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for extracting infectious virus which is suitable for 10 cli nical
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5 29,2003, The entire disclosure of these prior applications is hereby incorporated by

reference.
" FIELD OF THE INVENTION

This invention relates to a method of extracting virus from a cell culture. In
particular, the method is useful for extracting infectious virus which is suitable for

10  clinical administration to mammals, incloding human.
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OF THE | e to the vast nunber of diseases caused by viruses,
virol ogy has been an intensively studied field. There has al ways been the

demand to produge.viruses. . effiicient|y | reer. 10,1 fnopd purify viral
proteins, to gzﬁ@%%ﬁvﬁﬁa&i’ ng‘%l?pegﬁ&tcg%géﬂ%?%e?ﬁéw{ﬁh{dg?tB%n us Vi ?uses for
| abor at or ¥orgd sfdedaus f3p€ 8N tHinvlogh, B9 198800196 opment of  virus therapy has

further necessitated the need for efficient production of infectious
viruses. Reovirus therapy is an exanple of virus therapy. Reovirus is a

doubl es~ strand Ay M1 4k, WP eV -eldiibopend @nfers@ihirictdictiiulal cel | s.
However, nost cellS are 10 not susceptible to reovirus infection and

bi ndi ng ofusceptibilitys reowirng igfeetionl’ ul. Firok d8PLHO M-t s in no viral
replication or virus particle production in these cells. This is probably
the reason why reovirus is not known to be associated with any particul ar
‘di sease. |t wasSilingCRESee4l., "Beidgct that thaEpidetnhkGromsinEdctnr Reckplot o t he r as

oncogene becone 15 susceptible t eovi rys .inf L0 @?il ~Lheir
untransfo%@&GﬁﬁféﬁﬁﬁPYl@sé?f@“ﬁ%gﬁ%@?yon rolg,gy@ﬂl?. ‘%é R exanpl e,
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with activated Ras or Sos, a protein which activates Ras, reovirus

i nfection was enhanced. Simlarly, nouse fibroblasts that are resistant to
reovirus infection becane susceptible after transfecti of’ ctohet HOCEGF
receptor gene or the v-erbB oncogene, both 20 of which activate the ras

pat hway (Strong et al., 1993; Strong et al., 1996). Thus, reovirus can

sel ectivembdsndret and replicate in cells wth an actpaiRsheogas pat hway.
The ras oncogene accounts for a | arge percentage of nmanmalian tunors.
Activating nmutations of the ras gene itself occur in about 30 % of all
human tunBAQKQEaﬁNDl@BQFEWWEVE&QW in pancreatic (90%, sporadic
colorectal (50% and lung (40% 25 carcinonmas, as well as nyeloid | eukem a
(30% . Activation of factors upstream or downstream of ras in the ras

pat hway i s al sopwspakd asiemmbert df diseasesrcansbd by eixasey) veplogphasibesganessi on of

HER2/ Neu/ Er bB2 or the_epidermal grow h factor Gh).receptor is -4 27
Oct ober ZGWSWW‘G@‘S@?}Bﬁg’E@g%S@%W\;%%%& . r?r%qlilcﬂ ®t cancer
(25-309) , eAifdnBVifofdeR (B8t RadfuriBl A€ hi@ieind Slol géfslatg vatelnbs, bamt or  ( PDGF)
receptor or EGF receptor is prevalent in glioms and gliobl astomas (40-

50%) . FGFprovide pnfentiowsidrusasder Inkosatgry stadiss: eReselY, ISHEH EEIRTER At e ras upon
binding to their rqﬁﬁgg ' ki G le £ - BnehaPsSife@iorOnst i tutivel y
act i vat ed "T&¢ %flp()rrhargac |I(r:1"“;{ge"°é'{s talttﬂlble extdrg)?:e 1[‘13 J;r} Algmal n. Since a |arge
nunber of viiesn tunors are accounted for by genetic alteration of the
pr ot o- oncogene ras or a high Ras activity, reovirus therapy is a new,
prom sing therapy for such conditions (Coffey et al., 1998). Reovirus

therapy :i s hi ghkyovied ﬁeﬁaﬂ/rﬁ aﬁf:ﬁfnpl%@vﬁ@aﬁlﬁ&b%l.ekbowmewalbues and | eaves
normal cells uninfected. This therapy has 10 w de_applications and can be
used in betimdelRMA vimsicapabie pihinlingata 2 mpltiude of ceflsg dfome¥ErpMEH GE &% ovi r us
suitable for clinical adm st ! : &f fngheERbeni@t hods of
produﬁ) ngn?tégwgt.@eﬁ%ﬁeo& ﬁ%@n@%{i?@dxg&?&g@ﬂ%& l\/breovere,p the traditional
met hod of rgaulks it yib Mialveptiesiva of vinum patticteuyrahictionl ih shebescefle dThisis and ti ne

consum ng, rendering the cost of. VLIE us g{)oductitgdnwitﬂoo hial%h. Therefore, an

i npr oved Pprobably the reason why reovirus is not known to be associa I any particilar

disease.

1t was discovered recently that cells transformed with the ras oncogene become
15 | susceptible to reovirus jnfection, while their untransformed counterparts are not (Strong
etal., 1998). For example, when reovirus-resistant NIH 3T3 cells were transformed
with activated Ras or Sos, a protein which activatés Ras, reovirus infection was
énhanced. Similarly, mouse fibroblasts that are resistant to reovirus infection became
sﬁsceptible after transfection with the EGF receptor gene or thg v-erbB oncogene, both
20  of which activate the ras pathway (Strong et al., 1993; Strong et al., 1996). Thus,

reovirus can selectively infect and replicate in cells with an activated Ras pathway.

The ras oncogene accounts for a Jarge percentage of mammalian fumors.
Activating mutations of the ras gene itself occur in about 30% of all human tumors
(Bos, 1989), primarily in pancreatic (30%), sporadic colorectal (50%) and lung (40%)
25  carcinomas, as welk as myéloid leukemia (30%). Activation of factors upstream or
downstream of ras in the ras pathwaiy is also associated with tumor. For example,
overexpression of HER2/Neu/ErbB2 or the epidermal growth factor (EGF) receptor is

4



15 nmethod for virus purification is also needed. SUMVARY OF THE | NVENTI ON
Di scl osed herein is an i nproved nmethod of extracting and purifying viruses
fromcell culture that can be applied to both small and 2&@gebe20é virus
production. The method can involve a sinple extraction step in which a
detergent is 20 directly added to the cell culture. Thereafter, cell debris
can be renoved fromthe extraction m xture by, for exanple, filtration or
centrifudRPBH43The resulting virus suspension can B%T’%P’P‘?fé‘? concent r at ed
and/ or enriched by chromat ographic methods. The virus prepared according
to the pLesentinitpbetaxh@P (530 %) Cank D96ked;REssiBA Yt PhtclRO&Eived growthudi ng
purification of viral proteins, vaccination, i1nfection of ho cells and

cl i ni cal fac®b @B )Ecptoapt BEF receptaris pevapnsin glivops a1 dioPbgemasi®dt her herein

s a net o roduci n | f QIFIHG : } sing the

st eps of 9(%(’1%1) EEFBW’E{%ﬂﬁg\ﬁgﬁjlt%?ﬁp (%)?dr%eabé)e s%},ﬁ? %%vﬁi?s%ggﬁﬂ?ﬂ%@éect ed by the
virus; (R hex dpetiveligahd)@nd -ehB ditorles 4 banstitelively dofivaidisegtonladdagr gent to the
culture and 5 incubatjng for a period of time to result in a cell |ysate;
(c) renotiesgceliflargopiits: and (d) collecting the virus. Accordingly, an
aspect of the present invention provides a nethod of producing virus from
a culture of cells, conprisi ng the steps of. (a) providing a, culture of

cel I s whi ch haSin¢serciarge maber of bwyyan; thsosy japq agcounted Terdy gémﬂﬁa%?fﬁtwg the virus
fromthe |1 s by addi . r idige and

i ncubat i Hﬁ BFOt%X%ggefnggA% oo?a;ﬂ?%i’lre%? g@&’&e%@%%ﬁkgﬁlﬁe%g%ﬁg( c) renoving
cel | debwiefupy for such conditions (Coffey et al., 1998). Reovirus therapy is highly selective , L

for Ras-associated tumor cefls and leaves normal cells uninfected. This therapy has

10 wide applications and can be used in both human and non-human animals.

In order to produce reovirus suitable for clinical administration, fast and
efficient methods of producing reovirus in cultured cells are needed. Moreover, the
traditional method of purifying viruses from cultured cells is tedious and time
‘consuming, rendering the cost of virus production too high. Therefore, an improved

15  method for virus purification is also needed.
SUMMARY OF THE INVENTION

Disclosed herein is an improved method of extracting and purifying viruses
from cell culture that can be applied to both small and large scale virus production.

The method can involve a simple extraction step in which a detergent is

20 directly added to the cell culture. Thereafter, cell debris can be removed from the
extraction mixtare by, for example, filtration or centriﬁlgaﬁon. The resulting virus
suspension can be further concentrated and/or enriched by chromatographic methods. ~

| The virus prepared according to the present invention can be used for any purpose,

including purification of viral proteins, vaccination, infection of host cells and clinical

25 administration.




(d) purifying the virus by a conbination of ion exchange and size 15

excl usi on chromat ography-, and (e) collecting the virus. Any nethod can be
used to renove cell debris (i.e., clarify the cell |ysat®)OctoberZD06tep (cC).
The nethod is preferably a sinple nethod based on the size or density

di fferences between the virus and the other constituents in the cell
lysate, such as filtration or centrifugation. Mre preferably, filtration
i s enployed, particularly step- wise filtration. An appropriate step-w se
filtration compjdc er. re size, followed by at
| east another fil f%?dwﬁlqg&é%%;a%%g@g%%ﬂi [9% Imsqfoh 'ﬁ#i”?ﬁ"te prefilter.
In a prefé?ﬂseé‘)fé@ﬁf@lﬁﬂ‘mﬁ\tﬁpstt e cell debris is renoved by st ep-wi se

filtration b §_“]Q Jer having a-pore
size of 5 uM or %nml\r/l a‘Hga?ﬂ fllterlng tg‘{ '@@H“ﬁ(”%l rbugh a

conmbi nation fil (@r exkadtingthpvires Fomer oeﬂs@adﬂﬂaylaaladrgent%/thczmuﬁbmber 2006
The cekl |ysate can o§t| o?al I% b(g&} [ eat ed BENZONASE(r) endonucl ease or
ot her - ¢l eavi ng &n. T & BSPGRT e gty "W ¥R8%el | ul ar DNA.  After

removi ng cel | defprlrSmwngfdenhélﬁtsjmu the filtrate can optionally be

concentrated to,reduce the volunme of the viral suspension. Any nethods

suitabl e for vi® alcolestivgsht Yilsi on can be enpl oyed, preferably

ultrafiltration or diafiltration, including tangential flow filtration.

Exenpl ary met hodscdrdioglydent dsped®l aft theaprdsdnt dnventiys tipavidida hbodiaJfl ow Fi ber
Fi ber, systemis used. The present

system =IVb f
method canPBaidl Lmsgén%/rﬁatcﬁgmﬁPhﬁ%‘ét‘iogwrﬁfngémﬁwsﬂfs preferably a
non- envel Oped Vday us, pravidingRhul e F 8EIRB McIRhds@RU IndSted HYNE GRY: T US 1S
prefdably a 6&, 27 Cct ober 2006
extracting the virus from the cells by adding a detergent to the
culture of cells and incubating for a period of time to result in a cell
lysate;
{c)  removing cell debris;
- (d) purifying the virus by a combination of jon exchange and size
15 : exclusion chromatography“ and

(e) collecting the virus.

2 ' Any method can be used to Temove cell debris (i.e., clarify the cell lysate) in
step (). The method is preferably a simple method based on the size orldensity
differences between the virus and the other costituents in the cell lysate, such as
filtration or centrifugation. More preferably, filtration is employed, particularly step-
wise filtration. An appropriate step-wise filtration ,compris.cs a prefilter having a larger

 pore size, followed by at least another filter with 2 pore size smaller than that of the

25 prefilter. In a preferred gmbod@gnt, the cell debris is removed by step-wise ﬁltration
_comprising: | ' '

- (1) filtering through a prefilter baving a pore size of 5 uM or 8 ugM, and
@ ﬁltenng after step (1) through a combination filter having pore sizes of 3

¢M and 0.8 pM.




WO 03/ 093463 PCT/ CA03/ 00624 manmmalian reovirus, nore preferably a human
reovirus, still nore preferably a serotype 3 reovirus, and nost preferably
a Dearing strain reovirus.- The reovirus may be a reconmbZh@utobemdfor us. The
reconbi nant reovirus may be generated by co-infection of cells, such as
mammal i an cells or avian cells, wth different subtypes of reovirus. 5 The
reconbi nant reovirus may be naturally-occurring or non-naturally-occurring.
The reconbinant reovirus may be fromtw or nore strains of reovirus,
particularly two or nore strains of reovirus selected fromthe group
consisting of strain Dearing, strain Abney, strain Jones, -and strain Lang.
The reconbi nant reovirus may also result from reassortnent of reoviruses
fromdifferent serotypes, such as selected fromthe group 10 consisting of
serotype 1 reoVhe el lysaés ermygptiopallydmsticnted vathdBENZ ONWSEEBemdendldass. The
reconbi na L 1se naturally-occurring variant coat protein -
codi ng sgéﬁﬂéﬁ‘%lgkﬁeagu%f eﬁR %g)}re%r%ﬁgp% VXS 8?%1"6@%&%@ es. The cell |
cul ture disclosed can conprise any cell appropriate for the production of
the desired vir s eONMi ol L r uman 15 enbryo

ki dney 293 (HEK%%%?I&%% gleégﬂg{rﬂﬁge Iﬁlsilga erﬁ’l d@%ﬁﬁﬁaﬁﬁﬁt@%&% cularly HEK 293
cel | s t hetncémmated baedncadepobobetof dgrdsal suspensia efisy wethalsistitablesor The net hod

can optionally c ri se.a st f _ion.exchange chr.onptagra ., Wherein the
virusTt s B eERBon G o ehbePe® arerehy WReR G o O AHARNng: opr 1 ot o

bi ndi ng andgenas dotyifiition, T BRenviliry nekids MONdEh PRR ahd PRnfch@sté Bn@Xchanger

- using a suitable 20 elution solution. The choice of ion exchanger and

bi ndi ng/ ethaioBew Ebsrysten Mep preferably; thefellow Rbersystemisdsedag purified. For

" reovirus, an anion exchanger and pH of approximately 7.0-9.0 are the nost

- effective. The pHis preferably about 7.5 to about 8.5, and nost
pr ef erabl y aboUihe Brefent mbthod/ canite applied dik the phyelugtion of anydridny, paeferablysi ze

excl usi on_chronmat ogr aphy. | n 5 particular, a conbj nati of ion exchange
and size WREWR pgﬂ%m, m%pggaﬁﬁjbgwoygxs. e’[ﬁﬁr@yg@ 15 pEe era(ﬂ)?ya | .

~6a-




27 Cctober 2006 Disclosed is a conposition conprising the virus purified
according to any of the nethods described herein. The conposition:is
preferably suitable for clinical admnistration, particulaPkipbedtd0focal -
adm nistration to human. Mire preferably, the conposition conprises a
pharmaceutically acceptable excipient and/or carrier Di scl osed herein is
al so a nmetwlpaglesisspr oduci ng i nfecti ous reovirus, ﬁhﬂﬂm&ﬁa) provi di ng
a culture of HEK 293 cells which has been |nfected by reovi rus; b.)
extracting the virus fromthe cells by adding TRITON(r) X-100 (octoxynol-9
to 10) t omathealipnlreayives, axede praferdblita Inigpan recaiseny stlbmoremaeiedue - 37C, (c)

treating ¢ m fr te ease; (d)
renovi ng SE& 36‘%‘#{”@5 ai}ﬁ)ﬁaoﬁttprr%:rg@ka\ﬁ concen?ﬁgtr ng %gp*hﬁh rate by
ul trafil tied reombianCiieaditus I MhE te0dtnbifan) remsfnwylhg gtieeatedeby\coinfactioy a

conbi nati on of ion exchange nd sj ze ech on c r.aphy; and (g)
col | ecti rRf celiesych gy Pagmal 1ERSE Fiawgn gels vt eﬁ‘ssﬂgt&esﬁﬁ’f?g‘flﬂés a met hod of

pr odugi noriieH @bkt Seoviae i ¥H§nauﬁm§ﬂfcb§rhﬁgor &o%)naﬁr@wodruﬂ% Tl ture of HEK
293 cells which has been infected b reovirus; (b) extractrng the virus

from t he reedmbinaat reevirysKoap e frow| twe Oblym@darlmgof reRiuR RIBIcularlY 501 t o t he
From st enttBre i Bpfle P e fon R prbfh ol of dhan Dibeb B! 10,0 1S 6y
filtrati okliney, straini Jones, and strain Lang. The recombinant reovirus may also result from
reassortment of reoviruses from different serotypes, such as selected from the group
10 consisting of serotype 1 reovirus, serotype 2 reovirus and serotype 3 reovirus. The
recombinant reovirus may comprise naturally-occurring variant coat protein coding

" seguences or mutated coat protein coding sequences.

The cell culture disclosed can comprise any cell app'r()priate for the
B product:on of the desired virus. For reovirus, the cell is preferably human
15 -embryo kidney 293 (HEK 293) cells orcells derived thereof, particularly HEK 293 cells

that have been adapted to grow in suspension cultures.

The method can opﬁonaﬂy comprise a step of ion exchange chromotography,
wherein the virus is enriched by binding to an ion ekchange resin under appropriate
binding and conditions. The virus is then eluted from the ion exchanger using a suitable

20 elution solution. “The choice of ion exchanger and biudinglelﬁtion conditions will vary
w1th the virus bemg purified. For reovirus, an anion exchanger and pH of
: approxmately 7.0-9.0 are the most effective. The pH is preferably about 7 5 to abaut
8.5, and most preferably about 8.0.

The virus can also be purified by using size exclusion chromatography. In
25 particular, a combination of ion exchange and size exclusion chromatography can be

employed.




(e) concentrating the filtrate by ultrafiltration or diafiltration; (f)
purifying the reovirus by a conbination of ion exchange and size excl usion
chromat ography; and (g) collecting the reovirus. g 27 GhOdeber2006 Al so
di scl osed are conpositions conprising the reovirus collected according to
this method, particularly conpositions further conprising a

. phar.maceutically acceptable excipient and/or carrier. DETAI LED DESCRI PTI ON

OF THE lNVEN;]B'ch]:TI S‘g&a}a Present. i nvention,rel at es.fta an ‘h roved mnet hod of _
extracting and " BariTyiNg PR SUEPFFYINE KrHS e A fHBE can be applied to
bot h sneb bnpatiht aicgRdsdatebaditktitn. THE oskdédih is The met hod i nvol ves a sinple
extraction step in which a detergent is directly added.to the cell - ‘
cul t ur e.préfbmbly afitable, foradinicalddpitisraten PrECHE OB FABHIIIEOR Wxt r act i on
m-xture by, f exa [ ' T i ' 1d esul ting virus
L e R o

suspensi rcon and/ or enriched by chromat ographic

et hods.exciib'i@ﬁa‘:ﬂiiﬁoﬂéarﬁérepar ed according to the present invention can be used

for any purpose, 8a 27 Cctober 2006 WO 03/093463 PCT/ CA03100624 incl uding

puri fication i i L infhisett@n.9f host cells and
clinical admﬁgﬁcgdtsécgﬁlﬁr%%g%%ﬁ?let}ég&%fe@?%cbl I(f:;ﬂ%tQ 1(Z&Sirnvént’i on in further

detail, torepriszgrs used in this application are defined as follows unl ess

otherwi se indicated. 5. Definitions As used herein, "viral infection" refers

to the entry @ a pto¥idigiaRtlurd of HEK 23dell¢ Whish haetspen hifectapby waviren of the
virus inthe cell. As used herein, "multiplicity of infection" refers to
the ratio of gbg}e number OL . . .
- . extracting the virus from the cells by adding TRITON® X-100
(octoxynol-9 to 10) to the culture and incubating at about 25°C to
about 37°C;
() treating the mixture from step (b) with BENZONASE®
* endonuclease ; '
(d) removing cell debris by filtration;
{e) concentrating the filtrate by ultrafiltration or diafiltration;
(f)  purifying the reovirus by a combination of ion exchange and size

exclusion chromatography; and

- (g) collecting the reovirus.

Accordingly, another aspect provides a method of producing infectious

reovirus, comprising: '

{(a) providing a culture of HEK 293 cells which has been infected by
reovirus; | _ -

(b)  extracting the virus from the culture of HEK 293 cells by adding
octoxynol-9 to 10 to the culture and incubating at about 25°C to
about 37°C;

-(c) treating the mixture from step (b) with a DNA-cleaving enzyme;
(d)  removing cell debris by filtration; | '

(e) concentrating the filtrate by ultrafiltration or diaﬁltratilon;

.(f) purifying the reovirus by a combination of ion exchange and size
exclusion chromatography; and |

(g) collecting the_reov_irué. ' |
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virus to the nunber of cells when a virus is used to contact cells. 10 As
used herein, "cell lysis" refers to the disruption of cell nenbrane of a
cell and the subsequent release of all or part of the cthOetbedi0tthe cel |l .
As used herein, "culture conditions" refer to the conditions used in a cell
culture, including but not limted to the tenperature, type of culture
containers, humdity, concentration of CO2 or any other gas used in the
culture containers, type of 15 the culture nedium the initial density of
the cultured cells, and if the cells are infected wth a virus, the
initial multipglicity of infection. As used herein, a "cel] culfure" or
"cul ture of cg\llﬁos"!llsc?fr@%ﬂé'reacm}“é’w SAmBRsing therge s callpdedaccplingy i n t hei r
cul ture €Ok tiemsd, %ieiﬂ&ﬁﬁﬂ}* %Ullnﬁbsiti&lscﬁ.{rﬁlef: %ﬁlFﬁﬁng rhcbh%gﬁﬁcetﬁibﬁgﬁel I s and
the culture nedium Cells that have been pelleted are not considered a cell
20 cul t upeeepisbleszcipisatandiar cpmigeed in cul ture nedi um under cul ture
conditions again. As used herein, a virus that is "cell associated" refers
to a virus which is attached to or trapped in part of a cell in which the
virus ha ‘ T j.r i s.cell associated before the host
~cell is Wﬁ@ﬂ%@&ﬂﬂﬁ?ﬁ%ﬁﬁ@@% us may 4 27 Cctober 2006 WO
03/.093463 PCT/ CA03/ 00624 be still attached to or trapped in part of the
broken cell and remain cell associated. However, when the virus is
rel eased free iThe presanéinyeniion mlatgstto jag improved aethod of ediagtingckndanynore. A "cel |

free viruys'ai ir i i t | 1.. associ at ed. .As us her ei n,

"extracti naﬁ)@ %sﬂﬁr?ﬂe ercgﬂ%ﬁgﬁ}aﬁganab%? p'%#caiooﬁ@és{lﬁﬁa&déﬂg%fcgg B ssoci at ed

Xi rus i"nt%ocahcﬁmhl’[{h&m%oﬂiimmglesm&uph E@i&ﬁtﬁgﬁbﬁ.&) iﬁ?vﬁi&hﬁi@é@@ﬂti's i's a substance

~having a ophilic en n rophobi ¢ end. The detergent is’

pref er abldﬁz‘%%{fys’@?‘l‘?dﬁ%&fe_ e@ ﬁ@ﬁ‘i"fc:nmé GefbdehHg candiedemeyed fropdhe v o _

bi odegr aféﬂt’?z&cﬁoﬁﬁﬂ&tﬁéb&,CfoPE}ﬁIﬁbﬁﬁﬁlu%ﬁ@&iﬂéﬁrimE:iﬁﬁ)nﬁj%@E&ﬁfﬁh% vﬁn;sf ul in the
anes to

present invention enhances disruption of cell nmenbr acilitate
rel ease &pspensionTan bofrbertcopdenirdied andér eptiched bietlirgmatographic methods.

The virus prepared according to the present invention can be used for any purpose,
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As used herein, "incubating" after addition of a detergent to a cell
culture refers to.the act of allowing the cell culture to be mxed with
the detergent for a period of tine. As used herein, "cdll@ctbber@006he virus
refers to the act of collecting the virus 15 produced froma cell culture
whi ch has been previously infected with the virus. The virus is typically
col | ect edwayospe@r ati ng cellular debris fromthe virugradséesvesting the
portion which conprises the virus. Optionally, the virus can be further
separated fromthe sol uble substances, e.g., by centrifugation. As used
herein, " anindingputfiaiiey oftviralproteins, saesination infesiipgrolhosreelbadwiiBifalabout 20 10C
and about 30C Anbient tenperature is preferably between about 15C and
about SOM OBy ef er abl y bet ween about 20C and about 25C, and nost
- preferably about 25C. As used herein, "cytopathic effect” is indicated by

the cells becomng swillen anpd grapu i.n appearance. a the cell clunps
br eaki ng up. mgtmswmweﬂ%snaﬁ%ﬁﬁﬁi%?%“ﬁ@ ake up the

stai ni ng {1fn Gre'deBlaSis BdHolvs GAKRlotherwideQndidfedOCt Ober 2006 WD 03/ 093463
PCT/ CA03/ g%gjﬁéfgg?euged hereion, "adherent cells" refer to cells which adhere

to the culture containers in a cell culture. Exanples of adherent cells
i nclud layer cells; which are cells that forma single |layer of cells
on th;sgﬁggﬁ@"@f a culture container. "Suspension cells" or "suspended
cells" refer to cells which do not adhere to culture 5 containers in a cell

cul ture. Suspension cells _can be.grown in a "spin culture" ichis a
culture in whichsussdherginy df“@lﬁ‘geﬂfl‘lgﬂnr%rs ?thF’étHP%fn&nvt"iuﬁ %@F@la\é@ri ng the
cul ture PHAGERS uent@?rnlié%gﬂotﬁﬁfe@hﬂsin@h@&h! is "disrupted” when the cell

ed an

menbrane i s ruptur at least sonme of the cell content is released from
the cell. A cell may be disrupted, for exanple, by freeze-thaw ng,

sonication of dgt S 9RLa! LEARIRIL BrmbOidl® 5R%h HERRbbY dethidBiort Y Of the

cells" or "perc hE ce nal ni ng
: virus to the mumber of cells when a virus is used to contact cells.

10 B As used herein, “cell lysis” refers to the disruption of cell membl;ane of a cell

and the subsequent release of all or part of the content of the cell.

As used herein, “culture conditions” refer to the conditions used in a cell
culture, including but not limited to the temperature, type of culture containers,
humidity, concentration of C02 or any other gas ﬁsed in the culture containers, type of

15 the culture medium, the initial density‘ of the cultured cells, and if the cells are infected
with a vims, the initial multiplicity of infection.

As used herein, a "cell culture" or "culture of cells" means a pdpuiation of
“cultured cells as found in their culture conditions. In particular, a cell culture includes
.the cells and the culture medium. Cells that have been pelleted are not considered a cell
20 culture unless they are placed in culture medinm under culture conditions again.

As used herein, a virus that is “cell associated” refers to a virus which is

attached to or trapped in part of a cell in which the virus has been produced. Thus, 2

virus is cell associated before the host cell is lysed. When cell lysis begins, a virus may




viabl e" is the percentage of the cells which do not show a cytopathic
effect in a population. As used herein, a "non-envel oped virus" i.s a virus
whi ch does not have an envel ope. For exanpl e, a non-envel Gpebenv20ds may be
any virus which belongs to the 15 famly of Adenoviridae (e.g.

adenovirus), Picornaviridae (e.g. polio virus), Reovirudae (e.g. reovirus),
Papovar vi miga@esge. g. papilloma virus), Parvoviridae (griacifdokdaam rat

virus) or Iridoviridae (e.g. tipula iridescent virus). As used herein,
"reovirus" refers to any virus classified in the reovirus genus, whether
nat ur al | y bog@latadhad o orduappadda past of e gpksn sathind rr@pipicellas®i2ifle viruses with a

20 doubl e‘%‘%ﬁé@?dﬁﬂﬂﬁmﬂtfgﬂﬁwﬁ%@mﬁl‘ﬁ‘fgﬁﬁg%p&ﬁ ABaged € 60-80 nmin

di anet er pOssess two conce Ic capsl , each of which is

i cosahedr ahymofd)eA Jedlichiee viraghis i sirss wifichie nil cell gssecdateted 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 related types of reovirus have

‘been recovered AfQp ABEY, SREEIHES" a Vitus rdfére @cthé yRescakatisg acdlormon 25

conpl ement -fi xing antigen. -11 27 Cctober 2006 WO 03/093463 PCT/ CA03/ 00624
The hufran assedated \ims i a relk Beeghirug.nr ee serotypes: type 1 (strain Lang or
TIL), type 2 (strain Jones, T2J) and type 3 (strain Dearing or strain
Abney, T3D). The three serotypes are easily identifiable on the basis of
neutralizati on Aswkethhereigga Udetengent” i§ adubisance bavingsshyysophilieend dndra exanpl e,

Fields, B,N et at, 96). 5 The reqyirus.may.be. naturall rring or
modi 11 ed. ePobiG it ljfgh% ‘i"fefgeﬂh‘é B‘F‘*Q‘i‘%’- w@@my%gm °é’#1pﬂ“d§%&n)ﬁ‘§‘éé i sol at ed
froma Sogfe%faﬂl)ﬂa Pidldgf Ao SynbiRec AeinicliRdmpodnd! Gt dea@tdtyisefimida ibed by hunmans
in the |aboratory. For exanple, the reovirus can_ be froghia"field source",

that is, Presavwi ventionpnhapess AisaIpirncd cellpermbranes i fagilifafereleass . The reovirus

maybe @Ddic&lt oibcﬂé di§r‘h. He{l &gpabl e of lytically infecting a 10 mammal i an cel |
havi ng” an~active tas pa Flvva'y. The reovirus may be chenmically or

As used herein, "incubating” after addition of a detergent to a cell culture
refers to the act of allowing the cell culiure to be mixed with the detergent for a period

of time.

As used herein, “coiiecting” the virus refers to the act of collecting the virus |
15  produced from a cell culture which has been previously infected with the virus. The
virus is typically collected By separating ceilular debris from the virus and harvesting
the portion which comprises the virus. Optionally, the viras can be_further separated
from the soluble substances, €.g., by éentrifugation.

As used herein, "ambient temperature” refers to a temperature between about
20 10°C and about 30°C. Ambient temperature is preferably between about 15°C and about
30°C, more preferably between about 20°C and about 25°C, and most preferably about
25°C. |

As used herein, “cytopathic effect” is indicated by the cells becoming swollen

and granular in appearance and the cell clumps breaking up. Cells which show a
125 cytopathic effect also take up the staining dye in a viable cell count.
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bi ochem cally pretreated (e.g., by treatnent with a protease, such as
chynotrypsin or trypsin) prior to admnistration to the proliferating
cells. Pretreatnment with a protease renoves the outer cpAOc@berCEPsi d Of
the virus and may increase the infectivity of the virus. The reovirus may
be coated in a liposone or mcelle (Chandron and Nibert, 15 1998). For
exanmpl e, 093¥dsksOn may be treated with chynotrypsi nm@,&moﬁgesence of

m celle form ng concentrations of alkyl sulfate detergents to generate a
new i nfectious subvirion particle. The reovirus my be a reconbi nant
reovirus resulting fromthe reconbination/reassortnment of .genomc segrrents

fromtwo or nore genetical ly distjnc 20_re I
Reconbi nat i on/ rsSedeTHEn radhare & f%@%@&ﬂ@fhgéﬁﬁ%tﬁt%e%y occur in nature

- follow ngcdn%&f&m%%@&lﬁxéﬂ%ﬁkgamﬁmm&m i@dude e@ablagerocllyewkith cal | y
‘distinct reoviruses. Reconmbinant virions can also be generated in cell

cul ture, mrcemmmrgxaaggglelezfﬂome@éwglﬁmfacﬁef#ﬁ'%@{e\%ﬂ € cells with
geneti cal L £0 N er, ocufigeor dingly, the
i nventi on %{ﬁ?ﬁ“gh% e(iise tsr\ég;er ECOT%%I #g%tta ?g%ﬂcasdo%@g%hﬁeng from '

' reassos t Negiaids iganelireulmey nSuspession cits camibe@mwmn@ “gein ealiveey) Michisst i nct

reoviruses, _inclu not limted to sas type 1
(e.g., stPﬁ?Wre@?q‘Zglg‘E‘bf%@@% Wdﬁmﬂg% '{5%% E&H@fﬁggg% ‘Lang), type
2 (e.g., strain Jones), and type 3 (e.g., strain Dearing or strain Abney),
non- human manmmal i an reovi ruses, or avian reovirus, The inveption further

cont enpl at es r esowsod hetein, # edhis fdisraned” wdhen thecall mewhrape 1 SO of genone
segnents f rog1 {nglofﬁ{e ol Eénic Eﬂ?éléa%&ﬂ ilrc)ﬁil ':i\'e%éll Ng teelf ﬁﬁybe digHeqg, wher ei n_ at

| east one VITUS TS genetically engineered, conprises one or nore
cheni cal | gxasyply, b Siecze dhagdnpo sonicaticnogy ietatgent ieatmionien treated with chenical or
physi cal nutagens, or is itself the result of a reconbination event. The

invention further contenplates the reconbi nant reovirus that has undergone
-vfeCOfT‘?d) nation i Qs 428 hBERS SRR bf GO Ta "poidtage s cells nataiingng but not

viable" is the percentage of the cells which do not show a cytopathlc effectin a

population.

As used herein, a "non-enveloped virus” is a virus which does not have an
envelope. For example, 2 non-enveloped virus may be any virus which belongs to the
15  family of Adenoviridae (e.g. adenovirus), Picornaviridae (e.g. polio virus), Reovirudae
{e.g. reovirus), Papovarviridae (e.g. papilloma virus), Parvoviridae (e.g. Kilham rat

virus) or Iridoviridae {e.g. tipula iridescent virus).

As used herein, “reovirus” refers to any virus cléésiﬁed in the féovirus genus,
 whether paturally occurring, modified or recombinant. Reoviruses are viruses with a
20 doublé-su'anded, segmented RNA genome. The virions measure 60-80 om in diameter
and possess two concentric capsid shells, each of which is icosabedral. The genome
consists of double-stranded RNA in 10-12 discrete segments with a total genome size of
- 16-27 icbp. The individual RNA segments vary in size. Three distinct but related types
of reovirus have been recovered from many species. All three types share a common

25  complement-fixing antigen.
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limted to dinethyl sulfate and ethidium brom de, or physical nutagens,

i ncluding but 10 not limted to ultraviolet |ight and other forns of

radi ati on. The invention further contenpl ates reconbi nan27 Gewber2066s t hat
conprise deletions or duplications in one or nore genome segnents, that
conprise additional genetic information as a result of reconbination with
a host celyo@@pngde, or that conprise synthetic genescerdRosldigs €OVi rus nmay
be nodified by incorporation of nutated coat proteins, such as for exanple
al, into the virion outer capsid. The proteins nay be nutated by

repl acement, i nEghtindnreavindebists@f trddcsetonpesreiype 1 ukindesg et L)nserti on of

different amno acids_in place of the pative.anjno 1.d l.nsertions :
i ncl ude t #Be 2 esaindprss, B) anddype;3 (iaip aqﬂnﬁ&fa%%% ﬁ@@ssw‘?tﬂge‘f he protein

at one or %f%r}&e;gs %%9&%@@ StthOnsis $PndunliAtlh AehehiggnGniafl one or nore

am no aci es in the protein. Such nutations nay be generated by

“met hods  kinbihitioh psseysesegr for exampleeKiglsd BN. 61 4lgdA¥1 eotide site directed

nmut agenesi s of the gene encoding for one of the coat proteins could result
in the generation of the desired nutant coat protein. Expression of the

- mutated protei MhieReovir@®mby bsnatfliyacagrinponmddifiad. Gk kepvires iwi t ro such as COS1
~cells will result in the 25 incorporation of the mutated protein into the
“reovirus WH%W‘%%"E‘P%I“éhe('ﬁf?‘hger‘s‘ﬁﬁﬁ‘?ﬁ?ﬂﬁé%{?e ’fﬁ’@g?e ”Bﬂﬁ'&sa‘ﬁ“ g'fenal ., 1991;

Mah et al; &&%ﬁﬁ? ofific HERinRAGE Rtk labdrily2 $3r 6Rkipk, e ¢éRirud @nbBe hunman
enbryo kiglﬁegy ce P 1 ne” designated 293 (ATCC Nunber CRL-1573) or its

derivat i virem aFdieldssang), &iat Bofssusr huna wip Ios beydplegiehwith Perepeire9 3463
PCT/ CA03/ 00624 cells (ATCC Number CRL-1573.1) are HEK 293 cells which have
been adapted to growin serumfree nedia. Also contenplated in this

~.invention are HiKr@283uscaky be madifattadstiiocapablevefilyticallyniefectinglat ur e condi ti ons,

or any kind of HEK 293 cells or derivat]ves ., whi CE? age dransforned with an
exogeHbusmpmmaliascell hayang anmsiverrs Rathwayy Tne FeRErs HpY $5 SLeCAI¥ 0T hoair the

ability ofjlifiGRy) howbaba{HRR Y trefifabit GHinlpréaY, sistasRhpsstapiiaor as descri bed
In ’

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 2 liposome or micelle (Chandron and Nibert,
15 1998). For example, the virion maf be treated with chymotrypsin in the presence of
| micelle forming concentrations of alkyl sulfate detergents to generate a new infgctious

subvirion particle.

The reovirus may be a recombinant reovirus resulting from the
recombination/reassortment of genomic segments from two or more genetically disﬁnct
20  reoviruses. Recombination/reassortment of reovirus genomic segments méy occur in
nature following infection of a host organism with at least two genetically distinct
reoviruses. Recombinant virions can also be generated in cell culture, for exampie, b3'r -
co-infection of permissive host cells with genetically distinct reoviruses (Nibert et al.
1995).

25 Accordingly, the invention contemplates the recombinant reovirus resulting
from reassortment of genome segments from two or more genetically distinct

reoviruses, including but not limited to, human reovirus, such as type 1 (e.g., strain
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this invention. As used herein, "clinical adm nistration"” of a substance
refers to contacting any part of the body of a living organismwth the
substance in order to inprove or maintain the organi sm2/ Qetabert2006
conditions. 10 Met hods We have previously devel oped a nethod of grow ng
reovirus in HEK 293 cells (U S. Patent Application Publication No.
200200375%@usnd3gaVvi rus replicates in HEK 293 cells tpepaliflea high titer
of virus in the cells shortly after virus infection, thereby providing a
sinple and efficient method of producing reovirus. 15 In addition, HEK 293
cel I's hasLagpnymdafpigedtreio Jonegwandtypa b {sensitein Reariahorowaingdbneul t ured in

| arge quantity, and devel oped a. | ' ugldgn nethod. To

i sol ate rBOA W{S‘ﬁﬁ%‘“@ﬁ‘g e?fsqvgﬁ%%(%ﬁ%f@cqnm@w% T aﬁgl y fol | owed

- tradi ti ongdnteniphidi Q8lombBak ¥éoviades RSdtigpUirorh yeassortmbnt pAgdnomt esgmeBsi ef | y, t he
cells were disrupted by freeze-thaw ng and extracted by EREON(r)

(1, 1, 2- t r fremdwe onmatezenetically JisHpet ESONHPRES WE@GLPHYIE@" PRCREERATESS ral particles

ver e tshe{‘%eglgﬁﬁdaf\}\%g&gﬁ(%fe@,e | &b o RO EneRidly Wrteagaerdrlivigat i on.  However

this pro us and tine consumng for |arge scale virus
product i osegmvdi, hasdeer teated chith cheppieall ozphypicgd infutagens, orcis Heplf thoreatlt ofact t he

reovirus. It was. dis er.ed | i : | culture
with a defeé?‘ﬁ‘l??ﬁ%mf‘ﬂengqg%dﬂmé%aﬁ'plﬁéfSéﬂl%?ﬁﬁsn@%eh% | evei s of i nfecti ous
reovirus WRuAddreine aaembinfionehe ptesaet of cibmicsl muzpens; vhiihgbutwt separ at ed
fromthe cell debris with a sinple separation pethod ba e&i Oé}_gsize or
densi ty dlimiteste dizeethyl suliate a&%e@dl“ﬂ'éﬁ’ﬁ“g‘ﬁz orphyg f“f‘?g?nﬁﬁn@? g 9% exclusion,
and the 1 EaHhinh weddid fpfahe bk: SRS lRR/ 093463 PCT/ CAD3/ 00624 vi I us
can be use Oor reovirus F erapy. The reovirus produced according to the
present invention is suitable for admnistration in human, and this

_ protocol is congistent wth th t . AN a prelimnary
" experinent, t h@}‘?dﬂ"ﬁf‘%%%“ con?emp\{av%es rgﬁﬁn%ﬂ]aﬁt(}%wrg?ers ﬂ{aggdiﬁp?lsé

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.

15 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
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

20  include deletions of one or more amino acid residues in the protein. Such mutations
ﬁay be generated by methods known in the art. For example, oligoqucledﬁde site
directed mutagenesis of the gene encoding for one of the coat proteins could result in the
generation of the desired mutant cqat protein. Expression of the mutated protein in
reovirus infected mammalian cells i vitro such as COS1 cells will result in the

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

Duncan, 1992; Duncan et al., 1991; Mah et al., 1990).

As used herein, “HEK 293 cells” refer to the human embryo kidney cell line
designated 293 (ATCC Number CRL-1573) or its derivatives. For example, 293/SF
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detergents octoxynol-9 to 10 (TRITON(r) X- 100), octyl phenoxy pol yet hoxy
ethanol 5 (NONI DET3 P40 or NP-40) and pol yet hyl ene gl ycol sorbitan

nonol aurate (TWEEN(r) 20), as well as the ionic detergemOsobir®06
deoxychol ate. All four detergents were capable of |lysing the cells and

rel easing infectious viral particles above the background |evel, and _
TRITON(r) X-100 was the nost effective. It is contenplated that other

det er gent 03434463 cul arly the ones commonly used to d?&’ﬁﬁ?’“?%“ cells, can be
used in the present invention-as well. Exanples of these other detergents

i ncl ude t I, I chilkevifdhtaie TodkEMptell talet er gent s
(e.g. poIc‘lf)%%g‘g?ﬁyl\lhén%éeiseg%blzsgggﬁ%%gglt%gt e TWEEN(r) 8 o sodi um dodecyl
sul fat e, grdw fnlsetm-fiednald. mcmtmplmﬂw&wp?#ﬂﬁﬁﬁ%@iqéﬁﬁ@ni um chl ori de.
The results ‘al so indicate. that r At &g effective
t han fré@%’é@dttﬂﬁwwﬂ,o&Fﬁgﬂ?fea%@ﬁﬁl%b%g%&gﬁrﬁ tgf' o?%grc ﬁlg extraction. In
addi ti onw\}\ﬁéh HegaRRARed vt drepogdneds DNA] proddaihat s transfogmatios #4085 us from Ver o
cells in which the reovirus is highly.cell associ B%?l d H’E!fl d dei oni zed
wat erSvvasmhimpelrélfefab&ﬁQféhfi%ﬁmﬂ‘%@?e%ﬁ‘i‘%ﬁoﬁﬁfspﬁ@ iy %s?[ ,2-trichloro-
1, 1, 2-tr'.§lggﬂt8ﬁet hane) extraction or trypsin treatnent (Drastini et al.,
1992). T ésent invention provides a nore rapid and convenient yet

ef fective approach, because there is no need to pellet and then resuspend
the cells as required by.the distli. 18 Qonthcting awont enpl at ed
that high concgkgt“is e’ifﬁg Wﬁ#@éu@ﬂn‘g@tﬂ%@%ﬁﬁgﬁhl ori deﬁg T@gan be used
in the prageRtnelbodesta Imgcrgdishewid he subbtance de omefio MROVEH-RIABYRAL jt | S
preferabl’'e to use detergents rather than high concentrations.of salt. The
present itheergatissns healf cofdBiPitles a fast and sinple nethod of extracting
viruses froma cell culture. The detergent can be added directly to a
suspension culture 25 or to the nedium of adherent cells. In either case,
t he medi-um does not need to be renoved first. Furthernmore, no other neans
of disrupting.cells or extracting viruses is necessary, such as
freeﬂ@-th@ﬁhg or. sonication. -15 27 Qctober 2006

‘ We have previously developed a method of growing reovirus in HEK 293
! cells (U.8. Patent Application Publication No. 20020037576). Reovirus replicates
» in HEK 293 cells to yield a high titer of virus in the cells shortly after virus

0 infection, thereby providing a simple and efficient method of producing feovims.
15 In addition, HEK 293 cells has been adapted to grow in suspension which can be
" cultured in large quantity, and we developed a large scale production method. To

R isolate reovirus from the suspension culture, we initially followed traditional

methods to extract and purify viral particles. Briefly, the cells were disrupted by

' freeze-thawing and extracted by FREON® (1 ,1,2-trichloro-1,1 ,2—tﬁﬂqoro-ethane)
20 . three times. The viral particles were then purified with a CsCl gradienf and

| {‘ ultracentrifugation. However, this protocol was too tedious and time consuming for

large scale virus production.

. We therefore developed a éimpliﬁed method to extract the reovirus, It was
discovered that by incubating the HEK 293 cell culture with a detergent for a short
25  period of time, high levels 6f infections reovirus were released to the extract. The virus
can then be sei)arated from the cell debris with a simple separation method based on size

or density differences, such as filtration, diafiltration or size exclqsion, and the resulting




WD 031093463 PCT/ CA03/ 00624 An inportant feature of the present invention
is that the extraction procedure can be perforned at or above anbient
tenperature. Traditionally, virus extraction and purifi2aOcobecd(®6carri ed
out at a low tenperature, typically 0-4C, to preserve the 5 structures and
functions of proteins. For the sane reason, protease inhibitors are

usual ly also included in the extraction solutions. Therefore, it is
surprisi nYOH®E4E he present protocol can be conduct eCTataoswokisgher
tenperature without any protease inhibitor. In fact, a tenperature as high
as 37Cr [ ; {mscH ' | [ s 25C.
Consequeﬁ"?ﬁld%a%\%eru &@%ﬁ#&g@?ﬁb&n&gr@ Egéégarrlrgd %”F’E@ﬁg%ﬁﬁgﬁeﬁo det er gent
di rect |y itnentiduds suddable dorl aimindstratioh i dodim aiddpistprotagpll isatossisténe wishitteur e i n or der
to ‘release the virus, wthout having to change the tenperature.
Alternatively, since there is no need to maintain a constant tenperature
for virus extrWetdsed faccotetdiont ib a ptehieringry esgeniment ienidnaibnict he procedure can

t ake ‘place,at _anbi ent t r \, hou anbi ent tenperature may vary
from bl ac Pl ReE st SR @RIECNR Flobi iiihritea pobstheshegumn: t o

ext r?‘ﬁt | QNONIDETSI F40Dr 8B And Pl Eth GEnDASE sOBitaf RonS@ARI €, the size or
density. difference between'the virus and the other constituents in the

extract . (TREEEN®@Z0hep yellfap thereni¢ defergentsedivmi deayrahiobite. oithfdye enpl oyed to
renove ¢ rj t . \/J . ize. filtration.conditions, we
tested t ﬁdéakeé% ?l gc‘%&%ggp\%gireiog%"%tf’%‘:’seeruéq’gﬁ%pet? agmg;l)rﬁgcsueorlﬁg:gﬁ%lfpag écieé;r al different
extract i ahodethe bagpbptaing kvalyphETR)TON@ K-¢00 wasthehidst éffdction BRQ pr ot ocol

proved :to st effective. Thuia,r re-filter having.a relatively
lpithd b

R RwplfedTRa ot eSS 1
| arge. 'pdPBEPZEN(EY! _,ergeﬁﬁgﬁ? Apfign PG SIYOB Pisuptye pi eces
~ fromphe ceid, cachd wBd ifMihs pibsént idvehlRdvdly HdahdplsSfekdohprl | pore sizes,
" such'as a conbination filter unit containing'a 3 pMfilter and a 0.8 .M

filter. |dtergsatsapdedectie athepFRITON® detsrgenticthe RthepEWIFIN® deteragnie woul d cl og
the filt j ' VRS ' : ' Based on the
vol-ume . cgfigg%:gtl@g& é??lelr?@ﬁ ¥arnat i oh{é&gﬁﬁggn@@r# ’ %déﬁngﬁgﬁ%??ﬂu%?eé preferabl e
t o use  1%hiRnTONKqy) sulfate] 801 dalecwlirmehgartmanitinchlorlde. addi ti on, cel | ul ose

because the Il b gog G ek RO LR TR IRRO R Lol e of
ext ract i ofreemé-dtawing, the standard procedure for virus extraction. In addition, it has been
| 15  reported that to extract avian reovirus from Vero cells in which the reovirus is
© highly cell associated, distilled deionized water was more effective than freeze-
| :  thawing, FREON® (1,1,2-trichloro-1,1,2-trifluoro-ethane) extraction or trypsin
' treatment (Drastini et al., 1992). The present invention provides a more rapid and

convenient yet effective approach, because there is no need to pellet and then

resuspend the cells as required by the distilled water method.

20 ¥t is contemplated that high concentrations of salt, such as guanidine chloride,
can be used in the present invention to substitute for detergents. However, it is

- preferable to use detergents rather than high concentrations of salt.

The present invention thus provides a fast and simple method of extracting
viruses from a cell culture. The detergent can be added directly toa suspension éulture :
25 orto the medium of adherent cells. In either case, the medium does not need to be
removed first. Furthermore, 1o other means of disrupting cells or extracting viruses is

necessary, such as freeze-thawing or sonication.

15




be filtered, rendering it nore suitable for |arge-scale production. -16 27
Oct ober 2006 WO 03/093463 PCT/ CA03/ 00624 Dependi ng on the purpose of virus
production, it may be desirable to concentrate the virusros@ba 20089
filtrate. A concentration step using wultrafitration/diafiltration is
denonstrated in Exanple 2. Two wultrafltration/diafiltration systens were
tested, the Plate and Frame Cassette of Pall 5 Filtron and the Holl ow Fi ber
Cartri dg&¥ QPO Technol ogy. The results show that tREVCA4FILY st ens are
conparable in their speed of operation or the extent of volune |oss, but
the Hollow Fiber Cartridge is easier to handle. The virus may be further
purified based on its surface charge. Since different viruses have

di fferent surfasempirehefente offticphesetit divattiontihthitrthesenthetiva podeduge 10 at any

gi.ven pH, the appropriate condition for purificatiaon will . to be
deci ded F‘éﬂbf‘%‘%ﬁ a4 8r a@%%lﬁ%\"%“téen?ﬂefaﬂg?'rifa Oﬁaﬁ&e‘f"é'}srﬁ‘%aac Flga\r/fl%of opt i mal
i on eXCh%gﬂgﬁaF%ﬁg bR SutfaP4 1dweRMbdrittre, fpieslly 0-90T, @¥rb@n@ehecol ums

cont ai ni rent resins were used at different pﬁ to gurify a reovirus
pr epa$ at istwnctirbpandifarctipesarf peoteinsa dios ghe same reaeneproAY RIBMHIEATY at ed” as

descri bed-ahove. . T. esul i.ndi t | ol um

cont ai ni H@uaﬁ@%gﬁﬁﬁ%ﬂ% eé?r a%@%@o&'Sq%e@ﬁgﬁ%gﬁ ies?l? él%a? fh\%/e. The pHis
nore pr efpessaiipiotedDetin bé condattedBat higharitempeturereithontdoly pragsstt 8. 0. The virus
may al so _be purifijed based on the difference.in size for le, wth
si ze excl"ﬂ%‘i’lg’ﬁ Ehiagind ECHRPRPIG AS 1) as gﬁef‘ﬂ??maa%g'gr{%? ?fi‘g{e%élﬁgﬁé% Eripon exchange
and  si zg,exel USHRRs SHEOEhRYRERYYvihS eRictibbdahat batried frdy adding O her |
chromat ographi ¢ 20 net hods, such as those based on affinity or hydrophobic

i nt ed@ct idetergentatirestlysio theecell selénre sdepRinamg o pFiaithe cOtiie B PYFL col umm

chr omat ogr.aphy, _can ed . | LeANA isMBe #18eCsCl density
oradi ent HIFPF e SHP 15’%‘3‘31%@ bl o i S/i%lc d; ~%’_ist y_and
scal abi | ij§ ¥ nebheo @aiaaRN comtit eshpeamrdfor sjvpd dxgection accoulingtashepr oduct i on usi ng
cells ot g?ésent invention, the procedure can take place at ambient temperature even though

ambient temperature may vary from place to place or with time in the same place.

15 Subsequent to extraction, the virus can be purified based on, for example, the
size or density difference between the virus and the other constituents in the extract.
Parﬁcuiarly, filtration or centrifugation can be employed to remove cell debris from the
virus. To optimize filtration conditions, we tested the effect of various filters in the

- presence of several different extraction detergents (Example 1). A step-wise filtration
20 protocol proved to be the most effective. Thus‘, a pre-filter having a relatively large
" pore size (e.g., 5 M or 8 pM) is first used to remove large pieces from the extraction
nﬁxmre, followed by filters with small pore sizes, such as a combination filter unit
- éontaining a3 pM filter and a 0.8 pM filter, In the absence of pre-filters, the extraction
mixture would clog the filter quickly, thereby wasting both material and time.

25 | Based on the volume collected after filtration, as showh in Example 1, it is
o preferable to use 1% TRITON® X-100 for virus extraction. In addition, cellulose
acetate membrane filters aré better than glass fiber membrane ﬁlfers, because the
- cellulose acetate membrane. filter allows a higher volume of extraction mixture to

be filtered, rendering it more suitable for large-scale production.

-16-



25 than HEK 293 cells, including but not limted to, nouse L929, Vero and
Chi nese hanster ovary cells. It is contenplated that the present .nethod be
applied to other viruses as well, particularly the othep7 Qvbernymisoped
viruses. Appropriate conditions -17 27 October 2006 WD 03/093463

PCT/ CA03/ 00624 for the purification of other viruses can be determ ned by a
person of ordinary skill in the art based on the disclosure herein. The
viruses t'hAP¥E34B be prepared using the present et hBeCmsioude, but are not
limted to, the viruses in the famlies of myoviridae, siphoviridae,
podpvi ri dae, teciviridae, corticoviridae, plasmaviridae, lipothrixviridae,
5 fuselloviridae, poxviridae, iridoviridae, phycodnaviridae, bacul oviridae,
her pesvi ri dae, Degddigy bii ihe @Erpofeaid oiravprodudae, itanlyhadasitable dae, i noviri dae,

m croviridae, gemniviridae, _circoviridae, parvoviridae, hepadnaviridae,
retrovir FeRgen ¢ BsIraaiBing fliEmls. ) qoRecnTale HERYSEdae, par anyxovi ri dae,

" habdovi 4l M HAE dertA A B8O Two DUnyav 11 e, ar enavi ri dae,
a

| eviviridae, picornaviridae, sequiviridae, conoviridae, 10
" pot yvi ri dhefitmtiondisfilatibacystemst weae testedi dbe Plate dod/Framg SassetfecafPalli r i dae,

t ombusvi ridae avi.t | dae.. Vi Mok t (e bar navi ri dae.
Corrpoii t FB& nm&l‘@egﬁ%p)&/# lé‘!ér%ggé c‘gfrfA}:{gslref ﬂ%ﬁ) Ye g‘gn%%/eik@#ggﬁ ngp@?r us prepared
accor di ngwé st biReOBpaiblé hahgr @eadf oparutinntdr de. exEhesfeommepas; titons can be

used in the_ isolatiaon and 15 characterization of viral proteins, production
 of vacci fedlollgy Fibgr Saeridgeds easieph®diabdion  contains infectious virus, as virus

stocks or in clinical adm nistration. For the purpose of clinical
admi ni strati ofpe {REs GRPRORhEQEST Yabh Yts MrkRE chathd. hsiage exci pi ent,
diluted by an e?c?%i e%t, or enclosed within such adggarri er which can be in
t he .f or mdofferent sirpses have differieat surfpeqmeptes, whinle dictotmtbeir psface vBoge 08692A1) as a
20 pharnmaceuti.cal Qsiti.on. . I Y 488 tabl e
T excip enta?%né'rg}‘éesn pgg,?ﬁ%ap&rqugﬁtc? }ﬁlﬂﬁ Q%{ggﬁgrgﬁga'hggﬁ?lg?é@ghlb_ gg([q;i , or liquid
mat eri al fomdatle hinac tBxampled Neadtiatdse, detetiainaiiar oftiptimatiionexétemge he acti ve
i ngredient. Thus, the conppositions can be in the f(arén .

_ - conditions for reovirus. Thus, ion exchange columns contaming different resins

' were used at different pH to purify a reovirus preparation that has been extracted,

filtered and concentrated as described-above. The results indicate that a weak anion
column containing ANX SEPHAROSE3 at pH 7.0-8.5 is the most effective. The

15 !
~ pH is more preferably about 7.5 or 8.0, and most preferably about 8.0.

The virus may also be purified based on the difference in size, for example,
with size exclusion chromatography. For reovirus, a combination of ion exchange and
size exclusion chromatography is pa;ﬁculﬁrly effective. .Other chromatographic

20  methods, such as those based on affinity or hydrophobic interaction, can also be used
f ‘where appropriate. Therefore, column chromatography can be adopted as an effective
alternative to CsCl density gradient ultracentrifugation to achieve good yield, purity and
scalability. '

_ The present method can be applied to reovirus production using cells other
25  than HEK 293 cells, including but not limited to, mouse 1.929, Vero and Chinese
hamster ovary cells. It is contemplated that the present method be applied to other

viruses as well, particularly the other non-enveloped viruses. Appropriate conditions

-17-



of tablets, pills, powders, |ozenges, sachets, cachets, elixirs,

suspensi ons, enul sions, solutions, syrups, aerosols (as a solid or in a
i quid nedium, ointnents containing; for 25 exanple, up2©ctbbesHPéwei ght
of the active conpound, soft and hard gelatin capsules, suppositories,
sterile injectable solutions, and steril e packaged powders. -18 27 Cct ober
2006 WO Q@d/deadsp3 PCT/ CAO3/ 00624 Sonme exanpl es of suicraibSeesCi pi ents

i nclude | actose, dextrose, sucrose, sorbitol, mannitol, starches, .gum
acaci a, cal cium phosphate, al gi nates, tragacanth, IOgelatin .cal cium

si i cat e, foritesmyeifigasion of pther vimses gandhsedeteyainsd 1A pesipR b PTARBRESKILE| | y) ose,

sterile i : ' VA ,,]5@’@ HELD The
f or mul at %g&gg%ﬁ§ﬁéﬂ§§}1§%gﬁ?r§ﬁi r'@Pu e:gihubrl g%a I hg agsg%?]ée such as talc,
- magnesi unpssaamathed inalade, biteze pdt limdied to, tetvirnsey inthe fumgliesofmiyevifidaeng and
_suspendin enis; preserving.agents such a ne | = s ea

propyl hydg‘B 1 ﬁngggv&,aesmgpa rﬁ‘b‘a‘%'gﬁfi% ;Pfa:i‘ﬂﬁv"%‘?%v%pr°lﬁﬁg“’§8%ent s. The
conposs t i aRsiRfridhd)PokiN@B! irldbvifidR, Pigcéddavitidae] wdulewirids, hap@vioidicde qui ck,
- sustained or delayed release of the active ingredient after-adm nistration
~to the paednswiridesy peneyrdRdasgpolynaviridie daoiddae . mistRYINidae  SeRLitdaeT e [ out e by
- which the ' LS | : eGHH@E] On, carrier or
vehicl e, \‘/:\#ﬁaﬂgé%i’n %ﬁﬂ%@hgépﬁ%@g%ﬂﬁ%eﬁ?%%ﬁ@g%& t hgg’t?{/pe %%’ t he target
cells. A birhaviridus mammyxofrididhalideviridae;, Glovirideg, egheayropeideapl oyed. For
exanmple, for a.solid neoplasm.that. is accessibl. th | rus can be
- adni ni st eL‘é‘B’a'BE} en?&ﬂ%vff@ﬁad?vﬂ‘a%@ﬁeyp%nﬂvﬁé fi’gg%u%&%?aaes%o\ 0&%@\%{ henat opoi eti ¢

- neopl g M phtP¥iri@%paRtRiridad) Qs @idas, Ubddvaridab) aetrat iHithe) itehiarsecdient r avenously or

i ntravascul arly. For .neggl asns_that are not easily accessible within the

body, - suckorgraviridee layiviridac, tagaviridas, japd | arpayindagyi ni stered in. a manner such
that it can be transported systemcally through the body of the mammal and
t hereby reach the neoplasm (e.g., intravenously or intramuscularly).
Al t er nat | Celypositios 20 reovirus can be administered directly to a single
solid neoplasm where it then is carried systemcally through the body to
net ast ases. The reovirus can al so be-

Also provided are compositions comprising the virus prepared according t0
methods of the present invention. These compositions can be used in the isolation and
15 characterization of viral proteins, production of vaccines, or, where the composition

contains infectious virus, as virus stocks or in clinical administration. -

For the purpose of clinical administration, the composition is usually mixed

with an excipient, diluted by an excipient or enclosed within such a carrier which can
be in the form of a capsule, sachet, paper or other container (WO99/08692A1) as a

20  pharmaceutical composition. When the pharmaceutically aéceptable excipient serves as
a diluent, it can be a solid, semi-solid, or liquid material, which acis as a‘vehicle,
carrier or medium for the active ingredient. Thus, the compositions can be in the form
of tablets, pills, powders, lozenges, sachets, cachets; elixirs, suspensions, emulsions,
solutions, syrups, aerosols (as a solid or in a liquid medium), ointments containing, for

.25 examplé, up to 10% by weight of the active compound, soft and hard gelatin capsules,

suppositories, sterile injectaifale solutions, and sterile packaged powders.

-18-




adm ni stered subcut aneously, intraperitoneally, intrathecally (e.g., for
brain tunor), topically (e.g., for nelanoma), orally (e.g., for oral or
esophageal neoplasm, rectally (e.g., for colorectal nebpDeisbyr,200agi nally
(e.g., for cervical or vaginal neoplasn), 25 nasally or by inhalation spray
(e.g., for lung neoplasn). Preferably, the. reovirus is admnistered by

I nj ecti onwoblussesqui d forms in which the pharnmaceuti galycapigeesi tions of the
present invention may be incorporated for adm nistration orally or by

i njection include agueous solutions, suitably flavored syrups, aqueous or
oi'l suspensi onsSomaeshniplenod swtible pxdigiéntniscludeda@me Glerigorer SUBOSHB WO 03/ 093463

PCT/ CA03/ 00624 with.edihle oils such .as co i t d oil, sesane

oi I, cocoffeiiiohmanniigl, Srches, sug qc?c‘a’ﬁglc%ﬂ%oégatgl all[%?llar g %%E&glﬁm | ar

phar maceugdigal cawdith Sligge, nfieberpitama degoss Opdleviglpymolddne creliulesech as. tabl ets,
the principal active ingredient/reovirus is_mxed with a pharmaceuti cal

exci pi ent sterdle waternsterilesrling, sy, @rbmafYicelwese c SHp BEPRAETS €8ht ai ni ng a
: homg%neokh%[i%qﬁ;c%&f Iuﬁﬁ&ﬂﬂ%és)%é]% sith ab Bfe, nRERSBMA!steafiS Bid MiReralien referring

to thése preror I'on conp L1 ons as honobgeneous, it is neant that the
active i ngil;enbitingtagénts; cinslsiéyinpahd suspeidingtagenis) greserving gentseBel¥si ti on so t hat

the conposition may he .readily subdivid L 0t . est]ve unit
~ dosage foﬁ“ﬁé‘ylémr BWQ%%@%?SF P& Efg g%éﬁls& U?%@&Q%A%gﬁt%aﬁéet s or pills
-of the prgsmgiokitibid e teiidRnith)ca Be fopilaed arasad hrawvide geick,cosimdded to provi de
a dosage form affordi ng the adyvant age of prol onged action. . For.exanple,
the tabl edelayed prldase of ke acHvaripgrediont 3ierdwmiIsRUoRfe Gt by GPRIPYIg s age
conmpopgent - e in the formof an envel ope over the former. The
t wo. {bgon%rgneﬁﬁeé%ogﬁ{]gteaﬁlsag%ar ated by an enteric |ayer which serves to
resi st .disintegration in 15 the stonmach and permt the inner conponent to
_pass intact intQ the duodenym.or.to. be . del ay L., - A variety of
materials can eﬁ%‘&ﬁ% o c@ﬂ’fﬁwé'ﬁpseltsiagmﬁma‘f?ée?is&gvrvapagoa @ﬁg‘g’,‘“‘@uch materi al s
“i ncl udi NgcARiGWINETcIO wil Qb)EE bh the dschilsh 28 Rl g Hietypeof die target cells. A

wide variety of administration routes can be employed. For example, for a solid

neoplasm that is accessible; the reovirus can be administered by injection directly to the
15 neoplasm. For a hematopoietic neoplasm, for example, the reovirus can be
administered intravenously or intravascularly. For neoplasms that are not easily
| accessible within the body, such as metastases, the reovirus is administered in a manner
such that it can be transported systemically through the body of the mammal and
thereby reach the ncoplasm. (e.g., intravenously or intramuscularly). Alternatively_, the
‘- 20 i'eovirus canbe administered directly to a single solid neoplasm, where it then is
-carried systemically through the body to mefastases. The rcovirus can also be
‘administered subcutaneously, intraperitoneatly, intrathecaily (e.g., for brain tumor),
topically (e.g., for melanoma), orally (e.g., for oral-or esophageal neoplasm), rectally
(e.g., for colorectal neoplasm), vaginally (e.g., for cervical or vaginal neoplasmy),
25  nasaily or by inhalation spray (e.g., for lung neoplasm). Preferably, the. reovirus is
administered by injection.

The liquid forms in which the pharmaceutical compositions of the present
invention may ‘be incorporated for administration orally or by injection include aqueous

solutions, suitably flavored syrups, aqueous or oil suspensions, and flavored emulsions




pol yneric acids with such materials as shellac, cetyl alcohol, and

cel lul ose acetate. -Conpositions for inhalation or insufflation include

sol utions and suspensions 20 in pharnmaceutically accept2iDdgpbadi@bus or
organi c solvents, or m xtures thereof, and powders. The liquid or solid
conpositions may contain suitable pharmaceutically acceptable excipients
as descripodshnisci n. Preferably the conpositions are pca@ixbdpogier ed by the
oral or nasal respiratory route for |ocal or systemc effect. Conpositions
in preferably pharmaceutically acceptable sol vents be nebulized by 25
use of inwith e@}gﬁéﬂs SuRle BLGOF @i catimseerl OH sSerERe %‘ec‘?‘ﬁﬂgngd"rcﬂef‘%‘{:?‘my fromthe

nebul i zi ng, wéﬁeéé'e"":.é’f d%ﬁﬁlﬂ@?ﬁ%i&ﬁﬁ&ﬁ\@ﬁfﬂe e may be attached to a face mask
Ive

tent, or Intermtten posi pressure reat hi ng machi ne. Sol uti on,
suspensi on, or powder corrp05|t|ons -20 27 COctober 2006 WO 03/093463

PCT/ CA03100624 e. ad | ster. | ral. nasal ly, from
devi ces whi ch o%a%\‘f‘é’ H’?ﬁ‘g%l E?quﬁabggs ﬁlpg)rr%lf)lbl &% manner . Anot her
pr ef er r edijghRuRHYRbVIRS m&wwa pﬁmﬁmuﬁaatéxe@&nab férhea srmlhesent i nvention

~enpl oys transdernal delivery devices pat ches” Such t ermal patches
Fnds g6 B Sl e

5 may be n@@@nvleﬁq;wweﬁénqg@ﬁwlﬁ%aélﬂﬁpgw%m of the
reovirus -?JC%CtﬂpﬁV 65 R hed &\f&ﬁﬁé gqhésgl{nﬁgﬁg hiRfidnSdmpoRibaL 8 The construction

and use o rans rrral pat c for ellvery of pharmaceutical agents
i s wel | khuoxogengous, hie!s weant tBethe adtive ingesdientpis disparsed evemdi drmugipubthg 252, herein

|ncorporat ed by ref ce Such atche Vodi bﬁd on [@1 éf%gujeor conti nuous,
pul sati e’ ctfl)&?f’%%q}ﬁ aé}lgg dirt %1 :§l gents. O her
sui tabl e. ﬁ,g{dmég%tfbm%uémm pmstaﬁtﬁcapm@és;ent i nvent ion can be found in

Rem ngt on' s Pharmaceuti cal Sciences. The follow ng exanples are offered to
illustrate this invention and are not to be construed in any way as

-limtypg the soppg Rl SNndYreRGRHEseh MRy tbokel Wakerwise

compounded to provide a dosage form affording the advantage of prolonged action.
For example, the tablet or pill can comprise an inner dosage and an outer dosage
component, the latter being in the form of an envelope over the former. The two.
components can be separated by an enteric layer which serves to resist disintegration in
15  the stomach and permit the inner component to pass intact jnto the duodenum or to be
delayed in release. A variety of materials can be used for such enteric layers or
coatings, such materials including a number of polymeric ac_ids and mixtures of

polymeric acids with such ﬂlaterials as shellac, cetyl alcohol, and cellulose acetate. -

Compositions for inhalation or insufflation include solutions and suspensions
20  in pharmaceutically acceptable, aqueous or organic solventé, or mixtures thereof, and
powders, The liquid or solid compositions may contzin suitable pharmaceutically
acceptable excipients-as described herein. Preferably the compositions are
administered by the oral or nasal respiratory route fér local or systemic effect.
Compositions in preferably pharmaceutically acceptable solvents may be nebulized by
' 25  use of inert gases. Nebulized solutions may be mhaled directly from the nebulizing -
device or the nebulizing device may bé attached to a face mask tent, or intermittent

positive pressure breathing machine. Solution, suspension, or powder compositions

20-




In the exanpl es below, the foll ow ng abbreviati ons have the foll ow ng

meani ngs. Abbrevi ations not defined have their generally accepted. neanings.
Cl = Confidence Interval TCIDso = Tissue Culture InfectiZluSctbbge086 20 M =
mcronmolar mMM= mllinolar M= nmolar mM = mlliliter A = mcroliter 25
ny = mlligram-21 27 Cctober 2006 WO 03/093463 PCT/ CA03/00624 g =

M crogr amyodiheszssdr ans per liter rpm = revol uti ons peior@aitoss FBS = fetal
bovine serum5 DTT = dithiothrietol NP-40 = NONI DET3 P40 (Cctyl phenoxy

Pol yet hoxy Et hanol) SDS = sodi um dodecyl sul fate PBS = phosphate buffered
sal i ne (‘BwajvBe adnfiSistered crrpferblylvsaily|or nagligvifionndevigeowhictedeligrithg| i city of

I nfection_PEU = plague formng units hr = hour C = degree Celsius General
Mat eri al waﬁaﬂgﬁg&ﬂgppf@r&}tp%ﬂgnd Vi rus '

Another preferred formulation employed in the methods of the present
invention employs transdermal delivéry devices ("patches"). Such transdermal patches
5 may be used to provide continnous or discontinuous infusion of the reovirus of the
| present invention in controlled ambunts. The construction and use of transdermal
patches for the delivery of pharmaceutical agents is well known in the art. See, for
example, US Patent 5,023,252, herein incorporated by reference. Such patches may
* be constructed for continuous, pulséﬁle , or on demand delivery of pharmaceutical

10  agents.

Other suitable formulations for use in the present invention can be found in

Remington's Pharmaceutical Sciences.

The following examples are offered to llustrate this invention and are not to

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

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

meanings. Abbreviations not defined have their generally accepted meanings.

CI = Confidence Interval

TCID,, = Tissue Culture Infections Dose s,
20 o opM = micromolar |
. mM = miltimolar
M = molar
ml = milliliter
o = microliter
25 | mg = milligram
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Human enbryo ki dney 293 (HEK 293) and nouse fibroblast L-929 cells were
provi ded by the manufacturer Bi oReliance Corporation (Rockville, Maryland).
HEK '293 cells were grown in a culture nedi um cont ai ni nZjy Q&@ber 2006
heat-i nacti vated horse serum and 90% of the following m xture: Eagle's
m ni mrum essential nmediumwith 2 mML 20, glutam ne and Earl e's Bal anced
Salt Solution adjusted to contain 1.5g/L sodium bicarbonate, 0.1 mM
non- esseﬁ’i"i’%ﬂ"”?fﬁ‘i no acids, and 1.0 mM sodi um pyruvat @CT/B8624 | - 929 cel | s
were propagated in a culture nmedium containing 10% FBS and 90. % of the
fol lowing m xtuge: Eagle's midbgam essential nediumwi th 2-mM L-gl utanm ne
and Earle's Balanced Salt Solution adjusted to contain 1.5g/L sodium
bi carbonate, 0.%LnM 25 Ton- &sausmer Bier amno acids, and 1.0 nM sodi um
pyruvate. The 2‘% 3 SF cell slvgg;ﬁl 293 Serum Free Medium (Life
Technol ogi es, ockvill e, ry ag%s) uppf emented with 4 mM L-gl utam ne at
36C 2 C, 6% FB® 27 Get obdalbodific sevith 03/ 093463 PCT/ CA03/ 00624 2% CO2 and
80% 5% relativ umdity in, nner flasks at an |rrpeller speed of 35- 40
rpm The Deari nlg train_of B@@&hﬂ serotype 3 used in these studies was
first propagatigplapn sSuspensyoORIOETS vi@gOajipherd2P Palykthexyphthafiolpd accor di ng
to Smith (Smth et 5-al., 1969) wth the exception that p- ner capt oet hanol
(a- ME) was oni t¥&¥ fronTt hesediym dederdsulBig f er . The particle/ PFU ratio for
urified reovirpss was typic a}quf al titers were determ ned by
BI aque titrati on on L- 9é249 CEH éhan f%&egr&eﬂgéed as Logl0TCI D50/ m . The virus
was then produdeME n | arge $ewdreaptonth@®B/ SF cells. Infection of Suspension
Cells, 10 293/ Sk, |Is were r 0 6/m and infected with the reovirus.
The <tulture walg& ﬁ‘é‘%‘bﬂ‘#l‘&eﬁ“ﬂ’é col or of the mediumturned from
red to. orange, PRy unt|$ thgaqde&bt:ﬁ] hd dni@f the cells dropped to the. desired
| evel as evi denced by a via cell count. Viable cell counts can be
performed under®t he i cFoscBP& for cells that do

°C = degree Celsius

General Materials and Methods

15 Cells and Virus
- Human embryo kidney 293 (HEK 293) and mouse fibroblast 1.-929 cells were
provided by the manufacturer BioReliance Corporation (Rockville, Maryland). HEK
"293 cells were grown in a culture medium containing 10% heat-inactivated horse serum
. and 90% of the following mixture; Eagle’s minimum essential medium with 2 mM L-
- 20 glutamine and Earle's Balanced Salt Solution adjusted to contaiﬂ 1.5g/L sodiom
~ bicarbonate, 0.1 mM non-essential amino acids, and 1.0 mM sodium pyravate. Mouse
L-929 cells were propagated in a culture medium containing 10% FBS and 90% of the
following mixture: Eagle’rs minimum essential medium with 2 mM [fglﬁtamine and
Earle's Balanced Salt Solution adjusted to contain 1.5g/1 sodium bicarbonate, 0.1 mM

25 non-essential amino acids, and 1.0 mM sodium pyruvate.

The 293/SF cells Were_grown in 293 Serum Free Medium (Life Technologies,
Rockville, Maryland ) supplemented with 4 mM L-glutamine at 36°C 4+ 2 °C, 6% +

920




not show a cytopathic effect, which is indicated by the cells becom ng
swol Il en and 15 granul ar in appearance and the cell clunps breaking apart.
Viable cell counts can also be performed by a viabl e stzi Oci@dberuoson!y
used in the art. Traditional nethod of extraction and purification of Virus
When the desired cell viability |evel was reached, the cells were pelleted
in a centrifuge and resuspended in 10 MM Tris, pH 7. 4 250 MM NaCl and 0.1
% 20 : TWOPSAPBHE X-100. The cells were then Iysed byPCf AU o ng and
kept on ice for 20-40 minutes with periodical vortexing to mx and |yse

the Ce! | E@ﬁ 5\_5341?0 &_JLa imﬁﬁﬁ %ﬁﬂer‘ﬂaﬁl& afih RipeRdr syl 6fBs-of

pre- Chl| e ,2- trifluoro-ethane) by

vort exi n@gotsh nlnutes foll owed by centrifugation at 2500 rpmfor 10

m nut es at 4C to separate the difference phases. The aqueous (top) 25
phase was renoved and re-extracted twi ce as descri bed above, and the virus
was pelleted dye Hé&ﬁ%%ﬁﬁbffwﬂﬁ@ké}&yp&3ﬁﬁdﬂﬂﬁe@ﬁnﬂfe&wmt hour at 4C. -23
27 Cctober 2006 WO 03/ 093463 PCT/ CAO3/ 00624 The. p Ige@é S, I suspended in
PBS and tphepagatediin suspension cnlurespf ;92 cellsgyugi %ﬁ?faﬁﬂ g‘b @a ient The

gr adi LthlL Saf dmRRYLoI mand 1.4g/m ,
respe tl\?gl %Gajpﬁggib \ggcb %%q{fg&?gm @ Tﬁe Vi rus sus ensi on was

| oaded orexmﬂomlﬁuffehe'rmpndn@aPFﬁmnodmwnﬁﬁdjgeeumSﬁwa el ld0/k-ot or at 26, 000
rpmfor 2 hours at 4C, two bands because
t he upperv%ﬁﬁfs ‘Eeéﬁ?eé‘?rﬁ’é‘ﬁlgﬁﬁt‘{’ﬁ“?ﬁrﬁg %1(4-595’0 ug\rggc{ees eé§egﬁsél di al yzed agai nst
sterile wWehteNHeeas i 1ipe adalein R9IEF eells| ysi ng the cell's

wi.th a det E}”gentﬂ! a solution of 50 nM MyC12 was added to the crude |ysate
to a final concentration of 1 mM MyCl2. BENZONASE(r) 10 endonucl ease

(250, 000 / tries Catalog No. 1016979M was then added to
appr oxi nf@“% Ehlfs{)gyn#w#ie | ysate was agitated in an incubator at 36C
for 0 hour.  293/SF cells were grown to 10°/ml and infected with the reovirus. The

culture was allowed to grow until the color of the medium turned from red to orange,
or until the viability of the cells: dropped to the desired level as evidenced by a viable
cell count. Viable cell counts can be performed under the microscope for cells that do
not show a cytopathic effect, which is indicated Dy the cells becoming swollen and

15  granular in appearance and the cell clumps breaking apart. Viable cell counts can also

be performed by a viable stain as commonly used in the art.

Traditional method of extraction and pu(zﬁcarion of Virus

7 When the desired cell viability level was reached, the cells were pelleted in
Ca centrifuge and resuspended in 10 mM Tris, pH 7.4, 250 mM NaCl and 0.1%

20 . TRITON® X-100. The cells were then lysed by freeze-thawing and kept on ice for
 20-40 minutes 1ﬁvith periodical vortexing to mix and lyse the cells. The suspension
was extracted with an equal volume of pre-chilled‘FREON@ (1,1,2-trichloro-1,1,2-
triﬂﬁorb-ethane) by vortexing for 10 minutes, followed by centrifugation at 2500
rpm for 10 minutes at 4°C. to separate the difference phases. The aqueous (top)

- 25 phase was removed and re-extracted twice as described above, and the virus was

pelleted by ultracentrifugation at 25,000 rpm for one hour at 4°C.
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EXAMPLE 1 Cdarification: renmoving cell debris The purpose of this Exanple
was to develop a suitable clarification procedure 15 that is ‘

bot h. conpatible with the protocol using detergents to |y32pelbes2@0wd
anenable to future scale-up and manufacturing. In this Exanple, the |ysate
was filtered either through a 3m 0.81zm capsule filter or passed through a
conbination of a pre-filter (51ltmor 8m and then a 3m 0.8m capsul e

filter. WOOPRE3 || ters used in this study had a suPFHAIE of 0.015
ftf. Based on the volune filtered through the 0.015 ftz 20 nmenbrane, the

capacity of th&é}}%ﬁ&%@?&uggﬁﬁd&%mm%wﬁﬁfs wag p@efied®glacedibht r ati on. At so,

filtration effici"ency was Conpared for two different nenbrane materials -
cel | ul os ehlonidetsteperaiient. gTlzesgadiny eontaigedisve e of CoFlsolytons (b2t apsul e

filter. Th det er gent.s, were {. e VA --Rar, ' wer e divi ded
equal | y F“ﬁ{’g‘%’ Wﬁéﬁs 22 %reaa?idtlgg?@ﬁe‘g&@gﬂer{'@é %r@%%ﬁ%@%% fferent
:\és E%cagﬁjaaﬁl dnQop26F t?@%ﬂ;ﬂiﬁ%%a_ Eﬁngiéﬂ}geﬁ)in fsmggs.l g:t?omammmx Oi§0r X- 100dgng :). 1%
- . volune o , an 0 r - was added to
bott|®s howme 4Csdhe wisal bagd{Eh WPEble&%?u%@}#gﬁPs%'ﬁ“ﬁﬂ%ct ober 2006 WD
03/ 09346 Bsfese@btd @8y aeaiddeene PBS3% TRI TON(r) X- 100,
respecti g%ﬁ@&%@%%g%&gﬁg 2 %L of 16% ﬁgai DOQC;J was add(:ad to the third

bottle to a working concentration of 0.1% Al the three bottles were
pl aced on a stir plate and agitated at 160 f 20 rpm for 30 mnutes at room
t enper at BEVZONASER Endpgudeasadpragngs t aken for each lysis 5 condition for

L er analvS! e ARl R0 Bl SO Rt sikisfhentie orude [ ysate T

each of the S”to a wor néentrati on
MyC12. Thideduathe chalellpsatedo byfinaldebnténdmtion oD MBEAGKINASENZPNSSdEhuc| ease

(250,000 upits/nm).tao. ..a worki concen ' f ' ly 10
l(.l ni t g& m_ ?“‘%‘i‘&aﬁqsﬁ )&795[0&5)9 FpEs/ Wilsé\gz}‘b[ﬁ?%{eé y%ﬁéﬂ?‘ﬁi%%@@%ﬁﬁ&ng ubat or at
36C for Qdi&dh@hﬁprqiﬁhﬁfeel 0SIn@pmIWEhElyisate has @gitated in an incubator at 36°C

for an hour.

EXAMPLE 1

Clarification; removing cell debris

The purpose of this Example was to develop a suitable clarification procedure
15 | . that is both compatible with the protocol using detergents to Iyse cells and amenable to

future scale-up and manufacturing. In this Examplé, the lysate was filtered either
through a 3um/0.8;m capsule filter or passed through a combination of a pre-filter
(5pm or Spm) and then a 3pm/0.8pm capsule filter. All the filters used iq this study
had a surface area of 0.0_15 f>. Based on the volume filtered through the 0.015 fi*

20  membrane, the capacity of the membranes was determincq for large-scale filtration.
Also, filtration efficiency was compared for two different membrane materials -

cellulose acetate and glass fiber membrane for the 3um/0.8pm capsule filter. -

’fhree detergents were tested. Reovirus-harboring cells were divided
equally into fh:ce sterile 1 L bottles labeled for the three different lysis agents to
95 test: 1% TRITON® X-100, 0.3% TRITON® X-100 and 0.1% Na-DOC. A volume
" 0f 92 oL and 28 mL of 10% TRITON® X-100 was added to bottles 1 and 2 so that

. the working concentrations in




10 to renove host cell DNA and to reduce viscosity of the |ysate, thereby
facilitating ease.of further processing. The Watson-Marl ow punp (505Th was
calibrated to relate flowrate to the punp speed. AccordfiGgobe 260ggesti ons
by the vendor, a punp speed of 5 rpm (40 niL/mn flow rate) was used

t hroughout the clarification study. 15 The |ysate from each treatnent

condi ti onywas §b§sed t hrough one of the followng filters: 1) 3pni 0. 8pm
capsul e f| I ter ) Apre-filter 5msize -- 3m 0.8m caffJifA83/pG624t er- connect ed
in series; and 3) A pre-filter of 81ltm nenbrane pore size -. 31kni0.8m

capsul e ftH LSt 3 b 3m 0,81lm capsul e filters have a
doubl e | aygr hogggr@ggg%ggr%en%ﬁgﬁgﬁ@c%ﬁgﬁrrﬁ?@?tﬁ’ﬁlﬁ Havolumeef8-2f or high dirt

| oadi ng cEpedilfth I&a}BGGwamis{editdthé i e to-Ef%ﬁ‘orkﬁlg Eﬁﬁceﬁtﬂtfo rolf' s of a larger
pore siz ?ﬁ‘?l‘%{ﬂ an t second filter (0.814 ters conbine

nultiple l'ayers %‘F Foyt eSsrrep Cﬂmstmpémwmmwmzapzﬂwopw ene
depth 25 ﬂorB@ﬂﬁnm&taefdoﬂ{terr@HauIré‘eA olstt? ?szﬂﬁpqg %rgfqr c@ﬂés had a surface

ar ea %f 0. 02{’? ftz.. Two rmenbrane ter nanel $cetate and
gl ass °f i BOPIURR Y ttranalysis.or the 3 0.8limcapsule filters. -25 27 October

2006 WD 03/ 09346 3/.00624 The best conbi nation of |ysis agent and
filter .condit |‘g¢: %gmgﬂm’fﬁ\éac 12 yeps addedrio thietcspdeVpdatedin eactcbfithe Vol unes

-passed t hrostigho b herifihg &@E&tra?&ﬂ%?&a{{ﬁ‘? ;?ﬁlgfély ﬁ%&?@%&ﬁ% 3&“ menbranes was

noni' t or ed hodtermne when nmenb ’ng S¥fe indication for
menbr ane PORVFHEY Hdifion of sl BENZDNASE® eRBomsicase (bsv,omncuniingy L he filter

can brea um c er was used 5 aloné, no nore than
35 nL pa?seéﬁnﬁ%r gﬁ%ﬁ Onoga@g%lﬂr?agelfyﬁgwsé mbelbe erudp bysatewmsr ane f oul ed.
Menbr ane agitated &/s6ui8gs st RdubitdrH D% &k B e, PHEY §tehd M included

10
to remove host cell DNA and to reduce viscosity of the lysate, thereby facilitating

ease of further processmg

The Watson-Marlow pump (505U) was calibrated to relate flow rate to the
pump speed. According to suggestions by the vendor, a pump speed of 5 ipm (40 '
mL/min flow rate) was used throughout the clarification study.

15 The lysate from each treatment condmon was passed through one of the
following filters:
1) 3pm/0.8um capsule filter;
2) A prefilter Sum size ~ 3um/0.8um capsule filter connected in series; and
3) A pre-filter of 8um membrane pore size ~ 3pm/0.8um capsule filter

20 conﬁected in series.

The 3um/0.8um capsule filters have a double layer heterogeneous membrane
~ construction that allows for high dirt loading capacity and increased throughput. The
first filter is of a largér pore size (3pm) than the second filter (0.8pm). The pre—ﬁltefs‘ |
‘combine multiple layers of progressively finer pleated non-woven polypropylene depth
‘25 filter material. All the filters used in this study had a surface area of 0.015 f2. Two
membrang matcrials, namely cellﬁlose acetate and glass fiber, were tested for the

3pm/0.8pm capsule filters.

25-




that use of a pre-filter was necessary to elimnate .clotting of the
menbranes by cellular debris. Use of a Smpre-filter before the 3/0.8m
capsule filter significantly increased the anount of fi2%@ebberd80ai ned,
while filtration through a 10 8mpre-filter followed by 3n 0.8m capsul e
filtration gave the highest nenbrane capacity in terns of volune passed

t hrough B@sdesdsi€rs (an average of 200 nl was collected per 0.015 ft2 of
filter surface area). 1% TRITON(r) X-100 gave the BEIHCAPUYEH t S conpared to
the other two |ysis conditions. The results also show that the cellul ose
acetate nenbrane materjal _wortfed 15 better than the glass fiber nenbrane,
based on the e&’%ﬁ compaliayok Iy agpst adddier conditinna was detRlanisédyni f i cant | oss
of i nf ectbavéd oh taSva0Rs ehy 8e ' tid en conpared to
infectivity of the bul k har \ygéutnﬁg@?gsi%lg@%@grtﬁeé#g{ee?%r#er%gﬁyggc’pand

filtrati AGOss Bydrsnbsanes was mosiipned (¢ deserminie whentrsaiybrae 20kingdoul k har vest woul d

require locurrdd Anetnd: rea for filtratign. 20 EXAMPLE 2 _

Concent rat i onﬁfd %(l)l@inedlf%gl[?ﬁ gd}&%%%%ggg@%‘gﬁat%eségﬁé&ﬂ?%é’shnd diafilter the

clari 5]; i echeygnslavhich thh 6l cindraakd Wiicarthe BasO@ ek nRal washiskd r on

(www.-pal | th | ow Fiber cartridge from A/G Technol ogy

(wwy. agt &%g%ﬁgge@%%ég%g?sé 1 thygheh dhese capsele Sl befose dal f one nenbr ane

mat er i dl meathramdduled) Meinbraay si6 38).8,. 0 fouldd willih §nfi1‘?ﬁtes?§&@%§dn n were the ease
Ite

of use, ?ﬁ(a%ent of cgEcentration achi eved and the virus of the
product . D ESCHf AgE¢ Bl W ggeessantodmioas eRItPETf GrOBAHONGRE: Byhe Pl ate and

Frame caséaRilir@lebsedIdedfh B I Pallns MN Msystem whichis a
| aborat ory benchtop uni t,h%nﬂ-&?ﬂtérwr ﬂ?lelt%/gﬁlﬁ & 28D %%ﬁfﬁi ng two suspended
screen’ cHaRisrtlygucrrased she murouht offilirate obleinibd, et fl@atRdnlthdu@dgh) . Prior to

concdéntr ay i [ rified sate, the apparatus was rinsed with 2L of
Rover sc %%—gﬁ?gg&g%itbéfrﬁm/lo%ym capsule ﬁltraggn gave the highest

i membrane capacity in terms of volume passed through the filters (an average of 200

mL was collected per 0.015 f® of filter surface area). 1% TRITON® X-100 gave

the best results compared to the other two lysis conditions.

The results also show ﬂiat the cellulose acetate membrane material worked
15  beiter than the glass fiber membrane, based on the volume ﬁltefed through these
l;iembranes. No significant loss of infectivity was observed at any stage of filtration
when compared to infectivity of the bulk harvest (cell culture before lysis and
filtration). Based on the results from this study, a 20L bulk harvest would require 1.5
fi* of membrane surface area for filtxation.

200 EXAMPLE 2

Concentration

. To select a suitable system to concentrate and diafilter the clarified lysate, the
Plate and Frame cassette from Pall Filtron (www.pall.com) and the Hollow Fiber
cartridge from A/G Technology (www.agtech.com) were compared. The same_-
25 polyethersulfone membrane material was used in both systems. The criteria for
| -selection were the ease of use, extent of concentration achieved and the virus titer of
the product.




5. (USP grade) to flush out the storage gel. The cassettes were sanitized
with 2 L of warnmed OIN NaOH The systemwas then drained, ri used with 2L
of RO water and conditioned with the growth nedi um for 47®@ct¥bdr2s06 The

whol e system was drained and the hold-up volunme of the system and tubing
was determned to be 6 nL. The Holl ow Fi ber cartridge tested in this study
was A/ G Technol ogy's 10 QUI XSTAND3 Benchtop System Size 4M col um

U trafi VYPO3¥BHA Cartridge (650 cnR surface area). BXF/GHOIMSA| ate and Frame
cassette, the apparatus was first flushed with 2 L of Reverse Gsnosis (RO
wat er (USP gr aug plateunfl IFgie @b¥otid $:8d £ 0% 308y 98! Pall'sTIBNGASAREL €S were
sanitized with 2 L.of warmed 0. IN NaOH The system was "t hen drained,

ri nsed . vivhigh s alabgratoRobeyghiep uainand Bdit Colramate portainiog Iwmsuspendedt he growth 15

medi um ﬁ:aiﬁ ﬂﬁtﬁ;?ﬁﬂ - t f /m.n was used
throughg)'kft(ﬁe&l%1 e eig(zorllg@eﬂri\'t?._ orhg&}?@g@g&s@gg,&?@e%ﬁg@ %?Cgﬁ“ﬁu%ate was
r eci r culth¢ dekified fyshte! the apmtatrsi veds rinsed with@lod RevateOsnais-R6Pwakr (1 OX

concent rat.ion and .a sanpl e was taken for titer, agnalysis. (Post '
' I-Ooﬁceﬁgtgf% to O“ig}?@bﬁ‘fgr‘i&f’le ’(q’t"é??séﬂfe%f’@)e% i“ﬁtlh?éfljr%?ed against 1L 2
(5 di af iddnad 0.0N NI MEEY syStbm a8 ttich Faddell 0N nRU Wi L(AROWEF dngd + 0. 2M NaCl +
1 mM MCl2, pH 8. 0 0.1), and another sanple was taken for titer analysis

( Post - Soﬁﬁiﬁ?fleﬁlé’@thgﬁ’_)&m ncdippeier e diria sThegvholret ster e Araingd el t 0 about 120
. POl lguadigut Whumd SR S RAGER Lt 8 cetAfind QUG Las drained from the
nd co single, °ster

system a ected in I'T'e cont ai ner “( Post -fi nal
Concentration). The systemwas then rinsed with 40 nL of 25 Diafiltration

Buf fer  to ensDlecHRYW Fibe} QA PYE losle8 GOMES s parameters nonitored.
e st PR AR R

duringithe concentration process wth bo $ber and pl ate and
fram syQUERSTAND3Jiesekiop Syseh) $izd 4M-@RuavURRfitthaion 2086 dgd#@503/ 093463

PCT/ CAO3 Tablie 1. . ri san of Process Paraneters for the Holl ow
Fi ber ané . %%eeiﬁ%‘}d Aﬁrvval%ﬁ%éapg Egame cassette, the apparatus was first flushed
- with 2 L of Reverse Osmosis (RO) water (USP grade) to flush out the storage gel. '
- The cassettes were sanitized with 2 L of warmed 0.IN NaOH. The system was then

- drained, rinsed with 2 L of RO water and conditioned by flushing with the growth
15 medium of the v1rus A constant Feed-Flowrate of 600 mL/min was used. -

- throughout the experiment.

For both systems, the clarified lysate was recirculated until the material was
concentrated to ~25¢ mL (10X concentration), and d sample was taken for titer _
analysis (Post I-Concentration). The concentrate (retentate) was diafiltered against 1L

20 (5 diafiltration volumes) of Diafiliration Buffer (20 mM Tris + 0.2M NaCl + 1 mM
MgCl,, pH 8.0 £ 0.1), and another sample was taken for titer analysis (Post;
Diafiltration). The retentate was further concentrated to about 120 mL. Following the
final concentration, the product was drained from the system and collected in a single,
sterile container (Post-final Conc’entratioﬁ). The system was then rinsed with 40 mL of

25  Diafiltration Buffer to ensure maximum product recovery.

The process parameters monitored during the concentration process with both

the hollow fiber and plate and frame systems are shown in Table 1.



System Process Surface Concen Average Feed Fl ow Perneate Fl ow TMP (psi)
Time Area tration rate (nmb/mn) rate m/mn (hr) (cnR) Factor start end
start end start end Hollow 3 650 14X 600 600 50 18 8 8 2EOFRicher2iBbat e 4
372 20X 260 450 54 12 9.2 30 and Frame TMP = [(Feed Pressure + Retentate
Pressure)/ 2-Perneate Pressure] 10 The Transnenbrane Pressure (TMP) stayed
at |l ess t{@anfasi throughout the hollow fiber procegggcabdiodg the TMP rose
to 30 psi with the plate and frane process. The use of nore nenbrane
surface area for the hollow fiber system probably resulted in Iless fouling
of the cartridge. About 20X fold-concentration w as achieved wth the Plate
and Frame cass®ible1l. Comparisonu?PrécessWakdrfetars kiht Ploflow e Rid at i on was
obtained using the Hollow Fiber Cartridge in 3 hours and we coul d have
obtai ned 20 X concentration ilflataaed Reamegystemisnut es. There was 45-50% | 0ss
of the prddoct en cofparedyto thepost=tystyvatves—w{iretrthey system
‘The set - ug %™ h 5F pwrrrep promeen r t“’r"FfﬁEgg Hev ¢ aBirpqete Flawn | TMRdpsP| at e and
Frame Casdette. Th f‘(fﬁf t ?‘t‘ I ) c4rt PEFYED; s{the sujfable 20
syst em f orl—utr-adit ttadiBd a i t f%6n ¢t AL ha&¥y| S e S of

handl i ng. |EAMPLIE 33 | onesxC Vieppseseltaveg dsd f qr gt sgrfagﬂ char ges
due tost hgiRibesur face mpl ecul i re, i is pgqssible tq purify

Vi ruses ugrmg-Tomexchange—t Yy —ahgthe—2b—epradi-titeds will vary
dependi ng |&Hia he| natur ¢ 812 t he0Xi qud@k.| Adilor ¢li nid y,| W2 | &t dd0ijon exchange
chromat ogriaphy cénditi ¢ns of{ vari qus p for feovirds. Reovinus jwas -28 27
Oct ober 2(@FFtame

20 o

TMP = {(Feed Pressure -+ Retentate Pressure)/2-Permeate Pressure)

10 _ The Transmembrane Pressure (TMP) stayed at less than 8 psi throughout the
‘ollow fiber process, while the TMP rose to 30 psi with the plate and frame process.
The use of more membrane surface area for the hollow fiber System probably resulted

in less fouling of the cartridge.

About 20X fold-concentration w as achieved with the Plate and Frame cassette
15 in4 hours, while a 14X fold-concentration was obtained using the Hollow Fiber
Cartridge in 3 hours and we could have obtained 20 X concentration in another 30
minutes. There was 45-50% loss of the product when compared to the post-lysis
values with ejther system. The set-up of the Hollow Fiber Cariridge was easier than
the Plate and Frame Cassette. Therefore, the Hollow Fiber Cartridge'is the suitable
20 system for ultrafiltration and diafiltration steps based on eaée of handling. '

EXAMPLE 3
Ton exchange

Viruses have different surface charges due to their surface molecules.
Therefore, it is possible to purify viruses using ion exchange chromatography, and the
25  conditions will vary depending on the pature of the viruses. Accordingly, we tested |

ion exchange chromatography conditions of various pHs for reovirus. Reovirus was
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WO 03/ 093463 PCT/ CA03/ 00624 chromatography at different pH The titer
after each step was determned and |isted below. Table 2. The effects of
i on exchange chromat ography at various pH Sanple Titer 39b&cichediOgnme

Corrected (Login Correction liter 95% C WDOW (Log,OTCID50/m) S
Spi king Virus Control, 10/30/01 8.05 0.47 - - Certified Titer of
RE30131010%3/634630- 27 - - Negative Control

* *

No virus ¢efpeaéfdsza - ONC 101,
Bul k harvest ONC 102, Post filtration 9.18 0.36 - 9.18 0.36 10 ONC

103, Post Columm, Strong Cation pH 4.0 5.93 0.24 1.02 5.94 0.24 ONC 104,
Post Col usiromSbgraphy aCdiffexsnt giH BheOita. after each step waswigtegpigel and ligtgd  ONC 105, Post
Col um, Strong Cation pH 6.0 9.18 0.40 - 9.18 0.40 ONC 106, Post Col um,
Strong CaP®% pH 7.0 9.30 0.37 9.30 0.37 ONC 107, Post Col urm, Strong

Cation pH 8.0 9.55 0.32 - 9.55 0.32 15 ONC 108, Post Columm, Wak Cation

pH 4.0 8.93 0.40 1.01 8,93 .0.40 ~ ONC 109, , Pos | upm, Meéak Cation pH 5.0
9.18 0.36 1. o'[aldeaeThes%%fsW%f%ﬂgﬁ&@m&ﬂ%ﬂ&i‘?%@%&ﬁedn pH 6.0 8. 68

0. 40 - 8- 68— 00—ONCTII—PostCoI U catroh.pH 7.0 9.30 0.37 -
0.30 .37 ONC 182™ost Col urm | THEAESE | b 02‘?518’@ i\gﬁg% & 36 1.02 8.19
0.36 20 ONC 113, Post Columm, Str * Anion pH 5.0 5 ng@]])?)uznj):!‘.. 01 5.30
0. 37 @NC.114,. - Pgst Columm—St+omg—AR-oR—pHH6—60—4—8p—8H66—4-{80 0. 00
- ONC 119 spiRk@stireCCdnto110/38r ong Ani gn §08 704 7 ~80 -0.3p - 7.80 -0.135 ONC 116,
Post A1k Tey PARPARIES Dri o ol W8 0%aal 57ce Polan 25 cnd 118, Post
Col umm,| \d&ddk chioon pH 5.0 7.93 () NeQirus defec®B| 0. 40 -
ONC 101, Bulk harvest i - -
_ ONC 102, Post filtration _ 9.18 & 0.36 - 9.18 £ 0.36
10§ ONC 103, Post Column, Strong Cation pH 4.0 |  5.93 2+ 0.24 1.02 594 £0.24
ONC 104, Post Column, Strong Cation pH 50 8.93 1+ 042 1.01 8.93 +£0.42
| ONC 105, Post Column, Strong Cation pH 6.0 | 9.18 % 0.40 - 9.18 + 0.40
-] ONC 106, Post Column, Strong Cﬁtion pH 7.0 9.30 £ 0.37 - 9.30 £ 0.37
- .| ONC 107, Post Column, Strong Cation pH 8.0 | 9.55 4 0.32 - 9,55 4 0.32
15| ONC 108, Post Colimn, Weak Cation pH 4.0 8.93 & 0.40 1.01 8.93 4 0.40
ONC 109, Post Column, Weak Cation pH 5.0 9.18 & 0.36 1.0 9.18 £ 0.36
ONC 110, Post Column, Weak Cation pH 6.0 8.68 + 0.40 - - 8.68 & 0.40
ONC 111, Post Column, Weak Cation pH 7.0 9.30 & 0.37 - 9.30 & 0.37
ONC 112, Post Column, Weak Cation pH 8.0 8.18 4 0.36 1.02 8.19 £ 0.36
20| ONC 113, Post Column, Strong Anion pH 5.0 5.30 4+ 0.537 1.01 5.30 4 0.37
~ | ONC 114, Post Coluran, Strong Anion pH 6.0 4.80 + 0.00 - 4.80 + 0.00
* | ONC 115, Post Column, Strong Anion pH 7.0 7.80  0.35 - 7.80 £ 0.35
~*{ ONC 116, Post Column, Strong Anion'pH 80 10.18 £ 0.36 1.01 10.18 + 0.36
| ONC 117, Post Column, Strong Anion pH 9.0 8.55 4 0.32 - 8.55 4 0.32
25| ONC 118, Post Column, Weak AnionpH5:0 |  7.93 £ 0.40 - 7.98 & 0.40
ONC 119, Post Column, Weak Anion pH 6.0 6.68 + 0.40 - 6.68 + 0.40
ONC 120, Post Column, Weak Anion pH 7.0 8.30 & 0.37 1.02 831 £ 0.37
ONC 121, Post Column, Weak Anion pH 8.0 10.53 +0.36 1.03 10.54 % 0.36
ONC 122, Post Column, Weak Anion pH 9.0 8.93 +0.24 1.03 8.94 + 0.24
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ONC 119, Post Col umm, Weak Anion pH 6.0 6.68 0.40 - 6.68 0.40 ONC 120,
Post Col um, Wak Anion pH 7.0 8.30 0.37 1.02 8.31 0.37 ONC 121, Post
Col umm, Weak Anion pH 8.0 10.53 .0.36 1.03 10.54 0.36 2XNOctbB&,20B6st

Col um, Weak Anion pH 9.0 8.93 0.24 1.03 8.94 0.24 -29 27 Cctober 2006
WD 03/ 093463 PCT/ CA03/ 00624 Accordingly, pH 7.0-9.0 resulted higher yield

of reovirussmansother pHs. The pH used in this stepcrgapi@éer ably
7.5-8.5, particularly pH 8. 0. AIthough both cation and ani on exchangers

ked, ff 27 Cctob
D006t o ARk TS PRI R of e iRl it ce 1 o
conpri si ngrHelpdl whemshis @tf:p mWerﬂﬂjDVJSCB 5\ Particalaily pB 8.00f AlRMISHOMI ch has been

infected by.the virus; (b) extracting the virus fromthe cells by adding a
det er gent GtiPT 34 anipp, pRchgngers wogkerl) anion eAChAREEILMETF Aeneraly MOTaRifCd- of tine to
result ina cell lysate; (c) renoving cell debris; (d) purifying the virus

by a conbi nation of ion exchange and size exclusion chr omat ogr aphy; and
(e) collecting the virus. 2. The nethod of claim1 wherein the cell debris
"is renoved by filtration. 3. The nethod of claim1l or 2 wherein the cel
debris is renoved by step- wise filtration conprising: (1) filtering
~through a prefi'lter having a pore size of 5 Mor 8 AM and
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(2) filtering after step (1) through a conbination filter having pore
sizes of .3 Mand 0.8 M 4. The nethod of any one of clains 1 to 3 further
conprising treating the cell Iysate with a DNA-cl eavi ng2%eQeipher.2086 The

met hod of any one of clainms 2 to 4 further conprising concentrating the
filtrate. 6c1ifig. method of claim5 wherein the filtrate is concentrated by
diafiltration. 7. The nethod of any one of clains 1 to 6 wherein the virus
is a non- enveloped virus. 8. The nethod of any one of clainms 1 to 7

wherein the_ vir is, a,reovirus. . -31 27 t obe 006 9..T net hod of
oai m 8 wholei n ArShdLofPoahoiRe simshngia ibRes seligecompgsingife HBbhog of

claim9 wherein ghe mammalian reovirus is a human reovirus. 11. The net hod

of claim 10 wherein the human reovirus is a serotype 3 virus. 12. The
met hod of clai m @@ wherosiding heulgies oft sefe whichdwy bearsinfestedihy thewirishg st rai n.

~13. The nmet hod of.,any -Of .cl al s te 1 rejq e Vi I
" reconbi nant reov{bl)us. e;ﬁf%%h (taheme Sog%%lf &gncéﬂgﬂ)g %@ﬁlﬁt gidﬁgerée%?(%& T%ea\/\herei n
the cells are human @inuiy of kélingy iBOdbalilfEfor?® pericebf fmeld resliteinnet hod of

claim 14 wherein the HEK 293 cells are grown in suspension. 16. The net hod
of any one of claims k1§ further conprising purifying the virus by

ani on exchange chxo 1l d&#rs:A Method of producing infectious

reovi rus, corrpri@ ng: ?‘g{v %r oVi %llzrrllsg’) a culture of HEK 293 cells which has

-been infected by(d) purifying the virus by a combination of ion exchange and size
exclusion chromatography; and

(e) collecting the virus.
2. The method of claim 1 wherein the cell debris is removed by filtration.

3. The method of claim 1 or 2 wherein the cell debris is removed by step-
- wise filtration comprising:
(1) filtering through a prefilter having a p'oré size of 5 uM or 8 uM;
and | |
(2) filtering after step (1) through a combination filter having pore
sizes of 3 puM and 0.8 pM.

4. The method of any one of claims 1 to 3 further comprising treating the
cell lysate with a DNA-cleaving enzyme .

5. The method of any one of claims 2 to 4 further comprising concentrating

the filtrate.

6. The method of claim S wherein the filtrate is concentrated by diafiltration.

7. The method of any one of claims 1 to 6 wherein the virus is a non-
enveloped virus.
8. The method of any one of claims 1 to 7 wherein the virus is a reovirus.
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reovirus; (b) extracting the virus fromthe culture of HEK 293 cells by
adding octoxynol-9 to 10 to the culture and incubating at about 25C to
about 37C, (c) treating the mixture fromstep (b) w th a27B¥ebirefdéng
enzyme;  (d) removing cell debris by filtration; (e) concentrating the
filtrate by 9UI t r%‘ ln%e'ﬁ?otdlo(%%la%ﬁ 8% réihttﬁeatteOQ S Ig a%#ﬁﬁa’ﬁ'r@&mtﬁe reovirus by
a conbi nati 6h of i on exchang exc Ust BN e omat ography; and (9)
col l ecting the reovirus. -32

10. The method of claim 9 wherein the mammalian reovirus is a human
reovirus.
11.  The method of claim 10 wherein the human reovirus is a serotype 3 virus.

12. The method of claim 11 wherein the serotype 3 reovirus is the Dearing

strain.

13, The method of any one of claims 1 to 12 wherein the virus is a

recombinant reovirus.

14.  The method of any one of claims 1 to 13 wherein the cells are human

embryo kidney 293 (HEK 293) cells.

15. The method of claim 14 wherein the HEK 293 cells are grown in

suspension.

16.  The method of any one of claims 1 to 15 further comprising purifying the

virus by anion exchange chromatography.

17. A method of producing infectious reovirus, comprising:

(a) providing a cultﬁre of HEK 293 cells which has been infected by
reovirus;

(b) extracting the virus from the culture of HEK 293 cells by adding

| octOXynol-Q to 10 to the culture and incubating at about 25°C to

about 37°C;

(c)  ftreating the mixture from step (b) with a DNA-cleaving enzyme;

(d)  removing cell debris by filtration;

(e)  concentrating the filtrate by ultrafiltration or diafiltration;

§3) purifying the reovirus by a combination of ion exchange and size
exclusion chromatography; and

(g)  collecting the réovirus.
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