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90 revealed the involvement of alterations in tumor suppressor genes and/or oncogenes in

carcinogenesis, the precise mechanisms still remain to be elucidated.
cDNA microarray technologies have enabled to obtain comprehensive profiles of

gene expression in normal and malignant cells, and compare the gene expression in
malignant and corresponding normal cells (Okabe et al., Cancer Res 61:2129-37 (2001);

95  Kitahara et al., Cancer Res 61: 3544-9 (2001); Lin et al., Oncogene 21:4120-8 (2002);
Hasegawa et al., Cancer Res 62:7012-7 (2002)). This approach enables to disclose the
complex nature of cancer cells, and helps to understand the mechanism of carcinogenesis.
Identification of genes that are deregulated in tumors can lead to more precise and accurate
diagnosis of individual cancers, and to develop novel therapeutic targets (Bienz and

30  Clevers, Cell 103:311-20 (2000)). To disclose mechanisms underlying tumors from a
genome-wide point of view, and discover target molecules for diagnosis and development
of novel therapeutic drugs, the present inventors have been analyzing the expression
profiles of tumor cells using a cDNA microarray of 23040 genes (Okabe et al., Cancer Res
61:2129-37 (2001); Kitahara et al., Cancer Res 61:3544-9 (2001); Lin et al., Oncogene

35  21:4120-8 (2002); Hasegawa et al., Cancer Res 62:7012-7 (2002)).

Studies designed to reveal mechanisms of carcinogenesis have already facilitated
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254: 1643-7 (1991)), gp100 (Kawakami et al., J Exp Med 180: 347-52 (1994)), SART

25  (Shichijo et al., J Exp Med 187: 277-83 (1998)), and NY-ESO-1 (Chen et al., Proc Natl
Acad Sci USA 94: 1914-8 (1997)).  On the other hand, gene products which had been

demonstrated to be specifically overexpressed in tumor cells, have been shown to be

recognized as targets inducing cellular immune responses. Such gene products include
p53 (Umano et al., Brit J Cancer 84: 1052-7 (2001)), HER2/neu (Tanaka et al., Brit J

30  Cancer 84: 94-9 (2001)), CEA (Nukaya et al., Int J Cancer 80: 92-7 (1999)), and so on.

In spite of significant progress in basic and clinical research concerning TAAs

(Rosenbeg et al., Nature Med 4: 321-7 (1998); Mukherji et al., Proc Natl Acad Sci USA 92:
8078-82 (1995); Hu et al., Cancer Res 56: 2479-83 (1996)), only limited number of
candidate TAAs for the treatment of adenocarcinomas, including colorectal cancer, are

35 available. TAAs abundantly expressed in cancer cells, and at the same time which

expression is restricted to cancer cells would be promising candidates as
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in the (t'lmoﬁhﬁlaﬁg @ al., Tissue Antigen 49: 129 (1997)). Thus, antigenic peptides of
cancers presented by these HLAs may be especially useful for the treatment of cancers
among Japanese and Caucasian. Further, it is known that the induction of low-affinity
25 CTLin vitro usually results from the use of peptide at a high concentration, generating a
high level of specific peptide/MHC complexes on antigen presenting cells (APCs), which
will effectively activate these CTL (Alexander-Miller et al., Proc Natl Acad Sci USA 93:
4102-7 (1996)).

30  Summary of the Invention

An object of the present invention is to provide novel proteins involved in the
proliferation mechanism of gastric or colorectal cancer cells and the genes encoding the
proteins, as well as methods for producing and using the same in the diagnosis and
treatment of gastric cancer or colorectal cancer.

35 To disclose the mechanism of gastric and colorectal carcinogenesis and identify

novel diagnostic markers and/or drug targets for the treatment of these tumors, the present
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Vel nmast er, Qo CHR!if'a large transmembrane receptor protein that is a component of an

evolutionarily conserved intercellular signaling mechanism. NOTCH?2 is a protein
member of the Notch signaling pathway and is reported to be involved in glomerulogenesis

25  in the kidney and development of heart and eye vasculature (McCright et al., Development
128: 491-502 (2001)). Three Delta/Serrate/Lag-2 (DSL) proteins, Deltal, Jaggaedl, and
Jaggaed2, are reported as functional ligands for NOTCH?2 (Shimizu et al., Mol Cell Biol
20: 6913-22 (2000)). The signal induced by ligand binding in the Notch signaling
pathway is transmitted intracellulaly by a process involving proteolysis of the receptor and

30  nuclear translocation of the intracellular domain of the NOTCH protein (see reviews
Artavanis-Tsakonas et al., Annu Rev Cell Biol 7: 427-52 (1999); Weinmaster, Curr Opin
Genet Dev 10: 363-9 (2000)). Furthermore, reduction of RNF43 expression by
transfection of specific antisense S-oligonucleotides or small interfering RNAs
corresponding to RNF43 inhibited the growth of colorectal cancer cells. As already

35  described above many anticancer drugs, are not only toxic to cancer cells but also for

normally growing cells. However, agents suppressing the expression of RNF43 may also
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On the other hand, in a preferred embodiment, the GCUD1 polypeptide includes a
putative 414 amino acid protein encoded by the open reading frame of SEQ ID NO: 3.
The GCUD1 polypeptide preferably includes the amino acid sequence set forth in SEQ ID
25 NO:4. The present application also provides an isolated protein encoded from at least a
portion of the GCUDI polynucleotide sequence, or polynucleotide sequences at least 15%,
and more preferably at least 25% complementary to the sequence set forth in SEQ ID NO:
3.
Furthermore, in a preferred embodiment, the RNF43 polypeptide includes a
30 putative 783 amino acid protein encoded by the open reading frame of SEQ ID NO: 5.
The RNF43 polypeptide preferably includes the amino acid sequence set forth in SEQ ID
NO: 6 and contains a Ring finger motif at codons 272-312. The RNF43 polypeptide
showed 38% homology to RING finger protein homolog DKFZp566H073.1 (GenBank
Accession Number: T08729).  The present application also provides an isolated protein
35 encoded from at least a portion of the RNF43 polynucleotide sequence, or polynucleotide

sequences at least 30%, and more preferably at least 40% complementary to the sequence
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RNF43 ge i ncl u eoti de sequence as described in SEQ ID NO 5.
In Partd h?H}m "? %@%% i ncl udes 5345 nucl eoti des_t hat cont a| n an

open readi ng Furteemoref th2 pEBentintepion proyideSEQOYE hman Bne RNE43 s
i nventi Oer)lcp];e%gltog ?srmarrl}ggl%?e%éﬁ in a great majority of colorectal cancers as compared to
corresponding non-cancerous mucosae. In addition to colorectal cancers, RNF43 was
also highly expressed in lung cancer, gastric cancer, and liver cancer. ~ The isolated
95  RNF43 gene includes a polynucleotide sequence as described in SEQ ID NO: 5. In
particular, the RNF43 cDNA includes 5345 nucleotides that contain an open reading frame
of 2352 nucleotides (SEQ ID NO: 5). The present invention further encompasses
polynucleotides which hybridize to and which are at least 30%, and more preferably at
least 40% complementary to the polynucleotide sequence set forth in SEQ ID NO: 5, to the
30 extent that they encode a RNF43 protein or a functional equivalent thereof. Examples of
such polynucleotides are degenerates and allelic mutants of SEQ ID NO: 5.

As used herein, an isolated gene is a polynucleotide the structure of which is not
identical to that of any naturally occurring polynucleotide or to that of any fragment ofa
naturally occurring genomic polynucleotide spanning more than three separate genes.

35  The term therefore includes, for example, (a) a DNA which has the sequence of part of a

naturally occurring genomic DNA molecule in the genome of the organism in which it
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CXADRL1, GCUD1, or RNF43 protein, and host cells harboring a polynucleotide
encoding the CXADRL1, GCUD1, or RNF43 protein. Such vectors and host cells may
25  be used for producing the CXADRLI, GCUD1, or RNF43 protein.
An antibody that recognizes the CXADRLI1, GCUD], or RNF43 protein is also
provided by the present application. In part, an antisense polynucleotide (e.g., antisense
DNA), ribozyme, and siRNA (small interfering RNA) of the CYADRLI1, GCUDI, or

RNF43 gene is also provided.
30 The present invention further provides a method for diagnosis of cell proliferative

diseases that includes determining an expression level of the gene in biological sample of
specimen, comparing the expression level of CYADRLI, GCUDI, or RNF43 gene with that
in normal sample, and defining a high expression level of the CXADRL1, GCUDI, or
RNF43 gene in the sample as having a cell proliferative disease such as cancer. The

35 disease diagnosed by the expression level of CXYADRLI or GCUDI is suitably a gastric,
colorectal, and liver cancer; and that detected by the expression level of RNF43 is
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example, an anti-cancer agent. The pharmaceutical composition can be described as at
least a portion of the antisense S-oligonucleotides or siRNA of the CXADRLI1, GCUDI1, or
RNF43 polynucleotide sequence shown and described in SEQ ID NO: 1, 3,0r5,
respectively. A suitable antisense S-oligonucleotide has the nucleotide sequence selected

25  from the group of SEQ ID NO: 23, 25, 27,29, or 31.  The antisense S-oligonucleotide of

CXADRLI including those having the nucleotide sequence of SEQ ID NO: 23 or 25 may
be suitably used to treat gastric cancer; the antisense S-oligonucleotide of GCUDI
including those having the nucleotide sequence of SEQ ID NO: 27 or 29 suitably to treat
gastric, colorectal, or liver cancer; and the antisense S-oligonucleotide of RNF43 including

30  those having the nucleotide sequence of SEQ ID NO: 31 suijtably for colorectal, lung,

gastric, or liver cancer. A suitable siRNA consists of a set of nucleotides with the
nucleotide sequences selected from the group of SEQ ID NOs: 40 and 41, 42 and 43, or 62
and 63. The siRNA of CXADRL]I consisting of a set of nucleotides with the nucleotide
sequence of SEQ ID NOs: 40 and 41, or 42 and 43 may be suitably used to treat gastric,

35  colorectal, or liver cancer; and the siRNA of RNF43 consisting of a set of nucleotides with

the nucleotide sequence of SEQ ID NOs: 62 and 63 suitably for colorectal, lung, gastric, or
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ot hgﬁr’ alternate enbodi nents of the invention. 20 Brief Description of the
Dr a®® ngs

Brief Description of the Drawings
Fig. 1a to 1d depict the expression of 45928 (CXADRLI) and C8121(GCUDI) in

gastric cancers. Fig. 1a depicts the relative expression ratios (cancer/non-cancer) of

A5928 in primary 14 gastric cancers examined by c¢DNA microarray. Its expression was
25  up-regulated (Cy3:CyS5 intensity ratio, >2.0) in 14 of the 14 gastric cancers that passed
through the cutoff filter (both Cy3 and CyS signals greater than 25,000). Fig. 1b depicts
the relative expression ratios (cancer/non-cancer) of C8121 in primary 12 gastric cancers
examined by cDNA microarray. Its expression was up-regulated (Cy3:Cy5 intensity ratio,
>2.0) in 10 of the 12 gastric cancers that passed through the cutoff filter. Fig 1c depicts
30 the expression of CXADRLI analyzed by semi-quantitative RT-PCR using 10 gastric
cancer cases. Fig. 1d depicts the expression of GC UDI analyzed by semi-quantitative
RT-PCR using 9 gastric cancer cases. Expression of GAPDH served as an internal
control for both the expression analyses of CYADRLI and GC UDI.
Fig. 2a and 2b depict the expression of CXADRL] in various human tissues and the
35  predicted protein structure and protein motifs of CXADRLI1. Fig. 2ais a photograph

depicting expression of CXADRLI in various human tissues analyzed by multiple-tissue
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ratio, >2.0) in 14 of the 14 gastric cancers that passed through the
cutoff filter (both Cy3 and Cy5 signals greater than 25,000). Fig. |Ib
depicts the relative expression ratios (cancer/non-cancer) of C8121 in

primary 12 gastric. cancers ., examn ned by. m.cr.oarr pressi on was
up- r eguPgithsdn E@%“a@ﬁssl %{‘%r@i ‘ié?{gfsgg? Br,echg%?tefnnStTﬁ{uﬁxﬁ (f%}e&@ﬁ“ )g(jlast ric
cancer s Thh a4pRI I b N A conkidts die423maddotified with an BRF dfcl, 2Rfpiuctestid® ande
expressi, on of L1 anal yzed by sem -quantitative RT-PCR using 10 gastric
cancer LIPS Y./ FMYepi cts the expression of GCUDL anal yzed by

sem - quant i t &g, $&to RTdepRthesirogtiBpmamting effecinf EXARBES. HEgpdaissi on of GAPDH

d i .nal t f . S f CXADRL1
and ecuphoBgpT ogidie s FRULSY Bl RIS SENE AT isRE
t i ssues wathdCXARRLR5 Fipedt depés the exkpressian ofiezpgansosh@XAPBLEiim notifs of
ORORLLFi : o . . 1
var T ous WERE PRaRRLE BACHANGAR Ry Pl liARyERILECR PRoplcsidigt 11
PCT/ J POGAPING Gervadasar intesuah cimtutl. afid#s#ts angtg all andiepsoNIH3T3 efdlspr edi ct ed

i L 1gs T LGN : f
protein s Bgtgﬁéfﬁﬁg?)i%ﬁg? lfxfgg@%%éﬁgeoﬁ{cing AN &1L 8ro¥aB of

nucl eoti'des™ W J6 ] es and 1s conposed of Y exons.
Fi g103a NIBI333-QepDRL1tchls wavsiatistisalbniighes ghast thaicaf WCM%A&&HL@%@G 82 is a5

phot ogr | Chi ny formati on assays of N H3T3 cells
transfeg}gguc}g&%h}%wag%%gﬁgwgﬁg%ﬁgh?cts t he expressi on qf exogeneous
CXADRL1 in KigdTepiciabremvebiinhibitors eifec @f pytiscass S-gligonucteqbfisse RT- PCR

Expr essi Y2ORES PRIKNUIRENY CRADRIL-A$2and!5, #6, and #7 al |
i ndi cat ggﬂlg%ggl%tg?gﬁ_}seﬁqgransfeét ed with CXADRLéPfQ%‘SlsC depi cts the nunber

of NI H3TZXABRILA-ASY wakerlegronstinteg {Q5vROTEstARREOWE St istically higher
thanst hat of moek OKNdEpict MRCAbwaLtdppresdive &fidd: of EXNDIRB1-SIRNADNSHY 10% FBS

(P<0.05). Fig. 4 depicts the grow h-i1.nhjbitory.eff nt i

S ol | gotkilt.cdiediéspretas phelEtPI B by e e okt of Cir et Tod SRR

K 1 oL S b o . Suppt psar wor of T6ct of
cells. ig.. to ict,the gro upRr . ect o

CXADRL 1-Roieiep ﬁdgggt@g%%qugl_t Ogﬁ g & Sﬁﬂn@g% ﬂ&laB%o‘{ggsgfrg%%as/%ggpi cting the

expr essintroifsiXARRLCX ADR I GAPRNAH C oFier 5C depictsShe esalebf MITET assayf actedld wi t h

nock or C L1-si RNA#7. .Fig.. 5B depj ct & 3 \£ting the result

of ElendH§ CgtF‘iiWﬁt;hrfgﬁ\g?l R}?Sggfié’r E@F?igdste?( rﬁ%%%%%%@ﬁéﬁsi RNA or

CXADRL1- si RNA¥{Z.6 dBpigts aghiottemipht dentonetrating whe resilt piiimmuanbjotanalysis picells

expressing exogeneous Flag-tagged CXADRLI1 protein with anti-CXADRLI antisera or

ant-Flag antibody.
Fig. 7 depicts the interaction between CXADRLI and AIP1 examined by yeast
25  two-hybrid system. Fig. 7 is a photograph depicting the interaction of CXADRLL1 with
ATIP1 examined by the two-hybrid system.
Fig. 8 depicts the peptide specific cytotoxicity of CTL line raised by
CXADRL1-207 stimulation. The CTL line showed high cytotoxic activity on target cells
(T2) pulsed with CXADRL1-207, whereas no significant cytotoxic activity was detected
30  on the same target cells (T2) pulsed without peptides.
Fig. 9 depicts the cytotoxic activity of CXADRL1-207 CTL Clone on SNU475,
MKN74, and SNU-C4. CXADRL1-207 CTL Clone showed high cytotoxic activity on
SNUA475 that expresses both CXADRLI1 and HLA-A*0201.  On the other hand,
CXADRLI1-207 CTL Clone showed no significant cytotoxic activity on MKN74, which
35  expresses CXADRLI but not HLA-A*0201. Furthermore, this CTL Clone did not show
significant cytotoxic activity on SNU-C4, which expresses HI.A-A*0201 but not



20 transfected with control plasmd or plasm ds expressi ng CXADRL1-si RNA7.
Fi g. 6 depicts a photograph denonstrating the result of imunobl ot anal ysis
of cells waxg@®szsng exogeneous Fl ag-tagged CXADRL1 pr ot eirCTWPOB07006
anti-CXADRL1 antisera or ant-Flag anti body. Fig. 7 depicts the interaction
bet ween CXADRL1 and Al Pl exam ned by yeast 25 two-hybrid system Fig. 7 is
a photograph depicting the interaction of CXADRLI with AlPl exam ned by
the two-hybrid system Fig. 8 depicts the peptide specific cytotoxicity of
CTL line raised by CXADRL1-207 stimnulation. The CTL |ine showed high
cytotoxgxmaopLyity on target cells (T2) pul sed with CXADRL1-207, whereas

no significant t ot.oxi c acti vi s det.ected 30 on rget cells
(T2) pul sed e i%d?mﬁfé&q gt Oﬁ’é .Céﬁg tregi ibItoR@s§ayt obg%éﬁgi?bzfﬂs‘ of
CﬁADRélci’&x% spddifi&lgecopniZeNOXZADRL MDY i artHIASAED IV, refiXAioRniand87 CTL Cl o ge
showe i 0} OQXi . ctsi vity on SNUA7S5 that ex S DRL1 an
H A- A*Ogg%ﬁﬁ%h’?i‘? Wﬁh&?zshaén ,Wamﬁgwq%ﬁet&hﬁ%mtﬁﬁ si gni fi cant
|C: yt ?%1 0X b@ptﬁl@tﬁu%d;eﬁ SI‘ZQEeIBélﬁ‘dM ,“&wfﬁsedlas%chcﬂd e $hm;lii})§ﬁd)R t LE/Drtiorvats fided- A* ?20 1.
urt hernore, is one di show, ..si gni £ C . C vity on
SNU Ca. (uf ot Beye31 cte R 087 Re b B S BR BB BIERE 06 Y 1 0
CXADRLI theRtentical0pepeifé, otlslet dmostamtihhibiion biyehe additiornoifE2 withbitlpepliden assay.
CXADRL120Q7 CTL Cone specifically recognizes CXADRL1-207 in an HLA A*0201

restri cP8d®manner. SNU475 | abel ed with Na251Cr 04 was prepared as a hot
target, whil EigCXNDRbitRATe Bsyleof thd blasking @ssay2h¢wmgttheleffect ofiensibediesl as a col d
t ar get .nhi bi 0 ~egd Q1 tivity on
snuags SR aghingl e -Glads L B CHRS 1 CORTond €8 In (ORMEI RIS 66 2

pept i de CXADRE1ZOFAEHHL GlonenhCHRADRRI-B)7 CAE Cads shaypdatytotoxigiaethdiytinpept i de
pul se. K ! )Fagzm j i he effect
of anti Etolg?_gyss ?8’?‘% gp?é%igggg?%%ﬁlﬂfi&& _asis% ?@wﬁﬁ%?%ﬁg?sé O?Iln,amc%gné and CD8 on
the cyt eaised withEXADRY1 peptideyentizodics against HLA-Ghrss Lakabrflassih LR%and) one

shoved @HOlo%it&stdCol Melnabilfty st B8 Sytbtoaittacdi Ry, EPhd hdiRdar@ager . To
exam ne the characteristics of CIL clone raised with CX%MSDU de,

ant Lhodiresals Jainhdhitien af de gyotoxiciy ATbe geetaxicityghf TIaplgne tested for
11, S SR B QN S O it DL 5 L0
SNU475 f%SOaFtQ@%i%atwga‘stﬁ@ itk o IEGOILAGE, %&%&Rﬁn‘%ﬂ@ﬁi BeRtldenaq cpg
anti bodimwsgl uﬁ@@Dgngpsndapeﬁluhﬁerj ndi cates that the CTL cl one recogni zes
the CXADRLL deriyed, BERS5aSh ilhiding the result of Northern blot analysis of GCUDI in
20  various human tissues. The transcript of GCUDI is approximately 3.5-kb by size.
Fig. 13 shows a photograph depicting the subcellular localization of GCUD1
observed by immunocytochemistry of cells transfected with pcDNA3.1myc/His-GCUDI.
cMyc-tagged GCUD1 protein expressed from the plasmid localized in the cytoplasm.
Fig. 14 is a photograph showing the growth-promoting effect of GCUD1lon ‘
25  NIH3T3 cells examined by colony formation assays.
Fig. 15 depicts the growth-inhibitory effect of antisense S-oligonucleotides
designated to suppress GCUDI on MKN-28 cells. GCUD1-ASS and GCUD1-AS8 were
revealed to suppress the growth of MKN-28 cells.
Fig. 16 depicts a photograph showing the purification of recombinant GCUD1
30 protein.
Fig. 17 depicts a photograph demonstrating the result of immunoblot analysis of
cells expressing exogenous Flag-tagged GCUD1 protein with anti-GCUDI1 antisera or
ant-Flag antibody.
Fig. 18A and 18B depict the peptide specific cytotoxicity of CTL line raised by
35 GCUDI1-196 (A) or GCUD1-272 (B) stimulation. The CTL line showed high cytotoxic
activity on target cells (T2) pulsed with GCUD1-196 or GCUD1-272, whereas no
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HLA-Cl ass | and CD8 dependant manner. Fig. 12 is a photograph depicting the
result of Northern blot analysis of GCUDL in 20 various human tissues. The
transcri pwood3/ @@L i s approximately 3.5-kb by size. Fig. P/ Hosomoa

phot ograph depicting the subcellul ar incalization of GCUD 1 observed by

i mmunocytochem stry of cells transfected with pcDNA3. | myc/ Hi s- GCUD1.
cMyc-tagged GCUD 1 protein expressed fromthe plasmd |ocalized in the
cytoplasm Fig. 14 is a photograph showi ng the growth-pronoting effect of
GCUD 1 on 25 NIH3T3 cells exam ned by colony formation assays. Fig. 15
depi ct s sigifigmowgtbtoxivhachivitpr y ef f ect of anti sense S-oligonucl eoti des

desi gnated to suppress GCUD1L on MKN28 cells. GCUDI AS5 and GCUDI AS8 were
reveal ed to suppress the gromh of MKN-28 cells. Fig. 16 depicts a

phot ograph showi ng the purification of reconbinant GCUDL 30 protein. Fig.
17 depicts a photograph denonstrating the result of immunoblot anal ysis of
cel | s expressing exogenous Fl ag-tagged GCUDL protein with anti-GCUDL
antisera or ant Flag antibody. Fig. 18A and 18B depict the peptide
specific cytotoxicity of CIL line raised by 35 GCUD 1-196 (A) or GCUD 1
272 (B) stimulation. The CTL |ine showed high cytotoxic activity on target
cells (T2) pulsed with GCUD 1-196 or GCUD 1 272, whereas no SUB 31 ITU 1 E
STT ET (RULES WO 03/104275 PCT/JP03/07006 12 significant cytotoxic
activity SUBSTI TUTE SHEET (RULE 26) WO 03/104275 PCT/JP03/ 07006 13 was
detected on the sanme target cells (T2) pulsed w thout peptides. Fig. 19
depicts the cytotoxic activity of GCUDl1-196 CTL C one on SNU475 and MKN45.
GCUD1- 196 CTL C one showed high cytotoxic activity on SNU475 t hat

expresses both GCUD1 and HLA- A*0201. On the other hand, GCUDl-196 CTL C one
5 showed no significant cytotoxic activity on MKNA5, which expresses GCUDL
but not HLA-A*0201. Fig. 20 depicts the result of the cold target

i nhibition assay. GCUD1l-196 CTL C one specifically recognizes GCUD1-196 in
an HLA- A*0201 restricted manner. SNU475 | abeled with Na251Cr 04 was
prepared as a hot target, while GCUD1-196 10 peptide-pul sed T2 (Peptide +)
was used as a cold target (Inhibitors). E/T ratio was fixed
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to 20. The cytotoxic activity on SNU4A75 was inhibited by the addition of T2
pulsed with the identical peptide, while alnost no inhibition by the
addi ti on wfo dB2aowd7shout peptide pulse. Fig. 21 depicts thearruobb70é the

bl ocki ng assay showi ng the effect of ahtibodies 15 raised agai nst
HLA-Class |, HLA-Class |11, CD4, and CD8 on the cytotoxic activity of

GCUD1- 196 CTL C one. GCUD1-196 CTL C one showed cytotoxic activity in
HLA-Class | and CD8 restricted manner. To exam ne the characteristics of
CTL clone raised with GCUDL peptide, antibodies da\ ai nst HLA-d ass |,

HLA- O awss ddtectegbon th&ﬁ@ne@set\ﬁéﬂ%@?éﬁvléﬁfi yEhoyt peptide gb. lity to inhibit the
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expr esspg@A-Add2®s (cancer/non-cancer) of FLJ20315 in 11 primary col on
cancer cases_exapnine ' rra Ss egul at ed
(Cy3: y5 i nFignsdd 99P1Ft§tﬂi>{%req§A fg}‘ ﬁgiﬁg%tfmlphgmffgsagl oﬁe@g\ﬁgéu@afs“es t hat
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25, 000 S Xpressi
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tump t élﬁuﬁypulﬁ‘.edl’mr(l?ﬁﬂ)tldel ssus)usedagy edd tapget GnhibAPBH sBflseto was dxed nt er nal
control lcts, a -tissue
nor t her ff %(}: ea(ﬁ'gqt%?§(:t6‘fltyﬁﬂﬁ§§6?ﬂ§ @gﬁngnil})gt\é’ﬂ Bgraﬁé]af%d{tﬁ’?l%ffrg ?ﬂls}cegkéilhg 23b
depi ct s tiididerpioatipaptidel vplritet Ainost motinhibitiondydhe M@ of F2gwithowd peptile24b show
phot ograBEs depicting the subcellular localization of 35 myc-tagged RNF43

proteinP g 24a is a photograph deﬁl cting the result of Wstern-bl ot
anal ysi s of #yz2dalgpiets tRAFesBlt pf G dlackingiasspyshewieithe efieshplomtibodiss | s
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asm ds k). Fig. 24b presents

phot ogr &FHSDb196 KT L Clome e@CéH)]cé?ﬁp STLKden é’egﬁﬂpﬁ’é‘ﬂ: W House anti-nyc
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counter-s ai ne DAPI Fig. 25a to 25 s.th ct ,of RNF43
on cel | rasesiwith GEP1 EQ?ildesalﬁleﬁ’@% @J@“&SISIHILACI SEiﬁ’h&’t@r@“ﬁ%ﬁéf 3¢ “col ony
for mat i FH@ssR%eAEd FNFES: éﬂamgltblﬁm%lﬁmb lc§totd§|ugactﬁzﬁ§a Phictreizbstapixit ogr aphs
depicting the expression of
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was significantly reduced when anti class I and CD8 antibodies were used. This result
indicates that the CTL clone recognizes the GCUD1 derived peptide in a HLA Class 1 and
CD8 dependent manner.
Fig. 22a and 22b depict the expression of FLJ20315 in colon cancer. Fig. 22a
25  depicts the relative expression ratios (cancer/non-cancer) of FLJ20315 in 11 primary colon
cancer cases examined by cDNA microarray. Its expression was up-regulated (Cy3:Cy5
intensity ratio, >2.0) in 10 of the 11 colon cancer cases that passed through the cut-off filter
(both Cy3 and Cys5 signals greater than 25,000). Fig. 22b depicts the expression of
FLJ20315 analyzed by semi-quantitative RT-PCR using additional 18 colon cancer cases
30 (T, tumor tissue; N, normal tissue). Expression of GAPDH served as an internal control.
Fig. 23a depicts a photograph showing the result of fetal-tissue northern blot
analysis of RNF43 in various human fetal tissues. Fig. 23b depicts the predicted protein
structure of RNF43.
Fig. 24a and 24b show photographs depicting the subcellular localization of
35 myc-tagged RNF43 protein. Fig. 24a is a photograph depicting the result of Western-blot
analysis of myc-tagged RNF43 protein using extracts from COS7 cells transfected with



pcDNA- RNF43. Fig. 25c depicts the result of conparison on cell growth

bet ween 10 COS7- RNF43 cell s stably expressing exogenous RNF43 and nock
cells. Fiwo®pasmand 26b depict the growt h-inhi bitory effedcmPoanosense
S-ol i gonucl eotides designed to suppreéss RNF43. Fig. 26a presents

phot ographs depicting the expression of RNF43 in LoVo cells treated for 12
h wth either control (RNF43-Sl) or antisense S-oligonucleotides

(RNF43- AS1) anal yzed by sem -quantitative RT-PCR Fig. 26b 15 depicts the

cell viability of LoVo cells after treat manh_gvmilﬁsh g}ge ontrots or antisense
S- ol i geithen N@%&-mﬁﬂm%ﬂFﬁowtraﬁéaw FHBOGHT s%\@) &S Carried out in
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29A. DaSwligpeuciotidey measered by T posyo 7dbe MEEassapwAS SAMRE NS of triplicate
experi ”g‘i}}li%atfeor each group; bars, SE. *, significant difference when

conpared W th control, nock(p<0.05). Fig.. 30Ato epi,ct, the. preparation
of N-terni naFig R4 t%l?lzcé@l?létrtg? E%Pl""t%‘ é}igpfesﬁléféﬁﬁfﬁ?t&ﬁ%%ﬁs(')%ﬁésof E13‘5i[iIF43. Fig.
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and -Cl. Fi
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viable cells after the treatment with control- siRNA or RNF43-siRNAs.  Fig. 27C depicts
the result of MTT assay on cells transfected with control plasmid or plasmids expressing
RNF43-siRNAs. *, a significant difference (p <0.05) as determined by a Fisher’s
protected least significant difference test.

25 Fig. 28A and 28B depict the expression of tagged RNF43 protein. Fig. 28Ais a
photograph depicting the result of Western-blot analysis of Flag-tagged RNF43 protein
secreted in the culture media of COS7 cells transfected with pFLAG-5CMV-RNF43 (lane
2) or mock vector (lane 1). Fig. 28B is a photograph depicting the result of Western-blot
analysis of Myc-tagged RNF43 protein secreted in the culture media of COS7 cells

30 transfected with pcDNA3.1-Myc/His-RNF43 (lane 2) or mock vector (lane 1).

Fig. 29A and 29B depict the growth promoting effect of conditioned media
containing the Myc-tagged or Flag-tagged RNF43 protein. Fig. 29A presents
photographs depicting thé morphology of NIH3T3 cells cultured in control media (1) or in
conditioned media of COS7 cells transfected with mock vector (2),

35  pcDNA3.1-Myc/His-RNF43 (3), or pFLAG-5CMV-RNF43 (4). Fig. 29B depicts the
number of NIH3T3 cells cultured in the indicated media described in Fig. 29A. Data are



0.2 mMMof IPTG Fig. 30Cis a photograph depicting the expression of
NusTM t agged RNF43-Cl protein in E. coli with (lane2) or w thout (lane 1)
1mM of | PW@ o3Aioge7531A and 31B depict the interaction betwaraar/mRbb/dBoand
NOTCH2 exam ned 10 by yeast two-hybrisl system Fig. 31A depicts the

predi cted structure and the interacting region of NOTCH2. (a) shows the
predicted full length structure of NOTCH2 protein, and (b) shows the
predi cted responsi ble region for the interaction (ECD, Extracellular
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Fig. 33 depicts the peptide specific cytotoxicity of CTL line raised by RNF43-721
stimulation. The CTL line showed high cytotoxic activity on target cells (TISI) pulsed
with RNF43-721 (quadrilateral line), whereas no significant cytotoxic activity was

95  detected on the same target cells (TISI) pulsed without peptides (triangular line). CTL
line was demonstrated to have a peptide specific cytotoxicity.

Fig. 34 depicts the peptide specific cytotoxicity of CTL clones raised by
RNF43-721 stimulation. The cytotoxic activity of 13 RNF43-721 CTL clones on
peptide-pulsed targets (TISI) was tested as described in the Materials and Methods. The

30 established RNF43-721 CTL clones had very potent cytotoxic activity on target cells
(TISI) pulsed with the peptides without showing any significant cytotoxic activity on the
same target cells (TISI) that were not pulsed with any peptides.

Fig. 35 depicts the cytotoxic activity of RNF43-721 CTL Clone 45 on HT29,

WiDR and HCT116. RNF43-721 CTL Clone recognizes and Iyses tumor cells that
35  endogenously express RNF43 in an HLA restricted fashion. HT29, WiDR and HCT116
all endogenously express RNF43, and RNF43-721 CTL Clone 45 served as an effector cell.



5 expresses RNF43 but not HLA-A24, and TISI (enpty quadrilateral |ine),

whi ch expresses HLA-A24 but not RNF43. Moreover, RNF43-721 CTL O one 45
showed nowaydsptoexwsc activity on irrel evant peptide pul sedeC/os3/ffoos | ed
guadrilateral dotted line) and SNU-C416 (filled circle line) which expresses
RNF43 but little HLA-A24. Fig. 36 depicts the result of the cold target

I nhi bition assay. RNF43-721 CTL 10 Cone specifically recognizes RNF
43-721 in an HLA-A24 restricted manner. HT29 | abeled with Na251Cr 04 was
prepared as a hot target, while RNF43-721 peptide-pulsed TISI (Peptide +)
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assay s CH@OtSFgéungPb‘bXto‘)BFlcé‘ﬁﬁY%‘&‘f gﬁﬁ?@%@yéé@g}% hﬁl%)ARx@agss |,

HLA-5Cl réslses 10843 Bihot B\ -BD8, :vd TISE (cmyitp tioadridatemmt ling) whichlexRdF#S- 721 CTL

Cl one. 1 CT ne oved

and CD8 ggzg‘c‘te‘t?t #ﬁ?‘@r %e%g?&rﬁggi 221 ?rl]“gf(%lg ée%'iyg olr&f:eg 'ﬂg}%ygfﬁﬁgo cl one

ral sed itivity Bhifddepmppepile ;mlﬁedﬂ‘diﬁili @8led gaadristetdl dot@iddine) hpd BNN-Chass 11,
ested t Ay to inhibit the cytotoxic

act i vi tcghe‘ilﬁérde %Wﬁflxp’éex?es v4e3a ?h oelaiti‘iﬁjls‘b/fA i'on of the cyt otoxicity.

The cyt ot oxi Bigt $6 dépiGT theakesmeofdhe cmmgcun@btt@nm@hl BNFB2AtGTL r educed

whe angL nt%hﬁ%cﬁﬁ%dlly%o’gnﬁggRﬁ%aﬁl fod ﬁl%A‘Q%Z@restﬁ%ﬁq mz;ﬂﬂbls rI-PP}d t

i nd onhe recogni zes t derived peptide in a 25
HLA O abbeled wobNa @r@@a@@p@a&érﬂs arhgh tasget, Whilp mgﬁﬂﬁhpwﬁedélﬂﬁeét t he
epti de %ﬁ!ﬂt ne Fafhel1-9 (A
gr pRNF4§f#e(ﬁ%‘[é}h%B§%a$h%ﬁ gsél'{dﬁ?{ar%s sho tOH) E/"[F@Ah? ?%S%Mb Ay Vlt on A
target cybtogiqarzyitpan EI@Owastintrhgersby the gd@ﬁlomﬂﬁl‘!ﬁ/ Lpplsed WIWHE

signifi | | 1% NiRSal RS 0i8RibRibnidtewsE By tharag&hoﬁef s (T2)
pul sed g\n@@ﬁegﬁh% gﬁ‘adﬁla@é}ﬁl 1 et)’)&?g 39A ar?d1 39B éllepl ct the peptide specific

cyt bt ox T8 Twithsput gqutld@m@H&g Qempgé%flaéfﬂ atgsRlHIe)11-9 (A) or RNF43-11-10 (B)
stimul ation. p{yyBoleNLE tRCiebut 6ﬁ’th@Bl&kﬁ@%&ykﬁo@mg@ﬁé_eﬁf&@ esntibodies

't he Ktedhagas! Hha-GIBtHo BLA-RS: s Chor EOHem A #711° SRARNRISET 11 10
35 CTL of rRRg932d (VE! ¥ldde! eRNFagirol (EXITIQC&mblshmtfem'tmnxtcacgety mells (T2)
Dot vi ¢ Plonciie LR ard EDaeutrpnpnayt. SohodhmbirRe e S LY
03/ 4942 Z@neeaﬁéemeﬁﬂ AREAS peptide, hitittodves mgainat HipAiGeg IWHLA-Glys BeEPBdes.
CD4, and CD8 were tested for their ability to inhibit the cytotoxic activity. The
horizontal axis reveals % inhibition of the cytotoxicity. The cytotoxicity of CTL clone on
WiDR targets was significantly reduced when anti class I, CD3, and CD8 antibodies were
used. This result indicates that the CTL clone recognizes the RNF43 derived peptide in a
25 HLA Class I, CD3 and CD8 dependent manner.
Fig. 38A and 38B depict the peptide specific cytotoxicity of the CTL lines raised
with RNF43-11-9 (A) or RNF43-11-10 (B). These CTL lines showed high cytotoxic
activity on target cells (T2) pulsed with RNF43-11-9 or RNF43-11-10, whereas no
significant cytotoxic activity was observed on the same target cells (T2) pulsed without
30  peptides.
Fig. 39A and 39B depict the peptide specific cytotoxicity of CTL clones raised by
RNF43-11-9 (A) or RNF43-11-10 (B) stimulation. Cytotoxic activity of 4 RNF43-11-9
CTL clones or 7 RNF43-11-10 clones on peptide-pulsed targets (T2) was tested as
described in the Materials and Methods. The established RNF43-11-9 and RNF43-11-10
35 CTL clones had very potent cytotoxic activities on target cells (T2) pulsed with the

peptides without showing any significant cytotoxic activity on the same target cells (T2)

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) WO 03/104275 PCT/JP03/07006 18 Fig. 40A and 40B
depict the cytotoxic activity of RNF43-5 CTL Cone 90 and RNF43-17 CTL
Clone 25 wo ddR27and DLD- 1. RNF43-5 CTL C one 90 and RNF42ci/spoiitood] one 25
recogni ze and |yses tunor cells that ¢hdogenously express RNF43 in an HLA
restricted fashion. HT29 and DLD-1 all endogenously express RNF43, and 5
RNF43-5 CTL Clone 90 and RNF43-17 CTL O one 25 served as an effector cell.
T2 was used as the target that does not express RNF43. RNF43-5 CTL C one
90 and RNF43-17 CTL O one 25 showed high cytotoxic activity on DLD-1 that
expr es sihhokbre B ddscdnglith bhy'peptidel. On the ot her hand, RNF43-5 CTL Clone 90
and RNF43-17 CTL Cone 25 showed no significant cytotoxic activity on
HT29, which expresses RNF43 but not 10 HLA A*0201. Fig. 41 depicts the
result of cold target inhibition assay. RNF43-11-9 CTL Clone specifically
recogni zes RNF 43-11-9 in a HLA-A2 restricted manner. HCT116 | abeled wth
Na25' C&r 04 was prepared as a hot target, while RNF43-119 peptide-pul sed T2
(Peptide +) was used as a cold target (Inhibitors). E/T ratio was fixed to
20. The 15 cytotoxic activity on HCT116 was inhibited by the addition of T2
pul sed with the identical peptide, while alnost no inhibition observed by
the addition of TISI w thout peptide pulse. Detailed Description of the

I nventi on The words "a", "an", and "the" as used herein nean "at |east one"
unl ess otherwi se 20 specifically indicated. The present application
identifies novel human genes CXADRL1 and GCUDl1 whose expression is

mar kedly el evated in gastric cancer conpared to correspondi ng

non- cancerous tissues. The CXADRLI cDNA consists of 3423 nucl eoti des t hat
contain an open reading frame of 1296 nucl eotides as set forth in SEQ ID
NGO 1. The open 25 reading frame encodes a putative 431-am no acid protein.
CXADRLI associates with AP 1. AIP 1 (atripin-1 -interacting protein 1) is
a protein that associates with atropin-1, a gene responsible fora
hereditary di sease, dentatorubral- pallidoluysian atrophy. AIP1 encodes a
deduced 1455-am no acid protein conatining guanyl ate ki nase-Ii ke domain,
two WV domains and five PDZ domains. The nouse honol og of Al Pl was shown
to 30 interact with activin type Il A However, the function of Al Pl renuains
to be resolved. The predicted am no acid sequence showed an identity of
about 37%to CXADR (coxsacki e and adenovirus receptor). Therefore this
protein was dubbed CXADRL1 (coxsacki e and adenovirus receptor like 1). On
t he ot her hand, the GCUDL cDNA consists of 4987 nucl eotides that contain
an open reading frame of 1245 nucl eotides as set
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35 forth in SEQ 1D NO 3. The open reading frane encodes a putative

414-am no acid SUBSTI TUTE SHEET (RULE 26) WO 03/104275 PCT/JP03/07006 19
protein. ®iowsaotdre expression of the protein was up-regul atcadiposomastri c
cancer, the protein was dubbed GCUDl1f up-regul ated in gastric cancer).
Furthernore, the present invention enconpasses novel human gene RNF43 whose
expression is markedly elevated in col orectal cancer conpared to
correspondi ng 5 non-cancerous tissue. The RNF43 cDNA consists of 5345

nucl eoti des that contain an open reading franme of 2352 nucl eoti des as set
forth in SEQ?llng(NQan&mE'h iopiaa cyersticwgtivity afRNEHB SAEEL £lgnetWMtande 783- ami no

e a oRbEda i rians rdxEi i hrhi FREps CIiitione ST Rrpapor 0

evol ut i oTRIdlbie ZPRsegniedandyss tahbidets thmi gnddgengnsiveeipaess RNFARATER2 10 is a

vol ve BTG Bt obee i Pnd W Ao S0 S bR EREIL S0 [oort ana

eye 5y asRNF4B4rETL C&'@ttetQﬁ)amﬂtRIéF43—llﬂ @@Lllﬁbna/?SSaarV@d @/a_nﬁfezto@ odl.) B veei ns,

Del t al , e f
Noror, wSHRE Redzshile: RS HRER e Rl KR FETL G QPMa RABENES O
nmouse TOTL.Clohe23 shwttaddmgfotﬁyta'ﬁﬁlcmcmltywn DLil},rhmaﬁ sxpressthoth RNEA3and | ed.

Consi st g@t&-}&* f‘d&oggﬂg lo%% V\li? P R\F43(s EXPRRbhe 9%NF@3—1RW3CIOBEQSCG| I's

conferr I ncréase whi'l e sup gwesa on of its expression with
ant i senstewes-nolsigpificank eytmoetésac@rvltxmﬂmf?nw hexpissseRRANE4S ROt resul ted in
sig (1)f k&%‘i“* Wt h-inhibition of cancerous cells. These findi ngs suggest

t ha JD1, 20 and RNF43 render oncogenic activiti eré cancer
celI's, and t Figt 41 depigts theomeswt of opld taeger ihiBition assphe SRNEFSHLOHSTL S09%8 be a

promi si c?ﬁc'éﬂ*%/?%ﬁ $i9ks RNM%Eﬁa@ BIHIALA S 86468 dted fﬁlaﬁne@r eI 16 MbeRdi on
enconpasses n ﬁuman gene CXADRLJ, includin nucl e de sequence
7 Lodkhy

as descmlﬂbéﬁlﬂzl fr OE®as B“méfedf‘s aab@t {Aeget, viuleRYE Py ts thereof,
to the gaL +3 Ral uddagy ago eﬁ(mﬂ FE/(Ftr@ﬂlcﬂwas fiﬁédlﬁblmg fThe ami no 25

acid sequence set_forth in its f i val.en

b csvigroniqsshyise pn L o e by e ardbibe ol TE s BRAmA T MEERL o
exanpl e peRIRDWANE MsnosPh@indibitonbbseivee by aicgaidittonsofCRIST Wstpmltcpeplg;letmﬂsd"le human
CXADRLI prot ein, as well as nutants of human CXADRL 1 proteins. The
present invention also enconpasses novel human gene GCUD1, including a 30
pol ynUCURQaﬁ]ied@eSﬁﬂumaﬁtl&SIndaﬁmm bed in SEQ ID NO 3, as well as

degener at es t.ant,s .t he t i GCUD1
protein, incﬁﬁﬁiwr? % Re %%Jg%’ Su§egc%lt%§eﬁl§%e§l%§1gtat¥e§r§t Ehﬂ?&%ﬁ@%’ﬁﬁ% 4 or

i ts2buncpdcifivally agjidated| ent . Exanpl es of

The present application identifies novel human genes CXADRLI and GCUDI whose

expression is markedly elevated in gastric cancer compared to corresponding
non-cancerous tissues. The CXADRLI cDNA consists of 3423 nucleotides that contain
an open reading frame of 1296 nucleotides as set forth in SEQ ID NO: 1. The open
25  reading frame encodes a putative 431-amino acid protein. CXADRLI] associates with
AIP1. AIP1(atripin-1-interacting protein 1) is a protein that associates with atropin-1, a
gene responsible fora hereditary disease, dentatorubral- pallidoluysian atrophy. AlIP1
encodes a deduced 1455-amino acid protein conatining guanylate kinase-like domain, two
WW domains and five PDZ domains. The mouse homolog of AIP1 was shown to
30 interact with activin type IIA. However, the function of AIP1 remains to be resolved.
The predicted amino acid sequence showed an identity of about 37% to CXADR
(coxsackie and adenovirus receptor). Therefore this protein was dubbed CXADRLI
(coxsackie and adenovirus receptor like 1). On the other hand, the GCUDI cDNA
consists of 4987 nucleotides that contain an open reading frame of 1245 nucleotides as set
35  forthin SEQ ID NO: 3. The open reading frame encodes a putative 414-amino acid
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pol ypeptides functionally equivalent to GCUDL include, for exanple,

honol ogous proteins of other organisns corresponding to the hunman GCUD 1
protein, woOoelk7as 35 nutants of human GCUDL proteins. Furdimosmoroes the
present invention enconpasses novel hwuman gene RNF43, WO 03/104275

PCT/ JP0O3/ 07006 20 including a pol ynucl eoti de sequence as described in SEQ
ID NO 5, as well as degenerates and nutants thereof, to the extent that
t hey encode a RNF43 protein, including the am no acid sequence set forth

in SEQIDNO 6 or its functional equivalent. anpl es of | ypepti des
funct i originy Sipge the f‘é‘ﬂ?fesﬁlénRﬁfb&?r?tﬁ’@i‘fﬂé}p"i’eg}lla@d‘ﬂrﬁF%lc ﬁ%’f%’{’)gb%us pr ot ei ns
5 of O?Pﬁéin%ﬁfﬂ%ﬁé@GG@Dl qeglimed iDgdshe dawemn RNF43 protein, as well as
mutants o

human RNF43 proteins., In the present.inventi m
"functi onal IFWB%RI}‘\?%I"E‘F]?“S%é‘h‘?H?%‘?mPﬁ’é’agsﬁﬁP%‘é huzggyy §8§8@’@%§§’3§&{ he
acti vi texpltegsi&{ @rmatrfﬁed;s% blevite@lin étsrattabeanbérceniPHAIORb Torrepolding or RNFﬁS
protein and to confer c c ivity t nce 3 t he
subpec ORGASIHFLE e Qﬁ‘ﬁcs)’g\zﬁéeqtﬂ&‘% r°811§1¥t§ P§§ f@r{mézgeto:ﬁg‘:—:%tsﬁatocm%rpﬁé an be
j udged dpyn ieatin@dtmhaer 235¢ ndlRotids apsitrforth heSEQAPE®: Hol Yipeqrendeading o a cel |
expressjing the respective,.pol.ypeptide,. an tecti PR
prol i f &F&is Fodss & atbvglﬁé'aél?l}iﬁg)ﬁ‘glfié)gggnl nﬂtlz\g‘:% gﬁg&fc%a?%\%é act i(%lmt %d Such
cel | s igT@INde NODCHEAerspbred M HATER teakhembrane @CapRE projeid IBCWDL; and NI H3T3

cells, SW80 cel.ls, and T cells f . Al | Y, r the
subj ectcoﬁ’é’o’ﬁ?ﬂ%fﬁ@‘bFY@'«%U‘?@%ﬁ%??rgﬁ%fq?‘%}fc%%é\%%@h{‘g %@%%%LIN%?}E% j udged
by 1det g6 b ipReih tgembair ofthegNetbh bigpalingpathivy. anfas teperterbiodhe ipr@vetbin t he subj ect
pol ypeptide is functipnal eqyl imwdged by detecting
its bi rﬁ%"“'!f&eﬁsllvntt@e ﬁ"é‘-@“{;dréw@bég {{f 5@3?&‘%(26@&%@%%%% ng pol ypepti des
f unct i dhadhkymergythvee Beita/Seorate/lpigs2 (DPk ppretainsaPeltaR daggardl, kpdWe28$d% per son
skilled in the, ar nd | tqﬁgm b i SHURdti ons into
t he proEF%felR.op[?%?s @%ﬁ%ﬁ%?g%nﬁg?%wwgi?n@t e gﬁgéﬁgﬁﬁgg%ﬂ oltygepti des
funct i ashadek J9%cjdentity evith mouselaifh uFhe oxAORDE S TIIDUPN TribienRISA3 OBr ot ei n by
inti;f)odu(ﬁi r}gedan appropriate nutation in the amno acid sequence of either of
proteins

t hese by site-directed ryutgtgenesi s (Hashi not g- Got oh et._al ., Cene
152: 271-5 ( 10@56]stently} ¢xgenows expresnon of CKEDREIsCERDwer RNG6S migselboo (1983);
Kr amer L§] g&;\ﬁ 99 &f 48HrdshPBAith Afttiseree and Fritz,
Met hods&g\e?}yerc}omyg%ig cg% - QYE’(\?&&?E};%E%%I Pr g)c? Nat |, . Ac ald Sci USA 82:
488- 92 $-oBgBuclatifcen snnbtinsesrimmBNdo(sIRNA) tespltednGIIBRPAT  Ani no aci d
nutat | Ogﬁwﬁﬁﬁ,gf’cﬁgbﬁ of ChnBEbHE &lls! OPhesE TRIRRS ¥RERE et OXADRE 1p GELEDL,

| u

P GRS GOOOOBRE<IGS SSRHES DIRBIE: SIS IR 8 HErEUE RD. act ds
are mut gtedyroRifR\odRtbeldYomising strategy for the treatment of cancer.
The present invention encompasses novel human gene CXADRLI, including a
polynucleotide sequence as described in SEQ ID NO: 1, as well as degenerates and
mutants thereof, to the extent that they encode a CXADRI 1 protein, including the amino
25  acid sequence set forth in SEQ ID NO: 2 or its functional equivalent. Examples of
polypeptides functionally equivalent to CXADRLI include, for example, homologous

proteins of other organisms corresponding to the human CXADRL1 protein, as well as

mutants of human CXADRL] proteins.
The present invention also encompasses novel human gene GCUDI, including a
30 polynucleotide sequence as described in SEQ ID NO: 3, as well as degenerates and
mutants thereof, to the extent that they encode a GCUD] protein, including the amino acid
sequence set forth in SEQ ID NO: 4 or its functional equivalent. Examples of
polypeptides functionally equivalent to GCUDI include, for example, homologous
proteins of other organisms corresponding to the human GCUD1 protein, as well as
385 mutants of human GCUD1 proteins.

Furthermore, the present invention encompasses novel human gene RNF43,



resul ting nutated pol ypeptides are functionally equivalent to the human
CXADRL1, GCUD1, or RNF43 protein. The nunber of am no acids to be nutated
in such awouisani27si s generally 10 ami no acids or |ess, prafcarmoby7066 am no
acids or less, and nore preferably 3 2@am no acids or less. 35 Miutated or
nodi fied proteins, proteins having am no acid sequences nodified by
substituting, deleting, inserting, and/or adding one or nore amno acid
resi dues of a certain WO 03/104275 PCT/JPOS/ 07006 21 amino acid sequence

have been known to retain the ori |nal tivi
Pr oc Nainclus&i@gd mebynugisatigs sequgre 28 %ngh m gfgcg 1@?\}0&% aSSWFlH 8?&38?m%% AC| ds

Res tal?:Q Chet St%)the Q@é&fﬂ@ﬁt %dyteﬁacsdeamwm plotein, Fr‘n«:lndlhgthe admiad Sci USA
79: 64025l 3@ he ami no _acid_residue tolbe mélgsbifs preferably
nut at e@m%%eauell@lsﬁ Filin E@IPoNoaéPH“? fengHeAl CaHE o p Ftl t he am no

acid si %ﬁ Iﬁ:?ﬁﬂéh ﬁﬁ@tl&ﬁﬂ? @?M%lex(t&o RINFIS 96clde) for examplephmmlvglusmofam no acid
substit ¥ Exanpl es o

ties no,acid. s are
hydr%ph@ﬁﬂthefm%%%slf% C}Mm 01{@'3/\? o§em,\?}s weﬂq‘gr op | c amno
aci ds (fRmarRNBY3 frotins.Q E H K S, T), and si de chains haV| ng the
foll owi ng functional rou 0 ¢ b hatic
SI de chalgn (@;&’@\Pr%‘?’m n"ano‘P%eé g‘%ﬁ%a é’ r hiv%l%ni %&Bmpthe%gbﬁbﬂ :

contalnin e-chain (S
phidé had t(hmaet@ﬂt)aﬂorplrmgots lcdkkprdinﬁeratuérﬂ,lkd\@XA@Pdds L®r acid and
am de cQ g‘gg

ch h R
s Birnanits Comp e sl el ls PREEHE O spifd cpan |
par @mt hgéli ;ypeﬂtﬁb hes 5 c¢1h1dﬂod:1&trﬁlontdcﬁvmyler- taticambe nda&bsomtraﬂm%g #eiRNA 15 An

exanpl e e | S are
caaen ©prrodfe Be FREES pRGrERidtIGA BN RuR G RpRUERRPPRR MES A8
i s a fudttetingprometion of)pmhfemtmg of e Mﬁﬂhlmﬂ@?Oiom@DFm%P“W43 prot ei n.

Fusi on eiLns ,a S W@Xw_@md GEYB1 ; aer NIRETE3 prote| n
and ot hSPc}b e6]§ “&Fé Je for e'igfn?f%r Ir\lIngFkh Ii?e I ncluded in the Jpr sent invention.

Fu3| on pelist SW&SOccahs laadlﬁﬁfé dsils ECGRI‘éE‘%l tesnafRely, Whghet thosuRIgstr son skil | ed
2 eI S e ORI i s a | A0

e des or
pr ot ei nbjndéng atiility to AGPE.r alfréﬁlemféh""hﬁ‘-th@éh? subgect H‘é‘y ‘?.Pélg %R& qpnﬁp% an

expr essi g&vé{lgﬁtttBVRM BXPHERALAEDY Hetbdting iRVSidingl ity to NOWCHRst ri ction as
to the péptides or proteins Tused to the protein of the present invention.

25 Knowr$T[Bé$t|des that can be used as peptides that are fused to the

prot ei E 0}‘ ”Ni’ hédsFo {eﬁxte tldéb(fuhldﬁmaﬂy)éqlﬁmmlt@a gﬁbmﬁrc(td:iopmdet 3al
Bi ot echnol ogy 6: 1204- 19 o) a| ni n tidine
r esi28uesvelliknepindy 3 PﬁTFQPe?]F dalﬁ SlFéS ‘% @S & lmrﬁdru%g{ VSP- GP

f r agmenty,yipddisliMo thegidRs. FB?ekﬂgpleHSié skiltgd 1E{heagt can prepare polypeptldes
functionally equivalent to the human CXADRL1, GCUD1, or RNF43 protein by
introducing an appropriate mutation in the amino acid sequence of either of these proteins
by site-directed mutagenesis (Hashimoto-Gotoh et al., Gene 152:271-5 (1995); Zoller and

95  Smith, Methods Enzymol 100: 468-500 (1983); Kramer et al., Nucleic Acids Res.
12:9441-9456 (1984); Kramer and Fritz, Methods Enzymol 154: 350-67 (1987); Kunkel,
Proc Natl Acad Sci USA 82: 488-92 (1985); Kunkel, Methods Enzymol 85: 2763-6 (1988)).
Amino acid mutations can occur in nature, too. The polypeptide of the present invention
includes those proteins having the amino acid sequences of the human CXADRLI,

30 GCUDI, or RNF43 protein in which one or more amino acids are mutated, provided the
resulting mutated polypeptides are functionally equivalent to the human CXADRLI,
GCUD1, or RNF43 protein. The number of amino acids to be mutated in such a mutant
is generally 10 amino acids or less, preferably 6 amino acids or less, and more preferably 3
amino acids or less.

35 Mutated or modified proteins, proteins having amino acid sequences modified by

substituting, deleting, inserting, and/or adding one or more amino acid residues of a certain



SV40T antigen fragnent, Ick tag, a-tubulin fragnent, B-tag, Protein C
fragnent, and the 30 |ike. Exanples of proteins that nay be fused to a
protei n owddsaokrrgenti on i ncl ude GST (gl utathi one- S-transfcamEs&)7006

I nfl uenza aggl utinin (HA), immunogl obedin constant region,

(3-gal actosi dase, MBP (mal tose-binding protein), and such. Fusion proteins
can be prepared by fusing commercially avail able DNA, encoding the fusion
pepti des or proteins discussed above, with the DNA encodi ng the pol ypeptide

of 35 the present invention and expressing th red. An
al t er nanine agid SewWnea Hoxe hean KpewR fq refain ﬁ@dﬁ%&néf?lﬁﬁ’@f‘i%?\% t&(&%ﬁf (\?/tal ent WO
03/ 104%?1)%%1?&@4@&@1@1& 212 5561 - Y8 Eid&ﬂlet snd $raith aXeokt AcidsRes et hod usi ng

a hybridfzation techni qlggql Sanbr.o Er%wﬁaﬁ%gg%%%%lﬂdt ﬁg 't

0
9. 47 9. 1904830109 (Ep32)nBa ﬁMCﬁ?éané( 21
can rea@gg% |soI ate a DNA having high honology with a whole or part of the
DNA sequence _encodi ng .t he

CXAl ., SEQ
5 1B NO 1, Bheamingpcid éﬁ%d‘%eég%gwtﬁtﬁf%tpf%fﬁ’é“bﬂh‘é‘&{?d\I}Q‘? ‘Rérg'ﬁt%@8§’| dos 1o
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i sol at i thg one-ddAchdgy ol ymirgrasidsgous to the DNA encoding the human RNF43
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expression vector and expressing it in a host. There is no restriction as to the peptldes or

proteins fused to the protein of the present invention.

25 Known peptides that can be used as peptides that are fused to the protein of the
present invention include, for example, FLAG (Hopp et al., Biotechnology 6: 1204-10
(1988)), 6xHis containing six His (histidine) residues, 10xHis, Influenza agglutinin (HA),
human c-myc fragment, VSP-GP fragment, p18HIV fragment, T7-tag, HSV-tag, E-tag,
SVA40T antigen fragment, Ick tag, a-tubulin fragment, B-tag, Protein C fragment, and the

30 like. Examples of proteins that may be fused to a protein of the invention include GST
(glutathione-S-transferase), Influenza agglutinin (HA), immunoglobulin constant region,
B-galactosidase, MBP (maltose-binding protein), and such.

Fusion proteins can be prepared by fusing commercially available DNA, encoding
the fusion peptides or proteins discussed above, with the DNA encoding the polypeptide of

35  the present invention and expressing the fused DNA prepared.

An alternative method known in the art to isolate functionally equivalent
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routinely selected by a person skilled in the art.  For example hybrldlzatlon may be
performed by conducting prehybridization at 68°C for 30 min or longer using “Rapid-hyb
buffer” (Amersham LIFE SCIENCE), adding a labeled probe, and warming at 68°C for 1
hour or longer. The following washing step can be conducted, for example, in a low

25  stringent condition. A low stringent condition is, for example, 42°C, 2X SSC, 0.1% SDS,
or preferably 50°C, 2X SSC, 0.1% SDS. More preferably, high stringent conditions are
used. A high stringent condition is, for example, washing 3 times in 2X SSC, 0.01% SDS
at room temperature for 20 min, then washing 3 times in 1x SSC, 0.1% SDS at 37°C for 20
min, and washing twice in 1x SSC, 0.1% SDS at 50°C for 20 min. However, several

30  factors, such as temperature and salt concentration, can influence the stringency of
hybridization and one skilled in the art can suitably select the factors to achieve the
requisite stringency.

In place of hybridization, a gene amplification method, for example, the

polymerase chain reaction (PCR) method, can be utilized to isolate a DNA encoding a

35  polypeptide functionally equivalent to the human CXADRL1, GCUD], or RNF43 protein,

using a primer synthesized based on the sequence information of the protein encoding
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reconbi nant protein can be purified using a glutathione colum or nickel
colum. 30 Alternatively, when the pol ypeptide of the present invention is
expressed as a protein tagged with c-myc, nultiple histidines, or FLAGit
can be detected and purified using antibodies to c-nyc, H's, or FLAG
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the present invention include a I?{\IA
P chromatography, for example, ion exchange chromatography, reverse phase

chromatography, gel filtration, or affinity chromatography utilizing a column to which

antibodies against the protein of the present invention is fixed, or by combining more than

25  one of aforementioned columns.
Also when the polypeptide of the present invention is expressed within host cells

(for example, animal cells and E. coli) as a fusion protein with glutathione-S-transferase
protein or as a recombinant protein supplemented with multiple histidines, the expressed
recombinant protein can be purified using a glutathione column or nickel column.

30  Alternatively, when the polypeptide of the present invention is expressed as a protein
tagged with c-myc, multiple histidines, or FLAG, it can be detected and purified using
antibodies to c-myc, His, or FLAG, respectively.

After purifying the fusion protein, it is also possible to exclude regions other than
the objective polypeptide by cutting with thrombin or factor-Xa as required.

35 A natural protein can be isolated by methods known to a person skilled in the art,

for example, by contacting the affinity column, in which antibodies binding to the



conprising a given nucl eotide sequences as well as its degenerate
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present iwoesstiomTs 25 The pol ynucl eoti de of the present i rrcaniposrorooan be
prepared by nmethods known to a persomdskilled in the art. For exanple, the
pol ynucl eoti de of the present invention can be prepared by: preparing a
CDNA library fromcells which express the pol ypeptide of the present

i nvention, and conducting hybridization using a partial sequence of the DNA

of the resent invention (for exanple, SEQ ID NO 1, or as a probe.
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vai | abidesdelopd abaien oS aPANGA Resrar SRy o Gurs R RIS BFEH ang DN
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and anplified followng the 5 -RACE netho rohmgn et al.., R tidé\'atl Acad
St 20Sh mbmoslsolesbe PeSB veabpy Syt et “alone R eEre e piBRisd 7. g
2919- 32 5185 dent LR RS ENHMIRIY, RN, DNA, gaestic D&Y chemisally t he
> - Ampl Isyllftlhesme% polynucleotides. The polynucleotide of the present invention include a DNA
comprising a given nucleotide sequences as well as its degenerate sequences, s0 long as the
resulting DNA encodes a polypeptide of the present invention.
25 The polynucleotide of the present invention can be prepared by methods known to
a person skilled in the art.  For example, the polynucleotide of the present invention can
be prepared by: preparing a cDNA library from cells which express the polypeptide of the
present invention, and conducting hybridization using a partial sequence of the DNA of the
present invention (for example, SEQ ID NO: 1, 3, or 5) as a probe. A cDNAlibrary can
30  be prepared, for example, by the method described in Sambrook et al., Molecular Cloning,
Cold Spring Harbor Laboratory Press (1989); alternatively, commercially available cDNA
libraries may be used. A cDNA library can be also prepared by: extracting RNAs from
cells expressing the polypeptide of the present invention, synthesizing oligo DNAs based
on the sequence of the DNA of the present invention (for example, SEQ ID NO: 1, 3, or 5),
35  conducting PCR using the oligo DNAs as primers, and amplifying cDNAs encoding the

protein of the present invention.
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A desired DNA fragment is prepared from the PCR products and ligated with a

vector DNA. The recombinant vectors are used to transform E. coli and such, and a

desired recombinant vector is prepared from a selected colony. The nucleotide sequence
95  of the desired DNA can be verified by conventional methods, such as dideoxynucleotide
chain termination.

The nucleotide sequence of a polynucleotide of the invention may be designed to
be expressed more efficiently by taking into account the frequency of codon usage in the
host to be used for expression (Grantham et al., Nucleic Acids Res 9: 43-74 (1981)). The

30  sequence of the polynucleotide of the present invention may be altered by a commercially
available kit or a conventional method. For instance, the sequence may be altered by
digestion with restriction enzymes, insertion of a synthetic oligonucleotide or an
appropriate polynucleotide fragment, addition of a linker, or insertion of the initiation
codon (ATG) and/or the stop codon (TAA, TGA, or TAG).

35 Specifically, the polynucleotide of the present invention encompasses the DNA

comprising the nucleotide sequence of SEQ ID NO: 1, 3, or 5.
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P in E. colz should have the above characteristics to be amplified in E. coli. When E. coli,

such as JM109, DH5a, HB101, or XL1 Blue, are used as a host cell, the vector should have

25  a promoter, for example, lacZ promoter (Ward et al., Nature 341: 544-6 (1989); FASEB J
6: 2422-7 (1992)), araB promoter (Better et al., Science 240: 1041-3 (1988)), or T7
promoter or the like, that can efficiently express the desired gene in E. coli. In that
respect, pPGEX-5X-1 (Pharmacia), “QIAexpress system” (Qiagen), pEGFP and pET (in this
case, the host is preferably BL21 which expresses T7 RNA polymerase), for example, can

30  be used instead of the above vectors. Additionally, the vector may also contain a signal
sequence for polypeptide secretion. An exemplary signal sequence that directs the
polypeptide to be secreted to the periplasm of the E. coli is the pelB signal sequence (Lei et
al., J Bacteriol 169: 4379 (1987)). Means for introducing of the vectors into the target
host cells include, for example, the calcium chloride method, and the electroporation

35 method.

In addition to E. coli, for example, expression vectors derived from mammals (for



In addition, nethods may be used to express a gene stably and, at the sane
time, to anplify the copy nunber of the gene in cells. For exanple, a
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a replication origin of SV40 (pcD, etc.) is transforned into COS cells

ieea. sratelpesbhde dribestE RIS AbRaRAE S0 AR PR o°

| sol at egkH @DMQ)Bexp}sssﬂm wectosdesivde fxbﬂunkboasellss(ﬁ)rwx)mplb RrsttodRACS and

f d bst ant
Poubst dreninfiyS e ansTued Ciifco PIOFBREAK AL PRERbN g?%‘%%“%%"?‘fpg‘pt | de
means tfieh pldifs @od.ypMPIL| plH2Y, expiestiamtéctirs deriveddrdm oni MmﬂSGB (Bgogi cal
| | T ubst ant | %
o IoacRSH sy, PAGETLAY SBishtn Yechits BefRPRAR EtesRe o7 BB (81 1y
any appégpessdheestoadetived iR peshEd., “ﬂ’mhlaszmseorb@t Gnﬂtfﬁg@ﬁ BW¥ibgr aphy,

pol yacr%(# 3%813, gfiprelﬁseigﬁ OCP(QQ Ek?r?\}eﬁ from Baymzscsufy?ﬁtk (@% dpPLm ﬁKTﬁ(SQ) for

pol ypep purrfication 1s not any specific
met hod; canrbef wsed forem«ydts:u@wap@iymido@f mwr@@nw@@ltlmor i nstance, col um

chr omat 09 apils gk tlcbresthht Lalibi nfahReS hdn & EGOPEDB HANHITIYEN

preci pi tation, raction, ation, inmunopreci pi tatjon, 35
Sbsipol ﬂmmeyﬂoashmt& ky@le aa)remmﬁopmsw for cxpiSesiQIE M SEh grblsfoT EX4RR1F-J foresi s,

di al t fhe nbi ned
0 ! Sy pASEOHONELLL G N, Yo comapns . grbennd. coroi e

03/.0700
Exanpl eEFtd pmmfdﬁle(ﬂ\@gldﬁm? ef el Nygleic Agis Bﬁ%tﬂr%l 53322&*%%» E?}V gﬁ({)o%g g“l”ap hy,
I on- excmﬂ&% 1ﬁ£r OQEARNY mamefi am@pse«pecﬁ QaRdfoRaR Yor exainpfd, htras i on,

reverse ase mat oqpap Y, sorpt ion ¢c

and such
(Strat egﬁsl§§anf6® ge@ﬁ@i"@tﬁ‘i rdrg ﬁ‘“a& -1 BRPIYCH § §r a%‘l‘%ﬂa’l]g%ﬁ ISWWHAV‘?Eg’ﬁ%r atory
Cougge WBL{ﬁése cﬁ&i‘act@ﬁﬁﬁd@ lindRide Mt SRatkiplef pMIAM, IoRZ] pBEPRENVgpBE+@dV, Labor at ory

Press (1996) hese chronat ographl es may be performed by liquid
chr omat 8§F andsil@ﬁ 3s HPLC and FPLC. Thus, the present invention provides

for highly puyg hddigeh, PediNduepidydruspd @apads hyehheatipand anthelsams Hims, to
polypeptlde of the

Ll
0 e ey S b B o S T
nodi i cabmpRneAfyFDHIK Qefrte (@g., aCHO 1) npayrbief intraduced intEEFQ belbrmwémh the
nodi fication en ncl u
chy :%It rﬂiI%lFW ac}@nﬁ’gﬁﬁﬂlﬁé’ﬁﬁﬂwﬂ%aeﬁf g’taélﬁtrtlhi dﬂla@ ﬁgdtb?’ métﬁé&?%g{e% M s0 on.
The pr eii'*ﬁﬁhemrmre,rih case qitaudiets sxpressior dftroghnes %aundﬂlwdshetf@ntah@aﬁbl ypepti de of

;2 © D :1 g\égg]&ﬁ&gi?lg AIep S Qr?;g}{ PS5V ?pd]f' LRI i PAnSBimAEntSEdsicanany form such

comprising the SV40 T antigen expressing gene on the chromosome can be used.
A polypeptide of the present invention obtained as above may be isolated from
95  inside or outside (such as medium) of host cells, and purified as a substantially pure

homogeneous polypeptide. The term “substantially pure” as used herein in reference to a

given polypeptide means that the polypeptide is substantially free from other biological
macromolecules. The substantially pure polypeptide is at least 75% (e.g., at least 80, 85,
95, or 99%) pure by dry weight. Purity can be measured by any appropriate standard

30  method, for example by column chromatography, polyacrylamide gel electrophoresis, or
HPLC analysis. The method for polypeptide isolation and purification is not limited to
any specific method; in fact, any standard method may be used.

For instance, column chromatography, filter, ultrafiltration, salt precipitation,

solvent precipitation, solvent extraction, distillation, immunoprecipitation,

35  SDS-polyacrylamide gel electrophoresis, isoelectric point electrophoresis, dialysis, and

recrystallization may be appropriately selected and combined to isolate and purify the



15 pol ycl onal anti bodi es, and includes antiserum obtained by inmunizing an
ani mal such as a rabbit with the pol ypeptide of the invention, all classes
of pol ycl woalz/iamdsnonocl onal anti bodi es, human anti bodi es,pcanpobomvasi zed
ant i bodi es produced by genetic recontt nation. A polypeptide of the

I nvention used as an antigen to obtain an anti body may be 20 derived from
any ani mal species, but preferably is derived froma mamual such as a
human, nouse, or rat, nore preferably froma human. A human-derived

pol ypeptlde my be obtai ned from the nucl eotide or anino acid sequences

di scl oolynsatids. n..According to the present invention, the polypeptide to be
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Pri mat eg,iffoRicdSiftfnan/atibBdiss, @hd ﬁﬁﬁ@rﬂkécﬁaﬂtiﬁ@ﬂwdﬂpduéedrby@eam e, rmuse rat,
and hanster. Animals of Lagormrpha I nclude, for exanple, 10 rabbit. Aninmals

of Pri niCce®mbigEPHde, for exanpl e, a nonkey of Catarrhini (old world
monkey) such Agsolipadeofi ths fiventiar issd as e sntipembnbisyin asaotibelybatobn, and

chi n(?an%lgr?\i:d frol\ﬁgqul)gnslnfa?spec{p%ult pre?eqabe}y 1srrgen§le%toﬁl @ﬁlltahl%ﬁ] §uc%ra§ ak nown in the

ar t
human, mouse, or rat, more preferably from a human. A human-derived polypeptide may

be obtained from the nucleotide or amino acid sequences disclosed herein.
According to the present invention, the polypeptide to be used as an immunization antigen
may be a complete protein or a partial peptide of the protein. A partial peptide may
25  comprise, for example, the amino (N)-terminal or carboxy (C)-terminal fragment of a
polypeptide of the present invention. More specifically, a polypeptide of CXADRL1
encompassing the codons from 235 to 276, from 493 to 537, or from 70 to 111 can be used
as partial peptides for producing antibodies against CXADRL1 of the present invention.
Alternatively, for the production of antibodies against the polypeptide of the present
30  invention, peptides comprising any one of following amino acid sequences may be used.
- RNF43 ; SEQ ID No: 80, 97, or 108
- CXADRLI ; SEQID No: 124
- GCUD1 ; SEQ ID No: 164
Herein, an antibody is defined as a protein that reacts with either the full length or a
35  fragment of a polypeptide of the present invention.
A gene encoding a polypeptide of the invention or its fragment may be inserted into



I ntraperitoneal injection or subcutaneous injection of antigens is a
standard nethod for inmmunization of mammals. Mre specifically, antigens
may be diiva @sdosmtd suspended in 15 an appropriate anount rfT/rossphat e
buffered saline (PBS), physiological galine, etc. If desired, the antigen
suspensi on may be m xed with an appropriate anount of a standard adjuvant,
such as Freund' s conpl ete adjuvant, made into enul sion, and then

adm nistered to mammalian animals. Preferably, it is followed by several
adm ni strations of ant n_appro reund S
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cel | s), semuntlisexamined bytarstandard method for an increase in the amount of desired

antibodies.
Polyclonal antibodies against the polypeptides of the present invention may be

prepared by collecting blood from the immunized mammal examined for the increase of

95  desired antibodies in the serum, and by separating serum from the blood by any
conventional method.  Polyclonal antibodies include serum containing the polyclonal
antibodies, as well as the fraction containing the polyclonal antibodies may be isolated
from the serum.  Immunoglobulin G or M can be prepared from a fraction which
recognizes only the polypeptide of the present invention using, for example, an affinity

30  column coupled with the polypeptide of the present invention, and further purifying this
fraction using protein A or protein G column.

To prepare monoclonal antibodies, immune cells are collected from the mammal
immunized with the antigen and checked for the increased level of desired antibodies in the
serum as described above, and are subjected to cell fusion. The immune cells used for

35  cell fusion are preferably obtained from spleen. Other preferred parental cells to be fused

with the above immunocyte include, for example, myeloma cells of mammalians, and



standard limting dilution is perforned to screen and clone a hybri doma
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whi ch a nwo dwowrsani mal is i mmuni zed with an antigen forpqueErpaniong
hybri doma, human | ynphocytes such as 8hose infected by EB 15 virus may be
i mmuni zed with a pol ypeptide, polypeptide expressing cells, or their
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purified by, for example, ammonium sulfate precipitation, a protein A or protein G column,
DEAE ion exchange chromatography, or an affinity column to which the polypeptide of
the present invention is coupled. The antibody of the present invention can be used not
25  only for purification and detection of the polypeptide of the present invention, but also as a
candidate for agonists and antagonists of the polypeptide of the present invention. In
addition, this antibody can be applied to the antibody treatment for diseases related to the
polypeptide of the present invention. When the obtained antibody is to be administered to

the human body (antibody treatment), a human antibody or a humanized antibody is

30  preferable for reducing immunogenicity.

For example, transgenic animals having a repertory of human antibody genes may
be immunized with an antigen selected from a polypeptide, polypeptide expressing cells, or
their lysates. Antibody producing cells are then collected from the animals and fused
with myeloma cells to obtain hybridoma, from which human antibodies against the

35  polypeptide can be prepared (see W092-03918, W093-2227, W094-02602, W094-25585,
W096-33735, and W096-34096).



appropriate vector, and introduced into host cells to prepare a reconbi nant
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An antibody may be modified by conjugation with a variety of molecules, such as
polyethylene glycol (PEG). The present invention provides for such modified antibodies.
95  The modified antibody can be obtained by chemically modifying an antibody. These
modification methods are conventional in the field.
Alternatively, an antibody of the present invention may be obtained as a chimeric
antibody, between a variable region derived from nonhuman antibody and the constant
region derived from human antibody, or as a humanized antibody, comprising the
30 complementarity determining region (CDR) derived from nonhuman antibody, the frame
work region (FR) derived from human antibody, and the constant region. Such antibodies

can be prepared by using known technology.
Antibodies obtained as above may be purified to homogeneity. For example, the
separation and purification of the antibody can be performed according to separation and
35  purification methods used for general proteins. For example, the antibody may be
separated and isolated by the appropriately selected and combined use of column



Exenpl ary chromat ography, with the exception of affinity includes, for
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filtrati owo o3aeex7se- phase chromatography, adsorption chr auayirgsephy, and
the like (Strategies for Protein 10 Psxification and Characterization: A
Laboratory Course Manual. Ed Daniel R Marshak et al., Cold Spring Harbor
Laboratory Press (1996)). The chromat ographi c procedures can be carried
out by I|iquid-phase chromatography, such as HPLC, and FPLC. For exanpl e,
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of the sample. A fragment of the polypeptide, such as a C-terminal or N-terminal

fragment, may be used as the antigen to evaluate the binding activity of the antibody.

25  BIAcore (Pharmacia) may be used to evaluate the activity of the antibody according to the

present invention.
The above methods allow for the detection or measurement of the polypeptide of

the invention, by exposing the antibody of the invention to a sample assumed to contain the
polypeptide of the invention, and detecting or measuring the immune complex formed by
30 the antibody and the polypeptide.
Because the method of detection or measurement of the polypeptide according to
the invention can specifically detect or measure a polypeptide, the method may be useful in
a variety of experiments in which the polypeptide is used.
The present invention also provides a polynucleotide which hybridizes with the
35  polynucleotide encoding human CXADRLI, GCUD1, or RNF43 protein (SEQ ID NO: 1,
3, or 5) or the complementary strand thereof, and which comprises at least 15 nucleotides.



5 conditions, preferably under stringent hybridizing conditions. Such
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for the preparation of DNA chip. 10 The present invention includes an
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pol ypep&héﬂ'&p@éssﬁ)ﬂ of CXVBRL I :BE@ID NGRXTdoi 20 forlGEED1;end §HGIDNGiS1dopr i ner
used for lifications. The antisense ol i gonucl eoti de derivatives of the

present R‘ tion act upon cells 35 producing the pol ypeptide of the
i nvention by DurRefiveg or enddifiedPrédizts offAiisemne okgangclebtédes sah hpogediage,
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the pol % Epthloroeihloateuncc{lh ations and phosphoroamidate modifications.
The term “antisense oligonucleotides” as used herein means, not only those in
which the nucleotides corresponding to those constituting a specified region of a DNA or
95 mRNA are entirely complementary, but also those having a mismatch of one or more
nucleotides, as long as the DNA or mRNA and the antisense oligonucleotide can
specifically hybridize with the nucleotide sequence of SEQ ID NO: 1,3, 0r5.
Such polynucleotides are contained as those having, in the “at least 15 continuous
nucleotide sequence region”, a homology of at least 70% or higher, preferably at 80% or
30  higher, more preferably 90% or higher, even more preferably 95% or higher. The
algorithm stated herein can be used to determine the homology. Such polynucleotides are
useful as probes for the isolation or detection of DNA encoding the polypeptide of the
invention as stated in a later example or as a primer used for amplifications.
The antisense oligonucleotide derivatives of the present invention act upon cells
35  producing the polypeptide of the invention by binding to the DNA or mRNA encoding the

polypeptide, inhibiting its transcription or translation, promoting the degradation of the
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St andard hni‘ques are used for introducing siRNA into cells, including
t hose whpofestin andarivativgs @6thgse-t he tenplate to transcribe RNA. The siRNA
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conpl ement ary anti sense sequences fromthe target gene, e.g., a hairpin.

The net AdBNigeEded to alter gene expression of a cell, i.e., up-regulate
the 35 expregsk gfesaft ikosABRL diso GCLides small RuFASingRNAS (SSRNA) cagpriging f

I L™ B! 1 ek Ty 255 S0 iR, B SR
nucleotide sequence of SEQ ID NO: 1,3, 0r5. More specifically, such siRNA for
suppressing the expression of RNF43 include those whose sense strand comprises the
nucleotide sequence of SEQ ID NO: 40, 41, 42, or 43. Alternatively, siRNA for
suppressing the expression of CXADRLI include those whose sense strand comprises the

25  nucleotide sequence of SEQ ID NO: 62, or 63.

The term "siRNA" refers to a double stranded RNA molecule which prevents
translation of a target mRNA.  Standard techniques are used for introducing siRNA into
cells, including those wherein DNA is used as the template to transcribe RNA. The
siRNA comprises a sense nucleic acid sequence and an anti-sense nucleic acid sequence of

30 the polynucleotide encoding human CXADRL1, GCUDI, or RINF43 protein (SEQ ID NO:
1,3,0r5). The siRNA is constructed such that a single transcript (double stranded RNA)
has both the sense and complementary antisense sequences from the target gene, e.g., a
hairpin.
The method is used to alter gene expression of a cell, i.e., up-regulate the
35  expression of CXADRLI1, GCUD], or RNF43, e.g., as a result of malignant transformation
of the cells. Binding of the siRNA to CXADRL1, GCUD1, or RNF43 transcript in the
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2. Compare the potential target sites to the human genome database and eliminate

from consideration any target sequences with significant homology to other coding
25 sequences. The homology search can be performed using BLAST, which can be
found on the NCBI server at: www.ncbi.nlm.nih.gov/BLAST/.
3. Select qualifying target sequences for synthesis. At Ambion, preferably several
target sequences can be selected along the length of the gene for evaluation.
The antisense oligonucleotide or siRNA of the invention inhibit the expression of
30 the polypeptide of the invention and is thereby useful for suppressing the biological
activity of the polypeptide of the invention. Also, expression-inhibitors, comprising the
antisense oligonucleotide 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 the antisense oligonucleotide or siRNA of the present invention is
35  useful in treating a cell proliferative disease such as cancer.

Moreover, the present invention provides a method for diagnosing a cell
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Expression levels of the CXADRL1, GCUDI, or RNF43 gene in a specimen (test

sample) are estimated and compared with those in a normal sample. When such a

25  comparison shows that the expression level of the target gene is higher than those in the
normal sample, the subject is judged to be affected with a cell proliferative disease. The
expression level of CYADRL1, GCUDI, or RNF43 gene in the specimens from the normal
sample and subject may be determined at the same time. Alternatively, normal ranges of

‘the expression levels can be determined by a statistical method based on the results

30  obtained by analyzing the expression level of the gene in specimens previously collected
from a control group. A result obtained by comparing the sample of a subject is
compared with the normal range; when the result does not fall within the normal range, the
subject is judged to be affected with the cell proliferative disease. In the present
invention, the cell proliferative disease to be diagnosed is preferably cancer. More

35  preferably, when the expression level of the CXYADRLI, or GCUDI gene is estimated and
compared with those in a normal sample, the cell proliferative disease to be diagnosed is



35 preferably, when the expression |level of the CX4DRL1, or GCUDl gene is
estimated and conpared with those in a nornal sanple, the cel
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for its expression level, then the disease to be diagnosed is colorectal,
| ung, gastric, or liver <cancer. In the present invention, a diagnostic
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bound to a carrier, or a fusion protein fused Wlth other polypeptldes
As a method of screening for proteins, for example, that bind to the polypeptide of

25  the present invention using the polypeptide of the present invention, 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 manner. The
gene encoding the polypeptide of the present invention is expressed in animal cells and so
on by inserting the gene to an expression vector for foreign genes, such as pSV2neo,

30 pcDNAI and pCD8. The promoter to be used for the expression may be any promoter
that can be used commonly and include, for example, the SV40 early promoter (Rigby in
Williamson (ed.), Genetic Engineering, vol. 3. Academic Press, London, 83-141 (1982)),
the EF-1a promoter (Kim et al., Gene 91: 217-23 (1990)), the CAG promoter (Niwa et al.,
Gene 108: 193-200 (1991)), the RSV LIR promoter (Cullen, Methods in Enzymology 152:

35  684-704 (1987)) the SRa promoter (Takebe et al., Mol Cell Biol 8: 466 (1988)), the CMV
immediate early promoter (Seed and Aruffo, Proc Natl Acad Sci USA 84: 3365-9 (1987)),
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the EF-1a pronoter (Kimet al., Gene 91: 217-23 (1990)), the CAG pronoter
(Niwa et al., Gene 108: 193-200 (1991)), the RSV LTR pronoter (Cullen,

Met hods | waeszipmosogy 152: 35 684-704 (1987)) the SRa prormrmereo§/imkebe et
al., Mol Cell Biol 8. 466 (1988)), thes CW inmmediate early pronoter (Seed
and Aruffo, Proc Natl Acad Sci USA 84: 3365-9 (1987)), WD 03/104275
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Im‘runoprem Itation can be al'so cobnduct ed usi ng
(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
25  binding to the polypeptide of the present invention (Experimental Medicine 13: 85-90
(1995)).

In immunoprecipitation, an immune complex is formed by adding these antibodies
to cell lysate prepared using an appropriate detergent. The immune complex consists of
the polypeptide of the present invention, a polypeptide comprising the binding ability with

30  the polypeptide, and an antibody. Immunoprecipitation can be also conducted using
antibodies against the polypeptide of the present invention, 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
Protein G sepharose when the antibody is a mouse IgG antibody. If the polypeptide of the

35  present invention is prepared as a fusion protein with an epitope, such as GST, an immune

complex can be formed in the same manner as in the use of the antibody against the
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purified and labeled polypeptide of the present invention with the above filter, and

25  detecting the plaques expressing proteins bound to the polypeptide of the present invention
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
polypeptide of the present invention, or a peptide or polypeptide (for example, GST) that is
fused to the polypeptide of the present invention. Methods using radioisotope or

30 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”, “Mammalian MATCHMAKER Two-Hybrid Assay Kit”,
“MATCHMAKER one-Hybrid system” (Clontech); “HybriZAP Two-Hybrid Vector

35  System” (Stratagene); the references “Dalton and Treisman, Cell 68: 597-612 (1992)7,
“Fields and Sternglanz, Trends Genet 10: 286-92 (1994)”).
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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

25  mean for detecting or quantifying the bound compound in the present invention. When
such a 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).
Therefore, it is possible to evaluate the binding between the polypeptide of the invention

30 and a test compound using a biosensor such as BIAcore.

The methods of screening for molecules that bind when the immobilized
polypeptide of the present invention is exposed to synthetic chemical compounds, or
natural substance banks, or a random phage peptide display library, and the methods of
screening using high-throughput based on combinatorial chemistry techniques (Wrighton

35 et al., Science 273: 458-64 (1996); Verdine, Nature 384: 11-13 (1996); Hogan, Nature 384:
17-9 (1996)) to isolate not only proteins but chemical compounds that bind to the protein
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Strypt Upemetndiie gempound obt ai ned by the present
A compound isolated by the screening is a candidate for drugs which promote or
inhibit the activity of the polypeptide of the present invention, for treating or preventing
diseases attributed to, for example, cell proliferative diseases, such as cancer. A
compound in which a part of the structure of the compound obtained by the present
25  screening method having the activity of binding to the polypeptide of the present invention
is converted by addition, deletion and/or replacement, is included in the compounds
obtained by the screening method of the present invention.
In a further embodiment, the present invention provides methods for screening
candidate agents which are potential targets in the treatment of cell proliferative disease.
30  As discussed in detail above, by controlling the expression levels of the CXADRLI,
GCUDI1, or RNF43, one can control the onset and progression of either gastric cancer, or
colorectal, lung, gastric, or liver cancer. Thus, candidate agents, which are potential
targets in the treatment of cell proliferative disease, can be identified through screenings
that use the expression levels and activities of CXADRL1, GCUD1, or RNF43 as indices.

35  In the context of the present invention, such screening may comprise, for example, the

following steps:
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Any polypeptides can be used for screening so long as they comprise the biological
activity of the CXADRL1, GCUDI, or RNF43 protein.  Such biological activity include
cell-proliferating activity of the human CXADRL1, GCUD1, or RNF43 protein, the

25  activity of RNF43 to bind to NOTCH2 or STRIN. For example, 2 human CXADRLI1,
GCUD1, or RNF43 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.

Any test compounds, for example, cell extracts, cell culture supernatant, products

30  of fermenting microorganism, extracts of marine organism, plant extracts, purified or crude
proteins, peptides, non-peptide compounds, synthetic micromolecular compounds, natural
compounds, can be used.

The compound isolated by this screening is a candidate for agonists or antagonists
of the polypeptide of the present invention. The term “agonist” refers to molecules that

35  activate the function of the polypeptide of the present invention by binding thereto.
Likewise, the term “antagonist” refers to molecules that inhibit the function of the
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proliferative disease of the present invention, the method utilizes the binding ability of
RNF43 to NOTCH2 or STRIN. The RNF43 protein of the present invention was

95 revealed to associated with NOTCH2 and STRIN. These findings suggest that the
RNF43 protein of the present invention exerts the function of cell proliferation via its
binding to molecules, such as NOTCH2 and STRIN. Thus, it is expected that the
inhibition of the binding between the RNF43 protein and NOTCH2 or STRIN leads to the
suppression of cell proliferation, and compounds inhibiting the binding serve as

30  pharmaceuticals for treating cell proliferative disease such as cancer. Preferably, the cell
proliferative disease treated by the compound screened by the present method is colorectal,
lung, gastric, or liver cancer.

This screening method includes the steps of: (2) contacting a polypeptide of the
present invention with NOTCH2 or STRIN in the presence of a test compound; (b)
35  detecting the binding between the polypeptide and NOTCH2 or STRIN; and (c) selecting
the compound that inhibits the binding between the polypeptide and NOTCH2 or STRIN.
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compounds inhibiting the binding serve as pharmaceuticals for treating cell proliferative

disease such as cancer.
Examples of supports that may be used for binding proteins include insoluble

polysaccharides, such as agarose, cellulose, and dextran; and synthetic resins, such as
25  polyacrylamide, polystyrene, and silicon; preferably commercial available beads and plates
(e.g., multi-well plates, biosensor chip, etc.) prepared from the above materials may be
used. When using beads, they bay be filled into a column.
The binding of a protein to a support may be conducted according to routine
methods, such as chemical bonding, and physical adsorption. Alternatively, a protein
30 may be bound to a support via antibodies specifically recognizing the protein. Moreover,
binding of a protein to a support can be also conducted by means of avidin and biotin
binding.
The binding between proteins is carried out in buffer, for example, but are not
limited to, phosphate buffer and Tris buffer, as long as the buffer does not inhibit the
35 binding between the proteins.
In the present invention, a biosensor using the surface plasmon resonance
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Furthermore, the binding of the RNF43 polypeptide and NOTCH2 or STRIN can
be also detected or measured using antibodies to the RNF43 polypeptide and NOTCH2 or
STRIN. For example, after contacting the RNF43 polypeptide immobilized on a support

25  with a test compound and NOTCH2 or STRIN, the mixture is incubated and washed, and
detection or measurement can be conducted using an antibody against NOTCH2 or STRIN.
Alternatively, NOTCH2 or STRIN may be immobilized on a support, and an antibody
against RNF43 may be used as the antibody.

In case of using an antibody in the present screening, the antibody is preferably

30 labeled with one of the labeling substances mentioned above, and detected or measured
based on the labeling substance. ~Alternatively, the antibody against the RNF43
polypeptide, NOTCH2, or STRIN, may be used as a primary antibody to be detected with a
secondary antibody that is labeled with a labeling substance. Furthermore, the antibody
bound to the protein in the screening of the present invention may be detected or measured

85  using protein G or protein A column.

Alternatively, in another embodiment of the screening method of the present
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gen
substitution and/or insertion are also included in the compounds obtainable by the

screening method of the present invention.
When administrating the compound isolated by the methods of the invention as a
pharmaceutical for humans and other mammals, such as mice, rats, guinea-pigs, rabbits,
25  chicken, cats, dogs, sheep, pigs, cattle, monkeys, baboons, chimpanzees, for treating a cell
proliferative disease (e.g., cancer) the isolated compound can be directly administered or
can be formulated into a dosage form using known pharmaceutical preparation methods.
For example, according to the need, the drugs can be taken orally, as sugarcoated tablets,
capsules, elixirs and microcapsules, or non-orally, in the form of injections of sterile
30  solutions or suspensions with water or any other pharmaceutically acceptable liquid. For
example, the compounds can be mixed with pharmacologically acceptable carriers or
medium, specifically, sterilized water, physiological saline, plant-oil, emulsifiers,
suspending agents, surfactants, stabilizers, flavoring agents, excipients, vehicles,
preservatives, binders and such, in a unit dose form required for generally accepted drug
35  implementation. The amount of active ingredients in these preparations makes a suitable

dosage within the indicated range acquirable.
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be appliewa@/mwiestreat nent of di seases associ ated w th tHea/mbdBoer ot ei n,
for exanple, cell proliferative di seages such as cancer, nore particularly
colorectal, lung, gastric, or liver cancer. Moreover, conmpounds in which a
part of the structure of the conpound inhibiting the binding 20 between the
RNF43 protein and NOTCH2 or STRIN is converted by addition, deletion,

substitution and/or insertion are also ingl ' gRt ai nabl e
by the scr &SAMRYSEadHEveSNaLan By BUY toitaﬁ)\}e;{%?r?doér\aﬁs'&\%%r{&agm n?glt%gl atg ing the
conpoung]atisOdokh Serdpy trigaeak phadnd afabicgumyexeipidntrsugl ancryplinaceut i cal f or
humans and ot her mammal s, such as. m.c . i - ahk 4s, 25
chi ckerfellplgses sWalhigg ,ag?r‘i%ﬁlﬁﬁ % F‘b@,Sta&%ﬁ’ %Flgglﬁt?r%(}l ﬁlg%@&g% E%‘%%S . S(;%hi npanzees,
for treaignegum stkdte;pwetichas aidhas sucreseatastqse oysacchraine BryoringALPas| at ed
conmpound can be di.rect!y adn.ni ligded @ igadosage
form u@ﬁ@a%mﬂtaﬁ?ﬂlgl&?taiaggrluﬁfbr?%ggrmg{ F%e%meggﬁmﬁor ,e%anpl e , :

accor didagsilq atihgidesder, suck aslnilgsn elso bedurthardrcledediin he aheve gty ed

tabl ets,, _.capsules, .el.ixXi.kt ' ARG Wi MAes ahpl¥mentatibdze form
of inj e%?ﬁl]SﬁgmBPSl%’Fé?rilpjgagglsgo Bﬂog{?gqr _Slh.llgﬁlen Si ons vm'%h ﬂ\>/va1';tngr or any

ot her pisargvahildsisoch hsdistiedpraitr used fogamjectiomds  exanpl e, the conpounds can

be m xed wi %@?@gﬁ? g%%g{ﬂg &edrsg, p%ﬂ&&@s@tﬁﬁ@ﬁqﬁh@ﬁ@uafng AdRABE) such

speci ficall " physiol ogical saline, plant-oil
emuicsi fisdDsorbitel Ppmaniinege, Aysnngitolsandssedivam elorids, 531 bq ysef 35 QYYD i ng

agents, | D yehi : iy @bhiuB&ioniiftiehtabla RElubikizlrs, sucha uni t
dose. T orifond EhBeydiSn heScpn Be ERAH BbhuBion )

drug. 35 j npl enent at,i on.  The
amount asfalendiol, wpedifieply ¢f @15P91ﬁ319ﬁ]§§%5‘}9hé‘63ﬁ5’8’168ﬁ§1YMPQE3§°ERY?%I e dosage

W thin él@f? I ﬁkﬁi-fbﬂ}c%‘drféa&ﬂﬁ, KN PANRaYED PBN) AAPABORSIL/ JPO3/ 07006 47
Exanpl € o1’ add

Itirves that can be mxed to, tablets and gaps e,
bi nder s suchSessme @il aaSp-beabeih C@’c‘%ﬁ‘bﬁ& ag ?8&35‘%‘85@%&?‘5@3%?%@%&1 %éum
excypi eEﬁrﬁlﬂ&Hﬁﬂvﬁﬁn lﬁh?./ﬁ?b@ﬁidafb&;r vestyl dlcohél asawelubilizgrsagdmiay teuch as corn
g

st ar ch, atin and algini¢c a I

cjd; lubricants such a e N arate;
sweet enformulpiedivith a Bpferoguch ap Bh?st?%te g}l §raacnélhsgﬁ]iuﬁ’; ag aéev%{rﬁtl&g’gas aglg}?? %?’5 such
?s pePpﬁ{dﬁia%xoc@?aulhtyhﬁlbmﬁ_a%&rmmmen sach asivmizghdeahyl, meh,l ; atnﬁgmu Pit ﬂos age
ormis a, capsule, "a liquid carrier ch _as. Qi so be further
i ncl udednti-axidag- a%@@reipﬁrgﬁé‘?ils‘ém‘émy%@?4}8%&%6%21?% g@u'c}r i nj ections can
be formul at egidilds Silin@owanashe skillgl inrthé aureray de userkto adsiimigiev/8Ri cl es such as
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23t e S SRR B s o e
propyl ebedghweipht amhagepd Iaw@tihylagd ¢he administration method; however, one skilled 1n
the art can Toutinely select them. If said compound is encodable by a DNA, the DNA can
25  be inserted into a vector for gene therapy and the vector administered to perform the
therapy. The dosage and method of administration vary according to the body-weight,
age, and symptoms of a patient but one skilled in the art can select them suitably.
For example, although there are some differences according to the symptoms, the
dose of a compound that binds with the polypeptide of the present invention and regulates
30 its activity is about 0.1 mg to about 100 mg per day, preferably about 1.0 mg to about 50
mg per day and more preferably about 1.0 mg to about 20 mg per day, when administered
orally to a normal adult (weight 60 kg).
When administering parenterally, in the form of an injection to a normal adult
(weight 60 kg), although there are some differences according to the patient, target organ,
35  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 to about 20 mg per day and
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cases the proteins or fragments thereof may be administered in a form bound to the T cell

25  recepor (TCR) or presented by an antigen presenting cell (APC), such as macrophage,
dendritic cell (DC), or B-cells. Due to the strong antigen presenting ability of DC, the use
of DC is most preferable among the APCs.

In the present invention, vaccine against cell proliferative disease refers to a

substance that has the function to induce anti-tumor immunity upon inoculation into

30 animals. According to the present invention, polypeptides comprising the amino acid
sequence of SEQ ID NO: 80, 97, or 108 were suggested to be HLA-A24 or HLA-A*0201
restricted epitopes peptides that may induce potent and specific immune response against
colorectal, lung, gastric, or liver cancer cells expressing RNF43. According to the present
invention, polypeptides comprising the amino acid sequence of SEQ ID NO:124 was

35  suggested to be HLA-A*0201 restricted epitopes peptides that may induce potent and

specific immune response against colorectal, gastric, or liver cancer cells expressing
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CTL. Furthermore, APC has the effect of activating CD4+ T cells, CD8+ T cells,

macrophages, eosinophils, and NK cells. Since CD4+ T cells and CD8+ T cells are also

25  important in anti-tumor immunity, the anti-tumor 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 initjally contacted
30  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 example, using the lysis of >1Cr-labeled tumor cells as the
indicator. Alternatively, the method of evaluating the degree of tumor cell damage using
35  °H-thymidine uptake activity or LDH (lactose dehydrogenase)-release as the indicator is

also well known.
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pol ypeptides_contirned possess CTL inducing activity by these
example, when antlbodles agamst a polypeptide are induced in a laboratory animal

immunized with the polypeptide, and when growth of tumor cells is suppressed by those
antibodies, the polypeptide can be determined to have an ability to induce anti-tumor
immunity.

25 Anti-tumor immunity is induced by administering the vaccine of this invention,
and the induction of anti-tumor immunity enables treatment and prevention of cell
proliferating diseases, such as gastric, colorectal, lung, and liver cancers. Therapy against
cancer or prevention of the onset of cancer includes any of the steps, such as inhibition of
the growth of cancerous cells, involution of cancer, and suppression of occurrence of

30 cancer. Decrease in mortality of individuals having cancer, decrease of tumor markers in
the blood, alleviation of detectable symptoms accompanying cancer, and such are also
included in the therapy or prevention of cancer. Such therapeutic and preventive effects
are preferably statistically significant. For example, in observation, at a significance level
of 5% or less, wherein the therapeutic or preventive effect of a vaccine against cell

85  proliferative diseases is compared to a control without vaccine administration. For
example, Student’s t-test, the Mann-Whitney U-test, or ANOVA may be used for statistical
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admi ni St\;V%r Iei\ldth% ggl?st aqg Heriv ved, but also against similar types of tumors from other individuals.
Furthermore, a pharmaceutical composition for treating or preventing a cell
proliferative disease, such as cancer, comprising a pharmaceutically effective amount of
25  the polypeptide of the present invention is provided. The pharmaceutical composition
may be used for raising anti tumor immunity. The normal expression of CXADRLI,
restricted to testis and ovary; normal expression of GCUD1 is restricted to testis, ovary,
and brain; and normal expression of RNF43 is restricted to fetus, more specifically to fetal
lung and kidney. Therefore, suppression of these genes may not adversely affect other
30 organs. Thus, the CXADRL1 and GCUD1 polypeptides are preferable for treating cell
proliferative disease, especially gastric, colorectal, or liver cancer; and RNF43 polypeptide
is also preferable for treating cell proliferative disease, especially colorectal, lung, gastric,
and liver cancers. Furthermore, since peptide fragments of RNF43 comprising the amino
acid sequences of SEQ ID NO: 80, 97, and 108, respectively, were revealed to induce
35  immune response against RNF43, polypeptides comprising the amino acid sequence of
SEQ ID NO: 80, 97, or 108 are preferable examples of polypeptides that can be used in a



5 successively) with the protein having i mmunol ogical activity. Exanples of
adj uvants include cholera toxin, salnonella toxin, alum and such, but are
not |imtewddwessso. Furthernore, the vaccine of this i nwgmwijrosoToay be
conbi ned appropriately with a pharmaseutically acceptable carrier.
Exanpl es of such carriers are sterilized water, physiological saline,
phosphate buffer, culture fluid, and such. Furthernore, the vaccine 10 may
contain as necessary, stabilizers, suspensions, preservatives, surfactants,

and such. The_vaccine is adm njstered system cal .0 I . ci ne
adni ni @I\achéwq?hwﬁﬁosﬁﬁ@rfgb???é’&gw PEVRRS CSLP r‘?ﬁ‘%@‘&? fdé%}%@’oérsg Cé’i\‘:){ ted by
mul ti p!c%m%mpiuﬁg,rgfnhirﬁg@nd 1Wee Bari¢sisn g FéRiermorCHinca pepitide fragnentsofof t hi s
i nvention, tunors can treated or rev, r e ex Vivo
met hod CXBPRLIsomprismg tﬁ?/?m’ﬁ’ﬁ SSﬁueﬂ‘E%S "sff#,@g’? I\fqg zrg’)é% i Sﬁfr’%gﬁ%gt nent or
pr event@ialadrs isdict @ain@de rdspense egdisst SPEADRRL auil peeptilescontpeisipgitypept | de ex
vivo, and follow ng the..i i of Al
adnioni OHPR gcid gequylce %ﬁ%ﬁ@i‘?ﬁ‘%&%“d%ﬂmgga"g% S%ﬁ%@&@ebﬁ%{%td%gibﬁg a
vect or B¢ Atk plgarinhecupiohlyoapbsitien fortheatimBMMizewuting ¢ell pmhérﬁive@ﬂ_eaﬁ%duced in
vitro can be cloned prior to.admqnaist Lon. E growi ng cells
havi ng %P%Iﬁ%@?‘w? ’L‘I‘ngd%ar%bcr %‘@ﬁ%ﬁ’?gﬁé (k:scé)l e E}i?gﬂrg’%ﬂr&g%ﬂ?ﬁmnot her apy
can be fpeniarnEGEODY wmifpeising el aminpacidisequenees, of §HO HANN 04 sol ated in
t hi s manner.. be used f.or i @Rl nst
i ndi vi &ﬁ%ﬂegtl%ﬁgﬂasﬁﬁ%er%etdﬁg 1%@?% islﬁlllétlraléze fé%l vggg. bsﬁpcallmg% Ifgya%\é?\s simlar
{ ypES ofoniptisiresthé rminacicibseqiente of SEOI D NOFLe4 isarefsiable exapgles fhceut i cal
conposi tion f.or eat i ol j ook fre4tRilel of Predich e, such
R e R g g S 4l
pol ypeptdldeoliferative discasseespeciaienlorsptal, ding; é‘\‘ﬁ“él“eé_!‘d ]I‘ﬁ"é_cﬁﬂ%f"lr?mclg § cal
conmposi éfeQe'ﬁt %ﬂ%@%ﬁl&fﬂﬂe@ﬁdé & 154 Sk neHeteot WHRImihiTekLa 4t M doddpe nor mal

: e

expression o X i tricted to testis and oﬁ\:@{ﬁ%nar mal expression
of GCUDmffisientde firduge apti-twnerdmmuaity.gykiely is mé]Pf‘qraBg%? " O3 expressi on
of BI\'F‘I&FFe%amgéFaﬁﬂg%%g, %Jr_@bfé?eralﬂ?@@nﬁg)ﬁﬁli i@l Mhe bOmfrdétationd amg and

ki dney. erefore, supf)resm on of these genes may_.not bad\g{erssqelz%dﬂffect

ot her  3Gpertghnstorprample; Hag oxMpRERNIAERS f(’%ﬂﬁi}t %T%’Bg'ﬁﬁ qESTEYES5Y ef er abl e
forI treghbfith SRH twog@%&ééggﬁﬁ&%dﬁ% @Iig_agmlﬁpoﬁﬁpmﬁii@l I %/ gastric, colorectal,

or liver cancer:” and ol ypept i Js als refer reating
cell prolifefhg fq}]é’wdil%@Q@lgﬁ%ﬁ??ﬁt?‘ﬁoéi&s&a&@'&Bfes?nu ﬁlg"f%hg%{s I’.dl 118 and
liver caREebie ofsttindBy @l & msking endepig the simeagnEint sxaoiplaRiEi®tdeiepdddsi ng t he
am no acid sequences.of. SE@ NO. .80, 97, and 108, respectively, were

| D . .
r eve@l el 3 WaGigAtheswise limih ers‘é(g)ﬁoor%lge lgﬁ%ﬂlﬁr‘\%}t RNF43, pol ypepti des

conpri si ng t WRlegbmeraist defiedudhieehmidal aBEQi¢rDifig@emsoisedhereihaypthear e

pr ef er abl e exanpl es of I £ i : 104275
T/ SPospy Bea RS pitEpRay direPd By paEbe GRaRpaus ??%‘S?Fﬁ;*“?%@%?%vem g
cel | pr alviehgombdlogesdi sdhoegh metheds aid materals similar af cquivapt [QH88T i ¢, and
liver cancetsq n&dht A8 HIREGt inthd iEcRER) iéfing bA#REHMsEntGhvention, suitable

95 methods and materials are described below. ~Any patents, patent applications, and

publications cited herein are incorporated by reference.

Best Mode for Carrying out the Invention
The present invention is illustrated in details by following Examples, but is not

30 restricted to these Examples.
1. Materials and Methods

(1) Patients and tissue specimens
All gastric and colorectal cancer tissues, as well as corresponding non-cancerous

tissues were obtained with informed consent from surgical specimens of patients who

35 underwent surgery.

(2) Genome-wide cDNA microarray
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20  cell lines, SNUC4 and SNUCS5, were obtained from the Korea cell-line bank. All cells
were grown in monolayers in appropriate media: Dulbecco’s modified Eagle’s medium for
COS7, NIH3T3, HEK293, and Alexander; RPMI1640 for MKN-1, MKN-28, SNU475,
SNUC4, DLD-1 and SNUCS5; McCoy’s 5A medium for HCT116; Leibovitz’s L-15 for
SW480; HAM’s F-12 for LoVo; and Eagle’s minimum essential medium for HeLa (Life

95  Technologies, Grand Island, NY). All media were supplemented with 10% feta] bovine
serum and 1% antibiotic/antimycotic solution (Sigma). A human gastric cancer cell lines
St-4 was kindly provided by Dr. Tsuruo in Cancer Institure in Japan. St-4 cells were
grown in monolayers in RPMI1640 supplemented with 10% fetal bovine serum and 1%
antibiotic/antimycotic solution (Sigma).

30 T2 cells (HLA-A*0201) and EHM (HLA-A3/3), human B-lymphoblastoid cell lines, were
generous gifts from Prof. Shiku (Univ. Mie). HT29 (colon carcinoma cell line;
HLA-A24/01), WiDR (colon carcinoma cell line; HLA-A24/01), and HCT116 (colon
carcinoma cell line; HLA-A02/01), DLD-1 (colon carcinoma cell line; HLA-A24/01),
SNU475 (hepatocellular carcinoma cell line; HLA-A*0201), MKN45 (gastric cancer cell

35  line; HLA-A2 negative), MKN74 (gastric cancer cell line; HLA-A2 negative) were also
purchased from ATCC. TISI cells (HLA-A24/24) were generous gifts from Takara Shuzo
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5°.CTTTGTGATCATCCTGGCTTCGGTGCT-3’ (SEQ ID NO: 14).
(5) Northern-blot analysis
25 Human multiple-tissue blots (Clontech, Palo Alto, CA) were hybridized with
32p_Jabeled PCR products of CXADRL1, GCUD1, or RNF43.  Pre-hybridization,

hybridization and washing were performed according to the supplier’s recommendations.

The blots were autoradiographed with intensifying screens at —80°C for 24 to 72 h.

(6) 5’ rapid amplification of cDNA ends (5’ RACE)
30 5 RACE experiments were carried out using Marathon cDNA amplification kit

(Clontech) according to the manufacturer’s instructions. ~For the amplification of the 5’
part of CXADRLI, gene-specific reverse primers
(5’-GGTTGAGATTTAAGTTCTCAAA-3’ (SEQ ID NO: 15)) and the AP-1 primer
supplied with the kit were used. The cDNA template was synthesized from human testis

35 mRNA (Clontech). The PCR products were cloned using TA cloning kit (Invitrogen) and
their sequences were determined with ABI PRISM 3700 DNA sequencer (Applied



54 Co, Ltd. (O su, Japan). RT-PCR exam nations reveal ed strong CXADRL1
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expressi owa 03/108M475 and MKNA5. 5 (4) RNA preparation andd@TmpeeRodet al RNA
was extracted with Q agen RNeasy kit $XJ agen) or Trizol reagent (Life
Technol ogi es) according to the manufacturers' protocols. Ten-m crogram
aliquots of total RNA were reversely transcribed for single-stranded cDNAs
usi ng poly dT12.18 prinmer (Anersham Pharnmacia Bi otech) with Superscript Il
reverse transc |pt ase (Life 10 Technol ogi es). Each singl e-stranded cDNA
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20  (Bio-Rad). Proteins were separated by 10% SDS-PAGE and immunoblotted with mouse
anti-myc (SANTA CRUZ) antibody. HRP-conjugated goat anti-mouse IgG (Amersham)
served as the secondary antibody for the ECL Detection System (Amersham).
(9) Immunohistochemical staining
Cells transfected with pcDNA3.1myc/His-CXADRLI,
25  pcDNA3.1myc/His-GCUD1, pcDNA3.1myc/His-RNF43 or pcDNA3.1myc/His-LacZ
were fixed with PBS containing 4% paraformaldehyde for 15 min, then made permeable
with PBS containing 0.1% Triton X-100 for 2.5 min at RT.  Subsequently the cells were
covered with 2% BSA in PBS for 24 h at 4°C to block non-specific hybridization. Mouse
anti-myc monoclonal antibody (Sigma) at 1:1000 dilution was used as the primary
30  antibody, and the reaction was visualized after incubation with Rhodamine-conjugated
anti-mouse secondary antibody (Leinco and ICN). Nuclei were counter-stained with
4’ 6’-diamidine-2’-phenylindole dihydrochloride (DAPI). Fluorescent images were
obtained under an ECLIPSE E800 microscope.
(10) Colony Formation assay
35 Cells transfected with plasmids expressing each gene or control plasmids were

incubated with an appropriate concentration of geneticin for 10 to 21 days. The cells



WO 03/104275 PCT/JP03/ 07006 55 Biosystens). (7) Construction of plasmds
expressi ng CXADRL1, GCUD1, and FLJ20315 The entire codi ng regi ons of
CXADRL1, wouBlip4and RNF43 were anplified by RT-PCR using RgaNPOspm®os fi c
primer sets; for CXADRL1, 5 5'-AGITAASCTTGCCGGGATGACTTCTCAGCGTTCCCCTCTGG 3!
(SEQ ID NGO 16) and 5' - ATCTCGAGTACCAAGGACCCGGECCCGACTCTG 3" (SEQ I D NG
17), for GCUDL5' - GCGGATCCAGGATGGCTGCTGCAGCTCCTCCAAG 3" (SEQ I D NG 18)

and 5' - TAGAATTCTTAAAGAACTTAATCTCCGTGICAACAC-3' (SEQ ID NO 19), for RNF43,
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pc DNA3
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PO L et T AT, TReraR e S s SO dEDY e
2.5 m N adtapptbpriste RoREHAEBLdTY oft et@@ﬂl f(ﬁr sibﬁtb&weli'@\deyﬁd ’Nhetd@llQ%BSHen n PBS for
NN AT T
and 15he S-elawinuelBotides wersaefollaws: af t er incubation wi th Rhodani ne-conj ugat ed
wth 4 oA s AR R AR RSP N6 425 Dapr)  Fluor escent
i mages WeCKADRItIaASéS’ OTACTEA ERTESEGESAN(SHE IdELR8); (10) Col ony
For mat i ON-BK$ 1-S5, 5°-TTCTGTAGGTGTTGCA-3’ SEQ ID NO: 24);
CXADRLI1-ASS5, 5’-TGCAACACCTACAGAA-3’ (SEQ ID NO: 25);
20 GCUD1-S5, 5’-CTTTTCAGGATGGCTG-3’ (SEQ ID NO: 26);
GCUD1-AS5, 5-CAGCCATCCTGAAAAG-3’ (SEQ ID NO: 27);
GCUD1-S8, 5’-AGGTTGAGGTAAGCCG-3’ (SEQ ID NO: 28);
GCUD1-AS8, 5’-CGGCTTACCTCAACCT-3’ (SEQ ID NO: 29);
RNF43-S1, 5>-TGGTAGCATGAGTGGT-3’ (SEQ ID NO; 30); and
25 RNF43-AS1, 5’~ACCACTCATGCTACCA-3’ (SEQ ID NO: 31).
(13) 3-(4.5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT) assay
Cells plated at a density of 5X10° cells/100 mm dish were transfected in triplicate

with sense or antisense S-oligonucleotides designated to suppress the expression of
CXADRLI1, GCUDI1 or RNF43. Seventy-two hours after transfection, the medium was
30  replaced with fresh medium containing 500 ng/ml of MTT
(3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide) (Sigma) and the plates
were incubated for four hours at 37°C. Subsequently, the cells were lysed by the addition
of 1 ml of 0.01 N HCI/10%SDS and the absorbance of lysates was measured with ELISA
plate reader at a test wavelength of 570 nm (reference, 630 nm). The cell viability was
35  represented by the absorbance compared to that of control cells.
(14) Construction of psiH1BX3.0




35 Cells transfected with plasm ds expressing each gene or control plasmds
were incubated with an appropriate concentration of geneticin for 10 to 21
days. Thewoel3d194M© 03/ 104275 PCT/ JP03/ 07006 56 were fi xedon/tpo3/t00806

met hanol and stained by G ensa soluti®h. Al experinents were carried out
in duplicate. (11) Establishnment of cells over-expressing CXADRL1, or RNF43
Nl H3T3, COST, and LoVo cells transfected with either 5
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appr opr i sBlage n ddistreduckvere pgré%l ‘F@i Goxegint; B@%O plasmidvegiop using A cel | s

were t hedlonihg KR@In‘Mtid%eﬁP&% 1o 18 AR supPHerSd profdeel. bml@B@m aﬁ@bmbl on.
Sequences of the 15, On:iﬂlgeou des were as foI lows:

5 _TCT @fﬂ@l{g pyWvas Q)mfle Be AS@ pcDNA3 1(+ %la%rlud
5'-CT ACTeﬁIﬁiéQﬁE@Gﬁﬁ?ApasltlérSEinlDS 56 Which SRGIEasImpliied F}'@tﬁTﬁfEﬁSI@'TGCA 3

SEQAPD SO0 Py A ARG AGT 8%%*6*@&%@%@”4)
M AGTGEQUIN GIOA AXTA ACCECIOBESBID NO: ASEICAGHT AAGCCG 3'
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5 Acmcpmgcmcms (SEQ ID NO. 31). (13)(4,5-di rrethylth|azol 2.yl -2
2x10n ool 1 B N ORER T RARN AR AR I 2 or
ant i EendéEQHD N@o aﬁ):mb& rW@@HWAWMWAMAG@GQWBOn of
CXADRLL (SBEHBIBS SN e ROURIN s BUODOUER FAABY ohf ARSLBERAL e HDRedTeCH Um

was 30 r ace al ni'n
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fAQ(raep: )a/tt 1% &ﬁ)éé ggﬂﬁ@?gﬂggﬁae{)g&& dJrours at 37C. Subsequently, the cells
CCGAAGCAGCACGACTTCTTCTTCAAGAGAGAAGAAGTCGTGCTGCTTC
20 -3’ (SEQ ID NO: 38) and
5’- AAAAGAAGCAGCACGACTTCTTCTCTCTTGAAGAAGAAGTCGTGCTGCTTC
-3° (SEQ ID NO: 39) into the BbsI site of the psiH1BX vector.
(15) Examination on the gene silencing effect of RNF43-, or CXADRLI1-siRNAs
A plasmid expressing either RNF43-siRNA or CXADRL1-siRNA was prepared
25 by cloning of double-stranded oligonucleotides into psiH1BX3.0 vector.
Oligonucleotides used as RNF43 siRNAs were:
5’- TCCCGTCACCGGATCCAACTCAGTTCAAGAGACTGAGTTGGATCCGGTGA
C-3’ (SEQ ID NO: 40) and
5’-AAAAGTCACCGGATCCAACTCAGTCTCTTGAACTGAGTTGGATCCGGTGAC-
30 3’ (SEQ ID NO: 41) as siRNA16-4;
5’- TCCCGCTATTGCACAGAACGCAGTTCAAGAGACTGCGTTCTGTGCAATAGC-
3’ (SEQ ID NO: 42) and
5’-AAAAGCTATTGCACAGAACGCAGTCTCTTGAACTGCGTTCTGTGCAATAGC-3’
(SEQ ID NO: 43) as siRNA1834;
35 5°- TCCCCAGAAAGCTGTTATCAGAGTTCAAGAGACTCTGATAACAGCTTTCTG-
3’ (SEQ ID NO: 44) and




of 1 m of 0.01 N HA/10%DS and the absorbance of |ysates was neasured
with ELI SA plate reader at a test wavel ength of 570 nm (reference, 630
nm . The w@d3msaEbility was 35 represented by the absor barrmE/rosrpaned t o
that of control cells. (14) Construcs§ on of psiH BX3.0 WO 03/104275

PCT/ JP0O3/ 07006 57 Since HLRNA gene was reported to be transcribed by RNA
pol ymerase 11, which produce short transcripts with uridines at the 3'
end, a genom c fragnent of HLRNA gene containing its pronoter regi on was
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_ TTTAA’G(SIE@AIHMT@)@WAGAGTGGTCTCA— 3" (SEQ ID NG 37). The product was
i gest eg A ErBEA G GARARURS CBYRTE Y TIEAATAGOLIBATATGUGHGCA®S! HLBX3. 0

vect or e contro psi H BX- EG-P was prepared by, Ion| ng
douthe s(SEOdBdNG: |4§:})m§cslgé‘{A1§es Qifgogucleotldes used as C RL1- siRNAs

and 5 - M@& LR UTwwm%meC$%A®qu D38)

NO:  39) AiGeB'o(SER IBL3O: sﬁ@)ealéﬁ 5f M%Gﬁ@ﬁﬁ%ép n the
ene si @@ TOXAIRL RN
gl t her Eﬁ%@l g or SR ,4,1 4 fop STCCemICs! ng

doubl e- §GW%@§H&E&SEWEHA@WMG@ gy(&@}:ﬂ]%uc?eot i des

s i 2@%@@5 SAM(Y@CAAT@TCAHTGGATGTCTCTTGAACATCCAAATGCAATTG
TCCAACTCAGT
and 5 SHEOAY O PEATRVNAT SRR A AT RAF AT A I s 1
NG 41) p@@GﬁGBMéﬁGACCATCCAAATGACA-y (SEQ ID NO: 54) and 5’-AAAATGTCA
TTTGGATGGTCACTTCTCTTGAAAGTGACCATCCAAATGACA-3’ (SEQ ID NO:
55) as siRNA#3; 5’-TCCCTGCCAACCAACCTGAACAGTTCAAGAGACTGTTCAG
90 GTTGGTTGGCA-3’ (SEQ ID NO: 56) and 5’-AAAATGCCAACCAACCTGAACAG
TCTCTTGAACTGTTCAGGTTGGTTGGCA-3’ (SEQ ID NO: 57) as siRNA#4; 5°-T
CCCCCAACCTGAACAGGTCATCTTCAAGAGAGATGACCTGTTCAGGTTGG-3’ (S
EQ ID NO: 58) and 5’ AAAACCAACCTGAACAGGTCATCTCTCTTGAAGATGAC
CTGTTCAGGTTGG-3’ (SEQ ID NO: 59) as siRNA#5; 5’-TCCCCCTGAACAGGTC
95 ATCCTGTTTCAAGAGAACAGGATGACCTGTTCAGG-3’ (SEQ ID NO: 60) and 5’
_AAAACCTGAACAGGTCATCCTGTICTCTTGAAACAGGATGACCTGTTCAGG-3°
(SEQ ID NO: 61) as siRNA#6; and 5’-TCCCCAGGTCATCCTGTATCAGGTTCAAG
AGACCTGATACAGGATGACCTG-3’ (SEQ ID NO: 62) and 5-AAAACAGGTCAT
CCTGTATCAGGTCTCTTGAACCTGATACAGGATGACCTG-3’ (SEQ ID NO: 63) a
30 s CXADRL-siRNA#7. psiH1BX-RNF43, psiH1BX-CXADRLI, or psiH1BX-mock pl
asmids were transfected into SNUC4 or St-4 cells using FuGENEG reagent (Roche)
according to the supplier’s recommendations. Total RNA was extracted from the

cells 48 hours after the transfection.

(16) Construction of recombinant amino- and carboxyl-terminal regions of RNF43 protein
35 The amino- and carboxyl-terminal regions of RNF43 was amplified by RT-PCR

using following sets of primers: 5’-GAAGATCTGCAGCGGTGGAGTCTGAAAG-3’



5'- TICCCGCT ATTGCACAGAACGCAGTTCAAGAGACTGCGTITCTGTGCAATAGC- 3' (SEQ I D NGO 42)
and 5' - AANAAGCTATTGCACAGAACGCAGTCTCTTGAACTGCGTTCTGTGCAATAGE- 3" (SEQ 1D NO.
43) as si RABAB4#47535 5' - PCT/JP03/07006
TCCCCAGAAACCTGTTATCAGAGT TCAAGAGACTCTGMTAACAGCTTTCTG 3' (SEQ ID NGO 44) and
WD 03/ 104275 PCT/ JP03/07006 58 5'

- AAAACAGAAAGCTGTTATCAGAGTCTCTTGAACTCTGATAACACCTTTCTG 3" (SEQ I D NO 45) as
si RNAL; 5'- TCCCTGAGCCACCTCCAATCCACTTCAAGAGAGTGGATTGGAGGTGECTCA- 3' (SEQ ID

oo R D 54 R TCECA LI CEAAATE RN EP BT 3
ECCCCT @%@@&HWMMGMGTM@AG 3' (SEQ ID NO 48) and
79) as BrGEACAT QO TR AGA S CATE R S ° e TPt 0 1P
;i'rll'dCCCGTSI _mﬁgqqm@mm GAmlrmGAT WTA@EAGDN@@T) f(JISEQ I D NO 50)
51) 5as GO T AR DT T R AR R e, AT R oAGG &
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ArCACAASERSIR A BRI o1 S, JERSHRHEALS) | SRR G4s
T:FTGGATME@@H’S&&EW&H&@@]AHMJ@h gfwEtheiaddijon of GA ML i RNA#S;
26; TgﬁggrAACCAACCTGAACAGTTCAAGAGACTGTTCAG 20 GTTGGTTGGCA-3' (SEQ ID NO -

% AAAATGCCAACCAACCTGAACAG  TCTCTTGAACTGTTCAGGT TGGT TGGCA- 3
NO: 1667) (143 YeasRN#Ag-hybrid experiment 3" (SEQID

WWW@% @TJMEWE}( 6AIEQ I D NO 58) and
5'- AAAACCAA ¢ CTTGAAGATGAC ~ CTGITCAGGITGG: 3 SEQ.I D NO 59)
as si RNAw6:HpridiyseacT (Rlausdnrecarding Fothparanpdache s AACIRSeIT %FFCAGG 3

( figA %%.%M%E%INF 43 was cloned into the EcoR I-BamH 1 site of pAS2-1 vector as a

-/ : b GFTC[CFTGA\AACA%% CAGS 3 EQ.l1D.NO 61) as
si RNA#6baitfed sereenuginanaciesisTelF SRR 2 BEFEARe &%&‘?&&%CTG 3’
(SERY | DydiS, pBdh-RNF4Dwad\MROGOEEH étlor, pACT2-NOTCH?2 and pACT2-STRIN as prey

vector.

We cloned the cytoplasmic region of CXADRLI into the EcoRI site of pAS2-1
vector as a bait for screening a human testis cDNA library (Clontech). To confirm
interaction in yeast, we used pAS2-CXADRLL for bait vector, and pACT2-AIP1 for prey

20 vector.

(18) Preparation of CXADRL specific antibody
Anti-CXADRL antisera was prepared by immunization with synthetic
polypeptides of CXADRLI1 encompassing codons from 235 to 276 for Ab-1, from 493 to
95 537 for Ab-2, or from 70 to 111 for Ab-3. Sera were purified using recombinant
His-tagged CXADRL1 protein prepared in E. coli transfected with pET-CXADRL plasmid.
Protein extracted from cells expressing Flag-tagged CXADRLI1 was further separated by
10% SDS-PAGE and immunoblotted with either anti-CXADRLI sera or anti-Flag antibody.
HRP-conjugated goat anti-rabbit IgG or HRP-conjugated sheep anti-mouse IgG antibody
30  served as the secondary antibody, respectively, for ECL Detection System (Amersham
Pharmacia Biotech, Piscataway, NJ). Immunoblotting with anti-CXADRL antisera
showed a 50 kD band of FLAG-tagged CXADRL1, which patterh was identical to that
detected with anti-FLAG antibody.
(19) Preparation of recombinant GCUD1 protein
35 To generate an antibody specific against GCUD], recombinant GCUD1 protein
was prepared. The entire coding region of GCUDI was amplified by RT-PCR with a set




CCTGTATCAGGTCTCTTGAACCTGATACAGGATGACCTG 3" (SEQ ID NO 63) a 30 s
CXADRL- si RNA#7. psi H BX- RNF43, psi H BX- CXADRL1, or psiH BX-nmock pl asm ds
wer e tranwfoemsiieak7snt o SNUCA or St-4 cells using FUGENEG r eagerrs/(fRoehe)
according to the supplier's recomendetions. Total RNA was extracted from
the cells 48 hours after the transfection. (16) Construction of

reconbi nant am no- and carboxyl -term nal regi ons of RNF43 protein 35 The
am no- and carboxyl-term nal regions of RNF43 was anplified by RT-PCR
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The data were subjected to analysis of variance (ANOVA) and the Scheffé’s F test.
20  (22) Preparation of peptides
9mer and 10mer peptides of RNF43, CXADRLI or GC UD] that bind to HLA-A24
or HLA-A*0201 molecule were predicted with the aide of binding prediction soft
(http://bimas.dcrt.nih.gov/cgi-bin/molbio/ken _parker_comboform). These peptides were
synthesized by Mimotopes, San Diego, LA according to the standard solid phase synthesis
95  method and purified by reversed phase HPLC. The purity (>90%) and the identity of the
peptides were determined by analytical HPLC and mass spectrometry analysis, respectively.
Peptides were dissolved in dimethylsulfoxide (DMSO) at 20 mg/ml and stored at -80 °C.
(23) In vitro CTL Induction
Monocyte-derived dendritic cells (DCs) were used as antigen-presenting cells
30  (APCs) to induce CTL responses against peptides presented on HLA. DCs were
generated in vitro as described elsewhere (Nukaya et al., Int J Cancer 80: 92-7 (1999); Tsai
et al., J mmunol 158: 1796-802 (1997)). Specifically, peripheral blood mononuclear
cells (PBMCs) were isolated from a healthy volunteer with HLA-A*0201 or HLA-A24
using Ficoll-Plaque (Pharmacia) solution, and monocyte fraction of PBMCs were
35  separated by adherence to a plastic tissue culture flask (Becton Dickinson). This

monocyte fraction was cultured for seven days in AIM-V medium (Invitrogen) containing




10% SDS- PAGE and i mmunoblotted with either anti-CXADRL1 sera or anti-Flag
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HPLC. ThgupReMddy2:036098, 1996 )i h& xi10éof lymphoid ¢elle were resuspended in 25 ml of
20  AIM-V supplemented with 5% AS containing 25 X 10° irradiated (3300 rads) PBMC, 5 x
10° irradiated (8000 rads) EHM cells, and 40 ng/ml of anti-CD3 monoclonal antibody
(Pharmingen). One day after initiating the cultures, 120 TU/ml of IL-2 were added to the
cultures. The cultures comprised fresh AIM-V supplemented with 5% AS and 30 TU/ml
of IL-2 on days 5, 8 and 11.
25  (25) Establishment of CTL clones
Some of the lymphoid cells with potent cytotoxicity were used to obtain CTL
clones. The cell suspensions were diluted to density of 0.3, 1, and 3 CTLs/lymphoid cells
per well in 96 round-bottom microtiter plate (Nalge Nunc International). These cells
were cultured in 150pl/well of AIM-V supplemented with 5%AS containing 7x10*
30  cells/well of allogenic PBMCs, 1x10* cells/well of EHM, 30ng/ml of anti-CD3 antibody,
and 125 U/ml of IL-2. 10 days later, 50 ul /well of IL-2 was added to the medium to a
final concentration of 125 U/ml. Cytotoxic activity of cultured CTLs was tested on day

14, and CTL clones were expanded using the same method as described above.

(26) Cytotoxicity Assay
35  Target cells were labeled with 100 pnCi of Na, *CrO4 (Perkin Elmer Life Sciences) for 1 h
at 37 °C in a CO, incubator. When peptide-pulsed targets were used, target cells were




pepti des were determ ned by analytical HPLC and mass spectronetry anal ysis,
respectively. Peptides were dissolved in dinethylsul foxide (DMSO) at 20
ng/ M andwsiasreae7at -80 C. (23) In vitro CTL I nducti on Mroauypogemes i ved
dendritic cells (DCs) were used as anti gen-presenting cells 30 (APCs) to

i nduce CTL responses agai nst peptides presented on HLA. DCs were generated
in vitro as described el sewhere (Nukaya et al., Int J Cancer 80: 92-7
(1999); Tsai et al., J Inmmunol 158 1796- 802 (1997)) Speci fically,
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2. Results
(1) Identification of two novel human genes, CXADRLI1 and GCUD1, commonly

25  up-regulated in gastric cancers
By means of a genome-wide cDNA microarray containing 23040 genes,

expression profiles of 20 gastric cancers were compared with corresponding non-cancerous
mucosae. Among commonly up-regulated genes detected in the microarray analysis, 2
gene with an in-house accession number of A5928 corresponding to an EST, Hs.6658 of

30  UniGene cluster (http://www.ncbi. nlm.nih.gov/UniGene/), was found to be over-expressed
in a range between 4.09 and 48.60 (Figure 1a). Since an open reading frame of this gene
encoded a protein approximately 37% identical to that of CXADR (coxsackie and
adenovirus receptor), this gene was dubbed CXADRLI1 (coxsackie and adenovirus receptor
like 1). CXYADRLI was also up-regulated in 6 of 6 colorectal cancer cases and 12 out of 20

35 HCC cases. Furthermore, a gene with an in-house accession number of C8121,
corresponding to KIAA0913 gene product (Hs.75137) of UniGene cluster was also focused
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10% of  t e pe2h¢R68b34 Ves {¥BRAfHied, which sequence had been assigned to chromosomal
band 3q13. Comparison of the cDNA and the genomic sequence revealed that
CXADRLI consisted of 7 exons (Figure 2b).

25 A search for protein motifs using the Simple Modular Architecture Research Tool
(SMART, http://smart.embl-heidelberg.de) revealed that the predicted protein contained
two immunogloblin domains (codons 29-124 and 158-232) and a transmembrane domain
(codons 246-268), suggesting that CXADRL1 might belong to the immunogloblin super
family.

" 30 (3) Effect of CXADRLI on cell growth
A colony-formation assay was performed by transfecting NIH3T3 cells with a
plasmid expressing CXADRLI (pcDNA3.1myc/His-CXADRLI1). Cells transfected with
pcDNA3.1myc/His-CXADRLI1 produced markedly more colonies than mock—transfected
cells (Figure 3a). To further investigate this growth-promoting effect of CXADRLI,

35  NIH3T3 cells that stably expressed exogenous CXADRL] were established (Figure. 3b).

The growth rate of NIH3T3-CXADRLI cells was significantly higher than that of parental
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(the Nat i onal Toemaminefthy expression and explore the function of C RL1; anti-sera
against CXADRL1 was prepared. Immunoblotting with anti- CXADRLI1 detected a 50
kD band of FLAG-tagged CXADRLI1, which was almost identical by size to that detected
with anti-FLAG antibody (Figure 6).

25 (7) Identification of a CXADRL1-interacting protein by yeast two-hybrid screening
system.

To clarify the function of CXADRLI, we searched for CXADRLI1-interacting
proteins using yeast two-hybrid screening system. Among the positive clones identified,
C-terminal region of nuclear AIP1 (atrophin interacting protein 1) interacted with

30 CXADRLI by simultaneous transformation using pAS2.1-CXADRL1 and pACT2-AIP1
(Figure 7) in the yeast cells. The positive clones contained codons between 808 and 1008,
indicating that responsible region for the interaction in AIP1 is within this region.

(8) Prediction of candidate peptides derived from CXADRL1

Table 1 show the candidate peptides (SEQ ID NOs: 115-154) in order of high

35 binding affinity. Forty peptides in total were selected and examined as described below.
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5 Lymphoid cells were cultured using these candidate peptides derived from
CXADRLI in the manner described in “Materials and Methods”. Resulting lymphoid
cells showing detectable cytotoxic activity were expanded, and CTL clone was established.
CTL clone was propagated from the CTL lines described above using limiting dilution
methods. CTL clone induced with CXADRL1-207 (ALSSGLYQC) (SEQ ID NO: 124)
10  showed the higher cytotoxic activities against the target pulsed with peptides when
compared with those against targets not pulsed with any peptides. Cytotoxic activity of
this CTL clone was shown in Figure 8. This CTL clone had very potent cytotoxic activity
against the peptide-pulsed target without showing any cytotoxic activity against the target
not pulsed with any peptides.
15 (10) Cytotoxic activity against tumor cell lines endogenously expressing CXADRL] as a
target
The CTL clones raised against predicted peptides were examined for their ability to
recognize and kill the tumor cells endogenously expressing CXADRL1. Figure 9 shows
the results of CTL Clone 75 raised against CXADRL1-207 (ALSSGLYQC) (SEQ ID NO:
20 124). CTL Clone 75 showed potent cytotoxic activity against SNU475 which expresses
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antibody were used (Figure 11), indicating that the CTL clone recognize the CXADRL1
derived peptide in a HLA-Class I and CD8 manner.
(12) Expression and characterization of novel human gene GCUDI

Multi-tissue northern blot analysis using GUCD1 cDNA as a probe showed a

20  5.0-kb transcript expressed specifically in testis, ovary, and brain (Figure 12). Although
the nucleotide sequence of KIAA0913 (GenBank Accession Number: XM-014766),
corresponding to GCUD], consisted of 4987 nucleotides, RT-PCR experiments using testis,
ovary and cancer tissues revealed a transcript that consisted of 4987 nucleotides containing
an open reading frame of 1245 nucleotides (SEQ ID NO: 3) (GenBank Accession Number:

25  AB071705). Furthermore, the genomic sequence corresponding to GUCDI was searched
in genomic databases to find a draft sequence assigned to chromosomal band 7p14
(GenBank Accession Number: NT-007819). Comparison between the cDNA sequence
and the genomic sequence revealed that the GUCDI gene consisted of 8 exons.

(13) Subceltular localization of GCUD1

30 The entire coding region corresponding to GCUDI was cloned into
pCDNA3.1myc/His vector and the construct was transiently transfected into COS7 cell.
Immunocytochemical staining of the COS7 cell revealed that the tagged-GCUD1 protein

was present in the cytoplasm (Figure 13).
(14) Effect of GCUD1 on cell growth
35 To analyze the effect of GCUD1 on cell growth, a colony-formation assay was

conducted by transfecting NIH3T3 cells with a plasmid expressing GCUD1
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protein was used for immunization of three rabbits. Immunoblotting with anti-GCDU1
20  sera but not pre-immune sera showed a 47 kD band of FLAG-tagged GCUD], which was
almost identical by size to that detected with anti-FLAG antibody (Figure 17).
(17) Prediction of candidate peptides derived from GCUD1
Table 2 (GCUD1) shows the candidate peptides (SEQ ID NOs: 155-194) in order of
high binding affinity. Forty peptides in total were selected and examined as described

25  below.
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peptides

Lymphoid cells were cultured using these candidate peptides derived from GCUD1
Resulting lymphoid cells showing

in the manner described in “Materials and Methods”.
detectable cytotoxic activity were expanded, and CTL clones were established. CTL

clones were propagated from the CTL lines described above using limiting dilution

methods.

CTL clones induced with GCUD1-196 (KMDAEHPEL) (SEQ ID NO: 164)

and GCUD1-272 (FLTTASGVSYV) (SEQ ID NO: 177) showed the higher cytotoxic

activities against the target pulsed with peptides when compared with those against targets

not pulsed with any peptides.

Cytotoxic activity of these CTL clones was shown in

Figure 18. Each CTL clone had very potent cytotoxic activity against the peptide-pulsed
target without showing any cytotoxic activity against the target not pulsed with any

peptides.
(19) Cytotoxic activity against tumor cell lines endogenously expressing GCUD1 as a

target

The CTL clones raised against predicted peptides were examined for their ability to
recognize and kill the tumor cells endogenously expressing GCUD1.  Figure 19 shows the
results of CTL Clone 23 raised against GCUD1-196 (SEQ ID NO: 164).  CTL Clone 23
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5. 224 3gx?tibody and anti-CD8 antibody were used (Figure 21), indicating that the CTL clone
recognize the GCUD1 derived peptide in a HLA-Class I and CD8 manner.
(21) Identification of gene FLJ20315 commonly up-regulated in human colon cancer

Expression profiles of 11 colon cancer tissues were compared with non-cancerous

mucosal tissues of the colon corresponding thereto using the cDNA microarray containing
20 23040 genes. According to this analysis, expression levels of a number of genes that
were frequently elevated in cancer tissues compared to corresponding non-cancerous
tissues. Among them, a gene with an in-house accession number of B4469 corresponding
to an EST (FLJ20315), Hs.18457 in UniGene cluster
(http://www.ncbinlm.nih.gov/UniGene/), was up-regulated in the cancer tissues compared
25  to the corresponding non-cancerous mucosae at a magnification range between 1.44 and
11.22 (Figure 22a). FLJ20315 was also up-regulated in 6 out of 18 gastric cancer cases,
12 out of 20 HCC cases, 11 out of 22 lung cancer(adenocarcinoma) cases, 2 out of 2
testicular seminomas cases and 3 out of 9 prostate cancer cases. To clarify the results of
the microarray, the expression of these transcripts in additional colon cancer samples were
30  examined by semi-quantitative RT-PCR to confirm the increase of FLJ20315 expression in
15 of the 18 tumors (Figure 22b).
(22) Expression and Structure of RNF43
Additional homology searches of the sequence of FLJ20315 in public databases
using BLAST program in National Center for Biotechnology Information

35  (htp://www.ncbi.nlm.nih.gov/BLAST/) identified ESTs including XM_097063, BF817142
and a genomic sequence with a GenBank Accession Number NT-010651 assigned to
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revealed a 85.5-KDa band corresponding to the tagged protein (Figure 24a). Subsequent
90  immunohistochemical staining of the cells with the same antibody indicated the protein to

be mainly present in the nucleus (Figure 24b). ~ Similar subcellular localization of RNF43

protein was observed in SW480 human colon cancer cells.

(24) Effect of RNF43 on cell growth
A colony-formation assay was conducted by transfecting NIH3T3 celis with a

25  plasmid expressing RNF43 (pcDNA-RNF43).  Cells transfected with pcDNA-RNF43
produced significantly more number of colonies than control cells (Figure 25a).
Increased activity of colony formation by RNF43 was also shown in SW480 cells wherein
the endogenous expression of RNF43 was very low (data not shown). To further
investigate this growth-promoting effect, COS7 cells that stably express exogenous RNF43
30 (COS7-RNF43) were established (Figure 25b). The growth rate of COS7-RNF43 cells
was significantly higher than that of COS7-mock cells in culture media containing 10%
FBS (Figure 25c).
(25) Growth suppression of colon cancer cells by antisense S-oligonucleotides designated

to reduce expression of RNF43
35 To test whether the suppression of RNF43 expression may result in growth

retardation and/or cell death of colon cancer cells, five pairs of control and antisense
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(27) Secretion of Flag-tagged RNF43 protein in culture media of COS7 cells with

25  exogenous Flag-tagged RNF43 protein
Since a search for protein motifs with amino acid sequence of RNF43 using

Simple Modular Architecture Research Tool (SMART, hitp://smart.embl-heidelberg.de)
predicted a signal peptide and a ring finger domain, secretion of the RNF43 protein was
examined. Plasmid expressing Flag-tagged RNF43 (pFLAG-RNF43) or Myc-tagged

30 RNF43 (pcDNA3.1-Myc/His-RNF43), or mock vector was transfected into COS7 cells,
and the cells were cultured in media supplemented with 0.5 % of bovine calf serum for 48

hours. Western blot analysis with anti-Flag antibody or anti-Myc antibody detected

secreted Flag-tagged RNF43 or Myc-tagged protein in the media containing cells

transfected with pPFLAG-RNF43 or pcDNA3.1-Myc/His-RNF43, respectively, but not in
35  the media containing cells with mock vector (Figure 28A and 28B).

(28) Effect of cultured media of cells transfected with pFLAG-RNF43 on NIH3T3 cells
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cells and an§;ncﬁf§o%qup%g@$85pg@gm3§0§%ﬂgd%O@hﬁa&‘z‘&tﬂ%"%ﬁ‘gﬁd, ng to the

:ﬁggedlrflmqg;cﬁllf Ereice FPa@a}iggeﬂdlmsmtﬂmm e@mmmmmrsmm@magm st a: ni ng of
e cells w e sa y iopl Y

pr esentProliferahige fie té’Bg(ﬁEé]iLéﬁE@ Mﬁﬁé%%ﬁ?g%ﬁgc& [n% %l gﬁlpthgcgalf%é)? i on of

R][\IF?{% - igécﬁi @ Wlﬂﬁﬁ)nﬂb@ﬁédgﬁddla of S8 Cnblisated Wit m@plttaam@cteééﬂ %;ﬂ g@&? Ef f ect

0 on_ce owt col on ed by

Cr adist ot RYesRsT’ C b Erfile s SR hifRamY: ¥A% %‘S‘%ﬁ?ﬁs

( pC DNA- RN 1- L@@d/Hss-RNﬁmsmumﬂlm/aonmtlpnmcﬂms @vedyr YERieyi B cant 1 y

nb I d act t
A oPé%f}‘%*bﬁ%?a‘f"i%&%n%@% lﬂk#ir%at%8 %El'iﬁ%r Iﬁ@dﬁé @ec(f'tﬁﬁit@ct@cﬁ%@élislcgﬂﬁrﬁg?ﬁg ed act Ie vity

endogertgmalt@ned sediaqRigofe TMFagl 208). vEhese|dsie uaaeshtAbRNEAS MY SX48 1 yr ¢ her

i nvesti h| S b COST cells that stably express
exogen é‘gg?%%‘?ﬁﬁﬁﬁ§§mn$@ glg%abl i shed Figure 25b). The growth
ratm of 2 F Blhlﬁdﬁoﬁ prabingpfAmiNerANK | CAENE it9: RNFg3.profein: * of  cos7- mock
cells 0 CUILHS S TR AofOcanibody o Jgfalfpst Eﬁfm:é i lgwnﬁdaﬁpr)essmgzms -Gygud h

suppressi on o ncer ce

anti sense S—O|l g"ﬁ‘h@ ﬁ Sio E.
desi gnaRB#43 pmtcladmsetoestplﬁ@éiﬁgﬁfeo? AQNFA@OBSIWOF%@( AT E
suppres @f 6§ @Sip) &hﬁﬁ?ﬂn bES Hcbmbihafi pmteih inrth¢ baotkatal extrazhd/ or
cel | g‘%hﬁﬁ]“?{t Bﬁ%ﬁé@er cepQ ﬁéﬁgo{ﬁ of 3@8 igé) and anti sense WD
03/ 1042WBhP1(6I'¢XPP€t§¢1 sizow@s ohservsd (hyl%%% LS Bhdi ng to RNF43 were
fsl'y n% e‘ﬂﬂ AdAnsreaiedintct Pink 9Mein€ BY 9eastBERybritidckeeningfsi shown ?I
i gher expressi on_anon r ce
| i nes. Anpng th glarify,the QHQQ%@ﬁé%ecéaﬁFmg’Sﬁﬁﬁ% ?ﬂggg tﬁééﬁ@go é&gﬁ}llﬁ%g
ST oni 1 GaRicl uSBRERS SchY e AR y@uano; /RNhe utcpaﬁe@msglwmeég .
- ol i gonucl eot i des rs.after ﬁﬁ.}a e 26a

Si x dayNQF¢E? of PEREY iﬁf?r{“‘aﬁd Wﬂfi]ﬁ%]?‘% &?Slgﬁttgﬁle\?%é&& ht8 1?gns géc?t ed with
RNF43- A&Jﬂ Wath pRISeni-RNFaB ahd pASTRFNOTEH2t(Figne 3IB)amspfb‘&2 ERN43rAANF43- S1
suggesting th of RN [ kEHYHAG Ny and/ or
sur @vaP T%%&eéﬁ’gg'pééﬁ ?Ih—? re§1on§g%8§ﬁ(s% g?\@ltg{]glnt results were
obt ai nedpd STRIN are indicated in Figure 31A and Figure 324, respectively.

(31) Prediction of HLA-A24 binding peptides derived from RNF43

The amino acid sequence of RNF43 was scanned for peptides with a length of 9 or
10 amino acids which peptides bind to HLA-A24 using the binding prediction soft
95  (http://bimas.dcrt.nih.gov/cgi-bin/molbio/ken_parker comboform). Table 3 shows the
predicted peptides (SEQ ID NOs: 71-90) in order of high binding affinity. Twenty

peptides in total were selected and examined as described below.




in three independent experinents. 10 (26) Construction of plasm ds
expressing RNF43 si RNAs and their effect on growh of colon cancer cells

I n mammal wanosciedd7s, small interfering RNA (si RNA) conposedaxispagomne 21- mer
doubl e-stranded RNA (dsRNA) with 19 coqhpl enmentary nucl eoti des and 3
termnal conplenmentary dimrers of thym dine or uridine, has been recently
shown to have a gene 15 specific gene silencing effect w thout inducing

gl obal changes in gene expression. Therefore, plasm ds expressing various
RNF43- si RNAs were constructed to examne their effect on RNF43 expression.
Anong tHBlediri ous RNF43-si RNAs, psi H BX- RNF16-4  and psi HLBX- RNF1834
significantly suppressed the expression of RNF43 in SNUC4 cells (Figure

gzg\?or esswﬁggm&?ﬁﬁ@?? mﬁw ss'%egr% Itpa%g?\gf:[]ed W th

psi H BX--RNF16- 4, - psi H BX-- RNF1834 or rm ve axl'kn I r}oe W th the data of
anti sense S-oli onucl eot| de@lttp ‘tnF‘F ﬁﬁq‘ﬂﬁ% s transf ected with
psi H BX- RNF16%# 0 ,' 1 BXB; femﬁ,gm)t anmmer of viable

control cell 0 a tagged RNF43 protein
inculture rrealem TEEFFRHe| | $6Wi 1 h T @x%@%ﬁ% F2%9- t agged RNF43 protein
Since a searclnufwgsopmnmmnotznds WIRNFu13-83301 FGILRMAYd: s@uence of RNF43 using
Si mpl e Modul a Lieehkis® Resear Chrnkgols CYSNBGRVWL 200

http//smarte %9% de),, pre ﬁvﬁég‘nal pgptide and a ring
finger domain, s'%cr e@%‘% thé) RNF %53%!) M8 exam ned. Plasmd
expr essi ng Fl Ay ZGgE W3 (BFLAG 493 or M/c-tagged 30 RNF43
( pcDNA3. 1- My Cc/RNF4SSRNRAPSFQREr nifck vaBFSHH sfetted into COST cells,
and t he cel | s pwesescrRARRROLS | n12redi RNEWED| BQFEREIL W ¥h 0.5 % of bovine cal f
serum for 48 ghpus® Rppmg@rn b ot abaklssi svorTGKINRNT i9- Fl ag anti body or

anti-Mc antibody detagled, seqs et edm!%mgg m@g@wm or Myc-tagged
protein in the medl a cont al ni n? cel |1§NF Z% W h pFLAG RNF43 or
pcDNA3. 1- I\/yc/I]iNg WFW% 9 vel YUBU I'n 35 the nedia containing
cells with neck—vector—(Frgure 28A and 28B). (Z28) Effect of cultured nedia’
of cells transfected with pFLAG RNF43 on NI H3T3 cells WO 03/104275

PCT/ JP03/ 07006 72 Since exogenous expression of RNF43 conferred growth
pronoting effect on N H3T3 cells, secreted Flag-tagged RNF43 was exam ned
whether it also has a proliferative effect on NIH3T3 cells. NIH3T3 cells
were cultured without the change of nedia, or wth conditioned nedia of
cells transfected vvith nock-transfected cells, or those 5 with pFl ag- RNF43.
As expect ed, cells nsf.ect ed I g of

pcDNA3. 10 fgdp s“%l?@tf 108dPeG t&%ﬁ\fl aocgo%pﬁ%ﬁlg(?@ﬁs?Ngf‘@ﬁgfmggnglugl gnificantly
hi gher RNF43.

5  (32) Stimulation of T cells using the predicted peptides
CTLs against these peptides derived from RNF43 were generated according to the

method described in the “Materials and Methods”. Resulting CTLs showing detectable

cytotoxic activity were expanded, and CTL lines were established.
The cytotoxic activities of CTL lines induced by 9 mer-peptide (SEQ ID NOs:

10 71-80) stimulation are shown in Table 4.



grow h rate conpared to non-treated cells or nock-vector transfected cells
cultured in conditioned nedia (Figure 29A and 29B). These data suggest

t hat RNFA&Oowmyloexert its growth pronoting effect in an awcmIPORdTIgs manner .
10 (29) Preparation of reconbi nant antfo- and carboxyl -term nal RNF43
protein To generate a specific antibody against RNF43, a plasm d expressing
Nus-tagged RNF43 protein was constructed (Figure 30A). Upon transformation
of the plasmd into E. coli BL21trxB(DE3)pLysS cell, production of a
reconmbi nant _protein in the bacterial exjr jth the expected size was
obser ved Pables4Ace (Catbotosacity aio Lk [mes démen)cat  on o
RNFA3- | [Riinegrtnsimniegjmiinim @iy ey @eipiyiel oo pfmieefn@e@i i gmaupeaeeme== T0 C| ari fy
t he oncoge®iaet mechidi sm of BiNd#dg RNF43-Cytbboxddty ng proteins were searched

usi ng yeast two-hybrid screeping smg—rgrl‘d i.f.i.ed positive
cl ones, NeSRR SPAUSTEESN | nf’@%@t ed Wtth RNF43 B¢ si nﬁgﬁa&ﬁ}éﬁs
transformation of an yeast cell wWplRpnphsd) pefN-48p@NCHAKENOTCH2 (Fi gure
31B), on . ' » ~OmS

48881 t REQERGRRIct B6R0i n NGPEH2 LYandO’6TROW are indicated in

r esponsi

Fi gure Bﬁﬁﬁg_%d:i}?#g%%@h?,rz@ﬁgect! VAR 1@1) 58 edjogt i on of HLA- A24 bi ndi ng

pepti des derrved e am no acid sequence of RNF43 was scanned
for pept RNEE36B9 MFNLQKRATIL oB0Y or 429 aBfB%o dW dsS%hi ch beptides bind to

HLA- A24 i th [WeTel predjction_soft 25 o
(http://gﬂﬁgg—?écw 7y /cg&’bi o/ BB bi ¥ ked"bari®r conboforn). Table 3
shows t heNmpedi ARFASCROA dess5.0SEQ 7TDsNC82% 71280) 169 or der of hi gh bi ndi ng

affinity, Twent peptides in total were sel ected and exam ned as descri bed
bel ow. WBN¥43-88 MMOBF@?OOG 4% 48 el@fP}@eIi cted RWF43pepti des

bi ndi ng REFhd I ARPHBUIIGY, / / Bo.gm datpgnagon), c &lygep/ >g9h bi o/ | on par kei
conbofonnc) Staft AA Wston (9ners) Bia y *' position (10nmers) Bincling icy
RNF43- 33RNEVBBAHRPRIKIPIINF432.849 SYBPERIBYL 230 0G¥F43- 350 HYHLPAAYL 200

RNF43- 35%&% RNF% - 639 LFNLOKSSim30 RNF43-718 CYSNSQPVW. 200
RNF43- 24 43-21 IFVITT.AS VL 36 RNF43-247 RYQASCRQA 15
RNF43- 31 BNFEBITZECINIPVWLCRNF48:0307 RSACEQRL 28% RN 3- 498 TFCSSI SSDF 12

RNF43- 1 12
RNF43- 54 KMDPTCGKLNL 9 NE:No establishment of CTL lines

CTL lines stimulated with RNF43-350 (HYHLPAAYL) (SEQ ID NO: 72), RNF43-639
(LFNLQKSSL) (SEQ ID NO: 73), and RNF43-721 (NSQPVWLCL) (SEQ ID NO: 80)
showed higher cytotoxic activities on the target that were pulsed with peptides compared
5  with those on target that was not pulsed with any of the peptides. Starting from these

CTLs, one CTL clone was established with RNF43-639 and 13 CTL clones were
established with RNF43-721.

The CTL line stimulated with RNF43-721 showed a potent cytotoxic activity on
the peptide-pulsed target without showing any significant cytotoxic activity on target that

10  was not pulsed with any of the peptides (Figure 33).

The results obtained by examining the cytotoxic activity of CTL lines stimulated

with the 10 mer-peptides (SEQ ID NOs: 81-90) are shown in Table 5.



RNF43-45 KAVI RVI PL 12 RNF43- 683 HYI PSVAYPW 8 RNF43-721 NSQPVW.CL 10
RNF43-282 GQELRVISCL 4 In the table, start position indicates the | ocation
of am no w@ @si0dz7om the N-term nus of RNF43. 5 (32) Sti micavirosombe T cells
using the predicted peptides CILs agafhst these peptides derived from RNF43
were generated according to the nethod described in the "Materials and

Met hods". Resulting CTLs showi ng detectable cytotoxic activity were
expanded, and CTL lines were established. The cytotoxic activities of CTL
i nes induced by 9 ner-peptide ( 10 71- 80) stinmulation are
shown i TakleebHs. @yﬂa@ Bﬁﬂiﬁﬁghﬁ)é Mabl e 4 Cytotoxicity of
CTL |i pes=tSmery—Start— A _Britmg CyLOr OXT.CT 1y p05|t|on sequences affinity
X 20 X 2 Startapl i dHed PepPWdingk PRS0 1) CTL clones RNF43-331
SYQEPCGRRLpo3fion 0 384udd¥es0% &%mtRNF43><2350 HYHLPAAYL Estaigislipd26% 17% 5% 4%
RNF43- 639 WALQKSSL 30.0 42% 33% Y IEVEER 4R GLVL 20. 0 8% 9% 1%
2% RNRASadrdRNQASSRSA aaras Pr—RNFA3=397 RAPGEQQRL 14.4 41%
32% 15% 1BBZ&‘43HW$XC'MBSG’¥N3QP'@LSL 1%2 01"'23%"’26%0%% 9% RNF43-368 RPPRPGPFL
12.0 1% O%N@%JQB/@HMAMMM RVI PL 12.ME NE RNF43- 721 NSQPVW.CL 10.0 68%
0% 26% 0% W b of CTL lings CTL lines stinulated with

RNF43- 350:&:@?& E E; gEQ |D NO 72), E%“A% 639 (LFNLQKSSL) (SEQ I D NG
73), and I%) (SEQ | ISI showed hi gher cyt ot oxic
activiti eBNB#-31AIFNATHERSE hBi0 wer e pulNob il eﬁ‘ﬁ peptides conpared 5 with

t hose on RargeisstirassesBFnoi2.oul sd widkh @by ¥6 t he peptides. Starting from
t hese CT 4981€ | SGIPPRE \B§ esdhabl isghedon s RNF43-639 and 13 CTL cl ones

were established w 43; 721, The o TL ghi Nepstimul ated with RNF43-721
showed a POF&ht* C ac IVI tc(}/ t he peptlde pul sed target without
showi ng aMF43-¢iHYIRERAYRY t obxi Cact i% tyY%on Y4rget that 10 was not

pul sed w triNFasys2aiQRIRYISUEPL | 8lés ( Fi gur eNB3) .

NE:No establishment of CTL lines

CTL lines stimulated with RNF43-81 (KLMQSHPLYL) (SEQ ID NO: 87) or RNF43-54
(KMDPTGKLNL) (SEQ ID NO: 88) showed modest cytotoxic activity on the
5  peptide-pulsed target compared with that on the target that was not pulsed with any of the
peptides.
(33) Establishment of CTL clones
CTL clones were propagated from the CTL lines described above using the

limiting dilution method. 13 CTL clones against RNF43-721 and 1 CTL clone against

10 RNF43-639 were established (see Table 4 supra). The cytotoxic activity of RNF43-721
CTL clones is shown in Figure 34. Each CTL clone had a very potent cytotoxic activity

on the peptide-pulsed target without showing any cytotoxic activity on the target that was

not pulsed with any of the peptides.
(34) Cytotoxic activity against colorectal cancer cell lines endogenously expressing RNF43

15  as target
The CTL clones raised against predicted peptides were examined for their ability

to recognize and kill tumor cells that endogenously express RNF43. Figure35 shows the
results of CTL Clone 45 raised against RNF43-721. CTL Clone 45 showed a potent
cytotoxic activity on HT29 and WiDR both expressing RNF43 and HLA-A24. On the
90  other hand, CTL Clone 45 did not show any cytotoxic activity on either HCT116
(expressing RNF43 but not HLA-A24) or TISI (expressing HLA-A24 but not RNF43).

Moreover, CTL Clone 45 did not show any cytotoxic activity on irrelevant peptide pulsed



The results obtai ned by exam ning the cytotoxic activity of CTL lines
stinulated wth the 10 ner-peptides (SEQ ID NOs: 81-90) are shown in Table
5. WO 03/ w@i3394PET/ JPO3/ 07006 75 Table 5 Cytotoxicity ofpc@liposimes

(10ner) Start AA Binding Cytotoxicity7position sequences affinity X 20 X2
Establ i shed Pep(+) Pep(-) Pep(+) CTL clones RNF43-449 SYCTERSGYL 200.0 1%
1% 0% 0% RNF43- 350 HYII|.PAAYLL 200.0 NE RNF43-718 CYSNSQPVWL 200.0 NE
RNF43-209 | FVLI LASVL 36.0 Not synthesis RNF43-313 VFNLTEGDSF 15. 0 Not

synthesis RNF43-496 TFCSSI 2 8%.9%,0% Q% -81 KLMQSHPLYL 12.0
10% 591154 andoN (st @%%Pm%bg@ﬁ}mg‘é‘? ﬁ%ﬁ%ﬁ@ﬁg?%@ﬁiﬂ_ 683 HYTPSVAYPW
8.4 0%(@%@9&3036%31%1%&3331@&1% SCL 8.4 NE NE: No establishnent of ) CL
lines CTC Tines, stinmulated with RNF43:8 I NO 87) or
RNF43-54 (K [84f ynDIRapeR PSR RAS %%fonéﬁgm%%@%ég%g%e&tﬁoﬁtgﬁ? c activity on
the 5 pEWHiTEPOTESlodear GET29aetiphabeldd by 1 rtweae usnd ashdiot targpstWhileakIShas not
pul sed wj.th any of t.j.de i L nes CTL
cl ofles q;gul%%ﬁi\@%%ﬁi%lbﬁﬁ%‘ﬁ{faﬁﬁnﬁ %fgts?l %é?ﬁ%%%%&%ﬁs?ﬁgﬂt he
i miti rgstidlsdd with RAFAS(21 Wi Gldedindheassayyati vasiouraaias speeifiaerdl I1SiETL ¢) one
against 1 =6 wer L S 1thee cytot oxi c
st RS20 33 i S Sl A I ks, (R0, SAmRalliar ©%

activit S1S'S [ ure 34. Each CTL cl one had
a very ipdicasd acypatenage afcpeaific ysisahthe T patjst o8l pJosEamingrtiet wi t hout
showi ng,any, cyt ot oxi C | Vi A8heiitiR! anti®odied fdaindtll sed with any
of the Cﬁ’@ﬁﬁe& e O?él}f‘)cﬁ‘{;%{&é% %%(ﬁlsé?h%{ﬁlgtvm a%%i; nsio ol of g%gl Eﬁ@gqﬁr cel |

li nes eAbAgeinsUsHY.AeKmseHsCRg, GRp48d CDS weredesteshor thel abiity %i sed

agai nst  predi | 695 Ml® §%8BIt0RICH9 0f tRSCTL aldht bh Yhe WIDR eelbgni ze
and kil ‘ny?tﬁ %‘t’tgg'iyﬁogq%%gﬁ gcn Sgenoug? ex trgess RNF43 gagl.%)ed% ) hé)ws t he
resul t stagget @I&si@iﬁn@lt]gaphlé1tgcbw ery@iith b agl, €03 and(D | tibodjes wege o o
pot ent us%&ﬁ%ﬁﬁé'ﬁ).aofﬁé’feglﬂt iR At WDRoRedtognpdsahs RINF4RME#HEdand
HLA- A24: e
peptide via HLA-Class I, CD3 and CD8.
15 (36) Homology analysis of RNF43-721 peptide
The CTL clones established against RNF43-721 showed a very potent cytotoxic
activity. This result may indicate that the sequence of RNF43-721 is homologous to the
peptides derived from other molecules which are known to sensitize human immune
system. To exclude this possibility, homology analysis of RNF43-721 was performed
20  using BLAST (http://www.ncbi.nlm.nih.gov/blast/blast.cgi). No sequence completely

matching or highly homologous to RNF43-721 was found among the molecules listed in

BLAST (Table 6).

Table 6
Homology analysis of RNF43-721

(BLAST http//www.ncbinlm.nih.gov/blast/blast.cgi)

Identification(9/9)
Identification(8/9)
Identification(7/9)
Identification(6/9)

N O O O

These results indicate that the sequence of RNF43-721 is unique and there is little
25  possibility for the CTL clones established with RNF43-721 to raise immunologic response

to other molecules.



20 other hand, CTL Clone 45 did not show any cytotoxic activity on either
HCT116 (expressing RNF43 but not HLA-A24) or TISI (expressing HLA-A24 but
not RNF43Wwo o3mosxsver, CTL C one 45 did not show any cyt otrRedi/IPoactonsi ty on
irrel evant peptide pul sed WO 03/10427% PCT/ JP03/ 07006 76 TISI and SNU-C4
that express RNF43 but little HLA-A24 (data not shown). (35)
Characterization of established CTLs A cold target inhibition assay was
performed to confirmthe specificity of RNF43-721 CTL Cone. HT29 cells
) ] . . < Tl | s pulsed with

M, q reseﬁtaﬁ@ﬁ Wen el
pul sed wit h Iibllfﬁ}lgrozlz &eﬁ&ﬁc@dﬁ@eptm«ﬂm&eu@sﬁl}g lﬁﬁF‘lﬁaﬂ]olm’tlﬂ‘aWF@s specific
cell lysis ai nst t.he HI29 cel S il ted,
(Fi gur én%ﬁle‘flgﬁmgn? ad Ia](telF‘gtloqsr?Efl eggasslwggrgig% g{g}gﬁ%ﬁg@ﬁ bvxss%ﬁycasz ic lysis at
the E/ Timpadvieahobindidg alf(imq')«ﬁrthmpeptlldeto thh &Hak Class Emotesules  TpRle €T ¢l one

rai sed agai nst 3 pe &S |, HLA-C ass
I, emeeamé?éma\lt%@ &E@glgt g%’tugmof oF t‘%ﬁl %\ﬂﬁ){ mtf?gﬁﬁml t the

cyt ot oxdi@ermadbhs/oftamind a¢1ﬂeat(i§bsltmh@r(§EQ1ﬂDeN@9{Qit %z)t y of the CTL clone on
the WDR cell target was significantly inhibited when anti-HLA-C ass |,
CD3 and CD8 anti bodies were wused (Figure 37). The result indicates that
the CTL cTelsla étogni zes the RNF43 derived peptide via HLA-Class |, CD3
and CD8. 15 (36) Honol ogy analysis of RNF43-721 peptide The CTL cl ones

est abl i shed agai nst RNF43-721 sho er ote totoxic activity.
This resul Pr ;ﬂtpﬂdllﬁéilégf’ﬁﬂf“"tt % "&ﬁ@? ﬂ@%g% 21 is honol ogous to
the peptides der ifxoad theolINJt Ve BEPdECh are known to sensitize
human i mmune system To excl ude this possibility, honology anal ysis of
RNF43- 721 was perfor med 20 using BLAST

(http://ww. nchi . ‘{180 eJ0V/ bl ast/ biggke Ci ) . R¥mksequence conpl etely

mat chi ng or highly ogous to RNF43-721 was found anong the nol ecul es
listed in BLASTNS@QPVEWH)CLTabl e 6 HiOBogy ana‘ﬂWS| s of RNF43-721 (BLAST

http://ww. ncbi . nl mni h. gov/ bl ast/ bl ast..cgi) tlfication(9/9) 0
Identlflcatlon(SA\@fQ@VWgéﬁLlflcatlo Qﬂé} tlfication(6/9) 2 These

resul ts indicat eﬁi@\?@iéﬁquence 0505H643 721 i unique and there is

little 25 possib e CTL clones established with RNF43-721 to
rai se i nmunol ogi ¢ response

* In HLA-A24 restricted 9mer peptides

(38) Prediction of candidate peptides derived from RNF43
Table 8 shows candidate peptides (SEQ ID NOs: 87, and 93-111) in order of high

10  binding affinity.




to other nol ecul es. WO 03/104275 PCT/JP03/07006 77 (37) Modification of
RNF43-721 to inprove the efficacy of epitope presentation To inprove the
ef ficacy oo @eapsizde presentati on, RNF43-721 peptide were padipbs/emoat am no
acid alternations on the anchor site.78The nodification was expected to
inprove the binding affinity of the peptide to the HLA Cass | nol ecul e.
Table 7 5 denonstrates a better binding affinity to HLA- A24 nol ecul e of
RNF43- 721 with alternations of am no acids at position 2 (SEQ ID NGs: 91
and 92%%b Tabl e 7 Predicted binding capacities of the peptides nodified

from t B&bIRRF43- 721 nati ve pepti de Sequence Score Rank* NSQPVW.CL 10.08 10
NFQPVWALCL 50.40 3 NYQPVWALCL 504.00 1 * In HLA-A24 restricted 9ner

pepti des (38 Pr ed| ctj.on, of candidate peptid N Vs RNF43 Tabl e 8
shows can ictiqred epit WPBPQ iﬁﬁiﬁffﬁ pzbg:j]der of high 10
bi ndi ng affini ty V\D 03/104275 PCT/JP03/07006 78 Table 8 RNF43: Prediction
of epitope pepti dpgdp-LA- A<0201) Omer 10med Qmerst arti ng Sequences Score
No Starting Sequences Score position position 1 60 KLNLTLEGV 274.3 11 81

KLMSHPL Yo skirtide 5 Sequéhcddl AABMPRNL 199N¢ stattind 7SefhénGRSRwtel1 183. 7 3 82
L MQSHPL YL 1%“3,,113 202 LMITWGTI FV 469. Gosito858 LLGPSRSAV 118.2 14 290

%Eﬁﬁ?ﬁﬁi\’gﬁsg 16@@@}3%%{?’“6842&1%@1?0%% SIPDAL V1264. 2 6 15

W LMIWGE 4G 1 18 QLAKUNWWWUYRYLT 127, 312 VN 1fig# 7 200
3 82 LMQSHPLYL 144.2 13 202 LMTVVGTIFV  469.6
4 358  LLGPSRSAV 1182 14 290  CLHEFHRNCV 285.1
_— ALWPWLLMA 94.8 15 500 SLSSDFDPLV  264.2
16 8 QLAAIWPWLL  160.2
6B WLLMATLOA 853 17 11  ALWPWLLMAT 1422
7 200  WILMIVVGT 40.1 & 7 LOLAALWEWL 1273
81 KLMEEVYKN 345 19 726 WLCLTPRQPL 982
a2 NLTLEGVEA  27.3 20 302 WLHQHRTCPL 982
10 156 GLTWPVVLI 239

Twenty peptides in total were selected and examined as described below.

(39) Stimulation of T cells using candidate peptides

5 Lymphoid cells were cultured using the candidate peptides derived from RNF43
according to the method described in the “Materials and Methods”. Resulting lymphoid
cells showing detectable cytotoxic activity were expanded, and CTL lines were established.
The cytotoxic activities of CTL lines induced by the stimulation using 9 mer-peptides
(SEQ ID NOs: 93-102) are shown in Table 9.



8 171 KLMEFVYKN 34.5 19 726 WL.CLTPRQPL 98.2 9 62 NLTLEGVFA 27.3 20 302
W.HQHRTCPL 98.2 10 156 GLTWPVWVLI 23.9 Twenty peptides in total were

sel ect ed wodosewsarsned as descri bed below. (39) Stinul ati acTafPoFowmes | s

usi ng candi date peptides 5 Lynphoid c#|s were cultured using the candi date
pepti des derived from RNF43 according to the nmethod described in the
"Materials and Methods". Resulting |ynphoid cells show ng detectable
cytotoxic activity were expanded, and CTL |lines were established. The
CytOtOXIC activities of CTL lines induced by the stinulation using 9

ner - pepalei®s (SEQ I D NOs: 93-102) are shown in Table 9. WD 03/104275
PCT/JP03/ 07006 79 Table 9 xl C|ty CT HLA-YA* 02019ner)
Start AA a(&tm;om@:tw t@'{[sfi BﬁAqﬁe&ﬁiaémﬂr v X 20 X2
Pep(+) v 2/42.3 -2.10.2-1.6 0.0
RNF43- 8 QLAABMRW. 1a9. 7 3mnd®ngo o.o 1. 0 Cytetpsicityes) | NOSHPLYL 144.2 1.7 1.2
0.0 -0.4 RNF43: 358 h‘g&fg 18.2 -0.4x20.7 0.&2-0.8 RNF43-11 ALWPW.LMA
94890215"4% NF43- S5 WLMAH-QA—84.5—~06-2-9.0 -0.4 -0.9

RNF43- 200 W LMIVWGT 40. 1 Not_ Synt h P ) PR N 34 5 2. 6 0.0 1.1
-0.5 1£6V Nai Syntdaesimz RNE63- 936 GLTWPWLI 23.9 -0.4
0.7 -0.5 -0. :No establ ishnent of es g:a'L liges induced with
RNF43-11-9 (WWLW}AGBEGWI&% 97)> sho‘éf\ed hi gher cyt otoxic activities
on the targginmylssedygsarpept ides conpareti2wi t B0t ho®dt on the target 5
that was not pul sed w e p id Sharti fromthese CITLs,
four CTL cl &@%F% ég‘%;g%ﬁgvheél th aﬁléf:43ﬁil Qb%The@%TL line stimulat ed
wi th RNF43- IiNSi39hovval WwPWIdduaned. gyt odhdi c 1act 454y b the pepti de- pul sed
target witho AN cant , CytoQf OXipg achbvity on the target

t hat was notﬁ%ﬂ‘égg Q&f%ny of b{ﬁe pe%%l deog)t(Fl gure 38A). The results of
exam nat i on RINF43{260 c WIBMIVVETact9-i ty of NWSYMPESs j nduced with the 10 10
mer - pept i desp(SEQ74 D Nairévnangs 103-441) oare shown-oisn Tabl e 10.

RNF43-62 NLTLEGVFA 273 Not Synthesis
RNF43-156 GLTWPVVLI 23.9 04 0.7 05 -03

NE:No establishment of CTL lines

CTL lines induced with RNF43-11-9 (ALWPWLLMA) (SEQ ID NO: 97) showed higher
cytotoxic activities on the target pulsed with peptides compared with those on the target

5  that was not pulsed with any of the peptides. Starting from these CTLs, four CTL clone
were established with RNF43-11-9. The CTL line stimulated with RNF43-11-9 showed a
potent cytotoxic activity on the peptide-pulsed target without showing any significant
cytotoxic activity on the target that was not pulsed with any of the peptides (Figure 38A).

The results of examination on the cytotoxic activity of CIL lines induced with the
10 10 mer-peptides (SEQ ID NOs: 87, and 103-111) are shown in Table 10.



WO 03/ 104275 PCT/JP03/ 07006 80 Table 10 Cytotoxicity of CTL |ines
(HLA- A*0201 I Oner) Start AA Binding Cytotoxicity(% position sequences
affinity wWaa/m42s Pep(+) Pep(-) Pep(+) Pep(-) RNF43-81 KIHIQGH®sAY1004521. 5

18.0 27.6 6.3 8.3 RNF43-357 YLLGPSRS# 1183.7 18.2 15.4 3.7 3.0 RNF43-202
LMI'WGTI FV 469. 6 Not Synthesis RNF43-290 CLHEFHRNCV 285.1 9.6 9.7 2.7 3.7
RNF43- 500 SLSSDFDPLV 264.2 NE RNF43-8 QLAAIWPW.L 160.2 6.7 9.0 1.1 1.3
RNF43- 11 ALWPWLLMVAT 142.2 91.5 27.1 40.5 4.3 RNF43-7 LQLAALWPW. 127.3 NE

RNF43- 726, MGL TPRQPL 98. 2 NE  RNF43-302 WLHQHRTCPL 98.2 7.4 6.1 1.5 2.2
NE: No es a]bl I'shment of CTL lines CTL lines induced with RNF43-11-10
(ALWPW.LLMAT) (SEQ ID NGO 108), showed a ?i her cytotoxic activity on the
pelptige-p | toxc1ty robr MTlithnes A0 26i 110men) was not
pul sed Wisise=gRi—gi—i @ eimt=tt @ St Gy t=rriyrsirrert—of CTL

cl ones CTL gl,gnes ware pl‘Oﬂﬁﬂﬁﬁ%d fromthecy@ibxi&ii;ym$ descri bed above using
the limting dilution nmethod. Four CTC clanes agalpst RNF43-11-9 were
est abl i shedPsitior  seqnensesg &) The cyt 888xic acif¥ity of RNF43

peptides-derived CTL clones is shown gy Fep@urep@PRemnd 39B. Each CTL
cl one hat=a—ver OTETT TOLOX ARBAREY tnﬁ?&e-_pu'@d't ar get
W t hout shoWﬁ&%ﬁyWﬁ%ﬁf@a@?}' itylsd)n t% ta tjet ‘hat was not pul sed

with any of RNIFE-pIpYILIGPSREAY) 18B.6t ox182 acti4i t YB.7agaBlst col orectal cancer
cell lines 0 Si RNF43 ts 15 The CTL cl ones
RARREC St RBASo gES il

rai sed agai eptides were examned for their ability to
recogni ze aR¥F#3-290 CHEFFHRNCY 2851 enddyendisl y Zkpréds RNF43. Figure 40A

and 40B shownesdoeSEsépritivi nedsbor the CTL N ones rai sed agai nst RNF43
derived peRtgiFdes. The CIL Cl ones showed a potent, cyt ?t oxic activity on

DLD-1 which -85 s QLAARNEMLL 1 (162 A Ax89501 9Gut Idoneldn HT29 which
expresses RiRNFZ3-bUt ANWPWOLIBTI 14225 PEIAJPARA07005 4.3

RNF43-7 LQLAALWPWL 1273 NE
RNF43-726 WLCLTPRQPL  98.2 NE
RNF43-302 WLHQHRTCPL  98.2 74 6.1 1.5 22

NE:No establishment of CTL lines

CTL lines induced with RNF43-11-10 (ALWPWLLMAT) (SEQ ID NO: 108) showed a
higher cytotoxic activity on the peptide-pulsed target compared with that on the target that
5  was not pulsed with any of the peptides (Figure 38B).
(40) Establishment of CTL clones
CTL clones were propagated from the CTL lines described above using the
limiting dilution method. Four CTL clones against RNF43-11-9 were established (see
Table 9 supra). The cytotoxic activity of RNF43 peptides-derived CTL clones is shown
10  in Figure 39A and 39B. Each CTL clone had a very potent cytotoxic activity on the
peptide-pulsed target without showing any cytotoxic activity on the target that was not

pulsed with any of the peptides.
(41) Cytotoxic activity against colorectal cancer cell lines endogenously expressing RNF43

as targets
15 The CTL clones raised against the predicted peptides were examined for their

ability to recognize and kill tumor cells that endogenously express RNF43.  Figure 40A
and 40B show the results obtained for the CTL clones raised against RNF43 derived
peptides. The CTL Clones showed a potent cytotoxic activity on DLD-1 which expresses
RNF43 and HLA-A*0201, but none on HT29 which expresses RNF43 but not



81 HLA-A*0201. (42) Specificity of CTL clones A cold target inhibition
assay was perfornmed to confirmthe specificity of RNF43-5-11(9nmer) CTL
Cl one. HOWDLB/10€d75s | abel ed with 51Cr were used as a hot trOTgEPD3/07086 Whi | €
T2 cells pulsed with RNF43-5 wi thout 80Cr | abeling were used as a cold
target. Specific cell lysis of the HCT-116 cell target was significantly
i nhibited, when T2 pulsed w th RNF43-5 was added in the assay at various
ratios (Figure 41). Industrial Applicability 10 The expression of novel
human genes CXADRLI and GCUDL is nmarkedly elevated in gastric cancer as
conpar -* AL cancer ous stonach tissues. On the other hand, the
expresgj @; @(f;lfl st chuemiegene RNF43 is nmarkedly el evated in co: orec';]al
cancer npar e QN- cancer ous cQ ngly, these
genes may sérc\?’led ta&%ebmaﬁj HRASEW W?@WS?Q’C%%%%?%S eéﬁﬁﬁ%rg%t e| ns encoded
t her eby NfRIg- 981 9aRE) CTL Cldnedi HETI16 icellslsbalydwish d‘anfeeee usepkps ok

i nventors have aI SO0 shp t. t X t CXADRLl
GCUDL, velepnres BFIB W&W E Wg&pﬁ réi?béeglgg g)(e%F &Qﬁgé\% E&lgstﬁglé}ppr essed by
ant i sergpecifit lcgprysisloeatelmers-mﬁ ceslh‘aalrget iws eighificamily iRhibited oyheasiPantitcdy to t he
CXADRL1, or F e est that each of
CXADRLjYV“}tﬁé‘%‘LS Wéﬂiﬁ%&l S tgllgﬁgusfs alﬂgr% éég cogenic activity. Thus,
each of these novel oncoproteins is wuseful targets for the devel opnent of
ant i -canier Egar&f%?{tl cals. For exanple, agents that block the expression
of CXA tri RNF43, or prevent its activit may E d therapeutic
utiloi ty as arfthc-eepuession aigemtisiunrargeneuCEAPRLAApd G 15 183, ?fﬁ% for the

f
| et uodapdE L %%%ﬁﬁgn%%‘ﬁ%%??‘d%@%f@s oL o g, A, and

smal | interferin and
ant i bodiad, thbatpresngriinoecl GurpRigene REEDIs makediyelpyateg in gﬂ@%ﬁ%} e, the

2;3:??; &' (?ef\%e ?st ?c{]nzpali]?qvtﬁ oL %ﬂcctr(ﬁﬁtml@é@@'ﬂs&uds nt Afzétﬁﬂﬁagm lhbse g mayt is

feratin ctivit re ated by
its b| sedierny atddagmioptic miﬂﬁgfso’f capesaad mﬁeﬁ’ﬁl (tdeiiﬁ& eg’R ﬁeyuseg lHtl

for 955%%5 «p conposed of CXADRLI and Al Pl may al so fi nd
uti 8Q${1%%thgasﬁreatfrre%t and prevention of .  cancer Cé | G&
Jo PLEOvER

col or ect al |Ih¢g)resgatsmv¢rt§01‘s é‘ﬁ‘éF alpq shovahatdhe CXDAPION APV Py
i nvent o Bmoftk @61a g icew thinthorelCTHrowith s*sm)messr:d is

atNﬁ‘Sﬁﬂ
expectegt at the ceII prolife tln .ac it £99 ed by its
bi ndi ngby antisoreigdigeruciepifieg or HERS (%{)Hggrﬂgnmg é:f? H% d;ct |J\3|E¥ of the

for mat i gprggh;, ar RAMAL @gnecormlegeeﬁndiﬁgsl%ﬁggést fifat eactl oORIOKADR b1, GTRDY, al so

find utilit n the treatnent and .pre .0 |
c I0| 2 gcizglh?4¥ plgm@ms sjinaylate OnCageRIq AL \é SHus, %cf%f GRNC S vel oddpfotdibsaRl | Y

useful targets for the development of anti-cancer pharmaceuticals. For example, agents
that block the expression of CXADRL1, GCUD1, or RNF43, or prevent its activity may

find therapeutic utility as anti-cancer agents, particularly anti-cancer agents for the

he present

treatment of gastric and colorectal cancers. Examples of such agents include antisense
25  oligonucleotides, small interfering RNAs, and antibodies that recognize CXADRLI,
GCUDI1, or RNF43.
Furthermore, the present inventors have shown that CXADRLI interacts with
ATP1. It is expected that the cell proliferating activity of CXADRLI1 is regulated by its
binding to AIP1. Thus, agents that inhibit the activity of the formation of a complex
30 composed of CXADRL1 and AIP1 may also find utility in the treatment and prevention of
cancer, specifically colorectal, lung, gastric, and liver cancers. Alternatively, the present
inventors have shown that RNF43 interacts with NOTCH2 or STRIN. It is expected that
the cell proliferating activity of RNF43 is regulated by its binding to NOTCH2 or STRIN.
Thus, agents that inhibit the activity of the formation of a complex composed of RNF43
35 and NOTCH?2 or STRIN may also find utility in the treatment and prevention of cancer,

specifically colorectal, lung, gastric, and liver cancers.



WO 03/ 104275 PCT/JP03/ 07006 82 Wiile the invention has been described in
detail and with reference to specific enbodinents thereof, it wll be
apparent wo one4SRilled in the art that various changes amtT/Ipslofon€ati ons
can be made therein wi thout departingsfromthe spirit and scope of the

i nvention. WO 03/104275 PCT/JP03/07006 83 CLAIMS 1. An substantially pure
pol ypepti de selected fromthe group consisting of: (a) a pol ypeptide
conprising the amno acid sequence of SEQID NO 2, 4, or 6; 5 (b) a

pol ypepti de t re e 2, 4, or 6
pol YpePti de i SRTRARGR G AE-AAEE LR SRR b B0 2 ¢

and/ or aﬂbk&ﬁm&nﬁdthetdm@tlthaaﬁpamng ol skilledji theyaricifad ¥asoEnehangesand:r ot ei n
consi stin the a pe Of the; and (c) a
pol ypep{‘ﬁog‘élcﬁtﬁoég&%rbm%gl%gg%{(%%%u eotl ar% ﬁg%/‘grsﬁ@ Ezugq:,‘scﬂ)nder stringent 10
condi t i iwsntiom. a pol ynucl eoti de consi stl ng of the nucl eotide sequence of SEQ
ID NO 1, 3, or 5, wherein the pol ypeptide has a biological activity

equi valent to a polypeptide consisting of the am no acid sequence of any
one of SEQID NGO 2, 4, or 6 2. An isolated polynucl eotide encoding the
pol ypeptide of claim1l. 15 3. A vector conprising the pol ynucl eotide of
claim2. 4. A host cell harboring the polynucleotide of claim2 or the
vector of claim3. 5. A nethod for producing the polypeptide of claima1,
said nmethod conprising the steps of:" (a) culturing the host cell of claim
4; (b) allowing the host cell to express the polypeptide; and 20 (c)
collecting the expressed pol ypeptide. 6. An antibody binding to the

pol ypeptide of claim1. 7. A polynucleotide that is conplenentary to the
pol ynucl eotide of claim2 or to the conplenentary strand thereof and that
conprises at |east 15 nucleotides. 8. An antisense pol ynucl eotide or small
interfering RNA agai nst the polynucleotide of 25 claim2. 9. The antisense
pol ynucl eoti de of claim8, which is selected fromthe group consisting of
nucl eoti des conprising the nucleotide sequence of SEQ ID NGO 23, 25, 27,
29,0or 31. 10. The small interfering RNA of claim8, wherein the sense
strand thereof is selected from the group consisting of nucleotides
conprising the nucl eoti de sequence of SEQ I D NO



30 112, 113, and 114. 11. A nethod for diagnosing a cell proliferative

di sease, said nethod conprising the steps of: (a) detecting the expression
| evel of wuoeosgesmasencodi ng the ami no acid sequence of SEQ@diDpbén7od¢ 4, or
6 in a biological sanple of specinen;8and 35 (b) relating an el evation of
the expression level to the disease. 12. The nethod of claim 11, wherein
the expression level is detected by any one of the WD 03/104275

PCT/ JP03/ 07006 84 nethod select fromthe group consisting of: (a)

detecting the nRNA encodi ng the am id sequence of SEQID NG 2, 4, or
6, (b) detecting the protein conmlﬁ% the am no acid sequence of SEQ ID
NGO 2, 4, or 6, and 5 (c) detecting the biological activity of the protein

conprising the an.no aci sequenc : .or 6 13. A nethod
of scrdediybsteptially o8 Pﬁg? Se[i?cg%(ﬁifr%rg%a% %rg"l ‘:)\I%I}S%Inpgg?ati ve di sease, said
rrelt hod cog@l} h pbRPeptitie comppisingfthe {ranoccidtsagtanag obSEQIP N@rhFuRHOWI t h a

pol ypepti sel ected, fromthe. i: St 1 ) 116 NO:2, RodnypRpt | de
conéri Si ng&’t) ﬁé’ogﬁmﬁ%ﬁi‘t&o@(ﬁﬁ n@ggglﬁl?d;%g %élgﬂgN%gejéz%_,S@P IB(S)r X a i

pol ypept i de tynidh ceropmce antitteacids aro sebstititesle deletedcinsrriedemdigs adpd and 4 ¢
in which on nor e .ami No. ac t bk ggh 2ot the Ammerdcal,

and/ or addedmgi‘as ?ﬁ??ﬁloﬁgél aéﬁgitgié%‘g?@%‘?‘qgaH‘Br@ﬁfg%ném v%l ent to a protein
consi sting ofsequeaceofiSEQ HRIND: 29, eej@fice of SEQ ID NO 2, 4, or 6; and (3)

a pol ypept '(cS% ﬁg@o‘%ﬁeb nddBe! ypuc! E%Pﬁ%tiﬁaﬁhﬁm&ﬂi%@Sunﬂad@tri@cnﬁ ngent

condi tions nucleot1de "consi sting of the nucleotide s of SEQ
| D 10NO 1, 3,conditibps teha pelynuelpetidsotopsisihng a’%th?a%uCéFOHﬁ% SRS oiﬂﬁ.ﬁClﬁf y

ivalent tq&. I ' hg b icRloacBi® iyalenc® of SE
G 5 P R e R | <0

. . ng the_ bi ndi n%éacti vi(tyy .%qe
pol ypepti de qym@p@p@dq@mslsungypﬁ)@ﬁ@ml%@ld gegpenss ol ApY AR DN 205 bi nds
to the pol ypeptide. 14. A method of screening for a conpound for treating a
cell proliferative disease, said HEt(glOd c.angii Si ng the steps of: (a)
cont act 2nén isobmddjo&atugle@g%@yﬁél%t ¢,Pelypepfide f)lP]é% ing one or more 25
pol ysuckegt) GOMRIsSthe golyREcIBsiRlea tiatl 25equence of SEQ ID NO 1, 3, or
3; ¥g;ndb'(§;vgggfc§ct I ng gZ cg ltyoun that reduges the expressipn level of one
or nor e4. Ahost cell harboring the polynucleotide of claim 2 or the véct .
5. A method for producing the polypeptide of claim 1, said method comprising the steps of:
(a) culturing the host cell of claim 4;
(b) allowing the host cell to express the polypeptide; and
20 (c) collecting the expressed polypeptide.
6. An antibody binding to the polypeptide of claim 1.
7. A polynucleotide that is complementary to the polynucleotide of claim 2 or to the
complementary strand thereof and that comprises at least 15 nucleotides.
8. An antisense polynucleotide or small interfering RNA against the polynucleotide of
25 claim 2. N
9. The antisense polynucleotide of claim 8, which is selected from the group consisting of
nucleotides comprising the nucleotide sequence of SEQ ID NO: 23, 25, 27, 29,0r 31.
10. The small interfering RNA of claim 8, wherein the sense strand thereof is selected from
the group consisting of nucleotides comprising the nucleotide sequence of SEQ ID NO:
30 112, 113, and 114.
11. A method for diagnosing a cell proliferative disease, said method comprising the steps
of: .
(a) detecting the expression level of the gene encoding the amino acid sequence of
SEQ ID NO: 2, 4, or 6 in a biological sample of specimen; and
35 (b) relating an elevation of the expression Jevel to the disease.
12. The method of claim 11, wherein the expression level is detected by any one of the



pol ynucl eoti des conprising the nucl eotide sequence of SEQID NGO 1, 3, or 5
in conparison with the expression |evel detected in the absence of the
test 30 cempouner7515. A nethod of screening for a conpounddrmarros/omaéi ng a
cell proliferative disease, said net#&bd conprising the steps of: (a)
contacting a test conmpound with a pol ypeptide selected fromthe group
consisting of: 35 (1) a polypeptide conprising the amno acid sequence of
SEQID NO 2, 4, or 6; (2) a polypeptide that conprises the am no acid
sequence of SE? I IP NO, 2, 4, or. 6 ior},V\D 03/ 104275 PCT/ JP03/ 07006 85 which
one or raethodsalers om the SEow CIFETI& Ut ed, del eted, inserted, and/or added
and that @yaetactmgqhegimeamdingmyamma\céd@mleltcwﬁSEQoIﬂ%NQ:% 88 ing of

t he am no i.d sequence .of SEQ . . re SEG I NO:MUyeept | de
encoded byﬁ’gdﬁ‘ﬁ?@‘fﬁ(}g‘fzQBcﬁFIBeCOF’I?gFm%/%lﬁggédﬁg@grﬁcest ri n(gent émcgndi tions
to a pol ynuclegesd de consisting of the nucleotide sequence of SEQ 1D NO 1,
ol Spept 1 405 Beieing P SRIYBE] ek T pied BB AR Y2, 1, or 6
(b) det ecti ngelacbobSBQiIDANOa2t4, 01 6y of the pol ypeptide of step (a); and
c) selecting,a,cenpq i @liogbhRkatpetdischsey sald t he
bol yporo: fenrtho £ TBEe 00 BB e Y ot o

pol ype arison w the biological activity detected in the
absence aktholeompssing tlongepsred: 16. The net hod of claim 15, wherein the

bi ol ogi cal _activiiy J & Cehl0nh@Wither fijmptias tdlndtéd/froth Ahe Arowptchogistofg
screeni ng Qaglf;o taéé’té%pao%%tﬁkﬂcﬁ treéti nlgﬁ%&gel | proliferative disease, said
metiood conprbbking the steps of: 15 (a) contacting a pol ypeptide sel ected

fromthe g i L8 ipe b mron@ia pquiicdor SBOD S0, 4 pecan no aci ¢
sequence o@%&’&fﬁ%ﬁk% dZmp 2)g, a pol ypepti.de that %Eﬁﬁ\ﬁ)tm o acid
sequence of2) SEOlYEPNEE that ¢emprjies ty AFHRO AFl¢ IEFENET rdsare’ substituted,
del et ed, i nsepfigglonadidhete dsiis deidand sihatuiphsichic; iketide aid/ercdied @2;1{ h
equivalent to a protein consisting of the 20 am no.aci 6& t he
am no aci d sdbatdrea Wiplogice) ?@Vmeglztyal@g 102 BRI, ggl?sllsglglkg}ﬁ Egﬁﬁ%y X
Do: ygwuc: eot i dgqidiat ohyROII Mes2,.undes; Al i ggent Condi(ft?gi OgEQt O|§} )
pol ynucl eoti de " consi sting of .the nucleotide.s enGe: BNt 1,
wher ei n t h&®)polpphbwspiidfe ehseded BY ot d’&iyélﬁlc QS vﬁﬂyﬂgﬁbl Valent to g@
pol ypept i de GQRiiwhi i@ aQloljruelcatilnconisiit o6 theemadeatide seqyenes NOSER 1125 wi th
APL TN the eIi(Ib:Stl,e 51’0 gr ,f wﬁerteﬁlstﬁle %8%9&%%% a biological activity equivalent to a
polypeptide consisting of the amino acid sequence of SEQ ID NO: 2, 4, or 6;
20 (b) detecting the binding activity between the polypeptide and the test compound; and
(c) selecting a compound that binds to the polypeptide.
14. A method of screening for a compound for treating a cell proliferative disease, said
method comprising the steps of:
() contacting a candidate compound with a cell expressing one or more
25 polynucleotides comprising the nucleotide sequence of SEQ ID NO: 1, 3,0r5;
and
(b) selecting a compound that reduces the expression level of one or more

polynucleotides comprising the nucleotide sequence of SEQ ID NO: 1, 3, or 5 in
comparison with the expression level detected in the absence of the test

30 compound. .
15. A method of screening for a compound for treating a cell proliferative disease, said

method comprising the steps of:
(a) contacting a test compound with a polypeptide selected from the group consisting
of: :
35 (1) a polypeptide comprising the amino acid sequence of SEQ ID NO: 2, 4, or 6;
(2) a polypeptide that comprises the amino acid sequence of SEQ ID NO: 2, 4, or 6 in



(b) detecting the binding between the pol ypepti de and Al P1;
sel ecting the test conpound that inhi b!ot sy!tohg bi ndi ng b:af\%/éeﬁn?ht(a(:)
pol ypept i v® @nd4278l P1. 18. A nethod of screening for a corpeaurds/Hmne
trgatl ng a cell proliferative diseaseg5said 30 nmethod conprising the steps
of: (a) contacting a polypeptide selected fromthe group consisting of: (1)
a pol ypeptide conprising the am no acid sequence of SEQ ID NO 6; (2) é
\Rﬁ: Xﬁeg'ﬁ]lede that conprises 'élhe am no acid sequence of SEQ ID NO 6 in
or nore am no aci.ds are subst.itu | '

added 35 anwhichgpc AR ARBP R S‘gl?f#llku\}?(i’ ? glg&e‘éﬂ/ng{argéri:l% a‘;‘&g&?dgr@%j? ‘é‘?ﬂd/ o
consi sting ofat R a BiBlodaReitivity equivalest ©fa prateinconsistingi of the aMERCEFISf SEQ I D
NO 6; WO 03/ 104275f %&bﬁﬁé{glﬁ% ) 8% (3) a polypeptide encoded by a
Bg: zzﬂg: gg;!géu?%f’_ ! ('&ﬂe > BR68 ™ ri ngent  condj tions to a

_ J Slepctfrpiias iengodedl biea motyrackeptde shajubpuidies wdyr $DNSEA! 5
V\A’]e . . . . . . !
ol §r/e|ent ;[ he %‘Ipolqére by de 39 R %op SOLQRIGRE oR%d HhdiYotRBbeY@n8Obf SBQAID
pol §pept i de iNG RFYTHREOAT RO acid sequence of SEQ | D © 5 wth
Bl_@T((j:Hz oL STRON 1i, B, bh8, wkemsinethe polypeptidedins agbiﬁbxgéﬁ@hﬁctt%t)‘/ %%Vggelf b2t he
est compountoPERF AATHINEE of A Bl Ml Shiete STRRATDEI A 1 0Te and | NOTO:

conpoun € binding tween the pol ypeptide and NOTCH2
or STRIN. (bPdetéctingtibobiobfziatactizity nfthepolypeptarite @ 'lan‘{r eating a cell

prolifer agcgge&%@ggg%%m@g}% thaﬂ‘%q&?étsﬁggthg glfali?csg'iédl ngtivifeofsthe pslypéptide)in

contactin e oun I nto ich a v i Si
thao transcroghpaiseh withuthattiplpgicalyiperivit d%*ﬁ%tegrin\r,r\lg’t"egl??ﬁwf?:?’% 3&?130&2:1::15;”9
reporter geng 1 s expressed under the control of the transcriptional
regul atory _r%%l on as been introduced, wherein the o r . rker
genes dénphé methardyf chimds, wgerméheel@p]og@aggawgﬁ&%C@éwfgﬁ{%&’glnﬁgg{h‘%{ e group
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| evel of metliod compoisingthaydens ©4s  conpared to a control. 20. A nmethod of any

88 ‘i’f g\' z‘@ dtadie kol atid stldch festh khepirohp t@rsisting ef:di sease is cancer.

A osition for treating a cell . | if } i i
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ypep which one or rmoorr% grplﬁlogarcf)cg %recgu%gfit%{éd? geletgzl; inserted, and/or added

and that has a biological activity equivalent to a protein consisting of the
20 amino acid sequence of the amino acid sequence of SEQ ID NO: 2;
(3) a polypeptide encoded by a polynucleotide that hybridizes under stringent
conditions to a polynucleotide consisting of the nucleotide sequence of SEQ
ID NO: 1, wherein the polypeptide has a biological activity equivalent to a
polypeptide consisting of the amino acid sequence of SEQ ID NO: 2;
25 with AIP1 in the existence of a test compound;
(b) detecting the binding between the polypeptide and AIP1; and
(c) selecting the test compound that inhibits the binding between the polypeptide and
ATP1.
18. A method of screening for a compound for treating a cell proliferative disease, said
30 method comprising the steps of:
(a) contacting a polypeptide selected from the group consisting of:
(1) a polypeptide comprising the amino acid sequence of SEQ ID NO: 6;
(2) a polypeptide that comprises the amino acid sequence of SEQ ID NO: 6 in
which one or more amino acids are substituted, deleted, inserted, and/or added
35 and that has a biological activity equivalent to a protein consisting of the

amino acid sequence of the amino acid sequence of SEQ ID NO: 6;



(a) a polypeptide that conprises the am no acid sequence of SEQ ID NO 2,
4, or 6; 25 (b) a polypeptide that conprises the amno acid sequence of
SEQ | D NOw@®03/4276r 6 in which one or nore am no aci ds arECTRIPSOIObEt ed,
del eted, inserted, and/or added and 8hat has a biological activity
equivalent to a protein consisting of the amno acid sequence of SEQ ID
NGO 2, 4, or 6; and (c) a pol ypeptide encoded by a pol ynucl eoti de that
hybri di zes under stringent 30 conditions to a pol ynucl eoti de consi sting of

t he nucl eoti sequence of | D . iyadéhgrinedntpept i de
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consi sting oNOQPeH2pi B6RBEI d sequence of SEQID NO 2, 4, or 6; and (c) a

pol y peplcf?‘ ge,?éiﬂ&PS'Fﬁ%ilé%xi B804 éédgﬁigduﬁa_tfm?eaﬁhgh JaN prdléranee disges, ssidr i ngent

condi ti'on 0 a polynucleot| onsisting of the nucl eotide sequence of SEQ
| D1IONO.  fnett®d compSisingttls #¢p§ ofhe pol ypepti de has a biol ogical activity

equi val eny t%oﬁ‘ta%&g%aﬁeﬁew Sepo R ivithiangll GhtotWiticleavaraoingrisiaglnce of SEQ
ID NG 2,74, or 6 as an active ingredient, and a pharmaceutically,
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of the conpound sel'ected by the nethod of a% one 03;1 I&Ie%ggng.§ to 19 as an
active i ngr edieemintrognepda WHESIORE 81F PRPIS S KRS b TR ar rer . 5 247 The
conposi tion quc@aﬁd@&?u@fce@éla&m frah the g cohsistirgoftSie BENO brbland &1 at i ve

di sease i s cancer. tﬁ . A.rreé)%hog for treat.ian&g a cell proliferative disease,
sai d met Rdd EREIRHING e 26HEY A P9 SPOTSHETH: 8¥6r i ng a phar maceutical ly

ef f ect i vg)amkting aadnpolid tas eeduoty thacixpoisside lowel of saifliTepartee EPBe Ahg RNA
agai nst a pol ynucl eoti de _encodi ng a pol ypepti de selected fromthe 20 group
consi sting of .ontpffedafoﬁdzlof}tﬁ‘gpti de conprising the am no acid sequence of SEQ
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20  21. A composition for treating a cell proliferative disease, said composition comprising a
pharmaceutically effective amount of an antisense polynucleotide or small interfering
RNA against a polynucleotide encoding a polypeptide selected from the group consisting
of:
(a) a polypeptide that comprises the amino acid sequence of SEQ ID NO: 2, 4, or 6;
25 (b) a polypeptide that comprises the amino acid sequence of SEQ ID NO: 2, 4, or 6 in
which one or more amino acids are substituted, deleted, inserted, and/or added and
that has a biological activity equivalent to a protein consisting of the amino acid
sequence of SEQ ID NO: 2, 4, or 6; and
(c) a polypeptide encoded by a polynucleotide that hybridizes under stringent
30 conditions to a polynucleotide consisting of the nucleotide sequence of SEQ ID
NO: 1, 3, or 5, wherein the polypeptide has a biological activity equivalent to a
polypeptide consisting of the amino acid sequence of SEQIDNO: 2,4, 016

as an active ingredient, and a pharmaceutically acceptable carrier.

22. A composition for treating a cell proliferative disease, said composition comprising a

35 pharmaceutically effective amount of an antibody against a polypeptide selected from



in which one or nore amno acids are substituted, deleted, inserted, and/or
added and that has a biological activity equivalent to a protein

consi st i nwood3/wigsam no 25 acid sequence of SEQ I D NO 2, pGT/Ipo3/600@and (3)
a pol ypepti de encoded by a pol ynucl eo$1de that hybridi zes under stringent
conditions to a polynucl eotide consisting of the nucl eoti de sequence of SEQ
ID NO 1, 3, or 5 wherein the polypeptide has a biological activity

equi valent to a poI ypepti de consisting of the am no acid sequence of SEQ
ID NGO 2, 4, or 6. A nethod for treating a cell proliferative

di sease, th%é?‘ﬁllprﬁgf‘ﬁgﬂ‘ nprising the step of adninisteri n(g
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to a protei nsmnmesﬂSﬁ@B)Nﬂxé, arprfoandici d sequence of SEQ ID NO 2, 4, or
6; and (C)( gg% Y%QQ@R&;' god%ﬁ%gqﬁg) uﬁ?ﬁcﬁoﬂ@é HaLByLeRtAes endepdfringyhr i di zes under
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bi ol ogi cal agfd.y gE%%q%)hK%hﬁﬂk pbpyp%prﬁ&l AR QMi616EicAQBEViS] duivalént tde ami no

acid sequence of”’ .. 27. A r tre ing a cell
pr dbi f er at i vgoljipspidseonsigting Qféltl%@ﬂm@@ﬁ*ﬁrﬁeg?er’i‘ﬁe Pﬂ@@ﬁgd\&(ﬁfz’ 4a8 nistering a

phar maceut hiRae ’[Vﬁn@ HatinaeéutRaltp h@reptablezeieet ed by the nmethod of
any one ofals(c;l aalker{r‘{seqlg gg . The rrgt hod of any one of clainms 25 to

27, Wh% &COH]& eI l?fgﬂeg 18%nrcgltl bf/o?lf ﬁ\?eacﬁﬁeagé said o ?581t1819€:orﬁp1ﬁ§i‘1§@9d for

treat| cer Q ing t step of
adm ni st gharhgceutjrhity effictive amahngoféhtf eppopad selpeipd by thedngiBed fAmyiMe sel ect ed

fromthe g1@°“§1f9r®'a% ah A8 ltng%gm%)and% hérmPRbUTIAY @&tepﬁaleeﬁﬁmﬂl ng the

pol ypept| a polype Ing the amno _acid nce of SEQ
| D O 4. The comp6sition oﬁanagqmmf claimy 2bfo 23, B')heﬁnb@F’ﬁ Bl prolideratiyey ‘ﬁ&@B ri ses
the am no, acld sequence of SEQ ID NO 2, 4, or in which one or nore

ani no acids dre substituted, deleted |nserted d and that has

a bi ol oZfi.damethot ifen tte;tleg]gpqlépgmfer@@veadlﬁﬁaéq spid I’&%ﬁ%‘{r’?ﬂ{&“& ¢HEP i no 20
ac: d Se?"ﬁ Hﬁrﬁstglflgégﬂédrgawtlcgﬂ éflfedﬁ"[ile gmotﬁiri]t c{fl’aﬁgfgmgsdﬁtﬂymieptldcy)r a t
POLYPEP Ismilleirrllt%?fenng RKIA agams%/ 2? gglyr?l?cléotl%e engodln a Irxl)lyll)ezp?ae 3t c%d E‘Bﬁll thgen
20 group consisting of:
(1) a polypeptide comprising the amino acid sequence of SEQ ID NO: 2, 4, or 6;
(2) a polypeptide that comprises the amino acid sequence of SEQ ID NO: 2, 4, or 6
in which one or more amino acids are substituted, deleted, inserted, and/or added
and that has a biological activity equivalent to a protein consisting of the amino
25 acid sequence of SEQ ID NO: 2, 4, or 6; and
(3) a polypeptide encoded by a polynucleotide that hybridizes under stringent
conditions to a polynucleotide consisting of the nucleotide sequence of SEQ ID
NO: 1, 3, or 5, wherein the polypeptide has a biological activity equivalent to a
polypeptide consisting of the amino acid sequence of SEQ ID NO: 2, 4, or 6.

30  26. A method for treating a cell proliferative disease, said method comprising the step of
administering a pharmaceutically effective amount of an antibody against a polypeptide
selected from the group consisting of:

(a) a polypeptide that comprises the amino acid sequence of SEQ ID NO: 2, 4, or 6;
(b) a polypeptide that comprises the amino acid sequence of SEQID NO: 2,4, 0r 6
35 in which one or more amino acids are substituted, deleted, inserted, and/or added



conditions to a polynucl eotide consisting of the nucl eotide sequence of SEQ
ID NO 1, 3, or 5 wherein the polypeptide has a biological activity

equi val enwd @/1@427pol ypepti de consisting of the am no aci d maywpesie®o©f SEQ
IDNO 2, 4, or 6, or 25 fragnent theteof. 30. The nethod for treating or
preventing cancer of claim?29, wherein the polypeptide is selected from
the group of pol ypeptides conprising the am no acid sequence of SEQ ID NO
80, 97, 108, 124, and 164. 31. A nmethod for inducing an anti tunor

i mmunity, said nmethod conpr.ising the st f . act | pepti de
selected fr on?ﬁ%a%ﬁg?lﬁgﬂg?ﬁ??ﬁw %‘*u“(aif%-t Foczj p%?etllﬁ%a}}rﬁaslﬁég ﬁgthgragg{laynti ng
cell's, or intjiQdusjubcefSHYMING®, dda anddi ng the pol ypeptide or a vector
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consi sting, of .t m_no _aci isthe 186 s@p oPr

f ragrren?%ﬁ‘ug’tﬁgjé’p?or?t&ﬁ)atlgg f)locle @ B%%?%g%ﬁg%g%ggg;ﬁ @l%gﬁp&l egot i)'gept hat
hybri di zesminigetingt phargmceuticaliy effedtivn emonntpf gspppaenrdslstrd ke sting of
t he nucl eot i d e n 5 NO 1, 3, or 5 wherein the

pol ypept i%ghﬂigfg%%ﬁlgﬁgﬁﬁi%gﬁi|B\}i %7 equivalent _to_a poley(geé)ti de

congd st 2RdTE methed afdnymnasif ¢lairas &z o/, sihesirghp pelkproliferative ¢eage 15,

f ragnent étaag reof. 32. The nethod for inducing an anti tunor immnity of
claim 31, erein the polypeptide is selected fromthe I‘OL{I%(QNIO

pol ypepd dasnetimdifor weatigeion preventing aeanger, $d Bethod SERPHFINGE § 80, 97,

108, 124, ifiskOite o BharmfRuia) Retediive ahfb@ﬁﬁéﬂlﬁ)(ﬁipeg;ﬂé seleoqat fromheni ty of
the et hod e

or

cl ai m 31, erein- urt her t'ConRéc;dSI ng t sét@p, of admi nistering
the anti gwoupeensisting Af(Q€r) QT%B(’lé(n‘é‘_E‘Eﬂ ’é‘EFI. g UAPREBHC Ut i cal ]
o sing DRaP RS e ST oct Tve amount of pol ypept | de el ect ed from
the group 15 régmflﬁ)the(’?})f; or a polynucl eotide encodi ng the pol ypeptide: (a)
, o0 Bt s it 1D U L3 ] o 0
O e CEehf e ik, ESBSE SEpTERTER  Apha gt
substituted, ggl giaelas a bivlegitactivingtquivaedddd a protein consisting of the amino
20 acid sequence of SEQ ID NO: 2, 4, or 6, or fragment thereof;
(c) a polypeptide encoded by a polynucleotide that hybridizes under stringent
conditions to a polynucleotide consisting of the nucleotide sequence of SEQ ID
NO: 1, 3, or 5, wherein the polypeptide has a biological activity equivalent to a
polypeptide consisting of the amino acid sequence of SEQ ID NO: 2, 4, or 6, or
25 fragment thereof.
30. The method for treating or preventing cancer of claim 29, wherein the polypeptide is
selected from the group of polypeptides comprising the amino acid sequence of SEQ ID
NO: 80, 97, 108, 124, and 164.
31. A method for inducing an anti tumor immunity, said method comprising the step of
30 contacting a polypeptide selected from the group consisting of (a)-(c) with antigen
presenting cells, or introducing a polynucleotide encoding the polypeptide or a vector
comprising the polynucleotide to antigen presenting cells:
(a) a polypeptide comprising the amino acid sequence of SEQ ID NO: 2, 4, or 6, or
_ fragment thereof;
35 (b) a polypeptide that comprises the amino acid sequence of SEQ ID NO: 2, 4, or 6 in

which one or more amino acids are substituted, deleted, inserted, and/or added and



20 and that has a biological activity equivalent to a protein consisting of
the amno acid sequence of SEQID NGO 2, 4, or 6, or fragnent thereof; (c)
a pol ypepwicds/esmreded by a pol ynucl eotide that hybridi zes roTdE03/81006 Ngent
conditions to a polynucl eoti de consi s8d ng of the nucl eoti de sequence of SEQ
ID NO 1, 3, or 5, wherein the polypeptide has a biological activity

equi valent to a 25 pol ypepti de consisting of the am no acid sequence of SEQ
ID NGO 2, 4, or 6, or fragnment thereof. as an active |ngred| ent, and a
phar maceuti ca I.t4 on of
e ai m 33, whi 'uLzX h%&ﬁ%?&l@@kﬁ a%ﬁ{/ftfha@llve?éﬁ ta 'Afpr%ﬁ{ E@i%ﬁ\'t}éé g{?‘m he @Eﬁﬂﬁ%cfd

pol ypept i de c@men@qusﬁ(hél)m Yo 4201 &l os Fregraed dheredfpct ed fromthe 30 group

of SEQ 1 D N0y 8001 gk lhcoth 10pdhcicfict Tl HYBLIBEE hlEeliggosi L or

of claim3 ynu els ncorf) in expre S1 on
vect or. conditions to a polynucleotlde consisting of the nucleotide sequence of SEQ ID
5 NO: 1, 3, or 5, wherein the polypeptide has a biological activity equivalent to a

polypeptide consisting of the amino acid sequence of SEQ ID NO: 2, 4, or 6, or
fragment thereof.
32. The method for inducing an anti tumor immunity of claim 31, wherein the
polypeptide is selected from the group of polypeptides comprising the amino acid
10 sequence of SEQ ID NO: 80, 97, 108, 124, and 164.
33. The method for inducing an anti tumor immunity of claim 31, wherein the method
further comprising the step of administering the antigen presenting cells to a subject.
34. A pharmaceutical composition for treating or preventing a cancer, said composition
comprising a pharmaceutically effective amount of polypeptide selected from the group
15 of (a)-(c), or a polynucleotide encoding the polypeptide:
(a) a polypeptide comprising the amino acid sequence of SEQ ID NO: 2, 4, or 6, or
fragment thereof;
(b) a polypeptide that comprises the amino acid sequence of SEQ ID NO: 2, 4, or 6
in which one or more amino acids are substituted, deleted , inserted, and/or added
20 and that has a biological activity equivalent to a protein consisting of the amino
acid sequence of SEQ ID NO: 2, 4, or 6, or fragment thereof;
(c) a polypeptide encoded by a polynucleotide that hybridizes under stringent
conditions to a polynucleotide consisting of the nucleotide sequence of SEQ ID
NO: 1, 3, or 5, wherein the polypeptide has a biological activity equivalent to a
25 polypeptide consisting of the amino acid sequence of SEQ ID NO: 2, 4, or 6, or
fragment thereof.
as an active ingredient, and a pharmaceutically acceptable carrier.
35. The pharmaceutical composition of claim 33, which comprises a pharmaceutically
effective amount of polypeptide comprising the amino acid sequence selected from the
30 group of SEQ ID NO: 80, 97, 108, 124, and 164.
36. The pharmaceutical composition of claim 34, wherein the polynucleotide is

incorporated in expression vector.



