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harvested cell” culture was disclosed previously in US/326555. The
met hod conBiVsasd infY ukedt ek (3004). A proesss for thetriredyctiosof lergk comispiraiiaasof r om

the cel | chllupGnAesel BELLYEIRLALHRLLAL TG SOSILARUL. shecifieal |y

bi nd to host ce eave adenovirus p S unpreci pitated.
The met hodabilitytthirgeat eflarera dighaek densith &sg.digher thee fix é selsicbip dviftor  cel |

cultures with | ow 3Qcell density,. wherei el | .debri.s and hqst cell
O a6 pr By OF Beasme Pty Betell, B bt Rn Sl T er ¢ o
that sgod phiemesarvestdl dirsoffh vadh High AnGbhdéh@atioAnh akgRBiditghrcel |
densities. _To the contrar fromthe prior art_a strong sry‘%gestl on
coul d be iﬁﬂéﬁ%léfauwatwla(%?)eﬁe?lﬁ# el idiiossen areabowdet2 PRl & al B/Met hod
woul d not V0 20434, Q4SAEAIPCI L ERAQHAIAGEARN RIS bickRhit Buei pi tat e

host cell DNA away fromthe culture an precipitate virus
particl es edsenulzgeriobhighhmouroeicaeH debiis apd dostCold PRGN dihesl conoiupnts

have to be discarded further down the purification process, which is a cumbersome
25  operation. A method for discarding host cell DNA from a harvested cell culture was

disclosed previously in US7326555. The method consists of selectively precipitating

host cell DNA away from the cell culture. A selective precipitating agent could

specifically bind to host cell DNA and leave adenovirus particles unprecipitated. The

method in this reference however has only been described for cell cultures with low
30  cell density, wherein cell debris and host cell DNA are present in low quantities.

It was not known hitherto that said process could be applied in a culture
containing high cell densities. To the contrary, from the prior art a strong suggestion

could be inferred that a precipitating agent as used in said method would not
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solution. 30During experimental testing at.hi gl densi ti
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precipitating effect of the detergent )
factor 2) would lead to precipitation of the totality of the adenovirus particles present
in the suspension. |
In high cell density suspensions, wherein the cell density is e.g. a ten-fold
higher and thus the host cell DNA. concentration is a ten-fold higher, it is expected
25  that the concentration of detergent required for achieving the precipitation of host cell
DNA would also be significantly higher. Hence, it would be expected, based on the
results in low cell density suspensions, that such an increased concentration of
detergent would have the effect of precipitating all the virus particles present in the
solution.
30 During experimental testing at high cell densities (increased with a factor 10),
we found that opposed to any suggestion or expectation based on the prior art, the
increased concentration of cationic detergent (which was increased with a factor 2.5)

did precipitate the host cell DNA (at least with 80%) but did not precipitate the

adenovirus particles. Surprisingly, the selective precipitating effect of the detergent
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Brief description of the figures

FIG. 1. Adenovirus recovery and precipitated host cell DNA, plotted against
25  the domiphen bromide concentration in low (2.5x10°-3.5x10° vc/ml) and high
(20x10°-30x10° ve/ml) density cell suspensions.

FIG. 2. Adenovirus recovery and precipitated host cell DNA, plotted against
the domiphen bromide concentration in low (2.5x10%3.5x10° vc/ml) and high
(18x10°-25x10° ve/mi) density cell suspensions.

30

Detailed description of the invention

The present invention relates to methods of purifying adenovirus particles

from a cell lysate from a high cell density suspension.
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yi el ds, of %{@@mom@@ﬁﬁ?%%.ﬁ%gyabt)&rz;s&@mymm adenovirus 35
(r Ad35) are about 1.5-2.5xT012 VP/nt. Once the adenovirus has

propagat ed i n t Hecerding tethctptasent investierdba bighreald dpmity cdivess ¢ e,
accordi ng | nyention. . i fi frpmi hi gh | |
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density suspensions. Large quantities of host
sel ect i vel (20p#)edhyse refensuceaviesgribe proraskes factba owoidnetioned targeduestitidstofii n
the recombinant adenovirus. These processes rely on the ability to infect cultures at high
25  cell density with preservation of a high adenovirus productivity per cell. Herewith, it
offers a method to obtain a high cell density suspension with high adenovirus
concentrations, in a single bioreactor. Typical yields of current processes e.g. for
recombinant adenovirus 35 (rAd35) are about 1.5-2.5x10'? VP/mL. Once the
adenovirus has propagated in the cell culture, the adenovirus particles are, according
30  to the present invention, purified from the high cell density suspension.
The method of the present invention in a first step includes lysing the cells
contained in the high cell density suspension. Lysing high cell density suspensions,

which were infected with adenovirus particles, cause large quantities of cell debris
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Triton X-100. In addition, a solvent such as TNBP can be added to the lysate or
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25 150x10 cells/mL ranges between about 1.2 mM and 5 mM. The appropriate

concentration of DB for treating an adenovirus containing high cell density
suspension comprising a cell density ranging between 10x10° and 50x10° cells/mL
ranges between about 1.3 mM and 2.2 mM. The appropriate concentration of DB for
treating an adenovirus containing high cell density suspension harvest comprising a

30  cell density ranging between 10x10° and 30x10° cells/ml. ranges between about 1.3
and 2 mM, e.g. between about 1.4 and 1.9 mM, e.g. between about 1.4 and 1.8 mM,
e.g. between about 1.4 and 1.7 mM, e.g. between about 1.45 and 1.65 mM, e.g. about
1.5-1.55 mM.
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after ¢farinkiimati on and a concentration step, but before an anion
exchange chromat ography step. 20According to the invention, a

foll owi ng step can be an anion exchange chromatography step. During
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material, ©.g. a menbrane, cartridge or colum. Subsequent el ution
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testing a variety of filter types with varying internal media. Suitable filters may utilize
cellulose filters, regenerated cellulose fibers, cellulose fibers combined with inorganic
filter aids (e.g. diatomaceous earth, perlite, fumed silica), cellulose fibers combined
30  with inorganic aids and organic resins, or any combination thereof, and polymeric
filters (examples include but are not limited to nylon, polypropylene,
polyethersulfone) to achieve effective removal and acceptable virus recoveries. In
general a multiple stage process is preferable but not required. An exemplary two or

three-stage process would consist of a coarse filter(s) to remove large precipitate and
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step. After the anion exchan%_e chromat ogr.aphy step, the adenovirus
may be suf fPes @iftepth fHispton combined withrg M%@&Mﬁlm%mvm)- a size
excl usion 25 chromatography step is further perfornmed to increase the
robustness of th This step may be prior to or after the
ani on exchhlegwds by iunn Hedipnst ep. Cbvi ously, other purification
steps may al so uitabl y. hiped wit.h.an ani on exchange.
chr omat ogr aphy fs?ltec ee%‘.ﬂn go%&gégggh%ﬁ?%ﬁtengé%%H%rgc%%?rgﬁérfq}%ﬁ‘é‘b%efli' f or
adenov2® usFatirer pindfadationoftas vipesaman & batfigineé rysedaatdtégsedmpnsitl t hi s
aspect is therefare 30 || wi.thin.the reach of the person skilled in
the art. g\fam?rmﬂflf”ér“zfmﬁ?%ﬁ%%% PR Sﬁ%?ﬁf}Oé}é’é‘“‘r@\f/fé“%%gé?Pq%’r?ﬁl oyed
for purifigatiiku iRforaskemey Wi S0EH0E0F6EinssthbaRH Seret ) RBEGRE Grkdd | ed
in the art can easily find the optimal anion exchande material for
puri fyi ng ¥ehsesuchehghiongichange membrappclyprpatggiaphs sicric Hivtiiomi reserscdof
the present, . 0¥EBEHBR hviiRG vt Fgﬁg,jfp@%@ g Lafdd Lt ered
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purification step. Also WO 98/22588, incorporated in its entirety by reference herein,

describes methods for the production and purification of virus particles.
In certain embodiments according to the invention, the clarified adenovirus
30  particle suspension can be treated by ultrafiltration. Ultrafiltration is used to
concentrate the virus suspension. The suspension can be concentrated 5 to 20 times
and possibly be treated with nuclease (as mentioned hereabove). Another aspect of the
invention is the subsequent introduction of an exchange buffer via diafiltration.

Diafiltration, or buffer exchange, using ultrafilters is a way for removal and exchange
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retain adenovirus particles but |arge enough to effectively clear

i npurities. Depéhdlpaiticuda utradilirdionfmentbuenerselactad milhbe efftesizeyppHicientimi mal
nol ecul ar Lght ) : . . .opri at e.
Ton st ent | g P el Meh B RER: A e B0 Chobh b SRRy o BBRIRRL 1 <
hel pf ul i nDepéndingain thgmbindhuudemd mMdrebrprogps homan! melctulht weight t hr ough
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steps ¢an bend e 3 . 44348.
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Soal o pr opa ey R et e A e b ah Pt gecin IEALE
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vol uns o SLe 5Bl R nd P NE ki e RS BT SR 16 ovi e
for a met heehctwratipn ae3SMnGhe p lof thiglbuffee nbalds ehbshigh though ddr cel |
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cell cultures will allow for cells to be cultured at small er scal e,

yet to3hi ghbichéersablganil dencad oty speqifie staldbyiprefilg nf e edeprisingited ds
whi ch can yyffer components, and can easily be determined by the skilled man in the art for that

particular application. As a guide and certainly not a limitation, the pH could

potentially range from about 5-10.



15 efficiently be further processed. This nethod offers the

possi bilit ss highly concentrated adenovirus qﬁﬁi j

w Il have %ngrglel%%ﬁﬁpact on the entire adenovirus purifi zl{}?@rqm“%]

i ndustry. Adenovirus and producer cells 20The invention relates to
purification of Thtpaante o0, 1%PSatikinohd buffersdis bighlyi pigfeired fohuckieviny & i on
can be any w t at ed adenovirus an reconpi nant

adenovi ral ¥ ?@M%Ve@;‘gé@q‘ﬁga‘fﬁ?@é@t“ Eftﬁméf’é‘??é‘dglg’é’w%&rifb‘ﬁ’s%ﬁ%‘/oar

gene t her apyd aRRbViABLESBSatIoR. I REll BERitRh tik deslin MrowtiE FRRREA B for
replication inconpetent adenovirus, crippled by El or Turther

del et i ons, therersqaskilcd wiihe ws toesiahishdughen or psevdatersen conpRetratiganowi r us
genome ks gﬁé}ﬁa{tgyud&eﬁg%ﬁ@%m&%ﬂom BQu%ﬁﬂW@m&%&HﬂsBﬁh&% df%déumﬁé The
genone | s anena t O nani atl on ependl ng on the str ate

utilized t parciglnsawucfiromhmcr e@pemruswe szﬁ(as warioud\cell contaminants. It is also

(Thassy or "BsTPRASES Mot hibeRel iy Al SRR B PBERR NG S >
producer cehdosé amﬂtdﬁwwhdﬁ&@ﬁﬁt&mtlﬁodebbﬁau(ﬂef Eixb@ples f3Gdchlieuges cel |

(sonetlnes also referr d%ipthg t%g art .and herein as packaglng cel
or ' conpl eABEFRH e fouRst In Y 232601 |Amorrexphange gibpine qlroriagaphy
wher ei mp a gﬁ)‘élhétﬁﬁhcﬁqg RV {)ﬂéﬁué&ﬁ%y%ll B2 PAgkadng T se'r:ié§) B 8T Sus é& pe
propagatlon of _reconbi nant adenovirus vectors is done in producer

cel I st hat Senhndeseriny atretuiteble fasiviys pyrificntiomareordinarie she PBLseRt preotion er
cells pref %fsgﬁ eﬁt @Q 53958’10rt\k}9'656(ﬁ§%§ es@ﬁbe AN o?ﬁ'mm?g)?c'ﬂg rus El
sequence, ef’eby are capabl e of conplementing reco ®hant

adenovi ruselyommtograah:dﬁllr@tlnﬁwtmnoffeeorEbmarEgd@nvaert her the adenovirus
may have a deletion i.n t 3 re dIS ab fromthe
Ad genome, and Jﬁfé‘??%gé'g%gﬁ?ag @F«X%’ o‘Hi adglg@g’%? Slﬁﬁ(}’g f‘JSEB%M%Sta d

conpl en®nt rhll Gynyorkdion) dyeptreneRthighy apt ﬁdh&@ﬂer&ﬁfﬁkl w3rvighe msad, such
as human retina ce Is |nnDrtaI|ﬁed by E@ . 911 or, PER C6 cells
(see US palEmbrageq d Tpsing thafies Byt af%ﬁ%ew%cgﬂ?fs% iEpPrgsatsent
1230354) , fHchide @ﬁksjreﬁm%&ﬁ%ué‘&b@u&é €6Qand S0l ) @é% scléi%cd@ﬁt ent
5,891, 690), GH329: HeLa (Gao et al, 2000, Human Gene Ther

213-219), Qe¥pherags XhéG ilifesciqneesy diracipgel EW@(EMm@Strlﬁﬁesmdﬂ&r

or | | T2055r ipliflS! ARSE: QRN skl BpPEINTER SHAGEN IR d. eSS
deposi &0 noelugﬁﬁﬁﬁlﬂdmefdebigbe metdomdmmgeﬂmﬁa‘rmnfaﬁﬁfg 164Clt HeheSEAET,
CAMR, Port | bu SP4 United Ki d us t ent
o B T B Tyl oo see LS paten

The r epI i cati on}ndﬁftmﬁleﬁmbdlmmpwisrlﬁéfel\teccﬁoafse gdensbenegR@raatiRglgby USi ng
any 1l5speci es, strae%wsubty m xture of species, strains, or

subt ypes, GHORAOZHB R ddtes eémholli‘le?f%l}ai“%e URWHOERRY %@, fikademyiee of
vector DNAyGS %@sdfgalehtw@@qg c%ﬁ%@&ﬁﬁéﬂts MR QRE D328k sl ch for

i nstance may provide t'he adenoviral vector with the capability of

i nf ect 2hg ewpmatopragksstert fewhar peyjgrasd (¢ incrgagsrthd wbrseeseabibe prasess. of

t he presen AV ] irus. 20The
per son- skt [T S8 eF R =y BB afts hOGas, LanaB AR BT IR
propagat e Obviously, other purification steps may also be suitably combmed with an anion

exchange chromatography step. The use of anion exchange chromatography for
adenovirus purification has been extensively described, and this aspect is therefore
30  well within the reach of the person skilled in the art. Many different chromatography
matrices have been employed for purification of adenovirus and are suitable. The
person skilled in the art can easily find the optimal anion exchange material for

purifying said adenovirus.



adenoviral vectors of different serotypes on specific host cells,

or 10 0 03 R0RIEPBana T cf or oncee thavei n. For i nst andgTHGIUARSS)

propagation of El-deficient rAd35, specific producer cells that
express El B- 55k @iy pAdizblac anbdamem s theypedsest, infedrtion, st Afecxbiaggd on
exi sting 25 producer ce|lls thaj express El A and El B of Ad5 such as
PER C6 or Peldsg s e ﬁ@ﬁlfgé%}nf%ﬁogﬁulﬁ%ors‘?%gz ?a&sr}lé gg?rﬁ‘é- SRR athe
skilled pepgdfional\biremidGiayRY Me@{ed%. BatRhekehhyo) n@aE'b%taHM ditheiSsefore or
conplenenting cell lines such as Tor instance PER C6 or HEK293 can be
used wi t hoafterbeidipfiligtiorwiththetphtential |to nifreye the sphasiaess of inafurity and/or

El -defigie rAd26, by inclusion of the E4-orf6 coding
sequencgef OPB’%\;/ |ﬁctl%gat Cé rAd35 30 or rAd26 vector, as extensively

di scl osed i n foAniadditiomd elt@itBOd Bdd 6aild alee be posiblcad thisstageT aegdntiniet y
by referenge herein..Thus, .propagation.of. adenoviral, vectors of any
serotype cglﬂwﬁl tr‘gﬁlcktﬁaetwgﬁsbﬁﬁ Hbl%p'%gglﬁrgsmﬁlg}p{a%%ﬂ}qsnuglﬁl& dﬁ@tdﬂaﬁ% wel |
known to tbgchpsdeshdadekbyihedntd A foieilaioh buffste TRY tHodde béRrdeAB60 kDELKDAS
for constructj.on t%le;r eof . and net hods for Er opagating thereof, are
vel | known PhxP#gemprangyig dictatedfyciar fradsafth fetween yicldaadpneroved impupty |
NOS. 538559 cRAGnce? O8RS merhbrane c&BulBigns Qudrss «3R8ow Fibe %relsQ@eptable

5,994, 128, 5,965, 541, 5,981, 225,” 6, 040, 174, 6,020,191, and 6, 113, 913,
and Thonas s@dfykes. Thrgeleeted pltwbibration membrane Ralbb¢ eta siorsuffigiantl small to

Horwitz, " iruses” .. ) ively, d4.n .
Vol ogy, BPARAGYpS e tRt S 8 bl FIREPINPIYS Debnging
Yor k (1996pn thermhnofdetrerraed ercenbcams typentdrainatimbhke@amweight cutofff between
invention is.fur expl ained in the foll ow ng exanpl es. The

exanpl es dc@?ﬁﬂ% Iltol!aﬁikpat“ﬁaé( CAVREAPTIEH in any way. They nerely serve to
clarifysthe i nvantdritfiltrddneddyRhEShdnanmddein the P6ESE Whveh iDREpuCHI | DNA
precipitation in high cell density su%glensi ons Sel ecti ve host
cel | DNA pPREinBiRahip ideadheipirgrs cimbedierst hrushrilg? micrnmsidlisde et
al, US73265@1%:1%%11@%{1&&6(?@%? GRmibPank @c. & MildRPe KRIHIHM - 1t was
shown therein that (at low cell densities) at |east 80% of the host
cel | DNA was pr@pliqiat davenstrean piggessingsieps panld s 4ddsdiappbnpiogess\ifticke a 90%
recovery o b LUS; I ) ard L, i, _conpl .
nknown | 7 4 RECHPRA BuPEen kR Rl oplB Sl LT GRPLES T

cel | d2hsi styp asl/oreehyduxdyamiiite chusperpsiphyStepoMbrt deaiiit an pachod khebd gher

expect od 1 AR SHER HgNGs oS eSSBSt sPEHEMAA R gent woul d be
required, wher ergergxonsReplaation W 91/08293Qcstaibas the %ﬁd&ﬁo@bf or art

woul d suggest that such higher concentrations of precipitating
agent woul BUSRPEESEY Bk ficttafehiomatogianhin matriges to prevent damageda thy o

expl ore th@ir&@i%h@&diﬁ%%i&fe%g@%ﬁ&éi@ééx_%hfsf?)‘ﬂs shigh cell densities,
host cell DNA precipitation was tested in small scale test tubes

cont ai # ng cel | CeitansifraBliration methgdware alse wéry syitable fphpurifivation afcal e t est
t ube nodel dse i i t t . her
sel ect i ve B HHEEE RIS £ HeBH0ERN St B bbb PEpABH oG
PER. C6 cel hdiditierte ogimstend bfceatainichropsatdgaphanghrifichtéaitseghswi t h Adenovi r us
35 (Ad35) and grown at 37C in serumfree culture nmediumfor 3 days.
Cells were harvested at a cell density between 2 and 30x106 cells/m.
and Vi rus Bédlesseell 20Bird 8ysting dndMo®n %&:k0 ploesding Xkbkbes VP/ m . Cel |

lysis was perfornmed over a period of 2 to 24
30 The processes of the present invention are scalable. The cell cultures used in

the present invention range from small scale cultures (e.g. 1-10 liter runs) to medium
scale cutures (e.g. 20 -1000 L runs) up to large commercial scale preparations, such as
1000 to 50 000 L production runs. The initial process steps (lysis, depth filtration and

ultrafiltration) scale with culture volume while the anion exchange chromatography



hours (hrs), by adding the nonionic detergents Triton X-100 and
Tween-80 to final _concentrations of 0,1% and 0.05% respectively.

I ncrenenti 828{(;1205%3:? rati ons of Dom phé% Brom de (DB) ir?CE@PW%MO
were added to 3.5 m of |ysed harvest, followed by i mediate

vor texi ng aed subsequant @cps Hogle igCidehd ata gartiBle @kl ThBEore\Be size of the
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curves gdepi I ri-ang . in fro ell culture harvests
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percentage of precipitated host cell DNA are highlighted on the

graphs.  of adepparysmagtishesdist velumeof seipensien. diig die mertt of thisdeyosiionta
nore thgn 0 Lil : L - yeen
20%106 and SR 08 ol a0, Ropere e LeARIAL Wi RN UcRmYPe
ti mes conpeemsaining highecopRnatinne of adenporuspedigles end thereevith lalldBing dorsiety es
that are 10. ti : . pri si.ngl v, the. ncreased copcentration
did not pr glglhpa{at%%#é&t‘ éelglslsﬁégé’ rgﬁ)czefq gel%c oé%?e‘agh%ﬁfﬂl%ﬁéetg‘gbea@g%%%f1|t(5Sm
ext r apol at agplicable ttd barge soapsceadlodudiuresdvibital oo celtd fo badidtutad. at smaller The
experi ment s repeated w.th cell culture harvests having, cell

Gonsi t1 o5 PGP G RUREAREA 1835108 sl tIbiesgbhieh | TEIHES Fiegls ohich 6t
the vitss effieRvey Ye aitthe?ProRésBed. AihisahoM oS trsGRd poshbiity B} bt&d hamd) nst
t he Dom phen Brom de concentration. The curves depicted in triangles

are obt ai neRNCERERd adsnoxiing btehasavhieBt wilhhvynig erert| irepegss ioni 48 iryi ng
bet ween 2. 2ach0GinANridcatoh dRiussy.! S/ m . The curves depicted in circles

are obtained fromcell culture harvests having cell densities ranging
bet ween 18x106 and 25x106 cells/m . The C* (Dom phen Brom de

concentrati |.€ ' 0% 25virus recovery) at |ow and high cell
densities AL Bl entage of precipitated host cell DNA
are hi gl i ght edTignintdneion kelgpbsto purificatioAs £ adefotitusnah edenbriamacbdiggaphs
in Figs 1 . 2, the DB .concentration,which giyes 90% virus recovery
(&3 Por " nitgis Sy E: b6 9 At GG Iyt b g PR by ween

i ndi vi dual re@éfrﬁ@ihhﬁfﬁﬂérﬁwir@l%ptbhi@fs})&;iﬂi@ﬂer&f intde@e RRECMBloNVA R RN
However, the 30 graphs consistently dgnonstrate that a sel ective

prepi pi t at {hEFFPY APIALIGNS i%e ¥sania lapsd™ gengsrtign rerlicrtiopaineanineeest and

that the spichghhg & fe gﬂltd'r A Rk dé%n%{xﬁaﬁdiﬁg% |

i goificant!y
hi gher than for the nsity cultures, b%%tésr’rsuséﬁéqog{/\r%’? t han
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to construct the respective vector. A replication-incompetent virus such as an
recombinant adenovirus 35 (rAd35) or 26 (rAd26) vector (as exemplified herein)
requires a producer cell line which complements the deletions.
30 A producer cell (sometimes also referred to in the art and herein as ‘packaging
cell’ or ‘complementing cell’ or ‘host cell’) can be any producer cell wherein a
desired adenovirus can be propagated. For example, the propagation of recombinant

adenovirus vectors is done in producer cells that complement deficiencies in the

adenovirus. Such producer cells preferably have in their genome at least an
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density rangendgiriet \egienab et thkthd Qe apehlSOxdMhIGRinkisE RichmbaBge
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scal e t est emherimapigahe preducss eslls are for instppue RIGKAY qelfs.\gs PERCGA qelip.«d
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batch node, cells were cultured ring 4 days and infecte ter they
20r eached #o.d¥$AZINHY, d@nﬁgiedgnﬁéﬁb@ﬁryﬂﬁﬁ@& thz)E(JZASﬁlG&Mlé,I RestorDowA t er

nar vest ed, SIS YRR R GHAIGE ok S lep OO RN BT T or e
Wi th an ATHesfotrent umswammdems days post inoculation at a cell
density of appr.oxi el. .ox106 total cells/nplL. After 14 days of

per f us%/on t hgpcﬁ‘(‘? rggt?ﬁéﬁé?fg r&,ggenaylradtvgqjowapﬂfeg?rg:gq{eil@fwgz@yf ree
medi umis N kfeiehisahiRaaib8ipel & nfixfed of sﬁ&i@l §tiy‘cur%f oﬁslﬂgﬂ%}'}oeslgﬁalfpa@emﬂ@ém

Subsequent |y the bioreactor was infected virus. The ATF
syst em was 2 §kigierie gdeyorises as theosoprae of é@emrd?Nét(bea fordantanee NP PEZANEN

rate of 2 vwasseh3yehWiksh ﬁ?ﬁns%yem @scldét%%éno(vﬂgﬂé&gﬂ)%ﬁ theon) the

cells were harveste(b:f The cell density at harvest I's given in
Tabl e 1. 3cspabisibpfanfccting maamelsslrcd@elll fypesadn & piefised cobedimanpeithod of 2

to 24 hour e (X]t gﬁ'g[lltﬂ% b{'(ﬁ ?I'IA% lg be%tdgl;llgg etllg\fiTrSi ton X-100 and

Tween- 80 t I'n conten i'ons of Tespec |vef1§/‘0. 1 and 0. 05%

Ther eaf@ er, DonTipheemsoBrskitficd e thasrt adldeda\me biithe lpyssiilittany popadate fi nal

concentrati ns .of 0. 1.52 mMin 40 The precipit ed
el

NadCl
lysate was®TPRATA ] fRbSeERRy 8 S&f‘éﬁﬂ%orsﬁ qeﬁlérvé%nmﬁhc’ééﬂ

pore si ZesfdﬂQismeé\dlsdl\&ea%ﬂ-ls%&7@%/05812@@6:9@@44@@ an&@eferen&sl i m
(MIlistak + CE20) and -1 - Cuno Zeta Ius

r espect i vefhreinpigr wptanges for afqpaaﬁwagfg F%‘Pl?f’éélAé?t éP%tﬁ?sI?tf errqellsc of
100 L1 ) A S R RSBl b oMo
puri fi &t i predpeoedisdhat express E1A and E1B of Ad5 such as PER.C6 or HEK293 cells

(see, e.g. US 6,492,169), as is known to the skilled person. Alternatively and

preferably, existing (AdS-) complementing cell lines such as for instance PER.C6 or

HEK?293 can be used without modification of the cells for propagation of E1-deficient

rAd35 or rAd26, by inclusion of the E4-orf6 coding sequence of Ad5 into the rAd35

30  orrAd26 vector, as extensively disclosed in for instance WO 03/104467, incorporated
m its entirety by reference herein. Thus, propagation of adenoviral vectors of any
serotype can be done on producer cells using means and methods well known to the

person skilled in the art. Adenoviral vectors, methods for construction thereof and

methods for propagating thereof, are well known in the art and are described in, for



5 Lysis, DNA precipitation (DNA ptt) and clarification were perforned

using 8 different _harvests, which diffgred in volung, | 1_density at
har vest ((%Rﬁfﬁgbﬁ%ﬁgl rus titer. The ha?vests wer e take%%f%ﬁ?lﬂfs?“d%

10L bioreactors. The percentage of precipitated host cell DNA
( HC- DNA)  apxhnigle W B us. N@CHSET.§908887,5 N S{B16TRDI L &R1i808, FORPI06Er €

det er m ned, | e Prac r rs Results DNA ppt

S ari 11 car pntaltdiste oRomaSer it DA ATEL RN eaf o 14915, vel Raepoe

(mMV) Step BR&MRYEAdenbVida SR thELRYFINdn¥IMHEHMRitz, "Adenoviruses”,
Chapters 67 and 68, respectively, in Virology, B. N. Fields et al,, eds., 3d ed., Raven

5  Press, Ltd., New York (1996), and other references mentioned herein.

The invention is further explained in the following examples. The examples do

not limit the invention in any way. They merely serve to clarify the invention.

10 EXAMPLES
Example I: Selective host cell DNA precipitation in high cell density suspensions

Selective host cell DNA precipitation was demonstrated in the prior art
(Goerke et al, US7326555) for cell densities up to 1 x 10° cells/ml. It was shown
therein that (at low cell densities) at least 80% of the host cell DNA was precipitated

15  away from the cell suspension with a 90% recovery of virus particles. However, it
was hitherto completely unknown if such selective precipitation would be feasible at
high cell density, since such cell suspensions would contain much higher amounts of
host cell DNA and cell debris, and therefore it would be cxpected that much Higher
amounts of DNA precipitating agent would be required, whereas extrapolation of the

20  data from the prior art would suggest that such higher concentrations of DNA
precipitating agent would also precipitate the adenovirus.

In order to explore the possibility of DNA precipitation at high cell densities,
host cell DNA precipitation was tested in small scale test tubes containing cell
densities up to 30x10° cells/ml. The small scale test tube model was used as a quick

25  screening tool to test whether selective DNA precipitation still occurs at high cell
densities.

PER.C6 cells were grown in a bioreactor and infected with Adenovirus 35
(Ad35) and grown at 37°C in serum-free culture medium for 3 days. Cells were
harvested at a cell density between 2 and 30x10° cells/ml. and virus titers ranging

30  from 8 x10" to 1.5x10' VP/ml. Cell lysis was performed over a period of 2 to 24
hours (hrs), by adding the nonionic detergents Triton X-100 and Tween-80 to final
concentrations of 0.1% and 0.05% respectively. Incrementing concentrations of
Domiphen Bromide (DB) in 40 mM NaCl were added to 3.5 ml of lysed harvest,

followed by immediate vortexing for 1 minute. The precipitated material was
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removed with 0.45um polyvinylidene fluoride (PVDF) syringe filters. The filtrates
were analyzed for Ad35 and host cell DNA concentrations using a HPLC-AEX and
(Q-PCR assay respectively.

Fig. 1 shows the virus recovery and precipitated host cell DNA, plotted against
the Domiphen Bromide concentration. The curves depicted in triangles are obtained
from cell culture harvests having ccll densities ranging between 2.5x10° and 3.5x10°
cells/ml. The curves depicted in circles are obtained from cell culture harvests having
cell densities ranging between 20x10° and 30x10° cells/ml. The C* (Domiphen
Bromide concentration which shows 90% virus recovery) at low and high cell
densities and the related percentage of precipitated host cell DNA are highlighted on
the graphs.

The DB concentration that is required to precipitate more then 90% of the host
cell DNA at cell densities ranging between 20x10° and 30x10° cells/ml is increased by
a factor of at least 2.5 times compared to the DB concentration required at cell
densities that are 10 times lower. Surprisingly, the increased DB concentration did not
precipitate the virus particles, as would be expected from extrapolation of the curves
obtained at lower cell density.

The experiment was repeated with cell culture harvests having cell densitics
ranging between 18x10° and 25x10° cells/ml. Fig. 2 shows the virus recovery and
precipitated host cell DNA, plotted against the Domiphen Bromide concentration. The
curves depicted in triangles are obtained from cell culture harvests having cell
densities ranging between 2.5x10° and 3.5x10° cells/ml. The curves depicted in circles
are obtained from cell culture harvests having cell densities ranging between 18x10°
and 25x10° cells/ml. The C* (Domiphen Bromide concentration which gives 90%
virus recovery) at low and high cell densities and the related percentage of
precipitated host cell DNA are highlighted on the graphs.

As can be noted from the graphs in Figs 1 and 2, the DB concentration which
gives 90% virus recovery (C) for high cell density suspensions may slightly differ
between individual experiments, and this is part of the normal variation. However, the
graphs consistently demonstrate that a selective prepipitation of DNA is possible also
at high cell densities, and that the suitable concentration of SPA (here DB) is
significantly higher than for the low cell density cultures, but much lower than would
be expected based on extrapolation. Thus, the skilled person will recognize that there

is a range rather than a fixed point of suitable concentrations for the selective
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precipitating agent, and based upon the disclosure herein can find the suitable range.
For instance, appropriate concentrations of DB for treating an adenovirus containing
high cell density suspension harvest comprising a cell density ranging between about
10x10° and 30x10° cells/mL range between about 1.3 and 2 mM.

5 Based on these results, the person skilled in the art will now be aware that
DNA precipitation can be extrapolated to adenovirus containing suspensions
containing even higher cell densities, e.g. of about 40x10° cells/mL, e.g. of about
50x10° cells/mL, e.g. up to about 100x10° cells/mL, e.g. up to about 150x10°
cells/mL, and that adenovirus from such high cell density suspensions can be purified

10 with the process from the present invention.

Example 2: Selective host cell DNA precipitation in high cell density suspensions
at larger scale

DNA precipitation was tested at scales ranging between 0.5L and 20L. The

15 DB concentrations used for DNA precipitation were based on the previous
experimental results (Fig.2). About 80% of the C* concentration as determined in the
small scale test tube model was used.

PER.C6 cclls were cultured cither in batch or in perfusion mode in 2L or 10L
bioreactors. In batch mode, cells were cultured during 4 days and infected after they

20  reached a density ranging between 1x10° to 1.6x10° cells/ml. After infection, the cells
were cultured further during 3 days and were harvested.

In perfusion mode, the perfusion which was performed with an ATF system,
was started 4 days post inoculation at a cell density of approximately 2.5x10° total
cells/mL. After 14 days of perfusion the cell suspension was diluted with fresh serum

25 free medium in the bioreactor to a cell density of about 13x10° cells/mL.
Subsequently the bioreactor was infected with Ad35 virus. The ATF system was
started 5 hours post infection at a medium refreshment rate of 2 vessel volumes per
day. After 3 days (post infection) the cells were harvested. The cell density at harvest
(CDAR) is given in Table 1.

30 Subsequent to harvest, cells were lysed over a period of 2 to 24 hours by
adding the nonionic detergents Triton X-100 and Tween-80 to final concentrations of
respectively 0.1 and 0.05%. Thereafter, Domiphen Bromide was added to the lysed
harvest to final concentrations of 0.72 and 1.52 mM in 40 mM NaCl. The precipitated

lysate was clarified using two charged depth filters with estimated pore sizes between
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density.

~10 - ~5 pm (Millistak + CE20) and ~! — ~0.2 um (Cuno Zeta plus S0CP)
respectively, The clarification was performed at a constant flux of 100 LMH (liter per
square meter per hour) until the pressure reached 5 psi.
Table 1 shows the process parameters and results of the purification process.
5  Lysis, DNA precipitation (DNA ptt) and clarification were performed using 8
different harvests, which differed in volume, cell density at harvest (CDAH) and virus
titer. The harvests were taken from 2L or 10L bioreactors. The percentage of
precipitated host cell DNA (HC-DNA) and the virus recovery over the precipitation

step were determined.

10
Table 1
Exp. | Process parameters Results
DNA Clarification
ppt
# CDAII Virus titer | DB Step Step HC-DNA
(x10° (x10" (mM) | recovery | recovery | reduction
cells/ml) | VP/ml) (%) (%) (%)
1 1.36 2.13 92 86 99.6
2 2.47 2.24 0.72 91 86 99.9
3 2.37 1.85 90 90 99.2
4 9.1 6.7 69 97 99.9
5 18.6 8.9 88 98 99.8
6 20.1 15 1.52 90 82 98.3
7 16.7 11 99 71 99.9
8 25.8 15.9 104 92 99.8

It is concluded that selective DNA precipitation is possible at high cell density.
15  Indeed, although the DB concentration was increased (with a factor 2), the virus
particles remained unprecipitated (see recovery higher than 69%) and the HC-DNA
reduction was higher than 98%.
Herewith it allows for the processing of large volumes of high cell density

suspensions, which is needed in industrial processes.
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b) selectively precipitating host cell DNA away fromthe adenovirus
particles by addition of dom phen brofide at a concentration ranging
froml.3 to 2.2 rat c¢) clarifying said suspension containing said
adenovirus particles to obtain a purified adenovirus-coMi ni ng
suspensi on wherein at |east SO % of the host cell DNA is precipitated
away from the adenovi ni scontai ni ng suspensi on; t he net hod bei ng
characteriz%g.in that the cell density of said cell suspension is
rangi ng fro X 106 to 50 x 106 cells per m. 2. A nethod according
to claiml. wherein the cell density is ranging fromabout 10 x 104
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b) selectively precipitating host cell DNA away from the adenovirus particles by

addition of domiphen bromide af a concentration ranging from 1.3 to 2.2 mM;

¢) clarifying said suspension containing said adenovirus particles to obtain a purified

adenovirus-containing suspension wherein at least 80 %% of the host cell DNA is

pracipitated away from the adenovirus-containing suspension;

the method being characterized in that the cell density of said cell suspension is
ranging from 10 x 10° to 50 x 10 cells per ml.

2. A method according to claim 1, wherein the cell density is ranging from about 10 x 10°
t0 30 x 10° cells per ml and the concentration of domiphen bromide (DB) is ranging
from 1.3 to 2 mM.

3. A method according to any one of claims 1-2, wherein said method further comprises an
anion-exchange step and an ultrafiltration step.



