WO 20118/157247PCFMS2008/066745 METHODS OF TREATING CELL CULTURE MEDIA FOR
USE IN A BIOREACTOR BACKGROUND OF THE INVENTION 51.Field of the Invention The
invention relates to methods for treating cell culture media for use in a bio eactor using ultraviolet C
(LTVC) fight gnglfillkatien~2.Background o_f the Inventior_1 10Viral contamin%’qu &ﬁzgmgl(grégnedia and
supernatants poses a large challenge to biopharmaceutical manufacturers worldwide. Several
methods have been employed to inactivate and/or remove large or small, enveloped or non-enveloped
(or "naked") DNA or RNA viral particles from cellular supernatants. Examples of these approaches
include 20 nm filtration tech@@@g}@;@}@@p@cg@%ﬁm&g@@y @%%g&tﬁ&%r technology. 15
These methods, however, have been usgekprinarly gmm@@ég%ira 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 B4patiaEH OB 6&id Prodiictin st 8everal 20 reasons. First,
employing such techniqetesctaiibedteatment of large-scale cellular media, where up to 20,000 L of
cellular media is proceﬁhseed QerT:_day, gan‘be prohibi ivg in terms of time and cost. Second, such
methods have historically Besh'&hpiovéed 13 FE?‘HW% ShtARAHEN S fré g @eta d Fellifal @
supernatants asiargraliminauy stepiridhé flvification afitAerapeutic protein products from the
large-scale cellular supernatants 25 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 viraPparticR&ckgthanspatridenpestiess of protein production. Finally, bioreactors and
fermentergoare frequentiyoh eatiRefl Wit e machinety teAureda arty Q%éit}?a?ﬁfﬁ%gg'@%ue& and
igh.

the cost of retrofitting exisiting equipment to add such machinery can be 30exorbitantly In
addition to the SXBU&TRMSHIdFL L MG ITETI KT HadBechoysad toctheds Iatge ksaleprdasin ©

preparations prigictosthepurification of these proteing from celivian supematanis flpweves,as with
other methods of }I{rﬁﬁtin.g Kar%e.-?ica#e cellular supernatants prior to the purification and isolation of
therapeutic protein produttS FroHT IHE R REtAI B IPRTHEIARTS, GrARbE LRt S ipBEHE Al HEEh used
primarily downgtream/df-pioteinchnotiustidh nisneither-words, Ry, attmetheds exisiimwbich
ultraviolet light.(alone aor in.combination with other purification or treatment methods) has been used to
treat cell %glturé‘% me |z§ %ﬁgg‘%?’i‘ﬁﬁ‘é%u@fﬁa ?ﬁ%nc%ﬁ?gc):gﬁm‘élﬁ edid Nt %ryeﬂéi%:tlgrd.c HMefe is a
need in the art fopimdtasasTooireatiig eedl cuftereediadidrwuse froa bietiefioter oSushumethods would
be particularly ysefukfonproteciing yaluablg.cell lines from viral contamination, saving costs lost as a
result of contaminated and unusable media, and increasing the efficiency of protein production by such

cell lines. Therefore, tHR&VElGHEREBIst MEtHOAS B RV Wité epipticatisTipdiaerior
manufacture ofdiggharmaseuticalhSUMMARY ... Iha st aspgstcthers is aoyided methads for

treating ceélr culture media for use in a biogeactor comprising exposing the cell culture media to
ultraviolet C (UNETNight: PasSiHy B StFBURTI HHERIA the dtrgieisrileataraneeitatet the cell
culture media ntea bioteddtodo L of nidusecant aspectahedeis providedmehossiieriireating cell
culture media foiry e in a bigreagtor comprising exposing the cell culture media to UVC light; passing
the cell cultureomelﬁ?g tc}?rabﬁa?'ln{'a g%%qtﬁ ilfe'%;kp%%%glﬁgstﬁg‘%eﬁ%ﬁ lucr"iz%nléc ia %?8%)% atgté?f%éoﬁﬁer; and
introducing thecerlieianie riiedia ime-adbioreatitonr supcBpesific preferpediembodimentsrofitiae present

invention will bgcome; gyidgniirom.the fallowin lled description of certain preferred
embodiments and éhe clai_ms.]BR?}EF Dééc&lgl T%I%?%dgg%e@bE%ﬁv%&%cs%g%%g hlugﬁrgﬁl&gntﬁe
reationsHip bef#SEAREWAREIRIRIHP by HCERE WitaP O A RIGALGEniagetiowro Third, there has

2008/157247PCHAUS 200810667 4k sskse viiusd(MMM) from:cell cultiremedia usingfwe typgs of

depth filters. : : : : : :
particles in the upstream process of protein production. Finally, bioreactors and

fermenters are frequently not equipped with the machinery required to carry out these
techmiques, and the cost of retrofitting exisiting equipment to add such machinery can be

30  exorbitantly high.
In addition to the above techniques, ultraviolet light has been used to treat farge-

scale protein preparations prior to the purification of these proteins from cellular



Figure 3 shows the efficiency of removal of porcine parvovirus (PRV) and reovirus 3 (Rco-3 ) from cell
culture media using two typos of depth filters. DETAILED DESCRIPTION OF THE INVENTION
The invention provides methods for treating cell culture media for use in a bioreactor comprising
exposing the cell culture media to ultraviolet C (UVC) light passing the cell culture media through a
sterile filter: and introducing the cell culture 10media into a bioreactor. The invention also provides
methods of treatfi§ CRHfAHurd MW a 8t uBhin Ahsior@stiedscothptittingedpesing theceliloulture
media to UVC passing:thesqelbeulture mediadbravghaidenth filter Rassipg.die sellqultyrg media
through a sterile iI_ter;Hapd introducing tpe c,ell culture media into a bioreactor. In the methods of the
invention, cell cultire media s X585t 18 IRAE IRgh e1rrsr eSS Thttbutrding e kelPearEramedia into a
bioreactor. The tefrduitravisletdightirefess t@aseactipnefdheelesikomagneticapeatiwm,ef light
extending from the x-ray region (100 .nm) to_the vijsible region (400 nm). In particular, ultraviolet light is
generally dividedhlgﬁ?o(ﬁ)é{]jlf f%éﬂogr?gl%f 1va{]ci‘jvl?§1 ﬁﬁ%\%&%%ﬁﬁﬂ% -qrﬁi‘ae\?itr%@%at \Wﬁé’é’%ﬁdﬁf 6’FT@)O to 200
nm, (2) ultraviolets&! (WVEpt kellingtarvavaienptiorof200rtd 28 i, (3)! ultrawvioleteBi{UMB)a20- having
a wavelength of gRRIQSFLPIMRRC(A uliaigleA (Y Mhodadnaanaalenailon st Jo 100 nm
ight having

(see Fig. 1). In one embodiment of the invention, cell culture media’is exposed to
a wavelength of &t RI 260 Shd>280 R pior tihito aedingane weliibditurecnaiia intorblbioreactor.

In another embogimendsof:dae Vivestinamael; eutremedia ina5:exPRsed te UVG light-haying a
wavelength of 254 rgérllgEg)rior to introducing the cell culture media into a bioreactor. In other

embodiments of (& TAVeRtioR, S EoiarE Fridais & B 08b A BVE YR Ving <& wralEnsagth of 254
nm +1- 1 nm, or Bhweivelengthdef @bghmm dhruchracwayelenglh ahab4/am hip &y onamavelength
of 254 nm +/- 4 ﬂﬁﬁ&%ﬂ%ﬁlﬁgﬁégﬁg%l Jm +1- 5 nm, or a wavelength of 254 nm +/- 6 nm, or a 30
wavelength of 254 nm +/- 7 nm, or a WaveFength 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 WO
2008/157247PCT/US2008/066745 15 mm or a waxelghgth of 254 nm +/- 20 nm, or a wavelength of
254 inn +1-25 nm. In the methods of the invention, UVC light is used to inactivate non-enveloped
viral particles by damadirigf witais BNAlsrRN foNdaleiethoits damagainattivates wsdsemang prevents
subsequent repliealian. AMPIGALARAGE < ALY EAFRN{Oh 2XROSTHRLD SRIUIONs 10 e liaht
utilizes hydraulic spiral flow along an irradiation source that generates Dean vortices’i $Huid stream
that allows doseRSTRIVEE ifedlaratior tedsea dbtiveted siptisriflizthrod dhowutie sbiutidh aMhen UVC tight
is used to inactivaigNansenyealaped viral particles, viral inactivation generally occurs after about five
minutes of exposure. 10As described herein, viral clearance methods known in the art have been used
almost exclusively dowR&rEEM o Brotetpeis SurTetitld imstbritde oades aslbimhacmadiadations, such
methods have beennusedaimostanplistivelypdawnsl eam ohptateinprodyctigarhesasse ghe objective
of such methods hag been to ggﬁlgggalgeada(]i)dél%[temoye,vir%lé)arﬁicleés in large-scale, cellular
supernatants prior to the pUrﬁlcatlongan i2olation dF T8 fhefape fHd BrdtsHiprsai fsithe cellular
supernatants. Wiltfraspectredutieaube of lkiv@rlightite inacthiatenvisal particles in large-scale
bioprocesscs, one rea I rocess mploying UVC light exposure upstream
of protein production h%%ggggrﬂ%fgﬁﬁg%%%i%ﬁéa %?%%Vg%%ﬁ% B];/‘é]gﬁ)%u\ﬁ%ﬁre{:% media a %g’h nm, and
the effects of thi&¥ighealodorptis ol deialaph dejespter kimedi o dappbreiidiontealhgtowth. The 20
methods of the yrmention 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/meters2 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-BRIFMZ Ser R T2 ntrotHe mptheverihsulture media into a
bioreactor. in another embodiment, cell culture media is exposed to UVC light at an energy density of
238 J/m2 prior {o4HiTddieHyiReceEshinke rreibeintey davishedioht ndther@NBdirents of the
invention, the cedhaigture media is exposed to IJVC light at an energy density of 238 J/m2 +/- | J/m2, or
at an energy density of 238 J/m2 +/- 2 J/m2, or at an energy density of 238 J/m2 +/- 3 J/m2, 30or at an
energy density of 238 .1/m2 +/- 4 J/m2, or at an energy density of 238 J/m2 +/- 5 J/m2, or at an energy

density of 238 Jim2etIsAOx3/ ¢l abanoé rengyatlensiiyof R3GHadrus (MuLV) or minute



WO 2008/157247PCTAIS2008/066745 +/- 15 J/m2, or at an energy density of 238 J/m2 +/- 20 J/m2,
or at an energy density of 238 3/m2 -IV- 25 J/m2, or at an energy density of 238 J/m2 +/- 30 3/m2" or
at an energy density of 238 J/m2 -Hi- 40 J/m2, or at an energy density of 238 3/m2 +/- 50 3/m2, or at
an energy deg@sity.ef,238:d/m2 +/- 60 J/nn2, or at an energy density of 238&&?{)%8%?}5?{9@%2@2' 5The
methods of the invention can be used for bench-scale inactivation processes, but more sigmificantly
for large-scale treatment of cell culture media prior to introducing the cell culture media into a
bioreactor. In one embodiment of the invention, cell culture media is exposed to UVC light at a flow
rate of 1-12 tite @gelr i ' culture media int [oreactor. In another
embodiment of ﬁ@?ﬁ%o@ﬁﬁgﬁﬁ #{%Eggﬁglg&r%%gﬁg%deﬁgﬁéé toyﬁg}(g%%%??léf%cf%w rate of 6 liters per
hour prior to introducing the cell culture media into a bioreactor. In other embodiments of the invention,

cell culture mediaisexpased t&@é@ct@ﬁ%a&@%%@@%&&%%r?&%\RQHJ (Mi‘a' RE! hout,Qr at a flow
rate of 6 liters p%rq%gér{ +/- 2 liters per hour, or at a flow rate of 6 liters per hour 47- 3 liters per hour, or

at a flow rate of T Rob P mRerLe st esisUPer af dondiisee-of 6 titers per hour +/- 5 liters

per hour. 5 "Log reduction value" (LRV) is a measurement of filtration retention efficiency that is
equivalent to the ratio of the | ﬁ‘ i i e% he filtrate concentration
(LRV = Logy, Challenge/Filtrate). rjiqﬁ'éﬁ %%%%ﬁ%%%ﬁéh géiﬂﬁ%&iﬁtraﬁon refers to the
concentration of viral Aatenatsimthercelticultuctho?0 foediaafrar pulposes ofithdiinventien, ia filtrate
(i.e., cell culturg,media).is.considered, QS stt%ril%_i iit hﬁs an LVR of at least 4,85, 'Itra’g S having
LRV's of between 6 ané 7 ari&l pre erre}(%hlln gonecerﬁ o%llrrfilé%t%? %ﬁde%%v%%ﬁgﬁ,i'% I(ggﬁz\zéitli%ﬁ%alue of
greater than or &tjtiaEte'a. 88 is Wbtainaediolbuang ties tradinidist of ok intuiturenm dtiacih arlother
embodiment, a:ieg;tegistionvaliede! between.6andids.ohiained.iollowing the 2aireatment,of cell

culture media. In the methods of the invention, cell culture media is subjected to filiration step after
being exposed B TV &gt R IRTFAC ISt B Rt AtfoRPEr Rt ehife Filefu fte ritdise féHioviehst micro
plasma and othergpoetertiabeoniaminantsifrom:ceticulturammettia-throuah use of a standargd-higlogical
sterile filter. In r}%uer}]lwg%%@gmtof.the invention, 30cell fujéure medja js passed through a sterile filter
having pores with afmaximum 5198 3t S0 AHBHor oSt SUlEHETHE 8 e QIR REdia into a
bioreactor. WO 2008/ 57e47RET 052008/666F45cl! clranatheieimbaditeen ofitheinvesiian, cell
culture media i . { filter.. The term "depth filter” refers.to a filter.that has multiple
filtration Igsers?%Ra%zﬁr??agﬁegggtg%%e?e%%%}r?giéﬁ%eﬁ%grl the Tiltration of pgﬁrﬁé%ﬁteu}#éiﬁlgrk %f[i(ﬁli?ferlgg?r%izes and
densities. This §pestifitration prrtessaignsinitardousive’ éxtlusiomdiightomaterialiy Bdsoldidd at the
top of the fiter b 7lae.vadia hecemesBragressivel finer:20f deprenin e IWSLIRYers Larger
ved by

suspended particles are removed in the upper layers, while smaller partiCles are rem ower
layers. Th&AhIRY SFIEPH fitere B ambTe Ot diertypbe dra it ar patess ¢ Hpendkheon the pH
of the solution (Bing:filtetedC Fonexamplarwhenegluitare nediadiaving 8 «1Q.lawer gl is passed
through a depth filter, nqn-env(?]c;E%d \gr&%’l&)arti%fs can be more efficiently cleared from the media.
Cell cultuité media normally has X high conddativity BFabadt 18 45 1HE i Gnd bH 774V RRich aids in
the capture of ervelopsd virdl partitiesRertdrining. filtration at conditions of neutral pH would therefore
ensure higher LRV's for env. Vi which have pis of 6.0-7.8..In. one embodi t.of the 15
invention, the cell .culggrg%r%é%%ﬁ %%gé%%%stﬁ%)}lu\g ‘the 8%&%“##&? g]te%]r% acidi 9%06?-%?% @‘?o ﬁ@rht
embodiment ofth&hvetiioHene cdilkaittare A¥dinds’sassredrthrolighnhieddelpth fikeredit pHGD. In

other embodimanis,ahibe iRweaLan, the eelicultipanediais Passeddhronop ine depth filler ata pl-1
of between 4.0-5.0, or at aPH of between 5.0-6.0, or at a pH of between 6.0-7.0. 20The methods of

the inverftion cEPBELLLY Y& iHaRIYATEGiral parieris mAomhay heiprésiriuesik ditard svéidia prior to

introducing thenegll:cilture mediadnto ahiareastor.Qthermathads,efthsinventiqn canhg;ysed to also
remove viral particle:z,1 [

article: {nﬂg&ir‘l&i\{grﬁl \pagtiples that a%fn,)ot have been inactivated by exposure to
LTVC light). In‘0Re method of tha inventcoh: &ar eurird metilis expSEedid CRE!FsHhG I Whavelength
or energy, or 25at'alow. rate, sufficiegt:tofdarhageithe nucleicaacidslef @ny:nonsemvelopeghyiruses in
the cell cultureomgd@vlé]e%@g})th mgthod of the invention, cell, culture Fﬁq'al Is gg_sséed through a depth

filter having a pore size, or at a flow rate, sufficient'to remove any enveloped viruses fiomthe cell
culture niédia. wavelepgiihelAtsas of thetimrention: cedtiowifire! miedia i treated privrltagdtitraducing
30the cell cultyre; madia intond bioreagiaentihedtessy '}9&9@@%}5&{?&@r%%ﬂﬁgiﬁ%@ﬁﬁ/%%m/fm use in

the large-scale growth of cell lines or tissues for the preparation of W
2008/157217PCI/1JS2008/066745



biopharmaceuticals. For example, a typical bioleactor can be used to generate 200 to 20._000 L of _
cellular supernatant (containing the intended byproduct of the bioprocess, biopharmaceutical protein).
In the methods of the invention, the bioreactor can be used to support the growth of cells for the

large-scale pkpdugtign:efyfor example, antibodies. The present inventi%wﬁé@'%ﬁ}%mﬁe?hod for
inactivating andior removing viral particles from cell culture media upstream of the introduction of the

cell culture media into a bioreactor. One of the benefits of the present invention is that by treatin_g cell
culture media upstream of its introduction into the bioreactor, the risk of contamination at the point of

inoculation can pefgcbiced. eraRY Ereating A besisr arviroUmen o, A mAimUm,cell growth and

maximum protein production (e.g., antibody titer). In addition, the present invention can be used to
lower the risk of lost pBdiittitiieestel(&g. nvsssemtEly wilkeht ritansesnaniveshatd own of-aloped _
biopharmeeuticak-manuiaeturing:pragess fellowingoyiral sontamination) s Ths.treates cell ehliyre media
can be used to support the growth of a number of 5 different cell types. In one embodiment of the
invention, the treénact)e%c(‘fgﬂt%lﬁﬁhﬁéqﬂ?@afﬁ%“ﬁ%‘@a‘tdﬂ’sﬁ’é’ﬁ"@h {REGrovith O mashtifalia e SRE R ENother
embodimeft of ihlatnuentiodythdimamtiiakaneets Aressapableohprodusing amtiadies:4p et another

embodiment of fhe. invention, the treated cell culture media is used to suppart the growth of insect
cells. 20The Ex%erﬁg%g%{?agtaybﬂg\%ﬂé%]ﬁ’ludst?rlélf%g%?dgbé%ﬁc‘@r)nvﬁo ﬁ?éﬁfg %ﬁ"jtﬁe}f HiBh ‘Lh8 various

uses thereof. Tﬁé%a@smif@ﬁmwdh@gmt@wsm@mewmwm lare notitediie takeivas limiting the
invention. EXAMPLE-ASGRMAHRIRIcof el Rubyiemediay o. 09 metogs of the nventon can

| ILLLELC,
be used to treat cell culture media for use in a b reacto reé types of cell culture media Were
analyzed for osmbfétitiy, conductivity at 25C, and absorbance at 254 nm (see Table I). WO

2008/157247PCTRIS2008/06624 5. :able JiMedia.hype QsmalalitmnOsmka)-FiGondugiivity fmS/cm)

25C1 Absorbanlce O.D. 254 nm A 296.33 12.19 4.8 296.67 11.05F11.7 .
aimost cxclusively downstream of protein production. In addition to cost and time

considerations, such methods have been used almost exclusively downstream of protein
production because the objective of such methods has been to inactivate and/or remove
viral particles in large-scale cellular supernatants prior to the purification and isclation of

15 therapeutic protein products from the cellular supernatants. With respect to the use of
UVC Iight to nactivate viral particles in farge-scale bioprocesses, one reason for the Jack
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

20 methods of the invention avoid this problem by increasing the energy of the UVC tight
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

25 introducing the cell culture media info 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 bioreactor. In other embodiments of the invention, the cell
culture media is exposed to UVC light at an energy density of 238 J/m® +/- | I/m”°, or at
an energy density of 238 J/m” +/- 2 J/m®, or at an encrgy density of 238 J/m® +/- 3 J/m?,

30 orat an energy density of 238 J/m® +/- 4 ¥/’ 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”



854.67 12.11F64 EXAMPLE 2 5SViral inactivation by UVC light Studies have been_conducted to
determine the inactivation of several viruses by LIVC light. Table 11 shows the model viruses that
were chosen: Xenotropie murine leukemia virus (x-MuLV), Murine minute virus (M1VEV ), Porcine

parovirus (PR¥).mmnghReevirus 3 (Reo 3). 10 Table H Model FaminProperti)%sEH}gﬁ]l}{g,Hﬁ}}/ﬂs
RetroviridaeEnveloped, ss RNA, 80-120 nm low resistance 6.0-6.7 MMV P aroviriclac Non-enveloped,

ss DNA, 18-26 nm, high resistance 5.0 PRY Hopesviridae Enveloped, ds DNA, 120-200 nm,
low-medium Resistance 7.4-7.8 ' Reo 3| Reoviriclae

+/- 15 J/m’, or at an energy density of 238 J/m® +/- 20 J/m”, or at an energy density of
238 J/m® -+/- 25 I/m?, or at an energy density of 238 J/m® +/~ 30 Jm’, or at an energy
density of 238 J/m® +/- 40 J/m’, or at an energy density of 238 Jim® +/- 50 ¥m’, or at an
encrgy density of 238 I/m” +/- 60 J/m®, or at an energy density of 238 J/m” +/- 70 Vm®,

5 The methods of the invention can be used for bench-scale inactivation processes,
but more significantly for large-scale treatment of cell culture media prior to introducing
the cell culture media into a bioreactor, In one embodiment of the invention, cell culture
media ts exposed to UVC light at a flow rate of 1-12 liters per hour prior to introducing
the cell culture media into a bioreactor. In another embodiment of the invention, cell

10 culture media is exposed to UVC light at a flow rate of 6 liters per hour prior to
introducing the cell culture media into a bioreactor. In other embodiments of the
invention, cell culture media is exposed to UVC light at a flow ratc of 6 liters per hour +/-
1 fiter per hour, or at a flow rate of 6 liters per hour +/- 2 liters per hour, or at a flow rate
of 6 liters per hour +/- 3 liters per hour, or at a flow rate of 6 liters per hour -+/- 4 liters per

153 hour, or at a flow rate of 6 liters per hour +/- 5 liters per hour.

"Log reduction value” (LRV) is a measurement of filtration retention efficiency
that is equivalent to the ratio of the log of the challenge concentration divided by the
filtrate concentration (LRV = Log)¢ Challenge/Fiitrate), In the present invention. the
chalienge concentration refers to the concentration of viral materials in the cell culture

20  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 feast 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 culturc media. In another
embodiment, a log reduction value of between 6 and 7 is obtained following the

25  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,

30 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.



Non-enveloped, ds RNA, 50-70 nm, medium resistance 3.9 Inactivation of MMVO) 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 15Table IIl) and an LRV of greater than 3.35 for MMV(i) (see Table

V). Table H-W$Qua®e8kL57247PCT/US2008/066745 Table IV These @m@&gﬁ%gﬁgemeq for
inactivation of MuLV from both production media and feed media. The results of these assays (i.e..

LR'V's of less than 1) suggest that an 5additional inactivation or removal step may further enhance the
methods of the invention (see Tables V and VI). WO 2008/157247PCPUS2008/1166745 Table V

MuLV inactivation profil,isiag: UG ight(Predistian mesia) 42540, FIwYG, Expester EMYMD

FlowTime for Process_rate ) ‘ ‘
depth filter. The term "depth filter” refers to & filter that has multiple filtration layers,

each layer being responsible for the filtration of particulate matter of different sizes and

densitics. This type of filtration process is similar to size exclusion. Light material is

5  isolated at the top of the filter bed. The media becomes progressively finer and denser in

the lower layers. Larger suspended particles are removed in the upper lavers, while
smaller particles are removed by lower layers,

The ability of depth filters to remove certain types of viral particles is dependent

on the pH of the solution being filtered. For example, when cell culture media having a

10 lower pH is passed through a depth filter, non-enveloped viral particies can be more
efficiently cleared from the media. Cell culture media normally has a high conductivity
of about 15 1o 20 mS/cm and pH 7.4, which aids in the capture of enveloped viral
particles. Performing filtration at conditions of neutral pH would therefore ensure higher
LRV's for enveloped viruses, which have pls of 6.0-7.8. In one embodiment of the

15  imvention, the cell culture media is passed through the depth filter at an acidic pH. In
another embodiment of the invention, the cell culture media is passed through the depth
filter at pH 3.0. In other embodiments of the invention, 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.

20 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

25 ata 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

30  the cell culture media into a bioreactor. The term "bioreactor” refers to a device or

system for usc in the large-scale growth of cell lines or tissues for the preparation of



lamp fluency inactivation rate media Scale lab scale unit covered(Jim') CYO [LRV1 | (ml/mm)
collection(L/hr) (min/250m1 (L/hr) 10 0143.10,0, 0
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biopharmaceuticals. For example, a typical bioreactor can be used to generate 200 to
20,000 L of cellular supernatant (containing the intended byproduct of the bioprocess, a
biopharmaceutical protein), In the methods of the invention, the bioreactor can be used
to support the growth of ceils for the large-scale production of, for cxample, antibodics.

The present invention provides a method for inactivating and/or removing viral
particles from cell culture media upstream of the introduction of the cell culture media
into a bioreactor. One of the benefits of the present invention is that by treating cell
culture media upstream of its introduction into the bioreactor, the risk of contamination at
the point of inoculation can be reduced, thereby creating a better environment for
maximum cell growth and maximum protein production (e.g., antibody titer). In
addition, the present invention can be used to lower the risk of lost production costs (e.g.,
associated with a maintenance shutdown of a biopharmceutical manufacturing process
following viral contamination).

The treated cell culture media can be used to support the growth of a number of
different cell types. In one embodiment of the invention, the treated cell culture media is
used to support the growth of mammalian cells. In another embodiment of the invention,
the mammalian cells are capable of producing antibodies. In yet another embodiment of

the invention, the treated cell culture media 1s 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 osmelalitiy, conductivity

at 25°C, and absorbance af 254 nm (see Table I),
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Table 1
Osmolality | Conductivity | Absorbance |
Media Type | (mOsm/kg) | (mS/em) 25°C | O.D. 254 nm
A 256.33 12.19 4.8
B 29667 11,05 1.7
C L B54.67 12,11 64
EXAMPLE 2
5 Viral inactivatiop by UV light
Studies have been conducted to determine the inactivation of several viruses by
UVC light. Table Il shows the model viruses that were chosen: Xenotropic murine
leukemia virus (x-MuLV), Murine minute virus (MMV), Porcine parovirus (PRV), and
Reovirus 3 (Reo 3).
10
Table ¥
Medel Famiiy Properties pl
x-MulV | Retroviridae | Enveloped, ss RNA, 80-120 nm low resistance 6.0-6.7
MMV FParoviridae

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 MM V(i) and MMV(p) in production media was conducted at various flow

rates. Imactivation 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 IV).



2.51000- 2000 Table VI MuLV inactivation profile using UVC light (feed media) A254nm Flow rate
lab INC lamp covered Expected fluency (J/m2) MVMp nactivation [LRV Flow rate (ml/mm)
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Table 1%}
MMVp inactivation profile uasing UVC light
A284nm | Flow | UVC | Expected MVip Flow Time for | Precess
rate lamp fluency | imactivation rate media Scale
fab | covered | {J/m?) [LRV] {ml/min} | collection {(i./br)
scale (%} (rnin/250mi)
unit
(L/hr)
12 10 0 143.1 3.93,4.09, 166.7 1.5 1000-
4.69 2600
12 8 ¢ 178.9 4.76,4.76, 133.3 1.9 1600-
4,76 2000
12 6 0 238.5 =485, 100 25 1660-
>4 RS
= ’ 2
=485 2000




Time fori Process mediaScale collection(L/hr) scale unit (%) (min/250m1) (L/hr)

33.375
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Table IV
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MMV inactivation profile using UVC light

A254nm | Flow | UVC Expected‘ MVME Flow Time for | Process
rate iamp fluency | inactivation rate media Scale
lab | covered | (J/m?*) [LEV] {mi/min) | collection (L./lar)
scale {%) {min/250mi)

(1
{(L/hr)
12 10 0 143.1 >3.35, 166.7 1.5 1000-
>3.35, "
>335 2000
12 8 0 178.9 >3.35, 1333 1.9 1600-
>3.35, 2000
=23.35
12 6 0 238.5 =3.385, 100 2.5 1606-
=3.35, -
>3.35 2000

These assays were repeated for inactivation of MulLV from both production media

and feed media. The results of these assays (7.e., LRVs of less than 1) suggest that an

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

(see Tables V and VI).

- 10 -
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Table V
MulV inactivation profile using UVC light
(production media)

AZ54nm | Flew | UVC Expected MVMip Fiow Time for | Process
rate lamp fluency | inactivation rate media Scale
lab | covered | (I/m? LRV (mi/min) | colleciion {L/br)
scale {%) (min/Z56ml)
unit

(L/br)

12 10 0 143.1 0,.6,0 166.7 1.5 1000~
2000
12 8 0 178.9 0,0,0 1333 1.9 1000-
2000
12 6 0 238.5 0.0, 0 160 2.5 1060~
2600

Table VI

Mul.V inactivation profile using UV lght

(feed media)

A254nm | Flow | UVC | Expected | MVMp Flow Time for | Process
rate tamp fluency | imactivation rate media Scale
iab | covered | (J/m?%) [LRV] {mi/min) | collection (L/hr}
scale (%) (min/250mi)
unit

(L/hr)
64 2 0 62 | 0,00 333 75 1000-
2000
64 2 0 62 0,0,0 333 7.5 1006-
2000
64 2 ] 62 0,0,0 333 7.5 1000-
| 2000

-11 -




0620,0,033.37.51000- 2000 -11- WO 2008/157247PCT/US2008/066745 EXAMPLE 3 Viral
removal usin2 depth filtration Studies have been conducted on removal of enveloped viral
particles as well as other unwanted cellular materials from cell-culture media by using a depth filter.
Table 5 VII shawsgvirgd-inactivation of three enveloped viruses as well as ag&r)tgg(y@/g&ggsvirus. The
LRVs determined from these studies show that the depth filter can efficiently remove enveloped viral
particles from cell culture media. Table Vii Removal method PRV '--MuLV MMV Reo 3!

EXAMPLE 3

YViral removal using denth filtration

Studies have been conducted on remaval of enveloped viral particles as well as

other unwanted cellular materials from cell-culture media by using a depth filter. Table

> Vi shows viral inactivation of three enveloped viruses as well as a non-enveloped virus.
The LRV determined from these studies show that the depth filter can efficiently remove

enveloped viral particles from cell culture media.

Table VII
Removal method | PRV | x-MaLV ! MMV | Reg 3

Depth filter 3.17 >4 23 4.13 | =301
20 nm flter >5.04 ] =4 87 4.47 | 535
O membrane 3.89 =424 4.47 5.35

10
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
15 to be construed as limiting the subject matter described.  All references cited in this

application are expressly incorporated by reference herein,



Depth filter 3.17 >4.23 4.13 >5.01 j 20 rim filter >5.04>4.87 4.47 5.35' , Q membrane 3.89>4.24 | 4.47
5.3510 Two types of depth filters were tested for efficiency in emoving viral particles (see Figures
2 and 3). The section headings used herein are for organizational purposes only and are not
15to be construed as limiting the subject matter described. A]! references cited in this application are
expressly incorporated by reference herein. WHAT IS CLAIMED IS: Claim 1:A method of treating cell
culture media for use in a bioreactor comprising: (a)exposing the cell culture media to ultraviolet C
(UVC) lightxaih)ypassing Aheregll gulture media through a sterile filter; and (c)introducing the cell culture
media into a bioreactor. Claim 2:The method of claim 1, further comprising a step of (a2)passing the
cell culture media through a depth filter; prior to step (b).

Claim 1: A method of treating cell culture media for use in a bioreactor comprising:
(a) exposing the celt culture media to uitraviotet C (UVC) light;
5 {b) passing the cell culture media through a sterile filter; and
(c) introducing the cell culture media into a bioreactor.
Claim 2: The method of claim 1, further comprising a step of

(a2) passing the cell culture media through a depth filter; prior to step (b).

10
Claim 3: The methad of ¢laim | or 2, wherein the UVC light has a wavelength of
254 nm.
Claim 4 : The method of claim 1 or 2, wherein the cell culture media is exposed to

{5 UVC light at a flow rate of 1-12 liters per hour, preferably 6 liters per hour.

Claim 5 The method of claim 1 or 2, wherein the log reduction value 1s greater
than or equal to 4.83, preferably, the log reduction value is 6-7.
20

Claim 6: The method of claim 1 or 2, wherein the cell culture media is exposed to

UVC light at an energy density of 120-320 J/m?, preferably 238 Jim”.

25

Claim 7: The method of claim 1 or 2, wherein the sterile filter has pores with a

maximum size of 200 nm.

Claim§: The method of claim 1 or 2, wherein the step of exposing the cell culture
30 media to UVC light is sufficient to damage the nucleic acids of any non-enveloped

viruses in



10 Claim 3:The method of claim 1 or 2, wherein he UVC light has a wavelength of 254 nm. Claim 4
:The method of claim 1 or 2, wherein the cell culture media is exposed to 15UVC light at a flow rate of
1-12 liters per hour, preferably 6 liters per hour. Claim 5 :The method of claim 1 or 2, wherein the log
reduction value is greater than or equal to 4.85, preferably, the log reduction value is 6-7. Claim 6:The
method of claim 1 or 2, wherein the cell culture media is exposed to UVC light at an energy density of
120-320 J/m2, preferably 238 .I/m2. Claim 7:The method of claim 1 or 2, wherein the sterile filter has
pores with gdnaxigunsigedef 200 nm. Claim8:The method of claim 1 or 2, wherein the step of
exposing the cell culture 30media to UVC light is sufficient to damage the nucleic acids of any
non-enveloped viruses in the cell culture media. Claim9:The method of claim 1 or 2, Whereln the
treated celldutifte medidlis usgthtorsupport thegrohaissf hfarieaiedian cens o st EIgdClaim

10:The me{@g&g[j&l%m L, whereinthe mammaligh;sells arg.capable of producing antibodies. Claim

[I:The method of claim 2, wherein the cell culture media is passed through 10the depth filter at an
acidic pH, preferably pH 5.0. Claim 12:The method of claim 2, wherein the step of passing the cell

culture medig;threugh a-gepth filter is suffigient tQrermave.any. savealapedaisuses fpamithecell culture
media. 15

producing antibodies.
Claim 11: The method of claim 2, wherein the cell culture media is passed through

10 the depth filter at an acidic pH, preferably pH 5.0.

Claim 12: The method of claim 2, wherein the step of passing the celi cuiture media

through a depth filter is sufficient to remove any enveloped viruses from the cell culture

media,

15
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