DESCRIPTION TELOMELYSIN-GFP GENE-CONTAINING RECOMBINANT VIRUS 5 TECHNICAL
FIELD The present invention relates to a reagent for detecting cancer cells or diagnosing cancers,
and a cell death-inducing agent. BACKGROUND ART 10 Telomerase activity is often enhanced in
malignantly transformed cells or immortalized cell strains, whereas telomerase activity is hardly
detected in normal somatic cells excluding spgik@g@atmnine cells, blood lineage cells and epithelial
cells. Therefore, attempts to detect cancer using telomerase activity as an indicator have been made
(Shay Jot, Zou Y, Hiyama E, Wright WE. Telomerase and Cancer. Hum Mot Genet 10 (7): 677-85, 15
2001). On the other RARMMEISCIIDR GFIE dEE-GXIDdZ\B¥dN i RESANBINMARINGAEdSn vivo has been
studied eagerly in the field of diagnostic imaging. For example, biological diagnosis with PET and
image analysis fully utilizing neural network have been reported. Further, investigations into the
anti-tumor adtifit &}’ replication-selective viruses 20 have been reported (DeWeese TL, van
der Poel H, Li S, MiKniak fesBireinvBhticoeshanrtdv redgenpéor dePaionguiReDeldria NiaRodiiguez R,

Haulk T, Delgg%r&%fé!}{h f&@ﬁé@&giﬁ@{&g@é@n@hen Y, Henderson DR, Carducci MA, Nelson W(

Simons JW. A phase 1 trial of CV706, plication-competent, PSA selective oncolytic adenovirus,
for the treatment of locally recurrent prostate cancer following radiation therapy”, Cancer Res
61(20):7464BRCRAHD2SIT KR Present inventors have also found that infecting cancer cells with a
virus haying a telomerase promoter.and replication ability. can aI%EII the,cance ﬁells by yiral replication
(Kawa;téltna.T, Kagz}%gng? %Sbéifé"’s‘% I\llS |?gkie)/%ﬂ ,C 'njllélqklg ; e%gfsftﬁalgg a ?Ci\/l),éf\él)%o %, Tanaka
N, and Fujiwerenqiafesthest srtisfe svhomrs tlosteatic 7éividpvadip defeicicddp RAmsh ssalettive
virotherapy fed] RuaiIEANGRK aCliEkG aineREIREHIAA 1)nddh-021s2004pi R Idp e er THesitureancer
detection system during surdical.operation has not yet been develoned because ordne dificulty in
targeting cancer SIS, FUTINET, 110 Tesearch has been known to date in which the i mgybody is

infected withZawidGdByrnth &, WalgeinBtfes Telioniarasanad ricaististherudl 4rspredQd Distiligation of
cancer fissuegodp DISCLOSURE OF THE INVENTION 1 As described above, development of a

reagent for detecting cancer cells or for . . : o
g gOn ¢ other Il%and, getectlon of cancer tissues and metastatic lymph nodes in vivo

has been studied eagerly in the field of diagnostic imaging. For example, biological
diagnosis with PET and image analysis fully utilizing neural network have been reported.
Further, investigations into the anti-tumor activity and safety of replication-selective viruses -

20  have been reported (DeWeese TL, van der Poel H, Li S, Mikhak B, Drew R, Goemann M,
Hamper U, DeJong R, Detorie N, Rodriguez R, Haulk T, DeMarzo AM, Piantadosi S, Yu DC,
Chen Y, Henderson DR, Carducci MA, Nelson WG, Simons JW. A phase I trial of CV706,
“A replication-competent, PSA selective oncolytic adenovirus, for the treatment of locally
recurrent prostate cancer following radiation therapy”, Cancer Res 61(20):7464-72, 2001).

25  The present inventors have also found that infecting cancer cells with a virus having a
telomerase promoter and replication ability can kill the cancer cells by viral replication
(Kawashima T, Kagawa S, Kobayashi N, Shirakiya Y, Umeoka T, Teraishi F, Taki M, Kyo S,
Tanaka N, and Fujiwara T., Related Articles, Links Abstract “Telomerase-specific
replication-selective virotherapy for human cancer”, Clin Cancer Res 10(1):285-92, 2004).

30 However, in situ cancer detection system during surgical operation has not yet been
developed because of the difficulty in targeting cancer cells. Further, no research has been
known to date in which the living body is infected with a virus and the viral kinetics within

cancer cells is actually applied to visualization of cancer tissues.

35  DISCLOSURE OF THE INVENTION



diagnosing cancers, and a cell death-inducing agent, each agent capable of visualizing cancer cells
even in vivo, has been desired. As a result of intensive and extensive researches toward the solution
of the above 5 problems, the present inventors have found that it is possible to detect cancer cells
with extremely high sensitivity and even in vivo, by integrating a gene encoding a fluorescence

labeling protein in E3\kegionint A aitat I80RTE AN EF%W@&%@H@M?EE%HQF CARSPURICOMRAISING &
human telomerase promoter, an El%ls%%n%_%%RES sequence and an E1B gene in this order in El

region, and tHEE XTI TaLb Rt RIS A PSR ARTDE AR RLAHEBE %O6fsved. The
present invewtibneretatesito, this fothoddsiced(1) A reagent for cancer cell detection, comprising a

recombinant virus where aJapEalioR: Fasse e GAPISNg AR RRAIS LM AN aRdeiamerase. an

EIA gene, an IRES sequence and an E1B gene in this order is integrated in El region of the viral
genome andPI9315En 1 sy SREcriss Jhsin Joub Hsteh dd ditvs Tl taleflrigchBrsH 71 &¥FPomoter
capable of reag;_lmlaﬁalg lihh expigasjomofctha gem@m@thegiﬁﬁgab@hmggﬁ&mmg iﬁﬂﬁ@bﬁt&d in E3
region of theyial, SRARE 244 Es%ssn&foar TRICELAIRANGRIGOMRINNG A REPPBRNLETUS where
a replication cassette comprising a promoter fromhuman telomerase, an EIR gene, an RES
sequence 20%PRISREIBHEhEIFNGRS OPER M idiAfeeens RnriBYidrserusnss s yorbiiennd a

labeling cassatteiconirising agenatdendingReabglihgiaieinaand e omopaieanaligqehregulating
the expfsssi nd fethe elenv%dencoding the labeling protein is integrated in E3 region of the viral
genome. In (?i anané aebov'e, these reagents may be used in in vivo detection, diagnosis or 25
navigation surgery. Adapigiseifievertipnpriagitisdliréienengrom human telomerase, hTERT promoter

may be giveniAs arepesifesatepleiptithe debetappraiein réehtbman PRulivaere AsfigaRsamoter
capable of regulating the expression of a.gene encoding this labeling protein, omegalovirus
promoter or r%séﬁtt? %Orrg%bsfe% rang§/0 ggﬁgag%ﬂc?%u&%rr?%p& AR v#&% %Heaa’érf%%fs? Way be used, for
example. 30 483 AndélBsathinribiiscirdsaigentegreiorpiisigregiet ofrtbinviral \denemetrarkad ategbtigation

cassettesCompERINdcARraMRIe Ll B UMmAN 12I8MBEaR6IANRd A SeRRETIRER SEUHaRGR, and an
EIB gene in t%is order is iﬁ@grated in El regior:]éiqg he viral genpme ang a cell death-inducing cassette

R RSB T8 st ENT UL &g RARIF S RCRIBtE B A o ot capable of

comprising a
regulating theeerpression of the gene encoding the

(2) A reagent for cancer diagnosis, comprising a recombinant virus where a replication
cassette comprising a promoter from human telomerase, an E1A gene, an IRES sequence

20  and an E1B gene in this order is integrated in E1 region of the viral genome and a labeling
cassette comprising a gene encoding a labeling protein and a promoter capable of regulating
the expression of the gene encoding the labeling protein is integrated in E3 region of the viral
genome.

In (1) and (2) above, these reagents may be used in in vivo detection, diagnosis or

25  navigation surgery. As a specific example of the promoter from human telomerase, hTERT
promoter may be given. As a specific example of the labeling protein, GFP may be given.
As the promoter capable of regulating the expression of a gene encoding this labeling protein,
a cytomegalovirus promoter or hTERT promoter may be used, for example. As the virus,
an adenovirus may be used, for example.

30 (3) A cell death-inducing agent, comprising a recombinant virus where a replication
cassette comprising a promoter from human telomerase, an E1A gene, an IRES sequence
and an E1B gene in this order is integrated in E1 region of the viral genome and a cell
death-inducing cassette comprising a gene encoding a protein associated with cell death
induction and a promoter capable of regulating the expression of the gene encoding the

35  protein associated with cell death induction is integrated in E3 region of the viral genome.



35 protein associated with cell death induction is integrated in E3 region of the viral genome. 2 In this
cell death-inducing agent, the promoter from human telomerase may be hTERT promoter. Examples
of proteins associated with cell death induction include immunity-associated proteins,
apoptosis-inducing proteins and telomerase-associated proteins. More specifically, PA28 may be

given as an immunity;agsogiated A otaIRkinb At MAYBR QMERAS AhARCRIOSISHdHENGProtein; and

AUS may be gi as a telom rase-assomateo}lﬁrotein.,Thﬁer%r, moﬁ?arcga able of regulating the

expression &qﬁ%}ro?é?ﬁngf&oc BRAth Y RTQLRth SORES 3%} 56 mBYSE A B Smoter or

hTERT pronmotemignasshaaiecduspdgirse apeptismovidusind s praethof thd pradsertasventionted cancer

cell may be ysgdnd0 hh @&Q?Egll‘}f ﬂ@i@%@p%@&{ %i&%ﬂfﬁ%%@%@lﬁ&&ﬁ%ﬁ”s with the
S.

reagent _of (1) above and detecting the fluorescence emitted by the cancer cells. (5) A method of
cancer diagritis, RorByRRirS irffecBPPIsiidaredng witRitHe radhenlor @pYalsve Al dstetting the
fluorescenceacddmitiasthystitaednpetdells Te) fromethodaphbihd wCingoatigedih nx@adaigetated,

comprising inf6edng. e fRtaek Gt e sl A8AE ndusing. AgeRt ol () aboyen B

DESCRIPTION OF THE DRAWINGS Fig. 1 Is a diagfam showing the structure of Telomelysin-GFP.
20 Fig. 2 is PRGHrhSRirG B3 PHCRTIRISN RS- nods reptit Al wiers Ry e8t8m 1faBFEm showing
the results otgdesestisueédancer cells by in vitro co-infection with Ad-GFP. Fig. 4 is a diagram

showing,the results of detecti f human cancer tissues hy.in..viva co-infection,with Ad-GFP. 25 Fig.
: @ L B R Qg e tah Nkt S QY 9
5is a d?gtgra showing the m%rp?% ogical charges i hufhan fun Sz%ééf%eﬁ|§vl.¥e8t‘§é%?v‘}§1

Telomelysin®GEpalimre & kdstetnedhs SHowaerpersBiddibiherorp ¢llsrescence in human lung

cancer cells (nfeciadotita Jetamelysianodid edrigriéiie atiagiaunshovingwhs epliaatanof)

Telomelysin-GER detsrmined b 130 duantitalivera) Wne LR, fio. 8 is a diagram showing the -
emission of uorescence In human large colon’ cancer cells infected with Telomelysin-GFP. Fig.

9 is a diagrath)shdwisiioheliagiicat salloterdl dnidhrent Gk Pogutdsingriatedsipg the target cell with
15 the cell death-inducing agent of (3) above.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagram showing the structure of Telomelysin-GFP.
20 Fig. 2 is a diagram showing the replication of the non-replicating virus.
Fig. 3 is a diagram showing the results of detection of cancer cells by in vitro
co-infection with Ad-GFP.
Fig. 4 is a diagram showing the results of detection of human cancer tissues by in
vivo co-infection with Ad-GFP.
25 Fig. 5 is a diagram showing the morphological changes in human lung cancer cells
infected with Telomelysin-GFP.
Fig. 6 is a diagram showing the emission of GFP fluorescence in human lung
cancer cells infected with Telomelysin-GFP.
Fig. 7 is a diagram showing the replication of Telomelysin-GFP determined by
30  quantitative real time-PCR.
Fig. 8 is a diagram showing the emission of GFP fluorescence in human large colon
cancer cells infected with Telomelysin-GFP.
Fig. 9 is a diagram showing the replication of Telomelysin-GFP determined by
quantitative real time-PCR.

35 Fig. 10 is a diagram showing the morphological changes in normal human lung



guantitative real time-PCR. 35 Fig. 10 is a diagram showing the morphological changes in normal
human lung 3 fibroblast cells (NIILF) infected with Telomelysin-GFP. Fig. 11 is a diagram showing the
emission of GFP fluorescence in normal human lung fibroblast cells (NHLF) infected with
Telomelysin-GFP. Fig. 12 is a diagram showing comparison of Telomelysin-GFP replications 5

determined by, fypRtitativeviealfimeReRititidddgand@aaram showing the intratumoral
proliferation/replicatign olf Telcgpel sin-GFP observed by fl ? cence imaging. Fig. 14 is a diagram
showing the intraturidfal prSik 5@%@&%‘%3 eofflnﬁéifiﬁ%{%rﬁ &B%‘i%gg%}gdlwgﬂh P8&%ence
@maging. 10 Figg fibridlastiiaisaBHOwifigttdevithrtlomeladipiGiRration/replication of Telomelysin-GFP
in alymph node metp@aq@ %OQGHQEQ%V%QY&U%%&&EBSE igtaginemEiRin 619 agingramsshowing

histological analysis in"an orthotopic rectal cancer model using nude mouse and HT29 human large
colon cahcergEiRiTed by nHRiNG raftt SHBfrg ventrotomy findings in an orthotopic rectal cancer 15

model using nude mBigselands Hd 2ddarmmarshavgegcalen tartencells prilifelBios/ecpliagpiam showing the
intratumoral @g%%«g(%g_@ﬁp&@%g 8§r f?{x%l,(%@g&l}f?iﬂﬁ%i:f in HT29 rectal humor and para-aortic lymph
ved by “flu I i d%

nodes obser uorescence imaging. Fig. 19 is & diagram showin%éhe.intratu'mqral
proliferation/replicatiS#ofl 20T o fiataih-Seping pia- ASFHE R h Bt e By EREd IR IGbrescence
imaging. Fig T201sBdiegrRmmshewding theigtattimesigroliferation/replication of Telomelysin-GFP in
para-aqgrtic lymph nodes gbserved by fluorescence imaging. BEST M F CARRYI OUT THE
INVENTION 25 Hercibelon . paeatt e (M i, P PR 8 oo i the

present spechitaadisar&copbramnpds snstajapisaradd ODacrtssiP e HupstyCeICRIBAEEEN: for Cancer Cell

Detection and Detectipn Mathodilhenpr@oanidvenlinicieales B amreagenbisyideiestiogneancer cells,
comprising a_3 iecombir(‘ignt virus ‘éYE’-ﬁ'ng%ﬁe a|1'1 ation assettgeggelggrising a promoter from human
IS,

mode]} ysing nude m arge can L :
telomerase, an %\ g%ne, an ?ﬁséénsequence an a% %ngene In this order is mtegrated in
Fig. 17 is a diagram showing ventrotomy findings in an orthotopic rectal cancer

15  model using nude mouse and HT29 human large colon cancer cells.

Fig. 18 is a diagram showing the intratumoral proliferation/replication of
Telomelysin-GFP in HT29 rectal tumor and para-aortic lymph nodes observed by
fluorescence imaging.

Fig. 19 is a diagram showing the intratumoral proliferation/replication of

20  Telomelysin-GFP in para-aortic lymph nodes observed by fluorescence imaging.
Fig. 20 is a diagram showing the intratumoral proliferation/replication of

Telomelysin-GFP in para-aortic lymph nodes observed by fluorescence imaging.

BEST MODE FOR CARRYING OUT THE INVENTION
25 Hereinbelow, the present invention will be described in detail.
References cited in the present specification are incorporated herein by reference in
their entirety.
1. Reagent for Cancer Cell Detection and Detection Method
The present invention relates to a reagent for detecting cancer cells, comprising a
30  recombinant virus where a replication cassette comprising a promoter from human
telomerase, an E1A gene, an IRES sequence and an E1B gene in this order is integrated in
E1 region of the viral genome and a labeling cassette comprising a gene encoding a labeling
protein and a promoter capable of regulating the expression of the gene encoding the labeling
protein is integrated in E3 region of the viral genome. Further, the present invention relates

35  to a method of detecting cancer cells, comprising infecting cancer cells with the reagent and



El region of the viral genome and a labeling cassette comprising a gene encoding a labeling protein
and a promoter capable of regulating the expression of the gene encoding the labeling protein is
integrated in E3 region of the viral genome. Further, the present invention relates 35 to a method of
detecting cancer cells, comprising infecting cancer cells with the reagent and 4 detecting the

‘ fluqresqenceg@izu'{ﬁ?g tﬁé’_ ﬁ%%x‘é@é’éﬁ@é Gﬁ'ﬂ@ed%%@&%ﬁ@é}tda@miﬁﬂh%&m iﬁ&@ﬁﬁ%ﬂ,biﬁ'@'fktr?ﬂrus" means
a virus in whjch the replicatiop cassette, f?gg%tggﬁlc?gﬁlmg assette descrlbe%l ter are integrated in the
|

genome. The GHUBTEAH T HRe Prakehy’ pEpLAIN AT Hsied ! %Tﬂgﬁﬁﬁaéﬁ%' sis

preferable frdm@tﬂ@@ilaWp@mﬁInégatﬁﬂiynAhecgag(ﬁladeh‘bvivﬂsgsp@di@sthyp&@@devmwiouésis@speciglIy
preferable mainhy heARRliSEASY ARG TRaSSARMBINAAE Vs HRRbiRE Prosantinvention

has a replication cassette integrated in a regign corresponding to El region of adeénovirus genome and
a Iabelin% cééggﬁef/érrmé%féwﬁ%iréa?aﬁvewﬁé%ﬁ%ﬂ?aiﬂgvtarﬁfsr?@@w Sahef¥rilsiyeidife. The 10

replication caasédlée comprises a promoter from human telomerase, an E1A gene, an IRES sequence

and an E18 gene in s pidtyF EHMGRDE IRS SRQUENEEANGEAR 9ensfiRofiventy the

human telomerase promoter, w results in cancer cell-specific and telomerase-specific
proliferation/FRiSEEAEbAPOR RGOS FIRONBEIIHYy Ehdseine ebifsiesius genmstardndidegire encoding
a labeling pretedsitd-aiteptarpla, theganernrepsiog ihe 13 lahetng Peateis.isudrieacny aGyV
(cytomegalovirus) promoter.or NTERT promoter (Eig. 1). The "telomerase promoter” d ines the
ranscriohon PR SHAPAE Sotmprses B PR By MmO e R e o T
Telomerase fs@aIsAApchan IR asamitaihls gidelendlie dilid IevnerBES eadpmecagdiRdBrsenshisitening of

telomeres atdhgedOtimacohiepiicatinmeiss kanyaite:cCRIaIISREIRS . ihheatpe efisyshitrlomerase
promoter is not rgarticylarl}/f.limit?gé %nd n/anliﬂx.SL%itabI? ttﬁalomeras rpguilter compatible with the virus to
be used for the ecf(rﬁ?gs? fon 6rihe grgﬁ% ofinteres ?naye be Used. Fof exa (ﬁﬁseSF eec%l}1 motet for human
telomerase reweRstetramserigias sIETER ) kbpiingepatiin A kombrenplardhe@iptioncédiritisinding

sequenpss aEsAiiprorshifn Ak dRParesion BRsiRBM I RoREECENTEIRT gRG8RE (Fibis region is
believed to be hTERT promoter. In particular, a 181 bp sequence located upstream of the translation
initiation site 1S a core region important for the expression of the downstream gene. In the present
invention, any sequehte Ctroprising thisnoure” rdgienmmesy e usenksdEpsierablitjainnupsireéom sequence

of approximagh378:DR AR IGeulates the frequency of transcription. Telomerase is an enzyme
that maintains the length of telomeres, standing against the shortening of telomeres at the
20  time of replication of eukaryotic chromosomes. The type of such telomerase promoter is
not particularly limited, and any suitable telomerase promoter compatible with the virus to be
used for the expression of the gene of interest may be used. For example, the promoter for
human telomerase reverse transcriptase (hTERT) is preferable. A number of transcription
factor-binding sequences are confirmed in a 1.4 kbp region upstream of the 5’ end of hTERT
25 gene. This region is believed to be hTERT promoter. In particular, a 181 bp sequence
located upstream of the translation initiation site is a core region important for the expression
of the downstream gene. In the present invention, any sequence comprising this core
region may be used. Preferably, an upstream sequence of approximately 378 bp containing
the entire core region is used as hTERT promoter. It has been confirmed that this sequence
30  of approximately 378 bp is equivalent to the 181 bp core region alone in gene expression
efficiency. The nucleotide sequence of an hTERT promoter of 455 bp is shown in SEQ ID

NO: 1. |
The nucleotide sequence of hTERT promoter is not limited to the sequence as
shown in SEQ ID NO: 1. Nucleotide sequences of nucleotides which hybridize under

35  stringent conditions to a DNA consisting of a nucleotide sequence complementary to the



the entire core region is used as hTERT promoter. It has been confirmed that this sequence 30 of
approximately 378 bp is equivalent to the 181 bp core region alone in gene expression efficiency. The
nucleotide sequence of an hTERT promoter of 455 bp is shown in SEQ ID NO: 1. The nucleotide
sequence of hnTERT promoter is not limited to the sequence as shown in SEQ ID NO: 1.. Nucleotide

sequences ahRucisaisas WhsiDwhrdize sl Y RIRNgRBeRRIARS B4 BN bearsigiag of a

nucleotide sequence complem to the 5 DNA consjsting of SEQ ID NO: nd h NTERT
promoter acii FAY HEoIBe IIHCEPED & se S B T IR OO R Y

SRR O Bt des may be
obtained frofiboDikbor|gsramigs ldregssdmikniibrahigbrigjzkiiavimetivisls sictiosreoheth blrisigsticns colony

hybridization,) plaayednvbridizatignaRanthermRloting.gle. tRing it aelvRLdeatidmeansiating of the 5
nucleotide sequence of SEQ ID NO: 1 or a part thereof as ? probe. cDNA libraries.may be prepared

. QIDN
according tothactiskhigrase b el ThvidIRc digh ERaFi YRI5y (MBRUSIRECEHC8Id Spring
Harbor Presgi¢pasa))calttingat viedymabodmesgibbd DiMoliaaaicSloringe Admorabtrgridsmm 2k used. In

the above hmrii@aﬁo g%&%@rﬁels&oﬁégé n@@@&ﬁpn%ﬁﬁfa&%&dso%ﬁé%ap MGG - bo to

0.5%SDS and 42C to 68C."More specifically, an example maybe given where prehybridization is
performed agBRBECIEIFIRXRENSE minutes, and then washing is performed in 2xSSC, 0.1%0 SDS
at room temperaturelfoths- bominiytaRi% 4606, tknasplerd efaitetnprogeiiives nthybridiz&don, see, for

camn oSGt g g (oA SRR 0) 1

are located itYhesrsPerRdridizpiop ie seeTmod Ai6h S thdbimearibintreinresad dipneeshetveen the
E1A gene ao&ilgeana miSesoltsishighessepiagiivmabiliysof Shenitesmbenadaost cell has been
infected with it. EIA gene and E1B gene ar nes included in El gene. This is one.20.0f early genes
of viruses, which ha\%e% %%aﬁ?%lf)p é%cr(%ggreasn%ﬁggr{%za% nes elfr:fvtg vglt%ﬂp %’e-l{-\rg%eﬁu a}ﬁé ?gégt%drlg and

encodes a pletegrripnoVagun thedregduididd oPtaastabes FParvildPEehoimearticalarotesH®ncoded by
E1A gene adgjiyatesghe transcription of a group of genes (El B, E2, E4, etc.) necessary for the

production of infgctiofﬁe\fira%sh%hB %r.hoé?i%encodgj%gg ISEGI B %}Ceggn%ssﬁi%%he accu glgtteigrilnof late gene
(L gene) mRNA in the cyteop?asm Ofthe 258htected host ealft6 there%y inAIBIt the protein synthesis in
the host cell tHihgs]EB thotehsent invention is that insertion of the IRES sequence between the E1A
gene and E1B gene will results in higher replication ability of the virus when a host cell has
been infected with it. E1A gene and E1B gene are genes included in E1 gene. This is one
20  of early genes of viruses, which have early (E) genes and late (L) genes involved in their
DNA replication, and encodes a protein involved in the regulation of transcription of viral
genome. E1A protein encoded by E1A gene activates the transcription of a group of genes
(E1B, E2, E4, etc.) necessary for the production of infectious virus. E1B protein encoded
by E1B gene assists the accumulation of late gene (L gene) mRNA in the cytoplasm of the
25  infected host cell to thereby inhibit the protein synthesis in the host cell. Thus, E1B protein
promotes viral replication. The nucleotide sequences of E1A gene and E1B gene are
shown in SEQ ID NO: 2 and SEQ ID NO: 3, respectively.
E1A and E1B may have, other than those nucleotide sequences shown in SEQ ID
NO: 2 and SEQ ID NO: 3, respectively, nucleotide sequences which hybridize under
30 stringent conditions to a DNA consisting of a nucleotide sequence complementary to the
DNA consisting of SEQ ID NO: 2 or SEQ ID NO: 3 and encode a protein having E1A or
E1B activity. Such nucleotide sequences may be obtained from cDNA libraries or genomic
libraries by known hybridization methods such as colony hybridization, plaque hybridization,

Southern blotting, etc. using the polynucleotide, or a part thereof, consisting of the nucleotide
35  sequence of SEQ ID NO: 2 or SEQ ID NO: 3 as a probe. cDNA libraries may be prepared



promotes viral replication. The nucleotide sequences of E1A gene and EIB gene are shown in SEQ ID
NO: 2 and SEQ ID NO: 3, respectively. E1A and E1B may have, other than those nucleotide
sequences shown in SEQ ID NO: 2 and SEQ ID NO: 3, respectively, nucleotide sequences which
hybridize under 30 stringent conditions to a DNA consisting of a nucleotide sequence complementary

to the DNA ceasigHpdihe Bkt d\Ndsc?ipedSia QiR TRMcheneodeharpaie havinth&W.or E1B
activity. Suc otid uences e optained from cDNA librari enomic_libraries by
known hybri@g?%e M ?f%?gqs)rsd&%s zgggcg:g?%ny yebnr]%f‘z/% b‘ﬁﬁ“ﬁ{‘gafﬁg?h@%ﬁ&%ﬁgﬁ? SStthen blotting,
etc. using thibpolgnoeiebtidesdor dnphetabasiebybudirsiitingomhksRiciegdet ondiipuemstudt SEQ
IONO,2of SEIDRIG: s mpisn NS e wsatmeenuad AR B Ectod
escribed in Molecular Cloning: A Lahoratory Manual 2n rin or Press :
AlternatRrely e RisiciaY %%‘T\gﬁeﬁﬁlpé LS RS ?3@?%§§%§1§§et§??%%‘88§7§ bridization,
examples oftberirvgshingonpkétifons éd chuzies ST 93 % DS BOIOdHaa0rs dorSDS mmatd€ied 68C. More

specifically, g &XamRIe R MAY PG AIYRR W%ﬁﬁggmiQ&a@&néﬁﬁf?ﬁ@m&aﬁa@%% ogmore than
30 minutes, and then Washlng%ls performed in 2xSSC, 0.1% SDS at room temperature for 5-15

minutes 4 to'6PARHEY Pdidatadiedl podbalttePErayHHEatES sHE oo dRaRPE Mok Cloning: A

Laboratory I\ﬂairik_mji&nd ed. (CoId_Spr_ing Harbqr Press (1989)) jn pa_rticular, S(_a(_:tion 9.47-9.58. 10
s dyerna) Ribossie FinPashoie g IO Rs i Rcgm s, 1S

believed that this site serves as a ribosome-binding site'because it has a complementary sequence to
the 3 termint®l RiSefIYES of H &PRISIHA RINAIGSRYGIGNA TiPRICMRNA B8 e darard Mibis which
belongs to picarnpdtidmarisstpralaiasiicb thismiedvepeacclsanditiomnaffitiRNey friis G sequence
is high. Even,from iddle.of 15 mRNA, [ iS4 [ C
non-depend?al}1atpr¥lnc%lirkﬁr?(\errl%1 vg?e o%rél, int Eﬁﬁéﬁoﬁ%ﬁg‘%ﬁégﬁt{é ?f%\%f r%(cﬁ‘)gng,%ot%%é%{ggg% g{r{sg E1B gene
(which is locét@enepwriststavieafofiisimeydieny IR sy tralistighd iRdepERmehgyHIdeiman
telomenase RRNOEFtBY HsiNEHRE Petloencariral@pexpeassiathhitsialoneiase. promeaiids exerted

on ETA gene apnd E1B e independently. Theref compar dé?Bcases here either E1A 20 gene
or E1B genenllsqtggn\'tlrrgﬁe%feé]f/eaptrgfgﬁelrnggg 5’%%8%%? \fﬁ‘ag?rée;%gtion caﬁ?%e&lgrcg 1s?trilz)c?flyselmited to

those cells héwimgtiedonedrisel RES/itgqURACRERS Sepslatedandopisadently lSECHmNdelgmerase

promoter. By using IRES, the control of expression by a telomerase promoter is exerted on
E1A gene and E1B gene independently. Therefore, compared to cases where either E1A
20  gene or E1B gene is controlled by a telomerase promoter, viral replication can be more
strictly limited to those cells having telomerase activity. An IRES sequence is shown in

SEQ ID NO: 4.
IRES may have, other than the nucleotide sequence as shown in SEQ ID NO: 4,
nucleotide sequences which hybridize under stringent conditions to a DNA consisting of a
25  nucleotide sequence complementary to the DNA consisting of SEQ ID NO: 4 and encode a
protein having IRES activity. Such nucleotide sequences may be obtained from cDNA
libraries or genomic libraries by known hybridization methods such as colony hybridization,
plaque hybridization, Southern blotting, etc. using the polynucleotide, or a part thereof,
consisting of the nucleotide sequence of SEQ ID NO: 4 as a probe. cDNA libraries may be
30  prepared according to the method described in Molecular Cloning: A Laboratory Manual 2nd
ed. (Cold Spring Harbor Press (1989)). Alternatively, commercial cDNA libraries or
genomic libraries may be used. In the above hybridization, examples of stringent
conditions include 1xSSC to 2xSSC, 0.1% to 0.5% SDS and 42°C to 68°C. More
specifically, an example may be given where prehybridization is performed at 60-68°C for

35  more than 30 minutes, and then washing is performed in 2xSSC, 0.1% SDS at room



1RES may have, other than the nucleotide sequence as shown in SEQ ID NO: 4, nucleotide
sequences which hybridize under stringent conditions to a DNA consisting of a 25 nucleotide
sequence complementary to the DNA consisting of SEQ ID NO: 4 and encode a protein having IRES
activity. Such nucleotide sequences may be obtained from eDNA libraries or genomic libraries by

k?own _hyaﬂQ%ﬂﬁ@ﬁdFéleﬁ%%ﬂ§§%H@é‘stcﬂ9 '@’t]{ﬂh@fi d iﬁ@{?@&aiﬁﬁﬁ%&})ﬂ@é@i? %BiQf}di%&li&'ﬂ?srééé%oltg” Igl O
etc. using polynucleqtide, or a part thereof, consisting of the nucleotide sequence :
4asa probe?oéﬁiéﬂ‘?jﬁriﬂﬁﬁﬁ% 38y %aé%ré'o%qﬁbaiozﬂﬁieeﬁ‘né ig%g%iﬁéfﬁ?ﬁoﬁﬁ%cular
Cloning: A LaBiQjony fetéinuiat, Sedtied?.fCSd&Spring Harbor Press (1989)). Alternatively, commercial
eDNA libraries or genomic libraries may be used. In the above hybridization, examples of stringent
conditions include 1xSSC to 2xSSC, 0.1% to 0.5% SDS and 42C to 68C. More specifically, an
example’may be givah HEFSBHRAR 2RIAMOISE FOR NP delostsease S8 Altt SRMERB O minutes, |
and then wasinirg] iscpe Hammecdsinl?x ookl cHiScaifrpomotie thp essitutoiomnSeds mwvinges 4 to 6
times. For de[E gré%ro&%g%gs of hybridization, see, for example, Molecular Cloning: A Laboratory
Manual 2nd ed. (Co 5 Spring Harbor Press (1989)), in particular, Section 9.47-9.58. 5 In the present
invention, a promotelf foBsTsa RaiaBRshie s salisrtian Faspritreahilis Pises Rt gEFtio&YsBsuch a
promoter is aspahie ofypronvetifichtlestaplicadipiniecalldraniggedelaroerasmpktivity aTheganes
containgd in the. replication cassette of the present invention,may be, obtained by conventipnal genetic
engineding I B g 8 B i
acid synthesEyRihsizeeaymnisisedse Atsratisphnéisi e eanelic lsedueess. ta ke tisadve iy teatdata ienetic

sequence to ReldisedragyanedelBteritdsolpteaions Walle sise i me g sipaedlignto dackhggne may be
designed and the genetic .sequence may, be lified with a PCR apparatus (P ethod; Current
brotocols i RS odh A ey e bl e, &L e G pa SR R Bifcation 15
method usind/glefslinGiokemnrietay WéaysédSand 1983 dhratips il in.- diccar careremglificat@ony out the
above methodseraiding KodaigeramplgaMalacdler ©R0NC0EE knlsh SRrirgdiarerkaboratory
Press (1989). Purification of resulﬁg@t PCR grodu?é%mgy be pﬁf rmed %%l knowny gthrﬁd]?hsuch as a
method usindSRh ARl o B RS AR R SR e (GHER P BT Bes) < efhod with
GENECLEASptignHkdshi }, 200e®ENP2G QIAE N Pueificaticm gphgandiset RTRapmedtictdromsinoe
DEAF-cellulggerfiitars $828wWnSAURBES such as a method using ethidium bromide, a method using

SYBR Green 1 (Molecular Probes), a method with GENECLEAN (Funakoshi), QIAGEN

20 (QIAGEN), etc. using agarose gel, a method using DEAE-cellulose filter, freeze & squeeze

method or a method using a dialysis tube. When agarose gel is used, PCT products are

electrophoresed on agarose gel and resultant DNA fragments are cut out from the gel and

- purified. If necessary, it is possible to confirm by conventional sequencing methods that an

expected gene has been obtained.  For example, dideoxynucleotide chain termination

25  method (Sanger et al. (1977) Proc. Natl. Acad. Sci. USA 74: 5463) or the like may be used

for this purpose. Alternatively, it is also possible to analyze the sequence with an
appropriate DNA sequencer (e.g., ABI PRISM; Applied Biosystems).

Subsequently, individual genes thus obtained are ligated in a specific order.  First,

above genes are digested with known restriction enzymes, and the resultant DNA fragments

30  are inserted into a known vector according to a known method for ligation. Specific

examples of known vectors include pIRES vector which comprises the IRES (internal

ribosome entry site in mRNA) of encephalomyocarditis virus (ECMV) and is capable of

translating two open reading frames (ORFs) from one mRNA; Escherichia coli-derived

plasmids (such as pCR4, pCR2, pCR2.1, pBR322, pBR325, pUC12 and pUC13); Bacillus

35  subtilis-derived plasmids (such as pUB110, pTP5 and pC194); yeast-derived plasmids (such



method or a method using a dialysis tube. When agarose gel is used, PCT products are
electrophoresed on agarose gel and resultant DNA fragments are cut out from the gel and purified. If
necessary, it is possible to confirm by conventional sequencing methods that an expected gene has
been obtained. For example, dideoxynucleotide chain termination 25 method (Sanger et al. (1977)

Proc. Natl Agedsfieh 3ASIHi He6R I iedke oande uied. (IS AYROSEAIIRINRY, 1t also

possible to analyze the sequence with an appropriate sequencer%e.g. ABI PRISM; Applied
Biosystems) Y& qiEh )i RefvlaviEis eads th idiRed- MY 1Pedtbh & FOSraae ®irst, above
genes are digesied withe kpiensnt festrittionuenalypiBESandtirely esefiteadlD NWiltaginertsor3@ are inserted

into & known YRSigE ASEING e mno . Neib e oD SRES SAMAIFR ALiRRN yectors

include pIRE% vector rises the IRES (internal ribosome entry site In mRNA) o

encephalomydénesitts VirlBHE caumgesnis @D iects” tnHumtmds o [BH5En L BReRteRIaeRRs (ORFsS)
from one MRMA tisghgfichigigokidaniver @asmibe(slizasase Bé ueédREd: HedianlopBR322, pBR325,
pUC12 and pUC13): Bacillus 35 subtilis-deri lasmids (such as pUB110, pT.P5,.and pC194);
yeast-derived ﬁgg?néﬁgg’(sa&cﬁnglgsepgﬁﬁ gﬁ%%%ﬁlgg?%égte%?(%%aéeegsmsﬂg%ga% hgh rgg)%e;grzmimal
viruses suchiascrsipaviillde Jesceipia saeedieald baculovirus; pAl-11, pXT1, pRc/CMV, pRc/RSV,

PcDNAI/Neo and so HoafacHa tAe PIBSRRE iMYeBHAM ISR OhHR ey ectasitnpreii e AViBthis vector,

it is possible to prepare a replicafi ssefte taining "a promoter from h telomerase, an 5
E1A ge %, aﬁ#ﬁ%@%@fﬁg c%ug%gggﬁ%@%%rné&%‘%g ore 8g lgfll%eéfér }lr%l ﬁse(&gs%%r)% g’é‘ﬁ%g’ into the
multi-cloningEii-fhatdsEdiieyS D Nitnkgesser mtgib scguenbdo alig atiniro b O NS . 2 Hopein vedthed an

example whegphIER T isnised 28UMAA telgmarasenn Ahs Prasentayiehiion withbe deseribed

specifically. EIA gene and E1B gene may be amplified in El gene-expressing cells, such as 293 10
cells, by carrfiflf O RIZPER and/or DNA-PCR using primers such as EIA-S, EIA-AS, EIB-S and El
B-AS. If necessary, tReisspgutyceseptzatonficasediel sionpistigooinhiiieRigdL U8 S T ©idring. Then,

DNA fragmen(s pfift | aneLEHP MavReC Wt uwsg?_%%ém Nin@HHEIRRIGRRMM et R3RAYENtlY, a

replication cassette consisting of hTERT-EIA-IRES-E1B to be 15 used in the present invention may
be prepared By &g SHAA RIS KPS R VAR ASPURES YsHe hi Sy e A IRE tor (such
as pIRES veocide)y:t6hJiZ8 ThedolbowistguarckeE1 A TEESFHIS i ot setiiethy af blbkelRAES iEisBlso

AIternatively,pi&rg%@gstéa{é{ngvig Ql%%omegalovirus (CMV) promoter from a known vector such as
pShuttle with known restriction enzymes, and to insert into that site a sequence cut out from
20  phTERT-E1A-IRES-E1B with appropriate restriction enzymes. The adenovirus in which
only the replication cassette consisting of hTERT-E1A-IRES-E1B to be used in the present
invention has been integrated is designated “Telomelysin”. By expressing E1 gene
necessary for proliferation of adenovirus under the control of hTERT promoter, it is possible
to proliferate the virus in a cancer cell-specific manner.
25
In the recombinant virus used as a reagent of the present invention, a labeling
cassette is also included together with the replication cassette. The “labeling cassette” is
integrated in E3 region of the viral genome.
Here, it should be noted that the primary function of the virus vector used in the
30  present invention is cytotoxicity by viral replication. Therefore, in order to use the reagent
of the present invention for the purpose of diagnosing microcancer tissues, occurrence of the
cytotoxicity is preferably as late as possible. This is because the emission of fluorescence
caused by the replication of the recombinant virus of the present invention disappears when
cells are destroyed, and it becomes difficult to identify the site of the microcancer tissue.
35 On the other hand, E3A and E3B exist in E3 region of adenovirus, and 11.6 kDa



possible to remove a cytomegalovirus (CMV) promoter from a known vector such as pShuttle with
known restriction enzymes, and to insert into that site a sequence cut out from 20
phTERF-EIA-IRES-E1B with appropriate restriction enzymes. The adenovirus in which only the
replication cassette consisting of hTERT E1A-IRES-E1B to be used in the present invention has been

integrated is ABSIGNALEA i€ IRNE YRIRInPY B SSIHG Q%%cﬁ@?ﬁﬁ?%%&% prelifsiatiomaf
adenovirus umngﬁr the control of hnTERT promoter, it is possible to proliferate the virus in a cancer
cell-specific ﬂ{él’_cﬁé‘)fh the recombinant virus used as a reagent of the present invention, a labeling

cassett.e is also inplUﬂMd@@ﬂmeﬂlwmmhéimpﬁw&tiBmsa‘skeﬁ& ﬂﬂa:&:ﬁtaine&ﬂ@nasﬁdtt@hisniategrated in
E3 region of the yuah e Reme.EiR! Sith %"fﬁﬂéﬂ&ﬁ%&‘%@ﬂﬁ&%ﬁ%?oﬁé@ﬁﬁ

_ dURsHeRRISBE \ius vector
used in the 30 present invention is cytotoxicity by viral replication. refore, in order to use the

e
reagent “of thePrésertnsentrsirrthdrip dedhsidmgrasitg fmire &l sel dhediad Belitence of the
cytotoxicity isdpreferably eclaterasiossibigsidhist i P fansscthecemiksite.of fluorescence caused by
the replication of the recombinant virus of the present invention disappears when cells are destroyed,
and it becomes difficult to identify the site of the microcancer tissue. 35 On the other hand, E3A and
E3B exist in E3 regiorheiahabroniatdn sidch sopstiticothepb dlirerissiHed crepivpignorbia mPESA region
has a functiciipt® pEomede elotaxiatyta dbvirabeisapedionmud hekeieicifehenrdacambinanieyirus used in
the presgnt igvention, viral.genomic .regions encoding proteing with a functign to, pramote cytotoxicity
and i s e B R e e e Sy WO TR g of e
death and fatifitade. VaénigieatiomdidtmaeaellspysernisspinlCHED dedreddameduaritsectide. The
Iart:elinghprogﬁnyﬁmc&g@régtma@@i@hed@asﬁkm%ﬁﬁ@&%ﬁ@%@{g&%ﬁl@é}@wﬁr@gl@mﬂb@pﬁe cellﬁ_ )
where the above-described virus has replicate [ ualized. refera substance whic
emits fluores r%(r’?l(::e) ié’vctljustgé‘d?rﬁx%?n% 8% \(Sg%af% %fu staricée%s?iﬁch ?as,)‘bute{?earls&ﬁ’l‘#‘ci%élg ttS,EFeen
fluorescent prdtein {GER eririvedifrGiFRinviyasfontcetivfipioteine S A blysolueredetoriprotein

enhanced-hyganizediehil (BERhmieEad-anit B FRA fse E&mgq@@ meditisdyarianis,ef GFP
(GFP varlan}licg. 4t is also gosslble to use yellow fluorescent protein (YFP), cyan fluorescent protein
(CFP), blue 5 é%géerﬁr ‘ERHW?@I@FP), or Renilla reniformis-derived GFP. A gene encoding any of
these proteins may b& promoter capable of regulating the expression of the above-described gene may

be any promoter as long as it is compatible with the virus to be used for the expression of the

above gene of interest. Specific examples of such promoters include, but are not limited to,

20  cytomegalovirus (CMV) promoter, hTERT promoter, SV40 late promoter, MMTV LTR

promoter, RSV LIR promoter and SRa promoter. Preferably, CMV promoter or hTERT
promoter may be used.

The recombinant gene contained in the labeling cassette of the present invention

may be obtained by conventional genetic engineering techniques. For example, as a

25  genetic engineering technique, a method of nucleic acid synthesis with a commonly used

DNA synthesizer may be used. Alternatively, after a genetic sequence to be used as a

template is isolated or synthesized, primers specific to each gene may be designed and the

genetic sequence may be amplified with a PCR apparatus (PCR method; Current Protocols

in Molecular Biology, John Wiley & Sons (1987), Section 6.1-6.4); or a gene amplification

30  method using a cloning vector may be used. One of ordinary skill in the art can readily

carry out the above methods according to, for example, Moleculer Cloning 2™ Ed., Cold

Spring Harbor Laboratory Press (1989). Purification of the resultant PCR product may be

performed by known methods such as a method using ethidium bromide, a method using

SYBR Green 1 (Molecular Probes), a method with GENECLEAN (Funakoshi), QIAGEN

35  (QIAGEN), etc. using agarose gel, a method using DEAE-cellulose filter, freeze & squeeze

10



used in the present invention, A promoter capable of regulating the expression of the above-described
gene may be any promoter as long as it is compatible with the virus to be used for the expression of
the above gene of interest. Specific examples of such promoters include, but are not limited to, 20
cytomegalovirus (CMV) promoter, hTERT promoter, SV40 late promoter, MMTV LTR promoter, RSV

LTR promoterang sRaREABAIGHeRr& B@fﬁ@'ﬁbh@'\/‘m&%@@ﬁ%@@géﬂsﬁ% BOPeigsaaMiBe iysed. The

recombinant gene %))ntamed in the Iab cassett rg present invention _may be obtained by
conventionaPGERSRNOEH r@’e?ﬁ?ﬁoﬁs Eesli ?‘l&?ﬁr\'ﬁ% agRegisuc, G ZREN g%ﬁﬂgaf’éghnlque a
method of nlputdixechudfwmk&asysmm(msddmmylmed @mmmesmnm@yrwmmaﬂdtematlvely,

after a genefé CreeRyense mbatsedRaRaeMRRIR IS HRlated i SYNRG AR e R GRS BREAITIC to each
gene ma ned and thmenetlc sequence m%y be am lified with a PCR apparatus (PCR

method: Cur?é’ﬁ?&réﬁé‘&ﬂ%eﬁﬁl HABIPRI %fby“% @&éﬁ%“f‘f ldeemah s 18%4): or a
gene amplifiéaticis3pumpetaod Aﬁmgaavel@nlingxsveﬂztor pn@jbhm tesedal@deeth ordimary skithinathe art can

eadly carygul b e8RS melieds oG ok pRle Molerl Qg2 Col

Spring Harbo oratory Pre Purification of the resultant PC e performed

by known m@%@%@éﬁ%@ddsrﬁ@%&ﬁ‘ D ST ISR RIS TBE I e TR SRS I B‘F@‘G‘?é%n I

(Molecular Paesigsd mmeﬁwe@m&h , GENECDREAN-{Ftieakeabilif} A BB (iAGFN)e@ted using
agarose gel, method u ng ceIIqusef e& 10 metho od using a
dialysis ?9(3 (FW eﬁe%néa?%se %%mdn ttheC (énfgprodé% %en%%scgﬁctr%mﬁborgseg{g n SrE‘éi{o%e gel and

resultant DNRaishidHYEL Arer éb@ élljﬁf?@ﬂ?l Pacignsl and PeviEd. Thfeﬁ’ééﬁws ity pess&ibtEng confirm by

conventionahsgiemend it Rethods H&ehgﬁte@macmﬁmg@s@ asdmesHepiainad:tor examtg,

dldeoxynucleotlde chalrgt mlntatlontSIrEl%tp%d1 San et al. (1977) Proc. Natl. Acad. Sci. USA 74:
5463) or the fikBRAY B it S8 t6r this purpe

may be use purpose. ﬁﬁaern tevely it is also possible to analyze the

sequence with an agpreprimerDXATeqSbwder (ectyr, ABRIBN cAppidtBipessidnisicisabsequently,
the gene thtfmhta;smIsp@ﬁeqtegwﬁbw@m@stgg@@ eRZyER)T IRdaeeainaatigana is so

donnsiream UFS Sor R g PURLRIRG 1o A Goe: o ﬂf&i‘%%@gﬁg%e'”’ R
pHM11 or theﬂﬁéibnbgcmemmegm@pmkmmw h’enwd gem@sc(mr thectabyalingvieaeiyiarsdothe
promoter) afSaﬁgﬁ)Kﬁﬂlé’y BRPN%B@%M@W%@RQQ &WM@JB@(&QX@ may be used.

Subsequently, a recombinant gene comprising the above described replication

20  cassette and labeling cassette is cut out with appropriate restriction enzymes and inserted into
an appropriate virus expression vector, to thereby prepare a recombinant virus. Examples
of virus expression vectors include adenovirus, retrovirus, vaccinia virus and baculovirus.
As described above, adenovirus (in particular, type 5 adenovirus) is preferably used. For
integration of the cassettes into virus, methods such as electroporation, the liposome method,

25  the spheroplast method or the lithium acetate method may be used.

In the present invention, specifically, the recombinant gene may be prepared by
inserting CMV-EGFP-SV4(0P (A) from pEGFP-N1 (CLONTECH) into shuttle plasmid
pHM11, and inserting Csp451 fragment of this plasmid into Clal site of pShuttle vector in
which phTERT-E1A-IRES-E1B has been integrated.

30 In the present invention, specifically, a sequence of a necessary region may be cut
out with restriction enzymes from the recombinant gene as prepared above, and inserted into
a viral DNA such as Adeno-X Viral DNA using a commercial kit such as Adeno-X
Expression System (CLONTECH) (the resultant product is designated “AdenoX-hAIB”).

This AdenoX-hAIB is linearized with a known restriction enzyme and then

35 transfected into cultured cells, such as 293 cells, to thereby prepare an infectious recombinant

11



prepare a recombinant gene for the labeling cassette. As a known vector, pShuttle vector, Escherichia
coli-derived plasmid (such as 15 pCR4, pCR2, pCR2.1, pBR322, pBR325, pUC12 or pUC13); Bacillus
subtilis-derived plasmid (such as pUB110, pTP5 or pC194); yeast-derived plasmid (such as pSI-I119 or
pSH15); bacteriophage such as 'A phage; animal viruse such as retrovirus, vaccinia virus or

baculovirus; pAls11, pXT1, pRc/CMV, pRc/RSV, pcDNAI/Neo or the like may be used. Subsequently, a
recombinant gene comprising the above described replication 20 cassette and labeling cassette is cut

out with appropriate tESt OB TEESAAR SIS 1 SN eBtAPL & e Aot LB Vector, to
thereby prep@rscarredmbmmgntivitusa Ekangpibs Iafrvirasgixprebdiomuastorshinbbad eratieswdyirus,

retrovirus, vagginig, Vi 08P agHoNIYSriB Aesabed, %Pé%\ﬁ%gesq%ﬁ%&@ggﬁi&%&%ﬁ%ﬂpe 5

adenovirus) is preferably used. FOF integration of the cassettes into virus, methods such as
electroporatibFrathd ips BrTeith 6y, 195 th (S0 BIRSP AR SIBP the sy RebtROTEthod may
be used. In tke pikesany sy esddon Mpeaaificatyertbe kedainkirfanh Jenednayles yrepateddy iinserting

CMV-EGFP-3V4 om. p P- C T i tt ' I inserting
Csp45l fragméel\élrtn% t(é?\sA C{Sﬁ%{pmlgl%t: %a%f&si#e[% boé%}%aﬁglé;b?Ié@tﬁﬁ%ﬁ‘%ﬁ@%&ﬁﬁ%@%ElB has
been integra#secrabnheip erpliédativndiis sem adpatsr LyIRpch sjuwinteasidthecessary region may be cut
out with restriction eszunesoiRmsthexfeeRBPivaREGa0s apPiaRaRe: 2By eorafddseHaehinto a viral

DNA s as -X Viral DNA using.a commercial kit such as Adenp-X Expression System
Lo LR B S A S R R e A arize
with a knowrfyegipietibareinzy e wisaihdhe BB Epdkeéte v du iurea@edbss Sirctsmlisaton eklls, to
thereby prepgreiarlintastinus reae)Phiramelds Watsin iHexRegRHGRAGESBEHSItO be detected in the

present invention areigot imited. C%ﬁmcer cetllsf%]; any kiqd may. be cPsed. tFor.(te%amgle, solid cancers in
the head and neck, s gfﬁé)(r:?i,"rareéle & Sﬁ%nog, |€/é)r?%)er%sl{1éffe,l ancréas, Isncl)p lg’éussc,eﬁfﬁd%er,
gallbladder/bilerdelcte B Brefaxhesasrem ithijvoidscoveryn etoceoedbaketies, iyiaphssihks, toarssmme,

mesengBymalfdaregiRrvithgiike may be used. Most of cancer cells derived from human tissues show
increase in telomergse activity. 'I%'E‘Brt sent invention is ¢ aflﬁ of detecfin tho%}e cancer cells in
general where proffOHBITHEE BUbr AUt e SUH o1 dPLoe A6y GG IBHRe e
expression isetgenelFitsighells canices delisapdmparethtocaerenakll SW620, human lung cancer
cells A549 and H1299 are plated in culture plates containing an appropriate culture broth and
cultured in the presence of CO, gas at 37°C. As the culture broth, one which is
20  conventionally used for culturing animal cells may be used, e.g. DMEM, MEM, or
RPMI-1640. If necessary, serum, antibiotics, vitamins, or the like may be added thereto.
By inoculating a specific amount (0.1-10 MOI (multiplicity of infection), preferably 1 MOI)
of the recombinant virus of the present invention, the cultured cells are infected. MOI
means a ratio between the viral quantity (infective unit) and the number of cells when a
25  specific amount of cultured cells are infected with a specific amount of viral particles. MOI
is used as an indicator when cells are infected with virus.

In order to confirm viral replication, cells infected with virus are recovered and
DNA is extracted therefrom. Then, the DNA is subjected to real time-PCR using primers
targeting an appropriate gene contained by the virus of the present invention. Thus,

30  quantitative analysis is possible.

With respect to the detection of labeled cells, cancer cells can be visualized because
cells where viral replication is observed emit a specific fluorescence (e.g. green fluorescence
when GFP is used) by exposing to excitation light. For example, when cells infected with
virus are observed under fluorescence microscope, emission of GFP fluorescence in the cells

35  canbeobserved. For the observation of infected cells with the passage of time, emission of

12



10 cells, hTERT is expressed in telomerase-containing cancer cells and the replication cassette
functions therein. As a result, the virus replicates, which in turn increases the replication of the
labeling protein. Thus, the labeling protein is expressed and visualized. Therefore, when the reagent of
the present invention does not emit fluorescence in normal cells, but whereas emits fluorescence in

cancer cells.GiugutdsPRRsIRIe 10 ARsEW IR £atteEeala. visually. For infecting cells with a
recombinant virus, the following method may be used, for example. First, cells such as human large
colon cancer cell S @Q&eﬁﬁ#gﬂl?ﬁﬁ%eg%gg‘} 45fd! %%Cféﬁfdolg]’ig%?ta%vb‘fﬁtgbe iW%ﬂﬁ%P@Iﬁlates
containing amiappridpeiptesaulinyenbeotmantt: slitumetdrad thie greEeingdadyCO2 gas at 37C. As the

culture broth, one whigh is, 20,cepueNHRRaMRedIPLEH NG ARIMe ! Fe lPaa Rad'se. ie- - DMEM,
MEM, or. RPMI-1640. If necessary, serum, antibiotics, vitamins, or the like ma%a%‘%igded thereto. By
e

inoculatig a’ SFERAHY R BGHERECEL 1 MOPTETRRHITER) Br RS Aol shset 4Bty
recombinant(tirgs ofitlhe ppeseiy imydaiom tiehod|telipe theedisnane, infectedc A0 intheddsminatio between

the viral quagfity Gafegie Y and te.umber ol e lawhen a5 srselficamounaleuiityed cells

are infected with_a specific amount of viral particles. MOI is used as an Indic cells are
infected with*fRUBISTREMHeMERRSERIh Iainsier ohingefehstecdtnthikrrud ere lecdveied and DNA
is extracted Wetyabdappbbamcinddpihing subjectedtitofrasivine-RGE LS @hiiekatibargeiis)g an
appropriate gene contained by the virus. of th sent.invention. Thus, 3 antitative analysis is
pomsibl Wi G A e  E es

where viral réjstipaifey isébabraeraiarelt spadRetaerdstethab the. Hirared th specst dnatithen GFP is
used) by expasingtie: exgiaiar lighimhatesaaaleaiyhrReccd b et doNiFryigisesahsasved under

fluorescence mjcrosc emissjan of GFP fluorescence in the cells 55 c%n be observed. For the
observation 6f ﬁaégg&@ (%alﬁlsaw?t‘# %@eé@sﬁ%@ O:E[;ﬁlrﬁe?fné)rlﬁ%s%i CBF ?L Wgo?ré%ec%r?%& r%ray be
observed withay By ideiata sevsralmoreestimbadipbiie ahy sersetionasfacllis of interest in vivo, the

recombipant virus offthedresest iRvepiion imayten adrinisietsdinie JhRiving hedy, The reagent of
apglie to the disea§ed si%e as itis. 5 Alternatively, the reagent of the
% F !

the present invention b _ ly,
present inveltH Ry REUh{aARE to R TG BEER 4Pt BT BB BRI 55 ¥t method
e.g. intravendiagnisisageosculdns inwssabdohrselcalled navigation surgery.
If excision is performed in a wide range including the diseased organ in a surgical
operation, the patient who survived this surgical operation can enjoy a long survival.
20  However, the rate of occurrence of complications caused by the surgical operation itself
becomes high. Further, loss of the function of the excised organ inevitably influences on
the daily life after the surgical operation. It is important in cancer treatment to introduce a
low-invasive treatment to reduce the burden of patients while maintaining the remote result
of long survival.
25 When a low-invasive operation is pursued by minimizing the area of excision, one
of the information pieces wanted is the presence or absence of metastatic lymph nodes. As
a method for obtaining that information, sentinel node (SN) is attracting attention. SN is
the lymph node which first receives the lymph flow from tumors, and there is a hypothesis
that the first micro-metastasis occurs in this lymph node. This hypothesis is called the SN
30  theory. Although large scale clinical tests in breast cancer have already been started in
primarily Europe and the United States, whether or not this theory is applicable to other solid
tumors is still unknown. Examination has just been started.
In vivo cancer diagnosis system using the reagent of the present invention is capable
of establishing the technology of allowing direct expression of a fluorescent protein in cancer

35  cells and identifying tumor tissues or metastasis-positive lymph nodes by a highly sensitive,
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or subcutaneous injection; inhalation through the nasal cavity, oral cavity or lung; oral administration;
intravascular administration using catheter or the like. Dose levels are selected appropriately
depending on the kind of active ingredient, the administration route, 10 the target of administration,
and the age, body weight, sex, symptoms and other conditions of the patient. Usually, dose levels
may be selegiggese:Haldtienins otthaprgsanticiapianiodheadive wgrediestkimadspinistered at a
daily dose of abou 1061011, PEL (plagus forming Unife), praferably ahout 103104, P This
amount may b administered once a dsay, or may be |V|8e Info severa poﬁlons and administered at
several time&eot@nas ine eéthgamsohithy préserplitaastion medtasmlso osipiectd whssayinthe label in

vivo in real fnpgacHhdsadiiaiiease et hadresentinvsntiondsiadyaniageots fandegarassn. vivo

diagnosi ag(%g]g. This is useful in the so-called navigation surgery. If excision is performed in a wide
range including the diseased organ in a surgical operation, the patient who survived this surgical
operation can enjoy Briomgflsunnsiabis 26 Howevpnthenale wiktstwisesits, oftoom plidatidnskipaused by

the surgical gperalian ifzeliiRgremesdiatiE Wihes lossmar i fupctinnohiit fXGREM YaRY inevitably
influences on  the daily life after the surgical gperation. It is important in cancer treatment to introduce

a low-invasitERPEEAYER S FEH SOUR A BRIT P RFERTSROFRE: mERTES A HERIn &S ®Sult of long
survival. 25 Whepe aulabetnfasivecpsratiohdgeparistritbbitimidangizing $henavéziddrexdiBionyane of the

nformayie™ RIRCA= TGRS WERIGSnGE " ARRENRe el mARFIAC IR AOdRR acAE hod fo

obtaining that information, sentinel nodé (SN) is attracting attention." SN is the lymph node which first

receives the WRMBHITORS i RERTRNE PasEvhovent fedrsolivectly rurgHbeirursish onsTaiattissis occurs
in this lymphresddinel hig kiypettiesis isngaleddhigat. 30t oyyteAltioauigintargel spatd-alisiica] tests in
breast cancer hav a ted.in. primari : i tat : r or not
this theory isag%%lll%ﬁgeg g%{?ﬁﬁ@g%ﬁ%ﬁ%@g %Lg} ﬁ#ﬁﬁ%‘%ﬁ%ﬁﬁﬁ?ﬁéﬂ%ﬁ@s ? te%qug?ﬁi tarted. In
vivo cancer dagresit SflsmPisesnt ivenioagi rndprtrerisidivetiGriva itionths sipabIemsE de@blishing the
technolpyy ofattanintgisestexpirssionaha didaresert piatesd toloaneaates mealisl agdosientifying

tumor tsues, gmetasiasis eastueimpodes by ighl senslive, d, luorgscsice getection

system during surg'lsélg oaﬁega ion. n other words, the techno g]%/n%?r’."%awgatl_on surgery” can be
established &84 mithiodhh aeigieHcecetfer e Rms Sne. mpaialdedmigirarfediFn S thagstesent

invention repliggiesifdest eatypbauaf saneeteslsidayiigributed into tumor-infiltrated tissues,
metastatic tumor tissues or attending lymph nodes to replicate in tumor sites or
20  metastasis-positive sites.

At the time of surgery, excitation light for GFP fluorescence is projected from the
light source onto the surgery field after ventrotomy, and images from a special 3CCD camera
are projected on a face mount display. By using a transmissible lens, the visual field of the
actual surgical field can also be secured, and it is possible to detect metastasis-positive lymph

25  nodes from overlapped GFP images. Further, by mounting a special filter, it becomes

possible to recognize fluorescence with the eyes without using the camera.

2. Reagent for ex vivo Diagnosis
The reagent of the present invention is also applicable to an ex vivo diagnosis agent
30  for the purpose of screening. Currently, quantitative determination of tumor markers is the
most common method to know the presence of cancer which cannot be detected with the
eyes or its primary focus cannot be identified. However, tumor markers are not necessarily
satisfactory in their cancer specificity. Besides, it is extremely difficult to detect every
cancer species with a single marker.

35 It has been confirmed that telomerase activity increases in 85% or more of human
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telomerase activity, and those cells can emit, for example, a strong green fluorescence of 5 GFP.
From the analysis of mono-lymph node metastasis sites, about 10% of skip metastasis, i.e., incipient
metastasis to the second group or more remote lymph nodes skipping over the first group lymph
nodes has been reported. Based on this report, there are a large number of researchers who have

pointed out t%l%%ﬁﬂ%é%ﬂ%@&n&?%\éﬁ{d@ﬁhb%li@v%&’@ B@Qﬁ@éﬁéﬁ?ﬁi@ﬁjs system using the
reagent of the present invention identifies , tumor t@sgles or metastasis-positive lymph no?h%s directly

during the surgical of&r¥t8n e ARRASEnltHE HiGiLiarrPhie s MICTERdBY PHRY STEMCis original
and epoch-npakiorgied ok kxdtnplds 4s destréhebeloractical for smooth progress of surgical operation.

Specifically, the reage Rk BreReRBYSRIIPR iSaNdossRifAl GiRiegGH Inipba st ahtumor (e 0.

15 gastric or large colon mucosa argund gastric cancer or large colon cancer; internal region of
tumors sch’5B %A CCLHRFIHAR dbib APE PSP Gh P CRFEER! (TBHOAE rdet) S&RRTHF days prior
to the surgicadtiop@rationvi@l) phefcabhe IMdOlipiie ahieditn useet imsN MAvigatiane i§ enf@ufficient time
is provided sQ that the.virus is distribyted.i -nfi [ [ issues or
attending lym %?%I(C) %%%%%%%gaﬁ%%ﬁqgﬁgoﬁé}&%? 691#1%?(% En%gt%%%ags%ﬁl %?i%%?ﬁ@g&é%#?e of
surgery, exciiitnulgnt irErEplitaitescéhed B9 BRctstasianie thykekdincionitsmyzsdrgery field
after ventrotemiitiamiadin agen i @cmspaciavikGdusantans giteprdjesieshenpadabie maeettdisplay. By
using a.transmissible lens, the visual.field of the .actual surgical field can also be secured, and it is
possibltlet(sto ?g%&ﬁaﬂ% as aS gsp%lsi ?vgl?)})n%n %5@% r%%%%s %ng%esﬁg%ﬁ‘é@ G Fmr%eggcheos% Eﬁrﬁ?er, by
mounting a speéifer fletacting SeermascisslsiReen iacbypertiiireloed vely With widrepely tirbut using
the camera. dudggggent for ex vivo Diagnosis The reagent of the present invention is also applicable to
an ex vivo diagnosis agent 30 for the purpose of screening. Currently, quantitative determination of
tumor markers is the most common method to know the presence of cancer which cannot be detected

with the eye$ orGedl préatbripdocing daemondditbediféthduongCell eatior markers are not necessarily

satisfacgry in their capcesspaeifiaifynRasigRvidtss extamaludiffieldlp detect QuergAnCcer species

with a single marker. 35 It has t:%en confirf]ged that telomerase activitg/ Increases.in 8%;/10 or more of
d

human 14 miSiIASRENTBES, SA6Thds T8 LAHRR SHETicit) TP BEREVEdREBE Exte e Migh.

telomerase, an E1A gene, an IRES sequence and an E1B gene in this order is integrated in
E1 region of the viral genome and a cell death-inducing cassette comprising a gene encoding
a protein associated with cell death induction and a promoter capable of regulating the

20  expression of the gene encoding the protein is integrated in E3 region of the viral genome.
Preferably, the cell death-inducing agent of the present invention is used in gene therapy for
cancers as an agent for inducing cell death in cancer cells, and may also be used for
prevention df recurrence, inhibition and/or prevention of metastasis after surgical operation
of cancers.

25 In the cell death-inducing cassette of the recombinant virus contained in the cell
death-inducing agent of the present invention, a gene is integrated which is operated by a
promoter and encodes a protein capable of inducing cell death.

In this cell death-inducing cassette used in the recombinant virus, a gene encoding a
protein associated with cell death induction and a promoter capable of regulating the

30  expression of the gene are contained. Therefore, when the cell death-inducing agent of the
present invention is introduced into cancer cells, the virus replicates specifically in the cancer
cells. As aresult, intracellular expression level of the cell death-inducing protein increases,
enabling induction of cell death only in the cancer cells without damaging normal cells.

A gene encoding a protein associated with cell death induction refers to a gene

35  encoding a protein associated with the induction of cell death in a specific cell.
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Er vivo cancer diagnosis using the reagent of the present invention may be performed, for example,
as described below. Erythrocytes are removed from a total blood sample taken from a subject. To the
5 remaining cell suspension liquid, the reagent of the present invention is added at a specific ratio
(0,1-10 MO, preferably | MOI) and mixed in a test tube. The mixture is left for a specific period of time
(e.g., 1.2-48 hr) to peynate infachnr of Groesicelipudtbithariirug anduthadesisiantciioal feplication.
Then, the GI%PlexPressi n inghte cell fﬁfti?n i%, a}pl%l%ze t%léuar}'éié[gg'vl%% I?tYOHOXV Cﬁgoggg(}y' With the
use of this sy% 8%,“& Bré)cedrrlrsl“esupgg%fb% 0 detect ree cancer cells preserit ifthe perlpﬁ%ral blood
with high sensitioftfrcTrpsotnasoaydaninsegracdd for detecting free cancer cells present in the peripheral

blood only in an extranelyemaltxananity idnfusihDe&Bked peiamaanisans Meheg of tadycing Cell
Death 15 The present inyention proviges a eﬁ%{death-inducing‘ﬁgent, comprisin I::E;rlllisrecombinant virus
where zoreplR B ERS SR GO RS ACH SRSy FSATR I AN HEISHETHEE Al EHAPGRRE. an IRES

sequence ardwes BiBigenk girthisatitersisidtegthtedir Ghregidncef thd didthgenosmereadia cell
death-inducipg, GaRsefte, ﬁﬁlﬁ\&iﬂ%&%@aﬁ[‘?@@ﬁ‘ﬂnﬁ?ﬁ%@f@aﬁ?sqmdié’\éﬂ%&%hfé%m&ﬂdUCtiO”
e

and a promoter capable o regulatinF% 20 expression of the gene encaoding the protein_is integrated

in E3 region BAHSES\IPIPIRAGoTHE detRaYaBIY it iRl &I BRI e atBREST thepre¥¥itiifivention is
used in genethendp\ofotelcarcatsaasaintad endtidn, indutimgpgetiedgdtinin ddritdrasedlssegmehenay also be

used folr0 preé/a%gg N RLEREH %E‘Iffﬁeéﬂmf?iég?ﬂ M&rﬁg&\@%%tgji@etastasis after surgical operation

of cancers. 25In t%e cell degth-lnducmg cassette of the recombindnt virus contained in the cell
death-inducing agent &t B5BcH R dhshpeitiBh 25 QgdtiedidihisgidedwRiistisropardte 4%32edoromoter
and encodesa pratentiaapaeiedd nguciageeltdaaiticsn this esdnaigathsindpyaingccasgeiteinsed in the
recombinant,vjrus, a gen in rotei qi%@ [ q!] ;jg ﬁ'?g&l ' omoter
capable of ré&%ﬁ‘i ua%%gtféigﬁ%%ﬁgr% (gﬁ%ﬁgl%egrl?e are%%l%grf?loe : Tﬁg]re ore?}gv%g?wigt (Sh c?p Il
death-inducikgy Bient Sfigsaativelie piteive R8RS SHMSBERC A sty wdmier denslards/irakiehRtates
specifigally iRyiacsnpegiceissRsihe: fesith Rileseiladerpiessianieweheidbercelteeathbinducing
protein increases,. enahling induction of death only in the cancer. cells withoyt damaging normal
cells. A genea%lﬁggénvg% %%ﬁgﬁpggs%%?a@? wi %}lcoe’l Yérgfﬁ inc lﬁ: f%l"grml?e%?g%‘éag.%lgg%ygg%%coding a
protein assoMaterd uitionh &iRHicieption cell-6<aitoin Lepreealfiplifition method using a cloning

vector may be used. One of ordinary skill in the art can readily carry out the above
methods according to, for example, Moleculer Cloning 2™ Ed., Cold Spring Harbor
20  Laboratory Press (1989). Purification of the resultant PCR product may be performed by
known methods such as a method using ethidium bromide, a method using SYBR Green I
(Molecular Probes), a method with GENECLEAN (Funakoshi), QIAGEN (QIAGEN), etc.
using agarose gel, a method using DEAE-cellulose filter, freeze & squeeze method or a
method using a dialysis tube. When agarose gel is used, the PCT production is
25  electrophoresed on agarose gel and resultant DNA fragments are cut out from the gel and
purified. If necessary, it is possible to confirm by conventional sequencing methods that an
expected gene has been obtained.  For example, dideoxynucleotide chain termination
method (Sanger et al. (1977) Proc. Natl. Acad. Sci. USA 74: 5463) or the like may be used
for this purpose. Alternatively, it is also possible to analyze the sequence with an
30  appropriate DNA sequencer (e.g., ABI PRISM; Applied Biosystems).

Antioncogenes are also included in cell death-inducing substances for cancer cells,
because antioncogenes have a function of inhibiting the replication of cancer cells. For this
purpose, the following antioncogenes used in conventional gene therapy may be enumerated.

p53 (SEQ ID NO: 11; Accession No. M14694): various kinds of cancers

35 p15 (SEQ ID NO: 12; Accession No. 1L.36844): various kinds of cancers,
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15 Specific examples of proteins associated with cell death induction include the following proteins,
but are not limited to them. In the present invention, a gene encoding any of these proteins may be
integrated. As a specific example of immunity-associated protein, PA28 may be given. PA28 5is a
protein which activates intracellular protcasomes. When overexpressed, this protein causes

immunological reactjsgsrd @ N@: same-dineisucEs7eel) deatbud\sndspreilierexample of
apoptosis-inducing pqtei I may be given. ] nplecule which induces apoptotic cell
death by binding to ﬁ%&é%ggor (J)Vrggggﬁ’s/g?%%%%{l g'%&éc%ﬁ%%%ﬁ% %%ﬁbﬁ?%%s%%%fgociated
protein, AUSPAtSIedE givest. AUS has a sequence 10 capable of inducing cell death in cells having

telomerase activity. BReaen@:PIeee BroteRsRasNsialesoaith akideaihcindiciior.may be obtained

by conventional genetic engineerin _c£ liques. For example, as.a genetic engineering technique, a
method%f nucleic a g’ gyﬁ&@&sﬁé\/&&i gr%’ﬁcgﬁﬁyﬂg%agﬁfﬂ@h%ﬁg&% Oﬁﬁé{}’%ﬁlé T Rternatively,
after a genetiansequence to be used as a template is isolated or 15 synthesized, primers specific to

each gene may be degigneg@ne Ne ILNUCSRBIERGEIMA P12 plilisd Wilh2 Rt -aRparatus (PCR
method; Current Protocols in Molecular Iélology, John Wiley & Sons (1987), Section 6.1-6.4); or a

gene amplifiE4ishMEthod using a cloning vector may be used. One of ordinary skill in the art can
readily carry out the gl3q$&Qibthicd s obarasigntdipfof 1étadnplendvtdistmbar Cloning 2d Ed., Cold Spring

Harbor, 0 Laboratory faseid1ERBNBIoRIMNALIS fesiianidaCR piodelRiahe performed by

known methods such as am using_ethidium bromide, a method using SYBR Green | (Molecular
Probes), a method Wi SENEELEANOE I ARESITOMME RO AtSE AN OSSR MArose gel, a
method using DEAEBeiRIZe itaIOfiEk 2e-&stnadaeXmaitt)diara cohetlactttsing a dialysis tube.

When agarose gel isysede P BEoduCion (s RIAU5ePEAS G A AGAIRRG gekand resultant
ied. et

DNA fragments are cut out from the %%1 and puri If necessary, It IS possi confirm by
héat;

conventional sequertiRgTRERBAINaY: A} casgiactity HEiie DarcBedivonapdyrof example,
dideoxysucleotide chainitesEEinD: Pethesk{Sanyer ebed0o(BI8y) Winss’ NatbrAcad. Sci. USA 74.
5463) or the like may be used for this purpose. Alternatively, it is also possible to analyze the
sequence with an 30 appropriate DNA sequencer (e.g., ABI PRISM; Applied Biosystems).
Antioncogenes are aldesihcitidegaacaes] desthbihditiredubistaneeentismab meaptic|Bgibediitse

antioncogengsiiayea funsticashinhibiingbecreplicatian Abaanges, Gelifothsd Hlisucleic acid
synthesis with a commonly used DNA synthesizer may be used. Alternatively, after a

20  genetic sequence to be used as a template is isolated or synthesized, primers specific to each
gene may be designed and the genetic sequence may be amplified with a PCR apparatus
(PCR method); or a gene amplification method using a cloning vector may be used. If
necessary, it is possible to confirm by conventional sequencing methods that an expected
gene has been obtained.

25 As a promoter capable of regulating the expression of the above gene, any promoter
may be used as long as it is an appropriate promoter compatible with the virus to be used for
the expression of the gene of interest. Preferably, a CMV promoter or hTERT promoter
may be used. However, other promoters such as SV40 late promoter, MMTV LIR
promoter, RSV LIR promoter and SRa promoter may also be used.

30 The cell death-inducing agent of the present invention may be applied to the
diseased site as it is. Alternatively, the agent of the present invention may be introduced
into the living body (target cell or organ) by any known method, e.g. intravenous,
intramuscular, intra-abdominal or subcutaneous injection; inhalation through the nasal cavity,
oral cavity or lung; oral administration; intravascular administration using catheter or the

35  like.
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purpose, the following antioncogenes used in conventional gene therapy may be enumerated. p53
(SEQ ID NO: 11; Accession No. M14694): various kinds of cancers 35 p15 (SEQ ID NO: 12;

Accession No. L36844): various kinds of cancers, 16 p16 (SEQ ID NO: 13; Accession No. L27211):
various kinds of cancers APC (SEQ ID NO: 14; Accession No. M74088): large colon cancer, gastric

cancer, pancreatic qafatz%na&%na&%@g&twﬂh%rdé&ﬁaﬁs&ﬂdﬂ%dy%@&@%m&r@@rﬁgmer breast

cancer 5 DPC-4 No. U44378 Iar colon,c ncer ancre cancer
FHIT (SEQ Ilﬁl f\}ff)(mf(’%éég%ss?o C%B]gl\?wf ’T’EEOTS }baé]g neéa can%ﬁer n% (%rrl\ecé)r eru(sfa-tcgncer p73
(SEQ ID NOplmmﬁcm@sslmm[apsmmlmmﬁynmugowidsﬂgmmolﬁmmlcswmmmccess|on

No. U59464);,bpgal.¢& lga@cmmabmslﬂd@r{é%@ @h&%@@a Mg MdB40Riwng cancer,
osteosarcoma DCC (SE ID NO: 21; Ac sion No, X76132 Iarg colon cancer,NFI EQ ID NO:
22; Accés&d?f’ﬁﬁmlﬁﬁﬁ%(ﬁ%%nﬁé%%tﬁb éﬁ%@%ef%é’rfs FBIKES: 5O B8HEn No.

L11353): neandfibramatosizdype 2 15 WT-1 (SEQ ID NO: 24; Accessmn No. NM 000378) : Wilms'
tumor These antioncAgengs g RGRIAINEH by senvauiPnRkARIPH FRORARHRG-ECgUeS. For

example, as a genetic engineering technique, a method of nucleic acid synthesis with a commonly

used DNA syﬁﬂ?é%rr%?lm PR an Alfe i AL P eatenh 96 Qe LRisRINee S R s d%as a
template is isdigtec-ayssissipesidad, prmess siecifimids eamﬁpsgetmeamhyab@tdeslgmﬁmmmdne genetic

Sequenﬁ?m LRE %@R'&I&eﬂgwm GRARPAK %&uﬁwgp%'ém ?o)’c nm %ﬂpibfﬂa@&% method

using a C|0nl g vector may e used necessary, itis y conventiona sequencmg
methods thalos# Biersiominteameck &}@émaﬁ%%a OLNSERABT Y ESHAM TR e SPIEYEThg the
expression of the abDys:genss al)sqEoRMIHrepaNtEe uq&ﬂcasg@ﬁglasmms mapmﬁ@imerm,romoter

compatible que V|1rS S tgonb(;oyl € cglfé)rt a&h & P sﬁ%%rsh%g 5he g%ﬁ%@f in erﬁI %{;\blg a CMV
promoter or romo er may be USEd. However, other promoters late promoter,

MMTV LTR Wr&lﬂ@tﬁﬂ@éﬁ&%@éﬁ%@h okttt dasajeseony @éé@lesfedméf@én
death-ipglucing agenbetibeeiesantiniention Raydrapaied 1o Mainistered at a daily dose of

about 10°-10" PFU (plaque forming units), preferably about 10°-10" PFU. This amount
may be administered once a day, or may be divided into several portions and administered at
several times a day.

When the virus of the present invention is administered, it is also possible to use a

20  known immunosuppressant or the like to suppress the immunity of the living body to thereby
make the viral infection easy.

Further, the virus of the present invention may be used jointly with at least one
anticancer agent selected from the group consisting of known anticancer agents and radiation.
Specific examples of anticancer agents include, but are not limited to, the following agents.

25 (1) Alkylating agents: These agents have an effect of causing cytotoxicity by introducing
alkyl groups into the nucleic acid/protein of cancer cells. Examples include carboquone,
busulphan (mustard drugs) and nimustine (nitrosoureas).

(2) Antimetabolic agents: These agents have an effect of inhibiting cell synthesis by
antagonizing enzymes in metabolic processes. Examples include methotorexate (folates),

30  mercaptopurine (purines), cytarabine (pyrimidines), fluorouracil, tegafur and carmofur.

(3) Antibiotics: These agents have an anti-cancer effect. Examples include actinomycin
D, bleomycin, adriamycin and mitomycin C.
(4) Antimicrotubule agents: These agents act on microtubules and exhibit an anticancer

effect. Examples include docetaxel, paclitaxel (taxanes) and vinorelbine, vincristine,
35  vinblastine (alkaloids).
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diseased site as it is. Alternatively, the agent of the present invention may be introduced into the living
body (target cell or organ) by any known method, e.g. intravenous, intramuscular, intra-abdominal or
subcutaneous injection; inhalation through the nasal cavity, oral cavity or lung; oral administration;
intravascular administration using catheter or the 35 like. 17 The cell death-inducing agent of the

present inveésﬁ?wmmep%%%@r PRUNRpRYRE Methedsegh AalieRADBINR) ARG EaSY

handling an en used alone, or prepared intdo pharmaceutical compositions by mixing with known
pharmaceuti®af)aeRe fidBre LA FFad &Q?H@ﬁfs?fil%%ﬂfﬂﬁ&sqﬂfﬁ&t &wn additives
(including suchhaks bisfiets, babodatic agemdptitelating agents, coloring agents, preservatives,

flagrances, flgyorgAGRNS:ARdBNESIe NGB RN §opsiRes e erthrnduping.ageRiRidas present
invention m?%f be administered orall _gﬁ)ﬁgr nterally c})ependlgg on the foym of the %ﬁnt, e.g. oral

administraticliAGHENES ORISR QN8R Al 218y B RS i LHRLISEUIIBY Stc. and
parenteral administratibat totayests suchioainjbotiging, texierkiag medizines D3lppoditadistlpye drops,

etc. Preferablyy;|oeak inieiof g Brusicle, or abdominal cavity, or intravenous injection may be
enumerated. Dose levels are selected appropriately depending on the kind of active ingredient, the

administration route, the target of administration, and the age, body weight, sex, symptoms and other
conditions of the patleistbtlswailyhalobeadevetsaxtegnisty Jete presdiiditshthnt Thetbad] ieadh-aidhengresent

inventiqp (the,agtive AgiRaienthisadmi %ﬁ}%@é@sﬂﬁ“%ﬁ‘éﬁeﬂ koKL ANB-IQLHRE Udlplague
t

forming units), preferably about 109-1011 PFU. This amount may be administered once a day, or may
e civided it Be Bl B BT BTN P S LAV ST 3 A NTHBR AR DN o the

present invetijorilisced imitittte tdddmitissaksgivits siblotmaswmatio lswaniinyeiuthostippretshat or the like
to suppress thedmmyaioafidna-iving hastitRdheseperakediaviraldnigstiopormeetiirther, the virus
of the prese invention ma pe uEed jointly with. at least ane .agti gncer a enti I?ﬂl%g {ﬁl%m the
group consi P]g §Y‘&%§Wﬁ’ Q/ﬁﬁ,gg}]g&%s B PP S Begﬁlc xarﬁ%loesé I(§)]r(-:éant|cancer agents
includelbut aieywial hnitecctocensaiiohinghateihtoneaiiond irgratuplicaduneemphestvagensstave an
effect of caugingeyiriordriymbyngducing alkyl groups into the nucleic acid/protein of cancer cells.
XA TN 0 s D A T R ) TR S N OSSR
action works through ordinary immune reaction in the living body.
It is possible to induce cell death in a target cell by infecting the target cell with the
20  recombinant virus of the present invention. The kinds of target cells are not particularly
limited. For example, tumor cells, cells with active replication, cells whose telomerase
activity has been increased, or the like may be used.
The expressing “infecting cells with the recombinant virus” means as described
above. In order to confirm whether cell death has been induced or not, morphological
25  observation may be performed as described below. Briefly, cells adhering to the bottom of
a culture dish are infected with the recombinant virus of the present invention. After a
specific time period, the form of the cells becomes circular and they suspend in the culture
broth as glossy cells peeled off from the bottom. At this point, the life maintaining
mechanism in these cells has been broken up, and it can be measured that cell death has been
30 induced. Alternatively, it is also possible to confirm cell death with a commercial viable
cell assay kit using tetrazorium salts (e.g., MTT, XTT).
Hereinbelow, the present invention will be described in more detail with reference
to the following Examples. However, the present invention is not limited to these
Examples.
35
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(2) Antimetabolie agents: These agents have an effect of inhibiting cell synthesis by antagonizing
enzymes in metabolic processes. Examples include methotorexate (folates), 30 mercaptopurine
(purines), cytarabine (pyrimidines), fluorouracil, tegafur and eannofur. (3) Antibiotics: These agents
have an anti-cancer effect. Examples include actinomycin D, bleomycin, adriamycin and mitomycin C.
4) Antimicrom}qfqg_epts These agents act on microtubules and exhibit an anticancer effect.

Examples in deldocetax eI (taxan ec) E}gjvmorelblne vincristine, 35 vinblastine
(alkaloids). 1 55' Bfélﬁ’ﬂl?&%ﬁf% 6R¥,1”rﬁé’§ BréPaiitibns have an effect of inhibiting DNA

synthesis by forming intra- or mter DNA strand crosslinks or DNA-protein crosslinks. Examples

include cisplatin, carhgpiaa. a0 SefARAI (A ToPaamPERIG RIPIO I iDAiGean dapgjsomerase |

inhibitor), podophyllotoxin 5 derivatives (topmsomerase [l inhibitor) and the like may be enumerated,

Top0|so§1eral’é’@fois""}éﬁ'ﬁl A ESIRateAariFeded iR e DRI SG SrRomsking MSHRPECSIDNA by
transiently cudtiegeomd anbeilisitagdsrof RNAFMdsMgive thilatdhereasar.extremely low possibility

that the cell death-in p WI|| oduce side effe or the reasons
BHEH gﬁ (?&Eé]% € PIGPRRbINYE fﬁﬁ Ml Produce, Side. it §§3§ I

described below. Thus, the ¢ e present Imvention can beé a very safe

ucing agent o
preparation. {dF¥hese @ﬁ?ﬁl@t@%%@%&Wﬂ@%’dﬁﬁﬁ?%@ﬁbﬁ%@é@%@éﬁy@ the virus of the
present invention is hard m@etmf@&ﬂgue et SpRRdingherils ﬁé@@n@@mmtﬁmﬂ@tnarg@&&o&?) Since the

virus of We present in | vgwboja hag, |on abl|le¥ it {8 Rgﬁélbh% U386 tvt}ge }n e\é'tre adqwer
concentration than conven ona ngrepnhcatlon competéent virus used In converﬁlonal gene

therapy. (3) M@ﬁq}ﬁ/ﬁérﬁﬁ% vﬁ%”é??h@b@éée@@h?éﬁﬁé\ﬂﬁ@lyé@iﬂ@@ﬂ’}’brﬂgtéﬁe@ﬁilﬁem&sbe antiviral
action W?Irlésdét?étéﬁfbﬁrjﬂiﬂﬁa{d&ffwﬂg rﬁﬁﬁﬂ@%ﬁbﬁb@éﬁﬁ@&/@@%&@t&? I@#Sﬁjﬁiﬁl@éﬂ@%&x%” TdﬁatE ig a
target cell by, infecti the t t it rec inant vi the present inventio e kinds
of target ceIIs TS n(g)}tgpar? C%F%ﬁ ﬂ?ﬂg}%’ %:or e%imp Uiior'ce Hugcgc‘e“%s 539%/@% li¢ation, cells
whose telom@iaSeEQL(RiEyMas been increased, or the Ilke may be used. The expressing "infecting
cells wiily the recombinant virus" means as described above. In order to confirm whether cell death
has been mdlglmo%% morphological 25 observation may be performed as described below.

Briefly, cells the bottom of
Visualization of Cancer Tissues by in vivo Co-Infection with Telomelysin and Ad-GFP

This Example preliminary examined whether or not fluorescence will be emitted in
20  vivo when cancer tissues are co-infected with virus Telomelysin comprising the replication
cassette and non-replicating virus Ad-GFP comprising the labeling cassette.

Ad-GFP (8 x 10° PFU) and TRAD (8 x 10° PFU) were intratumorally administered
to human large colon cancer SW5620 and human lung cancer A549 tumors transplanted
subcutaneously into the dorsal of nude mice. Then, fluorescence was observed with the

25  passage of time.

In any of the tumors, spot-like fluorescence had begun to be detected from day 2

after the administration and disappeared by day 14 (Fig. 4).

EXAMPLE 3
30 Detection of Cancer Cells with Telomelysin-GFP

1. Preparation of GFP-Expressing, Replication-Competent Virus (Telomelysin-GFP) which
Comprises the Replication Cassette Comprising Telomerase Promoter and E1 Gene and the
Labeling Cassette Comprising Gene Encoding GFP in a Single Virus

35 The outline of Telomelysin-GFP is shown in Fig. 1. Telomelysin-GFP

20



a culture dish are infected with the recombinant virus of the present invention. After a specific time
period, the form of the cells becomes circular and they suspend in the culture broth as glossy cells
peeled off from the bottom. At this point, the life maintaining mechanism in these cells has been
broken up, and it can be measured that cell death has been 30 induced. Alternatively, it is also

E/IOngt;l(eT tTf; c iﬂé?a%‘t%l%éiﬁtﬁhﬁkbwitﬁa%ég?m r&@p@iﬁk}ﬁ;ﬁ%h@dcgﬂﬂdassgxgrh&as%uag&?ﬁ@ﬂ%riunaeaaétes (e-t g-,t )

, . re W e present inve Il De aescrjpbed I ore aetal reyerence 10 the
following Ex : 6%%?&{%%%&@%%&?%@%8‘?8% Iﬁ‘fﬁgar’?j‘gﬁqﬁgée@' %&é‘\ﬁ)a@ ike)
EXAMPLE | ¥ispatizatiotooi-Gaivedr Gl gbye imtigetCoinfeciid ndgiis Extach ple qpezliteinayyaexamined
whether or ngt flygcesopneeryll baieriHed Wt YISRUWRENSARGER c8 ISaeriiniriotedwith virus

Telomelysin comprising the replication_ cassette and non-replicating virus Ad-GFP comprising the
labeling TasSEHE WEHALR Hebenpirdanbish copbinEsBzAH M Rhesihe Eincer cells A549 and
HI299 were infected Suith DrdpM@iofiFintinplisitynof infectio pjephdd 45 B dfigd ByloMs a result, tendency to
green color was hardly recognized when human large colon 10 cancer cell SW620 and human lung
cancer cells A549 and H1299 were infected with 0.1 MOI of Ad-GFP. However, when 1 MOI of TRAD
was used joiftly PrRrsFadRAtRcomkitset d&cted only in cancer cells, and no fluorescence was
detected in normal celissrohAasxhterantilrobiEsicetd|SBVA 3&@nd N9 Fopnetd Lamptifisan bilical

vaseulpendpistial cell (HUVEGH(FId-2) 1R ERAMBLE 2 Misalizasion el angeraliastep by in vivo
Co-Infection with Telomé&lysinan - Is Example preliminary examined whether or not
fluorescenceb@ibe emitted in 20 vivo when cancer tissues are co-infected with virus Telomelysin

comprising the replicgimrs;gassgn@@m@@nmmg\ytﬁm@@%@gprmqng’pg the labeling
?:assette. Ad-GFP (8@3%5?%Q&ﬁ&dAWAf%O&%E%r\%@g{w%. ministered to h_u man
arge colon cancer S and’human lung cancer A549 tumors transplanted Subcutaneously into
the dorsal of nude mice. Then, fluorescence was observed with the
15  Composition of the PCR solution: 1 XPCR buffer
0.2 mM each dNTPs
5 mM MgCl,
2.5 U AmpliTaq Gold
0.2 uM each Primers
20  Reaction conditions: 95°C, 10 min
(95°C, 1 min; 56°C, 1 min; 72°C, 1.5 min) x 32 cycles
72°C, 7 min
4°C, 5 min

25 From DNA extracted from 293 cells, E1B gene of 1822 bp was amplified by
DNA-PCR using the following primers E1B-S and E1B-AS.
E1B-S: 5’-CTGACCTCATGGAGG CTT GG-3’ (SEQ ID NO: 7)
E1B-AS: 5’-GCC CACACATTT CAG TAC CTC-3’ (SEQ ID NO: 8)

30 The composition of the PCR solution and the reaction conditions (cycles,

temperature) used were the same as used for the amplification of E1A gene.
Each PCR product was subjected to TA cloning (TA Cloning Kit Dual Promoter;

Invitrogen) to thereby confirm their sequences. Then, DNA fragments of 911 bp (E1A) and
35 1836 bp (E1B) were cut out, respectively, with restriction enzyme EcoRL
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25 passage of time. In any of the tumors, spot-like fluorescence had begun to be detected from day 2
after the administration and disappeared by day 14 (Fig. 4). EXAMPLE 3 30 Detection of Cancer Cells
with Telomelysin-GFP 1. Preparation of GFP-Expressing, Replication-Competent Virus

(Telomelysin-GFP) which Comprises the Replication Cassette Comprising Telomerase Promoter and

Ef' _(|_3e|”e alnd _th%;—SEQW%@@ﬁ@F%r%QWéﬁi@%@@@gggﬁCgﬁﬁ %ﬁtﬁ? é@lﬁsﬁ@?%‘%p\(&[ﬂr%l?,E’oThe outline
of Telomelysin- is shown in.Fig. 1. Telomelysin-GFE roliferates/replicates cancer
cell-specificé?%ﬁ&etgfgr?é& - |%%W%g%§n§fﬂ9légélﬁ%8%§%®erated by the hTERT
promoter. Furthe_r. TalcHelypinIERP alsmbas seyuseguehechvicibieederivechGFFhgesieidtibegrated in its
E3 region whigh is oR#ASHON AnRIanAteh-ANeietatexsel snhetsirabiaplicatiomdsiabserved emit

- green fluorescence 5 when excitation light is applied, which enables visualization of cancer cells.
Such a repliGdbiRkedmBdidhe RtRahHAER ARG IRESELR): 2. Preparation of
Recombinant Virus AlgefRivAgidracteCvom gasorlsobthhgeinepShitdd btaasamyplitied by 10

RT-PCR usigy é %@%ﬁ?@ﬁﬁ¥$¥§é§é_@%§?@ﬁ§%ﬁﬁd PGB, C&’@Q&‘é‘;ﬁg é%srﬁgﬁltée&t Bglow EIAS:

5'-ACACCG GAAAA -Q ID NO: 5) E1A-AS: 5-CAC ITACA CCTTAT
GGC-3' (SEGIm NOESEL cikpdsiforsbetrstperiseiarass Nchog Notter o, pafee A dNTTs 5
mM MgC12 & skAaiikampiold 0.2M each Primers 20 Reaction conditions: 95C, 10 min (95C,1

i gy L 2L A\ 0y [2CLDI 6 SIRRASTR B g o
E1B-AS. fragment and self-ligated (pEGFP-N2).

This pEGFP-N2 was digested with Nsil/AflII and blunt-ended with T4 DNA
polymerase, followed by preparation of a Bglll site using BglIl linker. This BgllII fragment
was inserted at the BamHI site of pHM11 (pHM11-EGFP-N2). ‘

15 Further, Csp45I fragment from pHM11-EGFP-N2 was inserted at the Clal site of
pShuttle vector in which phTERT-E1A-IRES-E1B had been integrated (pSh-hAIB).

A 4381 bp sequence was cut out from the thus prepared recombinant gene
(pSh-hAIB) using restriction enzymes I-Ceul and PI-Scel, and inserted into the Adeno-X
Viral DNA of Adeno-X Expression System (CLONTECH) (AdenoX-hAIB). This

20  AdenoX-hAIB was treated with restriction enzyme Pacl for linearization and then
transfected into 293 cells to thereby prepare an infectious recombinant adenovirus

(hereinafter, referred to as “Telomelysin-GFP”).

EXAMPLE 4

25  Detection Test on Human Lung Cancer Cells

1. Morphological Changes in Human Lung Cancer Cells Caused by Infection with
Telomelysin-GFP

Human non-small-cell lung cancer-derived H1299 cells cultured in vitro were

30  infected with Telomelysin-GFP at 1 MOI or 10 MOI.  Specifically, H1299 cells were plated

in 24-well plates at 5x 10* cells/well.  After 24 hours, cells were counted and the virus was

added to the culture broth to give a concentration of 1 MOI or 10 MOIL.  Subsequently, the

morphology of cells was observed under inversed microscope with the passage of time to
examine the cytotoxic activity of the virus.

35 As a result, cell death was induced by viral replication in a concentration dependent
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E1B-S: 5-CTGACC TCATGGAGG CTT GG-3' (SEQ ID NO: 7) EIB-AS: 5-GCC CACACATTT CAG
TAC CTC-3' (SEQ ID NO: 8) 30 The composition of the PCR solution and the reaction conditions
(cycles, temperature) used were the same as used for the amplification of E1A gene._Each PCR
product was subjected to TA cloning (TA Cloning Kit Dual Promoter; Invitrogen) to thereby confirm

their sequenges, Then PIVA RIBSAAL 0P (CLOMAL 35 LRF00R (FLBMSIEcof gt

respectively, restriction enzyme EcoRI. 21 ETA an were inserted Into the M1Iulsite and the
Sall site, resFEERAIYMB FIFTIRE 0darss PONTEOM i e srisrasenpsiBition: (ETA-IRES-EIB). A 455

bp hTERT promoter sequence which had been cut out with restriction enzymes Mlul and Bglll was

inserted into the Xhol site H]C‘ﬁlbeﬁ udr%esgggl%migfﬁge E1A of éagé,%-@ﬁss-a&sg 'rﬂ)tfl%ggrrpl%!, i(anrientation
(PhTERT-ETA-I Egsf:ﬂ?éﬁ e c;}]tomegafowrus romoter Contamne myp uttle Vector was
removed by treatilemelysin-tastriction enzymes Mfel and Nhel. Then, a 3828 by sequence cut out

from phTERTETA-IRE:S &8 48iIRGcreR|SHAR L02¥ MM Nhelapd Notwas dnssiadiiniesdhat site
(pSh-hAIB). 10 pEGFP-NJ (CLONT, CHiﬁwas j ed with A ellglhgl, blunt-ended with Klenow
fragment and’" é‘éﬁ%&%ﬁeﬁéﬁ%ﬁ%-@e 9 -Wﬂlwgg%%'d@ EERRAHY RS/ AP lint-ended
with T4 DNAdpehyderrasandolodvasbaytipre gepationt ohanBy W asitebsmsireg Bigliblinkét hphisaBgill fragment
was inserted;at iher Bt sitere BEMLMPHN baERERNR AN lnBeP4BLIRIMERE, from
pHMll-ﬁGFP-NZE%as inserted at.the Cla| site of, pShuttle vector in which phTERT-ETA-IRES-ETB

had bedf intdrRBRhE RIS AV S8 Arreatndaicshisathoras dndrsrd thigthlis prepared recombinant

gene (pSh-hAIB) using restriction enzymes I-Ceul and PI-Scel, and inserted into the Adeno-X Viral

DNA of Adeno-XExREassion RYSRR4RERMRERMALSRGRAE TP RAAeRoX-hAIB was treated

with restriction enzyme Pacl for linearization and then_ transfected into 293 cells to thereby prepare an
infectious recombinant2aRABW G HeenEfEr refsristshy thelslomplsinGER o EXXAPLE 4 25
Detection Te6tlbRarhipiaawteng@eanatatCel15M0Matdvdl dgical bbatgeafrtidunaad Dizgvzancer Cells

Causedl?y l%@ﬁ&!&%& Wxiyr«%from. Real time PCR was performed using the following primers targeting
the E1A gene of Telomelysin-GFP, to thereby quantitatively analyze the wviral

proliferation/replication. The primers and PCR conditions used are as described below.

E1A-S: 5°-CCT GTG TCTAGA GAATGC AA-3’ (SEQ ID NO: 9)
20 E1A-AS:5-ACA GCT CAAGTC CAAAGG TT-3’ (SEQ ID NO: 10)

Composition of PCR Solution: 1 X LC FastStart DNA Master SYBR Green 1
3 mM MgCl,
0.5 uM each Primer
25  Reaction Conditions: 95°C, 10 min
(95°C, 10 sec; 60°C, 15 sec; 72°C, 8 sec) x 40 cycles
70°C, 15 sec
40°C, 30 sec

30 The results revealed that Telomelysin-GFP had already replicated 1,000,000-fold at
26 hours after the infection (Fig. 7). Thereafter, the replication reached plateau, but GFP

fluorescence was also enhanced gradually slightly after the replication (Fig. 7).

EXAMPLE 5

35  Detection Test on Human Large Bowel Cancer Cells
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Telomelysin-GFP Human non-small-cell lung cancer-derived 111299 cells cultured in vitro were 30
infected with Telomelysin-GFP at 1 MOI or 10 MOT. Specifically, H1299 cells were plated in 24-well
plates at 5 x |0 cells/well. After 24 hours, cells were counted and the virus was added to the culture
broth to give a concentration of 1 MOT or 10 MOT. Subsequently, the morphology of cells was
observed under inversed microscope with the passage of time to examine the cytotoxic activity of the
virus. 35 As a result, cell death was induced by viral replication in a_ concentration dependent 22

manner and hlsd B ip EHe AlUTSFRTBFE 1P0 TR drfEe BRNS) HSEH T o SEBi M e Yeells

became circular aifiettivere isuSpendingru6d®r inverted microscope (Fig. 5). 2. Emission of GFP
Fluorescence in Hurﬂfﬁﬂlﬁxyn%&@m&ﬁ&e”ﬁ&?&-ﬁﬁ\% Infgction Withs5 %@mqb@&@ﬁgﬁhe inverted

microscopic images shown in |gi[}./£)were observed under fluorescent microscope. The green
fluorescéncelBraepsipdiERid ViviiPlepfidaness i hesiteneraricyepaitdht Ristase ChHBGIso a time
dependent manganwasdabresvasd kg Bjoréhounscafiespd 0 MOI infection, GFP expression was

observed in the maximum n n@?of cells. Then, 10 the.number of GEP-positive cells g{eased as
ool death was nduc e R B e o B R e
Time PCR HUmMas iptrecasaized el i tirgnsy as G sallffigr 8lomelysin-GFP at 10 MOI. Cell

samples were harvested at 2. 26, 50 and 74 hours after the infection and DNA was 15 extracted

therefrqm. Real {ime. PCR erf rmew the.followi rimers, t tin g%e E1A gene of
Telom;il?/]sin-%F&%%?%%é@%bgﬁﬁf%ﬁg y an %}%1&%\5}?@} p%%)al?\éerg?%{n%re%na%a lon. The primers and
PCR conditions usedrehe sgngaseriisedsielBn2oEeals SN0 harelrgTASearATETRAe3' (SEQ ID
NO: 9) 20 Elfyebrad HidGf¥GifelySREIP THE 10ARAG CClIT B SiEQuila: M&v&@d &ompesiionof PCR
Solution: 1 X?{I&i: FastStar, D%i%aster SYB@\ﬁreen 13 Eng/lt MgCl2 0.5 1zM eacfh Plr.imer 25
Reaction Co t%zn ool e@%% ;é’@é,e %agg ; ,%nSee Iﬁdl&cﬁ%)sm%@, 15 sec
40C, 30 secwas quantitatively analyzed by real time PCR. Real time PCR was performed using the
15  following primers targeting the E1A gene of Telomelysin-GFP, to thereby quantitatively
analyze the viral replication. Conditions of the real time PCR (composition of the reaction
solution, cycle, time period, etc.) were the same as in H1299 cells.
The results revealed that Telomelysin-GFP had already replicated 1,000,000-fold at

26 hours after the infection and was almost plateau up to 98 hours after the infection (Fig. 9).

20
EXAMPLE 6
1. Morphological Changes in Human Normal Lung Fibroblast Cells (NHLF) Caused by
Infection with Telomelysin-GFP
25 Normal human lung fibroblast cells (NHLF) cultured in vitro were infected with

Telomelysin-GFP at 1 MOl or 10 MOL.  Changes were observed under inverted microscope
up to 120 hours after the infection.

As a result, no morphological changes were observed, and cell death was not
induced (Fig. 10).

30
2. Emission of GFP Fluorescence in Normal Human Lung Fibroblast Cells Caused by
Infection with Telomelysin-GFP

When the inverted microscopic images shown in Fig. 10 are observed under

fluorescent microscope, emission of GFP fluorescence was observed in some cells.

35  However, considering the cell density, the emission was extremely rare compared to that in
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30 The results revealed that Telomelysin-GFP had already replicated 1,000,000-fold at 26 hours after
the infection (Fig. 7). Thereafter, the replication reached plateau, but GFP fluorescence was also
enhanced gradually slightly after the replication (Fig. 7). EXAMPLE 5 35 Detection Test on Human
Large Bowel Cancer Cells 23 1. Emission of GFP Fluorescence in Human Large Bowel Cancer Cells

Caused by IpfpeionIvh TelomEl SRR AN oige ARSI SRR Rl were

infected with_ 5 Telomelysin-GFP at 10 MOI. Changes in the cells were observed with the passage of
time under ifVRPIERRHESEBopL and fluorescent microscope. As a result, GFP green fluorescence
indicating viral replication in a time dependent manner was recognized as in the case of HI 299 cells

(Fig. 8). 10 2, Veyligatign, ol Telamelein:HFiRsRUGRIAN B AURRIAKYA Real Rie PCR In the same

mumer as in H1299 cells, SW620 human large colon cancer cells were infected with
Telomelysin-GFP at BdZRfohunss e spnsstselle WY A7 dtaman largseolam cancerrglbabipanatter the
infection andhbih Wig eireutied dhe @Fonr) Thee ivfeale pligatin ey @l arbtativelwepadyzed by real
time PCR. Real time PCR wa rformed using,the 15 following primers targetin 1A gene of
TeIomelysin-%;‘Igiclslli)r}g?)1 tﬁgeorveqby c%|§§n%| anl]l\(/%eslngrﬁa )z/i?ée Eaéf v‘?/rlé r %ﬁ?ggfio?f é%)‘?fdﬁ?égngﬁf%h\garsgal time

PCR (com po@iﬂéﬁf@f%@%ﬁbtioﬂl@eﬂkﬁ%ﬁ?}é&f@r@nm pensttizedy) avdrechbysaheas iR 1299 cells.
The results revealedthat kelggelysinG Fﬁﬁa@agﬁi@g&iﬁe@ﬁmtﬁml,g@&igoorépjmd 2Gdaurs after the

infection,and plateau up.to 98 hqurs after the infection (Fig. 9), 20 EX 1.
Vorphogicd EhHEE PG en Rl e TR R e EEndre £ s RS S on vt
Telomelysin{BRR2enNorhYal kansaaiténibefipfotiest(Bigls 2NHIKOR) balnihedlianditrophieateonfeasted with

Telomelysin-gakPagbdk Mioh-a51d GM@h Ehangescwereronrpivedingerifvaiied Mmictegcens up to 120
hours after ti}{e Infection. A? d% result er&chgpgo%gological changes were observed, and cell death was not

induced (Fig 1B)cssgee cou ¢ detect

15 EXAMPLE7
Detection of Intratumoral Proliferation/Replication of Telomelysin-GFP by Fluorescence

Imaging

1. Telomelysin-GFP (107 PFU) was administered into the tumor of H1299 human lung
20 cancer transplanted into nude mice. Then, emission of GFP fluorescence was observed
with a CCD camera with the passage of time.

The results revealed that emission of GFP fluorescence caused by Telomelysin-GFP
replication began to be recognized within 24 hours after the infection, and that the range and
luminance were gradually enhanced 3 days and 5 days after the infection (Fig. 13).

25
2. In the same manner as described above, Telomelysin-GFP (10’ PFU) was administered
into the tumor of H1299 human lung cancer transplanted into nude mice. One week and
three weeks after the infection, subcutaneous tumor was removed. FEmission of GFP
fluorescence was observed on the entire tumor and on a cut surface using a CCD camera.

30 As a result, even when fluorescence emission was weak on the surface of the
removed tumor, replication of Telomelysin-GFP could be confirmed in a wide range on the
cut surface (Fig. 14). In tissues three weeks after the infection fluorescence was recognized

on almost all over the tumor (Fig. 14).
35 3. 'In the same manner as described above, HT29 human large colon cancer cell was
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2. Emission of GFP Fluorescence in Normal Human Lung Fibroblast Cells Caused by Infection with
Telomelysin-GFP When the inverted microscopic images shown in Fig. 10 are observed under
fluorescent microscope, emission of GFP fluorescence was observed in some cells. 35 However,
considering the cell density, the emission was extremely rare compared to that in 24 cancer cells.

Therefore, itﬁ%ﬁ%ﬁ%@@d’ﬁ@o%ﬂ&@@ﬁlﬁ%ﬁg fﬁi@@ﬁg%Rﬁ‘?ﬂé%gf@%&@ﬂ%@%ﬁﬂ%%fmw'5 (Fig. 11).

3. Verification of Telomelysin-GFP Replication by Quantitative Real Time PCR 5 Hi"299 human lung
cancer cell, S\WePd-RuipnpaiRyE eaiom Bemder IeraHassdvmar Wimirihg FvstrastcEiNHLF)
were infectedwitisddeiomedysiny GEBnadl JdaMNIDP asplidetcribeghahove réselisan pleswuekafiarvested

with passage, of time; . c@tg efrom. iral replicati y jtatively
analyzed by?r}gaﬁfgn&éo%négﬁa%pg@g;ﬁ%%%v éé %at%o%ﬁ%%{%fwggg acl{r%év%/%}%% |C§ted about
10 1,008,006 0dMscapRisraEen dairfacHeu EigfeYthe infection, and emitted remarkable GFP
fluorescence at 72 hours after the infection (Fig. 12). On the other hand, replication was only about
1000-fold in %&}g{% even at 72 hours after the infection, and little GFP fluorescence could be
detected (Fig. : AMPLE 7 Detection of Intratumoral Proliferation/Replication of
Telomelysin-GFP by Fluorescence Imaging 1. Telomelysin-GFP (107 PFU) was administered into the

tumor of H1299 hikaspikinandySapCOrtabsRIRBteA CH-auds d¥icRinkhen cssionPHEIP
fluores<i§nce wa obser]sfg:‘rd ith g (S:CD c(?eqiera with the passage of time. The results revealed that
. C e

emission of GFP %%%sce%%eo&glusea&ﬁrl omelysin-GFP replication began to be recognized within

24 hours after the infd€88humad trge wrdorapyscarsdll lwasitransdavereigfradia alista nrihetoi8edays and 5

days after thg,jfectionfiderdd)- dmd Wathesame mannabAsHeseHRRdRRRY IR RMelKSIN-GFP
(207 PFU) was administered into the tumor of H1299 human lung cancer transplanted into nude mice.

One week ang™iPEEREaRE Y B fection, subcutaneous tumor was removed. Emission of GFP
fluorescence was ob4ervegidh tireaize formed andmwhtbeoetsufaod tsing ecC@Bscaonélde30 As a

result, gyen wheRUOERHEICRQEISRINR WasIWaRkiRR. g, surface of the

2. Ventrotomy Findings in Orthotopic Rectal Cancer Model Using Nude Mouse and HT29
Human Large Bowel Cancer Cell

HT29 human large colon cancer cell was transplanted into the rectal wall, and

20  ventrotomy was performed when gross tumor was formed. As a result, swelling was

recognized in three lymph nodes (LN) around the aorta (Fig. 17)

3. Detection of Intratumoral Proliferation/Replication of Telomelysin-GFP in HT29 Rectal
Tumor and Para-Aortic Lymph Nodes by Fluorescence Imaging
25 Emission of GFP fluorescence was recognized by fluorescence imaging with a
CCD camera, in the transplanted HT29 rectal tumor and one of the three para-aortic lymph
nodes (Fig. 18).

4. Detection of Intratumoral Proliferation/Replication of Telomelysin-GFP in Para-Aortic
30 Lymph Nodes by Fluorescence Imaging
Emission of GFP fluorescence was recognized by fluorescence imaging with a

CCD camera, in only one of the three para-aortic lymph nodes (Fig. 19).

5. Detection of Intratumoral Proliferation/Replication of Telomelysin-GFP in Para-Aortic

35 Lymph Nodes by Fluorescence Imaging
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removed tumor, replication of Telomelysin-GFP could be confirmed in a wide range on the cut surface
(Fig. 14). In tissues three weeks after the infection fluorescence was recognized on almost all over the
tumor (Fig. 14). 35 3. In the same manner as described above, HT29 human large colon cancer cell
was 25 transplanted into the rectal wall of nude mice as an orthotopic model, and Telomelysin-GFP

(107 PFU) was admi@i&tﬁsgﬁ;atamg&m gdi;ﬁ'acﬂﬁe§§rﬁ§ﬂﬁ?&d@§‘§eﬁ9&(&?ﬂmﬁ£€ﬂﬁéiﬁﬂl&f RER in

fluorescence caused by Telomelysin-GEP replication began to be recognized one week after the

infection withh§ GO PEnlERPPEY e sy MR S o FRRL e e NS RAH dH s i Sl 508658 E three
weeks after itheginfestitn (€D tandaX AL Bt 8/4s ¢didliologicadtAkmiysiysii-GRP aipiiatd@atal Cancer

Model USingngtﬁsMk‘?&lﬁSsﬁﬂg %ﬁg n&@ef@?ﬁb .arge Bowel Cancer Cell HT29 human large colon

cancer cell was transplanted into the rectal wall of nude mouse. When gross tumor was formed, the
tumor was removed and analyzed after hematoxylin-eosin (HE) staining. As a result, tumor was
formed arouREHFRBACUBS, and tumor cell mass could be 15 confirmed in lymph vessels in the rectal

wall (Fig. 16 rotomy-Fipdings in Qrthotopic.Rectal Capcer Model,Usi Mouse and
HT29 Humai?}e da\r{ge;& §%Ivlv%l aﬂn}g%rrt%g%ﬁngek?ﬁmé%%l%ﬁéEco oﬁr?’:‘gsnc?;}iérh ggﬁ?ﬁa@iﬁfﬁgﬁla@ted into the

rectal wall, aH#arig@de Mrotéritield M pBaBienkd RHen drdssruobarasidorraid] Adisims ok, swelling
was recogniggchtishregebinpbnasias 4iddareu s m ReHad Fig-rhi idneieaionef datigiumoral

Prolifer%ionél?lﬁﬁ(l)glcl%t'i@'u i%%f Tﬁé@%‘f&%ﬁ%@@%i%&m Rectal 'rumor and Para-Aortic Lymph Nodes by

Fluorescence Imagirng MISSiO uorescence was recognized by fluorescence imaging with
a CCD camera, in the transplanted HT29 rectal tumor and one of the three para-aortic lymph nodes

(Fig. 18). 4. patestipial Jaratiymamt Preliferation/Replication of Telomelysin-GFP in Para-Aortic 30
Lymph Nodes by Flu resgence Inﬁ?giﬁr\% Ent1ission of GFP fluores en(ge was recof%nize bé
fluorescence imagin wiRece g e nc‘)"ﬁﬁ}%?fe%frﬁ%gef}%r grp ertg_cgggti(gw E)hC d E(Fig. 19).
5. Detection dfgnosingremncrPaoiife caliotye plibmignagt Metonpedy $indG Fiiniee Peerscdgontiof the

15 present invention is capable of detecting cancer cells with extremely high sensitivity even in

the living body, the reagent is useful for the so-called navigation surgery or the like.

SEQUENCE LISTING FREE TEXT
SEQ IDNO: 5: Primer
20 SEQIDNO:6: Primer
SEQID NO: 7: Primer
SEQID NO: 8: Primer
SEQID NO: 9: Primer
SEQ ID NO: 10: Primer
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35 Lymph Nodes by Fluorescence Imaging 26 Histological analysis of para-aortic lymph nodes
detected metastatic tumor tissue in the only one lymph node which was found GFP
fluorescence-positive by fluorescence imaging with a CCD camera. Thus, it was confirmedtG&t.L.P
Telomelysin-GFP replicates only in metastasis-positive lymph nodes (Fig. 20). 5 REFERENCES Reid
T, Galanis E, Abbruzzese J, Sze D, Wein LM, An%rews J; Randlev B, Heise C, Uprichard M, Hatfield
M, Rome L, Rubin J, Kim D. Hepatic arterial infus replication-selective oncolytic adenovirus
(dIl.520): phase Il viral, immunologic, and clinical 10 endpoints. Cancer Res 62 (21): 6070-9, 2002.

INDUSTRIALAPPLICABIL T Accarding 2e BSRSant 0 eRlion, A 15A0RRL IREASISging gancer cells

or diagnosing cancers and a cell death-inducing agent are provided. Since the rea of the 15

present invenfBi L EPEBIS B8 dRENRAG AR MM (Htnesase el gkt e raitNiEPevsreRtethe living
body, the Yeagedtais EisgfgiforthbisordallednngvigationEsureeoy of thevike s ShQUURNECRHISEING
FREE TEXT SEQ4D NQ- 2 Erimer 25919%51@%'914\?! 1% ittg}er %Eg ID NO; 7:algrim r SEQ ID NO: 8:
Primer SEQ ID NO: 9: _PgimelgggeQelD NO:10: P%lirr? rIEZ;{% I\/?Ga%[l_ - O%?fl\ﬁaé) .I?Axoferg e%t_ r cancer
cell detection, BORTPIFSHRP & Eormsisarmding borketing ppiaifontamieabinddonsinmaidha vramoter
from human tejameacase, an El A gene, an IRES sequence 5 and an E1B gene in this order is
hiteerated in El region of the viral genome and a labeling cassette comprising a gene encoding a
labeling protein and a promoter capable of regulating the expression of the gene encoding the
labeling pPoteth isAnfeasicate PincE® o giagneTith commplisieharrsombinant virus where a replication

cassette comprising a promoter from human telomerase, an E1A gene, an IRES sequence

and an E1B gene in this order is integrated in E1 region of the viral genome and a labeling

cassette comprising a gene encoding a labeling protein and a promoter capable of regulating

the expression of the gene encoding the labeling protein is integrated in E3 region of the viral

15  genome.

3. The reagent according to claim 1 or 2, wherein the reagent is used for in vivo cancer

detection or diagnosis, or for navigation surgery.

20 4. The reagent according to claim 1 or 2, wherein the promoter from human telomerase is
hTERT promoter.

5. The reagent according to claim 1 or 2, wherein the labeling protein is GFP.

25 6. The reagent according to claim 1 or 2, wherein the promoter capable of regulating the
expression of the gene encoding a labeling protein is a cytomegalovirus promoter or hTERT

promoter.

7. The reagent according to claim 1 or 2, wherein the virus is an adenovirus.

30
8. Acell death-inducing agent, comprising a recombinant virus where a replication cassette
comprising a promoter from human telomerase, an E1A gene, an IRES sequence and an E1B
gene in this order is integrated in E1 region of the viral genome and a cell death-inducing
cassette comprising a gene encoding a protein associated with cell death induction and a

35 promoter capable of regulating the expression of the gene encoding the protein is integrated
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10 2. A reagent for cancer diagnosis, comprising a recombinant virus where a replication cassette
comprising a promoter from human telomerase, an EtA gene, an IRES sequence and an BIB gene in
this order is integrated in El region of the viral genome and a labeling cassette comprising ggenep
encoding a labeling protein and a promoter capable of regulating the expression of the gene encoding
the labeling protein is integrated in E3 region of the viral 15 genome. 3. The reagent according to
claim 1 or 2, wherein the reagent is used for in vivo cancer detection or diagnosis, or for navigation

surgery. 20 4-@@%@%@88}‘%%%@%%%?“ 1 or 2, wherein the promoter from human telomerase is

hTERT promoter. e reagent according to claim 1 or 2, wherein the labeling protein is GFP. 25 6.

The reagent according to claim 1 or 2, wherein the promoter capable of regulating the expression of

the gene encoglinglgelakletivgipradaiinis axeytaroegiaouisusaprodnetkeromiERdmprantiotarhimdie

reagent accordiE to clainﬁT’IE(ﬂTZ whe{ein the virus is an adenovirus. 30 8. A cell death-inducing
felomerase 18 TrOIMoter, . . ..

agent, compn%? gﬂa recomblnantpkus where a replication cassette comprising a promoter from

human tefomerase, an EtA gene, an IRES sequence and an E1B gene in this order is integrated in El

region of the Vil gpRORE Anth a-welideatinnddsiomCas e HRRYEITE:2 BRAE SsasiRDmMdIprotein
associated with cell death induction.and a 35 promater CE%able of regulatinrg.the ex&ression of the

gene encodinGThEBBMEIETRISHART 98 RFESrd BOTh BSH YR BTtHES Fal BRI E cell
death-inducingragémtapopardirigdacalgiprog;indret ailvtieaprenssotéatédoprotaimnan  telomerase is hTERT
promoter. 5 10. The cell death-inducing agent according to claim 8, wherein the protein associated
with cell death induction is at least one selected from the g,rouPBconsistin(&fof immunity-associated

protein, aBoptbsis-iHeRiesH  EHbrEIuSE Raerhaseudingde clarag! Bravhrreindhe toppiteRedEthducing
agent accordingoteighaira1®, wherein the immunity-associated protein is PA28. 12. The cell
death-inducing agent according to claim 10, wherein the apoptosis-inducing
12. The cell death-inducing agent according to claim 10, wherein the apoptosis-inducing
protein is TRAIL.
15
13. The cell death-inducing agent according to claim 10, wherein the telomerase-associated

protein is AUS.

14. The cell death-inducing agent according to claim 8, wherein the promoter capable of
20 regulating the gene encoding the protein associated with cell death induction is a

cytomegalovirus promoter or hTERT promoter.

15. The cell death-inducing agent according to claim 8, wherein the virus is an adenovirus.

25 16. The cell death-inducing agent according to claim 8, wherein the cell is a cancer cell.

17. Use of the reagent according to any one of claims 1 and 3 to 7 for the preparation of a

medicament for detecting cancer cells.

30 18. Use of the reagent according to any one of claims 2 to 7 for the preparation of a

medicament for cancer diagnosis.

19. Use of the cell death-inducing agent according to any one of claims 8 to 16 for the

preparation of a medicament for inducing cell death in a target cell.
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protein is TRAIL. 15 1.3. The cell death-inducing agent according to claim 10, wherein the
telomerase-associated protein is AUS. 14. The cell death-inducing agent according to claim 8
wherein the promoter capable of 20 regulating the gene encoding the protein associated Witi‘M%ﬁLLP
death induction is a cytomegalovirus promoter or h"I'ERT promoter. 15. The cell death-inducing agent
according to claim 8, wherein the virus is an adenovirus. 25 16. The cell death-inducing agent
according to claim 8, wherein the cell is a cancer cell. 17. Use of the reagent according to any one of

claims 1 and 3o 7,fer e PAERATIAT Qb B edicanent fasAsiasing carisetaels 31 se of the
r of a .medic

reagent according to any one of claims 2 to 7 for the preparation Ca'rghent for cancer
diagnosis. 19.TEASETHRENEICEE HR AP ARFLRS TR hFRLSIRIGHS Arishe Brdinrrsesaes 8 irdne

preparation ofty medigagesitfor inducing cell death in a target cell. 29 MCSLLP 20. An ex vivo
method of detecting cancer cells, comprising infecting cancer cells with the reagent according to any
one of claims 1 and 3 to 7, and detecting the fluorescence emitted by the cancer cells. 5 21. An ex
vivo methdd of tahserdisignosishedmpransgrisiesteriscapepristls estine wsgerticrdiifg to any
one of claims g.19.f s daieing badloerseence eniitedhydhe tearasreselieIhitted by the

cancer cells.
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