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treating a disease or disorder associated with accumulation of

excess exXtracellular matrix.

15 DESCRIPTICN OF THE RELATED ART
Early adenovirus-based gene therapy usually employs
replication-incompetent adenoviruses carrying a therapeutic
gene with deleted El gene essential for adenovirus replication.
However, these recombinant adenoviruses induce anti-tumor
20 activity only in infected c¢ells 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 onceolytic adencvirus,
ONYX-015(d11520) selectively replicating in tumor cells was
29 first developed by McCormick research group (Bischoff JR, et
al., Science, 19896, 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



proliferation is inhibited to result in the failure of oncolysis
because p53 inactivation is not induced, whereas it actively
proliferates in tumpr cells with inactivated p53 and eventual
| eads to s&EUIPeat h of tunor cells (Chang, F., 5 BFT%99?%§°%§ﬁn
Oncol 13:1009-22(1995)). According to recent reports on Phase-11/11I
clinical trials for brain cancer, a tunoraspecific oncolytic
adenovi rus exhi?its consi derabl e therapeutic efficacy (Kirn,
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to a recent reggarqlaigPothncde 20 regRFbipantsiadeRQubi#si®S adenovirus
adm ni stered into human tunor in nude mce persistently replicate as

| ate as 100 daysiafter comdildeabblyi tlddrdpeuect i enfiaadydarknod, emsure: time ,
conpl ete eradication of tunor, while viable viruses may be obtai ned
fromtunor tid&ute. Medcdotdf h {1828 Ubsdguemitigseal-chet epdrt s, C4ncefasies
been clarified 25.that those low anti-tunpr effects are because the
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adenovi ruses. Nbreover, mﬁen adenoviruses are Injected Into
2006/ 091045 PGHKR2008/ 00QE8ds the partial suppression of tumor growth, the

complete eradiation of tumor does not been found and regrowth
of tumor rapidly occurs after the lapse of a period of time.
15 Theses results are probably because the recombinant 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 intce human tumor in nude
mice persistently replicate as late as 100 days after initial
viral injection and do not ensure Lhe 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



tunmor, in early stage, they are rapidly eradicated fromblood stream
by innate i mune reaction; however, on about 48 weeks after vi ral
i njection, Xﬂ} enovi ruses presurred to be replicated in tunor

rel eased t PEBYSd st ream coul d be observed to 5 appBST%%?P’H"“P??

the bl ood stream Taking those successive results into
consideration, it could be recognized that;the physical barriers
such as connective tissue and extracellular matrix (ECM between
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at t enpt ed to el evate the efficiency of adenovirus-nediated gene
transfer BY alf¢eRo¥weiFsld Wktquéatlﬁﬁmrraﬁﬁ?‘flqﬁcl aBnGHYEL P eAIRPY hruses
el asti nase, an enzpre whi ch

SO¢ ) eI ast ch i
essential conpt o 5?|aecs ﬁ/g?'ﬁé) dcaf_é 5 arlmr C&E%\% Ther,
1998, 5(8):1023- XQ3Q) . dhare \ﬂ@sc@ulroel%r bhat: 3Qghyahur ¥ dasg: &fhor-
enzyme whi ch di ssoci ates extracel |l ul ar tprl X, '

specific oncolytic adenovirus has the ability to induce greater
oncolytic activity and spread throughout tumor tissue as well
15 for infecting surrounding tumor cells.

Recently, several investigations have been reported to
conguer 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

20  trypsin to digest ccllagen 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):2218-2230). Moreover, L. Maillard et al.

25  attempted to elevate the efficiency of adenovirus-mediated gene
transfer by about two-fold by treating rabbit iliac arteries
with elastinase, an enzyme which disscciates elastin, which is
an essential component of arteries (Maillard, L., et al., Gene
Ther, 1598, 5(8):1023-1030). There was a report that

30 hyalurconidase, an enzyme which dissociates extracellular matrix,



WD 2006/ 091045 PCT/ KR2006/ 000657 4 coul d enhance the gene
transduction efficiency of adeno- associated viruses in the rat
nmuscl e by about 2-3 folds (Favre D, et al., Gene Ther,

< 2000,
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exhibit the potential to penetrate into tunor tissues and anti -
caused by abnormal proliferation of skin connective tissues

Throughout this application, several patents and
15 publications are referenced and citations are provided in
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.
20
DETAILED DESCRIPTICN 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)
25 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-
30 tumor effect.

Accordingly, it is an object of this invention to provide



30 tunor effect. Accordingly, it is an object of this invention to
provi de WO 2006/ 091045 PCT/ KR2006/ 000657 5 a gene delivery system
conprising a decorin-encoding nucleotide sequence with inproved
transduct i 9P ¥PF9%8948ncy. 1t is another object of this i RGEKRRYA040657
provide a nmethod for delivering a gene into cells with inproved
transduction 5 efficiency. It is still angther object of this
invention to provide a reconbinant adenovirus having inproved
abilities in tumsne EpSSIRYpEHetemtIoBR ARthd lﬂrﬁlﬁcgb@ﬁeﬁried%&mm%é?@tide
It is further object of, this |nvent|on(%g r ov
bhar naceut | calSSRIENEE i CORIBE FoR B L PR s Sancer . 1t is

still further objegt of atn!%'tﬁek 'M%%tcltoeftQmFy Q\ébgﬁuaon f{Bt DAL RN & methoa
treating a cancer by use of the pharmaceutical anti- tunor

conposi tion. Ifor sdanethefig 0bj eeheOfinthi SelDVeRttRN ikprpreavi gdendduddion
pharmaceutical conposition for inproving a penetration potency of a
medi canment 5 ntegfactessue. It is still another object of this

invention to provide a pharnmaceutical conposition for treating a
di sease or conditi 6h l%s%%@ﬂa?éat%ﬁ%i?hé@éﬁnﬁfa?Pén16V9%¥%E5§° provide a

extracel | ul ar Jatrix. qp her ob Lects and advantqpes 05 t.he preseg
inan adeno ?%1 %j lmPF %F abilities umor
i nvention wi | 1" °Cecone apparen Pom The detarl @ description to

foll ow taken jRsgenpdgatbefonidnld theoanpepdett Ghahadsand draw ngs.
25 In one aspect of this invention, there is provided a gene

delivery system compriisi nguatheucl @mjeode sequathse iofvehni®@r esd tprovh@e a
delivered into a cell, the inprovenent which conprises a
10 pharmaceutical anti-tumor composition for treating a cancer.

It is still further object of this invention to provide a
method for treating a cancer by use of the pharmaceutical anti-
tumor composition.

It is another object o¢f this invention to provide a

15 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 conditiocon

associated with accumulation of excess extracellular matrix.

20
OCther objects and advantages of the present invention will
beceome apparent from the detailed description to follow taken
in conjugation with the appended claims and drawings.
25 In one aspect of this invention, there is 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 interest into the cell. WO
2006/ 091045 PCT/ KR2006/ 000657 6 The present inventors have nade

i ntensi ve WESHEYERYS to inprove the transduction effi cPERERWHIYeXe
delivery systens, particularly, to enhance the transduction (or
spreading) 5 efficiency of gene delivery systens in tissues. Such
researches are based on our hypothesis that the reduction in the

| evel of conponents of extracellular matrix by facilitating the

degr adation or i nlt}liebi %’%&nttheirﬁ)ém: 9§' %agé %%gggn'%ttegs%]éeel researciuss to

n
extracel lular matrix y enhance the spreading flgene ivery
systems W t hi Nirpr8$6€8he SUEPLIRIAPLY, et - IRLBSCBE LANENLOT SrerDaVQstens,
di scovered that decorin could dramatically inprove the transducfion
efficiency of mgenécdedilyery teyseemsiceThehker nrdmevotionl used hereading)
enconpasses decorin illustrated and exenplified in Exanples as well

as its any® 13HérDEBGUST FeBANSHCT LY aRBThAESi 6R BIFiUeBendych Hasepsches

i ntent of th%%pr§§en invention.tEEQoriﬁ £ gg@agiq%}a pi vot al .
role as an enfdfc&PSFR °F MPHoWRET 1% Sg&hd t?g% CEFDT efF iFCFentyey P
the present IIMBBLLAMYL |5:3 PLOLOLYRLE.PIRElOf al entAlLgh g M Iohe
of 20 SLRP (smalT leucine-rich proteoglycan), conprising -
I euci ne-rich repeatistiothe ogor entigit@Ag of cECRKhBndES aocar Chomppapes t ®f
serve as a suitable ligand to various growh factors or decorin
receptor presextrapebitlegcertuar maat phxa(dd ddeuspigadiRaost adrrie Belivery
Proc Natl Acad Sci U S A 1986, 83(20):7683-7687, 25 Day AA et al.,
Bi ochem J,101087St988( 35861 - $655UET shar RIS INFLY ni (18 J (B reV6lihg Iprentars
Bi ol Chem 19%1%Ve2?1é(§%)(3gé§g _%E%@) decc-)r:r.hi% pég&l%ogéya%%@iggflojl:le];I)rSove the
known to suppress -]3 activity,
transduction efficiency of gene delivery systems.
The term  “decorin” used herein encompasses decorin
illustrated and exemplified in Examples as well as its any
15 homoclogue tc enhance transduction efficiency that is intent of
the present invention.

Decorin (DCN) playing a pivotal role as an enhancer in
improving the gene transduction efficiency in the present
invention, 1is a prototypic member of an enlarging family of

20  SLRP {small leucine-rich procteoglycan), comprising 10-12
leucine-rich repeats. The core region of decorin has a arch
shape to serve as a suitable ligand to wvarious growth factors
or decorin receptor present in extracelluar matrix (Krusius T,
Ruoslahti E., Proc Natl Acad Sci U S5 A, 1986, 83(20):7683-7687;

25 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 decocrin is known to suppress TGF-B activity,
so that it inhibits <fibrosis of collagen to invelve in

extracellular matrix assembly, and acts as a naturally

30 occurring antagonist against tumorigenesis and tumor growth



so that it inhibits fibrosis of collagen to involve in extracellular
matri x assenbly, and acts as a naturally 30 occurring antagoni st

agai nst tunorigenesis and tunor growth WO 2006/ 091045 _
PCT/ KR2006 (Sb?@g% 4 (1ozzo RV., Crit Rev Bi ochem Ml BPGI/ERItge/§00657
32(2):141-174: lIsaka Y, et al.. Nat Med, 1996, 2(4):418-423).

Mor eover, decorin together with extracellular matrix conponents such

as growth fact [S,a i Qns du XPpression
(matrix netall o%ro?e?‘gaée f)lt % M% s deﬁrgdlgngl ‘ex rade:v%\gazi 2411745
matrix (YamagushkaY,y Maga DM . Ruastahtéd E. 1o8gt upeq) 1980423) . Moreover,

346(6281) : 281- 284; Vogel KG Paul sson M Heinegard D., Bi ochem J,
1984, 223(3): 5’8?95%7 Cesaiitelrs o tRGexeEaqglinlar Ceatrip; oilompOll@gi?S such as

136(3) : 729- 743) ., 10 ggss%gg N8nh 0k0E:) 080Rs delIELY SYSLEMBL.L NG e

pr esent i nvention, ecorin pronotes the expression of vario

such as MyP2 alﬁdrM/HQatascnopftaﬁelhheee}qpraaﬁsempde,coielg&atmﬁij,w@&rfab@llular
degradation of collagen, a major conponent of extracellular matrix

surroundi ng c@Pt&i¥o (&lag‘?%‘b‘fhlcoﬁne&aflve MrssBecs@tbadalr 152 Hidifhr aht¥0/
ther eby resul t3'4%96k§‘1}t r}%1 Qﬁf aq%tta;eQHKef ?é&fﬁas%ﬁl L’IL” ﬁhln%yw )IS Tghgchem

successive action I's one o mechani sns” underlyi ng e |nprovenent
transduction efflmsencwzbymmjrﬁm wheshelissn ®eeardty ater,i foedeimn Blol
Exanpl es descri bed bel ow. _Therefore, referring to the above-descri bed
action of 20 3330r]r3h6(3t &2 %dhfaht ages of the present gene delivery

system i s jphi ghl ixghteg; {pr reel i Wigkhin 4dissues commesed, of el | §resent
i nterconnected each other by extracelluar matrix. I n particular,

wher e appli ed ihgebuimr, tessuss renobbsedie ghtkysdiypncofnextione MMPs such
stem exhi bits inmproved 25

Lt ansduct i on €8t MPERCY o SHBAY oGt SHahy TR GRRES S HRGPF Gbr rduces the
degradation of cecllagen, a major component of extracellular
matrix surrounding cells to disrupt connective tissus and basal

15 membrane, thereby resulting in the degradation of extracellular
matrix. This successive action is cone 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

20 decorin, the advantages of the present gene delivery system is
highlighted for «cells within tissues composed of <cells
interconnected each other by extracelluar matrix. In particular,
where applied te¢ tumor tissues enclosed tightly by connective
tissue, the present gene delivery system exhibits improved

25  transduction efficiency compared to any conventional delivery
system.

To construct the present gene delivery system, it is
preferred that the decorin-encoding nucleotide seguence 1is

contained in a suitable expression construct. According the

30 expression construcit, it is preferred that the decorin-encoding



system To construct the present gene delivery system it is
preferred that the decorin-encoding nucl eotide sequence is contained
in a suitahl e expression construct. According the 30 expression
construct, W2W0¢PM3t erred that the decorin-encoding V\O%HWW@’?W&@
PCT/ KR2006/ 000657 8 nucl eoti de sequence is operatively linked to a
pronoter. The term "operatively linked" refers to functional Iinkage
between a nuclelc aci d expression control sequence (such

promoter, sigH& e%%ﬁﬁéﬁfﬁmEBFeaﬁ?aﬁpﬁ?aﬁﬁﬁﬁﬁ¥cﬁﬁBF?%nt?aﬁtBFOTﬁWﬁﬁ nd "¢
> sites) and 3 sgeand.Giels acldsequence. - SNALRLILIC 1 eX0LESSLAMen

control sequence a transcription an trans atiron o

nucl eic acid Gonpespondidg Egpfég%lgscg&d;roaegu@m&,e Accer ding beokdher,
present invention, the pronoter |inked to the decorin gene is

operabl e i n, prieher abdegueand mlor 18ryayr ecpr efmmmablkiptivamiddtanr celiding
to control transcrlptlon of the decorin gene, including the

pronot ers 8erisi&dsir omd he g@ﬁ@ﬁ% dﬂ“ﬁﬁhﬁal?%ﬂicéﬁﬁ§e%ﬁe¢réﬁﬁrel“ the
mammal i an viruses, for r onot e

(eyt omegal ovi HEBTE HiBot S Ep e AUENOUIT U TTSE° br SHGIGEiEher  oma/or
vaccinia vir u%rép?#él%nprc%’m{:ﬁé » nYA Pr omt eéorr@oﬁd(ln@;r Aptele BMnd

pronoter, EFI pronoter, netallothionein pronoter,” beta-actin
pronoter, hU@%Quéha@.gﬁaeoﬁﬁﬁﬁﬂntﬂ' thd M ek EN: geneepr it ethe hgfdmbter
IL-4 gene pronoter, human | ynphotoxin gene pronoter, human GwW CSF
gene pronot er linkdactdl ereprdemoten , geneurs epkkakkedinhi crpfomitles 20inal,
(e.g., TERT pronoter, PSA pronoter, PSMVA prom)er CEA pronot er E2F
pronot er dAd APPepﬁﬁﬁﬁ?%ﬁglyanﬂﬁﬁwégiﬁ?s$qllﬁec PlEOﬁFﬁﬁbtiﬁansﬁélﬁflon of

al bum n pronot g’]r I\c/%?rgﬁg{ggefnet la:b:myc’lu 1nngbr9 On'%ggﬁotesrs%rlgegnotlr%& q:rhe

tunor cell spe
genome of mammalian cells or from mammalian viruses, for

exanple, U6 promoter, Hl promoter, CMV (cytomegalovirus)
promoter, the adenovirus late promoter, the vaccinia virus 7.5K
15 promoter, SV40 promoter, HSV tk promoter, RSV promoter, EF1
alpha promoter, metallothionein promoter, beta-actin promoter,
human IL-2 gene promoter, human IFN gene promoter, human IL-4
gene promoter, human lymphotoxin gene promoter, human GM-C3F
gene promoter, inducible promoter, tumor cell specific promoter
20 (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 EZF promoter are
25 preferable. As a TERT (telomere reverse transczlptase) promoter,

the wild type human hRTERT {human tealomere reverse

transcriptase) promoter or m~-hTERT promoter {see WO

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



specific pronoter, TERT pronoter and EO pronoter are 25 preferable.
As a TERT (telonere reverse transcriptase) pronoter, the wld type
human hTERT (human tel omere reverse transcriptase) pronoter or

m hTERT pr %8409 %e WO 2004/ 076668) devel oped by t hePpHER2}E/000657
inventors may be used. WO 2006/ 091045 PCT/ KR2006/ 000657 9 The

m hTERT pronoter used in the present invenfion has been developed to
carry one or nore (preferably, one) additiaqgnal c- I\/gc bi nd| re i ons

and one or nori&e( &“@FEF‘%bpﬁom‘?‘ie\?e)“Sgﬁl 1ngi TS nFS°8g oﬁEV%%t s been
the human tel%ﬂ%e?or§¥Q£§cmfF¥e ncrl %% 9p9€8&%&1&”ch&9'%%d£f90 al c-

c- Myc b|nd|ng regl S and I'ng" r égi ons e 'deta

descriptions f lﬂyﬁﬁﬁgt&@gl§ﬁﬂusﬂ@e%n@fo&thﬁbhﬂEEEfﬁfﬂmﬁﬁehm&@@ Spl
di sclosed in 2004/ 07666 The E2F pronoter used in .the present

i nvention ismAnpiogot esgiioneol wed walkelds cydlees hfpdahnsoalomBrs. | rivitrse
10 CarC|nog 27: 151-157(2000); Ngwenya, S., and Safe, S.,

Endocr i nol &gy CHANCIBTSSEESBONCEe  HICI USRS D}"ﬁ‘P a6hvc Pinddapcapoiqua |and

3:311- 316(2003 ). Preferab e expression c nstru t used.in
Cvent ton - comivEsedth pRtiEny PRt sediBnce CH IS, BEHHECHDhe Hor

15 hor mone tern@c@%{w{dea}dqugﬂg Qegfvaﬁ%'mﬂ%n;sk@&a&@ S20URCE)osed in

Accordlng to a prererre |nent e expression construct for

t he decori n- engodiodd, fiucd 30t rde sEUSRGES-BASuSd Sinf WekUpLent invention
"pronot er-decorin-encodi ng nucl eoti de sequence- pol yadenyl ati on

sequence. 20 lis toeppresent gerdvdél iivergeldystwriest hdohusdwotPde » Mol.
sequence of interest to be delivered into cells nay be contalned in
an expreddi orfaEedgey uct2Havilng t hel 298/ sti¥Ueryre for t FAE f SRt he -~

decori n- enCOdléE%og%gkgeg&gj%4§?£%#gyi%85; Cam, H., and Dynlacht, D., Cancer

Cell 3:311-316(2003)).
Preferably, the expression construct used in this invention
comprises a polyadenylation sequence (e.g., bovine growth

15 hormone terminator and §V40-derived peolyadenylation sequence).

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

20 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

25 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 25 cells

may be any sequence, for exanple, including cancer- therapeutic genes
encodi ng proteins having anti-tunor activity and eventuall
degener at i NP PHB%Cel I s such as tumor suppressor geneBCT/KR2006/000657

i mrunonodul atory genes [e.g, cytokine genes, W 2006/ 091045

PCT/ KR2006/ 000657 10 chenoki ne genes and;gosti nul atory factor genes
(for T cell activity such as B7.1 and B7.2)), antigenic genes,
suici de genesheRgtHtoxPengenad 69?6§vﬂﬁﬁeféeﬁé§F°%r8?% ptotict cetl
genes and anti_-angi ogeni nes, .but_ not- lj.nted.t. T i Ci .
genes encode pro E?%% 8%€§b%§ gﬁ'éonrgﬁr%%ﬁhgg %%%ang%lpgnéﬂ bfeiae
sensitivity t(ééEQQFDEpﬁ%@H%ﬁajd%nég?nE§to§HéﬂQE geREYICT PBo1@¥bEotic genes
conditions in tunor cells. The nost well-known suicide gene is the
her pes si npl exandi susitdngibdemies kienase HubShvet TKmigede:q.U. S. Pat. Nos.
5,631, 236 and 5,601,818). Cells 10 expressing HSV-TK are susceptible
to sel ective cel IThgearhchie ¢rNsEyEREIRT . PIHEIPENBRPRSpIoEs SOP LMY to
encode pol ypeptides t inhibit .tuporigenesis. The tumor Suppressor
genes are i nhéMBff ?%ilﬁanﬁ%ﬁﬁﬁﬁ%vég?léghna TSR 8RT et icon® ré%s' or of

| hactivation |'§1dug§$%e¥&&é Q81 B PHLTBAW Hoke cEQLs I UMY I gRReSS 1 -known
Exanpl es of 158 The tUunor suppressor genes 1 nclude nenbers of the

tunor  suppressQkigengeddNK4 A hekpewhi Chp @€ vexespdhvii ethdwiARE: (HSV-
DPC4, NF-1, NF-2, MIS1, W1, BRCAl1l, BRCA2, VHL, p53, Rb, NMAC- 1,
MVBC- 2, retinadiastoma ¢ong. (Lke¢.atNed. , SNa3 286 3294 642690874)8),. Cells
gene of adenomatous pol yposis coli protein (Al bertsen at al., 20 U S
Pat. No. 5983,%®6FSSHESPhaYngesl SCAFEPHdHE tionmoie 6Pt eSSor ‘%’@r‘fé‘ by

st s ot UCRTBINIE, SAR. SufRTRekBle ot oo g icee
MIS1, CDK4, VHghiBhOORBmoMLEnasth PZhe aflor suppressor genes are inherent
in mammalian cells and their deletion or inactivation is
believed to be a prerequisite for tumorigenesis. Examples of
15 the tumor suppressor genes incilude mempbers of the tumor
suppressor gene INK4 family, which are exemplified by APC, DPC4,
NF-1, NF-2, MTS1, WT1, BRCAl, BRCA2, VHL, p53, Rb, MMAC-1,
MMSC-2, retinoblastoma gene {(Lee et al., Nature, 329:642(1987)),
gene of adenomatous polyposis coli protein (Albertsen et al.,
20 U.S. Pat. No. 5783, 666), nasopharyngeal carcinoma  tumor
suppressor gene that maps at chromosome 3p2l.3 (Cheng et al.,
Proc. Natl. Acad. Sci., 95:3042-3047({1998)), deleted in colon
carcinoma (OCC} gene, MTS1, CDK4, VHL, pl0ORb, plé and p2l, and
and therapeutically effective fragments thereof (e.g., Pp56Rb,
25  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, 25
p94Rb). It will be understood that other known anti-tunor genes can
be used by those of ordinary skill in the art. The term "antigenic
genes" as WOMUEIUPH refers to a nucl eotide sequencePel 6/pQgps7
antigenic cell surface protein W 2006/ 091045 PCT/ KR2006/ 000657 wu

whi ch is recogni zed by the i mune system iExanples of the antigenic
genes include carcinoenbryonic antigen (CEA), prostate _specific

anti gen (PSA) "hich efd FeSPEMhZAFRY 5’%8 unfv@yﬁifﬁmgﬁmg’i%sn oF a&he
to facilitate i ne recogni.tion,  the 32.apilaepicogene Ry e fuged,,
to the MHC type 1%anti gé%gmfhezié?n1gcyt3tox+c ge%%" as USéﬁQhEFEIn,

refers to a puglenld dgeseguensssidehne @¥RF £Sei @R cObrebinh (Arma cekl ps3
elicits a toxic effect. Exanples of the cytotoxic genes include

nucl eoti de sequeneeés0Zfdodi ng Pseedohrdnizdcidisrbxi Himyriecingcpeki f,on, 1¢he
di phtheria toxin and the like. The term"cytostatic gene" as used

her ei n, re$er§ntbg%tn<=neev%d%aih'dé%%\q1?€n6@,tft@héﬂﬂsxbﬁf%gi BREF™Whi ch i n

a cell induces an,arrest in.t | le | 5.0, t heos
Cytostatic genes  TRel G bl it koot ein paa hay paio s refers to @

retinobl ast omaugese;ide2kedbede,f usboaxpratsdion genehiqyenesaeneddi algicits
cycl i n-dependent kinase inhibitors such as pl6, pl5, pl8 and plY,
growt h arrest a2 speeidi ¢tAeReobdXAPERSS dgneth) YEIBASD HTGeRHD Lrctude

96/30385) . | “n%gﬁ%flﬁéi% s@qxgxée%t gneédizmerp_%eﬁ&&h&age@géulua%f,ulri'egb toxin,

treating variou Seases may be carried in the gene delivery
syst em of 1bhi siippyetiiaonoxNomnki ohé i ngeexanpl es of the therapeutic
genes include genes encodi ng cytokines (e. interferon-a

A “g-1 ’
interferon-13, i APEr fi&mBn-"SYARETRHiter P& %ON- 95, USEht SFF8tki nEetE Y. T° @
lL-1, IL-2, IL-4, 1L-6, IL-7, |

nucleotide sequeﬁce,L}%g’ekéféé%ion of which in a cell induces

an arrest in the cell cycle. Examples of the cytostatic genes

include, but are not limited to, p2l, retinoblastoma gene, EZ2F-

15 Rb fusion protein gene, genes encoding cyclin-dependent kinase

inhibitors such as pls, pl5, pl8 and pl9%, growth arrest
specific homeocbox (GBRX) 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

20 system of this invention. Non-limiting examples of the

therapeutic genes include g¢genes encoding cytokines (e.g.,

interferon-a, interferon-B, interferon-6 and interferon~y),

interleukins (e.g., IL-1, IL-2, IL-4, IL-6, IL-7, IL-10, I-12,

iL-19 and IL-29), colony-stimulating factors (e.g., GM-CSF and

95 G-CSF), chemokine genes [monocyte chemotactic protein 1 (MCP-

1), monocyte chemotactic protein 2 (MCP-2) , monocyte

chemotactic protein 3 (MCP-3), meonocyte chemotactic protein 4

(MCP-4), macrophage inflammatory protein la (MIP-1la}, macrophage

inflammatory protein 18 (MIP-13), macrophage inflammatory



IL-19 and IL-20), colony-stinulating factors (e.g., GWCSF and 25

G CSF) , chenoki ne genes [nonocyte chenotactic protein 1 (MCP- 1),
nonocyte chenotactic protein 2 (MCP-2), nonocyte chenpbtactic protein
3 (McP- 3), Wb Schenpt actic protein 4 (MOP-4), macFPopiEgWe/000657
inflammatory protein la (MP-la), macrophage inflanmatory protein

113 (M P-113), macrophage inflammatory W0;2006/ 091045

PCT/ | ZR2006/ 000657 12 protein Ig (MP-1y), macrophage i nfl anmat or%/
protein 3a (Merosadn l¥d¥iBphdlge P AFARIRL b’f*’é/l%\még%?h PIRTEM PR3 ANIE-30) .
chenokine (ELC), mnacrophage inflammtory pratein 4 (MP-4), .

macr ophage i APCARRRADGT ylfpfﬁsmwrs’ (%Oﬁ%?, S okae- méé“,ezmkm (BLC)
SI S-epsilon 5,(po0agd hynus: aadhcaeli valdariregul at egirehenoki R@crophage
(TARC), eotaxin, 1-309, human protein HCC 1/ NCC-2, human protein
HCC- 3, and nouSeapifdcaiyn gdéeinl ns ad@izti-on, tloesBherrapens) ¢ sgenessilon
i ncl ude genes encoding tissue-type plasm nogen activator (tPA) or

ur oki nase- By pelppPakni nogewsacendat aetivaidopAreqydréeadt | pRprrdigene (FARC) .

provi de sustai ned thronmbhaol ysis for preventin hyper chol est er ol en
Purt her , nucl GGEFYLY s oqUbTe cEmMairbF B 1T L Pehtrehtgh RgiFolsres

di seases i ncl ydiyng, Gust i Sroftigmlo%l%’] . %d,engéa-@gog,ea%@asc%egl%é&éi%ncafenes

Al DS and other 1 nfectio i seases, and nmalignant and i1 nflammatory

di seases are knpeWiad Ogeddr hencdaehyl ¢ Bsueheyppepiidshigenas. actheater meea)
"pro-apoptotic gene" as used herein, refers to a nucleotide

sequence, the eexpressimisecofywhi phasesddes i acttivetopr ogindmm®Blwehkrating
deat h. Exanples of the pro-apoptotic genes |nclude p53, adenovirus
E3-11. 6K (‘@eriordd friom AROHAE AGYPTEINSD adBRIWNYSLE3- foF sKpreventing

et e Lo SENRALL L B 9 20 ooy Tt I s AR
for treatment of various diseases including cystic fibrosis,
adenosine deaminase deficlency, &IDS and other infectious
diseases, and malignant and inflammatory diseases are known to
15 be useful as therapeutic genes.

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
inciude pS%3, adenovirus E3-11.6K {(derived from Ad2 and AdS5} or

20 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

25 extracellular secretion of anti-angiogenic factors. Anti-
algicgenesis factors include anglostatin, 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 results in the
extracel lul ar secretion of anti-angiogenic factors. Anti enes
factors i n&{QHas %ﬂﬁﬁostatln i nhibitors of vascul ar engspﬁgpgg@NMS7
grow h factor (VEGF) such as Tie 2 (PNAS, 1998, 95, 8795-8800), and
endostatin. WO 2006/ 091045 PCT/KR2006/000657 13 The nucl eoti de

sequences of interest described previously are avail able from DNA
sequence dat abasé$®sUtir 48" &¥hBY %&ﬁas EﬁBEnt?ﬁ%SbeH%P?ﬁﬂbegeﬁ§eV1OHSly
system of the present vention str ina rise

forns, preferaaEIy,‘fw(-’“L 2% ég H?é@% ﬁ)d%%%g%ges e (||)E¥P9£nkcﬁnd

(iii1) viral vesdser, or (iv) Ilposone or neosone contalnlng naked
reconbi nant DNA nol ecul e and pl asm d. The decori n-encodi ng

nucl eoti de sequemie naynde @ppheed tsosgemll®iulthet udesehtgeherention is
delivery systens useful in gene therapy, preferably, plasmd,
adenovi r us °( LowrRetFugRd eingla | VEFiatY Cdnc&prMRes. preferably, (1) naked

3:2075-2080( 1997 aden ssoci at.ed V|r S shfo S., et

al., Gene Theﬁﬁﬁ)%éﬁﬁﬁﬁbﬁw E@Eeﬁﬁﬁﬁ cati oﬁéas%ﬁ%ﬂ k Yit6hs BGOR. ©F
Meager, 1999), (_I_r\r?t r oML I el %Zl?ﬁéggor}(g-l c%ﬁtginlaflg 1nﬁ?§& O\féE@nlLblnant DNA
vectors. Cene herapy Technol ogi es, Applications and Regul ati ons Ed.

A. Meager, 19%ieclheatdnd pussmiddang G et al., J. din. Invest.

104(11): R55-62(1999)), herpes sinplex virus (Chanber R, et al.,

Proc. Natl. Acad.ThSciretSAin-@Acddilly hit5¢400E) peavarcts nea ¢ rapplied to a
(Puhl mann M et al., Human 20 Gene Therapy 10:649-657(1999)),

| i posone (et Hds iFrddoPECASEE dSEFBEY, SVBFe“lEQQUS%F‘% Basgehhd therapy.

(?ZIS:JV((E‘II’ESSSiSt EJU ogrpigle 9] asml)d Oracpe% %9”&5 I\{eggke&r ef Eff,able)é Ehh-er g@f‘fn,

Cancer Res. 3:2075-2080(1997)), adeno-associated wvirus {(AAV,
Lashford LS., et al., Gene Therapy Technologies, Applications
and Regulations Ed. A. Meager, 1999), retrovirus (Gunzburg WH,
15 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(19599)), herpes
simplex virus (Chamber R., et al., Proc. Natl. Acad. Sci USA
62:1411-1415(1995%)), waccinia wvirus (Puhlmann M. et al., Human
20 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 1is constructed by incorporating the decorin-

encoding nuclectide 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 decorin- encoding
nucl eoti de sequence to adenoviruses. 25 (i) Adenovirus Adenovirus has
been usually enpl oyed as a gene delivery system because of its

ni d- si zed é%%ﬁ@?"éﬁse of manipulation, high titer, wi JeTERRYELWE |
range, and high infectivity. Both WD 20061091045 PCT/ KR2006/ 000657

14 ends of the viral genone contains 100-%90 bp I'TRs (inverted

termnal repeats), which are cis elenents necessary for viral DNA
replication archdgackKadgiheg. viad HEencsgi cant&Es ald-EUB) bperif8dedinverted
proteins responsible for the regulation of 5 transcription of the
viral genone &fdmantew eRAAE) ar VhEHesaTeTHeL S S45FERET ore S SeRe fFpr viral
regi on (E2A a E2B) .results in.the . synthesis the .proteins fo

viral DNA rep{‘b?qg’atf%)rll.lcﬁl%%eﬁ%c\i/i a k] léltg(')r?hge\?ge oJf)e “So &élr% afnﬁ% ELB)
replication ifHcoRpet ent-AAEAGVI I Ussaavkpe t herdel etgd El dRALONoAS of
usually 10 used. The deleted E3 region in adenoviral vectors nmay

provi de ansi nseahkonimiitced bor tig ansgengsndrnBhizaruappaya,ceBlulir alkenes. The
Cell, 31:543-551(1982); and Riordan, J. R et al., Science,

245: 1066- 1073 xrg89§ion Thér efher B2 | regkorpr ¢éETk r eddt BEB) t r@sdétdriin- the
encodi ng nucl eoti de sequence is inserted into either the 15 del eted

El region (ELAYERRRIT g’ﬁdeB? rselayi ' vpref NApr§eligtECRegi on) or

the del eted E3 r%%iogeaﬁRﬁ?aPr%%EéggéydgggﬁvggplggeQaES %ggiqullpgiion

nucl eoti de sequence of 1 nterest red 1s preferab

inserted into gicdbhgtrddie LArhetedisFlhaviggi one (&EH1ALIEON - &NALOE sELBIa11y
i

region, preferably, ELB region) 20 or the deleted E3 region, nore
pref erabl yi0 t hesedel ehedd&letacedizomegTbe termérdeliesl ondctwirbthmay provide
reference to viral genone
an insertion site for transgenes (Thimmappaya, B. et al., Cell,
31:543-551(1982); and Riordan, J. R. et al., Science, 245:1066-
1073(1989)). Therefore, it 1is preferred that the decorin-
encoding nucleotide sequence is inserted into either the
16 deleted El region (E1A region and/c¢r E1B region, preferably,
ElB region) or the deleted E3 region, more preferably, the
deleted E3 region. The nucleotide seguence of interest to be
delivered is preferably inserted into either the deleted El
region (E1A region and/or E1B region, preferably, E1B region)
20 or the deleted E3 region, more preferably, the deleted El
region. The term “deletion” with reference to viral genome
sequences encompasses whole deletion and partial deletion as
well.
According to the most preferred embodiment, the adenoviral
25 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 1is preferably



sequences enconpasses whol e del etion and partial deletion as well.
According to the nost preferred enbodi nent, the adenoviral 25 gene
delivery s%stenlof this invention conprises both

"pr onot er - REAYIP1MR sequence of interest-poly A sequente KR§6/000657
"pronot er-decorin gene-poly A sequence". The pronoter- nucl eotide
sequence of interest-poly A sequence is prgeferably WO 2006/ 091045

PCT/ KR2006/ 000657 15 present in either the deleted El region (E A
regi on and/ or PEEBNY d@i @AY efher Alsllgte®1l regiion) (BYA tisgide| er@PrEFLE
regi on, nore greferably, t he del eted El region. Thejprongter-decorin
gene- poly A $BgHR&hcdTeSepiear #Py TRPEEENCT A 8 PRET-SChE dEF &t By Brre
5 region (El ' nd/ ion, .ef er y r.egi - -
the deleted E E%%%%%ﬁ?'n&?% g%e %%gdfa,mﬁﬁggde?g%egrgéﬁffeg%%%%nl%kne
addi ti on, thepadenovidqilengenes deldneebyl ¢y SieaniBYn €0elri $Be adeleted E1
bi ci stronic expression systemin which the nucleotide sequence of

i nterest and degorn niEdcodicngnnacd ot i XS IEgdequeprceiegrblyi nKE eaplon)
other by IRES (internal ribosone entry site) to form

" pr onot er - nucP&otihge IBRIEACEof FEHIEr e TR Fol HreferabienBe dsCdrFe E3

gene-poly A seguence | N Aare, 3enouliun 630 Bagkads ARy oxmBhely,

105% of the e genone, providing capaci a extra

kb of 15 DNA_{fhosh- Choudhiiik:ebnfd -, o EMBOsdon 651133 1439( 188¢h) - the
In this regard, the foreign sequences described above inserted into
adenovi rus mayubeediideheeqhiaiser bedihtd teadenovisalrin-bokeodiypengenansde
The adenovirus may be of any of the 42 different known 20 serotypes
or subgrodps Aefuerigensei timkadysech ofheyulbyr RS Glnseridle ripgeome entry
preferred starting material_ for constrfctLQ% t he .
site) to form “promoter—-nucleoti sequence of interest-poly A
sequence-decorin gene~-poly A sequence.
In nature, adenovirus can package approximately 105% of the
wild-type genome, providing capacity for about 2 extra kb of
15 DNA (Ghosh-Choudhury et al., EMBC 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
20 serotypes or subgroups A-F. Adenovirus type 5 of subgroup C 1is
the most preferred starting material for constructing the

adenoviral gene delivery system of this inventicn. A great deal

of biochemical and genetic information about adencvirus type 5

is known.
25 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



adenoviral gene delivery systemof this invention. A great deal of
bi ochem cal and genetic information about adenovirus type 5 is
known. 25 The foreign genes delivered by the present adenoviral gen
delivery sy ¥fs %?%geplsonal and therefore, have |ow §eHEREY F@&W
to host cells. Therefore, gene therapy using the adenoviral gene
delivery systemof this invention may be WO 2006/ 091045

PCT/ KR2006/ 000657, 16 _considerably safe. (ii) Retrovirus
Retroviruses CRPAbFRFAYca?1Sring rel atively | arge exogenous 5 genes
have been used as viral gene delivery vectors in the senses that
they integrate their genonme into a host genome and have broad host
spectrum In ordenit orenrRstitugt a retroviral vector, the decorin-
encodi ng nucl eoti de sequences and the nucl eoti de sequence of 10
interest to be tRafsPeirEsaceriserafedaraydng hee hWth gpl yehidive eHOgEROUS
pl ace of certain viral sequences to produce a replication-defective

virus. To Prodi§&&SviAYBndeeq ﬁﬁ@ﬂa@?ndﬁréélFeP?ngﬂéb%EEYrﬁ?ﬁfofﬁelﬁadhe

pol and env genes_bu t t R,

conponents is cons?r%&%¥(ﬁﬁ%§ 6&2& r%ﬁ% aﬁggp%ﬁ%ﬁ&' gg%% ?E%% §Q§%e and
When a reconmbifgatn-HLs8LE skaLAI ng the decorin-encodi ng sequence,
the nucleotide sequence of interest, LTR and T is introduced into
this cell |ine, tine aidaﬂmnanceoﬁdﬂnmms tsher&NAvtirahs oecpér of thhedecorin-
reconbi nant plasmd to be packaged into viral particles, which 20 are
t hen secreted qnﬁpélﬁl%enéﬁ@cq}rléenﬁ&ﬁ‘éer(‘ﬁsco?%js Hifd MHISPRLERI peauence of

ngt {):_)\Sll ;ﬂg ;/ﬁ.gl;[tlgrrgi’%sto F\%%/I%:J;[ Sxészeaﬁé uarveeylnosfertggl 1er(1:tuo| athec lvc:)er]!‘:tngenome

in the place of certain viral sequences to produce a
replication-defective virus. To produce virions, & packaging
cell line containing the gag, pol and env genes but without the
LTR (long terminal repeat) and ¥ components is constructed
15 {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
20 are then secreted into the culture media (Nicolas and
Rubinstein “Retroviral vectors," In: Vectors: A survey of
molecular cloning vectors and their uses, Rodriguez and
Denhardt (eds.), Stoneham: Butterworth, 49%4-513(1988)). The
media containing the recombinant retroviruses is then collected,

25 optionally 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



Denhardt (eds.), Stoneham Butterworth, 494-513(1988)). The nedia
contai ning the reconbinant retroviruses is then collected, 25
optionally _concentrated and used for gene delivery. A successful %ene
transfer uNhY'¢¥d%Second- generation retroviral vect or PAYERBME{00057
reported. Kasahara et al. (Science, 266:1373-1376(1994)) prepared
vari ants of nol oney nurine WO 2006/ 091045 {RPCT/ KR2006/ 000657 17

| eukem a virus in which the EPO (erythropoietin) sequence is

inserted in tHEWSFBER BirthelentielGpeteditoh, (<CIRBERAIFEL)) sequence is
produci ng chineric ot ei ns_havi_.ng nqvel_bindin roperties. Likely,
t he present gelﬁleseﬁg%g vérrlytéﬁs ér%cgaﬁ%bghceones "F&g %drgﬁl?’ac%oonrsﬁgﬁﬁ%gly’

with the constydeh L oy Sthat8dicesp fRk: hbe naecandnoganes 81di@g properties.
retroviral vector. (i1i) AAV vector Adeno-associated viruses are

capabl e of infigcking fien-prkBedt vehiagicaektsy anbtear conshd ypestoficted in
cells, making themuseful in constructing the gene delivery system

of this in®entdoonrddiee déthi Fee dessiiysttiions stortesiesantbpr eprar 86 FoH-
of AAV vector are found in U S. Pat. No. 5,139,941 and 4, 797, 368.
Resear ch resul3QeFaFiAVeEEoYeie d8Fi¥%ery systems are 15 discl osed

in LaFace et al, Viology, 162:483486(1988), Zhou et al., Exp.

Hematol . (NY), 21:928-933(1993), Walsh et al, J. din. invest.,

94: 1440- 1448(1994)iiandakl atelcecet al ., CGene Therapy, 2:29-37(1995).
Recently, an AAV vector has been approved for Phase | human trials
for the treatmentAdehocysidcdatpdr o5izeses0 aupi caPrehie aofecoMAatane M-

virus is made by cotransfecting a, plasm d containjng the gene of
interest (. e.d1v4&enYi ﬂejdeané‘ndaﬁ&rhg‘ﬁ ebtiFe © e(fﬁgbﬁ’e IB?W(‘ingt éggﬁt upRul

gle_ fielliggg;r ecsi; nLn: gg}%ggr@a/tmgh%é VLAY BE ST NRY ST EPEAL Snb MELAHGRE LR, Sfne

detailed descriptions for use and preparation of AAV vector are
found in U.S8. Pat. No. 5,139,941 and 4,797,368.
Research results for AAV as gene delivery systems are

15 disclosed in LaFace et al, Vicology, 162:483486{1988), Zhou et
al., Exp. Hematol. (NY), 21:928-933(1993), Walsh et al, J. Clin.
Invest., 94:1440-1448(19%4) and Flette 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.

20 Typically, a recombinant AAV virus is made by cotransfecting
a plasmid containing the gene of interest {i.e., decozin 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

95  type AAV coding sequences without the terminal repeats (McCarty

et al., J. Virol., 65:2936-2945(1891)).

{iv) Other viral vectors

Other viral vectors may be emploved as a gene delivery



et al., 1989) and an expression plasmd containing the wild 25 type
AAV codi ng sequences without the termnal repeats (MCarty et al.,

J. Virol., 65:2936-2945(1991)). (iv) Oher viral vectors O her viral
vectors mayWO#EPSyed as a gene delivery WO 2006/ 0910BET/KR2006/000657
PCT/ KR2006/ 000657 18 systemin the present invention. Vectors

derived fromviruses such as vaccinia vings (Puhlmann M et al.,

Human Gene Therapy 10:649-657(1999); Ri ,dgewavy, "Marmmal i an expr essi on
vectors," In: SYJEEFOLR; tAS sHFSRSP Lo BN B -ar’ SCFBRT nGeVeElofEORnyruses
their uses. 5 Rocgri guez and Denhar dh, ds. onecharf Byt terwort hTh
467- 492(1988)%"Bafehwal“dnd Sugden' “VEETdrs for gene fTanhster “7eraby
derived from any.gab-ENA 1%k US eS8 aglhaRs T @lmdndast a8 ss SxPasebey, of .
transferred genes,"” In: Kucherlapati R ed. CGene transfer. New York:
Pl enum Press, &kioid48(A986)veandrCavpatuiatr t0o@lng vEeners and their uses.
68:1-10(1988)), lentivirus (Vng G et al., J. din. Invest.

104(11) : R55- 6 XPg99y42z amhchemgsabasdtypl exdsyi r §5oRtanbePut Rrwosthg| L 467-
Proc. Nati. Acad. Sci USA 92:1411- 1415|(_11 95)) ,may be used in the
present del i veryf (dy88kins BRor alandidr £ ﬂ‘gerbot hve‘%/tt?ésde%brri AeYen&Langfer

nucl eoti de seq#égggnrg%of fk%ﬁ er gﬂma: nt g,Gel bﬁ'rus%?‘ (V%%AQ-ESHQEPWEand stable

. L .
Li posonmes are spont aneousl’y whén phosphol i pi are suspende

in an excess fxp2qYeois Jredidnk rdd RASQRBEPdi Bi:ekuchbEl Hi=g¢iak] ded. Gene
delivery has been very successful as described in 20 Nicol au and

Sene, Bi ochi mtBinephys. NACteyrki2 P1:8%n 1904082)1 7ahdd (1860l and eCoghar, et
Met hods Enzynol ., 149:157- 176é 1987). Exanple of comercially _
accessi bl d0r eagent §efor @&:dndf EEXGON Y. akeHElViERS | SVangsPnget iPosoresCiin.

i ncludes Li pOernCT}e%rp. nf04£(qll?(ggS?—%’z)(l95’&))p)osa%rée?1erpes simplex virus ({Chamber
R., et al., Proc. Natl. Acad. Sci USA 92:1411-1415(1995)) may
be used in the present delivery systems for transferring both
the decorin gene and nucleotide sequence cof interest into cells.

15
(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
20 Nicolau and Sene, Biochim. Biophys. Acta, 721:185-190(1982) and
Nicolau et al., Methods Enzymecl., 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
25 interact with «cells by mechanism such as endocytosis,
adsorption and fusion and then transfer the sequences into

cells.



entrappi ng the decorin gene and nucl eoti de sequence of interest 25
interact with cells by nechani smsuch as endocytosis, adsorption and
fusion and then transfer the sequences into cells. WO 2006/ 091045
PCT/ KRR006 MEOHBEH®194%9 | n anot her aspect of this inventi BRI/KRAWFR00SY
provided a nethod for delivery a gene, which conprises contacting

the gene delivery systemof this inventiqgg as descri bed herei nabove
to a biosanple containing cells. 5 Wiere the present gene delivery
systemis constrJ&t PSR hasPisi &F of P44 r IVapEePdr EBRSR rictPHIV e 2
contacting is f or pred s_conventional. infection nethods kno in
Che art . Tne TiPed: fon A Tkee ¢ derfy it Spherhd FEREs R nt Nyene

described in the; abpverseeheds publsi Gationsn 10 Mhenarpthendrasepbvoene o
delivery systemis a naked reconbinant DNA nol ecul e or plasmd, the

decori n- encodimgsaseueneeaanichgneel 2ot i de sequence to be delivered
are introduced into cells by mcroinjection (Capecchi, MR, Cell,
22:479(19860) and YHartablte argsvet raqrgulel JverGessBiolis FONSTQTEeqson the

1099(1985)), cal ¢ci um phosphate co-precipitation (Gaham. F.L. et
o i rol by B335 486 (97 TAREOCHORCARIE Cioky ais JOrackiA Ts mRpormed

7:2745-2752(1987) oration. E. al . 0.J,,
1:841(1982) an. %P‘J%“?%%‘hg? aﬁ%e%%éig&%%%?ol If“,%u’”“a: J7’16-’5’%5( T%]%B) y-ne
|'i posone- nedi atgdct{anfreebion (MOR0vidaKveto?d B weiCe@@cribed in the
10: 87(1980) and Ni col au and Sene, Biochim Biophys. Acta,

721: 185-190( 1982y ¢-akd\pobl atatdbnal ., Met hods Enzynol .,

149: 157-176(1987)), DEAE-dextran treatnent (Copal, Ml. Cell Biol.,

5: 1188- 1196( 1985)¥perandthar t PEt L BomsgRane At 1 {"edg S¥Ystel .  iPr o, naked

Natl. Acad. S%%bbm§z£§§%68bgg7g&a%3%&%' or plasmid, the decorin-encoding

sequence and nucleotide sequence to be delivered are introduced
into cells by microinjection (Capecchi, M.R., Cell,
22:479(1980) and Harland and Weintraub, J. Cell Biol. 101:1094-
15 1089(1985)), calcium phosphate co-precipitation (Graham, F.L.
et al., Virolegy, 52:456(1973) and Chen and OCkayama, 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
20 al., Gene, 10:87(1%980) and Nicolau and Sene, Biochim., Biophys.
Acta, 721:185-190(1982}; and Nicolau et al., Methods FEnzymol.,
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(1890}).

In still another aspect of this invention, there is provided
a recombinant adenovirus, which comprises an adenoviral ITR

{inverted terminal repeat) nucleotide seqguence and a decorin-



25 In still another aspect of this invention, there is provided a
reconbi nant adenovi rus, which conprises an adenoviral ITR (inverted
term nal repeat nucleotlde sequence and a decorin WO 2006/ 091045

PCT/ KR2006®98®310450 encodi ng nucl eoti de sequence; whePEVKRWOGMVEY n
protein expressed enhances a penetration potency of the reconbi nant
adenovirus into a tunor tissue and apoptosys of a tunor cel

infected with the reconbi nant adenovirus. 5 In the reconbi nant ,
adenovi rus of ephpdincnyantblentidthe WERSAFH proREiin elpr é§sggln  protein
i ncreases significant y qupengtratlont@ogency f the Eeggnblnant

binant
adenovi rus i nf6PER°¥3H EnPABGHESETS PRFEUY ubbor Teal [FECOmRinan

I nfect ed WthahQﬁoxFJ%%nangnta aa%apvuy@le eﬁﬁak'a@ﬂ: wﬁstheﬁraanewﬂocf cell
ef fi cacy of the adenovirus considerably 10 |ncreased A smal

portion of adepevifsd wIEROIA: irsckmeWantoadenovieaessary as Ci s

el ements (Tooza, J. Mol ecular biology of DNA Tunor viruses, 2nd ed.
Col d Spring Harbar tadoreatogbynar@oladenSpiiusg ofarbior inMeIYtJ'(OIQSI)‘l? decorin
al  owi ng substitution of large 15 pieces of adenoviral DNA w

forei gn sequeREBESIHAEIEIFET | YPCTeagRt nthd Wit Fet e GSBE%?t’?GFf’%b?%tenCy

cell 1ines SUCQ gen recoﬁblp$ébgeque9£§ag’lnkhe r§¥%§ngP§ %%%n9¥$6é5%15

conprlses t he ovira nce as an essenti al sequence

wel | as the dgcoli nyeBrodidig wﬂe@egad%&aq%em@&mhmﬁ@ geea&rm@
that the decorin-encoding nucl eotide sequence is inserted into

ei ther the dekgkefly Ethd effiedapbinliA JfEgaty antl/ are ElBnpeyien,considerably
preferably, E1B region) or the deleted E3 region, nore preferably,
t he del et é@ E3npég¢%ﬂi The nucl eotide sequence of interest to be

liver . g. ki he .
de ered (e.g Cytoall portion of adenoviral genome is known to be

necessary as cis elements (Tocza, J. Molecular biology of DNA
Tumor viruses, 2nd ed. Cold Spring Harbor Laboratory, Cold
Spring Harbor, N.Y.{(1981)), allowing substitution of large

15 pieces of adenoviral DNA with foreign sequences, particularly
together with the use of suitable cell lines such as 2593. In
this context, the recombinant adenovirus comprises the
adenoviral ITR sequence as an essential sequence as well as the
decorin-encoding nucleotide sequence,

20 It is preferred that the decorin-encoding nucleotide
sequence is inserted into either the deleted El region (ELA
region and/or E1B region, preferably, EIB region) or the
deleted E3 region, more preferably, the deleted E3 region. The
nucleotide seguence of interest tc be delivered (e.g., cytokine

25 genes, immuno-costimulatory factor genes, apoptotic genes and
tumor suppressor genes) is 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



25 genes, immuno-costinul atory factor genes, apoptotic genes and
tunor suppressor genes) is inserted into the reconbi nant adenovirus,
preferably_ into e|ther the deleted El region (ELA region and/or E1B
regi on, pr &fHUEIYISELIB region) or the deleted E3 regi BRTKRB}0000657
pref er abI y, the deleted El region (E1A WD 2006/ 091045

PCT/ KR2006/ 000657 21 region and/or E1B regi on, nost preferably, E1B

region) In nature, adenovirus can package Iy 105%.0f the
wild-type gen&ﬁﬁlorbrad\ﬂ/ﬂlrnﬁl%éﬁgé?lﬁy r‘i‘oﬁg ‘g% Ei%’xt}f‘ kB9 o?o

(Ghosh- Choudhury %t an:ure,El\é%Qngv:Lrlg jc%%?’p;zg’%el%%g}:))xmllé}eﬁyt Ii'b§% of the

regard, the forelgn sequences descri bed above inserted int

adenovi rus mayibe-tud hedndmaseptediditigo @agandvy r abr Wibaht tzypae<tgen0:nre.of
According to a preferred enbodi nment, the reconbi nant adenovirus of

thi s inventi omNéonffheskesChdvahinacervatled E¥BO19-gefel’33r07PRAETIG VAt ed?
E1B 55 gene or inactivated El B 19/ E1B 55 gene. The ter

"i nacti vat Pon"thitd cGIPGAct itBAR ﬁofﬁl@%né§qg%sheqe€icﬁlb?‘ef 8pgvg g inserted

conditions to render transcri andipr. transkaki on ogdegl%t;}%af Oyild-
nar Py e gy Phe

occur non- funcj’t ér é correct unction of proteins
encoded genes @g@n@én&%_el icited. For 15 exanple, the inactivated E1B
19 gene is a gene incapable of producing the functional EE 19 kDa
protein by mitaicbedind subst iptetémnmd addodimemt, ange pardeinainard agkobeirus
deletion) . The defect EIE 19 gives rise to the increase in

apopt oti ¢ i nciafen&lis ad@venel def EEPEIWs55thakdsagtFedsabi hisht 12 genes

adenovi rus .t unor - (see Korean

2002- 0023780) 1“&856Y%ﬁ%g%t1% §5p?%? er a‘“aﬁgl‘aamépgllgt %%%%&m PRant T
adenovi rus of (tAhis "ﬂya%%tlkfgfll&p”pﬁhse&rﬁﬂﬁc@ﬁd veiElA @eRs. JRR nerein
adenovirus carrying the active El A gene’is replication-

refers to conditions to render transcription and/or translation
of genes to occur non-functionally, thereby the correct
function of proteins encoded genes cannot be elicited. Fox
15 example, the inactivated EIB 19 gene is a gene incapable of
producing the functional EIB 19 kDa protein by mutation
(substitution, addition, and partial and whole deletion). The
defect EIB 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 ELIA gene. The
adenovirus carrying the active El1A gene 1is replication-
competent. More preferably, the recombinant adenovirus of this

25 invention comprises the inactivated E1B 19/E1B 55 gene and
active ElA gene. Most preferably, the recombinant adenovirus
comprises the inactivated EIB 19/E18 55 gene, the active EIA
gene and the decorin-encoding sequence in place of deleted E3

region.



conpetent. More preferably, the reconbi nant adenovirus of this 25

i nvention conprises the inactivated EIB 19/El B 55 gene and active
Ei A gene. Mbst preferably, the reconbi nant adenovirus conprises the
i nacti vat e H®PRI E 55 gene, the active EIA gene anfCTHE2006/000657
decorin-encodi ng sequence in place of deleted E3 region. WO

2006/ 091045 PCT/ KR2006/ 000657 22 According to a preferred

enbodi nent, the reconbinant adenovirus of this invention conprises

i nactivated E1B ge#ﬁforﬁﬂﬂﬁté@ E1A15§ﬁ8r5ﬁ@ HECHEDY i n Hhe TEAYEPYERT
into the delet%gno 1nﬂ§gﬁpnth1 %%gg E&ﬁpﬂﬁﬂ% qﬁ%%%i&ﬁ%&d EIB geneg,

her ei nabove conprises 5 nutatlons W th substitutions at am no aci d 45
GQu by Ay andmtamcmaalacgdn;izé_.r.acﬂﬂlebye@q/mr esneugsernet hentRp the deleted

(retinobl ast oma prote|ﬁ§'b|nd|n ion. nce c% ted and 53 .
proteins are Fpor 88" add*RBY &t 8 S es&ﬁ%%ea gxerg:u%? gnict i g%?ﬁ’lses
damaged g tyapr.celd smt%d%%w?@%nga@e ehibdeabidndingapidy taryt @nd
Ro 10 are actively replicated and then kill selectively tunor cells,

al t hough the Eﬁphpcatﬂ@nlbiI@Heﬁnvﬂﬂwse§SPQU$mhimlt@% R hosti@pblastona
cells by the action of Rb.. Theref ore,

f f
r econmbi nant a&%ﬁB@f?ug%gmﬂﬁglﬁ%ﬁﬂﬂ%a?ﬁBﬁ% mﬁﬂﬁ 5 ACH&yFﬁOtEl%ﬁ are

descri bed abo%ﬁe@@ﬂtbﬁuﬁﬁ@ﬁ&é&éﬂﬂﬁﬁr@3§ﬁﬁh dﬂicé@§0i§hdﬂgnﬁﬁlﬁdﬁllgDsﬁmaged
preferred enbodi nent, the reconbinant adenovirus of this invention

conpri ses a stmucwmpe coifls,| FREMP-raEEB- b@@mferﬂleeémwgg@ﬁélbw yEoA Rb
sequence" ch . th ter-decori n ol c
| r}O tﬁé‘edglcgi' gl;ggre%glcatecﬁfél thg E ﬂ sy e § f&gfncﬁ%mbfece ls,

present gron nost pre era e “exanp
the present ongehyhie tr@deagy1émoha5faa@@nﬁntﬁsmpsr enhEtSﬂJ’etdednblyormal

Fig. Ib. The reconbi nant adenovirus of this invention shows hl%
cells by the action of Rb. Therefore, the tumor specilicity of
the recombinant adenoviruses having mutations in the Rb binding
region described above can be greatly increased.

15 According to the most preferred embodiment, the
recombinant adenovirus of this invention comprises a structure
of “ITR-ElA-AElB-promoter—decorin gene-poly A sequence” in
which the promoter-decorin gene-poly A sequence is present in
the deleted E3 region.

20 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 tumocrs
compared to conventional anti-tumoric adenoviruses and

25 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.

30 Tumor tissues are not agglomerates composed solely of tumor



i nproved transduction (penetration) efficiency into tunors conpared
to conventional anti-tunoric adenoviruses and 25 apoptosis potency as
well. These inmproved efficacies are ascribed mainly to decori

ef fectivel Y UEYYYd&ext racel lular matrix and increase gﬁylgpaqop@(mﬁs*/

potential. Consequently, the reconbinant adenovirus of this
invention exhibits dramatically enhanced:zencolytic effect. 30 Tunor

ti ssues are not 3gggomerat conposed sol el L tunor WO, 20 /081045
PCT/ KR2006/ 0006337 25 CETTRL LT b Grrpl P ERT o SEPEEL @ ™F B {hrood vessel
conpri sing bl ogd yes5e] cealrig ”B{ M+ GeLL S, tﬂepé&ﬁde%l&é@é ttél%e (in tunox

connective tissue In tunor issues is generally rigi

ti ght extraceldigkaes nad rg@herauxy otiRdHNgnd UrinsC el disc eliheaeénrua,ar matrix
anticancer drugs as well as 5 viruses cannot penetrate effectively
into tunors, swrrhatdidweyungenesldisl.y Texhdfsice, aaniivapedr amtigst arorell as
effect. Such obstacles can be overcone using the reconbi nant

adenovi r us Sof HALESs | FYEIRY GFebTRE MfA§otHE dedBEP ntyutfe, A8 that they

demonstrat ed | LEXATP] efeser Lhad ieceunderno e o10.AdN0M U5 0fcaes

this inventi off W th F'Hsert 8d "decori n géne sp reads ev

into the centef,of éurERfer%Bﬁ@r Qisdﬁgasthé’\euec&&ltnﬁﬁﬁr aﬁiéhfv@gﬁjs Fok |tfhls
vVivo tunor tissues, the decorin- expressing adenovirus of this

i nvention spraaﬁb&nmnﬁkelc;omaﬂnmgemhéedieycctrdnt fenedi stal site from
injection site (needle track). 15 The inprovenent in the transduction
efficiency acconpisi stisobgtratied déoor Enzexpriesslengrachoviargenfier, the
obvious even to be easily differentiated wth naked e It could

be appr eci 19t ecPdteﬁ‘af’lr‘f%eofnﬁPb?/ednY‘?rétﬂsoa‘ud’HtBn e |Jﬁ5§¥5‘§/ i §egRryp gene
consi derable compared gaacrgOUéve% 3 Q! d encLy g b8 LLARSAUEhL AN as as

efficiency 20 of pre r éat ent of proteases suc
col | agenase/ di,&0aS@s0kheir surface. For in vivo tumor tissues, the decorin-
expressing adenovirus of this invention spreads widely and
remotely to the distal site from injection site (needle track).
15 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 is very considerable
compared to about 2-3 fold increase in transduction efficiency
20 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 tumcr-specific
25 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



trypsin, elastase to degrade elasitin or hyal uroni dase to degrade
extracellular matri x. The enhanced spreading effect within tissues by
decorin can reatly increase anti-tunor efficacy of tunor ecific
25 oncolytﬂg)gﬂgﬁﬁ rus. This inproved anti-tunor eff|c5€VK#§VﬂH@ﬁ”
exhibited in replication inconpetent adenoviruses as well as
replication conpetent adenoviruses. The enhanced ability of
adenoviruses to induce a tosis by decorin is surprising and WO
2006/ 091045 PGWPR?&BUE%@EB@S? 24 non-anticipated. In further aspect
of this invention, there is provided a pharmaceutical anti-tunor
conposition for treating a cancer, 5 which conprises (a) a

t herapeutical | y eahf entricver agopertt off t tiei s evordpithamt aderovis usrovided a

descri bed previously; and (b) a pharmaceutically acceptable carrier.
In still furth’é‘ﬁrﬁé‘@tttlcéf- PRS- FHRAENt FOROSERERTR £QT proe%a ded aa cancer,

met hod for _tre g _a cancer ch (of0) |ses erin
ani mal the® ph&&‘r‘rﬁgeﬁf’ﬁﬂ%ﬁﬁse&nt(a\‘\?ﬁmpeﬁ F5di tallg’ﬁ %&e f&ég%r | %O%P ab vgc
The reconbi nant, BHENOMT US, %080 3Ct | 4854 NEdI 8PLyidhshe b) a

pharmaceutical conposition Is the adenovirus of "the preSent

i nvention desghizbrécheriehnapaeepisbideszetose the above 15
descriptions can be adapted to the reconbi nant adenovirus of the

phar maceutical cdmpesiil dmrtAecorshengl y§ tihhie commmriondesicgigtiisonsovided
between themare omtted in order to avoid undue redundancy | eading
to the conpl exd tBetdPdt APE SpRAGMECAt iIGACSTo \é‘?#“ébt‘i%lfys%ﬁ i }qministering

anti-tunor, _effect by reconbinant . 20 adenovi uses |s necessa
that virud@s ptr ol i"‘]f'leralémg:ﬁdq1 PR3 Coeu%éfag bSFi ngt%me I sc?né{)otsélr %(Illla

the growt hr atcfaesgj:lbed above.

The recombinant adenovirus as an active ingredient in the
pharmaceutical composition is the adenovirus of the present
invention described hereinabove and therefore the above

15 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 by recombinant

20 adenoviruses, it is necessary that viruses proliferate and
spread to neighboring cells faster than the growth rate of
cancer «c¢ells to induce onceolytic effect. In addition, a
successful cancer-~gene therapy using adenoviruses requires
enhanced safety as well as high therapeutic benefit. The

25 decorin-expressing adenovirus of this invention increases both
viral spreading and apoptosis to exhibit significantly
increased anti-tumor effect. In particular, the recombinant
adenovirus of this invention having deleted EIB 55 gene shows

excellent tumor-specificity in cytotoxicity. For this reason,



cancer cells to induce oncolytic effect. In addition, a successful
cancer-gene therapy using adenoviruses requires enhanced safety as
wel | as hi%p therageutic benefit. The 25 decori n-expressin

adenovi r us Y& 2004924045 hyent i on i ncreases both viral spreﬁﬁpgﬁﬂﬁﬂﬂmﬁn
apoptosis to exhibit significantly increased anti-tunor effect. In
particular, the reconbi nant adenovirus ofsthis invention having

del eted El B 55 gene shows excellent tunor-specificity in

cyt ot oxi city. ther dekpPsinea®sass NG 20B6rUH10% 50 PCTHIRIOVERODB5L 1% to
t he decorin-expressing adenovirys of this invention allows to  ficantl
decrease a doS&§EcfdT éaﬁﬁé?g?hg?ﬁpﬁ?n?%ﬁhﬁﬁ%ﬁ§p¥igﬁﬁ Fedif grentreantiy
toxicity to nqgal;cel s apd.undgsikabl g iadee J0actielsei Readd MRsD in
Si nce the reconbi nant adenovirus of this invention has oncolytic
effect to a wweovariety of tunor cells, the pharnmaceutical
conposition of this invention is useful in treating tunor-rel ated

di seases, Bncl udisigcebr aile capceryinast ormiehoraneer of skihiscanee@ntipundias
cancer, breast cancer, 10 ovarian cancer, |iver cancer, bronchogenic
cancer, nasopigeyigtal efaReer ,tq afynledt CAACEHY &lophEls éﬁﬁgér the
pancreatic Cagﬁ@?@gqgﬂ%d% cancer, prostate

cqpc I I&g}gn . an%g% .
. 3 i usgfnl in
and uterine c ? car?cer .c |Héjs Er%l" tOI’ ea‘frﬁent gna@é l.IOSed:L ereln,

refers to (i) tlﬂ}re%‘é@l@%i op.0f - LUARELPENESiisebi | ) 1481 &UPRI €$3hOA aBncer,
curing of tunor-related diseases or disorders by eradicating tunor

cells; and (iidtomakheviaideen ofkiminaanceéel atedgdi seases obralssor denser,
by eradicating tunor cells. Therefore, the term"therapeutically
ef fective l@noumvatrias usedncévor ei nlieans afrr&Rdbunt SEPFFHASEALCt o cancer,

achi eve the pharmaceutical 20 effec& descri bed above.
nasopharyngeal cancer, aryngeal cancer, esophagus cancer,

pancreatic cancer, bladder cancer, prostate cancer, colon
cancer, and uterine cervical cancer. The term "treatment" as
used herein, refers to (i) prevention of tumorigenesis; (ii)
15 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
20 effect described above,

The pharmaceutically acceptable carrier contained in the
pharmaceutical composition of the present invention, which is
commonly usea in pharmaceutical formulations, but is not
limited to, includes lactose, dextrose, sucrose, sorbitol,

25 mannitol, starch, rubber arable, potassium phosphate, arginate,
gelatin, potassium silicate, microcrystalline cellulose,
polyvinylpyrrolidone, celiulose, water, Syrups, methyl

cellulose, methylhydroxy benzoate, propylhydroxy benzoate, talc,



The pharnaceutically acceptable carrier contained in the
pharmaceutical conposition of the present invention, whi ch IS
commonly used in 9phar maceutical formulations, but is not limted t

i ncl udes | X9 P Yaxt rose, sucrose, sorbitol, 25 manni FBTWQ“&’PQ?H” >

rubber arable, potassium phosphate, arginate, gelatin, potassium
silicate, mcrocrystalline cellulose, polyvinylpyrrolidone,

cellul ose, water, syrups, nethyl cellulose, nethylhydroxy benzoate,
propylhydroxyﬁ@€ﬁ2®HF% fﬁ@ﬁéatWK)2@@%/0@29#@—PG?#RRQO@E#OOQGGWaC?@HCal

nagne5|untstearate ner S. har maceuti c

Rocording to tiEPprbEER PAAEAPEn ay For PREPITY nol AR a0l JB catoer
a hunectant, %n%‘ﬂ’ﬁ&ée%erlutﬁu%ﬁéforbngmrréé%é‘ﬁn, ap %%E@érféxer1aaflavorlng
suspendi ng agent and a preservative. 5 The pharmaceuti cal

conposi ti on aceend] ngh teaul berprresSendusdeAdEnd | 2 nARYae aafdhe 4 hel ed
via the routes used commonly in gene therapy, and preferably,
adm ni st er @d par éveer ghdrynaceueical byomprsidvenouwscordinmpéri tdreeapresent
i ntranmuscul ar, subcutaneous, or |ocal adm nistration. For exanple,

t he phar mac eutinyant ien d@ﬁkbé@l taidélﬁnh%‘iﬁrl?éi HdAi APt BPwes used commonly in

|ntraper|toneall % treat ari ncer_.and. i.ntravenou treat
| i ver cancer, &l r @? | nj %t é’ﬁe?%ré:ﬁ i bIadm %%rereg a]t’emst[ rea?y TS

breast cancer ., byain.£ancer lﬁttdaatef@@o@éut neglt :GARSEN1ardl F &d¥aneous,
injected to enema to treat col on cancer, and directly injected to a

15 catheter tadreaatabl agtemicaneeian.A gurt abk&npdes agehanopiirmatettiscal
phar maceuti cal conposition of the present invention may vary

dependi ng 18n pﬂr@alpﬁat@tﬁni capy fher nﬁﬁlaitl‘ii@ﬁeﬁé‘# hoas$ rapeiiitenset bt i 6a treat
net hods, the patient's age, body wei sex, pat ho enic state,

diet, adm ni StYALEdR tFHRECT20288 i H 5??‘6‘?115? oliPe, TRRR tex HdEF onSRGE

and Sens'tl\“téﬁre8£l§ilnjected to visible tumor mass to treai breast cancer,
brain cancer, and head and neck cancer, directly injected to
enema to treat colon cancer, and directly injected to a

15 catheter to treat bladder cancer.

A suitable dosage amount of the pharmaceutical composition
of the present invention may vary depending on pharmaceutical
formulation methods, administration methods, the patient’s age,
body weight, sex, pathogenic state, diet, administration time,

20 administration route, an excretion rate and sensitivity for a
used pharmaceutical composition, and physicians of ordinary
skill in the art can determine an effective amount of the
pharmaceutical composition for desired treatment. Generally,
the pharmaceutical composition of the present invention

25 comprises 1 x 10° - 1 x 10' pfu/ml of a recombinant adenovirus,
and 1 % 10*° pfu of a recombinant adenovirus is typically
injected once every other day over two weeks.

According to the conventional techniqgues known to those



used pharnaceuti cal conposition, and physicians of ordinary skill in
the art can determ ne an effective anount of the pharnmaceuti cal

conposi tion forldesired treatnent. Generally, the pharnpaceuti cal
conpositioﬁnbymfﬁgmﬁresent i nvention 25 conprises 1 x 1 CTER2006/040§575
pfu/m of a reconbinant adenovirus, and 1 x 1010 pfu of a

reconbi nant adenovirus is typically injeeted once every other day
over two weeks. .Acc rdin? to the conventional te hniﬁues.Knomn t

Chose VIO 2006/ 61038 PeTIRR2008) 00TBS= 37 6k 11dd FRUCHE 4T PG Sing
Do g to (e IReRabiRh SRALEI AL A(E-hego TP Al BIRIAY fention

phar maceut i calday asgepiabheacad r vetn andrabcyvehicehey asdepesvedcarrier
above, finally providing several 5 forns a unit dose formand a
mul ti-dose foramd/Nen~ehitlid ngs exanmpleesl givovhe fForamlvatpovsding| geesral

but not limted to, a solution, a suspension_or an enulsion in oil
or aqueous “mediURF canvehd rdete Aprtel fREr @ AShadise af YiandiR-lamiting
tablet and a capsule, and _may furiher conprise a dispersipon. nt__or
22000 stabi 11 Z8PRBIEE BRarhRe SOET L BB LG PR e npiga ol a
reconbi nant  adaneyis Us, aGGRERLi M 12 LRCR1838AT 4 MMENLL OB IERY:sPRedium,
utilized alone or In conbination with typical chenotherapy or

radi ot her apy. Sucdktraehj nahi @nikher apy ppayedhe aDgeaefifeectd vieaHlrt1lEnd a
treating cancer. The chenot herapeutic agents useful for the

conbi nati on t lrearapyei n@hddearayi spiihen, arbopt ati rdispgrecdr bageme, or @
mechl or et ham ne, cycl ophospham de, ifosfam de, nel phal an

chl or anbud® , Hieddit §%? ni kosour ea, dactinomycin, daunorubicin,

doxor ubi ci n, bl eqqycin,.  plicomci {qﬁbggyggdy Fg&hgygqggsiggg, recombinant

n
. l ]
tanmoxi fen, taxol, transplatinum 5-F1 dor our aci
adenovirus according to the present invention may be utilized

alone or in combination with typical chemotherapy or
radiotherapy. Such combination therapy may be more effective in
15 treating cancer. The chemotherapeutic agents useful for the
combination therapy include cisplatin, carboplatin,
procarbazine, mechlorethamine, cyclephosphamide, ifcsfamide,
melphalan, chlorampucil, bkisulfan, nikosourea, dactinomycin,
daunorubicin, doxorubicin, bleomycin, plicomycin, mitomycin,
20 etoposide, tamoxifen, taxol, transplatinum, 5-fluorouracil,
vincristin, vinblastin and methotrexate. Examplies of the

radiotherapy useful for the combination therapy include X-ray

illumination and y-ray illumination.

25 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



vincristin, vinblastin and nmet hotrexate. Exanples of the

radi ot herapy useful for the conbination therapy include X-ray

illum nation and 9y ray illumnation. 25 In another aspect of th

i nvention, WHEPEIS,r ovi ded a  phar maceuti cal conposi t?SHKIRS?“’“O“S"
inproving a penetration potency of a nmedicanent into a tissue, which
conprises (a) a decorin protein to inprowg the penetration potency
of the pharmaceutical conposition into the tissue; and (b) a WD

2006/ 091045 PCEHRR26DS7 G0 S?aCGZ?QtBH%ﬁ fgdéutieal 'y accept abl e

car ri er. The decqlr d%r ot EI I})I.'%%nt & (poen aE.Zhleur g]ar (a:%%cl:e({l 1aap@o?n%lo 9 101

of this invention may fe* bbtHiCred” fFom na ources an

conventional DNA fecoOMbifant ocheehnolgi 85:aifdbt HRERDRcukd S Bources ang
fragnents are enconpassed in the present invention unless they are

inactive in thertegracatl onvdf mcomateddwl apciwatlogXes Theurthermore, its
pharmaceuti cal conposition may be adm nistered prior to or
si mul t aneo®s| yERAIMANBYNE T STYCRPPBHIEST derthgi ﬁrﬁﬁtca}ﬁ*ﬁﬂ’f‘thnn unless theY

addi tion, the har maceut i cal 03| i.on_ma a

e chnont - THE AP FERIERoSe CBREBLRT I o A rege) KOG Panet
degrades ext acel | Ar hmgegsﬁ%gﬁoe&ﬁmgt&bﬁsaw He0 alaﬁlﬁfg&%edprpa/r to
medi canents to enhande tissue penetration of nmedi canents, 1ncreasing
significantly & phacanressdegnoakiaf facﬁaays@fatlﬁﬁdbﬁadmmn A&iitaent. In
pharmaceutical acceptable carrier, admnistration route and nethod,
and formul ati onidigiothetipr edenta pherigat ectnieal ti o mzosifur bregreemprise a
described with referring to descriptions for the pharmaceut i cal

ant i - t unorlCcorEEiCaReRt of Thhi B HASREESR2 s COMREHLSRd Opr eVisusinyentipn

particular, the ni giée”% aceﬁﬁ@f rU a%% 200 SURATLS 1A |85 PLENES AL Yereq

adm ni ster ed par enterart
by medlcaments to enhance tissue penetration of medicaments,

increasing significantly a pharmacological efficacy of
medicaments.

15 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 previocusly. In particular, the present pharmaceutical

20 composition is preferably administered parenterally, e.g., by
intravenous, intraperitoneal, intramuscular, subcutanecus or
transdermal and local (e.g., direct injection into brain or
breast tumor mass) administration. Generally, the
pharmaceutical composition of this invention may ke

25 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



i ntravenous, intraperitoneal, intranuscular, subcutaneous or
transdermal and local (e.g., direct injection into brain or breast

t unor nasshiadninistration. Cenerally, the pharmaceutical

conposi ti off AYWIYS| nvention may be 25 adnini stered | REHKBHOAW6t

0. 0001- 100 ny/ kg. The nedi cament to show i nproved tissue penetration
by the pharmaceutical conposition of thisginvention includes

chem cal drugs and biodrugs, preferably, drugs‘mhose tissue
penetration WOs2066#00KE454 Poy/ REZO06) HOFE5 P2 tolty & Jet eF T OISARERT HRFUIS -
extracellular matrix, e.g., anticancer drugs. |In still another

aspect of this invention, there is provided a pharnaceuti cal

conposi tion for trheating acdhseaspeer 5rcandi thommsapctaded iwi phovided
accurrul ati on of excess extracellular natrix, which conprises (a) a

t her apeuti cal lay efbestcareigabuntompisiaidecofdn proiadiingor aa ¢gesrrse or
delivery system conprising a decorin-encoding nucl eotide sequence;
and (b) a SphaoREEEiRT FHSOFiAEREIIEHI & CCHPY 1o 6 TRECHHarsiacaae LHar

conposition of this invention degrad effectivel. r | Lyl ar
matri x surrourd@ithg*t i ‘gréltfé’s FEPREYE aeea%t Rer&pat elug% ??%a%/f%ghylég amount

di sease or congdi ti O@ecaosﬁﬁc'p%ﬁglﬁ“ bLh aageHaubal{ N OrsydepRsSkbh®i Qhg a
excess extracellular matrix. The phrase "accunul ati on of excess

extracel | ul ar g@bkix ed®ansg 15 exeesstie@ depesiqtémre;of cenponentls) of a
extracellular matrix such as collagen, lamnin, fibronectin and

pr ot eogl ycan tohadasege:iceildy resepkalpigansrié¢inal |y causing fibrosis.
The di seases or conditions associated with excessive accunul ati.on %LS

extracel | UPar matTiex RAGTBECEdaPed BEPPRE- 20 Br eSerit Jp‘hv_ff]ﬁéE%ufl reat
gggP?S: ;[i/g::] ICPe?grf%gglug%ll%rrpgﬁ%%_ﬁé%lq}l%g ﬂ%%?ﬁ?e&rrggﬁdﬂﬁt éilsgllégdt(; Ghave a
therapeutic efficacy on a disease or condition associated with
accumulation or deposition of excess extracellular matrix. The
phrase “accumulation of excess extracellular matrix” means
15 excessive deposition of components of extracellular 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 teo, scar, liver cirrhosis, pulmonary
fibrosis, glomerular nephritis, adult or acute dyspnea, hepatic
fibrosis, renal fibrosis, mycocardial fibrogenesis following
myocardial infarction, fibroeystic 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



fibrosis, glonmerular nephritis, adult or acute dyspnea, hepatic
fibrosis, renal fibrosis, nycocardial fibrogenesis follow ng
nyocardi al infarction, fibrocystic disorder, fibrotic cancer, 25
veno- occl u¥QA0PEFone and renal stroma fibrosis. Bot hPSHER2WENWEYH
by wound, burn or operation and excessive scar such as kel oid may be
treated with the pharmaceutical conpositisgn of this invention. The
gene delivery system conprising a decorin-encodi ng WO 2006/ 091045

PCT/ KR2006/ 00085725t hucia@yerae sttjuerte itBePtesctiBed WifeRring  to
referring to desct pghgnsopftggeggﬁgedggkbgﬁgz?g%éggngpftkgés&nyﬁ%rion

i nvention discusse% erei nabove. cori €i h ¢containe

phar maceut i calqiceposd t irdre@hatdies | AVENt LOKCRY BecobiAl NeR i fEPM e
nat ural sources and conventional DNA reconbi nant technol ogies.

Furt hernore, ighsrhcagnentd avepencdmpassediiis theenpie@seniy i byeabtHihed
unl ess the§ are inactive in the degradation of extracellular nmatrix.
The phar maceuti*@Rl d@tEpeabl ECeHE®T er 20AdnicANEETEHINAA r GlRe rBFomhihant

net hod, and faqrnulation for, the present rmaceutical conposition
are descri bedocv?nc Hoi%grleersri %&r%fﬁ&%ﬂb"ﬁp SIPHHTS AE PRATHREEET | thithe

anti-tunor compasLhi of, Al iBLS Wb WENTLQN, 8¢ %ESH?&%%@%@ WY aad fbn

particul ar, the present pharnaceutica conposition Is

preferably admsmistesedibyat mansdermal 15 adm nistration. The

formul ations suitable in the present pharmaceutical conposition

i ncl ude oi nt nent Thgelphacneamticsbl atdaprzbdpr ayyrigat chdahdi dtabkbim route
General ly, the pharmaceutical conposition of this invention may be
adni ni st erfd i¥9a BISRGe 0. BOTLLIE06°RY/Teg. PG Present pharmaceutical

composition are described with referring to descriptions for
the pharmaceutical anti-tumor composition of this inventicn as
discussed previcusly. In particular, the present pharmaceutical
composition 1is most preferably administered by transdermal
15 administration. The feormulations suitable in the present
prharmaceutical composition include ointment, gel, cream,
solution, sSpray, patch and lotion. Generally, the
pharmaceutical composition of this invention may be

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

20
The present invention provides a novel gene delivery system
and recombinant adenovirus comprising the decorin-encoding
sequence, & gene delivering method using the gene delivery
system, a pharmaceutical anti-tumor composition comprising the
25 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 extracelliular matrix.



The present invention provides a novel gene delivery system and
reconbi nant adenovirus conprising the decorin-encoding sequence, a
gene delivering nmethod using the gene delivery system _a

pharnaceut?ﬂ%ﬂoa%ﬁyﬁ§tunDr conposi tion conprising the 25P¢EEBHIF LMY

adenovirus, a pharmaceutical conposition characterized by inproved
ti ssue penetration potency and a pharnmacegutical conposition for
treating a disease or disorder associated wth accumu] ation of

excess extracélFAFa et %S WS 26/ 0T EB45°PCTPRREBD 61 DOTEEP s Fate for

According to the present invention ecorin is responsible for the.
ror ovenant 1 1B SREBBR. Sh FERy R bbhosr e 31 Feepbe Mfisey

i ncrease tunmrioCehbrdddel kRPNt ka1 idapetdiakh Yar maBREER Y.
DESCRI PTI ON OF THE DRAWNGS Fig. |a schematically represents a

genetic map of decorin expressing replication-inconpetent
reconmbi nant adenoviruses (dl-LacZ, dl-LacZ-DCNG dl-LacZ-DCNQ and
dl - LacZ- DCHK) sriadr pryvmrpspacids en® mEawyies reconbi nant adenovi ruses

(Ad-LEI B, Ad 10 aElB- DONG_ Ad- 8El E- and Ad- DEl S used._i ,
Beanpl oo, 1 TR WETHoZ" 1P TBAN AT POTER 057 cBeht Ty ePraac decorin

term nal repealkprsSSURNCesefackedsh-Sagueht@nt! aGe£oRSHIRRCE, adRhel Blukes
| X gene, CMW pronoter and poly A sequence, respectively. DCNG

represents thelwkdekt ypge-teeordHGgendl -Tard-POND and DNCK-agpPel@nt and

nut at ed 15 genes _in_whi.ch E180 am.no_acid.in (he. |leucine-righ_ at, .
Fog on of "t he SPH P0e 8o T Rerer B oA A oS re L Pttt B -DEES e
E180Q andoEl8@Ks-s@spectyeln pchbgand lrsehesatdzal hiyed epf e@AbSed. ITR,
nore specific genetic map of the tunor specific oncol ytic adenovirus

Ad- AEl B- DCNG df 1202t h&Xpr@Serind Rpénfi GAPTFIGT 2nVeT B hHGrBgRaphrepeat
showi ng the r%@ﬁhéﬁcéﬁ é@%ﬁ%ﬁ@nsgbgénce, lac Z sequence, protein IX gene,

CMV promoter and poly A segquence, respectively. DCNG represents
the wild type decorin gene, and DCNQ and DNCK represent mutated

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. 1lb schematically represents a more specific genetic
map of the tumor specific oncolytic adenovirus Ad-AELB-DCNG of

20 the present invention.

Fig. 2 is a photograph showing the results of Western blot
analysis indicating that the tumor c¢ell line, Hep3B infected
with the decorin-expressing tumor specific oncolytic adencovirus
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-lacZ-DCNG, dl-lacZ-DCNQ and



anal ysis indicating that the tunor cell line, Hep3B infected wth
t he decorin-expressing tunor specific oncolytic adenovirus of this
i nvention (Ad- AE1B- DCNG, Ad- AE1B- DCNQ and Ad- AE1B- DCNK) 25 expresses

the decori WPt Figs. 3a and 3b are X-gal staini ngPFHE§EYE000657
verifying the transduction efficiency of the decorin gene in human

tumor cell line (Fig. 3a) and human norme, cell line (Fig. 3b) that
were infected with the decorin-expressing replication-inconpetent 30
adenovi ruses ot tRFEFAUEnti on (dl -1 acZ DCNG, dl -1 acZ DCNQ and WO

2006/ 091045 PCT/ K 6/ 00657 3 ac ) is a .
phot ogr aph of X—gsﬁggt aipnl g rperb?zcg Sen %’nggl %)G\I\I% tsrtc?l ‘i’“% representmg A

penetration ofy,ihe @@§§Ué'bb%é@fé%%ﬂnngfrgﬂél&éﬂdr@ﬂ ee%ﬁ?gpﬁ eﬂﬁﬂlcatlon—
adenoviruses of this invention (dl-lacZ, dl-lacZ 5 G dI-1acZz-

and- dl -1 acZ- DOMKpmpatent! imoRBsss & Gt aShldJM&enUBJrNGde;’i%Azandl lacz-
A549. The left panel is an optical mcroscope imge (x 38) of X-gal
stai ned tufor Gf¥s, ddndaedrdCup g‘lﬁtﬂ ganéfcz AENEpt ilohd  pimyosToFe aumtgeas

(x 40) of freurzﬁe dried sections of tunor mmss stai ned with X-gal
Fig. 5 represemt’s’LatZ"t aimiPhg FE5uft s vel 1% yitAgt t RERH ¥ v"i‘i*tPEE’tFe"‘l

penet rat on palenbaloofi e TEPIkgat o LNCoNPRLANt AdENGYLL V8% Y

this invention (dl

dl -1 acZ- DCNK) 4iiRkthe pa&mr, RASSpEUGN aScr e WRBLIG, (xCIBA o HenRB 808 i eq
A549. 15 Fig. 6 represents the results of E (cytopat hic effect)

anal ysi s denpnstatabing &t hemoncelsyt stajpaidentyh of-ghhe tunor  speci f| C
oncol ytic adenoviruses of this invention (Ad-AE1B, Ad- AE1B- DCNG

Ad- AE1B- DGRQ and FAd- AE1 B-9RERRF t+h Repfans EaATondc el ul F3 nesr{34g, the in
Us7M5G C33A, HepBB a,tnd A549) angrat&urran nor.mal fll

perne ion potentia the replication-
incompetent adenoviruses of this invention (dl-lac®, dl-lac?Z-
DCNG, dl-lacZ~-DCNQ and dl-lacz-DCNK) into tumor mass such as
U343, UBTMG, C33A, Hep3B and Ab49.

15 Fig. 6 represents the results of CPE (cytopathic effect)
analysis demonstrating the oncolytic potency of the tumor
specific oncelytic adenoviruses of this invention (Ad-AE1B, Ad-
AE1B~DCNG, Ad-AE1B-DCNQ and Ad-AEIB~DCNK) in human tumor ceil
lines (U343, U87MG, C33A, Hep3B and A549) and human normal cell

20 lines (CBHEL, IMR90, MRC5 and W138).

Figs. 72 and 7b represent the results of plaque development
assay. Fig. 7a is the photograph of plates demoastrating the
plague formation in human tumor c¢ell line, Hep3B, infected with
the tumor specific oncolytic adenoviruses of this invention

25 (Ad-AE1B, AdJ-AElB-DCNG, AdJ-AELB-DCNQ and Ad-AEZ1B-DCNK) and Fig.
7o i1s a graph demonstrating the plague formation rate.

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

analysis for PI staining verifying the apoptosis-inducing



20 lines (CBHEL, |1 MRO0O, MRCS and WL38). Figs. 7a and 7b represent the
results of plaque devel opnent assay. Fig. 7a is the phot ograph of

pl ates dempnstrating the plaque formation in human tunmor cell lin
Hep3B, inf&QPEWPR the tunor specific oncol ytic adenBW’F‘B%‘E’é’OWﬂ
this invention 25 (Ad-AEl B, Ad- AE1B- DCNG Ad- AEl B- DCNQ and

Ad- AE1B-DCNK) and Fig. 7b is a graph denpgstrating the plaque
formation rate. Figs. 8a and 8b show the results of the flow
cytonetry andyF$nsyfef pPpe SE’aﬁsrﬁnﬁgaQEW‘f%uﬁ@Sth% BpeRTt d3Feri RELEi hipes

WO 2006/ 091045 / / 57 te e presen

adenovi ruses in %rra%?’?‘s?m%%ggn 5 nes‘?”nd %% L%’? '3233‘}&} e gsB ang "
A549) . Figs. 8a aaduBbs represait s @fﬁ.@swéoi vk QF 4dUIRK: SPaG f<lAe AE1B,
oncol yti c adenoviruses (Ad-AEl B, d- 4El B- DCNG Ad- aEl B- DCNQ and

Ad- 4El B- DCNK) zirdEnpphdncat 201 A5 1 Brmogpedrent adadenevoas eSar(d| =dpad Zaadsh-
dl -1 acZ-DCNG), respectively. The nunber denotes the proportion of
SubGl cel | ® popwicapeernt Fi gademBwigngedb sholwkdwd resand s ofil-lacz-DCNG),
Annexi n-V-Pl double  stainin and flow c%;;lt onetry anal éSI s verif ng

the ability ofresfﬁth‘éeerec AP RdERdVI T usEs tRF PR dpopt ¥ scell
and necrosis |Fn) rL'urmr ceII lines (U343, U87TM5 C33A, Hep3B and
A549). Figs. X and 9b represent the results for tunor specific

oncol ytic adenoviriyses daAdalE1fR; AdowtELBe DEblx1 tAd- El BnGNQ-angh  double
Ad- LElI B- DCNK) and replication-inconpetent adenoviruses (dl-LacZ 15

and dl -1 acZ- DENGLpinespedt flmi ycytPhetrat amsl yofi s Ampexiviny' kRe- abélity of
indicated as italic bold letters in right bottom quadrant. Fi | Oa
and | ob rédfresdrt nrempERANtt sad@Flo‘rtNﬁfsastsoaylnddéﬁoﬁE??ta%sﬁﬁg a0l el‘“f—‘cr"SiLS

D11y o e SRR O3Bl RIS, LOAES HRRPIR81 |kOnsas
Figs. 9a and 9b represent the results for tumor specific
oncolytic adenoviruses (Ad-AE1B, Ad-AE1B-DCNG, Ad-AE1B-DCNQ and
Ad-AELIB-DCNK) and replication-incompetent adenoviruses {dl-LacZ

15 and dl-lacZ-DCNG), respectively. The ratios of Annexin V'/PI™ are
indicated as italic bold letters in right bottom quadrant.

Figs. 10a and 10b represent the results of TUNEL assay
demonstrating the ability of the recombinant adenoviruses to
induce apoptesis into human tumor cell lines (U343, U87MG, C33A,

20 Hep3B and A549). Figs. 10a and 10b represent the results for
tumor specific oncolytic adenoviruses (Ad-AE1B, Ad-AE1B-DCNG,
ABd-AE1B-DCNQ and Ad-AE1B-DCNK) and replication-incompetent
adenoviruses (dl-LacZ and di-lacZ-DCNG), respectively. The DNA
fragmentation was cbserved as brown color.

25 Figs. 1lla and llb are the graphs representing the change in
the tumor size (Fig. 1la) and the survival rate (Fig. 1lb} of
tumor (U343, UBTMG, C33A, Hep3B and AS549)-bearing mice injected

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

this invention.



20 Hep3B and A549). Figs. |0a and |l ob represent the results for

tunmor specific oncol ytic adenoviruses (Ad-LEl B, Ad- AE1B- DCNG

Ad- AE1B- DCNg and Ad-4E1B- DCNK) and replication-inconpetent

adenovi r us®O PAYNUS7 and dl -1 acZ- DCNG), respectivel y. THEKBRIR6/000657
fragmentati on was observed as brown color. 25 Figs. Ila and Il b are

t he graphs representing the change in thestunor size (Fig. 1lla) and
the survival rate (Fig. IIb% of  tunor (U343, UB7TM5 C33A, Hep3B and
A549) - bear i ng i dé98n] &8ted 2R t17 hd 2EUABR- sPRcEIIC tBfcaPyRls of HSE,
Ad- 8EI B- DCNG novi r us .af

this invention. WD 20 9104 )
PCT/ KR2006/ 000857 |30 g ro i3t ordh Shadt g g ANSL Qiedypipefor U343

results of H&Er; o HC GhEMUNGRLSE oqhem.cal ) 251t ai BiH0 ARty ldNElocy, nep3s
anal ysis for 034% (Figure 12a), U87 (Figure 12b), C33A (Figure
12c), Hep3B (frigure 112d) ameh AB499( Funee 12&ke)i nit unmmebeagarmgg mtiee
5 infected with the tunor specific oncolytic adenovirus, Ad-AE1B-

DCNG of thibs iimfentedriwithi ghe 18umapresehtsc tdreot esif tasieppvivings s A-4E1B-
trichrome staini ng denonstrating collagen distribution within

extracel | ul ar H&fr Pk GFSU3A¥LYPEAel A) and US7MG (panel B) 10 tunors

in tunor-bearing gyce ifj i t Loy, (Spegd fi Y L.6
adenovi rus of thigsxlgi'nv%a%t%o% ggi\%ﬁﬁ;léﬁgr Ad- I_lIE?B&fDCND%)nSQ% rflﬁEChrome
numerically repesends themnbesuldiSngl getatliagenzymgrsaphyution within
el ectrophoresi s which shows the expression pattern 15 of MW in

human tunor celdtrhcaesild343natd8¥MeE CBBR, HepeB and andb4WBiMH etdae@l B)
with either Ad-AE1B or Ad-AE1B-DCNG Fig. 15 represents the results
of the ef fléct BICHECARI HUmeXPCess o Hif t UNEF ARt wstasine TR BPBBLG ©

spontaneous ttgggélytic adenovirus of this invention (Ad-AElB or Ad-AElB-

DCNG) .

Fig. 14 numerically represents the results of gelatin

zymography electrophoresis which shows the expression pattern
15 of MMP in human tumor cell lines U343, UB7MG, C33A, Hep3B and
A549 infected with either Ad-AEIB or Ad4-AE1B-DCNG.

Fig. 15 represents the results of the effect of decorin
expression on tumor metastasis using B16BL6 spontaneous tumer
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



net astati ¢ nodel (upper panel) and the weight of netastatic 20 |ung
tunmor (lower panel). Fig. 16 represents X-gal staining results

showi ng the tissue penetration potency and gene transduction

ef fi ci encyV@20%¢¥e%decori n- expressing replicati on-i nconpel/BRE006/000657
adenovirus (dl- lacZ-DCNG in tunor tissues and adj acent nornal

tissues from 25 the patients with breast sgancer. Fig. 17 represents
X-gal staining results demgnstrating _ the transduction efficiency of
the decor i n- exXBPESSFTIGTr GpfT LI Ui dopSCaRE BaaROUPT Uy ropLitation-
(dl -Lacz- DOVG)in'cBmﬁéﬂé?ﬁ:" Yadek8l Ohith Celll-S.ac30ndidd. 1B U308 X288l spheroid
st ai ni ng phot ograph denonstrating the WO 2006/ 091045

PCT/ KR2006/ 000@®57el 3% tangdnsdtroteisotrafesl & ency of the

decori n-expressing.repligcation- inc etent adengqvirus (dl-LacZ- DCNG
to kel oid cell sp%é?bi dwa( parel A) PROTT AR es(x? bne?PB)S’GFi Stﬁuiﬁ%ﬁ‘i“) t
a photogragh (10 0fpd NErlhUPEESGENtneS JILEE OBCONS ARBRNSLLANNG o NS
viral penetration potency of the replication-inconpetent

adenovi ruses (@i GFR i -8hc&agetPRNG addndt9r GI3A (HIAUFPTASS  d1-GFP-DCNG)
established in vivo. Fig. 19b is a photograph (x40) of the

fluorescent mntroSEYpeudenumstsr astaigl itshedt fansiducti on effici ency and
tissue 10 penetration potency of dl-GFP or dl -G-P-DCNG i n tunor

ti ssues obtained ™ fom pHti efit s Wi BHOPPEEE cdifd8t . Fhe T8 | ddrRgescent

speci fic exanplies & &d HerBIeG dQnhernd | uskhati e Qi b dRVERLT Plksue
and shoul d not be construed as 15 1limting the scope of thé

i nventionlas dehenegtipn appendedof cibiGRP. EXANPLES-DCNG in tumor tissues

obtained from patients with breast cancer.

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

claims.

EXAMPLES
MATERIALS and METHCDS

20 1. Cell lines and cell culture

Cell lines for experiments were tumor cell lines such as
human brain cancer cell lines (U343, UB7MG), cervical cancer
cell line (C33A), liver cancer cell line (Hep3B}, lung cancer
cell line (A549) and mouse melanoma (B16BL6), human normal cell

25 lines (CBHEL, MRC5, IMR90 and WI38) and 293 cell line Earrying
the early gene of adenovirus, El region. All cell lines except
Bi16BL6 cell line were available from the ATCC (American Type
Culture Collection; Manassas, VA, USA), and B1I6BL6 mouse
melanoma cell line was gifted from Dr. Y.3. Park’s research

30 group at the Yonsei University of Korea.



MATERI ALS and METHODS 20 1. Cell lines and cell culture Cell Ilines

for experinents were tunor cell lines such as human brain cancer
cell i nespg U343, U87M5), cervical cancer cell line (C33A), liver
cancer cel WQ308#091948p3B) | | ung cancer cell |ine (A549) PARERAIGER6ST

mel anoma (B16BL6), human normal cell 25 |ines (CBHEL, MRC5, | MROO and
WL38) and 293 cell line carrying the earliy gene of adenovirus, El
region. Al cell lines except B16BL6 cell _line_were available from

the ATCC (Aneri cdn Tyl CGitedr £X66PFeditBh® FRhhsihl® (Rre USKjturedd in
B16BL6 npuse anonp, cel |l .line i fted frombDr. . Park's
research 30 gﬂrﬁgtl}fﬁc%? The™ o#sleeld \Gﬁ?%%lresisty %ef“%l%ﬂr ea@x{ﬁg’zoo%l 1048
PCT/ KR2006/ 0006 p1embntAd Gelth | ings exeept BIOBIH clduml i NEiMES € BRL),
cultured in Dul becco's nodified Eagle's nedium (DVEM G bco BRL)

suppl enent ed wierfici0%:f etral sbhowvpirewysénuand GidiooaBiRtg ,at BEAE cirddeirn 5ando.
streptonycin and mai ntained at 37C under 5% CO, 5 atnosphere. B16BL6
cell |ine was agcenhere i FIRPM ¢Rddi din¢ Grc culBRr9d sappP¥hrerrdddmwi( §Hbco
10% fetal bovi serum.(G bco, BRL)., enicil]in and streptonycin and
Tai nt i ned ot RS HIGLEESE Y ot bEEnarbel 180805 pefthenr e B
ani mel s In vive 3ot ity eXPesd iRt § USR9 Bk Oss co,
8- week-ol d na?i%nnude m ce (BALgB‘j/Sc-nu) a%&%%%ﬁgggﬁ?g% %gﬁt?c éjse%d‘:’% c0:
from Charl es Ritweeplerea (Seoul, Korea) . Mce were maintained under
controlled lighting cycle (12-hr light:12-hr 15 dark), tenperature

(222C) and hum dity (55-60%, and had free access to

radi at i on- 3t eré'I |E§Sgrlsmo€[n|tglf§§lqnsalgal ent, Seoul, Korea) and water.

In vivo anti-tumecr experiments were conducted using 6- to
B-week-old male nude mice (BALB/c-nu}) and C57BL/6 mice
purchased from Charles River Korea (Seoul, Korea). Mice were
maintained under controlled lighting cycle (12~hr light:12-hr

15 dark), temperature (22+2°C) and humidity (55-60%), and had free
access to radiation-sterilized solid feeds (Crient, Seocul,

Korea) and water,

3. Generation and titration o©of recombinant adenoviruses

20 expressing decorin

<l> 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
25 lac Z gene as a reporter into the deleted El region in the
vmdl324Bst vector {(gifted from Dr. Verca, University of
Fribourgh, Switzerland; Heider, H. et al., Biotechnigues,
28(2):260-265, 268~270(2000)). For preparing this vector, the

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



3. Ceneration and titration of reconbi nant adenoviruses 20
expressi ng decorin <1> Generation of replication-inconpetent
adenovi ruses W\ ﬁ%énerat ed El/E3-gene deleted replication-inconpetent

adenovi r us®L WUPELS| ng the decorin gene and the report BFT/EERW6/0905%

Z. The pdl-LacZ viral vector was prepared by inserting the 25 lac Z
gene as a reporter into the deleted El regkon in the vndl 324Bst
vector (gifted fromDr. Verca, University of Fribourgh, Swtzerl and;

Hei der, H. et %gestsqiove%nﬁq%%ﬂ az@(zlyaeéedwzeﬁolzee z?e(%@op)romv-‘%ﬁrf

pr epari ng thi ctor, the. pc LacZ pl as nvitro
Car | sbad. CA 08k TS VB S0RE Do 1OFS. PLS RRGDBAIDODRET 37 iGas: etF=e
with Hndlll %%e%l@@é tacdSehat @1t e RO 81 e |v§%€oﬂenﬁaﬁfhﬁﬂam to
pol A and the isolated three sequences were inserted into t he

adenoviral shuyitebervecbor]spAFLEpliAdzo shuepas e piEspl A/ CIWeLa@Zepared
shuttle vector. The prepared 5 pLEl spl A CW-LacZ shuttle vector was

di gest ed witt h pdmEraEMVcdreanshorlesd Ve Tty nvl 8248515 tgdentdeir uwganI  and
| inearized by BstBl into E. coli BJ5183 (Dr. Verca, University of
Fribourgh, SWIXFERrFENTEY d“ntﬁldu@@lﬁéﬁ%?%g@ﬁ%ncr"ééﬁﬁbllﬁa?‘?we‘i by BstBI

obt ai ni ng pdl lnl,tacz ade&ﬁw ré{%w%o F}S’E conskr ucghgﬁ rSltESNAf%f FI5(1:RI8‘1

decori n- expreSS|ng adenOV|ruses constriucte

(contai ni ng t hgiwekeh dnde t@egﬂawe oIy gAY lr@%&mlmlbﬂﬁ 886ahk Ay pal-
gene (DCNG D.G Seidler, University Hospital of Minster, GCernmany)

into the expr asslzoadenmtlwnspcDNAB 1. Then, the decorin rrut ant DCNQ
havi ng weaker 15 binding affinity to collagen was prepared by
i nduci ng d%oint FRB¥ at FORSHTUELBY afFRET HE edPF%SSEI‘QOQ&ldr‘FnPHér%ﬁeﬁt'h we

'b§UC' ne-rich Jepeah-Ofq the Wehthi MPECHECARACRNE REQ Rk k! QUEttin
cDNA) by inserting the decorin gene [DCNG, D.G. Seidler,
University Hospital of Munster, Germany; into the expression
vetor pcDNA3.l. Then, the decorin mutant DCNQ having weaker

15  binding affinity to collagen was prepared by inducing a point
mutation of E1B0 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 pcDNA3.1l vector to give the
expression vector pcDNA3.1-DCNQ. In addition, the decorin

20 mutant DCNK lack of binding affinity to collagen was prepared
by inducing a point mutation of E180 amino acid to E18CK of the
wild type decorin core protein, followed by inserting the
mutant gene intec the pcDNA3.l1 vector to give the expression
vector pcDNA3.1-DCNK. Each o©of the vectors prepared above was

25 digested with EcoRI and Xbal to give a 1 kb DNA fragment, which
was inserted into the pCAlé vector (Microbix, Ontario, Canada)
to generate pCAl4-DCNG, pCAl4-DCNQ and pCAl4-DCNK vectors.

Each of the pCAl4-DCNG, pCAl4-DCN{ and pCAl4-DCNK wvectors
thus prepared was digested with BglII to obtain the CMV-DCN-

30 polA expression cassette expressing the decorin gene under the



inserting the nutant gene into the pcDNA3.1 vector to give the
expression vector pcDNA3.1-DCNQ In addition, the decorin 20 mutant
DCNK | ack of binding affinity to collagen was prepared i nducin
poi nt nmut aliB*UP P80 amino acid to EL80K of the wildF Ff/ﬁg"@@%’ﬁ%n
core protein, followed by inserting the nutant gene into the

pcDNA3. 1 vector to give the expression vegtor pcDNA3.1-DCNK. Each of
the vectors prepar eg above was 25 di gested with EcoRl. and Xbal to

give a 1 kb NrRgnetht , Hithi ol REETP Her t BUES Tt $iHe PraLgateRiter was
(M crobix, Ontg s'the&:a@ﬁﬁi@) thd 0.860R1125¢ @@%ﬁu%ﬁ vREAL4- DRy and .
pCA14- DCNK vectors. Each of the pCAl4-DCNG pCA14- DCNQ and pCA14- DCNK
vectors thus grtepar edhoasadingested wil h EBglJ;ItREtovmoaﬁn t heP TME3BaNG,
30 pol A express] S te ex i t he decorin gene under the WO
2006/ 091045 P /P&%Qggﬁcg\%oégg ‘p%%%é%%??%\ﬁ ‘of the CW promoter, after
which the gassetterwas adenseitad Bt Osiifie 1adepQyioral ﬁ%sshyiéﬂa%ea were
vector, pSP721SE3, to obtain the adenoviral E3 shuttle vectors,
pSP720E3 DCNG, 1 ing 8Py 243w DENG eid CptSP??IQILIESaIDCI\IKot@n‘fﬁerrmﬁenmnor af. Eoli
shuttl e vector S red I|ne rlzed 0 nd
cot r ansf or ned %%r?:l?)gE tpoge W%ES PSget het° Epgdéfﬁ(?vﬁ ‘al pfig"t'raalcz
vector, pdl-LaGéezkinearized spdih f%eelnd‘nerlo@&rgﬂ%mﬁ@@lcambl r@%tnbgé]tlng
generatl ng the adenoviral vectors dl-LacZ-DCNG dl -LacZ- DCNQ and

dl -LacZ 10 DCNRewidghoelgirlesi¢cthes | a2 cgeRNGn B ldéesfiHfNQ and dl-Lacz-
si mul t anequsl Fi a <& @neratd el r ecific.oncolyti
adenovi rug%v\é%é:g%{ervg%gh )Ex r-speC| fll%C %c nyt :Jac%%a e%ggll? uss%asricC ggouscly
expressi ng therdecoran. gene Specifically, each of dl-LacZ- DCNG

dl - LacZ- DCNQ and dl -LacZ-DCNK was |inearized with Pvul or Xml

<Z> Generation of tumor-specific oncolytic adenovirus

We generated tumor-specific oncolytic adencviruses

15 expressing the decorin gene. Specifically, each of dl-LacZ-DCNG,

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

and cotransformed into E. coli BJ5183 together with the E1B 19

kDa/ELR 55 kDa-deleted pAdAE1B19/55 adenovirus vector

linearized with Spel {RFCC 11288) for homologous recombination,

20 generating the Ad-AE1B-DCNG, Ad-AE1B-DCNQ and Ad-AE1BR-DCNK

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

the occurrence of homologous recombinants, the recombinant

adenoviral vectors were digested with HindIII. The proper

homologous recombinant adenoviral vectors were digested with

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

All adenoviruses were propagated in 293 cells and their

titration was performed according to limited dilution or plagque

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



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

kDa/ E1IB 53 kDa- del et ed pAdaEl Bl 9/ 55 adenovi rus vector |inearized

w th Spel %EFCC 11288) for honol ogous reconbi nati on, 20 generatin

t he Ad-i~EPES IeR104Ad- 4E1B- DCNQ and Ad- 4E1B- DONK  adeno¥t FHEE24988406%7s
respectively (Figs. la and Ib) . To verify the occurrence of

honol ogous reconbi nants, the reconbinant sgdenoviral vectors were
digested with Hindlll. The proper honol ogous reconbi nant adenovi ral
vectors were didf@SVeBSv YRCUE SPadleland Pl anst edt 8PP FRtGryoBapgppok. New
lines to generate adenoviral ectors_(Figs..lLa . Al

adenovi r uses ﬁ%?%'prgﬁﬁgﬁFﬁa i%r§§§ céﬁfs aﬁabtﬁ%ﬂggggg%Tat%%%“ﬁﬁg by
performed accarghicBeeto:ildnMbech diskit 1000+ PARAYES i ASSAY LH T, M

at. al., Construction and propagati on of human WD 2006/ 091045

PCT/ KR2006/ 000657 39 adenovirus vectors. Cell biology: a |aboratory
handbook. New York: Academ c Press Inc, 479-490(1994)), followed by
concent r at Pon 4 §UERTOFr SHI AP TAREHASSFECAHASREISE 4. Exami nation
of decorin expressign NALLEEN R XM NG t BEHAACOEhN BXREESSI Qluced by
pattern induced by reconbi nant adenoviruses of the present

i nvention, tunsrontpeoitf i @dencolnytsee adenowvier usessdrayi ngvete cdecorpmpr—
gene (Ad- 4E1B- DCNG, Ad-4E1B- and. Ad- aEl B- DCNK) _ and Ad- DE1B 10
adenovi rus as TEEONLT 0P IRIECniEEr Y 15 Ch HIRENn TP vEFCREMt efeRe  (Ad-
Hep3B at 3 MOjpiftpdfehr altefid/Heget | Ofha t haanBdigimchged Was1  ad-aE1B
recovered and subjected to SDS- PAGE (sodi um dodecyl sulfate

pol yacryl dfi dedgabvétextasophoresis) veThem fadtedpiotigiensupan tHgergesncer

were electro-transferred PVDF nbrane, incubated with 15 the
ey ant - HBoh Bk bRl (1 G e o PSRN i el "Fap gpes
Munst er, GCer meyhbvansd anhéi- BuB§bdteantd bedy-ksirgMsodium  dodecyl sulfate

polyacrylamide gel electrophoresis). Then, the proteins on the
gel were electro-transferred to PVDF membrane, incubated with
15 the primary anti- decorin antibody (D.G. Seidler, University
Hospital of Munster, Germany) and anti-f-actin antibody (Sigma,
St. Louls, MO, USA), and then incubated with the HRP (horse
radish peroxidase)-conjugated secondary antibody {sc-2004;
Santa Cruz Biotech., Santa Cruz, Ca), after which the
20 expression patterns of decorin were revealed using the ECL

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

5. Comparable evaluation of transduction efficiency

To evaluate the transduction efficiency of replication-

25 incompetent adenoviruses expressing LacZ, various human tumor
cell lines (U343, U87MG, C33A, Hep3B and Ab49) and human normal
cell 1lines (CBHEL, IMR90 and WI38) were plated onto 24-well
plates and infected with dl-LacZ, dl-Lac2-DCNG, dl-LacZ-DCNQ or
3l-LacZ-DCNK viruses at an MCI {multiplicity of infection) of

30 0.1-100. On day 2 after infection, the cell 1lines were

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



St. Louis, MO USA), and then incubated with the HRP (horse radish
per oxi dase) - conj ugat ed secondary anti body (sc-2004; Santa Cruz
Biotech., Santa Cruz, CA), after which the 20 expression patterns of
decorin weM® P8/¥AN3d using the ECL detection kit (sc-?@%lf,m@é/ﬁ?”és"
Cruz Biotech). 5. Conparable evaluation of transduction efficiency To
eval uate the transduction efficiency of reglication- 25 inconpetent
adenovi ruses exEressing LacZ, various human tunmor cell, lines (0343,

UB7MG, C33A, HEBSE-Wrd ASEOKERFNandtf rfortal'oCsel 1t |3 hesteosHRE, for X-
| MROO and WL38);wene: Rl Af @0 QBLA; 28148l krafd RLeSoandk4:nt '

dl -LacZ, dI- Lg%az- DCNG, & e, 8k DCNQ of dl - LacZ- DENK \}:aﬁ‘g‘gée‘gdoa%’“ t%% tacs
MO (rultiplicidng éhdegdeblyi oimg expr8Os hrl<X00he Grcdayn Jeakt er
infection, the cell lines were incubated with X-Gal reagent (PBS
containing 1 Big/m, 5 mM WD 2006/ 091045 PCT/ KR2006/ 000657 40

KSFQ( CN) 6, 50 Kﬁfﬁ@%éﬂ agg ggf@écﬂg@ @nd.atpe%Z}%gl%r% Q}Prgéeglgvﬁu&'alin
staining to cC

i nduced by thetexpr epséxidof the decorin gene. 5 6. Eval uation on
spreadi ng and penetration of adenovirues in tunor spheroid U343,
UB7MG, C33A and Ab4S,xefbldiCaf t $33Ker enést? i shawyrslbeutaneousitpbbyshed
injecting cells_into the _abdonen of 6- to 8- week-old nude m ce and

once the tunmor¥BCBEEPRNSty PEOIPTFHRE FRLAD ASPukie #hEERDt afof- to 8-
ti ssue was extragt urgery. J1-2 mm. fragnents o e 3 .
wé@%—gg%ég mggeyéqdloPce the tu%?gﬁ r acﬂ%é'%o ng%%quﬁm1 in

ti ssue were di ssecte ese explants™ were ed 1ndi vidu

0. 75% agarose-wQaked phratiestafek ciddudr athsl NedMEM LG BEOsBRAry. 1-2 mm
suppl emented with 5% FBS (G bco BRL) and penicillin/streptonycin

(G bco BRL) atfr3g@eauntesrt 5%d5tQWr atnespheres NBdseumesas Thenewedplants

once every week. Prior to
were plated individually on 0.75% agarose-coated plates and

cultured in DMEM (Gibco BRL) supplemented with 5% FBS (Gibco
BRL) and penicillin/streptomycin (Gibco BRL} at 37°C under 5%
15 €O, atmosphere. Medium was renewed once every week. Prior to
infection with adenoviruses, spheroids with diameter of 2 mm
were transferred to 0.75% agarose-ccated 48-well plates and 150
nl of DMEM {containing 5% FBS) were added, after which wviruses
were added at 1x10%, 1x 10, or 1 x 10° PFU {plaque-forming unit}).
20 3~-days later, the medium was aspirated and spheroids were fixed
in a fixation sclution 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
25 stained tumor spheroids were embedded in ©O.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 tumer spheroid

was given using the MetaMorph program (Meta imaging series,



infection with adenoviruses, spheroids with dianeter of 2 nm were
transferred to 0.75% agarose-coated 48-well plates and 150 pl of

DVEM (cont ai hi ng 5% FBS) were added, after which viruses were added
at 1x1086, 1“39%968?91%49 1 x 10' PFU (pl aque-form ng unit) DETERYNHE00657

| ater, the nediumwas aspirated and spheroids were fixed in a
fixation solution for X-gal staining. Thespurface of X-gal stained
spheroi ds was observed under a stereoscopic n‘icro,sco%e ]SO ynpus
optical Co., VeDsiqni&d; YapugnsalréredHy SHePiAticdn ™MonlPEREEFIGorf?) -
of adenovirus into tunor spheroid, the X-gal 25 stained tunor

spheroi ds were enbedded in O C. T. conpound (Sakura Finetec,

Torrance, CA) andwenap:{d0zen. spk@apmd r Hzepes@eht bh Was ddeepvphaced in
onto gelatin-coated slide glass. Mreover, the ratio of X-gal

stai ned portionven tunor spheroid was given using the MetaMrph
program (Meta i magi ng series, W 2006/ 091045 PCT/ KR2006/ 000657 41,
Version 6.8, UniWéAdal UBrilGi nG>&br pardt fBRSTM CTRAGRTAGt Si7ne BAFaP A shed
Eval uati on on spreadin nd, penetration of, a VL US ' LV

0343, UBING | IR el ol e b o Gke EePapt gt ¥ Y6 %o ¢
subcut aneousl Y,y i1} §&likngi &eldne b dhkeraRslameaagfedtot 058200 mn® in
week-ol d nude m ce and once the tunors reached to 150-200 mM®B in

vol ume, m ce weneméAandodd zeskd Ntamdbmbzed olips aved djrobpsZamawddl-LacZz and
dl - LacZ- DCNG adenovirus at 5 x 10" - 1 x 108 PFU was 10

i ntratunor al | Al-RReTtRACE | edendvimysi Mo tthe % uABrs.- Fér A54Q° PFU  was
xenograft nodel, A549 cell |ine was subcutaneously ipjected into

m ce and dfAce ‘P& EUITAS LY edBRRT S0 T56- zto‘ﬁ‘eﬁmmf:% 5g%u(rér%rf‘°rse'a2¢1°rofp‘549
dl -LacZz, dl-L - acZ; HENQ. and sd-agZs DONK 0

was intrat urm%%%fjggi% egét)% i %/e ti rr%gl [ g%%é_t ﬁ%s 15 tu@rrﬂ.’['):-lrns(?.gugéln};d235:%&1'Eed
after the |ast;irp] RELL Uhe AALEBEE: WRkBrs reached to 150-200 mm® in volume,

each of dl-lLacZ%, di-LacZ-DCNG, dl-LacZ-DCNQ and di-LacZ-DCNK at
5 x 10® PFU was intratumorally injected five times into the
15 tumors. ©On day 3 a&after the last injection, animals were
sacrificed and tumors were taken, after which they were fixed
in 4% paraformaldehyde (PFA) at 4T 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 by

20 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, UBTMG, C33A, Hep3B

25 and A549) and human normal cell lines (CBHEL, MRC5, IMR90 and
WI38) were plated onto 24-well plates and then infected with
Ad-AE1, BAd-AE1B, Ad-AE1B-DCNG, Ad-AE1B-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



sacrificed and tunors were taken, after which they were fixed in 4%
par af or mal dehyde (PFA) at 4C for 4-B hr and dehydrated in 30%
sucrose solution for 12 hr. The dehydrated tunor tissues

embedded i ¥ EE/P!1 @onpound and snap frozen, foll owed b?CT’f@m“(’mOﬁs"
perform ng X-gal staining described above. 8. Analysis of cytopathic
effect (CPE) To evaluate the oncol ytic act4vity of decorin-expressing
adenovi ruses, human tunor cell |ines (0343, UB7TM5 C33A, Hep3B. 25

and A549) and HfmaR“ndihels & dF??lue%el(léBl‘iiEEe Wd PNROTEITE IWE38Y) the

A DELE Ad- ALLE BONS A AL B BT b1 AdTAELE DO’ Slondvr File 4F 0

MO s 0.1-100. sMdthiheitinme that cells infected wth any one of the
viruses exhibited conplete cell lysis at WD 2006/ 091045

PCT/ KR2006/ 000657 42 the low titer, the dead cells were washed out
and cells %n the pI ate ver e then stained with 0. 5% crystal violet in
50% netha assay To observe the change of

pl aque size over ﬂﬁ%ggpv@m{ eala 5 He |

to 6-well plates and inf ect ed vmét AfEE?%Q Ad- %\Eﬁ\réﬁé\‘%m%x@r@%%n,
Ad- aE1B- DCNQ andk At*4ELB3PCNK 1sadereVibl ised@ttd wb@i1 MAraf t8lH QR@ected
day of cell gromh. After 4 10 hr of incubation, the infected cells

wer e over | ayediiint h Adagardse-OVEN BiJANG e @f-2E36-DVEY (eont akdriamgBIOOKK

FBS and penicillin/streptonycin) at 37C and 1.4% U traPureTM agar ose
(Invitrogen, CHeSBHETUTAN at X4DQ " MR taﬁéﬁrlm@aVe@f =dh| @V@h‘tgl aborrt 4

4-16 days f i,ncubatig the siz e for on 15
observed, ggar ose%gver délﬁa\%é%“' %vedﬂby%gogklcnegl “wi TH 1 n?era]fayfﬁlcy With

trichoroaceti Cag%ngeIEQXENBOmm@%esoﬁn@ tRe puem (containing 10% FBS and

penicillin/streptomycin) at 37C and 1.4% UltraPure™ agarose
(Invitrogen, Carsbad, CA} at 42T and then incubated. Following
about 4-16 days of incubation, the size of plaques £formed on
15 plates was observed, agarose overlay was removed by soaking
with 1 ml of 10% trichoroacetic 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.

20 10. Flow cytometry analysis for apoptosis potential

To examine apoptosis induced by decorin, human tumor cell
lines, U343, U87MG, C33A, Hep3B 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

25 CPT-11 (camptothecin-11l) 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 4C with a mixture of PI (propidium iodide, 50



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

met hanol . The nunber of plaques forned was counted. 20 10. Fl ow
cytonetry analysis for apoptosis potential To exam ne apoptosis

i nduced by ¥ &b@'ﬁ?’?”ﬁ“ Shuman tunor cell lines, 0343, U87 BBIN6/080653 8
and A549 were introduced to 25T culture flasks and 24 hr |ater, were
infected with each adenovirus at MJs of 40.5-50. Cells were treated
with 0.1-1 M 25 CPT-11 (canptothecin-11) as af005|t|ve control and
treated with HOESLlAs %P%eﬁﬁf‘fei/e Eblﬁ‘frﬂbﬁleaﬁ\ﬂer 48 hr, ™2 nindhndhes HicS
of infection,_the_infect col lected and fixed in 70%

et hanol at 41 nal SlsZida%r ?g%‘g%ieg\?\no\ﬁ%fhe fixation, the cells were

i ncubat ed at 4C \Mnt higai it une @&aﬂne( rr0nidipopdedidena&@Ay decorin,
2006/ 091045 PCT/ KR2006/ 000657 43 ug/ m ) and RNase (ribonucl ease) for
15 min and theseAESL analaysi sumas tddd pedfies medkrel nialelitsidonyitip each
exam ne early apoptosis induced by decorin, several human tunor cell
|i nes wer e5i nfasiepedisia h asacliessrHokech0\3aars - as THesci Hissdedbogel LsTheere

fected | Il ect dth d f
dual st ai ni ng CHEECFER NS o RERUPERTOTER SondtPaeet ol T By oraining
ApoAl ert V-Fl T%co%\piﬁbor@osCn%n@fgéauyrogy%@{P&ctqgﬁpmswe dﬁgo%qtegchvkmc

(C ont ech, | owed by flow cytonetric anal ysis.

11. TUNEL assayri\3#ssddinX ﬂ;@t})uoclyﬁﬁé/&)(%pbp%@s)s 4338t {&n Xkﬂt05()c,10ntech,
Hep3B (4 x 105) and A549 (5 x 10') cells were plated onto a chanber
slide and themlionhect.edrw t folddendviby b oat carpmvBliofar@®l@sP9. 15

Foll ow ng 24 hr and 48 hr of infection, nmediumwas renoved and

TUNNEL (tédfninal deoxynucl eoti dyl transferase(TdT) medi at ed

11, TUNEL assay

U343 (5 x 10%, U8TMG (5 x 10"), C33A (5 x 10°), Hep3B (4 x

10°%) and A549 (5 x 10"} cells were plated onto a chamber slide

and then infected with adenovirus at an MOI of 0.2-20.

15 Following 24 hr and 48 hxr of infection, medium was removed and

TUNNEL {terminal deoxynuclectidyl  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

20 peroxidase-conjugated avidin and DAB (diamincbenzidine; DAKO,

Carpinteria, CA). At the time that coclor of cells became brown,

cells were counterstained with 0.5% methyl green for 1§ min and

observed under microscope in more than 4 selected fields. The
ratio of stained cells to total cells was calculated.

25

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

acdenovirus in vivo

The effect of decorin-expressing adenoviruses cn the growth

of human tumor spheroid formed in nude mice was assessed.



dUTP nick end | abeling) assay was carried out according to the

manuf acturer's instruction of ApopTag kit (lntergen, Purchase, NY).
For col or devel opnent, cells were incubated with 20

per oxi dasew&??ﬂﬁ%é?"éd avi din and DAB (di ani nobenzi di ne; PERK®2006/000657
Carpinteria, CA). At the tine that color of cells becane brown,

cell's were counterstained with 0.5% net hylysgreen for 10 m n and
observed under mcroscope in nore than 4 selected fields. The ratio
of stained cellU8°fd Votalinperrseha’d” cHICAACBEY 25 92 tarftiweehnptd nude
effects and survi va}(l:harlralt es _of degori n - express i.n__adenovi.rus Y

I N _Vivo
R Tnes Hlug {f’ £0 4
The effect of "W&ECor iz expr eSSt hg” Adenovir uses dh The  gr owt'h~ “6f* Hurkdn

tunor spheroi ¢ formegnkl RUEE. M 6€ Was; assessnd, 18/8806£99104%038 2and
PCT/ KR2006/ 000657 44 Tunors were inplanted on the abdonen of 6- to
8-week-ol d nudg4omi g (Ghasl esr Rinser Jiapas' | BELanchy SUDCUSARRAYUS, Gibceo
injection of 1 x 10" human cancer cell lines (U343, U87TM5 C33A,
Hep3B and S5SASARE) i nWheo tuesfrsHBSSCcliedhnks' Sbdlamsedns yotusel 1adepayiruses
G bco 5 BRL) . Wien tupors reached to 50-80 mpi in val une,

adenovi ruses 2t 11% 1808 ° & A0158VPEeF vt W iAdAT At epbgatumorally three
intratunorally .thre [ % d o] -

and survi val %%5%“85 g e{)!u%?f?wg%% %chgh\?eg.%%ﬂg é/aroll%ﬁfg}lré %ﬁ(ﬁts&l%%gglyvarsate
cal culated widsh $38r58}REe a%hSe ARG . NMIRAT vBXiSe NBASHIRS sUSIaRY Alculated
caliper: 10 tunor volume = (mnor axis mm' x (mjor axis mMm) X
0.523. 13. bsaruatcthenmahoi hex thaige nofnotrunmd s chasacteer ustihgsai rdlisd :
by the adm nistration of decorin-expressing replication- conpetent
adenovi rusés IEmpheYPly3¥3= UBZMEG, aEB3AR) Hep3Baopr AB4S Fhot f8fded in
the abdonmen of nude mice reached to about a range of 50-80 mmi,

13. Observation of the change of tumor characteristics induced

by the administration of decorin-expressing replication-

competent adenoviruses

15 When U343, U87TMG, C33A, Hep3B or A5%42 tumor formed in the
abdomen of nude mice reached to about a range of 50-80 mm’,
adenoviruses at 1 x 10® - 5 x 10* PFU were administered
intratumorally three times. Fecllowing 3 days of injection, the
tumor tissues were extracted and thelr paraffin blocks were

20 prepared. The ©blocks were cut into 3-pm 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-pm paraffin-embedded slides were stained

25 using bouin, hematoxylin and biebrich’s scarlet acid fuchsin.
The staining reagents were purchased from DAKO ARK (Dako,
Carpinteria, CA) . In additioen, the  immunohistochemistry
staining for the hexon region of adenoviruses was carried out.

The slides were deparaffinized as described above and incubated



adenoviruses at 1 x 108 - 5 x 10° PFU were adm ni stered
intratunorally three tinmes. Follow ng 3 days of injection, the tunor
tissues were extracted and their paraffin bl ocks were 20 prepared.
The bl ocks YR85 nt o 3-pm slides and depar af fi ni zeBCTKRIPH/BHEST
and then in graded al cohols (100% 95% 80% and 70%, followed by
staining with hematoxylin and eosin. For ghe observation of
distribution of collagen, a conponent of connective tissue, 3-m
par af fi n- enbeddédt stheleprivery steathedd2Bvisihg Hesann,ariéradyxyMPR afith2
biebrich's scarlet acid fuchsin. The staining reagents were ,
pur chased fr o ORKEPARKTBERO Sr fidht &PFR, “EA) .“Fn S580#93¢n I°Rheanti-
| munohi st 0ch&ig.stiak 8t alAING 1Lt BEDEXANI6EA! O OF, ABROVELUSEScr,) .
was carried out. he slides were deparaffinizéd as descri bed above
and incubat ed Wo 2006/00910#%PEdiddR200R{D00HE o rASa W hBidd1e PAB Maf ako,
anti-adenoviral hexon antibody (NAB 8052 chem con, Tenecula, CA) and
then with the Gepdonteria,goai.anti- rat 1gGHRP (Santa Cruz
Bi ot echnol ogy, Inc., Santa Cruz, CA). The color devel opnent was
performed using DAB ¢D&KOe HeCACSHATEIG, CTCAJPOPresbhséPveuppes, TUNNEL
occurrence of apoptosis in tunors, TUNNEL ﬁssay was carri

i0

ed qut ,
according to tH¥&¥anlifict (FeF*< | At r ©¥E9%HBY  ApOpTAY kilfl"’m“f'%cturer s

(I'ntergen, PurGhasge+NN oz FAJRE 130! OrndeVROPRAtha &€ | Sy Wer®sy the
i ncubated wi th peroxidase 10 conjugated avidin and then DAB ( DAKO,
Carpinteria, GAlor Atetdbpmehte tosllscolveieof ig@ldasehecanth brpawdxidase-
cells were counterstained with 0.5% nethyl green for 10 m n and
observed lénderontige st opddinband, tiena@rBat PAIRO f dlerexpreasisi ofApat Atertrhe
of MWP by Zynography To observe the change of MVP activity, various
hunman t unor time that color of cells became brown, cells were
counterstained with 0.5% methyl green for 10 min and observed

under microscope.

15 14, Examination for expression pattern of MMP by Zymography

To observe the change of MMP activity, various human tumor
cell lines (U343, UB7MG, C33A, Hep3B and A549) were introduced
to 75T culture flasks and 24-hr later, were infected with PBS,
Ad-AE1B or Ad-AE1B-DCNG adenovirus at an MOI 1-100 and then,

20 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 (Bic-Rad,
Hercules, CA, USA) and their same amounts were electrophoresed

25 on a gelatin-substrate gel. After the electrophoresis, the gel
was subject to gelatinolysis at 37T 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

30 compared by QuntityOnez2.l program {BI0O-Rad Laboratories,



cell lines (U343, U87TM5 C33A, Hep3B and A549) were introduced to

75T culture flasks and 24-hr |later, were infected wwth PBS, Ad-DELB
or Ad- AE1B- DCNG adenovirus at an MJ 1-100 and then, 20 _incubated for
48 hours. RN Swere additional ly incubated for 24PRFKRR006/000657
refreshed DMEM wi t hout FBS, and the nediumwas collected and
concentrated. The proteins present in theasgedium were quantified
using the protein ?nal ysis kit (Bio-Rad, Hercules, CA USA and

their same anmdUit8 G@r ™8l ect rophoresed 25 on a gel ati n-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 exi-esShans® MV iz stafde MidPLntjal aelhint | dgcordaclexpression
experinment was i ndependently conducted three tinmes and the thickness
of bands f or netEiREr BRFG-ERPAFEE By EhtEEF#0Nne2. 1 program (Bl O Rad
&gbogﬁ;géggsbf V0 20081 02049, il SRER0GIAI0R: 480 LI G! €5y, A seorin

asfatic pSPerFﬁelsal over decorin Xpression usin
spont aneous nejAstastssdRdel sPeds agsass ghanges/usapt Astatddninistered
potential over decorin overexpression, B16BL6 cells (2 x 105/ nouse)
wer e adm ni st enubdutsuboutignaous| yhientd ghite mringhtfobkngatoatt pad-ekek-old
6- B-week-old male C57BL/6 mce (Charles River Korea, Seoul, Korea)

to form primad}et G¥0P5/6 AR t freaptehrefy Luforeteatdreéd -t o160l 2bp form
mB in 10 volune, PBS, Ad- AE1B or Ad- AEl B- DCNG wer e | nj ect % directly.
nto tumors t AFGBaEY T Erer O ISP BEY™h Ry S 2FPEP the °T 4bF ™ in
i njection,the primary nors_ rgi cal.l by, . tati

bel ow knedCundSh BT d &rgst ASsrE® (F a0 PET ety L Rary Rheaeey
renmoval , the weitghttuebrgetaséat i tndsur@terylochesi ang. i on t&ey | Ingstaf the

the m ce was assessed.
last injection, the primary tumors were surgically removed by

amputating below knee under mild anesthesia. On day 20
fellowing primary tumor removal, the welght of metastatic tumor

15 iesions 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

20 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 Dulbecce's Medium)
supplemented with 5% FBS, 10 pM/L insulin and 1 uM/L

25 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



16. Eval uation on transduction efficiency and tissue penetration

pot ency of decorin-expressing adenoviruses using tunor tissues from
breast cancer patient 20 Tunor tissues and adjacent nornmal tissues
from br eastVO W4HERPM35pat i ents were col lected, cut into 1PSTHKRRUEIA6FHHS
and then plated onto 24-well plates, after which they were cultured
for 4 hr in IMDM (lsocove's Mdified Dul bggco's Medium suppl enent ed
with 5% FBS, 10 pML insulin and 1 pML 25 hydrocortisone. Each of

dl - LacZ and dIsrgcZEBRNG dterfovfiifdesn atelptiono apdy et adfeedernt othe
the plates co i-nLpng _brea nd, pQr nal, t.Lss , jcyhgd.ed
at 371Cin 5% Q!Clgnggb%?g%lf%?’g@{eggys. o] c?vs\nuﬁg F i Fﬁgu dée{alcon, £a
t he medi um wassteremsvadid r ehctdezopkat eslyrgnd boeaistalt ugor, andonor makyo,
ti ssues WD 2006/ 091045 PCT/ KR2006/ 000657 47 were fixed in a fixation
solution and X4 stained. The surface of X-gal stained tunor

ti ssues wag observed under a stereoscopic mcroscope (O ynpus

optical Co., LTD, Tokyo, Japan). 5 17. Evaluation on transduction

ef ficiency of Hecavienuexjzmessi hgansibendvi resficiepey e Welcek b tbxpekbsing
The primary keloid cell |ine at passage 2 obtained from keliod
patients was plgsneHismt dmBRIiRI1Y Kpae+d ofddSt hen 10 infected with

dl -LacZ or dl -LacZ- DCNG adenovirus at_an MJ of 0.1-50 ol | owed by

i ncubating at 37C1°h B EES i?(ﬁgﬁb tS?%fAthﬁ8aﬁr PEFRYT a% Fgg%l&eicgnfrom
cel |5 were X-galy;shal fad Lol eypal p1hbeq ! ransdush LA 1eT LA ENCUAGl chen
adenovi ruses. 15 18. Eval uati on on spreadi ng and penetration potency
usi ng kelioi d isphered dutdel1-racz or dl-Lac2-DCNG adenovirus at an MOI of

0.1-50, followed by incubating at 37C in 5% CO, incubator. At
48 hr of wviral infection, cells were X-gal stained tc reveal

the transduction efficiency of adenoviruses.

15 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 by

20 culturing at 37T for 5 days. The keloid spheroid was
transferred to 0.75% agarcse-coated 48-well plate and 150 ul of
DMEM (containing 5% FBS) were added, after which dl-LacZ or dl-
LacZ-DCNG adenoviruses at 1 x 107 PFU was added to the medium.
Following 3 days of viral infection, the keolid spheroid was

25 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 kelcid patients




The primary keloid cells (1 x 105) at passage 2 fromkeliod patients
were added into a 15 m falcon tube and centrifuged at 500 x g for 5
mn to obtain kel oid spheroid, followed by 20 culturing at 37 C for 5
days. The P& WY dMieroid was transferred to 0. 75% agaP 65 EREYHOWES
48-wel | plate and 150 pl of DMEM (containing 5% FBS) were added,

after which dl-LacZ or dl- LacZ-DCNG adenogyiruses at 1 x 10° PFD was
added to the nmedium Followi ng 3 days of viral infection, the keolid
spheroi d was 25 fixB8 kploddf txatiem “espuerorpcand eagmlkediad rett.ieThe and
X-gal stainedy; i; d s,ohser, . er sf er.eascopi c ,
ni cr oscope. gdgl%glég%?%a??\gﬁ %nggprs\éggfﬁrg and penet Talt oncpot Sl e n
ti ssues from&elséi chopatsentcatWd 200664031045 ROEMKR2Z0064 000654 A and
The keloid ti ssues .Y\%e extract ed from kel i od patients and dissected
to 1-2 mm sectiORS > THY SLEEPTINE er &°8 UPRIH Y USRY BaF59gireshed once or
agar ose- coat edtvireubat oy wdekDIVEY epatiad iR+ 998 RS8R cultured for more
penicillin/streptonycin. The nmedi um used was refreshed once or

twi ce every wedkramha heediel okeldiidsstiesuper encud t diadetfear obre mdhamere
one week. Kel otird tiss%? in_a ?%aarreter of 2 mMmwere_ transferred to

0. 75% agar ose- ¢6ACET H5 WSl - PP a9 ERES1ZGIHF F DNVERF R icoritsi APhgH BRE
FBS) were addegheMt Qkbbeved,ihy thepkdf -0 h t El dl.- .
or dl -LacZ- DCNG adgnovi ruse}g. Fol I%Wg%ﬂelgd%mdacfséééw%(?rgoaylp t|L1Jlrtlef elgtk?(gﬁ,on
the keolid tis8F8 has ¥9°XRRY 93 -hack jowatilohashiDeNEordemod iXugmd . Following

st ai ned. e r e X-gal . stal ned tissues s observed under a
stereosco-pl)ilbc %Jc%aglgsco%;.‘m%g é\?g a1 esgﬂﬁgéggnélﬁ%‘ﬁ pEitet o™ @
potency of ademraviéusesiitidh t hegUSSgalhacXigah. skakned keloi dr x_qa3

tissues 15 were enbedded in O C T. conpound and snap frozen. 10 pm
frozen secti &tawasdt hePysisaced ohservrd aviderceatdegrsbsdwigl assrbsrope.

To evaluate the spreading and penetration potency of
adenoviruses into tissues, the X-gal stained keloid tissues
15 were embedded in O.C.T. compound and snap frozen. 10 pm frozen
section was then placed onto gelatin-coated slide glass for

microscopic observation.

RESULTS

20 1, Construction of decorin-expressing adenoviruses and

expression pattern of decorin

To wvisually evaluate the alteration of penetraticn
efficiency into tissues depending on decorin expression,
replication-incompetent di-LacZ-DCNG, dl-LacZ-DCNQ and dl-LacZ-

25 DCNK adenoviruses expressing LacZ 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 into tissues (Figs. la and 1b). The replication-

30 incompetent dl-lLacZ expresses lacZ gene under the control of

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



m croscopi ¢ observation. RESULTS 20 1. Construction of
decorin-expressing adenoviruses and expression pattern of decorin To
visually evaluate the alteration of penetration efficiency into
tissues dePEhHPHEIBY decorin expression, replication-iRE qusfqgo6s7

dl - LacZ- DCNG, dl -LacZ-DCNQ and dl -LacZ 25 DCNK adenovi ruses

expressing LacZ as a reporter were constrygcted. Furthernore,
tunor-specific oncol ytic Ad-LEL1B-DCNG  Ad- aE1B- DCNQ and Ad- 4El B- DCN\K
adenovi r uses VBF@rcePRIriict eACt Y tisnAdnte & RelehpaHIGuSPT B ISf FicEPahdgAA
of repllcatlo adeno o] u ( S a b) .

The replication % ﬁ%?%ge:é’t e%t9 g%%acgﬁéxé%ﬁe?ﬁ{ ag%ggg%%&ungg?est ‘he g he
control of Cl\a&\épplicaﬂ:tce'r—n.\nhb:edsbtleati As$erdad otest hel-delket schdEl anlce @i Onacz -
The WO 2006/ 091045 PCT/ KR2006/ 000657 49 tunor-specific oncol ytic

Ad-, MB adenovitW& ROV AEITFEr nditd EF A IgEReS L HiGhwetsiolviic | A€k S ERB3DCNG,
I9kDa and E1B o} RONG;
dl - LacZ- DCNQ 5 a%%%??gé aDHC;{I%da engvﬁéﬁgeiﬁégﬁgg%%osf? T}{Bgé %a&é

oncol ytic Ad genEl B-ridENGRA 5 iAde AERB- BONQ eichnAdarGieEl BhBCNOntrol of CMV
adenoviruses express the decorin gene inserted into the E3 region

under the cont¥EM6FE OMP 5 BROTRTS PoifiEORtR &S oP e ctid PYengontain

DONK and DCNQ 6@t & i e 8 URSLILYE 845 nyel %9&' %ﬁl&% bRecH egia% WA BRyotan
plays a pivotal role in binding to Type | lagen fibril.” 10 For

assessi ng t he @éeoknnbimddngssd Glyppal tarldagen addmovi r uses

constructeg Hep3B was infected with tunor-specific oncolytic
adenovi rusés Ad- I\§§r AQSBEELBIDERRS, SSFrAR BAEXNG &R oP A= %f FIERRVAFusES

MJ s and rredlu \Y; f L I I i.nf ecte
With Ad4biB a?n"@%lééggtcfvg{ 3B ‘r%o Vfi%%g er?gré) H NQimor O8Ld & 10 eGLeM 5 ¢

adenoviruses Ad-AElB, Ad-AEIB~DCNG, Ad-AE1B~DCNQ and Ad-AELB-
DCNK at 3 MOIs and medium was recovered for Western blotting.
Cells infected with Ad-AE1B as a negative control for tumor-
15 specific oncolytic adenovirus were revealed not to express
decorin, whereas all those infected with dl-LacZ-DCNG, dl-LacZ-

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

2. Comparable evaluation of transduction efficiency

20 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,
IMR90 and WI38) were infected with each of dil-LacZ, dl-LacZ-
DCNG, dl-Lacz-DCNQ and di-LacZ-DCNK viruses at an MOI 0.1-100

25 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 lines infected with dl-
LacZ-DCNG was highly increased compared to those infected with
dl-LacZ, demonstrating that the expression of decorin

30 dramatically improves the transducticn efficiency of adencvirus.



15 specific oncol ytic adenovirus were reveal ed not to express

decorin, whereas all those infected with dl-LacZ-DCNG dl-LacZ- DCNQ
and dl - LacZ- DCNK showed expression of decorin (Fig. 2). 2. Conparable
eval uat i onV&2%0¢¥%uction efficiency 20 To eval uate thBCT/ERAVENWETON
efficiency of replication- inconpetent adenoviruses, various hunman
tunor cell lines (U343, U87M5 C33A, Hep3B and A549) and human

normal cell lines (CBHEL, |MRO0 and WL38) were infected with each of
dl - Lacz, dl - LdEZETEENGIY - LatZ- BEND arfd B8F - L&EZ- DENK AR ees ngempptent
M3 0.1-100 25 andyt ARk, WEhoRbaCLYCd b, CXRI LSSLAR PAL Habt 0L LACZ che
gene by performng X-gal staining after 48 hr of i1nfection. T%e
expressi on of ilnZeZtien abkitH udbiLacetbcyd nescusnfeectied wit ol tess than 10

LacZ- DCNG was highly increased conpared to those infected with
dl - LacZ, denorStratfhgtt HAPLRES eXpriesSPoR oF Wtorieniso SHagratital et

i mproves the tJv@@éQ%Péés‘RBnefoffi deRREYn Ok aRAENENE S 181 1 WO; 20064 09d:0A5 a1
PCT/ KR2006/ 000657 O Interestingly, a high titer of

replication-i ngdnpet @ntandadenhovidiks esdshovke datvong nthec eutet¢d degtihned rat
particular, the infection with dl-LacZ-DCNG virus at MJ qf no | ess

than 10 result&d 5eF RBprErEeceli® deat PR TR cBIRS, T stRfdager n§tPrit

that 5 OVereXWe%ESi%\lx%fsggﬁwrﬂﬂé CALSHGCBERG Ulday b DAUCE BEhd @%@%ﬁge a

(Figs. 3a and 3b). nd DCNQ havi ng the nutated sequence at

regi on invol veagakart heibdmd ngaffontype Itocoldoddegerf i bexliibifede slightly

expressed. . The dl -Lac/Z- expr essi having a r_bindi

P ey g et pEaod R Eabs BErS areT, hovetesd <oy Saskrari oy -bata-
efficiency Comkeéx%peéﬁmlgag&x Homb@6¢€e1 PONKk EXPr &5 TnBgb XN affinity
conpletely lacking of the binding affinity to collagen shovveg nearly

i dentical |evele ofotlaassduchéwnd eedilkd endynticadl - LacA. TReskranedustion

led us to rease%iggg‘rgcy} h«:% dl-LacZ. These results led us to reason that the

expression of the wild type decorin greatly enhances the
15  transduction efficiency of adenoviruses. To the contrary, the
increase in the transduction efficiency by decorin expression
was not evident in normal cells, suggesting that decorin has

tumor specificity.

20 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 subcutaneocusly

25 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 inte 1-2 mm sections and
infected with adenoviruses at 1 x 10% 1 x 101, or 1 x 10% PFU.
X-gal staining was carried out after 48 hr of infection.

30 Compared to the treatment with dl-LacZ, dl-LacZ-DCNK and dl-



expression of the wild type decorin greatly enhances the 15
transduction efficiency of adenoviruses. To the contrary, the

increase in the transduction efficiency by decorin expression was

not evi denAMUBMEI cell's, suggesting that decorin haBCTEBA9/000657
specificity. 20 3. Evaluation on spreading and penetration potency of
adenovirus to in vitro tunor tissue usingsyunor spheroids To eval uat e
the transduction efficiency and tissue penetration potency

reconbi nant adefdvPFifsext tlo % dr?DrPFUspﬁéPoisﬂ%e e @ds dﬁuﬁ%ﬁ?*@@ﬁﬁrsmww
cell lines were subcutanequsly 25 injected |nto nude m ce and once
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extracted. The fUMRLLe ti:S3UESLXIRCLed eLe ﬂs%s%ﬁéﬁdl'ﬁtfw p?u ”IQd to
sections and infected with adenoviruses at 1 x 106, 1 x 10",

10" PFU. X-galarstai piq) wasiaakd i@d et cabter: 48 pcof ot m‘l.a@trl @ﬁhaﬁ&d
Conpared to the treatnment with dl-LacZ, dl-LacZ-DCNK and dIl WO
2006/ 091045 PCTFEER2006/r00@657ratlyl doZeDONQ @ thex pRO6t RRUJont kR fSammcy

dose of dl-LacZ-DCNG showed stronger X-gal staining on the surface
of tunor spheroﬁldad%‘é"lrtulséét MEH® wittReadetiBFirPides oF IAd™1iddget hatmpr

107 PFU l ed t k X- t th f
;(um)r sphergi o f ¥ Zef;ere chion%:ggltfg?ygg eﬂfvgf'?%’gtr eCJJT ﬁ%g{feﬁ eFJgF?o K

efficiency ofan@d%@omzlm@l QLo t umpps spher oidls o X1 g2l 164 aépﬂe@xm@cred
spheroi ds were sectioned for observation. dl-LacZ dI-LacZ-DCNK and
dl - LacZ- DCNQ atoot Xxuad¥6, edpresk@dnorinl xuddd8 PELbwsshi bihd edtsporebacdvas
expression in tunor tissues and its spread was 10 limted to the
surface ofl0t unsmisphetoi dde BrRLEDIR r ast tupdre S%Wié@seénofcontrast the

dl - LacZ- DCNG showed much h| er LacZ ex ressmn Evel conpared to
di-Lacz, dI - L&cZSDERRSand’ af T2 Bk much  higher LdcZ expression

level compared to dl-LacZ, dl-LacZ-DCNK and dl-LacZ-bCNQ and
its spread was extended to the inner part of tumor spheroids
{Fig. 4)}. It was recognized that the tissue penetration potency
15 of dl-LacZ-DCNQ and dl-LacZ-DCNK is greatly decreased compared
to that of di-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
20 spheroids are greatly increased compared to those of dl-Lac?,

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

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

adenovirus in tumor mass in vivo

25 In corder to investigate whether the enhanced transduction
efficiency and viral spread of di-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



its spread was extended to the inner part of tunmor spheroids (Fig.

4) . It was recognized that the tissue penetration potency 15 of
dl -LacZ-DC%::qg{g dl-LacZ-DCNK is greatly decreased conpared to that
of dl -LacZ’ SHE penetration potency was decreased PSE/KRRR06/000657

binding affinity to collagen was decreased. These results clearly
denonstrate that the transduction efficiengy and tissue penetration

potency of dl-LacZ-DCNG to t r. 20 _spheroids are great|ly ingreased
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to tunor nmass Three yyst uraperxenogead t wandetskaerandusedttibaeh W x-gal
2006/ 091045 PCT/ KR2006/ 000657 52 of dl -LacZ and dl - LacZ- DCNG

adenovi rusées attainingpg Whigey 4qpglagdryerpsoitsdr atifor@v y1levglectodd Lacz

into the tunor_ mmss.of U343, . UBY 3A,. Hep3B, and A549 forned in
t he abdomen of Hu gs%r?%eéné; hreeeStg%EgFé?%lﬁn twt?r?orr?sﬁé]rcetefja%@nr{gﬁdv”us

sectioned for X-Qak;d,staldl ng. YWendl ska6s GxBLbLfRd  hE ) ?%’%é)lr%\églon

of LacZ expression and the stained region was restricted to

virus injectiamn sitee,stdlintAceddICNGraboneghdueh Hai ghael faggkead to other
expression and the stained region was found to be widely spread to

ot her regi onsradignst hkayi thes vigpecinigrtdionres{ giFig). 5) n parpdmikatar,
10 UB7MG a%d C33A tunor nmass infected with dl -LacZ- DCNG showed dark

bl ue col ort¥asctiBéd 16 | Tt BnsTIRILAEE Sexifriessedn "1 thr SLghrfikPalf eheved

T oo et A0t A ETRUER ol s kA2 T S8
throughout all the tumor tissues. In Ab49 tumor xenograft model,
dl-LacZ-DCNG showed much higher LacZ expression level and much
deeper and wider spreading/penetration compared to dl-LacZ-DCNQ

15 and dl-LacZ-~DCNK adencviruses. These expression profiles
address that the penetration and spreading of dl-LacZ-DCNG in
tumer mass in wvivo is greatly enhanced compared to dl-LacZ not
expressing decorin,

Furthermore, dl1-GFP and d1-GFP-DCNG adenoviruses

20 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 flucrescent microscope.
In tumor mass injected with dl1-GFP, GFP was limitedly expressed

25 along the needle track formed by viral infection; however, GFP
was strongly and widely expressed in tumor mass injected with

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

5. Assessment on tumor c¢ell killing effect of decorin-




deeper and w der spreadi ng/ penetration conpared to dl-LacZ- DCNQ 15

and dl -LacZ- DCNK adenovi ruses. These expression profiles address

that the penetration and spreading of dl-LacZ-DCNG in tunor nmass in
vivo is gr & 398Pnced conmpared to dl -LacZ not expr eSSTHFIHECH6 .
Furt hernore, dl-GFP and dl - GFP- DCNG adenovi ruses 20 expressing G-P
(green fluorescence protein) were intratungrally injected into C33A
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days | ater, tUNBHESEEEE AREREHNE A78i¥ secti oned for observation
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GFP was linitedly g&pgggg%g %ta&c})lr?g ‘the needl’e Efernéa‘gﬁa?%%nma§%y5p§ﬁ?%1ng
i nfection; howevelgccEGER-exmessti@nglancandu detiriexpe€SsedentinkbdfDEumor
mass injected with dl-GFP-DCN (Fig. 19a). 5. Assessnent on tunor

cell killing efiéctidtizredirAt Vi 2006F09894S IPCPPRIR20G6/ 08@BArusgs, a
EXDFESSIﬂgSan%hy%%gaQQEﬂp%h H%a?Qnﬁﬁvﬁééhﬁﬂ?%uhQE { 888 'fines (U343,
penetration and spreadi ng of decorin-expressing adenovirus

contri butes tdisemganCasr t uiepBB @el [ASKP) | &md) lefhectonfalt aabl - Sipesi f(CBHEL,
oncol yti c adenoviruses, a 5 CPE_assay was carried out. Each of hunman

tunor cel | 18§ U3HH20 "1E3BA R pIE 4G ASASY dHd LAGfraninegative
normal cel | 11068 (EBHELy_dYRCS AL MRBO aRd WA8)r MaS kAT 654 ey Wik B_ponk
dl - LacZ (negative control), Ad-4ElB, Ad-4E1B-DCNG ~Ad- AE1B-DCNQ and
Ad- AEl B- DCNK  atdepevinsrsesatat MM sob6f 00111000anmd thae tmoor cegl | killing
killing 10 effect was anal yzed. As shown in Fig. 6, while the ,
negative lgonterfcﬂe,ctdlw-""ﬁaézaé”‘?ﬂ'te’?f | 7117 By ! .'ceﬁ'l P fgeefraRELVe
in various tuwpree! | dlimes Ad:4EFE DeNGexhi Abt edi abput: 119- 2@fect in
fold higher tunoricidal effect than Ad-aEl B not to express

various tumor cell lines, Ad~AEIB-DCNG exhibited about 10-20

fold higher tumoricidal effect than Ad-AE1B not to express
decorin. In particular, Ad-AE1B-DCNG adenovirus showed about
15 20-fold higher tumoricidal effect than Ad-AEIB in Hep3B and
U87MG cell lines, and Ad-AE1B-DCNG showed about 10-feld higher
tumoricidal effect than Ad-AE1IB in 0343, C33A and AbB49 cell
lines. According to the resulis, it could be understood that
the decorin expression does not deteriorate a replication
20 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 tec be decreased compared to that of Ad-AE1B-DCNG. The
tumoricidal effect was decreased upon decreasing the binding
25 affinity to collagen. In contrast, Ad-AELB-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-

30 specificity.



decorin. In particular, Ad-8ELB-DCNG adenovirus showed about 15
20-fol d higher tunoricidal effect than Ad-aEl1B in Hep3B and U87MG
cell lines, and Ad-aE1B- DCNG showed about 10-fold higher tunoricidal
effect t haWOMOERA®S n U343, C33A and A549 cell |ines. PREEB2H618P6570
the results, it could be understood that the decorin expression does
not deteriorate a replication 20 conpetency of adenoviruses and
contributes to the dranatlc |ncrease in tunDr|C|daI effect of
adenoviruses at E L {3
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Ad- AEl s, Ad-4E1B- DCNG  Ad-4E1B- DCNQ and Ad- AE1B- DCNK adenovi r uses

and pl aque forpoaks otharwashdshenrdaatyz ediciAs aAsherue, i md=ingss-Dtmxanthd/ aa-

pl agues were fornmed in shorter tine for Hep3B cells infected with

Ad- AEl B- DONG AHi&nDERDdselni rifasié t deh witllagnds AEIRedAdnAEEB3CNK land nAgicted
3B cells infect

10 4E1B-DCNQ I.n. addit]j | a ormed in He
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infected with Ad-AE1B. More specifically, with Ad-AE1B, plagues

rea
aques were

were observed 13-16 days after infection, whereas plagues were
formed as early as 4 days post—-infection for Ad-AE1B-DCNG.
15 Moreover, it is observed that the rate of plagque formation of
Ad-AE1B-DCNQ and Ad-AEI1B-DCNK was greatly decreased compared to
that of Ad-AEl1B-DCNG. The rate of plague formation was
decreased upcen decreasing the binding affinity to collagen.
These results demonstrate that the decorin-expressing
20 adenoviruses lead to the formation of plagues 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



infected with Ad- AE1B. Mre specifically, with Ad-LElI B, plaques were
observed 13-16 days after infection, whereas plaques were forned as
early as 4 da%/s @’ost-i nfection for Ad-AEL1B-DCNG 15 Moreover, it is
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tunor cell |inesadreventecired otrh the AdndEiBonAds VERBXENGE,. A549 cells
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hr post-infectindected wedsurdndElh ivhovwedseabontsulPGlleel $f subG, cell
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population by adenoviral infection was also observed in other
cell lines (U343, U87MG, C33A and Hep3B) (Fig. B8a and #%able 1).
Moreover, subG,; cell population in cells infected with Ad-AE1B-
15 DCNQ and Ad-AE1B-DCNK was decreased compared to Ad-AE1B-DCNG;
the increase in subG; cell population was less upon decreasing
the binding affinity of decorin to cecllagen.
A representative of human tumor cell lines was infected with
replication-incompetent adenoviruses, dl-LacZ or dl-LacZ-DCNG
20 adenovirus and harvested for measuring the increase in subG;
cell population. As results observed in oncolytic adenoviruses

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

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

TABLE 1
Tumor cell lings subG1 cell population (%)
PBS CPT Ad-AEIB Ad-AEIB-DCNG
U343 0.89 59.86 0.98 4433
U8TMG 2.00 14.78 3.00 15.93
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Further, to accurately examine the effect of decorin

expression on cell killing potency, the progress of apoptosis

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/PI7,

Annexin V-FITC'/PI~ and PI* represent healthy, apoptotic and

necrotic cells, respectively. QOf the CPT-treated U343 cells,

372.15% (Annexin V-FITC'/PI") of the cells were apoptotic, while

the cells infected with Ad-AEl1B 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-AEIB (Fig. 9a). For other cell lines including UBT7MG,

C33A, Hep3BF and A549, the decorin-expressing adenovirus showed



Further, to accurately exam ne the effect of decorin 5 expression on
cell killing potency, the progress of apoptosis induced by oncolytic

adenovi ruses was assessed by Annexin V- FITC and Pl dual staini n&;.
Annexi n V- BOrB%/®Sed to detect the translocation of PCT/KR2006/000657

phosphatidyl serin (PS) to the external nenbrane |eaflet as an early
mar ker for apoptosis, and Pl is 10 used taq+identify necrosis by

bi nding to nuclear chromatin as a |ate marker for apoptosis.

Theref ore, AnmahnhVWOIRITEREPECsis ARitexthay-A4-TELP pdengféry - In addition,
represent healthy, apoptotic and necrotic cells, respective

. ly. O
the CPT-treat ed*°U385°tel] §POPEHifnép A%?]%Sﬁsr‘isvﬁjﬁnﬁfl?PY?5IT8f/E%/Ih€nd P17

cells were apqr%%@teg&ng}m&@ tacine colil sqbafipcied Wil AdeAELR and puepn
Ad- AElI B- DCNG showed 24. 15% and 44.85% apoptotic rate, respectively,

i ndicating thafighdr ARLB- DANGE agleTag I ybarn NAUE@s1ENhaRCEdcaPRAKOSI Shese
rate conpared to Ad-AEIB (Fig. 9a) . For other cell |ines including
U67M5,  C33A, ddep3Bs andgeASAD, tot hreader orhat edxprBSBiNMfGaddaowinus elicits
showed WD 2006/ 091045 PCT/ KR2006/ 000657 57 mnuch hi gher apoptosis

rate than Ad- 3EEB Ad6RBYI FaS 9 ZWRATOSHR, thaherAddE ﬁroﬁoaﬁgﬁ% oshe cell
and necrosis (Annexin V-FITC /Pl-_and Pl')  reflectin e entir

cell death \/vascéé’lt ci Y&tEd 6 e ﬁﬁec%enﬁéﬁhehp f%ér"ﬂﬁgbb%@ﬂ@tﬁaﬁﬁm‘
Ad-LEIB. Col | gelic¥ely, ddesfna ERsUl i WodBtysid Gatga80NadNah s-peNg anda
Ad- LE1B- DCNG adenovirus elicits nuch higher rate of apoptosis than

Ad- LE1B, so thai-sEbe-meld wadeatchreoscddr Scomieed r equetdd YoyDYAE1IB-DCNG; the
Ad- DE1B- DCNG t han Ad-LE1B. Moreover, we found that the apoptotic

rate by AdOLEERODENG @andatAd- 6&1B-PCNEased dwoneadeeke@sipar edet o PLhding
by AE1B-DCNG the 10 apoptotic rate was decreased upon decreasing the
bi ndi ng af fi MY 6FY fcHFFRT0 “CofPHEIT - To exani ne the apoptotic

rate induced by rfgﬂ Eggﬁiﬁgp the apoptotic rate induced by replication-

incompetent decorin-expressing adencviruses, various cells
including 1343, UBTMG, C33A, Hep3B and A549 were treated with
15 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 dl1-LacZ-DCNG showed 3.93% and
20 13.18% apoptotic rate, respectively, indicating that dl-Laci-
DCNG adenovirus induces enhanced apoptosis rate compared to di-
LacZ. For other c¢ell 1lines including U87MG, C33A, Hep3B and
A5%49, the decorin-expressing dl-LacZ-DCNG adenovirus showed
much higher apoptosis rate than the dl-LacZ adenovirus. Taken
25 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.



i nconpet ent decori n-expressi ng adenovi ruses, various cells including
U343, U87M5 C33A, Hep3B and A549 were treated with 15 PBS, CPT,

dl -LacZ or_dl-LacZ- DCNG and the progress of apoptosis was then
assessed by QIRER Y- FI TC and PI dual staining. As shBWHKRAOENYPSST
9b, of the CPT-treated U343 cells, 19.41% (Annexin V-FITC/PI-) of
the cells were apoptotic, while the cellssinfected with dl-LacZ and

dl - LacZ- DCNG showe % 0 18% a totic rate, .respectively
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C33A, Hep3B and A549, the decorin-expressing dl -LacZ- DCNG adenovi rus
showed nuch hittgiér *apbift-odi’s f2d eaPhan3t Heatdlriras ddeibyi eaists Takered

25 together, usit@p%;g bgs recagoi zef t{tiaf&rro%pue%?t <0306 OPPCLEM  broun,
decori n-expressi ng adenoviruses as well as oncolytic decori n-

expr essi ng Sademaicatuses tloall dedndieaee apdptaesi se abpopredsibi. ghser s+1atse. of
WO 2006/ 091045 PCT/ KR2006/ 000657 58 TUNNEL assay was perforned for

i denti fyi ng DNE FIEGHETCARR o 4% f1iRarRRAEPASL I TtoPreYR| §nd 69.745.40%

apoptosis. It &@SAdSAEQ‘ﬂDD&zEbEnQegEQ? @QPlsTa9+ﬁ( BbLM, ak %Et?‘!ﬁll hethe

cells treated with CPT as a positive control were stained to dar
brown, 5 i ndi calghag tdigsern@ycoif r e i6FHDaXt | e iapopd axic®tod2s ShAn5%iofE1B

Ad- AEl B-i nf ect ed 43 cel |l s appeared light hrown and 69.75.40% of
A AEI B DONG. | [IPRCEod) cal Y JBPR WAL SRS LS | Shs Pk STREGRaLon was

pot ency of1pAd-AELB-DGNG tR begucer aRaptRshsithan AssABELBc36dabhes ) andg
Such increased apoptosis upon decorin expression was 10 al'so’ found in
ot her tunor celdd9inés {AREMEhalCIA, fHepdBcandf P IragmwtdGwnd indated

MAMASTE RECRTE L R T S S R
Ad-AE1B-DCNG; the frequency of DNA fragmentation was decreased
as the binding affinity of decorin to collagen was decreased.

15 Since various effects exerted by decorin expression were
sufficiently analyzed and assessed in 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.

20 TABLE 3

Tumor cell line Proportion of apoptotic cells (%)

PBS CPT Ad-AEIB Ad-AE1B-DCNG
U343 10.5+5.83 53.5£7.45 32.5412.5 69.7+5.40
U87TMG 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 69.7x15.64
A549 3.5+0.83 37.5+5.35 34.8+11.3 75.2141.22
Tumor cell line Proportion of apoptotic cells (%)

PBS CPT di-LacZ dl-LacZ-DCNG
U343 1.54+2.98 {74.67£12.38 15.07+7.43 61.82+15.20




Ad- AE1B- DCNG the frequency of DNA fragnentation was decreased as
the binding affinity of decorin to collagen was decreased. 15 Since
various effects exerted by decorin expression were sufficientl

anal yzed al® QWU in ternms of the binding afflnltyPFEﬁQQﬂW@hﬂﬁi
adenovi ruses expressing the wild type decorin having the highest
binding affinity to collagen were used fq@ in vivo or |n vitro

ef fi cacy test $—20—FABE—3—Turot —tre—Propotrtion—of a"?iuuu €
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38.52.65 69. 71Refift  AS49 3.13838363775:36:351134. 81133.88:623211. 225 28kupr

cell line Proj toti+ec—ept-s—3—PBS—CcPF—dt—t-ac#
dl - LacZ- DCNG |AB#3 1.542.9 37’%@?}12 638043538077 43.8642.8215. 2(52NB+13.66
2006/ 091045 PCITKRZ0067 000657 (M5 1.941. 598 40, 0013. 1/, 15.00Z. 44

24.447.24 C33A 3 GERIAECHIGISTE0DEIIRNEEIT BY Tpeygas Hepggted with
3.331.56 75. 8%%;&%8%2 oﬁ@%ngg'mée%e%%7aéo?mé%% 2aP05241, ?%foﬁac%%cws) or

7.842.42 52.0 representative human tunor ce I nes wa
infected with tLﬁT@ELbﬁéﬁﬂfQ& ioneorpetceideadenay r ysi-cdhe LeeZn@aE18-peNg) ,
dl -LacZ- DCNG) or tunor-specific oncolytic adenovirus (Ad-AE1B or

Ad- LE1B- DCNG) ,andamd rhas tegb tdda 94 8h 962 fire rafinge ct ifre dor0MUFNBL BoMMEEis. As
anal ysis. As 5 results obtained fromoncol yti c adenoviruses, the
decorin- eXpr dSSUAGS dI TR 2eBONGRN PIPIAEL B- FSRECRHBHGG r sk decorin-

exhi bi t ed expressing dl-LacZ-DCNG and Ad-AEl1B-DCNG adenoviruses exhibited

much higher apoptosis rate than the dl-Lac?Z adenovirus (Fig.

10a, Fig. 10b, Table 3).

10 8. Evaluation on anti-tumor effect of decorin-expressing

oncolytic adenovirus in vivo

To investigate in wvivo anti-tumor effect of decorin-
expressing Ad-AEl1B-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 o¢f 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. 1lla). In other words, Ad-AE1B and Ad-~
AF1B-DCNG adenoviruses exhibited prominent in wvivo anti-tumer
effect with referring to results from PBS.

After 25 days post-treatment, all of S mice treatea with

PBS were dead (Fig. 11b). After 33 days post-infection, Ad-AELB

25 and Ad-AE1B-DCNG adenoviruses led toc the tumor volume of 399.68




much hi gher apoptosis rate than the dl -LacZ adenovirus (Fig. 10a,
Fig. lob, Table 3). 10 8. Evaluation on anti-tunor effect of
decorin-expressing oncolytic adenovirus in vivo To investigate in
vivo anti -ﬁiﬂﬁ??“@ﬁ?"@ct of decorin- expressing Ad- AE1B- DBSGGERR9HBG0ES7
xenografts fornmed in nude mce were infected three tinmes every other
day with Ad-8E1B or Ad 15 AE1B-DCNG at 1 x108-5 x 108 PFU and the

growt h pattern qf tur;gr% was, observed. For human bhrain tunor US7MG
the negative TonfPOl PSS r 8Zul t BHFRSTLERR bonEFHdBr e thRBWERE ofdecorin-

tumor to 108 Wt - - B- t
significant saep%%eeggig%% of nt%ﬁ%mrﬁggg%\}w tq{agg%g% #%n%oe%ff:g#g nrrz;‘ﬁi
3, respectivel3EEF g. Skkp¥yisingipgt her AcvorRdS DPul AElBleandiAds LEUBoDENG y
adenovi ruses exhi bi tgd prom nent i4n Vi Vo tj]-tum)r effect with )
referring to resirfatss ohBas. “af feris5 ddys’ pBitS t PEaff¥ntl? &9Stariml
mce treated wirdfectPBS wate wead (ddtg. thhdy) inAfd efid3 HaY%ay 41 post-
post-infection, Ad-AE1B 25 and Ad- DEl B- DCNG adenoviruses |led to tﬁe
tumor vol une ofMf399i48- W X006/169 10453 oPCT/ KR2608#00065 % ed6 0/ imiE AdndELB-

23.38 mm 3, regpectivel reasoning _that .t he decorin- expressin ,
adenovi rus has strc‘?’r?éernxgn?l SEUTRSY HSPeﬁ(ﬁé/e’ih c%d’-s @Sf%.’mfse‘:tlgn (Fig.

Surprisingly, 1Ad)AEIR- RGMNwiadenayindss QmPladcel Yener agiicatfer t PRIt ot
4 mce of 7 mce at day 19 post-viral 5 infection and w ped out tunor
in 6 mce at M“@Pp‘béi@- iisnfBéeP i bFe Ans@rhehelymEgr SWhpr ofetludpnes, the

treated wh - - A ed. even after 60.da
post -i nf eclioi Oﬁﬁﬁé%ﬁs %%t\ﬁguﬂgén%r%% e?%sercasrlféﬁdeﬁ%%l Oéfn%@m’ A543,

anti-tunor ef fleeBBobnd AU3AELRNOGNSY s, alngo grbes | A hiefe AdNBA th UBBKor—

cell lines, the 10 analysis of anti-tunor effects was carried out for
C33A, A549, specific onhcolytic Ad-AELB or Ad-AE1B-DCNG adenovirus showed

more remarkable anti-tumor effect than those treated with PBS,

as shown in Fig. lla. In addition, tumors treated with AG-AEIBR-

15 DCNG were more largely decreased in volume than those treated

with Ad-AE1B, demonstrating the contribution 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

20 mice, 80 days after the beginning of the treatment, 100% of the

animals treated with AdJd-AELlB-DCNG} were still viable, whereas

only 50% of Ad-AE1B-treated mice were viable {death of mice;

tumor volume > 2000 mf for C33A) in the same time period (Fig.

1lb) . Ad-AE1B-DCNG was treated at 1 X10° PFU for C33A xenograft

25 model and at 5%10° PFU for U343, UB7MG, Hep3B and A549

xenograft models. Such increased survival rate by Ad-AE1B-DCNG

was also measured in U343, UB7MG, Hep3B and A549 xenograft

models. These results demonstrate that Ad-AE1B-DCNG can confer

significant survival benefits and tumor reduction in vivo.

30



Hep3B and U343 xenografts. The groups adm nistered with tunor-
specific oncol ytic Ad-aE1B or Ad-8E1B- DCNG adenovi rus showed nore
remar kabl e_anti -tunpr effect than those treated with PBS as shown
in Fig |IYOPM%4tion, tunors treated with Ad-DEl B 1BCHERIRA00857
nore |largely decreased in volunme than those treated wth Ad-4E1B,
denonstrating the contribution of decorin giexpression to excellent in
vivo anti-tunmog effect. The survival rate of tunor-beari nag m ce was
exam ned for the S¥E R c 7 £t

tunor bearing i . af t e .beginning of the treatnent,
100% of t he am#%vﬁ%&%%#vﬁ#&-ﬁ%%%%@%%e Lk EEHRIR IS )ﬂ%é’élr‘gfsti |1 viable,
whereas only 50%:0ficAd- BindB:- theat esk 11l cenver @vbabbeMgleat b OfuelhEeang
tunmor volune > 2000 Did for C33A) in the sanme tine period (Fig.

|1 b). Ad-aEl B-DGNG viesmedeatedhat abdxdg8 #FUnfdy O33A wenagrakbte@5three
nodel and at 5x108 PFU for U343, US87M5 Hep3B and A549 xenograft

nodel s. Such indeSasEHtsuPG $BIE r 408 D AFIBEABIDONEP L lgwéng| s days of
neasured in U343, MG Hep3B and A549 xenograft nodel s.. These .
results dennnsltnrjéet‘:g??%ht t}ﬁj-gﬁ% [ﬁﬁéuc?ﬁnw@ﬁ%f 8f‘tr%cit§g‘i fAndaftained with
survival benefy r o N I My, Vi WO

PCT] KR2006! 0005ES 208 l%mc%%n%gg%? ?&ﬁoph%ght\é’?ggg%ﬁ s??%%%%?j%%ag%"ﬁy As
decorin- expresswig [epldigatli orpacaupet afcradenovickisnyariinoUsd tHHTRApeNG -
tunmor cell lines (U343, U37M5 C33A, Hep3B and A549) forned in the
abdonmen of nudeesitee wasrnsnfece ethimiyegoursl tonmebe whdhipAdr ARIB tamdr mass,
Ad- AE1B- DCNG. Fol | ow ng 3 days of injection, the tunor tissues were
extract ed End "CEEFABITNT T 1Ph AR ObE I AR B BSTR TOie FREEDY Fiftestable,
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and distribution within the tumor mass was then verified by

immunohistochemistry using antibodies specific to adenoviral

hexon protein. As shown in Figs. 12a-12e, Ad-AELIB-DCNG

15 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

20  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

25 Masson’s trichrome staining

Human brain tumer cell line U343 formed in nude mice was
injected three times with Ad-AE1B or Ad-AEIB-DCNG. Folleowing 3
days of injection, the tumor tissues were extracted and stained

with Masson’s trichrome to analyze the distribution of collagen



treated tunors were mainly found on the periphery of tunor mass, 10
whereas those in Ad-AE1B-treated tunors were barely detectable, if
any, found_at the center of tunor mass. Viral persistence and

di stributi &Pt he tunor mass was then verified byFPCT/KR2006/000657

i mrunohi st ochem stry using anti bodi es specific to adenoviral hexon
protein. As shown in Figs. 12a-12e, Ad-AE1B- DCNG 15 adenovirus was
detected mainly on the periphery of tunor that underwent necrosis.
TUNNEL assay r r&d PE%? Spotitiosime i osc AP Ec Aty e rrpe kINa s gasrix.
region as necrposis. ln contrast d- AEl B i nduced necrosis at .the
center of turro?ln,lc?lfmﬂ%t esgfaéﬁf'e. U%ﬁ%ﬁﬁ?’i“% nbn?slst%('::%ﬁf%‘{ bgl\"%céaﬁ‘?‘% was
that Ad- AE1B- DENGue201 RdePovi JdiS #£Pbk CakgSnact ivebYubNbhg: Vickadin its
injection site and spreads widely, contributing to the induction of
apopt osi s and immegr @Rirsiod0. hdwrwest | gabt onredteenldiagenddnsig-oonti 8Rowed
in tumor mass using 25 Masson's trichrome staining Human brain tunor
cell 1ine Q3439 drlvedstaimude vAtll ids ippgeatcedivhr dastteags ahilflagen in
Ad- AE1B or Ad- AE1B-DCNG_ Foll owi ng 3 days of injection, the tunor
tissues were extS actBd°ang3Ry 'ené’gs RPEH s $8n"8THGh dHesHes t gprrounding
anal yze the di i.hut of ., col n 2 091045, PCT/ KR2006/,000657
62 (stained bli}é[{’oggl olr%&'ma}fdr %?regon%\ﬁ gg%ef(t rrgtszlgjﬁsua?u%etsr%i xt%a% the
trichrome staidheolytB43 AMMRipRe% t &R rWst e AdedElB WBSorin in the
frequently observed to be stained in blue color within its inner
portion; howevemorthptcifieat @dnnet h Awd ABIRDCNGashowedl Iy naehlides the
staining within its inner portion. Instead, collagen in the form of
capsul e wald ob¥drleEn | FPTHE el thids 188 BafttotMEr nglth wroisfyEnge 9B the

anel A) . These .results suggest .that the . oncol ytic Ad- AE1B- DCNG
Benovi 1us expFOdea demSEr ot YRos irFounas R Horkal e (e’

For UB7MG xenograft model, the tumor mass injected with
Ad-AE1B-DCNG showed 1little or no blue-stained region due to
very low level of cellagen as that injected with Ad-AElB (Fig.

15 13, panel B). Accordingly, it would be appreciated that in the
case that the level of collagen is low in tumcr tissues, the

expression of decorin is unlikely to affect collagen content.

11. Examination for expression pattern of MMP by zymography

20 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). Varicus human tumor cell lines (U343,
UB7MG, C33A, Hep3B and AL49) were infected with Ad-AE1B or Ad-
AE1B-DCNG adenovirus at various titers. As results, the

25 activities of MMP-2 and MMP-9 were enormously increased when
infected with the AJ-AE1B-DCNG adenovirus compared to PBS and
Ad-AE1B as a contrcl. These elevated activities of MMP-2 and
MMP-2 were found at the similar extent in all U343, U8TMG, C33A,
Hep3B and 3549 cell lines. It cculd be therefore understood

30 that the activities of MMP-2 and MMP-2 can be increased by the



tunor-specific manner and then dramatically reduces the 10 col | agen
content within the tunor mass with no influence on the collagen

cont ent wﬁ&&}m?s/urroundl ng normal tissues. For U8B7MG xenog{raft nod

t he tunor &t ed wth Ad-4E1B- DONG showed littl & F{Rﬁ?f’m{mﬁs"

bl ue-stained region due to very low level of collagen as that

injected with Ad-AEIB (Fig. 15 13, panel By . Accordingly, it would

be appreci ated that in the case that the IeveI of collagen is lowin
tunmor tissues, GRS "eSF rreesSsSTLSn 2GeCOri N rE unli kel y to affect

col l agen content. 11. Exam nati on for expression pattern of MP by
zynogr aphy 20 To exam ne whether the decrease in extracellular matrix
is induced byZMP Inthéipitd vids edugbr MVPeEsardidNEH vegceriereddredsing
by zynography (Fig. 14) . Various human tunor cell |ines (0343,

UB7MG, C33A, %qﬂgréhaj@@%b?e infected with Ad-LEI B or Ad-

AE1B- DCNG adenovijus _at _vari.qus.titers. resul ts the activ
ARG St & S D g oA R R S L RS
Ad- AE1B- DCNG aglanqyi &aﬁp&marﬁ%@ ;sl%nBBg aind e@Qeéﬂ&sa%famﬁw Q- mMp-2,
These el evated activities of MW-2 and MWP-9 were found at the

sim |l ar extenttidareall Ue43adlyMGexG334)1uHep3BramthxA549reel | chdrd@s. in
It could be therefore understood 30 that the activities of MW-2 and
MWP-9 can be infteea3tic b%Ptteﬁéit/bOZ@%/i@QQOMB qxﬂ?t@@@!oe’/ﬂ%%@ﬂe@?)using
decorin expression of adenoviruses. hi bitiop of tu

metastasi s by HEOGAPROEKPIEESFRY S 6[}?818Fyt1?]c68&(§eﬁ8373r? us & IltO jmpuse) were
general ly | bno%gggtgfﬁprg%gu%ggééuﬂf L Bt r%el%l% niTRt rfh&)t pad of

conponents to pronote € exXpressi ons of

degradi ng ext recmiil/gl @i cdraddd, X onddecehaigeri foluit ashatéd tpptae%ﬂaﬂne of
over decorin EXDFESSIOH was exanlned u5|ng
100-200 mm®, PBS, Ad-AE1B or Ad-AEIB-DCNG was injected directly

into the tumor three times every other day. On day 5 after last
indection, the primary tumors were surgically removed by
15 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 Pig.
15, the average tumor burden in the lung from mice treated with
Ad-AE1E and Ad-AE1B-DCNG was 200 + 140 mg and 130 * 160 mg,
20 respectively, showing much smaller pattern, compared to PBS-
treated control group (250 + 140 mg). Moreover, Ad-AE18 and Ad-
AELB-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 PBS5 showed severe
25 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




spont aneous netastasis nodel. B16BL6 cells (2 x 10'/nouse) were 10
adm ni stered subcutaneously into the right hind foot pad of C57BL/6
m ce and, gnce the tunor volune reached to a volune of 100-200 nm8,
PBS, Ad- aEM® ¥PO/RIMIELIB- DONG was injected directly i nt BCTEB240GREST
three tines every other day. On day 5 after last injection, the
primary tunors were surgically renmoved by ¢h5 anput ating bel ow knee

under mld anesthesia, On day 20 follow njg _:)ri maré, tum;r réarr,t}val ' ein

t he wei ght of 8

assessed. As s +burden in the lung
frommce trea O=—AEIB and Ad- AEIB-DENG was 200 140 ng and
130 160 ng, 20 respeecikamehy, wAEaWw NG ChnisdRickier: rpabiefilonC (RFAECEhcy
to PBS- treated control group (250 140 ng). Moreover, Ad-DE1B and

Ad- AE1B- DCNG 3hi bi®t-&8"¢ he ¥R HHAT of HPEPASY at i ¢f | esiegAgin-expressing
conpl etely 4 n Land; 2.0t of g8l edn MGy { ESPRAIIVELY, o -J—tnlgsggahzso

Jedis &

all of 7 mce treated wth PBS showed severepfzefsrret astasis o

cancer. These gatiditedi ¢at ertthaty t henadectunar edquuessi anmon pissBIsy and
tunmor site can suppress the formation of netastatic |esions at

distal sites. 3FI3°EHEI AR of 1T&AsdGELT oPTEFPT ci GHEPT ankP ticeste YOI ©
2006/ 091045 PQIh%B@QQQ/Q99§5ﬂNxﬁﬁ:@eQﬁFQﬁh%@EePOE&ﬂﬁkngnand cultured on

decori n-expressi ng adenovirus using tunor tissues from breast cancer
patients To exaiSReapheisterothed arihansedidrlamwsduict | Difeetingiveirnty dl anakz
ti ssue pe 5 adenoyiruses as

Su¢ ny tratiorl_ggte_ng%Gof dicorirg_-ex(gressi nﬁ_ _ enoyi I , ,
verified i BEmMtes?tedtiChal apove i 5l §6 83Ri bitEETi Kt mapgetion,
human tunmor ti594eS,sdaURRhgt L3SUGR #DEneRd] BEENLLDRIIRI of | $8HES £EOMes
breast cancer patients were <collected, cut into 1-2 nm di aneter
sections and cuwiegted with dl-LacZ-DCNG showed darker blue color compared to

that injected with di-LacZ (Fig. 16). In contrast to this,
normal tissues infected with either dl-LacZ-DCNG or dl-LacZ
ib showed little or no X-gal staining.

Breast tumor sphercids (<lcm’) from breast cancer patients
were plated into 12-well plates containing 5% IMDM supplemented
with insulin (10 umeol) and hydrocortisone (1 pmol) and infected
with dl-GFP or dl~-GFE-DCNG at 1 x 10’ PFU. On day 5 after viral

20 infection, the tumcr sphercids 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 spherocoids injected with dl-GFP-DCN (Fig. 18b).

25

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

30 decorin-expressing adenoviruses on keloid, the primary keloid



0. 75% agar ose-coated plates, followed by infecting with dl-LacZ 10 or
dl -LacZ-DCNG at 1 x 10' PFU. On day 5 after viral injection, X-gal
staining was perfornmed. The surface of tunor tissues injected with
dl - Lacz- DA @Hﬁ%é%sdar ker bl ue color conpared to that FFREEE08404F% h
dl -LacZ (Fig. 16) . In contrast to this, normal tissues infected
with either dl-LacZ-DCNG or dl-LacZ 15 shgwed little or no X-gal

stai ning. Breast tunor spheroids (<Icn8% from breast cancer patients

were plated irftedi12inel e e &pbiot ARtAPREhd a5 PRERISSLUPpPFRnE T ed2 oF tdt -
insulin (10 | h t] i nf d _wi.th
ool 1 PR NAGRGPL a5 (fopi b B0k LDLCEHER Bl o -

infection, theiunaispher Ok dsw¥er ep ShsekY athaunder it ORECEAEBced much
m croscope. I n tunor spheroids injected with dl -G-P, G-P was

limtedly expressedeonLidie skiprfeactonf thampdl-Splker okddsondiowevey , thaG-Phe
was strongly and w dely expressed in nost of tissues in tunor

spher oi ds onj etSCOd1iN EFPLHSSEAP- DENCE Qs 1pde) fopothps sippafigattornerease

transduction efficienc f _decorin-expressi denovi.rus gn prinpary
el 14 cel | Kelor g S ameusF ST asPiE P Saabte HoTHe e e

formation of extracellular matrix. To assess the therapeutic

efficacy of 30 decorin-expressing adenoviruses on keloid, the

primary kel oi di3AMDEZE06G4 OFPh04n PEIH4R2006/ 080G IenGb wxihly kéheid rspheroid
kel iod patients was infected with dl-LacZ or dl- LacZ-DCNG adenovi rus
at an MJ of @RoEe20 and then subject to X- gal staining. It was

observed that dl - Z- G i.nd d t . LacZ _ex i
Chan di L0 GerSnsfPatThg “Tiar IHE ESdcLtr I NGk be SEOAEI Sy 8¢ the

responsi bl e fq;recto?g%_sagﬂiefsisg ta%é?m%ﬁ?é? ihdb the ot hapsdyetd ORe1oid cell

efficiency into keloidcells {F
spheroids prepared using primary keloid cells at passage 2 fron

keloid patients were infected with dl-LacZ or di-LacZ-DCNG
adenovirus at 1 x 107 PFU and subject to X-gal staining for
15 microscopic observation. The surface of kelcid 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

20 from keloid patients

To examine whether the enhanced transduction efficiency of
dl-LacZ-DCNG revealed by using keloid cell spheroids is also
reproducible in keloid tissues from patients, keloid tissues
from patients were infected with dl-LacZ or di-LacZ-DCNG at 1 x

25 10° PFU and subject to X-gal staining for microscopic
ocbservation. While dl-LacZ-treated keloid tissues showed weak
LacZz 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



15. Eval uation on transduction efficiency using kel oid spheroid

nodel 10 To verify the inproved transduction efficiency of the

decori n-expressi ng adenovirus into keloid tissues, keloid cell

spher oi ds 8¢/@4%45si ng primary kel oid cells at passagBCHERZYR{000657
kel oid patients were infected with dl-LacZ or dl -LacZ- DCNG

adenovirus at 1 x 107 PFU and subject to Xggal staining for 15

m croscopi ¢ observation. The surface of keloid cell spheroids was
mor e i nt ensi vetaiosfaithedutor ‘éﬂa LEt2CDeNGEHE hate | wdrge 2TEAged 48, ©.C.T.

panel A). 16. Eval uation on s din penetration paqt

Procues 20 1 FOHPRUNS G HarraRt ¢ ro axanho WAAEE hEFT B eriaibeq tissues
transducti on elfr;ﬁeets@culm dldhagnga@qu@ EeYea) egt DNHSE N0 kB Oisdrrace.
cell spheroids is also reproducible in keloid tissues frompatients,

kel oi d tissuesin a@Repatdrafizstwefer itnkeatedintethed| wiliaC A161acz-DCNG, the
dl -LacZ-DCNG at 1 x 25 10" PFU and subject to X-gal staining for

m croscopi @ mﬁwwhwm O\KhM@Z dixpiraeFien ewsegukie|sirg ektenEyes hodeds
weak LacZ expression, - Z-DCNG- treated kelojd tjssues were

i ntensi vel y x-Gaer¥edi nEl&Irc(‘igthUt 18thepan%"ftlB}a EEPEFRIhorOL | Aimgher to

2006/ 001045 PCIREIDOb! B0bEs 7 b6 11 ottt SQes, ERS {AFacCaaEly o

tissues were eyrheddegk i R QnSadeticROMPOLiNG caRY J¥PhHE 0ZRR o r THNERBSE i ng
part of keloid tissues infected with dl-LacZ was far poorly stained

as their surfag@novimarbatrkethdeet rast difoipttiicdsS BES exnf oed1adaw mbtrix is
dl -LacZ-DCNG, the 5 distribution of LacZ expressi on was nuch nore
ext ensi ve &nd mslfb%@ttrl\x’edertwga@héat keHelénttipeuesphefdtapstopting that

limted to |né cté n site FI% ganel B).. Theses dat.a cI arlg
ShOW ecorin-eXxpres lI’l adénovirus & promlsing erapeutic

agent to treat kelcid disorder.

Having described a preferred embcdiment of the present

15 invention, it is to be understood that wvariants 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 is to be determined by appended
claims and their eguivalents.

20



that the transduction efficiency of the decorin-expressing
adenovirus to induce the disruption of extracelluar matrix is 10
significantly enhanced in keloid tissuesfﬁbennnstrating that the
decori n-expressing adenovirus is a promi sing therapeutic agent to
treat kel oid disorder. Having described a preferred enbodi ment of the
present 15 {ventd QRsihbqi 8510 be understood that variants and

nodi fications thereof falling within the spirit of the invention may
become apparent 19 4 hgse: sddilivedyi Bybhis &dpriandy Eh%u§§éﬁ%idg dfuSnce
invention is to be determ ned by appended clains and their

equi val ent s. c20i6e rabhattol $eckial reglré®s inko lah ce1genendelhyesyenmyst @Al ch
conprising a nucl eotide sequence of interest to be delivered into a
cel |, the i nprovarest ahdetrricorpridbyw andslcotiideeseqgdenge nuel eohame: a
sequence to enhance a 5 transduction efficiency of the nucleotide
sequence ‘of FFﬂQﬁ4¥ﬁFl°Pnﬁéftﬁ%ﬁQﬁMIOf ZheTHeicdentidel syersposy stferinterest
according to,clai erein the cell is acell in atissue

conposed of tBHf & nF8 onnected 10 each other by an extracel | uar
matri x. 3. The gene delivery systemaccording to claim2, wherein the
tissue is a tunor tissue. 15 4. The gene delivery systen1according to
claim1l, whepei nmHerengerie16ebtyesystsisStRBo-81Ag PEASA £hm &, wherein the
reconbi nant adenovirus, adeno-associated virus (AAVY), retrovirus,

| entivirus, berlpess si rqmllex M rastivasei abmpadddlse £ acélmsnmmemfonaected
neosone. 20 S. The gene delivery systemaccording to claim4, wherein
the gen¥ detisterothsysbemn $x4rreedbibinamtradenovi r us.

3. The gene delivery system according to claim 2, wherein the

tissue is a tumor tissue.

15 4. The gene delivery system according to claim 1, wherein the
gene delivery system 1s a plasmid, a recombinant adenovirus,
adeno-associated wvirus (AAV), retrovirus, lentivirus, herpes

simplex virus, vaccinia virus, a liposome or a neosome.

20 5. The gene delivery system according to c¢laim 4, wherein the

gene delivery system is a recombinant adencvirus.

6. The gene delivery system according to claim 1, wherein the
recombinant adencvirus comprises a deleted E3 region and the
25 decorin-encoding nucleotide sequence is inserted into the

deleted E3 region.

7. An in-vitro method for delivering a gene into cells, which

comprises contacting the gene delivery system according to any



6. The gene delivery systemaccording to claim1, wherein the

reconbi nant adenovirus conprises a del et E3 region and the 25
decori n-encodi ng nucl eoti de sequence is inserted into the deleted E3
region. 7. An in-vitro nmethod for delivering a gene into cells, which
conpri ses contacting the gene delivery systemaccording to any 68

one of clai ngnd-& 1Qaambi psER) § B@@&ﬁh;men&oﬁ%mm@ cemg use of the
gene delivery system according to any one of <clains 1-6 for
delivering a gene into a biosanple containing 5 cells.

8. The use of the gene delivery system according to any one of
claims 1-6 for delivering a gene into a biosample containing

5 cells.



