Title: VIRUS CLEARANCE OF NECPLASTI C CELLS FROM M XED CELLULAR COVPCSI Tl ONS

[err]

R RRR MO S 0 DER 00 TRAOE TR AR 0D 1O

=

U1/83710 A2

2 November 200{

il = sn

(12} INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
Iniernational Bureau

(43) International Pablication Date
8 November 2001 (08.11.2001)

PCT

B

(18) International Publication Number

WO 01/83710 A2

{51} International Patent Classification” C12N 5/06, 5/08,
ADIN 1702, A61L 2/00, A61K 35/12, C12N 7/00

(21) International Application Number: PCT/CA01/00609

(22) International Filing Date: 1 May 2001 (01.05.2001)

(25) Filing Language: Engiish

{26) Publication Language: English
(30) Priority Data:

60/201,990 3 May 2000 (03.05.2000) US

60/205,389 19 May 2000 (19.05.20000 US

T 60/268,054 13 February 2001 (13.02.2001) US

60/276,782 16 March 2001 {16.03.2001) US

(71) Applicant (for all designated States except US): ON-
COLYTICS BIOTECH, INC. [CA/CA]; 301 1211
Kensington Road N.W.,, Calgary, Alberta T2N 396 (CA).

{(72) lnventors; and
(75) Inventors/Applicants (for US onfy): MORRIS, Donald

(714)

(3n)

(34

{CA/CAJ; 211 Dooglasview Road, S.E., Calgary, Albert:
T2Z 281 (CA). THOMPSON, Bradley, G. [CA/CA]
1775 7th Avenue N.W., Calgary, Alberta T2N 0Z5 {(CA)
COFFEY, Matthew, C. [CA/CA]; 2731 Bowness Road
N.W.,, Calgary, Alberta T2N 314 (CA).

Agent: DONAHUE ERNST & YOUNG LLP; Ernst &
Young Tower, 222 Bay Street, Suite 1800, P.O. Box 197
T.D. Centre, Toronto, Ontario M5K 1H6 (CA).

Designated States (national): AE, AG, AL, AM, AT, AU
AZ,BA,BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ
DE, DK, DM, DZ, EE, ES, Fl, GB, GD, GE, GH, GM, HR
HU, ID, 1L, IN, IS, IP, KE, KG, KP. KR, KZ,LC, LK, LR
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ
NO, NZ, PL, PT, RO, RU}, 8D, SE, $G, SI, SK, SL, TJ, TM.
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

Designated States (regional): ARIPO patent (GH, GM.
- KE, LS, MW, MZ, SD, SL, 8Z, TZ, UG, ZW), Eurasiar
patent (AM, AZ, BY, KG, K7, MD, RU, TJ, TM), Europear.
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR; GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, B}, CF.
CG, (1, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page;

(34) Title: VIRUS CLEARANCE OF NEOPLASTIC CELLS FROM MIXED CELLULAR COMPOSITIONS

A

Viability - MCF7
2w )
Ea —
£ - Baraund
3 o
;. - <
(1]
] P — A
z ] a5 7
Horrs post virus infection
]
Viability - SKBR3
Ise
e I

- mas viruy
=T~dend vicws
—hlive virws

150
100
(L]
0 |

0

Vigbility {cells 1001}

o ——k—

2 4 48 2 %6
Hours post viros infection

Yiabliley teelly lﬂ'll.)-

Vlable cull percentage

C
Viability - HTB 132

—a Ky virus

2 . 48 7
Hours post virus infection

D
Effect of reovirus on MCF7 viability

1%
L] -

30

:: \ e

" —a Jive viems

el

R
L
1o
a

- —~ne vire

2 24 48 n
Hours post virus infection

(S7) Abstract: The present invention relates to 2 method for removing neoplasiic cells from a-mixed cellular composition, which
is outside of a living organism, by using 2 virus which selectively infect and kill neoplastic cell. A varety of viruses can be used in
this method to remove neoplastic cells for different purposes, for example, 1o purge hematopoietic stem cells prior to transplantation.
Also provided are compositions prepared according to this method, and kits comprising a combination of viruses which are useful

in this invention.
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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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i ndi vi dual | Sther 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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growt h-constraj ning signals or over-resPonds to the growh- pr%m)tl ng -
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cel1s) and gy canepiri@hdrly if@Y SdiRRuB IRs GREERLIzed AB) Jeaﬁk?%er{}ﬁ@p' asm

. Chenot herapy, a current nmethod of treating cancer, is generally based on
the fast - pri§Meretells g tprppated pags o sepsiablishdld hemat@ioisie systemg eomeel | s

proliferate &apirdbs mdyHish beMedBUc (SHBShdckd i L POl
cel lular prol i]‘ér atsinclgnml nc?’hegry,c lgy cgrr;é:%etlfﬁn%& %ﬁ?mﬁfﬂgid&&%ge -of
chenot her apetgindo genjrbute prrancearechmgncdi i isthercfore desirdblptogiurge eneaduitapnativi t hout

seriously daygst 449, L,.cells. However, some normal cells, such as
hemat opoi eti c stemgg;&ﬁﬁg,"'al so proliferate rapidly. Therefore, any dosage

which is harnful to cancer cells is often also harnful to the

hemat opoi eti c st I Lf. th sage.j.s .not high
enough to kill t?egb%glndéegrrmd(gg?‘{cts]’,%e? ﬁ%@g{m‘idggggrlg? g'ﬁm%rﬁ% &%Yrﬁ “‘%ﬁﬁt > woul d
' reappear shot99ByBeasinger 10nThb extogryft b bearaaied atithctheBatharugetoikil the hard to

find a dosa Lch selectively.ki.lls . cancer cells, high: dose chenotherapy
f ol | owed byq;g)ﬁ{yg 1%%'8%58 garsrté céek)l e BPXeEhis gﬂsc%sf@rﬂbggq' ft '&ar"gf%ftﬂ}ldant ation
has gai ned exdmasifoethagpmotrtdapemicaiugwhibk sAQEvély RIIRPRSPIRGH IR ofBNY cancers
(for exanple, see 1999). In this_approach,

Inter, 1999:- N eto,and Shpall,

a portion O mfeﬁ8@1&@%@&9@1@{@@@3&30&5&; FEm ‘gﬁ§ WAGY P tPFaiis an elen o6 r _
patient, andreated wifhalbn torjigateded aktiboaie dhivh kdtoigantRb LenGhR WIpRSHEPY Whi ch
is lethal t o) r@gi d- &gr_ol illf g{lfat i g cells, _fsuch as cancer cells and
hemat opoi et '8 S BFPCENT &1 b%g &ipqrypecilifeantige dosn potabidys guist Itis
transpl ant atadlgdrpogsiblaty 8hage semheNnBiren Hethe: cAlsHR @Rl sStenVHIIGRediVe  been
previously renoved fromthe same patient, to_regenerate the hematopoietic
syst em 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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A serious drawback of this therapy is that when the henmat opoietic
progenitor stemcells are renoved fromthe patients, they are often
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. proliferate again to contribute to cancer recurrence. It is therefore
desirable to purge the autografts before transplantation. . Several nethods
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kills neoplastic cells or cancer cells but |eaves normal hemat opoietic
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to antibodi es yhledukQeRRki&ERN antigen that is specific for the

neopl astic cells, but such a tunor specific antigen does not always exist.
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met hod al so ElAesElBigsnc vesitutpe sthroatitis \arhisea(SiD, hireds fimplaevi@R8 défech el it the A,
retention o ' ' ancen ce Spyridonidis.et al., 1998).
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SUMVARY OF THE ENEI resent Jnvention s direct t hod of
sel ectively ren%\%\é né) r%quéﬁﬁgsgtfe?tg&eggﬁc%m ?loor?]maasﬁ%uﬁoen oETTe) a$&(]:)§4n§p§§§i tion,
for exanpl erahnehutalge Gdete andytore giima) cells it ik uBy denature viruses. Therefore, DMSO

treatment removes infectious 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.



whi ch exhibits selective killing of neoplastic cells. A variety of viruses
are capable of selectively renoving neoplastic cells but not normal cells.
For exanple, reovirus 5 2 Novermber 2004 sel ectively kil IZNovembes 2004t ed
neopl astic cells, viruses expressing a wild type p53 gene are sel ective

for neoplastic cells with a dysfunetional p53, and any interferon sensitive
virus is selective for neoplastic cells having a disrupted interferon

pat hway. Accordingly, a first aspect of the present invention is directed
to a method of preparing a cellular conposition for transplantation into a
reci pient said nmethod conprising the steps of. (a) contacting a m xed

cel | ul ar. compoSi t il hyafichf Gt B o Michhi, HOAREs GANILLARGoNALEN resul t in

substantial killing o e neoplastic ce so as to selectivel'y renove
neopl asti ¢ ceioinprist hepmtaphietic stinxestls. ks hematepaiainposictlls ony bepvezed biioreol | ect i ng
the treat epl CH%LJSHJT[?[EMPOQ %Qﬁ'le} 4tk u@%&eﬁ:‘xo@e &1@ geoél'agtig il Zrhe ﬁén%%h?lgcfs{e%m the
group consisting of reoviruses, vact¢inia viruses having a ation in the
K3L or E3L genlsmayhehgresediompboeag murgwe blsaki ng a mutation in the -yu34.5
gene, parapoxviruses having a nutation in the Ov20.0L gene, andenoviruses
having a nutation in the VA1, E1A or E1B gene, vesicular stomatitis
viruses (VSV), helpegpplatnploéthisviventoe & nodimeied foperging hénmeophietStem disvmast | e

di sease viruse her pes ter viruses epatitis, viruses, i.nfluenza
i ruses, " var aans AR AR AW SN B B SRR T IR S R Bt ¢ e
i nvention, t kemimetivog dfffsrchtismestrogipy, bisegpditiva o4 ispuef an driga@@emgveand st ori ng
the virus-treated.cellul ar conposition.n.a sol.ution containing DVSO DVSO
0% Yout i nel et E 11l S HRER e s PPl i i B ere o ur o

vi ruses. Theteres, thelphdsédt mbthehit slendseilanpygisy tisafee ot drganksfonsny bifierfpiuposed he

cel lul ar compgsiti.on, whil reservi the activity of the conposition in
The 11 ozen s pighygrienglf BheR Rl ohb et bl preehy R e e B0t et of
the present invention, the virus may be renoved fromthe virus- treated

cel lul ar composition subj ecti the mxture to anti-virus antibodies

Whi ch ar e speoi f1 & Peper PREE o ETiogia it maghe 4ol sk P Flbgaes
anti-virus anm¢mdvechleshiaige $omleQIEMtnsfoim&l TEE méthodlnks @lsé brusedtd féaSsemen
Alternatively gr addit%ona%“%h anti-virus ant%Podi%sgyhich recogni ze a

mol ecul e on RPN FEFSLERRresIfck]ipseryingtigr onpifier FeRrpictipgyelped RIeEd S0 r enove t he
virus particles by imobilizing the antibodies, applying the cellular

conposition to the inmobilized antibodies, and col]|ecting the part of the
conposi tion whi cff WEE aEt PR PVEGOR HiE VT SER BRlIcAPSPTRERIIUS Beci f i ¢
ant | bololI es aggiohdlio 4 BFticRRA HEMRIhB Y h feplfeatB YorlRteAdithd YaS e SilcRE intaQell BBich
transpl ant
P 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



recipient to elimnate the virus in vitro, or the recipient naybe given an
i mune systemstinmulant to achieve this purpose. In another enbodi nent of
the present invention, the virus may be renoved from t he? Npyamberi2084t ed
cellular conposition by using a gradient which can separate viruses from
cells. 2 Novenber 2004 In a preferred enbodi ment of this invention, the

m xed cel lul ar. conposition may conprise hematopoietic stemcells. Thus,
henmat opoi etic stemcells may be purged prior to transplantation, or any
ot her desired use, to renove the neoplastic cells. The hematopoietic stem
cel | s may berepigatsiosemel cflisorhidhbare 2 fraetiopah PR pdtivap Thest matapginiodifitd wmsenf t hi s

i nvention is:gq I I .8t 1 . e not her
enbodi ment o t%F%aﬁ%@%ﬁ?ﬁgﬁﬁﬂéﬁéggwgggﬁ)Eﬁgfﬁ%g&ﬁ%%%%%gg%%%?%ﬁ&¥gﬂhny

ti ssue, or gaak deficientio RBR frattionmd dfus ¢ih hdt @hibinteplicativs offlsboigans, 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 met hod i $nabts@ emisdimsht of this puengdmte Hiusmbyesledtiveyokilrtsasficaellsdny ot her
purposes wherein. it is desirahle to renpve oplastic cells which are
present in tASMGIEEBPeSY§E ‘.bI‘L"F Ff‘aﬁ‘w&tpﬁ%s a %eﬂ’glﬁ‘pdiuﬂ% APPEECTHE M PERt i on, a

virus may beamttatslled Roliftreivh ofidtrialitefidl Aggblimit MESS AQumdrEIRVEncE@blSmptLeh are
spontaneoushé tranE&orned. Thi thod may al so he used to treat senen or
" donor eggs et Hiferokieraie s apjumgontofied {RGHOE VBRI PaEEEHle VIR P at ed

procedur es. geft nah edldively &BIRRGEopREtictcBlis SvhicM@EHd rRbplasidtBe ¥ ihdhSatidRYr 1R B
replication conpetent virus. As opposed to a replication-deficient virus,

a replicati A PHdt ent virus can replicate in a cell which is susceptible
to this virus and often causes this cell to lyse. The replication conpetent
virus wuseful in this invention may selectively |yse neoplastic cells in a
phenomenon t er ned SmigrEpppn involvep al juhibiggisebcelitiir timos wrpresporgsnecere®. | n

anot her  enbagh@®dtod®h prbtin SihichMBIBES t@fbr siphBssd, IS by B wiE vidkl ptlcalos th 1Ry
nodi fied virus_ selected fromthe group consisting of adenovirus, herpes

si npl ex vi r (& By Beiingjthgse il ddubiiprg a visusay bxernereied widh dossat epbisteinnemeal vi r uses
in the nati @by ihbasseste¥ehans )p@sss;@.@ia@_meg A Prebiiditt Jlainzoplaguia,@eng@mm e

stranded RNA protein kinase (PKR) to facilitate viral protein synthesis
which is othREeRt Beupefsyppiessersang yanbRrpeed tpisdagevelykillmaeplestivsstls infhemeesent e r epl i cat e
in any cell spegg@rdl ess of PKR Wen these viral PKR inhibitors are

nmut ated or nodified, however, the virus is then susceptible to PKR

i nhi bition and does not 7

In another embodiment of the invention, an interferon-sensitive virus may be used to
selectively kill neoplastic cells. An interferon-sensitive virus is inhibited by interferon and does not
replicate in a normal 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 vesic-:ular 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,



2 Novenber 2004 replicate in normal cells, which have a functional PKR
pat hway. These nmutated or nodified viruses may be used to selectively
renove ras-activated neopl astic cells because ras-activat Navanetssi288¢i c
cells are deficient in PKR function and thus can not inhibit replication
of these viruses. In another enbodinment of this invention, the virus may
selectively kill neoplastic cells by <carrying a tunor suppressor gene. For
exanple, p53 is a cellular tunor suppressor which inhibits uncontrolled
proliferation of normal cells. Approxinmate half of all tunors have
f uncti onal | y Brefgshily thetrangpbptationds padngotseMare ereferpblyntheieropatittonl | ed nmanner .
- Therefore, ac}{&ﬁr&éésh\éﬁgtﬁbieﬂﬁﬁ&ﬁﬁgs the wild type p53 gene may selectively
kill the neoplastic cells i ch beconme neopl astic due to inactivation of
the p53 gene product. A simlar enbodi nent involves viral inhibitors of
cel lular tunor SURRESSERPecHMR Presdabindcdiidh is HiebbBE 8 nfMEPUSreBarRE 91 €1 N Whi ch
inhibits tunor_ suppressors, thereby allowng viral replication in the
cel | . By nut &tlugcampesiionyyithgredpesd piapuntnf geoplastizicells by prisptitsy gener at ed whi ch
does not 1 eplifRing ntpafR iR romGSited cElifr Lpbdifon MRS EAERI 8F 2 t UMDY
suppressors. However, it may replicate in neoplastic cells which have | ost
the tunor sué‘ﬁ?’ég@wsﬁméﬁ*ﬁ“@éﬁCﬁ‘épqﬁ@éﬁleﬁ@%’é'l ectively kill neoplastic cells
~in the present I@y%mv_id%-anmd%amab@(;ngﬁgﬁﬁ&mﬂa%miaﬁses}15% bdBY Sdtfs bR, an
interferon-sensitivée virus may be used to selectively ki neopl asti c
cell's. An interferosonwtng the yixed polluler domppsition vith e dirkpy whemiethe wirgis and does
not replicate in a I: i | way .
Si nce some neopl ast icg&@gp fsg&ﬁ%}g%!tl%el?%?%%gﬁ %eﬁel%’gﬁaeﬁgt %’%%J’? @F %@% gld, t hey
maybe sel ectivel y kistlistaguablallag of the waoplestio pells enasite jeleetivelyrergove Tvplasticnt er f er on
sensitive virus is f t . S Lt i sl nterferon
can be optionally g@%é‘gﬁ’gﬁﬁa“%&%"ﬁﬂ%‘%‘% %%Ige?#lgsﬁlgﬁelfé%g??ﬁéeggr\é&ﬂﬁeus to
renove neopl astic cerdug conpktay ofrapedtidgel! rmpgastie bdlls I pa3-ddfoirposelistnsliwhi ch have
been treated with apyvifus to r ve. . .neopl ast. ells and | eave viable
non- neopl astic cell SRTE'Jgﬁ%‘ﬁﬁ %egﬁ%%%ic?q}sbaﬁgn%%ﬁstﬁézelafgtéaglarfSc?t gfor‘{'%vllnﬁ‘?l\c{)e%b?esear ch,
or in transpl ant ati émerfermsaxdithradriinseladted GbM e graup vongdtingrodsedaras. The

- transplantation may be. . aut ol pgous, al.l ogenei.c, even, xenogeneic, 8 2
Novenber 2004 Pr ef or &SI HE® DR ARE STIAPRT 5K TLor Kok E76 BYIEe” SRBIRE

preferably, the conpisdt g a @t s @t 138 5qtRPRrpbivirugt RiVingausatioinsecond
aspect of the prese%eé\}%%gti on i s direct %d to a nethod of preBari ng a

gene, and adenoviruses having a mutation in the E1A or E1B gene;

(b) removing the virus form the treated composition; and

(c) collecting the resulting composition

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.



cellular conmposition with a reduced anmount of neoplastic cells by

sel ectively renoving neoplastic cells froma m xed cellular conposition

| ocated outside of a |iving organism said method conprd Neveghen@0e4 eps of
(a) (b) (c) providing a m xed cellular conposition which conprises
.neoplastic cells and contacting the m xed cellular conposition with a
virus, wherein the virus is capable of selectively kiIIing t he neopl astic
cells, under condit | t I II| f.the

neopl astic cells éo{xglsnﬁ e\(é)\(%ggﬂlg(g{e?'%ym%enh&e]?r%l\rlegl%%go(l} l{lt% cme a[&g?sp Prom t he
conposi tion, wivhes mlemtetl ﬁemnie@pduasmnsnstuge)tffeewama mst recpteesdugfarfmmmdaa)ssgr oup
consi sting of r.as n i¢c cel t .neopl astic
cells, Ro-ddf t%l?e[ﬁ (gﬁ?gsogl?%%m Sf‘ gseasﬁ(‘:’(mﬁ P’%? dlarsm {]V’i“f‘iat are not
gromﬁh-lnhlblted by |nterferon and the virus is selected fromthe group
consi sting of reoviruses, vaccinia Vvirus a nutation in the K3L or
E3L genes, her pesAE‘?ﬂi‘Ff)FS@??t of\ e RO RERAAR ?‘éf“%ﬁgé? csEhlerHEe Vi hgene,

par apoxvi r us agfeRanstlegiviey, §idk Atrdoditus] dvirud Jkerewg@ﬁﬁhmgﬁp@pr@aﬁl TRELAOVI r uses
havi ng a nutgéng |n the E1A or E1B gene renovi ng the virus form t he
treated conp O Neyrrestle Spqeeecty vEstratar Loifts iR conposi tion A third
aspect of the present invention is dlrected to a conposition of viable non-
neopl astic cells co r|S|n the virus treated cellular composition

prepar ed' - ac BRIEF RE %HQWQ OF THEBRAMINGSs di sclosed in the first or second
aspects of the present invention and enbodi nents thereof. A fourth aspect
of the present invention is directed to a pharmaceutical conposition
conprising a t he conpositions according to the third aspect of the
present inventi onmgzﬁesfmtﬁdwshaﬁmeﬁ&nbexfofmbee RNER MUF7 { Rged] ADIKES (ﬁ%ﬂﬁr@Ct ed to a
use of an effective amunt of the pharnmaceutical conposition of the fourth
aspect of théB}ﬁré@ér}t”zGFr%ﬁF?Bﬂclf‘bﬁreeﬂ%@eww&m@?‘ﬁ%deaéflm&%%‘f%eeuti cal

preparati on fficatd 2R5RN BRI R belchiife 8f MERNSRE MNP rONHIES bR Hme 9 2
Novenber 2004 A sixth aspect of the present invention is directed to a kit

conpri sing aPointe after repyigys mfection.

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



viruses selected fromthe group consisting of reovirus, a virus expressing
a functional p53 protein, Delta24, ONYX-015, Newcastle disease virus and
vesicular stomatitis virus. Another aspect of the inventd Nevesnkeri2§84 a kit
whi ch conpoiosesiat | east two viruses with different sel ecidMiAdioostch as
reovirus, a virus expressing a functional p53 protein, Delta24, ONYX-015,
Newcast| e di sease virus or vesicular stomatitis virus. BRI EF. DESCRI PTI.ON OF
THE DRAW NGSrekied with nib vitug une £ V-G-staidsfopivosehderineditiom celis whialplvereGhled in MCF7
(Figure 1A), g\ﬁBRB (gl.:i ure 1B) or HIB 132 (Figure 1C) which were infected
with live reovtPadeoy g‘d virus or no virus as indicated. Figure 1D shows

- the percentage of MCF7 cells which were viable at various tine points
after reovi :Fus infection. Figure 2 Figure 2 shows that apoptosis was

i nduced by F&8¥+fus infection in MCF7, SKBR3 or HTB 132 cells. Figures

2A- 2C denonst r at Figuha 4PEAC Sivagie it MifeSl oRGSints RAARM&Drabldddsis I €OVi rus
infection. Figure 2D shows the percentage of the apoptotic marker Annexin V
staining affEhcywithy MG, MRME 468 or SKRR3celispespestvilyw t he percent age of
APO2. 7+ cells in each cell type as indicated. . Figure3 Figure 3A shows

t he nunber of viable cells at various tinme points after CD34+ stemcells
had been infected with reovirus. Figure 3B shows the effect of reovirus on
|l ong-termstemcell culture. Stemcells 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
nunber of -each kind of colony, granulocytes (G, erythroids (E) or

granul ocyte erythroid nmacrophage negakaryocyte (GEMM), was then determ ned
for cells infected with no virus (NV) or live virus (LV), respectively.
For exanple, NV-G stands for the granul ocyte colonies derived fromcells
whi ch -were 9a WO 01/83710 2 Novenber 2004 PCT/ CA01/ 00609 treated with no
virus, and LV-G stands for those derived fromcells which were treated

10



with live reovirus. Figure 4 Figures 4A-4C show the purgi ng effects .of
reovirus on m xtures of apheresis product wth MCF7, MDA MB 468 or SKBR3
cells, respgeisyghy. 10 WO 01/83710 2 Noverber 2004 - PCR
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present inventio T§A8¥’P°é8% ed 1o
a method for selectively renoving -neoplastic cells froma mxed cellular
conposi tion, ﬁmAﬁ,mmmgqj$?hE fB¥na  Virus which exhibits
selective Killi ng of neoplastic ce A vari ety of viruses are useful. in
this invention. For instance, a m xed cellul ar corrp05|t|on can be treated
with reovirus lastic cells.
- Ras-activated ne\ggrggrtc?%kﬁl%dt?égll%/%})%uac{’gbo;{@gmgtg Or %c\?g 3“‘ WoVed with a
virus in whi @RORIpsic gelisfrom hmnt@ﬂtcgﬂulaﬁcommmcm, fasbxamd:eam qmcﬁgrﬂ‘t byhisingae (PKR)

is mutated ok;iPFhih thibit SPect of cont ai
p53-defi ci ent tundr g’?lsse%aﬂgg(ﬂnﬁé e@?suﬁ “i st ‘éa“\?g'r l%%laécslgf:ﬁb t he
p53 tunor seipﬁvsesmnogem inspinie la mlmﬂmbslaamn:to-scmcanrbetmmd wildl [ s with

functi onal ene pr.oduct 1998; ' Ni el sen et :
Lot 065) R FRRh sl ol E0 R Gl ST s s RoBiGane i ve
viruses can bélmadalsorbetshbctpmbsemoed vmthaﬁhﬂﬁni @hioh tHerirkl inhibieyTldassie ¢ cel | s

with a disru t ron Wa s of viruses useful in
this inventi g%%l%ﬁécizpm in %3%55 W\?Pﬁ'ﬁgorf?ﬂdfef}t(?gnyéﬁ?/f:‘?"ﬂ?sm\?ﬁﬁ sgreckdyi r us,
" nmeasl es vi r usf comaigies pya- dafmeandmkiewla,sit ¢20 bPIrSRAS Rith WivirkSexpliiRHthWe5$

reported to pgnarssom at ed WI%‘ h r ression or death (Nerrunaltls
1999) . However HPRESHEERT "OIf e 8§S Wriymos sells withhieHonad capabl e of
sel ecti.vely knpdiinngt iﬂ&b@ﬁsg‘ché:p:@&&dt Gwlrlﬁfnl 0998} Nielkef ef 41D 9ud) L Pesidypyention in
further detail, the.ter useﬁ%mthls descrlptlon are defined as follows
unl ess ot.her $i°8k tﬁ%‘ﬂf“é ) orguer Hitricgenssensifi yeydrusqsepr pasused imihg presengs,

whet her in tbfinkafetono kil¥bpladiic @BNALECa @rupRd intdrRfon patieliyf | €d Vi ruses
i nclude chem cally nodified viruses or reconbi nantl y m)dl fied viruses. A

reconbi nantly nodified virus nay be a nutated virus, a reconbinant virus
Other examples of viruses useful in this invention include vaccinia virus,

influenza virus, varicella virus, measles virus, herpes virus and Newecastle Disease
Virus, which were reported to be associated with tumor regression or death
(Nemunaitis, 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, usnally =
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or a reassorted virus. A nutated virus is a virus in which the vi.ral genone
has been mutated, namely having nucleotide insertions, deletions and/or
substitutions. A reconbinant virus is a virus having CO%LNOWFDQ@ZQQ‘*HQH%

di f f er eWWODBIAPes, usually 11 2 Novenmber 2004 WO 01/ 837 L TACAU1@A6dY 00609
prepared by co-infecting a cell with nore than one subtype of the virus,
resulting in viruses which are envel oped by coat proteins encoded by

di fferent fRAEIdY copnfeplingaset vty mare than pre wbpipe of thseime resultingds i n “whi ch

the segmnt@m@mla@ﬁgeﬁmﬁm;@d&%M&H@eh%dbabyenfemn?g& i daAce" W th more

I
t han one subtype of this virus so th segnent s | Tferent
. subtypes mirgasgartedvinug is aj multifsegneast virus' 'lmbpthalm segmeetb have beah gasserfeon as

"cells wit hls@al 0 léo-;ﬁfe@ﬁdgvaeccﬂ lvﬁ{ﬂrnqﬁé than 'E)S‘\é ﬁlrbl)éog of gﬁ'g v1ﬁ15‘§@lthcap h@r oliferate

wi t hout the no i brtron propert conpri sing
neopl ast i c seghéngs frsmallffmapbldsmcs)mlx amipnatchlinnbogellasm i s an abnor mal tissue
growm h, -general ly form ng adi stinct mass, which gr.ows by cellul ar
proliferation nore  rapidly than normal tissue growh. Neoplasns may show
partial or tot aI“Nbapjkstiof:cHst’ ralsotimoeh aoteglwithk pootifaraivefdisoedery netkr to

coor di nati qn,,w

sed erel neapl a mis. i nfended to
enconpass ﬁgﬂsa‘f’% %P%‘fhl ec,[a[ﬁgb ?“ggrf?snoggﬁ\%‘w A %’gf"?ﬁmpﬂﬁgspl‘ggﬂﬁ 2% Reopl asm
maly be benlcgmpﬁh&gng:rpll)etsﬁcfmb 13 as@zrneﬂlplhsx@a?mmg(.nnlanﬂwm istati @BiorMal tisahCcer ) .
- Malignant tunors can { oac cl assi f.i into thiee types
VAl gnant RO TEUY P SR URRS Ul LEroRs Py et ol et oy
car ci nomas ,rambrltigﬁﬁmnnamﬁﬁialg&mﬁ NB&jilastsingy Whb® phitRNbGeRNAGK bive ti ssues
such as nuscle, cartil age, &BC or bone, are called sarcomas and nal i gnant

tunors af f SERFHG! ﬂ‘é%ﬁ%ﬁ% ped fopctinal popidination with perial dgsuep Asisadfierd™t o t he

formatian GfneBhIagf iGnlehded th AbIPER BeRRBRAAR iedpREmd NOwdiIEUBRs System are
called | eukenm as and | ynphonas. O her neopl asns include, but ar e not-

linited to"SeRIA®HS:-br omat osis. "Ras-activated neoplastic cells" or
"ras-nedi at ed neoplastic cells" refer to cells which proliferate at an
abnormal |y high rate due to, at least in part, activation of the ras
pat hway. The rad proplsm yoayke berismbeniga tusprhor malignant (maigngeh@mer prict ur al

mutation, GhEHAEligngit Hme clnst HERF FHBIHES FO treeThGYAYFEL. %miynbmty of the

ras gene nessage, or_ any
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
7 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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mut ati on or ot her nmechani smwhich |leads to the activation of ras or a
factor or factors downstreamor upstreamfromras in the ras pathvva
thereby i Rg¢6pgi@ the ras pathway activity For exanpl2N g%fﬁ 6‘3’@10 n of .
EGF receptor, PDGF receptor or Sos results in activation HAVHAs0>
pat hway. Ras-nedi ated neoplastic cells include, but are. 12 WO 01/ 83710

PCT/ CAO1/ 006Qoirhitdd tBi h&ledifted EASar TR 3ngsl a&a&ﬁggmﬁﬁuﬁ, .Wg' gﬂ [ ¢ cells

proliferating in a malignant nanner due to activation 2 pat hway.
"Cel | ul ar com@Betdue p'achiion ofithemspetiayon conprising cells. The
conposition may contain non-cellular matter. For exanple, whole bloed is a
. cellular conposition which contains plasnma, platelets, hornones and ot her
non-cel | ul ar rrat t eellulan cerglisitioohmeans egbinpogtimtroatpriging tétsoMht es and

! eUKOCyt es. tHJ!n%a %WQZ‘IQL‘ICQ'PEW attel, Ofpor%xam el lholeoblo?lﬁﬂilr é%u]ilgt bes,

origin or or gan zatl on. I ssues “and organs tain
di ff erent cekbmpystes verichaogehs phsalmfpﬂa&ﬂeis sitonumtcumaﬁotaﬂenoﬁ@amuﬁi&hacbrcel | ul ar

conpositions 1 |1 ul npo ul ar. conposition
cont ai ning at easfﬂ%m”(:i\lg 'E:?'n § °°8§‘15 éiul‘%? lyf:eél Neﬁ'fl?fecofﬂl’)?%‘fi‘"?:m ul ar
conposi ti on comtiaicells df earipus opeg lorigialok srgasizatione Bpt &ample, G8héssand lokgadns

pref erabl e tl‘ﬁv%lchm) St. of_ th 03|tlon are dividing

cells, and t R&copainguf eé%"t éay?“kﬁ"ap%elad'ég%lf"&gﬁng’“%ﬁ re copsidered gelWlan her

' d|V|d|ng cel kemps#tiond.i al |y intact. A cellular conposition "suspected of
cont ai ni ng neopl ast.ic cells"” is a cellular ~conposition which may contain
neoplastic cells. For exanple, any autograft obtained froma subject

bearing a neopl asm“iyedeeiMila cOmpeMnasd 4 EellGRI Edmpofitief bhnisinlnk At RayMiygh  has
been in cul tkwﬁagﬂcg onsj derabl e ampunt of tinme nmay contaln _spontaneous

by neopl ast YBIA3EY-Aht ied reliufar gemporionsontans bpth asanalcelly | east

about 20% i nand ﬁé@abiaktfc)beM nﬁ@refélatﬁlaﬂiat ﬁ\@ﬁl&k aslcks ﬁ%&é&lluiar ég?tﬁm‘é!tﬁﬁ' li-ty can
be detern ned %y\f@ Vi a le cell count of the treated cel , e extent

of decrease BBIHENgES ’éf‘?ﬁ‘fiﬁ%"‘wsﬂ‘?ﬁ\'ﬁ%{%“ﬂ@ "FPléa%ﬁ‘Gﬁﬁbrb“bl‘eaV‘-\w&Me cells in

the treated apidiss defis tR@iallPintdte untreated cells, or by conparing the
viable cell count before and after virus treatnment. The decrease in

viability is preferably at |east about 50% nore preferably at |east about
70% still nore pAehRiARbMp&itidno88hedRt containing neoplastic cells” is a cellutar

composition which may contain neoplastic celts. 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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80% and nost preferably at |east about 90% 2 Novenber 2004 13 WD 01/83710
2 Novenber 2004 PCT/ CA01/ 00609 The neoplastic cells may be killed in
vari ous manners. For exanpl e, they may be.lysed by a viUNeveshbert20D4 ..
capabl e WD 014#871¢ i nfection of neoplastic cells (oncolysi speT/cAbgooseop! asfic
cells may undergo apoptosis which is induced directly or indirectly by the
virus. The cells nmay al so, although |ess preferably, be killed by the

i mune system viflic@hoMastic pellsrmaydtei kitkdda vujoushmmuérs uBor eFe@rhple,xtaajpiney t he

virus . may i L DE: tes tural Kkiller
el 1's, api ol ea e AR el QPSR bODuc MG BEoRNE el BBty ol
. 1994). A" rﬂplneelaiastimeumnmeumtgb apoptoss wmcms\/indmd dhectiy of idiraqBitye of
conpet ont i i 85 e, Fetan RSt artro bl £t By therialrons Bt on 1 n a
regi on of iwlsclgasdeen adtivatad bﬁme&ﬁaﬂtﬁtﬁlexzfrﬁ}ﬂc, thé ﬁinfsﬁﬁ)d)hﬁ@dcbgﬁolgli\@d hencg :j S
not capable I|ct|n n,a "Adenovirus" i.s a double strande
DNA vi rus cﬁrojé'ﬁ[iﬂ[s) ?‘5 a{gee'éa%"rf’ﬁ( hﬂl‘fﬁ%é""‘%d%ﬂﬁ@??‘%‘églyﬁéﬁ replicate
and cause ohesﬁaﬁedems(rzbmame ®od).in-the respiratory; gastrointestinal and

urinary tracts. About one-third of the 47 known human serotypes are
responsi bl e for m)st cases of human adenovirus di sease (Brooks et al.

1998) . The ter mA rgplafaish SBGREKI VIR isQf VIruM'icfh'1?%@9@%@Yéph&§mgnf?ﬁns as
used herei t hat. t he %%ne roduct or products which prevent

activati oan"’F tosigreel twpe ASioPRRyed tq asplkafiRcoIRPaERt éilt"ésdas@ehcaﬁhat PKR :
activation xh&m]ﬁienmaﬁke@hmlmmaéﬁaﬁw arfdémeemﬁg‘eﬁomé%)ﬁ%% esd&iif Rfroduct s

t hat counter ant|V| ral host defense nmechani snms.” The virus assocl ated RNA
(VA RNA oritswephiripion agt hanpe:is aetesapahle okreplicatingiaany cell.r uct ur ed RNAs t hat
accurmul ate in high concentrations in the cytoplasmat late tine after
adenovirus infection, These VAI RNA bind to the double stranded RNA
(dsRNA) bi ndi ng " fdenovius”ds a fogRlesstrandddd¥RA vites mnw-iﬂéhﬂmdmt Imct i vati on of
PKR by aut GRQA0RaIM\ Aldc0Bun el anSB3sl BisHAL 1AL Evd MaliiBELIR,ANd the
virus can replicate wt e call overpro ST TR A

event ual | y gagepirfestinalnad |urigarytracts.| Aboutwoe-thirihf dire 4?dd10fovméﬂman 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-
associated RNA (VAI RNA or VA RNA)) of the adenovirus are small, structured RNASs |
that accumnulate in high concentrations in the cytoplasm at late time aftet adenovirus
infectilonr. 7 These VAT RNA bind to the double stranded RNA (dsRNA) binding motifs
of PKR and 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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adenovirus, the VAI RNA's are preferably not transcribed. Such nmutated or
nodi fied adenovirus would not be able to replicate in normal cells that do
not have @iy @slhyated Ras-pathway;, however, it woul d BeNensimber 800 f ect
and replicate I'n cells having an ~activated Ras-pathway. ZEBCABYMHRr 2004
WD 01/ 83710 PCT/ CAO1/ 00609 "Herpes sinplex virus" (HSV) refers to herpes
sinplex virus-I (HSV-1) or herpes sinplex virus-2 (HSV-2). HSV gene ,134.5
encodes the gene product. infected- cell protein 34.5 (1CP34.5) that can
prevent the anti vﬁ@eséﬂrﬁmﬁ\'sme'k@i&\@defbgs téPHdRpes si:ﬁm&élwﬁnshlaﬂ{w-wpmque

mechani sm of V., H%‘i; by i ract with ot
phosphat ase Iag& ﬁ%lgfpggﬂ&ﬁng |?s %Sg%w t"%s dﬁfl%ﬁﬁ’&@ﬁ’&’f& Ef‘:l‘—"dZa (He et
al . 1997). ceﬂlrprgteinl%Sﬁﬁlé‘dtsédwmmra;ehhmé andviirell d1§e08 eRénddtg rggaet i cal |y
eng| neered v of ich.the vy were deleted, elF-2a is
phosphor y| atied nd{ prof"@mmecha e fgre"%"tg‘g%ﬁ{ea&“?ﬂ'ﬁby HeEACHiRg Withf ect ed wi t h
, 134. 5 m nuspreteinphospliatasoLibrli todireexpeitd ﬁﬁvﬁﬁ&tde}:ﬁlﬁpﬂorﬂl&@cﬁ:23(]‘1&'&&" rus
an.activated Ras pathway in

woul d be rep t te lls w

whi ch the ac{dﬁ? b <t lp%ﬁwgﬂ\gghw @e@%‘&f&&‘ﬁ%ﬁ%‘@”é@%ﬁ‘eﬁﬁdﬁmﬂéﬁ@&‘ HSV' or
"nodi fied HSthlrﬂa:n,ﬁM Segenesvade Beéted, BIF-2ORphbdPhoryBRAANR PRAIR byifthesR@dUCT S
whi ch prevenw are | acking, inhibited or nutated such

that PKR act ng oga ?igr\'gjf‘:t%q B{ﬁ{égﬁ S prgSinY) %‘/WOPW@CHW"@?@'H@U*I%:B%SS i s

not transcrinims v&nhombﬁbﬁﬁhaﬂbn éﬂ?ﬁbeidneﬁix EARVIR b £baRREd REs Eé?ﬁﬁa} 3
repli cate I n ‘gl)rmal fl%} qt not have an activated Ras-pat’hway,
G ¢4 W?léé

however, it W H‘elﬂ‘ét“é\'@flc’é H"“F’Bbl icate in cells having an

activated Ras pat hway. "ParapOXV|rus orf' is a poxvirus. It is a virus that
i nduces acute cutaneous, lesions in different nmanmalian species, including

humans. Par apoxvi TSy MURRAMAYT o "modifisd 55\ aeaps. agsseddersird thauttens t hr ough
broken or dangebdsttioRprob & Whidh BRvir m&%@@dﬁ?ﬁ af PRE a%?&&ﬁ%@feh'@ha”d

i nduces pustular |esions that turn to scabs
par apoxvi r udngRted spradbpt £ KBF?@“@%W@ ixngp blogked; ﬁ’aetfefiabfw thy BSYeging n3ib6cmck| ng PKR

aCt i vity (Haio§ u@hscAbed. S&&%ﬁtatealﬁ?mhﬁﬁ'ﬁ% HW\@(#} (ﬁjn&%@%&%){% l'eEJHc?atg or

"nodi fi ed parapoxvirus orf" neans, used herein ene product
or product s TRAPakFePs batdetnot have ga 1a¢twated &as-pithPiR hawever, it would be able to

infect and replicate in cells having an activated Ras-pathway.

"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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| acki ng, inhibited or nutated such that PKR activation is not bl ocked.
Preferably, the gene OV20.0L is not transcribed. Such nutated or nodified
parapoxvirus orf would not be able to repkicate in- norrNowailes 2064t _ do.-
not havevVamll/a¥e vat ed Ras- pat hway, 15 2 Novenber 2004 V\Q@ﬂ;{;ﬁaﬁ&g@og

PCT/ CA0O1/ 00609 however, it would be able to infect and replicate in cells
havi ng an activated Ras- pat hway. "Vaccinia virus" refers to the virus of

t he ort hopdwweyearsit geuldbethiato infidce eds replicmainsceAnbhvirigothuedsattdRad-i zed [.esi ons
(Br ooks e\t,\,{{’%“"" 1998). Vaccinia virus encodes twd genes that play a role
in the do regfh ation of PKR.activity through two entirely different
mechani snms. E3L gene encodes two prot eins of 20 and 25 kDa that are
expressed early.{n infectio i ndi.n act|V| ty that can

i nhibit PKR actillwcﬂ}a VIS ‘ir%?%ho ‘Bp Vﬁi‘ss‘gﬁlfﬁ‘?rgwp?)’f""i“ genpsthay Bifeete r eat es

per m ssi ve huinagd an‘dq:pdadueatlbmndﬂlesmﬁl (BsooRewt alQ 1908).aVhdcHah ekuaeodegt hway. The
K3L gene of_ vacci %"? Vi ru ﬁ{)g K3 a fp udosubstrate of PKR The term
"nmut at ed vA¥EEHISS A Pl '“ '“" YR \?ﬁ%‘i’ IER g5tk thraggivfaro eagrelis ed :

herei n, thalffdréie n&em:ﬂﬂ{somﬁtgeﬁﬁelﬁbmwﬁb BrofdinCdF 20h8Y 89 kDh R gt | vation of
PKR are | ackin inhibited or nutated such that PKR activation is not

bl ocked. Preé'i’réﬁsg‘ﬂ)F‘if‘y p I'R%CCCtES @ndbie dsRijAdvindingackiyity thaheaniishibisPKR; anscri bed.

Such mut at eekivaly. MReHibh 8FdiYRAPGEII Y Ahe EITL ‘g&é’@b‘z]t& ﬂé%lsﬁ% APd1 GediRatiqpRhi cate in
nor mal ceIIs t hat -do not have an activated Ras- pat hway, however, it would

be abl e to°f Fﬁ*@(‘i”("gé‘ﬁé“?"é&dﬁ%t’@hww diée KSLiggos plgvageiniacimy sncedes ;Fﬁ’sapat hway .
An interf%@,aoss,gg@{gbf\ml rus" is a virus which does not replicate in or
kill normal cells in the presence of interferon. A normal cell is a cell
which is not neoplastic as defined above. To test whet her avirus is

i nter fer.on sensithl Ken AR imd O FRbRE! Litein I BebASURALES Wi th the

virus in the presence of varying concentrati ons
survi val r &emeingthat the gensl preductorgeoductsiwhich [amtlﬂr: laqmanomeﬂ’mlam/m met hods

| Dos s han! tapbipk! i Cor tAlEh SRl BRR dehyifion's At BioekOR BrgRebIP 1L T12°,)

| ess t han e nornal cells 1s ﬁtlon of
i nt er f er on EBb ggne dr@or thei K3L gqmetis mdt Jranscribed. Such mutated or modified vaccinia

virus would not be able to replicate in normal cells 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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"Resi stance" of cells to viral infection neans that infection of the cells
with the virus does not result in significant viral production or yield.
16 WO 01/ @3y dikshfel/ CA01/ 00609 A "viral oncokysate" is a2V ari2epd
prepared by treating tunor cells with an oncolytic virus Yn7¢A¥Y0%ni ch
conposition is subsequently adm nistered to a tunor patient with the sane

kind of tunmor jn Qrd to.dnduce i nmuni.ty in the tunor patiepnt . agai nst
this tunor. As su‘gh,qﬁéliorn g‘TIYSS%cbsIaycggipgssf{“gil%e%aﬁcgmtfeé’f‘?%/ o ﬁggﬁ‘ﬂm M ed-.
cancer cel| oniydicairesin vitso, whiel chmpesition insubséquBmpl ARfinikied |k £Rfmori S a
manmal whi ch Jtl%cte‘;vx{ F" a mtganstﬁl ant at i%n of .cellular conpositions.
Preferably tfe Iec € /3pme Kind, of tymat in oxdeg 'qpduce immunity My umeE PRYSTE pi ent i s
a human who agirsethis twindf) Agsacts piraldnadlyQates are dsERribllyoainsRRdifl cah@nedl -

Met hod The present -invention relates to the use of a virus to selectively
remove neopl g’%’?’l @™%®%I1s fromnixed cellular conpositions which are
-suspected of containing neoplastic cells. A variety of viruses may be used
in this method, e‘%ch ne of whi cri is  selective for a neoplasmor a group
of neoplasia. Alt ‘B\ff@’ﬁ PREEY rRESRIANt (REIEDL Sis 3 gnamumal which BRei¥s®A a per son of
ordi nary skitrdnsplantatién @ delifl@tofnbdions! PRfdraltY e GediRas i \BhEhA, adiiflo@PP! Y the
nmet hod to pur y.m xed cel |l ular conposition by using viruses other than
reovirus. 1 P‘%g{f&'ﬁ])f the reppign saman yhe égoesi vng ransplaptation ingke atmentiofel v

| yses ras acdanv@t ed neoplastic cells in vitro, in vivo and ex vivo (Coffey
et al., 1998; WD 99108692). Normally, cells are not susceptible to -
reovirus infection. However, if the ras pathway is activated, reovirus can
successful | ymesphi cate in-the cells and eventually results in lysis of the
host cells. For exanple, when reovirus-resistant NIH 3T3 cells were
transforned w t h Theduespatimgnimnrelges Goibe ugg gf agirs to selsctvelyaretovart es Ras,

rUS i nfachi : . Similarl
reovirus in &%};la&'ﬂ: é@%fr@ﬁ%ﬂ&ﬁ!@ﬂul@oﬁ@ﬂguﬁs ‘?Jﬁ?he%r%?%ﬁé ted A Soh 3 c,gep'??glsg

fibroblasts that are resistant to reovirus ecane sus
af ter transfreepiagie aalls.nAtvhictEdvirsesapyde vgatia tos method,\eacleoleBf ovidaigiene

(Strong et agelecti\;egf%?’h néﬁ:ﬂagmg)r gtgroi‘ll) of ne]ogl%g)a 'Although reovirus is used as an
exampie below, a person of ordinary 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 E_GF receptor gene or the v-

erbB oncogene (Strong et al., 1993; Strong et al., 1996).
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2 Novenber 2004 17 2 Novenber 2004 WO 01/83710 PCT/ CAO1/ 00609 V\rt?ogt bf,‘l ng
limted to a theory, it seens that reovirus replication is regul ate a
the transl ati onal I>/evel (Strong et al., 1998; Norman et aNovemeg@004|n, _-.
unt r ansPEPAYB7IN H 3T3 cells, early viral transcripts acthemECeongse

doubl e- st randed RNA-acti vat ed protein kinase (PKR), which inhibits
translation, thereby inhibiting viral replication. Activated Ras (or-an
activated el ementithputh baieg kmigedsaranbroy. I%F@Q%ihabbwlmnmlihcatmms ragalaeises. PKR

activati on. atm%ﬁélﬂr&nai Well Qerdnb Qf Qi ??Q’Rfoﬂggdd& ﬁ’.he rasnun g?{ng”'C' €s

are nmade, and the cells are eventua on ccounts
. for a | ar gdVELBeselly eanly vipH §a"$&dpls\aetwawghfvrdmmia-&msdeddiNAkmnvaed gene itself

in a imarily in
ggﬁg : eat i C*if(?%i%n(%ftﬂméé%{&}%ﬂ |%mc or ec?%ﬁa(lég )férglgydmp{qﬁﬁag(vira%e%%nep nonas, an]g
myel oi d | euiciptad R30GH an wtivatodtlemantaf tietres foalotay) prespnitt @ ANtk oﬁlownst ream o
over expr esay ool RAERARE, PhetEiad S oRaSE sPihetinarrat S relipatic o secicr)
recept gr - Snaﬁemmdmhqmllbareas&ntuaﬂaﬂmd. (25-30%, and overexpression of

pl atel et-derived growh factor (PDGF) receptor or EGF receptor is
prevalent in glioms and glioblastomas (40-50% . EGF receptor and PDGF

receptor are boﬂ”ge kanomge:m ;edunvaloea lagge mmﬁwg‘?gé‘kﬁ‘éﬁé@%{"@}d@gﬁftnbvtehe
o d, an er es a cons
e;<tg ?gcel I uﬁgkfﬁe r%fo%me' \Péclfr p §‘B°“aé{"%f’ﬁf‘¥§w¥wh@mam(ﬁpw Lot 9%8Povi rus to kill
cancer cel Ipsmafydu paneseatie (909 Hdi(:d@)ﬂ#&ﬁﬂ (SU%ﬂlnM%@ (%%5 Bér%o‘QE?aSt cancer
nodel systen$ d HTB 132 i nduci ng apoptosis In the

7, .SKB
i nfected céf @Y@d%ﬁ@@‘ﬁ# hﬁ%"""’l“%ﬂtbﬁgac‘oﬁ‘éﬁ%@h?f reamjof msa nmar ked
decr ease .i iin the edsiphihinty @f alddhsdociIBRa: PR, |1ﬂ§l3e)65 le G?éré re‘éq?:kl L controls

t ted w virus or dead virus grew normal Iy (Figures I D). -The
dregfease i 9&6‘? '}fg? ﬁh@eﬁﬁ‘éﬁ‘ﬁ‘ﬁ&ﬁﬁo@’ fgtor FFR cecsplos isicommn io reaste PO 2.7
associ at ed c¥ict(28B0%),Anl Sverstbssa f&a&%@%ﬁﬁnﬂ% & e

stai ni ng S%ég;(l Vi t;f;bl) Fi gﬁ?re’gtﬁzi-zé’;%ﬁd cytopathic é:fc?gﬁﬁ Wrseﬁ%% as cel |
menbr ane bP ﬁ‘ffeptoh’éﬂeéallemdbBh@ﬁwﬁﬂhﬂﬁmmﬁr(éﬂ‘éﬂ%h EGHdewrptati on

observed ugglEPD&GRSA)EF 86 6ORKnown 1o activate ras upon binding to their respective

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 blebbmg,

nuclear condensation and chromatm condcnsahon observed under the rmcroscope

Since reovirus infection is usually blocked at the translationa} Ievel in normal

cells but not in ras-mediated neoplastic cells, we examined the extent of protein -
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Since reovirus infection is usually blocked at the translational level in
normal cells but not in ras-nedi ated neoplastic cells, we exam ned the

extent of wooi/gi7ee 18 WO 01/ 83710 2 Novenber ~2004 PCT/ CADp 7 R0A hesi s
in reovirus treated MCF7 cells and CD34} stem cel s ( Exanpl @ s 2ed,
viral proteins were synthesized in-the reovirus infected cancer cell Ilne,
but not in @ﬁﬁﬁamssheénvﬁﬁitréaté@%eiﬂth GndbBBst ROyl L Us (data
not shown). This result 3gests that ? vvlgl IgtﬁgEgg ﬁ%kn 85 g'tdr CF

hemat opoi et i d’“%ltfe?t‘ﬁf’él“te§w Bsized dwy the gepvirgs infested cawoer celdl lingr bit@bnia wer e ot

synt hesi zed iOD3ue Qs WhBRWRR RbERLEE Wik r@artﬂgé’{%a[a%?%ho%gﬁg Tosult, ot hesi s

- proceeded normally. To confirmthis polnt, via

treated CD33Usedt that ihawll bejsafetoieptdmatopoiatic siers ctalilmn}p&bﬂh& gihdeer. reOVI rus
treat ment (Ex@ARhiSrotdins wekd nstr thI|ve
reovirus or no Vi fpag were sr!anMg}?gE de?e&fe%g%kg%e rPee"be? ‘?ﬁ‘?l 8oty

i ndi cati ng tﬁﬁtthe@amqf:ﬁe@ldlngﬂmlhf fi‘otcouﬁmuhptplobllt enatbﬂ:tyeothblietﬁumnfr&ffddl on. In
order for reeywshtS.kQy in oietic stemcell in high
dose chenot hera yéet]r e;@?gﬁ?ﬁflé& attkl&soq'gég'eﬁgl e rP?thf VIS reARRRRL &a‘é’“ﬂceat nent
does not alt 8k Ceallyamiisrs mtpypuiﬁtlost eeatgiolitisliteaedifu OF A tinatveert flMlafath and

every henat op, ti e whol e henpt opoietic
system Ther 2?(k;‘r%itgke' °“"‘g€ ?98 P %eftmgﬁzﬁlgééﬁef?s A NOL SYTERRHbIR A requisEss s e d

" (Exanpl e 3).inG@84n."cells treated with either no virus or live virus showed
essentially no difference in their ability to differentiate into °

granul ocytes, erythroids, or granulocyte erythroid macrophage

nmegakar yocyt es evlmmrdtfrtfﬁ’rre&&ruhmﬁeazsefhl inpRfPing hetnatdRRLIESREN &ﬁ'lrgﬁt?ﬁ 3B). The

ratio between t hree i neages al so remai ned the sane after this

prol onged tr &% ‘Kﬁ%yotf‘?ﬂrﬂﬁ’l“g/“ 1§ esSRnfiph faattheage vigs treptaientdoes rotialted  CD34+
cel l's nor chmagadtﬁckf&temoéﬂlltd ditferohtidtd VD dath ﬁ%@ﬁﬁeﬂi@o&ﬂ@ln@&g?t opoi-etic
system Further more, rus i s capable of purgi'ng a m xed ul ar

conposi t i on, CESHRIGIER é‘&‘f’fﬁthé@a‘ﬁ?"'?‘ﬁesy%‘emecﬂ‘?f?@f% il9rg; terep effecMiFoViBKBR3 or
HTB 132 cel | Beatrfierit wik 4is6§sed (Ekfamﬁﬂ"!»? eCDQ@'1 deﬁs @Eh‘i'eda\pﬂﬁélﬂ%t)gﬁp H%g)lt‘ b Whi Ch

cont ai ned CD34+ stem cel |l s_( Exanp ) g measuri n %okeratl n,
a marker spetl¥ owﬁesgﬁngmﬂq %lffeféeqellg this @hiligsto d\ﬁf}ﬁ#’nt!a&dmrcmlddf& 132, it

was shown t heithide@y bf gkﬁnlﬁm"@rytﬁllolid’mﬁ'érbﬁﬂacgéﬁl@gakg}gcytgmgﬁ %ﬁ]e(t%whﬁurs lpm the

m xed cel | ul ar .conposition (Figures
reovirus 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 ilt 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 shovstn that reovirus essentially eliminated the
cancer cells from the mixed cellular composition (Figures 4A-4C) while leaving the
stem cells intact. Therefore, reovirus treatment is an efficient method to purge

_neoplastic cells from hematopoietic stem cell compositie_ns.
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stemcells intact. Therefore, reovirus treatnment is an efficient nethod to
purge neoplastic cells from hematopoietic stemcell conpositions. 19 2
Novenber, 2004 _ WD 01/ 83710 PCT/ CA01/ 00609 Accor di ngld/Noyamkes 2864 odi.nent
of this YRJUEETBn, stemcell- containing autografts are RGHEASWORIE h
reovirus prior to transpl antation to renove the contam nating or

spont aneous ras ct| %L‘Ed neo st e ge‘l l.s. This increases the efficacy of
t he hi gh dose f'BEi'(SH ﬁé?f‘ﬁ’f‘ﬂ?)‘b?@frﬁ‘i?“ SEHARIRE |

transpl ant admdyﬂaﬁsraaﬁﬁ'ﬁﬁﬂtw:ﬁgcoﬂﬁfstphﬁﬂdoafanéﬂ%ﬁtﬁﬁ ko Whloke b{é cbﬁﬁmﬁr(aﬁﬁé”ent of
Hodgki n' s di sease, mult nyel oma, non-_ Hodgkin's | oma, acute

i
myel ogenousSTSEONEIFPYS mﬁé‘? Wf"t?gF‘F"R{‘PB%f‘?ll‘?uira'rs)‘“‘:é‘éﬁ%‘é?%d}lc%ﬁé’lfH‘et*l!&h)r s, and

breast t untiose cldnft@RrdpyGaiolpoes SMeiiTHolaE 3R N trafipiAlae8 Héatﬁieﬁéﬂoﬁe' !
transpl antati on _have been perfornmed efficiently in patients wth these

tunors. HARRERRIar intgrest gvill B?\Ehéﬁﬁf“ﬁleéﬂ"ftﬂ%@ﬁk'f‘H@‘ﬁ@?@s@ﬁﬁlpmww nop- be usef ul
in other camsdk’ ﬂ?m{:ﬁ‘&hi abiite h@mg&oapmukeﬁar@ﬁh@a?aesnemﬁ)@ﬁaee cel I s,
since activation o he ras vvay My OocCcur I n -an or tl ssue type

Herrat opoi etqréin fymBefefnd Brcagttwréeﬁmcg high OEfecf@@ptilmenaw aelpgausissme mar r ow of
the pati enteelRa@gAREsdn ﬂgvctﬁe%F%ed £¥ri Efeﬁlgyal{n hdnts Wil s CRRGR, Patient. who

has been receiving traditiona non- hi enot herapy, nmany stem
cel I's typi ddewsyeniiieeantsmplatedithapibe prssast E{llethbﬂ midjbww&ct‘ulmotmrtdams zol ony

e bt SR BhoR ot Aned Ed Rl Bl oI TREORIN O BUB Ay ST o1 €

om t eresi’'s Nbe stored
for a long mamctaerh@mecebbﬂrngsuertmpl ant ed. The present I nvention can be
applied to stemcell-containing autografts which are harvested from any
ti ssue source, including bone marrow and blood. In addition to
henat opoi eti ¢ stHematapolesic ptolgmip:reammalli candatobnained mmke bdirﬁaﬁﬁrybw appl ied to

renove ras-activat.ed.neo cells fro any ot her ce
conposi-ti ons: patEB{mé"&’ ‘?‘éﬂ' trﬁberﬂ%m’c HceégatéF"F Bl}? H‘?’f‘g’eﬁ'ﬁ actice to
"cl ean up" r(mevmg(fradiﬁmal acii-hightdesk dhempihaﬁpy Gn:ﬁ@lsieﬁ; dellOHPicaNly appetsSine Of
or gan transgl ant A\D@ %gai Il on of thﬁg& ese vent lon is not limted by
cel | or tidoyRerahpal Paed b onyithaus ¢ e‘&l‘"&‘ 5 aciqs grimings kh6Fef9tsr 1 eovi rus
i's ubi qui tqumam@aﬂn& ﬁ%géfﬁl@hﬁ&h%ml kdh iebtEMed RN the bdoll BOAEHetesis! €0VI I US
replication, PKR, ?. go ubi,qui tous. Therefore, any cell may becone a ras
product, ‘which can be stored for a long time before being transplanted. The present
invention can be applied to stem cell-containing autografis 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 res-.
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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activated neoplastic cell and becone susceptible to reovirus infection. O
particular interest will be the use of the clainmed nethods to cl ean up

whol e bl ooy @psspiay portion thereof for a ssbsequent tr&n@?@'%ﬁzom e
Simlarly, tissue or organ transplantati on has becone inc § H?%?“commn

and it wll be beneficial if the transplant can be treated 20 2 Novenber

2004 83710 PGTLAHAMAORGL ﬁer%KHé/@ellrs@éfo?ecﬁ‘dngﬁarﬁgtk&e(ﬂ?ve Sl{ldnegchel S before

transpl antation. Liver, kidney, heart, cornea eatic
islet cells, C%'eﬁ?es%wﬁwamreﬁwyslwﬂwﬁ@ mpzowe of ararrwn}qnstheaeof hrjustxanpl es

of the tissugy c‘%m?}gg@ﬂﬁc EQqu% ahfoSwiill Bl ih P62 canql?a Bltup(?dl ed. The tissue

or organ can be autol ogous,: enel ¢ or. Xxenogener ¢ $sue or organ
may al so be derived froma transgenlc animal, be a tissue/organ which is

devel oped in Vit rgefiiQm, ﬁ"'?% &5 deSauec, Ogse Fi %%&gﬁgé%ﬁ%\}/ﬁoé’hg%gﬁlt&:??fue or

organ to be treated wt eovirus ca
origin. For ®gampiralso '@rﬂ?ny@hﬁr@mmemnignmb agizal, becaisorgmeaiicidisbef or e bei ng

transpl ante I ent t he invention can be.
used to tregdtelvgte) cﬂﬂgﬁ onogfg'lie1 °§'§S egbev %ndeiﬁﬁf"vﬁaweows‘é?°rt%%a"d1’€§ent

i nventi on i draated wWithrreowaks tan herfmmprh anbryoniRat it or@i’hy Foeeidmﬂlar conposi tions

can be "cl eghgq or. ' Rur pose. hus, all the exanples
descri bed above cglﬁ)ene\gé‘) lléc’?ggi\’q“ bcslécﬁtcfjlba}?* ég’tﬁ‘ép Ijptecintan Algheimer' freant f or
transpl ant atpatent. Simhilarlyj the mvemtionaas be. tied td E@dt@dnd’rﬂ#tdbﬁtﬁ"e od & waf eguard -

agai nst spontaneous or contam nating ras-activated neop astlc cells.
Again, any cell line will be a good candidate for this nethod except, of

course, a cell Iw;@liéatiansf the pRerld ynvERAASs A6t limitedGd hX;ﬁFlaﬁl@ RbnbDgny as
pat hway . Receln | aboy af, r| e have been attenpting to establish

serially- A‘gﬁydé’mpﬁgr%“sféﬁ Yr W vithisAviprs det any @utpask: sFhus; alithe

i nocul at ed |enamp1ema®edamrasmm@hbm&€n BB or d}g.ﬂ.t@@]'}ﬁéah% Wi th nmouse
cancer cell§ often occurs during the serial passage of the xenografts and

these cal | s "RAPIARAN YAl Iy outgrow the human prostate cancer cells (Gao et

al ., 1999). The peR%iffimiyWR Hel tRAteWrdhinbI§ t@sate Oéﬁﬁ r?i&l H&Ltﬁmao&soo ghis
problemif the contam nat] np cancer, i s ras-nedi at e e xenograft is
not . contaminating ras-activated neoplastic cells. Again, any cell lme wull be a good

candidate for this method except, of course, a cell line transformed by means of .

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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The present invention is distinct froma nethod of preparing viral

oncol ysates. Tunor cells are often poor inducers of imrune response and
can thus escape the attack of the imune system Viiral Nownyea2084

essent i WO91/837@s- nodi fi ed tunor cell nenbranes, are usedraTICAMN/ RRE oach to
‘enhance the i mmunogenicity of tunor cells. To 21 2 Novenber 2004 . WO

01/ 83710 PCT/ CA0O1/ 00609 prepare viral oncolysates, tunor cells are renoved
froma subjpe@arebela}onvglysha,mnmrcplls amd:mqvé@frbmdsnbjrcbt tealing the wshdrch 1y.ses

t he tunor resul tin a mni.stered to a subject
bear i ng th%‘ﬁ% Lnr?r%:rtedh‘%rt\lba V'H?u“r’lllnfgh Fyscs %‘?{]gﬁr ccﬁ'ﬁu?ﬁﬁ”&‘agp%ﬂbsfaﬂ‘ée BUKPnf ect ed

t unor cel | sdmmmtdmmﬂaﬁm lwiaﬂngthy tuhorandi inhenity Grofeh ildeoed ag@lst hei Nduces

i munity to u fdect ed rcg ce hI S. IS u%gnown ut, w{us xe ogenl zation of
tumor cel | SMIEEPISRMPTSEGE Ehf Pehadism Whshy Virugintestion of waop e Fr‘\‘i'q“ﬁ“e*nza

Vi rus-i nf edm&ﬂiniujéioaﬂﬁm’ected/mhiéﬁéelﬁai OikROWE, bantrusQéaddenzatd 6 thdbBeerigs Vel |
as newcastl e sea Vv, bect ed col on carcinona oncol ysates and

vacci ni a vitd cd‘h"@i Eﬁ‘éﬁ‘ﬁég jr?ﬁ b all been used against various tumors. For
exanpl e, a nel anom patlent received oncol ysates after surgical exci si on of

the tunor. The vi raI cf‘,ol sat e, was .adnmi ni stered weekly to week 4, every 2
weeks to week £9col @‘iﬂéﬁs Jiginfeessd melanoma, yulsyrgarcmpmgands t o week

160. | n angihedn cafchﬂdmaCQJ waaﬁsenewmeleaﬁ@aselvﬁ{lm?ec&e corhedehnfl autol ogous
NDV oncol ysate agai nst colorectal cancer was initiated 2 weeks after

surgery an@nfdyseies apd wmeginjpadrug onenlysaie have il begrmpssd agdingt varimd thyorsne boost 3
mont hs | at g4 éﬁlﬁf’p%nQ'nﬁe'la%oml%gt%nt-re-ggﬁec%dégiy?ées :ffgp %cﬁ ekbisiih GRtne! €SPONSE i N

sone pat ients or gener ation active I munit tunor anti gens
(Steel e, 2Gowor. Thheﬂrﬁlr@g@lmatq wmﬂm:mﬁtﬁred “ctclslw|tmwcel¢4.@mry|2r\mekmwcol ysates in

that it is week ﬁﬁ %lv@rg%qméeﬁs tonvée‘mHDa‘?;P 'v&? 6%&% toq;f:le SIG(I)e anofhe ! raSt to viral

oncol ysat es, eéd neopl astic ce eTably are,.
renoved f rshmt:zﬂgam thg admindstation sobbdulé afrauc;lbmgwsNﬂ\bmnCMylsttoLHgamﬁtf ecting the

efficacy o vVira ncol sates are
prepar ed us?%%%ﬁggﬁgmas "['W%&? ckg\:#%? ta 5 ﬁgdr cat%i TEPFL Y& mposi ti on
i n the presmsenvals nfﬁélntw:d)hy pmeﬁcmlsvaﬂainymbmhtea(m@nmmss 1998 Blsanttepl asti c
cell's, mor Sh we“i‘\if llmclayres oesesl ts an auen?s or enerat:ono aghrv%f G abjt l ess than 20%
and nost preéterabl PPN 51958 & immunity 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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neopl astic cells. 2. Qther viruses which selectively kill ras-activat ed
neopl astic cells Normally, when virus enters a cell, double stranded RNA
Kinase (PR ois71aCti vated and bl ocks protei=n synt hesi s, 2% tres 2004 us_can
not replicate in this cell. Some 22 WO 01/83710 2 Novenbe ﬁouooso‘)

PCT/ CA01/ 00609 viruses have devel oped a systemto inhibit PKR and

facilitate Vigjr@les Rﬁ@ttﬁ{r@op%ﬁ 'ﬂtsf?ﬁéﬁ ﬁ) 1ﬂ§iblt\5ﬁkl anﬂ?acmt{u? v:rﬂﬁ!ﬂ' Ca ?tgn For :

exarrpl e, adenovi rus makes a lar ge anount
RNA has ext ei&l pe visd gentigatiop. §pwmmabe@em@ubmlds at‘@tgﬁ’l(ﬁioum ofaempﬁet it i on

with the dou%s} d+2V actiyate Since it
. requires a mni rrunﬁ{ ﬁét h. of ﬁﬂaﬁi@%{%@gg?‘%}ea&mﬁ% f% ?alg@’h
activat e PKReompaiitiondvithithe dovbja ssanged RRKRAIRNA) wlnlulenm‘inallp acthareg@KRm)unt :

e nt Y sineBlidlinls SHMARAIeliorIANRSRKSEL BAK AATRNAHR, S

replicate in the Nia virus encodas FEMOLKIL and
E3L, which destrvatediR. dngeadPRequiestérs PR by evirartof itelah@mnmm Jhsedtdhtigene

product has I h N-term on of elF-2a, the :
nat ur al subsHoami"]iegq’ftﬂ%E% “%93‘8& r?ﬁ[a"%c ey e srgﬁb%‘%edﬂgqer& le for PKR The E3L
gene product is a dsRNA-binding protei n and apparently functions by
"194.5 encodes. t ny Ui R o B ar Barttpe kAL g b nyioh doriepalates) t hat
can prevent PKR vaﬂtﬂlﬁfeneﬂtlm@himms mmugén&)pfodﬁh(ﬁﬁs IR dRR AR WithUfe OF f

Vi rus,encodeé the %e gfngg |Is I nvol ngdq‘s bl ocki ng PKR activity.
Thus, these viPTuBE regly ¥l g.glpqﬂawa iSHpstrate of ang PRI 2% ng i nhi bi t ed
by PKR As dpszotisabdra®TovEKR " Bhe B3 ge‘ﬁélg@duﬂw&is?&t}& $in@fls! pRotBin@nd Ot Subj ect
to protein @%nt hﬁSI s i.nhibition by PKR, because ras inactivates PKR These

cel Is are t hHPaFHHE “%h%@kit‘?‘ib‘F%crl”@aG‘l“faéﬁfd?Wé&tlon even if the virus does
not have a PKR i rttmmaﬂpmyrpsyﬁhgm vmsdﬂ) %hé/ﬂsﬁeﬁ&ﬁeﬂ@g f kP S -1 0

adenovi rus, vaccinia virus &ﬁ si npl€x Vi rus par a irus orf virus
is nutated shiestedrst! Pf%c'ﬁf"é)ékl SY iR Brevens hesndviral gifecty @@um bng viruses

do not i nf ecPRROTEBYarfBkdiss @H@:&peraaggs%ggeﬁyow@@mhat %%M@ﬁ by PER  but
they replicate in ras-activated neoplastic cells which
activities. 'blocking PKR activity. Thus, these viruses can successfully 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.
Accordipgly, 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

23



Accordi ngly, the present invention provides a nethod to renove
ras-activated neoplastic cells froma mxed cellular conposition by using
adenovi rus, vaccinia virus, ~herpes sinplex virus or pardiovembai2084f.. .virus
whi ch | Va8HBI7Ied or nut at ed such that it does not inhi BRQT/RKRAEICE i on.
The nodified or nutated virus selectively replicate in ras-activated

neopl astic cells while normal_cells are resistant. PreferabL%aihe 23.2

Novenber 2@@PW@EFE@F‘&@“M@A@B‘%%Q’&%@F\BWSr'ﬁ@’r‘?’ée%’ﬂtﬂéﬁ in the VAL

region, thenyaresmie@ion aheseﬂpés d?ﬂrlf)l@k eﬂué i9 rrtumedﬂ%lfhe @31@8 gerneEﬁJdmeegl on, the
herpes sinplex virus is nutat In the r=3 gene t he parapOXV|rus

orf virus iParapexviiegrijvirus ﬁé"'@??b‘"ﬁi‘_e QXQQOLﬂeQWPéh‘E%bQﬂIWEm The viruses
can be nodified or nutated according to -the known structure- function
relationship of the viral PKR inhibitors. For exanple, since the amno
term nal regi onTo¢ vilBepeantheimpdifindar sugatedgocprdingdo Serkpowy stregterenal r egi on

unct 1 on ( Sisiion SRl of e BRU P b BbRY PR el ol SR 4B R a0 et
al ., 1998) teriffrel I@Longﬂﬂié pmtemvtaemtmwah\vhem;sboeml ;ﬂgibn dempseefdosubstrat e
of PKR Th gélef}‘ ?rl grspom(tn;nu;alfl{aﬁ E){’ {PI% dom'ég é&ef Its anE uncflo Eﬂ% el té}er

truncating or R portlon -of
K3L proteinl, mam %Qolwsiﬁharpemam@% mmmoa:san riQBﬂ)F Taa I@h@ensbﬁ' PKR

tumor suppr BEut i e Re B SRR of PR e e SRR Per “aspact
of this i nwemdticanyithimK3ki Bysitse andatiugbybkpladisg peeqrhwations wikd e oy

t t
oY o e o AR ERIE brsfhat fomBleath (8 Midies PE dorin SRS athUN ool 1o

However,. appROMmhibabE dality (Katva lsﬁl—deﬁ?:Isﬁl dtayerwy7f,unctional Iy inpaired p53
and proliferate in an uncontrolled manner. Therefore, a virus which

expresses the wild type p53 gene can selectively kill the neoplastic cells
whi ch becore negfhastichfyifl Qmid? sit Eér\g%hésQﬂ uthorlsBSpriker GRAA gefdsoduct . Such
a virus has been constructed an hown to i.nduce apopt05|s i'n cancer cells

t hat express nmut ant p53 (Blagosklonny et al., 1996). A simlar approach

involves viral igniiddiel @dpectQk iidiApEntiSHRRE @ﬁ&%@ﬁclu’zw kit APl Btic chS 59 ain
adenovi rus, SV40 and hurman papilloma virus includ€e proteins which
i nactivate canymg a tumor suppressor gene. For example, p33 is a cellular tumor suppressor

which inhibits uncontrolled proliferation 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]icﬁtien (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, when ONYX-015 entess a normal cell, p53 functions to suppress cell -
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. disrupted p53 function,

p53, thereby allow ng their own replication (Nenunaitis 1999). For.
adenovirus serotype 5, this proteinis a 55 Kd protein encoded by the E113

region. |{ydf%:EHB regi on encoding this 55 kd protein |52N‘9¥%%%foﬁé i.n the
ONYX- 015 virus (Bischoff et al, 1996; Heise et al., 2000;

the 55 kd p53 inhibiitor is no |longer present. As a result, when O\IYX—015
enters a nor gRlitdlon.as RE of WA HMBich O RUPRIIESGh BE b g?o‘hf%‘%“%?m

PCT/ CA01/ 006 proliferation as as viral rep ch relies on
the cel | ul ar Maghingry-Tharetors, ONYGH Hedaps natirentistts irenor@rheells 16n theaxhenot

replicate i nppr fm{eoﬁlﬂti]c%clls%tﬂ &ng@ﬁp n&ﬁ)ﬂeﬂlgﬁ Q@g&b?ﬁ:‘h‘cﬁege& Is wth

|cat y cause the
cell to die. EM%HHFW ?'ec§1hiosiiqn$wr€blm*u s vissatan be ssﬂ@ﬁalaca#gly |nf ect and

remove p53- dﬁlfféc@5@}%???%)@3%%&“%%@“{0 cgﬁg@oqu L éjccglr% lé‘grqc%rén rpco tion.

person of ordinary s In the art” can al'so nuta p53
i nhi bit or gepassanpf opieany kil Usthﬁamcaroalimenuwueraud;érsnmcmepﬁﬂ ingyibitor m“a&bl i shed

t echni ques, gd%qo,giglgsrqggu&e”mgcsv & es aés abrs% 83%5'§F?STW§{’§%§qt nmet hod to

remove neopl astic ceél rom m xed C& 1'88her exanpl e
i s the Delt afitused arassaﬁ#iummcipsesmtmdﬂmdtto mdmveuwplmncedﬂwﬂoﬂgnaed edrdpgse pair
deletion in %J},? tlonsregl on (Fueyo et aL, 2000). This region is responsible
for binding I{ e céllular tunmor suppressor Rb and inhibiting Rb function,
 thereby allow ngAmdnl&reﬁdrhpld: anhqiDelta2# eirat which nacﬂmtmwenoaml; JARPEE aVi I Us
replicati on, »f0, e]\ (r%ésrcont apl I edaIqutéB Del t a24 has a del etion
in the Rb bifhdl r'\;gp?lé ‘?%Hmd?lﬁ‘e CHEP CUEYHE )- Fristegiop isresnoagiblecat i on
of the nut anfor bindisg to ihs celhirbirhedupyredshr Riari 1ﬂm61ﬂiﬁ1§ RbG@hckion upeyer, if Ro
S |nact|vatﬁg) dht hﬁ eII lEecomas neopl asti c ta24 is no Ionger

i nhi bi t ed. g the cefiularprolifgrative machin H'@ahe@%”éwr%ﬂhemonywmeﬂ@es t he

Ro- defi ci endn zﬁ\eblhtrollé@ﬂeisﬂmntDhmlhhyﬁdd]éiloﬁeﬁ @6 RiuMtindif reBRR BhA3des hoc et | s and
can be used t.0 t%g@&g xed cel | ul ar conpositions and renove Rb-deficient

cells. 4. ahad foresteplifation &k themutapy ‘@f“\‘fisrlﬂ%‘b’(“\?@\Y)R%@Iaé@mﬁﬂel y kills

neopl astic calil HowevédE RbRE REGRGRAAAd 1B AT beRbREs ndoPla&ic BERNS i85
circulating factors which bind to cell surface receptors V\/m ch ultimatel y

|l ead to bot HORgFr dHibitedy Mstepd disorutantrys seplicatnseéiicienty @nd lyses the Rb-

deficient 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

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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growth inhibitory and/or apoptotic signals in the target cells. Al though
interferons can* theoretically be used to inhibit proliferation of tunor
cells, this attenpt has.not been very sucsessful becaus&Neferakerei004pecific
mut at i oOSKSHEMber s of the interferon pat hway. However ,pdaycaisooeps i ng t he
interferon pathway to avoid growh-inhibition exerted by interferon, tunor
cells may sinultaneously conprom se their anti-viral 2 Novenmber 200425 2
Novemnber 20@190\1@ (ndegd, /it irspe BagatigoEoY, ares’p'oltnpexl négatieesknst RNImas been

Soun R W rorly A EP g WAL i SRR honel e BN inlecpP! | 2t o

in and kille Mes

I nterferon ofwhcrlfsromovhr&lnohm’rﬂmmpn primary celbtulneds| e qg:amﬂjapﬂam&fdem |y
protected b nterfero ection VSV_.al so reduced

t unor bur deﬁte{)lcl Ul e 'émorﬁl '3Jrcc{‘|‘6‘ Ls% Ivt? u?iil%'gg\f%d ﬁmg?“ff?f'é’ﬁ&’% MiERograft s
(Stojdl et tzhring @B@ﬁ)neoﬁ&:mainmghryomalxan@mtshetqcaﬁtmduml of the present
I nvention, VSV is used to renove neoplastic cells froma m xed cel lul ar
conposition in the presence of interferon. Mdreover, it is contenplated

that this aspectAcobrdirpy, imnu@tticr embdiimeippf the @resent irdBitiA W8V is used to
nanely. a virus which does not

I nterferon-sensiti \é@Fvl rH §V\D 99/. 8799%}

replicat e i"AMEYGISCRIFUCSE s friPm 3 ARedreliula %“R?P“'Pﬂf'b‘thBFeé%coéuch a virus may
be identifiig@rfedol. MdIWvEE itas é‘dﬂténﬁiﬂﬁcd)timatﬂmﬁ aﬁiectc&hrleanv&;%ﬂ 8chpphad the cul ture
"with the virus of -interest _iin resence of varyihng concentrations of

i nt er f er onANY PHERINgRIteEicASHYE Y'H’é &} Wi §798) narpely a¥jms which dags et t er a
period of 'r@%l&lﬂétxh @ Rorritl 841Pmakd yresch@eso? Iﬁt&?é}o%o%u mahs e %Tﬁldbxﬁlficiél' lled and

nore preferably, less than 10%is kil possi bl e t.0 take
advant age & aroring gevirpaf n@mabcqﬂécypnta@mgéhwlw \wﬁp&esgus ¢fiiglereseinel s of an

enzyme and :ﬁ@ﬂ%&&ygs \gar%hé&ﬁlcmfaﬁ&s'o?x %}Qeaﬂan emlﬁgmt gx{zgmageobut

exanpl e, ribohucl eot reductase 1s undant |ver
scarce in rbcethkilling afier a perfedraf fingplation. H@fqmy,éqsmaeﬂo%lrmusallce(lHSV- 1) nut ant

which is d t n [ tase expression, hrR3, was shown
%1‘?& dnxgrrdrg ref'e'rzm?y Ll'&kﬁﬂ}n lﬁ‘% {)ﬂﬁy&:

to replicate i n colon carcitiona cel ut not normal liver cells (Yoon- et
al., 2000)..In addition to the viruses di scussed above, a variety of other

viruses have b ©§1s also possible to take aclvante;ge of the fact that some 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 -tur'nor 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.. =

%



associated with tunor killing, although the underlying nmechani smi.s not
al ways clear. Newcastle disease virus (NDV) replicates preferent lally in

mal i gnant w@blgn@nd the nost commonly used=strain is 72 %W E@gfsﬂg et.
al ., 1992; Zorn et al, 1994; )3ar-Ei et al, 1996). dinica unor

activities wherein NDV reduced tunmor burden after intratunor inoculation
were al so observed.in a variety of tunors, including cervical, colorectal,

pancreas, gastric, melanoma and renal cancer (WO 94125627, Nenmunai t | S,
1999). Therefore, Marspvem Magsinia g Propagatssip scveeab plalignant ueer kel inesm a ni xed

cel lul ar Comg?hﬁl'itﬁr{ﬂms #As w14 RAE LR ogcd}ytfc'gf@% ng{o%se sagﬁcegﬁﬁfyl tvaCC| ni a

Vi rus pr opagat in several nmlignant tunor I.nes IS Vvirus
was shown t o PHERMENEAton Mag by raquired oaeduce its infestivitydn aarmead wellst Lfihrmor but

attenuati on ‘f@g\‘es%n ﬁ@&%eﬁﬁ&s&%eﬁ%ﬂﬁ‘ﬁg} F&Enﬁ%f@&éd Yidh xcﬂggsl ﬂ%? rg? %?ll ! S

Tunor regressi on have been describ n tunmor’ pati ent
her pes zostel”lfﬂhefﬁblﬂlitab varicolia; ard measies wisws(for a\ra\m:w:,esbd: Hemamitlsmw)es VI rus

(for. a revi e\ﬂ’c me?l?ellﬂod§dlsélgs%8%erem%%8Qgcgﬁxagbk%lltkqewnl mOdﬁ di scl osed

herein and tec es *%an test
the ability @kllltfhtma’mwﬁﬂ testthe abjlity 0f deset @ otfel eictsev @l sylektively mnapd»msncc cells

| n order 10 GRRASINGCME LiRn Gtk OR pESEA b RriGIRESIABORLASH AT, CC! | S from

a - mxed celTular corrpos ion o0 T ? uses after
vi rus treat mentedAeliideugimpokitovofiiosrestsed in the present invention does not

replicate in normal cells, it may be desired to renobve the virus prior to
using the virus treated cellular conposition. For exanple, reovirus is not
associ at ed. wdt h aRgmévebufvitlisssenfiieeyini3uteatnient ey be nore infectious to cancer
pati ents whose i nmune systens are weakened due to chenotherapy. Therefore,
If reovirus is used to treat a conposition conprising henmatopoietic stem

cells which will aulnﬁ@ﬁmduyum i ﬂﬁ@ﬁd@br&ﬁtv@ﬁhdﬂia@s ERREAMcatR & Al

reovirus can agrem)ﬁg or to transplantation of the cellular

Conposi ti on. SHBCOFEY G AEHTes o SSMEYHEF VIERBHF Heifnedhe Yifsdreatsd erlislsn, ¢ he

cel | ul ar corrpmg;dsi:ms FordXafmple @y ankeenbt hisahed wivh lahy Rnothd difeadts gutflf ozen in a
sol ution contai Blﬁr’]’g’EFDNFO and thawed prior to transplantation. Wiile DVSO

i s routinel ym(% Hous I%Fﬂilc%rtp@pglts whqse immune systems are weakened due to
chemotherapy. Therefore, if reovirus is used to treat a composition 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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animal cells, it denatures viruses, thereby renoving infectious virus from
the stemcell preparation. This reduces the risk that the virus nay cause
undesired infections when it is introduced into the trahipreamher2884 pi.ent:
via steWP&B3HPanspl antati on. I n anot her embodi nent, theP@I/Casra0semt ed
cell conpositions are treated with. specific antibodi es against the
particular virus or a conbination of the specific antibodies and .-

conpl ement PAHFUISF HEYS DY Yeised fassmavethe Vigusparedes fromy the vips-treated sollslay or
addi ti onal legmpshsi. fiths ant htdiiesatihmbbiliscagRiceRinth, PRLEGHG AR t he surface
of the 27 2 Novenber 20Q4 _, WO 01183710 PCT/ CAO1/ 00509 particul ar virus
may be usedn#gial engaricednawy in the apdthe cadiulag compasitiands sppliedtatheat ed cel | ul ar
conpositio ' t ] | d;qrpa el t r beads or any
other mat 2‘:’{?‘}?‘_’%‘?’ %‘E@?@% %(rﬁlgg\%ﬁﬁ}t n(:j)f{tﬁ?eé a t?ilu%] hg%g:glc@ﬁﬁorqmcnggpbéhg ition is
appl i ed t o aphkodigsiigelictizd accardinglodipsecedurn duitable fonthe pafticelnemetbogofi t i on

whi ch does i&%bﬁizg&}"t'o the antibodies is collected according to a
procedure suitable tor the particular nethod of inmmobilization. Another

met hod which may be used to renove the virus fromvirus-treated mixture is
to subject the r adj ent l.ch separates. cells fr t he virus,
and col l ect the “)39’3? '%f lhgg @«g%htngalyﬁbg ucs)éfﬁkﬁr %"ef:{g‘“r Y'él?ssffo ‘é'ﬁ'gftﬁeea%genbodi ment ,

t he transplminture is¢o pibfEat the snigtusean atgradientehich s¢parsadsicelld fade thet Vigis) amdune
systemin qrder _tcg reg}zjnceo %hes ri,YS‘E of, virus infection. This treatnment may
be perfor FRE-HHCIPYE B B BB BR&8 sy with, or after the
transplantation, but is preferably perforned prior to the transplantation.
As an alternatiye treat r’rgné{ or ihn cow’guncilon. wi.th the i mmune system
stimul ant, the FeRIYREATORYMEYLthGIRRIACHIEEPIaNETS SLYFN AINCAE AUMHAE ¢ he
particul.ar v ifriiuriesyQEd @ ofder tbeeiceth gk bf wilus@ifedtiont Thisfe8GidnOay be
Conposition _The present invention_provides a conposition which 1s prepared
by subj ect PRGOS BEOR . EIITMRATANEATTHL Y 1y 05 Alterdhe iransalaptation RBHE wherein the
Vi rus resulpreferably pefstnalpial to thé irhrispRn@fiord. s HEMRKABYE FeabiRbdtSr fONt @i ned in
this cellular, conposition. This conP_OSLtlon s not a viral oncolysate. A
viral oncolcgegpgtiongvithihe bRpRsSYStERSimulap,. thesgcipieepan e giversspgcifist t unor

ce: : s by a aMiibddfes agAA Mo Paibuf® vireindedel ¥re GUMMERK of WirbUmirdngh.f | ed tunor
ce ‘

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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. which virus can

menbranes. In the present invention, by contrast, the active conponents in
a vi rus- treated cellular conposition are the surviving non-neoplastic

cel | s. Wwd¥issbfse viruses discussed above ean be used tZJN]%ﬂ! @rﬂok) d .

cel | ul ar corrp05| ti ons which may contain neopl astic cells FCRRUR0eMy it
my be determined first which virus or-viruses can be used to purge t he

parti cul ar _cebiiblroh AL bR, o GRpsy BUABhGr MBS X S8 108 do! 21~

COprOSI tion corrprl ses hemat opol etl C emce
PCT/ CA01/ 006%4ted Wish diffesent vingsas to detanoine whichi véms «;arecfﬁcxapgyknufthadaecec ancer can

be harvest ed¢di. q?%/@%%agpgn E% F%Hﬁﬂgwgé H:e%&&gécﬁ%} o S\/é%ga?s to determne

I clent ancer Virus can then be
used to purge the hematopoietic stem ceI | s. Alternatively, the m xed
cellular conposit b t ockt a

first deternmini ngAl?%réﬂigpfyl @%&é’?e%fcggua{%\#h VP r%ﬂs(m 'Rc‘&%‘?t(ﬁeaﬁe ‘Vth?ﬁ‘?cgtavvr?%entl on

provi des a kV@Sebmqusﬁrsgdelcrgnmug)ttmfeffmcmo:feacmnm @\lcédrﬁi’ngm thi¥ in@heibh appi Ng
for ras activated -

specificitie th in_reovifrus
neopl asti c cériorldgso:{h?@msm (gullp n°g§ v{ﬂ] B "B@ 8 OLQYerIAPRIR SHEEISIItSS ¢ ¢
cells, DeltaFdar émmpﬁbtld&iurmyenmanea@.hmsfOreas-abﬁbdted neophaxtididedls,faqi53p53

oLl CLent heBBIBhe Guibt 8 okiahett AEPLLH R o bevBidinpy s are

~offered to |&dnu,smrryatms1fdnip§3idaﬁﬁai:me@la'sﬂdcarseveﬁﬁ@mai QoMQitisGARs Fgrued in any
way as limtin t.he present invention. EXAMPLES In the

t he sc
exanpl es bel 'Sfﬁgfef%éesf%‘f’flﬁﬁp’?é“‘é%lr‘e‘if|3'é|isF'6H?“ﬁ’&ve the foll owing meani ngs.
Abbr evi ati ons not defi ned have their generally accepted meani ngs, oC =

degreeOeIsws hr, mnyte  pM= mcromolar mmmllinolar M=
nol ar =il I’lmetf owmg examplcs are offered to 1llustrate this invention and are not to be

construed in any way as limiting the scope of the present inveation.

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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| = mcroliter nmg mlligram |IT = mcrogram PAGE = pol yacryl am de gel

el ectrophoresis rpm= revolutions per mnute FBS fetal bovine serum 2
Novenmber 2004 29 2 Novenber 20Q4 WO 01/ 83710 PCT/ CA01/ 0GodeveD®Er2004

di t hi ot WD&188710 SDS = sodi um dodecyl sulfate PBS = phosphaneA@Mmﬁaged
.saline DVEM = Dul becco's nodified Eagle's- nedium a-MEM = a-nodified

Eagl e's nmedi um J- ME = P-nercaptoethanol MJ nultiplicity of infectian PFU
pl aque form ng WWEs PKR=doubkémbthmded RNA activated protein kinase EG-
= epidermal gro factor_ somu ? rlved growm h factor DMSO=

di met hyl sul f oxi CPE cytopathlc granul ocyte col ony

stinul ating fac?@ﬁ Exanmple 1 Hﬁoqmam$uﬁﬂﬂmsﬂdmoncolysis and apoptosis in
breast cancer To determ the reovyirus on the viability of
neopl astic cell ?Mﬁv\gl first usﬁle ?Cﬁ?%@ogffségf‘glﬁéﬁ‘(? lt‘"“rmdel systems, MCF7
(ATCC nunber HTB-MEM SKBR3 ((‘Aﬂi@ﬂiﬁldllﬁﬁ@és HEdBu0) and MDA MB 468 (ATCC
nunber HTB 132) l1s of eac cel |- t]!‘ne were grawn to 50-60% confl uency
and infected w PR Feovi rus sersP§EaP'ethat0}l o Dearing, at a multiplicity
of infection of MOI Reovi:us vwaAdtiplidigionigectioal mai nt ai ned as described in

U. S. Patent No. §U136,307.‘Re0 irus 1nfected and non-infected cells were
P = plaque torming 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 vi a‘bi ity was
determ ned. The results are shown in Figures |A-1D. Viable cell count in
reovirus-wdegisesh MCF7 (Figure | A), SKBR3-(Figure I B)ZNg(%%e%OégG
cells (Figure | C) dropped significantly after the infection

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 ﬂ%aldFWPBC@QCfMS 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'ﬁ’é,“é‘re"&éllﬁﬂbyamﬂ@seeﬂvﬁcdiﬂmpéﬁw raqybqrs SJFS)SIE CPﬁgAwdxugpopt otic
mar ker s suchvagmd G 108846% 810 ¥ %Géin%‘ﬁ\ SulrQhaf: Caasdyed 1 n a
time course parallel tot S uec?ease @lﬁag l.irﬂ:gpa a(?llé t ut TTRDE show t he
per cent age obi2piity- fHiggescsf- aﬁlsbw'(f@mﬂ@@)tageQ&@Mfrﬂgmérsatmnr(imga)zlp) ?r "
APQ2. 7+ cel | r.eovi r. i nfection. e
r eovi rus tregtn égdxﬁeg@a'srﬁﬁg ngpjggogl’lf&uggé‘ﬁé aqvgno PSSP A FGHE ¢ | evel
conpared to fistine Theraevios trd@esdcaﬂnspdsblmdraths:ghsof aj:eptloflslhlrzadmmgnd kadl
reovirus mdw&% t se three.ce I nes tosis in
the controls seercﬂg% n??é@%gg%egh L'V'?sf/\c]o“{g& dﬁmf’i’sg@“%gsthﬁ;erle?v’mﬁr"ﬂf@g y because
" cell's began 2ppptiisis immibef !hMWrbm@llgmemmgopmsxsdemebmroid:'seampdl&nBcrE@éVl rus

i'vel i Rl ' esi s in .cancer.cells bu not CD34+ stem
el 15 For {ur PR isRimPhehel BBl BESHR oLl (LB Sihor nekbearovafdes. 355
| 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 same time, indicating that
reovi rus hadExiakple 20V Reovias sebeetivaly mmmahiraern\/synmwié«ird@d&eﬁéén%ut 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 pro}e:n .
synt hesi s, V\/ner || ul rot ei n. synthesis was at the normal |eve n
c)(;ntrast, 35S Ia glebﬁ‘m" ﬂecnvﬁf’g?h“&fé‘?}%Ofﬁa’Fﬁ'ECeB%es%nce or absence of

reovirus shoubgding/SDSIFAGE pf @t bibteins was undertaken. Viral protein synthesis was

evident after 1-2 days in MCF7 cells infected with reovirus, while cellnlar 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 wher_e
cells were infected with dead reovirus or no virus, there was no virat protein synthesis,
whereas cellular protein synthesis was at the normal level. In contrast-,_‘”S labeling of
CD34+- stemlc‘c]!s 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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. differenti

synthesirs up to 72 hours after the addition of virus. Therefore, Teovirus
selectively infect MCF7 cells but not CD34 stemcells. Exanple 3 Reovirus
treat ne Ogﬁ&%@gr inhibited cell proliferation nor alter&Noveatiligr0at i-at-i-on
potentia cel I's 31 2 Novenber 2004 WD 01183710. HEHE€AH{9068%509
Consistent wwth the protein synthesis results, viable cell count indicated
that reovirus, { | d not de ease viable cells:4n
L A= R e A e N
number of @BBRius tt@itrhmt\dmmanﬂafréasstiedudnyerrcﬁﬁ)iabrelmlls if €DB4"aRlls {(Figire 1 emai ned

t he questi whet her irus changed the potential of CD34+ stemcells to
g@ ??‘ﬂ"ﬂaagldlm é’oﬁéﬁ’fﬁf%‘g’Fet ic |ineages in. the appropriate

proportion. If this was the case, reovirus treated stemcells would not be
a good candi dat or the |1 on of the whol e hemat gpoi etic system
To investigate t {'EC‘BBEE’T‘ ’I"?E;)% ‘(‘3&53 ccteiBy EeovipeBErcEIIY® 1 eovi r us

for 2, 24, 4faifyd Hqlretsrswhdins paRirhy@higed thepdi&ami émnmtéxrh@éiis&@mved and
t he ceIIs were diluted and cultured in %res medi a for s to all ow

col oni es t diffgmyateiniepll thy *tﬁ’ﬂ&?'%?“‘ék%‘?ﬁéﬂﬂle@PG@PEﬁ%WOWOHr tI ¥ ongs to

the granul QYR ca® Wobirt tthate@ steflf &ny{veautnet @Jd’é&ﬁ%ﬂd:ﬂ&??&ﬁﬁ@ ge
nmegakar yocyt e I|neage As shown in Figure 3B, stemcells treated with [ive

virus (LV) reroastigatensf telvdole hemetrpoistio sysisrmnln weeatigate tidy possivjlitiv ocyt es (B)
- or granul oeyj3a* &l W OinduiIRA WA RS Frus ?@%ﬁ@%%ﬁﬁﬁﬁur@ﬁﬂn@@ LA no virus

(NV) control. Therefore, reovirus treatnent
di f f er ent i &avises Was then femovest ﬂi’@m&lceflééflﬂtcsi!lugﬂan@bldtmemdwm vediadbett i vel y

renoved cap B30 G Jﬁéo;t,ﬁ@mo%xm X@aqh%agh {exa Qéh&e%nyf‘fof%e% L cells

were m xed eresi s product an to reovirus nEection to
i nvesti gat @dgranubvmer erythoad, osgtaaclpcyaetlytmmdmaerqpbagd ragakaryccadté s fromthe

e eadur e - inBee CRTBRRI in Mord 08 SfeiP e BEARY Chin 02 y BRI S RG Gpllad" 1 © @

procedure Vi ous Ewart
2000) . V\henumthrs »f gxmﬂoquies (Gp Iae,nium)sesﬁEDohgranw&@% er@nhdnd/fﬂﬁ@roﬁﬁz(g% were

treated vm%&lg owr ed dai | e unt _and viability, there
was a 100 5(]8 on I cnﬁu\lr{% Oantrgl I'Ilhere? ore, regvirus treatment

did not changc lhe differentiation potential of CD34" cells.

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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cytokeratin-positive MCF7 cells while the CD34+ stemcells remained intact
and viable. Figures 4A-4C show the purging effect of reovirus to m xtures
of apheresis product wth MCF7, SKBR3 or MDA MB 468 celd Novemkes@0Pésul t s
denonstrate that reovirus can selectively kill neoplastic cells in a cel
mxture and | eave the stemcells intact. 32 2 Novenber 2004 W claim 1. A
nmet hod of pr &54&ki%ig a cel lul ar conposition for transplantation into a
recipient, said mnethod conprising the steps of. (a) contacting a m xed
cellular conposition in vitro with a virus under conditions which result
in substantial ki lAhetepdef prenanis) 2siiulas cosmositiondes trarsplagiatisr ingoetrpoipidny said errpve
neopl astic cells fro8yihend 1p€hd ul ar conposi tion; and (b) collecting
the treated cellular conposition; wherein the virus is selected fromthe
group consi sting df r eenriapting @ mixed edlnlprrompasitipmeriro withe ving vadenepnditidnon i n t he
K3L or E3L genes, herpgsg..Si.oplk [ - L Q. t .3 the yi34.5
gene, parapoxviruses h§§$%gﬂgnﬁ%?%%f%gﬂ?%Q@%@ﬁ%ﬁ%ﬁ@%ﬁﬂﬁ%%@ﬁde ndenovi ruses
having a nmutation in t reovsedplast callponBh@mgehelulyveshpngition ast omatiti s
viruses (VSV), herpes sinni, %e%&&%%&ﬁbﬂ%&%S&&%e in hrR3, Newcastl e di sease
viruses, herpes ster viruses, hepatitis viruses, influenza viruses,
vari cel | a vi r uses wherein flwagtisasselevied figa the gup Fdneistimg pfedvimfesGlagdima virupdaer ei n
the m xed cel lul ar_¢ Joit | ri tQpojetic stem cel 3. The
mothod of Orai m o e R b B O S fene BB SRR ML S Sh M B, oot o
from bone marrow. indhe e gred, boeborfirugls having2: mhaive innthd OE2HEN@bopoi et i ¢ stem

cells have been Q}?‘ el}:x/oewerls%sdhaif{ng gl mp:!a 1c())rlle Ih% VAL, gﬂforrﬁqh ) grge, \%];ictgljaras{orrgat]ﬁ{sym eren
the cellular conposition conprises a tissue; an orﬁhn or any portion of a

ti ssue or an or gamirusés (VEME herpdshipghles fvir@SeadefacbveviziRa) Mewichde tismsudrugs, organ i s

sel ected from t heh&{)eosl% ster%orégsl, etﬁ%fﬂg \\I.\f%];s[:r! l ﬁgnZa \if(nl'ugers];,e %ﬁcetﬂg %I;l}sés e }‘nga%%é skin,
| ung, -pancreatic iIstet cells, a ol'e ood.
viruses. '
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..

33



7. The nmethod of Caim5 wherein the tissue, organ or portion of the tissue
or organ is useful for transplantation. The nethod of Caiml1l wherein the
cel lul ar conposition conprises cultured cells, semen or Zlygpembez2004
Novenber 2004 9.- The nmethod of Claim|l wherein the virus is a replication
.conpetent virus. 10. The nethod of Caiml wherein the virus is not a
reovirus. 11,4 Th t. §9°f% mmq wher mlﬂjémmgsrlgarré ltcgheon\c{orrlt tétgntl S sel ected fromthe
group consi st| ng enovi r us, nf)f 1'rus, Viaccinia virus and
par apoxvirus orf. 12 The net hod of CI al m 11 wherel n the virus is nutated
or nodified sgch a gene product which
inhibits doubFle sftﬂragf{r? é&;&maﬂf I nase%ﬁ%&?é%%%%he met hod of Caim1ll
wherein the adenovirus has been nmutated in ElIA region such that the
resulting El g hod of Claimll
wherein the a{g\engglgp{ggl (ﬂ&ﬁ egﬁﬁeﬁ%t&g‘twgsese%i@ r%e %% SUC that t he

resul ting El B gend agenoyitus hemptoamplertinug vaseinip gings 581 parkpoxviflerfret hod of daim 1
further conprising -adding interferon to the mxed cellular conposition.

16. The nethod of Caim 15 wherein the interferon is added prior to or

si mul t aneouslig. vviTtianteheiofi:tahtstlvﬂﬂreinﬂue“ﬁhsismtahddrrmfdiﬁeammﬁﬁe wherein the

virus is an interfer tive V|ru 18.. - Th t ho Claim 17 wherein
the virus is vesi CUT%FSHO RSO A& Py ‘ghl%}\}@%“.sgoug]g.smﬂ‘%g hod of Claim1
wherei n the vi r uskinase (AKR). Newcastle Di sease virus (NDV). 34 2 Novenber 2004
20. The nethod of Caiml further conprising the step of renoving the virus
fromthe virus treated cellular conposition. 21. The nethod of Caim!l
further conpns.si rMhetdatodsdt €finof1 veitiein tha getidvitus\hhsbedh nuft-@anBiA.  cel | ul ar

conposi tion. region such that the resulting El A gene product does not bind to Rb.

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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22. The.nmethod of Claim 21 wherein the cellular conposition is stored in a
solution containing DMSQ 23. The nethod of any of clains 1-22 wherein the
transplantation i s autol ogous. 24. A method of preparin@ Howshbarl2804

conposi tion wot h gndRaaeAND dither fmpR&RNeaR) bfenhd Be vill¥aone! ectively
renmovi ng neopl astic cells froma mxed cellular conposition |ocated

outside of a Iivi fgvEpsgandsiplacamepsiier hod conprising the steps of : (a)
providing a m xed cellular conposition which conprises neoplastic cells and
contacting the m xed cellular conposition with a virus, wherein the virus
is capable &t sellbemithed piClaun ! furthey conpasingdhysemefsiodnsdevirus reatgdder condi ti ons

- which result in gubstanididm Killing of the neoplastic cells so as to

sel ectively renove neoplastic cells fromthe conposition, wherein the

neopl astic cells are selected fromthe group consisting of ras-activated
neopl astic céf s, ThonthedeiCaina Ak Whssnficadipcoppsitian is id npeéplpnent  neopl astic
cell's, and neopl aghifingBMsd. t hat are not growth-inhibited by interferon,
and the virus is selected fromthe group consisting of reoviruses,

vaccinia viruses having a nutation in the K3L or E3L genes, herpes sinplex
viruses having a nutation in the y04.5 gene, parapoxviruses having a
mutation in the OV20.0L gene, and adenoviruses having a nutation in the
E1A or E1B geme; ([RmdiRIBNhNG LiRe1- ¥ yidSinkiRhshiekddiealegugonposi ti on; and
(c) collecting the resulting conposition 25. The nethod of C aim 24 wherein
the m xed cellular conposition conprises hematopoietic stemcells. 35 2

Noverber 20044, 264 mi& ofBkiafie aQEiufe Binpositéh wilh@ ke@iidad dnkbant AReyetic stem
cell s have been harvested frombone marrow. 27. The nethod of O aim 25

wher ei n t he hemat BpSEevfreapagnekitie csinm awed ik reapeiforlesdrd bl ood. 28.

The nmethod of O abiRid4rahes Blbdishh@id Hek&olshihédiep¢GIPOSi tion conprises a

tissue, an organ or any portion of a tissue or an organ. 29. The nethod of

Cl ai m 28 wherein @4 B coldpa romresisen BishemprsFICRestigedlipntonsi st i ng

3}‘1 Ill\tl)ler , dheart, Ki giteing O FiRa celifibd ddmpbdithfl wiB @REhLRhdréin s bifls iCapdrRy and
ol e bl ood.

of selectively killing the 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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30. The - nethod of C aim 24 wherein the m xed cel |l ul ar conpositfbn conpri ses
cultured cells, senen and eggs. 31. A conposition of viable non-neoplastic
cells conprising the virus treated cellular conpositioR fvwepdee@0@Ecor di ng

to any of cl apgrgndmetiddantaiR3s Whbreindke herdpbRtc BRI hi@beeIRRRAR b ON
.conprising any gf t he conpositions. according to claim31. 33. A use of an
ef fective amountt™Sf e phar maceuti cal conposition of claim32 for the
manuf acture of a pharmaceutical preparation for transplantation into a

transpl ant at ; ?P 'I'hé Sgﬁoﬁloﬁ?&?m 2§ 4%&1:3-1]1-1}11% hlélrgzﬁo gi];:ﬁc%{eglcéﬁ's E%re I\JABIQH ! eles'? tﬁ'hnel

transpl antation ‘reciplen GrUher Tecel ves at least one: sdﬁs?ance sel ected
fromthe group oébodi sting of an anti body recogni zing the virus and an

i mmune system stimulating agent. 35. The use of claim 33 wherein the
transplantation is perfornmed for the treatment of a neoplasm 36. The use

of clai m 35 wiertdsmetiordef Glin gt whrmin the nabeer] edlplargompasifienicpreprigis 8 igiee®nsi st i ng of
Hodgki i n" s di seqggn orBi!pbikibH £a i¥RlLOMRaON- Hodgki n* s | ynphoma, acute

nyel ogenous | eukem a, germcell (testicular) cancers, brain tunors, and
breast tunors. 37. Alit conprising at |least two viruses selected fromthe
group consi st2mgherhetios o4t 3 whereit theltiSsue @$REESSIeOE fdmitheRRLp GAGtingd$3 pr ot ei n,

g)glat az4, ONvX- OJE\SJér, heNa?t,vig(%%, v!’:o?neg,lslgne, ugge, pa\llllzrga%g islzeafrc]:e s,ax WSI'Ilo e%logg stomatitis virus.

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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