WO 2005/ 080556 PCT/ EP2005/ 050739 1 TITLE OF THE I NVENTI ON Virus
purification nethods FIELD OF THE | NVENTION 5 The i nvention belongs to the
field of purification of virus, nore in particular reconbi nant adenovirus,
fromhost cells. BACKGROUND OF THE | NVENTI ON Viruses, either those
occurring in nature, or reconbinant 10 versions thereof, are used for

vacci nat i onwgyhdod/gsosste field of gene therapy. It is possibleriaba g}ﬂg‘%
viruses or virus-like particles to safely and efficiently propagate ﬁ

in host cells (see for instance WO 01/38362, which describes the
propagation of various viruses in host cells being El 15 immortalized retina
cells). Reconbi nant adenoviruses are a prlef erred class of viral vectors for

use in gene therapy and for vaccination l&)ur oses._ Such reconbi nant
adenoviruses are usually defi c%ﬁ-ﬂeﬁﬂ%l region, and are
propagated i n conpl enenting cetirusppavidicgtidie Mdchorg on, 20 such as 293
cells, or El-immortalized retina cells such as PER C6TMcells (see for

i nstance US patent 5,994,128). After propagation of the viruses in the host
cells, for wvirtually all appli GIELONSF| THE SINNFNEON Y to purify the
V|rusesf o] 0. ther qu [ t ent
applicati on%ﬁggﬁ%%S d%%(lz?? gote Jﬁ%} fg%l org%t ﬁgﬁl%%ﬁmn&;n =3
purificati orlRfe d‘d’ewtllﬁplaVeé?%?@lW ﬁ‘@‘?ﬁ@ﬁéréénpﬁ%% RAH0iGRg Ufost
cells, infecting the host cells wth adenovirus, harvesting and |ysing the
host <cells, concentrating thg, g the buffer 30 of the
crude Iysate treating the Iy Further purifying the
Vi rus using chrom&wmphy;th&Zﬂﬂﬁé)&ﬁ%ﬁraﬁﬁl EﬁZﬂ@EﬁﬂSO?@Q reZombinant

10 versions thereof, are used for vaccination and in the field of

gene therapy. It is possible for many viruses or virus-like
particles to safely and efficiently propagate these in host
cells (see for instance WO 01/38362, which describes the
propagation of various viruses in host cells being El1-

15 immortalized retina cells). Recombinant adenovi;uses are a
preferred class of viral vectors for use in gene therapy and
for vaccination purposes. Such recombinant adenoviruses are
usually deficient in at least the El region, and are
propagated in complementing cells providing the El~region,

20 such as 293 cells, or El-immortalized retina cells such as
PER.C6™ cells (see for instance US patent 5,994,128).

After propagation of the viruses in the host cells, for
virtually all applications it is necessary to purify the
viruses from the host cells, before further use.

25 International patent application WO 98/22588 describes
methods for the production and purification of adenoviral
vectors. The methods comprise growing host cells, infecting
the host cells with adenovirus, harvesting and lysing the host
cells, concentrating the crude lysate, exchanging the buffer

30 of the crude lysate, treating the lysate with nuclease, and

further purifying the virus using chromatography.



Several other publications describe the purification of viruses from host
cells, nostly concentrating on the use of specific chromatographic matrices
for purification of the virus froma host cell |ysate, see e.g. US patents
6, 008, 036, 5 6, 586, 226, 5,837,520, 6,261, 823, 6,537,793, and international
pat ent applicati ons WO 00/ 50573, WD 02/ 44348 and WO 03/078592. Mst of the
descri bed 08pg’kY a nuclease treatment step to degrade urities.
Despi te thgwggggﬁfptlgn of several processes regarding d|fﬂ¥¥¥ﬁﬁ2d§%5wn9
chromat ography matrices, 10 a need remains for alternative and preferably

i nproved nethods for virus purification fromhost cell cultures. The present
i nvention provides such nethods. DESCRI PTFON OF THE FI GURES 15 Fig. 1.
Schene of the known nethod of harvesting the cells (T/B) versus the nethod
according to theSPReEALI BRDEB/HYD! kead-icagafpPeribe Tehermurgficatipangénase.

p.i.: post l\fﬂx%blsoﬁrothesthetmt nﬁﬁlthypb@h@éﬂtfﬂmiga'onatthg akkf beation
after T/B 20 vs. ocess ’Esee 1 for schene %% A silver- stal ned SDS-
PAGE (4- 12%¥ReENE f"s TG e&RaF95i RUGFEiGR 9P 08 EP € anpl es of

5 separat e ptimusi tabmoashbstshelz\h J(mae e}saarpéegl mncba'lfabite 5,008, 68a6pl es).

Panel 2 is f B sh | BokySis e a ddition
panel s 3- 57 %%%622 réom égéy’l'g{g]ar ve?t'e’e'L \M%Br’eashsﬁﬁc ea’seanwas ng‘ %%8%5&]& e
| ysis. The rabeadt appahestlpngaO ABSU5T78d WY 62 044634RImndCWgy 034Pd8HPLRt er

(l'anes 2), folloywedibyrarle840s4midin né%%&@oégpa? fd 'dﬁle@s%”%§e§£me9/£
marker, M in kD is shown al ongside. |tration with high

salt r ermves“lﬁpsﬁ'ﬁnéggﬁﬁflﬁnBNAM‘Bﬁ%@@s‘-lﬁee%ﬁaﬁ’ﬁ? et% deﬁcéleéPnngl ned
SDS- PAGE i s ssdvaal YPo288548080656r Bl ER2ZEQREALOABLomat AyrafrateicSanpl es:

1 InltH%l QFG%%%F%ém%ingf%gg éffernative and preferably improved methods
for virus purification from host cell cultures. The present

invention provides such methods.

DESCRIPTION OF THE FIGURES

15 Fig. 1. Scheme of the known method of harvesting the cells
(T/B) versus the method according to the invention (B/T), see

example 1. T: Triton, B: Benzonase. p.i.: post infection.

Fig. 2. Host cell protein removal at clarification after T/B
20 vs. B/T process (see Fig. 1 for scheme); A silver-stained SDS-
PAGE (4-12% bis-tris NuPAGE, Invitrogen) analysis of in
process samples of 5 separate purifications is shown (see
example 1 and Table 1 for samples). Panel 2 is from a T/B
harvest, wherein lysis preceded nuclease addition; panels 3-7
25 are from a B/T harvest, wherein nuclease was added before
lysis. The harvest (lanes 1) was clarified by a 0.5 pm
Clarigard filter (lanes 2), followed by a 0.8/0.45 um
Sartopore 2 filter (lanes 3). M: marker, My in kD is shown
alongside.
30
Fig. 3. Diafiltration with high salt removes histones during

process (see example 2). A silver-stained SDS-PAGE is shown.



concentration. 3: let DFV 0.3 MNaCd . 4: 3" DFV 0.6 MNaCl. 5. 4th DFV 0.6
MNaCl. 6 : 5th DFV 1.0 MNaCl. 7: 6th DFV 1.0 M NaC. 8. 7th DFV 0.3 M
NaCl. 9: 9th DFV 0.3 MNaCl. M marker, 5 M in kD is shown al ongsi de. B.
Retentate. Sanples: 1. start sanple. 2: after 4x concentration. 3: 1lst DFV
0.3 MNaCd . 4: 2n DFV 0.6 MNaCl. 5: 6th DFV 0.6 MNaC. 6: 7th DFV 1.0 M

NaCl . 7: St{l“f@%}ffaﬂsﬁgﬁ%ﬂ NaCl. 8: 9th DFV 0.3 M NaCn. 9: 9th DFV mllex (0.22
pmfiltrate ? l e 8) M marker, M in kD is shown BCHKH200505073Fi g.
4. Schenme of a preferred process according to the invention (see exanple
1). 15 Fig. 5. Renoval of Ebola nucleoprotein (NP) fromreconbinant virus
preparations (see exanple 3, experinment 331 for details). A silver-stained
SDS- PACGE (4-12% bis-tris NuPAGE, Invitrogen) is shown. A: starting

mat eri al . B:A. rreshatten Satgled2oltwedent20l Rermertdoatd:omfmierh4. 5 M Nad .

The arrow d?&?%c%%trégigf: §1 GroeBppiXpey iyTRAL, f 0f . 1 gRODY AL, BTGEI?;N%L 5:

nucl eoprotein Trom “recoibl hant Virus preparations”{see exanp
experi ment 3“3 DFb0.feMaNrE}. 65 FigDFY.1NoM Neddced :SPE PAVEL ¢ paviel 1) and

Vestern bl otydqangl: 72) pagabysi & @ici engvakr ofvEQkanniateon Ot fdMP) from
reconbi nant virus lgr-1_r(§€[)ar ations (see exanple 3, experiment 3.3 for details).
Lanes A 3B, ¥ &BnkRi i YOI @LRM9BI4Rd C, 30 respectively (see Fig. 6 and

experi ment 3BI3Rretbatatée sdBidr 1ol etaababydpBe . ax arfddrody recogni zi ng NP

was used. The _arrows enot e Ne. 56 , PCJ1ER2005/ 739.. 4 . Fig.
8. RP-HPLC acr?ﬁ%fgiggag?g?'e%\/a o?élgb%‘%g%%%?gép%%i n%gl\ﬁ) 913? ob?r%crle'cc‘;-’rfbi nant
virus. Produf DBy B 6aMdN&Cher 6: ARabyéed.0 PoNagdt.ai7l:s 8¥e ®FFxanple 3,

experinment Jiz31.TRE 9% DFV 0.3 M NaCl. 9: 9 DFV millex (0.22 pm filtrate

10 of sample 8). M: marker, M, in kD is shown alongside.

Fig. 4. Scheme of a preferred process according to the

invention (see example 1).

15 Fig. 5. Removal of Ebola nucleoprotein (NP) from recombinant
virus preparations (see example 3, experiment 3.1 for
details). A silver-stained SDS-PAGE (4-12% bis-tris NuPAGE,
Invitrogen) is shown. A: starting material. B: incubation with
1% Tween 20. C: incubation with 2.5 M NaCl. The arrow denotes

20 NP.

Fig. 6. Experiment for removal of Ebola nucleoprotein from
recombinant virus preparations (see example 3, experiment 3.3
for details).

25
Fig. 7. Non-reduced SDS-PAGE (panel 1) and Western blot (panel
2) analysis of removal of Ebola nucleoprotein (NP) from
recombinant virus preparations (see example 3, experiment 3.3
for details). Lanes A, B, C contain product A, B and C,

30 respectively (see Fig. 6 and experiment 3.3). For the Western
blot analysis, an antibody recognizing NP was used. The arrows

denote NP.



5 vertical axis are in AU (x10-3). Under the horizontal axis (elution
tinme), arrow 1 indicates the peak of hexon protein, arrow 2 indicates peak
of NP. Fig. 9. SDS-PAGE (panel A) and Western blot (panel B) showing 10 the
removal of of Ebola nucleoprotein (NP) fromreconbi nant virus preparations
using high salt and filtration. After anion exchange chromatography the
sanpl e was &foﬁ{@xchanged with a solution conprising 5M Had. The sanpl e
was directl 100800y through a 0.45 pm M I lipac 20 filterPCMEPRGOBHSP9
Lane 1. 15 before filtration, lane 2: after filtration. For the Western

bl ot, an anti body recogni zing NP was used. The arrow denotes NP. Fig. 10.
Chr omat ogr am of Ad35 TFF retentate (exanpke 6) |loaded 20 on a Q XL colum
(panel A) and on a charged filter (panel B). The circle in panel B

i ndicates the extra peak, which is only separated fromthe virus peak using

t he charged {.iJ tar. oEL 1 ri i lysi actions
of the 25 '(:thlzglr'ggd £ |EI tﬂzlr'éi?#%irr%t% osg‘r%a@mxje%ggg %Ps O\A/say?'h%lgég%gngﬁ%éti on
profile of tB@)ASFISmyreaempirant pulials -BPsREWSTES e Fedinde Rt #Eken profil e of

the extra p%%‘&l(g%b&@! dri et is e exBh@icls, SESsAERtanabkYSirgeof

chr omat o\%‘r aphy fractions Ad35 30 (see_gexarir)pl e 6%_'. 4-12% bi s-tri s gel,

st ai ned Wit VeGH¥ar 28f A HIWRY H& Y dot (Y0NS Tof e RO B¥ier run: 1.
marker; 2. @ harttionntemned) ;adrow |[IOvilMicaghs dhe peedk bf tiekohegrbBefhg. WO

2005/ 080556 PCT/ EB2 A 9 0. Ad35 peak. CGel B shows the
fractions of>the ggéég%ggglpeag? ;o% Nr??it erial; 2.,flowthrough; 3. Ad35 peak.

DESCRI PTI ON OF THE | NVENTI ON 5 The present invention provides a nethod for

the purificatigong,  okpd-ph&sS (d4:M a)hasly feblersabthiBiaad1CBIPELSI NG t he
steps of: a) culturing host cells that are infected wth a virus,

g . is, D)
addi ng ridcl &d¥e FEEVAL EI PE ERIF SUHFIPEPTPIRI MF)s frP™hgsFompinant

virus preparations using high salt and filtration. Aftex anion
exchange chromatography the sample was buffer exchanged with a
solution comprising 5M NaCl. The sample was directly filtered
through a 0.45 pym Millipac 20 filter (Millipore). Lane 1:

15 ‘before filtration, lane 2: after filtration. For the Western
blot, an antibody recognizing NP was used. The arrow denotes

NP.

Fig. 10. Chromatogram of Ad35 TFF retentate (example 6) loaded
20 on a Q-XL column (panel 2) and on a charged filter (panel B).
The circle in panel B indicates the extra peak, which is only

separated from the virus peak using the charged filter.

Fig. 1ll. Disc centrifugation analysis of two fractions of the
25 charged filter chromatogram. Panel A shows the sedimentation
profile of the Ad35 virus peak, panel B shows the ’

sedimentation profile of the extra peak (circled in Fig. 10).

Fig. 12. SDS-PAGE analysis of chromatography fractions Ad35
30 (see example 6). 4-12% bis-tris gel, stained with silver. Gel
A shows the fractions of the charged filter run: 1. marker; 2.

start material; 3. flowthrough; 4. peak 1 (circled in Fig.



cells to provide a |lysate conprising the virus. In preferred to

enbodi nents,' the nethod further conprises: d) clarification of the |ysate.
In still nore preferred enbodi nents, the nethod further conprises; e)
further purifying the adenovirus, preferably with at |east one

chr omat ogr aphy step. The nost inportant difference with the nethods
hitherto di Blzﬁﬁﬁ&& s 15 that in those nethods a nuclease is applied only
after lysin %’ é or at a later stage in the purifi cBET/ER20p/83053% .
According to the present i nvention, a nuclease is added before |ysing the
cells. As disclosed herein, it has now been unexpectedly found that this
results in an inprovenent over 20 the processes wherein nuclease is added
only after the cells have been lysed. In the method according to the
present i nvE®Xi dn, Ad3S peaki.i 6dlvBrsisowratthle feautibmg ¢f othd U-XL poocess
contains |es t.han t hod [ the lysing of
cells pr eced?ashéﬁértﬁﬁdc tggsyéladgf't?%%hf&Wagpré erre enbodl ment, the
virus is a reconbi nant adenovirus. |In one enbodinent, the nucl ease used in

step b) is benzonase . I n onsgifediBRNbr the Bhemmabn YSing the host cells
(step c) ﬁerforned w th detergent, which_1n gne enbodi nent thereof is

Triton- xfbo Riife S ddviTe ﬁontﬂ§°¥%%ﬁ§1ﬁ SetPgA 5PF t e RIqifiaadiest ep d)
conpri ses degf ha fuidusatfirem andoeenbéﬁ:n,e sdiid meahbdncozhpr:esmgeftmrer edeps

enmbodi nent th re rape iltration is r usin

conbi nation ® It%ﬁi? qéggg% %ﬁ)ﬁﬁg d§5§5€IﬁCfPE§§% 0%/ qﬂ? a'pg?e
size of 0.8 ¢@#nqﬂund¢hﬁaseumo thehcedl acwldmyienahdnc) f1ysiierg codpl hostg t wo
asymetric podyes hey Sﬁﬂoqu@e aem?geeescoﬁwﬁl@@r enai ¢85udf fh %&&@r@e@ pm

such as a SartqggreT“A combi nation fil I'n one enbodi nent ,
clarifietl | y&BR %@%qﬁ§suFPFn§eFF8ﬂ1§?¥ﬁ??ﬁ QQ¥P§&SF§Ct§H T%FﬁﬂQHﬁﬁﬁiPPrﬁflon
and/ or di af thd ratdanie. iR atpoef acrebsifadicte ehbbaehents, tdie nditabid trati on

results in byégéﬂeéngg%%p %e%gal?S%ugtﬁéglgdfa%ylng the adenovirus,

preferably with at least one chromatography step. The most
important difference with the methods hitherto disclosed, is

15 that in those methods a nuclease is applied only after lysing
the cells, or at a later stage in the purification process.
According to the present invention, a nuclease is added before
lysing the cells. As disclosed herein, it has now been
unexpectedly found that this results in an improvement over

20 the processes wherein nuclease is added only after the cells
have been lysed. In the method according to the present
invention, the purified virus batch resulting from this
process contains less host cell DNA than with the method
wherein the lysing of cells precedes the nuclease addition. In

25 a preferred embodiment, the virus is a recombinant adenovirus.
In one embodiment, the nuclease used in step b) is benzonase®.
In one embodiment, the step of lysing the host cells (step c) .
is performed with a detergent, which in one embodiment thereof
is Triton-X100. In one embodiment, the clarification of the

30 lysate (step d) comprises depth filtration and membrane
filtration. In a preferred embodiment thereof, said membrane

filtration is performed using a combination of filters having



conmprising 0.8-2.0 M NaCd, or another salt providing an equivalent ionic
strength. In certain preferred enbodi nents, 10 further purification of the
virus (step e) conprises anion exchange chronat ography. |In another

enbodi ment, said further purification of the virus (step e) conprises a

si ze exclusion chromatography step, preferably in group separation node. In
anot her odlnent step e) conprises both anion 15 exchan
chronatogrQ% fkgﬂgﬁg?ze excl usi on chronat ogr aphy. In certaf%“@ﬁﬁ@é@%ﬁﬂts
according to the invention, the clarified |ysate and further purified virus
(fromstep d onwards) are in buffers that are free of det er gent,

magnesi unchl ori de and sucrose. 20 In anotther aspect, the invention provides
a batch of reconbi nant adenovirus conprising a transgene chosen fromthe
group consi stipreofsizen oEbl- dvimusndut!Eopmet eirah am a Rptkddatisn

gl ycoprot ei n¢; g & aciﬁtg»‘}'llﬂh ah%pééﬁﬁe&lﬂ&%%EQQEQéQé&ff&?@%eMnE%aS' €s
virus hemaggl utinin, said batch characterized in that it contgins |ess

than 0.1 ng Wbk PXS ISiBﬁE\ Béroiﬁﬂn‘?ﬂq'ﬁs Mt SEFRs2S TheSIHRRRAGS0 3 ur t her
provi des a neémethdront E&lta&OdMﬁtbﬁlﬁ &ﬁbc&ll\ﬂehliis €RaPELSE Nl m%ﬁ@ec aci d
sequence eic a in rotein i sing t e 0_steps
of : a) cu“cftu(rii gu]htolsrt é%lof“s %ﬁ% 8La{‘/% B é' t%fie%f?e‘dlw ‘tﬁaﬁf‘s d§

subj ecti ng sé;@ﬁxiﬂnanm@nofIhostpcefésredubmhmddmentushetémffﬂthqaroduced to
lysis of the Pgﬂltfﬂt'l%nt Qegt@\ébdfnabme%o%%ﬁﬁgééfs g&ﬂﬁ%’@ﬂﬁ% 9 7

| ysate conprising said virus, c) ectin e Virus to anlon exchange
chronatograpﬁ?mp%hﬁﬁébpeﬁrﬁea MnNﬁﬁbt %ﬁtﬁﬂotaﬁFoﬁaléxEFQN&ﬂﬁanﬁﬂﬂatography

the virus COQ&@iﬂl%ﬁnibhlieestﬁeQ&{ﬁerIn ehanged rvet Préd Setvdd ;¢ ng@ypri si ng
at least 1 M.Na another sg %§rOV|d|n%tan eqU|vaIent I oni.c strength

Pref erably, § %ﬁéﬁ%ﬁﬂﬁﬂﬁ S CR5RBPi 8 SP\PNaCP™PILFR® 2

exchange chromatography. In another embodiment, said further

purification of the virus (step e) comprises a size exclusion
chromatography step, preferably in group separation mode. In
another preferred embodiment, step e) comprises both anion

15 = exchange chromatography and size exclusion chromatography. In
certain embodiments according to the invention, the clarified
lysate and further purified virus (from step d onwards) are in
buffers that are free of detergent, magnesiumchloride and
sucrose.

20 In another aspect, the invention provides a batch of
recombinant adenovirus comprising a transgene chosen from the
group consisting of: an Ebolavirus nucleoprotein, an
Ebolavirus glycoprotein, a Plasmodium falciparum
circumsporozoite gene, and measles virus hemagglutinin, said

25 batch characterized in that it contains less than 0.1 ng host
cell DNA per 1E11l viral particles;

The invention further provides a method for the
production of a virus comprising a nucleic acid sequence
coding for a nucleic acid binding protein, comprising the

30 steps of: a) culturing host cells that have been infected with
virus, b) subjecting said culture of host cells and said wvirus

therein produced to lysis of the host cells to provide a



preferably at least 2 MNaCl, still nore preferably at least 3 M Nad,
still nore preferably about 5 M NaCl, or another salt providing an

equi val ent ionic strength. Preferably said virus 10 is further purified
using filtration through a hydrophilic filter, preferably with a pore size
not larger than 1.2 pm and/or by size exclusion chromatography. The virus
preferably Js inant virus, nore preferably a reconbi nant

adenovi rus.w?hzgeﬁﬁ@ggﬁ aci d binding protein may be a nucl eB¢T/EB209508058%
such as a nucl eoprotein of a haenorrhagic fever virus, such as Ebol a,

Mar burg or Lassa virus, preferably Ebola virus. 20 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON Host cells A host cell accdrding to. the present invention can
be any host cell wherein a desired virus can be propagated. For. exanpl e,

t he propagatiwretsf cosporbinansatdeniowis,us)vecbiesting ddre viruds thoshicel | s
that conpl engnt, Gefd %%ﬁaes?wpﬁihe %%\eemed &%M%ﬁ% taaeehef erably

have in their gencme at |eas enovi rus El sequence, reby are
capabl e of ngife FRrREAE eeBRRRN e adensy FrPasasning H“ia?‘td’éqeethsohuifﬁ‘ﬂé' he

El region. Féé(dﬂh@fgetdhQl@ﬂeﬂoybltﬂ&d’fﬁ)&dﬂ@ﬁsangehetl@eﬂsﬂrII. Meradq , E3r egi on,
whi ch i s di spensabl e fromthe Ad eno and hence. ut_?:h a del etion does not
have to be c%}’Pg:l FEdE. PRRYS BHYFLERY hBREC hye ‘be used, such

as human retﬁmmbzm556865561md£m%d1@5@739 l&azell.$S MmMactal nzed by

pat ent “12g0 g gy deClkady T Wk o e A0ES AL AR R SR
patent 5, 89 N9U), sCHI2ompe sP¥EERraltlvalaboRrg08, Mk @?\@Hﬁ#élleaipyastll

213-219), 2%%howkA nigh@nl b&ﬁlvﬂ&i@rﬂm% REReEEEh .CBLéFedddty RALGNirus
5,994,128), or cells derl}{gg éherefrom are used as host .cells a3, they are

SUItabIé' orl%rﬁ¥ﬁ54§6aﬁﬁf fUging tration through a hydrophil

filter, preferably with a pore size not larger than 1.2 um,
and/or by size exclusion chromatography. The virus preferably
is a recombinant virus, more preferably a recombinant
adenovirus. The nucleic acid binding protein may be a nucleér
15 “protein, such as a nucleoprotein of a haemorrhagic fever
virus, such as Ebola, Marburg or Lassa virus, preferably Ebola

virus.

20 DETAILED DESCRIPTION OF THE INVENTION
Host cells

A host cell according to the present invention can be any host
cell wherein a desired virus can be propagated. For example,
the propagation of recombinant adenovirus vectors is done in

25 host cells that complement deficiencies in the adenovirus.
Such host cells preferably have in their genome at least an
adenovirus El1 sequence, and thereby are capable of
complementing recombinant adenoviruses with a deletion in the
El region. Further the adenovirus may have a deletion in the

30 E3 region, which is dispensable from the Ad genome, and hence
such a deletion does not have to be complemented. Any El-

complementing host cell can be used, such as human retina



different viruses (see e.g. WO 01/38362), including but not Ilimted to
reconbi nant adenoviruses. 10 Further cell |ines and nethods for the
propagation of reconbi nant adenoviral vectors have for instance been

di sclosed in US patent 6,492,169 and in WO 03/104467. Exanpl es of other
useful manmmalian cell lines that may be wused directly as host cells for
propagating_ viruses_or 15 converted into conplenenting host cells for
replicati onVORPVBOR% virus are Vero and HelLa cells and clGT/EPHEE03739

Chi nese hanster ovary, W38, BHK, COS-7, Hep&, 3T3, RIN and MDCK cells, as
known to the person skilled in the art. Host cells according to the
invention are cultured to 20 increase cell8 and virus nunbers and/or virus
titers. Culturing a cell is done to enable it to netabolize, and/or grow
and/ or  divi d@lmdlrmorpaddaed birBS, of.g.ntodlesbeactdrohtrantt &,019¢, 1IRAYent i on.

Thi s can be ﬁf%%f%% mggggés agsﬁseu%@t gguentk mdélﬂd §LSons skilled

inthe art, and I n of 2 to provi nutrlentsfor
the cell, fotransformes iA1549t relappfegn iatde ®QI P8Y394kHi &S Hedemtt hods may

conprise growdol athgri @gsbo &Ht.&a(?@éo S Qut, hzbﬂosuﬁ&ﬁm'@%e @hecaphi nat i ons
thereof. Culturing can be done for instance. in |shes bottles or in

bi or eact ot s, L hsi%ig Wateh, 2Pdd- Batchre oS- n366§e§6b§¥s?%9rr'sc6 ho‘?eflo\ﬁ f§Y%er

and the |i kepaﬁémorsd@rgzlt,azaahl eyecémageiexﬁerakietbeﬁafrmmksé yaead aet hOBtOf

Vi rus through cul,] n_t he to have cells capable
of grow ng iR ’2@095 g’§(¥5§§eP&ﬁ %"ggprﬁps séensf)rc])ifllvaL naott s
preferred todhEferand Ws-rc@pabl(eegfebm r?@ 0duBBaead., i nntthediatgséwd:engﬂ:- ani mal -

or human- derj o SEHYMQUeomBRhaBL - agénMrp%@egerl ved serum conponents.
Sui tabl e conditions for culturl ng cells are known (see e.g. Tissue Culture,

5 Academt® Press,FUgthss &ﬁ&lPéﬂéP%?Pd SRAeds £2578Re RERPERAtionEpEshney,
Cul ture of aﬂééﬁﬁbiﬂﬂdtSadénﬁﬁﬂMah ®dctid™d have for instance been

disclosed in US patent 6,492,169 and in WO 03/104467.
Examples of other useful mammalian cell lines that may be
used directly as host cells for propagating viruses or
15 converted into complementing host cells for replication
deficient virus are Vero and Hela cells and cell lines of
Chinese hamster ovary, W138, BHK, CO0S-~7, HepG2, 3T3, RIN and
MDCK cells, as known to the person skilled in the art.
Host cells according to the invention are cultured to
20 increase cell and virus numbers and/or virus titers. Culturing
a cell is done to enable it to metabolize, and/or grow and/or
divide and/or produce virus of interest according to the
invention. This can be accomplished by methods as such well
known to persons skilled in the art, and includes but is not
25 limited to providing nutrients for the cell, for instance in
the appropriate culture media. The methods may comprise growth
adhering to surfaces, growth in suspension, or combinations
thereof. Culturing can be done for instance in dishes, roller
bottles or in bioreactors, using batch, fed-batch, continuous
30 systems, hollow fiber, and the like. In order to achieve large
scale (continuous) production of virus through cell culture it

is preferred in the art to have cells capable of growing in



techni que, fourth edition (Wley-Liss Inc., 2000, |ISBN 0-471- 34889-9). The
present invention conprises subjecting cultured host 10 cells that are
infected with virus to lysis. Culturing host cells and infecting themwth
avirus is well known to the person skilled in the art. Infecting of host
cells can for instance sinply be acconplished by-exposing the virus to the

appropri at under physiol ogical conditions, 15 permtting uptake
of the vi rﬁ‘ga%&ﬁgﬁt ain viruses it is not even necessar YPGHEB20AS/DHS0RB% h
virus per se, as nucleic acid sequences nay be used to reconstitute the
virus in the cultured cells. Several aspects of and systens suitable for
culturing 20 host cells for adenovirus pgoduction can also be found in WO
98/ 22588, p. 11-28. Methods for culturing cells and propagating viruses in
host cells hagpeaksSonpead ditsdlsopedfebred €y HxaTREE1sUSapabeat & Galied, 944,
5,994, 134, 6,342,384 168, 941, 5,948, 410, 5,840,565, 5, 789, 390

6, 309, 650, fg?tg?fﬁ%,%n73tqiaen(§1%{snetné¥en8iﬁi ‘r‘]%l‘f‘gjgat%fn?“’g‘s& ? 5%?’8%5*"%:619”38362,
WO 01/ 77304 aanda¥p O8/108mi7SlerViveds geruif heompineods -oSut heblastamditiprent i on
are amenabl g,L0cg: Y ffhg 341N Okn¥lh UPESe d.RC! 44ik8gePEl1 B0t im ted to

adenovi ruses, pox viruses, Iridoviruses, erpes_V|ruseseigapovaV|ruses,
par anyxo¥i r dsademye t Fergseo FHiifSe $°6s Bebhergon nfddiders) (1 D3 2o 05rd REH6

PCT/ EP2005/ @5@488ey 1 Cci Bt IdfUS@S madde89: &5 S0Gi=au@d Wicr Hasi¥acci nia virus,
rotaviruses, e adenovi ruses belngﬂgartlcylarly prg%shred. The viruses
e

are preferaﬁﬁﬁkgééﬁﬁbi#ﬁﬁﬁthn%qiﬁé?F 1wt S5 A% r caPBY 14t s,

att enuat ed Baeepne) strains, and so. 5 on. In certain enbodi nents, the

present i nvent i o, 1 s, used f h SRUSANELAbE NSk SATRARAYL LhiKEESa RIKS erably

adenovi ruses,
10 cells that are infected with virus to lysis. Culturing host

cells and infecting them with a virus is well known to the
person skilled in the art. Infecting of host cells can for
instance simply be accomplished by exposing the virus to the
appropriate host cell under physiological conditions,

15 permitting uptake of the virus. For certain viruses it is not
even necessary to start with virus per se, as nucleic acid
sequences may be used to reconstitute the virus in the
cultured cells.

Several aspects of and systems suitable for culturing

20 host cells for adenovirus production can also be found in WO
98/22588, p. 1l1-28. Methods for culturing cells and
propagating viruses in host cells have also been disclosed in,
for example, US patents 6,168,944, 5,994,134, 6,342,384,
6,168,941, 5,948,410, 5,840,565, 5,789,390, 6,309,650,

25 6,146,873 and international patent applications WO 01/38362,
WO 01/77304 and WO 03/084479.

Viruses

The methods of the instant invention are amenable to a wide
30 range of viruses, including but not limited to adenoviruses,

pox viruses, iridoviruses, herpes viruses, papovaviruses,

paramyxoviruses, orthomyxoviruses (such as influenza),



carrying a heterol ogous transgene for use in gene therapy or for

vacci nati on purposes. For purposes of illustration only, the invention wll
be described in nore detail for reconbinant 10 adenovirus, but is in no way
limted thereto. Adenoviruses Preferably, the adenoviral vector is
deficient in at |east one essential gene function of the El region, e.g.,
the El a r egly § 0 [or the Elb region, of the adenoviral genone that is
required for V|ra plication. In certain enbodi nents, thePCT/EE2096/050539
deficient in at | east one essential gene function of the El region and at

| east part of the nonessential E3 region (e.g., an Xba | deletion of the E3
region). The adenoviral 20 vector can be fbnmultiply deficient,” nmeaning that
the adenoviral vector is deficient in one or nore essential gene functions
in each of &werWiﬂﬂses;egkﬁnsa&%obhatadeﬁﬂrﬁsﬁﬂvaqymmaﬁeleos exanpl e, the

af orement | oned Bu= el ol G, ool 3 0o0LELS o ALBNGNLE ) puEELOLS, can e

further deficien one-essen reglon and/ or
at | east on@heeyéenseala{&nﬂ;ﬁﬁénﬂhéyEZecegbzmﬁqtaW}rusehe EQA eayi on and/ or

E2B regi on) méQGBQV!:iﬁluc‘!&ftl(goiaQ%' et QQFQEuH@d Qlddi®eEdt rh A5 ONa k@ Bl 1 Ci

| ower host immune responses. Exanpl és o ui t abl e adenoviral vectors
i ncl ude &de®vi F8I <G8 %ﬁfﬁqqﬂﬁlmﬁ@tﬁackhﬁa?r%ﬁ?nﬁwlqﬁﬁPﬁleﬂ fReuErd &Ry on and

all or part ddhctherat2ng g hbilRhtakh rQseHAprefeddia yFhabngl0pusad) or part
al | art of the E3 re

of the E2 re

2005/ 080556 %%fﬂéﬁ%oﬁd‘?%%%%’? OPf FEAPSEPREMECHE s‘reed1noﬁ)enﬁl %h‘BFa%%r?r of the
E2 region, dor oaccpartiod puhrmpds=@sr.e§oonpuapdsed loforilpastratidheorkty r egi on,
(d) at lea p i e I r . ot i.0n,
enst part ofl AveRLiot iyt 0o el b, O ot dertiur RS Geoh Bl

| east paft @ﬁepﬁﬁlEPSre@w%nisaﬂﬁ N ¥y bé@%t%ﬁ ety .regi on, and at | east
part of the E4 region, and

Adenoviruses
Preferably, the adenoviral vector is deficient in at least one
essential gene function of the El region, e.g., the Ela region

15 and/or the Elb region, of the adenoviral genome that is
required for viral replication. In certain embodiments, the
vector is deficient in at least one essential gene function of
the El region and at least part of the nonessential E3 region
(e.g., an ¥Xba I deletion of the E3 region). The adenoviral

20 vector can be "multiply deficient," meaning that the
adenoviral vector is deficient in one or more essential gene
functions in each of two or more regions of the adenoviral
genome. For example, the aforementioned El-deficient or El-,
E3-deficient adenoviral vectors can be further deficieﬁt in at

25 least one essential gene of the E4 region and/or at least one
essential gene of the E2 region (e.g., the E2A region and/or
E2B region). Adenoviral vectors deleted of the entire E4
region can elicit lower host immune responses. Examples of
suitable adenoviral vectors include adenoviral vectors that

30 lack (a) all or part of the El region and all or part of the
E2 region, (b) all or part of the El region, all or part of
the E2 region, and all or part of the E3 region, (c¢) all or



(f) all essential adenoviral gene products (e.g., adenoviral anplicons
conprising | TRs and the packaging signal only). In case of deletions of
essential regions fromthe adenovirus 10 genone, the functions encoded by
these regions have to be provided in trans, preferably by the host cell,
i.e. when parts or whole of El, E2 and/or E4 regions are deleted from the
adenovi rus, these have to be present in the host cell, for instance

i nt egr at ed W& 200588¢8hone, or in the form of so-called 15 haGT&EP2A0R50%9 US
or hel per plasmds. The replication-deficient adenoviral vector can be
generated by using any species, strain, subtype, or m xture of species,
strains, or subtypes, of an adenovirus orima chineric adenovirus as the
source of vector DNA (see for instance WD 20 96/ 26281, WO 00/03029), which

f o][ i NSt ancepd®y d¥ @vedgit begfaﬂﬁn@m ro ﬁw@g er whé rEz fmegaaﬂ@biath ¥rof
infecting cert ce y e adenovi vector can be any
adenovi r al aj‘br”f gg‘ F‘g Bng?BM%@ﬁé (o] Par*v'\h?%h 8% §5h ragdeg  silGhi fi cant
part (alt hougth Icistneeessarfi tye sEbstantiionl, | vy 2éasterparsd 4 (rneora::l.based upon
the genome OledihAUBROYERNS: pIDE oRISIOWAAL HESH T, Y, £ 4TI o8,

adenovi r al pe adenovirus oup espe0|
serotype 5 (th% E3 ragdpner (AajzatThea%mm;\n P4l tb@c@brrwml aG é@ﬁptl se an

adenovi ral GeNAMROkxal Ebeeé?lanflbﬁa A Qleglsh gert ved €Hé3fﬁ4aricegﬂoﬁd999&{' rus
of group B, for instance Adl Ad35, Ad51, etc. (see e WO 00/ 76071)

whi ch enbodi ﬁ@ntasllhgx?éef‘ﬁéaéﬁﬁﬁ?%&%rajt [e0e BESIREHS r 5?1921 nFSRevEsates

agai nst thesaqﬂﬁkmbﬁpe3m§teswﬁb2ﬁ@ﬁéQﬁﬁﬁ&ﬁeipEEEEE&QQS#ﬂﬁQﬁS%nl&X. In
encount er ed | n th% %oRuI ation, _and_confer the RQs i bil i tar et| ng

t
other cell t§pes, CE RS PEprafrdrtahés 108 adenovi ral?eyvaéet s Pt fers
fromt hose d@anmai ﬁh@ﬁfﬁﬂgtiéhs entwdssl bvhéhpeesoegbdad |hedre kot he art wil |

mow tpat al SR-AleDd 18 RRLnSST BEYPE-LAY RS 2RRI hEG: JbEr par.een,akh! I ed in
©a parts or whole of El, E2 and/or E4 regions are deleted from

the adenovirus, these have to be present in the host cell, for
instance integrated in the genome, or in the form of so-called
15 helper adenovirus or helper plasmids.
The replication-~deficient adenoviral vector can be generated
by using any 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
20 96/26281, WO 00/03029), which for instance may provide the
adenoviral vector with the capability of infecting certain
desired cell types. The adenoviral vector can be any
adenoviral vector capable of growth in a cell, which is in
some significant part Kalthough not necessarily substantially)
25 derived from or based upon the genome of an adenovirus. The
adenoviral vector may comprise an adenoviral genome of a wild-
type adenovirus of group C, especially of serotype 5 (i.e.,
AdS5) or Ad2. The adenoviral vector may also comprise an
adenoviral genome or at least a fiber protein derived from an
30 adenovirus of group B, for instance Adll, Ad35, Ad51l, etc. .
(see e.g. WO 00/70071), which embodiments have the advantage

that less neutralizing antibodies against these serotypes are



will be aware of the possibilities to propagate adenoviral vectors of
different serotypes on specific host cells, using nethods such as for

i nstance disclosed in US patent 6,492,169 or in W 03/104467, and
references therein. Adenoviral 10 vectors, nethods for construction thereof
and nethods for propagating thereof, are well known in the art and are
described in, for exanple, U S. Pat. Nos. 5,559,099, 5,837,511, 5, 846, 782,
5, 851, 806, OGOP/0BB6 5 904, 128, 5,965,541, 5,981, 225, 6, CHOVERA05/050739

6, 020, 191, and 6,113,913, and 15 Thonas Shenk, "Adenoviridae and their
Replication', M S. Horwitz, "Adenoviruses", Chapters 67 and 68,
respectively, in Virology, B. N Fields & al., eds., 3d ed., Raven Press,
Ltd., New York (1996), and other references nentioned herein. The
constructi oresdouriened fal tNeChepSldtsid! andndensévothd poddithie iggyt oand

i nvol ves the usetgf sta Hdard Iecular blogogkéa{r tf§hnggq3§ such as those
descri bed |n e éﬁb Sret® 5 m on|n§ a Laboratory
Manual , 2d enﬁqndaﬂnal SpthQSFQiterdWﬁaym t@obkd @gw;vgplﬁmdmomdSN ¥f (1989),

Vatson et al, ur%ecqml nggo%lﬁpeae% tﬁg' QPE'JJiﬁ AH‘F:N m@%%g zﬁwl ey

(1992), and Aus Current Protocols in | ecul ar  BI ol ogy,
| nt er sci ence®PifA iSSROEIPENTAR 199 HEPlied -0 her PeF%‘?‘ér%ﬁéé@%ﬁ‘t ithRed8Ther ei n.

Trans genes w31l rbé)ra@a@ab@dl PRAtpod MMt S s2€60p b d t thRromenti on is a
wild type virus, art thereof that_js still infectious in

0
nost cel s ATk B AR PG M SHPARD B0 BBP REBHE AT 98I 005 50930 | 13
I n anot her amxdideriicht Ae ﬂoruﬂqs&rmer ederhbradt iviUsIpateaipre, 4i90g169

het er o] 990US, | 0P s0 04 189 S e ARV, J 3B, Do DT ARSI Gget L ng for

gene t her apy purposes, or vaccinati'on purposes. This is a
preferréd 5 %ﬁﬂﬁﬁﬁﬁneWPtBQﬁHgf¢brc¢¢ﬁ#¥ﬂﬂ§§°adéHQV?¢%Jaﬂﬂaﬂﬁﬁh9dSTﬁer

propagating thereof, are well known in the art and are
described in, for example, U.S. Pat. Nos. 5,559,099,
5,837,511, 5,846,782, 5,851,806, 5,994,106, 5,994,128,
5,965,541, 5,981,225, 6,040,174, 6,020,191, and 6,113,913, and

15 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 Press,
Ltd., New York (1996), and other references mentioned herein.
The construction of adenoviral vectors is well understood in

20 the art and involves the use of standard molecular biological
techniques, such as those described in, for example, Sambrook
et al., Molecular Cloning, a Laboratory Manual, 24 ed., Cold
Spring Harbor Press, Cold Spring Harbor, N.Y. (198%9), Watson
et al., Recombinant DNA, 2d ed., Scientific American Books

25 (1992), and Ausubel et al., Current Protocols in Molecular
Biology, Wiley Interscience Publishers, NY (1995), and other

references mentioned herein.

Transgenes
30 In one embodiment, the virus according to the invention is a
wild type virus, or a mutant or part thereof that is still

infectious in host cells according to the invention.



het eroI ogous information is ref erred to as "transgene'. The nmethods
according to the present invention are applicable with a virus, preferably
adenovirus, conprising any transgene, and hence the nature of the transgene
isinitself not material to to the present invention. Several possible
transgenes have for instance been described in WO 98/22588, p. 42-49.
Transgenes that may be present in a virus according to the invention may

f or mstanc‘@oﬁgosﬂ}?é?%peutl c genes, such as tunor suppressorPGRERMISNFEIUCI ng
15 but not limted to p53, pl6, APC, DCC, NrF-1, Wr-1, p21, BRCAl, BRCA2,
and the |ike; enzymes, such as cytosine deam nase, HGPRT,

gl ucocer ebrosi dase, HSV thym di ne ki nase o¥ human thym di ne ki nase, etc;

hor nrones, such as grow h hornone, prolactin, erythropoietin, chorionic
gonald_ot rOpi nIn tanutdied 2Bbstilifuheaf itngal Rarengs hepétomb Akt \ﬁ_gﬂsﬁt elnsikn

i nsulin, | ucagan ost t n, calcitoni.n, va re55| and the Like;

i nt er| euki nsc%n[l lc%?‘t“c?kllgﬁégm ﬁ%ﬂd%slq{ orpatiphy W ﬁ Chy A, rl&%lf"sedGWCgF TNF,
and t he |i kethemsetdresetyénegsidackeny umrerapyapedposes,pem fasc aghi sor ders,
such as ADA, er r apeut such as

angi ogenesi s Iitajh eg{tflgrésvgzgf‘?tgg%ﬁ;e&% eb| tg?lgga%% %t#lc‘?g%nresdantl sense
constructs tbodimestt U@xpge&rowaﬁarfc@ gdespyncal oveotrres Theuch as ras,

nyc, jun, bohetdioqdud Eh@o!ringglo@%.é’\’eﬂéfé%eam:bgggs‘Eﬂnsé@f@' nggesuch as
viral antigens, for i1nstance derived froma 30 picornavirus, cor onaV| rus

t ogavi r us, REARAT RECOFAABELTP r tRe Pﬁ%ﬁ%%&x‘/?%?“o’f‘%cﬁﬁ%&xﬁﬁb&? wi
poxvirus, hepadinmsd,r geferablyr adendeiddyi esprieipesahy Lﬁrarﬁi@@rﬁeheahdke

for instanc 5/ Q38Q 005/.050739 14 L& F | f| aI I tigens
frominfl ueﬁtivl% as po?‘ gé’FEZtan |gqerrlls‘,a f-8r *Fnst3 ance g" XI{IA?
hepatiti¥ B the thregentpdneantadnant i gen hepatitis B surface ant| gen), West

Nile Virus,sdabifs 1p0§é8§1@0¥ran§§&?§s HoW P6rVih¥Badc@Mben described
in WO 98/22588, p. 42-49. Transgenes that may be present in a

virus according to the invention may for instance be
therapeutic genes, such as tumor suppressor genes, including

15 but not limited to p53, pl6, APC, DCC, NF-1l, WT-1, p2l1, BRCAl,
BRCA2, and the like; enzymes, such as cytosine deaminase,
HGPRT, glucocerebrosidase, HSV thymidine kinase or human
thymidine kinase, etc; hormones, such as growth hormone,
prolactin, erythropoietin, chorionic gonadotropin, thyroid-

20 stimulating hormone, leptin, ACTH, angiotensin, insulin,
glucagon, somatostatin, calcitonin, vasopressin, and the like;
interleukins and cytokines, such as IL-1, IL-3, IL-12, G-CSF,
GM-CSF, TNF, and the like; replacement genes lacking or
mutated in specific disorders, such as ADA, factor I¥X, CFIR,

25 etc; other therapeutic genes such as angiogenesis inhibitors,
cell cycle inhibitors and the like; antisense constructs to
inhibit expression of for instance oncogenes, such as ras,
myc, jun, bel, abl, and the like; as well as antigens for
vaccines such as viral antigens, for instance derived from a

30 picornavirus, coronavirus, togavirus, flavivirus, rhabdovirus,
paramyxovirus, orthomyxovirus, poxvirus, hepadnavirus,

reovirus, retrovirus, herpesvirus, and the like, for instance



5 neasles, small pox, polio, HV (with antigens e.g. H V-1 derived gag,

env, nef, or nodifications thereof including codon optim zed versions, see
for instance WD 02/22080), Ebola, Mrburg, Lassa virus; or bacterial
antigens, fungal antigens, parasitic (including trypanosones, tapeworns, 10
roundwor ns, helm nt hs mal aria, etc) antigens, and the like. Cearly, the
person ski I‘ggg @47 art w || choose the gene of interest that is useful
in the envi 4 QSH apeutl c setting, be it in gene theraRCHRNI095/050739
vacci nation, and is not confined to the |ist above. It is also clear that
control 15 regions for the transgene are preferably present in reconbi nant
viral vectors ainmed at expression of the 14ransgene, for instance including
a pronoter and a polyadenylation signal. These are all aspects well known
to the per amres Iéplelcedlbalweaxatigeramcfﬁwednlﬁmheﬁwt teithes?@oekaboaat ed

her e. Several control Lops_ar | Scusse n WO _98/22588 49-55. Sone
adenovi ruses useg(?nS ﬁe rplggg%n %ven |ong%> ??P?%Bt %’d‘ e@®in the

exanpl es. ZRDQ_ngtlhgstigeﬂlllsemﬂﬂevls 3] @(utrlfeqeo&nhig@men@lﬁsrtu@;lehe Vi rus
replicates ipsige [fBeece! 5aRB0cP, HIGLRIY amhei'@pru gle%\a us infection

results finalTy i'nthe lysis of the cel'ls being infecte The "l ytic
char act erfi st1aS16=,adBAYi PO%/ tmjé?'orlgvpéf"ﬁffibsa%ww i 1F-eBENtInpdes of
virus producdd@iredlgagli e6¥, "BEe, iSr dalivashicignyi thSrddd Gndidagl! |ysis,
enpl oying external  factors to |yse the cell

The secon i s harvesti ng
TP us V- 2005805  PETPRPYBRSI S5t P 187 ApaI RSO A2 S 0880 oot
conpl et e celBbdMsi Mabkpuikbe Ppasshicedruss rous baeeertal. andS gratsgntfubgd 85, 958,

Qescr i 01 ng, e Dkesbh0ga; o AENONLAl, Wik BBHbebighS Bladiisatost coll's by

an external | atter hger I ncubation tifes are
10 roundworms, helminths, malaria, etc) antigens, and the like.

Clearly, the person skilled in the art will choose the gene of
interest that is useful in the envisaged therapeutic setting,
be it in gene therapy and/or in wvaccination, and is not
confined to the 1list above. It is also clear that control

15 regions for the transgene are preferably present in
recombinant viral vectors aimed at expression of the
transgene, for instance including a promoter and a
polyadenylation signal. These are all aspects well known to
the person skilled in the art, and need not further be

20 elaborated here. Several control regions are discussed in WO
98/22588, p. 49-55.
Some adenoviruses used in the present invention are further

discussed in the examples.

25 Lysing host cells
After infection of an adenovirus, the virus replicates inside
the cell and is thereby amplified. Adenovirus infection
results finally in the lysis of the cells being infected. The
lytic characteristics of adenovirus therefore permits two

30 different modes of virus production. The first mode is
harvesting virus prior to cell lysis, employing external

factors to lyse the cells. The second mode is harvesting virus



5 required in order to achieve conplete cell lysis, and hence high yields
of virus. Furthernore, the gradual spill of the host cell contents into the
medi um may be detrinmental to the integrity and yield of the obtained
viruses. Hence, it is preferred to enploy external factors to actively |yse
the 10 cells, according to the invention. Methods that can be used for
active cell h}éﬁ(}ﬁo @#3 known to the person skilled in the art, and have for
i nstance bes B8sed in WD 98/22588, p. 28-35. Useful rREHBMIOHSOTH s
respect are for exanple, freeze-thaw, solid shear, hypertonic 15 and/or
hypotonic lysis, liquid shear, sonication, high pressure extrusion,
detergent |lysis, conbinations of the abose, and the |like. In one enbodi nent
of the invention, the cells are |lysed using at |east one detergent. Use of
a detergentsupetrnhyahs afiset haladsant egeapleae ¢dll SLywiseasthe peéduted and

that it is gasily | abl e. ther me he ¢ nale Lysed by
shear usi ng%ﬁoluls \&Efg?bgr u?% rpa'-%% r% |4§%b9§%ch@%gscr el cr Eg W lng
03/ 084479. dietadegenmtisudSwidt@ttydrnssist pdt thanhdst lmaldsa@ofoﬁdl ﬁgtennahe

present i “\&?a%tt'o%‘ 2o the mawdhebdRr, elSHB&PYﬁE’cuﬂt@LogﬁQﬁfaé's' ¥r&nown to
the person skilled in the art. Several exanzl es are for instance di scussed

in WD 98/5225%‘11|5'ed29n3‘3rd%t*é? Fshievey sogreata i 1v&ds i ARAURRRSRI oni ¢,

cationic, 3ghwWytibe@lk0sE Cviand. MNaidtbRirtode] eﬂg@njx&dﬂe&phauyoﬂemé gents
i ncl ude but are not Ilm‘%ed t o, t.aur.gchol

deo I ate
t aur odeoxycht] até’ SO BT T3 UH© b ﬁzgﬁaﬁ‘ﬁmulﬂ?%m/orl l‘“ﬁbtibo‘é?o%‘b%%
PCT/ EP2005/ G&ﬁé&elwaazwsﬁrm t3>e14>p|t)a;nézmpsm(saas [ BeBieol antdbpr opy! )

di net hyl o f De Bi
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PLURONI G—°F683(er1)15rTﬂEERF¢QB'(19)t°W‘E piejon.

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

15 and/or hypotonic lysis, liquid shear, sonication, high
pressure extrusion, detergent lysis, combinations of the
above, and the like. In one embodiment of the invention, the
cells are lysed using at least one detergent. Use of a
detergent for lysis has the advantage that it is an easy

20 method, and that it is easily scalable. In another embodiment,
the cells are lysed by shear using hollow fiber
ultrafiltration, such as described in WO 03/084479.

Detergents .

25 Detergents that can be used according to the present
invention, and the way they are employed, are generally known
to the person skilled in the art. Several examples are for
instance discussed in WO 98/22588, p. 29-33.

Detergents, as used herein, can include anionic, cationic,

30 zwitterionic, and nonionic detergents. Exemplary detergents

include but are not limited to taurocholate, deoxycholate,

taurodeoxycholate, cetylpyridium, benzalkonium chloride,



5 (CALBI OCHEM r) Biochem cals), Thesit(r), NP-40(r), Brij-58(r), octyl
glucoside, and the like. It is clear to the person skilled in the art that
the concentration of the detergent may be varied, for instance within the
range of about 0.1% 5% (W w) . In certain enbodi nents the detergent is
present in the lysis 10 solution at a concentration of about 1% (ww. in
sone pil ot ri ts of the inventors, use of Triton resulted in | ess

vi scous solvﬁ‘ségﬁéos n sone other detergents tested (Tween ESJ/EP20(059730,
deoxychol ate). In one enbodi ment of the present invention, the detergent
used is Triton X-100. 15 Nucl ease The present invention enploys nuclease to
renove contamnating, i.e. nostly host c®#d |, nucleic acids. Exenplary

nucl eases suitable for use in the present invention include 20 Benzonase(r),
Pul mozyme( r) ZWBITERSENGt-Be 4 DN PSndBer [ RNalsel arcictopomopylised withing the
art. In pref I S J | Lhe.ou hS s
Benzonase(r )&{r{;/ﬁlgﬁ%%hglg 35/]5 h)l/g‘%%cf%gséﬁ\r%ﬁg%gggh 43 ds@'b%l %&&’yzﬁ

i nternal phd<HRdiResxyr BhGnEEAP i iidean pdérfi Inireredtildds, ¢HE%by

reduci ng theodipeasig-¥s1deopirbhes Ll divrakec-BesTong@eNt-boeANEN-80°
commerci ally obtained ofrom Merck KGaA (code W214950). The cgncentration in
whi ch t he nutFARETOGREME RioRhaRicals)y oFReahEYy NErAPry thic- e SFEYL 100

units/ m. Acgbiebgigid,0 ahdethavEeike Ot tilke chuakedseths wimpyekidlebeinre the
cells are lysed._ It .na added j.ust. .second ri.o to . (or virtuall
éh?fﬁrﬁl%?a¥ Qge gg%ékﬁéﬁhtion 026?3% d {?ﬁgené m%¥ be.

concom tant W ysi'S S pr e Iye nucl €3s€5i S ad %ﬂ to
t he cul t ure £or |igedtangre wiEh 200819865668 RPETAEPRD0G/ DEBAw/W) .nilnut e before

the 1ysis stgp+alhe elobifbhiy! endd ddtdYen?d480p - DMCL €356 1GRD 16388 be
i ncubat ed above process tenperatur e,one.ogf. around 40C, or_at the culturing

tenperatﬂ%e i%%%fiq&epﬁeénconcentrati about 1% (w/w). In some pilot
experiments of the inventors, use of Triton resulted in less

viscous solutions than some other detergents tested (Tween 20,
Tween 80, deoxycholate). In one embodiment of the present
invention, the detergent used is Triton X-100.

15
Nuclease
The present invention employs nuclease to remove
contaminating, i.e. mostly host cell, nucleic acids. Exemplary
nucleases suitable for use in the present invention include

20 Benzonase®, Pulmozyme®, or any other DNase and/or RNase
commonly used withing the art. In preferred embodiments of the
invention, the nuclease is Benzonase®, which rapidly hydrolyzes
nucleic acids by hydrolyzing internal phosphodiester bonds
between specific nucleotides, thereby reducing the wviscosity

25 of the cell lysate. Benzonase® can be commercially obtained
from Merck KGaA (code W214950).

The concentration in which the nuclease is employed is
preferably within the range of 1-100 units/ml.
According to the invention, the nuclease is employed

30 before the cells are lysed. It may be added just seconds prior

to (or wvirtually concomitant with) the lysis step, but

preferably the nuclease is added to the culture at least one



about 35C to about 37C), or at roomtenperature (around 5 20C) or | ower
(e.g. around 0C), wherein in general |longer incubation tines are required
at |ower tenperature to achieve the sanme result (see Benzonase(r) brochure
Merck KGaA code W 214950). As a non-limting exanple, the incubation can
for instance be performed at about 37C, for about 10 m nutes, 10 after
which the cells are | ysed. Obviously, the nuclease can and preferably wll
still acti WEPOUMIPEGe nucleic acid after the lysis step, BREPI0FBINIM n
enbodi ments according to the present invention the incubation of the cells
wi th endonucl ease after lysis is prolonged for about 50 m nutes 15
(resulting in a total tinme of the nucl easertreatnent of about 1 hour,
although this tine my effectively be still |onger, because it is

anti ci pat ed hhattd heefuie ease 1wslib stép! M dadinctuoBakeuwith tHe iaside@noved
i n subsequent rificatiqn steps). This.is considerably shorter than the
overni ght 20 PRLEARE (A deey BRg PP HERES SR = o SRo L PRES T S =+

i ncubati on, suolNAHAFW, iorskENtbe2chbdtmsing twr@eraghtceore . § orlgerwdancubat i on
(in Benzonasgfb)e bswgoeiagé%mkaﬁeaﬁ, 0o Gtz ! Yalpedat il Olatfludp 30 hours

i ncubation are provide al so possible according to the nethods of the
present 2% i Aferl ioh, 1INAT i(€-Fot aregdr@dio WIRrsin aBceprarte Fagans. It
Wl be cl eaintfiBdtidie timksl Sret eBquite®. ats UGt itBEipbbetussl s Liledieni Ng
the virus produced therein to lysis) as ysed in these enbodinents, is neant
to be a |ysi §'8t ¥RVt SeexPERAAR2S AC IFTOShSEM AT KCaPY §PAY Rost
celI's" abovepjsss@h. 3} as rdndatigh @Rl oL 1YSlthe dUbliBgtibe &M tayd ng of
the cells vvhergl n the adenfow rés %s ]grog ted, somg cel l(? nay al ready
| yse because BFCEHE I REFERTBEeAE 20T oty Sxt FOTaPoPYE] S0 VI 06080556
PCT/ EP200%/ 026%¥88 wilig-H aticorcellldence, lysedr eftariroaclepbote nentBeassictan ysi s
. . 0
in the abseggg of &x18M0ALM3CLRES1 NES: ARG 'R e 8881408 &M %arrer
the lysis step, and in certain embodiments according to the
present invention the incubation of the cells with
endonuclease after lysis is prolonged for about 50 minutes
15 (resulting in a total time of the nuclease treatment of about
1 hour, although this time may effectively be still longer,
because it is anticipated that the nuclease will still be
functional until it is removed in subsequent purification
steps). This is considerably shorter than the overnight
20 incubation disclosed in WO 98/22588. Of course, longer
incubation, such as for instance 2 hours or overnight or
longer incubation (in Benzonase® brochure Merck KGaA code W
214950, data for up to 30 hours incubation are provided) is
also possible according to the methods of the present
25 invention, but is not required to obtain acceptable results.
It will be clear that the ‘lysis step’ (i.e. subjecting the
cells containing the virus produced therein to lysis) as used
in these embodiments, is meant to be a lysis step employing
external factors (see under ‘lysing host cells’ above), such
30 as a detergent. Obviously, during the culturing of the cells
wherein the adenovirus is propagated, some cells may already

lyse because of the virus in absence of any external lysis



preferably | ess than 40% nore preferably less than 30% still nore
preferably |l ess than 20% of the host cells, when nuclease 5 treatnent is
started, i.e. preferably nuclease is added when the cells have a viability
of at least 50% 60% 70% 80% respectively. Although not preferred (see
above), nethods that are dependent on lysis of the host cells in the
absence of 10 external factors can be used. Processes involving

> spont aneoY¥Q 200348855aave been descri bed, wherein the use ofPCTHERPGVHOEIi S

di scouraged (see US patent 6,485,958). However, according to the present
inventors it will be beneficial also in such systems to add nucl ease during
the later stages of the 15 culture, i.e. pgeferably when the host cells
wherein the virus is propagated still have a viability of at |east 5% nore

preferably atad@nsd. HW¥Urest ihl prOrérfuLiaiablivedts) eagdn 21%215( isnetnéhen | ess

t han 95% 90O 80% of_t cells_are respect | veI is anticipated
t hat thIQS wif ‘?I}Fper &feef‘%grﬁﬁhpf‘%%‘é%:%glk}‘?sqﬁglcflfgeﬂfl‘?hJe tfé}aﬁ’e& OFp r us \R/hen

this step mmutedfeﬂr&al@nﬂ.le@yedhahtma trh:e:l’eefp(i:iae'eaablflele%pﬂﬁn a0 %, hetill
i nvention t ool eqf%r%b tﬂgg %,ﬁpurﬂ fth%a{.logg Vi WSS tha
For ne?]h r‘rr‘prl scl n

capabl e of Iy5| n ost c sal o ?he
steps of :5 a) thMQShe;@ﬁrEem si conmriefiengbdy2Bugl ease cvaq)mdedofnhEysi ng

sai d host celhs,cdh Ndavesti ogayu d0ldtoniengt E'@y é64 eampy i Rbg, cul ture
fluid without Iysis of the host cells by an external factor, ‘characterized

in that a niRIRERIEYedYadded to the culture before 95%of the host cells
has been |ysed. |K]Ltﬁﬁufgw Ro€NPOEFERId S, (dee abekeaShetisodddatt3@rko t he

culture before 90 ref rably OfV of t as been lysed. The
finding of tH&f op rrgf’ﬁ?ﬁ? r{ré‘?géﬁdllﬂgldfs’% FHETHL 9 r‘(rJa per cent age
of cell sia haefctmatieeiadcb@rzocsn0@@55&@%@?@965!505@7(3971@ | ysed) to add
the nucl eases i e a5PeGLEsOhatdGddl 2 bed, wherein the use of

Benzonase is discouraged (see US patent 6,485,958). However,
according to the present inventors it will be beneficial also
in such systems to add nuclease during the later stages of the
15 culture, i.e. preferably when the host cells wherein the virus
is propagated still have a viability of at least 5%, more
preferably at least 10%, still more preferably at least 20%
(i.e. when less than 95%, 90%, 80% of the cells are lysed,
respectively). It is anticipated that this will improve the
20 process in quality of the obtained virus when this step would
be employed. It is therefore another aspect of the invention
to provide a method for the purification of a virus that is
capable of lysing host cells from host cells, said method
comprising the steps of: a) culturing host cells comprising a
25 wvirus capable of lysing said host cells, b) harvesting virus
following their release into culture fluid without lysis of
the host cells by an external factor, characterized in that a
nuclease is added to the culture before 925% of the host cells
has been lysed. In certain embodiments, the nuclease is added
30 to the culture before 90%, preferably 80% of the host cells
has been lysed. The finding of the optimal moment (i.e.

corresponding to the optimal percentage of cells that has been



wi || depend on the amount of nucl ease added and the decrease in specific
activity of the nuclease during incubation, and can be enpirically found by
the person skilled in the art, now 5 the advantage of the addition of

nucl ease to the culture per se has been disclosed by the present inventors.
Clearly, the obtained |lysate according to this aspect of the invention can
be further purified enploying nmethods and steps as di scussed herein, such
as filtrat WM2a08¢M6 omat ogr aphy. 10 International patent ZOFIER28A0SATINO

03/ 097797 describes alternative nethods for purifying adenovirus particles
from cell lysates, conprising the addition of a selective precipitation
agent to precipitate inpurity DNA. Although it is stated therein that a
nucl ease step is not required when 15 that nethod is used; such a step in a

later stage 9fsthp ¥ orRiuie 'n%c‘.’!éggefﬂ{ E}fé@&h@%éétswf ﬁ'?é hat,RAGGQRdI Ng to

the present |nvent|on i ncluding the step of adding a nuclease prior to
host cel |l |y¥isl deRpRd QR-f&S ?mBBnEoﬂﬁl?RR¥3ﬁsﬁhaﬁﬁ§d aQdi B riFresse .-

sel ectively phespetinid eirtaganly aft ehe | yisd1Has20 dubkehgbyn st Hep of
nucl ease addltl n_ | ater

he cess refer 3/ 097797
potential |y “8fpaffFiot rlcalltl anf‘ eatperﬁsogpﬁﬁ‘ﬁgéﬁq \K%‘eo?/rﬁ'/oé‘ k]
enpl oys a5 cbhei adoustaEntat ﬁ@gaadgntxmnruﬁjdumieaselaolbmeodulMunﬁsphmon1 25

host cellS: LOChg!hobhldild dseas il £ ée%n@%kreﬁeaf:sce@im faldsgn under

conditions effective to concentr at s into a pelle
pel | et ed cel PBtatred)kigale ACOPriing tenthis @fPeichHt 9fatbél 1msentoipny &@&pt acl e

under condi tbengurﬁiéleqsdx\&@lna@ edeol gy GRldrsNdnkhgkehy 2Ot& Jbusdapsat e.
30 Clearly, the cells according to that nethod is also wthin the

scope of ggﬁﬁl‘?he‘s"}ﬁ}%tascéﬁ@%&’ér%‘?%g"?&“ﬂ?@grﬁ?@é‘ent i nvention, and
hence itws ant i crm@éﬂnhﬁitmialalpameaucépzvnc%ﬁﬁw:ﬂm%m’mEPM:&I%ESQ 20

alternative methods for purifying adenovirus particles from
cell lysates, comprising the addition of a selective
precipitation agent to precipitate impurity DNA. Although it
is stated therein that a nuclease step is not required when
15 that method is used; such a step in a later stage of the
procedure is used for robustness. The method according to the
present invention, including the step of adding a nuclease
prior to host cell lysis, might suitably be combined with the
addition of a selectively precipitation agent after lysis,
20 thereby making a step of nuclease addition later in the
process (as preferred in WO 03/097797) potentially
superfluous.
International patent application WO 02/070673 employs a
continuous centrifugation method for isolation of virus from
25 host cells: the cell culture is subjected to continuous
centrifugation under conditions effective to concentrate the
cells‘into a pellet, and the pelleted cells are ejected from
the centrifuge into a collection receptacle under conditions
effective to lyse the cells and thereby obtain a lysate.
30 Clearly, lysing the cells according to that method is also
within the scope of ‘lysing the host cells’ according to the

present invention, and hence it is anticipated that also such



a nmet hod shoul d benefit fromthe present invention, i.e. addition of

nucl ease to the cell culture before subjecting it to the continuous
centrifugation nmethod, the thus inproved nethod resulting in | ower nucleic
acid contamnation in the 5 |lysate and hence in the final purified product.
Clarification In preferred enbodi ments of the invention, the host cel

| ysat e conpﬁ&fg virus is clarified. Carification may be 10 done by a
filtration steBEQW@%%%ing cell debris and other inpurities. PEIEPHIISESEBYt er s
may utilize cellulose filters, regenerated cellulose fibers, cellulose
fibers conbined with inorganic filter aids (e.g. diatonmaceous earth,
perlite, fumed silica), cellulose filter2 conbined with inorganic filter
aids 15 and organic resins, or any conbination thereof, and polyneric
filters (examwesbofdnehaded erneffit foom ithet preseninyinventipol yprepyl ene,

pol yet her sul { @i§) ochOo2ChLEVE KL fte&ten\ée_cgﬁmvxgitu@@%&%%msﬁ%ecwﬁ&gﬂ iAﬁS-

in general, a nmultiple stage process is preferable but not rfequire

exenpl ary t i SPe20°RRtBBEE FRAIFCESSinBUIERASPsi e Shug dBarseedi|ter (s)
to remve |n?itgﬂ>dpﬁsﬁ§hpt_iﬁ<§leixﬁrlbv&éﬁ:! hu@@éﬁ.bsaéﬂh|%&ﬁﬁnﬂ;ﬂ&bhshhngheslecond
stage filter(s) wth nominal, pore sj.zes greater than .2 micron but |ess
than 1 mr O]rys) e 2Bt PRBFS ¢ ’ibf?at#lé‘ﬁlngyrl °d RS on of the precipitate
size distribution as well as 25 other variables. in addition, single stage

oper ati ons @#Bh9¥kggignrelatively tight filter or centrifugation may al so
be used for clarification. Mre generally, any clarification approach

i ncl udi ng deld rerderredr erbedinentey offi theatnventiepntthef dgati eallor body
feed of filtgfsatiedsohBrisitly ArUBLEUSS 130c8aFiMed N CIGHIMAEEIBN LAY be
dead-end or 4ﬂgr1flltrat|on, which provides a filtrate of suitable clarity
to not fdul 49 PHeAbFfAhEr AR HrS TRy FEPHIPBeCetb ATt 38FepftPeRi 1| be WO

2005/ 080556 inplrER26685/ 86073 e ZXHilters may utilize cellulose filters,
regenerated cellulose fibers, cellulose fibers combined with
inorganic filter aids (e.g. diatomaceous earth, perlite, fumed
silica), cellulose filters combined with inorganic filter aids

15 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 recoveries. In general, a multiple stage
process is preferable but not required. An exemplary two or

20 three-stage process would consist of a course filter(s) to
remove large precipitate and cell debris followed by polishing
second stage filter(s) with nominal pore sizes greater than
0.2 micron but less than 1 micron. The optimal combination may
be a function of the precipitate size distribution as well as

25 other variables. In addition, single stage operations
employing a relatively tight filter or centrifugation may also
be used for clarification. More generally, any clarification
approach including dead-end filtration, microfiltration,
centrifugation, or body feed of filter aids (e.g. diatomaceous

30 earth) in combination with dead-end or depth filtration, which
provides a filtrate of suitable clarity to not foul the

membrane and/or resins in the subsequent steps, will be



acceptable to use in the clarification step of the present invention. In
one enbodi nent, depth filtration and nmenbrane filtration is used.
Commercially avail abl e products useful in 5 this regard are for instance
mentioned in WD 03/097797, p. 20 21. Menbranes that can be used nay be
conposed of different materials, may differ in pore size, and may be used
in conbinations. They can be comrercially obtained fromseveral vendors.
10 1t has NYW2W&OROBGund by the present inventors that cer PETEP2AVAPEAes
unexpectedly give superior results in the process of the invention,

provi ding much i nproved clarification conpared to other nmenbranes (see
exanple 4). It is therefore a preferred epbodi nent of the invention to use
15 a conbination of 0.8 pmand 0.45 pmfilters, preferably Sartopore-2

filters, fora&tdddddic@iciolse id th@fdidsiatiicanidhabidd réd 1o Jridseqtain
enbodi ments of the invention, the virus suspension 20 is subjected to
ultrafiltrattofffiE@ltration at | east once during the process, e.g. for
concentrating thernionds eaB8adhenblfdastiedinargeioanahd mdndram@ncent rati on
and diafil trgt' on tof t.he cl ﬁ'réi{%i ed har%/%glst. Th(fi,I process. u ed to _concentrate
the virus actord ng™ &5t Kefet AEHGIC1He Yo AEEEAF I AVRTT B T AT 251 A8l ude
any filtratiomiproegessl @eegforuitsidndd menitdonédFl) WOHE/AINETcopceRb+at i on
of virus is jncneased Ry tALET BGy i | e gla&r grén ?ﬁﬁﬁ@éjeé WO R Lhiter in

such a manner that the diluent is renoved € virus preparation
wher eas t he "Jiexixrlisy JRabPéLfer pha PtE AiFie -t RBATPRY &fe aiRed Hér eby 30

renmains, in eaNCHIHYIRINA] TREP chR bdedhndiTiRieparBts Oied Grdr sed@eali bed in
detail in, e. Mcrofiltration and Utrafiltration: Principles and

Appl i cat i onsvSidoBR 0 Lnd A WD 2005/ 080556 PCT/ EP2005/ 050730
10 It has now been found by the present inventors that certain

nmembranes unexpectedly give superior results in the process of

the invention, providing much improved clarification compared

to other membranes (see example 4).

It is therefore a preferred embodiment of the invention to use
15 a combination of 0.8 pm and 0.45 pm filters, preferably

Sartopore-2 filters, for clarification.

Ultrafiltration/diafiltration
In certain embodiments of the invention, the virus suspension

20 is subjected to ultrafiltration/diafiltration at least once
during the process, e.g. for concentrating the wvirus and/or
buffer exchange, and/or for concentration and diafiltration of
the clarified harvest. The process used to concentrate the
virus according to the method of the present invention can

25 include any filtration process (e.g., ultrafiltration (UF))
where the concentration of virus is increased by forcing
diluent to be passed through a filter in such a manner that
the diluent is removed from the virus preparation whereas the
virus is unable to pass through the filter and thereby

30 remains, in concentrated form, in the virus preparation. UF is
described in detail in, e.g., Microfiltration and

Ultrafiltration: Principles and Applications, L. Zeman and A.



22 Zydney (Marcel Dekker, Inc., New York, NY, 1996). A preferred filtration
process is Tangential Flow Filtration ("TFF.") as described in, e.g.,

M LLI PORE cat al ogue entitled "Pharnaceutical Process Filtration Catal ogue”
pp. 177-202 5 (Bedford, Massachusetts, 1995/96). TFF is widely used in the
bi oprocessing industry for cell harvesting, clarification, and
concentration of products including viruses. The systemis conposed of

t hree di st iw@0gsr08ess6s streans: the feed solution, the pePGIAER085QFTHe
retentate. Depending on application, 10 filters with different pore sizes
may be used. In one enbodinent of the present invention the retentate is
the product, and can be used for further jgurification steps if desired.
For this enbodinent, the particular ultrafiltration nenbrane selected wll

have a pore $iaRegUlhd FEEDDIRIM! lTnk0, 1Rek BEMN Wiy, US oBlY .| BT 9 £NOUGH tO
effectively clear inpurities. Dependi ng on the manufacturer and nenbrane

type, for ~addhEVRELSR RFFRES i deursrtivl ghtow dtiditretimmne) THEt wesh 100
End 1000 kDﬁdﬁB;éxr:rEBeﬁp.pdipwjga,t,eMm&Pbﬁngtaﬁlﬁ‘bﬂd@iﬂ)re&&GilW}ith 380 kDa or 500
Da NMAC. Theg rane_co ition e,.but 20.is nqt lim ,

r egener at ed nggﬁwgg%‘}tb%%g%?&ref@ ﬁ%‘é?aﬁbﬁ Fsqee odegH ?ﬁé%es

t her eof . Fhe (BedbradesMzsradierddtats, 3BBBY36Dr TRR limvwidedysus&F i general |y

referred to fi i S§ i r i Sjze h .1
i Pr oducy s PPErEeAEI N o) 862 BLiT Bl 8 ® o x I ERSuE o DR
per meat i on. TFRECEABrABLEN WPEAEPAYSES drehedir@srirysestFEhpnsypken is

bi ophar maceutdbagbst8dyst £yrad Q1 BIRt&pEE88Es adid-e M | AWl irhal BOCW £,
Hol l ow fiber units for ultrafiltration and mcrofiltration were devel oped

by Ami con andPRaRPEBREFH 2RHeardsre16768 - (RSREJENY A BPPLAFRFL9 2t i on
Handbookyp eventdfst wdtlghdhbfetdrar @oaresimés inde heendeds Tacbndi ng Spectrum

and AN G Tecﬁ%kgﬂg\éenl hee hﬂlé O%Hé'e%‘%r '%Q#Lfén CﬁﬂeSirsette%fta%Q RLTAYe Of
sel f-supporting fibers wth a“dense skin layer at give
product, and can be used for further purification steps if
desired. For this embodiment, the particular ultrafiltration
membrane selected will have a pore size sufficiently small to
15 retain virus but large enough to effectively clear impurities.
Depending on the manufacturer and membrane type, for
adenovirus nominal molecular weight cutoffs (NMWC) between 100
and 1000 kDa may be appropriate, for instance membranes with
300 kba or 500 kDa NMWC. The membrane composition may be, but
20 is not limited to, regenerated cellulose, polyethersulfone,
polysulfone, or derivatives thereof. The menmbranes can be flat
sheets or hollow fibers. UF is generally referred to
filtration using filters with a pore size of smaller than 0.1
pm. Products are generally retained, while volume is reduced
25 through permeation. The two most widely used geometries for
TFF in the biopharmaceutical industry are plate & frame and
hollow fiber modules. Hollow fiber units for ultrafiltration
and microfiltration were developed by Amicon and Ramicon in
the early 1970s (Cheryan, M. Ultrafiltration Handbook), even
30 though now there are multiple vendors including Spectrum and

A/G Technology. The hollow fiber modules consist of an array

of self-supporting fibers with a dense skin layer that give
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WO 2005/ 080556 PCT/ EP2005/ 050739 23 the nenbranes its pernselectivity.

Fi ber dianeters range from 0.5 mm- 3 nm An advantage of hollow fiber
nodules is the availability of filters fromsnall nmenbrane areas (ca. 16
cn2) to very |large nmenbrane areas (ca. 28 M2) allowing linear and 5 sinple
scale-up. In certain preferred enbodi nents according to the invention,

hol | ow fi bers are used for TFF. These are reported to give | ess shear and a

better virdYO200089356e/ i nfectious unit (VP/1U) ratio than fAGHERQPAE739

menbranes. In certain enbodi ments, hollow fibers of 0.05 pm 10 are used
according to the invention. D afiltration (DF), or buffer exchange, using
ultrafilters is an ideal way for renoval 2and exchange of salts, sugars,
non- aqueous solvents separation of free from bound species, renoval of
mat eri al of lkaw fehecahes v Qiﬁrms@llebaﬂirﬂtﬁhmgﬁrlﬁhefneitaﬂbCr@rlik_ﬂé frcaH
envi ronnents. g/l cr osog ut es ar '

st .effigi entl addi sol vent
to the sol uti'én B8 ng® Mt A ﬁc{ eapeaggt rrg DAt qflg‘ Ren § flﬁi SO At This
washes i crevpédakslitymef e ldwinst ifgnmasmal L owstrsney alreas, (parifgiang) the

retained viruyg, vli??ePéP&é’Qﬁe %'ét 1.0Q,Ut i LLZesy %ZPFﬁﬁS&%? fﬂue%%:c gge the

buffer of the Iysate prior ther ~chronat ogr aphy or™ o pur i |cat|on
steps. Acéor GilA§leoseME- @m&m rﬂ%ﬂtaéﬂ Phéfﬁhmtqn@m)@F\GBVSTﬁFW%dmft@rned

for buffer %@haﬂg@ntm;mdumeﬁ@%tsl 8he Qisdfdar TeguakBeb8easenoval of
perneate. 25 OF/ DE can be use"t?stshé oncentrate and/ or buffer exchange the
t

virus suspensi® BRECETCH? H NG PEsBAE F MRS iRt different stadia of
the purificaeehipletbsfecieians tund tl Wvay ru) arel o7 thiant Ifelatpacréeled Vi rus

suspensi ons SuG-8eLNORE J1Alas NANSMRELEONG, TQIHBACIPDY. o 30, | one

enbodi ment accordrng to the invention I's ~concen rat ed OF/ DF
5-fol d, aAd tife resdl 2¢errdionrdmt r‘t@teednventlonc

Diafiltration (DF), or buffer exchange, using ultrafilters is
an ideal way for removal and exchange of salts, sugars, non-
aqueous solvents separation of free from bound species,
removal of material of low molecular weight, or rapid change

15 of ionic and/or pH environments. Microsolutes are removed most
efficiently by adding solvent to the solution being
ultrafiltered at a rate equal to the UF rate. This washes
microspecies from the solution at a constant volume, purifying
the retained virus. The present invention utilizes a DF step

20 to exchange the buffer of the lysate prior to further
chromatography or other purification steps. According to one
embodiment of the invention DF by TFF is performed for buffer
exchange, wherein the addition of buffer equals the removal of
permeate.

25 UF/DF can be used to concentrate and/or buffer exchange the
virus suspensions according‘to the present invention in
different stadia of the purification process, e.g. the lysate
and/or further purified virus suspensions such as those that
have undergone chromatography.

30 In one embodiment according to the invention, the lysate is
concentrated by UF/DF 5-fold, and the resulting concentrated

virus suspension is buffer exchanged with 6 diafiltration



Vi rus suspen5| on is buffer exchanged with 6 diafiltration WO 2005/ 080556
PCTI EP2005/ 050739 24 vol unes (DFV) of a buffer conprising 1 MNaC, using a
constant volune diafiltration nethod. it was found that this high sal t
concentration significantly inproves the quality of the resulting virus, as
many undesired proteins were lost 5 during this step (see exanple 2). It is
therefore a preferred enbodinent according to the invention that the
clarified WQ2e588056exchanged agai nst a sol ution conpri si & THERROGS/EFOFA
NaCl, e.g. around 1 M NaC, or another salt providing an equivalent ionic
strength. It will be clear to the person to skilled in the art that both the
anion and the cation of the salt can be ghhanged. Before the virus
suspension is subjected to anion exchange chronmatography, it nay be buffer

exchanged wi thy;ambHf f8#v) C&ETIH i@ r0cdmpt Noflg 10 aRehNEhs$ALta Providing an
equi val ent 15 ionic stren I n_one enbodi nent, this is acconplished by

const ant vol GRBS§RAFi Yo+ ?d?fa%tﬁ@tpmuéﬁd't Het Fési feyndph ?‘értmﬁjrt her

purificati onnhd@hAeabt dédgeéd ot e ioar @anﬁﬂb@@hwtmmfovbbetnéeqeﬂht;nmt| on,

the virus Sug| I’ISI onl{:hat hal;susbeen obtain éi %/1’{ Jg) t hod _acco ing to t he

present |nven pret &Y abt§* 4r & "B aPPFT TS ﬁ’r etlﬁg F§E8t 5% s further
purified,se. glurbyag hieihosiser efr@ealekpmkhewR) t Ol e pdegefioski alwferndue art.
This 25 may f4 C | gye y gation, as
for instance 8‘5393@%23 gcggr@fg% %\265 §Q lg%%g}'%nl %@egg%abﬁgg}%%\ée%er

further puri f¥éatrohs erpFoarIasd al%&@ﬁtoﬂesola*#mt%@&ﬂﬁyngt@ps 250 fbr

i nstance di sm&aedel a V&Q&&{@%&ﬁmc&o Br Slotier NRNE PLOceasRs dave been

descri bed for the urification_of viruses, wherein chromatography
steps are equiva 1on c strength. It will be Cclear to the person

10 skilled in the art that both the anion and the cation of the

salt can be changed.

Before the virus suspension is subjected to anion exchange

chromatography, it may be buffer exchanged with a buffer

comprising 0.4 M NaCl, or another salt providing an equivalent
15 © ionic strength. In one embodiment, this is accomplished by

constant volume diafiltration, using 4 DFVs of the desired

buffer.

Further purification
20 According to preferred embodiments of the present invention,
the virus suspension that has been obtained by the method
according to the present invention, preferably after
clarification of the lysate, is further purified, e.g. by
methods generally known to the person skilled in the art. This
25 may for instance be achieved by density gradient
centrifugation, as for instance discussed in WO 98/22588, p.
59-61.
Preferably however, further purification employs at least one
chromatography step, as for instance discussed in WO 98/22588,
30 p. 61-70. Many processes have been described for the further
purification of viruses, wherein chromatography steps are

included in the process. The person skilled in the art will be



included in the process. The person skilled in the art wll be WO

2005/ 080556 PCT/ EP2005/ 050739 25 aware of these processes, and can vary the
exact way of enploying chromat ographic steps to optim ze the process of the
invention. It is for instance possible to purify certain viruses by 5 a
conbi nati on of ani on exchange and cati on exchange chromatography steps, see
US patent 6 008 036 It is also possible to enploy a hydrox atite nmedi um
for purifyWAgd i rus, see WD 02/44348. A reversed-phas‘z‘jﬁﬁg@F’ﬂW’@ﬁ’ step
m ght al so be used as for 10 instance described in WO 03/097797, p. 26.

For adenovi rus purification, it is preferred to use at |east one anion
exchange chromat ography step. After the anison exchange chromat ography step,
the virus may be sufficiently 15 "pure.' In certain enbodi nents however a

Si Ee excl usi ?ﬂraréhbﬁﬁﬁﬁ@% ey, anliuedheraperdny r&dc]{towagceﬁase t he
robust ness of the process rior, to or after the anion
exchange ChTﬁﬂE&8§$gghﬁh§?%§toQﬁ%ﬁh&ﬁ§F§¥p8th rOPHIHFS FRE BROSERDSC T 4l so
be suitably dowkbhhédnwith an anion 20 exchange chromatography step. The use
of ani on exchan ofRL denoyvi ru f.i cati been
extensively ggsg§|ggé and@&%pg%gig%%? £ P?ﬂéé@f%%%hﬁglﬁarg Qa§¥he reach
of the pefso® skibiaation ofheamnian ewﬁhyndefémﬂ&ﬁﬁtxﬂﬂwﬁm@beggaphy matrices

have been 25 c@mg}ngxggr y Ptrddd Calde0Bs0oha adenoy) gats oed are suitable, and
the person skilled in the art can easily find d the op timal  anion exchange

material for Jfultsf g PRRSIRIQLO ieaiplpﬁs?am%ro’@mafé&tﬁymﬁﬁéWOF?’aw ng art.
US patent 5, &&Zﬁ?ﬁnése@ex@émi}Mygﬁ@ ab a2/443:9@5 Human Gene 30 Therapy 6:

1403 1416) dgserlBesea MRLAOLOIoRUILYE0g, AESNO IS HAGLEMD Aheefiost cel

10 instance described in WO 03/097797, p. 26.

For adenovirus purification, it is preferred to use at
least one anion exchange chromatography step. After the anion
exchange chromatography step, the virus may be sufficiently

15" ‘pure. In certain embodiments however a size exclusion -
chromatography step is further performed to increase the
robustness of the process. This step may be prior to or after
the anion exchange chromatography step. Obviously, other
purification steps may also be suitably combined with an anion

20 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

25 employed for purification of adenovirus and are suitable, and
the person skilled in the art can easily find the oétimal
anion exchange material for purifying the virus, for instance
guided by the following art.

US patent 5,837,520 (see also Huyghe et al., 1995, Human Gene

30 Therapy 6: 1403-1416) describes a method of purifying

adenovirus wherein the host cell lysate is treated with a



WD 2005/ 080556 PCT/ EP2005/ 050739 26 nucl ease, followed by ani on exchange
and netal ion affinity chromatography. _ US patent 6,485, 958 descri bes the
use of strong ani on exchange chromatography for purification of reconbi nant
adenovirus. 5 Anion exchange chromat ography has been enployed with fluidized
bed colums for the purification of adenovirus particles, see W 00/50573.
Furt her, expanded bed ani on exchange chromat ography, and certain

chr omat ogr 3¥A2eOSM8SAs for ani on exchange 10 chromat ogr aphy FIFPBVIPT¥at i on
of adenovirus particles have been described in US patent 6,586, 226. In
addition to ani on exchange col utms, ani on exchange nmenbrane chromat ography
products such as those produced by Pall (e¢g. MistangTM series) and
Sartorius (e.g. Sartobind series) are 15 suitable. For use of these filters

and their advaetagss, i fol RARRPYY uhibH! bkékAdO e achal i8St APEEMQ
03/078592. (earl | oyment of such filters also falls within the scope

, €
of the tern1{@ﬁ98ﬁ¥%§5 e chromat ography' as used herein. 20 US patent
6, 537, 793 desxsr phesant he, 485, 9 aldseribbsatedovdd alf spabhigChasoh rexamsie

cells using ion-exchan chy omat ogr.aph in_particular tegching a
pref er ence fc??‘rangg%ﬁlé%%%% tpfﬁ:gsfalggfy‘i@ﬁr%%aﬁefﬁgéﬁﬁfagtsﬁgﬁg?‘{gf‘bsr' this
purpose. Bn é&méoenbadhamgr chgfomeiooprpbgnhas rhestt icowplogedadéhbvilwslized

further purifhegdc@Puttsd nﬂabxla t@es%@rf%ﬁt&n Cot %and%irﬁésﬁéwfglé@,ovseee the

process may further suitably efnploy a size exclusion chromatography step.
| nt er nat i ona™aBprPeat3on WO 97/ 08298 describes the 30 purification of
adenovi r uses rusitAgrf eéip i R EedbapBkEhaiidd IdHERMmalttogREPMENt agk@mage to

the viruses, |neluding anion .2GNANAE: 3008128 SCludton gt eps.

10 chromatography for purification of adenovirus particles have
been described in US patent 6,586,226.

In addition to anion exchange columns, anion exchange membrane
chromatography products such as those produced by Pall (e.q.
Mustang™ series) and Sartorius (e.g. Sartobind series) are

15 suitable. For use of these filters and their advantages in
adenovirus purification see for instance WO 03/078592.
Clearly, employment of such filters also falls within the
scope of the term ‘anion exchange chromatography’ as used
herein.

20 US patent 6,537,793 describes the purification of adenoviral
particles from host cells using jon-exchange chromatography,
in particular teaching a preference for Q Sepharose XL types
of chromatographic support for this purpose. In one embodiment
of the present invention, an adenovirus is further purified

25 using a Q Sepharose XL column.

As described above, the process may further suitably
employ a size exclusion chromatography step.
International application WO 97/08298 describes the
30 purification of adenoviruses using certain chromatographic
matrices to prevent damage to the viruses, including anion

exchange and size exclusion steps.



WO 2005/ 080556 PCT/ EP2005/ 050739 27 US patent 6, 261, 823 descri bes a net hod
for purifying adenovirus wherein the adenovirus preparation is subjected to
ani on exchange chromat ography fol |l owed by size exclusion chromatography. In
the size exclusion step, a group separation 5 of viral particles from
inmpurities of |ow nolecular weight is achieved. According to certain
enbodi ment swaj 2do56s sent invention, about 15-30% preferabhly about 20% of
t he col umm voluﬁg(?g@loaded on the size exclusion colum (523éﬁam§éﬁﬁpation
node of size exclusion chromatography). 10 Hence, in a preferred enbodi nent
of the invention, an adenovirus suspension that has been prepared according
to the nethod of the invention is furthér purified using an anion exchange
chromat ography step and a size exclusion chromatography step. 15 WO

03/ 078592 descri PPNty 258/ fRdhdeProikp it Methed fexcharblyind ters (i.e.

a charged fhbérbvihad W@MHaAin$hanh@BnoeXENATHIRGBHARRSH igrswﬁé@éd 4 (Ad5)
re descri bed for such charged

purification.,The foll ow adyant ages b

filters 20 &6 O%r%’({fﬂf%n%%icgﬁm %ﬁgﬁa h%o??ﬂrﬁ%’“.ed(ﬁo)y FAEPeP*FH oW Fhtes, (i)
hi gher bi ndchgomapegraphy { iIn Jthei ghee @kelssiecowepy, a Grogip nsepackiirg or
cleani nds vabldaii o SBAN LR T0bnClbBl N sod!9% AN nbYLolPal | ISIHE deosues
or storage issues whien I sposabl e Fter Cartri ges are used. descri bed
above, the 25hiSecdf ARIFHADFCegehhage dnbqdiments af Ehpopresant of the

present inveateRPioNthidsutan se3edi prate soS) dajod 20g! Beeghe Wedinh t he
scope of "ani on exchange chronatograghy' in the present invention. However,
in additi onVPLUBRi 1y HPWLiARaLBAt S1EBr X HHIPC FPGHBEOSPEPHY, the present
inventors haupaBétsot piocd Y wikeusatcins bsly aMragatbaiaphy) f yi ng adenovirus
ser otypg, 35,6A435) 1 is N9 L AULLLLEGIR00E S 1M 1oQURE1LRE an

adenovirus suspension that has been prepared according to the

-

method of the invention is further purified using an anion
exchange chromatography step and a size exclusion
chromatography step.

15
WO 03/078592 describes the use of high throughput anion
exchange filters (i.e. a charged filter that contains anion
exchange groups) for adenovirus (AdS5) purification. The
following advantages are described for such charged filters

20 compared to anion exchange columns: (i) faster flow rates,
(1ii) higher binding capacity, (iii) higher virus recovery,
(iv) no packing or cleaning validation required for clinical
use, and (v) no lifetime issues or storage issues when
disposable filter cartridges are used. As described above, the

25 use of such anion exchange filters is an embodiment of the
present invention, and is an embodiment considered included
within the scope of ‘anion exchange chromatography’ in the
present invention. However, in addition to being an equivalent
for column chromatography, the present inventors have

30 surprisingly found an advantage for purifying adenovirus
serotype 35 (Ad35) using an anion exchange filter, over the

use of an anion exchange column: certain adenovirus proteins



use of an anion exchange colum: certain adenovirus proteins WO 2005/ 080556
PCT/ EP2005/ 050739 28 that were not incorporated into adenovirus particles
are separated fromthe adenovirus particles by use of an anion exchange
filter, not by an ani on exchange colum. Such free adenovirus proteins were
not previously found in preparations 5 of reconbinant adenovirus particles
and would normally go undetected, but now can be renpbved using the step of
subj ect i ngW 2098/8855hant adenovi r us preparation conprisingPCT émﬁﬁﬁﬁﬁglrus
proteins to a charged filter that contains anion exchange groups. This
effect of the use of the charged 10 filter was not noted in WO 03/078592. In
addi tion, We 03/078592 does not discl oseyd he enpl oynent of ani on exchange
filters for the purification of Ad35, or other adenovirus particles of

subgroup B. {Rg: i peNIRN 1hRELEELL Eedr QMid %ﬁeﬁovggﬁg09a££§cié§"§@eng free
adenovirus proteins froma is reconbi nant adenovirus preparation, conprising

the step of.SeRIFERY TG thec BABRARHIUSARSFIICLAE BY ePee AT AP GOHPAI si ng

free adenovi edsharigd eiinkelr) acehBygesl ddildneexichahgeosbahms. fmOFrexchange
groups. Wthoaﬁ%w shin be bound %tftheory, oncei vabl e that the

possi bl y sonBRRATV 10 %r& a0 v§E20” W?H&ﬁﬁisﬁgnfo‘é‘a‘gnjcﬂ/ﬁ’ifspaﬁﬁtlfjefes of
subgroup 8 (s€erecqubiNant?@a4h001032)payitiedesi aedt gothe dmoitnwelltyo gondet ect ed

free adenovhﬁ&uété)é CPI RS+t g%gq gfggerrg% 8‘{ ‘;elacg ga{?g %ﬂ Lo fadenow rus

particles. Hence, i particul accor ¢ iTvention may be
particul arl ysmﬁmgala freicopbipant f adendvonrust preEénbthmthwﬁmmngus of

subgroup B, 8HED AfendW3ns PlbleiRlCro FOWBMEGed Eflngeal R PSS i@ st hat the
met hod inproves purification of the nore stable Ad5 or Ad2 based

adenovi rus. FRECT RAGRITGT FrOVPEesThie qffecdt odnthfi BAe ekchmgdarerter for
the renoval siltererdd rot motedniorpored/AFe302i.ntto sddatiqpsr twacl es)

adenovirus pb?}&%éﬁbi'&%@gan%%cggggﬁégé the employment of anion exchange

filters for the purification of Ad35, or other adenovirus
particles of subgroup B. The invention therefore provides a
method for removing free adenovirus proteins from a

15 - recombinant adenovirus preparation, comprising the step of:
subjecting a recombinant adenovirus preparation comprising
free adenovirus proteins to a charged filter that contains
anion exchange groups. Without wishing to be bound by theory,
it is conceivable that the possibly somewhat lower stability

20 of recombinant adenovirus particles of subgroup B (see e.g. WO
2004/001032) gives rise to the hitherto undetected free
adenovirus proteins that appear not incorporated into
adenovirus particles. Hence, this particular method according
to the invention may be particularly beneficial for

25 purification of recombinant adenovirus of subgroup B, such as
Ad35, Adll, etc. However, it is also possible that the method
improves purification of the more stable Ad5 or Ad2 based
adenovirus. The invention provides the use of an anion
exchange filter for the removal of free (i.e. not incorporated

30 into viral particles) adenovirus proteins from a recombinant
adenovirus preparation. Preferably, said recombinant

adenovirus preparation comprises recombinant subgroup B



adenovirus preparation. Preferably, said reconbinant adenovirus preparation
conpri ses reconbi nant subgroup B WO 2005/ 080556 PCT/ EP20051050739 29
adenovirus, such as reconbi nant Ad35. The invention also provides a nethod
for purification of reconbinant subgroup B adenovirus particles, such as
Ad35 particles, the met hod conprising a step of subjecting the reconbinant
subgr oup B, wo 2b$ gﬁiAd35 particles to an ani on exchange fh

purification's ep nion exchange filters suitable for use Tm?ﬂ@é@“%%ﬂhods
of the invention are known in the art and commercially available (see WO
03/ 078592, paragraphs [40]- [41)), e.g. fromPall (e.g. Mustang series) and
from 10 Sartorius (e.g. Sartobind series)?® Buffers Many buffers can be used
during purification of the virus according to the present invention. In
several enboddeReNirws, spSht he peesEpinany dM3SonThpuireestisredlfsor OF/ DF and

ani on exchangg,¢tuoimat a@raphy £bp lg@ﬁffféaﬁw %'fn%c&nﬂl&ax@t M My AR0s M

TRI'S pH 7.5, wher ein the concentrations of were dependent on the
process st ep2deRP RIS R TFLELRF eﬂuc%rﬁ%(ﬂqf?e:’m?értf-ﬁ%e’bufﬂéﬁ‘ Iqrhod aft er

clarificati Oﬁorﬁﬁﬂ.éirﬁﬁ 20fst20 det £619Peét i AP AHIRS irddofibl Aaheles@gksigcsose. The
absence of th (}bc{% ves N%é? gﬁl shes these bﬁffers f omthose used in
(] Ft

known est3bl ?‘é’ﬁ oP&r 2| W L3 TXPRBR ARt hibds®T according to
t he present pw&ﬁicpmm eteppl dykdn exqhandd &dltamd subsilblw ifdd yse in

non- aggr egat el deAaUidAS o> DT kDt 1 A0 23 aduan! agecRl Lhe dige of buffers

W thout these additives iIs ey are easier to prepare, eaper, and
that there iSORrHeedn @Vﬁééﬁbier (’F%?rﬂ%loiffmtsﬁ@zadﬂﬁﬁg’é@hﬁ n4e

enbodi ment ag¢gpry) ng. 4.0 fa paygntép@‘ Ml AN Qi) baabebégr exchanged
during group_se ar%bseo%vto - and fjlngl 3/ 3q stored in- the buffer that is
al so usetf f oP2¥HeF 9, S§artobin ri

Buffers
Many buffers can be used during purification of the virus
according to the present invention. In several embodiments of
15 the present invention, buffers used for UF/DF and anion
exchange chromatography in general contained 0.4-1.0 M NaCl/50
mM TRIS pH 7.5, wherein the concentrations of NaCl were
dependent on the process step. In certain preferred
embodiments, the buffers used after clarification are free of
20 detergent, magnesium chloride and sucrose. The absence of
these additives distinguishes these buffers from those used in
known established protocols. Nevertheless, when the methods
according to the present invention are employed, a purified
and substantially non-—-aggregated adenovirus is obtained. An
25 advantage of the use of buffers without these additives is
that they are easier to prepare, cheaper, and that there is no
need to test for removal of the additives.
In one embodiment according to the invention, the adenovirus
is buffer exchanged during group separation to -and finally
30 stored in- the buffer that is also used for the Adenovirus

World Standard (Hoganson et al, Development of a stable



Wrld Standard (Hoganson et al, Devel opnent of a stable WD 2005/ 080556
PCT/ EP2005/ 050739 30 adenoviral vector formul ation, Bioprocessing March
2002, p. 43-48): 20 MM This pH 8, 25mM NaCl, 2.5% gl ycerol. Cbviously,
many ot her buffers can be used, and several exanples of suitable

formul ations for the storage and 5 pharmaceutical adm nistration of
purified ( virus preparations can for instance be found in European
pat ent no. wé@@%@?“and in international patent applicati JFfsI/ER30099973#16,
WD 99/ 12568, WO 00/ 29024, WD 01/66137, WD 03/049763. 10 Vectors with
specific inserts In the art, the transgene itself is generally regarded as
irrelevant for the purification process. Bowever, as shown herein, the
transgene may in specific cases by its expression in the host cell or in
t he virus i nddersmciergr ofEertioreSophuldeidd, Biopuscessimy Mameh @RA0ANT buence on

the process pf_purj fiq LIHS. , O , Bopglimiin speci fic case
as found by ? e‘PéJ)p'r e%de% ?Ilri]:\?'esn grgf 3 %yaglfhg'S?ahgﬁé%%gll's t he Ebol avi rus
nucl eopr ot ei n. PWBYiQYR Yan raggnevhen| byifsmsr ceonbai need, tard ZevErelavi r us

nucl eopr ot ei gx e M $1QaBlaNEaFHu il i S FHrORhe PELSEENE & fesul ts in
co-purifying the expressed Ebol avirus, nucl eoprotein. No co-purification of

several ot hePh3FaRRJHHEale BFrdad BT PRI Hs RIEd FdBEe AP ¥ BF Y st ance not
w th Ebola gteysopieian chiMfobuidas}andd e £&duneophotelr fpsHiM gaAinte ho .25

i or act i on BETTRRYr (el o AU RGET BUBISE it I SRABRBO PO, M s 1o
depend on t h&O chf 36, S0 @9 /8P02¢ hewEhml /&6 a13Gl, eWpr 08£0427&3 her nucl ei ¢
acid binding proteins are expected to have simlar characteristics and are
expected 30 to have an interaction with Adenovirus resulting in co-
purifi catl onVagtaes | Wity rspasddde £a8@5tHhavi ng such transgenes,

In the art, the transgene itself is generally regarded as
irrelevant for the purification process. However, as shown
herein, the transgene may in specific cases by its expression
in the host cell or in the virus influence properties of the

15° virus or may have an influence on the process of purifying the
virus.

One such, non-limiting, specific case as found by the
present inventors, is where the transgene is the Ebolavirus
nucleoprotein. Purifying an adenoviral vector containing the

20 Ebolavirus nucleoprotein gene with the standard purification
procedure results in co-purifying the expressed Ebolavirus
nucleoprotein. No co-purification of several other transgene
expressed proteins was observed (for instance not with Ebola
glycoprotein dTM (Sudan), Ebola Glycoprotein dTM (Zaire),

25 measles haemagglutinin protein (MV-H)). This suggests a
specific interaction between the Ebola nucleoprotein and
Adenovirus, which seems to depend on the characteristics of
the Ebola nucleoprotein. Other nucleic acid binding proteins
are expected to have similar characteristics and are expected

30 to have an interaction with Adenovirus resulting ih co-
purification as well. For adenoviruses having such transgenes,

including nucleic acid binding proteins, such as



|nclud|ng nuclelc aC|d blndlng proteins, such as WD 2005/ 080556

PCT/ EP2005/ 050739 31 nucl eoprotei ns, such as Ebol avirus nucl eoprotein, it
is beneficial to exchange the buffer to salt concentrations that are even
hi gher than 1 M NaCl, and use for instance 2-5 M NaC buffers to inprove
the final product quality (see exanple 3). 5 Buffer exchange may suitably
be perfornmed by TEE. Alternatively, other methods for buffer exchan e could
be used, ﬁ%?zﬁﬁgﬁﬁﬁée the salt could be added to the virudCTERIEHE0HH
directly in a gradual way by addition of the solid material or
concentration solution. This aspect of the to invention may be beneficially
conbi ned with other aspects of the inventspon, for instance wth adding the
nucl ease before |lysis, but is not linmted thereto. It is described herein

that use of ngdtBoptghetrid ! M%”SSEBBEé@fE&§dﬂbl@69§oB@&nr eﬁylisl n
aggr egation R oblens,_nor in ni flpcant deterioration of

‘inféctivity SPGFﬁ?éﬁ}l??/?ﬁc GPPf PREESK ﬁ%iFtF8P8§ntFﬂti??ﬁs$QQ§pect
of the invenbmenevéhehtgﬁémﬂthamchamgnaslepammnﬁ#emahlynbahﬁeepiaseuatkﬂr t he

elution of t s . fr £ pge chr amat ogr, and er ny
before a fur?ﬁf#g %u?%f %Eﬁé%%:ggt ¥gn§ucﬁr°£#tut 16 l%§ |ca QL ep ‘may
for 20 i ngt aBuéipe ax%hQQSQDmﬂYU§P9habﬁﬁpb¢rpqyﬁnﬂmegeperFFon nnde Thi s

last step camibgrHsedvd Dy, RAHINHAYNLRS ¥bf lﬁuéﬁé’ip%&%hgﬂge LofiLa "EdTOVi Ng
mnor inpurities that may still be present_ after _anion éxchange, but also

for buffer e%éﬁ&nggoﬁl+%Rﬁ4%FQDﬁhFh§a1§rSﬁﬁuééﬁh@é@?&ntEOFHﬁnV1¥wiernat|veIy,

i nstead of S|szlep35semlmes&tllx t1e1 faugrcaeﬁaptwaj luyatauaatsbﬁpoﬁayh@cgmmdse a
filtration of %he virus sus n co |s“gg e hl oncentratlon

through a hydPsphi i coFi 1€ en’%ﬂc 055 +5p¢ eFI|?£r ?% g. MIlipac
from M | hppodeyeptian Seay dporkenzfitipfidy. ca’rtﬁ@lrfed wdthppeherabspedias «f pore

;iréfe(r);bllyz R TRGENSRLR S abigta80B! Lftn Sading! tRePBucibhbl BDESe

lysis, but is not limited thereto. It is described herein that
use of such high salt buffers unexpectedly does not result in
aggregation problems, nor in significant deterioration of the

“15 idnfectivity or integrity of the purified viral particles. In
this aspect of the invention, the buffer exchange step
preferably takes place after the elution of the virus from
anion exchange chromatography, and preferably before a further
purification step. Such a further purification step may for

20 instance be a size exclusion step in group separation mode.
This last step can be used for polishing the wvirus suspension,
i.e. removing minox impurities that may still be present after
anion exchange, but also for buffer exchange directly on the
group sSeparation column. Alternatively, instead of size

25 exclusion, the further purification step may comprise a
filtration of the virus suspension comprisiﬁg the high salt
concentration through a hydrophilic filter, such as a Durapore
PVDF filter (e.g. Millipac from Millipore) or é Sartopore 2
filter. The filter preferably has a pore size of 1.2 pm, more

30 preferably smaller, e.g. 1.0 pym, still more preferably
smaller, e.g. 0.8 pym, 0.45 pm or 0.22 pm. Unexpectedly, the

nucleoprotein (NP) of Ebolavirus was found to be separated



smaller, e.g. 0.8 pm 0.45 pmor 0.22 pm Unexpectedly, the nucleoprotein
(NP) of Ebolavirus was found to be separated WO 2005/ 080556

PCT/ EP2005/ 050739 32 from a reconbi nant adenovi rus under these conditions
by being retained by the filter, while NP -having a nol ecul ar wei ght of
about 100 kD- was expected to pass through the filter pores toget her W th
t he adenovi ys these filters provides a 5 fast solufion

separating the Ogt@gﬁﬁ;)rot ein fromthe virus, as no prol ongEGT/FR%QMéQ’a% in
high salt is required for this procedure, while it allowed conpl ete renoval
of the nucleoprotein fromthe virus (Fig. 9). O course, a size exclusion
chromat ography step may still be enployed2after such 10 a filtration step,
to renmove ot her mnor contam nants and/or for buffer exchange. Use of high
salt for rerfioermng BRPombimhnty goieopriingsi snder tHemectcopdithensnbeteiony t hat

I s expect ed 1@ REUHSEY Uéhé CE‘llt%trhe&h‘.ﬂléUﬁﬁs ﬁi\?{hga%e%ﬁ U3 & Qé;bé‘ﬂ log

Possi bly anot her 15 colum c hr omat og{aphy step may in that case be applied

i nstead of 3®RUEN1EYCHANJE < RRLESEr 5Phas THE Y ttéll?t flAELErPERNE to be
the renoval +@lgetHEli ¢iemttHDHRMRALLBY 08¢ ebf Alhdrf Fig telrBephbglasald step

l'i ed, f th I d th
than ani n GRERaAGLOS R F SRS AEARYS B ScPToIo Paeh i A afbR oV Les.
Hence the i msembi prolomddrbrimpnipatdes anneidiodsdior dtsherequuieddctbontiofs a virus
conmprising r%‘é%hﬁkg %ﬁé%@%ﬁfﬁ%w Eogbﬁq]tgh%\]?én La%n(BQr(é\llelocf ggkd binding

protein, comnprising fhe ost cells that have been
i nfected wi tnwczlsowpueln wr%mf@ct‘ﬂlﬁfgsséFWCLﬂ)t U gfouyest sebizeand said

virus ther %‘x@lBEQQHC&dr&QaﬂdQ&'a%h@i stteﬁ Rests€ell Bd %n@rlgy,beieaetei VSade
e

conprising said_virus e% j.ectin virus, to ani on ,exchan
chr onat &8r aﬁhfllﬁﬁﬁFé‘&‘? 1'r‘azl%d 5% eV aPTRYT dii T c&?&ﬁﬁ‘r’rﬁ@“&ﬁr%ﬂ%%@r aphy

the virus caetrabnEfgr nexé¢haregd.s buffer

Use of high salt for removing DNA binding proteins is an
aspect of the invention that is expected to be useful for
other viruses than adenoviruses as well. Possibly another

© 15 column chromatography step may in that case be applied instead
of anion exchange chromatography. The important factor seems
to be the removal of sufficient contaminating material before
the high salt step is applied, and of course this removal
could be achieved by other means than anion exchange
20 chromatography, also for recombinant adenoviruses.

Hence the invention further provides a method for the
production of a virus comprising a nucleic acid sequence
coding for a nucleic acid binding protein, comprising the
steps of: a) culturing host cells that have been infected with

25 wvirus, b) subjecting said culture of host cells and said virus
therein produced to lysis of the host cells to provide a
lysate comprising said virus, c) subjecting the virus to anion
exchange chromatography, characterized in that after anion
exchange chromatography the virus containing mixture is buffer

30 exchanged with a solution comprising at least 1 M NaCl, or
another salt providing an equivalent ionic strength.

Preferably, the virus is further purified using at least one
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30 exchanged W|th a sol ution conprising at least 1 M NaC, or another salt
provi ding an equi valent ionic strength. Preferably, the virus is further
purified using at | east one WO 2005/ 080556 PCTI EP2005/ 050739 33 step
conprising either filtration though a hydrophilic filter, and/or using at
| east one step conprising size exclusion chromatography. For these

enbodi nent s a soI ut| on conprising at least 1 MNad or another salt
provi di ng S¥RARUS Sionic 5 strength is referred to as a PGTFPHEN73
solution. d early, both the anion and the cation can be varied as is known

to the person skilled in the art, as long as sufficient ionic strength is
provi ded without precipitation or other undesired side-effects such as
i nactivation of the virus, as the nmethod 10 |ikely depends on the breaking

of ionic int @Eéﬁ%&ﬁri@iﬂ#%tﬂe&ef%ﬂm "hoighl! &I AyaRph 18] P Ut 1iveed
virus. For exa be in part or v\,hczllg1 substituted for other

salts, suchaﬁgp?ﬁru?ﬂéq aﬂﬁ:é‘%t CBBJPLTR pHIEHELEY BdeP, S¥FHysion N 2504,
NH4C1, NaBr, chhbmaﬁ&ﬂxaﬂﬂy KNGEB thia klCaish oddhis s, ehcsoAuﬂBoﬁxthﬁnﬂsnmg of the

buffer used I f the i nt rLisin had a
conducti vi tylagf i%% /I\'gam('Ol u%flgigl\égcoé ré lh%r eg‘é?‘{m dg%aw ng a
simlar op hﬁghengtlemlmﬁanne;ﬂ &anagor Thﬂs&‘far?@éthoﬁpéati@y bélqae@iyed for

suitability bLBchepmyi it dNAR &@eneaeiaﬁeam dd @B-Rabt hal Ly Ropirdd iced
virus, according to the invention. is expected that this enbodi nent will

work up to sBEHEPER| dfbred n NG@ arEonﬁ%n}‘?‘é& i%h SR SipRt abORC 6 M Nadl ),
but for prackktgahgth ebsansgviided Szlnheﬁergsmbjtpiﬂa&eobuﬁf:ebshéhaincwﬂmt

sat ur at ed, €5 Preferabl e soI t.Lon_co rlses at st 1 5
25 M NaCl, of ano?%%ytaaﬁu Pt &7 d ng¥ja‘r’1a€qw va etlr}l‘t |6ﬁ|g§ 3 rengt’"hec

pref erabRy t hékedy ude¢pandHmy itdes bapakdagto mnma@hteeﬁcan@mewewem
provi di ng antﬁ@“bﬁﬁ'ﬁfﬂdi%"&o%e&%n%ﬁ thdD &Rl LARLY., FOE Selifion

conprises at |east
NaCl may be in part or wholly substituted for other salts,

such as for instance KCl, sodium phosphate, CsCl, LiC1,
(NH4) 2SO4, NH,Cl, NaBr, NaI, KBr, KI, KNO;, NaHCO;, KHSO;, etc. A

15 5x°'dilution of the buffer used in the example of the invention-
(comprising 5 M NaCl) had a conductivity of 78-79 mS/cm.
Buffers containing other salts, and having a similar or higher
conductivity can for instance now easily be tested for
suitability in removing DNA binding proteins from partially

20 purified virus, according to the invention. It is expected
that this embodiment will work up to saturation of the NacCl
concentration (this is about 6 M NaCl), but for practical
reasons it is preferred to use buffers that are not saturated,
e.g. 5 M NaCl. Preferably, the solution comprises at least 1.5

25 M NaCl, or another salt providing an equivalent ijonic
strength. More preferably the solution comprises at least 2 M
NaCl, or another salt providing an equivalent ionic strength.
More preferably, the solution comprises at least 3 M NaCl, or
another salt providing an equivalent ionic strength. More

30 preferably, the solution comprises at least 4 M NaCl, or
another salt providing an equivalent ionic strength. Even more

preferably, the solution comprises around 5 M NaCl, or another



anot her salt provi d| ng an equi valent ionic strength. Mdre 30 preferably, the
solution conprises at least 4 MNaCl, or another salt providing an

equi val ent ionic strength. Even nore preferably, the solution conprises
around 5 M NaC, or another WO 2005/080556 PCT/ EP2005/050739 34 salt

provi di ng an equi valent ionic strength. The high salt solution conprising
the virus mae‘ be incubated for a certain tinme, preferably at | east one
hour, nore BPEPBYBMY at Ieast two hours. In general, the RXRRAOBNONIEY an
increased 5 purification of the DNA binding protein fromthe Vi rus when

i ncubation is longer, at |least up to overnight. Further, a higher ionic
strength appears to inprove the purificatifan. Hence, it is conceivable that
even at ionic strengths of 1 M or 1.5 M NaC and prol onged incubation, e.g.
for at |east dane ;Qodaungoan oag;mlentt heh€c @Uré)ﬁgﬁmf ithieCat GANs&it t he DNA
bi ndi ng protelrslfromt e virus. This.can be routjn ellgle%ked by the

experi ments & é\;llBQdcﬂ%?’éT%m%/ ShivgHES| ﬂi’%b‘%‘?llcfhc“cﬁ\gt ShbPngRttaLn
adenovi r us e@nmspngféb@bWWthlem eopr bber N nare pdafiefrablgoaprisasyy 5 M
NaCl, renove h N 15 cl, il to bel ow
det ectl on i %w{os‘%o‘&i% <?%fj“pquflor eﬁ% prgg'géjr?%%d{h n‘{)oagq r%g%tr\éofsg?he i nvention.
In prefefr e@‘#ﬁﬁééﬁﬁéﬁ@sﬁ t e iNA Pindingr erormimdmomddeovirus. whem

certain embodig®pheionaid 1eKdSiC aaé:'l@aghnﬁl%ngo R ALiHitS @urRHELOprotein
of a virus. I n certain, enbodi ments thereof the 20 nucleic acid bindi ng

protein is t 965 0P EsSHRIEIprARRERES tPnl PR s e evsddirahten- t he

buf fer exchamgmceteptt akesoptabeablaf tthatasien £xchanige s(ﬂtlé&@fﬁhﬁgbﬂphm and
before a filtratian nd/ or |ze excl usi.on prat ogr ap

further pref% errrleg %doﬁl Q!(L:Iu 2 Br A easenﬂlé% Tt ofgt% ysaggaSEStWereby
pref er ablyy t Hawsucksaseei weekidethans may bel Putuficmmiorb@ffortéel DNRs is

conplete, in ﬁ‘iﬁﬁh FESte\é‘&ﬁ he AN ASASEES Bis tden 1B &t 3Be 1l NShEEELHf

hi gh salt or |n a ion thereto,
he experlments described herein. Overnight incubation of

recombinant adenovirus expressing Ebolavirus nucleoprotein in
a buffer comprising 5 M NaCl, removed the contaminating

15 nucleoprotein from the virus to below detection limits, and is
therefore a preferred embodiment of the invention. In
preferred embodiments, the virus is a recombinant adenovirus.
In certain embodiments, said nucleic acid binding protein is a
nucleoprotein of a virus. In certain embodiments thereof the

20 nucleic acid binding protein is the Ebolavirus nucleoprotein.
In preferred embodiments, the buffer exchange step takes place
after anion exchange chromatography and before a filtration
and/or size excluéion chromatography step. It is further
preferred to include a nuclease treatment of the lysate,

25 whereby preferably the nuclease is added to the cell culture
before lysis is complete, in accordance with other aspects of
the invention. Instead of high salt or in addition thereto,
detergent may be added to purify the virﬁs from contaminating
DNA binding protein. In one experiment, the inventors have

30 shown that addition of 1% Tween 20 also significantly reduced
the contaminating nucleoprotein from recombinant adenovirus

expressing Ebola nucleoprotein. Of course, other detergents



det er gent may be added to purify the virus fromcontam nating DNA binding
protein. in one experinent, the inventors have 30 shown that addition of 1%
Tween 20 al so significantly reduced the contam nating nucl eoprotein from
reconbi nant adenovi rus expressing Ebol a nucl eoprotein. O course, other
detergents WD 2005/ 080556 PCT/ EP2005/ 050739 35 can suitably be tested, and
the concentrati on may be varied, e.g. between bout 0.2% and 5% to fi nd
optimal. cOHAPP5H8SSPor renpval of DNA binding proteins fr&H Be?@ GBIt
virus preparations according to the invention. In this aspect, 5 preferably
at least 1% detergent is added. The first experinments of the inventors
however have indicated a higher reproduciskility of high salt incubation for
this purpose, and therefore this is preferred. 10 Batches of reconbi nant
adenovi rus | ga@neuasMETy ,bd hedtREeNhhONLRE ocvdrf&%lta:alaabﬁhmeiz béewmﬁd;ant

d [ t h f i

Ebol avi 1 S “nOcPeoRTOTETA SHHT CEoih B0 6 of ) CUPFb ol PPAGhoHTno:

fal ci parum rEmoVatumrSpmﬂmmrtdeLngepeptaEJaslﬁsawmess:mbenaggl utrwsn, said
batch char ag FE%SQlJ)%tJ‘@éofcfl &ORLALAS | EPs AN Gnlehds ?§£e8{3” DNA per

| EI'l viral course, ‘these transgenes optionally may contain
del eti ons® ad’a‘ﬂfﬁeﬂély el dea s Lt Fehsroewhpid aédldes-t Feewfigstype sequences

found in nat WkBerinehtsli 5O B2 elnkrehs_eketsew&reﬁumépeadl%&a@ua Klegtiaat | ng
fromthe scope of _ this aspect qf the_inyvention. arI\B/ for adm ni stratlon

to subject s TPPTPEUGHYEN By Tud ot SALE W TERRy OF’e(ft?lrre ~F oP PR ol

pur poses, tothavefbas¢ ctiess vid prefelkreaw anounts of contam nating host ceII
DNA available. In preferred aspects, 25 the batch is characterized in that
it contains less than 0.08 ng, nore preferably less than 0.06 ng, still
nmor e prefer aBaychpgserlt hegomhrntg algsevieid DNA per 1011 viral particles.

In one aspect, the invention provides a batch of
recombinant adenovirus comprising a transgene chosen from the
group consisting of: an Ebolavirus nucleoprotein, an
Ebolavirus glycoprotein, a Plasmodium falciparum

15 ' ' circumsporozoite gene, measles virus hemagglutinin, said batch
characterized in that it contains less than 0.1 ng host cell
DNA per 1lE11l wviral particles. Of course, these transgenes
optionally may contain deletions, additions, and/or mutations
compared to the wild-type sequences found in nature, including

20 all isolates or subtypes, without deviating from the scope of
this aspect of the invention. Clearly, for administration to
subjects it is advantageous, if not already required for
regulatory purposes, to have batches with such low amounts of
contaminating host c¢ell DNA available. In preferred aspects,

25 the batch is characterized in that it contains less than 0.08
ng, more preferably less than 0.06 ng, still more preferably
less than 0.04 ng host cell DNA per 10 viral particles.

EXAMPLES
30 The following examples are included to further illustrate the

invention by means of certain embodiments of the invention,



EXAMPLES 30 The follow ng exanples are included to further illustrate the

i nvention by neans of certain enbodinents of the invention, WO 2005/ 080556
PCT/ EP2005/ 050739 36 and are not to be construed to |linmt the scope of the
present invention in any way. Exanple 1. Addition of nuclease to the cell
culture instead of 5 to the host cell |lysate inproves the process for virus
purification. In this exanple it is shown that addition of nuclease to the
cel | cul t uWO pWBHBESeysing the cells reduces the anount of PCTER20FAS08st
cell DNAin the final purified bulk. 10 In runs 1 and 2 a 10 liter PERC. 6(r)
cell culture was lysed wth 1% Triton X-100(r) (Sigma) at day 2.5 after
infection with an adenoviral vector. Thirmky mnutes after |ysis, Benzonase
(Merck KgaA, 50 units/m) and MCl2 (2 mM were added. After another 30

mnutes the Thit 9he XadONJ ) BIARR25EET Lo (Bl haleV @8bpe 18£WeiSe GhAddrded by
filtration. This therefore was a run according to processes known in the

art. I'n runsiBVePtERMAhA( MRAY-50 U m) and MyCl2 (2mM) were added to 10
liter PERC. 6 cell culture (day 2.5 post infection), and after 10 m nutes

i ncubation the | s, we 20. lys with 1% Triton X-100(r). After, an

hdd 41 onal. | ARBBELT o heEn R T BT RRS Rt S S TPEEBRE AR o T
harvest was tel &hefhedt byell | ty=saticonmpTheesli tHeereesal tthrt hiérps ocesses
known fromthg art . thggefore is in the order in which the nucl ease
(Benzonase(D) 25 and the detergent (Triton X-100(r)) were added: classically
first the cells &rethiZRKamp@ ditbd&qabev? ythitic! ips gqfdedclgass diored to

herein as T/ BnBar¥estdul e @RFJrR 1981iRG OBRS TelAGC @edhBEst Ehd Nanduntenis on,
(Lot nucl ease . §udfi 4Rt 8 %1 P HRAPIHSBhLYe LG Rl iPpbyRed (referred to

10 In runs 1 and 2 a 10 liter PERC.6® cell culture was lysed
with 1% Triton Xx-100°% (Sigma) at day 2.5 after infection with

an adenoviral vector. Thirty minutes after lysis, Benzonase®

(Mexck KgaA, 50 units/ml) and MgCl: (2 mM) were added. After

another 30 minutes the Triton X-100%®/Benzonase® (T/B) harvest
.15 wés clarifiedlby filtfation. This therefore was a run o

according to processes known in the art.

In runs 3-8, Benzonase® (50 U/ml) and MgCl: (2mM) were
added to 10 liter PERC.6 cell culture (day 2.5 post
infection), and after 10 minutes incubation the cells were

20 lysed with 1% Triton X-100®. After an additional incubation of

50 minutes the Benzonase®/Triton X-100® (B/T) harvest was
clarified by filtration.

The difference with the processes known from the art
therefore is in the order in which the nuclease (Benzonase®)

25 and the detergent (Triton X~100%®) were added: classically first
the cells are lysed, and subsequently nuclease is added
(referred to herein as T/B harvest), whereas in the process
according to the invention, first nuclease is added and
subsequently the cells are lysed (referred to herein as B/T

30 harvest). This is schematically shown in Fig. 1.



30 harvest). This is schematically shown in Fig. 1. WO 2005/ 080556

PCT/ EP2005/ 050739 37 The sanples were then further purified. Carification
was perforned by depth filtration (0.5 pmddarigard filter, MIIlipore)

foll owed by further clarification over a 0.8/ 0.45 pm Sartopore 2

(Sartorius) filter. The clarified material was 5 concentrated 5 tirres over a
0.05 pm hol‘l,vg, I)é/ 556(Spectrurr) followed by diafiltration wt
subsequently vol unes of 1.0 M Nad /50 mM TRIS pH 7.5 anquT@B?‘Wﬁ@%mé? 0.4,
M NaCl /50 mM Tris pH 7.5. The diafiltered retentate was | oaded onto a )
Sepharose Q XL (Anersham columm and the virus fraction was eluted with 10
0.55 MNaCl /50 MM TRIS pH 7.5. This fract#bn was further purified and

buf fer exchanged with a Sepharose 4 FF (Anmershan) colum. The generated
purified bul k wastThsosempiiegt sere othere fudadereguebhitett r@tdwifigiathoa was| ow

fiber (0.05 QmRORI 25 de§9§c,%wmat&£2(op§1 fih! Ee5 L0008 AlhiQuyot ted.
Purified bulk 15 sanpl es_were ana ihas cér esi dual _host cell DNA by @ PCR
e%'b’”c n

The T/ B tr edfhehtPar&luirddoradaby prpfipcahien ofeer sy Hefl5
downst r eam nﬁr@maﬂ'dp@réoul dshﬂﬁbrﬁﬂﬂt ﬂmerr emuér@ﬂaﬁo@icé& inGAdraR1i Rakhe

fill ed and finish ul at for residual host
cel | ¥ or Cl’l?cfeé&f(?r{\%dr és%f’%??ru?‘g?rroah 59 eu 1%3 ﬁge s o' PRSLIHBY t hat a
dose cont ai fisl Uchistl Wiyr diapail tratiee) widh ISSIbSBQ\AﬁnT—JTIY 'I@bhelulnesr efelsbrg t he

Triton X 10010, A mBaREaNARCYTS 2405 JiaduBsdot e, ATBURCO/sd 68 dugl host

cell DNA in't urifie icantly; Ion o nucl ease
before acti vl cbid- |Tpsi dipfélhnbeht reffentadeduar h@%@ed carto pNRepbardsee

reduced 10 t@40 {irBSnak® bLE$Smh ey Grb vAGhAEEIadi i viwgtélqit%a wkdht her,
it is clear Mg SDS- 1??5 anar!%fés %Firgs 6’1’ thg gon cl aré %ﬁtl on by
dept h ant® e NS Pat I8 P/ 3G Sr FERET IO IR T BT MRSst cel |
protei ns, anougifiedlana buffer exchanged with a Sepharose 4 FF (Amersham)
column. The generated purified bulk was concentrated to the
desired concentration with a hollow fiber (0.05 um poresize,
Spectrum), 0.22 pm filtered and aliquotted. Purified bulk
15 samples were analysed for residual host cell DNA by Q-PCR.

The T/B treatment resulted in a reduction of DNA that
after further ddwnstream processing could just meet the
required specification in the filled and finished material.
Regulatory requirements for residual host cell DNA for life

20 virus formulations are <10 ng per dose (assumed that a dose
contains 1Ell viral particles).

As is shown in Table 1, reversing the Triton X-100® and
Benzonase® steps reduced the amount of residual host cell DNA
in the purified bulk significantly: by the addition of

25 nuclease before active cell lysis the amount of residual host
cell DNA could be reduced 10 to 40 times, to less than 0.1
ng/1lE1l viral particles.

Further, it is clear from SDS-PAGE analysis (Fig. 2) that
upon clarification by depth and membrane filtration of a B/T

30 harvest a number of host cell proteins, among which a
significant amount of histon proteins (M, around 10-20 kD on

gels, identity confirmed by mass spectrometry), was removed



significant anmount of histon proteins (Mv around 10-20 kD on gels, identity
confirnmed by nmass spectronetry), was renoved WO 2005/ 080556

PCT/ EP2005/ 050739 38 during clarification while these proteins are clearly
still present inthe clarified T/B harvest. . Hence, the process according
to the invention results in significant advantages over those known from
the prior art. 5 Wthout wshing to be bound by theory, possible

expl anat i ort¥0 2P5/9303%8 i f f er ences between runs 1 and 2 ( T/ BCTHPOAUNHe and
runs 3-8 (B/T) on the other side may include: 1. Upon addition of
Benzonase(r) the DNA rel eased fromcells |ysed due to virus production can
al ready be digested. As soon 10 as DNAi szg el eased fromcells |ysed by
Triton, the Benzonase(r) is present to imediately digest the DNA thereby
preventing &heidQrdmirign catibar gi NARGG edatesns Dhaestion-18f #3171
aggregated DNA is @rOb%/ nor e effec}lve t han di gestion of najor DNA

aggr egat es. §%25%1 SraFntundt T0h R35¥8585+ Benzonase increases with 30
m nutes, resultiriernaenhe ekbeess vacehgrsig ap (:Beelﬁeétzmtase:(ers)llthr aahure
Mer ck KGaA CQQ ni 2&;4&5 aﬁta 8§S$ ény tj_h%rs%elic ﬁt gro r’% exs.g'sorara?:tf or med
when the DNA'I di geste ely upon re Pedse an ? ar ger
particless 2@itheut ét!@h#@df 59 bﬁeb@\u@nlimi ddcionw . f ppsetkle Re%mlarmé?{:hon@f

hi st on- DNA cgaplﬁa@sil@fér@acegaﬁééwgéalmgﬂlgahdabSQTb@y%n% rd it @t O
reduction of residual host cell DNA. Several anion_exchange resins have been

tested e.g. TS BEHdB{if SBpEPeQ’B]?)‘f)‘F\/IS("&?r 8RYs&BCHPERT Tosoh), Q Sepharose
HP, ~25. ANX1 Sefibed QrRiidhibn BEABeeORRd LIS @neQoRRPHEI O56eXls-da JeBhar ose Big

Bead and Q Sepharose FF (purchased from Arersham . 'Although all these
resins were SYSRALIEE fior HRESHRFPEREEIGD FarLRIEREY BB NI FRTICHdFoFPPOS s,

we found,d hafs QraephanRIRa¥kd ¥asmbesii$uidsall 8yf 9Fi 08k, PUP RS ARs8d® 0N

separ ation Of Vi rus
is present to immediately digest the DNA, thereby preventing

the formation of large DNA aggregates. Digestion of non-
aggregated DNA is probably more effective than digestion of
major DNA aggregates.

15 2. The total incubation time of Benzonase® increases with 30

minutes, resulting in more effective digestion (see Benzonase®
brochure Merck KGaA code W 214950).
3. Possibly larger histon complexes are formed when the DNA is
digested immediately upon release and these larger particles
20 are retained by the clarification filters. Retainment of
histon-DNA complexes during clarification might also have
contributed to reduction of residual host cell DNA.
Several anion exchange resins have been tested e.g. QAE
550C and Super Q 650M (purchased froﬁ Tosoh), Q Sepharose HP,
25: ANX Sepharose 4FF, DEAE Sepharose, Q Sepharose XL, Q Sepharose
Big Bead and Q Sepharose FF (purchased from Amersham).
*Although all these resins were suitable for the purification
of the recombinant adenoviruses, we found that Q Sepharose XL
was best suitable for our purpose based on separation of virus
30 from host cell proteins and host cell DNA, and flow

characteristics.



30 fromhost cell proteins and host cell DNA, and flow characteristics. WO
2005/ 080556 PCT/ EP2005/ 050739 39 Several size exclusion resins were tested
e.g. Sephacryl S300, Sephacryl S500 Sepharose 4FF and Sepharose 6 FF (al
pur chased from Anersham). Al though all these resins were suitable for the
purification of the reconbi nant adenoviruses, 5 we found Sepharose 4 FF best

suitable for our purpose based on ability to separate virus from host cel
proteins artfORMA/080338sed upon these and other results (see REIVERRPIS/EHO739
preferred process according to the invention is shown schematically in Fig.

4. 10 Exanple 2. Buffer exchange with high salt buffer inproves virus
process. PER C6 cells were grown in a 10 Igghioreactor and infected with
Ad5. Adapt . W-H (with neasl es virus hemagglutinin as transgeno, 15 descri bed

i n WO 2004/ 0372943 eveean Ui &fdcBhishiBhepdd ok theLallktekrregl y8 A 1%
Triton X-100, _after 30 m nutes Benzonase(é) (50 units/m) and Cl2 "were

added and i n6adB%t eIPERACTYN RS SeBhATRER cFF ARS FEPPEEPSHal BF afdlfl ed over
a 0.5 pm C porghsised ific et shabsequethdygibiaia MhlelseskaklxliE w50 20

filt M The f h t di | I I

of 006 M NaCPREBSHAR HEPEa i mea s PREYRR] o e bRt fnbl Alep ittt U0
M NaCl . The dgl ﬁ@emdﬁmhdncada %mesatmimi@erﬂomapgd durpoes haddu an500
kD flatscreeablﬁé?eéé %é&ﬁwvi%? F@&Llﬁ&& %erqugks%m lggaeawﬁnd 25

subsequently diafiTtered wth diafiltration vol unes
NaCl / 50 mM HEPES P2P¥d 51Pon [(hgsef apdeomrNarySuteM (BEPERe1IPW 7.%; 2 DFV of

1h0 M NSCI ! 5@ rabe HERE it s Hacded d3n&Fvo Ofhe Gn¥elMtiat] AgOSH%MﬁEPES le 7.5.
The conducti vi enel.at eq perneates was neasured and the sanpl es
wer e analyse BXmatlcgfiyga %&gu q

10

Example 2. Buffer exchange with high salt buffer improves
virus process.
PER.C6 cells were grown in a 10 L bioreactor and infected with
Ad5.Adapt.MV-H (with measles virus hemagglutinin as transgene,

15 described in WO 2004/037294). 2.5 days after iqfeqtiqn the
cells were lysed with 1% Triton® X-100, after 30 minutes
Benzonase® (50 units/ml) and MgCl; were added and incubated for
another 30 minutes. The harvest was clarified over a 0.5 pm
Clarigard filter and subsequently by a Millistak DE 30/60

20 filter (Millipore). The clarified harvest was diluted with an
equal volume of 0.6 M NaCl/50 mM HEPES pH 7.5, resulting in a
final concentration of 0.3 M NaCl. The diluted clarified
harvest was concentrated 4 times with a 500 kD flatscreen
cassette (Biomax 500, Pellicon 2 module Millipore) and

25 subsequently diafiltered with 2 diafiltration wvolumes (DFV) of
0.3 M NaCl/50 mM HEPES pH 7.5; 2 DFV of 0.6 M NaCl/50 mM HEPES
pH 7.5; 2 DFV of 1.0 M NaCl1l/50 mM HEPES pH 7.5; and 3 DFV of
0.3 M NaCl/50 mM HEPES pH 7.5. The conductivity of the
generated permeates was measured and the samples were analysed

30 by SDS—~PAGE (Fig.‘3). The data showed that histones (My around
10-20 kD on gels, identity confirmed by mass spectrometry) are

passing the membrane pores when the salt concentration of the



30 by SDS-PAGE (

Fig. 3) The data showed that histories (Mv around 10-20 kD

on gels, identity confirnmed by nass spectronetry) are passing the nenbrane

pores when the s
40 perneate (and
0.85 M Nad , or
interaction is

alt concentration of the WD 2005/ 080556 PCTI EP20051050739
therefore of the retentate) is in the range of 0.55 and

hi gher. A possible explanation is that an electrostatic
broken under these salt conditions resulting in release of 5

hi st ones f MoO2e5Og0sSkes al | ow ng passage t hrough 500 kD porPSS/EP2BOSHB0TII S

experinment it is
the UF/DF step r
especially histo
| ysed first and
that the dlafl|
0.55 M Nadl , 5for

accordi ng to0-Re andeﬁtﬁ@ﬂHWhéﬂelmrlﬁlghernuclease is added to the cells .

concl uded that introduction of a high salt buffer during
esults in nore efficient-renoval of host cell proteins,

n proteins. 10 Although i this exanple the cells were
subsequent |y treated mnth nucl ease (T/B), it is anticipated

i R O T R I o

before they ar eogmge(&Jlanaseeone&%mhstlgn gi/ﬂxtc@{lég_llc ; tQ@ 8L, pricess

there is already |

ess histon contam nation (see Fig ere ore, I1n a

preferred enbs@kREntngert Hregn cdds CRBdbEEPRY rﬁtﬁjﬂt’qﬁeﬂq H@eﬁﬂleﬁset%

clarified Iym@eohesexgaamﬁbmsﬁ%tuama& §Qéé&¢é3&rﬁ%lﬁghl 8000xP goredd M
NaCl , preferabl%%about 1 .anot her salt provid an equi val ent

i oni ¢ strengtif®

Eswe%%ten%%rt& EiSg conflugsd ihitar ntEgRuckion of a

contanlnatln@i@mcbamprBMEfémfdunanQ&heeUEanrﬁmép\mesmitprepamateons

Cenerat | on. Ol #23800RLNADMCACENY Lot WEhD BROLAIUICIOREOLELD nasedh

transgene IS es

Crl exanp S exanﬁle

such virus i@r@ésenﬁbed Experlnent 3.1
10 Although in this example the cells were lysed first and

subsequently treated with nuclease (T/B), it is anticipated
that the diafiltration against buffer with high salt strength
{(higher than 0.55 M NaCl, for instance 1 M NaCl) is also

beneficial in the process according to the invention wherein

15 the

see

nuclease is added to the cells before they are lysed (B/T,

example 1), even though in the B/T process there is

already less histon contamination (see Fig. 2).

Therefore, in a preferred embodiment of the process according

to the invention, the clarified lysate is exchanged against a

20 solution comprising 0.8-2.0 M NaCl, preferably about 1 M NaCl,

or another salt providing an equivalent ionic strength (see

example 1 and Fig. 4).

Example 3. Removal of contaminating nucleoprotein from

25 recombinant virus preparations

Generation of recombinant adenovirus with Ebola nucleoprotein

as a transgene is described in example 5. In this example, the

purification of such virus is described.

Experiment 3.1

30 AdS5dE3x.Adapt.Ebo.NP was purified with the described protocol

(see example 1, Fig. 4). This method resulted in co-

purification of the expressed Ebola nucleoprotein (NP)

A\



30 Ad5dE3x Adapt . Ebo NP was purified with the described protocol (see
exanple 1, Fig. 4). This nethod resulted in co- purification of the
expressed Ebol a nucl eoprotein (NP) WO 2005/ 080556 PCT/ EP2005/ 050739 41
transgene with the virus. Filled and finished product was diluted 1:2 with
a buffer containing either 5 MNaCd (final conc 2.5 M, or 2% Tween 20
(final conc 1% and incubated for 1 hr at roomtenperature before | oading
onto a SepNé®3es/080356 5 col um. The void and retarded fractPiCIHEP20REC50739
anal ysed by SDS- PAGE. The results (Fig. 5) show that the void fraction
cont ai ned Adenovirus type 5 without contam nating intact NP. Thus far, the
results with the high salt appeared reprqducible, whereas those with the
detergent were not, and 10 hence high salt is preferred. Optimal conditions

for deter gemcrang&@ &y Ll e b%%hg‘éﬁﬁ%%& ﬂng fahgsﬁ@h%gga&c#% and its

concentration. Conclusion: The Ad5 0. NP vector can be purified
from t he EboPalhtefebp? dtidih %Fuﬁﬁeabawwr}wga egihrer 518 Nahl al FaRd ei t her

2.5 M NaQ ogodd Tveawm, pﬁefzesr ake¥n226 MidNaCoconcohkowadabynsepatad ifyy on 4
FF sephar ose., Experi ment 2 Ad5dE3x. Adapt . Ebo. NP was purified with the

descri bed protBEoRt RPF sté?é“pc?f&’fﬁlrﬁ ]?Lef‘F’F% lopding; ppER andsPharetRed groduct
was di al ysedobuih. ardd di.dreimar aaeanged NStad: izhsnieIBl Snbufsed pH sps-5
containing 1 3..0r .The_Ad Ebo NP incubated. in these
buffers for 5°RG our%h%rreosvuelrl\%i e gbe?ﬁ 5h°‘fo§{ﬁthé° Snt'8™* gﬁ%ﬁﬁlrose 4 FF
colum. The vonﬂaanddrMquj@dfu%tﬁrpacﬁlmm ecanainisetdiby BUSSRAGE. The
resul ts shome?t féPe tﬁ’@':fiesfxfl‘%%t 'w@@hCQﬁQé aj ngd s%‘ﬁngiébéﬁ?&ype S with

significantly ess NP. shown in t he amount of renoval of NP

relates to t ﬁép§ﬁqi?‘ébth¥,%ﬂt‘f}ﬁqe@ﬁ &Rase n‘ﬁh@hﬁ% deitgEgentonerasroh: Atk
Ad5dE3x. Adlapheibe. NPgWesd f AR roEcpuedf i ftimal conditions for detergent

however can be tested by varying the detergent used and its
concentration.
Conclusion: The AdS5dE3x.Adapt.Ebo.NP vector can be purified
from the Ebola nucleoprotein by incubation in a buffer

15 containing either 2.5 M NaCl or 1% ‘Tween, preferably 2.5 M
NaCl, followed by separation on 4 FF sepharbse.

Experiment 3.2
Ad5dE3x.Adapt.Ebo.NP was purified with the described protocol

20 (see example 1, Fig. 4). Filled and finished product was
dialysed with a 10 kD membrane against a 50 mM TRIS buffer pH
7.5 containing 1, 2, 3 or 5 M NaCl. The Ad5.Ebo.NP was
incubated in these buffers for 2 hours or overnight before
loading onto a Sepharose 4 FF column. The void and retarded

25 fractions were analysed by SDS-PAGE. The results show that the
void fraction contained Adenovirus type 5 with significantly
less NP. As shown in Table 2, the amount of removal of NP
relates to the saltconcentration and incubation time.
Conclusion: The Ad5dE3x.Adapt.Ebo.NP vector can be purified

300 from the Ebola nucleoprotein by incubation in a buffer
containing either 2-5 M NaCl followed by separation on 4 FF

sepharose. A longer incubation time and a higher salt



30 fromthe Ebola nucl eoprotein by incubation in a buffer containing either
2-5 M NaCd followed by separation on 4 FF sepharose. A |onger incubation
time and a higher salt WD 2005/ 080556 PCT/ EP2005/ 050739 42 concentration
bef ore separation on the 4 FF colum results in higher purity of the

Ad5. Ebo. NP vector (nore renoval of nucleoprotein). Concentrations of 1 M
and 1.5 M NaCl are tested with onger 5 incubation tines (e.g. 2 days, 1
week) accordPAPX%¥0Bhi s sane nethod to find out whether a® Pﬁ%‘éﬁ“"f’r/?ﬁ?watl on
time may suffice for purification at these salt strengths. Experinment 3.3
10 The experinent is schematically indicated in Fig. 6. PERC. 6 cells were
grown in a 10 L bioreactor and infected wad h Ad5. dE3x. Adapt. Ebo. NP. 2.5
days after infection Eenzonase(r) (50 wunits/nm) and MyCl2 were added to the

cel | cul turegofdfiratdonbBebes L4650l ilon War 'EhJeY§eﬁF Vi § Rk o B luheg({a
X-100, and 15 incubated for another 50 m nutes. harvest was clarified

over a 0.5 piOSH PYEAEYF Pt ERe AP ﬁ%éﬁu@ﬁ?F?ran%r%arﬁ’W@rle °of2 filter
(0.8/0.45 pnmucSaardpﬁffoltuah) The clarified harvest was split in tw portions.

One portlon was entrat d 5 ti g%grl %glltergd a%?l tho% 20 buffer
contai ning 5 ?\ﬁ% B®1 Thi S p#‘%?-g) 84t 25°0-55Y P&
(Spectrumg. Nguwatdom tddesn (angi nerdzass af wetekanscmrbrrame:cprt@&susem(aTl\/P)
and a 1 eductadihdd REIERA! Suk! forill |-£ 1LBEY! $HEloAPRARIARES 1Ol { e

retentate turne Ite and less transparent, 1ndicating precipitation of
prot ei ns. 255uffEiase Eord PYSLELBAT HPD cﬂ‘farﬁhfelséd shatvesten@hconcentrated 5
times and diafiltrated with 6 DFV of 1.OM NaCl /50 MM TRIS pH 7.5 fol |l owed
by 4 DFV of 0.4 M Nadl [5Q0 mM TRIS pH 7.5 by use of a 0.5 pmhollow fiber
(Spectrum. t ntate was purified over a Sepharose Q XL col umm
(Amersham) . The experiment is schematically indicated in Fig. 6.

PERC.6 cells were grown in a 10 L bioreactor and infected with
AdS5.dE3x.Adapt.Ebo.NP. 2.5 days after infection Benzonase® (50
units/ml) and MgCl; were added to the cell culture, after 10
minutes the cells were lysed with 1% Triton® X-100, and
*15 -incubated for another 50 minutes. The harvest was clarified
over a 0.5 um Clarigard filter and subsequently by a Sartopore
2 filter (0.8/0.45 pm, Sartorius).
The clarified harvest was split in two portions. One

portion was concentrated 5 times and diafiltered against a

20 buffer containing 5 M NaCl/50 mM Tris pH 7.5 by use of a 0.5
pm hollow fiber (Spectrum). This resulted in an increase of
trans membrane pressure (IMP) and a reduction in permeate flux
while the visual appearance of the retentate turned to white
and less transparent, indicating precipitation of proteins.

25 Tpe second portion of clarified harvest was concentrated
5 times and diafiltrated with 6 DFV of 1.0M NaCl/50 mM TRIS pH
7.5 followed by 4 DFV of 0.4 M NaCl/50 mM TRIS pH 7.5 by use
of a 0.5 pm hollow fiber (Spectrum). The final retentate was
purified over a Sepharose Q-XIL column (Amersham).

30 The Q-XL eluate was also divided into two portions. One
portion was further purified and buffer exchanged to 25 mM
NaCl/20 mM TRIS/ 2.5 % glycerol (formulation buffer) over a



30 The QXL eluate was also divided into two portions. One portion was
further purified and buffer exchanged to 25 nM NaC /20 MM TRIS/ 2.5 %

gl ycerol (formulation buffer) over a WD 2005/ 080556 PCT/ EP2005/ 050739 43

si ze exclusion colum (Sepharose 4 FF) in group separation node (|l oading of
20% of colum volune); this is product Ain Fig. 6. The other portion was
diafiltered against 6 DFV of 5 M NaCl /50 MM TRIS pH 7.5 by use of a 0.05 pm
hol | ow fi b&YOZ00588056r um): this is further called the hi gh PSIVEP2005Q59739
fraction. Al though the poresizes of the hollow fiber (0.05 pm about 800
kD) are | arge enough to all ow passage of a 100 kD nucl eoprotein, no

nucl eoprotein coul d be detected in the 10,perneate and no reduction of the
anount of nucleoprotein was seen in the retentate. Possibly, the adaptation

of one or nogge, o Efcm %WESEém&e(Qe\}%ﬂﬁ %aaerbﬂeﬁe&fauweﬂam%ft‘l\éﬁ

purification of the nucl eoprotein furt used size exclusion
(group separB4dn§a3tiRGhPEVEOENPE SRMIM® MoLlvRE) hi Phisatt RAAANCH Padfi on was

again split ri‘l_fy.O 4 WThePRkhb@NSorO1én PRAId iR MASeded esdd ynurd fired ogng Buf f er

exchanged to | a uffer over a si cl uysio aratl on)

col um ( pr odW &gh H&L%EI%?H oft 1RY (48 soé é.o P?%ﬁf%sf’ﬁ

over ni ghts at (3parpdweripetatsr és béﬁntmeﬁ(l:a‘mreﬁhehengm ysagt anid-usuf f er

exchangi ng oyg% otk 3l ze exclusion (group separation) colum (product Cin
t

Fig. 6). The rée purified bulk lots were analysed to determne purity,
infectivity, vyieldthnygheghei parantzes afkFasehodkpy eSEhem. (29 5SD8, PAGE and

Veéstern anal é(ﬁéét'a‘bos%\&mak@ rhfge Tendith %%O\Hilo{vhﬁéﬁ | o aaPtloo kD
nucl eoprotein, as well as NP degradation products i rmed by nass

spect r omet r yPEGIERPAASdEgr &Ga’f‘PSﬁeO%‘F‘b*cﬁPé’( é*)OUlQr Bej %F“é‘é'%?‘?’lg’r’y ved from

product B Bpaétrbdfe and no reduction of the amount of nucleoprotein was
seen in the retentate. Possibly, the adaptation of one or more
TFF parameters (e.g. increase in shear) may improve
purification of the nucleoprotein. We have further used size
exclusion (group separation) to achieve this goal.

15 The high salt virus fraction was again split into two
portions: one portion was directly purified and buffer
exchanged to formulation buffer over a size exclusion (group
separation) column (product B in Fig. 6), while the second
fraction was stored overnight at room temperature before

20 further purifying and buffer exchanging over a size exclusion
(group separation) column (product C in Fig. 6).

The three purified bulk lots were analysed to determine
purity, infectivity, yield, aggregation and transgene
expression.

25 SDS-PAGE and Western analysis is shown in Fig. 7, and shows
that the intact nucleoprotein, as well as NP degradation
products (confirmed by mass spectrometry to be NP degradation
products), are increasingly removed from product A, B and C
respectively.

30 Reverse phase analysis (RP-HPLC) (Fig. 8) shows that the amount
of intact nucleoprotein, as well as NP degradation product

(eluting at 39 minutes), was reduced by introducing the high



respectively. 30 Reverse phase anal ysis (RP-HPLC) (Fig. 8) shows that the
anmount of intact nucleoprotein, as well as NP degradation product (eluting
at 39 mnutes), was reduced by i nt r oduci ng the high WO 2005/ 080556

PCT/ EP2005/ 050739 44 salt diafiltration step from about 50% (product A) to
<5% (product B) and after overnight storage in 5 M NaC at room tenp even
to below the detection limt of 1% (product C). Using both analysis

met hods, ndveRPBM80BH/ viral proteins was 5 observed. TranR§SHBP2ATI93I9 on
was shown, the infectivity was unaffected and no aggregation occurred (for
all three products A, B and C). Apparently, the incubation of the

reconbi nant virus in high salt, even ovegpight, did not |lead to a
significant 10 reduction in quality of the virus. Instead of or in addition
to prol onge S e cldsi on, a

Vi rus suspegs'sal{)\?lma%lfé}tq%f/awst&gnf ?gggexc ang egt BB% %ﬂsﬁuge qg(% r<§%tl

filtered usiRePET A &%dhﬁéit@ﬁh?‘i’?-'@lfthtt @FOFPW?I ipat h2(3\}&10115‘=U|ﬂi?@5?f§ect edly,
this result egenigh @feeprﬂa,l %ﬁo?velﬁﬁéiadieﬁ%ﬂgn; :;L@.ﬂhttb_e Vi retsrc(da&. c9).- Thl s
experinment is r ilters .o ifferent pore sjzes )

0.8, 0.22 pn‘fsﬁ’l?p%?&e"brar‘ﬁ &St e RS o P EELPEF ° ‘goneras}r ﬁs"te/&"% B’Fé 45pm
Sart opor e 2 cogdxiveat.i on is also tested. This filtration step 20 may suitably

be combi ned 4.l A AURSEIRAL Rl 485 UL Ul gmfggﬁ{&gi,g 5 Mr8Rreapdy Y

require shorter i mes e 'vitus In ron,
resul ting i med rpb?ﬁﬁﬂeeraé;&w!nggcw‘rqﬁ od®ss atlilnﬁhr%rwrwmA 1B and
Diafiltratiof ofaddis-<Heak,f igd Qﬁé&l@é&ﬁrp of25,hé %é@r@lﬂ&@%tufu%aéhm e

probably due tqQ precipitation of host |l proteins. 2. Incubation of

hi ghly puri fHSP SRISIESYSRIINCTELS P qlﬁi 5‘°l'9| -tog ?‘6I?0%e%“b‘3}°§‘€ﬁar ation on

10 reduction in quality of the wirus.

Instead of or in addition to prolonged incubation with
high salt and subsequent size exclusion, - a virus suspension
that was buffer exchanged with 5M NaCl was directly filtered
using a 0.45 pm hydrophilic filter (Millipac 20).

15 ' Unexpectedly, this resulted in a complete removal of NP from
the virus (Fig. 9). This experiment is repeated with filters
of different pore sizes (e.g. 1.2, 1.0, 0.8, 0.22 pm) to
determine the range of possible pore sizes. A 0.8/0.45um
Sartopore-2 combination is also tested. This filtration step

20 may suitably be combined with a subsequent size exclusion
chromatography step, and may require shorter incubation times
of the virus in the high salt solution, resulting in a
possible savings in process time.

Conclusions: 1. Diafiltration of the clarified harvest to

25 5 M NaCl is not feasible probably due to precipitation of host
cell proteins. 2. Incubation of highly purified
AdS5dE3x.Adapt.Ebo.NP in 5 M NaCl followed by separation on
Sepharose 4 FF or by filtration though a hydrophilic filater
results in purification of Ad5dE3x.Adapt.Ebo.NP from the Ebola

30 nucleoprotein. 3. Prolongation of the incubation step from two
hours to overnight results in an even further reduction of

residual nucleoprotein from <5% to <1%. Filtration through



Sepharose 4 FF or by filtration though a hydrophilic filater results in
purification of Ad5dE3x. Adapt.Ebo. NP fromthe Ebola 30 nucl eoprotein. 3.
Prol ongation of the incubation step fromtwo hours to overnight results in
an even further reduction of residual nucleoprotein from<5%to <1%
Filtration through WO 2005/ 080556 PCT/ EP2005/ 050739 45 hydrophilic filters
may reduce the re%w red incubation tinme to obtain the sane result. Hence,
it is feasihPe'tP8P¥ove nucl eic acid binding proteins, sRET/ER005/050739
nucl eoproteins, e.g. nucleoprotein of 5 Ebolavirus, fromreconbi nant viruses
expressing such proteins, by incubation in at |east 2M NaCl, preferably at
|l east 3 M Had, nore preferably 5 M Nad #§&€r purification purposes of

bat ches of such viruses. to Exanple 4. Testing different filters for

clarificati ofyqrd¥i3i1GR ‘f@.'lltérﬁeﬁﬁygf%é nd J:Qqﬁlpé@rﬁ?&h%[tﬁﬁdt atee‘e& ed in
separate experiments with different reconbi nant "adenoviruses. 2.5 days

after infect?PRipthdhCesP@enErE ysed with 1% Triton X-100, after 30 ninutes

Benzonase(r) (50 Hemdes/ ﬁjt) iantedg(BPe WS @ckveaddelle 88 dad e Widicasqf or
another 30 mnutes.' The-harvest. was used for clari |cat| on, egfgrl nment s.

Depth filterB O = o T g8rfd RRuC BT S/gar ¥ - h&ani BRC ?%%%%‘?Jg}‘ 0% and
good renoval Elmdil@elﬂuSdeI:ffrrlosx frrconbicopi orlrauraalsysxp;cesanldgvm@ frootgisei t abl e

as an i ni ti aby clatifdaall 0q 20 1bLLeray HRMAVeR Lbe Lhlyrat e aldd |y booked

opal escent. stak DE 30/60 and ound to be less suitable for
filtering T/ ¥ JisHie BFeTe5aPAYsS ot Wﬁqlu§°€29ur4513§at+?ln|m{@°sfetsa@ﬁfl ons the

yi el d increasgeeiad dieuct eRk-i;88s . of opal escence decreased, indicating that
the filter capacity 25 was reached. Several nenbrane filters were tested to

further clarify the filtrate produced by Clarigard filtration; e.g.
MIlligardo Example 4. Testing different filters for clarification.

PER.C6 cells were grown in a 10 L bioreactor and infected in
separate experiments with different recombinant adenoviruses.
2.5 days after infection the cells were lysed with 1% Triton®
X-100, after 30 minutes Benzonase® (50 units/ml) and MgCl; were

" 15 added and incubated for another 30 minutes: The ‘harvest was
used for clarification experiments.

Depth filters, e.g. Clarigard and Polygard had high
recovery (>90%) and good removal of cell debris (microscopic
analysis), and were found suitable as an initial clarification

20 filter. However the filtrate still looked opalescent.

Millistak DE 30/60 and CE50 were found to be less
suitable for filtering T/B harvest due to loss of virus (20-
45%). In later fractions the yield increased but the retention
of opalescence decreased, indicating that the filter capacity

25 was reached.

~ Several membrane filters were tested to further clarify
the filtrate produced by Clarigard filtration; e.g. Milligard
0.5 pym, 1.2 um and 1.2/0.22 pm, Durapore 0.22 and 0.65 pm,
30 Lifegérd 1.0 and 2.0 pm (all Millipore) and Sartopore-2
0.8/0.45 pm (Sartorius). The Sartopore 2 filter was the only
filter among those tested that had a good retention of the



0.5 pm 1.2 pmand 1.2/0.22 pm Durapore 0.22 and 0.65 pm 30 Lifegard 1.0
and 2.0 pm(all MIIlipore) and Sartopore-2 0.8/ 0.45 pm (Sartorius). The
Sartopore 2 filter was the only filter anong those tested that had a good
retention of the WD 2005/ 080556 PCT/ EP2005/ 050739 46 opal escence, a high
capacity (>20 m/cnmR) as well as a high virus-,yield (>95% . The clarified
har vest was ﬁﬁentrated and diafiltrated wth flatscreen or holl ow fiber

modul es. Se¥BP800ers were 5 tested to filter the finalPGHERHO3PH739
preferably with a 0.45 pm poresize, in order to make the final retentate
suitable for chromatography, e.g.: MIlipack 20, Lifegard 1.0 pm Polygard
0.6 pm Intercept Q MIlligard 1.2/0.5 pmggAgain the Sartopore 2 filter was
the only filter anong those tested that had a 10 good retention of the

opal escence, oald gherfrpac wgascwéél 2 NmAh by Uss Y&l d {PWignAl t hough
t hese experingnts were do a T/ B harvest, |ater experinents have

confirned th%ljflé%tﬂltes.l'dab(6§g%? or a BIT harvest according to the invention,
and hence a Sart aper elariFikdl hervgst/e&s/&rdpcgﬁmdatea%mrs aid tdvareat hods

according to, e en n or t he rifi the met hods
accordi ng to" 1Eﬁefil":'Lnn‘:vecnrielegln Of):lr_gggi% yl%ercglr?t%ll ga i O%&%P%l Sér]ﬁ 15 S0 Va5 pm
filters, Ppretestdd ta Bditegpshe lealtmtent@t@seareﬂerQWJetlﬁ a @arér at i on

and purifi Caﬁ:h%b&isﬂé‘ f %eescdekeeamf@@heafi‘mgw LUBESta T 4 QUS H1RC eERI Nant
adenoviruses were purified with nethods according to the present invention.

Such vir usesCREMFRIZEPIYnsfafce Vel yiprtkatdd E&fﬁﬁﬁﬂiobo%s}“ﬁ"ed—’&%’ﬁﬁéfil on in
the packagi ngs cgh) strferzebef b; end1 pagdrd sprmtm Sefml CAGE 1R Hd RS topore

~adapter-plagmd ., useful Lora88sY: Lo A0 Y (hRS.! 20898 " Hat naa a
10 good retention of the opalescence, a high capacity as well as
a high virus yield (>95%).

Although these experiments were done with a T/B harvest,
later experiments have confirmed the results above for a B/T
harvest according to the invention, and hence a Sartopore 2

15 filter‘gi?es very good results with the methods according-to
the invention.

Hence, for the clarification in the methods according to
the invention preferably a combination of 0.8um and 0.45 pm
filters, preferably a Sartopore 2 filter, is used.

20
Example 5. Generation and purification of different
recombinant adenoviruses.
Various recombinant adenoviruses were purified with methods
according to the present invention. Such viruses can for

25 instance be generated by homologous recombination in the
packaging cells of a left-end part (sometimes referred to as
‘adapter—plasmid', useful for easy cloning of the transgene)
and a right-end part of the genome according to methods known
from the art, such as for instance described in EP 0955373, WO

30 03/104467 and WO 2004/001032. The viruses can be propagated in
packaging cells known from the art, such as for instance 293
cells, PER.C6™ cells (exemplified by cells deposited at the



and a right-end part of the genone according to nethods known fromthe art,
such as for instance described in EP 0955373, WO 30 03/104467 and WO

2004/ 001032. The viruses can be propagated in packaging cells known from
the art, such as for instance 293 cells, PER C6TMcells (exenplified by
cells deposited at the WD 2005/ 080556 PCT/ EP2005/ 050739 47 ECACC under no.
96022940, S‘ﬁﬁ US patent 5,994,128), or PER E1B55K cells expressing E1B 55K
protein fro 8%%({8 ¥We US patent 6,492,169). Constructi on RGT/ERIPRS/050739
reconbi nant adenoviruses that were and are purified according to the 5

met hods of the invention is described in this exanple. Adenovirus with
Ebol avi rus transgenes Ceneration of pAdapiz Ebola NP The gene encodi ng the
Ebol a subtype Zaire nucl eoprotein was 10 anplified by pol ynmerase chain

reaction usimaw uFRes; nbor %ozlzsﬁedfmse%' UeCha bt F 406G GA TEG ATT CTC GIC

CIC A 3 I reverse 6401 5' GCG CTA GCT CAC TGA TGA TGT

TGC AG 3 %@QERPBS%&%S FPHEBPIET D SzliBntsf’ﬁdBE%t‘?’e%tA%od"t 297 e {88RUEF ease

recognition mttees: andoa, ¢69$en80u$s’®3.ﬁpjﬂmeoEO§omé_5r®:mﬁﬂhmiar{tr ansl ati on

I ni tiation (KozalM,1957,8 Leasi, fi2t. nucleotldes preceding e AUS

initiator co on en RCE translation |1 Fan cert H BPS

947-950) 5 ormetdiodscrifoirhle dhvanhien rispAbasrIhedsbe Bﬁ-&)%%m)e. PCR

reactions were perforned in a Biometra Ti or T3 thermal cycler using 10 20

uM of each pr| mer, 0. 75 uI m ni prep DNA of VRC6401 (see WO 03/028632), 1.5
TS PlayhCysclinagegenes 0.5 ul 20 nM dNTPs using the

fol | owi ng Ccméi-lelzla(msm quypheaﬁt EB&Q N’JPSOC 4' 72C, 5 cycles of 1' 94C,

1'50C, 4' 7 cyc 72C, cle,of, 1' 94C, 1'
520 o5 10" Hscaasy ERRGRIAR, thadimas mbidee ARl PR AR i VaRe
di gest edtowi tameHiifAeld blys pod e oase @faw&vge'ela):tand v iad aukdinetns; ffhewpAdApt ' TM
vector di gesgf Wt R Blsl c3BAdckRada M &kr cTc erc crc A 37 (SEQ. ID.

NO. 1) and reverse 6401 5/ GCG CTA GCT CAC TGA TGA TGT TGC AG

3’ (SEQ. ID. NO. 2) in order to introduce restriction

endonuclease recognition sites and a consensus sequence for

15 optimal translation initiation  (Kozak M, 19287, At least six
nucleotides preceding the AUG injitiator codon enhance
translation in mammalian cells. J Mol Biol. 20: 947-950) for
directional cloning in pAdApt™ (see EP 0955373). PCR reactions
were performed in a Biometra Tl or T3 thermal cycler using 10

20 uM of each primer, 0.75 ul miniprep DNA of VRC6401 (see WO
03/028632), 1.5 units Pwo DNA polymerase, 5 ul 10x PCR buffer,
0.5 ul 20 mM dNTPs using the following conditions: lcycle 5’
94°c, 1'50°C, 4f 72°C, 5 cycles of 1’ 94°C, 1’'50°C, 4' 72°C, 20
cycles of 17 94°C, 1’62°C, 4’ 72°C, 1 cycle of 1’ 94°C, 1’62°C,

25 10’ 72°C. Subsequently the PCR product of the correct size was
digested with PinA I (Isoschizomer of Age I) and ligated into
the pAdApt™ vector digested with PinA I and Hpa I. After
ligating the fragment for 2 hours at roomtemperature, 50% of
the mixture was transformed to E. coli DHS50, T1R cells by

30 heatshock transformation and plated onto LB agar plates

supplemented with 50 ug/ml ampicillin. Twenty colonies were



ligating the fragment for 2 hours at roontenperature, 50% of the m xture
was transforned to E. coli DH5c4 T1R cells by 30 heatshock transformation
and plated onto LB agar plates supplenented with 50 ug/m anpicillin.
Twenty col oni es were WO 2005/ 080556 PCT/ EP2005/ 050739 48 picked and grown
overnight at 37C in LB supplenmented with anpicillin. Mniprep DNA was
extracted L@bni t he agen mniprep Spin kit as described by the

manuf act ur ef O BIYBIS5r estriction enzyme anal ysis with Hi nd BGTEBHES/S8439 a
correct 5 clones was sel ected and further checked by DNA sequence anal ysis.
Generation of pAdapt.Ebola GP (Z) The gene encoding the Ebola subtype Zaire
full-length 10 gl ycoprotein was anplifiedsby PCR using primers Forward 6001
(5" CCC AAG CTT GCC GCC ATG GCC GIT ACA GG 3') (SEQ ID. NO 3) and Reverse
6001 (5 GOGIGldGAITEATE GO GG AMASTIT GL 1 dudp¥eRentBa Do) . PCR
reactions were performéd in a Bionetra Tl or T3 thermal cycler using 10 uM
of each prin#fP1laiblligy MdnARESRSPRY TINA eftroRE8® 04s {3% e MDD BFHF28632), 1.5

units Pwo %mWaeklé gk &&c%&) f he ﬂaéuﬂéc@&éﬂ\/l Al¥tRs using

the foll OWI n cond| t.i ons: ycle 5 '55C, _4' 72C ycles 1' 94C,

1' 55C, &' ?nfﬁ’m§4?:“alfis‘ﬁ§1@lti” Hisg I{Ic%‘i‘e’“ia ch°°f‘f8&E 10’
72C. Subssequemﬂnqs 2~&st IselBGRepr add ctunfhdrheheokeécby SDe swgaadiqgested with
Hond Il and ggp% and ligated into the |ikew se digested pAdApt TM vector.
After ligating t s"fragmsnt for 2 hours at roontenperature, 50% of the

m xture was transforned to E. coli DHS5a T1R cells by heatshock

transfornati Gélnafai:jmzﬁto&’dpﬂdtaptLBbaBa agrr(z)l ates supplenmented with 50 ug/n
anpicillin. ‘# £ en‘é% P?{l gg%ldEggjr_jae%;r%! %vg h%u edl37C i 4 LB

suppl enent ed Wt Pas ex rac qng the Q agen
m ni pr epl®pi gilmqp@s‘-ed@swsbempbyfim b RGRassingrprifiers Forward 6001

(5 CCC AAG CTT GCC GCC ATG GGC GTIT ACA GG 3’) (SEQ. ID. NO.
3) and Reverse 6001 (5’ GGC TCT AGA TTA CTA AAA GAC AAA TTT GC
3’) (SEQ. ID. NO. 4). PCR reactions were performed in a
Biometra Tl or T3 thermal cycler using 10 uM of each primer,

15 100 ng and 25 ng DNA of VRC6001 (see-WO 03/028632), 1.5 units
Pwo DNA polymerase, 5 ul 10x PCR buffer, 0.5 ul 20 mM dNTPs
using the following conditions: 1 cycle 5’ 94°C, 1/55°C, 4’
72°C, 5 cycles 1’ 94°C, 1’55°C, 4’ 72°C, 20 cycles 1’ 94°C,
1re64°C, 4' 72°C, 1 cycle 1’ 94°C, 1764°C, 10’ 72°C. Subsegquently

20 the PCR product of the correct size was digested with Hind III
and Xba I and ligated into the likewise digested pAdApt™
vector. After ligating the fragment for 2 hours at
roomtemperature, 50% of the mixture was transformed to E. coli
DH50 T1R cells by heatshock transformation and plated onto LB

25 agar plates supplemented with 50 ug/ml ampicillin. Colonies
were picked and grown overnight at 37°C in LB supplemented with
ampicillin., Miniprep DNA was extracted using the Qiagen
miniprep Sp%n kit as described by the manufacturer. After
restriction enzyme analysis with Hind III and Xba I correct

30 clones were selected and further checked by DNA sequence

analysis.



restriction enzyne analysis with Hnd Il and Xba | correct 30 clones were
sel ected and further checked by DNA sequence analysis. W 20051080556

PCT/ EP2005/ 050739 49 Generation of pAdapt.Ebola GPdTM Z) and pAdapt. Ebol a
GPdTM'S) Simlarly as descri bed above, codon optim zed sequences encodi ng
one of the Ebola subtypes Zaire and Sudan/Gulu 5 glycoprotein with a
deletion of the C-termnal 29 am no acids |ong transnenbrane domain

(GPdTM 2), VHRAUEEIWES), respectively, see al so WO 03/ 028@EAYEP205/@50Z3%ned
into pAdapt. Generation of reconbinant adenoviruses w th Ebol avirus 10
trans genes The pAdapt plasmds with the different inserts (pAdapt. Ebol a

NP, pAdapt. Ebola GP (Z2), pAdapt.Ebola GPdJM (S), pAdapt.Ebola GPdTM (2)),
were used to form reconbi nant adenoviruses by honol ogous reconbination with
pl asm ds conprising the 15 renai nder of the adenovirus type 5 genone
(plasmd pWe Ad. Af111-rI TRSPAE3, which is pWE/Ad. Afl 11-r]TRsp (see EP
0955373) wi tFPRERRAQT G BAdaRY g3 @Wé“ﬁé fBe| BRI o%e GFFRM (Rhs used

for ht ge ri ghl"ﬂlnﬁmirafy tBedadeniyed Lﬁ%cgtc?"}m&)ion apton Ui &y Wdesknom

met hods such_as i nst anc e 0 in EP,09553 es ing in

Uit Uses nanc RISTE RS A Ep OB TRISTESR. ABART T SRy bl

Ad5dE3x. AdapdlyEspreRain S)Ltan@l delbatEdn AdapheE0otSRITNAL/)29 amdspeativel y. O
course, the {yansgenes. Qaﬁé”%&ﬂ Y &epdﬁ,ll(%led My us vectors of

different serotypes, suc genera e reconbi nant adenovirus
derived fromemResEivedyot ?Besa%%‘éé"’% Qj/qmﬁéé) 709919 . CJAH@%\HWS@é-daPth
Pl asnmodi um transgene Generation of pAdapt. CS. pFal c and pAdapt 535. CS. Pfal ¢ 30

A codon optiglz &IJH%M%%%&A%%F%%)e,%&%ugfespmmcﬂyvj £C1 par um was

synt hesi zed and cl oned I nt
10 transgenes

The pAdapt plasmids with the different inserts (pAdapt.Ebola
NP, pAdapt.Ebola GP (Z), pAdapt.Ebola GPdATM (S), pAdapt.Ebola
GPdTM (Z)), were used to form recombinant adenoviruses by
homologous recombination with plasmids comprising the

15 - -remainder of the adenovirus type 5 genome (plasmid
PWE/AQA.Af1II-rITRspAE3, which is pWE/Ad.AflII-rITRsp (see EP
0955373) with a deletion of 1878 bp in the E3 region (Xbal
region) was used for the right end of the adenovirus genome),
according to well known methods such as for instance described

20 in EP 0955373, resulting in viruses named
Ad5dE3x.Adapt .Ebo.NP, AdS5dE3x.Adapt.Ebo.GP(Z),
Ad5dE3x.Adapt.Ebo.GPdTM(S) and Ad5dE3x.Adapt.Ebo.GPdTM(Z),
respectively. Of course, the transgenes can similarly be
cloned in adenovirus vectors of different serotypes, such as

25 Ad35, to generate recombinant adenovirus derived from those

serotypes (see e.g. WO 00/70071).

Adenoviruses with Plasmodium transgene

Generation of pAdapt.CS.pFalc and pAdapt535.CS.Pfalc

30 A codon optimized circumsporozoite (CS) gene of Plasmodium’
falciparum was synthesized and cloned into pCR~script

(Stratagene), giving clone 02-659, as described in WO



SN ——

(Strat agene) gi ving clone 02-659, as described in WD - - - -------------
WO 2005/ 080556 PCT/ EP2005/ 050739 50 2004/055187. The CS gene was cl oned

i nto pAdapt and pAdapt535 (see WO 2004/001032) for generation of
respectively reconbinant Ad5 and reconbi nant Ad35 vectors. C one 02-659 and
bot h pAdapt vectors were digested with Hnd Il and BanH | and 5 joined by
ligation. After ligating the fragnent for 2 hours at roomtenperature, 50%
of the m xtWPa04480556ansforned to E. coli DH5a TIR cel |l s RCTER083@5OR39
transformation and plated onto LB agar plates supplenented with 50 p.g/m
anpicillin. Colonies were picked and grown overnight at 37Cin LB 10

suppl emented with anpicillin. Mniprep DNf,was extracted using the Q agen
mniprep Spin kit. After restriction enzynme analysis with Hnd Il and Xba

| correct clopgs,yymspelei ed sand Lgétéﬁnewﬁﬁlﬁedpﬁaa SEPINGE 535

anal ysis. Reconbi nant adenovirus serotype 5 wt P.talciparumCS it
gene was genéfaR P &0 G4AA0NS ) s e 6?“‘?#?5‘%%@@!398955917?3@13! al so descri bed

in WO 2004/ 055&&mlnapﬂdam5 Gsﬂabamﬂmantdlmst edclazgeraCctw&étdzﬂatssoe.nanzyne
to releasetelefte q:gtlon of the A

PVE/ Ad. Al | | - PPTRGREPT SRS ﬁ'&rfhgl‘i?‘ﬂ?ﬁ é’r’f&hpgr‘f’d FI% h%“%\d@a”ﬁieﬁoﬁﬁdhas a
del etion 20 @61:18&803b[1:1gaﬁ11w Eafn:egl Di\ga(t-)ihaj tthel étaméntafmrvm&caimo at

di gested wth, b Céem agir%es%%‘% u\/}%r tjé%é%gg%g&&edgooléﬂo PER. C6

cells, such as epo 't he nunber
honol ogous r eobhtibﬁml'ﬂrR cfeltlse byoheataqnmmg:wﬁemmes;one@wtplmd Vi rus

named AJSAES. (R P! fea 2% 188 d UIRGenBREAI AN L0 ENAY! Liis; seriQtype 35

with the P.fa |paru enevva enera simla
Pacl - di gest efol piitaptvieds wdkmi anvitas::mecbvfemnltghe IaEf B7¥hd.roflBt he virus

genone, QE'd Qgﬁ}!slghgn%s cP %1&¥§Eaﬁg§.gﬂ:ghi<nr Ibf-lr %%%e%S%ﬁAV\Qas extracted using
the Qiagen miniprep Spin kit. After restriction enzyme
analysis with Hind IIT and Xba I correct clones were selected
and further checked by DNA sequence analysis.
Recombinant adenovirus serotype 5 with the P.falciparum CS
-+ 15 éene was'genefated as follows (see for instance EP 0955373;
also described in WO 2004/055187). pAdapt.CS.Pfalc was
digested by PacI restriction enzyme to release the left-end
portion of the Ad genome. Plasmid pWE/Ad.AflII-rITRsSpAE3
containing the right-end part of the Ad5 genome has a deletion
20 of 1878 bp in the E3 region (XbaIl deletion), and was also
digested with PaciI. The digested constructs were co-
transfected into PER.C6 cells, such as deposited at the ECACC
under number 96022940. Upon homologous recombination of the
overlapping sequences, recombinant virus named AdSAE3.CS.Pfalc
25 was formed.
Recombinant adenovirus serotype 35 with the P.falciparum CS
gene was generated similarly, but now PacI-digested
pAdapt535.CS.Pfalc was used for the left-end of the virus
genome, and NotI-digested pWE.Ad35.pIX-rITRAE3 (see WO
30 2004/001032) was used for the right-end of the virus genome,
and both were transfected into PER-E1B55K producer cells



30 2004/ 001032) was used for the right-end of the virus genone, and both
were transfected i nto PER-E1B55K producer cells WO 2005/ 080556

PCT/ EP2005/ 050739 51 (havi ng E1B-55K sequences derived from Ad35; cells
have been described in US patent 6,492,169). Upon honol ogous reconbination
of the overl appi ng sequences, reconbinant virus named AJ35AE3. CS. Pfal c was
formed. O course, it would also be 5 possible to change the E4-orf6 protein

in the backWOPR0Y#80836e Ad35 virus into E4-orf6 of Ad5, to RGEHEB005/050739

possi ble to propagate such viruses on packaging cells that express the ELB
protein of AdS, such as PER C6 or 293 cells (see WO 03/104467). 10

Ad5AES3. CS. Pal ¢ and Ad35AE3. CS. Pfalc are puiified according to the nethods
of the present invention. In addition, an Ad35 vector with the Cs gene,

based on pAqaplH3F. K-k GeWubhcal AIBB RAGKRANRAWES CONBE MMiLbeennavi ng
a deletion in E3 and further co HSlgé; E4-orf6 of Ad5: 15- this vector is

further refePPBATIRRYSIIAYES PeEenEeef 3 - WMo WPrEsROBEL 89 Swer e puri fi ed
with the deseetbefingiaeesE (exaspbeldppiid.sebuenfds(Edxcitaafbari@dT™M Z2) ;
Ad5dE3x. Adapt . Ebg. GPATM S) ;  Ad5dE3x. Adapt . Ebo. NP, and 20, Ad5dE3x. Adapt . Enpty
on a 2 to 207EMEL AL M G5 FFadCalas Frimtre PH EREFSBr otiict W rE-Sth&®y sed
Lor purity bposeuersero phasgeattle SES-EAE pitdtdiaunad thebBadiibdid eff ndr
onogeneity cept far .the presenc t he Ebol.a _nucl eopratein in the
prepar at i onsAgs §thr‘%/sec:"[n(%:ro s%ﬁa\?fcﬁg Egol%s’ml}:cq é:(%lf%fellﬁ %%g%l &roansgene) .
The anpunt obrpepajaiualsunistvicelsksDNA paskamiasuced 1shyh&x REReeshs Wdse IFdBow

100 pg DA/ | ELL VB, (@5 :f20wihich Tabke. dd HOWR0ALH9N YBSe RSUr ed by

optical density neasurenents at 320 and nm and al so by disc
centrifugati 887186H%7)lof the 30 batches showed aggregation. Potency was

shown in;al | nR8hERESs. PFalc and AA35AE3.CS.Pfalc are purified according to
the methods of the present invention.
In addition, an Ad35 vector with the CS gene, based on
pAdapt535.CS.Pfalc with an Ad35 backbone was constructed,
having a deletion in E3 and further comprising E4-orf6 of AdS:

15- this vector is further referred to as Ad35.CS. -

Several Adenovirus vectors were purified with the described
process (example 1, Fig. 4): Ad5dE3x.Adapt.Ebo.GPdTM(Z) ;
Ad5dE3x.Adapt.Ebo.GPdTM(S); Ad5dE3x.Adapt.Ebo.NP, and

20 Ad5dE3x.Adapt.Empty on a 2 to 20 L scale. The filled and
finished (F&F) products were analysed for purity by reverse
phase and SDS~-PAGE and found to be purified near homogeneity
(except for the presence of the Ebola nucleoprotein in the
preparations of the vectors having Ebola nucleoprotein as a

25 transgene) . The amount of residual host cell DNA was measured
by Q-PCR and was below 100 pg DNA/1Ell VP (as shown in Table
1)

~ Aggregation was measured by optical density measurements at

320 and 260 nm, and also by disc centrifugation. None of the

30 batches showed aggregation. Potency was shown in all batches
by a VP/IU ratio below 10, and transgene expression was shown

in A54% cells.



by a VP/I1U ratio below 10, and transgene expression was shown in A549
cells. WD 2005/ 080556 PCT/ EP2005/ 050739 52 The final yield ranged from
20-50% dependent on the scale: 2L: 24-26% (n=2), 10 L: 30-37% (n=3),
20:'rL: 46% (n=1). Exanple 6. Ad35 purification using anion exchange 5
chr omat ogr aphy versus charged filters PER C6 cells were grown in a stirred
tank to cel‘& %ﬁ@@gﬁ) about 1 mllion cells/m. The cells were infected
with the 9 or with a MO of 40. After 4 days of RGTEB200§P¥I3ft i on
the infected cell culture was treated with 10 Benzonase and Triton X-100
(B/T method) as described in exanple 1. The B/ T harvest was clarified as
described in exanple 1. The clarified hagvest was concentrated 5 tines by
TFF (using a 0.05 pin hollow fiber), and subsequently diafiltered agai nst

10 di afiltratdeomivah ugyes18f réhdedidEd 20180%0adSdade?B0 0 naeMsERh s PEL 7. 5.
The concentr t%%&and filtered retentate was IHItered over a 0.45 um

di
filter, and 2 ednoﬁfo }ﬁeLtaiﬁL?r %ngfncé Panf®6r® 199% e=1As a capture step
a QXL colum (3 mM colum, 15 cm bedheight) or a Sartobind 75 filter

(charged fil ntai nLo Qups.., 20 Sartorl us) were tested. The
bound corrpor#en &\%e%g ‘gfjggeg it lhcat% r Ba18R 2 S nf M NaCl in a
TRI S- baséd ifrfomatogirephi| vetrems p?l?(ﬁzlgieei diiltkeschar ged filter shows an extra

peak at thehedisnRcRgs0fetd i i A8 e,¢Ad35
peak. The Ad35 \%:sr u? Rga ee e?w&grl%%t S\gggggcrigg%&f?ﬁ% ter (215%%%%£2h%$per
f.

peak at a hidRet dalilidnR efttiitin, Thesgeiirarece (Rkaqteg witheRd=0. 49 M

NaCl ) conparseghst.est h@capi(Lwiﬁsian,Mdi 3F 4M.Naglef s atdyd olfg,vn.Qﬂg 0.53 M
NaCl ). The el ut ed fracH?) re anqlly (_thijreSDS- PAGEteIgP ﬁEX, di sc

centri f ugat iFH?RTELOF SR was tred
10 Benzonase and Trlton X-100 (B/T method) as described in

example 1. The B/T harvest was clarified as described in
example 1. The clarified harvest was concentrated 5 times by
TFF (using a 0.05 pm hollow fiber), and subsequently
diafiltered against 10 diafiltration volumes of 0.1 M NaCl,

15 0.05% PS80, 50 mM Tris pH 7.5. . The concentrated and .
diafiltered retentate was filtered over a 0.45 um filter, and
loaded onto the capturing column or filter. As a capture step
a Q-XL column (3 ml column, 15 cm bedheight) or a Sartobind
75 filter (charged filter containing anionic groups,

20 Sartorius) were tested. The bound components were eluted with
a gradient from 0 to 1 M NaCl in a TRIS-based buffer. The
elution profile of the charged filter shows an extra peak at
the beginning of the gradient, which is separated from the
Ad35 peak. The Ad35 virus peak elutes from the charged filter

25 in a sharper peak at a higher salt concentration, 0.44 M NaCl
(start 0.41, end 0.49 M NaCl) compared to the Q-XL resin, 0.39
M NaCl (start 0.19, end 0.53 M NaCl). The eluted fractions
were analysed by SDS-PAGE, HPLC~AEX, disc centrifugation and
TCID50. '

30
The extra peak does not behave as intact Ad35 virus particles,

when analysed by HPLC-AEX chromatography and disc



The extra peak does not behave as intact Ad35 virus particles, when

anal ysed by HPLC- AEX chronmat ography and di sc WO 2005/ 080556

PCT/ EP2005/ 050739 53 centrifugation (Fig. 11). SDS-PAGE anal ysis of the
chromat ography fractions shows the followng results (Fig: 12): In the

fl owmt hrough of both runs no or very |l ow anobunts of proteins are visible.
The extra peak fromthe charged 5 filter chromatogram shows sone but not all
Ad35 prot ei'W9.200508033%e extra peak viral proteins I'lla, V, \RCEEBR00S/MSWpspear
to be mssing, while viral proteins Il, Ill, IV and 52.55k are present. 10
From these analysis data it can be concl uded that charged filters can
separate viral proteins fromintact viralg; particles, while Q XL sepharose
cannot. If no separation occurs this will nmost |ikely not be detected by
assays to a?s]esrgﬁ_g i RPr HPL é%? |l proteins 15
present in the exffggglﬁgéé éir‘gga ;sic_)’P r%gsyer?tgglgn t Slflétg)? %w rion. WO

2005/ 080556 FEPMREPEEEPHB0FBCtEANs rsh@"ﬁoﬁlenéomwmm neselés HELgest Cel |
VP/ ' m  DNAY thOtinDNAeHE’.ﬁ.gwﬁE%&gEL Iof\/%otagécﬂhs lnfdSx N6y W QmbpdinBs 40E+10
0.78 2 Ad5dE3x. Adapt.Ebo T/B 25E+11 0. 82 GPdTM (Z2) 3

Ad5dE3x. Adaptt E&&tsll*f*soa’&% ‘71%%3% al_i %‘%Gxumppaalﬁ\d%’aﬁé%% TEE8 B/ T 0. 44

6. 80E+| 1 0. OffilteMPchromatogram shows some but not all Ad35 proteins. In
the extra peak viral proteins 1IIa, V, VI and VII appear to be
missing, while viral proteins II, III, IV and 52.55k are

present.

10 From these analysis data it can be concluded that charged
filters can separate viral proteins from intact wviral
particles, while Q-XL sepharose cannot. If no separation
occurs this will most likely not be detected by assays to
assess purity like RP-HPLC or SDS-PAGE, since all proteins

15 present in the extra peak are also present in the intact

virion.



5 Ad5dE3x. Adapt.Enmp B/ T 0.40 8.90E+I| 0.04 6 Ad5dE3x. Adapt.Ebo B/ T 0.25

4. 66E+11 0.05 .NP 7 Ad5dE3x. Adapt.Ebo B/ T 0.55 6. 60E+11 0.08 .GPdTM (S) 8
Ad5dE3x. Adapt . Ebo B/ T 0. 15 6. 60E+1l 0.02 GPdTM (Z) 9 Ad353.CS B/ T 0.62
5.15E+11 0.12 Table 1: Reduction of the amount of residual host cell DNA in
purified bulk sanples by reversing the T/B to a B/T harvest 5 nethod. The
harvest was purified on a 2-20 L scale. See exanple 1 for details. 2 hours
Overni ght WOR0RHe§0556 2> M NaCl - + 3 MNad +/- + 5 M NaFUT/EP200505078% 2:
NP renmoval at different ionic strength and after 10 different incubation
times. See exanple 3 for details. WO 2005/ 080556 PCT/ EP2005/ 050739 55
SEQUENCE LI STING <110> CRUCELL HOLLAND H; V. Neggeman, Mranda 5 van
Corven, Em e <120> VIRUS PURI FI CATI ON METHODS <130> 0100 NO 00 ORD <160> 4
<170> Patentln version 3.2 10 <210> 1 <211> 30 <212> DNA

fay

Host ng HC
Run harvest Cell VP/ml
vectox method DNA HPL.C-AEX DNA/
1E11 VP
ng/ml
Ad5.MV-H T/B 0.41 5.40E+10 0.78
Ad54E3x.Adapt . Ebo
2 o /8 4.31 5.25E+11 0.82
3 AdeEsx'Sgapt'Eb° B/T 0.46 7.80E+11 0.06
4 AdeE3X'§gapt°Eb° B/T 0.44 6.80E+11 0.07
5 AdeE3x;§fapt'Emp B/T 0.40 8.90E+11 0.04
6 AdsdEsx‘ﬁgapt'Eb° B/T 0.25 4.66E+11 0.05
Ad5dE3x.Adapt.Ebo
7 o B/T 0.55 6.60E+11 0.08
Ad5dE3x.Adapt.Ebo
8 i - B/T 0.15 6. 608+11 0.02
5 2d353.CS B/T 0.62 5.158+11 0.12

Table 1: Reduction of the amount of residual host cell DNA in
purified bulk samples by reversing the T/B to a B/T harvest
5 method. The harvest was purified on a 2-20 L. scale. See

example 1 for details.

2 hours | Overnight
1 M NaCl | - -
2 M NaCl | -
3 M NaCl | +/~- +
5 M NaCl | + ++

Table 2: NP removal at different ionic strength and after

10 different incubation times. See example 3 for details.
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WD 2005/ 080556 PCT/ EP2005/ 050739 57 CLAIMS 1. A nmethod for the
purification of a virus froma host <cell, said nmethod conprising in the
given order the steps of: 5 a) culturing host cells that are infected with
a virus, b) adding nuclease to the cell culture, and c) |lysing said host
cells to provide a |lysate conprising the virus. 10 2. A nethod according to
claiml, saye urther conprising: d) clarification . 3.
A net hod accorzgﬁ%wtgsoécl aiml or claim2, said nethod 15 f€¢¥@g®0g%§(ﬁg9e
conprising: e) further purifying the virus with at | east one chromatography
step. 4. A nmethod according to any one of clainms 1-3, wherein said 20 virus
is a reconbi nant adenovirus. 5. A nethod &&cording to any one of clains 1-4,
wherein the nuclease of step b) is Benzonase. 25 6. A nethod according to
any one of cTArme=1*5 ==Vi}&t é{’)“r’f step c) of lysing the host cells is
performed wit¥%a.? detergent. 7. A method according to claimé6, wherein the
det er gent i SI9CHOIIEE jtpejgasRgP@aaatitoe - - - o .- - WO 2005/ 080556 PCI¥ EP2005/ 050739
58 8. A nmethod according to any one of clains 2-7, wherein step d)
conprisessdepth filtration and nmenbrane filtration. 9. A nethod according to
claim8, wherein the menbrane 5 filtration is perfornmed using a conbination
of 0.84m and



0.45 pmfilters. 10. A nethod according to any one of clains 3-9, wherein
prior to step e) the clarified |ysate is subjected to 10 ultrafiltration
and/or diafiltration. 11. A nethod according to claim 10, wherein the
clarified lysate that is subjected to diafiltration is exchanged against a
sol ution conprising 0.8-2.0 MNad, preferably 15 about 1 M Nad, or another

salt provi dWE)gzo@éh g9s¢sl val ent  ionic strength. 12. A nethod F@f/ﬁi’fﬂo%s&% any

one of clainms 4-11, wherein step e) conprises anion exchange
chronatography 20 13. A nethod according to claim 12, wherein said anion
exchange chromatography is perfornmed using a charged filter conprising

ani on exchange groups. 25 14. A nethod acédrding to any one of clains 4-13,
wherein step e) conprises size exclusion chronmatography. 15. A nethod
according to any one of clains 4-14, wh&LAIMS step e) conprises: 30 e,i)

ani on exchange 1chrogRERGHAREY | tl?é‘cbuﬁfl'c)atibﬁeofxyx%ﬁﬁ‘ EJUHP%HBQQIi;aphy WO
2005/ 080556 PCT/ EP2005/ 050739 . A nmethod accordjing to claiml5,

wherein the m xtur&t coﬁ?éﬁn‘f‘%ﬁ“f%éz‘?%dﬂif‘ﬁah? E’EI%n%HY%é”id?rbGPFeFtGPS
exchanged w th ao%al ution conprising at least 2 MNaCl, or another salt

provi di ng_ an eqU|v Ien oni ¢ stren tween sai S of_ ani on
exchange ¢hr omat ogY aph ;tgﬁﬁngl SRS lﬁm %(r?l1 ﬁF%nﬁ?‘g%‘?tap%JP% 2 X*br8tess
according to any dneadflipyannsleadks, tortidecicrllt helturfd eramadused i n steps d)
and SUbsequent St%gsl§§§ng19ai&eﬁb§g é&%ﬂ%rQ%”LrOG?&QQQ'iygéﬁ OEhgﬁrgggng

sucrose. 18. A nethod for "the purification of virus that 1s capable
the wvirus.

10 2. A method according to claim 1, said method further
comprising:

d) clarification of the lysate.

3. A method according to claim 1 or c¢laim 2, said method
15 . further comprising:
e) further purifying the virus with at least one
chromatography step.

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

20 virus is a recombinant adenovirus.

5. A method according to any one of claims 1-4, wherein the

nuclease of step b) is Benzonase.

25 6. A method according to any one of claims 1-5, wherein step
c) of lysing the host cells is performed with a
detergent.

7. A method according to claim 6, wherein the detergent is
30 Triton-X100.



of lysing host cells, said nethod conprising the steps of: 15 a) culturing
host cells conprising said virus capable of |ysing host cells, b)
harvesting virus following their release into culture fluid wthout
addition of an external lysis factor, characterized in that a nuclease is
added to the culture 20 before 95% of the host cells has been |ysed.
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8. A method according to any one of claims 2-7, wherein step

d) comprises depth filtration and membrane filtration.

9. A method according to claim 8, wherein the membrane
5 filtration is performed using a combination of 0.8um and

0.45 pm filters.

10. A method according to any one of claims 3-9, wherein
prior to step e) the clarified lysate is subjected to

10 ultrafiltration and/or diafiltration.

11. A method according to claim 10, wherein the clarified
lysate that is subjected to diafiltration is exchanged
against a solution comprising 0.8-2.0 M NaCl, preferably

15 about 1 M NaCl, or another salt providing an egquivalent

ionic strength.

12. A method according to any one of claims 4-11, wherein
step e) comprises anion exchange chromatography.
20
13. A method according to claim 12, wherein said anion
exchange chromatography is performed using a charged

filter comprising anion exchange groups.

25 14. A method according to any one of claims 4-13, wherein

step e) comprises size exclusion chromatography.

15. A method according to any one of claims 4-14, wherein
step e) comprises:
30 e, i) anion exchange chromatography, and

e,ii) size exclusion chromatography.
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16. A method according to claim 15, wherein the mixture

with a solution comprising at least 2 M NaCl, or another
salt providing an equivalent ionic strength, between said
steps of anion exchange chromatography and size exclusion

chromatography.

17. A process according to any one of claims 4-16, wherein
the buffers used in steps d) and subsequent steps are

free of detergent, magnesiumchloride and sucrose.

18. A method for the purification of a virus that is capable
of lysing host cells, said method comprising the steps
of:

. a) culturing host cells comprising said virus capable of
lysing host cells,
b) harvesting virus following their release into culture
fluid without addition of an external lysis factor,
characterized in that a nuclease is added to the culture

before 95% of the host cells has been lysed.





