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[0022] Wth recent developnents in the field of oncol ogy and cell biol ogy,
researchers have been able to begin drug devel opment progisdIBmbd dbos

speci fi C‘gbl é‘)%&;%et the underlying cause of cancer, particularly if the
cause is PH TEi ency or nutation of specific gene MRGdCE83/00WTer ef ore,
if clinicians have the tools to deternmi ne the cause of cancer for each
cancer patient, a treatnent regine can be chosen which is tailored for the
specific cause wth optim zed efficacy. [0023] The ras oncogene accounts
for a | arge nunber of tunors. Activating nutations of the ras gene itself

oCCUrg j 309 al nors (Bos, J.L.,1989), primarily in
pancr%%?@gyﬁ?@gimm*wm@t al (50%9 and lung (40% carcinonas, as
well as nyeloid | eukemia (30%9. In addition to nutations of the ras gene

itself, activation of the factors upstreamor downstreamof ras in the ras

pat hiB§22]sWuh seseasdrycloptmentsnintthe fieldofoncolbgy and actpblogyy eesexehassi on of
r, the epidermal growh factor (ECGE receptor is common in

HER2/ Neu/{ Er S?B? 0 iafg‘r | )

br eadVe BHOAPIE Wbegivgrug deyeligpmentprpgramisdhat spesifsallyl wrecy dbg waslgrlymgowt h

f act P : - i Lent in ali d -
s onruseOF ek EARGAAP S BECal L felent Rall S Aufltlon o} BB BEIR "R nown 1o

act i \pagdnctsasThepeforehiifielimigiand RaviehBe footsoRiRerintif: the Gads ofaaflcey f6F &Bhencodes a
constitutively activated receptor |acking the extracellular domain.

Al t 0§BR9SE Patica}. e tatigRitegBRe 64N behehosers Whishdg tailoret faatheispecifiearansee| enent i n
t he m@%ﬂg@}yﬂg@ac&@ leved to occur in approximately two thirds of all
t

tunors. venh the significant role of the ras pathway in
tunorigenesis, it i's desirable to be able to determne if a tunor is
associated with activation of the ras pathway so that a specifically

t ai | §1023] The msrancegenggicreunis forpdagievsindpe df tutnérer Acivatisg pruesiens of nvent i on,
howeyer ther.i_ese as not bheen ' and sensjtive_ nmethod of diagnosing the

, X |
assolIcde? BHedrc! LCEHNBSAPOH) :?(ﬁ%tsolrfg‘ﬁriﬁg'aﬁéflﬁwB%J Te- 1R8atprigwgily i t he ras
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actors upstream or downstream of 1as in the ras pathway is also associated with tumors.

For example, overexpression of HER2/New/ErbB2 or the epidermal growth factor (EGF)

receptor is common in breast cancer (25-30%), and overexpression of platelet-derived

growth factor (PDGF) receptor or EGF receptor is prevalent in gliomas and glioblastomas

(40-50%). EGF receptor and PDGF receptor are both known to activate ras upon binding

to their respective ligand, and v-erbB encodes a constitutively activated receptor lacking the

extracellular domain. Altogether, direct mutation of the ras oncogene or an upstream

element in the ras pathway is believed to occur in approximately two thirds of all tumors.

[0024] Given the significant role of the ras pathway in tumorigenesis, it is desirable to be
able to determine if a tumor is associated with activation of the ras pathway so that a
specifically tailored treatment regime may be developed. Prior to the present invention,
however, there has not been a simple and sensitive method of diagnosing the association of
- acancer with the ras pathway. While mutations in the ras structural gene may be detected
with a high sensitivity by polymerase chain reaction (PCR), there are many other factors in

the ras pathway which may be the cause of high ras activity, such as mutations in the ras
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gene fl anki ng sequences which | ead to abnormally high expression |evel of
the ras gene product, mutations in the structural genes Qfh.2. 558
upstream or downstream of ras in the ras pathway, or regulatory nmutations
whi ch afWePO¥Ma5&xpressi on | evel s of these upstream GCTHOAZIOS/OM®EHD
factors. Therefore, PCR for the ras gene does not precisely identify al
cancers associated with activation of the ras pathway. The need remains for
a sinple and precise method of diagnosing ras-activated tunors. SUMVARY OF
THE | NVENTI ON [0025] The present invention provides a nethod of diagnosing

I t J h t | ar| diated b
bnordraF TP ReaEArs Wich feacfip Spaariag s v R XPr i i) OF B2 8701 ot her
si m Jﬁﬁd&'ﬂ%{xbﬂ;bﬁs Ml th e%a%cmﬁqggﬁésl&aqe&srﬂ reraﬁoé rem JRPESRl mee! | s.
However y S vvlt

reovi rus se ective replicates | an acti vat e ras

pat h\mzyiaamwaya,mﬂ regolatdre mieaidns afhittheffet dedl dxprestiva lewads plchbswaypstirearhhese
cells may be activated due to nutations of the ras structural ene or

abnoroFEloMnpiEeam fackers. okhieesforea ECE for the xap @eﬂ%@oqﬁamwlw idpnyfy

act IV, [ whi st i ¢ due
? }"}cg%% E’C‘Eﬁgga‘? ?ﬁ Qe eU%'i’ 81%’?55 %aq'ﬁvgy a%t“F'%/(ﬁc"éaé cgn%lﬁmﬁo a?ﬂ osed by
ltS pretseantthbd bf tiaghesin€ PasidctiSatb@RIinarat i on. [0026J Accordingly, one aspect
of the present invention provides a nethod of detecting ras- - activated
neopl astic cells in a biological sanple, conprising contacting the sanple
W th g g the ability of the reovirus to replicate
I n t§m&ﬁ£¥¥6méﬁﬁgﬁém ity of the reovirus to replicate indicates
the presence of ras-activated neoplastic cells in the sanple. [0026a] In
one aspect of the present i nvention, there is provided a nethod of .
di ag{@025hJhe paesenl myention provides mieﬂhyl qffdiagioying neoplapins Bavigg pa@ituRkovi di ng

a biol ogical sanple fromthe animal, wherein the sanple conprises
neoppameéwargcularlz geoplagnpmediatd Gy absprmallyhigh agtivity ofdhe rast wo oncol ytic

V' r uﬁﬁiﬁmm Eémg ?90 %%%%ltl}/er sumYar oncolyuc viruses. Reovirus does not rEpllcatc

in normal cells. However, reovirus selectively replicates in cells with an activated ras
pathway, which leads to death of these cells. The ras pathway in these cells may be
activated due to mutations of the ras structural gene or abnormalities of any other factor in
the ras pathway which lead to activation of the pathway. Therefore, a cefl which becomes
neoplastic due to, at least in part, elevated ras pathway activities can be diagnosed by its

susceptibility to reovirus replication.

.[0026] Accordingly, one aspect of the present invention provides a method of detecting ras-
activated neoplasiic cells in a biological sample, comprising contacting the sample with a
reovirus and determining the ability of the reovirus to replicate in the sample, wherein the
ability of the reovirus to replicate indicates the presence of ras-activated neoplastic ccll§ in

the sample.

[0026a] In one aspect of the present invention, there is provided a method of
diagnosing a neoplasm in an animal by phenotype, comprising:
(a)  providing a biological sample from the animal, wherein the sample

comprises neoplastic cells;




selectively replicates in neoplastic cells having a phenotype sel ected
fromthe group consisting of ras pathway activation, integfRtlse 2006
resi stance, p53-deficiency and Rb-deficiency; and wherein the at [east two
oncolytic viruses replicate in neoplastic cells having different
phenotypes; (c) contacting the neoplastic cells in the sanple with each of
the at least two oncolytic viruses under conditions which allow each
oncol ytic virus(to splosidingef lgast éwb ionadlgtic viruks, wheRinsichoneeltis vinaxi ng
the phenotype for whi ‘fh each oncolytic virus is specific; (d) determning
if each of the oncol yisleeUyElsRicatesinmspplaste eclishaving 2 phemsthysiselected | s:
and (e) diagnosing a i -ani S LElC. type
according to the abiﬁ?@&hg%ﬁg%ﬁgﬁ?u@%gp?ﬁ %Fhﬁalyc \?lg%ésnés"%?gg%élﬁl icate in
the neoplastic cell sresisf@2d lpSThieficicakyahe Rb-GeigidiRy! sndwhéRibdkwt fdagm a
mammal , particularly a human. Any reovirus capable of replicating. in
ras-activated cel | s nd¥p opcolidisdvijuses replipatedie neoplastisrells having differgainpl e a
manmel i an reovi rus or t%%%ie?n reovirus. The mammalian reovirus is
preferably a serotypep reovi'rus- and nore preferably a Dearing strain
reovirus. 4a 28 (gpcerdimtactiffbhe WophAte/LISRER REhHAIDSIQ0AIRd of 048] In a
preferred enbodi nent, the brological sanple is froman animal bearing a
neopl asm sel ect ed fr dWotdnsoljticuprusemsidsr capditibng whiphcdloseeachpnostytice
cancer, col orectal cancer tga/r?i d i}gncer, renall cancer, -adrenal cancer,
liver cancer, pancreati® RafleeHvelyfeplicate ipheucoplasifselivhaving ecancer and
central and per i pher aihchenews: wiisheRkiFaRSHtic ARASkpARgLNer aspect of the
present invention provideS a nethod o i aghosi hg a }r)as- ’acti vat ed neopl asm
in an ani nal, cddpri detgmifiag if eachwif tige endolyiicodincas caprgplieatt iwthet he .ani mal ,
wherein the sanple )
neoplastic cells; and
(e)  diagnosing a neoplasm in the animal of a specific phenotype according
to the ability of each of the oncolytic viruses to replicate in the

neoplastic cells.

- {0027] The biological sample is preferably from 2 mammal, particularly a human. Any
reovirus capable of replicating in ras-activated cells may be used in the present invention,
for exaniple a mammalian reovirus or an avian reovirus. The mammalian reovirus is

preferably a serotype 3 reovirus-and more preferably a Dearing strain reovirus.
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conprises cells; (b) contacting the sanple with a reovirus under conditions
which allow the reovirus to replicate in ras-activated cglfessmtefdo06
determning the ability of the reovirus to replicate in the sanple; and (d)
identi fy’ﬁ’ﬁ’ig"oﬂﬁ@S%i mal as having a ras-activated neopl remcabodsleseseovi r us
can replicate in the sanple. [0030] The animal is preferably a mammal,
particularly a human. Any reovirus capable of replicating in ras-activated
cells may be used in the present invention, for exanple a mammalian
reovirus or an avian reovirus. The manmalian reovirus is preferably a
serotype 3 reovirus and nore preferably a Dearing strain reovirus. [0031].
In a preferred enbodi nent, the biological sanple is froman ani mal bearing
a n . LSk f r.,. prostate
canc VPR IE P Cnb B b SRR RIS i Bofl ar HiaFBOERE 2 ] *Cancer.

| i vemneoplame sclepethfromathe grapnsvasistily eflvbg camer, girostheranca9calbiesitancer and
central and peripheral nervous system cancer. [0032] Anather aspect of the
pr es ERACET . HEAMY GANCHR aoRad €ancer nadrena) cacer, (Vs FaipehrPangrearic saneer.hyeast

ras- ' | nj, nal [i.si.ng: 28 Decenber 2006 WO
2004}"3 %}:{.‘%ﬁ%&{ﬁ) %8%%%%8@%?@46{)%? Egﬁ&‘r%@inrs?ﬁvpgmrsgsé@ 4t ed neoplasmin
the animal by renoving a group of <cells-fromthe aninmal, contacting the
cells with a reovirus under conditions which allow the reovirus to

r epl [029% Anathen aspset ¢fhe present|ingention grovidesta mgthad of diegnosihg 8 ras conpri si ng
ras- act ial/‘%t ed lgeopl astic aﬁel |s Lf. the reovirus can replicate in the cells;

and Y ARPEEBIR AG PPN an effective anount of a therapeutic
agent thafy)is §&0E5 4 Bﬁ)l@él&alrs%%?ﬁcﬁélﬁ%@&iﬁﬁﬂm'lﬁ?&ﬁ-thér Qﬁ?é}perapeut I ¢ agent

that is selective for ras-activated neoplasns is prefera an oncolytic
virus. The oncobmprisesveellsyys is preferably a reovirus, an adenovirus nutated
' the VA(lb) contacting the sample with a reovirus under conditions which allow the
reovirus to replicate in ras-activated cells;
(c) determining the ability of the reovirus to replicate in the sample; énd
' (d) identifying the animal as having a ras-activated neoplasm if the reovirus can

replicate int the sample.

[0030] The animal is preferably a mammal, particularly a human. Any reovirus capable of
replicating in ras-activated cells may be used in the present invention, for example a
mammalian reovirus or an avian reovirus. The mammalian reovirus is preferably a

serotype 3 reovirus and more preferably a Dearing strain reovirus.

[0031] In a preferred embodiment, the biological sample is from an animal bearing a
neoplasm selected from the group consisting of lung cancer, prostate cancer, colorectal
cancer, thyroid cancer, renal cancer, adrenal cancer, liver cancer, pancreatic cancer, breast

cancer, hematopoietic cancer and central and peripheral nervous system cancer.

[0032] Another aspect of the present invention provides a method of treating or

ameliorating a ras-activated neoplasm in an animai, comprising:




region, a vaccinia virus nutated in the K3L and/or E3L region, a
parapoxvirus orf virus nutated in the OV20. OL gene, an i-}fdHERa2006" US
mutated in the NS-1 gene, a herpes virus nutated in the y134.5 gene, a
vesi cul syo sdo@omsss i s virus (VSV), or a Newcastle vir USPC'QCRZJO.’JOH@Eﬁpem i C
agents that are selective for ras-activated neopl asnms I nclude, whout

- being limted to, fanesyl transferase inhibitors (FTlIs) and RAF ki nase
inhibitors. [0033] In any enbodi nent of the present invention, the
reovirus nmay be a reconbi nant reovirus. The reconbi nant reovirus nmay be
~generated by co-infection of manmalian cells wth different subtypes of
reovirus. (afhe [RAGHIMIRAPs-dcHoNes ReopTRym RERANihAbyYrefoGHd fQup OF :
non-natural |l y-occurring. The reconbi nant reovirus may be from ?V\D or nore
strains of recsllsrfoem thaatiinal)|cantagtinguhe aelisrmith astepvirvsumafer cemdiiionss sel ect ed
fromthe group consisting of strain Dearing, strain Abney, strain Jones,
and strain Lan}j.?uc I?élo?"’e@gr‘?ﬁ(i"ﬂ%’ﬁtmf Fategs rﬁwtl‘faﬁeaﬁe%@aﬂﬂﬂw’&wg

reassortient o @AYk iSO AL BEEALoABIE IR R e NS AP ected from

the group consisting o reovir sero eovirus an
serotype 3 reosdptiste in tHeecellecamdbi nant reovirus nmay conprise :
natural | y-occurring variant coat protein codihg sequences or nutat.ed coat
protei n cOi ngadieigirgiingsto thoagmal pmeffertiveiagpunbot 2 HErapgytic ageptiiséss of ot her
oncol ytic viruggs..ar l.sq selective for ras-activated neoplasns, and
therefore they%%%ﬁgﬁ%"ﬁ?ggFﬁﬁn%fg%Pﬁgggthe present invention in he sane
MANNEhe Merap8@yd Afent AL FSelective f5t rafGdtiidRd nboplRGHS i Bi%ﬁhfoﬁéol e
adenoviruses 6 28 Decenber 2006 WD 2004/ 003562 PCT/ CA2003/000951 nut ated

i n tviesvAThe agiobnic wimsds preferablyusresvinug, anadenovitl emik3ed amdledV AE3L 1 egi on,
par apoxvirus qorf viruses nutat in the 20. 0L gene, influenza viruses

mut a‘lggl‘j’“'r A VAFRINIA i myiated “bﬁ'eﬁ‘g?flpé%‘}/vﬁﬁ L aseint HPUAPPRYIRUs O11 ¥isus 5 gene.
Thu : n SREE . { o N | LQV] net hod
of - duyaRit IRIRTBNA0 (P Eerts B b 1ok ALGRENR HENSEH AR, RIS,
conpmitateddn cieny 34t3 pehet heesianlpt Soimatitis QituOLSV )Y br @ Ndwdastld Wiahs. sel ecti vel y
replicates in PKR-deficient cells, and determning the ability of the virus
t o r@tber therapentic agrats thabhate seleciine for mastastivatsd npeplasses mplude; withouto repl i cat e

| ndibce%geﬁmhprf" td) rf?t%@?ﬁ ?raggfeh%g ]Jﬁl%liovr? t(lgfils) and RAF kinase inhibitors.

| [0033] In any embodiment of the present invention, the reovirus may be a recdmbinant

reovirus. The recombinant reovirus may be generated by co-infection of mammatian cells

_ with different subtypes of reovirus. The recombinant reovirus may be naturally-occurring
or non-namrally-occuning. The recombinant reovirus may be from two or more strains of
reovirus, particularly two or more strains of reovirus selected from the group consisting of
strain Dearing, strain Abney, strain Jones, and strain Lang. The recombinant reovirus may
also result from reassortment of reoviruses from different serotypes, such as selected from
the group consisting of serotype 1 reovirus, serotype 2 reovirus and serotype 3 rebvirus.
The recombinant reovirus may comprise naturally-occurring variant coat protein coding

sequences or mutated coat protein coding sequences.

[0034] In addition to reovirus, a number of other oncolytic viruses are also selective for
ras-activated neoplasms, and therefore they can be used to practice the present invention in

‘he same manner as reovirus. These viruses include, without being limited to, adenoviruses
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neopl astic cells in the sanple. Preferably, the oncolytic virus is selected
fromthe group consisting of adenoviruses nmutated in thegyYR.dmtE8doaN,
vaccinia_viruses nutated in the K3L and/or E3L region, parapoxvirus orf

vi ruses WOZAHAIA t he Ov20. OL gene, influenza virusePCHEANOUNISIt he NS- 1
gene, and herpes viruses nutated in the y,34.5 gene. [0035] Moreover, many
ot her oncolytic viruses that are capable of selectively infecting
particular tunmor cells are also useful in the present invention in the sane
manner as reovirus. For exanple, vesicular stomatitis virus (VSV) can be
used to diagno i nterferon-resi stant tunors he X-015 .virus can be
used “E‘B"“Bilé‘gﬁﬁ:@“b&?@’%f‘ia&‘?‘@ﬁt““\?ﬁ putated i %i@iﬁ Bl tegiohe used to

di ag R el i Y6 : Vil G Vi | in the
pr oo Bappo R SIrElts child  plRISIO0L. Acie, PRERNhEA bR BEHY " he
ONYXNELD gene, ws hef2d Ihsdsuhithed ipdevy 8dds ganel NEhua| RF@RAmpRY oA aspeces e

met hods of treating or _anelioratin interferon-resistant. tunors,

p53- Hier prepenh inviepHet provides mimethgd of datectingrrgs-sctiated; nogplagtimealistinag  a

bi ol ggi.cal .,samp] e harvested froma tumor wi.th a virus .selected f.ragmthe

or ou UG SBTRIE” BRPUETE EernsidiBe Pl S Bochilt pREFH SheekF vor

W t hy@ilicaiRP iPPKRaASicidnEEARC Hid GeteABiAflg P ABiIRP S e UFrud @ 9éIRER in kO3 7]  Yet
anot her aspect of the present invention provides a kit conprising a

r eov saropleawlierein theabiity of theotimis t¢ meplicas! indizaten thegiresehee ofmsiactivatedhe

detecti gn neans. can be ai rimers specific for the nucleic acid of
e’ PRORSE SETS e s HBHEraby.ithE PGy Ho B SIPCiog SR STBPYR00G WO
2004 SAE FALIARANY AT I bV REReoiThevlEhEE i, FRRNSA SRALF be an
antibody specific tor a reovirus protefn,”as well as acconpanying reagents
suchamd/os EBDredgioy, parhpdxeituesrf vihgesdgiuensd tnthe@VeD.0lagend, Uhiflleiza be sl i des
and dyes suitable for observing the norphol ogy of infected cells under the
i cr ¥EREssanutgied §a mﬁsN%ﬂ|aem,eanﬁlgvmssaﬂalse%nm@tmtm%aﬁ*%‘ég@med to determ ne
the titer of the reovirus. Simlarly, the present invention also provides
kits conprising another virus capable of replicating in specific tunor

cel | 038F Mbttdver SmERADhef SicollRicOfihisBE tHak Bt GpaBIO Bf Miectively infecting

particular tumor cells are also useful in the present invention in the same manner as

reovirus. For example, vesicular stomatitis virus (VSV) can be used to diagnose
interferon-resistant tumors, the ONYX-015 virus can be used to diagnose pS3-deficient
virus, and Delta24 virus can be used to diagnose Rb-deficient tumors. However, the
oncolytic virus useful in the present invention is preferably not an adenovirus, particularly

not the ONYX-015 virus.

[0036] Further provided by the present invention are methods of treating or ameliorating

mterferon-resistant tumors, p53—deﬁcient tumors, or Rb-deficient tumors by first contacting

a biological sample harvested from a tumor with a virus selected frorﬁ the group consisting
of VSV, ONYX-015 and Delta24, then treziting the tumor with an appropriate therapeutic

agent upon positive diagnosis.

[0037] Yet another aspect of the present invention provides a kit comprising a reovirus and
-a means for detecting replication of the reovirus. The detection means can be a pair of

primers specific for the nucleic acid of the reovirus, and may optionally include reagents
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the virus. Exanples of these viruses include, without being limted to,
VSV, ONYX-015 virus, and Delta24 virus. [0038] Another agifeimed 28d% S
i nvention provides a kit conprising at |east two viruses which can be used

t 0 pheno®ymeotamssszs according to the present invention. ' S, are
preferably selective for neoplasns with different phenolf(g/-ﬂg%ﬁow@gﬁlr ably,

the viruses are selected fromthe group consisting of reovirus, VSV, the
ONYX- 015 virus, and the Delta24 virus: [0039] Yet another aspect of this
i nvention provides a kit conprising a virus useful for diagnosis of a
neopl asm of a particul ar phenotype, as well as a therapeutic agent

sel edot PER. { The ddiectivnantans wan pBO4R]an RutibBr sPREHic f5F B VAR Prifeirt a¥i 1 USES
sel ect | veI%/ replicate in neoplastic cells but not normal cells, another
aspedfellds deRemBRnydR reagente siGhoas sseenvianeantibodies h dhealetedtiay mesingart he

- i . [ si ti |e of cell
P o Dy Y SRR ARt T e PR erorghdoey At Mferabodlisipoer teai o
Vi rusnitmsta, of aires b8 hskdid aPEls AR bE Rsdd'® USRERC e ieAbAREP! 25M [ 1

said manmal . : 0041] Other aspects of the present 1nvention wou e evi dent
i n vieayipe. (Similarly. the présentcinyention aifo priogidps kiteoompyifihg assthenvirdsETAl LED

DES .THE I.NVENTLON 8 28 De 2006 WO 2004/ 003562

por AR S B e SR B e, rmdtes s (a5 ] Lot MeATS fop Yetacntatcntiontsd ot

P : . SO . o

i SouRoviRg. MBRRMAGIDE Hse VIFusRB el RnoR VAL MRS BY VSVIONYRRISL L ot the

ras puahvend DRelta2boinisagnosed using reovirus. Reovirus does not replicate in
normal cells. However, reovirus selectively replicates in cells with an
activated ras pathway, which |leads to death of these cells. Therefore, a

ras- | : jagnosed by. its susceptibility to reovirus
et {1838 Abbihct HERE SIS BvetioRIPRERES 2k piabisng AL leagt tea Yietes which
anel canrtad ised to phérdoty fetiimory\hdddrdih @8 @k ppésbhCinGBfon. The viruses are

preferably selective for neoplasms with different phenotypes. Preferably, the viruses are

selected from the group consisting of reovirus, VSV, the ONYX-015 virus, and the Delta24

virus.

[0039] Yet another aspect of this invention provides a kit comprising a virus useful for

diagnosis of a neoplasm of a particular phenotype, as well as a therapeutic agent selective

for the neoplasm.

[0040] Furﬂlermqre, since oncolytic viruses selectively replicate in neoplastic cells but not
normal cells, another aspect of the present invention provides a method of diagnosing the
presence of a neoplasm in a mammal, comprising contacting a sample of cells from said
mammal with an encolytic virus, wherein the ability of said virus to replicate in said

sample indicates the presence of a neoplasm in said mammal.

0041] Other aspects of the present invention would be evident in view of the entire

lisclosure of the present application.

JETAILED DESCRIPTION OF THE INVENTION




[ 0043] This invention can further be applied to diagnose and/or treat or
~ameliorate . other tunors, such as interferon-resistant tuBeSember 2006

p53-deficient tunors and Rb-deficient tunors. Kits useful in the diagnosis

or treatWeaedPi6t osed herein are al so provided. [0044pcPriaadostossgescri bing

the invention in further detail, the terns used in this application are

defined as follows unless otherwi se indicated. Definitions [0045] As used

herein, "neoplastic cells", also known as "cells with a proliferative

disorder”, refer to cells which proliferate w thout the normal growth

i nhi bi tion properties. Anew growth c rising neoplastic cells is a

" neodP@42H Therpresenhrinvention provjsicas rmqflsmhgfp diagnesmgercoplasme bagnpprrticulgener al | y

formng a distinct nmas t hat cel | ul ar ferati e rapidly
t han iGRupestuBite SaRits ViRbeD! omettug” oxbor medhes by bty T, o

St T UG oPHERR BAYANCANGe fidpidst®he 9&%1%”%:'09%&"416&3 MR EPLatk issue. As
used hereln, a neoplasmis In ded t 0 enconpass henat opoi et'i ¢ neopl asns
as walormalscedie! Hbwevenreasines. sefedfividy réplicatep imsetisrvaiyh be attbntegra beni gn t unor)

or mal i gnant (rrall nant tunor or _cancer Mal i gnant tunors can be broadly
cl as PR, Mhich leadsde deathnf thepp sells. \ERSTEIORG 2 raﬁésbvaag%lwlcgp B§ from

oo erBial MG aRMYG SR Bl PG HBAT O e EPep P01 BERTAHRR e 20
conneghinveéht bt SMERGratiog bf Bfe tWMSE Wath @adtéd dffigiencyf.at or bone are cal | ed

sarconmas and malignant tunors affecting hematopoietic structures .
(structures pertal ning to the formation of blood cells) including

' conp of . t nu tem,.a al | ed ukem as homas. O her
meop O Tk ionp HpBerstanprid fuifinsse st PEIER Sabdrat ShEEaT) a°
PKR Qghéns! Sith a8 Shierfetoh-resiz@ht mh{bré""]ﬁ@ohie%ﬁnt finitt aAd RbvRieRnd@nides.nor mal
cells. "Such PKR deficiency may be due to, for exanple, a nutation in the
PKR datsarseful i the dirgadsis loe rektomzht #k&lopaddicesin aoz alag praviided. For exanpl e,
ras-activated neoplastic cells are PKR

[0044] Prior to describing the invention in further detail, the terms used in this application

‘are defined as follows unless otherwise indicated.
Definitions

[0045] As used herein, “neoplastic cells”, also known as “cells with a proliferative
disorder”, refer to cells which proliferate without the normal growth inhibition propertiés.
Anew growth comprising neoplastic cells is a "neoplasm” or "tumor”. A neoplasm is an
abnormal tissue growth, generally forming a distinct mass, that grows by cellular -
proliferation more rapidly than normal tissue growth. Neoplasms may show partial or total
lack of structural organization and functional coordination with normal tissue. As used
herein, a neoplasm is intended to encompass hematopoietic neoplasms as well as solid

neoplasms.

[0046] A neoplasm may be benign (benign tumor) or malignant (malignant tumor or
cancer). Malignant tumors can be broadly classified into three major types. Malignant

neoplasms arising from epithelial structures are called carcinomas, malignant neoplasms




deficient because the activated ras pathway bl ocks phosphoryl ated of PKR
Assays for PKR protein or activity levels are known I N SR ther PAEA8] As
used herein, "ras-activated neoplastic cells" or "ras-nedi ated neopl astic
cel I's" wiefoorndassacel | s whi ch proliferate at an abnor rraI,(ImCQb@}ngtg? due to,
at least in part, activation of the ras pathway. The ras pathway nmay be
activated by way of ras gene structural nutation, elevated |evel of ras
gene expression, elevated stability of the ras gene nessage, or any

mut ati on or other mechani smwhich |leads to the activation of ras or a
factor or factors downstream or upstreamfromras in the ras pathway,

t her thay origieate d5inm gorrivetiveatssuppsiuthay mstley ciryilageo fat @x dopt are @tledvat i on of
EGF receptor, I'@‘%Ij)GF receptor_or, Sos results 1in activation of the ras

pat h%é?omﬁa?é‘ Ig&?@duﬁ@bwfé@fma hepafopoletie sy eturas Stragtares pertpiniRg ©d -t o,

ras I r n mal i gnant
nnnnl[eiri?qdﬁ.‘tl :ﬁﬂmco?'?:‘f' d&p goﬁdom]{tgh& Dﬁeﬁg k eon% %&?{ k{‘ %ga lgc iva? ed

t unoreukemlaaaﬁwrymphbmawh ICIthertrh:%pra@ﬁls Iil@dhiﬂ&a}sut Sreamt livateado [ 0050] An
"interferon-resistant tunor” or "a tunor having the phenotype of

i nt eRGUEPTromasisst ance” is a tunor that can not be treated or aneliorated
with interferon-al pha, beta or gamma. 10 28 Decenber 2006 WO 2004/ 003562
PCT/ CA2003/ 000951 [0051] A "p53-deficient tunor” or "a.tunor having the

pheDyPEA Of PRR JelGEhCicBNGY 3 cB uﬁwhidﬂmwnmcﬁbatwﬁs Ixﬁfﬁﬂnfag g#e cel I ul ar
tunmor suppressor p53 is lower than that in a nornal 6%
" Rb- Mim:ieﬁcticnuynﬂa)obe tee toy ifar exaaple) g mbeatiph ém dieyRKR glen&or deédutt@ncy" S

a n;ﬁ ?‘}R which the | evel _of the cellular tunmor suppressor Rb is | ower
tharIeY &f PER wrofedn gppctivag | Forp example, Aps-acyatsdyneoplagti eglls are PKR/i r us t hat

I I I | b
cot el echled die AERRGaL Prafilal iocks phb Moot 5 PRICE A3&MSTRS ng' *ui abi o
cel IPICR)lthemQ)ttaeﬂait}h]e@el@fai@gﬁow@npmtgqsﬂ s of the neoplastic cells, synthesis
of viral

[0048] As used herein, “rés—activated neoplastic cells” or “ras-mediated neoplastic cells”
refer to cells which proliferate at an abnormally high rate due to, at least in part, activation
of the ras pathway. The ras pathway may be activated by way of ras gene structural
mutation, elevated level of ras gene expression, elevated stability of the ras gehe message,
or any mutation or other mech.anism which leads to the activation of ras or a factor or
factors downstream or upstream from ras in the ras pathway, thereby increasing the ras
pathway activity. For example, activation of EGF receptor, PDGF receptor or Sos results
in activation of the ras pathway. Ras-medlated neoplastic cells include, but are not lumted
to, ras-medijated cancer cells, which are cells proliferating in a2 malignant manner due to

activation of the ras pathway.
[0049] A "ras-activated tumor" is a tumor in which the ras pathway is activated.
[0050] An "interferon-resistant tamor” or "a tumor having the phenotype of interferon-

- Fesistance” is a tumor that can not be treated or ameliorated with interfero:i;a!pha, beta of

gamma.
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proteins in the neoplastic cells (e.g., by netabolic |abeling, Wstern
~analysis of viral proteins, or reverse transcription pobymRiaser fhgi n
reaction of viral genes necessary for replication), or reduction in size
of a tu¥P2004Y8%E As used herein, "reovirus" refers t ®CaNGANII0W895I1
classified in the reovirus genus. The nane reovirus (Respiratory and
.enteric orphan virus) is a descriptive acronym suggesting that these

vi ruses, although not associated with any known di sease state in hunans,
~can be isolated fromboth the respiratory and enteric tracts. The term

| refers to all viruses classified in the reovirus genus. [0055]

"reo "

The Wﬁéﬁ 4eB§ﬁ'9?féc‘E‘Bﬁ%m§‘E Ofof REE davag &mowgﬁépégfisﬁwa? 1%Rg or
T1L) r ai n
poryiEf “hih b R oHBE Seale P SuipXBRoEpp Sl BlEr HER il BaofhllT; O o
neut rcalltl zat i on and hemaggl uti ni n-inhi bition assays (See, for exanpl e,

Ni bert et al., 1996). [0056] The reovirus may be natural ly occurring or
nodi fied. The reovirus is "naturally- occurri ng when it can be isol ated

from ature and has not .been jnt nal.l 28 Decenber 2006
vo 28R e BB BaF S0 s arT P DTS hER D -0y R ory. For
exampimfer fn\ehick @ leV8 dfake Baluldr@iner sippeésBor RBYS Fover thdifthat va ddr@l @ human
who has been infected with the reovirus. [0057] The reovirus nay be

modi €eled but still capable of lytically infecting a manmalian cell having
an active ras pathway. The reovirus may be chem cally or biochemcally
pretreated (e.g., by treatnment with a protease, such as chynotrypsin or
tryp I 5L Nj reat nment
Y PR i Sinchc AL i el B BIRH BBkl B o2

i ncr aecpasiioeellntaché détegtedby hiemethiodsestablisheddn vhe ars, sURH as detcaniimd | n a
Ilposorre or mcelle (Chandron and Nibert, 1998) to reduce or prevent an

i muiia }ee@ﬂ)'cﬁ?yé‘ ey pathicrefiteet apaRIas ofdbe neaplasgpsells, yDbiEsiy of Birtlhe reovi rus.
F
of " P PATR e pdfpidbde A TRE, 5 RESRHRCIRY bk, SEIGPh BB AR ghinel 't o Gener ac e

a neproréihe i reviérsS tawdcripAbn B_@l&iﬂeﬁis@ -chain reaction of viral genes necessary for

replication), or reduction in size of a tumor.

[0054] As used herein, “reovirus” refers to any virus classified in the reovirus genus. The
name reovirus (Respiratory and enteric orphan virus) is a descriptive acronym suggesting
that these viruses, although not associated with any known disease state in humans, can be
isolated from both the respiratory and enteric tracts. The term "reovifus" refers to all

viruses classified in the reovirus genus.

'[0055] The buman reovirus consists of three serotypes: type 1 (strain Lang or TIL), type 2
(strain Jones, T2J) and type 3 (strain Dearing or strain Abney, T3D). The three sérotypes
are easily identifiable on the basis of neutralization and hemagglutinin-inhibition assays

-(See, for example, Niberi et al., 1996).

[0056] The reovirus may be naturally occurring or modified. The reovirus is "naturally-

occurring” when it can be isolated from a source in nature and has not been intentionally
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[ 0058] The reovirus may be a reconbinant reovirus resulting fromthe
reconbi nation/reassortnment of genom c segnments fromtwo Ok p¥Repidgti cally
distinct reoviruses. The reconbi nant reovirus nay be fromtwo or nore

types otvo mowedssees with Differing pathogenic phenoty, Cﬁ&b%?/ﬂ&o@%t it
contains different antigenic determ nants, thereby reducing or preventing

an i nmune response by a manmal previously exposed to a reovirus subtype.
Reconbi nant reoviruses may al so exhibit different biological activities
;e. g., replication activities in neoplastic cells and bi odistribution)
conpared to the original reoviruses. Reconbi nation/reassortnent of

r eounodified &) dwinans aperalsoraryy .0 Fotiexdniple, B wEsvinglcan be Hwm afgeldi on of a
host organismw th at |east two genetically distinct -eoviruses.

Rec #RBrg§anthat isy fromsa bumag|vehe bas hgem dfestedwith therqoveust ure, for exanple, by
:o0-infection of perm ssive host cells wth genetically distinct reoviruses
(Nibert et al. 1996). :0059] Accordingly, the invention contenplates the

use [0657]EPRRbTRIY maf B¥ithotified b@Sstlldapsble bP MticaRy HiFedtiRY mAhnAgHP e

segnents fromtwo or nore genetically distinct reoviruses, ncluding but

not cellhaving anactive rasrpatisvay.r Tbe reovims oy thg mhemidadly @r bicchemicallyang) , type 2
- 12 28 Decepper 5006 WO 2QQ4/ 003562 PC%‘/ C§F2003/ 000951@.99\_,' strain
JondE§trealpry(€: & nBY drepunayit With 3 BIICRAUCH g Y EPTRSH 2 0) YK Wuran

MR AR5 R0 H Brolifbarifl Bl ' P¥lehttRnt (AR o SRORAL Ryl IRGmdont enpl ates
t he use of reconbfnant redviruses resulting fromreassortnent of genone
segreatar dapsithof Wi vifudmidemay Gieédse @ld Mifediigity 0f ther@ari rMikagovidey @hy at | east
one parental virus is ge_neticallg%_ engi neered, conprises one or nore

9

che®F capied is g dipreame et miesilsriChandrgmand Nibest 1998hta redueeer picvent agheni cal or
D S PGP ol gt Bkt WA 08 ol PR ot T
D R e e B e e o cal
nut agesentrations afdilky sblfaterdsterkénts toegknemtak newninfstaeus subghiongnadide.her f or ns
of radiation. .

[0058] The reovirus may be a recombinant reovirus resulting from the

recombination/reassortment of genomic segments from two or more genetically distinct

~ reoviruses. The recombinant reovirus may be from two or more types of reoviruses with

differing pathogenic phenotypes such that it contains different antigenic determinants,

thereby reducing or preventing an immune response by a mammal previously exposed to a

reovirus subtype. Recombinant reoviruses may also exhibit different biological activities

[ge. g., replication activities in neoplastic cells and biodistribution) compared to the original

‘eoviruses. Recombination/reassortment of reovirus genomic segments may occur in

1ature following infection of a host organism with at least two genetically distinct

‘eoviruses. Recombinant virions can also be generated in cell culture, for example, by

so-infection of permissive host cells with genetically distinct reoviruses (Nibert et al.

1996).

~ 0059] ‘Accordingly, the invention contemplates the use of recombinant reoviruses rcsulting
Tom reassortment of genome segments from two or more genetically distinct reoviruses,

ncluding but not limited to, human reovirus, such as type 1 (e.g., strain Lang), type 2
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[0060] The invention further contenplates reconbinant reoviruses that

conprise deletions or duplications in one or nore genonesyRQamidSeodt hat
conprise additional genetic information as a result of reconbination with
a host c®O200EMEIM2 or that conprise synthetic genes: Hd064do0s/mhenot ypi ng"
a tunor neans classifying a tunor according to its phenot ype. For exanpl e,
tunor phenotypes include ras pathway activation, interferon-resistance,
p53- deficiency and Rb-deficiency. The phenotypes are not nutually

excl usive, namely, a tunor may be phenotyped into nore than one cl ass.

[ 0062 A"bIO|O IS a.s e collec dfrom bi ol ogi cal
. subj €&+ SRR ngge gzr?"déﬁl?%?e B Ggéﬂs%mge‘frfsé@ﬂ 53“@@1)8% UInan apn anpunt
whi Chninilikd révitiltes! Br Al FFIOE ThEiAAGEy fiieR 23fm ThREs RERDLE an
effective anount of reovirus for the purpose of treating or amellorating a
di s easeombmmnd'leo‘allmsem ngulting ifrors reassanmem tof guidme sepntentOfroSiilot or o
reduction rrFI ete rempval, of the synptons of _.a di sease or nedi cal

condi &6Ppiicat Thjé“ Bt BOVITyEes Wherrinat kastpngipaesatal s pegeneticaleengingerad, var y

2004/ CBTERS R BB Pu DR Fnlined eaBhi Logmbhr RSO 2

- specichsmidal bhphysidalmilutdgens, @2 as iself ihe rdvr GMerebbmbind8en bver@Ndnehe pur pose of
the adm nistration. The effective amobunt in each individual case nay be

det erAyanéign é%h%f@atenwiasss the gir¢ Of esgombinastreovicesthal has umsicegomabl i shed

~met hqds_i.n 064) 'Treatin a di sease or medi cal
Conan EroRP e reacic oF shenbEl milafse ik B R ey el of

di seafateandefliidiahm tfr@ﬂﬁﬁet 'o?Bhyin@ﬂ@xﬁ]ta@n&,hﬁEl?l@ﬁ%tﬁlﬁ n@gﬁﬂﬁte& o uﬁx%lvﬁff% f ver for
a particul ar disease or nmedical condition If the agent 1s nore effective
f or tight andsethercfooms wf didiationcondi ti on than for ot her diseases or nedical

conditions. Simlarly, a therapeutic agent is selective for a particular
group of neoplastic cells if the agent kills the particul ar- group of

neopli§sdo) arne Shychtibh Wl Yfemplates recombinant reoviruses that comprise deletions

or duplications in one or more genome segments, that comprise additional genetic
information as a result of recombination with a host cell genome, or that comprise synthetic

genes.

[0061] "Phenotyping” a tumor means classifying a tumor according to its phenotype. For
example, tumor phenotypes include ras pathway activation, interferon-resistance, p53-
deficiency and Rb-deficiency. The phenotypes are not mutually exclusive, namely, a tumor

may be phenotyped into more than one class.

'[0062} A “biological sample” is a sample collected from a biological subject, such as an

animal.

- {0063] An “effective amount” is an amount which is sufficient to achieve the intended
purposes. For example, an effective amount of reovirus for the purpose of treating or
ameliorating a disease or medical condition is an amount sufficient to result in a reduction
or complete removal of the symptoms of a disease or medical condition. The effective

amount of a given therapentic agent will vary with factors such as the nature of the agent,
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efficiency than other neoplastic cells. Method [0066] The present

i nvention is useful in the precise phenotyping of tunorssthekLshY2006
facilitating the devel opnent of a treatnent regine that is tailored for a
speci fi ovoemaro3skn a preferred. enmbodi nent, reovirus ipprusSededshobdif ect a
bi ol ogi cal sanple harvested froma tunor-bearing animal. Since reoviruses
selectively infect ras-activated neoplastic cells but not normal cells or
tumor cells in which the ras pathway is not activated, the present nethod
enabl es the practitioner to precisely determine if the tunor is associated
with ras pathway activation. |If diagnosed to be ras activated, the tunor
can theaulzeoft adasihsotatiart, hhe $ias amp gpdcids oftheatimehto reegiveresthempetticas r eovi r us
therapy (U. S, Patent No. 6,136,307). [0067] The ras pathway. is a conpl ex
si gnagenity ARLIE PUIRSSE hihsdninkEation o d e eHeeteamonnt ingashiipdiviguplgase Ras is a

B e

(e.g., actorrec ransm

el engits. 14 28 Decenber 2006 WD 2001/003562 PCT/ CA2003/ 000951 [ 0068] Many
grow h factor receptors such as epidernmal growth factor (EGF) receptor,

pl atel et-derived growh factor (PDGF) receptor, as well as EGF

rece ;Lelated nolecules ,(e.q. Her-2/Neu/ ErbB2) 0ssess an intrinsic
tyr ool :rENEE o Prgfibkatier b isPasc it et R oBion rheahs She ORGP Heept or
di ne£¢ragreteq@mo¥m@fm€§yﬁaﬁt%n4_srbf%i9&§9§pBﬁa)ehﬁédrﬁm&t the receptor on

tyrosine residues and the binding of protelins contalning Src-honol ogy 2

(SH2) domains. Two such SH2 proteins are G b2 and SHC which indirectly

activate the plasma nenpbrane-associ ated, small GIP-binding protein Ras. Ras
act i 96PhA BrapewiccaRest isy selegiso fopa partjqulas diseaserer medicy coadisign if the

tran ' | - Lnd, 1998).
i 1R Brae SRR B BhED NN BAREA Bl o Bl IRt O 27T
pat hieiialddndiing! WithRaWs d epaigesednd i ffechivé siiepRtiomanprbugeTe
expression which are necessary for cellular proliferation, '
di f feqophastiacelmif thenapent kills tlag particular graupi afmsoplastic @llspiigh higher al ., 1998) .

efficiency than other neoplastic cells.
Method

-[0066] The present invention is useful in the precise phenotyping of tumors, thereby
facilitating the development of a treatmént regime that is tailored for a specific tumor. Ina
prcferred.cmbodimcnt, reovirus is used to infect a biological sample harvested from a
turmnor-bearing animal. Since reoviruses selectively infect ras-activated neoplastic cells but
not normal cells or tumor cells in which the ras pathway is not activated, the present
method enables the practitioner to precisely determine if the tumor is associated with ras
pathway activation. If diagnosed to be ras activated, the tumor can then be treated with

ras-speciﬁc treatment regimens, such as reovirus therapy (U.S. Patent No. 6,136,307).
{0067] The ras pathway is a complex signal transduction pathway that leads to cellular

~ proliferation. Ras is a central relay in this pathway, receiving signals from upstream

elements (e.g., growth factor receptors) and transmitting them to downstream elements.
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[ 0069] The three human ras genes (Ha-Ras, N-Ras, and Ki-Ras) encode 4
proteins (due to alternative splicing of the Ki-Ras nRNAg.plges 2dvgr mal
circunstances, Ras proteins cycle between an active (GIP-bound) state and
an inact-’W\pez“(’J(QﬂfQ@ound) state. Ras activation occurs pcexchanameqf bound
GDP for GIP, which is facilitated by a famly of guanine nucleotide
exchange factors. Ras inactivation occurs by hydrolysis of bound GIP to
GDP. This reaction is facilitated by GIPase activating proteins. (GAPs).
In many human cancers, Ras proteins becone oncogenically activated by

i ch destroy their GIPase activity, and thus deregul ate Ras

mut at
Si gnz{*’é@ PIX, BTORER actorasrgbens sugh asepidermabgiowth daro (Bt ieptngorc andi dat e

Ras ' t S a Ras in sigpal

Fr andioe e o TP G PR R P AR R L iective. mno
f ani Ky.goHes@aN¢u/EEBBZ) S possephdsintaist fdsnea&iﬁ@lea&ihwaﬁﬁh(ifﬁf%eﬁﬂg the
serine/threonine protein kinase -Raf-1 (reviewed i'n Canpbell et al.,
1998 Yigamirindyerd rceriosdigesization.i Thisiresidiesn autohbospbomlitivachfRasreebftoct or

ecur Bt sBLRS llf T Bl o ot CoMBGIRR ST IR A4S BhderBs. (e

4 t ogent feh iSHEE GrdteisOlreiCTbikian@ Serc VARK); GRG0 481 oryl ates and
activates the 15 28 Decenber 2006 WO 2004 %%gg&ﬁg&%ﬁ%y 000951 MEKI
and WRRIbranaereERed kimmk G Y Parindieg proteinddas Rdsiactyation 4185 sccugh@sphor yl at e
and _activat tracel lul ar signal Regul ated Kinases ERK1 and ERK2

. th
(al sERAGRAC i’&a" PedpdeygRsransmembr aneclomadn G-prolgin counled resepfetss, ERKL, 2,

t he , t19t i A whose onl own
subst o SoOBRB DN ARy BE R IREBleh Bro R KIS, RERRG RRplaet R
phossipmalirgaathways diltitately legll 1@icBinges it ttieQlyYosRElelod! HAlgeRE @iﬁbfﬁm i ncl udi ng
nucl ear transcription factors, leading to the ultimate cellular response.
[ 007¥Pichase pereatry forrmgHislas proliforativs, diffardndialibrt, and etansfatmativrofretibwed as
pat hiPP(Yam ol ct%farfgésej, a nutation may occur in any of the three ras
structural genes? ructural nmutations may al so take place in the
receptors upstream of ras, the signal transducers downstreamfromras
(such as raf or nekl,2), or the ultimte effectors MAPKI and 2.

[0069] The three human ras genes (Ha-Ras, N-Ras, and Ki-Ras) encode 4 proteins (due to

alternative splicing of the Ki-Ras mRNA). Under normal circumstances, Ras proteins cycle
between an active (GTP-bound) state and an inactive (GDP-bound) state. Ras activation
occurs by exchange of bound GDP for GTP, which is facilitated by a family of guanine
nucleotide exchange factors. Ras inactivation occurs by hydrolysis of bound GTP to GDP.
This reaction is facilitated by GTPase activating proteins (GAPs). In many human cancers,
Ras proteins become oncogenically activated by mutations which destroy their GTPase

activity, and thus 'dercgu-late Ras signaling (reviewed in Campbell et al., 1998).

~ [0070] Multiple candidate Ras effectors exist that may serve downstream of Ras in signal
transduction and oncogenic transformation, iﬁcluding members of the Rho family of small
GTPases, phosphatidy]inoéitol-3 kinase (P13K) and the serine/threonine protein kinase
=-Raf-1 (reviewed in Campbell et al., 1998). Raf-mediated signaling is the best
“haracterized Ras effector pathway. Activated Ras recruits Raf to the membrane where Raf
wctivation occurs. Activated Raf is the initial component of a kinase cascade, the

Mitogen—Ac;iva;ed Protein Kinase (MAPK) cascade. Raf phosphorylates and activates the
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Simlarly, regulatory nutations that |ead toabnornmally high | evels of
expression of any protein in the ras pathway may al so CagSRcdhitp 96 C
cellular responses. Such regulatory nutations nay occur anywhere in the

regul at oM 2e¢eeasees of a ras pathway member, or even ppridy onxlaobdal ur al or
regul atory region of a factor that controls the expression of a ras

pat hway nmenber. Consequently, detection of aberration of any specific
menber in the ras pathway is not an efficient way to determne if the ras
pathway is activated. [0072] It is possible to neasure the activity of
MAPK, the ultinmate effector of the ras pathway, since constitutive

act i vAMEKIrandf MEKI(M 4 PKAERK &iinase) proteimkinasdshwisigh ainttunm tphosphoryaweandr , such

bi ochem cal h | bst ant i al t of I terial,
wel | Avale gho Fahipoclbiar siepa! Realatad Kispn BRK]rng ek e (a0 Knawmger i 1 cation
f MARNG ﬁyKﬂet | ' h th
gber r at i%%pglg@}z;dny spéc?ﬁlltﬂf:&gg%gg “’g‘?‘?‘a@?\%"{%r %’Sﬁlégi?{]ﬁfég%f%@t%ﬁ’%wﬁ? lon is

usef udreighly specificenzymep atovaynig dnbwalsubstrdtés sfé@hd BRKILY Bdiéifs Ofupohe ras
structural gene reégul atory sequences of the ras gene, or any other factor
in t metivation, ERRband E sRhosylaterang thusaagulaied nodricty ofshrgel pritgingi npl e,
wth t.or pur.if n.enzype fromthe sanple. 16 28
becenteimabrgguRRaRraR A o h e Yo BRBBGHF ccbbBirespRe®anl | 11y o

. reovirus to infect cells in a sanple can be determ ned by any nethod in
the art. For exanple, reovirus nucleic acid replication can be neasured by

pol yri@9EHeAceondinglys sumeicvn evérthica lead teactivatiof bf theans pitawagoForus used;
reovirus protein.synthesis can bﬁ detected by specific_antibodi es;

i nf edTBWPE. AITEUEAUCH BAY OGN ih any o therthzpefas slEuciuml sepes. Stwicaake of
i | ' d.. | i cated
S

reovi rus can e harveste vitu e (:Y'sterm' ned, to

assegiowinbtream dtom eg3! (st dsaaf Sramek 1,3k @ the aREnateefedtoVIAPIS £fd glet er mi ni ng
the presence of reovirus replication are knowmm to or may be devel oped by
peop Igé‘"HFﬂbr WERaKyy anytations ghat fead-gp abnomyaatiy| high levelsuifexpeessioned anpat a t unor

Cmay I [ nic abnormalities, In arti uLar, It has been
r epo ? Jé’tgﬁn[ 'Iﬂa"ﬁ‘]f| Hassl:’l%l ghc @C@?’?gﬁo F@%f’?’é%eﬂ’rce‘i?gﬂ@ﬂ 'WOB%‘Q- o%p}'é Tegulatens; on

mutations may occur anywhere in the regulatory sequences of a ras pathway member, or

even in the structural or regulatory region of a factor that controls the expression of a ras

pathway member. Consequently, detection of aberration of any specific member in the ras |

- pathway is not an efficient way to determine if the ras pathway is activated.

[0072] 1t is possible to measure the activity of MAPK, the ultimate effector of the ras
-pathway, since constitutive activation of MAPK is indicative of ras pathway activation.
However, such a biochemical approach requires a substantial amount of sample material, as

well as tedious procedures such as extraction and/or partial purification of MAPK.

| [0073] By detecting the ras activated phenotype rather than aberration of any specific gene |
or gene product, the present invention is useful whether the ras pathway activation is due to
mutation of the ras structural gene, regulatory sequences of the ras gene, or any other
~ factor in the ras pathway. Furthermore; the present method is relatively simple, without

the need to extract or purify an enzyme from the sample.
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I n breast cancer (Smth et al., 2000). The presence of other oncogenic
abnormalities in addition to ras pathway activation, howgyfkemileesysnot

i npede the ability of a therapy regine specifically tailored for

ras-act i W& W8/0IpEBrs. For exanple, reovirus can still mselestdoyedoyskill
ras-activated neoplastic cells even if the cells also contain abnormally
high levels of p53. [0076] Furthernore, since reovirus selectively
replicates in ras-activated neoplastic cells but not normal cells, another
aspect of the present invention provides a nethod of diagnosing the
presence of a neoplasmin a mammal, conpri sing contactln%w sanpl e of

cel | JOPTH T g abilityeqfrgovigysita infeptccslls ina samplercan dsdletarmired: hyanyametbod t he
| tedicel | ity of said
reoviz s, %R "ot ek@ﬂ{ﬂ% réoQ;r{@ adGE! a¥% r% %9&8 3g‘$‘" (& Trel I)E'Cpé:r}f)lgflérg ng Opfg'sm

reovirus to repli I sal sanp prese

in S&ihdm”i%ﬁmﬂn witR BrifdersSipetifRfot ﬂleerQ\Vl'rusuﬁsedard&U{mEer(ﬁémQ»S'ﬁ!ﬁEstBﬁ%é’t Ic
viruses also selectively replicate in ras-activated cel

cont eletricteddy smatﬁCt&nebedlgﬂqcmﬂeyned celis earslesotsarvedaindaps Uyevsctupc a|ud act ice the
present.inveption er_as. reqviru These viruses typically
D o S 6F tyimutiP s SRRoTBY 3% redvint receed; anfreniiontsd eprirse i)
wher 28
DecennarrA3S M e SR ARG S e BB e SR T A B e 6 01 o
. virudalentpace. a0thet methdRof detanhinirgy thel preseindd afclesvipusoteplicatRyinirbkfdwn  and
- the virus can not g&l icate in this cell. Some viruses have devel oped a
syst dPF 3yt dsivetop Ry REePle gk prdinaty skifh indhe ptot ei n synt hesis as wel | as

viral replication. For exanple, adenovirus makes a |arge anount of a small
RNA, VAL RNA. VAI RNA has extensive secondary structures and binds to PKR

i N CQOWR it sisldbé Hofel ehad Quier Sy 268@sh MMApId eﬁ@ﬁé\hcwh&h}mw&lﬂ y

activates PKR Since it requires a m ni num | ength of dsRNA to activate
PKR pmncumAltd@ebetrmpaﬂcd that eas RRRvationsis @fidn pracedeplepSowerhisrdasyioni rt ue of

it Pies: SRR 3E U, YrneRfPhiel oP Shel Sadogehit BRormatities o o
addition to ras pathway activation, however, does not impede the ability of a therapy
regime specifically tailored for ras-activated tumors. For example, reovirus can still
selectively kill ras-activated neoplastic cells even if the cells also contain abnormally high

levels of p53.

[0076] Furthermore, since reovirus selectively replicates in ras-activated neoplastic cells

‘but not normal cells, another aspect of the present invention provides a method of

- diagnosing the presence of a neoplasm in a mammal, comprising contacting a sample of
cells from said mammal with a reovirus under conditions that allow the reovirus to replicate |
in ras-activated cells, wherein the ability of said reovirus to replicate in said sample

‘indicates the presence of a neoplasm in said mammal.

[0077] Similar to reovirus, a number of other oncolytic viruses also selectively replicate in
‘ras-activated cells. It is contemplated that these oncolytic viruses can be employed to
practice the present invention in the same manner as reovirus. These viruses typically are
mutants that are sensitive to the double stranded RNA kinase (PKR), whereas their wild

 type counterparts are not sensitive to PKR.
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[0079) Ras-activated neoplastic cells are not subject to protein synthesis
i nhibition by PKR, because ras inactivates PKR These celli.cahsrbhigrefore
susceptible to viral infection even if the virus does not have a PKR

I nhi bi t QF Accordingly, if the PKRinhibitors in adenovirus is
nutatedgg%zggﬁﬁﬁgato bl ock PKR function anymore, the rBSHCARME Y% Us does
not infect normal cells due to protein synthesis inhibition by PKR, but
they replicate in ras-activated neoplastic cells which | ack PKR
activities. [0080] Accordingly, a virus that is nodified or nutated such
that it does not inhibit PKR function selectively replicates in
ras-activated neoplastic cells while normal cells are resistant.
Preferably, the virus is an adenovirus nmutated in the VAl region, a
vacciow7g] Neirnbigy e £dirhderitts alkdll, BRE Rracivited 86 BlockAploadiRBPtiidsiys or f
virus nutated in the OV20.0L gene, an influenza virus nmutated in the NS-1
geneandtheyims cpe sotvteplicatenin tiiseetll. nSome giryseg have devedopefl @0 senmvankibituses can

be L ar.. mut at.ed according to e known str.uctuyre-funcgtion

F el PR ol Ve P B BiibeP e B L RSP BRlf ) Ko SK4780%¢ e ani no

t er mabyieIinakesf largedaribiit 8F B sAlIGIRAL ¥ A RNAL Y AR R astekEetRgl T egion
domai n of PKR deletion or point nutation of this domain prevents anti-PKR
f unctecondaChsmguess aad bind: 389 PKRIBORmieibn withathp dogbi2 8tibeded®NA 2006 WO

2004/ 003562 PCT/ CA2003/ 000951 et al., 1998; Romano et al., 1998). The K3L
genelds Nﬁéé’&‘?‘% QOV’i‘ﬁleaCé'Hé‘Sﬂgl(RpK%‘,“c%“ﬂ%ﬂﬁ’éM%@&F@eﬁgmlﬂfﬂsmﬂﬁeﬁ% is a

PRI, OALTRCRdRD M A el Bl sl PRSI Ar48)

Wi t hi ermna oternt onol-ogous to residues

79 trrglanourt! Eodsafdehtlss proleth dynlhedistio hyt Botkedi dnd AdkavvaisSah Téskagashi et
al ., 1997). [0082] In another enbodi nent of the present invention, the
vesiBgheeelbt omatitis virus (VSV) can be used to di agnose
interferon-resistant tunors. Interferons are circulating factors which
bind to cell surface receptors and ultimately lead to both an antiviral

e B b D R D REYLBGR, 37 = 1
i nhi tecauseres inketiwitesoPKRf Thesocellsairé theréforessuatdpeibfet tohdral infection even if

the virus does not have a PKR inhibitory system. Accordingly, if the PKR inhibitors in

adenovirus is mutated so as not to lblock PKR function anymore, the resulting virus does

not infect normal cells due to protein synthesis inhibition by PKR, but they reblicate in

ras-activated neoplastic cells which lack PKR activities.

[0080) Accordingly, a virus that is modified or mutated such that it does not inhibit PKR
function selectively replicates in ras-activated neoplastic cells while normal cells are
resistant. Preferably, the virus is an adenovirus mutated in the VAl region, a vaccinia
virus mutated in the K3L and/or E3L region, a parapoxﬁms orf virus mutated in the
OV20.0L gene, an influenza virus mutated in the NS-1 gene, or a herpes virus mutated in

the y,34.5 gene.

[0081] The viruses can be modified or mutated according to the known structure-function
relationship of the viral PKR inhibitors. For example, since the amino terminal region of
E3 protein interacts with the carboxy-tcnniﬁal region domain of PKR, deletion or point

mutation of this domain prevents anti-PKR function (Chang et al., 1992, 1993, 1995; Sharp
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not been very successful because of tunor-specific nutations of nenbers of

the interferon pathway. [0083] However, by disrupting thgpdoigsdesn
pathway to avoid growh inhibition exerted by interferon, tunor cells may
si mul't ane¥R300/08%6pr oni se their anti-viral response. | pdeedaodsioolds been
shown that VSV, an envel oped, negative-sense RNA virus, rapidly replicated
in and killed a variety of human tunor cell lines in the presence of
interferon, while normal human prinmary cell cultures were apparently
protected by interferon. VSV can thus be used to diagnose

i nterferon-resistant yet VSV-sensitive tunors. Like the reovirus
enbodiehﬁln,t1998'530maed! aihalﬁ?&;i The K3hrgens of yaerimin virfus teheodeh KBt ype and does

not d on th i sm of |nt rferon resistance 0Q84] In anot her
o bodPRaRbRtet T PRIE LR T  hosst ToncoR anipacen b apim k3L o ubeatoueas 1 o

di agnpss ARBaES bﬁéh%ﬂﬁaet@g@?@gn ?513“’“5‘”@@8?0 Htth%% hGMBFo Sﬁssf?)rresn éCh 'S

present 1n every cell s cel ince ViPuses e on the

cel | ul7@no B8 ai elife? abolizh PKR ditiibieory atwivicye(avegishi-Kobayash & asyhjoery t 0 p53
regul ati on and can not over-replicate. Certain adenovirus, SV40 and. hunman
papi |l |l oma virus, however, include proteins which inactivate p53, thereby

282 B R R MR 858 Byl EFRERR RS, oS

i's a bin belued @b diagnesRaarerrdiresRanElubhors.c Whtefferont atd\@rdelfinga@iers encodi ng
this 55 kd protein is deleted, as in the ONYX-015 virus él schoff et al,

- 1996; wmhwmmﬁ)surﬁamr%pmw a3 liimhtely ead td bothain antiyizal rp:smmandm a
result X- ers nor ma 3 functjons to suppress cell
prol | Pdpsiany ol g oRieeiany /B arfogchéé&q%wm GG AW S doss ot
repl i ffdrferbil ARNRRIref@ll u@EHFd'ﬁh t Wi th

di srupt gd rp53 functr?on y%x cg)?]{ r;rﬁgl[l)‘lrel cat eOflatP]]gilB? @Lsﬁ?l&%ﬁp&ﬁéalzage t he
cel | nat lxdrrsnaverﬁm:oc:edsfngbgcautdnfsumnr-qsecffmmbammﬁdf ﬁﬂnﬁéﬁs&iﬂth@ﬁﬁeﬂﬂ@f)nm ent
neoplastic cells in a sanple. A person of ordinary skill in the art can -

al so PAW%®®e and disrupt the p53 inhibitor gene in adenovirus 5 or other
vi ruses using established techniques,

[0083] However, by disrupting the interferon pathway to avoid growth inhibition exerted
by interferon, tumor cells may simultaneously compromise their anti-viral response.
Indeed, it has been shown that VSV, an enveloped, negative-sénsc RNA virus, rapidly
replicated in and killed a variety of human tumor cell lines in the presence of interferon,
while normal human primary cell cultures were apparently protected by interferon. YSV
can thus be used to diagnose interferon-resistant yet VSV-sensitive tumors. Like the |
reovirus embodiment, VSV-based diagnosis is an assessment of the phenotype and does not

“depend on the mechanism of interferon resistance.

{0084} In another embodiment of the present invention, the ONYX-015 virus can be used
“to diagnose p53-deficient tumors. p53 is a potent tumor suppressor, which is present in
every cell and controls cell growth. Sinée viruses rely on the cellular proliferation
- machinery to replicate, they are subject to p53 regulation and can not over-replicate.
Certain adenovirus, SV40 and.human papilloma virus, however, include proteins which

inactivate p53, thereby allowing their own replication (Nemunaitis 1999).
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and the resulting viruses are useful in the present nethod to di agnose
p53-deficient tunors. [0086] Simlarly, the Delta24 Vir%%[ﬁ%&ﬁﬁszﬁed to
di agnose Rb-deficient tunors. The Delta24 virus is a nutant adenovirus
carryingmﬁﬂ%ﬁ(gg e pair deletion in the EIA region (Fueyo et al., 2000).
This regi oh P03 sponsi bl e for binding to the cell ul ar PETIRAR0SEPSEsSsor Rb
and inhibiting Rb function, thereby allowing the cellular proliferative
machi nery, and hence virus replication, to proceed in an uncontrolled
fashion. Delta24 has a deletion in the Rb binding region and does not bind
to Rb. Therefore, replication of the nutant virus is inhibited by Ro in a

| | . ) i f j.s i t.i dith |l
neoploB8SF Eor PN feconiee b hg artiEms B 5k ProteineRacdediy BEEIR i r us
§# L el ) rTTs . > th
Dol 1B U8 L riilbh Yncng 535 K profBiniE ULieledhy fiohe OMERBI AR | o
t unoBischioffse af,(00] WAS 914 80B2), tlees§5 kil phi3 trltfbitaasis aotlonset peesehiTOAs ael | s,

p53- defi ci ent g{yﬁgg-def icient cells may be the result of a variety of
r eastAdlt, s @ &> enteriA BeSed cell, prbfusetiensttQsHPPrgasReliprolifss@ian asRy may

| ea I Welgll e I L on, Lon in

t o e aEv R eHEkionT erSERE AT EREs Rl L epticESh Bblral csflec i iount of
t r anghér Windph nedplastie atlisowith Aistupte@ PSS firktioRNONAGL-01 5 taM rdpiRaR23d0r Rb gene
may result in defici'ent p53 or production, or a nutation in a co-factor

neceaysamplly gausgale enll Rudie.udecorsinghuythi wouseantbieased sndatectgf53pleficient
Rb-defici ency. .Since the,present. invention.detects the phenotype, rather
20 2?05@83%%‘5 'Q@(fém% éd&ﬁ%—%@'ﬁa ki Th so gﬁ‘éﬂﬁe &4 uct ur al
aberd;at, t; ; I | Lo ; t.han

at T e e R R AR s s ing Rl e RUER s, " o
has andahe dstkingi viexes ireasefulrir the pnesent mewbati eol diagaoserpdi3ndeficient hiim@igenot ype.

For exanple, a ras-activated tunor can be treated by reovirus, or
inhibitors of the ras pathway. Accordingly, .the present invention also

o O0E) S fhe sl Uy BB AR B RO S soPl 2o
by BeIRiRHVus igs aitRarR adeIvises Ca@ingRe2PBdsBRhir deletion in the E1A region
(Fueyo et al., 2000). This region is responsible for binding' to the cellular tumor
suppressor Rb and inh'ibiting Rb function, thereby allowing the cellular proliferative
machinery, and hence virus replication, to proceed in an uncontrolled fashion. Delta24 has
a deletion in the Rb binding region and does not bind to Rb. Therefore, replication of the
- mutant virus is inhibited by Rb in a normal celi. However, if Rb is inactivaéed and the cell
becomes neoplastic, Delta24 is no longer inhibited. Instead, the mutant virus replicates
¢fﬁciently and lyses the Rb-deficient cell. Accordingly, the Delta24 virus can be used to’

~ determine if a sample contains Rb-deficient tumor cells.

[0087] As is the case with the ras-activated tumor cells, p53-deficient or Rb-deficient cells
may be the result of a variety of reasons. For example, a mutation in the structural gene of
P53 or Rb may lead to a malfunctioning gene product or poor translation, a mutation in the
. regulatory sequence of the p53 or Rb gene may cause reduced amount of transcription, a
mutation in a transcription factor for the p53 6r Rb gene may result in deficient p53 or Rb
produétion, OF a mutation in a co-factor necessary for p53 or Rb function niay also be the

reason of .p53- or Rb-deficiency. Since the present invention detects the phenotype, rather
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contacting the cells with a reovirus under conditions which allow the
reovirus to replicate in ras-activated cells, identifyingdbg.cehdos as
conprising ras-activated neoplastic cells if the reovirus can replicate in
the cel | VO HHOEEA ni stering an effective anount of reorET/E82009/0809S

manmal . Reovirus therapy has been disclosed, for exanple, in U S. Patent
No. 6, 136,307. [0089] Furthernore, the present invention also provides

nmet hods of treating or aneliorating a tunor, conprising collecting a
sanple, identifying the phenotype of the sanple with VSV, the Delta24 or
ONYX-015 virus, and adm nistering an effective amount of a suitable

t her aptntstrcE pbersationr ofithg pfd ot Rb gehe/pottyipenlylHitistthevegpererfut tagent may be

t he vj | t.sel r, in the se of p53 or Rb-deficiency, activators of
p53 ol‘r;ﬂ%%"l}eﬁbﬁg?c{%ﬁ%f)ds’lsfm]%ﬁ%gﬁg be noted that Delta24 and ONYX-015 are
nmerely exanples to elucidate the application of the present invention,
while a person with ordinary skill in the art will be able to identify or
devel H19881 Race thephemxypesef aitumor Hab deeli dgaasinal, alve tuni@adafatireafedt UnOr s
according.to t egﬁ)eresent di scl osure. [0090] As with reovirus, the use of

. h :
i mun?FPEERE [l RienplyRe s Sior sxampler & sassactivated REROT GARRS tyedted by reg¥isus.ar e al so

enconpagiititobdlof r ﬁg;%, i j . addition to the-
vi ruses spegll.s?? ctgﬁz& I%I sC és‘gwﬁin@ﬁ’é ﬂger gse%% myﬁg‘i‘?ﬂcgfsé’ﬁ?‘” esﬁerpglg of
or di naff tyeasing lor aimeliorating aras-saivafedakbplenifn PRIRSER éorhpIYERS ideRtityhighd
addi ti onall_ oncol yf I C _wﬂg uses ?gcordl ng to the ; dlusgﬁl osur e herein and
know ‘@&@etivaied neoplasmiip theanimal by Tersoing algyeupoofidetls Srompshelmmimmal?1l 28 Decenber
2006 A 0) 2. PCT/ CA2003/ 00095 .t ne r..in the famly of nyoviridae,
E ph?:g;?ﬁﬁ‘:ﬁg@?ﬁep%ﬁgg%‘haq;a?gyfw%eg?fﬁﬁwwﬁe?ﬂs;‘aﬂ?#ﬁ eaew_vrtflaaa:éwa (ssplettt Ftae,

| potdaglaxtivatddiadls, e \thé cElRas ddMpHsigda&activ: i
phycodnavi ri dae, lbacu (?gl ri dae, hga?g)ggsvi ri dg(g,i.ag%g%égﬂ r?‘gg%l,sllffhe. .
papovi&eyirisies, replisiatednabie céltiaend adrwinistérifgean effdctive winbutieef, regemistb\he | dae,
circoviri dia\e arvaoviri dﬁle, hepadpavi ri dae, retraoviridae, cyctoviridae,
r eoviPHGTA- BF&W&\W?‘?‘E@%, asheen Giscipsed.i fgn exammlenady:S: iPateat Noi | ovi ri dae,
. ort ey ri dae, bunyaviridae, arenaviridae, leviviridae, picornaviridae,
sequi viridae, '

[0089] Furthermore, the present invention also provide§ methods of treating or
ameliorating a tumbr, comprising collecting a sample, identifying the phenotype of the
sample with VSV, the Delta24 or ONYX-015 virus, and administering an effective amount
of a suitable therapeutic agent according to the phenotype. The therapeutic agent may be
the virus itself, or, in the case of p53 or Rb-deficiency, activators of p53 or Rb functions.
It should be noted that Delta24 and ONYX-015 are merely examples to elucidate the
application of the present invention, while a person with 6rdinary skill in the art will be
able to identify or develop other viruses useful in the diagnosis and treatment of tumors

‘according to the present disclosure.

{0090} As ’with reovirus, the use of immunoprotected or reassortant viruses of other
oncolytic viruses are also éncompassed in the present invention. Furthermore, in addition
| to the viruses specifically discussed in the present application, a person of ordi-nary skill in
“the art can practice the present invention using additional oncolytic viruses according to the

disclosure herein and knowledge available in the art. The oncolytic virus may be a
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conoviridae, potyviridae, caliciviridae, astroviridae, nodaviridae,
‘tetraviridae, tonbusviridae, coronaviridae, glaviviridagw1%£&ﬂ¥*§mﬁae
barnaviri dae. [ 0091] The present invention can be applied to any animal,

parti cukeg boosgewdpml s.  Preferred manmmal s i nclude dogs, K,/g.?a 003?}'3590 goats,
cattle, horses, pigs, humans and non- human primates. St pre era y, the

mammal 1s human. Kits [0092] The present invention provides kits useful
for the diagnosis and/or treatnent of tunors. One aspect of the present
i nvention provides a kit conprising a reovirus and a neans for detecting
replication of the reovirus. The detection means can be a pair of priners

SpecCipidntbet ¥ tHeTBmIlY ©F Shyovridad, SibhévViAdie PolbHEidadlNECi PRI PEdrABRitidac NCl ude
reagents for PCR ~ The detection neans can al so be an anti body specific for

ar e@lasmslrﬁa@tlmmhnJanddamﬁuyseﬂpw:dn@Ipoywuwlac,anrﬁlovheiaacphbrqodmmm@ae: eagent s
such,as seca E‘Fé’ ant i bodi.es et ect ans ca‘? further be slides

and Bgeuodpise, eF‘GF’dB%s"’gFWVHUR‘E%Qa%vraﬁﬁa%gﬁo JEnavindace fngyinidae) s under t he
m cr %Ex%ﬁ:da@r%éfblbi’ﬁn&ég tcHE@v;PfEQé amlrﬁt@e flepadRivifiahe Beubiffad 0  determ ne

the titer of the reovirus_ Simla sent 1 nvéntion a?so provi des
ki t s cyctovipidaeireayisidad, bérmaviridas, ;m;najwkcﬁm@daet; eipdtidoeiridag, filovirpiaej fic tunor
cells, as well as neans _for ~ detecting replication of the virus. Exanples
of tEbemyxeviddas. Pﬁamerédaem%mld%lﬁ'gvnrlq%t@aomﬁbmdes\ﬁeqvwen@wx- 015, and

Dea2abliie, R ATRE RGPS o YRRROHAERARRE BT EiRE03 000051 [0093]

Anot Fhventton conpri % at | east two

Vi ruaﬂﬁbuwirialae mmlmegzabmm@nwg}épﬁmwrmrsarﬁssﬁﬂa@e ng to the present
| nvent ion. Preferabl y, the viruses are sel ected fromthe group consi sting

reovirus, VSV, the ONYX-015 vi rus and the Delta24 virus. [0094] The
foII es are. offered to.llustra thi.s invention and are not to
NoR 1 BB SnfEetioh cad bF Aplfed 1 ¥ ah ol At FuIb g FEABBR . ot | on.
EXANB}#éTed mammals include dogs, cats, sheep, goats, cattle, horses, pigs, humans and non-

human primates. Most preferably, the mammal is human.
Kits

[0092] The present invention provides kits useful for the diagnosis and/or treﬁtmen_t of
tumors. One aspect of the present inveation provides a kit comprising a reovirus and a
means for detecting replication of the reovirus. The detection means can be a pair of
primers specific for the nucleic acid of the reovirus, and may optionally include reagents
for PCR. The detection means can also be an antibody specific for a reovirus protein, and
may optionally contain the accompanying reagents such as secondary antibodies. The
detection means can further be slides and dyes suitable for observing the inorphology of
infected cells under the microscope, or virus culture media and cells that can be used to

~ determine the titer of the reovirus. Similarly, the present invention also provides kits
comprising another virus capable of rej)licating in specific tumor cells, as well as means for
détecting replication of the virus. Examples of these viruses include, without being limited
to, VSV, the ONYX-015,; and Delta24 virus.
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[0095] In the exanples below, the follow ng abbreviations have the
- followi ng neanings. Abbreviations not defined have theing Q&ﬁ@tboﬁ
accepted neani ngs. [0096] C = degree Cel sius [0097] hr : our 0098] mn
= m nut e¥O[000@Bsd¥ = m cronolar [00100] mm = mlli nol nol ar
[00102] M = mlliliter [00103] 111 = mcroliter [Oo?g:é'{]jé%waﬂ%gm I gram
[ 00105] pg = mcrogram [00106] PAGE = pol yacryl am de gel el ectrophoresis
[00107] rpm = revolutions per mnute [00108] FBS = fetal bovine serum
[00109] DTT.= dithiothrietol [00110] SDS = sodi um dodecyl sulfate [00111]
PBS = phosphate buffered saline 1,5 23 28 Decenber 2006 WD 2004/ 003562
PCT / M%mﬂﬁ@%pccﬂ 00 1hi? jnvevdd proDidebaddDémnﬁmd'ig‘ étdéhsEagé @irGseyBehichn
00113% %‘FA = a- m)dlfled Eagle! s medium [00114] R ME

[ 3- méf é’ﬁt"é Olype BHROJS agegrding i the preseqt dgvegtion.nPeafeqably, theo0116] PFU =
pl aq | I 0 00118] PDGF
ol at 'g/?lél{ diﬁéprc:%\gl%egt@g trﬁglvr& th%évg]%) F&]@E‘S[lﬂg%@ rgtgfu[{l@, VQV, Yﬁe*b&%%-ﬁis v{rus an%

the Delta24 virus.

[0094] The following examples are offered to illustrate this invention and are not to be

construed in any way as limiting the scope of the present invention.
EXAMPLES

[0095] In the examples below, the following abbreviations have the following meanings.

Abbreviations not defined have their generally accepted meanings.

- [0096) °C = - degree Celsius
- [0097] hr =  hour
[0098} min = minute
[0099)] uM = micromolar
[060100) mM = millimolar
[00101] M = molar
[00102) ml = milliliter
[00103] B = microliter
[00104] mg = milligram
[00105} pe = microgram
[00106] PAGE - = polyacrylamide gel electrophoresis
[00107] pm = revolutions per minute
[00108]  FBS = fetal bovine serurn
[00109] DTT = dithiothrietol
[00110] SDS = sodium dodecyl sulfate
{00111} PBS = - phosphate buffered saline
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[00119] CPE

= cytopathic effect [00120]. VSV = vesi cul ar stomatitis virus
[00121] PCR = polynerase chain reaction [00122] SH2 = Srz‘éﬂ’é%?ﬂt%&%{)
EXAMPLE 1 Phenotyping a tunmor with reovirus [00123] Alunp 1s found in a

65 year ,when she has her regular manunogram

col lecte trom the |ump during bi opsy and appears to bepcar"cﬁgfﬁ?’ﬁ?f’ﬁh‘t t unor .
In order to determne if the tunor contains ras-activated cells, the sanple
is placed in cell culture and incubated with reovirus. [00124] The Deari ng
strain of reovirus serotype 3 is propagated in suspension cultures of
L-929 cells purified according to Smth (Smith et al., 1969) with the
exceghi t hat ‘ﬁi—mercapl_oet s omthe extraction
bufffgppﬂme par?l cl e/ PFU ratlhgn &)[?"JX@E Hsﬁa%ggvﬁrﬁgu:;ﬁs typically 100/1.
The [OOPE) sanu-dES m nced wuﬂidz‘jwed Efqeroahedtiundi t h reovirus for 2 hours
at 37C, changed to fresh DVEM plus 20% FBS, and cultured for 48 hours.
Ther dA91, t heB-MBer nat arit of B-msscapiecthanel i s col | ected and reovirus titer
is d ned. resul t_i ndi h virus has replicated in the
sarrpﬁé&ﬁg]rher ef ?’3 t he b?east'%ﬁ{flj%@‘f&%gﬁwg cﬁ? ras-activated tunor cells. 24
28 Dgoentyr 2008y CLAIMS 12 A maadirdophi@h@@eosi ng a neoplasmin an ani nal
by phenotype, conprising: (a) providing a biological sanple fromthe

ani mi001ider ei rEGRe sanple cowpiddraebgashifacseri c cells; (b) providing at
: ere| each oncolytic virus selectively

| east, oncol Vi ruses, I
repl il® r%i%?ast ic cell P ﬂﬁ\?F ﬁ'"‘édeﬂ{@WHi ff%@r sel ected fromthe group
conS| ?11@? of r@sg pat hvvay_,act [ Xﬂ;ﬁagﬂc efféd?t erferon-resistance,

(Ee I'Ci e

p53- ncy and Rb-deficien
[00120] \ANY = vesicular stomatitis virus
[00121) PCR = polymerase chain reaction
[00122] SH2 = src-homology 2
EXAMPLE 1

-Phenotypihg a tumor with reovirus

[00123] A lumpis foundina 65 year old woman when she has her regﬁlar
mammogram. A sample is collected from the lump during biopsy and appears to be a
malignant tumor. In order to determine if the tumor contains ras-activated cells, the sample

is placed in cell culture and incubated with reovirus.

{00124)] The Dearing strain of reovirus serotype 3 is propagated in suspension
cultures of L-929 cells purified according to Smith (Smith et al., 1969) with the exception
that B-mercaptoethanol ($-ME) is omitted from the extraction buffer. The particle/PFU
ratio for purified reovirus is typically 100/1. ‘The biopsy sample is minced in DMEM,
incubated with reovirus for 2 hours at 37°C, changed to fresh DMEM plus 20% FBS, and
cultured for 48 hours. Thercaftcr the supernatant of the culture is collected and reovirus
titer is determined. The result indicates that reovirus has rephcated in the sample.

‘Therefore, the breast tumor contains ras-activated tumor cells.




wherein the at |east two oncolytic viruses replicate in neoplastic cells
havi ng different phenotypes; (c) contacting the neopl astix feglnhser bddst he
sanple with each of the at least two oncolytic viruses under conditions
whi ch all ow each oncolytic virus to selectively replicate in the

neopl astic cells having the phenotype for which each oncolytic virus is
specific; (d) determning if each of the oncolytic viruses can replicate in
the neoplastic cells; and (e) diagnosing a neoplasmin the aninmal of a
speci fic phenotype according to the ability of each of the oncolytic
viruses to replic&te in the neoplastic cells. 2. The nethod of claim1,
wherein the ark s a mammal. 3. The nmethod of claim2, wherein the
manmal is human. 4. The nethod of any one of clainms 1 to 3, wherein the
reovirus is a nmammualian reovirus or is an avian reovirus. 5. The nmet hod of

S AN DR s R i A R (6 Y hbiing®
wherein the serotyp® 3 pemdmgusbi@gapalmmmtjbmtthaimimah shiemube sampld he
met hod of any one of clains.l ein the biological sample is from
an ani mal bearing a neoﬁPﬁgﬂ$ﬁgﬁ%§?@8°ﬁ om t he group consisting of |ung

~cancer, prostate Calb\)cerprcﬁifirhﬂgaQE&ttvﬁ)adiﬁsllyucviﬂwgeﬁl%eﬁaﬂeﬁhonéapﬁd caner,
adrenal cancer, |iver canpcer E q ti c cancer,_ breast cancer,
A\

hemat opoi etic cancer aMHUSIMC cﬁgﬂpﬁﬁgwﬁﬁmﬁﬁu%%ﬁ§@§y§F%WVE%ncer. 8.
The moChod of ol & m 7, WEHE Bubitfs fbup SRStibYOr AOERMWEY Stvidaises are

interferon-resistance, p53-deficiency and Rb-deficiency; and

wherein the at least two oncolytic viruses replicate in neoplastic cells
having different phenotypes;

(c) contacting the neoplastic cells in the sample with each of the at least
two oncolytic viruses under conditions which allow each oncolytic
virus to selectively replicate in the neoplastic cells having the
phenotype for which each oncolytic virus is specific;

(d)  determining if each of the oncolytic viruses can replicate in the
neoplastic cells; and

(c) diagnosing a neoplasm in the animal of a specific phenotype
according to the ability of each of the oncolytic viruses to replicate

in the neoplastic cells.

2. . - The method of claim 1, wherein the animal is a mammal.
3.  The method of claim 2, wherein the mammal is human.
4, The method of any one of claims 1 to 3, wherein the reovirus is a

mammalian reovirus or is an avian reovirus.

5. The method of claim 4, wherein the mammalian reovirus is a serotype 3

reovirus.
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selected fromthe group consisting of reoviruses, adenoviruses nutated in
the VAl region, vaccinia viruses nutated in the K3L and/ ?%[ggémgepgdogn,
parapoxvirus orf viruses nutated in the OvV20. OL gene, influenza viruses
nutated in the NS-1 gene, herpes viruses nutated in the ki 34.5 gene,
vesi cul ar stomatitis virus, ONYX-015 virus, and Delta 24 virus. 26

6. The method of claim 5, wherein the serotype 3 reovirus is a Dearing strain
reovirus.
7. The method of any one of claims 1 to 6, wherein the biological sample is

from an animal bearing a neoplasm selected from the group consisting of
lung cancer, prostate cancer, colorectal cancer, thyroid cancer, renal caner,
adrenal cancer, liver cancer, pancreatic cancer, breast cancer, hematopoietic

cancer and central and peripheral nervous system cancer.

8. The method of claim 7, wherein the at least two oncolytic viruses are
selected from the group consisting of reoviruses, adenoviruses mutated in
the VAL region, vaccinia viruses mutated in the K3L and/or E3L region,
parapoxvirus orf viruses mutated in the OV20.0L gene, influenza viruses
mutated in the NS-1 gene, herpes viruses mutated in the 34.5 gene,

vesicular stomatitis virus, ONYX-015 virus, and Delta 24 virus.
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