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Title: METHOD OF EXTRACTING VI RUS FROM CELL CULTURE 14 SePiggber2Qd5 The
present WREMFYA is directed to a method of extracting vPEB&A0REESS cul arly
reovirus, froma culture of cells. In- fectious virus can be extracted from
t he culture with a detergent at a convenient tenperature such as 25 [err]C
or 37 [err]C to produce high virus titers. Both ionic and non-ionic
detergents can be used in the present invention. 14 Septenber 2005 WO
02/ 074940 PCT/ CA02/00331 METHOD OF EXTRACTI NG VI RUS FROM CELL CULTURE FI ELD
OF THE I NVENTION This invention relates to a nethod of extracting virus
froma cell culture. |In particular, the nethod is useful to extract
“infectious virus which is suitable for 5 clinical admnistration to
manmal s, includi ng human. REFERENCES Berry et al., Biotechnol ogy and
Bi oengi neering, "Production of Reovirus Type-1 and Type-3 from Vero Cells

“Gown on Solid a rQus,_Mcrocarriers” Bi ot echnol o and

Bi oengi neering 6%@?@1_? GTHIG VIRUS F’R@MW@Q@IMUmn
Cancer: A Review', Canc. Res. 49( 17): 4682-4689 (1989). Chandron and
Ni bert, "Protease cl eavage of reovirus capsid protein nmul and nulCis

bl ocked by #WHLD OF THEINVENTIONS. yielding a new type of infectious.
subvirion particle", J. of Virology 72(1):467-75 (1998). 15 Coffey, MC.,

et al., "Reovirus therapy of tunors with activated Ras pathway", Science

~ 282: 1332-1334 98) . Davis, et al M.crobi ol ,. Li ppincott,
Phi | adel phi a ( 1g iny&n@b{eg:ﬁ%w aptgthod of extract?n%yvuus gom a cell culture.

\ In particular, the method is useful to extract infectious virus which is svitable for

5 clinical administration.to mammals, including human.
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Al of t publ i cations, patents and patent appi'fSEPIEgHer 8P@5 herein
i ncorporg@agzl?@éﬁpeference in their entirety to the sane eXCEMA0ZO03L ¢ he
“disclosure of each individual publication, patent application or patent
was specifically and individually indicated to be incorporated by
reference in its entirety. BACKGROUND OF THE | NVENTI ON Due to the vast
nunber of di seases caused by viruses, virology has been an 10 intensively
studied field. There has al ways been the demand to produce viruses
efficiently in order to isqQlate and purify viral proteins, to generate

vacci nes, - or Y8RST ehpby | Hbe pelection; of jerupiTesisiant Chinesedmansierorsary el o £l

" Recently, theg / ment of virus therapy has further necessitated
t he need forg'e@&%ﬁ?bgﬁoduct ion of infectious viruses. 15 Reovirus

therapy is an exanple of virus therapy. Reovirus is a double- stranded RNA
virus capable of binding to a nmultitude of cells. However, nost cells are
not suscept i MDY 8G924, published dcbiwmy 260198Ndi ng of reovirus to its
cellular receptor results in no viral replication or virus particle
production. This is probably the reason why reovirus is not known to be

.associated. with agy LGl : i Iy r ently
that cells transf%gr?efgﬁé wgécﬁ)%tlﬁgllgég)nghéﬁgﬁeﬁgn d g%%@én@g %@%@taﬁgpé%&o
reovi russ i nfiaebrporated\by refetehed in Mheirenrisdty tonad safiedxeaid ak i5thd AisoRRbRIdEr

2005 WO 02/ 074940 PCT/ CA02/ 00331 are not (Strong et al., 1998). For
exanpl e, whettch dlividyal publicatiom palmHappigatien by patertrwas speaificaliyrand wi t h

activated Ras ,0t, Sas,. rotein.which activates Ras, reovirus infection
Wa's enhancedpdgﬁqﬂaﬁé{@@?ﬁﬁ@iﬁhe}rt}pﬁf%?tﬁé{t’g TEIFEROCE A 1t g1 nt to reovirus
infection becane susceptible after transfection with the EG- receptor

BACKGROUND OF THE INVENTION

Due to the vast number of diseases caused by viruses, virology has been an |
10 intensively studied field. There has always been the demand to produce viruses
efficiently in order to isolate and purify viral proteins, to generate vaccines, or to
provide infectious viruses for laboratory studies. Recently, the new development
of virus therapy has further necessitated the need for efficient production of

infectious viruses.

- ) ‘ 15 Reovirus therapy is an example of virus therapy. Reovirus is a double-
| stranded RNA virus capable of binding to a multitude of cells. However, most
cells are not susceptible to reovirus infection and binding of reovirus to its cellular
receptor results in norvireil replication or virus particle production. This is
probably the reason why reovirus is not known to be associated. with any particular

20 disease.

It was discovered recently that cells transformed with the ras oncogene

become susceptible to reovirus infection, while their untransformed counterparts
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5 gene or the v-erbB oncogene, both of which activat e REPFIEELAGMay

(St rong w0 02/a749460 1993; Strong et al., 1996). Thus, reovirpereasenkectively
‘infect and replicate in cells with an activated Ras pathway. The ras '
~oncogene accounts for a |arge percentage of manmmalian tunors. Activating
“nmutations of the ras-gene itself occur in about 30% of all human tunors 10
(Bos, 1989), primarily in pancreatic (90 %, sporadic colorectal (50 % and
lung (40% carcinomas, as well as nyeloid | eukema (30% . Activation of -
factors upstream or downstreamof ras in the ras pathway is al so

associ ated wi t or , exf; Lon of H b or
t he epi derma ég?to%ﬁ{'% ae%:ﬁ')’r1 )O?ret}a[c egged)r%ﬂ{eg%égﬁ' ﬁrelsﬁ%éggt%@%e% r
(25-30%, anerevafesihedwithractlatéd Rabdr Fos! a PRoteMachioh a¥ivhidsadsor ( PDGF)
receptor or EGF receptor is prevalent in gliomas and gliobl ast onas

(40-50% . EoFovimsdpiestiompas pEncedc Spnbarlyr motsst fibroklasisrthitaracesistattdor as .
upon binding to their.respective |igand, - and y-erbB enco a

constituti vgw&'ﬁ?&?%g&@@@p?]ﬁ?eﬂ@ e tﬁi’é}[e&???%& t&'ﬁfﬁ%‘: #SRBR. Since a
| ar ge nginbelpemd o ER: oy 3tat f ' ration of
the prot o-o%cog?ane rasﬁg%.agﬁegr@&gs a%?ﬁvﬁcggétgk%ﬁg%wﬁ&%ﬁ%}g!eg_a new,
‘promi sing t k[ agH3; Swonguc bl.¢c 0996). | Dinss, céwfifw)eatiseRbtvel} 998t anBaeplidaus
therapy is highly selective for Ras-associated tunor cells and |'eaves

nor mal ~ cel | 32 Cgllgiwitk an aetivatest Bag paihwgy. has wi de applications and can be
used in both human and non human animals. . 14 Septenber 2005 In order to
produce reovirus suitable for clinical admnistration, fast and efficient
methods | of pr odeRgs 6R@ekid fedolnflibt 16 RldefitadE SFREAMAMAn\BERRY ST, e
traditional nmethod of extracting viruses om culFtured cells I's tedious
and time codstiviting muaatidey ofihetrhe gemesitsedf oochr s a0 3064 bDall htmen birgdrs
Therefﬂ{e, ?ﬁosi rf%%ved, method for virus extraction is al so needed.

primarily in pancreatic (90%), sporadic colorectal (50%) and lung
(40%) carcinomas, as well as myeloid leukemia (30%). Activation of factors
upstream or downstream of ras in the ras pathway is also associated with tumor.
For example, overexpression of HER2/Neu/ErbB2 or the epidermal growth factor
(EGF) receptor is common in breast cancer (25-30%), and overexpression of
15 platelet-derived growth factor (PDGF) receptor or EGF receptor is prevalent in
~ gliomas and glioblastomas (40-50%). EGEF receptor and PDGF receptor are both
known to activate ras upon binding to their respective ligand, and v-erbB encodés

-) a constituﬁvely activated receptor lacking the extracellular domain.

Since a large number of human tumors are accounted for by genetic
20 alteration of the proto-oncogene ras or a high Ras activity, reovirus therapy is a
new, promising therapy for such conditions (Coffey et al., 1998). Reovirus
therapy -is highly selective for Ras-associated tumor cells and leaves normal cells
. uninfected. This therapy has wide applications and can be used in both human and

non-human animals. .




SUMMARY CF THE | NVENTI ON The present invention is directed to a nethod of
extracting virus froma culture of cells. Viruses are traditionally
extracted fromcells by nultiple rounds of freeze-thahSaptember 2éiked by
purification with density gradients and ultracentrifugation. In the present
I nvention, we extracted virus froma culture of cells with a detergent and
the resulting yields were better than those obtained by freeze-thaw ng.

Mor eover, tfi; ?de@&s F)l%(dbh? Féo%frt?sﬁsﬁtﬁglet?gr ﬁchPJJFE%?ﬁ%(noW aélbemﬁe G rfMods

t enper at ure. 'on can PRt SIS e nt
t errperQim@lcmguewnws ir2eiuped GNEaenokesied| Morsoeehthe ttadgionanmejbod oftextracting

Accor dighy ol isnasnBsls BleddlR ASRENodINER! MONLIES B IR A8AA0n

produci ure

provi dpnglga Elu&reispr@ apfimpraved rreamndyfor Wiugrexira@®a i§ BE&Kn@883d. cel | s whi ch has
been infected by the reovirus; (b) extracting the reovirus fromthe HEK
293 cells by adding a detergent to the <culture and incubating for a period
of ti NEYMBARY OF TdtE INMENTHEON he reovirus. Another aspect of the present

i nvention provides a nmethod of producing infectious reovirus, conprising:
(a) providing a culture of HEK 293 cells which has been infected by
reovirus; T{He)presant iyentiap it Wested tosa methodtdh exteadting vinys facdnliamglta'reidf oeiIsX- 1 00
~to th - ' '

0, SR Yol RIS B9 AT SRR E RRALAL,
provi desification witbdleositypgradieoisragd witragsnififugatien. duthepresest inverdiohswe estngatédsi ng

the St&Bg frBIn: a g’ulﬂ]?‘e éeééﬁlg Wﬂﬁra d%?eqaent and the resulting yields were better than those
obtained by freeze-thawing. Moreover, this extraction step can be performed at or above
ambient temperature. In particular, the extraction can take place at a convenient temperature
such as 25°C or 37°C and still produce high virus titers.

Accordingly, one aspect of the present invention provides a method of producing
reovirus from a culture of cells, comprising the steps of:
(2) providing a culture of human embryo kidney 293 (HEK 293) cells which has been
infected by the reovirus; |
(b) extracting the reovirus from the HEK 293 cells by adding a detergent to the
culture and incubating for a period of time; and ‘
(c) collecting the reovirus.

Another aspect of the present invention 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 cells by adding Triton X-100 to the culture and

incubating at about 25°C to about 37°C for about 10 minutes; and

(c) collecting the reovirus.

One embodiment of the invention provides a method of producing virus from a culture of
cells, comprising the steps of:




(a) providing a culture of cells which has been infected by the virus; (b)
extracting the virus fromthe cells by adding a detergent to the culture;
and (c) collecting the virus. The detergent may be Addpegterhegdd®> commonl y
used for the disruption of cells. Particularly, the detergent is selected
~ fromthe group consisting of Triton X-100, Tween 20, NP 40 and sodi um
‘deoxychol ate. The detergent is nost preferably Triton X-100, particularly
at a final r.af. i f 0 . .02/ 074940

PCT/ CA02/ Oo(ggﬁﬁa%ﬁl% E@%drnglgb @x%eﬁ%ﬁﬁcﬁﬁa%? %rgfgl?egcgenozl%gégé’r drmed at any

t enper at ur gbh&drasting theedirus fromghe celtsubyaaddingad detergéat tothgpowhird; yandt he
extraction . iently perfornmed at anbient tenperature, wthout
having to @%Ilgﬁhﬁgn%g@%el ected tenperature. Preferably, the extraction
is perfornmed at 25C. More preferably the extraction is perforned at the
sanme tenper t . - 37 uch that the
cell cul tur@{e;g]egerg;érrﬂurg eﬁ%%ﬁ?@%‘ﬁeﬁg‘lﬁ%&ﬂ%? %%Jrfr%@?é?dr@hﬁﬁg‘ Og;g?r@s'i ncubat or .
The cetarticudrtyuthe deterperdubatlecedrom thé grotiptcengjstivtg df drrites X400,davesh 20| NB
- sufficj i [ ' ' ' 60

i nut 2 LIS ERddE, T Utergblifs R BRI BB RGO 108 (RRELERPRLL, Pory
10 m rfinabsancentragioprogfl®r. r ed enbodi nent, the virus is a non-envel oped virus.
The non- enveloped virus is preferably a reovirus. The present invention
can be applied to any reovirus, particularly manmmalian reoviruses. The
mamral i an reovirus is preferably a human reovirus, nore preferably a
serotype 3 reovirus, and nost 15 preferably the Dearing strain reovirus.
The cells nmay be any cells useful to produce the virus of interest,
‘i ncl udi ng
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adherent cells or suspension cells. Preferably, the céfiSepenbeg280n in a
suspensivwg o28tokair e. Wien the virus is reovirus, the cel |p¢wCAORG0E31AD]I y HEK
293 cells. After extraction, the virus is collected. Cell debris can be
renoved, for 20 exanple, by filtration. To increase the flow rate of
filtration, stepwise filtration can be perfornmed wherein prefiltration
wth a larger pore size is followed by at - least one filtration step with a
smal |l er pore size. The pore size and type of filters depend on nature of
the virus and cells, and can be determ ned by people with ordinary skills
in the art. For exanple, for reovirus production using HEK 6 14 Septenber
2005 WD 02/074940 PCT/ CA02/ 00331 293/ SF cells, a prefilter of 8 or 5 M

pore size can be_used, followed b 3 filter nd finally a M

Pl er. “The fi It AeviEas HTRPhAR Mol e e iar i Ay, ST P of
the virus spensi I Sk | saHifUS 1S
suspended i'?#P megh%%{s]mﬂélt lggé%ve;%@ﬁo*g@%n%g C rgﬁg?gg?glghgﬁgﬁéﬁgy al ysi s

can be enpl gygermANa dstictTbmgerangt, witholchavingsienhainaien proseleptad/i des a
conposi tion which conprises the virus collected according to thegf)trhesent
e

“invention. tempeastureuPeeferably, ithe exitaction it perfermediat 3p1Ce Myre profarab
dm ni ti ) | ded. ., Pref bl th ' ' ' . Th
Composi 11 oneRRgetmE RERO L SEmp feraauR Peab o o iR B, T
excl pi ent f"‘@géﬂéleoﬁ[’%,' ﬁfch tﬂﬁ?ﬁ%k‘gpcgﬁﬁ%ﬁ’]m efdractids dabWeiEtohindd @ present
~ 0 a metho

I nvention is ecte of extracting virus froma culture of
cel I s. | nst gatsanie inbebdtgradi ti onal freeze-thaw ng techni que, we have
degvel oped a fast and sinple nethod which can be perfornmed conveniently.

-

The cell culture is incubated with the detergent for a périod of time
sufficient to disrupt the cells. The incubation period is preferably 60 minutes or

10 less, more preferably 30 minutes or less, and most preferably 10 minutes.

In a preferred embodiment, the virus is a non-enveloped virus. The non-
enveloped virus is preferably a reovirus. The present invention can be applied to
any reovirus, particularly mammalian reoviruses. The mammalian reovirus is
preferably a human reovirus, more preferably a serotype 3 reovirus, and most

15 preferably the Dearing strain reovirus.

The cells may be any cells useful to produce the virus of interest, including
adherent cells or suspension cells. Preferably, the cells are grown in a suspension
culture. When the virus is reovirus, the cell is preferably HEK 293 cells.

, After extraction, the virus is collected. Cell debris can be removed, for
20 example, by filtration. To increase the flow rate of filtration, stepwise filtration
"can be performed wherein prefiltration with a larger pore size is followed by at
least one filtration step with 2 smaller pore size. The pore size and type of filters
depend on nature of the virus and r;ells, and can be dete;mined by people With

' ordinary skills in the art. For example, for reovirus production using HEK
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15 Prior to describing the invention in further detai 14 Sehember280qused in.
this apy@ROMKON are defined as foll ows unl ess ot her wi sBCI/tAOZE3ET.
Definitions As used herein, "viral infection" refers to the entry of a
~virus into a cell and the subsequent replication of the virus in the cell.
14 Sept enmber 2005 WO 02/ 074940 PCT/ CA02/ 00331 As used herein, "multiplicity
of infection" refers to the ratio of the nunber of virus to the nunber of

cells when a virus is used to contact cells. As used herein, "cell lysis"
‘refers to the disruption of cell nenbrane of a cell and the subsequent
rel ease of. or part of the content of the cell. As used herein, "culture

| ]
condi ti onsg%lgfé%eﬂﬁsoa predilteb AE Brar cheM Bae sigg can bsused followeé by iarkkMdi ng but

not limte t W type of culture containers, humdity,
.concentr at ﬁg%ﬁ@}ﬁ%ﬂ%ﬁggﬂgﬁﬂéﬁtg gas used in the culture containers, type
of the culture nedium the initial density of the cultured cells, and if
the cells "are infected with a virus, the initial nultiplicity of

i nfection. 10 AJheddfatheaw furthex Beomincemtrdteditoartdoee the wolumeobtheadiuss” neans
a popul ation of . cu t'F{SLeﬂ%écel | s as found in their, culture conditions. In

parti cul ar SUSEERSM- €y ireq f-rhangs the,soluien wirusis suprended iny metheds um
Cel | s 4 hat : i cul ture unl ess
t hey astre pf'%g\eég Iﬁ%hgﬁ%éu%?lg c%?ﬂﬁ?%n%%%?ﬁ%gf@p@é&ed 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, a
virus is cell a3sadoeramdsbdinedrd obtreheedensinvertidn previdasse dompistionagith | ysi s

. begins, a virus he still, agttached to,or trapped jn rt of the broken
cell and ?OMSF?% Y’I‘Es@z])]f?'ﬁ‘?é cor R?etP?PW%@% Yrrtion, Ja pagiciliTeased free

into the g Whinpositions suitable for clinical administrations are provided. Preferably,
the virus is reovirus. The composition may further comprise a pharmaceutically

10 acceptable excipient and/or carrier.
DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a method of extracting virus from a
culture of cells. Instead of the traditional freeze-thawing technique, we have

developed a fast and simple method which can be performed conveniently.

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

application are defined as follows unless otherwise indicated.
Definitions

As used herein, “viral infection” refers to the entry of a virus into a cell

and the subsequent replication of the virus in the cell.




20 it is not cell associated anynore. A "cell free vifihSerieabsr 3845s which

I S not C@blozm §(pci ated. As used herein, "extracting" a VlL(E'HEABﬁ(;O%hS to the
act of converting a cell- associated virus into a cell free virus. 14

Sept enber 2005 WO 02/ 074940 PCT/ CA02/ 00331 As used herein, a "detergent”
IS a substance having a hydrophilic end and a  hydrophobic end. The
detergent is preferably a synthetic chem cal conpound and nore preferably
a bi odegradabl e synthetic chem cal conpound. The detergent wuseful in the
present invention enhances disruption of cell nmenbranes to facilitate

rel ease of the content of the disrupted cells. As used herein, "incubating"
after addition ofpsusddtRtdaNtmhbiplicity of infedtion” areforefeths rito bhtheanimbsed
allowing the cell culture to be m xed with the detergent. As used herein,
"col | ecti ng'of viras t thesmmehiesof celds when avirvss vwd|tecontagt ¢ad- produced virus
froma cell culture which has been previously infected with the 10 virus.
The virus is typically collected by separating cellular debris fromthe

virus and harvesls 3@ Hapdth] SE1Vbis N rERFE0 thE RiskiiRionl dfuell hdthbsaRabl . the
" virus can be fu?%sher separ at eél\/i?romrt he sol ubl e 'substances, e.g., by

cent ri f ugat icelh and\theusiddeduentteleast afrhil entpattefjibe ednter'ofthé egls to a
tenperature between about 10C and about 30C. Anbient tenperature is
- preferably between about 15 15C and about 30C, nore preferably between

Shout 28C e, 2D S AL SRS e RO st AR 28

"cytopat hi cel coning swol T'en an _
granul ar i nc@lﬂﬁ,@?ﬁ&l\ﬁﬁn?ﬂﬂt hérqirfiedd toCthe fatfipeR a0k i (e BPculithe c6iithingrs, Whi ch
sl)ow a cytopathic effect stain negative in a viable cell count because they
- humidity, concentration of CO, or any other gas used in the culture containers,

‘type of the culture medium, the initial density of the cultured cells, and if the cells

are infected with a virus, the initial multiplicity of infection.

10 As used herein, a "cell culture” or "culture of cells” means a population 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 culture unless they are placed in the culture conditions again.

| 15 As used herein, a virus that is “cell associated” refers to a virus which is
' ) attached to or trapped in part of a beH' in which the virus has been produced.
| Thus, a virus is cell associated before the host cell is lysed. When cell lysis
. begins, a virus may be still attached fo or trapped in part of the broken cell and
remain cell associated. However, when the virus is released free into the medium,
20 it is not cell associatéd anymore. A "cell free virus" is a virus which is not cell

associated.

As used herein, "extracting” a virus refers to the act of converting a cell- |

associated virus into a cell free virus.




20 will \%gﬁ&gzﬁﬁhe stai ning dye. As used herein, " adi’ﬂe?cu ﬂ?g&%%%(l;ﬁ;%sto

cells wh e to the culture containers in a cell ure.

of adherent cell.s include nonol ayer cells, which are cells that forma
single |l ayer of cells on the surface of a culture 9 WO 02/074940 14

Sept enber contai ner. "Suspension cells" or "suspended cells" refer to cells
“which do not adhere to culture containers in a cell culture. Suspension
cells can be grown in a "spin culture", which is a culture in which the
culture nmediumis stirred continuously during the culture process. 5 As

used herein, a celduded hefHif! 4/ Nde@spemhena bitataet havipplartgideoptslic end auicesl  and
" at least sone of the cell content is released fromtht cell. A cell may be
di srupt ed, fhydropkebiplead. BHhef detrrgenttih pueiferahly somyinthetic shemicali eerapeynsk and
treatments. As used here i.ahility of thecaﬁells" or .percent age of

" cells remai M9Tg Pf%f_fﬁfé’@ ¥l h?@‘*ﬁ%@%_ﬁﬂ@ﬁ?&g@e&? fiCain FEFERMot show a
cytopathi c_ gLl if pectfl RO drlncol BisSRSbrl B @i inerBbraled P A o
i'c vel o

virus" is a virus oes not have an pe. For exanple, a

non- envel opedexerofsheaontbst cflie disraptedrdrlish bel ongs to the family of
Adenoviri dae (e.g. adenovirus), Picornaviridae (e.g. polio virus),.
Reovirudae (e.g. reovirus), Papovarviridae (e.g. papilloma virus),

e 15 RSt Bl g G e
b nog RS SR GHimonagE oo AR bianse e, T || o
g?none. The virions neasure
As used herein, “collecting” the virus refers to the act of collecting the
produced virus from a cell culture which has been previously infected with the
10 virus. The virus is typically collected by separating cellular debris from the virus
and barvest the portion which comprises the virns. Optionally, the virus can be

further separated from the soluble substances, e.g., by centrifugation.

As used herein, "ambient temperature” refers to a temperature between
about 10°C and about 30°C. Ambient temperature is preferably between about
15 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. The cells
which show a cytopathic effect stain negative in a viable cell count because they

20 will take up the staining dye.

As used herein, “adherent cells” refer to cells which adhere to the culture
 containers in a cell culture. Examples of adherent cells include monolayer cells, |

~ which are cells that form a single layer of cells on the surface of a culture -

9




- 60- 80 Ny gl aBt e and possess two concentric capsi d4§?§@rr%erﬁ§%lo

whi'ch i's 20 1 cosahedral. The genone consists 'of doubl e-stran

~ "10-12 discrete segnents with a total genone size of 16-27 kbp. The

i ndi vi dual- RNA segnents vary in size. Three distinct but related types of
reovirus have been recovered from many species. Al three types share a
common conpl enent -fi xing antigen. 10 14 Septenber 2005 The hunman reovirus
consi'sts of three serotypes: type |I (strain Lang or TI1L), type 2 (strain
Jones, T2J) and type 3 (strain Dearing or strain Abney, T3D). The three
ser ot ypes - arcena#sr] y‘Sustwmslohmﬂs’éon ﬁsuspaldﬁdsqeﬁs ofefctetwtceﬂlslmh émnahd

hemaggl ut i n - nh| bi on assa see B.N. et al. ‘
1596) " The rSBUR A SO CBHRRS Aot e, SIGbORIOR ARk B b BROVRGRSI 1L i s
"naturall : nat ure and
nas not  poottirAARe d“*‘"ﬁPt;isaéﬂﬁﬂpﬁﬂ“ﬁ’%umﬁgﬁ.ﬁl‘%ﬁd@ﬁ@“&%ﬁ%y For

exanpl e, th&onﬁmmusryll@m@‘thbeuftﬁwpr@cesfsj eld source", that is, froma human
who has been infected with the reovirus. 10 The reovirus may be nodified

but still capable of lyrically infecting a nannallan cel I having an active

ras patpway. The jeovirus h l, hem.cal | retr ated
(e.q., gy trgaftrre{ﬁ %dtwr%{npgﬁaiésse‘ﬁs@agﬂ e@ﬁyﬁﬁ? eoﬁ.érfi

prior Lo adihfish idad dik dmb Ben bMeh B'rakchag ﬁgd]'tﬁenéirew&%t ’bewth a
pr ot ease renoves t outer coat or capsl d € virus and may i ncrease the
15 i nf ecti vidigrupted] for exbmnpk, byHeerethawing, svajcation oo dttergedno treatmemts ore or

m cell e (Chandron and Ni bert, 1998). For exanple, the virion may be treated
with chynotrypsin in the presence of mcelle form ng concentrati ons of

atkyl sulfate  def e a8HeSeih O-AEARHAbPmME AR LM SSERR SHRNL HedlnhRY 11 cl e
~ viable” is the percentage of the cells which do not show a cytopathic effect in a

10  population.

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

15 (e.g. Kilkam rat virus) or Iridoviridae (e.g. tipula iridescent virus).

) . As used herein, “reovirus” refers to any virus classified in the reovirus
genus, whether naturally occurring, modified or rcéombinant. Reoviruses are
viruses with a double-stranded, segmented RNA genome. The virions measure
60-80 nm in diameter and possess two conceniric capsid shells, each of which is

20 icosahedral. The genome consists ‘of double-stranded RNA in 10-12 discrete
| : segments with a total genome size of 16-27 kbp. The individual RNA segments
vary in size. Three distinct bﬁt related types of reovirus have been recovered from

many species. All three types share a common complement-fixing antigen.
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The reovirus may be a reconbinant (i.e. reassorted) reovirus fromtwo or
20 nore types of reoviruses with differing pathogeni c phenotypes such that
it contains different antigenic. determ nants, thereby s&IabADRS
preventing an i nmune response by a manmmal previously exposed to a reovirus
subtype. Such reconbinant virions can be generated by co-infection of
mammal i an cells with different subtypes of reovirus with the resulting
resorting and incorporation of 25 different subtype coat protei ns into the

resulti ng virion cz.rﬁy ds. 11 14 Septerrber 2005 As used herein, "HEK 293
.cells" refer to t hd RPHERDIRBYLRS ansisisof dhree Selqwsdé@@ﬁéﬁ%ﬂmeﬂTCC

Number CRL- 15 | 7SF.ce A

Number CRL. 15330 WP4 I ER Y 127 fiiol s BB Dttt iR ABes goRh i
- serum free nme@hethrét seroypet aredasily ddntifikbleson thy Btk Gf'n@dtﬁal_- izZhlidh 2R cells
adapted to grow in other culture conditions, or any kind of HEK 293 cells

or derivati veBcmpggininip-dnhibisienfassaye dsesi for %lﬂawke;d’edd&sBDNAet abr,d9P6led t hat
this transformati on does not- inpair the ability of the cells to support
efficient reovirus production as described in'this invention. As used
herein, "glinical t:

any part of the bogggg%{uvghl%%% ng %%I@P(sm w t E%C(tﬁ‘h%lgélu s’t anggg%ﬂﬁ l%ier to
~i-nprove or ntnamrally-octigring Y avtien it canfismistlateddichntal soisce ibridnad aRgBXd AstS | S
used as. a nodel ,systemto describe the present invention in 15 detail.

However, it iceeadnieationallyanodifisd by famang de the Inbpraiory o o amapleafhs! i ed to
th th | d W 'h
Drevi oust y decar sie e bERpH £ ha0 bl Sﬁ{?f‘ R S5 £ BREB 0 i Been ' "%

infected with the reovirus.

10 The reovirus may be modified but still capable of Iytically infecting a
mammalian cell having an active ras pathway. The reovirus may be chemically or
biochemically pretreated (e.g., by treatment with a protease, such as chymotrypsin
or trypsin) prior to administration to the proliferating cells. Pretreatment with a
protease removes the outer coat or capsid of the virus and may increase the

15 infectivity of the virus. The reovirus may be coated in a liposome or micelle
(Chandron and Nibert, 1998). For example, the virion may be treated with
chymotrypsin in the presence of micelle forming concentrations of alkyl sulfate

) detergents to generate a new infectious subvirion particle.

The reovirus may be a recombinant (i.e. reassorted) reovirus from two or
20 more types of reoviruses with differing pathogenic phenotypes such that it contains
_ different antigenic determinants, therel:.)y reducing or preventing an immune
response by a mammal previously exposed fo a reovirus subtype. Such
recombinant virions can be generated by co-infection of mammalian cells with
different subtypes of reovirus with the resulting resorﬁné'and incorporation of

25 different subtype coat proteins into the resulting virion capsids.
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cells. Reovirus replicates in HEK 293 cells to yield a high titer of virus
in the cells shortly after virus infection, thereby providing a sinple and
efficient nethod 20 .of producing reovirus- (Exanples 1k supbriier20b8
addition, HEK 293 cells has been adapted to grow in suspension which can
be cultured in.large quantity, and we developed a |arge scal e production
nmet hod. To isolate reovirus fromthe suspension culture, we initially

foll owed traditional nethods- to extract and purify viral particles.
Briefly, the cells were disrupted by freeze-thawi ng and extracted 12 14

Sept enber 2005 by Freon three tinmes. The viral particles were then purified,
wth a CsCl gradient dg@d,ulgéacentrifugation. However, this protocol was

too tedious and PASHSCAhGHETN BEKIZ gellsgaefsr tn themmeaa emltyyo kidney celhe

therefore d ' N t tract. the.reovirus. If was 5
di scover.ed ﬁégtldg@ |t%%§%g?‘%\?gtteﬁgﬁﬁéﬂe%§?% Iorgﬁlqewguwst 0f “¥BPRt%9ent for
a short per RO3YSE cells YRATCT Bhnibey €R -2573.11)86é HEIE 208 @MId 'H’Zﬁa@eb@érﬁfised to
the extract. The virus can then be separated fromthe ce ebris with a
si npl e separdaptethtongromoin sepediteanediaz Also comamplajeddinfthisriaventionaed as
filtrat] on,ﬁg%%tr tion or size, exclusion, and the resulting_virus can
be used f or &% Gells afapiedito graw ip other culiurerondiions cor ARyckirdiohHERS  he

- present inveg | | ks I, e ' i h and 1t hi
Dot ocol i o208 bAl sractleliBN FulcHard HEIIREE AN SbeentilHioa i ¢
‘the presencmavthinudeifergetiin dosé noeEhRdr (HRUbIRS UTHRERIR tohupptit BIRIGR!
i nvention. The non-ionic dete;igents Triton X-100, NP-40 and Tween 20, as

wel | as 't heTqoyiug predustige s dewribed inthisiboeydem| ate. Wiile all four
functioned in the present invention, Triton X-100 repeatedly yielded nore
virus than the other two non-ionic detergents by

As used herein, "clinical administration" of a substance refers to contacting

10 *  any part of the body of a living organism with the substance in order to improve or

maintain the organism's health conditions.
ethod

Reovirus is used as.a model system to describe the present invention in
15 detail. However, it is contemplated that the present invention can be applied to

other viruses as well, particularly other non-enveloped viruses.

We have previously developed a method to grow reovirus in HEK 293
cells. Reovirus replicates in HEK 293 cells to yield a high titer of virus in the
cells shortly afier virus infection, thereby providing a simple and efficient method
e 20— of producing reovirus (Examples 1 and 2). - 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 isolate reovirus from the
suspension culture, we initially followed traditional methods to extract and purify
viral particles. Brieﬁy, the cells were disrupted by freeze-thawing and extracted

12




about 2 fold. Sodi um deoxychol ate was about as effective as Triton X-100.
It is contenplated that other detergents, particularly the ones commonly
used to disrupt cells, can be used in the present invein$épmiss 205! .
Exanpl es of these other 20 detergents include the other Triton detergents,
the other Tween detergents (e.g. Tween-80), sodium dodecyl sulfate,
l'ithium dodecyl sulfate, and dodecyltrinethylamoni um chloride. The
results indicate that detergent extraction was nore effective than
freeze-thaw ng, the standard procedure for virus extraction. It has been

reported 25 t I.an r rus from Vero cells ch t he
- reovirus |sqsfrﬁlﬁf)§/gg§?ﬁm%§ i[ire é‘&EB M%%ﬁf&ﬂmﬂgﬁﬁ

dei oni zed Wah@ultWRSFTLSatRh! ToWHR iw% extraction
“or trypsin treatnment (Iﬁ%stl ni et zfﬂ &%;%‘Fﬁmeg%gﬁtfa&?ﬁ@lgmlon
© provi des a monsumiagifor kngk scelewdnisguoduyctionef f ect i ve approach, because there

Is no need to pellet and then resuspend the cells as required by the
distilled water nethod. It is contenplated that high concentrations of

| t h . t i t t
substitute for dareiderort SR SAPHREL AR e e el BBt e
rat her §han discgveredfies by iadubatiss e BBK203RA dartsx%emth h'ﬁéﬁ‘e?%éxﬁ forl {&fort

provides a fast and sinple nethod of extracting 10 viruses froma cell

cul ture. Theeded ef tme: highdetels afinfettidis movips werarcesed tstherextradtt (Flee or to
t he nedi um of adher.e cells. .I.n either se, .the nediumdoes not need to
be .renoved PR f’—q?PLQ‘T’éF%F@d froan thegell Eﬁ@”&aﬂ‘m%ﬁ?ﬂaﬁﬁl@ﬂﬁo%r
: racting yhg, cation. 15 An
Fhpor tant °t S arie of AR Blfterem ST Bhiiopy et B3R o

exclusion, and the resulting virus can be used for reovirus therapy. The reovirus

10 produced according to the present invention is svitable for administrations in
human, and this protocol is consistent with the FDA recommendation of disrupting

cells in the presence of a detergent.

We tested four detergents in the present invention. The non-ionic
detergents Triton X-100, NP-40 and Tween 20, as well as the ionic detergent
15 sodium deoxycholate. While all four functioned in the present invention, Triton
X-100 repeatedly yiclded more virus than the other two non-ionic detergents by
) ~about 2 fold. Sodium deoxycholate was about as effective as Triton X-100. It is
contemplated that other detergents, particularly the ones commonly used to disrupt
cells, can be used in the present invention as well. Examples of these other
20 detérgents include the other Triton detergents, the other Tween detergents (e.g. -
Tween-80), sodium dodecy] sulfate, Ilthmm dodecyl sulfate, and

- dodecyltrimethylammonium chloride.

The results indicate that detergent extraction was more effective than
freeze-thawing, the standard procedure for virus extraction. It has been reported

25 that to extract avian reovirus from Vero cells, in which the reovirus is highly cell
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procedure can be perfornmed at or above anbient tenperature. Traditionally,
virus extraction and purification are carried out at a | ow tenperature,
typically 0-4C, to preserve the structures and functitdargepdmipgr@oesns. For
the sane reason, protease inhibitors-are usually also included in the
extraction solutions. Therefore, it is 20 surprising that the present

prot ocol can be conducted at a higher tenperature w thout any protease
inhibitor. In fact, a tenperature as high as 37C resulted in about the
sane anount of infectious virus as 25C (Table 3). Consequently, virus

extracti on cag.BeaRar hiskle@ltioRired Wittt A6ISUARRL. BLrSELLY Ao bheqcel

culture and continuing to agitate e cultuare™i

virus, w thoutxtheetion@r tiypei edutinet (Drastirt @& 219929, Thelppedeat intehtlon Si NCe
there is no need to maintain a constant te%pefature for virus extraction
accor di ng to PH¥ides aJeeie tapideand eomvenipet yes cffactSiepappndreh, Ba@bsethereiduie can

take pl ace at lent, te rature ev t hough anbi ent tenperature may vary
from pl ace ton%ﬁ@gé"’ehﬁ WE R F?‘Fé‘sl?‘?ild?ﬂ%c‘g%ré rﬁﬂ%@egwheéjrm@&dr‘é{%tﬂ' on, the
virus cars be gplogcted. Any nethods established in the art can be used to
purify the virus. For exanple, cell debris can be renoved 5 by filtration.
To increase the flowrate of filtration, stepwise filtration can be

per formed wherein fr_efi Itration with a larger pore size is followed by at
| east one fil tratitdhcentamplated that bigh cpeeengetionsofsalt, Twoh gsoguanidine and t ype

o L1, Seao8 ey Rl s POl el o
Belsed, “Tol Toues By ey BreiepR duse AckBohiater haPel cBheabubiBAl i Sygt oo
volunme of the filtrate is too large, the filtrate can then be
The present invention thus provides a fast and simple method of extracting
10 viruses from a cell culture. The detergent can be added directly to a suspension
culture or to the medivm of adherent cells. In either case, the medium does not
need to be removed first, Furthermore, no other means of disrupting cells or

extracting viruses is necessary, such as free-thawing or sonication.

15 An important feature of the present invention is that the extraction

procedure can be performed at or above ambient temperature. Traditionally, viras
.) | extraction and purification are carried out at a low temperature, typically 0-4°C, {o

preserve the structures and fupctions of proteins. For the same reason, protease
inhibitors are usually also included in the extraction solutions. ’I’herefore; it is

20 surprising that the present protocol can be conducted at a higher temperature

 without any protease inhibitor. In fact, a temperature as high as 37°C resulted in
about the same amount of infectious virus as 25°C (Table 3). Consequently, virus

extraction can be carried out by adding a detergent directly to the cell culture and |
continuing to agitate the culture in order to release the virns, without having to

25 i:hange the temperature. Alternatively, since there is no need to maintain a

constant temperature for virus extraction according to the present invention, the
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concentrated by any nmethod known in the art. For exanple, ultrafiltration
can be perforned using the hollow fiber cartridge (A G Technol ogy) or the
plate and 15 frane cassette (Pall Filtron). The concenérSapambar2085
suspension can be further subjected to dialysis or ion exchange

chromat ography to renove excess salt or add additional ingredients into
the virus suspension. The present nethod can be applied to reovirus
produced fromcells other than HEK 293 cells, including but not limted
to, nouse L929, Vero and Chi nese 20 hanster ovary cells. It is contenpl ated
that the present nethod be applied to other viruses as well, particularly

. the ot her nonpesvedhenad takd placsat dosiphiSteinperisure A0 o ahtenp tampirsnise
conposi tions prepared according to the present invention. These -
conposi tions &Y ey irosuplege thplapg ef atithgime inithelsemglasei zat i on of 15 14
. Septenber 2005 viral proteins, production of vaccines, or, where the
conposi tion contains infectious virus, as virus stocks or in clinical

admi ni stration. FOiAfch@xRYERAS Totirkd b SabolRUBN ALY Aeliis MIBHERIRRSI ti on

is usually mixed wth an excipient, diluted by an EXCI pi ent or encl osed
wi t hin such athwnncmbmhsedho@ucﬁynﬂteevm t Rer éxamplefceti debpis che be sembredd,

paper or other container  (W09/08692A1). Wien the pharnmaceutically
accept abl @ ex®¥ filEaion; o [q dfcrease ghe fomiksfn of filiragign, %@@Séﬁlﬁr@‘)ﬂs@ﬂlbesol id,

or liquid mat ré he
active ingr edﬁé}rﬁ&mﬁﬁg&g@e@lﬁ%og%ﬁgﬁg&%ﬁpﬁ W@OWW§fE%@%Et S,
pills, powder GitrAtRACsESFith SaehSles pofsitet The 9bte<mfesan@ty§ew&i1@fbsdep&ﬁd on
enul si ons, sol utions, "syrups, aerosol s (as a'solid in a liquid mediun,
‘oi nt ment's conata;rmoﬁty,e vimos apd geild, eandigantbe dm(m:;cd\m mwplmmﬂumdmm skells
compound, sof{ tahn art, For example, for reovirus production using HEK 293/SF cells, a

10 prefilter of 8 or 5 uM pore size can be used, followed by a 3 uM filter, and finally

a 0.8 uM filter.

If the volume of the filtrate is too large, the filtrate can then be
concentrated by any method known in the art. For example, ultrafiltration can be
performed using the hollow fiber cartridge (A/G Technology) or the plate and

15 frame cassette (Pall Fﬂtron).r Tile concentrated virus suspension can be further
subjected to dialysis or ion exchange chromatography to remove excess salt or add

) additional ingredients into the virus suspension.

The present method can be applied to reovirus produced from cells other
than HEK 293 cells, including but not limited to, mouse 1929, Vero and Chinese
.20 bhamster ovary cells. It is contemplated that the present method be applied to other

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

Compositions
Also provided are virus compositions prepared according to the present

invention. These compositions can be used in the isolation and characterization of
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hard gel atin capsul es, suppositories, sterile injectable solutions, and
sterile packaged powders. Sone exanples of suitable excipients include

| act ose, dextrose, sucrose, 15 sorbitol, mannitol, staucptmigiroasaci a,
cal ci um phosphate, al ginates, tragacanth, gelatin, calciumsilicate,

m crocrystal line cellul ose, polyvinylpyrrolidone, cellulose, sterile

wat er, syrup, and nethyl cellulose. The fornmulations can additionally

i nclude: lubricating agents such as talc, nagnesium stearate, and m neral
oil; wetting agents; emnulsifying and suspendi ng agents; preserving agents
20 such as nethyl- and propyl hydroxy-benzoat es; sweeteni ng agents; and

~ flavoring airahproteins, Predenitnast vaceies, ¥r, Wherd MY @BipestieR Boftgink Or mul ated so
as to provide gquick, sustained or delayed release of the active ingredient

after adnmi niEEFHOUS JirvSoas Vires plackseon intnjininap hdminigirationcedur es known in t he
art. For preparing solid conpositions such as tablets," the principal active
25 ingredient/reovirus is mxed with a pharnmaceutical excipient to forma

solid 16 14 Sept ¢gpeg asdb iR lafn%'lﬁ | £ tai ni .
honbgeneous m xture oﬁ‘&ggc%rrpod%e% %ﬁ%%@é%oﬁh%ﬁ@erri ng
to these pr sfithramexaipient, dinted Hytdnongiment of CABBSAENEIn subh aTaffR@\hithat t he

active jngredient is dispersed evenly throughout the conposition so that
t he con%osi FAhbE Wekhefarm o4 @) gapsuleniachetdpaper or othegwahtaines ef f ecti ve unit

dosage for I ills and capsul es. The taplets or pills of
the pres e'nm ?\?gn Sl%g%kﬁ'Zy %’fg@éncﬁhgtpgangﬁcegpﬁﬁwcgﬁpta@:a FROBITEEF TS Frdvi de a
dosage f or muBidusidcadbb AsoRAY kA0 br REGARAEHal IHhitPikns BOL valiERP! €. he
tzblet or pill can conprise an inner -dosage an “ah oufer osage cbnponent,
the latter eastiagor medhen far the attieningraditn p & cthetddmpbsitioRs can be in the

form of tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions,

10 emulsions, solutions, syrups, aerosols (as a solid or in a liquid medijum), ointments
containing, for example, up to 10% by weight of the active compound, soft and
hard gelatin capsules, suppositories, sterile injectable sotutions, and sterile

packaged powders.

Some examples of suitable excipients include lactose, dextrose, sucrose,
15 sorbitol, mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth,
gelatin, calcium silicate, microcrystalline cellulose, polyvinylpyrrolidone,

) celtelose, sterile water, syrup, and methyl cellulose. The formulations can
additionally include: Jubricating agents such as talc, magnesium stearate, and
mineral oil; wetting agents; emulsifying and suspending agents; preserving agents

20 such as methyl- and propylhydroxy-benzoates; sweetening agents; and flavoring
~_agenis. The compositions of the 'mvenﬁon can be formulated so as to provide
. quick, sustained or delayed release of the active ingredient after administration to
thé patient by employing procedures known in the art.

For preparing solid compositions such as tablets, the principal active

25 ingredient/reovirus is mixed with a pharmaceutical excipient to form a solid
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10 The two conponents can be separated by an enteric | ayer which serves to
resist disintegration in the stomach and permt the inner conponent to
pass intact into the duodenumor to be del ayed in reld&ptentber2008ty of
materials can be used for such enteric |ayers or coatings, such materials
i ncl udi ng a nunber of polyneric acids and m xtures of polymeric acids with
such materials as shellac, cetyl alcohol, and 15 cellul ose acetate. The
“liquid fornms in-which the novel conpositions of the present invention my
be incorporated for admnistration orally or by injection include aqueous
soluti-ons, suitably flavored syrups, aqueous or oil suspensions, and
- flavored erpfefraniatigniaempesisios containing e homogersons oiikture of 2 compeubddf |
sesane oil, conut, .oi |, .20 eanut _ojil, as Il as elixirs and-simlar
* phar maceut | Ct§ PISRH X Entian, n%?ﬁtr gtgﬁéng‘ @rmﬁm\ﬁﬁwwﬁuep GOHYR@FHIPEE f%n
- include sol 'ng(gg% HSH SIRE RS e o B Y ueous
or organic g%)dl ven??ﬂbgﬁgm xtﬁifhggﬁlteﬁgiﬁg%?{ an%utﬁ%gﬁéé%?@%ﬁ%ﬂ ﬁ%‘?@ Ogg solid
conposi t i onsthewympasition so tEithadimpasitinmeebt redily yobdioRiet aitbeqexdy pi ent s
‘as described herein. Preferably the 25 conpositions are adm nistered by the
“oral or “nasdiffeces,rris dasage forme suchras teldels, pills and capsalest enber 2005 systenic

effect. Conpositions in preferably pharmaceutically acceptable solvents
‘may be nebulized by use of inert gases. Nebulized solutions may be inhal ed

directly from t heTefbletebmsing of tiepresent Bﬁeﬂﬁ@d’iﬂaﬁ B GodRY or DiERbisee

attached to a face mask tent, or intermttent poSitive pressure breathing
machi ne. Solo¢niponpdes! touprpeidsiacdnsage fopmvafferdingihosdvantage ofayolbeged

- .adm nistered, .preferably orally or nasally, from  devices which deliver
the formul At tﬁ"éﬁ"@’éﬁ%ﬁﬁ thplgt &7 CRFBTIRG AN HIEF 8ppagq 208 ameuiari on
enployed i n doge Bld}ienOihd AfePhESEH the form of an envelope over the former.

10 The two components can be separated by an enteric layer which serves to resist

disintegration in the stomach and permit the inner component to pass intact into 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 acids
and mixtures of polymeric acids with such materials as shellac, cety! alcohol, and

15 cellolose acetate.

| The liquid forms in which the povel compositions of the present invention
) o may be incorporated for administration orally or by injection include aqueous
solutions, suitably flavored syrups, aqueous or oil suspensions, and flavored
emulsions with edible 0i1§ such as corn oil, cotionseed oil, sesame oil, coconut ;)il,

20 or peanut oil, as well as elixirs and similar pharmaceutical vehicles.

- suspensions in pharmaceutically acceptable, aqueous or organic solvents, or
mixtures thereof, and powders. The liquid or solid compositions may contain
suitable pharmaceutically acceptable excipients as described herein. Preferably the

25 compositions are administered by the oral or nasal respiratory route for local or
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I-nvention enploys transdermal delivery devices ("patches"). Such
transdermal patches may be used to provide continuous or discontinuous
i nfusion of the 10 reovirus of the present invention i e dsanount s.
The construction and use of transdernal patches for the delivery of
pharmaceutical agents is well known in the art. See, for exanple, U S
Patent 5,023,252, herein incorporated by reference. Such patches may be
constructed for continuous, pulsatile, or on dermand delivery of
pharmaceutical agents. is Oher suitable fornulations for use in the
present invention can be found in Rem ngton's Pharmaceutical. Sciences.
The fol | owi niyserppfieet. deemposiéonsdnpoeferdbly pharmacentically raceeptabde salventar e not
to be construed.in -as Limtin cope.of the esen} invention.
ExanpLES 200 of RePRiati s ki Nobr B e dvrbbs BRledave  he
foll owi ng megpd AehE BMiakA St hosdiZ - el VenaCCeEPt ed .
nmeani ngs. 18 15“%:%? enbe?éﬁz Oi'\i'lﬁcrllﬁvgfa I%@% gence“@?@%‘{l%@%ﬁ@é@#&?:}e
Cul ture | nf efate mask Buscorsinteriditiendpositivebressurdbresthingi adhase. SolMiom) ar
mlliliter A = mcroliter ng mlligram g = mcrogram

5 suspension, or powder compositions may be administered, preferably orally or

nasally, from devices which deliver the formulation in an appropriate manner.

Anotber prefeﬁed formulation employed in the methods of the present
invention employs transdermal delivery devices (“pétches "). Such transdermal |
paiches may be used to provide continuous or discontinuous infusion of the

10 reovirus of the present invention in controlled amounts. The constraction and use
of transdermal patches for the delivery of pharmaceutical agents is well known in
the art. See, for example, U.S. Patent 5,023,252, herein incorporated by

- reference. Such patches may be constructed for continuous, pulsatile, or on

demand delivery of pharmaceutical agents,

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

Remington's Pharmaceutical Sciences.

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

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

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

meanings. Abbreviations not defined have their generally accepted meanings.
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14 . g/L = granms per liter rpmrevolutions per mnute FBS = fetal bovine
serum DTT = dithiothrietol NP-40 = Nonidet P-40 (Cctyl phenoxy Pol yet hoxy
Ethanol) 15 SDS = sodi um dodecyl sulfate PBS -- phosplateptésubéredoed sal i ne
n-ME - (i-mercaptoethanol MJ or mo.i. _ "nultiplicity of infection PFU
= plaque formng units 20 hr = hour C = degree Celsius .. general MLed
- Cells and Virus Human enbryo ki dney 293 (HEK 293), Vero (African green
nonkey 25 kidney) 19 14 Septenber 2005 cells, and nouse fibroblast L-929
cell's were provided by the manufacturer Bi oReliance Corporation
(Rockville, Maryland). HEK 293 cells were grown in.a culture nmedium
. containing 10% h -inactivated I d 90% of the follow ng
m xt ure: Eagl e' Se%I ni mum essenti a hﬁngﬁnlyw 2 MM L-glutam ne 5 and
Earl e' s Bal anced BalD,,Sol ut =on agjissaé Clthfe BdEstdvus Dbs@g/ L sodi um -
. bicarbonate, 0.1 nM non-essential amno acids, and 1.0 nmM sodi um pyruvate.
Mouse L-929 and Adro cel | s =er eI¢IOPWIATt ed in a cul ture nedi um cont ai ni ng

10 % FBS and mM - millimolar
5 M = molar
oml = milliliter
ul = microliter
. mg = mﬂligrﬁm
- ug = microgram

10. gL = grams per liter
rpm = revolutions per minute
FBS ) = fetal bovine serum
DTT = dithiothrietol
NP-40 = Nonidet P-40 (Octylphenoxy Polyethoxy Ethanol)

15 SDS = sodium dodecyl sulfate
PBS = _  phosphate buffered saline
B-ME = [-mercaptoethanol
MOl orm.o.i.=  ‘multiplicity of infection

) PFU = plaque forming units

20 hr = hour
°C = degree Celsius

I .Gegeral Method

Cells and Virus

Human embryo kidney 293 (HEK 293), Vero (African green monkey
25 kidney) ' ' |
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90% of- the following mxture: Eagle's mninumessential mediumwth 2 nmM L-
glutam ne and Earle's Bal anced Salt Solution adjusted to contain 1.5g/L

sodi um 10 bi carbonate, 0.1 mM non-essential anmino aci dg,Sepsder@o0o®! sodi um .
pyruvate. The 293/ SF cells were grown in 293 Serum Free Medium (Life
Technol ogi es, Rockville, Maryland) supplenented with 4 mM L-gl utam ne at
36C 2 C. 6% 2% CO2 and 80% 5% relative humdity in spinner flasks at an
i npel l er speed of 35-40 rpm 15 The Dearing strain of reovirus serotype 3
used in these studies was propagated in suspension cultures of L-929 cells
purified according to Smth (Smth et al., 1969) with the exception that

| - mer capt oetcRANOfnd(Rodde) aQ”L'- ‘ vfd&]rﬁ %ng@éﬁ The
particle/PFU ratio fgr ptl‘ljﬁrﬁllaﬂ e rbgg\%];l%g@v\%a@% ypi ca Fy .ETZO .

| nf ection ofBidRelidnery €orpiedation Rockildy) tMasland)y. FTER208 celoweteigdivnnianol ayer s
of HEK 293, Vero, and L-929 cells were grown in 24-well plates and

i nfected w CHItrE Bedin comaining % heattinpgtiveted horseserpmiandi90dn of fifet er 1 hr
i ncubati on . . . layers were washed.with r i a and then 20
14 Sept enb_e_?z’%%gﬁﬂ%hggtgg@ i POEPE _@i%ﬂ%ﬁ‘mﬁm&iﬁ fre points
postinfecti gad m:me@m&w@mﬁ’mﬂﬁb@%ﬁ@&@&ﬂﬂiﬁﬁﬂﬁ !ﬁhﬁnﬁggﬁggﬁﬁ%{ ons

directly to the nedia on the infected™ nonolayers to -fina

~of | % and 0.bm¥ noasgssential stnjno abids, kyd At@mM sediant pyrnviter \Meised.-928 Vi r us
yi el ds were dgt&rm’ ned by plaque titration on L-929 5 cells and expressed
as Logl0TCl BB®/MAO CPls Wete prepagates i auivss mediyms containgig 0% EBSweré grown to

o /'m.and oBbeGE 8t MhbQidg \RidGRY BhdRrs hitmbH d¥bfial medium with 2 M L-

J

glutamine and Earle's Balanced Salt Solution adjusted to contain 1.5g/L sodium
10 bicarbonate, 0.1 mM 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 ) suppleménted with 4 mM L-glutamine at
36°C+2°C, 6% + 2% CO, and 80% + 5% relative humidity in spinnér flasks
at an impeller speed of 35-40 rpm.

15 - The Dearing strain of reovirus serotype 3 used in these studies was
propagated in suspension cultures of L-929 cells purified according to Smith
) (Smith et al., 1969) with the exception that f-mercaptoethanol (B-ME) was omitted
| from the extraction buffer. The particle/PFU ratio for purified reovirus was
typically 100/1.

.20 Infection of Monolayer Cell.ﬁ and Quantitation of Virus

Confluent monolayers of HEK 293, Vero, and L-929 cells were grown in 24-well
plates and infected with a reovirus at known multiplicities of infection. After 1hr

incubation at 37 C, the monolayers were washed with warm media and then
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was allowed to grow until the color of the mediumturned fromred to
orange, or wuntil the viability of the cells dropped to the desired |evel
~as evidenced by a viable 10 cell count. Viable cell caurgeptetssar Qooperformed
- under the mcroscope for cells that do not show a cytopathic effect, which
I's indicated by the cells becomng swollen and granular in appearance and
the cell clunps breaking apart. Viable cell counts can also be perforned
by a viable stain as commonly used in the art. Traditional method of
extraction and purification of Virus 15 Wien the desired cell viability

| evel was reached, the cells were pelleted in a centrifuge and resuspended

R, T by e S, s i

periodi cal wpNPex0 Bfd ket dedRthbliewal 8dded difectlF6 (819887 DnGhe infaGed
extracted-with an equal volume of pre-chilled Freon(r) (1, 1,2-trichloro-1,

1,2- 20 tri imarolayerst todims) comcenvationsiofid %oamd Q.6 %virespeetvely oMheoysatesy
centrifugation at 2500 rpmfor 10, npinutes. at 4C separate.the difference
phases. - The vl Boadaryest anRs Vil VerAsrened Py bBRF Bireuon oalcise

described a | |l eted by ultracentrifugation at
25, 000 ?pm Aand 5%%6%¥d%°’§qﬁ)f2@@éptenber 2005 WD 02/ 074940
PCT/ CAQ2/ 00331 The pell et was resuspended in PBS and the virus was purified
by a cesiumchloride step gradient. The gradient contained two |ayers of
CsCl sol ut i &ifection goSspenstawdCells. 49/ ni |, respectively) prepared in 10nmM Tris
(pH 7.4). The virus suspension was |oaded on top of the gradi ent and
czntrifuged ina SW28.1 rotor at 26,000 rpmfor 2 hours at 4C. The viral
band (the | sgﬁqﬁﬂsﬁfm o ' enpty
capsi ds) wag .Igfiggél%fgﬁerg d‘ﬁ?@?@ze agal nst Svtvié?ifﬂf‘ééregﬁii‘@s. Pht Buife .

' 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

- 10 cell count. Viable cell counts can be performed under the microscope for cells
that do not show a cytopathic effect, which is indicated by the cells becoming
swollen and 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 purification of Virus

) 15 When the desired cell viability level was reached, the cells were pelleted in a
| centrifage and resuspended in 10 mM Tris, pH 7.4, 250 mM NaCl and 0.1%
Triton X-100. The cells were then lysed by freeze-thawing and kept on ice for 20~
40 minutes with periodical vortexing to mix and lyse the cells. The suspension
s e WS €Xtracted-with an equall volume of pre-chilled Freon® (1,1,2-trichloro-1,1,2-
20 trifluvoro-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)
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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PBS. 'EXAMPLE 1 Determination of Optimal Cell Lines fof4{S8Btehsaaees on of

'Reovi ruSy determ ne whether there were differences
‘suscepti b?g}@eﬂ ?OI ines in the amount of reovirus produce %Pjg@vﬁz‘@od‘ﬁ]sequence

of infection, a nunber of different cell lines that exhibited reovirus .
susceptibility were assayed for relative amount of reovirus produced. O
“particular interest were those cell |lines that had been 15 approved by

various regulatory authorities for the production of a biological agent.
Accordingly, HEK 293, Vero, and L-929 cells were exposed to reovirus, and
their ability to produce reovirus was conpared. Quantitation of viral

producti on was naB&oNR e&%?, Is gg]r&% 4!
growt h nedi a aPévarl oulls nme polpﬁi%§%§)ds?ﬁi\’r¥?;es§ﬁs n. @ ysotges progi ced
ver e subseqsepigradisntb) Bt greddient @imsued two I@Efswf@wb)ﬁﬁitﬁmﬁ 01.dogmnlndnae t he

viral yield, which is expressed as titer 95 %Cl &I&glOTCIDB /m) in
Table 1 bel dviZ/whaespsstively) prepared dnd OmM Tris/pdt 243 m:ruStsnepqnemmed cells -

17 SUSCDARIRLR BN 3 B eSS SR SRS A

| nes. 22 Lipragor 2HBes 285, WRe Q20 b Al ioW M HMORS bardfiecadse g

Course of Viral Yield of Various Cell Lines expresse as titer
Log10TCl D50npper bahd/Ebikingd Siipty tA42%s) was harvested and dialyzed against sterile

PBS.

-~ EXAMPLE 1
Determination of Optimal Cell Lines for the Production of Reovirus
. 10

To determine whether there were differences between susceptible cell lines in the
amount of reovirus produced as a consequence of infection, a number of different
‘cell lines that exhibited reovirus susceptibility were assayed for rélativc amount of
- reovirus produced. Of particular interest were those cell lines that had been
15 approved by various regulatory authorities for the production of a biclogical agent.
Accordingly, HEK 293, Vero, and 1.-929 cells were exposed to reovirus, and their

) ability to produce reovirus was compared.

Quantitation of viral production was accomplished by harvesting infected cells and

20 their growth media at vaﬁous time points post infection. The lysates produced were

subsequently subjected to plaque titration analysis to determine the viral yield, which

is éxpressed ais titer -+ 95% CI (Log,,TCID.y/ml) in Table 1 below. The results

indicate that, whereas all of the tested cells. were susceptible to reovirus infection,

7 there were considerable differences in the amount of virus produced in each of these
25  cellslines. - |
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24 HOURS8.30 0.514.80 0.356.68 t 0.24 36 HOURS9. 05 1$5gpismbsr 2005327 93
0.40 48 MAdhPabfa 0.496.68 0.40.8.55 t 0.49 72 HOURS9. 3QCT}%A%?;30313§
"'0.369.05 0.32 96 HOURS9.80 0.359.93 0.599.30 0.43 The resu
clearly that HEK 293 cells are the nost efficient cells to
the HEK 293 cells produced nore virus earlier,

r eovi r us.

Furt her,

for shortened production tinmes for the manufacture of the reovirus.

15 viral

out put ,

.multiplicities of.
i ndi cat e that

in Table 2,
startlng mo.i.

2 Effect of Starting Multiplicity of
determ ne whether the starting nmultiplicity of
HEK 293 cells were infected with a range of starting
I nfection (mo.i.

and the final viral
- than 1 is opti.mal A@LEheThmp@@usmf inalrVieloof IWariovs fCeallddues us.

) between |

roducti on.

i nfecti on on Fi nal

Vi ral

and 0.1. Qur
there is indeed a relationship between the
A starting mo.i.

VTl Productt on {exol SCSEt s R 0L 1 EPlABegm S0/ m ) 1 vt
| 3/05(2)9533/0 c i q724nH?gJR Qﬂﬁﬁ 2330 368. 55 V9r0437 4 db HOORSS 92
24 HOURS 8.30 £ 0.51 4.80 1 0.35 6.68 + 0.24
5 36 HOURS 9.05 +0.43 5.55 £ 0.32 7.93 +0.40
48 HOURS 0.55 £ 0.49 6.68 + 0.40. '8.55 4 0.49
;} 72 HOURS 9.30 + 0.43 8.18 +0.36 9.05 + 0.32
96 HOURS 9.80 + 0.35 9.93 £ 0.59 930+ 043

tS Show

10 produce

al | owi ng
EXAMPLE
Production To
i nfection determ nes final

results,

23 14

The results show clearly that HEK 293 cells are the most efficient cells to
10 produce reovirus. Further, the HEK 293 cells produced more virus earlier, allowing

for shortened production times for the manufacture of the reovirus.

~ EXAMPLE2 ,
Effect of Starting Multiplicity of Infection on Final Viral Production

To determine whether the starting multiplicity of infection determines final

15 viral output, HEK 293 cells were infected with a range of starting multiplicities of
infection (m.o.i.) between 1 and 0.1. Our results, shown in Table 2, indicate that

there is indeed a relationship between the starting m.o.i. and the final viral
production. A starting m.o.i. of less than 1 is optimal for the large scale mamfacture

of reovirus.
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48 HOURS9.55 0.4310.30 0.379.68 0.50 72 HOURS9. 55 f4 8eplegnbgn200$ 409. 18
- 0.40 96 wiodnokes® t 0.0010.30 0.4310.18 0.36 5 Further mpggsca@bbossgsul ts
"denonstrate that there is also an optimal tinme at. 10 which to harvest the
.cells, which will be inportant. W found that viral production is greatest
after 24 hours. This is not surprising as prior to 24 hours, there would be
insufficient tine for adequate viral protein synthesis and the assenbly of
the mature virion. Modre surprising is the observation of a decrease in
virus quantity at the 72 hour point followed by a marked increase in the
nunber of infectious particles at the 15 96 hour tine point. It is presuned
that this slight decrease at 72 hours is |ikely due to'proteolytic
degradation of the virus followed by a second round of virus replication
at the 96 hour point. 24 14 September 2005 WO 02/074940 PCT/ CA02/ 00331

EXAMPLE 3 Eval uati on of act | ur itially, we followed
traditional methods to M%Eﬁ tdlfrﬁf? i"‘F‘gg~ a-'péf‘f yqtion as described in
Mat eri al s and Met hods.

freeze-thawi ng and extﬁa@rggc#eé &Reorﬁﬁw ee W? part icles were
t hen purfifi th a|CsCl t andjultra uge. ni's
pr ot ocol 00 _tedious iﬂ consum naﬁeﬁk}ér ge sﬁ X\iﬂd@i

1
product ifon.;MoriRiEer 4f ore 4 g e,? §evera1| ot Q% £xt4act i o neihadg 4as
descri b\.A hn] SV rlnr t o —Obilm—ze the a; MEest ngd| i y 3L
scal e s§spesFHOURSUI tfures.g.o2 + 052 9.30 + 0.43 - 9.37 4+ 0.48
) 48 HOURS 9.55 £ 0.43 10.30 & 0.37 9.68 1 0.50
72 HOURS 9.55 +0.32 9.93 + 0.40 9.18 & 0.40
96 HOURS 9.80G & 0.00 10.30 £ 0.43 10.18 + 0.36

Furthermore, our results demonstrate that there is also an optimal time at_
10 which to harvest ihe cells, which will be important. We found that viral production
1s greatest after 24 bours. This is not surprising as prior to 24 hours, there would be
- insufficient time for adequate viral protein synthesis and the assembly of the mature
virion. More surprising is the observation of a decrease in virus quantity at the 72
hour point followed by a marked increase in the number of infectious particles at the
15 96 hour time point. It is presumed that this slight decrease at 72 hours is likely due
) | - fo proteolytic degradation of the virus followed by a second round of virus replication

at the 96 hour point.
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10 Reovi rown in suspension cul tures of HEK 298Seripm&er 3054 48 or
72 hoursﬁ@ﬁ?@@%%ﬁstant agitation. Thereafter, a detergent?cgﬁéﬁ”&?sTriton
- X-100, Tween 20, NP-40 or sodi um.deoxychol ate (Na-DOC), was added to the
culture to the final concentrations indicated for each experinent in Table
3. The culture continued to be agitated for 10 or 60 m nutes at 25C or
- 37C. Then an aliquot 15 was taken fromthe culture, and the viral yield was
. determ ned by plaque titration on L-929 cells and expressed as
Log30TC1D50. Also tested was a freeze-thaw nethod wherein the culture was
frozen and thawed in order to disrupt the cells, wthout any detergent. In
the "no treatnent” experinent, an aliquot was taken directly fromthe
culture and viral yield was determ BXAMPLE® 02/ 074944 14 Septenber 2005
PCT/ CA02/ 00331 Table 3. Effects of different extraction nmethods on viral
yi el d Ti meSanpl eViral Yi dixpluationy olo¥inys &xteantion,Praceduxesr us control #18. 30
0. 37 Spiking virus control #27.68 0.40 Spiking virus control #37.93 0.24
~Certified titer of virus control7.99 0.24 Negative control No virus

detected 24 Houngigally, e flldwedOrddifbraX AR 6 extidct2hdniefy Yitalm N, | %

~ Tween- 2010.42 0.40

particles as described in Materials and Methods. Brieily, the cells were disrupted
5 by freeze-thawing and extracted by Freon three times. The viral particles were
~ then purified with a CsCl gradient and ultracentrifuge. However, this protocol
) | was too tedious and time consuming for large scale virus production. We |
therefore tested several other extraction methods as described below in order to

optimize the harvest conditions for large scale suspension cultures.

10 * Reovirus was grown in suspension cultures of HEK 293 cells for 24, 48 or
| 72 hours with constant agitation. Thereafter, a detergent, such as Triton X-100,

Tween 20, NP-40 or sodinm deoxycholate (Na-DOC), was added to the culture to
the final concentrations indicated for each experiment in Table 3. The culture
continued to be agitated for 10 or 60 minutes at 25°C or 37°C. Then an aliquot |

15 was taken from the culture, and the viral yiel& was determined by plaque titration
on L-929 cells and expressed as Log,,TCID.;,. Also tested was a freeze-thaw
method wherein the cuiture was frozen and thawed in order to disrupt the cells,
without anj7 detergent. In the "no treatment” experiment, an aliquot was taken

directly from the culture and viral yield was determined.
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Freeze/ t {{ay¥ehrde 0. 37 No treatment9.88 0.36 L- -- 14 Pep ?@%%53
Sept enmber 2005 WD 02/ 074940 Time 48 Hours Sanpl e 25C 10 n%cr[?[ %ITX- 100

"25C, 10 min, 0.3 % TX-100 25C, 10 mn, 1 % Tween-20 25C, 10 m n, %
Tween-20 25C, 10 min, 0.1 % Na-DOC 25C, 10 mm 1 % NP-40 25C, 60 m n, 0.1 %
TX-100 25C, 60 min, 1 % Tween-20 37C, 10 mn, 0.1 % TX-100 37C, 10 min, 1%
Tween-20 37C, 60 nmn, 0.1 % TX-100 37C, 60 mn, 1 % Tween-20 Freeze/thaw No
treat ment PCT/ CA02/00331 Viral Yield C

Table 3. Effects of different extraction methods on viral yield

Time - Sample Viral Yield + CI
(Log;oTCID,)
Spiking virus control #1 : 8.30 + 0.37
Spiking virus control #2 7.68 + 0.40
Splkmg virus control #3 7.93 +0.24
\ Certified tlter of virus control | 7.99 + 0.24
- Negative control No virus detected
24 Hours | 25°C, 10 min, 0.1% TX-100 10.67 + 0.24
25°C, 10 min, 1% Tween-20 10.42 + 0.40
Freeze/thaw 110.00 + 0.37
No treatment 9.88 + 0.36
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(LoglOTGIDS,) 10.04 0.43 10.42 0.52 10.17 0.36 9.78% SePiembep2005 ¢ 50

9.77 O. 0.44 9.92 0.36 10.42 0.40 10.29 0.32 10.42 0.50 9.42
- 0. 66 10.%&8].7%947?010. 25 0.32 72 Hours | 25C, 10 min, 0.1 BEFCAEP33N 1- 29
0.75 25C, 10 mn, 1 % Tween-20 Freeze/thaw No treatnent 9.79 0.32 10.63
0.24 10.13 0.44 27 14 Septenber 2005 WO 02/ 074940 PCTI CA02/ 00331

Time Sample Viral Yield + CI
(Log,, TCIDs)

48 Hours | 25°C, 10 min, 0.1% TX-100 10.04 + 0.43

25°C, 10 min, 0.3% TX-100 1042 £ 0.52
25°C, 10 min, 1% Tween-20 10.17 + 0.36
25°C, 10 min, 3% Tween-20 9.79 + 0.32
) 25°C, 10 min, 0.1% Na-DOC 10.42 + 0.50
) 25°C, 10 min, 1% NP-40 9.77 + 0.32
25°C, 60 min, 0.1% TX-100 10.17 % 0.44
25°C, 60 min, 1% Tween-20 9.92 + 0.36
37°C, 10 min, 0.1% TX-100 10.42 + 0.40
37°C, 10 min, 1% Tween-20 10.29 + 0.32
37°C, 60 min, 0.1% TX-100 10.42 + 0.50
37°C, 60 min, 1% Tween-20 9.42 4 0.66
Freeze/thaw 10.38 + 0.24
No treatrnent 10.25 £ 0.32
72 Hours | 25°C, 10 min, 0.1% TX-100 11.29 + 0.75
25°C, 10 min, 1% Tween-20 9.79 1 0.32
Freeze/thaw 10.63 + 0.24
No treatment 10.13 4 0.44
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These results indicate that Triton X-100, Tween 20, Na%BSerteatben@O%D can

all be used to extract reovirus fromHEK 293 cell cultures wth viral

"yiel ds bRO92074989 conparable to that of the freeze-thaw mBREREAIZABE ceabl vy,
procedures enploying Triton X-100 generally produced nore virus than

- procedures using the other two non-ionic detergents, Tween 20 and NP-40,
by about 2 fold. Na-DOC, the only ionic detergent tested, produced about

t he sanme number of infectious virus as 0.3 % Triton X-100 under these
conditions. The concentration of Triton X-100 was optim zed in further
studies, which indicate that a final concentration of | % Triton X-100 in
the extraction mxture yielded the highest viral production. 10 In
addition, it is worth noting that by using a detergent to |yse the cells

i nstead of freez ' et BNy g
‘performed at 25?%%&6\33%1?\@%%@%?%&?220@?%@0 I nf eé?{faous v???%%gﬂ cles
was not af f el btusedEbiextract reovias fromITEK @93t onkatdsi witdavirpl vields dettexf
performng the entire virus extraction procedure_ in the presence of

prot ease i nifgompagable toythabof the dpsrerthamemetind, Jletisepblycprocedereser t o

preserve fu l,onal -hEot &) Ther.ef or vj ruses. c be extracted from
cul tured celr%%ﬂl%‘nﬁ %%?%Tg%ge%b‘ﬂ@e?ﬁogﬁ . BEeeWSe Pg%eé?rggt\lﬁglg 4’ roves
| arge sgal e othdritrolidddienld Qe geris ! OB b NPAG! Blsatdne M iblae NADOC,
treatnment” experinents were quite high, suggesting that many viral

particl es nithhonlyderichistargent|testsk prodiced aheutahé same nifberof infiactivitor t o
extraction, the det nt t ment further, |ncreased the yjel about
10 fol d. Th@%@ﬁiafégfﬁt%iﬁ%wﬁae@wlqwat WW%‘&PM?EB%/‘%I y

"~ évident at ' 1 . Ak 1 ' i
novever ,  det a0t ophitthdt RORHLES AR, Aohic incife flke Yt bMTERARQH of

theref ore apmediritoh BaL00 WPk eRfrattih Mixie yielded Bld high&p ¢iral pddadtidnne 24 and
72 hour time points but not at 25 the 48 hour point. This observation is

consistent with the previous discussion that
10 In addition, it is worth noting that by using a detergent to Iyse the cells

instead of freeze-thaw, the extraction procedure can be conveniently performed at
25°C or even 37°C, and the yield of infectious viral particles was not affected.
This is in contrast to the traditional practice of performing the entire virus
extraction procedure in the presence of protease inhibitors at a low temperature,
15 usually 4°C, in order to preserve functional proteins. Therefore, viruses can be
extracted from cultured cells by a simple and convenient procedure which greatly

improves large scale virus productions.

Although viral yields from the "no treatment” experiments were quite high,
suggesting that many viral particles might have been released into the culture
20 medium prior to extraction, the detergent treatment further increased the yield by
about 10 fold. The increase in yield By detergent treatment was particularly
evident at 24 and 72 hours post infection. At the 48 hour time point, however,
detergent extraction did not much increase viral yield. It therefore appears that
- most of the virus was cell associated at the 24 and 72 hour time points but not at

25 ‘the 48 hour point. This observation is consistent with the preirious discussion that
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28 14 Sept enber 2005 WO 02/ 074940 PCT/ CA02100331 pr oflésiepiambei@gPadat i on
_may occumwa@bz/ezapdod point in the course of the culture, WiicehcAdohed:l owed
by a second round of viral replication. Subsequent to the extraction
procedure descri bed above, cell debris can be renoved by sinple nethods
such as filtration or centrifugation, and the resulting 5 virus can be

- used for clinical adnmnistration. If cell debris is removed by filtration,

the filtrate can optionally be concentrated, for exanple, by
ultrafiltration, to reduce the volunme of the virus. preparation. Iron
content of the filtrate or concentrated viral preparation can be further

- adj ust ed, f oprotecdyiixt degragationamayesasha ate mitl poim tio geaquimyseosf the ahlpwies. 29 14
Sept enber 2005, 074940 PCT/ CA02/ 00331 C aj.ns; A nethod of producing
reovi rus froﬁ&%{’ﬁgﬁgﬁﬂwdﬁy 2 8¢908d ToRRdhpf WralJeplicatigheps of . (a) providing a
cul ture of human enbryo kidney 293 (HEK 293) cells which has been infected
by the reovirus; (b) extracting the reovirus fromthe HEK 293 cells by

addi ng a det er genSubsequér€o ehél dxumetian frocacurealebdttbeli®bode Al deBriglcad be®; and
(c) collecting the reovirus. 2. The nethod of claim1 wherein the detergent
i s sel ected Femavediy simplggnetbedsssushian dilgatian ox eantrifugedon, Buddhe sepltiug- 40 and
2o S X Yol Blhe diator difeaTRuMbSsRhich, e el dbbSE & fniobea 651 7 9™ S

- ' filtration, the filtrate can optionally be concentrated, for example, by

ulirafiltration, to reduce the volume of the virus preparation. Iron content of the

L —

filtrate or concentrated viral preparation can be further adjusted, for example, by

ion exchange chromatography or dialysis.

»
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consisting of Triton X-100, Tween 20, and NP-40. 4. ThtSaeiembar 2105 ai m 3
wherein the detergent is Triton X-100. 5. The nethod of claim4 wherein the
final anessismtion of Triton X-100 is 1% 15 6. The netdfcRbydssd M 1
“wherein the incubation of step (b) is perforned-at or above anbi ent
tenperature. 7. The nethod of claim®6 wherein the incubation of step (b) is
performed at about 25C. S. The nethod of -claim6 wherein the incubation of
step (b) is performed at '20. about 37C. 30 14 Septenber 2005 WO 02/ 074940
PCTI CA02100331 9. The method of claim 1 wherein the culture is incubated
with the detergent in step(b) for 60 mnutes or less. 10. The method of

claim9 wherein the- culture is incubated with the detergent’' in step(b)
for 30 mQlwiness or less. 5 11. The nethod of claim 10 wherein the culture
is-incubated with the detergent - in step(b) for 10 mnutes. 12. The

met hod of claim1 wherein the reovirus is a mammalian reovirus. 10 13. The

met hod ofy cl ai ot bl dd mm: ' ' . eqvi rus.
14. The net hod of (?I a?k] 13%\%2‘? ein t Oﬁﬁlﬁgﬁyég‘%@?’réﬁzﬂpﬁlg sé;?‘SIESy"gZ 3
virus. 15. Thdaxet lpoavidihg alcaltmee bf huinan embryoHiedg298 YHEK32939 evlis which s t he
Deari ng . . -
: has been infected by the reovirus;
(b)  extracting the reovirus from the HEK 293 cells by adding a detergent to
the culture and incubating for a period of time; and

(c) collecting the reovirus.

2. The method of claim 1 wherein the detergent is selected from the group
consisting of Triton X-100, Tween 20, NP-40 and sodium deoxycholate.

10 3. The method of claim 1 wherein the detergent is selected from the group
consisting of Triton X-100, Tween 20, and NP-40.

4. The method of claim 3 wherein the detergent is Triton X-100.

5. The method of claim 4 wherein the final concentration of Triton X-100 is
1%.

15 6. The method of claim. 1 wherein the incubation of step (b) is performed at or

above ambient temperature.

7. The method of claim 6 wherein the incubation of step (b) is performed at
about 25°C.

8. . The method of claim 6 wherein the incubation of step (b) is performed i;t
20 about37°C. |
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| . - | | tember 2005
strain. 15 31 14 September 2005 WO 02/ 074940 PCT/ cA02] 6353 28" “Pe net hod

of claim1 wherein the HEK 293 cells are grown in suspension. 17 The
met hod_of claim 1 wherein step (c) conprises renoving ceptrarabro®sby
fi I-tra‘FPdW.‘m?ﬁ' The method of claim 17 further conprising a step of
concentration after filtration. 19 . A nethod of producing infectious
reovirus, conprising: (a) providing a culture of HEK 293 cells which has
been infected by reovirus; (b) extracting the -virus fromthe cells by
adding Triton X-100 to the culture and incubating at about 25C to about.
37C for about 10 mnutes; and (c) collecting the reovirus. 5 20.. The
nmet hod of claim 19 wherein step (c) conprises renoving cell debris by
filtration and concentrating the filtrate. 32

9. The method of claim 1 wherein the culture is incubated with the detergent

in step(b) for 60 minutes or less.

' 10.  The method of claim 9 wherein the culture is incubated with the detergent’

in step(b) for 30 minutes or less.

5 11.  The method of claim 10 wherein the culture is-incubated with the detergent

in step(b) for 10 minutes.

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

10 13. The method of claim 12 wherein the mammalian reovirus is a human

TEOVITUS.
14. The method of claim 13 wherein the human reovirus is a serotype 3 virus.

15. The method of claim 14 wherein the sérotype 3 reovirus is the Dearing

strain.

15
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16. The method of claim 1 wherein the HEK 293 cells are grown in

suspension.

- 17.  The method of claim 1 wherein step (c) comprises removing cell debris by

filtration.

18 - The method of claim. 17 further comprising a step of concentration after

filtration.

19'. A method of-producing infectious reovirus, comprising:
(a) providing a culiure of HEK 293 cells which has been infected by
reovirus;
(b) extracting the virus from the cells by adding Triton X-100 to the
culture and incubating at about 25°C to about 37°C for about 10
minutes; and

(c) collecting the reovirus.

5 '20.. The method of claim 19 wherein step () comprises removing cell debris by

' filtration and concentrating the filtrate.
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