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25
BACKGROUND ART

In the field of medical or biological sciences, there has always been the demand
to produce large quantities of microorganisms such as viruses, bacteria, yeasts, other
fungi, parasites and prions. The resulting microorganisms can be used to isolate and

30  purify microbial proteins, generate vaccines, or provide infectious microorganisms for
laboratory or medical studies. Recently, the new development of virus therapy has
further necessitated the need for efficient production of infectious viruses.

Reovirus therapy (U.S. Patent No. 6,136,307) is an example of virus therapy.
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20  overexpression of HER2/Neu/ErbB2 or the epidermal growth factor (EGF) receptor is
common in breast cancer (25-30%), and overexpression of platelet-derived growth factor
(PDGF) receptor or EGF receptor is prevalent in gliomas and glioblastomas (40-50%).
EGF receptor and PDGF receptor are both known to activate ras upon binding to their
respective ligand, and v-erbB encodes a constitutively activated receptor lacking the

25  extracellular domain. Accordingly, reovirus therapy, which is highly selective for ras-
associated tumor cells, can be used to treat a vast variety of tumors.

Reovirus can be produced and purified in bulk preparations (U.S. Patent
Application Publication Number 2002/0037576 A1). To ensure that the reovirus
preparation does not contain adventitious agents which may result in undesired side

30  effects, the preparation is validated by using a susceptible cell line and anti-reovirus
antibodies. Thus, the cell line is exposed to either the virus preparation alone, or the
virus preparation that has been neutralized by a reovirus-specific neutralizing antibody.

If the antibody neutralized virus preparation is still pathogenic to the cell line, the virus
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20  genome. Since the DNA genome must be transcribed into RNA for successful infection
by the microorganism, a ribozyme specific for the RNA transcript will inhibit infection
as well as replication of the microorganism. Again, if the ribozyme-expressing cells
show any pathogenic effects due to the microbial preparation, an adventitious agent must
be present in the preparation. Similarly, this method can be used to validate preparations

25 of prions as well.

Accordingly, the present invention provides a method of detecting the presence
of an adventitious agent in a composition comprising a reovirus, comprising:
(a) providing a population of indicator cells that expresses a ribozyme,
wherein the ribozyme is capable of specifically cleaving the genome of

30 the reovirus;

(b)  contacting the indicator cells with the composition under conditions that
allow for cleavage of the genome of the reovirus by the ribozyme; and

©) determining the effect of the composition on the indicator cells, wherein
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20 The present invention can be applied to compositions of any microorganism,
including any virus. Accordingly, the present invention provides a method of detecting
the presence of an adventitious agent in a composition comprising a virus wherein the
virus contains an RNA genome or utilizes an RNA transcript to replicate, comprising:

(a) providing a population of indicator cells that expresses a ribozyme,

25 wherein the ribozyme is capable of specifically cleaving the RNA genome

or RNA transcript of the virus;

(b) contacting the indicator cells with the composition under conditions that
allow for cleavage of the RNA genome or RNA transcript of the virus by
the ribozyme; and

30 () determining the effect of the composition on the indicator cells, wherein

any pathogenic effect indicates the presence of an adventitious agent in
the composition in addition to the virus.

The cells may express the ribozyme transiently or permanently. Preferably, the
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per manent| y r&éEJ @%ﬁ:fﬁé&k,%heé O3 Q,K:ﬁ@ééitaaﬂ{r@?‘% QARG stdmsls| S conpri se
g
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a rlbozyrre-epn o gene that Is integrated into the genone of the cells.
The virus wmbys.be a DNA virus or RNA virus. Preferably, the virus is an

oncol ytic virus ich | - j PbiSathddg ol N neopl astic
cells. Pref erreém\)lsdgehré1 3 eﬁf?fg{ vﬁqugguegtelg&ﬁnﬁgl:l ﬁ%&f,dgﬁ%%ﬁegl?e not ?iﬁ%iat ed to,

modi fi ed adenmsitionspmpdng 2 mibréd@¥niss, podpdisied vacci nia virus, nodified

par apoxvirus orf virus,..nodified.intluen i - i ng viruses,
t he ONYX- 015 vi¥s, Hrﬂ‘@dlﬁéfltpgl?jéthP Elsn'filcgﬁogc%fgé#% ﬁ)fpg‘?sgesstagﬁn%t t%s Vi rus.
Anot her aspect of t hehgpsir seniborynweintipable pf epecidieslyeclemringdick RINA gahanzbat i ng a

conposition conprisin m croorgani sm conprising. 1Q.(a roviding a
popul ation of i ndi ca‘frgﬂl\?‘%gf“?%“?tﬁg °a 8@%@“150 Fliﬂg)étzrﬁp(r%,gngn her %Cltfrg\ht he

ri bozyme is capabl e gfinsmRredobgadihly cl eaving the RNA genone or RNA
transcript of the mcroorganismto inhi bfb&]ilere | i cation or inf ecj}i on of the

mi croorgani sm (W) comiagEg e mdrator ¢rlls &4 PRSItigR et $pRIMGRLIBES +i on
under cgnditions t hajjowler abdvays §rake TNAF¥AGR GRNAGRMpggneme or RNA
transcript of the
microorganism by the ribozyme; and
(c) determining the effect of the composition on the indicator cells, wherein
the absence of any pathogenic effect validates the composition as having
no detectable adventitious agent.
20 The microorganism is preferably a virus, more preferably a virus capable of
selectively replicating in neoplastic cells, and most preferably a reovirus.
Another aspect of the present invention provides an indicator cell useful for
detecting an adventitious agent in a composition of microorganism wherein the indicator
cell permanently expresses a ribozyme that is capable of cleaving the genome or RNA
25 transcript of the microorganism. Preferably, a gene coding for the ribozyme is integrated
into the genome of the indicator cell. The microorganism is preferably a virus and more

preferably a reovirus. The cell is preferably derived from the human embryonic kidney

293 cells (HEK 293 cells).

30 MODE(S) FOR CARRYING OUT THE INVENTION
The present invention provides a method of detecting adventitious agents in a
preparation of a microorganism by using a ribozyme that is specific for the

microorganism. Thus, a cell population susceptible to the microorganism is transfected



m croorgani sm by the ribozyme; and (c) determning the effect of the
conposition on the indicator cells, wherein the absence of any pathogenic
ef fect vawpDdawes1t he conposition as having no detect abl e PatxEwBi00d60uUS
agent. 20 The microorganismis preferably a virus, nore preferably a virus
capabl e of selectively replicating in8neoplastic cells, and nost
preferably a reovirus. Anot her aspect of the present invention provides an

i ndi cator cell usef.ul r detecting an advent 0 |naconp03|t|on
of i croor GaAT SHIRHES %?c teﬂ%‘)%m&ﬁéec@?"@“e o ﬁXpogee?lrtr%érglgn?"%&&pr esses a

ri bozyme tb&hplﬁ&ﬁlg&ﬁ@ﬁmr(ﬁ)rgﬁniﬂ. aafebm dnbifer f@ﬁh@lﬁﬁn ofthsamcra&garrimnsnme pt of the
m croorganism Pre , .4 ge or. the r. s _integrated
into the g&HiRE g {”ct‘ﬁﬁ’ ﬁ"df‘h‘ggﬁl &F? 71?8 H}lr‘frff?rg%l}lagﬁ?%rﬂof% Wt &erably a
virus and ppspenRlcBEQ0a M ceBs. I ROV ickulE anyl$igh &qiathog@l@éf&fcﬁsmqmdedsﬂ ved from
t he human enbryoni c kidney 293 cells (HEK 293 cells 30 MODE(S) FOR

CARRY! N& Ot PresEnce Nf/MVWtTPHéagﬁﬂb@élﬂﬁmWFﬂ%ﬁ‘?ﬁS@r?riﬂa PBes a net hod of

det ecti ng adve“fvﬂlér'u%écﬁﬂﬁgﬁh% mxlan@on RHEBRF @lidiD he@EmB WBECH@EE gani sm by usi ng
a ribozynme that is specific for the mcrooe(ganlsm Thus, a cell popul ation

suscepti bl epnlmamdm@rmd@m@bwgféﬂ@ﬁ&ﬁﬂ@s phamdseandieniedAD 03/ 072811 PCT/ CAD3/ 00264
8 by an expressing vector encoding the ribozyne and exposed to the
conposition conprising the mcroorganism Infection and/or replication of
the m croodgéinitens in the cells are inhibited by the ribozyme. Therefore,

the m Ghoor gani Rw CR’%I’%[FLE)%E a&_ﬁeﬁfé‘%s:?nfa%)é?t tﬂaqlﬁsql%gﬁl@énﬁec?{ofb%?ﬁc%%dtiﬁ@ cells. As a

result, “any sign Tot I's indicative o he presence of an
adventiti OUSmﬁg;ﬁmn me&riﬂﬂy,rmadmﬁgwiagmt pragpafiectious agenPmpwelytan agess cr i bi ng
the invention her q tail, the terns used in this application are
defined as Ci‘l?ﬁﬂed\ﬁ/g“if fedse Et herwi se indicated. Definitions 10 An
"adventitious a@[ﬁf&btmgl"acamre&?@efotthé e bf ehﬁeriﬂgﬁntb mﬁdau&ﬂﬁdtih@inbaecellncl uded in a
conposition. Pr ef erably, venil tiou glg is. an.i nf fous agent,

namel y an agent E‘B‘fﬁé{mee‘s&fﬂ geteenlg o5 enva‘”ﬁiﬂéaéfscﬁga' cell refers to
the actysof C%Rmédlmglehﬂhgarﬂiﬂ@rmm@tlfea'&drg@RlNA"?. TRl dibozyres ofithgaysed’ i s an RNA

nol ecul e or derivative_ that is capabl e of
invention may have the characteristics of naturally occurring ribozymes. For example,
the ribozymes isolated from Tetrahymena thermophila has an eight base pair active site
which hybridizes to a target RNA sequence before cleaving the target (see, for example,
Zaug and Cech,‘ 1986). Free guanosine or guanosine derivatives is required for this

20 reaction, and a guanosine is added to the 5' end of cleaved RNA. The ribozymes of the
present invention may also be synthetic ribozymes, such as those described in U.S.
Patent No. 5,254,678. These synthetic ribozymes have separate hybridizing regions and
catalytic regions; therefore, the hybridizing regions can be designed to recognize any
target sequences. In addition, the cleaved RNA is not modified by these ribozymes.

25 An "indicator cell" is a cell that expresses a ribozyme, which ribozyme is capable
of cleaving and inactivating a microorganism to be validated. The indicator cell, when
not expressing the ribozyme, is susceptible to infection of the microorganism.

A "pathogenic effect” is an adverse effect on the growth or maintenance of a cell,
particularly the effects associated with microbial infections. Pathogenic effects include,

30 but are not limited to, cytophathic effect (CPE), cell rupture, inhibition of growth,
inhibition of protein synthesis, and apoptosis.

“Cytopathic effect” is an observable change in cell structure. Cytopathic effect

may vary with cell types and cause of death, and can be determined according to



15 catal ytically cleaving another RNA (the "target RNA"). The ribozynes of
the present invention nay have the characteristics of naturally occurring
ri bozymeswolan7stanpl e, the ribozynes isol ated from Tet r 20yra®5/a0264

t heri nophila has an eight base pair active site which hybridizes to a
target RNA sequence before cleaving th® target (see, for exanple, Zaug and
Cech, 1986). Free guanosi ne or guanosi ne derivatives is required for this

20 reaction, osine is dde 0 the cI eay NA. The

ri bozynes S?tabﬁl dq{ﬁgggegﬁetm%ﬁf% 1% P> 4785 °’”§%e mos eti°e o %%(z)tl;rres such
as those degginhfe&@fbniafe Mo@holoﬁ&il eliﬁngédosucﬁaszcrt)flceﬁl&ndiﬂgemé dstycﬂtntmt framr i bozynes
have separate hybri di zi n i ons .an cat al iaﬁ‘ﬁ ndrﬁ herefore t he
hybri di zi néersabitigies (b 561l Bais; cﬁ%sgiy‘&ﬁ/@ﬂmt amraéle%@ﬁ '%10 a?fiﬁ Yuences. In
addi tion, %P%E%Yﬁg sﬁiN% bﬁre@ﬂftusﬂﬁ’t@btéd s e f&lﬁt@f&@  ifdpaedns theQdillAn

“indicator Cell" is a cell ‘that expresses a ribozyme, which ribozyne is
capabl e5 obecomang/svyrilen Aef grwaléatrrnmpie@rgnoa apd thegalt @larrp%hﬁeele%'ép val i dated. The

i ndi cator cell, mahQ0in Qb oXRitRASANEed ﬁ@elﬁ'rg&%y $hab S CERbIM t O
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infection of the m craoorganism Awgat ogeni ¢ e?i% F i s an adverse effect
on the grovbés not cantdimeresiyeidions aggnicthatlis detf;%ﬁbiel Wdh‘amP%lmi prapleyddect s

associ ated w t hwfd Gf ORI &, {%?f%ﬂu §551fF ?ég%g? &ﬁ@%efh@xcﬁa't\ggﬂ 30 but

are not limted 1o, cyto |ce rupture, |nh|b|t|on of
growth, i nhcdmrrﬁng;modfﬁe@onltemuﬂnwnt Riemrsses awdlllapﬁ@p‘tlthsar uble@?@mﬁbﬁt hic effect”

is an observabl Stru vary with
cell tyPes S%‘%‘i‘?fn e&m&]g?noaleat evmo c%aaﬁHIrb%Oc?Qjﬂ e?%%]e q%{%%%??f%essw Y

03/ 072811 RéxocAi03430Phdlls, @ichsf abichshemtalkadmlvl Eolggenpme tormsistsral dorﬁdtr- exarrpl e,
sonme of the m)s ffec | i.nfection ar I gi cal
changes suéfenge B&%‘Bépﬂs Sﬁ%‘“ﬁﬁﬁwﬂg?aéﬂﬁsﬁm?sﬂz&ﬁﬁ? @k@ 11v?rate (b)
cel I 1ysi sindi@iuad RINQY elghhhtk Oz[r?fﬁ{ die; Thadedlistieldt Bunelatesi topes bﬁtb}bvmmmdi i on.
Cytopathic effect shown by reovir ?]sdirﬁf ect e%‘ﬂcel | s, for sta é

i ndi cat ed fgeneoversf [fom Ay Spefisn é P B®FS H’r’ﬂﬂnaﬁonﬁp g ’éP%nce and
the celfs; cl AHITRS. breaking up. "Validating” a conposition, as used herein,
means proving that the conposition _ does not cont a| n an adve f i.tious agent

that is detect aBhehwyanmeving copsHisetdires septypes: ‘RYBY T (ain Lagg gk Sl any virus
cl assi fi ed J.1 ot be.if GONE 1Y) HERHS 3 (WRSE DELrinBat WAk AbnedCT3IY. IMhg thrs@di fied or

reconbi nant”." Reovi r uses are viTuses with a doubl e-stranded, . to segnented
RNA genone scrbtypesvre pasils ideetifiablecongle Bis ofneuirabizasion et hempgelyiiaitess t wo

concent ri ¢ Angl . SIVRILe8: AR Fk SN & di apafiedral . The genome consi st.s

20 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
modified by humans in the laboratory. For example, the reovirus can be from a “field
soﬁrce”, that is, from a human who has been infected with the reovirus.

- The reovirus may be modified but still capable of Iytically infecting a mammalian

25 cell having an active ras pathway. The reovirus may be chemically or biochemically
pretreated (e.g., by treatment with a protease, such as chymotrypsin or trypsin) prior to
administration to the proliferating cells. Pretreatment with a protease removes the outer
coat or capsid of the virus and may increase the infectivity of the virus. The reovirus
may be coated in a liposome or micelle (Chandron and Nibert, 1998). For example, the

30  virion may be treated with chymotrypsin in the presence of micelle forming
concentrations of alkyl sulfate detergents to generate a new infectious subvirion particle.

The reovirus may be a recombinant reovirus resulting from the

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



stranded RNA in 10-12 discrete segnents with a total genone size of 16-27
kbp. The individual RNA segnents vary in size. Three distinct but rel ated
types of wewmsiorasst have been recovered from many speci es. PATICAB0ES4t ypes
share a comon conpl ement-fixing 15 antigen. The human reovirus consists
of three serotypes: type 1 (strain Land or T1L), type 2 (strain Jones,
T2J) and type 3 (strain Dearing or strain Abney, T3D). The three serotypes

are easily identifiable.on the basi f neutralli o) gl utinin-
i nhi bi t i on"RYERTE %%@8‘?’“?@?”&%%%% T ORI EL ge&#f&?%‘é%m%v%aﬁgyl%gﬁﬁg 20 The
reovi rus nayukGoNetidg alfdcfion 6£alkidst figardsm Wit iaf leedd twl emeti@dly idistiscti s
"naturally- occurring" when it can be iso%‘-’,%t?ﬁd froma spurce in. nature and

has not be&®VITHEEnReFOHRIMH ViFeRsi o7 Al B e dn pell quiare, op SXANPIS §Y oy

exanpl e, t ke ffeRih b¥erf@Rive Aodt OB wAth deh@lclly Siotitice Rovirisea{Nibat ethl.om a hunan
who has been infected with the reovirus. The reovirus may be nodified but
still cdpaBP®of lytically infecting a mammualian 25 cell having an active

ras pathway. Thﬁcéo‘?&ﬁél?%ﬁe IBYntRA cEREMHIGRS h¥ rQonBirf1estifS ksWiting 6k eat ed
(e.g., by treatnment with a protease, such as chymptrypsin or trypsin) prior

to adnini seassriment efendree jsEwEE Epattvagr werd asnetprlly fisHCAERT WPt h a prot ease
removes t h?ncghiﬁﬁlﬁlbut ﬁ&%i@d_};ﬁ%ﬂﬁﬁg re.%t/irﬁsbguc}{ L& He @@éj.%.ﬂﬁﬁé_iﬂ e 838 2t he

infectivity e Virus. e reovirus my coated in ali'posonme or

m cel | e (Cliagdstam knes)Nndéype,3 (€99 8ain Pearingyon sipdie Abndye R0-hymen on nay be
treated with chynmotrypsin in .th res . 1

concent Pat "SHE néﬁo&{; R ‘é%‘%%ag‘%@r g@%fh svg!gtgmgfgﬁlléelrrg?{et&gﬁhtg%v i nfectious
subvi ri on pajombiiagt reovitugesrresmitingfommmyssixtment o€ gorine segnientssioon twisorr esul ti ng

fromthe reconbi nationlreassortnment of ngni c_se nts.fr or nore
geneti cal | Y4 & eﬁ‘&?h”&b“@%f???’%*i W%E‘T’V‘di%@%@ﬁigife %Vlrru%s eg%ﬁg él .

Reconbi Palt ieﬁg[ﬁée@élﬁ s?ﬁﬁﬁﬁemnem;r nroe@wh ietnitally eities iezecs@%miuslegmw, lesberm i n

nature fol lowi ng.infection of. ost organismw th at |east.two genetically
distinct r&Eaid Miflsbemipgd Op RBISHAHTUREPS OhE lifsl:ﬁnﬂ’ﬁlfgsb‘“ﬁiaéeecﬂ‘&}’ﬁ%"d’ in cell

cul tureys f Qle@X@RPINGentidY furiRr tdtRgldt@nthdfecitbiiimg sdovRudthsihas eideszons t h
genetically distinct, reovi rusesrf%Ni bert et al. 5,.1995). Ac.cBrdi ngly, the

i nvent i on desendimgtion Bshe presenefBPRSHIHagsDs: MRrludingst potdgnied b

reassort m3rﬁtirn&flylgﬁl@ﬁ%cﬁe@lgaﬁﬂ{]ﬁoﬁlfdfé,rﬂrg)‘i‘i?si&[ miREEhsRPREINE Bhd not Binféd Nct
reoviruses, i1ncluding but not limted to, human reovirus, such as type 1

(e.qg., strde nlt@*ain@} l,iglttyﬂpd;otger forms of radiation.
The invention further contemplates recombinant reoviruses that comprise

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

The reovirus may be modified by incorporation of mutated coat proteins, such as
for example o1, into the virion outer capsid. The proteins may be mutated by

25 replacement, insertion or deletion. Replacement includes the insertion of different amino
acids in place of the native amino acids. Insertions include the insertion of additional
amino acid residues into the protein at one or more locations. Deletions include
deletions of one or more amino acid residues in the protein. Such mutations may be
generated by methods known in the art. For example, oligonucleotide site directed

30  mutagenesis of the gene encoding for one of the coat proteins could result in the
generation of the desired mutant coat protein. Expression of the mutated protein in
reovirus infected mammalian cells in vitro such as COS1 cells will result in the

incorporation of the mutated protein into the reovirus virion particle (Turner and



(e.g., strain Jones), and type 3 (e.g., strain Dearing or strain Abney),
non- human 10 manmal i an reoviruses, or avian reovirus. The invention further
cont enpl awe3/rsetonbi nant reoviruses resulting from reass®@crm/oacs genone
segnents fromtwo or nore genetically distinct reoviruses wherein at |east
one parental virus is genetically engilneered, conprises one or nore

chem cally synthesi zed genom ¢ segnent, has been treated with chem cal or

physi cal nut agen or is itse t resu f a reconbination 15 event. The
i nvention 4P ql}ef99301ﬁ111]§ﬁ?)13%{§-eL 9t1h&ﬁP8§%nhﬁ59r? int reovirus that has undergone
[T tod To dime e e Tat e anc ot am b om de.or phvsi cal mut agens
i ncl udi ng B@etiende terpevigy Sy l’ﬁﬂdéﬁeé]\fF%Wi’é‘f aqeitwgaiﬁan%}oa@ec#e rms of ’

radi ati on. JReudNGEH hedfiéMohd @l CRALE RIS of 8easHIiNEM a igtuhe,uses t hat
conprise 20 deletions or duplications in one or npre genone segnents, that
conpri sé adupdliconether vghiglettp maglnihg Fepimoiior &1egnangad]f fPEne Y&EHRD nati on with
a host cel lAlgﬁﬂﬁwfy, R qutdd Bl psid TR deSEnsS Yo Sl drifcl ORBE Be rehfdfed S¢S May be
nodi fied by 1 ncorporation ol% mut ated coat proteins, such as for exanple
61, into t (peotsiny prosenico theroutes papsit arqthe msjesdateriingm pf the hasitumar! pd 25

r epl acerrentcéudlar}sfgsr Br:llsgp or deletion. Replacenent includes the insertion of
different amno —acids in pl ace of the native am no acids. Insertions

i ncl ude the i nsar‘neapinstd caitigilid lowwh as atéel ovithol olifersitiveidisoriert .gefersdo pr ot ei n
at one or nor ocat i.Qns. | et i ons,in e [ ..one or nore am no
acid redi dﬁé:gﬁlwlﬁw el ‘?I%tfse%?%pa uoélﬁalrl?ﬁlflglﬁégehs‘k %’%{’/ O'(\ax,?lp g"é‘ﬁ%}@ ed by nethods
known in t heopdstic cdRls £xphbe, alal kngenus h amdrdé mbplesmlisraacbeam@liisng agenesi s

of the gene encoding for one of. the coa r ot ei coul.d result in the
gener ati on gB‘?WTP*?@n%T%%}i Q%B?Fnﬁﬂtdﬁﬂf“’t&@ﬁ?’%ﬁ:‘ 5’?’3’? yc%f%arr §°s!]?%rﬁt?°cl)]fm(§rﬁe nut at ed
protei n i N ragi@0 Wah Wsmian isat eeWIR MBbs@ABNCaY howipaitial sxtoliatk s COS. 1 cel |'s
will result in the incorporation of the. mutated otein,into,the reovirus
virion par tSfragteral organizationang %@39@?%&@“%‘%6&6@%%%% Aﬁ‘fe&]?fglgh% 1992;

Duncan @t Eﬂeoplas%%% Tted¥BO tRIncahpass A Adpoictid Qurh@ONd Welbad wliphddces.abl y a
reovirus nodified to reduce or elimnate an i nmune action to the

’
reovi rus. Such AuortPplpsgmer sy benign @P‘ég@@W&T'H}W%@ﬁig@@}tgﬂmrroéovi rus".

Such nodi figatlongsotk hnldSLmde vRAGKAH8edhid i hARiypes IMalighahi posome, a
5 micelle or other Vehicle to mask the reovirus fromthe mamal s i mune
system neoplasms arising from epithelial structures are called carcinomas, malignant neoplasms

that originate from connective tissues such as muscle, cartilage, fat or bone are called
20  sarcomas and malignant tumors affecting hematopoietic structures (structures pertaining
to the formation of blood cells) including components of the immune system, are called
leukemias and lymphomas. Other neoplasms include, but are not limited to
neurofibromatosis.
“Ras-activated neoplastic cells” or “ras-mediated neoplastic cells” refer to cells
25 which proliferate at an abnormally high rate due to, at least in part, activation of the ras
pathway. The ras pathway may be activated by way of ras gene structural mutation,
clevated level of ras gene expression, elevated stability of the ras gene message, or any
mutation or other mechanism which leads to the activation of ras or a factor or factors
downstream or upstream from ras in the ras pathway, thereby increasing the ras pathway
30  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 not limited
to, ras-mediated cancer cells, which are cells proliferating in a malignant manner due to

activation of the ras pathway.



Alternatively, the outer capsid of the reovirus virion particle my be
renoved since the proteins present in the outer capsid are the major

det er m nawOD 000728 host | nmoral and cellul ar responses. ARCTRROpOEsHi c
cell", also known as a "cell with a proliferative disorder”, refers to to
a cell which proliferates at an abnorndlly high rate. A new growth
conprising neoplastic cells is a neoplasm also known as a tunor. A

neopl asmis an abpormal. tissue .gr h, erally. form a distinct mass,
that grows by c‘gP In‘iﬂcng’“f)rvd‘iuf fsé‘rvé]%fg}%%P@%&r%ﬁ?lﬁ%{velﬁ@ﬁ&%‘gra}lrg'(ﬁlmgssue
growt h. A pepRiAsHIRRI RRRWapad dnablyld vitwtiataphisle kf @fectiwdly teplidatiag in

organi zati on and functional coordination with norpal tissue, .A]lstﬁg;{sed
herein, a %5 lyappresplasiiceeilh BHmpiesod ouebinyauses sHge-JHL AP LIPHEPs as wel |

as solid t ypfRd afend$RR ASMEERMSPemBaRtAaccR@N G, rheliidd) pagdpokius @rfant
(malignant tunmor or cancer). Mlignant tunors can be broadly classified

i nto t hé ee Vi orodifipd dnfluenga vitgh apd-exniesime yEHES4h$ INYE-P 1 oHTUSPE hel i al
structur esD@ft&‘qu’i‘lluL,%siﬁlﬁér(\sitdﬁpa@iﬁ vmﬁ?{}fe%&?@ siRERR WA Bmutaiedhiel is9i nate from

connective tissues such as nuscle, cartilage, fat or bone are called 20
sar comas adefertiveiigh®R3t Newenstlesdisghseedtus rapotnbaliiisopos.Sernes sesta ¥ es

(structure .t al ni e . f prodngel I's) including
conmponent sﬁ?}fpaﬁgl%‘émll mﬂrlg‘h‘%“tzg% é\r’r%r%%fri%;lg% ngéné%F eﬁﬁerﬁ as and | ynphomas. O her
neopl asns i ncl ullis tebut'atemetadailedovivit’ @d "modifigkadeod iitys omedns gi gdenovirus

"Ras-activat ed neopl ast i ells’ or ..rnas- i.at P s" refer
to cel '8 %Wa}ﬁﬂﬁ‘r‘? gﬁ?%ﬁ“f"?‘?f%rtpé‘)dé]tcg%hl% r%%vr%%nélt ya%ﬂ?] gﬁgggﬁgkdgléﬁ?%%’ at | east
in part, agiHibBietioomubiedtsheh thaaPKRoadtination.is Tdidlackal. Fatfonably, tmy Ade acti vat ed
by way of ras gene structu tati o el.evat ed l.evel of s..gene

expr essi on%%VSP%HT@fﬁ%F‘{' ?é‘&‘?ﬂg?ent“ﬁtgg P‘é‘?oéﬁﬁ‘gaq%r@%‘ggégﬁou@rnogﬁ@a@errtﬁt ation or
ot her nmechagjisan Miidial @BSBatidd dohkavaah batBhied fasghthivag, oweeerfiawbald ber factors
downstream or upstreamfromyras_in the ras t hway, thereby increasing the
ras pat hwayblsée wéc ¢ (epligats ingslisharios a‘é&‘ﬂ"\?&??ﬁﬁa EGF receptor, PDGF

recept L or sosThERHh I'sitchihtedd®d VVATHRBIfRE HSVE nicass PRdrfesaimpl&adrivedi at ed
neopl astic cells include, but are not limted to, ras- melciji at ed cancer

cel I's, whi ¢HSH} i vdu¢lt e pensiprddaptar iPFRgupth that praY ngribmectiet PEReSt o
activatio n,lé&i{'n%nﬁhirbﬁéd Ay sugﬂ@a?ﬁf(ﬁ%gtﬁfjagiof g}:%%@@ie@.p?@ﬂerablﬁ, 1N

"oncol ytic I'Fus is a virus that is capable of sel ectlveI% infecting and
Killing ndtl aseid4das ha ranseriprsy tSueluptignuatedher regddlndyH & wopldaet beableapapl e of

sel ecti vel ¥o {e%ﬁéaité: f’f]ltrjoﬂgal icgils that do not have an activated ras pathway, however, it would
20 be able to infect and replicate in cells having an activated ras pathway.

"Parapoxvirus orf virus" is a poxvirus. It is a virus that induces acute cutaneous
lesions in different mammalian species, including humans. Parapoxvirus orf virus
naturally infects sheep, goats and humans through broken or damaged skin, replicates in
regenerating epidermal cells and induces pustular leasions that turn to scabs (Haig et al.,

25 1998). The term "attenuated parapoxvirus orf virus" or "modified parapoxvirus orf
virus" means a parapoxvirus orf virus in which the gene product or products which
prevents the activation of PKR is lacking, inhibited or mutated such that PKR activation
is not blocked. Preferably, the gene OV20.0L is not transcribed. Such attenuated or
modified parapoxvirus orf virus would not be able to replicate in normal cells that do not

30  have an activated ras pathway, however, it would be able to infect and replicate in cells
having an activated ras pathway.

The term "attenuated vaccinia virus" or "modified vaccinia virus" means a

vaccinia virus in which the gene product or products which prevents the activation of



and | ysing neoplastic cells. Exanples of oncolytic viruses include, but are
not limted to, nodified adenovirus, nodified HSV, nodified vaccinia

vi rus, nowpfsespar apoxvirus orf 5 virus, nodified infl u@czTaAmBOWsSS

p53- expressing viruses, the ONYX-015 virus, the Delta24 virus, vesicular
stomatitis virus, the herpes sinplex Vierus 1 nmutant which is defective in
hr R3, Newcast| e di sease virus, encephalitis virus, herpes zoster virus,

hepatitis yjrus, j.nfl.ue vir varic Virus, . an | es virus. The
term"atte g%tléh“ﬂélﬂéﬁg]i‘/‘%%sm "ﬁédr?blgl? ﬁhflt‘eallc}bg etlﬁlfgg}?lfnliggot%rlré%gé an adenovi rus
10 in whi clrdrighlg@REETT Qi @hd/6r thPR O gadeds mdtitahscpbel ek attdneatadtor vat i on of
PKR i s | acki ng_, i nhi_bited or gﬂu{li{at %d Su}ﬁh f hat PKF %@f&”%&' r}11 i S not

bl ocked. Prodiiedppsrinia Hgis\quld payRe able jogepfigpte p Boraiat P8 12t €089 "AYt Bhuat ed or
nodi fied adapamhhatSatialthokeberDR walili®e kble td @Rkt 47t @plicatdtarcss haciekl s that do
not have an activated ras pathway, however, it would be able to infect and
replicate Pnagivpled raspgthigy-an activated ras pathway. 15 The term "attenuat ed
HSV' or "nodifiefl ﬂé‘gﬂy "t RG] iRANGEPE RS bRt iihfifenzd HaY) mbdhshi ch t he
gene product or products that prevents the activation of PKR is _|acking,

i nhi bi t ed drfluensaatime inswlkiph the geneAredugtaripyedurts hich payents tiscacByptioppdt er abl y,
the = HSV gepg i% #‘a%ﬁm? hBLRA orthAREE LR Bt ]]’Ié@ﬁft'v%{i&?ﬁ%@fﬁgcl@& modi fied HSV
woul d not be abl'e "to replicate 1n normal ce I's" 't hat do not have an

activat ed Pagerplaythal)S] gewsy vt trapgceribgsiu [Seiclp @teppatethranedfi¢dipBesnzayieisr epl i cat e
in cells havi tivated. r. o [t r I "is a
poxvi r u¥. lqou[h?noi%?lﬁﬁéo PHLE teilﬁgﬁ%gfsagﬁ}a%d@ﬁ{tg%\ésac éégll rgsnﬁs/alﬂ|{V!F1ld§l’di ff er ent
mammal i an sipeevegst would bedbla e infentmmd . reflanmpoxalis hegngaif activatedras nat ur al | y

i nfects sheep, goats and hunmans through broken or damaged skin, replicates
in regenePdt Ay epidermal cells and induces pustular leasions that turn to
scabs (Haig et al., 25 1998). The term "attenuated parapoxvirus orf virus"

or "nodifiedﬂgarapoxvirus orf virus" neans a parapoxvirus orf virus in
whi ch the @d¢#f8o¢roduct or products which prevents the activation of PKRis

| acki ng,s i nhi bi trgdREenilvaitRE pidiades b RrthoPKRiakiny alveatitious Sgenatin bl ocked.
Preferably, the gene OV20.OL is not transcribed. SqL_chh t%ienuat ed or
modi fi ed p&PEPESHAT WEPHFNE WHFOYSHBSY AFmbedimagsf of %mFg’ﬁ tcate in nornal

celI's that do AgbdG ﬁﬁéﬁ?pl@m. sl ¥ARENHAH aR ALNBNousPOWR Veresehinwoul d be
able to infect and replicate in cells having an activate rashgat hway. The

term " at t emervimepienaretion ap\asmpidshat grcodepsaitorare. Recor 1P 2ehy Frls200he dhs a
L2 L Ry 5 1o RGBS b oo vt e
20 flanked by two eight-nucleotide sequences that hybridize to the S1 segment of the
reovirus genome.‘ S1 codes for the protein o1, which binds to the reovirus receptor on
the cell. Therefore, cleavage of S1 RNA leads to reduced infectivity of any resultant
virus. Also constructed is a plasmid encoding a mutant of Rz-553 in which a single
nucleotide in the catalytic region is mutated (G to U). The mutant is known to be
25 completely inactive.
The plasmids are introduced into COS-1 cells, and the transfected cells are
exposed to an aliquot of the reovirus preparation being tested. Mock-infected cells are
used as a control. As expected, cells expressing the mutant ribozyme had extensive
CPE. However, cells expressing Rz-553 also show moderate CPE when compared to the
30  mock-infected cells. Therefore, the reovirus preparation contains a non-reovirus agent
that caused the CPE on COS-1 cells.

Any ribozyme capable of cleaving the target RNA sequence of a microorganism

to inhibit replication or infection of the microorganism is useful in the present invention.



13 PKR is lacking, inhibited or nutated such that PKR activation is not

bl ocked. Preferably, the E3L gene and/or the K3L gene is not transcribed.
Such att ewoasetsor nodified vaccinia virus woul d not be &blraAos/0e2wpl i cate
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Thus, to determ 17 an adven% tious agent iS present in a_reovirus
pr epar at i osgquancgltimevghdhe hydbridizaidadesioss, Fhel%tﬁ_kyﬁ@fegw-f% AsSPPAHfYet al .

2001), is c@lﬁ& {hggfagﬂtat{‘)% ggﬁ?%e a%d%lea t nuljg g{}'ueﬁéeb %M{Eﬁg}?t‘ﬁﬁ%a&hﬂ ng of a
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Al so const Khegireentiisveatiq, amm}t;ibﬁdlwxdn NI rmytcanﬂam@ﬁx ReveBSdghitor whiech a single
nucl eoti de i.n.fhe caial ticregionis mutated (Gto U). The mutant is known
to be 25 cH¥RyIeFRggrcleqy %etsl ve. The plasmids are introduced into COS-1 cells,
and the transf epgtedaeiNG 630804 EEROSRE dérdvativesaf haghiatrhedd fitbeymeovi r us

preparation being tested. Mck-infected cells are. as a.control. As
expect ed, dlydingdhagigoylar. r]i‘@erlﬁeC"f?ﬂ{aé{mupﬂl} %?Wg%ﬂ’éﬂ&mg?& fams 8t cPE  However,
cel I's expr essiRmcRriREAne. Sihes 1R RoleREd Yhelicaoninrad diferdnhe 30
nock-i nfected cells. erefore, the reqvirus preparation contains a

non-r eovi r ge-faggrsmequirehert, aadumsy@lse e UESSEN 8is PEeEt ITVERqTS Otb\?ffx?"flﬂﬁ% yme
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and 5,631,115.
All these ribozymes contain at least one hybridization region and a catalytic
20 region. The hybridization region is designed according to the target sequence. The
catalytic region can be derived from, for example, a hammerhead ribozyme (U.S. Pat.
No. 5,254,678), a hairpin ribozyme (European Application No. 89 117 424), a hepatitis
delta ribozyme (WO 91/04319 and WO 91/04324), an RNase P ribozyme (U.S. Pat. No.
5,168,053), a group I intron (U.S. Pat. No. 4,987,071), or a group Il intron (Pyle, 1993).
25 It is also contemplated that more than one ribozyme can be combined in the
present invention. For example, multiple ribozymes recognizing different regions of the
same RNA can be combined. Alternatively and preferably, ribozymes specific for
different RNAs of the same microorganism can be used together to increase the
efficiency of inactivation of the microorganism. When multiple ribozymes are used,
30  they can be encoded in the same expression vector or separately encoded.
The present invention may be used to detect the presence of adventitious agents
in any microbial preparation. It should be noted that while ribozymes cleave RNA only,

the application of the present invention is not limited to microorganisms with an RNA



to inhibit replication or infection of the mcroorganismis useful in the
present invention. WO 03/072811 PCT/ CA03/00264 14 The target sequence may
be, for ewamphz81RNAs encodi ng structural proteins (partiPCHIGNOBgOIUL er
coat proteins), proteins of the replication machinery, or proteins
important for cellular entry, such as ®¥he receptor protein. Mthods for
constructing sequence-specific ribozynes are well known in the art. For
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nucl eotides. U. S. Paten 07,041 describes derivatives of hanmerhead
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al so be usaebludn tiuih erepotlineitd th rrxmhﬁﬂﬁdenmmenn@ﬂ(ﬂ:ﬁﬁiﬁse\é mq dy@ecivife hair pi N
ri bozynes as desgr Xam ) and
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i ntron 6Pyhgve d&983ped aABechinidnd t?d eRofR MicRitRbR s@shded RNAKAAe (PKIR). one 1i bozyne
can be conbined in the present_invention. For exanple, mul tl§| e.ri bozynes

recogni zi nlaamelise Fae Virsgnisre osil RIHR 1s achyatedraqd blogks BatelyRibRtig 2
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in competition with the double stranded RNA (dsRNA) which normally activates PKR.

20  Since it requires a minimum length of dsSRNA to activate PKR, VA1 RNA does not
activate PKR. Instead, it sequesters PKR by virtue of its large amount. Consequently,
protein synthesis is not blocked and adenovirus can replicate in the cell. It should be
noted, however, that although the protein synthesis machinery is not blocked, host cell
protein synthesis is inhibited by the virus to facilitate viral protein synthesis.

25 Vaccinia virus encodes two gene products, K3L and E3L, which down-regulate
PKR with different mechanisms. The K3L gene product has limited homology with the
N-terminal region of eIF-20, the natural substrate of PKR, and may act as a
pseudosubstrate for PKR. The E3L gene product is a dsSRNA-binding protein and
apparently functions by sequestering activator dsRNAs.

30 Similarly, herpes simplex virus (HSV) gene ,134.5 encodes the gene product
infected-cell protein 34.5 (ICP34.5) that can prevent the antiviral effects exerted by
PKR. The parapoxvirus orf virus encodes the gene OV20.0L that is involved in blocking
PKR activity. Thus, these viruses can successfully infect cells without being inhibited



30 they can be encoded in the sane expression vector or separately encoded.
The present invention may be used to detect the presence of adventitious
agents iwoOang7asicrobi al preparation. It should be noted thatCAW0I2B4

ri bozynmes cleave RNA only, the application of the present invention is not
limted to mcroorganisns with an RNA MO 03/ 072811 PCT/ CA03/ 00264 15
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RNA. E/Atl Rmm{h{%ﬁat ?ﬁtlezmllgies SQ?S?ISHﬁ-p gteﬂl;\blla?lal(ﬁt Rbmslucaesv’:ﬁl b1h99@}s 'ﬂm?m:gen:p t
conpetition wi e doubl e stran i ch nor activates
PKR. 20 Si o&#ageinia wiiepersesply: ﬁupﬁﬁfﬁ?ﬁ“gﬁb%&ﬁ” %@sﬁﬁﬁe 4 1981 ?@H‘Fﬁ KR, VAL
RNA doef nQiutatmtvivtat B3IPKBy eiiits tif@ddiing dr bypHeastpRins nﬁlﬁﬁobywﬂlhﬁ theac-of its

| ar ge anmobunt. Consequent |

protein synthesis is not hla
adenovi r us terayinal e@qnp@aﬁé3k¥ﬁr0¢% he@plpgoysio idhesy’ e 83 ﬁ‘b?lgc?“ aﬁ&/@g\r}%R t hat
al t hough thﬁnm&g,gétﬂ@m;\b&ﬁg@ngghp&ray ig7not bl ocked, host cell protein

synthesis is inhibited virus to facilitate viral _protein ssynthe5| S.
25 Vacci ni a vir e mdé‘méélstw@clgémbutm@an@dsto 16 Sbrih pepies af fieats

down- r egul % e haB'éBe%&eﬂhé&') fERb8 o YBH REMNS ABve LEBLINKS e 9E0E 1848 %Hl%t) has

limted ho
20 and G207 (mutated in the ribonucleotide reductase and the y134.5 gene) (Andreansky et

al., 1996). These modified viruses have been used in brain tumor therapy, and it has
been recently shown that R3616 preferentially infects ras-activated cells (Farassati et al.,
2001).
Similarly, the deINS1 virus (Bergmann et al., 2001) is a genetically engineered
25  influenza A virus that can selectively replicate in ras-activated neoplastic cells. The NS1
protein of influenza virus is a virulence factor that overcomes the PKR-mediated
antiviral response by the host. NS1 is knocked out in the deINS1 virus, which fails to
infect normal cells, presumably due to PKR-mediated inhibition, but replicates
successfully in ras-activated neoplastic cells. Therefore, a modified influenza virus in
30  which NSI is modified or mutated, such as the deINS1 virus, is also useful in the present
invention.
Other oncolytic viruses include the viruses which selectively kill neoplastic cells

by carrying a tumor suppressor gene. For example, p53 is a cellular tumor suppressor
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cells. A person of ordinary skill in the art can also mutate and disrupt the p53 inhibitor

gené in adenovirus 5 or other viruses according to established techniques.

20 Another example is the Delta24 virus which is a mutant adenovirus carrying a 24
base pair deletion in the E1A region (Fueyo et al., 2000). This region is responsible for
binding to the cellular tumor suppressor Rb and inhibiting Rb function, thereby allowing
the cellular proliferative machinery, and hence virus replication, to proceed in an
uncontrolled fashion. Delta24 has a deletion in the Rb binding region and does not bind

25  to Rb. Therefore, replication of the mutant virus is inhibited by Rb in a normal cell.
However, if Rb is inactivated and the cell becomes neoplastic, Delta24 is no longer
inhibited. Instead, the mutant virus replicates efficiently and lyses the Rb-deficient cell.

Yet other oncolytic viruses include the interferon sensitive viruses. Vesicular
stomatitis virus (VSV) selectively kills neoplastic cells in the presence of interferon.

30  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
signals in the target cells. Although interferons can theoretically be used to inhibit

proliferation of tumor cells, this attempt has not been very successful because of tumor-



Simlarly, the deiNS1 virus (Bergmann et al., 2001) is a genetically

engi neered 25 influenza A virus that can selectively replicate in

ras- act i vped/ormsopl astic cells. The NS 1 protein of infl remazaosiosns is a
virul ence factor that overcones the PKR-nediated antiviral response by the
host. NS 1 is knocked out in the delNS81 virus, which fails to infect
normal cells, presumably due t o PKR- nedi at ed inhibition, but replicates
successful | S: act | ic cel | s. Therefore a nodified

i nfl uenza W er"lﬁé]’W \‘z\#ﬁn %R‘?m?er!r% fh%e aV*‘ESr mut at ed, such as the delNS
1 virus, is al SHoW&@ElHydﬁﬂmﬁtlhgt}Qnﬁﬁﬁ‘ﬁbn pathW@rtblawd g@mhemhmm extital vi ruses
i nclude the viruyses whic pg sel ectivel g'l neo st%& cells by carrying a
tumor suppP&EEGFerYe HioT eglfs r’é%’e?ﬁﬁ‘fd?ne%@ CP@pE?nE Ylfﬁlrﬁeisp%%pr essor WO
03/ 072811 R(GELLCAGRL BRAGHwrlihati$ ¢, il il et Snegitb@ntiise RN vipisabpifilgr at i on of
normal celis. However proxi mate half of _all ]%grr%rs havgweééeunctl onal l'y

i npai red p5Pligater rapf iq“ég AvEiginoidNmeA Serrcell 1oy g REsence %, a virus
whi ch expr ﬁ@ﬁoﬁﬂ?h&%iﬂarﬁﬂﬁfc%ltﬁﬁ@%d& APp&lBGhdiveddbykiletferoReAnneopl asti ¢

cells whic econe neoplastic due to inactivation of the p53 gene product.
5 Such a vintwémnsal ineeienebNSVralretredrcahmenbytden of iAkmNcs bsP8ISt osis i n cancer

col s Nl oyl e LAYk ARLRES: LB A9RSIGBRY ebog). , 1996). A simi lar
approach i AVolves Viral 1nhibitors unor suppréssors. For exanpl e,
certai n adenovi Oty m@v&t))nemnlsﬂhwmwsqsdwq’ PYHBT99). nermely wepggehishde@Phs t hat

t t th 1999).
| nact i va er?pg g%&g ina er e g %&Wpﬁe@e&c@%f&t&%g QR gegiﬁ%ﬁﬁd%wgéé' S )

For adeflovi ero 'S protern 1S a pro coded by
t he El B regilue oflflorfnhb::eEsl Bonteging theemnttod mnty thet Yifus obBitdebt prtbe picsenigoldel et ed,

as in the O\IYX—OlSvrus 000; WO
94/ 18992) , VEREES8GEY %}%s {’ﬁﬁf E‘P‘PB? ﬂi‘eéldﬁ e“’Pmm Bhe pHr?"é’%‘g%? bt g Ikmm sult, when
ONYX-0 15 enbedseriad Bﬁﬁlﬂiﬂdatl@elﬂrefeﬂ!i& fessthan m%.ndnmaswﬂip [sdsﬂecb'mﬂ lmore
proliferation as replication, which relies on the cellular

proliferat |P&eéerﬁ‘§¥ﬁesr§élﬂ?logﬁ1‘éi‘@leg ONYX 15 015 does not replicate in

normal gells. Oni§ Mo skt t@ﬁﬁ@adﬁaﬂta@ﬁﬁﬂhﬁﬁéﬂtﬁat@@hé seoplaktic ceils sxpugst ed p53
function, ONYX-0 15 can replicate and eveﬂlgﬁﬁ cause the cell _to die.

Accor di ngI yiigh layeds ofiap gazyaiging gonsied 2VEus W BWGI?%P@&‘E eZY ek FPY

pS3-defici epi e oﬂﬁ‘éléo%de Feﬁhé@se i PRS0 186r A6EiNSE MutSkdrtd innbrridie art can
al so nutate an I Srup p53 inhibitor gene in adenovirus 5 or other

viruses acdivediThgrefae, e@tem@s piginied vitee h ALV mubpt whigh elefesliiBl e i s the
Del ta24 virys, Wi he {eﬁu&sgg&ﬁ%loﬂ%ﬁg,\/\bﬁsusﬁo@@for ¥h1RGte@n &dton carcinoma

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

In addition to the viruses discussed above, a variety of other viruses have been
associated with tumor killing, although the underlying mechanism is not always clear.
Newcastle disease virus (NDV) replicates preferentially in malignant cells, and the most
commonly used strain is 73-T (Reichard et al., 1992; Zorm et al, 1994; Bar-Eli et al,

25 1996). Clinical antitumor activities wherein NDV reduced tumor burden after intratumor
inoculation were also observed in a variety of tumors, including cervical, colorectal,
pancreas, gastric, melanoma and renal cancer (WO 94/25627; Nemunaitis, 1999).

Moreover, encephalitis virus was shown to have an oncolytic effect in a mouse
sarcoma tumor, but attenuation may be required to reduce its infectivity in normal cells.

30  Tumor regression have been described in tumor patients infected with herpes zoster,
hepatitis virus, influenza, varicella, or measles virus (for a review, see Nemunaitis,
1999). These viruses are thus also candidate oncolytic viruses.

It is contemplated that for the modified oncolytic viruses, in which a nucleic acid



base pair deletion in the E1A region (Fueyo et al., 2000). This region is
responsible for binding to the cellular tunor suppressor Rb and inhibiting
Rb functiwn,03ptmsieby allowi ng the cellular proliferativePeagnosesss and
hence virus replication, to proceed in an uncontrolled fashion. Delta24 has
a deletion in the Rb binding region ar@ does not bind 25 to Rb. Therefore,
replication of the mutant virus is inhi bited by Rb in a normal cell.

oot RSk RS G SR W RSO Bl R 220 1

no | onger ! ViTus ica |C|ently and
l'yses the ferleA it &ttessoRls to tP(eﬂhodiﬁEtBﬁucwitC&Ii@(tT}e rxbe)unmsmﬂoaﬂitnodmeﬂhe
interferon_ sensitive,_viruses, Vesicul Stom%[tét' S Yl .% %,\E/rg\% sel ectively
kills neop}né%théuS@@?q Le PROE ¢lls fyRIeRaFRe ff & eﬁB’r‘ie &'°p &'Bhs are

circul ati NeghefrRl QIR WilcIPis RébpbRIVEEIok inFabkil LR themept edlls, nuthfebridal ti mat el y
lead to both an antiviral response and an jnduction of grovvth i nhibitory

and/ or &popilbedear unlesgHeress phadvisaitions asnt Bdhy Wrus RIPRABHGM i nt erferons can
theoretically be used to inhibit proliferation of tunor cells, this
attenpt has not been very successful because of tunor WO 03/ 072811

PCT/ CA03/ ObBeatori@llspeci fi c nutations of nmembers of the interferon pathway.
However, by di S”fﬁb‘%khl@&oﬁé’éﬁ sh(mlc%e{ ;Fréﬁa'?ecﬂ%rﬂ\é‘@é’ll fnlt 1§l¥1%bé1)t19feqef\@n%c't191|ﬂbp' tion
exerted by interferon, tunor cells nmay sinultaneousl .corrprom se their
anti-vir aI theempmn@msmltmu@mildamd Aazensbeetrenedigngthe dRpropuisig, ribasynegsag| oped,
negatlv RNA.VI.I US I iety of
human tum) zrloiiuﬁefihnet%ﬂlieﬁufgpet% %nggkglglﬁgﬁgf edrv181 elrﬁ@% alﬂ v&?ﬁqse@arl]éé?&rml human
primary ce bhosphuté pnreasltaMneh}ﬁ)pqnw ﬁasnbh Mippfeotie Ebctrdppratlnn,@nﬂ eirdnnfegtion.

i ntratunoral f V duc bur den e mce

beari ng subcutgﬂ%&ﬁ’&“ﬂﬁﬁﬁqﬁ&? lﬁﬁ 9(%?1 gr farTs b gfag%g Se?'il n{‘#ﬁg 2000) .

Q her i nt epfepéd el Howevat] musas;a(o\/\&mwe:famg)exprmmtm r;,bovymeumas whi ch do

not 10 replicate in a q,ormal cell in.t |nterferﬁ can be
2 cu

i denti fi edPERPAGFH MR a Lo dYF eng @%‘ﬂ’“ﬁﬁ?ﬂ?"%& gl‘fogmgég%’?%gﬁlﬁﬁl YR% culture

Wi th the Vigsated inkdthe E&inel off tHoltell Bf iaG6diced £fan epRbMbINGcioD@EGMsmat i ons of
interferons, then determ ning the percentage .of cell Kkilli negecfag ter a

period of bAdn®RAPikMa w'éff%qt%rw1§/yplqa8§§h€t%@FPS%@/X??HF%HWE%?T’ %illed and
more pref B ﬂ&k%ené B3tormbak ckBdich Jebloksale selRicitusing tRlselectis falee to take
0

advant age e fact that sone neoplastic cells express high levels of an
enzyne and aabmeinfaired uaderiselegioph Methois foy epnsHaEing seik eRPL, BHB{pRYON 30dy

e)é nglee' 0 r Iﬁ%fgﬁ}éﬁ L &ALdA& o H R L 37 Bseb SoPBURIRNSarhBobit, ¥661) TBL ast ases  but
S |
20 The following examples are offered to illustrate this invention and are not to be

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

EXAMPLES

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

25  Abbreviations not defined have their generally accepted meanings.

°C = degree Celsius
hr = hour
min = minute
M = micromolar
30 mM = millimolar
M = molar
ml = milliliter

pl = microliter



liver. Therefore, a herpes sinmplex virus 1 (HSV-1) nutant which is
defective in ribonucl eoti de reductase expression, hrR3, was shown to

repl i cat ewprespason carci nona 20 cells but not normal |ivecTaoBso2¥Yoon et
al., 2000). In addition to the viruses di scussed above, a variety of other
viruses have been associated with tumdr killing, although the underlying

mechani smis not always clear. Newcastle disease virus (NDV) replicates
preferentially in malignant cel.lh.s and the nost commonly used strain is
73-T (Reichard B8 al., 1992; ZOPE°8Y al, 1994; Bar-Eli et al, 25 1996).
Ainical antituppr activistiesmiiegrmhn NDV reduced tunmor burden after
intratunor inocul ation were lsl% observed in a variety of tunors,

i ncl udi ng cervi®®, col orect af®? "BYATYEER, gastric, nel anoma and renal
cancer (WO 94/2pp@7; Neminai t pospddSfferdiiti@@ver, encephalitis virus was
shown to have an oncolytic effect in a nouse sarcoma tunor, but

att enuafi on nayPHEMequi red tQu}béﬁ?éé‘lqdiféediﬁ%]ééP}e\?}}“fri/ in normal cells. 30
Turmor regressi oppaye been deggiddied HaplekWBalunPat i ents infected with herpes
zoster, hepatitis virus, influenza, varicella, or neasles virus (for a
review, see NenBr¥tis, =1999p-meppptosthgndlyses are thus al so candidate
oncolytic virusggy It is_cont ipttfdodii@ludnor the modified oncolytic
viruses, in which a nucleic acid W™03/072811 PCT/ CA03/ 00264 19 is
nmodified to resBFY in repl i cavlegwe formingrwits cel |'s, the ribozyme can be
designed to cle the RNA t c gt fied nucl ei c acid.
The ri b zynme caﬁﬁge i nt roducegg&bllen 35@%282%2%%‘%%6?% g&?%%%@cel | s to prepare
t he i ndi cator cBGFs. Since thepidérthekgmethdhadaves the nodified RNA, which is
responsi ble for_jnpnfectivity in tunmr ¢ no infection 5 will occur
unl ess there i ngﬁ%advent_i ti oBls"‘%gegS%f Vrglgﬁmt“%elfa\%/}c’rrus preparation. Indicator
cell The indicaCeg cell shoul dytbgatigceffi@ted froma cell that is susceptible
to infection of the mcroorganismto be validated. A construct encoding
the appropriate ribozynme can 1o be introduced into the susceptible cell by

any mnet{3od gsHOVRLEN .tfh@,ﬁagh,re@mﬂg agadion Um phosphate precipitation,

| i posone fusion, lipofectin(r), electroporation,_ and viral. ipfection. Both

transi ent and sRewiwsisirsrstrdend aprifisd apepsdipg iody S RAteHAPPHEtgR 8¢ i n t he

present i NYGRIYPHb/930BY Briefly, BEmbA BhE:§b:AE kiat) B3wrahet/sh) &lexpr ess the
ribozyme in a permanent manner. To this end,” an expression, vector encoding

the ri bozymsltyred/ingé L spimenflasks anddafertad with FRoVERSA) AanBEplicHy obfectiozy of
i ntroduced 0*Swhth ER id&%ﬂ?kea&?%%. (k! ENndSis dhcubated until cell lysis begins, as
20  evidenced by the culture media color change from red to orange due to the presence of
phenol red in the media, or by a viable cell count under the microscope. At this point,
the cells are harvested by centrifugation, resuspended and disrupted by freeze/thaw. The
virus is then purified by a cesium chloride gradient.
COS-1 cells are used as an indicator cell line. Thus, COS-1 cells are grown to
25 60% confluency in 6-well plates and transfected with Rz-553 encoding DNA or control
DNA (mutant S1-Rz-553) by using Lipofectin (GIBCO/BRL) as described in Shahi et al.
(2001). pSVLacZ (Promega) is co-transfected in all the experiments to ensure uniform
transfection efficiency. 12 hours later, the cells are washed once with fresh medium and
infected with an aliquot of the reovirus preparation described above at an m.o.i. of 1
30  PFU/cell. Mock-infected cells are treated in the same manner without the reovirus
preparation. 8 hours after infection, the cells are observed for cytopathic effects (CPE).
The mutant S1-Rz-553 transfected cells show extensive CPE as expected, since

the mutant ribozyme does not inactivate reovirus and reovirus infection causes CPE on



bovi ne papilloma virus vector). Typically, the expression vector contains a
sel ectable marker, cells harboring the expression vectors are sel ected

usi ng t heweaeBetasabl e marker and nai ntai ned under sel ecti @eaT/Oveshads f or
constructing such vectors, transfection and selection are well known in
the art (see, for exanple, Sanbrook, 2001). 20 The follow ng exanples are
offered to illustrate this invention and are not to be construed in any

way as limtin scope of sen nv he
exanpl es bW CtF(E 15 oﬁg?fweﬁdﬁegg’ogg e8tﬁ§ %{j@goraﬁgﬁ%(@l\fé%%g E)rﬁré%ml ngs.
25 Abbrevi a&mpﬁ&i ta%ocﬁeﬁfbaadcanav&nwm ss:g@rmasvad {oyinatiostp teaetirne drebangs. c =
degree Cel sius = hour mn = mnu M = m cronpl ar 30rpn—mlllrmlar

M mol ar rwltmﬁWP fhpt tﬂl@rfGOVPmSPWP%f?t&IH @E?l%n%f@y%aigeﬁéﬁ? CABS7 00264 20
=mlli Helc SR LI @MNeelBS = fetal bovine serum PBS = phosphat e

buffered saline 5 DVEM = Dul becco's nodified Eagle's nmedium a-MEM =

a-nodi fied Eagle's nedium (3-ME _ (3-nercaptoethanol MJ = nultiplicity of

infection PFU = plaque form ng units 10 PKR = doubl e-stranded RNA

activated protein kinase EG- = epidernmal growth factor PDGF = pl atel et

derived gromh factor CPE = cytopathic effect



15 EXAMPLE 1 - Testing a reovirus preparation Reovirus is prepared and
purified according to U S. Patent Application Serial Nunmber 09/920, 012.
Briefly, Woman78mbr yoni ¢ ki dney 293 SF (293/SF) cel |l s arePcridaoexd4i n 15 L
spinner flasks and infected with reovinis at a multiplicity of infection of
0.5 when cell density reach 106/ m . THE culture is incubated until cell

| ysis begins, as 20 evidenced by the culture nedia color change fromred to
or ange due E%ﬂé&re‘n presence of phenol red in the nedia, or by a viable cell
count undef i croscope. At this point, the cells are harvested by
centrifugati on, AmeshsiRgasteding it esndepifan adyenfitice agdnt earonibositiovi rus i s
then purified by a cesiumchloride . gradient. COS-1 cells are used as an

i ndi cat or cel | JIHESIERIOVIRHEOTPLENY s are grown to 25 60% confl uency in
6-wel | plates aga t rapaliag b gepulitionl oREmREGr 6416 Gtk BEHrERNA aaibogand,r ol DNA
(mutant S 1-Rz-553) by using Lipofectin (G BCQ BRL) as described_ in Shahi

et al. (2001). pSvieerein fhesivegane iF sanableof saeefiselbiedearmedhq eeppae 8 per i nent s
to ensure uniform tgansiegtion efficiency. 12 hours later, the cells are
washed once with fresh nediumand infected with an aljquot of the reovirus
preparation des®i bewntbtinesheindigpfongeds with e cpmpgsippm pder ¢ondieakthphf ect ed
cells are treated i j : hd ; ration. 8
hours after infecti gh%fobffﬁi&%%?ﬁd?gﬁge\g%ﬂ;gﬁ%%@gg q%&%{)ﬂéﬁoﬁ@é?g ects (CPE).
The mutant S1- Re) 553 etarmingrigtbe effectef the canmosition pe fhsiindicatrels wWagisEct ed,

since the nutant riboz does t. i tiV [Jo VAN r LI us

i nfection causes CPEangryﬁ’gﬁffeglgle&@%@&%gﬁ%ﬁ%ﬁg%}i{fo%h agéefﬁ?ﬂjes agn\{tllalg:t ed cells.
However, the Rz-553 the asisfostibe th ciditlon tatbsoeatirspl ay det ect abl e CPE as
conpared to nock-infected cells. Since Rz-553 is known to inactivate
reovirus, these results indicate that this reovirus preparation contains a
non-reovi rus agerd mbihad ofadimelswheisth @Rdhdicatoretlleedsesothe GOGEynedednh . WO

03/ 072811 PCT/ CA03/00264 22 . CLAINE: 1.(ﬁﬁhma hod of detecting the presence
of an adventiti &8 thagiiptepiated e Hs SERMRGH MeEHDri sing a reovi rus,
conprising: (a) providing a population of indicator cells that expresses a

ri bozyme, wherein the ribozyne is capable of specif.i caIfJ X cl.eavi ng the
genone of 3. The method of claim’ 1 wherein the ribozyme is capable of specifically cleaving

the s1 RNA of the reovirus.

4. The method of claim 1 wherein the ribozyme is Rz-553 or Rz-984.

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

6. The method of claim 1 wherein the reovirus is a human reovirus.

7. The method of claim 1 wherein the reovirus is a Dearing strain reovirus.
8. The method of claim 1 wherein the reovirus is a recombinant reovirus.

9. The method of claim 8 wherein the recombinant reovirus is generated by

co-infection of mammalian cells with different subtypes of reovirus.

10.  The method of claim 8§ wherein the recombinant reovirus is naturally-occurring.



the reovirus; (b) contacting the indicator cells wth the conposition under
conditions that allow for cleavage of the genone of the reovinis by the

ri bozyme;wemnd/o738¢) determ ning the effect of the conpositiPoR/GNI30IRS4

i ndi cator cells, wherein any pathogenic effect indicates the presence of an
adventitious agent in the conpositiorin addition to the reovirus. 2. The
nmet hod of claim 1 wherein the indicator cells express the ribozynme froma
gene that iis in rated int.o 4h eno of.: I 3. The met hod of
claim1l whéf‘ei n%ﬁﬁggﬁj?%gé%}%%vgﬁ%%%gﬁggcog@j 1@%@8?‘%“83% ly cleaving the s 1
RNA of the reovidnisaturdlly-ddeerriigt hod of claim 1 wherein the ribozyne is
Rz-553 or Rz-984. 5. The nethod of claim1 wherein the reovirus is a
mammal i an reovirus. 6. The nethod of claim1l wherein the reovirus is a

human reovijpus. Tife mdtAed FRIAXR Wheréth @eFechbmbitRneieovituads fred e oismérs a Dear i ng
strain reovirus. 8. The nethod of claiml1l wherein the reovirus is a
reconbi nant reotHAMLI1WVirthe met hod of claim8 wherein the reconbi nant
reovinis is generated by co-infection of manmalian cells with different
subtypes of reovirus. 10. The nethod of claim8 wherein the reconpi nant
reovirus i 93nat Ghempiodeiaim Fgvhepm b Moy oppareseaneA0P dne 8% selsefed 1 The

met hod of clai ”h%‘%ﬂ@%%h&c&%uﬂg%@%h PREYing, GOV AbSey! Sirain Jones, and strain
g

non-natural | y-occurring.” 12. The net hod of claim 8 wherein the reconbi nant
reovirus is frobatgao or nore strains of reovirus. 13. The nethod of claim
12 wherein the two or nore strains of reovirus are selected fromthe group
consisting of strain Dearing, strain Abney, strain Jones, and strain Lang.
14. The netlhod The mbthbdroBslaiwhs méiereint therecaulindit rraniruy wonlisdigm results from

reassortnent of reoviruses selected. fr be. 9L AR GapsE St jof serotype 1
reovirus, serot §F6%S°§m|¢1éto°vir?°dlsm§gl EIl‘?scc}%erdo O%Eéwgr r gow %Sulsfg 1ZPL% tﬂ%e met hod of
cl ai m 8 wher ei nrdohigus; sstoighs heeptiruseod sarotgpechrepvinses  nat ural | y- occurring
vari ant coat protein coding sequences.

15.  The method of claim 8 wherein the recombinant reovirus comprises

naturally-occurring variant coat protein coding sequences.

16.  The method of claim 8 wherein the recombinant reovirus comprises mutated coat

protein coding sequences.

17. A method of detecting the presence of an adventitious agent in a composition
comprising a virus wherein the virus contains an RNA genome or utilizes an
RNA transcript to replicate, comprising:

(a) providing a population of indicator cells that expresses a ribozyme,
wherein the ribozyme is capable of specifically cleaving the RNA genome
or RNA transcript of the virus to inhibit replication or infection of the
virus;

(b) contacting the indicator cells with the composition under conditions that
allow for cleavage of the RNA genome or RNA transcript of the virus by
the ribozyme; and

(c) determining the effect of the composition on the indicator cells, wherein
any pathogenic effect indicates the presence of an adventitious agent in

the composition in addition to the virus.



16. The method of claim8 wherein the reconbi nant reovirus conprises

nmut ated coat protein coding sequences. 17. A nethod of detecting the
presence WD oan7a&dventiti ous agent in a conposition conpriPETATA03/08268 US
wherein the virus contains an RNA genone or utilizes an RNA transcript to
replicate, conprising: (a) providing @&*popul ation of indicator cells that
expresses a ribozyne, wherein the ribozyne is capable of specifically

cl eaving the RNA genone or RNA transcript of the virus to inhibit
replication or infection of the virus; (b) contacting the indicator cells
wi th the co8posThdmethethafetaimdfditcteintie ifdivhtor edlls ewpitsrthetileayagfomfa t he RNA
genone or RNA transcript of th ines b t he.ri bozyme; and (c) determ ning
the effect of t¥#&° Hﬁd%t?gr?%i“g%t\f?ﬁ%mm%ﬂf SV cel I's, wherein any

pat hogeni c effect indicates the presence of an adventitious agent in the
conposition in addition to.the virus, WO 03/ 811 PCT/ CA03/00264 24 18.
The met hod 18f chairﬁ?th"/d%fgq“é‘ilﬁWW@‘WWBWE%IBP%@Y@SeXpress the ribozyne
froma gene that is integrated into the genone of the cells. 19. The

met hod of claim 17 wherein the virus is a DNA virus. 20. The method of
claim 17 wRer ei Bhamethed efirdaimd 7veiseam e girussie panablewb psJectivele &Hyig8 neopl asti ¢
cells. 21. The ﬁ'&)})ﬁ%}%&%ﬁs.d aim17 wherein the virus is selected fromthe
group consisting “of nodified adenovirus, nodified HSV, nodified vaccinia
virus, nodified parapoxvirus orf virus, nodified influenza virus,

p53- expressing ¥4 r ?;Q% i i -.and

vesi cul ar 521 'onaﬁlletllﬁgtﬁ(?ﬁ ‘r’%zaqmzl . er%?‘ﬁ\glé&slé? se\}%ﬁﬁ at i ?mhg%ﬁ"“ ()cgh%%lin i on
conprising a m ofmalifiaikidsmvimoe mpydifdigsV, nfaljfigdrvesdinle mgusamedifigliat i on of

i ndi cat [ls that . i . Wh i i i bl
et or el Sl AR TS Sag FLE LB A SRy R © copebl e

m croor gani sm t ONiYR0 18 tirus gthé Delad2idoirugand vdsizotal einmatits vitue. ni cr oor gani sm
(b) contacting the indicator cells with the conmposition under conditions
t hat

22. A method of validating a composition comprising a microorganism, comprising:

(@  providing a population of indicator cells that expresses a ribozyme,
wherein the ribozyme is capable of specifically cleaving the RNA genome
or RNA transcript of the microorganism to inhibit replication or infection
of the microorganism;

(b) contacting the indicator cells with the composition under conditions that
allow for cleavage of the RNA genome or RNA transcript of the
microorganism by the ribozyme; and

(© determining the effect of the composition on the indicator cells, wherein
the absence of any pathogenic effect validates the composition as having

no detectable adventitious agent.
23.  The method of claim 13 wherein the microorganism is a virus.

24.  The method of claim 13 wherein the microorganism is a virus capable of

selectively infecting neoplastic cells.

25.  The method of claim 13 wherein the microorganism is a reovirus.



al l ow for cleavage of the RNA genone or RNA transcript of the

m croorgani sm by the ribozyne; and (c) determ ning the effect of the
conposi tiwo osf7a8he i ndi cator cells, wherein the absence eCTamp3pedsihogeni c
effect validates the conposition as having no detectabl e adventitious
agent. 23. The nethod of claim 13 wher®in the mcroorganismis a virus. 24.
The nmethod of claim 13 wherein the mcroorganismis a virus capabl e of

selectively infecti Lastic cells. .25. The h i 3 wherein

t he m croofgani ; 26. The
Yoani Sin mafed GRBURTA G tEmd S s Bl Bkl

met hod of cl ai neohgistiMpast@iodifiel @dérioeiranmgdifies HISVS meéified vairfia vimst he gr oup

consi sting of nodified adenovi rtus, m)d(i.é%ie.d HSV .m)di)/{g ed vaccinia virus,

modi fi ed par apoRQfifiedPaEFROXYIFYS et Viysneqitied RAPIARKIUP R GPICSHBR . expr essi ng

viruses, the ON¥Xsslhe\ONYS-015 hRuDEIRA424/4iFud Sand dBglcul@Staendtias vsdsomat i ti s

virus. 27. An indicator cell useful for detecting an adventitious agent in
a conposition of mcroorgani smwherein the indicator cell permanently

expresses a;ri bz yifcalonaldli usefhil ERRERE R A a8lRBNGRAd e HeHyRition ofRNA _
transcri pt of the mcroorgani sm 28. ‘%he i ndi cator cell of_ claim 27 wherein

a gene codi ng fmicredigenisphwhyera thegndipaieregh agraunerily GXRREeHRHBRS 1% he cel | .
29. The I ndicat ﬁrcaﬁéagielofgl;aa\§+€flh%%m'T@{A‘tr&ﬁ@riﬂﬂo@fh@%i%@fgﬁﬂhh.s a virus.

30. The indicator I m 27 whereln the 'mcroorganismis reovirus.
31. The indicator cell of claim?27 wherein the cell is derived from human

enbryoni ¢ 2§.i d NEYe i%gl%atgreéeh%f claim 27 wherein a gene coding for the ribozyme is

integrated into the genome of the cell.

29.  The indicator cell of claim 27 wherein the microorganism is a virus.
30.  The indicator cell of claim 27 wherein the microorganism is reovirus.
31.  The indicator cell of claim 27 wherein the cell is derived from human embryonic

kidney 293 cells.



