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Generally, the present invention relates to a cancer
therapy. More specifically, the present invention
rel at es CROSP-BREFFRENGE FOBELATREBrAPREIGATIONS
BACKGROUND [ 0003] Despite advances in both diagnosis
00013nd ThHRF t BRpaef i
[ g apBNcations aRBHE GRS paﬁtohfgﬁép%agttrly 88&%}2%?28 patent

_deat hs has not decreased duri ng R
applicatipn serit nusbee D888 402 chled dnly 9.R804pnsitledsMeghods And
C ol . Lah, rate.of . .
omscRiioly 16+ Efecr THEMRy ALY N AUER Vil et el prioriy 1o U
provigiened @ppli¢ations 684861218, filgfddniyt§, 2003 paith efivhicki 4k hereby fully
: . entual ly succunb to the disease.
Hmoq%ﬁégﬁ?%g?éﬁ?%ﬁémgﬁaconventional cancer therapies do
not derive fromtheir inability to ablate tunor, but
rather from i nmt FIEAD OF THIHDINVENTIONo so wit hout
excessivel y damaging the patient. It is this
[0002¢ o h sgerally.dhe prrsentapyentioairplstestie asatenthafpy. sMogé sicifically, the
g i - adl aty ume to be
e R R S R S
chenot herapeutic drugs. Inproving the effectiveness of
atreatnent is of no BAGKERONDe if there is no

significant increase in the differential response
[0003} ot Weespiteadpness dn badrdiagnosissinddherapy. the aivairad pumbecof cancer
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cny 354 480 G5 Sl SRl e o305 B ppocd cncer
eventwadlysuefdreb to the dissmsa.alhe binitaticsd oze@thventinatab carfdier gHeepies do not

. t hads.. .h ver n be |imted due,.for exanple, to
cee RS LIRURY 5 SR Pr T 8BSt o BTG o
withorpezge$a(;végp dhmnﬁ@hg?bé baienRaﬁiigﬂilﬁsémjdeﬁitﬁgx tﬁafbdﬁxetrains the extent of

dimt o} her ctors tha Imj}i the. dose that can
surgicgl Csrtfon Hieclod of FHIAT FHAPIYPE o pefdigiiaind the dose and
combinatlb®w b€ shahi@hérapbhtic diQs. DEneidiRg tht eFe@vefeSUTR trddfhnent is of no
lini 00 /Q§7462_PCTLQ%%@O?LOOZGSZ [ Q005] Al though a
climeglaited (hesg isRmtiBRsigant ipgreasidh ths difizaimitel epspeRsrbghysen tumor and
normdl BiesH (eI, Wapeusidifdiy. Or i nmunot herapy can result in

of a patient, superior results can be

| mprave t ¢
10004} ¢ i HoBeheien B on eahddsiagg navel agsat (b iressing paperdiave resulied
in incleBsd¥adulrliSHl Bthe ahd SALARN tatWifd i hafienG R PAL Ry s of cancer. For

radi ot her apy,. which can be directed to a | oca i zed
exampleJmprarediigical andiradiotherangytic preasdvnes regyit inmore effective removal
of lochliZPdRAEIA8Y. ngc%h@thoﬁ%, efl cé% ot Gflifed MRCt R example, to the

treatnment, can be useful where dissem nation of LRe”
locatien gba BEnery te désseminption of metaskasiojtumer geldasRadiotherapy also can be
limite&"‘%é'%ﬁéf'}%tgt%hat AR tﬁé@&s@ﬁﬁéﬂa‘aﬁ g%%ﬁ&%i@t%ﬁéd. Yamors that

radiatiron t eraFy can belinmte here the tunor: cer i's
relativgheradiasesistantewvill netdiecuesd attsueh a desqace t he dose is

limted by the tolerance of normal tissue in the

radi ation field. Thus, there exists a need to

sensitize cancer tunors to the effects of

radi ot herapy so that it can nore effectively reduce

the severity of a tunor in a patient. Further, it

woul d be useful to develop a treatnment that nore
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Several new approaches invol ving gene therapy are
under consideration for inproving the therapeutic
WO paensTab2 cancer therapies. [0007] One of thesBCT/US2007/002682

approaches, so-called "suiclde gene therapy,"” involves
the transfer and expression of non-manmmalian genes
encodi ng enzynes that convert non-toxic prodrugs into
toxic anti-netabolites. Two "suicide genes" that are
currently being evaluated in clinical trials are the
E. coli cytosine deam nase (CD) and herpes sinplex

[0005]i r usAlthough b singletrdataent kiodakiy SkYs ﬂade{imgaeﬁ@y, Mendiherapy,

r sensitivity to,5-fluorocytos -FC) and
sure 23 Ry Bt -0l da P RORnER 1 BuioRt TRPgLiERts can be
achlelvédi nm‘eﬂ sucH rriol‘lﬁlSt@esgﬁél ased 1ﬁ doffbikdtiBal .In pRRicubr ReeAREnt with a
¢ }éﬁé?j are c ert .ocally intaq. potent
combpt erﬁ‘?fg > é\"' ﬁ"Feﬁ]gto ailﬁcaéizﬁﬁ Pfqacitaining a tumor,
and chefilothegsyl oxdﬁﬂﬁtﬁhdtﬁ&@pyf efigee Pﬁﬁllde 4 dRekntibend & G RDERSNt, can be

ﬁ’glted hereln in the List o Ref erences Secti on
usefu) whetg dissemaationef the disepserhasiosgrrgd erisilikebowiascuy Unfortunately,

h i@ e
e RSSO LS RIS NERE) oIS Al
rela“wﬂlyd a‘i“?ﬁf‘élsltmslmcmhg dasgssis hianiteddwethe delgraned of normaléimbwe in the
radlaﬁmg rﬁ\gﬁn a’ﬁ?grﬁ\c/re]?x-{% B%\S,Iécgﬂ) %ggi%zé &t fefr E{E%rg rqé gl%:eeesffects of
radiotheganyoe) thattih earOmorES Tdetivil y nediarthg eeeerity bfasurhor in a patient.

PurtERTPABER SRR 1 RIP s st il AR AL 0 W tocadion

of th@ﬁﬁaﬂoﬁﬁm @rd*lSiﬂelhg ¢/ dEevtsafiradideon &Bﬁnidﬁe bﬁ heslshy cells.

end i el l. enS|t|v
10008y 2188 IR PR n S e e B el B ScvmmEhemoteramisn
adend\drusadcmis have(iwes usaf ®. tradns@ce iiorGelds Wh 20QA1168 Fdifbtogenes™ that

007/ 002682 novel , oncolvytic
convi B PP RO BRio B PO o 4T Adberepeigalip e ective form.
Seve@d ﬁé\&laﬁpft@ché}ﬂnvdﬂﬁ'ﬁ{g%eﬁ@ Chédehhy-¥-uhddKedndRicPRIASBL improving the
the safety and efficacy of replication-

theraé%éf‘é‘ﬁ%"fa‘@é‘ﬁ?f Fi#B%fedi at ed doubl e sui ci de gene

[0007)her apye ¥ theeddprEsthek s -dafdd aidugﬁe gbheiR yf*‘in%@(f@g Be transfer
precllnlcal cancer_nodel s (refs. 10-13) an

and expregHon of npprmammaliangenes atl@de@m@mxrpatth@mpsvw emtom prodrugs

into t@ﬁi@ ahB)mba¥stihe ePwde iRl %ﬁ@éj - thh OG0 Qrbiitiy Géﬁg evaluated in clinical
clinical trials targetin prostate cance the

trials Agpsthe . T:Rh@pftcvmeb@arqmasv gDp end ée@a$ simplex mras tj/tpsel uhf/mxdme

Y/ 7
iossk MRS k0 1 sl O
ganc1€}oyfr (GLBY), cenpeetinglpnbbllovmg targote@tiansien ot thede gamltom‘d tumor, the
5-FCARA e ocfr?tgé ﬁte' c%ﬁv%xjgegire l%ggl% 0 Potzent q‘%g?ﬂg’ Veer%?eutlc agents resulting

treat nent I mens
in Sigolfqahtmmca'ctll\dleaub ((sc&etfeﬁer&xzﬂceah(hnﬂlﬁhe reff€@OA&ls cited therein) in the List of
Roferk G SPEHET Reof 3y Tk o Fomer PHAE Soatshr Faoly FERTpipd wit

convmﬁtohalckﬂae&rwhe&mpmm rhitrm&vdf or use in cancer ther apl es.

oons] "% BrS55y TGRSR Lt ie 5 BRE D kTl BESScouptd o

createld Aol €IB/ALS VI VEKItFu€6n gareoqse@ﬁereﬁa@dherdlﬁ&fe&\*e&‘ ”) 1 in the List of

net hods .and for, cancer therapy_ wh
Referea?ﬁ%dgso g‘rpﬁi'*%sl Rdftisien gene P‘llo‘ﬁfiafﬁ?&PFﬁWf‘@aliﬁ@éaf CD/5-FC
and HSV1sTlefG @ Visaivide/ gene thérapies Us Hak %Qé&?ﬁ&v%u@@fvdﬂm&fsﬁhﬁﬂ Rhat CD/5-

co rts nan-toxic prodrugs i nto, potent

FC a'&ﬂéﬁ?ﬁ'hgﬁﬁéﬁf recidgerpe henpicacrfarprlimpapealisisensigentosspecific
phanﬂdcaldgﬁéaﬂla &ts hed ah (yrtaaﬁl@ 8815zt MSem Yo FadPattonl bed REs. 1-9). Using a

cancer ce Is as we as sensitize themto radiation.

I n preclinical studles the virus has proven

effective at killing a variety of human cancer cells

ei ther al one or when conbined with prodrug therapy

and/ or radi ation therapy [00121 The invention

conprlses a novel , second generatlon adenOV|rus
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Ad5- CDI TKrep virus, Ad5-yCD/ nut TKSR39r ep- ADP has
denonstrated greater viral oncolytic and
W@ b@mostier apeuti c activity in preclinical canceCT/US2007/002682

nodel s. The data suggest that the
Ad5- yCDY nut TKsR39r ep- ADP vi rus conprising the present
invention will exhibit | ow W 2007/ 087462
PCT/ US2007/ 002682 toxicity and significant
anti-tunor activity clinically when conbined with 5-FC
and GCV prodrug therapy and radi ation therapy. [0013]

novelQpheolytas pauii(&tlofl-cbmpetem/ﬁiﬁﬂo@huy\(AﬂS-mD/EWap)&fﬁntdlmng the

proob RIS AhAEa b b s S B a5 chriveaon

comp%nfbi&nBW-NGﬂu{t&D&dﬂblé' Etﬁcidé%%ﬁ‘@ thelrdpyenithé aWd'MtHTﬁ\dﬁatlon

be. descri be b a h reference
therapy, in %?88{9@ yPﬁél fﬂ%ﬁﬁ lﬁagéis @f%f’?@ and) gnase r?faeetlyaun.lgunan
prosta’ie %ﬁ biiénts GRECI2RhAY 5 Dppﬁh\!éfbekﬂ @emonstrated.
mut TKSR39r ep- virus of the present

l"“"%l nve Ae Clmsalépahsut@;getzns Burgap prostaterrasiesiithe) AdA-CD/TKrep virus
& t,

oA BTNy BN p O SHADOL 7

GCV LuGEWnsedme therapy mistheveder. ;lmrmmtk(mgl Sg@nev@fnonhledose (70 Gy)

three 'dm&@rﬂﬁdr%ﬁ‘ coﬁi@%gl] raff{atfon ér%[%)a?%@ig’f TR WP thgg treatment

advant age of the ADP gene resen I fvent
reginepe haye n@nsgamdmsnsm pﬂlamal\,@qtmtyp{refs d4and i s).

001 RIS 088 ol 14 BB BER SBAR G vnins v

compfig® efftct@emaethbllyand trenprsgsmstior wsedntchneer thappics.ckhe present
h osi.ti-ons fo he trea ment for
iovenffEh 1420 pEE PR o BRRe hSY ptrRE i liBk T et o

provides a treatnent that, when admnistered with

prodrugs, can kiSUNMMARY QRITHE ENVENKEONhe T enai ni ng

cancer cells nore sensitive to radiation. [0021]
[001 1 o dherprassnighvertpnmoageises hovedimmpovédunketiods and caapositions for

r.ot th t 1580 conver t
cance¥ 'tl{éf‘?pa; aﬁ{ch gr?pljlf&gsaln%tvgp vird seth me‘:%mggeg}ﬁ@cerﬁéls efficiently.
The vpmsqutgszeszanovéiQ)rpkﬂdﬁhaed)dveﬂahbxy-t@nc pebdrigsSines pélentn
unc e, treatnment. Preferabl t V[.rus

chempBAARREE BPel. Thisg Spenai et et e RS SRl go help the
virus &H] tl-bwbnmtcells a3 tvell ak @ensﬁ!ﬂé-’ch&r@ﬁ)ﬁ Fadidta R ecIN¥A studies, the

en adm stere atl in need of such
virus BREBERER Lot HE & SR Be R heRrEREen el Stpsilone o when
combﬁfeadrzmpwamﬁg)tr@wmﬁrrawaﬁmmmt s. These prodrugs
ncl ude, but are not |imted to, 5-fluorocytosine
[0012@ @},

© HRETHAR CPRPHYS2 RSy a?@néewmw gdenorygme trepignated
“AdS%ISWTﬁ%Zz%@% REPFURA QT (B9208%ignikieA4din i'cg’ve?r?e‘iix'tst fePhive to the

to_ the abili to convert the prodrugs in
previusbydisples t¥puYEatED/T Kerﬁﬁdaruﬁ»e XQD{WTKIS@’E?MADP

contalnd\YaNHpPEVed e}ré’lbfn'n?tﬂ(gpgg ffs‘? éeﬁgg\g 'g?&l&g is fbre efﬁcnent at

SenS|t|Z| ng Iatil on
convesdng g -RIC: g @ CVi prpdmgg inth éhﬁémmetobembthmneatlp @g\ents Moreover,

R

the oncalfitictactimity wh r¢m1cnmwabmp@bmsa®nev1mmes nBektive s iteipretotype

ect s eat ne
s B BBl TR R O 18D ons S BB Sy
oncolga podh chmmthwaphutui dmemtyuﬂn preapnieal cnckr medalsr Diss gata suggest that

the AFSEET RGP oy 8 TP Siba AR iod s R e PR it erpit low

conpri ses a novel, oncolytic, replication-conpetent
adenovi rus (Ad5-yCD/ nut TKsR39r ep- ADP) containing a
yeast cytosine deam nase (yCD)/nutant SR39 herpes
sinplex virus type-1 thym di ne ki nase (nut TKsR39)

fusi on gene and the adenovirus type 5 (Ad5) adenovirus
death protein (ADP) gene. Ad5-



yCD/ mut TKsR39r ep- ADP replicates in and kills human
cancer cells efficiently. Ad5- yCD/ nut TKsR39r ep- ADP
w@e@dogras2 a novel yCD/ nut TKsR39 fusi on pr ot ei nPCTTEE200A002682

convert two prodrugs, 5-fHuorocytosine (5-FC) and

ganciclovir (GCV; and GCV derivatives), into potent

chenot herapeutic agents (referred to as doubl e suicide

gene therapy). Both yCD/5-FC and HSV-I TKsR39 sui ci de

gene therapies exhibit potent chenotherapeutic

activity and sensitize tunor cells to ionizing
toxicitnanésiigo'rﬁca{lﬂmm]mrﬁgr astiyity tlimiealispivhew obiyibined edth SHFCaand GCV
rodnsxé dt hlat ﬁglhe Ad5- yCD/ nut TKsR39r ep- ADP Vi rus
procy ?@E’Tm HORWSTPRY a variety of human cancer
[0013Jel I ché‘rwpedéseﬂthbynvdﬁlehfwmrbe\git}ppﬂeﬁ%dbch_ B@dslc\ﬂléﬁﬁn the art after

e sui.cide e t an radi ation therapy.

re“eY"}Pgat & drayings ‘gﬁ’ﬁ dr?éa“%fl% A W%\%)%t TKsp39r ep- ADP

virus could be used as a nonotherapy for its

Vi rus- medi atBRIDROESCRIPEIONOF THEDRAWINGSoUp! ed

with yCD/5- FC and HSV-1 Ad5- TKsR39/ GCV sui ci de gene
[0014]her djpe @sestntrinsertiombivilbgbw be described, by way of example, with reference
totheonco?%)tl ¢/ chenot hera%e%‘tl c effect, or it could be

BIPORANES S HSV-1I TKSR39/ GOV sui ci de

[0015)eneFIGet &pi ﬁfheﬁ;ﬁdc répreientdtion of e ARY-yCI/nar PRURLARLADP virus of
viral. oncol yti c/ chenot herapeutic/radi osensitization

the prepenidpvenipRt erred to as trinmodal therapy). Trinodal

[oo16]her apy. £ U diaPRnt SHHWiIAL dn Wi{dhtsSd i the A5 B8Hd GNAL present
cancer treatnents such as surgery, chenotherapy,

inventigPrpne therapy and i nmunot herapy in the managenent

[0013f her@s. 5096858 &QQ@&QSWH%%J&&LQ éo{‘{}{e%n%%\f‘ed
ther apy- based approach as a cancer treat

yCD/ e ER sras gensrrf-th eneﬁeatwr@n adenovi rus

Ad5 €
[0012{]\/\0 5?%% Iéé I pr ové‘%ﬁa@@%& t‘lﬁr\}gg e pr%épresem
inventigs- CD/ TKr ep virus. Ad5- yCD/ nulTKsR39r ep ADP cont ai ns
n i 0 | e 0 rodu .
001530 | R Y T TSP Bl 51 N BEREDIATTR PR Kb i

intrapgogaiw N Caft@4-2 meduseamddel.le chenot her apeuti c WO
2007/ 087462 PCT/ U82007/ 002682 agents. Mbreover,

Ad5-yCDY Rﬁ*‘ﬁr(ﬁéifﬁ NS PfoN
proteln Slgnl | Cant I NCIr eases the 0nCO|yt|C
ct
(002G Iaqebéraﬁ? Eés‘éﬁ*o‘#‘g?"yt%%%iﬁ%%f ?%?@%g'&?‘? Egﬁ’pc’m“m for the

treatrpgiB -fgmhnm W{Qmﬁeqﬁcm thapredmtommlanqmowgeseatreatment that, when

Y SO 0 SR RIREH . LMl s ot mor

sens1m|actloer|ad1aacmd of the present i nvention by viral

i.nfecti of f el S theSEVEr advant a s over, the ot her
100231 S EAeRReE o the R R e E R A N oL Sy et aduces o
proteincthatvéanusnvén hentidxdd @rdﬁiﬁgﬂ ifito MeheANEhpeiclag8as. dhe prodrugs can

be pr%)lcﬁ,xr%g ztgq%?lly %lr ééwm?tg pl ca lcty (Bl’ll,]g/]:i %lit‘]‘ea{argq(?ta}eﬁtr Olpr%?e%bely, the virus

is an spedytid, %ﬁl&aﬁ&ﬂﬂ-cbﬁp&&ﬁdadeﬁob@ﬁsgﬁichtab ebut\hetligiedt® Ads-
ific cell es VvVivo or within a tissue or
2P o%(’é'l&"é!

YCD/ g Bsresfpp ninigiereq tapatisng in peed ofjsyeh Featment, the

adendm%fcbﬁ%aya&hea%p% ﬁoerage,qmc%ﬁmﬂ{eréﬁeﬁas G%eﬁtg héRprodrugs can
ar g et SpeCIfICIt FOU recgptor medi at ed events.

mclu% bsztrilre/saog Bmlfga‘d?,tﬁ S‘Halrocv@amr(é Qandiensigpvir (LY gad derivatives
thmeM%ctor to ensure its safety and/or enhance its
erapeutic efficacy. Such features include, for

exanpl e, markers that can be used to negatively

sel ect against cells infected with the reconbi nant

virus. An exanple of such a negative selection marker

is the TK gene descri bed above that confers

sensitivity to the antibiotic gancyclovir. Negative

selection is therefore a neans by which infection can

be controlled because it prOV|des |ndu0|ble SUICIde

o .




and targeting specificity. Lateral infectionis
inherent in the life cycle of, for exanple,
WO edo7o%i42us and is the process by which a si ngPE&r/US2007/002682
i nfected cell produces many progeny virions that bud
of f and infect neighboring cells. The result is that a
| arge area becones rapidly infected, nost of which
was not initially infected by the original viral
particles. This is in contrast to vertical -type of
infection in which the infectious agent spreads only
10022 hr o lyAdditian ghtherability de pgnvext the pradeagoingo dafmcahsrapdamc agents,
|
cmbof[EE BE Hotkschl bl obo® Ble"Bils 'S LS fior oy Bislining the cels,
lowendpsehof dintionaas e @séd withg@trianitingdhe benefitaot @d@dtﬂoﬁe@urther the

raciofEles s WO EE &y Vi SR T o e aemsiive pa e

radiationg wmlemqmmbceﬂlsl areflol mbeciehsitisSe, aBelisitidpihe RRl:ffects of cancer

ev cases, to el.ude hpst defense
treatnfetfy, M ureelnG i (50TPSSany i eBEN Fo Be tsedt ) OB BsHgmpEh other
therapits s.mh@isfsuﬁge@yé | dheﬁl)bﬂﬁ?apy-rh&ﬂrﬁ&{é}ﬁéﬂaﬁﬁ zﬁﬂeiﬁinfn!u%tﬁéfaﬁ
izes its natural " specificity to

or
[0023§pec 1 pié ‘T "E‘B’i"@‘]é’ineﬁ‘ise@étpé‘?ﬁem‘rﬂ@ae@é?q campsésgs argvel, oncolytic,

replicati6fi-ebyptRht ALbA6Qirds (LENFODNRMTK JGRE,- TS
infe ted cell . The vgect o%@to be usggg éjr|)n tI‘3 Joﬁ?alﬁ;]m%aye?stcywsme

deamingse (] mutart P harnss simplew virus hredl entiding kinase (@ TKsrso)
fusiort Qélﬁedrﬁ%é‘ﬁgeﬂ’&vlujus %e@%ﬁaﬁeﬁ&@ﬁﬁ Rkt 36 1ﬂ ?Abpf%ecpe Ads-

For exarrg breast cancer 1S to
YCD/’(”P(éTKaMéEt AdpP sendishtes én fust kidla dhmapicahesricalls efélchmﬂ\pmud-

SCOBRHRE o e Y e L 1 9209 RS onconver

two prodsugs §;fluarheytosing (5-HC) wed gancitlheir (G€VspadidCV detivatives), into

potcn L SRS RLSR e RS M bl B s

and I—[SGO$ ﬂ]I(sEMmmde gtnenaatapiﬂe ekhibitqRterh &hesibiherfHeatie tetivity and
sever al the procedure can take

| e,
Sensites FARPL e ytf’ ippigime loRpecificity of viral vectors
[00243nd B¢ W@@mxahmla@uymtecmﬁw shlidesmadningl ik ed
Io&&h% at Hﬂﬁ dlseas site.. However, |oca
yCD/myf K sraqrensARR virys,is eg tiveat lﬁ“ﬂ’@i g yaety Afhwpam cancer cells when
used Bf ft @4 drOhdd &ﬂhﬁiﬁ&l wnﬁCHBuBlessIu'icﬁaé BEneCBBraBY 38ARE radiation therapy.
Inacgerformsd by, , intravenous or

ghicHHg the M?-@@Q’w%ﬁsw’mé%% yjree eoulfdi ueed aga monotherapy
for itsl ﬁhﬁ%é&lﬂﬁed%@olﬁ)ﬁb %ﬁdectv ﬁ%ﬁ dsti]é"édui)léa' Wit e -‘ﬁé Ldd HBV-1 AdS-

recogni ze host cel appro r|a e tar

TKsasg@éVfﬁutqlg‘g/gemrthﬁtrﬁp@é tﬁbr(mcor{l'v)O@Qermr@bt}éncmmqh}md@euﬁc effect,
i [ oca
o B S o ey D8 DS S0 RGEY A i an
radlatw therapy fert a eambined Vtrhbomasdmymnw}ﬁrmuau@@dxysm@nzhﬂﬁ@ effect
dm ni st.n, t|on
(rofor of st BoH LB S RGN PERRLG BeieBRo Bt ot
conventienal fcanesr txasnaits srchctrsssergesy,rohqmnbt]ﬁdaﬁyo hahor@MBerapy and
: L L in.a | of the targeted cells.
1mmu§§lg\ ?‘?’g F}f ’%a?a en{ ﬂ%%‘ﬁ%ﬂ t8Y*an alleviate the
[0025} ar gEe da@lolﬁﬁ,u’t}ree ﬁﬁmgetﬁee«heltap9€base’d dppréddnels o R8s tefatment, a
e used_that infects

stration since a Vv
novel FEE0 R B oH Y R A B DU o A B hesesdoveloped
with td'esﬁgrﬂﬂcam imptovemenaslative t&ﬂl@%ﬁ&togfpe%‘dlﬂl -EDIMTKBPEAVIRE Ad5-
regul atory

CD/ 3%§ﬁated g ea, then_ prono

Y '81‘ pEeR-RLt soritals ag ipprovedy @HG%ISW%@SW vehese product

is mok&:fﬁ&i&ﬁl&tb@nﬁ&ﬁﬁg‘md $IFQ HdSGOWProdDss intB it Qd’t%tchgﬁotherapeutlc
vectors can be or exanple, viral vectors, viral
genone, plasm ds, phagem ds and the |ike. Transfectlon
vehi cl es such as |iposones can also be used to
i ntroduce the non-viral vectors described above into
recipient cells within the inoculated area. Such
transfectlon vehlcles are knomn by one skllled mnthln

o g, F A — o o " oy



synptons and other indicators as are selected as
appropriate neasures by those skilled in the art.
WO 0@34%7461n t he nmet hod of the present inventi onPCT/H82007/002682
conmpound of the present ingention can be adm nistered
in various ways. It should be noted that it can be
adm ni stered as the conpound and can be adm ni stered
al one or as an active ingredient in conbination with
pharnaceutically acceptable carriers, diluents,
uvants and vehicles. The conpounds can be
agem&d oneevess AAS-yEEY iy T sraergp-d R exprysses theah dhtAddR btogein, which
Iar
signifBElY S8 b UEBORE poliDhy BRELRR Dpreo B AREOURes. Retative
to theprblotypse Adi- Cel)lﬂ“&ap vims, Ady GBVenr TiaR bure AP hasidnaciiserated
ereatdf il S PROUT heRl B nu Rty oGP (iperianpdsts
[0026)amidtsoductddnidf mercléivmaidsof tHé pres@itanventiontbiyoatdl ¥nfection offers

table carriers, uvants and vehicl es
sever%l c\)(gﬁ’ﬁa SR e giper 1&%?4 a@aﬁeﬁgéf}%ﬂf‘? 1GIgIay cap elo::li’éq'“?ed due to

virusTidfectious fatG. | Mofdovks, Gitusesidrt L&y Sspedibli RN (9pically infect and
encapsul a |Q%* materjal not reactln with the active

propagais iR gPetiic ool OPRe Thvs Misitpatuph g_ﬁqlty Gag h?d%sé@ tq taaget the
vectomﬁéclﬁﬁ et ERRE ¢4l vEBRE R?@Jtﬂlﬂ a Itlgﬁg:ecfr Iﬁﬁ@@ cBH@re'Hf cendr Vlral vectors

ot her experinmental animals exenpl herein whic

can alsp bg mpdificdywithsppafigreceptasper ltlg'rmda |to pléerttmf:t smtrgﬁqntydhrough
receptdSnddife@sterps ocess and drug effectiveness. The doses

may be single doses or nultiple doses over a period
1002731~ s &lasy, additiayal feathrestcar &t nddnd tgehevedtbytorasum itsesafitty and/or

e fs roc n

enhm%%‘.gtg‘i’lgr%\&?lﬁc ftgﬁcee{é:g S&%ﬁ%&&u‘& 1{&1@3 dfog g)gagrg @ %x (?(eés &0 td can be used
to negatizvalyeutlec] @886t ceieimferded wnthttmf recgmbhent virpound e&imibhebf such a

| I
sus SR BN PO AL gl b RISt 5 e
antlblstls gemsichivir. eNegasive sglectidiniz thdrefdra s entdans 8y which infection can be

Iatlo S su table.for injection.in e sferjle,
contr} rgausedf Brovistes Tnguicible Spicidsithpoueh the %433?% e} HtheRtics Such
protecftﬁfn dnS a0 St lit;l forQdkaliple) ngiteliddsQrisb g padduRe SREMHIfORSs of the viral
or disp %r3|ons The carrier can be a sol vent or

VECIOf PLISEPINOHENhERGUER S Pt HpT g formation gy Hmok occugat er |

[0()28?t hapgdturcl Shat Wmit £Qre SR ;Saartugil%%ﬂ%rpeﬂaﬂWéoq;beincluded in some
ycol, liquid polyethylene glycol, and the

embogmlftnéﬂm Budh freiyressnelvde.cor exme,\mgmoﬁtsla@d @w@atopoegm]ents that are

SpecnPéﬁQQﬁeaégﬁegl&MW be mai ntained, for exanple, by the
use of a _coating such as IeC|th|n by the mai ntenance

[0029f t Ieaddsen. reeprphinantolinal yectersiage usesulcfes é wibo expression of the
nuclefd zﬁlﬁgsrﬁ tﬂ@ﬁ%ﬁ&tq}fvérﬁﬁnsbgg%sg ft?%é&%h@%tﬁ%es’%%?ﬁg% f“ag%i'?l infection

les s a cotton sesa
and tagegtbmecwity Eatemaldnfection isf inbewent igithe lity cm«m fOKEiXIample

o 3 S AP ASE PR 0 o B gy v

that bsgi sffzmsl infct poghpening cxdisp Thetresniisis thd dllange aedal becomes rapidly

. d|t|ves whi.c he st apili
et BRIy 4F Bl Bl FRRRO R I Bl sbrctes. This s
contrasntd vattiog-tape ofrinfeaivindh whiclethe ﬁﬁ&btl@lﬁageﬁﬂipréaﬁsdﬁhlﬁ through
elatin nts, and ers
aug BRIy B YoRiorS Bt FE O P e T DL e loda spisad laterally.
This ehasdcteeibtiocal oe Iu@éf&l Hnhé betied pusdosaihodntrbduteGadpecified gene into
for rabens, chl orobutanol, phenol,

{

OnIY%Fgﬂzf’déﬁﬁ“bbergﬁéPrn‘g aFg . I'n many cases;, it will be
desirable to include isotonic agents, f or exanpl e,
sugars, sodiumchloride, and the like. Prol onged
absorption of the injectable pharmaceutical form can
be brought about by the use of agents del ayi ng
absorption, for exanple, alum num nonostearate and
gelatin. According to the present invention, however,
any vehlcle diluent or addltlve used woul d have to

NN NN A ~ "
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can be admi nistered parenterally to the patient in the
form of slowrel ease subcutaneous inplants or
wo a00gesaa2 del i very systens such as nonocl onal PCT/US2007/002682

anti bodi es, vectored delivéry, iontophoretic, polyner
matrices, |iposones, and m crospheres. Many ot her such
inplants, delivery systens, and nodul es are wel |
known to those skilled in the art. [00401 In one
enbodi nent, the conpound of the present invention can
be adm nistered initially by intravenous injection to

[003(t]r i Nnchshiesaibddabels, vtinsas a‘divteﬁ_,bd;peci&'\zed infddioup agenm thas have

vels are then intajned b n .or al _dosage f.or
ovolvghy RITHY GRS FURREOU e RIS DRIET on TP HBRGBHES infect and
propdg’afdintsbﬁlﬁabblﬂbipes TE8 @drkét&lg SHREI Rty Ioff¢ dilﬁﬁ&@@or@lﬂﬁﬁﬁes its natural
e use The uanéfé he adm nj stered w ||

spec1§g|,t)5// 1q gpec W@]lb lgrgel pre ?rﬁ'ﬁn?q eell vges ppcHihereby apggoduce a recombinant
gene (R Helinesth&BeelIS U PieSfbcIris b¥ns& Rthe HEtaRsIset tl’i’é’mvgntlon will depend

context, the followi ng terms and phrases have

on degizedh il tipe &9 beitarceied awl viilbba kmowndo thaspskifled én theerapfor example,

if bre§§t c‘éﬁ@é} DRI& t?ee{t&f ﬁxreﬁ at\féc{op @g%diﬁ@ ?ciresruc}?te AeI8I ﬂls would be used.
material (e interest I nto a

Likewisedf diseasss v Emomgc@h e@ndztl@rrs ofdhe hematogbistia sestom are to be treated,

then % gggl'd\;eég&g tﬂ:ﬂ%]%gééﬂfc fo¥%€oo%e&ﬁ g:ﬁ% HPe"irgrg F@\Lrs&%i %x'gfe%bew Yor the

specifie pynedd, hemamnmcimellRWQulchbﬁt u@énse) vvhose production

100300 A3 b SrB DS ro Bon B bl SRE R Sovershapapy for gpampte.the
procedotecansthke adwaﬁtagedaé‘ tiee ﬂaﬁgelmpm;ﬁdl’@ccﬁmlml veetomsydd, consequently do

ol ypeptj de. or tjde t herapeuti¢c value. The . . '
not b LR pRisfrad Rt it Bp Pt dloitetdecel gaministration can
provide aQjuittkef RiEmofDéffettive teath & CA dihigeiinAdan aldtebd g¥formed by, for
'Gene Therap 3/ éAdvances in. Phar maco{) %/ 40, Academ ¢
example, dalravegeus or subpiaeops dnipriossite th sybiget: illovring fnipsion, the
viral ¥€dt8FsSwillibatife Lkl tH@f‘?écbém%@hSit'c@ils WthRRe apropaheidrge:
is introduced into the target cells of the recipient
specifeijufrdnfacHoRi tu, which is within the recipient.
[0032Af t eTad DeLARY de&%f daRghiscaidncal ﬂeq{}ﬁﬁrécﬁrg)%{llaﬁ%h hSeally at the site
express the transfected genetic material 1n sit
of thegdispase ios pathplogiend cordition @sby gpsilatiog intadheuassulan Sﬁlt‘m} supplying
the s:,';é w&tﬂ%u%’e%tts 9908 4 1n Frfaﬁ&tl isY a%vagtgg (fus b-ggg\hse I?{\é’}g % no dilution
ne expression ve refers
effectaph l&heeeﬁofe adelallee rlgvsiet is agrpifired to ﬁcthevwmm@m:smmmmemy of the
Iyl N . t l. . .
s NIRRT 55 nod MR B SREI AR HE TS Bt e
with dthen fornispifiadmimiktritivn sined aavent‘amad bierused dait infests laHctilyin the

inoc@%?@ %{etaﬁg e%(%{ﬁl%%%\ﬁﬂ%&l%sareﬁ Eﬁltpg a.gpe ﬁjlé sab%eébﬁﬁgl?so\gqhm%e inoculated

area, tefdl rofbidr\ant heglatofRelam@h@rthad skl fpeaffid fof tiexddsted salibet can be
BT e R

viral ﬁeﬁ&'ﬁe Qﬂasinﬂﬁs %Egahu:@%ﬁﬂ thedlilee TiaaoRtws Schi@lasswwhl A% llposomes can
eci fic anino ac ing regio

also téexlbqeégg pr%}}:pec\ng the pensyiral; Vﬁeﬁo%%esgnggcgmvgrmqod*pcxple-lr-x? cells within the

inocul&88 bRtal I9M8h taALREHdYIRElePire KnBRmNSL GleUkPUAIFithin the art.
material and can bhe either a constitutive or inducible

[0033); ondthecomponnd ghithequpseat inyentiomisadmipistesed and¢eed én accordance

with F@@& B alFrab G w&sig irﬁo Q&to%h{‘thg %ﬁﬁ&%ﬁédﬁ&t‘i&f‘éﬁﬂhb RidiPfual
evel s can optionally be included. Enhancers are

patienfe Fhersite|apd angihed af pdrainisieation. oRedWing rfrdeinizpton, wetital age, sex,
[ [ .

R o e L i R TR R
pronoter. The expression vehicle can also |nclude a
sel ection gene. EXAMPLES [0045] 1. Description of the
Ad5- yCDY nut TK, SR39r ep- ADP adenovi rus [ 0046] The
conpl ete and partial DNA and transl ated protein
sequences of the AdS yCIynutTKsRSQrep ADP adenOV|rus

T o o o o A NN N~ 1




obtai nable to one skilled in the art) that contains an
i nproved yCD/ nut TKsR39 fusion gene in the El region
wa@na708m6Ad5 ADP gene in the E3 region. A scheP@l/U82007/002682

representation of Ad5 WO 2807/ 087462 PCT/ US2007/ 002682

yCD/rrutTKsR39rep ADP is provide in Figure 1 (| n Figure

1, "CW' = human cytonegal ovirus pronoter; SV4O =

sim an virus 40 pol yadenyl ati on sequences; and "mu" =

map units.) As shown in Figure 1, the

CNN- yCDJ mut TKsR39- SV40 expression cassette is |ocated
“effe¢tivet dpeouEit" f(arglwpnsemhqmeme tds dedendréebye suchconbkietatiBns as are

SV4 on.cassette is _l.oca
knowgleiH?]% LEB regl ol Obaece?(e%;w? ?‘f’e gV Tprevement é‘%‘ﬁu‘smg but not
limit§dOR4Bipréwt- WME@E@&%&B}:AD&MW @ idprovkménbolélfifination of

o e U gER LSt by s

art. tO those of ordinary sk|II in the art, two premature
ran |on st,op .codons were enql neered into the 55
[0034{J egrgﬁtgoiigg the prazent HivieEoR the gempewndyef the present invention can

be adiXiHREMEHh v ! itoRsld be& '
© A Rd5-y COY mut TKsEesmérwgp ADP expr éé,ﬁésaegﬁ% ﬁ?“%"gé@‘t“yggt% 2 the

compeyad 3R] cambg pdmimi stered adansi aygs armeumlgmftxqmsmgmm@mm with

pharrgﬁ&%tl(:agg%dcg%aMe c%}nég%zﬂu%ﬁ%{ée g}/égﬂs El#cfl&ﬁn&gs UPte compounds can

be adpmimjstegedr N@Hsgswgtmm@m pasenjeially indydingdntranemavs, intraarterial,

R T T

infusio@BDechiiquesp mepimtmf the nempoutels drenlsa us&fuk Dihe patient being treated is

o warl SN AET S0 bl 3PS RARRERRRRRE e . o

pharrﬁdlmtlcalt}amdept(aﬁ}el%d)ne&mdh@aﬁm sdjovarts (nm»ehlaﬁd as Well as implant

deri vat into their _correspandj ng nongphosphat es
carreg Bt ) 0 1, ARG SRRSO SOy BHOBKE cBfarulating
mateftal o dechiig Wt}ﬂtlhe aP¥EMErddidtitdbt e snintiBA repl i cation
[003§nd result in the death of dividing cells. These

owndi i B8R BRGIERTE %5 beted Bonsral R longeT b fhe mice or other

experfiehta b aifald é&hﬁ)l Afed Heddin Wmﬁt@é’dt%ehﬂgseﬂéﬁgﬂlpﬁopomonal to the
t herapeutic effect of radiation therapy (see

length of the diggase pracga anddirpg effsctiveaesscy osmsmag begisigbmdoses or
r

oI 5 el SRS RGRL RS e g

propwgmgw Ge\engthaifdee disease ph@qeapmdralgcbf&pevemmmd the gdtient

& ing effects of ionizing radiation. [0049]
Spemigg IH%#%?TKSRSQ ep- ADP al so contains a 2.68 kb

[003de| ethem adminfstertigy the gpmpouidbabhs PR&ehBRivemti @0pdr&ikrally, it will
gener\ﬁﬂg%g lglg{eﬁ i %Ql%ic't &o@%%e 1%153%&1%? gfor%h(sofgugpxé,pﬁuiseeg{s?o% emulsion).
The p@&aaa@ﬁ@cﬂﬂbfdﬁhlaﬂ)ms AdtableGDF m;tc’ﬁ@ﬁﬁﬂnd@ steBR aquetlsdddtions or
.an _Ad5 .expr ion_ca te ace. of e natural
dispel et b e PRRFRRBE A e B e s g
dispebgionss 'Ilfd oaexﬁlex’(l}antH&% Solvemnof Hispereigg! rﬂéﬂlﬁhhscoh@i&{hg, for example,

waterh SR PRl {igh Stamarter 81R6Toh BrRylore: Alree v pelssthudese slycol

and PRk Q.hﬁtlb[b Sxtifed dhtrest, aMV@é’étzﬂil@Gilil cant Iy increases
he oncol it activi ty of re%%rl cation- npet ent

1003 e S s Ityepn BraPR Q%Xéﬁm,hqarbw the ks &4 coptingisuch as
lecithi Qi&ﬂhé\%uﬁgneﬂﬁ:@%?the( &gﬁ&:d Atidlekdd indfe Sask 9t d %a::EQrS% dnd by the

kDa “genes). WO 2007/ 087462 PCT/ US2007/ 002682
use O‘s'zsur@ﬁ%tt? Udpnasteaps yehclagisnchyagytiapseqdsgh opspenph olive ml soybean
oil, cGBEAR VihtiSwerl QD2 belhADMW SRR 30 msg;g—%ﬁmqpﬂétate may also be
sequénces used in the construction of
yCD/ nut TKsR39r ep- ADP wer e obt ai ned from M crobi x
(Toronto, Canada). To generate the pCW-yCD nulTKsa39
expression plasmd (left-end vector), the nutant SR39
HSV-1 TK gene (ref. 16) was generated by the
pol ymerase chain reacti on (PCR) u3| ng I | near| zed

T Y S T Y EEETNYS - N .



[0052] The resulting 1,128 bp fragnent was digested

with BamH (GGATCC) + EcoRI  (GAATTC) and cl oned
whedionogmet he BanHl + EcoRl sites of PCT/US2007/002682

pCAl4- CDgl yTK-El aEl b (ref. 9 10) after renoval of the

prototype CD/HSV-1 TK fusion gene generating

pCAl4- CW- nmut TKSR39-E 1 aE 1 b. The yCD gene (ref.

17) was generated by PCR using |inearized pBAD- ByCD

as tenplate. The following prinmer pair was used to

generate the yCD PCR product:

used Bs sdNAECYIONSI CDATREICARMOEECEAAAGdRiona B Qakidudailditives which
enlad s bty oo OB PSS RRA SR Aekling ptmiceobial

preseﬁ&tﬁ’es (aBEQxIdBn IS heldting] 430h13] anﬁlﬁ;ffe@ﬁtﬂah ibB@d8ef Pievention of the

acti nment was d| ted Rﬁég Xhal G). + Nnel
op pEFREBIER O S ol DY YEHEUS bR Kb e agents, for
exampled parkbEdy eIk JHEHEDY; phehoR Borbidaci@l@AtRS 1iRE. In many cases, it will be
d C%@ y CDY nut TKsR39 El aEl b. [0054] To %:laner ate

es“‘% teideiisrsaniengenibrior Fragmple ciigasse sadivm, chiaridenpmd the like.
Proloa86¢ aH%iptlcg'%ﬁBéhﬁgctQMe ?%n%@uﬁéa@m B&t W%u%@a@ﬁ? {)y the use

and sites of Pacl nod pBHGLO- Pacl

of agepts ﬂvl@ﬂngeabéerpa e{cwnelpo@immtm reanosteacinanthpelatinl According
to th&ﬁ@gé}h Aveniag) ho@ﬂ:q'eta@?k' vehichS dhﬂ?‘%’o‘%ﬁ% %\&%sgg vso%ld have to be

facilitate directio cloni i
compgtiblenvigh thesgommwnd$.ns the entire adenovi rus type 5

0 t.he
005420 W B Pdid By R o
utilizeq pepmdﬁmmmmameisfawmmﬁon & B8 3edpprddCGirhqumnm dfidie appropriate solvent

cont ai nin enerated. The follow ng
with Banou% I%ﬂé\elq(r)1tthe g‘gred ?&Sgaﬂ’é ate the ADP PCR product:

[0039q' - Gmmﬁeﬂagea}mﬁ%ﬁmrﬁ ‘inveRfiGh kah Badrhiistered to the

. 5'.- GAT T, CATGICTCAMAATC- QID NO 13) WO
Pa“e%fdwo%lo%@gg %%A@gﬁewwemaw ‘[06624%1]% ereAsTiP sHgh %\ganous
vehxo&ﬁ AdfpamcFaduielsCind\Gisucitisd 08 iR o BattilzddFeAEpeséht invention

di 1| GCTT) and cloned into BanmHl - Hi ndl | |
can ba| %g?lé*&feg@%twtﬁww% Hre@ativat isrhe formeafdeyyrelsasrerubepiqgeous
impldts"driafordd Jéﬁﬁfe@niysfe%s@évh ﬁ@%oﬁ\f@i@n@ﬂrﬁrﬁo&?&@ IR2&dr@d delivery,

cassette was geénérated by PCR using the follow ng
10ntoB}pqrﬁgq;, H%){mer matrices, liposomes, and microspheres. Many other such implants,

ey SRS EEAAATIROTICERAT RRCAGIE B ok 0 | © 1

[004Q]D N&» onsymbpdiosTY. the sombourskefithe piasentgnventioATARAAATninistered

1n1t1aﬂ?§%1?&%\%gﬂﬁ§g%éﬁ%%r e(g tﬁ{r:qu E)Ilogﬁqg‘%ﬁ‘/ #Wﬁe éln TBQ Satfisent's levels
are thentrmammawé bydfmmrat desage &, Iahh@ghcmpmi fprias pé gdmmwanbn

L PCR pr -was, di gested w th. Swal .
dep elgdr%gt é% rf{h ﬁ%ﬁeﬁ' oned d% ang\/\aﬁédﬁé‘%d %l?%lgs?aéﬁdbe e T quantity to
be adpB@istbtedPaidl wag fgetherpanemtg)ep& fetated. 0- Pacl m o d- COW - ADP

. [0058] To generate Ad5-yCD/ nmut TKspj 9r ep- ADP Vi r us,
DEF V- yCD/ nut TKSR39- El aEl b (10 g) was |inearized
di gestion and co-transfected with
[0041]] al Unlgse statebothpBie] Or Ragksted bTMttaDPteXollg)vingermsd phrases
using the CaPO4- DNA
have?h erglg%ll?%\?ll(oowﬁ&er?gqe% % | sol ated pl agues were harvested
[0042] The taxys“ genteherapy!” aspisad herepireiférs edtie tRec NS gbigtic material

s BT bR BRob Tl S5 B s B s o

conditioh phesatpps. n'ﬁha@ér&namﬁhtgﬁﬂlof @ﬂitaﬁs’e&’ﬁcoﬂw a fnfoﬁdct (e.g. a protein,
oviru Advant age
polyREgfi PRt (R B R R S O MR R0y T Py qiogetyed. For

Human DUl45 prostate adenocarci noma cells were plated
in a 24-well plate at a concentration of 5 x 104
cells/well and were infected with graded anounts of
thee Ad5- CD/ TKrep (lane 1) and

Ad5- yCDY nut TKsR39r ep- ADP vi ruses (lane 2). Five days
Iater ceIIs vere flxed and stal ned W|th crystal

- o, — - s - s o



ADP gene and expressing the ADP protein (i.e
Ad5- yCDY nut TKsR39r ep- ADP) possess significantly
w@e@angrenncol ytic activity than adenovi ruses PORUS108T802682

ADP. I n other words, the presence of the Ad5 ADP gene

significantly increased the oncolytic activity of

replication conpetent adenoviruses. These results

denonstrate, in vitro, the advantage of the ADP gene

cont ai ned in Ad5-yCD/ nut TKsR39r ep- ADP. WD 2007/ 087462

PCT/ US2007/ 002682 [0061] 4. Advanta ge of the
cxamy@ﬂhmg‘ehmé@n@tegiahef tertsticae dnd:dde%rrr;b@@! msuélﬁ&, enzyme,

POIYP?@?‘%_ @%%Pglg }%Jeg_l H%lél& él‘gD(gég%a 31% inthl\le(::s‘%l l;-:)am also encode
a su10i'1Ac(ljB‘5 gice o\'\lbtrhwggﬁee Gﬁ/gﬁfél?f) tHd ﬁﬁg’%&%ﬁ'&)apyn (Advances in
t TKs anes ,
Pha“‘ﬁ\%f@l%?g‘%% g’%’ﬁt?gg ?Seﬁgﬁhr S (lanes 4 & 8) at a MJ of
[00433}0 Phy phia¥e tWOvilOgéte thédaBy” refsshs wiehehe \i@ %@at&%ﬂ to be

ct|V|t u3| 4C] -cytosi ne (lanes 1-4) and
tfansff’%fﬁﬁ‘ l%lnﬁed? cshigte te %ﬂ!g%%ceya Bétheaw@glemrﬁ@an@gum situ, yhich is within

the reSipRMI. Aﬂeﬂhgwio? B éeﬁ@&ﬁ?'aﬁ@re@ltg‘é@f célﬁfe&p@'sg B transfected genetic
uraci | eft "arro - (Upper right arrow),
material gg)sify. o‘wéﬁ thergpy alge inslydes rmaugm)m gepe P g, éf B host gene is
defec{,e@onbl nant adenoviruses that express the inproved
nut TKsR39r ep gene, such as

[0044hic- J GephtreT RESRBONBIYSHDR v ehidiToRsEs towsgrebislesapable of

|
T o e
mcludmpmnn@é@ eonforlttaigating,ienptdssopand ohpmeiptidd oChicTikrodgic acid in a cell

T TRONCTE SR TEIM T T e e

3'UTRiof Hleﬁgiﬁre(ﬁ'i}inb’e eplaced b&\tﬂl‘fe ¥ ODRandr$SREIIRegE tAE)Bxﬁ:tessiﬁn vehicle.

The xt da vver e repl.a
Theral(e, &) u5EH Hhikin R CorioR R BRch A0t Her g pUTR
and/053‘|’Eﬂ“R‘oﬂHeSaoﬁJal g@n@ﬁfbe]tﬁansfelz&d @dioidly inchide the slbdc'iﬁki ammo acid
ottonz wel]s 8 - 12 and 20 -
coding é?gm{lo ssto(gpv le B*B’c ltnshlfi larprg@pfﬁr forc@qt@l]\l,&g. téanscnptxon of

the h&é@ld’geﬁis ‘Mdtéheﬁ la}& tah by bthdla BnSdntivé of Biducibeplogftid s allow
shown  in_Figure 3B) dermnst rate that reconbi nant

(as
selectiyrlFRIPPTpERS %ﬂ@%@.% payebs TeEHBEL EP OBty NegeSTRIYElEANSCription

level SRS ptiDHE! Bé 1&@@%@%&@@8@ YeBbra fEwany A6RitR¥8lated DNA sequence
greater ce when conbined wt C prodrug

whlcft weflﬁmwntlaawsw wubébe eading seuggee e cisbigshange the basel wanscription

level §RPRed 69 MeAbBRfbtdrN THAxPFRLiBh YBG

eve oge? hef ealshe resru I'ts 6{? F%lgur esc%ic%gnﬁ Sgnlg a‘ébfet‘t?ongene
vitro, the advantage of the yCD/ nut TKSR39 gene, Whl ch

EXAMPLES i ned in Ad5- yCD/ mut TKsR39r ep- ADP. [ 0066] The
results of this exanple also dempnstrate that yCD/ 5-FC

[00454ng fis\Pescriptiopay/thei diy €DdungelterseicarABP adepghirpe

used_t o increase, the therapeutic effect of the Ad5-
[004&}CD/ £ PROplel; @]5:1 paspal PN sand wansfated protein sequences of the Ad5-

yCD/MﬁK%r{}?ﬁAﬁKP RASHRRAT O/ KRR, Fudl8Y Blne and ADP gene (SEQ ID

TKSR39 fusion gene whose product has inproved

NOs. éai)aﬁf? disgloged fellowing ghekist ef Referanses SxytiqeyThe fatlowisg examples are

preseRe@iE VR WPHLLIE /8 R\cENe prototype Ad5- CDY TKrep virus.
Reconbi nant adenow ruses that express the inproved

(0047} Cry iﬂ}@ PASRESD e TBrsrpprat- ADR VigksrfSEE HANG: 1) of the examples is a

replicﬁiig:rl1 %@%Fx{ b(%f %&fovﬁ%ﬁkpécﬁﬁﬁg{] °€‘.”§E§é€;€%ﬁﬁ¥ 'ltcuown and
obtairabby ‘@s@et skellqﬁmttb@ SIS EthaDF GBIy an Irprowsd yEDPretBsrss fusion gene in

the B R e e iy A pemalCRptesslafl of aas-

i ndependently and together to augnent the tunor
destructive effects of the Ad5-yCD/ nut TKsR39r ep- ADP
virus. 10067] 5. Advantage of the ADP gene contai ned
in Ad5 yCD/ nut TKsg39rep-ADP in vivo [00681
Intrarruscul ar (1eqg) C33A tunors (150 - 200 MmB) were
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Figure 4). Tunor volunme was nonitored every other day.
The predeterm ned endpoint was 500 mB. Survival is
waledorngdens an ani mal having no tunmor (cure) OPCHUB200T002682

< 500 mB on Day 90. The tlesults (as shown in Figure

4 and Table 1 below) show greater destruction of

tunor cells in vivo and thus denonstrate the advant age

of the ADP gene, which is contained in

Ad5- yCD/ nut TKSR39r ep- ADP. I n other words, the presence

of the AdS ADP gene significantly i ncreased t he
yCD/owtiBKyftsmpa‘?sDPus pyovide merpgmre at( (mﬁlgtwm,e‘t(‘QMtV” = human

evonfEIRME UpSiBleh KV TRl velag By s et and “mo
= map/odits.) AGhowm Mbﬁigane HWW&DWmu&KQ@&SN4@&IX@re@%n cassette is
eSS B 55 i Ly v
expre531EEcass%/1sa3cﬁéc(1:g/ilglr1):k B &g%n]in%%fbg 8@‘@155 gégét%mpg A
+ >
SR RGN

L

of ordparyskill, ks srtg twagrgatme mpﬂm atiomyoﬂmrs warevgngineered into the 55
kDa W%@n@%@ﬁﬁmg[lg Q?Née.%ro%étfon%ga[%nmcﬁ%dbgéﬁ— tional, I7 irS] amino acid E1B

intraprostatic C4-2 tunors
proteyy. 2695-eDémpfl e dr-A DR extyosses t@owilg-tyge AdS E1A and 19 kDa E1B

v O PSS BT S50 20| QOB e o
deletedyd kgPd 31 B genee E;mbmsmosltcﬁ itiecly OB/ el K 5330 fusin (geat shizilen by the

Fi PSA d.
a5 LS SRR RSl v
polyaelnldjrla’um eleaenfdSAhe )EI‘JD/nngT Kir3o Tibort gie! dodled A aS3TOMDa i N
S P RS iR e o S 93l e e fturoytoine

(5-FQdhto ﬂ\ﬁ%]ﬁlﬂabﬂ KSR3Orama-gdhE cRvir (G Wy ﬁﬁﬁ‘lﬁ dérNéﬁ'%é ﬁl‘?o their
Tabl.e 2 Results with AdS- CO/nut TK p 9

corre g PEHOPAPRBR RGeS GCGEMED Theiawhetisen mpapaligiproducts of -

FU amHGOWMP 64 fotéilanmibitordor W%@!&aﬁbﬁ RAH resufRUh the/ @éa}h of dividing
Exact = (Tunor Cure). PBS 5-yCDi mut TKsp9r ep-

cells. 1 Thege dopvnsireary zagiabolic mmhlctse@say@mqmtm@wrxmrsmg@an

markgcﬂy g&réc%% éﬁ%ﬁt%gakgﬁﬁce Q&J:ct d%%la-tlél Elgra'f)y(%géé refs. 1-14). Cells that

expregnds WMTKK&RM@@ pmmnaasav@t}tsm@hbqrmg ®Hsvia the bystander
effect, are killed by yCD/5-FC and HSV-1 TKgr39/GCYV suicide gene therapies and are
sensitized to the killing effects of ionizing radiation.

[0049] Ad5-yCD/mutTK sr3orep-ADP also contains a 2.68 kb deletion in the E3 region
(bases 28,133 to 30,181), which affects genes that suppress the host immune response but are
unnecesséu'y for virus replication (see SEQ ID NO: 3). Ad5-yCD/mutTKsr3orep-ADP
contains an Ad5 ADP expression cassette in place of the natural Ad5 E3 genes. Expression
of the ADP gene (SEQ ID NO: 5) is driven by the human cytomegalovirus (CMV) promoter
and utilizes simian virus 40 (SV40) polyadenylation elements. The authentic 111.6 kDa Ad5
ADP protein is produced, which significantly increases the oncolytic activity of replication-
competent adenoviruses. AdS-yCD/mutTKsriorep-ADP lacks all other known Ad5 E3 genes
(gp19, 10.4 kDa, 14.5 kDa and 14.7 kDa genes).



[0071] 7. Radiosensitize d Human Cancer Cells using
yCD/ 5-FC and HSV-1 Tl RS9/ GCV [00721 As shown in
WEe@viogl4s2 experi nents by the inventors (see reP&T/US2007/002682

1-14), yCD/5-FC and HSV-112TKsR39/ GCV sui ci de gene

t herapi es can al so be used to radi osensitize human

cancer cells. Ad5-yCD/ nut TKsj grep- ADP contai ns a nove

yCD/ nut TKsR39 fusi on gene whose product has inproved

catalytic activity relative to the COHSV-1 TK fusion

protein produced by the prototype Ad5-CD/ TKrep virus.
[0050The Pr €dnstrmrctipu dif the AASEREDY ah&TKS hiatep-ADPoadddionitohs

HSV-1 TK/ GCV sui ci de gene therapi es can sensitize
[005umaRldsidy cargdihmgtadenéviril zequgneadisad imthe chnstsyuctminrufeAds-

d5- yCDY nut TKSR39 r ex
yCD/ R RS ISF BROHISGETH McTota g oteblE FAHdRY, do agperate the
pCMVumD/rﬁﬁMKsm@xpfeeﬂsn plagaiid GBﬂLeﬁhd\Mth@r) thed@dtht SR39 HSV-1 TK
Throughout this hlcatlon varj ous ref&wﬁﬁces re
gene (5f.d@) pyps EengiREAdY tHeRobTRETase Mt astian ‘ing
pETzraafl@Svm Egg% tdmplBRl THeYbllowinkdiriR@paiswid @edds @enerate the
bel ow. di scl osures of these references in their
mutTseio PER BEdgeE her eby |ncorporated by reference |nto
thIS qggllcatlon in order to nore descrlbe th
Q%&E&@M&W%QT@Q%E‘H %@A&E%@GGC -3 (GEQ
[qubog 41 Wiile the present invention has been
particularly shown and described with reference to
t hE-GATE dCGEEGTATEAGTEAGKRCTE-2 AR )
and exanples, it should be understood by those

[oosf]kl | h%@ rbsrmﬁ 1 q.izs b TRt WAy ai é@k&a AR B¥RSIT(GAATECC) + EcoRI
nbodi nent s 007/ 087462 PCT/ US2007/ 002682

(GAAmgh and ﬂloa@@ bpﬁws:éa threBem ! tefcadd sipppionfedt ] EDely TK-E1aE1D (ref.
10) aﬂé?&}x{é‘daa[‘gfﬁl'égwbﬂgﬁét% eﬁfsr']ﬂ\// 2%%&8&@ d Q&exa&fr&rﬁéﬂﬁ CMV-

nd sc on as defi ned
mut%kb@haﬁg be [Tae mCD genei (efl A7 ewaegenerdied by RER tﬁmahmaglzed pBAD-

T e
9‘@&%&%5({%@&%" &%&tﬁgﬁ}%&%ﬁérﬁ *&Egﬁv ]O: 10)

deScription € I'nven |on e understoo
i NEGATCIBTTAGACATEARTCADNGUSTCESROTRAIACAE TOIACCAATATCT

el e I bed herein, and clains may be presented
TCéﬁﬁﬁﬁﬁgtﬁ%Q'gf{ater application to any novel and

non- obvi ous conbi nati on of these el enments. The
[0053)0r e(iengsuléngd 626 bpfitagnentwias Higested WitheXhal{E TS A0 gl hel

(GC’@%Q@%ﬁgl‘%ioned TRPen e %%3?1@9\!%%1 a{‘t@s (ﬁ'llthC/Qp M%uﬁk{sm-ﬁlaﬁlb

ons at may
genemmlgupﬁacu@@MV%@B/»W@KE‘P&%EH@;C| te "a" or a f| rst

[005%19 %ggea%%epgﬂ#w/ ?ﬁcgglodnﬁlgf\? %&)P fm%ht%- o %%cﬁ%r)gl}}?ﬁ%ﬂl’ gene was

genefdi€dbe Peﬂiﬁﬁﬂscloﬂ&i lbeh@zéexf agUdcl agd Swa] sixas| af PRHG1 OWPaochnod.

pBHglg-f@lilzC F;E‘ER RE%IVf o\{DgS-?ﬁgZ(i P'FT/ U§2%p ggﬁnﬁ]contmns

Pac[%nh' chﬂ@ﬁesﬁh&l’lbm re§o@to GdipER diﬁchﬁndlroﬂmﬁﬂglced WI th
col i &K f usi on ene exhi bi t. enhanﬁ
100530; abBPRSIR A RIS hat RIS SBtis s OV iog g genome minus

baseg_ 'P@if to 1 §39 ?@f}@%‘,l régQI%Z and ba¥isP8, 3o 301418 in Thd £3 r&FioNNUsing wild-

Sel ective enhancenent by an

ta . O
type a&dSu DNmas tag)@iatem 33 PaR prodent-coniiniag theeh PPigene wag generated.

I t duet.gene.
he BCHIBR A 07 g a AREKIH O,

S. ). GAVI%@éﬁmi‘dcc’%@cﬁGWGA§A¢GA¢@@G@ B(SE@'IID NO: 12)

Freytag, S.O  Sel ective enhancenent of rad

r eébﬁﬁwmmg%?ﬁ@ﬁm?%wﬁﬁﬁ r(§E@ H%%Ié) 13)
transduced 9L gliosarcoma cells in vitro and in vivo
by antiviral agents. Int. J. Radiat. Oncol. Biol.
Phys., 33: 861-868,1995. 4. Khil, M, Kim J.H
Mullen, CA, Kim S . H, and Freytag, S. O
Radlosen3|t|zat|on by 5 fluorocyt03|ne of hunan

o - T 1



5. KKm S.H, Kim :H , Kolozsvary, A, Brown, S L.,
and Freytag, S.O Preferential radiosensitization of
w@rooglsmsn cel |l s transduced with HSV-TK gene bRCT/US2007/002682

acyclovir. J. Neurooncol.13 33: 189-194, 1997. 6.
Gable, M, Kim J.H , Kolozsvary, A, Khil, M, and
Freytag, S.O Selective in vivo radiosensitization by
5-fl uorocytosi ne of human col orectal carcinonma cells
transduced wth the E.coli cytosine deam nase gene.
Int. J. Radiat. Oncol. Biol. Phys., 41: 883- 887,

[0056]998 The resuiting 333 bp RCR. pro@heirveps dgestddowidh Bearkl (GGATCC) +

P T Wy N TN —
Canad@ngentiatingpCA @-AMP. Tanagire R&&VrABP Q@&lp&@&&exp}&@ﬁm cassette

> | ski, K R, Khi
was ggperageﬁobyﬁg&lgbng %Z%\)/ﬁ@%’lngdﬂ P (SJll IosenS| ti zat: on of

gbs-%?ﬁég@%Aéﬁé&éﬁﬁé%%%&gﬁ& Fasygthg no: 19
Xi 3:GATCTEAAETAATCEN TGO TAGAJGATETAGAEWTAS-3' BHES ID NO: 15)
Ef fi cacy of adenovirus-nediated CD/5-17C and

[0057HISV- AT &GYsteidtioh 6Re RTETARCBPNES 1&&6&@&1 l%;%ﬁ%al\ﬂ' dffihe CMV
Cancer Res.

prom @g g'?&fé pt ner ?sg% a chg]estrﬁggmsgg KTTﬁAﬂ‘ TA@MW@F plptrod’uced

downBiréam oGtHSVH0 pdiyDA re%lﬁﬁl wiihhe 3' flimér. "BYEPCR product was digested
to sel ectivel {iﬁl?(l | | cancer

three dojré%)ﬁr}ged appr.oac
with ggef an cgficlaned intprSyral-Rusd digested REGIdE0-Fanbrnodgenerating
pBGI‘?[?GUP%Dr?&ﬁ@:MVfMﬂP Gene Ther., 9: 1323-1333, 1998. 11.
Rogul ski, K R, Wng M,Palelll D.L., Glbert,
[0058] D Toigenerae HdS-ymnWEIﬁmagep&lQP vime, il 414GNVde
he_ t it
yCDARRFICLOFERAE1 BTER] ad (Rl BYPRLT Bkl Ao fansected with
Clal- bnﬂmz@é @B&X@Iﬁ-@aclmdayCMM-AIaH (3% gg¥pinto HAK 293 celHl{Mlcrobxx) using

the C%ﬂ&é%éﬂﬁ:@%?&gg eZlTEI 21% age]dl acizl%oyeges GWas’tequ’- 14 days later and

plaquBRguuifieldia, sekol tim@idnldEEK, 293. dalls. Wivhofemarmice purifiddl plaques was used

.. hes, J. V., Schnel.l, M, Thaonpson, T., and |
to infgguieic I po Fomfie G PoGrHTS RPY buE] GiRdient-purified
adendviptsci ty, and potential of germline transm ssion of a

replication- conpetent human adenovirus foll ow ng S

oL 3752 SR UL 0, TSy MEhSELL 3L A

vitroD., Wng, M, Rogul ski, K, Brown, S Kol ozsvary, A,

eel J. ton, K Dr agovi ¢ ) and. Kim
(006057 1 | Bl TS s Qamor amoci s veeB piseecbi 24-well plate at
conceamﬁ@ﬂ bfF 8% méd:bnywéndlaa RieRe Sifb&id 6v1ﬂﬁ§"r§déd"ﬁﬁ§tﬁ%§ bfthee Ad5-
y .in an orthotopic

atlon radi ation thera
CO/TiER R 635 B8 imitb e epr DD Yinesiane 2). Bivegays later, cells
were Bked ancPEt‘Aﬁxed with ci§dr Gidfot. ?I@x%suﬂs"(as Eﬁ@\%ﬁ %Flﬁﬁr@c& “Vp” = viral

Khi | ,. Stricker, H, Peabody, J., Menon ,
particigspelearly demenpiH? thet replicatippreoingetent Eenovisusgs Sontaining the AdS
ADP é\ﬁ@érld HYADSprot&al(.e -

E ex(pj%e;ss:or%;jl .Ifspro }g r}kdfk(ﬁCIjﬂé 9r%pu ADngpossess
Slgmﬁ@ptly @matmems@ta@hwmd@n@dﬁnwweﬁﬂm bidk Adb&tlh@ther words, the
preset?%é’ccaf'r tgg nAtgi%nj?Iggt B@Q gi]fgcrea}l{l %1.{}5&%@& &nc%i%% 8l t¥ of replication
compd@ﬁBadtwmrus_bGO"Zhest Sesuls elgmagstrdde. G, viidh, ithe kdvantdge, of the ADP gene
contalfE T sy DR g e A DR 1 Kim

Ph:ase | study of replication- ’

conpet ent - adenovi rus- nedi at ed doubl e sui ci de gene

therapy in conmbination with conventional dose

t hr ee- di nensi onal conformal radiation therapy for the

treatnment of |ocally aggressive prostate cancer. In

preparation, 2003. 16. Black, M, Kokoris, M, and

Sabo, P. Herpes sinplex virus-1 thym dine kinase

rrut ant s cr eat ed by sem - random sequence rrut agene3| S

~
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17. Kievit, E., Bershad, E., Ng, E, Sethna, P., Dev,
I., Lawrence, T., Rehemtulla, A  Superiority of yeast
wo@e@7/0k|6t edal cytosi ne deam nase for enzyne/ ppOOUSZY07/002682

gene therapy in colon cantier xenografts. Cancer Res.,

59: 1417-1421, 1999. 18. Bischoff JR KimDH WIIianms

A, Heise C, Horn S, Muna M et al. An adenovirus

mut ant that replicates selectively in p53-deficient

human tunor cells. Science, 274: 373-376,.1996. 19.

Hei se C, Sanpson-Johannes A, WIllians A, MCorm ck F,
[0061)on HofAdmta }g'emflﬂtb yCOXxf DK $R39 gendcdntBined in Ad5-

yCDgﬁ?ﬁ“l%,g‘;le "a snovi rus, causes tunor-specific

S "an MUroral effi cacy that can be
ug t tandard chenot herapeuti c agents. Nature
[006 m?’g E@’s‘gg é 1997. 20. Ganly, |., Kim D.,

ooeSE e &2 B USSRy 1%y BB ncs-

CD/Hétep (labes 2 #06), }@dfjeyCB/mﬁtmEeﬁ-Aﬂthm@fS &Ory,deSL:yS:D/murTKsm

at, t at e v us, adm.ni st .
rep s B3 SRS Sy AP Bl g gramined for
activivg ukinQQHCQ-rcytcﬁirtel’(larﬁaﬂC‘é@ranaﬂt’ﬁ{],—S-@' C A9%s809) é’s%@stre'&és The results

I1s, Arseneau,

are s%@hg}%lgme 3%&@5&1% (lowﬁﬁ]e%aajrow) Nf?’@gr(ppper-#eﬁ arrow) 5-FC (upper
right bﬁtﬁd@ r§-F WSlews ﬁﬂh%&rd%)llﬁks sH3WAEby Flgure B@n@cgl’ﬁbuﬁnt adenoviruses

S., and Ki hase Il tria i ntraturnoral

D.
that ﬁ‘a‘@FﬁSﬁ fhe imprpeid We %Ml@mrepagqnecheas iAsii-xePéuiTKarw@p-ADP,
dem&@ggté %@gﬁé%o'ﬁ@ys &2&%7F@qg@852FU Cyldithe 1'n{6 xjracﬂ than viruses

patients with refractory head ang neck cance
expresping thaxBAHIS V-1 3K figipn grog compied inthe metmm A8-CIY/TKrep virus.
Ganl , Khuri, F., Arsenead, J, Kuhn, J., MCarty,
[006411 }léin@éffospatﬁc EffestAssay P., Ronel, L., Randlev, B.,
and Kim D. Sel ective replication

[006%lnd &?élél(%}%?@ﬂﬁ,rﬁ%@m dishhweretmed-infegted oofctall with dxd5-CD/TKrep
or Ac%lgtiﬁ%g"lg@sgf re ngj §tﬁan %\f|3r l’ﬁ‘l th 8%; cgﬁg §ve¥g Jeglated (24 well
nd neck c Tt

anced hea ancer: ase
plateCpediuReenntaigig GEHEL @G@&mra@@ﬁ]s oiZ‘BFCKh\u:ﬂlls 3 -F7 :;md 15 - 19, going

e BT oy LY s 4 BEREESD - RS oo

bottoHBiis ag’/rﬁ‘.l (’Dﬂhndén’e\staniibd with lchataladdet 9 days lﬁeﬂi@he Ees;,llts (as shown
A cont t

in i S0 PR s BB e ot g

yCD/atlgTKyéy gne, suthcarid HeCDMn MK R ;925 PIDR, | b€ greater cell kill when

comtaed HIhAEET Prodibl e ban Sirisegassng gooC OISVl TK fusion gene
contadihdvih ihé protSiype MSEﬁD/ﬁrepVﬁHQOWog&her A% R5ultdof Figures 3A and

Rand| B. Saf et d
3B S*?Oéﬂggr it e eivainfﬁgeeg‘ tww{wtikseeeesg Whigh is contained in AdS-

yCD,Qﬁ{ﬂEK%L,@ edpprepl i cation- sel ective adenovirus
|nto pri ;rlé carci nomas of the Eancreas a

[006f§3h asd! hP re%ulle &f thiggrammialso, degrongtygiesha, y Ciy31FC agd HSV-1
TKSR%?]G@V %wldgﬁt:ﬁé‘th%rapges caﬁtb@rdé&? ﬁf—‘ﬁxcrease th%ztgerapea}m effect of the Ad5-

yCD/gusf K@;ameﬁtmal’afrntt@ msallf M&ryﬁ:@/wammw-am contams a novel
yCDﬁrﬁ}?Jf K&%‘% h%ﬁbrﬁ&érfé%ﬁ&’s% I o(rgci caa ?9% tn\flg’ Eell]atlve to the

atients wth-col orec arcmmanretas
CD/H$\0-érTKaquIfm agyein produded bgghepifitetype ARLS-CBIBK Adp26rus.

Reco%n%%a&o g@enoyﬁ‘ﬁg%s othﬁ étxgggg g@%rlrsnvedfﬁ?ﬂpr%%%@ﬁg, 119%\5%1 %totein

demaBsulait gignifi¢dntly $eatemngonversicanaf KB CantoS-FPh aaé pbssitly CV into

eritoneal ec 0
Govglp, Boh e BRFBorers ThE RS AT CRR G 5T fisiop progeipe Thus.
on days 1 through 5 every 3 weeks in patients with
recurrent/refractory epithelial ovarian cancer. J.
Adin. Oncol, 20: 1562-1569, 2002. 27. Rodriquez, R
Schuur, E., Lim H., Henderson, G, Sinons, J., and
Hender son, D. Prostate attenuated repllcatlon
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28. Chen, Y., DeWese, T., Dlley, J., Zhang, Y., Li,
Y., Ranmesh, N., Lee, J., Pennathur- Das, R,
wRaezpsiseski , J., Wpych, J., Brignetti, D., SeOL/US2087/002682
St ephens, J., Karpf, D., Henderson, D. and Yu, D.
CVv706, a prostate cancer-specific adenovirus variant,
in conbination wth radiotherapy produces synergistic
antitunmor efficacy without increasing toxicity.
Cancer Res., 61: 5453-5460, 2001. 29. DeWese, T., van
der Poel, H, Li, S., Mkhak, B., Drew, R, Goemann,
yCDMNLFC uaamrsv 1 msm@edmguclae gehethefipies din, beRadd independently and

Haul k, rzo, Pi an dos
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[006TIEP! i5C %d%ﬁWH&DPF’@&@ﬁJnﬁmhbd &n QUSCY €DVt T Ksr3srep-ADP in
adenovirus, for the treatnment of locally recurrent
Vive prost ate cancer following radiation therapy. Cancer
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CT/ US2007/ 002 30. Burke and O son Pr epar at | .on

AdS-€ID/EKa e or A £ PEK ner-ABRn Iapys 0.i2an 4 erroovhsadin Figure 4). 5-FC
(SOO}%&%@ ¥) @ é@m@%yﬂgéﬁfy%}e%nms\é%d oft %ys SGJI @atched bar in

X netics and “Mdlecular Biolo , eds.
Figu@)h rivecngl@ne Hag kmonkiomsencsy prherday. | pre@ﬁtggmnfgl endpoint was

500 191813 S%?%wglhlg déﬁx?e?ilas arcamm TP REAS ho r@)rt (%l',nL @r b #8mor < 500 mm® on

ogous reconbi nat Cl enc 244:1288-
Day 922.9 Thé 1%&); (as3howinduiFégure 8anld Tablél' hbglena shawtaseaier dasguction of
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. in Ad&yCWmu%@@ﬁ&mlgﬁb)herS&rdﬂ th&k presearceatf thd AdS 'ApLlgene

si gn%ﬁngpq%ag%ﬂﬁgfo%gﬁ& Eg%%%%ﬁebgga%{ﬁy c%g%leﬁe& %Eigl{ossllmses irn vivo as
well b8 99vik202 (1993). 34. Duff and Lincoln, "Insertion of

a pathogenic nmutation into a yeast artifi ci al
chronosone contai ni ng the human APP gene and

Tabfv':axfJ I Semnlily! Jf Result§ Wlﬁl AdR@Eﬂl‘Kk -ADIERACES3A Mumor Model.

Al Zhel ner s Dseaqe and Rel at ed anrdp s 1995 35

Huxl eyGeouml ., "The huMgdianHPRTTYeWE oh a yeaskvalue
artificial chronosong Swviveahgti ohate when transferred
to nouse cells by cell fusion", (hom s, 9:742-750

(1991). 36. Jakobovits et al., "Germl |deogRansmn ssiigher
and expression of a human-der|i ved yeast (Sar+ivdl) gi al Exact
chronosone ", Naturej Vol. 362, pp. 25p-261 (1993) (Tumor
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[0072] As shown in previous experiments by the inventors (see refs. 1-14), yCD/5-FC
and HSV-1 TKsr39/GCV suicide gene therapies can also be used to radiosensitize human
cancer cells. Ad5-yCD/mutTKgr3orep-ADP contains a novel yCD/mutTKgrio fusion gene
whose product has improved catalytic activity relative to the CD/HSV-1 TK fusion protein
produced by the prototype Ad5-CD/TKrep virus. The previous studies demonstrated that
CD/5-FC and HSV-1 TK/GCYV suicide gene therapies can sensitize human tumor cells to
ionizing radiation. Thus, since AdS-yCD/murTKsgr3o rep-ADP expresses an improved
yCD/mutTKsr3o fusion protein, it may result in greater tumor cell radiosensitization in vivo.
[0073] Throughout this application, various references are noted by reference numbers.
A numbered list of these references with their full citations is provided below. The
disclosures of these references in their entireties are hereby incorporated by reference into
this application in order to more fully describe the state of the art to which this invention
pertains.

[0074] While the present invention has been particularly shown and described with
reference to the foregoing preferred and alternative embodiments, and examples, it should be

understood by those skilled in the art that various alternatives to the embodiments of the
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Met Gly Thr Gly Gly Met Ala Ser Lys Trp Asp Gln Lys Gly Met Asp

1 5 10 15

Ile Ala Tyr Glu Glu Ala Ala Leu Gly Tyr Lys Glu Gly Gly Val Pro
20 25 30

Ile Gly Gly Cys Leu Ile Asn Asn Lys Asp Gly Ser Val Leu Gly Arg
35 40 45

Gly His Asn Met Arg Phe Gln Lys Gly Ser Ala Thr Leu His Gly Glu
50 55 60

Ile Ser Thr Leu Glu Asn Cys Gly Arg Leu Glu Gly Lys Val Tyr Lys
65 70 75 80

Asp Thr Thr Leu Tyr Thr Thr Leu Ser Pro Cys Asp Met Cys Thr Gly
85 90 95

‘.

Alalle Ile Met Tyr Gly Ile Pro Arg Cys Val Val Gly Glu Asn Val
100 105 110

Asn Phe Lys Ser Lys Gly Glu Lys Tyr Leu Gln Thr Arg Gly His Glu
115° 120 . 125

Val Val Val Val Asp Asp Glu Arg Cys Lys Lys Ile Met Lys Gln Phe
130 135 140

Ile Asp Glu Arg Pro GIn Asp Trp Phe Glu Asp Ile Gly Glu Gly Gly
145 150 155 160

Gly Gly Gly Gly Gly Gly Gly Ala Ser Met Ala Ser Tyr Pro Cys His
165 170 175

Gln His Ala Ser Ala Phe Asp Gln Ala Ala Arg Ser Arg Gly His Ser
180 185 190
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v, HHN A d z '4 WD 2007/ 087462 PCT/ US2007/ 002682 SEQ
IDNO 6 Met Ay Thr Gy Gy Met Ala Ser Lys Trp Asp
GnLys Ay Met Asp 15 1015 1le Ala Tyr u Gu Al a
Ala Leu Gy Tyr Lys Gu Ay dy Val Pro 20 25 30 Ile
Asn By At ThOAda Leu Alrk @ré\dng Asp Qly GlA<Hu@ly The Glyal Leu
@y Arg 35040 45 A g0%lis Asn Met Arg Phe G n Lys Gy
Ser Ala Thr Leu Hs Gy . Qu 50 55 60 Ile Ser Thr Leu
GQu Asn Cys Ay Arg Leu u Ay Lys Val Tyr Lys 65 70
Val Afpy B8 GRPGHD JJ Met lP?dJTKVLeJ Deu Abs Ve UySBE A0 Cys Asp

21kt Cys Mhs y 85280 95 Alalle Ile Met Tyr Ay lle
Pro Arg Cys Val Val dy dQu Asn Val 100 105 110 Asn

Phe Lys Ser Lys Ay Gu Lys Tyr Leu Gn Thr Arg Ay

Gly o9y MdSGR2A s8R Thr Thr Thr Gln Leu Leu Val Ala
225 230 235 240

Leu Gly Ser Arg Asp Asp Ile Val Tyr Val Pro Glu Pro Met Thr Tyr
245 250 255

Trp Gln Val Leu Gly Ala Ser Glu Thr Ile Ala Asn Ile Tyr Thr Thr
260 265 270

Gln His Arg Leu Asp Gln Gly Glu Ile Ser Ala Gly Asp Ala Ala Val
275 280 285

Val Met Thr Ser Ala Gln Ile Thr Met Gly Met Pro Tyr Ala Val Thr
290 295 300

Asp Ala Val Leu Ala Pro His Val Gly Gly Glu Ala Gly Ser Ser His
305 310 315 320

Ala Pro Pro Pro Ala Leu Thr Ile Phe Leu Asp Arg His Pro Ile Ala
325 330 335

Phe Met Leu Cys Tyr Pro Ala Ala Arg Tyr Leu Met Gly Ser Met Thr
340 345 350

Pro Gln Ala Val Leu Ala Phe Val Ala Leu Ile Pro Pro Thr Leu Pro
355 360 365

Gly Thr Asn Ile Val Leu Gly Ala Leu Pro Glu Asp Arg His Ile Asp
370 375 380



Val Val Val Val Asp Asp Qu Arg Cys Lys Lys Ile Mt
Lys Gn Phe 130 135 140 Ile Asp AQu Arg Pro G n Asp
wae@7@Bmed u Asp Ile Ay Au Ay Ay 145 150 EGSBHULIB07/002682
Gy dy dy dy Ay Gy @8 Ala Ser Met Ala Ser Tyr
Pro Cys H's 165 170 175 Gn Hs Ala Ser Ala Phe Asp
Gn Ala Ala Arg Ser Arg Gy H's Ser 180 185 190 WO
2007/ 087462 PCT/ US2007/ 002682 Asn Arg Arg Thr Al a
Leu Arg Pro Arg Arg Gn Gn GQu Ala Thr Au 195 200
205 vVal Arg Leu Au Gn Lys Met Pro Thr Leu Leu Arg
Arg De Amﬁpysmm GhpAT2RE CGliyIGReargd .gu Bsp Le AleMetVet Gy
385 Lys ThB9®%hr Thr BBF G n LedOQeu Val Ala 225 230 235
240 Leu Ay Ser Arg Asp Asp Ile Val Tyr Val Pro GQu
Pro Met Thr Tyr 245 250 255 Trp G n Val .Leu Ay Al a
Leu /GerAlallle Aty Atd ¥alll'yr GBriLdd Bed pa Abii Thhval 26 265 270
G n4bbs Arg Ld410Asp G n4@Fy Au lle Ser Ala Ay Asp
Ala Ala Val 275 280 285 Val Met Thr Ser Ala Gn Ile
Thr Met Ay Met Pro Tyr Ala Val Thr 290 295 300 Asp
Tyr LALGIN] Bel GY@AsFT¥p Gly GthWelserd y Ser
7 S&QOHISy 35?;%10 g(i%ma%@ Ala Pro Pro Pro Ala Leu Thr
Ile Phe Leu Asp Arg His Pro Ile Ala 325 330 335 Phe
Met Leu Cys Tyr Pro Ala Ala Arg Tyr Leu Met Ay Ser
Gly TI}@tAla—hfal P%?rogéﬁn GEQAFJ SIPR AU sn el iya Phe Val
#Aa Leu |lgPro Pro gy Leu Pro 355 360 365 Gy Thr
Asn Ile Val Leu Gly Ala Leu Pro Gu Asp Arg His Ile
Asp 370 375 380 WD 2007/087462 PCT/ US2007/ 002682

o (SRS BT, 1,0,

Tyr y Leu Leu Al a Asn Thr VaI Arg 405 410 415
Tyr Leu Gn dy dy Gly Ser Trp Trp Gu Asp Trp Gy

30 GI a Pro Pro G n
%‘;Iﬁur}‘ “%‘?éem Aﬁro@%’ 8%{]‘3 b%"‘AX ETAR 245 Pro
Arg Pro'His Ile Asp ThrLeu Phe Thr Leu Phe Arg

g

Ala Pro 450 455 460 Gu Leu Leu Ala Pro Asn Gy Asp

Leu &se;)%a-ﬁyﬂeu'%i[]a I},/};asl Ar hEeu Arg Pr rJJ Nélt lqhs (aSPP 786 Zzg 480

485 490 495

Asp Tyr Asp Gln Ser Pro Ala Gly Cys Arg Asp Ala Leu Leu Gln Leu
500 505 510

Thr Ser Gly Met Val GIn Thr His Val Thr Thr Pro Gly Ser Ile Pro
515 520 - 525

Thr Ile Cys Asp Leu Ala Arg Thr Phe Ala Arg Glu Met Gly Glu Ala
530 535 540

Asn
545



Leu Asp Val Leu Ala Lys Arg Leu Arg Pro Met Hi s Val
Phe Ile Leu 485 490 495 Asp Tyr Asp G n Ser Pro Al a
W@y 70yR6Arg Asp Ala Leu Leu G n Leu 500 505 BADUIIM07/002682
Ser Ay Met Val G n Thr H & Val Thr Thr Pro Ay Ser
Ile Pro 515 520 525 Thr Ile Cys Asp Leu Ala Arg Thr
Phe Ala Arg Qu Met Gy Au Ala 530 535 540 Asn 545
WO 2007/ 087462 PCT/ US2007/ 002682 SEO ID NO 7 Met
Thr Ay Ser Thr Ile Ala Pro Thr Thr Asp Tyr Arg Asn
Thr Thr 1 5 10 15 Ala Thr Ay Leu Thr Ser Al a Leu Asn
SEQIIRNO:J @ n Val H's Ala Phe 20 25 30 Val Asn Asp Trp
Ala Ser Leu Asp Met Trp Trp Phe Ser Ile Ala Leu 35 40
Met Har Gt Serrihr\Ve AlRyRrolddur Thir é sl Byr Mg AsnoThreThrl | e Cys Cys
1 Leu Bys Arg 50 55 60 Asg Arg Ala Arg Pro Pro Ile Tyr
Arg Pro lle Ile Val Leu Asn Pro 65 70 75 80 Hi s Asn
GQu Lys Ile Hs Arg Leu Asp Ay Leu Lys Pro Cys Ser
Ala T GlydzuIlhrEer lAda et W sal Litu Bro Qg Val 109 ANDPRO07/ 087462
PCI@ US2007/ 282682 GQAIMS What is claimed is: 1. An
i sol ated pol ynucl eoti de conprising a nucl eotide
sequence of a yeast cytosine deam nase/ nmutant SR 39
Val AWY RSSTH AR Ser Il ASp MePEr THIWIE 96N Kidfese fusion
gene, comgyising the nucleotide sequence of SEQ ID
NO. 4. 2 A reconbi nant adenovirus conprising an
i sol ated pol ynucl eotide conprising a nucleotide
Met BRAVENGE Oy e 10% ' hauignt SR 39
soher pes giyﬁ?exxgﬁéggﬁ?§%§]%§C?ﬁ$§$g?ﬁgéﬁyggse fusion
gene and conprising an adenovirus type 5 adenovirus
death protein gene, wherein the adenovirus type 5
V] t of ej n ri ses t.he nucl eotide
ésrg S ﬁg‘n‘g %%odééé%ﬂrl\'l%eg%f .ﬁ%%l 38\1553 r%ol ypepti de
conprising an amno acid sequence encoded by an

i sol at ed pol ynucl eoti de conprising a nucl eotide
. Seguence of .a yeast t osi ne _dean nas tant SR 39
His ARG Iﬁﬁpﬂéﬁéﬁ‘(ﬁaﬁm% Pungside RRSRented ™ ust on
gen€,” which ®nverts odrugs, 5 fluorocytosine and
ganciclovir, into active chenotherapeutic agents,
co i,sing an am no acid sequence of SEQ ID NGO 6. 4.
Le“‘ﬁ“rng[f‘o ‘%%Iht adenovi rus conprising an isol ated
pouyhucleotide conprising a nucleotide sequence of a
yeast cytosine deam nase/ mutant SR 39 herpes sinpl ex
virus type | thym di ne ki nase fusion gene and an
adenovirus type 5 adenovirus death protein gene,
conprising the nucl eotide sequence of SEQ ID NO 1.
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55
CLAIMS
What is claimed is:
1. An isolated polynucleotide comprising a nucleotide sequence of a yeast

cytosine deaminase/mutant SR 39 herpes simplex virus type 1 thymidine kinase fusion gene,

comprising the nucleotide sequence of SEQ ID NO: 4.

2 A recombinant adenovirus comprising an isolated polynucleotide comprising a
nucleotide sequence of a yeast cytosine deaminase/mutant SR 39 herpes simplex virus type 1
thymidine kinase fusion gene and comprising an adenovirus type 5 adenovirus death protein
gene, wherein the adenovirus type 5 adenovirus death protein gene comprises the nucleotide
sequence of SEQ ID NO: 5.

3. An isolated polypeptide comprising an amino acid sequence encoded by an
isolated polynucleotide comprising a nucleotide sequence of a yeast cytosine
deaminase/mutant SR 39 herpes simplex virus type 1 thymidine kinase fusion gene, which
converts prodrugs, 5 fluorocytosine and ganciclovir, into active chemotherapeutic agents,

comprising an amino acid sequence of SEQ ID NO: 6.

4. A recombinant adenovirus comprising an isolated polynucleotide comprising a
nucleotide sequence of a yeast cytosine deaminase/mutant SR 39 herpes simplex virus type 1
thymidine kinase fusion gene and an adenovirus type 5 adenovirus death protein gene,

comprising the nucleotide sequence of SEQ ID NO: 1.



