Title: Method for the purification of adenovirus particles. The invention
relates to the field of virus production. Mre particularly, it concerns

i mproved wothudes378r the purification of adenovirus par PCEEPI0OMOGHIBE Ccel
suspension 5 Background of the invention Recent devel opnents in the
field of ction have created t he. eed for large scale
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Crucel | HBatkgrgumdof thejinventionk et al. (2004). A process for the production
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This optim zed process relies on e abi ures

cel | densfdryargesgle magtfectutlﬂ@mcﬁmét%dchegﬂ W prostsield awmeéd/a)tmppomf a high

Vi rus productrvrty pe Herewth, it offers a nethod to 20obtain a
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broregytog ypical virus particle (VP) yields of said processes are about
5x1012 VB . Processes wherein cells are cultured at high

densities are bbommmugahﬂen&mdmmuhammmnmnbehaghrmmaunﬂmnmﬁadakWndebr|s and

host cell ese cont an nants hav t o be. di scar ded furt domQ t he
purificat PYHCISH- o8 Lt regaon: prgad cHorts 315 @S%t?éoﬁ‘ﬁépgﬂl@ﬂonﬂ 8% f or

di scar di ngrJaests fof |ahe1@%‘ﬁu%1%ﬂh@adﬂacm§ér@%ﬁ§|chltﬁﬂéhta’slfn%re\é@ﬁg dbﬁ%@tﬁ&s ed
previously in US732 hod consists of sel ectivel gb precipitating
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host cel | aRNAbaggayntly miectdeingeddr te gbttaurleghcmetel wowsiwddpSech pighaeling agent

coul d, spe |f1caII bhind.to h adenov rticles
cnpr ek bt patil Bronkerdh it sthe Bencd 1 e P ehel A ERUTR PRERY M -l

descri bedB\Dan& Rl Yuletd 41 t(Q@M)\AAtﬂirode@yvfo%Qﬁ@lbxbd@tei@ﬁloEYarger\Etﬁrcemratfbeb bf debris
and host cell DNA are present in | ow quantities. It was not known

hi therto teambyuntedspodatsvassigpaitisd thaspini Beis pntualzedu Pragess rebetasi theng hi gh

cell dens M 4 18° gestion
coul d be ?% ﬁpgﬁ%gﬁgﬁuﬁggﬁégﬁﬁﬁ¥ﬁ ﬁgkgge <§§h%g% |%£galg Id?hod woul d
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precipitate virus particles when used at high concentrati ons (Goerke et al.
2004)5) Si Aktgineharvestads e spluger $dBdigh wrseioRgentiptiae Hl 2R PIU Y- are bei ng
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downst rea rocesses
Processes wherein cells are cultured at high densities are prone to the

accumulation of high amounts of cell debris and host cell DNA. These contaminants
have to be discarded further down the purification process, which is a cumbersome
25  operation. A method for discarding host cell DNA from a harvested cell culture was
disclosed previously in US7326555. The method consists of selectively precipitating
host cell DNA away from the cell culture. A selective precipitating agent could
specifically bind to host cell DNA and leave adenovirus particles unprecipitated. The
method in this reference however has only been described for cell cultures with low
30  cell density, wherein cell debris and host cell DNA are present in low quantities.
It was not known hitherto that said process could be applied in a culture
containing high cell densities. To the contrary, from the prior art a strong suggestion

could be inferred that a precipitating agent as used in said method would not



5enabl e the treatnment of high cell density suspensions. This applies in
particular to the field of adenovirus production. Sunmary of the invention
The presewo 20mvesi7Bon rel ates to methdds of purifying agtemmpPRescparticl es
10 froma cell lysate froma high cell density suspension. W have found

herei n that host cel.l. in hj cell .density suspensions could be

el ot | vergeprebiFraatn Ay PRaNY he P Fas CUBrT SaEspeiar e S vt ng vi ral
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performed with cationic detergents. Selective precipitation in |ow cell

density suspen8ingaschhadtum procensed are beingsiprschled and ogllsiansbeing euliuredJ87326555.
The achi evenent of selective precipitation nh a high cell density

suspensi ofchanRsriie Mshrsedsehirthe Dy bl anEspEmese S Rifoed, 1t was
shown 3 n ef®]dtht @eatdicht of Eh CEISEAREE shdpchid2 RS Applidiah phitich@mocdl! density
suspensions (up to 1 x 106 cells/m ), adenovirus particFes preci pitate when
t he concefitldfiadenoyirug prodeefian. det ergent is increased. This suggests, based
on extrapol ati on, 20that increasing the cationic detergent concentration in
a substantial way (e.g. with a factor 2) would |ead to precipitation of the
totality stmnkavatenoinventsoparticles present in the suspension. In

hi gh cell density suspensiaons, wherein the cell .density is euq. a ten-fold
hi gher and t hudN§ RESSHESRVEREPN IR o gRtRefs A PHE Y IRG adenP BRI RAITECIES gher, it s
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it woul d bdl BXpemttegh cddhdadity suspbsiomsahiddeisalebowely ptecipiteted iatwy $tospensi ons,
t hat such aq [ crﬁased con entrati?n of detergent &gyld.have t he ef fect of
preci pi t atfienyoaior! PHPHIOmSCA YIEA BEUSISS SBIIECIPHAPHe> LHiE PEHIP8BMBUr i ng
experi menpahost 88f DRA Rhs pirmeehithdanshitideerdchiicr eased with a factor 10),
we found that opposed to any suggestion or expectation based on the prior
art, the incre8&slediveareapitatianiiopvotelbdansion puspeesi@sgestprévadisth was i ncr eased

but "l ngroprgeny PufatifUsaRS, T RrERler iuhTher R e *”

sel ect i vehipheell @edsad/isogpcadibe GbweFer tWig udpices @A andasshipimdxptaied. Herew th,
the present invention provides a process that can be used to discard host

cel | DNA Indepdrilgwasshaa indhermsior eifsfopinstance 4t V831568 <balds larseely hi gh cel |
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particles spensi on contal ni n ween 0 x 106
cel I s per coflcentidimnrichtichic detergent is increased. This suggests, based on extrapolation,

20  that increasing the cationic detergent concentration in a substantial way (e.g. with a
factor 2) would lead to precipitation of the totality of the adenovirus particles present
in the suspension.

In high cell density suspensions, wherein the cell density is e.g. a ten-fold
higher and thus the host cell DNA concentration is a ten-fold higher, it is expected

25  that the concentration of detergent required for achieving the precipitation of host cell
DNA would also be significantly higher. Hence, it would be expected, based on the
results in low cell density suspensions, that such an increased concentration of
detergent would have the effect of precipitating all the virus particles present in the
solution.

30 During experimental testing at high cell densities (increased with a factor 10),
we found that opposed to any suggestion or expectation based on the prior art, the
increased concentration of cationic detergent (which was increased with a factor 2.5)
did precipitate the host cell DNA (at least with 80%) but did not precipitate the

adenovirus particles. Surprisingly, the selective precipitating effect of the detergent



conprising: a) lysing the cells within said cell suspension; b) selectively
preci pitating host cell DNA away from the adenovirus particles by addition
of a sel ewDI20H/(@6358i pi tating agent; amd c) clarifying s&Ci/EPesPANSBON

cont ai ning said adenovirus particles to obtain a purified

adenovi rus- cont ai.ngpg%\gus. egﬁﬁj on wherein at |east 80 %1}0 of . the host cell
DNA is pr&& Britiae ! R NAHABHATY RISVISGHT BioGFIidhal GapbBniicdn.

In sone pf&di%a?@ﬂos@@@lpgwmlﬁrg?%bﬂe‘éﬂé’ﬂé%irh§ R datibedrdcE QM asifEhighsuspensi on
having a cell density ranging Tfrom5 x 106 It)o 50 x 106 cells per m, for

i nst ance ¢@l densBewlonrsd x 106 cells per ml or 10 x 106 to 30 x 106 cells
per m . I n certain. enbodi s, the selective precipitating agent
oed i n step b VeSS PgR R ARUPE eI Rs e SRt P RERE BT RRY or g
sel ects vesupessidi dodtdifigg 8e@Rtn b WOMMANSO xN0OK Mt BB)the method | N certain
enbodi nents, said selective Ior ecipitation agent is added to a concentration
rangi ng f POURPIISIDE: tag lysingihe pollsavighin pad celd susppasderdn scledivalysuerapitating

precipitat]i i i rangi 1.3to0 2.2 nM
Doi n cert iy caBAGt sy BOHTH By NGRS by RMBRE N RE, " orpr i ses an
ani on- excpaopitasiepcandnan) clhiifyaid daid alspaict@ptaibng efid désorirpd i on of the
figures ) FI.G 1. Adenovirus recovery and precipitated host cell
DNA, pl ot Padcley i oRirinapurifisd gdsropHBHCHHYRINGSUSRSHBIBA PYISTSB AL IE#5t BB

(2. 5x196- 3 Bx 106 C%ﬁgﬁe% ig&@ci [¢&Bd 9%8%( I&BﬁftﬁQé&&%ﬁé%&miﬁ&@%&ﬁéﬁﬁ%‘st col |

suspensi ons. Adenovi r recovery and precipitate
DNA, plotted abesomstprefeeredembptierenby sand deisaoe peefikd @omarcell suspewnsion

(2.5x106-3.5x106 vc/m) and high _(18%106-25x106 vc/ m ). densit el |
Suspensi ohe M0 b eI baTH I o0 P Pretl AT Bt fof mancd kSt esent

i nvent i onjgelades](°c§headBo0fo P s tB}SiOr}QI(ﬁ%{PA%HérVrM.S particles froma cell
| ysate froma high cell density suspension.

2011/ 0453784 PCl EPRO1ONOBEASDS, the sclechive pragimigting agdne upashiantepdn is ¢ he hi gh

cell nsity suspensions are obtained by cul turing cel. to high cell

densi {1 os R RRTRE e G o PRttt M B riibl ik Feu o,

f ed- bat chdehipheh broshiae(mByle. Methods for culturing cells to high cell

densities are known to the person skilled in the art. Specific nethods for

obt ai ni ng hi ghlicedriainserebpgdimonts, satd sekestizg pregipyatiqiseggnt i addegl towp 2004/ 099396,

V02005/ 09?&1%§ntration ranging from 1.2 to 5 mM. In a preferred embodiment said selective
precipitation agent is added to a concentration ranging from 1.3 to 2.2 mM.

20 In certain embodiments, the method of the invention further comprises an

anion-exchange step and an ultrafiltration step.

Brief description of the figures

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

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

30

Detailed description of the invention

The present invention relates to methods of purifying adenovirus particles

from a cell lysate from a high cell density suspension.



W)2008/ 006494, WO 2010/ 060719. According to the present invention, a
hi gh cell density suspension contains between about 5x106 and 150x106
cel | s/ nL,we.2g11/d3837een about 8x106 andt 120x106 cel | s/ L pCE/ER2010m64a8€N about
12x106 and 100x106 cells/m., e.g. between about 1020x106 and 80x106
cells/m. In a preferreﬂ}enbodjne of t resent invention, the cel

I

t e
density in sai @°HTgHede elB&%ﬁﬂPytﬂﬁﬁ‘%‘éﬁgidS SHYANGRASIORT st Y 10x106

and 50x106y168InkTeMto Bgl¥ecl FderkRRS SRR @Hﬁur%g@eg)%ffb%éﬂdn (Botdimiddd)! east
about 20x106 cells/m., e.g. at |east about 25x106, e.g. up to about 30x106

cel | s/ niL, bacly.fedrpateh onpotitsi @56 Matheds/for qulairigg celfs todigdibeblolensitiox 106

cells/n, e.q. u 0 about 106 cel Ls/ ni. Accor.di to,t he present
pvent 1 on“citdopian iBaRr ekt Bt sBet; metods by SERRTDE et ed w th
adenovj r Ugeday thklreSare i Ioded int@%akfbtzw%ws%gmosmssw&pr opagate in the
cell culture. Herewith, high cell density suspensions are obtained that

cont ai n hgPRASHOEAP4. W DS 0900 enovi rus, in a single bioreactor. Methods

f 20i nf ect i i i | t ] killed
o the art . spaciirlbel8 e SERAL IRt BhER Al AAIBMISPRTIRER " B Ly s
wi t h hi ghbadeaoyiaut$x biSrnent0:aitol osllsAne, ¢j;seitesetbont €x19° aPORKE8181. 9,

Cortin et al (2004), and Yuk et al (2004Q# These references describe
pr ocesses§lMmbg Jrrbucraadert 1Y andel 0uHhicetly Bl 612 Pevsmbrbht adenovi rus.

Thesel@rog@ﬁﬁpgnégéyup@dkhﬁ%abiIity to infect cultures at high 25cel
density wth preservation of a high adenovirus productivity per cell.

Herewith, it offepsfarcdentodinnot obthaipesent mvghtionethk cdibdsnsity isssgpamdhi on wi t h
hi gh adenovjrus. concentrations, in a.sin bi or eactor . Typi cal yields of
Current  pROBSIE SEPE S sae LAV R A G B e abou
1.5-2. 5x1Q34 MBhtMsx1 NGB e cadanRYit labsuthas 1 Fr RJaat 8% wicidhavsg! | cul ture,
t he adenOV|ru§ particles are, according 30to the present invention,

purified 250@'t be Wi grboel 30Xd@%@ﬁllﬁ@lﬂs%g)elm§® about 35x10° cTligmiretigodp tf t he

prese i nvent 0l irst step in es. lysing the cells contained in
the high %%P¥49%nsfg#%£%s%§ﬂﬁ?tﬁ%oﬁy§#ﬁ§ %%ﬁﬁa%ell density suspensi ons,
whi ch wer e i nf ecdcaeling iohth@gRpe iikweatiPaticigsesll dasigecllargarguantities of

cell debris and host cell DNA to accunulate in the cell suspension. These
accunul at pBnequcaty Efcdebyih adenovirgnnargickes Ehergeice adlewmgidofdenearusdo |

suspensi o S r (e i | [ i.fed for
purifyingB%%%%%%ﬁyﬁgﬁgggpﬁ%?é%ggg%%ﬂﬁﬁg&%ggﬁyﬁégﬁkgﬁgp§ﬁg§ﬂn%g?f&ﬁ%nsity
suspensi oosntaih&ighecopuantativhest aendaais, meadihgl Obidraicer sdetots foel y

precigitated away n%§n1the adenovirus partjcles within the h%ggc,ell

densi$§ sidpréingihggh 5y deadbng e arekiqWtoghe perpen dtilsgin bt iSe cel |
lysate sughufiator@bidifia aiaﬁ tceﬁQfé ﬁ@ Q9GkesGat high\'éaéﬁ'a'vﬁﬁy' es are
ghe ?%h ce ? ensity suspensi

precipitated away from on containing the
adenovi r usorpantritonese didslostidsc| og.diPse6&i 81,9, Coeimpeted (38108 atand Y ukteepl al | ows

for the pE2%(f)i4£iTth%§ei r%PereOIIceg enstcrl e- Braotciesrs]gs f%?ﬁlte p%o%dction of large quantities of
recombinant adenovirus. These processes rely on the ability to infect cultures at high
25 cell density with preservation of a high adenovirus productivity per cell. Herewith, it
offers a method to obtain a high cell density suspension with high adenovirus
concentrations, in a single bioreactor. Typical yields of current processes ¢.g. for
recombinant adenovirus 35 (rAd35) are about 1.5-2.5x10'* VP/mL. Once the
adenovirus has propagated in the cell culture, the adenovirus particles are, according
30  to the present invention, purified from the high cell density suspension.
The method of the present invention in a first step includes lysing the cells
contained in the high cell density suspension. Lysing high cell density suspensions,

which were infected with adenovirus particles, cause large quantities of cell debris



10 DNA, with at |least a 80% reduction in host cell DNA, preferably 90% and
even nore preferably, as exenplified herein, about a 95%reduction in host
cel | DNA wol2bowvi4sagscl arifi cation (e.g.5 dept h filtrati onPCTIRP2018/06 U530 he
first step of the process includes IyS|ng the cells within the cel

suspensi on. , Thi s t step, wherein the cell nbranes are | d, allows
for the hadResf C?JI Diy 19 aceiulaieap dhes UBRGRIo e qsﬁla%ﬁu}n“iaﬁ’c?nﬁg?ﬁl%ﬁ%soci at ed

(extracel w@équeﬁﬂmgtféaﬁl ﬁxﬁ%ﬁlg%fmfc%ﬁtsﬁgbemlaﬂ cabérsslIsi ty suspension.

Host cell detergent lysis, while being the preferred nethod of |ysing virus
cont ai ni ng hosTheptesent lmntlmeplroepieaw@btm@i soyted for- mémagmdﬁaabwrb}@l s met hods
(such as e ne.tre hanj cal shear et hods.. s hol | ow
ber ai t PRALRE Fabt Bk o b ERehth AR DrsaRee. srrimtitu thods

that can b&l Ds@dart QEleabielVre€iplthted ¥iup fidfethk B@MAVirGs é}ﬁcl@@ﬁv&ﬁﬂl tﬁgl Iled in
the art, and have for instance been discussed in WO 98/22588, p. 28-35.

Useful mehigbgsllidensitiisysncasipe by addiag poelceivgmprapitatingagentto d, ccidysaE shear
hyper t oni a Vi i i gh

o easure e BERLa P SbAYr o DAL S brec BRI bGE Ronll 7

i ke. | n oreaighidicensint sBperisivdm dontagiing e, adbﬂitezlmebhﬁlc&rseAt, ¥iseldsddsi ng at

| east one detergent. Use of a detergent for lysis has the advantage that it
is an easperﬁ@s Hl@@re%m@tlpﬂéfep@élow frdhs PVC%%‘F%?@%B@P%%@@Mt ¢Hat can be
used, ¢ t 3 per son
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98/ 22588, pmﬁxﬂ@yﬁ%examphﬁghmﬁ@n,dxmﬂséd%hemﬁmnnnmmmnwd¢Dmeﬁﬂhmwage not
limted to anpionic, tio 10,.zmntter|on|c and noni oni ¢ detergents.
Exanpl es Gl 8?@Wé€ﬁt qﬁﬁgt?HPn)nstance Triton and/or Pol ysorbate-80. In
one enbodi nent, the detergent used is Triton X-100. In addition, a solvent
such as TNBP can be added to the lysate or clarified |ysate at | ow
concentrali¥sih to conpl enent these detergents in their ability to inactivate
envel gped viruses,. Al sQ, .auto ce Is by the
adenotTrus. ¢ ot B AP B Bessht Pefitet DS M S RaliE g Rl ne  avel 1wl ar
adenovi r usyspakisRYThREiEREH, wWhetdhSthRcol afatFath atdigsdd)MBAW4 R theTher ef or e,
any form of host cell IyS|s 5 which is known in the art nar be used to

| i ber at e h#iveshi@Ebothicah- aﬁsomsedu (Htepcelhdam @84 newpssogigied yexdragelglanin f or event ual
harvesti ”Qdéﬁﬁvﬁuhsegr&ﬁ {%ﬁ%dﬁﬁ@?%&ﬁdéﬁ%ﬁfkﬁhpeﬂsﬁod ﬁoﬁéé‘e rdekegg{ FgRerson

skilled in the ar e optinmal con ratiron o ergent nmay
vary, forwihilsbaingéhaprtfeirad ivehddaofdesing Vl&lmltdﬁllﬂg/&ld&méw win bdRPblcett i ve

precipitation F Ilomngg | ysis, DNA is selectiv preC|p|tated by
P

addi t$n nan Et?ﬁ]éaé‘h‘% Stsesdn Mvwspﬁnéwwrﬁ%tmeﬁa ag @ﬁmee@%a R0t i on
whi | e | eayj. cRASANIW HBerRMd filfh&sh) 'u? ef]@a%e hiaquﬁjma oTh' S step
allows for t el ective precipitation’o al so i nproves

downstr eaadernoblmsst Maslsads Alsat exe bp Liscili fedadtior eelh ysishirs keaw o the agson

15pre0|p| e ults i.n about | east (host cell)
nucl ei ¢ aty h(flélltﬁ Q\ﬁ’rﬂﬁﬁ axy ?%%%?I}CSERGGH lscusseﬁﬁa%gé@?%%%g %éi#be useful in
practici n@s&mﬁn@fh%a@ﬁlttmsw@a&ﬂ ROTINIhMAR, TBYL-tBEE dolld BReapay pkitddit ed to,

ami ne copol yners, quaternary ammoni um conpounds, ‘and any respective

m xt utes & @reltyrpomcely@pelmmd geght, yonicHonhigh PSS egfrupon.\etehgdnene 20( PEI)
are very gLI hihoddhs MU RbIE SRR Al RXEE5ERA0L SrRRAR oG LPNA

inmpuritie p055| e us appropri Pely in the
pr esent lﬂmﬂanmaly@dgusmgrat ieBst\dné J26hRbt. (Belodadcttdsent fon@Bidts e and col um
13, lines 1-28), incorporated by reference herein. Appropriate SPAs for use

in the pradantage Haets ahcasyanaikid. Bud that b iyessily perladel to the fol | owi ng
cl asses and eX%}rfe%tsotLat %H%@Hlﬁ%@la%gth%\{ﬁwtg?} el%hl }S, arp %gneral Y| bl e

nmonoal kyl tri me amoni um sa exa rcia
produdd s kmsiwthethe etrgbi slitet imythaamSuvara bxamplds&re Iforah:itﬁl’[dedﬁscaﬁeﬂ:TIAB

ot adecy Ly TR S, 2o e ot ChLer e, (T St TP
dodecyl tr hﬂsﬁlbyéa%mnkﬁ%ﬁsﬂm H8 n%'fnocflhcl ! O%&g% Examples of detergents are

dodecyl di net hyl- 2- phenoxyet hyl anmoni um
for instance Triton and/or Polysorbate-80. In one embodiment, the detergent used is

Triton X-100. In addition, a solvent such as TNBP can be added to the lysate or



30hexadecyl am ne: chloride or brom de salt, dodecyl am ne or chloride salt,
and cetyl di net hyl et hyl amoni um brom de or chloride),

nmonoal kylworzetimgsisenzyl anmoni um sal t $ (exanpl es i ncl ud@CT/EP2010/065430

al kyl di met hyl benzyl ammoni um chl ori des and benzet honi um chl ori de as BTC),

di al kyl di net. ammonj um salts (commercj al oducts include dam phen
b o e BB L TES e ao PR o e ke Hh et e s ASRLIE: et hy!
amoni um Gk Qe Qlopl OHR) ALHEAR0A BILr-ATTRR YBNOR) ke (commer ci al

1
products include cetylpyridium halides (CPC or brom de sdlt and
hexadecy! pdanodired thenchy may deovate fohsubsiadeyl releass-af safrasellular adenovirus and

143-chloroal I y1]-3. 5 7-triazal-azoni aadagant ane, alkyl -jisoquinol.inium

o o de. - 01 TR TP RS PRGTHCRG T ea trad AU KB (o EHRoT FULSPSTC 1110)
Pol ysubst ivhithas keisiat B tha kit narBNissMSidbdrste iftR@EMBACHAIs|iMtoaNahdsabdlp product s
i nclude, but are not limted to al kyl di nmet hyl benZé: ammoni um sacchari nate

and al ky| eilfse medenn{or seentyal harvepneun &9 ercthnsiidisslosediheieia) It ipelsargaat er nary
ammoni um sal t - ' -

10 bi s Bery S Bl S AR Ol Brcenyason of e doterpegt gay vary:

{ 1- met hy 1fc3-if2ande GrithhOthic rinpetdfubowty0c] ‘e yiviw)pr opyl di met hyl ammoni um

chl oride] hexane or triclobisoniumchloride, and the bis-quat referred to
as CDQ by Buckman Brochures), and pol yneric quaternary anmoni um salts

(i ncl Wessﬁg{;ty\je%ggaﬁﬁtﬁﬂch as
pol y[ oxyethyl en I yl i m ni o) et hyl ene(di net hyl i m ni 0) et hyl ene

di chl oride], Following lysis, DNA is selectively precipitated by addition of a concentrated

pol y[ N- 3-di. net hyl anmpni o) pr o N[ 3- et hy| eneoxyet hyl enedi net hyl anmoni o)

S0t opyl | GG PRI a6 L 0k biobiton y SRy S veHs POREI 81 an i ||
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products include domiphen bromide (DB), didecyldimethyl ammonium halides, and



increased by a factor 2.5). It is expected based on extrapol ation of the
results at low cell density, that this increase in cationic detergent
concent r avpanimesd7d | ead to precipi tati on of the totali PgTaP20l086HA€NOVI I US
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particles, virus-like partlcles or any other biological product which may be
substantially separated from a contaminating culture-based component via a selective
precipitation step. Though a large number of potential SPAs can be used to practice

30  the present invention, domiphen bromide is of particular interest due primarily to its
availability as a GMP grade raw material and current use in other products intended
for human use. More specifically, since domiphen bromide is extensively used as an
active ingredient in oral hygiene products as well as topical antibiotic cremes, this

molecule is produced in large quantities and released under cGMP conditions.



In choosing a filter or filter schene it was necessary to ensure a robust
25 performance in the event upstream changes or variations occur.

Mai nt ai niwg 20henabarBance bet ween good & arification perf @CFERCE0ANIIG ep
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depth fl|¥)el’ menbranes are” di sclosed in US 7326555 (colum 14, |ine 65

t hr ough col urmSuBrisingheatlloph SPAconpmtratiens, Herselentivyremefvelraince. The
conbi pat i ontof. tpe Rricilfbég%}on nd cI1 I fitcati an .st e(g]; renoves at | east
70%  hor ectRainy g RosThal AR o Gh KT esty gt NP ™800 of ¢ he host
cel | DNA a&e@wyug‘lfa@mmdﬂmmﬂlwhibwshpzaﬁﬁe'f&feq%nﬂfouﬁﬁexﬁ bathcfjresahi on (e. g.
such as depth filtration alone or depth filtration conbined with a

pol i shi ngirdepian. tha SR/atnrefarabiyelp. iswEderbios @ncentiatipe ranging fromded O 1 n
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Further purification o he Vvirus can I'n several steps
conpri si ngorzonttivhrraidging frotl 1.3 & 2 Ltoiddt £.gnl.4do 2Vt ¢.af 1.0 OB wBMpapati on with
chromat ogr aphy as_descrjbed in for instance WO 2005080556, i ncor porated

her ei # by | Pep droomdb Basydhen theagsent diselesusss 1t i plearthatihn sklled manst bee

chr omat og i I L QL : rept o

A A
exanpl e dilsoitpsebarvest.US 7326555, incorporated in its entirety by reference

herein. The person skilled in the ar ows how to,find the opti nual
Ronai U ot DPTRS Raptbriarg Pl ol D PRl s fss B CRERbb ot ed i n

its entirgioy BY dERiSsEHBsiDE CoMPrisifes CEll BaSitRifddsbdREed N 10T ffuict i on and
purification of virus particles. In certain enbodinents according to the
i nven?d on]54HE" edllsfmk rangeableeen rhggit 1.2 mM and 5 mM. The appropriate

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

30  cell density ranging between 10x10° and 30x10° cells/mL ranges between about 1.3
and 2 mM, e.g. between about 1.4 and 1.9 mM, e.g. between about 1.4 and 1.8 mM,
¢.g. between about 1.4 and 1.7 mM, e.g. between about 1.45 and 1.65 mM, ¢.g. about
1.5-1.55 mM.



30particle suspension can be treated by ultrafiltration. Utrafiltration is
used to concentrate the virus suspension. The suspension can be
concent r aWed0B /463780 ti nmes and possi bl be treated wi t hPoldiPe@s®c(4a6

menti oned hereabove). Another aspect of the invention is the subsequent
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ani on exchsngesiahorddingy sgideyive pegsipita0ae egand inige posttlises hes sl twhure a

foll ow ng_step can be an ani on exchange chromat ography step. During said
step Q%eng$99u particles are bound to a positively charged material, e.g.
a nenbrane, cartridge or colum. Subsequent elution allows for separating
the virus ?artiqles frominpurities and remaining host cell DNA For
adenoviru ation with a Mustang Q nenbrane absorber, the NaCl 25

concentration i shi e fromO0.3
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i nstabili e i i 3 i L on the
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In choosing a filter or filter scheme it was necessary to ensure a robust

25  performance in the event upstream changes or variations occur. Maintaining the
balance between good clarification performance and step yields can be investigated by
testing a variety of filter types with varying internal media. Suitable filters may utilize
cellulose filters, regenerated cellulose fibers, cellulose fibers combined with inorganic
filter aids (e.g. diatomaceous earth, perlite, fumed silica), cellulose fibers combined

30  with inorganic aids and organic resins, or any combination thereof, and polymeric
filters (examples include but are not limited to nylon, polypropylene,
polyethersulfone) to achieve effective removal and acceptable virus recoveries. In
general a multiple stage process is preferable but not required. An exemplary two or

three-stage process would consist of a coarse filter(s) to remove large precipitate and
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| east one ani on exchange chromat ography step. After the ani on exchange

chr omat og7@dhinost ldeely atHeasaBeYou avgs predgrably as ldapt A% nf thy hostras!l MAcer t ai n

enbod nts_hewever si ze exclusion 25chronmat ogr aph t I.S,.further

per folreaev® e BaedrpE Gl SR ™ Uit may b pri or
to or aft gloné bede Anra6ive Bambmce MiorBlQBhap yphtfaRatidbstépusl y, ot her
purification steps may al so be suitably conbined with an ani on exchange
chromat ography step. The use of ani on exchange chromat ography for

adenovirui%@ﬂ@ggkﬁgﬂkﬁg @izﬁggen extensively described, and this aspect is

therefore each of the person skilled in the art. Mny

di f f erent chr oimatcogimghyodimtiits,ths hitavecdeiens pandlyed fifrdier purifiéd. cat i on of

adenovi rus and arg sui tabl e.. The gerson skilled in the art can easily find
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I n any pagtd e i 3 i j.on exchange
Eéﬂc%h't'reg{on H]}ﬁ%ﬂltﬁglﬂﬁ, (H&ﬁl%rgﬁmpihes%?%ﬁtl%ﬂﬁﬁ%h%&té%}gglﬁlnis

product can be diafiltered i'nto fornulat er an I"le filtered.
Al t er nat i dedcyibedam fadustanan®lO 205086 g meptppratcépertin. by, reeadniconOdkchange) may

be added either _before or after the diafiltration wi.th.the potential to
e ove t HEPY StspoRnough Sfehnserhant s RiomaldainiSs i i ol By ERed-

phase adsorption, hydroxyapatite chromatography can also be used. These steps are
25  for example disclosed in US 7326555, incorporated in its entirety by reference herein.
The person skilled in the art knows how to find the optimal conditions for each
purification step. Also WO 98/22588, incorporated in its entirety by reference herein,
describes methods for the production and purification of virus particles.
In certain embodiments according to the invention, the clarified adenovirus
30  particle suspension can be treated by ultrafiltration. Ultrafiltration is used to
concentrate the virus suspension. The suspension can be concentrated 5 to 20 times
and possibly be treated with nuclease (as mentioned hereabove). Another aspect of the
invention is the subsequent introduction of an exchange buffer via diafiltration.

Diafiltration, or buffer exchange, using ultrafilters is a way for removal and exchange
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descri besCiopsTIRWYith Qavithant brckperspye op fhestantts i tear weiing thrSnat ogr aphi ¢
mat ri ¢es e ] i _l i j xchange and
si ze gﬁzcl Brg?%%&ﬁgﬁé%s&@%g%eﬁ g?lﬁgg)ﬁﬂrﬁal??ﬁ%% gtb?]gdﬁﬁ?r%t 5 shtgrihé&al SO very

sui tabl e for phuckasdtdatmenfcamalsmby conssleraisfodirsbisanad thepro@s? 80this108707.

Such steps nay be perfornmed in ition to or instead of certajn

chr ormt oGPABR PLt BAFITPI A G Segascasa R gRh et B oSSyt Bed and. down
stream pr Qﬁl‘g%ﬁﬁmr}ﬂlc@{&t B BERVIRABE 0L $9%150fa RREscPbESFMonibMY:RRLI On are
scal able. The cell cultures used in the present invention range from snal |

scal e cul thereed. 4 sugleast-ot Qogkitaibwith bat) RNescrmpdilivass eetivatydsprefascd & g. 20
-10001 runczl%aasugmtt(r)nIfalsrt%Fe1 ol rgreorngin?l ts(gatl eyproe ar tei ons, . Sy h as 1000 to 50
000 L'Pr oBtidedsdAerIfat Stonet b Orkm e dsdvdrdpd ?W%?%, dpth Piltration
and ul trafdsldunRiuc@aje &adr® inht HinaLprodi@ iy &cuprableé e adppBcatidh Om isexchange
chromat ography WO 2011/ 04537814PCT/ EP2010/ 065430 and subsequent steps

scal e wi t Arckdeaddhatithe nypdease BrenicpRacur afts cladication and especaalbrprefearefiat t er

1012 natibiTosE Rt QLE ERE R B AR S dochta SRR Bl e 50701 o

can for i msbapcchabg: civomiatogehphy stepf ecting high cell density cultures (as
described e.g. in 5 EP08168181.9). The further purification of these high
densi$Y cel |  sOSPRIAERAAENIBRIKIOR hEIRNEE Eehedie W adHeX§ragdenovi r us

particl es.j nrmao%ea o] IR i i wi ility to
process tﬁﬂerge S sd’ggéfeghis),ﬁn%%%%g%gﬁggﬁﬁﬁﬁ%B%Mglﬁg%ﬂgﬁgu%% cae19 debris and

host cel | clidNgedahhtenalf eg. 4 inembranief ¢caraidgonr oflumhgButyeqrent ¢liesn afovesdenovi r us
particles per volune of suspension. Lt is the.nerit of IS invention to

20 provi deTRGHINE oy PaF I FOB JBRYH{Es B FOPUPPEMESIESI AN i th hi gh cel |
densi ties, conkgi fich8viisPurisieRsdnt ik MRengfQ ARaHRMc WSorBaY, tHeal/y and

therewith allow ng for very high adenovirus yields per processed vol une.
The p2%semncpeirdiod, fonloptiogghd mashisg appd ptesbinebly belagywhers diine0.840 D.4cul t ur es
w ll alloyf.aon lls to .gu] tured. at Il er sca o hi gher cell
densiti esi%a%té) Hs?‘slalnarweoél(l:(ﬁsqﬁfl%6Lalg%§éag%1§ipr}§ug%§?%lp&%fglﬂlkffyctﬁggg 15 efficiently

be furthetoRenearpaddo. 3TN sTHEModthelbuets Hebés PasHik dicugh f& process highly
concentrat ed adenovirus batches which will have a great inpact on the
entire adadrpovirustoding fereateritean anmavrdmptply 6.5). In addition, the pH of the buffer

system should also be low enough to avoid viral instability. The precise maximum pH
30  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

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

potentially range from about 5-10.



Adenovi rus and producer cells 20The invention relates to purification of
adenovirus. An adenovirus according to this invention can be any wld type,
nmodi fi ed, wounarea7adenovi rus and/ or rééonbi nant adenovi PEIT/BPREO6543Ck
specific interest in gene vaccination and/or gene therapy applications is

cr ' pp e by E1 167 Drsenef 0o B e 1 e AU o 4eRRG0F I o5

vectors. JReuAdSRAVIc(S i8R RRIutShISNLitd MuASS Afchalifd/ N QMR
pat hol ogi es in humans. The genone is anmenabl e to mani pul ati on, dependi ng on

t he st r at eafadenpyiruseaggtegaidamdt wiklche witlein thssyseln pieuting experimintation for
replicatign-inco tent .virys such, as .an reconfji nant K adenqvirus 35 (rAd35)
or 26 (r AHSEEIRRBIET L hE R sRAPUATEIRT af e deoTh s CORCRFBRER cel | 1 1 ne
whi _Ch 530W91|teﬁ*ﬁzﬁwe5de’éelﬂgen@§slvﬂfbh Qhduld @’@l_ﬁeﬁﬂ@@ 0t§@ﬂs§oc(a$i@ﬁ%ﬂ°hd@1‘évﬁh§0 referred
toin the art and herein as 'packaging cell' or 'conplenenting cell' or

'host cel parjickkapawieframotheradaesiirug és wellire vaionsec eentpainaatieHovelsas can be
pr opagat .e%hﬁﬂhis%é&@%ﬁ otf*%g%?%f?&ﬁﬁfoﬁf AR g§r‘§&19§13?fléaaiﬂttheaﬁ¥ﬁ8 | rus vectors
t conp d e

is done in producer cells enent Fciencies int adenovi rus.
Such pr oduigsise aehltgngivefdetaagdny tdide ®radasd hdtfer. Bangia fat sichastrnative adenovi r us
El sequence, and thereby are cagable of conpl enenti ng reconbi nant

adenovi r uSEsrERN 152k by B iy S| 1320 h - ANIQTegicHrNEC IR ¢HeMaperd r us may

have de i i i I i | Ad genone,
ond hihcer Subp0 shh s lfo-EbrafRLADy PHTLER ViR floPRBIRIL MATRTE AT O

El - conpl efemdhimbsqpico)cre suitabéd for gams pbdicatedaccouding wsthh praaentrigtentian.cel | s
inmmortalized b I . g. ells (see US patent 5,994, 128),

H Tt r st Dot RPN Rt b8 s et SERNe s of mod. AL4

cel | s (Seen@uloghBnF3at kil PREGREDN A, GHB29: Hela (Gao et al
2000, Human Gene Théerapy 11: 213-219), 293, and the like. In certain

enmbodi nent s, t lbe pindhgoepaaity| b visuseonf omeinhgangpbsorbiEkpdBascMubteng Qr PER. C6

cells,.or 1 cel.ls,. or, 1T2935F cell and t i P rably PER C6
col | 517 e upEBlioNs Fau 3R 550, Ghindr PR ShPI8I ESBAIL YR 4306 ot e
ECACC, CAMBmbRRItaBsorbewand Salns skt laye S4bIeFss vikiRigueiti cddiondid @hik pskessUS pat ent
5,994,128), or cells derived therefromare used as producer cells. The

repli cati Bludefutaent ne sakdinited|to peutce il SQand peutse RORA(Halifgyscigasasy any
15speci es St hal , ! LES: -l bt ypes, of
an adenovg%%%*%$ﬂ%)%h'%%?%gcghg%%éﬁ%%gg%gmiﬁg%Egﬁ$g%&%$b3%%?§%m' (see for
i nst ance War®6iD6A8dspt WANDOSHAL}onNCIV QA (Bl Asdparatieonsiodpicntude t he
adenoviral vector with the capability of infecting certain_ desired cel

t ypes20 | nelytion would ragteebbobs Resrmse uping 2 hudserrtIRRE AYan, Th@@é@dor r Ad26

I's used a5erdbh RESANW t6%ptimize the NaCl concentration .

In certain embodiments, it is preferred to use at least one anion exchange
chromatography step. After the anion exchange chromatography step, the adenovirus
may be sufficiently pure. In certain embodiments however a size exclusion

25  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
exchange chromatography step. The use of anion exchange chromatography for
adenovirus purification has been extensively described, and this aspect is therefore

30  well within the reach of the person skilled in the art. Many different chromatography
matrices have been employed for purification of adenovirus and are suitable. The
person skilled in the art can easily find the optimal anion exchange material for

purifying said adenovirus.



20The person skilled in the art will be aware of the possibilities to
propagate adenoviral vectors of different serotypes on specific host cells,
usi ng netwodsiiggsitsas for instance di $8l osed in US pat eRCTEPA®B/OEEI0 or i n
WO 03/ 104467, and references therein. For instance, for propagation of

El - defi ci ent d35, apg |f| roducg cells that ext%gess Elg@PSK of Ad35
can be constr u Ey Py a}rr?éri QARC, Q5 Hhg PR CRLIN¥EHRG. B8 2BFFECENSSel | s t hat
expr ess E#ﬁdﬁ&%aﬁ'b@di%ﬂcﬁlt@% it DrAa it b PRr Ahd 5EKRIRS&. |Aﬂte(?r§a?1@eléleatg Us

6,492,169), as is known to the skilled person. Alternatively a
pr ef er abl yddinas chnagatossephy stepriplzeeationicrghange) may h@@@d@hh%rsbefajﬁ of nst ance

PER. C6 or 9 nodi figcation of the cells

or opagat | BITRRe te ARy PE MR Rrsho bo MRgbE: AR o PRuRbL GRS ' Rs or 1 6
codi ngs seq Ipélealf\gtﬁ;el nto the rAd35 30or rAd26 vector, as extensively

di sclosed in for instance WD 03/104467, incorporated in its entirety by
reference her eidn.additigsal wirdptiaden e efuldalsp by Peesibly aichisrseage T angsptighr ot ype
can be do to the
person sk?ﬁwqﬂr‘&m gt uggtA erﬁlgl\b/?r% vec @%@elﬁﬁﬁ{'ﬁ&ge%"gé@ agggagr uction

t her eof aa;cthaﬁgemhdadémmms mﬁm@ﬁrﬂﬂ@tbh%ﬁ&@f Tharckoivebdtwcar0®0 kiDa bl art and
are descrlbed in, for Nos. 5,559,099, 5,837,511,

5, 846, 782506k wegihgancs lwata@é@y tb,e ggd?%fz@etvseegwl%md ineproyged impyrity

6, 040,174 , Tm i dae and

t hei rmll?epflle%gglgegr?]f At m&ma& m?%]aao %@ﬁ%}{/l r usegwﬁ%ﬁ) areéggébgé@%nd 68,
respect i velbgtituites. Vhe sletpd, ulBafilMatidi sledbrat vall.be oddsize sﬁfﬁcm]hﬂy sRallem 5Press,

Ltd., New Yark (1996 and ref erenc tiooned her.ei The
hvent | onralah AdTORER BB s Rddeien CEMET BT B SRt aPugSTREP eI eo do
not i mtohhR hi@ePadd mehbrang eTM1MW1%uw He Quik@bbiwechhe
i nvention. 10EXAMPLES Exanple 1: Selective host cel precipitation in

hi gh cel | 1¢asi lqﬂoslillﬁﬂ@%b@@m)mpriate Sel ective host ceI | DNA precipitation
was d nstrat rart 2 55 r cell

onsi [Tes up-t & stfe TR Rl oo FeRAE ube Atdensy SRR RGP i8I [ow cel
densi ti es}lidinalif@Blobdi¥ Ofhet 9;hschlib@:sxm E@ﬁ&er%ﬁ\@gﬂl $0. Q,@krﬂbtbﬁﬁq&tﬂilﬂ&i away from

the cell suspension with a 90% recovery of virus particles. However, it was

hi t hert o polipinztieany fiekidewhVPF) Bgeiranei(eet Milbirgicddilpakdt i on woul d be

feasible at hi I EDH! contain

much hi gher ano H?@lg*)g/ﬁosétah%:/ ﬁoﬁés%gsgeﬁg%ﬁﬁlbgg ﬁ@ﬁéaﬁgﬁ?s ere gore it

woul d be expéelgethctudat sme(elsacllai;lghehrommgiralslymiepw@exmmmpmaiemdsmguagent woul d

be required, whereﬁ? extra@lol ation of the 20 dat fromthg grlor art woul d
A 9

sugged! t paP ardiera RydypsyapaiBiie shromstqesarhysterphiRTH %téi PR e 9g thegent  woul d

al so prec t r re the possibility
of DNA pr gg#%ﬁhgelfgﬁl(g@%?g{]s" {g%qss%ewgl ??%?ﬁﬁo\gp%%%?jé%m precipitation

was tested in hﬁahhtlmha@litcaﬁn Wﬁb@yo&mwsmbwgtlmepunfutamof es up to 30x106
cells/m. The snall scal @r del used a a%%gi &k 25 screening
tool to t%eﬁlom}ﬁ‘é%eﬁlﬁm%éi’ T F 8 %?lf)‘ir{cﬁﬁodﬁe%ﬁnf PRI at high cel |

densi ti esyjryses, mclﬁ@ﬁg@ﬁmﬁ%&b&n@@ﬁﬁd QE@Mlﬁsﬁb@st@soreaCt or and infected with
Adenovirus 35 (Ad35) and grown at 37C in serumfree culture nmediumfor 3

days.2&el | s we ertham\lxeﬁil@dloaatm@th@@a dre dsa getynsubebladenpwifigaidoBok 106 cel | s/ ni .

and vi rus, iters rang 5x101 VP/ n1 Cell lysis was
per f or med*overty: a%?i %189%% 3&,{) ﬁ%ﬁ%ﬂ&lsﬂﬁ ?ps rByy éd rmtefiie noni oni ¢
det er gent 5dd[ﬁ¢ﬁ@rbr>ﬁ1s1&@1ﬁr¢enérmmn&@ogr@pm¢p@dlﬁ@mﬁ@ﬂa})g ations of 0.1% and

0. 05% respectively. Increnmenting concentrations of Dom phen Brom de (DB) in
40 mMM NaCl were added to 3.5 m of |ysed harvest, foll owed by i medi ate

vort exi nggf AL o Lo LR s HMEsRLEGbRL SALEH HPREQE Al AR

30 The processes of the present invention are scalable. The cell cultures used in

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

ultrafiltration) scale with culture volume while the anion exchange chromatography



renoved wth 0.45gm pol yvinylidene fluoride (PVDF) syringe filters. The
filtrates were anal yzed for Ad35 and host cell DNA concentrations using a
HPLC- AEX wiooQ/RERsassay respectivel yl14Fig. 1 shows thePgirmrgomwmcasery and
precipitated host cell DNA, plotted against 5 the Dom phen Brom de
concentratipn. The curves depicted in triangles are ohtained.fraomcell

Cul ture nadoLesTReL e &C@q%ﬁ F?‘?Vé@i P%P@d&pweﬁ@e@%rz@ﬁf% i° 3. 5x106
cel I's/'m . g sGHE VEA ePhsel & hrbi&le_a&&egm%@m@t aitimede bramicRl I xeaPture
harvests having cell densities rangi ng between 20x106 and 30x106 cells/mni .
The C* ( Dedrnphiews Biroeicsleccohoentola) iThnsadngh detomss 98dsvéanufor instemger y)  at

| ow and hj gh cel.l densities ,and.the rel ated percenta f precipitated
nost - cel | PEnREGiRed By griinga o 1" Rafe S RlrE% GROOEIRG, Lrenl o
that is rEHUSI@@SI.Q).pTl@@ifothé\rtlﬁlrmﬁHaeiohh@fntl&@%hQ%hHbﬁsiﬂwéll s@dpenbldfsat cel |
densities rangi ng between 20x106 and 30x106 cells/m is increased by a
factor of citainmgskigh @nepEaions op AderpvinstMetice domedatnoasibbhwitbdhered at
cell 15 d it hat &0 mes r LSLhgl W, i.ncr.eased DB
concent r abt et rHoR BREEo bR iR e TshRieh SpRE Whigh B ATHERTCD. Yo
from ext r apoluat bdeelbictirlRand hiovtas 1 1ADY Al alleel @t tHegweificagdd oflgigh iqhiyntities The
experinment _was repeated with cell culture harvests havi nlglg, cell densities
rangi ng bet #EEAVIERBEClsh aewtune of sypspspsipn. Ieigthe marHafdhis pvaptiondo r ecovery
and 2, pr egipi I l.at Lnst : ] : m de
conceg(% ra?fdggé.léTrgad%lE?%tgs&g &)ct e g?ﬁﬁtcﬁlﬁgﬁi?%gﬁ%rVghggltlg?gglgh%?%%sgel I

cul t ure heontasing hglvéongetedtionslefsichoesusrpantgilesgand ebaveetth 2ll&Gxb@Gomaviaty 3. 5x106

cells/m. The curves depjcted in circles a obt ai ned fr ell culture
e vests WD ey UeRsmer B s e B R s ph 6 s ESuget dal |6
The C* ( |IRABR t@lrl’iﬁ@a%alfé%ﬁ%lthﬁésiv@iml AMYVE ordl Y8 S0 BO %R BredVit dgalfcBCOVErY)

at low and 'high cell "densities and the rel ated percentage of precipitated
host cel | s@NA yat &0 highbt ¢gdhdeitias anidestit egabls high adenopigus pieldsevinghednf r om t he

0Py "5l R % SRITSRAOTLYRE IRy R SRty oo

I ndi vi duatorxpedtedretsoviAthattHes wisicRawill Mavkhe ghar NdpaviabhathcOghtirklovever ,
the 30 graphs consistently denonstrate that a sel ective prepipitation of
DNA i s poddinpyisusgpusicgtiomingisteel | densities, and that the suitable
concentration of SPA (here DB) is significantly higher than for the | ow
cell density cultures, but nuch | ower than would be expected based on

ext r apol afidemovirlibusd ptodaecalcelld ed person will recognize that there is a
range rather than a fixed point of suitable concentrations for the

sel ectQ ve precil pf tYENtRY gEEHI0 PHHHCHRE OF adgoNTih e\ ISP YEISAECHENE n can
find the gihiahl&doRusehe Elgrwn&%@nﬁl%ﬁiféenfne@wdaatd@nmg%ﬂa/aﬁt' ons of DB for
treating an adenovi rus cont-al ni hi gh cel ensity suspension harvest
conpri si ngecambelaht alensvital veang iOfgp&efioveteresd o genehdxdi0g icarnmhd30xt06 cel | s/ ni
range between about 1.3.and 2 «2Based on .these results he person

SKi Pl ed i Hermy 2P HesBny s viaPE L DTN P BEH B s i be

ext r apol ag@gol RuAdBHAVE bHE1 0P Rt HAGHSHS RIS AR @itHRgugven hi gher
cell densities, e.g. of about 40x106 cells/nL, e.g. of about 50x106

cel | sz, vesters. Ty adgnemiostgen@ox isa@neially egsetiated. vgith bgnigropadogicd BI0x 106
ceIIs/nL,hand tQﬁt gdquy%hyﬁdﬁé(ﬁh%%cqagng%'cehhld%p i% m%%%@%ﬂ?ions can
be purifiéﬁnTg‘mn?ﬁrpﬁé Brogess r oM PHE %Peggﬁ{ IVent Pon 8 anﬁ e 2:

Sel ect i vetdambtragt e lbfcivEedpirt Atreslitation-M@mperht vidgnath ¥s &lispensi ons at

| arger scale DNA precipitation was tested at scales ran iggﬁbetmeen 0. 5L

and 20L. msembapRdeBaEEtO{EAGH ot drABo) prodreergmnldicd daroidr e based on
t he previ . i t.ah S i . 80% of the C*
concentrafﬁﬁgggﬁag&{?gpgégrcngirllgég?}rtlﬁc?lhceogl{:rlfgf %)tsstélgltaggboe%f t ube nodel was used.
PER. C&0 cel | s warpodudet tele@omictitnes alssrddatadtoan therarpaidfnssdinns ipadeaging 2L or

10L bioreactors. In batch mde, cells were cultured during 4 days and
i nfect ed aql{’@irsqorqgﬂement?ng créﬁ’ or ‘host ceﬁ’) can %e any producer cell Whgreln a y

desired adenovirus can be propagated. For example, the propagation of recombinant

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

adenovirus. Such producer cells preferably have in their genome at least an



20 reached a density rangi ng between 1x106 to 1.6x106 cells/m . After
infection, the cells were cultured further during 3 days and were

har vest edw0 2011/045378 per f usi on node, the perfusi on whi chPaagErpewiciaed Wt h
an ATF system was started 4 days post |noculat|on at a cell density of

appr oxi mat 06 t ot al /L. After erf usi on the cell
o o F [retger tnd iR S caRioIS Bt Frmel et B R PR o1 cact or

o a cel I uf80eiriats QAR ioh i WG CREIGH Pl SURSEINEARlmbRNRIOT eact o vas

infected wth Ad35 virus. The ATF systemwas started 5 hours post infection
at a nedi defetief méb@ﬁémglmawéndf is Zlispessable fvah threedd getrondaynd hctttcersuc-:h days
(post inf eglt' on t he ¢ s.were harvest ar vest

POy 1 aHaNdock ML iR S v EHBRRRIEE &% BIGr PR tEEPI e Slcs Y S5 over

a perimnd B udt QucB4s ROMES rdia 264 MG biRQiZBOBY BN @gomtletrrg&m €6Eé1|1§ Qe X- 100
and Tween-80 to final concentrations of respectively 0.1 and 0. 05%

Ther eaf t eHS moiwi §198f 1 BB b Fil deanskesmediaraniogpics Hec|EPspadCrid Y&t -f i nal
|
concent ra#rh&ggrrr?ed &5462636%'&3 o g%é\h’é@%?%ﬁp ¢ @!ﬁgt 5 Ui%%?ggﬁgﬁﬁ%f&j ysate

was cl ari using two ¢ hfl ‘ters w th est pore sizes
bet ween  (Q4d et a aoba,rﬁh(ﬂa/hﬂ Giesd akerapyCE2 Q) 3-@16),293 -and@hlikeadm (o Zet a pl us
50CP) respecti,. vele(S The clarificatjon was ]pd)erformed at_a constant flux of

100 LVH ( FPpeeimsats. bgpepdicaretces aisepr medpye HRKEP3 ele. pr BB qioecctlegehed 5 psi .
Tabl e;d shpms.iihs: RHOFES Se1RALARE GkS (ﬁé‘féra'%ﬁﬁgﬂt 15 r@?R@UJ gat ! on

process. 5 Lysis, DNA precipitation |cat| n were
per f or mednasi60g2 B0 ﬂéﬁosrcahdm MFW&&@ 19%bacthe (B:]Gﬁf(é@ ,e(EIAMR Portom®ovag| |

Sensity, o, BRLtesh, SR IS L UKShu SabatN RSP, dgken, Lram 2t
and the VijeHSrone&RUBEYaOMBludcPBeIRr €ci pitation step were determned. 10
Table 1 Exp. Process paraneters Results DNA ppt Carification # CDAH
(x106 cells/ m]_)l"he replication-deficient adenoviral vector can be generated by using any
15 species, strain, subtype, or mixture of species, strains, or subtypes, of an adenovirus or
a chimeric adenovirus as the source of vector DNA (see for instance WO 96/26281,
WO 00/03029), which for instance may provide the adenoviral vector with the
capability of infecting certain desired cell types. In a preferred embodiment of the
present invention, rAd35 or rAd26 is used as an adenovirus.
20 The person skilled in the art will be aware of the possibilities to propagate
adenoviral vectors of different serotypes on specific host cells, using methods such as
for instance disclosed in US patent 6,492,169 or in WO 03/104467, and references
therein. For instance, for propagation of E1-deficient rAd35, specific producer cells
that express E1B-55K of Ad35 can be constructed, for instance based on existing
25  producer cells that express E1A and E1B of Ad5 such as PER.C6 or HEK293 cells
(see, e.g. US 6,492,169), as is known to the skilled person. Alternatively and
preferably, existing (Ad5-) complementing cell lines such as for instance PER.C6 or
HEK?293 can be used without modification of the cells for propagation of E1-deficient
rAd35 or rAd26, by inclusion of the E4-orf6 coding sequence of Ad5 into the rAd35
30  orrAd26 vector, as extensively disclosed in for instance WO 03/104467, incorporated
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
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



Virus titer (x10" VP/nil) DB (mMVW Step recovery (% Step recovery (9%
HC-DNA reduction (%9 1 1.36 2.13 0.72 92 86 99.6 2 2.47 2.24
WO 2011/045378 16 PCT/EP2010/065430

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
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

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

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

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

10 EXAMPLES
Example 1: Selective host cell DNA precipitation in high cell density suspensions

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

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

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

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

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

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

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

followed by immediate vortexing for 1 minute. The precipitated material was
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removed with 0.45um polyvinylidene fluoride (PVDF) syringe filters. The filtrates

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

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

5 the Domiphen Bromide concentration. The curves depicted in triangles are obtained

from cell culture harvests having cell densities ranging between 2.5x10° and 3.5x10°

cells/ml. The curves depicted in circles are obtained from cell culture harvests having

cell densities ranging between 20x10° and 30x10° cells/ml. The C* (Domiphen

Bromide concentration which shows 90% virus recovery) at low and high cell

10  densities and the related percentage of precipitated host cell DNA are highlighted on

the graphs.

The DB concentration that is required to precipitate more then 90% of the host
cell DNA at cell densities ranging between 20x10° and 30x10° cells/ml is increased by
a factor of at least 2.5 times compared to the DB concentration required at cell

15  densities that are 10 times lower. Surprisingly, the increased DB concentration did not
precipitate the virus particles, as would be expected from extrapolation of the curves
obtained at lower cell density.

The experiment was repeated with cell culture harvests having cell densities
ranging between 18x10° and 25x10° cells/ml. Fig. 2 shows the virus recovery and

20  precipitated host cell DNA, plotted against the Domiphen Bromide concentration. The
curves depicted in triangles are obtained from cell culture harvests having cell
densities ranging between 2.5x10° and 3.5x10° cells/ml. The curves depicted in circles
are obtained from cell culture harvests having cell densities ranging between 18x10°
and 25x10° cells/ml. The C* (Domiphen Bromide concentration which gives 90%

25  virus recovery) at low and high cell densities and the related percentage of
precipitated host cell DNA are highlighted on the graphs.

As can be noted from the graphs in Figs 1 and 2, the DB concentration which
gives 90% virus recovery (C") for high cell density suspensions may slightly differ
between individual experiments, and this is part of the normal variation. However, the

30  graphs consistently demonstrate that a selective prepipitation of DNA is possible also
at high cell densities, and that the suitable concentration of SPA (here DB) is
significantly higher than for the low cell density cultures, but much lower than would
be expected based on extrapolation. Thus, the skilled person will recognize that there

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

5 Based on these results, the person skilled in the art will now be aware that
DNA precipitation can be extrapolated to adenovirus containing suspensions
containing even higher cell densities, ¢.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

10  with the process from the present invention.

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

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

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

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

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

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

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

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

lysate was clarified using two charged depth filters with estimated pore sizes between
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Table 1
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 88 98 99.8
6 20.1 15 1.52 90 82 98.3
7 16.7 11 99 71 99.9
8 25.8 15.9 104 92 99.8

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

suspensions, which is needed in industrial processes.
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Claims

1. A method for purifying adenovirus particles from a cell suspension, said
method comprising the steps of:
5 a) lysing the cells within said cell suspension;
b) selectively precipitating host cell DNA away from the adenovirus particles
by addition of a selective precipitating agent;
¢) clarifying said suspension containing said adenovirus particles to obtain a
purified adenovirus-containing suspension wherein at least 80 % of the host
10 cell DNA is precipitated away from the adenovirus-containing suspension;
the method being characterized in that the cell density of said cell

suspension is ranging from 5 x 10° to 150 x 10° cells per ml.

2. A method according to claim 1, wherein said cell densities are ranging from

15 10 x 10° to 50 x 10° cells per ml.

3. A method according to any one of claims 1-2, wherein said selective

precipitating agent is a cationic detergent.

20 4. A method according to any one of claims 1-3, wherein said selective

precipitating agent is domiphen bromide (DB).

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

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

25
6. A method according to claim 4, wherein the concentration of domiphen
bromide (DB) is ranging from 1.3 to 2.2 mM.
7. A method according to claim 4, wherein the cell density is ranging from
30 about 10 x 10° to 30 x 10° cells per ml and the concentration of domiphen

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

8. A method according to any one of claims 1-7, wherein said method further

comprises an anion-exchange step and an ultrafiltration step.



