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i ndi vi duﬁﬁg@%cat ed to be incorporated by referencd?SFPIEMPeEAPPT ety
BACKGROUE | N\VENTI ON Due to the vast nunber of di s&&JEAAELY by
"viruses, virology has been an 10 intensively studied field. There has
al ways been the demand to produce viruses efficiently in order to isolate
~and purify viral proteins, to generate vaccines, or to provide infectious
viruses for |aboratory studies. Recently, the new devel opnent of virus
t herapy has further necessitated the need for efficient production of
i nfectious viruses. 15 Reovirus therapy .is an exanple of virus therapy.

Reovirus is &2efs&hrk. “The selertpnrafaimsrgsistaniahinesetamatercovagy calsa, ﬁ;éﬂlto ?/t ude

“of cells. Ho 3R gr@@? cells are not susceptible to reovirus infection
and bi ndi ng %f re%3| a Q'o 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 any particular 20 disease. It
was di scover WDI09241 , phblished (Hebruarp 25f 899%d with the ras oncogene
beconme susceptible to reovirus infection, while their untransforned
counterparts 14 Septenber 2005 WD 02/074940 PCT/ CA02/00331 are not (Strong

etal., 1998). Fo SFIHP [ - ' H 3 .. were
transfornmed with é%:lt I vat é‘%’vﬁgﬁggé@g\é’, f’%b%%t% gﬁ%?é}%ﬁ%%@@\é?éééﬁas

“ reovi russ i nfmesrporatvdby esforeficeth thehrmentisety Yo thenuaR dxitdint ab bk didchptireasie

resistant to reovirus infection becane susceptible after transfection with

the EGF recefpchindivigenkepublication, patanb Bppliretige arpatou Wasspesifically and i vat e t he
ras pat ey Losnt otorala 1o A99%enS L1 SheBlics 3 WShioUS: T OVI U can

sel ectively

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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in cells with an activated Ras pat hway. The ras oncog%@feg@@@ﬁh@%%f or a

| ar ge pavoervage of manmalian tunors. Activating mnutati operefsei|dsr as- gene
itself occur in about 30%of all human tunors 10 (Bos, 1989), primarily in
~ pancreatic (90 %, sporadic colorectal (50 %9 and lung (40% carcinonas,
~as well as nyeloid | eukema (30% . Activation of factors upstream or
downstreamof ras in the ras pathway is also associated with tunor. For
exanpl e, overexpressi on of HER2/ Neu/ ErbB2 or the epidermal growth factor -
(EGF) receptor is cohmon in breast cancer (25-30%, and overexpression of

15 platel et Y h org { P t or EGE 1 t i

preval ent i r?ggﬁg?ti(gﬁggégﬁ%l"gil ol zfs 5%%‘}’{628’&%8@?5“%5:‘%&%@ é;l:?d%
recept or ar evepetransfsiovdwith setvited Ras or Sob PP Prdteindikieh hetvaiai Bas espect i ve

| i gand, and v-erbB encodes a constitutively activated receptor | acking the
ext racel | ul aeovidaniscti® wee enhangede Simiady, mbuseufinoblastsohat aze eesistand ot ed
for by genetic.20 i on of t -0- oncpgene rﬂ’gs) or. hi gh Ras

.alter he., pr o
activity, ré%?%é&eﬁ%?% AR %lsc?i@\h?e FriFastgon siththe (E LF8RO ondi ti ons
(Cof f eys et 1998) ' 3 Wela]l I j
Ras- as ssoci a? E%IB (t)ruﬂrrlg% %rglaﬁ%\ég%%ﬁl’ yg\%épﬁ}élr%(ﬁg%? It%e ﬁ%’rﬁg ﬁ#ﬁéaﬁf(g%l%ﬁg ﬁf S
‘therapy hasaly 02933 Huongat ahp3996) Thuk, ReowiRRttanReleetivell wifet Aadephafe human
animals. . 14 Septenber 2005 In order to produce reovirus suitab%)e for
clinical adi felstWik pactivaiest RanpaB™ey ci ent net hods of produci ng reovirus
in cultured cells are needed. Moreover, the traditional nethod of
extracting viruses fromcultured cells is tedious and tine consuni ng,

rendering the co | [ j : roved
ethod for vyt us Toerts dgPiRRURLIRa 1R it BRined SRR ARSI R

Activating mutations of the ras gene itself occur in about 30% of all human tumors

10 (Bos, 1989), 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 ammals .




The present invention is directed to a nmethod of extracting virus froma
culture of cells. Viruses are traditionally extracted fromcells by

mul tiple rounds of freeze-thaw ng, followed by puriff&eapteowenkdldd density
gradients and ultracentrifugation. In the present invention, we extracted
virus froma culture of cells with a detergent and the resulting yields
were better than those obtained by freeze-thawi ng. Mreover, this

extraction ]ﬁ%ﬁ&r?@?ro%ﬁ%@%ofv%g@ﬁa@% e cliﬁgglvefdmiﬁigpét%ﬂt abCAREL A feitidls
particular, the extraction can take place at a convehient tenpérature such
as 25Q@fgproRrdgasevinsiin tullurericatle akd ngededr Merepierethe. traflitiooaldnethdd of extractingpect
of the, ' | ' . of _pr ' r eovi fr. a
cul t ur AR5 E8 cLRYEE bufis Rl 18 o Borg Qi SPGB B Rt e BaldBh, B
enbr ydokhigheVheref®rg, ldBKMRp8REd owithes! fahvicis extisctivednalso needsded by t he reovi rus;
(b) extracting the reovirus fromthe HEK 293 cells by adding a detergent to
the culture and incubating for a period of time; and (c) collecting the
reovi reMMMARY QB THEMNMENTON he present invention provides a nethod of
produci ng i nfectious reovirus, conprising: (a) providing a culture of HEK
293 cells which has been infected by reovirus; (b) extracting the virus
from t he celHespreserdddentiprlis idiresiektola G@thod of ketranting vires feond a cultigralwhcelisg at

- about \%nge%%reatpa%ﬂ Fogglrﬁge){t%rqe%t}ﬁa% caild b&‘rﬁ'ﬁ”}ﬁé roufd 01( ﬁgez(é%%ﬁﬁé,' fpl%v&elagad :
reovirus. e enbodi ment of the rnvention provides a nethod™of produci ng
vi r us Huribeatien euthtdensityogradieetsapd uteepntriigation. rethetpegsenbinverBiobdwSepirastdrk r
2005 virus from a culture of cells with a detergent 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 - di [ ' ' ' 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.
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The cells may be any cells useful to produce the virud4&epiemher 38035
i ncl udi Rgp oB@N@EENt cells or suspension cells. Preferabl ypcriogoxmbiis are
“grown in a suspension culture. Wien the virus is reovirus, the cell is
preferably HEK 293 cells. After extraction, the virus is collected. Cel
debris can be renoved, for 20 exanple, by filtration. To increase the flow
rate of filtration, stepwise filtration can be perforned wherein
prefiltration with a larger pore size is followed by at |east one
filtration step with a smaller 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/ 2/ 00331 293/ SF cells, a .
prefilter of 8 oD% PRASGIRCEPY M %@%%%@8&%89@6%%@8&“ ilter,
and finally Yl I i / SR ed to
reduce the'%f:%nng’ g%{:ﬁé}lgﬁpgv?ﬂsdusggﬁ%fﬁgﬁ%\a%k#%éﬁ?é nggie?gd toéc ange the

sol uti on Vi pagoirfiedstsddsigademperatat hwithoutthavirghoasaiinain & prdishepted
chromat ogr aphy or dialysis can be enpl oyed. Another enbodi ment of the

present i nvismpesatupe.ofrefersbly, thengrasactipe #s parienmed @b @1G s More peeferabljsthe

I | ect ed dj to.th t i tion. | ticul Lral
SolTecten accor Lo e resetL L INCHL LGN, ] ! LA /S
. Pref erabl yeyé?rngﬁa W@Pﬁmh%h&tg;ﬁé’ &Y Sultgre nd YIRS ShirhGfon M tfe%ﬁ'@ﬁhe@ﬁifpr ise a

phar maceuti C 10 accept abl e excipient and/or carrier. TAI LED
DESCRI PTI ONi{grsahidEnttbddy]| ON The present invention is directed to a nethod
of; extracting virus froma

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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culture of cells. Instead of the traditional- freeze-thhwengmbesBddgue, we.
have d¥P2@F0a fast and sinple nethod which can be pePEDIC&ROZI0331
conveniently. 15 Prior to describing the invention in further detail, the
-~ terns used in this application are defined as foll ows unl ess otherw se

i ndicated. 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 Septenber 2005 WO 02/ 074940 PCT/ CA02100331 As used herein,
“multiplicity of infection” refers to the ratio of the nunmber of virus to
t he nunber- cells when_a virus is used to contact cells. As used herein,

f
"cell lysi %83155@1153,,%%@#@ af 81055t shpere sizel gan hewsedyfellowed by @dd iMand t he
subsequent ld oOF t of the content of the cell. As used
-herein, "cg?t?}u%gaiiou%gy%iddﬁﬁhdﬁg{e&r 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
cul t ure cont ai ndhs filtratg gen Girthdrebeonnntenteated i nedvucet the viohinhé of thdadrmist y of t he
cultured cells, .and_J. are infected with a virus, the initial

f.the. cell ! S
mul tiplici ?‘VPBI?S“?’}\f@de 43%3“%%‘@%8@%@1@% vigus ssuspeaded i, aretheds cul t ur e
f 4 s" A | i | in thei | t
condi f) ons Tepes 0n PABNES biiSnfilonrtily of SENSR Cafl s aflG, 1 (MO TGt

~culture nedium 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 virusAndiber enshotiedrt chmquestnt thventingrevides Acompaositiontwhidh i S

A taene Confpridel B QiR 28lordin o' m Prodbie Hvéntion. T particitar, C "

viral compositions 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.




‘Thus, a virus is cell associated before the host cell 11‘&?"?%’8(2%% cell
| ysi s t\?ﬁio%'maﬁ) virus may be still attached to or trapp%{,&Amﬁspf t he
" and.

br oken ce remain cell associated. However, when the virus Is

rel eased free into the nmedium 20 it is not cell associated anynore. 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- associ ated

virus into a cell free virus. 14 Septenmber 2005 WD 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 chen cals wetnRuet, amdlitiphivite of inféaioad r¢fers b hdegtiadiitieenmyberhetic |
chem cal conmpound. The detergent useful in the present invention enhances
di sruption of vizes fo thermwehes oIcells when pvime is pseddasenset ¢alls. content of the
disrupted cells. As used herein, "incubating” after addition of a detergent .
to acell culture refers to the act of allowing the cell culture to be

~nixed with the deleigaHereifS«sIOYsiie i to 1HOHIsBSHHIADE dell nathbrafie bEhers to
the act of collecting the producCed virus froma cell culture which has

been previ owell ynd tecnibeetusnt tel¢dse of 8ll wr part.of Theecoritentofithe tgibi cal |y
coll ected by separating cellular debris fromthe virus and harvest the
~portion which conprises the virus. Optionally, the virus can be further

separatgd fromthe sol.ubl e su €Sy:.: €. §. frg Nt ri IH?Q 1. gn: sed
her ei n, 5. anbi ent rlt%m%%%w%@%@@%@ trg f é? g’feuroéldge wté'é%{]ma@g% 10C
and about 3@gimreNBichMing BHPRGtAHRE] ﬂo&h@&@ﬁzgératbkéf @géweaﬂmbeam&férswc and
agout 30C, nore preferably between about C and about 25C, and,
- 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.




“containers in a cell culture. Suspension cells can

nost prg\&ﬁrﬂg}ajbéé@bout 25C. As used herein, "cytopathi& §Pf§l§§§{{'%glndi cat ed

by the om ng swollen and granul ar in appearance an e cel
cl unps 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. Exanples of adherent cells include
nonol ayer cells, which are cells that forma single |ayer of cells on the
surface of a culture 9 WD 02/ 074940 14 Septenber container. "Suspension
cel I's* or "suspengiado®ikdii, 4 efeairgtt” 464 bibsulics hasiag natyaragtitic end andal tur e
e grown in a _ "spin
cul ture", whidtophebia endl tThealetargentiic preféreblyw symthetiewheminal sompoyndeand
continuously duri the cul tur I ocess. As ysed herei ell is
* "di srupt ed" %@Hré}%@bgéﬁ E’“ﬁ’ﬁﬁ‘@ﬁ%‘ﬁﬁ SY%tﬁ?tl?p‘Eﬁl?PEﬁfH Corgo ‘EI g”gg%eégg@t of the

cell cont E;tu]séﬁl ihei!hg ﬁﬁ‘gsg,n{ QBN erfhShdes dﬁr@dn SFRENNGemBtBbs RS feilitder

exanpl e, reeze aw ng, sonication or ergent treatnents. As used

herein, 5" vi aéledsetof thé colrentadlthsdisauptédoglisent age of cells remaining - vi abl e”
I s the percentage of the cells which do not show a cytopathic effect in a
10 popul ation. As used herein, a "non-envel oped virus" is a virus which

does not have an , envel.ope. kor ,exanp - env ir e any
virus whi ch bel ofyeo¥s befein HlHaRagy s RGURR A GRES L0k s’
Pi cornaviri dagrdg-ifle ablOdf @oWiig e cell culture to be mixed with the detergent.

J

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



ReOVi I UHR) dafyrbag! €OVI T US), Papovarviridae (e.g. papi IW@?B}?@MQ&I

Parvoviridae 15 (e.g. Kilhamrat virus) or Ir|dOV|r|dae (e.g. tipula

~“iridescent virus). As used herein, “"reovirus" refers to any virus

classified in the reovirus genus, whether naturally occurring, nodifiéd or
reconbi nant. '‘Reoviruses are - viruses with a doubl e-stranded, segnmented RNA
genone. The virions neasure 60-80 nmin di aneter and possess two
concentric,capsid shell s, each of which is 20 icosahedral. The genome

consi sts 'of double-stranded RNA in 10-12 discrete segnents with a total
genone si ze cobtali®r 27 Subpensibhecellstpy I suspendeliacBsigrafer t oells which do 26t Three
di stinct but eI at ed,  types of reow%ﬂﬁ ave been recoyered.from nany

species. Al l? ﬁ‘icégcfl RS B § HeERi ¢ Sﬁ@nz?ﬁtgif‘@@ﬂmio 14

Sept enber 2 T‘[@P _ P?éhsth type |
(strain Lang E; yEﬁ:J%Zd F(»"Htﬁlrgtﬁa}| onesQ i%;e %ﬁé&%e @ Estrai n
Dearing or s;roﬁﬁnﬁbue@rmmngﬁ&@):ul rbbgsee serotypes are easily identifiable
on the basis of neutralization an hemaggl-uti ni n-i nhi biti on assays (see,

for exanple, Fields, B.N et al., 1996). The reovirus may be naturally

occurri g or nodi |ed The reovitus,.. s . ".pat.u ccur,ri n when jt- can

be i sol ted from‘%tS ussdrhezeipna ﬁ%]k edlﬁl?fateﬁ br‘?Ht e%@g JHBW

nodified b [~ r can be
by TR ol dbutd G he bE BhREM isEplea TG B 47§ AT 2OULEYBe

‘froma "field source roma human een infected with

t he reovi ruslisrkpredhforrezamplel by feoezt¢hawidg f dopitatioh os ﬂetletgemnahﬂnmnm‘
lyrically infecting a mammalian cell having an active ras pathway. The
reovirus may be chemcally or biochemcally pretreated (e.g., by treatnent

wi'th a protease, gi ﬁ?edahser(;hyn%%%%? bf'the cells” or "percentage of cells remaining

~ 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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or trypsin) prior to admnistration to the proliferating cells.
Pretreatnment with a protease renoves the outer coat or capsid of the virus
and may increase the 15 infectivity of the virus. ThQ4n§§yé&g§1ﬁgg be
coated in a liposone or mcelle (Chandron and Nibert, 1998). For exanpl e,
the virion may be treated with chynmotrypsin in the presence of mcelle
form ng concentrations of alkyl sulfate " detergents to generate a new
i nfectious subvirion particle. The reovirus nay be a reconbinant (i.e.
reassort ed) reovirlﬁle romtwo .or 20 nore types of reoviruses with

[

. differing pathogen FEQEEsGopgistsfithree serkyRasHIYPaIL (steaie hangar i geni c.

determ nants, phfgr EeR! 0 ' i responge b mal
previously expgg’ee’ %Zé reo\;?&&ﬁ?%@yﬁ@bégg@ﬁﬁn% icf{aws?%ﬁ n be
- generated by The ilnteséronpes breeaeRidspfifiablelch té bhsis 6F bhaFAbtsHRidypes of
reovirus with the resulti ng resorting and incorporation of 25 different

subt ype coat BemBigalininipiibities assays|(sden forvexainple, Fiplds,dB. N 14f a4 1986k enber
2005 As used herein, "HEK 293 cells" refer to the human enbryo ki dney cell
| i ne designated 293 (ATCC Nunber CRL-1573) or its derivatives. For exanple,

adapted to grow I nobs st aabe el e ARt TR on

adapted to grow in serumfree ne ate tion

~are HEK 293 twinkrsilpcaptreing! ovhgn dincanbeoisblated fubrh W souedidi fian@d 9nd Bhs A¢ty Ki nd
of HEK 293 cell s or .derjvatives which are transfornmed with an exogenous

DNA, " pr ovi dedPeeprBientipnallyipadisied byrdiumsans dothe Iabaratorpaifior ewemplei thet y of t he
e Py ! f # . Aty
Frventi on - hottebichs (b ERbm, 4 PR Ardl MlAF L MOnTR KRR S hstesh e 1 ef o1 o

t 0 cont act i ngnfected with the reovirns.

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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10 any part of the body of a living organismw th the substance in order to
improve or maintain the organism s health conditions. Method Reovirus is
used as. a nodel systemto describe the present inventisGgkptdmbet2o8st ail .
However, it is contenplated that the present invention can be applied-to
other viruses as well, particularly other non-envel oped viruses. W have
previ ously devel oped a nethod to grow reovirus in HEK 293 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

met hod 20 . of producing reovirus- (Exanples 1 and 2).. In addition, HEK 293,
cells has been da S;tﬁg%etq gI’OéV I n_suspensi on which can be cultured in

| arge quantity, Habe | BEERS qellpgaelst tn e dumpncsmtyio kisoep ¢ell To

i sol at ' : ' | , jnitially foll d
tradit; onat TREHERIBAAE 8% (ATCEPRIBLEDCRE LB or S dobivhiifis Formpblsy ¢ ne
cel |'s were QO3/SHeBS (ATCC Rezfbet CRE-1S7R10 KX HEAC bos cdifs %Ifhgg‘h\%%«t? 2005

by Freon three times. The viral particles were then puri a CsC
gradi ent  andapied toogromt in Seouaifrasrmediaveso conthinplapgdoinahisl invemsioh@ge t edi ous

and ti c ] or,large scale virus_production. W therefore

devel ogsgd a%?g?iﬁaq?@ﬁqgﬁ gLTBWéRPF}KEtC“FE’@ qonditiongsor any kiad of HER scover ed

. that by incyg j : . 68 . ] er for a ort
peri_odyof t?érr%&]ﬁb%i ]e"vagllégsz% c|ﬁ(n?’\l‘retcr |£@%6%¢%%%%@"?%58@?%3%{]h6

‘extract.’ Ththat this tansfermatwnddes noepapaaf & ik dritke 64Als! tod8HFdre eficidat

sinpl e separation method based on size or defisity differehce such as
fi)l trati'on, TeevEME production apdeseribed in this invention.

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




exclusion, and the resulting virus can be used for reovirus therapy. The
reovirus 10 produced according to the present invention is suitable for
admnistrations in human, and this protocol is consi st4esdptavhbdr 2008 FDA
recomrendati on of disrupting cells in the presence of a detergent. W
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 sodi um
deoxychol ate. Wiile all four functioned in the present invention, Triton
X-100 repeatedly yielded nore virus than the other two non-ionic detergents

by - about 2 L um de chol at s _abqut as.effecti S Triton
- X-100. It isbg’q%:rgﬂ? ﬁ%%? g‘?%eg ﬁﬁét"’%‘{' H%‘%Cic,ﬁ%t‘%‘?‘a ,“"E‘S?Ft"(@h?ﬁ@%%eﬂénes
commonl y use@dyuBrsbefifrifabationt! i WREoosGa] | dnvention as
“wel | . Exanpl es of theseg%t her %e‘ffg{%?g%nts }ng& eﬁﬁ?%ﬁ%ﬂi ton
- det ergent s, cohsuminddor Ilngeestal@aetinsgrodiectipa. 9. Tween- 80), sodi um dodecyl

sul fate, lithium dodecyl sulfate, and dodecyltrinmethylanmoni um chloride.
The results indicate that detergent extraction was nore effective than

freeze-thaw ng, t [ e Vi extr ion..lt has been
reported 25 that vtbg tgég?f}g%{l&aeﬁp%%%g%gll]{’%{smfitbt?%%?@f%a%g‘? EOVERS i B#F t he
reovirus isdibcrid @ek by ItcubdtigetieIBR 293QQf ARERCK A ﬁ‘il}etéi'%é:tt igbel £6hort
dei oni zed water was nore effective than freeze-thawng, freon extraction
of trypsin Peded aEtimeq bighdevals obinfertions te@9ins wenerqleassd t the extradti (Phe
provides a nore ra&i&q and conyeni ent t effective, apgr oach, because there
i s.no need I8 A L FEPFTARSH Trone Kig v ¢ simple peparationgnegthod ne
dijystilled wahe o Bid'\Gdensity difference such as filtration, diafiltration or size
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, lithium 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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It is contenplated that high concentrations of salt, such as guanidi ne
chloride, can be used in the present invention to substitute for
detergents. However, it is preferable to use detergenudsSeparhiesr 2008n hi gh
concentrations of salt. The present invention thus provides a fast and
sinple method of extracting 10 viruses froma cell culture. The detergent
can be added directly to a _suspension culture or.to the nedium of adherent
cells. In either case, the nmedium does not need to be renpved first.
‘Furthernmore, no other neans of disrupting cells or extracting viruses is

necessary, s ; r . LGatlon. . ' rta f.eat ure of
t he presgnt Pﬁg\}gﬁtﬁ tleghﬁlggﬁtaﬁg%lﬂt gaew%?ér}ia‘g%ifgﬁg eprggggmn%%ﬁe "pes ﬁF%d at -
or above anbi exttactionoe tpsinarealmast (Dracbdileyal. Vi992). Théipréeht RBiveatich

purification are carried out at a low tenperature, typically 0-4C to
preserve the BrOvifes @rreeredapid anslceanyerienityep cffeetivesappFanch; becansmthereeisamn,

protease inhjpbitors,are ual ly al i n‘ﬁl uded in e extraction solutions.
Therefore, it254 tgé)eggtr%p@%aes}ﬂﬁ%qnﬁt \3o Se@erﬁﬂmﬁ?‘i)gﬁgﬁldlmdb‘@a‘ébnduct ed
at a higher tggpggature wthout any protease inhibitor. In fact, a
tenperature as high as 37C resulted in about the sanme amobunt of infectious

virus as 25C (Table 3). Consequently, virus extraction can be carried out
by adding a detergent directly to the cell culture and continuing to

agi tate the cul t ur¥ i popmplatedthachigh seneapgratipnef salf, skoluas gvanidine t 0 25
h the t 3 , tively,.si there.is n dt i nt ai
Constant |t enr g daf be sk L prfictt iy REGh by bl OF ARt
i nvention, thHowdvees it36 taminle RARE dRfePERfi Fathdr AR ﬁi?ﬁ chh@e%@ﬁaﬁBn@ggé i i

t-énperature even though ambi ent tenperature may var rom place ace
or wwth time in the sanme pl ace. :

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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After extraction, the virus can be collected. 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 flow rate of 1#iSdptenhbhep2005t epwi se
filtration can be performed wherein prefiltration with a | arger pore size
is followed by at least one filtration step with a smaller 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
exanpl e, for reovirus production using HEK 293/ SF cells, a 10 prefilter of
8 or 5 Mpore size can be used, followed by a 3 AMfilter, and finally a
0.8 Mfilter. ptdcetitne Gaﬁlt&lm%pl@ée dthenbibht teRiperangretedon ﬂﬁihgﬂ an:IHi@zt ftd:dzpdfraﬂhﬁe can
then be concentrated by any method known in the art or exanple,

ul trafiltrati SRYcE#ry bom plees tor plece a5 Pl time imidie|semefplaver cartridge (A G
~Technol ogy) or the plate and 15 frame cassette (Pall Filtron). The
concentrated virus suspension can be further subjected to dlaIyS|s or
exchange chromat ogrgph TR, q,gﬂr@f; e%?)
i ngredients into the v%ﬁgﬁuspeﬁgﬁﬁ%%e%éegggnt nﬁdﬂh e appl ied to
reovi rus prodtizeait tamwbe vsdlte parifie the viman Fﬂ%ﬂﬂi})]e,edeﬂsjebnsa;hmﬂemgnbvﬁd not
limted to, nmpuse L929, Vero and Chi nese 20 _hanst er ovar%lcel | s. S

contenpl at ed PRAltratien. pTe drsieassebe Sgwhrstephfiltratiop ostepwise wtrqws@g vel |,

e Vi rue conpaodhdbndalBosR ARG wih aIaEs: ph B o0 Bh AP 0RE Bk
g g g{ogﬁ{) te Ir 023 Ogﬁﬂatﬂﬁn SHEPHith A soliffler poteasizON TAB Pofd G Blypé Vfiferdepbad o

nature of the virus and cells, and can be determined by people with ordinary skills

in the 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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viral proteins, production of vaccines, or, where the conposition contains

I nfectious virus, as virus stocks or in clinical adm nistration. For the
purpose of clinical admnistration, the conposition is4sdpidrhber?ogsd with
an excipient, diluted by an excipient or enclosed within such a carrier
which 5 can be in the formof a capsule, sachet, paper or other container
(WDR9/ 08692A1). When the pharmaceutically acceptabl e excipient serves as a
diluent, it can be a solid, senm-solid, or liquid nmaterial, which acts as a
vehicle, carrier or mediumfor the active ingredient. Thus, the

"~ conpositions can be in the formof tablets, pills, powders, |ozenges,

- sachets, caciral proteihs,productionseronetiass or l ¥heriths icBRPosiBOA bbitRAs, SYrups,
aerosols (as a solid or in a liquid nmedium, ointnents containing, for
exanpl e, up HECHOYS VRS AT YiES ﬁpgkﬁh@ﬂadllnn@ edmingsirationsof t and hard gel atin
capsul es, suppositories, sterile injectable solutions,  and sterile
packaged powders. Sone exanpl es of suitable excipients include |actose,
dextrose, sucroSggr ' : ' : m acacl C l,um
phosphat e, al gi n?@??@?@%ﬁ%ﬁlﬁ, gg a |?1tr§t‘(i:dgﬁr’?|§%énq Hcc%tlgfalm?allyﬁ)&d
m crocryst awithren eeipiento diuted dlyyan exeipiotitionlcnglobal withil sudh @%@rridtvwhich ©
wat er, e;yrup, and net hyl cellulose. The fornulations can additionally
i ncl ude? | ub# b&in thg fagBof @ capenle.csncket) paperwg v coniinenr at e, and i ner al

oil; wettin ’ | 4L V] nd_suspendi n nts;. preserving agents
20 such as Met yms'%g‘%g‘r{z'r 3’}5‘&‘%’%@‘3&5&9@%@%@&&&@3@%@&? tSEEGH &S 2 and
flavoring ailme@€nit ¢an HH4Q 68 hit 4o%aS oPlighiaSn Nt | ated so
a? to provide qui cﬁr,l- sust aﬁﬁmo%dﬁgefgi}g%ﬁ%g?tgé?éwﬁ%%ﬁ?i"%@éﬁgredi ent
after admi ntatiemer mediun fortthe pativeimprdljert Ty, (e corposidvhieanBoMmthen t he

art. For prepari olid conpositions such as tablets, the principal active
P derm ofn tgblsets pﬂls g}&rders, lozenges, sachets, cachets, elixirs, sugpensiong,

L2

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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25 ingredient/reovirus is mxed with a pharmaceutical excipient to forma
~solid 16 14 Septenber 2005 preformul ati on conposition containing a
honbgeneous m xture of a conmpound of the present i nveadtSeptemidhenos
referring’ to these preformul ati on conpositions as honogeneous, it is
meant that the active ingredient is dispersSed evenly throughout the
conmposition so that the conposition may be readily subdivided into equally
"5 effective unit dosage fornms such as tablets, pills and capsul es. The
tablets or pills of the present invention nmay be coated or otherw se
conpounded to provide a dosage form affording the advantage of prol onged
- action. For K% latioprpempapition contajring a bemogamons suxtne phacompowmbef and an
outer dosage_conponent,.th atter bei in the formof an envel ope over
" the former. g@ﬁ pﬁ%gn&%e@%g%ﬁ{@e Q’FP%@%%%?&WE&’@EP“ OR COBIPPEIHPRS nger
- which serve bt 3¢ diSd [ | : ) I nner
Component | o SaogeRRS, it Wiokealt AL e sElivt ok s BRESAP Evalfy frbulicft 0
variety of riheeompositiomso et dsechrimsitonahay beteudily shibdieided toegaillyngs, such
‘materials including a nunber of polyneric acids and m xtures of polyneric
~acids wth ity fgsage Jermy,@ich s tablets, pillsapdsepsulesnd 15 cel | ul ose
acetate. The liquid forns in which the novel conpositions of the present
invention may be incorporated for adm nistration orally or by injection

~include aqueous E tbieBsr pifll iof & ﬁfe§én@ﬁﬁ@§ﬂoxl§ﬁ{a}‘!%f%1co§ﬂﬁ?ﬁ‘b§he9ﬁiﬁi |

suspensions, and flavored ‘enulsions with edible 0ils such as corn oil,
cott onseed diomposrdesnte provide aodnsage fooml affa2dingrthpadvantageidf preionged | as

—.elhixirs and sji.m | ar pharnaceutical vehicles. Conpositions for inhalation or
ihsuffl at i Or:'liC*l%| %Béeggp i ablgtyor pill can comprise an mner dosage and an outer

dosage component, the latter being in 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 componen't 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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suspensions in pharmaceutically acceptabl e, aqueous or organic solvents, or
m xtures thereof, and powders. The liquid or solid conpositions may contain
sui tabl e pharmaceutical ly acceptabl e excipients as desrgditsmbs o8-
Preferably the 25 conpositions are adm nistered by the oral or nasal
respiratory route for local or 17 14 Septenber 2005 system c effect.
Conpositions in preferably pharmaceutically acceptable solvents nmay be
nebul i zed by use of inert gases. Nebulized solutions nay be inhal ed
directly fromthe nebulizing device or the nebulizing device may be
attached to a face mask tent, or intermttent positive pressure breathing
machi ne. Sol Sysiearc effeety shempositionsdn ppeferhbly pharpuacevtically acegptibde solvents

adm ni stered, ptef bl y,orally.or, nasa ,.fro devi ces, whi ch deliver

t he for mul atl?%ﬁi’f’ Hgé‘ﬂ”&é&ydﬁﬁ T SR r Heﬁﬂﬁ?@e&h‘ﬂl‘%’fs@ﬁ‘%‘ﬁe | ation
enpl oyed in g - | ' ?Hﬁé y r

del i very devcih%::hg:él ﬁ%@ﬁﬁé@@ﬁ&gﬁﬁ&ﬁ%&%gg&n@%@% C e]gl)éﬁnla)% agga%?e o]
provi de contfaceimask temtOorSintepinittend positivé prasaure Gredthing kfadhemsi Selatiod, t he
present invention in controlled appunts. The construction and use of
transdePral SYSPISER, 05 POWHEr eRINPAsiiops saypbemadrainistered apreferahlyoraly wel | known

in the art. or exanpl . Patent 5 023,252, herein incorporated
by refer encne@.?g@{]ctfﬁo%ﬁglr?ggwﬁﬁ?%ivﬁroﬁgﬁgﬂﬁa@f}%6‘? %mﬁoﬁﬂﬁ{éél,l%s atile,
or on demand delivery of pharmaceutical agents. is Qher suitable

formul ations for use in the present invention can be found in Rem ngton's
Phar maceuti cal . Sthetheepreféinsl fonnhhvibn gmpleyed! iashenetteidsefdht presedt! ustrat e
this inventi,on and arei not to bﬁ construed in any way -as limting-the
‘scope of théanlg@grﬂmp AV ansgerm dehve_,ry devices ("patches"). Such transde

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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EXAMPLES 20 In the exanples below, the follow ng abbreviati ons have the
foll ow ng nmeani ngs. Abbrevi ations not defined have their generally accepted
meani ngs. .18 14 Septenber 2005 CI = Confidence | nt er vidl SepBBb&Er 26051 ssue
Culture Infectious Dose so M= mcronmolar mMM=mllinolar 5 Mnolar
mlliliter A = mcroliter ng mlligram g = mcrogram14 . g/L = grans

- per liter rpmrevolutions per mnute FBS = fetal bovine serum DIT =
dithiothrietol NP-40 = Nonidet P-40 (Cctyl phenoxy Pol yethoxy Ethanol) 15
SDS = sodi um dodecyl sulfate PBS -- phosphate buffered saline n-Me _
(i-mercaptoethanol MJ or mo.i. _ 'multiplicity of infection PFU =

- pllaque formng ungts = Confidence Interval
TCID,, = Tissue Culture Infectious Dose 4,
uM = micromolar
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
e .Gegeral Method
Cells and Virus

Human embryo kidney 293 (HEK 293), Vero (African green monkey
25 kidney) ' ' |
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20 hr = hour C = degree Celsius .. general MPLed Cells and Virus Human
enbryo ki dney 293 (HEK 293), Vero (African green nonkey 25 kidney) 19 14
Sept ember 2005 cells, and nouse fibroblast L-929 cel |l sqwptentisrvodsd by the
manuf acturer Bi oReliance Corporation (Rockville, Mryland). HEK 293 cells
were grown in a culture nmedium containing 10% heat-inactivated horse serum
and 90% of the following mxture: Eagle's mninumessential nmediumwth 2
nmv L-glutam ne 5 and Earle's Bal anced Salt Solution adjusted to contain
1.5gl L sodium bi carbonate, 0.1 mM non-essential am no acids, and 1.0 nM
sodi um pyruvate. Muse L-929 and Vero cells were pr opagat ed in a culture

medi um cont ggné g‘n?‘il gle's
m ni mum essent | ;?ldﬁalll%m V\AOBEQIZLM)?(OC%S %feaén ne an arl e s al anced Sal t
Sol uti on adjBisReliarice Crapomtion IR&cgdvﬂlesdﬂamanﬂQ BIEK 209 kelleweft éroﬂiM ina

non- essenti al _ am no_aci ds, .and 0O mM sodi um pyruvate. The 293/ SF cells
were grown |°H1W9@PEHQIF§§DW6& mhﬁ@tlﬂ&@wawédmi& tegreandrRdk of thee,

0% 596 1 i SCRELRINE iy EnpC bl n Gpr%m?@f%/ G 3. 40

'pm 195 The afe BarlRts Biladed Diit SoMftiod atfugied 'EH 145 Mﬁﬁﬁgﬁa@ es was
propagat ed i n. suspension cultures of -929 cell's. purT. accordin
-Smith 0.1 mM non-essential amino acids, and 1.0 mM sodlum pyruvate. Mouse L-929

-and Vero celis were propagated in a culture medium containing 10% FBS and

90% of the following mixture: Eagle’s minimum essential medium with 2 mM L-

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 ) supplemented with 4 mM L-glutamine at
36°C+2°C, 6% + 2% CO, and 80% + 5% relative humidity in spinnﬂ‘ 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 Cells 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 multiplicitieé of infection. After 1hr

incubation at 37 C, the monolayers were washed with warm media and then

20




(Smth et al., 1969) with the exception that i-nercaptoethanol (p-ME) was
omtted fromthe extraction buffer. The particle/PFU ratio for purified
“reovirus was typically 100/1. 20 . Infection of Monohaweptettier 200md

- Quantitation of Virus Confluent nonol ayers 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 1 hr incubation at 37 C, the

nonol ayers were washed with warm nedia and then 20 14 Sept enber 2005

i ncubated in their culture medium At various tine points postinfection, a
m xture of NP-40 and sodi um deoxychol ate was added directly to the nedia

- Pospoct i ver eibsT DR Sitee Sethddf| ATSRGGR (e piife PhorlorcBfm Riure
determi ned gy NP-401483 bbditldebRyPidldie X489 ad(ﬁedctﬁfécﬁgaﬂ thempaiavaaHe afected

Logl0TCI D50/ m . Infection of Suspension Cells 293/SF cells were grown to
10' /M and mehelayers twifiral comeepieations wf.1 Frandcbfaymespenbieeinl Thedysates gr ow

until the col or of the di ym,turnp fromred.to, or e, .or. until e
Uiabi 11 1y omerhepdereesi gadaus i v aaing, By PRgte Raiut 68 L2,
viable 40 c ﬁqq‘f}_tgr ts can be performed under the

m crosc%pe ?%1?8 ce est\!hg?é %gé:]ﬁ% H%ﬁdg{'/lv a cytopathic effect, which is

i ndicated by the cells becom ng swollen and granul ar in appearance and the
cell clunps breaking apart. Viable cell counts can also be perforned by a
vi abl e stai ﬂy‘a@lmxo@ﬁgﬂmpgmma@elm the art. Traditional nethod of extraction

and purification of Virus 15 Wen the desired cell viability |evel was
rgached, the cells were pelleted in a '

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

- 10 cell count. Viable cell counts can be performed under the microscope for cells
that do not show a cytopathic eﬁect, which is indicated by the cells becoming
éwollen 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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centrifuge and resuspended in 10 nM Tris, pH 7.4, 250'VerREmbeaR0D. 1 %
Triton X cells were then lysed by freeze-thaw n kept _on ice
“for 20 4 6%9%34;52(2 ‘Wi th periodical vortexing to mx and | @?ﬁgz" Wls. The
suspensi-on was extracted-wi th an equal volunme of pre-chilled Freon(r) (1,
1,2-trichloro-1, 1,2- 20 trifluoro-ethane) by vortexing for- 10 m nutes,
“followed by centrifugation at 2500 rpmfor 10 mnutes at 4C to separate the
di fference phases. The aqueous (top) phase was renoved and re-extracted
tw ce as described above, and the virus was pelleted by =
ultracentrifugation at 25,000 rpmfor one hour at 4C. 21 14 Septenber 2005

WO 02/ 07494 GAGRS : ' Vi rus
was purifi egvhgggg cesi%%&?ﬁ@ﬁgpe}%i%dpﬂ%?ﬁ%%%ﬁgﬂi%ggﬁfﬁc%g%#al hed )
two |ayers step@saienstol Thd gradieftlca@gined i thyers. dfol 30 sohitioap €T.20¥ 2hlyand

prepared in_10nM Tris &pH 7.4). The virus suspension was |oaded on top of
the gradi end-4galdemactivelytprepared ig\i0paM (T 74d. Theotors suppension 2 hours -

contal ned cgt Souenan 408 Sfme WRsBlendahiRarlirs s 4 ey HooRE pac”

EXAVPLES 1 Deird 768 2\ Bbinfafh 3°C Ot Vatan Shd (thi Ii%er! dihd o BERBUSAR A

Reovirus . 10 To determ ne whet her there were erences between

suscept i bl euppribahd westained ehipty eapsids) wak haseyied usd didykedertanst stefithsequence
of - i nf ectioi; a nunber of different <cell lines that exhibited reovirus
suscepti bi | P§ wer e assayed for relative anmount of

-~ 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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reovirus produced. Of particular interest were those ¢&FePIEMASE200Ht had
been 15 sapommyashoby various regulatory authorities for th%c?ﬁﬂQE%&ﬁ?“ of a
"biological agent. Accordingly, HEK 293, Vero, and L-929 CellT$ Were exposed
to reovirus, and their ability to produce reovirus was conpared.
Quantitation of viral production was acconplished by harvesting infected
cells and 20 their growth nedia at various tine points post infection. The
~ lysates produced were subsequently subjected to plaque titration analysis
to determine the viral yield, which is expressed as titer 95 %Cl
(Logl0TADSO' M) in Table 1 below. The results indicate that, whereas al
.of the tested cells were susceptible to reovirus infection, there were
considerabl e differences in the anmount of virus produced in each of these
25 cells lines. 22 14 Septenber 2005 WO 02/074940 PCTI CA02/00331 TABLE 1

- Tine Course of. Vi FABLE ¥ dime Cearsenf<Vical| Yield ofdéariopey(@elldsisesd as titer 95%

C in LoglOTCEfI /n 3Ver 24 0. 0.514.80 0.356.68
t 0.24 3% HOURS9. 05 )E?%Jé@r@s”?‘%%%%%ﬂo%{’f"& ) 55 0. 496. 68

040,55 P T N L e )
the nost effflcicmes cel | s t[®.30 + 0.51 4.80 1 0.35 6.68 + 0.24
5 |36 HOURS 9.05  0.43 5.55 % 032 7.93 + 0.40
48 HOURS 9.55 + 0.49 6.68 + 0.40 8.5 3 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 9.30 + 0.43

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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10 produce reovirus. Further, the HEK 293 cells produdtdepsmdey20Qss
~earlier,walohayong for shortened production times for thepgpruodssyie of
"the reovirus. EXAMPLE 2 Effect of Starting Multiplicity of infection on

. Final Viral Production To determ ne whether the starting nmultiplicity of

I nfection determnes final 15 viral output, HEK 293 cells were infected
with a range of starting nmultiplicities of. infection (mo.i.) between |
and 0.1. Qur results, shown in Table 2, indicate that there is indeed a
rel ati onship between the starting mo.i. and the final viral production. A
starting mo.i. of less than 1 is optinmal for the | arge scale manufacture
of reovirus. 23 14 Septenber 2005 WO 02/ 074940 PCT/ CA02/ 00331 TABLE 2:
Effect of MO. on Viral Production (expressed as titer 95%Cl in
LoguOTCI D50/ M) TIMEL.O MO O.5 MO 0.1 MJ 24 HOURS9. 18 -~- 0.368.55

0.437.68. 0.24 36 HOUR 9.30_0 0. 48 48. HOURS9. 55
0.4310.30 0.379.68 O. 8&%&39‘@@‘#0 23%9’91&9%10118 0. 40 96

HOURS9. 80 t 0. 0010. 30 %@%sgdjag tltgl‘ 5-695%@ wiog%ﬁ@]]ﬂﬂhlf esults

denpnstrate that  ther e

S

SO an

TIME

1.0 MOI

0.5 MOI

0.1 MOI

24 HOURS

9.18 + 0.36

8.55 4+ 0.43

7.68 £ 0.24

36 HOURS

8.92 + 0.52

9.30 £ 043

9.37 + 0.48

48 HOURS

9.55 £ 043

10.30 + 0.37

9.68 1 0.50

72 HOURS

9.55 +0.32

9.93 + 0.40

9.18 & 0.40

9 HOURS

9.80 £ 0.00

10.30 £ 0.43

10.18 + 6.36

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 whic vest the cells, which will be inportani4Segemgand0shat viral
productPg@ﬂP@ﬁéﬁgatest after 24 hours. This is not surprigpﬁﬁmggmﬁ?ﬂor to
24 hours, there would be insufficient time for adequate viral protein
synthesis and the assenbly of the mature virion. Mire 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 tinme point. It is presuned that this slight decrease at 72 hours is

| i kely due to proteolytic degradation of the virus followed by a second
round of virus replication at the 96 hour point. 24 14 Septenber 2005 WD
02/ 074940 PCT/ CA02/ 00331 EXAMPLE 3 Eval uation of Virus Extraction
Procedures Initially, we followed t BEXAMPIEBI3 net hods to extract and purify
viral particles as described in Materials and Methods. Briefly, the cells
were disrupted 5 by freeZétalpaigmef Xirus &atragtiongProgeduresn three tines. The
viral particles were then purified with a CsCl gradient and
~ultracentrifuge. However, this protocol -was too tedious and tinme consun ng

for large scal e VhitidHy Pwedoldwelradifond ReKRER 1B éx%%&t%dﬁ?ﬁ‘ﬂ’y%aﬁ her
zZe

- extraction nethods as described below in order to opti t he harvest
condi ti ons particlesragalesarilied in Masenials and Methodse sBrigfly Rbe cellsuwessadismpptadn i n
suspensi on $uI tureg of, HEK, 293 ce]ls_for 24, 48 or__ 72 hours w th constant

agitatidn. Thdteezsthewing apd edraciag by Erron ticetimes, nThe visd paricleswer, Np- 40
or sodiumd t . Qﬂﬁﬂ . , 0. final
concentrat i gﬁg%ﬁn |egav§ig(£j yﬁ)sr aac éé%)%%gr ] meﬁ Qfﬁﬁggagﬁg&géf{%g Pgﬁ}??%lr e C
) 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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conti nuegyd g/3f4g0i tated for 10 or 60 mnutes at 25C 3?%%%%?%%0%

aliquot 15 was taken fromthe culture, and the viral vyiel etern1ned
"by plaque titration on L-929 cells and expressed as Log30TC1D50. Al so
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 ned. 25 WO 02/074944 14 Septenber 2005

PCT/ CA02/ 00331 Table 3. Effects of different extraction nethods on viral

yi el d Ti neSanpl eViTsble §i. eEffectClof (diffeidhi CkRaotioPpidtheds u&mlﬁmurol #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 24Hetrs25L—3+0-AA—0—+9P10040—6FT—0—24256—310—+h | %
Tween- 2010. 42 TindO [Freeze/t hawiShrtifle 0. 37 No tr¢at rEpalOYREd +0CB6 L - -
ot (Log,TCIDy)

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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126 14 September 2005 WD 02/074940 Time 48 Hours Sampl é“é‘g?,e%'@gf?ﬁl‘f, 0.1 %
TX-100 2 in, 0.3 %TX-100 25C, 10 min, 1 % Tween- : m n,

" Tween- 205@5@,63‘1%% n, 0.1 % Na-DOC 25C, 10 mm 1 % NP-40 BEECABYMHBH 0.1 %
TX-100 25C, 60 min, 1 % Tween-20 37C, 10 m n,
0.1 % TX-100 37C, 60 mn,

Tween-20 37C, 60 mn, (
treat nent PCT/ CA02/00331 Viral Yield C (LoglOrcibs,) 10.04 0.43

0.1 % TX-100 37C, 10 m n,
1 % Tween-20 Freeze/thaw No

Time Sample Viral Yield + CI
(Log,;, TCID,)

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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10.42 0.52 10.17 0.36 9.79 0.32 10.42 0.50 9.77 &48erteqber20@h 44 9. 92
0.36 10.42 0.40 10.29 0.32 10.42 0.50 9.42 0.66 10.38 0.24 10.25 0.32
" 72 HoursWPO#80 in 0.1 % TX-100 111-29 0.75 25C, 10PRTICAOGBTIween- 20
Freeze/thaw No treatnent 9.79 0.32 10.63 0.24 10.13 0.44 27 14 Septenber
- 2005 WD 02/ 074940 PCTI CA02/ 00331 These resul ts indicate that Triton X-100,
Tween 20, Na-DOC or NP-40 can

These results indicate that Triton X-100, Tween 20, Na-DOC or NP-40 can
- all be used to extract reovirus from HEK 293 cell cultures with viral yields better
or comparable to that of the freeze-thaw method. Noticeably, procedures
| employing Triton X-100 generally produced more virus than procedures using the
5 other two non-ionic detergents, Tween 20 and NP40, by about 2 fold. Na-DOC,
. the only ionic detergent tested, produced about the same number of infectious
) ' . virus as 0.3% Triton X-100 under these conditions. The concentration of Triton
X-100 was optimized in further studies, which indicate that a final concentration of
1% Triton X-100 in the extraction mixture yielded the highest viral production.

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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all be used to extract reovirus from HEK 293 cel | cul fiaestamhes 2009 al
_yields bavoerwrseso conparable to that of the freeze-thaw maidiadapaldetdceabl y,
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

"~ the same nunber 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 m xture yielded the highest viral production. 10 In

-addi tion, itproteokpic degradation mayaocchy atia imid peind éh dhegemtse of thy seltélee cel | s

i nstead of freeze- w, the extragctio rocedure can be conveniently
performed at W%%&?MPE?E‘?W&&JO °8Y’§$1deblﬂcqﬁﬁﬂecti ous viral particles
-was not affected. This is in contrast to the traditional practice of
performng the entire virus extraction procedure in the presence of
protease inhi bi t ofsbsatiuént ko el cxeiaefien Proveddi® debeiMediabde, dell ROHScah Be
preserve functional proteins. Therefore, viruses can be extracted from
cul t ured cel TenQypd dyssimpleanethedscsieh anifdiaation oceanirifngotion; rangrtberrésyltingnpr oves

| | | dugt. . Al th h Vi | f the "
L eat mor e SR e e il ot clf bl Befs Ty oyl 1 o
particles m ﬂfifati@ﬁ}’ﬂ;etfﬂ?rﬂterc%%?ﬁsﬂaﬂy%@c ﬂé‘.‘r@nﬁé{la&,ufo?e ] e?;l#m prior to

extraction, the detergent treatnent “furt I ncrease el d by about

10 fol d. Theulinafilicdion, towedied thetvoluted of thentinisrprapdratidn. WBenReftchcof @kl Y
evident at 24 and 72 hours?qi)o,st infection. At the 48 hour time point,
Rowever, detilfalfepr cancentiaied sisalprapaationtambe futhes adjngied aforyaxample, by

therefore apﬁgae&a%atg&ghcpﬂr]gﬁ&%{gﬁ%gf%i\éi)%gs. was cell associated at the 24 and

72 hour tinme poln hour point. This observation is
consistent with the previous discussion that
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may occur at a md point in the course of the culture, which is followed

by a seapegheyend of viral replication. Subsequent to theg&kiAskion
~ procedure described above, cell debris can be renoved by sinple nethods

such as filtration or centrifugation, and the resulting 5 virus can be
used for clinical admnistration. If cell -debris is renoved 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 usted, for exanple, by ion exchange chromatography or dialysis. 29 14
Sept enberClags WO 02/ 074940 PCT/ CAO2/ 00331 C ai ms: A nethod of producing
reovirus froma culture of cells, conprising the steps of. (a) providing a
cul ture of human enbryo kidney 293 (HEK 293) cells which has been infected

by the rqovir usmeftdl o ¥idRshl . i t HEK by

addi ng a detergglr?t té) ﬁt%eg%g{}%l}tr@gg?gp%(%@%% f%gﬁls‘f%r?né pﬁ%ggﬁ%df’fi me; and
(c) coll ectindax he preding asult@re of hemar tmbtyodfididy Do (HERNZIR icelld wikickiet er gent
is selected fromthe rougfectcég%si sting of Triton X-100, Tween 20, NP-40 and

" sodi um deoxychol at das Been i y 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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10 3. The nmethod of claim 1l wherein the detergent is se?e%te fromthe

group consisting of Triton X-100, Tween 20, and NP-40. 4. The nethod of
claim3 wherein the detergent is Triton X-100. 5. The nepbodaeiombai m 4
whereﬁﬁoﬁﬁgﬁﬁfhal concentration of Triton X-100 is 1% 15 6. The net hod of
claim1 wherein the incubation of step (b) is perforned at or above
anbient tenperature. 7. The nethod of clai'm 6 wherein the incubation of
step (b) is perforned at about 25C. S. The nethod of claim6 wherein the
i'ncubation of step (b) is perfornmed at '20. about 37C. 30 14 Septenber
2005 WO 02/ 074940 PCTI CA02100331 9. The nethod of claim 1l wherein the
culture is incubated with the detergent in step(b) for 60 m nutes or |ess.
10. The nmethod of claim9 wherein the- culture is incubated with the

detergent’ in step(b) for 30 mnutes or less.. § 11. The,. th‘% f claim1l0
wherein tHe culThe mettod ofdbim ddvhare®n thﬁéﬂlﬁ%ﬁeéﬁd’é‘ﬁfbat@d Y’Hﬁgl?ee% %‘%"Fﬁr 10

m nutes. 12. The metﬂgg cl ati m 1 wherein the reovirus is a mammalian
reovirus. 10 130 stgpb PRutEs QIS5 \wherein the mammalian reovirus. is
a hunan reovirus. ,

' 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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14. The method of claim 13 wherein the human reovi rus”ﬁ%epée'g%?ro?toype 3
virus. 15. The nethod of claim 14 wherein the serotype 3 reovirus is the

Deawagueipai n. 15 31 14 Septenmber 2005 WO 02/ 074940 PRa+/cAR2460H331 16. The

met hod of claim1 wherein the HEK 293 cells are grown in suspension. 17
The met hod of claim 1l wherein step (c) conprises renoving cell debris by
filtration. 18 The nethod of claim 17 further conprising a step of
concentration after filtration. 19 . A method 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 f or 1 @bouThtGnethibd of elmjmahdwheeictiel BEK] 2088 t¢dik are@rowbdn 5 20.. The
met hod of claim 19 wherein step (c) conprises renoving cell debris by
filtration af¥FPEBPEBNtrating the filtrate. 32

- 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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