Fmore
CRRIRES Bhafdreprotsinsiwhede ekprassiorreanelafed i (AT ta& différentiation
ggrdde bBBE, @rid siselbitrese. genesnamdfonproteihsdoh diagmnssing the
otliferentiationigrade oiHCLC candLorsereaninganti-canceariagents for the
chkeatnent of il Q4N difierenorad G‘e%cﬂ\.ﬂé?é Qlwth%aé'i/a{'ag jpugntors

ozgg%?gpess.% megﬁ%%‘pgl%rgxgécun gqé%cance 1S Lv%r &Y%,Cancerous liver,

ach difterentiation grade o with enes an roteins. 15

°DILOEUNE b e hVErRoT S BRI O e TRVaAiGRA ey 11,000

genes from 50 hepatitis C virus (HCV)-associzted 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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Hepatocellular carcinoma (HCC) is one of the most common cancers
worldwide. However, there is no therapy that can cure the disease, This
is presumably due to sequential changes in 20 characteristics of cancer
cells during the development and progression of the disease. Particularly,
progression of cancer is often associated with the changes of
wdifferentiation grade of tumor cells. Diagnosis and mapagement, of such
changes of cancer cells will make cancer therapy more effective. In 25
the present invention, genes whose expression correlates with
oncogenesis and development of HCC are identified by oligonucleotide
rgﬁroar% reggesenting a roxi£nately 11,000 genes frovm 50 hepatitis C
Vitts TRICVY -aSSo&ited {iSsUEE &R TL-hdn oo s
GRARCERCer6as N & hreteapReTol]) fivet JotRsties Diffcrbntrtivh states
narel eividedtipne Sgradese sNormpaneeréastivenyl Qisatreclives thattis
shistologicaltyphoirmal @nd isisetenegativerfor hothhepatitis B virus surface
raatgenaRd HEM aatibadyPre-canesrous iver Gdo isthe: liverngsJthat is
HGinfested and.is-histapathologically diagnosed as clyronic hepatitis or
dveraihosis, Well diferentiated HCC, 5. W0 20041090163
PC /‘ITJE’2003(/)50%4%%:l is the cC consistin of cancer cset_llé”fha% are
RGPt H e by AR FETBRSEIR LA Gellly WtTBRUedons eting
R UIETARABPISS I Tt iR GOt Faret s ot aFHep oy sbir - SEBW the
trerp soias: simifal te sromTal hepatoeytesr-&Mbdemtehy tifferentiated
aHEG(E&Rhis theddGEornsisting @f , cancercelsthat asedargeando
thyeerehromaticed hare are strabesar-oisgland-likesitueturesdncancer
S8l 0est0:G2 arade. Eorly differgptiated HGC (G3) is the HOC
Lgonsisting of the cancer cells thaf are p!L%%mor\ghlc or mul-‘t_lnugleate. The
T0Ttnor grows 1n Solid masses or cafl nest Gaverd SFaPehitectiial
PEfETREReNt RS S gradé 561° B2 AirFE'3 tumors correspond to types |,
II, and 11l of Edmondson & Steiner classification, respectively
(Edmondsepe H.f5<aind Steiney, RdErPEinialy sacingma adihenliver: a
piditof 100 canes amang. 4% 900 18 Reropsies. Laneer ¢, 462304
s&%@@@%@9@5\4@%@5@@@9&5@%@%Igﬂgwg}d H:AJ20dom permutation

tg:%sntsg_ftglci,%opruo%eo&igd“e g\}lcrogrrax ata is, use 1}% c%,elé%t enes Wrgﬁse
Bxprassion significantly changes during the 20-transiion rom-
R G EaTATOT S VATHETLRY HIGERGRCH OF o prevEdricarotieiiver
At FROVERTESHBRC(LIGY rofm a tolwisl| nelitkarehtibtedAGC (G afretn G1
1268 moderately differetiated pO Ty GRY: e dromtG2 rpoosh) .
sdiffereniiated: HEGAG ) oS elt-organiziagsmeanwith gliibe selested 40
<SERESWHOSE 25 expressian is significantly altered jn.each fransition stage
oGRNBRESlly pradigt he diferentaton grade of ampr Sesues, Thus
these genes an be used for dLlagﬁosm“g 16 “differentiation graae of HCC

ARG screBting BT T ATEE" dgenfiSiorifie febtRsEhiest theeach
dﬁﬁ‘?@l‘iﬁﬂﬁ{ﬁﬁﬁ?aﬁ’é@d@mf 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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Detailed Description of the Invention In the present invention, human
hepatocellular carcinoma (HCC) tissues and non-tumorous
(non-cancerous and pre-cancerous) liver tissues are used. HCCs with
HCV infection 35 are used for analyzing HCCs. Presence of HCV and/or
HSV infection can be determined either by immunoreactivity against 6
w5 28094/4090163 PCT/JP2003/004458 anti-HCV antibaghsqasehasti-HBV
antibody or by amplifying HCV 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),
Mederately, 5 differentiated HGC(G2).  and poorly differentiated HGC (G3)
Non-tumarous IlvggO sam IesTcan _Q% f%tgrtg;ig&d front pati nts__v%ﬁo _
SlihdeFwent Repatic Té<edtion for Benigh of Matastatié Tver WmorS A liver
P& HIERIATU R CA-TAFEETN 16 TH4SsifiRtPas PAdhCanéBfolsIiér o),
candhat sith HE \wiife clibh ke ¢0tclassHidif 8s ffekcanedesasdiver (L1).
dAfiteresettinegli¥er tissues=adripngesungeiys fieisspreferableititat fissues are
nsamediatelysirozesrinligyid aikteger-osecetane coptaipiig giysicaand
u%@éf@gglttz&é‘ﬁgﬁgﬁ_@ ?&Qi@ggfk! plibusesd hlffr“%%l{.l%étm% Oii"-!?é‘éé nftl be
emhe in.Q.C.T. compoun ra-Seiki .Tokyo an, Catalog
e e L e o o, o o
"RBRRTGFOUE Iivet Tostdd cai Be ARy Zed by ieaBtfifiy e fvel of
CRIFA dr@ro P ProtEInEse N AP RIS EHEEs, (thee levRf BRERKER &REMSH Prot&ins is
tdetarminkd byomeasinng fidores cercee from e20tstibsthrpessinatading
iflnerdseeinyand readaming; chemilvaninescenee drenaduminoles dry
sedigactvityof radioaglive, materials. nekdingi3H;14C 38s 335532P, and

w20 °d» A ORtica). density, For example, the expression [evelof RNA
d/or proteins.is dﬁtermlne gnown methods including DNA 25

Tng?darr%?. I(‘Sc ae%aa,oﬁl.mf'al. 3 ntitative monitoring of gene expression

patternS Wit B S BRENTARF D RAMAE GAR RS - ScrenBEL PHs 86~ 470
(009G -dvaedpshutzv /e L i@k High Measikysyeiheticooionaciddtde
lamray ;N2 Genét:2hrc20424 (1999, RTRER (WeisLd:Hletalrus
aRetectior.etiate MRMAs39Na qyantitalive R PGRbends Gepet. 8,
+263:26441992) and Bustin, SA. Absglute guagiification of mRNA using

eal-time reverse transcription polymerase %hq;ptreggtkggdaggays{rél. Mol.
CIL—_'%m ofgﬁln&?i%ﬁricég-f% %g%ﬁj}q rfg@t?}e‘rﬂaﬁoﬁlﬁ’gén in situ ﬁybrldization
THSEKE: RIS BHU Barfies, KiM. TRNA: dBte@ficn 35 in®ditu Wid-fdtthern
daybitizati§ar Mewitds MEkBiBtrres s 247 28311 999RYARNd4eprotection
passaynod, ¥eheSimphfied 7 M@ 200410080163:REHZA20031004458
ntibesucleasesprRiection assay. BieTeehniques 13n852-854 {2 R)=and

t gk fasierrbonucl i Y,

gy Ry A

E[ence %‘ll% 7 { ? [);15313 ﬁ’%?ﬁmp%!l .3 aa ] 6;'

ectrophorétic transfer of 5 proteins yacrylami egéls:; i

*

dﬁﬁ%&é‘lﬁﬁé’gﬂ%ﬁégtgligcnucleotid@ arrays, N&t. 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,
Endocrinol. 25, 165193 (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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Proc. Natl. Acad. Sci. U.S.A. 76, 4350-4354 (1979) andBurnette, W.N.
Western blotting: Electrophoretic transfer of proteins form sodium dodecy!
sulfate-polyacrylamide gels to unmodified nitrocellulose and
radioiodinated protein A, Anal. Biochem. 10 112, 195-203 (1981)), ELISA
assay (Engvall, E. and Perlman, P. Enzyme-linked immunosorbent assay
uantitative assay of immunoglobulin G, | try 8,
“gﬁl%o%ff%?l)) and protein array (Merchant, M. an[g%plnﬁe@glé%? S.R.
Review: Recent advancements in surface-enhanced laser 35
desorption/ionization-time of flight-mass spectrometry, Electrophoresis
2% 1164 1177 2000(% and Paweletz C P. et al. agéd pgggelg @splay
rﬁ)rg |ng BrCancer Prog résSion &Tecﬁo ﬁomhoﬂjman fissué using a protein
‘:Bﬁ?@r'hpa‘ﬁ?ru%?ﬁ)é%‘i‘aﬁ%% Zﬁ}r34‘"""42a(‘éoéb)faﬁéet?eﬁégcgﬁairﬁaﬁﬁotelns that
raraeiifférenty expressdy Mnéaendiforertfatior? gfade%ef Heessaegn
bhontimoKTusb {noNHcarcerdus g prexdancerous) tarerfare sélected by
peomnaEngthe exprassiondavel el-genes and/osqroteinsamonrg:BCC
HiBsuaR:ify each differentiation gﬁéden;Q@M@@@twmeey%Zé Hyer fispues.
wGENGR andioror OEQ'“S th%Har%Qéﬁ%Eer%@'é’ t%c)g%rgisée Loelween, ;.
non-cancerous liver re-cancerous |vert at have been mfected
£ it ﬁé&ﬁﬂﬁ?%%yméﬁﬁﬁéa%;g%gﬁ%%hr?-"‘ R E%presSicRTSver 3 ach
rEBFRFEAUFIPBROMIA FRIMREIT HOMEEANBERSGTiVRY t5%es Bhaches-
1pPe-¢anAcersusiinier B0 BsStes Genedamdiod protefnsitAatr ran, F.
ediffereritialke e xpressed:betvwesnspre canceiousdaer (L) ianrdawedly
odifferentiated HGE G L)aremislentfied by somparingdhe expressiea level
pE£2ch gen g@ggé%mtew hetwgen, puescancerpug lyeslisguesand well
%lﬁ‘erentlate Hcgu% tlssue%gHC%(Cfl Genes and/or proteins that are
TReentially exp r885&T Between well da erentiated HCC (G1) 8 WO
ARHODL6! W?Fﬁ?Ob%OﬁﬁS%lja%ﬂ@&érﬁ%ﬂfﬁfﬁ%ﬁ?&ted HCC
Eieoymphidesiifiedibyl totnparing 186 BxpresBritiaiel of ekclf§é&de and/or
rppate e detiveeisbEE (1) Hid mode ratebe differgntiateéd HOC ¢issues
(LG (e2) - Similary ;genesapdéan pseteinsthatarg balifferentially,
3,@xp£es(§gg(g§etween moderately differentiated HCC (G2) and poorly

differe tlated H G3 are identified b arl the exp ion level
of eacr% gene ar%:f:’c;‘(r%r%teln %&ve{e%xﬁygég % poo 3%%%entlated

SRECHSIGEE IR FF LG Uifieteh R iniy Eﬁ?gé’éﬁn level of genes
{apRifeRIStelTs FihaTeHfeErotR Vel PretcantefSas fivet, fell
cdifferentiated: HEC amoder dtety iffé reatiatednl CC, Bk pootl\prong
ndifferentiated HGE-can ire analyzed and sletiested bynknowand banethods

1 pf statistical analyses; inall experdments for. cumparingdhefxpression
level of gegeé %nd/or roteins betw en tw&ggadeg selec(t:%g1 fror&go LI,

2 I <) e pat —CANCeXrous ver e
}(%1 Ef and t e?o lowin roce ures are taken.

liver that have been infected with HCV (Ll) 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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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 are selected.
This selection results in certain number of genes and/or proteins. Then,
the 25 discriminatory ability of each gene and/or protein to discriminate
WBMEREL, LI from GI, GI from G2, and G2 from G3 FEGM&HIHER by the
Fisher ratio. The Fisher ratio for a gene jis given by F (j) = (P Z(A) -,~;
(B)) 2 6;(A)+al(B) 30 where jl (i) is the sample mean of the expression
level of gene j for the samples in Grade i, and 5 (i) is the sample variance
a&ﬁw&%%ﬁ?ééiﬁbr?%w‘g‘é%eﬁfd?%e@&ﬁnp}@ ihGradéied WO
cPOBAI09Q1 63P ST IPZ003/064438 0 the'sepond stel cthersetected
bgéresrafid/oiinoteins ase«ankad ik the ordet ofderreasing svaganitude of
tiecfisher. ration A sandorghermutation tgstis-alse pesormed to
«deterraine: A the nymber.of genes.anglorrateins 1 def e%rlﬂ ed
sAliereniatian arads of HEC. 1 fhe petuiafign test, sample, jabels are
randomly permuted between two_grades to be compa\redY,1 antth&¥Eisher
CFANS For&arh g ERR RSP pl6tER iS Bt cBRFUREPRISEETE™M
bpelitftatioh ‘GFsaniplerrbels idrépreradirr9d080%ihess Wise Fisher ratios
{geneFated from the actual data are assigned Ps based on the distribution
of the Fisher ratios from randomized data. From the distribution of the

Fisher pratias-based on the randonized:data, dhe genesandigr proteins
ohatare dgfeg&agqggeggégay§9g9','v§4%u@§g@gg@ fwo 1> gfa%%ﬁfy the

random permutation test are selecte .More,partlélusla?ﬁ/‘f? é genés and/or
R SO E S O By I o= Lo
IpErfitatibH-fEsthénfanth e fioY grides hrédeseisttdd ARG these
ngplesie P§entatdntiionr broteins <0 gelresahdipprotesns hadmng the
chigheshBisher2frationinieaeh edmpatserdaiweenioR-CcaerseYs liver
tfbQ)rand= prezcanseresdiver (L), pre-canceruedivand b angwel
pHifferentiated HGC,(G1), well differentiated HCC (G1) and moderately

differeptia %d ECC G émoderatel ifferentiated HCC (G2) and poorly
differentiated &:%‘ch Bte HiRher o5 cele Rt oHRE &Bﬂii& Bt <klected

SHRY GRREY atftor pofirke i disfiiotifr foh-eancsrug RS B)Fom
19 rascdnearsusvivebe(lathiprecaneets astiverii wdtorrwetbdifferentiated
r#G 030 {G ), welldiffetestinted -HOC (Gl rfromaneserately.difterentiated
pHCEatc2omoderalely difeeentiated HCC(E2) fram poorly.differentiated
=HGL(GR) Ibvedled by e eigimun digiBoce classiler andine ...
d?s?é%%%%@f'@% map, (5014). The minimum Ql/stance classifier 1s designed
Vv oL eac 2ng a or Drofein fto ..
using the 035 <'and/or protéins selected fi each trafisition stage.

, ene pr
SRS TBRBREEsith ?e??éfi Sfeath géﬂ’é §hdl/Gpfdtein §é nérRafizedier

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 ﬁgﬁ) is the sample mean of the expression level of gene

J for the samples in Grade I, and 5?@) is the sanmple variance

of the expression level of gene 7 for the samples in Grade 1.
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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 assigned to the grade of the nearest mean vector. The
minimum distance 5 classifier that is created with the selected 40 genes
and/or proteins in each transition stage is also used to predict the
YirteteRtiufion grade of HCC samples whose differentigtiof *Yrad83s not
determined. To diagnose the differentiation grade of HCCs, using "J(A)
and &,(B) previously described, the 10 sample mean k1 of the mixture
consisting of Grades A and B on a gene j is obtained by ~J = NANANI u;
(A)+NANBNB ,u.(B) where N, is the number of samples from Grade i.
Next, then samplecradancend, oidheixtwé gensistmg 6f-Grades:Aand
A5 Bondthe gened is abtainediby:6/aN i ViR dohenk)a AN E BeB)+N

Mt\k N 1.%%) BN NAR Using and ¢, fand M.ae defined by, dT 1 -
O 1 6 y%#l) Thenb%esq%mp e X Js normali ized by T X=X})

11 Wumg0047 90163 PC 11JP2603/004458 where X is the normalized
SHHPIE UMY tReTRBAR A2 86C samiples We@ﬁﬁﬁﬁé%é%ﬁ%eé%’%? each
R iE ThaiRter i RRETRIGRRIT GRIaNER SRasificre thie <eue ?alue is
TompiredibyE T jdiIxEg2aeAlh 1dsesuR N /F2( 2y ity 2tiikl 293X YEG]
dERpEBE) Trx(sGhddr dieztizdn B4 CQmpne 1KB2 1) sld=$e# €3 112
sing foue minimure distanceclassifiees: dheclifferentiation: 10 gf@ﬂg of
HCCscanbe 9@939@&%1@%@@'lamz(i),;éﬂ%n@hzt% %@9&@ s lagsified
«L%%Gréan OL}%@W 2 <0 % Q],h )<0 §g t}(. rmallzed
samp 6 TS assﬁle% into Gra (L f;ﬁ Ef% <0 an &F4( x)<0.
%%ﬁ?ﬁ?ﬁ%‘?ﬂw&ﬁz&ﬁ%é?ﬁﬁ%“%&& feSfedhrAerst ea’"é‘f f ?@E’@m
tp'@(g()ggge %@@% ‘q:g(;g}z@tatistlcaliy 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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MR&tHGEY Snd application to hematopoietic differentiatio .

(iv) A normalized sample i is classified into Grade G2 if fi(2)>0, T2(,5F)>0,
T3(r)>0 and Ta(x)<0. (v) A normalized sample x is classified into Grade
G3 20if Z(x)>0, T2(x")>0, T3(i)>0 and T4(.i))>0O. The SOM is a neural
network algorithm widely used for clustering and is well known as an
efficient tool for the visualization of multidimensional data (Tamayo, P. et

al. 25 Interpreting patterns of gene expression with self-organizing maps:
ey

Acad. Sci. U.S.A. 96, 2907-2912 (1999) and Sultan, M. et al. Binary
tree-structured vector quantization approach to clustering and visualizing
1‘nawni;:rozarrayéﬂglata, Bioinformatics 30 Suppl 1, S111-5119 (2002)). The SOM
with ail the selectsd Ao 'gEHeS BRu/oT Pid fetrs Te T 4Fied it 82E8Hag to
& B0 FGERT LAY Rr3 Wit Hid SOMr® ofox avediabiéirtthe web
Lgfere9 Ve R00%/090 E6IIPEHIP2008/004458sanple is assigned
Hitphanmadeis: iut fidpsejesisfsamtoclboxh K ohonren; 2001 Eagh.set of
dfossgenes angfon preteinsahose expression. is significantly aliered
SRS AROP AT BRTLEANENE LIRS BERCTa
Jiver (L), f;folf?l d%re-%%gce%iqklgeg élr_nlago well di ?erentl ted Ht . &i),
from we differentiated HCC (G1)°0 %o&e%?&@%iﬁﬁéﬁﬁ%’?&dﬁé@ (G2),
FrOT mdASTately UiFrYERtialS HEEWES2516 PodAy-emférsitaedadeC
LS 3dsused lordiagnesing, hegasle, ol hepaocareinogenesis of HCC,
and also for screening anti-canéer agents that are used for the tréatment
S%Ll CC in each grade. Each set of forty genes and/or proteins whose
EXpression: i§‘€i§r§ifﬁ§h%ﬂ&}%%%ocﬂﬁﬁﬁ’ﬂﬁ@t%§°ﬁ%‘?‘?ﬁo¥rﬁ@5 B on
angBsgancearous,iver, (0) fo pre-cancerous liver (Li), from pre-cancerous
liver (Iﬂ to well differentiated HCC (G1), from well differentiated HCC
i(&l?};te-‘imedg(mel ptiged HCC (G2), from moderately
difféferitired HCCN(G‘Z‘S'T to poorly differentiated HCC (G3) is expressed in
“Baeterfh, dakabotivpbaelt anthcklisfréecsystems: Agents:that affect the
S%cg(esggqg aggéornwn%ti%g of the genes and/or proteins are screened by
monitoring the expression SntrsF AaRcliBhS “NibhotIshaf difodiesdgainst
sthe preteins,are;alsp aised and, ysed for treating HCC in different grades.
As monoclonal 25 antibodies, whole mouse monoclonal antibodies,
&l;limanized ntibodies, chimeric apztibodiqskﬁipglg chain antitg dies,
divaenigIngle Chail Gritibsiles; BB shepifict Aftibadies §an be
raised against the purified proteins, and tHey afe used for diagnosing the
5 rade of HCC and the treatment 30 thereof. A kit to examine the
expredeion Bt the géndSAnd/dtprotsinkse &%o created. The kit consists
of the components including reagents for an RNA extraction, enzymes for
Asyidthésis-35:8f cDNA and cRNA, DNA chips, oligonucleotide chips,
protein chips, probes and primers for the genes, DNA fragments of
r1 y
A

¢

=ty
It
s

Then, & sample x is normalized by

F=V'{x-2)

i1
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13 WO 2004/090163 PCT(JP2003/004458 control genes, and antibodies
to the proteins. The components of the kit are easily available from the
market. Brief Description of the Drawings 5 Fig. 1 illustrates color displays
of the expression of 152 genes whose expression was significantly
altered during the transition from LO to L1 (a) , 191 genes whose
?ressmn was significantly altered during the transition from LI to G1 (b),
O ai%e%vhose expression was significantly altered dafffg¥Ha% e
transition from Gi to G2 (c) , and 40 genes whose expression was
significantly altered during the transition from G2 to G3 (d). Panels e, f, g,
and h illustrate expression of the selected 40 genes in each transition
YBEiGe h alith&ramprE Bx5esEioR 16f the Seidted 0 JERRE WHISe
saRptessiGhassibhifiean e A5 Al ¢ Thic A6 trarf&ifisATrom EO to L1
the) rfromull th Sk, HomsGite G2y sanddromiG2 to GBxih)tisshown.
vfhe selected 40 genes in each transition stage discriminate samples
before and after the transition. Genes are shown in decreasing order of
Tie Fidherzdiio bfid dzelindicated by GenBank accession 20 numbers.
The name of each sample is indicated on top of each photo (e-h) ; NL-64,
7NEy6bx Nj; 668, Nlr67: NE-68, NL-69, IL-49, IL-58, IL-59, IL-60, IL-62,
G1-26T, Gl 42T GI-85T, G1-86T, G1-87T, G1-147T, G1-165T, G2-1T,
72%21 C ? ﬁrz 10T, G2-12T, G2-16T, 25 G2-18T, G2-20T,
5 602 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,
TP 80762607 G2%0T, G2-151T, G2-155T, G2-161T, G2-162T,
GZ 16371, GZ 171T 2-182T, G3-19T, G3-21T, G3-3
o8 T 41T o tnd S0 oL P cach
IHRte @lﬁﬁ%ﬁt&&%ﬁﬁwéﬁ?mﬁeﬁﬁﬁhﬁ 19K%he case of panel e,
MlSS%GWQES%@WQ%ZﬁLE?W@f iEBronéetiFrafe §6nce 1",
U19765, RE6503, AL046394, TKBDOY886:P 1080489, AF012086,
(A P3D43MI10828 59234 5 D £6444s S5 XO2 76l AECRIS8SE, A1400326,
AlSGng} §5L§g772~[2§g,953 ﬁlfgS&?ngdAﬂ:QQﬂ@ J03909, Z69043

0080, |\4631 59 FO 7145, 14 WO 20g41§90
‘Bé JB%‘B%WJ% )iU%é %%”dz? g\f@ X Kr21186,
D32179, KlLﬁ)zi%s F102803, from the

(45p. In BEasE 6 ﬁéﬁéFF ﬂggzzia%aﬂé?@zlg}ﬁwmeo%%587
U120227AB055376(#r98527,RB2833r 4834605 AF052113, H68340,
(3110943-M:b3485, bebif DI 4%, 025445 1403811224728, UR2961,

M62403, 135878, HEA014, PAOP5630nk518977»013891, 1163175,
AB023157, U20982, 1114058, AL049650, U61232, A1991040, U64444,

D63997, X55503, ALO80181 X76228, ABOl 444 U 0660
U1032%5SRIHHE BT tRe Raeibf o qu‘%fbﬁgﬁ X158

< JESPsERd, %L%?@B@’eéégwll@i%%%%%ﬁ*‘z 96736% ARB83502,
v 1997935 - AF0BE2 58 L ABTOPA4 7912107985, (W28281, FLOPY35! Y00281,
1828518t Aol P4033:AART 5808 e k2 030 0D 320505 4163543 n AFDEA 398,
mgio@%ﬂéﬁ%ﬁé' e@%ﬂf‘gg%n 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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AB014569, 1123115, D38521, X00351, L11672, X82834, ABO07963,
U76247, X68560, AB015344, AB018327, AF004430, D14697, AB028449,
15 from the top. in the case of panel h, AA976838, 211793, AB002311,
Y18004, AL031230, AF002697, ABO14596, U49897, AF070570,
1180482, A1263099, U22961, 224725, U77594, L34081, 1188458,
U68723, X92098, D10040, AB023194, AF001903, X96752, AB006202,
WA 840815312711, D14662, 587759, 248199, AFO883TYARHYTE3,
D31767, 20 ABO00095, AB006782, 1121186, AB002312, U44772,
A1541308, 249107, U77735, 1138449, from the top. Fig. 2 illustrates the
validation of the selected 40 genes in each transition stage to distinguish
hifi@ Hiferen fatohtGrade B2 BHHEC O 8atPFAn ST m £0914 LI (a)
from L1 to Gl (b) , From Gl to G2 (c), and from G2 to G3 (d), the minimum
distanca: «classifier was conpsucied/withrthe samplesin eonsecttive two
s diffgrentiation gradescas dndicatedbyrberechbat (ainingw30 samples),
nQQQc‘é’@é@%BQQeP&%WeE@W Rles,inthe remajning sdifferentiation-grades as

indicated by the black bar (test_samples) . The resulting sifigr
PEfassified t Uéstééfrgémh@s(t\?vi‘fﬁ%?e gcéﬁr?cy of 9% ( 1))%92i %d(ﬁi: 84%
the

ey, SieF $oRRh Y3 ﬁ?g.(gli?lu*s?rgfedseﬁ?e TS AR SIS Dy
(68If-orpmmizirng tapebo PHTARRthR BT nE GeriEd WigsEt Wo
1206410890:68P ET/IPIZR0 60458 foxprissionchn§de duRkg the
nipnsition freryeeascanceraus , liver(lOydoqere-caneendus liver (LI), from

=Rre-cancerous diver () fouell difereptiated HELa {iadnt femuoelin
egict{,f:repgicgted HCC (G1) to moderately differentiated HCC (G2) 5 and from
Modérately differentiated HCC ‘(623 j,to poorly differentiated HCG (&3).
Fig. Sa%ﬁﬁﬁt?gfégfcﬁ?sﬁ?'sgb?}t o Samnples (Table 1. Each cell in the SOM
igrigicBrEspRtdy 16 bHFERistEr e VR ctofS B htfghbofig cells are
nasuelydecated Cluse tdiéachol0stheantar s ind&Rdf the! celf To8ated at
pirethfavsangki-threolymn. MNLwXX, samplesfromtebianceroustiver
MAhQUEHC W -Rfetians €L0)s 1) -XX nsasalesivom HOYeifested Hec
B SRS RIS b Gl samplesdromupel dfssentipied HOC
); GIZ-XXT, IS.sa elgs frorg mggseraée%dgg%regglaated U}&%%
RCRD v g %E(f:gm maderately ﬁﬁerentlateé HCT &% The map
cshdtus RS (e- SR s B ERT formEa™ Sidiidtd TtETinthe order of LO,
ekb @R G ad(33. GRsaATle3ivitho RS I BIVERERE (bludT8tters)
sate toedtes; desea to Ghsamples:gne 20. G2 saddplestwithtvessel
Mnvolvemant (red ietiers) ake Jeeated wlosedn:G samplesa Figd3ng
ui"33”@%@84@&9E&angséoq%%g@@ea@m%@g chistermdinon s index of
t%e, ce 'Jocate('g t m-th row %r;% rigqlgflunltrll.bg A Qe %%5&9@@ cells
RGeS Re |§aftaené?egﬁe?wléen ﬁ1e neig‘_ﬁborln c,us’ters;,g red color
RS NG BEERLE. ﬁ*ﬁet%%ansﬁﬁ%%eus(éa%%@%%e%ﬁly%now that
dieehenttrorbaschain 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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(non-cancerous and pre-cancerous) liver samples and HCC samples are
relatively far apart in all the selected 40 genes. 30 Table 1 illustrates
clusters of samples profiled to LO, LI, G1, G2, and G3 as shown in Fig.
3a. Table 2 illustrates clinicopathologic factors of the HCC used in the
present invention. 35 Table 3 illustrates top-40 discriminatory genes in LO
and LI. Table 4 illustrates top-40 discriminatory genes in LI and G1. 16
WREBEWA7990163 PCT/IP20031004458 Table 5 illustiatd8 6246
discriminatory genes in Cl and G2. 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
fer ide htifrratfonzaddensetoidgenescarief arrordins thBtcaperdifferaitty
cgxpiessed irnorcarcerousiliver; prescancesous fiver,. well differentiated
ACC, moderately differentiated HCC, and poorly differentiated HCC. 10

Blgeg%lrbgg@yp{ggrprgemén]\_gggl,yggg\glll be specifically described using
ple§¥how Ver, | é)% f0, De con rued as bein Il@l %gthereto

sirates z’:o la
rep aration 0 u% A Tis: tlssues 15 %rfe patlents und%rwent

Wé}lﬁ’tsgﬁ?cﬁf{ff’é%ﬁ%é’ﬁt I HEE S %ﬁﬁa&cﬁ@ﬁ%rgﬁﬁ&ﬁﬁﬁl between
URRE 199 aREPAUGLSC26B0  2WVrittéh IRFIRRSESRsEBRPTRES BPRalifed from
salipatiertsBefeid-csurhens Thetstudy protddonwaagpgrovedbyithe
slnsiitionab Review-Bopsd for=the ddse pfddumaniSebecta:at thethe
t¥amaguchis20:-University Gghoghefdvledicine.Adkefdhe. R0 patientswere
Seranqsitiye; tor, HGV.angbody (HCVAD), and.seronegative Jog shepatitis B
iy surface antl r'!n(HBsA%) Ahlstc‘)é)atholoalcq,l qlagsn Sis of#ﬂ%c was

ane ra 551

§e in alfcéqée gﬁer surgery. This™ opa ological xaminatio

g§ﬁ8ﬁ/éﬂ‘t‘ﬁ%‘f SEVBRTHATARLS HRF 2B et difre réfRtsd HESPEE 88 had
ofdderatehediftdr diitigrnt HED 16 Jxrand therremaimibgréibitadd poorly
adifiereatiatethH € (G8)sClinmwoFathologiccfactots)wefedetermimed

(@scording ta. the dntergational Waion egaipst Camgen I NiWuclassifigation.

sEishers exagtiest sudents tiest: ahd MapreWbitney s L. 30 Jest were
be@gg_ Egoa eéuc ate tge %ﬁerencces in Imu:opatho% quc chaéacterlstlcs
°3"gra es, CIOS6b5 Was consféereéL

°§f§“rﬁf%’5ﬁ?§§ﬁ§’8ﬁ ERRER AR ?ﬁ%r‘%&h‘ﬁﬁ%‘%‘%@r@%ﬁ%ﬁ%ﬂﬁﬁﬁ? 0S
np&tents who underwent hepatic resection for benign or 35 metastatic liver
Tiumoiss afickeonfirmed«dd have histotdgioathyr rdreradiivérs.<T ieyiwere all
nseranegatye, forboth MBSAQ mnds s, V@2 004/090163-58, 1159,
TPG/3R2003/004458, HOMAB, FiveddEVainfegteddivarsanples,were also
c r(-i%arled CEFO% th&ng@ ttgyogﬁus&reéals oéglngogatlggt y}flth %C%ZAII five
iver Samples were histopatho r{glcally dlagnosed as c ronic epatltls or

Chver Cinfrodt8 mfSiTed cohsent inSritinty Was2 8%, G2-29T. G2~

G2-34T, G2-37T, G2-43T, G2-457T, G2-46T, G2-497T, 52-58T, G2-59T,
G2-60T, G2-62T, G2-897, G2-50T, G2-105T, GZ-151iT, G2-155T,
G2-161T, GZ-1627, G2~1637, G2-171T, G2-1827, G3~187, &G3-21T7,
53-25T, G3-35T, G3~80T, 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,
ABOO7886, ALOS0139, AE‘OEZDBG, AT53543%, M19B2B, 82315, D76444,
X02761, RFCO185L, AT400326, AT362017, L13977, D32053, AF038362,
ALO0B726, J03909, 269043, ALGBOOEBD, M631238, LOR1E9, AFG1T7115,
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5 obtained from all patients before surgery. Example 2. Clinicopathologic
characteristics of HCCs Histological examinations showed that, among
the 50 HCV-associated HCCS enrolled in this study, seven were well i0
differentiated HCC (G1), 35 were moderately differentiated HCC (G2),
and the remaining eight were poorly differentiated HCC (G3) (Table 2).
The tumor size of G2 and G3 HCCs was significantly larger than that of
VYO R@HED.0007 and p=0.028, respectively, by MaFfrFHItREE 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
Midfeiice 3 pEER06640y Rishvdsoéxactestp & Thus edch aypezat &1, G2,
s &3 HECS enreliedsin, thisstrdy:shewed 20Cchakracteristios: case
sopespondipgsto dedifferentiation ke s , tHmeisize; metastatic-petential,
Qpdumarsiage 9&990%%@1'%@'@ MOBQ@OLQ% %evolutlon
rgs gﬂy heﬁit‘?cel gr carcélqg% %IogM 662 43 45 200 84011
163 faction of th A on ssUey é’leCe% Sf the tidstied -

35 %ﬁ?i)7wé?é3§l?§peﬁééﬂ7lﬁ TREESEYLifFethholBgiise
@aﬁﬂé¥§bdﬁ§}2ﬁ3A,P@3?dI@@0Né{6 15596 T0ESPAr S&passl-RMMAINGcalai
Aesanie, Kpolsl3aparys Catalopbien 306:535pantt-bortegenizedriwice with a
Relyteon 3 Kingmatizas Ljttaue Switzerapd) £2 see at saaximpum speed).
wifes :@%‘E‘Qﬁh?f C&H%%“QV%H%% fissues homogenaleswergs centrfuged at

5,000 us nt were
Nilg Iggte )‘%gﬁotg ce’ﬁglfbr R’Nf&% %‘1 rec |t§%sed v%?[céjlg%% %%qlﬁ%ﬁ
iAChbol BAED i F0o 36 SR v F AT Ao Ry DS bEAfad water
et Shdchiféfigiés, ?ﬁ&lﬁéérs&w%SAP@&F&%@g&%?%@Bf@@WB?%S WO
ZOO4/0904 63 PCHHIPZDDR/6644582 AftaF tfeated Wit 4553 uRRBZsiPNase |

tdfe thechnologiesh«Gaithershugs USAv(Satxog N1 180680153 :the .
R 2!\/8@3;6@1%&%3%%'0\@/@9@”8.&%@&5%0@49@7 pracipiiated withy @thanol,

ddssoNsA R DERCrmatesyaler. Tetealterdysmal maeatlar |
e B e W

SRt Pﬁ’éﬁuais %ﬂ%ﬁlty otthd%otdF ‘F@Iﬁ%\lﬁ/as%ﬁﬁﬁc? fromcthératio of
A28E04AH 1 BB AiboSomE IRRA aREPddaroSé4jel’eléctréphotesis SThe.
purified tetakRNAsvas steeedod0 at -80 C in 70% ethanol solution until

use. Example 4. Syr-thesis of eDNA and labeled cRNA probes cDNA was

)5“”&%%%@&%9%%@&51@ &%&%&?%&Ph&h%«e System %é ss in
Technolog|es Galthers urg, ms%a qgﬁlS No. 18090-019) accordlng

SAC ran 't:l ferentiat :L.O
t%) {he manu ac urerﬁg II’]S?I‘UCF anua Ive mlcrograrﬁ“s 0 e purlfled

°ftAFRNA were hybridized with oligo-dT primers (Sawady Technology,
Irokgen Japrardthen cémainegt] sedueriees foranelT 7epréindter.aidor00
aunits af2SyperSenipth rewesse trarscriptasecardrnaidated att2 42 C for 1

chEsEhesesuting sNAwassextractett Wiyl es 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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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
wriptagptste (ATP) and guanosine triphosphate (GTPLBE2S/MFeach 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
fopGhe iMonorudedtites. andcskotteliginuckeatides weresemaved by
GeMN chy omategt aphyceRCHROMA SRIN, + 87 190 calaRons
i%O@N&EP%P@é%'&é? : bngiaﬁg&g Ao K3302-2handdhe 35 CRNA in
n ing,e uali was
ﬁugfg% %d%ﬁgg Fi:% of t§he CRNA a%ar g%ggosg ? %\% é%%j@mes
IBBIFSI00EAeY Gal e ropRoresiEc ThE AU PERNK was stored
GEERT e §haAe% BitrariBP Solution until use. Example 5. Gene expression
Fimalysis b HOCrntdiffarbritSrdiffeteptiativmgiade Gebéedpression of
Hagnare pLimary:iemans feam glionra spatieats was.examisned by The

Righodensity sligonuclegtide 1micraagias (VIR arraY - AfiimelTds Santa
Llaya, USA, Catalog No. 510137) (Lipshutz, R.L. et al. High density

Hyntl]etlc 1(9 oI| cleo q]e Larrays, N%h %Qet 21, %%64}1(19%%& For
ec

brldlzatlon W onuc eotuTes on Ips, Yhe c

- Nﬁaé%eﬁ?é‘é’Ia?%é’"@%‘i‘%“s“?ﬁﬁfﬁFSuSuﬁer%’bﬁth%?n‘ét4%cﬁ1&P%‘F@t%%‘i’gma

(8P iodis TS AS TRIAS g N FIEOIPIRcE e deid (Phaies r ©8akav3apan,
(Chtal 6§ NET0 BAO0256) (pi 1) cLGT smkh pbtassi Bec 1 & ace e iWako,
saigakes Japan roatalog: No.dl60-03%25)+amnd:30 mdi ; magnesitm acetate
s(a\ﬁ%@s Q%&gmémf&%@f?ﬂfu&m&%&m% F{lagmlzaﬂon lvvas
IQ a nu % (0] glagrln )T orp 1IN0
ég]s%%gn?c%ﬁ: ME§ l{;§|gr§ lgu% U%d,i “Catdlog %1 3885

l(b B 97 EMPRALH a%na&aha. %o%é R, R GO Co o R
IO D164 6y SRy (10F %éﬁﬁ?ﬁéﬁy?é?ﬁé‘—r waksaoribka a¥8pan,
GE atadug ¥ ov 116811868, 120 Pg Hreerng Spdrhe=DiA {Pronsegas Madison,
cliksA, tcatalog=Np1 &481B), 100 pg acetylated bovine serum albumin

rélomg, Si:houls.dSArcatalog No. BAGRA), 10,0001 g 23 fiagmented
-$RNA,.and biotinylated-control oligonucleotides,

b|ot|n S' CTGAACGGTAGCATCTTGAC 3' (Sawa %technolo$ Tokyo,
3095 CHSP TS Rr ARSARES RN HE chigs Tt a BURSF “®ntaining

?b%f%)mE%f(ﬁh% BB NN  antle. OB G *p6 R BETEReLL O
netefiphebyt cthes buffor, dredhips were8tsincibated iwitatbietinytated

rantestreptavidieanteody -k urialkoshi, siekyahdapa calalogdeus
(BAD5Q0)-angstainedwith .- streptayidingR ngg%ﬂt@gimﬂ}ﬂq&@@ulw
55’158935» Fugene, Ys4y, Gatalog No., 3-866).tp increase hypyridization

signals as described in the instruction manual (Affymetrix, Santa Clara,

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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35 USA). Each pixel level was collected with laser scanner (Affymetrix,
Santa Clara, USA) and levels of the expression of 20 WO 20041090163
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
of approximately 11,000 genes in the human primary 5 tumors of glioma
WoRAE I WS determined. Example 6. Statistical analy&id Gfthigi4+s
oligonucceotide microarray data Genes with average differences greater
than 40 10 (arbitrary units by Affymetrix) in all the 50 HCC samples and
the 11 non-tumorous (non-cancerous and pre-cancerous) liver samples
Tajere SeldctedtTHisplovediréyiekiad 3550 yerasvar lapptdidmately
T253R00. Nexis theteishenratiodiasdeteratined hnakaiiNGOka M3,
Yamada-Okabe, H., Mori, N., Tamesa, T., 15 Okada, T., Takemoto, T.

512000k Ao-Ramada, Ko NakayamaeH oMiyamoto, T, Uchimura, S.,
“and Hamamor: W‘@g—“cm PIIFRMSOn QLOSNe SXRlession profies betwegn
hepatitis B VIrus- _armg hepatitis_ C virus-infecte ?19 atoceﬁ)u,lar carcinoma
%ﬂfbéﬁac’r%ﬁ‘d‘éﬁrﬁ?c%%?r%dd‘éﬁﬁ BasER Bh A SUpERIEF i@ ity
aEfothbtE ©afEeY 2OFRES TS, 3939239487 and %o, J. , Duggan, D.J.
prEfrem g roiSadvageotvdL IENIAGe M Bitth e CM. LacTrant; ., and
disemcs M B &Human psastate-cancer and-benign prostatic hyperplasia:
moleculat dissestion by-gens-expression:pealding,: Gameer Res. 61,

§9§§fé!§§§z %&J&%&%@ﬁ%@%ﬁ&%@s BAs2vdisciminators of LO
romL1, L1 oam %1119' Eromt g a}gd Gt2 from G3. The above 3,559

5
be constirue imited therelto.. . .
genes'were rankedin the Order of deecreasmg magnitude of the Fisher

ratio. A random permutation test was also performed to determine the
Engmnber &f gRrrreredefineiheaferekiiitith grade of HCC. The random
30 permigatiopetesinvas:cdmiedautasgescribedarexnousty diZuka, N.,
yEeRy M amaes: Qlales g1V e e oA amesas T an@kadas 1 2 obakemoto,
e beumen
| X il W
“REPRiG £ R L SAe PP 1 UL et heptocalar
ResrShoa 1y Sﬁg'oﬁ%a&%ﬁdaf HiEPBAr A St bakedBR 4 WiRitied
Ulearemsg Wefbe ocCaifcdle 2T iwe 200141 090163 PE TATR2D03(064458
s ResdG2,t398943044(R 002 andv UELIAPD uggasebodegChen, ¥or,
nSsMageot JiEWHgredM aBitther, ibkigTrent hd Mondolsaaes, \W.B.
gHumaniprastate-capcer,and henign prostatic, Ayperplasia:molegular
nd'%secuﬁ?”o 9% e %é%sﬂﬁ“o%r%ﬁﬂg&%@5t%ag cerRes, 6l 4683:1688
%f 8?5"). n thé test, sample abels were randoml permuted between two
VBT RS BETORRLANY, Artl 118 FRNEPR 157 LACR BT WAL Sain
HeBnptite PThid fafriGihn et mtiatici 8 froanplefabats Was Fepedied 1,000
{ies. Thie: iEishetirativsigaireraied frons thetactualdhtrwerditieno
rassigned-A9:-Pshased:on the-distributianaf theiFishestatios fram.
Fisher's exact test, Student’s £t test, and Mann-Whitney's U
test wers 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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randomized data. From the distribution of the Fisher ratios based on the
randomized data, all of the genes that could pass the random
permutation test (P< 0.005) were selected. This procedure was
performed in all experiments for the comparison 15 of two grades. As a
result, 152 genes with the Fisher ratios higher than 4.90 were statistically
significant discriminators between LO and L1. Likewise, 191 genes with
WheRIEES ratios  higher than 4.08 to discriminate LI fESHERERGéhes
with the Fisher ratios higher than 1.52 to discriminate G1 from G2, and 20
40 genes with the Fisher ratios higher than 1.34 to discriminate G2 from -
G3, were identified. Example 7. Selection of genes whose expression
ECUHelatEy with Ve iffarentitidivgradepf BHOG: 25 With oligbavefebtide array
rdatapehangesinthe-gene exqressienidurngaiogeaesisie. £ ikem
18p8:canceraysivar (LO)Ip.HEY dptfegted, pre-cancerausdiver:g=tk-and
n{0I 4,4 Joo well Alfeentipled Ot (G and duding dedifierenyiian of
%ﬁ Cn(aGl ttoognaz agd %gitgrgg)bvg%geag@ngeg. The Sl_Jperwsed 30 learning
Réthod folicwed Dy B random permutation test identified 152 genes
whose expression level was significantly changed during the transition
Efrgmie0%o Clinirengtiel 199cgehpsach?rieieonre§uiittés] and 85 were
downregeiatedodarnghis itrahsition st sahee manney, 84 génes
2hese @xressiondb level was significantiy changes-during-thedransition
afror Ll 10 Gl AGE were ideniified-Amopgthe 494-genes; dpwere 22
(g\éP 2000/090163 PGT{3P20931004458, Lnrequiated and 96 were
ownregulated gurlng this transjtion. Fifty-four genes agopeared to be
(a?f?er@?%&ﬁy ekpredsSd " BEMeEF G LAk G2 ﬁ%&sﬂ%%d 4ffong them the
< oBH LSRN b 36 o S TRERAE T ERA BTA 6 88 BRhESOuaEE
rdeprebsedlduring e tiansitian oG4 ttb-G2T Forip getrasturied out to
vhesdifferentiadyexprassedbaterarnG2wand S 3HECsand ammnrg them
+Hhe exressior of & gepas. was inceased-anddhatof3Q geneswas
pigeisaseddutnghie Lanliopiom G2 f05%: 40 expraing aarfangance
of the genes se %%ed6%r1bea§(;_h th grade in hee% cogﬁngsgsaggq: o
REVARSPMERT SPHCC the inventors Spplied Gata of these Genes 1o all
o8 afApl&E A& rESUR AT GEE I BT thBsETgén e d&le sy ﬁgeach transition
chtageweis plasedonrierbidtanshioniedi IS Eransitorotl-G24ransition,
rantk €24 dsansition. psexarnple, dhe 18dcgenesdhatdigeriminate 15 LI
p{aB@lHGEraWd cleasldistinglish Rovtimerous:livars (LO and L1)
B HEGS (G, G2.a0.63) (Fig L), These sesults pgisste that altered

level of the selected genes plays central roles in determining each grade
of HCC pathogenesis. 20 Example 8. Genes whose expression changed

EXRIFRIG the tRATSRGH- 1M Shec e IiVEFTES) to pre-cancerous liver
(L1) Expesssioriotirostefifmiareteshbnsecreluteg gapasnded in
TrRigtabalisrreralatechgbnes: dranspartrelated gesas, @rotdolysis-related
1980e3:130d Qhengeresiszielatqdgenes Was 2% jneieasedsapghthat of
C&%%gi%qnﬁ’@@l@g)ggﬂgsh\e(ﬂégenized 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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decreased during the transition from LO to LI (Table 3). Immune
response-related genes include MHC class | family (HLA-A, -C, -E, and
-F) , MHC class Il family (ALA-DPBI and HLA-DRA), CD74, NK4, LILRBI,
FCGR3B, and IF130. 30 llpregulation of an interferon (IFN) inducible gene
such as IF13D may represent host defense against viral infection;
however, it should be noted that several IFN-related genes were
vdemmeased during dedifferentiation of G1 to G2 as meFrtinredino4ise
following section (see Example 10). 35 Metabolism-related genes include
KARS, ALDOA, ASAH, MPI, and GAPD. Increased levels of KARS and
ALDOA enhance protein 23 WO 20041090163 PCTIJP2003/004458
esynthesisand glycolysis; respectively e Upregutaton-ahdSAHMPS,
and:eARR-guaments-hiosinihesis of fatysacid, manngse,and
z%'ng {9&%%%%{§89§E%§'()/chﬁm%% r%@t@&g@@%@%@% VDACS,

ZRP, n 4 is responsible for eeffgctlve
SrRRSPort St néis'vf Whihesized polvp a‘%ldgs PTOX1 is areaﬁter'

Sff‘ah%ﬁﬁr’t%?% W%é‘éﬂ%?ﬁ?ﬁ?é%ﬁr%‘?s?bﬂ“8§ﬁ§&§’ attivtion 6fvarious
Mt dBalipatiNays, sesausehvary EnyhresitequifetédpprrioRias a
teofactondhkenzysmatic iactivits ti0Preteslysis-pekatet:gefestimcludelCST3
rRAG: Ll SRS riSHRw elyedhia vaseulas fosmation sticreasad:seasm level
b GISD.profein was,observed ) Litholic patenis whe may develop

re-can eroug‘p,,ep%th ogulgilq:_etg G.. ;hlumminello, F.M., Pizzolanti,
% ﬁn%affo G., Seoreaé?oM Rugégrl 1Im alhd 15 Gebbia, N. Cathepsm D

serum mass concentrations in patients with hepatocellular carcinoma

ExABRdRlider TMRBEREGE SO e nReEh. BISeheTRP88, 555-560
(1996)):bBhcogerasishretatnd denas incl vk MBB 2SRRSIS: RRS3,
chPod 55 anctiR PSR DA etletioris eheartnen epigenetcchange 20

N6, Many alignancies.dhus, LNA methylation.pattepns are.deterpiined by

m@nugfzng Rracesaes,of methdalion aad, demethition. Lpregulation
BD2 Wth inhipits <;{ranscr{rpn nfgom Lr)pethgc%te DNA, QI%S an

hr‘f:%%)dt‘az roletih FowhreguiBtion of tmor Suppressor SShes A

CRRARY | T QSWWﬁgth@ﬁ‘tﬁ%‘fﬁﬁtgPFeﬁ%% bé\ﬁ?f?@ ﬁraﬁﬁi‘?o%aao
urapseripfarersiords goh s sRBEE C1anaasishser eaddrngiestiarisition
afrofo lf@rta Lk ThetR B 1£2E11 projedithavnajexreguiatar of the tumor

-8UPPIess0s AaN-RBLgthereby: decreaseshlevels 8 RBICE L, camr-promote
(%B ogenesisyva, 30.decreased activity of RB1 Qf@&%'”o(ﬂ“i%m

V- mfecfed pre-cancero liver i characten
resSion &ﬁ%esfe S%s%%v%lcﬁ §su Sts tha %%%%OJFFQ tﬁ kit

h‘fﬁcaﬁ‘&ﬁﬁ@en@@ o%%ﬁ?é%ﬁﬁg iAo ARoh g genES whose
aéxpréégmmﬁéﬁg@n@éﬁﬁe%%f% trafisitich from LIORSEMHESE ifivolved
pin rateolysig.and oncogenesisiniay sérvé as molkeculardaryets fog
Tehemepseyention s24\We-204H0R0168nR G TAIRZ(0312004458) 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

i



10

i5

20

25

30

35

of HCV-associated HCC. Example 9. Genes whose expression changed
during the transition from pre-cancerous liver (LI) to well differentiated
HCC (G1) 5 Genes whose expression was altered during the transition
from LI to Gl include most oncogenesis-related genes, signal
transduction-related genes, transcription-related genes, transport-related
genes, detoxification-related genes, and immune response-related genes
WT 2lokey)5310 Oncogenesis-related genes such as BNFRBELFOB#4#AP,
and IGFBP3 that can induce apoptosis of some cancer cells and IGFBP4
that acts as an inhibitor of IGF-induced cell proliferation were
downregulated during the transition, indicating downregulation of these
ggenesdstalsehinpeitant fordheu AL psamation o hepatosareinegenssis.
iRrevipus-repert also.showeddhe deereased expression of IGFBP3 and
IGFBP4 in HCC compared with non-tumorous liver (Okabe, H., Satoh, S.,
Kato, T., Ki ahara 0. Yanagawaa R 5\,:L\Egac Y Ts oda T
EI§ur %awa an&’ﬁ’akamura YGERdme-wi analy5|s ofgene 20
d&ﬁ?&?&%ﬁﬁ%ﬁﬁn?ﬁﬁ“i‘?epatocellular carcinomas using cDNA microarray:
identifiE&tioneaPgenesinveivEdT VI BH M BAFE NBHRTIESIS EaT TR
rprogressions CaneénRe$6 i G237 (2004yanc.Belpdech, 0.,
ml 2Bk rd s, Casnod s euittand ki Breechol Cizand Ksamsdosh 4.
sidentifigation. ;.25 Wsing LDNA-magroaray analysis, of distinet gene

Expression profil SSOCi thologigal apd vi ical ures
Ef% %a%tgce%igr %%?%mogmg%dnvt\:&g%gg Qko % ? QQ%%@%@ %e'%te data

P EAHRELT e oA T RE SRS, HaS e Brat To RN arion o
fﬂ?é%‘@Wg’éh%é h%§%ﬁé§d918ch{ﬁﬁéalﬁ% %F&Fﬁf&r’éﬁt‘r‘&té@ HEES. MAF
(fursetion8tasiprégul &k fovadell (diffisreftidtion ~BREP3L dvddcdBadell
capepiosisatia IMHithitsgNactivity-ob BEBL2{dn 80me casesy expression of
aEORscemxio baassosiatad with apepietic call deatls, Thuss 30 mu

mg faylation .of FE%SﬁS f'&@agc%”e%ﬁa%k%é\t,%ﬂ 9! the frapsfeemation of

te aft HCV t nsd I ted
R Chh Lo CAMKKD, GRIFE: 2EWD 20,0 F10 80 L83 oot
OPC*F/EP%W%%%@%A‘F_@PPQ@HW%M {%B)RASGE‘“andSt

Lrakscriffffon Fetatel gEnedsikbpas PRAPT) ILR2MBRARL aid PMIEL were
tepregulated:duiagdhe transition from11B+0G 1. Othes signal
pUansductionrelated genes such asr GALM], RARL ArdEROBR:-aR¢ 5
NM%%%KM@? doyv g@g&%&% dng His transition., Rowneguiation of

ﬁOBE a%reflect dgcie%sgdﬂmrar_mgne response. / Alteratlon
ressmn nes THvoived in various sig naFtrans tction

{Bé?ﬁ\%ayé) m&??éﬁec Fhru&2pottditin W%ﬂgcﬁﬁe}enﬁﬁté@ HEC 4fising
oMM inftiernd piethnterbrd vt rFrarfsporestetdeetdents such
b astIBOE - ATREVHE ATOX T TGt BECRYeiwerechpragatatethand those
JSHER) %8 4E 32 Adang D XIS wverestionmreguiateskduring-the traisition
CH&!Q:LUJ_%% O Plsdhatbis anintracellulagceppertagspgrier was
ufg'ggﬁlrjiaeti?e{l(}) cotylphenyl 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 incresse hybridization signals as
dascribad in the instruction manual {(Affymetrix, Santa Clara,
USAY. Each pixel level was collected with laser scanner
{Affymetrix, Santa Clara, USA) and levels of the expression of
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15 during the transition from LO to LI, and it was further upregulated
during the transition from LI to Gl. Since an excessive copper is toxic or
even lethal to the hepatocytes, distinct expression of ATOX1 genes alters
intracellular copper ion concentrations, thereby promotes DNA damage
and cell' injury. 20 In fact, a recent study showed the preventive effect of
copper-chelating agents on tumor development in. the murine HCC
VieHdgiditinodel (Yoshii, J., Yoshiji, H., Kuriyama, S., KERRMIRES/00#458
Noguchi, R., Okuda, H., Tsujinoue, H., Nakatani, T., Kishida, H. , Nakae,
D., Gomez, D.E., De Lorenzo, M.S. , Tejera, 25 A.M., and Fukui, H. The
copper-chelating agent, trientine, suppresses tumor development and
cangicgenesisiintid shatihey heéhateeetiiiasearcinenia cedisgInt. J. Cancer.
Q4 468-4d 3v{2P 0k vRNA Jamagerand eeltinjars cansbe aygmented by
MM&QW%@Q&"@QQ” Qf @%@Hg@%@m %Q@n%gs@ngxperlments
e%gogggggyo& related genes,suieh %N{éﬁ&“&l@l&%&mh’%&a'\”m

GT B7 romoting the dedifferen |at|on of HCC. Using
f’ alurgnan Pel@ptor-T antbody, Calfaira et al. showed that the

number of lymphatic vessels was smaller in 35 HCC than in
Egenotimbrofsaiertisde s3utcas IRRreif osigtmbmectifeira, C.,
milassery&7 Mz Tomaso, E., Padera, T.P., 26 WO 2004/090163
PCTIJBERO3/Q044 38, Bayehek.rf ar banarays sudaaRtataingR.K. LYVE-1
%@M&%}%ﬁ%@é%&hi yegsels: expregsian informalhver Jhlood

%nUﬁmds an C,szn re ulation in humanrl}lger cglné:a{erca@du%erOsst
ancer R %nl 8079- 8§4 ?6691 “in the jwl9esent§|nvent|on expression

S%Fﬁ%?ﬁu‘ﬁ"é‘?e&ﬁ%%%%%la%&@e‘ﬁé?%%‘éﬁea‘él%%ﬁﬁﬁl Cr8, %Beﬁ_iiﬁt C8B,
CARPEIS VAR (GeEréAsBBdu Mty the ipahisitien frofi ¥as @efeiﬁ‘%lﬂré@ﬁng that
(Ehanges I mitra. elvirciamess 1V HEE dtcubMduringithe Teamesitiorfrom L1
otada). As repastedpraviousiygmanyzgenesescoding caraplement. 10
M@:Qazmee&t W@&%Me@ula@z@d%{a%m t@néumg@mgfl&eéatoh,
e mgé%n gﬁ&tﬁ %@ N %%agl%%aadzﬁl’ o 8N g%%LY ndT:?&%BQQ&

urukawa amura enome-wide analysis of gene

C oY prassio it m}émp R ot N yu%m“‘é’ %ﬁﬁ%\e%lél%array
mmﬁé’@ﬁoﬁa&ﬁg‘&&dlWoﬁé&%%%ﬁ%l%&ﬁé@eﬁ%%@én&w
Rprogp@ssiGn ¢ Cerfcer REX: 162n2129-21 37 §{2004) aRdJizuk&eN., Oka, M.,
sYaraaea:Okahesklindon, N., Tarmesa; Ty Okada-EntTakemqtosnki,
142090k A, Ramada.dqNakayama, bhaMivampetosbstighimura, S.,

%29 anl aam%cie\éa@ﬁli%%@%%@%rgﬁiﬁSe%i@é% sion profi F%EP?EWE gn 20

a'[l'[IS B Vg S- 436[}3 ﬂ:)atltlsdgl VIrus- mfe%e%a ega OCG| r carcinoma

(Salrgonucleotide mlcroarra Ao’ based 6 A sup envisSdIGRTRIRG
TR b oRes 6. 08039- 0 F2003), 52 e 1076 dres
Ly $8 expibssitichahged dirireg therfrarsitien flomvwelldifferenfiated
aHCEEAGAY immoderaiely whffaresiatatt HCEC (G2 Eenes whoseion
+EXPression was altesed AUnBgdBearmine 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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transition from Cl to G2 include IFN-related genes, cell 30 structure and
motility-related genes, transcription-related genes, and tumor suppressor
genes (Table 5). During transition from G1 to G2, the most prominent
genetic changes appeared to be downregulation of IFN-related genes
such as OAS2, STAT1, PSMEL1, ISGF3G, and PSMB9. Similar 35 genetic
changes were also observed in prostate cancer cells (Shou, J., Soriano,
wiR.2delepverd, S.W., Cunha, G.R., Williams, 27 WO 2604/09016345s
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.
Ad:S A2 995383052835, 623092).d INACES neteplv-asth an, anidirakagent but
s2l$0,83.4n apticaneer.ageny; however, cegain types.of HGG,do ok
Jreshond joJf N, Bawnfeaulation.of, the IEN-telated gepes cap atienuate
resporise pEf tumor ces 0 %ﬁl, suggesting t &t rési ance o‘T]HQC to IFN
PREPERBIARE RS IhE AT IR HonP IS P EHBHTtREVEN TBfted
Ce0¢enB8ss STATLAPPethEd f3Gliimes iFFotistosdiSHRITaldie of Gl
womG24CTalleSmuthilike 'othen genesref tretsapsectamilyie :STA Rkd
+hHEtiGAS AS:A {UMar SRPresser ¢Bsomberg: JrputAetivatian afaSddd
pRrofeins and growth Gantoh Bioessays-23,:101:16942004d) . The
rfigLestnoly, IEN, reatmentincieases STALL 15 exprasgion, i hepatocyte
as well as many IEN-related, ene% Radﬁa_eva,ws., Jtaru?a B., Hong, F.,
PRIt WHO AR S8 U4 ORT i8R, SPCLIG VS EFASSAT 0-%hd Gao, B.
rfitepetordafiiia activate SRuRpRESPATSRy s BT T dBhaT-reptiates
beddetdn ptimappherharihéprecylésP0-Gagroentehslogpapd pass
t££8260:1034 (2002)=tiprequationsef STAT int€G ebldings wasis
pebsened durngdifferentiation: indused:by-sadismn butyradefEungaW.C.
cand Ghuand. LYz Sodjum). putyrate gohanges STAJ diexpression i
nietab BLIB PepRiamacels and apdmants hell fesponsiveness o,
in eﬁ%ron-alpha, %r.@l, 75 Cancer g0, 70827 _ﬂ) (afb .,cﬁ1e ?acts,t at
bepepnidd apdnstriphidhal t8fyet 6f tRENESF hue ffidert 4ifop st &ffect
hoBIGEBRIYSpaYrelid A cTHrENE, R L NAHENE1S . RY Brtten WEA R Pattee,
FRghdwaaVipEhiaykHt; EhaRaberls € dl shrirandRosénfeldy RG.and
sidgntification of. STATH a4 Mmelecuas SoHatgetaf {GBBR-Bi there

cbragess @f chandragenesis; J; Biol. Chem. 277, 18860-18867 (2002)) and
that IGFBP3 is downregulated during the transition from LI to G1 strongly

suggest that decreased expression of STATI o_lurin%; the transition from

EEARSSG2 HRICTEtMARE BT R e SR TSR 5 BEE =38
drffesenpioninsliatedtené HRM16 that is involved in a variety of

biologivakpredeégsesdhehididg celkgrovdhz 2800230420004 632ne
=REHIR200340044 58 ~difterestiatian candpathpgenesis-aaatumes
(SHpPLESael-aane L EPa2lhat promotes cell proliferatiepsnere algo
waptegulated. during fhe drapsition from Gl 10 £22; Hrregulalteo of these
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

22



10

15

20

25

30

35

genes in G2 HCC may promote growth and invasion of tumor cells, 5
Example 11. Genes whose expression changed during the 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
WOGAB91tarned out to be upregulated during the transitionzivaie@2 to G3.
SPINTI is involved in regulation 15 of proteolytic activation of hepatocyte
growth factor (HGF) in injured tissues. Previously, Nagata at al. showed
that transduction of antisense SPINTI (HAI-1) inhibited the growth of
dauaan hepatoma celis: suggasting that SBHINTApiayS arxaapatiant role in
she-progression.Qf HeC-(Nagata . birang..2Q 5 1d0An-Kadagka, H ™
NOILGNL A 2B b oAl cho B0 s 50000 M pfSHianura,
N., an Tsubguc I, 11. EX ression of he%ato%yte grO\gtbjf_actor %(gltlevator
“Shd PepEtEETtE GoWih tattor AcTVATOr InHIbOr fyPs Lir Rutian
KepatdcatuIbF Carkindmd BiodemY BIGPR§s EREETBIxAGnP289, 25
DO EN {200 e HB AL S9! belgirp b adedtis faRtly thed indngohied in cell
tadhesiorscelbgroivttt regedatiens iflammatioapinthanonotiulatons
«ARORIOSIS-a8d Metasiasise Severatgalectinmate thought to be related to
cancer el adhesion. (hannesiapDifle, LORR R 1RMAS P cadgssup,
oiMs 30 Eykuda, M. Gabius, Hl., and Lotan, RyGargigembryonic,
antigen an(fot?)er glycoconjugates actpasrﬁgands for galectin-3 in human
BB FE ot BENS ARG REG. S8 3161-2160" (198e)y BNTES.a
2BEPD-FERIB I YEiTeS WES TR SGHATERBEHRP BS RIS & HIR Ffivhn G2
ito B3IBNIRSshhies 5640 @mingacid isequéhcéddertity WwithtBNIPSL. As
anertioped-ahove, expression: 29 We 120044090163 P 1020031604458

19f BNIP3L was decreaseddurng thestiansition, fiom kb {oGi. :Because
Ef epdusinsasananianopialicader dopiniaguialion oLBMESL and
BNIP3 promote§ onco ene&s, ff%ggltagfgcthee d%glléfser rétl%tlggﬁtog E}Hmor
LBEHS3S T MietShofisify and energy generation- Telated genes. were
ralsRPdovritestiaied BTG thErtdRsitiondn REARRAT Exptession of
PGRMCI encoding a liver-rich protein that binds to progesterone and
ERARRE §2 suasalgw ske ergased thiringsthesdraasiton:fro m-&ds i G
rRgeraased-axpiession et RARRKRES may-bahea the causative.of jpoor

response of G3 HCC.tq retingic agids, Example. 12, Galor digplay.of the

expression of ﬂ% ggle%tneeds genes in eqcc_hr}ti‘_rfnglt on stage Expression of

- MEE bﬁéﬁgrsﬂ"\ﬁ 0Se expression w%rsisfgglgm |caan?y dftéred during the

PFARRRIGH OO RS LITRRS - 137N 61 YETEE WiToSE Sh5ie SSDRWHE
isigrificantly atbreth dwing thesraaskiormirom 148 GE{FR).¥BY, 54 genes
awhesesed during the transition from L0 to L1 {Table 3).

Immune response-related genes Incliude 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, it should be noted that several IFN-related genes were
decreased during dedifferentiation of §1 to G2 as mentioned in
the following section {see Example 10}. .

Metabollsm~related genes include KARS, ALDOA, ASAH, MPI,
and GAPD. Increased levels of EARS and ALDOA enhance protein
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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 the samples in the two consecutive
differentiation grades. Fig. le-h indicate the expression of the selected 40
genes in each transition stage in all the 25 samples, Expression of the
veelseteadd genes whose expression was significantlycalteredxauing the
transition from LO to LI (Fig. ie), from L1 to Gl (Fig. If), from Gl to G2 (Fig.
lg), and from G2 to G3 (Fig, Ih) was also shown by color display. The
selected 40 genes in each transition stage discriminated 30 samples
heforaand afterthe,ransitiens Emg&ﬂ-&félﬁﬁudatmegm@%ee&ed 40

Aehes ip each.d r%ﬁl%g&@%é%@; I8 the differentiaiop.grade of
''CC 35 Ta vglld@te IS%{ E;ycgtlve perfc or ance of the selected 40 genes

heach mikimurh distance 30 WO 2004/090163

transitionr sta
e W 0000163
RaRsitiotrEthge TRECeEATeR THT SACIPHFARSHION, HreTaRTiNiuP BRtakce
classEierwasrodnstotidd svithatieXSabhsplesirpensecativectwer and
differestiationigrades asindisated byuthe red-haritraining Srsamples) ,
dwas apaliedde-the samples-pthe remainiag,, differentiation.grages as

Andicated by the Q%Q% (%sg&gggples) (Fig. 2) . The resulting classifier
classified the fest samgles with the accur of 92% %F . 2a) , 98% (Fig.

2b), 8458 (FlaY585 & et 10055 (9. 247 il xgmpl"‘é Halygg the
Js“‘eﬁ“b‘f@h rfg“rffé‘ﬁc(‘g@ﬁ/l)fa@@ﬁﬂ'ﬂﬁ of tHE*FETES \FRESE é)‘?b’@sﬁg
EfBrigfechdiming T sransitdcn forrhrdncanterads ey feOYeyelop
pre-cancerous verafli); fromupre-cdarcerous liventixi hea well eifferentiated
el (Sdksfrom 15weldifterentiated HEC (f)) taaederately differentiated
déﬁ-ga (G2), and,fr g@m%@%lmﬁe%&%ﬁ%&@%ﬂ@atgaﬂcq%sés
ﬂr?rentlaéted Hf: (Q) EXx ression o }he genes wh 0se expregsion
|s]rfe aaﬂy signi cantff/d fleren% Between Non-cancerous 05 er I'_O)
G preElincerdils IR prRecanterdil [EAED) and well
differerftiftieeeRCCGH W@l dif@rehtiste ' AE CBHG 1) Jifd noBERately
Paisiet e ptist ed HEC {2 enioderatety i differentiategh He@=(G2 :-aadgsoorly
idifferentinded MGG{63) was: analysed-agoerding toathe-methodof
MATRARRLS with t@ﬁ 125 feglbaxavailable.in the weh sitg
httgjéwxmé Cis. hut%p cts/somtooM (quhg,(r%en gooélgé 40 genes in

each Com aI’ISOH en non- canceroué liver re-cancerous

Ry o %ncgﬂ%%‘?@?\]@??ﬁlfgﬁd %Wﬁlﬁ‘&éﬁﬁﬁf&&%l(% i1 well
SQHTETREREHMCE (TP ArTEr Aider Jehf difermtiae dHOT Gy,
Diffocéaratbbi differentiated-44C@£G2) and poorly differentiated HCC (G3)

were Usﬁdnﬂ-@latian of a2 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 hepatocarcinogenesis 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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vectors of neighboring cells were located close to each other in the
155-dimentional gene space (Fig. 3a), where (m, n) indicated the cell
located at m-th row and n-th column, NL-XX 35 indicated samples from
non-cancerous liver without HCV infection (LO), 'L-XX indicated samples
from HCV-infected 31 WO 2004/090163 PCT/3P2003/004458
pre-cancerous liver (LI), G1-XXT indicated samples from well
vdifferemtigted HCC (GI) , G2-XXT indicated samples frarnvirnosierasely
differentiated HCC (G2), G3-XXT indicated samples from moderately
differentiated HOC (G3) . The map showed that 5 the samples clearly
formed a sigmoid curve in the order of LO, LI, G1,. G2, and G3. G2
Samples svithaut ¥yesset involvement (blue letters) were located close to
G1 samples and G2 samples with vessel involvement (red letters) were

Jocaied s'oa%ngs Tg.,catefg%ﬁéﬁi%ﬁ@an%%é@@&@g Without ver %g

|nvaS|on were samples with

clos
SRR nv%%?oﬁﬁousel’lel%gat(ec? L1568 rgéil% BEEATGE B SEW
classm@ﬁ’@? ‘%‘&?ﬁﬁlé’s"ﬁ’ﬂ%sﬁﬁﬁ%Gﬁ@p@%??%??tﬁﬁﬁi%tﬁ%nous invasion
tapds tdrwifivout ieho G$ mvagion Mesthe stramresfidediffeiattiatonsgrade.
Adhen the=distanta dhetwaendhestbaeighbaningrehisters weasshown by
sealors wheredad indicated Jeng:distance. dhe-rethsellsindbe gpney,area
dleatly, demonsirated Hé%%%n&&&m%giﬁé”@ﬁ concerous and

pre-cancerous Ilves[_ggld_atgdc samsoles t inthe

erer
155 dlment%nﬁ genes space 1g. 3 % ustrlal pplic
Tt Tt R R R (RICEY 5 on‘sec’%? tﬁaenﬁﬁfsf%?ﬁn%ﬂ Iéggﬁ@érs

thot dwitre. HHowe vt Hheke 1s Ho HferaiiPHratc s Eurer thé tisaasen This
vispreswmably tue:to Sequantiadkchanygestings chatactdaristics of cancer
deellsauring the develnpsaegtand iprogressinm ot thediseasendarticularly,
pRERgEesSIon @&&é@&%%zﬁ%@%@me@m&ﬂ% changes Hfso
s%'cﬁesnt@“% Jrade.g élgg‘%geé% Diagnasis;and management gf such

ch anges of cancer cells will make cancer therapy more effective. In 30

HEHrESHT TRVARTIOR ERES Wﬁ B eXpTESsidh corretdtes ittt
Tonchbyeresis arftt del@spvént 8f HEETaRE Tderttified A2 Spervised
Flearnimg méthodfdlbaiediea randornguermdtiicmatest is useditaselect
egPResSWho SEne xprassinsesignificantly - changesoak kngstheytramgition from
AeRsaaRasroys diver witheut 35 HGW-infectinn (LO) tonpra-eancerous liver

¢ éﬁkl{%\éz{”&%“%%(%éio b r@s‘é’fy differgntiated HCg; (G1), from G1
0 20 4/090103 PC /J moderately dlffer ntiated

2%02@5) (Za%% rodeIﬁet%”f)o dlfferen}i?%ed ‘Hee ( Yrie Mminimum
F ERthHRE el A5 SifiBF S Hh & seff? IRz Afap SORMT W o Kefected
4 fngenBYAvhosecexpressitn 1S Signifit afilyatere ine astrirapsition
pstage &sCcarseatrecily predict the differe httatton:gradey Dfdumes tiissues.
oFhus,dheseiaenes cande dsed fdiagnRosing Mees-—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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differentiation grade of HCC and for screening anti-cancer agents for the
treatment of HCCs in each differentiation grade. 33 WO 2004/090163
PCT/JP2003/004458 Table 1. Clusters of samples profiled to LO, L1, Gl,
G2, and G3. cell Jsample (1,1) 11L-49, IL-58, IL-59, IL-60, IL-62 (1,2)
(1,3) NL-64, NL-65, NL-68, NL-69 (1,4) NL-66, NL-67 (1,5) (2,1) (2,2)
G2-34T (2,3) (2,4) (2,5} G2-16T, G2-29T, G2-45T G2-2T (3,1) G1-85T,
W8 1BTIT(B,2) _ (3,3) G1-42T G2-22T (3,4) (3,5). (4, B EIRBETEB-105T
(4,2) GI-26T (4,3) (4,4) G2-8T, G2-27T (4,5) G2-151T (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,
rREZEAD5Eo@D) GRG0 (72 G3A07 knl/ 2y &3 A5 T3)-C2-4605

oG b2L87 %L (A £52-1627 (B2 (7.2 526 T o 6lpagnadled WO
2004/090263 PCTJIP2003/004458 .

during the Transitioll Lrom L
transduction~related genes such as CALMI1, RARLl4, TYROBRP, and
MAPZR1 were downregulated during this transition.

Other signal

Downregulation of TYROBP in Gl HCC may reflect decreased immune
respense. Alteration of the expression of genes involved in
various gignal transduction pathways may reflect a true
portrait in well differentiated HCC arising from HCV-infected
pra-cancerous liver.

Transport—related genes such as TBCE, ATPEVLIE, ATOXIL,
and SEC61G were upregulated; and those such as SLC3ILAL and DDX1I
were downregulated during the transition from L1 to G1L. ATOX1
that is an intraceliular copper transporter was upregulated
during the transition from L0 to L1, and it was further
upregulated during the transition from LI to GI. Since an
excessive copper 1s toxic or even lethal to the hepatocytes,
distinct expression of ATOXI genes alters intracellular copper
ion concentrations, thereby promotes DHA damage and cell injury.
In fact, a recent study showed the preventive effect of
copper—chelating agents on tumor development in the murine HCC
xenograft model (Yoshii, J., Yoshiji, H., Kuriyama, S., Ikenaka,
Y., Noguchi, R., Okuda, 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
{20061 .

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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(8,1) G3-35T, G3-81T, G3-174T (8,2) G2-49T 1---- G2-23T G2-12T (8,3)
G2-16T G3-19T (8,4) G2 89T (8,5) G2-43T, G2-182T f 35 WO
2004/090163 PCT/JP2003/004458 Table 2. Clinicopathologic
characteristics per study group. Well Moderately Poorly Factors (G1) (GZ)
(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. iPrimary lesion N.S. Single tumor 6 15 2 Multiple
wiumemels?0 6 p=0.0007 Tumor size (cm) 2.00.3 5.0@&8reRB{(@Esvs G2)
p=0.028 (G1 vs G3) Stage* p=0.066 16102111173 IlIA/IV083
Venous invasion* p=0.038 (-) 721 3 (+) 0 14 5 Non-tumorous liver N.S.
Normal or chronic 2 15 2 hepatitis Liver cirrhosis 5 20 6 Tumor
ndifferantigtionrstagexand venousdnyasion svere Srdetermined-on the
-basis of INM classificaion QL LUEC. Lishers.exactiest,niudents.t test,
»A0GMannInexs o Jestyiere ueed 18 slugldate: e difrencag n
ckgrounds between eacﬁ 8 erentlatlogg(_:&gde N. S ot S|%n|f|cant 36

O S0t 0TOE3 PeT ISP 2084/004k *KiMI N O

TG ORI NREBRF EPHPE HMUPS eeepﬁ%?‘?“ﬁﬁlat@d genes Sﬂch as
ORML, CIlR, C6, IL4R, £8B, and ClS was decreased during the

transition from Li to Gl, indicating that changes in
microenvironment in HCC ovcur during the transition from Ll to
G1. As reported previously, many genes encoding complement
componant were downregulated during this transition {QOkabe, H.,
Satoh, 8., Kato, T., RKitahara, 0., Yanagawa, R., Yamacka, Y.,
Taunoda, T., Furukawa, ¥., and Nskamura, Y. Genome-wide
analysis of gene expression in human hepatocellular carcinomas
using cDNA microarray: identification of genes involved in
viral carcinogenesis and tumor progression, Cancer Res. 61,
2329-2137 (2001) and Iizuka, W., Qka, M., Yamasda—-Okabe, H.,
Mori, N., Tamesa, T., Okada, T., Takemoto, T., Tangoku, A.,
Hamada, XK., Nakayama, H., Mivamoto, T., Uchimura, 5., and
Hamamoto, ¥. Comparison of gene expression profiles between
hepatitis B virus— and hepatitis C virus—infected
hepatocellular carcinome by oligomicleotide microarray data
based on & supervised learning method, Cancer Res. 62,
3939-3944 (2002}

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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IFN, suggesting that resistance of HCC to IFN is exploited

during the transition from Gl to GZ. BAmong 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
butyrateenhancesSTAT].expression,h1PLC/PRF/5hepatomacelis
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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genes in 62 HCCznay'promote growth and<1nwa510n:oL tumcx 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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g%‘%%og@sterone and RARRESZ was alsc decreased during the
transition from G2 to G3. Decreased 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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samples), and was applled to the samples in the remaining
‘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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pre-cancerous liver (L1}, G1-XAT indicated samples from wall
differentiated HCC {Gl), G2-¥¥T indicated samples from
moderately differentiated HCC {GZ), G3-XXT indicated samples
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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¥, Tumor differentiation, stage, and venous invasion were
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(a) selecting g'en..s and./or proteins that have the highest Fisher ratios In
comparison between/ non-cancerous liver and pre- cancerous lover,
pre-cancerous. liver and weii. direrentiated hepxtoceliular carcinoma
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moderately differentiated HCC and poorly differentiated HCC : and (bj
defii Fig the differentiation grade of tumor by using th ;
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G2-105T@GRR00TmGRegot dgipme it GHaenriacusyaiest GNPS G2-49T
G2-46TH A o 22401 A3 G234 G2- 3L T A kises based
a*$ketdvi*,iapSiiils*ri*slti G2-29T , G2-28G2-27G2 23~ G2 20T i,

G2-18Tn the expression level or pattern of the genes and/or protemns of
human tumor tssues obtainable from cancer patients wherein the
genes and/or proteins are selected in descending order of the Fisher

FATIC.

2. The in vitre method aceording to claim 1, wherein the human tissues

are human hiver tigsues,

a2

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

o

The i vifre method according to claim 3, wherein the genes and/or

proteins are differentially expressed between non-cancerous Liver and
pre-cancerous lver, pre~cancerous lver and well differentiated
hepatocellular carcinoma (HCC), well differentiated HOC and
moderatelv differentiated HCC, or moderately differentiated I

and poorly differentiated HCC.

L

he in viro method according to any one of claims 1 to 4, wherein

by means of DINA microarray, reverse transceription polvmerase-

chain reaction of protein array,
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7. The in viiro meathod according to claim 5, wherein the number of the

genes and/or proteins is between 35 and 45,

8. The in vitre method according to claim 7, wherein the number of the

genes and/or proteins is 40,

G, An in virro method of defining the differenvarion grade of tumor, the
methed comprising steps off
{a) sgelecting gemes and/or proteins that have the ighest Fisher

fess

ratios in comparison between non-cancerous liver and pre-

cancerous lver, pre-cancerous liver and well differentiated
hematocellnlar carcinoma (HOC), well differentiated HCC and

moderately differentiated HOC, or moderately differentiated
HCC and poorty differentiated HUC | and
by  defining the differentiation grade of tumor by using the

cenes and/or proteins.

| Anin vifro 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

svichest Figher ratios in comparison between
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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
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(d) defining the differentiation grade of tumor,

11. An in vitro method of defining the differentiation grade of tumor, the
method comprising steps of:

{a)  determining fhe number of senes and/or proteins to define
the differentiation grade of tumor;

(b} selecting a number of genes and/or proteins decided in step
(a) that have the highest Fisher ratios in comparison
between non-cancerous liver and pre-cancerous liver, pre-
cancerous liver and well differentiated hepatocellular
carcinoma (HCC). well differentiated HCC and moderately
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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