Title: Process for adenovirus purification fromhigh cell density cultures
The invention relates to the field of virus production. Mre particularly,
it concerwe 20npre38ed nmet hods for the purification of adea®xEPems/0pHEBE | Cl es
froma cell suspension. 5 Background of the invention Recent

devel opnent n the field of vagcine n have created the need for
| ar ge scaﬂgfénémsﬁ%fpm %@Vlﬂ%\ﬁ@w%%g Saaéw FHOERLESs are needed to

support the world with sufficient amounts of (reconblnant) vaccines to
conmbat infectious 10di seases. ~ Vaccines against infectious diseases
can be ba%bdinyantiacitisiatie féﬁiénﬁwirmwoqimﬂtothese pmularhsaut qoeegon, great

efforts are bei oth o 1 tion of c rocesses for
adenovi r aSPoH R R RotEPen O ERE R el TotE P Ent FgotIG: ¢ i o5 and
subseqyently infected in order to obtain higher total virus yields. Such

hi gh cell 15density processes are being disclosed in e.g. W 2010/060719 of
Crucel | HBatkgroumdof thejinventionk et al. (2004). A process for the production

of Large. concept el it e SRAPHARTE AASMDANNRR ASSHLE Bedhcbher e 0.

This optim zed process e e ab tures

cel | denstdryarges@le maghecftuﬁﬂ@mcﬁmét%dchegﬁ Wk proodsicd awle&eéd/@tmppomf a high
virus productivity per. cell. Herewith, it offers a nethod to 20obtain a
har vest edthgiwaild wih seffisieniimennis ohresombinaadrwssinesioicombehinkctpiy| e

bi ore to iscab¥ |cal virus particle (VP) yields of said processes are about
1.5-2. f% Processes wherein cells are cultured at high
densities are bhommmugamman&mdmmuﬁ&mmmnmnbehhghxmmamnmanmﬁadakhﬂdebris and

host cell ese cont ani nants hav t o be. di scarded furt er domQ t he
purificat PEHCISH- & Shat repsens igread eorts grp %&Et@éoﬁ‘ﬁé?&’gml@ﬂonﬂ 8% f or

di scar di ngrdagsts fof 'ahe%% Hh@clo'ﬂaC&@sszh@@eﬁ@|c'ultﬁt‘éhra’tjﬁ1@re‘éﬁﬁg Qéx?s?tie@s ed
previously in US7326 e nethod consists of selectively precipitating

host cel | adNabssgyntly oiedt¢seineeddr to gbltaulrhagheﬁ\ tetel gotsiwedpSech pighatilng agent

coul d e |f1caII bind.to h adenov rticles
cnpr e by Barius Proghuth B e ieE 1 e PR dERTe BRRASH HBE L

descri bedBfoan€ Rl Yule el 41 UROG4 WAt fRod QYo Qo dERIdS o Yarg B @icehtratioak bf debris
and host cell DNA are present in_|ow quantities. It was not known

hitherto f%ambwnua%n@‘@@@sw@di@mlhﬁé thaspini ‘Blais pptimized pragess rebestai theng hi gh
cell dens r 6 gestion
coul d be ?% #Pgé%gﬁgﬁugg%%% pé? ﬂgkpglﬂéhashﬁgi 6|%£%alg‘%' hod woul d
not sel epickstehtyonpufediigh bﬁﬁ@prbdﬁdtlv@t§|pbr EINAHavawitH, it@iffeihemetbodus e and woul d

preC|§|tate Vi rus partlcles when used at high concentrations (CGoerke et al.
2004)20  obtainpnharyestadoiiue §e n&%waﬁhm{fgw&@ qonggtiatip. ihkpelshioreddorgener al | y

further PrORESSads b RLASI LRIAR LR UK Ldatl AdGROYLY Yoo ™y phar i i caton

step using or tangenti a ow filtration (TFF)
is usually i nch;te&tes whsralrdceﬂisllarefaud:tatadcamh@hateeﬂ!aes arheramsdo dfe TFF requires a

relativel cIe n.har est, that cont ai | uantjties of cel
debri s or & At o <50 0G5 AP PR RAOR g0 <ai o
i mpuri ti eﬁa\feQH Ib@ di%@%b@ FortHel 6kn Eﬂ%epufrﬂﬂcﬁt@(;rﬁpro@@ss avKeR BEAUKePsome
clarification by TFF is commonly used further down the purification process
e.g. s aopdatiah. dy meihad 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



10pr ocess step. Separ ation of adenovirus from an

adenovi rus-containing cell suspension directly after harvest, using

t angent i awof2bove4bisiit rati on was previ odsly described in @CHEPERIDTUIRS.
However, the adenovirus was grown on adherent cells, which remained in the

bi oreactor after harvestjng. efore, the virus contajning suspension
that was I8fGHVE é}rew%%b%%ae@@ﬁ{%ﬁwaﬁe@r © P BRERAIMATARSiDf el |

debris andihostigel bhINsed WOROAGHHE2AM0R! EBcHeSEHI ot he use of TFF
directly after harvest. However, the cell densities of the virus-containing
harvest used t lhb¢ edanowewnsecontghink owk culture haisedte Grecgshérs)iyfurthas paicsskds ed
herein, the yse of TFF in the clarification step directly after. harvest is
ot -t easi B &dFgp St bt Ea B Ak SR bHEEuhe §enthe BbBio0S nce cer)
cul ture prRPesESndheldeiiteition(TFR) Bs@l i68LI& ial@idiriifigatidt froeRs at

I ncreasi ”%1 densities, there is a need in the industry for downstream
processes Thquse a3l isqeirs a relagivehs elcap haricgththebls| caédising yimdigdpensi ons. Thi s
applies i r j ; . i.r {i nmary of
the inven llloﬁl%é 81“&"{’1 dfkfe%s %?%g%ﬂnlﬁl pﬂﬁl\%ésn%lgg%g\ré'gl g(?ség&? %Wréét/ﬁge S %%Sf&guri fying
adenovi r usaip anhpuritieg Sofild Ppaxablgdldckl ths Alters f AODTEse@ldncs ukpHERSHGNDY | N
particular_froma high cell density suspension. Attenpts tqQ purify

adenovi r usFF iosamamenlypsedfurthgiedesyy ﬁilespu@geﬁsqndﬁovw fr23texthadiondoustiocesses
resul {gd inq)cgsgrs bpl OW Virus recovery, as exenplified herein (exanple 1). The
concentrations of inpurities in said high cell density suspension obtained
after harvest Sepaeatgandrdéioyiteohi ghadeooatdsenanfadringlcelbatspademovi r us
purification. wn, st ream. processi ng of. high cell densi suspensi ons usi ng
known pr oé@%%@s%?%mfae%wﬁ%fﬂg}g% g filir tha@@aeevwfyscﬁ%ﬁ%bed/&nfeigrst
filtrati opp$iAR2YOYSHeONAE 8dcnBlird WAUGBwn dnl ddh&EhQRIL QvEiENRYR:iAG 9€
precipitates and cell debris. Subsequently, one or two nore selective
filtrati om tht bpscagtulafebenryestog.rBareforephicaiins gortainirigiusprnisipn phatiwased

adenoyi ru uspensi on, have surprisingly faou nd di,scl os ein that
i roctty BB ERRERLS contpRElSy R Bl Bhiohy oZHOT3RR APy SRANEE s, e
consecut i We2008/03230D8ko a&lctibéNe LECGIMEFT @ik dcOR) aRBENRTeIES Bick,ahd ON
followed by a clarification step conprising tangential flow filtration
(TFF) r esedlt dansitigs af thieyhuy-confpinfricdipreasewsdithagingyesp aneh dayver then 5x10

Surprisin the ¢ I t gi-hi d rus, £ nts of cell
debri s, hgéé,lké/nélélfs %ngﬁ%%%%g?gﬁ%pogﬂﬁtﬁgst&ccg%%éag? ﬁ iStcekZdﬁItg?ty %gelllpr ocessed
to purifi kevdd iaedeasibieiforvell bultdres édneaiping d&ihtcellrieasitieson. Herewi th, the

present invention provides a novel %r_ocess suited for host cell DNA renoval
in | atQe scal eSHgeRIVFHES PIRCEPrLYE LeepPocelsd aad celsiafe b FHEBRGYT at i ng of

DNA frag nﬁﬁ}&gﬁlg ReNiti & Gk ta%eé(?l?ll the hﬁlugtji]}e for dowp&%hgg&@égsmhgﬂ’ ocess, a

single clarification step was su clent to puri ovirus 15from a high
cel | denstiaplesths peasiconof high ngl ddEity euspehsaonst Thiatapplites in particulth® thavent i on
provi des g tfh d for Buri fying adenovirus particles froma cell suspension
having a Beldofgaoviys PLOdYFIR- from 5 x 106 to 150 x 106 cells per ni, said
met hod conprising: a) lysing cells within said cell suspension; b)
fragmenting and/or precipitating host cell DNA within said cell suspension;
and ¢35 subjimmimeftheinyentio®Osuspensi on obtained fromstep b) to a
clarification }ﬁ{e %)f%rs]gl% ri]ﬁ\!e%J[iorg 1|re(i)a\1l‘¥esf tlolrﬁertﬁédsoor}purifying adenovirus particles
from a cell lysate from a cell suspension, in particular from a high cell density
suspension.
Attempts to purify adenovirus from a high cell density suspension with
30  existing processes resulted in very low virus recovery, as exemplified herein (example
1). The concentrations of impurities in said high cell density suspension obtained
after harvest were generally too high to allow for direct adenovirus purification. Down
stream processing of high cell density suspensions using known processes would

commonly require a multitude of steps. A first filtration step would consist of a rough



I n sone enbodi nents said adenovirus is purified froma cell suspension
having a cell density ranging from5 x 106 to 150 x 106 cells per m, for
i nst ance WOx0MLOB5380 50 x 106 cells per3 m or 10 x 106 t ®C3EP01006548€! | s per

m . I n anot her enbodi nent said precipitation in step b) is
per f or med sel ective 25 precipitati host .cel | fromthe
adenovi ruéP Q:Te@vw%gaareﬂp&ﬁteéﬁn C@E&@&Sl Spuseiyi Otnaﬂr%&}jo Ent .

In a pref @ém@emféﬂnm § wohftPod ROGRRY fodoidih @V il drfiahliANed SacABuEY med wi th

menbrane having a pore size ranging from Q. ot her
pr ef er r edswspbothment s, t he tangentlal flowflltratlon is performed 30 with

a hollow fiber, I.n yet anothe nbodi id tan tial flow
filtracion is Dt Samarel b G a0e TR e BLrpi g B ° ne
figures prep arlné:é Il LsatddenamingUtici® RN ahY cadcRVRGIsPbf RdsebelNDXA cel | DNA,
plotted ag I nst the dom phen brom de concentration in |ow (2.5x106-3. 5x106

ve/ m ) andagmegatierosntos- mmm@@ov@l&ﬁvyedd@/rml@ryﬁ@éuon s@nwmglis@gs 5FIG 2.

ot phen. BrBSRRLAGY IR QRIS EEORbNE Pyl e Bl flpadRAR) . L1e
(18x106 25X106Su@h@i|nglyd&@5dell)lysa&'l don'eautaﬁga@en@nﬁus Depaihechtdesesli ption of t he

invention 10The present invention relates to nethods of purifying
adenovi r udctsisy host P%lkDNAomdaothwgﬁlp@@rws %%?fﬁylegﬂx b@ﬁgq%wed eeBHidng to the

|
'C 2?’ Ie 21(% 8 n ?idetrg]]q%&% \?H'Ié g%stlh% 1%@&1‘[ ﬁ'veaﬂérp NSLPRS tﬂé 0k HVRBGhPYroGHikS KT i ng

culturing ca or I nst ane be perforned
i n bat ch, néedptretshsuaed ﬁnembstsuebliDNmmﬁnoMumka@ deale aderdvinus poriiedtios t o hi gh
cell densities are known to the person skilled in the art. Specific nethods
15f or obt BI%FPHE® hi gh cel |l density cultures are disclosed in e.g.

VD2004/ 099396, wWiltZR0 #BRRthe df@ﬁ@@?ffa%%ﬂ%on prl%%%ﬁ’&{)ﬂo‘?the

Accor di ng to the pr esent |1 nventi on, densi ty suspenS| on contains
bet ween apeuficabien P& cassda welclcrbﬁlfu:@.tlbls stmz Wae sgfﬁctmt togemifnbdunovBxs1 06 and

| | s/l b [l s/
l%gto \)/(\égi a§8ﬁ]tsa %Eﬁ@lg%lsﬁ?ﬁ&%gﬁ%%h%g@ﬁ%n@f Cﬁrlgcgﬁoo?l?r(llgesp?gf e?r(raﬂa ererbgdl ment

of the present ThouRBhtiANprotides £ lethoddspirifying agahdiduk ghrtieRk frodensdit y
suspensi on ranges between about 10x106 and 50x106 cel|s/m, e.g. at |east

about 15x1Gecwsqn having a ecliglensity raagg fuwo b MO%a 080 &) esllsrper @l gaidat | east

cel s/ ot rattedSoforRs B IR by TNEHNR ST hen ol WRe b Gy ARt 56

cel s/ L. prempltatlﬁg:h‘dst délhDNowithia shfdi\/c&ﬂtsumnmbh;gihdaﬁblhbjét&ﬂlgltheycdll,l| tures are
infected with adenovirus particles in order to allow_ said adenovirus to

pr opatfat eSYSHERSRN @%ﬁupe%ﬁg@e% Rrfo aﬂ&r@ﬁﬁtﬂqp bSh‘iaQEPUé’él floydri&ttap- suspensi ons
are obtained t i n a single

bi or eact or. hﬂgé&q& ?'Hect?lﬁgaﬁﬁghﬁ%{eslpﬁﬁ% féfﬁg?é'?ga}éél{#é}sgg are al so
known to hheng)ecslbdmfsky tehg«hg fnorn ex la()tto ISﬁaCIJOF cdlsmet mbder instanob$ ai ni ng sai d
hi gh cel | t ul tures hi gh vjrusconcentration are disclosed in
e.g. EPOSi%e ’élé% hﬁ PWIBWOT]IQ) %(850‘[3 3l FRUSRer M 2004, These ref erences
describe pr OCe%%tﬁ&%ﬁ%ﬁ&ﬂ%@?&i&bf&{bu@ﬁoﬂ ﬁ‘lr% URPEHSHRA bYfscle8ERINPI Nant
adenovirus. These processes rely on the ability to infect Cultures at high

cel | %{*ensplteylpmmmg lpnse sdl DA omayofrom the adenovirus particles by addition of a

selective precipitating agent.
In a preferred embodiment, the tangential flow filtration is performed with
membrane having a pore size ranging from 0.1 to 0.65 pm.
In other preferred embodiments, the tangential flow filtration is performed
30  with a hollow fiber. In yet another preferred embodiment said tangential flow

filtration is performed with an ATF system.



a high adenovirus productivity per cell. Herewith, it offers a nmethod to
obtain a high cell density suspension with high adenovirus concentrations,
in a singve 2bitoueiset or. Typi cal yieldst of current procePSEEPR0IG065406
reconbi nant adenovirus 35 (rAd35) are about 1.5-2.5x1012 VP/nlL. Once the

adenovirus h ropagated jn the cell culture, 5killing nost of the cells,
t he adenoéﬂﬁwd%h&ﬁ%‘}—reéccordi ng to the present invention, purified
fromthe high ggbl demsiblituSHIPERS a8 precipitated TRt CEI BRAEA OflofibE aPliRE €Nt
invention as a first step includes lysing the cells contained in the high

cel | densthey demiphensbromidd yonerptrhfigrh icelow d2Asi8°y3.8x)5engmbnsnd wiigkh wer e

infected w yiru articles, cause large quantities of cell debris
10 and ho?*“@%réd ngﬁ%¥%ﬁ%%f%f%mPﬂEPW§ cel I suspension. These

accumy ati ons FRRCGErAGMBSRHURBE v P WAd Préchardlr REeesll N Af plbhed elihst _
suspensi on cunber sone. The present invention provides a method suited

for purif{ficndominbanvbroasde spn¢eatragor ripmomhd2 el 0°-3.5sHY evembniagh leigh|
density s S 6 r it f host cell DNA can selectively be
precipita eg‘?gbsméla%aprEér?u%}lﬁ‘genag’gﬁ%{/%ursﬁ%%&?ti cles within 15the high cell
density suspension by adding a selective precipitating agent to the cell
| ysate such that at | east about 80% of host cell DNA nolecules are
Dgtpiledsleseringign ofdhpinyentian| density suspension containing the
adenoy rus par i, ¢hesent AR cfliise ki 8o MtiRbdb o IR ARAESIRAb AL RitigLep al | ows
for t%e pr eci p?rt ai)lr%oenncl) ecc%nt ae(rPna?natOi ng %osot tpcefqu %\% V\n@dti h&iat1 %east a 80%
reduct i onfrom hiogh celeti¢nsDNAysppnabre rdatebyd gD thathv2itiey dre nglr eclpdaakey abl y, as

exenplified herein, about 95% r edugtion in st. cel fol |l owi ng

clrar 11 catParmrerprsne By eltiee i o Teb o bITHIES st esldes | ysi ng
the cell spaMifiddme YehRrfofhéd AIRHIPRANMM: or HRHBsibh hitdeSMRModWRR Rithithe cel
menbranes are |ysed, allows for the harvest of both cell-associated

(i ntracel ballsdo highragllmonsitessae kaoven to thr persoe bkilledin) thadenSnecifigsnéthodn t he

i nf d hi |1, densj.t i on. ,.Host | | is, whil
boi ot ne i BbERpe hERREh S0 RHRR SR A e b ROAORIDLTI S B be
repl aced Byorma/09Bshanivoabod/§sa494metdnogir/¢ergh. as enzyne treatment) and/ or

mechani cal shear 30 nethods (such as hollow fiber ultrafiltration) to
rel ease maxi muAcearengtta thefpraxehBventios, a Mahtrsslensitatsuspansion cosfedsf or acti ve

cell lysi I (1 i a §or

i nst ance E%tg}r’?g%ggsbglﬁ?éfe(g airnﬁ M?% é'ggbeé‘g?%%&%i‘lgl Qﬁ%%@ﬁg inthis
respect acdlsfrar, exdephen dboee2sad 0haw, 1091 0°teiiedr, ¢.ghpgertombout and/ or

hypot oni c_| ysis, ,liquid shear, sonication, high pressure extrusion,

det er gent 29349 and %Q)’a@i reltsiBhs of the above, and the like. In one enbodi nent
of the inventi I W I : : . Use of
a detergent fo?p? 9%@%?&@%?%&\%&%}6%%klr:ﬁalltegtlsotn’ @g%glrll%e'[gsg %ng%lﬁg%% and t hat
it is eastdlydssay abpensidetaegeydret:scdntidbuicx 1 Beandsdt ] 0%cedlsinile evayt t hey ar e

enpl oyed, . are.genger al./ known to the rson skilled in the art. Several
e>r<rgrrpl>/es lept albg}lt %gﬁiba%élé/sngf@cgﬁ%%ﬁ“ia Oﬁ%%éz&ﬁg%/g{]“’ﬁzg'ﬁ capt bR or gent s,
as used hesgign, e%aﬁb oot NYt cakanmat .|u&)rﬂ> LSkt B8x BRI/l gat {119{8 C,

Zzwitterionic, an 6noni oni ¢ det e;%gnts. 6arrpl es of detergents-are for
i nst a?fce Fpdut dAx Hn @ty mPot.gsar toaabeudthx10 ncadvanlenbodi ment, t he det er gent

used is Triton,X-1Q0. I addi tion,. lvent such as .TNBP,c be added to
thed veate or et Betuipl ief a0 skt AR RS orent these
det er gent sddnBvirikepdrti@ly ini drifertt® allovaghit \wabeveny & gapsbard iniBesell Al SO,

autolysis of the infected host cells by the adenovirus therein may provide
for subst susppupion: Heeeyath, bighj aetl dgpety wpRansigae ps\Abfaikedthet ceatpiblighsed in t he

pr 0cesses (ﬁIce @aﬁioﬁr}g)‘é%&e&gg@u&mﬁ %?%re?)g%rg&%rf Me@ﬂq‘a{s #%Fec&l?%ﬂigh@il s which is

known in fhe ar € Intrace ar viruscinto the host
cel | 3A5 dedsitucelturedansmsbdnoavien tieaderdvarskidietiimtheliyt. Shecifietedrds eirscl osed
herein. It is.clear, to the person skilled in the art that the optinal
concent r aPP@Ringssaf g@é@%ﬁ@@ﬁv Cﬁlévew&tb, IghoYIrys sepeanEration %Iﬁidﬁscl%%é Mange of

about 0. 1%,| fpiaYew) 1 5TQHIERY AL A2 AR AELGELOYS PEEIRirbRLS ABscribe

processes for the production of large quantities of recombinant adenovirus. These

processes rely on the ability to infect cultures at high cell density with preservation of



20Fol I owi ng I'ysis, host cell DNA can be fragnented or precipitated away
fromthe virus containing cell suspension. In a preferred enbodi nent,
host cel IWDNMT/@ssneci pitated by additd on of a sel ecti vecpmeedipiossté ng
agent (SPA) solution. This step allows for the sel ective preC|p|tat|on of

host cell ile | eav the vir S unno he 25liquid
phase. BNA ﬁyﬁm"l@a Pﬁléiué'i WY Reics!! ﬁ‘?Wl 115 1 raé{’:?tg‘?‘{ Ean & results
in about Gl Jié:ﬁ@ﬁ& S geﬁsﬁcﬁfj\%fa hQR ddBn 98K cGﬁ‘dehtrQ’Nﬁisf Qld gyi1e Qlo%a%fdrf i cation.

The SPAs whi ch e useful I'n practicing the present invention include,
but are nfﬂb’pllcalml@léﬁoff oirreahproecssepog. ineresombnanteadasewirua g dih) esnpounds,

d t f Mo f f f
ol yot byl GG (Pt Bbay B, OMGHRT it PR gt ERed it 16RohFilEeas ani oni o
char ges ( Dmlﬂgrmugﬂotﬂﬂesaens Ahé h&noPfruPResd 1Bl 8c SRASHdIMAL thaprelst used
appropriately in the present invention is given in U57326555 (colum 12,
| i nes 56- Bmeﬁmnl@bﬂﬂ%ﬁﬁQ@¢h¢h%b§eﬂd95ﬁysuﬁ@@$9@rated by reference herein.

te SP t t t
PR tod to the! Torrays iy RERR o NS PR E ERe P02, 2

product s: cormin@RInkii¢ high 68T deyidityuBRBAkIGN) Isﬁlﬁghlglexan@éxeﬁy @oispe@gmt cially
avai |l abl e gfoducts i nclude cetyl trinethyl ammoni um brom de or chl oride as

CTAB, t et PaHEcYAre FfREehyItBRAvMIvEHY Bﬁ“ﬁﬁ‘ieétéab%e lavgesppfgics pragll deirRy | t ri net hyl
anmon Kyl

40 dec%/ r ?ﬁrye? s't %lnlr)rg]:% ‘bué rﬁ%gﬂhlg a{e téﬁ%%ellgshﬂwor Ik gH‘, ’FﬁysQ rélééiil'?nulatlons render
dodecyld|mﬁmhymﬂaépheaﬁmmemhyﬁamgmmﬂwnmhmoqmdﬁpnhemhde&mtanine: chl oride or
brom de salt, decyl am ne or I!\Pd}ﬁorlde nd cg ¥ ré%?thyl

anmmoni um br omi eB‘ieS?:nr‘iI”erePH%‘} pro 6élnke§lil 3taﬁr6’é1ﬁ XS salts
(exanp|eSphﬂEkHﬂ%nﬂhB¥&ﬂhﬂﬁ%%Yh Q%MHeﬁﬁ@%ﬂﬁ%ﬁh@ﬁiQﬁ&é#ﬁﬁd%%%&%%%%ﬁthon'Um
chloride as BTC), dial kyl'di met hyl ammoni dm salts (comrerci al 10 products

i ncl ude des ENe\ncd@rsemctieely DBprecmlfd‘edwmvmrhwe ad emroyiiue ptigles slethin and

oct yl dode di.me nmoni um Ior de o rom de het er par C ammoni um
el 1 51 cofrep el G s BTRBF ity Riss T S P ReREn BR5H! br o e
sal t and [}@%t@@@@ﬁ/ﬂh@ﬁ/ ki 1@&9@ b0t BOOND TR sOEe IADNAr helRuleLirs ph@imted away
143-chl or oal | L triazal-azoni aadamant ane, al kyl -i soqui nol i ni um

broni de, &ao tae @hmeﬂe@wﬂmmﬁlyncou@w thy Bdenervishs Derfielss.d¥S de (BTC 1110).
Pol ysubst ggﬁg C | | e products
i ncl ude, gﬁybggg%ﬁﬁﬁﬁ%?ﬁ%¥g) Spg%£§$%$%%¥H&ﬁ%gﬁgéﬁk%ﬁ%%%@%%ygggéharinate
and aIkyIHbﬂeémyﬂe&hmﬂbﬁnamtaaﬁwnﬁ&HMDQMEhﬁheMyD$uiﬁﬁﬂhﬁ@hzWb%anmuaternary
ammoni um sal ts (product exanples in

1, 10-# s ( QLSRaterg Proferskivi %Qﬁeﬁf&liﬁﬁfi @ﬁseeh |abwtdle%5/e|e‘@aﬁfém i hgstiedl DNA

{1- et hyly I cycl ohexyl ) - propyl di net hyl anmoni um
chIoride](ﬁgﬁgﬁéd%?ﬁ%gP%W% sonlun1chlor|de and the bis-quat referred to
as CDQ by Bucknman Brochures) and polyneric quaternary amoni um salts

(i ncl udes, pal yi onenes such as

pol y[ oxye ene(di net hyl i m ni o) et hyl ene(di net hyl i m ni o) et hyl ene

di chloride], The first step of the process includes lysing the cells within the cell

pol y[ N- 3- d|nethylannnnlo)propyl]N—[B-ethyIeneoxyethylened|nethylannnnlo)
25pr opy| | susealsmnc Ahisrfirstesteramdicesiptha-c4ll niendalw@madel)ysedAQHQMefos ikhd | ed man will

wnr o1 10Ed OLRRACERAR e L AR AP R ARG BT (e ™

appr opri ak@n6oReLhémakd PR%tdddigh bab&SRYRAPBLitor. elosedcticdcterdny [iseci pitat e
DNA, these are exanples of SPAs, and based on the disclosure therein and
the di scl s being thawetsored sosind afdven Visws ontaigng hesicelihgen bhesplaced | | al so

be .Su' t ab hz{lbl? n{eg n%a? ﬁtm JH%{%SW:S{;'& asrenz%rn? trEQm%n a‘ﬁIi/la‘)lf Fn%gha%q@l?g{eg?m

cationic er en s ar use es I'nventi on. an even nore
pr ef e30 edmefﬁmdsi (sweimbs halloat ﬁwrdﬂmﬁilhyﬂmmmrﬂlm ﬁﬁllxtrﬁurﬁ uatouas oflom phen
brom de (DB) are used n t he gresent |nvent|f ugh a | arge nunber of
pot ent i al 2EBAYITES, Ylqtho éléad caiy b peeetipreetive selh eee%? ilqwllémheﬁm%m phen

skilled in the art, and have for instance been discussed in WO 98/22588, p. 28-35.
Useful methods in this respect are for example, freeze-thaw, solid shear, hypertonic

and/or hypotonic lysis, liquid shear, sonication, high pressure extrusion, detergent



bromde is of particular interest due primarily to its availability as a
GW grade raw material and current use in other products intended for human
use. Morewepetifsisal |y, since dom pherf brom de is exten®CrdiPgosedsas an
active ingredient in oral hygiene products as well as topical antibiotic

crenes, this nolecule i roduced . in large 5 antities and rel eased under
CGWP condiiSoffgnbinations of e %vaaﬂ tfsd%ep%qmﬁ IBALOR S PYC€Bd i n hi gh
cell denSfﬁe%eﬁé’%@@%%ﬂ%@ﬁéfaﬁfeaﬁro%g'd%e{f%h’[. "Eﬂe?&@%fde&ﬁ‘éeht % 1y sPYehY tfid om t he cel |

suspensi on was determ ned herein. ough it was anticipated, based on the
prior art advehtige dhe oy an ey paathod bed thabu idedsiyredtilael y preci pit ate when

being put in canfact with high conceptrations of SPA 10 unexpectedly, the
adenovi rus par !iﬁr%eélt%?fﬁaﬂéguﬁ F‘%@ﬂ‘ﬁiwaé'ttgay T A %re\%ﬁ%e@f‘?'ovm in the
prior @art kndv td S F@f%@skmedﬁ@@ 80 Fovetah atanipled QWfsiahdtalRiRichiikeg s pensi ons
(up to 1 x 106 cells/m ), adenovirus particles precipitate when the

concent r aW@R3@25¢& M 8%id3é. Beteesenients ussd herene saneiaicluty gutsare petinidet tas

roduced by | .ysi i ab: . i o] i scl ein wll
Cont ai - vaLpdpis, Al Bbic ARSI e s BRAMERG B AREr NI £t Moo and
wi || ther &frafigante dditémardéaTody sgrtamd-80.i18 onotmbadiheni, ehadbitapgrnbedis. J.

i ncreased b%/ a factor 2). It was thus expected, based on extrapol ati on of

the resul T80X1180; Inadditigangsalyent sychyasy INVBP raitbeadded fothedysatific det er gent
conceny r akj, AR R of REGGh R LSRRl thEiictPb ekl fna alitg @denovir us
partic esESr egéﬁ}tg Egral1 It%%gccysnggpeang)ko%?&%%%o&eve%%%%gue?%% gs]itnng? ?ﬁlaﬁ’ i gh SPA
concent r atnaotigte ¢ihelapet ettises eAlsepanalsiobdf tho mifactedhodt ogllhimsthecel | DNA from a
hi gh cell densjty. suspension.containing virus particles s still .possible.
I'n a pref &IPEYTEHBE HRAY pepide ar Hibstanfiy rﬂﬁ%rﬂ%“%ﬁﬁ“@ﬁ%f §SRoVipendr abl y DB,
is added HQy®cGOALRNAE ﬁw‘o’c&@,esr SNEE M At ITher(drO ay THm bhRNcQVEBisTOr €
preferred enbodi ment the SPA, preferably DB, is added to a conCentration 25
rangi ng f wbrmhls Bnaven in the ptVimay, iy, used o hilerate mitacellyjar virs into the Bosiigll e. g. 1.5
to 1.6. MM _Based .on the present disclosure,, it is clear that the skilled
man i F0 ¢ nY S AOM R aur e gavar e Bt Al 8ioSeERghe Bt PEF B wi ndovs
for a giveRr mefboh skigREiid theakt tharhesitimal concentri€orPPPhOBEeRLAt ®RNGARNL rati on of
DB for treating an adenovirus containi ng hi gh cell density suspension
conpri si nfpransédice wadis theyanegregiaheutet ’nelén (MOW106 and 30 150x106 cel | s/ i
ranges between about 1.2 nmMand 5 mM The appropriate concentration of DB
for treating an adenovirus containing high cell density suspension

conpri si nBragneetationlend sdlactivapedcipgtatiet ween 10x106 and 50x106 cel | s/ L ranges
bet ween about 1.3 nMand 2.2 nM__The appropriate concentration of DB for
treatithg an adERMRWIREdystohoHicRH ROV Arehde Brgmenied ot Rregindgahaveniipgy vest
conpri si ng,.a; bt Ik nGLH9 between 10x106 and 30x106 cells/nl
ranges bet ve\glérrlllgg%oﬁt ﬁ%sd?? as}llgﬁ%ZgirbrM e.g. between about 1.4 and 1.9 MM e.g.
bet ween about In @dp@fiutret.chbolfmentghosbetl MBNA ialpoasipithted tgredidition of] e. g.

bet ween abqut. 1. 45.and 1. 65 e.g..abgut 1.5-1.5 lt. wll be within
Che ot vi SPGREPREIRRIDS e Rl oo algh S utbnsenEupst 1t ut es T or
the SPAs displiR8&HoMRIseédl HRA WEIM iewn%ﬂfewm@tpaﬁicmiu%oafﬁe%_qﬁ kel y

preci pitates nucleic acid nol ecules and other "cellular debris away from

adeno%d r ulqpdmhassl As caempliieddicidinglisiverlestagé precipiaiighsep tesolts idaboDB) .
Therefore,, thi resent i.nventi e es | rt. to nmethods of purifying
adenovi r u& lﬁ%ig} ? P(g’lrg(iuc‘fu%ﬁqgo%cgﬁﬁﬁeﬁ‘ FO %@’d%@?ﬁ@caélﬁgpensi on. Said met hods
conpri se sel ecThy8PXs hedi rRiy BE iRGul i@ ptacGehf tugt@nEindehttbntiggdlbas away

fromthe adenovirus particles wthin the post-lysis high cell density
suspensi ofreipt Hendtied &P, amieg eapplwierp aicpiatatnBanageeampangdhangd sy - | ysi s host

cel I cul t e Jrediotirdd SOMONIGk DS RITRLRY RIS Rths'oPhos IHLOGPEST cel |

DNA from
30  are very efficient in neutralization of excess anionic charge (DNA impurities). A list

of possible SPAs that can be used appropriately in the present invention is given in
US7326555 (column 12, lines 56-67 and column 13, lines 1-28), incorporated by
reference herein. Appropriate SPAs for use in the present invention include but are

not limited to the following classes and examples of commercially available products:



15suspension is selecive precipitation, the invention is not limted
thereto. Any other nmethod of renoving host cell DNA is also included in the
present iwW0oentl/ans1 Therefore, i one enmbodi nent, ROTEPC@0I0GBA i S
fragnented, that is: cut into pieces. According to the present invention,

fragnentation of host cell DNA followi ng |ysis can pe rformed by adding a
nucl ease MiPR ﬁglre@Fyl URBPUHE] it (52 SQ¥9°%¢FH%B€&§§%M§ ar9%ete for use
in the praRARk cbYHEHR T AGhMAEHBRIFANABRIHIL as CalAmZY™e(r), or any ot her
DNase and/or RNase comionly used withing the art. In preferred enbodi ments
of the i ntetnadéayitrinmetylanmbeiagebromi@®enzbivaisle (TTA) vk ydtncinyl @lmmdnpdnol yzes
nucl ei ¢ acj.ds by, . hydrolyzing internal phosphodi ester ponds .between specific
ol eot | AELORR S Pty Sy BhEh IR JoGE ERb SRt
Benzomgsebfomigabr Bford®, 86d8FRIdehathl )2 -9héixpedylafmtbnidh ®RMIECk KGA (code
W214950) . The concentration of nucl ease that is needed for adequate

f r agment ah¢xededidpeingschderide as bremileyalstdodedyll amerpsorioploridgsalt.emper at ure and
the tinme r ' r ' Nt to determ ne
and opti i selfRghY Sy HGoRELERRAL b A, Bl SRR RN o, U

f r agment atun@idnim tdis (Besiplechtlu@NAkyBin&halbeiizye atnh@niubh €hlSR4estandat ed cel |

| ysate obtained fromthe previous steps is subsequently clarified to renove
preci pi t abeyetigaunteilprigags BEe). diafipdimethyh amgronarm saisdeemmetcial

Attenpys g&dﬁ'&& ‘ﬁfcﬁl}&é d%?rﬁ'%ﬁe)ﬁ RIGRRY B;J,Sdiﬁ&gﬁai eﬁié@bmﬁﬁhiun@ﬁél?de&,yanﬁ“spe”Si on
with a one stage clarification process, resulted in ow virus recovery, as
exenpl i fi edyhledaiyidifnethghphmotijum diieridoerdeomid),i lengoabmiatipamitonasn i N sai d

hi gh cell density suspensi on qbtai ned after rvest re nerally too high
Lo Al Fow PP (e K14 PFQ ofgngiie whanet Wh%ﬁﬁ%ﬁ’ﬁ %ﬂﬁ&?@%&ﬁﬁ&ﬁ of at

| east tmh&&ﬂé{%@ﬁﬂdfﬁuﬁﬂ ﬂr&ﬁ(&or%ﬁlo@i“d&ﬁ@is%&ﬁeralﬂﬁk_-élﬁ%mﬁlg%-kﬁhzhhe art and
as exenplified herein, are necessary for appropriate clarification. W have

sur pri si néfagorfieadachaatade.dillgdiissiginedineirnbronsde, @odrbikyl digebyinaphtbgl pi t at i on

W th clarjfication st .US} allo .Or virus purification froma
Toni off cemetyb iRt L8RS RGO RO st Blad ttio 8 hris" b Sliv  ar” 1 ow
filtrati ofosirgdcivBs abdifablcGiredictd iAcluBEMe arlot 1ifhgRd tealRMIdiridtRYIBEf-yRCI d
precipitates fromthe virus- containing suspension. The host cell DNA was

preci pi t at@EonBim garehargre, adalipndimeyighyleensybaymeasinni gher than 80%
Hence, ac afd;lﬁe%gl[shﬁar}la épé{s?(ﬁ,ﬁggr%d[rg?ﬁﬁdn shits (b?od‘a?ts&'agl:g?es&%l&ﬁe TFF as a

single cl fon's ed virus=contal ni ng suspensi on
obt ai ned WI10kbid(Bendtrfleamdbqhinelipiuasdindrideipdecsinc on6ibés SlubsthahBi(@2l6 reduced

20  trimethyl cyclohexyl)-propyldimethyl ammonium chloride] hexane or triclobisonium

chloride, and the bis-quat referred to as CDQ by Buckman Brochures), and polymeric
quaternary ammonium salts (includes polyionenes such as
poly[oxyethylene(dimethyliminio)ethylene(dimethyliminio)ethylene dichloride],
poly[N-3-dimethylammonio)propylN-[3-ethylencoxyethylenedimethylammonio)

25  propyl]urea dichloride, and alpha-4-[1-tris(2-hydroxyethyle)ammonium chloride). As
the skilled man will understand from US7326555, wherein several of these were
shown to work and wherein it was shown that the skilled person can routinely find the
appropriate concentrations for these compounds to selectively precipitate DNA, these
are examples of SPAs, and based on the disclosure therein and the disclosure of the

30 instant invention it is clear that these will also be suitable in the present invention.

In a preferred embodiment, cationic detergents are used in the present
invention. In an even more preferred embodiment, dialkyldimethylammonium salts
such as domiphen bromide (DB) are used in the present invention. Though a large

number of potential SPAs can be used to practice the present invention, domiphen



in host cell DNA and other inpurities conpared to the original |ysate
(obtained in step a) of the present nethod ). According to the
present iwoentiessithe filters used i ® a TFF set up ar e PCoEPexamps4@s hol | ow
fiber filters from GE Heal thcare or JM separations; other alternatives

20are fla screenﬂlte from e or Sartolus iotech. In
sai d TFF Swomifpis af partiep é‘“ifﬁ?tt‘ﬁf& m&gPaaﬁsétocla ARTHE aTCfng 4e while
cell debrhﬁterﬁ[ﬁfdcﬁﬁeﬁ{@s‘é iReffer ?@dhct@h‘ﬁe@d&é Ot fBan J&BUM'o&! @%cﬁ“%é‘[?y nin the
retentate. It was shown herein that hollow fiber filters were very

appr opr i asigcd Mwh@c@@mlchfglsmxmswelmusdbmm%ctlsclg}geﬂmnmsorﬂrhmleteore in a
preferred eogbt h? Rr estent i nv t on, t he TIEF jﬁ{s/jélﬁerforrred 25w t h
a hol | ow Pi E?SPWP ras topicifa RIS FPmgS: P‘rﬁ’é Breds BHYf #i€n, the pore
size of sgihtitics 4RI ®ldaSedAn@tLEGMIPYcondiighyig from 0.1 to 1 lam In a
preferred enbodi nent of the present invention the Eore size is ranging from
0.2 to 0.65 | akhe epfimalpdtie cericppizatipn)thay if wicdun high osddendlysyspessipss t he
menbr ane

Mg 11 et sk hoS 30 o BEY ) & 2t NRBhaS o MR QAR

pr ef er abl nipoepeit had aﬁudqbatmbegedfoal theptiortart, kieat Bashoh RG4S purBeleswoildt r uct i ons.
The liquid is recirculating through the nodul es using tubing and a
per i st al t Tempdiatsly precipitate yhes Peiggiubisonfateiits high coneensiatiert! $ifvent i on TFF

is us a Fis a
formo tan%‘gﬁ%tl&qaw’%? @]ITOR]F—[@%{#@%S %ﬁ%@% g% C%l %5%3?%%%@@358‘%/ 065436
it was foimde hsoeam fbﬂnastandealnlUSBatSSiﬁnth%lmbwﬁc‘léﬂil deasitypaspénsionakyp teel |
suited for VI gus re ov froms nsi ons th hi gh conce\R}rations of cell
debris, hbsti0ERly BRANSHRVBRHRATFIRpEFPIES W aﬁlg‘e?ﬂ CITAIOBRT EPMie achi eved
accor di ngdét@rglggttlglqg%eag&pm to the person skilled in the art and as
described e.g. in US 6,544, 424. The advantage of using 5 an ATF system
(e.g. ATF Syst &hg suRpénsia Mhdwle@@y lysmg higiEaelt désarip veltyreng) disdoscat  t he

(ayel B coh@rErv i Gatit SET5 FORFREAMaNES bl AR RRUEHT dnpiiingPilPoc”s ©

reverse f hﬁv\&wﬁv\&i@ﬁlfdlﬁ néé&d ineRtagAduante@R I duadniy dab@aal (8g. fncARSedBDr ane
pressure %TI\/P) across the nmenbrane. Durin g exhaust a vacuumis created

duri ng whfaskerdore wiathes capectos, based on eorangdied of thevesuls aplameddt e side to the
retentate %ﬂsﬂg tP&%ﬁH ihdr ﬁlIPcaf% f]b”de’t‘&ﬁ%& cBHc%n{}E{ﬂxﬁ%d IHGoUse of the ATF

will resu ess fou rane resulting in a higher virus
recovery pteeipdatdh@fthetcsanys)ktﬁelaaénomts h)@r“[ﬁ[ets peasntde tier sikpesione opti mal ATF
and perneate flow rates faor maxi mm According to the present
i nventl on, t heBPMeY ey @Jrn%aglwnaté%g%ﬁ%ﬁpowgtr@tiﬁnér@eﬁ@?ctzmészlaﬁﬁl@f hol | ow

fiber fi 'E tSminf Hgﬁﬁﬂ&&? ‘l\ﬁﬁ?%ﬁﬁ a hggfhéﬂsﬁ ShspRANENE ARG %dﬁ%&ng an ATF

systemis that t eset up t s u or car| Ication caf be used
ear | i er f particlab tvas stlypasibles In A ppeerfedsdrobodimce. ofltlmdmedmt avbntorme dct or

connect ed A n be used in the first, place to culture cells
Lo on caPR. sty DI W £ FortBrTend angne Gogt LS TIOINEM 08 vi bl 6
cel I s/m G@éﬁrﬁ&e@&@ﬁr@d E!rﬁgod’idnfeﬁt thQSPASEre@Jraﬁg ks REIHYS L e SUELEIR € O
with PER C6 cells (see e.g. Yallop et al 5 and WO 2005/ 095578). Once

t he c2d | srdnging fmmdhietd 2@2 hnﬂ\/grﬁ g:ell4 tocemd/.teyg. ltvhieyl-EaM byeg.i1nf ch-@chNn or der
to obtai nya_ hi at ed. vi rus | cel ensi The ATF
syst om vhPer raa) RESEEARSERE 1l R BRI FR Pl HERFOTAE g S cese
coul d subgeaueint hp/prbgmu@ SﬁAtdén@éﬂ’cﬂaﬁMn Wilowlsrfusa gfv@maadalshy ghhatbssel |
density suspensjon. The conbination of selective precipitation with
clarification bje Fmroprgiegengentration of DB for treating an adenovirus containing

high cell density suspension comprising a cell density ranging between 10x10° and

30  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



at |east 70% preferably at |east 80% and even nore preferably at | east 90%
of the host cell DNA contained in the high cell density |ysate obtained
af ter harwe=p11/@8ssiet hods of further gurification PCI/EPROTVAGII36
enbodi nents, the harvested virus partl cles are further purified. Further
purificati of . the virus can b everal steps . co i sing
Boncent r abfISEAStY FRSHIE EPAtano X i ESRRI ra&&ﬁﬁ@é\ﬁ?@rﬁw{ﬁg

chr omat 0ggaphy S, g%%éea%@ohﬂ fohd i @%WE% MR, 2APHROP2Gng HNCARROT at ed
herein by reference. Qther WD 2011/045381T2PCT/ EP2010/ 065436 stéps, such
as, ani onc.gxbdtangeahmehbiand Ichmiyheto hetmphy abattdrdsl andfli.6% md.ieqn about
reversed- ga];s %ﬁ{iorpti on, hydroxyapatite chromat ography can al so be used.
These steE L r exanpl e disclosed in US 7326555, incorporated in its

entireyy by refierineeyvilieh Gicpurib® dPeicSdkillcekhid Bdhé frt tdRsFfdteriaAPWs how t o
find the optimal conditions for each 5Spurification step. A so WO 98/22588,

i ncor por atwhytitutesifpisthe SPAsalisplasgd hereiarte idatifies epmpouddselitibelfeativelvods for the
product i OBregﬁgtat%y hhél&%%&fd‘?ﬁol%ulé@ dnd bR %fhlﬁ'ale@ebns way fioth SEhbGR
enbodi nen ccor i o ercrarified adenovi rus particle

suspensi opartialds beeiehqﬂﬁfed hbieirfol raalfnnﬂlieh dtdroide (DBY. I’ertéfblreathhs)p‘te;ﬁe&t used to
concentrate the virus suspension. The suspension can be concentrated 5 to
20 tines MYCHHRN rﬁ@é@ﬂ%mﬂ%mﬁheéﬁ @Bpwfmgﬁd%waélépe@gleﬁrérﬁm dhigd cplbr eabove) .
Anot h a an
exchaﬁ%e E&Eﬁ g Sg%eﬁﬂﬁn Sf&i’cﬁ%rﬂg? ?Soén E{}f?gf‘ae&}l g'%{:lph% ggélg@gﬁe}nge usi ng
ultrafiltecid moéecaﬂasmwa&cﬁrom élmdatiovanudpmlmamgmlmﬁleg)akttlssls h@a:eﬁ and t he

i ke. The ﬁgrson ski.l Ig (lkg the art knows under which conditi ons he buffer
exchange SHSUY SYSRRBSION B¥ addiRga GHPC Y RIFRIIASIOR Agend i SOty Es st Cplit hi s
step. cultufOeBRME.i cul ar ultrafiltration menbrane selected will be of a
size sufficiently small to retain adenovirus particles but |arge enough to
effectively cl ééthough)‘m ptafersed IDeqbedld)rrrgmowng hestreal i tiometheand menbr ane
type, ,nom nal nol ull ar _wei %htt .cuto ween 10%\,\,% 8)0%'11 Dgl?rra be

appr o |a§1é§pe“t§|“%“rl§f5? FYYaPics lﬁg?rhéhe[l&ﬁ ’r?PH%PO%]P‘ie Hode 1S Pteferred. In
sai d nmodemetHdd ot &RoVIBY h&x cIP DN/l 26 Y8 tni tAgpresért iddnfisRss- f1 ow wi th or
wi t hout backpressure on the retentate return, setting a fixed transnmenbrane

pressure, or fiTkeraiprode Ang prabedigsst hpswelh RNA krefragmaenieds ghat Isugut imecor di ng t o
the i ”Venfafe‘é’& AR r8{n§Q¥“tI%gpr§§eﬁpln991ﬂlo%efr Qm@tﬂht%h @&Qg&&%ﬁﬁ%ﬁ&k&gr aphy

step. During sai ovirus partictres are positively
25char gedlysBtoan baberf@rng:d gy dueinyrame)casaints thdgell suspedicimExefiphsequent

el uti on allows for separatl n%lthe virus particles from &@gﬁi’” tiesy,and

r enai # ngn¥dasecvliteblppr use in the pregenyipEersianindudrBeizoaatei o IPENS -Mist ang Q

menbr ane gpﬁg&ﬁ& \%‘é!rfkg P‘&B}R‘N%g&@ %fy&ge& Qhitn g‘%ﬂé n.&ﬂ&geuf‘f!\@éd;' ng could

pr esunabl any romo at pH hift at
al ternati nlgbqnd-ﬂmentslmﬁltlm 1pvaﬁmnaﬂhby1u¢1haemz3>®m%nwhmh rgtidlgrhydeolye85 M The

H of the byffer e o.be hi gh for owrust bi nd reater
Phan appr BXiHEGERY OB TEJrobEIREIaHrT BOPPRG < bRct HESEH HEETS ot em Shol d

al so be | H&l@dlf?l@@hhér@bﬂé@héing’ 'tHeashsdo%} &hrhb 'c&lYlysQ’cBeB&{zﬁﬁésé@ carpd mum pH whi ch
is usable wll end 'on the specific stability profile of the adenovirus

and t2e bmm@lﬁr% ineds . gafidmodarcksde@d 4y (dwalcd¥2 B19%Dhed by the skilled man
e oL g0 R A RSSOy B et 1Y et e

depends on i.e. the host cell density, the temperature and the time of reaction. The

person skilled in the art knows how to determine and optimize the required

concentration of nuclease for a succesfull fragmentation of the host cell DNA.

30
Clarification
The SPA-treated cell lysate obtained from the previous steps is subsequently

clarified to remove precipitated host cell DNA, cell debris and other impurities.



The presence of 0.1% PS-80 in the buffers is highly preferred to achieving
| ow residual DNA levels in the product because it attenuates adenovirus/ DNA
associ at iwo 26andsmadenovi rus aggregati 8. 1t will be wi t RCH/EPR@oneHBN Of
routi ne experinentation for the person skilled in the art to establish

hi gher or | ower detergent concentrations_or alternative detergents which
woul d be usef uﬁt@@pﬁrtgﬁ%@fym BefovBHS Bp a%s&?é%nsamﬁpev Q1 avay from

ot her adep@yiardis séx%e‘éﬁahkic%nvﬁ&&k',%&@ﬂeh i R ARl Ry, bt eke_?nﬁlf&ﬁ wi thin
this sanme real mof "experinmentation that the person skilled in the art may
10choose bereal (Eeampat il v.eThietacggmtionsof mepupitios eswidhifh eell désdaypl es for such
alternative detergents, can,be found in 7326555. . Ani on,exchange nenbrane
chr ot 0gHABHY Bt uRlBe L0 RS TG ST B RB S MM O] AT VRS angTM
seriesy apghifRakibRMNoenal9; GmbIadticdlRiona: 188% kes tordbaut BRI, 85 dfdn wked US
purification accor dlqr;igi to the (gr esent invention. US patent 6,485,958 or WO
05/ 0805562kfkeepmpmenddsein thear Ancii Gempkiend hefein BredisesHey dof aphspriatsy

purifi cat El?tﬂﬁ? tioElecorrbi nant adenovi rus. The bi ndi ng capacity for
virus on a nmenbrane absorber such as Mustang Q (Pall Corporation) is
extrenely hi ghwatngcisorptibi@gr fdefid odd dixdlfskheMth fiat c&hbiing®NBr ane absor bers
and resins that are suitable for adenovirus purification in this process

i ncl ude bRfeCRIAOMWH agayification dep vansEEF @Bowstoryfys gaificadiogdtom &€ 1ife 20

sci enges) 1, : . i J €8 Linofar I |

i ndusf(?i egﬁg?cggfa?‘g%t?isgs%h?lglﬁlﬂgr%%éﬁ?b%zégt%méﬁ(tﬁlga%e??% %O-é;%/ﬁ%aa&ll%gﬂns) , CMQA
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ranging from 0.1 to 1 pm. In a preferred embodiment of the present invention the pore

size is ranging from 0.2 to 0.65 pum. Said pore sizes allow for virus particles to pass
the membrane and for cell debris, precipitated host cell DNA and other impurities to
30  be retained by the filter. The filter modules are preferably prewetted with water
following the manufacturer’s instructions. The liquid is recirculating through the
modules using tubing and a peristaltic pump.
In certain embodiments of the present invention TFF is used in the form of

alternating tangential filtration (ATF). ATF is a form of tangential flow filtration and
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concentration, ultrafiltration, diafiltration or separation with chromatography as

described in for instance WO 2005080556, incorporated herein by reference. Other
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5, 8372511 ¢chBg@uBatzeal, c.5, BELNBOBC, Gir9giee 006 IuBNOSubs¢pBNt SuBeEbalbus for
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herein.  concentration for loading and washing could présumably be anywhere from 0.3 to 0.4

M at pH 7.5 and would shift at alternating pH’s. More preferably the NaCl

30  concentration is 0.35 M. The pH of the buffers needs to be high enough for
adenovirus to bind (greater than approximately 6.5). In addition, the pH of the buffer
system should also be low enough to avoid viral instability. The precise maximum pH

which is usable will depend on the specific stability profile of the adenovirus and the

buffer components, and can easily be determined by the skilled man in the art for that



The invention is further explained in the follow ng exanples. The exanpl es
do not limt the invention in any way. They nerely serve to clarify the

i nvent i orwOR0IEMAISIPLES Exanpl e 1: Diréét TFF clari fi cat POM/ERO@S/065386 wor k
for high cell density harvests PER C6 cells were grovvn |n a bi oreact or at

37C and infected with. Ad35 in erumfree ulture or 3 days.
Cel |'s wer BHSpapdgatipn. § éeawdlecféﬁ§ﬁlft9ln imithonfHe 9 cells/n and

virus titgeen@fily ]raﬁ%% flom akd@R1yP/ M . Vi ruses were rel eased fromthe cells
upon the addition t he nonionic detergents Triton X-100 and Tween80 to
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2 and 24 hrs t he VI us con rvest was
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n2) or a 0.65gm (GE Healthcare, nodel CFP-6-D-4MA, 0.046 n2) hol | ow fi ber

filter. di@nerwérsktblﬁd my%ﬂé@rtﬁaresté%ltsh\ha@eé@h@ew da&ewnb@na@ntraéia@,% o factor of
3. Foll OV"blgegnétR% e e?éénfté &zﬁ%b ?dal%é dﬁk§ gro%t% 8@?0%1 | H&?a{ié}{o‘%%§' mes the

retentate vol ure era i on experinments

wer e per f pirtields %aﬁﬁpﬁfd’tﬁ@hﬂeﬁd@%s @awgllragvmdumn c&ﬁtaﬁlﬂdm{lsOIttho The virus
recovery over the clarification step was determned in the follow ng table.
WO 2011/ o¥shmthspeme E@@ﬁ/@%@%@tq’fm téatlth‘ER?fSOIFfil%léf‘éjs@ hadhYer s

e LRI R RO e A Gl g Ll i)
detergents can be found in US 7326555. Anion exchange membrane chromatography
products such as those produced by Pall (e.g. Mustang™™ series) and Sartorius (e.g.
Sartobind series) are suitable for virus purification according to the present invention.
US patent 6,485,958 or WO 05/080556 describe the use of anion exchange

15  chromatography for purification of recombinant adenovirus.
The binding capacity for virus on a membrane absorber such as Mustang Q
(Pall Corporation) is extremely high, and in the order of 7x1013 VP/ml. Other
membrane absorbers and resins that are suitable for adenovirus purification in this
process include but are in no way limited to Source 15Q and Source 30Q (GE life
20  sciences), Q-Sepharose XL (GE life sciences), Fractogel TMAE (EM industries),
Sartobind Q (Sartorius), Adsept Q (Natrix separations), CIM QA (BIA separations).
Adenovirus elution would preferably be performed using a buffer containing NaCL
The skilled person knows how to optimize the NaCl concentration .
In certain embodiments, it is preferred to use at least one anion exchange
25  chromatography step. After the anion exchange chromatography step, the adenovirus
may be sufficiently pure. In certain embodiments however a size exclusion
chromatography step is further performed to increase the robustness of the process.
This step may be prior to or after the anion exchange chromatography step.
Obviously, other purification steps may also be suitably combined with an anion
30  exchange chromatography step. The use of anion exchange chromatography for
adenovirus purification has been extensively described, and this aspect is therefore
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, and the
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person skilled in the art can easily find the optimal anion exchange material for
purifying the adenovirus.

In any particular embodiment of the present invention, the anion exchange
product can be diafiltered into formulation buffer and sterile filtered. Alternatively, an
additional chromatography step (e.g. cation exchange) may be added either before or
after the diafiltration with the potential to improve the robustness of impurity and/or
virus/prion clearance.

An additional ultrafiltration step could also be possible at this stage. Tangential
flow ultrafiltration is useful in removing residual protein and nucleic acid and to
exchange the adenovirus into a formulation buffer. The choice between 300 kDa and
500 kDa membranes is dictated by the tradeoffs between yield and improved impurity
clearance. Other membrane configurations (such as a hollow fiber) are acceptable
substitutes. The selected ultrafiltration membrane will be of a size sufficiently small to
retain adenovirus particles but large enough to effectively clear impurities. Depending
on the manufacturer and membrane type, nomimal molecular weight cutoffs between
100 and 1000 kDa may be appropriate.

A sterile filtration step may be included in the process, which is helpful in
eliminating bioburden. The product can be filtered through a 0.22 micron modified
polyvinylidene fluoride (PVDF) membrane (e.g. Millipore, Millipak).

Optional downstream processing steps could be added in the process. These
could e.g. include a size exclusion chromatography step, a reversed-phase adsorption
step and/or a hydroxyapathite chromatography step. More details on each of these
steps can be found in e.g. US 7326555, WO 03/097797, WO 02/44348.

International application WO 97/08298 describes the purification of
adenoviruses using certain chromatographic matrices to prevent damage to the
viruses, including anion exchange and size exclusion steps.

Certain ultrafiltration methods are also very suitable for purification of
adenovirus, as disclosed in WO 2006/108707. Such steps may be performed in

addition to or instead of certain chromatographic purification steps.

Scale of cell culture systems and down stream processing systems

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



O O There was no virus recovery after clarification. This was sonewhat 5
unexpected, since for instance EP1371723 and W)2006/ 052302 descri bed the
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cell densb&%alﬁ %Wﬁ%ﬂc&lc@tﬁgatr%%3pzﬁieﬁ§‘!zlh§s/ﬂﬂtlc@&danwtﬁé%§w¥th hﬁ(’i@m@%@ﬁ%éﬁﬁ from
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( PVDF) sy furthge pracessed sThivmeethqd offensdbe possitalily tarmowwlg%y capeBtratad host
cell PLG n £ |y

Frg. 1 shonaorhas SRES TGl S M e v el L 20 BT BRREN S Y
agai nst t perifidaniop hefustdy.om de concentrati on. The curves depl cted in
triangles are obtained fromcell culture harvests having cell densities
rangi bet ween 2.5x106 and 3.5x106 15 cells/m . The curves depicted in
circles ang DES il culture harvests having cell densities
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20 Table 2 Exp. Process paraneters Results DNA ppt Carification # CDAH
(x106 cells/m) Virus titer (x10" VP/n|I) DB (mVW) Step recovery (% Step
recovery WOROHM4EMNA reduction (% 1 17 PCT/EP2010/065436

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
example, U.S. Pat. Nos. 5,559,099, 5,837,511, 5,846,782, 5,851,806, 5,994,106,
5,994,128, 5,965,541, 5,981,225, 6,040,174, 6,020,191, and 6,113,913, and Thomas

5  Shenk, "Adenoviridae and their Replication", M. S. Horwitz, "Adenoviruses",
Chapters 67 and 68, respectively, in Virology, B. N. Fields et al., eds., 3d ed., Raven
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 1: Direct TFF clarification does not work for high cell density harvests
PER.C6 cells were grown in a bioreactor at 37°C and infected with Ad35 in
15  serum-free culture medium for 3 days. Cells were harvested at a cell density between
20 and 30 x10° cells/ml and virus titers of 1 to 1.5 x10'> VP/ml. Viruses were released
from the cells upon the addition of the nonionic detergents Triton X-100 and Tween-
80 to final concentrations of respectively 0.1 and 0.05%. Lysis time was between 2
and 24 hrs. Subsequent to lysis, the virus-containing harvest was clarified by
20  tangential flow filtration (TFF).
The clarification was performed using either a 0.2um (GE Healthcare, model
CFP-2-E-4MA, 0.042 m®) or a 0.65um (GE Healthcare, model CFP-6-D-4MA, 0.046
m?) hollow fiber filter. One liter of lysed harvest was concentrated by at least a factor
of 3. Following the clarification a flush was perfomed using three times the retentate
25  volume, in a bleed and feed operation. Filtration experiments were performed at a
permeate flux ranging between 15 and 40 LMH. The virus recovery over the

clarification step was determined in the following table.
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Table 1
Exp. | Process parameters Performance parameters
# Pore | Cell Virus HC-DNA HC-DNA | Virus Virus Overall
size density titer precipitated | (ng/1x10" | recovery | recovery | virus
(um) | (x10° (x10" (%) vp) ppt (%) clarificat. | recovery
cells/ml) VP/ml) (%) (%)
1 0.2 29.2 11.4 not not not 0 0
performed performed | performed
2 0.65 20.1 15 not not not 0 0
performed performed | performed

There was no virus recovery after clarification. This was somewhat
unexpected, since for instance EP1371723 and W02006/052302 described the use of
TFF for clarification of adenovirus harvests successfully. Apparently, the high cell
densities of the current process impede this step and render the TFF unsuitable for

direct clarification.

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

Selective host cell DNA precipitation was demonstrated in the prior art
(Goerke et al (2005), 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 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 expected that
much higher amounts of DNA precipitating agent would be required, whereas
extrapolation of the 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
screening tool to test whether selective DNA precipitation still occurs at high cell

densities.
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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 from
8x10' to 1.5x10' VP/ml. Cell lysis was performed over a period of 2 to 24 hours

5 (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
removed with 0.45um polyvinylidene fluoride (PVDF) syringe filters. The filtrates

10  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 cell densities ranging between 2.5x10° and 3.5x10°

15 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.

20 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

25  obtained at lower cell density.

The experiment was repeated with cell culture harvests having cell densities
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

30  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.



16.7 11 99 71 99.9 8 25.8 15.9 104 92 99.8 It is concluded that
sel ective host cell DNA precipitation is possible at high cell density.

| ndeed, awoORloughsishe DB concentrati on2Was increased (w POTEPR@EONGT43R), the
Vi rus partlcles remai ned unprecipitated (see recovery higher than 70%9 and

the 5 HC-DNA reduction s hi gher than 98% ocess offers a
et hod of di scAPRhEC RBEA TEam FReryGpls B Fighk a%%v@ggj%ﬁt)*fﬁﬁgﬁﬁatwwhlaléns' ty

cul tures BLNON, GRRPROGIEH RE)bF K @ANKALY, (BRI ) sALhayidor the
processing of |arge volunes of hig density suspensions, Wwhich is

needed i nbé¢tndes indinadugd ﬁ@mm@@m, aml)thtls mp@tt af ¢hamired! t/atraﬂttloﬁoﬂo‘pﬁmithc al

reasons, concentr n .52 .has. be ed for, ,sel ective
DNA pr o6 BADET PTG REPmEnt Lo §1ede P iy B N o R RIRAS Tsfenovi rus
cont aifi ngt mgm%mlsd&fm&a\ahagh@t e Qackab NG cirdkdRGF 3P B hOR BB)NE) of

cell densities can be treated with 1.52 mMof DB. This is consistent with

t he noti ofigathisoetly highcrthen fos|the lovhethli ¢enbiét pilarics bpt mbtlelovwn dwmrwetlions 150f
sel ectivey precli plitatidg, %ﬁfa@%lagigﬁtﬁ@{s' thg%ﬂﬁfeﬁ)f)e#s%n% “&t :é%{z% tﬂa{t%ﬁge one, but

rat her proviaes tor varl a range or concen

preci pi t ats fgarggenthdrahsniatfabdepdiat ofl sgitvielir db@ﬂcbnid@ﬂ’lémi for the selectihe
appropriate concentration of DB for treatlngwgn adenovi rus _cont ai ni ng hi gh

cel | densPyindiaipeagseranddirped whathe disslosuigdisssip gan Hngithipsubablidangel 0x 106

and 10  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.
Based on these results, the person skilled in the art will now be aware that
DNA precipitation can be extrapolated to adenovirus containing suspensions
15  containing even higher cell densities, ¢.g. of about 40x10° cells/mL, ¢.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
with the process from the present invention.
Thus, it is possible according to the present invention to use selective DNA
20  precipitation in the purification of adenovirus particles from high cell density

suspensions.

Example 3: Selective host cell DNA precipitation in high cell density suspensions
at larger scale
25 DNA precipitation was tested at scales ranging between 0.5L and 20L. The
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.
In perfusion mode, the perfusion which was performed with an ATF system,
30  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
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
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20
Table 2
Exp. | Process parameters Results
DNA Clarification
ppt
# CDAH 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 1.52 88 98 99.8
6 20.1 15 90 82 98.3




(% Overall virus recovery (% 1 20.1 14.1 100 8.6 88 99 87 2 17.9 17.4
99.9 6.9 110 74 81.4 3 23.5 15.3

WO 2011/045381 22 PCT/EP2010/065436
7 16.7 11 99 71 99.9
8 25.8 15.9 104 92 99.8

It is concluded that selective host cell DNA precipitation is possible at high
cell density. Indeed, although the DB concentration was increased (with a factor 2),
the virus particles remained unprecipitated (see recovery higher than 70%) and the

5  HC-DNA reduction was higher than 98%.

This process offers a method of discarding host cell DNA from the harvest of
high cell density cultures without compromising virus recovery. Herewith it allows
for the processing of large volumes of high cell density suspensions, which is needed
in industrial processes.

10 It must be noted that for practical reasons, a single DB concentration (1.52
mM) has been used for selective DNA precipitation in experiments 4-8. Said
experiments show that adenovirus containing suspensions having a broad range
(9.1x10°-25.8x10° ve/ml) of cell densities can be treated with 1.52 mM of DB. This is
consistent with the notion above that the relationship between suitable concentrations

15  of selective precipitating agent and cell density is not a very fixed one, but rather
provides for variation so that a range of concentrations of precipitating agent is
suitable for a given cell density.

The appropriate concentration of DB for treating an adenovirus containing
high cell density suspension comprising a cell density ranging between 10x10° and

20 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 cell density ranging between 10x10° and 30x10°
cells/mL ranges between about 1.3 and 2 mM.

It is noted that for some experiments at high cell densities (experiments # 6

25  and 7), reduced virus recovery and filter capacity over the 2™ filter, as compared to
low cell density harvests, were observed. Besides, the use of two consecutive distinct

filters renders the process labor intensive and costly.

30  Example 4: Single step clarification of high cell density adenovirus preparations

by selective host cell DNA precipitation followed by TFF
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Precipitation of Cellular

Bi ot echnol ogy and bi oengi neering, Vol. 91,
No. 1, Jubws Berfo@esdusing three times the retentate volume, in a bleed and feed operation.
15  Filtration experiments were performed at a permeate flux ranging between 15 and 40
LMH. Lysis followed by DNA precipitation and clarification were performed using 3
different harvests. The percentage of precipitated host cell DNA, host cell DNA
concentration per 1x10"" virus partices and the virus recovery after selective

precipitation and clarification were determined in table 3.

20  Table3

Process Performance parameters

Exp. | parameters

# Cell Virus HC-DNA | HC-DNA Virus Virus Overall
density | titer precipitat | (ng/1x10"" | recovery recovery | virus
(x10° (x10" ed (%) vp) ppt (%) clarificat. | recovery
cells/ml)| VP/ml) (%) (%)

1 20.1 14.1 100 8.6 88 99 87

2 17.9 17.4 99.9 6.9 110 74 81.4

3 23.5 15.3 99.9 23.8 100 81.2 81.2

Similar to the previous example,

it was unexpectedly shown herein that

selective DNA precipitation was possible at high cell density. Indeed, although the

DB concentration was increased, the virus particles remained unprecipitated (see

25 recovery higher then 80%) and the HC-DNA reduction was higher then 99%.
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3. 20 4. 5. 25

Despite the failure in example 1, it is shown in this example that tangential
flow filtration, when used in combination with selective HC-DNA precipitation
allowed for high cell density suspensions to be clarified.

The use of tangential flow filtration instead of a set of two distinct depth filters

5 (as exemplified previously) offers the possibility to process a high cell density
suspension to a clarified adenovirus suspension in a single filtration step.

The combination of selective HC-DNA precipitation with the use of tangential
flow filtration allows for the removal of host cell DNA from the harvest of high cell
density suspension, and unexpectedly does so without compromising adenovirus

10  recovery. In fact, overall adenovirus recovery using this process may even be higher
than using classical two-step clarification filtration processes using depth filters. In
addition, it renders the purification process less labor intensive and costly, as
compared to the process with depth filters. Herewith it allows for the processing of
large volumes of high cell density suspensions, which is needed in industrial

15  processes.
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6. 30 7. A nmethod for purifying adenovirus particles froma cel
suspensi on, said nethod conprising the steps of: a) lysing cells within
sai d cel Iweuspemsison; b) fragnmenting add/ or precipitati RGTIHPSI10063486 DNA
within said cell suspension; c¢) subjecting the cell suspension obtained
fromstep b) to a clarification by %?ngential flow filtration, to obtain a
purified adenovirus suspension, la nmet hod bei ng characterized in
that the cell density of said cell suspension is ranging from5 x 106 to
150 x 106 cells per M. A nmethod for purifying adenovirus particles

accor di ng t d.clAnrthbdiéhepeifingaiddngnms ippiticksifom i nelssuspensjon, saiger f or med by
sel ectively preci iéatin .host cell .DNA away fromthe virus particles by
addi tion of a é@@ﬁ% FQrap %%ﬁ%?&@f?ﬁg agent. A method according to claim 2,

whereim said sg) g6ihp ¢ellPKREhRAdRLIIRGspRAGHH; 1S dom phen bromide (DB). A
met hod according to claim3, wherein the concentration of dom phen brom de
(DB) is ranginb fregmenting and/os prewipitating:hess aclhBdd withty seisl csllsupneasionher ei n

and the concent) SRS MR NRE NP B Tk ok 8, 3 ShARRUBTIN *SPEG 2 o

A met hod accor ginpéntiadflawfil@meomto ehtainnEputifed whalorirds sabensicangent i al fl ow
filtration is perforned with a nenbrane havin&ﬁa ﬁgfe‘size‘ranﬁing fromO.1
to 0.65 pm A met hothedeetBedibsing ehpragigrizsddn Bt e gelhdensity opaid 6elh sai d

tangepyial flowbilddaki-abilsSres s Lieed Motdy @ ARl Jpwyfi ber. 8. A nethod
accorg?ng to an§$oﬁk o% %E%F%E 1- Qﬁgrein sai& t&%bential flow filtration
is performed with an ATF system 9. A nethod according to any one of

clains 1-8, whefei t. | east.80% of .the Shost cel DNﬁ as heen renoved in
the purifie & adé Hg\a}o?],fgr nggﬁgﬁﬁfswvms partlré es accordljng toc aﬂn? wbherer}n
said precipitation in step b) is performed by selectively precipitating host cell
DNA away from the virus particles by addition of a selective precipitating

15 agent.

3. A method according to claim 2, wherein said selective precipitating agent is

domiphen bromide (DB).

20 4. A method according to claim 3, wherein the concentration of domiphen

bromide (DB) is ranging from 1.2 to 5 mM.

5. A method according to claim 3, wherein the cell density is ranging from
about 10 x 10° to 30 x 10° cells per ml and the concentration of domiphen

25 bromide (DB) is ranging from 1.3 to 2 mM.

6. A method according to any one of claims 1-5 wherein said tangential flow
filtration is performed with a membrane having a pore size ranging from 0.1
to 0.65 pm.
30
7. A method according to any one of claims 1-6 wherein said tangential flow

filtration is performed with a hollow fiber.
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8. A method according to any one of claims 1-7 wherein said tangential flow

filtration is performed with an ATF system.

9. A method according to any one of claims 1-8, wherein at least 80% of the

host cell DNA has been removed in the purified adenovirus suspension.



