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FIELD OF THE INVENTION

This invention relates to a method of producing infectious mammalian
reovirus which is suitable for clinical administration to mammals, including human

5 beings.
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receptor for the mammalian reovirus, sialic acid, is a ubiquitous nolecule,
therefore reovirus is capable of binding to a multitude of cells. However,
nost 10 oedby12a8® not susceptible to reovirus infection apdricandonogs 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 any particular disease. It was discovered recently
that cells transforned with the ras oncogene 5 becone susceptible to
reovirus infection, while their untransforned counterparts are not (Strong
et al., 1998). For exanple, when reovirus3resistant NIH 3T3 cells were
transfornmed with activated Ras or Sos, a protein which activates Ras,
reovirus infection was enhanced. Simlarly, nouse fibroblasts that are

resi stant to WOB9yiSe9SAilnheslished Femaaessusgepti bl e after transfection with
the EGF receptor gene or the v-erbB oncogene, both of which activate the
ras pathway (Strong et al., 1993; Strong et al., 1996). Thus, reovirus can

sel ectively infect | i cat n cel act.i vat ed at hway .
SUBSTI TUTE SHEET (‘?—‘(@If’%%?b %“%ﬁ‘ é&?séﬁlﬁfﬂ B e Bt G Rl Bncogene
accounts for ﬁcéxﬁbﬂi@edol%? F&E&feﬁ&em%m%ﬁm%{y ©1hd kﬂiﬁé SxtentAS if aJishsMélgrt | ons
of the ras gene itself ‘occur in about 30% of all human tunors (Bos, 1989),
primarily in epaaha:mchvnﬂua:l };(lmli%uons pateadipplicationroe pateint wadspecHivdlly amd (40%)
carci nomas, as  wel nyel oid | eukem a (30% . Activatigon of factors

upst r eam-or d@ﬁﬁﬂ@gﬁﬂ@?a@%@ 1?erﬂnflfpm0¥3&°§1 'ﬁ’aﬁ%@cqlélltél%r%som ated with
tunor. For exanple, overexpression of HER2/ Neu/ ErbB2 or the epidernal
grow h factor (EGF) receptor is common in breast cancer (25-30%, and
over expr essi on of

BACKGROUND OF THE INVENTION

Reovirus is a double-stranded RNA virus with a segmented genome. The
receptor for the mammalian reovirus, sialic acid, is a ubiquitous molecule,
therefore reovirus is capable of binding to a multitude of cells. However, most

10 cells are not susceptible to reovirus infection and binding 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 any particular

disease.

It was discovered recently that cells transformed with the ras oncogene

Wl

become susceptible to reovirus infection, while their untransformed counterparts
are not (Strong et al., 1998). For example, when reovirus-resistant NIH 3T3 cells
were transformed with activated Ras or Sos, a protein which activates Ras,
reovirus infection was enhanced. Similarly, mouse fibroblasts that are resistant to
reovirus infection became susceptible after transfection with the EGF receptor

) gene or the v-erbB oncogene, both of which activate the ras pathway (Strong et
al., 1993; Strong et al., 1996). Thus, reovirus can selectively infect and replicate

in cells with an activated Ras pathway.
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pl atel et-derived growh factor (PDGF) receptor or EGF receptor is preval ent
in gliomas-and gliobl astomas (40-50% . EGF receptor and PDGF receptor are
both knowdore4axti vate ras upon binding to their respectpP@ECADG@ENOss and
v-erbB encodes a constitutively activated receptor |acking-the ~
extracel lul ar domain. Since a |arge nunber of human tunors are accounted
for by genetic alteration of the proto-oncogene ras or a high Ras
activity, reovirus therapy is a new, prom sing therapy for such conditions
(Coffey et al., 1998). Reovirus therapy is highly selective for

Ras- associ ated tunmor cells and | eaves néeknmal cells uninfected.
Consequently, a sinple and cost-effective nmethod for the production of

i nfectious reovirus suitable for clinical adm nistration in human beings is

needed. Because I'EViakfic6RAs alRunRe5Ea RirSepérostiadd vaniminaliimivriieal t h,
there has not been an intensive effort to produce reovirus efficiently.

The manmal i akctivating nnuatidns of thedias geneaitself ogewvim abauindilfs ef pll dpmanjtiynetsl ast s
(Nibert et al., 1996). It _has also. b reporjed to ' i nese
hanst er ovaré?'oé’efq&?)’aﬁ’i‘éfn%"élrydné’éilqrgz}“ca{%%’lzf ?H%E%fﬁc QQQW%imgﬁﬁhﬂ%y cel |
line (Taber @b%zlc:ﬁrcéﬂoﬁa@, PRI S5 BlyeRid }euﬂ‘@rﬁﬁ)(so%ﬁ. R4 libPBE fadtoly | MBIy
culture of swn I dney was used to culture a swne reovirus (Japanese

Pat ent 63044p32éam puldbivabechnFebras di thedds pAAGRY is dlso assetiady waithnimgr.at  nass
production of the reovirus, Berryf et al . conducted an, jinvestigatjon of the

SUBSTI TUTE diErapRrle. pvorKpassion pf HERS/ NeufErbhi o1othe spidernal gsewibfactiRpt hods

of culturin o.cells and the e tnE @AV | ' erry et
OF UL Lo NG, Ay BOSPHER oS A0 450 YLEEEL b BT Y
mcr |OC arri erglareRR et d go P HICRIEPBGF) $éteProddr BEIH redepiot tsyprevdlere igour se of
vira

gliomas-and glioblastomas (40-50%). EGF receptor and PDGF receptor are both

known to activate ras upon binding to their respective ligand, and v-erbB encodes

a constitutively activated receptor lacking the extracellular domain.

Since a large number of human tumors are accounted for by genetic
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. Consequently, a simple and cost-effective method for the production
of infectious reovirus suitable for clinical administration in human beings is

needed.

Because reovirus does not pose a serious threat to human health, there has
not been an intensive effort to produce reovirus efficiently. The mammalian
reovirus is traditionally grown in mouse 1.-929 fibroblasts (Nibert et al., 1996). It
has also been reported to grow in Chinese hamster ovary cells and Vero cells, an
African green monkey kidney cell line (Taber et al., 1976; Davis et al., 1990). In
addition, a primary culture of swine kidney was used to culture a swine reovirus
(Japanese Patent 63044532A, published February 25, 1988). In a study aiming at

mass production of the reovirus, Berry et al. conducted an investigation of the
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growh and the ratio of cells to beads in the mcrocarrier were varied and
virus vyield determ ned. The study showed that the yield of virus varied
greatly woh21hes culture paraneters, and conplicated cul POT/€AcwoIEsL | ons
(e.g. cell nunber per beads relative to nultiplicity of infection) were
required to obtain reasonable yield. Therefore, there remains a need for a
sinple, efficient nethod to produce clinically useful reovirus. SUMVARY OF
THE | NVENTI ON The present invention is directed to a sinple and efficient
met hod of producing reovirus by culturing reovirus in human enbryo ki dney
293 (HEK 293) cells. The yield in HEK 283 cells is unexpectedly high,
particularly in conparison to previous work using L-929 cells or Vero
cells. Moreover, by using the present invention, a high yield is achieved

early in theyewl sRiffdsiof emiriVedeels Gnd tHedubsdaaédtirédBfusanRctié eased from
the cells. Therefore, the virus can be harvested early fromintact cells,

al | owi ng t hegBeinyies at. o 1989) pWeird icelts weretgrewalis eitiosr Cyftodexel oulCuliispherrfedi a.
This makes the purificatjio rocedure rel] atively sinple. Accoprdingly, one
aspect of t %lcf%gmrﬁo%%ﬁwg%aﬁetﬁﬁt%ﬁ a%f:elgii%m}&%e Cﬂ‘éqsr?rﬁf V’éfr‘:l reovirus,
conprising t fraf [ M - i reovirus
under condit g‘r@{ %ﬁf[gﬁ r?lg(ggll‘%ﬁlgr%&?%dggi}ﬁrlg%%%?%ég?ﬁl%i‘n&%?%gg?%%% K 293 cells;
i ncubat i ng tyieldalstermiredof Tieandly shbwed eeht ¢ied yisldfadrvims parieddreafly Wwithethe
sufficient to allow for viral replication; and harvesting the virus

produced. SuYBEwremRIraneiersETnd roIplicagy] apbiuppeonslions Keg/ edbaymheger beglsany
manmal i an reoyi.rus. can. bhe. pr C Sj hi . ticular, hunan
reovirus f orre}é'lt M3 ?%%uﬂggﬁ*tﬁ ng#%‘:ggg#w?%éﬁfﬁ%d %g(lsﬂr?lgg)lg r%z{asﬁnabbg(%lreicf

Therefore, there remains a need for a simple, efficient method to produce

clinically useful reovirus.

SUMMARY OF THE INVENTION

The present invention is directed to a simple and efficient method of
producing reovirus by culturing reovirus in human embryo kidney 293 (HEK 293)
cells. The yield in HEK 293 cells is unexpectedly high, particularly in comparison
to previous work using L.-929 cells or Vero cells. Moreover, by using the present
invention, a high yield is achieved early in the course of infection, before viral
particles are released from the cells. Therefore, the virus can be harvested early
from intact cells, allowing the virus to be purified in the absence of the culture

media. This makes the purification procedure relatively simple.

Accordingly, one aspect of the invention provides a method of producing
mammalian reovirus, comprising the steps of contacting HEK 293 cells with a
mammalian reovirus under conditions which result in reoviral infection of said
HEK 293 cells; incubating the culture of said infected cells for a period of time

sufficient to allow for viral replication; and harvesting the virus produced.
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produced using this nethod. Mst particularly, reovirus serotype 3 and the
Dearing strain are produced. O her mammal i an reovirus can be produced

ef fici entWwgoby4she presently claimed nmethod as well. Anot heT/Chestose of the
invention is that because reovirus is produced rapidly in the HEK 293
cells, this invention provides for a fast and cost-effective nethod of
produci ng reovirus. Also, since virus titer in the HEK 293 cell culture is
hi gh before the cells are conpletely lysed, the virus may be harvested when
it is still associated with the cell, hence the purification procedure of
the virus can be relatively sinple, fur@-her reducing the cost of
production. Therefore, this invention provides for a nmethod wherein the
virus is harvested before all the cells are |ysed. Preferably, the virus

is harvested when 20-95 % of the cells rennin, viahl.e r.e preferably
35-90% and rost PREFEARALAnGe0VaRY.C ?QSPH@C%B%’&% HB? h’teﬁg’d'r n@enti on is that
a wide rang . Rk Gl i1n; } - JBY: Bigye Vvirus
producti on. epﬂq{l %ﬁﬁgﬁhgﬁr}gﬁ%ﬁggﬁgﬁ %lgﬁ%ﬁhalﬁﬁ?{ﬁlpgﬁn g‘]‘?ﬁgﬂ tiaing&suf fc?ci ent,
hi gher mul tipbiadedivgmgahi’z nxthets &dostpastivatarkyn rédvérus perodpetd aml he e, e.g., a

multiplicity of up to 10. Preferably a multiplicity of infection of |ess
than 1 is usRerTingoyihemEedusey. Stheymapmahan roRIUNeAn beaproduesdet of the

i nvention pré}ﬁ%ﬁgﬁﬁ ﬁﬁ@g&@ﬁﬁ@@lﬂﬁéﬁ?%ﬁgi&%ﬂeOVi rus in both adherent and

suspensi on ce |'s"¢can be adapted to grow in
both kinds of cultures. HEK 293 cells which have been adapted for other
purposes or culture conditions, or transfornmed with an exogenous DNA, are
al so useful in thénghessfeaturd of/beinventiosisBsat bECAESe SHBEETS (RPIEUCBY) WO
02712435 PCTr/aIc)‘ﬁ?yl{not}lg?IAlEK _233 cells, this invention provides for a fast and cost-effective
method of producing reovirus. Also, since virus titer in the HEK 293 cell culture
is high before the cells are completely lysed, the virus may be harvested when it is
still associated with the cell, hence the purification procedure of the virus can be
relatively simple, further reducing the cost of production. Therefore, this
invention provides for a method wherein the virus is harvested before all the cells
are lysed. Preferably, the virus is harvested when 20-95% of the cells remain

viable, more preferably 35-90%, and most preferably 50-80%.

Another aspect of the invention is that a wide range of multiplicity of
infection may be used to achieve virus production. Although a multiplicity of
infection of 0.1 is sufficient, higher multiplicities can be used to shorten the
production time, e.g., a multiplicity of up to 10. Preferably a multiplicity of

infection of less than 1 is used, more preferably at or around 0.5.

Another aspect of the invention provides for a method of producing
reovirus in both adherent and suspension cell cultures, since HEK 293 cells can be
adapted to grow in both kinds of cultures. HEK 293 cells which have been
adapted for other purposes or culture conditions, or transformed with an

exogenous DNA, are also useful in the present invention.
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The present invention also provides for a mammalian reovirus conposition
which is prepared by the nethods described above. This conposition may
pref erabiwobzr1esi fi ed. The conposition is suitable for erRCEOdetI®sOr age,
e.g. by freezing. The conposition is useful to treat tunors or other cel
proliferative disorders caused by an activated ras pathway, and is
suitable for adm nistration in hunman bei ngs because HEK 293 cells are
approved for grow ng biol ogical products by the Food and Drug

Adm ni stration. The conposition can further conprise a pharmaceutically
acceptabl e carrier or excipient, and/or-%& therapeutical agent which can be
used along with the reovirus for its intended purposes. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The present invention is directed to a nethod

of producing mammplian reovifrus by usi human_enbryo_ki.dney 293 .(HEK 293)
cel P52 Ve Tound Fos epqek TSGAAREpRY pHEidl ot E Bl Re B bmEP o

reovi 1 us t haiion §25efbl $y Qi Meiteds @elclibed A0l asisSsiddpagy ed to
support reovirus replication before, HEK 293 cells produced nore reovirus
i n a short erprefensbly be pedfieharThe @@¢ositiohgs suitablerfor extendesl. st@ags eqgient | y, by
usi ng HEK 293, production costs can, be | owered. reover, hecause the
reovirus is SE§4NE. abRGEIBRASHION; 16 qur}@%oi%t BE9qrs ORARAT E"ngm@‘?‘?réﬁwq s
sufficientlyg.hi l.atj vel: i ol ; - Q4 jfy the
vitus and fodEnarsEuel B iRt PR aRir SHI MO aG, HARRih B I

i nvention i ninfrn Begigsdrtaist HEKIQ98 eglissard 3pproved foti gowhipiblogichbn are
defined as follows unless otherw se indicated. SUBSTI TUTE SHEET (RULE 26)
WO 02/ 12435 protnanby felidsy anddDrugehdministigign. The composition can further

comprise a pharmaceutically acceptable carrier or excipient, and/or a therapeutical

agent which can be used along with the reovirus for its intended purposes.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a method of producing mammalian
reovirus by using human embryo kidney 293 (HEK 293) cells. We found that
HEK 293 cell are a more efficient host cell for reovirus than L-929 cells or Vero
cells. Although never reported to support reovirus replication before, HEK 293
cells produced more reovirus in a shorter time course than L-929 cells or Vero
cells. Consequently, by using HEK 293, production costs can be lowered.
Moreover, because the reovirus is still associated with HEK 293 cells when the
titer is sufficiently high, a relatively simple procedure may be used to purify the

virus and further lower the production cost.

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

application are defined as follows unless otherwise indicated.
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As used herein, "HEK 293 cells" refer to the human enbryo kidney cell [line
desi gnat ed 293 (ATCC Nunber CRL-1573) or its derivatives. For exanple,

293/ SF caVv0 82/(2A3CC Nunber CRL-1573.1) are HEK 293 cel | s whCT/AbhBEM®5Heen
adapted to grow in serumfree nedia. Also contenplated in this invention
are HEK 293 cells adapted to grow in other culture conditions, or any kind
of HEK 293 cells or derivatives which are transfornmed with an exogenous
DNA, provided that this transformation does not inpair the ability of the
cells to support efficient reovirus production as described in this

i nvention. As used herein, "reovirus" rdfers to any virus classified in the
reovirus genus, whether naturally occurring, nodified or reconbinant.
Reoviruses are viruses with a doubl e-stranded, segnmented RNA genone. The
virions neaﬁgri..GO-BO nmin di aneter and possess two concentric capsid
shells, eac OIURNSch is icosahedral. The genome consists of

doubl e-stranded RNA in 10-12 discrete segnents with a total genone size of
16-27 kbp. The individual RNA segnents vary in size. Three distinct but
related types of AemedhescihaVBERE293 oelgOreferad the mmmanmrempryspddneyscellAl |t hr ee
types share a common gggglenent-fixina antigen. The  human reovirus consists

of thr eg serlsieydgsignate (ATEG Nimben@BLokS73)rar s denjyséves. (Ept gxampliones .
T2J t t.1 ai : . -
are easi 1y PHRETNE Pzl N SRS LS. DA 207 Kb wiich il BeaSer ot yPes

hemaggl uti ni fpRBidbidvwh aeayded Beda. Ao entenmiged h dlidfveRidd aret al .,
1996). The reovirus may be naturally occurring or nodified. The reovirus is

"nat ur al | y- ddEKr293roglls adepted to graw inethies shlsure ¢ondisans of @uy &énd of HEKur e and
has not bee

i nt.enti.onal ) dified by humans, in the | abaratory... For
exanpl e, t he? 3ty P gy %{Cklﬁfﬁg%%fo r@‘ﬁﬁﬁé&ﬁ%"%@&w é%‘ﬂé%lge&)
that this transformation does not impair the ability of the cells to support efficient

reovirus production as described in this invention.

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

many species. All three types share a common complement-fixing antigen.

The human reovirus consists of three serotypes: type 1 (strain Lang or
T1L), type 2 (strain Jones, T2J) and type 3 (strain Dearing or strain Abney, T3D).
The three serotypes are easily identifiable on the basis of neutralization and

hemagglutinin-inhibition assays (see, for example, Fields, B.N. et al., 1996).
The reovirus may be naturally occurring or modified. The reovirus is

"naturally-occurring” when it can be isolated from a source in nature and has not

been intentionally modified by humans in the laboratory. For example, the
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-9 reovirus can be froma "field source", that is, froma human who has
been infected with the reovirus. The reovirus may be nodified but stil
capabl e o¥oby1a4eally infecting a nanmalian cell having aRCECADV@05AS
pat hway. The reovirus nmay be chemically or biochemcally pretreated (e.g.
by treatnment with a protease, such as chynotrypsin or trypsin) prior to
admnistration to the proliferating cells. Pretreatnent with a protease
renoves the outer coat or capsid of the virus and may increase the
infectivity of the virus. The reovirus may be coated in a |iposone or
micelle (Chandron and Nibert, 1998). F& exanple, the virion nmay be
treated with chynotrypsin in the presence of mcelle formng
concentrations of alkyl sulfate detergents to generate a new infectious
reassort ed)

subvirion parti.cl e. The. reoyj nay ,,b . reconbinant (i ..e.

reovirus frdRYYHS C&P-{;erfﬁc?né 3 ﬁ’?ﬁswger eﬁv‘?}% o au!hflﬁlaﬂi‘{hfoelﬁs P5hat hogeni ¢
phenot ypes spehel R e conhai ns different antigenic determ nants, thereby
reduci ng or preventing an i mmune response by a mammal previously exposed

to a reovirus subtype. Such reconbinant virions can be generated by

co-infection of mammalian cells with different_ subtypes of reovirus with
the resul ting resBietieAyirasaay Be srodeied:hup st f;apaﬁﬁq: ‘?@%’égfﬁlys‘}}%@%acoat

Cert with o grpBRRERl i §f J08 AORIGN, (6 IRRTRARLEE eRRANFRL! 0 ©

such that thgoctiemitallfasetidiedRNR) by Beinhchowithlaepratcasisadi as okfyiottypsncel |,
which may | ead to successful i1 nfection by the virus. As used herein, "viral

i nfection" rosftemsin) prionéo adminjstistion to/the prolifpraping cells. | Prefigymenewihids equent
replication p%tegs%ere}/nio%ss thienou%erf‘ecoz(fte(;rlc'aps%J Ic3)§ Eﬂe@i{'ru% a%@%llz%/ ﬂlgrlélﬁs% £8 )
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
more types of reoviruses with differing pathogenic phenotypes such that it contains
different antigenic determinants, thereby reducing or preventing an immune
response by a mammal previously exposed to a reovirus subtype. Such
recombinant virions can be generated by co-infection of mammalian cells with
different subtypes of reovirus with the resulting resorting and incorporation of

different subtype coat proteins into the resulting virion capsids.
As used herein, “contacting” a cell with a virus refers to placing the virus
in the culture of the cell such that the virus has the opportunity to make a contact

with the cell, which may lead to successful infection by the virus.

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.
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WO 02/ 12435 PCT/ CA01/ 01054 -10 As used herein, "multiplicity of infection”
refers to the ratio of the nunber of virus to the nunber of cells when a
virus i swaeenites contact cells. As used herein, "cell |yspPet/Caef/enssto the
di sruption of cell nmenbrane of a cell and the subsequent release of all or
part of the content of the cell. As used herein, "conplete lysis" refers to
the lysis of every cell in a culture of nultiple cells. As used herein,
"culture conditions" refer to the conditions used in a cell culture,
including but not limted to the tenperature, type of culture containers,
humi dity, concentration of CO2 or any oflBer 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

[tiplici f inpf el
glsjsolcﬁalt g:j't'yrgf elr felgetdahe@‘?lpusmbﬁpgﬂ% %fem Cflg '&egéjr?&(t)gl}e hgﬁf)@]& THERSE + of a
cel | i whi cly JihR il dPEBI: RROENTRE o OV, chadh E4ip 15 cel

associ ated before the host cell is lysed. Wen cell lysis begins, a virus
may be still attached to or trapped in part of the broken cell and remain
cell associated. However, the virus is rel eased e |nto t he nmedi um
it is not cell as@%&?%‘tt@ﬂelﬁnﬁ?gﬂ%sw A&ef‘ff§é‘ﬂﬂ¥?éfgilﬂuo%o'frc lymemgbrege of gt ed-

when the el AR RHRIUEEOr apBpat of 8R3onBAFEL GE cblte cel | content

is rel eased e ce I srupte for exanpl e, by
freeze-thaw ng, sonlcatlon or detergent treatnments. As used herein,
"harvest" the virus refers to the act of collecting the produced virus
froma cell cul t ub&usgdi heieinascopmieic bsisyiteless o thafyses fevigry eelk &2  SUBSTI TUTE

SHEET (RULE 2‘?&1«3 of multiple cells.

As used herein, “culture conditions” refer to the conditions used in a cell
culture, including but not limited to the temperature, type of culture containers,
humidity, concentration of 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.

As used herein, a virus that is “cell associated” refers to a virus which is
attached to or trapped in part of a cell in which the virus has been produced.
Thus, a virus is cell associated before the host cell is lysed. When cell lysis
begins, a virus may be still attached to or trapped in part of the broken cell and
remain cell associated. However, when the virus is released free into the medium,

it is not cell associated anymore.
As used herein, a cell is “disrupted” when the cell membrane is ruptured
and at least some of the cell content is released from the cell. A cell may be

disrupted, for example, by freeze-thawing, sonication or detergent treatments.

As used herein, “harvest” the virus refers to the act of collecting the

produced virus from a cell culture which has been previously infected with the
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WO 02/ 12435 PCT/ CA01/ 01054 -11 virus. Harvesting of the virus may involve
breaking up the host cell if the virus is still cell associated.

Al t er nat iweby11aes | ess preferably, viral particles which h@veAotie®mn

rel eased into the culture nmedia can be harvested fromthe nedia. As used
herein, "cytopathic effect” is indicated by the cells becom ng swollen and
granul ar in appearance and the cell clunps breaking up. The cells which
show a cytopathic effect stain negative in a viable cell count because they
will take up the staining dye. As used herein, "adherent cells" refer to
cells which adhere to the culture conré}ners in a cell culture. Exanples
of adherent cells include nonolayer cells, which are cells that forma
single | ayer of cells on the surface of a culture container. "Suspension
cells" or " en 3 ulture
cont ai ners in g cﬁ?ﬂregﬁl:lét ﬁfr %IE us pe éxﬁx?rl]\y%%ﬁé’?hﬁg ﬂq%@%Srt S%g ﬁﬁ%@gﬁ&s %pl n

cul ture", whiillkell Sissociitdd. UARernativelly bix 1edseprefigkdbly, esnmkganmies svigdh haved
contlnuously during the culture process. As used. herein, "viability of the
cel I's" or "pheprEdeasge e thapularg madiacanbe h@livgﬁ}r:@sfronsﬂlen@e%r centage of the
cells mhlch do not show a cytopathic effect in a population. As used
herein, "harvest time" refers to the tine point at which the reovirus is

col | ected and purd§ hRd -nefdig, ¥ Edpﬁtlﬁ@ef@éc?f %rlﬁ&bﬁe@@?%&&@ babshingi ter is

sufficiently high and the virus is still cell-associated. A though the
virus may bewolan amtgwdluhwe]mamea@mcemdaﬂletceﬂ chinips| lysaksng‘nalz doegeltsed, it is
desuabletoh rvest the beforelt |sree] e]g the elsto
sinplify théVlB SHAVE Ay R gstawgatwe\;pébylpl? F‘)‘Wi CERPT 1Y 5

routinely ”%ﬁ"cﬁl@éjuﬁﬁleaﬂalhﬂg dg,@_tl on of whet her the virus is

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
container. “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 medium is stirred

continuously during the culture process.

As used herein, “viability of the cells” or "percentage of cells remaining
viable" is the percentage of the cells which do not show a cytopathic effect in a

population.

As used herein, “harvest time” refers to the time point at which the
reovirus is collected and purified. The virus is preferably harvested when titer is
sufficiently high and the virus is still cell-associated. Although the virus may be
harvested even after complete cell lysis has occurred, it is desirable to harvest the
virus before it is released from the cells to simplify the purification process. Thus,
viability of the cells is routinely measured as an indication of whether the virus is

still cell-associated. The virus is generally harvested when at least 5% of the cells
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still cell-associated. The virus is generally harvested when at least 5 %
of the cells SUBSTI TUTE SHEET (RULE 26) WD 02/ 12435 PCT/ CA01/ 01054 -12 are
viabl e. Mwebmrabiy, the virus is harvested when 20-95 % oPCT/eaoveloss are
viable, nore preferably when 35-90 %cells remain viable, and nost
preferably when 50- 80 %cells remain viable. Methods Nornmal cells are
general ly not susceptible to reovirus infection, and cultured cell lines
vary to a great extent in their ability to support reovirus production. In
our attenpt to develop an efficient host cell to produce reovirus, a
variety of cells were enpl oyed and HEK -233 cel | s proved to be very
efficient. In a typical experinent (Exanple 1), HEK 293, Vero and L-929
cells were grown to confluency and infected with the reovirus at a
multiplicity . b nf [ fo) 18 b2 i . erm ned
at various talrgr&lalp?%s' telg theﬁe?g%lﬂ?gg thtgj }Sglﬁ%r\s’%sﬁeéll Qﬁerﬁ%&%@"?g@ dééewis%,a\@h%fagﬁé’ have

not been renﬁ@ﬂeqdefeﬁamylwm@m 85-00@Vidld SeRhidWidble, ddanowt pekfatabBskh&D50-1 nes
nore reovirus at 24 hours post infection than L-929 <cells, which are

routinely ud¥de cellcrgmain eiablgnmal i an reovirus. Vero cells produced even

| ess reovirus at this point, yielding 3000 tinmes |less reovirus than the
HEK- 293 cells. At 36-48 hours post infection, the virus yield in the

HEK- 293 cells began to plateau, but the titer was still one order of
magni tude higher than the titer produced in L-929 cells and two orders of
magni t ude hiMbiods han that of Vero cells. It was not until 96 hours post
infection that all three cells |lines produced about the sane titer of
reovirus, at 109 to 1010 per mlliliter.

Normal cells are generally not susceptible to reovirus infection, and
cultured cell lines vary to a great extent in their ability to support reovirus
production. In our attempt to develop an efficient host cell to produce reovirus, a
variety of cells were employed and HEK 293 cells proved to be very efficient. In
a typical experiment (Example 1), HEK 293, Vero and L-929 cells were grown to
confluency and infected with the reovirus at a multiplicity of infection (m.o.i.) of
1. The yield of virus was determined at various time post infection. Surprisingly,
HEK 293 cells, which have not been reported to support reovirus growth,
produced almost 50 times more reovirus at 24 hours post infection than 1.-929
cells, which are routinely used to culture mammalian reovirus. Vero cells
produced even less reovirus at this point, yielding 3000 times less reovirus than

the HEK-293 cells.

At 36-48 hours post infection, the virus yield in the HEK-293 cells began
to plateau, but the titer was still one order of magnitude higher than the titer
produced in 1.-929 cells and two orders of magnitude higher than that of Vero
cells. It was not until 96 hours post infection that all three cells lines produced

about the same titer of reovirus, at 10° to 10'° per milliliter.
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These results indicate that the HEK-293 cell is a very efficient systemfor
t he prodweoowm4ed reovirus, allow ng for shortened producPCDCADI/®S4NI Ch
will markedly reduce the cost of production. To further optfimze the HEK
293 cel|l production conditions, reovirus was used to infect the HEK 293
cells at various mo.i., and the yield was determ ned (Exanple 2). The
results suggest that a lower mo.i. is even nore advantageous. Thus, at 48
hours post infection, the cells which were inoculated at a mo.i. of 0.5
produced nore than 1010 viruses per nil,-1&hich was the maxi mal yield at
these culture conditions. After this point, the titer went down by about
two fold, and reached the maximal yield again at 96 hours. A simlar

pattern was obser dfor t u g nitial

A though e r easiEep SeSls ey ol 8 ik o3 et Bl By Hifishi Bt o0 72
hours is caumecf)r&mc%@bﬁféovfrhs: a‘l’l%gﬂil?gdﬂir'sﬁé‘rté}fedgpk‘@ducﬁbﬁ tifne WILE Wil
apparently folllowed by replication to produce hi gher yield at 96

hour s. Consemaﬂmdlywﬁdmde:dhhe@sttofpxmlut;tnomarvest reovi rus under these culture
conditions is 36-60 hours post infection. At this period of tine, the titer
is high, and the virus is still associated with the cell fragments and
menbr anes, which Fﬂhﬁﬁ ' r I !ngg)‘h At 96
hours, all the ceT arw{1 i/is?e anc( ?%%Eé\}}e?ﬁégﬁﬁg)nr%@%%ég’ r|)é(r)1 %S medi a

along with tiseddegifedalis HEKPZI3dtetls St vaioushe. odeathdat ield wakegromided f i cation
much nore co i cated than when the virus 1is cell associated.
(Example 2). The results suggest that a lower m.o.i. is even more advantageous.

Thus, at 48 hours post infection, the cells which were inoculated at a m.o.i. of 0.5
produced more than 10" viruses per ml, which was the maximal yield at these
culture conditions. After this point, the titer went down by about two fold, and
reached the maximal yield again at 96 hours. A similar pattern was observed for
the culture with an initial m.o.i. of 0.1. Although the reason is not clear, it is
possible that the decrease at 72 hours is caused by proteolytic degradation of the
virus. This is apparently followed by replication to produce the higher yield at 96

hours.

Consequently, the best time to harvest reovirus under these culture
conditions is 36-60 hours post infection. At this period of time, the titer is high,
and the virus is still associated with the cell fragments and membranes, which
makes purification of the virus relatively simple. At 96 hours, all the cells have
lysed and the virus is released into the media along with the degradation products
of the dead cells, making purification much more complicated than when the virus

is .cell associated.

For best efficiency, the virus should be harvested when the yield is
sufficiently high but most of the virus is still associated with the cells. The harvest
* time should be determined empirically when culture conditions are varied. To

determine if the virus is associated with the cells, a small aliquot of the culture can
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For best efficiency, the virus should be harvested when the yield is
sufficiently high but nost of the virus is still associated with the cells.
The harvewo 02/1348%2 shoul d be determ ned enpirically when ceCT/gAer/ecofdi ti ons
are varied. To determne if the virus is associated with the cells, a
smal | aliquot of the culture can SUBSTI TUTE SHEET (RULE 26) WD 02/ 12435
PCT/ CA01/ 01054 -14 be exam ned, e.g., under the mcroscope, to determ ne
the degree of cell viability at different time points after infection.
Alternatively, a viable stain can be conducted to determ ne the percentage
of viable cells. To sinplify the purifidédtion process, the virus is
typically harvested before all the cells have been |lysed. Preferably, the
virus is harvested when 20-95 % of the cells remain viable. Mre

f bly, th i. i h ted wh 35- % d t | 50- 80
E/; eofe r at h)é &5 ?}@‘1’1}'11@ ielrg'vflg‘ﬁﬁ\égﬁe ﬁé‘ﬁoﬁge’ctgldgg:@ir@a}ﬁﬁ ﬂgg%ﬁp%é( }?‘é&ﬁ d can be
grown in cel} Gtlhs ®mé haskSafter ifebfin. bﬂﬁéﬁftﬁvg%ﬁﬁigﬂ@rsfa%fﬁrﬁﬁ/eﬁ ems or

hol | ow fi ber systens, of any other system is sultable for grow ng

adher ent cel ¢aduttEKi?@Iemmmihe therpeycdnagooflviabledcelle. Toesimphfyethd purtifiedtione
cells. For exa%l e, the 293/ SF C§|| (ATCC Nunb&lr CRL- 1573.1) was derived
fromthe HEKPTOSESS B Virgsds waiealy Bapvested befarer albidie cglls have besphwedi ons. The

2031 SF. cel | SpQtauasu i (s e IRS §0s At USARTSHAN, Fghls Mgad may be

grown in any o re containers descri as wel'l "as "~ spi nner

bottles, stiprefgablgsheviué iclideantalwien 3590 Bwaihd HRbt Féfr 18 SO0 % ot her
culture containers suitable for suspension cells. In order to produce

i ndustrial aftegelssresrain wigbler us, 293/ SF cells were cultured in 15 L spinner
flasks and infected with reovirus at a nultiplicity of

HEK 293 cells are adherent cells and can be grown in cell culture flasks,
roller bottles, microcarrier systems or hollow fiber systems, or any other system
that is suitable for growing adherent cells. HEK 293 cells may be modified to
generate derivative cells. For example, the 293/SF cell (ATCC Number CRL-
1573.1) was derived from the HEK 293 cell and adapted to serum-free culture
conditions. The 293/SF cells grow as a mixture of adherent and suspension cells
and may be grown in any of the culture containers described above, as well as
spinner bottles, stirred vessels (fermenters), hollow fiber systems, or any other

culture containers suitable for suspension cells.

In order to produce industrial amounts of reovirus, 293/SF cells were
cultured in 15 L spinner flasks and infected with reovirus at a multiplicity of
infection of 0.5 when cell density reached 10°/ml. The culture was incubated until
cell lysis began, as evidenced by the culture media color change from red to
orange due to the presence of Phenol Red in the media, or by a viable cell count
under the microscope. At this point, the virus was harvested by centrifugation.
The virus was then purified as described in Materials and Methods and used in
clinical administrations or stored for future use. For storage, the virus can be
frozen or lyophilized according to methods established in the art, with or without

stabilizing agents.
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infection of 0.5 when cell density reached 106/m . The cul ture was

i ncubated until cell |lysis began, as evidenced by the culture nedia color
change fwoowred3i o orange due to the presence of Phenol RedcCiani/eless medi a,
or by a viable cell count under the microscope. Ai tThis point, the virus,
was harvested by centrifugation. The virus was then purified as descri bed
in Materials and Methods and used in clinical adm nistrations or stored
for future use. For storage, the virus can be frozen or |yophilized
according to nethods established in the art, with or without stabilizing
agents. SUBSTI TUTE SHEET (RULE 26) WO 02512435 PCT/ CAO1/ 01054 -15-

Reovi rus conpositions Reovirus conpositions may be prepared using reovirus
produced by the nethods descri bed above. The conpositions are suitable for
clinical aﬁg%nistration.in manmal s, includi ng human bei ngs. Wen used for
clinical adt 0% he conpositions are preferably purified. Human
reovirus, particularly serotype 3, nost particularly strain Dearing, is
the preferred conposition prepared by the nethods of this invention.
However, other nReuvidus @ompesitionsusaynee/piepaned adngadodmisvprbduced by shé nvent i on

al so includes pharpmaceutjcal conpositiqns which contain .one or nore of the
r eovi r uses, edsdeseibedPove: &ﬁ@ CBF‘B%%W?“&&S%FW@&’?‘? %ﬂ‘i,eﬂn‘&%]soci ated with

"phar naceut i ] 0 t B!]ﬁ] ak I i ef i: Dl e y i: t he
conpositi onsa%gﬂrlh%ﬁ?@&fﬁlv@n I 8%,’ Er{chlgﬁ%cﬂn\léﬁl%ﬁlgésé% ﬁrtl }] %éeaof\g)?r% lﬁlsﬁg?ls usual |y

m xed W th miexehm)the @inpobi€iondire pheferadlyppErifiedor Haimgh oswituwyi t hi n such a
carrier which can be in the formof a capsule, sachet, paper or other

cont ai ner. \Weticularly serotype 3, most particularly strain Dearing, is the preferred

composition prepared by the methods of this invention. However, other

mammalian reovirus may be produced as well.

This invention also includes pharmaceutical compositions which contain
one or more of the reoviruses, made according to the present application,
associated with "pharmaceutically acceptable carriers or excipients”. In making
the compositions of this invention, the active ingredient/reovirus is usually mixed
with an excipient, diluted i)y an excipient or enclosed within such a carrier which
can be in the form of a capsule, sachet, paper or other container. When the
pharmaceutically acceptable excipient serves as a diluent, it can be a solid, semi-
solid, or liquid material, which acts as a vehicle, carrier or medium for the active
ingredient. Thus, the compositions can be in the form of tablets, pills, powders,
lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups,
aerosols (as a solid or in a liquid medium), ointments containing, for example, up
to 10% by weight of the active compound, soft and hard gelatin capsules,

suppositories, sterile injectable solutions, and sterile packaged powders.

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

cellulose, sterile water, syrup, and methyl cellulose. The formulations can
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pharmaceutically acceptabl e excipient serves as a diluent, it can be a
solid, sem - solid, or liquid material, which acts as a vehicle, carrier or
medi um f wOobhie4atti ve ingredient. Thus, the conpositi onsPCHEADEOLOS t he
formof tablets, pills, powlers, |ozenges, sachets, cachets, elixirs,
suspensi ons, enul sions, solutions, syrups, aerosols (as a solid or in a
liquid mediun), ointnents containing, for exanple, up to 10% by wei ght of
the active conpound, soft and hard gel atin capsul es, suppositories,
sterile injectable solutions, and steril e packaged powders. Some exanpl es
of suitable excipients |nclude | act ose,-16extrose, sucrose, sorbitol

manni tol, starches, gum acaci a, cal cium phosphate, al ginates, tragacanth,
gel atin, calciun1silicate nicrocrystalline cel | ul ose,

| | lid | |
ol T ul oser” iliiogRRing: i biteRatig ekl st Sl m i B0 9] 1 035
PCT/ CAO1/ 01Qafhera bQ; %@ o £RAs] é‘mﬁl@fﬂllﬁgﬁnd kdbehdiag h@&lt@%égeﬁvlﬁg'ﬁébrﬁss talc,

magnesi um stearate, and mneral |5 wetting agents; ernulsifying and
suspendi ng ayelnts meﬁryésmd/pmgylhghnxﬁ—bematesawmmg ageatsdand flavoring

propyl hydroxy- benzoat es; sweeteni ng agents; vori ng ents. The
conposi t i ons3EERiSt ﬁ'ﬁ“ﬁ WW@HS elihe BRvenHo HATy ‘ég) ?aégc{qooasﬁpfpg?\age qui ck,
sust ai ned or f f1er tration
fo. the pat T ByeEmEFsEAaEyal:clclfy SO Kol LA e A R B T
sol i d conposhé baitit By Gpasyih@proetdures heowar innde petl active
ingredient/reovirus 1s mxed with a pharnmaceutical excipient to forma

solid preformulation conmposition containi ng a honogeneous i xture of a

corpound, of {1® RS uYALLApos SIS AELHIA dEohhSH BB OLTY 7L

di spersed evigplelichtIteNHI9 W mixed with a pharmaceutlcal excipient to form a solid

preformulation composition containing a homogeneous mixture of a compound of
the present invention. When referring to these preformulation compositions as
homogeneous, it is meant that the active ingredient is dispersed evenly throughout
the composition so that the composition may be readily subdivided into equally

effective unit dosage forms such as tablets, pills and capsules.

The tablets or pills of the present invention may be coated or otherwise
compounded to provide a dosage form affording the advantage of prolonged
action. For example, the tablet or pill can comprise an inner dosage and an outer
dosage component, the latter being in the form of an envelope over the former.
The two components can be separated by an enteric layer which serves to resist
disintegration in 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, cetyl alcohol,

and cellulose acetate.

The liquid forms in which the novel compositions of the present invention

may be incorporated for administration orally or by injection include aqueous
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the conposition so that the conposition may be readily subdivided into
equally effective unit dosage fornms such as tablets, pills and capsul es.
The tabl av@opr24pi | | s of the present invention may be coat PdT/caoweless wi se
conpounded to provide a dosage form af fording the advantage of prol onged.
action. For, exanple, the tablet or pill can conprise an inner dosage and
an outer dosage conponent, the latter being in the formof an envel ope
over the forner. The two conponents can be separated by an enteric |ayer
whi ch serves to resist disintegration in the stomach and permt the inner
conponent to pass intact into the duoddhum or to be delayed in release. A
variety of materials can be used for such enteric |layers or coatings, such
materials including a nunber of polynmeric acids and m xtures of polyneric

acids with such. materjals,as _shellac, cetyl alcohol. and,gellulose
etate  Thot iRy R ity auRhy s S SRR sionso A% BRI oy esent

I nvention NEBYuliBnd W58 AN SbR&ULR hs 86t dll, TottBhde8 o2l @kdnie 811, &cohid GEL T ON

i ncl ude aqueous SUBSTI TUTE SHEET ( RULE 26) WO 02/ 12435 PCT/ CA0O1/ 010654 -17
sol uti ons, sripeahiityoif, laawelled eiyirsipd siaglae phanocewichl wihsgdensi ons, and
flavored enulsions with edible oils such as corn oil, cottonseed oil,
sesane oil, coconut oil, or peanut oil, as well as elixirs and sim|lar

phar maceut | cal veblyahsio APARALANS: LRierhABRAI@NREiGhOSHI | at i on

i ncl ude sol utions suspensi ons I n armaceut1 cal 'y accept abl e, aqueous
or organi c skpeiions iphariiaxduticdlly ddeeptalit, aquedupevelgtsic sdlvents, ¢pui d or solid
conpositions may contain suitable ﬁharqaceutically accept abl e excipients
as descri bednixdies fherqof oang payyders. hEhe Hawid 95 isplid ARMBOSHIGNg a3y @wNEiRd by t he

oral or nas asluitaglg %ihal%é%@fticraﬂy tagce];)%%lel &%ﬁ)lien?sr as described herein. Preferably the

compositions are administered by the oral or nasal respiratory route for local or
systemic effect. Compositions in preferably pharmaceutically acceptable solvents
may be nebulized by use of inert gases. Nebulized solutions may be inhaled
directly from the nebulizing device or the nebulizing device may be attached to a
face mask tent, or intermittent positive pressure breathing machine. Solution,
suspension, or powder compositions may be administered, preferably orally or

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

Another preferred formulation employed in the methods of the present
invention employs transdermal delivery devices ("patches"). Such transdermal
patches may be used to provide continuous or discontinuous infusion of the
reovirus of the present invention in controlled amounts. The construction 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.

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

Remington's Pharmaceutical Sciences.
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system c effect. Conpositions in preferably pharmaceutically acceptable
solvents nay be nebulized by use of inert gases. Nebulized sol utions may
be i nhal ado ozfixext|ly fromthe nebulizing device or the nebal/iCAapngosevi ce
may be attached to a face mask tent, or intermittent positive pressure
breat hi ng machi ne. Sol ution, suspensian, or powler conpositions may be
adm ni stered, preferably orally or nasally, from devices which deliver the
formulation in an appropriate nmanner. Another preferred fornul ation

enpl oyed in the nethods of the present invention enploys transdernma
delivery devices ("patches"). Such transgermal patches may be used to
provi de continuous or discontinuous infusion of the reovirus of the
present invention in controlled anmounts. The construction and use of

transdermal patches for the deliver f ar I i |1 known
in the art. Seeﬁ%tegpﬁ%‘%%x@?plﬁ? %r_eyqjge:[r%cg{]o gm%%?%g,ﬁkﬁ%%%n%ﬁidﬁggﬁor at ed
by referenggpe ShfdinRaltis M8FwaRYs RRIERNEE kesgeadt thopresainvenass, pul satile,
or on demand delivery of "pharmaceutical agents. her suitable

fornmul ations for use in the present invention can be found in Rem ngton's

Phar maceuti cal Sciences. SUBSTI TUTEE I, (RULE 26) WO 02/ 12435
PCT/ CA01/ 01054 -18 The, follow ng e bLEX ¢ offered to illustrate this

i nvention and ar e b L4 e scope of
t he present i nveﬁ??@%?xah@&%ﬁ@%}]%@ g} 1@ gﬁrr%'%@%%ﬁlg&vé Ef%e}}fgﬁ%%n?ow ng
abbrevi at i ongeah@ips. AtbréhtionwinogdefiieahbngtheirAeheally atdepted manimgsf i ned have

their generally accepted neanings. Cl = Confidence Interval
CI - = Confidence Interval
TCIDy, = Tissue Culture Infectious Dose s,
M = micromolar
mM = millimolar
M = molar
ml = milliliter
ul = microliter
mg = milligram
Ug = microgram
g/L = grams per liter
rpm = revolutions per minute
FBS = fetal bovine serum
DTT = dithiothrietol
NP-40 = Nonidet P-40 (Octylphenoxy Polyethoxy Ethanol)
SDS = sodium dodecy] sulfate
PBS = phosphate buffered saline
B-ME = -mercaptoethanol
MOI or m.o.i.= multiplicity of infection
PFU = plaque forming units
hr = hour ‘
°C = de'gree Celsius
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TCI D50 = Tissue Culture Infectious Dose 50 M= mcromolar ruM = mllinolar
M=mlar mM = mlliliter A = mcroliter ng = mlligram g = mcrogram
g/L = grav@opexsdditer rpm = revol utions per mnute FBS =P€®Cabl/osi ne
serum DITT = dithiothrietol NP-40 = Nonidet P-40 (Cctyl phenoxy Pol yet hoxy
Et hanol) SDS = sodi um dodecyl sulfate PBS = phosphate buffered saline
P-ME _ P-nercaptoethanol MJ or mo.i. = nmultiplicity of infection PFU =
pl aque form ng units hr = hour C = degree Cel sius SUBSTI TUTE SHEET ( RULE
26) WD 02/ 12435 PCT/ CA01/ 01054 -19- Ceneral Method Cells and Virus

-19~

General Method

Cells and Virus

Human embryo kidney 293 (HEK 293), Vero (African green monkey
kidney) cells, and mouse fibroblast L-929 cells were provided by the manufacturer
BioReliance Corporation (Rockville, Maryland). HEK 293 cells were grown in a
culture medium containing 10% heat-inactivated horse serum and 90% of the
following mixture: Eagle’s minimum essential medium with 2 mM L-glutamine
and Earle's Balanced Salt Solution adjusted to contain 1.5g/L sodium bicarbonate,
0.1 mM non-essential amino acids, and 1.0 mM sodium pyruvate. Mouse L.-929 ‘
and Vero cells 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

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% 4+ 5% relative humidity in spinner flasks
at an impeller épeed of 35-40 rpm. ' '

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 3-mercaptoethanol ([S—ME) was
omitted from the extraction buffer. Reovirus labelled with [*°S]-methionine was
grown and purified as described by McRae and Joklik (McRae and Joklik, 1979).
The particle/PFU ratio for purified reovirus was typically 100/1.
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Human enbryo ki dney 293 (HEK 293), Vero (African green nonkey ki dney)
cells, and nouse fibroblast L-929 cells were provided by the manufacturer
Bi oRel i arwe@ o2ox4por ati on (Rockville, Maryland). HEK 293 cebPC¢wmOAer/@ogt own i n
a culture nmediumcontaining 10 % heat-inactivated horse serumand 90 % of
the follow ng mxture: Eagle's mninmmessential nmediumwth 2 nv
L-glutamne and Earle's Bal anced Salt Sol ution adjusted to contain 1.5g/L
sodi um bi carbonate, 0.1 nM non-essential am no acids, and 1.0 nmM sodi um
pyruvate. Muse L-929 and Vero cells were propagated in a culture nedium
contai ning 10% FBS and 90 % of the follewwng m xture: Eagle's m ninmm
essential nmediumwith 2 mM L- glutam ne and Earle's Bal anced Salt Sol ution
adjusted to contain 1.5g/L sodium bicarbonate, 0.1 mM non-essential am no
acids, and nM sodi u r te, ~Th 93/ sF. cells were grown in 293
Serum Fr ee MF% ?ﬁ&?’éomﬂ%ﬁ%zf?&ﬁ?«Qé‘,"”%&é%f’ﬁéf%war yl and) suppl ement ed
wth 4 mMML-glutamne at 36C 2 C 6 % 2 %CO2 and 80 % 5 %relative
hum dity in SPi igmbhdibiaits SIHERPRY, Yers REY 980 Bchlelelfbw e Deari ng
strain of reovirus serotype used I n these 'studies was propagated in
suspensi on culf&il Eﬁte@fan&iﬁB&ed:&ﬁmSa RUVirds & knawaanwiiplicities &hinfeotio.Smi t h et
al., 1969) wth the exception that [3-nercaptoethanol ((3-ME) was omtted
from the extAfien] bninpulration at 3 dvi the sqnglsyersarergivashghwsh wasmHmeda aed was

d pugifi described by MRag and Jokl ik kl'i k,
To7) T i o theERRs Bt Qe A Saltoa i BotlERARp Rt 65 o
SUBSTI TUTECSFEEJR ORNPE4 P 89d é&&&ﬁh&@:&%ﬁolﬁ’t@"ﬁﬁa@%&é@éﬁéﬁy todfle heiRadn @8 of

Monol ayer and Quantitation of "Virus )
infected monolayers to final concentrations of 1 % and 0.5%, respectively. The

Iysates were then harvested and virus yields were determined by plaque titration

on 1-929 cells and expressed as Log,;,TCIDy,/ml.
Infection of Suspension Cells and Purification of Virus

293/SF cells were grown to 1‘0"’/ml and infected with the reovirus. The
culture was allowed to grow until the color of the medium turned from red to
orange, or until the viability of the cells dropped to the desired level as evidenced
by a viable cell count. Viable cell counts can be performed under the microscope
for cells that do not show a cytopathic effect, which is indicated 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. When the desired cell viability level was reached, the cells were pelleted in a
centrifuge 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 lIyse the cells. The suspension was
extracted with an equal volume of pre-chilled Freon® (1,1,2-trichloro-1,1,2-

trifluoro-ethane) by vortexing for 10 minutes, followed by centrifugation at 2500
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Conf |l uent nonol ayers of HEK 293, Vero, and L-929 cells were grown in
24-wel |l plates and infected with a reovirus at known nmultiplicities of
infectiowOooxies 1 hr incubation at 37' C, the nonol ayer BCweael/ashed wth
warm nedia and then incubated in their culture medium At various tine

poi nts postinfection, a mxture of NP-40 and sodi um deoxychol ate was added
directly to the nedia on the infected nonolayers to final concentrations
of 1 %and 0.5% respectively. The |ysates were then harvested and virus
yields were determ ned by plaque titration on L-929 cells and expressed as
Logl0TCI D50/ M . Infection of SuspensionyCells and Purification of Virus
293/ SF cells were grown to 106/m and infected with the reovirus. The
culture was allowed to grow until the color of the mediumturned fromred

t , til the viabilit f the. cell to th ired

| ovel as ovi BERERA0 Bymiesd 2 & tpia b AGaase T e B bo

perf or med Unfiflse WA rihGIAAANE.exlrBlicd Rlibepd BRLLBK AffvesA A HhaPat hi ¢
(5 ate y tﬁ S %

effect, which 1's indic e ce ecom ng swollen and granular in
appear ance aggiractien,ct hqadoussebivaathimderaqiomnta fret¥ mbe eandelditon 340G can al so
be perfornmed by a viable stain as conmonly used in the art. Wen the
desired cel | wa$ adsledite p final epnogp@ation(9e%- t he cells were pelleted in a
centrifuge and resuspended in 10 MM Tris, pH 7.4, 250 nM NaC and 0.1 %
Triton X-100. The cells were then |ysed by freeze-thaw ng and kept on ice

for 20-40 m nut ¢ge WrhdwaS plRHecCHy a‘éék'iﬁrﬁéhlbﬁidé@te?‘gfa(ﬁéﬂ.!'I’lfeegrhdi‘i@nt06||S- The
suspension was extracted with an equal volune of pre-chilled Freon(r) (1,

1, 2-tri chl or certaindd &vo tayerslaf dis6l eolhtons)(1 BPgiml andxl .Ag/nilo respectivielylit es,

L(él_r} 8282 / 831/0 E&Bgrreidfirlf ?SEM IJl“nas.t(pﬁ57c?2). Sfﬁsx;glru-g%lszpe%%grw sﬁg!i&%dzoep tog\gf %Ze/ 12435
gradient and centrifuged in a SW‘ 28.1 rotor at 26,000 rpm for 2 hours at 4°C.
The viral band (the lower of the two bands because the upper band contained

empty capsids) was harvested and dialyzed against sterile PBS.

EXAMPIE 1

Determination of Optimal Cell Lines for the Production of Reovirus

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 relative
amount of reovirus produced. Of particular interest were those cell lines &at had
been approved by various regulatory authorities for the production of a biological
agent. Accordingly, HEK 293, Vero, and L-929 cells wefe exposed to reovirus,

and their ability to produce reovirus was compared.

Quantitation of viral production was accomplished by harvesting infected cells
and their growth media at various time points post infection. The lysates produced
were subsequently subjected to plaque titration analysis to determine the viral yield,

which is expressed as titer + 95% CI (Log;TCIDsy/ml) in Table 1 below. The
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-21 rpmfor 10 mnutes at 4C to separate the difference phases. The aqueous
(top) phase was renoved and re-extracted twi ce as descri bed above. After
the finalwoextmaxti on, the aqueous |ayer was transferred poT/aAbrewh t ube,
and Triton X-100 was added to a final concentration of 0.5 %. The virus
was purified by -a cesiumchloride step gradient. The gradient contained
two | ayers of CsC solutions (1.20g/mM and 1.4g/m, respectively) prepared
in 10nM Tris (pH 7.4). The virus suspension was | oaded on top of the
gradient and centrifuged in a SW28.1 rotor at 26,000 rpmfor 2 hours at

4C. The viral band (the | ower of the t W3 "bands because the upper band
contained enpty capsids) was harvested and di al yzed agai nst sterile PBS.
EXAMPLE | Determnation of Optinmal Cell Lines for the Production of
Reovirus To determ ne whether there were differences betmeﬁ_ suscegkible

. . n
cel | lines ftepulisnimdigisufhat.ovheradsyall gk ey tate §lia vere SYMERURIE e deRf
infection, a r i J I:it)ﬂf i b B4
suscepti bi | i&nge%%rr?’em%é%%éeé&gggﬁ% a %rsllédegg?n%%% % rggl\}% ?%gﬁ(%ra\é%uced. O
particul ar igg@eRdellvEhes.t hose cell lines that had been approved by
various regulatory authorities for the production of a biological agent.
Accordi ngly, HEK 293, Vero, and L-929 cells were exposed to reovirus, and

their ability to p r, i SR .f@aﬁq' i f viral
producti on was accmgr}ég?@éﬁg?%yi ng ﬁﬁ?@&e C‘Se*ﬁtgéng'ﬁlggt heir growh
media at various tine pekptesseAas titernt 959 Qj].inTnegL[;ysmsgﬁnlpr oduced were
subsequently_subjected to plaque titration alysis to determine the viral

yield, whidhrigeexpressed dggifbey 95 % q véle0910TCl D50/ Mip29 n Table 1
bel ow. The [|SUBSHFIHE=—SHEE(RULE-26)

24 HOURS 8.30 + 0.51 4.80 4+ 0.35 6.68 + 0.24

36 HOURS 9.05 + 0.43 5.55 £ 0.32 7.93 £ 040

48 HOURS . 9.55 + 0.49 6.68 + 0.40 8.55 + 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 4 0.43

The results show clearly that the amounts of virus produced were highest in the
HEK 293 cells. Further, the HEK 293 cells produced more virus earlier, allowing

for shortened production times for the manufacture of the reovirus.

EXAMPLE 2

Effect of Starting Multiplicity of Infection on Final Vifal Production

To determine whether the starting multiplicity of infection determines final
viral output, HEK 293 cells were infected with a range of starting multiplicities of
infection (m.o.i.) between 1 aﬁd 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 manufacture

of reovirus.
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WO 02/ 12435 PCT/ CA01/ 01054 -22 results indicate that, whereas all of the
tested cells were susceptible to reovirus infection, there were

consi der abb e2/th483 er ences in the amount of virus produced par/€actioiosf these
cells lines. TABLE 1. Tinme Course of Viral Yield of Various Cell Lines
(expressed as titer 95%Cl in LoglOTCID50/m ) TIME HEK 293 Vero L929 24
HOURS 8.30 f 0.51 4.80 0.35 6.68 0.24 36 HOURS 9.05 0.43 5.55 0.32
7.93 0.40 48 HOURS 9.55 0.49 6.68 0.40 8.55 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 the anounts of virus produced were highest in the HEK
293 cells. Further, the HEK 293 cells produced nore virus earlier, allow ng
for shortened production times for the manufacture of the reovirus. EXAMPLE

2 Effect of Starting tiplici of tiaop. on Final. Vital Production To
det er mi ne whet her the%%ﬁ@%ﬁ?%bﬁﬁfﬁ“?ﬂ?&ﬂﬁc fldet er mi nes fi nal
viral output, HEK 293 e fie is starting
multiplicities of inf gegﬁ%?léﬁ%nsﬁ(l)ﬂe?‘) 9%‘%?9\%2{1}110%%3 g.s“f.m)mr results, shown

in Tabl d 2, icate|that ,t is indeed i onsh b t he
Thif %.£ fIGH P bRIWESH the

g
starting mo._| and tlthe finjl Vviral IHrm‘lm“f|'n_n A_star ing m o1 | ess

than 1 i|s opfioRRs o] theol@rge.sgcal e jmanufgsyt Wrpeqs of reovy ggis. 0.8UBST|I TUTE
SHEET ( RBEE—267}

36 HOURS 8.92 + 0.52 9.30 + 0.43 9.37 + 0.48
48 HOURS 9.55 £ 0.43 10.30 + 0.37 9.68 + 0.50
72 HOURS 9.55 £ 0.32 9.93 £ 0.40 9.18 + 0.40
96 HOURS 9.80 + 0.00 10.30 + 0.43 10.18 4 0.36

Furthermore, our results demonstrate that there is also an optimal time at
which to harvest the cells, which will be important. We found that viral production
is greatest after 24 hours. 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
96 hour time point. It is presumed that this slight decrease at 72 hours is likely due
to proteolytic degradation of the virus followed by a second round of virus replication

at the 96 hour point.
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WO 02/ 12435 PCT/ CA01/ 01054 -23 TABLE 2: Effect of MOI. on Viral
Production (expressed as titer 95%Cl in Log,OTCID50/m) TIME 1.0 MO 0.5
MO 0.1 Ma3bo2/2433H0OURS 9. 18 f 0.36 8.55 0.43 7.68 0.24 Ber/6AURRS8: 92

0.52 9.30 0.43 9.37 0.48 48 HOURS 9.55 0.43 10.30 0.37 9.68 0.50 72
HOURS 9.55 t 0.32 9.93 0.40 9.18 0.40 96 HOURS 9.80 0.00 10.30 0.43
10.18 0.36 Furthernore, our results denonstrate that there is also an
optimal tinme at 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 gould be insufficient tinme for
adequate viral protein synthesis and t1Hé" assenbl y of the mature wvirion.
More surprising is the observation of a decrease in virus quantity at the
72 hour point followed by a nmarked increase in the nunber of infectious
particles atWelekim96 hour tine point. It is presuned that this slight
decrease at 72 hours is likely due to proteolytic degradation of the virus
foll owed by a second round of virus replication at the 96 hour point.
SUBSTI TUTE SHEET A Riduled?dprMdcite chathanlimldo vt/ @hipeing B steféopl aim 1. A
met hod of producing manmali an reovirus, conprising the steps of: (a)

cont acti ng human (@ybr ywontatipchur2aBerabifi Kkagy 298 |(HEKRII) calls with a

mammalian reovirus under conditions which result in reoviral
infection of said HEK 293 cells;

(b)  incubating the culture of said infected cells for a period of time
sufficient to allow for viral replication; and

(c) harvesting the virus produced.

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

3. The method of claim 2 wherein the human reovirus is a serotype 3
TEOVirus.

4. The method of claim 3 wherein the serotype 3 reovirus is the Dearing
strain.

5. The method of claim 1 wherein the multiplicity of infection in step (a) is 10
or less.

6. The method of claim 5 wherein the multiplicity of infection is 5 or less.

7. The method of claim 6 wherein the multiplicity of infection is 1 or less.

8. The method of claim 7 wherein the multiplicity of infection is 0.5.
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manmal i an reovirus under conditions which result in reoviral infection of
said HEK 293 cells; (b) incubating the culture of said infected cells for a
peri od ofwobme43sufficient to allow for viral replicationpCuadof/eips4
harvesting the virus produced. 2. The nethod of claim1 wherein the
manmal i an reovirus is a human reovirus. 3. The nmethod of claim2 wherein
the human reovirus is a serotype 3 reovirus. 4. The nethod of claim3
wherein the serotype 3 reovirus is the Dearing strain. 5. The method of
claim1 wherein the nultiplicity of infggtion in step (a) is 10 or less.

6. The nethod of claim5 wherein the multiplicity of infectionis 5 or

|l ess. 7. The nmethod of claim6 wherein the multiplicity of infectionis 1
or less. 8. The nethod of claim7 wherein the nultiplicity of infection is

0.5 SUBSTI HITE ShiEkL. BLF. 2 WA AT BRTNCADHRQR8RY 0125 9. The

met hod of cl'aim 8 wherern the nultiplicity o ctionis 0.1. 10. The

met hod of claim1 wherein the virus is harvested when at Ieast 5 %of the

cells in the culture remain viable. 11. The nethod of claim1l wherein the

virus is harkest ddievinethodof daimyl grhereip thecwrysds harvested silien gt BagtSfaioh vi abl e.
0,

éLﬁe The net hod Ofthé:clzﬁis'ﬂl%l%eé'\’{f rematlff%lagier us i s harvested when 35-90 % of

11. The method of claim 1 wherein the virus is harvested when 20-95% of the

cells in the culture remain viable.

12. The method of claim 11 wherein the virus is harvested when 35-90% of the

cells in the culture remain viable.

13. The method of claim 12 wherein the virus is harvested when 50-80% of the

cells in the culture remain viable.

14, The method of claim 1 wherein the HEK 293 cells are cultured as adherent

ceHs .

15. The method of claim 1 wherein the HEK 293 cells are cultured as a

suspension.

16.  The method of claim 1 wherein the virus is harvested by separating the
cells from the culture media, disrupting the cells to release the virus from

the cells, and purifying the virus.
17.  The method of claim 16 Whérein the cells are separated from the culture

media by centrifugation and disrupted by freeze-thawing, and the virus is

purified by a CsCl gradient.
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cells in the culture remain viable. 13. The nmethod of claim 12 wherein the
virus is harvested when 50-80 % of the cells in the culture remain viable.
14. The meobp4e3 claim 1l wherein the HEK 293 cell s are cpCT/anedoiass
adherent cells. 15. The nethod of claim1l wherein the HEK 293 cells are
cultured as a suspension. 16. The nethod of claim 1l wherein the virus is
harvested by separating the cells fromthe culture nedia, disrupting the
cells to release the virus from the cells, and purifying the virus. 17.
The nethod of claim 16 wherein the cells are separated fromthe culture
medi a by centrifugation and di srupted by E[eeze-thawi ng, and the virus is
purified by a CsC gradient. SUBSTI TUTE § EET (RULE 26) WO 02/ 12435

PCT/ CA01/ 01054 -26 18. The method of claiml, further conprising the step
of freezing the harvested virus for storage. 19. The nethod of claim 18
wher ei n t he 18ar vaht etkthod ofsclaim b1 farther @mprBd@ be stepeifdveezing theThe met hod of
claim1 further conprising the step of Iyophilizing the harvested virus
for storage. 21.haveuedh¥HUSfOrFHYARCi ng i nfectious reovirus conprising the

steps of: (a) culturing 293 cells in a culture nedium containing 293 Serum
Free Medi um supplenmented with 4 nML-glutamne at 36C 2 C, 6 %

19.  The method of claim 18 wherein the harvested virus is stored at -60°C or

below.

20.  The method of claim 1 further comprising the step of lyophilizing the

harvested virus for storage.

21. A method of producing infectious reovirus comprisiﬁg the steps of:

(@) culturing 293 cells in a culture medium containing 293 Serum Free
Medium supplemented with 4 mM L-glutamine at 36°C + 2 °C, 6%
+ 2% CO, and 80% + 5% relative humidity in spinner flasks at an
impeller speed of 35-40 rpm until the cells reach a cell density of
about 10° cells/mi;

(b) infecting the cells with the Dearing strain reovirus at a mulﬁplicity
of infection of 0.5;

© incubating the culture of said infected cells in the same conditions
as in step (a) until the percentage of viable cells drops to 50-80%;

(d)  harvesting the virus produced by centrifugation of the culture,
freezing-thawing to release the virus from the cells, and purifying
the virus by a CsCl gradient; and

®) storing the virus at -60°C or below.

22. A mammalian reovirus composition comprising reovirus prepared by the

method of claim 1.

23.  The composition of claim 22 wherein the reovirus is a human reovirus.
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2% C02 and 80 % 5 %relative humdity in spinner flasks at an inpeller
speed of 35-40 rpmuntil the cells reach a cell density of about 106

cel | s/ ni iwo(b)248hfecting the cells with the Dearing strai PCT/€avi/o10s+ at a
multiplicity of infection of 0.5; (c) incubating the culture of said
infected cells in the sanme conditions as in step (a) until the percentage
of viable cells drops to 50-80 % (d) harvesting the virus, produced by
centrifugation of the culture, freezing-thawing to release the virus from
the cells, and purifying the virus by a CsCl gradient; and (e) storing the
virus at -60C or below 22. A manmali art7reovirus conposition conprising
reovirus prepared by the nethod of claim1l. 23. The conposition of claim
22 wherein the reovirus is a human reovirus. SUBSTI TUTE SHEET (RULE 26) WO
02/ 12435 PCT/ CAO1/ 01054 -27 24. The conposition of claim22 wherein the
reovirus is a serotype 3 reovirus. 25. The conposition of claim 22 wherein
the reovirugdis tihe doadosiion of cRim 22 wifereid i onjrasistd enotppe 3 raivinu2
further conprising a pharmaceuticall y acceptabl e carrier or excipient.
SUBSTI TUTE SHEET (RULE 26)

25.  The composition of claim 22 wherein the reovirus is the Dearing strain.

26.  The composition of claim 22 further comprising a pharmaceutically

acceptable carrier or excipient.
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