8 February 2005 (72)
THE PATENT COOPERATI ON TREATY (PCT) (19) World Intell ectual
| nt er nati onal
Patent C assification'
| nt er nati onal

Or gani zat
February
12N (21)

ion International Bureau (43)
2002 (14.02.2002) PCT (51)
I nt er nati onal

| nt er nati onal
Application Number:

Property
Publ i cati on Date

PCT/ CA01/ 01054 (22)

Fi li ng Dat e I20NTEENYTIONG A PPLIGATION PEBDISNEN UNDER i FARENTICORBERAGTIONERBATYIICT] 26)
Publ i cati on Language: English (30) Priority Data: 60/224,026 10 August 2000

A0 A OO

0O 02/12435 A1l

(71) Applicant (for ali designated States except US): ON-
COLYTICS BIOTECH, INC, [CA/CA]; Suite 210, 1167
Kensington Crescent N.W., Calgary, Alberta T2N X7
(CA).

{72) Inventors; and

(75) Inventors/Applicants (for US only): COFFEY, Matthew,
C. [CA/CAF; 2231 Bowness Road, N.W,, Calgary, Alberta
T2N 3L4 (CA). THOMPSON, Bradley, G. [CA/CA];
1775 - 7th Avenue N.W., Calgary, Alberta T2N 0Z5 (CA).

(74) Agent: DONAHUE ERNST & YOQUNG LLP;
Toronto-Dominion Centre, Suite 1800, P.O., 222 Bay
Street, Toronto, Ontario M4K 1H6 (CA).

(10. 08. 2000 US (71) Appli cant (for Fragsi gnated States except US):
St oy 1 e GO » IR 'MW"@@WN@E"
Cal gary, AI berta TSNRP “‘?‘CA) I nve Y an (for
only): CCFFEY tthew ’ Bovvn Road ary,
Al berta T2N 200?" Br adllf% %"ﬂa catio "ﬁ‘ venue
N.W, Calgary, xe;j? ( CA) ¥ Agent YOUNG
LLP.; . T'c\)ﬁﬂr}nt rnapo 8Kn tlen(Paxssclile lIm‘II’ e, sul EEN:LB%B’Desig'natéd’Stat&s%nzatioEa%YAE, ?&,A ,eAEVf, AT,IAR{
Ontario AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
21 lnternatlenal Application Number: PCT/CAO01/01054 CZ, DE, DK, DM, DZ, EC, EE, ES, ¥I, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP. KR, KZ, LC,
(22) International Filing Date: 20 July 2001 (20.07.2001) LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, 8I, SK,
(25) Filing Language: English SL, T3, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA,
ZW.
{26) Publication Language: English
L. (84) Designated States (regional): ARIPO patent (GH, GM,
(30) Priority Data: KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
60/224,026 10 August 2000 (10.08.2000) US patent (AM, AZ, BY, KG. KZ, MD, RU, TJ, TM), European

patent (AT, BE, CH, CY, DE, DK, ES, FL, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BE, BI, CF,
CG, CIL CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,
TG).

Published:

with infernational search report

before the expiration of the fime limit for amending the
claims and to be republished in the event of receipt of
amendments

For swo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazetle.

(54) Titlee METHOD OF PRODUCING INFECTIOUS REOVIRUS

(57) Abstract: A simple and efficient method of producing mammalian reovirus is developed wsing HEK 293 cells. The method
provides for fast production of reovirus in high yield. Furthermore, this method provides for a simpler purification procedure of the

produced reovims.

(75) (12) |1 NTERNATI ONAL APPLI CATI O EuBLAHEEE UNDER

14
' C

O\I—

ont o,



(10) International Publication Nunmber WO 02/ 12435 Al (81) St at es
(national): AE, AG AL, AM AT, AU, AZ, BA, BB, BG %eg%%q’a%ﬁg

CN, CO CR U, €z, Dk, DK, DM Dz, EC, EE, ES, FI, GB, &, CGE, GH, GM
'HR, HU, ID, IL, IN 1S JP, KE, KG KP, KR, Kz, LC, LK, LR LS, LT, LU,
LV, MA, MD, MQO2RK3SMN, MW MX, MZ, NO NZ, PL, PT, RO RivcAo1SE SG
S, SK, SL, TJ, TM TR, TT, TZ, UA UG US, Uz, VN, YU, ZA, ZW (84)
Designated States (regional): AR PO patent (GH GV KE, LS, MN M, SD,
SL, Sz, TZ, UG ZW, Eurasian patent (AM AZ, BY, KG Kz, MD, RU TJ, TM,
Eur opean patent (AT, BE, CH CY, DE, DK, ES, FI, FR G, &R I|E IT, LU,
MC,ONL, PT, SE, TR), OAPI patent (BF, BJ,lcF CG a, M GA G\, &Q GW
M., MR NE, SN, TD, TG . Published: - wih i nternational search report -
before the expiration of the time limt for amending the <clains and to be
republished in the event of receipt of anendnents For two-letter codes and
ot her abbreviations, refer to the "CGui d- ance Notes on Codes

andAbbrevi ati ons " apmeOHMDHGMMEENbUSMDVM ar issue of
the PCT Gazette.

FIELD OF THE INVENTION

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

5 beings.
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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 multitade 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 reqvirus 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 (Sirong 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
reovirys 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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each individual publication, patent application or patentgpgﬁugﬁqﬁbgically
and 5 individually indicated to be incorporated by reference in’its
entirety. BACKGROUND OF THE | NVENTI ON Reovirus is a doubl e-stranded RNA
virus with a segnmented genonme. The receptor for the mammalian reovirus,
sialic acid, Wio$24243bi qui t ous nol ecul e, therefore reovirusccganspl e of
binding to a nultitude of cells. However, nost 10 cells are not susceptible
to reovirus infection and binding of reovirus to its cellular receptor
results in no viral replication or virus particle production. This is
probably the reason why reovirus is not known to be associated wth any
particul ar disease. It was discovered regpntly that cells transformed with
the ras oncogene 5 becone susceptible to reovirus infection, while their
untransfornmed counterparts are not (Strong et al., 1998). For exanple,
when reovirus-resis t. NNLH 3T3 cells re transforjred with activated Ras
or Sos, a protein mﬁﬁ%ﬁmﬂ%F?$%f$§°¥%&§K¥ﬁ%§ﬁﬁqﬁﬂ¥wgﬁfé@@@ﬁﬂmﬁégmgﬁhanced.

Similarly, nous&civeiiohhatss of e tasaiese HREloBARM atolt 309 eVl MendnS&ki on
became suscepti er transfection with the EG recePt or ene or the

| e af
v- er bB oncogen ,O%olt%ﬁé)oi’ﬁ%ﬂﬁﬂé’ﬁﬂH%I%%@O%hépﬁﬁgicﬁabmy 50%) eohlyogt  al . |
1993; St t10% T OB £ ERY | egt nfect and
e e e

replicate in cells an activated S pat
26) 8 February "PeORm/E @ND3R48EPETA RO Pty is dsoTiseocizxs] wilcmgene account s

for a large per age of mamal i a S tivati, tatiopns of the
ras gene itsel fﬁog%'i PG PVEISERIESS08 quun‘#ﬂﬁgﬁr %E ﬁwa%mql?gagﬂh Regy) |
primarily in paBGFeadcmor i9 08fhmos Mrasi cneeo 25-30% 2bnd $8xpR8god 419  (40%)
carci nonas, as || égs, %R/el oid | eukem a (30% . Activation of factors
upst r eam or doﬁ%‘ﬂ?ﬁ Fhvesk 2rpyth fagion (FRGR) ecopioar BT tsoenterds nessdentan ed wit h

tunor. 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 exiracellular 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 heaith, 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 culiure of swine kidney was used to culture a swine reovirus
(Japanese Patent 63044532A, published February 25, 1988). Ina study aiming at

mass production of the reovirus, Berry et al. conducted an investigation of the
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For exanpl e, overexpression of HER2/Neu/ErbB2 or the epi datdplargbus h

~factor (EGF) receptor is common in breast cancer (25-30%, and

overexpression of platelet-derived growth factor (PDGF) receptor or EGF
receptor is prevalent in glioms and gliobl astomas (40-50% . EGF receptor
and PDGF r ewepkazssare both known to activate ras upon bpdigtAngotosy t heir
respective ligand, and v-erbB encodes a constitutively activated receptor
| acki ng the extracellular 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 -tunor cells and | eaves mormal cells uninfected.
Consequently, a sinple and cost-effective nethod for the production of
infectious reoviyus suitable for clinical adm nistration in human beings is
needed. Becaus®PERbTEgds ofsukuringVespeadls andEe sYsequenTeeuirus eetamn heal t h,

th h t i i f, < O i : igiently.
ere has not  gen; AN 19962 NGy Bl Je&lr %r)c;ﬁrg @élﬁéyeﬁo&&or/b{@g%@ilﬁ-gl ently

The mammalian "reovirus is traditiona rown in’ nouse r obl asts
(Ni bert et al.mict@98iers, and cilaue pakaseptdsemich pegetirdensityt Gme cowmse of viZlal nese

hanst er ovary S rQ. cel n_.African .green _nonkey kidney cell

i ne (Taber etgrgwmﬁg%?égﬁg{ﬁegs leo'tsljf’:%‘%.u,l ﬂTé’é‘ﬁﬁofmfl G (Rt oat’??ﬂ Vé{uf)ri mary

cul ture of swiyieldkiewneiyied\aFhasamds sheweduhdt teeyicld SFWINR vagay gesly wilhl@panese
Pat ent 63044532A, published February 25, 1988). In a study aimng at nass
producti on of FUEreRSERRSaS angeomplicated gnlturecopditiensd-cafell Hpbst PYDHEIBN of t he

SUBSTI TUTE. SHEBR( Raurdfilc oE N8 %R0 MO D82 1380 BT RAR1 01054 -5

optinmal nmethods of culturing Vero cells t he subsequent ‘reovirus
i nfection (BeFhoyefere, there remgiooy needormn stwple sefficiens napthwdrio prodedet her Cyt odex- 1

or Culti spher-cqamicgﬂ1 L rrldrvng‘irxss.’ and culture paraneters such as cell

density, time Ccourse of v

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 vield is achieved early in the course of infection, before viral
particles are released from the cells. Therefore, the virus can be harvesied 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
matnmalian 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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growh and the ratio of cells to beads in the mcrocarri%rF\eﬁJr%h%@c{# ed and
r a

virus vyield determned. The study showed that the yield of A ried

greatly with the culture paraneters, and conplicated culture conditions
(e.g. cell nunber per beads relative to nultiplicity of infection) were
requi red to »iXaiimss easonabl e yield. Therefore, there ram@ddrmoeeed 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 293 cells is unexpectedly high,

o particularly in conparison to previous rk 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 fromintact cells,
al l owi ng the virus ténsomapoaliahirentirincantve padisesdaring fhis thethodl Twire  nedi a.

Thi s makes the . fication procedure relatively ,sinple  Accordingly, one
aspect of the iﬁ#@?{{lﬂro m’barnoteg‘?fé@? ¢ ﬂ&@nﬁfmﬂr‘%‘dﬁb}qﬁb“bwpean reovirus,

conprising the pﬁ)e{laﬁdQﬁing?ﬂlﬁbtrﬂ&ﬁddﬂgdobfﬂﬁ:&ﬁﬁﬂﬁ},eﬁebﬁrdéﬁséﬂ%ﬁe 3RATR! i an reovirus
under conditiong which result-in reoviral infection of said HEK 293 cells;
i ncubat i ng the GG Hrays may peyprodpess: Othes alapumdlion repvirws cardbeoproduaed efficiently |

sufficient to abl @ fr&enttd £ | .9n; and harvesting the virus
produced. SUBSTI i'FUTIg Seid Fﬂiﬁﬁéié‘?@%‘gébr uary 2005 WD 02/ 12435 -
PCT/ CA01/ 01054 -6 Any manmal i an reovirus can be produced using this nethod.
In particular, hu cli.nic dm nistration uman bei ngs

can be produced usi é’h{e"ﬁ?g&&fi‘efﬁ%&mﬁﬂ%‘t 153%’1’3?‘:85%65?‘?@’,“3 PSéBQ‘H‘}?iJ; serotype 3
and the Deari ngrapitilyat fheTEK 83 98 ebentdnR6vide T5Ed 128 hnf eoXefrbtgivean be
produced effi ci n(:algti[ltl)&/ of producing reovirus. Also, since virus titer in the HEK 293 cell culture
is high before the cells are completely Iysed, 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
| 7 invention provides for a method wherein the virus is harvested before all the cells
are lysed. Preferably, the virus may be harvested when 20-95% of the cells remain viable,

‘more pr@ferably 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, ¢.g., a multiplicity of up to 10. Preferably a multiplicity of

| infection of less than 1 may be 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

exogenons DNA, are also useful in the present invention.
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by the presently clainmed nethod as well. Another feature 9& &ngwuﬁmgntlon
is that because reovirus is produced rapidly in the HEK 29% cel’l' s,

i nvention provides for a fast and cost-effective method of produ0|ng
reovirus. Al so, since virus titer in the HEK 293 cell culture 1is high
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, further reducing the cost of production.
Therefore, this invention provides foi’"a method wherein the virus is
harvested before all the cells are lysed. Preferably, the virus nmay be

_harvested when ZOAS%%BE&%f ﬁl%luln%nﬁgﬂrg:io(}id%é ?ol?taqnethég)é Bﬁﬁin 1%?63};':%{ R~ 90%

~and nost preferabl 50- 80% Anot her ect o he |nve ron 2 wi de
‘range of nulEpﬁﬂu%ﬁmwpnﬂngthmﬁemﬁoﬂan may be used to achieve V|rus

production. Altho i nfe tlon of. 0. sufficient,

hi gher nultipli ci {é?es ¢an 18%8{)1%%#%%%%? {%CO%?‘B’&E@?’ gﬁ“‘m Fege e g., a
mul tiplicity of up to N&dluﬁfﬁbsleﬁa@hﬁéd%m ﬂll\lptlgqﬁtﬁﬁﬁlrﬁfat 369 £6hic0gof 24/655
than 1 may be used, nore preferab /y at or around Anot her aépect of the

i nvention provides for Qbﬁ%iﬂb@ ﬁﬂ@d@émwghUﬂaapnmughmhswamhn@HMﬂrent and

ot h Kinds of cul tur os oRER 059 T v s Ra$E AR ot P ot her

pur poses or cul ture cosflshilpns, or transformed with an exogenous DNA, are
al so useful in th pres nt, |nven§|on SUBSTI TUTE SHEET (RULE 26) 8 February
2005 -7 . Another spe‘B&CB‘Fg thg gel %W’é‘hﬁhed??aﬁﬁé\?ﬁf@éﬁeqwﬂséimvmm@ of
producing infectious jhRENI M. 5:orrpr| sing the steps of: (a) culturing 293
cells in a culture nedlun1conta|n|ng 293 Serum Free Medi um suppl enent ed
with 4 mM L-gl ut dr} ne intubB8: the 2ulGjre 6¥said 2fect€d 118 Aglthd Qdme cOMifiehsaksiy e

humdity in spinner f 's?e%k(ﬁ) Iflil‘}tﬂ Etal'{s]s ple@e%%algg rof 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
CsCI gradient; and

(e) storing the virus at —-60°C or below

The present invention also provides for a mammalian reovirus composition which
is prepared by the methods described above. This composition may preferably be
purified. The composition is suitable for extended storage, e. g. by freezing. The
composition is useful to treat tumors or other cell proliferative disorders caused by an
activated ras pathway, and is suitable for administration in human beings because HEK
293 cells are approved for growing biological products by the Food and Drug
Administration. 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 infended purposes.

Another aspect of the invention provides for a method of producing reassorted

reoviruses, comprising the steps of:



speed of 35-40 rpmuntil the cells reach a cell density qu§§95?26@§
cells/m; (b) infecting the cells with the Dearing strain reovifus at a
multiplicity of infection of 0.5; (c) 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 (e) storing the
virus at -60C or bel ow The present i nvéfiti on al so provi des for a mammal i an
reovirus conposition which is prepared by the nethods descri bed above.
.This conmposition nay preferably be purified. The conposition is suitable
for extended storage, e. g. by freezing. The conposition is useful to
treat tunors or other cell proliferative disorders caused by an activated
ras pathway, and (ap suioh@aiing hfnfin @sbiyoUigdey 307 @EK 193 DeBNBRith 6 IBESwWRSsRMSe HEK
293 cells are approved for grow ng biol ogical products by the Food and Drug
Admi ni stration. The corﬁ‘f)"gg?eglu‘b r Og'ﬂ‘t‘P’Eﬁ‘Y}H@?re%‘Bhﬂ)WP‘é‘@l &feﬁ%%?ﬁé‘é&ﬁ%@m y
acceptabl e «carrier orcelsci pient, and/or a therapeutical agent which can be
used along with the r.eoyirus for its jntended purposes. Another aspect of
the invention prd@%deé"?%?mﬁﬁﬁﬁ?hﬁ'Og*nb?éﬂﬁBFwa@ O EFFsPRent oflG r uses,
conprising the steps atovirGsekaluetarand2005 -7a (a) contacti ng human enbryo

ki dney 293 (HEK %g@) ellﬁ.mﬁth at Ifast t%o different reoviruses under
condi ti ons whi ch PesulVFHPE B5vrassored WS Pr9Udof sai d HEK 293 cells; (b)

i ncubating the culture of said infected cells to allow reassortnent of the
reoviruses to occur; and

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 £-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.



(c) harvesting the reassorted virus produced. DETAILED gtgﬁbgFZTHE
| NVENTI ON The present invention is directed to a nethod pro Cl ng
manmmal i an reovirus by using human enbryo kidney 293 (HEK 293) cells. W
found that HEK 293 cell are a nore efficient host cell for reovirus than
L-929 cell s Woovpass cells. Al though never reported to sSwep@abdieQVvi rus
replication before, HEK 293 cells produced nore reovirus in a shorter tine
course than L-929 cells or Vero cells. Consequently, by wusing HEK 293,
production costs can be | owered. Moreover, because the reovirus is stil
associated with HEK 293 cells when the titer is sufficiently high, a
~relatively sinple procedure may be used_to purify the virus and further

| ower the production cost. Prior to descﬁlbing the invention in further
detail, the ternms used in this application are defined as follows unless
othermnse i ndi cated. 8 February 2005 WO 02/ 12435 PCT/ CAO1/ 01054 -8
Definiti ons As Definifionser ei n, "HEK 293 cells" refer to the human enbryo

ki dney cell |ine designated 293 (ATCC Number CRL-1573) or its derivatives.
For exanple, 293/SF cells (ATCC Nunber CRL-1573.1) are HEK 293 cells which

have been adapted RAou@dderdin) “FEHKIPI eRe rafeﬁioahelﬁhﬁﬁmceﬁﬂﬁ Flefl in this
invention are HEK 293 cells adapted to grow in other culture”conditions,

or any kind of lpgfesignaigd 283 (ATEF Pf\@ﬂr\]/%"s”) Ahitcderivedves r Faséxempled with an
exogenous DNA, 208 Gr bbfRYA TR RuhblrCRT! 2418 (1O LTB LR Do 41088 AR HalPRlf L he

ability of the cells to support ef ICI ent reovi rus pro uctlon 5% descri bed
in this invent iadaptedig gmem slesmetrm médie oXlso naitempdited in this imeytion are!S

classified in nu t her naturally occyrrj dified or
r ecombi nant . Rehgﬁ:? Bt"gg? poE D O&ﬂ ‘Pl'itﬁrechE‘[ﬁ‘%"ssP’i %ng%%i{ or}g’gﬂ{gnt ed RNA
genonme. The vi phppasls ﬁEd@Waﬁves&@n&Dar@&hﬂsfbrﬂéeﬁﬁﬁﬁ&{ RPN DIES Hréviled
concentric capsid shells, each of which is

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. e 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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i cosahedral . The genone consists of doubl e-stranded RNA i - hacrete

segnents with a total genone size of 16-27 kbp. The i ndi V?S%%P%l@béegments
vary in size. Three distinct but related types of reovirus have been
recovered from nany species. Al three types share a common
conpl enent - fWRIORER4ENt i gen. The human reovirus consi sts ofpditfA®€ofsss Ot ypes:
type 1 (strain Lang or TI1L), 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 henagglutinin inhibition assays (see,
for exanple, Fields, B.N et al., 1996). The reovirus may be naturally
.occurring or nodified. The reovirus is “naturally-occurring” when it can
be isolated froma source in nature and Has not been intentionally
nodi fied by humans in the | aboratory. For exanple, the SUBSTI TUTE SHEET
(RULE 26) 8 February 2005 WO 02/ 12435 PCT/ CA01/ 01054 -9 reovirus can be
froma "field geenimetan befromias fiell sonva, tananfroha Huasn bae has besfi ect ed with
the reovirus. T ir,us may be nodified but still capable of lytically
infecting a m%s;ngg‘?g'ﬁth%rfo ing an active ras pathway. The reovirus my
be chemcally or biochemcally pretreated (e.g., by treatnent with a
pr ot ease, such as ctf\h/rmtrypsi n_or trypsin) prior to admnistration to the

proliferating cel | s DPreovEusmmebemodified bat sl peiie of lydgely dfectipgaout er coat
e, . me . e Vi s o
o capsld of" g ot S, W DS

reovirus may be coated in a [l posone on"a ert,
1998). For exafsichemically mretréated (evgy bp ercatmenttveith aprioteases lyehas chypsimgpsim t he

presence of m f.arm concentrations..of alk |fate defergents to
generate a new%?k%ﬁs&%)i%(g{% ?‘g’b Ty PagRe g’atb? P’if’ﬂ"f.ra“?ﬁéxlhse F?W%Wtﬁé a
recombi nant (i peoteaserenmrts did butkeii drleapsid 6 thé WRusOind ol iktréayd@s of

reoviruses with differi ng pat hogeni ¢ phenotypes such that it contains
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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different antigenic determ nants, thereby reducing or prqyggﬁhggzgg5innune
response by a mammal previously exposed to a reovirus subtype. Suc

reconbi nant virions can be generated by co-infection of mammalian cells
with different subtypes of reovirus with the resulting resorting and

i ncor por ati oWQR2/12495f f er ent subt ype coat proteins into thecwesdlidspg Vvirion
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 wth the cell, which may |ead to successful
infection by the virus. As used herein, "viral infection" refers to the
~entry of a virus into a cell and the sugﬁgquent replication of the virus
in the cell. SUBSTI TUTE SHEET ( RULE 26) February 2005 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 is
used to contact cel |48 usadhereiagd “mdtiplicity of wéiction yrefess'to thefretis of the tulxaber

di sruption of cglifi% Eq‘%b&qu@enﬁsWELa%ﬁﬁ%l%El? tg'bsgﬁiie rel ease of all or

part of the content o he cel use e lysis" refers to
the lysis of every cell ina culture of nultiple cells. As used herein,
"culture conditions", ref conditions used in a cell culture,

to th n S .
i ncl udi ng but not I i‘M ?Sg‘g{“?ﬁmt %f@ﬁgyéﬁpé?f%sﬁ‘? & dispapiion pf cellmambeaneif@ai ner s,
hum dity, Concmﬂraﬁﬂmmuﬁﬂeqﬁ%eﬁﬁse%ﬂlﬁﬁﬁﬁ’foﬂﬁécdﬁ&‘ipof&ﬂe Eéﬂf culture
ensi

containers, type of the culture nmedium the initra 'y of the
cultured cells, and if the cells are infected with a virus, the initial

mul tiplicity of infegtiom ‘ g‘h ) s.t%at is wcell
associ ated” refers {0 a VI%’I%I}IZ’ ﬁ{ﬁ egﬁgﬁg gﬁegsc%gﬁq{( POV ASE i n part of a
cell in which toubuseiof mmiliipdescelieen produced. Thus, a virus is cell ,
associ ated before the host cell is |ysed. Wien cell lysis
As used herein, “culture éonditions” 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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begins, a virus may be still attached to or trapped in paggegfiad BBodr oken
cell and remain cell associated. However, when the virus is refeased free
into the nmedium it is not cell associated anynore. As used herein, a cell
is "disrupted" when the cell nenbrane is ruptured and at |east some of the
cel |l contentwpo2idbeased fromthe cell. A cell may be digaio@ehosd Or
exanpl e, by freeze-thaw ng, sonication or detergent treatnents. As used
herein, "harvest" the virus refers to the act of collecting the produced
virus froma cell culture which has been previously infected with the
SUBSTI TUTE SHEET (RULE 26) 8 February 2005 WO 02/ 12435 PCT/ CA01/ 01054 -11
.virus. Harvesting of the virus may involyg breaking up the host cell if the
virus is still cell associated. Alternatively but |ess preferably, viral
particles which have been released into the culture nedia can be harvested
fromthe nmedia. As used herein, "cytopathic effect” is indicated by the

cel I's beconi ng Vil | HasvesHng okihe wiglsamay involysdueaking o thapst ¢ell if &k Ivired mnps
breaking up. T - | &flerSt® j . j.n pegative in a
vi abl e cell co[}ﬁltl EégieJicsglcﬁcslaleté(&tn'lhlsed?}e W %%?gﬁ%gégé%i ‘g'{agsgﬁhﬂég if/'jh used
herei n, "adher daen wehded intp dicomitire nedial can bhharbesad fonetht metifae cul t ure
containers in a cell culture. Exanples of adherent cells include nonol ayer
cells, which are cells that forma single |layer of cells on the surface of
a cul ture contai ner As ifedsHeedis; “eftosaaiit éffecﬁ’ris'ixﬁibﬁ@%?%fédéﬁé bomlngf €r to cells
whi ch do not adhere to culture containers in a cell culture. Suspension
cell's can be gfBWFD;agd granulas inappeatange and thepglciumps haeakinigtupr Thewelishi ch t he
cul ture nedi umg o I cant. I ENg. s rocess. As
Gsed.  herein.  ukehpd B op BB Bl g WO vOlE cBL M BeRRERRL g

vi abl e" is thevjibtakenp dgestaifing dge. cel | s whi ch do not show a cytopathic
effect in a

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 Tayer 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 colture”, which is a culture in which the culture medinm 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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popul ation. As used herein, "harvest tine" refers to the é?é’ﬁ?ua?fb@é at
which the reovirus is collected and purified. The virus Is pre era%ly
harvested when titer is sufficiently high and the virus is still

cel |l -associ ated. Al though the virus nmay be harvested even after conplete
cell lysis hWOW@tBerred, it is desirable to harvest the mimtspibREOre it is
rel eased fromthe cells to.sinplify the purification process. Thus,
viability of the cells is routinely nmeasured as an indication of whether
the virus is still cell-associated. The virus is generally harvested when
at least 5 %of the cells SUBSTI TUTE SHEET (RULE 26) 8 February 2005 WO

..02/.12435 PCT/ CA01/ 01054 -12 are viable. Pyeferably, the virus is harvested

when 20-95 % of the cells are viable, nore preferably when 35-90 %cells
remai n viable, and nost preferably when 50- 80 %cells remain viable.

Met hods Normal cells are generally not susceptible to reovirus infection,
and cultured &% V‘aﬁan seicrably. the visusgs bavestedtvdgr 20-95 Prafithe cebls fretviableo support
reovirus prod i 3 t p L cient host cell to
produce reovi rgg(?rhg&\fg??%?@%%?é 2%%118@?@&%%6%@%“@%hielg‘ilé%ﬁ)éyge%%qI s proved
to be very effi%i%ealls r¢mpin wablppi cal experinent (Exanple 1), HEK 293, Vero
and L-929 cells were growmn to confluency and infected with the reovirus at
a multiplicity of infection (mo.i.) of 1. The yield of virus was

determ ned at various tinme post infection. Surprisingly, HEK 293 cells,

whi ch have not Zeﬁn reported to support reovirus growth, produced al nost 50
tinmes nore reo 83t 24 hours post infection than L-929 cells, which are
routinely used to culture mammalian reovirus. Vero cells produced even

| ess reovirus at this point, yielding 3000 tines |less reovirus than the
HEK- 293 cel | s. 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 1-929 cells were growan 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 reovitus 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 magnitnde higher than the titer
produced in L-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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At 36-48 hours post infection, the virus yield in the HEKB?@t?i-uﬁrg'ﬂoE began
to plateau, but the titer was still one order of magnitude highér tﬁan t he
titer produced in L-929 cells and two orders of magnitude hi gher than that
of Vero cells. It was not until 96 hours post infection that all three
cells lines WOddusdd about the sane titer of reovirus, atctl@®ihmsd010 per
mlliliter. SUBSTI TUTE SHEET (RULE 26) 8 February 2005 WD"02/ 12435
PCT/ CA01/ 01054 -13 These results indicate that the HEK-293 cell is a very
efficient systemfor the production of reovirus, allow ng for shortened
production time which will nmarkedly reduce the cost of production. To
further optimze the HEK 293 cel |l producti,on 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

advant ageous. Thus, at 48 hours post infection, the cells which were
" inocul ated at a m o.Fhesegrsulfs dicate diahl tedIFIHRS3 cdiicina YOy ffidiens seenpr Nl |

whi ch was the i i t I e conditions. After. this point,
the titer went @é?ﬂfmh@%g%ggﬁoﬁum%gﬁ%%g fogﬁ%‘mep%(g%rﬂ‘g%h?%ﬁmﬁﬁ% lyi el d again
at 96 hours. A warkedlpredped thecost vimodbded.ved for the culture with an

initial mo.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 apparmoriierbphpued ik hePliGRldefhd AuRTRREG e, aher
yield at 96 hours. _Conseqﬁgntlg, the best time to harvest teovirus under
these cul ture Weht¥iinfegsibe HEK283 gelisinp varioup ose.i.i aridetbe jriold. watdetehimeder i od of

time, the titergksndil e ' [ till .associated wth the cell
fragments and n(g?ﬁorﬁ;ngjs?, v{ﬂ?%ﬁg g%&égetéﬁégﬁo?‘ﬁ%gla?'f‘dﬁw&fl“E‘ﬁ%a APA&eOPY| at i vel y
sinple. At 96 Hius.sat48hburs pest odéckion, ity eells hsch GvetdBhodulBed/dt laUs, ol iSoff £5 eased
into the nedia al nglvm'tt%htt’imd%%gadati?n roducts | )

produced more than virlises per mi, 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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of the dead cells, making purification nuch nore conpllcqgﬁgrg$ggowgen t he
virus is cell associated. For best efficiency, the virus sho

harvested when the yield is sufficiently high but nost of the virus is
still associated with the cells. The harvest tine should be determ ned
enpirically WRSH 1M ture conditions are varied. To det ermimr®oifbioshe virus
Is associated with the cells, a snmall aliquot of the culture can SUBSTI TUTE
SHEET (RULE 26) 8 February 2005 WO 02/ 12435 PCT/ CA01/ 01054 -14 be exam ned,
e.g., under the mcroscope, to determ ne the degree of cell viability at
different tinme points after infection. Alternatively, a viable stain can be
..conducted to determ ne the percentage of Xlable cells. To sinplify the
purification process, the virus is typlcally harvested before all the
cells have been lysed. Preferably, the virus is harvested when 20-95 % of
the cells remain viaple. More preferably, the virus is harvested when
35-90% and noske §FAEmed.£8.y uster Sogicrscope, H@d@e‘mmethed@ree oficelbiiabilifEK 293

cell's are adhergpt C3R | 1 ture flasks, roller
bottl es, mcrocar rflfeg‘%uslég g@sﬁs or %ﬁcﬁ%w\,@%ﬁ@&sﬁ e‘ﬂﬂ L%‘l“ ot her system
that is SU|tabhwnﬁmmﬂgmdﬂmngmﬁﬁhpﬂﬂﬂﬁgﬂéfhﬁﬂeHEK 293y mePRMfiLLoA0di fied
to generate derivative.cells exanpl e, the 293/ SF cell (ATCC Nunber

CRL- 1573.1) wdBOFe: fMoeius FSOW?W& hapiestebhelors pil the callsbvpbeas lysdser um f r ee
cul ture condi threlgbly e vasisIarveskd Shay Mﬁ?oﬁh@béﬂs%ﬁmﬂﬁnﬁl@h%&@t and

suspension cells  and may be grown in any o he culture containers
descri bed abovdrefg@ ]\XeﬁhF viggs isdwarvasted th3t5’r9@§o, agd mostguefombly 0800, @f nent er s) |

hol | ow fi ber S)tﬁg@e@ enfin Ae Ot her culture containers suitable for
suspension cells. Tn order to produce industrial anounts of reovirus,
293/ SF cells were cultured in 15 L spinner flasks and infected with

reovirus at a mlti ﬁbkciQt.’%eﬁsf are adberent 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 celis 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/SE 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 culiure was incubated uniil
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 o 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(ngﬁaﬁgﬂggam
I ncubated until cell |lysis began, as evidenced by the culture Ia col or
change fromred to orange due to the presence of Phenol Red in the nedia,
or by a viable cell count wunder the mcroscope. At this point, the virus
was harvest eWOW¥IdENt ri fugati on. The virus was then purivdgrethogsiosiescri bed
in Materials and Methods and used in clinical adm ni'strafions 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) 8 February 2005 WD 02/ 12435 -15 Reovirus
.conmposi tions PCT/ CA0O1/ 01054 Reovirus co_.ﬁsitions may be prepared using
reovirus produced by the nethods described above. The conpositions are
suitable for clinical admnistration in mammals, including human bei ngs.
When used for clinical admnistrations, the conpositions are preferably
purified. HumarRee¥EsCOMPOsItonsiti cul arly serotype 3, nmost particularly
strain Dearing, is the preferred conposition prepared by the nethods of
this invention. However, other manmalian reovirus may be produced as well.
This invention al soReowiiusdespgitonsmaebd pregaredoniigasoviig prodwbtd®h teont ai n - one
or nore of the reowviruse made .according to the present application,

associ ated wi t H* 5?%’&?@%@8&9%@“&8@8&‘&” are sayablefog clgticaby i pi ents”. In
making the comp@gistra@iSinGhabtiils oMM HuRfin bR by Gel RYGREANT / T €OVi TS
is usually mxed wth an excipient, diluted by an excipient or enclosed
within such a @dminsEptens; the compgsitias ¢ prefiatfly penified. Humgpsedvirus,sachet , paper

or other contai Ql%f:ulﬂ%?éi‘ éhe DSJ} i I ceptabl e exci pi ent serves
as a diluent, ipt can “be %& o?’i i?‘éaglﬁhﬁfaﬁ’ﬁrs Qih]j’eaﬁﬁg, lgﬁlepre%eﬂé
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 usvally 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
ingredjent. 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 laciose, 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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solid, or liquid material, which acts as a vehicle, carri r htim f or
the active ingredient. Thus, the conpositions can be in%ﬁhﬁy%fgg%
tablets, pills, powders, |ozenges, sachets, cachets, elixirs, suspensions,
enul si ons, solutions, syrups, aerosols (as a solid or in a liquid nedium,
oi nt ments coWOdRA43y, for exanple, up to 10% by wei ght ofcidiansi ve
conpound, soft and hard gelatin capsules, suppositories, sterile

i njectable solutions, and sterile packaged powders. Some exanpl es of
sui t abl e exci pients include | actose, dextrose, sucrose, sorbitol

manni tol , starches, gum acaci a, cal cium phosphate, al gi nates, tragacanth,
.gelatin, calciumsilicate, nicrocrystallhgp cel | ul ose,

pol yvi nyl pyrrol i done, <cellulose, sterilé water, syrup, and nethyl

cel lul ose. The formul ati ons can SUBSTI TUTE SHEET (RULE 26) 8 February 2005

WD 02/ 12435 PCT/ CA01/ 01054 f -16 additionally include: |ubricating agents
such as talc, nfghissallvinglide; fubrisating agentsiucteassihlcpinhgnesiemtsiemgeagent s;

emul si fying andyg i S. Pk rving agents such as nethyl- and

pr opy! hydr oxy- ben%?@g‘?&gﬂ\éﬁ %%ﬁ er%l%éfg@gta@ Slgﬂ?ilg‘?nﬁé’g?fﬁ’ REFSCrige ﬁg‘?.tnghe

conposi ti ons ofsutihas ieigin biibpropyilydbexy fbefiutles ts0deteBn@szeh®; MMl Ui ck,

sust ai ned or de] a‘égdﬁ%el ease, of the active ingredient after adm nistration
e

to the pati _enftagﬁ ?8%??5%%‘8&%@“%&&6#%%%@ 1GRfevige epar i ng
sol i d conpositiquik, SitChnedor dalByedr@east PP hdIE 'h&%di&?ﬁfte‘f%dmin{str tion, to
ingredient/reovirus is mxed wth a pharnaceutical excipien % 8rm a
solid prefor mihewatispt Rysmnleying procedures knowinrig the dtonogeneous ni xture of a
conpound of the present invention. When referring to these prefornul ation
conpositions as honobgeneous, it is neant that the active ingredient is
di spersed evenly t hFoupieparing sblicongoritistsichnasasbléti)abe pridRipaARAS| tion may be
readi |l y subdivi.ded..i nf o equal |i¥ effective unit dosage forns such as
tablets, pills %%dl%lg}rgng 1s mixed with a pharmaceutical 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 latier 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 {o 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 nuwmber of polymeric
acids and mixtures of polymeric acids with such materials as shellac, cetyl alcohol,

and cellulose acetate.

The liguid 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 tablets or pills of the present invention nmay be coatggehppiyPbhe W se
conpounded to provide a dosage form affordi ng the advantage o r ol 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 forWwen2124Fhe two conponents can be separated by refasnwigefsL | ayer
whi ch serves to resist disintegration in the stomach and permt "t He i'nner
conponent to pass intact into the duodenumor to be delayed in release. A
variety of materials can be used for such enteric |layers or coatings, such
materials including a nunber of polyneric acids and m xtures of polyneric
...acids wi.th such materials as shellac, cq%%J al cohol, and cel |l 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
i ncl ude aqueous SUBSTI TUTE SHEET (RULE 26) 8 February 2005 WD 02/ 12435
PCT/ CA01/ 01054 solutionss sytablyrflayoredisyrapst gauebesvarrodduspyusigns, and dlae@ed or oi |

i ons, . avared. . ' i th edibl e ojl : ) oil,
cot onseed o | M B 8 tl o, Eolao B, S el b ol et

and sinilar pharpeamudicalwell abhélixire and Seiilpogtiatmepgichbichicrhal ati on or
insufflation include solutions and suspensions in pharnmaceutically

accept abl e, aqueous or organic solvents, or mxtures thereof, and powders.
The liquid or solidCefipB@Sink kR RshalBiyn SPRLEHL j . ceutically
accept abl e exci pients as descri bed herein. Prog?%%"{gg:gég}ﬁ?cﬁ]g%{gnposi tions are
adni ni st ered byUIPsRSIS AN Phermargusishlly aosentabde, anyeonoor argdnirr solven) oor  syst eni ¢

ef fect. Conposidtii 1 r A euti.cal |y acceptabl e sol vents
may be nebul i ze @f/bgt%égeog’fﬁﬁﬁé‘?‘?&%a@%gﬁ%%ru o?lgggnéo&ua{w‘ CGRAM e i nhal ed
directly from shigbegiaimaeuigallyeriapabhrextipRnnabidstiied fedpy | BefcrRbYy HE
attached to a

O

compositions are administered by the oral or nasal respiratory route for local or
systemic effect. Compositions in preferably pharmacentically 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 contimuous, 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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face mask tent, or intermttent positive pressure breat himbﬁpﬁpm@

Sol ution, suspension, or powder conpositions may be adm ni stered,
preferably orally or nasally, from devices which deliver the formul ati on
in an appropriate manner. Another preferred formnul ati on enployed in the

met hods of tW@W®HAHdent invention enploys transdermal delpcaarani/oesd ces
("patches"). Such transdermal patches nmay be used to provide continuous or
di sconti nuous infusion of the reovirus-of the present invention in

control |l ed anmobunts. The construction and use of transdermal patches for

t he delivery of pharmaceutical agents is well known in the art. See, for
exanple, U S Patent 5,023,252, herein incorporated by reference. Such
pat ches may be constructed for continuou3$- pul satile, or on demand
delivery of pharnmaceutical agents. Ot her suitable formulations for use in
t he present invention can be found in Rem ngton's Pharnmaceutical Sciences.
SUBSTI TUTE SHEET ( RUbEfoligying eraiplesae offepabio\iinsoae tidy R8ermoT AgA0e 101054 - 18

The foll ow ng STl r. nt| on and are not
to be construega(l n éﬁ@ue\%&a@mgm@ﬁngg%%&&é%g%@e%gg@ﬁwg 7T&€%ent invention.
EXAMPLES 1In the exanples below, the follow ng abbreviations have the

fol  owi ng neani ngs. Abbreviations noE gﬁ H;E ~have their generally accepted
meani ngs. Cl - = Confidence Interval i ssue Culture Infectious Dose

50 AM.micronol ar  TehékahipleR balbw MhERIRWing abbreviations have the following

meanings, Abbreviations not defined have their generally accepted meanings.

CI - = Confidence Interval
TCID,, = Tissue Culture Infections Dose 4,
uM = micromolar

mM = millimolar

M = molar

ml = milliliter

ul = microliter

mg = milligram

HE = microgram

g/L = grams per liter

Ipm = revolutions per minute
FBS = fetal bovine serum

DIT = dithiothrietol

NP-40 =  Nonidet P-40 (Octylphenoxy Polyethoxy Ethanol)
SDS = sodium dodecyl sulfate
PBS = phosphate buffered saline
B-ME = j-mercaptoethanol

MOI or m.o.i.= multiplicity of infection
PFU = plague forming units

hr = hour .

°C = dégree Celsius
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m =mlliliter A = mcroliter ng = mlligram g
per liter rpm= revolutions per mnute FBS = fetal

M Cr QU 6?% grans
bovi ne serdg?

dithiothrietol NP-40 Nonidet P-40 (Cctyl phenoxy Pol yet hoxy Ethanol) SDS =

sodi um dodecyl sul fate PBS = phosphate buffered sali
3-nercapt oet WaABNI243\MO or mo.i. = multiplicity of i

ine 3-Me =

nf ectecarcaofilvss= pl aque

formng units hr = hour C = degree Cel sius SUBSTI TUTE SHEET (RULE 26) 8

- February 2005 WO 02/ 12435 PCT/ CA01/ 01054 -19 Gener al

Met hod Cells and Virus

Human enbryo ki dney 293 (H K 293), Vero (African green nonkey kidney) -
cells, and nouse 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 -t4#%acti vated horse serum and 90 % of
the following mxture: Eagle's mninmmessential nediumwith 2 mM
L-glutam ne and Earle's Balanced Salt Sol ution adjusted to contain 1.5g/L

sodi um bi car bonat e,

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-~glutarine
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 Medinm (Lifé
Technologies, Rockville, Maryland ) supplemented with 4 mM L-glutamine at
36°C +2°C, 6% + 2% CO, and 80%.+ 5% relative humldlty in splnner flasks
at an impeller speed 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 f-mercaptoethanol (B-ME) was
omitted from the extraction buffer. Reovirus labelled with [*°S] -méthioniue was
grown and purified as described by McRae and Joklik (McRae and Joklik, 1979).
The particle/PRU ratio for purified reovirus was typically 100/1.
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0.1 mM non-essential amno acids, and 1.0 nmM sodi um pyr uvaa,izgom%? L- 929
and Vero cells were propagated in a cul ture nedi um contai ni ng Yo FBS and
90% of the following mxture: Eagle's m ninumessential mediumwith 2 mM L-
glutam ne and Earle's Bal anced Salt Sol ution adjusted to contain 1.5g/L
sodi um bicaweda4d; 0.1 nmM non-essential am no acids, angTicAdyeivksodi um
pyruvate. The 293/ SF cells were grown in 293 Serum Free Medium (Life
‘Technol ogi es, Rockville, Maryland) supplenmented with 4 nM L-gl utam ne at
36C 2 C, 6 % 2% CO2 and 80 %. 5 %relative humdity in spinner flasks
at an inpeller speed 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 Smth (Smthoet al., 1969) with the exception
t hat B- mer capt oet hanol (R— ME) was omtted fromthe extraction buffer.
Reovirus |abelled with ! 5§] - met hi oni ne was grown and purified as

descri bed by M/A&eiowaf vk GelpracQuantdradokefiWrus1979) .  The parti cl e/ PFU
ratio for purified reovirus was. typically 100/1. SUBSTI TUTE SHEET ( RULE 26)

8 February 2005 WO 12435 -20 | nyQ Cells and

Quantitation of Vi r(??gﬁ B REIFTS géﬁ%é?ﬂf ﬁ@nf‘“@ﬁ%ﬁ%r"@%ﬁoﬁﬁﬁl 293, Vero,
and L-929 cel | 4wedEplgesait infeciedditieldovinlsak Rovaduliplictds oF infdctibn.2 reovi rus
at known rTU|tIp C|t|es of |nfect|on After 1 hr incubation at 37" C, the

nonol ayers wer His dpcipation ]t rrpﬁrglﬁlﬂéf’ﬂﬁhﬂm WeESrvashed Witk warm ﬁle(ilhéﬁldr culture
medi um At varig Qéﬁsmé c r 0 and

sodi um deoxychot' ate d\?/a%d% I rect tgg't?%mugmélg?%%l%pﬁ) gict ed

monol ayers to frgaike @Maﬂd&ndmmsieotycholw anasja@lﬁ&d%cﬂlyesmeamdmainwhe The

|ysates were t Mo fted il thicdSiratofl Y %08 0% Felfeltfidy ™l 291

lysates were then harvested and virus yields were determined by plaque titration
on L-929 cells and expressed as Log,;,TCID,,/ml. '

Infection of Suspension Cells and Purification of Virus

293/SF cells were grown to 10%/ml and infected with the rem.rirus. 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 perfbrmed 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 ::1
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 Iyse the cells. The suspension was
extracted with an equal volume of pre-chilled Freon® (1,1,2—t11'ch10r0-1 , 1,2~
trifluoro-éthane) by vortexing for 10 minutes, followed by centrifugation at 2500 -
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on L-929 cells and expressed as LoglOTCI D50/ m . Infectiop F%rugl-!,sib't‘iESi on
Cells 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 nmediumturned fromred to orange, or until the viability of
the cells dr®$h®€d243% the desired |l evel as evidenced by aroriekiipice!l |
count. Viable cell counts can be perfornmed under the mcroscope for cells
that do not show a cytopathic effect, which is indicated by the cells
becom ng swol | en .and granul ar in appearance and the cell clunps breaking
apart. Viable cell counts can also be perforned by a viable stain as
.commonly used in the art. Wien the desired cell viability | evel was
reached, the cells were pelleted in a c@hatrifuge and resuspended in 10 nM
Tris, pH 7.4, 250 MM NaCl and 0.1 % Triton X-100. The cells were then

| ysed by freeze-thawi ng and kept on ice for 20-40 mnutes with periodical
vortexing to ni Xpmer 10ymigutetis 44@td sspardti the dliffpencs plasesncEhe agndonabpd with an

P11 uor o- et han@B5/a0 eoBe ¥ iakis™ e oot Al ASG? e 0% £ ugat  on
at 2500 SUBSTI TeHifactbi e dqRdub1a96) wh taedlsreaty a 2005 wh0 HATERA3R-100
PCT/ CAO01/ 01054 -Zlggu_ggg)gr 10 mnutes at _4C to separate the difference

phases. The aqu&i tingl gopcenttatian ofllhi%ed and re-extracted twice as
descri bed above. After the final extraction, the aqueous |ayer was
transferred to a fresh tube, and Triton X-100 was added to a final
concentration of 0.5 vimsavaypunifiedbys cpsivm thledddxyepagradiaitLiThe lgtadieide st ep

gradient. The g ; ent ont ai.ped, t I s, of ? olutigns (1.20g/m
and 1.4g/m, r ersxg]ec | vﬁgf)y?/ oS ?gﬁgﬁ'sg}é\ﬁf)w%{gh&ﬁﬁ?ﬁ E/Iqﬁﬂeﬁﬁe.cmﬂ?p_@ Vi rus
suspensi on was pepadedinoidnM FHie(pH Ne). Thawie RispaibnceRtsddbaegthpiotad SW 28. 1
rotor at 26,000 rpm for 2 hours at 4C, )

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.

EXAMPLE 1

Determinafion of Optimal Cell Lines for the Production of Reovirus

To determine whether there were differences between susceptible cell lines
in the amount of reovirﬁs 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 that had
been approved by various regulatory authorities for the production of a biological
agent. Accordingly, HEK 293, Vero, and L-929 cells weré exposed to reovirus,

and their ability to produce reovirus was compared.

Quantitation of viral production was accomplished by harvesting infected cells
and their growih media at various time points post infection. The lysates produced
were subsequently subjected fo plaque titration analysis to determine the viral yield,
which is expressed as titer + 95% CI (Log,TCIDs,/ml) in Table 1 below. The
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The viral band (the lower of the two bands because the uggy ngﬁngﬁgntalned
enpty capsids) was harvested and dial yzed agai nst sterile PBS LE |

Det erm nation of Optimal Cell Linesfor the Production of Reovirus To
determ ne whether there were differences between susceptible cell lines in
the amount oWO®@@¥¥us produced as a consequence of infedtgrunorgoensnber of
different cell lines that exhibited reovirus susceptibility were assayed
for relative anourit of reovirus produced. O particular interest were
those cell lines that had been approved by various regul atory authoriti-es
for the production of a biological agent. Accordingly, HEK 293, Vero, and
. L-929 cells were exposed to reovirus, and.their ability to produce
reovirus was conpared. Quantitation of viral production was acconplished by
harvesting infected cells and their growh nedia at various time points
post infection. The |ysates produced were subsequently subjected to plaque
titration anal ysislétStiodicm«t @ratyi wierdah all \of izl te;téchbcﬂls wath isasteptivlecspeedsed as
titer 95%C (LeglOTCl D50/ m n %k Iow The SUBSTI'TUTE SHEET ( RULE
28) 8 February 260 TS ?5@4‘7 ?5‘5‘[17"6‘31‘5 ampynt,of xigspgoduerdiipeach ¢ hat |
whereas all of Mhmméaagqﬂmgells were susceptible to reovirus infection,
there were considerable differences in the anount of virus produced in each
of these cells lines. TABLE 1: Tinme Course of Viral Yield of Various Cel

Lines (expressed as TABEE 1: b5 GoulR okWﬁWiﬁ&us gli 293Ver 0L929
24 HOURS8.30 0.514.80 0.356.68 0.24 36 HOURS9. 05 435’ 0.327.93
0. 40 (expressed as titer £ 95% CI in Log; TCIDy/ml)
| TME HEK 293 Vero L929
24 HOURS 8.30 £ 0.51 4.80 + 0.35 6.68 + 0.24
36 HOURS 9.05 + 0.43 5.55 + 0.32 7.93 4 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 _ 0.80 4 0.35 9.93 4 0.59 9.30 + 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 Vital Production

To determine whether the starting multiplicity of infection determines final
viral output, XIEK 293 cells were infected with a range of starting multiplicities of
infection (1n.0.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 mamufacture

of reovirus.
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48 HOURS9.55 0.496.68 0.408.55 0.49 72 HOURS9. 30 O. 43§Fé§u,9

0.32 96 HOURS9.80 0.359.93t 0.599.30 0.43 The results show clear y that
t he amounts of virus produced were highest in the HEK 293 cells. Further,
the HEK 293 cells produced nore virus earlier, allowng for shortened
producti on t W@3/1249%F t he nmanuf acture of the reovirus. EXA@Etacofetf ect of
Starting Multiplicity of Infection on Final Vital Production To determ ne
whet her the starting multiplicity of infection determnes final viral
out put, HEK 293 cells were infected with a range of starting multiplicities
of infection (mo.i.) between | and 0.1. Qur results, shown in Table 2,
indicate that there is indeed a relatioA¥hip between the starting mo.i.
and the final viral production. A starting mo.i. of less than 1 is
optimal for the large scale manufacture of reovirus. SUBSTI TUTE SHEET
(RULE 26) 8 February 2005 WO 02/ 12435 PCT/ CAO01/ 01054 -23 TABLE 2: Effect of
MO J. on Viral Producti O'HAB(JES&pEﬁ'meﬂI\/EQ I ioh &liral @béduction n Log10TCl D50/ m )

LVEL O M 0- 5 MI9- 1 9?%3&2&‘@%“%‘@91‘8‘. 30 0 379.68 0.50

HOURSS8. 92 0.529.30 0. 4é8&)§§EQJ

(“0756 Fur ¢ poranle > il oMl o cil: 2ve' OANOL her e | o ATMORN ofti el
time at 24 HOURS 9.18 + 0.36 8.55 +0.43 7.68 +£0.24

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 4 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 bé
insufficient time for adequate viral protein synthesis and the assembly of the mature
virion. More surprising is the observation of a decrease in vn'us 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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which to harvest the cells, which will be inportant. W fgmgmb&pgboglral
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 assenbly of the mature virion. Mire surprising is the
observation MO®1#8%rease in virus quantity at the 72 hoor@eiueiosd ol | oned
by a marked increase in the nunber of infectious particles at the 96 hour
time point. It is presuned 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. SUBSTI TUTE SHEET (RULE 26) 8
_February 2005 WD 02/12435 -24 W claim PCT/ CAO1/ 01054 A nethod of
produci ng manmmal i an reovirus, conprisingsthe steps of: (a) contacting
human enbryo ki dney 293 (HEK 293) cells with a manmalian reovirus under
conditions which result in reoviral infection of said HEK 293 cells; (b)

i ncubati ng the Welchithe of said infected cells for a period of tine
sufficient to allow for viral replication; and (c) harvesting the virus
produced. 2. The nethod of claim| wherein the manmal i an reovirus is a

human reovirus.; 3. TWgelEd Rk Sﬁﬁ l}ﬂ:l:tﬁls irus is a
serotype 3 reovirus. Z Th rretlﬁ% ?ME al m 3 w?'ue el tégr%i(;type 3
reovirus is the Dear(i)ng coptactinigrinman ci’ﬁheforlmnhy)@?odﬂﬁﬁw3meﬂsm&|m| n the
multiplicity of infectiog,| nal?a}l%govimg und%r condltlons 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 2 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 nfection 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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or less. 6. The nethod of claim5 wherein the nultlpI|C|tgF@&uhQﬁg@§|on i's
5 or less. 7. The nmethod of claim6 wherein the multiplicity of infection
is 1 or less. 8. The nethod of claim7 wherein the multiplicity of
infection is 0.5. SUBSTI TUTE SHEET (RULE 26) 8 February 2005 WD 02/ 12435
PCT/ CA01/ 0108 248138 The method of clai m8 wherein the nedmésiomssy of
infection is 0.1. 10. The method of claim | wherein the virus is harvested
when at least 5 %of the cells in the culture remain viable. 11. The
met hod of claim1l wherein the virus is harvested when 20-95 % of the cells
in the culture remain viable. 12. The nmethod of claim 11 wherein the virus
_is harvested when 35-90 % of the cells 428~the culture remain viable. 13.
The method of claim 12 wherein the virus is harvested when 50-80 % of the
cells in the culture renain viable. 14. The nethod of claim1l wherein the

HEK 293 cells ec adher cel | 15. The nethod of claim1
wherein the HE 293Lilcé gﬂ'ﬁ mé?’&““@t?ﬁb@ﬁ%’if"&ﬁo“!ﬁ@lme nmet hod of

claim1 wherein the V|rus |s harvested by separating the cells fromthe
the cells to release the virus from the cells,

cul ture nedia, ﬂ({gsr qutl n
and purifying tie vi lhagle ¢ of gipien hihersin tsf viess ig harveSednbematleasti% ofl | s are

separated fromthe ejd iy JGELR i fugation and disrupted by
freeze-thawi ng, and the vilﬁrﬂlljs I'S I%%‘?‘lﬁ%%{? a CsC gradient. SUBSTI TUTE

SHEET (RULE 26)
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 cultore 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

celis.

15.  The method of claim 1 wherein the HEK 203 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 wherein the cells are separated from the culiure

media by cenirifugation and disrupted by freeze-thawing, and the virus is
purified by a CsCl gradient. |
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8 February 2005 WO 02/12435 PCT/ CAQI /01054 -26 18. The neglragnafy sdogi m 1,
further conprising the step of freezing the harvested virus for storage.
19. The method of claim 18 wherein the harvested virus is stored at -60C or
bel ow. 20. The nmethod of claim 1l further conprising the step of

| yophi | i zi ngWOH#&129Bur vest ed virus for storage. 21. A net haxvoforpresduci ng

i nfectious reovirus conprising the steps of. (a) culturing 293 cells in a
cul ture nedi um contai ni ng 293 Serum Free Medi um suppl enented with 4 n
L-glutamne at 36C 2 C, 6 'YO 2% CO2 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 cells/m; (b) infecting the cells with the
Dearing strain reovirus at a nultiplicity2é6of infection of 0.5; (c)

i ncubating 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 18] r ushieEbE 6Fciid 1 Eitihel donPaiking® teQkept dFGre2ihd i €,
freezing-thawing to release the virus fromthe cells, and purifying the
virus by a CsCl gr abaressted vimye forstorageor i ng the virus at -60C or bel ow. 22. A
manmal i an reovirus conposition conprising reovirus prepared by the nethod

of claim1. 23, - The conposition of claim?22 wherein the reovirus is a
human reovi r us.19SUBBH mtfiéd SHE4EN 18RGIeEB¢ 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:

(a)  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/ml;

(b)  infecting the cells with the Dearing strain reovirus at a muitiplicity
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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8 February 2005 -27 24. The conposition of claim 22 mhereeﬁehmgwmgmglrus |s
a serotype 3 reovirus. 25. The conposition of claim22 wherein the reovirus
‘is the Dearing strain. 26. The conposition of claim22 further conprising a
pharmaceutical ly acceptable carrier or excipient. 27. The nmethod of any of
clainms 1-21, wherein the reovirus is a reconbi nant reovirus. 28. The nethod
- of claim 27, wherein the reconbi nant regylrus is fromtwo or nore strains

. of reovirus. 29. The nethod of claim 28, wherein the two or nore strains of
reovirus are selected fromthe group consisting of strain Dearing,. straln
Abney, strain Jones, and strain Lang. 30. The method of any of clains
..27-29, wherein the reconbinant reovirus is naturally- occurring. 31. The

et hod of a ai s 27-29 er, the econblnant reovirus i.s non-
Tt ural 1'y- ok r i Toosiiod g a2 ofhcirly e RV BRR S B Se HEMERR the
reconbi nant reovirus conprises naturally occurring variant coat protein
~codi ng sequences. 33. The nethod of any of clains 27-31, wherein the
r ecombi nant 25eoviThescomgprpition ex claim 2 tvdtbreinahe provires is the Meagng swpiances. 34.
The nethod of any of clains 27, 28, 30, or 31, wherein the reconbinant
reovirus results fron1reassortnent of reoviruses selected fromthe group

consi sting of. ser 2. EeOVI us .an rotype 3
reovi rus. 3%‘6 ThéﬂWect%ﬁ%?é’S%‘Pg \rﬁﬁfa ﬁgftﬁ%ry%%E %B l%ﬁafeconbl nant -
reovirus is genera@@e%@dm@gaﬁ@r bhéRgpibmn of mammal i an cells with different
“subtypes of reovirus. 36. The conposition of any of clainms 22-26, wherein

the reovirus is a reconbinant reovirus. 8 February 2005 -28
27. The method of any of claims 1-21, wherein the reovirus is a recombinant reovirus.

28. The method of claim 27, wherein the recombinant reovirus is from two or more
strains of reovirus. :

29. The method of claim 28, wherein the two or more strains of reovirus are selected
from the group comnsisting of strain Dearing, strain Abney, strain Jones, and strain Lang.

30. The method of any of claims 27-29, wherein the recombinant reovirus is naturally-
occurring.

31. The method of any of claims 27-29, wherein the recombinant reovirus is non-
naturally-occurring.

32. The method of any of claims 27-31, wherein the recombinant reovirus comprises
naturally-occurring variant coat protein coding sequences.

33. The method of any of claims 27-31, wherein the recombinant reovirus comprises
mutated coat protein coding sequences.

34. The method of any of claims 27, 28, 30, or 31, wherein the recombinant reovirus
results from reassortment of reoviruses selected from the group consisting of serotype 1
reovirus, serotype 2 reovirus and serotype 3 reovirus.

_ 35. The method of any of claims 27-34, wherein. the recombinant reovirus is generated
by co-infection of mammalian cells with different subtypes of reovirus. -

36 The composition of any of claims 22-26, wherein the reovirus is a recombinant
reovirus.



37. A nethod of producing reassorted reoviruses, conpr|5|®ge&hquk@§s of .
(a) contacting human enbryo ki dney 293 (HEK 293) cells with at [east two
di fferent reoviruses under conditions ich result in reoviral infection

of said HEK 293 ceIIs (b) incubating the culture of said infected cells to
(¢) harvesting the

al I ow reassort mept ovjruses to occur; and

reassorted Vvirus procﬁﬁc e@wd%% Al’lﬁ'é'gWéfsﬂ‘g‘%ﬁlrB?V‘rE?e&lcﬂ?‘B“PS‘WB?%‘?HSOfhe
reoviruses of step (&R belcomgeting hathirf eibeyitkidsy bIYPEK 203fecnT R BBLROD OF
clai m 37 wherein the reovigu selected from the group

consisting of the Lang strai ngt%feﬁireﬁvdwg?(lg‘ief Sﬁ"ﬁftloﬁ%ﬁl'@éaﬁltﬁ@reswaéu n and

~the Abney strain. 40. The infettivod! @id KEKDIA @lis;wherein at | east one of the
thod of claim 40

reoviruses in step ( OVI . Al. The
wherein the human reo V)I rusl&lugglgg r°3€ Sélsdr“b%‘i;‘?drcﬁ 10 430w IFRSOTE 6 of
claim4l wherein the ser Otﬂgq)'eovfﬂ‘ulieem/dtcbwgﬂds the Dearing strain. 43. The

nmet hod of claim37 rein.t | tiplicjt. fectlonln step (a) is
sel ected fromthe g p c%nsf’sslflgﬁem 0‘1‘61‘8%/‘ P@g'éce 5 or less, | or less,

0.5, or 0.1. 44. The nethod of cla|m3 7 wherein the HEK 293 cells are
cultured as adh%@.ent Tcljlgﬁll hgd oﬂc‘i’a;mgg whgrﬁltnqg%eg\%%gels %t‘ﬁ)o(a) Q?m]ngﬁcgﬁ!h%f:}gge HEK

293 cells are cultur as a suspensi
further conprising thyebtgesp of free2| ng the harvested reassorted virus for

storage. 47. The nmethod of claim 37 further conprising the step of

| yophilizing the harvested virus for storage.
39. The method of claim 37 wherein the reoviruses of step (a) are selected from

the group consisting of the Lang strain, the Jones strain, the Dearing Strain
and the Abney strain.

40. The method of claim 37 wherein at least one of the reoviruses in step (a)isa

human reovirus.
41. The method of claim 40 wherein the human reovirus is a serotype 3 reovirus.
42, The method of claim 41 wherein the serotype 3 reovirus is the Dearing strain,
43. The method of claim 37 wherein the multiplicity of infection in step (a) is
selected from the group consisting of 10 or less, 5 or less, 1 or less, 0.5, or

0.1.

44, The method of claim 37 wherein the HEK 293 cells are cultured as adherent

cells.

45, The method of claim 37 wherein the HEK 293 cells are cultured as a

suspension.

46. The method of claim 37, further comprising the step of freezing the harvested

reassorted virus for storage.

47. The method of claim 37 further comprising the step of lyophilizing the

harvested virus for storage.




