(54) Titl e: REOVI RUS CLEARANCE OF RAS- MEDI ATED NEOPLASTI C CELLS FROM M XED
CELLULAR COVPQCSI - Tl ONS
3 November 2004

WO 01/83711 PCT/CA01/00620

Reovirus Clearance of Ras-mediated Neoplastic Cells

From Mixed Cellular Compositions

10

15 FIELD OF THE INVENTION

The present invention relates to a method for removing ras-mediated neoplastic
cells from mixed cellular compositions by infecting the mixed cellular compositions with
reovirus which selectively lyse the ras-mediated neoplastic cells in the compositions.
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stem cells, also proliferate rapidly. Therefore, any dosage which is harmful to cancer cells
is often also harmful to the hematopoietic stem cells. On the other hand, if the dosage is
not high enough to kill the cancer cells, there is the risk that the cancer would reappear

25  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 (see, for

30  example, 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 freated
with high-dose chemotherapy which is lethal to rapid-proliferating cells, such as cancer
cells and hematopoietic stem cells. Subsequently, the patient receives transPIantatioﬁ of

' autologous hematopoietic stem cells which have been previously removed from the same

35  patient to regenerate the hematopoietic system.
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hemat opoi etspecifiystrfang marker (CD34) by using ﬂow cytometry, afﬁmty columns or magnetic

beads. However, by selecting only certain hematopoietic cells, e.g., the CD34" cells, other
25  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

30 cells.
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to a method for renoving ras-mnmedi ated neopl astic .
which exist in the cellular composition as contaminating or spontaneously occurring

neoplastic cells. Since reovirus is highly selective and lIytically infects ras-mediated cells

only, this method does not affect the ability of hematopoietic stem cells to differentiate and

reconstitute the hematopoietic system. The method may be used to purge hematopoietic
25 stem cells from bone marrow or blood. The hematopoietic stem cells may be autologous,

allogeneic or xenogeneic.

In another embodiment, reovirus may be used to remove ras-mediated
neoplastic cells from a tissue or organ transplant prior to transplantation. Because this
30  method can be applied without regard to the type or age of the transplant or of the ras-
mediated cell, and because the reovirus is essentially harmless to normal cells and tissues,
this method may be used as a routine practice to “clean up” any transplant before

transplantation.

35 In another embodiment, reovirus may be used to treat cultured cell

lines to remove cells which are spontaneously transformed due to activation of the ras
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Alternatively or additionally, anti-reovirus antibodies which recognize a molecule on the
surface of the reovirus particle may be used to remove the reovirus particles by
immobilizing the antibodies, applying the cellular composition to the immobilzed

25  antibodies, and collecting the part of the composition which does not bind to the

antibodies. }

Simnilarly, anti-reovirus antibodies may be administered to the transplant recipient to
eliminate reovirus in vive, or the recipient can be given an immune system stimulant to

30  achieve this purpose.

In another embodiment, reovirus may be removed from the
reovirus-treated cellular composition by using a gradient which can separate reovirus from
cells.
35 |
Also provided are cellular compositions which have been treated with reovirus to
remove ras-mediated neoplastic cells. Such compositions may be used for in vitro
6
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preferably, the conposition conprises hematopoietic stemcells. Therefore,
a second aspect of the present invention provides a nethod of preparing

In one embodiment said cellular composition may be useful in transplantation. In

another embodiment, said transplantation may be autologous.

A fourth aspect of the present invention provides a pharmaceutical composition
comprising the cellular composition disclosed in the third aspect of the present invention or

embodiments thereof.

A fifth aspect of the present invention provides 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.

A sixth aspect of the present invention provides a use of an effective amount of a
composition for the manufacture of a pharmaceutical preparation for reducing the risk of
recurrence of tumor due to transplantation of autologous hematopoietic stem cell suspected
of containing ras-mediated neoplastic cells, wherein the composition is prepared in vitro by
contacting a cellular composition comprising autologous hematopoietic stem cells with a
reovirus under conditions which result in oncolysis of ras-mediated neoplastic cells, and

collecting the reovirus-treated composition for the purpose of transplantation.



a cellular conposition for transplantation into a recipient, conprising the
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effective agpyilimQfrediifns uR R LRSI WA QR Shio Al o?frastx{?di%cg#"ﬁ%ﬁllagécoeq of

the present 1nvention for the nanufacture o arnmaceut epar ati on
for transplalsation into a transplantation recipient. A sixth aspect of

t he present invention provides a use of an effective anount of a
conposition_for the manufacture of a pharmaceutical preparation for

reduci ng t BRHEE PESCRIPIION QR THEPRAWEYGHue to transpl antation of

aut ol ogous hernat opoietic stemcell suspected of containing ras-nedi ated
neopl asti c ®hkest wherein the conposition is prepared in vitro by

contacting a cel Lul ar .corpgsition ¢ | si.ng .aut W he l.efic stem
cells with a reigl\%mfeﬁggu{rgj)ge}lro“iz%ﬁaﬁl?%gﬁgwa Iegﬂ%r:g% ﬁgtgﬁrc{gls’&g%ﬁ%f
ras- medi at edFipeeiBast MDA ME 468 AT C Nol HERI3ZNBigtika () @didhinvese infetdderth

COMPOSI i 0 1 Qfeol 15, RUIRARE oPho Hi1S RRHER! kle 1 ToMRUAIRELR004 A sevent h

~aspect of the present I nvention provides a u an e I've“anount of a
phar maceut i &TFesilp bichiveame fighle pherivartimapeints eftafreoviph nfegivaut i cal
preparation for reducing the risk of recurrence of tunor due to

transpl antati on of autol ogous hematopoietic stemcell suspected of

cont ai ni ng iR di-ated neoplastic cells, said pharmaceutical conposition

conpri si ng aut ol 9@9@%&%&&9%&&5&%%&%@%@&& hﬁééﬁ%nlﬁ?ﬁftﬁ?f@ﬁfﬁﬁg in

vitro with a reovirus under_c itions which'result in_oncolysis o

ras- medi dt e@® %%ﬁ%ceﬂ&.eﬁgg{as 2A-2C demonstrate the percentage DNA which were
fragmented 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* cslls in each cell type as indicated. ’

Figure 3
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

v allow individual colonies to form. The number of each kind of colony, granuloeytes (G),
erythroids (E} or granulocyte erythroid macrophage megakaryocyte (GEMM), was then
determined for cells infected with no viras (NV) or live virus (LV), respectively. For
example, NV-G stands for the granulocyte colonies derived from cells which were treated
with no virus, and I.V-G stands for those derived from cclls which were treated with live

reovirus.

Figuré 4

Ta



BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1 Figures 1A-1 C show the nunber

of viable cells in MCF7 ( Figure 1A), SKBR3 (Figure 1B) ,qr ND 468 -
(ATCC No. HIB 132; Figure 1C) which were infected wth 3%?)’5"@?% us, dead

virus or noVOP8¥ilas i ndicated. Figure ID shows the per c HiTHe01/84620 MCF7
cells which were viable at various tinme points after reovirus infection.
Figure 2 Fi gureF%u&h@WSﬁLG timly th g lefestOst redvdine e ndayfes 6f phtgsik Nf ection in
MCP7, SKBR3 cell Fi A-2C denonstrate the percentage
DNA wihi oh REEEC HIRR A 58 eSO RSB SEEhEAY Fi gur 6 2D shovie t he.
percentage of the apoptotic marker Annexin V staining after reovirus

i nfection. Figures 2E-2G show the percentage of APQ2.7'" cells in each cell
type as indicated. Figure 3 Figure 3A shows the nunber of viable cells at
various tinme points after CD34} stemcells had been infected with

reovirus. Figure 3B shows the effect of reovirus on |ong-termstemcell
cul turdd Stem cells wer e infected with reovirus and i ncubated for 2, 24,48

or 72 hour @li?tPT vENTR¢ diluted and cultured for 14
days to ow I nglv ‘?OI’II es to form The nunber of éach kind of
col ony, gr anul ocytes (G, erythroids (B) or granulocyte erythroid

macr ophage ”egawm&x Slééﬂte%!hm%%s%?em&lﬁﬁ {ag‘g[% te&%'eoﬁfslnl:éel* nfect ed

with no virus ( I've. VIirus respe exanple, NV-G
st ands f or fipimea @lﬂa]autmgctsmon bl asing sodiews, mektofcompmsmteinls svhighihebe twene treat ed
Wi th ngo_virus anddLV t and or those derived fromcclls which were
treat ed>wi fHAPT & i‘%go‘\?lt?e&%mei‘l éﬁ;lre 4 7a 3 November 2004 WO 01/83711
PCT/ CACL/ 00620 S Fi gures 4A- 4C show t he purging effects of reovirus on

Mareervel v Bhet e B oo B R e R AP Oh | s
directed t grgmbhars f@]f_[ovt}ﬁ,[ﬂ])ééb amelrmlﬁaddtai ed neoplastic cells froma
cel lular conposition by using reovirus, and to conpositions which have been
20  Definitions
As used herein, “neopiastic cells”, also known as “cells with a proliferative
disorder”, refer to cells which proliferate without the normal growth inhibition properties.
A new growth comprising neoplastic cells is a neoplasm or tumor. A neoplasm is an
abnormal tissue growth, generally forming a distinct mase, that grows by cellular
25  proliferation more rapidly than normal tissue growth. Neoplasms may show partial or total
lack of structural organization and functional coordination with normal tissue. As used
herein, a neoplasm is intended to encompass hematopoietic neoplasms as well as solid

neoplasms.

30 A neoplasm may be benign (benign tumor) or malignant (malignant tumor or
cancer). Malignant tumors can be broadly classified into three major types. Malignant
neoplasms arising from epithelial structures are called carcinomas, malignant neoplasms
that originate from connective tissues such as muscle, cartilage, fat or bone are called
sarcomas and malignant tumors affecting heratopoietic structures (structures pertaining to

35  the formation of blood cells) including components of the immune system, are called
lenkemias and lymphomas. Other neoplasms include, but are not limited to

neurofibromatosis.



15 treated according to these nethods. Prior to describing the invention in
further detail, the terns used in this description are, flnd fol | ows
unl ess ot herwi se indicated. 20 Definitions As used here| &I%git iC
cells", al SHORHERM as "cells with a proliferative disor dErTfCA‘W@?ﬁéQ to

cel I s which proliferate without the normal growth inhibition properties. A
new grost h conprising neoplastic cells is a neoplasmor tunor. A neoplasm
is an abnormal tissue growth, general I){l formng a distinct mass, that

grows by cel | ul & usss hsredh.i Fasregtivaisd renlastic selisd oy qaﬁm@dﬁtsfl@awl%spgsﬁ% gr owt h.

Neopl asms n@yr @RENY WRER bRlifePdte 5:Qh @bnor@8high raid &ﬁéctb Ul ?éastQH ANiag@fatign and
functional coordination with nornmal tissue. As used herein, a neoplasmis

i nt ended t of bwaerpsthyeryhdharas poihwey may boitiveied basayief 1as genesgheteral neopl asns.
30 A neo r tunor or
pngﬁﬂad%ﬁyel%téaqwe%‘f AP%!& bﬂpr&%{a} %?ﬁiedfzfalﬁah Bfthe £47BLASRAR] el

cancer). I gnant tunors can roa assifired into three nmajof types.
Mal i gnatat onaqphatsn@ arrdtker mycliansm wlpch lsedsi ta thesaciivation oéss ar efacwi bed

car ci nomas I t. QLI ctl e tissues
such as rrug e carr?spé?lg%%m%g{}gg?ﬁ%%n%%ger% gﬁ%ﬁe’{i&%ﬁ comasmﬁ g "l i ghant
tunors af f eathivayg adtivitgt Epodxempte stivativh wf ESF(edeptoc,tRD@ES repeptorair Songstls 35 t he
formati on of bl ood | | i.hcl u onen of .t.he | ne syste are
ol lod T edkevagndhing Shanbis NaBtiear aaamadineoy s Briut ey 1o it
limted toto,ngumedibtbd odiRérsils whith3Ird\Rue pidliferadd@4n a Wali GlhDdddnkr due to

PCT/ CA01/ 00620 .. 5 used herein, "ras-activated neoplastic cells" or

"t as- medi aleeHeR Pl Be S PARFEY-s refer to cells which proliferate at an
abnormally high rate due to, at least in part, activation of the ras
pathway. The ras pathway may be activated by way of ras gene structural
nut ation, el evatédsaddigEiinorelivles copappsitionp F’é%%sl AP iEREEPTiSingsPlls theof t he

ras gene m?:éﬁﬁ&?tmnr&%&%taﬁﬁﬂon@éﬂﬁh& Iﬂé‘tte?rF@&%pﬁeﬁﬂﬁé‘bﬁﬁﬁw&ﬁulbﬁads to the
activation of "ras or factor or factors downstream or %@EISt reamfromras

in the ras cpapeRiian wlmﬁle?@wnﬁ Mesmagpiptalgtst ramones ang athenegp-eedulaymetjer | npzor
exanpl a c

ot R on AL LoUObucleRS ey BESRI0 ind I L "R B R BB R Catd " |
are not | i wellsed vamusrtapr-s,rmrgmacnr@dgam&nu@r Toe Bxanplevtiisgias amdeorgamls mdhich

proliferat icQ&aﬂn%i&r%'cE@%Qém%Ee%"iﬁ dgt'iln%dtsg'uctures are considered cellular

compositions.

25 As used herein, “reovirns” refers to any virus classified in the reovirus genus. The
name reovirus (Respiratory and enteric orphan virus) is a descriptive acronym suggesting
that these viruses, although not associated with any known disease state in humans, can be
isolated from both the respiratory and enteric tracts (Sabin, 1959). The term "reovirus”

refers to all viruses classified in the reovirus genus.

30
The human reovirus consists of three serotypes: type 1 (strain Lang or T1L), type
2 (strain Jones, T27J) and type 3 (strain Dearing or strain Abney, T3D). The three
serotypes are eé.sily identifiable on the basis of neutralization and hemagglutinin-inhibition
assays (See, for example, Fields et al., 1996). _
35 - The reovirus may be naturally occurring or modified. The reovirus is "naturally-

occurring” when it can be isolated from a source in nature and has not been intentionally



15 activation of the ras pathway. As used herein, "cellular conposition”
means a conposition conprising cells. The conposition cont aj

non-cel lular matter. For exanple, whole blood is a celll Orvemgg%géi tion
whi ch cont V818 7Hsma, pl atel ets, hornones and ot her nonPEXqAILES2hmtter in
20 addition to cells such as erythrocytes and | eukocytes. A cellular

- CONPOSi i ORoABEd B9 Mk in GR) 1kSor@bryY &6 Qupley 8 Seovthé Ginbe@FonPs GadM Zat i on.
For exanple, tissues and organs V\l;r1yi ch contain different cell types
.arranged SoPrerRt thalds fram g byfiaeehohas beggriafegist agthtly QYIS conpositions. 25
As used herein, "reovirus" refers to any virus classified in the reovirus
genus. The nanme reovirus (Respiratory and enteric orphan virus) is a

descriptive acr&hyrersimsgeanbenppdifiaddmt stifeanpable ofilgtically infecting girargnalidsoci at ed
wi th any k@amgﬂléﬁa@%ﬁvé Sndy E\g.@?éb%u&ﬁ% bee ehﬁ&h%ﬁﬂ&oéﬁe&mmgt h the

respiratory an eric tracts (Sabin, 195 The tefm "reovirus" refers
to all 10ir petsated fess, i tedtniant whk 2 petasse, sechge glygmotg@siniee trhipsim prioetvi r us
consists of .three.se - b ' R ¢ (strain
Jones, T2J)a né&rt%?%ne Ogﬁ%ﬁrﬁ gfgfah}{%g%ngsi %%E‘%?&“E?ér‘giﬁﬁa %’%‘%%"'%“i’ﬁﬁé &'t hr ee

ser ot ypes ao® oeempsidyf itevitns haduobeincmashie ibfesiretyodf theevitusalThg &b viors mayd

hemaggl uti ni n-i nhi bi.ti on assa e f or . £X Fields et al.. 1996).

35 The reo@? i )?1‘888(1%?%115?%@ ((Sg%‘afopiaﬂalﬁ?e%%ﬁ? foer(?&ucﬁ?éprre&}vi us is
"nat ur al | yim@@aaiespongs froi @mndnima amidhehas 8elehipedinfmintyac deue®dub.nFaat ur e and
has not been intentiqgnally 9 3 vemjer 2004 01/83711 PCT/ CA01l/ 00620 5
modi fi d8 b§XHeiNete Yior H@%&Bﬁﬁ“&f‘%‘ﬂ%’@&@%&%ﬁ BPIePES ]TléB\?‘%TMQHElaﬁ be from

a "field csRehsSions bivakylisSifatd dediFbehtd 1o 38R M0 @ nbASnfBAREs sublipioh artiviet h t he
reovirus. The reovirus may be nodified but still capable of lytically

infecting a mammalian cell having an active ras pathway. THe reovirus may
be chem cal |y ofnbi0¢RaThEMe dreddhbilinticbfiisGrnt SydormdtY typbSeH BB HusdM th a

protease, such as chynotrypsin or trypsin) prior to administration to the
prol i f er at iwith difééring pathogeiepheneifipeswirtehthef ifgoptais selferentytigenickistespmants: coat
or capsj,d ' ' £ASE | M dr¥vids Marhyg. The
reovi r% rr%eré }&éfg%ﬁ?gﬁf&ﬂeﬂﬁ%ﬁ%%ﬁ%m o?ﬁoﬁgecﬂéﬁ Ig&[%%haér{d‘?orf )}a%?ONi bert,
1998) to r echyges mbtypeeSachtrecombinantrviriens w@s po gererdteddri -infesier ofwhi ch has

devel oped_ ' rg;rnurﬂneh}ax tcél% \*Eiglediffgr%r\[{t;?[lﬂ es'f)? g:eo%g'u%e‘%m& su&#ﬂg ré/sbftfng Indey be
treated wi ' CHYROLTYPSI N 'R tHe presence of nicelle formng
incorporation of different subtype coat proteins into the resulting virion capsids.

25 " "Resistance" of cells to reovirus infection indicates that infection of the cells with W A
the virus did not result in significant viral production or yield. Cells that are "susceptible”
are those that demonstrate induction of cytopathic effects, viral protein synthesis, and/or
virus production. Resistance to reovirus infection was found to be at the level of gene
translation, rather than at early franscription: while viral transcripts were produced, virus

30  proteins were not expressed. Without being limited to a theory, it is thought that viral
gene transcription in resistant cells correlated with phosphorylation of an approximately 65
kDa cell protein, determined to be double-stranded RNA-activated protein kinase (PKR),
that was not observed in transformed cells. Phosphorylation of PKR lead to inhibition of
translation. When phosphorylation was suppressed by 2-aminopurine, a known inhibitor

35  of PKR, drastic enhancement of reovirus protein synthesis occurred in the untransformed

cells.
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concentrations of al kyl sulfate detergents to generate a new infectious
subvirion particle. The reovirus may be a reconbi nant r ivrutze ég@ﬂ]two or
nore types of reoviruses wth differing pathogenic phe r that it
cont ai ns diWPEHELt anti genic determ nants, 20 thereby red§diGig1/oNe20
preventing an i mune response by a mammal previously exposed to a reovirus

subtypes Such r aGobdd Hagm, “Mﬂcbly@ﬁsopﬁecr@@c BENSHIRlyRA nédp1ERC balbefkdrof Of
mammal i an cel ls with different subt ypes of reovirus with the resulting

resorting &RereaseREdlpst dop%m vmbﬂlfté PEHE tagah psepastieepllsp TBe WAkt 6o f he

resul ting Glab@AniGaPsy) £viablé eel] confiestitRd FEAkR celf afftht Sxtl of 8QYdabd'SanitRf €Cti on
i ndi cates that infection of the cells wth the virus did not result in

si gni f i cantdelgimiaed by exenaring the gnmperaf giableselisinthrtreatpd scllsdo dvepn thel e are
those that uﬂﬁ éhsée[@to?bg Q(%#%ﬂélhgﬂieq{flab? éeﬁl%@ﬁﬂl'bgfo?é AR GEeSe rediful breHERLET N

synt hesi s, Viru tion. Resistance to reovirus infection was
found t10 bé‘hatdettrme irevighiliiyfis prefesmblyt at aast| about$A %, matdywefetahbrat Bastabouty

transcript |’78% Smgllalloree\ﬂ\}/'flf‘ ﬁr(%d)]ty E Qsi%b#u?rgﬁﬁ? V\% S Srtc e%a%gi atYéa%t%%o&%O@r ot ei ns

wer e not express hou ht that
viral gene transcription in resistant cell s correl ated wth

phosphoryl ati on ,of approximately .65 ,kDa c n, determned to be
doubl e- st randed%ﬁﬁ%ﬁp\gé’t 58“381:58?%?1313}25 ﬁsa%@w}fégﬁlohfcﬁ%{y s not observed
i n transf onfeehlaediion of EMREP banpdsiioh rPreferablgRhd Raidichois iahtvnbh, tahd fno@ef

transl ati on. V\hen phosphor%/I at | g&ﬁ)was suPpressgwby 2-anm no u e, a known
i nhi bi t'dr PefepbipRrecipfrntds 4 8 FREAVING AR PAMALGR e {redtedhpht hesi s
occurred inRatdee untransformed cells. 10 3 Novenber 2004 WO 01/83711

PCB/ CAOL/ 00620 5 As used herein, "oncolysis" or "decrease of viability of
neopl astic cells" refers to a decrease of at |east about 20%in viability

of the target neQRkaSieldn,CEPES as Ja%o?ftbﬁ@inﬁk%ﬂrefé@ﬂo tReeyiiph@iddmRed by a

viable cell count of the treated he extent of decrease can be
det er m ned tygicallyeprariated vithapprintewhigh argiohssireableainder theymicrescepeesnch @s cells to

that | it N Ok BRLEH1e66hk Smcidhe X GOIRALLIG bRV AL SRl | count bef or e

and after reovirus treat ecrease I n via Ity is preferably
at | east about 50% nore preferably at |east about 70% still nore

pr ef erablyﬁéth ﬁast about 80% and nost preferably at | east about 90% As
used herei ransplant recipient” is a mammal which receives a,

t ranspl ant atl on Tchépreednltmmmmﬁmiotmmw.ofﬁoeﬂrlﬁrtabdmovbm meatpd ent is a

. human, and nore .15 %ﬁlﬁ are ent.is a hu recei ving
transpl ant Jepilastic ﬁelfsrfgo a\fr@?f?po&ﬁlog Hlé;g fre suspectngof con?ammg fush
25  neoplastic cells. Since the acnvated ras pathway is associated with many tumors, this
invention can be applied to cellu]ar compositions suspected of having any of a large

variety of neoplastic cells.

For mammalian reoviruses, the cell surface recognition signal is sialic acid
30  (Armstrong, 1984; Gentsch and Pacitti, 1985; Paul et al., 1989). Due to the ubiquitous
nature of sialic acid, reovims binds efficiently to a multitude of cell lines and as such can
potentially target many different tissues; however, there are significant differences in
susceptibility to reovirus infection between cell lines. One reason for this discrepancy in
éusceptibility may be the activity of the ras pathway in each cell type.
35
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 |
11 -



As used. herein, "CPE' as an apoptotic marker refers to the cyt opathi o
effects typically associated wth apoptosis which are ggf?erv Iﬁ nder the
m croscope, such as 20 cell nmenbrane bl ebbi ng, nucl ear 12 &h and
chromati n C¥AAERSEL i on. Met hods The present invention r @CACA410620 he use
of reovirus to renove ras-nedi ated neoplastic cells fromcellul ar

- conposi i 0Rgscititidtodé e RREHE HOHeveR Mhah fHe Mg pathGRy Echead, adbirgs-cel | s.
Since the activated ras _pathway i s associated with nany tunors, this

i nvention camsuseesaiBiy F@Hc%t‘bmd@ qells and vepipally resulgm i Lsis oftbe host ellsn KO3 ng any
of a large g éﬁﬁliﬁlb %%aén(i)éovﬁsél%@éﬁﬂ NIEESH &1 ek urz:ﬁm@deaanmra@%ém@%f the cell
surface reco tion signal Is sialic acid 30 rm;trog(ig}50 1984; Gentsch and
Pacitti, 1@@5am@t@|ﬂ vatic cﬂvatqsg@@)mw&ntf@ptméfaamhqmesi ngghtlyd89%f sialic
aci d, feov'sﬁﬁqﬁ g)ﬂlgﬁseq{bfrékﬁés fltaé%e 1B6iétarlfd febtikSniBliiof Bbdanlel iESp@AE as such
can potentia s target many erent tissues; however, th here are

si gni f i Wantaftei thfnefectivmerwith the EGHseepior fhnk ot shewszrb&@wogm (Ftdngest plorl9B%t ween
cell lines e _rea for this discrepancy in susceptibility may be the
activity of‘gtrtoﬂ%etagsfdgg hway in each cell type. 35 W recently discovered
that reovirus selectively Iyses ras activated neoplastic cells in vitro,

in vivo and ex Coffe t al,..  1998: 99/ 0869 ells are
ot 1173 NovenbdriEs o Sy e 3 Bt ol Ftlaeq
reovirus i nﬁmnﬁonamw\(sumngvdwn 199&3 Nma:patahmpoj slnam-anmnﬁeﬂ, NIfovi rus.

can successf I|c te in the cells results.in |lysis of
the hos¥ célf E yvé‘i? ISP RraNale 3’8\?’1"&8% Stf@g?‘i]t%gﬁf%w qte H’eI?P%ggvver e
transf or WEQPmm hvlﬁ&tmh&@ftﬁ?anﬁaﬁorpflmreﬁ?&xhﬁ@hﬁ\@faﬁeﬁh&(ﬂbﬁ hAalaicd®a gorRas,
reovirus infection was enhanced (Strong et _al Simlarly, nouse

|
fi br obl ast $D@fyated clemeatofdheizs Peﬂa)wwé amsvra%bly hibits P’bfﬁz%i?é AR acedlont i bl e 10
after tran SIftﬂ%féfer Ryopl ﬁrﬁtefn@ntﬁ@: is ﬁrﬁ&%&t eral%ﬁﬁi%leQ hre Qe V@ iRBeROHRIENE

(Strong et Strong et -al 199 Wthout being linited to a
t heory, it egmlﬁlrﬁa@ reovirus repl i cat | on is regulated at the
transl afj onal- | evel (Strong et al., 1998, Norman et al., 2000). In

untranstormed NIH 15 3T3 cells, early viral transcripts activate the

doubl e- st randed TRbfs autdgee asdoyntsdbrd lardeinnamber of (WrtRy., Acthviating inplatipisiaf
translatio ' bl @l | Bag, LOr an
activated QT‘ ﬁ%n%l%% ]%ﬁ%’ufa a'b%g?ﬁ%o?)aﬂ%rﬁ%éth&ﬁ] FSO(%D (ibll?@)gg eﬁns es PKR
act i vat i on.pancreatic (90%), sporadic colorectal (50%) and lung (40%) carcinomas, and myelo1d

lenkemia (30%). Activation of the factors upstream or downstream of ras in the ras

25  pathway is also associated with tumors. For example, overexpression of
HER?2/New/ErbB2 or the epidermal growth factor (EGF) receptor is common in breast
cancer (25-30%), and overexpression of platelet-derived growth factor (PDGF) receptor or
EGF receptor is prevalent in gliomas and glioblastomas (40-50%). EGF receptor and
PDGEF receptor are both known to activate ras upon birding to their respective ligand, and

30  v-erbB encodes a constitutively activated receptor lacking the extracellular domain.

We demonstrate in this invention that reovirus efficiently caused oncolysis of three
breast cancer model systems, MCF7, SKBR3 and MDA MB 468, by inducing apoptosis in
the infected cells (Example 1). Thus, reovirus treatfnent resulted in a marked decrease in

35  viability of MCF7, SKBR3 and MDA MB 468 cells, while controls treated with no virus
or dead virus grew normally (Figures 1A-1D). The decrease in viability was accompanied
by characteristics which are associated with apoptosis, such as DNA fragmentation,

12



Therefore, viral protein synthesis proceeds, viral particles are nade, and
the cells are eventually |ysed. 20 The ras oncogene acgg{mts er(}'b A | ar ge
nunber of tunors. Activating nutations of the ras gene”i se]f' occur in
about 30% d¥O&4VE37Human tunmors (Bos, J.L.,1989), primaril PCHECAVHGYY eati c
(90%, sporadic colorectal (50% and Iung (40% carcinomas, and nyeloid
- leukem 3 ( 3@%xin Yl APaid PRaiing pb&tiTifoFRufes Qﬂ%%ﬂbﬁbpﬂﬁ&\ﬁﬁécﬁs@m% ras in

the ras 25 pathway is also associated wth tunors. For exanpl e,

over expr es sPbmembrang ERbhiNg s ele B Bondsnsaing 2RdhERIBAERICOBden TRt £ ( BGF)
receptor ig,69 ictddcdeeast cancer (25-30%, and overexpression of

pl at el et - derlve growt h factor (PDGF) receptor or EGF receptor is

preval ent in gli orras and gl i obl astomas (40-50% . EG- receptor and PDGF
receptor are DohkRAvRndifrcAtd i Ay ABlR AHOLAM Rlndi Skl abrb ATRRCL | ve
| i gand, and 30 v-er encodes a cons |tut|v y activated receptor cklng
t he extioacdnt ndt &ir rastiorediated nveplastinosilst watxaniiredtths extdnh okprofebysynthedis i meow r us

SkBRs and EARAE VG i o CHY o BOF RS BRDRCIna R BB RIT  Bcamp o

1). Thus, rv&ma/sylntlmsmafdaattmeradmmesﬂédt@tbanmr eelltixreKiad nosio G4 E stem cBRs viability

of MCF7, SK and VD, 8 cel | r.ol s reat owrus
or dead Vi r@%‘?’%ﬁ%éﬁ%ﬁ V%? ggat? g\Otf%ﬂmB#%gs ff@g Y L5 SC{HX%A\} W%ty was
aCCOWpaPI edafeb&t@dﬂﬁérﬁﬁbﬁﬁ&t&tst@sﬁd%ﬁw@m raﬁ;ﬁuﬁsﬁ@e;:ﬂeaﬁﬁﬂipmdiim we}adstoy s, such
as DNA fragnmentati on, 3 enber 01/83711 PCT/ CAO1/ 00620 5
annexi SV Gyntagsgges “Vrng’&}Sr‘i‘icﬁtﬁ‘Yﬁﬁ‘?lcf’]ilwgﬁdxq\%’é’W%‘ES eﬁ’@)f’r%?ﬁﬁd%éyt opat hi ¢
effects, syghnaf. TeRbhfiiiRHRRIR, VWiERPbMle rdduFhOfated TIHANSlsivale and
chrorratl n condensati on observed under_ the m craoscope. Since reovjrus

i nfectjon idsterained hyaBpusdivasPolts afrs qovispresimenh dxamplesd)- Cal AWPPREF el 1s 10
but not in : 4ch i9frepr ot ei n
‘synthesis |pr§ rgﬁ?ﬁ%@?ﬁ%ﬁ?ﬁé@uu%%%ﬁusgﬁ%e%%%ﬁ%?gm Slg%?o(ﬁﬁa@gn%ﬁ e 2).

| ndeed, vi r3dY), ipdicatisigiisat GRS ecally aremet suseadtibla tQ fevirsdWretiss- i nf ect ed cancer
cell Iiiae, but not in CD34+ stemcells which were also treated with
reovirus (data not shown). This result suggests that it wll be safe to
treat hemat opoi & éndersberoviaisite bevisefnl inepurging bsmalopeirtic stsordellan highdow ns wer e

Cynt hesi & ranegase TR 1S e HhRRL AR B RS R b E ol Pt

reovirus t roé aﬁamd:emélﬁffﬁaitia& inmsach and every hematopowtzc lineage to reconstltute the

whole hematopoietic system. Therefore, long term effect of reovirus (reatment Was

25  assessed (Example 3). CD34" cells treated with either no virus or live virus showed
essentialty no difference in their ability to differentiate into granulocytes, erythroids, or
granulocyte erythroid macrophage megakaryocytes even after 72 hours of reovirus
treatment (Figure 3B). The ratio between these three lineages also remained the same after
this prolonged treatment. Accordingly, reovirus treatment neither killed Cﬁ34+ cells nor

30 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 MDA MB 468 cells in a
mixture of cancer cells and apheresis product which contained CD34" stem cells (Example

35  4). By measuring CD34 and cytokeratin, a marker specific for epithelial cells such as
MCEF7, SKBR3 or MDA MB 468, it was shown that reovirus essentially eliminated the
cancer cells from the mixed cellular composition (Figures 4A-4C) while leaving the stem

13



determ ned at various tinme points after reovirus treatrrent (Exanmpl e 3).

Cell nunbers in populations treated with Iive reovi rus no V OH% wer e
simlar after each tine point (Figure 3A), indicati ng Aé ells are
not susceptWBIP¥8YH! reovirus infection. 20 In order for ré’SiﬂqA@y"‘lﬁ@P be
useful in purging hematopgietic stemcell in high dose chenotherapy

t r eat mest S celld iniadt. Eheefdre ahoxﬁﬂﬁatreddnemﬁsamﬁfﬁumt&rreﬁmum@pirgdmlaﬂ@d ceflster the
ability of stemcells to dlehferentLate into each and every hemat opoi etic

| i neage t o TOBLBHRANROIRIE SERCel\GABPES St opoi eti ¢ system Therefore, |ong

termeffect of reovirus treatnment was 25 assessed (Exanple 3). CD34+ cells
treated with either no virus or live virus showed .essentially na

difference in tR&Fedingly} inithe pigtegred pbedimsnt obthisinyengen sighorelh @tARPE ¢ hr oi ds,

or granul QaykRpRY #é Héﬁécﬂwﬁﬁ%o@ﬁﬁ?@ﬂ:rm Mﬁibﬁtt@ﬁanﬁ;‘(r@fhc%f)ﬁt@ﬁnnﬁﬁnﬁour s of
reovirus treatnent ure 3B he rati o between these three |ineages

al so relfui @é&pqn%c%ﬁ@-@ﬁl@pd nwl@nqﬁeaﬁ o%@@cwﬁ%athwﬁucacmfdm kigh dese,
reovirus trgah RO, AehD uslﬁbﬂnats l%éemeﬁ'&aﬁsﬂgﬁan%ﬂt&%ﬁﬁme fi3RichAt ent i al

of themto reconst tute e opoi et1c system Furt reovirus is
capabl e of nptmegtwn@bathﬂt;@eun@ébfmmnc&fhmm wulbiple myelords momlodgltin'd by the

| ect f
cancer ol 1 aleh, Bnidiciosadi Fugh et B tRB Y dpockh, Syl
(Ex ?Hp: e 3§'.)re¢.|);timﬁwsmasMgh@sgﬂ&gllggmwyn®MimIagqun gtgm c!aﬂltrlumplaspmaom h?ﬁ Ior
epi t he ce S. . r i.t. was_sho a
Foovi 1 e LSt ReTIaRro s PepdVp pat R Becimmbel POV o il AR Al o
conposi ti omha(;Ee@wmethéI@WAIBe mhﬁ:[mdtl&auﬁmgrshh@emo&mn&& ahyhesqmedisted 2004 WO

01/53711 PCT/;ﬁAOU%PGZO t&'f'aCt Therefore, .reovifrus.treatnent i s an
ef ficient MEYHGHCE Spﬂ?“geécH}é”c'i‘ﬁPQ &aspathay M2y GGUR Bhany SEY PEHSSEE WPem cel |

conmposi tions. Accordingly, in the preferred enbodi ment of this invention,

stemcel |- contajning . autographs are treated with reovirus prior to
transpl ant ati onHteE‘a‘PBﬂ’ﬁ%PliOE‘ém@Bﬁ?%ﬁFufa?ﬂ‘ hgremevest irap banemasys of B8 - nedi at ed

neopl asfi C pafdnk fr adbics ofﬂﬁﬁtﬁéﬁte%ltteﬂﬁn@efl)f '119@%(:&%&1&@ wib 88 k8§ Receiving
chenot herapy/ aut ol ogous hemat opoi etic stemcel |l ‘transpl antation treat ment .

O partic u tegditiopal nongrgh ¢gsp chepeothengpys mangt mgzelkgftm@élg RPRPasindhs ease,
mul tiple u@{aéfal bidea:- 'I‘QQ%E@ hématb%dfaﬁgﬂ@gen@&'lé%ﬁl U ShPEERMITed ﬁ&h%@ a, -germ

cell (testic cancers rain and reast tunors, since high
dose che notbh@datpyplmﬂﬂismdw&;wmb cen bastered for edengdivhechefere being ansglan&dheen

per f or med ‘%f&%ﬁégfimdv!né& ARk ER1Ra W dlin LOESGeAMAPE gk BeH Svard T 1S

contenpl at e
25  harvested from any tissue source, including bone marrow and blood.

Although reovirns normally is not associated with any known disease, it may be
- more infectious to cancer patients whose immune systems are weakened due to
chemotherapy. Accordingly, in another embodiment of this invention, the stem cell
30  compositions which have been treated 'with reovirus 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 reovirus, thereby removing infectious reovirus from the
stem cell preparation. This reduces the risk that reovirus may cause undesired infections
when it is introduced into the transplant recipient via stemn cell transplantation.
35
In another embodiment, the reovirus-treated cell compositions are treated with anti-
reovirus antibodies or a combination of anti-reovirus antibodies and complements in order
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the present nmethod will be useful in other cancers as well to renove any
ras-nmedi ated neoplastic cells, since activation of the3r S ‘F‘g‘%’ﬁ%@%{ may
I

. . . . . ove
occur in any cell or tissue type. Hematopoietic progenitor s s can

be rermoved VPIHPHbhe marrow of the 20 patient in advance FST/GAOERSHent .
Alternatively, in a cancer patient who has been receiving traditional,
non- hi g des machemirhge apyreoviany ARERIIVeB! dr addid@ialig| dny-réppasintivodiehe

peri pheral hl.god. Therefqre, hepatopoietic progenitor stemcell can be
Feroved 1 HEMEOBBE G I OR LB R TSR oo o It For o
long tinme kefesankehiles FARSHL ABYIAR-treaibh Sl A SoMpositHIE Thid) heGaibdiesappl i ed
to stemcell -contai ning aut ographs which are 25 harvested from any tissue

source, i nFUEIRPLFSAEL HetlrBdy barls ob PRyriber matesisligflevise bnawsinfesravafiey i s not

associ at ed ciinf1ft RMPoLHNVR agpI1RA3S e ithinobBYedRBtibdMRsCanld MEGHH R t O cancer
pati ents whose inmine systens are weakened due to chenpt herapy.

Accor di Mgl wompesitigroviiel desspeidindiethermtibedies is ppllspied asordingdo spegepdse | 30
conposi ti ong; "ﬁpﬂ.‘g%gﬁic RethbEatifthotiidgovi rus are frozen in a solution
O and "t ha

cont ai ni ng wed prior to transplantation. Wiile DVSO is
routinely used to freeze and store animal cells, it denatures reovirus,

ther eby T emovi naLbALERL QUSLLE ML EUB ORI TREIRGR L BLRRRLERLPN. THT S

reduces the ris reovi rus cause undesire ectrons it is
i nt r oduced niirtuee i hesubjeanthp maxttrene s gpiientwhiclesepiretes codls frotr thersipdsamtdat i on. 35

In another e I nent he. reovjrus-treated cell conpositions are treated
with anti- CP@%\?EPE%‘%&W?{@8&1%s°ng'rtﬂ%ce@8'nbi nation of anti-reovirus antibodi es
and conpl enents in order 14 WO 01/83711 3 Novenber 2004 PCT/ CA01/ 00620 5
to inactivate or |lyse the reovirus. ternatively or additional]y,

anti Creovi rus. alt Fhat eEbodiRRte Rumsar e Reotit een teoBienis o SRk of ¢ ne
reovirus pambduft SysiRYinedsd SRl tHETER\GE reok s ihRONdN, UhitAdatnhent B8y bé om t he
reovirus-treated cellular conmposition. Thus, the antibodies are

i mmobi | i zedeXormed@BPYinconERRSANGIUSHYIty PhEfer therpsRAntasion i iseEefRbN in the
art, thy GeltbiediprioPIRAStrdsPlRntafor? PR dnGfterhiveMRatnfSHORIh b A6t whedi es,
and the part of the 10 conposition which does not bind to the antibodies is
col | ect ed drciBreinggyiiem stippplaetetha resipient pandtsl given gnti-repairppantibediesdp ofast hod of

| mobi | i Za%&%ucﬁﬂ@ﬁﬁ@éﬁr@&ﬁﬁ?ﬁf%hﬁh may be used to renove reovirus from

the reovirus-treate m xture 1s to subject the mxture to a gradi ent which
separates cells fromthe virus, and

In addition to hematopoietic stem cells, the present invention can be broadly
25  applied to remove ras-mediated neoplastic cells from many other cellular compositions.
For example, reovirus can be used as a routine practice to “clean up” (remove ras-
" mediated neoplastic 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
- 1eovirus is ubiquitous, and the mechanism in normal cells to inhibit reovirus replication,
30  PKR, is also ubiquitous. Th.;;reforc, any cell lmay become a ras-mediated 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 for a subsequent
transfusion. Similarly, tissue or organ transplantation has become increasingly common,
and it will be beneficial if the transplant can be treated to remove ras-mediated neoplastic
35  cells before transplantation. Liver, kidney, heart, cornea, skin g‘raft, pancreatic islet ceIl_s,
bone marrow or any portions thereof are just a few examples of the tissues or organs to
which this invention can be applied.
15



45 collect the layer that contains only the cells. |In another enbodinent,
the transplant recipient is given treatnents to sti mul a:ﬁ\]the i ne
systemin order to reduce the risk of reovirus infection. RIS t ment
may be perWB8H8H1brior to, contenporaneously with, or affCIFfCAOKE620
transpl antation, but is preferably 20 perfornmed prior to the
“transplantation. As an alternative treatnent or in conjunction with the

i Mune system stll,'hrml ant, the reci ignt c%ﬂ) be. gi ven anti -,hegjr\%i rus

anti bodi es i n ord®Hssue 8t QB RR O AUCYELR: PEFSHA TS HES LIS ™™R addi ti on
to hemat 0p%@hiIﬁay&ns@mataelhireﬁ,frdnh@n&{sgaﬂ@mmaym fi2fe/G@sh WEicH [sQRM]YpedS
applied to renove ras-nedi ated neoplastic cells frommany other cellular
conposi t i o Yvitrofeym ¥ gpllseor hegupanded exye- e tiswg onersan fodisiTeatsd Bithct i ce to
"clean up" p£d@aPN¥E BeBom 5?%1{11%%&9‘: SeRBl 38kih C FeSdxhpk! é?ﬁﬂry&{i'&néu'r&ﬁl’&ﬂ@r organ

transpl ant. plication of present Tnventionis not limted by cell or
ti ssue Wypeabbeteptas heforeipejag Bansplantpdipto an Aabsimersppayentt Spilatyelher us i s

ubi qui t ous ;. Al el kSl 4B LSO inhibit reovirus

replicati Ol’lll,l ggm%%% IS aPso LSIIIH%]dl}IS}t ousr.e%%eré%)or e, any cell may becone a
ras- medi at ed neoplastic cell and becone susceptible to reovirus infection.

O particular i A } . . | .ai s,..[,0 clean up
whol e bl ood or g‘%@ﬁ%gl%? }é\f’oﬂ'rrllli P%gerngglf%@g’rg lée)ll];oé h%@%&eﬁ#gﬁﬁt{a{%ﬁsi ag&
Simlarly, ceihdsnwemposidogaan be Glsmpddant’atithoro s fdresppepésec Toes alhdley conmon,
and it wll _be benefici i f the.transplant can be treated to.renove

" e- edar SRRREpEER e s iR REDE Ml GRR R Bih BT PbR KT ey,
heart, cornefspiékdtiongr aft, pancreatic islet cells, bone marrow or any
portions thereof are just a few exanples of the tissues or organs to which
this invention can be applied. 15 3 Novenber 2004 WO 01/83711

'PCT/ CA01/ 00620 Geilifled th#Fdle Hiccated adhti6aR idfkirdla@gfii Spondnbaganei ¢ or
xenogenei c. The tissue or_. organ may al so be derjved froma transgenic

ani mal , be cantpmEatieg Begedialidinerplastic geie gpiBganyi Rt iipt WEl e pfcd candidali | s, or
be expagpdedo@kis\thatitbd ekt Ik HE, QEelPERARNLBRA thyRARESE AMitdlion GEMY dsUS can
be froman enbryonic or ‘adult origin. For exanple, enbryonic neuronal cells
10 can be tpedsaEd before being transplanted into an Al zheiner's patient.
Simlarly, the invention can be used to treat senmen or donor eggs ex Vvivo.

Application of the present invention is not limted to transplants. Rather,
any cellul ar c&epadlimaydawaaiotns havd ameitbmpting ig establidoerialls for any

purpose. T%Splaﬁilta!blet )@?mgrafts of human prostaie cancer tissue inoculated into immune-

25  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.

30 The following examples are offered to illustrate this invention and are not to be

construed in any way as Hmiting the scope of the present invention.

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

35  Abbreviations not defined have their generally accepted meanings.

micromolar

M

16



15 exanpl es descri bed above are applicable even if the tissue or organ is
not meant for transplantation. Cell lines may also be 55\{%@%%5‘&58?’4' nely to
saf eguard agai nst spontaneous or contam nating ras-nedi ated neopl astic
celI's. AgaiWOORY¥1tell line will be a good candi date 20 fRST/GAR/8063%Bt hod
except, of course, a cell line transfornmed by nmeans of activation of the
ras patshway. Reggntly, many |niDisdlaori es have been attenpting to establish
serially transﬂant abl e xenografts of human prostate cancer tissue

i nocul at ed i nt o™ mmune 25 corrﬁ‘i“g?ﬁ sed m ce. However, contam nation with
nouse cancer celgis often occungingdidyl Ng the serial passage of the
xenografts_and these calls can eventually outgrow the human prostate
cancer cells (GH#b et al.,=1999)crofife present invention will be a sinple
solution to thig problemif tha;coptam nating cancer is ras-nediated and
the xenograft is Thot. 30 The foll'ow ng exanples are offered to illustrate
this inention &#8d are not to ™erog@Bhstrued in any way as limting the
scope of the pr i nventio ﬁ%&ﬁ% . npl es bel ow, the

fol |l ow ng abbr e%?\;tﬁ ons have E’ﬁ] %%%&?rce&; ﬁ%rggég 35 Abbrevi ati ons not
defined have thepm generat|y acwdpioessipsreamitags. um micromol ar 16 3 Novenber
2004 WD 01/837 PCT/ CAQ1/ 00 . mllinolar 100 M m N1l ng p.g
PAGE rpm FBS Ts son 0 Hétd bovinThrem

DTT = dithiothrietol
15 SDS = sodium dodecyl sulfate
PBS = phosphate buffered saline
DMEM = Dulbecco's modified Eagle's medium
a-MEM = g-modified Eagle's medium
B-ME = . P-mercaptoethanol
20 MO = multiplicity of infection
PFU - o= plaque forming units
PKR = double-stranded RNA activated protein kinase
EGF = epidermal growth factor
PDGF = platelet derived growth factor
25 DMSO = dimethylsulfoxide
- CPE = cytopathic effect

Example 1 Reovirus induced oncolysis and apoptosis in breast cancer cells -

30 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 468 (ATCC number HTB 132). Cells of each cell line
were grown to 50-60% confluency and infected with reovirus serotype 3, strain Dearing, at

" 2 multiplicity of infection of 40. Reovirus was obtained and maintained as described in -

35 TU.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 detérmined.
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PBS DMEM a-MEM n-ME 20 MOT PFU PKR EG- PDGF 25 DMSO CPE nmolar =
mlliliter = mcroliter mlligram mcrogram pol yacry{;:Ii}lgiwggbcg%04

el ectrophoresis = revolutions per mnute fetal bovine Serum =

di t hi ot hri e¥8101/8¥84i um dodecyl sul fate = phosphate buf f erP&F/GEEI/PI0 =

Dul becco's nodified Eagle's medium a-nodified Eagle's nedi um

3- ner capt oet hanQhe restild dré Blowaiih Figlfes 1AL €5t Vible cBil astdLinfredvitufehetiéd S
doubl e-stranded RNA activated protein kinase e@l\édernal ?rovvt h factor =

pl at el et deVEFEEFigrehth SEEROE e Hoon M MB drtele (igpalhl $ompsdect Exanpl e
1 Reovirus gAduesty S0 tleisesiANInRPAPLAR iffedith PHCASH vERNGS ek | S

proliferated as expected. Reovirus treatment caused MCF7 (Figure 1D) and SKBR3

viability to drop from 93% to 16% by 72 hours after infection. In MDA MB 468 cells,
10 virus treated intact cell numbers dropped to 12.7%, 8.8% and 3.6% of the original cell

counts, respectively, at 24, 48 and 72 hours after infection. Thus, reovirus cansed

oncolysis efficiently in all three kinds of cancer cells.

The cells died by apoptosis. Typical apoptotic markers such as CPE, Annexin-V
15  and DNA laddering could be observed in a time course parallel to the decrease of viability.
Figures 2A-2G show the percentage of DNA fragmentation (2A-2C), Annexin V staining
(2D) or APO2.7" cells (2E-2G) at various time points after reovirus infection. The
reovirus ireated cells exhibited all signs of apoptosis at a dramatic level compared to the
no virus or dead virus controls, demonstrating that reovirus induced apoptosis in all of
20  these three cell lines. Apoptosis in the controls seemed to increase slowly with time as

well, probably because cells began to die when they had grown too densely.

Example 2 Reovirus selectively inhibited protein synthesis in cancer cells but not
CD34" stem cells

For further proof of selective viral infection of cancer cells, 353
labeling/SDS/PAGE of viral proteins was undertaken, Viral protein synthesis was evident
after 1-2 days in MCF?7 cells infected with reovirus, while cellular protein synthesis
decreased at the same time, indicating that reovirus had taken over the cellular machinery.

30  At4 days after infection, no protein synthesis could be detected anymore, suggesting that
all the cells had been killed. In the control experiments where cells were infected with
dead reovirus or no virus, there was no viral protein synthesis, whereas cellular protein
synthesis was at the normal level. In contrast, 33 labeling of CD347 stem cells in the
presence or absence of reovirus showed no viral protein synthesis up to 72 hours after the

35  addition of virus. Therefore, reovirus selectively infect MCF7 cells but not CD34" stem

 cells.
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30 To determine the effect of reovirus on the viability of neoplastic
cells, we first used three breast cancer nodel systens nunber
HTB- 22), SKBR3 éATCC nunber HTB-30) and MDA MB 468 (ATE:TC\P%%B%?B%‘:B 132).
Cells of ea?RU®&fM!|ine were grown to 50-60% confl uency B&HFCAMPE2 ed Wit h
reovirus serotype 3, strain Dearing, at a multiplicity of infection of 40.
Reovi r us wassaniflas neReavichstacatinenineithasinhiddied cdlbgrolifer &bonlhdp.altepddent No.

6, 136, 307. Reovirus i,nfected and ngon-i.nfected cells were harvested at O,
24, 48 and 72 hours g#‘teé‘?nqa%%@??eﬁﬁ&éﬁg‘%?%ec@?abi lity was determned. 17 3
Novenmber 2004 WO 01/83711 PCT/ CA01/ 00620 5 The results are shown in

Fi gures 1A-1D. ahl e cell count in_ reovirus-infected MJF7 igure. 1A,
SKBR3 (Figure 1B5PftentyAinke ngtsmsypihesy jesytsy W ei&%%%f&}cat%q(tg?ﬁ ficantly
after the irBégt tredimeitiiid fotldb@edze teSuinBeRsE tvRfleWelld in €T3 * ¥illsYBighte 31:% virus
proliferated as. expected. Reovirus treatnment caused MCF7 (Figure 1D) and
SKBR3 i a@FFP@W?‘gmd?WY%ﬁP@%tO 16% by 72 hours after infection. In
VMDA MB 468 cells, 10 virus treated intact cell nunbers dropped to 12. 7%
8.8% and 3.6%of the original cel| counts, respectively, at 24, 48 and 72
hours after i nfe¥hilothe nymber of CRS(T ealls weaurasigetedbicispyisusinfsetionetherst | y in al |

t hree ki nd - G : 3 J 19 vohcal apoptotic
mar ker s su?ﬁlﬂgalg%%ﬁﬁc&ﬁ%leivﬁ%@%/%fgﬁgéﬁn%(\i&gﬁ %%lgfgﬁﬁgﬁ?gu th% tgghét:)%ser ved in a
ti me cour sdlifferentialeghtotad] thdveerabbapoistis Enggesin diwi dppropriatéprppomisn. 2BHGwhow t he
per cent age f ' A nexin V. stainin of
0o 7 Bl b ebRPlRR g B Souel o b RSl oL Bt PelonifBlons . e
reovi rus t risawkde hahdtspadotivispstered Tailvesigge shioposaipidipg, €34 ™ adllsavets amat i c | evel
conpared tqQ the .nq.virus or.dead, virus contraols nonstrating that
reovirus i dﬂ%?@%tad ggﬁﬁﬁog’sr}l%%F ?Id%l’ ?8 Brf{%u{sh@%’cwﬂyee EFTVF ¥8$ ™ hpopt osi s
_ibn t he conltrfmbxgadaﬂ@m@eléméraaﬂﬁa@ﬁxdsduﬁwg& infrdsh Iﬂcﬁﬁﬁ’gﬂﬂ day@to ailo@r olbabl y
ecause ce e to_die en they rown too densely. Exa e 2
Reovi rus séPgaEs \%“;‘1’9"‘1‘ ﬁf’ﬁ%%@i“ﬁ?&’f ﬁ%ﬁﬁﬁ%@v@ itbelongriofbempidbaih not
CD34+ sfpemegfhiofd, 8P odytd drid@roidma@bpiRbe BEgRaEkb%E: Michdd. Addheehipn of
cancer cells, 35S Tabeling/ SDS/ PAGE of viral proteins was undertaken.

Viral prot élige iR s palseared yith dve virgr(L¥) vipldod sigylar pumbopsrof gpaaplosutient ect ed
with reovi r(@?,gerM!:ﬁesC(@B bik@fuity Rt ﬁyxﬁa&@pﬂage m@'@fcﬁx’?é@ﬁé& (BEMMIFasSame
tinme, indicating that reovirus had taken over tThe Cel l'ular machi nery.

the no virus (NV) control. Therefore, reovirus treatment did not change the differentiation

potential of CD34" cells.

25 -
Example4 Reovirus selectively i:emoved cancer cells from a mixed cellular

composition

Neoplastic cells were mixed with apheresis product and subjected to reovirus

30 infection to investigate if reovirus can selectively remove neoplastic cells from the mixed
cellular composition. Apheresis product was prepared according to a procedure
previously described (Stewart et al., 1999; Duggan et al., 2000). When admixtures of
apheresis product (90%) and MCF7 (10%) were treated with reovirt;s and tested daily for
cell count and viability, there was a 100-fold depletion in the numbers of cytokeratin-

35  positive MCF7 cells while the CD34" stem cells remained intact and viable (Figure 4A).
Reovirus was similarly effective in selectively removing MDA MB 468 (Figure 4B) or
SKBR3 cells (Figure 4C) from their mixture with apheresis product, respectively. These
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30 At 4 days after infection, no protein synthesis could be detected
anynore, suggesting that all the cells had been killeds\RelB& H8atr o0
experiments where cells were infected with dead reovirus or no Vvirus,
there was MOCYFM protein synthesis, whereas cellul ar pr&T&AOGHt hesi s
was at the normal level. In contrast, 35S |abeling of CD34} stemcells in
“the presenmselindenainsteate thatfeovinn ean sedecHadykifl neoplastic atllsin etcal mixdymtahési s up
to 72 hour;zafﬁgrttheHSS agg%tion of virus. Therefore, reovirus selectively
i nfect MOFFREIFEBUCIRBYtD34+ stem cells. 18 3 Novenber 2004 WD
01/83711 PCT/ CA01/ 00620 5 Exanple 3 Reovirus treatnent neither inhibited
cell proliferation nor altered differentiation potential of CD34+ cells
Consi stent with the protein synthesis results, viable cell count indicated
that reovirus treatnment did not decrease the nunber of viable cells in
CD34} cells (Figure 3A) 10 as conpared to the no virus control. Wiile the
nunber of CD34+ cells was unaffected by reovirus infection, there renained
t he question whether reovirus changed the potential of CD34} stemcells to
differentiate into all the hematopoictic |ineages in the appropriate
proportion. If this was 15 the case, reovirus treated stemcells would not
be a good candidate for the reconstitution of the whole hematopoietic
system To investigate this possibility, CD34+ cells were incubated with
reovirus for 2, 24, 48 or 72 hours, respectively. The reovirus was then
removed and the cells were diluted and cultured in fresh nmedia for 14 days
to allow colonies to form Each colony was exanmned to determne if it

bel ongs to the granul ocyte, 20 erythroid, or granul ocyte erythroid

macr ophage negakaryocyte |lineage. As shown in Figure 3B, stemcells
treated with live virus (LV) yielded simlar nunbers of granulocutes (G,
erythrocytes (E) or granul ocyte erythroid macrophage negakaryocytes (CGEMM
as the no virus (NV) control. Therefore, reovirus treatnent did not change
the differentiation potential of CD34} cells. 25 Exanple 4 Reovirus
selectively renoved cancer cells froma m xed cellular conposition

Neopl astic cells were m xed with apheresis product and subjected to
reovirus 30 infection to investigate if reovirus can sel ectively renove
neopl astic cells fromthe m xed
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cellul ar composition. Apheresis product was prepared according to a
procedure previously described (Stewart et al., 1999; t Y
2000). When adm xtures of apheresis product (90% and %&%&?R%%Oﬂmre
treated with reovirus and tested daily for cell count and viability, there
was a 100-€bAdMSepl etion in the nunbers of cytokeratin 35 positive MCF7
cells while the CD34{ stemcells remained intact and viable (Figure 4A).
Reovirus was simlarly effective in selectively renmoving VMDA MB 468 (Figure
4B) or SKBR3 calnteshodFo genieve44s)médiated hdvpiastintells tiom adellblapgingyoeisios pr oduct ,

respectively. These 3 Noyenber 2004 WO Q1/83711 PCT/ CA01/ 00620 5
resul ts denpnstUSPEieaRfcopagng ﬁhch@ﬁ?iﬁ's‘%cééﬁwg?‘?}l WﬂlPCJﬁ%‘SBP%E’étCPEtaE‘é‘H sin

a cel | mxture QBei IR0l I ES S UaClndcR Qi NRN SRR o204 CLAI VS
1 A nethod to renove ras-nedi ated neoplastic cells froma cellular

conposi tion suspelyssdidic romediatddmeoplastic cedlspihsrtindhe edlludgr commpositiomt hod
conpri ses contact ipgg @he tcel.ltulsgr C osition in vitro with reovirus under
condi ti ons whi ciPHREEGT PETRPOIGHE ‘?%F "of the ras-nedi ated neopl astic

cells, wherein the cellular conposition conprises hematopoietic stem
cells. 2. The nethod of claim1 wherein the henmtopoietic stemcells have
been harvedt ed Thewathpd aéclam 1 stheran thedematapetadicstent ¢edis kave bgearharvestede

henmat opoi etic s ve been harvested from blood. 4. The nethod of
clai m1 wherei nﬁflﬂ]g%rgéelg\%fﬁraﬁ% is a reconbinant reovirus. 5. The method of
claiml wherein the reovirus is a manmalian reovirus. 6. The nmethod of
claiml wherein the reoqgvirus is _an_avian reovirus. 7. The nmethod of claim5
wher ei n t he manhhf PaiRor ebgirinyd wherein Highismatopoistic giem cadls hapebsratRbesEt cl ai m
5 wherein the "E&ﬂ%‘léc@f‘ reovirus is serotype 3 virus. 9. The nethod of
claim8 wherein the serotype 3 virus is the Dearing strain. 10. The net hod
_of claim1 further conprising the step of freezing and storing the

reovirus-tyeat conposi t.i.on in.a sol.ution containi DVSO.. 11. The net hod
0f el i i o TSR o b et s e ot RGBT OV s 1 1 at ol

5. The method of claim 1 wherein the reovirus is a mammalian reovirus.

6. The method of claim 1 wherein the reovirus is an avian reovirus.

7. The method of claim 5 wherein the mammalian reovirus is a human reovirus.
8. The method of claim 5 wherein the mammalian reovirus is serotype 3 vims.
9. The method of claim 8 wherein the serotype 3 virus is the Dearing strain.

10.  The method of claim 1 further comprising the step of freezing and storing the

reovirus-treated composition in a solution containing DMSO.

11.  The method of claim 1 further comprising the step of treating the reovirus-treated

composition with anti-reovirus antibodies and complements.
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conposition with anti-reovirus anti bodi es and conpl enents. 21 3 Novenber
2004 12. The nmethod of claim1l further conprising the stepg.RbeSidhecting
the treated cells to a gradient which separates the cells fromthe
reovirus and collecting the layer which contains cells. 13. A nethod of
prepari ng E.cel Thd methodwpclain i durtlier compesiag Kentetsiod subjedtmgahe eeditql exils,

conprising the steps.of. (. selectjn cel lL.ul ar .co sitian for
transpl ant at i on® a(%?dlelﬂ)tn"i’éa‘g]% §qp@ra§q§éh%gq}§ggqrq f@ﬁewl’fuﬁgg‘?f: Ipg the JAYRE
condi ti ons whi CRhicRSHhthink BellOncol ysi s of ras-nedi ated neoplastic cells; and

(c) collecting the reovirus-treated conposition for transplantation. 14.
The nmethod of claim 13 wherein said transplantation is autol ogous. 15. The

nmet hod of aim 13 rein the cel.lular _compositjon conmpri ses henat opoi etic
Cem oot s 56 At E b S el Bt G Gn S e R el | <
have been har ve@inqﬁ-isiﬁgrtﬁggﬂapgq@f; marrow. 17. The nethod of claim 15 wherein

t he hemat o&oi etic stemcells have been harvested from blood. 18. The
met hod of @ ai nfelestipg a celiHan qoapogition ferrtraneplpaistienon conprises a tissue, an

organ or ?\@t p chotnita%ﬂng {heaco}ﬂp%ﬁﬁgn Withaar}ggs?irg%qmlﬁd%% COnﬁﬂﬁng%%%qu{Iﬁ lgllg aiO][n 18

wherein t i ssue or-organ-is selecte group” corisr's

l'iver, kidney, &ealysisofoasreediatel inaoplbdticgeligandreatic islet cells, and

whol e bl oo(d 20. .The thod. of claim 18 wherein the tissue, organ or
portion of(% he ‘fql@g&gn%? TesvEpiTeitsd cEPRMtiqnotor frangpiantatithat i on. 21. The

met hod of claim 13 wherein the cellular conposition conprises cultured
cells, senmen or eggs. 22 3 Novenber 2004 22. The nmethod of claim 13 wherein
t he reovirls i sTke methodbf clamt 13 sderemusaid tr2®plafitadioned awvofogduscl ai m 13 wherein
the reovirus is a mammualian reovirus. 24. The method of claim 13 wherein
the reovirus is an avian reovirus.

15.  The method of claim 13 wherein the cellular composition comprises hematopoietic

stem cells.

16.  The method of claim 15 wherein the hematopoietic stem cells have been harvested

from bone marrow.

17.  The method of claim 15 wherein the hematopoietic stem cells have been harvested
from blood.

18.  The method of claim 13 wherein the cellular composition comprises a tissue, an

organ or any portion of a tissue or an organ.

19.  The method of claim 18 wherein the tissue or organ is selected from the group
consisting of liver, kidney, heart, comea, skin, lung, pancreatic islet cells, and
whole blood.

20.  The method of claim 18 wherein the tissue, organ or portion of the tissue or organ

1s useful for transplantation.

21.  The method of claim 13 wherein the cellular composition comprises cultured cells,

S€InEn or €ggs.
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25. The nethod of claim23 wherein the mamalian reovirus is a human
reovirus. 26. The method of claim 23 wherein the manmak h@PehGR%0EHS |S
serotype 3 virus. 27. The nethod of claim 26 wherein the serotype 3 virus
is the Dearing strain. 28. The nmethod of claim 13 further conprising the
step of freezing and storing the reovirus-treated conposition in a

solution containin O. 29. . The nmethod of. cl.aim 13 further, conprising the
Step of trekt| nghe TERPEGsF Rl 17 Pihereun heBESs ¢ BRORPEHICHOT T eou! r us

anti bodi es and conpl ements. 30. The nethod of claim 13 further conprising
the steps of subjecting the treated cells to a gradient which separates
the cells £3.om Themekodiof oleinahd vhetdie thcirpeyitdses 4 mpaymalighiregtyiment ai ns cel | s.
31. A cellular conposition prepared according to the nethod of any of
claims 1, 2-3, 5-14, and 15-30. 32. The conposition of claim31 which is
useful in 24.ansPhembbl @f claidd 13 Wherewieesdih@is &f aviarpdebVigds. Wher ei n sai d
transplantation is autol ogous. 34. A pharnaceutical conposition conprising
any of the conposition according to claim31, 32 or 33. 23 3 Novenber 2004
35. A use &f a”'rﬁé I ﬁHR%g%vh%Ieiﬁ ﬂlt%.n? R edbli 'is&ﬁ{f&%ﬁkédv%ﬂ of claim
34 for theé manufacture of & pharmaceuti cal preparation for ranspf'ant ation
into a transplantation recipient. 36. The use of claim 35 wherein the
transpl antation_recipient further receives at _|east, qne substance sel ected
fromthe gﬁ%up E%%@F@Pﬁﬁéda*m &h VAsEen ﬁkswré}@haamepﬂ&ws SEAPSA VANSi mune
system stinul ating agent. 37. The use of claim36 wherein the
transplantation is perfornmed for the treatnment of a neoplasm 38. The use
of cl ai m 377.wheThs method of elejph a6 mhiesirs theaetofypef I dmstihthedbeatipg straini st i ng of
Hodgki n' s di sease, multiple myel oma, non-Hodgkin's |ynphona, acute

nyel ogenous | eukem a, germcell (testicular) cancers, brain tunors, and
“breast tupdrs. TEOmeol 9€cRim 38 figtHee ebpBsiAgMetepdf ec£iIBFRAS biokiff tHeor t he
manuf acture of a pharnmaceutical preparation for reducing the riSk of
recurrence of tigaprusigeatedcompogiiiopliaasalutioncyfagmgd?M§Ous hemat opoi etic
stemcell suspected of containing ras-

29.  The method of claim 13 further comprising the step of treating the reovirus-treated

composition with anti-reovirus antibodies and complements.
30.  The method of claim 13 further comprising the steps of subjecting the treated cells
to a gradient which separates the cells from the reovirus and collecting the layer

which contains cells.

31. A cellular composition prepared according to the method of any of claims 1, 2-3,
5-14, and 15-30.

32.  The composition of claim 31 which is useful in transplantation.
33.  The composition of claim 32 wherein said transplantation is antologous.

34. A pharmmaceutical composition comprising any of the composition according to
claim 31, 32 or 33.
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medi at ed neopl astic cells, wherein the conposition is prepared in vitro by

contacting a cellular conposition conprising autol ogous3r]\ed‘r,g+lggrc§083i c stem
cells wth a reovirus under conditions which result in oncolysis of

ras-medi ated neoplastic cells, and collecting the reovirus-treated
conposi ti oB5.f or Atuse ofan pifedive amotintanfiid pirinatcantical £40mpdsitiseobélaian3efdrect | ve

~anmount of a phapmaceutical conposition for the nufacfure of a
phar maceut i cal WW&C%ﬁO?%SB%%tW@WWW OB?M?SB{?BWIQHE:‘EO& t umor due

to transpl ant aghplafatidHtQineaus hemat opoietic stemcell suspected of
containing ras- nedi ated neoplastic cells, said pharnmaceutical conposition
conpri sing autol ogous henmatopoietic stemcells that have been treated in

L LTO g e L s Pt b P RS LoERES s
one substance selected from the group consisting of an anti-reovirus antibody

and/or an immune system stimulating agent.

37.  The use of claim 36 wherein the transplantation is performed for the treatment of a

neoplasm.

38.  The use of claim 37 wherein the neoplasm is selected from the group consisting of
Hodgkin’s disease, multiple myeloma, non-Hodgkin’s lymphoma, acute
myelogenous leukemia, germ cell (testicular) cancers, brain tumors, and breast

tumors.

39. A use of an effective amount of a composition for the manufacture of a
pharmaceutical preparation for reducing the risk of recurrence of tumor due to
transplantation of autologous hematopoietic stem cell suspected of containing ras-
mediated neoplastic cells, wherein the composition is prepared iz vitro by
contacting a cellular composition comprising autologous hematopoietic stem cells
with a reovirus under conditions which result in oncolysis of ras-mediated
neoplastic cells, and collecting the reovirus-treated composition for the purpose of

transplantation.

40. A use of an effective amount of a pharmaceutical composition for the manufacture
of a pharmaceutical preparation for reducing the risk of recurrence of tumor due to
transplantation of autologous hematopoietic stem cell suspected of containing ras-
mediated neoplastic cells, said pharmaceutical composition comprising autologous
hematopoietic stem cells that have been treated in vitro with a reovirus under

conditions which result in oncolysis of ras-mediated neoplastic cells.
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