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VIRUS CLEARANCE OF NEOPLASTIC CELLS FROM
MIXED CELLULAR COMPOSITIONS

" FIELD OF THE INVENTION

The 'prc§cnt invention relates to a method of selectively removing néo;)lastic
cells from a mixed cél[ﬁlar composition outside of a living organism by using a virus
" which selectively infects and kills the neoplastic cells. Also provided.are compositions
prepared according to this methoﬂ, and kits comprising a combination of viruses which

are useful in this invention.
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' - Fl gemampmetw stem cells, also proliferate rapidly. Therefore, any dosage which
is harmful to cancer cells is often also harmful to the hematopoietic stem cells. On the
other hand, if the dosage is not high enough to kill the cancer cells, there is a risk that

the cancer would reappear shortly after chemotherapy is terminated.

Because it is hard to find a dosage which selectively kills cancer cells, high-
dose chemotherapy followed by autologous hematopoietic progenitor stem cell
transplantation has gained extensive application as a therapeutic approach in many
cancers (for example, see Winter, 1999; Nieto and Shpall, 1999). In this approach, a
portion of the hematopoietic stem cells is removed from a cancer patient, and the
patient is then treated with high-dose chemotherapy which is lethal to rapid-
proliferating cells, such as cancer cells and hematopoietic stem cells. Subsequently, the
patient receives transplantation of autologous hematopoietic stem cells, which have _-
been previously removed from the same patient, to regenerate the hematopoietic |

system.

A serious drawback of this therapy is that when the hematopoietic progenitor

stem cells are removed from the patients, they are often contaminated with cancer cells.
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surface marker (CD34) by using flow cytometry, affinity columns or magnetic beads.

However, by selecting only certain hematopoietic cells, e.g., the CD34" cells, other

hematopoietic cells such as T cells, B cells, monocytes and natural killer cells are also

eliminated, and immune recovery may be delayed (Bensinger, 1998). This method also

results in the loss of about half the CD34" cells and retention of some contaminating

cancer cells (Spyridonidis et al., 1998).

Therefore, there remains a need for a highly selective method with a reasonable

yield to purge autografts which may contain neoplastic cells.
SUMMARY OF THE INVENTION

The present invention is directed to a method of selectively remaving neoplastic
cells from a mixed cellular composition, for example an a_utograft. by using a virus
which exhibits selective killing of neoplastic cells. A variety of viruses are capable of

selectively removing neoplastic cells but not normal cells. For example, reovirus

e
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PCT/ CA01/ 00609 Cell proliferation is regulated by both growth-pronoting
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cellular proliferation. In theory, by carefully choosing the dosage of
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which is hagyebidctidgQ 6 CARI2ERbSithoS inOftBNhaNSR uhRF Shatkont MhilHuit in

hemat opoi etic stemcells. On the other hand, if the dosage is not high

enough to ki | [Sotshaialkdliingof therepplastic qellssp as tp gelegtively sgoyspoplagipeclicfipmde  woul d

reappear shor tolided adiher cot BB her apy is term nated. Because it is hard to

find a dosage which selectively kills cancer cells, high- dose chenotherapy

" foll oned by Risplsriagda seatrd pliplasomeasitien: pr ogeni tor stemcell transpl antation
has gai ned &xRR%HeYEusAR kAR ot &ngiéagg@pe%uhg&,\@ma%&s@sﬂa ny cancers

(for exanple, see Wnter, 1999; |e€o and Shpal |, 1999). In this approach,
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t ranspl ant at f ol %3 [gp;-t%g et 1cells i ch.have been
previ ously ?\jg%\s/%ém?a?%m %gé@eg% pa Ig&%%ﬁ%ﬁ%%u%%@%%mﬁgwﬁm etic
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hemat opoi et \r€atRnt Bndves 1bnfcle¥:tious virus from the cellular composition while preserving the activity of the

composition in the frozen state for a prolonged period of time.

In another embodiment of the present invention, the virus may be removed from the virus-
treated cellular composition by subjecting the mixture to anti-virus antibodies which are specific for
the particular virus, or a2 combination of anti-virus antibodies and complement in order to lyse the
virus. Alternatively or additionally, anti-virus antibodies which recognize a molecule on the surface of
the virus particle may be used to remove the virus particles by immobilizing the antibodies, applying
the cellular composition to the immobilized antibodies, and collecting the part of the composition
which does not bind to the antibodies,

Similarly, specific antibodies against the particular virus may be administered to the transplant
recipient to eliminate the virus in vitro, or the recipient may be given an immune system stimulant to

achieve this purpose.

In another embodiment of the present invention, the virus may be removed from the virus-

treated cellular composition by using a gradient which can separate viruses from cells.



patients with a solid tunor may al so suffer from contam nation of the
hemat opoi etic stemcells, particularly if the solid tunor has

met ast asi zed. As a result, when the renoved cells are tZNHevaomhen8e¢ back to
reestablish the henmat opoietic system sone cancer cells may al so be placed
back to the cancer patient where they may proliferate again to contribute
to cancer recurrence. It is therefore desirable to purge the autografts
before transplantation. Several nethods have been enpl oyed to purge
autografts (Spyridonidis et al, 1998; Bensinger 1998). The autograft can

be treated with chenotherapy to kill the contam nating neoplastic cells in
vitro. However, as,gli SEHoBRQY Srthid fvenSonNBL ik Poctihy for the
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speci fi c ant icgismag bekarvesied inweope memdvsdrblobd. is  al so possible to separate
stemcells fromthe other cells based on a stemcell specific surface

mar ker (CD34) - by using flow cytonetry, affinity colums or magnetic beads.
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sel ecti ve nettheveniticpraent mathahiabibenselyl iepdgitptispuss georgand foginabtha pubseh nmay
contain neoplW St ct.gFI.I Sr SUMVARY % Tﬁg Ih ENTI ON .T%e r esent _invention is
directed to a RELAGH BFCEL KB PEPFS T EHE fl}"garﬁ@l&?fﬁnhlg °USSUERITEE™f r om a i xed
cellular conposition, for exanple an autograft, by using a virus which
exhibits selective killing of negplastic cells. A variety of viruses are
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for neopl ast i°ECY| B SIS ‘B‘H@’?’F%’me”ﬁ@%‘“&ﬁﬂeﬁﬁrﬁﬁ@’é@f eron sensitive
virus is selective for neoplastic cells having a disrupted interferon

pat hway.

In another aspect of this invention, the virus may be a replication competent virus. As
opposed to a replication-deficient virus, a replication competent virus can replicate in a cell which
is susceptible to this virus and often causes this cell to lyse. The replication competent virus
useful in this invention may selectively lyse neoplastic cells in a phenomenon termed "oncolysis",

but it does not lyse normal cells.

In another embodiment of this invention, the virus may be a mutated or modified virus
selected from the group consisting of adenovirus, herpes simpiex virus, vaccinia virus and
parapoxvirus orf. Each of these viruses in the native form has developed a mechanism to inhibit
the double stranded RNA protein kinase (PKR) to facilitate viral protein synthesis which is
otherwise inhibited by PKR These viruses may therefore replicate in any cells regardless of
PXR. When these viral PKR inhibitors are mutated or modified, however, the virus is then
susceptible to PKR inhibition and does not



Accordingly, a first aspect of the present invention is directed to a
nmet hod of preparing a cellular conposition for transplantation into a
reci pi ent said nethod conprising the steps of. (a) contatbpyginker@02éd
cellular composition in vitro with a virus under conditions which result in
substantial killing -of the neoplastic cells so as to selectively renove
neopl astic cells fromthe mxed cellular conposition; and (b) collecting
the treated cellular conposition; wherein the virus is selected fromthe
group consi sting of reoviruses, vaccinia viruses having a nutation in the
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t ranspl ant reC|ﬁ|ent to elimnate the virus in vitro, or the recl pient

maybe gi ven Pafsles or SYPRRESPR A c#n PP Hisd tosdectivgly illageplastisicells urepesssat | n anot her
enbodi ment glvdibe present invention, the virus nmay be renoved fromthe
virus- treated cellular conposition by using a gradient which can separate
viruses fromcells. 2 Novenber 2004 In a preferred enbodi nent of this

nvention, the Mt Ghiothh oSRIRRRh. 8 hioffh. oo PLSFa IR IRARPO! eti C stem
cells. Thus, hematopoietic stemcells nmay be purged prior to
t r anspl ant ais¢leshivelydill ngeplestistebibsr Artinteifaranchengitive vimgis inkibipd by inlederomeopiastc ¢ cel | s.
The henmat op Qépﬁ&a&e(fn Ditoftfl cell which has an intact interferon pathway. Since some neoplastic cells have

their interferon pathway disrupted, they may be selectively killed by an interferon sensitive virus. The

interferon sensitive virus is preferably vesicular stomatitis virus (VSV). Interferon can be optionally

added‘ along with the interferon sensitive virus to remove neoplastic cells.

Also provided are cellular compositions which have been treated with a virus to remove -
neoplastic cells and leave viable non-neoplastic cells. Such compositions may be used for in vitro
research, or in transplantation, insemination, or other in vivo procedures. The transplantation may be

autologous, allogeneic, or even xenogeneic,



cells may be harvested from bone marrow or bl ood. The application of this
invention is not limted to purging hematopoietic stemcells. In another
enmbodi ment of this invention, the present nmethod may be 4&ipyarekpriZ804ny
tissue, organ, a conbination of different tissues/organs, or any portion
of a tissue or an organ to renove -neoplastic cells. The tissues or organs
are preferably, useful in a subsequent transplantation. However, the
present nmethod is also useful in purging tissues or organs for any other
purposes wherein it is desirable to renove neoplastic cells which are
present in t Hefkibhshetrasrlaagens andpsawolpre preérblydhereamposifont he i nvention, a
- virus may be cglﬁﬁgesthgmgtgﬁ%cg%géﬂged cell lines to renove cells which are
spont aneously transtornmed. This nethod nmay al so be used to treat senen or
donor eggs before artifi cial insemination or other reproduction-rel ated
procedures. |n anathepd ﬁgae%f&hegfesérm&enﬁaﬁ\{@meamoamaﬁocvaf HparliBY be a
replication conpetent virus. opposed to a rep i cation-defi ci ent Vi rus,
a replication® Péﬁ?"n\ﬁlﬁhlﬁéedé‘&ﬁ ameust of aggplasticigelly b@éqlqc'ﬂw?ﬂ ch is susceptible -
to this ViruseRRths AldpRRiccal S8R alnlied cOfilal cnPoditydGocardd iR B4 Cati on conpet ent
virus wuseful in Fhls invention may selectively |lyse neoplastic cells in a
phenormenon t dWigersanissh sail aghagrcomprisips the steps@és not | yse nornmal cells. In
~ another enbodi m%‘n(al) cp,tovidtig% Ifuizea%am&@omgoaﬁonvwﬁla&omse?&oaamzé}fs%11 or

modi fi ed virus ected fromthe group consisting of adenovirus, herpes
si npl ex virus, vaccPPﬁt@t%tﬂlﬁléﬂxaﬁ@”ﬁﬂulpfaﬂomp@ﬁ%wm 2 girds, WiRasgihtho inssfies e vi r uses
in the native form
stranded RNA prot ei EQP% %ggsgle? %kﬂh ia%tﬂ%%eqeas \?P%Pdnhlrug%s&qﬁﬂgyﬁl% ﬁesi S
which is ot herw se sibshantsl kildg bg/thmmalaﬂ‘lhe@e swastusestivelyerhdve pepbste repl i cat e
in any cells regardl f i.ral rs. are
nmut ated or nodifi ed,caﬁc%v(\@vﬂé? ﬁ?ﬂgy\@ﬁ% Sgetlﬁg??eﬁ@&s%cggl’;?g S{lpcbﬁla ﬁtoﬁltgﬁ:’
i nhi bition and does gnap cci’lS@HM@f/@ﬂ%wat@cthplasapbeills,aiﬁbdéfmenmemidstmem s, which
have a functi onal he t at ar d Vi u may be
used to sel ectivel yIf{r%e‘gPcm\{vaé{)gla;l[-Ic capaafqgﬂeoﬁga%’clceanstrﬁ? agargél “%]é%%ﬁzéi
ras-activated neopl amtrfemmaﬂdlﬂsvmxesedaefedﬁnmlﬁte grdmp%asﬁngnﬁtaommnd t hus can

- not inhibit repllcatlon of th se V|r Ett’f anlmen of this
invention, the virud ¥V WEeaaY éllr%}‘ ﬂ??gﬁ%oé ETEL MRS Y P Ear ryi ng a
\tAH_rmL jsuEp[) essor gem&useHanxmmlhﬁ?mlﬂﬁ?yﬁHS g&}eg}ﬁkdpﬂivi&&seﬁlllb{vﬁﬂ’g aSPE6IERHS OF
ich inhibits uncant roliferation of normal cells r oxi mat e
hal f of all tunors I‘E\é m&ﬁ@ff‘?o‘??&lafi?w‘%eé#‘?vé‘?ﬁ“ﬁ‘ﬁ%‘lo&ﬁ&hﬁbﬂf ?féggét‘-@;i n an
uncontrol | ed mann@gy renldvei@feQirts foln e fr@&d\a@,h?‘dgmeﬁgﬁﬁ@sses the wild type p53
gene mnay selectlvely kill the neoplastic cells which become neopl astic due

to inactivation of) Cailsctigshe resulting c"mp"smc’“

A third aspect of the present invention is directed to a composition of viable non-
neoplastic cells comprising the virus treated cellular composition prepared according to any of
the methods disclosed in the first or second aspects of the present invention and embodiments

thereof..

A fourth aspect of the present invention is directed to a pharmaceutical composition

comprising any of the compositions according to the third aspect of the present invention.

A fifth aspeet of the present invention is directed to a use of an effective amount of the
pharmaceutical composition of the fourth aspect of the present invention for the manufacture

- of a pharmaceutical preparation for transplantation into a transplantation recipient.



gene product. A simlar enbodi nent involves viral inhibitors of cellular
tunor suppressor genes. Certain viruses encode a protein which inhibits
tunor suppressors, thereby allow ng viral replication ir2hNenemhes2004 By
mutating these viral inhibitors, a virus may be generated which does not
replicate in normal . cells due to the presence of tunor suppressors.
However, it may replicate in neoplastic cells which have |ost the tunor
suppressors and can. bhe eqd.t ti.vely. Kj 0 st i |ls in the
present inventi o%glxﬁ'nas%?ltéj? Hleegregeﬁ%ﬁgﬁn%%nﬁ% é{l(r)f'xl’K'!e%‘ t?eaq?tncgllgﬁ?sfn(%%f I%aSSlnt“%

i nt erf eron- seisict seleted irp Shergronp bensigingdf teovirus,al viros éxpebgngleifbrdctionelBast i ¢
cells. An interferon-sensiti irus i.s inhibited. interferon and does
ot repli catBoy SR R Rols Nk T R Ve SR Pt S PP FFER pat hvy.

Si nce sone neoplastic cells have their interferon pathway disrupted, they
maybe selectively kiJled by an interferon sensitive virus., The interferon
sensitive virus i&" eé?%?cé%qtkf ‘9‘@&?08&0&‘185&1‘3??&{":“f?@‘\?‘?sra[}gast‘\ygwsesl“ﬁ erferon
can be opti ?)Iﬂﬂ'fe!'eyt sel&iﬁ?ﬂi@dsﬁlﬁ @ﬁ@vﬁ“ﬂsle_ﬂéﬁﬂ&pﬂeﬂﬁlgﬁ}ilﬂét?ﬂal SENSbtéih, DRItAPH usvh t oh ]
remove neop ic.cells. so provided are cellul ar conpositions ic ave
been treated 101 Rigvyeptle flispaseaifgy g vesicueitgpiaids s cel |'s and | eave vi abl e
non- neopl astic cells. Such conpositions may be used for in vitro research,
or in transplantation, insem nation, or other in vivo procedures. The
transpl ant at BRERRESGRIPTION QF P BRAXINGSenei ¢, or even xenogeneic, 8 2
Novenber 2004 Preferably the transplantation is autol ogous. Mre
preferably, the conposition conprises hematopoietic stemcells. A second
aspect of thgﬁﬁﬁésent invention is directed to a nethod of preparing a

cel lul ar conposi t FigitesMALIT sBow Bl kG- ANRMIOL11GH MUFO PFigst i ©), SEiaSrBYke

sel ectively rennving neopl astic cells froma m xed cel | ular conposition

| ocat ed out si*BErEBA32 Fispied) whigatrrsipfectedarith liveiendds: SHABIYSSr By HE st eps of
(a) (b) (c) matcand #ong 18 sAdwast bt 8f MEPIRASIALIORerMIAi bt GBI tnfeS

neopl astic cells and contacting the m xed cellular conposition with a

vi rus, wher eipitts pfier gpyigsinfestionc apabl e of selectively killing the neoplastic

cells, under conditions which result in substantial killing of the
neopl astic cells so as to selectively renove neopl astic
Figure 2

Figure 2 shows that apoptosis was induced by reovirus infection in MCF7, SKBR3 or
HTB 132 cells. Figures 2A-2C demonstrate the percentage DNA which were ﬁ'agmented after
reovirus infection. Figure 2D shows the percentage of the apoptotic marker Annexin V staining
after reovirus infection. Figures 2E-2G show the percentage of APO2.7" cells in each cell type as

indicated, .-

Figure3
Figure 3A shows the number of viable cells at various time points after CD34" stem cells

had been infected with reovirus. Figure 3B shows the effect of reovirus on long-term stem cell
culture. Stem cells were infected with reovirus and incubated for 2, 24, 48 or 72 hours,
respectively, then the cells were diluted and cultured for 14 days to allow individual colonies to
form. The number of each kind of colony, granulocytes (G), erythroids (E) or granulocyte
erythroid macrophage megakaryocyte (GEMM), was then determined for cells infected with no
virus (NV) or live virus (LV), respectively. For example, NV-G stands for the granulocyte

colonies derived from cells which were

9a



cells fromthe conposition, wherein the neoplastic cells are selected from
the group consisting of ras-activated neoplastic cells, p53-deficient
neopl astic cells, Rb-deficient neoplastic gells, and nebipwasber 2668#| s t hat
are not gwowimsiimhi bited by interferon, and the virus is wehegs@sds Om t he
group consisting of .reoviruses, vaccinia viruses having a nutation in the
K3L or E3L genes, herpes sinplex viruses having a nutation in the 'p34.5
gene, par aparcaied udthhohdrds,agd L VAGsahdfor those defieedVaf cOlls WEBIe werlifbated .
adenoviruses.plvin a nmutation in the EL1A or E1B gene; renoving the virus
formthe tréd gﬁmégﬁwa§ition; and col l ecting the resulting composition A

- third aspect of the present invention is directed to a conposition of

vi abl e non- .neo | astic cells conprising the virus treated cellular
conposition-éﬂ%g%red'-according to any of the nethods disclosed in the
first or second FsReKUAE KRt paERTeffebtY 8N febPRusthdnRARAr aBR&is t her eof .
A fourth aspectﬁg&véhe gresent invention is directed to a pharnaceuti cal

conposi ti on Predy aMPoHME @8 o SHRES qellymespeetvelydi ng to the third
aspect of the present invention. A fifth aspect of the present invention is
directed to a use of an effective amount of the pharmaceutical conposition
of the fourth aspect of the present-invention for the manufacture of a
pharmaceutical preparation f-or transplantation into a transplantati on
recipient. 9 2 Novenber 2004 A sixth aspect of the present invention is
directed to a kit conprising at least two viruses selected fromthe group
consisting of reovirus, a virus expressing a functional p53 protein,
Del t a24, ONYX- 015, Newcastl e di sease virus and vesi-cular stomatitis virus.
Anot her. aspect of the invention provides a kit which conprises at |east two
viruses with different selectivity, such as reovirus, a virus expressing a
functional p53 protein, Delta24, ONYX-015, Newcastle disease virus or

vesi cul ar stomatitis virus. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1
Figures | A-1C show the nunber of viable cells in MCF7 (Figure 1A), SKBR3
(Figure_ 1B) or HIB 132 (Figure 1C) which were infected with |live reovirus,
dead virus or no virus as indicated. Figure 1D shows the percentage of
MCF7 cells which werée viable at various tine points after reovirus

i nfection. ) : ' )

10



Figure 2 Figure 2 shows that apoptosis was induced by reovirus infection in
MCF7, SKBR3 or HIB 132 cells. Figures 2A-2C denonstrate the percentage DNA

whi ch wer ey b ted after reovirus infection. Figure ZZNDWZDHQ -
per cent age of ?jﬁg@apopt otic marker Annexin V staining aftErE8YPI0Y
infection. Figures 2E-2G show the percentage of AP02.7+ cells in each cell

type as i ndipEt&H.ED DESCRIPFROR G TREWN yighe nunber of viable cells
at various tinme points after CD34+ stemcells had been infected w th.

reovirus. Figure 3B shows the effect of reovirus on |long-termstem cell

culture. Stem cel i ' incubated for 2, 24, 48
or 72 hours, resgg?: |§/egllti;mr'? gﬁsd‘%]wg&gé f@gﬁéarjgorg{l%&#ge}ar%'ﬁ%}"%l tured for 14
days to al | oRePriafto cellsfromdmbved estlulay compesitionT foe exampiesn akogesfc by lusing aof

I , ; [oT® . aranul ocyte . erythroid
et ophage. meakareh ehifbi Sl AL ol debp 8o BRI Bt or vBlisara bl e
with no vi r isthisNgyentipn.| Fardnsidnces o nfiked) cellnlasqegiositied.yan beareaed angpl €, NV- G

- " N i.ved,fromcells which were,9a WO
01783710 2 Newu e B el A BBt R LR R M PO PE L G
stands for t hesongealsoted ekcmmeﬂnb&dmﬁﬂwxi?eﬁfwh%ﬁ&teaﬂai inhibliod df‘#;@gt{lﬁ?\é;rg?-
[ [ - 4C show purging e S reovi rus_on
npheresi s pisated P BREE AR R Myl oo Heumathe rpestapa e y 10
WD 01/ 83710 2f dpwainibe p520dditienROTHOCANL/I0QE be Fekbled Aldth ERIARESERETL (i o6k THE
| NVENTI ON Thgu 0rrese‘nt I nvent i on'.i(f di rectt ed.to a nethod for scla ectively
removing  neoPT ASPRRECSEY| §o0c, prhich indugces apaptogis in hapr celisiyish fynchienal f or exanpl e

an aut ogr af t jmimirmesi inghep53\gendirowditc CWirkan 1 458t Niel@h ecd1] Yoosli VLdifdarOf
neopl astic cells. A.vard,g‘w of v'i_rur:r‘es are useful in thisS invention. For

i nstance, a mYBHiCHMS TR ENgreIp Lamtivsevirses cambe ysed fin the presence

of interferon to kill neoplastic cells with a disrupted interferon pathway. -

Other examples of viruses useful in this invention include vaccinia virus,
influenza virus, varicella virus, measles virus, herpes virus and Ncwcastle Disease
Virus, which were reported to be associated with tumor regression or death
(Nemﬁnaitis, 1999). However, this invention encompasses any virus which is capable

of selectively killing neoplastic cells.

Prior to describing the invention in further detail, the terms used in this

_description are defined as follows unless otherwise indicated.

Definitions

“Virus™ refers to any virus, whether in the native form, atienuated or modified.
Modified viruses include chemically modified viruses or recombinantly modified
viruses. A recombinantly modified virus may be a mutated virus, a recombinant virus
or a reassorted virus. A mutated virus is a virus in which the viral genome has been
mutated, namely having nucleotide insertidns, deletions and/or substitutions. A

recombinant virus is a virus having coat proteins from different subtypes, usually -

11



reovirus, which selectively kills ras-activated neoplastic cells..
Ras-activated neoplastic cells may al so be selectively renoved with a
virus in which the viral inhibitor of doubkle stranded p?dpoembai284e. (PKR)
i s nmut at\@ 0yB3Medi fied. If the conposition is suspected RET/CHMMEIGIN NQ
p53-deficient tunor .cells, it can be treated with a virus expressing the
p53 tunor suppressor gene, which induces apoptosis in tunor cells with
functi onal PreR#Faibyreritfestinsarall path e thap perisblype o Haryirus.gemitingjie| sen.et

al ., 1998) .y;iHesivAliPsre eNleRE by doar Brofeths ehoba¥a ?paiffam%qg&ﬁegrﬁer on sensitive

viruses can be used 1 n the preéesence Interferon to neopl astic cells

. Wi th a di sregssaigdivimueisfagnuli-segmeniveiyus iOwhish thesggmients hafe been resssortedef ul i n
this inventj, [ Rl | ' | I:US, heel la virus,
roacl co vi Ay el withirk B phlWblEROR N il o WAEIEET 2 0
reported toceprerdsionidifeent sibtypes owoandmegyeteisshedellor death (Nernunaiti s,
1999). However, this invention enconpasses any virus' which is capable of
selectively killing neoplastic cells. Prior to describing the invention in
further detail, “Naeplastic nellstisdse kinowh hs ‘Telicheil r ppilifarativerdisotdelT, nefer as f ol | ows

unl ess ot herw se. i ndi.cated. finitigns "Virus' refers to,any viruys,

whet her i n el P POLTERE gl oo iR PL fobeie 4 et Bt lices

i ncl ude chewinpdtihy neapttisfic @fls i anevplasm or amoANAINBelAsnyisAh dbhdrd] tisshe uses. A

' reconbinantl¥ di-fi ed viruiﬁfa%'be a nut.at ed xirwf,'a reconbi nant virus
or-a reassdf{8t SANPTRDY foRmipg A iRct mastoviich groys by elfwlanieelBeratioemotey al  genone

has been muialy@thn foafEliésuaqvdwi. NuspIRaTsintlsy show PhktiaDoiSotalBbieés ons and/ or

substitutions. A reconbinant virus is_a virus having coat proteins from

di fferent SHBtOIIbereanzatiop pyd fpctiongppardingsionwerh nogmal ise7 As usrdersid 1/ 00609

prepared by feeplhéth &GhieAdtddo SRbIpHs hBmABEGedd RBpRNSEs RUNIYRAR.RE the virus,
resulting in viruses which are envel oped by coat proteins encoded by

different GPRI9SMS. A reassorted virus is a nulti-segnent virus i n which

t he segnents have been reassorted, usually by co-infecting a cell  with nore
t han one subtype of this virus so that the segnents fromdifferent

subt ypes mi x and* pReplapmimy bR berign (benignpwisirhen malizaant|(galiggnsymepein as

(cells W Rafkoh) Qrbilehbfludnifs Crilifidly ctdsBhed i@ keSS YPAC RlgAbidl or at €
wi t hout the normal growth inhibition properties. A néw grow :
neoplasms arising from epithelial structures-are called carcinomas, malignant ’
neoplasms that originate from connective tissues such as muscle, cartilage, fat or bone
are called sarcomas and malignant tamors affecting hematopoietic structures (structures
pertaining‘ to the formation of blood cells) including components of the immune
system, are called leukemias and lymphomas. Other neoplasms include, but are not

limited to neurofibromatosis.

: “Ras-activated neopiastic 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 pathwaj( may bé activated by way of ras gene structural mutation,
elevated level of ras gene expression, elevated stﬁbility of the ras gene message, or any
mutation or other mechanism which leads to the activation of ras or a factor or factors
o dowhstream 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-mediated neoplastic cells include, but are
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conprising neoplastic cells is a neoplasmor tunor. A neoplasmis an
abnormal tissue growth,-generally form ng adistinct nmass, which grows by

cel lular Ry@biALi@tion nore rapidly than nernal tissue %N%@%’%g | asnme

may show partial or total |ack of structural organization onal
coordination with normal tissue. As used herein, a neoplasmis intended to

enconpass hemst BRAAb) rﬁs-meal%@éiﬁ'ée&éué’,@hkch%?e ‘[Seﬂk hx%ufe?{{f?.%‘?é Mnighynpeoplasm
may be benign (benign tunmor) or malignant (nalighant tuffor or “cancer).
Mal i gnant t umiAngerclintapstivationaf thecasapsdivayed into three major types.

Mal i gnant neopl asnms arising fromepithelial structures- are called

. carcinomas, malignant neoplasns that originate fromconnective tissues
such as nuscl e, c&reliulaggempdsiiondmemspeomarstigeadopisisgedn@heand mal i gnant

tunors affect, jef] t structures ertaini to the

f or mati on of E%’Pg%%%ﬁg@? ht?ﬁcqgﬁ’%?]%%ﬁc"gaﬁﬁggnéoﬁf Sagpie.oels tﬁ%ﬁc}n‘éa CS@"g?rem are
cal | ed | eukenvmposaig whichiziootams plaGnhglatelaggloasoms antoibetaonizalivlar Matkpt
limted to n i br. hS. "Ras-activated peoplastic cell.s" or

"ras- nedi at eﬁpgn&eas)tfo é@?ﬁ%?@c&ﬁsgw r“écfy%;r§ a?%%gg?ﬁyges‘ &/rﬁe@ ASPEPCPBPAFRY at  an
abnor mal | y hicghtain atls of waridue typas, ofigiat oiganipatioh, Facdxawple, Ostu@f anti beganas

pat hway. The _ra th e activated of ras gene structural

nut at i on, eI"Vé]\'/%tcg%ml"\é@f\éﬁrgg¥dFggesgagﬁggegilbFl%!’?\flivg%fmﬁseﬂfﬁfgﬁ‘d&feglﬁﬂ]?'?? of the

' ras gene nessaggositihs.any nutation or other nmechani sm which leads to the
activation of ras ar a factor or factors downstreamor upstreamfromras in
the ras pathway, thereby increasing the ras pathway activity. For exanple,

activation of EGFArese@tcelularRobipodise i Déelllar SpdsiivH bbftainfhg A€ fehdtalb On of
the ras pat hﬁay. ﬁag%rr_Fdl a} ed neoplastic cells include, but "are. 12 WO
01/83710 PCTFEAVT) B0 MRiRllY:the PEad ellular sampgsiioncentaisa hetdimoweal cglls whi ch ar e
cel I's prolifefididopRisticteRs. MBisipeiarable tHABMBAof HhdRelilin el deM@bi QingRkitiohe r-as

pat hway. "Celf:rrlé)l;}.ar, conposi tion" nmeans a conposition conprising cells. The

conposi tion iiding s5lis angdthecarus selentively fillsmeoptustic ssilsrhyt isavegtetiiee bl ood is a
cel lular coapafihd deAPedbtitally meRt.ai ns pl asma, platelets, hornones and ot her
non-cel lular matter in addition to cells such as erythrocytes and

| eukocytes. A cellular conposition may contain cells of various types,

origin or organi ZAtkmilar 5RAPoMIARbBectid TLUEGiIndRG-0519/0 Sl £Rfuppt ai n
different cell types arranged in defined structures are considered cellular
composition which may contain neoplastic cells. For example, any autograft obtained
from a subject bearing a neoplasm may contain neoplastic cells. A cell culture which
has been in culture for a considerable amount of time may contain spontaneous by

neoplastic cells.

“Substantial killing” means a decrease of at least about 20% inﬁviabi.lity of the
target neoplastic cells.- The viability can be determined by a viable cell count of the
 treated cells, and the extent of decrease can be determined by comparing the number of
viable cells in the treated cells to that in the untreated cells, or by comparing the viable
¢ell count before and after virus treatment. The decrease in viability is preferably at
least about 50%, more preferably at least about 70%, still more preferably at least about

80%, and most preferably at least about 90%.
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conpositions. _ A "m xed cellular conposition". is a cellular conposition
containing at least two kinds of cells- Typically, the m xed cellular
conposition contains both normal cells and neoplastic cENbeembear 2084 = _.
pr ef er abW@ &30 nost of the cells in the cellul ar conposiedraacssegedi vi di ng
cells, and the virus selectively kills neopl astic cells but | eaves ot her
dividing cells essentially intact. A cellular conposition "suspected. of

cont ai ni ng neoplTAsmeeplastic celts m@l@kiléddliulvaiousmmpﬁsi Fd:mamblieﬁthemyy cont ain

neopl asti c g quS eﬁ g%g%??égﬁp llse(Sapﬁ)qé{ 0 Il Oﬂ%ccg 8‘?? L3 Eﬁtéﬁ qe l%:{)ﬂ“f‘ﬂ?/%éi‘/\,hl

bearing a neo al n-neop has
been in cuIThsprreolﬁlesticaeldxmsy dﬂe@olapopmmmhmbis ihdued diryctiy @R indirBctBiNt aneous

by neopla el T Subst,ant rease of at |east
about 20% ﬁhé 9'lngsbl s gHsdpt A al lieswg%ragg\? ?"%E'&léfl g% the Imsyae $YSIFR | i ty can
be det er ni neldctblyasdern aivated by ihe@ilﬂﬂthBfexidi;ﬂc, the ﬁﬁisﬁﬂhﬁﬁdldc&c t@ﬁﬂet hel ?Xt ent
of decrease ¢ n be m ne ring the nunb viable cells in
the treated” é"lc i, wg"‘fthr?ﬁf“'aft?‘f ﬂ?‘h‘i" W@ﬂtcé  &dighdn “Hf‘ s?ﬂ?‘%@bfﬁé}sl ng the

vi abl e celdeoplastintcelefZoneetandioatiy. er virus treatnent. The decrease in

viability is preferably at 1east about 50% nore preferably at |east about
70% still nore preferably at | east about  80% and nost preferably at

| east about 90%A ZrepldesibeimpRad vids R M%?cla% SaphON ST RBTicaAnO 4 at

PCT/ CA01/ 0 609 The neopl astic cetls may be killed'in various manners. For
exanpl e, t HERt oRgyFell pypel Psoppaspd to 3 feplicatiopeqmppetent ¥iapap(@pbfatipyt i ¢ i nf ecti on

of neopl astihonfpRlenbyibRNEaR] Shutatidfh 41808H 8k %ﬁﬁk'»ﬁ..ﬁyeﬁaﬂﬁf ﬂ;ﬁghe cel | s

apoptosis which is induced directly or indirect VI rus

may al so, direRiGaEen aakhegeeisaptaspyble gferckliqap@gjmwypﬁé i mmune system which
has been activated by thée virus. For exanple, the virus may induce cytokine
production, which activates the natural killer cells, which in turn.

sel ectively ki | ["Adenoaispydse denblectiandad I visus %aboumlﬂqbakf' frepl i cati on

conpet ent” phifhs aHém@mYéeE U 4fiicGid o ?13 HRPARL&e ﬁhh% e’%’[ an%% {hggesgﬂ*at?t@vpl : ggts;[ on

one cell type. As opposed-to a replication co
gastrointestinal and urinary tracts. About one-third of the 47 knowu human serotypes

are responsible for moé_t cases of human adenovirus disease (Brooks et al., 1998).

The term "mutated adenovirus" or "modified adenovirus" means, as used herein,
that the gene product or products which prevent the activation of PKR are lacking,
inhibited or mutated such that PKR activation ES'-not blocked. The adenovirus encodes
several gene products that counter antiviral host defense mechanisms. The Vil:lIS-
assoéiated RNA (VAIRNA or VA RNA)) of the adenovirus are small, structured RNASs |
that accumnulate in high concentrations in the cytoplasm at late time aftet adenovirus
infectilonr. These VAT RNA bind to the double stranded RNA (dsRNA) binding motifs
of PKR aﬁd block the dsRNA-dcper;dent activation of PKR by autophosphorylation.
Thus, PKR is not able to function and the virus can replicate within the cell. The
overproductlon of virons eventually leads to cell death. In a mutated or modified
adenov:rus the VAIRNA's are preferably not transcribed. Such mutated or modified

~ . adenovirus would not be able to replicate in normal cells that do not have an activated
Ras-pathway; however, it would be abie to infect and replicate in cells having an

activated Ras-pathwziy. : -
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i nconpetent virus" contains a mutation in a region of its genome which is
essenti al for its replication, and hence is not capable of replicating in
any cell. irus" is a doubl e stranded-DNA virus of2 Mexembes 2604

ki | obases In ﬁumans, adenovi ruses can replicate and cause-HF48HWs03 "t e
.eye and in-the respiratory; gastrointestinal and urinary tracts. About
one-third of the 47 known human serotypes are responsible for nost cases
of human adenovirus di sease (Brooks et al., 1998). The term"nutated -.
adenovi rus" or " ndmeﬁé@mgnm'iﬁwrefaamshem&mﬁdthsel Q’HSV-tlhat t he gene

product or pf act| t|on of. PKR ar ki n

i nhi bited or ‘ﬂﬂ%&%’ﬁ g\{s]t@{% ﬁ%ﬁw&(k}{i B ﬁ"f%deﬁglfgﬁl?edw‘gﬁ "%fféedg

adenovi r us emlkm‘elsm HSECRIL. Sgdmemmdumtthehﬁtazﬁrabafwtsekcr&ﬂtu KR host

def ense mechgsy Viru soci ated. R NA or VA RNA,-) of the
af IGQ{]UEHI c%am v?rﬁlgg y@&%ﬁlﬂtﬁ

adenovi r us ar e s rugturea YenierRCHipg Hith
concent r at i opreteimpltosghatyd bmcmamnng g &ut/itym: RPh@PhcrflaRQYF-DY $He brfieCt i ON.

h | bi nd fs of :
PR and. bl ool et BhliEef B aibet NG e ety Bpearsrd RS ot v1 at | on.

Thus, PKR i swhich theh|3d. iganésmé delered)RIF-LOR phbdpHSryfddll an@ @Irdc&e-%ﬁtmstshk n the

cell. The over uct of , vi event uaII leads tO0 cell” death. In a
mut at ed or nIBHIB gfd" ‘(“J!@r\@r t‘?q.ﬁé”tﬂ H%S ARSI -5 &Pé‘dﬁﬁeéf‘@c%lﬂ}a‘rﬁhﬁﬂ345

transcri bed. mivue Rinfub@llEbk ©plidiEeh EdrfbtenRHRBNYivith &n WeWhHd RQL J?I?vv%b e to

repli cate in hat do not have an activated Ras pat’hway; ,
however , V\ﬁﬁ{' g'alﬂ‘ét“a'@fl" Ié P4Sveud beredurdapl i cate in cell's having an

acti vat ed Ras pat hvvay 14 2 Novenber 2004 WO 01/83710 PCT/ CA01/ 00609
"Her pes si npl ex V|rus refers to her es sinplex virus-1 (HSV-1) or

her pes si.npl ex vipgdem "('HS‘FdZ')ISV'I'-B\/"@é ted HS3' meanp @ tized hetein, gamehepr oduct

i nfect ed- cCelehe pfoati@ioRprddudes Whith B ! ral -
ef fects exeﬁgteei:jp by PI2Rp 1CP34l 5§h;§hgte lt}%f“('qaﬁlgﬂﬁgg aﬁ%sl?ﬁ;]gfg gﬁriﬁe%/l}eéﬁto?ng PKR

activity by THpEHsehithay PR aqtivasiogiison blorkadp Fasaferablyl tha HE Vigedé 8€fbiing its
activity to fiepaReRbAl Shal rﬁuﬁieﬁ ogﬁioélﬁgd Bisvalould ndt gQ)le t erﬁgelté f | nfected

wth either wld- té pe or the genetically englneered virus*trom which the
y, 34. 5 genedofBpleetiethatdogot %ﬂl‘-’FﬂzactlvgteéW@spﬁbww hoeevearitwpuldbeiablesynt hesi s

is turned Qhfeci :ﬂld?ﬁililcﬁe HU‘eﬁ%%%%nra@m&éﬂR% @e ’ gpv! rus. 1t would be

expected that the x,134.5 m nus us woul plication, conpetent in
cells with an actlvated Ras pat hway in

"Parapoxvirus orf" is a poxvirus. It is a virus that induces acute cutaneous
Iesions in different mammalian species, including humans. Parapoxvirus orf naturally
infects sheep-, goats and humans through broken or damaged skin, replicates in
regenerating epidermal cells and induces pustular lesions that tumn to scabs (Haig e;: al.,
1998). The parapoxvirus orf encodes the gene OV20.0L that is invol\fgd'in blocking
PKR activity (Haig et al., 1998). |

The term "mutated parapoxvirus orf" or “modified parapoxvirus orf" means, as
used herein, that the gene product or products which prevent the activation of PKR are
}acking, inhibited or mutated such that PKR activation is not blocked. Prcferébly, the
gene OV20.0L is not transcribed. Such mutated or modified parapoxvirus orf would

not be able to replicate in normal cells that do not have an activated Ras-pathway,
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which the activity of 1CP34.5 woul d be redundant The term "nutated HSV' or
"nmodi fied HSV' neans, as used herein, that the gene product or products
whi ch prevent the activation of PKR are |acking, inhibitZido@mmbanz084ed such
t hat PKRV@®L/BI7aQi on' i s not bl ocked. Preferably, the HSV gerecaedebded 1S
not transcribed. Such nutated or nodified HSV woul d not be able to
replicate in normal cells that do not have an activated Ras-pat hway,.
however, i thowevdrdit reuldlbeableao infevt aat replichte mplellchdving an azahdted Rayi ng an
activated -pat hway. "Parapoxvirus orf' is a poxvirus. It is a virus that
i nduces acute cutaneous |lesions in different mammal i an species, including
humans. Parapoxvirus orf naturally infects sheep, goats and humans through
br oken or danageg'cscki.n. re Iicattﬁs in _regenerating epidermal cells and

i nduces pust ul ar ' FEUIHHES Ffes {3,PR Ving L ahartnopayvius gens that infepss) . The

par apoxvi r ismans argipcatiess ibbuizgiasosNBebokk ettA1a19985. asciy Ofhd dhcBdeacki ng  PKR
activity (Haig et al., 19%82. THe term " nutated parapoxvirus orf' or

“nodi fi ed PXP PSRN play grgle infhe dawn treulation.of Hit: aqtyity tinavsh e cglifedy pr oduct
or product liffdaént MephRivant H3LGeRCiicyddsitRd pRiciltdR 20h8d 25 REK i@ arel Nhi bi ted or
mut at ed such that PKR activation is not BI ocked. Preferably, the gene

Ov20. OL. i s CABFESSEd sy dp ifection gt avs s RN A pingdingastivity that ¢parialibik PKRus or f woul d

not be abl @ciivity! ERbdteRLEdisRpHGT $¥Bhe ERL | §neté?@4tesg%nﬁﬁ§iv@ai\lzﬁr licRGdn i 2t ed
Ras- pat hway, 15 2.Novenber 5004 WD 01783710 PCT/ CA01/ 00609 however, it

woul d be alSFis hagingan getivaigdRas pphpanTde K3Lasns of wesinisyinnenmotespifed Ras-
pat hway. " Vaw@bdtbairaéd s{4KRIefers to the virus of the orthopoxvirus genus
that infects humans and produces | ocalized | esions (Brooks et al., 1998).
Vaccinia virus encodes two genes that play a role in the down regul ation

of PKR activity g w i Lsns, E3L ne
encodes two pr Q&?%@HO ufg\é‘éﬂgﬁﬂﬁgéﬁ{& 0’? h‘g{)£§§£$acg§%r esgeﬁg%ngr"i‘s)}‘ S?‘ﬁ -

i nfecti on Apdinhthakthd gend/produstionpgoductsiwhidhypreveat the activiatibn bi PKIPIKRR activity.
Del etion o j SrUpk i h .eat es i SSJ iral .replication
in cells aé:gilng’glugﬁﬁhgd;?r%% tgtgsgggh%g?iﬁm%@?&?%s %Emﬁgﬁe\%?%VQ@cf ia virus
encodes pKE3Lgengawin el gak ds moft tRkRIbeAh Sutle mmatadudr aceifisdaacdinia Vi rus”

or "nodifi %ﬂusv\gglﬁh Bbbe\able4s rechaa O no%%aluc%ﬁsd that do not have an activated Ras-
' pathway, however, it would be able to infect and replicate in cells having an activated

Ras-pathway.

An “interferon sensitive virus” is a virus which does not replicate in or kilf -
normal cells in the presence of interferon. A normal cell is a cell which is not
neoplastic as defined above. To test whether a virus is interferon sensitive, a calture of
normal cglls.may be incubated with the virus in the presence of varying."i:onccntrations :
of interferon, and the survival rate of the cells is determined according to well-known
methods in the art. A virus is interferon sensitive if less than 20%, preferably less than
10%, of the normal cells is killed at a high concentration of interferon (e.g. 100 units-

per ml).

"Resistance” of cells to viral infection means that infection of the cells with the

virus does not result in significant viral production or yield.
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herein, -that the gene product or products which prevent the activati.on of
PKR are |acking, inhibited or mitated such that PKR activation is not
bl ocked. Rrpf@i3fy ¥, the  E3L gene and/or the K3L gene iZNpgimbar2894ri bed.
Such nutated or nodified vaccinia virus would not be abl FtUYCARKINEAt e i n
nornel cells that do not have an activated Ras- pat hway, however, it woul d
be abI e to infect aoqaloggol Sake g1 cel. {s havi ng an activate Ras- pat hway.

An "interferon sensitive WV Tush 3CTROIYPVRIRHTEC FREE Water F lﬁl“t"['!%ﬁ"e ih or
kil normal onehitis vims itm:-qommrcompmﬁndnnt auth&[ueinly AniisikeRd €ehdmdrs a cel |

whi ch is not at%eo\gl @&tl [ a? geli i ned. abcf 0 test whether a virus is
interferon sBns © 530y Fpd Plmpr in prderdy induge immupity indhe fumonBatiel wit h 't he
virus in theagalmsﬂnmemof Ay, Mifalenbalgsates afel csEhtiallf viineinidi R QanceaRd) t he
survival rate oL the cells is determ ned according to well-known nethods
inthe art. RV is interferon sensitive if less than 20% preferably
less than 10% of the normal cells is killed at a.high concentration of

interferon (e.g. 00 |ts 6‘51'{' "Resj stance" of cells to viral :
i nfection neans t %1'93 F‘B’é’t?o‘ﬁm FrEIRiERE | is appantna! pbichyrpeiies does not resul t

in signifi camnsylhﬁ@horpémumiﬂcemp@s“ndmeh@fenﬂtfgy WO l4i8R TsLndRtah, SR0HHR0609 A
"viral oncol%sgrﬁkl S a,.gonposition pre ar treating tumdr cells with

an oncol yti the recipignt {5 a hija phe sy Fpesdying B‘H’SP@“@WS’MBFE‘FR&FWGN of

admi ni st er edeahlera ttunor  patient -with the sanme kind of tunor in order to
induce immunity in the tunor patient against this tunor. As such, viral
oncol ysat es are essentially virus-nodified cancer cell nenbranes. As used
herein, a "tgmnegl ant recipient” is a mamml which receives a _
transpl antation of cellular conpositions. Preferably the recipient is a
human, - and nore TPregreseptinyentiongelats igphe nse of @ virnhterselectively fesiorecei vi ng

tr an5p| ant at de@?labtfb M?ﬁ&&%&%llumco Q8 G&s w HV% Vepecte({'o% cgntgﬁuen(ng:)l aét i o

invention relates to the use of a V|r R y renove ne
cel I's from rierplasticedells) Avadanplodiusisommy batwsahinabie methogeatiedneaff whisttiai ni ng

neopiast! & GRlckfe Or ¥ALLRK ) b 4P ERBL RRnHSSTed il IS BLAO each one

of which is thve rou aMp| though
reovirus is axemgledelomn a person of ordmary skill in the art can follow the instructions herein

and apply the method to purge any mixed cellular composition by using viruses other

than reovirus.
1. Reovirus

We recently discovered that reovirus selectively lyses ras activated neoplastic
cells in vitro, in vivo and ex vivo (Coffey et al., 1998; WO 99/08692). -Normally, cells
are not susceptible to reovirus infection. However, if the ras pathway is activated,
reovirus can successfully replicate in the cells and eventually results in lysis of the host
ceils. For example, when reovirus-resistant NTH 3T3 cells were transformed with
activated Ras or Sos, a protein which activates Ras, reovirus infection was enhanced
(Strong et al., 1998). Similarly, mouse fibroblasts that are resistant to reovirus
infection became susceptible after transfection with the EGF receptor gene or the v-

erbB oncogene (Strong et al., 1993; Strong et al., 1996).
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exanpl e ‘bel ow, a person of ordinary skill in the art can follow the

I nstructions herein and apply the nethod to purge any m xed cel | ul ar

conposi tion by using viruses other than reovirus. 1. Redlpyemsberg00dcens |y

di scover¥8 B0 r eovi rus sel ectively |yses ras activat ed FempAegitce cel [s

invitro, in vivo and ex vivo (Coffey et al., 1998; WD 99108692). Nornally,

cells are not.s _scePt i.ble to reovirus infection. However, if the ras.

pat hway is acti Vaikayt beingelifpited to adthgory ifseerns that reqvire piplicatian i regihedcel | s and

event ual | y gt @8WahS§latidial I¥&d. 1 F anpl e. .whe

reovirus-resjstant Ni Hl%%%%ﬁigtgh@e?g%Fgﬁg%doé%dﬂv%ofﬁ"qﬁkﬁs\gmg Ras or

- Sos, a pr o™i iels eardy vival transcrgss activatsrthe daiblerdtmoddd RN astiensinced
(Strong et 3 | i . . fibroblasts.that, are resistant to

reovirus iﬁaét‘ggtki%%%@%’ﬁh@ lls:lﬁfsncl}:l}ebf)ttsi ‘@5‘5’ ’t@%mﬁ’? ’5ﬁ'i’ﬁg‘§tvi"3lnr 140 he EGF

recept or ge¥divaied Rav(oyan etiyBed plewgatnd theSts patgy a0 prebumablPRBibiSbr ong et al .,

1996). 2 J 2 r 2004 WO 01/83710. PCT/ CA01/ 00609

W t hout bgliq %%@?%x%%%@%@ ?%3%*?55" g‘ﬁ’ Pé‘g%'ﬁﬁy'l“h"éts PrOsseAsy vigalpagiicles arei on i s

regul at ed madetand theatsiracvonallyllgedl! (Strong et al., 1998, Norman et al.,

2000). In untransformed NH 3T3 cells, early viral transcripts activate

t he doubl e-stranded RNA-activated protein kinase (PKR), which inhibits

~translation, th&hety ohcvgeds dctogisior alargeakibenssitoRors. Ak MaeshdRans (or an
activated ek nt -of.tpfe ras pat hvay) sumably inhibits or reverses PKR
activation’ THEPEOF 8 C\ACFY M g‘?%ﬁlgﬁ%‘%g‘ﬁ.gﬁmf} wmgrsdBeedd.-198Pal . particl es
are nmade, pemdritytia patdatic €90%)espRpdditadolofedidl $854) aﬁh@uﬁgacao%ﬂeaeﬁ%aéccoum S
for a | arge_nunher, of tunB Activating nutations of the ras géne itself
occur in a%{}?’ggﬁ%'ﬁ'fkeﬁ‘l'al h%?raﬁ‘“f‘ﬁ‘ﬁﬂ‘i‘ of thsfpgtorsupstreapygodownspedmaf aby i n
pancr eat i ¢ i 80%4b.patibay adiso elenietiiial whBANFoRBN G A RssRATE nOTaS, _and

nyel oi-d | e 1a (30% . Activation of the factors upstréam or downst-ream of
ras in thwfﬁgﬁfg&wﬁhg cpideEnah growth BeonEFDeanivpissonmum iebeap e,

over expr essier 25-301bHak Vet iin OF ph. BIIA RYn AN BDERS 1L FCP)
receptor-is ﬁ(gmmn i n _breast = cancer (25-30%, "and over expression of

pl at el et - d8F FGE gec5piguis Brovalentdp slipmesand shickipttemas (49-50%F EGEegteptori s

preval ent iy RGP &Epa e BbthRRLAT tPRRTaté 1B BindihEo 46F ERLQtive

ligand, and v-erbB encodes a constitutively activated receptor lacking the extracelluiar

domain.

We first determined the ability of reovirus to kill cancer cells. Reovirus.
efficiently caused oncolysis of three breast cancer model systems, MCF7, SKBR3 and
HTB 132, by inducing apoptosis in the infected cells (Example 1). Thus, reovirus
treatment resulted in 2 marked decrease in viability of MCF7, SKBRS.aﬁ'd HTB 132
cells, whi-lc' controls treated with no virus or dead virus grew normally (Figures 1A-
1D). The decrease in viability was accompanied by chafacteristics which are
associated with apoptosis, such as leA fragmentation, annexin V or APO 2.7 staining
positivity (Figures 2A-2G) and cytopathic effects, such as cell membrane blebbing,

nuclear condensation and chromatin condensation observed under the microscope.

Since reovirus infection is usually blocked at the translational lével in normal

cells but not in ras-mediated neoplastic cells, we examined the extent of protein -
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- characteristics which are associ ate

and PDGF receptor are both known to activate ras upon binding to their

respective |igand, and v-erbB encodes a constitutively activated receptor
| acki ng t lveoexssrasel | ul ar. domain. W first-deternined t%@oﬁ%t U%f .
reovirus to kill cancer cells. Reovirus efficiently caused %9 of

three breast cancer .nodel systens, MCF7, SKBR3 and HIB 132, by inducing
apopt osi s i n syhiResisth eedviids &kddaMCEX iR\ 34*1s | BV T -treat ment.
resulted in a, garkeﬂ decrsease JAn vi iébn}glaﬁc{ %bg? %f'g %t@%’:&)i h“igﬁ% 132.
cell's, whil e VEBIIPEING Weresypbasizgdimthg seayimyuinfegted daragr vilklire, prtavt inor mal |y
(Figures | A- 0Dk stbQelEFhBRRrel albo\edRl Wi nie

e el e otcRel i feckS, RERITPENNRS g
f ragment at i ofUS85FHH that i will be salo teathegatopoietigstep oslls with tepvighs] ghgees 2A- 26)
and cyt opat hirGvghif . T n | ebbi n nugl ear |
condensat i on and cﬁﬁ%ﬁgt‘@ %&%ﬁ'&%ggﬁ lgﬁggggrgse'??/ag%iesueﬁﬁEalstaﬂ‘écﬁi“g’é??éﬂﬁe.
Si nce reovi r 8thesisasedeededinormugiya Mo goifirocthispomt, vidbility bAMS kadviran@datdgevel in

nornmal cell t . i ' - ' .neopl ast.jc cells, we exam ned the
ext ent of prgyg?nc%gkv\xk)ggt%%gﬁagk’@ﬁg\t}?ﬁlggl %ﬁmoi‘f’ﬂ‘\s/‘&m%@%@@'??ynt hesi s
in reovirus B8 dllenimiErR7npepulgicanticaBiB4ith lteam ik Sr fEXARR e Lnilar dfRsleed,

viral protei nesized i.n the reavirus infected cancer cell |ine,
but not in- %WGEROZ%Q%BI'I%g% 'P%ﬂat%??t §ﬁé6 ‘Eefléé\'icé'(?t Wseaptible & repvisus dat a

" not shown). Imféctionesult suggests that it will be safe to treat

hemat opoi etic stemcells with reovirus, since reoviral proteins were not

synthesized in reovirus treated stemcells and cellular protein synthesis

proceeded nor nal | .orde faaadvifustd beiwsefDinBusging iadpolei@bietaNQI5ERUA T US
treated CD34+ c was ‘determ ned at, various tinme points aftér reovirus

| Is
treat ment (EXERPIENOHGTAPYERMA S & SSssual b heer tins teremntdpennetisltpd ve
reovirus or e abilityust s €IS kdWitfadentdid Mo eabeill dveREheRAtdpbiekiE iiﬂéﬁ%@'to?’A) g
i ndicating that CD34{ c I{ﬁigare not susceptible to reovirus Infection. In
order for reGiPFHE eﬁ’go PRICPIFHIGNPET N d herefeae. dongiten effest efiredts i n hi gh
dose chent hesatyntlwas at:aBed Eixainplei3y. EBILUeliRlreddiBlitd Bifhel BOVIRLYS 1,4 €at ment
does not alter %he ability of stemcells to differentiate into each and
every hemat o &pe%ed ‘?SFFé’éE@'iV Reyfiffprepcsi theirgbility fedliffprontiatcinteegropiicptes.c
system Ther&{@fdrds, bPgramiiedyi &fth@id m%roﬁlﬁ%égn@%%(ar \ ﬁ@sté@lp%lfté’l\?% n3sRgesed

iV

(Exanmple 3). CD34+ cells treated with eit I r'us or
Teovirus treatment (Figure 3B). The ratio between these three lineages also remained

the same after this prolonged treatment. Accordingly, reovirus treatment neither killed

CD34" cells nor changed the potential of them to reconstitute the hematopoietic system.

Furthermore, reovirus is capable of purging a mixed cellular composition, as
demonstrated by the selective killing of MCF7, SKBR3 or HTB 132 cells iﬁ a mixture
of cancer cells and apheresis product which contained CD34* stem cells (Example 4).
By measuring CD34 and cytokeratin, a marker specific for epithelial cells such as
MCF7, SKBR3 or HTB 132, it was shovs)n that reovirus essentially eliminated the
cancer cells from the mixed cellular composition (Figures 4A-4C) while leaving thé
stem cells intact. Therefore, reovirus treatment is an efficient method to purge

_neoplastic cells from hematopoietic stem cell compositid_ns.

19



virus showed essentially no difference in their ability to differentiate

I nto granul ocytes, erythroids, or granulocyte erythroid nacropha%e

megakar yocytes even after 72 hours of reowirus treat e NpwEgher@088)... .The

rati o beYWdd3PPese three lineages also remained the sarRCHEASH00H] s

prol onged treatnent.. Accordingly, reovirus treatnent neither killed CD34+

cells nor changed the potential of th rlp t.o reconstitute the- hematopoi-etic

system Furt her ftf& u]ggyo\w g ‘?"E%{‘baﬁ'l & 1Yenpon. iemeeld- samaldingel | ul ar -

CONMposi t i orsutapgafistiesMdatdd vittedoystphier ®@taasilinvaiok itd leimdde e MrtarhinaakBR3 or

HTB 132 cells in a mxture of cancer cells_ and apheresi.s product Wwhich

- cont ai ned (IBSRINYICRYS REPGtvatedpeopistc aglls. TR inceeasestheefTicasy o tsdvighyt oker at i n,

a marker sprgé EhdinduRfapeRlopbhdhentdpofetis Yot 2R :rtaﬁéfﬁﬁ?uati%%ﬁm%z. B 132, it
e

was shown ‘that reovirus essentially elimnated cancer cells fromthe
m xed cel | (Ut sHest il he (eitiratmeat of Alodgkinigdisease) maliiplegnydiema.qoem cel | s
i ntact.  They&fsRines 1yhPRhE, Ueutt hiRIEEMhs Icﬁkéﬁ!a,fgeﬁh ek stPRLY %fgﬁzpur ge

neopl astic cells from hemat opoietic stemcell” conpositions. Novenber
2004 _ _ \Repip tymery. pod bropstaynpars 0use dighdess ehiemgihprapy andiantelagradistesnt of thi s

i nvention, @iiehgRintatior ANeHeBh PGorRbd OGtRhPinHaBed! GRA g“xgse%ﬁllarsr. eovirus .

prior to transplantation to remove the contam nating spont aneous
ras- act i vatldeweven plincantampletpd that e presenhmethad will bhvesebill il atherycanders 4se hi gh

dose chenot - ALt - ' kel .| transpl aptation
troatmont . O SavpR Ry PaHanIETREBRANIE PR Shon R ARNEY | 0
di sease, nuhay guicar impay callgr tisse-typdodgki n' s | 'ynphonm, acute nyel ogenous
| eukem a, germcell (testicular) cancers, brain tunors, and breast tunors,
si nce high dose chenot herapy and aut ol ogous stem cell transplantation have
been per.forned didmnatipeittit progenipatiemiels suntbe oblaite@ fiotthe Bone nlay®@vef , it 1S

r cancers as

cont enpl at that th resent -nmeth will be useful in oth
well to re%ng?/%a ‘a“'H&z‘“r"g‘é- ﬁ%ﬂf‘é“t"%""ﬁ-egg?fa%‘l‘ﬁdé - Ty Gageer Q?W&E‘VE\BEWPM of the
ras pat hwayeceiviyg naditional, Romhigh@eld chemothe@pyléndny BRm dESBHRADY Bbjedr @ 0geni t or

stemcells can be optai hed fromthe bone rrow of the patient in advance
of treat med ?p%pﬁ'ﬁ?ﬁ%’?‘{:‘&t or withagt colpnystimplating factoppEmings Hsestorer ecei vi ng

traditi onalhcniam?oh'tig?mgaﬁ@_r sl bay fbtainB TonSthe Bloee bt sprledeiscal | y appear
ood with or without colony stinulating factor primng.

in the peripheral . 1 of
Ther ef or e, Pr‘gfgﬁht%b%icé’f‘ g‘&s‘ﬁﬁeﬂﬁ%rrﬁ lops tige befPredeine dapsnbmtedh (ThE REEeHr om t he

bl ood as aph®nb&h san be applied to stem cell-containing autografts which are harvested from

any tissue source, including bone marrow and blood.

In addition to hematopoietic stem cells, the present invention can be broadly

applied to remove ras-activated neoplastic cells from many other cellular compositions.
For example, reovirus can be used as a routine practice to “clean up” (remove ras-
activated nieoplastic cells from) any tissue or organ transplant., Application of the
present invention is not limited by cell or tissue type because as discussed above, the
receptor for reovirus is ubiquitous; and the mechanism in normal cells to inhibit :
reovirus replication, PKR, is also ubiquitous, Therefore, any cell may become a raé-l
activated neoplastic cell and become susceptible to reovirus infection. Of particular

- . interest will be the use of the claimed methods to clean up whole blood or any portion
thereof fora Subsequent transfusion, Similar]y, tissue or organ transplantation has

become increasingly common, and it will be beneficial if the transplant can be treated.
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product, which can be stored for a long tine before being transplanted. The
present invention can be applied to stemcell-containing aut ografts whi ch

are har vesigesl/sif@m any tissue source, inclading borie %Wzgp od.. |n

additi'on to hematopoietic stemcells, the present inventio K68} oadl y
-applied to renove ras-activated neoplastic cells frommany other cellular

COMPOSi t i ONSto refVe @XATNARA nédpPsiic &le%?ﬁge??aggﬁlg.ﬂiﬂm‘f rﬁ? s, RLgctice to

"clean up" (renove_ras- activated neopla any "1%88ue or.
organ t r anspfoaRfa; skippmaftpaperetiicgsletells, ﬁp@ﬂs@mow QUatHodivns thenmff aleijastaed by

cel | or tissge ctxﬂtﬂﬁlcp@ﬁﬁyﬁﬁu&%r%g%ﬁy&ﬁﬁqc Yen‘l?:? cgn%ﬁeagplﬁ)r for reovirus

i s ubiquitous, and the nechani n nornma "reovirus
replication, PKR, 'is al so ubiquitous. Therefore any cell may becone a ras

activated neopl a | ible to reovir infection. O
particular int e?lteﬂgtqwﬁmﬁ }. %Q'qcﬁ]e Sasqg)l%gﬁ%ﬁ%%ﬁ"gcﬁ‘éﬂe'ﬁ?ﬁ?q‘?&dﬁf‘é‘sﬂeé’én up
whol e bl ood WEaraRgy Per be @n\’edﬁn@me@n‘an&f@mcanmmﬂxﬁaequeﬂie/drgﬁﬂﬁﬁlbtﬁison
Simlarly, t nt at.ion me i ncreasingly comon,
and i w1 e R WEAS, BbERe2S g o ThY Bkl a0 RBermber
2004 83710 P@Fﬂe(tﬁt(itb/r@@-ﬁﬂlscarcberfmmcmbxsemcbr ycaﬁteﬂ:gnecml- asdnigle,cel I's before
transpl ant at nea, raft, pancreatl C
i slet cells, d Oan}ée%Edg\?v}(égﬁpg% beq{??{ﬁg?fgr qﬁ:g}gégps ?rﬁe it anAlzheifess anpl es
" of the ti ssuesenw Sonitpalysihe mvmnomhahb&&edmleﬁtb@ﬁbrﬁﬁﬂoﬁkﬁc@ dvesh, The tissue

or organ can be autol ogous, allogeneic or xenogeneic. The ti ssue or organ
may al so be derived froma transgenic aninmal, be a tissue/organ which is

devel oped in vi t ppficaion sfmap&eédt&vemronbﬁnﬁnﬁﬂ&dQ&u% plih&ORathBE afy Ssue or
organ to be reated W.t h reﬁvl‘rus an be from an enbryonlc or adul

origin. For % gﬁﬁﬁ"&""’“ﬂ?ﬂfr"?‘b ¥harithcispyiges fagany uiposs t Bus i the e bei ng

transpl ant edxamples didcribeaabivaRie £Hplidld &84 if til f@sb@énjdfgan 1p§ot'rﬂééﬁpito¥0n can be.
used to treat gﬁnen or donor eggs ex vivo. Application o e present

i nvention i ARt ed to transplants. Rather, any cellular conpositions

can be "cleaned ugfi llﬁbstrhayfzﬂ%\ﬂertkéiteﬁ%uuﬁax tPMORSE: 2 I'ﬂkt% ofthdeohd)§  €xanpl es
descri bed above are applicable even if e tissue § San I's not neant for

t r anspl ant aCPYATEHENE Tap-agipategaeonlasie cells. Yizaim ay qell ding well be 4 gocslaf equar d

agai nst spoghafi®difor His mSAsH é&@:{ﬂa&f‘ cB6rsE, 3% A fiht YA IPImRE By hRdghd o cells.
Again, any cell line will be a good :
activation of the ras pathway.

Recently, many laboratories have been attempting to establish serially
transplantable xenografts of human prostate cancer tissue inoculated into immune-
compromised mice. However, contamination with mouse cancer cells often occurs
during the serial passage of the xenografts and these calls can eventually outgrow the
human prostate cancer cells (Gao et al., 1999), The present invention will be a simple

solution to this problem if the contaminating cancer is ras-mediated and the xenograft is

not.

The prcsent mventlon is distinct from a method of preparing viral oncolysates.
~ Tumor cells are often poor inducers of immune response and can thus escape the attack
of the immune system. Viral oncolysates, essentially virus-modified tumor cell

membranes, are used in an approach to enhance the immunogenicity of tumor cells. To
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candidate for this nethod except, of course, a cell line transforned by
means of _ activation of the ras pathway. Recently, many | aboratories have
been attenpting to establish serially transplantabl-e xehidgveafhes 2604 hunman
prost at &¥@ang¥me t i ssue i nocul ated into i nmune- conpron saeCTTCaAs/ookEwever |
contam nation with nouse cancer cells often occurs during the serial
passage of the xenografts and these calls can eventually outgrow the _ human
prost at e camepere il dreolySaes, atmarlcells 4k @djoved Fremprsabject behsiivethe ingior | 1~ be a

sinmple sol yti his. prabl.emif.the contannating cancer |j

ragP medi at gg& gﬁg t'{ we{t&ae‘r’l'%r“gt?’ “W&"Sﬁ% J.']’mfﬁ‘écq%r gh%ﬁf“f’ﬂ%é‘ﬁﬂ%ﬁe ‘isiheﬂi stinct
frgm a met ]tadniir('m‘tcrpd apasubjeot ueiarigg the mondry adtigsnunity tshrﬂifenﬁlﬁiubid sga?aso:?:t:en poor

i nducers of | e respqonse and can thus, escape_the aftac of the inmmune
systonm Vi PHTSIRIPYESCEE  ThEBEHERam ey ET T B PR A BaRbrelEacHonbr anes,
are used i fmannapRrodictdduriohediés diowTBID agaXesbdesizafiord sfmot@tss. To 21
2 Novenber 2004 .. Oé/ 83‘7),%]%% PCT/ CA01/ 00609 prepare viral oncol ysates,
tunmor cel | % é“?"é’yg\‘?- &etiPoAD- subj ect bearing the tumor, and infected
with a virus which |yses the tunor cells. The resulting substance is then

adm nistered to_a subject_bearing the tunor, and immunity is often induced
agai nst the unPRrA¥sals of Hilyenzeafme infagikd melarpms ¥phvararaimaandus i nfecti on

of tunor Cebhifani AR, ad WAL deWchstle URLAE SHLERFdHARbIRShictholm Unknown, but
"~ Virus xenogeni zation of tunor cefls may be involved (Steele, 2000).

Oncol ysat eSngHysRIes pRdacainia vis ongl wetes B el dnemised seding vadensdkmesa. and
ovarian carp} HQfe, 3nelfhbina datdMeYevtd &cggéﬁ@fﬁte}’h{rgh% ]ICQI:igﬁf'l%ggl%m on

car ci noma oncol yrsat es and vaccini a virus oncol ysate ?lave all” been used
agai nst vat¥eers Tharisalpncolsate wasadplivistersd wekld cmaeghad. iewery 2rveeeds ed ‘
oncol ysat es,.gf k&r r4gi h Sy f r viral .gncol ysate was
adm ni-stere g{\/\gél?f?/rl}tsgbé\%g%af?gﬁ&kzeg’%ﬁgfv%/igl&%kga %"gag%zt,“ agl\(/)gjr%? 3 weeks to
week 120, shuoicdyeseythg admiligration sebeduld elautdiegoanNDiVeoncolysitaiagainstcase, t he
adm ni strat.,j I NDV_aon sat e ain col orect al
cancer was E{)ﬁﬁc}i‘gt@%ngﬁﬁg&fggtgg? tvyeég&;aﬁtreﬁse“rr é}é%@d;ré %té%q%%n%s %itzﬁ%%e%at 2- week

i nt erval s jntérwhls ofudidwby bpoee twetst manthohateh (Ndratreitis( NN B Stedies1 999) The
st udi es slggé/ve% alcl 'rapi cal resgonse.ip sone ;Ratictents or. generati on of

aCt | ve | mm'nl“{ey aacglélllcnsrtesponse 1n s0Ie pauen SOr gener jOn of active imm mty agamst

tumor antigens (Steele, 2000).

~ The present invention is distinct from viral oncolysates in that it is not related to
virus-modified tumor cells. In contrast to viral oncolysates, the lysed neoplastic cells
can be, and preferably are, removed from the virus-treated cellular composition without
- affecting the efficacy of the present invention. Furthermore, viral oncolysates are
* prepared using mostly tumor cells, whereas the mixed cellular composigion in the
present invention preferably. contains less than 60% neoplastic cells, more preferébly
less than 40%, still more prcferably less than 20%, and most preferably less than 10%

neoplastic cells.
2. Other viruses which selectively kill ras-activated neoplastic cells

Normally, when virus enters a cell, double stranded RNA Kinase (PKR)V is

activated and blocks protein synthesis, and the virus can not réplicate in this cell. Some
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tunor antigens (St eel e, 2000). The present invention is disti nct fromviral

oncolysates in that . it is not related to virus-nodified tunor cellzl I n
contrast & ¥irds3o oncol ysates, the |ysed neeplastic cel I&Ng ey @004nd_ -
preferably are, renoved fromthe virus-treated cellular co gl %%\n t hout

affecting the efficacy of the present invention. Furthernore, viral

oncol ysates {frfkes Hﬁﬁ%@ﬁ&bekl%'s?ﬁcmtlblﬁn PRI $Rbl e v 6@ s thesm

cellular composition i'n the gr esent 1 nvention pre ergy@ con%’al ns ess t han
60% neopl ast Well @ Viry repkisationp Fer exambleyadenadms miakes aliorge asatamhtlof aomell pr ef er abl y

hs, toan 20%areh MR, RUATBUARRY o iSie LR o REQBLARILE B R Ty 2

Ot her viruses wh ectivel ras-ac neo
Nor mal |y, whegmpdtitigs “elhttl@r@ub!e@@aﬂded EH&HH@M}\&lmdtedorRNAy Kitthage PKRKR) i s

activated ang; | the noj replicate in
this cell. Sglrrrlgé gg%%%@é@&'gx%%&o@g%%gqg6%%“&@#%%66%@5' ‘ruses have
devel oped a sstvaehKR Instbddbit seqRkiera RER iy ovirhietodi fte Javger anhovt. oC@isequeying, hesi s as
wel | as vi ra adenovi t us es.a | arge anount of
a small RNA m\?i'p%)} "&%&E%@Rt F%gt Jegdv"'euﬁgavgpiécélﬁedﬁzlbﬁr structures and
binds to PKRin conpetition with the doubl e stranded RNA (dsRNA) which
normal |y activates PKR .Since .t uires a gini ength. of dsRNA to
activate PKR VA ?a‘iﬁn\'l‘Aa YPEEne0ges ‘“’8&?5‘%%{?‘3““?91’(@{3 F%Eéaad"’q“?ll dovayiseulater s PKR
by virtue of PKRs»wttadtg'ereﬂtmhimsxﬁ) I‘[Sléd{l}ﬁl’gbhelprodtm PdsSintited)hidindRszy Wilhsth& Ot

bl ocked and 3eﬂaw rus g@ l|lcate in the g Vacci ni a virus encodes
two gene prog gwnal&orhc?[&ﬂ% the aree spbsitate gﬁﬁat'@mwté\ﬂh "di f f er ent
mechani sns. gsseddédbst@erfor RKRAURS E3lagent proidh@ds DVRBt Q8 detdtottifiGnd \F t er m nal
regi on of elF-2a, HY?G nat$ral substrate of PER, and nay act as a

pseudosubst r 3PN h&equeiteryig A B dsRINAS-s a dsRNA- bi ndi ng protein
and apparently fsmmtaﬂpmsrpgys:ﬁ.gﬁweﬁtﬁttsw g%ﬁ& K731 Qﬁcogéﬁh@?eng?réﬂulcprl Y

her pes S|nplex Vi rus V% . 134.5 encodeS t he gene p
i nf ect ed- cel I? ﬁSFeﬂtcé’]'rPr‘?&%“ 4?0@%@@%@%@%@% theragtiuirat effecss ensttedby al  ef fect s

exerted by ﬂk(ﬁTﬂ-ﬂﬂirﬁﬁiﬁﬂt@)&f‘vﬁrﬂ§eﬂ%ées\(ﬁc@éﬁe BRS09L Shit AEin0a0G V20 O that

is invol ved | n .blocking PKR activity. Thus, these viruses can successful |y
i nfect cel | sPIgFkiPBEER Beiviy- T?lvﬁatlmet‘e@swatmmcessfully infect cells without being -
‘inhibited by PKR '

As discussed above, ras-activated neoplastic cells are not subject to protein
synthesis inhibition by PKR, because ras inactivates PKR. These cells are therefore
susceptible to viral infection even if the virus does not have a PKR inhibitory system.
Accordittgly, if the PKR inhibitors in adenovirus, vaccinia virus, herpex simplex virus
or parapoxvirus off virus is mutated so as not to block PKR function anymore, the
résullting viruses do not infect normal cells due to protein synthesis inhibition by PKR,

but they replicate in ras-activated neoplastic cells which lack PKR activities.”

Accordingly, the present invention provides a method to remaove ras-activated
neoplastic cells from a mixed cellular composition by using adenovirus, vaccinia virus,
herpes simplex virus or parapoxvirus orf virus which is modified or mutated such that it
does not inhibit PKR function. The modified or mutated virus selectively replicate in

ras-activated neoplastic cells while normai cells are resistant. Preferably the

e
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As di scussed above, ras-activated neoplastic cells are not subject to
protein synthesis inhibition by PKR because ras inactivates PKR These
cells are therefore susceptible to viral #&nfection ever? NevamkerZ0R4is. .does
not have¥@OPRRIY nhi bitory system Accordingly, if the PKRGTEAGI/A0609s in
‘adenovirus, vaccinia virus, herpex sinplex virus or parapoxvirus orf virus
I's nmutated so as not to bl ock PKR function _anynore, the resulting viduses
do not i nf @dENONBESiamMugated ig the WAL seaipng theivacadnia visessis avtad ipithg BH-py PER  but
they repli gadsgr E5L Fc%ﬁmi%h& h%’nﬁ&seéilmﬁl@Q RIS nfatR&d thShe MO dnd Chad KR

activities.' Accordingly, the present invention provides a nethod to renove
ras-act i vatPa@poxyyp pe¥irpeisaitated mikhOY 20k gancia thig pmbodimamosi t i on by usi ng
adenovirus, vaccinia virus, herpes sinplex virus or parapoxvirus orf virus
which is nodified or nmutated such that it does not inhibit PKR function.
The nodified or Thevimsesican heurodsfeddens mujated accerdingda the knawn sapctaret | vat ed

neopl asti c . | . . -t eg f the 23 2
Noverper 2085 b SHengul B SRR RbRar EurbaRple A L BRI 1T 525
regi on, t heermramat ragica of iE3psoteis interncts sathitlre dabwxK3rminah oiigem déBlair &fgi on, t he
herpes si MpLeX YiLEus 1S, FR- L £ =34 € d the ~.parapoxvirus
orf virus iIs ﬁﬂ%‘g{%ﬂdoripr?"{%%f#@'ts Jg%’g’r?é" l?)r ﬁv%ﬁﬁﬁﬂgl’r%gﬁﬁnﬁ%%@%&vi ruses
can be nodial.j E920199811%96 s8hagret al. di998; Randroet kind@H8)s (The &3lurgene 6funct i on
" relationship of. the viral Rinhihitors. anple, sipge the am no
ormi nal - r aBiegie S gefits RS potiopuese o PRE, TESEH Blocs oPBRRISHE *egi on
domai n of nkidiondethed K8D. By ejtladr dundmingbi Wynplading poise maamiond withtyvmatss anti - PKR
function (Chang,et . al 992, 1993 1995; Sharp et _al. 998;. Romano et
al ., 1998) * IR%'E'f’@@%@%f’m%i‘ewﬁlO&f’\lﬁ P @d@s%kslféﬁ %%a'aosubst rate
of PKR .Th@K® infiibRofyQGvief (KawagikhidlobaashpdtiaDnioery. hi n K3L. By either
truncating or by placing point nutations within the C term nal portion of
K3L protein, homol ogous to residues 79 to 83 in elF-2a abolish PKR

i nhi bi t ory 3act i wifuYes(chaVing hiir sifphaya Pehestr t@her,su%@@szam refited\dehdises carrying
t unor- suppressor genes or tunor suppressor related genes In another aspect
of this invention, the virus selectively kills neoplastic cells by

carrying a tunDiy siHk egeetiof 8 Bveriioh, 18X Kl Blecth2y kifls ReopBistidideRt by UMOr
suppressor which inhibits uncontrolled proliferation of normal cells.

However, aSFrORE AtHmeorupRIesseechs-| Far grapricpdv ds acdllyle tuma spppyessemai red p53
and prol i f ghattSnhiBitéhcURCAIM pRIF&Skion of normal cells. However, approximate half

of all tumors have a functionally impaired p53 and proliferate in an uncontrolled
manner. Therefore, a virus which expresses the wild type p53 gene can selectively kill
the neoplastic cells which become neoplastic due to inactivation of the p53 gene
product. Such a virus has been constructed and shown to induce apoptosis in cancer

cells that express mutant p53 (Blagosklonny et al., 1996).

~ A similar approach involves viral inhibitors of tumior suppressors. For example,
certain adenovirus, SV40 and human papilloma virus include proteins which inactivate -
- p53, thereby allowing their own rep]icﬁtidn (Nemunaitis 1999). For adenovirus |
serotype 5, this protein is a 55 Kd protein encoded by the E1B region. If the EIB
. region encoding this 55kd protein is deleted, as in the ONYX-015 virus (Bischoff et al, |
1996; Heise et al., 2000; WO 94/18992), the 55 kd p53 inhibitor is no longer present.

As a result, Qhen ONYX-015 entess a normal cell, p53 functions to suppress cell -
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manner. - Therefore, a virus which expresses the wild type p53 gehe .can
selectively kill the neoplastic cells which becone neoplastic due to

i nacti vat 3 dfz-fghe P53 gene product. Such-a virus-has d %ﬁpﬂﬁcted
and shown to ?Jndiui]e apoptosis in cancer cells that expres '?06?)953

(Bl agoskl onny et al., 1996). A simlar approach involves viral inhibitors

of tunor s Uppfoﬁﬁa‘iﬁfoﬁ as WRll aS ¥R R pficaticn SWiich RIigdG QY| En{_l)@l?a'r Pﬁyjtl&%tmd human

papi |l | oma virus incl udeﬁgrotel ns whi ch inactivate y al | owi'ng
their own repRFiagryoRhqraders, QRIYX- 9151%9)10trﬂdncatademmatmls Settetope 5, this

protein is anga KheBHIR BUSRAP %%g mHEHSO%%Ig}IIQSG ELP region

. encoding this 55 kd protein is as I nft viTus (Bischoff
et al, 1996¢vepppHpcanse tie cell ROlD: Aw@mm&ﬁ@@)qs cambe E@dktﬂseﬂﬁﬂvelylhl bi tor is

no | onger pr S nor mal
functi ons toﬁzﬁg%?de@zmgee if%séé%'ﬂW%@f%%%w %fﬁ '6‘6"6?5’5“’8?@ f‘ér at| on
as wel | as vparean of eplinanaskilh in theit cin alsd ingtsteand tisepoeat pso mmuimnganéaf ative

machi nery. TRErekaLs, ora}lxc ce% ﬁ?&ﬁ (Po csta%?&cégéc B%Q?sz%{(’itnﬁ%ﬁsﬁl LS. On the.

ot her hand, 1n neopl as TG B x- 015 can
replicate anvirsesart uaﬂﬁhiyn dmpwcmhmﬂmdltd) renovel héoplAae estld ol pixed BélRlati 1 us can
be used to sg&&cﬂ%; vely infect and renove p53-deficient neoplastic cells
froma mxed AT U Y conposition. A person of ordinary skill in the art

" can al so nut-at e afabtichr sxanple ishb:]bﬁ&24lﬂhﬁsb.vﬁlﬂflsgeﬁlﬁadt@den@di@ﬁhft‘éh’ﬁriﬂg ad or

ot her viruse accordl i shed. t echni nd the resulting
viruses are %se upalfﬂeq%}?é' "bﬁ‘@st@%tmﬁlg? JaYe e 3 ?gﬁﬁ@a -ﬁlé%‘fﬁﬁ'é?gt'ﬁ "GSRS’BF'PE’ from
m xed cel | ul ﬁ)r bmdmmb@ﬁzbtcbmﬂﬁ :uxﬁm—mpﬂsregsomml 1ﬁh1bﬁmF Re faﬂzltlBﬁaﬂeré’B)f us which
is a mutant enov %hl?a” a 24 base pair deletion in the El A region

(Fueyo et aL ?’O’fﬁ) e At x fvejraachipeny oandihsnee igie repligatiogtopepcestking el | ul ar

t unor suppr eﬁﬁtﬁkoﬂfhll@ﬂ ¢hshioh) Dhl‘imglamdéclélﬁﬁ% te Rbtﬂ?ﬁfn%jééglotﬂ |ahcpﬂ\$e? Qoép ch oed
| catl on (0]

cel lular praol.i %{fgﬂ[}ﬂcm ner?/ and hence virus re

in an uncontE'F f"l@ﬂ Porreplisatienoifhe mutant %P&‘P'@h“?%ﬁ%‘"ﬁb‘oﬁﬂﬂdl ng

regi on and degs HyMeverDif R® it RaddvaredRRL AE @éllebec&%@i ﬁe%ﬁfa&t?:nDQlft 2t4|?§ncmlt ant

Vi rus. |S|nh|b|tedb Rb in a nornal R% I nacti vat ed

and the cell mewﬁesﬁr%ﬂ%muwwwpll@atwfﬁqlmg@nd lYﬁ¢ﬂtb¢Rbd | nst ead,

the mutant Viefidfnt 68ll.1 K@k tiglikisGi SMckive ﬁnﬂedpﬁﬁéccﬁ@@ncmn vdaldazbent cell.
Again, this virus_is selective for neoplastic cells and can be used to
purge mixed cellular compositions and remove Rb-deficient cells.

4, Other viruses

Vesicular stomatitis virus (VSV) selectively kills neoplastic cells in the
presence of interferon. Interferons are circulating factors which bind to cell surface
receptors which ultimately lead to both an antiviral response and an induction of
‘growth inhibitory and/or 'apoptotic s‘ignals in the target cells. Although interferons can
-theoretically be used to inhibit proliferation of tumor cells, this attcmp.t has not been
very successful because of tumor-specific mutations of members of the interferon k

pathway.

However, by disrupting the interferon pathway to avoid growth inhibition

exerted by interferon, tumor cells may simultaneously compromise their anti-viral
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purge m xed cellular conpositions and renpve Ro-deficient cells. .4.. Qther
viruses Vesicular stomatitis virus (VSV) selectively kills neoplastic cells
in the presence of interferon. Interferons are circul at? Ngvénaerd084whi ch
bi nd to Welo/831nface receptors which ultimtely |ead to mot/bAemosnd i vir al
response and an induction of growth inhibitory and/or apoptotic signals in
the target cells. Although interferons can* theoretically be used to-.

i nhi bit pr okspopseatindaeddf hasibeer showh Ity VSNi.&latvbbptpﬂ, nms'vmﬁnsbﬁm very

L pessT Ul SRS BURy Motk HEPh SRRl s Callt] SEAGIR BholEITHRLS mgheoﬁﬁrgsegggmf eron

pat hway. Ho nterferon path
i nhi bition ofemaenfareni \tiy!cmnhmlﬁmmmpnmmell cwhirs wmg/ammfmﬂy

conprom se .t ant i nb 004 V\D 01/83710
pCT! CADL 0dRGE PR A R Ein e sy e sl e Al Mk Mgl oped,
negat i ve- sedrsenghBcutimeoushurami kiynomapkenagrifedSiojdl anal., Roddyed a variety of
human tunor cell lines in the presence of interferon, while normal human
primary cell cultures were apparently protected by interferon. An

i ntratunoral i njﬁfcebﬂdafgl}oin z\ﬁS\heﬁbxﬁbbdirﬁawaetﬁebwmﬁ ittt Vel inusta (g1 ce
beari ng subcut aneOUfaﬁ r’rﬁn el ano xeno rafts, (Stojdl et al., 2000)
Accor di ngl Y*MPYF 418 ﬁ{{%‘larfﬁ’l’f titulap "ER‘E%‘@H'E" ﬁhﬁv@ﬁ‘?’}%ﬁf VSV is used to

renove neoph@ftio. Mrédvef, itQftehtdiplREH B! chiv ecmmqménheﬁlbé Bppife@ tpr esence
~of interferon. Mdreover, it is contenplated that this asgect of the

i nvent i on 78Y SRT Interferon-seasiliveyips (WIOR%§789) Rargely 3 virhs whigh daes oo
99/18799) , BAPRe)n 8 nYirhdi eI thdlprRas: d?%ter‘i"&&l@ ?gr:ﬁa #r ﬁnﬁ}ﬁﬁéﬁl&ntﬁ%dl in the

presence of interferons. Such a virus nay nt | y gromng a
cul ture of Bydreming @spiare 0&mﬁrab@qllﬁ,g=0tzth@ngmhqmterwwnmﬁhc migusdfrintsrestini nt er est

in the pr Qﬁ@@% ?é t@ﬁrﬁ&%ﬁ oo bt GHiForRd! :ghr?@&éx{n%: ﬁm %&%@r g term ning

t he percentag Ing after a perio |ncu er-abl vy,
| ess t han 2§%slhioHing af@é# periadof ujchbation. Breterabdy, éeSprfeﬁéG%bioyxpallceﬁszst han 10%i s

killed. It H‘eﬁ a%&@gx%l'e%bﬁ){ % feve %Qy@né@ge of the fact that sone

neopl astic cells expr an enzynme and construct a virus
which is dependent on this enzyme. For exanple, ribonucleotide reductase is

abundant in i V&is Ikb ﬁﬁgsﬂﬁeet% tgl&tad%(ﬁ@a g 3 Ith fz{l?{hnpsome neoplastic cells express

high levels of an enzyme and construct a virus which is dependent on this enzyme. For
example, ribonucleotide reductase is abundant in liver metastases but scarce in normal
liver. Therefore, a herpes simplex virus 1 (HSV-1) mulaﬁt which is defective in
ribonucleotide reductase expression, hrR3, was shown to replicate in colon carcinoma

cells but not normal liver cells (Yoon et al., 2000).

In addition to the viruses discussed above, a variety of other viruses have been
associ_atéd with tumor killing, although the underlying mechanism is not always clear.
Newcastle disease virus (NDV) replicatcs preferentially in malignant cells, and the
most commonly used strain is 73-T (Rcichérd et al.; 1992; Zorn et al, 1994; Bar-Eli et
al, 1996). Clinical antitumor activiti'es wherein NDV reduced tumor burden after
intratumor inoculation were also observed in a variety of tamors, including cervical,

" - colorectal, pancreas, gastric, melanoma and renal cancer (WO 94/25627; Nemunaitis,
1999). Therefore, NDV can be used to remove neoplastic cells frorﬁ a mixed cellular

composition.. =
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l'iver. Therefore, a herpes sinplex virus |I (HSV-1) nutant which is
defective in ribonucleotide reductase expression, hrR3, was shown to
replicatewdop@pn carcinoma cells but not ®wormal |iver 2 W, ‘é t..al.
2000). In addition to the viruses discussed above, a vari eg e‘mﬁﬂ; §
Vviruses have been associated with tunor killing, although the under | yi ng
mechani smis not always clear. Newcastle disease virus (NDV) replicates
preferentially in malignant cells, and the nost commonly used strain is
73-T (Rei chard et Mgreover yapsiniaxifus Peapaggted in soueral ymglignagt jumer celblines.1 996) .

Cini cal ant ightdPRaIiRGHuY Wab S wWEhSeRn Nﬁl\éxﬁﬁ%%&%amée {M oftfatubs, &

i ntratunor inocul ation were al so observed 1n a vari et tunors, "i ncl udi ng
cervical, c&hotieryatipn meyhe Fegaised lgaeduet its mfpen'atyomom celsn Alumancer (WO
94125627, NeRhakibh Rave bhEP scriok £10% DS

neopl astic cel l rozrlr\{ca m xed cell ular Ba‘!:"g%%*g??‘? gﬁh Hérggs %R%eb% 10 2 N
t"Z61 JOO6t 9 Virngidlygrga, varigeld, m@nmsleawqm(ﬁpagmm seqNsmueaitd, m%m gnant
tumor cell | 'AQ@&d:ng@&gm%odg aéclgéeﬁll@reiﬁaa%d%égg e:[vaeh hSwh i &‘gc}% %t i c ..e\f fect
in a nouse sarcona tunor, tenuati on nmay bé req arred educe its

i nfectivity skillebartisan C@etelslsthe ahilny rof theggredsr mmshsawesdeaenl)deﬂ@mﬁmdci n tunor
patients inf h titis | Iuenza

varicel | a, aﬁ@is a}q&e@ J\%‘?’F ggﬁl(:ﬁ 9%32&}1 g\?%ge% o 5%’5”&8?&?:1??? F‘g 's ToghY )

Accor di ng t ontikeal celitimousnpdsiiod ofSetdrelster ei n and techni ques. wel | known in the
art, a skilled artisan can test the ability of these or other viruses to

selectively kill neoplastic cells in order to decide which virus can be
used to renpde neRphoawl bfvinetd Aief viamt@atmemt xed cel | ul ar conposi tion of
interest.. . 4. Renoval of viruses after virus treatnment Although the virus

used in the present invention does not replicate in normal . cells, it may

be desired to rennum)dghehewm:usscﬂl‘mﬂfeptdsemsdvlaandnhlﬁeyhdt%plfcﬁte% ﬁﬂnﬁﬁ' | ul ar
conposi tion. reovirus.i s, hot_ associ at ed with any known

Y
di sease, but® E it HW EEQCWB? I empEche ¥ins Rrgr fosmgthg virysdrsated GHBNE | nmune

systens are veagRnRd. BoceamplecREWRIHEFARKcdBE WRh AhPkndvn iRV, bikSt i S used
to treat a corrggsmlon Cﬁg{gl’l sing hematopoietic stemcells which wll

subsequent | y™3¢ °¢ Mersiffeshewde f"ﬁ'c%f PRHFESYhosaimBhte system g wrakengd dB% ' emoved
prior to tradkmcikbidyl Theford, ife®Btul W REd LARROSIHN fBition comprising '

hematopoietic stem cells which will subsequently be transplanted to a cancer patient,

reovirus can be removed prior to transplantation of the cellular composition.

Accordingly, in another embodiment of this invention, the celtular compositions
which have been treated with a virus are frozen in a solution containing DMSO and
thawed prior to transplantation. While DMSO is routinely used to freeze and store
animal cells, it denatures viruses, thereby removing infeciious virus from the stem cell
preparation. This reduces the risk that the virus may cause undesired infcctiohs thn it

is introduced into the transplant recipient via stem cell transplantation.

In another embodiment, the virus-treated cell compositions are treated with
specific antibodies against the particular virus or a combination of the speciﬁc
antibodies and complements in order to inactivate or lyse the virus. Alternatively or

additionally, specific antibodies which recognize a molecule on the surface of the
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Accordi ngly, in another enbodi nent of this invention, the cellular
conpositions which have been treated with a virus are frozen in a solution
cont ai ni ng DMBO and thawed prior to transplantation. W2 NeveDsD2084 .. . --
routi nel¥O#¥8H 190 freeze and store aninmal cells, it denaRCK/Es0MINGUSES,

t hereby renoving infectious virus fromthe stemcell preparation. This
reduces the rjsk that the virus may cause undesired infections when it is
i nt r oduced PRRHCEIAF Mg TpayReIsathic TemeYihe Miruspagtidesdrame el vires-reased elipleri on. | n
anot her enkedipbRiAén. THHS, e AdibolitE Ak GHmEBiked 8 TG, BOSs Bf SRt ed with
specific antibodi es against the particular virus or a co |r¥at|on of the
specific dPRSTIRO AT dayicgkaowe ipthe agthe callylapeorapositioniinepplicd tetthe or | yse t he
virus. At TRVA= JAVARYATGTRR-Ya o IR oY t | which recogni ze
2 ol ecul o Pl AR il ing BOE e cRRRER0h SR oA BRI 16

PCT/ CAO1/ 0@8tbpdingris ¢aigrtad agrordins weaprénedurs suitable foethe perticiar methodopar ti cl es
fromthe Vi'ﬁ-Mﬁ)bﬁ{zE&f ed cellular conposition. Thus, the antibodies are

i mobi i zed 10 & co um, beads or any other material or device known in

the art, the cellular conposition is applied to the imobilzed antibodi es,

and the part of LkEon ich es not . bind to the antibodies is
col l ected accor éﬁ%g‘ef%%ggﬁ %‘é"g u%cs ﬁ?ﬁgﬁ?néo‘feoﬂr’c the ft[)oé? Y'f‘i:sﬁtfeéfedrret hod of
i robi | i zatrhiemre brosubiEct the hiixidrenh b gradieny whieh sqachtdsaeliefim ehed s ndus from

virus-treate I Xture |S to su ct the mxture to a gradi ent which
separ at es ggﬁffcé[I}F?]Wﬁﬁéeco\?}al"ﬂfso,"watﬁﬁc‘é‘%l lect the layer that contains only

the cells. In another enbodinent, the transplant recipient is given
treatnments to stinulate tc?e ir’rmune Séstemin order to reduce the risk of
virus infection™FHHEr ERRAPMER: RIPNPLA ISEIPIES IfEvep tegimepts to stimulate

cont enpor ankoitihyhe\wlyéibim i06rdad theédutd e riklRBSEhR RMfBEIAN ThiRWeainfenPie 86 abl y
performed prior to the transplantation. As_an alternpative treatnent -or in
conj unct i or?c{)fﬁ_’rt“ﬁd_tﬂﬁ’é” f%@“@@?@?ﬁl%ﬂ‘maﬁ?ﬁ‘% H@‘S_E”é‘ﬁ‘iab?‘kﬁt“ I8an be given
specific gnifelanipeFo@aiphint td e rRRplhGbRIA VAT HErHalvOhdBhedt Or lneduce the’
ri sk of virus_inrection. Conposition The present invention provides a
conposi t i ofFONAPLIPREthihe arwe Sy§temFHEEnt. fg recipiPxcan begiven specifisnposi tion to
Vi rus treatiBiidiedhgsiaithd Betictldr Yiud 8ot B leBuRURSHA Ytiviths inkdchibh.ng -of the
neopl astic cells contained in this cellular conposition. This conposition

Composition

The present invention pfovidcs a composition which is prepared by subjecting a
mixed cellular composition to virus treatment wherein the virus results in substantial
killing of the neoplastic cells contained in this cellular composition. This composition
is not a viral oncolysate. A viral oncolysate is the composition resulting from oncolysis
of tumor cells by a vims, contéining as the active component virus-modified tumor cell
membranes. In the present invention, by contrast, the active components in a virus-

treated cellular composition are the surviving non-neoplastic cells,

Kit
All the viruses discussed above can be used to purge mixed cellular _
. compositions which may contain hebplastid cells. I desired, it mﬂy’ be determined first
which virus or-viruses can be used to ﬁurge the particular cellular composition. For

example, when the mixed cellular composition comprises hematopoietic stem cells -
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is not a viral oncolysate. A viral oncolysate is the conposition resulting
fromoncolysis of tunor cells by a virus, containing as the active
conponent ywy gsfpedi fied tumor cell nenbramses. In the. pe %ﬁ'ﬁ%rﬁﬂ@ tion,

by contrast, the active conponents in a virus- treated cel Pal’&p0¥ osition
are the surviving non-neoplastic cells. Kit Al the viruses d| scussed above

can be used ‘bHQaiptd ﬂ@m g‘cﬁﬁ@r ﬁ:ﬁdehluli ﬁfogs cc'aht];ér I%Fvﬁhr&:@ e n teaan T

neopl astic cells. If desired et erm ne ViTus™.
or-viruses c%ﬂ%éﬂtbs'é&r%vag@ den‘empiamhlqiwnw caredfficienty lobmnmsmrteron For

exanpl e, whepih hé‘hﬁﬁ%&ﬁx‘ &%? 688‘22%9?%'*'9'93‘8 985 Lgmat opoi etic stem

tain rom a“cancer patient, a
bi opsy of the cancer can be harvested in advance and tested with different

viruses to deter ”Aﬁl%ré us,ghthghﬁ%%c%ﬁln?reffl énf" %’fé‘tm o ‘gﬂﬁﬁ?%‘g&*?“ O(ij.el | s.

The virus can then d to purge
Al ternati vel yiraseseitriok St (mfbrtrmhag thc(afmae.y d:f eaa:hv*rm)s Becdrdinglye thisinbdntian

cockt a! | of pr%kldgssaeﬁt (YHH%[HI%IH% a Fﬁr&u\s;xtogglergsef\:ré mltF d rtr%{ll ?gﬁ?\%f acabg m?ﬁwig%%gl \r/:J; g: '

Accordi ngly, I'sS 1 nvention es a Ki
wi th differ effor oramplegthe &fipiaygospinotdiins Foress-actifned moplmiccells hgpski L may

contain reovjrus _.for. ated n | as l1s, a pb3 expressing
virus for %‘P deffer é‘fff‘s rn%@p*ﬁ???@"ﬁ@?ﬁpg celiﬁeﬁ?*&%ﬂ ferdyb deficicat neoplastic

" neopl ast i c mﬁhl@yxmyx@@wdémmrpasomm cdIRNesioRaPiGaitit viRk ks, vesi cul ar
stomatitis vi nterferon resistant pl astic cells, or subsets

ru
thereof. Th& “f%ﬂ"d%‘sﬁadné‘?@ figeel lér‘ﬁ%‘?#"ér"@&m?o illustrate this invention
and are not to be construed in any way as limting the scope.of the
present inventi 03%1 E MPLES In the exanples below, the follow ng

abbr evi ati ons ha igg PX3IPlRS aFretivradge ITuaats Bs myensing awé)@reeretftpﬂved have

their gener 3¢ann&ﬁ@I€ﬂinda}r@&ﬂhﬁlﬁ§me&Gpcoﬂﬁgbﬁ?engmvéﬁtﬂﬁ hr = hour mn.
m nut e pM_mcromlar mm m | |1 ol ar M =" nol ar

EXAMPLES
In the examples below, the following abbreviations have the following

meanings. Abbreviations not defined have their generally accepted meanings.

°c = degree Celsius
hr = hour
min = minute
pM = micromolar
mM = millimolar
M = molar
ml = milliliter
1 = mictoliter
mg = milligram
ng = microgram
PAGE = polyacrylamide gel electrophoresis
Ipm ' = revolutions per minute
FBS = fetal bovine serum
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m = mltliliter | = mcroliter ng mlligram |IT = m crogram PAGE =

pol yacryl am de gel electrophoresis rpm= revolutions per mnute FBS fetal
bovi ne serum 2 Novenber 2004 29 .2 Noverber.20Q4 WO 01/ 8@7MNaveptirr €POA/ 00699
DIT = diwlidessipet ol SDS = sodi um dodecyl sulfate PBS @hospims®
.buffered saline DMEM = Dul becco's nodi fied Eagle's nedium a-MEM =

a-nodi fied Eagle's nedium J-ME = P-nercaptoethanol MJ nultiplicity. .of
infection PFU RTgue forsi ng dithiatlgieRKR doubl e- st randed RNA acti vat ed
protei n ki nase epi der gl [0 PDG- = pl atel et derived
growt h factor S%ggt d|rns‘thylms%‘?'ufjgoA,M((gecy E%@/topathlc effect GCSF =

granul ocyte col &Bp stlnulatlngmqua@muﬁmadBMEEl Reovi rus induced oncol ysis
and apoptosis i st cancer |1s. To r he effect of reovirus on
t he vloagl lity oﬁbl\ﬁ% pl astTc ce]?lfq ccc\of\%mf’ﬁhfg'%ﬁ %]15%5‘3 ¥ifee breast cancer nodel
systens, MCF7 ( AIMEMunbes FWB#&B&&k&I&ﬁ%knﬁéﬁﬁIInunber HTB- 30) and MDA MB
468 ( ATCC nunber B 132). s of -ea cell line were grown to 50-60%
confl uency and PA¥Ected with re%ﬁ??ﬂgméngtype 3, strain Dearing, at a

mul tiplicity of MOI ection=of 4fultifeityiof ihfectids obt ai ned and nai ntai ned as
described in U.;FUPatent No. 6,136,307. Reovirus infected and non-infected

cell s were plaque forming units
'PKR = double-stranded RNA activated protein kinase
EGF = epidermal growth factor |
PDGF = platelet derived growth factor
DMSQO= dimethylsulfoxide
CPE = cytopathic effect
GCSF = granulocyte colony stimulating factor

Example1 Reovirns induced oncolysis and apoptosis in breast cancer cells

To determine the effect of reovirus on the viability of neoplastic cells, we first
used three breast cancer model systems, MCF7 (ATCC number HTB-22), SKBR3
(ATCC number HTB-30) and MDA MB 4687 (ATCC number HTB 132). Cells of each
cell line were grown to 50-60% confluency and infected with reovirus serotype 3, strain
Dearing, at a muttiplicity of infection of 40. Reovirus was obtained and maintained as
described in U.S. Patent No. 6,136,307. Reovirus infected and non-infected cells were

harvested at 0, 24, 48 and 72 hours after infection and the viability was determined.

The results are shown in Fi;gures IA-1D. Viable cell count in reovirus-infected
MCF7 (Figure 1A), SKBR3 (Figure 1B) or MDA MB 468 cells (Figure l‘C) dropped
significantly after the infection, while the cells infected with dead virus or no virus
~ - proliferated as expected. Reovirus treatment éauséd MCF7 (Figure 1D) and SKBR3
viability to drop from 93% to 16% by fZ hours.after infection. In MDA MB 468 celis,
virus treated imaét cell numbers dropped to 12.7%, 8.8% and 3.6% of the original cel}--
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harvested at 0, 24, 48 and 72 hours after infection and the viabil.ity was
determ ned. The results are shown in Figures | A-1D. Viable cell cognt in
reovirus-wdegiesh MCF7 (Figure | A), SKBR3-(Figure | :B)2 WB g

cells (Figure | C) dropped significantly after the mfec??‘(%)n A\?\% 96
cells infected with dead virus or no virus proliferated as expected

ReOVi rus tr eabum)tespartisdy, aMEK, 48 (i gyﬁ&:rslﬂerﬁﬂé!:u%%s Péb%%s'éa{a gt 0 drap
from93%to 16% by 72 hours- after infection. A MB 468 ce ViT-us
treated int altcousiye % ally thege ddngs BcaIIQCl’WUS 8 8% and 3. 6% of the ori gi nal
cel P, 30 WO 01/83710 2 NCT AO01 00 4 counts, respectively, at 24, 48 and 72
- hours after .infection., Thus, reovirus caused oncol ysi s effici ently in all
three kinds of ca?i'afé‘relleélmibyamve)seeﬂ‘mcdlae@tw gt swhsis CPEpAcadximpopt ot i ¢
mar kers such JE R 1488 n% gbserved in a
time course ;\)/Za?lal | el lto t ceulg(\:%gg%e A@ﬁggﬂr&gpapﬁéi t%utpﬂe% “TROE show t he
per cent age of1abyy. thigigeasfi-26isbow (i aer@)tage q&@Mfmgmersatmnrﬁmgmz D) or

APQ2. 7+ cel | gq N fection. The
Feovi Tus. 1 eared et (EbPAEOLTTEIPEHEE) A RO andiPeibr o eve

conpared to fistine Theraevios trd@esdcaﬂnspdsblmdraths:ghsof ai:eptonshlrzadmmgnd laadl
reovirus mdw&% t se three.cell |ines, tosis in
the controls seene rcﬂg% n??é@%gg%egh L'V'?sf/\c]o“{g& dﬁ“‘f’?ﬁ@“%‘%ﬁ"’“‘ﬁr‘%@ﬁﬁ‘?y because
" cell's began 2ppptiisis immibef !hMWrbm@llgmemmgopmsxsdemeebmroid:'seampdl&nBcrE@éVi rus

sel ectivel el esi s in.cancer,.ce not CD34+ stem
cells For %luér tgﬂwlk)hﬁgg&so‘%&] O%X % Ve e ]In l?eﬁ?‘b@tq'%\‘i}’ed‘fm EO¥RI0s 35S

| abel i ng/ SDHA¢PAEHE of vi ral prot e| ns was undertaken. Viral protein synthesis
was evident after 1-2 days in MCF7 cells infected with reovirus, while
cellular -protein synthesis decreased at the sane tine, indicating that
reovi rus hadExiakple 20V Reovias sebeetivaly mmmahiraernysynmwié«ird@d&eﬁéén%ui nfection,

no protein synthesi's co cted ‘anynore, suggesting that all the
cell's had been killed™ ?hﬁpﬁgﬂ%ﬁ%rol experi nents where cells were :

infected with dead reovirus or no virus, there was no viral protein

synt hesi s, V\/ner | 1 ul rot ei n. synthesis was at the normal level. In
contrast, 35S Ia glebﬁ‘m" ﬂecnvﬁf’g?h“&fé‘?}%Ofﬁa’Fﬁ'ECeB%es%nce or absence of

reovirus shomaamgxsmmamE Bf Gk prbteif)s RAGdraka) Vital protdlR Wihdfshils t he

addi ti on of VI refor reovirus sel ectivel
ev: nt aftcr 1 % days in MCF7 cells infected with reov;rusywhile celinlar protein

synthesis decreased at the same time, indicating that reovirus had taken over the
cellular machinery. At 4 days after infection, no protein synthesis could be detected
anymore, suggesting that all the cells had been kitled. In the-control experiments where
cells were infected with dead reovirus or no virus, there was no viral protein synthesis,-
whereas cellular protein synthesis was at the normal level. In contrast, 333 labeling of
CD34+- stem cells in the presence or absence of reovirus showed no viral protein
'synthesis up to 72 hours after the addition of virus. Therefore, reovirus selectively
infect MCF7 cells but not CD34" stem cells.

Example3  Reovirus treatment neither inhibited cell proliferation nor altered

differentiation potential of CD34" cells
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I nfect MCF7 cells but not CD34 stemcells. Exanple 3 Reovirus treatnent
neither inhibited cell proliferation nor altered .differentiation potential
of CD3' W Hf?s? 2 Novenber 2004 WD 011837t0. PCT/ CA01/ GOBOo@rke2084 ent 3>
with the g 4% synthesis results, viable cell count indiCAEAM/Q082%
reovirus treatnent did not decrease the nunber of viable cells in CD34+

t he number of

cells (Figure dto
Gt Gel s vasCaiiin SRSy Aea Raflso il 80 flnbindidaiel el | e
questi on V\/lnmvhestremmtrdusnomHmdtmhembﬁtcﬁmab&lceuﬁ ikC034" sliemigat! s to

differentiate into all the hemato 00 etic lineages in. the appropriate
. proporti on%‘é's]al ngpsarem@eﬂqénrgag ieow rus treated stemcells would not be
a good candi date for the reconst itution of the whol e hemat opoi eti-c system

To investi gate OSSI | 4+ cel|s were incupated with reovirus
for 5 “5a 28" oVl Boiuberob Ehag: clamgs Srpiieci LBy FeayE iRt AR E rovad and

the cells \ﬁaﬁaﬁnddllthéléﬁdtuﬂﬂdhdﬁw:'&éﬂ%ﬁﬁls dhanded AR pdiBliaPof OD344erfladig 4 0 al | ow

colonies to_form was examned to determne if it beI ongs to

the granul Stf{ﬁf‘é'“a'ér'w HF(S‘FH‘B"BFOPQF%U'F?G&%&*B therapprOPHRtE PRROFiN fhis

megakar y oc ¥ag ilelcBRAABvird\Strealta R &ufweﬂa%ﬁ%a sdoRahrsilides fdripat ed with live
virus (LV) yielded simlar nunbers of granulocutes (G, erythrocytes (E)

or gr anul o&Srerstigpion of Biegvheolscheastapgistic pisteark aFo/prsatigate tidEmgsibaityt he no vi r us
"~ (NV) cont r @ip34Thalsefepd ﬁcutra&wl{h%gmeﬁrrﬁeﬂ& 43%& ‘%‘2 ﬂgﬁrﬁgggﬁgﬁei}he{'

differentiation potential of rus selectively
renoved camRo¥irucwas therf emeved mdxweéleWbIGIfhlmted@odrpldmred mrfreske opdador 4 cel | s

were m xed g tbaﬁaDe&smm%&ﬂ%Jch@m @wm 5&&%&8#@%& e ell&]f ghion to

investigate 1'f reovirus can selectively renove neoplastic ce rom t he
m xed cel | dhegrargbnepesérythond, oAgraerlesyts eythoaid otacwpbager eemkagoaee or di ng to a

procedure | | 1999

D000y . vinehinERt: BY SobuARRLTRS, st S8 ELarEh wth iy JrE G mRIRR iR s

t reat ed wi nhmbapui gmmlmsti@hte,uﬂud@tdsﬁ) 6rcgrammddytmwhtmmﬂﬂcmpﬁdgbl ity, there
was a 100-f t t he nunbe of y ratin-positive MCF7 cells
while the 5%§%‘+ s?tggg tﬂ%ﬁr&senrr’ﬁl" ed mé??n] H@'crﬁﬁ?rg rco T FFEDeRI- 4C show
the purgi ng:defoteimhgoﬂaerdcffemm:usortpbtmixltufm%f:elapher esis pr oduct

Example4  Reovirus selectively removed cancer cells from a mixed cellular

composition

Neoplastic celis were mixed with apheresis product and subjected to reovirus
infection to investigate if reovirus can selectively remove neoplastic cells from the
mlxed cellular composition. Apheresis product was prepared according to a procedure
pravuous]y described (Stewart et al., 1999; Duggan et al., 2000). When admixtures of
apheresis product (90%) and MCF7 {10%) were treated with reovirus and tested daily
for cell coﬁnt and viability, there v.;as a 100-fold depletion in the numbers of
cytokeratin-positive MCF7 cells while the CD34* stem cells remained intact and viable.
Figures 4A-4C show the purging effect of reovirus to mixtures of apheresis produét

- with MCF7, SKBR3 or MDA MB 468 cells. These results demonstrate that reovirus

can selectively kill neoplastic cells in a cell mixture and leave the stem cells intact.
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wi th MCF7, SKBR3 or MDA MB 468 cells. These results denonstrate that
reovirus can selectively kill neoplastic cells in a cell mxture and | eave
the stemcells intact. 32 2 Novenber 2004 W claim 1. A Netanhker@d04
preparing a cellular conposition for transplantation into a recipient, said
met hod conprising the steps of. (a) contacting a m xed cellular conposition
in vitro w t®egle®rus under conditions which result in substantial killing
of neoplastic cells so as to selectively renove neoplastic cells fromthe
m xed cel lul ar conposition; and (b) collecting the treated cellular

conposi tion; Wwher é methodef Rrpnapeg 4 celludps pesppwtipniier drmspldatign tes receminst $1id ng  of
reoviruses, vacci i@ yidipags: @i s @ mutation in the K3L or E3L genes,

her pes sinplex viruses having a fmutation in the yi34.5 gene,

par apoxvi ruses having eontagting inined FeblulpdrompdgRion @lvitgewitk 2 vingpokdenowudiiasses havi ng
a nmutation in the VA 1./ £ - LUl (A Vi ruses
(VSV), herpes sinplex v?ﬁiéggnleEEC%?@gmg%ﬁﬁ@%g%ﬂkgﬁéggg%%£%%lease Vi ruses,
her pes zoster viruses, remepatepldstc oglly fpmete mixpd delldmzampasitiosesl  vari cel | a

vi ruses and neasl Vi .of Claim1l wherein the m xed
cel lul ar composition cgﬂ%@?é%&gwﬁ%ﬁ%?op%ﬁ%&ﬁ%Léten1ceIIs, 3. The met hod of
C ai m 2 wherei n t Wberhie futvowos elerted Sere the genp sonbisting obeevirusds.arsoist @disssr om bone
marrow. 4. The me ' j t jeti.c stemcells have
been harvestedf%%%%ﬁﬁ%g§$gémhﬁcﬁﬁg%§%?ﬁ%%ﬁ%pggﬁgggg S%H@?%%n“?ﬁﬁmCellular
conposi ti on conpr isthenH.1 gess pagpoaviruse hgang aonutaioy inghy @VHDlafeng ti ssue or an
organ. 6. The met Qx%gnoqrfrus% I%ivnESm% 1cl;neli b, %el Itiinggr BEEne V330 aris omsateltgseCt ed
fromthe group consisting or = Ivérs Rlaney: eart, SCOt nea, "SKin, | ung,
pancreatic islet eelsks(YSHhHerpashiniplex yirpeddefedtiveinrRAPYdvoektloflisdgheaiinnges, wher ei n

the tissue, organ,or_ portion oﬂ th tissue or .organ.i useful .for

. cs ZOStf.QrI:l VIIISES, e&iitl 1S VITJSES LETLZa Vl{l.lfiI N van? a TJII'USES and measle:f' .
transpl ant ati on. ?ﬁ met hod™ of alm erern e’ celrtular conposition
conpri ses cul t ur ediruses.

2. The method of Claim 1 wherein the mixed cellular composition comprises
hematopoietic stem cells,

3. The method of Claim 2 wherein the hematopoietic stern cells have been

harvested from bone marrow.

4. The method of Claim 2 wherein the hematopoietic stem cells have been
harvested from blood.
5. . The method of Claim 1 wherein the cellular compositidn COmprises a-'tissue, an

organ or any portion of a tissue or an organ.

6. The method of Claim 5 wherein the tissue or organ is selected from the group
consisting of liver, kidney, heart, comnea, skin, lung, pancreatic islet cells, and

whole blood.

7. The methed of Claim 5 wherein the tissue, organ or portion of the tissue or
organ is useful for transplantation.

S The method of Claim 1 wherein the cellular composition comprises cultured

cells, semen or eggs..
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cells, semen or eggs.. 33 2 Novenber 2004 9.- The nethod of Caiml wherein
the virus is a replication conpetent virus. 10. The nethod of Caiml
wherein the virus is not a reovirus. 11. The method of @ MevembaidEP4in t he
virus is selected fromthe group consisting of adenovirus, herpes sinplex
virus, vaccinia virus and parapoxvirus orf. 12. The nmethod of O aim 11
wherein the \rusyj Vcﬁd r,npodified such that the . virus does not
produce a ge\r?'e pf%ﬂgﬁllg{ﬁg%/\ﬁi o ?ﬁ%ﬁr%n%% olﬂﬁeghcastfofl%oﬁn étaf?‘ RUR ki nase (PKR) .

13. The method of Caim 11 wherein the adenovirus has been nutated in EIA

regi on such tjpat ’fﬂ%%eﬁq@%'dahﬁ"gw el BRNEs Pl QHGL, does not bind to Rb. 14.

The nmet hod of daim 11 erein the adenovirus has been nutated in E1B
regi on such that the resulting ElIB gene product does not bind to p53. 15.

The net hod ofy; O apymy Lo E WADES | &R '§'|-Pg- 'p@ '| feron to the m xed

cel lul ar conposition. %6. i%'ﬁ'?a nee%% 0 &:?eg:?ém t\l?\%%u«gi%%\n%%ﬁg interferon is
added prior to orofadshomihs bameosimplox wiing, Mactihvie viwis pugparafidgvirus ofhe net hod of d aim
15 wherein the virus is an interferon sensitive virus. 18. The method of

Claim17 wherein the virus is vesicular stomatitis virus (VSV). 19. The
met hod of O dkm 1Thehethed af Cialnel Ivihersis the 8inl Gimubledsasddified tlsieake virus (NDV).

34 2 Novenber 2004 Q. The, net hod qf ai.m.l. further rising the step
of removing t he VFLESFPHITFRE STEPE ucf?q@%t’gﬂbl%g(fupﬁ%?d%gﬂ%osi tion. 21. The

met hod of O ai m Ikifasr@KRY conprising the step of storing the virus treated
cellular conposition. 22. The nethod of C aim 21 wherein the cellular
conposition is stored in a solution containing DMSQ 23. The nethod of any
of clainms 1-22 WiBE&iethod di€laint ARSipkia bt adehd@fusihgs badatndkagaBsA 24. A met hod of

preparing a el | ular, conppsl Lion, wi L2, LRd4sed apun, of neoplastic cells

14. The method of Claim 11 wherein the adenovirus has been mutated in E1B
region such that the resulting E1B gene product does not bind to p53.

15.  The method of Claim 1 further comprising adding interferon to the mixed

cellular composition.

16.  The method of Claim 15 wherein the interferon is added prior {o or

simultaneously with the virus.
17. - The method of Claim 15 wherein the virus is an interferon sensitive virus,
18.  The method of Claim 17 wherein the virus is vesicular stomatitis virus (VSV).

19. The method of Claim 1 wherein the virus is not Newcastle Disease virus

(NDV).
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by sel ectively renoving neoplastic cells froma m xed cellular conposition
| ocated outside of a living organism said nmethod conprising the steps of
: (a) providing a m xed cellular conposition which conprd Nesentew@0ast i c
celI's and cont actrhdgeton6r dFin ¢ Grthe bdmiphids 1ERPAInloliAmNibdhdtn Vi rus, wherein
the virus is capable of selectively killing the neoplastic cells, under
condi tions which fhegisireqted celldlansempasitional kil iing of the neoplastic cells so
as to selectively renove neoplastic cells fromthe conposition, wherein
t he neoplastic cells are selected fromthe group "consisting of
ras- act i vat edtneopghematiog offedim 4 furthes ggpasiigdhesian of ednsihasiisgeated| | s, Rb-
. deficient neopl astifaCeinpciiordnd neoplastic cells that are not
grow h-inhibited by interferon, and the virus is selected fromthe group
consi sting of reoviruses, vaccinia viruses having a nutation in the K3L or
E3L genes, héfpes Teqmadredst Clajm 21 hswinths osligr campagitienis srediing splaony 04. 5 gene,
par apoxvi ruses haviRgm@pWghation in the OvV20.0L gene, and adenoviruses
having a nutation in the EIA or E1B gene; (b) renoving the virus formthe
treated conposition; and (c) collecting the resulting conposition 25. The
met hod of Cl aim 24 wherein the m xed cellular conposition conprises
hemat opoi etic stemcells. 35 2 Novenber 2004 26. The nethod of O aim 25
wherein the hpat opahdbl 6fasf Ehise]-bnkAMEREBManB8MERREE.r OMm bone marrow.
© 27. The nmethod of C aim 25 wherein the hematopoietic stemcells have been
harvested from blood. 28. The nethod of C aim 24 wherein the m xed

cel lular conpmsi t h@BheIPElafS calubi SSptBiiorAth a RIE8dan@int 3 ¥oiclign of a
ti ssue or an organ. 29. The nethod of C aim 28 wherein the tissue or organ

i s selected from PHEEGYIUFIEGEEBltReriiniom 4 migedcelureqmposition lofded,  cor nea,

skin, lung, pancrgadideefd Hingbraf@inl Bid mdMch HRHsBg Bt 4pelor: 30. The nethod of
Claim24 wherein the m xed cellular conposition conprises cultured cells,

senen and eggs. 3® PRvidingsduredcsiilas rormosEPEvHetropetysE Breplagicsdispad conpri si ng

the virus treated cebhibtiag he RIPOIEI QpliRRiB Y vRGC RGN Ge Vs Wl Cl ai s
1-22 and 23-30. 32. A pharmaceutical conposition conprising any o? t he

conposi ti ons accor diofeplectivels) kilfing tBe neoplastic cells, under conditions which result in
substantial killing of the neoplastic cells so as to selectively remove neoplastic cells

from the composition, wherein the neoplastic cells are selected from the group
consisting of ras-activated neoplastic cells, p53-deficient neoplastic cells, Rb-
deficient neoplastic cells, and neoplastic cells that are not growth-inhibited by
interferon, and the virus is selected from the group consisting of reoviruses,
vaccinia viruses having a mutation in the K3L or E3L genes, herpes simplex
viruses having a mutation in the 1134.5 gene, parapoxviruses having a mutation in
the OV20.0L gene, and adenoviruses having a mutation in the E1A or E1B gene;
' (b) removing the vims form the treated composition; and

(c} collecting the resulting composition

25.  The method of Claim 24 wherein the mixed cellular composition comprises

hematopoietic stem cells.
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33. A use of an effective anount of the pharmaceuti cal conposition of claim
32 for the manufacture of a pharmaceutical preparation for transplantation
into a transplantation recipient. 34. The use of clai mZ23%owenbee2804 he

transpl ant at i 290 The&GéiRkeMtlaifhds e thaeBiBsticdleml-88 five RBEarveaghance sel ected
fromthe group ;onsisting of an anti body recogni zing the virus and an

i mmune syst em stPiiPatW'ng agent. 35. The use of claim 33 wherein the
transplantation is perfornmed for the treatnment of a neoplasm 36. The use

of claim 35 rein t e mi.s.selected fromt rou onsi sting of
Hodgkiin's d?@@&g%?“%ﬁﬁ?ﬂ%ﬁggﬁﬁe 3%%Fmﬁ%ﬁ@¥ﬁﬁﬁﬁ?gh%@ %ﬁ%ﬁ%%%%mgcute

nmyel ogenous | ebledi a, germcell (testicular) cancers, brain tunors, and
breast tunors. 37. A lit conprising at |least two viruses selected fromthe
group consisting of reovirus, a virus expressing a functional p53 protein,
Del t a24, ONYX2% ihe meGeoel(daim@s whessdndheaniped plglargaiposigesproriise f tiss¥coat i ti s virus.

35a organ or any portion of a tissue or an organ.

29. The method of Claim 28 wherein the tissue or organ is selected from the group consisting of
liver, heart, kidney, comea, skin, lung, pancreatic islet cells, and whole blood.

30. The method of Claim 24 wherein the mixed cellular composition comprises cultured cells,

semen and eggs.

31. A composition of viable non-neoplastic cells comprising the virus treated cellular

comyposition prepared according to any of claims 1-22 and 23-30.
32. A pharmaceutical composition comprising any of the compositions according to claim 31.

33. A use of an effective amount of the pharmaceutical composition of claim 32 for the
manufacture of a pharmaceutical preparation for transplantation into a transplantation

recipient.

34. The use of claim 33 wherein the transplantation recipient further receives at least one
substance selected from the group consisting of an antibody recognizing the virus and an
immune system stimulating agent.

35, The use of claim 33 wherein the transplantation is performed for the treatment of a neoplasm.

36. The use of claim 35 wherein the neoplasm is selected from the group consisting of
Hodgkin’s disease, multiple myeloma, non-Hodgkin’s lymphoma, acute myelogenous

lenkemnia, germ cell (testicular) cancers, brain tumors, and breast tumors.

37. AKkit comprising at least two viruses selected from the group consisting of reovirus, a virus
expressing a functional p53 protein, Delta24, ONYX-015, Newcastle disease virus and

vesicular stomatitis virus.
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