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(57) Abstract: Disclosed is a recombinant adenovirus with a protein containing a VSV-G epitope derived from vesicular stomatitis
viras (VSV). Also, the present invention discloses a pharmacentical composition comprising such a recombinant adenovirus and
a pharmaceutically acceptable carrier. Further, the present invention discloses a recombinant plasrmd capable of expressing the
recombinant adenov:lrus and a host cell transformed with the recombinant adenovirus.




virus (VSV). Also, the present invention discloses a pharnaceuti cal
~conposi tion conprising such a reconbi nant adenovirus and &4g¥erchdf@utically
acceptable carrier. Further, the present invention discloses a reconbi nant
pl asm d ca expressing the reconbi nant adenoviru t cell
t ransf or nem%ﬁp{“ﬁe reconbi nant adenovirus. 24 March 20%%%’3% 9448
- PCT/ KRO2/ 01831 RECOVBI NANT ADENOVI RUS W TH ENHANCED THERAPEUTI C EFFECT AND
PHARVACEUTI CAL COVPCSI TI ON COVPRI SI NG SAI D RECOVBI NANT ADENOVI RUS TECHNI CAL
FI ELD The present invention relates, in general, to a reconbi nant .
adenovirus with inproved therapeutic efficacy, and nore particularly, to a
reconbi nant RACTIMBNIVANTIABERORARDY WItH EfULANOED THIgeAPETER et dEe for
i nfection of vesicular stomatitis virus (VSV) into adenovirus. Also, the
present inventi onAND PHARMACEUNICAL £OMPOSIHOMCOMPRISING SADPDSi ti on
conprising such a reconbi nant adenovi rus. BACKGROUND ART Wth recent rapid
devel opnents in nol ecul ar bi BECHMBIVANT MPENO¥IRUBance has been made in
devel opnment of therapeutic agents for various cancers and other intractable
di seases using reconbi nant DNA technol ogi es. Al so, since gene therapy 15
was first attenpted clinically in 1990, studies on delivery systens of
t herapeutic genetic materials have been carried out. Anong clinical gene
t her api es, - %, fQGUS on .treating cancers, and various vectors based
on humaﬁ or aﬁ%@ﬁﬁ%@“ﬁ"ses have been devel oped as vehicles to transfer
therapeutic genes into target cells, in which .adenovirus with many
advant ages .as a gene transfer vehicle is attractive as a substitute 20 for
retroviruses. For g ?Fésb:’?t%véﬁﬁ@n flaBENe gEﬁ@ﬁl?Wa'r@co?ﬂHir&h@@den&!’iﬁlsdﬁithf' rst
of all, gene transfer. vehicles capable of safely. and effectively
del i vering tiﬁ?fo&@ﬁﬂ&ér&peﬂﬂ@%ﬁﬁda@,taﬁﬂgﬂéreraZWcMyp|1io 20£2Cori¥hAh8/aQ2A#8s
PCT/ KRO2/ 0183

prepared by introducing a ligand responsible for infection of vesicular stomatitis virus

(VSV) into adenovirus. Also, the present invention is concerned with a

10 pharmaceutical composition comprising such a recombinant adenovirus,
BACKGROUND ART

With recent rapid developments in molecular biology, considerable advance
has been made in development of therapeutic agents for various cancers and other
: inffactable diseases using recombinant DNA technologiés. Also, since gene therapy
157 was first attempted clinically in 1990, studies on delivery systems of therapeutic
genetic materials have been carried out. Among clinical gene therapies, about 60%
focus on treating cancers, and various vectors based on human or non-human viruses
have been developed as vehicles to transfer therapeutic genes into target cells, in which
adenovirus with many advantages asa gene transfer vehicle is attractive as a substitute

20 for retroviruses.
For practical use of gene therapy in clinical fields, first of all, gene transfer

vehicles capable of safely and effectively delivering therapeutic genes to targeted




regi ons shoul d be devel oped. The potential of reconbi nant adenovirus as a
gene transfer vehicle was reported in 1984 by G aham F. 24 Machaaem F.
L.,.EMBO J., 1:2917-2922, 1984). Since the first clinical trial of gene
therapy in i.he deam nase (ADA)-deficient patients ctive
research iﬁ@gﬁggﬁggtherapy was 5 perfornmed until the nid}ﬁggﬁgﬁﬂyﬁﬁmhich
expression of a specific gene was induced in target cells using
replication-defective reconbi nant adenoviral vectors constructed by
inserting the specific gene thereinto. Such research was pronoted by the
fact that —adenQWhbiE HRAeVERpY.Denl ddichtias of rdlSMBinhhAARhGiruY 881 £ bGhe 1 N
terms of being excellent In “transferring exogenous genes Into a variety of
cel | types weardichfte @hs eqlotted Y€ 1984SbRGRatAn, 30 If GEMEMCE! LS EMBOI 1.y
produci ng high titer virus, being capable of being Iyophilized.and t hus
structural | ¥:291:2929, 8d). beSinge dasifitsy diotcalikrd el sarieothpiagy rin celohdstrel
preparations (Yeh, P. et al., FASEB J., 11:615-622, 1997). However,

adenovi r us . Aesnigese dARIA)sdeginieni patientsin d9P@nactive reseaticl iitn e fherapy rwassf er
including the relatively short-termexpressjon of foreign genes and the 15
i nduct i®n oPerdlrmss yutikihe id 8805 swhiely expression of 8 specific gang Wes igicedinect ed

adenovi s U DB iF e Rl te el P BT R AP Uit PRy e BHaneck i n
1996 t hat t ' . [ | | [ [ '
sequencgs ?gwéﬁggﬁ%%é%%ﬁ%pfﬁggégﬁgg%fgﬁ%@%%%g%gg%%ﬁgsgﬁ%géﬁg§ﬁ%%uﬁ%&inun130

kb of forei gR\g@RR%as AhnYBkhefBSasPhenP h@ﬁéﬂf&i J&Hicl%oinvﬂe{z@ %ﬁ%e%eéx@aleﬂm thus

not inducing I nmune response i n host cells (Kochanek, roc. Natl.

Acad. Sci. 8@is8#ds BbBenous URES intaneadty Bedell s rigGadiésn of Ol cydi998t23941

di scl oses an adenovirus vector having no overlap with a suitabl e packagi ng
cel | lline, ianget whliss leasilgtgrrodticingshiplotites vied, being phpabld oDbeimdlyophilizednahdi s

i ncapabl e of bei ng encapsidated, thus avoiding interference with the host

i mune syst s sectgially stablec andobaiam easily drowilatedsintoaphakmassnticab ptspatetidnsct i ve in
gene therapé and .easily delivered into a body owi ng to being produced in

high titer W:Bd%tial-f Ent ekt K970 cal cancer gene therapy nedi at ed

by recon’pl nant adﬁ&%’v‘e{,ugdeggvslruzsd'ha'\s/asre%et}:alz gl%ﬁiﬁ\c/:\é%togrlo%r%gdﬁlg mediating gene

transfer, including the relatively short-term expression of foreign genes and the
15 induction of strong immune response to viral proteins and virus-infected cells. To
overcome such problems, various efforts to modify structure of adenovirus have been
made. For example, it was reported by S. Kochaneck in .1996 that gutless virus
produced by removing all adenoviral coding sequences is advantageous in terms of
being capable of carrying maximum 30 kb of foreign genes, as well as not producing
20 viral proteins and thus not inducing immune response in host cells (Kochanek, S., Proc.
Natl. Acad. Sci. 93:5731-5736, 1996). Korean Pat. Publication No. 1999-22941
discloses an adenovirus vector having no overlap with a suitable packaging cell line, in
which adenovirus loses self-replication ability and is incapable of being encapsidated,

thus avoiding interference with the host immune system. |
25 Since recombinant adenovirus was known to be effective in gene therapy and
. easily delivered iﬁto a body owing to being produced in high titer and easily

concentrated, clinical cancer gene therapy mediated by recombinant adenovirus has

2




PCT/ KR02/ 01831 rapidly increased in the past five years. Wen cancer is
treated using gene therapy nediated by reconbi nant adenoidaich@00ce

prol onged and conti nuous expression of therapeutic genes is not required,
and host igﬂy&ﬁn&&%ponse i nduced by virus or viral prthkﬂﬁgﬁﬁmﬂﬁq
.essential. and can be advantageous in sone cases, adenovirus becone 5
attractive as a gene transfer vehicle for cancer therapy (Pallard, F. Hum
Gene Ther., 9:283-286, 1998). Most reconbi nant adenoviruses for cancer

t herapy, which carry a single therapeutic gene, are gene transfer systens
first used k@i&ﬂ%%as&eiﬂ%é RES 3R -yearRECRMES ¥ancl fsQfdabdNAME Raehem@sle tO

i nprove therapeutic efficacy of gene therapy 10 through sinultaneous
expressi on gfedfaihd ByhREARSHALt QAGRIVESS, 6o dirslanget Gingi costindoul exjstedsfomrafnt

. functions, rather than expression of one gene, or adenovirus-nedi ated gene
therapy in derdpbutitdenes iwinbhreguinddyiasd hast romuees regponse induend tygeans or yiral
radi ot herapy, which have been commonly used for cancer therapy (Roth, J.A
et al., J. beteinsCamotessential and g4 ba agantagey)in sEae CasrHAGRROVIIEG PEAHCPat . No.

1997-5206 di scl oses a nethod, of 1 reati ng cancer., usi reconbi_pant
adenovi¥ us AHRREHE B/G R D erg\é%&eﬁqﬁ&wef eﬂwzﬁﬂﬁﬁﬁﬁ%%‘? Tact, in
which the rggggggag% adenovi rus does not produce replication- conpetent
viral particl<€s Bus di splays effective antitunor activity. However, it
has been reporte a eloh SRt QN RRVdf3l o i8Rt Ors can
i nduce antitunqu%%gié?%ﬁﬁgﬁ&dﬁkg pr|%53$q%ﬁ%£§%§%&%e g or %grgﬁsnal

20 number ofp Sk Gld) OrE s - trAl3fE €fiRkeRs ArsOhSAE UBREd: Sdner BEQPRI Nant
adenovirus gﬁg%e%g a(’j?narniéstered at gﬁ%e or adm ni stered géepeat edly over

- several ti NMggcentlfUsfortsnEbvei tegn GRldeuoaimprseLthbrayeutio cbificay tafrgpne teradyi ni cal
applications. To overcone such problens, a variety of efforts have been
nmade t1® dev eiroyzhasimitifeord exptessioni ofiswo dapapiohtic génes eineeding girgteipe fithcat i ng
in and killing tunor cells, since the McGCormck 25 researchsqg,;lro p reported
a reconbi nawiffesché fonctipuss ratireham exmessikpL gan Ectife OB AADOVEHEHEVHPY ESUENYX- 015
(d11520), which was devel oped by M Corm ¢k, . sel ectiyel Jeplicates ‘and

i nduces cyt dieyapydn pomprpgHon vagy Q@FEWOHQ%%W?O&%‘FH\{%%a@P@F@BY’ vf}ﬁ’.lghet al .,
24 March 20%6

ave been commonly used for cancer therapy (Roth, J.A. et al., J. Nat. Cancer Ins.,

89:21-39, 1997). For example, Korean Pat. No. 1997-5206 discloses a method of

1.5 treating cancer using recombinant adenovirus harboring the p33 gene, known to have

an antitumor effect, in which the recombinant adenovirus does not produce replication-
competent viral particles and thus displays effective antitumor activity.

However, it has been reported that such replication-incompetent adenoviral

veciors can induce antitumor activity in only primary infected cells or a very small

20 number of surrounding cells. Therefore, a great number of recombinant adenovirus

| should be administered at once or administered repeatedly over several times, thus

inducing cellular immunity and limiting its clinical applications. To overcome such

| problems, a variety of efforts have been made to develop a modified adenovirus

capable Vof selectively replicating in and killing tumor cells, since the McCormick

25 research group reported a recombinant adenovirus. The EIB 55 kDa gene-deleted

| adenovirus ONYX-015 (d11520), which was developed by McCormick, selectively

replicates and induces cytolysis in tumor cells lacking fuilctior;al p53 (Heise, C. et al,

3




WD 03/ 029448 PCT/ KRO2/ 01831 Nature Med. , 3:639-645, 1997). In clinical
trials for the treatnment of head and neck cancer, the re@dithiralnaf0o6
adenovirus ONYX-015 showed excell ent therapeutic efficacy. Furthernore,

anot her typga, teconbi nant adenovirus prepared by inserting 3 580685
specific gene-réegulatory region into El region was devel oped, 1n ich
viral proliferation is induced in a cancer tissue-specific manner. Al so,
antitunmor effect and safety of a reconbi nant adenoviral vector can be
‘inproved by inserting the herpes sinplex virus-thym di ne ki nase (HSV-TK)

gene or CD}%EF }»{ea.t Q4396545 1§9%?.i O, cliafesl trihiBYS: thb erek@RANDI RAAun@BQROVI I US
ol acity (

| oses its pr eration cap Freytag et al., Nat. Biotech.,

15: 866- 870 20 fle reédinbifdn® all@@@inth ONYENIGi shoksedRablidne thegpiowtict dificaapy can be
10 clinically applied under various circunstances. In particular, the

r econbi nanfFuaBenons rushew tyipe tracomebimat lhdepeicist preparyd bl opartingf & canceivas
denonstrated to be nore effective in cancers assocjated with nutations in
the p53 gempecifiughnearsgblatonn regioe einto Binragion svas edevsloapd. o Whicdy vBels

chenot herapi es or radi ation therapies (Shinoura, N. et al., cer Res.
- 59: 3419 - 34 pe;lifaraiigy is indyged 8/ captmHATIS SPegHCIRATEET - anHF‘g ROEaF 6@9@

denovi to brai i limted hy,its toxicity. T .net h i
come el selRy s Fesominpt AT vediet BB eVl e ERRE R, oD 21! N0
dministrati . 0 . ( ( ' -
ronon cortiief TRl QER Ve BRI I Sridlof e IORBiGRCI® TR 1Y

(Tonko, RP. Gt ﬂlé‘{xecomlﬁﬁmggﬁ ?&ﬂ%%russlﬁées #'SHo1BEraBAP dapadly SBGftag L08/)NatMost

cells in the ho typl y express sufficient arnount of CAR, but no or

little exprgssionsdec@aB, i®75.0unthit fegiidsaleroviieb nsediatdgehethetiph omebet | ssues,
| ynphocytes, fibrocytes, pulnmonary macrophages and sone tunor cells, where
adenoy r us-chieidbitt egplganenderanaioess efciinstesney s paficulary dhy/ reeombirae ent
clinical trials wusing adenovirus as a gene delivery vehicle denonstrated
that poor geemvited withr famiontosllpecifie, eytaloxic affset wep |dsmprsteafad, fopbr BIY™® 0 | ack
of expressed CAR on the tumpr cells. Ipn addit t he reconbi nant

adenovi r us efptivierin aroerropssefiated With miFtatiens & idﬁgréfnﬁi Y2 B TN of caR
rather t ha%ﬁic% g%sis%a?llt Jtosprg:\trigurgo Grhelglgl!hle%%ieﬂnl rgﬁgﬁgnoﬂef% t%lura, f\]eét'"é!l:[ ing
| " Cancer Res. 59:3411-3416, 1999). However, administration of a high fiter of
15 adenovirus to brain is limited by its toxicity. Thus, methods of enhancing gene
delivery efficiency should be developed in order to reduce the administration amount of
adenovirus.
Adenovirus infects host cells mainly through coxsackievirus and adenovirus
receptor (CAR) on the host cells (Tomko, R.P. et al., Proc. Natl. Sci. USA 94:3352~
20 3356, 1997). Most cells in the host typically express sufficient amount of CAR, but
no orllittle expression .of CAR is found in muscle cells in matured bone tissues,
lymphocytes, fibrocytes, pulmonary macrophages and some tumor cells, where
adenovirus-mediated gene transfer efficiency is relatively low. Recent clinical trials
using adenovirus as a gene delivery vehicle demonstrated that poor gene delivery into
25 several tumor cells is atiributed to lack of expressed CAR on the tumor cells. In
addition, the re_combinant adenovirus can infect normal cells_ with relatively high

expression of CAR rather than target cells (tumor cells) with a low CAR level, resulting

4




24 March 2006 WO 03/029448 PCT/ KR02/01831 in reduction of its infection
rate.into tumor cells. To overcone such |ow transduction 2df¥ipehdfe§ and
| ack of specificity for target cells by the reconbi nant adenovirus, there

is a needy@hyfsug! opment of high-titer adenovirus. Hom%mﬁ}afs 1
high-titer adenoviral vectors can have increased toxicity an I hduce

i nune response in the host, thus 5 threatening safe and effective
clinical cancer therapy. The di sadvantages of reconbi nant adenovir al
vectors in gene therapy owing to the above reasons can be overcone through

i nfection of GHEfRVIfikSnfcBtich hRTiABuAG! defls.| MTPovefeditie sile R ERBducHBNNeT .
Ef fective gene transfer on epithermal cell was found when adenovirus type

2 fiber prosRiiéhcy Snd Rk af§@ciiciyfdr Raget 6dllsdgaoncstibinint pdenbVirusMhse is a 10
chinmeric adenovirus prepared by replacing the knob domai n of adenovirus
type 5 W t ha ndetidorkdewblogment of lagh-tike adendvins. sHogevarpthd highstildeadsnestitabt ed t o
effectively infect bone marrow cells not easily infected with adenovirus
type 5. W cichiar cal. haye increpssg dexieity andhindugen ipwan respenssfin 40 Bosk| th8$ ne not i f
or Arg-G@y-Asp (RGAD)-containing, peptide notif at the C-termnal region of
adenovPrus thyealering safe @%efﬁqcpﬁﬁg%g?%ﬁr%aﬁyo specifically 15 recogni ze
~alternative recepiors, .cell suyrface.receptors,ingludi 10 t he
integrin- recept ¢f° HaRAPREETY r%cl?@iaglggtfag nolvﬁﬁl_e‘(':_cf%sn (ﬁ% 9? Elgl%@i; Er"ﬂ‘élg?‘sv ckham
ToJ. ). \ﬁtil% lal:{o’ve Ze%%p%%%&ﬁ b8 COHEEQERIZ)).Ig% i#n?ecg%gbf ddefloviks 3 P¥deheelVin £ al .,

reported tha ransduction efticiency novirus can be increased by
inserting acARGRbéIEnOLAMRr. CEIRRIR Rhe FAEREYBIZhAErABCC]lWE foubd Reemg a

target cell-specific receptor into the H 1oop of the adenovirus fiber 20
(Kransnykh, ad¥nov@tts 8lpei2 fiber\firbtin, is 7eblab884ith8hat, of ABfsviMo sipedd, Xlsoea -al .,
Hum Gene. Ther. 9:2503-2515, 1998; and Shinoura, N et at., Cancer Res.
59: 3410- 341dhim&ROGnovitie peepered by weacingdhé kodt danain wé adenoyios taefX Wish ent f or
i nprovenent of the transduction efficiency of adenovirus, and there are

still efforthgkuab ddewnist efpdanawimp sebesrp Fhv oppgfratechie effeeSalydRieEPOBR i ci ency
Per of m Al TG peRS oy ialroRd PO OO or &Y SRR G BTG er ence.
in their en iatrigtg'ci)d%gﬁona&d a ﬁorllﬁysclﬁjerélgtﬁt or itrg%ﬁy-Asp (RGD)-containing peptide motif
at the C-terminal region of adenovirus fiber protein allows adenovirus to specifically
15 recognize alternative receptors, cell surface receptors including heparin and the integrin
receptor, leading to successful infection of the virus (Wickham, T. I. J. Virol,, 71:8221-
8229, 1997). In addition, Krénsnykh, V. et al,, reported that transduction efficiency of |
adenovirus can be increased by inserting a targeting group capable of recognizing and
then binding a target cell-specific receptor into the HI loop of the adenovirus fiber
20 (Kransnykh, V. et al., J. Viro., 72:1884-1852, 1998; Yoshida, Y. et al., Hum. Gene.
Ther. 9:2503-2515, 1998; and Shinoura, N. et al., Cancer Res. 59:3411-3416, 1999).
Howlever, such modifications were not sufficient for improvement of the transduction
efficiency of adenovirus, and there are still efforts to develop a method of increasing
the trasduction éfﬁciency of adenovirus.
25 A plurality of patents and papers ére referred and cited herein.  All references

cited herein are incorporated herein by reference in their entireties, and the current state




24 March 2006 of the conventional techniques in the art and the features of
the present invention will be nore clearly understood wi t3 Mashd0bed
references. DI SCLOSURE OF THE | NVENTI ON Leading 'to the present invention,
the intensive and thorough research into 5 reconbinant adenovirus wth

i nproved t lvétEpenyentiophll tectmigpes hahelBe bad teyreitifos RIF BREbschi M ERBR St T esul t ed
in the finding that a reconbi nant adenovirus conprising a protein

cont ai ni- ng bampsyclgupindspstoodwhitadhe ¢ited pefereacesd by i nt roduci ng the protein
into an adenovirus, has inproved transduction efficiency and thus enhanced
t herapeutic effect in adenovirus-based gene therapy, especially increasing
tunmor cel | ¥kl f ovirus, which is achieved in a
CAR—indepe%ﬁgﬁﬁiggﬂﬁéffﬁhFﬁgE$&8N3ﬁ§ ore, an object of the present

i nvention provides a reconbi nant adenovirus with inproved therapeutic

efficacy for various diseases, including inproved tunor cell-killing
.effect. It is aneldher Pl of 5 - prasent . | [ rovides a
pharmaceutical. 15 corrpogi %Sgn %g%ﬁgl??’s?%gﬂﬁeﬁ%ﬁggagg K htreﬁeffﬁcﬁ'ow? us. In a

first mspepdombiniteadeh@SRR twith MPRived therd 3B eirRad, Q¥ideH gf‘eﬁﬁ%léh ant
adenovirus conprising a prote?ﬁﬁcontafhﬁﬁg aevsegg eﬁgto%gy erive Pfrom

vesi cul ar insemiomf resilsedvinrths findihg diat basconimiay aderoRRiRRMHs®g &f frokacy. I n a
second aspect of the present invention, there is provided a pharnmaceuti cal
20 conposi EERNIBE A VSYrdepitpps véiichhisrprppared bul ihirodcingcthe peotaindntot arof  a
reconbi nant, adenoyvirus conprising a protein _containing a VSV-G epitope
derived frHifiovdschasdmproyed trapsdpgton pificiencytand fhyssenpanspd thettpenici affectoduci ng

the protein into .an.adenovirus; and (b) a pharmaceutically acceptable
carrier. I} aangﬂY'Fﬁ'bﬁ%gg?neo e eﬁ?‘%&%‘ﬁt mf’rréi@%‘i‘& itgRor ¢etleiling SfsetoRf ded a

reconhi na =S ] ' reconhi nant adenovirus of the first
L rgden(wlﬁﬁ W itef ﬁpe[cﬁi%g%ﬂg ﬁtd)ﬁ{ {nﬁé%e{ga?%

aspect. In a fourth aspec € pres vetitFon, there is provi ded a

host cell t t ek b ts i id of th
host dcgspect _ragqt Y, Réteffe, AL L OF %t Plesdht 'iRCeriBf PINARY rdbABHLE Of the

adenovirus with improved therapeutic efficacy for various diseases, including improved
tumor cell-killing effect.
It is another object of the present invention provides a pharmaceutical
15 cbmposition comprising the recombinant adenovirus.
In a first aspect of the present invention, there is provided a recombinant
~ adenovirus comprising a protein containing a VSV-G epitope derived from vesicular
stomatitis virus, which has improved therapeutic efficacy.

In a second aspect of the present invention, there is provided a pharmaceutical

ZQ composition comprising: (a) a therapeutically effective amount of a recombinant

adenovirus comprising a profein containing a VSV-G epitope derived from vesicular

stomatitis virus which is prepared by introducing the protein into an adenovirus; and (b)
a pharmaceutically acceptable carrier.

In a third aspect of the present invention, there is provided a recombinant
p}asmid expressing the recombinant adenovirus of the first aspect.

In a fourth aspect of the present invention, there is provided a host cell

~ transformed or transfected with the recombinant plasmid of the third aspect.




24 March 2006 WO 03/029448 PCT/ KR02/ 01831 BRI EF DESCRI PTI ON OF THE DRAW NGS
The above and ot her objects, features and other advant age4d¥larch@0p6 esent
invention will be nore clearly understood fromthe followi ng detail ed

descriptio 32d§ in conjunction with the acconpanying j in whi ch:
5 Fig 1 igv%ﬁ c%{é?rati c representation of the CGterm nusq{;ﬁar a eﬁ%s\‘;’lirus

fiber protein to which the VSV-G epitope is attached through a gl ycine
linker; Fig. 2 is a schematic representation of a retargeting infection
pat hway of a reconbi nant adenovirus YCl-Ad-VSVG of the present invention
carryi ng a BBIEE DESCREPEION OF FHEDBAWINGS; 10 Fig. 3 shows a schematic
representation of the construction of the reconbinant adenovirus

YCl - Ad- VSVG car r yihsgrbave/and athepbiepts, fretveesamdl atherpadvareisgesfairthepegait ng t he
reconbi nant , adenovi rus through honol ogous reconbination; Fig. 4 shows a
schematic r EBP@%%%W&? P80t cleady awdersiogd tfram the fullewing] detaited odeseniystivn
adenovi rus gﬂi{g,nZél-cLacZ- VSVG V\Q;ht h a VSV-G |jgand incorporated into the
carboxy t er MRS GFUYRET VL ihe geoompanying drayvingsy Mekichior prepari ng t he

phot ograph show nabAcl 5 Rl HBFRRERN B AF EoRean & irantinn gt o &
‘gene cont ai pRehid aayThL ' -Ad-.VSVG 20 Fig. 6 is a
phot ogr aph Ej%ovlvlﬂ1 fnbgmgel}ggult g‘ﬁb% g%%@{g%&g%ﬁi :ﬂ?ﬂq@n%é?cﬁ%(ﬁa{ iGn of a VSV-G

epi tope into theFig beis Dichbhgid RERARIAM oﬁé?@&é&t{#ﬁnfé@ﬂi@ﬁﬂ@@f}éﬁgf Blg. 7a

i s a photograph show ng i ncreased gene transfer "efficiency o

'reconbi nant regolbiowitradsnaiiBe A MadVESSof theyfdsint Rivbdionaltyingl V8VaG
phot ogr aph showi ng i ncreased gene transfer efficiency of the 25
r econbi nant CRAERRBW? 8 trsged ¢dR4- LacZ- VSVG to Ul18MG cells; Fig. 7c is a
Photogpaph showi g, T CURanca Shomatic Yoptosentaion of e construction of the
| recombinant adenovirus YCI-Ad-VSVG carrying a VSV-G epitope gene and a
process for preparing the recombinant adenovirus through homologous
recombination;
Fig. 4 shows a schematic representation of the construction of the
15 recombinant adenovirus d1324-LacZ-VSVG with a VSV-G ligand incorporated into
the carboxy terminus of the fiber protein and a process for preparing the recombinant
adenovirus through homologous recombination;
Fig. 5 is a photograph showing PCR products for open reading frames
contained in E1 gene contained in the recombinant adenovirus YCI-Ad-VSVG;
20 Fig. 6 is a photograph showing a result of PCR to confirm incorporation of a
VSV-G epitope into the fiber of the recombinant adenovirus YCI-Ad-VSVG;
Fig. 7a is a photograph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to U343 cells;
' Fig, 7b is a photograph showing increased gene transfer efficiency of the
25  recombinant adenovirus d1324-LacZ-VSVG to U118MG cells;

Fig. 7¢ is a photograph showing increased gene transfer efficiency of the

recombinant adenovirus d1324-LacZ-VSVG to U251N cells;
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reconbi nant adenovi rus d1324-LacZ-VSVG to U251N cells; 7 24 March 2006 WO
103/ 029448 PCT/ KR02/ 01831 Fig. 7d is a photograph show ng iZdVeskaelqgene
transfer effici ency of the reconbi nant adenovirus dl1324-LacZ-VSVG to U87|\/G
cells; Fig J phot ograph show ng i ncreased gene traps flﬁio E%HFCI enc

of the recH |nan adenovirus d1324-LacZ-VSVG to CHO K1 ce .

i's a photograph show ng i ncreased gene transfer efficiency of the

reconbi nant adenovirus dl1324-LacZ-VSVGto Lec2 cells; Fig. 7g is a

phot ogr aph show ng incr eased gene transfer efficiency of the reconbinant
adenovi rus d1324'1i; ?h&t@gﬂ%‘sﬂoﬁﬁ?liﬁéreﬁeg .gehd trhSsf@ SekAgr apheshow ng

i ncreased gene tra sfer ficrency of the 10 reconbi nant adenovirus

dl 324- LacZ- Ys¥abinfideikek iB24-HiagZ- v so g8uviagndelighowi ng i ncreased gene
transfer efficiency of the reconbinant adenovirus dl1324-LacZ-VSVG to U343
cells; Fig. 8b i Fig Ty &ph photogiaply showing dsedasgé pent transféreefficeiycpBhey of t he
reconbl nant adenovirus dl1324-LacZ-VSVG to Ul18M5 cells; 15 Fig. 8c is a
“graph showi megombinaataietodan dI3RH-dasTS EF e @Héh@/ C@fs the recombi nant

adenovi rus d1324-lLacZ-VSVG to U25 1N cel|s; F| raph shqw ng
 increased gene t Eigsflls Bepwegr@ywﬁwms HBcreased BoRg ﬁ?ﬁ%er %'gﬁlﬁ' % BE%
+ d1324-LacZ- VSVG,t o US7M5.cel LS. a )h show ng i ncreased gene
transfer ef F‘?"@f“?m Blenoyigs d&’%ﬁ@&%%ﬁ%ﬁ@%"& Ff irus d1324-Lacz-VSVG to

of the ‘reconbi ndlE sl RIS RS HRRRG e R Y
gr aph show Aol aﬁ@ﬁﬁﬂoﬁﬁ@%ﬁbﬂi’k‘éﬁﬂfsﬂf}fté MceYelRf the reconbinant
adenow rus d1324-LacZ-VSVG to MCF-7 cells;
Fig. 7h is a photograph showing increased gene transfer efficiency of the
- 10 recombinant adenovirus d1324-LacZ-VSVG to Pro3 cells;
Fig. 8a is a graph showing increased gene transfer efficiency of the
recombinant adenovirus di324-LacZ-VSVG to U343 cells;
Fig. 8b is a graph showing increaséd gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to U118MG cells;
15 Fig. 8c is a graph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to U251N cells;
Fig. 8d is a graph showing increased. gene transfer _efﬁciéncy of the
recombinant adenovirus d1324-LacZ-VSVG to UR7MG cells;
Fig. 8e is a graph showing increased gene transfer efficiency of the
20 | recombinant adenovirus d1324-LacZ-VSVG to CHO-K1 cells;
Fig. 8f is a graph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to Lec2 cells; |
Fig. 8g is a graph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to MCE-7 cells;
25 Fig. 8h is a graph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to Pro5 cells; |
Fig. 9a is a photograph showing increased tumor cell-killing effect of the
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25 Fig. 8h is a graph show ng increased gene transfer efficiency of the
reconbi nant adenovi rus d1324-LacZ-VSVG to Pro5 cells; Fig.24d4aich 2§06

phot ograph showi ng i ncreased tunor cell-lolling effect of the 8 24 March
2006 WO 03/, CT/ KR02/ 01831 reconbi nant adenovirus ;(égu%, on
Hep3B cel | svp(f 3?‘%8435) cell lesion analysis, wherein 1= AEEQT = ﬁ?{f and 3=

YCl - Ad-VSVG Fig. 9b is a photograph showi ng increased tunor cell-killing
effect of the reconbinant adenovirus YC -Ad-VSVG on C33A cells through
cell lesion analysis, 5 wherein 1= AEl, 2= YKL-1, and 3= YCl -Ad-VSVG Fig.
9c is a photRemdRANSARNES VIRV E YA MepSB lcblikintduh @e B 1dsRatan Mysik he
reconbi nant adenovirus YCl - Ad- VSVG on U343 cel I s through cell [|esion

‘anal ysi s, whefei 1= AE1 AR YKRA, ¥d 34 yorrdi-9svEgel - Ad-VSVG Fig. 9d is a

phot ograph showi ng i ncreased tunor cell-killing effect of the 10

reconbi nant adendig.r ¥s isYCph#tdgreSyGhomnpdadhsed [thmort ballekitjmgoaffect b gieon
~analysis, wherein 1= LEl, 2= YKL-1, and 3= YCI-Ad-VSVG Fig. 9e is a

phot ogr aph ssembingni sdenedsedy CluddrVOER [onlGI3A erjlsdhfough celf lesior anplysisnbi nant
adenovi rus YCI - Ad- VSVG on _Hepl cells tIhr ough cell lesion analysis, wherein
1= AE15 2= vReen 19A81.32= Ve -lamd a8Cly5-¥pyGiof i s a phot ograph showi ng

i ncreased tunor Ilzkilling eff.ect aof the reconbi nant..,adenpvjr

YO A VSVG on BTV phcogiRply Shiving oipassy sRPaepsTe Sk obig | = g
2= YKL-1, = - Ad- (€ k(. i h i i : d
Cumor cel |- BEpiibinkt s@low CEA VS oh BaGRanA0h SAPYLIH AgHER" O]

Hep& cel | s hbaughapelJ= YRBI10MmENakYsis vsi@; wherein 1= AE 1, 2= YKL-1,
and 3= YCI-Ad-VSVG Fig. 9h i$ a photograph showi ng increased tunor

cel I -killing effeaug @nf it HehotbgapiBheving inctemed inimicr DHkiAthg\WEHG oh tHeCF- 7
cells through cell |esion analysis, wherein 1= AE |, 2= YKL-1, and 3=
YCI - Ad-OVSVGrecombinant adenovirus YCI-Ad-VSVG on U87MG cells through cell lesion analysis,

wherein 1= AE1, 2= YKIL-1, and 3= YCI-Ad-VSVG;

Fig. 9¢ is a photograph showing increased tumor cell-killing effect of the
.recombinant adenovirus YCI-Ad-VSVG on Hepl cells through cell lesion analysis,
wherein 1= AE1, 2= YKL-1, and 3= YCI-Ad-VSVG;

15 Fig. 9f is a photograph showing increased tumor cell-killing effect of the
recombinant adenovirus YCI-Ad-VSVG on U251-N cells through cell lesion analysis,
wherein 1= AEl, 2= YKL-1, and 3= YCI-Ad-VSVG;

Fig. 9g is a photograph showing increased tumor cell-killing effect of the
recombinant adenovirus YCI-Ad-VSVG on HepG2 cells through cell lesion analysis,

20 wherein 1= AE1, 2= YKL-1, and 3= YCI-Ad-VSVG;

' Fig. Oh is a photograph showing increased tumor cell-killing effect of the
recombinant adenovirus YCI-Ad-VSVG on MCF-7 cells through cell lesion analysis,
wherein 1= AEl, 2= YKL-1, and 3= YCI-Ad-VSVG;

Fig. 10 is 2 schemétic representation of a characteristic part of the

25 construction of the recombinant adenovirus YKL-1; |

Fig. 11 is a schematic representation of a characteristic part of the

" construction of each of E1B-mutated adenoviruses Ad—AElBlQ, Ad-AE1B55 and Ad-
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Fig. 10 is a schematic representation of a characteristic part of the .25
construction of the reconbi nant adenovirus YKL-1; Fig. 11 ZAMerch i@t i c
representation of a characteristic part of the construction of each of
E1B-nmut ate vjruses Ad- AEl B19, Ad-AE1B55 and Ad 9 2 6 WO
03/ 029448 g‘@%@%ﬁ%m%l AE 1B 19155 as well as Ad- AEl aé’&l\[ﬁgﬁgﬁéggl g. 12
is a process for construction of the reconbi nant adenovirus YCl - Ad- VSVG
according to the present invention; Fig. 13 is a graph showing a result of

an MIT assay after infecting human 5 brain cancer cell line U251 with 5
MO of the ﬁg{%ﬁ'fp OXEL Ysa X§wpd- VSVG Fig. 14 is a graph show ng
a result of'&]gz;n %&%@gﬁer I nf'ecting human brain cancer cell |ine U343

with 5 MJ of theid aoosbbRRes fadenevidtien of Gle BebntdMaEr addOvirigYCl-Ad-s a
graph showing a result of an MIT assay after infecting human ovari an cancer

cel | 1ine HEEWGuictdrdig tdBle ppdsetthimventombi nant adenovirus YCl - Ad- VSVG Fig.
16-is a graph showing a result of an MIT assay after infecting human
breast cancer ceFig.|13rig a\gBph7shawing a esulvof anMTHaesser efabinRebing 24B8byi r us
YCl - Ad- 15 VSVG Fig. 17 is_a graph show gﬁ i nhi bitor eff_ectxgl‘%ﬁe

r ecombPnantbraizesraosy eall lineclU2AH With /& MR 19f dbigy rerpimbingnt pSISHETYS hbi-Ads) | s
"produced in gug}e nouse; Fig. 18 is a graph show ng inhibitory effect of the
reconbi nant Ya¥&ovirus YC - Ad- VSVG on t he growt h of U343 tunor cells

. produced in nude_npuse; .2 i g. ' QW L.nhichi: fect of
~the reconbi nant gtgé#%\}ﬁIaéapﬁy%@%%_%%@t%%i?%fg%&?%ﬁg?%%%gﬁs
‘produced i n,ide, ABUSSS line U343 with 5 MOI of the recombinant adenovirus YCI-Ad-

VSVG;
10 Fig. 15 is a graph showing a result of an MTT assay after infecting human

ovarian cancer cell line HeLa with 10 MOI of the recombinant adenovirus YCI-Ad-
VSVG;
Fig. 16 is a graph showing a result of an MTT assay after infecting human
breast cancer cell line MCF-7 with 100 MOI of the recombinant adenovirus YCI-Ad-
15 VSVG; |
Fig. 17 is a graph showing inhibitory effect of the recombinant adenovirus
YCI-Ad-VSVG on the growth of Hep3B tumor cells produced in nude mouse;
Fig. 18 is a graph showing inhibitory effect of the recombinant adenovirus
YCI-Ad-VSVG on the growth of U343 tumor cells produced in nude mouse;
20 Fig. 19 is a graph showing inhibitory effect of the recombinant adenovirus
| YCI-Ad-VSVG on the growth of USTMG cells produéed in nude mouse;
Fig. 20 is a gfaph showing viral titer of the recombinant adenovirus d1324-
LacZ-VSVG after infecting 293 cells with 10 MOI of the recombinant adenovirus;
and .
25 Fig. 21 is a graph showing viral titer of the recombinant adenovirus YCI-Ad-
VSVG after infecting human brain cancér cell line U251N with 10 MOI of the
- recombinant adenovirus. |
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Fig. 20 is a graph showing viral titer of the reconbi nant adenovirus d1324-
LacZ-VSVG after infecting 293 cells with 10 MJ of the reddddaahggos
adenovirus; and 25 Fig. 21 is a graph showing viral titer of the

reconbi nan jrus YCl-Ad VSVG after infecting human j er cell
i ne U25I Ngvvﬁﬁﬂ%éé MOT- of the reconbi nant adenovirus. 15%3&{%@%#2006 WO

03/ 029448 BEST MODES FOR CARRYI NG OQUT THE | NVENTI ON PCT/ KR02/ 01831 The
present invention is directed to a reconbi nant adenovirus conprising a
protein containing an epitope derived fromvesicular stomatitis virus
G protein (VSV- G, which is prepared by introducing the protein into
adenovirus. 5 Adenovirus useful in the present invention includes

adenovirus P MODEKIRR CARKRENG OUMPPHE INVENDIRIN 5, and most prefer ably,
al

type 5. In addition, types of adenovirus used in the present invention
may be replication-conpetent or replication- inconpetent. EL1A gene i's known
to be essential for replication of adenovirus. Thus, replicati.on-conpetent
adenovi rus const The pesent invehtompisedismetedi tn\eeretémbinand aenovi s COTARFISEIRAR gene,
and replication-inconpetent adenovirus constructed. in the pres

i nvent i on imoEineodtiningth epitopaderived fonpiesiquing somatideass Gproferp Zﬁg}a{hce with

~the present invention, a replicati n-coggete t reconbi nant adenovirus
conpri si ng @, WhidhiepEPEHHRPHGING 'ﬁ%ﬁ’l"@ % VilH#-ects tumor cells at

~high efficiency in a CAR- independent, .nanner | i 0. th r cells
and then event uaiAIrAWQYFrPT ‘ése%‘ﬁéu&‘ﬁ%‘?seﬁgn%%’lﬁpgqﬁ}'ﬁ% %@g@ﬁ%ﬁsf Ci %ﬁrg&% t he
ot her hand,_a replicatipn-i } t hr ising a
protein con?Bf r?l’ ﬁg’eafﬁg/&gee%%gggﬁeg%g%r%?ﬁg%??t ﬁgqgg@sﬂé’n?ﬂt}%gﬁ?i on, °

whi ch typi Calel ¥ ANKIER o freht ARERIdHBEPREbliGHERBGEpetetior iasichttind t ar get
cells via -1 ndependent 1 nfection at high efficiency, and expresses the
't her apeut i Cing@ffstertn ENR detis detkno®hl 19, bd bstentil | fomirepdicttiomavfredenosiuvar i ous

' i seases Thus, replication-competent adenovirus constructed in the present invention contains
10 an E1A gene, and replication-incompetent adenovirus constructed in the present
invention is E1A-deleted or carries a mutated E1A gene. In accordance with the
present invention, a replication-competent recombinant adenovirus comprising a
protein containing a VSV-G epitope infects tumor cells at high efficiency in a CAR-
independent manner, replicates in the tumor cells and then eventually kills the tumor
15 cells wiht high efﬁéiency. On the other hand, a | replicaﬁon—incompetent
| recombinant adenovirus comprising a protein containing a VSV-G epitope according
to the present invention, which typically carries one or more ﬂlérapeutic genes, entries.
into target cells via CAR-independent infection at high efficiency, and expresses the
therapeutic. genes in the target cells, thus allowing treatment of various diseases
20 including cancer, with improved therapeutic efficacy.
| Mutation at the tumor suppressdr gene p53 is found in about 50% of human
cancers including non-small cell Iung cancer, large intestine cancer, breast cancer,
head and neck cancer and ovarian cancer (Brennan J.A. et al.,, N. Engl. J. Med,, 332, -
429-435, 1995; Bergh et al., Nature Med., 1, 1029-1034, 1995; and Perkins, AS. and
25  Steemn, D.F., Lippincott-Raven, 5th edition, Philadelphia, 79-102, 1997). In addition,
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20 including cancer, with inproved therapeutic efficacy. Mitation at the
tunor suppressor gene p53 is found in about 50% of hunan Z243Yiereh20%6hcl udi ng
- non-smal |l cell lung cancer, large intestine cancer, breast cancer, head

and neck cgncer ovari an cancer (Brennan J.A et at., . Med.,
332, 429-%?”0?[%8%; Bergh et al., Nature Med., 1, 1029-{%@%’3 ; and
Perkins, AS. and 25 Steern, D.F., Lippincott-Raven, 5th edition,

Phi I'adel phia, 79-102, 1997). In addition, 11 24 March 2006 WO 03/ 029448
PCT"/ KRO2/ 01831 in many cancer patients harboring the wild-type p53

ene Elieaf:’ i oGy ofppenetig e e 8 SildigEe 5%3%@?2%%?“%8%@%‘?%% chetti
A. ., Dian.. P, : 4 9 ; i i
papie][ I gr na b\%lﬁ%gvé(f@c%f) %%}%rﬁsmétofg:ﬁ@r?i& I (?;,5;30613131"91%;591', ?%g%w%égégg’nggd 5

Joseph, R No3ansha\Vogys; .k KarchbitibRl & 60 IhigRaNA Bathdl (4,93197, 0995) Nafvelien k,
301-343, 1996), or of her unknown nmechani sms (Chang, F., et ‘al., J. din.

Oncol ., 13,wi088nd0gaillondP ks (Sdheffheatridt eoalg| Cdllnses, dfl 2p8336,51996s awd at ed
with the pathogenic states at the term nal stages of human cancers, for

exanpl®, urfbsephr RN.eandoVivgt) @K.¢ Adepivouti-Raversi 3d sadifionaNewr Yioglpi ¥d+348ancer
therapy (Harris, C.C. and Holstein, M, N Engl. J. Md,, 10 329

1318- 1327, 199636r el uknozarimeghawsma fehargdt.ch 2Lt Bln. Oncoly 13, 105132, | 16,
3158- 3168, 1998). El gene, which_ is one.of.th denpvirus earl enes, is
an essenti d99°% adbo e 9naielgqsi %éPﬁoF’F Wo%%?ﬁ'ﬁrtﬁg pa ﬂené%é%%éé)( lurality
of open reading,franmes,. . including those fqr - d - 55 kDa
(G aham F. %?_r_mugql sigges of hupgn cagge oltl.af e§§?ﬁ%%°%§7€°%§%lg&§ﬁ%n&&T.

Li ppi ncot t - Sk L , ) . J.eq E1A
protein, Wr{lg%\gﬂlag agérm%sléc?@é]{ ?hé%aéﬁr%%rgtg’ocrbﬁﬂ%ﬁﬁ) r%%{a%’lgw b’%%%%gomgnd ot her

transggi ptipg, 1%36194'3@1,(1@?3;%&&@1&&&& DIRiafl Xabthe) MLIBOITS CliQ. OABOIS1E, 3158-
adenovirus- Infected cells to S p’hase, at which the viral genone is

repl i cat ed 308keriog). TElLgdpp] waichtis oRavethe Rietdovimis tobdy gesk] is- 2 dBentiew Yor k,
1996; and Shenk, T. and Flint, S. J., Adv. Cancer Res., 57, 47-85, 1991).
The E1A expaeesfoonepinationny adhatiag, ayirahedss ¢ phiraliy o apge seadingdikgnssnduce t he
expr ession igcgt?dil?gc ’E]:Eogea’}oir %QA?fEIB?IBQ ga? Ya\gd %ISB-%S 1ic]lJJraID(E“h“almalm F. L. et al., J. Gen.
Virol., 36, §9-72, 1987; and Shenk, T. Lippiucdtt—Raven, 3rd edition, 2111-2148, New
15 York, 1996). The E1A protein, which is a transcriptional factor binding to pRB, p300
and other transcription regulatory proteins, mainly functions to convert the adenovirus-
infeéted cells to S phase, at which the viral genome is replicated (Shenk, T. Lippincott-
Raven, 3rd edition, 2111-2148, New York, 1996; and .Shenk, T. and Flint, S. J., Adv.
Cancer Res., 57, 47-85, 1991). The E1A expression and unpredicted synthesis of
20 exogenous DNA induce the expression and activation of p53 known as a tumor
suppressor gene {(Lowe, S.W. and Ruley, H.E., Genes Develop., 7, 535-545, 1993; and
Nakajima T. et al.,, JBC., 273, 20036-20045, 1998). In contrast, the E1B-55 kDa
protein physically binds to and inactivates the p53 protein (Yew, P.R. and Berk, A.J.,
Nature, 357, 82-85, 1992; and Joseph, R.N. and Vogt, PX., Lippincott-Raven, 3rd
25 edition, New York, 301-343, 1996). ~ Therefore, using such a functjonal mechanism of
the E1B-55 kDa protein, wild-type adenovirus can be modified for effective replication

and proliferation in host cells through control of the host cells. Since the binding of
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suppressor gene (Lowe, S.W and Ruley, H E., Genes Develop., 7, 535-545,
1993; and Nakajima T. et al., JBC., 273, 20036-20045, 19%¢)March28¢ntrast,
the EIB-55 kDa protein physically binds to and inactivates the p53 protein
(Yew, P.R rk, A.J., Nature, 357, 82-85, 1992; an .N. and
Vogt, P.K. , @’pogﬁﬁééott-l?aven, 3rd 25 edition, New York, %ﬁﬂéﬁ%si};%).
Therefore, using such a functional nechanismof the ElIB-55 kDa protein,

wi | d-type adenovirus can be nodified for effective replication and
proliferation in host cells through control of the.host cells. Since the

bi ndi ng of 42 2 Mgl 20RR V0B BP9k RETAKTOR! 1834, b 1S kDo

protein en y an gene to pb53 hibits the function of
ps53, |eadi i 1odunRf 1oV iaabtidar O Vit RSlifeRLaN dn@ \Bthalyl ysik ¥gi s of
i nfected cgﬁflét%naﬁg%%t’/i rug%Lsoed i nlt he plr esp’g?lt invention i ncilyuyd/es E1B- 55

kDa- att enugkRedOtelide hgémeirad @ReY ith Whe prentEiRrehifork Bechadet ePIBE S dkDa-
reconbi nant 5 adenovirus devel oped by Bischoff J. et al. was known to

. sel ecti vel yatteaidtéd adre deletbd iadehovirusyt dlThesiBiBHFD pld2a-altdnivated ntecorabihant

i ncl udi ng nost human tunor cells (Bischoff J. et al., Science, 274,
373-376, 198BRovisgcleveiomdshy Bixchefftle st gt otps raewnbionssirctively serdigate #8di s known

P e SR s TAERL St P B BT 051
) 10 obtaingd in i Lnilcal i al of t head
e oLl S S oS b5 RS afen
t i tor - i : it d E1B-55
Pesent o B A el SR 7 s

Ki'll's the ! G @kt 51 (WBSreHvcR! #/630-6481 199 agﬁn&i%urag Qa@BwaS4rsd63; and
KimJ. S. et al., J. Korean Cancer Assoc 2000; 32(1):200-209). 15 The E1B

gene, 1@Xpr egsigifedh ishginal fivlspbase tehinenf etigint kadeadsctihentdBKi®  kDa
and E1B-55 kDa proteins. The EIB-19 kDa protein is encoded by a nucl eotide
sequence si Di btaal., NeturdMedofd, Ba41-134acigNRYy dBeprepentcinvinidrs agpoped thasthe
suppressor, and has simlar fu fiction to Bel-2 (Chiou S, K et al., J.
Virol 1994; BBLiD}deow8168EE . muped B1BRIY Dk pang)pdecvelyirepUeaEA {67 nhi bi
apoptosi s nge(%lis av%i?l? p?gl I;tlﬂtgtigngea?n%vﬂirllgsthe( "‘?\Lg%or cells (Lee H. et al, Int. J. Cancer
2000;88:454-463; and Kim J. S. et al,, J. Korean Cancer Assoc 2000;32(1):200-209).
15 The E1B gene, expressed at the early phase of infection, encodes the E1B-19
kDa and E1B-55 kDa proteins. The E1B-19 kDa protein is encoded by a nucleotide
sequence similar to that of Bcl-2 acting as a potential apoptosis suppressor, and has
similar furiction to Bcl-2 (Chiou S. K. et al., J. Virol 1994:68(10):6553-6566). The
E1B-19 kDa protein is known to inhibit apoptosis mediated by the adenovirus (Ad)
20 E1A protein, as well as by p53 in tumor cells (Debbas M. et al., Genes Dev 1993,

. 7:546-554; and Han J. et al., Genes Dev 1996, 10:461-477). Also, the functional
similarity between E1B-19 kDa and Bel-2 is found in that both of them suppress
apoptosis induced by removal of growth factor, radiotherapy or antitumor agents
(Hliang D. C., Oncogene 1997, 14:405-414). Therefore, E1B-19 kDa-deficient,

25 replication-competent adenovirus may be also useful for gene therapy. The EIB19

- gene-deleted recombinant adenovirus, constructed by the present inventors, was

reported to have excellent tumor cell-killing effect and 2 spread oncolytic effect to
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20 E1A protein, as well as by p53 in tunor cells (Debbas M et al., Genes
Dev 1993, - 7:546-554; and Han J. et al., Genes Dev 1996, ?d:Marhz69§ Al so,
the functional simlarity between EIB-19 kDa and Bcl-2 is found in that

.bot-h of them suppress apoptosis induced by renoval of gr@é@*}l&%&‘ﬁ{)"s-mq

radi ot herapy of antitunor agents (Huang D. C., Oncogene

Therefore, E1B-19 kDa-deficient, 25 replication-conpetent adenovirus nay be
al so useful for gene therapy. The E1B 19 gene-del et ed reconbi nant
adenovirus, constructed by the present inventors, was reported to have

excel I ent t yimhingiak by béua%zgfiﬁcm@ﬁl Eh?gi)t%i§ By 8&dl pRGMNCn eldbeetruso  13.
24 March 2006 WO 03/029448 / KR0O27 01831 surroundi ng, tunor cells, by

i nduci ng apféchal llbyKivi 7.8l etl 0Chicer GtrieOThekapy2062)OvI5UEB6; andiiint o . etel | s
(KimJ. S. et al., Cancer Gene Therapy 2002, 9:725-73 6; and KimJ. S. et
al ., Cancer aRdnear®eseanch afid datatmoertt 20010 33(6330GH11H500-5 11). I n addition,
adenovirus preferably used in the present invention includes E1B- 5 55 kDa
and E1B- 19 kDa- déniadditien, adenowisvs prasrablusad i the presentiptontion icludes Bldsect of

t he present _invention novi.rus yseful in the present invention includes
an E1/ EB- deﬁé@ﬁl@@é@“&g Sﬁeﬁﬂﬁlﬁfr‘?‘gg&f’gﬁ?& adenovirus. Such an E1/E3-del eted

o l'i cation-i t denovi h b ] ) '
because of havi ngt GERE PR NARapots B G albAFt aHiSh AoARREIPI T

~adenovirus Y Beert BB FEREACE ARENO0E fopliBatoulthOitheRROLLAAS! Cel |

types. Therapettic genes are typically 1 ntroduced into adenovirus by

repl aci ng t RecHLAEIAMLIIR&E SdMlibalonlifdonpbted adeRbViinGaids Been Waddlp usedgianes
encoding proteins having antitunmor acfivity and eventually degenerating

tunor cell s gerenBbragy becayd oKhavingd genesransfereffietzaty ralithelynigglicadhar othames,
sui ci de genes and tunor suppressor genes can be 15 introduced into the
adenoviQ us. addnevisusi eéatims ged espeatngl daengepee dn cababl spestrunt ghpel tYReS t o
tunor cells sensitivity to chenotherapeutic agents, or_ of induycing toxic
conditions iTherepaviie gerds|ase typivallyringiodyged finte adeviys By melagag dhs K14 geher pes

ZI g}(:))lle)éls;/l Eéjs%ﬁ&a?yf’{ﬂ (\jr%rglerelfaiigaﬁasog. ( ar\1/c;u-|s-K ends ggcoﬁ%gsprofé?n@ts' hal}lf?nsg' an%tqugr' 236 and
activity and eventually degenerating tumor cells, including cytokine genes,
immunostimulating factor genes, suicide genes and tumor suppressor genes can be

15 introduced into the adenovirus\. The suicide genes encode enzymes capable of
conferring to tumor cells sensitivity to chemotherapeutic agents, or of inducing toxic
conditions in tumor cells. The most well-known suicide gene is the herpes simplex
virus-thymidine kinase‘(I.-ISV-TK) gene (U.S. Pat. Nos. 5,631,236 and 5,601,818).
Cells expressing HSV-TK are susceptible to selective cell death by the nucleoside

20  analog ganciclovir. The tumor suppressor genes encode polypeptides functioning to

| inhibit formation of tumor. The tumor suppressor genes are naturally occurring, and
their deletion or inactivation is believed to be a prerequisite for the incidence of tumor.
Examples of the tumor suppressor genes include members of the tamor suppressor gene
| ]NK4 family, which are exemplified by APC, DPC4, NF-1, NF-2, MTS1, WT1,

25 BRCA1, BRCA2, VHL, p53, pl10Rb, pl6 and p2l, and therapeutically effective

fragments thereof (e.g., p56Rb, p94Rb). It will be understood that other known

 antitumor genes can be used by those of ordinary skill in the art.
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Cells expr essi ng HSV-TK are susceptible to selective cell death by the
nucl eosi de 20 anal og ganciclovir. The tunor suppressor gerfdsMaisk3Hes
pol ypeptides functioning to inhibit formation of tunor. The tunor

suppressor (aenes ﬁfe naturally occurrng, and their del eﬂcﬁﬂa&?ﬁms 1
inactivation is believed to be a prerequisite for the incidence of tunor.

Exanpl es of the tunor suppressor genes include nenbers of the-tunor
suppressor gene [INK4 famly, which are exenplified by APC, DPC4, NF-1,
NF-2, Mrsi, Wri, 25 BRCA 1, BRCA2, VHL, p53, p | | ORb, pl6é and p21, and
therapeutical Iy ﬁIJﬁ&h@y&vm{mﬁﬁuﬁ@%émseﬁ@i:gtfeaﬁﬁéﬁﬁekbus pRdR)are [t Wil |
be understood that other known antitundr genes can be used by those of
ordi.nary skigdwnl NNoASinfitiheg ckdmpBids MArthd (RO OR0ROMAS Rl ¢R0din®1831 | n
addition, a variety of therapeutic genes useful in treating various
di seases ar@tol&iﬁvavﬂla,g.,l\iﬁimfbioﬁid,iiﬁ@r&ma-rﬁplimsrfﬂﬁn-ﬁrmldtimwrfapmwg,i integfewldn i ncl ude
genes encoding cytokines (e.g., interferon-a, interferon-j3, interferon-8
and i nt er f efeqn 1, L8t Br4,dLk6, iL-7(aed g.-10), gndicolony-spimulating fackqrs fp.2./ M7 and
I L-10), and col ony-stinulating factors (e.qg., ](i\ilgS CSF an(g?ﬁ(igCSF .._Further,
~ the thérapetfT engbnesF) n@%a@éﬁ%%ﬁlﬁﬁ%%ﬁ“%@mtc FEOTHEC S H8Gen
activator. (tPA), or urgkin -type .pl aspm nogen. act | ' ds in
Car di ovasc uP]é?mW(ﬁcﬂﬁtor@%‘) ‘%“f?@“asez%wgémﬁgﬁ %C%g%ér ﬁgﬁgr[g%%ds%codi ng
| ysosonal ci.d |ipas eqt.i sl r r j hedn@st er ol
esters and: ?ﬁd@"%’gﬁf @%egﬂc ﬁ?)aygfgf@t{’d%lllggéérpggﬂt%%@?!%eééﬁg%cs%gﬂgslﬁvi a the | ow
- density lip ' j lekRrélleeiéRaht nipliuendssithai den a
“(Proceedi nggﬁégﬁ%ﬁ%ﬁ%%@gld%ﬁk% Sg’iglgrr?gg? Vol . 90, Aplﬂ%jlwlws, p. 2812).
Al so, nucl eghigderrav@ithaRk®ofes viameslowrRhsityflipsprotain secelitarsystess. and ol udi ng
cystic fibrosis, adenosine deam nase deficiency, A DS and other infectious
di seasgs, apgvémbink dypadipienid (Frbeeeting dhe Netionsh dwademy ok Bsisncs ¥ he¥sef ul  as
t her apeuti c genes, which are obtainable from DNA sequence dat ahanks such as
15 GenBank ApriEME3, pARA2VS\ALS, apcleotides axpilable fo5 teeapmmnt offvatipls E¥G&ope

| ycoprotein of vesicul ar . . . :
I yeop including cystic fibrosis, adenosine deaminase deficiency, ATDS and other infectious

diseases, and malignant and inflammatory diseases are known to be useful as
therapeutic genes, which are obtainable from DNA sequence databanks such as
| 15  GenBank or EMBL.

The VSV-G epitope, which is a part of the envelope glycoprotein of vesicular
stomatitis virus (VSV-G), is responsible for infection of VSV into a wide variety of
host cells (Ory, D. S. et al., Proc. Natl. Sci. USA, 93:11400-11406, 1996). The VSV-
G epitope binds to phosphatidyl serine overexpressed on cell membranes of a broad

20 range of human cells. Therefore, the present invention is characterized by introducing
a protein containing a VSV-G epitope, directly associated with binding to phosphatidyl
serine on cell membranes of human cells, to an adenovirus. The protein containing a
VSV-G epitope comprises an oligopeptide having an amino acid sequence given in
SEQ ID NO 9, and includes a glycoprotein containing the oligopeptide and all

25 derivatives from the glycoprotein.
| In accordance with the present invention, the protein containing a VSV-G
 epitope is linked to any position of the adenovirus proteins, including the adenovirus
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stomatitis virus (VSV-G, is responsible for infection of VSVinto a w de
variety of host cells (Oy, D. S. et al., Proc. Natl. Sci24 Nygph 2006
93:11400- 11406, 1996). The VSV- G epitope binds to phosphatidyl serine

over expres || menbranes of a broad 20 range of h oS,
Therefore,aﬁﬂg%%?%gent invention is characterized by int?o @%@%EW§% protein
containing a VSV-G epitope, directly associated wth binding to
phosphatidyl serine on cell nenbranes of human cells, to an adenovirus.
The protein containing a VSV-G epitope conprises an ol igopeptide having an

am no aci d ;sequen Lven i S .H%@] , ' '“ﬁ?ﬁ@ e liepEedt ei n

cont ai ni ng FFe%Si%S%‘%é’B 'nggsghdﬁg%*rla %gﬁ%va e?@%s ro%@t he gl ycoprotein.

I'n accor darg@gt%g' %ﬁlogp%fla{ee@&mm&m&ﬁ&ﬂ Bite of BR daftRke tdimmnbhihaifiver af VSV- G
nke

epitope is to any position of the adenovirus proteins, including the

adenovi r us z3& iRy, 2Q9 61 \WOVGRE. 0202868280,/ H0R0R/ (b8 Bdrbbxsbierminuapli d and
penton base. It is known that an exogenous |igand can be introduced into
the H | ooph@fibéhprotdihiewhichdb, presentt asrthb amast elistanh posisien dom ther bRAUSE of t he
fiber of adenovirus (Kirby, I. et al., J. Virol., 74:;2804-2813, 2000). The
 carboxg t eratemowiug fpraciicallyf pideipgetitebindingnf adencyinys 4 A (PrigiEry, FRERIES ¢

di stant position fromthe body of 5 adenovirys., practicall ticl pates in
~ bindi ng of GhRenothatis the carbexy ey ‘1(} 5tp5${° C‘Eﬁﬁ‘? mﬂsigf)pt?{%a?%gthef&!car boxy
term nus of fiber protei.n.is the opti mal  si Ghidsiven of and
bi ndi ng t o THINSBIHRALE b@%msﬁggwﬁﬁﬁﬁﬁﬂS%%#%?Hﬁ%§ﬁ§§&§§éﬁ%§%?us via the
VSV- G epi t ope refore, | it BRGrE-BSBMntib iRhbioten t he
protein cotﬁ? Xisqr%:jﬁgepg%?sv:%grg%?‘fc’g%g&iﬁgﬁ??gnked t?rt ﬁe knob of t%ehggenovi rus
fiber protejn,.; VIB! Sithhehs ShRdd 1 thd Resbearrthoxdentetusi fiversprofeirt, laad f i ber .
- Figs. 1 anddogta}snh%aggwgr{%agﬁs mgnt of |inkage of a VSV-G epitope to the
terminal engdo@f plhatavleney taroxyf itdtnus pofottei fibert n Bgpr bfaadr 2rha¥patt of the

present invention, there is provided a reconbi nant _adenovirus ci%nt aining a
VSV- G epi t opghodithény efilifitagmot e MSYuG apitapederthe tenminalicpd o fiie gdengvirus ftock

protein.

In a preferred aspect of the present invention, there is provided a recombinant
adenovirus containing a VSV-G epitope derived from vesicular stomatitis virus linked .
15 to the carboxy terminus of the adenovirus fiber protein, which has improved oncolytic
effect. |
The introduction of the protein containing a VSV-G epitope into adenovirus
may be achieved using conventional techniques known in the art. Various approaches
to CAR-independent infection of adenovirus have been attempted, and such alternative
20 infection can be achieved by both genstic and immunologic methods. The
immunologic retargeting strategy is based on conjugates, in which adenovirus is
conjugated with targeting molecules. Such a method requires a multi-component
sj('stem. The genetic strategy‘ includes modification of viral structures using genetic
engineering techniques, which is relatively advéntageous in terms of requiring only a
25 single-component system.
As an example of the conjugate-based strategy to develop a targeted

adenovirus infecting cells via an alternative pathway, the surface of adenoviral vectors
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15 to the carboxy term nus of the adenovirus fiber protein, which has

i mproved oncolytic effect. The introduction of the proteﬂﬁnﬂﬁﬁbapW§ng a
VSV- G epitope into adenovirus may be achieved usi ng conventi onal

t echni ques i.n the art. Various approaches to CAR-i

I nfection gﬁpg;eﬁggirus have been attenpted, and such a|323ﬁ§??@§950

I nfection can be achi eved by both genetic and i mmunol ogi ¢ net hods. The

i mmunol ogi c retargeting strategy is based on conjugates, in which
adenovirus is conjugated wth targeting nol ecules. Such a nethod requires

a multi-co gg%%sea& m&yﬁgfge@ﬁc%rggg%%d@ega&aatm d B%H@%%ﬁ&‘ggﬁdeﬁ Fdton of

viral structures using genetic ring techniques, Is relatively

advant ageoug, 193685 TRkighe fdéardiEo@ i whichFoRtd WhecleiRap eMjugyiem As an
exanpl e of the conjugate-based strategy to develop a targete adenovi rus
infecting cgk |n%u1ydli@in%rFaB|ﬁa Bittof e aftRkivkaondchmabantibede leading ey ibeal
vectors 16 24 March 2006 03/ 029448 PCT/ KR02/01831 is coated with
bi speci fi c adehavightnatige cropismgatiebus Hodiceaa neebbihanasdenotire drittea nbielst i n
1996 by the Douglas research group, in which folate was chem cal
conj ugd ed trepismheThebispesificaitarpeizgedmiuggive atlow tissns-sperific refegsting ﬁﬁéﬁonal
anti body, leading to alter the adepoviral native tropismand thus produce
a reconbi naRusFAE RS spraife seng, ‘?Pé(PrYB tropism The bispecific retargeting
conjugates allow.tissue-specific. retargetin f.the .virus.and t r-cel
specific gene def® Wf%g?%%%?%&l& S%%F@?%8*%5%3%?%&&“&%&%&@%&?1%59t ar get ed
adenovi rus e | f] i e fabear,
penton bas eﬁ%ﬁxgﬁﬁig%@% %@%f&&“@%?@?éﬁ? E%gnnﬁc%ge Q{dhﬁeegﬁl g%%ﬁ%%%:%ﬂ?s Sélg: Ee nti al
for bindi ”gthgffﬁe?_el&{b\b!' i 3ssbRiaFAR birdtet 8F @8bdRGuPito IOARI ROV gMEg iF Mai nl y
achi eved by nDéI I cation of the fiber protein. In order to gene%lcally
nodi fyigt he fdeBevinksndbmeRy achibied HyngolificAi bD iRl fibsr prdRROV il arddrrtopi sm
the trimeric structure of the fiber should be preserved, and a targeting
| i gand shougshetieallywabdifiethp fibsskenbbiregion bindingab GYeR o aberrgdenpaireldtrapish t he
fiber, and thus bind accurate}% to L

: the trimeric structure of the fiber should be preserved, and a targeting ligand should be

well expressed in a form of being conjugated with the fiber, and thus bind accurately to
a specific receptor for the targeting ligand. To express a targeting ligand conjugated
15 to the fiber on the surface of adenovirus, the transcriptional stop codon is deleted from
the fiber protein and a gene encdding the targeting ligand is inserted to the stop site,
thus producing an adenovirus with a targeting ligand-fiber conjugate. Such a ligand
renders adenovirus to have a new tropism and infection specificity, thus improving
transduction efficiency. Figs. 3 and 4 show an embodiment of targeting of adenovirus
20 - using the genetic targeting method. When conjugating a VSV-G epitope to an
adenovirus pi'otein, and preferably, to the carboxy terminus of the adenovirus fiber, a
linker is preferably linked between the adenovirus fiber and the VSV-G epitope to
obtain a suitable 3D configuration. The linker is preferably composed of about 5 to
about 15 amino acids, in which the amino acids may be any one selected from natural
25 amino acids and chemically synthesized amino acids, and also amino acid derivatives
known in the art. In general, amino acids having a small R group, for example,
glycine and alanine, are suitable. Amino acids such as srerine having hydrophilic R~
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. virus accor

a specific receptor for the targeting ligand. To express a targetiqg | i gand
conjugated 15 to the fiber on the surface of adenovirus, t#evarch200
transcriptional stop codon is deleted fromthe fiber protein and a gene

encodi ng tQﬁo&ﬁh‘ﬁEi”g ligand is inserted to the stop sitgrtdlsssp’ cduci ng
an adenovirus w a targeting |ligand-fiber conjugate. Such a |i1gand

renders adenovirus to have a new tropismand infection specificity, thus
i nproving transduction efficiency. Figs. 3 and 4 show an enbodi nent of
targeting of adenovirus 20 using the genetic targeting nethod. Wen

conj ugat i ng Y%yéh%sesgfflﬁé) Rfe atl% s%bl@d‘?ll??é’cjofdéﬁc@%ﬁﬁ 8 infdre RORrrBd BpREtTI Y, tO

t he carboxy”term nus of the adenovirus fiber, a linker is preferably

| i nked bet \A@@grésaﬁ HRARAGH el Rikér BAistEATbbINE MIWokd 12plschReesidues.0bt ai n a
suitable 3D configuration. The linker is preferably conposed of about 5 to

about 15 ani no agh escordancanhiiic b sjcbific prdfervedaspets ofithy pomentiyveniion, deteist ed from
natural 25 am no acids and chem cally synthesized am no acids, and al so

‘am no aci d previdedta seesmbikandvadenavirth & ClrAd-VOY Gy RBE G 12 H hawingcs Hsker havi ng
a small R group, for exanple | yci ne. and al ani ne, are suitable. Am no

aci ds such acmsgéngn&abwinngeﬁ@@ﬁ i 0 ey Py FE839448
PCT/ KR0O2/ 01831 group, such as serine, are also suitable. In accordance with
a nore pref¥§|Ve BdM®ct of the present invention, the |inker consists of

B0 h 200t Aol P ARG U Sl

preferred aspect ere 1s provided a reconbi nant

adenovi rus YO 5A0 YSYGUKFQD RLE) LhahBidiok!| £18ie Seo0nShBkinng: & S

gl yci ne resi etween the‘termnal end of tThe adenovirus fiber and a
VSV- G epi t OBGemARGH! SHefithifaP gbitCandeNBINAC flagied éngding bheoteinacontmingianant

|%[8 to the present invention is produced by constructing a
shut t 148 vecy@V-Gaspibs liflgedatherbtoagineiningod reacmbomit adengsdmve piasehichthopyehf r agent
encoding a protein containing a 10 VSV-G epitope |linked thereto, obtaining
a reconbi nahbmalbemmviecorbiphtimriictvachthe gmitla verrcHe 78 alerayirsl R oi%bet ween

the shuttle vector and an adenoviral vector, and .. . lasmid
transforming or transfecting a suitable cell using the recombinant adenovirus plasmid.

In Example 3, targeting of adenovirus using the genetic method is exemplified by the
construction of a recombinant adenoviral vector pYCI-Ad-VSVG and production of a
15  recombinant adenovirus YCI-Ad-VSVG. A plasmid useful in constructing a shuttle
véctor containing a part of the adenoviral genome as well as a nucleotide sequence
encoding a protein containing a VSV-G epitope may be prokaryotic or eukaryotic, or
known in the art or commercially available. In addition, a host cell for a
recombinant plasmid, useful for production of a fecombinant adenovirus, is well
| 20 ‘known to those of ordinary skill in the art, and exemplified by human embryo kidney
cell Jine 293 (E1A/B+) transformed with a nucleotide sequence nt 1-4344 of AdS5, and
human embryo retinoblastoma cell 911 containing a ﬁucleotide sequence nt 79-5789

of AdS.
The recombinant adenovirus according to the present invention is much more
25 effective in killing various tufnor cells, including liver cancer, ovarian cancer, breast

cancer, brain cancer and lung cancer, than the conventional recombinant adenoviruses.
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transform ng or transfecting a suitable cell using the reconbi nant
adenovirus plasnid. In Exanple 3, targeting of adenovirug4ddush 20
genetic nethod is exenplified by the construction of a reconbi nant

adenovi ral ¢ YCl - Ad- VSVG and production of a 15 rec&:ﬁgﬁgﬁ

adenovir us%ﬁ(ﬁ%‘f‘ SVG A plasm d useful in constructing a s ut}taisgl vect or
containing a part of the adenoviral genone as well as a nucl eotide sequence
encodi ng a protein containing a VSV-G epitope may be prokaryotic or
eukaryotic, or known in the art or commercially available. In addition, a

host cell for a mmeaseet spsdt ofliRSirednt ms&itioh, thee ipprodided h Qhardiaceutical
reconbi nant adenovirus, is well 20 known to those of ordinary skill in the

art, and exesmpdsitiondcdyprisitga(a) abthyrapduitidailyy effetive dmonst 203 (dedmbiBat
transformed with a nucl eotide sequence nt 1-4344 of AdS, and human enbryo
reti nobl ast adeovials conmptisingrit protsimepniaining RSO Y-feeniione dedwdrirory gedqday  of
Ads. The reconbi nant adenovirus according to the present ipvention is nuch
more 25 ef slemgtitsevirys, pihfoh; ik grepared 8 dntrqgReipg dhs preter; igto Eﬁ’d?‘{%ﬁo‘l"iu\?ﬁndcancer,
ovari an canﬁsr, br east.Cﬁmcer tfr-éi n cancer and |lung cancer, than the

LB

conventd onalP)rebEmACHEIRMHERIN'T tBE: 18 24 March 2006 WO 03/029448
PCT/KR02/ 01831 | nmariﬁ&ﬂgrr 2REEGE AL %ﬂ?en?ri%'?*&%n' HeFd ik Oﬂs%éﬂ?g\fi@ecﬂ 2
COMposSI t rising: (a) a ther

~provided a pharnaceuti cal ion conp apeutlcalfy

. effective _aggdﬁ% : i FSAQVERLD cSRFIMheS | (BD 2 dh&hs¥utbdN
. cont.ai ni ng V %/e%ilg%i{ogeﬁgg??@&elda?r om veﬂgi cul ajrag?fsﬁscf?r,;ti ti sﬁ%/li r ug, whi ch

i s prepar edeffytive tan@fiue oG tdpHcibaiceinPettmit Rcatbifde dunoviras camgrisihg (@b) a
pharmaceutical ly acceptable carrier. In another aspect of the present
i nvention, plesie comaiainge YEUWE dpitbpe defial frere evsicwad stomatitie siimp,ovhiolt ish
antitunor effect conprising: (a) a therapeutically effective amunt of a
repl i cdt i onprepmpé by intraducing e paaitin e Apedonagrs sapfining g FAA grngtaar (b)
containing a VSV-G epitope derjved_ from vesicular stomatitis vi whi ch

is 10 prepapdatramacewically geseagblerarmifror Bnee 105 1EPLEALORATRAFRE LooR #%%i ng an

A e A eabbe B RRIRES ke oY AR PLARE S8 " Sl
: composition is usefill in treating tumor-related diseases, including stomach cancer, lung
cancer, breast cahcer, ovarian cancer, liver cancer, bronchogenic cancer,
15 nasopharyngeal cancer, laryngeal cancer, pancreatic cancer, bladder cancer, colon

cancer, and uteﬂn; cervical cancer.
| In another aspect of the present invention, there is further provided a
pharmaceutical composition comprising: (a) a therapeutically effective amount of a
replication-incompetent recombinant adenovirus comprising a protein containing a
20 VSV-G epitope derived from vesicular stomatitis virus, which is prepared by
| introducing the protein into an E1A-deleted or mutated adenovirus, and one or mote
therapeutic genes; and (b) a pharmaceutically acceptable carrier. Since the therapeutic
gene introduced into the replication-incompetent recombinant adenovirus is expressed
in target cells, such a pharmaceuticél composition is useful in treating cancer and other
25 diseases. For example, the phmmaceuﬁcal composition of the present invention is

useful for treatment of colorectal cancer and melanoma when HLLA-B7 is used as a

- therapeutic gene, breast cancer and lung cancer when IL-2 is used, neuroblastoma when
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adenovirus has oncolytic effects on various tunor cells, such a
pharmaceutical conposition is useful in treating t unor - r tMegh dPeases,

i ncl udi ng stomach cancer, lung cancer, breast cancer, ovarian cancer, '
liver cancgr, o ih@fighogeni ¢ cancer, 15 nasopharyngeal canqgﬁﬂﬂﬁeﬁﬁggea
cancer, pancreatic cancer, bladder cancer, colon cancer, and uterine
cervical cancer. In another aspect of the present invention, there is
further provided a pharmaceutical conposition conprising: (a) a
therapeutically effective amount of a replication-inconpetent reconbinant
adenovi rus R s N@nd Rl QhRindme Giieli GNVNCSRis2ed ¥ining Drépenckeranded from
vesicular stomatitis virus, which is prepared by introducing the protein

i nto an El Aodeiag cettepwhanhaifed ieutedcandrbusin carer, iagl ard meok eanceh evaiaaut i c
~genes; and (b) a pharnaceutically acceptable carrier. Since the therapeutic
gene i ntr odeapeer andtroesothelivrapivheralBYris isedo nfreaddition; wbemthe agmapeuidegryei rus i s
expressed in target cells, such _a pharmaceutical conposition is useful in
treating calfcepolsmirlestide associalgd sdstberapy-of mdsctiapy diseaspscandriapligpad andcal

S st PR ey it e heiitice) sPpstiEct BF e Prespll o 1 !
: d | . | L-2.i L . 9 Mar ch
oo B RIS et o U8 SBRHE RS P TR M EeckOof el
GV CSF i's ugg. ucie%‘iiﬁ@:,n@hiﬁﬁr @,Sﬁutcea@ggf 1aned By akd _gﬁamf&y&fe%rm? -1lis

used, and b n cancer, head and ne cancer, ovar cancer and
nmesot hel i ongdnbeR: fRMihdse ds®dency, hind GADSI 08 otheh @ifedtidts idekapadddserigane is a
pol ynucl eoti de associated with therapy of infectious di seases and mal i gnhant
and 5 i nf| agboet.or Judii sthespaitiangnsisdinosn to iwsp bfiordmen tkilt ab theampesd iti on of
the present invention is useful for treatment of diseases corresponding to
known 16f f ecwil bé unterstopdItha dled therabeidic genk chn deenitihly vlizedatthe iprgsertd ¢ o,
exemplified by cystic fibrosis, adenosine deam nase deficiency, and Al DS
and ot her | BVeROlous di seases, as described above. Such a therapeutic gene
is known to those of ordi.nary. skill in rt dit 10 will .

under st ood t hat teq}’&mg ﬁ%?’geﬁg?ﬁlpaepﬁg#@t %ﬁé&ﬁﬁuﬁg‘]&v ?f??qoﬁag%eaoficgﬁ% fe

pr esent

the host, the recombinant adenovirus according to the present invention is beneficial in
terms of effectively delivering therapeutic genes to cells expressing a very small
15 amount of CAR or none at all Examples of the cells include blood cells {e.g.,
leukocytes, such as T cells, B cells, eosinophils or neutrophils, erythrocytes, platelets),
lymphocytes, fibrocytes, pulmonary macrophages, and muscle cells in matured bone
tissues. Therefore, the pharmaceutical composition comprising the recombinant
adenovirus according to the present invention is useful for treatment of damage to the
20  above-mentioned cells and diseases related to the cell damage. For example,
hematopoietic growth factors, including EPO, G-CSF, GM-CSF, CSF-1, IL-1, IL-2, IT.-
3; IL-4, IL-5, IL-6, TL-7, IL-8, IL-9, IL-10, IL-11, IGF-1 and LIF, and DNA sequences
thereof are well known in the art, and the pharmaceutical composition comprising a
recombinant adenovirus containing one or more selected from mucleotide sequences
25 encoding the hematopoietic growth factors may be useful for treatment of

hematopoietic disorders.
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i nvention. OMng to infection independent of CAR distributed on a broad
‘range of cells in the host, the reconbi nant adenovirus a@ﬂé@%?%§m¥b t he
present invention is beneficial in ternms of effectively delivering

t her apeuti o cells expressing a very small 15 a or none
at all. Exgﬁgﬁﬂgébé the cells include blood cells (e.g.?Q%?gﬁg%gé%ﬁg, such
as T cells, B cells, eosinophils or neutrophils, erythrocytes, platelets),
-Iynphocytes, fibrocytes, pul nonary macr ophages, and nuscle cells in matured
bone tissues. Therefore, the pharmaceutical conposition conprising the

reconbi nant adeﬂi%%ﬁff&tr%‘ﬁﬁ 6li0Q S PN BR, REGS 8N pbrfaeBlrk Oftppssisiebl T or
treatnent of damage to t 0 ’above- menti oned ceFI s and diseases related to

the cell dgNBg8ionFsY dR¥ASPHECdisord@RRt Dikoéfote, Ghey topmt hhdrgetitically dffectivedi ng EPO,
G CSF, GwCSF, CSF-1, IL-1, IL-2, IL- 3, IL-4, IL-5, IL-6, IL-7, IL-8,

| L-9, |L-1Qmotht?1ds udeGrhefoirgnababd Bn aandntDhificenternchisve thhephamiaceiticalre| |
known in the art, and the pharnaceutical conposition conprising a

r econbi nantffederasvibedigboayant ai ni ng one or nore sel ected from nucl eot i de
sequences 25 encodi ng the henat opoi etlc growth fac ors may be usef for

treatnent of hehhet phamasquticallys agcenipble oo, "Wﬁ?“é AECHIE;

PCT/ KR0O2/ 01831 The term "treatnent.", as used her e rfect
cure, suppt"é%‘B‘i’%"l‘l‘"’of"’F thy P‘@?ﬁnﬁﬂvﬁﬂ&%"f’ "g‘]i“glé%égm@ro di % Seédf'erlgh %el;?ne ore, the
term"t her ically effectiyv e [ a anmount
suffici ent “iaéWP%v ttﬁen%hian?lﬁrﬁ%ggtoﬁiggdes G}?Cft%% A esc€| %&jﬁgbg@gﬁa’s The

" phar maceut i ﬁaﬁpﬁ%‘l ARCEP AR £, |I}§;a8§1gﬂlt phérRatk, nargﬂgtep@araﬁﬁ, dpcuassﬁ]m

conposition of the présent invent which’is conmonly use
phar maceut igighte! GhittdcAllaling , celliflosd, Spd’l{?&mﬂflpj?ﬁ'dliiﬁné, Ocellulosé ueretsr, | greBse,
dextrose, sucrose, sorbitol, mannitol, starch, rubber arabic, pot assi um
phosph@t e, nadtig velislosy @ie&tyihydroma tb&smatmprcwlhwdmxje benrpaieolgloy Sreandsiume
cel l ul ose, polyvinylpyrrolidone, cellul ose, water, syrups

' stearate, and mineral oils. The pharmaceutical ‘composition accordmg to the present

invention may further includ_e a lubricant, a humectant, a sweetener, a flavoring agent,

an emulsifier, a suspending agent, and a preservative.
The pharmaccutical composition according to the present invention may be
15 administered through the routes used commonly in gene therapy, and preferably,
admunstered parenterally, ie., by intravenous, intraperitoneal, intramuscular,
subcutaneous, or local administration. For example, the pharmaceutlcal composition
may be administered intraperitoneally to treat ovarian cancer and intravenously to treat
liver cancer, directly injected to visible tumor mass to treat breast cancer, directly
20 .  injected to enema to treat colon cancer, and directly injected to a catheter to treat

' Biadder cancer.

| A suitable dosage amount of the pharmaceutical composition of the present
invention may vary depending on pharmaceutical formulation methods, administration
methods, the patient’s age, body weight, sex, pathogenic state, diet, administration
25 time, administration route, an excretion rate and sensitivity for a used pharmaceutical
composition, and doctors of ordinary skill in the art can determine an effective amount

-of the pharmaceutical composition for desired treatment. - Generally, the

21




10 nethyl cellul ose, nethyl hydroxy benzoate, propylhydroxy benzoate, talc,
magnesi um stearate, and mineral oils. The pharmaceuti cal 24dyeB209@n
according to the present invention nmay further include a |ubricant, a

hunmectant, &, syweetener, a flavoring agent, an enulsifi erPCTﬁ{Rw@iggpdi ng
agent, and a preéservative. The pharmaceutical conposition according to the

present invention may be 15 adm nistered through the routes used commonly
in gene therapy, and preferably, admnistered parenterally, i.e., by
i ntravenous, intraperitoneal, intramuscular, subcutaneous, or |ocal

adni ni st r at hpRmafeRkicA X@MPbfiiod RE RO IEREGEHEARN SRANPRRS Lkodl® wrskibe
adm nistered intraperitoneally to treat ovarian cancer and intravenously to

treat |ivepfurane®s recdinbieht adehdvjitds, £d 1:a0Vi i bif @ reeombinie agenooirty Bat

breast .cancer, directly 20 injected to enena to treat colon cancer, and

di rectly i nfypeabylinjested onee feetwo days overdwb wegksadder cancer. A suitabl e dosage
anount of the pharnmaceutical conposition of the present invention may vary
dependi ng on pharifgceharmacsutiead, pempasition empiddeg s drfambingnst adspovimest hods,

t he patient’ dj et, adm nistration

.. bod i.ght,. , th i, L e,
25 ting, -ad?ﬁs"ﬁfdgrtwgrtﬁﬁli?ecﬁ%eﬁ\geﬁthg\énhﬁig’é&P?gqng i ag%gﬁ%%%@ SIHODSINGr 4 used
h ti i1 d doct f. di il h t '
e ot e BRI S SRR Pl BT R S o B
desi r ed trg@%@g ntaif€d & 8! hiiddsD Sonthindf TR ng@tic\“)cg{%&?t%%d' y be

PCT/ KRO2/ 0 arnmaceuti cal conposition of the prese Inventl

conpri ses . RyhillatellOnfoXckihcts, giowdei!, glinufes| @BRErAHuIBIARORIhsSincRAE s N1010
1010 pfu of a reconbinant adenovirus is typically injected once per two

.days over taispensiak sgenibca ghidliracaidt the pharfacquesd] tchdpositivipiap bé golations
reconbi nant adenovirus 5 according to the present invention may be

f or rulLt ed ¢ofrmiboraquetius medivm, fuspensioas boamulsiomsy a phar naceutical ly
acceptabl e carrier and/or excipient, or a nultidose fornulation by being
contained in a mibeiBseaceytigah easppositigr  SeTAPTREe Ut iTeebizARh oRenP GRS nay be

f or nul i ntaq,. r , r, qgranul.es, | r,. l.es, .
f Sr trmh e?t Ieg Ci%.(‘ﬁt U%th tl%:cﬁrgsentp 18‘\;\&1%011 m%y %e %ﬁﬁged a&c%g 01@ Ensco?nbu?a%%rsl lﬁlnt?lstyplga?d

chemotherapy or radiotherapy. Such combination therapy may be more effective in

treating cancer. The chemotherapeutic agent useful for the combination therapy
15 include cisplatin, carboplatin, procarbazine, mechlorethamine, cyclophosphamide,

ifosfamide, melphalan, chlorambucil, bisulfan, nitrosourea, - dactinomycin,

daunorubicin, doxorubicin, bleomycin, plicomycin, mitomycin, etoposide, tamoxifen,

taxol, transplatinum, 5-fluorouracil, vincristin, vinblastin and methotrexate. Examples

of the radiotherapy useful for the combination therapy include X-ray illumination and
20 - y-ray illumination.

In order to increase stability at room temperature, reduce the need for high-cost
storage at low temperature, and prolong shelflife, the pharmaceutical composition
comprising a recombinant adenovirus according to the present invention may be
lyophilized. A process for ficeze-drying may comprise the steps of freezing, first

25 drying and second drying. After ﬁgaezing, the composition is heated under pressure to
“evaporate vapor, At the second drying step, residual water is removed from the dry

product.
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'dispersion agent or a stabi]izer, and the pharnmaceutical conposjtion may be

solutions 10 of oil or aqueous nedi um suspensions or em#AAdYlgKa 2086
phar maceuti cal comnposition conprising a reconbi nant adenovirus according

to the pre%ﬁ9&¥5gM§ntion may be utilized alone or in conliatdeigsd th

typi cal chenotherapy or radiotherapy. Such conbination therapy may be nore
effective in treating cancer. The chenot herapeutic agent useful for the '
conbi nation therapy 15 include cisplatin, carboplatin, procarbazine,

mechl or et ham ne, cycl ophospham de, ifosfam de, nel phal an, chl oranbucil,

‘bisul fan, nitrosqgf efepdiafohi BOMHNAN vacdha NREBiAIHY ToRR! Bhirtlaeutibdleonyci n,

pliconycin, mtonycin, etoposide, tanmoxifen, taxol, transplatinum

5- f | uor our agrhposition CdebSitling, toviha présshi Mveditbnreizh be raekiavel ademaling ®stheof t he
radi ot herapy useful for the conbination therapy include X-ray illum nation
and 20 y-r &jlowlidgirstapat i (O). detaxmininie r callopsen denagesadurst abi thiet pharmaeeyginal
tenperature, reduce the need for high-cost storage at |ow tenperature, and

pr ol ong hePt‘PIgPQS'ﬂ@;I M@g@hﬁmm&@ﬁr@m%ﬁ%@ﬂ%% Fsftrily. 0t J
[ yopit 18 2caPhimp b W1 ol LB aldhine bl Bomphi€d e St d om

Compost {1 onteERe S WAReR AR b biokh 30 it e F i RGP T 05 ong

e e S . f t : ' eond
2006 10 03] §3Sa e PmbhBing 57 ST R 2GR hfotiite B dbling €abed 1T €
freeze-dryi Begcohe ﬁﬁ&&%&ﬁg@&%} et Jovedd TARSedtin® ThakCiBO LBlipte fetpbRtrgr esent

i nvention may be ‘achi eve ccording to the followng stéeps: (1)

det er m ni ng(Hqetfontiog kesRBdairying a0B5endeh presmecol ST al 120cmmiiys iahd ¢6) t hr ough
a freeze-drying mcroscopic analysis (Pikal, M J. et al., Int. |I. 5 Pharm
62, 16% 186¢ovksiagihe vidl withl the lidgnder vaaiumorendition ghibk firegfe-drictrapd slorigg jter  at
room-tenperature and then equilibrating it for about 30 min at -1C, (3)
cool'i ng t heahisl ¥ Crager GBw-3g8Hn%-hen maintaining it at -55C for 2 hrs; (4)

performng a fir _%hedée%izerlgﬁeadt pl?a?rgéjcteuﬁcal formulation may include an excipient and a
| Iyoprotectant. Non-limiting exaraples of the excipient include a buffer solution
containing 0.9% NaCl and 10 mM sodium phosphate (pH 7.0) or 10 mM sodium citrate
15 (pH 7.0). The lyoprotectant functions to protect biological molecules contained in the
composition during the freeze-drying, and supply mechanical support to the final
produét, which is exemplified by PBS (pH 7.0), and PBS/4%, 12% or 15% trehalose.
The present invention will be explained in more detail with reference to the
folIowing examples in conjunction with the accompanying drawings. However, the
following examples are provided only to illustrate the present invention, and the present

. invention is not limited to them.
EXAMPLE 1: Prepai*ation of an E1B-55kDa-deleted recombinant adenovirus

To delete only the open reading frame of E1B-55 kDa protein from the
20 adenovirus E1 gene, after designing primers capable of amplifying a part of E1Al
- gene containing ORFs for E1A and E1B-19 kDa, polymerase chain reaction (PCR)
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32C of product tenperature or 5C | ower tenperature than the col]apse
tenperature; (5) performng a second drying at 35C under Zﬁrl\%@huz 06f 55 to
120 nmHg; and (6) 10 covering the vial with the |id under vacuum condition

of the fre%ﬁ@@_ﬂdzbﬁﬁ’ and storing it at 2 to 8C after crigRnsgahisip- - The
e€d p

freeze-dri armaceutical fornulation may include an exciplient and a.

| yoprotectant, Non-limting exanples of the excipient include a buffer
solution <containing 0.9% NaCd and 10 nM sodi um phosphate (pH 7.0) or 10 nmM
sodiumcitrate 15 (pH 7.0). The |yoprotectant functions to protect

bi ol ogi cal @k geHbesdCRigapXED (Micrbbls, OmanigCunbda)as AUDNAGteriptate, and a
freeze-drying, and supply nechani cal support to the final product, which
is exenplifisete hyinkRBS'(THATTGIATGOTTPERLIAGCORG@EGES%' t(SEQAI M) he
present invention will be explained in nore detail with reference to the
fol | owi ng exenfpining pnBewH] ursstrirtim wite hett He adc P afty i WH-EREWPHEST Yowever ,

ot o O AL BERAObA A KEEMAES RS 1
‘Preparat i an E1B- -, i nant. i T

PrePar a1 Sl S1B SRR L et SSRTaaRk, PARMOHLAD, B el onl v
gene, after Zl'sfgo r&gitﬁﬁ%ﬁétéf?%gbd‘g&g?fan@%?bh&y gdggrc)ﬁ R34 r2fiy, Bl ﬁb{{gene

cont ai ni ng pol'ymera ain reaction (PCR) 23

24 March 20%@&&9 QAURRIEAG RSTHEQZ/ R SdchoVis Rk R bbtahe(TRXT0).

(M crobis, tari o, "Canada) as a DNA tenplate, and a sense priner

5' - TTATTCGATGE PCRFicdFIBT0XEwhzs digedt&ERith BalBIT ah)l theinbearicdiing aaBgHETHI
restriction site at its end, and an anti-sense priner 5'-

- TCTTGGATCCAGAT GT ATAGAESTIE R@OFALTT AVINTAWIES- ChtatigFCQanadaNOAfRy dgesting fieni ng a
BanHl restriction site and a Bglll restriction site at the ends and two

stop Idbdonsespltingushuttiet vectonpCatt| 41 AVBAB- 100D Wit dmal, Boei PR1SF)Wasas o
bt ai ned ( FFgRstamges Wi ahpeRtl: TR AGhE 116 kb 4L BRBCETH HPRVET and
then insert %gctiop tv%mﬁ?;ﬁgil-slti digested with BstB1(Dr. Verca, University of Fribourgh,
Switzerland) to induce homologous recombination between the two vectors (Fig. 10),
giving a recombinant adenoviral pYK.L.-l vector. pYKL-1 DNA was isolated from
15 " the transformed E. coli and digested with Hindlll, confirming that the 55 kDa E1B
segment had been deleted from pYKL-1, Thereafter, 293 cells were transfected with
Pacl-digested linear pYKL-1 to produce an EIB-55 kDa-deleted recombinant
adenovirus. The produced recombinant adenovirus was designated as YKL-1, and

deposited in Korean Culture Center of Microorganisms (KCCM) with the accession
20. No. KCCM-10424 on Sep. 19, 2002,

EXAMPLE 2: Preparation of an E1B-19 kDa or E1B-19 kDa/E1B-55 kDa-deleted

recombinant adenovirus

To construct a recombinant adenovirus shuttle vector pAE1B19/55 with E1B-
19 ¥Da and E1B-55 kDa genes deleted, a primer set capable of giving a PCR product

25 . containing only an E1A gene was designed first, and PCR was carried out using an
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site of El gene-del eted pCAl14 (Mcrobis, Ontario, Canada). After digesti ng
‘the 10 resulting shuttle vector pCAl4-ElA/ ElB-19 kDa wit h 28d¥pich 206 co| o
B15183 was transforned with the shuttle vector along with an E1/E3

gene- del et irus vector vndl324Bst digested w th JBsBlo6Hss Verca,
Uni ver si ty% @:‘ﬂ’?%%urgh, Sw tzerland) to induce honol ogous I’ECOIT%II nation

between the two vectors (Fig. 10), giving a reconbi nant adenoviral pYKL-I
vector. pYKL-1 DNA was isolated from1l.5 the transformed E. coil and
digested with Hndlll, confirmng that the 55 kDa EIB segnent had been

del et ed froﬂgﬁﬁﬁhu's ¥ sﬁ%?&&%xc& 160bxS 0NBHS, ChRES AC4 BN AMdntblate

Pacl - di geste ear p fo produce an’ E1B-55 kDa-del eted reconbi nant
adenovi rus. ;nihendd rRres esht r eaRIBREN K addaReVhrinier \SASTATTOGRTGUIERGTYKL - 1,
and deposited in Korean Cul ture Center of croorgani sms (KCCM with the
accessi on COANGGACTIMGEA424SEO T NO:19) afD@R . anEdoAkPpENRr SPCEALIGAT on of an
E1B- 19 kDa or E1B-19 kDa/ E1B-55 kDa-del et ed reconbi nant adenovirus_ To
construct aCEACHTITCOGCATENMACAGSCIATECS' (SRR ID PAE1B19/15s amnlified) B- 19

kDa - and ElI B-55 kDa genes del eted, a_priner set capable of giving.a PCR
product 25 RORtpmdurigasohigsstedvith Bﬂﬁﬂiénweféﬁgstpé%@g]ﬂ S ?tgpg‘}nﬂP@? was
carried out using an 24 24 My 6 03/ 029448 PCT/ KRO2/ 0153

adenovi rus EVingngtshpigle v‘@@f%rp%@@ﬂ%?ﬁ%r cr {egraltf)a?cfnﬁ?ucéa?ﬁaf B ea‘ée%fe(ln'DNA

tenpl ate an rimer. set : ' ST TCCTTTGT
CTAGaocoddE B DB Re: P B 404 e i SEREGE bafToadh SRR
p
SCAGATCTCO ] AT RerdeSER 1 PidiGrepdled by Wecatimg pRTEHiH BER product
was di geste WEE%%Wanﬁg#seer ted tglg'f ﬁe Bg-lf;Ffli‘g sfii?éepof pCAl14, thus
gi ving a shytd henMeedeictiffElBHRE Sms shbflaed! t6layclodifg eamnatpSPI2 (Proskga.t | e
vector piEl Bl 9kDa carrying an E1B-19 kDa gene in which the start codon is
subst i put edusw,tdadaits dpgtabmongeresiDiBirdtagegerdiat Joiit, CA3URBH) pras parfersedy
di gesting pXCl with Xbal )
on the subcloned DNA fragment using a sense primer 5“GTTACATCTGACCT
CCTGTAGGCTAGCGAGTGTTTGGAAG-3' (SEQ ID NO: 5) and an aniisense
primer 5.CTTCCAAACACTCGCTAGCCTACAGGAGGTCAGATGTAAC-3' (SEQ
ID NO:~ 6), of which one contains 2 rutation in which a start codon is substituted
15 with a stop codon. As a result of the mutagenesis, the produced pSP72/.
pXC1/1.3kb/A19mt plasmid was confirmed to have a mutation through DNA
~ sequencing, Thereafter, the pXC1/1.3kb/A19mt plasmid was digested with Xbal and
RamHI and then subcloned to Xbal and BamHI sites of pXC1, thus producing a shuttle
vector pAEIB19kDa. According to the same method as in Example 1, the shuttle
20 vectors pAE1B19/55 and pAE1B19kDa were digested with Xmnl, and each of the two
shuttle vectors was introduced into E. coli BI5183 along with BstBI-digested single-
sfrand adenovirus vind1324Bst (Dr. Verca, University of Fribourgh, Switzerland) to
induce homologous recombination between the two vectors (Fig. 11). Plasmid DNA
was then isolated from the transformed E. coli and digested with HindIIl. Asa result,
25 it was found that an Ad-pAE1B plasmid with both E1B-19 kDa and E1B-55 kDa
‘genes deleted, and an Ad-pAE1B19 plasmid with an E1B-19 kDa insert in which a

- start codon is substituted with a stop codon were produced. Thereafter, 293 cells
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~and BanH restriction enzynes was subel oned to a cloning vector gSP?Z
(Promega, 10 USA), and site directed nutagenesis (StratagéfdfarglnZ0li|a, ca
USA) was perforned on the subcloned DNA fragnent using a sense primer

5' - GTTACAT CCTGTAGGCTAGCGAGTGITTGGAAG 3" (SEQ I D an

anti sense %%@5%54%1- CTTCCAA ACACTCGCTAGCCTACAGGAGGTCAGA‘F%@/%I%H?SEQ ID

NG - 6), of which one contains a nmutation in which a start codon is

substituted 15 with a stop codon. As a result of the nutagenesis, the

produced pSP72/ pXd/I.3kb/ A 9nt plasm d was confirnmed to have a nutation

through DNAR.3QQHSRGEd Srith BAEH 8RiHeStwo rfebttntintat AllendkRAIALIMEs Gbased Withvas
digested with Xbal and BarnH and then subcloned to Xbal and BanH sites

of pXCl, thpg!ps gehaobd dsp/HIBIOI3S anceatPAEPAEL BddidBnanadaodirusgs.t A t he sanme
method as in Exanple 1, the shuttle 20 vectors pAE1B19/55 and pAElI B 19kDa
wer e di gest edombihint Xderoyirestarith an i 1819 KRe gane delstedtwisalesignatest as '1%61@-1,
introduced into E. coli BJ5183 along with BstBI-digested single- strand
adenovi r us mﬁﬂ@@ﬁ@dtm(m.Koveﬂmcé?}ﬂﬁ@!ﬁi%F%iﬁmo%@mr%c%“ﬁ@éﬁ? and) to
i nduce honvol ogous _reconbi nation é)et vveﬁn the two vectors (Fig. 11). Plasm d
DNA  wds. t heasessiopNe KECM-OH IR 35Pahd#80%ed E. cola and digested with
HndlIl. As aresult, 25 it was found that an Ad-pAEL1B plasmd with both
E1B- 19 kDa and E1B-55 kDa genes del eted, and an Ad- pAE1B19 plasmd with an

. ElB- 19 kDa | } i.ch: . d¥rsubstituted with a stop codon
wer e producgml’g%a a?‘{,h"ggoﬁ‘%:%ﬁbéﬂ@gﬁ%ﬁ March 2006 WO 03/ 029448

PCT/ KR02/ 01831 were transfected with each of the two reconbi nant adenovi ral
vectors digested with Pacl to produce Ad-pAEl B19/55 and Ad- pAE1B19
r econbi nant AapRp@MidTRSecoibint addionns YEUAINSVG@s with an E1B-19 kDa gene
del eted was designated as YKC-1, and deposited in the Korean Cul ture
Center of Mcroorganisns (KCCM with the accession No. KCCM 10425 on Sep.
19, 2002. EXAMPLE 3: Preparation of reconbinant adenovi ruses .

' Retargeting of adenovirus was performed in such a way that an epitope

consisting of 19 amino acids, derived from the envelope glycoprotein of vesicular

10 somatitis virus (VSV-G), was infroduced to the YKI-1 adenovirus with a gene

encoding an E1B-55 kDa protein deleted, prepared in Example 1, as follows (Figs. 1, 2,
3 and 4).

First, an adenoviral shuttle vector was prepared. A DNA fragment of 5543 bp
from vmd1324B§t, which contained a gene encoding the adenovirus fiber protein, was

15 digested with Sacll and Kpnl, and subcloned to the Sacll and Kpnl-digested
pBluescript SK plasmid (Stratagene, Canada), thus producing of a recombinant vector
pSK[5543] (Fig. 12).

In order to reclone the 3’ end region of the fiber, PCR was performed using
pSK[5543] as a DNA template and a primer set composed of a sense primer 3'-

.20 GG_CCTTTACTTGTTTACAGC-3' (SEQ ID NO: 7) and an antisense primer 5
GGGGAGCTCGGATCCTCCTTCTTGGGCAATGTATG-3' (SEQ ID NO: 8). The
antisense priiner was designed to substitute a stop. codon (TTA) with a codon encoding

" Gly (TCC), thus removing a stop codon from the C-teminus of the fiber, and having
- BamHI and Sacl restriction sites.
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A. Preparation of a reconbinant adenovirus YCl-Ad-VSVG Ret argeting of
adenovirus was performed in such a way that an epitope caéddVachggéeof 19
am no acids, derived fromthe envel ope gl ycoprotein of vesicular 10

somatitis ¥%Z%§V G, was introduced to the YKL-1 ade%\fin%@gy%#h a gene

encodi ng a kDa protein deleted, prepared in Exanple S Tollows
(Figs. 1, 2, 3 and 4). First, an adenoviral shuttle vector was prepared. A
DNA fragment of 5543 bp from vndl 324Bst, which contai ned a gene encodi ng

t he adenovirus fiber protein, was 15 digested with Sad and Kpnl, and

subcl oned o L ney Spch) paad. Rokicl SP3kRT0P Bl UERETHER 1SL B8N g o

(Stratagene, Ca us proaucing o I nant vector p 5543]

Fig. 12). dana: . 3! : |
(Fig ) Rg&@ggﬁf EEQ% %&tfoﬂ%@ll%d%@%ﬁa‘%&‘a%h of oldre edrl Datia, MEROVAsS

per formed usi as a enplate and a prinmer set conposed of a
sense pri NMefyRs of RBatkdabd 2 PET e T hACARenng 4135 K2 INGIn o)l cRhghtian aBint | sense
prinmer 5' CIEC;GAGCTCGGATCCTCCTTCTTCII%AATGTAEI'G? (SEQ ID NGO 8). The

anti sense pracQesr Wasn, deBdvasiels; fim! slobgdtioh ut 22°€C for dP ndodoh PCRTApdwt ©H a codon
encoding dy (TCC), thus renoving a stop codon fromthe C-tem nus of the
fi ber, 5and dbavt 85§ bpBasidigesind wihdindlHsand Sadli and veistussriedigiodinNhandSasbos WO
03/ 029448 PCT/ KRO2/ 01831 In detail, PCR was carried 075@9\31 {Fh } 0 ng of the
 DNA t enpl at siteapfh cleningvestor pSRE Gromege, 484), tsrargpii R/, i el tded

-d [ 4C f ,n,. 30 L f d | 4C f I
mn. anneal i ng. alIdist & ¥V ARPABOER BRGI BerIIE P g BRieelY ) | Qe
by final el ti t. 7 . l : b

o gest oa_wi CHIRS Rl bind cigt Aneih 4 s Eo0’a A Ao BigpefoRqndd) P Ve

.sites of | i R AGTWINPGEPPQROGNAARZE 8035]
(Fig. 12). %oﬁggit%h@gg‘{%ﬁf\e} q%%gﬁcg;%&fﬁgﬁlﬁ phgrt | ci pat eQi n entry of VSV

into Rgst C@EQEID NO: 9); and 5-GGAACTTGGCTG AATCCAGGCTTCCCTCCICAAA
GTTGTGGATATGCAACTGTGACG-3' (SEQ ID NO: 10).

In order to obtain suitable spatial configuration of the epitope when being
incorporated to the carboxy terminus of the adenovirus fiber, a nucleotide sequence
encoding a linker consisting of 8 glycine residues was inserted between the nucleotide

15 sequences encoding the epitope and the fiber, as follows. To inseﬁ a DNA fragment
encoding 8 Gly to the pSP72[805] vector, based on the known nucleotide sequences
cbrresponding to both the linker and the VSV-G epitope, a single-stranded
oligonucleotide coding both the linker and the VSV-G epitope_ was synthesized, which

| contained a BamHI site at 5’ end and a Sacl site at 3’ end, and had a nucleotide

20 sequence as follows: |

5_GA/TCC/GGC/GGG/GGC/GGT/GGA/GGA/GGG/GGT/GGA/ACT/TGG/
CTG/AAT/CCA/GGC/TTC/CCT/CCT/ CAA/AGT/’I‘ GT/GGA/TAT/GCA/ACT/GTG/
ACG/TGA/GCT-3' (SEQ IDNO: 11),

Then, a single-stranded DNA complementary to the sequence of the above

25 oligomer was synthesized using a DNA synthesizer. Thereafter, the two synthesized
single-stranded oligomers were incubated at 37 °C for 5 min to allow to fom a hybrid.
In addition, to amplify the hybrid, a primer set of 27-mers was prepared: a sense
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consists of 19 amno acids ranging from 118 to 136, and its am no acid
sequence and its correspondi ng nucl eoti de sequence were 24 MarhgiRo
GTWLNPGFPPQSCGYATVT 10 (SEQ ID NO 9); and 5' - GGAACTTGCECTG '
AATCCAGCCTICCT COTEAAA - GTTGTGGATATCCAACTGTGACG 3° (SEQ 'PQTH@O\%&]Q& In
order to obtarn sSuitable spatial configuration of the epitope when being

i ncorporated to the carboxy term nus of the adenovirus fiber, a nucleotide
sequence encoding a |linker consisting of 8 glycine residues was inserted
bet ween the nucl eotide 15 sequences encoding the epitope and the fiber, as

fol | ows. TopNGEELGANBBAGAAMRAL/GRRIGHGRIGE A& VI SISERSY REBO by, vect or,

based on th nown nucl eotrde sequences corresponding to both the linker
~and the VSVy( gpirdiRafe pAinkt BCECAIAGUIEIACOIT@YMU/ERGICkT/aTdingsSkot h t he

| i nker and the VSV-G epitope was synt hesi zed, which contained a BarnH
site at S #Empoand3n Sacl site at 3' end, and had a nucleotide 20 sequence
as follows: 5'-GA TCCl GEC/ GEE GGC/ GGTI GGA/ GGA/ GGG GGT/ GRAI ACT/ TGH '
CTE AAT/ CCA/ GGC/ PUR! @STeElomh &P ading TGhe@BaYehnanitaed a@titengusing 10 ng

ACG TGV GCT-3'  (SEQ I D NO 11). Then, a single-stranded DNA conpl ementary
to the Sequehthe wimemset apd 80 nEsoioihe dhazednRitgompen e asPHégtarplaley L honA

synt hesi zer.

LT ol SRR R o SRR SRR S,
: [ i i 2= : 27 24
(2, STPLLEY e 9ohh) AR Sl T SR BLOR P AES

kel b £ A h A (A

5' - GAA/ GGE él;lggu ' (SEQ 1D NO 12); and an
anti sense priner -t AC CAG TTE CAT/ ATC-3' (SEQ ID NO
13). PCR was per h@eBerafhe pRATII054+203UpE vadas wars Rt oneed He@m kid BRI USi ng
10 ng 5 of the primer set and 100 ng of the hybrized oligomer as a DNA
tenpl atee. Thepro@npai ffigadnFBRSEI00bh]cbntemgdiogimt ef thaiatitnoBamd-fiben anid Becl , and
the resulting DNA

VgSV-G epitope linked thereto.” The shuttle vector pSK[5543], carrying a nucleotide

sequence éncoding the adenovirus fiber, was digested with HindIll and Mfel, and the
resulting fragment of about 833 bp was then replaced with the fragment [805+103bp],
thereby producing an adenovirus shuttle vector pSK[5510+103bp] (Fig. 12).

15 After digegting the pYKL-1 plasmid prepared in Example 1 with Spel, the
linearized pYKL-1, together with the shuttle vector pSK[5510+103bp], was introduced
into E. coli BI5183 to induce homologous recombﬁlaﬁon. After incubation for 1 day,
plasmid DNA was then isolated from the transformed E. coli. Through PQR using the
27-mer primer set, a DNA fragment of 103 bp was amplified (Fig. 6).

20 The plasmid DNA demonstrated to carry the 103 bp DNA fragment was
introduced again into DH5a. (Gibco, USA) having high copy number, The recovered
plasmid DNA was analyzed through digestion with Pacl to investigate production of a
-2kb fragment and digestion with HindI. The resulting recombinant adenovirus
plasmid was designated as pYCI-Ad-VSVG.

25 After being digested with Pacl, the linearized pYCI-Ad-VSVG plasmid was
introduced into 293 cells (Microbix, Canada) to produce recombinant adenoviral

virions. As a result of PCR performed using genomic DNA isolated from the
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fragnent of 103 bp was subcloned to BanmH and Sacs- dlgest%g_ gPﬁ%b%QS]
vector, thus generating pSP72[ 805+103bp] (Fig. 12). Thereaf
pSP72[805+103bp] vector was cleaved with H ndi and EcoRI 10 to produce a
fragment [ 80%63Q3Mapp] contai ni ng portions of the adenovi reea/KHozbess1 and t he
VSV-G epitope linked thereto. The shuttle vector pSK[5543], carrying a
nucl eoti de sequence encodi ng the adenovirus fiber, was digested with

H ndl Il and Mel, and the resulting fragment of about 833 bp was then
replaced with the f ragnent [805+103bp] t her eby produci ng an adenovi rus

shuttle vecP@ﬂu‘f?qudS!ﬂ‘@mio@BﬁP {opufgagmmt) confamﬂmgﬁo dhﬂgéfSVrG\QPl@qP@ WRSKL - 1
plasm d pre el, ljneari zed pYKL-1 toget her
b i the. sh f@edv@aa%?"p@ﬁ Fodised aafipyin s deepeRbee SR 0, e
BJ5183 to i ous nat After i for day,

o1 s o DaliETea 1R RIRAT ChRRS CRpts Wiioresepbins (RELRBR a fiestiish Ps
using the Ri-gREMRH4B on fragment of 103 bp vvas anplified (Fig.
6). 20 The pl asmgp (fefrsn% S;{gﬁg@}é\ to carry the 103 bp DNA fragnent was
introduced again into DH5u (G bco, USA) having high copy nunber. The
recovered plasm d DNA was anal yzed through digestion with Pacl to

i nvest ijgat eBpPepatatiorosf afecambintill atismmgirendl32nladd-ye&3G on with Hindl I E. The
resul ting reconbi nant adenovirus plasm d was designated as pYCl - Ad- VSVG
25 After being digested with Pacl, the linearized pYCl-Ad-VSVG plasm d was
introduced into 293 cells (Mcr ob| X, Canada) to produce reconbi nant
adenoviral viridfs aﬂ%maﬂ?eeﬁﬁe‘ﬁt of thorngospdretione @f 1BP nYS Veh owpitepeion

i sol at ed frt(% éh 28 24 Marc 006 WO %29448 PCT/ KRO /0183 r.oduced
adenovi r us, YEHEUCHIE -HiCiprey ‘?:‘B’i“?’e%g‘ﬁ BFfy Vo iredugs t‘GaéﬁP %n“was

lified d Y d- VSV
s e A R A R 5
th i !
e SECE .l ACEARIO N o S PP Rk

10 was then subcloned to the adenovirus shuttle vector pCAl4 (Microbix, Canada)

digested with Xbal, thus generating a pCAl4LacZ plasmid. Afier digesting the
E1/E3-deleted vmdl324Bst (Heider, H. et al., Biotechniques, 28(2):260-265, 268-270,
2000) with BstBI, homologous recombination was induced according to the same
procedure as described above, resulting in production of d1324/ pCAl4/LacZ. Next,
15 in order to incorporate the VSV-G epitope into the carboxy terminus pf the fiber of the
di324/ pCAl4/LacZ adenoviral vector, after digesting the shuttle vector
pSKI5510+103bp], carrying a nucleotide sequence encoding the VSV-G epitope, with
Sacll and Kpnl, E. coli BJ5183 was transformed with the lillearized shuttle vector and
Spel-digested d1324/pCAl14/LacZ to induce homologous recombination between the
20 two. vectors. The produced recombinant adenovirus was designated as dl324-LacZ-
VSVG. The recombinant adenovirus wasg grown in 293 bells, and viral titer was

determined through limiting dilution or optical density analysis.

C. Gene constitution analysis of the E1 region of the recombinant adenovirus ¥ CI-Ad-

VSVG
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© Was

To anal yze the effect of the incor poration of the VSV-G epitope on
transduction efficiency of adenovirus, a LacZ gene was i nZfddareldtithn a
replication- inconpetent adenovirus, as follows. A pcDNAhygroLacZ plasmd

(I'nvitroge was digested with Spel and Xbal, thus pgirNigdig.@slacZ
fragment, gvr?ddgﬁﬁ%mﬁ_acz fragment 10 was then subcl oned toptgﬁ)gﬁg enovi r us

“shuttle vector pCAl4 (M crobix, Canada) digested with Xbal, thus
generating a pCAl4LacZ plasm d. After digesting the E1/E3-deleted

vidl 324Bst (Heider, H et al., Biotechniques, 28(2):260-265, 268-270,

2000) wth BstBl, honol ogous reconbi nati on was i nduced according to the
sanme procedure as descri bed above, resulting in production of dl1324/
pCAl4/ LacZ. Next Huhfani hepaionhercell tind HepdBo@imBe44, R'CL5\IIA )opastinfpeted with t he
carboxy term nus of the fiber of the d1324/ pCAl 4/ LacZ adenoviral vector,
af ter di gestdengvituseAdiilt (wholpdil-daleted 8ikheBNnG): 1OBb], Y kd- YN andiibel eot i de

sequence encodi ng the VSV-G epitope, with SacU and Kpnl, _E. cqls BJ5183

q C g : p pe, . p

was transf oPHEdYRG pfenorEvs iAdewh jrewactisielit tat ol & auittplicify ot infetiony (e} e d

d1324/ pCAl4/ lL.acZ.. to induce honologous reconbi nati bet ween. the 20 two

Coctor b ThATE & datso AP ORI R (oA iE £ St (A prialEs Rt 0fedD, (e 2.

VSVG er I pant__adenqvi.rus i n I titer
dt or DA 1 APB JSRIER EieHBodRR, A Ps” ALARE e as A Conlldl asl L €1

- was_ deter mie PR RGP U I e _
YO A veva B e R S s e o

cell line %53%@_8044, ATCC, USA) was infected with adenovirus Ad-AEl
(whol e El -del eted adenovirus), YKL-1, YCl-Ad-VSVG and the wld-type
adenovi rus Ad-wt Theesfiec i Eélggne wis difplifietl iy HGR itiyg edchiofi thecisolatnd (ial) .
After 2 days, viral genone was isolated using a genonm c DNA isolation kit
(Q agen, 5 p@dmes The a dphpletet peh-a meioep eteb neomappserb A AsSeigR tiierysed as a

PO o TR TR TCARAGREE- 5 (B0 Mo: A, diSenkS Bl 32007 91 10
| | ATTCTTTCCCACCCTTAAGCC-3' (SEQ ID NO: 15). The resulting reaction
mixtures were electrophoresed on an agarose gel (Fig. 5). As apparent in Fig. 5,
because of harboring the same E1 gene as that contained in the YRL-1 adenovirus, in
which the E1B-55 kDa gene was selectively deleted, the YCI-Ad-VSVG recombinant
15 | adenovirus according to the present invention produced a PCR product of about 2 kb,
while an approximately 3.2 kb fragment was found in the wild-type adenovirus with

~ the whole E1 gene encoding E1A, E1B-19 kDa and E1B-55 kDa.

D. Identification of incorporation of a VSV-G epitope into the carboxy terminus of the

fiber protein of the recombinant adenovirus YCI-Ad-VSVG

' 20 To investigate incorporation of a nucleotide sequence encoding the VSV-G
epitope into the 3’ end of the fiber of the recombinant adenovirus YCI-Ad-VSVG of
the present invention, PCR was carried out using the viral genome of Ad-AE1, YKL-1
and YCI-Ad-VSVG, prepared in B of Example 3, as template and a primer set capable

of amplifying the nucleotide sequence corresponding to the VSV-G epitope: a sense
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Thereafter, an El gene was anplified by PCR using each of the isolated
viral -genomes as a tenplate and a primer set conposed of 24 M&r8E0%t i mer:
5'- 10 TTTGITGITACTCATAGCCCGT-3' (SEQ ID NGO 14); and an antisense priner:

5' ATTCTTT%M AAGCC- 3" (SEQ ID NO 15). The resul tiRgrh&ashise

m xtures were el ectrophoresed on an agarose gel (Fig. 5). Xs apparent in
Fig. 5, -because of harboring the same El gene as that contained in the
YKL-1 adenovirus, in which the EIB-55 kDa gene was sel ectively del eted, the
YCl - Ad- VSVG r econbi nant 15 adenovirus according to the present invention

duced a_PCR py ' oxi .21 dsb
Fragnent whbTRs o e e RGP e d oG A0 (0 I N 2 ene
encodi ng ELAy 1 Riskselitined L detio B/ dRerA &/ TCAPOAGITIRACATMATE-31 (SBQ por at i on

of a VSV-G epitope 1nto the carboxy termnus of the fiber protein of the
r econbi nantyagien ovi7h ushdel thé\diodBYGretfor TISH7R[BaS+1 Bapke carnbigy panaleotde of a
nucl eoti de sequence encoding the VSV-G epitope into the 3' end of the
fiber of thRequeacosfoisdntenactiniie VSY-F@pitdpt- liudtod linkeheonsistirgefi 8 Ghvent i on,
PCR was .carried out using the viral genone of Ad-AEl, YKL-1 and

YCI - Ad5 VSV@aspsairsagesitive Byl Exainpl e 3, as tenplate and a priner set
capable . of amplifying the nucl eotide sequence correspondi ng the VSV-G
epi tope: a senseTIFOer@g%F@ﬁ“%’é‘W@ U?F(?%?? aph R@%?Q?ﬁg&g%ﬁer

5' - GAA GOG TCQ G / GGA- 3! 1D NQ L

anti sense (Vi nef SPREE @%@@%ﬁé/@@%@%ﬂﬂ%a "?@EB?:@} D NO
17), where the clpiig r . + i W i fde
seqguence of**1B5° B C %fé;%&’-fﬁﬁg,%gﬁg%%g%gﬁﬁeﬁ?]d&é%én?%wgll In eruclztgnsi sting
~of 8 Ay 7 Wasps SinAs of YRRUAVYGGERIRM b QliclediR se@fibd drdgdihgactIWiG ni Xt ur es
wer e el ectrophoresed on an agarose gel (Fig. 6). As apparent in Fig. 6, a

PCR pg gductepabpeafRuipotdiet o \#Rs3nald éfoliaditien tAlso,RER103 dppitagment wakL- 1 and
Ad- AE |, which harbor the native fiber gene, while being found
observed in the PCR sample of the positive control pSP72[805+103bp].

EXAMPLE 4: Assay for gene transfer efﬁdiency of d1324-LacZ-VSVG

To investigate the effect of incorporation of a VSV-G epitope into the

adenovirus fiber on infection efficiency, gene delivery efficiency was evaluated in a

15 gene transfer syste:ﬁ using the dI324-LacZ-VSVG adenovirus expressing beta-
galactosidase encoded by the LacZ gene as a marker. Human brain cancer cell lines,

U343, UL18MG (HTB-15, ATCC, USA), U25IN and USTMG (HTIB-14, ATCC,

USA), and other cell lines expressing CAR at low level, CHO-K1 (CCL-61, ATCC),

MCF-7 (HTB-22, ATCC), Pro5 (CRL-1781, ATCC) and Lec2 (CRL-1736, ATCC),

20 were infected with the adenovirus di324-LacZ as a control and the di324-LacZ-VSVG
| adenovirus with a VSV-G epitope attached at various multiplicities of infection (MOI),
respectively. After 2 days, the infected cells were stained with X-gal (Figs. 7a, 7b,

7c, Te, 7f, 7g and 7h). Figs. 7ato 7h .show results of X-gél staining of the infected

“cell line, U343, U118MG, U251N, U87MG, CHO-K1, Lec2, MCF-7, and Pro 5,

25 respectively. - As apparent in Figs. 7a to 7b, the expression level of LacZ gene was
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in the PCR sanple of YCl-Ad-VSVG with a nucleotide sequen&e‘\4 @%g%{}% a
VSV--G 10 epitope incorporated into the 3" end of the fiber ; e 103
bp. fragnment was observed in the PCR sanple of the positive control
PSP72[ 805+ 132044 XAMPLE 4. Assay for gene transfer effighag@yofhs
d1324-LacZ- VSVG To investigate the effect of incorporation of a VSV-G
epitope into the  adenovirus fiber on infection efficiency, gene delivery
efficiency was evaluated in a 15 gene transfer systemusing the

41324- LacZ- VSVG adenovirus expressing beta- gal actosi dase encoded by the
LacZ gene agouadmarbecincretdedan alb tested @iirides, wdichtidg theisthe AR, acHINSWG

(HTB- 15, ATCC, USA), U251N and U887MG (HTB- 14, ATCC, USA), and other cell
l i nes expr esd&inoyirGARudaimroned|iefoeion efidendy. ( GCpaitylan)@igh expeession\dfl 22,
ATCC), Pros_(CRL-1781, ATCC) and Lec2 (CRL-1736, ATCC), 20 were infected
wi th t he adbagkaysouadip heGHO-Kds MCTEdrire gl andd o Rtrell dinen avhichexpiessed

Lo 14 o S BTl P Rl W,
i i . X- Fi . _Aa, . [ . { , o L ' 7R) . Fi 7
o T t Qi e a8eovitR slfhating Bt o giapler ol VG fldrovigidRedf L0

U251N, U7 ga;%) 1 : , P et | : s appar ent
in Figs. 7%0 ,fﬁtﬁeéggégdgg%ag%t evel’ (H):?o gcﬁagfélﬁ:ﬁv\ggdsg%ngﬁl %I%h 2006
VIO 03/ 0294481 RIGTIRR0IBIN hoHREnssoMEbione ££R8 8F cbiltypbd, thestmdraslyl | i nes,
i ndicating that the d1324-LacZ-VSVG adenovirus had inproved infection

ef fici ency. inkfeapiag ewdirasfer tifieichtyolo celt finesssi on of LacZ was found in the
CHO K1, MCF-7, Pro 5 and Lee 2 cell lines, which expressed the native
receptor CAR of duarasiig ofsthatgere transfdr efidicney byt the Inaeeprapativat ofem ¥iISVGi nf ect ed
5wth wil d-t_%/pe adenovirus, indicating that the d1324-LacZ-VSVG adenovirus
i nfectt@d t pritopa apantitaivalycum theweapisrid heal pigiies Werelghwa g Sphuiigs- 88

Cort types. St St By i iEngt Ko SR SRANel i SBRRLS col|

i nes. "I ncr gasi 19 bl '5r B8 Miedb S flesPUBE AN, UBAAGRRER On of 2

-

K1, Lec2, MCF-7, and Pro 5, respectively. As shown in Figs. 8a to 8h, expression

levels of the LacZ gene greatly increased in all cell lines infected with d1324-LacZ-

15 VSVG, indicating that the d1324-LacZ-VSVG adenovirus had increased infection
efficiency.  The d1324-LacZ-VSVG  adenovirus showed infection efficiency
increased by over 100% in U251N (MOI 1), U118MG (MOI 50), CHO-KI (MOI 50)

and ProS (MOI 50} cell lines, and also remarkably increaséd infection efficiency in

~ other cell lines. Especially, the dl324-LacZ-VSVG adenovirus showed CAR-

20 independent infection in the cell lines, CHO-K1, MCF-7, Pro5 and Lec2, which
| expressed CAR essential for infection of wild-type adenovirus at a low level, which
was higher than that of the dl324-LacZ adenovirus with the fiber not modified.

Also, expression levels of the LacZ gene increased with the MOI of recombmant
adenovirus, indicating that the dl324-LacZ-VSVG adenovirus had significantly

25 increased transduction efficiency.

EXAMPLE 5: Assay for tumor cell-killing effect of YCI-Ad-VSVG
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10 epitope quantitatively, and the resul ts of X-gal stai ni we jven as
~graphs (Figs. 8a, 8b, 8c, 8d, 8e, 8f 8g and 8h). Figs. SQQ&arﬁ{ﬁS@%ow
guantitative analysis of the results of X-gal staining of the infected

cel | Iine’swd%guﬁllm\/a U25 IN, UB7M5 CHO K1, Lec2, Mchkhoz@idsh Pro 5,
respectively. As shown in Figs. 8a to 8h, expression levels of the LacZ
gene greatly increased in all cell lines infected with 41324-LacZ 15 VSVG

i ndi cating that the d1324-LacZ-VSVG adenovirus had increased infection
efficiency. The dl 324-LacZ- VSVG adenovirus showed infection efficiency
i ncreased by over 100%in U251IN (MJ 1), U118Ms (MO 50), CHO Kl (MJ 50)

and Pro5 (MJ 50) cell lines, and also renarkably increased infection
efficiency in offimeeased Thmpi-cadkkillibgpesféctiof she retrabinagp adengyizus/F¢G Abenovi r us
showed CAR 20 i ndependent infection in the cell line Pr o5

and Lec2, wWHSYR wasinvestigaiad bygreinewp cplh lingsy Hepm&&@ilzﬁelzuﬁ? ﬁ%&- {L'\ﬁ?_e?’
adenovi rus (RTIG A gpa MO e it ootl B et Greqrel et Ge (ne-
that the ol SoicRRa s YaieblEbrrd o Bib iR, TR AL Yyg B '
VG- adSvsve 5! Mh B8 Ko, G e B ThEE RS C s Tntiondiady! ect ©

Tunor - cel | {gidel b BRcrBichs&t Afthd MEmERRA TS RNE inkAWIN dby oXELE B virkHG Was
investigated in carcinoma cell |ines, Hep3B, Hepl, Hep&X2, C33A, U343,

UB7MG, U251lan MGIng OMCExhibited Rempricceatiohysis,aells oh theqdatoveree thod eteined wadht h t he
replication-inconpetent adenovirus d1324/LacZ, YKL-1, and YCl-Ad-VSVG at
10, 1 5 or Q5% dvptal wnkdt e$0% wmictipinbl. t Phetegrapbselsthe dtainpAarels wiel givanginef f ect
was nonitored daily wunder a m croscoget At the ponent that the cells

(8]

infected wiFigsafy tofb. ofigs. s tpi Plygrephotagraphs shering, the aerpltpf el dsionl et e

Il lysis, I t he pl at t h j.ned with % | violet
T soRiet herE o JE AR ST PPt e PO TG BAI Vs a o
oh. Figs. gﬁegtﬁ% geqls,aé?.’»ﬁp E‘éffs,"@ﬁ%"&%ls,sﬂ?%&%afm ?—Ie[afééﬂs} U%l-ﬁedeils,ll-fe%tﬁn

cells, and MCF-7 cells, respectively, in which lane 1 shows infection with d1324/LacZ,

lane 2 shows infection with YKT.-1, and lane 3 shows infection with YCI-Ad-VSVG.
As shown in Figs. 9a to 9h, YCI-Ad-VSVG was found to have a tumor cell-killing

- 15 effect about 100 times higher than that of YKL-1 in Hep3B and U343 cells, and about
10 times higher in other carcinoma cell lines.

These results indicated that in all tested carcinoma cell lines, the recombinant
adenovirus YCI-Ad-VSVG had significantly increased oncolytic activity by the

incorporation of a VSV-G epitope, in comparison with the control YKL-1.
20 EXAMPLE 6: MTT assay for tumor cell-killing effect of YCI-Ad-VSVG

To analyze quantitatively the tumor cell-killing effect of YCI-Ad-VSVG, after
infecting various tumor cells with the replication-deficient adenovirus di324-LacZ, the
replication-competent adenovirus YKL-1, and the replication-competent adenovirus

YCI-Ad-VSVG with a VSV-G epitope attached, cell viability of the infected cells was
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10 anal ysis for determ ning increased tunor-specific killi n&effegt of
YCl - Ad- VSVG on  Hep3B cel |'s, C33A cells, U343 cells, US7M3*MMCR 2006y
cells, U251-N cells, Hep& cells, and MCF-7 cells, respectively, in which

| ane 1 shoyg, i ion with d1324/LacZ, |ane 2 shows infRehh@Roisih YKL-I1,
and | ane 3%%%9#% ection with YCl-Ad-VSVG As. shown in Figs. 9a to 9h,

- YCl - Ad- VSVG was found to have a tunor cell-killing 15 effect about 100
times higher than that of YKL-1 in Hep3B and U343 cells, and about 10
times higher in other carcinoma cell lines. These results indicated that in
all tested gRAGkHOBRMEY hsshy. nd8gs. {Band 4¢ ardicsult ofddET cassayuler HEl kutnVSVG had
significantly increased oncolytic activity by the incorporation of a VSV-G
epi tope, i nbrimimardr selh linest U235 handcGBr3, otspadtively, infoteBXANPEEaENONIE shgsay f or
tunor cell-killing effect of YCl-Ad-VSVG To anal yze quantitatively the
tunor cel | - kiultiplisgy of infeation f(M@J) oA§, ¥iBvE ised resylt of MYldcassaigop #he pwant unor

|1 ith th i catjon-deficient i dl324- Z,.t.h .
e e St et ST Sl DL o A,

d i YCl - AQ-MSVG wi t h VSV- it tach 5 i Pt f
eou ue X 1Sl 0 A S MR L BB E e Pl ©

measur ed by A5S i3s. 13 and 14 are results of MIT assay for the
human brai_%&qﬁé‘r’rlor gé?‘?ﬂcghes U251 and U343, respectively, infected with an

adenovirus at a Amibbipnt Gh Hp0f13 @f 6 twRA tdfd Infedted withi the réBlidatio resul t
of MIT assay for the human ovarian cancer cell line HeLa infected with an

adenovi rus gicotBetvid adeasdrufi di3241BaclZsasaa hegatiedibdntiof, rdicklladeatiywhofoundie human
breast cancer cell line MCF-7 infected with an adenovirus at 100 MO . As.
appar ent i nIifftqsrast] hew bdifg infeaed Withrile feplieatipedompetonttadengvénybasHEk-dn-

i nconpet ent adenovirus d1324-LacZ as a negative control, n? cell death was
found.10 | n ewh¥Ehed-ViKencaborizhility of eherinfgctad fumnar igells s gredyply prdp t ent
adenoviruses_, YKL-1 10 and YC-Ad-VSVG cell.  viahility . of the ipfected tunor
cell's was gVEsPEPIEafaR EEgsagywitn § FQPSSﬁ%eo‘ltJi“F‘ber a ?@ﬁu]%ﬂ rbgg@é%io&wtvwgt he

passage of Euigﬁhfecpt?ornt é &!arﬁ:grlei\ﬁe tob%% %‘f&%?po?gtioﬁ %}‘L R&v-G epitope into the carboxy
terminus of the fiber, the recombinant adenovirus YCI-Ad-VSVG was found to have

much higher oncolytic activity than YKL-1.
15 EXAMPLE 7: Testing of antitumor effect of YCI-Ad-VSVG in a nude mouse model

In vivo assay for measuring antitumor effect of the recombinant adenovirus

YCI-Ad-VSVG was performed using nude mice. Human hepatoma cell line Hep3B
(HB-8044, ATCC, USA), human brain cancer cell line U343, or human brain cancer

cell line USTMG (HTB-14, ATCC, USA) was subcutaneously injected to nude mice 5-

20 6 weeks old (Charles River Japan Inc., Japan). When tumor size reached 5x5 mm, the
| recombinant adenovirus YCI-Ad-VSVG at a concentration of 5x10% pfu/50 pl, which
dialyzed with PBS after being recovered by ultracentrifugation, was injected to the

tumors. The size of tumor was measured using calipers once every 2-3 days, and the

results are given in Figs. 17 to 19.
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hi gh infection efficiency due to the incorporation of a VSV-G epitope into
the carboxy terminus of the fiber, the reconbinant adenO\?ﬂrM%fCE@O d- VSVG
was found to have much higher oncolytic activity than YKL-1. 15 EXAVPLE 7:
Testing of antibynpr effect of YC -Ad-VSVGin a nude nmouserfiBgehissn Vi vo
assay for neasuring antitunor effect of the reconbi nant adenovirus

YCl - Ad- VSVG was perfornmed using nude mce. Human hepatoma cell |ine Hep3B
(HB-8044, ATCC, USA), human brain cancer cell |ine U343, or human brain
cancer cell line UB7TM5 (HTB-14, ATCC, USA) was subcutaneously injected to

nude mce 5 20 6 Axefksn & Eigt @736 I 9.Sin B déBol IR P Yebditing odR PES) tunddh eize t UNDI
si ze reached 5x5 mm the reconbinant adenovirus YCl-Ad-VSVG at a

concent r at i afs ilerdaxetiOBitipthe/tadsage ofiihe.h Indioairast,dd micd mjdeRE with the Y& ng
recovered by ultracentrifugation, was injected to the tunors. The size of
tumor was nAdSEV@ adenorgrusaltimaer growib ewas eigpifiagtyd dghibitednd Iohedditiesul ts are
given in Figs. 17 to 19. 34 24 March 2006 WD 031029448 PCT/ KRO2/ 01831 As
shown in Fi tpbibition efdumor srpyithawas@iforssen igrmaiep infecded with theordty I pAmOvigSor si ze

- was increased wi,th th as f tinme. _In_con - ice injected with
the YCP- Adb%l?/@ua’&éﬁf%\??%@%q‘ﬁﬁ Psmﬁgoﬁgﬁ'ﬁﬁ‘}&ﬂ y inhibited. In
addition, inhibigtion of tupor dro . KA £ €7 d wth
the YKL-1 adenovillthﬁsée, resuéts% cagen P %g%ng?c\%gaf%ﬂ%ég%/eﬁ% IEA%[SS; IV:ao%frhgt han

that of YO oAt VaGricHias &efiithifuhBLIEal £ iRt ShbPNRSARBROATGAgenovi  us

ti : .
YCl - Ad- V_SVGp present 1 nvention had excellent antitunor effect in

Vivo. Such Bf gRT.aRNLVEVERs a@fibutdas \CARindépndbet-iMBMG@ Gia did VEVLE epitdpe  CAR
i ndependent 1 nfection via the VSV-G epitope incorporated into the carboxy

t erm nus of idcb@ofatddeinto thd vabetyatbintings éfhthe ¥ty Acis YialEng 1ile ¥ORAIWIVE to
enter tunor cells with | ow CAR expression at high efficiency. EXAMPLE 8:
Assay 1foor vadeabvitustte enterf @t celleiwitB ey COR exprassiometrhich efficiensdd with 10 MJ  of
each of the replication-inconpetent adenovirus dl324-LacZ and the
adenovirus dl 324-LacZ-VSVG with a VSV-G epitope

EXAMPLE §: Assay for viral titer of YCI-Ad-VSVG

293 cells were infected with 10 MOI of each of the replication-incompetent
adenovirus di324-LacZ and the adenovirus d1324-LacZ-VSVG with a VSV-G epitope

attached. 24, 48 and 72 hrs after infection, cell pellets and supernatants were

15 collected, and viral titer was then measured. The results are given in Table 1, below,
and Fig. 20.
TABLE 1
Tncubation time after infection | Viral titer of d1324/LacZ | Viral titer of dl324fLaéZN VG
24 . 16,000,000 20,000,000
48 200,000,000 399,000,000
72 320,000,000 502,000,060

As apparent in Table 1 and Fig. 20, the dI1324-LacZ-VSVG adenovirus

produced viral particles in iaigh titer due to its increased infection efficiency.

35




attached. 24, 48 and 72 hrs after infection, cell pellets _and supernatants
were 15 collected, and viral titer was then neasured. The 2A4dMdapch 2096 e gi ven
in Table 1, below, and Fig. 20. TABLE 1 Incubation time after

i nfect 'i-on\fs‘;@%/%'b%gr of di1324/LaczViral titer of d1324/ LagflRéaYMss1

2416, 000, 00020, 000, 000 48200, 000, 000399, 000 000 72320, 000, 000502, OO0 000 As
. apparent in Table 1 and Fig. 20, the d1324-LacZ-VSVG adenovirus produced
viral particles in high titer due to its increased infection efficiency. 35
24 March 2006 WO 03/029448 PCT/ KR02101831 In addition, to investigate the
increased viral i begisgl 1 GvefhabSWis ineakd virglamee bf YOIIAd-VEVGUBEd N was
infected wwth 10 MO of 'each of the replication-conpetent adenoviruses
YKL-1 and YgheetdelVERYR2Z2N Whas indBtddrwicntd MBI bf cahtof thei rafl@etiomenmpmtsot

pel l ets and supernatants were collected, and viral titer was then measured.
‘The resul t sadefrovameesVKied and YGIAR VEVhe |2d\ky, 48nd apil J2 he afterrinfsetiong celhcubat i on
time after infectionViral titer of YKL-1Viral titer of YCl -%VSV 2412, 600
00015, 900, QBdeis sadswpenroe ysrondleded ard yial it v3o §59 Bere00 RS rePiirent in
Table 2 and Fig. 21, the YC -Ad-VSVG adenovirus with a VSV-G epitope

i ncor por at eﬂieBWP’bu’ti?éle@aPE‘BWya‘{deﬁlﬁi us of the fiber showed higher virus
yields than the YKL-1 adenovirus with a native fiber protein. 10 | NDUSTRI AL
APPLI CABI LI TY As descri bed hereinbefore, the present invention provides a

r econbi nant TABLE 2
Incubation time after iﬁfection Vital titer of YKL-1 | Viral titer of YCI-Ad-VSVG
24 12,600,000 15,900,000
43 20,000,000 25,200,000
72 25,200,000 39,900,000

As apparent in Table 2 and Fig. 21, the YCI-Ad-VSVG adenovirus with a
VSV-G epitope incorporated into the carboxy terminus of the fiber showed higher virus

. yields than the YKL~1 adenovirus with a native fiber protein.
10 INDUSTRIAL APPLICABILITY

As described hereinbefore, the present invention provides a recombinant
adenovirus prepared by introducing a part of a ligand responsible vesicular stomatitis
virus (VSV) entry into adenovirué, which has improved therapeutic efficiency, and a
pharmaceutical composition comprising such a recombinant adenovirus.

15 In accordance with the present invention, through the incorporation of a
VSV-G epitope into the carboxy terminus of the fiber, the recombinant adenovirus
according to the present invention has increased infection efficiency, especially for
cells not infected easily wﬁh wild-type adenovirus, thus enhancing its transduction

) efﬁciency and generation of viral particles in the infected cells. In addition, such 4

20 high infection efficiency allows the recombinant adenovirus to be administered at a
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adenovirus prepared by introducing a part of a |igand respaonsible vesicular
stomatitis virus (VSV) entry into adenovirus, which has iApdacideoo

t herapeutic efficiency, and a pharmaceutical conposition conprising such a
reconbi nant,AdaIAYe rus. 15 In accordance with the presentpcirRe@5bhiseN,

t hrough the 1 ncorporation of a VSV-G epitope into the carboxy term nus of
the fiber, the reconbinant adenovirus according to the present invention
has increased infection efficiency, especially for cells not infected
easily with wild-type adenovirus, thus enhancing its transduction

ef ficiency a%g,mﬁ‘g ' fhindd h6h8&1 Al dNBlalk Rheeheftsgkd ®. | N

addi tion, éﬁ@% |gﬁk?ﬁ?g%ﬁ¥%ﬁ%g???§%gﬁ%y all ows the reconﬁ?ﬁ%nt

adenovi r us g1 ReRtafTanl SHRI efeated acBf R4wblirashth2 OMbBARHDE/ Bady! Svith

PCT/ KRO2/ 01831 | ower amount, thereby m nim zing the host hunoral and

cel lul ar i nadiohersps o Nemotherapyy dhuspbatgivesfubfior déveldpmiant eftney €etd s, as
wel | as the conbination therapy with radiotherapy or chenotherapy, thus
bei ng usef uherpies wpatdt opmeximizte thewpgeivefetther api es capabl e of maxi m zi ng
therapeutic effect. 37 24 March 2006 WD 03/ 029448 DEPCSI TED M CROORGANI SM
OR OTHER BI OLOG CAL MATERI AL PCT/ KR0O2/ 01831 A. The indications nmade bel ow
relate to the deposited mcroorgani smor other biological material referred
.to in the description on page 24, 1ine 15-25 B. | DENTI FI CATI ON OF DEPCSI T

- Further deposits are on an additional sheet™ Nane of depositary institution
Korean Cul ture Center of M croorgani sns(KCCM Address of depositary
institation(including-postal code and country) 361-221, Yurim BID,
Hongj e- | - dong, Seodaemnun- gu,
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SEQUL 120-091, Republic of Korea Date of deposit Accession Nunmber
14/ 09/ 2002 KCCM 10424 C. ADDI TI ONAL | NDI CATI ONS( | eTebl nﬂtlgﬁﬁ\{[@r@égg%() This .
information is continued on an additional sheet ~ D. DESI GNATED STATES FOR
VWHI CH | NDI g@ﬁkﬁ 4\RE MADE (fdreindicafronsamot f or Oldesigygh ﬁh@g,gw
E. SEPARATE NG OF | NDI CATI ONS(| eave bl ank if not applicab eg The
i ndications :listed below will be subnmitted to the International Bureau
| at er (specify the general nature of the indications e.qg., "Accession Nunber
of Deposit') For receiving Ofice use only » This sheet was received with
the international application AerohmnyaerporéANisyer For m PCTI RO 134(Jul y
1998) CT Rule 13his For inter only ™ This sheet was
recei ved by the International Q%tl?lrr%g%koéﬁ&rz%%ﬁ%?%zed of ficer 38 24 March
2006 WO 03/ 029448 I NDI CATI ONS RELATI NG TO DEPOSI TED M CR@?GANI SM OR OTHER
Bl OLOG CAL B,
t he deposit eﬂ TMnﬁl&%J melmlgg to QE hkgﬁlteb&uﬂqlo@gisﬁm othmtoﬂﬁchlaiaterfaﬂifm teﬁ‘ tie
descri pti on| kipRagQagef,mdis-3e 1- 10 B. | DENTI FI CATI ON OF DEPCSI T Furt
~deposits arg_on an additiopal sheet” Nane of depasitary institution
K B. IDENTIFICATION OF DEPOSIT Further deposits are on an additional sheet[]

Name of depositary institution

| Korean Culture Center of Microorganisms(ICCCM)
| Address of depositary institutien(including postal code and country)

-| 361-221, Yerim B/D, Hongje-1-dong, Seodaemun-gu,

SEOUL 120-091, Republic of Korea

Date of deposit Accession Number
14/89/2002 KCCM 10424

C.ADDITIONAL INDICATIONS e linikiftotapintly  This information is continned on an additional sheet N

D.DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE(/ the indications arenotfor all designated States})

E.SEPARATE FURNISHING OF INDICATIONSfeave blank if not applicable)
The indications listed below will be submitted to the International Bureau later(specify the general nuture of the
indications e.q., “dccession Number of Deposit”) ;

For receiving Office use only For international Bureau use only
[0 This sheet was received with the international [1 This sheet was received by the International Bureau
application on:
Authorized officer Authorized officer

" Form PCT/RQIIM(J uly 1998)
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Korean Cul ture Center of M croorgani sns(KCCM Address of de ositaroy
“institution(including postal code and country) 361-221, Y@ﬂ&ﬁﬁfﬂlﬁ? 6
Hongj e- | -dong, Seodaemuu-gu, SEOUL 120-091, Republic of Korea Date of
deposi t Acc | nmber 140912002KCCM 10425 C. ADDI Tl ONAL
| NDI CATI O\lgﬁfésgeh@%%f My& This information is continued Orllrcgﬁméug%:;ﬂ onal
sheet D. DESI GNATED STATES FOR WHI CH | NDI CATI ONS ARE MADE(rfti eindia
nsamot f or al d&nm dSt es) E. SEPARATE FURNI SHI NG OF | NDI CATI ONS( | eave bl ank
i f not applicable) The indications |isted below will be subnmitted to. the
I nt ernati onal Bureau | amerdaspeseetynt heprpesrernadicRoaresNeMof t he i ndi cati ons

e. (., Accession Nnnther of D% 8%{1&4:09{&5&:&&i ng Ofice use only » This
app

sheet was received with the i n?er narona I'cation Authorized officer
Form PCT/ RO 134(July 1998) CT Rule 13bis 39 For international Bureau use
only » This sheet was received by t®ERUGEE) nat | gnal Bureau—er—Aut-hori zed

of ficer 24 |Nopehs20M6..NRaQ3uR2 AR odelihckotdaitaNS ol bsfidehANihi - kR @Sh HED
M CROORGANI | 6 dbieER uBk4d OG CAL MATERI AL PCT/ KR02/ 01831

‘| B. IDENTIFICATION OF DEPOSIT Further deposits are on an additional sheei[]

Name of depositary institntion

Korean Culture Center of Microorganisms(KCCM)
Address of depositary institntion(including postal code and country)

361-221, Yurim B/D, Hongje-1~dong, Seodaemun-gu,

SEOUL 120-091, Republic of Korea

Date of deposit Accession Number
14/09/2002 KCCM 10425

C.ADDITIONAL INDICATIONS (anebrdifnotapiab This information is continued on an additional sheet ]

D.DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE( fhe indications are not for all designed States)

E.SEPARATE FURNISHING OF INDICATIONSTeave blank if not applicable)

The indicattons Kisted below will be submitted o the International Burean later(specify the general nature of the
indications e.q., “Accession Number of Deposit”)

For receiving Office use only : For international Bureau use only
[T This sheet was received with the international i1 This sheet was received by the International Bureau
application am:
Authorized officer Authorized officer

Form PCT/RO/134{July 1998)
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A. The indications nade below relate to the deposited m croorgani sm or
other biological material referred to in the description &fMzge28 |ine
1-10 B. | DENTIFI CATI ON OF DEPCSI T Further deposits are on an additi onal
sheet[] Nagg, 0&9 ositary institution Korean Culture Cenj4 h«a@
M croorgam sms Address of depositary institutiron(inclu ngpost al code
and country) 361-221, Yurim BAD, Hongte-1l-dong, Seodaenun-gu, SEQOUL
120- 091, Republic of Korea Date of deposit Accession Nunber 14/09/2002 KCCM
10423 C. ADDI TlI ONAL | NDI CATI ONS(kuwh kifim q This information is continued
on an additional sheet RpEATIESRENANED DBFATBEOIERBORAKIIREH | NDI CATI ONS ARE
MADE(i fi keut di cal i ousar enot f or al I E{é}ﬁ%g&%&%t es) E SEPARATE FURNI SHI NG
a

OF | NDI CATI ONS( | eave bl ank i f oo™ he indications |isted bel ow
will be submtted to the International Bureau | ater(specify the general
nature of the indications e. g " b L

" MSEREdPIYN  Nunber —of Depasit—)—For—
rece! vi n.g qtﬂ:e c&é&? Ley)w relall_ mtlﬁ dé@ﬁ@%mﬂé@gﬁnmﬁ%pﬁiel\/ﬂﬂgim daldid e el Rtehaat i ona!
appl i cati ongLHRof Jak 8hinolbi cer Form PCTAROAL134(July 1998) 5 (PCT Rule 13bis
For int ernatlonal Bureau use only N This sheet was received hy the

I nter nat i oNgkpeRpEe2to0dkE pEAOSINOT | Zed  Girhbra@isitsddd onZdachiboratine:2006

Name of depositary institution .

Korean Culture Center of Microorganisrs(i.CCM)
Address of depusitary institution{including postal code and couniry)

| 361221, Yurim B/D, Hongje-I-dong, Seodacmun-gu,

SEOUL 120-091, Republic of Korea

Date of deposit Accession Number
14/09/2002 KCCM 10423

C.ADDITIONAL INDICATIONS (emebimkifiopplinié}  This informatio is continued on an additional sheet []

D.DESIGNATED $TATES FOR WHICH INDICATIONS ARE MADE(fthe indications are notfor all designated Sistes)

E.SEPARATE FURNISHING OF INDICATIONS(eave blank: if not applicable)
The mdicafions listed below will be submitted to the International Bureau later(specify the general nature of the
indications e.g., “Accession Number of Deposit™}

For receiving Office use only For international Burean use only
[1 This shect was received with the International [] This sheet was received by the International Bureau
application on;
Authorized officer Anthorized officer

Form PCT/RO/134(July 1998)
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- WO 03/029448 WHAT IS CLAIMED | S: PCT/ KRO2/ 01831 L. A reconbi nant adenovirus
conprising a protein containing a VSV-G epitope derived £f&arded®ul ar
stomatitis virus, which is prepared by introducing said protein into an
adenovirus“K%BNLQQ%reconbinan; adenovirus as set forth i@cﬁ&%@ﬂ%m&r wher ei n
the adenovirus retains an ability to replicate. 3. The reconbi nant
‘adenovirus as set forth in claiml1l, wherein the adenovirus is
replication-inconpetent and contains one or nore therapeutic genes. 10 4.
The reconbi nant adenovirus as set forth in claim1, wherein the adenovirus
i s E1B-55 kDa-del eted, E1B-19 kDa-del eted, or E1B-19 kDaJE1B-55

kDa- del et eWHAT ISICLABMEDtIBnant adenovirus as set forth in claim1, wherein
the VSV-G epitope is linked to an adenovirus fiber protein. 15 6. The
reconbi nant adenovirus as set forth in claim5, wherein the adenovirus

fiber protein is a knob.f el afenotits capibeNARbtoRIRRRIIHLS VEY-Get Tort h

‘in claim®6, wheréin the enovi rus knob 1's a H | oop region, penton

base, or t ! Sh e Sar Qlontdiis virhdShidH RtpRipared 4y iRodvling(said006 VO
03/ 029448 %ﬁﬁml 31 8. Taﬁe r econbi nant ader?gdvi rus as set forth in

cl ai mgl, (Sd thtd ieadddvifasepi-t ope has an am no acid sequence given in SEQ
ID NO 3. 9. The reconbi nant adenovirus as set forth in claiml1l, wherein a
linker is inserted between the adenovirus fiber and the VSV-G epitope. 5
10. The reconbi nant adenovirus as set forth in_claim9, wherein tthhe l'i nker
consists of 5 t@ 15 affhecreeambgant adenovirus as set forth in claim I, wherein the

adenovirus retains an ability to replicate.

3. The recombinant adenovirus as set forth in claim 1, wherein the

adenovirus is replication-incompetent and contains one or more therapeutic genes.

.10 4, The recombinant adenovirus as set forth in claim 1, wherein the

adenovirus is B1B-55 kDa-~deleted, E1B-19 kDa-deleted, or E1B-19 kDa/E1B-55

‘kDa-deleted.

S, The recombinant adenovirus as set forth in claim 1, wherein the

VSV-G epitope is linked to an adenovirus fiber protein.

15 6. The recombinant adenovirus as set forth in claim 5, wherein the

adenovirus fiber protein is a knob region.

7. The recombinant adenovirus as set forth in claim 6, wherein the
adenovirus fiber knob is a HI loop region, penton base, or the carboxy terminus of the

fiber protein.
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11. The reconbi nant adenovirus as set forth in claim110, wherein the am no
acid is glycine or alanine. 12. The reconbi nant adenovirug24adaskf0§@rth in
claim1l, wherein the 10 reconbi nant adenovirus is YC -Ad-VSVG 13. A
pharnaceut%ﬁ@&mﬁﬁgposition conprising: (a) a therapeuticglpkroShissctive
amount of a Teconni nant adenovirus conprising a protein containing a VSV- G
epi tope derived fromvesicular stomatitis virus, which is prepared by
introducing the protein into an adenovirus; and (b) a pharmaceutically
acceptable carrier. 15 14. The pharmaceutical conposition as set forth in
claim13, comprigsing: thaked H?@aﬁqeraa.g;o'vﬁaé by s&1 foRfih aiA D URhereh e
replication conpetent reconbi nant adenovirus conprising a protein
cont ai ni ng FSYY et GRIHaO RE R iavRIGeqienSdEivaPin@H@ID NBRt i tis virus, which
is prepared by introducing the protein into an adenovirus containing an
El A gene; and (b) a pharmaceutically acceptable carrier. 20 15. The
phar maceuti cal conposition as set forth in claim113, 42 24 March 2006 . WD
03/ 029448 PCT/ KRO2/ 018The comnmbirgitagtengddus as sdf dortipiacldimal, whereftf @bnkeye anount
of a replication-inconpetent reconbi nant adenovirus conprising a protein
cont ai ni ng ¥ inssuedberevipe adrapyiresdiber padihe &5 Ve( SRR omati ti s virus, which
is prepared by introducing the protein into an El A-deleted or nutated
~adenovirus, and one or nore therapeutic genes; and (b) a pharnaceutically
acceptable carriep. 16.47Th tl pti.0R,; S r in

% ﬁf) ¢ heTPe r&;{%&%aﬁ?%ﬁ%ﬂv&ﬁé aggé[pﬁg#l 1h aift 9\/%%}?1%;& lth

cl ai m 13, wherei econbi na enovirus contains a - epi t ope

deri-ved fro ] 'lt 51549 '.c;:;.c?d\./i rus |inked to an adenovirus fiber
B Shistindir s 18 13 MR dchas

protein. 10 armaceut 1 cal conposition as set forth in claim 13,
wherein the reconbi nant adenovirus is YCl-Ad-VSVG 18. A reconbi nant
pl asm d expressing the reconbi nant adenovirus of claiml.

: 11. The recombinant adenovirus as set forth in claim 10, wherein the |

amino acid is glycine or alanine.

12. The recombinant adenovirus as set forth in claim 1, wherein the

10 recombinant adenovirus is YCI-Ad-VSVG.

13. A pharmaceutical composition comprising: (a) 2 therapeutically
. gffective amount of a recombinant adenovirus comprising a protein containing a VSV-
G epitope derived from vesicular stomatitis virus, which is prepared by introducing the

protein into an adenovirus; and (b) a ﬁhannaceutically acceptable carrier.

15 14, The pharmaceutical composition as set forth in claim 13,
" comprising: (a) a therapeutically effective amount of a replication-competent
recombinant adenovirus comprising a protein containing a VSV-G epitope derived

from vesicular stomatitis virus, which is prepared by introducing the protein info an

adenovirus containing an E1A. gene; and (b) a pharmaceutically acceptable carrier.

20 15. The pharmaceutical composition as set forth in claim 13,
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19. A host cell trahs-forrred or transfected with the recon‘%ié nt 2@8‘ md 15
of claim18. 43 24 March 2006 WD 03/ 029448 PCT/ KR02/ 01831 ﬁﬂ?@h i sting
<110> YUN, Chae-Ck KIM Joo-Hang <120> Reconbi nant Adenovrius wth

Enhanced T Lc Effect and Pharmaceutical Conpositi T%h% l.si ng Said
Reconbi nanw engi\??rus <160> 17 <170> Kopatentln 1.71 <2f82r <£df_ft> 29
<212> DNA <213> Artificial Sequence <220> <223> prinmer <400> 1 ttattggatc
ctttgtctag ggccgcggg 29 <210> 2 <211> 40 <212> DNA <213> Artificial
Sequence <220> <223> primer <400> 2 tcttggatcc agatctatac agttaagcca

cctat acaac 40mprising: (a) a therapeutically effective amount of a replication-incompetent

recombinant adenovirus comprising a protein containing a VSV-G epitope derived
from vesicular stomatitis virus, which is prepared by introducing the protein into an
ElA-deleted or mutated adenovirus, and one or more therapeutic genes; and (b) a

5 pharmaceutically acceptable carrier.
16. The pharmaceutical composition as set forth in claim 13, wherein
the recombinant adenovirus contains a VSV-G epitope derived from vesicular

stomatitis virus linked to an adenovirus fiber protein.

10 17. The pharmaceutical composition as set forth in claim 13, wherein

the recombinant adenovirus is YCI-Ad-VSVG.

18. A recombinant plasmid expressing the recombinant adenovirus of

claim 1.

19. A host cell transformed or transfected with the recombinant plasmid

15 . ofclaim 18.
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<210> 3 <211> 29 <212> DNA <213> Artificial Sequence 24 W[ch é&)% VO
03/ 029448 PCT/ KRO2/ 01831 Sequence Listing <220> <223> pri faridsh
ttattggatc ctttgtctag ggccgcggg 29 <210> 4 <211> 35 <212> DNA <213>

Artificial wepeupige <220> <223> prinmer <400> 4 ccaggat cCcapcantmbamsca
tttaacacgc catgc 35 <210> 5 4<211> 40 <242> IINA <213> Artificial Sequence
<220> <223> priner <400> 5 &eﬂueﬁmc &t;llﬂgggct agcgag tgtttggaag 40
<210> 6 <211> 40

<110 YUN, Chae-Ck
KIM, Joo-Hang

<120 Recombinant Adenovrius with Enhanced Therapeutic Effect and

Pharmaceutical Composition Comprising Said Recombinant Adenovirus
<160= 17
=170 KopatentIn 1.71
<210> 1
<211l> 29
<212> DNA

<213> Artificial Secguence

<220>

<223> primer

<400 1

ttattggatc ctttgtctag ggcegegag 28
<210 2

<211 AQ

«212> DNA
<213> Artificial Sequence

<220>

<223> primer

<400> 2

tcttgoatec agatctatac agttaagoccea cctatacaac : 40
<210> 3

<211> 29

<212 DNA
<213> Artificial Seguence




- <212> DNA <213> Artificial sequence 24 March 2006 WO 03/029448 S @ijence
Li sting PCT/KR02/ 01831 <220> <223> primer <400> 6 cttccaagézM€F]&§ %gcc
t acaggaggt cagatgtaac 40 <210> 7 <211> 20 <212> DNA <213> Artificial
Sequence < < > prinmer .<400> 7 ggcctttact tgtttaca 8
s “SRBuiE B o al Sequence <220> <223§’%55‘.q‘r?§’§1’831200> B
‘ggggagctcg gatcctcctt cttgg£equ@ﬂ¢95 <|$[t]:ng <211> 19 <212> PRT

<220

<223> primex

<400 3

ttattggate ctttgtetag ggeegeggg ‘ 29
<210> 4

<211l> 35

<212> DNA
<213> Artificial Sequence

<220>

«223» primer

<400 4

ccaggateca gatetoececa tttaacacge catge 35
<210 5

<211 40

«212> DA
<213> Artificial Sequence

<220

<223 primer

<400> 5 _

gttacatetg accteoctgta ggetagegag tgtttggaag © 4D
<210> &

<211l> 440

- =212 DNA
<213 Artificial Segquence




<213> Vesicular stomatitis virus <400> 24 March 2006 WD 03/.029448

PCT/ KRO2/ 01831 Sequence Listing Gy Thr Trp Leu Asn Pro G} M#ehppe pro Qn
Ser Cys Ay Tyr Ala 1 5 10 15 Thr Val Thr <210> 10 <211> 57 <212> DNA
<213> Vesi ( matitis virus <400> 10 ggaacttggc tga ccctcct
Caaagt-tgt_g%tg é"t’%{é‘gac tgtgacg 57 <210> 11 <211> 92 B o L
Artificial Sequence <220> < q:uenm LA]@Hn gat ccggcgg gggcggt gga
'ggagggggt g gaacttggct gaatccaggc ttccctcctc 60 adagttgtgg atatgcaact
gtgacgtgag ct 92 <210> 12 <211> 27 <212> DNA <213> Artificial Sequence
<220> <223> pri mer

<220

<223> primer

<400> &

cttecaaaca cteogetagee tacaggaggt cagatgtaac ’ 40
<210 7

<211> 20

<212 DNa
<213> Artificial Sequence

<220>

<223> primer

<400> 7

ggectttact tgtttacage 20
<210 8

«211> 35

<212> DNA
<213> Artifieial Sequence

<220>

<223 primer

<400> 8

ggggagetog gatcctoett cttgggeaat gtatg 35
<210> 4

‘=21ll> 19

<212> PRT

 <213> Vesicular stomatitis wvirus

<400> ]




24 Narch 2006 WO 03/ 029448 Sequence Listing PCT/KR02/01831 <400> 12
gaagggggat ccggcggggg cggtgga 27 <210> 13 <211> 27 <212 24ixgrck 2995
Artificial Sequence <220> <223> prinmer <400> 13 cccgagctca cgtcacagtt
gcatatc <2 <211> 21 <212> DNA <213> Artificial S 0> <223>
pri mer <408€6ﬁ3ﬁﬁ94t4§tgt gttac fcatagcgeg t <2103 15 <211> igfiﬂi&@?f]}ggom

<213> Artificial sequence < eﬂClﬁiIIflShng

Gly Thr Trp Leu Asn Pro Gly Phe Pro Pro Gln Ser Cys Gly Tyr Ala

1 5 10 i5
Thr Val Thr
<210> 10
<21i> 57
<212> DNA
213> Vesicular stomatitis virus
<400> 10 )
ggaacttggce tgaatccagg cttecckoct caaagttgty gatatgeoaac tgtgacy 57
<210 11
<211> 82

<212> DNA
<213> Artificial Sequence

<220>

<223> oligomer

<400> 11

gatccggegg gggeggtygga ggagggggtg gaactigget gaatecagge tteectecte 60
aaagttgtgyg atatgeaact gtgacgtaag ct 92
<210> 12
<211> 27

<212> DNA
<213 Artificial Sequence

<220

«223> primexr




21 <400> 15 24 March 2006 WO 03/029448 PCT/ KRO2/ 01831 Squ%%ecl_bﬁﬁgﬁjf ng
attctttccc acccttaagc ¢ 21 <210> 16 <211> 27 <212> DNA gll\r i cial
sequence <220> <223> prinmer <400> 16 gaagggggat ccggcggggg cggtgga 27 <210>
17 <213. >y eznsdd> DNA <213> Artificial Sequence . <220%csAd@zoidsi Mer

<400> 17 .cccgagctca cgtcacagtetq cgﬁ&cezlzisting

<400 12

gazgggggat coggeggggg cggtogga - 27
230> 13

<211l= 27

<212 DNA
. <213 Artificial Seguence

<220>
. «223> primer
<400> 13
cccgagetca cgbcacagtt geatatce 27
<210 14
<211 21

<212> DNA
<213> Artificial Seguence

<220>
<223> primer
<400> 14
tttgtgttac teatagegeg t 21
<210> 15
Co<21l> 21

<212> DNA
<213> Artificial Sequence

| <220>
<223 primer
<400 15
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attcttteeo acecthaage ¢

<210>
<211>
«212>
<213>

<220>
<223>

<400

16

27

DNA

Artificial Sequence

primer

16

gazgggggat coggegggee cggtaga

<210>
<211l>
<212>
<213>

<220>
€223

<400

17

27

DNA

Artificial Sequence

primer

17

cececgagetea cgtecacagtt geatate
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