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present invention relates to a novel gene delivery

system and reconbi nant adenovirus, in particular, to a

novel gene delivery system and feconbi nant adenovirus
CORREShELvERIE 695 iEm CPHRAITRING SSRIVIGR. GANE AND PHARMACEUTICAL
phar maceuti cal anti-tunor conposition conprising the

I eCconmbideMpbs 28O0 HORITARGEPING MANEER | CONTAININGSTHE BYSTEM
characterized by inproved tissue penetration potency

and a pharnmaceutical conposition for treating a

di sease or disorder associated with accunul ati on of

exEEBlD OF THEINYANMIIONat ri x. DESCRI PTI ON OF THE

RELATED ART Early adenovi rus-hbased gene therapy .
usual F§e eAACEGE T 01ViSRaE PBN-T51¢oRPet Bht Saddhovi r B8Rg delivery
carrying a therapeutic.,gene with deleted E | _gene

esi%%ﬁ"gl a‘f‘%rr%\%‘g OVIPPs FEPPT e R T on " I—IB\?VE%?I% fesey @ novel
re [ n e n nL 4t 2t Vi 1

o e S S S T ) R eBar gy Smprising 3
sugs@sndi-rgcegl hs, exbihiddenyg seri oysaphebbefFcdin  anti-tumor
clinical applications (Vile RG Russell SJ, Lenvoine

NRcomfene ither , c2000isif{dl) : t2x8) . rEecopefi@oie Ssumovirus, a
probl enms, the oncol ytic adenovirus, ONYX-015 (dlI520)
sebeetnamiugicepl | catbosg tiant urmractkkszews i r §pproved  tissue
devel oped by McCorm ck research group (Bischoff JR et

al Pensyadies, POOENCR7424%286) PIRTRATPELIER} seCemPosdtion  for

| ., Nat Med, 1997, 3 (6) :639-645) .. Th |.B 55 k .
gehBEde &t &t HEERGTi Phs é_%%%ﬁ vaeﬁif)crlsﬁ??ﬁzf%% frrumtacion of
tulpLo£eldis hacking. f yactignal ps3. hen the

reconbi nant adenovirus infects normal cells,

itsproliferation is inhibited to result in the failure

OfDESCRIPTION OF THE RELATED ART

Early adenovirus-based gene therapy usually employs

replication-incompetent adenoviruses carrying a therapeutic
gene with deleted E1 gene essential for adenovirus replication.
However, these recombinant adenoviruses induce anti-tumor
activity only in infected cells and a very small number of
surrounding cells, exhibiting serious problems in clinical
applications (Vile RG, Russell SJ, Lemoine NR., Gene Ther, 2000,
7(1):2-8). To overcome such problems, the oncolytic adenovirus,
ONYX-015(d11520) selectively replicating in tumor «cells was
first developed by McCormick research group (Bischoff JR, et
al., Science, 1996, 274(5286):373-376; Heise C, et al., Nat Med,
1997, 3(6):639-645). The ELB 55 kDa gene-deleted adenovirus

selectively replicates in tumor cells lacking functional p53.

When the recombinant adenovirus infects normal cells, its



oncol ysi s because p53 inactivation is not induced,
whereas it actively proliferates in tunor cells with

w0 paehdrat ed p53 and eventual ly | eads to sel ecPECTRR2006/000657
death of tunmor cells (Chang, F., et al., J din Onco
13: 1009-22(1995)). According to recent reports on
Phase-11/111 clinical trials fof brain cancer, a
t upBsriseecicibe 0ngol yinikiadanovbr useexid bitrs the failure of
consi derabl e therapeutic efficacy (Kirn, D, et al.
Natndeldy s4:s1341a264998); iNenuha ttiios, ik .ncet ialduce@anekereas it
Res 60: 6359-66(2000); and Ganly, I . et al., din
Caﬁ@%%VQ%%;H?O?QéEfsgﬁizb@o}VmO¥M@?kﬁﬁﬂwkqﬂeinaCtivated p>53 and
adm ni stration of the reconbi nant adenovirus nduces

{HET Rl SEPRF eSS1 Bn of o gr ot i e o dthanes T

5 of St Uor Paprary Beure: A6 L I T Lbse of a period of
time. gp ﬁfﬁg@%%”%e%eﬁ%er8$83$$h%1Qﬁ%%%s Pf%& clinical trials

r econbi han enovirus topically |nJecte I nt'o tunor

argsparpidy spread wig hi fyddispeted; sur6QudinG  adenovirus
portlon to elicit arestricted anti-tunor aCtIVIty

susthiials tabmeideehbse notetdfeatied efft bayy r ygesn, D., et al.,
rapidly grow. According to a recent research report,
t h§at edtabi hahi4 ladd698r us@enadai nist eded ¢t @lthuma®ancer Res

tunor in nude mce persistently replicate as |ate as
10 1000 te3?-#ft(8POPhi tand GATal iTnj €&t Pon, afél@loCayer Res 6:798-
ensure the conEIete eradji cation of tunpr, while viable
V|?%§Q§Mﬁﬁ9 be®bbtaHred P?cnﬁqqhﬂdth?Egﬂb AccbRgi ngtcomeinant
ubse uent resear .been c%arlfled

%e %@ rep% f u pre551on of or growth, the
th% ?%ose S| SHARTT - TP T ﬁ?ec?spare pecause  the
COPRRGLd e ér’a%%la{‘élé‘ﬁ]d 9%&@&@'&&4@%6@&@& (EMy and regrowth

present 1n cell play a promnent role in inhibiting
vi g al tms@aga;@{dlryewmlr@a@tfta@ler&%l NHEES. oMDEEQ¥@Rod of time.

when adenoviruses are injected intotunor, in early
15 St agesed heysare b&ﬁl@Eyb&bHﬂIMEﬂaﬂiéfmﬁﬁlbb@oﬂblnant adenovirus
topically injected into tumor are partially spread within a
limited surrounding portion to elicit a restricted anti-tumor
activity such that tumor cells not infected with viruses
rapidly grow. According to a recent research report, the

20 recombinant adenoviruses administered intc human tumor in nude
mice persistently replicate as late as 100 days after initial
viral injection and do not ensure the complete eradication of
tumor, while viable viruses may be obtained from tumor tissue.
According to subsequent research reports, it has been clarified

25 that those low anti-tumor effects are because the connective
tissue and extracellular matrix (ECM) present in cell play a

prominent role in inhibiting viral spread of recombinant

adenoviruses. Moreover, when adenoviruses are injected into



stream by innate innmune reaction; however, on about 48
weeks after viral injection, adenoviruses presuned to
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stream coul d be observed to appear again in the bl ood

stream Taking those successive results into

consideration, it coul d be recodnized that the

physisal hardd.ars sf‘tta@la,a%hegneggt k¥Bidi sS4 AREted from blood
extracellular matrix (ECM between tunor cells is

| i ketaant ooy nhikite vinmalnespreeadiangd hbeavdn héghbyout 48 weeks
decrease the anti-tunor effect of adenoviruses,

al ¢ ioughviumborisjpetiibhe eAendyiiuseadareviimgdeso be replicated
adm ni stered are actively replicated in tunor cells.

Cohis efjtfestit 1309 irelepstd Be Hprddicat 4 et CtHe iRfeglbserved to
t unor speci fi ¢ oncol yti c adenovi rus has_t he abi

ity to ,
i NSRS Tgr 848EF ool Yt P Lot vi 5P %hd Ei‘)]flé}a?d thosg successive
t hr oughout . t.unor. tissu wel.l. for infecti .
sujf?solglndsl nlgm_tounﬁ?}l%le%r%ﬁ%ébeﬁttl y(?ousléivek?%l r8fognized that the

i”Bﬁ?{#éﬁﬁiBE%%iQ?!?sﬁgﬁna%eQBBhggtlﬁaCEE@B&% Aﬂ&”extracellular
transduction efficiency of viral gene carriers

r egai #i:0g (E6OM boeided | tidad sprieadingippépnt tal inhibit viral
within tissues. N. Kuriyama et al. reported that

el sheradcohhdgenasektdi Spigseyorderypse nthe dingéstumor effect of
col |l agen and ot her conponents of extracellular nmatrix
enhderoed rviseal | afdomigbn, timei -ca@eich§ic hanqelot éaseadenoviruses
pretreatment may be a useful strategy for enhancing

vi peiHedicaedda i me tivah diRR i i teRur P yaP INCE 1 8% - al . |

Hum Gene Ther, 2000, 11 1 2219-2230) .. Moreover

. Nai FPRFRAUECAY ! éh%f%gg% FIEETAREE N 1118 é«?@ﬁ fumoz -
of _adenavi rus- | ate n r f ; t - d

Dy *Br R g FRBB 10 11 TAFFer oL W Edracy | Haem B oreater

enéM@@iQ@ﬂé”bé#f%%@ | ahessglasdi PnrMUCRti $uBBr tissue as well
essential component of arteries (Maillard, L., et al.,

Gepsr infecting surrounding tumor cells.

Recently, several investigations have been reported to
conquer low transduction efficiency of viral gene carriers
resulting from their limited spreading potential within tissues.
N. Kuriyama et al. reported that either collagenase/dispase or
trypsin to digest collagen and other components of
extracellular matrix enhanced viral infection, indicating that
protease pretreatment may be a useful strategy for enhancing
virus-mediated gene transduction (Kuriyama N, et al., Hum Gene
Ther, 2000, 11(16):2219-2230). Moreover, L. Maillard et al.
attempted to elevate the efficiency of adenovirus-mediated gene
transfer by about two-fold by treating rabbit iliac arteries
with elastinase, an enzyme which dissociates elastin, which 1is
an essential component of arteries (Maillard, L., et al., Gene
Ther, 1998, 5(8):1023-1030) . There was a report that

hyaluronidase, an enzyme which dissociates extracellular matrix,



Ther, 1998, 5 (8 ) :1023-1030) . There was a report
t hat hyal uroni dase, an enzyne whi ch di ssoci ates

wezdocagwhs ul ar matri x, coul d enhance the gene PCT/KR2006/000657
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transduction efficiency of adenoassoci ated viruses in

the rat nuscle by about 2-3 folds (Favre D, et al.

CGene Ther, 2000, 7 (16 ) - 1417- 1420 ) . Through the

resohls ofntadnese shecessieve tirawedtcgadn orgEficiemoul bf adeno-
be understood that the decrease in extracellul ar
componertechy ighsher ii ntidi tdthguusisé esprit Aegils of3 folds (Favre

expracel |ular conponepts or, bac | Latlng, he,o)  pacugn  the
di ssoci at i on’ of ext racel1 ul‘ar tonponent s may ‘i Ncr ease

t heespreadidy ofhebier Usasc s theSSUeSesthgi€ind, NPrievi R@uld be
the efficiency of gene transduction by viruses.
Moredeestodd Weall dthe cdecogaszednt hettmolsstliutai ngomponents by

extracel lular .matrix, assenmbly nmay prevent treat

FBoETe HiCRifat s tER - SO R oo (A fgba by hbhth rgineonents ox
pr@k&ffﬁéﬁﬂi%@_Q%eskh%s%9@9@§$ﬂvgftb§§9§%é£BHT%Q9QQHkonents may
this application, several patents and publications are

r el ecesrced tard spirtadirons farve rpseyvi tedtigsusar enhbesgs. improving

The discl osure of these patents and publications is ,
i NEB? pSLAt ettt ot hFeN & ppF #eEHYDBA O N Byr dErTUSESmpfereover, it

full escrihe this vention and the state. of rt .
o it En i SRobEErOn et acRet A Estolenk Bty mecrix
OF 2 I bbb I NYENT OBl dhe Heserbti BYERSOrS avesadeuch as keloid
i ntensi ve researches to inprove the transduction

ef thesehdy ebngenel delolvéeyasiat exfs skpartdrogicaivy, tigsues
enhance the transduction (or spreading) efficiency of

gene delivery systenms in tissues, as a result,

di scovefin@qghbBat degord n ceuhdcgdr admmt i calh¥rbPr Q¥eents  ana

the transduction efficiency of gene delivery systens

andubp booathionant a aedlenmfierasesd exgirdes sii hgt decor emecopfalrided  in

significantly , _ _
parentheses’. The disclosure of these patents and publications
is incorporated into this application in order to more fully
describe this invention and the state of the art to which this

invention pertains.

DETAILED DESCRIPTION OF THIS INVENTION

The present inventors have made intensive researches to
improve the transduction efficiency of gene delivery systems,
particularly, to enhance the transduction (or spreading)
efficiency of gene delivery systems in tissues, as a result,
discovering that decorin could dramatically improve the
transduction efficiency of gene delivery systems and
recombinant adenoviruses expressing decorin could significantly
exhibit the potential to penetrate into tumor tissues and anti-
tumor effect.

Accordingly, it is an object of this invention to provide



exhibit the potential to penetrate into tunor tissues
and antitunor effect. Accordingly, it is an object of

wo bios/oprowenti on to provi dea gene delivery systBOT/KR2006/000657
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conprising a decorin-encodi ng nucl eoti de sequence with
i nproved transduction efficiency. It is another object
of this invention to provide a rRethod for delivering a

gepegiid oyLehes Wit Br ddmraneed st hang dycdd am-ehtb &l @NGYacleot ide
It iS still another object of this invention to

pr evdinken e veeanbhpiaiie dadeaoyvdudts chav ik Agedanaryoved

abilities in tunor tissue penetration and

t unor - sijedisf irccapept@xiest bff thif urtvrertiobj eetpofvitds @ method
i nvention to provide a pharnmaceutical anti-tunor _
coRPBSIFEL 6FEFU1Y t R e&EMAQ ‘@ TCaneerls 1114 $FPTQVecyr tragysduction
object of this invention to provide a nethod for

tr Rt I MF % Ycancer by use of the pharnaceutical anti

_tum)r pﬂnp'osSISteiqlif Ingtlllg’ ao%o'tehc%r o%bjtﬁgts ggvetzrplison tfo Iprovide a
I nvent 1 on %0 provide a p arﬁbceutlca conposition (0]

i UPEQHM%a%,tpeQQE{@H% PRLERNGY OfmdJVRdl CapRMidd 048  tumor

tissue. It Is sti anot her object of this 1 nvention

t ot PEOYd GRndtphal dmceut ikGabr camagiiti ghodiysitsreating a

di sease or condition associated with accunul ati on of

excess Extrhacefladhar mabieoc. OFherhiobj éotsniainth to provide a
advant ages of the present invention will becone
appazemcedutdmri hendettainbedcdeseriitprinofot o fegltiow & akarrer.

in conjugation wth the appended clains and draw ngs. _

I n one HspettSof 1t AREERAV RIS, Athéfési $NpFovidedOq Provide a

gens dec%, LPB"?:% ‘f%gﬁem conpris By g é‘“"% &9l dga%%ggeeu “%al anti-
of "PHRYE &St 1'GBETHRIT VEPEG i RY oA ¢ IR R
| TP RYEMRAL Wt £, conpri ses a
It 1s another object of this invention to provide a
pharmaceutical composition for improving a penetration potency
of a medicament into a tissue.
It is still another object of this invention to provide a
pharmaceutical composition for treating a disease or condition

associated with accumulation of excess extracellular matrix.

Other objects and advantages of the present invention will
become apparent from the detailed description to follow taken

in conjugation with the appended claims and drawings.

In cne aspect of this invention, there 1is provided a gene
delivery system comprising a nucleotide sequence of interest to
be delivered into a cell, the improvement which comprises a
decorin-encoding nucleotide sequence to enhance a transduction

efficiency of the nucleotide sequence of interest into the cell.



decori n-encodi ng nucl eoti de sequence to enhance a
transduction efficiency of the nucleotide sequence of
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i ntensi ve researches to i nprove the transduction

efficiency of gene delivery systens, particularly, to
enhance the transduction (or spfeading) efficiency of

gene delivery systenms in tissues. Such researches are

based on our hypothesis that the reduction in the

| evel Tbé qompenentigwvehtexsr geelel uhade matreéxsse researches to
facilitating the degradation or inhibiting the

SYyHIPRERIS Bt coffbriertsonf ekt Ferredy Wiarohs rdsd gy systems,
enhance the spreading of gene delivery systens wthin ,

{1 BRUCRCISERBr i S gl §2PEHE prdient TFRVERL b9 halRF | SPreading)
di scovered that decorin could dramatical.ly inprove the

L ShSHUCT dn ot P aT ety ‘6T YoeNe doT i Very Syt braa Trig -earenes

term "gdecoridy’ dised Berell; LNGOAPASSeS48COMdM in the level of
illTustrated and exenplified in Exanples as well as its

anyohssmigue 40 eshancetinhansduahi-onx ef biyCi encey 1tRating  the
is intent of the present invention. Decorin (DCN)

pl aygrepa ipnvobal [wbibiaingn ehbanserthesisnppovi agnddments of
gene transduction efficiency in the present invention,

i seatyetldtypir cnaenbermayf canhapnt atled rpreadiihy of @URP delivery
(smal | |eucine-rich proteoglycan) , conprising 10-12

| eB¥PFRLY | UALREPedtsSUThe COFBI IO of LR CcEEPACRAS g ventors
arch sh

o B0 PRGTRrS )  BeSor FRCPBLopFOP P cRaRpei fil 1y Tmprove the

M R e T L TR

AA, etnal . ,teBmocheModrin1987ise248 ek in80lefi¥apabksher decorin

LW Term ne JD, Young MF., J Biol Chem 1989, 264 (8 )

c ASYNuuEPaEd, daitte protddlipdanirdeBorimicss khowaltoas its any

Suﬁé%é?%%ﬁgGib %n%%%ggi%¥énsduction efficiency that is intent of
the present invention.

Decorin (DCN) playing a pivotal role as an enhancer in
improving the gene transduction efficiency 1in the present
invention, 1is a prototypic member of an enlarging family of
SLRP (small leucine-rich proteoglycan), comprising 10-12
leucine-rich repeats. The core region of decorin has a arch
shape to serve as a suitable ligand to various growth factors
or decorin receptor present in extracelluar matrix (Krusius T,
Ruoslahti E., Proc Natl Acad Sci U S A, 1986, 83(20):7683-7687;
Day AA, et al., Biochem J, 1987, 248(3):801-805; Fisher LW,
Termine JD, Young MF., J Biol Chem, 1989, 264(8):4571-4576).
The proteoglycan decorin is known to suppress TGF-P activity,
so that 1t inhibits fibrosis of collagen to involve in

extracellular matrix assembly, and acts as a naturally

occurring antagonist against tumorigenesis and tumor growth
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so that it inhibits fi

brosis of collagen to involve in

extracel lular matri x assenbly, and acts as a naturally
wo@emdnoiony ant agoni st agai nst tunori genesi s anpiCT/KR2006/000657

grom h(lozzo RV., Crit
(2) :141-174; lIsaka Y
:418-423) . Moreover,

Rev Bi ochem Mol Biol, 1997, 32
et al., _Nat Med, 1996 2 (4)
decorln tagether Mﬁth

extrecsl | rV ar naﬁtiRe@ompmmeemSDﬁUChBaﬂ.gerEW)famtnnﬂ41—174;

and nmetal i1ons induces expressions of MW-1 (matrix
met @ opriot ePhaset-1) ARG M2, 138§r add ifg = 418-423) . Moreoverr

extracel | ul ar trix g

E. (CRut U e, °f990" 326

TRENERLg s S DU RUEBLD s

Pa@f&mﬂ Whetdiad nggar GhelPal Blcﬁghemldluoesl%ﬂpre?s%%%)s of MMP-1
: 587-597; Danielson KG et al ., J Cell Biol, 1997,
136(3)r ix72@L2ABpprotasioasdi-hy eod tHPgoneledehfveyg yextracellular

bt 2st ot B D oud-

th§§6g@%1qx§ggs§@4j deeRni kd, NAUeessbhey d

LR JJERRAR PSR s,
ﬁéfﬂgﬂérgn[pf Biochem

col | agen, 'a maj or conponent of extracellular matrix
sunromadnngzeelBs 187-d9sr uptancebsect Kue tkicssile ,and cell Biol,
menbr a thereby resulting in the degradatlon

ofl%%brééélﬁbF2¥9ﬁ%trlx This successive action is one

of neg gggégg@ uEgerng

transductionefficienc

ng%i?lge dgﬂ\gggﬁg&skgm eartlhe present

dec I's c

vernddred on) BE%36Pl eSordrseesbere b@kmsﬂbﬁr@fo&@mous MMPs such
referring to the above-described action of decorin,
t h@s aliMBat ages MYF ot heoprigséntthgerrxndeisseer ;de§9svemlnéuces the

hI| ted for

in ti ssues conposed % cells

G e oach B 1) R0 PhcaiTaARS A Py, SFypacellular
p%ﬁﬁ‘% alur rWHRE n ARRIINEA thO ok UPRE: td39-Ees: ACE 0S8R and basal

tightly by connective

ti ssue, the present gene

dehémneranesy shenelex hidiuls ingpiovelte tdansdacti bonof extracellular

efficiency conpared to any conventional delivery
matrix. "This successive action 1is one of mechanisms underlying

the improvement in transduction efficiency by decorin, which is

clearly verified in Examples described below.

Therefore, referring to the above-described action of

decorin, the advantages of the present gene delivery system is

highlighted for <cel

ls within tissues composed of cells

interconnected each other by extracelluar matrix. In particular,

where applied to tumor tissues enclosed tightly by connective

tissue, the present

gene delivery system exhibits improved

transduction efficiency compared to any conventional delivery

system.
To construct the

preferred that the

present gene delivery system, it 1is

decorin-encoding nucleotide sequence 1is

contained in a suitable expression construct. According the

expression construct,

it is preferred that the decorin-encoding



system To construct the present gene delivery system
it is preferred that the decorin-encodi ng nucl eoti de

wGeedemmes i s contained in a suitabl e expressi OPCT/KR2006/000657
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construct. According the expression construct, it is
preferred that the decorin-encodi ngnucl eoti de sequence

is operatively linked to a prondter. The term

" openabikvely skiypkeek ref epsrioifdRctiional ldokagpromoter. The
bet ween a nucleic acid expression control sequence

(st asp2 rpeot®lerlisdegimalreseguence funet iarmady ldihkage between
transcription factor binding sites) and a second

nucleid edci dcseqerancessighereinhr thecaxpressi Diric Gigt fopromoter,
sequence affects transcription and/or translation of o

t hel ad! ePEIARIE cOPEesPORH nG Lt ot F S FdRGRAT sebfifdide. Pinding
According to the present invention,  the

r onot er .
Ii%%ﬁﬁ)toapﬁe GeCSFFﬁH%eH€“F§18pePSBFe F%hu?W%?erﬁﬁﬁﬁ?ln the
aQ&?@éssnge Q% E?%?bl¥e H@ﬂﬁ?l'QPf&ﬁkJS’tﬂﬂmfﬁgEE9$n and/or

transcription o e decorin gene, 1ncluding

E;P A% dgried {4 om i e gepore of - PPy an Q§J|§hiisecond

rom manmmal i an viruses, for exanple, U6 pronoter,
| promicer, AMbAGyhonegalaw rpisdseprondi®intihe the promoter
adenovirus |late pronoter, the vaccinia virus 7 .5K
proimdery ,toSWY4Q planpiergeddS\Vid kogerrebdeein, RSk ferably, animal,
pronoter, EFl al pha pronoter, mnetall othionein
priovm epre frateklact mampa bt erel hrunalp | ¢artypdneranscription of
pronoter, human | FN gene pronoter, human |IL- 4 gene
pr oot €F o RbRI SR M RGCORPRNGef& e prRIRCEL I Shiftfdived  from the

GWt CSF gene pronoter, inducible pronmoter, tunmor cell
SPEGITIC BronBtelz {6, CoHERT Gr ofbrr "PERIpF Brol i  foF

PSVA ronDtQ{, %@Am8£gpnt$$%C%%&m&&%@Pt?EM@nd(gyﬁémegalovirus)

exanple, .PTO ’
prono ef3 and trssue spec onot er . 0., umn

PropRt &y, tMRShaPhefigrabhi%cet PBrond)DkaE 8c&Mla virus 7.5K
pronoter or tunor cell specific pronoter. a tunor cel

promoter, SV40 promoter, HSV tk promoter, RSV promoter, EFI1
alpha promoter, metallothionein promoter, beta-actin promoter,
numan IL-2 gene promoter, human IFN gene promoter, human IL-4
gene promoter, human lymphotoxin gene promoter, human GM-CSF
gene promoter, inducible promoter, tumor cell specific promoter
(e.g., TERT promoter, PSA promoter, PSMA promoter, CEA promoter,
E2F promoter and AFP promoter) and tissue specific promoter
(e.g., albumin promoter). Most preferably, the! promoter is CMV

promoter or tumor cell specific promoter. As a tumor cell

specific promoter, TERT promoter and E2$ promoter are

preferable. As a TERT (telomere reverse transcﬁiptase) promoter,
the wild type human hTERT (human télomere reverse
transcriptase) promoter or m~-hTERT proﬁoter (see WO

2004/076668) developed by the present inventors may be used.



specific pronoter, TERT pronoter and E2 pronoter are
preferable. A s a TERT (tel onere reverse

WO c@asenipt ase) pronoter, the wild type human PTERR2006/000657
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(human tel onere reverse transcriptase) pronoter or

m hTERT pronoter (see WO 2004/ 076668) devel oped by the
present inventors nay be used. The m hTERT pr onot er

used i R-A PRI 888 drNVERId Ofh hase bgesséeyel apattiod has been
carry one or nore (preferably, one) additional c- Mc

bi ki@ pe@gitonsadngd ome @ e (peckealaby)y,orfd)ve)dd$pional c-
bi ndi ng regions as well as the human tel onere reverse

t rdyer bptases pregbeer ppdl wadengPt wooee MferbfteRHy . five) Spl
regions and five Spl binding regions. The detail ed

deErd Y o€ HEPSnuePeol’Pde sBfuehtes Bi"dhe THIPHERF reverse
pronoter. are disclosed n WO 2004/ 076668. The E2F .

pr ot T PIEER PACTAES pr ERe M vt on IS }lﬁgéﬁ%téFglons and
i nvol ved.i.n cell,.cycl ohnson,. D . - l. PR
Ca%[%‘fenogs.p127?mf§i%57?§%§) 41 Ngol\?\}gnyéj,e%.l,lg@nddessacfré,ptlons for
S. :r5.NaQl 44: 167 6855, 7Mm d - i
Dyrﬁﬁlga:ic%tt,qdﬁ %e%gﬁgé?élc%ﬁ %%3%1%16(2%%%“)@ #fare disclosed in
Prﬁéeféﬂﬂbb766@€.eXBéeﬁgfoﬁkdﬁHﬂﬂrrM@deSﬁdth@ phésent invention
i nvention conprises a pol yadenyl ati on sequence (e.qg.,

bovs na gsomtdrelror irora vedr nimaterl andcB#0-(derised D.G., Mol.
pol yadenyl ati on sequence) . According to a preferred
enbedéiremt-, e expiess] AP0®onst Nagenfaor the and Safe, S.,

decorin-encoding nucl eoti de sequence has_a_structure
of Engeemnigtedrodeddf i heBndddrng CAlicl Bot i gd Dyntacht, D., Cancer

sequencepol y n ion sequence. In the present gene
detf Er :§§§§$§f¥¢@%)nucleotide sequence of intergst
to bePQS%éXﬁﬁﬁg %%%oeggk%§si (996%99&@'9§gd'ﬂ1?gps invention

expressi on co struct ving the same structure

thé&mﬁfﬁségqeade%@ﬁygdéﬂ¥¥%$iag ngeqentdede s€guenCiBovine growth

hormone terminator and SV40-derived polyadenylation sequence).

According to a preferred embodiment, the expression
construct for the decorin-encoding nucleotide sequence has a
structure of “promoter-decorin-encoding nucleotide sequence-
polyadenylation sequence.

In the present gene delivery system, the nucleotide sequence
of interest to be delivered into cells may be contained in an
expression construct having the same structure for that for the
decorin-encoding nucleotide sequence.

The nucleotide sequence of interest to be delivered into
cells may be any sequence, for example, including cancer-
therapeutic genes encoding proteins having anti-tumor activity
and eventually degenerating tumor cells such as tumor

suppressor genes, immunomodulatory genes [e.g, cytokine genes,



The nucl eotide sequence of interest to be delivered
into cells may be any sequence, for exanple, including
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anti-tunor activity and eventual |y degenerating tunor

cells such as tunor suppressor genes, imunonodul atory

genes [e.g, cytokine genes, chenbki ne genes and
CosidfByiatoryefact 94 gepesihinitokycetdctast | yéids suebr T cell
as B7 .1 and B7.2)], antigenic genes, suicide genes,
cyi@tionity genas, asytBistiatdamd genes) ] pr enapoptiot i gegenes suicide
and anti-angi ogeni c genes, but not limted to. The

sueide gernesogacodenprot eiviss eapabl eesfs .c MM EBPPRECEHC genes
tunor cells sensitivity to chenotherapeutic agents, or

of 21 AIGiing e bRI ICoREPEF ot ACtuMbP &S 1T The nost

wel | - known suj cide gene is the herpes sinQJex

vi rusTRRy RFHFRE Id5TRSe SCRERKP BT Y U B Ppst CINGEnTerring to
5,631,236 5,601, | ' \/-
su%%%%iiﬁfgﬁgo %eségﬁ%géycgﬁ% ﬁggﬁﬁE@§§%§%%?§|o%§%f&ﬁ or of

Th§n?FH§H§ SURRIESSRHi IERES ENCOERo POLYNEPt ITMRS ddt well-known
inhibit tunorigenesis . The tunpr Suppressor genes are

i nbesrenle igendarBathamedldss sangd1éherirdel@yindtios kinase (HSV-
i nactivation is believed to be a prerequisite for

t unpy i genesi SU. Exarpeites Bbst hed taBADR3ISUppPresSeh0gehed - Cells
i ncl ude menbers of the tunor suppressor gene | NK4

f amkibyes sitmioc HiSH&Kexerpl SUsicedt byl apee PPEACt N | cell death Dy
NF-2, MISl, Wl BRCAI

, BRCA2 , VHL, 53, Rb C- | .
N%EE?%XC%qgﬂFnoBPSSFBﬁ%¥g%ﬁﬁpﬁqiigreﬁeﬁgé,éﬂﬁ?ﬁ?gggﬁypeptldes to

329: 642(1987)).,. gene. of e 0 [ ' .

o 0061 T A B gaR o A R BB RIS B e tnnerent
”%9“‘&&5&%&%% caltiNonmyt UPRE; SURRAEESOY Qeneihhdtivation is
maps at chronosone 3p21.3 (Cheng et al., Proc. Natl.

Acgdi i SEda » £ 95H8042-3042G1998)9 , rolel etnesrigereslion Examples of

carci noma (0OCC) gene, MISI, CDK4, VHL, pl OORb, pl6 and

p21heanfhmor suppressor genes include members of the tumor
suppressor gene INK4 family, which are exemplified by APC, DPC4,
NF-1, NF-2, MTS1, WT1l, BRCAl, BRCAZ, VHIL, p53, Rb, MMAC-1,
MMSC-2, retinoblastoma gene (Lee et al., Nature, 329:642(1987)),
gene of adenomatous polyposis coli protein (Albertsen et al.,
U.S. Pat. No. 5783, 666), nasopharyngeal carcinoma  tumor
suppressor gene that maps at chromosome 3p21.3 (Cheng et al.,
Proc. Natl. Acad. Sci., 95:3042-3047(1998)), deleted in colon
carcinoma (OCC) gene, MTS1, CDK4, VHL, plOORb, plé and p2l, and
and therapeutically effective fragments thereof (e.g., p56Rb,
p94Rb) . It will be understood that other known anti-tumor genes
can be used by those of ordinary skill in the art.

The term “antigenic genes” as used herein, refers to a

nucleotide sequence coding for antigenic cell surface protein



and therapeutically effective fragnents thereof (e.g.,
p56Rb, p94Rb) . It will be understood that other known
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skill in the art. The term "anti genic genes" as used

herein, refers to a nucl eoti de sequence coding for

antigenic cell surface proteinwhich is recognized by

t hgiidamune sysben z&xappl eheof ihenansygeemc geapsles of the
i ncl ude carci noenbryonic antigen (CEA) , prostate
spagiilgeaiant igers( PSAcludef et prioveinnr {ARR) apdtpBd  (CEA),
(WD 94/ 02167) . In order to facilitate inmmune
r@wﬂatceo@pephélgnw@mnc qesite - rré‘ny*éOfB%HeJth tHfF) and ps3

antigen. The term” gLOtOXIC ene" as useglon,

hewg? thgﬂéﬂg -t dMa Oﬁﬁ&Fe&PI&SC te 1 Hug recognt

nce

exgre55|on of Mhl§?8%gf§%§ ekchééégmko%lgngg&gpt

XiC genes I'nc nucl eot 1 de

sequenggg e&%ﬂ' ngytp&%&dentzjl}ax%"ew O¥%k8d he€bhnf OXkflers to a
di phtheria toxin and the | The term "cytostatic

gene’l eas idsedehesmia, nhefempreesepnuﬁﬂ'eﬁﬂﬂ@el§e@uéﬁéé elicits
t he expression of which |n a cell induces _an, arrest i

the ceMiiceyCFesCBamiBeI6h (fie cytbstdl it pEnes 2 "include
IﬂCl%_ E#%%tfgégeﬁggs n%bh?ggtpsedgghonﬁgtEQQQh@§;oq§c1n toxin,

Ion protein gene, genes encodi ng
Cy&iﬁﬂtﬂ$%ﬂan66£1nl@dma$ﬁelDfmdu tors such as plb, pl5,
pl 8 and pl 9, growth arrest specific homeobox (GAX)
gene TMO IBrM645YtandaWo© 96n8D385) usth Qaa?%%nreéers to a
variety of therapeutic genes useful in tre
var PO RO tdidse 8GN el & FFEAST A t he YEi d@lfVéF?l induces

system of thjis invention. Non-

|
th%ntﬁe?%ﬁeUP?c}Eeﬁegjlﬁ:C&Sé geﬁegiggcg%?%éag§txftatlc genes
1gcl Arﬂ:%uEeE?Q n&e i .E %BoanP 'réﬂyhgﬁigéﬁgha(§ene, E2F-

and 1er'f erons |nte euklns

ILR& fhélgh ﬂfoﬂelnlgehg% bénég encodlng cyclln dependent kinase
inhibitors such as pl6, pl5, pl8 and pl9, growth arrest
specific homeobox (GAX) gene (WO 97/16459 and WO 96/30385) .

In addition, a variety of therapeutic genes useful in
treating various diseases may be carried in the gene delivery
system of this invention. Non-limiting examples of the
therapeutic genes include genes encoding cytokines (e.g.,
interferon-a, interferon-3, interferon-8 and 1interferon-y),
interleukins (e.g., IL-1, IL-2, IL-4, IL-6, I1L-7, IL-10, IL-12,
IL.-19 and IL-20), colony-stimulating factors (e.g., GM-CSF and
G-CSF), chemokine genes [monocyte chemotactic protein 1 (MCP-
1), monocyte chemotactic protein 2 (MCP-2), monocyte
chemotactic protein 3 (MCP-3), monocyte chemotactic protein 4
(MCP-4), macrophage inflammatory protein la (MIP-1la), macrophage

inflammatory protein 18 (MIP-18), macrophage inflammatory



IL-19 and IL-20), colony-stinulating factors (e.qg.,
G\t CSF and G CSF) , chenoki ne genes [nobnocyte
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protein 2 (MCP-2), nonocyte chenotactic protein 3
(MCP-3) , nonocyte chenotactic proteln 4 (MCP-4) ,
macr ophage i nfl ammatory protein?la (MP-1a)

gggrgﬁﬁ%g§ Ih@* nﬂﬁt0ﬁ¥c£%§ﬁéaé11héléﬁﬁi%dﬂ@ pmoteln 3a (MIP-3a),

phageé i nfT amat oryprotein |
WJWQGQ anlf@mgb& %_‘LQ;T,%IJLB 33@3 (Mﬁ—%@)) » chemokine (ELC),
macr ophage i nflammatory protein 3b (M P-3b ), chenokne
( E®rophaaer ophafferningfbammat Yyt pirot eidn 4 (UM PL)4), macrophage
macr ophage i nfl ammat ory proteln 5 (MP-5) , LD7/8 b ,
RANTESrgk St gpspiade 1op500) (MIRRypusL@t, RANTES, SIS-epsilon
activation-regul ated chenokne (TARQC) 309,
hufei? Prot dimHeC- IaPﬂlCCa?tl‘ﬁ%"rféW ﬁﬁa%ﬁe@ﬁm%ﬁm

oL 3908 Kt LYethopectider apgnld cpr%ec%% Hoe-3,

"gere tissue- ype pl asn nog

acgﬂ&akgﬁsétpﬁ%t@ﬁanﬁbqaseﬁ¥yQ@dP%§§ﬂ1n@ﬁ@”therapeutu: genes
acti vat or generating gene to provide

sust @i ed ddueenelyai sq f or srevepti RYasminogen activator (tPA)
hyper chol esterol em a. Further, nucleotide sequences

avar | abdxihasettgat mpatsofnagan oastidvseases andel Wallrgpnerating
cystic fibrosis, adenosi ne deam nase deficiency, AlDS
angemt hertoi nfractviides diwdasasd aridinembpgnadt afdr preventing
i nflanmat ory di seases are known to be useful as

t heyepreiolesgeresenithe PErRepr R HPGHteErc iﬁ%ﬂ?mcﬁ§ available
used herein, refers to,a nug | eoti de seguence,

exfa%s%.f%ﬁtlﬁﬁn%? hVRBLLIT SO FEIE pt Sgrsiigd Cé’éw fc fibrosis,
ggg Do HHRAMPLES O stlgeé%ffga%g@ Ot denegal NGLe  infectious

enovi rus er d from 2 and Ad5) or

adg{@é/algelés %%dlqlaﬁg?\lﬁgglé/rﬁg f1AMAL) o r fAENQH S a5e4 known to
gene, Fas |igand a, TRAIL, p53 pathway genes and

gepes, £6adR0t Be SRS cOfe€aSPASES.

(TARC) ,

The term "pro-apoptotic gene" as used herein, refers to a
nucleotide sequence, the expression of which results in the
programmed cell death. Examples of the pro-apoptotic genes
include p53, adenovirus E3-11.6K (derived from Ad2 and AdS5) or
adenovirus E3-10.5K (derived from Ad), adenovirus E4 gene, Fas
ligand, TNF-a, TRAIL, p53 pathway genes and genes encoding a
series of caspases.

The term "anti-angiogenic gene" as used herein, refers to a
nucleotide sequence, the expression of which results in the
extracellular secretion of anti-angiogenic factors. Anti-
algiogenesis factors include angiostatin, inhibitors of
vascular endothelial growth factor (VEGF) such as Tie 2 (PNAS,

1998, 95, 8795-8800), and endostatin.



The term "anti-angi ogeni c gene" as used herein, refers
to a nucl eoti de sequence, the expression of which
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anti-angi ogenic factors. Antial gi ogenesis factors
i ncl ude angi ostatm inhibitors of vascul ar endot heli al
growt h factor (VEGF) such as Ti¥ 2 (PNAS, 1998, 95,

8795'@ﬁ@ohuc?@6kﬁ3¥k§%@ﬁéﬂdgge<ﬂyclﬁﬁgﬂé@Q sequenees reviously
i nterest described previously are avail abl e from DNA

segtenges dat-abasesmsueh 3sqgendanka @ithsEMBlsuclthasger@Bank and
delivery systemof the present invention is

coméiy.ucted in a variety of fornms, preferably, (i)

naked reconbi nant DNA nol ecule, (ii) plasmd, (iij) , ,
viral TRRect@Re ofetivsry i pys6RB off nédSomPrEdRt A nitygntion 1S
naked recombi nant DNA nol ecul e and plasm d.. The .

deTUH MUEHESdi Hy rfuclV8ot T e éﬁhugﬁﬁgshaﬁnﬁgeﬁﬁﬁfY@d {g naked

a %één&gi%%%tofDNgequlQ%ﬂevef%iﬁv tls@ﬁiyﬁef]mi 0,198%€ vector, or

t herapy, preferably, plasm adenovirus ckett L

et(f@)’ ﬂgpbgomgaﬂﬁﬁfnB%§om§iZQ%@;ZQ%Q&lgﬁﬁ%kﬁ recombinant DNA

adeno- associ ated virus (AAV, Lashford LS., et al .

Censl dharapyid Tecdwalagi es , Applications and

Regul ations Ed. A . Meager, 1999) , retrovirus

(Gunzboe gddHriet-eatodindRetucaebt adle vieciuense Genebe applied to a

Therapy Technol ogi es, Applications and Regul ati ons Ed.

A muMsiggele, d999pne |dmitiveryussycWang Gsefafd ain K gege, therapy,

Adin. Invest. 104 (11) :R55-62 (1999) ), herfes ,

si PPt E8caflrus pigitibler ®enoiryp. | (Mettnaty.. Afag?l-. Clin.

Sci, USA 92:141$%é§ gé%@ #@), ccinja virus (Puhl mann

I CABE Rl Fo i etk TP 10V6R B G00Y) T iLis (A,

i poso I\%Ihodi Mol ecul ar, Bi ogzyhgl 99, S, cati

. %%Hggﬁé " zéuy Eds&%fikﬁnaﬁg%ﬂe§§: gé%% or’ piiications

neQﬁQ“Eeg&@E%iJ%%e%@taQ[yMeg@@rgeﬂﬁ%ﬁelE¥%5¥V§M§§enh9ﬁburg WH,
et al., Retroviral vectors. Gene Therapy Technologies,
Applications and Regulations Ed. A. Meager, 1999), lentivirus
(Wang G. et al., J. Clin. Invest. 104(11):R55-62(1999)), herpes
simplex virus (Chamber R., et al., Proc. Natl. Acad. Sci USA
92:1411-1415(1995)), vaccinia virus (Puhlmann M. et al., Human
Gene Therapy 10:649-657(1999)), liposome (Methods in Molecular
Biology, Vol 199, S.C. Basu and M. Basu (Eds.), Human Press
2002) or neosome. Most preferably, the gene delivery system of

this invention is constructed by incorporating the decorin-

encoding nucleotide sequence to adenoviruses.

(i) Adenovirus
Adenovirus has been usually employed as a gene delivery
system because of its mid-sized genome, ease of manipulation,

high titer, wide target-cell range, and high infectivity. Both



this invention is constructed by incorporating the
decori nencodi ng nucl eoti de sequence to adenoviruses.
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a gene delivery system because of its md-sized

genone, ease of manipulation, high titer, w de

target-cell range, and high infectivity. Bothends of

theen dr ak ggaong r%?nfl%!ngﬁeloc%hgggngp 1[)8-—F?O(§I B%erltTﬁg (inverted
: iC ary

termnal repeats are cIs el enents nectess

fo{e%ﬁirri%ll %era%g | cghion QP:Q ngkélgérﬁg"rts-rr}?ec_%slsar for wviral
region (El A and El B) encodes proteins responsible ¥or

t hens egupat o of &x@ngsckgyiron ofnd helvidealiogen®@r® and E1B)
and a few cellular genes. The expression of the E2

r eghorde(sE2Apate E28) residdrsibhet hefsynt hest s ofeddletion  of
proteins for viral DNA replication. O adenovira
vectorsdevébopell S fvaralt Bereepldnsat davi Aebhpettemenes. The
adenovirus having the deleted E| region is usuall .
us%)&?re]sr?éoﬁel‘éfe%hés Fegireaith ddéRovital Evitt d‘re§u?£r’é§7 in the

2R LOSEE LSS L Liansaenes. (T appaye

R. e faladei’rltC)%g;égg?gf‘fecgé?é 191%@'elg5ﬁg§( 35%89}21*, Salengreplication

Ther ef or €, erred that the decorinenc

nu | e LS edpknyoetdher t - -
GeTLE Lo e o IR S P L o 1o vy

prefeq abtys & B deagimsn)regfiohhendekehedi 3 regiters mMKe provide
preferably, the deleted E3 region. The nucl eotide

segnence afionnterestot casdehtyerBdinmspprederiblet al., Cell,
inserted into either the deleted E | region (El A

r egl ot RrPPLGLOBE B ra diorpeef ef abky,etElaB -r egron)cor 245:1066-
the del eted E3 regi on, nore preferabl the delete

s d E _
| FRH O8%The t ERROT@EFet | D" Jv@itﬁr?é%/]é]?eéjnc& b vl decorin-

g:?{])gcgﬁllsngggletﬂ?:g%o‘ggc?eon%ae%%g%cgmoise dienlseetrltce)g a{]r(ljto either the

deleted E1 region (E1A region and/or E1B region, preferably,
ELB region) or the deleted E3 region, more preferably, the
deleted E3 region. The nucleotide sequence of interest to be
delivered is preferably inserted into either the deleted El
region (E1A region and/or EI1B region, preferably, EIB region)
or the deleted E3 region, more preferably, the deleted EIl
region. The term “deletion” with reference to wviral genome
sequences encompasses whole deletion and partial deletion as
well.

According to the most preferred embodiment, the adenoviral
gene delivery system of this invention comprises both
“promoter-nucleotide sequence of interest-poly A sequence” and
“promoter-decorin gene-poly A sequence”. The promoter-

nucleotide sequence of interest-poly A sequence is preferably



well . According to the nost preferred enbodi nent, the
adenoviral gene delivery systemof this invention
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interest-poly A sequence" and "pronoter-decorin

gene-poly A sequence". The pronoternucl eoti de sequence

of interest-poly A sequence is ¥referablypresent in

ei t her, thg del; d&gian GE AcLegh o ANALOL Bl Bra/or E1B
r gﬁ%%?&pﬁgfgﬁgégg,gg%B re&ion) ore%he dg?eteéggg nd/or

reﬂéﬁ%n,”?’r%f@f%ﬁf,am% fehgodel steghE herLGOM3 ThRGion, more
pronot er - decori n genepoly sequence is preferably

presefdrabnyei ther deheteel Bl edefidn r eghonpf&hA aregieonrin gene-
and/ or ElIB region, preferably, EIB region) or the

depeted ER:quegicon s nprefpradfler asPyent hen deltétegd thg deleted El
region. In addition, the adenoviral gene delivery ,
systERmalE Ponsdiss anBY eF sELBniFeIeXpr eRSS (G a8y ¥t et Pnregton)
whi ch the nucl eoti de sequence of interest

d
detbr ithee GG ntcl &6 ?ﬂ%’séﬁﬁgnégggFéaP?Qke&hgac?ﬁleted E3
ther. by I RES_ (int. l..rib . it ;
.(.)p¥eg<%rlotry ﬁ c(lcﬁj?cllgg’,]a threI aodse%%%lﬁﬁggﬁgﬁé g%ll%{?%\kpr gﬂ/stem may

er -nucl eo sequence of i st -

Se&ﬂﬁﬂﬁ%bderriBi&ﬁﬁﬁbQQEy Rx$eayeNGe. é%bi@ﬂurﬁh which the
adenovirus can package approximately 105% of the

Wi b taHre dgeBefBendy @4 dintg reapaghd yaddriabentodi X tdudleotide
kb of DNA (Ghosh- Choudhury et al ., EMBOJ .,

6: 4d@3nE322987) ked laudhhiosheegay dIREhe ihorengh ribosome entry
sequences descri bed above inserted into adenovirus nmay
besfugt hey fogertegrhe b-BdEOELAal SaRPRGHegerigmgest-poly A
The adenovirus my be of any of the 42 different known

seP HYPES GRSty rausPRIE. & RFH6VFPus type 5 of

subgr EUp Ctlilrs ,t ha%errgic’lgrn?sr efa?r{ r eadckSt ?r taé?Qo%a%@l@' fo@% of the

const rictf ng T'he adenovirt a géﬁe qari v y systenmo#

th&§1é19§agié@%om@,g%ggbigffﬁ capacity for about 2 extra kb of
DNA (Ghosh-Choudhury et al., EMBO J., 6:1733-1739(1987)). In
this regard, the foreign sequences described above inserted
into adenovirus may be further inserted into adenoviral wild-
type genome.

The adenovirus may be of any of the 42 different known
serotypes or subgroups A-F. Adenovirus type 5 of subgroup C is
the most preferred starting material for constructing the
adenoviral gene delivery system of this invention. A great deal
of biochemical and genetic information about adenovirus type 5
is known.

The foreign genes delivered by the present adenoviral gene
delivery system are episomal, and therefore, have low

genotoxicity to host cells. Therefore, gene therapy using the

adenoviral gene delivery system of this invention may be



of biochem cal and genetic information about
adenovirus type 5 is known. The foreign genes
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system are episonmal, and therefore, have | ow
genotoxicity to host cells. Therefore, gene therapy
usi ng the adenoviral gene deliv@ry systemof this

I nvendierapay beconsi derably safe. (ii ) Retrovirus
Retroviruses capable of carrying relatively |arge
exogenous genes have been used as viral gene delivery
vectors in the senses that they integrate their genone
into & hodictgerokes and have broad host spectrum In

order _to caonstruct a retro igggr %%ctggl {hgal larde eXoqenous
decor FREMEOdiiiG° nGeP&R1tT de” setfendds "snd-the Y ~279 d

nugleol | de, seguence oh LAt eresh to.pe JIANRG TRLRLE in cne

Into e viral genone I nt pl ace of certain

V! £é}lse%e°éﬁ%'ﬁc%%e9019£&96&% & neep! b@ﬁ&ﬁ@nﬂdﬁﬂc Qi_CtHo\éQ genome and
virus. To produce virions, a packaging cell |ine

CORt?d HARAAt Res@athefemand env genes but wi thout the

LTR (long term nal repeat) and Y conponents is

const fnictoedef Martn etnsatinuctCed | re8801b531159¢4983) ) the decorin-
Wien a reconbi nant plasm d containing the '
deeordHIenCUHi Ifg tdEquEREES ERe ADE| égﬁi decdeghefeespfuence of
interest, LTR and Y is introduced into this cell line
théntﬁ]?é&uéﬁ?cé)ealquﬁﬁéeﬁmr?ré?]%%]ffieﬁ]t Gt F‘réle viral genome

reconbj nant Iasniqftoeg%aggck@?ed into vira

i : £ d
patticHes, Bhich dre (ifén°38er &T6d i NG IHE Cul thr e ProoHee @

megl & {M:a8hag. AL DT skl n FReLEQULEA! WYECLOLS: & packaging
In: Rectors : A survey of nol ecul ar cloning vectors
angeipefﬁu¥§%§ta59ﬂﬁ%gﬂﬁlg@@d Penhatdtenf/edsngs but without the

St oneham Butterworth, 494-513(1988)). The
LTR (long terminal repeat) and ¥ components 1s constructed
(Mann et al., Cell, 33:153-159(1983)). When a recombinant
plasmid containing the decorin-encoding sequence, the
nucleotide sequence of interest, LTR and ¥ is introduced into
this cell line, the ¥ sequence allows the RNA transcript of the
recombinant plasmid to be packaged into viral particles, which
are then secreted into the culture media (Nicolas and
Rubinstein "Retroviral vectors," In: Vectors: A survey of
molecular «c¢loning vectors and their uses, Rodriguez and
Denhardt (eds.), Stoneham: Butterworth, 494-513(1988)). The

media containing the recombinant retroviruses is then collected,

opticnally concentrated and used for gene delivery.

A successful gene transfer using the second-generation

retroviral vector has been reported. Kasahara et al. (Science,

266:1373-1376(1994)) prepared variants of moloney murine



medi a containing the reconbinant retroviruses is then
collected, optionally concentrated and used for gene
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second-generation retroviral vector has been reported.
Kasahara et al . (Science, 266:1373-1376(1994))

prepared variants of nol oney mu¥inel eukemia virus in

whi chedflea BROuGEr W hiBReI etid) B sequenEthdopol BEEk | edelilence is
the place of the envel ope regi on, consequently,

protesitRg it Mmehé C ppe6t eiols davi agvdiapel bigidinng consequently,
properties. Likely, the present gene delivery system
caprdBicdogstohigeedci rPraceondamee ingt movhé domstingctdmoperties.
strategi es for the secondgeneration retroviral vector. ,
(i FihelAAV thec P s Aengres strciigesd Vi e tescal e dipatsitgucted in
of infecting nondividing cells and various types of

cetF LTIk thent iR eFAPS T RTINS r UTtd TG ‘€he genethe second-
del i ver .sxsteggégigéQi§ ggxgntion. The detail ed

dedTHS Pti'ons For Us€ "and  preparati on of AAV vector are

found in U S. Pat. No. 5,139,941 and 4, 797, 368.

Research results for AAV as gene delivery systens are

di scl osen) inaviakacer et al, Viology, 162:483486(1988),

Zhou et al., Exp. Hematol. (NY), 21:928-933(1993),

Wl shAg¢nalasspciatd n.vilnpsest . 2r94: dapp®1le448( 1902 ecdigy non-
Flotte et al ., Gene Therapy, 2:29-37(1995). Recently,

and APV et LiasnBe dATAPPT oVERE T of f PRSIS /| MlmRA them useful
trials for the treatnent of cystic fibro

Typ? catShF 5 B ot it Eﬁ%lvff%ssx%geﬁaggsﬁ§is invention. The
Fg%é&%@@fckkggfﬁ%ﬁqgggnf%rc89%aé%&ﬁ%%%g§agggg 5¥ AAV vector are

ecorin gene an eot1 de sequence

of (it eriesty £0 be deld ver ey, §4:ankgdabyst hesgt wo AAV
term nal repeats (MLaughlin et al., 1988; Sanul ski et

a!ia 2989 r @nd rapueXPr ssi onApl asn desONtd IivRgyt heystems are
WIdisclosed in LaFace et al, Viology, 162:483486(1988), Zhou et
al., Exp. Hematol. (NY), 21:928-933(1993), Walsh et al, J. Clin.
Invest., 94:1440-1448(1994) and Flotte et al., Gene Therapy,
2:29-37(1995). Recently, an AAV vector has been approved for
Phase I human trials for the treatment of cystic fibrosis.
Typically, a recombinant AAV virus is made by cotransfecting
a plasmid containing the gene of interest (i.e., decorin gene
and nucleotide sequence of interest to be delivered) flanked by
the two AAV terminal repeats (McLaughlin et al., 1988; Samulski
et al., 1989) and an expression plasmid containing the wild

type AAV coding sequences without the terminal repeats (McCarty

et al., J. Virol., 65:2936-2945(1991)).

(iv) Other viral vectors

Other viral vectors may be employed as a gene delivery



type AAV codi ng sequences W thout the term nal repeats
(McCarty et al., J . Virol., 65:2936-2945(1991)). (iv)

wordvenomis al vectors Qther viral vectors may bBCT/KR2006/000657
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enpl oyed as a gene deliverysystemin the present
i nvention. Vectors derived fromviruses such as

vaccinia virus (Puhl mann M. et'8al., Human Gene
Theyav 1G5 6492 657dsk999)invBhdgenayyvecdiymddrdited from viruses
expression vectors,"” In: Vectors : A survey of

nod el & wlcennng vector shuarithabheMr esesl. Rodnayuesene Therapy
and Denhardt, eds . Stoneham Butterworth, 467-

49D 1968 05> 7 BAP ¢ hiwa | R igive WSy g d e mmayd @ro e3P Y S ggne/ectors, * In:
transfer derived fromani mal DNA viruses: Transient ,

ante st ‘e AP ESE| 8h BPLTTHITST &ilrad geliestory (gnd their uses.

Kucher|l apati R, ed. Gene transfer, New York: Plenum _
Pr%‘%fg’,lgff?- 13@@19§§?h%ﬁ%’®uep et 8 fe},%va%ene]?utterworth’ 467

68; 45 88)1.: ti VLI us Gu N

oridz HYeRE, .gafoéﬁ)%h) ér&%séé\gg’?’lggé’)e%?"g%d Ter pdgne  cranster
Si gl &edvi s Chathen Rpnzet @l ruseBroc.o¥athenAcadng  stable
Sci USA 92: 1411-1415(1995)) may be used in the present
debipyerssisnsbens rhas férmnsfenesng bat hkihieedeparink, ed. Gene
gene and nucl eoti de sequence of interest into cells.
(vVirdipasomew posaneslanenf Graed, spohtld®ddds8by wheénCoupar et
phosphol i pi ds are suspended in an excess of aqueous

med} um Garigpo$8ne= hedi Bted  nbenel ¢ ragi dWderi Gerst s+ J. Clin.
been very successful as described in N colau and Sene,

Bi 68T - éﬂHﬁHQéERiQﬂQ%(l?éi?hS%QQ£ﬁR?E§82FlHHHe¥&Yﬁﬂ%ﬂj(Chamber
et _al., Methods Enzypol., 149;157-176(1987 ) I
ochonﬁEréﬁa1l r%%ce@%ﬂblé&F%%gé%¥sL$%r%?r%%% ec iﬁ3995)) may
an; Il ing,Llifasaq ncl L ppf, ect AuMe v
(L gR 12 Hphngellaneatms he WepeH o, PEi R e vocr
angh@UQ&ﬁgﬁhd%eﬁ@qgﬁﬂQﬁmgkoEﬁﬁgr§§&uédﬁbeb&CEnﬂéiébt into cells.

cell's by mechani sm such as endocytosi s,

(v) Liposome

Liposomes are formed spontaneously when phospholipids are
suspended in an excess of aqueous medium. Liposome-mediated
nucleic acid delivery has been very successful as described in
Nicolau and Sene, Biochim. Biophys. Acta, 721:185-190(1982) and
Nicolau et al., Methods Enzymol., 149:157-176(1987). Example of
commercially accessible reagents for transfecting animal cells
using liposomes includes Lipofectamine (Gibco BRL). Liposomes
entrapping the decorin gene and nucleotide sequence of interest
interact with cells by mechanism such as endocytosis,
adsorption and fusion and then transfer the sequences into

cells.



adsorption and fusion and then transfer the sequences
into cells.ln another aspect of this invention, there

wo soopnomissied a nmet hod for delivery a gene, whiBET/KR2006/000657
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conprises contacting the gene delivery systemof this
i nvention as descri bed herei nabove to a bi osanple
containing cells. Were the preSent gene delivery
system i gn6oRst I Hst&ed oprt BRi PashseRf1idH,r dhMRCI DY provided a
construction, the contacting is perforned as
comvetdd anal debdieety} an gekhodsi knoywsindm skhecantactig the gene
i nfection of hosts using viral vectors is well
degerivsed iswsthe above-sciitgdnpubit i Tatdesns iP§hererqipgbove to a
presenzggene delivery s¥sten1is a naked reconbi nant
DNAL A G 6°BF2PHd¥nic811¢ he decori n- encodi ng sequence
and nucl eoti de seguence to delivered are introdu%p%
ed on the

be .
"nto HEPTS W MEEFGT i TRt O L CaPCTH LMV S RN TR E

TIPS A MU sl 2o

cozpr e&er;ietn%ti'bQQl ( Q@Wiog -heth®ls alknowl O%%he art. The
52:456(1973) and Chen and Okayama, Mol . Cell. Biol.

7 288262209843 )s & ekt Koper atéObrsNednaBnl &escr@lbed in the

al ., EMBO J., 1:841(1982) and Tur-Kaspa et al., Ml.
CebboBi-alitedbpudbicEE8010986) ), |i posone-nedi at ed

transfection (Wng, T .K . et al ., Gene, 10:87(1980)

and Nioetau biml SereserBi odsin® Bledphgsy. Agshem 1is a naked

721:185119021982 ; and Ni_colau et_al., Methods .
Enzyeritoinardg: PNk 17e(eryg?) ) Or DERER Ybbdr afther edE ARt -encoding
(Gopal, Mol. Cell Biol,, 5:1188-119Q(19 ﬁ& and .
paf%%Qﬁﬁfﬂb@ﬁgapﬁﬁ%?ﬁt%@ﬁaﬁ§QEFn%$_?o %Négi préd sare, introduced
SCLye, 87: 9388 95{4§( 191%?939&%@!;35%& | apather,aspech of,  ce1,
this I nvention, there Is provi de a reconbi nant
adepoyid UssoWnheh LIS esafcadenay,ral. IcER: Biol. 101:1094-
1099(1985)), calcium phosphate co-precipitation (Graham, F.L.
et al., Virology, 52:456(1973) and Chen and Okayama, Mol. Cell.
Biol. 7:2745-2752(1987)), electroporation (Neumann, E. et al.,
EMBO J., 1:841(1982) and Tur-Kaspa et al., Mol. Cell Biol.,
6:716-718(1986)), liposome-mediated transfection (Wong, T.K. et
al., Gene, 10:87(1980) and Nicolau and Sene, Biochim. Biophys.
Acta, 721:185-190(1982); and Nicolau et al., Methods Enzymol.,
149:157-176(1987)), DEAE-dextran treatment (Gopal, Mol. Cell
Biol., 5:1188-1190(1985)), and particle bombardment (Yang et

al., Proc. Natl. Acad. Sci., 87:9568-9572(1990)).

In still another aspect of this invention, there is provided

a recombinant adenovirus, which comprises an adenoviral ITR

(inverted terminal repeat) nucleotide sequence and a decorin-



(inverted termnal repeat) nucleotide sequence and a
decori nencodi ng nucl eoti de sequence; wherein a decorin

w@r@beI4eXxpr essed enhances a penetrati on pot ePCHK&R006/000657
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t he reconbi nant adenovirus into a tunor tissue and

apoptosis of a tunor cell infected with the

reconbi nant adenovirus. In the Feconbi nant adenovi rus

of . f S nlgnventcheBr i dde gdeqaride ;preiheireigXpeessedorin  protein
i ncreases significantly a penetration potency of the

r ecgyfeisiant ademevsr us pabot@tivaorpdtiessye @hdthe recombinant
apoptosis of a tunor cell infected with the

r ectaTidivians adénowi raygormgkisaget hedt Reeppetits cof a tumor cell
efficacy of the adenovirus considerably increased. A

st fe6et Fohh ofheaderovPIAn lgeR6ReVi E %nown to be

necessary as cis el enments

E% olb oty f&f mmﬁamnmW@%glr%ﬁao%othléoﬁa"%ﬁm% the decorin
or .La orator n
al?%ﬁﬁ%ﬁf Subst? |%ﬂ$ﬁ%ﬁggarag %?%%%étéy 3dg%%%%%§%k% potency

DN'JAE Wi h Jegoﬁbgﬂa%%?l%%§ru9a{ﬂ&&lg it egetherand thoptosis

the use of suitable cell lines such as 293. In this
cogtext, tﬁﬁ@&*’%%@ﬁb|fﬁﬁgct@@en@ﬂ%ﬁfU%héonﬂiddﬁbinbhe adenovirus,
adenoviral | TR sequence as an essential sequence as
wehd k afy the derokbauenc o Nigamyc logottihde adequeinoe d¢dnsiderably
is preferred that the decorin-encodi ng nucl eoti de

sequerrseeds inserted into either the deleted El region

(El Aregion and/or ElIB region, preferably, EIBTr on)
or the denetledPeItieqdi ot ﬁ&@é%f%ﬁ”er&&“ﬁmet hés é%éiwéld to  be
E3 regi on. The nucl otlde seguence tQ 98

dePP et Y( 659.51% LopeRss Zﬂ%oza' Brurae

|nnuno col?lnulat
fa? 8rrg%ﬂ?§5e9pogh8tk§ige@@ﬁja@griHED%a§HQPrQ%ﬁgkatory, Cold

isTinserte nto the reconbi nant adenovi rus
pr@ﬁ?ﬁﬂplﬁarBB?,eHLhﬁrlbbﬁ ﬂ?l%hﬁgwgn& rafsant(Eldh of 1large

pieces of adenoviral DNA with foreign sequences, particularly

of DNA
ry’

together with the use of suitable cell lines such as 293. In
this context, the recombinant adenovirus comprises the
adenoviral ITR sequence as an essential sequence as well as the

decorin-encoding nucleotide sequence.

It is preferred that the decorin-encoding nucleotide
sequence is inserted into either the deleted EI region (E1lA
region and/or EIB region, preferably, EIB region) or the
deleted E3 region, more preferably, the deleted E3 region. The
nucleotide sequence of interest to be delivered (e.g., cytokine
genes, immuno-costimulatory factor genes, apoptotic genes and
tumor suppressor genes) 1s inserted into the recombinant
adenovirus, preferably into either the deleted El region (ElA
region and/or E1B region, preferably, EIB region) or the

deleted E3 region, more preferably, the deleted El region (E1A



regi on and/or El B region, preferably, El B region) or
the deleted E3 region, nore preferably, the deleted E

w0 e@oomo¢El Aregi on and/ or El B regi on, nost prebPer/g&RRg06/000657
El B region) In nature, adenovirus can package
approxi mately 105% of the w | d-type genone, providing
capacity for about 2 extra kb ol DNA ( Ghosh- Choudhury
etrd]ion 2ENBS k1B €ed733; W3( 2879 abllyn EhBsrégigand,
the foreign sequences descri bed above inserted into
adenows rusturgy bdehaviher darsemrtcédge nepperiamevieddl 105% of the
w | dt ype genone. According to a preferred enbodi nent,
t el YEcoRbi FERP AdeREVY U Df SRS "V nVenRt iR Corfprises kb of

the inactivated E| B 19 gene, inactivated 5 n
ormWhaé??%éﬁ?ﬁ?oﬁpﬁufélE?Ba§S’géﬁ§¥)T%é t%$1#§3jﬁ7g8(?987))’ o
"inactivation" ip canjunctiqQ | e h ' :

re?%?% fgg%%%diFg%ng%%glgénégﬁﬂ%%g%%c?@%%?%%Q%ng%§?3 inserted
tr?@étaﬁé Afugengs 1o aecuhenonnfdngdd onald Yadenoviral wild-
thereby the correct function of proteins encoded genes

caphed dy@oggLC|ted. For exanple, the inactivated EI B

19 gene is a gene incapable of producing the

f uRetdarialy EbBalf@r&Dar yrdotegibndbyemut atheomecombinant adenovirus
(substitution, addition, and partial and whol e

deb &t itdri)s. Theewfefasct cERBriegyi vés rivecttiyatre ELB 19 gene,
increase in apoptotic incidence and the defec | B_55

10 nak%%c%%W%§€8wEPEaﬁ? SOV r e ABFEHetii T @QEe%S gene. The

Kor ean Rat. I n. No. .2002-0023 . ' :
orEFEl T od "2RDOMT TR the FecOmbiaght “Henodirag o hereln
thiged vention¢omprd sgs theeactibyesEiRtd8AandNer translation

adenovirus carrying the active EI'A gene is
rer|C§éﬁ@@Coﬂpekﬁﬁﬁr Makg- phedercabhyy, t hend eagmbighant correct
adenovirus of this invention conprises the inactivated

El B.A&/ kB 55 gepecansd aeotbuedElgAngenecanMbst be elicited. For

preferably, the reconbi nant adenovirus
15 example, the inactivated E1B 19 gene 1is a gene incapable of

w

producing the functional EIB 19 kDa protein by mutation

(substitution, addition, and partial and whole deletion). The

defect E1B 19 gives rise to the increase in apoptotic incidence

and the defect E1B 55 makes a recombinant adenovirus tumor-
20 specific (see Korean Pat. Appln. No. 2002-0023760) .

According to a preferred embodiment, the recombinant
adenovirus of this invention comprises the active El1A gene. The
adenovirus carrying the active ElA gene 1is replication-
competent. More preferably, the recombinant adenovirus of this

25 invention comprises the inactivated E1B 19/E1B 55 gene and
active El1A gene. Most preferably, the recombinant adenovirus
comprises the inactivated E1B 19/E1B 55 gene, the active EIlA
gene and the decorin-encoding sequence in place of deleted E3

region.



conprises the inactivated EIB 19/E1B 55 gene, the
active El A gene and the decorin-encodi ng sequence in

w@b@emohs del et ed E3 region . According to a predEKRe@6/000657
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enbodi ment, the reconbi nant adenovirus of this

I nvention conprises inactivated El B gene, nutated El A

gene and the decorin gene i nserfed into the deleted E3
region. nIhe quipt ed ELA gene.descrifediihenel nabave recombinant
conprises nutations with substitutions at am no acid

4% ddnevhyud wfanchiam noveaciidnl2bnp27sby GhycriositdgesER gene,

the Rb (retinoblastoma pratein) bindin ion. S
g ok astor o aLeL ) Bdl 00280 8 TR cosered
RbE_Br e)!e 11,09 %hgnﬁﬁllté:c%%c%qg béné'%@ééﬂi@)@et h&é’ﬁ[@gﬁ;@ Momprises

tunor cells, adenoviruses |ack of the binding ability

t R rab@sactiicyelsybeepticianed andartimen ddildl 45 Glu by Gly and
sel ectively tunor cells, although the replication of

ademiod rasies 1&L918Hi Bt &4 vm Foviveescél S5y fhe (EdtingRLastona
f Rb. .Therefqre, the tumr ecificity.,of -

¢ A R BAeRbvT TS RaT Rt B ek g ggotetns are
bi pehi G tf @@HORLAESTAH ibed sagaye €adrdeR greatbyificantly damaged
i ncreased. According to the nost preferred enbodi nent,

t hien regonbiaednts , adéaovy rnrsesf lehksof nventpoilicenpriidesy to Rb

a structure of "ITR El A -pro r-decorin

gefes p%?vv,@lé’eﬁﬁgl&%a*f% vﬁ%%cr%]feﬁeq%ﬁgnﬁ g?’gt Srfar et cells,
gegf%ﬁ%ﬂdé %héeggﬁff@éﬂf%npﬁgsgaénéJﬁJd%%sdﬁgeﬁﬁﬂiﬁi¥ed in normal
regi on. The nost preferable exanple of the present

onesl v iy adencvdcius hasRa. genetdformapthepres@ntseediyficity of

Fig. Ib. The reconbinant adenovirus of this invention . ..
shbbg R GHIN "RRbr oV HrARSAURE T 1P (PEAGEPRS | th)the Ko binding

e L1 SNCY DL R4 DI SRl o LQ,Gonyantdsonal

antrl = unDrlc_a enoviruses and apopt 0si s potency as

wel | . Theseruipyoved efficacmestar @referred embodiment, the
recombinant adenovirus of this invention comprises a structure
of “ITR-ElA-AEl1B-promoter-decorin gene-poly A seguence” in
which the promoter-decorin gene-poly A sequence is present in
the deleted E3 region.

The most preferable example of the present oncolytic

adenovirus has a genetic map represented by Fig. 1b.

The recombinant adenovirus of this invention shows highly

improved transduction (penetration) efficiency into tumors
compared to conventional anti-tumoric adenoviruses and
apoptosis potency as well. These improved efficacies are

ascribed mainly to decorin to effectively degrade extracellular
matrix and increase apoptotic potential. Consequently, the
recombinant adenovirus of this invention exhibits dramatically

enhanced oncolytic effect.

Tumor tissues are not agglomerates composed solely of tumor



ascribed mainly to decorin to effectively degrade
extracel lular matri x and i ncrease apoptotic potential.

wEonseguent | y, the reconbi nant adenovirus of tPECEKR2006/000657
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i nvention exhibits dramatically enhanced oncol ytic

effect. Tunor tissues are not aggl onerates conposed

solely of tunorcells but conpliTated structure further
cosprisivng kbapdi vesselstandtins Mlrteel] Somphising blood vessel
particul ar, the connective tissue in tunor tissues is

gened aldyhani gedlandidf qgrarsithght, exta acehkut ave nEtssie in tumor
surroundi ng tunor cells. Therefore, anticancer drugs
astimduesad syigpnsesl paniet dpenet Fates &fifidét PyeF§ g intidar matrix
tunors, so that they generally exhibit alimted
AntHLAQHIOR T FEETE GSdR - oBEERE TR cARTDEBYRR Ggs as well as
usi ng the reconbi nant adenavi rus_of this invention

coht %ﬁsnéaﬁﬁgtdggg???é% eﬁgf%ﬁgévﬁ HETT atlg - pp SO that they
EX@QRh%ﬁl@ei&%ﬁgEg Eeﬁg%@gg&’akg?féﬁkgyn@fﬂgﬁtqf§h@hsobstacles
inventionwith the inserted decorin gene actively
SPES£RAS,LVERe FRER: t he 168Nt &fe OfrcbURBInSRheL@kdsvasus of this
well as their surface. For in vivo tunor tissues, the
decordmexpr esstathiadenavi desoafn ybBhs. i nventi on spreads
widely and renotely to the distal site frominjection

site fmeedbmonstacked. The iEnprplesenteseriteel hereunder, the
transduction efficiency acconplished by the _
deedeniqiiexpr exsi Ayl adénven Fisd | $igbvibes 18enAted pecorin gene
easily differentiated with naked eées. It_cou

d be _
appF eciAe RIS HY nprdved 1S afSdiuct i 6h &FFPLi §RBGrO1ds as

is very consi.derabl.e conpared to. ab - 3. .
in%?ggs% i%E?féﬁ?&ﬁ%f?bgp%?f%%i%ﬁ%&qgkogrg%%%%%ﬁeﬁ¥mbﬁecorln

prQLé%E%%%n ucgdéﬁéfy%hgaQQPa%ﬁégiSﬂﬁ%@t@gntréﬂygaﬁs widely and

el astase to degrade elasitin or hyaluronidase to
degsRae 18X tdaegh | ul aFa matideX £réhei enhanced sspeeatddifle track) .

effect wthin tissues by decorin can

The improvement in the transduction efficiency accomplished by
the decorin-expressing adenovirus is obvious even to be easily
differentiated with naked eyes. It could be appreciated that
the improved transduction efficiency 1s very considerable
compared to about 2-3 fold increase in transduction efficiency
of pretreatment of proteases such as collagenase/dispase or
trypsin, elastase to degrade elasitin or hyaluronidase to
degrade extracellular matrix.

The enhanced spreading effect within tissues by decorin can
greatly increase anti-tumor efficacy of tumor-specific
oncolytic adenovirus. This improved anti-tumor efficacy may be
exhibited in replication incompetent adenoviruses as well as

replication competent adenoviruses. The enhanced ability of

adenoviruses to induce apoptosis by decorin is surprising and



greatly increase anti-tunor efficacy of tunor-specific
oncol ytic adenovirus. This inproved anti-tunor

wetbdocogwys may be exhibited in replication i ncoPQEKRR2E06/000657
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adenoviruses as well as replication conpetent
adenoviruses. The enhanced ablllty of adenoviruses to
i nduce apoptosis by decorin is %urpr|3|ng andnon- ant

| chpated.ichpatant her aspect of this invention, there
is provided a pharmaceutical anti-tunor conposition
for treating a cancer, which conprises (a) a
therapeutically effectlve ampunt of the reconbln

adeno |r6§r6@§%r?ﬁ%ﬁﬂbr%€|6B§fylngﬁ%F%%B at here 1s prov1ded a
ggaﬁgn%ggﬂ'tﬁgglyaEQQGEﬁﬁﬁ¥ eﬁgﬁggéf%lon 3@d££e;é¥ cancer,

ec i nventron ere 1's provi a met d

fofn i &Pa&nﬂgfl%eeane?ra WHieGHpEQPPEd196S SFWLRE $L eRhBGht of the
to an animal the pharmaceutical anti-tunor conposition

of rbes@iniad akexaovIhes reaesbi Ny aglendviukls; asaad  (b) a
active ingredient in the pharmaceutical conpositionis

t henadeneviti us1 bf ddreppaesentarrmeent i on descri bed

her ei nabove and therefore the above descriptions can

be adapt e tlo fulkéhercorsiatantt abenolivandioh, t Heere is provided
phar maceuti cal conposition. Accordingly, the comon
desciEpreDNEC et iR ohem @ edni thédhi FOBPHERIeY grdministering

avoi d undue redundancy | eading to_the conp | exit

('S syerriEat i inePrac ety OFT O TRE | Vo ition of
effect Qy gonblnant adenoviruses, it is necessary

t hatS %ﬁr es prollferate and spread t o nei ghbori ng

cel I spfasterodibafrfihe GhLewt husake af Gareet gebhksaidht in the
|nduce oncol ytic effect. In addition, a successful

ﬁﬁ&&méﬁ@malha@r&@mpdsiﬂgnade@owﬂkusgﬂEﬂdmiuuse&nf the present

nhanced safety as well as high therapeutic benefit.

Theénvention described Thereinabove and therefore the above
descriptions can be adapted to the recombinant adenovirus of
the pharmaceutical composition. Accordingly, the common
descriptions between them are omitted in order to avoid undue
redundancy leading to the complexity of this specification.

To effectively elicit anti-tumor effect Dby recombinant
adenoviruses, it 1is necessary that viruses proliferate and
spread to neighboring cells faster than the growth rate of
cancer cells to induce oncolytic effect. In addition, a
successful cancer-gene therapy using adenoviruses requires
enhanced safety as well as high therapeutic benefit. The
decorin-expressing adenovirus of this invention increases both
viral spreading and apoptosis to exhibit significantly
increased anti-tumor effect. 1In particular, the recombinant
adenovirus of this invention having deleted E1B 55 gene shows

excellent tumor-specificity in cytotoxicity. For this reason,



decorin-expressng adenovirus of this invention
i ncreases both viral spreading and apoptosis to

wezdoelodto4si gni ficantly increased anti-tunor ef PEIKR2006/000657

10

15

20

20

particul ar, the reconbi nant adenovirus of this

i nvention having deleted EI B 55 gene shows excel |l ent
tunor-specif icity in cytotoxicity. For this

reason,d he ;dechiDs eXpy essi g iadeneyi rg sofi ntBheion allows to
invention allows to decrease a dosage for cancer

t hgd adhsel edugb gy si gt f kaaptt y thoxa®i,t yrédudi®gndignificantly
cells and undesirable i mune reactions in vivo Since

t heoxieciaybi mantoagenowd rugs aofd timdesipeehti dnmhag reactions in
oncolytic effect to a wide variety of tunor cells, the
phatvaceuti cal conposition of this invention is useful

in treating tunor-rel ated di seases, including brain .
cancePinGg orfi€h ERFRIEILNA8KI eIV 1S uny gerinvention has
breast. cancer, _ovarian cancer,, |iver .cancer,
br%%%ﬁﬁ@éﬁiceégﬁ%%r,U%a§prég§ng%%ﬁ“%ﬁhcgﬁ, FaRShgeait sy e
Caﬁgggmaég%%EQQ?USX) NCEL i oRaANGH eatlic c&““éﬂbioglaggeruseful in
cancer, prostate carncer, colon cancer, and uterine
ceryvigal,cancelor-theat&im dt seaddent i as uased heraif, cancer,
refers to (i) prevention of tunorigenesis ; (ii)
SPQ@éﬁﬁﬁﬂ.OQﬁ@ﬁQrﬁur£I$h(ﬁcdh@ﬁﬁr-remﬁ§6ﬂthcseaseBréHst cancer,
di sorders by eradicating tunor cells; and (iii)

al bexiatd on ofntamporrelated di seases or Miwgorigeesipy cancer,
eradi cating tunor cells. Therefore, the term

"t hesapeutingably effiewti véagnbapd! aENfSéd hepepppgus cancer,
neans an anount sufficient to achieve the

h
pharRetiticcalcaaffect HESFrbed2Rbove. Pfrgtate cancers colon

pharmaceutical |y acceptabl.e carrijier co [ I Myt "
phg?ﬂ%%%Ut?%glug%ﬁﬁg%i $on' % tﬁ%ﬁ%gfésgﬁg ﬁ%%ghtﬁg%?tment 2

gﬂ%gggiﬁg%@?@?nka&§§dtén(PhaBQEGSHEL£ﬁ|o§0E£&E£¥dé%%§is; (ii)
suppression and curing of tumor-related diseases or disorders
by eradicating tumor cells; and (iii) alleviation of tumor-
related diseases or disorders by eradicating tumor cells.
Therefore, the term "therapeutically effective amount" as used
herein means an amount sufficient to achieve the pharmaceutical
effect described above.

The pharmaceutically acceptable carrier contained in the
pharmaceutical composition of the present invention, which 1is

commonly used in pharmaceutical formulations, but is not

limited to, includes lactose, dextrose, sucrose, sorbitol,

mannitol, starch, rubber arable, potassium phosphate, arginate,
gelatin, potassium silicate, microcrystalline cellulose,
polyvinylpyrrolidone, cellulose, water, sSyrups, methyl

cellulose, methylhydroxy benzoate, propylhydroxy benzoate, talc,



l[imted to, includes |actose, dextrose, sucrose,
sorbitol, mannitol, starch, rubber arable, potassium

w@bwsphmie, argi nate, gelatin, potassium sili CBCEKR2006/000657
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m crocrystalline cellul ose, polyvinylpyrrolidone,
cellul ose, water, syrups, nethyl cellul ose,

met hyl hydr oxy benzoate, propyl Bedroxy benzoat e,
t%h%pﬂﬂ&%ﬁ?'%@bﬁl&@LaF%nmﬁn%u%bQﬁﬂa|o@i&?- The pharmaceutical
pharmaceuti cal conposition according to the present

| nveidsan BBy dabdrlengi no udaea duddin€aMnvehtion may further
hunmectant, a sweetener, a flavoring agent, an

enmusiddeera dudbuspendi ng dyewtctaand & psesererstr,vea flavoring
The pharmaceutical conposition according to the

prasert, iapventl onfivdy besatiAndisgeprgenvi &anche porRyative.
used commonly in gene therapy, and preferably,

admi nTa¢ erd@rparentierd | gompoRltiogy AREPER/EWousS® the present
i ntraperitoneal, intramuscul ar, subcutanequs, or |

r
adhi FHiStPat M6, Do WBx APt & €4 he phar et e &° e
conposi t, on may i-Ni ed intr I to y -
tréat” o%%eﬁagﬁ'cé‘ﬂ%ge%qg]ﬁgk%n ’ayae%@&\éh@gg%%été]%g%rltlelrég%y’ teSe
capcer . ghi&cdly, | PhectRd it8n¥hs] bligrLLRIcUMSS tQibcutaneous,
treat breast cancer, brain cancer, and head and neck
capgeriodir ecddniniBrest £sh t 0 mREeMR daapl &pat t€dl Opharmaceutical
cancer, and directly injected to a catheter to treat

bl aslgersicaneermaA S t abhendosage amurdpeofitbheally to treat
phar maceuti cal conposition of the present invention

mayvagian deperdiingadd pharrricegrisedl for nbredt ontiver cancer,
nmet hods, adm ni stration nethods, the patient's age,

bodly* $EilghtinIgeked it Hogehile Sthte MafiSeft? treat preast cancer,
adm nistration ti ,héggﬁggétraﬂ(¥%g

out e, . L
K Yle,qi3%cr1 ted t
exCFatT oAt dnd s&nsi tiVi ty tor d Uséd O ooy tRJecked e

ph {%e%i cal.coMmasiti op,, and p'axgi ch AN%.af, OEH'{!&%e)a to a
ski In the art can determ ne an effective anount of

t he;phardmesut e orResi tion.for desired treatnent.
Cenerally,

A suitable dosage amount of the pharmaceutical composition

ocal .
commonly in

of the present invention may vary depending on pharmaceutical
formulation methods, administration methods, the patient’s age,
body weight, sex, pathogenic state, diet, administration time,
administration route, an excretion rate and sensitivity for a
used pharmaceutical composition, and physicians of ordinary
skill 1in the art can determine an effective amount of the
pharmaceutical composition for desired treatment. Generally,
the pharmaceutical composition of the present invention
comprises 1 x 10° - 1 x 10'® pfu/ml of a recombinant adenovirus,
and 1 x 10*° pfu of a recombinant adenovirus 1is typically
injected once every other day over two weeks.

According to the conventional techniques known to those



t he pharmaceuti cal conposition of the present
i nvention conprises 1 x 10 ' - | x 1015 pfu/m of a

wo ewembiorant adenovirus, and 1 x 1010 pfu of aPCIT/KR2006/000657
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reconbi nant adenovirus is typically injected once
every other day over two weeks. According to the
conventi onal techni ques known td thoseskilled in the
arfyi ke phartmcestd,caths OpRosiddeani EOMPELEHI tHiR@ comprising
reconbi nant adenovirus according to the present
i nvient +erormEnabe faerulated adddrqihar macedts galdsgnt invention
acceptabl e carrier and/or vehicle as described above,
fimal | yoepr dvidikrfeseveaialh foramragcunttaldose afeeprane acarrier
mul ti-dose form Non-limting exanples of the o
f oAt | B GUTc] Adede BTGt It ed HG LY SBIONEFORY several
a suspension .or an enulsion in oil or, ueous nedium .. .. .
an’?%?%' att Ui e%%?l ??O%{n pditder Iglu}gﬁ’léglglsg, %rtmabll\g(%n_llmltmg
an sul e, d ther . r.Lse di_spers.
Rt (P L L o e
cogprisidg Lheusseaminnant ;adeneyd 14 1aCeQn dbAdadidduRe mediun,
present invention nmay be utilized alone or in
cogbi patirope Wi bh kypkcal ehemmtiber apy qranfiadi ottherapyt and a
Such conbi nati on therapy may be nore effective in
t resps g, caacer maVhefwhdwot hevrapewei ca agenpsrasaf uhgent or a
for the conbination therapy include cisplatin,
casbdplldtden,. procar bazi ne, mechl or et ham ne,
cycloghosphanide, i fosfam de, nel phal an, .chl oranbucil, ,
bi sul Fa%, PHRKBRGRI 2 ldatt RIS dPR, PHBROPUBY cithe recombinant
COLSLURLSY, PLEOMEl o PLLSOMELD, TARMCLY nay be urivizec
5’2 éﬁ€‘3U6§C"rn Vi Hf%%k@onﬁ” QQkﬁSt'ﬂypgﬁgl chemotherapy or
met hotrexate. Exanples of the radiotherapy useful for
t hea eositarabl,onsther ampinaeh sfecneray nbhhupknatid®redmretive in
g -ray illum nation

treating cancer. The chemotherapeutic agents wuseful for the

combination therapy include cisplatin, carboplatin,
procarbazine, mechlorethamine, cyclophosphamide, ifosfamide,
melphalan, chlorambucil, bisulfan, nikosourea, dactinomycin,
daunorubicin, doxorubicin, bleomycin, plicomycin, mitomycin,
etoposide, tamoxifen, taxol, transplatinum, 5-fluorouracil,
vinecristin, vinblastin and methotrexate. Examples of the

radiotherapy useful for the combination therapy include X-ray

illumination and y-ray illumination.

In another aspect of this invention, there is provided a
pharmaceutical composition for improving a penetration potency
of a medicament into a tissue, which comprises (a) a decorin
protein to improve the penetration potency of the

pharmaceutical composition into the tissue; and (b) a



I n anot her aspect of this invention, there is provided
a pharmaceutical conposition for inproving a

w@eonehomis on potency of a nedicanment into a tiBSIER2006/000657

o2

10

15

20

25

whi ch conprises (a) a decorin protein to inprove the
penetration potency of the pharnaceutical conposition

into the tissue; and (b) apharnBceutically acceptable

Caphd BfacelR@cHECPrddtepiab et ncantkai. ned t he

pharmaceuti cal conposition of this invention may be

obt ai ned d¢@pimatubatisatyes naadteonventraeaat i ONA composition
reconbi nant technol ogies. Furthernore, its fragnents

ar ef enbgrpasyedtinnt meypriessenbtdmesht form unkegsat heyurces and
are inactive in the degradation of extracellular

mat PR ¥en ties ap habP¥c SCPRAL "B p FSICR RO RO TP -he Furthermore,  its
adm ni stered prior to or sinultaneousl

Lth .
adt ot F0f GPeCBRTEI T i eSS h AUHTTTR, YHEsS thev
I C i, | . it f . .
e R e s Rl R

i nvengj on degrades ext acghddd i opBhhl XS ULERUNM G ed prior to
tissues to be targeted by nedi canents to enhance

ti ssueipeneincatton of tHredinGaredtstidmMaeasirigin medicament. In
significantly a pharnmacol ogi cal efficacy of

meddgatent,s theTheaphararedenal i cahpacioephabbe €arther comprise a
adm ni stration route and nethod, and formul ation for

t hee gt exemt . phHEraekatiasgiuté6aposionPenl B descrihied invention
with referring to descriptions for the pharnmaceuti cal
anflP¥ARTT CORFEST TN TEICTEKI SUFFEHTIPEN tASSUF S cifs iy targeted

previously. In particu t t phar. [ :
C oo SR by & BTG Bt LSt of BUF BT orcl 12 caments,

e. g, intra - aperit I anmyscu :
su%gﬁféﬁhi? S o¥?§$%§%§ 3?%&| S%d ?%%gba%%ﬂ%{?ﬂgire%?flcacy of
I Nj, €61 L QNdeRt O brain or breast tunor nass)

adm ni stration. Generally, the

The pharmaceutical acceptable carrier, administration route
and method, and formulation for the present pharmaceutical
composition are described with referring to descriptions for
the pharmaceutical anti-tumor composition of this invention as
discussed previously. In particular, the present pharmaceutical
composition is preferably administered parenterally, e.g., by
intravenous, intraperitoneal, intramuscular, subcutaneous or
transdermal and local (e.g., direct injection into brain or
breast tumor mass) administration. Generally, the
pharmaceutical composition of this invention may be
administered in a dosage of 0.0001-100 mg/kg.

The medicament to show improved tissue penetration by the

pharmaceutical composition of this invention includes chemical

drugs and biodrugs, preferably, drugs whose tissue penetration



phar maceuti cal conposition of this invention nmay be

adm ni stered in a dosage of 0.0001-100 ng/kg. The
woredicogiment to show i nproved tissue penetrati oPCDHKRR2606/000657

phar maceuti cal composition of this invention includes

chem cal drugs and bi odrugs, preferably, drugs whose

ti ssue penetrationis deteriorat®@d by extracellul ar

Mt i Yot B iBrat 8t bE G Al UGSar Idhtstiikl, | eagOf h@fiticancer drugs.

aspect of this invention, there is provided a

phar maceuti cal conposition for treating a di sease or

condi tion associated with accunul ati on of excess ,

ext r atel $tulldr aRREREXR, 2SHICh OLofPt P s §P4)icg, there 1s provided

therapeutically effective amount of a decorin pgot%Ln

ora BERETIRAIVERY sFOPRNTCOMY i sitg s ind isease oz

decor i n-encodin igggéegiideaéﬁﬂ%ﬁ%%?é%ﬁgg gQgeés extracellular

° phaPMacedti GaI’Py actept abl € Carri er

gpﬁéc geut i qal, %%@g??%%%fﬂapfaFE%é&AﬁE%%@E&ET&C%%Héﬂ%%%e amount

I'Vely ‘extra u matri x surroundi ng tissues

to,have adohenapedticnebli cacyeren @ 1diveeaseyBtem comprising a
condition associated with accurul ati on or deposition
of jexseiss-cexbrace! | ul micmmicibk. Theeplyrase and (b) a
"accumnul ati on of excess extracellular matrix" neans
expessnaeudepedl v i arrepitabbapornantes -of extracel | ul ar
matri x such as collagen, lamnin, fibronectin and,

10 pr ot e85k y PRArMBCHHNEGE t FEETES LOPT oPgaridt 5f | Hafqryrion degrades
causing fibrosis. The di seases or condit]

' <#Dns tissues to have a
asSHEF BLGTE Wi ( CERERLEIVE AU APF BRI

extracel | ul.ar trix to b d hy . pEesent . ated with
pha ﬁﬁ@%ﬂifﬁéfﬁgéﬁﬁg i ?o% %%% Jge(giﬁ%%gﬁgg§elalzﬁfla ed

di?@@éﬁﬁiaéﬁ&h'&% &ebggiggx{obfséfﬁeséié&%&a@éll&l&ﬂfmatrix. The
pul nonary fibrosis, glonmerular nephritis, adult or

acyhea sy spneaunepedidc fofbr estsss r emakate brdsirs, matrix” means
nycocardi al fibrogenesis follow ng nyocardi al '
151 nkacess g ddposacyst i ef diggrdentsf obrotimosahgbary matrix such

as collagen, laminin, fibronectin and proteoglycan to damage
tissues or organs, finally causing fibrosis.
The diseases or conditions associated with excessive
accumulation of extracellular matrix to be treated by the
20 present pharmaceutical composition include fibrosis-related
diseases, but not limited to, scar, liver cirrhosis, pulmonary
fibrosis, glomerular nephritis, adult or acute dyspnea, hepatic
fibrosis, renal fibrosis, mycocardial fibrogenesis following
myocardial infarction, fibrocystic disorder, fibrotic cancer,
25 veno-occlusive syndrome and renal stroma fibrosis.
Both scar caused by wound, burn or operation and excessive
scar such as keloid may be treated with the pharmaceutical
composition of this invention.

The gene delivery system comprising a decorin-encoding



veno-occl usive syndrone and renal stroma fibrosis.
Bot h scar caused by wound, burn or operation and

wezmessioye scar such as kel oid nay be treated PET/RRR26V6/000657
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pharmaceuti cal composition of this invention. The gene
delivery system conprising a

decori n-encodi ngnucl eot i de sequghce can be descri bed

W hllc T@fteIdel NGelg@edesCr tpt i 0BS Ofetheirgane wiehi valferring to
system of this invention discussed herei nabove. The
dedescmigiriohei motonhai redet hée lplvargaceuttieeal of this invention
conposition of this invention nmay be obtained from

natt? &t sss6ur degeangP ety enticonadlecPAR r e bRt itantcontained  the
technol ogies. Furthernpre, its fragnents are .
enkBIFRSEG PR t FEMBPESErt” | Alentt on 1HRFRECT hBY abg obtained
i nactive in the degradation_of extracellular rx. .
The: Bhar ARCRLT] cal Hecopt aBr carfIar - 8UR ni St Pat | Hronbinant

rOU&E%&Hﬁ%gE@Ehoguréﬂgkﬂggﬁvukggif%bgﬂg%g%hgrgiﬁﬁé%ﬁpassed in the

phar maceut’i cal conposition are described w

repessdmy v desehi phioss tREyt Ree phasdmeRUtiCalhe degradation
anti-tunor conposition of this invention as discusse

preyviausdayellinl partdaulkar, the present pharmaceutica
conposition is nost preferably adm ni stered by

t r anstlee nehaadimenitstaat ronep e f araygliati oagmsui dtafkitéon route
in the present pharmaceutical conposition include .

oi prfremethgdl , anceahPrewlafican, fepr &pe pattIergndrharmaceutical
lotion. CGenerally, the pharmaceutical conpositjon of

¢ RFLTSR/ar PR o Ty 5 LR N Grr 6 TR Andl0sRgGegEF 1Pt ions  for
O'QQ01-&QQM1 @%gbaﬁhgnpr—§§E& L%%eggigﬂnpﬁgyiQS% qnvention as
nove _%ene el'ivery $y§ien1and reconbi nant” adenovirus
cogpLh s g Lhevdecor) n-1eneedi-ng, BLqUENnCe »r@s88PCharmaceutical

delivering nethod using the gene delivery system a

phasmmaauttibaal i antiosttUNPre EOMANSI t baNi CXHHIresi NPy t hransdermal
administration. The formulations suitable in the ©present
pharmaceutical composition include ointment, gel, cream,
solution, spray, patch and lotion. Generally, the

pharmaceutical composition of this invention may be

administered in a dosage of 0.0001-100 mg/kg.

The present invention provides a novel gene delivery system
and recombinant adenovirus comprising the decorin-encoding
sequence, a gene delivering method using the gene delivery
system, a pharmaceutical anti-tumor composition comprising the
recombinant adenovirus, a pharmaceutical composition
characterized by improved tissue penetration potency and a
pharmaceutical composition for treating a disease or disorder

associated with accumulation of excess extracellular matrix.



reconbi nant adenovirus, a pharmaceutical conposition
characterized by inproved tissue penetration potency
wa@nahcasphar maceuti cal conposition for treati ngPE/KR2006/000657
di sease or disorder associated with accunul ati on of
excess extracellular matrix.According to the present
i nvention, decorin is responsi bt'e for the i npr ovenent
i Nat&ansducticonnef bireasyt angvaaphot becabid i1y fdbponsible for
increase tunor cell killing potential dramatically.
BREEF DERSCRIRERON i OF t This DRAWINGS fiigacy aand apoptotic ability
schematically represents a genetic nmap of decorin
exp? egxinrg seeplhincaticdn- kntbhpeteetent ecbribiarantcally .
adenoviruses (dl-LacZ, dl-LacZ-DCNG, dI-LacZ-DCNQ and
dl - LacZ- DCNK) and tunor specific oncol ytic reconbi nant
adenovi ruses (Ad-DEI B, Ad- DE1B- DCNG Ad- DEl B- DCNQ
5 anBRYEF DEECBIPTINY QFSEHE| PRAWINGH es. | TR, Y, LacZ, |X
cw an%&%qllé %ﬁﬂ%ﬁ§€f&aiﬁvg%%§gsggﬁy1Qaée&QQEahwp of decorin
sequence,” package sequencg, c Z sequence, protein IX
gedgp r &M ngr onidpan capdopol ncohpseguencescomsipesiti veddenoviruses
DCNG represents the wild type decorin gene, and
andd DNEK ZrepPeseatZ TRIN® ed dgehesZ 1hYNwhi @R9E180- i /T¥CNK)  and
acid in the .l eucine-rich repeat.region of the wl
Ey bR a8y 8RB et e SR T e ot by as1e, 2a-
10 ange B3 80GG, r aspeet s usly aFbdadl e schei®y i 6akdYin Examples. ITR,
represents a nore specific genetic map of the tunor
spéci facZontdl yENE adbnond rausreid-esBEFBiDONG ©f tdmminal repeat

present invention. Fi %{1” 21is ';1 gh%t gﬁ%r aph show ng theIX
 eSEIIRNET RTERR BITOPCRRA yAPS PndiGaEl i t RAPTTHE X 9eme:
tu@ﬁ&_ﬁ%%ﬂoéérn%ndkggﬁ§gArgéaaéﬁgew”Egkﬁég%iyely. DCNG represents
decorin-expressing tunor specific oncolytic adenovirus

of théi w1 IRkl aBcdAth RENB- DENG, DA DI BNDENQ:prekeAd- mutated
DEl B- DCNK) expresses the decorin protein. . .

15 genes in which E180 amino acid in the leucine-rich repeat
region of the wild type decorin core protein is point-mutated
to E180Q, and E180K, respectively.

Fig. 1b schematically represents a more specific genetic
map of the tumor specific oconcolytic adenovirus Ad-AEIB-DCNG of

20 the present invention.

Fig. 2 is a photograph showing the results of Western blot
analysis indicating that the tumor cell line, Hep3B infected
with the decorin-expressing tumor specific oncolytic adenovirus
of this invention (Ad-AE1B-DCNG, Ad-AE1B-DCNQ and Ad-AE1B-DCNK)

25 expresses the decorin protein.

Figs. 3a and 3b are X-gal staining images verifying the

transduction efficiency of the decorin gene in human tumor cell

line (Fig. 3a) and human normal cell line (Fig. 3b) that were

infected with the decorin-expressing replication-incompetent

30 adenoviruses of this invention (dl-1acZ-DCNG, dl-lacZ-DCNQ and



Figs. 3a and 3b are X-gal staining inmges verifying
the transduction efficiency of the decorin gene in

whoovanotowsror cell line (Fig. 3a) and human norPed/K&edo/000657
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line (Fig. 3b) that were infected with the

decorin-expressing replication-inconpetent

adenovi ruses of this invention {4l -Iacz- DONG,

dl 51 actDPENRkanddl -1 acZ-DCNK) . Fig. 4 is a photograph

of X-gal staining representing in vitro tissue

penet r atiigon «fid he pletaigrapaXpressyAl staining representing in

replicationi nconpetent adenoviruses of this invention

(dVitaeZ;isdiuel ReZPDONG il -dfadZeDANG aivd-ediprkac ZeDONPlication-

into tunmor mass such as U343, US7MG C33A and A549.

Thénqz%‘f‘ﬁetﬁé‘ﬁelaqeéloﬁhr‘éiﬂﬁ caf mhes oééﬁ%@tli%géﬂ(#a?rg) di-lacz-
stai ned tunor mass, and_th e ri ght panel, an

f X
gpP?I& fit e dpaYi ﬁ&&e A 13(‘3)Z BN el Ve gt iRy mass such as
SeGEﬁ?nSUQG%éunQ53gassc?tggggd Wﬁkh %:g?lgag%e ﬁﬁ Van optical

r epr esent atZ staining results Vert¥ yin I'vVo

t'ﬁ?é‘leo%%t rl‘%ﬁ'g@n R°t3%m 'oafl )@-f tlhestalned tumor mass, and the
replicati oni nconpet ent adenovi ruses of this iInvention

(dbid@€ Lar@l- | a6 ZBDENG a1dlrilcae £cEXNQrand dk- LacZo PONKeze-dried
into tunor mass such as U343, U87M5 C33A, Hep3B and

AS548ct irg. of tepsesentssstheng®@sulthsxedalCPE (cyt opat hic
effect) anal ysis denonstrating the oncol ytic potency

of t hEigunmdr mpeeiseits oheol ysiteindenovesusies vérifiing the in
invention (Ad-DEIB, Ad- DE1B-DCNG Ad- DEl B- DCNQ and
AdYIVE1BIDERKS | weRGRAACUhor p@’é‘FIPtJHlnesO? UBZF@G uUsTwd ication-
C33A, He 3B and A549ga and h .normal cell es

(e g B §eTen Sl Teez,  a1-1acz-

reBé n&ltg%Ei%%gét%ngfcﬁJ?ggﬁ &ﬁﬁslqgﬂ?nttﬁ§say ?1? such as

Fig. a I's e phofograph o at es 'demonst Fat | ng
pl agure fo%ﬁﬂi@th' 884 N HQ%@Enaﬁ&”ﬂche' | line, Hep3B,

infect'ed wit

Fig. 6 represents the results of CPE (cytopathic effect)
analysis demonstrating the oncolytic potency of the tumor
specific oncolytic adenoviruses of this invention (Ad-AE1B, Ad-
AE1B~-DCNG, Ad-AE1B-DCNQ and Ad-AE1B-DCNK) in human tumor cell
lines (U343, U87MG, C33A, Hep3B and Ab549) and human normal cell
lines (CBHEL, IMR90, MRC5 and W138).

Figs. 7a and 7b represent the results of plaque development
assay. Fig. 7a 1is the photograph of plates demonstrating the
plague formation in human tumor cell line, Hep3B, infected with
the tumor specific oncolytic adenoviruses of this invention
(Ad-AE1B, Ad-AE1B-DCNG, Ad-AEI1B-DCNQ and Ad-AE1B-DCNK) and Fig.
7b is a graph demonstrating the plaque formation rate.

Figs. 8a and 8b show the results of the flow cytometry

analysis for PI staining verifying the apoptosis-inducing



the tunor specific oncolytic adenoviruses of this
i nvention (Ad-DElIB, Ad- DElIB-DCNG Ad- DElB-DCNQ and

w@deosDEH0B DCNK) and Fig. 7b is a graph denponstPet/KRg006/000657
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the plaque formation rate. Figs. 8a and 8b show the
results of the flow cytonmetry analysis for Pl staining
verifying the apoptosis-induci nifpot ency of the present

adg@@é/ dHSES {HJ‘Z;!MeHE”%Beﬁ@HrJé&eSu{ YBh3n WBAMB cell lines
Hep3B and A549 Figs. 8a and 8b represent the

resusss, fmmummspel@é;tm HONCQlsybh ¢ adenovid LGRS 8b represent
(Ad- DEI B, Ad- DElI B-DCNG Ad- DEI B-DCNQ and Ad-

DEt B DCNK)L tand orephieat srviddonpetehtt iadedenry useses (Ad-AELB,
(dl -LacZ and dl-1acZ-DCNG , respectively. The nunber
dehdt B R HENGr opGrEESR- NS U AEr£E PopliNgd | g repllcatlon-
Figs. 9a and 9b show the results _of Annexm V-Pl dou

st APFPRREEERG T 1 oWEREERY analdsitecGeri Afidng t‘ﬁ%‘lacz DCNG)

abi | it ctif Ehe r%COthEant eggQOVIEHSGS t%b%éhégx%f subG; cell

apoptiosi s ‘and necrosi€rh Runman turor Eef
(UB43.1 M8 M5 C33A, Hep3B and A549) . Figs. 9a and 9b
represent the results for tunor specific oncolytic

adenovigsisesa( AdrdDEB, shA6w BhkB-1dGNG: s Adrf DEIB-DENQ-PI  double
and Ad- DElI B- DCNK) and replication-inconpet ent
adenaown mus esnd df dwacZ/tandtdly - bagZyEGNGerifying the ability of
respectively. The ratios of Annexin V+/ Pl are
i ndheatedomsinandl isglepolirists ers imde¢ghpdadiosam and necrosis

quadrant. Figs. 10a and 10b represent the results of
TUNELh%ytta%ﬁ@tlﬁatlﬂﬁ@Sth@ i IU8}fGof CEPRy Hep3B and A549).

ssortlnal gl veee 0. oAES ARORLESIE) Bt i
A5§§201 *J:l'cg dei’xgélﬁ]ﬁ‘sdetslo(@.dr _GRAESERt - &ﬂ%@)@ﬁé' tﬁdf%“m DCNQ and

t unor eCI IC onco I ¢ adenovi ruses

DELB- &E?%EDOQQ7 DEL Bx gEE%%é%&@nA@nchgé%eQ@N%heﬁgglruses (dl-Lacz

replication-inconpetent adenoviruses (dl-LacZ and
dl ahacdr-DENG)-DeNe espeGbevel yelyThanBNAatios of Annexin V'/PI™ are

indicated as italic bold letters in right bottom gquadrant.

Figs. 10a and 10b represent the results of TUNEL assay
demonstrating the ability of the recombinant adenoviruses to
induce apoptosis into human tumor cell lines (U343, U87MG, C33A,
Hep3B and A549). Figs. 10a and 10b represent the results for
tumor specific oncolytic adenoviruses (Ad-AElB, Ad-AEIB-DCNG,
Ad-AE1B-DCNQ and Ad-AE1B-DCNK) and replication-incompetent
adenoviruses (dl-LacZ and dl-laczZ-DCNG), respectively. The DNA
fragmentation was observed as brown color.

Figs. 1lla and 11lb are the graphs representing the change in
the tumor size (Fig. 1la) and the survival rate (Fig. 11b) of
tumor (U343, UB87MG, C33A, Hep3B and A549)-bearing mice injected

with the tumor-specific oncolytic Ad-AEIB-DCNG adenovirus of

this invention.



fragnmentati on was observed as brown color. Figs. 1la
and |ib are the graphs representing the change in the

wo omsnowieze (Fig. |Ila) and the survival rate (PCDKRR006)00657
of tunor (U343, U87M5 C33A, Hep3B and A549) -bearing
mce injected with the tunor-specif ic oncolytic Ad-
DEI B- DCNG adenovirus of this iﬁVention.Figs. 12a, 12b,
12c, @#2¢s antbal2eighowdd)e wesuniss 10k H&Gw kHE results of HsE,
(1 munohi st ochemi cal ) staining and TUNEL anal ysis for
U34i3c ( Blmgutrehl2ap chddBiaMb) ( Bitgunénd 2éd TBEA (dragysés for U343
12c), Hep3B (Figure 12d) and A549 (Figure 12e) in
t uhb¥olrEar L ag m E87Vaf ddtadri tIRPY he Fbdor (BisBief | £2¢), Hep3B
oncol yti c adenovirus, Ad- DElI BDCNG of this invention., ,
Fi §F1AFS epresem™d t R84 Pesli 1B 6f MaRsso s TRPERMGHE N9 mice
st ai ni ng denngst tin n distribution within

|
5 ox PR P ke KIOF 53 Ch AT~ and ehTKE b, Ad-oE1B-
gﬁﬁ%ﬁ% A% kh&gnyéé%Aﬂlo%anr'bearing mce injected with
e

_ umor specific oncolytic adenovirus of this
i nvention (Ad- DELBe9EnAd- il BRENGIts K. Midsson’s trichrome

nunerically represents the results of gelatin
zypogiaphy el eehbapharEsics whicebhlishows t higsexpresisiron  within
pattern of MW in human tunor cell |ines U343, U37MG
C33A; rddepi3Bland ma549xi nffecte4B wilphnel t her ahdk DEIMS ofpanel B)
Ad- DEIB-DCNG Fig. 15 represents the results of the

10 ef femerof itleE @RI ITRERPEBS SMBAS 0 AN oMY Eittdsttds stwpitngprecific
B16BL6 spont aneous tunor_ netastati c npdel er
pafRFLENE t AERHAGHE ot mBbaSt dfVE T t(éﬁg&]ﬁ ofer AA-AELB-
paggﬁg). Fig. 16 represents X-gal staining results
show ng the tissue penetration potency and gene

transdugtj onigf fizle8REY10f represents the results of gelatin

zymography electrophoresis which shows the expression pattern

15 of MMP in human tumor cell lines U343, U87MG, C33A, Hep3B and
A549 infected with either Ad-AE1B or Ad-AE1B-DCNG.

Fig. 15 represents the results of the effect of decorin
expression on tumor metastasis using Bl6BL6 spontaneous tumor
metastatic model (upper panel) and the weight of metastatic

20 lung tumor {(lower panel).

Fig. 16 represents X-gal staining results showing the
tissue penetration potency and gene transduction efficiency of
the decorin-expressing replication-incompetent adenovirus (dl-
lacZ-DCNG) in tumor tissues and adjacent normal tissues from

25 the patients with breast cancer.

Fig. 17 represents X-gal staining results demonstrating
the transduction efficiency of the decorin-expressing
replication-incompetent adenovirus (dl-LacZ-DCNG) in primary
keloid cells.

30 Fig. 18 is an X-gal staining photograph demonstrating the
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cancer. Fig. 17 represents X-gal staining results
denonstrating the transduction efficiency of the
decori n- expressi ng replicatioannconpetent adenovi rus
(Ot r Ao OEND) eiffi Prénmr Yoketpd ddeeddisi-ekbgesdi®hd Srelication-
X-gal staining photograph denonstrating
thew@rp@dt@@tq gdeapritientyl dfaai@CletotPnXetpigssiead spheroid
|IC%FI9nIn onmpet ent adenoklrus (dl -LacZ-DCNG) to
ke Bt cél| *Bphetoi T (pRAST A)) and tissues (panel B)
Fig. Fﬁ?a-|ﬁééi QﬂthQr%ﬁQt6§Eg¥h0f iﬁﬂ fldsor eseentsiuorescent
m croscope denonstrating the viral penetratlon pot ency
of mi e &Pk GRbaBt Facapetant v adanddtses i fdl pFEh@F of the
dl - G-P-DCNG) i nto C33A tunor nmass established in vivo.
Fi geplli9fatiionai photpegraph {ad@)vicfustbe fdlu@f@scent dl-GFP-DCNG)
m croscope denonstrating the transduction efficiency
antntd S55@ pemet reassorspabbheyecofindviGEP or
dl - GFP-DCNG i n tunor tissues obtai ned fron1 atients

with bfEhst Thhcers The FOITORFRY spBtii Clexadrifl esttuorescent
2L§h (j no%%ddkﬁoQ§%fAdl ﬁtEﬂE'Y?aﬁngé¥§ohn¥?9£éfghéyq%nd tissue

construedas |limting the scope of
I nvendictiaa gdektened by appeneledr ctatcmp- DCEKAMBLESmor tissues
MATERI ALS and METHODS 1 . Cell lines and cell culture
CePPtaingss freR RXpe&ritient 8N Wi SttuRBRCe®l | | i nes such
as human brain cancer cell lines (U343, U87TMG5 |,
cervical cancer

The following specific examples are intended to Dbe
illustrative of the invention and should not be construed as
limiting the scope of the invention as defined by appended

claims.

EXAMPLES
MATERIALS and METHODS

1. Cell 1lines and cell culture

Cell lines for experiments were tumor cell lines such as
human brain cancer cell lines (U343, U87MG), cervical cancer
cell line (C33A), liver cancer cell 1line (Hep3B), lung cancer
cell line (A549) and mouse melanoma (B16BL6), human normal cell
lines (CBHEL, MRC5, IMRS0 and Wi38) and 293 cell line carrying
the early gene of adenovirus, El region. All cell lines except
B16BL6 cell line were available from the ATCC (American Type
Culture Collection; Manassas, VA, USA), and Bl6BL6 mouse
melanoma cell line was gifted from Dr. Y.S. Park’s research

group at the Yonseil University of Korea.
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and WL38) and 293 cell line carrying the early gene of
adenovirus, El region. Al cel I,OI I nes except B16BL6
cell line were available fromtife ATCC (Ameri can Type

Cul t unel Caklectiiiors Maapsaseledhs WAL ,liand BI6BL6ultured in

nouse nel anoma cell line was gifted fromDr. Y .S .
Pabklisedeg@ar chodif Dl at Eadiee Yonseedinn ver @MEY; of Gibco
Korea. Al'l cell |ines except B16BL6 cell line were
cuf tRR &9 eBul Beco' s 0Fodifated ERfIVéns mE@iruth ( DVENEC
G bco. BRL). su%pl emrented wiith 10%fetal. bovine serum
(B BRE 2°Pefif EPPTIH “dRd 28t Bpt O/ &g 37 © under

mai nt ai ned at nder, 5% C at nosphere.. B16 cel |.
T RE G it t B AR iRV RSaFti {1 G0 SpRt) P ediun

SUQQLFP}%pEEgeM@ﬁ&le%{I?t .@b% bofv.tra‘&. S@J\H'He( (% g%ibco

peni Ci and streptonycin and maintained at 37
unger i 50160 ahaDspheftomydn. aBUPRRLABMRIG ARl BBFS ddker
Vivo anti-tunor experinments were conducted using 6- to
8- weekswledtenal e nude m ce (BALB/ c-nu) and C57BL/6 m ce
pur chased from Charl es River Korea (Seoul, Korea)

M ce were mai ntai ned under controlled Iighting cycle

(12-hg_light: 12-hr, dark), tenperature (222 C) and
hué#—déﬁ%e—r%’éfﬂééiea,—m#ﬁ&had free access to

radi at i gn-giter idnitzedusol | shfaedent O LEAL , cRUMted using
Korea) and water. 3 . Ceneration and titration of

r e owda anid adendevi musdes expeessBAYBAecani n aat> C57BL/6
Generation of replication-i ncog%et ent adenoviruses W

geRet FEF e o8 Jeife 1681 v eq r

BRL)

BRL) ,
% CO;
(Gibco
BRL),

% COs

6- to

mice

Peat i*6RYE nc SRt ent Mice were

maintained under controlled lighting cycle (12-hr light:12-hr

dark), temperature (2242°C) and humidity (55-60%), and had free

access to radiation-sterilized solid feeds (Orient, Seoul,
Korea) and water.
3. Generation and titration of recombinant adenoviruses

expressing decorin

<1> Generation of replication-incompetent adenoviruses

We generated El/E3-gene deleted replication-incompetent

adenoviruses expressing the decorin gene and the reporter gene

lac Z. The pdl-LacZ viral vector was prepared by inserting the

lac Z gene as a reporter into the deleted El region in the

vmmdl324Bst vector (gifted from Dr. Verca, University of

Fribourgh, Switzerland; Heider, H. et al., Biotechniques,

28(2):260-265, 268-270(2000)). For preparing this wvector, the

pcDNA-hygro-LacZ plasmid (Invitrogen, Carlsbad, CA, USA) was



adenovi ruses expressing the decorin gene and the
reporter gene lac Z . The pdl-LacZ viral vector was

w@e@paswds by i nserting the lac Z gene as a r eppCT/BR2006/000657
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into the deleted El region in the vndl 324Bst vect or

(gifted fromDr. Verca, University of Fribourgh,

Switzerland; Heider, H. et al.3’ Biotechniques, 28 (2)
2§9ge256c%d 268-270(2009) ) andFOR, I €par 81 4 b stM@ctcmz, promoter,

t he pCcDNA- hygro-LacZ plasmd (Invitrogen, Carlsbad

CAL adiSAgewas digestedaw dru Hendi s ianddNagl rdeo ssqnhat@s were

the CW pronoter, |acZ gene and pol A and the isol ated

t hi ese EquUenTEs Wee e Eilnserenediirat oshhet e | vadermoyvi paklsplA to

shuttle vector, pDElsplA to prepare pDEl spl A/ COW-LacZ

shBJEGéH’%fevecE?‘b‘?lSPitﬁéc%Yefpaa?rzed YDHILESS AVEWCEacZ sAEt | @repared

vector was digested with Xml and cotrans fornmed wth

VR By CHUBHOVA 1 GEUFT Heal PSEUF by oBstBRSPRED Eith Fmnl and

| 5
S F O NP0 YR HoRar S b o febrBLbRt patrapeized by BsenI
obi i.0i g pely ;LG BeNONL U, FQL CONSIIMGLLNG,:  erivouron,

decori n-expressi ng adenoviruses, we constructed

PCENAS; e rh-aRENG: b C oG @ NiHIGhot BE oMk | £ dyipa ndecoR | NowddNA)ing pdl-
by inserting the decorin gene (DCNG D .G . Sei dl er,

Uniy€er ddenodaspst al of Munster, Germany) into the

expressi on vetor pcDNA3 . 1. Then, t he decorin mutant

DCNQ hadmg eeakerudhiindi ngleabtinrexprnegséol| agelgnpgsruses,  we

pre ared ucin oi tatian.of 80 1 NO
R iebbgotnn PEvE BoRChaUCH friRe, Shear i e decorin
Wi Egmwp%ydegagwtw eteeot@é&mol bemed Wencnseptd Ng seidler,
the nutant gene into the pcDNA3.1 vector to give the

expnesst on yvagi=gr tpe DNA3 MulrdDENQ. dermaddi t ilonp tthe expression
decorin nmutant DCNK | ack of binding affinit

coV?Q@%nPﬁB§A%ﬁbpa?%%PbytP%dﬁéFﬂﬁl%.EBFﬁRtné?ggigﬁvaFg weaker

15 Elégngqu] f%%ﬂit&o gl%g§195e$h$as prepared by inducing a point

20
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mutation of E180 amino acid to E180Q in the sixth leucine-rich
repeat of the wild type decorin core protein, followed by
inserting the mutant gene into the pcDNA3.1 vector to give the
expression vector pcDNA3.1-DCNQ. In addition, the decorin
mutant DCNK lack of binding affinity to collagen was prepared
by inducing a point mutation of E180 amino acid to EI180K of the
wild type decorin core protein, followed by inserting the
mutant gene into the pcDNA3.1 vector to give the expression
vector pcDNA3.1-DCNK. Each of the vectors prepared above was
digested with EcoRI and Xbal to give a 1 kb DNA fragment, which
was inserted into the pCAl4 vector (Microbix, Ontario, Canada)
to generate pCAl4-DCNG, pCAl4-DCNQ and pCAl4-DCNK vectors.

Each of the pCA14-DCNG, pCAl4-DCNQ and pCAl4-DCNK vectors
thus prepared was digested with BglIII to obtain the CMV-DCN-

polA expression cassette expressing the decorin gene under the



wild type decorin core protein, followed by inserting

the nmutant gene into the pcDNA3 .1 vector to give the
wez@saseirodn vect or pcDNA3 . 1- DCNK. Each of t heP@BER008/000657

prepared above was digested with EcoRI and Xbal to

give a 1 kb DNA fragnent, which was inserted into the

pCAl4 vector (M crobix, Ontario’® Canada) to generate

pCAdAt EXING, £ pGA4A - BBNQpaBelo PEALA-BPENK veGtkar sshEaehs§tte was

t he pCA14- DCNG, pCAl4- DCNQ and pCAl4- DCNK vectors thus

pr epegeictdvabntdi gelst eddsuiavirBdl 1H3 tshwistlai rvetclier, pSP72AE3, to

CWBE%NIPM A expression cassette expressing the decorin

geRR-tter thecoitYSr=dt the RV pridmot’&F T aft er PWhi 4T3 ~PCNG.
t hgs sasset henwasnd “badsLpdek t he adenoviral E3
shuttl e vector, pSP72 DE3, to obtain the adenoviral E3

5 shut t | elheectdesovipSR72 EDE3sDONG e P8PZR0DE3-tDGNQ ancbared were
pSP72 DE3- DCNK. The adenoviral E3 shuttle vectors thus
pr P2 ke &G eBriz edF WWERT PROF GPTRARFLME ot HtensE. coli
fo | n ol i. . BJ 3 er_ W he
ad%ﬁggﬁ alttggg%%?rcvgéttgr ?&%dl %ggrgé‘tﬁ%{ar%eawti&eld %efﬁoébelpdl Lacs
f or i fd Ml RO US the CRdli Nadr OfomdeRBLat irkgokBenation, generating
adenoviral vectors dl -LacZ-DCNG dl-Lacz- DCNQ and
dl thacZEaNK whilclvesxpresglthecd-AENE, gehelapd f@@orang dl-Lacz-

si mul t aneousl Fig. la <2> Ceneration of . .
104 u%% sPebTti %Xé)ﬂec% yrtk}% tfendvPFLS Q‘Edgrélﬁ‘é?’éﬁtrédsm“llt"’mecmsly
tuppig spegi.fic oncol ytic adenoviruses expressing the
decorin gene. Specifically, each of dl-LacZ-DCNG
dl - LacZ- DCNQ and dl -LacZ-DCNK was |inearized with Pvul
or Xl and cotransf orned into E . coli BJ5183
t ogét Heqnameithon het HUBorg sSRea H B o550k Phl ¢leddsnad i Hing

DEI Bl 9/ 55 adenovjrus vector Iine?r.i zed Wit{;¥ Spel (KQFCC ,
11288Y®f or HEFORLGOUs FELYBINFAL T bR, g8REPafiif t mfienoviruses

15 Adz BRI B RONG, (Ad: < RE!B-RAENQ apd. A DELB- DONK (¢ 41-1.acz-pen,

dl-LacZ-DCNQ and dl-LacZ-DCNK was linearized with Pvul or XmnI

and cotransformed into E. coli BJ5183 together with the EIB 19

kDa/E1B 55 kDa-deleted PAdAEL1B19/55 adenovirus vector

linearized with Spel (KFCC 11288) for homologous recombination,

20 generating the Ad-AE1B-DCNG, Ad-AE1B-DCNQ and Ad-AE1B-DCNK

adenovirus vectors, respectively (Figs. la and 1b). To verify

the occurrence of homologous recombinants, the recombinant

adenoviral vectors were digested with HindIII. The proper

homologous recombinant adenoviral vectors were digested with

25 PacIl and transfected into 293 cell lines to generate adenoviral
vectors (Figs. la and 1b).

All adenoviruses were propagated in 293 cells and their

titration was performed according to limited dilution or plaque

assay (Hitt, M. et. al., Construction and propagation of human



adenovirus vectors, respectively (Figs. la and Ib). To
verify the occurrence of honol ogous reconbi nants, the

wo ewembiorant adenoviral vectors were di gested PET/RR2006/000657
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Hindi 11. The proper honol ogous reconbi nant adenovira
vectors were digested with Pad and transfected into
293 cell lines to generate adendVviral vectors (Figs.

| a;886b) s Aldtadenuinuses weye R opagatedrin nd9dbook. New
cells and their titration was perforned according to

i pbtled dikatiélic or ppkague 1assay {Hi-uLp (Modjet,. akollowed by
Construction and propagati on of hunmanadenovi rus
vectorentr@elibnbiol myyEsCa pabdrattorpdhandbooket iRew
York: Academ c Press Inc, 479-490(1994)), followed by
concentration using CsC gradient and purification. 4
el natl.0 01  Aecorin expression pattern To exam ne
by— econbi nant

adenovi TdJS@S;aﬁﬁ.né hecHer eaeabrirnvmtprr@smcrmn@raspieenf i tnduced by
oncol yti c adenovi ruses havrn% the decorin gene (Ad-
DE1 8- PeNGanAd- aEET?¥{XH%35anG AJthE| BBERK) aReRglion,  tumor-
EE%%%@??@%Y&%U c%ptrgl%gg%fhén%%ﬁgggetg.tggﬁn gene (Ad-
I nhechliming,t heAHEQEmnm@d wasdr ecyerme-andk subj 8¢t ed ad-AE1B
to SDS- PAGE (sodi um dodecyl sul fate pol yacryl am de ge
el ed¢nophorsesiss k COﬂtmni welre pné@@ﬁqﬁ;Qﬂthhehg@rnv*#%?r cancer
el ectro- transferred to PVDF nmenbr.ane, incubat ed%g%’_L

um used was

t hBeBTB nar y3 alitt - Hectt it ahitiBodytepr e,
Lmkgg%éégéﬁ §@'%?kjQét&@n§5eﬁnﬁcgﬁaﬁnyko@%gma@khec 1 sulfate

-actin anti S gma . Louis, MO USA), and then
|npub@ﬁ@ﬁyhmmhhetbelkﬁmbétmnphareadssh PeFroXitdtesejroteins on the
- conj ugat ed secondary anti body (sc-2004; Santa Cruz
Bi 8f€cHere SEhEE (I UZaneArred t BY WHPEhmEPRr Wnr edugated with

pa££5r9§18£ QGQRERD %@EgrfﬁvgﬁLﬁﬁxﬂﬁlP&Jﬁhesg¥aier, University

Hospital of Munster, Germany) and anti-f-actin antibody (Sigma,

St. Louis, MO, UsSA), and then incubated with the HRP (horse
radish peroxidase)-conjugated secondary antibody (sc-2004;
Santa Cruz Biotech., Santa Cruz, Ca), after which the
expression patterns of decorin were revealed using the ECL

detection kit (sc-2004; Santa Cruz Biotech).

5. Comparable evaluation of transduction efficiency

To evaluate the transduction efficiency of replication-
incompetent adenoviruses expressing LacZ, various human tumor
cell lines (U343, U87MG, C33A, Hep3B and A549) and human normal
cell lines (CBHEL, IMR90 and WI38) were plated onto 24-well
plates and infected with dl-LacZ, dl-LacZ-DCNG, dl-LacZ-DCNQ or
dl-LacZ-DCNK viruses at an MOI (multiplicity of infection) of
0.1-100. On day 2 after infection, the «cell 1lines were

incubated with X-Gal reagent (PBS containing 1 mg/ml, 5 mM



detection kit (sc-2004; Santa Cruz Biotech) . 5.
Conpar abl e eval uati on of transduction efficiency To

weyakoatoas t he transduction efficiency of PCT/KR2006/000657
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replicationi nconpetent adenoviruses expressing LacZ,

vari ous human tunor cell 1ines §U843, UB7M5G C33A,

Hep3B and A549) and human normaf? cel | |ines (CBHEL,

| VRO @md, W38 were(qi)at &g ontnar 2dcwe)l laplsatess@nd hr for x-
i nfected mnth dl -LacZ, dl-LacZ-DCNG, dl-LacZ-DCNQ or
dIgaéciﬁixmwngvmpusesf%mmzﬂheNEkaOﬁ@m¢ﬁ#ﬂd eiffycopéncy of the LacZ
infection) of 0.1-100 2 after infection, the

CoPFF | HB e BY 1 HELIBAPRA" A ¥ OF G Pebtent CPBS

containing 1 nig/m, 5 mW 3Fe(CN) 6, 5 rtiMK

4Fe(CN) 6 and 2 MM MwMWd 2 ) at 3 7 Cfor 6 hr for X -

gak. stmaanupgid® eenkprEadhey tdansdeeddon iehf o eneho®dirues in
f the LacZ gene induced b y the expression o f the

deéorpn yeweoid . Eval uati on on spreadi ng and

penetratlon of adenovirues in tunor spheroid U343,

US7MGU 3 €38 A WHYCA5 493 Henggfaf 234 hwekenegtrabis sHege established
subcutaneouslixb y injecting cells into the abdonmen o

f BUPTO-BCWEEK- BY o PURIE Midc £°and ot tHe rsirgrs of 6- to 8-
reached to 150-200 m m 3 |n volune fresh t Lty S :
was extrégte a" C%J?Q% PV 155° T S g e Rt (gqf Hﬁﬁ 260 mm’ in
tuveiurﬁé SSPFeé’lﬂ@ur%rSS@Péﬁﬂe JQ@ng%&’é@JH SaMeLfrgery. 1-2 mm
pl at ed individuall'y on 0.75% agar ose- coat ed pl ates and
cuktagchdsn JIVEME Gehgor BRLY s sippd edreatl &b oMeldhd Srn¥sEBSxplants
(G bco BRL) and penicillin/streptonycin (G bco BRL) a

t 8¢ updere8%iGAiat dwsipher en Nedibémagasosenewatednpeates and
every week. Prior to infection with adenoviruses,

sphefoigst win hDEMmeE8rco BRI mmnmdeacntehsiérh eél"t@BS (Gibco
0. 75% agar ose-coated 48-wel|l plates and 150 mM o
Dwﬁmcamiapﬁvh@lllePBs?pWY§l§dd@dbcaf £EL) whi cr?7 C under 5%

ses,_wer e adde xlO6, Ix 10 7, o r 1 x 10
PFE#(p %aﬁs??gﬁn]gggbﬁ$tyas renewe& onte “every wé&ekK. Prior to

infection with adenoviruses, spheroids with diameter of 2 mm

were transferred to 0.75% agarose-coated 48-well plates and 150
ul of DMEM (containing 5% FBS) were added, after which viruses
were added at 1x10° 1x 10, or 1 x 10° PFU (plaque-forming unit).
3-days later, the medium was aspirated and spheroids were fixed
in a fixation solution for X-gal staining. The surface of X-gal
stained spheroids was observed under a stereoscopic microscope
(Olympus optical Co., LTD, Tokyo, Japan). For the observation
on penetration of adenovirus into tumor spheroid, the X-gal
stained tumor spheroids were embedded 1in O0.C.T. compound
(Sakura Finetec, Torrance, CA) and snap frozen. 10 um frozen
section was then placed onto gelatin-coated slide glass.
Moreover, the ratio of X-gal stained portion in tumor spheroid

was given using the MetaMorph program (Meta 1imaging series,
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were fixed in a fixation solution for X-gal staining.
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under a stereoscopic mcroscope (A ynpus optical Co.,

LTD, Tokyo, Japan) . For the observation on

penetration o f adenovirus intd'tumor spheroid, the

X-@als i$haigned UH{%rs%Qhﬁfnﬁ%gﬁg Wes & aiEheddedv) ndr@ntown, PA).
conpound (Sakura Finetec, Torrance, CA) and snap

frozen. 10 mm frozen section was then placed onto

gel atin-coated slide glass. Mdrreover, the ratio o f ,
X- Qal E¥a hiatd@npa¥y | sd epA 1 pandRd sPRB i af Avdls ofi \Asfgnoviruses in
usi ng the MetaMorph program (Meta i nmagi ng

se¥+¥s, Version 6.1, Universal inmaging corporation TM

Downi wn . Eval yat,j on.on _spr L g .
penet Q%?’on%f a’deé%%’r uggg idr?@?vo“f%&%?%%?I\v}%\QgCSef,&,abllShed

angd Hen3B.xen09raf t 5, 4L%8 1gstabl i shed S&Qc%tb@gﬁ@i#sbf’ 6- to 8-

by injecting cells into the abdomen of 6- to
vegksiold anudae mhce: and enee the dudidBE Sréeaaiedot 050-200 mm’ in
150-200 m®B in volune, mce were random zed into two

gr espsnegnchitle Lacé archddini kagd Zi DENGtadegovipsisandd 8lxLacZ and

107 - 1 x 108 PFU was intratunorally injected five
t i dbsLdqit-OCNAe tdemrs.rusor af549 xenodt'af t mbdek, MHAQPFU  was
cell line was subcutaneously injected into m ce and

onERCIHATOEAbEE FBARKERF t 61 B0 2T B 7 n“Rol GBS Bachor A°4°
of dl-LacZ, dl-LacZ: - LacZ- DCNQ and —

d| f—‘?.%\%gf-aﬁéNK“% eLJS XA%%IGE%EL\AE et umaratjpecusty  injected
! nigcot edJcheI }é%dt !oggg Jc}% Qc %st YAREReq C%l: Cﬁ%}?—%oéf Itmﬁ:’r in volume,
t he" Tast injection, animals were sacrificed and tunors

WegL g arg(ier}il—%fa%% which A heycwese-fdoedehd 4%8 dl-1aczZ-DCNK at
par af or mal dehyde (PFA) at 4C for 4-8 hr and dehydr at ed

i n53Q@% syickese weel utrdtanthinerd 21 hr injde adehfidreat €nes into the

tunor tissues were enbedded in O.C .T . conpound and

snapgndr0ozewn fohyoviedalfyer the last injection, animals were
sacrificed and tumors were taken, after which they were fixed
in 4% paraformaldehyde (PFA) at 4C for 4-8 hr and dehydrated in
30% sucrose solution for 12 hr. The dehydrated tumor tissues

were embedded in 0.C.T. compound and snap frozen, followed Dby

performing X-gal staining described above.

8. Analysis of cytopathic effect (CPE)

To evaluate the oncolytic activity of decorin-expressing
adenoviruses, human tumor cell lines (U343, U87MG, C33A, Hep3B
and A549) and human normal cell lines (CBHEL, MRCS5, IMR90 and
WI38) were plated onto 24-well plates and then infected with
Ad-AE1l, Ad-AE1B, Ad-AE1B-DCNG, Ad-AEIB-DCNQ or Ad-AE1B-DCNK
adenovirus at MOIs 0.1-100. At the time that cells infected

with any one of the viruses exhibited complete cell lysis at
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(CBHEL, MRC5, |1 MRO0O and W 38) weT e pl ated onto 24-wel |

pl ahesiand tthen icnteated v 1y Ad+BELasekd DRIB,and cells on the
Ad- DEI B- DCNG, Ad- DEl B- DCNQ or Ad- DEl B- DCNK adenovi r us

atpMis QekelOOheAt dtheéntdnmewidmat ocebl sciynfteat ediasidth in  50%
any one of the viruses exhibited conplete cell lysis
attherdsw-titer, the dead cells were washed out and

cells on the plate were then stained with 0.5% cryst al

violet in 50% nmethanol . 9 . Plaque devel opnent assay

Togobserve the ¢ f.spl,aque size over decorin
exm%n—%—ré@%pgé—w Ils were placed to 6-well

pl at ego apkd e thedcmbdde At RELBue Adt LEIBePCNGorin expression,
Ad- DEI B- DCNQ and Ad- DEI B-DCNK adenovirus at 1 x 10~4

MX af ttef eaesElayelafs celrk grnaved. c&f tewed hslfes and infected
i ncubation, the infected cells were overlayed with
agarose- BAVENM I, xt de 281 B2DNDIVEMJ-eeaBabeidg 489 FBS AE1B-DCNK
and penicillin/streptomycin) at 37 C and 1.4%

U edexrrigisnptagaX ob® (Mol iafitegenne Garslodd ceCh) gatwidp After 4
C and then incubat ed. &Fol | owi ng about 4-16 days of

i nchbath on“CtRatsize &fpl *Cor 1Bt On HIFat eSVayed with
observed,_ rose overl s re d by _soaking wih
1 7 a]f)(%se’ld&g?r i@ xotruorgce%ycvégcfd WSCSC%%I%% nelsnggn fheg?s and

regal ning ;coll §hai ned which Oﬁa5%1"£%/5%gk v 0l e

ingéé)%}éolnetl Zﬁo??g%mg'cnu?rber OFW pl a?ques fornme \lfva_sure agarose

Co'(’f‘rtlﬁqzro%gn, Fbg%ﬁé’&p@) r Bét_aQQ!c’CySérﬁ ft@l%naQQQ&@&ecd . Following

potential "To exam ne apoptosis induced by decorin,

huassut ugroré c&dys of incubation, the size of plaques formed on
plates was observed, agarcse overlay was removed by soaking
with 1 ml of 10% trichorocacetic acid for 30 minutes and the

remaining cells were stained with 0.5% crystal violet in 50%

methanol. The number of plaques formed was counted.

10. Flow cytometry analysis for apoptosis potential

To examine apoptosis induced by decorin, human tumor cell
lines, U343, U87MG, C33A, Hep3R and A549 were introduced to 25T
culture flasks and 24 hr later, were infected with each
adenovirus at MOIs of 0.5-50. Cells were treated with 0.1-1 uM
CPT-11 (camptothecin-11) as a positive control and treated with
PBS as a negative control. After 48 hr, 72 hr and 96 hr of
infection, the infected cells were collected and fixed in 70%
ethanol at 4T over 24 hr. Following the fixation, the cells

were incubated at 4T with a mixture of PI (propidium iodide, 50



lines, U343, U87TM5 C33A, Hep3B and A549 were
i ntroduced to 25T culture flasks and 24 hr |l ater, were
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were treated with 0.1-1 nM CPT-11 (canptothecin-11) as
a positive control and treated wth PBS as a negative
control. After 48 hr, 72 hr and?96 hr of infection,
thesinfiectgd cgids werensoldrcted apd-fipedmin 7094 the Facs
et hanol at 4C over 24 hr . Followi ng the fixation, the

celhs ywaewhACtbat edrabrd€iwi th a m xture of Pl
(propidiumiodide, 50ng/ ) and RNase (ri bonucl ease)

for 150 neddignicnt hé oFAGRS AR §&1 ly eeorthehs perduwsiededy decorin,
In addition, to exam ne early apoptosis induced by
detoreir! séVEPEI RURR tTAdr delPPS| i WeSS wet®f9Gireect #dth  each
w th each adenovirus as described abqve. The infecte

cel 1L WErE ScolfectEd AT hefP priocesSEd f%&eﬁxﬁﬁgxi ﬁegls

VI Pl . dual _staini c '?g{o n yr ey’ Co
i nS lrgecct |egn N tﬁlgexgpg%g% - Fﬁ% %{%ﬁﬁ%qu{esggﬁ dual staining
'S?E&&&ﬁ ANaleIn3RPRL OB - detigcli-QR Kid {0 O &batert v-FITC
Palo Alto,” CA), followed by flow cytonetric analysis.
11(fﬂ&ﬂggscaiﬁays&E%g$d§5nétéQ4$p®pﬂ£¥EMGd%5eXtﬂ&h)kit (Clontech,
C33A (5 x 10s), Hep3B (4 x 105) and A549 (5 x 10 )
cebdso war®,pkAal pdfdntoaecda shafifeer cykbdet @ind anhépsis.
infected with adenovirus at an MJ of 0.2-20.
Followi ng 24 hr and 48 hr of infection, nediumwas
renpved and TUNNEL (term nal deoxynucl eoti dyl
t r ahsfBFYde 2EFH) - nedi ated dUTP nick end | abel i ng)
assa s carri.ed o ordi t0 t facturer’

Y 3@s Lar 1§pb,p%%ﬁﬁf (sd1.NG 49, 5‘?731{[}?{:# 2 fd‘?m) H§p3B (4 x

i nstruction of t "(I'nt’ergen ase,
FOEOQP'%@ %%ﬁ@!Q@nﬁnﬁoﬁcgkhﬁs“@kge'E@Hg@ﬁf%h@@t51chamber slide
per oxi dase- conj ugat ed avi di n and DAl

(digai nahenziidirpetcdAKQrrCabpenberia, @A) anAtMdhe of 0.2-20.
time that color of cells becane brown,
Following 24 hr and 48 hr of infection, medium was removed and

were

TUNNEL (terminal deoxynucleotidyl transferase (TdT)-mediated
dUTP nick end labeling) assay was carried out according to the
manufacturer’s instruction of ApopTag kit (Intergen, Purchase,
NY) . For color development, cells were incubated with
peroxidase-conjugated avidin and DAB (diaminobenzidine; DAKO,
Carpinteria, CA). At the time that color of cells became brown,
cells were counterstained with 0.5% methyl green for 10 min and
observed under microscope in more than 4 selected fields. The

ratio of stained cells to total cells was calculated.

12. Anti-tumor effects and survival rates of decorin-expressing

adenovirus in vivo

The effect of decorin-expressing adenoviruses on the growth

of human tumor spheroid formed in nude mice was assessed.



cells were counterstained wwth 0.5% nethyl green for
10 m n and observed under m croscope in nore than 4

waedoeodds fi el ds. The ratio of stai ned cells tpCT/&R2006/000657
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cells was cal culated. 12. Anti-tunor effects and

survival rates of decorin-expressing adenovirus in

vivo The effect of decorin-expr¥ssi ng adenoviruses on

t he, et @f sRUIBALEanDE  sphesidhehorored i onudeeBkeg1d nude
was assessed. Tunors were inplanted on the abdonen of

6-mic 8romeekesl dinelesapae 1nchar bes sRhvetankapan ihfAecion of 1
by subcut aneous injection of 1 x 10" human cancer cel

| inedO( UBYBn UBTMBr C33 Hep3B 4wndd A5495 7Ny 10034 Wp3B and
HBSS (Hanks' bal anced salt solution, G bco BRL) . Wen

t UhDt® risacHEd #lo QK)Kﬁﬁ&nﬁ?@nﬁsvobah@nC%Me$Rkﬁriﬁ%§§laﬂr Gibco

1 x 108 - 5 x 108 PFU were adm ni stered.intratunora ,
t hPle e é@@F?soFﬁéFhﬂﬁyt%nagtqp ohth%gTw%rﬁi gviruses

fﬂ%%'gal g cal%ufa#gpﬁ%Utﬁr?%gg :ﬁ%EQerl561X9£§QHﬁd%ally three

naj or axi's and
XL Sndasiy d W8LRY4Zy Cald Pefe drfimh o LE, —dr(cm ival
ax#s nm % naj or g&ls nm é 23. 1613 Cbservé??ﬁh rate
Ofofh_@uﬁ@@éﬂgﬁe% I)]b‘i@trve‘élhaﬁ@l‘ét GfdlSﬁnleCS)fl nditeed kst h@ilculated
adm ni stration of decorin-expressing
r epl ticathoOnsonpet ents agehovinars eskidhereadd4dd UWS7Mp a caliper:
C33A, Hep3B or A549 tunor fornmed in the abdonmen of
nutlenan o lueachethitnorabyus &y angEafor56x80 mm x 0.523.
adenoviruses at 1 x 108 - 5 x 10 PFU were admi ni st er ed
intratunnrally three tines. Fol | owi ng 3 days of

#?g%bﬁgiﬁva ﬁo%u Mt S%Hfﬁg¥@£§ Bﬁﬁﬂﬂ%%%?aépgrlg%ﬁéé induced

plcpalcu e—brockswere cut

' nB? 3am sl I(ﬂl@ﬁlgppa&%plar A fipbzed - BxX¥bensANOreplication-
t hem—Tm graded alcohots (100% 95% 80% and 09y,

f oLbavedk Y askabni A th hematoxylin and eosin.

When U343, U87MG, C33A, Hep3B or A549 tumor formed in the
abdomen of nude mice reached to about a range of 50-80 am”,
adenoviruses at 1 x 10° - 5 x 10° PFU were administered
intratumorally three times. Following 3 days of injection, the
tumor tissues were extracted and their paraffin blocks were
prepared. The ©blocks were cut into 3-pum slides and
deparaffinized in xylene and then in graded alcohols (100%, 95%,
80% and 70%), followed by staining with hematoxylin and eosin.
For the observation of distribution of collagen, a component of
connective tissue, 3-um paraffin-embedded slides were stained
using bouin, hematoxylin and biebrich’s scarlet acid fuchsin.
The staining reagents were purchased from DAKO ARK (Dako,
Carpinteria, CA) . In addition, the immunohistochemistry
staining for the hexon region of adenoviruses was carried out.

The slides were deparaffinized as described above and incubated



For the observation of distribution of collagen, a
conponent of connective tissue, 3-nm paraffin-enbedded
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biebrich's scarlet acid fuchsin. The staining reagents

wer e purchased from DAKO ARK (Dako, Carpinteria, CA) .

In addition, the inmunohistocheffistry staining for the

hexon, r €gi.on, i, AALNAVif USES, WRS aGar fib&sh OWh«iBb& (MaB 8052
sli1des were deparaf finized as descri bed above and

I nepibrat G trRmbBel f | dr yarantdread@neri ERé BeXMHary goat anti-
anti body (MAB 8052 chem con, Tenecula, CA) and then

Wi tét t heGsEdontkemragatza®iotathhgGadRP I(nSant #a@taz Cruz, CA).
Bi ot echnol ogy, Inc., Santa Cruz, CA). The col or

deVlet opreRPT wasleper PRIrGREd usihg PABL¢IIKO, using DAB  (DAKO,
Carpinteria, CA). . To observe the occurrence of

apoptRStELita- t rs, TUNNEL assay was carried out
accorgding,to_the nuf acturer's i.nstruction of opTa

it (Tt SPOBRY POEnSsg i Kvyte Sebr SeRHERLID, 2 ABRBIET rowwer

deyel aprent, cells; were,jncubated;with h £ :
per ox%asec%nj ugatjé av? dtlpn and thler%I DAEE(BJ (D?AKeO, manutacturer?s

Cap pinteidian & apdNrabhe&itd NnerdRatespl @urofassl 1 8y) . For the
became brown, cells were counterstained with 0.5%
metbhydr gréereliophedd, M teldind obser veadicuhdesd m €itdscoperoxidase-
14. Exami nation for expression pattern of MW by
Zy nogiapihedTevobser sed t Beerc Haig el DBKOMVPa set it tiyp, CA) . At the
various human tunor cell lines (U343, U8B7TMG C33A,
Hep3B andhAL49)CHe e |7t rod§ééd t PP ecul R f | aSkkts  were
and 24-hr later, were infected with PBS, Ad-. DEIB or
A O T SERESLABIEY P LS e G M S 05 A (g a0 obsexved
i ncubat ed far 48 hours. The cells were additionall
in%ﬁ%‘i{ gncfcfr%rsc%ﬁehr in refreshed DVEM wi t hout FBS, yand
t he nmedi um was col |l ected and concentrated. The
proteins present in the medium

14. Examination for expression pattern of MMP by Zymography

To observe the change of MMP activity, various human tumor
cell lines (U343, U87MG, C33A, Hep3B and Ab549) were introduced
to 75T culture flasks and 24-hr later, were infected with PBS3,
Ad-AE1B or Ad-AE1B-DCNG adenovirus at an MOI 1-100 and then,
incubated for 48 hours. The cells were additionally incubated
for 24 hr in refreshed DMEM without FBS, and the medium was
collected and concentrated. The proteins present in the medium
were quantified wusing the protein analysis kit (Bio-Rad,
Hercules, CA, USA) and their same amounts were electrophoresed
on a gelatin-substrate gel. After the electrophoresis, the gel
was subject to gelatinolysis at 37C for 18 hr, and stained with
Coomassie brilliant blue to observe the expressions of MMP-2
and MMP-9. In addition, each experiment was independently
conducted three times and the thickness of bands formed were

compared by QuntityOnez2.1 program (BIO-Rad Laboratories,



were quantified using the protein analysis kit
(Bi o-Rad, Hercules, CA USA) and their sanme anounts
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the el ectrophoresis, the gel was subject to
gelatinolysis at 37 C for 18 hr, and stained with
Coonassie brilliant blue to ob§grve t he expressions of
MM 2o e, MRy 9. I n addition, each experinment was

i ndependent|ly conducted three tines and the thickness
of bands fornmed were conpared by Quntity gne2 .1

B0 Rad Laborat orles, Hiereul es

CA), . 15, .
over. ‘decorlih expression
Ci UV UCT

eXPLER51 00,45h09, SHARLIREOUS fRiAstasis model To -

as tial over decorin

over expr essicQl, BIORIL celel smdida ot alQs/ MUISE): VMRl €over decorin
adm ni st ered subcut aneously into the right hind foot

padvedfe fHr@sweek; obtemmd ecd35EBLI26 i vE /fi&het) ege R vedministered
Korea, Seoul, Korea) to formprimary tunors. Once the

pr snpcytangeosly eacied the 1000 Feotvobade 0fPBS,8-week-old
Ad- DEIB or Ad- DEIB-DCNG were injected directly into

t UBDES Ehie & iTHEs Ryt hBt VfayXotst dayF oy laf feFetheto form
| ast injection, thgﬁgrinar%ﬁtunnrs were sur éqgll

¢ oRBVIRE by BBt aPRThy 6 SWLRABG UMESr TRAFRFS o D00-200 mm’ in

anest hesi a. d ol | owi.n [ y tunor, renmpval, ..
e B oRlchl] b Sy LI IO IR, ey
t h?n{% CeuMRSs agsassSedinekd. oMl UatHedn QR .t rans@et 08fter the
efficiency and tissue penetration potency of

decsi Ni XU ESF, NG had@IaMk F S €EmbISs NGe fdINDIrdiic3U@S removed by
from breast cancer patient Tunor tissues and adj acent
nosmahtdtisguedefipeom brneasturcircemipdt i en¢stiweri@. On  day 20
collected, cut into 1-2 nmm sections and then pl ated

onfol Raviwel Iprpharesturdt eemglipth threyweiené efl rgkayratic tumor

lesions in the lungs of the mice was assessed.

16. Evaluation on transduction efficiency and tissue

penetration potency of decorin-expressing adenoviruses using

tumor tissues from breast cancer patient

Tumor tissues and adjacent normal tissues from breast
cancer patients were collected, cut into 1-2 mm sections and
then plated onto 24-well plates, after which they were cultured
for 4 hr in IMDM (Isocove's Modified Dulbecco's Medium)
supplemented with 5% FBS, 10 uM/L insulin and 1 uM/L
hydrocortisone. Each of dl-LacZ and dl-LacZ-DCNG adenoviruses
at 1 x 10° PFU were added into the plates containing breast
tumor and normal tissues, and incubated at 37°C  in 5% CO.
incubator for 5 days. Following the incubation, the medium was

removed from the plates, and breast tumor and normal tissues



for 4 hr in I MDM (lsocove's Mdified Dul becco's
Medi um) suppl enented with 5% FBS, 10 MM L insulin and
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dl - LacZ- DCNG adenoviruses at 1 x 108 PFU were added

into the plates containing breast tunor and nor mal

ti ssues, and incubated at 37 C4’n 5% CO i ncubator for

5 days. sfrebhowing st heiingubat sonucithe ABYI WNWAS stained. The
renoved fromthe plates, and breast tunor and norna

ti sstesweret f Kxedl | ataidddatworr solsduesn ward dbgadved under a
stai ned. The surface of X- stai ned tunor tissues
\/vaﬁt%“k?soélc\?@&lcunlﬂje?r%???@r eg%ﬁﬁ?‘ts MieFdELbpeta ynpls  Tokvo,
opLi Co., LTD, Tokyo, Japan) . 11. Evaluation on
transductlon efficiency of decorin-expressing

adenovirus in primary keloid cells The primary kel oid

cell I|ne at passage 2 obtalned fron1keI|od patients
‘ 45s 5 Seadgr Tq§<pre551ng

37 Cin 5%Co2

- Ir i.nfection, cells
%ﬁf Fﬁgitransductl%n 55F|6¥§n§§ab?ed from

|ncub- or: A£ 48 Q
X- gal ~ 3t aPné&d?to r8v

ad?@ﬂ&k{u§%§1e%§s ﬁ%ﬂ!uﬁhagg ondﬁﬂfe%glﬁgl§ndplates and then

penetrati on potency usi kel oi d sphero nodel The

pri fvBd ¥ el et @thécﬁlof 405) 2 &t -eagsagendviF@Mat an MOI of
kel i od patients were added into a 15 m| fal con tube

ang, cent rifdigedeat b900n¥ughfioly StMIV T oi®btai nokelmiBator. At
spheroid, followed by culturing at 37 C for 5 days.

Thes kekoied sphet oiid faasidmr,ansfldrr ectreo X0.988%stained to reveal
agarose-coated 48-well plate and 150 m of DVEM

( cont ainfinegustd ERYL fksienadded 2derPBt Tyifisch dl - LacZ or

dl - LacZ- DCNG adenoviruses at 1 x 10 PFU was added to

t he medi um

18. Evaluation on spreading and penetration potency using

keloid spheroid model

The primary keloid cells (1 x 10°) at passage 2 from keliod
patients were added into a 15 ml falcon tube and centrifuged at
500 x g for 5 min to obtain keloid spheroid, followed Dby
culturing at 37T for 5 days. The keloid spheroid was
transferred to 0.75% agarose-coated 48-well plate and 150 pl of
DMEM (containing 5% FBS) were added, after which dl-LacZ or dl-
LacZ-DCNG adenoviruses at 1 x 10 PFU was added to the medium.
Following 3 days of viral infection, the keolid spheroid was
fixed in a fixation solution and X-gal stained. The X-gal

stained spheroids was observed under a stereoscopic microscope.

19. Evaluation on spreading and penetration potency to tissues

from keloid patients




Fol  owi ng 3 days of viral infection, the keolid
spheroid was fixed in a fixation solution and X-gal
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under a stereoscopic mcroscope. 19. Eval uation on

spreadi ng and penetration potency to tissues from

kel oi d patientsThe keloid tissu#s were extracted from
ke||0dTﬂﬁiH@ﬂb&daﬂgsgkﬁﬁa@h%de&@récé%dn?f%ﬁck599§d g€ ents and
sections were cultured in 0.75% agar ose-coat ed

i ndubaeored ntOVEM cont aienitngn5% FBS ardtions were cultured in
pegl %J I | n/ streptonycin. The medi um used was refreshed

onle’df EHITE BVErY “HedRHRY The kePYFd FPREHUS Werg® FBS and
CUb&ﬂi@iﬂﬁﬁ%VsHPéﬁ%&ﬂyﬂlnon@hﬁe§5dlﬁﬁlQﬁéhtw§§“¥¥¥ﬂe%h@d once or
di ameter of 2 mmwere transferred to 0.7

agé‘rf@@% Tratye We48- wetll the akel@rd thisS6urk @éreDMthured for more
(containing 5% FBS) were added, followed by the

i nFBTT i GRCWITaT L x ‘?LJORdPFU?ﬁU%SaCZn or dFLaMEEZFDONG 2 mm were
ad@?&%%ﬁéf%%ﬁ'tgoblflxe a%g@QY oat %qlepyfeftlo &d Q%O ul of

keo t1Issue was In a r1ti1xation SO ut?on an

X- gatM st@dmednithessurtacevdfe Xadirl, SE@HD@%E&'@?“%%% infection
was observed under a stereoscopic mcroscope 0

evél tatle # H” s%?ﬁbé’drhg%m@r pélnétalcétD@mG poteengyrofes. Following
adgngw ruses | i nt (sg.su t he X— a| ned kel ol d ,
tidsueswere enﬁedde BC. tlhe c d-=idtes fixed in a

frezenioko §81£{f5%ena§§0tﬂ(y31m6§t§JHE& pl@ﬁ§Ci§aQ%ch of X-gal
gel atin-coated slide glass for mcroscopic

obsexriatd on.ssKRESUWES bbseCoast nudér oa @tereoscoplc microscope.
decorln expreSSI adenovi ruses and expreSS|on pattern

of TYecEVFAUTS vi §8%||;?Pé%%%qe fRe alPEBRAf#biPTof Potency  of
peQ@érfd%tlrggegff Ctl en@ysgu%%o tﬂ&sugs%gfpgggig& erlOld tissues

decorin eXpreSSIOn rep |Cat|0n I NC npete
dl wéae ZeneNGeddl nLacZ-DCNQraeindl ahaC&hXNKfrozen. 10 pm frozen

section was then placed onto gelatin-coated slide glass for

microscopic observation.

RESULTS

1. Construction of decorin-expressing adenoviruses and

expression pattern of decorin

To visually evaluate the alteration of penetration
efficiency 1into tissues depending on decorin expression,
replication-incompetent dl-LacZ-DCNG, dl-LacZ-DCNQ and dl-LacZ-
DCNK adenoviruses expressing Lac?z as a reporter were
constructed. Furthermore, tumor-specific oncolytic Ad-AE1B-DCNG,
Ad-AE1B-DCNQ and Ad-AE1B-DCNK adenoviruses were constructed to
enhance the transduction efficiency of replication-competent
adenovirus 1into tissues (Figs. la and 1b). The replication-
incompetent dl-LacZ expresses lacZ gene under the control of

CMV promoter which is inserted to the deleted El1 region. The



adenoviruses expressing LacZ as a reporter were
constructed. Furthernore, tunor-specific oncolytic Ad-
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adenoviruses were constructed to enhance the

transduction efficiency of replication-conpetent

adenovirus into tissues (Figs. 4% and Ib) . The

r ephh St RCONPRLENt 1@l nbafKdl £XURS9E8ub a6 O8N normal EIA
under the control of CW pronoter which is inserted to

t hgerkel! ehegeHr,r egi obacHheklBorlO%Pecidndc WICObyithdax Aeres. The
DEI B adenovi rus contai ns normal El A gene; however

, It
| atR3 1B P9k DR AIRF EPB §5kBRCGENES, fhehacs PCNQ and dl-Lacz-

rephication- i et [ - SRENG, dl - ,¢x%g

dll-9 %%ZEE%&?%Q@%%%ir%g%sggﬁggﬁﬁﬁor-spegp %ggghco yt?gﬂB DENG,
Adzd-DAEN B~ DEING, arAd-AdP At 1B-DCNK atenAdi-rudeEl BxpXdNS the decorin
adenoviruses express the decorin gene inserted into

t hge 3 ABgPBEUNdREC t kEScdnt r 6FI BT CNVAPF offBEercompgpPht of CMV
HUtgqg%:%f %%gg i% 9;”&; eé%QQnchgéCOS .rgnd DCNQ contain
substituted nuchedtrdes at” the regi8n whi ch ‘plays a

pi ¥yt i el iMhdieBdiags t @t THPR | r&pldnadeii i bsidys FRr pivotal
assessing the decorin expression pattern of
adepbyiimudesdéonsta dored! Hep3Benasibnflected with
tunor-speci fic oncol ytic adenoviruses Ad- DEIB, Ad- ,

DEI B- BENG S 5555 1P81 BrDAART Ui AP DET BIICRR C4E T3 Ry 3denoviruses
and nedi um was recqovered faor Western bl otting. 1S .
T eln AP BEr ad " eRbGAL YLD COHEPbI e E1e” oncolyic
tu I £ i Cad i reve

o L A hhor Bar oy 1P Rsee f nFact ad i LAY Ad-ests
dlDé@@zé£x®Kﬂoﬂ$'&@?Z@QNQmﬁW@sdH@%@Qgr£§»*b§h@@@ﬁérn blotting.
expression of decorin (Fig. 2). 2 . Conparable

evad led | off et eldr anstugid-am1ef fascientyyakd vevalonatel t Her tumor-
transduction efficiency of replicationi nconpetent

adepovi fiys esnpcolytiigusademan tusnovece| reveabsd (U843,to  express

UB7MG, C33A, Hep3B and A549) and human nornmal cel
|iﬁ@goquBHE@§reas all those 'infected with dl-LacZ-DCNG, dl-LacZz-

DCNQ and dl-LacZ-DCNK showed expression of decorin (Fig. 2).

2. Comparable evaluation of transduction efficiency

To evaluate the transduction efficiency of replication-
incompetent adenoviruses, various human tumor cell lines (U343,
U87MG, C33A, Hep3B and A549) and human normal cell lines (CBHEL,
IMRS90 and WI38) were infected with each of dl-LacZ, dl-LacZz-
DCNG, dl-LacZ-DCNQ and dl-LacZ-DCNK viruses at an MOI 0.1-100
and then, we observed the expression pattern of LacZ gene by
performing X-gal staining after 48 hr of infection. The
expression of LacZ in all tumor cell 1lines infected with dil-
LacZ-DCNG was highly increased compared to those infected with
dl-Lacz, demonstrating that the expression of decorin

dramatically improves the transduction efficiency of adenovirus.
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pattern of LacZ gene by perform ng X-gal staining

after 48 hr of infection. The expression of LacZ in

all tumor cell lines infected wi%h dl - LacZ- DCNG was

hi ghlsrdsrghgased conpargd toithese bnf ectegdivht bon-incompetent
dl - LacZ, denonstrating that the expression of decorin
dr@mﬁndwimubysiwppwe@stphénﬁpaﬁs@@éﬂi@ﬁaéhfiéhem@ytéﬁular, the
adenovirus.Interestin htiter o

y, a hi
rebT??ﬁﬂﬁQﬁwWﬁ%@oﬁﬁeﬁ@%?‘gagﬁov?fﬁ%e%tsH8ﬁe& £t @9 ntftie ther 10
CeLé &%%gdqlnl%oﬁﬁﬁgfgu&éﬁb Jéy%h|qge%%bgnc$&1@ su gestlng that
dl -LacZ-DCNG virus at MJ of no |ess than 10 res%
| nocanpipeteesten| odeatdroriin C33A cﬁkksssSwggwsun@mehaell death
over expressi on of decorin can successfully i nduce cel

dedf S Filgs 2ndakhd BB 2rBCRRYE nlaamqq ﬁsvmﬁaa%% sequence at
Eﬁéed Seqyqu%ﬂ%% t@%.&%%l 1nd1n l%%d&l%$tqe lqg ng fibril

ype coITa en Tibril were expresse
d'wé-ﬁéz'e%wsﬁé@f esgieNgd PANR NNRY axpeakahgbi PAIMY having a
affinity to collagen exhibited slightly increased
t reswiduct | binairid ci @htypiconpared @Qﬂkﬂgemaczndﬁbited slightly

dl - LacZ K. ex ssin K co e 0
A A e
leM@&chxﬁﬂé§Q§g Cbéﬁﬁlégﬂﬂl%kgm yliékﬁ# " chheTB§§&&ng affinity
results I'ed us to reason that the expreSS|on of the

Wi td togie adeoor simowpdeahkyrenhaneesithe treamsdducti ofransduction
ef ficiency of adenoviruses. To the contrar

| neFeEsiency tRe LT Apstuctior rFREFRntss ‘Vydéb&ﬁ%§on that the
EXQ£S§ §§¥$ fncgh VMQ?Ht {#%éqo%gghrgﬁll ea%g?geéﬁﬂéﬂies the

t hat ecorin has tunor specl city 3. val uati on on
Sptﬁﬁﬂhdukﬁaad Remetiaidyno Pokeacyyicfusadenavi s toonichary, the
vitro tunor tissue using tunor spheroids

increase in the transduction efficiency by decorin expression
was not evident in normal cells, suggesting that decorin has

tumor specificity.

3. Evaluation on spreading and penetration potency of

adenovirus to in vitro tumor tissue using tumor spheroids

To evaluate the transduction efficiency and tissue
penetration potency of recombinant adenoviruses to tumor
spheroids, various human tumor cell lines were subcutaneously
injected into nude mice and once the tumors reached to 150-200
mm® in volume, fresh tumor tissues was extracted. The tumor
tissues extracted were dissected into 1-2 mm sections and
infected with adenoviruses at 1 x 109 1 x 10’, or 1 x 10® PFU.

X-gal staining was carried out after 48 hr of infection.

Compared to the treatment with dl-LacZ, dl-LacZ-DCNK and dl-
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subcut aneously injected into nude mce and once the
tunors reached to 150-200 nmm 1 in volune, fresh tunor
ti ssues was extracted. The tunot! tissues extracted

We£§c£jib‘-i:§q%0ta%d 1i Bt q gb- ?Fd““tsh%‘?ts‘a%s aand b@f 8@@&%2’”[&:@@ showed
adenoviruses at 1 x 106, '1 x 107, or 1 x

X‘Q@%oé§é¥'XJ@AlW@%agﬁiﬁéegnoﬂﬁeaguﬁfaﬂﬁ<ﬁﬁ ﬂﬁmor spheroid. The
i nfection. Conpared to the treatnent with dl-LacZ,

dl £ tecZeDENKiahd adbhaciZ~BENQodt nd XedHO6tHFU, 1 thelGamBU led to
dose of dl-LacZ-DCNG showed stronger X-gal staining on

t héaskaf acwadf stappingpherigia.ovRrelir earheer of ttamor spheroid
adenoviruses of no less than 1 x 107 PFU |l ed to darker

X- §ato sflht nFﬁgaﬁﬁuf%"eeléﬂ/e]rrﬁ’lels*:é@f‘lt%lcéh%f PFH%]?atlon etficiency

To accurat el ¥]PI nv.es t| gate

ph

OAE Pt pPeh i ol ot ihonott PHREN | P faftained  tumor
sph roi ds I ed t r i r B _
sect eornoel(ifsf gﬁggbgéégﬁa r}e%ln f%gooﬁggg\%tgll&[ac E?:T\k dl Lacz-DCNK
dl 5 ﬁ@C;LQQNQ @kNé §t1@6x %OX 197 0&01 &EIDSXPEM PFU exhibited
exhlblted poor LacZ expression in tunor tissues and
I t BoSPr eadzwasxpridystied tint hemsur fraiceuet tawmr its spread was
spheroids. In contrast, the sane doses of dl-LacZ- DCNG
showettarlicto hitghersukdeZe expr gsgioon spdeebidonpanedonprast, the
dl - LacZ, dl-LaczZ-DCNK and dl - LacZ- chrgrand its spread
vvaéafefs(t @‘hﬁ%ﬁ @6 ﬂh@%%@ﬁ%aﬁbowd B0 -z expression

was recogni zed that the tissue

peh%‘f"r]at F%piﬁﬁden@ﬁ/ 6t~ ZLac‘ilﬂ@ﬁé “RhX dirPad-Berk PeNe  and

IS, el eatl (flecr eased Lonpar e theo Ihat of rQI L%\ gx%g\l%'pher01ds

The %en%fr i on p%%%ency was decr eased as t

af i tyst o gollage Aecragsed,e Theser gsHbis
cl eaﬂ(I!’ 4ofenDI%st fagt e&t:ét!w\%?l t he trans%l%ctl onee?fl Ci eantclyOn potency

?ngftH§SLﬁquﬁ@®br@Bboﬁlpﬁiéiubtﬁﬁ i@l ylzaeZ: PCxthsed compared
uggrthat of dl-LacZ-DCNG. The penetration potency was decreased
as the binding affinity to <collagen was decreased. These
results clearly demonstrate that the transduction efficiency
and tissue penetration potency of dl-LacZ-DCNG to tumor

spheroids are greatly increased compared to those of dl-Lacz,

dl-LacZ-DCNQ and dl-LacZ-DCNK.

4. Evaluation on the transduction efficiency of dl-LacZ-DCNG

adenovirus in tumor mass in vivo

In order to investigate whether the enhanced transduction
efficiency and viral spread of dl-LacZ-DCNG seen in tumor
spheroids in vitro would lead to an increase in gene delivery

to tumor mass in vivo, tumor xenograft models were used. Each



spheroids are greatly increased conpared to those of
dl -LacZ, dl-LacZ-DCNQ and dl -LacZ-DCNK. 4 . Eval uation
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adenovirus in tunor mass in vivo In order to

i nvestigate whether the enhanced transduction

efficiency and viral spread of ®l -LacZ- DCNG seen in

t ugPr dsphesDi gsd | il Vialczepvwsll dadead rii@eanatNer gas@®®in 5 x 10°
gene delivery to tunor mass in vivo, tunor xenograft

nodel swaer entsetundzadhef idljekbaed antdo dbhbaedmNmss of U343,
adenoviruses at 1 x 108 - 5 x 108 PFU was

i n"PP &le@ndiad y Heppctad! A8 fhenedingr timsobdfmesB48, nude mice.
UB7MG C33A, Hep3B, and A549 formed in the abdonen of

nudBr$s c8aYThia eHay§u‘I“%\¥%rwef%nﬁﬁ§eK}\eﬁédt Seehiape for X-gal

d f t le dl-L hj bi t.ed
halt o Teverdi 2L ety B gﬁvgl%enedd (HE SEAlnetfvel of lacz
regkﬁ%bgﬁ?%ﬂ' %T' %e%tgg % Lﬁgcw efgééylc% Ee 8 the virus

LacZ- DCNG expression an

th§n§ééﬂﬂ8%isﬁ%glOalﬂﬁﬁhﬁlwéﬂé EQO@@HVMdgﬂ %1%95§aga$§ expression
ot her reglonstﬁanthe virus injection sité (Fi 5)

. hndpané i stdated UREVonands C33énd ub®r berassdd INF esqix@dd to other

wi th dl - LacZ- DCNG showed dark blue col or ascribed to

i ntepsine tracZ téxprvesss onnidwtowgheuteal(Fighebt unr particular,

tissues. In A549 tunor xenograft nodel, dl-LacZ- DCNG

shBhet maeh Ridghert MREZ meesr elssiasttePevelthan@l Thach-DCNG  showed

dee er and wi der spr eadi ng/ penetration conpared to ,
dEnkz- BERR) afdtaf - Léﬁ?“%ﬁk adenolhrsdde THESE  expression

ex reSS| on . pr £es addre S that t etratlon and
spr &R ot @ gﬁ k |rsl Fum)rP @ upgorgacgratt model,

grﬁﬁlié’cz&'b'&ﬁﬁcgﬁoﬁgﬁ'ﬂ%?ﬂ 1 %h@' - LL%‘E% B%&r@g‘sﬁ $5S1R1 and much

decorin. Furthernore and

adesgyd d USRS vﬁ?ﬁ@&eS§}:é@jl%9pégéﬁﬁ<ﬂtifdnUQ:roQ@@EQ@eto dl-LacZ-DCNQ
protein) were intratunorally
and dl-LacZ-DCNK adenoviruses. These expression profiles

address that the penetration and spreading of dl-LacZ-DCNG in
tumor mass in vivo 1s greatly enhanced compared to dl-LacZ not
expressing decorin.

Furthermore, dl-GFP and d1-GFP-DCNG adenoviruses
expressing GFP (green fluorescence protein) were intratumorally
injected into C33A tumor mass formed in the abdomen of nude
mice at 5 x 10° PFU. Three days later, tumors were taken and
frozen sectioned for observation under fluorescent microscope.
In tumor mass injected with dl1-GFP, GFP was limitedly expressed
along the needle track formed by viral infection; however, GFP
was strongly and widely expressed in tumor mass injected with

dl1-GFP-DCN (Fig. 19a).

5. Assessment on tumor cell killing effect of decorin-
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fluorescent mcroscope. In tunor mass injected with

dl-G-P, GFP was |imtedly expressed along the needle

track formed by viral infection’ however, GFP was

st £0RE ¥s R WLEE) ¥ eXREgSs ey d N tumor mass injected

wi Th di-G-P-DCN (Fig. 19a) . 5 . Assessnment on tunor

cel | kitd irgyeeflf ectatofthdecorcirnexpr esspage onoaloyt iand spreading
adenovirus To reveal that the increase in penetration

anﬂfsﬁ?‘é‘é’a%rhﬁx@f‘eaéb?ﬁlﬁdeéBprrlés‘él GG RHENYVAS U enhanced tumor
Coné{ibylfﬁ toe?@hgp eg tu géif%%lgnco%ﬁﬁffecéenov1ruses, a
t URTDF - speC| ¢ “5ncol yti c Al eno I Fuses assay was

cacri egk DUt waEa@br@{echufmn EUAB o £ehdmdr rﬂ,@&oeLBélBl lines (U343,
UB7MG C33A, Hep3B and A549) and human normal cell
||H%§M<(c81-’ié@r NRESB 4W4§hdaW3181}m%§1olrﬁlﬁécF%bl wiiries (CBHEL,

Z ( tive, c ol ) Ad: . DEI .
M % %gﬁl% S g%@E 5 ggcetﬁ&l Flles dgt_P% (negative
Of cOndrch00 and Azhe, t wADkEcldend, | lANdeehisalo Wass ad-aE1B-DCNK
analyzed. 'A's shown in Fig. 6 , while the negative

coademdvimisesacit eMdTs t ed 1G.tit1l€0orando wed | thmdt i ngll killing
effect in various tunor cell |ines, Ad- DEl B- DCNG

exhf BT Ted"abodPa 1RSI0 A5 dSR"Ghet™ t Bidri & dAPi&ff &Bg negative
th B S or rt l.

e Opy DRRARE S8 B 90N n LY ARG, ercece 1o
t umpri®idatuedd eeé11 hapndd- B)E#B;lmddﬁpS%xmdlU&&’l\/@oout 10-20
cell lines, and Ad- DEl B- DCNG showed about 10-fold

hi et DaEbPT citdaPresi@tt ERARCADEIBDEl BAAFUBAZI0TCIBA express
and A549 cel | i nes. Accor in results, it
cou?%o%len'und{enrs %ﬁtolctuhlatrt ge:l:%rl?ér}%expreensogl%ﬁsdghowed about
nopodedel i R atumllcq@tauoréﬂz@&pett&ﬁ%y Rf-AE1B in Hep3B and

adenovi ruses and contributes to the dramatic
U87MG cell lines, and Ad-AE1B-DCNG showed about 10-fold higher

tumoricidal effect than Ad-AE1B in U343, C33A and A549 cell
lines. According to the results, it could be understood that
the decorin expression does not deteriorate a replication
competency of adenoviruses and contributes to the dramatic
increase in tumoricidal effect of adenoviruses as well. The
tumoricidal effects of Ad-AE1B-DCNQ and Ad-AE1B-DCNK were
analyzed to be decreased compared to that of Ad-AE1B-DCNG. The
tumoricidal effect was decreased upon decreasing the binding
affinity to collagen. In contrast, Ad-AEIB-DCNG in normal cells
showed little or no increase in tumoricidal effect compared to
Ad-AE1B. Taken together, it could be appreciated that the
increase in tumoricidal effect by decorin expression is induced

only in tumor cells, not normal cells, which addresses tumor-

specificity.



increase in tunoricidal effect of adenoviruses as

well. The tunoricidal effects of Ad- DElIB- DCNQ and Ad-
wOR0BODCMC wer e anal yzed to be decreased conpaP@mKR2006/000657

that of Ad- DEIB-DCNG The tunoricidal effect was

decreased upon decreasing the binding affinity to

col lagen. In contrast, Ad- DEIB¥DCNG in normal cells

shgwesl; ddid k8 Rk 18 IHCHEASL: h 1 #BE | 64 dcBlE@6tadenovirus

conpared to Ad- DEIB. Taken together, 1t could be

appr eco atetbdddtzet hehe norfease | Aft uIdrdindakxpféeciorby on  the

decorin expression is induced only in tunor cells, not

nornedpatélilcs, alwhiicly aaldt essesl t sppespednfpcigyrrounding cells,

Pl ague fornatlon of decorin-expressing oncolytic

adehtiie usoTPaviYualnze? t Feléff eradigh deedrdiping agarose was

expressi on on the cytopathic abili and viral s

5 RO TOUNGPHY Eo1 1S W aqaeCF bt Oh A28 8ol $& LE1B-DeNG,

e N T —
DE, Bs DENQ, angh Afe DEIB- DeENnadenauigsuses ankd PlbadyR aques were

formati on was then anal yzed. As shomn in Figs. 7a an
Thropharques s drordied ilBrsheptser ckim® {ofedRPBBiith Ad-AE1B-
cells infected wth Ad- DEI BDCNG t han t hose i nfected
W bONAd+hBEl BhoAd- iDFEB:&CNKiahd ~AAdAEDELBABDENQ BHAOCNK and Ad-
addi tion, plaques forned in Hep3B cells infected with
10 AJAE DR IBNDCENG!s rgde t1 ¢ g erl axiues tfﬁame@heeeHWﬁEHe%lBS infected
cells infected with Ad-DEIB. Mre specifically, wt
AdY B &1~ ‘kﬁ@q@@%@?‘%w%sjeﬂﬁerd Sll§el6t*@£y§héﬂs?erm Hep3B cells

S (PP S BB R B e
g egdimi s %K%geaﬂ;%{cﬁs SRR pioaies ver

CO?B?IE&? Lo thal ,0f, Ady %NQ—&QQCE%@ @b Pl QY1 B-DeNG.

formati on was decreased upon creasing the binding
15 af fibpbdyert,0 icolilsageertb@sensesthd sraenonsStpadget Matrmation of
t he decori n-expressing
Ad-AE1B-DCNQ and Ad-AE1B-DCNK was greatly decreased compared to

that of Ad-AE1B-DCNG. The rate of plaque formation was
decreased upon decreasing the binding affinity to collagen.
These results demonstrate that the decorin-expressing
20 adenoviruses lead to the formation of plaques in shorter period
of time and much larger size owing to enhanced oncoltyic

activity and viral spread to surrounding cells.

7. Apoptosis induced by decorin-expressing adenovirus

25 The replication incompetent adenovirus, dl-LacZ-DCNG at high
titer was revealed to induce the death of cells that were
detached from the bottom of culture plates as shown in Result 2.
Therefore, we examined whether decorin expression is

responsible for cytotoxic effect. First, to determine whether
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surrounding cells. 7 . Apoptosis induced by

decori n-expressi ng adenovirus The replication

i nconpet ent adenovi rus, dl - LacZ>’DCNG at high titer was

I eyead €ith t ondurdyc eagdie odeas h fabwcelltsmbbalc Wes€ay was carried
detached fromthe bottomof culture plates as shown in

Resut t after Ther efairg ngweoex amiahgdimhesherncdecer rate of subG
expression is responsible for cytotoxic effect. First,

t ocetet ePRPHES WHET hEPBEBRBRITY | AADEES YapbpRaRTLed | BWAs due to
cytonmetric assay was carried out after Pl stainin

/ I for ,
an3PYRt 4y San aterEas&UPat e "URCSulbel L cérPepo i At ilgﬁe‘:ted with
cont aj ni.ng rando fragment ed to a tos] s.
coptalning randonly, fyagment ed, DM gug, 10 apaptosis.pp_penk

uman tunor ce i nes” were cted With

- B- EE]':I% v I BPENQ 4and ; Adl- - :
gg%%%&éﬁﬁggggaﬁ' afV@%Féggagfer 4§%9g6h§r PR thbbetion for
postaduiegt lagn 1here ARASH iNBGANCd NCHRASEat ToSURGET GRlsl used as
popul ati on. CPT was used as a positive control for the
i ndugbsoniwf @popbasifer AD49 ieelhtsiomfett @gbpictsh sAdA549 cells
DEI B showed about 3.11% of subG cell popul ati on and
t hosgedqtefdectwadhwi BH-AdLB DEIBWBENGabkohed3abbut 6. 52%G:  cell
of subG cell population. Such increased subG cel

poPP&td o byl eHRAS al nEafTtEet i Ot wald AESE-BB8er ¢egwed about

in_other cell 1ines 43, UB7TMG, C33A and Hep3B
(FP5: “Bn &R SHBTle BN CRBR EVER: sdbs CBFFeased sun, cell

popul ati.an_in _cells infect i.t.h _Ad- | d-
et Ha e Gt da et B i ¥ RS TEr 8 BoRG ehat other
| NCLLASE L S(‘E!I@@S, C@é'}MGD,oQBbjﬂt LOf Bl)e_‘c(%i%lgo@a and Table 1).

decreasing the binding affinity of decorin
colib 2GR r A JuBpl esant ?bbt{ﬁa@iforhbﬂ?ﬁrtetlllﬁoﬁnﬁg&ied iWieS Ad-AE1B-

was infected with replication-inconpetent

adeoyi ansesd-af td-acXkomwadl deaecga DENGeompared to Ad-AE1B-DCNG;
the increase in subG; cell population was less upon decreasing
the binding affinity of decorin to collagen.

A representative of human tumor cell lines was infected with
replication-incompetent adenoviruses, dl-LacZ or dl-LacZ-DCNG
adenovirus and harvested for measuring the increase in subG;
cell population. As results observed in oncolytic adenoviruses

described above, dl-LacZ-DCNG gave rise to larger subG; cell

population than dl-LacZ (Fig. 8b and Table 2).

TABLE 1
Tumor cell lines subGl1 cell population (%)
PBS CPT Ad-AE1B Ad-AEIB-DCNG
U343 0.89 59.86 0.98 44.33
U87TMG 2.00 14.78 8.00 15.93
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adenovirus and harvested for nmeasuring the increase in
subG cell population. As results observed in

wonmelytokt adenovi ruses descri bed above, dl - LaeZHREMNB6/000657
gave rise to larger SUbG 1 cell popul ation than

dl

-LacZ (Fig. 8b and Table 2 ) . TABLE 1TABLE 2

Further, to accurately exani ne t%he effect of decorin
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chegmig ian as a | ate marker for apoptosis. Therefore,
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S 1 nfected
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enovirus. I _addition, the total of] apoptosis

entire cell death was elucidated to be nuch higher for

Ad- DEI B-DCNG t han Ad- DEIB. Collectively, these

resul [’§rwe&e, y%otoa%gg§9{bf;1ate>éq1-ianl g’r‘lpo\@.‘fe.ct of decorin
adenovirus elicits nmuch higher rate of apoptosis than

5 AdexPRIBi 080 dnhade1ih&igel hgdpat BnOEC Ut IS ¥R ress of apoptosis
frequently by Ad- DElIB-DCNG t han Ad- DEl B.

induced by oncolytic adenoviruses was assessed by Annexin V-
FITC and PI dual staining. Annexin V-FITC is used to detect the
translocation of phosphatidylserin (PS) to the external
membrane leaflet as an early marker for apoptosis, and PI is
used to identify necrosis by binding to nuclear chromatin as a
late marker for apoptosis. Therefore, Annexin V-FITC/PI’,
Annexin V-FITC'/PI” and PI® represent healthy, apoptotic and
necrotic cells, respectively. Of the CPT-treated U343 cells,
32.15% (Annexin V-FITC'/PI") of the cells were apoptotic, while
the cells infected with Ad-AE1BR and Ad-AE1B-DCNG showed 24.15%
and 44.85% apoptotic rate, respectively, indicating that Ad-
AE1B-DCNG adenovirus induces enhanced apoptosis rate compared
to Ad-AE1B (Fig. 9a). For other cell lines including U87MG,

C33A, Hep3B and Ab549, the decorin-expressing adenovirus showed



Mor eover, we found that the apoptotic rate by Ad-
DEI B- DCNQ and Ad- DEI B- DCNK was decreased conpared to

w0 baib/op4DELB- DCNG, the apoptotic rate was decP@BERA06/000657
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upon decreasing the binding affinity of decorin to
coll agen. To exam ne the apoptotic rate induced by
replicationi nconpetent decori n-¥xpressing

a@§99¥iﬂi %§'a¥@££5%¥% celtles thag! Nel g BU343noW8AMS 1n addition,
C33A, Hep3B and A549 were treated with PBS, CPT,

dl thacotan dle- bpsgeXONGaandnt beo Hr0gnessx 0f BIARCOsRS and PIY)
was then assessed by Annexin V-FITC and Pl dual

staehierings showantirdsi gelBbdeotht WesCRIuaidated W843pe much
cells, 19.41% (Annexin V-FITC +/Pl ~) of the cells
weh&dlgroptioti c AAWAE I &R céhps | Aiediléd wiPhleftivgdy, these
and dl - LacZ- DCNG showed 3. 93% and 13. 18% apoptoti c o

r af @SUes pEEE Wl O iTSaPeat Fﬁ@tt%%TAF&B-‘P%gDEﬂE?OVHuS elicits
adenovi rus, i nduces enhanced apoptosis r conpared, t

Gl TUER o BEShE A tror LR TON 1o7dS 1T udrhgC (BTN Cagh, Che cell
He n , d | n-expressing -_L@&%— Dg}% _
adgé}g%%/r?r %gégﬁ%v\eﬁ(fr}%ucﬁgﬁdg%etﬁgs'ap%%t c‘)Aslai ég%%te than t eAOl AELB.
dl mbACH AdEeRRVidMsa TaKENtLO08 N8It ikt r604l By bR3-AE1B-DCNQ and
recogni zed that replication-inconpetent

des@r AEEEXUINES $iaB] cadeBayéd Us@spasdvald @mtongol ARLIBG-DCNG; the
decori nexpressi ng adenovi ruses coul d i nduce apoptosis

at apuctethigherteat eas TUNNEleaassayuwas percfreppids f othe  binding

identifying DNA fragmentation as a characteristic of
eap F§imigoptodsAscoTin Wwigs CShb3®e n Fig. 10a and Table 3

that alnost all the cells treated V\/ith,%g\'lé%%sg 1 ,
posi t f9e TGt WeFe SRWTRE T o ahFk HiDwFE Dy replication-
I ndi cat i the occurrence of .active apoptosis .
= ) 11
32 1 BIP R 0F Ad BEM BT reecstselagwf?ece?fsusfﬁrﬁearvea&lous ceLts
l'?F&l&ﬁfﬁ?wd@%%,G%QZQGQO%@gi,Aﬁép§§ﬂ§%&xgg%9rWé¥§‘¥%eated with
cell's dark brown, denonstrating the
PBS, CPT, dl-LacZ or dl-LacZ-DCNG and the progress of apoptosis
was then assessed by Annexin V-FITC and PI dual staining. As
shown in Fig. 9b, of the CPT-treated U343 cells, 19.41%
(Annexin V-FITC'/PI") of the cells were apoptotic, while the
cells infected with dl-LacZ and dl-LacZ-DCNG showed 3.93% and
13.18% apoptotic rate, respectively, indicating that dl-LacZ-
DCNG adenovirus induces enhanced apoptosis rate compared to dl-
LacZ. For other cell lines including U87MG, C33A, Hep3B and
A549, the decorin-expressing dl-LacZ-DCNG adenovirus showed
much higher apoptosis rate than the dl-LacZ adenovirus. Taken
together, it could be recognized that replication-incompetent

decorin-expressing adenoviruses as well as oncolytic decorin-

expressing adenoviruses could induce apoptosis at much higher

rate.



hi gher potency of Ad- DEIB-DCNG to induce apoptosis
than Ad- DEIB (Table 3 ) Such increased apoptosis

WO p@a/ogieedr i n expressi on was al so found i n ot heeT/KR2®6/000657
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cell lines (UB7M5 C33A, Hep3B and A549) . W found
that the frequency of DNA fragnentation induced by Ad-
DEI B- DCNQ and Ad- DEl B- DCNK was”y ess conpared to that
by Ad- DENBLDCNGssihe fwasquempeyfofnddNA fioagmendattiofying
was decreased as the binding affinity of decorin to
cofFagRan iRds clecreasethe [IATCE 19hE ¢ 005 EPFEEt SPEREp3Ey It was
bys)qgv(}r(l)r'inn Eel)cgpr %%gi 0Ly WY, el.esgf E:iqgjcenJ{nL&/stagaLlly%gd cae s treated
assessed I n terms of thekbln i ng af?lnlty to coflagen,

adenoli cesessexpr essinpvd heomidd type: deeoridy hayi B8rk brown,
the highest binding affinity to collagen were used for

DNA

i ninfiertgmg nthe t pecwffencacyot esttslveTABIPtRALS. 32.5412.5% of
repr.e ative_of n _tynor_cell line s infecte .
i DR TEpT (AP EBRE | e ohpatant “RAGREVI I (P ERRZ b o0 75408

dl »kacd-RENG) p@fcLtireErsPpeckii s QReRl Wicknadet\nsSating the
(Ad-DEI B or Ad- DEIB-DCNG , and harvested 48-96 hr

af heghe mfregtenay HO6r AGUNNEL-DaNal ysi sndukes apeptibt5s than Ad-AELB
obt ai ned from oncol yti ¢ adenoviruses, the

dec bR Hexpressichg 1BF L 33ES BERRIGRHS AROTDIEFEOBENG*Pression was
ad i hibj t ed | ghey; ARop s rate,th 0
L S L

8549 Evataugiouad e@na@nthe tAtddficetyect mMA fragmentation induced

decori n-expressi ng oncol yti c adenovirus in vivo To
i nPesPRgAE B i0¢Ne wadadtr CEURORCNES fedt fss compared to that by

degor | si ng_Ad- | B- ummrs xenografts
TP RERE h TSU0G. 1 Be RRTEVIH oot AL PRI HEEL Qyalyy decressed

ot her tday bWhdihAds £ 3l By0k fAGk cBr B Bt OCNEL Bdgch Xiak08&irreased.
108 PFU and the growth pattern of tunors was observed.

Fofimesmarvariain t afbrctdB7MBerthe negatdererin  expression

sufficiently analyzed and

were

assessed 1in terms of the binding
affinity to collagen, adenoviruses expressing the wild type
decorin having the highest binding affinity to collagen were

used for in vivo or in vitro efficacy tests.

TABLE 3
Tumor cell line Proportion of apoptotic cells (%)

PBS CPT Ad-AE1B Ad-AE1B-DCNG
U343 10.5+5.83 53.5+£7.45 32.5+12.5 69.7+5.40
U8TMG 2.5+1.11 83.0+£29.29 16.5+5.21 77.0£17.98
C33A 5.65+3.29 60.1+25.91 45.2+7.61 79.8+20.51
Hep3B 1.65+0.61 71.2+15.73 38.5£2.65 69.7+15.64
A549 3.5+0.83 37.5%5.35 34.8+11.3 75.21+1.22
Tumor cell line Proportion of apoptotic cells (%)

PBS CPT dl-LacZ dl-LacZ-DCNG
U343 1.5442.98 [74.67+12.38 15.07+£7.43 61.82+15.20




control PBS resulted in the considerable growth of

tunor to 1089.22 mmB, whereas Ad- DEIB and Ad-
WERIBODOMG | ed to the significant suppressi on BPET/KRIG@6/000657

gromh to 115.70 mm 3 and 11.87 nm, respectively

(Fig. Ila) . In other words, Ad- DEIB and Ad-

DEl B- DCNG adenovi ruses exhi bitetP prom nent in vivo

anig7igor ef feqy o 4y r RHREING to 18Sekb 4l rom PBE.7 24
After 25 days pgst-treatgent.—all.of |8 mce treafjed
U33RBS ver e deadheﬁsg 7050} 15.90Af t e 18F3+days 54.74+13.29

H hl_l h <l A=l Y el | l\ DN I
post=tnfection—TAd= aTo—A0=—1Drcd DCING

adétepB r uses | ed 39@)*&?% 7363 Vol une |9£583993 68r an®S-Hd-34
237,38 mm3 , re N onln( t_the
de@ég?nexpr essi ngggjazte#{ é&gii st ron%f{l “4ant i - t ynps13-66

pot engy o y d- B:, DONG .
adenoél ?%s%c]soér%%lae?g y er aorlrl%cat%llélgg%u%r%lrS ll'R?Smwce 0 ?eq}ed with
M eep B datdan-1n8om@sienti haknbhiAcd | QN -2REzWoped1 Ocz-DCNG) or
tunor in 6 mce at day 4 1 p o st infection. Also,

t heuhiegtpatdi fact ohuabytid eadeatbwirth Add- DEl BDONG wasE 1 B-DCNG) ,

not observed even after 6 0 days post-infection (Fig.

| i bhd. hdroesheanidfie 90hbt heftsucinfectébheitr aRY¥NREIumpralysis. As

effect o f Ad- DEIB-DCNGi s also true i n other human _
5t uRBPULlel | AbrAdRed t HECBNaPYSP LY oo éﬁ?ﬁlo‘flt%ﬁseff%}é? s decorin-

was carried out for C33A, A549, and U343

xeﬁ%ﬁ@?%ﬁ@g cLgr U adh |A§t éﬁ %“ﬁw atdﬁHBYéb‘é%‘?sfueé‘hlblted

oncol tic - r D%\!ﬁ Novi,r us

rmre 1)r{e&r%a a]fJI %p%ﬁiosﬁsun%artee ri an ho"’lsceZ tarde%t&w% (Fig.
Wt h, PBS.; a19,shewm d iy Fi g. 11a In addition, tunors

treated with Ad- DE BD&NG were nore |argely decreased

i n volume than those treated with Ad- DEl B,
denonstrating the contribution o f decorin expressi on
10t §.exEvhlentidm \invo saftirtvmemr effestt . ofhe degpviga¢xpressing
rate o f tunDr-bearlng mce was exam ned for the
deEBELAY ey SPRGE Gy s treatnent. For C33A

t unor bearl ng , , : :
To 1inveéstigate 1in vivo anti-tumor effect of decorin-

expressing Ad-AEIB-DCNG, tumors xenografts formed in nude mice
were infected three times every other day with Ad-AE1B or Ad-
15 AE1B-DCNG at 1 X 10°-5 x 10 PFU and the growth pattern of
tumors was observed. For human brain tumor U87MG, the negative
control PBS resulted in the considerable growth of tumor to
1089.22 mm’, whereas Ad-AE1B and Ad-AE1B-DCNG led to the
significant suppression of tumor growth to 115.70 mm® and 11.87
20 mm’, respectively (Fig. 1la). In other words, Ad-AEIB and Ad-
AE1B-DCNG adenoviruses exhibited prominent in vivo anti-tumor
effect with referring to results from PBS.
After 25 days post-treatment, all of 9 mice treated with

PBS were dead (Fig. 11b). After 33 days post-infection, Ad-AE1B

25 and Ad-AE1B-DCNG adenoviruses led to the tumor volume of 399.68



mce, 8 0 days after the beginning o f the treatnent,
100% o0 f the animals treated with Ad- DElI B-DCNG were

wa@aokloorisabl e, whereas only 50% o f Ad- DEl B- t P€BKRA006/000657
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mce were viable (death o f mce; tunor volune > 2000

nnrf for C33A) in the sanme tine period (Fig. lib) .

Ad- DEIB-DCNG was treated a t 1% O 8 PFU for C33A

xemografd eo®ded amnt arésgpXtQv81PFUrkasohBda, th87MBhe decorin-

Hep3B and A549 xenograft nodels. Such increased

uPWPV%ﬁSJrI‘é?t edenpvAgus DE B- JONGIRAS aarltsotmrs wagnicyn than Ad-
ug7 Hep3B and A5 els These

resullts d(l\e/%%rsrtlrsétn &t hat %% K%Eio%r caﬁn?:‘c’)ln gy completely

si ghhdicaddd stivvaln benefides @nd 7t uimie r&duehi 0N o Nbost-viral

vivo.9 . Change of tunor characteristics induced by

dedBE ¢ HedPY edBfng'irepl i ¢4t i éﬁmoéon‘-@et éntmla?Gen@‘\‘/l dgy 41 post-

Var i h t [ NG, 3A,.
YarLgus, e o, ol Lngs, (1013, TG, GO o s

'nfD@ﬁéeQa;rahﬁ@@ bbSeS oM tdheAd af@EkBgan@aég pPEL B D NG on  (Fig.

Foll owi ng 3 days of injection, the tunor tissues were
exfiRct eloardaniae netlewidh hermt exyd i lrenanchrgdsitombor effect of
hi st ol oIgB| cal characterization. A s shown in Figs.

128919558 ot c 2L 881 bRSS i IT AP DEPEIAENE Rt el L lines, the
tugpL §, Ve &, 18] '1%58&‘9%9&[)@@9 WREr iphery, of & unmyr 338, 2549,

mass, ereas those in Ad B-treated tunors wer

barnebys detect BB eenichranys. fowndyadupshedeent efeafa Wlth tumor-
tunor mass. Viral persistence and distribution within
t heéreeoirc ngg@okyﬁ;cthﬁqrAﬁéﬁ|ﬂmedAgyAElB DCNG adenov1rus showed

i mmunohij st o mistr u5|n a di_es e(:|f|
acRNbY1 FaI= HEYOR rot el oiae Khon A" FFORe" 154488, witn 285,
Adas@&m}pﬁ@en@\_/éruﬁVﬁﬁil@@%ﬁ“@ﬁﬂdﬁ%‘ RIr¥a08: theh ad-aE1B-
peri phery of tunor that underwent necrosis. TUNNEL

asBalyGC reveal mard hetragpoptiesirsasetuin edo Botd vBlan ithdske treated
sane reg| on as necrosis. In contrast, Ad- DEIB induced

neftosi s24t2k Hy ¢ nSsFatinfr  the detctidpitéon of  decorin

expression to excellent in vivo anti-tumor effect.

The survival rate of tumor-bearing mice was examined for the
decorin-expressing adenovirus treatment. For C33A tumor bearing
mice, 80 days after the beginning of the treatment, 100% of the
animals treated with Ad-AE1B-DCNG) were still viable, whereas
only 50% of Ad-AE1B-treated mice were viable (death of mice;
tumor volume > 2000 mn@ for C33A) in the same time period (Fig.
11b) . Ad-AE1B-DCNG was treated at 1 x10° PFU for C33A xenograft
model and at 5x10° PFU for U343, U8TMG, Hep3B and A549
xenograft models. Such increased survival rate by Ad-AE1B-DCNG
was also measured in U343, U87MG, Hep3B and A549 xenograft
models. These results demonstrate that Ad-AEIB-DCNG can confer

significant survival benefits and tumor reduction in vivo.



Sunmarizing, it could be recognized that Ad- DEl B- DCNG
adenovirus replicates actively in the viral injection

W@ 2dos/ogmods spreads wi dely, contributing to the PODERR2006/000657

of apoptosis and necrosis . 10. Investigation of

col lagen distribution in tunor mass using Masson' s

trichrome staining Human brain funmor cell |ine U343

f opned chAngsdechi ceumes iBE&EHdﬂérﬁBE@@btiE%@hd@d'“b@d' decorin-
DElI B or Ad- DEIB-DCNG FolTow ng 3 days of 1njection,

t hexpuoa®sind sepescaetre -exnpacted anrdost abshed w th

Masson' s trichronme to analyze the distribution of

col | ayen{3tainEgrbltueoeotdr) limapor UebhpdiveNG, of33A, Hep3B and
extracel luar matrix, trichrone stain) . U343 tunor

ma8sitt edPEBEN th AlS BRABMGRS °f r 84GBntHycoer Viddersed three

be_stained.in hlu olor within.its inner rti.on;

nolbyat | U FeSEl e A Moe Bhine ShgRd R0 3 cavs of
blFﬁ%éé@ﬂgHﬁmﬁﬁgtEﬂﬁbftéﬁ§§y¥§-nggle 'rak@ége%gd stained with
co gen in the formof capsul e was observed in noral

Ui §8HE80:8HIMOURG NG LUADT & Fih9st di3giRARE! cfh dacte TN8SCion.  as
results suggest that the oncolytic A?d- DEI B- DCNG

adenewh I us expgessesdeeer i Mmédrdihe t uadfssPeshf i f&4-AE1B-peNG-
manner and then dramatically reduces the coll agen

conteantedM ttumom st Rer¢ umpim Iiyagsumiit in nithd nfelrieheey osf ttheénor mass,
col |l agen content within surrounding normal tissues.

10 ForheJsTaVG btesegiaf Adndifdl-trehéed uhwronrmgis rienpece byl detectable,

15

20

20

wi th Ad- DEI B-DCNG showed |ittle or no bl ue-stained .
redgf oA"due IPBJery FBR FEUERT offcOPRAfeRSS: t hiafal persistence

i Nj ted with Ad- DEIB .(Fig. 13 | B . .
nenST ufn st G TR s eindoits it Yes, FRen cdegifica by
th A I i i i , .
im0 el eglc) L | SLOLILI VIBLLESEUES: enovice
cohlagen gentent. kk Bramhnatihon gk eXRpes$iON  ad-AE1B-DCNG

pattern of MVP by zynography
adenovirus was detected mainly on the periphery of tumor that
underwent necrosis. TUNNEL assay revealed that apoptosis
occurred actively in the same region as necrosis. In contrast,
Ad-AE1B induced necrosis at the center of tumor, if detectable.
Summarizing, it could be recognized that Ad-AE1B-DCNG
adenovirus replicates actively in the viral injection site and

spreads widely, contributing to the induction of apoptosis and

necrosis.

10. Investigation of collagen distribution in tumor mass using

Masson’s trichrome staining

Human brain tumor cell 1line U343 formed in nude mice was
injected three times with Ad-AE1B or Ad-AE1B-DCNG. Following 3
days of injection, the tumor tissues were extracted and stained

with Masson’s trichrome to analyze the distribution of collagen



To exam ne whet her the decrease in extracellul ar
matrix is induced by MW, the activities of MW-2 and

wondcPomas e verified by zynography (Fig. 14) .PYBKROWS/000657
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human tunor cell lines (U343, U87TM5 C33A, Hep3B and

A549) were infected with Ad- DEIB or Ad- DElI B- DCNG
adenovirus at various titers. A® results, the

activiiies ©OfudM%12,and MYB:9 JMREEnEROT BPUSL ix.
intér eased when i nf ecx?ed W'th theEAd- DEAI’HEE)S-‘S'Dci\th/raCGIluar matrix
adeposrdise cotpared tosPBSuabd AdssDEIBaAasda €O ral-AE1B was
These el evated activities of MMWP-2 and MVWP-9 were

f ofneaeanttllye shyrdvad esd eht istaahpd U343, bW/ MBH1@E33Athin its
Hep3B and A549 cell lines. It could be therefore

undBRRE OBt At tiReyety vithipés tePaiP- 21 g dAWMMEIB-P4NG showed
be i ncreased by thedecorin expression of adenoviruses.

127° | Rhit%i $590A76F b nettadasf sPpytion. Instead, collagen in
deggri ? exprgssi n loncol yti}c adenovi r us Ig its .
genér af T{" k%om%aﬁ%*ate d8eoPPReT Eae Y VITHaxFARRTT P Hrrounding

mat 1 i 0 ent.s;, to no t pr i,QNSs %Igl:t’-l
angﬁmgzmgﬁére%y d%%?egdi}ﬁg'eﬁﬁ%elfeaﬁ%al?gn& X Thtéhat the
chahgsl Jth ehashgts-Odket eftiddbviover df6AIdJReXBEESSIPN in the
was exam ned usi ng spont aneous netastasis nodel .
Bl6Bhér-caldct f(2 xmhaNeDuseldwekkRe@dnipamitercddly reduces the
subcut aneously into the right hind foot pad of C57BL/6

m celagkn cwosehhewitnor thel treor gactedittd aovohfimergfe on the
100- 200 M8, PBS, Ad- DEIB or Ad- DEI B- DCNG was

i nfettagerdicraEery Widthgnt Rerferstinghpesnal fdssagery

th . 5 after last_ injection, th i ,
Dunor s s S ey S 8k by BRpGCAPF nd258) gW bted with

knge- Amdenciicl drnest hesicdae Qr day 20ufold OWMRY region due to
primary tunor renoval, the weight of netastatic tunor

| eseonslon tdhell wigsoodilagdre as cehavasindssessedi tiA A1-AE1B (Fig.

shown in Fig. 15, the average tunor burden in the Iun% ,
fr&ﬁ1n?%%a&%@atéﬁcﬂthngly' 1t would be appreciated that in the

case that the level of collagen is low in tumor tissues, the

expression of decorin is unlikely to affect collagen content.

11. Examination for expression pattern of MMP by zymography

To examine whether the decrease in extracellular matrix is
induced by MMP, the activities of MMP-2 and MMP-9 were verified
by zymography (Fig. 14). Various human tumor cell lines (U343,
U87MG, C33A, Hep3B and A549) were infected with Ad-AE1B or Ad-
AE1B-DCNG adenovirus at various titers. As results, the
activities of MMP-2 and MMP-9 were enormously increased when
infected with the Ad-AE1B-DCNG adenovirus compared to PBS and
Ad-AE1B as a control. These elevated activities of MMP-2 and
MMP-9 were found at the similar extent in all U343, U87MG, C33A,
Hep3B and A549 cell lines. It could be therefore understood

that the activities of MMP-2 and MMP-9 can be increased by the



Ad- DEIB and Ad- DElI B-DCNG was 200 140 mg and 130
160 ny, respectively, showi ng nuch snmaller pattern
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Mor eover, Ad- DEIB and Ad- DEI B-DCNG i nhibited the
formation of metastatic |esions conpletely in 1 and 2
out of 7 treated m ce, respecti@%ly, al though all of 7
m eecdranteapracs hoPBS ahewnedi sewar.e netastasi s of |ung
cancer. These data indicate that the decorin
expression in primary tunor site can suppress the

formation of netastatic |lesions at distal sites. 13. )
Ev : 1bitio tumQr S, y decorin-expressing

tissuepenetration. potency on decorin-express ing
adEﬂOVTi;ErTEWT@rTUﬂDF tissues from breast cancer

pati enpts; Jog&xamhng whshhemdhecephancad 40-ansdcliOhcelular
efficiency and tisSue penetration potency of

deg@t ik expiRashty asen@riotds e asxpeidsfioad bA MMP-1 and MMP-2,
Exanpl es descri bed above is also exhibited in primry
humaaréymor degssdies; teroraddidsies anmchtadgacerithenor igdnge  in
tissues from breast cancer patients were collected,

cureiat i tic? potedl baret @rers eercPohs ek ssylirar Bds opxamnined using
0. 75% agar ose-coated plates, followed by infecting
mﬁ?ﬁo%ﬂ%T%%?_BFtaFFiﬁﬁzﬂB@ﬁé-aﬁliB%615§JPFU? &n 1dayrasise) were
o SR SR O PR ISt aa o
dl - showed k bl cQlQ,,E0 t.o th

i njcg?%é With g‘l ¥§Ie;_ag%@% F?}E;e. 11%3%1:. Ion ggn??ﬁéf&lt ot%t hal ?Olume of

noﬁU@lZGd5%%H?SPE§feﬁaiﬂtﬂM bh thﬂﬁfBiﬂCNba%gsEgﬁg%éﬁed directly
dl -LacZ showed little or no X-gal staining. Breast

t unBto spherinds ¢sheaB)idasomvbreastheanezer. patdepts after last

were plated into 12-well plates containing 5% | NDM

suppl esteiired wheh Pnswdin (CL@omsol Yyend swdrioebdly | soawwved by

(1 mmol ) and infected _ ,
amputating below knee under mild anesthesia. ©On day 20
following primary tumor removal, the weight of metastatic tumor
lesions in the lungs of the mice was assessed. As shown in Fig.
15, the average tumor burden in the lung from mice treated with
Ad-AE1B and Ad-AE1IB-DCNG was 200 £ 140 mg and 130 += 160 mg,
respectively, showing much smaller pattern, compared to PBS-
treated control group (250 = 140 mg). Moreover, Ad-AE1B and Ad-
AE1B-DCNG inhibited the formation of metastatic lesions
completely in 1 and 2 out of 7 treated mice, respectively,
although all of 7 mice treated with PBS showed severe
metastasis of lung cancer. These data indicate that the decorin

expression in primary tumor site can suppress the formation of

metastatic lesions at distal sites.

13. Evaluation of transduction efficiency and tissue




with dl-G-P or dl-GFP-DCNG at 1 x 107 PFU. On day 5
after viral infection, the tunor spheroids were

wobmenymds under fl uorescence m croscope. |n tUuPOI/KR2006/000657
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spheroids injected with dl-G-P, GFP was limtedly

expressed on the surface of tumpr spheroids; however,

GFP was strongly and widely exp?essed i n nost of

t i penesrd i dnumpbrspher s ddyoeahedxpdds itly- GRReR¥N rus  using

(Fig. 19b) . 14. Evaluation on transduction efficiency

of tdeeori isserepr ésen nyreadénowncers patipntsmary kel oi d

cell Keloid is one of disorders caused by the

ext ensiVe FHIPHELS o BFWxt F%%eIePHP%\?e%FF?&Sd“RP&éQSe%%flClenCY

th her c de exprgssi

adgn%w rﬁggiﬁéon %{ﬁn&%%?}é%??’g pr ﬁgggén%ykel o?dce:al%cf)rm expressing

fr et kel i oG cpatdsentse wasd rlfnecgmpwetshd@lscl_aa&zd Okbée is also

LacZ- DCNG adenovirus at an MJ of 0.1-50 and then

subr]’ebk?ltt%‘i ngal PELBRFY N§UNEE WABODBhSEFTES 1 hapmor tissues and
ﬁ A or Eog Sch st.raong % Lgscz exgress

tha I I}_ 813 F#tSShg TEREE PR decsPi

exew@é&%,l ScJtesﬂ%SI nle forathe & gniddgant inar @aseured on

in the transduction efficiency into keloid cells (Fig.

17) . 759 5agdvalenat a oed qnlattleansduo‘;mmd efyfii@ifencynwswjrtgl dl-LacZ

kel oi d_spheroid nodel To_ verify the npro

t r 8hsBtickd G efFi eFency b PRe detdtath- eﬁﬁrt&s hgal injection,

adengyi r us .k ff Qy kghLai dpetff%%@é kr%' oi d,.celle sphergids tissues
prepared using primary keloird cells at passage 2 from

kel af éctpat iverths dner.ec1-fect edowed hdft kdra®Z uér color compared to
dl - LacZ- DCNG adenovirus at 1 x 107 PFU and subject to
x-@a@tstlaaﬁpﬁ@dfwtm @rlo%@éud%@ser]«ﬁa\tuow Fpetrast to this,

surface of kel oid.c her oi ds .ya e ke el _
st SPn%?ejlfor d‘lle?_acﬁf)(a\fépt Hagh Laci %M%ne¥ dl-Lacz

A Ynowd®.1iEtakuatian maspgegmﬂg;.and penet ration
potency to tissues
Breast tumor spheroids (<lcm’) from breast cancer patients

patlents were

were plated into 12-well plates containing 5% IMDM supplemented
with insulin (10 umol) and hydrocortisone (1 umol) and infected
with dl1-GFP or dl-GFP-DCNG at 1 x 10’ PFU. On day 5 after viral
infection, the tumor spheroids were observed under fluorescence
microscope. In tumor spheroids injected with dl1-GFP, GFP was
limitedly expressed on the surface of tumor spheroids; however,
GFP was strongly and widely expressed in most of tissues in

tumor spheroids injected with dl-GFP-DCN (Fig. 19b).

14. Evaluation on transduction efficiency of decorin-expressing

adenovirus on primary keloid cell

Keloid is one of disorders caused by the extensive formation
of extracellular matrix. To assess the therapeutic efficacy of

decorin-expressing adenoviruses on keloid, the primary keloid
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kel oid tissues frompatients, keloid tissues from

patients were infected with dl-LacZ or dl-LacZ- DCNG at

1 x 10 PFU and subject to X-gal®staining for

M g PECOPiC rRbgekyaidPhatWehke @hs Lagiedieaalieeh kel Qiadz or d1-
ti ssues showed weak LacZ expression,

dl ziechdGNadtheat ot kel andMbI ssfles. weine ahat enst valhfect to X-
X-gal stained (Fig. 18, panel B ) . Furthernore, in

ordel tbaarbess ihevpenebratVoh Ef44 citeniyrZzoPCNG induced much
adenoviruses intokeloid tissues, the infected tissues

weP er FHFEddetrd P OrESTIo ofpdlindl abd Sna St Y GFEAt 1 Thethat the

inner part of keloid.tissues i.nfected with dl-LacZ was

far® VIRESREE" as® t REFROR U T &ce OF | %ﬁaf&%ﬂl teant increase
contr , j ieb WLt h - @gNgF- h
di2%r?%%ﬁf%%%gg&ﬁggg%ggg?ggéggﬁM%%sk%%%%§%§?e i§197) .

ext ensi ve and was observed throughout the entire

spheroid not limted to injection site (Fig. 18, pane

B) 15 ThEgekuaddta coheardéysdhmwonhatrihiertavansdugt kehoid spheroid
efficiency of the decorin-expressing adenovirus to

i ngoéel t he disruption of extracelluar matrix is

significantly enhanced in kel oid tissues, o
demondPr at $ gt %t h&tet hEPFeES nFERPFESiivg agdhboisy ©f the
Is.a promsing therapeuti c _agent. to,trea el oi d .

o ST R PR e e Dprbrer Kl Bhno sy geloid cell

th &Y 4 QM5 gt PrSmb Py D WHIdEI30 00d, 2 £
va??lgénf(zlec%n rn%%?‘%?c_at]i (%grt ﬁer%of fall icng Wi ?hrﬁﬁéisﬁge e
spkEidi®f phheehyentiren fresereaome@ppalenics 0okhos$e-racz-peNG
skilled in this art, and the scope of this invention

I satiendei det eqrim neet by’appended chajest and thebl staining for

equi valents. What is clainmed is :
microscopic observation. The surface of keloid cell spheroids

was more intensively stained for dl-LacZ-DCNG than dl-LacZ (Fig.

18, panel A).

16. Evaluation on spreading and penetration potency to tissues

from keloid patients

To examine whether the enhanced transduction efficiency of
dl-LacZ-DCNG revealed by using keloid cell spheroids 1is also
reproducible in keloid tissues from patients, keloid tissues
from patients were infected with dl-LacZ or dl-LacZ-DCNG at 1 X
10 PFU and subject to X-gal staining for microscopic
observation. While dl-LacZ-treated keloid tissues showed weak
LacZ expression, dl-LacZ-DCNG-treated keloid tissues were
intensively X-gal stained (Fig. 18, panel B). Furthermore, in

order to assess the penetration efficiency of adenoviruses into



1. In a gene delivery system conprising a nucl eotide
sequence of interest to be delivered into a cell, the

w0 ppsoyeaent whi ch conprises a decori n-encodi NBCT/KR2006/000657
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nucl eoti de sequence to enhance a transduction

efficiency of the nucleotide se uence of interest into

the cell. 2 . The gene delivery® ystem according to
clpimdy , e Wherei n dthe cetdctes aiGalbsi ﬂre@et lc#$H8ded in 0.C.T.
conposed of cell’s interconnected each other by an
extoas@lddiaandatshby. f2ozedhe Tgeneidelr eIyt Syst @@loid tissues
according to claim2 , wherein the tissue is a tunor

ti ssfrctefl wiThe dgdehec@eldvefar syostrdm aceoneld n@s teheir surface.
claiml , wherein the gene dellver¥ systemis a

pIé%n?%Fk%ﬁ 1 OESHBF hantoadersvrPusnt atféifo "a§8oe i abaef ~DCNG, the

Vi rus trovirus, lentivirus, herpes si ]

Vi Ph%t]gj\}%\t%ioﬁi 8%%“?%73 e%rlesﬁé%rféa%ﬁn%%%%rrﬁxg%s.lve and was
Th ene eI|v te cc i.m 4 L
mth%ep (ﬁe gene%ggﬁﬁvegbgsy§§g%$?s §?régéghlﬁ§ﬁt limited  to

adenoV{ s, §&teTT@ﬁ@enﬁ8dﬂ%hﬂ@fyB?YS%ﬁgbé§CQEQéanEery show
claiml , wherein the reconbi nant adenovirus conprises

a dehiet etheE3 thegt@-w@nRe t ber decoidynN- eACoidg decorin-expressing
nucl eoti de sequence is inserted into the deleted E3

r egomovifus Adretdiadef ahedeliisvept hoh aofjeaet tarted laek| satrix is
whi ch conprises contacting the gene delivery system

acebdyueh figang lanyerdracef cliai mkelloigl t bl seUsisesatgplomstrating that
containing cells. 8 . A reconbinant adenovirus, which

cofP?i SESORR" ARHEHSPSLRP PﬁRnPVhQ%?téa ﬁ%rH%?ﬁﬂsﬁﬁgpe%ﬁﬂrapeutlc
nucleotlde sequence a a corinencodi ng nucl eoti de
segtighce:° ﬁﬁ%gg Eigu'egﬁ? g Protein expressed enhances

a penetration potency of the reconbi nant adenovirus

into a tunor tissue and apoptosis of a tunor cel

Having described a preferred embodiment of the present
invention, it is to be understood that variants and
modifications thereof falling within the spirit of the
invention may become apparent to those skilled in this art, and
the scope of this invention 1is to be determined by appended

claims and their equivalents.



infected with the reconbi nant adenovirus . 9 . The
reconbi nant adenovirus according to claim8 , wherein

w0 b@enewmastbi nant adenovirus conpri ses a del et ePICERR2006/000657
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region and the decorin-encodi ng nucl eoti de sequence is
inserted into the deleted E3 regjon. 10. The

reconmbi nant adenovirus according to claim8 , wherein

t hehaecontilaanedatkenovi rus conpri ses an inactivated

El B 19 gene, an inactivated EI B 55 gene, or an

i naet i Vat @dgEB 49 iywdyESBs 68 gegrasrisihg. aThecleotide sequence
reconmbi nant adenovirus according to claim8 , wherein ,

t he®r eRbiriStarit® dGe6vives ol seCednr adhpyvémproyement which
gene. 12. A pharmaceutical anti-tunor, conposition for
tredtfhg" @ cagn O WhPBACEHpr P4 (i eq Seauence to enhance a
th ' I : .ve nt_of the.re i_nant :
adorn e R SR Y o e R e hrae B gy nterest
(b)heo Phay regeutically acceptable carrier. 13. A

met hod for treating a cancer, which

conprisesadm nistering to an ani mal the pharnmaceutica
anti-tunor conposition of claim112. 14. A

phar meBeutderes dednpesy t fodtdmradasprdvd nge acpeinetl atihegmein the
potency of a nmedicanent into a tissue, which conprises

(ayeh! dédori rFPriotEl n2t H1FAP? oFeMBHEDetlet Fat i oninterconnected
pot ency qf the pharmaceutical conposition into the
Prestiloding’ BF) P GIReRaLAEeT i Saccent abl e car ri er

15. A pharmaceutical conposition for treating a

di sease or condition associated with accunul ati on of
exgessriextdafeelddili gk r Bt §d dom WHERCROPES SE€B211)2,8 wherein the
therapeutically effective anmount of a decorin protein

or tasgened sdal tvesy Systiem conpri sing a

decorin-encodi ng nucl eoti de sequence; and (b) a

4. The gene delivery system according to claim 1, wherein the
gene delivery system 1is a plasmid, a recombinant adenovirus,
adeno-associated virus (AAV), retrovirus, lentivirus, herpes

simplex virus, vaccinia virus, a liposome or a neosome.

5. The gene delivery system according to claim 4, wherein the

gene delivery system is a recombinant adenovirus.

6. The gene delivery system according to claim 1, wherein the
recombinant adenovirus comprises a deleted E3 region and the
decorin-encoding nucleotide sequence is inserted into the

deleted E3 region.

7. A method for delivering a gene into cells, which comprises

contacting the gene delivery system according to any one of



pharmaceutically acceptable carrier. 16. The

phar maceuti cal conposition according to claim15,
wob@ced4t he a di sease or condition associ at edp@i/KiR2006/000657

accumul ati on of excess extracellular matrix is scar,

liver cirrhosis, pulnonary fibrosis, glonerular

nephritis, adult or acute dyspn@%, hepatic fibrosis,

repakihd brosics, amyraeapdicaboht Lirpggnesi ss fol l owing

myocardi al infarction, fibrocystic disorder, fibrotic

cancer, veno-occl usive syndrone or renal stroma

fibrosis. . _ ,
8. A recombinant adenovirus, which comprises an adenoviral ITR
(inverted terminal repeat) nucleotide sequence and a decorin-

5 encoding nucleotide sequence; wherein a decorin protein

expressed enhances a penetration potency of the recombinant

adenovirus into a tumor tissue and apoptosis of a tumor cell

infected with the recombinant adenovirus.

10 9. The recombinant adenovirus according to claim 8, wherein the
recombinant adenovirus comprises a deleted E3 region and the
decorin-encoding nucleotide sequence 1is inserted into the

deleted E3 region.

15 10. The recombinant adenovirus according to claim 8, wherein
the recombinant adenovirus comprises an inactivated E1B 19 gene,
an inactivated E1B 55 gene, or an inactivated E1B 19 and E1B 55

genes.

20 11. The recombinant adenovirus according to claim 8, wherein

the recombinant adenovirus comprises an active E1A gene.

12. A pharmaceutical anti-tumor composition for treating a
cancer, which comprises (a) a therapeutically effective amount
25 of the recombinant adenovirus according to any one of claims 8-

11; and (b) a pharmaceutically acceptable carrier.

13. A method for treating a cancer, which comprises
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administering to an animal the pharmaceutical anti-tumor

composition of claim 12.

14. A pharmaceutical composition for improving a penetration
potency of a medicament into a tissue, which comprises (a) a
decorin protein to improve the penetration potency of the
pharmaceutical composition into the tissue; and (b) a

pharmaceutically acceptable carrier.

15. A pharmaceutical composition for treating a disease or
condition associated with accumulation of excess extracellular
matrix, which comprises (a) a therapeutically effective amount
of a decorin protein or a gene delivery system comprising a
decorin-encoding nucleotide sequence; and (b) a

pharmaceutically acceptable carrier.

16. The pharmaceutical composition according to claim 15,
wherein the a disease or condition associated with accumulation
of excess extracellular matrix 1is scar, liver cirrhosis,
pulmonary fibrosis, glomerular nephritis, adult or acute
dyspnea, hepatic fibrosis, renal fibrosis, mycocardial
fibrogenesis following myocardial infarction, fibrocystic
disorder, fibrotic cancer, veno-occlusive syndrome or renal

stroma fibrosis.



