Title: Process for adenovirus purification fromhigh cell densi ty
cultures The invention relates to the field of virus production.
parti cul arW§ 2011{4%8hcer ns i nproved nethods for the purlpl‘qTé%{’tz?I(g’H“’S?ﬁ

adenovirus particles froma cell suspension. 5 Background of the

i nvention Title: ProcE8 E& HdefiRVal PRIMALS fromhhd il absbi9lumaesi ne
production have created the need for |arge scal e manufacturing.
Robust and high yield processes are needed to support the world vm'th
suf fi i ent TRIRYBRGEla(l FAAEREARE kY A6EIRER Nicke SaMRAY M GALLAYS
10di seases. Vaccl nes agal nst ectious di seases can ased
on reconbi namovwdeﬁb&dsrfmsthpaumﬁ@h%of ddenovita particlas om agreB avspedsicor t s
are bei g put into the optimzation of cell based processes for
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densities BId(gS‘Uh&BGL@Iﬁﬂ%nhmﬁect ed in order to obt ai n higher total

virus yields. ch h cell 15 d [oces re being disc|osed
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(2004). A %%g@:ﬁ:areqﬁalﬁmnﬁfng%b%dmghlﬁagsme%eseﬂ& hédak@Ssupfort
reconmbi nant adenovi rus was described therein. This optim zed process
relies on theevaaldiwith spfiicient ameunts efifreqombinant) vasaites tesdmbgeindictiguy e. g.

hi gher ;4 hag;.axl06cel I sim) with preservation of a high virus
product|V|ty per cell. Herewith, it offers a nmethod to 20obtain a
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at high depﬁ)béss@sfoﬁﬁc&n@ﬁﬁﬁ@)rdd@cﬁdiﬁcaﬂ@diﬂbéiﬁg bafiraf atﬁﬂc@é&s@@ﬂéﬁ%ttﬁ:s of
cell debris and host ce DNA. These contam nants have to
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the cell c [ ally
bind to hobt i AERRLRE MELRtARLRMGA A AR RIS e
The et hodablhtytthmfeatelﬁlmr&rm‘hlgh@\aédensnh&sg dmgh;er theeﬁxwéscilrsrrhi&dmﬂror cel |

cultures with dens el | ebr s and _hqst cell

ENA o o pr Betrtn S B uaRE Prokti W Berell, Siguib o R B R iher s o

that sgod phtgigasaresdt dinkasohpiph iveth High virg Ubhdéh@atioaTh AR RGidrkgtbreel |

densities. _To the contrar%ﬁ? fromthe prior art_a strong (gygg/estl on
a

coul d be | hVRIFa Hvs prticls (YHPeds ps ?%?mdriﬁo‘r&@@ﬁﬁreééowslew Pl et hod
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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



said inpurities could possibly block the filters. As a consequence,
clarificat] an by JTFF is commonly used further down the ppuri fication
process e. YO 25" Fhird or fourth 10process step. AFAA0PEH of
adenovi rus from an adenovi rus-cont ai ni ng cell suspension directly

af ter har vegtctivel§ipR@ifiRRARHE e IDNA eWaf Frbhrtid dudroVRE wIuBYprodBitalc
described in e.g., EP1371723. However, the adenovinis was grown on

adher ent cairssparigesorhonaised #dégh conganiratinms (Gerrkort 12084). har vest i ng.
Therefore, the f
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harvest is not . fe l.e for cel] cultures containing high cell
densi ti es. 99%04fi @ﬁ?braﬂrp BIHNEEELRIER 257 & NogS %B%Ms%%?@ésséﬁd

cell's are bgi DEmfikd uEdp@bibiyMbGaRs Alerd s édngeﬁlueﬂéaeasnﬁc%n@n sl,@ed in
the industry for downstream processes that enable the treatnent of
high cel | dER& eopmandyesedifettier dawn theappficasioniprocpesrctd. eut tirdtos faunth
field of a I%Iag\él{FS production. 25 Summary of the invention

The present i nvention relates to nethods of purifying adenovirus
particles from &epaahbn b/ shevifus drorparceleho s pentsinmg, cell Sluspal’[sidncul ar
froma hig Slt sSus en5|o S to purif QVi r us
froma hi gRredyPrgaHEr vStE RERSIAA oy TagBe Resbr Ry Jubatugh ol
resul ted i BPYENY23. GlwevEn thea8&RVETY waBiEo R 8Bl ckdne Bl REWRICH rdn@dp| e
1). The concg gratlons of |rrpur|t|es in said high cell density
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for di {g£ct ARABNANYEEE dBHfalnkd 9@:57'16\9 cortdRMtDhE SATIREASET g Lfl DN Ah
cel | densVFg}/ sus/{z}enm ons using known processes would commonly require
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have surpr S|n ose her.ei di rectly subsequent
to 5pr eparl1 13618 ea§1€1§3 T8 F%‘for%anﬁﬂ%ﬂ’ﬁé ?altg cusifigd consecuti ve
use of afost cel$m£a%11fd1ﬂm?doa§sb9ﬂe@6ﬂé@p s QT ckBd dr@BeihP bhlfi&Tatby a
clarification step conprising tangential flow filtration (TFF)
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cell debris, host cell DNA™and o urities fficiently be
processed ﬁddplﬁﬁfieﬂlbwsmmbﬂé@ibw rus with the the present invention.
Herewith, the present invention provides a novel process suited for
host cell DNA removal in |ar ge scal e adenovirus purification

pr ocess®s. Summary of théfihventiog | ncor porati ng of DNA fragnentation or

precipitation ipto the purification proces single clarlflcatlon
Step was suffi ol RAREeR Yty eliien e dres SEpwiving sHegmTRERAtidinS 1 y

suspensi onfrotaSi dafl Iylskafe Fodf a 6¢1BSuispdrERdh)] i@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



The invention provides a nethod for purifying adenovirus parti cI es
froma cell suspen5| on having a cell density ranging from?5 x

150 x 106 ¥EHYSEF i | said method conprising: a) Iysi ﬁ@"@é‘?‘ﬂ@“’m
within said cell suspension b) fragnenting and/or precipitating host

cel I DNA Wgithition ﬁﬁ*eﬁ’m@@iai-ge%#&ﬁﬁfh&'s@ﬁd cAldkbA. @u@q@&ﬁ@n&édﬁwgﬁi&e
20suspensi on obt ai ned from ste to a clarification by tangenti al

flowfiltréd Mﬁe filtration stppp %@%E@memd@ higinspsudficienslyurifigd adegovirus
purified f ]% el l suspension having a cell density ranging from5
x 106 to 1 X 1 6 cells per M, for instance 5 x 106 to 50 x 106
cells per m orWthaxe 2@FisinglBdurd amﬁdis@¢sle$1€qaértharudirectly subsequertrio

anot her_. enbodi ment preci tion in, ste y
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preferred enbodlcﬁ the tan entlt flow filtration i s performned
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In other pref ersLergnﬁf@fclwmtz satd &ﬁtamﬁﬁgsa%bﬁ}usm@yafﬂohﬁtg giidn is

performed 30 with a ho anot her preferred enbodi nent
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ve/m) densi t%s cell suspensions. 5FIG 2. Adenovirus recovery and
preci pi t at B§° 0%t cel | DNA, pl otted agai nst the dom phen brom de

concentration i with@e indorpdfiéy o BNA FRginehtalion @piledi@fion iBxth@6- 25x106
vanp density fcel | suspensi ons ai l ed description of_ the invention
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partici{es fpem tﬁgkhéeﬁihieﬁﬁ!y' su%ﬂﬁbﬁ VisBESRETS! QRtificAG&Pr di ng to the
invention, the high cell "density suspensions are obtained by

cul turing cel | sThmnvnnglhn prsivides| e methord der. pusifiohg @dmwrusmgrtwm fifogra cell
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for culturin I'es are nomn e person
ski |l | ed i nmtthed asmprisipe e) Iysmg eeltshwoitsn 64 osll solyteasinn;ig fapmhntagland/or

density cul tur es. ane di ed.in e, W2004/ 099396,. \W2005/ 95578
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cel s/, e.g. BepNe&smbagBigats f%é pdeoxiEs 18 rsifieeiera picell fyspensiog.
bet ween abgifn 2020106 ggﬁ’éx%%@c 8t 3507k 160 efs ﬂ:"r?ﬁlef‘of‘ ﬁﬂmﬁ&@?ﬂ' nment

of the present |nvent|on he cel denS|ty in sald high cell density
suspensi onl®°dn§és 182 eslkseper about0 &wltoéoari@ sdkspeembel | s/, e.g. at
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to about 4s5e)felcgge SreeLiLL%z{tmn%'agent.
In a preferred embodiment, the tangential flow filtration is performed with
membrane having a pore size ranging from 0.1 to 0.65 um.
In other preferred embodiments, the tangential flow filtration 1s performed
30  with a hollow fiber. In yet another preferred embodiment said tangential flow

filtration is performed with an ATF system.



According to the invention, high cell density cultures are infected
wi th adenqvirus particles in order to ,allow said adenovirus

to
oropagat e YA 2PHE¥ B8] | suspension. Heréwith, high cel | J&HEFRYI0/065436

suspensi ons are obtai ned that contain high concentrations of

adenovi r usBriefNda@cfipfich 6f the Fogagt or . Methods for infecting high cell
30density cultures are also known to the person skilled in the art.
Speci fi ¢ met hodBIG- dr AdBrayihs FRgovay @nkipgsindtaterl hagrpsiLtRNAyplptiedasajiist h
hi gh virusgugo L&At QR qar | sclosef | 10E! 3 \ fd N
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denstt P th orECeryACR Gy Rtbvarh dnd ReicliEh o8 oot aBTa e P il
cel | . Her eitiet Bomipherofif@hide aconeddnatod dn olbtvaiDs:a 0h3gh1eekt/mteasd thigh
suspension with high adenqgvi rus concentrations, in a single

bi oreactor(lS’Fybl“%?é?O y‘icg?ﬁge‘@ftyE?}f?”é]’ﬁns’ﬁ%cesses e.g. for reconbinant
adenovirus 35 (rAd35) are about 1.5-2.5x10'2 VP/niL Once the

adenovirus has propagated in the cell culture, 5Skilling nost of the
pot thelipventiod according to the present

cel |l s, theDatdlpey . i
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i nvention, puri i
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cel | s cont fbmedhigmcdlrienfiiyginspeebibn.denceiding te tiepevesiion.thd high oail dengjty cel |

density suspensi ons Lch.were infected.wt denovjrus particles,
cause | ar ouRaaIAT b ol R pE R Furkaefls il BETER pirlie i
accunul at efdr nstdne be férforiids RERSEH) Fod-DERBSE pBEEidRnSdd. Mshdds R hlturing
subsequent down .sElre m p_r_ocesi(l ng of the cell  suspension cunbersone.

The pr esentelisie Bigh cehhdgnsisigs dre Snawrda e ersen tkatednp phegity PRSgiticgnethods
adenovig us R abiairfl gl EAMlE GRes bicialcosed il Hv6Rida/Bo8sd ¥

suspensi ons. Large quantities of can sel ectively be

or ol pi t at BIDBAEYOFTIBmINARS0BERHIM WOk 2PAI60EI %S wi t hi n 15t he hi gh
ccipital : O M _ thin 1
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mol ecul es Batecar o]t ad 1562140° telvimE heg. egiren ebdut el iand 120x3@fensi on
cont ai ni ng dengvirus .partjcles. IsS sed herein, th
precipitatf ﬁ}%éﬁ&g g?t%’?%algB{ Htxﬁé %del@ﬁf) ﬁ%:lssgrﬂf’oefg' 8%65‘?1?1?%‘? i ng host
cel | DMA, wa:t10° atd dosactcens/&0% reduction in host cell DNA, preferably
90% and 20 even nore preferably, as exenplified herein, about a 95%
reduction in ho® REefrreppmbaianens i Hig pessent invertigh itegrechidepsityprsaid highs
The first éélled%_mﬁfystul nRibR Fp Ss Ee?@ééd%%éut' lbﬁld"ﬁlﬁ& BM@fkél@/ﬂm,tetg. B the

cel | 25suspension. | %s first step, wherelin e ce nmenbranes are
| ysed, all about 160" keltsirakite. Hfat lsatt Rbes 2Px KK selisimak.col. @f kest abwmtt | ul ar)

and non- as hat b ovj.rus. f deyqinkected high
cel |l densi ?%qgus%gﬁgﬁé%oﬁbs’{lﬁce l%/“?éjt%‘ Séa%aﬂoi}{sﬁﬁévﬁ%ll%@ﬁbg%nﬁp tf)he
prefereed awuhétklof cdllymilng.gvip tesaboortsxi ofi etls/mdst cel |'s, can be

repl aced by non-nechanjcal.lysis neth such as enzyne,treatnment)
and/ or nechani c%?wé‘ﬂ%% tg‘bmﬁé‘lﬁﬁ_{}d@glﬁ ‘s“ﬁ@%ﬂ %'i”feé\ﬂfeflf‘_ Gied wih

ul trafiltradehimustplrticRk GRS elTe4i16W 32id ABHIY Fub pAFHARAY il tHS celVEt hods
that can be used for active cell lysis are known to the person

ski | 1 ed i nsusp@nsignt Hergwith righecellslensifysugneaionscunobipisedihgiecentain high
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shear , 3@ onilaaity oriturdsiaghalgr lemsurte thextersosiskitied theheamydipecific methods for
obtaining said high cell density cultures with high virus concentration are disclosed in
e.g. EP08168181.9, Cortin et al. 2004 and Yuk et al. 2004. These references describe
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



| ysi s, conbinations of the above, and the |ike. In one enbodi nent of
the invention, the cells are |lysed usi.ng at | east one detergent.

of a deter‘ﬁ@r’rp 194581 ysi s has the advaritage that it is &%TER VOIH@t‘%d,

and that it is easily scalable. Detergents that can be used, and the
way they ap ﬂlgﬂrﬁﬂérﬁy)&ﬁﬁis praa&ngﬁﬁgér%bh Y Eew R QYT tOa ﬁl@ﬁo@ﬁf@c@eﬁn ghigh! ed
in the art. Several exanples are for i nstance di scussed i n WO

98/ 22588, gl deosigasusimasien gadhthizh adenqyéme consertrations ama single bhecastor. ar e
not limte i

dot er gent o PRI QYFEuERpIRREs o £ Ml iRt et o BEIR O S

Pol ysor bat eb01.5¢25:d08 BtfinbdOnenthe addnevidesthes gmpagauslem thesellpiltuwe
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det er gent sinventionepurifBifioint the highicoRaédsiab@penidl oped viruses. AI so,
autolysis of the |nfe%ci g host cells by the adenovirus therein may
provi de for subbicAnethed oftae prgst Blf"elitﬁ%lraéééifﬁtmeaﬂn%éﬁb@mg@? gHY nay
be_used 1 NedrflinddliR BRSAHTH bork b GBh! QRing MRl Qb iy 3T Of
host cel |l £S| s whi ch 1&36 n%lv\}nngﬁun&t he a%mﬁeﬁh@l be use’clityt{é%el berat e

i ntracel | uiaichwerajafected ovithrademydms B%TIMGSSLS&USGLﬂrgmqlenﬁMmﬁnﬂf dnbris
eventu h s c e [ to
the. perdon i iRl ST e Be BRI A SRR B Rt osf s e
det er gent Myeqnamtﬁow&lcstreamgtoammgwftﬂmualI Bﬂn@eﬂsangmnﬂ»fersaineut 0 1%1%

(W w. Fragrrent tion d selectiv itati 0l | | ysi s,
host cel | T RyanT BPvies Bretiopise G By FORPURE Vi r s
cont ai ni ngpzﬁﬂ&lks HoH RN Qgbate of high el ddusRy ShsPEAsRshs SRR FRIMos of At
cell DNAis pr ecipitat edply%gaddl tion of a selective precipitating

agent ( SPAJeISBNGPD pelectivply bspegsiniticd wayay Bpmitheadsapdrispyiicles within

preci pi4 at f
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stage pr eclypite suchdimt st égastrabeut] 8080 @f_rhoaﬁmUtDl‘éfﬁ modeggles 8@Wrgoimattiavnay i n
host cel | % eol]u I%\él nglba ' f' Bh . Ola; ng the ad-léfqovdr%lsap l'th\pils 9{"3 may be

useful iIn prac OR§VER n inc are not
limted tOdlseimad@emﬁpd’ie){jirmlﬁtathmﬁépeﬁimrsfompfbbipﬁhmﬁfmumdmlnaﬁl@ any

ol ot yl ChEt FBEPSAsOARat G § P ahe i et LI BEEHGh : Bibess

ani oni go ChafedlendrOPRfdraBNArk bx@plifichhbreft alut OSBRI B RtiGPATobNRN DN be
used appro In e present invention is given in U57326555

riat el
(col umm 121%“PWH’6 ){EEG—WBtPI]a%’GhEBFurm 13, lines 1-28), incorporated by
reference herein. Appropriate SPAS for use in the present invention
include but are not limted to the follow ng classes and exanpl es of
commer ci al Lysisvai | abl e product s: rmonoal kyl trinethyl ammonium salts
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dodecyl di nﬁeh&ﬁrﬁﬁ%ﬂﬁ'ﬂ@%ﬁ@&&&’ﬁ@mm%ﬁlﬂu@ﬁﬂnﬁgn W@Qﬁ&‘l&r@éﬁk g@::s,

chloride or brom de salt, dodec anm ne or chloride salt,
cet yl di met Willebsng thaﬁf?é?lTedrﬁl%hWE%fdlEIQﬁVIW |camtamm)g host cells, can be replaced

nonoal kyl dhmgm v @IHR I gﬁgﬁ
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BTC), 3 al nethbdi (ﬂmlm Il’lohmmﬁhénmﬁrafdtrats)nb torireseconalimum amounts of

adenovirus. Methods that can be used for active cell lysis are known to the person

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



10 products include dom phen brom de (DB), didecyldinmethyl ammonium
hal i des, and octyl dodecyl di net hyl a ium chl oride or brom.de is
het er oar on& PP EA8hi um sal ts (commercial products i nclRdér2010/065436

cetyl pyridium halides (CPC or brom de salt and hexadecyl pyridi ni um

broni de or [yeh| nid@kion£dhé SVESand the like. In one embodiment of the invention,
143-chloroal I y1] -3, 5, 7-tri azal-azoni aadamant ane, al kyl -i soqui nol i ni um

broni de, af call§ &y Ivdedresing At deastanefietereent. Kse pka dotgrapmiRrdysnes thiede ( BTC
1110) . Pol yaubabl it ed Auaken AR - comercially

avail abl e p@gdu%%s ilng’lduge, btg}t%%rde no{t1llt #irgfdnﬁﬁle%ata%lg'

al kyl di met hyl beRetgtgeatmtivhiamhesaed; had thaatagy tlaydire employed, are generally
Z%L?L&;}e ;g%{ lwgrf t?%éeﬁ%ﬁ%o%nlsléﬁlgggqnteggﬁn el(\:f%rgge%{)é}ﬁlpfe% L ATRL S i Qugtemary
1, 10- bi s( 2W@o8/R21588; ArwE3) Dicrkedenty] asasedhhadtinde) ittheRmat ard nbt lhited to
{1-nmethyl-3-(2,2,6- .20 tripethyl cycl phexyl)-propyl di nethyl amoni um
chl ori de] ﬁt@&% aigni, e BT SoHIA ORI CGlEI RS TS RRATHES o deteftsaf are

referred tgyastaROrRn BHGKIPEyBHad186. 88 dne SRbIRALN RE Qe gat.sdangr y
anmoni um sal tsﬁg ncl udes pol yi onenes such as

pol y[ oxyet Aytoaned 6. Aeadditionap selugre seshl as SRR euptbe pHdad taiths) lesarparene

di chl o4 del,,.. : . o

pol y[ NS d%Iﬁ%f{‘%dyl?%artﬁ%r%?%)"%‘%"8‘6@?]"%%9%“%%? THEERS SRR B e TRV Somoni
0) 25 pr opifattivateenselopddoritudes, Adndautolysis of the infected host cells by the

al pha-4-[1-tris(2-hydroxyet hyle)a ni u hl orj.de) . t he skill ed
man i 1 uPABP SR PP B B o B SRS R sifes St fbgel e it e
shown t ?) V\f@@k ban%dwﬁnefcqitdtcgs‘cs vtc ERofbnt hmefbf&]?a@kﬂolﬁh @dh&eﬁcﬁnpsis‘aan
routinely find.the appropriate congentrations for these conpounds to
sel ecti vel Vhﬁgé%lf’b’i“’t“é{‘ thesriamayt ]Pf’e‘égégé&’r@e%ﬁ‘ﬁﬁ@g“]@f viggsAglo tﬁ%sb%]ed on

the di g6l OguRS: MBELAIBr ARAANBNILSH BSHE Ric@bdd MEcIRRH RSkAN]t id VLM | On
it is clear that these will also be suitable in the present

i nvent i on. the person siileddn predrithatehe eprvend conoantrationof deidstesksnemgevars, ar e
used in th | 0\ e preferred enbodi nent,
di al kyl di m%’tr%ﬁg%m%ﬁ!llg\éqﬁi%bﬁbfsahgﬁ%glﬁg%{r]]g“gﬁé'n brom de (DB) are used
in the present invention. Though a | arge nunber of potential SPAs can
be used tog ractti ce the present .i.tnv.enti on, dom phen brom de is of
particul ar=i LRGeS S E i Rt it s availability as a GWP grade

raw megerial angblpwingeéis,unet defll DN A €4n B Rpuhtediod hropasked ewaasmn

use. More specifically, sjnce dom phen brom de is extensively used as
an active MSgFEsreRning el swspeRs9lene products as wel | as topi cal
antibiotic crengs,prifisd RbSEHER, Aokt Mlmﬁ?ﬁpkapﬂtﬁécgﬁy RIGHAYFLT I s
and rel eased under cGW conditions. ~ The optimal™ SPA

concent r at sadestivhprecipdatingagent{SPigoluion Thiestep dilovesfopidasélentise f or

precipitatjng . i

determ nedbr{%glp gﬁﬂﬁ% Oiﬁ H%S@gﬁ“ﬁ%mésr"‘%é @?ggﬁiﬁﬁﬂgﬁgﬁﬁgﬁdﬁ@ﬁgr i or
art, to¥mt hgiadphdse.uss gamplifitdlservioithd cantealicairedipitapioe siep rdsaltsein\whan
bei ng put in contact with high eptrations.of .SPA 10

unexpect ed?tg?asfﬂiﬁéedlg\#&?i IP&Q&ﬁaﬁﬁ% @)ik’m&a’?%ﬁa%r eci pi t at ed.

I ndeed, it was SHBWAS whithBaphé Gdefidfil pratt@ind A bABER idvRnidA(3A &S but

that in low cell density suspensions (up to 1 x 106 cells/m),
adenovi r us2aet limitekiosaine peROMIECTHIEHCINAY PRI campaidsand aRY oni c

det ergent [S,d-R6L S86Es thdidEF S i 5}&#}; j i

cell densi tépéguliur.es?%tsgﬁlsscl ogg%%if@ fl?é?h&q% i ﬁ’qsc%ﬁ’t"g%éﬁ*y\[}%%ﬁ@

i ncread®ed ampentedfiaént irpseutrebiatioDiiexmnt apfoh@rchangp (IPNW igpurinies).vh list

t herefore need .in e antities of cationic detergent. (e,q.

i nor easca By o PASTAS 1) o rkd uiferdln b PRS- ELERARR's Sehn
extrapol at Usm32s653 (velunesld, lifiesad6-60ad @elumndiSn hdsyl-28) hiatorbhiaedibicr ease

in cationic _det ergent concentrati (%n woul ﬂ | ead to precipitation of
reference herein. Appropriate SPAs for use in the present mvention include but are

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



The appr opri ate concentration of DB for treating an adenovirus

cont ai nin h cell density suspensi conprising a cell densi
rangi ng b&' g %8106 and 30150x106 gigl | s/ nth ranges B’&%’éﬁ"’aﬁ%iﬁ
1.2 mMMand 5 MM The appropriate concentration of DB for treating an

adenovi s gRRéAkyHrg:tiil ghnkalum s SxadpRky 6 P&HShEBialP BRIl Pebdac el |
density rangi ng between 10x106 and 50x106 cel |l s/ nlL_ranges between

about 1.3 m%ﬁaetzlf@mﬁmlamﬁ@naﬁw@ﬁv%qré logAz et FABi on of DB for

treating a ok i NSRS hium
har vest CO%{)I?I&%I ﬁﬁﬁh&ﬂ?la ﬁigﬂl;li%% 1&%%%8%%1& gﬁf vvedeﬂrfylfgrg%g and 3]'6x106

cel | s/ nL reldgade, lneéimmm!hytllammosluahdﬂ@lwodecsgtnnm@mmommmut 1.4
and 1.9 n etvxe an about 1.4
and 1.7° mr"%“g@ ol RS Himfr 28 %P]Ofy%@gr%m%“m. B&Gt 1.5-1.55
mM 51t w héxabecymﬂm rhiohige pibruin@ly solft, dobﬁ:ySkrhinbedclfrmitiel saltidnd art to
test potent utes for the SP I scl ose rein to identify
L Conpounde AR R AR T PSS Do OB ERRP UG IRAITE eo. and
ot her cel | yhaonflefaits (Ri¥aie fn@lﬁﬁ@dﬂ‘cﬁ%&ﬁyﬂb&ﬁ?ﬁdnﬁh&ﬁuxﬁ%hl@i‘i@éﬁﬂnﬂf i ed
herein for dom phen brom de er ef or resent invention

rel ates i nbggethoniympalonide as B&Cb@ﬁalkxldwtlah@ﬁ@wmmssabh@mme@sa lfroma
hi gh cehl vely

ot oci i at PROTRE S URRERG B8midA i) R AL SR ek 4Gl
adenovi r usocpahdnd@yldé’nmhylhmmanhen pdstidd grdirgmide)y hetcmhtontaensmmomum
suspensi on addi n i tati.o

coot<1ysi o @i rpFiRamiiiy (PRl bkl R hebBridietandon
for renovi heabl@stpyeiginkuniobidndidosm dhlt@ldle)ebis 1mr31qemalmuyq 3$3$’P-&(hlzy-eh .
precipitation, .the invent onlsn limted thereto Any met ho
of renovi ngaRJetadpmptansypllylsisofuing ﬁ?@@&fer #nd eyl %F@g@ﬂﬂappfﬁ%nti on.
Ther ef o5 e, plethyPAEmEMIAELTRRAE (B’Deqtl 1®ebdiydadiithied ﬁﬁaﬁ&ﬁﬁ?%ﬁ&onﬁdﬁ%alﬂss
cut into piecés. According to the present invention, fragnmentation of

host cel | (ommastislbiavadatlypioducsinckyde.bat dre notdimitsd ta@ﬂwwgn@thﬂbm%hse
into the cgll, ﬁMﬁPs%E‘a{aﬁHaufﬁgg 191%ﬂ§9 @H?én%‘g c?ﬁx'ﬁrhab' e for use in

the present 1 nvention iInc enzon nozynme(r), or any
ot her DNaseychrigkysulfahags, lusaqmamhayrytasmd)nwrm brlts gorodhest axampletsnnqimcbf erred

e BB S8R 8

phosphedli eﬁﬁﬁhﬁ@@@hehgmwlﬁmemyf drménich @dlorid€Shexdrtas eilotigatie ng
Benzonase(r) can be 25 comrercjally

t he vi scosi ty t ell
obt ai ned, %h@fl I&jﬂ%‘elﬁ/é}f-wat]{ gé‘bﬁec Px man Brochur¢g)eand polymeric

concentrat kpS’a‘Ber@zfr%r @&%o%ﬁr?@qa‘lt@@%clhées%%@&ﬁn@ﬂhcl@&’seqUat e fragnmentation
depends on i cell density, the tenperature and the tine

of reacti oppl}’fpﬁée%léﬁll‘;@mﬁlﬂIlné‘ﬂo)ie?wtehé(démth%mw)Wfﬁdlﬂi&q@ﬁ}n ne and
FFagment at PaR 67 S REREARGERM B AP SHOPHERARERU A HEREIIY) oo oo
cel | | ¥sat propfhatandidhlbmdmmatd@ple- 4»[1W-hy@p&yetlszlesaIMen}umloyide). As

the skilled man will understand from US73265535, 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



clarified to renove precipitated host cell DNA, cell debris and other
impurities, e Attenpts to directdy purify adenovirus from a
hi gh cel | ‘Hgﬁg1lf"§}:’3§hspensi on with a one stage clarifi ca})thWZWQE’&(S,
resulted in low virus recovery, as exenplified herein (exanple 1).
The concenbioatil @RS partibumuhietdsCfueiphinGailydtois @haitbllly SensMPyoradésRRNSi on
obt ai ned after, harvest were %eneral ly too high to allow for direct

9

virus 5 puPiierigenidsHTeNasts e PESER iHendsh St drmar usee dlore sngeifically,
consecut i vg,id J&ﬁhﬁ’en lﬁémgtefiﬁ&téﬁ%ﬁrglfygﬂgd ASHORTRNAS iR i_ﬁpf‘ﬂ ﬁ{{'%i%rﬁcnd as

exenplified herel are necessary r appropriaté clarifica Ve
have sur pr pwidneth 9s wellizsdopinal adiilgotiogembs thas moteblt isquodicad mgaA
precipitation. wt i fi i st.ep using TFF allows for virus
purifi cgéti g%anflﬁ%sn%%gqilg%?%ﬁndgg?{Sh@ﬁecr?gfht%;elnss‘uspensi on with high
recovery. A si ngheoptiard8PAicahcehirativnfthdttiy wed dnhigh el deasityswbpdnsioant to
renove celi_ debri.s..and nucl eji ¢ aci recipjtates, fromthe virus-
cont ai ni ng %Q?ﬁ&%@f“&ﬂql?osﬁ?@ ﬁ%étawe& OTRA CABLISRTEION 3iaf S¢S hegRiy
95% and t h@itHbighst @mwsl?m_emﬁséal @NBE plidiakk, BAAJHRRGS parBSROHENAY tO
the present invention, it is possible to use TFF as a single

clarifi cat inynedigtaly preprutate valianfliceng put ieonieetivigh gk gontsutiptipahel G,

obt ai n i . - - i ' ' y
Feduced i nHaRt PR Qi BEKEIE R Einas MERLEANCL InGUPR! G ik

ori gi nal | inghe¢ prigroipt, &ir esthnica indf$f326355 that indopcels dasityratshedions (up to
According to.the present inventi.gn, the. filters used jn.a TFFE.set up
are Tor exhmdPe CHBTT OvarrayEHE pieiciss mrtpisme et s pofenirdiof ol Sijorie
separ at i ongteigbhtey inadchdnat i ves 20are flat screen filters from

MI1lipore or Sartorius stedimbiqtech, In said TFF set up, .the virus
particles are cof¥ERBVITAS Tt‘"ﬁ@ucﬁgi Riglt fe density cyliies &5 disclosed

preci pig at ReinQll c6@thin Vel ia61dasell RbuAIBERdsE dBDNATRY BthkFinipifities
retentate. It was shown herein that hollow fiber filters were very

appr opr i at endwill thereforsuacd éncrdagd aentiticyon satiopicsigoprentiedn srcreppadrtataor e,
in a prefegr iﬁﬁrgx i j S
per f olromed gag{\j?ngtz ﬁ[‘ﬁ;@%ot oW’ ?‘{t%&ép%fe ?F?gg%daﬂxg%%%(%sgﬁ%g h%(’g%llne
present i nd@wnity,dlmt thihecpasean sitivmicodetggénd coricktteation woulgrleddetoabl y

ranging from0.1.to0 m ..l n referred odi ment of the present
| nvent on' PREVIBIE RS R G R P oo b B e Bnpor
sizes 20| ow f orHywéws, spiikinglyes High $IBS SorcBmratiiBhy) tianelcaint re@bval of |
debris, precipitate hosélI¥ cell DNA and other inpurjties to 30 be
retained byentamRingtinehest cobRiNA fiomiet higd gl densily WSpRISIPR CABPIGrEHRT t ed
Wi th wat er pfrQbIbOWhd\GilItASs BB NH ] Pedrtt&f erdbodtidrt BEMhE BRSent TRRndidrdHed 1S
recirculating through the nodul'es using tubing and a peristaltic
punp. SPApreferabai IAB anpddeidrie acencentratios rgngingdiam il e AMnliERF | s
used in th 1 ny i | hirat, A is a
form of t a%\g%%rﬁ(?éa plfeﬁ#g\%iv%@?{hlp{a}g} %%@g%\dﬂe?elrabfl); ]')h, REHEN tg a-EgQICenMEn
25 ranging from 1.3t0 2.2 mM, e.g. 1.4to 2 mM, e.g. 1.4 to 1.8 mM, e.g. 1.5 to 1.6 mM,
Based on the present disclosure, it is clear that the skilled man in the art knows how to
determine appropriate SPA concentration windows for a given cell density at harvest.
The appropriate concentration 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



WO 2011/ 04538111PCT/ EP2010/ 065436 it was found herein that
clarification usi nghATF was particulary well suited for vir

recovery fYBHPYP48hsi ons with high concentrations of d’ngfEPa%‘B/Pf?“

host cell DNA and other inpurities. Tangential flow can be achieved

accordi ng t&1 aetinodsgiks oy el dxhe° @ﬂrs@gmﬁsclsnéhhgqadg@s baiGed dboainds as
descri bed e. dng in US 6,544,424, The advantage of usin

syst em (e. 30d NP,y beticeraonhb4 et hA s gge. eenEh@{t?l‘%ﬁﬂé\l@rmMU) is
that the f@.?.dbél“?é’en BLENLALRL 157 RRATS:. ORAGE Ul £55 LD 63"411M! ﬁ%‘??c}{n”.':
punp cycl e (cycle consist of a pressurization and ex aust Thi s
creates a levers®M.| ow sweeping action and a continually changi ng

trans nbr ane pre acro nbr.a exh ust a
vacuumn?s creatlgélvﬂzﬁ %BW%nggﬁgﬁW?ﬁlre%m 12{]18(,%% ef%t d from
threrb per Weaﬁlﬁ)sﬁtiud:@ fdr]?het ﬁmgrﬁﬁmﬁl@'eﬁﬂtdi&ienﬁ@ﬂdl ohipafgnd \lrahxeh eﬂmf lﬂ%yOf t he
nmenbrane. The, use of _the ATF w result in |ess oumgote
menbr ane r BEGPHHAYYCHFIGaq gRlsFules sndothes celdarelrisavery frombadsapdpy
skilled ing érﬁé&e@éstexeﬁphﬁé%it&?éﬂEﬁdBﬁth@EBfo%he@ﬂi ARG BRY BRAEseh OW
rates for naxi num Accor resent I nvention, the
filters uswentwngda@s mmartgymedmap@wﬁymgs@namseaaﬁ@ﬂqsmm 4 bigh cell
filtersyfr c TF
syst emfl S ?ﬁaﬁf‘%@%gp %%gpﬁgb@dl s%tﬁgggggéﬁtﬁgwﬁ?%c I ca é%&nﬁ%:ée}m [eécﬁ\sed
ear |l i er f oaciduloleenlengvgeldrs thmdpmvﬁmsbnhclnmwﬂhmItlmjmstall,ysmhtgharekkact or
connect ed ft1 n ATE Sﬁ}telw can he used in the first eggo g{ 3 ure
cells to h ‘d]ﬁ‘ LSRRV A eae 2 P%}‘Vﬁlpbﬂﬁlpdt& 19 gREAP theoshysiy has Ci 0 x
106 vi abl eqarild sédibmcan be 20 obtai ned with the use of an ATF
perfusion syste h PER C6 (f;el | s (see e. Yal | op et al, 2005

. g. it
Bnd VIO 2005] 00Sh Vet ihecheieied weihpd KravEoVs et ONAGIOTE BRI ens ¢y,
they can bgshifsRalied1dcRe M Bitatioh, R iBIMtidn N B lidhiCPRERN. MaL Sther

virus-containing cell suspension. The ATF system whi ch remains
connect ed methpief tsiovgdrsgreell PN Hdotingdhdedin deeseserduedtisubsequent |y
be used to puri i 5. S si on.
The conbi nati onﬁ% éfgrgjf \éct ??fé’i’&ﬁg}éﬁgh& P élgBN%‘ ? ﬁj %‘T‘ g.[ﬁ? :ﬂ%:% t guﬁ%ﬁg TFF
renoves at plleeaasAch)ﬁ%lg forthé presdal mvattxoheﬁagmﬁm{na nfihasy el ]DNAefo llowmg
preferably 0% f t he host , cell ntai ned .in e hig
el Cdans; b5 eyEas eerBEpad et O cleiie, iorthe o0l HEEHORS TPrP her

purifig@ti Atleases suitdble € iedih MheeyrR el Imlsn nichﬁle BRAXRSIE AP MinbEne®,
particles are further purified. Further purification of the vi rus can

be perfor nwnawﬂseé%}aafr ang{oz RiNasp ppimeil mgS%idﬁ@m thgrtoly preferred
ultrafiltrghbfimedls 8f thé hﬁeﬁﬂoqnth%ua%éli@éeﬁ@naw v nfdry aﬂmﬁgm

described in for instance WO 2005080556, i ncor por at ed ein
r ef er ence. n@diepcidsim 12@101}@1513811’@2 P@BDERQ@MM)@I@EAJS@VO&II egssificsuc h as,

ani on exchﬁﬂg 0 filtratien
reversed-p as%tﬂgéor ﬁggir o‘ggcgpg‘(ydftﬁ S%t banzgp?fy E%Pnbeal so be
used. %esa)rﬁma'pﬁllﬁbbtafned e@(&m‘ﬂ Mendk mm&dde WZLUQSD,%Z 6555,

i ncor porated i |ts entire reference rson skilled
| the ar't - knowBS PRIl THERS o Lot HeaHae Red

Spuri fi cat igandstdai:c. hk30st\d€l 88(s22 A8 SiempBGREPSIdAhEEmE affeb&m%n’rhé ety by
reference herein, describes nethods for the production and

puri fi cat i Basaskilled insthg artknewskow to determing and pptmive dispealivednt
accor ding {ALRabIYERIASE: of ReiElat fierRABAGY IEIR.REA bhel e
suspensi on can be treated by u tio tralltratlon is used
to condentrate the virus suspension. The suspensi on can be
concentr at Egﬁgcgt%nm times

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

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



10 and possibly be treated with nucl ease (as nmentioned hereabove).
Anot her aspect of the invention is the subsequent introduction of an
exchange bYPREN/ NI di afiltration. Di i?iltration, or bFCTEP2EUEFHAIge,
using ultrafilters is a way for renoval and exchange of salts, sugars
and the like. T ' ' 3 Lch
conditions the %ﬁ?@@% %@?ﬁg}hggﬁgﬁg%hgb?gi%%Iaacq%@gggﬁgﬁgbgﬁ%ners are
appr opr i at with@rong Stegg dargficefion process, riudieparlowouuarecotery,as exemmifiedn
nmenbr ane s t i .76 icl.ent | I tain
e ocFRSPLBRL b, 3% rcBlih SPRLERI Wy B oy

I mpur i ti essuspap@ndibainedafttrtarvanuéragenely tamhbighesddtoanfer tirge yvirmoom nal
nmol ecul ar wei ght. cg%Pff@%betmeen 10 aqd 1000 kDa may. be aggéopri te.
Ul traf it r BYTHOOR NY0gm ¢ hh GERPINEons 6 1 6t IHofensecuibyeclilicrs awolianised;j
node, the giERciBMeRRd GOME BRlh@k B¥mPBEdd NGeiR dé XREssefyTSSaphlPalti t h
or without backpressure on the retentate return, setting a fixed
transnenbréh@ﬁﬁﬁ@gsure, or fixing both the cross-flow and the
permeate flux. &‘é%%éjéug[ﬂisﬁ;%# Rend Eﬁ’cﬁp)%dl&s@hel%ﬁf tﬁéﬂc%ﬁ%ﬂ%oéﬁﬁﬂ can be an
ani on exchange chromat ography st ep. ring said step adenovirus
particl es pireepbdimdvithn dapomtion step ysuBSEFRalped fomtiarsipatificatiog from a

menbr ane, cartridge. or columm.. Subsequent ,el.ution all r,.
separ o ot Eheel S bt aue VRGN A et BaPiabln ifytnns:
Cg” l[))NA stﬁp was %ﬁﬁciademmvddvusdpdr{cbﬁﬁ al?‘(ﬁm:jowm wdid jﬂreaipl‘t%tsdf@éﬁﬂﬂ'@l\aﬁaﬁbr ane
absorber, the NaC concentration for |oading . and washi cou
pr esumabl y BEAIBRAG SEFS Py AR IV S b oafﬁag%amat_hg hift at
al t er nat i ngirRHe&veNOIA HXHRE 8HAB0Y, B NREIrdRE t6 %@%&ﬁ@ﬁ%ﬁﬂoﬂ,% i9. 35
M The pH of the buffers needs to be high enough for adenovirus to
bi nd (gr eap@sibicHansaplif eva saglelclarificgjon sfap. Beri¢lariling virupeompinge t he
buf fer,sys : e VY I bl LEY.
The. pr io1 s P e S e eEpE Bk e Riorth Sahial3ahiceh ¥
stability priokidet A ahdothelampuiitiessoamparet lhethb ofifieal lgenpbentd jn and
can easilytbe dg.ierm’ netd bﬁ{& e skilled man in the art for that

St Bh AT AR Bt ey S

parti cul ar uide and certainly not a limtation,
the pH coul d poAesatdiag foythé paagmt fnkeitioadibe tiltlrs 16kd in a TFF sdhg 426 &sence of

0.1% PS-80 in the buffers, is highl referred to achi evjng, | ow,
resi dual ms&n}pi%@lw fipeg ﬁléerﬁ FgERIdE )ﬁﬁg!é‘&ageé)rﬂ%d PYRIRPS: fer altenatives
adenovig us/PNA: @8&A GlRls iR Dikipetead Sﬁ?dﬂtfs lﬂ@d?ﬁg?ﬂbg&ﬁgtlh Qfd TFF Ss¥k‘ﬂl dlp:, be

within the real mof routine experinmentation e person ed in
the art tothesiuppariclesrirgpeliecisd in bapempetcarlylerell denisepresintdteshosbecll

al ternat | YBN‘Aeén%ro%’Pﬁlﬁ%MﬁfeS Pen¥!?ﬁ’ln4h£’ B8 W Wi QPG tﬁt%ﬁf?&b ation
of adenovirus particles away from other adenovirus as well "as” vari ous
cel | cont afibardittess. wdr¢ vérg apprepriaté foniproctdsing Isgineellrdenditysodpensions.

i t i that t il.led i t.h t Och
oty IR R TR T T

al ternad i veitdetelgenbs lan be found in US 7326555. Ani on exchange

menbr ane chr onat ogr phé roducts such as those ?roduced_by Pall (e.g.

Must angTM ser i e’_§§°° _’éB d ?Hre?e%m("%‘?t@.ns B8 PPISI5IZR @ _§"’é‘il ﬁlé%‘} isgirefeaivt abl e

for iTus Ruphliiesld o RGGONH Rfohed LlGodinER R thol AR h RRtiod e pfent

6, 485, 958 or "W 05/ 080556 describe the use of anion exchange

15chr omat ogjeeis mgnging frqmu P 2itd 840 ivom Seild porcotized ialewm forawim partielasto pass
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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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In certain embodiments, the harvested virus particles are further purified.

Further purification of the virus can be performed in several steps comprising
concentration, ultrafiltration, diafiltration or separation with chromatography as

described in for instance WO 2005080556, incorporated herein by reference. Other
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25  chromatography step. After the anion exchange chromatography step, the adenovirus
may be sufficiently pure. In certain embodiments however a size exclusion
chromatography step 1s 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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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 sclected ultrafiltration membrane will be of a size sufficiently small to
retain adenovirus particles but large enough to effectively clear impurities. Depending
15  onthe 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).

20 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

25  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.

30

Scale of cell culture systems and down sfream 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
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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

and subsequent steps scale with adenoviral particle input. Therefore, the size of the

latter steps will be based on a bioreactor productivity estimate of at least 1x10'

5  adenovirus particles per mL (vp/mL). These high adenovirus yields can for instance

be obtained by infecting high cell density cultures (as described e.g. in

EP08168181.9). The further purification of these high density cell suspensions

containing high concentrations of adenovirus particles is made possible with the

present invention. The possibility to process these suspensions, which contain high

10 amounts of cell debris and host cell DNA allow for the purification of high quantities

of adenovirus particles per volume of suspension. It is the merit of this invention to

provide for a method for processing cell culture batches with high cell densities,

containing high concentrations of adenovirus particles and therewith allowing for very

high virus yields per processed volume. The present method, although it is applicable

15  to large scale cell cultures will allow for cells to be cultured at smaller scale, yet to

higher cell densities and still reach high adenovirus yields which can efficiently be

further processed. This method offers the possibility to process highly concentrated

adenovirus batches which will have a great impact on the entire adenovirus

purification industry.

Adenovirus and producer cells

The invention relates to purification of adenovirus. An adenovirus according
to this invention can be any wild type, modified, mutated adenovirus and/or
recombinant adenoviral vector. Of specific interest in gene vaccination and/or gene

25  therapy applications is the use of a 1% or 2™ generation replication incompetent
adenovirus, crippled by El or further deletions, including “gutless” adenovirus
vectors. The adenovirus genome is generally associated with benign pathologies in
humans. The genome is amenable to manipulation, depending on the strategy utilized
to construct the respective vector. A replication-incompetent virus, such as an

30  recombinant adenovirus 35 (rAd35) or 26 (rAd26) vector (as exemplified herein)
requires a producer cell line which complements the deletions.

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
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in 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
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There was no virus recovery after clarification. This was somewhat
5  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.

10  Example 2: Selective host cefl 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.

15  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

20  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 biorcactor 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 0.45pm polyvinylidene fluoride (PVDF) syringe filters. The filtrates

10 were analyzed for Ad35 and host cell DNA concentrations using a HPLC-AEX and
QQ-PCR assay respectively.

Fig. 1 shows the virus recovery and precipitated host cell DNA, plotted against
the Domiphen Bromidce 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.
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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

5 at high cell densitics, 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
precipitating agent, and based upon the disclosure herein can find the suitable range.

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.

Bascd 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, 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
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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al t hough the DB concentration was increased (wwth a factor 2), the
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(CDAH) is given in Table 2.

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
5  respectively 0.1 and 0.05%. 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 consecutive charged depth filters with different pore sizes. The
estimated pore sizes of both filters were ranging between ~10 — ~5 pm (Millistak +
CE20) and ~I — ~0.2 pm (Cuno Zeta plus 50CP) respectively. The first filter was used
10  to remove large cell debris and impurities. After said pre-filtration, the second filter
was used to remove the remaining impurities and precipitated DNA from the virus-
containing suspension. The clarification was performed at a constant flux of 100 LMH

(liter per square meter per hour) until the pressure reached 5 psi.
Table 2 shows the process parameters and results of the purification process.
15  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.

20
Table 2
Exp. | Process parameters Resulis
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
2 247 224 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 o8 99.8
6 20.1 15 90 82 98.3
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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



Cell density (x106 cells/rill) Virus titer (x1011 VP/ nil) HC- DNA
precipitat ed (%9 HC DNA (ng/1 x1011 vg) Virus recovery ppt (% Virus
recovery cWarpPftdzmel (6/0) Overall Vi PYis recovery (A) PCIEPROIVN6H3600
8.6 88 99 87 2 17.9

PER.C6 cells were grown in a perfusion bioreactor and infected with Ad35
and grown at 36°C in 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 x10'2 VP/ml.
Viruses were released from the cells upon the addition of the nonionic detergents
5  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 cell lysis, a DNA precipitation

step was performed followed by clarification.
The DNA precipitation was performed using 0.063% to 0.077% of Domiphen
Bromide {DB) in 40 mM NaCl. DNA precipitation was performed for 3 hrs with a 2
10 hrs addition time of DB at an agitation speed of 0.17 to 1.52 m/s™. The clarification
was performed using tangential flow filtration with a 0.65um (GE Healthcare, model
CFP-6-D-4MA, 0.046 m?) hollow fiber filter. One liter of lysed and DNA precipitated
harvest was concentrated by at least a factor of 3. Following the clarification a flush
was perfomed using 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 g8 99 87

2 17.9 17.4 99.9 6.9 110 74 81.4

3 23.5 15.3 99.9 238 100 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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flowfiltration instead of a set of two distinct depth filters
(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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i ndustrial 15pRblyaiaseslls wehiasaidcel suspension;Cortin V, Thibault J, Jacob

D, Gamer A Hj : Al .aduct i in. 2 |
Per f usi on Cul %?%I&E&%E’ gﬁ%ﬁ@%‘ﬁh&ﬁ%ﬁ%@@%ﬁﬁ %@%D%ﬁ%ﬂﬁﬁmﬁegg%?b ee A
Sagar S, Konz Kddihew edleqiventeciiitatioiNayelt to'the RelV klispsndist, iwfhiefent then
Process Uilizing Selective Precipitatiagn of Cellular DNA

Bi ot echnol ogy SRieFtIE BEssHRilsEER pERRt 1v§lected fromihe groupjeamgisting 905,
Yuk THY, d sen Vi . . P i ; f._#Human
Tunmor Cel | s: AQ%T%’I aZI{lBrol ugoﬁ%tﬁﬁﬁsé or r%%P %1%3%% 1}(%&@%3%%@% al

Vectors. 25Bi obechnol. Bioengin. 86: 637-641 (2004). 30 25 Cains 1.

A nmethod for puyrifying adengvirus particles froma cel| suspension
having a cel | éﬁggwlgr@?ﬁfg?e@lﬂﬁmnﬁm GBITE‘&PEWW&WH&@ Pucledss; o |
sai d method coppybsi H&BLERS 1% n obtdhed {nr@ﬂocl | i, Sl d
cel |l suspensi o!rg?;)srLl %:{ﬁg%} ectd?ve ynprne%? %i}l?a%{r?ng o@ttbgec rfél%kﬂoﬁﬂ hi n
sai d cel | susptngémnl Bywdddating, & cebieatpuvified ndmiopirtatispensagent to t he
cell suspension, wherein the selective precipitation agent is

sel ected fromthe group consisting of quaternary ammoni um conpounds,
am ne copol YIeaASH@R6d firpubfRss ARB6EREs pafficléds RESRIM t0 QMRS wikgkih sHHA
wi thin said cell suspension by adding a nuclease; ~ c) subjecting the
cel | suspensi opreoipitalioreia stapanhispaformed by selectivety precipttating Hogt cell DNA

tangential flow fiktration, to.qbt.ain a.purified.adenavirus

suspensi on. 2. e aondh s s AR AR s BERRREI L R asew di ng
to claim1 wherein said precipitation in step b) is performed by

sel ectively precipitating host cell DNA away fromthe virus particles
by addi ti on 3of Adnefbedageoidingiocdaipi 2 atherrin 886 selectire paeqipitatiod 28@0d & di ng
to claim 2, m&éﬁfpﬂeﬁ@o%iﬁgtﬁﬁ}.i ve precipitating agent is dom phen
brom de (DB).

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 m] and the concentration of domiphen 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 ym.



4. A nmethod according to claim 3, wherein the concentration of

dom phen bromde (DB) is ranging fromgl,.2 to 5 nM 5. A nethod
according to claim3, wherein the cell density is ranging from about
10 x 106 to 30 I r .r at: phen
promi de. (D8 1 & PARGH 5ot ubfPiend onE B0kl VRN Rl PheBlfRELP TS

any one of cl aﬁnﬁtlﬂ,\nfslydﬁﬁhﬁb@w&hiamoﬂaﬁgﬂﬁti al flowfiltration is
performed with a nenbrane having a pore size ranging from0.1 to 0.65
ptm 26 7. A nethod according to any one of clains 1-6 wherein said
tangential fdo rfar .

met hod aCCOI’ng )ggntl%%&%%éclo%eé &f&gloélgr?ga%ny mé@ (‘aalpér?lIll é@l daf nlggrﬁ{aéﬂ e
flow filtrati ofilttasionéyfepfommed withAnATHskstegystem 9. A net hod
according to any one of clainms 1-8, wherein at |east 80% of the host
cell DNA has been renpved in the purified adenovirus suspension.

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.



