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METHODS OF TREATI NG CELL CULTURE MEDI A FOR USE IN A
Bl OREACTOR BACKGROUND OF THE I NVENTION 1. Field of the

WO pop8nsi2eh The i nvention relates to nmet hods f oPCT/US2008/066745

treating cell culture nedia for use in a bioreactor
using ultraviolet C (UVC) light and filtration. 2.
Background of the Invention Viral contam nation of
cel lul ar ' . e

chal | enge”&ﬂiﬁa%%aé%ﬁ@&ﬁgﬁifév JREMEDIA
wor | dwi de. Several R INZVBIQREAG Poyed to

i nactivate and/ or renove |large or small, envel oped or

non- envel oped ( "ﬂﬂ?@ T ﬂ*g? NV articles
fromcellul ar sa%%§na aﬁ}%i éﬁgies GFN?%QgE

appr oRieheef ihedhueidicdD nm filtrati on technol ogy, Q

menbr ape .chr gmat ogr aphy, an epth filter technol ogy. )
These RethegEon H_%W@éete,mﬁfg«)& g«geﬁe%@éqceﬁr PHENT Medig Tor use in a
BRARSoF Alin b iBid ARCHIVE) 1i0R 4ol firariof T2l cl earance)
of negla and supernatants collected fromcell lines or
tissues (i.e., downstream of protein production). Such

i ral clearanﬁg ﬂg}Gﬁds.have not been used to treat

el | EaﬂﬁaPan { yeRpon exposure to cell lines or
ti ssugsral boramintids 6 CRMuRE MR SdsuBE@Stdasi R8s o ﬁf%e challenge to
several reasons. First, enplo |n§ such techniques to
biegharmageutisal mefufpetnrpes voddwidse| bevesal methpds hayadeen gpployed to
to 20 000, L of cellular ia i ocessed per .day, "
bR SimefELirt 3 oFEE o oBpRLOCHIP SR Tead pgroan DA
SURN ARG @daicha Vo csildir stipbrnytalie € Exemplee WE thek® apomMes include

20 nm filtration technology, Q membrane chromatography, and depth filter technology.
These methods, however, have been used primarily as a means for viral inactivation (i.e.,
viral clearance) of media and supernatants collected from cell lines or tissues (i.e.,
downstream of protein production).

Such viral clearance methods have not been used to treat cell culture media prior
to exposure to cell lines or tissues (i.e., upstream of protein production) for several
reasons. First, employing such techniques to the treatment of large-scale cellular media,
where up to 20,000 L of cellular media is processed per day, can be prohibitive in terms
of time and cost. Second, such methods have historically been employed to remove
contaminants from large-scale cellular supernatants as a preliminary step in the
purification of therapeutic protein products from the large-scale cellular supernatants
prior to administration of the therapeutic protein products to patients. Third, there has
been no required or documented need in the art for the inactivation or removal of viral
particles in the upstream process of protein production. Finally, bioreactors and
fermenters are frequently not equipped with the machinery required to carry out these
techniques, and the cost of retrofitting exisiting equipment to add such machinery can be
exorbitantly high.

In addition to the above techniques, ultraviolet light has been used to treat large-

scale protein preparations prior to the purification of these proteins from cellular
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contam nants from |l arge-scale cellular supernatants as
a prelimnary step in the purification of therapeutic

Wpeosesn4products fromthe | arge-scal e cel | ul aPCT/US2008/066745

supernatants prior to adm nistration of the
therapeutic protein products to patients. Third, there
has been no required or docunented need in the art for

t he ina t|v ion or val . of v rticles
tHES S0t oot W HUBTORT AU yiitescile cellular
mp@ﬁﬁ%tsomoramhé @ﬁﬂﬁ@ét%san@r@omﬁ&ﬂyeﬂfe{axpem pRWth PRRLcts from
wWth the machinery required to carrg out these
thecteHirlgu elsperrmﬁmltst fidrayeadet laght cEpesofd hasi bagn elmdspltuinngly downstream

equi prent i nery.can. be 8% rbL
R BRI BB oAT 0 B 0L b G RGBS i PRt plcavioe
llglgmald'ﬂl@sorblﬁ%rrﬁﬁﬁﬁlohowfﬂﬁ eater Iparigestoal @r ﬁée@ﬁl@htnmethods) has been
preparations prior to the purification of these
pYedt © Hsatf pdncalipne umadia uprégtnter antostucingyiby egell alsltlwp trpedia into a
Qtope%EtOErEtTH?sd %he% 1st2[ I?eaetdl ﬁgné ?rﬁ&ﬁdcﬁ fgreir%ﬂ g cell culture media for
super nat an uritication an
ﬁsfe 1hhebﬁvp®ntolrc Snbh)ihwtlﬁbds r\mil]d) bs plartiwidrlyeusefil |f0|r| plrotectlng valuable

ants, ultraviolet ght exposure has been used
ﬁ*ﬁfﬁﬁ?s frg?mdmﬂsqqnéaérﬁ%tfonprsaﬂeg (PRSP deticts bt grapisminated and

Ti‘i?ﬂ[ HE I6le (rggiozﬁrdngrmﬁreﬁm taod$icRxEP bf Efbté’i‘ﬁ 'éﬁ'@ddé'tﬁ)ﬁ Y1 QLELell lines.

ne or I n conbination Wt urification
Gherefoeat thentewelipnous Jothashbeethods edould hlaveam(teelapphcatlon in the
cul ture nedi.a prior { |ntrodu0|ng the cell culture
W@H?%Ctiufﬁ éo APPASUHSAS: Thus, there is a need in the
art for nmethods for treating cell culture nedia for
use in a bioreactor. Such nethods woul d be

parti cul arI y usef SUMMAIE)Y@E&HIMNVENH@% cell lines

I regm ;ﬂl re(s:eonn nlg"?% ngat%%?%gdr?(sj uﬁ%osﬁgé?rqrs aﬁag ceﬁi cﬁglre media for use in a
bidedae@s i ddehprRgeblposingney @fl QNekeinfedy @dumavﬁxnetbxc (UVCQ) light;

such cell lines. Therefore, the devel opnent of such
AEsmE dhe \%ﬂ”cgltﬁr@v@ewcmroggbm statilie fitgrn apdy gntroducing the cell culture

media into a bioreactor.

The present invention also provides methods of treating cell culture media for use
in a bioreactor comprising exposing the cell culture media to UVC light; passing the cell
culture media through a depth filter; passing the cell culture media through a sterile filter;
and introducing the cell culture media into a bioreactor.

Specific preferred embodiments of the present invention will become evident
from the following more detailed description of certain preferred embodiments and the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the reationship between the wavelength of light and viral DNA/RNA

damage.

Figure 2 shows the efficiency of removal of murine leukemia virus (MuLV) or minute
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manuf act ure of bi opharnmaceuticals. SUMVARY OF THE
| NVENTI ON The present invention provides nethods for

wao e@watisngr cel | culture nedia for use in a bi orBEUSNV08/066745

conpri sing exposing the cell culture nedia to
ultraviolet C (UWC) |ight; passing the cell culture
nmedi a through a sterile filter; and introducing the

cell cult dia into a biareactor. The prese
v, VTS Bonden fralofiornBh 8558 2o it aEoGE Pers.
culture nedia for use in a bioreactor conprising

exposing the cell culture nedia to UVC light; passin '
Figare élshows thauelicrandy @f removed lofepotiape havpvirey (PR gichtpovirus 3

e | culture nmedia through a sterile filter; and
(- Dt St bille Rt i PG T R ks oremcror.
Specific preferred enbodi nents of the present
i nvention will become evident fromthe foll owi ng nore

detai | ed dedtFTHLER RESCRIFBION QRAEHE: ENVENIIONent s
and Hi}ff qhﬁén%n &dﬁ:gs lR]r:e P f-glr q\éa% -IEHE' é%‘ﬁﬁ}’é’ N@ia for use in a
9 "shows thé ip ® el engt

Fi gure reations befween t he Wwav
biordac@htcoatpdisinigr edpobiNg/ tRelAetlacges ntddipuite ulratdes Ct (8VC) light;

effjciency of renoval of rine. | eukem a virus (MiLV)

BtsSHHE BE GH FuluTH gl (tﬁfwgﬁ for %ﬁﬁﬂ@etﬁ_rerc it g dre cell culture
HI%PHQIHEGAQ HidiR&Sor0f TH? Réenfibh LR Zprogl'dgé" fn_%tl%d§ %@%aﬁh‘% é‘ell culture
ef of PRV) a

i ciency of renova porcine parvovirus (
medni fou ss3in( Rewr@irtolr compcising expdting ehenetli altusi mgdiave UVC light;

%%@%&mﬁ%@%ﬁ%u@m};ei lnge > ’[hrg)Eug-[lAla L(Fell:))thDEﬁ(e:rl;QI pagéi%\l tlclje: c-erlll_%ulture media
through a sterile filter; and introducing the cell culture media into a bioreactor.

In the methods of the invention, cell culture media is exposed to UVC light prior
to introducing the cell culture media into a bioreactor. The term "ultraviolet light" refers
to a section of the electromagnetic spectrum of light extending from the x-ray region (100
nm) to the visible region (400 nm). In particular, ultraviolet light is generally divided
into four fractions: (1) vacuum ultraviolet light — having a wavelength of 100 to 200 nm,
(2) ultraviolet C (UVC) — having a wavelength of 200 to 280 nm, (3) ultraviolet B (UVB)
— having a wavelength of 280 to 315 nm, and (4) ultraviolet A (UVA) — having a
wavelength of 315 to 400 nm (see Fig. 1).

In one embodiment of the invention, cell culture media is exposed to UVC light
having a wavelength of between 200 and 280 nm prior to introducing the cell culture
media into a bioreactor. In another embodiment of the invention, cell culture media is
exposed to UVC light having a wavelength of 254 nm prior to introducing the cell culture
media into a bioreactor. In other embodiments of the invention, cell culture media is
exposed to UVC light having a wavelength of 254 nm +/- 1 nm, or a wavelength of 254
nm +/- 2 nm, or a wavelength of 254 nm +/- 3 nm, or a wavelength of 254 nm +/- 4 nm,
or a wavelength of 254 nm +/- 5 nm, or a wavelength of 254 nm +/- 6 nm, or a
wavelength of 254 nm +/- 7 nm, or a wavelength of 254 nm +/- 8 nm, or a wavelength of

254 nm +/- 9 nm, or a wavelength of 254 nm +/- 10 nm, or a wavelength of 254 nm +/-
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The invention provides nmethods for treating cell
culture nedia for use in a bioreactor conprising

wexpessng’ t he cell culture nmedia to ultravi ol eRCTUSIOED)66745

light; passing the cell culture nedia through a
sterile filter; and introducing the cell culture nedia
into a bioreactor. The invention al so provides nethods

treatin ceII ure dia for or eact.qr
oA ot WY SREL PhEc 4Tl B R Oh B 23 im
l'ight iy ﬂl%srﬁétﬁgdst betheahventiBht UNVE MBS i3 W& RHUBRCH 8-S RbMenveloped
filter; passing the cell cul ture nmedi a through a

wiralrmiattecldsi iyt damagangvirah N we IRMNA t Merclewd dcid ddmageanpgsiyiptgs viruses
t haods, of the

Pt BRSEGRT ot Gl STUP Pcer G VB Ry s for exposing

sdluticrduel U¥A NghtCetilizes lliytiﬂalhﬁc npthiaflbwt glodg I@hqmaﬁtl@ﬂi source that

The term"ultraviolet light" refers to a section

gHeTaesePen agiset it asfbeét%@’mothau aligres dosce o .%Cflrr@matlon to be
Hél:jr;%, ﬁdﬂﬁﬁfo&@%’ﬁ?m@wgﬁ Ao LA 11i hWh\éh%\bb qlg&l?%' 189(11 F H¥9ctivate non-

ar travio gener
chiveiaped vmrat partiolds, \ﬁmaﬁaoanstmn( gf)netaehl@mmunsl atfrea‘ab@lteﬁve minutes of
light - having a wavel ength of 100 to 200 nm (2)
HROPHYi ol et C (WVC) - having a wavel ength of 200 to

280 nRy doRriveki tHRYh,OLigd1 c;i%a%r%g)meth Vkﬁ}gm?lﬁ"@n\éeér? AR been used
of 280 to 315 nm and (4) ultravio A (UVA) - having

anwat ekdngrdly ocfov@ﬂst'ream ocfopfotfm (pscs:blcﬁmg 111) additiorote cost and time

nb inent of the in cul t d
6’5%53610% U ?ﬁﬁl ‘éseaé{%?sé r?é? 518? @&Wﬁéﬁ?ﬁm of protein
&Q,@uanﬁh FRQudMhe bbjéEmteooﬂ Qich QMBS has MRek & InabtiN ! Eﬁd/or remove
nmedia into a bioreactor. I n another enmbodi nent of the

Vlmlemﬁl@% lnd@gﬁ seal¢ eeludarrmperaatints exipotretdie pori{iagion; aghtisolation of
ﬁleﬁpe Pro S roagglcps ?mztllsle IR orernta%ln Nt {Kpglul%lslg]e%t Ito the use of

EJTW!DHgH’fQG tigacabatt REal p’h\t‘;ﬂéas tgl’l:rrg@fs(b:dtlg ;J)Ldpiweﬁseﬂ,ﬁﬂﬂe&easSn for the lack
of prior art processes employing UVC light exposure upstream of protein production has
been the high absorption of UVC light by cell culture media at 254 nm, and the effects of
this high absorption on the ability of such media to support efficient cell growth. The
methods of the invention avoid this problem by increasing the energy of the UVC light
being used.

The term "energy" refers to the amount of ultraviolet radiation in Joules/meters”
to which treated cell culture media is exposed. In one embodiment of the invention, cell
culture media is exposed to UVC light at an energy density of 120-320 J/m* prior to
introducing the cell culture media into a bioreactor. In another embodiment, cell culture
media is exposed to UVC light at an energy density of 238 J/m” prior to introducing the
cell culture media into a biorcactor. In other embodiments of the invention, the cell
culture media is exposed to UVC light at an energy density of 238 J/m” +/- 1 J/m?, or at
an energy density of 238 J/m? +/- 2 J/m®, or at an energy density of 238 J/m* +/- 3 J/m?,
or at an energy density of 238 J/m* +/- 4 J/m?, or at an energy density of 238 J/m® +/- 5
J/m’, or at an energy density of 238 J/m” +/- 10 J/m’, or at an energy density of 238 J/m*
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exposed to U/C |light having a wavel ength of 254 nm 1
nm or a wavelength of 254 nm 2 nm or a wavel ength

w@R00g5872¢m 3 nm or a wavel ength of 254 nm 4PCIRUSN8/G66745

wavel ength of 254 nm 5 nm or a wavel ength of 254 nm
6 nm or a wavelength of 254 nm 7 nm or a wavel ength
of 254 nm 8 nm or a wavelength of 254 nm 9 nm or a
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S NS P2 80 B SRR e ARG SR ooblty SR B e - 70 3’
WC r gR¢ hefhods b theEXpaBion Gas Ok Wsédfbs beRcHAald in@dtvation processes,
utiIizesgﬁggdraulic spiral flowalongl an irradiation )
bgupets sigiaficagy dpralaege-algriroppent @6 6Clf gulgire mgdip rriqrdaagtroducing

‘ irradiati ‘ Liver.

TRy TP A02 o B biqipide, 1 Sh Sk Bghfin O MEHRASE coll culture

meéd ik oxpozad to Vatligiane nviddwo pad of il 12 litparict dbespriotito ahtroducing

i nactivation generally occurs after about five mnutes,.

e f@jép%@tmeemegg lalSS 1B Her 11 #1OThAF eabograe e mvention, ccll

&ﬁﬁﬁ]@qﬁe(ﬁz{] %MSX%\(%G& he @Vt H%P(teatbg ehwsed & FORk:s per hour prior to
y downstream of pPr I'n

excl usi vel otel n producti on.

adidudiog tho celdstultard ntddire ido s ibdeeatarondy oghar hemipddimeists of the

have. bee ed al npst excl ysi : stream of., ..
B R oo SEs MeRiaaeeaiSet FHav GHjaBEH 4o STk g ltrs per hour +/-
MBS hHBS oPR]NW rdtB BE b ILYAE Berdtiti 07- T BIBYVSerWoli@lor at a flow rate
particles in Iarqe-scale cel lul ar supernatants prior

|

o106 titees pruhioft tadilbers aadhaus.oirat p dleworteafdr ligesuper gour +/- 4 liters per
r ot ei oduy om th |

our, or r% aﬁ{oow ha‘fet osf (f fite{;s Rﬁ{/%oﬁriewgh ? ll]?ezl)rs Sé’quleorup atants. Wth

respec e uUse O Praétivate viral
part i tl@Srddictical ¢fud C@IRey )bis APMOsRES RS of HBtritRASRentioh efficiency

‘Ehlgl‘? isl g(fulfvalent to the ratio of the log of the challenge concentration divided by the
filtrate concentration (LRV = Log;o Challenge/Filtrate). In the present invention, the
challenge concentration refers to the concentration of viral materials in the cell culture
media. For purposes of the invention, a filtrate (i.e., cell culture media) is considered to
be sterile if it has an LVR of at least 4.85, and filtrates having LRV's of between 6 and 7
are preferred. In one embodiment of the invention, a log reduction value of greater than
or equal to 4.85 is obtained following the treatment of cell culture media. In another
embodiment, a log reduction value of between 6 and 7 is obtained following the
treatment of cell culture media.

In the methods of the invention, cell culture media is subjected to filtration step
after being exposed to UVC light. The term "sterile filtration" or "sterile filter" refers to
the removal of micro plasma and other potential contaminants from cell culture media
through use of a standard biological sterile filter. In one embodiment of the invention,

cell culture media is passed through a sterile filter having pores with a maximum size of

200 nm prior to introducing the cell culture media into a bioreactor.
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of prior art processes enploying WC |ight exposure
upstream of protein production has been the high
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nm and the effects of this high absorption on the
ability of such nedia to support efficient cel
gr owm h. The nmet hods of the invention avoid this
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treated cell culture nedia is exposed. |In one
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nmedia i s exposed to UVC |Iight at an en%@ﬁy density of
g glogrhaysrs o2kt |Sﬁfmee@ﬁﬂcpﬁ“gcl@h@r% s3mosd] inythe upees keyers, while

krﬂ&l?er aRic?ers%ﬁétlteﬁ{olvisJi 2{]? PQOOO“ ments of the

I 'nventl on ture nedla is exposed to UWC
| i ght Tht abiliteoedagyh faasitd yernbve2@Btai/ W@es d.f \Mﬁﬂ@),artmlesaﬁ dependent
an energy den Jing 2 J/ne, ener gy
oA Ry Obfhiczs ghdpingglil liorie, o Samnks "WiBr<g) cHEHSIyia having a

I
B mﬁﬁ{ X ?‘gssecfl th%ﬂ% ale ﬁ{e fl?t@r ‘ﬂgﬁse?%glgﬁmb%%l 1%1’%%1@? can be more

Jffwizntlp rcleatedafmore rtbe: wdm r@;&lk gultmﬁe ﬁrealaliqnmallﬁ hay mmghmonductmty

at an .ene , or at.an .
8 by ekl RS Saf g, 3Gy a3, B coflyrShe Bigetoped vira
pansict. YP&fforﬁﬁﬁ%ﬂi{tfﬁ%on 30 coldifons ¥ nddtra @Ppw&!ilﬁ)fhéil@%‘ﬁé éﬂéure higher
of 238 J/n2 or at an ener density of

R SO0 opsd o ahicnbirgyplderist D by Izssleﬂm@dlr@mt of the

ner densi f 2
LPP{reTQtiont, rt]he ch:e o%ul e m nbaelr%tpla(s)sne\éctgao l?f%h gpgqg f%t%r a an acidic pH. In

BesEdt-chhld Bnérid A€ tthe/ Rk bR onp E&C@ﬂscﬁﬁturebMEdlﬁﬁi Passed through the depth
S|gn|f|cantHy for large-scale treatnment of cell o
Blien afrmd] 4ddli T qshgr smbogimenty eljtheiipypntion, the cell culture media is passed

through the depth filter at a pH of between 4.0-5.0, or at a pH of between 5.0-6.0, or at a
pH of between 6.0-7.0.

The methods of the invention can be used to inactivate viral particles that may be
present in cell culture media prior to introducing the cell culture media into a bioreactor.
Other methods of the invention can be used to also remove viral particles (including viral
particles that may not have been inactivated by exposure to UVC light). In one method
of the invention, cell culture media is exposed to UVC having a wavelength or energy, or
at a flow rate, sufficient to damage the nucleic acids of any non-enveloped viruses in the
cell culture media. In another method of the invention, cell culture media is passed
through a depth filter having a pore size, or at a flow rate, sufficient to remove any
enveloped viruses from the cell culture media.

In the methods of the invention, cell culture media is treated prior to introducing
the cell culture media into a bioreactor. The term "bioreactor” refers to a device or

system for use in the large-scale growth of cell lines or tissues for the preparation of
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enbodi nent of the invention, cell culture nediais

Wexpessd4to UVC |ight at a flow rate of 1-12 |PEBDUS20p&066745

hour prior to introducing the cell culture nmedia into
a bioreactor. In another enbodi nent of the invention,
cell culture nediais exposed to WC light at a flow

ate of 6 lit per ur prior. to introducin he
hpfaletiiabnddr PPy 2 BPERCAERaPET Rt Jenbrd o Benerate 200 to
2o LEeHuRE sifdendtahy ‘?EHﬂteﬁﬂmgQEé Int&idlell BE BrodBEl ¥ ths bioprocess, a
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hiopharmacéuticel prptain)hdurthe orethads af theowwventica, tife kaorleatttelr ean be used
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of 6 Thé¢ pfSecehvéifieh préviles €msctiRer fd'ﬂQﬂzEc.tw@tﬁng'iEn(ﬁOIf te@Wving viral
rate of 6 liters per hour 5 liters per hour,

paticles ifiom 9%1 getturg prgha Rstigamen{sihe dnEgducien pf rher@(ﬁ. @fure media
gﬁé ?hrglbll%gctg kﬁ]l’]ed}ctﬁatbgf’i‘éﬁtk df ec‘ﬁjé"glve?&ﬁ rHlVén?l hhe éﬁ gtbézotreatlng cell

I'"enge conc Fation daivi
tairé nietiraatpetrmm ofing fn&bdm’no@hﬁi\zf the bioggaotor, the risk of contamination at

allenge/Filtrate). |n the prese i nvention, the |
g%amleh Qg 1oy S B8R PdicsHs these q%yh §reB R @n botiey | Gyirgpment for

Maﬁﬁﬂmﬂa&ﬁr gﬁJWSth' dhd' BexERhh ﬁtléltetnlf' r}ﬁom:oﬁ (e'féJr antlbody titer). In

pur poses of "the invention, a filtrate
edditien, ¢hapdica) mvsntuoncsmdensdd toolober Eh'egrrsikloé lost prdduhtazn costs (e.g.,

an LVR of. at | east nd filtrates haV| LRYs  of
Bepsiaist Vé‘“hﬁ&naf‘ntSP%“Cﬁr gf‘%ﬁ?”éldﬁl ‘I‘ﬁ? QP&}%“%‘FFBB ﬁ%?ﬂw%ﬁmrmg process
fNR Wik eidlicBftam@ndtidd).r educti on val ue of greater than
or equal to 4.85 is obtained follow ng the treatnent

of cellhe tgttediee] meldira modip @amobdw@&edéms@mmlfeih@ grewihogf a number of
%h?fje ttcgﬁ]tyva Utk OOIIG ek%nebot\ﬁee?nt%f nedlgz lton El@%&&%ﬁ cFll c%llhure media is

€ treatmne ure e

aridhe @ﬁpplbfﬁ thB@rdwik & ia@imal 2@l del1€ Uint dhoehefreghibadiingent of the invention,
subjected to filtration stef
the mammalian cells are capable of producing antibodies. In yet another embodiment of

the invention, the treated cell culture media is used to support the growth of insect cells.

The Examples that follow are illustrative of specific embodiments of the
invention, and various uses thereof. They are set forth for explanatory purposes only, and

are not to be taken as limiting the invention.

EXAMPLE 1

Characteristics of cell culture media

The methods of the invention can be used to treat cell culture media for use in a
bioreactor. Three types of cell culture media were analyzed for osmolalitiy, conductivity

at 25°C, and absorbance at 254 nm (see Table I).
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sterile filter having pores with a maxi mum size of 200

nmprior to introducing the cell
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The term ['depth fil{&smaldityr sConduactivityt e Abshehanieas

mul tiple filtcation|layer e | ayer, bej

responsi b qubz} I‘rf/Pﬁa f'f‘?bfP‘Z{‘%)offc"@“Bﬁ% idg Jpgﬁezsﬁ‘a‘f'{‘er
of different sphzes andggemsitlies.|2lfy s type afg
filtratiop process |{s simlarlto size exclusion. lilght
material [s isBlated a?9%thke tlop ofl.@he f|ltetl.Bed. |The
medi a beceres—progressiyely fitnerand—depser—n—the

| oner | ayers. targer s%%‘p{énded pa]rztaﬁcl es|are 4ermved

in the upper Tayers, while smallTer particles are
renoved by |l ower |ayers. The ability of depth filters
to renmove certain types oEXAMELE2rticles is

5 dependent on the pgﬁﬂflit he .sqlout;i oﬂéﬁ!@ﬂ filtered.

For exanpl e, when : g a | ower pH

i s pasa@estharouadh eordapeh té ideteBhine RO oM eltRpEst vl viruses by
articles can be nore efficiently cleared fromthe ) )
& dightce Tiableullt shows rfbelinaoded virapdsythataavere Rhqpgn: Xenotropic murine

ti-vity . . ./ '

R it % 0Ly R Myt PP R oL ERY), and

Res<finrssi (Rgof3). trati on at conditions of neutral pH

woul d therefore ensure higher LRVs for envel oped

10 viruses, which have pis of 6.0-7.8. In one enbodi nent

of the invention, the cell qyhfyje nedia is passed

t hrough the depth filter at an acidic pH In another

eivbmt#l nent Femilyhe | nventi on, the Prepértieal ture nedia is| pl

naccod hroiitah t+ hal dant h

%-MulV | Retroviridae Ejﬁ\yello'i)ed, ss RNA, 80-120 nm low resistance 6.0-6.7
MMV Paroviridae | Non-enveloped, ss DNA, 18-26 nm, high resistance 5.0
PRV | Herpesviridae Enveloped, ds DNA, 120-200 nm, low-medium 7.4-7.8

Resistance
Reo 3 Reoviridae Non-enveloped, ds RNA, 50-70 nm, 39
medium resistance
Inactivation of MMV(i) and MMV(p) in production media was conducted at various flow
rates. Inactivation was achieved with an LRV of greater than 4.85 for MMV(p) (see
15  Table IIl) and an LRV of greater than 3.35 for MMV(i) (see Table I'V).
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These assays were repeated for inactivation of MuLV from both production media

and feed media. The results of these assays (i.e., LRVs of less than 1) suggest that an

5

(see Tables V and VI).

- 10 -

additional inactivation or removal step may further enhance the methods of the invention




EXAMPLE 2 Viral

I nactivation by U/C |ight Studies have

been conducted to determ ne the inactivation of

w20 si24vi ruses by UVC |ight.

viruses that were chosen:

virus (x-MiLV), Miurine mnute virus (Mw),
parovirus (PRV), and Reovirus 3 (Reo 3).
I nactivation of MW(i) and

was conducted at various fl

Tabl e

Xenotropi ¢ nmurine | eukem a

I

S.

Por ci ne
Table |1
in production nedia

| nacti vati on was

shows PRPEBUNAS66745

achieved with : : MW(P)
(see Table 111 %wgg{lV% Fdfile Hﬁﬂgﬁt‘ﬁgr@% 35 for

i

|V These assays

MW(i) (see Table 1V).

A28an@ | EpeatiedUVor [ pgsdctedat | onveip MILVFigwom|botifne for | Process
productdagn Maging andivefied NMdt@vatihe reatd tS ofmédigse | Scale
assays fab. €. covkfRMS OfJ/h8sS| t NARVY SUSARIn) Y h&bnédion | (L/hr)
addi tfi @ [ ﬂg%gl vation or| renoval step may f(*”iﬁ/'is}iml
enhanceqnti € thods of thel invention (see Tables an)d
Vi) . Ta&l/g Tabl eVIEXAMPLE 3 Viral renoval using depth
filtratt St udi es| have been conductled on renoval of
enveloped viral particles jas well as| other unwanted
cellular materials fromcell-culture nmedia by using a
dept iy fifter-— fable yii shows, yj pal [ nggd 4 vatiomny of 1000-
t'hreg enveljoped vilruses as| wel’l "as a non-envel oped
virus|. The |[LRVs determ ned fromthese studi es show 2000
that the depth filter canefficiently renpve
12 0 178.9 0,0,0 1333 1.9 1000-

2000
12 6 0 238.5 0,0,0 100 2.5 1000-
2000
Table VI
MuLYV inactivation profile using UVC light
(feed media)

A254nm | Flow | UVC | Expected MVMp Flow Time for | Process
rate lamp fluency | inactivation rate media Scale
lab | covered | (J/m?) [LRV] (ml/min) | collection (L/hr)
scale (%) (min/250ml)
unit

(L/hr)
64 2 0 62 0,0,0 333 7.5 1000-
2000
64 2 0 62 0,0,0 333 7.5 1000-
2000
64 2 0 62 0,0,0 333 7.5 1000-
2000

- 11 -
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envel oped viral particles fromcell culture nedia.
Table VII Two types of depth filters were tested for

we@tdosgsaty in renoving viral particles (see RPQUDSZ0R066745

and 3). The section headi ngs used herein are for
organi zati onal purposes only and are not to be
construed as |imting the subject matter descri bed.

Al'l references cited in t%@i}?ﬂ‘l ation are expressly
i ncorporated by reference T 1S CLAIMED | S:

daim1: A nethodyefalib@avhINGineddpts idrbtien Medi a f or
use in a bioreactor conprising: (a) exposing the cell
cul t uS@ldm@maae b@emcqndavheéloetremow\mf) enivelgiped V(rbl) particles as well as

PRSPt R G R O MR o fer. Tavte
VIt hodvs i@l Bactiwition OF @irde enviclopae viratdied vl 4 aalhdﬁ dnveloped virus.
wherein the WC |light has a wavel ength of 254

EhalkVa: detpﬁ@m?étfmath@ﬁe ¥rdipnihpw hatethe depth fidtee @am  cfficiently remove

SVt TR B PR Cobe . e et o of el ai m

3, wherein the flow rate is 6 I|ters per hour. Caim
5: The nethod of claim1l, wherein the |og reduction

value is greater than or eqTﬁi%l Y8l 4.85. Gaim6 : The
met hod of cfiQy 1 SbE TPRVE R € ARGV Ue is
6-7. daimf7 é'mfﬁ% Ii‘\rrée)tt gd oIg) Iaﬁ,%l 16 \%qer‘gl rl?étaﬁse cel |
cul ture nedi a Dsptexpesed |tH1TMC >4.23 4.13 | >5.01

20 nm filter >5.04 | >4.87 447 | 5.35
Q membrane 3.89 >4.24 447 | 5.35

Two types of depth filters were tested for efficiency in removing viral particles

(see Figures 2 and 3).
The section headings used herein are for organizational purposes only and are not

to be construed as limiting the subject matter described. All references cited in this

application are expressly incorporated by reference herein.

-12-
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light at an energy density of 120-320 J/n2. Caim$8 :
The nethod of claim7, wherein the cell culture nedia

w0 2008fpRsed to UVC |ight at an energy density RET/ESB08/066745

J/nm2. daim9 : The nmethod of claim1l, wherein the
sterile filter has pores with a maxi num si ze of 200
nm C aim10: The nethod of claim1, wherein the step

§Gﬁ3ﬁﬁﬁﬁﬁﬁgtﬁﬁﬁaﬁ§ culture nedia to WC light is
'lge the nucleic acids of any
non- envel oped viruses inthe cell culture nedia. Caim

11: The nethod of claim 1, wherein the treated cell o
Elaimure nedimcthed oSteenting cslil ppl@rrt: nteidea @r gwm adfioreactor comprising:

mamma} ian cells

wher et ¢ neasiidt S dfismafe AR TR Sl
ant i bagi espasGin: ltlli@ o8l cultng: medihadoth a:t,tammfﬂuer wngr ei n
t he treated ce culture nedia is used to support t he

gr owt £f) of mﬁ@éa@mg e csll coltugiemerlia info arBiokRELoBf t r eat i ng

cell culture nedia for use in a bioreactor conprising:

(a) exposing the cell culture nedia to ultraviolet C

Clv@)2: 1 i ghThe fiejhodas slaing 1t tvbcied the €N E ligkt e diveavelength of 254
through a depth filter; (c) passing the cell culture

Hédi a through a sterile filter; and (d) introducing

the cell culture nedia into a bioreactor. Caim15

The nethod of claim 14, wherein the U C |light has a
WEaml3engt hThé mBwdmdnclaim 1, wherein the cell culture media is exposed to UVC

light at a flow rate of 1-12 liters per hour.
Claim 4: The method of claim 3, wherein the flow rate is 6 liters per hour.

Claim 5: The method of claim 1, wherein the log reduction value is greater than or

equal to 4.85.
Claim 6: The method of claim 5, wherein the log reduction value is 6-7.

Claim 7: The method of claim 1, wherein the cell culture media is exposed to UVC

light at an energy density of 120-320 J/m*.

Claim 8: The method of claim 7, wherein the cell culture media is exposed to UVC

light at an energy density of 238 J/m?,

Claim 9: The method of claim 1, wherein the sterile filter has pores with a

maximum size of 200 nm.

Claim 10: The method of claim 1, wherein the step of exposing the cell culture media

to UVC light is sufficient to damage the nucleic acids of any non-enveloped viruses in

- 13-
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C aim 16: The nethod of claim 14, wherein the cel
culture nedia is exposed to WC light at a flow rate

wW®2008432241 i ters per hour. Caim 17: The net hodP@¥f/U81088/066745

16, wherein the flowrate is 6 liters per hour. Caim
18: The nmethod of claim 14, wherein the |og reduction

value is greater than or equal to 4.85. Caim19: The

@Fthﬁd gf clai.m 18, wherein the I og reduction value is
CFCL AP The nethod of claim 14, wherein the

cell culture nedia is exposed toUVC |ight at an energy
density of 120-320 J/n2. Caim2 1. The nethod of

Claainrh120, Whemsthedtahelagalll whetcinuthe tivatgd geli sulaxpowdi is psed to
UVC hk ht %% a enerﬁﬁ dq sity of 238 J/n2. O aim22:

THEhet hed Vot MM 4" “Wierein the cel | cul ture media

i s passed through the depth filter at an acidic pH
Claim23: The nethod of claim22, wherein the cel

claimyle medhanmethod of skimlr wherin the maapaaliapiceilegre sapablg of

. pm24: The met hod of claim 14, wherein the
g?%??ﬁégwg%%%?'has pores with a maxi nrum si ze of 200
nm C aim25: The nethod of claim 14, wherein the step

.exposing the cell culture nedia to light is. .
g[ﬁmi ]gii ent %h%n@gwgg)é claga 1nw, Fl‘@pbthgéqeatgclljg@ql gﬁqure media is used to

g%@bQQM§]%RQQOFﬁ1&§§am[n the cell culture nedia. Caim
26. The thod of claim 14, wherein the step of

passing the cell culture nedia through a depth filter
tiquq?ﬁglm f iuggr%ethgd of trrrga\{i%g LY carurs ln?e%?adfo}/ iusreui%%ﬁoigrregcq]ort cho%lprising:
(a) exposing the cell culture media to ultraviolet C (UVC) light;
(b) passing the cell culture media through a depth filter;
(©) passing the cell culture media through a sterile filter; and

(d) introducing the cell culture media into a bioreactor.

Claim 15: The method of claim 14, wherein the UVC light has a wavelength of 254

nm.

Claim 16: The method of claim 14, wherein the cell culture media is exposed to

UVC light at a flow rate of 1-12 liters per hour.

Claim 17: The method of claim 16, wherein the flow rate is 6 liters per hour.

Claim 18: The method of claim 14, wherein the log reduction value is greater than or

equal to 4.85.

Claim 19: The method of claim 18, wherein the log reduction value is 6-7.

Claim 20: The method of claim 14, wherein the cell culture media is exposed to

- 14 -
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media. Claim27: The nethod of claim 14, wherein the
treated cell culture nedia is used to support the

wQ e@stsr2ef mamal i an cells. Caim28: The mnet hRdI/v$2008/066745

claim 14, wherein the mammalian cells are capabl e of
produci ng anti bodies. Caim29: The nethod of claim
14, wherein the treated cell culture nedia is used to

AR ﬁéﬁt at[ Ql?e errg%ehns?[{I of ?E(?—gEO ?/renlz.I S

Claim 21: The method of claim 20, wherein the cell culture media is exposed to

UVC light at an energy density of 238 J/m”.

Claim 22: The method of claim 14, wherein the cell culture media is passed through

the depth filter at an acidic pH.

Claim 23: The method of claim 22, wherein the cell culture media is passed through

the depth filter at pH 5.0.

Claim 24: The method of claim 14, wherein the sterile filter has pores with a

maximum size of 200 nm.

Claim 25: The method of claim 14, wherein the step of exposing the cell culture
media to UVC light is sufficient to damage the nucleic acids of any non-enveloped

viruses in the cell culture media.
Claim 26: The method of claim 14, wherein the step of passing the cell culture media
through a depth filter is sufficient to remove any enveloped viruses from the cell culture

media.

Claim 27: The method of claim 14, wherein the treated cell culture media is used to

support the growth of mammalian cells.

Claim 28: The method of claim 14, wherein the mammalian cells are capable of

producing antibodies.

Claim 29: The method of claim 14, wherein the treated cell culture media is used to

support the growth of insect cells.

-15-



