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BACKGROUND ART

With recent rapid developments in molecular biclogy, considerable advance
has been made in development of therapeutic agents for various cancers and other
" intractable diseases using recombinant DNA technologiés. AIso, since gene therapy
15l 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 béen 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
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Gysine VSV-G 00 'IT Linker Epitope Tail Shaft Knob (57) Abstract:

Di scl osed is a reconbi nant adenovirus with a protein cont a4agha08Ey- G

epi tope derived fromvesicular stomatitis O vins (VSV). Al so, the present
invention ¢icsleses a pharnmaceutical conposition conpri Sigeg spis/isd

reconbi nant adenovirus and a pharnmaceutically acceptable carrier. Further,
the present invention discloses a reconbinant plasm d capabl e of expressing
the reconbi nant adenovirus and a host cell transfornmed with the

reconbi nant adenovirus. 24 March 2006 WO 03/029448 PCT/ KR02/ 01831

RECOVBI NANT reRbGlbiRED e\ kst b IHANGE Do TdaE RAPEMEb b iakitESdEn o ARIP RHARMACEUTI CAL
COVPCS| TI ON COVPRI SI NG SAI D - RECOVBI'NANT ADENOVI RUS 5 TECHNI CAL FI'ELD The

present i nvemsfgrvehieleawas reported)éné98ll by Goaldm, &C OMIGraakh, FIEN@NBOST W t h

i nproved therapeutic efficacy, and nore particularly, to a reconbi nant
adenovi rus 18PERAY3d 1994 ntSioetudienfrsh dlinigaln tial exfpgerei thempf dn ddefiesitei on of
vesi cul ar séoma.t I ti z@é& rus . (VSV) into adengvirus. Al so, the present
invention i SeaRBMAse (ADAwictipicnt patignisiiarl98® castive mseareimings i gehe Fheeapbiprassi ng

such a _reconbinan oVi, BA ND ART Wth recent rapid .,

devel opment B °R“ﬁ%%ﬁ3ﬁ%@1%ﬁ§?%gv%gﬁwa§ﬂ%PEaa gene s 1ses ade i n
devel opnent r | € for _variou ancers and ot her

i ntract abl e e‘éé%ge@&gﬁ% %"a?‘g‘g'gg P& °°BWK‘3P§%°??HSY‘6%W8§*F’ISA‘I°§ ucted bye gene

t hera 15 fd gt ; ; 1N C | , ' | i ver
syst elror)s{ of itﬁﬁee?trnggpgh&t Ei;pg&hgeérlr%}eligﬁéegérrlgttg'erlg‘g }s/re égvég‘g%e%é%nggfl ie@d&guf?& th\%/%o n)g;

clinical gesRnéviesabd Rauy BaRELs £Q08ent BEMFraRhitlERl et GARER ReclRAGVAr | OUS
vect ors based on human or non-hunman viruses have been devél oped as

vehi cl es t oiransfemifgemxogdnenspenss into gemisty offdell s gghrdiak b cell dyclelhiatdvf
adenovirus with many advantages as a gene transfer vehicle is attractive as
a subdfi t utitergebeellsopasile prosucing high-titBovirys; heing cagablesef wfingyophititedrandy i n
clinical fields, first of all, gene transfer vehicles capable of safely

and ef f ect i W8 §rugBrallettolle adcieinsetnsily foganistedtiptor phageacsutical preparations
(Yeh, P. et al,, FASEB J., 11:615-622, 1997).

However, adenovirus has several significant problems in 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—rep'lication 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 into a body owing to being produced in high titer and easily

concentrated, clinical cancer gene therapy mediated by recombinant adenovirus has
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24 March 2006 WD 03/029448 PCT/ KR0O2/ 01831 regi ons shoul d be devel oped. The
potential of reconbinant adenovirus as a gene transfer vektMarchiQg86
reported in 1984 by G aham F. L. (Gaham F. L., EMBO J., 1:2917-2922,
1984) . Singgo bixedsgr st clinical trial of gene therapy in ﬁgﬁﬁﬁﬁ;ﬂgﬁl

.deam nase (ADA)-deficient patients in 1990, active research into gene
therapy was 5 perforned until the m d-1990s, in which expression of a
specific gene was induced in target cells using replication-defective
reconbi nant adenoviral vectors constructed by inserting the specific gene
thereinto. fipidly iesasscCih thaparfbrDiead. bWHeh @adcef is frévddd usaﬁgegemithaﬂ@yhas many
benefits as a gene transfer vehicle, in terns of being excellent in

t ransf erri needietegeryoresogeines ddenavims,vedegirylondedcaidl canjipesis rexp@ssidnests of

cell cycle state of 10 target cells, easily producing high-titer virus,

bei ng capablheraptutisegenes isynopragrired dnd host immuse wspanse induped bysviws|ag viralnd bei ng
easily formul ated, i nto pharmaceutical preparations (Yeh, P. et al., FASEB
J., 11:615- Breseins|isgref esspiipd pad can e AdVANIAGROU AR ARG SRS adepoNifE bgsAmepr obl ens
in nediating,gene transfer,.incluydi.ng the _relatjvel rt-termexpression
of for B on GUREDEad 8 Rbsel TRRAS Faishatoer diebinh i, 2 sk e B L ol
‘proteins ang_zgg_r §§'1i99§ ected cells. To overcone such probl ens, various
efforts to fd |T2y ’structure of adenovirus have been nmade. For exanple, it

was reported by SokorBantnknt MHehSARisth fr &Hééretﬁérag},r %ﬁichPéaﬂ?UQ%ﬁ'lgﬁy

renmovi ng all adenoviral coding sequences is advantageous in fernms of being

capabl e of @Rty ghieXi FeiNgead tedhseh dySieRls HfrsOABEE in Aanv&! berdsS tiRtipy.
producing 20 viral proteins and thus not inducing inmune response in host

cel I s ( Koch®eedntly,Sefforfar ieeve belatrhadeAwaithpr@ei ther@Beuhié Idficat360f de@® Bheraffor ean
Pat. Publication No. 1999-22941 discloses an adenovirus vector having no
over | &9 wi t Hroughyusimaliansopn exergising e bwo [themapeution gendsi eigodins rmseiring svithoses
self-replication ability and is incapable of being ;ncapsi daﬁs_ed t hus

avoi di ng i neEFereaf dimetons £HbeTHBaTh G ReR @18 geice AT 29e0LTHEBELIEE] BB ant

i 0.5 body VBHERG: O] YHRR e A GRS AR o aado R ot oo
nto a b . . . rate
Var o 2006 T8 B3 O IBEATSpEe B bty Tief BER AR ae e AR G R st Tive

years. \Wieng6anasr 199t et Sdmpkd, Kobhr&@ N L NET B0Y-5206 discloses a method of

15 treating cancer using recombinant adenovirus harboring the p53 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
vectors 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 of selectively replicating in and killing tumor cells, since the McCormick

25 research group reported a recombinant adenovirus. The E1B 55 kDa gene-deleted
adenovirus ONYX-015 (d11520), which was developed by McCormick, selectively

- replicates and induces cytolysis in tumor cells lacking functional p53 (Heise, C. et al.,
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medi at ed by reconbi nant adenovirus, since prolonged and continuous
expressi on of therapeutic genes is not required, and host24 Maphe0pésponse
i nduced ‘by virus or viral proteins is not essential and can be

advant ageowgo bin26Q8e cases, adenovirus becone 5 attractiv;tfﬁ§mﬁm%%9e

- transfer vehicle for cancer therapy (Pallard, F. Hum GCene er.,
9:283-286, 1998). Most reconbi nant adenoviruses for cancer therapy, which
carry a single therapeutic gene, are gene transfer systens first used in
cancer gene therapy. Recently, efforts have been made to inprove

t her apeut i oalrk VG \3:659-@) @99her BDMinddd] rials0hde theSthedaithdnd RE BetEl SUe@ssi on of
two t herapeutic genes encoding proteins with different functions, rather
t han expr esanen thdf reomnrbigatedermvirad ONYH-015sshowdd ak@ilegeheapeutie effipscyi n

conmbi nation with adm ni stration of antitunuor agents or radi otherapy, which
have been dunthemiose, roetief typecspenabingn edenpyirgRprepared . by inserting a, capeerNat .
Cancer Ins., 89:21-39, 1997). For exanple, Korean Pat. No. 1997-5206

di scl oses &Pepkliq gangregtlstary ciggion gintey dble regien (Vipsr devslancdart whieh ol us
harboring the.p53 gene, known to have an.antitunor, effect, i i ch the

T eGontt nantliBRGF GRS gL o e s Rt ohiscpeios Al ik

"particles and. thus displa ffective antifur LVi. . it has
becn repor CR™t 1ot "SR E e PRl el i b BRoreSL b uhdbure ME N Ees ' ¢ o
i nduce antigt acth Vi | I £ i hfest s e snal |
20 nunber of @ur ‘rnglﬁsn ngd%éeiaflgg} %Sgﬂr’ié?’g?éei{e ‘g%? aﬁe %ﬁﬁb@rggfﬁgc}eﬁégﬂn%i nant
adenovi r us gmiomé edombafatit Rdehbeingdiosds iRNGElifRfatias @hﬁﬂc&? frRetag QPRI KA vy over
several tines, thus inducing cellular imunity and limting its clinical
appl i cati orBoted, 16886BTOR120TLh Inpthiio tgendsadeaowansinpddyatat gepk flerdpy ciabe been
made to devel op a nodified adenovirus capable of selectively replicating
i n arfiD ki | Iclinigaltyuappliedeunder sarfme ¢citramMedss.ni dk PBticwdare dhe reeprahigint epor t ed
a reconbi nant adenovirus. The E1B 55 kDa gene-del eted adenovjrus ONYX-015
(d11520), ReRoNIrys ¥ithetmos rel-speeifin: epivriskeliest wag tdeiponsiratedaly Pe M%S and

L5 S oA e S S s
1997). | inical.tri : of ,
T econi nant iR Byl Boken Sl BEphbERR R R PR R A S, 1

- Fur ther mor &, 3R0RAET 59 Y49 - 3486 0 THHN AN HARSRO MdhitBisteABR 6L iteebfi Ng a
cancer- specific gene-regulatory fegion into El region was devel oped, in

~ Whi chiwi r aladenovirus 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 or little 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 attributed to lack of expressed CAR on the tumor cells. In

éddition, the recombinant adenovirus can infect normal cells with relatively high

expression of CAR rather than target cells (tumor cells) with a low CAR level, resulting
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5 proliferation is induced in a cancer tissue-specific manner. Al so,
antitumor effect and safety of a recombinant adenoviral v&tMerchcii6pe

i nproved by inserting the herpes sinplex virus-thym dine ki nase (HSV-TK)
gene or CDvwagpfnbiko the El region, and thus the reconbiﬁquﬁMEQEQQvirus

|l oses its proliferation capacity (Freytag et al., Nat. Biotech.,

15:866. 870, 1997). In this regard, adenovirus-nedi ated gene therapy can be
10 clinically applied under various circunstances. In particular, the
reconmbi nant adenovirus with tunor cell-specific cytotoxic effect was
denonst r at g€ rédact® dftsCinfefidro@ite MR thfloCRNE.E Bo 3R haahiRE 1M irdhsBMkioh i ONS 1 n
the p53 gene, such as brain cancer, which is resistant to previous

chenot her apiffiderny andttickiof epecifioity Apitesget Sk bydhe sscofvbineiit adbnovirudCiheneis Res.
59: 3411- 3416, 1999). However, admi nistration of a high titer of 15

adenovi r us & eeebrfeii devielopient ofddglbiiter adenpuixusci HoweTen ghe high-titsrsdepbvicahhanci ng
gene delivery efficiency shquld be devel oped in order to reduce the

adni ni st r atVesRrsasABUBRVeoinCreased foxirity and indas Winmyae ireparsesin{be hogtefug naj nl y
througE coxsacki.evi rus %@Q ﬁgeqovr us receptor (CAR) on the host cells
(Tonko? R PRICEFNILE Sale po,plicofiys plinical panceidderany- 3352 20 3356, 1997). Most
-cells in the hos I e eSS fici t ; o or
little expressi oﬁh%gg&%k%esf%ﬁn%ﬁlﬁ)'r?%#uaggﬁdeﬁ%}e efacg’quﬁl g‘?gl% Bhrg@@ B%ﬁ% t{)]i ssues,
| YMPROCY! @Sihe {HoB RAYIR an BULMRRASNIRGE ARAAGR Bt ARMoARMEh Wil oiRlM 8, where
adenovi rus-nedi ated gene transfer effrciency is relatively Tow. Recent
clinical tregsndepsides: BaRBAVIHTTStivSyete GRikEr@alcbitRirial@iliveds Enale Fdest r at ed
t hat poor gene delivery into 25 several tunor cells is attributed to |ack
of expr essedefshRuotypeefibarmpoteindk freplackd withdHatt o faadendvines tgpedToi Asof a
adenovirus can infect normal cells with relatively high expression of CAR
r at het 0t harchirearigedenstifug prepened by ceglicing the khohndémain cARIdnevieys typeeswithi ng 4
24 March 2006 WD 03/029448 PCTI KRO2/01831  in reduction, o j%s i nfection
rate into tthikobdemain ofpdenpyine srhgrap S wasslimonatrier torstrtiveltinfegt RoBey and

| ack of specifici for target cells by the re i.nant npvirus, there
is a need frﬁ?md‘é?)%%d’ﬁ%ﬁ?ﬁlyd&%ﬁﬁegm i@ﬁ“&'ﬂ%ﬂ&\?%ﬂg&“&%g‘gﬁ; RtrFPé)ﬂﬁPgh-ti ter
adenovi r al 2 . J: OX] Gi | ] ' esponse
" the hos it RS BN FARE AR O b (RODY LIMMES e Ao
therapy. The gl Sadyuaih 3886 of a&eﬁeﬂﬁﬂlmﬁf\gr&éjﬂ RAYKE BlenéPRiChSpbdiiaane
. therapy owng to the above reasons can be overcone through I nfection of

. adenoyhr us redbighize altdtBitiveabdeptors) céll surface receptors including heparin and the integrin

receptor, leading to successful infection of the virus (Wickham, T. J. J. Virol,, 71:8221-
8229, 1997). In addition, Kransnykh, 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).
Howéver, 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 t;fﬁciency of adenovirus.

25 - A plurality of patents and papers ;are referred and cited herein.  All references

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




CAR-i ndependent manner. Effective gene transfer on epither cel | was
found when adenovirus type 2 fiber protein is replaced WMZ(@?
adenovirus type 17. Also, a 10 chineric adenovirus prepared by repl acing

t he knob d%\rﬁi?n of adenovirus type 5 with the knob domai n of adenovirus
subgroup B Weitionsldedwiques infthe extiapdthe featwstof iwrgresentinventionatills not
easily inf e ] adenovi.ru e 5. Wckham T. J. J. reported that

i ntroducti %%Ené’?eg%&%%??%@“ﬂ%ttﬁ‘%/&f?ﬂr%nﬁsy-Asp ( RGD) - cont ai ni ng pepti de
notif at the C-term nal region of adenovirus fiber protein allows
adenovirus to specifically 15 recognize alternative receptors, cell surface
receptors mSmmwmngWnt egrin receptor, leading to
successful infection of the virus ckham T. J. J. Virol., 71:8221- 8229,
1997). -In addition, Kransnykh, V. et al., reported that transduction
efficiency of adenovirus can be increased by inserting a targeting group
capabl e of recoghéadinggtoathd présestninbémidn)) thedintenbFetang Ghérosddefekdaréh RS EPt OF
into the H |opop of the adenovirus fiber 20 (Kransnykh, V. et al., J.

Viro. 2 72: rgembinggadenadms wdsimprwed Wherapteutid effickityncondnnied by Tieepresent

9: 2503- 2515 %998%@”% ,Sgi]nour_a, N. et al., Cancer_ Res. 59:3411-3416,
1999).  HolEeAPrs: tegulted igdng fipding Gk aweeambieant sdemovisicenmptisingiaproticenent  of

the t d . {,cl f i dt till efforts t
ovel op o bl ar Vi SRty WiEScr MR bY ORoReg Bh el HaGHoI s,
25 A pl i . - , f d d ¢i,ted .n. All

o or noecdehdifls, B ABIGYed Aok AAREH Rl Ench B 1ok i Aef bRt cHebhyc v
entiretiesp RAoV RS HasH Shk tﬁérﬁ%gtea&gs 3%5%*%%“%“%3%&9%%9‘% onal

techniques in the art and the f f the esent rnvention will be

nor 10| earddynovihe, viicloR aghitVedin g CAR-BdepRliaf aneas, D SCLOSURE OF THE
| NVENTI ON Leading to the present invention, the intensive and thorough

research into 3t ispélmrtforeant abiben of ithiel prevérit Hnvanpion \pesvidds er RRembingntef f i cacy,
conducted by the present inventors, resulted in the finding that a
r econbi narfdCRRYENS Vith improvpdibembagic sifivacy Hir variownliwbses,igeledingvarEoedi t ope,

which is prepared . by introducing the protein into an adenovirus, has

i mproved Mﬁ%@@gfﬂ%ﬁf’gﬁq ci ency and thus enhanced therapeutic effect in
adenovi rus- based, gene i her : ecially.increasing tumpy cell-killing
effect of 10 agtegsoaf’?tﬁ%r, O%E%/tcﬁte?@ BFﬁ?va@aeWﬂaP@x%P? r?dgié?é'ﬁ’&%‘?’ﬂt‘%nner. | t
IS, igperefcgﬁ ? : i Ujlﬁ - jnvention provides a reconbi nant
adenovi rus ?%@n%ﬁ%%‘gﬁeerapeu |(§:§(£%nf)f'i@}§(:y for various di seases,

i ncl udi ng i mprRVedipst aspect of the present invention, there is provided a recombinant

. adenovirus corprising 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
'20 composition comprising: (2) a therapeutically effective amount of 2 recombinant
adenovirus comprising a protein containing a VSV-G epitope derived from vesicular
stomatitis virus which is prepared by intm(.iucing' the protein into an adenovirus; and (b)
a pharmaceutically acceptable carrier.
In a third aspect of the present invention, there is provided a recombinant
pl.asmid expressing the recombinant adenovirus of the first aspec;t.
In a fourth aspect of the present invention, there is i)rovided a host cell

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




tunmor cell-killing effect. It is another object of the present invention
provi des a pharmaceutical 15 conposition conprising the r2idatsh2806
adenovirus. In a first aspect of the present invention, there is provided a
r econbi nan irus conprising a protein containing = i tope
derived frgﬂ?§ﬂ§?§ﬁ|ar stomatitis virus, which has inpr?%giﬁgﬁgﬁg%eutic
efficacy. In a second aspect of the present invention, there is provided a
pharmaceutical 20 conposition conprising: (a) a therapeutically effective
amount of a_reconbi nant adenovirus conprising a protein containing a VSV-G
epi t ope der BRABFEBSERERTION OF THEPRAWINGSi r us which is prepared by
introducing the protein into an adenovirus; and (b) a pharmaceutically
acceptabl e carri ﬁ‘lhfa 3bAVe apth pthgr gbjsetst featureshandpotbsremivantagendt tha présegy € | S

provi ded a recaonbi nﬂpg F%as[gag expr essi n%gtlhe reconbi nant adenovirus of

the first afp&torn © P Cieeny pwdersiopd (e thes Sulowing desailadodescripteme i s

provi ded a : ransfermed or transfected wth the reconbi nant

pl asnid of ?ﬁé{]{lﬁaﬁj&n%ﬁsoﬁlewc  the S P ing SRS WhiFti20448 PCT/ KRO2/ 01831

BRI EF BESCRI PTI OO ; : abov ngl ot her opjects, features and
Ol E%s%\é{@%g&‘ﬁta %Ql? r?% vt\% ?J-tﬁlamﬁgsr QP 5& ﬁ

ot her advant ages of the presen I nventio LRSS Hhder st ood
from the foplorit togvider e hel- L P ' ' ion with the
acconpanyi ﬁ% drawi ngs, i Wh??%?&%&%iag%hfh?%%ﬁsdgﬁgﬁg% #@&%’epresent ation of
the C termi nus oFiga@einavichetsatld Refeserdt@inCdia P&ar@&lr%ﬁn?é&ﬁoﬁ’é&ﬁx@afgktaom is
attached througbhi a glycine linker, Fig. 2 is a schematic representation of
a ret ar get iTepmbinant tedenoviras NEBADGVSYG of terpeseaninvadRaiking YCkvAG- VSVG of
the present invention carrying a VSV-G epitope into a target cell; 10 Fig.
3 shows a SPHeRRIDI2 faggst edlnt-ati on of the construction of the reconbinant
adenoyjrus YC - .-\rﬁ‘VG carr i%glga VSV- G epi tppeﬁgene and a process for
preparing the retni ndiGPs afleHEeMALS TEHCstNHIOR0 9D g otrnstruasivomof ntiei on:

Feconbi nant e TGS ER0-FRR oo o B8V iions soRe oot at oc

into process for prepering 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. 7c is a photograph showing increased gene transfer efficiency of the

recombinant adenovirus d1324-LacZ-VSVG to U251N cells;

7




the carboxy term nus of the fiber protein and a process for pr £ar| ng the
reconbi nant = adenovirus through honol ogous reconbi nati on; %Mﬂr 2086 a
phot.ograph showi ng PCR products for open reading frames contained in El

- gene cont ai 6&/ 204 ghe reconbi nant adenovi rus YCl - Ad- VSVQ L%‘?Kl? is a
phot ogr aphbﬂﬁowl ng a result of PCRto confirmincorporati dzﬁms@s

epitope into the fiber of the reconbi nant adenovirus YC - Ad-VSVG Fig. 7a
is a photograph showi ng i ncreased gene transfer efficiency of the
reconmbi nant adenovirus d1324-LacZ-VSVG to U343 cells; Fig. 7b is a

phot ograph showi ngg 'Mﬁ@@gﬁgtogﬁ PR showig BEregicll &g HarsB effitRncy?of the
reconbi nant adenovirus dl cZ-VSVG'to U118 cells; Fig. 7c is a

phot ogr aph sdeomibiigni saehedrs dilgedacZBIsGes UsiMGidiscy of the reconbi nant
adenovi rus d1324-LacZ-VSVG to U25 IN cells; 7 24 March 2006 WD 03/029448
PCT/ KRO2/ 01831 FiRjg. 7alis s photogmplo ghewingsinareksed gene teasferdeffioigacyt ohref er
efficiency of the reconbinant adenovirus d1324-LacZ-VSVG to UB7MG cells;
Fig. 7e is ﬁcsﬁbﬁ@@?%ﬁo‘éﬁ@\ﬂlﬂé Liag&rVeNéG do §E:Ki calssf er effici ency of the
recorrbl nant aden d1324-LacZ-VSVG to CHO.Ki cells; 5_Fi

phot ograph showi ?Fé s atfogaple shYving iapreatedl; o faystyr 2y 68 i nant

o eased gfraTPPRRCHEOUr AP ETES 2 Yo Th@sslBi nant adenovi ras
d1324- LacZ- VSVG' tfq%lvgls a%ﬁb °§{§‘PE % %lgl a5l aQQfaﬁﬁQr gmigh‘%g ke eased

.gene transfer effi denovi r us 4- LacZ- VSVG

to Pro5 cel Ee%omﬁhﬁntﬁﬁnbﬁn@dmﬁﬂmhczwe%m?%ﬁﬁd gene transfer
ef ficiency of the reconbinant adenovirus dl1324- Lacz-VSVG to U343 cel | s;

Fig. 8b is a grapigstiond aghotographshowigenacicasedsiene tahifec effiokyicybf tive
reconbi nant adenovirus d1324-LaczZ-VSVG to Ul118MG cells; 15 Fig. Sc is a
gr aph 1$howi ngombinaebstedogen d32AdrsZiSEE o Biadreells;of the reconbi nant
adenovirus dl1324-LacZ-VSVG to U251N cells; Fig. 8d is a graph show ng

i ncreased gene t FigsRBariset fgraple ShGWIHE IsEcasqde EEHDILTBHET ¥ r ok the

dl 324-Lacz- }é%})/r%bgn%nygdérl\{%ugu% ldlSi‘i-LacZ—VSVG to U343 cells;

Fig, 8b is a graph showing increased gene transfer efficiency of the
recombinant adepovirus d1324-LacZ-VSVG to U118MG cells;
15 _ Fig. 8c is a graph showing increased gene iransfer efﬁciency of the
| recombinent adenovirus d1324-LacZ-VSVG to U251N cells;
Fig. 8d: is a graph showing increased gene transfer eﬂiciéncy of the
recombinant adenovirus d1324-LacZ-VSVG to US7TMG 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 MCF-7 célls;
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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Fig. Se is a graph show ng i ncreased gene transfer efficiency of the 20
reconbi nant adenovi rus dl 324-LacZ-VSVG to CHO Ki cells; Fi4ftMsarchi2006 graph
showi ng i ncreased gene transfer efficiency of the reconbinant adenovirus

dl 324- LacZy Lec2 cells; Fig. Sg is a graph show n gene
\?@M%Bﬂs 91;_6121%1&@@3%? t

transfer efficiency of the reconbinant adenovirus dl1324-la o MCF-7
cells; 25 Fig. 8h is a graph showi ng increased gene transfer efficiency of
the reconbinant adenovirus d1324-LacZ-VSVG to Pro5 cells; Fig. 9ais a

phot ograph showi ng increased tunor cell-killing effect of the 8 24 March
2006 WO 03{d38R8#8ntAdEhéVRRAS ATIBL VIWRT G PEB lecROBIRIEH Bl 1e¥{eh AdIyMaVG on
Hep3B cells through cell |esion analysis, "wherein 1= AEl, 2= YKL-1, and 3=

YCI - Ad- VSVGrhéieth 1-98E1,2-avRhq} agl BpWC3hramveyG;ncr eased tunor cel | -killing
effect of the reconbi nant adenovirus YCl -Ad-VSVG on C33A cells through
cell |esion anal yig.sSb ista phatograph showBl, in@eas¥&liuor ealickilingYelfocdf MBVG, Fi g.
9c is a photograph show ng increased tunor cell-killing effect of the

r ecombi nant reaeraREeN afeneius ACKAYY MG 9B42332e pells thionglygell asion dnalykien
anal ysi_s, erein 1= AEl,_ 2= YKL-1 _and 3= YCI-Ad-VSVG Fig. 9d is a
phot ogPaph g’ﬂ%‘iﬂ%]g” PRS0 1 b= & 1A%VBVGg effect of the 10

reconbi nant adenqyj rdais. YCl - Ad- VSVG on UB7MG cel | s through cel.l | esion
—anal ysis, wher ei(i?\élé'lézé A Pﬁo}ggrg;%_s o,mg%dn%;gasq%u}rmr_ Q;-é@%ﬂm‘gl .eCEQEi%tée a
phot ogr aph QIWE Gt ES;%E URBF | Kyirh A<l E]S nmbi nant
adenovi rus %gl - % \;S%% on q{)(FquggNs r?Pg%# gbg]fﬁﬂ]{c’g@% 8%{ }'f%\%ﬁym ,919’ wherein
1= ABl, 2= Wik 1-4001,3= 0 1 AdEVBCI M0 FEYG, Of IS a phot ograph showi ng
I ncreased tunor cell-Killing effect of the reconbinant adenovirus
YCl - Ad- VSVG on UZid.-N Bed photbdiaph ghoviak lindresed nurdsradeliskifiing sffeet of thel= AEl,
2="YKL-1, and 3= YC -Ad-VSVG Fig. 99 is a photograph show ng increased
t unor 18el | - kecombngnteidtrwtirug ¥ Clited-VE¥€oom USZMG calle thovnghuselMEStion\anali®iss on
Hep& cells through cell |esion anal ysis 20 wherein | = AEl, 2= YKL-1, and
3= Yd _-Ad;VBi}GemﬁWbﬁﬁﬁqa-lpm?Tng}ﬁﬁ\dsﬂﬁmg i ncreased tunor
cell-killing eff %?gt 9ch istahghotograph showing increased tumor cell-killing effect of the

~ recombinant adenovirus YCI-Ad-VSVG on Hepl cells through cell lesion analysis,
wherein 1= AE], 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= AE1, 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. 9h 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= AE1, 2= YKL-1, and 3= YCI-Ad-VSVG;

Fig. 10 is a schematic 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-AE1B19, Ad-AE1B55 and Ad-
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reconbi nant adenovirus YCl-Ad-VSVG on MCF-7 cells through cell |esion

anal ysis,  wherein 1= AEl, 2= YKL-1, and 3= YCl -Ad-VSVG HMarh 2086 5
schematic representation of a characteristic part of the 25 construction
of the rec hBMys @denovirus YKL-1; Fig. 11 is a schematy ntation
of a .charaﬁﬁéwstﬁ% part of the construction of each of I;éﬁé@ﬁrrﬁ{ogstagd '
adenoviruses Ad- AE1B19, Ad- AE1B55 and Ad- 9 ---- ---------- e 24
March 2006 WD 03/029448 PCTAKR02/01831 DEIB19/55 as well as Ad-,El1 and
Ad-WI; Fig. 12 is a process for construction of the reconbi nant adenovirus
YCl - Ad-  VS\(E aeepssisngell & AdNREPLRSRALwTnvention; Fig. 13 is a graph show ng
a result of an MIT assay after infecting human 5 brain cancer cell line
U251 with 5 MO Big tibes ﬁ?fo@@éimmﬁns@ﬁlﬁm\ﬁfmdﬁbiﬁdﬁ aSMEIrus YGI-Al i s a
graph showing a result of an MIT assay after infecting human brain cancer
cell line U348Guictdrdmghitheqieseiicdnvantiomhi nant adenovirus YCl - Ad- VSVG 10
Fig. 15 is a graph showing a result of an MIT assay after infecting hunman
ovari an cancer cBig 1Biine grashashaiving a ceswitiof eh MRE apsay st idertingderwi r us

" YCl-Ad- VSVG , Fig. 16_is a_graph_showing a result, of an MIT assay after

i nfect Png HURENCAnERTeRdl TaeaHaaF et p Mﬁlié?fmmom%mn&eée%m%g’%?ﬁ%ﬁ

r econbi nant ﬁ}énovi rus YCl-Ad- 15 VSVG Fig. 17 is a graph show ng

i nhi bi tory'% ¢t of the reconbi nant adenovirus YCl-Ad-VSVG on the growth

of Hep3B tunor celkl s pr | an FET [ : mwhw ng
inhibitory eff ec#i%gatlﬁgﬁﬁgog%%%réagggzjg\?{lIrﬂtggr %%ﬁpﬁﬁﬂgn the grow h
of U343 t UmRbinCehb& RAOMME 8843 Ryith! § MR Fehe #ofibhant Adérdvitugd Y&MASHOW ng
inhibitory effect of the reconbinant adenovirus YCl-Ad-VSVG on the growth
of UB7MG cey§ggproduced in nude nouse; Fig. 20 is a graph showi ng viral
titer of the reconbi nant adenovirus d1324- LacZ-VSVG after infecting 293
celIs10ith 10 MFigofistihe graphoshoivirand resdtdwn MET 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 ceils 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 growfh of US7MG cells produced in nude mouse;
" Fig. 20 is a graph showing ﬁral 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 canc;'::r cell line U251N with 10 MOI of the

- recombinant adenovirus.
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and 25 Fig. 21 is a graph showing viral titer of the reconbi nant adenovirus
YCl - Ad- VSVG after infecting human brain cancer cell |ine2d424ahg006 10 MO
of the reconbinant adenovirus. 10 24 March 2006 WD 03/029448
PCTIRD?/Olg@}%mggﬁg MODES FOR CARRYI NG QUT THE | NVENTI ON pih& b 5851t
invention is directed to a reconbi nant adenovirus conprising a protein
cont ai ning an epitope derived fromvesicular stomatitis virus Gprotein
(VSV- G, which is prepared by introducing the protein into adenovirus. 5
Adenovi rus useful in the present invention includes adenovirus type 1, type
2, type 3, type 4 and type 5, and nost preferably, type 5. In addition,

all types of adenovirus used in the present invention nay be

replicati orgEOIMAEOPES FOR (GORRYENGOOUT THENNMENTION1A gene is known to be
essential for replication of adenovirus. Thus, replication-conpetent
adenovirus constructed in the present invention contains 10 an E1A gene,
and replication-inconpetent adenovirus constructed in the present

invention i s El1AThepesed irventen isi disecedrintaateeanbindnt pdemovitig comgpiétitgance wit h
the present invention, a replication-conpetent reconpi nant adenovirus
conpri si ng FAoteiRreonBining gneRiions Agived\iom wesigiar slomafis BEusOmiige (Welvrs at
‘high efficiency,in a CAR-. inde endﬁﬁt manner, replicates in the tunor cells
and then eJ@hF%&%P@F$TW? byt BEOLUGHRS, ﬁEﬁ%%ﬂ?%?@%mé%Wﬁgh efficiency. On the

ot her phand, a replication-iLncoppetent . reconbi nan Vi ising a

| \% ot ﬁi t$| cont ai ni Sel}f_vﬁﬁséﬁ’gﬁ Béesg%td%\{eﬁ’l%ﬁ%l?cpug‘e% %%ggr essgi# Sll’%’&_r%i 0[1, t
ich typi r r u e atr o targe

cells via -|¥‘n %edn en%?nsgeag%%t;ﬁ?g ’ &#?l%l gﬁ?ﬁ&gn’dmg ngses t he

t her apeut i G3gsRA%:s bkd'iA ehd FEE8E intahtloh mdybisrelidaibh BEmbétedtionpdlicationvar i ous
di seases 20 including cancer, with inproved therapeutic efficacy. Miutation

at the tunUhcstHne.s SBIA gene ipIBowa tboben dssentiah for trefiiidétion of adenovirgancer s
i ncluding non-small cell lung cancer, large intestine cancer, breast
cancer, heHRdisarglication-competent adembvira constructad de the(IBeseninavendion cogtamg| - N,
Engl. J. Med., 332, 429-435, 1995; Bergh et al., Nature NEctlrﬁc 1,

1029- 1034, an985A gang, Ped renlisationsincampetonty ageagyifs ¢omgtructyd g ithec BEFRaven,

Sth editi onihvgzrgiiolle}g %llﬁbée?éteg ?)5 %e%%és :!ign%lz t'edllﬂ}*? %glilet. | %]’acco]f&ance 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 e{rentually kills the tumor

15 cells wiht high efficiency. On the other hand, a replication—incom?etent
recombinant adenovirué comprising a protein containing a VSV-G epitope according
to the present invention, which typically carries one or more thérapeutic genes, entries
into target cells via CAR-independent infection at high efficiency, and expresses tﬁe
therapeutic- genes in the target cells, thus allowing treatment of various diseases

20 - including cancer, with improved therapeutic efficacy.
| Mutation at the tumor suppressér gene p353 is found in about 50% of human
cancers including non-small cell lung 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 Steern, D.F., Lippincott-Raven, 5th edition, Philadelphia, 79-102, 1997). In addition,
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24 March 2006 WD 03/029448 PCT/ KR02/01831 in many cancer patients
harboring the wild-type p53 protein, p53 was denpnstrated ZﬁMaUéZOOG

i nacti vated by overexpression of mdn2 gene (Leach F.S. et al., Cancer Res. ,
53, 2231- 3; and Marchetti A et al., Dign.
93-97, 199 ,@10%%2§ti on wth human papilloma virus (Schef(fner VR et al .,
Cell., 63, 1129-1136, 1990; and 5 Joseph, R N. and Vogt, P.K ,

Li ppi ncott-Raven, 3rd edition, New York, 301-343, 1996), or other unknown
mechani sns (Chang, F., et al., J. din. Oncol., 13, 1009-1022, 1995). The

functional 4 %n Qxﬁﬁa‘ﬁeﬁts %%BﬂhghﬁgyiM—@%%f?pﬁﬁe%P pog Wag déﬁx@ﬁs%%teﬁtto the

term nal St ages (0] n cancers vor abl e conval escence

and resi Stb%rlﬁ@cn%t&@ by W&'eg[grbssﬁﬁn&ﬁhdﬁb egree@gmﬁéﬂaﬁ Ki 8t a1G Canc@Redj335t €1 N,
M, N. Engl. J. 1318-1327 and Kirsch, D.G 'and Kastan,

MB., J. Gzzm-zmn;@b% adPMarchs@ A 3t @8, DibA 3891 Peﬂholge,ms,-wyrmgi) infectie Of the
adenow rus early genes, is an essenti aI factor for replication of

adenovi r us,wittntureac patelioraa pirus dhefhaf Mopeal.r @etlj 63) TIR28nES6, 199@clandji ng

t hose for E1A, E1B-19 kDa and E1B-55 kDa (Graham F. L. et at, J. Gen.
Virol .5 36 Joph7RN.10€7Vogin® KshdsiRpinoott- Ravemi ﬁdmchuqaa\}éqw Yoy m-ﬂi"on

2111- 2148 New 15 York, 1996). The El A protein, is a transcriptional
factor bi ndPR =P‘b°ﬂb‘ﬂl§nhﬂf’§ﬂtﬂm Bisws ﬁ@anﬁf%r@éthglﬁrp?"@buVat 893719720t ei ns

ly f t. th t ed | 1.
whi ch”t ho PYERS The SRR 1ot ot & 3ﬁ°¥%h%%&dwﬁlfﬁﬁﬁlaﬁﬁ§m?sa%ﬁv%ﬁﬁa§?d
diti 4 k Ad
(Ca:alncle(r)nRes}ér%# siajgegké)vf ]I’%B% %%% g« S algsgfl%xmgng J:ljanﬂvrgféss eg%e synt xem S
of 20 eXOg?é%c%r'tﬁﬂé&?%aﬁc@ﬁth@f\%?&?ﬁﬁh@T enﬁldqﬁxgt&atwm %gpf‘JBMe&omg as a

tumor suppressor gene (Lowe, S and Ral'ey, H E., Genes Devel op

535- 34b, 1398, 13a8d32Nakes;i 4@ KhirscBf D& -and KB6lan, ME3, J. Z0d36m26045, 315898) . I n
contrast, the EIB-55 kDa protein physically binds to and inactivates the

p53 prot ei 3 163(elRo8P. K1 gemel, Bhick ,is And of the\adenowirus 2oy gB@ws8 s arl 8@2ntiahnd
Joseph, R N. and Vogt, Li ppi ncott-Raven, 3rd 25 edition, New York,

301- 343, 19@wyr. for r@ineof adenavirus.asid encodes errlunlity ofcopeancasingofiamesie E1B- 55
kDa protein, w.ld-type adengvirus can be nodified for effectl % éepl i cation

and prol i f &diqRmiose 105 £l Ac &l Bl P2 aghELRmE kb (Grahamet” hTos Si nce

he b1t o 4247, O RoPORR, 4O GBI e B &

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-
infected cells to S phase, at which the viral genome is replicafed (Shenk, T. Lippincott-
Raven, 3rd edition, 2111-2148, New York, 1996; and éhenk, 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 fumor
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, RN. and Vogt, P.K., Lippincott-Raven, 3rd
25 edition, New York, 301-343, 1996). Therefore, using such a functional mechanism of
the E1B-~53 kDa protein, wild-type adenovirus can be modified for effective replication

and proliferation in host cells through conirol of the host cells. Since the binding of
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function of p53, leading to induction of viral proliferation and eventually
lysis of infected cells, adenovirus used in the present i3\Mawchdf06ncl udes
E1B-55 kDa- attenuated or del eted adenovirus. The ElIB-55 kDa-attenuat ed
reconbi nantyPosad&neVi rus devel oped by Bischoff J. et al. W}amlto
selectively replicate and induce cytolysis in p53-deficient cells

i ncl udi ng nost human tunor cells (Bischoff J. et al., Science, 274,
373-376, 1996). Such EIB-55 kDa-attenuated reconbi nant adenovirus is known
to serve as an effective oncolytic agent in in vitro and in vivo tests

(Heise C efye %lBhﬁﬂ\lﬁbﬂrﬁoﬂgﬁldpncoﬁec% ??%?ngﬁgnoﬁ%gﬁm g@ﬁ’e ?@fp@%?ﬂ?ﬂi&gthgat a was

al so 10 obtained in 1ts clinical or the tré&atnen ecurrent head

and neck caf&&ion(df 93, Readtle &) indubltdnUbEvild Grolifdratidd 4hd T3dmualyORS8k -of The
present inventors reported that the YKL-1 adenovirus with a"mitated EIB-55
kDa gene seinetedvelly, adglovitad esed rin tthegiresente idventivy nddadds NBEIHRES dkI3a-and

* kills the tunor cells (Lee H et al., Int. J. Cancer 2000; 88: 454-463; and
~KimJ. S. etiteatated Jr Keletedn ademmyens. Assbie  HIBTBE X113-aikm0at2d Ojecorbbinditie Ei B
gene, expressed_at the early _phase of infection, encodes the BIB-19 kDa

and E18- 55 3deRovipd deysiepeding Brschoffd. wbal prastkapwnite ety replicaterisd| eot i de
i S MR <

apopt osi s ’rfag'di(%?%lﬁg’bgﬁ’hg?g%@ioﬁgrﬁas %&8? é@ﬁ@%?ﬁ&%ﬁuﬁt,eha’éecg@nf]ﬂﬁs by p53
ol Canes T agR My frdim SRRES Rt i O WL e

E1B-19 kDa @Rfic B2l et 21l Ndtoe el 3t 580-609t 1999f, dnlledRcsutRping Shita RORIOSI S

i nduced by renmoval of growth factor, r adi ot heér apy or antrtunor agents
(Huang0D. @btaifaddm e oEnit&lGrials Fér HO fredtindnt. of Thmiehiolicad abd BedOcakba-(R&hi ci ent
25 replication-conpetent adenovirus may be al so useful for gene therapy.
The E1B19 DResteldittutedded.cdohdfiinidd?, E98hovihe pegsentdmeantars repdrted thatitbe pr esent
inventors, was reported to have excellent tunor cell-killing effect and a

'spread. onco¥ikilcadepqvis wigh a pautated BCTY o eenc\iolegtiydy geplivatpChy jw?/ 01831
adenovi r us-belin i, o ensfitony apf 4fs 3 BRRE) o e B e Tibd £59%002,
9:725-73 6; Ki ) | . 2001,
ST S i B, Sl SR BRRCPL R 0t B 001

i nvenison incl udgs pirlBsene, expressed at the early phase of infection, encodes the E1B-19

kDa and E1B-55 kDa proteins. 'I'hé E1B-19 kDa protein is encoded by a nucleotide
sequence similar to that of Bel-2 acting as a potential apoptosis suppressor, and has
similar function to Bel-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
(Huang D. C., Oncogene 1997, 14:405-414). Therefore, E1B-19 kDa-deficient,
25 | replication-competent adenovirus may be also useful for gene tﬁerapy. The E1B19
gene-deleted recombinant adenovirus, constructed by the present inventors, was

‘reported to have excellent fumor cell-killing effect and a spread oncoly_tié effect to
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5 55 kDa and E1B-19 kDa-deficient adenovirus. In accordance w th another

aspect of the present invention, adenovirus useful in the2pMarxbR006

i nvention includes an El/E3-del eted replication-inconpetent adenovirus.

Such an El Afgosigbgked replication-inconpetent adenovirus Sflss del y

used in gene therapy because of having gene transfer effici'ency relatively

hi gher than other 10 adenovirus vectors and expressing trans-genes in a

broad spectrum of cell types. Therapeutic genes are typically introduced

i nto-adenovirus by replacing the E1A gene essential for viral replication.

Var i ous - genesrangiagi mQOprIsﬁib?SnMﬁigr@oﬁtﬁéib thiy Rl pRliferdtidny mdBdnmast ual |y

degenerating tunor cells, including cytokine genes, imrunostinulating

fact or genefecded aild Kiyehes ebald Chnowo Gesa Pt gs/<2002,0% s 7363 andinil b S et r oduced

into the adenovirus. The suicide genes encode enzynes capabl e of

conferring &b GanpasResedritsanddimedtmpnti2001,138(601380r01 Her apeut i ¢ agents, or of

i nducing toxic conditions in tunor cells. The nost well-known suicide gene

is the herpes si ippradition;adepovitng pretirably wsed dr the(resontriryengien dnciudesE L Bat . Nos.
5,631, 236 a 60 |.s expressing HSV-TK are susceptible to

| select%ﬁe cEEFB%@ﬁ%ﬁﬁ%§b¥ﬁ@£ﬁ§8?gﬁégﬁgnﬁb anal og ganciclovir. The tunor

suppressor  genes jencode. ROLYRERLMIE KLY %? Eﬂegé}l 26 %n%entiaﬂgbci%%vi%@ Iilfn%]! on of

tunmor. The tunor “Suppressor genes ar e fiat ur Fy occurrihg, an eir

del etion or jj MaptcsdAihveRtibSinBRUECIHEEN /ER dDE R rdiiCiRAUL S rhRtdPideh Rk NCT dence

of tunor. Exanples of the tunor suppressor gﬁ\es I ncl ude nenbers of the
tunor suppr 86¢0in Be/E3-ddde! rdpfitation-indtiipetenB b @&nBwWaEPhds! heefl WaNelPBSed HPCA,
NF-1, NF-2, Mrsi, W1, 25 BRCAl, BRCA2, VHL, p53, pllIORb, pl6é and p21, and
t her apeut i cgéneythabpebedause of hadnepdns ttdnefer officiency) relatpebRbighgy G4dnogthed t Wi | |
be understood that other known antitunor genes can be used by those of

or di naQy skidenovirpst Yeeters tand lexprasing, tighs-20e$ in \Whie3d Gpoctag PETEIKRARA01831 | n
addition, a_variety of therapeliuti c genes useful in treatjng varijous

di seases ar &reriiFyHH 2one8 32 Ricain Fitedurss idQ adgnoyines PnEpkeBathecE e 8E¢ i ncl ude

and- it or Pl o Kl el AS pS ofopiy Bl Hipanfsly 270" >
| L-10), d - St | ' . Furt her,
the. her apetiis gind EEMAALYCOiRBhl SRR col Reltet W Bnes "

activator (ifRfinofimilaks TRSG shBE SMARTEABI SR %ﬁﬁ&ﬂ’ﬁlp@fes&dﬂ%@ﬂes(éﬁh%&ds in
Car di ovascul ar Medi cine, Vol. 3, 'No. 2, 1993, p6l1l), and the gene encodi ng

| ysosqmal  introduced into the adenovirus. The suicide genes encode enzymes capable of

conferring fo 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 (HSV-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 occwrring, 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 tumor suppressor gene

INK4 family, which are exemplified by APC, DPC4, NF-1, NF-2, MTS1, WT1,

25 BRCAl, BRCA2, VHL, p53, pl10Rb, pl6 and p2l, and therapeutically effective
-fragments thereof (e.g., pS6Rb, 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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acid lipase (LAL) essential for the hydrolysis of cholesterol esters and
triglycerides that are delivered to the |lysosones via the4Marcha®eft y

| i poprotein receptor systemand thus 10 preventing hyperlipi dem a

( Proceedi ngyd figp2ag i onal Acadeny of Science, Vol. 90, AgfdddOQ3s, P 2812).
Al so, nucl eotides available for treatnment of various diseases 1 ncluding
cystic fibrosis, adenosi ne deam nase deficiency, AIDS and other infectious
di seases, and nalignant and inflamuatory di seases are known to be useful as
t herapeuti c genes, which are obtai nabl e from DNA sequence databanks such as
15 GenBank or EMBlagdkiiR, ¥/wiiely SthdraRatic Ydhes tselifl imtrBaing vaiods AReRBY AL OpE

gl ycoprotein of vesicular stomatitis virus (VSV-G, Is responsible for
infection dfnoWdY Nuhdinsiting dRanvples ff the ftherfieatic @ehdssinckdy ,geiks &codingal . ,
Proc. Natl. Sci. USA, 93:11400-11406, 1996). The VSV- G epitope binds to
phosphat i dydyickéres ne.gq\iateefenas Setrfernde lihterfenirdandsintt feronby) omtbrizgkinange  of
human cells. Therefore, the present invention is characterized b

i ntroduci ngle-ga Ibﬂoﬂeﬂrﬂcﬁﬁlaﬁ? il gnd Thvd0), encbenlenypaimulating daqteys é@s&oéMat ed with
bi ndi ng to phosphatidyl _serine on cell menbranes of humap cells, to an
adenovgr us. %éndpgo@%%n Euriaes; He thprapeutipgenes 8’6%&8“?&%‘?41%@535‘?7@3

adenovPr us. HHEUGRGEEN Bt P bt et -
ncludes. o BFTOEROCERHORAHE R BN SBF Pt EPed oy e B o
f th I ' : \ b ' [

protei n cont B ALERFYRidA 38t 8762, 2001 T o AR he LSRG 1A pore]

- adenovirus RO ELAT ; b& GI9F Eblestels] eddrsMBd Giblyefes thP

03/ 029448 P@@%g%%&éag?%& cgggri?’d and penton base.ﬁfgt}?cgas known t hat
an exogenouge kblgRRA t6 3 19sosbinky b tiedow dendisy lpogrobdin reogporafysttmend ithsr  knob,
penton base or the carboxy term nus of the fiber of adenovirus (Kirby, I.
et at10J. \frewnting hip@HpiderddlPro@eding theTNetiomat Bordennie pfriSaigacenVolt $ i ber
protein, which is present at the nost distant position fromthe body of 5
adenovi r us, Aptilat?93c 228y 2) atlscs inpaleetides vilable By tsptmeab Q5 \AHQKS 418pasess

i eptor CAR _That is, th b i f fiber. tein i
Phe most | oprhaRE SR e weisie BB Serprhans e pRaCnfEehE, 'S

i | nb b d i | & - it f ,
h htcor danSacesity opnRanp L AL kR Yschle APUrieDlc BECueliIche) o1 S,

epi tope Is 1!11{51%5&&1& orfel €120 Par 0T oAb RA BRRY IR delyi@le RIaBHMIA, stRACas10 nore

4
preferably, e carboxy ternmnus of the fiber. Figs. 1 and 2 show an
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
hbst cells (Ory, D. S. et al., Proc. Natl. Sci, USA, 93:1 1400-1 1406, 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 celis, 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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enbodi ment of |inkage of a VSV-G epitope to the termnal end of the
adenovirus fiber protein. In a preferred aspect of the prZMarchi2Q0énti on,
there is provided a reconbi nant adenovirus containing a VSV-G epitope
derived fr byl ar stomatitis virus linked 15 to the, Garh, erm nus
of the ade2§%¥$%%& i ber protein, which has inproved OﬂCOﬁ?tIC Qéﬁ?%ct. The
i ntroduction of the protein containing a VSV-G epitope into adenovirus may
be achi eved using conventional techniques known in the art. Various
approaches to CAR-independent infection of adenovirus have been attenpted,

and such aldugt Bkdd/Ra2lnlol bEG! | §s CARMBaAEUEKAGIERE b, WAfddLeRNd

i mrunol ogi ¢ et he inmmunol ogic retargeting strategy is based on
conj ugat es inth i ©p JESROME: kioh, pent60 Bise B tiecayioxh térargatof te fitet e ul es.
Such a nethod requires a nulti-conponent system The genetic strategy

i ncl udes madédovizas (Kitbyof. atial.al. Vaiol. 104280852813 2090y e rlliei carborn timizes bhg

t echni ques, which is relatively advantageous in terns of requiring only a
25 si ngl e- dhanfibereptotedy,swhich ispresmnteatatiyp| mosbfdistant nosition gsare thabedy 8f r at egy
to develop a targeted adenovirus infecti n% cells via,an alternatj ve

pat hwa§, t hdemyirhs qeacsicallitiprdioipptas in biadingsor afgnayarofp dis BERAE "SREPEB/ 029448
PCT/ KRO2/ 01831 i d with bi i fj t t i Mgat es. h

ot hod was GARr HR 66 1hF CEboxY (B8 05y o TGP oF TREE apURE 8, oo @
whi ch - f ol at . cheri cal L. ' : 7. - t of
o ant i -knoteoraist PER Pnsibe OB IREH e o EUGrRdstY llrbBius viBOTBI O
tropi sm and@é e ;egfgégq%? FhLLRRIHL RARtd.ALERRY Helstestht AventidBMBE photdil Opi sm

The bispecificre ng conjugates allow tissue-specific retargeting of
the - virus pEinkddPVsVellepiBRCis linkedionEe Badh ofehy adendvieasibenpropimend c
targeting strateglies, a targeted adenovirus may be devel oped by

modi f hgat i GRoref prefegabiethev bartisxyf idominus pefnthenfiberse Rigtl hestdn cHipyi 60
proteins. Since the fiber knob is essential for binding of adengvirus to
CAR, the t amgetinmyt of lidGgadba NSV Gepitepertaithsl torminglisad of ths\adeRyiTss ’%%?Fi on of
the fiber protein. In order to genetically nodify the fiber knob region
binding to @ARMt o0 alter adenoviral tropism the trineric structure of the

fi ber should be preserved, and targeti.ng Jl.i gand . ] expressed
ina formof bei Efba PISTRITRY 25055 Ot TR Pfe%@tﬂ?‘%gﬁ?tg?heae fsﬁglg?&g%regﬁ%# Eélrli:%el y to

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 oncolytici
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 genetic and immunologic methods.  The
immunologic retargeting strategy is based on conjugates, in which adenovirus is
conjugated with targeting melecules. Such a method requires a multi-component

B system. The genetic strategyA 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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a specific receptor for the targeting ligand. To express a targetlng | i gand
conjugated 15 to the fiber on the surface of adenovirus, t

transcriptional stop codon is deleted from the fiber protein and a gene
encodi ng tQﬁo&ﬁhﬂﬁE'”g ligand is inserted to the stop S|t§§]ﬂﬂ&PM§mprodUC|ng
an adenovirus wth a targeting |ligand-fiber conjugate. Suc I'gand

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

conj ugati ng ‘&}pgqf Eﬁ,&n @[g@% ru r r y, to
the car boxylsfcg%l%{nus 0 é&ﬁg Irae%r \ﬁru i3 §u0[?l Q%ﬂgthlgdﬂlggm%rdg grfg

l'i nked bet waermokhs e &vRias kb%eetrémg{mmﬂwhm féﬁve (7a® B3Rty (cBnju é@ton a

sui tabl e 3D configuration. The I'i nker i s preferably conpoSed 'of about 5 to
about 15 anihaoeweiliding Hab fislinedt dof e asttiaish acicbionabantibedy Meadiap o siek €kt ed from
natural 25 am no acids and chem cally synthesized am no acids, and al so

anmi no aci d zienovisd] inatige tdopnsmrlaudrthudwm‘oducte a Iret:ogﬂ:mmnahdenavmmowﬁcadmvﬁaw ng a
smal | R group, for exarrpl glycine and al anine, are suitable. Am no acids
such ad seriorismayThrybipeiisykiargednseoniuates allow dhszepeciinGiastogof 4e

PCT/ KR02/01831 grou& (ﬁluch s serine, are also suitable. In accordance
with a nore ﬁB?f"t‘ ‘Eﬁenefiﬂ%(e‘é’r esent invention, the |linker consists
eci

of about 5 to ab ut 12 ine resid n_acc anc,

preferred aspect ?w? £%8¥§ &fgeting shgtegs 3%3“Fﬁ@?§ $§waP6W9§?§b§§W@@0nblnant
adenovi rus = i f 8

gl ycine reg%ghes betXﬁgﬁégﬁgh%é%%?ﬁgﬁﬁ¥& ?e%$ %’ @%bggm%nd a
VSV- G epi t ofg. fike Cioli R edsBntlal Ford 8RAICC of AHERIVIAE taeémd theat ygnant
virus according to the present invention is produced by cons ting a

shutt i@ vecidenovimistiai mainly achidve@dyembdifitatiAes e ﬁbelgpﬂa&uandna}rmﬁtof ragment
encoding a protein containing a 10 VSV-G epitope |inked thereto, obtaining

a reconbi nagenctiadyenidifysthp Ifeninob trégion bindingaool AR dol alterexdemdma]am;nsm bet ween
the shuttle vector and an adenoviral vector, and transform ng or

transf ect i 4 Fimerq %40811‘%@”16 ferroule be presoved,nade f@é@lﬂ@\hgﬁ@ss pidei d.  In
by the. contf [%ﬁ’t‘ 53%1 o 51 Bt sonlieo il afidnd 5P e B BAEIe VNG and
producti on 9 i oVi YCI - Ad- sm.d ef ul in
constructi ngép Bk ut ?ﬁ%%rr%e (Sarge?'g%?] (?0 LT ag?rg%{xg%%%cﬂgwygg genone
as wehk as g ﬂ@ﬁﬂ)&%ﬁrtﬂ@ st fdt 6P &dfenovirus, 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 fo an
adenovirus protein, 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 serine having hydrophilic R-




encoding a protein containing a VSV-G epitope may be proka 4yot| c or
eukaryotic, or known in the art or comercially avail abl &4 Marchd@0éi on, a
host cell for a reconbinant pl asm d, useful for production of a

r econbi nantys hr us, is well 20 knovvn to those of or dlg'%%(ﬁ‘%ﬁé;g’;' in the
+

art, and exenpli |ed by human enbryo kidney  cell line 2

transforned with a nucl eotide sequence nt 1-4344 of AdS, and human enbryo
retinoblastoma cell 911 containing a nucl eotide sequence nt 79-5789 of
Ads. The reconbinant adenovirus according to the present invention is mnmuch

more 25 e néé 'siéh dskelihd, |afe”a@so‘éﬁ%éb@é's 1h YERFdan6e th aloRfd pidbREd bipserofcancer ,

ovarian ca reast cdancer rain cancer an ung cancer, than the

convent i onaghe §%M%mn BOMRNI dohRS of abbit Ptb AbBiitaR pARAR rediiRef3/ 029448
PCT/ KRC2/ 01831 I n anot her aspect of the present invention, there is

provi ded a phar nmagsitbtdande wloapesificippfercalgspect iofi the p(ra):ntamtehmm}ﬂmne iscal 'y
effecti ve anobunt of a reconbinant adenovirus conprising a protein

cont ai ni ng pErovigkd @ epombipant ddeiovds NI -YSVEUIBFCCl3Hath ilinker, whi ch
is prepared by introducing the protein into an adenovirus;, and 5 (b) a
phar mageut | easiingelbglyeibs esidipy hedyeen the rpinALII ééﬁ‘mdﬂéﬁvnvhﬁbﬁra&é nt

i nventi on, there is also provided a pharmaceutical conposition with

anti t unor P:‘B’r?ﬁrl sing: (a) a therapeutically effective anobunt of a

Nt | Luno! 3
cont ai ni 'nS”aC%B S SR LHRAL AR R SR e RIS |
I s 10 prepag, gd?r%én{ '}M ﬂb&?'@gﬁcﬁﬁ@edpbgt‘%n&dcﬁh ARhREAE NRYiof USnRatkt 'an' ng an

E1A gene; ar mac Icall'y acceptable carrier. Since t

~replicati Onﬂﬁgﬁaﬁto%%eﬁ@%@@édaadﬂa a B@@D%%maﬁ éh%ﬁdlﬁgl(hqiwﬁeincccﬁlftefmg& on
various tunor- cells, such a pharmaceutical conposition is useful in

treatizng tUVEV—G@pﬁb}%ihﬂtcﬁ&Bﬁaﬁ obtaiaingdi regombinpmicidenauine rplash‘nmgxrougancer
breast cancer, ovarian cancer, |iver cancer, bronchogenic cancer

nasophar y ngeahologmsarsomiznativgdutwesa the shuttravestas ani @n aderagiral ﬁcﬁt!d@?d cancer,
colon cancer, and uterine cervical cancer. |n anaqther pect q

present i nveemsfosming Pieif@sfe’s‘tmﬁﬁ %Wé?leﬁ%wlﬁéﬁ’eamc%?%?ﬁ ma'osi tion
conprising: (a) a theragpeutl effective anp unt ,of

repl i cati onli REaswRiefeldtecting 8 eﬂ YitUs FRE 408 B ‘&g’f‘r’f}lrmé exemé’hﬁed%the
cont ai ni ng acB—é Vsq\slg/o SRS S Gt Ve 0} ﬁ?éi—%ﬂ-‘@ﬁV@taQHB}dcﬁlbﬁonVéfr #S,

which is pré

15 recombinant adenovirus YCI-Ad-VSVG, A plasmid useful in constructing a shuttle
vector 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 line 293 (E1A/B+) transformed with a nucleotide sequence nt 1-4344 of AdS, and
human embryo retinoblastoma cell 911 conteiniﬁg a nucleotide sequence nt 79-5739

of Ad5.
The recombinant adenovirus according to the present invention is much more

25 effective in killing various tumor cells, including liver cancer, ovarian cancer, breast

cancer, brain cancer and lung cancer, than the conventional recombinant adenoviruses.
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introducing the protein into an El1A-del eted or nutated adenovirus, and one
or more therapeutic genes; and (b) a pharnmaceutical |y acckvatsh@08arrier.
Since the therapeutic gene introduced into the replication-inconpetent

reconbi nantw@glﬁdagﬂ?rus is expressed in target cells, su%Maﬁ)wceuti cal
or

conposition Is useful in treating cancer and other 25 di seases.

exanpl e, the pharnmaceutical conposition of the present invention is useful
“for treatnment of colorectal cancer and nel anona when HLA-B7 is used as a

t her apeuti c gene, breast cancer and |ung cancer when IL-2 is used,

neur obl ast oma Whefh anbthe? 4spbktrof i nt MR130 0B84 48 pRCiteKBPRARESRk call FN 1S
used, renal cell carcinama when CSF is used, term nal breast cancer and
ovari an canceanpostiren dddiprisirigs (a) edihempelitiballi effentive eamovheafl anetombinknicancer ,
ovarian cancer and nesothelioma when HSV is used. In addition, when the

t her apeut i cadpaprusi ecomprisipgyanprotegoedniiniag 80¢S &iCe apitope Idetivedr fgry vesicilaf ect i ous
di seases and nalignant and 5 inflanmatory di seases_and states, the

phar maceut | ¥amatisnyiss; w1 prepyed by cing fhecprptelninfosan adepyitusopnd

treatment of .di seases coyres ing.to known effects of the

pol ymrJTSSI eot {bAé,Pﬁmaeﬁ“%P@aGS?R%@? %a%ﬂ?ft limted to, exenplified by cystic

fibrosis, adenosi.n m eficj - Al DS an her i.nfecti ous
%i ‘é%(gﬁ@r B%%gte Ogu%ﬁ gl%%%ly mvé}l%fm, lauaré31 19. a%cr( 59\%(1?19

0 % hose of

. di seases, as descr a erapeuti’c gene"i s
ordinary skifdmhdduliBf @fdposiabf with Iioihdr! UOEEiSARAE) hNRkrapdiBicalt
t herapeuti cbgene (L:Ia{n beMspSiSIt ably utiﬁ%%def?ﬁttheﬁ%%é;ﬁ inra nfﬁlc%lr%’ Owi ng

to infecti ogfficite RERIULNLS of rephRtidh-binbdiett Sdcaibifand rdatbvirad ¢empfisieglad S i n

t he host, the reconbi nant adenovirus according to the present invention is

benefi ci al proteirt esmEnnE aeVEET epitipy ddabadvizom vgsitilar sypeatitisorige nelsicli & cel | s

expressing a very small 15 anmount of CAR or none at all. Exanples of the

cel | s 1i0nc| uprepdredbylindrednaing de grotein inde kvedenedrus sonthining a1 FJ | gene; apd¢®) | s,

eosi nophils or neutrophils, erythrocytes, platelets), | hocyt es,

fibrocyt es, ® POiTHIAEHIFalln etEPRRG Cartichn St e aerlicpiian-pag Feambiaet

ti ssues. Therefare,,the pharmagceutical conposition conprising the.

r ecombi nant SSRGS, ha SCRITS; SIS (08 YHIOOR aReh oslis Bk & PoPeagRlin ¢ or

~treatnent o . AP j -"%rygc i ated to
‘the cell da‘??ang@. grlélgsfgﬂrrg?%%tﬁ%emtrg%%g%gﬂasgsﬂ\ﬁ}@ act%czl,%%?cﬁgllu i ng EPO,

G CSF, Gwv %cer,csgfellst | damder, | bvagian ! leancds, !lveft: cddes®. bﬂdﬂcﬁogeﬁfe‘ Toandde 8,

| L-9,1L-10, IL-11, I1G-1 and LIF, and DNA sequences thereof are well known

in thesart, nabshatyigeslnedmdts datingal carehqaintreait caRpy idddgr aancer, colon
cancer, and uterin@: cervical cancer.

In another aspect of the present inveﬁtion, there is further provided a

pharmaceutical composition comprising: (a) a therapeutically effective amount of a

feplicaﬁon—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 more

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 phaxmaceuticél composition is useful in treating cancer and other

25 diseases. For example, the pharmaceutical composition of the present invention is

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

- therapeutic gene, breast cancer and ling cancer when I1.-2 is used, neuroblastoma when
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reconbi nant adenovi rus contai ning one or nore selected from nucl eoti de
sequences 25 encodi ng the hematopoietic growth factors may24MareheX006 f or
treatment of hematopoietic disorders. 20 24 March 2006 WO 03/029448

PCT/ KRO2/ 03R3dsbbfst erm "treat ment”, as used herein, refefs. to.a perfect
cure, suppression or alleviation of diseases or disorders. erefore, the
term"therapeutically effective anount”, as used herein, nmeans an anopunt
sufficient to achieve the pharmaceutical effect described above. 5 The
pharmaceutical ly acceptable carrier contained in the pharnaceuti cal

conposi ti onIFN ig fRdPrepsiesd]] dafttiiital Wikn GRI-CHF ii$uGaMERRnY B6RH cdnBer and

phar maceutical fornulations, but is not limted to, includes |actose,
dextrose, soariesean@ombict MDR-1rinnseidlf ald, braihaaader, Heud BeT neek almoer, opadiassi um

"~ phosphate, arginate, gelatin, potassium silicate, mcrocrystalline

cel l ul ose, prcshvandyhesptheliptvalvhen HE¥| ik ubeds e In wdditon, whyn thesherd@utie gy

cel lul ose, pethyl hydroxy benzoate, propyl hydroxy benzoate, talc, nmagnesium
stearate, alfd® ReIfaRcAzotig jagsocizied Vﬁﬁa&%ﬂé@f ifeqtiopd diseases mshmaligneridandg to t he

further incluyde.a |lubricant, a  hune

i ti A t t,
g\rNthe gtrslerl, n’é'iv Wﬁ\?ﬂ I Og‘?ﬁ%‘se&@e@nﬁd stafes,o Hif| Rjepmageutica s‘i??;?@ﬁﬂ?’hg’%ég?gﬂ?sae’%d a
ti ' i it di t t t
Pvent | on niyeist #ARLAFER ety AR BaBBE0RE 1 ubth EOROATIE 1 gene
therapy, anghipnRietial! ¥hich 3N Bk SHERH 1ﬂﬁ{eﬁ%?re§é1£§ﬁﬁe'd- By oyt Bofigy enous,
I oF T ocal “adfnistration. For

intraperitoneal, intranmuscular, subcutaneous, OC:
exanpl e, t hilepbridd@afiiidse bGP YR ATDS andB¥hdp EnfBEHILE HBERELHs described ,
intraperitoneally to treat ovarian cancer and intravenously to treat |liver

cancer, dirdovty Suthecthetipéutic\sersd Bllmotvnorhoyass ofdindry €dll b tieast, agamncer ,
directly 20 injected to enenma to treat colon cancer, and directly injected
to a &8t hetwil bo undersipod [theh dhtctherapendiorgena cawibe sduiteblyl atilizel inntbe presefit t he
pharmaceutical conposition of the present invention nay vary dependi ng on
phar maceut i B&08r nul ati on- met hods, administration methods, the patient's

, bod i ght t eni t at iet, admnistrati 5.time,
adm nistrats on r PTG oREET RS AR e e e Gl

phar maceut i gak, .. CATROSI 00 d%ﬁﬁi?rq%) ﬁécgfd% of, AL {e@e% ?’nv%:‘ftwnl is Bn%heh@ﬁlf gre can
deterni ne an effective anmunt o € phat rmacetitt cal COmMpPoSItion Tor
desired tre@feot effeainilyldbi¥verihd) fherapentic genes to cells expressing a very small

15 amount of CAR or none af 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 celfls 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, IL-
3, IL-4, IL-5, IL-6, IL-7, -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 nucleotide sequences

25 encoding the hematopoictic growth factors may be useful for treatment of

" hematopoietic disorders,

20




21 24 March 2006 WO 03/029448 PCT/ KR02/ 01831 pharnmaceutical conposition
of the present invention conprises .5x1010 to 5x1011 pf u/2# Mafch2006
reconbi nant adenovirus, and |x1010 pfu of a reconbi nant adenovirus is
typically iy once per two days over two weeks. The}Rﬂﬁth ica
conpositioﬁﬂggﬂ%%ﬁging a reconbi nant adenovirus 5 according o%ﬁﬁ% pr esent
i nvention may be fornmulated into a unit dose formulation using a
pharmaceutically acceptable carrier and/or excipient, or a multidose

formul ation by being contained in a nultidose container. The

phar maceut | cal_opfash ol %iced RLEH, MG (b BRGEX bRC bibordiQUS:

granul es, tablets or capsules, an urther 1 nclude a dispérsion agent or a
st abi i zer gli@ngtidohef BlRedsEREEHsbdals. CORROHYY, IR tdrmy“th@asaticdllyosectitd of oi |
or aqueous medi um suspensions or enul sions. The pharnmaceutical conposition
conpri si ng amonwt padiged rHeredg) eneaus b moaat eufficingt tbachibe: thegshamhademticat i on may
be utilized alone or in conbination with typical chenotherapy or

r adi ot her apffect Gascnibedalisiveat i on t herapy may be nore effective in treating
cancer. The chenpt herapeutic agent useful for the conbination therapy 15

i ncl ude cispl ati He ehepapruiieally. agreplablen satripe confaier di dhe phappaceutical

o oo o J2 B B LA ARt o Ut
g'_ Loorour g%ﬁufl&fé%&' ut, %it %&O@]%llggq +h 20X £ riact?ﬁ%aé%osé,r gﬁ%{)ﬂgg&ﬁ‘

I'deri astin and nethotrexate. *of the

radi ot her arﬁi‘anﬂﬁﬁ{ WardhO"rubHee a&%m?i]ﬁg%sisiﬂﬂl Pﬁ(ﬁ)ﬁiﬂé’, Lrgﬁlhﬁég%e}%ﬁﬁ,a othdskudfll nation

and . 20 y-ray IlTumnation. In or to ease Stabi [ty at room

t enper at ur gjlicied WEerotRStalline efll@bsd)i @Wﬁﬁﬂbymﬂid@ﬂ@g&llalosé, OWafe NBAUMY Ure, and
prol ong shelf-life, the pharmaceutical conposition conprising a

recomy nantmetidé reltuloses nathyihydiory bemzobtes prupelhedivxy beremste otalerenzgiesium

| yophi lized. A process for freeze-drying may conprise the steps of
freezing, fHicaste, 26d driydral pilan dllecplondactniital gompesitinn Fceerdingrig the prgsent
conposition is _heated under pressure to, evaporate vapor. At the second

dryi ng st efavepden mayfurhet welufle a luhrisoriga hpwastanie gyspiengss adlareringagedly arch

2006, V\O 0 %.41 gr%.%ldéf' er,%%ééﬁ%é ggle%% ]énd a preservative.

The pharmaceutical composition according to the present invenﬁon may be

15 " administered through the routes used commonly in gene therapy, and preferably,

administered parenterally, ie., by infravenous, infraperitoneal, iniramuscﬁlar,

subcutaneous, or local administration. For example, the phanﬁaéeutical 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
- bladder 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
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For preparation of DNA vaccine, freeze-drying of the pharnaceuti cal
conposition according to the present invention may be achi\/Mdrchdd8¢di ng to
the following steps: (1) determ ning coll apse tenperature of the

phar maceut kye@hsn26Q8P0si tion through a freeze-drying mcr i l ysis
(Pikal, M 'vﬁ@ et an, Int. J. 5 Pharm 62, 165-186, 1990); (ﬁ'f:()) agi ng a
vial on the shelf of a freeze-drier at room tenperature and then
equilibrating it for about 30 mn at -1C, (3) cooling the shelf to - 55C
and then maintaining it at -55C for 2 hrs; (4) performing a first drying at
~about - 32Geimpdcatedtc G52 10fT e Qreseft RRMon! ESRGIRE WG hgns e

col | apse tenperature; (5) performng a second drying at 35C under pressure
of 55 to 12ffuimiHif a asvdmblihntlélicnonas) agl 1:0@ Vpfalof W deborhbifartiadenR @y jsvacuum
condi tion o;ygthﬁmfr_eteeée-drler, i;g storing it at 2 to 8C after
cri np- seal | wWgicallhmjaciedenes phrited avessewdekal formul ati on may include an
excipient and a _|yoprotectant. Non-limting exanples of the excipient
i nﬁl gde a bu1;L B egnagél g]_ﬁa}r@ﬁ"?u?%ﬂlt 8@1‘?];%@}103. gw%lmaaqlrghamlcreg@nmmt ;)ddefm}fiptso?phat e
B oBbor A S LT e 8 e s b S sbrin | e
Trecne 0y PRIk SR) oIRAICRLER! DRSO of RS LIRL syRn ity "
present | nViRig eéhuthéd i@ fHBIAL NBtalrdr. "o MiEh Aleluidh Db SiRLERGT wO L he
ol | owi ng exanples in conjunction wth the acconpanyi ng draw ngs- wever,
the fol | ovfongulesaimbesiraits fowavl, 4RMuRs) ¥bkR drlipsidsahi klifePhg
invention, and the present PE@nventi on i s not Iri mbg?leg’ to them E@%ﬂ%LE 1:
Pr epar at i ordigfersiom #gbBt &5k Bebiliedeirddhe ebanmbtaaed] coflenatidd May 1O selgligize only
t he open reading frane of E1B-55 kDa protein from fghe 20 )édenovi rus El
gene, L@f t erofpdleir gavays meditmy suspensiabs er efivlsionsl i f yi ng a part of E1A1 gene
containing ORFs for EIA and E1B-19 kDa, pol ynerase chain reaction (PCR) 23
24 March 2006 @@W%MWWWM%B@% e meennphithng s ddegoixe)
(Mcrobis, Ontari Canada), as..a DNA tenpl ate, and a _sense priner
5 - TTATTCIS&F&%W%‘:I@FR&?%M gay bejp e algoe OF §1 ComRfRation Vg tapies i
restrictio j [ d nti.- sens rinmer .5 - .
et ooy S 00, O RSB R 5 500 B i ng
S??DH r est ridalihdRaier.© P cRenBildrdpeliS LA LB Fhi e bohBfafiidfeARY ¢ WO

15 include cisplatin, carboplatin, procarbazine, mechlorethamine, cyclophosphamide,

ifosfamide, melphalan, chlorambucil, bisulfan, nitrosourea, - dactinomycin,
daunorubicin, doxorubicin, bleomyein, plicomycin, mitomycin, etoposide, tamoxifen,
taxol, transplatinum, S-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 shelf-life, the pharmaceutical composition
comprising a recombinant adenovirus according to the present invention may be
lyophilized. A process for freeze-drying may comprise the steps of freezing, first
25 drying and second drying.  After frgezing, the composition is heated under pressure to

evaporate vapor. At the second drying step, residnal water is removed from the dry

product.
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codons by substitution at nt 2253 (C.:T) .and nt 2262 (G:Té. As a result, a
PCR product conprising nt 343-2270 of the adenovirus gen ai ned
(Fig. 10). The PCR product of 1.9 kb was digested with Baml H and t hen
inserted i R{@oF0bpkd! ! site of El gene-deleted pCAl4 (M CI;%M %ari o,
Canada). After digesting the 10 resulting shuttle vector p AR El B- 19
kDa with Xoml, E. coil BJ5183 was transfornmed with the shuttle vector
along with an Ei/E3 gene-del eted adenovirus vector vndl 324Bst di gested
W th BstB1(Dr. Verca, University of Fribourgh, Swtzerland) to induce
honol ogous r econtHopapriepaatiat \WEEDNIAh6yabMRe, v BetRLByihET 8 HO)pharnBle¥ig) 2
reconbi nant adenoviral pYKL-1 vector. pYKL-1 DNA was isolated from 15 the
t r ansf or medcémpasitidn @eokditisgs the chredenh idvertitn may @@ ndchierbd @cdofiidg thgned5 kDa
E1B segment had been deleted from pYKL-1. Thereafter, 293 cel%s wer e

t r ansf ect edfollowting Reeps: dily edeterthining e collapdKitethpdraiuger adutte ghafkBedikal

kDa- del et ed reconbi nant _adenovi rus. The produced reconbi nant adenovirus
was desi gnaf¥Bpasiionchrongh fipezeidiyéng mictoscopikgnalusis @MikaluMe JCeinale dntof.

M ani | ion, 20 .. KCCM 10424 Sep. 19,
B B M o A SR B2 102 20580

kDa- del et ed 1919] t  ademovi T truct i t i

e . e e SRR ] B L D LT SRR S0 0
i t Yy . ..£0 i,’4.10 El A
L o S 08, 8PS RS R ARSI oL 9%

03/ 029448 PERKRORHEIS ThpeAfan QY 5o Sovr tShprith@ tuﬁpﬁl%om%@tegﬂyg&g@&i X,

Ontario, Canada) as a tenplate and the priner set conpo a sense
prinmer 5' - TBAPHEGATGCE 586hd dohACRESSE0Aer reséufEe 5DtINR0 BintRN dnd6)
antisense prinmer 5 -CCAGGAT CCAGATCTCCCCATTTAACACGCCATGC 3' (SEQ I'D NO

4). TRE anptdveiinglths vikCRithrthellid tnden yadingesinditionof the Beatd-drioncinid sengéd t o t he
Bglll site of pCAl4, thus giving a shuttle vector pAE1B19/55. Separately,
t o const r uctt 2o eftercripgciealing. pOEI B19kDa carrying an E1B-19 kDa gene in

whi ch the start don is.substituted ith a stop.cqodon, a DNA fragnment of
1.3 kb prepared By® e@%es”‘ilr?eﬁgp © '%%&lwo‘émﬁg%ﬁ#" %WRW@&& %enzynes
was subcl on | @i _n ctor nSP72. (.Pronega.. 1 SA nd site
di rect ed wﬁgﬁltg%ggflg ?@ﬁ‘g’%ﬁa@g‘ ne.omp =533 Iﬁ'ée, °’8&?%‘15§R?1“§J%§) B ?Io?oﬁ?étbon

' 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
product, 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

following 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: Preparation 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 patt of E1Al
- gene containing ORFs for E1A and E1B-19 kDa, polymerase chain reaction (PCR)
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on the subcl oned DNA fragnent using a sense priner 5 -GITACATCTGACCT
CCTGTAGGCTAGCGAGTGTTTGGAAG 3' (SEQ ID NO 5) and an anti seifs™March20a@,

5' - CTTCCAAACACTCGCTAGCCTACAGGAGGTCAGATGTAAC-3' (SEQ 1D NO 6), of which
one cont ai Reg ge/fiudggt i on in which a start codon is substi twé,gg%{;zﬁn%ﬁth a
stop codon. As a result of the mutagenesis, the produced p

pXd /1. 3kb/Al9m plasm d was confirnmed to have a nutation through DNA
sequenci ng. Thereafter, the pXd/1.3kb/Al9nt plasm d was di gested with Xbal
and BanH and then subcloned to Xbal and BanH sites of pXCd, thus

produci ng awahpetfbenedvieticopXQABNRYOKEROntAce,0Caindy) ds@ DN, seaiplateeinded as in
Exanple 1, the shuttle 20 . vectors pAE1B19/55 and pi El B 19kDa were -

di gest ed wi s¢nsXmuimer aird TAIIWATCOETTGHCTABGRATRGUEEHsY s(SHASID N@:otluced
into E- coli BJ5183 along with BstBl-digested single- strand adenovirus
vidl 324Bst  CoRtainipgr @ aBarl \issteietian @ite Fti o usngh andnpn A8fitsgne) priger  Frduce

e AR RN AR S eV Y
2, LS 2SS M EAEREC L G 0L A3 o o
nerl " "Bkl ShaROdon oS3 S5 LhYOEN 0, Shat e, e

PCT/ KRO2/ 01 8sbbuctinthrising s f3agedo Wrtthe 8&abvidls ddnemeWeas' @RAARE (R 10).
adenoviral vectors digested with Paol to produce Ad-pAEl B19/55 and

Ad- pAE1B19 Mhe PR prodict afl@IFAH waks digestdl with BamdHInad tthandiBnariadrite aBEIl an
E1B- 19 kDa gene del eted was designated as YKC-1, and deposited in the
Kor ean Cul t sitee o0&t geme-deletddcp@dl4) dMiicrolis,( ROANY, Ganada) héfted digestisgithen No.
KCCM 10425 on Sep. 19, 2002. EXAMPLE 3. Preparation of reconbi nant
adenovCr us ezespltingrshpiile Herton PeB14-FI BB 190d02 MdEndnb g s BALAT SRS

B

‘Ret ar geti ng, of _adenovj.rus s, performed in_suc way that an_ epitope
Cona ot 1 g BRRsEa el Wi Ao HRTIEEES G Hore oTH Ho AT pose o BB of
vesi cul ar- 10 _somat j144,$,.Vi I VQV;, G i _Er.odu t = '
adenovi rus \Xfctt?‘ur a%lbdé#é@%c%geﬁtneg a ImElfgf]gg(ﬁng}eﬁ%bt Qlﬁﬁe%ie%yepgcﬁlﬂgfélﬁ’ar ed in
Exanpl e 1, g"&ﬂt&é}ia!ngy\ﬁ ihfilcd homblogbus redodBidattbh befkdenltne B¥b AR Figalo)shuttl e
vector was prepared. A DNA Prag%ent o? 5543 bp

giving a recombinant adenoviral pYKL-1 vector. pYKL-1 DNA was isolated from

15 the transformed E. coli and digested with HindIIL, confirming that the 55 kDa E1B
segment had been deleted from pYKL-1. Thereafter, 293 cells were transfected with
Pacl-digested linear pYKI-1 to produce an E1B-55 kDa—deletedl 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 kDa 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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fromvmdl 324Bst, whi ch contai ned a gene encodi ng the adenovirus fiber
_protein, was 15 digested with Sad and Kpnl, and subcl oned?4 Matghe2084cl | and
Kpnl - di gest ed pBl uescript SK plasm d (Stratagene, Canada), thus producing
of a reconydghomMgct or pSK[5543] (Fig. 12). In order t?IP kPBgsst he 3
end region of the fiber, PCR was perfornmed using pSK[5543] as a

tenplate and a prinmer set conposed of a sense priner 5 - 20
GGCCTTTACTTGITTACAGC-3" (SEQ ID NO 7) and an antisense prinmer 5
GCGGAGCTCGGATCCTCCTTCTTGGGCAATGTATG 31 (SEQ ID NO. 8). The antisense
primer was gesdansE1tpuilelebiol pike1a06t0BixC Od@iRiol CiMddayhd h DNL edelatencodi ng
Gy (TCC), thus renoving a stop codon fromthe Ctem nus of the fiber, and
havi ng Bardidd #hed pSaet seestompisednoSiat esnse 2primér NMATTIA TAGPATOLIDBE 029448
PCT/ 1CR02/ 01831 In detail, PCR was carried out with 100 ng of the DNA

t enpl at e andTAGGREHICCEEE' {PEQeID N@:. 3Pari en raitisénee prinrer | IlE€AG@&NRt ur at i on
at 94C for 2 mn, and 30 cycles of denaturation at 94C for 1 m.n,

anneal i ng d€CAGATLICCCGATI AMCACSHEATER35(SEQID NY: 9. nithe Feplifisded by

i Gost Sl w TR BRI ik pieSled itk Bernih and ReGieddn e, BETeTh PIDCARS 8861 "5 ¢ os
) A g R Ak,
cells Co-nshﬁhislﬂagk[}? gﬁ'@g@é’ aﬁ‘@l%s-é? %gg :%iéjg:*[ i @H?gﬂ[]tﬁe kQrt o@on Mb.kﬁtﬁtfe@m no

aci d sequence an respon eot1 de sequence were as tollows:

G NPGPPQRIFEY AbY Foddk) 2 (3R of9.3 k@g%g%edw Gl with Xbal
~ AATCCAGGCTTCCCTCCTCAAA™ GTTGTGGATATGCAACTGTGACG 3" (SEQ TD NO 10). In

order to ohindi Bunsili icatibtiorns patyneb vweeriibdoredits arclafing hect@SPep €Proatveger, bei ng
incorporated to the carboxy term nus of the adenovirus fiber, a nucleotide
sequeh@e ddsA)iand) site direvkedr mutaganicsis (Ftrptageng Lgl Jpta.neAs USAJ s pordermedser t ed
bet ween the nucl eotide 15 sequences encoding the epitope and the fiber, as
fol l ows. Toon dhsepgbeloneshDNAaFagment wingodi seasespimpr PoCIHAGSEAGREST vect or,

SRR A ENTIRRD SHESHACROLCE e
ST o e BT EAPRCI LT AT T PR ehRes doly o1t

ID NO:  6), of which one contains a mutation 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
BamH]I and then subcloned to Xbal and BamHI sites of pXC1, thus producing a shuttle
vector pAE1B19kDa. According to the same method as in Example 1, the shuitle

20 . vectors pAE1B19/55 and pAE1B19kDa were digested with Xmnl, and each of the two
shuttle vectors was introduced into E. coli BJ5183 along with BstBI-digested single-
strand adenovirus vmd1324Bst (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. As a 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 kDﬁ ingert in which a

 start codon is substituted with a stop codon were produced. Thereafter, 293 cells
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20 sequence as fol | ows:
5' - GA/ TCC/ GGC/ GEE GGC/ GGT/ GGA/ GGA/ GBE GGT/ GGA/ ACT/ TGH 24 March 2006
CTG AAT/ CCA/ GGC/ TTC/ CCT/ CCT/ CAA! AGT/ TGT/ GGA/ TAT/ GCA/ ACT/ GTE

ACGH TGA CClusida®g® | D NO 11). Then, a single-stranded MM@%&T ary
to the sequence of the above 25 oligonmer was synthesized using a

synt hesi zer. Thereafter, the two synthesized single-stranded oligoners
were incubated at 37 Cfor 5 mnto allowto forma hybrid. In addition,
to anplify the hybrid, a priner set of 27-nmers was prepared: a sense 27 24

March 2006 w0 ithasfeeRd AfthP¢ath WRIEE Bl @tompPibhdridenoviral vectors digested with
5' - GAA/ GGH GGA/ TCO GG/ GGE GBC/ GGT/ GGA-3' (SEQ ID NGO 12); and an

anti sense pPaaiap produCEGdSAME Y/ FCand GAHAKIBTY Ge ATl iAdC-adenoyBi@s. | ANO  13) .
PCR was perforned according to the above-mentioned conditions, using 10 ng
5 of the priesembisant adpepvigs wild aofE1BE9 kDb eenecdeleitd yandasignated aOXKCrbnpl at e.

The anplified PCR produyct_was dj gested with BanM and Sacl, and .the
resul ting DM denogiadet therKargan Gyitiees CentgscoloMigroorsamame (KGGM) suth thei gest ed

SP72[ 805 tor, t] 805+103b Fig. 12). Th fter,
Itohe p[S 72][ 8§g¥%m}<@%§2&&%€£ég’§§a§m[th Hi ndi H gn:ngcoRl) 1Oe[ga °

produce a fragnment [805+103bp] containing portions of the adenovirus fiber
and the "VSV-G epitope |inked thereto. The shuttle vector pSK[5543],

S carrying a pRANStE 9EprepRMR e QAN fuchBemagdenovi rus fiber, was di gested
with Hndlll and Mel, and the resulting fragnent of about 833 bp was then

repl aced with the fragnment [805+103bp], thereby producing an adenovirus
~shuttl e vector pSK[5510+103bp] (Fig. 12). 15 After digesting the pYKL-1

- plasm d prepaPeparhtiorrodanmet @entinat bherfdpirhs YCRAd-V8ViBar i zed pYKL- 1, toget her
with the shuttle vector pSK[5510+103bp], was introduced into E. coif
BJ5183 to i nduce honol ogous reconbi nati on. After incubation for 1 day,

pl asmi d DNA was then isolated fromthe transforned E. COlé{ Throu(?h PCR
using the 27-neRefFgaing detdengVipigaves RgHImed oip F68 DI aXaSaaAbIPITREd (Fi g.

005, 20,The Blasm PO CoRpnele o SR MGl O3, R P AR Vo
[ PoOVEOEY, o PR LbAVIRRC" Yol ARl 1Ot NEEEY | RRnblik B s Bhe
' -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 de1324Bét, which contained a gene encoding the adenovirus fiber protein, was
15 = digested with Sacll and Kpnl, and subcloned fo 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 2 DNA template and a primer set composed of a sense primer 5'-
72.0 GGCCTTTACTTGTTTACAGC-3' (SEQ ID NO: 7) and an antisense primer 5'-
| GGGGAGCTCGGATCCTCCTTCTTGGGCAATGTATG-3' (SEQ ID NO: 8). The
antisense prizher 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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2kb fragnment and digestion with Hndlll. The resulting reconbi nant
adenovirus plasm d was designated as pYCl-Ad-VSVG 25 Aft# Maeh?§08i gest ed
- wWith Pacl, the linearized pYCl-Ad-VSVG plasm d was introduced into 293
cells (M cr@biforedegnada) to produce reconbi nant adenovir CT,&B@OE%% As a
result of PCR perfornmed using genom c DNA isolated fromthe Mar ch
2006 WD 03/029448 PCT/ KRO2/ 01831 produced adenovirus, the 103-bp fragnent
corresponding to the VSV-G epitope was anplified (Fig. 6). The produced
adenovi rus was designated as YCl-Ad-VSVG and deposited in the Korean

Culture Center of; M1 PPROMUN SRBed (tith 100 1R JriR IRCASSRHRR anbQo nfSGEM 10423

on Sep. 19, 2002. 5 B’ Preparation of a rec6nbi nant adehovirus

d1324- LacZ-{¥SYgmte sahabyrecdnagiont fifdideal dehifratifs of DF@LH0P b, ke 3lySV- G
~epitope on transduction efficiency of adenovirus, a LacZ gene was

i ntroduced dyolesof dupbiueaioh an94°Criop i, @nteatite MOASPC disr, 1 A dndl eloigation/t
pcDNAhygroLacZ plasm d (Invitrogen, USA) was digested with Spel and Xbal,

t hus gi vi ng728C(ferclzmiin, sfghasvetd, byafihl ieloagitmozt 72¥Yfoe A0 n1io. WAPERpredsaiefl oned to

t he adenovirus shuttle vector 'tECAM (M _craobi x, Canadaci, di gested with Xbal,
t hus gener aaUOMP-] bpoyas diggeted prithThnd{ll and Sael, adgeastipssred ko Hinlll pnd $aci ot ed

2000) with s%?%q"a,e&%%v%&s%EP?%@&%?&%L‘{}EI%E%ﬁv%éﬁ%@%f&#@?28‘ 5305 ne
_ s _ \
poarar Lacz. Newt TR VSV AR RnbT kol B BLOSEVS Bilosl B8

carboxy 't erggaus.©fo érﬁiﬁdﬁiﬁ@fan@k f 11813724, 2N B9GAREGRAK s Vect or,
after digesting the shuttle ve t%r pSK[ 5510+103bp], carrying a nucl eoti de

sequence engadipdgdibd eudedide @RUdHREaverdiat HollcSae @W‘LKPGFPP?SCGGFAT\@ 5183 was
transformed with the linearized shuttle vector and Spel-digested

d13241 pCAL4REQCID INDi Aume $1abGAAGTTGGEDG nhA TECATGUETUEETCCTEAZOA t Wo
vectors. The produced reconbi nant adenovirus was desi gnated as d1324-LacZ-
VSVG. The r@EBIBCOATA HICASUTGRGAGE-T) (W@ IPNQRJIY).cel I's, and viral titer
was determined through Iimting dilution or optical density_ analysis. C
Gene constituti oW edal {esphiaigr suitglle ppatiad sopfieusationf the cppPe FHEL ReiBRovi r us

Yal - Ad- VS\{I(i;co%gorated 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
corresponding Vto both the linker and the VSV-G epitope, a single-stranded
oligonucleotide coding both the linker and the VSV-G epitope was synﬁesized, 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/ACTfT GG/
CTG/AAT/CCA/GGC/TTC/CCT/CCT/ CAA/AGT/'I‘GT/ GGA/TAT/GCA/ACT/GTG/
ACG/TGA/GCT-3' (SEQ ID NO: 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
o single-stranded oligomers were incubated at 37 °C for 5 min to allow to form a hybrid.
'In addition, to amplify the hybrid, a primer set of 27-mers was prepared: a sense
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24 March 2006 WD 03/029448 PCT/ KR02/ 01831 Human hepatonma cell 1ine Hep3B
(HB- 8044, ATCC, USA) was infected with adenovirus Ad- AEl 44WMerch 2806 del et ed
adenovirus), YKL-1, YCl-Ad-VSVG and the wild-type adenovirus Ad-w, ‘

respecti velwe oidaos® mMul tiplicity of infection (MJ). Aft vi ral
" genone was isolated using a genom c DNA isolation kit (Q%Té%}&@%é&. The

replication-inconpetent adenovirus Ad-DEl used as a control was prepared
usi ng pCA14 (Mcrobix) as a shuttle vector according to the sane procedure
in Exanple 2. Thereafter, an El gene was anplified by PCR using each of the

i sol at ed Vi painer: SLCARISGRIGE AV EIRICHEGRBIGECREGTRIG RSS! ! Olfzg;a sense
primer: 5" -"10 TTTGIGITACTCATAGCGCGT-3" (SEQ I D NO 14§; nd an ant’i sense

primer: 5 Ajdl&lanticasa@aaier ASACCC/GAGICIEA CO/MNOA/CAY/ TTHACATSSIO-3'i (BBQr eact i on
m xtures were el ectrophoresed on an agarose gel (Fig. 5). As apparent in
Fig. 5, beHalék dB).harboring the same El gene as that contained in the
YKL-1 adenovirus, in which the E1B-55 kDa gene was sel ectively del eted,
the YO - Ad- VSVG PERowes prafermedacegulingip thesrbavementiongd condifiensprsagdftng
i nvention prodquced a PCR hgguctafof bout 2 kb, while_an approxi mately 3.2
kb fraghent “WH€ RERFSeE gn vite ﬁ?%&b&@n@%&% agia PNA fraplgel el gene

di E1A - kDa.and ElI.B-55 kDa.. D...Jdentifi ' .' ti
of o Vov- G SRPIRSHAYR B RE Nek gt Popanitl 6 Said SR b8 isedoAGT (he "
econbi ' . ) , . . ti ¢
ool eot | do. SOUTAR L 07 BEat NpRHLE el A RLRAR e IRVIRIA gy
fiber of thgu§gserbhpasb7A8@RAuREHIgFiYGh) Ad- VSVG of the present invention,

PCR was carried out using the viral genonme of Ad-AEl, YKL-1 and

YCl - Ad- VSVG  pr e[TaeresttdrnthB pSP7H865MO3bpPvedist Wt ilatéewan BimiIN khd'BeoRget
capable of anplifying the nucleotide sequence corresponding to the VSV-G
epi t ojd®: a waumehbice 3GragrheiB05+1206] cobEinBi3/RADAL 8 PEBIKRIZLOHES bnd fhei mer

5' - GAAN GGG GGA/ TCC/ GG/ GGE GO/ GGT/ GGA-3' (SEQ 1D NO 16); and an

anti sense pVPWNEF epitopedivdedaararc Reaghwtea/ veror PIECAT] ancyigg amseieptideD NO

Seduence. of *ToD AT EHHSAA QOTHETAABE B GoEd Y Rk Bandll 280 MiFk 850 Besi st i ng
of 8 dy 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 BJ5183 to induce homologous recombinaﬁon. After incubation for 1 day,
plasmid DNA was then isolated from the transformed E. coli. Through PCR 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 DHS5a (Gibeo, USA) having high copy number. The recovered
plasmid DNA was analyzed through digestion with Pacl fo investigate production of a
2kb fragment and digestion with HindlIl. 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 resuit of PCR performed using genomic DNA isoléted from the
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‘5 was used as a positive control. The resulting reaction m xtures were

el ectrophoresed on an agarose gel (Fig. 6). As apparent i3t ¥Magh2065 pCR

- product of about 103 bp was not found in the PCR sanples of YKL-1 and
Ad- AE1, whivedodi@bdygr the native fiber gene, while being fﬁgﬁ% hof 3&he PCR
sanpl e of YCl-Ad-VSVG wi.th a nucl eoti de sequence encodi ng a ({%&? 0

epi tope incorporated into the 3' end of the fiber. Al so, the 103 bp
fragnent was observed in the PCR sanple of the positive control

pSP72[ 805+103bp] . EXAMPLE 4: Assay for gene transfer efficiency of

d1324- LacZ- pisd@cticadenvdntsj that103bbefaphiert torfdspdndaf ahatiSynG @hitdpoiods G
epitope into the adenovirus fiber on infection efficiency, gene delivery
ef ficiency omplifiadaffigt@d The producsd gdmevirnawsd desipnyied amyC3iAUGVS VG, and

dl 324- LacZ- YSVG adenovi rus expressi ng beta gal act osi dase encoded by the
LacZ gene aSergsifpgkipdhe Kegeamfrulinire Contenofddicressganisms(BECMitGthe bickitR
(HTB-15, ATCC, 8@ 51 ang% (MG (HTB- 14, ATCC, USA), and other cell
lines expre gﬂﬁﬁ R4 900ReP) 8 éP02- cHO kI (CCL- 61, ATCC), MOF-7 (HTB- 22,

“ATCC), Pro5 (CRL-1781, ATCC) and Lec2 (CRL-1736, ATCC), 20 were infected
with the adenovirus d1324-LacZ as a control and the d1324-LacZ- VSVG

adenovig us Bl plpAatieVols Ee‘i"hﬁ@&t%P%f@?ﬂgg‘é‘%’f'm%%ﬁ’ Itiplicities of

infection (MJ), respective ays, e Inftected cells were
stained with X-gal (Figs. 7a, 7b, 7c, 7e, 7f, 7g and 7h). Figs. 7a to 7h
show results of X-gal staining of the infected cell line, U343, Ul18M5

U251N, UB7MG CHDoKinaljzec Zhe MEEet7 of ahel iRsip&ratictb of eBBEVEVUR! apitop dppar ent
in Figs. 7a to 7b, the expression | evel of LacZ gene was 31 24 March 2006
WO 03/ 0294 4BanpERtikREEi¢ia8310f doumnirus,ca becZ geneccwse ihtiodut Ito taaspkeition! |

lines, indicating that the d1324-LacZ-VSVG adenovirus had inproved

i nfection SPFIBRESH pdenoyirps as fligwsr | A pRBNdihyarobae% plesiid {ingftrogemdiBAdas f ound

in the CHO Kl , ..MCE-7,. Pro .5 e 2. ¢cell_lines, which expressed the
native.r ece\ﬁ?so‘}‘g%%#hﬁa%ﬁ&@%atﬁ% g&“’i‘%@\%’?‘%ﬂgﬁg’%‘ﬁ’& apg the Iv%é?éraﬁﬁlﬁmeasi ly
infected 5 w i ].q- o)V ipdi.cat i t hat e d1324-1acZ- VSVG
:adenO\}Ll%r us ‘}%rl]s} @gﬂe_ﬁgctoéggégftﬁg %\é‘%’]&;&ﬁ&kﬁ\%ﬂae‘b@éﬁgmmﬁ@‘ hé?ﬁ?gﬁ bi ndi ng
Lo phosphat difihedS Gt Rbaill ¥erRiEREESSBEAIM £9 blIRID! A0RS dBlesdnPifad Tange
of cell types, thus remarkably 1 nctreaSing gene transfer e clehcy to cell
l'ines: | ncrerEs-agletd whd3pme Haanshes 41 Bistantyedpsthesd-rennegnayi on of a

Ve 2000) with BstBI, homologous recombination was induced according to the same
procedure as described above, resulting in production of d1324/ pCA14/LacZ. Next,

15 in order to incorporate the VSV-G epitope into the carboxy terminus of the fiber of the

di324/ pCAl4/LacZ adenoviral vector, after digesting the shuttle vector

- pSK[5510+103bp], carrying a nucleotide sequence encoding the VSV-G epitope, with

Sacll and Kpol, E. coli BJ5183 was transformed with the linearized shuttle vector and

SpeI—digested d1324/pCA14/LacZ to induce homologous recombination between the

20 two vectors. The produced recombinant adenovirus was designated as d1324-LacZ-

VSVG. The recombinant adenovirus was grown in 293 cells, and viral titer was

determined'through limiting dilution or optical density analysis.

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

VSVG
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10 epitope quantitatively, and the results of X-gal staining were given as
graphs (Figs. 8a, 8b, 8c, 8d, 8e, 8f; 8g and 8h). Figs. Mgra@r2086 ow
-quantitative analysis of the results of X-gal staining of the infected
cell l'i neswdddoqd/118M5 U25 IN, UB7M5 CHO KI, Lec2, I\QIF 4Pro s,
~respectively. As shown in Figs. 8a to 8h, expression |evels o'? e LacZz
gene greatly increased in all cell lines infected with d1324-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 (M 50) cell lines, and also remarkably increased infection
efficiency in ottherandeapptomarcel lingElopd HiB8044,0TOC3TA) wainfeSléG veittenovi r us
showed CAR Zq(I) i ndependent infection in the cell lines, CHO K, MCF-7, Pro5
and Lec2, wWAHSIRVIrgS AL helerE Ldeleind ndenovisus); ¥KEck.i Yil-4d-VEV G 2nd e

d t.a | ow.l her than that of the d1324-lacZ
adenovi rus. SRR A0RYER AP FoamerieD. h L Mg <o R GROP. 1 ne
LacZ i h nbij nant di cat
that Che ol A3 Eaige e b RleeREGAT b RRRmis TAVY SobiioRnn Qi ' "

transduct i ogygahf i I fect of
YCl - Ad lJ‘r’f/svetyssg 2?1 ﬁ/&%ﬁ@%@%@%@%@%ﬁ%ﬁ %2‘%41 ?Iclr}l%&rlga‘g;ed
Tunor - cel | fephred gsiff beal 4 M&Mx}ﬁ@ﬂﬂﬁﬁ%&to@ﬁ%%é%&h@@m ced@dG was
investigated in carcinoma cell lines, Hep3B, Hepl C33A, U343,

US7MG, U251inNExmnghldF- 7. The carcinonma cell lines were infected with the
replication-inconpetent adenovirus d1324/LacZ, YKL-1, and YC - Ad-VSVG at
10, 1 5 0r 0.1 ereafief, areEl geneawas dmplified Dy RS using eachiofithe kolhled miyalef f ect
was nonitored daily wunder a mcroscope. At the nonment that the cells

i nfected w EFORRS 't‘f‘né1 deoplps 99 (s paimer o5et Meympeped) of ax BAnBE tlé'ﬂn%orﬁp'l ete

' sodnet hﬁﬁb&@sﬂ&%ﬁ%@&%\“ﬁnﬁ GEiaate’ 2@?56“1“1&%5 RS PHERE s, 0a Lo
anal ysis 1 o QET A AP hEAOEEEs TR 78 MF 051 Moo il LR 0

anal ysi s for ermni ng 1 ncrease -specrfic

YCI - Ad- VSVGaured RRAE efebird oregé%ﬁ&l %ﬁ'd 358! Hs: Mrageh! Bg. sepi
cells, U251-N cells, HepGZD&.El l's, I\/[féFJ-%7 gg?l s) resgectl vel y, ?ﬁ whi ch
| ane 1 shomsedam‘eeﬁ'umﬂjarmgtﬁm Sdin32¥1/éeﬁeas that edMEnidedSiAAMS YRIE P&denoVirg fnh YKL- 1,
and | ane 3 shows infection with YC -Ad-VSVG

which the E1B-55 kDa gene was selectively delefed, 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

izo ' 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 invgntion, PCR was carried out using the viral genome of Ad-AE1, YKI.-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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As shown in Figs. 9a to 9h, YCI-Ad-VSVG was found to have a tunor
cell-killing 15 effect about 100 times higher than that of24hdacch 2086 Hep3B
and U343 cells, and about 10 tines higher in other carcinoma cell |ines.
These resulg@oipdisgated that in all tested carcinoma cel 'Pdfﬂﬁ?ugmstspe
reconbi nant adenovirus YCl - Ad-VSVG had significantly increased oncolytic
activity by the incorporation of a VSV-G epitope, in conparison with the
control YKL-1. 20 EXAMPLE 6: MIT assay for tunor cell-killing effect of
YCl - Ad- VSVG To anal yze quantitatively the tunmor cell-killing effect of

YC - Ad- VSVGipa R GA AREGANITEEIG QCBAGITRIC/ESIT/GGNT TSERED NO: 16);

replication-deficient adenovirus dl1324-LacZ, the replication-conpetent
adenovi r us akn dntiseisé gild@er! SUC0PBAIGOTCAHNBITEAVC ACENTY/CATIATOS! (shdy VSVG
with a VSV-G epitope attached, cell viability of the infected cells was 33
24 March 2@EDENOWO1G3/ WR&d 4Be RGRINSREEM R 1LEEPT2[ 3080 808bp clxyyiddl & mekatide Fi gs. 13
and 14 are results of MIT assay for the human brain tunor cell |ines U251
and U343, redpatdi\idBpp enpddiag thel Vvi-6G eaitopediénked ta uEnkeer censisting of HGilxity of
infection (MJ) of 5 Fig. 15 is a result of MIT assay for the human

ovari ah canftegnscdds @ RopiHEC ¢Rli nfected with an adenovirus at 10 MJ, and

Fig. 16 is a 5 result .of MIT,assay for the human breast cancer 1 1ine
NOE-7 1 nf ected vieHeSHng, SRR RErres Weig GlogaPPAoARsed 25 3% 2670 L F s, 13 to

16, when being,inf ith t repl.i,cation-4a t e jAUS
d1324- LacZ%;'s ‘%15 i @g‘ge%?gleﬁgb&itarﬁc}ﬁ,{ P ﬁ@u%teq%lab%a]toh%%a%% gﬁgog]?l&l%} %8‘?((;” rast,
when bei ng i Iegl%(fyl'_t 3 i 1 on- Hﬁgﬁ i -1 10
and YC -Ad-S%%é}gé ce lv%tghe?‘tt))i;J PF;R}&*IEI? eB{)}ntchte EHLHSI rg{:\gwés %s 0gﬁrﬂe—ldual |y
reduced by in #HeP@OR Simgllé bEVET-AANVS VG @iasL dudbdtiliesBguepas&REGNEE IV
Particul arly, because of having high infection efficiency due to the

i ncorpor at iepitopaf ineoryaMidd wipp the(d dndtef thédibear bdsy thé ¢03rbpUEagadent Wwes f i ber,

t he reconbi nant adenovirus YCl - Ad- VSVG was found to have nuch higher
oncol ytic abserxedty thetROR sapld of thep@EXinkPLEral pSRE{BOTIJ0Bplant i t unor ef fect of
YCl - Ad-VSVG i n a nude nouse nodel |In vivo assay for measuring antitunor
effect of the reconbi nant adenovirus YCl - Ad- VSVG was perfornmed using nude

Cancer ool EXAEL BT 455 for oG 4ettcr ST CERYgH SRl VR OB TG (1T 14, |

ATCC, USA) was subcutaneously injected to nude mice 5

" 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 system using the d1324-LacZ-VSVG adenovirus expressing beta-
galactosidase encoded by the LacZ gene as a marker. Human brain cancer cell lines,

U343, U118MG (HTB-15, ATCC, USA), U25IN and US87MG (HIB-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 d1324-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,

Tc, 7e, 71, 7g and 7h). Figs. 7a to 7h show results of X-gél staining of the infected

cell line, U343, U118MG, U251N, USTMG, CHO-KI, 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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20 6 weeks old (Charles River Japan Inc., Japan). Wen tunpyr. size reached
5x5 mMm the reconbinant adenovirus YCl-Ad-VSVG at a concetft MarshoiP08f 5x108
pfu/50 |, which dialyzed with PBS after being recovered by '

ul tracentriwyo'@ibf8, Was injected to the tunors. The sizgOfpdWhiBs Was
measur ed using calipers once every 2-3 days, and the results are given in
"Figs. 17 to 19. .34 24 March 2006 WD 03/029448 PCT/ KR02/ 01831 As shown in
Figs. 17 to 19, in a control group receiving only PBS, tunor size was
increased with the passage of tine. In contrast, in mce injected wth the
YCl - Ad- VSVisuaddndei intisaset] imall tepteaindali Nvaes, bidipaiidd tantheydi3nhifizzodvd n
addition, inhibition of tunor growh was also seen in mce infected with
the YKL-1 agdsigviresbad infproved infactionueficicndy. i dapyrtiofla the Righaspressdar of han
that of YC :Ad-VSVG These results indicate that the reconbi nant adenovirus
YCI - Ad- VSvG-8¥Z YA fousd da etCHON R MG 71Re Seatddlacemelldings, hidrexpidsest i n
vivo. Such Ri ht.anti “{m)éAgfficfaCX' of YCI-Ad-VSVG is attributed to

CAR- i ndepen YHEERRIPL AR Of adenavipiait e lewilgvishand thuscwrp spkaesily indected he

car boxy term he fiber, .thus enabli t.he -Ad-VSVG 10 adenovi rus
S oot Bt LUy MWL el AORE DR e SV G Baend i el E 6
Assay for vj ite Y .- Ad- 3 S | nf.ec ..with.10 MO of
each of theﬂarégégsalui'tS c%tiio(ﬁ%éggﬁ%gf%{ﬁé%%g’eﬁgﬁéhugﬂg%Zﬁ%aocséﬁ ag]rc%\i £HEe

adenovi r us KigBR4exbasdedGVRIWnhbandD- e h@x?@ of eél\I,\g@Q&,‘%us?ré AgpRNd- 72

hrs after infection, cell pellets and supernatants e 15 collected, and
viral titerinw@&ssibfngenenemsfor efficieddyetorcelt ihéss are given in Table 1, bel ow,
and Fig. 20. TABLElI Incubation tine after infection Viral titer of

d1324/ LacZ Vi r al Indreasingodf thd 3ot/ rasiNSHBiers ty6the GhsodRatRA, €00 VEOBG 48
200, 000, 000 399, 000,000 = 72 320, 000, 000 502, 000, 000 As apparent in Table 1
and Ft§. 20°PUPRRedrativelycand\io resuligoh dvsal gtaining wong@in s geaphpdigs. 8.es i n

high titer gug: ' k3 GnidiPd Figh 85h ety ohiaive aniyse of don ol 00

| _of X-gal staining of the infected cell lines, U343, U118MG, U251N, U8TMG, CHO-
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 dI324-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 (MO1I 50)

and Pro5 (MOI 50) cell lines, and also remarkably increaséd infection efficiency in

other cell lines. Especially, the d1324-LacZ-VSVG adenovirus showed CAR-

20 independent infection in the cell lines, CHO-K1, MCF-7, Pro5 and Lec2, which
' expréssed CAR essential for infection of Wild—typé adenovirus at a low level, which

was higher than that of the di324-LacZ adenovirus with the ﬁber not modified.

Also, expression levels of the LacZ gene increased with the MOI of recombinant
adenovirus, indicating that the dI324-LacZ-VSVG adenovirus had significantly

o5 increased transduction efficiency.

EXAMPLE 5: Assay for tumor cell-killing effect of YCI-Ad-VSVG
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WO 03/ 029448 PCT/ KR0O2/01831 In addition, to investigate the increased viral
titer.of YO -Ad-VSVG brain cancer cell line U25 IN was i#f¥ard2086th 10
MO of each of the replication-conpetent adenoviruses YKL-1 and

YCl - Ad- VSVayo dfobfsg 48 hr and 72 hr after infection, cel 'PCﬂEB zﬁﬁl_ﬁ,land
supernatants were collected, and viral titer was then neasured. e results
5 are given in Table 2, below, and Fig. 21. TABLE 2 Incubation tinme after
infection Viral titer of YKL-1 Viral titer of YCl-Ad-VSVG 24 12;600 000

15, 900, 000 48 20, 000, 000 25,200 000 72 25,200,000 39,900,000 As apparent
in Table 2 and Fig. 21, the YC -Ad-VSVG adenovirus with a VSV-G epitope

i ncorporated into the carboxy term nus of the fiber showed higher virus

yi el ds than the Ygreaseddemorvcelliilling bffect rdtthes ecémbisantprdenasiims YITI-AMNDUSTRI AL
APPLI CABI LI Tgﬁ descri bed hereinbefore, the present invention provides a
reconbi nant Y>Y§eW8Y iVesizaed fnrwaingia;cst divas HlendB aHends Hep2.403349 4133,

2707 o TR 0TI S T s SRS 6 o "
Compr ! 5119 SRl SR BRI\ ARSI T 1 Presen
orm nss ofoteatobai ey SREATR BLeCITOAINR ASERLAADQMIE br oS

i nvention has 1 ncreased In I Cl ency, éspecla not

i nfected eagideya widrBscopd, d-At REMORSMAHI S cells RifStRNRRN Sy the bF relvir@@gduct i on
~efficiency and generation of viral particles in the infected cells. In
addi tion, sacMAGH.hextilifed completetdll iie w@ils ah Hevatt herd 860 MaimRa R
adenovirus to be admnistered at a 36 24 March 2006 WD 03/ 029448

PCT/ KRO2/ 0188% crygeleyiolginimuiis metizaneby Hhotoigraphs ofjthe Istaited stellé arengindn and

cel l-ul ar i nqune resgonse to viral proteins and viral infected cells, as

wel | as thefigsnts iarhorfighdealdy ik phetagipphisheowing the rehdhof leell dgsion t hus

bei n seful for devel opnent of new gene _.the i capabl e of maxim zin
" th erg ut i Cang{yislé T dete g 111crraasede tun?or—specxﬁc 1051%1% e%t%ct ofp YCI-Ad-VSVG on J

Hep3B cells, C33A cells, U343 cells, USTMG cells, Hepl cells, U251-N cells, HepG?2

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

lane 2 shows infection with YKL-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 YKIL-1 in Hep3B and U343 cells, and about
10 times higher in other carcinoma cell lines. |

These resplts 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 d1324-LacZ, the
replication-competent adenovirus YKIL-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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37 24 NMarch 2006 WD 03/029448 PCT/ KRO2/ 01831 DEPCSI TED M CROORGANI SM OR
OTHER Bl OLOG CAL MATERI'AL (PCT Rul e 13bis A The indi cat i #hMamad&06el ow
relate to the deposited mi croorgani smor other biological material referred
to in the wiespdibaki on on page 24, line 15-25 B. | DENTI FI ATl N (¥ DEPCSI T
Further deposits are on an additional sheet™ Nane of depositary
institution Korean Culture Center of M croorgaai snms( KCCM Address of
depositary institution({ncludi ngpostal code and country) 361-221, Yurim
B/ D, Hongj e-1-dong, Seodaenun-gu, SEOCUL 120-091, Republic of Korea Date of
deposit Accesssuoztl bjuMIEY assiyllPEg2102nKQENrd Ockdls 6 WD AkLNR: the human

| NDI CATI ONS( f vaeH akftoeffi bebF) This information is continued on an

‘addi tional Srgetumor cell Hies CRATER BI48 ESpRaiReHInttdNBILICAT laGiiS vitiREat a

MADE( i f ai ebz4k, 4onsarenot f or al | desi paed Sass)) = E. SEPARATE FURNI SHI NG OF

| NDI CATI ONSHPEERjgty; (of iestion (MO 9515, Eignil yis Fivsult 98 MIBE psas furitke kamdse| ow

i1l b bmtted to the.l ' . B | at ' t h € I
ot ur o of AR AOHEEHHEHEE AL TR0 o B RIIOE ool Cblos 144 BIZFM Siccel vi ng

it 1R ik e STk AR Rt YRR sl Ol tas MGl R iR

Bureau apphdsati@i 960 mcut hori zed of ficer Authorized officer Form
PCT/ RO 134(July 1998) 38 24 March 2006 WO 03/029448 PCT/ KRO2/ 01831

| NDI CATI ONS RELABNGpERnPEPEELSTED &Y B0 DlSMuSEtT FER Bl QefRaton-
MATERI AL (PCT Rule 13bis A The indications made below relate to the
deposi t ed nincompetg@nddencyirs al3tdrldeZodsaghapativirediol, alo ¢«ff datedhad ound. t he

In contrast, when being infected with the replication-competent adenoviruses YKL-1
10 and YCI-Ad-VSVG, cell viability of the infected tumor cells was gradually reduced by
viral proliferation increased with the passage of time. Particularly, because of having
high infection efficiency due to the incorporation of 2 VSV-G epitope into the carboxy
terminus of the fiber, the recombinant adenovirus YCI-Ad-VSVG was found to have

much higher oncolytic activity than YKIL-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 nmude mice, Human hepatoma cell line Hep3B
(HB-8044, ATCC, USA), human brain cancer cell line U343, or human brain cancer

cell line US7MG (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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description on page 26, line 1-10 B. | DENTIFI CATI ON OF DEPCOSI T Furt her
deposits are on an additional sheet” Nane of depositary i#sMardt308f Kor ean
Culture Center of M croorgani sns(KCCM Address of depositary

i nstituti orR{dpHdredgngpost al code and country) 361-221, ﬁ;ﬁ,ﬂ fil31

Hongj e- | - dong,” Seodaenun-gu, SEOUL 120-091, Republic of Korea Date of
deposit Accession Nunber 14/0912002 | CCCM 10425 C. ADDI TI ONAL

| NDI CATI ONSAwhkv hMAFdnbh) This information is continued on an additi onal
sheet N D. DESI GNATED STATES FOR VWHI CH | NDI CATI ONS ARE

MADE(i f t hei ndi eudonshawe ioFigarid tb d8singnétnedSYatefebeiving SRR RufdideSH NG OF
| NDI CATI ONS(| eare bl ank ifnot applicable) The indications listed below w |
be submi tt ewvas incrdased witlethegiabsapabf Bueealn ¢atrest(mprick dnjedial githehea¥Chat ure of
the indications e.q., "Accession Nunber ofDeposit") For receiving Ofice
use only FoAdrW¥EnadenoYiets, Buneragrarsth was ysignifitantly sinbibitednasIr edditioed wi t h
the internatignal ”~, This sheet was recei vedzi]g%ctt he | nternational Bureau

appl i cat i onTHPIIonApftiger srawihoyasalsor seap, inpice o With dre Yok rh adenovidme.134( Jul y
1998 9 24 200 WO 029448 PCT/ RO2/ 0 I.NDL CATI ONS RELATI NG TO
DEPCE 2D r PRIt FRIERIGS e At R EEAS VRIG Rl & 1301 5 A The
et i g i : ; .

bi o ogi calmar er (E Sl 1B Eed Bt B8 ARREHAL LI ARNGERLYRAS oI,

B. | DENTI FI S83dnEMveRtiont OB cE11&i EhtREnof SRQE th ivalr %u@ﬁ‘h%}ﬂ aRitinbt OfRheySheet

Nane of depositary institution Korean Culture Center O

M cr oor gani sfiMECKEAGMS VO s asrsbutdd 16 apORiihdebyndenisinfeotiér ﬁa(thd\d’SV-(B@gﬂ%jﬂ code
and country) 361-221, Yurim BID, Hoogje-I|-dong, Seodaenun-gu, SEOUL
120- 091, Rejnofripbmtedfinisaheaarboxy terminus of the fiber, thus enabling the YCI-Ad-VSVG

10 adenovirus to enter tumor cells with low CAR expression at high efficiency.
EXAMPLE 8: 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
Incubation time after infection | Viral titer of dI324/LacZ | Viral titer of d1324/La62N SVG
24 16,000,000 20,000,000
48 200,000,000 399,000,000
72 320,000,000 502,000,000

As apparent in Table 1 and Fig. 20, the dI324-LacZ-VSVG adenovirus

produced viral particles in hlgh titer due to its increased infection efficiency.
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| NDI CATI ONSO=ub nM This information is continued on an add4Msarh208hcet ~
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international " Ta8dishEgad iMRStigRS EHeviacreh¥d Whel fitef 6F YUILAMFIS VB hedu
application on: Authorized officer Authorized officer Form PCT/ RO 134(July
1998) 5 4QaRdkr bell e BTN wi(nBt<dA04 B FOT/oRKERR/of 13 EplidAtiédcdrfpeindl VED | S:
1. A reconbi nant adenovirus conprising a protein containing a VSV-G

" epi t ope derademyiriises iKied iapd YAI-Ad-OMBMG. t 124 v, 48U, andi2din aifter infestion, eell by
introducing said 5 protein intg an adenovirus. 2. The reconbi nant

adenovi r us Relets and suppmptants weregallegted. grd vissliiter s theaangastedss Therssulis an

ability to replicat .. The r jnant adenovirus as set forth in claim
1, whetein af‘?lgwe”a'&éﬁ@]&%rhéw%m‘%&ggg&ati on-i nconpet ent and contai ns one or
nore therapeutic genes. 10 4. The reconbi nant adenovirus as set forth in

. claiml, wherein the adenovirus is E1B-55 kDa-del eted, E1B-19 kDa-del et ed,
~or E1B-19 kDa/El B-55 kbDa-del eted. SrAf@itEe2r econbi nant adenovirus as set

forth in claiml, wherein the VSV-G epitope is |linked to an adenovirus
fi ber protein. 5 6 _The reconbinant adenovirus as set forth in claimb5,
e

wherein the ads t fv‘%gdzlnb‘-él—"ﬂ% PEYCI-AAVSVEL | oconbi nant

adenovi r us as set fcrthiﬂn e-a-m-p— 'm 5 he azgggﬁgggus f+ber knob is a
H | oop region, ﬁeﬁ{—eﬁ—%‘se—,—e*r—t-'ae—%?ﬂo, ¥ 1 ..b_@:g foob tre

As apparent in Table 2 and Fig. 21, the YCI-Ad-VSVG adenovirus with a

14

=)
A

VSV-G epitope incorporated into the carboxy terminus of the fiber showed higher virus

yields than the YKIL-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 adenovirus, which has improved therapeutic efficiency, and a
pharmaceutical composiﬁon 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 iﬁfected easily with wild-type adenovirus, thus enhancing its transduction
efficiency and generation of viral particles in the infected cells. In addition, such '

20 high infection efficiency allows the recombinant adenovirus to be administered at a
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fiber protein. 41 24 March 2006 WD 03/029448 PCTI KRO2/ 01831 8. The
reconbi nant adenovirus as set forth in claim1, wherein th Megh2806pitope
has an am no acid sequence given in SEQ ID'NO 3. 9. The reconbi nant ‘
adenovi r us wagoHRbskorth in claiml, wherein a linker is ﬁ%ﬁﬁ(ﬁ%%s?et ween
t he adenovirus fiber and the VSV-G epitope. 5 10. The reconbi nant
adenovirus as set forth in claim9, wherein the |I|inker consists of 5 to 15
am no acids. 11. The reconbi nant adenovirus as set forth in claim210,
wherein the amno acid is glycine or alanine. 12. The reconbi nant

adenovi r us 18§eS@lount ity miliAiARglthe WO& H8IRrdl BRd cdifildafRihe dapbnsadenoVi r us
is YCl-Ad-VSVG 13. A pharmaceutical conposition conprising: (a) a

t her apeut i cadal yroteihé eatli vieal dfifeoretl @fls,aas @iy tantombiamng thempgonitii sing a
protein containing a VSV- G epitope derived fromvesicular stomatitis
virus, whi ghdiptheippy par eenimjheraytyy dbsc beigg tuseful footdevelopmend ehnevdegeowi r us;
and (b) a pharmaceutically acceptable carrier. 15 14. The pharnaceuti cal
conposi t i ofhegapiesetapslye phmaringriag therpeuticdtesti si ng: (a) a therapeutical ly
effectéve anount of a replication-conpetent reconbinant adenovirus
conprising a protein containing a VSV-G epitope derived fromvesicular
stomatitis virus, which is prepared by introducing the protein into an
adenovi rus contai ni ng an E1A gene; and (b) a pharmaceutically acceptable
~carrier. 20 15. The pharmaceutical composition as set forth in claim13,
42 24 March 2006 WO 03/029448 PCT/ KR02/ 01831 conprising: (a) a
therapeutical ly effective anount of a replication-inconpetent reconbinant
adenovirus conprising a protein containing a 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 nore therapeutic
genes; and (b) a 5 pharmaceutically acceptable carrier. 16. The

phar maceuti cal composition as set forth in claim 13, wherein
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t he reconbi nant adenovirus contains a VSV-G epitope derived from vesicul ar
stomatitis virus linked to an adenovirus fiber protein. 1024 MHar 06
pharmaceutical conposition as set forth in claim13, wherein the

reconbi nantw@egeyisr us i s YCl - Ad-VSVG 18. A reconbi nant péﬁﬁ?&% pressi ng
t he reconbi nant adenovirus of claim1. 19. A host cell transtorned or
transfected with the reconbinant plasmd 15 of claim 18. 43 24 March 2006
WO 03/ 029448 PCT/ KRO2/ 01831 Sequence Listing <110> YUN, Chae-Ck KI'M

Joo- Hang <120> Reconbi nant Adenovrius w th Enhanced Therapeutic Effect and
Phar maceuti cal Conpositi on ConpPERISITED WeRePRR&GSMDI nant Adenovirus <160> 17
<170> Kopatentln 1.71 <210> loxrdidemeiddeicithdirlA <213> Artifici al
Sequence <220> <223> priner <400> 1 ttattggatc ctttgtctag ggccgcggg 29
<210> 2 <211> 40 <212> DNA <213> Artificial Sequence <220> <223> priner
<400> 2 (PCT Rule 13bis)

' A. The indications made below relate to the deposifed microorganism or other biological material referved to in the
deseription on page 24, line 15-25

B. IDENTIFICATION OF DEPOSIT Further deposits are on an additional sheet[l

Name of depositary instifution

Korean Culture Center of Mieroorganisms(K.CCM)
.| Address of depositary institution(fncluding 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 10424

‘ C.ADDITIONAL INDICATIONS fanehladifnotanpficably  This information is confinued on an additional sheet [

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

E.SEPARATE FURNISHING OF INDICATYONS(feave blank if not applicable)

The indications listed below will be submitted to the International Bureau later(specify the general nature of the
indications e.q., “Accession Number of Deposit™) : )

For receiving Office use only For international Burean nse only
[0 This sheet was received with the internatiounal [ This sheet was received by the Internaﬁum_d Burean
application on:
Authorized officer : Authorized officer

Form PCT/RO/134(July 1598)
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tcttggatcc agatctatac agttaagcca cctatacaac 40 <210> 3 <211> 29 <212> DNA
<213> Artificial Sequence -1 24 March 2006 WO 03/029448 HBTMERb2004831
Sequence Listing <220> <223> primer <400> 3 ttattggatc ctttgtctag
‘ggccgcggg Ao osddfdy 4 <211> 35 <212> DNA <213> Artifici ai,cﬁﬁg@?ﬂq&g <220>
<223> prinmer <400> 4 ccaggatcca gatctcccca tttaacacgc catgc <210> 5
<211> 40 <212> DNA <213> Artificial Sequence <220> <223> prinmer <400> 5
gttacatctg acctcctgta ggctagcgag tgtttggaag 40 <210> 6 <211> 40 <212> DNA
<213> Artificial Sequence :
INDICATIONS RELATING TO DEPOSITED MICROORGANISM

OR OTHER BIOLOGICAL MATERIAL

(ECT Rule 13bis)

A, The indications made below relate to the deposited microorganism or other biolegical material referred to in the
description on page 26, line 1-10

B, IDENTIFICATION OF DEPOSIT Forther deposits are on an additional sheet ]

Name of depositary institution

Korean Culiture Center of Microorganisms(KCCM)
Address of depositary institution{incInding posial code and country)

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

SEOUL 120-091, Republic of Korea

Date of deposit Accession Number
14/0972002 KCCM 10425

C.ADDITIONAL INDICATIONS fleme lokiotapiaby)  This information is continued on an additional sheet [

D.DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE(S the indications are not for all designated States)

E.SEPARATE FURNISHING OF INDICATIONS(feave blank if not applicable)

The indications listed below will be submitted to the International Burcau later(speci/y the general nature of the
indications e.q., “Accession Number of Deposit”)

For receiving Office use only ‘ For international Bureaun use only
OO0 This sheet was received with the infernational [J This sheet was received by the International Burean
application on:
Authorized officer Authorized officer

Form PCT/RO/134(July 1998)
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-2 24 March 2006 WO 03/029448 PCT/ KR02/01831 Sequence Listing <220>
<223> prinmer <400> 6 cttccaaaca ctcgctagcc tacaggaggt cag%ﬂb’fta&écm@é <210>
7 <211> 20 <212> DNA <213> Artificial Sequence <220> <223> priner <400>
7 ggcctttagyobgibigcagc 20 <210> 8 <211> 35 <212> DNA <gldepdidifi ci al
Sequence <220> <223> prinmer <400> 8 ggggagctcg gatcctcctt cttgggcaat
gtatg 35 <210> 9 <211> 19 <212> PRT <213> Vesicular stomatitis virus
<400> 9 -3 24 March 2006 WD 03/029448 PCT/ KR02/ 01831 Sequence Listing

INDICATIONS RELATING TO DEPOSITED MICROORGANISM

OR OTHER BICLOGICAL MATERIAL

(PCT Rule 13bis)

A. The indications made below relate to the deposited microorganism or other biological material referred to in the
description on page 29, line 1-1¢

B. IDENTIFICATION OF DEFPOSIT Further deposits are on an addifional sheet[]

Name of depositary institution

Korean Culture Center of Microorganisms(KCCM)
Address of depositary institution(fncluding postal code and country)

| 361-221, Yurim B/I), Hongje-I-dong, Seodaemun-gu,

SEOUL 120-091, Republic of Korea

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

C.ADDITIONAL INDICATIONS femebrhifukarpliint®)  This information is continued on an additional sheet [

D.DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE @ the indications arenot for all designated Statest

E.SEPARATE FURNISHING OF INDICATIONS(Teave blank if not applicable)

The indications listed below will be submitted to the International Bureau later(specify the general nature of the
indications e.q., “Accession Number of Deposit™}

For receiving Office nse 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/RO/N34(July 1998) .
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Gy Thr Trp Leu Aso Pro Gy Phe Pro Pro Adn Ser Cys Ay Tyr Ala 1 5 10 15
Thr Val Thr <210> 10 <211> 57 <212> DNA <213> Vesi cul ar 24 Meeahi2008 vi r us
<400> 10 ggaacttggc tgaatccagg cttccctcct caaagttgtg gatatgcaac tgtgacg 57
<210> 11 <A w/@2448<212> DNA <213> Artificial Sequence

: AT
ol i gomer <400> 11 gatccggcgg gggcggt gga ggagggggt g gaacttggct gaat ccaggc
ttccctcctc 60 aaagttgtgg atatgcaact gtgacgtgag ct 92 <210> 12 <211> 27 -

<212> DNA <213> Artificial Sequence <220> <223> primer -4 24 March 2006
WO 03/ 029448 PCT/ KRO2/ 01531 Sequence Listing <400> 12 gaagggggat

- ccggce cggtgga 27  <210> 13 <211> 27 <212> DNA
99 gggggWﬂg’Igl%CLAIMEDIS:

1. A recombinant adenovirus comprising a protein containing a VSV-G
epitope derived from vesicular stomatitis virus, which is prepared by introducing said
5  protein into an adenovirus.
N
2. The recombinant adenovirus as set forth in claim 1, 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 E1B-55 kDa-deleted, E1B-19 kDa-deleted, or E1B-19 kDa/EiB-55
kDa-deleted.

5. 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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<213> Artificial Sequence <220> <223> prinmer <400> 13 cccgagctca
cgtcacagtt gcatatc 27 <210> 14 <211> 21 <212> DNA <213> 24 Mafchci086
Sequence <220> <223> priner <400> 14 tttgtgttac tcatagcgcg t 21 <210> 15
<211> 21  <@desnmdi <213> Artificial Sequence <220> <2235-bkhdiRiss <400> 15
-5 24 March 2006 WD 03/ 029448 PCT/ KR02/ 01831 Sequence Listing attctttccc
acccttaagc ¢ 21 <210> 16 <211> 27 <212> DNA <213> Artificial Sequence
<220> <223> primer <400> 16 gaagggggat ccggcggggg cggtgga 27

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

V8V-G epitope has an amino acid sequence given in SEQ ID NO: 3.

9. The recombinant adenovirus as set forth in claim 1, wherein a linker

is inserted between the adenovirus fiber and the VSV-G epitope.

5 10, The recombinant adenovirus as set forth in claim 9, wherein the

linker consists of 5 to 15 amino acids.

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) a therapeutically
effective 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 lﬁharmaceutically 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 a2 VSV-G epitope derived

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

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

20 : 15. The pharmaceutical composition as set forth in claim 13,

42




<210> 17 <211> 27 <212> DNA <213> Artificial ‘Sequence <220> <223> pri mer
<400> 17 cccgagctca cgtcacagtt gcatatc 27 -6 22240Mar°%22 06 -

WO 03/029448 PCT/KR02/01831

comprising: (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 profein 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 conmtains 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 of ¢laim 18.
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