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-1- DESCRIPTION Colon cancer related gene TOM34 This application
claims the benefit of U.S. Provisional Application Serial N0.60/703,265
filed July 27, 2005, the contents of which are hereby incorporated by
reference 5 in their entirety. , FIELD OF THE INVENTION The present
invention relates to methods of detecting and diagnosing colon cancer as
well as methods of treating and preventing colon cancer. BACKGROUND
OF THE INVENTION 10 Colorectal @Z8(CRiRs 00 of the most common
causes of cancer-death worldwide. Despite various advances in
diagnosis and treatment ofzdtnreetakcasiesrd cavenii pPefitents with
advanced colorectal cancer result in high mortality. To improve their
prognosisiideyelophientlafrsctisitivecdiidbpetifit aisgprdtis iyitinagide Ferial

- ' f ffecti
1\{8.%67?@%%@&%&@% SI86S, FRLEDNT. %@M&?ﬁ% 1’1‘39%%:31'{1%%"?%&99 by reference

ess harmful therapeutic drugs’are desired. To attain this'en
indbeisitetisivetter understand the molecular mechanisms of colorectal
carcinogenesis. Recent molecular studies have revealed that colorectal
Fakdhde hBE NWBNVELGN accumulation of genetic alternations that
include j i
ncluding A e D B oplon cancer
asp5lbeompdyns Bhkes!Sig endipreciaiiog calanzagcen], 1989; Morin PJ, et

as @lrredsnetnyiation Ad et Avék LairthBY\aak GERSt 2L  death worldwide.

suc
163-167, 19993 and loss of imprinting (Cui H, et at, Nat Med 4:-

Destite 128011 998Inetidi Anenasitarditaainsersisnirest srpyegonesey patients with
a@PARIASFToPBRY LI WL MSANABISMEELAS. NYPIMGH 04 G0 BRESIS S development

colorectal tumors. Among the genes involved in carcinogenesis, we can

ofsprsitivs apd s RsRIBRI S et intatts desthnidsirsitismiferatipritagel rrcinomas and
1IRHYINAbAS cABGerCalls el Hasvhindhaaipvdh RhRitRRr et A8t this end, itis

Therefore, molecules that exert oncogenec activity and are specifically

resippiisde et wansrdand teprasksplsonnshugismg elscrioraeipbRiprigogenesis. Recent
nfUEHEPEERBE AL YOTe AT RN LOMRaR AIRGRYREI R BYmAR Ediation of

and eDNA databases, and 30 predicted as a component of the

SrRGEIRMisRRIqFOlTh ARSI ARACHMENSNSNAE A BaNIsssTaeaies and/or oncogenes
taganeges Ot (AT pa sl ass. 1
Belear Biblet 6/ 1 86pope 244: 217-221, 1989; Morin P, et al., Science 275: 1787-1790, 1997,
Forrester K, ef al., Natore 327: 298-303, 1987). In addition to these types of changes,
epigenetic events such as altered methylation (Jones PA & Laird PW, Nat Genet 21: 163-167,
1999) and loss of imprinting (Cui H, ef al., Nat Med 4: 1276-1280, 1998), and/or deregulated
transcriptional control by genetic changes or other unknown mechanism(s) are involved in the
genesis of colorectal tumors. Among the genes involved in carcinogenesis, we can expect
that inhibition of gene products essential for proliferation and/or survival of cancer cells will
result in their growth inhibition or cell death. Therefere, molecules that exert oneo génic
activity and are specifically expressed in cancer cells represent promising targets for
developing novel anti-cancer drugs.

Fluman TOM34 was discovered from human EST and cDNA databases, and
predicted as a component of the mitochondrial protein import machinery, since the predicted

protein shares sequence homology in the region of a 62-residue motif with known yeast
Tom70 family of mitochondrial receptors (Nuttall SD, ef al., DNA Cell Biol 16: 1067-1074,
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1997). However, recent study disclosed that TOM34 is included mainly in

the cytosolic fraction and partly in the mitochondrial and membrane

fraction after fractionation of tissues and cells (Chewawiwat N, et at, J

Biochem (Tokyo) 125: 721-727, 1999). Another study showed its

subcellular localization in cytoplasm of Hela cells by

immunohistochemical 5 staining (Chun-Song Yand Henry Y. , Archives of
1BigeheratneanecBiophygiakdioted O TOMZA0R iAdhd idia eih BLin the cytosolic

Archives of Biochemistry and Biophysics 400: 97-104,.2002). Yeast . .
Al TR R L RO PP SRS SV R on of tissucs
ai b Nl 03iow SRNIRINING: pEnl il (MEEh ERoRAA (ATPESes 5 Icsiajediwitther study

a variety of cellular actiyities) family member, un- Y, etat, . . .
SRR B B e AP B IEE B OES e 1§ S8y g stoebemical
st adInal-sbagkaretelenthsFID A by B rchtdsBiohtihBoirdics 400: 105-110,
18007-.18010, 1998), Howevey, hiological role gf TOM34 remail
A HEH N b R O ST ED B AR T O d e R002). Yeast
e TlybYitecagniisy epitopehpegiises denived Do dimeueassodimtedith Valosin-
antigens (TAAS) ente Class | molecule, and lyre the t o ..
RS LIRD b IS S AL AN SO RSt LA ALIECt & o LS ceiviies
fmaRymethticl (Amhawpagraidcovelddasif Biovhemiiogisad dippdgshest00: 105-110,
Boon T J Cancer..1993;54(2):177-80., Boan, T & van der. ),
Ay S BSed ORPAR B e o UG rg 18007
126%(5008)1 643wévdpr isbargioal refzatf TEXBMeaan 499 2tZ8{R)ed89-95.,
Kawakamj Y, et. at, J Exp Med. 1994:-180(1):347- and some .
nave nolk HEUTFH BB SHREA PR B eSS e BT G40 recogaise
chnspnieiapicTAA fidiscoveres sadeiiad|utioADEA NN mesdtad garMIIC Class I
P, et. at, Science, 1991:;254(5038):1643-7), gpl00 iY,.et at J
el eSS B S $A0), "SR PSHRAIETE b LT ER M 8 st cxample
ot 92K 2R3 ANY Ha& bdetGlistv¥Yereduging RrocuNalbgcaldaSpioaches (Boon T.,
USA, 1997;94(5):1914-8). At the same,time, the gene products, which
el Eaeen éﬂé%é%%ﬁf&ﬁ 'b%%?%ﬁ’r@%é&%’f%% atji%&%%y by
109 {188 07)cElls dhave erimesshomeiode Seipgei 2100 B 34(5638 f1643-7., Brichard V,
cellular immune responses. inglude p53 (Umano Y. .et. at Br.J ]
TV B F RN T 4 ) TP Ao 51801 347-
520QLB461 O Deic BAVENkaYach Bi.tht, fribceSiarfadinitaDBeseidpiAenT hs targets of
.and others. Although these are examples of the significant prqgress that .
B BUEFadUAR U BRSE AT ERE ASD O (RETBT GRLp 4, . Science.
10t vierl5 65998 64 8)79 2dx oo Nkl &1, «3Q:a1.JAtes Mat. Acad; RIS 47-52),
A. 1995:92(17):8078-82., Hu X, et. C ) . X :2479-83),
SRBE GGEHY Dot nd B L S T DGO ey T e .
PebasipRosasaiseMmas IRChEbn® s Tanesy . Altthersate Trid shwhialegiwducts, which
aburﬁg%gtl 0 ;gﬁg‘?yg_gonl% Igvg? ggg;ecsggi st)ol%ggv?rﬁé.ct] Qp%iq}?éﬁﬁ!'%ytﬁfeymor cells, have
been shown to be recognized as targets for cellular immune responses. These include p53
(Umané Y, et. al., Br J Cancer. 2001;84(8):1052-7), IIER2/neu (Tanaka H, et. af, Br J Cancer.
2001;84(1):94-9), CEA (Nukaya I, et. al., Int J Cancer. 1999;80(1):92-7) and othess.
Although these are examples of the significant progress that have been made in the
basic and clinical research (Rosenberg SA, et. al., Nat Med. 1998;4(3):321-7., Mukherji B, et.
al., Proc Natl Acad Sei U S A. 1995;92(17):8078-82., Hu X, et. al., Cancer Res.
1996;56(11):2479-83), there are very limited number of candidate TAAs in general for

treatment of adenocarcinomas including colon cancer. If there are TAAs which are

abundantly expressed only in cancer cells but not in normal cells, they would be promising
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candidates for i imunotherapeutic targets. SUMMARY OF THE
INVENTION To verify the molecular role in colorectal carcinogenesis and
find novel therapeutic targets for colorectal carcinoma (CRC) patients, we
have performed expression profiles using 5 a eDNA microarray consisting
of 23040 genes (Lin YM, et al., Oncogeng 21: 4120-4128, 2002). Among
the genes showing up-regulated expression in colorectal tumors, we have

caQtidsed o TRM34(R4hattranstacase of the outer mitochondrial
membrane), because its expression levels were frequently enhanced in

SUBM™M 28 TRE $ammpiey edandined. Multiple tissue northern blotting

analysi reveailﬁf/i that this gene, was abundantly expressed ingw testis .

e Vel SRR U By ST S COOR Bl FRA Ay terapeuti
tafpbiathercodsmealaladnti tissn R Minedldwalnehistofthersdcat stainiog mbiiles using
QUS4 showed significant aoaumpiaton i GRE tssupscompared with g 4 5q.

elr corrésponding non-cancerous mucosae. Inthie present :

2002% confongetidhehbushanhOMark isifaegUently upragutdtectinl @Rkiss, we have

and that it} r d in the testis the ovary, byt not in other. 15 15 .
o B A R B H) Bl becanse s
exgiRRMAominkadyeediiepdthly gnbardbedfinol6ro€20dER Cellsptives geamined. Multiple
tis%xrl%dﬁj %%hrgf?bqgt%‘f) o&&%‘/@%éﬁ% ahey ttl!%ﬁt ' etgr% @%gn%%g%%{;?@s Wﬁezlile%sm the testis

a use gnoslt arker. ermore, | S considere al

anchigitrsenvel asakIYNA (Fupnaratks sphietethActizerdwhisticanidof dilether normal

ignificant cellular immune response inst.colon .. er. To . . .
o R e B B TE L O P AR L o i i pmificant
aceotuniegon witbREpidess dermyedeidonith @8 4andsuciagsfotlycabtaines mucosae.

peptidesspecific CTL.clones which also tecognjze and kilélﬂ or.cells
express]i%%%t%grgﬁ?é_%Y@ﬁg%iﬁEga? {rane ecetlgo%hegfﬁc% oh an@ﬁ&#ﬂ%ﬁnﬂy up-

regadiRKD CRISsvitlrishealit intenfersagdRMNA{SHRNYgndnbeificay BOM34in other 15
effectively suppressed its expression, and .25 dram ﬁ&ui i hibi{ﬁggt e
m A TN R RN ot BTN A e RO ety
redecivbthérgrowd MiBdoion dinsiepaiBatthetgeserpendscantiigebecagitopial therapeutic
eptides and have explored a novel.epitope peptide, for effective cancer
R R B S e SRR P e, reaponoe
against Bottiexaacce it ResiptesideRid abbMbOdiit e Cetis ¢RBMTHA Af (Tumor

healt onors were stimulated using the peptides having partial .
A B A S A Rt S R R F R R ageinst coton
catein toedinAide 840 Bypothbdyevsticdesdandy HidiGiieshaspe dibiedmiden volunteers
tide whase. seguenc ived from TOM34 that could indyce cytatoxj
R T 0 B SR BN R ASEFERE C 1. clones
whtielt adzo recognize and kill the tumor cells expressing the antigen.
Specificaly, transfection of colon cancer HCT116 and RKO cells with small-

interfering RNA (siRNA) specific to TOM34, effectively suppressed its expression, and
dramatically inhibited the cell growth.

~ Furthermore, we examined the peptides with sequences derived from TOM?34 for
their pdtential to serve as antigenic epitope peptides and have explored a novel epitope
peptide for effective cancer immunotherapy which could induce significant cellular immune
response against colon cancer. Peripheral Blood Mononuclear Cells (PBMC) of healthy
donors were stimulated using the peptides having partial sequences of TOM34. Those.
peptides were chosen that were predicted to bind to HLA-A%*2402. We have successfully
identified a specific antigen peptide whose sequence derived from TOM34 that could induce
cytotoxic T lymphoeyte (CTL) éell lines showing specific cytotoxicity against cells that
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present the antigen in HLA-A24-restricted manner. CTL clones were
established from these CTL cell lines. Further analysis of the CTL clones
showed that they had potent cytotoxic activity not only against the
peptide-loaded target cells but also against the cells that endogenously
express TOM34. Furthermore, cold targetfinhibition assay indicated that
the 5 CTL clones specifically recognized the antigen peptide in the
prRcPpiey SiMEG Class | Amlestietcthasenesults Btoongly suggesttidhed from these

the peptide is a HLA-A24-restricte itape tide which_can induce .
s T AR il oD ab BT SR AP e Bl Dot cytotoric
a@ KT SoNEhTQMB34s(Tiesefindlingsdedagest halsTMBbiadairived beifbehat
growth of cancer cell 0 may contribute to the development of _, _
PR IOAISE S A 0 GO (0T SRR HrBRaRe Bl that the
Cistbeisad:anpdbiidishoneanpofadaitenigt g eopiripie sstorafplMBMIT lass I

cleotide sequence and amino acidtﬁ%tq%egnce of TOM %: et forth

€

leesiie NISHE Ot g LS SR B e S aege epitope

pénGenbiankAadassipaehiQnd BBHESInAAcassinglys dhia pragentcancer cells
es a method of diagnosing or determining a

_ invention;péﬁiiij
CHEIRPBLiItOA0  colon cancer in a subject by determining an expression

level of TE¥SBrdiag PatigristideayEOMOlgical shraple, huchastissiencer cells, and
sample. A normal cgll is one obtained from colon tissue. An alteration,
R e S RO B LT a0 B ATBE 3t or CRC.
normal qoetietierelofdhtogdandatedicates distdhersuiijeiasistie s from expression of

[ risk of 20 develpping colon cancer. When used in t t of the .
T R o b R oLy R d8L et im SEQ
12 Nate(odml gibjeshet heihy Medicpesashie, daving avtandaiciom Genbank Accession

}fre&%ogg inclination or susceptibility to colon cancer. Moreover, said
Qr ‘ § compasses that a subject is at a risk of acquiring colon

cances2brifirifle cbetprsefithevpresaniimidat anméiecdhrasageositiglor determining a

level” refers to a protein expressjqon level detected in a control sample. .
P R0 100 B SR P PRSI S e DB B S Gy ) of TOM34 in a
phaterensevpepikaiigR Arkomla plukalilyiefedarapiionpasiaiabeelas one obtained from
example, the coptrol level can be a database of expression gatter s from

oI, i3y (AR BHCTAIRD A oA Gt DSl VEHBICRP R B e o5 compared

1EXPERssiDBoRatscieckinathersad, dlierliiiandivisuseor inffepofutationsodt risk of
individuals known not to be suffering from colon cancer. A normal
dEYSIORIBEISYIBREM R no clinical symptoms of colon cancer. An increase in

the exmgssinrdavahel-hRMastietesteskin miestisamplecas cpreprmaition to colon
ca normal contré) | Igsv glsitggei% tggu %tc"t[% gglkﬁjecge(gi%mog\g i(t:g] ha%i%an;%%denc ,

HPSETOhRfIRERA A J g predisposed fo, having a'tendency,
prevalence, inclination or susceptibility to colon cancer. Moreover, said term also
encompasses that a subject is at a risk of acquiring colon cancer.

In the context of the present invention, the phrase “control level” refers to a protein
expression level detected in a control sample. A control level can be a single expression
pattern derived from a single reference population or from a plurality of expression patterns.
For example, the control level can be a database of expression patterns from previously tested
cells. A “normal control level” refers to a level of gene expression detected in a normal,
healthy individual or in a population of individuals known not to be suffering from colon
cancer. A normal individual is one with no clinical symptoms of colon cancer. |

An increase in the expression level of TOM34 detected in a test sample as compared

to a normal control level indicates that the subject (from which the sample was obtained)
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suffers from or is at risk of developing CRC. According to the present
invention, gene expression level is deemed "altered” when gene
expression is increased 10%, 25%, 50% as compared to the control level.
Alternatively, an expression level is deemed "increased" when gene
expression is increased by at least 0.1, 5at least 0.2, at least 1, at least 2,
at least 5, or at least 10 or more fold as compared to a control level.

sufpreRsiOBissdgteEmiTat- il |eteatirg hybridization, e.g., TOM34 probe to
a geng transcript of the patient-derived tissue sample, In the context of
the preSHiRGeATHR PHRE BRI LR AT G SEHE S MptevE fhieramst “altered” when

gdﬁl@taﬂ@@étﬁ!@ﬂﬁﬁmtzmQO%?:&‘V@:}JB@?@H&@M@&D@&E&%@Q&@Q@%L Alternatively,
aving colon cancer. For_10 example, the tissue may contains an .
St RSV AT S e PLLIB T (LR BB A AU B CaReA g oast 0.1

atQelerecrahtareinomal chsep e sent fvanfioenfirtbenprovidesdagibngsetd to a control

identifying an agent that.inhibits the expression or activity of TOM34, by
ek A Ao S BB AP S AT B e OB o 2 gene
tralgigipioinbdatrressied iewketholy]34 or the activity of its gene

product, 15.The test.cell may be an epithelial cell, such as an epithelial | .

ol oTTAEHEH, O dOToPLEaT Loy S A AL et LS FBaRAl s any tissue
obenatofib@MIdsoxibpactvityDh itk gee pio ot assmamebdarthidm colon cancer. For

control level or activity .of the gene. or gene product indicates that the test
R R ek TP NS el D RS D At erhe Hsend may be an

esiapiooivtienlon adoseral fedqiesent invention also provides a kit
compyising a detection. reaggent which pinds . 20 to TOM34.nucleic acids.or . . .. .
oy R A P U R0 i PSR R et nbibits
theethaddireptiogvity pfaveniig bptoneanagnites: sulljechibelinu NG 4 with a test
step of administering.to the subject an, antagaqnist or. inhipitor of TOM34
R ] QS ST RS e L M RSy of s gene product

Thetegasitienay be antpghelsil eeihkikkaiscanepitheliaictahdbainuefienasidolorectal

or.protein 25 level sq ag to reduce or, inhjbi expression or agtivity.
A ACTFERE By LT TR bIT LS Sh Lot AT SR Pl e product a
cdhpagxpteasiontaflthe dnecibuvigatipenentof guacpiRlibeladlisRRIBat the test
composition may,cont

ai leotide which is.complementary to TOM34
CCBBRORAE RATHEIOBG! Kb B R RS QSR FEHGARE SRS f colon cancer.

- adminiséesiegeta mseljest AssrpalvidteriardngorAdsiRNAY&Rion reagent which binds

ition, In the context of the present invention, the SIENA -
toiﬁ%éiﬁ&ﬁi?éﬁm ﬂﬁé’%&ﬁ%@%ﬁ%ﬂ of TOM34. In yet another method,
the trgaimeathoe peNAiOT ploslesmanceitibnarklbiRe Mayheqarkadas or

out by administering to a sybject a fibozyme comppsition. In the context_,
DIGH SRR SO FRPERLNS CHELIBH 0 R, Sh oy i EEtp S fublect an

anREUERS dhentBbitor of TOM34 which is, for example, an antisense composition or an-
antibody composition. The antagonist or inhibitor can either act on the nucleic acid or protein
level so as to reduce or inhibit TOM?34 expression or activity.

In the context of the present invention, the antisense composition reduces the
expression of the specific target gene. For example, the antisense composition may contain a
nucleotide which is complementary to TOM34 sequence. Alternatively, the present method
may include the steps of administering to a subject a small interfering RNA (siRNA)
composition. In the context of the present invention, the siRNA composition reduces the
expression of TOM34. In yet another method, the treatment or prevention of colon cancer. in
a subject may be carried out by administering to a subject a ribozyme composition. In the

context of the present invention, the nucleic acid-specific ribozyme composition reduces the
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expression of TOM34. Actually, the inhibition effect of the siRNA for
TOM34 was confirmed. For example, it has been clearly shown that the
siRNA for TOM34 inhibit cell proliferation of colon cancer cells in the
examples section. Thus, in the present invention, TOM34 is a preferable
therapeutic target of the colon cancer. 5 §he present invention also
includes vaccines and vaccination methods. For example, a method of

exRAlRE BF Preventing $i0R, GRRGEH IR RoSliTest HTath MBIV ARRMINIAELING/as
to the subject a vaccine containing a paolypeptide encoded by a nucleic

copBrmsfiTEM SRR TiabrsBGIEaTy SRavE el Bentohdr L ©M34 inhibit cell
proViYReRids: dndhe santextiof thempresenbldsvention, anda)munelpeisallinvention,

active fragment is a polypeptide that is shorter in length than 10 the

TOM3arisarreifraly BEEMFINYG Sreiehel BesRlcR f85EEs an immune
respanzeaRalRgRusiedhaidntueadshsdemdyienaifeprgteini@hods. For example, a

example, an immunologically active fragment should be at least 8

Mg d O ST BRRRECELPE ISR I SERTET ARG A FTh A e Ko argiiistpring to the
suBRILOK QaBcaallcdmmung eelbsinmpiationcapemeastind ydetentingaalt an

proliferation, elaboration of cytokines (e.g., IL-2), or production of an

mgpRlagicrhUsiees Btsenbalaushed dirmertittctahg seririckbifiesent
inHSathRSsR IR DS SAM e REARINGAEIGO B FIHsMIEe B4 0y @a O ength than

ﬂlordinary skill irr the art to which this invention, belongs. Although methods

sl eiethe RIS EH AR D tHoYRIGR SRIBE AR ABHTEAR TR pR Aalogous

toifh4 HBIREHTS erdesting:phiheRmse Toirvenipn, sHilakiamesaadsiandtive fragment
materials are described below. All publications, patent applications,

shguld e ablsashihessidnesdndeassh FAe saprIa Nestmurt s Jerme gyl sucb asa T

 celeigremce-hensitninthed etreitbio AN 8 kRifuis d b yheeensipued asteration,

admission that the invention is not entitled to antedate such disclosure by

clgheralion slisvinkasasn ginlladd oF BRhiciomatHR s8bef¥cification,
includipg-gefimitionse wihisemteol thenandition tbrmatetiass MRDadtiandve the same

examples are illustrative only and not intended to be . 25 limiting. One

MgAREYE BRI ERsEIandshYinas Heredirr yikiHe Sscatloiviehfisduvention

bebiRtsto AdeiQetiomaleue il IRIGR- SRS Of SQlon NS tho¥P8Escribed herein can
features and advantages of the _invention will be apparent from the

baawshvingeaERriseies T iha PrerRtheeaiing: igple methods and materials are

dRERERIBIH MR EcRRAYVIER A hiauind, ferials ha snRieadi@ances
level of TOM34 gene in various tissues. (A) Semi- quantitative RT-PCR L
mgniapsd w%msmww%hwﬁ%%gﬁm%i A5 FBLEHdiNgthing hereinis to

b\ RHSNSLERYUR RINERSRAN thiY MLHPSHE N ROIBRGTISSHS ABMHIERS Sh Hisclosure by
GAPDH served as an internal control. (B) Multiple-tissue northern blot

vighglpERriqr mvention.

In case of conflict, the present specification, including definitions, will confrol. In
addition, the materials, methods, and examples are illustrative only and not intended to be
limiting.

One advantage of the methods described herein is that the disease is identified prior to
detection of overt clinical symptoms of colon cancer. Other features and advantages of the

invention will be apparent from the following detailed description, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the expression level of TOM34 gene in various tissues. (A) Semi-

quantitative RT-PCR analysis of TOM34 in colon cancer tissues and their
corresponding non-cancerous mucosa. T, fumor tissue; N, normal tissue. Expression

of GAPDH served as an intemal control. (B) Multiple-tissue northern blot analysis
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of TOM34. The transcript of TOM34 is approximately 2.0-kb by size.
Figure 2 depicts the expression level of the protein encoded by TOM34
gene ill various tissues. (A) Western Blot analysis of TOM34 in colon
cancer tissues and their corresponding non-cancerous mucosa. T, tumor
tissue; N, normal tissue. (B) Expression ef’5-TOM34 in colon cancer cell
lines. Expression of beta-actin served as an internal control. Figure 3
depicts &f tesiB of Mmuashisichervod siainipgosihdM32. higelonsize.

ancer tissues. . (A and B) Representative jmages of the sfaining in . |

G AT REBFOLIIS S G R ATERASOADY (Ot pme in various issucs
Images(af)WesatmBloasasignid cANGERASIACdissLes (6 nesnalab) their corresponding
tumor). Magnification: X200. Figure 4 depicts . supressing effect of TOM34

SIRNA SR RBRECION B R i S WA o Rl rrepigagion of

Effect of 6iRBIARm arltrecaxpeessibliret TOM34sionCHdAGe@liServed as an internal
Expres%ior][ro{ TOM34 was analyzed by western blot analysis. Expression

of beta-attin served as an internal control. EGFP-specific SIRNA 15
Hei@BHppias prepaitas fomaunebativehcontadlstd)ikffectiaiM34 in colon cancer tissues.
TOM34:5iRN the growth HCT1 14 cells. Viability of HCT116 cells in
repon B LR LeBT AL GHEa: SRS AE T FLSCHFEEP By J fom-cacerous
assay indiiplivaim:Beeiohas) G D AsteD3 kutepoienarsighiticanta, and cancerous

difference (P<0.0001 a%i erminegc?% a Scheff's F. Figure 5 depicts
cytotox{%s% acto %Be’ SR g%ﬁﬁégggétide TOM34-299.

Rguthé @pictinepredsiag bffébedf QMR paifiida TObPA298nsHONONI34 gene or cell
peptide-specific oxicity. Th line d higbg cytotoxic actiyi )
against%gr‘a@% 85#3%@#)%(%@? vﬁ#ﬁ%ﬁ§ 2299° {h %g§m§g§1wﬁ£é M34 1
show sigfiifidanteejtot@sprastivityfigamnsi4heassambiaidef orlse(hIBIOt analysis.
without.loaded.peptide. It demonstrates that the CTL lines j;avegt’g% .
e i e e A s e TS
cytotoxiGifhi@F B evasTirdipesd disetnby sHOM 439 (A NefGTLoiNESeRawWeRIN As on. the
potent and antigen- cii cyjotoxicit é}g} ?tle t the E/T ratio So o
o 25 P58 B G RS L A S Lt 1R £ SRR & B RP-SIRNA or
clones WitV iRaidat wytaiedeite ddanNie B siablishadghioserespediies, SD; Asterisk
for TO 34-%699. The. CTL tg}g){ges est I<|? romthe CT Iine%%%ﬁstp
TOM345BY S ERUSHE R E Hivitied MitHLERenG Rk g f test.

Hxtrenelyrctenttarinityeffeet of CTL line induced by the 10-mer peptide TOM34-299.

The CTL lines raised by the 10-mer peptide TOM34-299 showed peptide-specific ‘
cytotoxicity.

The CTL lines showed high cytotoxic activity against target cells (TISI) loaded with
TOM34-299, whereas they did not show significant cytotoxic activity against the
same target cells (TIST) without loaded peptide. It demonstrates that the CTL lines
bave the peptide-specific cytotoxicity.

Figure 6 depicts potent and peptide-specific cytotoxicity of the CTL lines raised by TOM34-

299, '
The CTL lines showed potent and antigen-specific cytotoxicity detectable at the E/T
ratio of as low as 1.2, ¢

Figure 7 depicts potent cytotoxicity of CTL clones. CTL clones with very potent cytotoxicity

can be established that are specific for TOM34-299.
The CTL clones established from the CTI. lines against TOM34-299 showed varied

killing activities, with some of which having extremely potent activity.
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Figure 8 depict HLA specificity of the CTL clones raised by TOM34-299.
The CTL clones raised by TOM34-299 recognize and lyse the tumor cells
endogenously expressing TOM34 in the HLA restricted fashion. Cytotoxic
activities against DLD-l and HT29 colon cancer cell lines, which 5
endogenously express TOM34, were tested using the two CTL clones
raised by TOM34-299 as effector cells. SNU-C2A cells were used as the

Fi whigh renglagenausly xpessTT QMR buisee PRt eXIIRsS S AFRRETL clones
he CTL Clones showed high cytotoxic activities against both DLD-1 and

HT29 Edfiedi ERPladFoRresueafBl BSEiIR KBTS EPOtas Al SXpressing

they sheygeng significantd@ eptasigoactivity against SNU-C2A cells
which express TOM34, but not HLA-A24. FEigure 9 depict HLA specificity, .
of the EXPIERISESHRIEES B FENA22b8" drﬁ?'-“%ﬁﬁogl&n%a%ﬁggal&»m which

TOM34nd8f-sRasificalrdacoomizes Feidtia theddkheARd (EBLligletts raised by
manner. The cold target inhibition assa S pgfgormed as_described in hich
“MateridVaiti 25 Hethisator gpiso %@ﬁi‘ IS5y IRESSTE A5 AR Gpiet whic

pfep%@?d@éeﬁ@h&%i%&%%|E61$|34§ﬁ|ﬁ9dwﬁbt®xgﬁiﬁagWT@M@QIM@
peptide were used without 51Cr |abeling as_ cold targets. E/T ratio was,
fixed a@m&ﬁ@%@mg&ﬁﬁ%ﬁﬁgw@aﬂ?@ﬁ%% et G agexores
inhibitegcthy the adeitianal AL oelloemy wihen laadetiavidhokeeptideificant
20 Figure 10 depicts specificity of the cytotoxic activity of the CTL clone
raised BYFORIIIEY 8RR %E%%ﬁ@% Wpﬂﬁh %Eeéﬁoﬁgc%%e ypot HLA-A24.
FiERM34:298 msRegificabithlockedCly. aniadigisd@egdniziig4 o8l The CTL clone

surface antigens HLA class | or CD8, The cytotoxic activijty of the CT .

clone W46 @ﬂ%@%%ﬁa%%ﬂ@@ﬁ%ﬁé‘éfeﬁrﬁmsnpf@ﬁﬁ e ressicted

recogniZindek-cell surface antigens. The CTL activity was 25 clearly

blocked by adding antibodies that recognize. HLA Clags | or CD8 and wa

marginaiy %%Q%S%FQ&&PM%W@%%QE&%I% ﬁ?%?‘bégﬁf VM%@HQS and

was naifdfubiedratadl byiiadsherdseiyreTeichedeeo piglaelioByt target, while TISI

DETAILED DESCRIPTION OF THE INVENTION The words "a", "an" @p@ labeling as
al

"the" aSHESHRRE TR0 2t ed LN M- REP R IS SHLSHE
indicatgghdkhrpseheutthis spesifcation 2mdthe elalmsivhiciviefioWihe CTL. clone

unless the context reﬁuires otherwise, the waord "comprise”, and

variatiiREIBScH 52 cehspriae Eabied o HIs RGO M e theriis 354 Ygren loaded with

~imply tﬁ%iﬁﬁg@g@.n of a stated integer or step or group of integers or steps

but not the exclusion of an¥ other integer or, step qQr group of integer or
Figiats: 1g.depicts specificity of the cytotoxic activity of the CTL clone raised by TOM34-299.

The cytotoxic activity of the CTL clone raised by TOM34-299 is specifically blocked
by antibodies recognizing T eell surface antigens HLA class I or CDS8.

The cytotoxic activity of the CTL clone was determined against HT29 cells in the
presence of antibodies recognizing T-cell surface antigens. The CTL activity was
clearly blocked by adding antibodies that recognize HLA Class I or CD8 and was
marginally affected by adding antibodies to HLA Class II or CD4, while it was not
inhibited at all by adding isotypé-matched control antibody.

DETAILED DESCRIPTION OF THE INVENTION

The words “a”, “an” and “the” as used herein mean “at least one” unless otherwise

specifically indicated. Throughout this specification and the claims which follow, unless the
context requires otherwise, the word “comprise”, and variations such as “comprises” and
“comprising”, will be understood to imply the inclusion of a stated integer or step or group of

integers or steps but not the exclusion of any other integer or step or group of integer or step.
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The present invention is based in part on the discovery of elevated

expression of TOM34 in cells from colon tissues of patients with CRC. The

elevated gene expression was identified by using a comprehensive cDNA

microarray system. . Using a cDNA microarray containing 23,040 genes,

comprehensive gene-expression 5 profilés-of 20 patients were

constructed previously: TOM34 is expressed at high level in CRC

patienide nivisd identifted hbsetd s paﬂdafdbdié@aosﬂnymﬁﬁb@&ﬁad&xpmssion of

r.of and as gene target the expLe wh ch is altered to
O e R R e TS S e TG ossion was
1daxmﬁamtp)emhgeilsoﬁﬁéhmsﬁe@nb$é@ xﬂJmSmdanky,stwyuneasurmg the
pre%:,ron of B%I\/I?A in resp onset;tgn\{l?n% ents and a Of ene-expressio

treating STRE Eanbeitentmned Thé hvertion m@of\l/eé et mlﬁ%sévé%n "exp 1
pro@dsuciiiz]) ﬂaﬁeeﬂpmonmﬁ@&mcmwsé@mwmmpmaﬂmhat high level in
% ﬁ l;gg/ the GeneBank database entries for TOM34 sequence,

2455 etected and measured using techniques well known to one of
ordindfP VB4 kifleintitfver ucrdiior sexsrad e dSegnahicepwitivse shis segkencBCRC and as
databas ntrles correspendin 4, 1S sed construct bes

Eor 335% %[’lng @Mﬁﬁﬁ\? seqcl%enc%?rﬁg/(lg’ta tr(rila(‘)r ern Iﬁ)? hy%’%?z% onfCRC
analydy. ﬁmmlgax@mmpieoﬂméaﬂémmaﬁﬂbﬁ osids] (RO msthiaghosed.

S g oy shegifically amplivin Of\‘t%ﬁ\)ﬁ g Ampliicationsbased s and agents
etection Srzneﬁto]drmguc As reverse. ranscrlptlonebgs d'po pol ymerasegc amn ¢ 28
foeaentng ZIREx@me ssiotfeteifeddf TOM34 in the test cell population, e.g., a

patlerg.’s&rrved tissues .sample is then ompared to_expression level of
the T Z A réfé%%%lge poegﬁ ation. gli;t§ ré%erence%%popﬁﬁa?smn Of TOM34.

Usnigde@uaneeonfmmameilpmadddiyﬁﬁne G(mqﬁ:dd aiﬁai:eimestﬂxmﬁmTOMM

En R Is Whe er.or no attern ene
sSiea IO e R G0 R RACC IR HER io ge of ordinary
sbﬂbndahe) artndi oatesuﬁlﬁlé; swapredisitiositbe $pretocdygebas epoietmwrresponding to
sition fthe reference.cellpo %I |fthe reference
ppsitonalne relelsnee ol BoRualon FOMERRR 8% nortiorn

ce pobul on 15© com 6sed of non- gen ex Gressio
bﬁxattgr’mdnzheamanalylmomﬂamoﬁlandxaﬂﬁaembeseqmmlambanﬂmhmmnsﬁuct

ol ek el BORURON, 00 RGN Famerselt b IS S8 BA%E Bl crion mothads
hopurationss ma ells, A simifargene expression prof

'shdtvaeeewﬁﬁdhmtesnpetbzpbmdéumhymﬂimm&ermmml populatlon

mdrcatfs that Waﬂqﬂ ncIudﬁs CR 1;%()alls Aleveai ot derived t1ssues
expressan 0511 |n ates popuﬁa%on‘?s%onsrc%reg aft&Bth

stewpls mﬁmnprmgmdftﬁ&wmﬂmﬂelvef ttariBe N3 the refersresgpoplilation. The

R Péﬁgg8&P}¥0ptﬁa%gﬂampc}tigé§ 10%6: or more cells for which the compared parameter is

known, ie., CRC cells or non-CRC cells.

Whether or not a pattern of gene expression in the test cell population compared to the
reference cell population indicates CRC or a predisposition thereto depends upon the
composition of the reference cell population. For example, if the reference cell population is
composed of non-CRC cells, a similar gene expression pattern in the test cell population and
reference cell population indicates the test cell population is non-CRC. Conversely, if the
reference cell population is made up of CRC cells, a similar gene expression profile between
the test cell population and the reference cell population indicates that the test cell population
includes CRC cells. |

A level of expression of TOM34 in a test cell population is considered altered in levels

of expression if its expression level varies from the reference cell population by more than 1.0,
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1.5, 2.0, 5.0, 10.0 or more fold from the expression level of the
corresponding TOM34 in the reference cell population. Differential gene
expression between a test cell population and a reference cell population
is normalized to a control nucleic acid, e.g. a housekeeping gene. For
example, a 5 control nucleic acid is one yghich is known not to differ
depending on the canerous or non canerous state of the cell. Expression

1.levels othe) epptRbry SeicRsitHR hglesiantevaleraneeduaipimanid T@M34 in the

be used to normalize signal levels in the compared populations. Control
refEpReeingiLBRPERERRN, glyceraldehyde 3- phosphate dehydrogenase or

ribos oI SHALR IR Re bxbebddientBstwethpopstaiinnispobmparad o wfalbale cell
reference cell populations. Each of the multiple referen egli?pulations )
PO s 'ﬁlf’ﬂ%ﬁﬁﬁ%fﬁ p&FERRtER e HE A st B MOPSPIERIES RiLy-hEor example, a

co@@fﬁpﬁé‘i@ﬁi@a&iﬁﬁi@“@ﬁ@ Mﬁlﬂ%ﬁrﬁ?}hﬂﬁﬂlﬂﬁﬂﬁﬁfkﬂ@pﬁ?&@%ﬁm @ferous or non-

CRC. cells, ag well as a second reference population known to contain, :

cRPGOWTRERE RS |f§1knﬁmﬁegﬁ§?“ﬁﬁ°eﬂfe‘§ﬂcw§%%&% 74 {dtost and

refR 88 5641 SRMIE drarBAusePIoGidsnannelS det antain oMo Renpuspeptgghlations.
of containing, CRC cells. The test cell is gbtained frorrr%@g[_ggily tissue or_a

Copseml armes Biefudsi fragi RTS8 hieBaBPar sy P esasipRs thesomal

pristeheell is purified from a tissue. Preferably, the test cell population
comprises an epithelial cell. The epithelial cell.i froT tissue known to pe

or sudpedest $6'hRogUHRen HrrernReT REEEPBop ons. Each of
the eiver [§QBTRdizsyR e asssimlalifetast icekn@plipasilyiethe refergaaest cell

cell population is a cell line, e.g. a CRC cell line (positiye, coptrol) or a

PR BRSBTS (P eGREvRISHETBCH R SRR, omfain, €8

CROpsUgYoR: iy diedyaddrom addaiahass phmabeculakin for oaation, deplyadn-CRC cells
from cells for which the assai{-reg parameter or conditiqn is kno% 25 Tq;—:‘
(erpa sl preldiaingf S5 SReHdet A SRR hECR IR KuHoH 2 Subject known

to AN BRI BIQLELcoatalings (R DQESE, Or cow. Expression of
TOM34 disclosed herein is determjned at the prote}qn a]r‘ln clejc acid level,
g Tﬁé{ﬂ‘u

using rhgdksbeekis RRHPad AR RO RS Rbft i#afiohtological fluid

(sBERNSIN ANG REAbE SPAhishSPRS fisathsr eengaiza theieamentiesaan PR ferably, the
used to determine gene expression, 30 Alternativegé%i%(fression IS

tephesdurerplrsing reiREeck anSeHBRbAt 6elled BT 8.4 TgEfissue known to be

Ol{gﬁg]ig‘gé&pgpg@pJ@R@MM. Expression is also determined at the protein
level, i.e., by measuring the levels of polypeptide encoded by the.gen

e, .
produet g isetrierars, i BRABEILAR 256 Ary Hea 80Pt ERHotRRs sjgrilar to test
cetreldenawaniy, the astaastinedudsofilitidhlis a cell line, e.g. a CRC cell line (positive

confrol) or a normal non-CRC cell line (negative control). Alternatively, the control cell
population is derived from a database of molecular information derived from cells for which
the assayed parameter or condition is known.

The subject is preferably a mammal. The mammal can be, e.g., a human, non-human
primate, mouse, rat, dog, cat, horse, or cow.

Expression of TOM34 disclosed herein is determined at the protein or nucleic acid
level using methods known in the art. For example, Northern hybridization analysis using
probes which specifically recognize the sequence can be used to determine gene expression.
Alternatively, expression is measured using reverse-transcription-based PCR assays, ¢.g., |
using primers specific for TOM34. Expression is also determined at the protein level, i.e., by

measuring the levels of polypeptide encoded by the gene product described herein, or

. biological activity thereof. Such methods are well known in the art and include, e.g.,
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immunoassays based on antibodies to protein encoded by TOM34. The
biological activity of the protein encoded by the gene is also well known.
Diapnosin CRC: In the context of the present invention, CRC is diagnosed
by measuring the expression 5 level of TOM34 from a test population of
cells, (i. e., a patient-derived biological sammple). Preferably, the test cell
population contains an epithelial cell, e.g., a cell obtained from colon

itissue ARNE IRXRIESSINNi6anialse pewiaasuweitdromivogdor cibenbiedibal activity of
fluids such as lé%r%)e. Other bjolqgical ﬁir%@les can be used for measuring
the: Bt GRreded P HAF SRS i & 5PotsHh SEVE i blood or serum derived

Oiemasajgatto be diagnosed can be measured by 10 immunoassay or

other conventional bjological assay. Expression of. TOM34 is determined )
in theﬁ%ﬂa%&ﬂn&?%isfo%f‘ca@gmw%% f%é%*fﬁé%ﬁf%@é&% the expression

lepESEON RVRbassasiaieg WithohQMBA g gsayedpAiaardat veaisibieyel sample).

is an ression profile of TOM34 typically found in a population known
PSS Lo oS i CHE AR AP (ARLo et das T AR rom colon
tishexprResienpreibiod bapaliente atsedrissumsblopieicliMahindf@®ssuch as urine.
AR DRE I GRSl e —
Iagicorppare ditechentinel hniial auRiondi Catdss thalsHdecst e aldgsured by

. Suffering from. or is at risk of d eli‘?in RC. Alteration of TOM34 in the
PSRBT AL S SR P8 RIS WEHRARESRrol level 20 indicates that

the subjestsibiers TORIsH is atiskipbdevehening &R 6r brécgiessige and

level of TOM34 in a piological sample ¢an be estimated hy tifying

CHRGE LTS AP ORET T SIE S5 P NS T8 M AR ded. A normal
coneibioidsclas mRipastokneofiliafiocriskitegidnthdambdiaraxamRigodiown not to
T BETRESTRER GG IO A B TSR Saeafe Ry Bypression n he
patiyendeskie didmihenarploast denighthelrucle tiideineaigpass MifBrmhesom or is at

or primers _tq quantify TOM34. For example TOM34 specific primer.set .

R PN oo 48 ST PR NSRS SR LM i th test
popeifiatablePiinayaAdsn he exprassian-dveler i chMIAtans Adiect is suffering from
analyzed based on the activity or - quantity of TOM34 protein. A method

fdP Gifbgffrﬁﬁﬁﬁ?ﬁ%p%ﬁﬁtaof the TOM34 protein is 30 shown in below.

- For examplicnsd IS4y thetaodsopi@atisalut nipadaterminatiandtontrol level

R e SR 5 RO Ao GRYRABIOR I Ear s actty

so longtasctiecEsidAddvaLbe TOIRArRss eMblia s sampiR ohd KoIRMsarResy
R i Do tocor arobein aaoded b3 TOM34. Quantification mefhods
for mRNA, are known to those skilled in the art. For example, the levels of TOM34 mRNA
can be estimated by Northern blotting or RT-PCR. Since the nucleotide sequences of TOM34
are known, anyone skilled in the art can design the nucleotide sequences for probes or primers
to quantify TOM34. For example TOM34 specific primer set comprising the nucleotide
sequence of SEQ ID NOs: 43 and 44 is preferable primer.

Also the expression level of the TOM34 can be analyzed based on the activity or
quantity of TOM34 protein. A method for determining the quantity of the TOM34 protein is
shown in below. For example, immunoassay methods are useful for the determination of the
proteins in biological materials. Any biological materials can be used as the biological |
sample for the determination of the protein or it's activity so long as the TOM34 gene is

expressed in the sample of a colon cancer patient. For example, colon tissue sample can be
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mentioned as such biological sample. However, bodily fluids such as

blood and urine may be also analyzed. On the other hand, a suitable

method can be selected for the determination of the activity of a protein

encoded by TOM34 gene according to the activity of a protein to be

analyzed. 5 Expression level of TOM34 ggne in a biological sample are

estimated and compared with those in a normal sample (e.g., a sample

mfREES 100,A R0 AIRERSEH SHEIRRN AR ARHEN R SO WRAIANRNH urine may be

that the expressmn? vel of the genes Is higher than that in the norma

alsanmplyztde Subjecoibjuliged wsvedifeaiedwirradiondesiedioriiee determination of
jonlevel ' ' i las.f .
thg E’E{%%%}%r% ai%r%}tglfn %9%'3536% gﬁ\”(@%ﬂél%g@%%@dﬁé‘w B 58&%&?8%‘ g‘ﬁ'}otem to be

ject'and ject to be dia 10°may be determined at the’same
anghyeedlternatively, normal ranges of the expression levels can be

dﬁ;?%ggi%ﬁ]@(ﬁ %‘ﬂ"% | %éeﬁg]]%da 8?0%1%91%91@%% 9&%&&1&5‘?‘& B¥d compared with

anatyzing the expression level of the gene in samples previously

thostiacteddnal seounier¢tgroupimpledle vedtaivedmpeshspassdgtbicct). When such a
coggogaﬂs%ﬂf A SYDIREH éﬁ&&g&%@&%m he Mermabianas hen theree W normat
S not Fa? o} d

within the normal range, the subject is judged to be affecte

sawiffheottis mb}@strismga@wmn@:@m Wﬁhr‘f@é@l ﬁaﬁ@rpr’é"é@@mw@@d?ael of
Tgﬁgagg;éﬁ% 399 Eg&@ggaog%%;gg 90 faNGSIis lRfeRravidea: dh%o be diagnosed

lagnostic agent o pre Invention comprises a compound that

mbjnbis determpoiytatcibotamotimpoltieptde dy TOmMI gaees Pidhs aspyespion levels
caglégig%%%gn A tﬁﬁéﬁ%gﬁ%é&ﬂ%ﬁ%&%lﬁ%@&&é SOMIIARNER B the

> polypeptide 20 encoded by TOM34 gene may
expeassion kyveuefitheqrmmpousriniier povarualscakcaisditien swemiad group. A result

0\5%%%)’%0%1&9%%&1@9 f 4p @é\gﬁ Jlp “r‘é’c%&?&iféh%@m?@ﬂﬁﬂm range; when the

nosic agent comprises a detectable label such asa ™ )
reflubréseem fiathwsboe treorohiviliranges tensubinst itlederd dorbadippted with or is at

ﬁwgfgg%frgg?g&f&ecﬁﬁ%g?nt method of diagnosing colon cancer may be

appli ssing the 25 efficacy of treatment of colon cancerina
subjebt. theporsintity thianetbeagroiiciegied fadingogueselon qaagwels also

ﬁ%’&é‘éﬁ%&%ﬁ%ﬁ%ﬁ@ &ﬂfé"ﬁ%&é}ﬁ%{%ﬂ{f@%ﬁ 0t $0L69180nd that binds to 2

cancer. e me ssessment can be conducte accordlng (0]

pmueleitidalontepbte ey BRIHG ¢ et cdncfsralltesk eligproielgiide that
B B R M AR W polypeptide
ergioltvgibal TSAMplegisnthendbearsihatisant TompipputdoMocenitrs) Myehn aptamer, such
T e T S
diegtpisckaypanrh cTinprimstacldeetiibedebelmink ddre Al biotegiod) kantptectrdor
bioTminescent label which is commonly known in the.art.

The present method of diagnosing colon cancer may be applied for assessing the
efficacy of treatment of colon cancer in a subject. According to the method, a biological
sample, such as a test cell population, is obtained from a subject undergoing treatment for
colon cancer. The method for assessment can be conducted according to conventional
methods of diagnosing colon cancer.

If desired, biological samples are obtained from the subject at various time points
before, during or after the treatment. The expression level of TOM34 gene, in the biolo_gical
sample is then determined and compared fo a control level derived, for example, from a |

reference cell population which includes cells whose state of colon cancer (i.e., cancerous cell

or non-cancerous cell) is known. The conftrol level is determined m a biological sample that
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has not been exposed to the treatment. If the control level is derived from
a biological sample which contains no cancerous cell, a similarity
between the expression level in the subject-derived biological sample and
the control level indicates that the treatment is efficacious. A difference
between the expression 5 level of the TOM34 gene in the subject-derived
biological sample and the control level indicates a less favorable clinical

hRUlsomEe PLIeqnasis, MealiRgagents that inhibit TOM34 expression: An
agent that inhibits the expression. of TOM3 4 _or the activit%irc:f its gene

produéttbasoneabisralistsy ¥shiitigbirlesi GlirpBpiaatissppedaip cancerous
calOM34withyariasi-agent anstdbapn 1o/8ete ﬁﬁé@ﬁﬂé@%@&@%%lfﬂ Qfmple and the

TOM34 or the activity of its gene product. A decrease.in the level o

coaiprblaiphintisanm SebbmithanadischiRmp et its Jiiepret bettisndhe expression
1eRELSENGE TohilR aQaR ATEQIaceddaJhe IR ERIIORRLACHNIYHE Vehio] Tevel

the absence of the test agent indicates that the agent is an inhibitor of -

indispieyadpss feertaticirimsehg R Ee PRERERER population may be any
IESHiexRsessing FaMatirhacplerthadast 15 cell population may

contain an epithelial cell, such as a cell derived from colon tissue,

Furthémsreiitetadiibin thasBesaianrfolahled elhfnsiahetitamngproduct can
bEMEMABATLAlacalgyagtat can %‘ﬁ;ﬂ@ﬁéﬁ%ﬁ&s’;ﬁg tesheellybes@agent and then

cell which has been transfected with TOM34 or which has been - . .
defeprane i RRPASRSINASSR) Sb4 (YIS (& GepdinbierSus genceyofiirh A decrease in

it VA4 pRgsaM dinked tMBIEROHEh S BRRY 40 ASSESSHTZAR @GatWBliiuct in the presence
treatment of CRC in a subject: The_differentially expressed TOM34

ofdbnfifeht He FAMBISE ANORPIBF IS Toh NersH W dfvehndhe rheeppp et the test agent
indeRitered: indaiemeihpdnaites:-callmopulatian ineravidechiramacubject
undergoing treatment for CRC. If desired, test cell populations are
bt 45 B ST P RS FOTPRES RO HO NI find, hsefgple, the test
caltpsHaativenlaFuoresaion QfiteMBdeRd sRch 8sceldmiRtaHisdhelon tissue.
determined and comﬁared to a reference, cell population which includes

Feghswmosedierist KPeim iR aEsh e bigrdsresship et cinoma cell or
cisereleranss colis-shawdihave net baemeyreseloWedieatmest @fansfected with

interest. If the reference ce IPO ulation contains no CRC cells, a similarity
e

TR oxprdichdsberoivi Wy & BB ORG AN e FeREraiRigT sequence)
e PoRMiRtign-ladicalardhal theitieadment of interest is efficacious.

However, a difference in the expression of TOM34 in the test population

Al SR M e ot B FBTE ey A indicates a less favorable

clinica W@ﬁ@i&ﬂaﬁ%%e ey dhareferRenss sR1 ROBW 88OMme course of
contains CRC cells, a difference between the expression of TOM34 in the
treadieal %ﬁ%ﬂ@r"‘éﬁﬁ’ﬁ%@me Airibds rpethod, a test cell population is provided from a

subject undergoing treatment for CRC. If desired, test cell populations are obtained from the

i

subject at various time points, before, during, and/or after treatment. Expression of TOM34
in the cell population is then determined and compared to a reference cell population which
includes cells whose CRC state is known. In the context of the present invention, the
reference cells should have not been exposed to the treatment of interest.

If the reference cell population contains no CRC cells, a similarity in the expression of
TOM34 in the test cell population and the reference cell population indicates that the
treatment of interest is efficacious. However, a difference in the expression of TOM34 in the
test population and a normal control reference cell population indicates a less favorable |
clinical outcome or prognosis. Similarly, if the reference cell population contains CRC cells,

a difference between the expression of TOM34 in the test cell population and the reference



10

15

20

25

30

cell population indicates that the treatment of interest is efficacious, while

a similarity in the expression of TOM34 in the test population and a

cancer control reference cell population indicates a less favorable clinical

outcome or prognosis. Additionally, the expression level of TOM34

determined in a subject-derived 5 biologicgal-sample obtained after

treatment (i.e., post-treatment levels) can be compared to the expression

cdp\RIp XN 3fhidatesminaddna.subiecr detved hielvgicabsamBe a similarity in the

obtained prior to treatment onset (i. e., pre-treatment Iev&ls) A decrease

oxpraTE e SO ottty e REBA RO BB LA FERFE RO SR B e sl population

indletihe treatmest-ol inprestiseiicaciaysophilaian increase or

maintenance, in the expression leve] in th t-treatment sample . )
indicateﬁf@&%ﬁ%@%@éﬁmé@&%ﬁ?ﬁéﬁ%&ﬁﬁﬁg@?% Asgicct-denived
hidesginalthadsran teflicacidus tingieates thaphr-treatmentisats tabe compared to the
reduction in the expression of a pathologjcally up-requlated gene, or a ) X
TR0k LM Bt ASTIE B RAT T EIREH Sapfehtained prior
toMbsia- i eatmentofipierestisappliad) proplyasticallththextasikion level of TOM34 in
"efficacious” means that the treatment retards or_prevents a CRC. 15 fr

o R BPTBtAFERP S AL S 0 S By A IR o7 G A IS Whle an inorcase

o B5886AA0E 0f BieleRienRNss kab! be thogsstisingsiandarbldinieadates a less favorable
protqocols. In addition,, efficaciousness can be determined in association

clier LAY RMER ATRERRBES or diagnosing or treating CRC. CRC can be
diagngsefieiPhexamgle tdinidemihing:sSymitena it damaliemcdideads to a reduction
. weight loss, abdominal pain, hack pain, anorexia, nausea, 20 vomiting
inthg @’éﬂ@?&ﬁ%ﬁ%&%ﬁ%}’&?@ Y URLeaHFe SaRG C5RISEHRES IRsiEpdufealence, or
mReffopeating ¢ RE Ut dsaspropriaiedarecRattstdarnelivid updpplied
Differences in the genetic makeup of indiv{ﬁ%al can result in differences
PrARREACiSRI SBRiRTTEs SOIRRAEATSi FReRs JeameghEsi s prevents a CRC
frnatehalizedina.adhjertiems! onslRRiaRE-C & mpaen bt fesCitsetkessment of
%)ly inducing a change_in a,gene expression pattern in 25 the subject's cells
CRlgmiFRRTE A PRRate bR SRrdle R}"%‘ifé?r&e expression pattern

charagieristic sl amRAGaERRUsSRIdcArsordinE st difterertialiy known method
expressed TOM34 disclosed herein allow. for a putative therapeutic or

fogr 8 HHIsHERS L ERe (et RPN, dal SR Adtiying

spalaeiasRURieatdNQrder o piRl TBREhdbmane Rhis SHatilpble, HMdkREl, dbusea,

CRC in the subject. 30 To identify an inhibitor of CRC that is appropriate

VeIt aptigschdce ek VR aACIsHRHE subject is exposed to .
SBISREIANEHIS AUSR: BREHINB SFRIARSIOROT AN IS oRtermes pliAbRlar individual:

context of the method of the present invention, the test cell population . .
contairifepgnces in the genetic makeup of individuals can result in differences in their

relative abilities to metabolize various drugs, An agent that is metabolized in a subject to act
as ap anti-CRC agent can manifest itself by inducing a change in a gene expression pattern in
the subject’s cells from that characteristic of a cancerous state to a gene expression pattern '
characteristic of a non-cancerous state. Accordingly, the differentially expressed TOM34
disclosed herein allow for a putative therapeutic or prophylactic inhibitor of CRC to be tested
in a test cell population from a selected subject in order to determine if the agent is a suitable
inhibitor of CRC in the subject.

To identify an inhibitor of CRC that is appropriate for a specific subject, a test cell
population from the subject is exposed to a therapeutic agent, and the expression of TOM34 15
determined.

In the context of the method of the present invention, the test cell population containg
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a CRC cell expressing TOM34. Preferably, the test cell is an epithelial cell.
For example, a test cell population may be incubated in the presence of a
candidate agent and the pattern of gene expression of the test cell
population may be measured and compared to one or more reference
profiles, e.g., a CRC reference expressiojxprofile or a non- CRC reference
5 expression profile. A decrease in expression of TOM34 in a test cell

a @W@!?&E&Eﬂfg oEvaierence rally PORYRNICBICRNMAIBILGR Cell. For example, a

indicates that the agent has therapeutic potential. In the context of the

tes} esl mopahen Mk taFcHhuRE BB PERTES b GRBCat AgsBL RS The pattern of

odreppany J8 Sirage s IRaiuds: A RO LIMeMied AMLAAMALL AP e or more
10 agents. | . ... Screerﬁ%? asscys for identifying herapeutic a eg nts:

refsaRTg aEoTlsR 38 g ere Ror SHHEER ESEI IR RN TGt Hide RptiBratcnce
cfpRuataryJegion of the gene, compounds can be screened that alter the -
expression of the gene or the biological activity of a polypeptide encoded

by the isiEs ST Eh RO AreNI3ddna (05 BrARARESIAIE P to a reference cell
pARAINSL QLRSS CRERSH Jhes elar endhe Rrepaniinvertian pravidss a

method of screening for a con%f_ound for treating or preventing CRC usin

the TENISACEBITHEREIHS MASSH BBTRRIER: rafrstased Al bnatigpmpound or
cEAPHRIIRGS IE%&%%%@ AQRGHIRL R (B8t GRMHR UG wiHhA RONBRIHESu atory
encoded by a polynucleotide of 20 TOM34; b) detecting the binding
agdti%ity between the polypeptide and the test compound; and c) selecting

SER185E GOMPORPI DAL RIS ﬂ-@@@m%ame- The TOM34 polypeptide

to be used for screening may be a recombinant polypeptide or a protein

derived Heing the ALte/oraparnirpe shdedrbhadierinp oy Japtidértippd regulatory
red R AUTARISH I hhah nepevBdcambetiar SR RUGHSDS the gene or the

polypeptide, a soluble protein, a form bound to a carrier or a fusion

biglemirslracativios sRRIYPENAdE sHtedeh by hn iRy SrustrsempgURAS ate used as

pRigigiRsenexamps: thatbind todhe FRAM34 polypeptide using the

TOM34 polypeptide, many methods well known by a person skilled in the

art can BédiskueSheprEaeBRi eIy Idshaderbogofsereraipr a compound for
n&%ﬁ%@ﬁ%ﬂ%ﬁié’@ﬁ@ meHode %M@Q@Myﬂ&éﬁ@ép @i&’ EHHHDESH: é&ﬂﬁis screening

gene encoding the TOM34 polypeptide is expressed in host (e.g., animal)

Bt H}ﬁﬁ@@ﬁ% the gene to an expression vector for foreign

genes) SUERRBRSYRRECoRPRN it B Pl FpbpBEARE I E PPy il otide of

promoter to be used for the expression may be any promoter that can be

used cohthdily and - 16

b) detecting the binding activity between the polypeptide and the test compound; and

c) selecting the test compound that binds to the polypeptide.

The TOM34 polypeptide to be used for screening inay be a recombinant polypeptide
or a protein derived from the nature or a partial peptide thereof. The polypeptide 1o be
contacted with a test compound can be, for example, a purified polypeptide, a soluble protein,
a form bound to a carrier or a fusion protein fused with other polypeptides.

As a method of screening for proteins, for example, that bind to the TOM34
polypeptide using the TOM34 polypeptide, many methods well known by a person skilled in
the art can be used. Such a screening can be conducted by, for example, immunoprecipitation
method, specifically, in the following mamner. The gene encoding the TOM34 polypeptide is
expressed in host (e.g., animal) cells and so on by inserting the gene to an expression véctér
for foreign genes, such as pSVZ2neo, pcDNA L, pcDNA3.1, pCAGGS and pCD8. The

promoter to be used for the expression may be any promoter that can be used commonly and
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include, for example, the SV40 early promoter (Rigby in Williamson (ed.),

Genetic Engineering, vol. 3. Academic Press, London, 83-141 (1981)),

the EF-a promoter (Kim DW, et al., Gene 91: 217-23 (1990)), the CAG

promoter (Niwa et al., Gene 108: 193-9 (1991)), the RSV LTR promoter

(Cullen, Methods in Enzymology 152: 684;704 (1987)) the SRa 5

promoter (Takebe et al., Mel Cell Biol 8: 466-72 (1988)), the CMV
m@ﬂ{&@,@h&t%ﬂ{;}f@&ﬁmﬂo @ﬂ%ﬁﬂﬂd%fjté@ng%ﬁ% Mﬁ!&i&ﬁﬁ%x?ﬁ&))sée%ﬂc

3365-9 (1987)), the SV40 late promoter (Gheysen and Fiers, J Mal Appl
Eupanrerneassl ol fodeyiaRscasidroviags atd %vm&@a, (kadtirarmepapter (Kim DW,

etMel E5lLBIR! 046 ?éﬁﬁ?&@dﬁ‘%}‘}%&%@(ﬁ%@f ANd59,0708h 3-9 (1991), the

introduction of the gene ifto host cells to express a foreign gene can
RPETicHR qucansorditgleo, tvlaiing dsethibuzy o exaiiplet 8de 76k Clrop HradiorBR o

method et at lej ids.Re ; he calcium _
e b S T R o Ry S A R G BTty promorer
(S, trefDERBddtt dcadethdt $llofphtd Biah, (Mlgicthcily Remtt hiromoter

707-17 4): an il iQl.4: -3 (1984
e, T A L P SR B s b il bromoter
(RatimenGenktis®bC2R B0 9993%-Ra0ifAtan b dls Vo Bcipnoeo’50r@i3®-4n. The
. (1993)). and.sp. on. Th ide enc X can b .
B S o R D L 088 B o acconding
torapnocttmalsafititodyiy, itheadcsing thaiepitopbaetf tbbnwabclinaleic Acids Res 15:

i specificit s.been reve fQ - - termi |-
LR e I ol Ny FITE Blot 7 2745-
5DHELG8EY,(Brpiade deaitivie dicihod 3. @50 2DIB)cveciomsisRishi 2an707-17 (1984);

express a.2Q.fusion, protein with, fo ! sgalactosidase, malto ..
R O TR B erire

C¢BHP) Hith <G oibBy)iHaudecohlts Natitiplewiontsd shas (3G Mesimltyn et al.,
sgaliablsy -@ﬁﬂﬂogr%% PINRLERAICqRY 'gg%%% fc'i‘&e%&'}’déﬁ“%z' ?“HJ\%E% Bene can be

consisting of sev a dozen amin $'S0 as not to change
expopsxty ofathsibOME%ipalypepithess e Rbtfosisiteispitops pdrtad onoclonal antibody

Epitopes.. sugh as.polyhistidine (His-tag), influenza regate.-HA, ;human
by R R % AR O M o ol QR SR MR revealed.
tolibprdtenC( Tatag)s litharpsipysiptider ps soimseglydbp rotaiialfld Syitaym);antibody

A BTEReNaneREIPRALAaS)0d 845hoBRr) MONGEI ey con cxprss

ies recoghizing them can be used as the y System

fdsibagreeinghoteinshinslinpteihetd i) palyperbideiag frojeatipknidione S-
e L PR 0, DS ST
m@m@m@%ﬂgtﬁ@i@;ﬁlé{he immur_1§ comple>_< C(_)nsists_ _of th_e TOM34

Eg:ggggt:d }%%‘tﬁﬁ%@%ﬁ?@ rgs&g%(;[ Sc%lxg%m %Pl‘.llgﬁl g{alittrg)gggg consisting of several
to a dozen amino acids so as not to change the property of the TOM34 polypeptide by the
fusion is also reported. Epitopes, such as polyhistidine (His-tag), influenza aggregate HA,
human c-myc, FLAG, Vesicular stomatitis virus glycoprotein (VSV-GP), T7 gene 10 protein
(T7-tag), buman simple herpes virus glycoprotein (HSV-tag), E-tag (an epitope on
monoclonal phage) and such, and monoclonal antibodies recognizing them can be used as the
epitope-antibody system for screening proteins binding to the 7OM34 polypeptide
(Experimental Medicine 13: 85-90 (1995)). '

In immumoprecipitation, an immune complex is formed by adding these antibodies

to cell lysate prepared using an appropriate detergent. The iImmune complex consists of the

TOM34 polypeptide, a polypeptide comprising the binding ability with the polypeptide, and
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an antibody. Immunoprecipitation can be also conducted using antibodies

against the TOM34 polypeptide, besides using antibodies against the

above epitopes, which antibodies can be prepared as described above.

An immune complex can be precipitated, for example by Protein A

sepharose or 5 Protein G sepharose whepyythe antibody is a mouse IgG

antibody. If the polypeptide encoded by TOM34 gene is prepared as a
arfUSIRRRICIEIR WL AR GRIIOREN SYE B ARISTLnARRINILNE: SRITHIGX CRLBRE the TOMS4

formed in the same manner as in the use of the antibody against the =
patenaBddpdigpieptiueing SpEPadiGh ey SictisIRPHRRiRg B theglibodies can be

pRRIARESs UGBS CWiRthione- Sepharose 4B. 10 Immunoprecipitation can
be performed by following or according to, for example, the methods in

the literahIrETRBRRAERICK SAR DA RTETRIE S PIox ey Sphngiedsppharose or
PLALSY Qe RablcationsH e ¥edk (1988 DR He dg COMRGIIY H§SsHe encoded

“for analysis of immunoprecipitated proteins and the bound protein can be

byuA&R}#EA BRphis FishSEsstar AEIGHILPIR BB aSRE e Withea 8] > an immune
c@rEPIQQ daleneapaaRYy Aok Binesdhe pratein trund &7 the .h@b4a¢ against the TOM34
po

ypeptide is difficult to detect by a common staining method, such as .
PlBBPRLS S SRy T AIRFeTRSEAY Y (RdiRdedbREs SREIBRRS Ryl glutathione-
Sepaieiveap be improved by culturing cells in culture medium containing

radioactive isqtope, 35S-methionine or 35S-cystein, labeling proteins in

the cellsiameraBteciigiim (HoRsmsrirrR e Bed plomIAEahaseoptingdy, for example,
giirgetyolion e RBende Aideh8ehang S uense CamMring Harbor

determined, when the molecular w éght of a protein has been revealed.

Lakogaipetiadfsedenselity proteld€dihding to the TOM34 polypeptide

using therRlyRemide;domexamaied e shiasiesnikleingd0apieied proteins and the
(Skolnik et al., Cell 65: 83-90 (1991)) can be used. S@gciflcal_ly, a_protein
Wt

bpymdmgatsimeandRRlseRidsh Pdes 3VB18HA Q& ten sigggels with an

a libtaniiamaalls, issuaseqranss Gonexamaler ingye peNERARe is difficult to
estis or ovary), or cultured cells (e.g., CW2, DLD1, HCT116, HCT15,

dptped DY SCPRTROBGEEIEE TSN eRich Bt SERTIRATAB IOt o1 ftaining, the
JPRYRSPULSHING A PIRIRIEEIChESHE smbARbENPRIRIRG SRRIN BiRIRIARe medium

LB-agarose, fixing the protejn expressed on gcfilter, reacting the purified

comRIBE selreNTIa SeIgRR pTRETIRIHORE S By e TSI inibeisgmmgisies in the cells,
aRIPGHESHR AP IRSRIRG. PTaleins bopRALa the TOMSARPIVRSRLERom the SDS-

according to the label. The polypeptide of the invention may be labeled by

pPotypaRgartdsisgh b nsedweRistiang Seiermuipsdyvhanithsgaalesuts srrjght of a

p}g%iﬁqﬁgi%%@gxggggé_o the TOM34 polypeptide, or a peptide or
polypeptide (for example, GST) that is fused to the TOM3§4polypeptide;. )
MethodsAfsfgetigd for screening proteins binding to the TOM34 polypeptide using the

polypeptide, for example, West-Western blotting analysis (Skolnik ef al., Cell 65: 83-90
(1991)) can be used. Specifically, a protein binding to the TOM34 polypeptide can be
obtained by preparing a ¢cDNA library from cells, tissues, organs (for example, tissues such as
testis or ovary), or cultured cells (e.g., CW2, DLD1, HCT116, HCT15, RKO, LS174T)
expected to express a protein binding to the 7OM34 polypeptide using a phage vector (e.g.,
ZAP), expressing the protein on LB-agarose, fixing the protein expressed on a filter, reacting
the purified and labeled TOM34 polypeptide with the above filter, and detecting the plaques
expressing proteins bound to the TOM34 polypeptide according to the label. The polypeptide
of the invention may be labeled by utilizing the binding between biotin and avidin, or by |
utilizing an antibody that specifically binds to the TOM34 polypeptide, or a peptide or
polypeptide (for example, GST) that is fused to the TOM34 polypeptide. Methods using
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radioisotope or fluorescence and such may be also used. Alternatively, in
another embodiment of the screening method of the present invention, a
two-hybrid system utilizing cells may be used ("MATCHMAKER
Two-Hybrid system”, "MATCHMAKER Mammalian Two-Hybrid Assay
Kit", "MATCHMAKER one 5 Hybrid systepg"(Clontech); "HybriZAP
Two-Hybrid Vector System" (Stratagene); the references "Dalton and

ral {61890 &9 RB:RR4:02ad 193 hayieldgaNdgtemglanz, Trends

Genet 10: 286-92 (1994)"). In the two-hybrid system, the polypeptide of
the invelisrisivesdirrnehsrmbsdmngtabibn SresriDE BIRdeg tegipmresent

irRBARP LRSS hib YRS AN Sz Hibraty is 140 errRPEAMARISR Two-Hybrid
expected to express d protein binding to the polypeptide of the invention, ‘
SN ThNEAS BRI ORI AMEAV IS MBALIMAKER one-
HYBRICHRIGRAL YRR i20ier: AP e RRNAHIRRRNLIsShe pstatPdueRhiife); the
e above yeast cells and the eDNA derived from the library is isolated

reffeseness Josiireanddesivamcted ((tier? & pteteid BHnding d Sternglanz, Trends
Ggg@(g@p@@g_@bttl@meption is expressed in yeast cells, the binding of the
5

two activates a 15 reporter gene, making positive clones detectable). A
protein éndRIBHDY PRI dReH LIPEpRASPHIbM iRy GUERR i ipathe SRE-

vin@lated 2BRVE 195 C8HhaNH SXRESINO S RIRIPIN AR BROME IRTR library is
for example, Adel gene, lacZ gene, CAT gene, luciferase gene and such

rrepaBe eeHapls ot thexPIRSS fBrECIR bEBSURd inhPeatide of the invention,
SMmaﬂﬂ%Sfmgﬁﬂ&yel@é@%gﬁq%&m@ﬁe Re 20 sicreenedidsilgptional activation
affinity chromatography. For example, the polypeptide of the invention )
TR M&%&@W%‘bﬁﬁi@ﬁ@ﬁ%@éﬁﬁﬁﬂ ¥, Bprfiectdistand the cDNA derived
HEATRO A SORIRINAGPHRRIRIN feRRARIRIBHBINEIRG I REHRAIMRRRIES Bhding to the

the invention, is applied to the column. A test comg;und herein may be,

pedynepiitip Rl bl ievertion ivennessedsnatea kel fothntindiageaithe two activates a

i washed dandiearRPonndsBRrackiai®y the cDNA can b
r%ﬁgﬁ%%@ﬁg%&ﬁ%@ can betg)?gg;reggévhen the test yHee can be

pemssdincdsrade s iherOhmiswlhird sbave & orcwbmegsipghtbpprotein.
is analyg@a %8#@9 @h@ﬁ%ﬂ%ﬁ%}%ﬁ@é@&e%&%ﬁg ugnge é’xﬂg luciferase gene
eDNA libraries™ are screened using the oligo DNA as a probe to o%taln a

aphsResrrssdhegead rodsifiion tidbeABSP EEAY the surface plasmon
resonange, BREAMEHNATIAY Qﬁelﬁﬁgﬁﬁé%ﬁesa&fggmyﬁga{e can also be

quantifying the bound compound in t resent invention. When such a

shisnsdserng usbuitehamrirgronetReeereafio i palioertide aivbadeyention may
L8843 18860 TP UAr:ERRMES ABSERYaD 1AL MR SR SUIARERIRBMRining a protein

resonance signal, using only a mintte amount of polypeptide and without

cippblingf(findingrispibe Bohawietiderfthedpypntion, 1s applied fo the column. A test

compound herein may be, for example, cell extracts, cell lysates, etc. After loading the test
compound, the column is washed, and compounds bound to the polypeptide of the invention
can be prepared.

When the test compound is a protein, the amino acid sequence of the obtained
protein is analyzed, an oligo DNA. is synthesized based on the sequence, and cDNA libraries
are screened using the oligo DNA as a probe to obtain a DNA encoding the protein.

A biosensor using the surface plasmon resonance phenomenon may be used as a
mean for detecting or quantifying the bound compound in the present invention. When sucha
biosensor is used, the interaction between the polypeptide of the invention and a test |
compound can be observed real-time as a surface plasmon resonance signal, using only a

minute amount of polypeptide and without labeling (for example, BIAcore, Pharmacia).
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Therefore, it is possible to evaluate the binding between the polypeptide of
the invention and a test compound using a biosensor such as BlAcore.
The methods of screening for molecules that bind when the immobilized
TOM34 polypeptide is exposed to synthetic chemical compounds, or
natural substance banks or a 5 random.pfiage peptide display library, and
the methods of screening using high-throughput based on combinatorial

) TERRRSITY @%QB@%&%&M@% BB %&%1&%%}%?29&56&{? the invention and

Verdine, Nature 384: 11-13 (1996); Hogan, Nature 38 1996)) to
af@@#@@wmysmremssem% 1@éI1§8ﬁ‘fBEﬁmds that bind to the TOM34
protein Gieluding aoenistanch AripraRMslIa enyeHi KRWRANQNG SREA TOM 34

the art. 10 Alternatively, the present invention provides a method of

Pelstemif forresia po sr hdictrbaTeRb PR ISy O RN iy Ffance banks or a

rRRYReRlde sacoded: BMLAMINISRE EOMIREIRIAY &@ecr%eﬁagaﬁsmqwgh Rroughput
contacting a test com ound with a polyp tide encoded by
bw@ﬁa&@@tmﬁmﬂ sty [ HegsmgNHE IO Bk 561%3? 8 hd58-64 (1996);

VRplYReRlide Al dep @) 5{1@9@ Sﬁ@%&@%ﬁﬁfgggﬁgmmﬁm%'@% isolate not only
suppresses the biological activity o the polyp%@Me encod

Prs&m bl shigase conmpand e Sinpainctteo’ire | é@.e&r‘fﬁar(w&vw@a@gomst and

RYde.detaqiadym aeabsRMER o the dast compound. Since the
TO 34 protein have the activity of promoting_cell proliferation of CRC 20

cells, a egtapwtivalsspRasBtIRBtRm g ol S Brobad ehirtsening for a compound
FIOHRRRRE HSHRE g n AtV RMBIHA S K RPN ROMRERLEES FonPer a8 comprising the

for screening so long as they comprise the biological activity of the
SWE?M%&)BF&’Fém Such b|olog|cal activity include cell-proliferating activity of

the hyy 34 QLB ST AT R ol M3y atgiERRIBS e of

used and 25 po ypeptides functionally equivalent to these proteins can
also belt8¥d4such polypeptides may be expressed endogenously or

exogenauslyihy ¢ellsoldieapmpoundisalated Ry ﬁ&%@f%ﬁl@g
candidate for agonists or antagonists of the polypeptide enco ed by

ToMAsPGesiingihe teshsorponrd thatsrppasetia Mﬂcwﬁrﬁgxrﬁ@ the polypeptide
functiog e BYMREAINGRYBIRANS eKeta. AeWiSEc& Bidhiological activity of

"antagonist" 30 refers to molecules that inhibit the function of the

polypepriderBly BrRddR) deferisd . W[@Fe@?@ﬂc%%ﬁﬁﬁ)@ﬁh’ép@éﬁ‘ﬂéé by this
screening,isAandiipie ﬁ?&t@ﬁ{%@ym@a\@@wﬁy@b Y proliferation of CRC

interaction of the TOM34 polypeptide with molecules (including DNAs and

ceflarginem e wichimbiarhisraty it 168 hésauataimeaiehsagspped using this
aBRRiRP eSS P Rlle30-

Any polypeptides can be nsed for screening so long as they comprise the biological
activity of the TOM34 protein. Such biological activity include cell-proliferating activity of
the human 7'0OM34 protein. For example, a human TOM34 protein can be used and
polypeptides functionally equivalent to these proteins can also be used. Such polypeptides
may be expressed endogenously or exogenously by cells.

The compound isolated by this screening is a candidate for agonists or antagonists
of the polypeptide encoded by TOM34 gene. The term “agonist” refers to molecules that
activate the function of the polypeptide by binding thereto. Likewise, the term “antagonist™
refers to molecules that inhibit the function of the polypeptide by binding thereto. Moreover,
a compound isolated by this screening is a candidate for compounds which inhibit the i# vr’vo
interaction of the TOM34 polypeptide with molecules (including DNAs and proteins).

When the biological activity to be detected in the present method is cell
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proliferation, it can be detected, for example, by preparing cells which
express the TOM34 polypeptide, culturing the cells in the presence of a
test compound, and determining the speed of cell proliferation, measuring
the cell cycle and such, as well as by measuring the colony forming
activity as described in the Examples. 5 4 a further embodiment, the
present invention provides methods for screening compounds for treating

pro¥ RISMERINYmRE ahsiacussechingletal phayeityeaatelingdisress the TOM34

expression levels of the TOM34, one can control the onset and

popreepids;siisromdherilis el pEsRBeSALA Sl HERSEIn e drtetriatng the speed
of SEMISVERLIGR A GRExGaRheddentifietbihindualih seseeaingsSialdiserthe the colony

expression levels of TOM34 as indices. In the context of the present 10
TorayBRRGHYE @S dereBhfdgHils EEAIIER, for example, the following steps:

a) contactingferpsisais oM pRUpithiaweHli eXRressiRg TONWE BRdcreening

b) selecting the candidate compound that reduces the expression level of

COROMBLHOTBRTD AR ESVEBHS [1BYel MSHBSISEN R Sr'thkabangidagontrolling the
exBRBRENN, ElSRXDESsINgche hY Mddinehiisndar exppplecRedliBESRC. Thus,

established from CRC; 15 such cells can be used for the above scr_eening
cogrmpRHrBahiIAY BRMSRI & ICCIRBMSET PIENHIYR ORI 180 eyippniidied through

sc%@ﬁiﬁf@fﬁ@@é@@ By ekpanrdienasinatadropnmethonsivell Knanndeniereo! the present
skilled in the art. In the method of screening, a com%%grid that reduces the

InysTieRsTIAD RAFEPHPE OB AL IE: JeTEriatne- AR ARIAEEESHEYo be

used for thgytreatmepitsipieyeatianef Edipodddiamatvalyxiessing TOM34; and
screening method of the present invention maypgggjg%ise the following .
steps: a) cohtactingeeEHREIREEAEOHBE I RR RS S3Rcion level of

Cmihgw asIB6rRRSE rﬂfﬂ%gﬁkfﬁg@@pﬁy?ﬁ?&ﬁ@e@ta @Eﬂ%a@ﬂdli@até kllﬁﬂﬁfound.

gene that Is expressed under the control of the transcripfjonal regulatQry _
region, HeldssaReTiRstEt A5 HRaRsEu TFHIRTRIG s F%%eh@ﬁ%e& from CRC;
suSRICLIBNaHas-08Re BpthAnRle stRaARe; GanHidaieseampaitidin@te., CW2, DLDI,

reduces the exgression or activity of said reporter gene. Suitable reporter

He&he. FHaProst L ard RiSHRISHAT TR St s esHapaind Pesrdiong well known fo

orf8Mied f91be,SCIeaRinG: AR PERIPRRE DY disifeh the KARSCHRIRNEE expression
rggg}ator 30 re%igfn of a marker gene. When the transcriptional

leyebfGHATdgiom 5 seleripdas sendinae BEEHM ki i IHE Sdiratsher prevention

ofafix @ reporter construct can be prepared by using the previous sequence
information. When the transcriptional regulatory region of a marker gene

remaindisraakAbu tererentiterselrkolt b ETRG IR HIpR BpteRRgPrise the
fol RAMIASN gEgion -21-

a) contacting a candidate compound with a cell into which a vector,

comprising the transcriptional regulatory region of TOM34 and a reporter gene that is
expressed under the control of the transcriptional regulatory region, has been introduced;
b) measuring the expression or activity of said reporter gene; and
c) selecting the candidate compound that reduces the expression or
activity of said reporter gene.

Suitable reporter genes and host cells are well known in the art. The reporter
construct required for the screening can be prepared by using the transcriptional regulatory
region of a marker gene. When the transcriptional regulatory region of a marker gene has-
been known to those skilled in the art, a reporter construct can be prepared by using the '
previous sequence information. When the transcriptional regulatory region of a marker gene

remains unidentified, a nucleotide segment containing the trapnscriptional regulatory region
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can be isolated from a genome library based on the nucleotide sequence

information of the marker gene. Examples of supports that may be used

for binding proteins include insoluble polysaccharides, such as agarose,

cellulose and dextran; and synthetic resins, such as 5 polyacrylamide,

polystyrene and silicon; preferably commercial available beads and plates

(e.g., multi-well plates, biosensor chip, etc.) prepared from the above
cARAElidlsmayhe HsedonVonpsnaheadsmihawmaibed)ieddotofrmation of the

column. The binding of a protein to a support may be conducted according
ke ERRE- methods, such as chemical bonding and physical adsorption.

Alternatively, @ ettt Pl biex iR Rose gt FsURRath Y iBraioRiesde insoluble

specifically recognizing the protein. Moreover, binding of a_protein to a
p%ﬁﬁ%&%%é%@%@%&é&&%@ﬁ%ﬁg&ﬁm@m SHISHRIS RSB a5
p@@%ﬁﬁﬁrﬁ@ﬁg&?jmﬁé%@b‘ﬂiébﬂyﬁﬁﬁei@ngaﬁﬁmﬁ‘aﬁﬁﬂ KRB iIBRiBE and plates

to, phosphate butfer and Tris buffer, as long as_the buffer does not inhibit

(4o BIRtInYC b oiwiserPinecprotaing. ¢4 hPiraprdsERmibeAfiore patedalgpy be used.

WsAGIe PeHACAIRIASMOHETHARPINGS 2RBBRAMEeNoN may be used as a
mean for detecting or_ quantifying the bound protein. When_ such a

biosensdPRsiREREAEARISSEBHATRRREAE PFOtEUCish prediiian ggoutine
&BLHINE8E & SHEfARQIBRMAY JQSPRICE] SRR IS 0P AIVURKLE protein may be
amaunt of polypeptide and without _labeling (for example, BIAcore

bt AT PR AlepRERodisS TesriBorlls s e S D LR RipiBlelYorRRN e Dinding of a

plokeh o thauppsndRiieiRIRaY AR Waes delest atidigasid Biim bound
protein. Specifically, after pre-labeling one of the proteins, the labeled

protein (S EoNBERARFHHCFEPEARIRDIORRLAT (P phemilfite 1BF £tEple, but are not

1iERBEINshoapR-iken e Iratainsrar e s RIBEIRORE BIFRSUISS ACEPREIBE the binding
to the label after washing. 25 Labeling substances such as radioisotope

beggemilie paRiedSp 33p, 35S, 125111311), enzymes (e.g., alkaline
phosphaipge, fietsaragiehmel Oxislashscr-oalactasidaghed Jalnasidasince

fluorescent substances (e.g., fluorescein isothiosyanete (FITC),

Pm@amﬁ@%ﬂ%&ﬁﬁ%ﬁ@?ﬁ@%@%@&%ﬁtﬁ%b@%%Pg%@eﬁﬁqwiﬂ- When
<R PrsenimstheddWhe mibediaiaiisdabalepridmhsadivisotpRentEereal-time as a

detection or measurement can be carried out by liquid scintillation. 30

S h RIRE IRSRIALE BigRa Wi & ARDR eyl b ey Rretde ang without
14nemdldims: axauhsiate afdhe enawmedy detect the enzymatic change of

the substrate, such as generation of color, with absorptiometer. Further

in case WHEFBAIYIRISY RpjFecREdsmasebedabpledapat thedabsl Akthe bound
pRSRESI R Mayna detsciad @ brpaskRediésHa A BroRIRIateeRica?ld; after pre-labeling

one of the proteins, the labeled protein is contacted with the other protein in the presence of a
test compound, and then bound pmtéins are detécted or measured according to the label aftér
washing.

| Labeling substances such as radioisotope (e.g., *H, C, ¥p, ¥p, g, 1351, Iy,
enzymes {e.g., alkaline phosphatase, horseradish peroxidase, B-galactosidase, B-glucosidase),

fluorescent substances (e.g., fluorescein isothiosyanete (FITC), thodamine) and biotin/avidin,

may be used for the labeling of a protein in the present method. When the protein is labeled

with radioisotope, the detection or measurement can be carried out by liquid scintillation.
Alternatively, proteins labeled with enzymes can be detected or measured by adding a
substrate of the enzyme to detect the enzymatic change of the substrate, such as generation of
color, with absorptiometer. Further, in case where a fluorescent substance is used as the label,

the bound protein may be detected or measured using fluorophotometer.
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In case of using an antibody in the present screening, the antibody is
preferably labeled with one of the labeling substances mentioned above,
and detected or measured based on the labeling substance. Alternatively,
the antibody against the TOM34 polypeptide or actin may be used as a
primary antibody to be detected with a_sggondary antibody that is labeled
5 with a labeling substance. Furthermore, the antibody bound to the

proteinyin the. sereening, of, e Rresant ﬂ?t‘!@i‘ﬂ%@r@@n@?tﬁ@%@@r zﬁ preferably

measurecfusmg protein G or protein A column. Alternativelé/, in another
latenidovithent offthe bdrelngrybrannss BeROprdsbovmaKtiopicated or measured based

o Ll AR S BGMEAER pte cc

miite MATG HIPAKER ariboty tayisridpisrdednin (ciomestiaryigibodp that is labeled

W ri " .\ ) .and. ceni £
o X e s e DBl e i
thGenetine8sioREydn Jekripd avadaybitd syRtemadm@mayotein A column.

pone%ﬁd%[?z{tma%ﬁ?gﬂgﬁlé? fusedhindieBRE RiRdING JUMBANE the present
GAL4-binding region and expressed in yeast cells. 15 As a reﬁorter gene,

infentsampier Aubdgerrictactline caRTgees, tsedérads GehE giwo-Hybrid
sy AP a‘ﬁ%ﬁ@%ﬁﬁﬁ@@f%ﬂ%ﬁﬂﬁ%ﬁ%ﬁ%&%ﬁ o 2XaNGEENIAKER one-

extraéts, cell culture supernatant, products of fermenting microorganism,

Frewicdspstioth (@lontebrydndmZaBnteqridesid Vantoa 8y samae (Prstaasac); the
rcﬁ&%%&ige%s‘ ngE%R %Bﬂdﬁﬁgéﬁﬁg@éiﬁégyggﬁé@ﬂi@mleﬁ’éﬂs%@ ReLAERinz, Trends

natura compounds can be used in the screéning methods of the
Genesbin280en2i0IM)the present invention, the test compound can be

also obgai NG &E oM B AQMBIRALRNA fused to th
library _rﬁr%%dﬁ%%ﬁ%ﬂﬁ%%ﬂ{}%dudmg 18;[ bio o%ii%al libraries, (2) sed oo

SRpahiathingiessableAdatdiedies epitastnd cxpressri ppasasiselites, (3)
synthetig [ipr g@ﬁ%%r%ﬁ% g?%%g;ié{ﬂglge&e& O ) J0Ge AMETORER, Iuciferase gene

one-compoun ‘ and (b) synthetic 25 library methods using
awgffinity chrdmusediegstgesdidei@¢oThe biological library methods using

affinity %ﬂﬁg%@{%% Dy-RE Rsian s inied doPeplideiiatiae syl dDe:, products of

other four “approachies are applicable to peptide, non-peptide oligomer or

fesmeriimplotutefibraiies oXtesiA TR RIED0TN APIHEAAEEPBTIEDES] or crude
12:.145- . t : | . R
P R (L o S bl oo ot
c@0p69Ns:-t3) Betnstdain (hesaicering Mathodsad tsepresspt gaventiopy n the present
.. Zuckermann et al. 4 d -37; -85; .
o BT R e Py O e SRy SR o ppronches in
caRbRGarElibraly (ot akhgewn m@mm&@diggél.)éapml Ghamsiset(2) spatially
ac?&'ré%sga%f f)]érM?eq 'SOCIE](? l%fx%g 0%%3’1%1‘(?&'{2 ph@éfiﬁ&ﬁfeé?é) synthetic library methods

requiring deconvolution, (4) the “one-bead one-compound” library method and (5) synthetic

library methods using affinity chromatography selection. The biological 1ib_ra1'y methods
using affinity chromatography selection is limited to peptide libraries, while the other four
approaches are applicable to peptide, non-peptide oligomer or small molecule libraries of
compounds (Lam (1997) Anticancer Drug Des. 12: 145-67). Examples of methods for the
synthesis of molecular libraries can be found 111 the art (DeWitt et al. (1993) Proc. Natl. Acad.
Sei. USA 90: 6909-13; Erb et al. (1994) Proc. Natl. Acad. Sci. USA 91: 11422-6; o
Zuckermann et al. (1994) J. Med. Chem. 37: 2678-85; Cho et al. (1993) Science 261: 1303-5;
Carell et al. (1994) Angew. Chem. Int. Ed. Engl. 33: 2059; Carell et al. (1994) Angew. Chem.
Int. Ed. Engl. 33: 2061; Gallop et al. (1994) I. Med. Chem. 37: 1233-51). Libraries of
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compounds may be presented in solution (see Houghten (1992)
Bio/Techniques 13: 412-21) or on beads (Lam (1991) Nature 354: 82-4),
chips (Fodor (1993) Nature 364: 555-6), bacteria (US Pat. No.
5,223,409), spores (US Pat. No. 5,571,698;5,403,484, and 5,223,409),
plasmids (Cull et al. (1992) Proc. Natl. Agad. Sci. USA 89: 1865-9) or
phage (Scott and Smith. (1990) 5 Science 249: 386-90; Devlin (1990)
¢ ;“dlﬁﬁ@ﬂx%ly“‘p(é s@sEMitaei i RIo6 Nail (1958, BROTLEAREs 13: 412-21)
6378-82; Felici (1991) J. Mol. Biol. 222: 301-10; US Pat. Application .
Op OB PEHRET A S HRE SO R S B PSRRI GLAEhDE R 84 555-6), bacteria

(BEesantipventionipn spandidete far, ugs whighshinisthe Ackivity, 953h89), plasmids
TOM34 pc])g

geptide, for treating or 1o preventing diseases attributed to, .
(GRS Bl dRToro M kb hostis LS A dEh HECEREomp et kg Smith (1990)
swhich apargf the Steireohiz rempRImdiohiginediby aPE@S90 Proc. Natl. Acad.
screening methods of the.present invention is converted by addition, . |
S bhigh i A SRR S N Bb IR Lo oL idd Db ekindepfigrtion
2te 5§386MNg methods of the present invention. Pharmaceutical
compositions for treating or preventing CRC 15 When administrating a

compoufiPREBRRIRABSRLE Y 1B S eRE preReriant af fanmessnt mvention s 2

caamageHRAlfAHINARDARRIBE I ITHRAIBOMED Sshypigaidalsor treating or
guinea—pigg rabbits,_cats dog)s, sheep, pigs, cattle, monkeys, baboons,

PG BHFRSS SRS e dOE SHTRRN o CH PRI IE R HeFATRS e A CRC- A

cSADAREIMRES e adasagedars MSIRY oIt aunRceEgahe present screening
preparation methods. For example, accqrding_ to the need, the drugs can

ShaIRFeRR b SeRiAnCs AR ERISR Y BdpinRsdeiRtRD gRE of replacement, is
iABIGIRAARIHICSRp AP EMire B fREa-Aldnigclienat siemie selsiensvention.
or suspensions with water gr any other pharmaceutically acceptable
Ffutiiaceesn s apeo s eo AP AL 8 BEYRWE® Wit pharmaceutically
accepighle carkieisnmed isoapeaiis alblnsienized WeiBhdUBHIReieAk invention as a
saline, plant-oils, emulsifiers, suspending agents, surfactants, stabilizers, _ .
PhaTBAFR R S TR AR Qfévfm@%@w%régémﬁ%gmﬁ@e%{%%% [fabbits, cats,
B2 YRibdosefarmmie Ghbieebiar m@!mw&@@ﬂe&, implestaBtBtigApound can be

The amount of active ingredient contained in such a preparation makes a

digerip admaigaEsdinn samosiaraikdsd e adgstebliarm usingkagyyn pharmaceutical
pRAditiesS: hRifR. beRdnixgsldniedaidpis @nHcaRsYI8R InAlE@aR Bl akRen orally, as

not limited to, binders, such as gelatin, corn starch, tragacanth gum and

SHEARROg i blpis caHs SHATE andyRieIR PSRRI SR S RIRHY- 4 dhadorm of
iSieh RS 6PMRSIRIC Bl 30ShAAINS A5iE ekl 6ARES: SURR FSrmaceutically

magnesium stearate; sweeteners, such as sucrose, lactose or _saccharin;

ageRP NG HAY Go Rt sRp e pBRmd san hrenksd arbtmbasnasrgically

26BES LI MAER S YRl El0Sp dorm iR SREBUIET RAQYIICAHIRE o RUCRADAPlant-oils,
egflllﬁlgiafli‘lerbs? ;‘?Sgggéiglgc gjg%%?s,— iﬁifactants, stabilizers, flavoring agents, excipients, vehicles,
preservatives, binders, and such, in a unit dose form required for generally accepted drug
implementation. The amount of active ingredient contained in such a preparation makes a
suitable dosage within the indicated range acquirable.

. Examples of additives that can be admixed into tablets and capsules include, but are
not limited to, binders, such as gelatin, comn starch, tragacanth pum and arabic gum;
excipients, such as crystalline cellulose; swelling agents, such as corn starch, gelatin and
alginic acid; lubricants, such as magnesium stearate; sweeteners, such as sucrose, lactose (;r

saccharin; and flavoring agents, such as peppermint, Gaultheria adepothrix oil and cherry.

When the unit-dose form is a capsule, a liquid carrier, such as an oil, can be further included



10

15

20

25

30

in the above ingredients. Sterile composites for injection can be
formulated following normal drug implementations using vehicles, such as
distilled water, suitable for injection. Physiological saline, glucose, and
.other isotonic liquids, including adjuvants, such as D-sorbitol,
D-mannnose, D-mannitol, and sodium chigride, can be used as aqueous
solutions 5 for injection. These can be used in conjunction with suitable

in%g@m&&%arélee&%am@mc%ﬁzﬁ%@ IR eihaninRaly slcahials) $UaN@R wing normal
yC

propylene glycol and polyethylene glycol; and non- ionic surfactants, such
dryg pERSBIGEGG UEIE aﬁalﬂ%?@%{ asedishliediratesosiabls Srdairgion.
used Pﬁ)@fb@&@gjr&ﬁﬁﬁeﬂ‘%ﬂ‘lﬁ%@@é@&%ﬁﬁqg&c@ﬁ?@iﬁtﬂﬁﬂ@mmdmg adjuvants, such as

benzylbenzoate or benzyl alcohol as a sglubilizer,.and may be formulated

Drohithla Burmireets Bepoasieta berHrEHR Bt e btatach ffeaupous solutions

foP@fckilleh. spEhasAresaiRg hydeaphierids vislabiliage, RUIGHRSBERAYh as alcohol, for
alcohol and phenol; and/or an anti-oxidant. A prepared injection may be

BRI Rt ARSI U RoBLe YR A SUS RV R Y k64 oLy sk erin Alyg ol and non-

iRt MAvbaMseshia adminisiepihesppannasruticabosnposition of the
present invention to patients, for example as an 15 intraarterial,

intraveFRRe BH 98 RATRITEB Y FRBdRISET 48 dhalemameus g srav dsigsed in

cdRfRMUSEWRE Marl BeministwtinnTheisnsage avdmeiaed shd may be formulated
administration vary according to the body-weight and age of a patient and

wifeai RS BoH PharRRat B An RS Btei i dles 4PRIRAKE- Such as

preeiash & seitable maethod-efipgminist ai MenihsalkoBENARAYNEIS B RGAARNIR anti-oxidant.
by a DNA, the DNA can be inserted into a vector fqr gene therapy 20 and
Afeepaad iasirnorae de d issanio pirHabls ¥ ferapy. The dosage

and matmshefvanimidisiab eRowekARSDIHING tetthePpeynueigidadsisandhe
symptoms of the patient; however, one skilled in the art can suitabl

Pharerauticr! roreatipno s TG M As R O 19 BaHfpttria R BRIg s

infARIRINIOfHhS BHe S Nb: iRMentigR ARAARGUISIas HS ActivilieReRdsdionchial,
_ the symptoms, the dose Is ge_nera_!é%(ﬁabout 0.1 25 mg to about 100 m

InfFrERGUBRE Bl ABERIE T iRy hRslosreDaRe %Eﬁhaéfgﬁé%?émﬁ%ﬂ vary
addsiarably ahasdQaigHoARUE2R MesRekidag WhanRERinisieradmally however,

to a normal adult human (weight 60 kg). When administering the

oRG RkHeRhR pRr et SARIKR UHRARY RSIRSGH S iscasibRsl ot msimiaistetipn. 1f said
cdHmARdvelghb 8 kohaltheughtheraa @ SORasiBRERERSAFEAHING Rne therapy

the 30 patient, target organ, symptoms and method of administration, it is

andtherretmadmiavinedinziniad b ioradbateesi g thednsaeeandgpetbod of
adRiHaYaRoaierAP i aRaH Did 19 BEOHERRING DY S8 ARERARNS B elerallént; however,

about 0.1 to about 10 mg per day. In the case of “other animals, the

ongppkdpkie BssabenmslnzcektRsttinely calculated by converting to

60 -2%0r example, although the dose of a compound that binds to a protein of the present
invention and regulates its activity depends on the symptoms, the dose is generally about 0.1
mg to about 100 mg per day, preferably about 1.0 mg to about 50 mg per day and more
preferably abmﬁ: 1.0 mg to about 20 mg per day, when administered orally to a normal aduit
human (weight 60 kg). ‘

When administering the compound parenterally, in the form of an injection to a
normal adult human (weight 60 kg), although there are some differences according to the
patient, target organ, symptoms and method of administration, it is convenient to _
intravenously inject a dose of about 0.01 mg to about 30 mg per day, preferably about 0.1 fo
about 20 mg per day and more preferably about 0.1 to about 10 mg per day. In the case of

other animals, the appropriate dosage amount may be routinely calculated by converting to 60



10

is

20

25

30

kgs of body-weight. Assessing the prognosis o fa subject with CRC.: The
present invention also provides a method of assessing the prognosis of a
subject with CRC including the step of comparing the expression of
TOM34 in a test cell population 5 to the expression of TOM34 in a
reference cell population derived from patignts over a spectrum of disease
stages. By comparing the gene expression of TOM34 in the test cell

kg@gp@@p@&gﬂbe reference cell population(s), or by comparing the
pattern of gene expression over time i test cell populations derived from

o 0 :

A0

reshess i sis’dtifsé Yéliblettean be assessed.. 10 For

exampie, BRIBLISARSN s%?ﬁ'&%ﬁ@a%&@c%?{ﬁ ASCAMRAURAIB fhosis of a subject
normal control indicates less favorable prognosis. Conversely, a similarit

iR ExBrelsding HreTesm Sk Qe RuTRBARSLEPTSHAR %@MMM@@@K population

" e favaiabledproonesisifol thesubiectukitpulhRiesentdnventionialOover a

includes a CRC -detection reagent, e.g., a nucleic acid that 15 specifically

SRSFIEOO8 RS2 O NP A AT E (s LSRR RS S RIRic ISRt in the test cell
pSeAUEBEeS MRIGRRIECeMAISIIE AN E R BERIC AT IOMIANNGRIG 3¢itene

or an antibody that bind to }proteins_éncoded by TOM34 nucleic acid, or ™~
cHMEstamReT R Bdetsi i eapeiti R oty shiEray the fitak s pregnosis of the

siBrBeQa kit EQisgx@mple, the detection'reagents may be packaged in a
separate containers, e.g., a nucleic acid or antibody (either boundto a

solid AR BREE 5EdRaEEaSETAFAERF wRIPIAGEAE ForsirrempiRATRe e fprormal control

iR RaAee ﬁ&ﬁﬁﬂ@'ﬁﬁ@%%(@%ﬂ%ﬁ@g@ﬁﬁﬁ%ﬁ% ﬁ@@&?ﬁﬂx@ssion of TOM34 as
detectable label. Instructions (e.g., written, tape, VCR, CD-ROM, etc.) for

CRBRYIRY SuttHR senlrPh igateha NG derrirtakrenersdes Aersphigtiof
Kiae kit may be a Northern hybridization or a sandwich ELISA, both of

which are known in the art. For example, a CRC detection reagent may be
immoBis SesFrhisuRatior MR fehdes 2ERpuisiistitnFcI8 Tk & RAYEleic acid that

sRefeilly BRIeCHOR SHentIHG MeATs ISR Ohdaiesion Jgian kBBt ide sequences
porous strip may include a plurality of sites, each containing a nucleic

VA, e SESIP AR & BOFitamAfitEOMr heysirie asidy of pegnivkody that bind to.
pRAsHRIsn ARl vehn BRI SteR Iay: Redoeaied aha $aPaiBIEeRnts may be

from the test strip. Optionally, the different detection sites may contain

pekase tassdusd Sraraml Addtn Joeiexaumle.ithe datrrdiearapasnismpy be packaged
ifhedistS0.deiaetion siteandiiasses ABICKATSd AUEHESHES: ddRQMatrix or

the addition of test sample, the _number of sites displaying a detectable

paskageh rsvRIalely GrilhtragRrisAardaindirethsadmininstioReosrisdfeagent (positive
atifoS RISV ErdRIp G iR iRt e DerRaRigsRd (0 AN SHERPR e, VCR, CD-ROM,
detectable shape and are typically in the shape of a bar or dot spamiing
el Wi Oragedt tipgssppmay also be included in the kit. The assay format of the kit
may be a Northern hybridization or a sandwich ELISA, both of which are known in the art.
For example, a CRC detection reagent may be immobilized on a solid matrix, such as
a porous strip, to form at least one CRC detection site. The measurement or detection region
of the porous strip may include a plurality of sites, each containing a nucleic acid. A fest strip
may also contain sites for negative and/or positive controls. Alternatively, control sites may
be located on a separate strip from the test strip. Optionally, the different detection sites may
contain different amounts of immobilized nucleic acids, i.e., a higher amount in the first
detection site and lesser amounts in subsequent sites. Upon the addition of test .sample,‘ the
number of sites displaying a detectable signal provides a quantitative indication of the amoﬁnt

of CRC present in the sample. The detection sites may be configured in any suitably
detectable shape and are typically in the shape of a bar or dot spanning the width of a test stxip.
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Methods of inhibiting CRC: The present invention further provides a

method for treating or alleviating a symptom of CRC in a subject by

decreasing the expression of TOM34 (or the activity of its gene product).

Suitable therapeutic compounds can be administered prophylactically or 5

therapeutically to a subject suffering from or at risk of (or susceptible to)

developing CRC. Such subjects can be identified using standard clinical
e 52'9% z%ﬁz.%\f gnet '@g an aberrant level of expression of TOM34 or
—Z{E‘Teeﬂan‘{iatnvrfy&zé‘gene product. In the context of the present

inverifisnpsuitablevrap Sutbeagepviderch e o Sxairqpladrmipierasig a symptom
ot OIS SERURHON NG 959'gﬁé@_&%@o&Qﬁmﬂws%%{nﬁ%mcgm

method o present invention may include the step of decreasing the

prespeBsstonizhinclionportisothaigede grodeadrorrGrd pwnbstactically or
theg%%%%ﬁ%& % %%ﬁﬁﬁ%@{'yu@&fﬁ@ﬁ&{'apa&%&%@ '}%é‘eé/ﬁfb%reé?a.%%gibpmg CRC.

e) in colon cells. Expression may be inhibited in any of several ways
Sudhowhjiretheraree Fréitzadh prone siedaid slsziaabagHimidrer yydetecting an aberrant

ze{i‘%’ﬂiﬁ"é& (0910 Ihe-SHpiaGh A nUsIeic RGOS R AMAIANAE L i ext of the

expression o the over-expressed gene, e.g., an antisense

prefigunuviativte mitshialihicrantsting RN i gprsdlp radsiiteet ehecll cycle

' - ' urse, the herein described embodiments for
re%%\.{eﬁ%%lgggﬁﬁfggﬂ ﬁ%ﬂ?er% :

of treatment or alleviation apply, mutatis mutands, to the use of-

a condgbundindlicHinebesapetithmethodetids preroizaerbphearimds the step of
dé&se%gf}n% e Qﬁéﬁ}é&%ﬂ?ﬁﬁ{%ﬂﬂﬁfﬁ&ﬁ,‘%ﬁ'&@ﬂ RAGUROLTOM34 whose expression is

pharmateutical 20 composition for treating or alleviating colon cancer in a

atsutsedy Boshwd(inpoagdaedictobeo eresprpsiteddrentisarisdoniralla, Expression
mga%%ﬁ_ﬂigﬁ%@ﬁg%%%ﬂ@mﬁmﬁeaM% tAntisense Nugleie ASids.anth can be

s noted above, antisense nucleic acids corresponding fo the
inhilikedtlgeadetuistuingftonibmshiesipimeciseriagd depidaliiite garanigapnizes the
level of t Ant leic gei £ i : : .
BT 4215 L RORIUEID 1 SO TP o g
Rpeuitizallfistaptacipensonoéidie QRS HPeRSYT ESBAIt invention may act
by bingi (%1&95 m&%q%tfgﬁ ﬁ%&%%?ﬁeﬁ%ﬁﬁﬁ%éts%m&!&ﬁi&% GSRAAAIRYr alleviation

thereto, thereby Inhibiting the transcription or translation of the genes,
aprhymmiitgite weyisdattbe withé neRMpeheiochiskibiisgstHe expresyignof TOM34
'(ocl)‘f éoeggtlﬁ 3 g‘f?%?g_ Ipé/ té&%%%ﬁay}@é%%é Q@'@ﬂquﬂl Pl B%ﬁgﬁgfge})hamaceuﬁcal
proteins. The ternTantisense nucleic acids" as used heiein encompasses
chnflositioke ftidesatingtoardlevidtaly coloplemmesniny sy tirctafjetse qosreamnd could be,
and thase havi amiﬁﬁt h r e I B St%){ﬂ stt?oﬁ!e
fogrﬁ} & og:;(l)ar%luc étz}igceIz;llgéﬁl:bls}“caﬁgi éﬁg%%%%yaéygndﬁgzlg%gﬁ%hgﬁ%?get s{);zquences.

ARnseexaiNpldeihd adtigedseRiNieic acids of the present invention include

27 As noted above, antisense nucleic acids corresponding to the nucleotide sequence of

TOM34 can be used to reduce the expression level of the gene. Antisense nucleic acids
corresponding to TOM34 that are up-regulated in CRC are useful for the treatment of CRC.
Specifically, the antisense nucleic acids of the present invention may act by binding to
nucleotide sequence of TOM34, or mRNAs corresponding thereto, thereby inhibiting the
transcription or translation of the genes, promoting the degradation of the mRNAs, and/or
inhibiting the expression of proteins encoded by TOM34, thereby, inhibiting the function of

the proteins. The term “antisense nucleic acids” as used herein encompasses both nucleotides

that are entirely complementary to the target sequence and those having a mismatch of one or

more nucleotides, so long as the antisense nucleic acids can specifically hybridize to the target

sequences. For example, the antisense nuclejc acids of the present invention include
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polynucleotides that have a homology of at least 70% or higher, preferably
at least 80% or higher, more preferably at least 90% or higher, even more
preferably at least 95% or higher over a span of at least 15 continuous
nucleotides. Algorithms known in the art can be used to determine the
homology. 5 The antisense nucleic acid gfthe present invention act on
cells producing the proteins encoded by TOM34 by binding to the DNA or

RNA encodi e protein, inhibiti ' ipti nslation, "
e ST R IR R RS e e elen J 0BT Menoe 80% o
hittenmtein pthénebiyrasieiin §Gbothelimghibitioncof s ppotérahlnetitrasndd % or higher

| m%@tétssle%%?ne?%%%ll%igsﬁ féd ch h%ﬁurse ﬁ&c %b@%’fé}“ Oﬁlg%%%%wjg &a@ art can be used fo

exter preparation, such as a liniment or mixing It
detétmansultablerodsgymaterial which is inactive against the nucleic acid.

Also. i negded. (e AlsEhss AHEIBIE ARKR OIS PLEPERLINAINANGAR the proteins

be formulated "Into a%Fe?s, powders, granules, capsules, liposome ~ -
ersapsdlbs, Tatiény, isolitigrs tnoBiNdropsn Bt rensedideihg rgtaits ippibiting their

adding, excipients, isotoni 1SS0 'jﬁﬁﬁ tgpﬁ{g%%‘}g - hibitino th
tmbrrl%%m va |vers%%%5|}1al ﬂ%r%gogt?l%g%ﬁc e% se ca?wﬁbe prepared Bﬁgﬁglvivlinlg & e
exynossivmeftibel protéie, dntisbn seswiticigimdbrdmbittiwndséapirorentionaam.

be given to,the patient I icati e the.aling,sits %Qy <ternal

inject§ﬁ iar?t%sg o%gr}/eg)%ygggs%%?aeoﬁ%% %r)gé% tlhe gite of ailméent. Aa#e - )
pRptisgise-sndunatrdimeguimicapoalioh dyisdthisinfewsd distatiity basgimaterial

rane-permeahili xamples include, but are not limited to,

Wlp%sg’nll%%(f g’&;‘%‘%ﬂé y%%%%ﬁlpgi)gédéholesterol, lipofectine or derivatives

of theésdl e vioskgetbé thdismtisanskinaibls atibielpresant/mafitien can be formulated
. present invention can be _adj 1 ceording to e natienis . ~dr
mg%%adglt[%ﬁ’ gﬁ&?u%%ﬂ%@sege Ij}ﬁr%%ﬁsr#é%%%ﬁeexaéng%ﬁ%’a gjose range of o i'lmse oS
and feezediivinpeefaratly 8iditg SOcipigity Gantboiadgenistepbibilitass, stabilizers,

antisense nuclei ids of the pr i ion.inhibi i :

- thods.

D RS e R T U U SO AR methods

the bidlegiodlseotivibpdeihecidroiéihoptbseiiisrtomontanibitigiven to the patient by

expressjon-inhibitors, compris jsense. j ' .
O B L N LY et vl reach
ther sitei piofithe e sendritivemiteno Bitidip goof the siiNlseda tseddoriperease durability

STEIELETONR el B NI o

of the oligonucleotide is'at least
Iysinayiifsdtidegs st rohyipefaditeny derivetivariefiasccurring transcript. ‘
Preferply 105 CLBANUCIRNNTE 124559 1088 J3: i APRUAIRULSS vention can be
length. ost pgefera Fym% e oﬁgonucf:eotl els 16”2 nucleadtides In engtlh. '
ad@fsted suitably according to the patient’s condition and used in desired amounts. For
example, a dose range of 0.1 to 100 mg/kg, preferably 0.1 to 50 mg/kg can be administered.

The antisense nucleic acids of the present invention inhibit the expression of a protein
of the present invention and are thereby useful for suppressing the biclogical activity of the
protein of the invention. In addition, expression-inhibitors, comprising antisense nucleic
acids of the present invention, are useful in that they can inhibit the biological activity of a
protein of the present invention.

Binding of the siRNA to a iranscript corresponding to TOM34 in the target cell results
in a reduction in the protein production by the cell. The length of the oligonucleotide is at
least 10 nucleotides and may be as long as the naturally-occurring transeript. Preferably, the
oligonucleotide is less than 75, 50, 25 nucleotides in length. Most preferably, the

oligonucleotide is 19-25 nucleotides in length.
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the BIREFIHIAVENRRe R SEALAIRPIPHBRASER

The antisense nucleic acids of present invention include modified
oligonucleotides. For example, thioated oligonucleotides may be used to
confer nuclease resistance to an oligonucleotide. Also, an siRNA against
TOM34 can be used to reduce the expression level of TOM34. 5 Herein,
term "siRNA" refers to a double strandeggRNA molecule which prevents
translation of a target mMRNA. Standard techniques for introducing siRNA

into the: Celi AN R tisadcinsbiding.dhoBs dR N GRIRNA isod e RiAtenucleotides.
from which RNA is transcribed. In the %gntexérff the_present invention, the

Fogjeermnleripnakd glignmaelsotlis Mg Saheee AR AR s fissHssistance to an

oliBHAIRIG &6id Sequence against an up-regulated marker gene, such as
OM34. The siRNA is to constructed such that a sipgle transcript has both .
the SblSGe A RHAERTER (L) A 1GBH E6 VSE e e BTGBy el of TOM34.
HB e, RARITBIRNAD $RNAH TOMBA b ZEs 0 tespeiute RitAIaptvents translation
therebg decreases or inhibits .production of the %%’Léﬁgggdes nco&iled b b d
of pswesirplHdsobianAg T SO HRE AT YR IFiRncell may be used,

indramserabhar ey dnteiesingawihran Hationvait s expressitref tiethe context of
15 protein. Thus, siRNA molecules of the invention, can.be defined by their .
SRR G A SRR 2 asti-sense

nueRd E&@%e&ﬁn%%ﬁfﬂ&%&%@fﬁg&dﬁmﬁﬂ&ifg%ﬁetm&ﬂaém@ilx@ﬁo IThe siRNA. is

"hybridize specifically”" are used._to refer the ability of two nucleic acid :
CoRUNGEILSED APt R TBP A P ECR B Goepiy amtisense
seQINASR gﬁﬂggﬁ%ghf@ﬁlgig@tipgmions" refers to conditions under

which a nucleic acid molecule 20 will hybridize to jts t rzglgctjeegt‘i?en%e;, inhibit

typicalIy@é%%&%%é?%?ﬂﬁaﬁé%%tﬁﬁéﬁg HBY (S °F 1S
pre@EMENCEBRNgPRhaandIRDE-ABSEONERL S appisanianitivlideormally single-

different in different circumstances. Longs{@ﬁque ces h%liri%lze on of th
sogpde Ui ARl RSP AL AR R XA YRS (9 ghBus, cxpression of the
priibridiPRtionehNGIRit-aGids i deumddatbiscanbel@ohmiduastiir ability to hybridize

Biochemistry and Malecular Biology--Hybridization with Nucjeic Probes, i
spRSHCABHATRIDN Arink I 3 HYHFIcHY R L RPHEatb §) BF AHERIER S
infSSaYs 1L 993)s 'Gepsraly: stringendicengiions.are selected to Recakiaidbility of two

5-10C lower than the thermal melting paint (Tin) for the specific sequen

e

g iR GRPISAI e RHPTIGRF PRECT RSt BTt SR el he pbrase

ORIt B PE Pit oANG RUEIGIS CRGE MY sbanikdbw hictePOHiaf Ahtukabeasid molecule

complementary to the target hybridize to the target sequence 6%1 oL
wilhhiislizs tadteiarasigiedsonseqiially Hié SRRl xR ST plRicssdgs, butnot,

DRI RPESA @e%ﬁ@ﬂ@é@.d @&ﬁgeﬁwﬁmﬁo@@f@@é&mﬁlﬂ@p&ﬂw aE0will be
be achieved with the addition of destabilizing agents such as for ide., .
diffgpese mﬂxﬁ@emw&ﬁ@ﬁ%%zéﬁ@ﬂ%ssagﬁ%%@%%zaﬁﬂ%ﬁn at higher

teﬂiﬂ@ﬁ%&e@?‘%@ unchielarbly 40 tmesiohRaskarauadibylrifizafiamd in Tijssen,
Exemplary stringent -29-
Techniqges 1);1 Biochemistry and Molecular Biology--Hybridization with Nucleic Probes,

“Overview of principles of hybridization and the strategy of nucleic acid assays” (1993).
Generally, sh‘ingent conditions are selected to be about 5-10°C lower than the thermal melting
point (T for the specific sequence at a defined ionic strength pt. The Tn, is the temperature
(under defined ionic strength, pH, and nucleic concentration) at which 50% of the probes
complementary to the target hybridize to the target sequence at equilibrium (as the target
sequences are present in excess, at Tm, 50% of the probes are occupied at equilibrium).
Stringent conditions may also be achieved with the addition of destabilizing agents such aé
formamide. For selective or specific hybridization, a positive signal is at least two times of

background, preferably 10 times of background hybridization. Exemplary stringent
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hybridization conditions can be as following: 50% formamide, 5x SSC, and
1% SDS, incubating at 42C, or, 5x SSC, 1% SDS, incubating at 65C, with
wash in 0.2x SSC, and 0.1% SDS at 50C. In the context of the present
invention, an siRNA is preferably less than 500, 200, 100, 5 50, or 25
nucleotides in length. More preferably amgiRNA is 19-25 nucleotides in
length. Exemplary nucleic acid sequence for the production of TOM34

hpiRNAGludesisseaHenRcastRfomaleotigesafRERdE) M4 and2a%DS,

. the target sequence. In RNA or derivatives thereof, base. 't" shoulde be
inapreisaEalith Cur o el ot SetITEAYERS ALLortnghP SR Exdnpig SSC, and
o g, gEeseptipyention provides a double stranded RNA molecule

comprising nucleotide 10 sequence 5'-gaaaguguucucuacucca-3' (SEQ ID
NO: 48166 SEigaLE SRS BB R NP3y 3, f3in 00, 200, 100,

senhancahedninbitioR Aetvitveldhe-SiRINA. AUgRBLdes "W.cambelcadaadn length.

to 3'end of the antisense strand of the target squuence. The number of'V's
Lm0 HeasaipIogenra e P prere iy 216 B harstieg he sequences

of i fsmusinglssianthadths Srechotibeastispasersicand RiNReosiRINAatives thereof,
15 An siRNA of TOM34 can be directly introduced into the cells in @ form

b ts SBaPLBIBIBIIER T N iR IR RHIRQU SSRGS Mpotfine for example,

wbesiRNANReIesH Ie% (Rdbe nventenaeoyRiIvAwmalediied Asirsesibadcotide
above for antisense molecules. Other modifications are also possible, for

SUERSIS - CAIBRERISTUIRRTSRed SRINADRNGE RMGI TeRstiRrpacugcagagac-3” (SEQ

- 1IRReMEePlegisRlR IeRSIHASEIRP thifiati N aktieiy od 1R MRIIR 1 {26 e “u” can be

20 Alternatively, a DNA encodg}g%athe SsiRNA may be cargﬁd in a vect

ek ) e GRICERE T ARSI BYEEIGREPTOSMISARGHGBRer of s fo be added

iSRqELNCe RiRANyEXRIasigRReskey haying DResativelydinkeeieghsaiatyand at the
sequences flanking the sequence in a manner that allows for expression
3(6‘}%[@@@%%%? HoRBNS) of both strands (Lee, N.S.et al.,

(2002, Natrre Bigtechnplanisrn Bs SREEP AR RN v alecHR ek HAD that is

antisense to mMRNA of TOM34 is transcribed by a first promoter. (e.qg., a
cppabiprihindnaiedhs tRRING Gamreapi AR e PRI S HENA molecules fo
tiBersRREESiRgRARERBRNAI M d s Hansesadildngesasitdles. Other

promoter (e.g., a promoter sequence 5' of the cloned DNA). The_sense

aealnBenRdive vl ShlRrsal-criAh eI fygve shown

- iSRBCGREF VR A AllpraptiMely (Hua swp FOoRskiHeMean he4tiized1003)) .

create the sense and anti-sense 30 strands of a siRNA construct.. Cloned

Aomaivehh 2hodaeacedingthe RNy LaEbREaRCd iR AR Y ., ‘
hairpiRg eI BSReIBHaNSeH Bkﬁﬁ?l@?ﬂ? $18:58H JEOMIG target sequence into an
S

complementary antisense sequences from the target gene. A logp

CEBHTEINECEEINE NG S PRATBINRIATTRGE Bt airsHER B He s sequence in a
mafkier that allows for expression (by transcription of the DN'A molecule) of both sirands

(Lee, N.S.et al., (2002) Nature Biotechnology 20 : 500-505.). An RNA molecule thatis -
antisense to mRNA of TOM34 is transcribed by a first promoter {e.g., a promoter sequence 3°
of the cloned DNA) and an RNA molecule that is the sense strand for the mRNA of TOM34
is transcribed by a second promoter {e.g., a promoter sequence 5° of the cloned DNA). The
sense and antisense strands hybridize in vivo to generate siRNA constructs for silencing of
TOM?34. Alternatively, the two constructs can be utilized to create the sense and anti-sense
strands of a siRNA construct. Cloned TOM34 can encode a construct having secondary
structure, e.g, hairpins, wherein a single transcript has both the sense and complementary'
antisense sequences from the target gene.

A loop sequence cousisting of an arbitrary nucleotide sequence can be located
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between the sense and antisense sequence in order to form the hairpin
loop structure. Thus, the present invention also provides siRNA having
the general formula 5'-[A]-[B]-[A']-3', wherein [A] is a ribonucleotide
sequence corresponding to a sequence that specifically hybridizes to an
MRNA or a cDNA of TOM34. In preferregpembodiments, [A] is a 5
ribonucleotide sequence corresponding a sequence of TOM34, [B] is a

betiengleQlise SeAUSRSEReRSIRINE Oinidsar3disieotidasiand [AdisRucture. Thus,
ribonucleotide sequence cpnsisting of the complementary sequence of

theAyresPRETREGRSIPTAY Hy BFRIES ﬁéﬁmﬁéh%%%%r%?ﬁgﬂﬂ oTAEGHaTA T3S
wihBlds ftmed- FhsulaepErRAgnERM By RerRe B gl ta R oy glaotisiRifically

length. The loop sequence, for to example, can be selected from grou
hy&gi(%@gﬁ@ G M%&%TOM& Tn prel%erredl em%odgmen s, [Alisa

- riKBHR AV ARRIABCMESINIE/ iRl ety TUKtiarmore, loop

sequence consisting of 23 nucleotides alsg provides active siRNA
(JacquEB USRI RAMAICI QOB F AU SPBSIASE A3y Fonclepier B

CCACAES adasiitiRlcbiMe 8tk @O0RNaARH 6 VR 4181430138 sduence of [A].
UUCG: Lee, N.S., et at., (2002) Nature Biotechnalogy 20, : 500-505

Theraom R By Rediges (0ds) At Ugait ReRGOBES & R 1GE(). [B] is formed. The

| 103R§ 300644 HAMGADRASDIPY skt tMe ietiBhe (ROAR: NP & quence, for

eviews Molecular Cell Biology 4: 457-467. Accordingly, the loop
cxgaplentr 5 YecLldErsy S8HP GOGH EBR SN SR8 SE AP Bu CG,

@%MMM@%%Br gfarakielosy kesIentRiSe consisting of
CAAGAGA ("ttcaagaga” in DNA). Exemplary hairpin siR uitable for
Py AT AR A a?egsﬁeménﬂamﬂf’cﬁak/{-f&f FoNE YRR 18 : 435-
448iD, for target sequence of SEQ ID NO: 48)
5'-gaaaguguucucuacucca-[B]-uggaguagagaacacuuuc-3'(SEQ ID NQO: 49
and GoNEA% I@ﬁ;&["zl@u%g %a?ﬁa?g&%aagﬁc@@é%%%%ﬁ8= 435-438.
5'-gganggenacugregageiBhousysugeageidicsauiesy (BEQUP NS 1adcoloni, P., ef
The nucleotide sequence of suitable siRNAs can be designed using an

alsi L3I EER NP Gedr Brbdriai A08(AbILR3MERE Ambion website
(http: fywyrs A RIGH: COtaciiel, DIRE/SIRNA (Josigniumbe RBeieA8TRIRE]ar Cell

program.selects nucleotide sequences for sSiRNA 30 synthesis based on
Biploga1 g Htdtocol. Selection of siRNA Target Sites: 1. Beginning with

the AUG St A900R RidhefuaridansEsiRctan FoMRsiaaabiaistify of, CCC,
et ae ARG E S DUE SRS e faahE oop Sequiente is
UUCAAGAGA (“ttcaagaga” in DNA). Exemplary hairpin siRINA suitable for use in the
context of the present invention include: -
for TOM34-siRNA-D (siD, for target sequence of SEQ ID NO: 48)
5'-gaaaguguucucuacucca-{B]-uggaguagagaacacunuc-3' (SEQ ID NO: 49) and
for TOM34-siRNA-E (siE, for farget sequence of SEQ ID NO: 52) -
5'-ggauggaaacugeagagac-[B]-gucucugeaguuuccaucc-3' (SEQ ID NO: 53)

The nucleotide sequence of suitable siRINAs can be designed using an siRNA design
computer program available from the Ambion website (http://www.ambion.com/techlib/
misc/siRNA_finder.htmi). The computer program selects nucleotide sequences for sSIRNA
synthesis based on the following protocol. '

Selection of sSIRINA Target Sites:
1. Beginning with the AUG start codon of the object transcript, scan downstream for AA

dinucleotide sequences. Record the occurrence of each AA and the 3' adjacent 19
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nucleotides as potential SIRNA target sites. Tuschl, et al. don't recommend
against designing siRNA to the 5' and 3' untranslated regions (UTRs) and
regions near the start codon (within 75 bases) as these may be richer in
regulatory protein binding sites. UTR- binding proteins and/or translation
initiation complexes may interfere with higgling of the 5 siRNA
endonuclease complex. 2. Compare the potential target sites to the

humangeRomE databassirndelimipalgdtiomucansidaraion ey dardehd against
sequences with significant homology to other coding seauences. The

hossiagipeaareh ctthbe HareimneatmsHg el werpnafichRsassbrrsienrs sgar the start
the ! (ﬁf?ﬂ‘/i‘ﬁrﬁt%M-MEQ%Q@&W@M&%&Q@&E}@?&H%‘Mi@,‘}bites. UTR-
target sequences for synthesis. At Ambion, preferably several target =~
seqidisestaniprasdicsteanslahoriatielonrorplegeraas lateateyithbinding of the

reguiaiosy.sRaHEIEES aaking TOM34 gene sequences can be identical or
different, such that their expression can be modulated indegendently,_ orin

% térAprShegatlithEe SSfR (o ebEHam SERDRY flypbygpinate from. -
cloping; AQM3d 18 cHRHESRERIHERLHIH R MEGI SOPIRIRIRGY Soling sequences.

RNA polymerase [l transcription unit from the small nuclear RNA

(snRIAPIeleeHeHEh R BY RIURPREfBIEE Bhriftrottitfiycarebrdiid on the NCBI
intadhe.call Jiransiestien-enhansing agent can be used. FUGENE

(Rochediagnostices), Lipofectamine 2000 (Invitrogen), Oligofectaruine

Jntlseemaliiin (R eraBrIeva ke surd ety iR RrshTrak! Ygveral target
transfegtiens eRhaRcnsAuenLROHIbRAnliseNee pligorclaotisle or SIRNA

of theifresent invention inhibits the e>gfression of a polypeptide of the

presefbintRINHRTEqERee Byildatul OV dppras sriy tRecTfaRbcidentical or
Aetivityob R P aPaREdS RGN VaR TR AlePaiB Qﬁaggiﬁméah@itgrﬁa a temporal or

comprising the antisense oligonucleotide or siRNA of the invention, are

sl MRty G Wt ibndontrecHigrlidar slaning SANE templates,
RehRepRtide a&a%m%w&aﬁ@ﬁl§§@§§ FRGQRBOR/HRN=E BORRUIRINBIRA unit from the

antisense oligonucleotide or siRNA of the present invention is useful for

trealling Unktdgdies Uane thatiennbi B orrgerissrddercingtoducing the
JNMBAhWhith sionangxpreaseth Gt Geeandag vRIEd PYGENE (Rochediagnostices),

administering a compound that binds to or otherwise inhibits the function

Bpofesiagand Yo distirasp b RHgatecramsHissireerrarah dsdgofasion (Wako pure

* bindsitne OeRg.IRIoBCt ol FQNRH Bhe ArsgRkinvention refers to the

use of antibodies, particularly antibodies againsta protein encoded by
ToM3khopatifengmeligerutierids antow: Qféhwwéw%mmézﬂhe

expression of a polypeptide of the present invention and is thereby useful for suppressing the
biological activity of a polypeptide of the invention. Also, expression-inhibitors, comprising
the antisense oliponucleotide or siRNA. of the invention, are useful in the point that they can
inhibit the biological activity of the polypeptide of the invention. Therefore, a composition
comprising an antisense oligonucleotide or siRNA of the present invention is useful for
treating a CRC.

Antibodies:

Alternatively, function of gene product of TOM34 which is over-expressed in CRC
can be inhibited by administering a compound that binds to or otherwise inhibits the function
of the gene products. For example, the compound is an antibody which binds to the gene
product of TOM34. |

The present invention refers to the use of antibodies, particularly antibodies against a

protein encoded by TOM34, or a fragment of such an antibody. As used herein, the term
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"antibody" refers to an inmiunoglobulin molecule having a specific
structure, that interacts (i. e., binds) only with the antigen that was used
for synthesizing the antibody (i.e., the gene product of an up-regulated
marker) or with an antigen closely related thereto. Furthermore, an
antibody may be a fragment of an antibogly or a modified antibody, so long
as it binds to 5 the protein encoded by TOM34. For instance, the antibody

%{ﬁ%ﬁ&ﬁ mrgggeé be Fab F@RrihYin g{oﬁ&gk% RRERNFVSREEHY D RIED ke interacts

ragments from H and L chains are ligated by an appropriate linker -

(1.6 nstoke) gy sttty eotinratithat adis SepAS'8 Andssge s88antiysl)|/.e., the gene
o %Eysvﬁvii{t{ﬁ%:%ufaqeﬁqﬂgﬁé%@f @Wﬁg&%&%&i@&*@é@{ﬁ@}é@& rthermore,

~antibo enzyme, such as papain or pepsin. Alternatively, a gene

aremdBulidy ey dstibbagremman pmuibes bercorsAiBedrnhseBdsiengrs it binds to

: i r i r ah,
b o8, R Tl P, P

orHomglitzbAnH Westhod srErbiph &ty frremeetyberu Beod pigbrinsaraliangd by an
a@@%ﬁﬁﬁép@ﬁﬁd}ﬁ%@kr L/ BAAT1RLD APk LamayhE shIethodssss (1988)).

|. 121:652-663 (1986); Rousseaux J. et al. Methods Enzymol. )
Muzd spesibediyl egentibipd R ERrasR] Wailker Brovatedit s Bibtechhaptibody with an

132137 ( _ bady dif > DYOREUN
S A0 PR g LSO Ay g
bérnesntivaipdoligetedistpmvdifesaivibontes. TbermeRitRd BRIy ki host cell
(&%ﬁ@lgﬁﬁgﬁ’é{ eheppically progifying,AR apthady s Siuet m@!ilbg%té%&;r M. and Horwitz

methods are conventional in the field. 20 Alternatively, an antibody ma

Acbinbfrtcd s Ririnola T8RS HAKYSS 9. RAHETgich 27 SkerTichn Methods Brzymol.
1’%1222@ ?%@ggﬁﬁ,qyaﬁﬁ QSRR SHNLAATYS P FATLBIUDRE): Rousseaux J. er al.

anti manized antibody, comprising a complementarity ]
Mathertn Binyredid 3 (OORGR(ARO K dHrdaRadhsath BodyY- & feareBiotechnol.
Wokrk,regj ) and a constant region derived from a human antibody.
% %hlfﬁt@%%@; can be prepared by using known technologies.
Humahizatithodanm 2 tyerpedibeh & pyrsugieanvghedenctDReelecHrs, such as
S i i . .
D B P The
nfudsfiedizetitaditedibs abtebrihbyickemiselipdheieman wdihadsiSreasmodification

I&Q@g &%@?&%ﬁ@%}/ﬂ{l@#@ig@nain has been substituted by the
r

corresponding sequence from a non-human species. 30 Fully human

antibotllesresmpsisingehtibealy veaiabtengetio as imerditior oAy rnRng a variable region
o L S
hvitraninedhodibindo wenysistiz recomilrmentiviarisesinmareginbdayR) derived from
aflrl%ggu%%xsl gjil%ﬁalg ?,d a%a&%%%%ﬁ%@%%% @‘ﬁ)a’nﬁga constant region derived from a human
antibody. Such antibodies can be prepared by using known technologies. Humanization can
be performed by substituting rodent CORs or CDR sequences for the corresponding
sequences of a human antibody (see e.g., Verhoeyen et al,, Science 239:1534-1536 (1988)).
Accordingly, such humanized antibodies are chimeric antibodies, wherein substantially less
than an intact human variable domain has been substituted by the corresponding sequence
from a non-human species. |

Fully human antibodies comprising human variable regions in addition to human

framework and constant regions can also be used. Such antibodies can be produced using |

various techniques known in the art. For example in vifro methods involve use of

recombinant libraries of human antibody fragments displayed on bacteriophage (e.g.,
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Hoogenboom & Winter, J. Mol. Biol. 227:381-8 (1991), Similarly, human
antibodies can be made by introducing of human immunoglobulin loci into
transgenic animals, e.g., mice in which the endogenous immunoglobulin
genes have been partially or completely inactivated. This approach is
described, e.g., in U.S. Patent Nos. 6,150,584, 5,545,807, 5,545,806; 5
5,569,825; 5,625,126;.5,633,425; 5,661,016. Cancer therapies directed at
ERR dﬁ%mﬁ'%%téizqrmn%mtmgs'ms:mr),c@iﬁnml@e, RE8An antibodies can be
vali

ated through clinical development and regulatory approval of o
Mg BRAREPdHFiTS GRURHIRS TREIHROMRRN NG PRI FoPI8E e AN of--» mice in
v&%@ﬂ@&@&%@ﬁ&ﬁ@ﬁﬁﬁfuﬁ@?ﬁmﬁiﬂ%%ﬁ%@ﬁ%&@iﬁ%ﬁ%}ﬁ@llyhfp&w gidnactivated.
leukemia, gefitinib (Iressa) for non-small cell lung 10 cancer NSCLCS); and :
THisRRAEREEAE LSPPO AT AP Bl ce P RIFB Agtan? nihtie ¥en807: 5,545,806;
slymphoma (Siardisliodzsetat £dp1¢arcer Res. 2001 Oct;7(10):2958-70.
Slamon DJ. et al., N Engl J Med. 2001 Mar 15;344(11?@783-92.; Rehwald

U.et di-amgiolernues shscies: #hineyiiis soabusvienalices ity tggeyr m cancer cells
hBledeRQaRddeP@edubhldIesearnegsisppetinisadye gtieriivapprb battiranti-cancer

tolerated than traditional anti-cancer agents because they taﬁr;%et onlyl5 . .
dipgsstert RS U LGRAPLIGE Pt BTN SRS RAP AT fi3aRey> Loatinib
nisHiadorapesy) RAtSRS: PHlvaisaivalidetsithe cenaeniebmpeuailymall cell lung

targeted cancer therapy. Furthermore, targeted drugs can enhance the :

CRMLE ) 51 loi AR OGO Pl WIRG LRI EorrhERBRORAH mantle cel

IajMRA ((2002nOncalagy ChR BubptiR 442601 Kieimaruf et aln(208@)bn DI. et al.,
Onco%ene, 21, 5868-5876.). Therefore, future cancer trgatmen s will

NoFod B ierh 08 chiabimig 3 BoiAttorasinadd WithdardHeedediic Jan
139@Ni@pimediad difterent sharactausyiasiebdomroalisosesh ashese drugs are clinically

angiogenesis and invasiveness. These modulatory methods can be

cHero g QRIS Iby Rl RhEAIET RREHASHRASEJERY Bract only
+ARSFHRLNE YellB. VI¥SH(R, Gudly RGN IR IEARA G AEAiHRISMAREIMItTRE Tife for cancer

methods involve administering a pratein or combination of proteins or a

PAtERIRs BIEialss YRbeLs o RS srbidRreiRg Flewierapy. Furthermore,
1ARerRRIR erfchabalsurt @xpressignatdRadiiitrentis/iwBxRiess8d combination

genes or aberrant activity of theiré%ene products. Diseases and disorders

BB Rl EHIEa IPFIREs A HaRRive 103 Gu BB FBLAUFfing RS- Oncogene,

e 8k088960). AiSRIIRNCHRS TRRLIR RaIBIRIQIGIT Bl swHbI 088 1@LRREbining

and gene products, respectively, may be treated with therapeutics that

cqnvegEanal fraesrwillidarart-seerlbRE A A 6f Helilerdruasiarigisrof tumor cells
<KOsNSS i FheraRe utiastbataatagonize activity can be administered

therapeutically or prophylactically. Accordingly, therapeutics that may he .
utilized hetneEnedRtERrL MERAE saRbRmPEHIBRtherRe O1g fijitp (e-8., by culturing the

RAIYREPHMe, ok 1ne OVRIAXRISSSE 4aSRS @ ANByotin HRiVAHYS . 1B8MeN Bsubject).
'lghdé methods involve administering a protein or combination of proteins or a nucleic acid
molecule or combination of nucleic acid molecules as therapy to counteract aberrant
expression of the differentially expressed genes or aberrant activity of their gene products.
Diseases and disorders that are characterized by increased (relative to a subject not
suffering from the disease or disorder) expression levels or biological activities of genes and
gene products, respectively, may be treated with therapeutics that antagonize (Z.e., reduce or
inhibit) activity of the over-expressed gene or genes. Therapeutics that antagonize activity
can be administered therapeutically or prophylactically. |
Accordingly, therapeutics that may be utilized in the context of the present invention

include, e.g., (i) a polypeptide of the over-expressed gene or analogs, derivatives, fragments
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or homologs thereof; (ii) antibodies to the over-expressed gene or gene

products; (iii) nucleic acids encoding the over-expressed gene; (iv)

antisense nucleic acids or nucleic acids that are "dysfunctional” (i. e., due

to a heterologous insertion within the nucleic acids of over- expressed

gene); (v) small interfering RNA (siRNA)z@r-(vi) modulators (i. e.,

inhibitors, 5 antagonists that alter the interaction between an
or WVRRASRIGRSRY RQlYPaRIRIRE D NNgx PRIART hehB@dyshienatanals; (iii) nucleic

antisense molecules are utilized to "knockqut" endoqe_nous function of a .
acklSHEpHNE By IOIFTORSBBES L 8BRDINAINTSRES BYS LS ASEELAT NSiEletfoacids that are
“ae@ftinck %51k %gg.a%d/m%ﬁ%&‘é%&fﬁﬁ@%ﬂﬁﬂ i coeleriRd:byls c}f over-

quantifying peptide and/or RNA, by 10 obtaining a patient tissue sample, .. .
Y &ws)e@@,sr@ég}t%zﬁa%savmg(ﬁlmgb%&%ﬂ%@é}ﬁ?}@&ﬁ&= mhibitors,
aniR¥elSsalHet Wie-ANW onBsitibh okthe axpressacprpriides {o1ymiRtidAsatats binding

gene whose expression is altered). Methods that are We”-kno%} within

PaiecBht i e BRA AR AR R RRET I CHIFR ARSSaig e (2 g I Kok ngogenous

fuhlefANAYSIBLPEpH RO BiERiRialipn dotevmehby.sodinme, dodecrpsuliateS cience 244:
Q%%D%) gol acrylamide gel electrophoresis, immunocytochemistry, etc.)

12884}éP4 3 idization assays to detect expression of mRNAs (e.g.,
NortheieasedYsvEloLhiots. insity deyhicizatignasteyinBraghidactitl/or RNA, by
administration occurs prior to the manifestation. of overt clinical symptoms

ORYRIBEE AR HIHE SHEES K6 Sr TRIBIHIOPRY FRVEN A8 Grsayiasifveiyro for RNA or

peldy ed s, ikerraatession: 2% TineanRyisiekRadsofidee RESENAs of a gene whose

invention may include the step of contacting a cell with an agent th ..
CHpSERIRRAS P mYERath A éﬁﬂ% é’ﬁ&]ﬁ}g&%ww%ﬂf are not limited

tosiiﬁﬁfﬁ]atﬁgya%rebéeg&‘@sgi VRRESH BIeraRIeE:n agenilbalolpduiie SAIekRIN by sodium

activity include, but are not limjted to, nucleic acids, proteins, )
daslegayiiaie(FNY ealiRatelABHAR ST RLeRIPBRISS, oQptRRs fochemistry, efc.) and/or
hRRISAINALSSs andatbessmalinnigeulienas YagciNatingagainssCRECblots, in sif

In the present invention, peptide derived from TOM34 was shown to be
hypxifizafifBpesvestricted by HLA-A24 which is a common HLA allele in

Japanessrand GAGATA-PRRURERRS SRS it esafftlArddtiineinginical

peptides derived from TOM34 was identified, using the information on X
SYmREROBIAdihgl st sachothAt A HeeesaRE AFRER- R BreYrRERd Rinaegeptively. delayed in
iETpgggé@dggndritic_cells (DCs) loaded with these peptide, CTL was

successfully established using TOM34-299 (KLRQEVKQNL (SEQ ID .

No.7)FFFiRauite SoeHnle @ bR A BRET MRS ag5IHde dhe Bt pidgptacting a cell
wRAGA0A: GEHSHINBLNAIE o dibrelanas-aRe RS sefivackisqibiireeof the

cells also showed s(g)ecific cytotoxicity against HLA-A24 positive colorectal .
diffeyentially expressed genes. Ixamples of agent.that modulates protein activity include, but

are not limited to, nucleic acids, proteins, naturally-occurting cognate ligands of such proteins,

peptides, peptidomimetics, and other small molecule.
Vaccinating against CRC: ,

In the present invention, peptide derived from TOM34 was shown to be TAA
epitopes testricted by HLA-A24 which is a common HLA allele in Japanese and Caucasian
populations. Candidates of HLA-A24 binding peptides derived from TOM34 was identified
using the information on their binding affinities to HLA-A24. After the in vifro stimulation of
T-cells by dendritic cells (DCs) loaded with these peptide, CTL was successfully established
using TOM34-299 (KLRQEVKQNL (SEQ ID No.7)). This CTLs showed potent cytofoxié
activity against the colorectal carcinoma cells. Furthermore, CTL clones and lines derived

from these cells also showed specific cytotoxicity against HLA-A24 positive colorectal
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carcinoma cell lines endogenously over-expressing TOM34. The cytotoxic
activities of these CTL clones and lines were not shown against the cell
lines lacking expression of either HLA- A24 or a target TAA. Specific
cytotoxic activities of these CTL clones and lines were significantly
inhibited by the cold target. These resultsdemonstrate that TOM34 is
useful as 5 TAAs of CRC and that TOM34 is epitope peptides of TAA

cdRsuaied Y RkAAdds S TRMB4raniigen TOHRYSL-eXRECSHBhIR MeEVities of these

of CRC and is associated with tumor cell proliferation, they are good |
Cillrgdeass Bt basd Pmmeh o AaRrab iR SEE RessAvchirtigpiagsion of either HLA-

Apresentinention fusthermieyvidesmetngdsaldrertiRaror Payeting GREwere

said methods comprise steps of administering a immunogenic peptide of
siggaBpnily Apbthitad Mothnhnld dEe; oﬂéﬁé&%“ﬁﬁ%ﬁe%%?@athﬁi%%éé}s usefod as
TUsUANy deas thanahaut s AN ingapis-omy isiNheMiBREBIFHTA-A24. Since

sequence of SEQ ID NO: 7. Alternatively, the immunogenic peptide may

T rAEIEHdA IS B ERB G 8ESHD FO ISART i Frih girgpr cell
pRAMBFRl0aMInG asldsarumadifiethesstitbiathafiadaesay ReafatretRC.

embodiments, the immunogenic peptide is a nonapeptide or a

decap&SaE AR IR PSR CH RS MBREBIP BidRAdRE o ds of rbipg ot preventing
CcirdugingaalictnempnyRisp s feReinsaidimeiiachaampeisepsieEs of less than about
admijnistering an immunogenic peptide of the jnvention com rising the . . ' |
A FRHEAS Setih 585 HISEOP S ROy 5 Hr YR et Dout 15 ainino acids
colppaEbRtabaye e RERRABE BIVSREO the): Fepiitlerantiasiyathitheidogenic

can_be administered to a subject via in vivo or ex vivaurtherr%ore the

PEREde FAR RIS AR S BrEL SetBFRst b B Db Ao thgRalming Or several

adthaGisl eaeaneaift S ERLIBINGE - afdedennaiivtthareaffdiments, the immunogenic
manufacturing an immunogenic c,ompoiition for freating or preventing

PRPREE 15 8MANBRTRLINAIPER SroRPSDIdeS it PTG hivEntion provides a
i@ ek R agy- 1o e PeRgas AER R 410 Many dEaWR REMBDs of

ene praducts, This lowers the possibility. of unknown or. undesirable

a SR HEBLASETHARERBHS Y Ay REPThEYRRHISIag thesapino acid sequence
oRemarding GiLARRtge Rahe HeROf A-2dtyRRdNdoate Moy sxpsassedntion, the

amang the Japanese is favorable for obtaining effective results, and the

peRiilp s dsR s e hrrak canbRamiRier ARct SHERIrIBg? YU CL IR, Nt o-
ribgsisetiBtypaaitihARmioesRPHiba RatieR! o R HINGHERABIBPE ng the amino
investigated in advance, which enahles appropriate selectign of peptides

2 FRRRGE RV NGING FAriRFHYE RtRRL oD PRI ARG depmunogenic

c&RhSGHba 89 ekl By ¥antiggTREsentation. Furthermore, in order to
obtain peptides showing high bindin affin:rtgrland CTL inducibility,

substitthsrolpERRIbI L, N34 shawsd iBrb Ml aBpidavs stiaificant homology
vReI faEnesiRs o AR ARIAY RebhvaaaHBRCe St hRaaashOCEHERdhe possibility
ogp%%ns?wg%tgﬁll eg%%!eé jl;lnﬁlgillrl-]é Eggpg%g@sla?&le&g%%ga?pg ralge‘asi‘rsiétotlilese molecules.

Regarding HLA antigens, the use of A-24 type that are highly expressed among the

Japanese is favorable for obtaining effective results, and the use of subtypes such as A-2402
are even more preferable. Typically, in the clinic, the type of HLA antigen of the patient
requiring treatment is investigated in advance, which enables appropriate selection of peptides
having high levels of binding affinity to this antigen, or having cytotoxic T cell (CTL)
inducibility by antigen presentation. Furthermore, in order to obtain peptides showing high
binding affinity and CTL inducibility, substitution or addition of 1, 2, 3, 4 or several aminé)
acids may be performed based on the azxﬁnd acid sequence of the naturally occurring TOM34

partial peptide. Herein, the term “several” means 5 or less, or preferably 3 or less.
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Furthermore, in addition to peptides that are naturally displayed, since the
regularity of the sequences of peptides displayed by binding to HLA
antigens is already known (Kubo, et at, J. Immunol., 152, 3913, 1994;
Rammensee, et al., Inmunogenetics. 41:178-228, 1995; Kondo, et at, J.
Immunol. 155:4307-12, 1995), modificatigys based on such regularity can
be 5 performed on the immunogenic peptides of the invention. For

FuRimRiee RERIRES RN i&égmﬂ%ée%éﬂaﬂmigﬁiﬁiéﬁbﬁﬂ@etﬂféfmgnaﬁty of the

second amino acid from the N terminus substituted with phenylalanine,
seqpenpe o hnspiidamésplaghiophindinmte pLphcasiamsse alnmbydenue (ebo, ef al., I.
InCHBIBNINES isssyBstitateckwithREsnY idanineleueesaUEINE7 3228, 1995; Kondo,

tryptophan, or methionine may also be used favorably. 10 However, when

et tHe pelpriaensdgliehidd 0 bt one didersirns Rresdhmeabiscdatibhear be
pe?ﬁﬁﬂl@@gﬂgﬁ@ﬁﬂﬁl&ﬁ@é@ﬁ@ﬁ%ﬁﬁﬁ%?m@ﬁﬂj&%@ﬁiff&fﬁ@ﬁzfﬁﬂﬁﬂ,%’bﬁi@@s showing
IS

effects such as autoin'mane disorders or allergic symptoms a%ainst

high &8-St s s et dlieE PRI SRFBO theNoigsménps substituted
w?ﬁbml?m&# HRICheIRE ARSIt SRa1aRES 05 ARO RS ¥ R0 acid at the
is avoided by perfor

ming a homology search using available databases.

C igmimpmdrmigie il eieabraraannsideyieansnia et totiophan, or methionine

Riides.insuichol-Mi¢ amino acids are different exist, there is no
anger that modifications of the above-mentioned amino acid sequence

in ordéfapeneresdsnnachARidly ssaurysRhiiicHldgeRoEng ef the amino acid ,
selﬂ%ﬁ@é@f{% SndbetfneBy '&é&ﬁ}&ﬁﬁﬁﬁ&%@ﬁ%@%}ﬁ%ﬁ%ﬁp%& effects such
e

having high binding affinity to | antigens as described 20 above
asgrel dgparrsiswderigH| RaEdcERhaeRvsLeRseE I TRl emERay be induced,

thBRRIACHURIEHAESAIB RS FAGRRANOR HRAR AR A DIBRAINElDsequence of

affinity’as an indicator, must be examined for the actual presence of CTL

anptheEipItyinds aNRitRddY SROTIRELE MmPIeL seafrp ey pilablsciagpbases.
FAMIGS0; RIS PeNiNg SR SRHYRGI MMe - MEGIR L RS e IR RSVhick 1 or 2

B-lymphocytes, macrophages, and dendritic cells), or more specifically i
argiscriidsB cdiffeauthiadstrohsmadrhdgeapHba BRGECHIRI R pboVe-mentioned

anfHEOY iR qaRa e Lalitpulatien- it thsRaR desn XA WA antigens, and/or

CD8-positive cells, and then measuring the cytotoxic activity against the

ingxrges HedlS T sinduedalitioisl sauns, Jah sgePiehimals that have been
producegh g, SXPEGEIA ﬂmﬂ:gﬁb '$%@ﬁ@%mﬂ?ﬂ2@§ﬁtﬁ%§§r£%50ﬂbed

in BenMohamed L., et al., Hum. ITmmunol. 2000 Aug.; 61(8):764-79 ) ma .
alisy e seaiemseeddn brehisl yaiderbuiascames SereaRsldbe rradidespeptides, which

alér%gié&% a%@grﬁﬂ%t@(fﬁeaﬁé\égﬁc%f %EQEMEWQQMEMOL roust be
released from the Target Cells. Alternatively, it can be examined b ) o
cxmistify (Bpl ekssee T e RSB BIETL GrniEtias REL 31 inducibiliy s
QRS 38 e g iR o
example, B-lymphocytes, macrophages, and dendritic cells), or more specifically dendritic
cells derived from human peripheral blood mononuclear leukocytes, and after stimulation
with the peptides, mixing with CD8-positive cells, and then measuring the cytotoxic activity
against the target cells. As the reaction system, transgenic mmg that have been produced to
express a human HLA antigen (for example, those described in BenMohamed L., ef 4/., Ham.
Tmmunol. 2000 Aug.; 61(8):764-79 ) may be used. For example, the target cells can be
radiolabeled with *'Cr and such, and cytotoxic activity can be calculated from radioactivity
released from the target cells. Alternatively, it can be examined by measuring IFN-Y |
produced and released by CTL in the presence of antigen-presenting cells that carry

immobilized peptides, and visualizing the inhibition zone on the media using anti-IFN-Y



monoclonal antibodies. As a result of examining the CTL inducibility of
peptides as described above, those having high binding affinity to an HLA
antigen did not necessarily have high inducibility. Furthermore,
decapeptide comprising the amino acid sequences indicated by
KLRQEVKQNL S (SEQ ID No.7) showedyparticularly high CTL inducibility.
As noted above, the present invention provides peptides having cytotoxic
mbreellbiadusiyitieand comprising the amino acid sequence of SEQ ID

NO: 7 in which 1, 2, 3, 4 or several amino acids are suhstituted or added.

e b B R BT i B b T BRI RS sbove, tose
haS}E@d gigélil@mfﬁﬂgbmﬂﬁl 'ﬁhylto?axsiﬂh,grhasﬁgetaﬁﬁlm' 3@@@&9@{1@ %@x&?\ﬂﬁgﬂtﬁﬁdcibﬂi’ty.
or added preferably do not match the amino agid sequence af ot .
F g RTART S5 aRRANAT SR S SDRERS TAIAHETgeh oy KLRQEVEQNL
(S OSMAEY)) shethidniasitMihbr Hisptophandiwibatine second amino acid

from the N terminus, and to phenylalanine (F), leucine (L), isoleucine (l), .

it A e e S e i
iamicdidieid adoidenekihiaiZ-amino acdidsdaiiieNoRsPDUD AO/origwhich 1, 2, 3, 4 or
terminus are 15 favorable examples, Specifically,.the present invention . .
RO AT SRR P AP EaEnos comprising § or 10
AbREARAAS QN QN BINDILY N Ot Kiflwhick, 203, WerREENKEINrb abids are

L, I, W, oy M]. Peptides of the,invention can be prepared using well known .
ST oD B pre: B QA BB LGP Ed SJHREH R proteins. Tn
pechmbinantiiNAitbaltntingy o to 2dahdateah syTihasissiRe piiflerefihthine (M), or
invention be synthesized.individually or as longer pol tides .

R 5 R 2 BB P e N AR oy faine (),
substaitinllydasnkqhernatphily OVSLsHag:(0sh el (MOteii® d@httrminal amino acid,
fragments therepf, The peptides may contain mqdifications sugh .

SRS, SOSPE, DAL AR OAFRRLSE BHIOA draminus are

fadifisatisamgnos pesioyinaikigegisaliactvtiyopibei RS paptigepide comprising

R B e AR Bt R O A W DCba ot okathple o e o WI-

R(QPB&KQEB[umaLijprbfna]peptides. The peptides of this invention can

be prepared |n a combinatign, whieh comprises 2 or e of peptides of

the 1o eb IS PLS Y S A TSR g VAL P RoYR (e pagues. For

@&ﬂib&p@gtﬁ?ﬁmaxm;&mmmﬂw X ,@éﬂt@ﬁiﬁﬂnﬁﬁmwm&ﬁmd ology or
Sing stanaar techniques. r example, the ept| es can be expresse '

Rl TS R e oHR B e TS SRS pr o lomger

behepsidaeomgiffareniwb oo isiprioesINEhp ppPdes aef thigdrmigptiesated i.c.,

the peptides are presented at.a high density on the I-ILA antigens of
Scllm?Se % agy free oril ot?ler naturally ogcumng h)c/)st cell proteins ang%'agments thereof.

The peptides may contain modifications such as glycosylation, side chain oxidation,
or phosphorylation; so long as the modifications do not destroy the bioclogical activity of the
peptides as described herein. Other modifications include incorporation of D-amino acids or
other émino acid mimetics that can be used, for example, to increase serum half life of the
peptides.

The peptides of this invention can be prepared in a combination, which comprises 2
or more of peptides of the invention, for use as a cancer vaccine that may induce CTL in vivo.
The peptides may be in a cocktail or may be conjugated to each other using standard
techniques. For example, the peptides can be expressed as a single polypeptide sequence. -

of this invention, the peptides are presented at a high density on the HLA antigens of antigen-
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presenting cells, then CTL that specifically react toward the complex
formed between the displayed peptide and the HLA antigen are induced.
Alternatively, antigen presenting cells that have immobilized the peptides
of this invention on their cell surface are obtained by removing dendritic
cells from the subjects, these are stimulaigd by the peptides of this 5
invention, CTL is induced in the subjects by readministering these cells to

pr@"s%;ﬁg%%‘éﬁs i asrA {fi&%? t zﬁ?ﬂ‘éﬁ@?ﬁﬁé&‘ﬂ%@%&ﬁp@%ﬁ@@b@&een the

be’incréased. More specifically, the present invention provides drugs for

digrlasiedy neptidesaod hretEntingieelifraivhondetddtagstiyaly suelheen presenting cells

thi{RArS ﬁﬂ@&ﬁ&ﬁ%&ﬁﬂé?éﬁd&%ﬁﬁ{s PRRIGSS BhUNSHMENIA NG obtained by
peptides of this invention can be used for treating CRC. 10 The peptides

regfavisdrivadtisie egksieontiimishirets.dhewiyrasiapHateddvetiveasptides of this
inbRMRASEan haL fas.8 ?ﬁ_ﬂl&'ﬁgﬂj@@{? g)b%&%@%%ﬂg% {Hégéué@ﬁ?@o the subjects, and as

"methods. In.such cases, in addition t6 the peptide this invention,

a resrbras Ereibientss Andasde lthiarsrecslginamiReuBetraRstdrugs can be
includeg as apprapriaieMithoRt patticias IREERS I8 Y BURRHE Y nors or

compositions of this invention may be used for treatment and prevention

preverag peirsakamunegeiits srtbasticidraIrs aehcanyese 1 or more of
palEYEWOR QL LR NI G SUPRISS NBR ERIRR RTINS INENIRN 83408, CRC.

active ingredients, can comprise an adjuvant so that cellular immunity will

be estabhgmaddsrciiiiningemtiop sumbpadiminirieedctigithy stha Phasmaseutical
cd %%H%F%%%TM%W%&Q%&WMM@%B%@ t33&,511011 cases, in.

formulation into granules. An adjuvant that may be applied includes those

addbiontie dhinneriifes afHES JOIRRSOR, 2OTETH eRfiarsBis) mResuch @V@@g,rdinarﬂy used
fo% s TXE MR, ALY NGRS W AHO R RS RRA B A PN mmunogenic

ydroxide, or alum. Furthermore, liposome formulations, granular
cqorpesititonefithisticremier mayibbbimdes eaineaiambresadin ahgRC.

oI A2 I RHAG PR SRR GRS GRIMEFRIRY, wich

used. The method of administration may be oral, intradermal, _ )
c@bﬁ@@&h@@@ﬁﬁﬁmﬁf@h@j@ﬁ]@mmﬁs ﬂ}eﬁmegﬁgrgggy@;gmompnse an adjuvant so
R BN AHAN QIO GR AATURLAANQR LerBR RNy ALING 19 8L IRATMRRNS with other

possible. The dose of the peptides of this invention can bé adjusted o
actpisropatedétytasuchdiagubeotissate %@é@mﬁ@dbag@mﬁ@m jenformulation into
ol REHE o AR 15 MBS e ot
Cig, MrcridiorbBrably adidiSteré b dexiemptewy ddyyw feinadatisduoinem

[ | H]ﬁ gﬁ opfi [ ‘ :

p%%g’?}%%?ve y, t %ﬁgr sercl%glr@é’e{r}]fti%trl]ﬁjg'rOV| etsB %%??gé{(jﬁa%) ?/%i%l%lsmé%ﬂglés’ granular
feerodetites, invwmicbhptesdntgcisrhpledds fiommpoh bkametar vade ptidderofithigons in

invention. and, HLA.antigens their surface, Exogomes,can be red,
B R I Rt B Ry T e RRIERR
administration may be oral, intradermal, subcutaneous, intravenous injection, or such, and

systemic administration or local administration to the vicinity of the targeted tumor is possible.
The dose of the peptides of this invention can be adjusted appropriately according to the
disease to be treated, age of the patient, weight, method of administration; and such, and is
ordinarily 0.001 mg to 1000 mg, preferably 0.01 mg to 100 mg, more preferably 0.1 mg to 10
mg, and is preferably administered once in a few days to few months. One skilled in the art
can appropriately select the suitable dose. ‘ .
Alternatively, the present invention provides intracellular vesicles called exosomes,
which present complexes formed between the peptides of this invention and HLLA antigens on

their surface. Exosomes can be prepared, for example by using the methods described in
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detail in Published Japanese Translation of International Publication Nos.
Hei 11-510507 and 2000-512161, and is preferably prepared using
antigen presenting cells obtained from subjects who are targets of
treatment and/or prevention. The exosomes of this invention can be
inoculated as cancer vaccines, similarly.tgghe peptides of this invention. 5
The type of HLA antigens used must match that of the subject requiring
AUSAUReNL RHUPT HERVEOe A fI0f SXBMBIErTRf RN ANEI R ATRR A Hei 11-510507 and

articularly HLA-A2402 is often appropriate. In some embodiments the

2080cind dnipekitiorriarhe IvRHRE M ESMPRISerR PesTApRR AERbRrIned from subjects
wWRKImRS: SicLARbasyIss phipidsibave hearoideniifisd aa 398BSod Qan be

_ capable of priming CTL in vivo_ against viral antigens. For example,
inpernid asigvesHRES B SEElsbhEdtes RreiidshaldbnimeBistps of a
lysine rﬁ%#ﬁ@éﬁﬁlﬁ%ﬁ@%ﬁs@@ﬂ HRRWRgeHsRIRHER A e requiring treatment

invention. The lipidated peptide can then be administered either direc}& in
and{RicRTRy Srisai e SreBmis dd IReestipgsomd 2br Rarlineingly lafy-A2402 is often
afsisNaRt. As another example of lipid priming of CTL responses, E. coli

ipoproteins, such as 15 tripalmitoyl-S-glycerylcysteinlyseryl- serine i

(P3CSH) aperanhedimesiithe CErtinpon R Rl e EHeyigmpomprise a
cORPIRRABPRGPEAR 8RS 1R i e IoS R yt MAtIIEi 34 B:RB 1sdonl SRR IDSs agents

immunogenic_ compositions of the invention may also comprise nucleic -

capable S BB ahe T iSRS Hepirl caipsa sEar e Rlgepdyitigasid residues

ofh 1Rl HR0) REIRE %%&%ﬂ:@éa%@%:%% RAIGEL MR BURHinked to an
5,589,466; 5,804,566 5,739,118; 5,736,524; 20 5,679,647; and WO

IigguarzpiEReptigref shomrepisead B@i@@éﬁ&@mﬁmé@%@m@ag@eﬁé@aistmd either
dQé%ﬁ}_iﬁ?Q'B&?&@fﬂe@Ppéﬂ&%&}%u RGeS ﬁﬁ%‘i&é@&%@%%&%‘!&éﬂéﬁ in an adjuvant.

cationic lipid compléxes, and particle-mediated ("gene gun“) or
Pﬁr@@@ﬂﬁ@-@ﬁg@m&ee_ﬁimﬁd@@@@a@@m SSpPERITNeY ',lmmasvpsrﬁ@ch as
tr 91?9)-%1%93@@{2%&%5‘3%&%@ NUOR LA RS RELHRTERIER ?}‘h‘ﬂéad:?t when
bactérial vectors. Examples of expression vectors include attenuated

cqialendstattatiuniae appRIRTGtRvpae ThE approattsiniohalafimaiEl:561-4, 1989).
of VaCCija MiSmBdniB S USRI SMHEERBHELOIdS SRAULRGES Al cleic acids

encode the peptide. Upon introduction into a host, the recombinant
eym@nm%@wwa&mmﬁ@gmp@tm, &rﬁi;tﬁé_ﬁfﬁyﬁe HEid D) Science
SUMMRE {8ZRONSE- MAGHNR.YaCckas 2 Salhods USeHA KENIIREZAlan; 714 504.
protocols are’30 described in, €.g., U.S. Patent N6. 4,722,848’ Ancther
Vet BoGY BRMACHIm Exernplesin NS owisddpd i speydestnploding include
e 1, . : - ide,.vari IS.e o g
e Y Buonic lpid

cappheres sod articlrusediart <, senovial Vet wrssSatmediaieddshivery (see, e.g., U.S.
PURGIPKS U985 40-

The immunogenic peptides of the invention can also be expressed by viral or
bacterial vectors. Examples of expression vectors include attenuated viral hosts, such as
vaccinia or fowlpox. This approach involves the use of vaccinia virus, e.g., as a vector o
express nucleotide sequences that encode the peptide. Upon introduction into a host, the
recombinant vaccinia virus expresses the immunogenic peptide, and thereby elicits an
mmmune response. Vaceinia vectors and methods useful in immunization protocols are
described in, e.g., U.S. Patent No. 4,722,848. Another vector is BCG (Bacille Calmette ‘
Guerin). BCG vectors are described in Stover, et al. (1991) Nature 351:456-460. A wide
variety of other vectors useful for therapeutic administration or immunization e.g., adeno and

adeno-associated virus vectors, retroviral vectors, Salmonella typhi vectors, detoxified
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anthrax toxin vectors, and the like, will be apparent. See, e.g., Shata, et
at. (2000) Mol. Med. Today 6:66-71; Shedlock, et al. (2000) J. Leukoc.
Biol. 68:793-806; and Hipp, et al. (2000) In Vivo 14: 571-85. The present
invention also provides methods of inducing antigen-presenting cells 5
using the peptides of this invention. The antigen-presenting cells can be

induced by inducing dendritic cells from the peripheral blpood monocyt
e ot UISEE) PR the s AFHE e Mol Med
TS 68X MG QR YVheuthe nantides Biihiss Trerlen ate Hipp, et al. (2000) In

administered to the subjects, antigen-presenting cells that have the
Vpeplides/df-Sthis invention immobilized to them are induced in the body of

the subject, AllematiueheoAlies Lo hibzingdbe pepttesaetivua-presenting cells

invention to the antigen-presenting cells, the cells can be admipistered tgb nducin
stz b Pt s FABAAB PO BB B RGP R A0 e PTG FAOR e by indlucing
dSQRRTise fleRs Ot e eAlREin G ANiDeR RIeFeRting telisdsamcsligjgatmaiding) them

: contacting with the antigen presenting cells of step a, with th pegldae. Fihi

with Threrentiden g &sehteg eI E OB EmMEY BYSR b Eh b@h%hﬁiﬁa HEeot s
1DESURIEH! ARnAMAGSNG, tHYSIBKRMIOM@IEa provigas adrIaihbg: fatfve the peptides of

inducing antigen-presenting cells having a high level of_%%otogjc ngrf divelv. after
Chiwooiiign msh R M ERBCFELRGHSE TSRO i Atigatively, afte

u%%ggBﬂﬁﬂz% Relvuleatides thaleneedadhranaptidaspet dbisivesligrie cells can be
antigen-presenting cells in vitro. The introduced genes may be in the
afninisten A the RIIRS! 35 Gr e IR tHET SrARISBUIERGY, Vilth aﬁ%ﬁfﬁ%ﬂgﬂ may

limitati n \éagfous methods conventionally performed in this field, such
Cé@ﬁ%%?ec%%n, electroporation, and calcium phosphate method may be

used. Morellgssisiticalizen PiBsPBENSPR TR ESEHBEE in Reeves, et

al., Cancer ResmoR b it ARnEEHIsS 1&% SUR ofstHp B uIh 146 BIE,

1998; g)éggﬁ%\;%vﬁsi&gg?al.,q. 259%xp. Med., 184:465, 19%16; Published .
Japanctbemaistatuesottinpests obiaipebhyation e dscumiysisicdlp the subject as
t%ré%feging the gene into antigen-presenting cells, the gene undergoes
atranscruétion, translation, and such in the cell, and then the obtained | )
protein Tajriovessied bisomrciGimedncshadifesndusing progseddrrbiig sells having a
REETERE Y %ﬁ%&:‘{"f@%‘%ﬁrﬁaﬁ%ﬂﬂwmﬁﬂﬁﬁﬂ%e AR MmudhermRiSediBe step of

present invention provides methods for inducing CTL using the peptides -

roftéfisringgtion dhprising pelsideleotifes hrienaorcdhe aarTidktSferipigvention to
Witetpativdyd tblinmaydvnsedfoubnasionla ligitations, various methods conventionally
performed in this field, such as lipofection, electroporation, and calcium phosphate method
may be used. More specifically, it may be performed as described in Reeves, ef al‘., Cancer
Res., 56:3672, 1996; Butterfield, ez al., J. Immunol., 161:5607, 1998; Boczkowski, ef al., J.
Exp. Med., 184:465, 1996; Published Japanese Translation of International Publicgtion No.
2000-509281. By transferring the gene into antigen-presenting cells, the gene undergoes
transcription, t:ranslaﬂdn, and such in the cell, and then the obtained protein is processed by
MIIC Class [ or Class I, and proceeds through a presentation pathway to present partial
peptides.

Furthermore, the present invention provides methods for inducing CTL using the ’
peptides of this invention. When the peptides of this invention are administered to a subject,
CTL is induced in the body of the subject, and the sirength of the immune system targeting
;Lhe CRC cells in the tumor fissues is enhanced. Alternatively, they may be used for an ex vivo
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therapeutic method, in which subject-derived antigen-presenting cells, and

CDS-positive cells, or peripheral blood mononuclear leukocytes are

contacted (stimulated) with the peptides of this invention in vitro, and after

inducing CTL, the cells are returned to the subject. For example, the

method may comprise steps of. 5 a: collecting antigen presenting cells

from subject:, b: contacting with the antigen presenting cells of step a, with
thgﬁﬁfﬁaﬁﬂ dectitdNixing i sapjigeaprosentinigaetsolfiop bt eD8M Lpositive cells,

cells, and_co-culturing for. inducing cytotoxie T-cells:, and d: cqllectin X
OrERRATEL RS B OF ST SEPTHCC SRS Fith e peptices of
theyiRtRxIGRCHViLYabiaiIn el yretef kN herdriRisteretuiacthe Shbjethas. For

a vaccine. Accordingly, the present invention relates to CD8+ cells which
exaraple, HahTaSRPE BB AMPRS HEBH@Ss described herein which are

presestedtiy Mitcomplestiesy e:ls Hohr 2dbfeurthermore, the present

invention also relates to cells, e.g., APCs comprising an MHC-class'| type

R RSB 1A AV D ESb I BE S5 R Bt Hfapas 0c-

Fusthermereh $hanrengnédaventionl Rrovites isetateti EYtotexin Tasells thaturing for

are induced using the peptides of this invention. The cytotoxic T cells,

Whicﬁlﬁ‘é?}@%‘é&?%’fﬂﬁcﬁ'ﬁe%’ ulation from antigen-presenting cells

tha pegRefhthepEpliderofthistinvenidanuarefprgierably derived from .

subjects who are targejs of treatment and/or prevention, and can b ..

i R Dby TSR SN CBH AT ST GY TGRS S Agministered to
thhsuBpRIdes Ohtbis AineeatienORXeSme sfamifienpulaesecdd BistityBRwhich are

effects. The obtained cytotoxic T, cell t specifically against target ce
,c%&smﬁa%&%ﬁw&mﬁgwmﬁ SR ﬁé’%%*?ﬂ‘é’“%%ﬁ%\ﬁﬁc molecules,

e. g‘Sﬁﬂumm.d vekigR:dbf Mg ket masnbecelks Rattexpsesss @M3APCs comprising
endagenously, or cells that are transfected with TOM34 genes, and cglls .

@M{Eﬁa@éﬁ%ﬁm@&ﬁ& SFATSHIR, B HRGFET i %%R%ng‘e%ﬁ‘é“%ede hérein.
StimU@iﬁﬂz@bﬁﬂBﬁﬁ?ﬁ@%ﬁH%g Ear@isn 2brranelacgeisebaiatcelBehat are

. present invention also prqvides antigen-presenting cells that comprise i

indrssdisimg i B %ma%awepih%m@mfgﬁ@ﬁw Beive been induced

bpeRtidgsRhisHI¥eRlianprEe@tigens praspRilagt ahll pthatiase phiRIReEntion, are
by contacting the peptides of this invention, or. the nucleotéir{alf%s encoding

P TBEBAE A RIS @f&?@%&%@&ﬁ?@&%ﬁ? jBERLOR O gnd can be

adtrihetedassinhikpaaietiardabREaUa o @he: CRidaRindiniSiBEeskbptides of this

_as vaccines by themselves or in combination with other drugs includin

iR R B S G SRS S5 AR B 65 FRRE AR yiotorie T cells
2 QR AVE R dNR I RSE S YasiREnAIROGIRAR D IAIAS @Rention, or preferably the
sa:g]turan Sgp%%%g Iﬁs:adtfizf-‘or induction. The target cells may be cells that express TOM34
endogenously, or cells that are transfected with TOM34 gepes, and cells that present the
peptides of this invention on the cell surface due to stimulation by these peptides can also
become targets of attack. |

The present invention also provides antigen-presenting cells that comprise
presentation of complexes formed between HLA antigens and the peptides of this invention.
The antigen-presenting cells that are obtained by contacting the peptides of this invention, or
the nucleotides encoding the peptides of this invention are preferably derived from subjects
who are the targets of treatment and/or prevention, and can be administered as vaccines by
themselves or in combination with other drugs including the peptides of this invention, |

exosomes, or cytotoxic T cells.

In the present invention, the phrase “vaccine” (also referred to as an immunogenic
P ; P g
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composition) refers to a substance that has the function to induce
anti-tumor immunity or immunity to suppress CRC upon inoculation into
animals. According to the present invention, polypeptides comprising the
amino acid sequence of SEQ IlI) NO: 7 was suggested to be HLA-A24
restricted epitope peptides that may induge potent and specific immune
response 5 against CRC cells expressing TOM34. Thus, the present

cAYSIHON IR LGP MRASEES (R HR s HdPHHCIG 30 ThHBOLRBRALY immunity or

_ using polypeptides comprising the amino acid sequence of SEQ ID NO:

LppnEE e A RISEStHROTURYM IRIE I AERINBS A RRHIAE reSpHdadachgpresent invention,
pi%l)ﬁ%éﬁﬁﬁég%ﬂ%iﬁ HA9IaxI6 MRPREUES JPXNE! HHMAS FQMRUIEW sted to be

expressing TOM34, - induction of antibodies that recognize tumors

Heédmpréireyisiedeniersiprptidnibat aey MOUCHBOGHS Aot sinpifierispmune response
a@ﬁ@fiege ragiiction.dherefereswhen & Caltain OteIR INEUE eI BM NS Hses method

hese immune responses upon inoculation into an animal, the protein is
oliecadag b vEnaTtiTmS I HHGE RRiaoR s eHEBPTIY NG fhegease geifacquence of
SROFYRe: M RiY-RY 3 RFoiGL AR RedRestacibY iARSRRINEILY Qich as follows:

in Vitro the response of the immune system in the host against the protein,

15 Peualionply i isin barphesiss mag st T 0EtsrraresRg oxidsexpressing TOM34,
lympRAcyiESIEaEH MWL A QIS %&B%E@%@n‘%ﬁéiﬁ%ﬂ%ﬁ_s@ﬁﬂ%@%g TOM34, and
10N - .

body is presented to T cells and B cells by the action-of antigen

preBulieHigelisiihomagr TyéeiEeHRPAEHOR to the antigen presented-by
APC inaniigen spenificmannsrAiiciantiale o oioxtd elmi@ responses upon

_cytotoxic T lymphocytes; CTLS) due to stimulation by the antigen, and ]
inprfasiifearen awsnalydhe el Bolagidrdilabianoridengr rRerere inducing etfect.
ThH IndCHEHYT B AREHAUDPERAAR #FDPE SHAMREH BY (UBSRAURIdNSrving in vivo o
peptide to a T cell by APC, and detecting the induction of CTL.
irrviftadhasrenop s thavemensrysicst dethahag epipstithenptops+ T
cells, P&?%E%E‘ﬁlg?é HEQAENPRY @e@&glg ﬁl@%ﬂ&uéiﬁﬁ%%ﬁo&@ﬂ%ﬁﬁhocytes is well

also important’in anti-tumor immunity, the anti-tumor immunity inducing

kaevon 6f foeigasudatense Beaboalierstd Lisimg brdndtivmisateddetlosehegad B cells by
af2%EEU 8P dRHIrRIBIe. A mgbaf U RYeuatba e SEBA ARG BhéEh prosented by
using dendritic cells (DCs) as APC is well known in the art. DC is a

ARGrasatiggnepsPOTaenrptetiereniipistarcyiviosiag selivframtatgxic T

lyggggéﬁé@ﬁgﬁ%ﬁ%% e gg&gﬁ.%%%@ﬂaQﬁMﬁ%ﬁf@fmaﬁﬁ is referred to

s. Detection of T cells having

asgmitoxioefédiseljpinhevivie.deli dndudientbafeeeeraleeritdsnan beevaluated by
pﬁ%&é&%ﬂﬂé R BAPER] @? EZ@%? Qrﬂcgé‘f!&tﬂ{% IRAUCIAGHE OrptpKIc ﬁurﬂlennore,

Activity of CTL against tumors can be detected, for example, using

ARE1ysiscohe efeinobiet vatiner GBHi 35 aplbsiaRtor. oxllermanrehages, cosinophils
ofEIodl3 SobieHg e ARUee R MRS AARALGHS Bhmunity, the anti-umor

e activity or LDH
immunity inducing action of the peptide can be evaluated using the activation effect of these

cells as indicators.

A method for evaluating the inducing action of CTL using dendritic cells (DCs) as
APC is well known in the art. DC is a representative APC having the strongest CTL inducing
action among APCs. In this method, the test polypeptide is initially contacted with DC and
then this DC is contacted with T cells. Detection of T cells having cytotoxic effects against
the cells of interest after the contact with DC shows that the test polypeptide has an activity of
inducing the cytotoxic T cells. Activity of CTL against tumors can be detected, for exam;lﬂe,
using the lysis of >*Cr-labeled tumor cells as the indicator. Alternatively, the method of

evaluating the degree of tumor cell damage ﬁsing *H-thymidine uptake activity or LDH
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-43- (lactose dehydrogenase)-release as the indicator is also well known.
Apart from DC, peripheral blood mononuclear cells (PBMCs) may also be
used as the APC. The induction of CTL is reported to be enhanced by
culturing PBMC in the presence of GM-CSF and IL-4. Similarly, CTL has
been shown to be induced by culturing PBMC in the 5 presence of
keyhole limpet hemocyanin (KLI-1) and IL-7. The test polypeptides

asapticaed 1o pnssess ilkindusing.artiviy Ry ilieseimeiheds are

polypeptides having'DC activation effect and subsequent CTL inducing

activiParhBrsroRC uipbpid Blogshinerpie e calaf o pripiialsg de used as the

ABeeluhasVacCings 29ainsk CRfreh WherunasacAnsy hataeguiredihen the presence of
ability to induce CTL against CRC by contacting 10 with the polypeptides

0}
el 395 b vhoSedalia AL SR AaHERFIGR DO AL BE4UIFEEDE PBMC in the
plAQIaXiG IHEILRESERAIRDLEINE PelyRERtdEaNtigens by APC can be

also used as vaccines against CRC. Such therageutic methods for CRC

using Heftiteshrer TRaidat canBrsedivaessase Fil hredurinecerttydy befbese methods
aﬂgwﬂﬂﬁgwd@@bia@@gﬂ@%wmwe& aRriymeptide fergeliRking activity.
e

immunotherapy, efficiency of the 15 CTL-induction is known to increase .
Thyrebmopmipansideaironpersdeplidesal Hperrelbrretiriil esvapgines against
cntastinge e WithOGatHeglefaren SR StR Haties OF WERROEHIT by contacting

fragments, it is advantageous to use a mixture of multiple types of .
bnenbifesnveysehi 38 Saeabr orsmnst RSy -iriHithsHpepaC TL that acquired

cRBREREAGEAR BRcRATASE Y ﬁ%?éﬂﬁﬁé%ﬂ@@ﬂ§ﬂ (@RI BEYIso used as
m

production against tumors. For example, 20 when antibodies against a

VaSSiSE EaEH & MeouSsahihs syt srg han AP R riis i dhti ot immunity due to
Apeivpepide, apduhisngsowih pialifstational-mpiastasis of tumor cells is

suppressed by those antibodies, the polypeptide can be determined to
have Sieumrily S isansdngipelmsPtiamiohas At meRafaRI e ficiency of the

cnpycaddAdniniiarigdheassng abihis iy sRiaRyeh APd8Rides having different
induction of anti-tumor immunity enables treatment and prevention of

sioRresadh sy GRS therpsTRfon Hrardspseten sierlaingdes anghoprotein
siherigRsHYeR R AbIER aidhengromth PGRGICElSdRraiuian Ak CRC

cells and suppression of occurrence of CRC cells. Decrease in mortality

of indiMérariNalindoRduciepRbydicroRCivmENELE hy hBdimsgtide can be
caiEMiationyhsiRIGeakie: SYTRIRMS ALCOHRE: ?féaﬂl&i%& Aehsteh 8. alsg example,

included in the 30 therapy or prevention of CRC. Such therapeutic and )
wheayanfivedisrctainveareepidesteainbiand dyardastory aimah prampnized with the
pORTRPRHIO R ALAHRIOBHICARCE e A o 6k IS S RIR IRR NS @Eﬁlﬂﬂféssed by

or preventive effect of a vaccine against CRC is compared to a contro

thoppentbedndiaprivRipbidssap bedeiprpiacd toderesn whilith o induce anti-tumor
m&hitney U-test or :

Anti-tumor immunity is induced by administering the vaccine of this invention, and
the induction of anti-tumor immunity enables treatment and prevention of CRC. Therapy
against or prevention of the onset of CRC includes any of the steps, such as inhibition of the
growth of CRC cells, involution of CRC cells and suppression of occurrence of CRC cells.
Decrease in mortality of individuals having CRC, decrease of CRC markers in the blood,
alleviation of detectable symptoms accompanying CRC and such-are also 4in¢1uded in the
therapy or prevention of CRC. Such therapeutic and preventive effects are preferably .
statistically significant. For example, in observation, at a significance level of 5% or Iess,.

wherein the therapeutic or preventive effect of a vaccine against CRC is compared to a control

‘without vaccine administration. For example, Student’s t-test, the Mann~-Whitney U-test or
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44- ANOVA may be used for statistical analyses. The above-mentioned

protein having immunological activity, or a polynucleotide or vector

encoding the protein may be combined with an adjuvant. An adjuvant

refers to a compound that enhances the immune response against the

protein when administered together 5 (or £ ccessively) with the protein

having immunological activity. Examples of adjuvants include cholera
AR 5 ggl[ias ég)&j&, ﬁ&éi%l‘é‘élda%éﬁct;‘ eénut are not limited thereto.

Furthermore, the vaccine of this iventon may be combined appropriately

with al’phabotacegisidned ceefstabieingrierrExamples! ebsuiy,carsiedyareleotide or

ili ' i ine.,: ffer, culture fluid apd

b B A g s o o
ceuppenditn epfosensdivasysuractamissangsoshiiEimoteoowieisadministered together

ipi i ' inistration may b .
O K R o v
inplnén ahslsgeAPdre sdmondtHexiacelinm ehthiwdhy bntiers; GR Gncanibikereto.

for ., . IV thod. More .
e e A B 0o i =
phasnssisbrdtaecoplisble caontadisdmpihsths golypepiide ax stivdjaddvater, -

' X ' C s ministered .
B B o RS B veceine may
CRHERIBAG HEPHRIETH SLHBIICTS, s SPIvSIONP,Oros @ Titiisyu sedantaitronodsiad. The

| admini I loning. a rowing cells having high
B N MR S GD R EY prformed by

sippl¢erubipsieoaffe ivesiedhyrmulindeadapCsapt @FL isolated in this
lulagi h t onl inst
mannwaﬁx&&gu%% Iﬂc}ﬂ L]&Lamglggeégiv%} dﬁ&ﬁy “%eg&yna@ﬁglf;sn% be treated or

individuals from"whom the cells ar ut also agains ypes

pisvensedses mronmeitdiiduaisiphaethade ddoad speopisilion B Dibitfitingsubject

o ' jop, suitable pharmaceutical .
T L—
vitiachodiiie) loudogl thadnsbistiorgobh Peagin@lds thaeiteratfibeladinmpistered to the subject.

' ,:Sub-cut intrayenous) administration, or. for.
AN SRS TP R 2 oo

vikgtr aAVBRousC Theinibined) dnivitwarn dptidnady packayedninrdiserite. dBsagening and

e ROACRARU A AURURIOPR SUIARIS [or el AT RKON AL o e

capsules, cachet S, € tairing a predetermined
pafaotivbingreditacti GljtablerthormotetidRE atsd GiEludejposidertigramiesmay be used

o QYHANS; fo] n Isigns,, The_agctive ingredient is optignall .
B P B B L PN A A R v, b
alselaganistt sionlan dypes nidiscmvsénticival imdovideals, such as binding

PRSI Reutical compositions for inhibiting CRC:

In the context of the present invention, suitable pharmaceutical formulations include
those suitable for oral, rectal, nasal, topical (including buccal and sub-lingual), vaginal or
parenteral (including intramuscular, sub-cutaneous and infravenous) administration, or for
administration by inhalation or insufflation. Preferably, administration is infravenous. The
formulations are optionally packaged in discrete dosage units.

Pharmaceutical formulations suitable for oral administration include capsules, cachets
or tablets, each containing a predetermined amount of active ingredient. Suitable
formulations also include powders, granules, solutions, suspensions and emulsions. The
active ingredient is optionally administered as a bolus electuary or paste. Tablets and

capsules for oral administration may contain conventional excipients, such as binding agents,
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-45- fillers, lubricants, disintegrant and/or wetting agents. A tablet may be
made by compression or molding, optionally with one or more
formulational ingredients. Compressed tablets may be prepared by
compressing in a suitable machine the active ingredients in a free-flowing
form, such as a powder or granules, optiggally mixed with a binder,
lubricant, inert diluent, 5 lubricating, surface active and/or dispersing

fRgRNuMRed (abipismay heynade iy melding AW&MEQW%%%&ﬁompression

mixture of the powdered compound moisténed with an inert liqu

o ldiptepiinnplE vilnenserBrein o atwak neteditalin (romersssed tablets may
bl flid w%eﬁ{rg#g% Mmawhesiadhefermafale %_@ﬁ%&eﬂ?&fﬁ?ﬂ?a%@%ﬁowﬁng

suspensions, so ns, emulsions, syrups or elixirs, or may be presente

FrmasHFP BRSRRVAST €5 BRI WHONIMEEFTEEr bifhet Bindas dulsisens inert diluent,
nlRforgnds Sl AVIdaRIERARYQRS Y GANMRI 1R AVERHRNA . ARAIIVES. by molding
. such as suspending agents, emulsifying agents, non-aqueous vehicles o

iy RvER b A RRR %ﬁ@eaﬁsh%ﬁwﬁg%maﬂwémﬁ@m@ﬁw inert liquid

dpRdianathe heniermulated %@@téc&ﬁﬁéi%?@lﬁ%&%gi? Hed v2l8ASRU N @ ral fluid

active ingredient therein, A package of tablets may contain one tablet to

PRt OR aabh Britrrrened. 3 eomnifarensils @il forsaeasiers) solutions,
eRATRSIALAPS BELISEB0NERIMS BRGRALRAURMS-SIRHIRNIEGI QM stitution with water

solutions, oEtiohall contain anti-oxidants, buffers, bacteriostats and
A \{

oLpihEES & DERRO R AHSR |KBtsHRERRFTHIE DAY Eigén conventional

adgigReedaciyenipasvel A3nag ‘éﬁ%‘ﬁﬁﬂ%’&%@i@ﬂ%@qﬁ@&ﬂ? vehicles (which may

ﬁ%ﬁ%ﬁms’ions including suspending agents and/or thickening agents. The

rebls ity ABE/ BradesrEGtiYemitds dabletm ey rpitoratiiahseigniplated so as to

pRNARRIBW A ASRRRIRHANRA6F ABAMRIS ARLIRAY Bersiares il age of tablets may
freeze-drled,]ggophlllzed) condition, requiring only the addition of the

ciEORGRPISA R fakeaxameh odithe meatBr-for-injection, immediately
prior IoHRGIAMRN RN fHeJaehialians MRYREHREREMEA48Eous and non-aqueous

continuous infusion. Extemporaneous injection solutions and suspensions

strsily Biepiieparlutivarn ebiralbocraits grtiraidanisd hubis braksirgils and solutes
whisl 8kt desrsibadaAonesmulations Suitable fof ARcipl SAMINISUBEAR as well as

include suppositories with standard carriers such as cocoa butter or

ARSI AR RSP ECTHFHa supReBsiRap Iesbiding suspsafinasestt il prthickening
aé@%?hffﬁrfgﬁﬁ{ﬂ%ngqﬁﬁﬁlﬂé A SBHOOHAY:: 1AGKAE 19280085 SOARIRIfor example

the active ingredient in a flavored base such as sucrose and acacia or N
aysglecHpOdRY ek Tinds, ashprshrstredinvcireredidad idyephisecsicndition,
reRRiGRIRHRI 2 MR AREh ArINSHEFISEANE BGARIA-HPEINPRARine, water-for-injection,
. administration, the comgounds of the invention may be used as a liquid

ingpyeiatslyiBperdmspontieraivalinéhiotoreiaksms maphs pragepeed for continuous
%@g&;?}%ﬁbmwﬁﬁﬁ HAROE Eegfe&émq&gi% WA from sterile
powders, gr%nulesgan?lgtiglgissc?f l#.hé |§Ir11 Iigsgssgldeggggggen o SgEn
Formulations suitable for rectal administration include suppositories with standard
carriers such as cocoa butter or polyethylene glycol. Formulations suitable for topical
administration in the mouth, for example, buccally or sublingually, include lozenges,
containing the active ingredient in a flavored base such as sucrose and acacia or tragacanth,
and pastilles, comprising the active ingredient in a base such as gelatin and glycerin or
sucrose and acacia. For intra-nasal administration, the compounds of the invention may be
used as a liquid spray, a dispersible powder, or in the form of drops. Drops may be |

formulated with an aqueous or non-aqueous base also comprising one or more dispersing

agents, solubilizing agents and/or suspending agents.
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-46- For administration by inhalation the compounds can be conveniently
delivered from an insufflator, nebulizer, pressurized packs or other
convenient means of delivering an aerosol spray. Pressurized packs may
comprise a suitable propellant such as dicblorodifluoromethane,
trichlorofluoromethane, dichiorotetrafluorggthane, carbon dioxide or other
suitable gas. In the 5 case of a pressurized aerosol, the dosage unit may

be determinGaiRIGY'HNGRMAIYE 19 AaUYRLAREI6E AUty delivered from

Alternatively, for administration by inhalation or insufflation, the

%ﬁ@emswi%%@m@wm%@wm%@@nmm oéxalivsleng an aerosol
spRap OBl mi¥af tha cARRQEARE AsSuikab lﬁrggg‘ﬂ%’i DASESYE %og%iﬂuoromethane,

lactose or starch. The powder composition may be presented in 10 uni

trigblosgl yeramneBiaagariphioraictmbuoros emeridgborgrmidopblifter patkde gas. In the
calOBT Whichthe AOWHRH A% Q@ﬁg%ﬁﬁ@b@ﬁ@t@&ﬂgﬂﬁgmg!ﬁé% valve to

or insufflators. Other formulations include implantable devic
de&ﬁﬁééi@@%ﬁé@%ﬁﬁch release a therapeutic agent. When desired, the

abovgﬁgﬁgmgrf%mﬁﬂﬁ%‘?qﬂ?&lﬁgﬁ H?tﬁgﬁﬁa{ﬁlﬁﬁﬁeogoiéounds may

the active ingredient, may be employed. The pharmaceutical compositions
takgdherferm sheaiy A deicEvamegidene fs esartplesaanmdier sbialoddeneompound and 2

su%ﬁ]@c?:gw RS0t RACOLBIESRMAHYE STHE FaQke: Q%fﬁﬁgﬁﬁgqga@ 8L presented in

in addition to the ingredients particularly mentioned above, t

U HRSIEEJHE DT STATENEOR S HRoRREG dass agrlatin curivisteiopaakis fhem which the
pArediheaarddadhedyneahiomyptiomin arestion.Saiaxamele,

formulations suitable for oral administration may include flavoring agents.
Prefdri@gTisraystgasisirhidstismiansshia devisteod edbevac paidsterhich release a

thBRloMtiera8Bn@ppropriate fraction thereof, of the active ingredient. For
each of the aforementioned conditions, the compositions, e.g.,

polypeiaeiesiner. sbecrbprfdesiribed frerdations catdumost éoativeralistained release of
thYRIVBGHgRMACRRE BGKAJRN AR isaeHt CARNGELD i

day. The dose r_angﬁor aduilt h?t?mans_iéggenera_lly from about 5 mg%[%ly also contain
othgiintile B gredipniaterh sy abisucs iy exensunogicsyppiessaitstnd/or
prggglf@&ﬁpgg_about 100 mg to about 3 g/day. Tablets or other unit dosage

forms of presentation provided in discrete units may conveniently contain

an afidtietidrherislemian that i rdditissnigeter e dontupapiewhthementioned
abeRR)hd b IS ANRSs WH RS QRIRIRRY ﬁ%%%aﬁfag 5%%%5?%%%&& Yin the art

from about 100 mg to about 500 mg. The dose emp epen

witpareard dpribertmrsadiGrenielieny euestige.aRar seanelthdwubjetiptissuitable for oral
adiBRiEEAiPrey Pringdealsdngnddizseverity. Also the route of

Preferred unit dosage formulations contain an effective dose, as recited below, or an
appropriate fraction thereof, of the active ingredient.

For each of the aforementioned conditions, the compositions, e.g., polypeptides and
organic éompounds, can be administered orally or via injection at a dose ranging from about
0.1 to about 250 mg/kg per day. The dose range for adult humans is generally from about 5
mg to about 17.5 g/day, preferably about 5 mg to about 10 g/day, and most preferably about
100 mg to about 3 g/day. Tablets or other unit dosage forms of presentation provided in
discrete units may conveniently contain an amount which is effective at such dosage or as a
multiple of the same, for instance, units containing about 5 mg to about 500 mg, usually from
about 100 mg to about 500 mg. o

The dose employed will depend upon a number of factors, including the age and sex

of the subject, the precise disorder being treated, and its severity. Also the route of
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-47- administration may vary depending upon the condition and its

severity. In any event, appropriate and optimum dosages may be

routinely calculated by those skilled in the art, taking into consideration

the above-mentioned factors. Aspects of the present invention are

described in the following examples, which7are 5 not intended to limit the
scope of the invention described in the claims. The following examples
aftisiristetion identticptiepaaidihghayactas zatiditiohgaddassdigierentially any event,

expressed in, CRC cells. EXAMPLES Cell lines and Clinjcal Materials 10
B oISH CENER AR TS Bt Rt T R KOG D BtATNeR Feg g the art,
A isancdngéGtture Calleation(Roakyifte;td4D). All these cells were

Carls At EAPIGP T DS R BT 570 ol kb op e, which a
oSt ihenddMOide RKeopdndldnéintedtivitildQYibtelah hbyiclaigerurie following

C Internatjona| | Ontario,,.Canada).and 1% .. . . .
DI IS AR SaTSTGHITS (IR Ghy Lot e ey evpressed in
CHC ¢lBn atmosphere of humidified air with 5% CO2. Cancerous tissues

and corresponding noncancerous mucosae were excised from 12
rafAenBd HBring surgery, after informed consent had been obtained. TISI

L(HLA-A24/24 HM.(HLA-A3/3), human B-lymphoblastoid cell
‘ﬁﬁe‘ﬁ‘,&v‘ase?é* %ﬁl‘e"r‘o’gﬁzﬂg”?‘ﬁs‘%ﬁ% Takara Shuzo Co, Ltd. (Otsu, Japan). The

TISI cell$iveae. 20luseanitar pejitidesnidédbléd ayddidkiditycas shysined from the American
olorectal carcinoma cell lines DLP-L ( 1 A24/02), HT29 (HLA;A24/01 .
R R R oy R Ml SR Stk yEiE Sl g ombiayers in

apyelogen ousiie ikt zy s A iJe-KB6gewdSadubela b)) fonHATT B and RPMI 1640
emigyantitative RT-RPCR [ RNA e ed from cultured.cells or .
S R e o o R R o B D et bovine
seranuf@etisres SrpeatetohHt iwacted RN ACsasitreaid d %withtibiaceéd(Ragbeatic solution

iagnostics, nheim, Germany) verse transcyibed tq singles , . .
S SR R A A i i wien 50
@@nsChptasay tissitssged) e prapingtappropnate dilutions ofeeackeised from 12
sipgle-stranded cDNA for subsequent PCR amplification by monitoring
AP SR MDA CORTE AT Er S0 ShRinces used
are, 5'-ATISACAGTIL PCARG2H) GAT EIAM-GISEAIND NBidd) Brgmphoblastoid cell

S TR R B AT H ot e
1ed AACAGECTEAGGTGOERETIE 163 (SEQ BN addhtond QM BdeADLD-1 (HLA-
R5462), HT29 (HLA-A24/01) and SNU-C2A (HLA-A31/26) were purchased from ATCC.
A chronic myelogenous leukemia cell line K562 was purchased from ATCC.
Semiquantitative RT-PCR

Total RNA was extracted from cultured cells or clinical tissues using TRIZOL

reagent (Invitrogen) according to the manufacturer’s protocol. Extracted RNA was treated
with DNasel (Roche Diagnostics, Mannheim, Germany) and reverse transcribed to single-
stranded cDNAs using oligo(dT);2.15 primer and Superscript II reverse transcriptase
(Invitrogen). We prepared appropriate dilutions of each single-stranded cDNA for subsequent
PCR amplification by monitoring the GAPDH gene as a quantitative control. Primer
sequences used are, 5’“ACAACAGCCTCAAGATCATCAG&’ (SEQ ID NO; 41) and
5-GGTCCACCACTGACACGTTG-3" (SEQ ID NO; 42) for GAPDH,
5-TGGTATAAACCTAAGGCCCTGAT-3’ (SEQ ID NO; 43) and

5 -TAAACAGCTTAGGTGCCTCTCTG-3" (SEQ ID NO; 44) for TOM34. All of the
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-48- amplification reactions were preceded by initial denaturation at 94 C
for 2 min, followed by 18 (for GAPDH) or 29 cycles (for TOM34) of
amplification at 94C for 30 s, 60C for 30 s, and 72C for 30 s on a
GeneAmp PCR system 9700 (PE Applied Biosystems, Foster, CA).
Northern Blotting 5 Human multiple-tissug plots (BD Bioscience, Palo Alto,
CA) were hybridized with a 32P-labeled PCR product of TOM34. The

aREORS MRS RES PRI DY R IFECR 4§ ehdis Pl aREREB S at 94 °C for 2 min, followed by
5 GAACGTGAAGGCAT CTACAGA-séSEQ ID NO; 45) and 5'-

1§ fapeAFefmaetrcicofatiing:d e rontirpions), UE SobsequéhtC for 30 s,
ahANEeM1oligeu cleqtidelehglipewihA2R A6 T @E’Mb@ﬁé&%&?@%ﬁ@, Foster, CA).

(Amersham Biosciences, 10 Buckinghamshire, United Kingdom).
Nopdhorridilaitisg, hybridization, and washing were performed according to

the supligrs feremprendalioprid eriatssueR AHARAREI A MW bridized with

intensifying screens at -80 C for 10 days. Preparation of Polyclonal

a Adtidwled JifserramBal Tikdiérfirel b it e atiis peproNiay fvbd CR using a set of

pAMBHieAusNa &3¢l QARIREAS TEPTACAGA-3’ (SEQIDNO 45) and 5°-
5-CATAAGCTTGCATGGCCCCCAAATTCCCA-3' ré EQ ID NO? 58) and
TS TAREEGPAEFE TRECTIST BEGRIND: i); 80y sHbsequent random-

oBHBSEAUEHRTY BINIRY NI, ¥ 2RPIeRNAIECRRIAY siia ﬁ%miosciences,
oyagen, Madison,")" to generate plasmids expressing His-tagged

( . g His; :
By Wrshire. YaiderbEonadpmnt prehsihridieosprbybadimtoscnaAatghing were
pERbrBES %ﬁgﬁqﬁ{gﬁy ShRGANRIESEBNREAIAGGRE  FRI Bl Gidle Mibradiographed
purified 20 using TALON

0 L ugerflow Metal Affinity Resin (BD Bioscience)
WAk Bremaem ecrRsan afactirdsiBrd® €8N SThe protein was inoculated into

f@%ﬁ%ﬂ%%i@%ﬂﬁ?&ﬂﬁﬁ@f’%ﬁm@@ﬂm affinity columns

according to the standard method. Western blot analysis was carried out

using profssiEReasiad reerrl dEAMadimeoempliiEd ASiRS deetep! primers,

SCRUANAEHA THNTSHCLEUERNRIT IR NACI ARG, a5 8%

NP40 with 25 Protease Inhibitor Cocktail Set 11l (CALBIOCHEM, La Jolla,

SCAY TitinbhisItHa B AN GnofistodHeHa 249 stihng wibsequently cloned into
aﬂ}%{){i&é@ﬁ?ﬁ% paréf%lr%kgr;%ggded tissgdg glglé%%%sg\’?v%&r/aéagg ég}m@g%ﬁgam plasmids
CENE Porirassde it thpseieiin gl dpsierprikionitaratelyvaggpamgssed in

' . § : . ini g ‘
B e L e (5 BB 54 and porifcd
using 6 MiPbySanestrydigehétisiioFes psiBbE csrisreesingosikinggache

MR RAS RIS SXPERSING IR WaS WELaINERRIS 1M £ 0 the immunized sera

double-stranded
were purified on affinity columns according to the standard method. Western blot analysis

was carried out using proteins extracted from the cells using 0.1% RIPA like buffer
containing 50 mM Tris-HCI (pH7.5), 250 mM NaCl, 0.1% SDS, and 0.5% NP40 with
Protease Inhibitor Cocktail Set I (CALBIOCHEM, La Jolla, CA).
Immunohistochemistry

Immunohistochemical staining was performed using affinity-purified polyclonal
antibody agéinst human TOM34. The paraffin-embedded tissue sections were subjected to
the SAB-PO peroxidase immunostaining system ( Nichirei, Tokyo, Japan), afier antigens
were retrieved from deparaffinized and re-hydrated tissues by pre-treating the slides in 0.0IM
citrate buffer (pH6.0) at 108 °C for 10 min by autoclave. ' |
Construction of psiU6BX expressing siRNAs to TOM34

Plasmids expressing siRNAs were prepared by cloning double-stranded
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-49- oligonucleotides into the Bbsl site in the psiU6BX vector as described
previously (W02004/076623). The sequences of paired oligonucleotides
are; -
5-CACCGAAAGTGTTCTCTACTCCATTCAAGAGATGGAGTAGAGAACA
CTTTC-3' (SEQ ID NO; 46) and 5 - 49 -
5'-AAAAGAAAGTGTTCTCTACTCCATCTCTTGAATGGAGTAGAGAACA

o%ﬁﬁge%n@gﬁt&% Bp A BIORSIRY psiU6BX vector as described previously
CACCGGATGGAAACTGCAGAGACTTCAAGAGAGTCTCTGCAGTTT

(Y{@%ﬂ%@%ﬁfi@éd‘ ]}B%e%séﬁdawed oligonucleotides are;

5 ARG CRAPAGTE A BCACACTCA A TRAGAAGTRACTASACGI ACG CTTTC-3°
CATCC-3' 10 (SEQ ID NO; 51) for siE; After phosphorylated with

( sy &8q<|nase the paired oligonucleotides were boiled for five

ST ADCOMER@ st eauaTtly A0TertedrioraiuGa Avates sieaded s AACACTTTC-3
oh&?nucleotldes by cooling down slowly. A control plasmid,

( - repared using ologonucleotide consisting of the

sfaflawingerquense . A N cleaide JgUNEREEA (AN SRGUANGe T PECATCC-3°
the siRNA, and SEQ ID NOs are shown in table 1.

(i N MEAAB ENG CACGACTTCTTCTTCAAGAGAGAAGAAGTCGTGC
5TEARKGEABEQARANTCAANIGACTCTCTTGAAGTCTCTGCAGTTTCCATCC-3°
5-AAAAGAAGCAGCACGACTTCTTCTCTCTTGAAGAAGAAGTCGTGCT

(EEHENYY; (%@é)ﬁﬁ%o 55). 20 To examine the effect of TOM34-siRNAs,
western Qlpdti @g@pahf%twﬁzﬁam%@%ﬁ@ma@mm&ﬂ%ﬁﬂﬁ!&é@%@&mmoﬁdeg

after transfection with the plasmids. Table 1. Sequence of specific

W&B%%@%@r:ﬁ%@&%ﬁé}bﬁﬁél%ﬁaé‘%ﬁ%%‘ﬁ?&‘i’ﬁ’t&‘g?w e psrduge AQigssiranded

oBREHABRITRABO RN Bach SIBMAS. SESHIE) HEASENUANUEIISSIt F98was prepared
46 CACCGAAAGTGTTCTCTACTCCATTCAAG TOM34

- upgnglegsRecieRBdesAnstSreotthe oHqRdng KqyeRpes- Each nucleotide sequences,

1 BhaDdEs B thE GIRNI Gd LS O NOE are shown in table 1.
GAATGGAGTAGAGAACACTTTC osition 288-306 target 48
CGARBFARHCAGUAGEA TTCAAGAGAGAAGAAGTCGTGCTGCTTC-3’

@@M@T@;@ACTCCATTCAAGAGAT SIRNA 49

GGAGTAGAGAACACTTTC
5° AAAAGAAGCAGCACGACTTCTTCTCTCTTGAAGAAGAAGTCGTGCTGCTTC 3’

{(SEQ ID NO; 55).
To examine the effect of TOM34-siRNAs, western blotting analysis was carried out

using anti-TOM?34 antibody five days after transfection with the plasmids.
Table 1. Sequence of specific double-stranded oligonucleotide inserted into siRNA

expression vector and target sequences of each siRNAs.

SEQ sequence
IDNO

CACCGAAAGTGTTCTCTACTCCATTCAAG

wsertseq | 40 | AGATGGAGTAGAGAACACTTIC

TC;%S"’ eertsoq | 47 | AAAAGAAAGTGTTCTCTACTCCATCTCTT
Sodtion GAATGGAGTAGAGAACACTTTC
D e a0c | tareet 48 | GAAAGTGTTCTCTACTCCA
haipin |, | GAAAGTGTTCICTACTCCATICAAGAGAT
SIRNA GGAGTAGAGAACACTTTC
TOM34 | | oa | so | CACCOGATGGAAACTGCAGAGACTICAA
SiE GAGAGTCTCIGCAGTTTCCATCC

position insert se 51 AAAAGGATGGAAACTGCAGAGACTCTCT
329-347 4 TGAAGTCTCTGCAGTTTCCATCC

target 52 GGATGGAAACTGCAGAGAC
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TOM34 insert seq 50 CACCGGATGGAAACTGCAGAGACTTCAA siE
GAGAGTCTCTGCAGTTTCCATCC position insert seq 51
AAAAGGATGGAAACTGCAGAGACTCTCT 329-347
TGAAGTCTCTGCAGTTTCCATCC target 52
GGATGGAAACTGCAGAGAC 50- hairpiggp3
GGATGGAAACTGCAGAGACTTCAAGAGA siRNA

GTCTCTGGAGTTTCCATCC Hse R84 RAL TGCAGAGACTTCAAGAGA
CACCGAARRAGCACEACT el e ErTTCCATCC

AGAGRAGAAGTCGTCC TG G & BRB BT ReGACTTCTTCTTCAAG
AAAAGARBEABCACCACTTCAIE G EAdGTCGTGCTGCTTC

GAAGAAGAAGTCETCCTOGTT & I It Re G A CTTCTTCTOTCTT
GAAGCABOAGGACTTCTT %@&MGAAGTQQTGQIGCTTC

GAAGEAGCACGACTTICTT 1

 AAGAAGTREYGCTGEFTC W@%@@@%ﬂ 16 cells
plated pn B@E@¥R dish (4% 105 GAARBA AL GASIT TERSIBEIEEGlithC
plasmids &RMAsing TOM34-SRGALGsTS S HUSERHE tEagent (Roche

C@@W—?&Pﬁé)ﬁﬁﬂ 1Q‘S&?lntained in a medium containing 10% fetal bovine
serum with 800p.g/ml Geneticin for two 5 Weekss The surviving cells were

fixed withGIDbb% erbsrintsrani Samedishith G Eragdsérhioneraritansiendly transfected
%ﬂéﬁﬁﬁ&é &&Hééﬂf?@ﬂﬁéﬁ%’wﬁé%{ﬁg WEEAES]lHeR @5@116 D1agnostms), and

INDO, kumamgto, Japan). Statistical’ Analysis Statlstlcal significance

%@Mﬁ@&@%ﬂ%@&@ﬁé@b@@%ﬁﬁ@n YoboFARg e yeneticin for two
waviilahie. software. (Statvicws A WRtYIRE AYHN 5&@@%@@% Giemsa solution.

from TOM34 Nonamer and 10-mer peptides derived from the TOM34
Inp@pﬂh@t@éa@@ﬁ@ma@ VieklRidsihsIwe TR R s dividr e lecllwaiptiag &is OOJINDO,

Ql rediction software
(ht:[p:[/bimas.dC(t.mh.gov/egl bin/molbio/kenparker_comboform) (Parker
Statiséead ApalBsinmunol. 1994;152(1):163-75). These peptides were

synthesized by MimaipRes. SARRICE0, By gﬁ@@"@}@%ﬂf@&%ﬂ@gjﬁ%ﬂ usmg

solid phase synthesis method and putified by reversed phase HPLC. T

cqumyreiaogy aitabimsdtiemte  oteitt: pe Sude ingidised blarraiNed by

P M;l @{‘ mspectrometry analysis, respectively. Peptides
\%gﬁe d]ﬁsso@ In dimethylsulfoxide (DMSO) at 20 mg/ml and stored at -80

Nonamer and 10-mer peptides derived from the TOM34 peptide sequence that
would bind to HL.A~A24 molecule were predicted by the binding prediction software
(http://bimas.dert.nih.gov/cgi-bin/molbio/ken parker comboform) (Parker KC, et. al , J
Immunol. 1994;152(1):163-75). These peptides were synthesized by Mimotopes, San Diego,
CA, according to the standard solid phase synthesis method and purified by reversed phase
HPLC. The purity (>90%) and the identity of the peptides were determined by analytical
HPI.C and mass spectrometry analysis, respectively. Peptides were dissolved in
dimethylsulfoxide (DMSO) at 20 mg/ml and stored at -80 °C.

In vitro CTL Induction

Monocyte-derived dendritic cells (DCs) were ﬁsed as antigen-presenting cells
(APCs) to induce CTLs against peptides presented on HLA. DCs were generated in vitro as
described elsewhere (Nukaya I, ef al., Int J Cancer. 1999;80(1):92-7; Tsai V, et al., J Immunol.
1997;158(4):1796-802). Briefly, peripheral blood mononuclear cells (PBMCs) were isolated

. from normal volunteers ((HLA-A24) by Ficoll-Paque (Pharmacia) solution and separated by

adherence to a plastic tissue culture flask (Becton Dickinson) so as to enrich them for the
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20 In vitro CTL Induction Monocyte-derived dendritic cells (DCs) were
used as antigen-presenting cells (APC5) to induce CTLs against peptides
presented on HLA. DCs were generated in vitro as described elsewhere
(Nukaya I, et al., Int J Cancer. 1999;80(1):92-7; Tsai V, et al., J hmnunol.
1997;158(4):1796-802). Briefly, peripheral jblood mononuclear cells
(PBMCs) were isolated 25 from normal volunteers ((HLA-A24) by

mbiei Raggi tRhameasimoegtutianianeisepalatioh lyaadhereaca @dpresence of 1,000

Uplastlc: tissue culture flask (Becton Dickinsgn) so as to cr]]rriic them for the

2] pdmiirehriaensifefiy Mgs EFeERttREY 4t gelhint (Genzyme)

ithamrasenseiahha00 Hpmeh SM: Gok-(Rremide e IiE BLeWaRh (AS). After 7
Company) and 1,000 U/ml of IL-4 (Genzyme) in AIM-V (Invitrogen)
dasoriitin grdys hdbe prackinstegnarstddaus werano¢As) witliet7uglaysahHLA-A24-

bﬁtﬂ&%‘%g %d%‘%ﬁ%?&%&%@%@%?g}%ﬁ%w%ﬂ@g@%ﬂﬁ&Q%Eﬁ'a?fzo"c in ATM-V.

HLA-A24 5 binding peptides in the presence of 3 g/ml of B2-microglobulin

Thgeapptidesloadied M werrtbee peplidied 6addd Dasand reitrshuirabizfiegtio with
a&é;%%?ﬂél@ﬁﬁ TUSRE Abah2PHaigit: AURIRONHCERTTeS8YM-450 CD8 (Dynal)

obtained by positive selection with'Dynabeads M-450 CD8 (Dynal) and .
apidnedpelivbaad Oymaa)) Thivsasadreaiies subdivided sandcplngotssvarsrmcubated in 48-

\da%m&%q&éﬁﬁggfgaw%ﬂg&{m% E@ﬁ’fdﬁ’?@;ﬁ%ﬁ&%@dlﬁéé%d 3x10° CD8+ T

peptide-loaded DCs and 3x105 CD8+ T 10 cells’in 0.5 nil of AIM-V/2% AS
celbmiaitih g1l ofndyIMH B3k ARmipiniae TH redrabgs até  Conaseoehitiasc days later,

muere sypelementelyih dei(GRIRON Y éapdinah RN aRtation aftelion of 20 TU/mL.

IU/ml. On day 7 and 14, the T cells were further restimulated with the

Oaudetogend péphecl|seldiewendertimataveirs répdhsdeatoepiepsytide-loaded
Dtég. '?ggé-%jgd@e %%;ﬁ%ﬁ%%ﬁﬁm%%gﬂ% W Eﬁ%@ﬂ%%@%ve. Cytotoxicity

pepti ! cells after the 3rd round of peptide stimulation on day
w5 2sted Tgamgh papitie teadedilie loTlls sfisrdlespuheaadré meptile shgulation on day

he method similar to the one described by Riddell, et al. (Walter et al, N
Engl J Med 333:1038-1044,(1995), Riddel et al, Nature Med. 2
CPLee s BecFroxadmieof 5 x 104 CTLs were resuspended in 25 ml of

AIM-V/ 584%§&&8"&%%édé&ﬁ?aﬁiﬁﬂ?&%&é%?@&éﬁ@d%ﬁhﬁ&%‘ih% %Sxéeg%escﬁbed by

irradiated (8,000 rad) EHM cells in the présence of 40 ng/ml of anti-
Riddabcidndl @Mebioust ghhdimabeMebni3dd)Hitepdihitldntg thisléelwtral, Nature Med.

2 20004 WE RS 10 10° M Sathe Sfuiatn I AR5 As

ontaining 30 IU/ml of IL-2 on days an

wiEbtaBI i G edi L (Mt dl AR gt € Feraliniad SA0RaMMEIGM cells in the
ARSI AR e el A3 RISy
initiating the culture, 120 TU/mi of IL-2 was added to the culture. The culture was fed with
fresh AIM-V/5% AS containing 36 TU/m! of IL-2 ondays 5, 8 and 11.
Establishment of CTL clones

The expanded CTL cultures were diluted and the cells were distributed in the wells
of 96-well round-bottom microfiter plates (Nalge Nunc International) adjusting the number of
the cellsto be 0.3, 1, and 3 CTLs/well. CTLs were then cultured with 7x10* cells/well of
allogenic PBMCs, 1x10* cells/well of EHM, 30ng/ml of anti-CD3 antibody, and 125 Ufml of
IL-2 in total of 150pl/well of AIM-V containing 5% AS. 50 pl /well of IL-2 was added to the
medium 10 days later so that IL-2 became 125 U/ml in the fmal concenftration. Cytotoxic
activity of CTLs was tested on the 14th day, and CTL clones were expanded using the same

. method as described above.

Cytotoxicity Assay
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the cells to be 0.3, 1, and 3 CTLs/well. CTLs were then cultured with 7X
104 cells/well of allogenic PBMCs, 1X104 cells/well of BUM, 30ng/ml of
anti-CD3 antibody, and 125 U/ml of IL-2 in total of 150g1/well of AIM- V
containing 5% AS. 50 1 /well of IL-2 was added to the 30 medium 10 days
later so that IL-2 became 125 U/ml in th Enﬂal concentration. Cytotoxic,
activity of CTLs was tested on the 14th day, and CTL clones were

expanded using,the ol abpye. Xigit . .
hoeay o T R 1O e R e et Bl scfences
foEerLilé Seiences) forctbater Fepided@dalineptaiolsPaptgecipadédy incubating

a r -] ng .t [, ml of-th
S B T MLl SR Bl targot ol
weirgsatseh dnhixegewititb ftgceretBsnne i vailime of 0.2 ml in round-bottom

mgg%%qgg%%?é@%écg&%r %%énﬂlﬁr@@@ws&g%g%agg%% m@gﬁgg cell-to-cell

to increase cell-to-cell cortact and placed in a CO2 incubator
cat 8% amdnflecot! hisadt (hcinsatisior @1 11’68 thdiesupbraatdncwiasicnli@dtel of the

su 8%%‘%*1;0%{? g(ﬁﬂ: tggleﬁ@ﬂ' QQ&%’WI%B 9@?&%&%@“/}‘&}"‘\9&9 ARV RAined with a gamma
I S that

ounter. In case of evaluating cytotoxicity for target cel
caamdig dnaustyod xyrdet MO MRty fioliaigelctiiy thrsrdogbiusheexpress TOM34,

mﬁ?ﬁg%}g‘r‘c %E%Qg‘f%%ﬁt%gﬁﬁ}t( ﬁ{%&g@%géﬁggﬁﬁl‘ﬁit&&%%@‘@&Aﬁe‘i‘éﬁ’ K562 cells to

cific lysi | ectors. Antigen specificity was
cloohfiin ey byrreadies tariedinHioidn Hssaffeaihish Huitiza aptabetéy was confirmed

R e R A AR T L e Maded i

th¥ lsstigsrcenpide (Hymbuififocyibtoxiety WA tetemstifby thaltegnigioneof * Cr-
1a§i1glg§ﬁ§5§a[g%gf %&?Sqific 51Cr-release by the following formula: {(cpm of
t

e test'sample release - cpm of the spontaneous release)/(cpm of the
maximubhegleasstagped sifatiécppistanesiswasidgbaypingdby calculating the

o : . . |
D B Ble B Bt rease
- gyningUbatipgritaetong ecdeast BNk Off thel nmasasure medeitseweardol b drepontaneous

licate, and fit istent .
o0t e e o e s R SRS £} Ml e Ml clls sone, n
tht @psacioC Kt oellparibthstodyiwaritmitiedwenahtberdbyenesbating the targets
ressi I { red in colon t

W L R G R Y AR R MARIB P ofth racans
watteommas o yHekoloilUsivighe sBNAohiboeeay. consisting of 23040
rYSHES- Among the genes whose expression levels were frequently

up-regulated in the 11 carcinomas,
Elevated expression of T0OM34 in CRCs

 In our earlier study, we identified a number of genes whose expression levels were
frequently altered in colon tumors by the genome-wide expression profile analysis of 11
CRCs and nine adenoroas of the colon using 2 cDNA microarray consisting of 23040 genes.
Among the genes whose expression levels were frequently up-regulated in the 11 carcinomas,
we focused in the present invention on a gene with in-house identification number of D3124,
which corresponded to TOM34 (GeneBanck Accession NO: AB085681, SEQ ID NO; 60, 61)
(34-kDa Translocase of the Outer Mitochondrial Membrane). Subsequent semi-quantitative
RT-PCR analysis revealed its enhanced expression in 16 of 20 CRC clinical samples
examined (Fig 1A). In addition, TOM34 was also significantly up-regulated in all eight
hepatocellular carcinomas, five out of 19 hung cancers, 3 out of 9 bladder cancers, seven out

of 27 acute myeloid leukemias, and nine out of 49 soft tissue sarcomas in our cDNA
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we focused in the present invention on a gene with in-house identification
number of D3124, which corresponded to TOM34 (GeneBanck Accession
NO: AB085681, SEQ ID NO; 60, 61) (34-kDa Translocase of the Outer
© Mitochondrial Membrane). Subsequent semi-quantitative 30 RT-PCR
analysis revealed its enhanced expressioggin 16 of 20 CRC clinical
samples examined (Fig 1A). In addition, TOM34 was also significantly
nﬁ@f&@ﬂ%@a]”@liﬁ@ﬁééh@@?ﬁ%l’é@i&ﬂﬁ@@%ﬁﬁnﬂﬁzﬁ@k%@s?\%‘ﬁarformed
cancers, 3 out of 9 bladder cancers, seven out of 27 acute myeloid

malikdeissuaerriabhiosrae xoniand YASmEdN 8trams ois a result, the

aRRIGERAFERYAata, (Fanyastigale HexeXRIESSIoN B Byian, RerRLisSHRSdantly
we performed multiple-tissue Narthern blot analysis using TOM34 cDNA

exresHdBeihedeie st e vaaal Wk 4By BRsiatkempl e, and colon, but not
cRARRIexIMAtely 310 kK hwsizguwhichwasiabundrytly expressed in the

testis and ovary, and weakly in the prostate, spleen, and colon, but not 5

Asgspaadateth BV prodean insalarsstahsarertraglhtings Apd fitfafdtues

TOM34 preteigpinsplarectaigancriralinesapsis Bl Ussuasdl/8xpression of TOM34
prepared anti-1OM34 polyclonal antibody and examined expression of

PrgsiRGE SEbidRG ssdhiereddR (6 SRirestyRemugghstgyhemical staining.

LimnHeeisiashamisalsianiny-HamaiotiameysisdetesiedmddhPacpressed in all
band of TOM34 that was abundantl ,e>f<£ressed in all. 10 CRC cell lines .
CRGasHdaes papatertathe %w%% SPeIpTelsshd s TRarss b tpre shown in

NEHITIANCCOS TR ARANRBRREBMS etk (1S, (Fig. APIMRIRILBIsis using 16

analysis using 16 CRC and corresponding non-cancerous mucosal

(04 GeRfRSHIIRY MEHIRSHERE FsUes £5T3aREFaHRd 18 fukmsred expression

PR 8HiR e 1iR{MaLEEASE (5 ile HOIMRP BXARINESHDLENUIRS cxamine subceltular
localization of TOM34, we carried qut immunocytochemical staining usin

loqelireiigmp HENG Ao e RSP T2t SR RAWARHSSPRE 116 and
Reyte plEalasalizatiorOR tan Rl WhisHdiligRe quey Rt docalization of the

immunohistochemijcal staining using 12 paraffm- embedded colon cancer

PrRisiRe s IRdditiRR oF s ORI ORISR AR UGB TR RS NSt | fraratiin-

cHHOMIRATBSISh cancar auses IS hutdtaRarelvstaiRe d (MDD WANGESAMS stained in
mucosa (Fig 3). Effect of TOM34-si.RNAs on growth of colon cancer cells

RIRERF0E CRECFERID FISPEL v RaEF e eTialnge B aparen A icosa (Fig 3).

FRRESSTOMIBNRN AOMM- R thosrdvipa ¢ dbelraiiast on the growth of
cancer cells. We pre(ggared two_forms of plasmids expressing siRNAs

designatE? t8sidain dae risin8Y Péidan reneshesilsipe Brrpage piisenids expressing

sFORKOlPIaSMIth (RRILE R 188 Gfelt)e Y6t banRicEiedth 6ff dR GelSIWItVe prepared two
psiU6BX-TOM34-siD, psiU6BX-TOM34-siE, or psiU6BX-sIEGFP.-Western

fomsaf a2 aarseg WoNY i lsisenies do RIpRERd MG (psiUOBX-TOM34-siD,
aRIWEB X HQOM AR PoanehRE (HEBEEBONMAG 9. NQNHCARMSURRIEssEdells with

TOM34 expression in the transfected cells compared to psiU6BX- )
psiU6BX-TOM34-s1D, psiU6BX-TOM34-siE, or psiU6BX-siEGFP. Western blot analysis of
extracts from transfected cells revealed that psiU6BX-TOM34-siD and psiU6BX-TOM34-siE
significantly suppressed TOM34 expression in the transfected cells compared to psiU6BX-
siEGFP (Fig 4A). We transfected with the plasmids co-expressing neomycin-resistance gene
into HCT116 cells, and cultured them with an appropriate concentration of Geneticin for 13
days. In accordance with reduced expression of TOM34, both psiU6BX-TOM34-siD and
psiU6BX-TOM34-siE markedly retarded the growth of transfected cells compared to
psiU6BX-siEGFP (Fig 4B). These data indicated that expression of TOM34 is associatedl
with the growth of cancer cells.

Prediction of HLA-A24 binding peptides derived from TOM34



SIEGFP (Fig 4A). We tran.sfected with the plasmids co-expressing
neomycin-resistance gene into HCT 116 cells, and cultured them with an
appropriate concentration of Geneticin for 13 days. In accordance with

reduced expression of TOM34, both psiU6BX-TOM34-siD and 30
psiU6BX-TOM34-siE markedly retarded ge.growth of transfected cells
compared to psiU6BX-siEGFP (Fig 4B). These data indicated that

expressignof TQMA s asarciatestwitpdhiea
Prediction of HLA-A24

dheagranthef eﬁ?c'\%&[ iR OBder of high

inding peptides derived from TOM34 -54- Tabl

binding Gfmiew theapiacBroerpppBtdesfohable Ahaaeivieniebrer wiiges (Table 3) were
wenty 19:merReptiges (Fahls.2)and twenty 9-mer

) were selected for the antw&en and examined as

scRBAIAGR ALY

peptides (Table
Teldschi B’é@dsémwo frHBJé £ preHicHBaPsf oAl

fesd @p&o@%ﬂcm&s

(HCA=A24710

mer)-Start Position Sequience Binding Score (BIMAS)

faN@osidonT Y SNRALEYEe260.0 1 53 LB@@RAAMMS) 94 S
AN SO V'S A s R o AN
RMTRALMBDSE-0.6:8 Si> H\ v:/DCT \:3{.4 9 gm:(\}/PFSIKPLL 8.4-10%
278 l?vsle'nl CSLLCSNL 7.2 75579 ALVRPESIKPL .7_32
13 B4 ssraDIsi Y LEEESNEIN CIDCTSAL 6.651% 212 AIEKYSESLE
6.0 185 245 EAVKKOPERLIEGPNY, 2o|NGQYAEAERS 6.0 18 123 5
EGINRMTRAL 6.0 KAFRNERDYKSSE 6.0 20 3%4ble 3. Preductlon of
HLAZ8Rss | EpitogelBANdMRNIHLAIA24 : 9 mel 3 4 7
127 RMTRALMDSL 9.6 8
242 QYTEAVKDCT 8.4 9
80 LVPFSIKPLL 8.4 10
278 KSSFADISNL 8.0 11
216 YSESLLCSNL 7.2 12
79 ALVPFSIKPL 7.2 13
279 SSEFADISNLL 6.7 14
69 DCIKDCTSAL 6.0 15
212 ATEKYSESLL 6.0 16.
245 EAVKDCTEAL 6.0 17
22 NGQYAEASAL 6.0 18
123 EGINRMTRAL 6.0 19
272 KALKDYKSSFE 6.0 20
Table 3. Prediction of HI.A-Class I Epitope Candidates { HLA~A24 : 9 mer )
Start Position Sequence Binding Score (BIMAS) | SEQID NO
104 AYVDYKTVL 360.0 21
31 LYGRALRVL 200.0 272
4 KFPDSVEEL 792 23
276 DYKSSFADI 60.0 24
280 SFADISNILL 40.3 25
100 KYPMAYVDY 15.0 26
215 KYSESLLCS 12.0 27
236 CYLVLKQYT 16.8 28
141 RILKLPSIPL 8.0 29
136 LGPEWRLKL 7.9 ¢ 30
153 SAQKRWNSL 72 31
195 VLKEEGNEL 6.3 32
242 QYTEAVKDC 6.0 33
134 DSLGPEWRL 6.0 34
24 QYAEASALY 6.0 35
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Start Position Sequence Binding Score (BIMAS) SEQ ID NO 104
AYVDYKTVL 360.0 21 31 LYGRALRVL 200.0 22 4 KFPDSVEEL 79.2
23 276 DYKSSFADI 60.0 24 280 SFADISNLL 40.3 25 100
KYPMAYVDY 15.0 26 215 KYSESLLCS 12.0 27 236 CYLVLKQYT 10.8
28 141 RLKLPSIPL 8.0 29 136 LGPEWRLKL 7.9 30 153 SAQKRWNSL
7.2 31 195 VLKEEGNEL 6.3 32 242 QYTEAVKDC 6.0 33 134
DSLGREWRL|6.0 342 QYAFASALY 6.0 35 -55%-(54 YSNRAACHL 64}

36 BRJ-VPFSIKPL 6013541230 YSNRALCYL 6.088 124 GINRMTRAL?

6.0 3%, Z12ATERY SRk - PAPStmMulation of theglpcells usingthe™ 3¢

pred'ﬁ d"peplides GRIRFR A felis that Tecognizg ghe peptides derivedy

IfUIII211 |I\I/|o4 were g %Sﬂ neway uesCleE‘é]_dn vidateriarsyana 40

ANMatlh . vildraar 4 =t Ial e txr
VICTNOUS " M ESUtimyCTLES WILIT UCTECIADIE CYLULUXIL ACLIVILY WETT

Staxpdatied, driti¢idsellC Tibiig db vipredédeablishtdenat show higher
totoxi it ot ol
cYOUOE S IS BT ORISR B CORBRAPR i
inibptivey TOMSHe299 (MarQEY KQONiCHBES. | Resdiingy Shbwedthetenetable cytotoxic
ac@g éJ&é%Q‘E’)%}ﬂ&%? 5}% {H(?SQ W?ﬁ%@%@e@%&%@?ﬂh Q%W@ cytotoxic

significant cytotoxic activity.against targets not loaded with the peptide
actiifice aBimFh&iCieptided wilod dat potencempanedite the prsiticvohomipepiide pulse.
detectahig at-4e T'Eﬁgﬁé ) t'l?é”l@%fﬂe?g@ QLR USRI BMeRE VKON
of CTL clones Clones o TLg weére established by the limiting dilution %f Q
(SEiUFe NOF; T Lslinwed potent cytotoxic activity against the peptide-loaded target without
showing any significant cytotoxic activity against targets not loaded with the peptide (Figure

5). The CTL lines showed potent and antigen-specific cytotoxicity detectable at the E/T ratio

‘of as low as 1.2 (Figures 6).

Establishment of CTL clones

Clones of CTLs were established by the limiting dilution of cultares of CTL lines
followed by expansion as described in “Materials and Methods”. CTL clones specific for
TOM34-299 thus obtained contained those clones with very high cytolytic activities, with

“activities of the overall clones ranging 20% to 70% lysis at E/T ratio of 1.2 and 40% to >90%

at B/T ratio of 10 (Figure 7).
Cytotoxic activity against colon cancer cell lines endogenously expressing TOM34 as
targets

The CTL clones raised against TOM34-299 peptide were examined for their ability
to recognize and kill the tumor cells endogenously expressing TOM34. Figure 8 shows the
result with the two CTL clones raised against TOM34-299. Both of the two CTL clones
showed potent cytotoxic activity against colon cancer cell lines DLD-1 and HT29, which
express TOM34 as well as HLA-A24. On the other hand, neither of the two CTL clones
showed any relevant cytotoxic activity against SNU-C2A colon cancer cell line, which
expresss TOM34 but not HLA—-AJZ4 (Figure 8).
Cold target inkibition assay

Cold target inhibition assay was performed to confirm the specificity of the CTL
lines. HT29 cells Iabeled by **Cr were used as a hot target, while TISI cells with or without

loaded peptide were used without *'Cr labeling as cold targets. Specific cell lysis against
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followed by expansion as described in "Materials and Methods". CTL
clones specific for TOM34-299 thus obtained contained those clones with
very high cytolytic activities, with 15 activities of the overall clones ranging
20% to 70% lysis at E/T ratio of 1.2 and 40% to >90% at E/T ratio of 10
(Figure 7). Cytotoxic activity against colog.cancer cell lines endogenously
expressing TOM34 as targets The CTL clones raised against TOM34-299

tat%eﬁ)s 12 g\é exam%%gpress%ﬁe%ﬁmM 3d A f)% %@'ﬁ?&ﬂ@&l éﬂhcftE%r HMANs were

genou 4. Flgure shows the result
adthe fivhe TisgioriesnaisethgommsnPoNizhirgnBYhbiweddib @il Gold target cells

ones_showed, i (Y] Iy
o A s S e e
Eﬁﬁth@rﬁkﬁdlf metttratiofdhd0B 0Tt SBlones showed any relevant cytotoxic
act ainst. . cell line, which 25 expresss
H b alys aw&%%? %é%%%%%

). Cold target inhibition assay Cold _
target ilhibitidh abyay wiebpehiotagadn® d6NYIAA-#1E shesifdikent fategiTgytotoxic

aclti[;'/ W@%ﬁ%ﬁ I Iﬁ%p%é %&{ RIS JISREL ?J%ﬁlﬁgtﬁﬂ%tﬂ %)lﬁsu)%ose derived

ed peptide were used without 51Cr labeling as
ﬁcmﬂ dﬁm@mmcsﬂesmbmblmémﬁgaumtmﬁmr@wmgﬂg syatem. To exclude this

T

Blav§talghsidmitibtip iates peptide. mhapsdblesy v s Alisehed fhgd al., Nucleic
ﬁ Céf'fdﬁ‘%fgls §3§5€f0‘2” NS O??* 1atip of f’vﬂ)f’ﬁ%tfq &ég 315(3):403-10) and

omo ogy ana the antigen peptides The CTL clones established
revepibod Wﬁh@m@myhmlﬂ@ytotoxm activity. This might

mean “ﬁt&tﬁ ﬂ?a%ﬁ{qtg%%&ﬁtéd& I8 HORRI90YS I0; hRse §erieds Kittle

from other mo nown to sensitize human immune
pepstdity, To MM@M@V@@&S@WW*M@W%@%@W@E@G@W@@ to any unrelated
|th e peptide sequences as a query using 10 BLAST algorithm
a‘l?tp Fanww.nebi.nim. nih. goviblast[blast.egi) (Altschul SF, et at, Nucleic
Blackia RetCII0 22517 h3380ihodiepitisunbingRoct &gl suolaRiot i §gos

215(3) 408 dON S SHERBL AR SRABISE IR SRR AMAIOGH TR T-cells,

|nd|cates Rat the sequence o ique and th
efﬁismIﬂH;ytthD@l@S beﬁtd@&nﬂgd@@v@mg@ Unientigeled. invingrapidbidies that neutralize

Se to, @Jflycglil I’%&% aﬁ‘l ) g%%ﬂ?edl?t@ﬁjl%r@ﬂ g:E'w@f“@WIPXcﬁwty was clearly

|es that bind ace antigens
blociced by adding antibodies that recognize HLA Class I or CD8, and to a lesser extent by

antibodies to HLA Class 11 or CD4, as shown in Figure 10. This result shows that the
cytotoxic activity of the T cell clone observed against HT29 colorectal carcinoma cells is the
HLA-restricted killing activity of CD8-positive T lymphocytes.

Discussion

In the present invention, we have demonstrated that TOM34 is frequently up-
regulated in CRCs and that it is abutldantly expressed in normal testis and ovary and weakly
expreséed in the prostate, spleen, and colon, but rarely detected in other normal adult tissues
examined.

One of romising therapeutic approaches is cancer immunotherapy, which includes T
cell-mediated anti-tumor vaccination. Recognizing peptide antigens presented by molecules
of the major histocompatibility complex (MHC), CD8" cytotoxic T cells targets cells
displaying antigens. Since tumor cells originate from non-cancerous autologous cells, most of

the tumor cells escape from immune surveillance, It is of great importance to identify
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To see whether the observed killing activity is mediated by the cytotoxic
T-cells, effects of antibodies to the killing activity were investigated, using
antibodies that neutralize the functions of T-cell surface antigens related
to the CTL activity. CTL activity was clearly 20 blocked by adding
antibodies that recognize HLA Class | ar £138, and to a lesser extent by
antibodies to HLA Class Il or CD4, as shown in Figure 10. This result

axﬁ.%’i@ thatitheugyiinuicacivithnet therl eelsione.abserveshagmibslny. Antigens are

9 colorectal carcinoma cells is the HLA-restricted killing activity ‘of :
R eI PR TS R HEH o8 e B s A ol B
7 havg.demeonsyatedhthat; bV 3fiis dre guesttlypupiieam aleddos bR & 8 A8 and testis

that it is abundantly expressed in normal testis and ovary and weakly

shoifar s aat e prosmtbeen>aie OO it ratekradaatte daratned in normal
ofpRrmakadilidisgugs aﬁ&%wf,d&n@ newf Farnisted therapey e 08-S ncers,

IS cancer Immunatherapy, which includes T 30 cell-mediated anti-tumor
Teademhamshsmuchyritivgipeptio&ssridensPless maavsy rrrtstinsds sptisen-
major histaeMRADIN LRERIRXIEVE 0 faleBbe WoldenpoiRlS MRS anslocase Tor

cells displaying antigens. Since tumor cells originate from non-cancerous
the iB1RRT6 A5 RSN BYP SHIgR 0 beraussABaRIRM iRt sequence homology

weH Vellanesn hisiohaieakmroiance  Iosnti&y Bi61 28igess-soReificaiy. Although
expressed in cancer cells to apply cancer immunotherapy. Antigens are

Trsrdpregadiniohodesplipeiapsebrreieosiipl e epiaimdresam study revealed
tHAER SR An b @il Uyt 40198e] L1t 20n OB R} THeRGaJAREBIves of

specifically expressed in cancer and testis should be target for . .
Birhamothie s Banbesie 94 193t AptRRizEnt)ihMs st/ in MtHygsst Biochemisiry
2RAIBRDRIGEPLID: LA ANDEVRNToRBR iR HAGHI @R &RBIRHE Bhat subcellular

colon cancers, TOM34 m;te/ serve for a therapeutic target for CRC as a

loralieptian b ioM3 g sxiophiiaimeak nkpdin ORISR eRL P fiEiGAL Skining using
AR L TROB SR RN I ERARSINSAS R fRlothEr | ot REABIN S UGing yeast two hybrid

mitochondria, because this protein showed sequence homolo% with

syiast irsAiiRot &l alpriaranntniag Alrobskn Yl rf t5p28 69 169434 gefpracting protein.
VEhopoR AQ TRMBAWASBIeAIRIRAA0 RIS BT sIaIeAiRc Baialy member also

membrane, a recent study revealed that it was included in cytosol of Hela
kpene ei.dorgse gomerry WitharkgutinaiedHsRastng SRaUBibHPY SRS proteosome,
sA0% 13- 2002 Ahkiit Mbielth ArchivasehBincdTamisierpadal factor NFiB to
[

ophysics 400: 97-104, 2002). Consistent with this data, we uncovere

d
the desredatipatitRoto Rtk @ad o) Biskshem ERSHsIY 3 1998).

HR$IUNQ NI FARReMICH SR ke ik ARl hAR RARRN FONALBIIP QdY- fthction of a‘
another report, screening by using yeast two hé system identified

bri | )
laygeoawmbehmpigmleteiRiareipiea s @Nabeositro piabilizas Reithg binding with
HEPRIN-Since HSPIO associates with oncogenic molecules such as Rafl, AKT and SMYD3,

a pumber of HSP90 inhibitors have been developed for the treatment of human cancer. These
inhibitors are assumed to cause severe adverse effects by hampering normal functional HSP90,
because HSPO0 is ubiquitously expressed in the majority of normal tissues.

In conclusion, TOM34 was up-regulated in CRCs but barely expressed in normal
organs except.the testis and ovary. Therefore, it is likely that the inhibition of TOM34 will
not bring severe adverse effects on normal cells. In addition, suppression of TOM34 resulted
in the inhibition of cell growth of cancer cells, suggesting that TOM34 play an essential role
in their growth, These data implied that TOM?34 is a promising target for immunotherapy énd
development anticancer drugs to human colorectal cancer.

In addittion, identification of new TAAs, which induce potent and specific
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VCP, an AAA (ATPases associated with a variety of cellular activities)
family member also known as p97, forms a complex with the
ubiquitinated hcBa and subunits of 26S proteosome, suggesting that VCP
may be involved in the translocation of transcriptional factor NFiB to 20
the nucleus by degradating ItBa (Dai RMggtall, J Biol Chem 273:
3562-3573, 1998). HSP9O0 is a molecular chaperone whose interaction is
arf AR R SR DU AR TURCIANOf R ARHBE HRIBHREMQILEMISSAT application of
Therefore, TOM34 could be stabilized by the binding with HSP90. Since
PeSRIG e saERRST HEY CRCHEEME st Bl rAeticHP e R AR Asordendpruggen P, J Exp
Mo Y63 zﬁﬁ&‘ﬁﬁ-@f H3R0RhbiLars have begrdeveleneskinning). 1643-7.,

treatment of human cancer. These 25 inhibitors are assumed to cause

Briehd ofetse e asy haPpdrifighoRia ruichmsriongt @hebhpdvicd.

199879015 ubinyious |y xpressed iny e ARrinooR NEIRLHFPURS Men YT, ef al,,
conclusion, TOM34 was up-regulated in CRCs but barely expressed in
PiqeE) ARSI oAt (S LEoHAT ey FHESibre) R keRr bt

19’9@@@'@9&1@4@& willkaatRring sevareadierseaifestn gonasmabaelts. vissers JL,
In addition, suppression of TOM34 resulted 30 in the inhibition of cell

el o Vs PR ABel WIS 6L AT KON R4 ost imarvBRl- in
1956 %E?Z:%BO@F@.? fataapligdihat LML ds RPTomisineesssst fatuiie T, er al., Int J

immuno erap_% and development anticancer drugs to human colorectal

Centiseet OR9 SIRIGROdBnBTRANDH M e TIRAL GaRRes ihRE LBKtRa - Oiso M, et

«ISRREHIEa8-ANGHOQT HHARNG egponses, warrants the further
development of clinical application of Peptide vaccination strategy in

various Yypaaadysehis pesiiesrd e igRyEt ps I E4pemitency woricted by

HLE3® Y 220V Al 4R BHOgE RRl &in F5iaRES: 49RLPRHRO3RKAG43 Yopulation
Brichard V, et at, J Exp Med. 1993 :178 %{:489-95., Kawakami Y, et a

t
(ke Yaed b, idema doyigeasy 1920:3icRijol 81 -eFandeRyeh M ddoggunol, 1995 5155

4% 43) ZOHSRICHER YT 1ktRhol 190N psbASath SOl Y SA 11987sent invention, we
94(5):1914-8., Harris CC., J Natl Cancer Inst. 1996 ;88(20):1442-55.,

sefsietpsHibtorandidatas OEHR e REsres TS edoaitym pentiges Yraberd fomefOM34 using

18R RS B brURLPPRA R MEMARE BHG 1PHACA 8L JAFMPURO, vitro
1996;156(9):3308-14., Tanaka F, et at, Cancer Res. 1997,;57(20):4465-8.,

stirufetionebd wells by Bbndendedonitiofrse eodiairpaniidan, el as Wirg successfully
esg%%%%ég%%. %é%nalyzed%?p%}o%ggﬁeﬁfﬁed frorgS %4; I\%%AlfI % 'T'?Atkat showed
peipitbpdetrederatsiby st Aba pepedstlard e didriatle Alanéhermore, CTL clones

H H ., . Y ’ . ) .
At b i ool

liggomdoranabel Raveseaprossinm b By Yosad s mitden Bl An/ié. pésaittotoxic
adYEHLOL, Jﬂ&esglffﬁgﬁ%&%%g@@%ﬂﬁh%@%trﬁétﬂgﬁeﬂn%@ HORGng expression of
peptides derived from TOM34 using
either HLA-A24 or the target TAA and are significantly inhibited by the cold target. These
results strongly suggest that TOM34 is a novel TAA of colon cancer and that TOM34-299 is a
specific epitope peptide of this TAA restricted by HLA-A24. Since this antigen is
overexpressed in most cases of colon cancer and is associated with tumor cell proliferation, it
appears to be a very good target to be used in immunotherapy against colon cancers. |
Homology analysis of TOM?34-299 showed that it does not have significant

homology with the peptides derived from any known human gene products.

INDUSTRIAL APPLICABILITY

The gene-expression analysis of colon cancer deseribed herein, obtained through a

combination of laser-capture dissection and genome-wide cDINA microarray, has identified
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the information on their predicted binding affinities with HLA-A24. After the

in vitro stimulation of T cells by DCs loaded with these can didate

peptides, CTLs were successfully established using a peptide

TOM34-299 (KLRQEVKQNTL) (SEQ ID NO; 7) that showed 20 potent

cytotoxic activity against the peptide-loaded-TISI cells. Furthermore, CTL

clones derived from these CTLs showed specific cytotoxicity also against.
speelarestabsatainema eeltlinespadegRnouslarersxmassingn TeM3gragdon of a

ositive for HLA-A24. The cytotoxic activijties of these CTL clones were

R TSy 6 A e BT TSR S RTS8 RSP SR RIRS Accular
difibsnraakIAAR ML SighifieaRtlycmiidited by the cold target. These

25 results strongly suggest that TOM34 is a povel TAA of colon cancery .. .
and e TG A SR E D& BNt (SRR TeR g tional
mBEA-AA SIBEprifientioligan jsooieex preasachin NOBUCHRERS @fteeipdrted herein

cancer and is associated with tumor, cell proliferation, it _appears to be a . i
2ol PO RS bR T oo A L Y R BIBRE R dievel dingnostic

stHemRl v @pRIvEs SREONM3AR0% shtwest thaldtdes snahAveaisigniboantdrugs and

30 homology with the peptides derived from any known human gene .
PIEFSBIES SRS PRAA KPR ECATID I Td B FRCLBFRLBA TpaRnging of colon

meHERGRRELHEE$RHEE hekeionFtaidedklbranghevdsmiinatonotiiagnosis, treatment,
laser-capture dissection_ and genome-wide cDNA microarray, has

ang aff Eerepatine 8%% as targets for cancer prevention and therapy.
Baseg@:iampknrassioniofh dlsiset siikese ddicToNaHy expreasadts activity find

- genes, the present invention provides m%@gylar diagnostic markers for ‘ ¢

thRTERGRAR G B AOLHREPER EECT e PAETRUAS Y SOLH R HARTH 5 /0 oG treatment o

Creefwiadhgideniiidatiompladditional SemeletvlaidgeidfospedVanbgoring RNAs,

diagnosis and treatment of CRC. The data repqrted herein add .
e ERB R TR BFEr e AL AL OE SHENES: V4. Altemativel,
ideine tgh‘ﬁtfhf' ﬁﬂﬁé@@mﬁmlﬂﬂh\&giﬁ:@ﬁ@&éﬁt iﬂﬁlﬁﬁ@ﬁ@@zﬁf;ﬂlﬁf@ﬁ@l@hme responses,

targets for therapeutic drugs and _ preventative agents. Such information .
BB e T e 5T GRS O G MBS L SoRP R oS eD Strategy in

caud provide indicators for developing novel strategies for diagnosis,

treatment, to and ultimately prevention of CRC. Fqr example, agents tha

block THERSIBRs Bt %&%@f&%@@@ﬁ?ﬂéﬁ%ﬁ@?ﬁﬁﬂﬂﬁ%ﬁﬂ L eference to
spédibeasrantigRneehaanilst Radibylanieantioniee fraglnts datdidescription is
treatment of CRC. Examples of su¢h agents incluge antisense - | )
GBI BBt AERLAIY HeHBRGIRNA D ERda s W%@ﬁih%‘ﬁﬁ@"ﬂ andits =
prE@NMaf GEpediangdantinesing foatircognizetRAMBA, Mesratbely, thé art will readily

_identification of new TAAs, whjch in,(#Jce_ potent and specific anti-tumor

repRgTiAR el YEHSNS CHTBACS AR FH AR SR h BHCSFRRFFLLFYithout departing from

RApFAHAR figrRiidRsRcemaioNTHRIQRY vention is intended 1o be defined not by the

above description, but by the following claims and their equivalents.
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CRC. Furthermore, while the invention has been described in detail and

with reference to specific embodiments thereof, it is to be understood that

the foregoing description is 20 exemplary and explanatory in nature and is
intended to illustrate the invention and its preferred embodiments.

Through routine experimentation, one skilled in the art will readily

recognize that various changes and md#ifications can be made therein

without departing from the spirit and scope of the invention. Thus, the

invention is intended to be defined fﬁg(ﬁe above description, but by

the following claims and, their equivalents. -60- CLAJMS 1. A method of
LiagnieRriEoIGh BARASIH D ISFLRIRITE Ik b ATEP VISR EOTGIPERGCEI TR concer
a subjge! segBREisRgHGter tetainguiniey & el eX prassisionbTTDIEHMima patient-
patiené- der%'\é% biological sam Ieé.whegg‘i:rrl %Qeincg%_%sse in '.?g!ed Sr%é@%'ﬁlevei as
expreSEio) & E%Wp%fre 58 Hormar control level of say gene
indicatesphaiisaid soinjetteutffdisvebof saidigateriskatadbetopid gubitonsuffers from
cancer, 2&} hgkn‘;%%%%?fig?&%wﬂ wherein said sample expression level is

%o ar Ah Sai

at Ieagf T eater r]orm_al control level. 3. The method of
2claim Thevhetteit ofvidiedorebeion seidksamplsermprsiobicachisnidenst §0% greater

selectgd flom H&ﬁ grRoMRcoNsising of a) detecting mMRNA of TOM34, b)
detectf%]g a protein encoded by TOM34, and ¢) detecting a biQIo%icaI

Sactivityhsrretind of slaimd ¥aFEE SFRESFRTESTIEIRTR &6 lS d¥rRagthod

biologicpl.aamplie aampsisesasisdazepithelial cell. 5. The method of claim
1, wherein said patient-derived biological sample comprises a colon

cance?) dsfeing im 1, wherein said patient-derived
biologinaksamiie paseanisascdsd epliaNBkcetidrom a colon cancer cell. 20

7. A m? é%%%%:%%%%%%éﬁ%%%mwgr treating or preventing colon

cancef’ he steps of. a) contacting a test
£ompdadrnetitbdbofolyjye At &é@nﬁnﬁéﬂpbgi@qséw&mdlbiﬁdgf@ﬂ SEOMSdoprises an
detecting%eihe aig ing activity between the polypeptide and the test

compgan ;and 25 c) selecting the test compound that binds to the

Solypdptidecthod of claim 1, wherein said patient-derived biological sample comprises a
colon cancer cell.
6. The method of claim 1, wherein said patient-derived biological sample comprises an
epithelial cell from a colon cancer cell. .
7. A method of screening for a compound for treating or preventing colon cancer, said -
method comprising the steps of: ‘
a) contécﬁng a test compound with a polypeptide encoded by a polynucieotide of
TOM34;
b) detecting the binding activity between the polypeptide and the test compound; and
¢) selecting the test compound that binds to the polypeptide.
8. A method of screening for a compound for treating or preventing colon cancer, said
method comprising the steps of:
a) contacting a candidate compound with a cell expressing TOM34; and
b) selecting the candidate compouﬁd that reduces the expression level of TOM34 as
| compared to the expression level of TOM34 deteced in the absence of the test .
compound. '
9. The method of claim 8, wherein said cell comprises a colon cancer cell.

10. A method of screening for a compound for treating or preventing colon cancer, said
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8. A method of screening for a compound for treating or preventing colon
cancer, said method comprising the steps of. a) contacting a candidate
compound with a cell expressing TOM34; and b) selecting the candidate
compound that reduces the expression level of TOM34 as 30 compared
to the expression level of TOM34 deteced in the absence of the test
compound. 9. The method of claim 8, whérein said cell comprises a colon

cancer cell. 10. A met‘hod of screening for a compound for treating or
preverBRGEbRSIEEMEEEAFPE Y method comprising the steps of: a)

contaclingadasicormpadngdwitd aitioly/peytidstiencodedEBpna polynucieotide of
polynuclegtide of TOM34; b) detecting the biological activity of the

polypepti ep (a); and 5 c) selecting the test compound that
supprassesciiepibtogicabaetivitiofithéthsalghastitideericticie thby ke
polynuclegtide of .TOM34 as co biglogical .ackivity-ef.said,

polypec tlsoéecc:}lel%éé?gée%g%ﬁemgignrgﬁc?eg%%}g%ﬁggt compou%d. 11. A %Sg[ﬂhog .

of screeninyieptsbrapowied tortheasigustostidiepfing MBI ATermRTeddRy the biological
method comprising the,steRs el Hiakconiastinssacandidateaomapund.

with a cell into"which a’vector, comprising the transcriptional regulatory d
rbgion &frevd afaseperiap StcogRnEnh AN S eaHie S5 B (FTGEE e ldfitieT sad

of the transcaiptopaLIegHateydegion, has been introduced; b)
measuring the expressign or activity of saj

) d reporter gene; and .
selectiAyPRACHRERSTBLOMRIRRPHIS TS Lfc%%?ﬁ?gge%x%lr‘gisg igenc%grr Actty & the
of said 15repeptargengulior ikcampllsing 4 aetectipnrieagesttivhisiexpressed
binds to (a) TOM34, or (b).nolypeptides_encoded by T introduced:
method JFiFER gc%?tﬁ‘%ge?%e%ﬁr)ifga%%%ﬁ lggapmjgﬁﬁ%ogﬁﬁ?g({%gg%;p%ﬁ}al froduced;
administeriegutingaid supjeci@ncantisetsefcampoyitisn ssar antisense
composition compyisin nucleotide.sequence SRRRIGMENAEY 18:Rity of said
codingG esggeé:%%% 0 f@lﬁfiéfkjﬁ& ,§ methogt%f treating or kgrgegventing célgyn o
cancer inrepsulsfestreomprising administering to said subject an siRNA

%ﬂpos&iﬁ@c einSAULSIRHIY Qaitianydyes B iheORKPr eSS el ypeptides

M34. 15. The method of claim 14, wherein said siRNA comprises the
sense swapRPédMpRdRYra 25 nucleotide sequence of SEQ ID NO: 48 or

SEQ IDANGERZ of treating or preventing colon cancer in a subject comprising administering
to said subject an antisense composition, said antisense composition comprising a
nucieotide sequence complemen‘ca:fy to a coding sequence of TOM34. '

14. A method of treating or preventing colon cancer in a subject comprising administering
to said subject an sIRNA composition, wherein said siRNA composition reduces the
expression of TOM34.

15.  The method of claim 14, wherein said siRNA comprises the sense strand comprising a
nucleotide sequence of SEQ ID NO: 48 or SEQ ID NO: 52.

16.  The method of claim 15, wherein said siRINA has the general formula 5°-[A}-[BJ-{A’]-
3°, wherein [A] is a ribonucleotide sequence corresponding to a sequence of SEQ ID
NO: 48 or SEQ ID NO: 52, [B] is a ribonucleotide loop sequence consisting of 3 to 23
nucleotides, and [A’] is a ribonucleotide sequence consisting of the complementary
sequence of [A]. ' ‘

17. A method of treating or preventing colon cancer in a subject comprising the step of

administering to said subject a pharmaceutically effective amount of an antibody, or

immunologically active fragment thereof, that binds fo a protein of TOM?34.
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16. The method of claim 15, wherein said siRNA has the general formula
5'-[A]-[B]-[A]- 3', wherein [A] is a ribonucleotide sequence corresponding
to a sequence of SEQ ID NO: 48 or SEQ ID NO: 52, [B] is a
ribonucleotide loop sequence consisting of 3 to 23 nucleotides, and [A] is
a ribonucleotide sequence consisting of the complementary 30 sequence
of [A]. 17. A method of treating or preve"nﬁ%g colon cancer in a subject

comprising the step of administering to said su%;éel.ct agﬁ}armaceuﬂcany

ffectivé AHBOA SR BRI BT PRITRSTERCAI, e h SyAREIine administering
thereof ighatdinsisdio apateinaffeMae) Hiblipidnethodadftyeatingedr acid of

preventj olon cancer in a,subject comprising administering to said

subjectt'llzi\1 ééi EW@?&@%@@H&% glrllg(gf o O%?R;Lfé%i Ty

of TOMB&xthjamndnenvodiagibalbyiaptivedragmehtohsaidogoiye ptides; Hrgment of
(c)a p(lza nucleotide encoding the polypeptide or said immunologically '
active fragment of 5 (b) 19. The method of claim 18, wherein said
itfnundlogiceiled ciwdafrad e it iorpotosialdectiye Hrigeent is either or

comprisgggltgﬁﬁ@%%é@&ﬂ 080D RPN PschuRek () @%?é@iﬂ@; 7, and (i)

having cytotoxiC T ¢ ucibility, wherein the peptide comprises )

amino mﬁé&l@ﬁé@m‘@yﬁ@@d%wn wopein the Pepas S rises the
acids arg iR, sihstitytedeladdesmeich methasof Indueing aal antind QT are
immunity, said method comprising the step of contacting with an antigen
presentm%@ﬂt%@ﬁéﬁfﬁgﬂtide, a polynucleotide encoding the polypeptide

Or@ VectomeimpeiSinditiespel yatdeaticenwihergis:iienptdiypeptigeiisng the step of

encoded by TOM34 or an immunologically active fragment of said . .
polypep?fﬁg?%%l%f}t?ﬁg ﬁ%ﬁ%ﬂg 6 8%% g%ﬁ %‘g fﬁ%?d ?’lﬁ?r%r% gatligﬁﬁlnmdmg
active fragmpeppipteitherovetiotieohiisigabapehtidel ouidprisimgetdtemolgpeptide is
acid sequen f NQO.: 7 NHE i Vi g%gg ’
inducibickttif,o\%%e%réﬁ%%eoﬁ%é%%mﬁéﬁ%%%%%%ﬂrﬁﬁ%ﬁ&g%%g uen eg logg‘_?éh_lde'
SHQ D Neniziiwhefasitnin 20 owbevsr shidiinovaelagiepdy soberifinaaal is either or

added. %%%f(i?g &Q@ib%ﬂqj_@é 8@@%&@%@%&%@%& WR8EQ ID NO: 7, and

comprises the step of administering the antlge,ri)(g’rese cellto a

' subject. (B32 Reptidp bavsiraAnivg B el B Eite RsiriR in Rerdiflj gommprises the

said methadcaranesing ther steg nb adminisiesise &, coneuadiokiainedids are

by a method,accordgﬁ%to any one of claims 7-11. 25 24. A composition
for treatPGBEHFABARAGolon cancer, said composition comprising a
22, The method of claim 20, wherein the method further comprises the step of

administering the antigen presenting cell to a subject.

23. .A method of treating or preventing colon cancer in a subject, said method comprising
the step of administering a compound obtained by a method acclording to any one of
claims 7-11. '

24. A composition for treating or preventing colon cancer, said coniposition coOmprising a
pharmaceutically effective amount of an antisense polynucleotide or siRNA against a
polynucleotide of TOM34. ‘

25. The composition of claim 24, wherein said siRNA comprises the sense strand
comprising a nucleotide sequence of SEQ ID NO: 48 or SEQ ID NO: 52.

26.  The composition of claim 25, wherein said siRNA has the general formula 5’~[A]»«[_B]—
[A"]-3°, wherein [A] is a ribonucleotide sequence corresponding"to a sequence of SEQ
ID NO: 48 or SEQ ID NO: 56, [B] is a ribonucleotide ‘Ioop sequence consisting of 3 to

23 nucleotides, and [A’] is a ribonucleotide sequence consisting of the complementary
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pharmaceutically effective amount of an antisense polynucleotide or

SiRNA against a polynucleotide of TOM34. 25. The composition of claim

24, wherein said siRNA comprises the sense strand comprising a

nucleotide sequence of SEQ ID NO: 48 or SEQ ID NO: 52. 30 26. The
composition of claim 25, wherein said si%NA has the general formula

5'-[A]-[B]- [A] -3', wherein [A] is a ribonu otide sequence corresponding

to a sequence of SEQ ID NO: 48 or SEQ ID NO: 56, [B] is a

ribonudeBtdsa85 dequence consisting of 3 to 23 nucleotides, and [A7 is
aTibonucleetideiseq teneaitansisiiegenfitipercbm plemtetaird/ 68 psatoenoeprising a
of [A]. 27. A composition_ foy. treating or preventing. col v said, :
compoSitiBH &oi %ﬁiﬁ%ﬁ%%‘ﬁ%%n%‘%é%%%a%i%ﬁ& |v0ce% %%F%%%%%%%% Pt binds to
antibodyreriragmend thef€bifdat binds to a protein encoded by TOM34. 5

28 A composition Jor el chr%ﬁV%ﬁf@oﬁ%ﬁ%&ﬂ%ﬁe‘é’aﬁ%posiﬁon comprising as
composition comprising as ah active ingredient a pharmaceutically
effectiv@iﬂ&ﬁb@ﬁnmedi@@ﬁﬂﬂb@ma@é‘lﬁéﬁﬁj' Bl ertetmsadrof i comegind selected by a

claims 714,206 2 Pharmagsutically ascerighiacasint. 29 «AodacpRentide.
comprising the amino acid sequence of SEQ ID NO: 7, 30. A peptide
R&ving @%@g@@@@wmﬁwwwqﬁsq&smmfm the 10

aMINo acichSEERAEEClRRRIIDINEN hdudisilel) Wheedi SRveisdncinaprises the
acids are _subs;ituted or ag%gﬁﬁt ﬁhﬁ;%e Ze tidI%.of c@ig}: :Ssqj,e\lgvatfereinotglg s are
second &HRAGELREPHERF Rimiatei ‘gﬁ%nlﬁélarﬁne, Tyrosine,
methioniggsiaisyptaptan. 32. The peptide of claim 30, wherein the
-termipal amino acid is nyjalanine, leuci af“?é iﬁ?’& iﬂleth N ferminus i
tﬁptop#a%?,pgpgn%tﬂ%%%neg?&% eﬁ%%??ﬁ%ea%eggég coPnp(%si%%)n forSe tre(ftlng e
or prevehting adaldre concanswheiéimisaidr¢omisobition comprises
pharmageutically effestive amonnkaf Me@entig.#feaIN.9 053038 lanine, levcine,
active mgre}é'llgnt. , _
isoleucine, tryptophan, or methionine. .
33. A pharmaceutical composition for treating or preventing colon cancer, wherein said
composition comprises pharmaceutically effective amount of the peptide of claim 29

or 30 as active ingredient.



