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Haxvesser, most cells are not susceptible to réovirus infection and binding
of reovirus to its cellular receptor results in no'viral replication or virus

pamuzlg prod mﬁumeﬁﬁﬁ i§8H S 15r RFADABMLINR LGARATYW Dfuble-
o‘\ﬁ_%s %Wvlgpuosvgn t qn ocut;lted Wllth g a}itlcular disease. '
ransform RUT-AES %%58’58 £ 5% O S(55 BB o
re@:@,ﬂ%suscepnble to reovxrus infection and binding of reovirus to its cellular receptor
results in no viral replication or virus particle production in these cells. This is

probably the reason why reovirus is not known to be associated with any particular

disease,

{6034} Celis transformed with the ras oncogene 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
» tranéfection 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.

[0035] The ras oncogene accounts for a large percentage of mammalian tumors.
Activating mutations of the ras gene itself occur in about 30% of all human tumors

(Bos, 1989), primarily in pancreatic (90%), sporadic colorectal (50%) and lung (40%)
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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
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tumors. Activating mutations of the ras gene itself occur in about 30% of
alF R OFS S RER 42 1658, PAREFRFHR PRt Rotriyedpsrdbic
ctoredRP (50 %) eprial duBGH40%9)B isarcinbnias shsvetndglinyeiaitias
letlsesnia (396 k- AptivaliapBGiaeiehmt R he A RdbHRWRRLRN Qhras in
th\éa r{gs atégway is also assaociated with tumor. For example, .

oML 18 L eSPcETR SRR ARSI AP A Ie6r (EGF)
rerceqitor isckougim extiredihd argiaraamser (2530%), and overexpression of
platelet-derived growth factor (PDGF) receptor or EGF receptor is
pri®o3sENt in Slicmakpnckgiteblddioma sirét-n0 %o fetepaeand
PRGEIGCORITA5H BALBKROMNIS: AEHVRIE AR HP AR vIIRABEIPNSIE,

respective ligand, and v-erbB encodes a constitutively activated receptor

IR e eRaP detiEheh roiinRs St ptaindDiaRse ittt ihuman
tuiighiy siectvr buRschigrcned enaticelifterd ficwes hthmad rotlswridegehe ras
orxﬂimgnﬁgﬁagwim SROMEHS AP 15581 REVoRRRSING FNLfaRYfor
such conditions (Cof%y et al., 1998). Reovirus therapy is highly selective
fol K&t associated tumor cells and leaves normal cells uninfected. This
thera%/ has wide applications and can be used in both human and
ndf¥hillman MRS profrss IemYiB RN S prottlvi-rhedmiistitanfetard
claffcadradrinids reft jpndueist andirefficmhinmbthibdsigpded uringoweq s in
cultrechoris e HeaREshNRISQURIM BRniaditRnat meth kel Rurifying

viruses from cultured cells is tedious and time_ consuming, rendering the -

P BV GS PHSHE 5oL RIS FREPSHSPS AR pFBVE Tt HBRFIE Virus
pumifioediton Vel porificatteds SMMRRY OF THE INVENTION

SUMMARY OF THE INVENTION
{6038] The present invention relates to an improved method of extracting and
purifying viruses from cell culture that can be applied to both small and large scale
virus production. The method involves a simple extraction step in which 2 detergent
is directly added to the cell culture. Thereafier, cell debris can be removed from the -
extraction mixture by, for example, filtration or centrifugation. The resulting virus
suspension can be further concentrated and/or enriched by chromatographic methods.
The virus prepared according to the present invention can be used for any purpose,
including purification of viral proteins, vaccination, infection of host cells and clinical

administration.

[0039] Accordingly, one aspect of the present invention provides a method of

producing virus from a culture of cells, comprising the steps of:
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100381 The present invention relates to an improved method of extracting
and purifying viruses from cell culture that can be applied to both small
and large scale virus production. The method involves a simple extraction
step in which a detergent is directly added to the cell culture. Thereafter,
cell debris can be removed from the extraction mixture by, for example,
filtration or centrifugation..The resulting virus . suspension can be further
concentratega nd/(?rperﬂ‘r'ligﬁl‘é& B‘g c r?;gl‘%%ll% ?’é%ﬁlégﬁeéfh’ﬁﬁféﬁedme‘kﬁrus

prepared accreiing to the present invention can be used for any purpose,

including purifigationegiitakmetaisEMaAeNR1I0By Hafﬁﬁéi%e@}%&ﬂo%ﬂs
and clinical a(}g{nini%(ri.a}go{‘][rg).a 1{905391 Acc(?rgirl}rgb/f oneia,spect of the present
invention provides a mathod of profiaeing virs st L L At dversells,
comprising tHe) stepg@PxiaFPrdeidmend culture of cells which has been
infected by the) virussof:edracting the virus from the cells by adding a

detergent to the culture and incubating for a period of time to result in a

cefobsopte; (CAAGMONRCEEHA8RIIS ransk-(nCRlising, haus (4P0401

Any method can he used to remagve cell dehris (i.e., clarify the cell lysate)
inrgtsé‘ﬁ)e &)F t?%gc}‘ne 568 gsmgr%f’er?aeﬁ%}%lasﬂwmg Wbt Sadbs ith & size or

detpsitifydiiferernce Sdvaeprcbe vine vd bentbitverstivensonstituehisir (g cell

lySteGaGos cENkEatiRion CRRpaRioN). AR PIElRAbIY IALARIS step-
em llg)fﬁgdﬁ%grtﬁ!lar% séeﬁ)-syglse.flltt@lo,n. An appropriate step-wise
filtration COMPriSeara prenitar Raving a - sy SrHsresa P bt Eredy at
led¥eairomalzaifolowed bypolassignothen Slfer withe thet ofc tneimetitethdnd
prefeprediembosinentcdRasainiab i & nRRNIR SR EE Jilkation

cop {sgn :P(fl i&t.y’r;_e,ring through a prefilter having a pore size of 5 p.M or 8
M, and 2%0| erlng'after step (1) through a combination filter having pore
sizes of 3 pMXnd 0.8isrineghrensh mprridideprsfe ped ienbbHites sidp
(2) above corz'lnnarises filtering after . :

. (2) filtering after step (1) through a combination filter having pore

sizes of 3 uM and 0.8 pM.

[6e41] In another preferred embediment, step (2) above comprises filtering after
step (1) through a filter having a pore size of 0.8 uM.

{0042} The cell lysate can optionally be treated with BENZONASE®
endonuclease or other DNA-cleaving enzyme to break up iong, viscous cellular DNA;
After removing cell debris by filtration, the filtrate can optionally be concentrated to
reduce the volume of the viral suspension. Any methods suitable for viral
concentration can be employed, preferably ultrafiitration or diafiltration, including
tangential flow filtration. Exemplary methods include the Plate and Frame system
and the Hollow Fiber system. More preferably, the Hollow Fiber system is used. Ina
preferred embodiment, diafiltration with the Hollow Fiber system comprises using a

hollow fiber cartridge having a molecular weight cut-off of 300 kDa.



step (1) through a filter having a pore size of 0.8 pM. 100421 The cell
lysate can optionally be treated with BENZONASE(r) endonuclease or
other DNA-cleaving enzyme to break up long, viscous cellular DNA: After
removing cell debris by filtration, the filtrate can optionally be concentrated
to reduce the volume of the viral suspension. Any methods suitable for

Vi ncenfration can be employed, preferably ultrafiltration or
di@llﬂcf’ition, %%Bﬁ?r‘f‘g% ?éar%éf;gﬁé%%wl%ﬁgﬁgﬁ.’}/ES?&FHB%W%YHB%S include
thergieeadyardFparaleRyten, AadaraserrbirehlyribmvBystdine toloies is
. grﬁwé&biyamﬁh{%hlawrﬁimrs&é@smdﬁﬁmAGM@H&%&LH%Q@TEM,
iafiltration with the,Hollow Fiber syste mprises using a hollow fiber
R Y S R R R T o
preQuRsmarhse rearunapiedns- thbegroembliont ofairysumesbegroterably a
NOR-RIMBARAGIMENS, REKHQSHRER DY R 16aNIE: THE eaiys is
p%%{)%gpslxﬁemanrps ig&gggvi&gnﬁ,rggégsprefﬂgblx,aI&}Jman reovirus, still
more’ pre eré’l?)r}yaiserotype%reowrus, and moSt preferisi e 3htg
StRATH HBO0TFITITR & heBoormain FeB s ey tofteantwe ovines: s of

reeoviaiRaicEaN{ ueBavdIe sgene sIiesviky saelitadtinn bl grlls, such as

mammalia cells ar avian cells, with different subtypes.of reqyirus. The
R AR e A e R
naTEREINRUE CeRYIRG. e becoimbframtcasinrimen hehyepdhesaimoodifferaure
stsaingpes, sen\visuslepadtinstatly fwepQbRNeiRSsrAIIoHR s eSS HREF

rIMIRROIRKR. SRS S IAGAL SHRIREAIAG, Sl ABney, stiain Jones,
and strain Lang. The recom%inant reovirus maylgfso resuftrrom

| R EUBIRERIBRESBURY SOU RO SRS TeRERsty e B itiehast setisited
frosditigecgrentpsconsisting of serotype | reovinis, serotype 2 reovirus and
serotype 3 reovirus. The recombinant reovirus may comprise
nago4a]ly-ocaue veg vatianieaa PEBRIROLNGISRaMENERSIY Mptaied coat
pratein. .coding sequences. 100441 The cell.culture used in the present -
in@é?\!:t{%ﬁ %gﬂr? co rﬁ%ﬁ%@%‘gf{g& %55%8 bnrjisétgc %’Fﬂ%"emﬁrod” Uction ‘%?? Zﬂy

dburray e Kdree dRUERR Derlis pirests dptived thersframmpagisulidriey

29FEKHEK 203haatisobeen haged e griharafitrmsar sty HEK 293 cells
that have been adapted to grow in suspension cultures. [00451 The

migtastl can Tiptiaaady capiiaele Sepmt WRPEHANS bange
¢hromatography, wherein the virus is enriched by binding to an ion exchange resin
under appropriate conditions. The virus is then eluted from the ion exchanger using a
suitable clution solution. The choice of ion exchanger and binding/elution conditions
will vary with the virus being purified. For reovirus, an anion exchanger and pH of
-approximately 7.0-9.0 are the most effective. The pH is preferably about 7.5 to about
8.5, and most preferably about 8.0. Preferably, the jon exchange is performed in a
phosphate buffer, such as 56 mM sodium phosphate, pH 7.2. The binding/elution
buffer is preferably free of magnesium salts.

0846} The virus can also be purified by using size exclusion chromatography.
The size exclusion chromatography is preferably carried out in a phosphate buffer,
such as 50 mM sodium phosphate, pH 7.2. Additionally, size exclusion

chromatography can be carried out in the absence of magnesium salts. In particular, a
p .



chromatography, wherein the virus is enriched by binding to an ion
exchange resin under appropriate conditions. The virus is then eluted
from the ion exchanger using a suitable elution solution. The choice of ion
exchanger and binding/elution conditions will vary with the virus being
purified. For reovirus, an anion exchanger and pH of approximately
7.0-9.0 are the most effective. The PH‘is preferably about 7.5 to about

8. 5o RO STR ARG A0 5178 BN iRy edhrsrgelqyed.
perfonmedbiniancgph osphatestpufibed suioh as:bomkisagiuflphesphate, pH

7 2xdbshindingisldiay buffer is preferably free of magnesium salts.
[0046] The virus can also be purified by using size exclusion

PRI 00RO e BEIHSIA NUOBIARSRRIY S RIETRIRblY carmied
out in @ phosphate buffer, such as 50 mM sodium phosphate, pH 7.2.
A&GHB?%H%F’*&%‘@)?&F&E‘?Sﬁcﬁﬂ%ﬁﬁé?c?éﬁﬁﬁ‘%ﬁéﬁﬁfﬁgéaﬁm%hﬁfﬁmth@ﬂ
absenesitimniggeesblnssadtie forplintielidmiaisGation) binatitalptibral

e 8R0S REEAE WRID SR AR SRBRS GiRRloyed. In one

embodiment, reovirus is puri]‘?ed using an anion exchanger followed by
Si TSR SRS fI6AT 2 Hbther aspect of the present
invention provides a composition comprising the virus purified according
to BAYBbT the Miethisasrerd SEffisaucFridnTentioa Reavidsaimeiiad ofrprehusing
suiidkitoiorelifeakadprisiigiration, particularly clinical administration to

humans. Mgfe. I COMROSIEQD i er utically
acceptable %?(g%i%ir%%%g{/%%arrier. ‘[(%%%r}%%%iggg%&t %?r%?g) %

resent
invention presigdes a method of producing infectious reovirus, comprising:
(a) providing a culture of HEK 293 cells which has been infected by
reovirus; (bibegxtzasting teevirufoiroire tivbisdell@ipeERIFONERKFONI(r) X-100
(octoxynol-9 to 10) to the culture and incubating at about 25C to about
37C; (c) treQFRPIR AR AP &r R LS 10) MANGBRAE EIRIASES to 2bout

endonucleasg. (d) removing cell debris by filtration; (e) concentrating the
filtrate by uitrafiltration or diafiltration;

(c) treating the mixture from step (b) with BENZONASE™ endonuclease;

(d) removing cell debris by filtration;
(€) concentrating the filtrate by ultrafiltration or diafiltration;
(fj purifying the reovirus by a combination of ion exchange and size
exclusion chromatography; and
(g} collecting the reovirus.
6049} Also provided are compositions comprising the reovirus collc-cted

according to this method, particularly compositions further comprising a

pharmaceutically acceptable excipient and/or carrier.

[6058] The details of one or more embodiments of the invention are set forth in
the accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and

from the claims.
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(f) purifying the reovirus by a combination of ion exchange and size
exclusion chromatography; and (g) collecting the reovirus. [00491 Also
provided are compositions comprising the reovirus collected according to .
this method, particularly compositions further comprising a
pharmaceutically acceptable excipient and/or carrier. [00501 The details
of one or more embodﬂﬁgeﬁlgﬁq@ﬁqiwﬁﬁg t forth in the
accongi)anying drawings and the description below. Other features,

obfel, andFiguirh s eraREam oLk Sre vimsokaf aron{desitration
d e/ pElonasmid! drasdingsh. afie fraenthesslnifms.ct-RnSE REB THQNOF

a%?fél?{mgj% ]7(%0% E&g}&%&aﬁms mﬁg&g&i f'haﬁe% Eic%y i(l}‘o m{m.. 0.30

ration/diafiltration (UF/DF) material'at 150 cm e material'was
bifteteRBRknyea wRlcd0 ThirPhtsReeneAomed 3 Ttarer 6N uas
HRBe@0) Sephatdds vaxasshmolirabetuprion GhddaQ¥0aksample were
applied. The.void volume, eluting from 0.37 CV-0.62 CV was .collected.
x-g@eiEzin CV Figaxis diomilbephaiptiDnd stits: at1286h R A2, FjqsEe 2
S | » 76 € | omatography ( repurified
N e e e L
ASSERE BHI 6> 455 stirle BriBURA B! MiSedirsehivride chiarela nelaxis in
Mmixig-iaxitilinmiltahsaiptonsonis ah23QseM he: AdBQisMdinatbslicates

the: sliienn, Rrefiledzam eﬂg@égﬂmoc&t%%‘a&hqgggg@g 0, 0P 21200 SP

line from a 1 ml HiTrap SP Sepharose column. igure Shows
seHARRHh 5PeEee 5PUBBrified reovirus on different .HiTrap anion .
exchange columns. Flow rate; 50 cm/h. Buffer A: 25 mM TrisCl pH 7.2,
538%Rkcerol fisrfet ionssenaraisaiohtRRrrawarified ceoyirugremiélitronts run
toHluieatlien matanigd adaxis. iFIW; pepss inmilihahsarptionmnis @280
ring Byt Pfgﬁﬁ‘é%gﬁlefﬁ lay A230 iy I follows: A280 DEAE
= DEAF %gcpe)h‘arose Fast Flow;%&_zga %&dl; ge%(%ﬁ ros‘gn&f?onigh
SEte R RARHH- SHBKiEHP YIS Epnillibsomptioponsat2lna 4 Bhéws
dptefileinatipreaddhe ARAtam o&in el fgicanAcity BFAE GIOEAR Sepharose

Fast Flow; A280 Q XL = Q Sepharose XL, ANX High Sub= ANX high sub; Q HP=Q

Sepharose HP. ‘

[0054] . Figure 4 shows determination of the dynamic binéiing capacity at 5-10%
breakthrough on an HRS5_100 Q@ Sepharose HP column at 50 cm/h. More than 12 CV
were applied before breakthrough was observed. Buffer A: 50 mM sodium phosphate
pH 7.2, 5% glycerol. Buffer B: 50 mM sodium phosphate pH 7.0, 5% glycerol, 2 M
sodium chloride. A 10 CV linear gradient to I M sodium chloride was ﬁsed, followed
by a 5 CV step to 2 M sodium chloride. Viral fractions (viral activity) were
determined by RT-PCR and Western blotting. Y-axis: A280 nm in mAU, x-axis:

volume in ml,

[0055] . Figure 5 shows development of a step protocel for easy scale-up of the
capture of reovirus on Q Sepharose HP. Purification of 5 CV of UF/DF reovirus

. adjusted to pH 7.2 with dilute hydrochloric acid on an HRS_100 Q Sepharose HP
column connected to an Ackta Explorer 100. Buﬂ:’ef A: 50 mM Sodium Phosphate pH
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breakthrough on an HR5_100 Q Sepharose HP column at 50 em/h. More
than 12 CV were applied before breakthrough was observed. Buffer A: 50
mM sodium phosphate pH 7.2, 5% glycerol. Buffer B: 50 mM sodium
phosphate pH 7.0, 5% glycerol, 2 M sodium chloride. A 10 CV linear
gradient to I M sodium chloride was used, followed by a5 CV stepto 2 M

sofgi oride. Viral fractions (yirgl activity) were determined by RT-PCR
ang%&g%llyﬁ fﬁ?&tk“g‘:&%@s’:“%‘%ﬁﬁ &ﬁﬁi’ﬁ"ﬁ?ﬁ%ﬁ" PEALERAT XM,
[06881 [ghipsids. s hispvaraéansl dpAte B fof & S¥eppsbiotth BErasyvscale-Up
of meﬁ&gpsmmfdﬁmw&gmeﬁéaﬂh@@%f%mfilfi%%tm%gr%&f

|

UFR/DFE requir, j o pH 7.2 with dilute hydrogchloric acid on an
Héj‘é%_"i‘i%%% géb’ﬁ’gr@ﬁﬁ» S s Y Ak ERsReiningo.

BJﬁéﬁiNSwmﬁ?P‘S%HiMm@hosphate pH 8 7.2, 5% Glyercol. Buffer B: 50 .
mM Sodium Phosphate pH 7.0, 5% Glycerol, 2 M Sodium Chloride. Step
‘grétfisslt: 12.0%nB fohsveE v Gvashls 586 B: fopbueof elativr) B4 jRador
5 QY. (FaeaREAle) RIEVGIRIINE EoifhMdRREi D Sy diauides, followed by
5 g\ér%&glgog/g B). Y-a(l]ﬁé% Qﬁﬁ&i -axis: volume in'mi. Virus containing
fractione ars iid CAEH By feb ‘%5 Eifiree R BRofisnAs PspMe up of
théodamrupkobrécavi 2.Ge@lBershaboser BIBORPvifiodittorpbbshBa@ WHDT.0,

UBREyesvirisadisiechionnk! S wibidiiuie daydraghiensagis onagHR
hosphate pH

10, 1 h - - Buffer A: 50 mM sodi
S T 0 & B S eeh b SR G Ch M oy cerol,
| NvEsrKiden BHYRIGYSIEY 0f 4008nB)1 X-8tifoBAUY B8 (wlask )jin28YWBufor

5 eivdein Fai)icn® %o B fos wiaMa(keg8ngrate) and CIP for 2 CV (I M sodium
hydroxide, followed by 5 CV of 100% B). Y-axis: mAU, x-axis: volume in

migharys elugddrirReHARS B2 QMRS Qi 3P b {005 his Eigire 7

shqws an 8 fold. scal of the second step of the purification of the virus
o R RSP LA SR PR 96 HRECAEIRY 035 €
apiphéied(fretion3s3/a sowhonkigurdsuléneir flineamtef| 050 ratd:. Halrem/h.
Budhar; sRBSe0 glycerol. [00581 Figure 8A shows a silver stained 4-12%
SDS PAGE gel of: lane 1: virus fraction after Q Sepharose HP

pyedisgtion, |ﬁ@ﬁr@8@§§dm gfﬁf@r%%ﬁﬁ@@i%Zﬁ%%[ﬁ@g gel of: lane 1: virus

fraction after Q Sepharose HP purification, lane 2 CsCl purified standard, lane 3: SEC
purified final material diluted 2 fold.

{6059] Figure 8B shows a 4-12% SDS PAGE coomassie stained gel of the
purification procedu}e. Lane 1, starting material, lane 2 Q Sepharose material, lane 3
CsCl material diluted 2x, lane 4 CsCl material undiluted, lane 5 SEC purified

matci‘iai. '
[0060] Figure 8C is a table of the reovirus recoveries as determined by TCIDS50.

DETAILED DESCRIPTION OF THE INVENTION
[0061]  The present invention relates to an improved method of extracting and
purifying viruses from cell culture that can be applie;i to both small and large scale
virus production. The method involves a simple extraction step in which a detergent

is directly added to the cell culture. Thereafter, cell debris can be removed from the
b



purified final material diluted 2 fold, 10059] Figure 8B shows a 4-12% SDS
PAGE coomassie stained gel of the purification procedure. Lane 1,
starting material, lane 2 Q Sepharose material, lane 3 CsCI material
diluted 2x, lane 4 CsCl material undiluted, lane 5 SEC purified material.
100601 Figure 8C is a table of the reovirus recoveries as determined by
R A O D SR RN, OF T Y ENTION (D001 The
present IVention refates 1o ah Improved me e lIBEs
p SRR O Fa &8 frphyr cancerimipd %Fﬂ%aw@@@bm@dwmahmﬁmm
|large ﬁﬁ&lhgrer\]éhftéa RiRetigt itbl”thg'l' gstesmeﬂimgaﬂemﬁ aT&ralﬂlgn gﬁ?ggpr;t
whic etergent is directl| ed to the cell cultu erea
o A I SR RS R v e,
fllﬁdé’['i’(ﬁl‘ftﬁi"eéntnfugatlon. The resulting virus suspension can be further
concentrated and/or enriched by chromatographic methods. The virus
pi8pedkbd acEoadiiegieesthingiesoyrnireintforttoadebd, ised:fos @ey ipbsose,

inghuréngoR urdicaiion A icHsiQteinmerane natigRdnfection of host cells
and clinical administration. [00621 Prior to describing the invention in

fuhgtigisiail, the terms used- in this application are defined as follows
unless otherwise indicated. Definitions [0063] As used herein, "adherent

- Sqlaesprer acelawiich adhecs Ribe Ut e RUIRINGIRIDE RebaHLTe

Examples of adherent célls include monolayer cells ' are e

fo‘i?Htaa*%%ﬁg'i’ea febige |¥§%?P¥?§é)§iﬁ’?ﬁf?@%ﬁ%%ﬁﬂlﬂf?@%ﬁaméwns
"Sutsgeasiciichiisloon istuspehged talls oaeder darfaedlst\whithrd ecaaimmehere

. to-waa@mg@eﬁwrm@l&altawt% %%ﬁ?%‘&ﬂ &l @E@?o%ﬁw in a

'spin culture”, which is a culture in which the culture medium is stlrred

cSRRAINSTISR AR SmsRsioptrlissan %@@A‘Tﬁi’sa S MR N, Whisthient
temperiity &t weidr teuternpdhatuiss hetdaatinahsiyt d@ng tanchmeut 300
Cp,ﬁgg;:y'_ent temperature is preferably between about 150C and about
300C, more preferably between about 200C and about 250C, and most.

PiBHREALlY 2RQWEZPARin, "ambient temperature” refers to a temperature between
about 100C and about 300 C. Ambient temperature is preferably between about 150C
and about 300C, more preferably between about 200C and about 250(3, and most
preferably about 250C. . '

[86065] As used herein, a virus that is “cell associated” refers to a virus which is
attached to or trapped m part of a cell in which the virus has been produced. Thus, a )
virus is cell associated before the host cell is tysed. When cell tysis beging, a virus
_may be still attached to or trapped in part of the broken cell and remain ceil
associated. However, when the virus is released free into the medium, it is not cell

associated anymore. A "cell free virus" is a virus which is not cell associated.

[6866] . As used herein, a “celt culture” or *culture of cells” means a population
of cultured celis as found in their culture conditions. In particular, a cell culture
includes the cells and the culture medium. Cells that have been pelleted are not
considered a cell culture unless they are placed in culture medium under cnlturé
conc_litions agatn. .
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[0065] 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

vigus Is released free into ,the medium, it is not.cell  associated anymore. A
cLbﬁlfée vird 'qge%eh\ffrﬂg‘w CHSE ASEaT HSEREen robpesll matbaeg
hefainethanddliccthsraicntreduaiviné aff eanst ofibansutewobdiatieh of cultured
cells as found in their culture conditions. In particular, a cell culture
inffitkefis the Aeliedherdne clilivaafnediurnicBt bé thatishave tbandelleted
a@,ngéﬁsga%gmﬁa&sﬂhwktuﬁﬁmggggﬁgﬁm&mm@ah@%w&med'Um

under culture _conditions again, 10 7].As used herein, "cell lysis"
refBPEYS RO AHURT RS SErIRE Egﬁa%??fﬁ’gfﬂ’és' of a cell and the subsequent
release of all or part of the content of the cell. [0068] As used herein,
"R admivsiirSisriL sPeniettbe B Gs edbractrigwppntingtber the
bottysofrediived grargacib uinitdivihietshis SisngReviaartich fectl RIOMBeOkirus.
malatd %@f@@@lé&ﬂ&@&ﬁv@esgg@ag%@ﬁu@%%m%&g ‘n%@eégguce .

"collecting" the virus refers to the act of separatln% the virus pro

rOAVEERR BeROrLe R R SR i st dimsu Iy Hrrelretisotitsen b dathame
- visggrsteyfroml thecoiladteuiivaseparglibg @ettifiagadebris from the virus and
harvesting the.portion which comprises the virus. Optionally, the virus can
bgofinther sepasatig:findaherscehiigsybrinneche @ @dilhs asdifhigation.
L0 AR AU ORGSR S{RE (R DR CONGRNR oed In
a cell_ culture, including but not limited to the temperature, type of culture

OB SONERITIIRNY, ST ARY S Breeyoed iy BHaEP GRrezinssd YMehe
culfuntwwontadiversthtyjpaiablasity of theedinmredtbalinitia) i ersitpofthefected

C%M%%ﬁ&','&eqmaifnlt}ﬁo%gﬂﬁ arsutoiggied with a vines, the initial

multiplicity of infection. [ As used herein, "cytopathic effect" is the

dgdage to Iecledansh celisytgralivd gllectmavoedudieated gy, colls

becoming swollen and grariular in appearance and cell clumps breaking
uYEoRRLI AR stonbedeipd i codrBesaming syietienad epgnpacdraining
. dyeprranciable @dlcioymntbreaking up. Cells which show 2 cytopathic effect may

also take up the staining dye in a viable cell count,

[0072) As used herein, a "detergent” is a substance having a hydrophilic moiety
" and a hydrophobic moiety. The detergent is preferably a synthetic chemical

compound and more preferably a biodegradable synthetic chemical compound. A

detergent useful in the present invention enhances disruption of cell membranes to -

facilitate release of the content of the disrupted cells.

[0673} 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

£l

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

100741 As used herein, "extracting” a virus refers to the act of converting a cell

associated virus inito a cell free virus.

it



[0072] As used herein, a "detergent" is a substance having a hydrophilic
moiety and a hydrophobic moiety. The detergent is preferably a synthetic
chemical compound and more preferably a biodegradable synthetic
chemical compound. A detergent useful in the present invention
enhances disruption of cell membranes to facilitate release of the content

ofigbrspisrupigdealis R0 sy sertnrieine S, 6ldS distHRiEdm gD the

cell mbrane. s r nd at least some of the cell content is
R R DT s s
fréeYeRnelvitig CsoNiuabis € BE 618 rj e HBKR3 ntdls[BZ4 hAB tised herein,

"eReliRgzravilusiaiaretadne 2atlrayaARngARs hassocialerkxirus
inﬁgﬂ&gﬂ fae%é{itrous. it 1OOFZ51 As used herein, "HEK 293 cells" refer to the

hiiman embryo kidhey Cell fine e OPAe S §53K Kol R, &9 cells or
Cterivatives)whidbsaeterivafrasd Fish exeropieouo DY S posiled AEGBsNumber

CltlnsIénf:31ibh ateshRHmdaB & s inhHaaves e eihpad aRiaa-1Q:gtgu in
serggn-{ree méadia élso contemplated in this invention are HEK 293 cells .
aar u d escrb th v ntPn

apte ot%aérow in otﬁ’er%mﬁﬁre%énditions, or any kind of HEK 293 cells .

-ot:la?fépivatives which are transformed with an exogenous DNA, provided
t

s trahSrITHARSHu e R A HANan Mty drerRsntdna sEl<ulWsIt
effifdesrip thosdr s afirwingdtio el sullesrithe chinethisiin terkieng e Gt pdsod sed
hgreiae. iIncubating™ after addition of a detergent to a cell culture refers to
the act of allowing the cell culture to be mixed with the detergent for a

Pesing; of tlm%_uLQQKZ&ﬁ,s«mqms%@ir;'mump"sﬂyﬁétﬂ‘;e&?géWéhO{;{MaF'
refer we%&atlo oI the number of virus to the number of cells when a
w‘r%’ Lo W EOREE Rmber JorsBy e o dEusiRreH ot edibeloped
virus" is a virus which does not have an envelope. For example, a
n & veloetrimt ety bRcaYiPas RS el singsraichifoderatibens
AdenovlnpadiéegaapieoniniajvdRipaiiviriaachéeaty AaliosidiHlongs to
Rgovi | P irj . illoma virus),
P R U e
VRGRYTHIBY Sy BAR I RS PRI VIRGS Ferge ity iRhAanorindasfied in
tHelheovirtisingd nubidatisdae (emtipdd yrideswntimguanodified or recombinant.
Reoviruses are viruses ' _

{0079} 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
genoxﬁe 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.

(6080} The human reovirus consists of three seratypes: type 1 (strain Lang or
TIL), type 2 (strain Jones, T2J) and type 3 (strain Dearing or strain Abney, T3D). The
three serotypes are casily identifiable on the basis of neutralization and

hemagglutinin-inhibition assays (see, for example, Fields, B. N. ef al., 1996).
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with a double-stranded, segmented RNA genome. The virions measure
60-80 run 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

RS NANRAREAARGRNAe IR BN AP eeIEsaAlinige ipes, share &

common complement-fixing antlgen 0080)"The human reovirus consists
of THPEE TSRS R cgarPaioLay Flfrmcsyﬁélmmﬁhmwza)
ainctdyipe: By (strdiffeDieaingaoy istiai tabdostety, T3 xakiph:, theaessREOBIAGS are
eﬂﬁllya'% Elﬁl?ég"oﬁkm@ lﬁ%ﬁﬁ %ﬁ%ﬁ{!'ﬁﬁtmxﬁﬂﬁcmf with the reovmis
hemagglutinin-inhibition assays (see, for example Fields, B. N. el at,
1 12 [0Q81' The reqyi tural ly aceyrring or odified. The
reﬁ?\%us is "naturally ysorg%:u&%%g hengl}t‘?ég% Ybe |so?ate%gfrromma source in.
NSRBI R SRS R P BTRPI AR SRS SRIBAS O BT Rs ieisn By
|atimiratoeyvinae e amplsitibieaidntareancb ol gnbiald semeee ridat is,

from A A MR DARRERN BIERISWIIIDG SR QYIS n&ooge%%%cﬂ;e

reovirus may be a recombinant reovirus resultlng from the
rABGRhIFREGT e Recomhirast mmr&%égs?éﬁﬁ@ewﬁwwﬁqm
genetibglby disifacioe ol tistsive acandinaiip pleasdaDr dianiiédaniuS
gaﬂggglggpg@g ts may occur in nature following infection of a host
organism with a Ieast two genetically distirict reoviruses. Recombinant
ww can g@q}l}a ggnm) r‘ng:ln lfht I8 ft% Sxamn Ie b co-infection
permissive ost s Wlt genetlcaﬁ 'SHinct reoviruses “’f/i{i’ﬁ‘ért et at
+ 15985 1%&%@93%%%%% EambhasREs R tEedinbinant
rélpvictsesesustin irftodingdassortnted of penene sagRestaftorm \Eeor

MOLG SeRNS ALY @tl@&ﬁ%\{@%ﬁ@%@ﬂgMsgmm'ted g;uman

reqvirus, such astype 1 (e.g., strain e2(e rain ones)

aﬁh‘ﬁ’ﬂré‘%“@ﬁ‘%%ﬂﬁ‘g"ﬁ%ﬂ&fﬁvﬁbwﬂﬁo iRvaRTiATARRRRAlian
reontmonghes mccambma:eowmmé&hawmgﬁmm fathemaaniyplates

rREgReR AL mv&% é&%&&ﬁi& OISR L AL IR NAE, Segments

from two or more icall nct reoviruses wherein at least one
EERBLN TR A MG T GaPE  PBB Al

chthisily ssyenhesizmdngdne heis segrdorith hbsied nripbptied mitlhgens,
chemvicak e PAYH 62k RABERBon event. The invention further contemplates the

recombinant reovirus that has undergone recombination in the presence of chemical
mutagens, including but not limited to dimethyl sulfate and ethidium bromide, or
physical mutagens, including but not limited to ultraviolet light aﬁd other forms of
radiation.

[6084] The invention further conternplates recombinant reoviruses that comprise
deletions or duplications in one or more genome segments, that comprise additional
genetic information as a result of recombination with a host cell genome, or that

comprise synthetic genes.

{0085] _ The reovirus may be modified by incorporation of mutated coat proteins,
~ such as for example o1, into the virion outer capsid. The proteins may be mutated by
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or is itself the result of a recombination event The invention further
contemplates the recombinant reovirus that has undergone
recombination in the presence of chemical mutagens, including but not
limited to dimethyl sulfate and ethidium bromide, or physical mutagens,
including but not limited to ultraviolet light and other forms of radiation.

199344, 11 Byeplion
99543, uepien

ther cgntemplates recombinant reoviruses that

comprise deletions or Iﬁ%ﬁ%ﬁ%ﬁ%"ﬁ]&gﬁemglirur%cgr:%eg%sﬁgfﬁ’é‘géibqﬁgﬂfs, that
cOTHPTiaEda dRieRsAf Ge netite MtrRsifsn lasairasinelsfe deombitertion with
adddisioast hgenorie raldhatineomppiseis ynihe e 96 es A8 Sl dhe
reovirks:mayv he ifi incor tion of. mutated cogt proteins, such
B B S ey
nitRARsEH A R deio wse e Atb rige reusmiReligomeinetiveisitiudes
thiirénme itiongeheliferans saninraigfinmatenekiacpiative Rmiesasis.

I ' j j ' itional amino acid residues into the
P s o ol B R S ST R,
niBrecX e Ertng raamplen releipriste el RORLestiomdll rmjt bethe
génenateddn\oiietratsddiovuinth erartotink exanpleualignanglentide site
disggied E@%‘?‘Bﬁﬂ&ﬁi&gﬁﬁi?ﬂ?ﬂ%‘a@Qﬁq%jor one of the coat proteins

could result in the generation of the desired mutant coat protein.

E sion Qf the mutated in 0 reavirus,infected m alian cells in
R e R e N
prIR intberacratemed Wnishipuhirb domishenarratpethisfed992; Duncan
epaiujdi@f]; Mah et at., 1990). [00861 As used herein, "viability of the
cells" or "percentage of cells remaining viable" is the percentage of the

celtmyyhich da et sbam,aGMoRAdHcCHest 18 AeRRRYINIIAARE AS
uggadﬂpesru isr']3 ;\égg!ciqfegtion" Fgfers to the eﬂtry of a virus into a cell and
t

3 f .
the subsequent re&fc‘::gtllg%oo he Virds in the cell. Methods [00881 We

h&ygh eviously developed a method of growing reovirus in HEK 293 cells
(U.S. Patent Application Publication No. 20020037576). Reovirus

replicates in HEK 293 cells to yield a high titer of virus in the cells shortl
a?ﬁ)é?cﬁru s wc have pre\_'(ieously d)c/veloped a glcthod of growing reovirus in HEK Y

293 cells (U.S. Patent Application Publication No. 20020037576). Reovirus
replicates in HEK 293 cells to yield a high titer of virus in the cells shortly after virus
infection, thereby providing a simple and efficient method of produéing reovirus, In

- addition, HEK 293 cells has been adapted to grow in suspension which can be _
cultured in large quantity, and we developed a large scale production method. To
isolate reovirus from the suspension culture, we initially followed traditional methods
to extract and purify viral particles. Briefly, the cells were disrupted by freeze-
thawing and extracted by FREON® (1,1,2-trichloro-1,1,2-trifluoro-ethane) three
times. The viral particles were then purified with a CsCI gradient and
ultraccntrifugaﬁion. However, this protocol was too tedious and time consuming for

large scale virus production.

1008';"] We therefore developed a simpiiﬁ_éd method to extract the reovirus. It
was discovered that by incubating the HEK 293 cell culture with a detergent for a

short period of time, high levels of infectious reovirus were released to the extract.
i4



infection, thereby providing a simple and efficient method of producing
reovirus. In addition, HEK 293 cells has been adapted to grow in
suspension which can be cultured in large quantity, and we developed a
large scale production method. To isolate reoviirus from the suspension
culture, we initially followed traditional methods to extract and purify viral

PaFig\as:s RLisilY, me%%ewgam@y%ﬁ&gy [raeze; thawing and exiracted

by FREON(r) (1,1,2-trichloro-1,1,2-trifluoro-ethane) three “times. heViral
paniEfbeveren e iy liffegsitnsack st grtione At Bl tioneasizanmivsaion.
Hewber¢hispratocahbasstiddetions ahe e TRREIIS grighdarge
SCalfoHiSPHCERN TORRR L Weersioim ARelonsd a.simplied.

method tQ extract the reovirus. It was discovered that by INCUBA Ing the
HBR'9%S Eanneisitate ilitheF Barsrersmmaragion b Aissunisg enllsinebaigh
lepetssafeinfackaug:neovirus were released to the extract. "14 The virus-can
then be separated from the cell debris with a simple separation method
baseshpn sizwerstensity diffarences: puthiasdikkptionediafitratiopmRr size
e ' [ | used for reovirys therapy. The -
o S P

adMEHESONAfCIEAEAS) adpatvetbylenpelrad wobiismenalienathe FDA
reCONBRERIER 0 etliarhatingooiie genthedipne sangehofat: datergent 100901
W, OB A LIEIURARL SXRETTERS, (e Dorionie
de&ie‘%%ﬁi?éfo%?ﬁ%ﬁgf}?%% %ﬁ%%*%”@g?‘x?%‘@% et hoxy
etAE Baveskasknt fovep DB X 8008ty St fresh egis: dbibitan
moorséanpiate! tiE\otids N R)s, garniellzds theoiesietaiaiyantdaoiismpt

dQ%h/fé%ﬂ@%sé%an%fpxg?etﬁtrﬁ%ﬂﬁoW%%Q@%ﬁQ%?iﬂgsm%&eﬂ&?&%m
releasm%)lnfectlous viral particles above the background level, an

TRITERIET b RVEN R rirset taiben SHipIsRRE hat other
datelgeytylastiotidxlyroecolves CHMRENRIB0NSediior diskept sasils, kituhe

useddn ihamie senbdavsntianaseoframmiesof these other detergents
winclude the other TRITON(r) detergents, the other TWEEN(r) detergents

(e{%91@0|YOXM@FB£|EQ%1§&I%J§@MHQP&%?&W é&\%ﬁﬁ»wé%%ggﬁmgﬁdé&e@m

dodecyl sulfate, lithium dodecyl sulfate, and dodecyltrimethylammonium
R TR e R TSR YR Bt AHAERY B e

mbeenatimetidahat to extract avian reovirus from Vero cells in which the reovirus is
héghly cell associated, distilled deionized water was more effective than freeze-
thawing, FREON® (1,1,2-trichlore-1,1,2-trifluoro-ethane) extraction or trypsin
treatment (Drastini et al., 1992). The present invention provides a more rapid and
convenient yet effective approach, because there is no need to pellet and then

resuspend the cells as required by the distilled water method.

[0e92} It is contemplated that high concentrations of salt, such as guanidine
chloride, can be used in the present invention to substitute for detergents. However, it

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

[0693} The present invention thus provides a fast and simple method of
extracting viruses from a cell qﬁlturc. The detergent can be added directly to a

suspension culture or to the medium of adherent cells. In either case, the medium
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than freeze-thawing, the standard procedure for virus extraction. In
addition, it has been reported that to extract avian reovirus from Vero
cells in which the reovirus is . highly cell associated, distilled deionized
water was more effective than freeze- thawing, FREON(r)
(1,1,2-trichloro-1,1,2-trifluoro-ethane) extraction or trypsin treatment

(Drastini et al., 1992). T resent invention provides ore rapid and
RSBl bl B R R R B P B
thefirarése Spesee igneceeirsyasieh ¢t frerro gl mtiraisaiener method.
100921 It is contemplated that high concentrations of salt, such as
guldfitine chlondericatidanssddhirpthepiesenivmsdintide tatsudistitute for

deigraantsahiovRVBmiLd it BrefsrabisictismsieiergeMsdathefishandigh

concentrations of salt [00931 ,TQ% ores nt invention thus providgs a fast

T R ) B G B PR S B R G VTS S STPS TP RSy PrieadRergent
canehrradtetidineetigntofisncyospedirsitringu Kor ého sav e irasore diorrsf

agharaolkGellsa i pile ensed thamnediund & Rass Nehaegs ta ke

removed fitrg[t.tﬁurtherrtnor?, n otkger m argsaoI d'sgggtin cells or :
et R L CE e G R 2l TR RS e 2L T e i B v
[OgoAAerieipbititen fladagher tfhergtressshish we ATiGhresulbrdtitbathaction
gr@@m_ Sﬁﬁ%f_bﬂcﬁﬁﬁﬁl%ﬁch_ %ﬂé@@b@}@ mmt(tsﬁ@aﬁeam@imsl
raqitiona iIrus _extraction, and purification are cayried out at a lqQw
e R S i
PrEREAYIn & aptaisAba culane SrotErnte sderstritoiioes witboushuligedisehange
ingle deshinutite. extacline s QliMtions:cihes iR bifinGhi P lz:issiﬁ&dtﬁat the
present protocol can onducted at a higher temperature withqut any
oA BESER R fon B b MR SRS TR
thiske glpfe HpRbRTCFTMERESR Y Hivhsue Mbigusrpeatye 2y vary from
Cohsegqugniborviinsiaxirhitiemegiabe carried out by adding a detergent
directly to the cell culture and continuing to agitate the'culture in order to

refeesst the \Quusequéiiesbiaving, AR thpdeneperaiuw, Alleratively,
sines erg o need:fo maintain a constant lemperatyre IBLyIS -
exiraction acco_rg Ing to the present mven_tlon,%e procedure can take :
pléeesirash Bratituiariyp Eltzative e rspttifenstensandie prponpEraare et vary
frafebrizlaos thepiage 6 wititinRitRdbesasaceiiddbd Stbseguent to
XJLAGHO RS Vi 5N R S AU IS ARG QRS detergents (Example 1).

- A step-wise filtration protocol proved to be the most effective. Thus, a pre-filter

having a relatively large pore size (e.g., 5 M or 8 uM) is first used to remove large

pieces from the extraction mixture, foilowed by filters with small pore sizes, such as a

combination filter unit containing a3 uM filter and a 0.8 pM filter. In the absence of

pre-filters, the extraction mixture would clog the filter quickly, thereby wasting both

material and time. In another embodiment, after the 5 M or 8 p;M pre-filter step, a

filter having a single pore size of 0.8 pM can be used.

[0096] Based on the volume collected after filtration, as shown in Example 1, it
is preferable to use 1% TRITON® X-100 for virus extraction. In addition, cellulose

acetate membrane filters are Bettzr than glass fiber membrane filiers, becauss the
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example, the size or density difference between the virus and the other
constituents in the extract. Particularly, filtration or centrifugation can be
employed to remove cell debris from the virus. To optimize filtration
conditions, we tested the effect of various filters in the presence of
several different extraction detergents (Example 1). A step-wise filtration
protocol-proved to be the most effective. Thus, a pre-filter havmg a
r&FShs Asefe PeRbrarsdiE" gllo HaissT SRAYT Af S RSMETHIG W drge
pldresifromictivg @xtractionbivikiutegéciianemdytiiters with small pore
sizes, such as a combination filter unit containing a 3 AM filterand a 0.8 .
Meiier. In thephaapees of @r@eﬁ&@@,&ﬁb@sﬂmﬁﬁm mixtidreeyuabliekelog the
NS LGl d DELE NS ERALY OBIEHRLAB P i another

odiment, after the 5 Mor 8 p.M pre-filter step, a filter having a single

poleGlvaiondisfiptionis 6@&9&3&%@9%5%&@& # fhd BramriechiEeted
affiet filtrattardiatsitonsyinhxampiedd,itheP pre faddbietoOase 6l Palt

TRIIQNQ &%@M&%ﬁ&@%@@ﬂ%ﬁ@ COHUIOSR RESIAIS the

membrane filters are better than glass fiber membrane filters, because the .

BSOS A RIS RS SRR PLORSTRNCD ATGPRPURLRh oIS BsSetion
nixttire Hotloer HilierEakmidgrcie damipittoriendlsuiraBlerfple e seale show

pEQQ‘d‘ﬁ'&f&v.[@@:%?éQﬁWﬁQg%%@cﬁQ{EMﬂWWBMQ Nrolignay

be desirable to concenfrate the virus-containing filtrate. A concentration
TRl g PEIHA LSRR ation is demonstrated in Examples 2 and 4.

In Example 2, two ultrafiltration/diafiltration systems were tested, the

PI9988ing i Kiesmanhe ks purtiedhnsed AHS SRS hesBe r M firidge
oﬁﬁfﬁ:ﬂfaﬁhmlbgy ditfecne suiltcpowithatlig diviacsyisiesndaateharge at

CORIRIEHR s PGS0 SR 0N LG AT Ao D1

ollow Fiber Cariridge is easier to handle. In Example 4, the results

SHERR ViRt EHaBnid ﬁ*b‘é‘?@%ﬁff?&ﬁ‘é“ﬁﬁ\ﬂ?@f&%?éé‘mﬁf‘%\ﬂt‘ﬁﬁ‘f’%‘?%%Da
pfovieadngo Ghummtesiahfogsulbssguentyindiddfion: [6088tekheedinus may -

bgfepe %'Hﬁ%?b?é%%‘ap;JI&;%EI@:?@;&%&Q&@Q&&M%{&% yigpises
have differ ur ace protein WhICh dl Iateé{aelr ) face cha} e at any

g??éﬁ“ﬁn‘fi“ B SEHTCR AR Cond kiSRS bh i AR 1388 decided
foronssclaiisOR ESEHARSTEM AtIDE. aa@mmgmﬁqc@m plimaFnmore

exclienes anditionss Hereaiis.hus efexghange columns containing
different resins were used at

166591 The virus may also be purified based on the difference in size, for
eicamptc, with size exclusion chromatography. For reovirus, a combination of jon
exchange and size exclusion chromatography is particularly effective. Preferably, an
anjon exchange column is used prior to size exclusion chromatography. It is also
preferable to avoid magnesium salts in the bindingle!qtion buffers. The use of
phosphate buffers rather than Tris-based buffers improved binding and selectivity.
Other chromatographic methods, such as those based on affinity or hy&rophobic
interaction, can also be used where appropriate. Therefore, colamn chromatography
can be adopted as an effective alternative to CsCl density gradient ultracentrifugation
to achieve good yield, ﬁurity and scalability.
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different pH to purify a reovirus preparation that had been extracted,
filtered and concentrated as described above. The results indicate that a
weak anion column containing ANX SEPHAROSETh at pH 7.0-8.5 is the
most effective. The pH is more preferably about 7.5 or 8.0; and most
preferably about 8.0. [0099J The virus may also be purified based on the
ERHRANCE Ri38.49% LARIRRIR e b RAS S IRIon Hyomatoaraghy. For
reovirus, a combination of ion exchange and size exclusion

Ihentian HEH R sHaeding tirekRmited ordpary L8490, Msfeschange
aCitiren ianserbpiipciisSikasexsiesitned iiamatogsanhyetotshalghlied to
RiEE ARG YAl IR Wl sdi. e Rt ualelyeniouliele. The

[Opraie . .
use of phosphate buffers rather than Tris-based bufters Pr%p?oved binding
Saditens frnthe Rotfertion B ARE IR Chtsa gt hysriesebased on
affisinrouidty tr dehahisscihte e tatiooan mietm bFHeseaisemiccappropriate.

Ther e G GO MR S QIRAIATHRRRY. bmpso@ﬂ%&ﬁ%?é@ﬂ,&#%%%

alternative to CsClI density gradient ultracentrifugation to achieve good
ﬁ@ﬁ?ﬁﬂf&%ﬁ&%\@mﬁfﬁ%mwfw@c EriapaEaan be
mmwmmmmuwmﬂ&@m,mmm,zgs cells,
RGO AR IMEREAR, RSS2 AaNSIRRN SafehiRERR Namster

ovary cells, It is contemplated that the present method be applied to other
Ve de R ARt SR TS BEn BT HE e RFe SRR ARG KBRS priate
depditevisider, thequinidficayon afidth esoviridse sboanv g acperminedibyae,
ReEsasR{a HRAM K biRdRG:aRAS S AARRAISCASHIR SIS AL

vituses that can be prepared usjng the present method include, but are
bR e e e R
podpvitidisetetacivididalombosticgeiderenaplidan aldvidasatigethvirdiid ael
fuseloyirsiae, poxviridae, iridoviridae, phycodnaviridae,baculoviridae,
herpesviridae, adnoviridae, papovaviridae, polydnaviridae, inoviridae,
NYgEpWigag. geminiviridae, circoviridae, parvoviridae, hepadnaviridae,
retroviridae, cyctoviridae, reoviridae, birnaviridae, paramyxoviridae,

rhﬁ'i@?]\/i rid %SJ 'b%f&é%%ﬂ%@&%ﬂi’ '&)%‘?isﬁg ’ﬁ)’eax)ﬂ'ilg ﬂ%parecj according

arenaviridae, leviviridae, picornaviridae, sequiviridae, comoviridae,

d
ﬁﬁt?\?fﬁﬂ%fé‘fégﬁ Bmﬁlaéxéve&g%v'ﬁlmgompostﬁons can be used in the isolation
rodabirdaeitiavimdad, oertinsspindat coorbravinid ae, glavwviridae  togavirid
%ﬁpgs:thﬁir Wﬁgqﬁfécﬁous virus, as vm:s stocks or in clinical administration.

[e0162] For the purpose of clinical administration, the composition is usually
mixed with an excipient, diluted by an excipient or enclosed within a carrier which
can be in the form of 2 capsule, sachet, paper or other container (WO99/08692A 1) as
a pharmaceutical composition. 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, solutiens, syrups, aerosels (as a solid or in a liquid medium), ointments
containing, for example, up to 10% by wcighf of the active compound, soft and hard
gelatin capsules, suppositories, sterile injectable solutions, and sterile packaged

powders.
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Compositions [001011 Also provided are compositions comprising the
virus prepared according to methods of the present invention. These
compositions can be used in the isolation and characterization of viral
proteins, production of vaccines, or, where the composition contains
infectious virus, as virus stocks or in clinical administration. 1001021 For
thﬁfﬁ% ose §’<‘; n(gligical %dmfinist qtion the corag‘?ﬂtion is usually mixed
with an x0|p|enﬁ ttted

Sl EeRIents e ot KIS R aT Sehich

By an excipient or enc
cafrbiéelnnipeniolirsrehesasun Reagiachiniuppiospiiatsi iatainatyst aimparanth,
(V#énwp&fﬁﬁ%t_ Ifmcaé, @i&%ﬁk@@lﬂﬁwmﬁ&@mﬂgﬁm?@g;}{%h@fh%h&mﬁse,

rmaceutically acceptable excipien rves a aluent, It Can pe a
o, St e e, Bl RSS2 Eomt P o
medditiensBy induderivbrieryingcizonts Tshés thle, smngnsouiticiesretmraivbrimetale
. fosin etdnteisne]lisnonugnd aspnge SRR eCABEIS RIS as

S Si emulsions, solutions, syrups, aerosols {as a solid or jn a
PRy s e S a%%Ps?ge%&%|§i%¥a%%@§sw@ram
ofRPStitioes coMpBUFToa s dn doratcdsmtmte apgide suiskspssineties
stesilgdi jertabler geluiinesngrdkatafite JAatkingashn16 e gssieASpP01031

ngo gl&%\%ssmg@m%%cm[ents include lactose, dextrose, sucrose,

sorbitol, mannitol, starches, gum acacia, calcium phosphate, alginates,

t th, latin, calcium silicate, micrgcrystalline cellulose,
pR oy RS, okt Se hetar sl AR, and
mETR pamy ersEerTs ckieinutilidrsndan thelleersion Ry edlaside lwbricktting
agaRes Slsh AwidleuRauTskin:Giaaiata R ashminanRbyel; R lingagents;
eyl ling and suaRedIng aels PIGSEVING A0ERIS. Ul A5, el
and propylhydroxy-benzoates; sweetening agents; and Tavorng 898hts.

TRECESHHBSIH tfenabentiopeistn emssmuiretsplasrrvite
quiskbesatatiiedeo intlayacly eleasrRtika ACHMMBFIAIeN: Afehor
admipSHALSHIQ. s, B%tb‘?oﬂ#bﬁcﬂ? RIMIAGRACEdNEES knawn, n the. il
[001041 The route by which the reovirus is a ministered, as Wel as the.
fOTHRISHDIAR S iR P armeRar i veiepistthahr e Siedvdn Hshp anmsahe
typrel dicthby tergothcelisplésnide. Janiabnofshominisitatianargiites can be
CTRRYARe!f, SN anlB ARIdRRORER dhAkisRSSRPRIRR s he
reovirus can pe administered by injection
where It then 1s carnied systemically throtgh the body to metastases. The reovirus can
also be administered subcutaneousty, intraperitoneally, intrathecally (e.g., for brain
tumor), topically (e.g., for melanoma), orally (e.g., for orat or esophageal neoplasm),
rectally (e.g., for colorectal neoplasm), vaginally (e.g., for cervical or vaginal
neoplasm), nasaily or by inhalation spray (e.g., for lung neoplasm). Preferably, the

reovirus is administered by injection. '

[00185] The liquid forms in which the pharmaceutical compositions of the
present invention may be incorporated for administration orally or by injection

" include aqueous solutions, suitably flavored syrups, aqﬁcous or oil suspensions, and
ﬂavofed- emulsions with edible oils such as corn oil, cottonseed oil, sesame oil,

cocenut oil, or peanut oil, as well as elixirs and similar pharmaceutical vehicles.
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directly to the neoplasm. For a hematopoietic neoplasm, for example, the
reovirus can be administered intravenously or intravascularly. For
neoplasms that are not easily accessible within the body, such as
metastases, the reovirus is administered in a manner such that it can be
transported systemically through the body of the mammal and thereby
reach the neoplasm (e.g., intravenously or intramuscularly). Alternatively,
(A OABS0ir s B ETBRP BT Th 2 SHERS QS RITRER Ay
whigredietifenvisus ay nakd yate apbaiigathvterd lxitipido dyfionmeasksitases. The
reQViHm AR USRS RATIRISIEHE Y AMRGLAREOH N SRS HIORGALY the
mtrathecaIIPy'ge.g. for brain. tum rt? t%plfcall ée_.g., for melanoma); orally
G N A AT E %rﬁf‘%é"o% AR RTOPRRAI @ BR R W BTectal
néoplesnepuvaginaibaniahgt to rdbmingidevdy ifisfensebplag mroabatiyior by
Imﬁaaaoa@w@g-eg%udmmgp&ewnﬂ@@@m@mm%;{@mg BédSve
adm:gjlsterefddg%/ lnjrcglctlorbloo 51dThe |I§UIC| forms in which the
pAATRERET IREFSERI G SR FOTTAY BRSEERt invention may be
incorporated for administration orally or by injection_include aqueous
sdflhbHs, sulRPIERSRILSSBpBTeSEN EBGETOR SreX b Seriedor S theruse
flavomed rdduts jomd dy ithissdih [ Bwil sfRudhgab ccalvanid g of innkaeel @diion.
SGRRBGile, BRAMILL HLiREACIMHO A RRNEH R WA S ARM SUIRILRE
pharmaceutical vehicles, 19 [(801 61 For preparlng{}solld compositions
SRR PR PSR B SR O 2 YR A SV TR T m s ¥6ith a
plemperretstioalbexeiiatet oy forenteris dlidr phadb snutatioreiondisinsigation
CRRRINIBE.RNAM BARRERN S ABPEHBRER SRR REdRE RRRRDE or o
mventlon. Wheln referring to these lg;eforr&t;laﬂg_ggomposﬂmns as

[

thndc?g“éﬁ%&Eﬁ?ﬁ%’rﬁé’ At TR R Jr& P\%‘Uﬁ"&&éﬁ%‘é‘&ﬂ@\f’énly
threriigls stchenatoirip ositidinsotimaba e peiimprisidoldsaed nbstreadiy
syefividaditowaaaly aliesiNes WAosAEa NS SdCRIRT i Rlelse Pills

and capsules. [001071 The tablets or pills of the present invention may be

Cqageskpr OteRniisS GRAMP AHAREGLE: BIQYAEA drargedRmaliording the

advantage qf prolonged agtion. FQr example, the taplet or pill can
MRS In Bhar sl atepishic At dr oreait SANERE t T

béiargdh the fowmdeest %i}%@p@ﬁéﬂﬂﬂ@%ﬂﬁenﬂ trrtairosuiteblponents
CaneseRAtesh i AR ARiasicIYe Gt JRAVRS tocrasaiy disintegration
e Stmac A RN, 05T SRS 35 NG e
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-of the nebulizing device may be attached to a face mask
tent, or intermiftent positii*e 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.

[00109] 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.
20



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. [001081 Compositions for inhalation or
insufflation include solutions and suspensions in pharmaceutically
acceptable, aqueous or organic solvents, or mixtures thereof, and
pOVRHEPE AP gHid SPsDR e Urttie i IRyRosHitA by sefiessre. Such
phratcheiceytivatynstiogept iyl ecatisipietslasidesarbkathieradividyeierably
then£RmPARILIARS e administered by the oral or nasal respiratory route
for local or systemic effect. Compositions in preferably pharmaceutically
AGGERIGP'S ORI hR AR PG e aLineH aases. Nepulizer
solutions may be inhaled directly from the netu Izing device or the
nebarsiirglerevfemasrl disiened to a face mask tent, or intermittent
positive pressure breathing machine. Solution, suspension, or powder
cofifidétitiond radglipwingieramates e offeare ta by srmiglyhisrinwestitly afibwre
derdcedewtishueelivarytheyoyr Mnlatione Beait apRrORERIR marsl. 1001091
Another preferred formulation employed in the methods of the present
invention employs transdermal ggliwgsygevices (“patches”). Such
transdennal patches may be used to provide continuous or. discontinuous

infagiany of the HRAUIHSIHUSPIRSEIAYSIHARIRGRNEOLGE, ANOWAL-

The canstryction and use of transdermal patches for the delivery of
oS, AL AP HAUTRE 12 TIPS AP o Sl BF B ple, U.S.
Pat. No. 5,023,252, herein incorporated by reference. Such patches may
, bdWdhSkruct&¥ror continudus, pUfeEEIE%SA demand delivery of
pHé®tidteutiC¥l agents. [06110] ke welitmble formulations for use in the
preges;inveption can be faund ) RemingiansPharmaceutical Sciences.
[Og}%ll{]1 Thejgllowing examples are offered to illustrate this invention and
are "hito be‘construed in-any WSS iling the scope of the present
inf@ifioh. ERRMPLES 100112 Hikfithiexamples below, the following
aljpgergptionpave the followingy;meaniags. Abbreviations not defined

. h%@ﬁ@?ir g%eSrally accepted mﬁ%ﬂ)@%%e l;00113] CIP = cleaning in place

erum
{06120] /L = grams per liter
[40121) hr = hour

[00122] B-ME - B-mercaptoethanol
[0123] ng = microgram

[0124] ul = microliter

{00125] pM : = micromolar

[00126] mAU . = milli shsorbance units
00127] 'mg = milligram

[00128]  mi = milliliter

[00129] mM = millimolar

{60136] M = . molar

H0131) MOlormoi = multiplicity of infection
{06132] NP-40 = NONIDET™ P-40 (Octylphenoxy Polyethoxy

Ethanol)
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[00114] CV = column volume [00115] CI = Confidence Interval [001161
C = degree Celsius (00117] DF . _, diafiltration [001181 DTT =
dithiothrietol [001191 FBS = fetal bovine serum [001201 g/L = grams per
liter [001211 hr = hour [00122] [I-ME _ (i-mercaptoethanol [00123] lug =
microgram [00124[ p1 = microliter (00125[ PM = micromolar [00126]

mAU_ . = milli absorbance units 1001271 mg_ = milligram .[00128] m| =
mﬁhﬁé’?l [0028) mM = millimolaP fﬁéﬁ?ﬂ“ =4 98 1001311 MO or
m 41X multRIidity of infection [Gf4B2 foRFPrg@ntNONIDETTM' P-40

(OmiptienoxypP olyethoxy-EthapabiugdnlQRi 334.BBS = phosphate

bu sali 00134] PEU = plague forming units [001351 rpm =
re\ﬁﬁg%ns p%ggr[ninute [00136] eéci‘fﬁigne%(%ﬁfé% dmatography

[008827] SDSESsodium dotecy! sulitredfdendsifa@ D50 = Tissue Culture

Inf@@'gjgg]s( Dos&hl) h1001391 O%Mg@i%{@tm%ﬁgﬁq%g\/g@t?ﬂals and
M ‘(unless otherwise specified)  Cells and Virus [00140] Human
erﬁ)gry%ﬁddm{e%/l§ 293 (HEK 293) aH]&adrﬁléﬁggnﬁbroblast L-929 cells

General Materials and Methods (unless otherwise specified)

Cells and Virus

{00140] Human embryo kidney 293 (HEK 293) and mouse fibroblast L.-929 cells
were provided by the manufacturer BioReliance Corporation (Rockville, Md.). HEK
293 cells were grown in a culture medium containing 10% heat-inactivated horse
serum and 90% of the following mixture: Bagle's minimum essential medium with 2
mM L-glutamine and Barle's Balanced Salt Sclution adjusted to contain 1.5 g/L
sodium bicarbonate, (.1 mM non-essential amino acids, and 1.0 mM sodium
pyruvate, Mouse L-929 cells were propagated in a culture medium containing 10%
FBS and 90% of the following mixture: Eagle's minimum egsential medium with 2
mM L-glutamine and Earle's Balanced Salt Sojution adjusted to contain 1.5 g/L.
sodium bicarbonate, 0.1 mM non-essential amino acids, and 1.0 mM sodium

pyruvate.

. [06141] The 293/SF cells were grown in 293 Serum Free Medium (Life
Technologies, Rockville, Md.) supplemented with 4 mM L-glutamine at 36°C +2°C,
6% # 2% CQy and 80% * 5% relative humidity in spinner flasks at an impeller speed
of 3540 rpm. ; '

[00142}  The Dearing strain of reovirus serotype 3 used in these studies was first
propagated in suspension cultures of L-929 cells purified according to Smith (Smith et
al., 1969) with the exception that §-mercaptoethanol (B-ME) was omitted from the
extraction buffer. The particle/PFU ratio for purified reovirus was typically 100/1.
Viral titers were determined by plaque titration- on L-929 cells and expressed as
LoglgTCIDsdml. The virus was then produced in large scale in 293/SF cells.
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were provided by the manufacturer BioReliance Corporation (Rockville,
Md.). 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 Uglutamine and Earle's Balanced
Salt Solution adjusted to contain 1.5 g/L sodium bicarbonate, 0.1 mM
NORzBSRA BALADING.ASlgS, and 1.0 mM sodium pyruvate. Mouse L-929
cells were propagated in a culture medium containing 10% FBS and 90%

of lowi ixture: Eagle's minjmum essential medium with 2 mM
e e S TP ot e TR 1.
sothifiesteartenedde eravrivilibhcelosefitisinering woidd fanchd. & mige,
soatiumil e uidaikty [&Qﬂé&éllﬁd}epg&ﬁ{&ﬁke&ﬁﬂﬁéa?é@cwa&r{&éﬂc@ %%fﬁﬂ?é
Fre IURR: (1 ologjes, Rockville, Md.) supplemented with 4
mmaﬁ%ﬁﬁaﬁfégé%ggé%@&%%g% ??%M&"S%fagﬁdﬂ)&?%%%f%wmmw
in S5iARSt fisdreatic st hish dpiadisatst BB thocaliy bRt evdte Brearing
stamgiremipessesatyheeibedipdbrsrpigiugies wasiditsh Riragated in
SUSPGHRIRHe r = I rified aceording to Smith (Smith et
al., 1969) Wi?#%#eﬁggge%%%%gtﬁog{l@(?%eursggptg%?ﬁghoI (n-ME) was omitted

frqgyflg ex i uffer, The.particle/PFU ratio for purified reovirus was
ty%ican@.l,oo%%}{/%{?]%?‘fﬁ‘é?g ‘\’/‘\7@r"e’aa‘e[‘%#Fﬁ’f’r'ué“&%ﬂ?“ﬁl?&dgﬁﬁ?gﬁﬁ’ﬁ"%ﬂcﬂ@@ég

ceffd SFriEpT aad sxpuirendsd im aadEBis PH R, Vis0 sddsatiienddrotiuced in
|a R BORIBXAIRA3IBE il e iaiiansian phSusHERaIN.LeLS(O0143)

2 1 iml and infected with the_reovirus. The
Clﬁ%ﬁg&éﬁvﬁ%\%@é@vﬁg{wﬁﬁg f:ncl)foarn%?)fﬁee%}vﬁ &lﬁlﬁm HERFHEH red
to "GRG WltirRFE i oTpie-elilled R BRNPI ik tdedires|&ge as
e viifroeditinne biabiscxied oo LN mikdiak|cosl cObEsEARERREDITH Sl

ungerd I 0 not show.a cytopathic effect, which
is indic%mgﬁ%%ﬁ@cqg f?éé%%%%r?gﬁ%s‘f?ﬁ% Ie% ?ﬁ%%%f%ﬂ%ﬁ %ﬁﬂ)@%ﬁﬁ@é _

afd e TR PECEERM G Hssrtibedabreccandde moens arllstaddy
patfaerdtfigrtovistiitWRipradcommanly 4tged in the art. (00144) When
the desired cell viability level was reached, the cells were pelleted in a
céhiritigerbMerheduShendsohimd Purjkdiss 4p¥rl4, 250 mM NacCl and
0.1%

_ [60145]  The pellet was.resuspended in PBS and the virus was purified by a cesium
chloride step gradient. The gradient contained two layers of CsCl solutions (1:20
g/ml and 1.4 g/ml, respectivety) prepared in 10 mM Tris (pH 7.4). The virus
suspension was loaded on top of the gradient and ceﬁ&iﬁxgad ina SW 28.1 rotor at
26,000 rpm for 2 hours at 4°C. The viral band (the lower of the two bands becanse

the upper band contained empty capsids) was harvested and dialyzed against sterile
PBS.

BENZONASE® Endonuclease Treatment

[00146]  After lysing the cells with a detergent, a solution of 50 mM MgCl, was
added to the crude lysate to a final concentration of 1 mM MgCl,. BENZONASE®
endonuclease (250,000 units/ml, EM Industries Catalog No. 1016979M) was then
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TRITON(r)X-100. The cells were then lysed by freeze-thawing and kept on
ice for 20-40 minutes with periodical vortexing to mix and lyse the cells.
The suspension was extracted with an equal volume of pre-chilled
FREON(r) (1, 1,2-trichloro- 1, 1,2- trifluoro-ethane) by vortexing for 10
minutes, followed by centrifugation at 2500 rpm for 10 minutes at 4C to
separate the difference phases. The aqueous (top) phase was removed
A48 AT, L s L B SR =D s e ek
udrdoentrifugation at 25,000 rpm for one hour at 4C, Traditional Method of
Extraction and Purification of Virus [00145) The pellet was resuspended in
PBS and the virus was purified b§ a cesium chloride step gradient. The
gradient contained two layers iSolutions (2:20 glmland 1.4 g/ml,
respectively) prepareddiarifBatagvi: Temsofidig el Jiebtie virus suspension was
loaded on top of the gradient and centrifuged in a SW 28.1 rotor at
26,000 rpm_ for 2 hours at. 4C. The viral band (the lower of the two bands

bBATEe HEIUPERIBSHT R GRtEIRE M E Rt ERd R chaRratad and
disbyzdecihati rSicientepRBSw RN @NAS B{HE deleguuioadesd celtandnt
[QRLABhARShdsinaithG eRllmuilhantRie aemts ﬁéﬂlﬂ@pﬂﬂ&}é& W M902
V\@s?%;ifgfid é?(rtne crude Iggate to aEIm I con_centratlon of mM MgCI2.
BEIFONAS BT Do 845 RSB OO RS BIAIA MBS alog
Nef a1134-69 70V w asBtmhaii3ted delduto/@ P proxapsate fiGrumtb el filldie
L:M%Eei_f_ VAS aciialed J&ﬁ&ﬁ‘ﬁ&kﬁ@f@%%ﬁl%@.ca%d%ﬂ tﬂ@'_v'&hﬁ?éﬁf]%?éd'f' I
arification: @ving.ce ris [Of e purpose of this Example
e T e et 45 R A BB ER ie
witreetieaisr Sibebhusiviy détetigo viSeisiyy & salisnamdd fmemabfetefuture

SeRiAtHhOndERAE URHIID BodRthisdEXANTING. g dysRIRWAS] fiesetm
eitherlthfi?tglgh a 3 m/0.8 pm capsule filter or passed through a

combination of a pre-filter (5 pm or 8 pm) and then a 3 pm/0.8 pm

cHIMAR filtdbrpdgiesinbracg et fasvitirdarbarng selifaceealisideds 0.015 -
ft2gRapetandbasmumadtieyembe b asghetine-0 MES M2 yne aaaraNns dhe

CRpAFHY BNBS MG SINERNERESSTHNGD R Ma-DOC. A volume of 92
mL and 28 mL of 10% TRITON® X-100 was added to bottles 1 and 2 so that the
working concentrations in these bottles were 1% and 0.3% TRITON® X-100,
respectively. A volume of 9.2 mL of 10% Na-DOC was added to the third bottle fo a
working concentration of 0.1%. All the three bottles were placed on a stir plate and
agitated at 160 = 20 rpm for 30 minutes at room temperature. A post-tysis sample

was taken for each lysis condition for titer analysis.

{00149]  About 20 mL of 50 mM MgCl; was adcied to the crude lysate in each of
the bottles to 2 working concentration of approximately 1 mM MgCl;. This was
followed by addition of 40uL. BENZONASE® endonuclease {250,000 units/mL} to a
working concentration of approximately 10 units/mL. The crude lysate was agitated
at setting 5 in an incubator at 36°C for one hour. These steps were included to remove
host cell DNA and to reduce viscosity of the lysate, thereby facilitating ease of further

processing.
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large-scale filtration. Also, filtration efficiency was compared for two
different membrane materials - cellulose-acetate and glass fiber
membrane for the 3 m/0.8 pm capsule filter. [001481 Three detergents
were tested. Reovirus-harboring cells were divided equally into three
sterile | L bottles labeled for the three different lysis agents to test: 1%

T () %51Q0, 0.39 TRIT(‘?FI\&Iér -@30 and %10/ Na-DOC. A volume of
oo S Ao @%?% Y5 SR 8 A e elF v 2
schif BEHHESPARSr I EPEBPE By rsRs ReninbiHAS #ebdetlcssPapes Y afitlrD180®

TRITQM(Fo% -0 wiesRadkiveholy ielbmfef2sidy.of 10% Na-DOC was
added to the third bottle to a working concentration of 0.1%. All the three

botas wererplaged-aR ASUEDIRL A RIS 4 ALLER: A0SR S 3%he
mgﬂg% aF pom te_mperature.. A post-lysis sample was taken for each
lysis CONition Yor titer analysis. [001491 About 20 ml, of 50 mM MgCI2
was addedrouhsorgersishlterin each of the bottles to a working
concenttgiosfi R BIRXNRAS!Y k0 8L M OS2 T NS Was SAlPWELRY and
addition3§fA4OL_$tEN%.§)NASE£r endonyc gase (250,000 units/mL) to a
working CohREAH SIS BT AP BTORHS AR S5 THRSRH™ SRsuls {fery sate was
agitatedcernseigig ®1asan incubator at 36C for one hour. These steps
were included to remove host cell DNA and to reduce viscosity of the
lydedeS3hercBy favilibcting copwde dil fusthror pdocsding. i2&fORae60E The
WalsestahaannruBanHR QRS 8 Irandile Lelate,flow faie.loq the
puf%] %geed,ﬁ@c og\%&n& 1o su%gestlons by the vendor, a pump_ speed of 5
rp %ﬂ PR P A S AR RTE RIS ST hae Dxesrreatiisudy.

[0 &4 TTiee [prsafiétehoromddc ninditin i pers ofiphitigmssiedyhiss etkdlerotegh
ORGooEL ey IRIPYERT AIRT Blrdy a8 1N fRRGE SR RIEfilter Spm
S'Zssz%:f& §t”.{9é§8'&§%9351'¢3 filter Eg:onnected in series; and 3) A pre-filter of
8 membrane pore size SR ERhFdlieramsly e Rss e defes.
[oetsDfibaheeBpipsodden e hipnidé iterpshinfdterdouble layer
heterogeneous membrane construction that allows for high dirt loading
cafbtifl andmdrebsecbination of lysis agent and filter conditions was determined

based on titer values and the volumes passed through the filters” Pressure drop across

the membranes was monitored to determine when membrane fouling occurred. The
indication for membrane fouling was a pressure drop of 25 psi, beyond which the
filter can break: When the 3pm/0.8um capsule filter was used alone, no more than 35
ml passed through these capsule filters before the membrane fouled. Membrane size
3/0.8pm fouled within 5 minutes, suggesting that use of a pre-filter was necessary to
eliminate clotting of the membranes by cellular debris. Use of a Spm pre-filter before
the 3/0.8pm capsule filter significantly increased the amount of filtrate obtained,
while filtration through a 8pum pre-filter followed by 3um/0.8um capsule filtration
gave the highest membrane capacity in terms of volume passed tﬁrough the filters (an
average of 200 mL was collected per 0.015 fi* of filter surface area). 1% TRITON®
K-100-gave the best results cgmpared to the other two lysis conditions.

[00154]  The results also show that the cellulose acetate membrane material

worked better than the glass fiber membrane, based on the volume filtered through
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throughput. The first filter is of a larger pore size (3pm) than the second
filter (0.8pm). The pre-filters combine multiple layers of progressively finer
pleated non- woven polypropylene depth filter material. All the filters used
in this study had a surface area of 0.015 f12. Two membrane materials,
namely cellulose acetate and glass fiber, were tested for the 3m/0.8m

capsule filtg}r‘g.g 00153) The best combination of Igsis agent and filter
co

Sroliifointn SOrRMEGET et af StV A tsrued & v shreLhassed
thiidtregirehehfitt eospRraisstinéedialy attiosslHammniihndsnw agfsnogitored

to g@tﬁrﬁa{mg)w_ﬁsgmﬁrmbmfﬁquaﬁugrs%m%Mis&fé%Ji%ﬁmq}m
m rglo%gag e fouling was a pressure drop of 25,psi, beyond which the “ilter
cafbre

ri“Wﬁ R B SR ATB A LE3S e filter was used alone, no more

than 35 mL passed through these capsule filters before the membrane
fouled. Membrane size 3/0.8limfawiegdmvithin 5 minutes, suggesting that
use of a pre-filter was necessary, to eliminate clotting of the membranes
by cellular debris. Use of a 5pm pPERitEI Before the 3/0.8pm capsule filter
significantly increased the amount of filtrate obtained, while filtration
thiSlhiitla P SreshiteT BRI EFBY TP BIRHF eap Smiharirrifrdustite
higkreiztnanh Brame wapteifyinPtdl Fibraf (okonialpasseaidhie tipndhefikers
(2 AR btz AP Eleen Ob g pldlieriuilate arca)

1% '[R ON(r) X-100 gave the best results compared to the other two

ly HLEBHAHORE RAIENT PRSI At pittthEedmiredscetate
mesteiotian everetier rabewbrke @xpatief dhraentirtiglassifilbd nndelmbian dpas ed
ongbgrvaleme filtered through 25 these membranes. No significant loss of-
infectivity was observed at any stage of filtration when compared to

InfRgidy Of e sbaapGsL QQQéMMQ&E%% B RY)-

Based o%he results from this study, a 20 L bulk harvest would require

1. 5RSBr WhsthSra RRosp bsnsbeor 1Br i RS- EXRIIBELE ontaisinseieation
10085547 ocxetechansl RO $istdiirdtosMoehtrate(@adiieathie Pilve o

?'@Hﬁ@&ldﬁﬁ@é%e@lﬁiﬁkﬁtsﬁﬁ%@tﬁi Mﬁ%%ﬁ%&%ﬁggFA#t@%emr
pa an ollow Fiber cartridge from. echnology
(o 5@%&%%&%@5%@&% 61836%?88‘? g arfas Bt ethe Fatifbrevere
méknivegh &vith A éridiweased Sd iNA65Th Bysteses: Piretleritdritnddyrinsed with
2 L of RO water and conditioned with the growth medium for the virus. The whole

system was drained and the hold-up volume of the system and tubing was determined
to be 6 mL.

[00157]  The Hollow Fiber cartridge tested in this study was A/G Technology's
QUIXSTAND™ Benchtop System, Size 4M column Ultrafiltration Cartridge (650
cm” surface area). As with Plate and Frame cassette, the apparatus was first flushed
with 2 L of Reverse Osmosis (RO) water (USP grade) to flush out the storage gel.
The cassettes were sanitized with 2 L of warmed 0.1N NaOH. The system was then
drained, rinsed with 2 L of RO water and conditioned by flushing with the growth '
medium of the virus. A constant Feed Flowrate of 600 mUmfn was used ﬂmougl;out

the experiment.
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selection were the ease of use, extent of concentration achieved and the
virus titer of the product. [001561 The Plate and Frame cassette used in
this study was Pall's MINIM system, which is a laboratory benchtop unit,
and the LV Centramate containing two suspended screen channel 300
kD Ultrafiltration Membranes (0.2 ftz each). Prior to concentrating the
clarified lysate, the apparatus was rinsed with 2 L of Reverse Osmosis
(MO ater @ sphgsE S nEH IS Y KBt Atiretter it dbsmrissabere
~ supitipeckwitie th dbwaited. (LONha QircchtetisyRtan svasgharasitaiaed,
rinseki, 2dal @ uainkRRE condlipnatt M BB mediyp for
the virus, T%e_whole system was drained and the hold-up volume of the
SSeEh Lh & disfipiens amsh i QedirsiosBHer GPmY Trise0@ow Fiber
Chiafidg entaSeptiy) 1k S.otHdy Was Avéhdrechpllogy s QUINSIANBDE:
BegaramRysish ralse:AM cWRRAUMAMILALON, Garidas (630 cm2
surface area). As with Plate and Frame cassette, the appara[trﬁs was first
fifiRsgnsits 2op! sreeiion. deprodist o fiatd frrsbegrasa aiflush out
tirelstirdgen gigle] eribasseitas (Perefisanilinechwition). LTHE wafdmeeks. IN
NaGInEl S B e WS R dFaaR, FRREI MR LRV aLS!and
conditioned by flushing with the growth "medium of the virus. A constant
F low ' used.throughout the experiment. 26
B e B e
- nhste by Shrcindpitcdnd S e serrieeblseentration), and
a sample was taken for titer analysis (Post I-Concentration). The
concentrate (retentate) was diafiltered against | L (5 diafiltration volumes)
of Diafiltration Buffer (20 mM Tris+63INE NaCl+l mM MgCI2, pH 8.0 0.1),
and another samplg was, @kr.lor IR RS R (RakPianration). The
retentate was futher concentmieehicrakotitd20 mL. Following the final -
concentration, the product was drained from the system and collected in
a single, sterile container (Post-final Cqﬁﬁé’},ﬁaﬁor})ﬂ;ﬁ;g system was
then rinsed withP4QsmL &fBrafiftration Beférllo ensurermaximum product
recovery. 100158T°The Prdces@i5arametiis-monitBHER dunkBie)- .
concersiyadion progess wiih?) bothudiae hallow fiker and plate and frame

systemg e Showh IN TaIe' L. o wo- 60 so 18 & 8
Fiber :

Plate 4 kY] 20X 260 450 54 12 92 ‘30
and

Frame

TMP = [(Feed Pressure + Retentate Pressure)/2 - Permeats Pressure]

[00166)  The Transmembrane Pressure (TMP) stayed at less than 8 psi throughout -
the hollow fiber process, while the TMP rose to 30 psi with the plate and frame
process. The use of more membrane surface area for the hollow fiber system

probably resulted in iess fouling of the cartridge.

[00161]  About 20 fold-concentration was achieved with the Plate and Frame
cassette in 4 hours, while a 14 fold-concentration was obtained using the Hollow

Fiber Cartridge in 3 hours and we could have obtained 20 fold-concentration in
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TABLE 1 Comparison of Process Parameters for the Hollow Fiber and
Plate and Frame Systems Average Feed Flow Permeate Process
Surface Concen- rate (mfl Flow Rate Time Area tration min) ml/min TMP
(psi) , System (hr) (cm2 Factor start end start end start end Hollow 3 650
14X 600 600 50 18 8 8 Fiber Plate 4 372 20X 260 450 54 12 9.2 30 and
Frame P - [(Fegd Pressuyre + Retentate Pressure)/2 - Permeate
e 2 OB 1 FHE A U R0TALp RS DA AOTBER Bt less
thest-drpis velnesuritiotitheneyHiotiolhfi betrup refdbe Slojiil Fillve aviRige sedo 30
peivdtiihenpliale andramCBIare Ihek RcUBR MW BiTREAINARE sYrface

area for.the hollow fiber system prohably resulted jn less fouling of the
o R R REBTE ST TR S S A P2 LR AN A the
Phatdlisgd Frame cassette in 4 hours, while a 14 fold-concentration was
obtained using the "Hollow Fiber Cartridge in 3 hours and we could have
obtained 20 fold-concentration EXAMP&ESGther 30 minutes. There was
45-50% loss of the product whep, eaiiypased to the post-lysis values with
either system. The set-up of the Hollow Fiber Cartridge was easier than

BoFe3fe anghisiame aacticythe inie dieRlow sl Cardoe s

more suitable system for ultrafiltration and diafiltration steps based on
eﬁ’é’é""ﬂ‘f‘”ﬁaﬁ%ﬂﬁ#ﬁ?ﬁ&ﬁﬁﬂﬁi@%q BT EKERSRYES P (B hMises have

dmmmmgeﬁddmgwﬂmm@r@meE&mw&@we&uses.
Thetsiareitis RASS 'Ql@c@lﬁﬂé&%ﬁg’@@ﬁiﬂg QRRRRE IANIR us pHs for

reovirus purification. Reovirus was produced, extracted and filtered as described

above and subjected to ion exchange chromatography at different pH. The titer after .

" each step was determined and is set forth below in Table 2.
“ :
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chromatography, and the conditions will vary depending on the nature of
the viruses. Accordingly, we tested ion exchange chromatography
conditions of various pHs for. reovirus purification. Reovirus was
produced, extracted and filtered as described above and subjected to ion
exchange chromatography at different pH. The titer after each step was
determined and is set forth below in Table 2. 28 TABLE 2 The effects of
_ion exchange Chromatography at ¥anbeg Titers 95% CI Corrected (Logse
Volume Titer X 95% ] . ample MB.; A0 Corectans TrogroTCo=wm!)
Spiking Virus Contr T‘IUWUTB’"O%“O‘Z?E'C%F[TTT@"IEITH of RE30131UIP

83520.27 - - Negative Control - No vifit fl&feEted ONC 101¢Bu#k harvest -

e Volum
- ONG.&%2, Post firation 9.1820. 36?&@3% éNQLj;’Q%a

pid gl
. Columr&&mgommmqm 5.0 8 9320845?::])‘91 8. 9&2 o 42 ouc 105, Post
ColumA7Bifdrgtation pH 6.0 9.18 t 0.2Y™9.18 x 0.40 ONC-106, Post
ColummpnSisamgrGation pH 7.0 -9.30 t 037«- 930 x Q.37 ONC 107, Post

Colum@@gﬁgﬁmQ‘QﬂHg 0 9,55 x /32939 55 x-0.32 ONE-T08, Post

Colummnddsakeiak SaBB3n 040181 8.991 0.40 N4 09, Post
Colum JMESAPORE 0 038 1081 9,182 0.36 BNC410, Post
cmum&wg“%? b ﬁ@&kﬁgé@ A2 8% (0.0 ONCIZI1SHon
Columigpie: e Yo#¥ QuBeGER.0, 393 980 t 0,371 ONC 483 0ust
‘Columnn @%ﬁﬁ‘ﬁﬁm 3030 s 038 108 8.16% 0.36 PRNE¥13, Post
ColumigStrofler feon¥o 40: B130 * 0530-2.01 5.36-2 037 ONAXL4, Post

Cqumra,N% ;é mﬁmf& 0402680 * B0 ONEI 13 Post

Colum@NStmlﬂglﬁﬁhm FuBu 2B t 08B =0M80 s G~35 4.80 % 0.00

ONC 115, P&t Colums, Strong Anion pH 7.0 7.80 =0.35 7.80 = 0.35
ONC 116, Post Column, Strong Anion pH 80 10.18 = 0.36 101 10.18 = 0.36
ONC 117, Pest Column, Strong Anion pH 9.0 8,55 =032 — 8.55 £ 0.32
ONC 118, Post Colums, Weak Anion pH 5.0 7.93 = 0.40 — 793 = 0.40
ONC 119, Post Column, Weak Anion pH 6.0 6.68 = 0.40 — 6.68 = 0.40
ONC 120, Post Column, Weak Anion pH 7.0 8.30 = 0.37 102 8.31 £ 0.37
ONC 124, Post Column, Weak Anion pH 80 10.53 = 0.36 103 - 1054 = 0.36
ONC 122, Post Colums, Wesk Anion pH 9.0 893 =024 1.03 894 £ 0.24

[00163] - Accordingly, pH 7.0-9.0 resulted higher yield of reovirus than other pHs.
" The pH used in this step is preferably 7.5-8.5, particularly pH 8.0. Although both

cation and anion exchangers worked, anion exchangers were generally more effective.

EXAMPLE 4

Scaleable purification protocol

[00164] Reovirus is an enterovirus that specifically linfects cells with an activated
ras-pathway. As the activation of the ras-pathway is a common denominator in a
wide variety of cancer types, reovirus serotype 3 has been shown to cause regression
in a variety of tumors in cell line, animal models as well as in the clinic. ;I‘o meet the

demands of producing infectious virus at large scale for clinical phase IV/III trials a
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ONC 116, Post Column, Strong Anion pH 8.0 10.18 s 0.36 1.01 10.18 a
0.36 ONC 117, Pont Column, Strong Anion pH 9.0 8.5510.32 - 8.55t
0.32 ONC 118, Pon Column, Weak Anion pH 5.0 7.93.0.40 - 7.93t 0.40
ONC 119, Post Column, Weak Anion pH 6.0 6.68.0.40 - 6.68.0.40 ONC
120, Post Column, Weak Anion pH 7.0 8.30 x 0.37 1.02 8.31t10.37 ONC
123, Pon Column. Wea i H &0,10.53 t 036 1.03.10.54 7 0.36 ONC
e S e R U Bl e S B P s 0 6 or03
ACESFIRPRYRP! P fully ocaloaide REG I PRIbS Iwilior e ofiartith aivs thiem pells
T:WIW-U$E£|%H hispSieRds: pﬁﬁfﬁﬁﬁbﬂhﬁﬂuﬁrﬁiﬁrﬁa&tmﬂ%ﬁﬂ%%ﬁ:ﬁan@

A - ion i angers,warked, anion exchangers
were %%%grr?a 3%%%%%%%?\%&%%@%‘%%% bsug}raeféabfepﬁo Urimcaton. o
priRde s 1D BEshipRaRAfTaIsEMh R AtERERA fo Srefvc dpeim A MY fardling ddts
withegallaativaipdf trpiaatray 565 the activatipnoftheHasnatuway is a
?’S’ reovirus serotype

: DA ot o
CoéIHEPJé&WJ;%%‘H S WIFISHYRLNE é’ez?mﬁ%%g:ﬁ §Y4§ mors in coll line,

3 has been’shown'to cause regression In a Variety
ar?;n I mLQdeaLs as vggll as in the clinic. To meet the demands of producing
. aterals and me .. . . .
infectious virus atTarge scale for clinical phase R AU trials a 29 filtration

"a majQgraphy base rgach was developed. We repast here the
dgggigé en@gf”'ggftﬁyw %c,’%i%gg%p?%%%%?ﬁ?%e@% fiffCA0SR B 4kBve virus
frotmpéestr tfitemterT prel finetiontasrp roblesssdoam Sistiontalieeitir &t SdNEep,
arErE0/REXERENG hnPhY WMo ARE 8 SMPpEERHAUMREN QAR
buglf)t;:-rmlge rlg)cr%%a was I%(galed- 'té) a 20 Ilter:é)ﬁpre%ﬁcé%; S@Ie and
trar!s?eyre B ﬁro uction in a ?a(?l'ﬁtgy. ECoveraltted R bf the
pr8éwsE8es: 509% and the final purity matches.material produced by two
sequential cesium chloride centrifugation steps. Materials and methods
[0 84l Chidih vgFapihSDEIIAGRivationlewperibteintd frandivitraganard-
Algtz fsxrdl orasH Qs systaneansh ackiopamers ealiecied Manliacioh. An
cos!lect L E[%c d%S(%.H %J\/foﬂ gSO,uZGOt%gdﬁZLS rim asw Il as, conductivity
and p p?—% were ro?ﬁlne%/ Phonitored: A ¢ r%nrﬂra't%%Fﬁp Hetia and

instr ntatijon was ohtained from GE Healthcare, -Biosciences. .
?&(HT’?? Eul? lcnga'n rzgn%ow marker was used as a sizing standard (GE Healthcare,

Biosciences).

[00168]  Staining of SDS PAGE: Silver staining reagents were obtained from GE
Healthcare Biosciences. Colloidal coomassie stain was obtained from Invitrogen.
Manufacturer's instructions were followed for each of the staining reagents. The
development step of the silver stain was held for 8 minutes to overstain the gel to

ensure that remaining contaminants could be seen clearly.

{00169F  Western blotting: SDS PAGE gels were run in duplicate so that one of the
gels'could be transferred to ECL Nitroceliulose. With the exception of the transfer
buffer {Invitrogen) ali.reage_nts and blotting apparatus were obtained from GE
Healthcare Biosciences. The gels were blotted for 40 minutes at 45 V at 20%
methanol. Completeness of transfer was checked by transfer of the stained marker.
Membranes were blocked in non-fat milk (Jocal grocery store) ovemnight and
incu.bated with a polyclonal goat antibody diluted 1:20000 in non-fat milk 0.2%
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[001661 SDS PAGE: All SDS PAGE materials were obtained from
Invitrogen. 4- 12% SDS PAGE gels were used and run according to
manufacturer's instructions. All samples were denatured for 10 minutes at
65C prior to electrophoresis. 1001671 Full length rainbow marker was
used as a sizing standard (GE Healthcare, B iosciences). [001681
Staining of SDS PAGE: Silver staining reagents were obtained from GE
HESRH BB BeEiBREdI*C ambiie ik asesi8Bialveas. Bhteidguifrom
Invittbgred wilanwdacisral mingtaeiRmanerd, (Siews d: forieasis obihe
SORNLERACHIS TG GV RIERICINEIER PLICRR gL stAIn was feld for &
minutes to overstain the gel to_ensure that remaining contanmiRgtits could
&SRB forRr RSt e Inguctiens Tibtthinys Serstien aposs soerdairun in

d Bpinmiel sghiltah dnc Obdbmdgdl sbauidhaiansdered MnEeds developed |

Nj ' j r ufter (Invitrogen) all
e o B MR e Ry R
BIBEEHEN¥s. The gels were blotted for 40 minutes at 45 V at 20%
methanol. Completeness of transfer was checked by transfer of the
stHE@imarkdA ispletionr Sl areaneEred fATRInERR Mk tiotiohgfdoshy
sthea) DSHIGhhaRGS kck batashwitih RIVAWRIgaLasayNttRody diluted

1; ' - [ v T Blots were rinsed 3x 5 minutes
R e n BB

afffasarateeie aftt sayprsieifd)ah 1.miodce Brel v Ansddbs
défieribedabod ndnpificsiamaippaderth ECL detection reagent
according to manufacturer's instructions. The blots were then exposed to

K pgat |Bi FM@&dsigm ﬁleﬁé@hﬁ&ﬁsm,sm&umerUﬁ%%@k and film
W. veloped, man Wit X develope ixative (Kodak). .
aégéo |rﬁ%°?oar£§/§r$§§%ft%&slogﬁ§$ ¢ |olﬁ§.5$gﬁ‘{%%d%@ |1§'§I§\’ffb (’:ngﬁlr'ﬂﬁles
wEIRHrEsa G E B ettt Rigsgienessl atian : 690 fRusiiutiomand 6056ralyeamhp?d of
eadiwhinchphcdiitr RiMAW Iz 800 AmbioiGE Tlas it EfRclsRES Rigtace! was
fOJL%%QQM@ pellets were resuspended in DEPC treated water to a
final volume of 0.1 ml. 1w! of each sample aswell asa 1:10 dilution were

s 9] amplCRlon PR RC Ry [N/ R9R1RR S Ak gRbp st of
PCR samples: PCR reactions were
scanner at Ethidium Bromide settings at 650 PMT setting and normal sensitivity

setting at 50 micron resolution. .

[06173]  Sepharose, AKTAexplorer, Unicom, HR, ImageQuant, Vistra Green and
Typhoon are trademarks of GE Healthcare. GE Healthcare is a trademark of General
Electric.

[00174]  E-gel and Novex gels are registered trademarks of Invitrogen Corp. The
Polymerase Chain Reaction {(PCR) is covered by patents owned by Roche Molecular
Systems and F. Hoffman-La Roche Lid.

Process Development: Description of the starting material

[80175] Reovirus is a non-enveloped, double-stranded RNA virus with an

icosahedral symmetry and a well known protein composition. It has a diameter of
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analyzed on a 4% EZ gel (Invitrogen) by adding 20 ml of a 6x loading dye
containing VistraGreen (GE Healthcare, Biosciences) at a 1:10000
dilution and 50% glycerol. 20 ml were applied per well and a 50 bp ladder
(GE Healthcare, Biosciences) was used as a sizing standard. [00112]
Detection of PCR bands: All gels were scanned on a Typhoon 9600
scapner at Ethidium Bromide settings at 650 PMT setting and normal
sensiSadalgasd Ha e 3&1{}6’& R Fheayrsmsid which wil
Amﬂiﬁmrmﬁhﬁmagémawmmmmamdnﬁwmn are
r&%k&&&%ﬁ !;4@@'&95@& rdekn eGSR Al ademRar ot ﬁﬁ”%@'

Electrlc 00174] E-gel and ovex gels are registered trademarks of
InVRPSY ’ﬁ"é‘i‘b"“l‘ﬂé’aﬁak?ﬁ‘i?fﬁé‘é @Pﬁ?ﬁ*ﬂ@%‘g&fﬁﬁ‘ﬁ\ﬂéﬁ‘ﬁ%&dﬁ%@d%y
paianwpwmdqbyfﬁiaedaﬁekéﬁiaeutan@ymm&wm&hﬁ'&%he
Lt%u c{ggesds Deve 8 merlg:o (?)%S I‘IR n of the tartl material [00175]
REOVIIUS 15 & non-enve oape Jdouble%iranded RRNA kustrW}fﬁsaﬁ
|cmma1@wm@wm@ammmmmmmma al

diamueienife BleBRPopRth AsBOlCHANSIIRL Al e L 28 milligngalion.
The oute %ﬁl\%s'd whic, II determine blndlﬁ? behavior of the virus to

chfSTSEbYrehP RS B 0 SPRISR O b (B REPERE) st Y femies of
capbidproteacdibingtdf alrmﬁteeuféﬁv\lb@gﬂtfﬂfpﬁﬁ/ﬁd@amﬁﬂmmm%ooﬁz
MaRLAEL SARSIR AR ARARAES LIRS QUIRE &égﬁ@&%gg}&&%%?k? re

actually'made up of heterohexamers of 1a3. | dition 36 coples o
mikig® batereapadidttiParsie sfeprmritrii Gl surface as
homotrimers. al mediates viral attachment to the cell surface. The three
.outtidabsid/plerammisianchiar merssRavdossene srepuinedes Bilows2Aand
6. aqas@w?aiwmaeﬂme@map@im &m&ﬁt&@h&@%&@ﬁi%&fuh&@ﬁ@@r?
60 s.of X2 ers).an 4 i The core.consists o
12@%@‘%5 o talm E? Rﬁﬂgi‘ erade an c]})spwee? vﬂ‘ f?oggn% Or
cofRddpérers %&\ﬁ sellyreims ﬁ§ %Vé PﬁB?é’@h‘f&ﬂ%Rjﬁl’s"éPép P mradanian0
kDaasi .t veqaiaropiracietyr 8ooRBEr ndh & otmmmm@k%é&m@of

[0Q378)Alraissial paed ie&em&&m@%ﬂ??ﬁreﬁmwﬁgg g&gg

follows. A 20 liter bioreactor was inocculated wit
celir Pl sAngitation of the crude lysate was adjusted to { mM Magnesium

Chloride and digested with benzonase at 10w/m] for 1 hour at 37°C and 120 rpm. The

material was then filtered through an 8 micron filter followed by a 0.8 micron filter.
The material was further concentrated and buffer exchanged on a GE Healthcare
Hollow Fiber cartridge with a molecular weight cut-off of 300 kDa and a total area of
4800 cm’. The material was exchanged against 5 volumes of 20 mM Tris buffer pH
.7.8, 25 mM sodium chloride. After diafiltration, glycerol was added to a final

concentration of 10%.
Parameters to determine an acceptable working range for reovirus punﬁcatiori

[00177) A stability window for the purification of reovirus type 3 Dearing was
indicated by the following references (Floyd et al., 1977; Floyd et al., 1978 p. 1079-
1083 and 1084-1094; Floyd et al., 1979; Drayna etal., 1982). Based on the literature

it was assumed the chromatography conditions over a pH range of 5.0-8.0 and at salt

3z



medium containing 4 mM glutamine and phenol red. Cells were grown for
2-3 days and infected at a cell count of 1 x 106 cells/ml with an MOI of
0O.S. Virus production was allowed to proceed for another 2-3 days. The
cells were lysed by addition of 10% Triton X-100 to a final concentration
of 1% at 37C for 30 minutes at 120 rpm. The sample concentration of the

crude | tew S sted Io 1 m]M. Magnesium Chloride and digested
with' enzé%nésse aqdéf}‘# cfgg)ﬁlfl SFIYE S REISD e g material

W%Wﬂﬂ@éé%ﬁ@@@&i@ﬁ@%lmtfﬂtbnwﬂmmﬁ Semigison Biter.
Tmtmat@ﬂam@aémhaas@eaﬁ@mm@d&ﬂmm&%ﬁé RANASAORAGE
gm re HoII wFllgl_f g%{ld e |tgn§enmolecuv§ WEI%ht cut-off of 300
R ana & IIarAres B RATe SR & Han e SRSt 5
voitiprée w@@%m@%f@ww! V8 259 rrdacstochll ivitronigesvadter

disggfsgam olreaie mimdﬁgm@fmdqms%@@ﬁ%&féﬁ%on viral
etaer{g dgﬁ n accept agle Worklng|n ange for reovirus

pur| ication oﬁy window Torthe purficaabitreovirus type
g was |cated b win erences (Floyd et al., 1977,

Fi %j%g alvﬁg g{;ﬁ r?él' iﬁggﬁ%éfeﬁ}éw’é?%mi@ﬁe%na

et(ﬂp)"iéﬁ%) iB’éﬁsedQﬁMﬁPéfﬂlt“émmm ait, R hsSurpperthiepLbf Oiharaphy

cmﬁm&@ummm&ﬁmﬁ@m@%&@h@%ﬁ&m&%}m@? iy
0-2 M sod P}Iorlde would be adgood startlngél range. Aggregation and

condifons %ad[a%ou DS R A Y BB AR e dges LY to
b&%yeAsiuekdess Brdedldprerbayata Thints tiw Mmmm:)em witisthssumed

thalkaigivewbnaav: iR PirkOOaier e the BllRARKeR\FRIANS 0Be8, 0125 -2

M,sodium.. chlori uld ceptable, Glycerol was also.added to all -
R R R B TRPbR o PAMBRRG have
a’ﬁ%l‘?ﬁﬁﬁé t&f@wéﬁwh@ﬂ%twww&ﬂmmmmm ofevatUs by
aggﬁggatimmmaﬁ whdrtestaidiotR0doBirdshianisp pleEIHC BRINIdASH Hye Virion

e e literature at., 197 1084-1
Taylor et i@?%tg?g é‘dtgons arent pl o igog% 5[ Ris §n81eetr4?|n&?8§ed%§§|ng
CHPBATABIBEL N tdoartiensiaTeRigebisolestine ahérusvo most

albdediaity npajofreaiipiialei pewhieotimgntipenhil adiNgp&igMastaadimu t

haysya much less acidic pl (see above). This is also in better agreement
with the adsorptive behavior of the virus to dlfferent ion exchangers

(GRielp b Bl stAfiby The

[00179]  Ion exchange (IEX), hydrophobic interaction chromatography (HIC),
heparin affinity chromatography and immobilized metal chelating chromatography
(IMAC) were all evaluated initially. o3, one of the two major outer capsid proteins
does contain a zinc finger motif and IMAC was therefore considered as a pofentiai

capture technique for this virus.

[00180]  To determine whether the virions would bind to the different type of
chromatography media at all, the virus was also group separated on Sepharose 4 Fast
Flow to remove some of the main contaminants and to exchange the viras to buffer
conditions more suitable for binding. Both Sepharose 6 and 4 Fast Flow were initially

evaluated at bed heights of 20 cm and linear flow rates of 150 cm/h. Sample volumes
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discrepancy is most likely explained by the fact that chromatofocusing is in
many respects a 2 dimensional technique measuring charged domains
rather than overall charge in solution, whereas microelectrophoresis may
produce some deviation by modulation of buffer conditions which may
also affect experimental outcome. The use of magnesium salts in buffer

fogry LipasdiasIAvYRIdteAs R HasHnR AV RIS, WRgyfreezing in
the presence, of magnesiym has been reported (Estes et al., 1979). Initial
MBERA-ESE5 ) L P00 T BRe A SR R R e e
chrahiepbarap i Fisd v hasparnchifiitiingih b st Gaphiloandlion detiized
MGk ENBIALNG: SRIRM AP HEAR MIUMAS WG aH HMB!ssue dinilialinmas.

one of the two major outér?cts:%g% roteins does contain a zinc finger

d
i 2t s B LIRS depers heToteligrh i o notbe
testpriggsred by tdibtudnues spOCHB 04 fylclstehrmihe Aviypitabcithewstisipas afeuld
biggdeepaneiiferent MMRG OhALKABAARD D6 BeHiARL AkatPEIMS UsNAS

also group ﬁggra}ted on Sepharose 4 Fast Flow to remove some of the
a

is shown in { < - .-
.main contamihants and to exchange the virus to buffer conditions more

suitable for hinding. Both Sepharose 6 and 4 Fast Flow were initially

evEtiiidd af BeR RETGFRECRLR AHfTSIRRIRYET Bt RarebT A5 cRIR.
Saraghdcationyesi8Ss) aiidbs30% (oflfepyiummtionclihegwersupppliedsds the -
sizgigxelpsion limit of Sepharose 6 Fast Flow is in the range of 2-5 million
dalton for spherical molecules and Sepharose 4 Fast Flow has an

exgiion I it Qf Abaut 2R il .the - offer ter
resoluti%ﬂ arggrgénce aII%f\;%lvsrl(—;aé1 %ﬁﬁ%ﬁ%’égﬁt‘%’é& E’%%ﬁéﬁ umn

vollri ARt an ka4 b SrehpesnEadiny abnbde e ree he YT
coumlderiagt dibnslingt ek doy additiod DI.sTleardditsnsihy/ ko etiyyme lgifcol

tym@a&%&m@;&&%& RifR-SenAALIR MiNeSAdingFRLeial oR an

H 5_20@@&%& se 4 Fast Flow column is shown in Figure 1. [001811
CAfISTPEHRN JLHEta were tested over a pH range of 5.0-6.0. Both
weak (carboxymethyl) and strong (sulfopropyl) cation exchange groups

wePlifdka (Falgiwe. Sinqond Aeenetimniburd Bhentismmeiasehiey Vaus, -

godeb lbistekirfgr dintdiegufulsewimss with SEC pre-purified material. However, at both
25 and 50 cm/h sample application, no virus was retained on the column. Heparin
Sepharose 6 Fast Flow was also evaluated at different salt concentrations with
prepurified virus, but again, no binding was observed. Fractions were énalyzed by RT

PCR as described (Spinner et al., 2001) and by Westem blotting and SDS PAGE.

[00184]  While all HIC columns seemed to retain the virus to some extent,
selectivity was poor and losses due to precipitation, even when sodium chloride was

used as the lyotropic salt, were high.

[00185}  Different anion exchangers were also screened for selectivity and binding.
DEAE, ANX high sub, Q Sepharose Fast Flow, XL and High Performance (HP) were
all evaluated for binding of the virus. Selectivity seemed to differ when the SEC pre-
purified material was tested (Figure 3).
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observed both on SP and CM Sepharose Fast Flow at pH 5.6. However,
the UF/DF material did not bind at all, even at a pH of 5.0. The addition of
2.5% ethylene glycol helped to break up aggregates that had formed and
allowed binding of the virus but decreased viral infectivity. (001831.
Calcium Zinc and Magnesium charged chelating metal sepharose was

fbaieted IRiRaging of SR SR Jrspudfien uatenal - or

However at 25a d 50 cm/h sample ap |cdt|on no-

re BTSN tH58-cBRsTre i Beront Dioprearbe T mewa@am for
ewaiuﬁtenbmbﬂtﬁﬂpeint salt concentrations with prepurified virus, but again,
no binding was observed. Fractions were analyzed by RT PCR as

deserihrelics BINRELRbDEMRY apiyiyestern blotting and SDS PAGE.
[001841 While all HIC columns seemed to retain the virus to some extent,

Seleniiviy Was RERIaH Mﬁ%ﬁ&xﬂ&@%ﬂ%ﬁ&ﬁ?'@ﬁ@:’ég RGN WREA FpdYM

id the | It, were high. 1001851 Differerit
RS S e e e et B e, ADBAE,

ANWﬁighoserbbl@aeepmﬂgé%@pﬂbwmxmmmgw@émnmmm@c@)
wamngmlam@e@aefqp Rinding.ai ﬁ'fg%éflftﬂé sé%ecmtxpﬁﬁm?ﬂ gQ ghfer
Wheglatllpsu%e GBS, Su&}gleq( tette él%}aure 3)..34 1001861
ARION eXChange se %6Be M robu Wi AR o fopH 9frst
pu?#@é%h‘@tép’dmémf@wddlfferent anion exchangers were evaluated

further for purification of reolysin. Optimization of the anion exchange
calffif8lste pAOBIBT LT e i Eldnlamicamed phanpiergplale adffco fasatio

dl@&ﬂ@@&&ﬂﬁﬁﬂ\ﬂ%& =& AIRRTE Whs WG BASL m@dﬁﬂl}eﬂﬁ%&&r
ggeratln%la |r %%tg ¥As the vir s is not stable above ag’? of 8.0,
a n

Rl mlcro wironme n?(‘}ﬁ"e% B eguplRRy BMRRTE Maybe up
toh%%pﬂ?#ﬂ@ae&ﬂhé@#ﬂp@gbwmhwdaﬁoaammmam naiphebeads

SUPIEYHRASEEDENETQ kﬁptzmdawmmerlmt%am Big A RlEELIo a
p ? 2 with dilut ochlo |d |'m9188]] S selectlwty in Tris-Cl
e i

Py eame 'poor, 6’36f?affe er WL 8 vl aRRL BB AT Bfting
aﬁaagék%ﬁﬁﬂw&sbmbmﬂw%we@ﬁph@gpharebb@:ﬂegh(@@@ﬁot
showin)inddi @div eath e saninadianiexeB aRge e also compared for

[06189])  Q Sepharose High Performance was therefore chosen for further process
development of the first step. Elution of the virus from Q Sepharose HP with a linear
gradient to | M sodium chloride indicated that the virus eluted at 6.5 M with some
residual contaminants eluting earlier in the gradient and some additional contaminants

eluting late in the gradient.

[00190]  Different step concentrations for washing, elution and regencraxion were
evaluated. Optimal conditions were found when the column was washed at 0.24 M
sodium chloride (virus did not elute until about 0.26-0.27 M sodium chloride), elution
at 0.5 M sodium chloride and regeneration at 2 M sedium chloride (Figure 5).

(60191]  The step protocol allowed concentration of the virus by a factor of 8-10x,
and both titer as well as Western blotting and RT-PCR indicated recoveries of 60-
70%. A cleaning regimen was also developed and a combination of regeneration at 2
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binding capacity. Early breakthrough was observed for all of the 90 micron
beads (ANX high sub, DEAR, Q Fast Flow, and XL) where material did
breakthrough after 1-2 column volumes. Q Sepharose High Performance
allowed application of more than 12 CV of virus before breakthrough was
- observed at 5 cm bed height and 50 cm/h linear flow rate or 6 minute
residence time.(Fi 1001 epharqse High Perfor G S
thyé?(%%mcﬁ@%%&r? %%Eﬁl%&%?é%%%%@(gp{rﬁﬁ#&%fh@?ﬁ%’?g%zgﬁ ution
of e sisinrainiley Spfisro sipyedhira addiionag Peient 2d4sadivodium
chipridiacindicated fa-theyillos el fideasdrH M it empaciresid altion
contamipants elyting,earlier in.the aradien ome additional
co r%%iﬂ%%t?%%%ﬁ&Igt%%lﬁa{#llécxgr%a%g%gtﬁ% 19015 1% rg’r‘itgs Z p
cONBERIL B8 SRARHM TR s e Blesr atibh wefieand 20 garbed
O ptiglaves BRMONDesecta idiRdat the balitruiaiagysas) ewbgz; Os2%M
sogl] ride (vi ' t i -0.27 M,sodium
R A S e S Lo
sotehinerd drte dratifgraialordudiet The step protocol allowed
concentration of the virus by a factor of 8-10x, and both titer as well as
WeéztsriPblotting and RT-PCR indicated recoveries of 60- 70%. A cleaning

regigie oMy 8 RISH dencinpn GRRthgGarghintion of regeneration at 2 35 M
-sodium chloride for 2 CV at 50 cm/h followed by 1 M sodium hydroxide for

2 @yiey 25 @waﬂa‘moqmg/mximaﬁ;@u%aqswd R aplditanal ;Zfa CVof2
M i ride at 50 ¢ in up-flow allo ull recovery of column
cagggﬁy%%ﬁgg |ons°pﬁr3ﬁﬁe[p At not %\ﬁ\{g\rfvﬂr‘])\.ﬁﬁg %Fﬁfé?gcﬂgﬁ%ﬁg Wére
higmenebigysepilisal sienasntatioriagroug sephsaniols eppBufhabreinweemst
Flevadoabthernd Beaedy Orasthach pRIgRNAsERasen RWRIBRCARJiral
Purbation And DlIBLEXERARaE SieRudRfo Soda ol e total column
vaiime could. e applied un r'these conditions and the virus was

e ed into final formulatign buffer. Scale-tip Eightfold scale-up of the
o S PSR SPGB I i PR SRRt G
provsdy ahstecef 8ekuFigsiiritefarfxIRAT mrepndfigbyinsrose pitfied with

Partossaasel paliu Ahparameterserds inapdagidence time, volumes
applied, step concentrations and mg of sample applied/ml of resin were

[60194]  To reach the same final purity level as for the Cesium Chloride gradient

purified material, the group separation was also scaled ten fold. The elution profile of

the ten fold scale-up of the second step is shown in Figure 7.

{06195}  The purity of the final product was comparable to ;the gradient purified
material as shown by Silver stained SDS PAGE (Figure 84). The two step procedure
also generated material at a higher concentration than the gradient purified material as
shown by Coomassie stained SDS PAGE (Figure 8B). Western blot analysis
confirmed the identity of viral bands and allowed quantitation of the virus recovery
for the overall process. Overall recovery was > 50%. This was also confirmed by the

titer assay (Figure 8C).

Summary of Example 4
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kept constant for scale-up. The elution profile of contaminants as well as
the viral peak were almost identical during this 10 fold scale-up (Figure
6). [00193[ The process was scaled up further for a pilot plant and
subsequent GMP runs by a factor of 50x. Five liters of a 4x UF/DF
prepurified virus were purified with the developed process at comparable
ies nd . 1001941 T ame. nal level as for
ﬁg Gilum%@%fg |Pa Srsit"vf‘:t)surl Ygd) I?naFerl pgrou% S‘Je% {fation was
a@w@e@ﬂédxr@ﬂélwawepémﬁeﬁ%ém@léf E‘tﬁeq%ngfefd!@”@mtup of the
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-stam:lﬁ)gﬁmasﬁi@t shdineend R Rbyehitiguwee: 3R Ve aiaemddlehd
hsealmetisdeninehuglbands andalaned Juaniialon o
thé’ Vvirus recovery for tthe overall process. Overa recovery was > 50%.
TRiSapsiehiad @éwmaﬁ?w&f%@a%afy%a A8 B@')agamlpﬁ AR
Eii@éﬂﬁﬂﬁ #hBBJQMIOALI potification prpcaEaivasdavieldpeddarithent
pur ication of I v d.
B e s A Sy
th%f‘)&tﬂi‘)g‘yei%ﬁ&‘ﬁg@%d%‘i‘f@ é&&&gfbﬁfa’i‘@fﬁ%ﬁ feehtsicb Fsmalicr _
plbﬁ'ﬁ!:&fﬂfﬁﬁsai adbihdiapiagicial yragitvieniljastibeifduetitarin bditbdeasaenf

'H%ct&%@%&ﬁfb’a ipan ?%@ﬁb‘&%ﬂ% Ffee ROEHSRRer than Tris

chr mat as a first an second stefg respectlvely were carefully

scsehE n@“’BBFFFﬁ'if%‘ach"&fl&RFﬁ Hyinstbsris aplisPotsErd Sipadndin
attentiaif raaseppid fplthcabasoiptionidinondibg alptienoé tegpflaiuratds fasthe

firgfsheR A alfs.in he samplig.daiection and isocratic elution of the

secand step. Binding capacity for the different anion exchangers was

eyahigigd, %dm@gwe HJ“&%%PA%P&%%&%&@ RRIIEIES fu bl RRLN

6% agarose media, and >20 MDa on 4% agarose media, use of a smaller

bésiememahe ?Pfétﬁﬂﬂﬂﬁ‘g“%‘a?ﬂaﬁ’fﬁ? %ﬁﬁﬁ%ﬂ;‘}‘f&%ﬁ@sﬁé’&&&?&ﬁ Fhout
bead oiapidie rTibsevfdctey wiSnandsSyrespadite fnalfeysé ius
%Qﬁlﬁ'g@‘:ﬁ( RhfTateties Wald s das echitieh ORVe R GHELIRRIEE Yt

en elutlntglhthe virus and also seemed superior in
exchange of the virus to the final formulation buffer at the same time. Final titers

were high enough to omit an additional ultrafiltration step due to the increased
capacity of the ¢ Scﬁhamse High Performance media. No negative irnpact due to
potential backpressure issues when using a 34 micron bead was observed upon scale-
up to a BPG100 column. The pressure drop over t!‘xc bed remained below 1.5 bar

during the entire sample application and protocol.

[00198]  However, inconsistencies in capacity were observed upon scale-up due to
varying amounts of phenol red in different baiches of starting materials and when low
titer viral starting material was used. Under these conditions some of the viral
material was lost in the wash step, and losses could be as high as 50%. However,

better control of the quality of the starting material, allowed to recover the
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terms of recovery of biological activity. Additionally, the use of magnesium
salts was avoided in the diafiltration and elution buffers. [001971 An 8 fold
scale-up showed that elution profiles were reproducible upon scale-up
and that the step protocol allowed recovery of the infectious virus at an
about 60-70% yield. The second step was necessary to reach the final
pur| I%Iwrus tgurlfl twrc()) consect |v%ocli§n3| zkglent ntrl{}]%g]tlon
S eps ar'il 5 I?owe(ﬁlg1 [ exXC ﬁesnge 0 ehe vn'ﬂs to inal r’?‘nu
bBfféf%t the same time. Flnal titers were high enough to omit an
additional ultrafiltration step due to the increased capacity of the Q
SHehfbse InigimPeisforeritaeiondina po:heagativeoress &ut leige-scelpotential
bAKRHESRIE RS YRH bind-abRAJRisr ondierdias: e salived upon
scale- up to a BPGIOO column. The pressure drop over the bed remained
b8I8%¥*5 bar during the entire sample application and protocol. [001981
However, inconsistencies in capacity were observed upon scale=up due
tow%??/ing XaTisunregiseians rrd yaratans b dnanibedgretbaditnd AEftials
anftieriereddon Wb by elastar tinawatelial ivds agedihidndepitipgdom the
CQRAILORPs Pmaa@ﬁ%m&! Anals &@M%@Qﬁ&%&@%&é@é&%&m ind

losses could be as_ high as 50%.

wever, better control of the quality of
tHEO ST A RPN f&P&E%ﬁH%SWBéﬁ&}%%ﬁ& %E :
purifiotito s ploced shoidalods sodtnlydraikd to timb Apitiaficeniiddomes.

pﬁﬂﬁ@éﬁ v%ggrkgx%gdtﬂc'ﬁﬂms Heigd Qg%ﬁ%@ﬁé%mwfﬁﬁﬁw&%S for
e-Sca e reoviru ono a.l om to.that o
AR e eSS SRR R & et e e e

vapi%tmns @fithe described method and system of the invention will be
apparent to those skilled in the art without departing from the scope and
spirit of the invention. Although the invention has been described in
connection with specific preferred embodiments, it should be understood
that the " invention as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the described modes for
carrying out the invention which are obvious to those skilled in the art are
intended to be within the scope of the following claims.
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38 WHAT IS CLAIMED IS: 1. A method of producing virus from a culture
of cells, comprising the steps of: (a) providing a culture of cells which has
been infected by the virus; (b) extracting the virus from the cells by adding
a detergent to the culture and incubating for a period of time to result in a
cell Iysate (c) removing cell debris; and (d) collecting the virus. 2. The

gi)%qﬁ ﬂg}geln the cell debris is removed by filtration. 3. The
metho claim I'wherein the cell debris is removed by step-wise filtration
cqmpris f|| r| throu refilter hayin Rore size of 5M or 8
pcl\i/l an(j\ &Séﬁ?ter}e terstep (%%hrouﬁ"ﬁta }:‘S?n BisREH R b AR e pore
sizes of(23 pMP&?W@BW“Ke Titelinwitrbchet etairinfeoiticbpitetmzvsell

debris 'Wm%@dthgsmmﬁOMWUéﬂsQ@WW&QgM%% thraugh a
prefilter havin are size of 5 JIM and (2) filtering after step (1)
through a f|Itegxf?ia?/lngﬁgI otPé % zcgogf (? témpl\/f) %Sullﬁé‘) %8%53’ 8t claim 1
further é8mpritsmg igHdi s lysate with a DNA- cleaving enzyme. 6.
The methpd ofstiadmm@hidrthes, comprising concentrating the filtrate. 7. The
method of claim 6 wherein the filtrate is concentrated by diafiltration. 8.
The method of claim 7 wherein the diafiltration is performed with a hollow
fider carthtiggthed a{glambrkariy brsehidus drremacd RDHIeionhe
method of claim 1 wherein the virus is a non-enveloped virus. 39 10. The
method Aleclalibd SORIR'D TR B dBR Rl deZRomeinad of ciaim
10 wherein the reovirus Is a mammalian reovirus. i “method of claim

| N REPRiRORN S nmalian reovirus is a human reovirus. 13. The method
of claim(1R wHeteingtedogimanefieyubns pearebnd SuNIdss 14, khe

method @f claifid M HRFSIE T BRI P e SR Rt AR BRI

3 M and 0.8 pM. -
4, The method of claim 1 wherein the cell debris is removed by step-wise
filtration comprising:

(1)  filtering through a prefilter having a pore size of 5 uM or 8 ;M and
(2) filtering after step (1) through a filter having a pore size of 0.8 uM.

t

5. The method of claim 1 further comprising treating the cell lysate with a DNA-

cleaving enzyme.
6. ' The method of claim 2 further comprising concentrating the filtrate.
7. The method of claim 6 wherein the filtrate i's concentrated by diafiltration.
8.  The method of claim 7 wherein the diafiltration is performed with a hollow -

fiber cartridge having a molecular weight cut-off of 300 kDa.

9. The method of claim 1 wherein the virus is a non-enveloped virus.
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15. The method of claim 10 wherein the reovirus is a recombinant
reovirus. 16. The method of claim | wherein the cells are human embryo
kidney 293 (HEK 293) cells. 17. The method of claim 16 wherein the HEK
293 cells are grown in suspension. 18. The method of claim | further
comprising purifying the virus by anion exchange chromatography. 19.

. The methad QhlRUPl i hehEAMBESIAG RYrifing,the virus by a
combination of ion exchange and size exclusion.chromatography. 20. The
method of claim 19 wherein the ion exchange is performed using an anion
exdhandee Béthdhet nisth bl wifectaithe kBowinsin thevoniexebange is '
performed prior to the size exclusion chromatography. 22. The method of
claim 19 wherein the ion exchange and size exclusion chromatography

artcarrfdy BEHRGREClaiR d A et the Mamalian 0 Wrus fina Em o Raim

19 wherein a phosphate buffer is used in the ion exchange and size

exglusiof,CHOMARELRRNY: 3eriiemieHed o vlaim Z@ggﬁf?%&@?

phosphate buffer comprises 50 mM sodium phosphate, 7.2.25. A
composition comprising the virus collected according to claim 1. 26. The
cdhpostiensfokimcivibishdasis ditadsiotor Slimsdtuadndin Beaignt-di.
The composition of claim 26 further comprising a pharmaceutically

acceptahle excipient and/ar carrier, 28." A method of producing infectious
oAl 5 AT (VIETA B GRS FAEROBBAAEIR M s

been infected by reovirus; (b) extracting the virus from the cells by adding

oqXyNehd-Riol e ihmOaieiR e laguRatinehal abayl 2RGjo @btk
' 3£%g(gcgutsreating the mixture from step (b) with a DNA-cleaving enzyme;
(dyr

moving cell debris by filtration; (e) concentrating the filtrate by
ultrafiltration or diafiltration; '

17.  The method of claim 16 wherein the HEK 293 cells are grown in suspension.

18.  The method of claim 1 further comprising purifying the virus by anion
exchange chromatography.

19.  The method of claim ! further comprising purifying the virus by a

combination of ion exchange and size exclusion chromatography.

20.  The method of claim 19 wherein the ion exchange is\perfonned using an anion

. exchanger.

21.  The method of claim 19 wherein the ion exchange is performed prior to the

size exclusion chromatography.

22,  The method of claim 19 wherein the ion exchange and size exclusion

chromatography are carried out in the absence of magnesium.
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(Q purifying the reovirus by a combination of ion exchange and size
exclusion chromatography; and (g) collecting the reovims. 29. The method
of claim 28 wherein step (1) comprises anion exchange followed by size
exclusion chromatography. 30. A composition comprising the reovirus
prepared according to the method of claim 28. 31. The composition of

clgim 3 uher ComPRIRR9 SRR TSR RO S RIRIe S SiPre
andlor carfier. 4
exchange and size exclusion chromatography.

24, The method of claim 23, wherein the phosphate buffer comprises 50 mM
sodium phosphate, pH 7.2.

25. A composition comprising the virus colle;:ted according to claim 1.
26.  The composition of claim 25 which is snitable for clinical administration.

27.  The composition of claim 26 further comprising a pharmaceutically acceptable

excipient and/or carrier.

28. A method of producing infectious reovirus, comprising:
(a)  providing a culture of HEK 293 cells which has been infected by
reovirus; .
(b} ' extracting the virus from the éells by adding octoxynol-9 to 10 to the
culture and incubating at about 25°C to about 37°C;
(c)  ftreating the mixture from step (b) with a DNA-cleaving enzyme; .
{d) removing cell debris by filtration;
(e)  concentrating the filtrate by ulirafiltration or diafiltration;
(f)  purifying the reovirus by 2 combination of ion exchange and size
exclusion chromatography; and

(g)  collecting the reovirus.

29.  The method of claim 28 wherein step (f) comprises anion exchange followed

by size exclusion chromatography.

30. A composition comprising the reovirus I;repared according to the method of

claim 28.

31.  The composition of claim 30 further comprising a pharmaceutically acceptable

excipient and/or carrier.
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