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PURI FI CATI ON PROCESSES FOR | SOLATI NG PURI FI ED
VESI CULAR STOVATI TI' S VI RUS FROM CELL CULTURE

WEGB2OKEXIMND OF THE | NVENTI ON Vesi cul ar st onmat i PCHUSI0TS09510

(VSV), a nenber of the Rhabdoviridae famly, has a
non-segnent ed, negative-sense, single-stranded RNA
genone. Its el even kb genone has five genes which
encode five structural proteins of the virus: the
nucl eocapsid protein (N), which is required in

stoi chionetric ambunts for encapsidation of the
replicated RNA, the phosphoprotein (P) which is a
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BAGERS D of THERRRKALN VSV is not considered a human
pat hogen, and as such, preexisting immunity to VSV is
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' bustly, i | | t b) th
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uExiting aimgemidy tcVBeYds mnatheohil.)mé:ﬁ: })oblh'latlcﬁn(l Fih@) @ife @évelopment of
I
Y B RS eB 0P AlErE 855 & vaodinic eamgosiions
dﬁ‘ 9 maéﬁlegﬁ) anththeedelivery of genes encadieg WiSvagreitio peotaind. For

It
@ﬁﬁi %%ﬁ%&'g%ﬁé"eﬁté{%ﬁ%\’\ea ngaéc‘é{%\ﬁlbazrg 5&la %{éea?xn c—%ﬁe%tl}/%ogctor for

ERSEINg I UATZ B THB 36 MRag D Arelel TR bet ot of.- 1969 J. Virol.
VA3 IR 3T B2 EMESSsIgs virSLH PrbBin (StheMéthNR al., 2000 J. Virol., 74:4652-

4657) and HIV-1 env and gag proteins (Rose et al., 2001 Cell, 106(5):539-49).
Other characteristics of VSV that render it an attractive vector include: (a) the ability
to replicate robustly in cell culture; (b) the inability to either integrate into host cell
DNA or undergo genetic recombination; (c) the eXistence of multiple serotypes,
allowing the possibility for prime-boost immunization strategies; (d) foreign genes of
interest can be inserted into the VSV genome and expressed abundantly by the viral
transcriptase; and (e) the development of a specialized system for the rescue of
infectious virus from a cDNA copy of the virus genome (e.g., see U.S. Patent No.
6,033,886; U.S. Patent No. 6,168,943).

The production of VSV vectored immunogenic compositions generally
includes infecting a suitable cell culture (host) with recombinant VSV, growing VSV
in cell culture, harvesting the cell culture fluid at the appropriate time and purifying
the VSV from the cell culture fluid. The use of VSV vectors, and immunogenic
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6, 033,886; U S. Patent No. 6,168,943). The production
of VSV vectored i munogeni ¢ conpositions generally

w0 pi7aeBost i nfecting a suitable cell culture (hPSI/PS2M01/609510

reconmbi nant VSV, growing VSV in cell culture,
harvesting the cell culture fluid at the appropriate
time and purifying the VSV fromthe cell culture
fluid. The use of VSV vectors, and

i mmunogeni cconposi tions thereof, in clinical
applications will require VSV sanples (or “doses) of
appropriate purity in order to conply with safety
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puri f tion processes, Sucrose
apreantBHens Pt@sgnwwa%tus%ﬁn freio Wu'dn&rn‘&a cpyplicating
Vig\WSuritiebtion Rickeses| i ncl udi ng VSV purification) since

1964 (Yanada et a/ 2003
078 %}g{pse@rgmﬁgyl’trgpentnwgg h%%ﬁ ﬁ'ieg%%lé?r’gr?ﬁ%éa }or virus
FRafifibston @ichuling VSYGuritation) I!slatcb 19Aédlﬂam8da et)gh, 2003
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re very difficult to re ehip\ig
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occur, which are very difficult to remove at higher concentrations via sucrose
gradient ultracentrifugation. In addition, sucrose gradient ultracentrifugation is
extremely costly to scale-up. Concentration and purification of VSV by polyethylene
glycol (PEG) precipitation (McSharry et al., 1970 Virol., 40(3):745-6) has similar
problems of high impurity levels.

Relatively high quality virus has been obtained via size exclusion
chromatography (Transfiguracion et al., 2003 Human Gene Ther., 14(12):1 139-
1153; Vellekamp, et al., 2001 Human Gene Ther., 12(15):1923-36; Rabotti ef al.,
1971Comptes Rendus des Seances de I'"Academie des Sciences, Serie D:
Sciences Naturelles, 272(2):343-6; Jacoli et al., 1968 Biochim. Biophys. Acta, Genl
Subj., 165(2):99-302). However, due to process cost and operating difficulty, it is
generally not feasible for large-scale virus production. Affinity chromatography,
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gradient ultracentrifugation. In addition, sucrose
gradient ultracentrifugation is extrenely costly to

waeala239pt  Concentration and purification of V8VI/D$2007/009510
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SUMMARY OF THE INVENTION

The processes and compositions described herein generally relate to the
fields of virology, microbiology, immunology and process development. More
particularly, novel purification processes for obtaining vesicular stomatitis virus
(VSV) of improved purity and yield are described.

In one aspect, a process for purifying VSV from cell culture fluid of a
mammalian cell culture infected with VSV comprises the steps of: (a) primary
clarification, (b) secondary clarification, (c) anion exchange membrane adsorbtion,
(d) tangential flow filtration and (e) filtration. In one embodiment, step (a) comprises
clarifying cell culture fluid by low-speed centrifugation and recovering the VSV in the
supernatant. In one embodiment, step (b) comprises filtering the supernatant

through a 0.2 to 0.45 pm filter and recovering the VSV in the filtered solution. In
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W) 1997/ 06243; Kaarsnaes et al., 1983, cited above).
Thus, there is a current and ongoing need in the art
w0 o007p2896f | cati on processes whi ch can gener at ePC¢/BUSED7/009510

an appropriate level of purity and recovery (yield).
SUMVARY OF THE | NVENTI ON The processes and

conposi tions described herein generally relate to the
fields of virol ogy, mcrobiology, inmmunology and
process devel opment. Mre particularly, novel
purification processes for obtaining vesicular
stomatitis virus (VSV) of inproved purity and yield

are described. In one aspect, ces i.f.yin
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green In otrl'n(eeryemkbod1 mgnts the anion exchange membrane adsorber is a
Sartorius Sartobind™ Q membrane adsorber or a Pall Mustang™ Q membrane
adsorber. In one particular embodiment, the anion exchange membrane adsorber
-is a Pall Mustang™ Q membrane adsorber.

In certain other embodiments, the salt in the first pH buffered salt solution in
step (c) is NaCl or KCl. In another embodiment, the ionic strength of the NaCl or
KClis 0.1 M to 0.4 M. In one particular embodiment, the salt is NaCl and the ionic
strength of the NaCl is 0.3 M. -

In another embodiment, the salt in the second pH buffered salt solution in
step (c) is NaCl or KCI. In one particular embodiment, the salt in the second pH
buffered salt solution is NaCl. In one particular embodiment, the ionic strength of
the NaCl in the second pH buffered salt solution is between 0.5 M to 0.75 M. In
another particular embodiment, the ionic strength of the NaCl in the second pH

buffered salt solution is 0.6 M. In yet other embodiments, the ionic strgngth of the
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(AGWK) cells, also known as Vero cells. In certain
enbodi nents, the | ow speed centrifugation step of the

w@e7fiz3at i on process i s between 4,400 x g to BCOOS2087/009510

g. In one particular enbodinent, the | owspeed
centrifugation is 6,238 x g. In another enbodi nent,
the 0.2 to 0.45 mmfilter is a MIlipore MIlex(r)-Gv
filter unit, a MIlipore MIlex(r)-GP filter unit, a
Pal | Supor(r) filter unit, a Sartorius Sartobran(tm
filter unit or a Sartorius Sartopore(tn) 2 filter
unit. In one particular enbodi nent, the filter is a
0.2 mm Sartorius Sartobran(tm filter
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In certain other embodiments, the TFF membrane has a 300 kDa molecular
weight cutoff. In yet other embodiments, the TFF. membrane has a 750 kDa
molecular weight cutoff. In yet other embodiments, the TFF membrane has at least
a 350, 400, 450, 500, 550, 600, 650, 700, 800, 850, 900, 950 or 1,000 kDa
molecular weight cutoff. In one particular embodiment, the TFF membrane is a
hollow fiber membrane module. In andther embodiment, the TFF comprises
concentrating the VSV recovered from step (c) at least 5x, followed by at least one
buffer exchange. In still another embodiment, the TFF comprises concentrating the
VSV recovered from step (c) at least 5x, followed by at least five buffer exchanges.
In one particular embodiment, the buffer used in the buffer exchange is a phosphate
buffer, HEPES buffer or TRIS buffer, wherein the buffer has a concentration of 5
mM to 15 mM and a pH of 7.2 to 7.5. In another embodiment, the buffer exchange
buffer further comprises 0.10 M to 0.20 M NaC! and 3.5% to 4.5% sucrose.
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flowrate of 10 Cv/mnute to 30 CV/m nute. In one
particul ar enbodi nent, the |linear elution gradi ent

WO b@wi1zate is 20 CV/mnute. In yet other enbodPeEOSHN7/009510

the first and second buffers of step (c) have a pKa
between 6.0 to 8.5. In still other embodinents, the
first pH buffered salt solution of step (c) has a pH
of 6.5 to 8.0. In one particular enbodinment, the first
pH buffered salt solution has a pH of 7.5. In other
enbodi nents, the second pH buffered salt solution of
step (c¢) has a pHof 6.5 to 8.0. In one particul ar

enbodi t, th d pH buff d
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%‘afaﬁ’gn OB fer used in the buffer exchange
a phobpeaxtain btifef emborinmarts. B(SY of Inproved BUTYAS e&ov'ded Wwhich is
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fHueRinYy NaFactadistics: 5%916&341 BV seestgseot corobinetion of serotypes; a

S mepusnes SsmBiting bfiBbbBhehAERER of LERAs{ Ao mutations,
which attenuate the pathogenicity of VSV, a genomic sequence comprising a
foreign polynucleotide sequence open reading frame (ORF) sequence encoding one
or more of a variety of proteins (therapeutic or immunogenic) recited in detail in the
detailed description portion of the specification.

Other features and advantages of the compositions and processes
described herein will be apparent from the following detailed description, from the
preferred embodiments thereof, and from the claims.

BRIEF DESCRIPTION OF THE FIGURES
FIG. 1 is a flow chart showing the purification process (outlined in black
boxes) for obtaining VSV of improved purity from mammalian cell culture fluid.
FIG. 2A is an electophoretic gel showing the separation of VSV proteins by
silver staining after purification on a Mustang™ Q membrane adsorber with 2%
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performed at roomtenperature, wherein room
tenperature is defined as a tenperature or

WO eovpae@bur es on or between about 15C t o aboutP@BUS200TI009510

one particul ar enbodi nent, the purification process

steps (a) through (e) are perforned at 200C. In yet
anot her enbodi nent, the clarifying of the cell culture
fluid in step (a) is by a 1.0 nmto 4.5 nmdepth
filtration nodule, wherein |owspeed centrifugation is
omtted fromstep (a). In specific enbodinents, the
depth filtration nodule is a Watman(r) Polycap(tn) HD
nodul e, a Sartorius Sartoclear(tmP nodul e o

sibroke pdded 1o thilalytost utfer {10HOMBRAINE. PATPERAS: G M NaCh). Lanes
181'5d)§r%t 13>é$é/c%trl'fl§qgt%¥?931miﬂtut’é§ @) ges (3 fwrekttirbogh and wash, (4)
ture ncertlnegd)?or}FB
S buera (mpons 1o, (5076 Sefass ranuSy Sxra 7 sirs biter
(igﬁgsgtgg:s %e ﬁo)gm taﬁb@boﬁa?m (fcmjﬂbﬂm maast) s(s?) 1l 60%tthufier B (fractions 26-
e ri
B0 Burapprasrralion i F) BRERRed et ke Erofin standards.
Tg%rﬂdgf#dt@f?r?mwSmw  Wes pmmr/memw@\rh iaglir@@r gngiom eeadnent
culture pratel n i, i i ,
s 51 LSRR kgt B8 S ORI BB wes
byssilpéostaghed. Which is purified and isol ated according
to thedd %\éqgnﬁlgdéétbﬁ%éﬁg‘%éi 'sh& e@ Vgéfdh@ﬁ@f rev&irBteins by

In certain e pur
Wieateart blot.iacedrding @ribe éilesqafmt@n@[f FtEh @/\z qu%Wef%ern Blot detection

ékﬁ)gmﬁﬁ V=Y ﬁélyclé‘né%lnﬁ%cﬁé‘s VSV ser ot ype or

t
Con-plr ?E-} Iﬁi?@n@t%m %%S;t)laﬂ{@u%&as?ﬁgw@o& %gagés qf \xgv proteins by

dNEALth PRy a%%@gt@hww@ewmapam bﬁgaemlucﬁahgwoﬁ nvShbraae

Lot etb e e ST b ek LA ARG Eonace. 1.0
QNGa@y. D@es Db aaeV(ao femidy (2)ffloprtht@ighsand \he$ra|c§éh$%dw®‘|er B
CBRIBFET B\ e e B s 1229, 0
i @o% wuker Briffactibnaratads (10 Bie-RadEofissisiar Bius Piatgin™ standards,
Sfl‘sgémgt%éd% f‘(gé : Qvggrggggﬁéd%ﬁ’f”ghhf %’@VQQ? ah8 "d?)e&g% g@g%neranon
podi o dihedlosratentor dug Muatmgf'"r @rWQSh%f_’dP'émm%'te (10 CV/minute) with a
step elution gradient. SDS-PAGE analysis was with a 4- 20% Tris-Glycine gel and
protein detection was by silver staining.

FIG. 3B is an electrophoretic gel showing the separation of VSV proteins by
Western Blot after purification as described in Fig. 3A. The Western Blot detection
was with anti-VSV polyclonal antibodies. Buffer B (also referred to as the “elution
buffer”’) was 10 mM sodium phosphate (pH 7.0) and 1 M NaCl.

FIG. 4A is an SDS-PAGE analysis (4-20% Tris-Glycine gel) of VSV by silver
+ colloidal staining at each step of the purification process described in Fig. 1.
Lanes 1-12 are (1) pre-centrifugation, (2) post-centrifugation (1° clarification), (3)
pre-0.2 um filtration, (4) post-0.2 um filtration (2° clarification), (5) flow-through and
wash pool from the Mustang™ Q membrane adsorber, (6) VSV elution fractions
pool from the Mustang™ Q membrane adsorber, (7) VSV retentate from the TFF
UF/DF, (8) concentrate and diafiltration pool, (9) pre-0.2 um (final) filtration, (10)
post-0.2 um (final) filtration (VSV purified bulk concentrate), (11) Bio-Rad®
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BRI EF DESCRI PTION OF THE FIGURES FIG 1 is a flow
chart show ng the purification process (outlined in

whb@ck2d9exes) for obtaining VSV of inproved purCT/ysSionom9sio

mammal i an cell culture fluid. FIG 2A is an

el ectophoretic gel show ng the separation of VSV
proteins by silver staining after purification on a
Mustang(tm) Q menbrane adsorber with 2%ucrose added
to the elution buffer (10 nM sodi um phosphate, 1.0 M
NaCl). Lanes 1-10 are: (1) pre-centrifugation (cell
culture), (2) feed, (3) flowthrough and wash, (4) 5%

buffer B (fractions 1- é% 60% buffer B frac é)g
Pﬁed$lpnfﬁ)sla©%ntm‘f$@'pdqu:§ anad &1 2)aV goqtg.)l’(r gilied bulk

?#I:Jnec‘rrat (fractions 11:25), (8) 100% buffer B
t 26- |
51 o S, 3 KPre G- BAGH ASeirD Pt TE- s aier i ov
vfrleft i @\B@a(lfc%{'dlﬁ@fb rae@(stdéscﬁibewm EigSleAiﬂ /mnute with
I near el utl aon ana
a 4- 7% PAjis apy Ft{ a(P]"gDﬁf_ e Cgeetl)ycsc;n’?pé%tcﬁn%vgv by

ection was
sRvérieEolmidall Bialtiing Em:ﬁle&ﬂzdosdlagmetheq:tFQWaSrS@E farthyia|Fig. 1 versus

ﬁ\gyyﬁfge@é re%lfscﬁcg @Iafiﬁal?\t gé%%/r \éaﬂ&q &nSh?% 1 PyLé#e%t ﬁﬁ ﬁ‘ are (1) cell
daiateeﬂund EQIZ)Jposieieetrtfugn‘tlom(§° tlﬁcaamnb (S/BwepQ)Pym Sktfatlon (4)
di
N
Wﬁb&gw & Ingmisvahe radpanbief i (6 pV BYreldtiondragiona W%@S"angm Q
'Bﬁ ré%ré(ei dﬁtmr bg,g \)@\} ta Ufférﬂ%lie ggﬁ‘iﬂ'—'lbﬁ (d}%r@bué hrﬂrlfmal)

i'am p osp

fatration( 19) dosed,2 ;@rﬂ)(frﬁahlbﬂkramm(}gfﬁ\/ andfiedakuk cesqermée) (10) Bio-
{

R0 Bralubb A B sl FOINBVALRS g3 cPod ot

(ohlyeredifi the s oREre3S)) lang P)wesi asidegllliany (1:&) \ép@rmtrcM(w #1, purlfled

%@g% &{nttr@ |)St andards,- (8) VSV standard (i.e., sucrose

ified VSV) and {, colum re eneratlon
pool . FTEheBB isan PRBLAGE (70 Mﬁ%-&?r\m@wel%cmge@@ of VSV by

@é@gﬁ%& Mﬁe@?fééﬁraiﬁb% £ bﬁ)cés§§@tﬁoﬂh W Fi@n 1geadisarsv

aufogr ot icTP e B iR T pranged ) B 5

i s anreb es s HpAagraph showingghepengnt iBVsigaeadiey frof the four
%% IE’J{:)EEISSI {1‘;5 EX@XE@QA&[ i Bl @@eﬁe:{%{ %f) %féi e?giétn% Rim 1, CR#2is
experimental Run 2, CR#3 is experlmental Run 3 and TT 01 is experimental Run 4.

FIG. 7 is a bar graph showing the impurity protein removal in the
Mustang™Q purification step for the VSV;yN4CT,-gag1 construct.

FIG. 8A Is a bar graph showing the VSV\,;N4CT;-gag1 recovery in TMAE
condition screening at pH 6.5.

FIG. 8B is a bar graph showing the VSVy,N4CT,;-gag1 recovery in TMAE
condition screening at pH 7.0.

FIG. 8C is a bar graph showing the VSVy;N4CT,-gag1 recovery in TMAE
condition screening at pH 7.5.
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was W th anti-VSV polyclonal antibodies. Buffer B
(also referred to as the "elution buffer") was 10 mM

waedramophosphate (pH 7.0) and 1 M NaCl. FI G BE@&I/US208T1009510

SDS- PACE anal ysis (4-20% Tris-d ycine gel) of VSV by
silver + colloidal staining at each step of the
purification process described in Fig. 1. Lanes 1-12
are (1) pre-centrifugation, (2) post-centrifugation (1
clarification), (3) pre-0.2 mmfiltration, (4)
post-0.2 mmfiltration (2 clarification), (5)

fl owthrough and wash pool fromthe Mustang(tm Q
menbr ane adsorber, (6) VSV elution fractions pool from
DETAINSDESCRIPTIPN QﬁTﬁﬁ‘b\"@rﬁ‘E'%sorber (7) VSV retentate

fr olm b% ukeh e%FcﬁQFst&@hh%Qﬂﬁ@WSﬂ BagifdnglichAlacteriatitowhich
poo

pre-0 mm (final) filtration O%g}ﬁ%‘ Sg
Al ltiancanpeRIng VRTTOR! POy FHAdsd asare SO RbE R RY &)
dilbnBbiydnad enttling :tr%rﬁfﬁbﬂcttﬁoﬁirﬁsta;ﬂ deéderiped bbhondm tiisre is an
and p%%qvgr)\{hgl% tér)lp Ry fr cgp ign P %gﬁﬂggﬂ rlrgrgte refomg Sgnt VSV of
|'ﬁipr6véa yaritp érogeinprofalids\celi culidret éhe CmePS'él@%so?'éﬁ’ Agpcegses
th
%ﬁ%nﬁﬁ%&%ﬁj %%&%%ﬂbg%g &&Crﬁ?g &%et E«Brﬁ\b g?lléxév' c:ﬁ Eg(me\p/)ga\i 3-8,
Enproeed prosesses fgrapurs‘t/lagﬁffh\gfrem maMsepligp csi gHitYe 6%t r?@e FIG.

ﬁ’fé’ﬁ@@'@:\/s;ﬁfnﬂg@'iﬁéiebﬁal% desclib¥&r sus VSV purified by
sucrose gradient centrifugation (lane 11). Lanes 1-12
are (1) cell culture fluid, (2) post-centrifugation (1
gl ari fEreducPdN, od@vmﬁﬂﬁhrﬂ\nmrﬁ CELL GULTURE ( 4)

]E) |023N_ tTmed:Urpénquéglﬁa q%@?/l B%ﬁ?%lf']%ﬁil?ﬁf‘ Iﬂ%@t Lkﬁ:g% éﬁq“g"%l ‘FHOVB to one of skill

FEtRBrzAN @nadeaekay indijes idécigitheaelifouliarel (bnst delipwith he

. %quﬂtw n%%ﬁt @E’?\%EE; ?%)/%qlslgr %ﬁ ult&rg M%\%r\j&?lﬁptﬂ% @e“ culture at

(%) aprspridte Zinvem Bédauak VSV Istseareten frevsvemsnst c¢lbatootlhpkned'a
OQQEW%?@?& is éc;'ﬂ%):te I fRsm ?%j&élp cv.ﬁ’tru?é:flélb on Pl us

V purified by sucrose
gr adi ekite r(rgﬂmghonaqfﬁ/&\héowaw%ﬁn [cglh sulraeand e dye novel

?Pé’ce@lgg foV%VnﬁﬁH@} VeV thérdfrothlas @sddribee Befin l@mploy suitable
oncentrat e 5B |

TRTSTal e PSS WA SOReRE (SO VOar PR sgegentes
megbf\'veegb.aa@c singiengrdndet! IRNA vDe®)s whisbtaré &nown imthEiagt. 3uch cell

‘[ergsi u%é) %HL)%C?r?cbt?#lt&ﬁé.ﬂgﬁn%i@mb%l&ﬁaﬁéy {HE8&deRE such as
HEK 293 cells African green monkey kidney (AGMK) cells such as Vero cells,
Chinese hamster ovary (CHO) cells and baby hamster kidney (BHK) cells.

Additionally, cell culture materials, methods and techniques are well known
to one of skill in the art. For example, a recombinant VSV seed stock (e.g., a
rescued VSV, see Section Il below) is used to infect a confluent host cell population
or a host cell population at a certain density (e.g., a Vero cell culture) in a bioreactor
at a given multiplicity of infection, the VSV is grown in cell culture for a given time
and temperature; and the nascent VSV progeny harvested in the cell culture fluid.
As defined hereinafter, the terms “cuiture fluid”, “cell culture fluid”, “cell culture
media”, “media” and/or “bioreactor fluid” are used interchangeably, and refer to the
media or solution in which the cell culture is grown.
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FIG 6 is a bar graph show ng the percent VSV titer
recovery fromthe four scale-up runs (4.5 L in cell

weeioraeevol une). CR # 1 is experinental Run 1PCIZBS2687/009510

is experinental Run 2, CR #3 is experinmental Run 3 and
TT 0 1 is experinmental Run 4. FIG 7 is a bar graph
showi ng the inpurity protein renoval in the
Mustang(tm) Q purification step for the VSV NMMCT -gagl
construct. FIG 8A Is a bar graph show ng the
VSVNINACT1- gagl recovery in TMAE condition screening
at pH 6.5 FIG 8B is a bar graph show ng the

VSVN NACT r gagl recove in TMAE cqndi i on screenin
It pHPYREGICATIQN O%ESVfRQN[\;%MW%§BW YriuRE )

VSV'\U %gmav& Aﬁég%é%‘écg rifyingl VBY fegn den calturs ¢iugesfiangammalian

gélcc@mtg@ infegted, with V& I |F;é g\l{e%; gér%%%‘%ﬁw‘%g%"l‘ ?glrif cation steps.
ﬂgegﬂawtcﬁéhsﬁ FRS. 1bitiheshieavietaligpuriipaial $u1l@mﬁea\ﬂmh ihgudes the
use in inmno 0

e AR B R S AR Il
mamiteané has@blion,dd) angentia) flowditratientand (g) filtratipn. In more
g%rrtllc%? L géh %Eaﬁ% gér;ﬁﬁﬁsé @tclegﬁﬂﬁé ﬁ{eecélle&.ﬁ’tﬂm iad by Yowspeed

lan ce cul ture.

cemtpfmatuomg) wﬁtmep Flegbigheaepemata bbfé”\'tatwafﬂt"éﬁugn a0.2100.45
ﬂ%dﬁlfés E fgﬁ’\?qge V&Y fifthed Qélhhorb&lw %deibn@@ﬁ@h@ mentbrane

rove ses for purifyin

gg$¢rb@[,||(duptgfe(r@xghang§&arpq g_)ncf}ﬁ(t:’rg %}9%{6 lbiy?ma %&?n‘?al flow

mﬁ\h%ﬁﬁﬁ%gﬁ%‘ GifR@dfitrhtiorPRAR VBN teFtalIMirdUghie 0.2 to 0.22 pm

LTURE Th duyct|. f VSV
ﬁﬁ%p,cgﬁawthercgplpm@epgse\ﬂg q?ur&\%aw rg)cgﬁsestgf)s é?()l tPTough (e)
iaﬁﬂréﬂ 8redpdriordied o esEm aédnyedaunJeu @e&iéﬁnéd tereinpftene rean|
cul ture (host reco | o
oottt L orrtrb o WFG PR i Rlor 2850 25
trlhas 2op lésa@mpat a slthltatﬂe teBapa‘aaHe‘ﬁS\per&)rmmtBB@teﬁsr(@MWhugh (e)

ce into the t I
e A T SRR R R v
fﬂicﬁuﬂﬂlﬂ@ﬂﬁﬂb bafracinal ulteanataresihdrabietsearhén Aog articular

%(rgr?otg:]e ’Sgli oer Lprl’H a{ arbﬁ)r%cé@s tteBg r(g)ftE%UgﬂS(efjgr%cﬁér@?ﬂed at 20°C.
(a) Primary Clarification
In certain embodiments, the cell culture fluid of a mammalian cell culture
infected with VSV is clarified by low-speed centrifugation (or alternatively, by depth
filtration) and the VSV recovered in the supernatant, also referred to herein as
“primary (or 1°) clarification” of the cell culture fluid. In certain embodiments, |
primary clarification of the cell culture fluid is conducted at room temperature.

The centrifugation methods and equipment used in the primary clarification
of the cell culture fluid are well known to one of skill in the art. As defined
hereinafter, “low-speed” centrifugation is a centrifugation speed below 10,000 rpm.
In certain embodiments, the low-speed centrifugation speed used to clarify the cell
culture fluid is a centrifugation speed within the range of 4,000 x g (+ 100 x g)to
8,000 x g (+ 100 x g). In certain other embodiments, the low-speed centrifugation
speed used to clarify the cell culture fluid is a centrifugation speed of at least
4,000 x g, 4,500 x g, 5,000 x g, 5,500 x g, 6,000 x g, 6,500 x g, 7,000 x g, 7,500 x g
or 8,000 x g or rpms therebetween. In one particular embodiment, primary

-10 -



10

15

20

25

30

mammal i an cell cultures used to propagate (or grow)
VSV (a non-segnent ed, negative-sense, single-stranded

WeRRATAIZI%6E) , whi ch are known in the art. Such P€l/0S2007/009510

cultures include, but are not |limted to, human
enbryoni c kidney (HEK) cells such as HEK 293 cel | s,
African green nonkey kidney (AGWK) cells such as Vero
cells, Chinese hamster ovary (CHO cells and baby
hanst er ki dney (BHK) cells. Additionally, cell culture
materi als, methods and techniques are well known to
one of skill in the art. For exanple, a reconbinant

VSV seed stock (e.g., a rescued VSV1 t
oo oo Sl o o e Sgh o o bso g for

densmdtég‘aprrooﬁw fé%?derﬁtak% 153@&@@3; vablatz) a certain
\Vero ce ure

a gi vés ﬁ%%FPg iabeV e 1D FeBRN SRR EAS: P e@ﬁ*‘?’e%% 8{3 at

GRIMmaRdr cHecditare mf@tmmn Vs lalaﬁetremaelv atavified (‘a°m @Ytdﬁeth

BSOS e S 4058 o o
fuhen ddw-speed kentrifugation s ernigted froseprimay elafiicatiggohstep (a).
D@?er Cﬁgﬁé}ggﬁ ont%sq §Grtf§l:§e 1f IJtrHtr cg\) gRh8rai§ @ékers to a “thick” fllter that

, refer a | .ut
whPtares ¢an e@man&wmnés |5§U§tP£ﬁmDPﬂ>th fgﬁltﬁlq%{'ﬁ%%r e IB@E méthods

\é‘%’wéﬁ%ﬁn MAYNAF éi%ih (pEthb aQULﬁBd%EaEWh niow Blkerpnatesdsise sypically

for puri f ng VSV f{ f
I?EFH?QF?%\H él%lpk ang 1f EP@S%%LLQE? IG5 ré{{:tﬁﬁe \(@Rn/gné)g arﬁc Blted' aids such as
mﬁt&mac@cﬂmﬁéérﬂepmbbaemb}eddecﬂ irctivei apenisige e theﬁli@ers | Jtis filter

§ %gﬁ%l hrew'fﬁl g\FP‘?lwg‘?%%'é‘]ﬁ%ﬁé Ig??ao Wcﬂ is (@y Ity F)h&i%fe' &ipture and filter
chpacifyi. cudhotgpti iltraties mmiallqs Qﬂnganns p@rgp,qjﬁrar@e:tyr SiggHRt or

?&ﬁp@é}? ;[EHE Ebe;irﬂdﬁiefug qpter 5@33 bagaeast ep, .50Mp, 2.5, 3.0, 3.5,

I'trafion. nore partlcular

2 bnd Bdprme eng fiastiorn(ay filtey] %zgqs]ttye@efw\%erb e[f)fer@Q]Prtnge@¥h filtration
f+6H ﬂeé’iﬁclu@é" 50eSd ot lhitéd 1O AVhBan@Polledd MeHD modules

arl

Wi Borum s 0 bl L B Sl B U A s

E(Sc%r t. '%e@ﬁoanNﬂmbﬁ@gﬁmﬁd}e@gﬂmm&He radduded @villipoas; Billerica,
exc
Mﬁi s PR PP FRE 04 P eflgé Ao S YpRig via depth

ffilirationt (perforhed berodB\Vienwtesatuss) @ndithe YV ig recoveres . the filtrate
n@(g#p;ee% Tétﬂe‘ig” ai n other embodi nents, the

ion process steps (a) through (e) above are
perforﬁhéd atseﬁémﬁft/é-‘rﬁtf@kaf"me As defined hereinafter,

T 00M AREPSHARNS Garificatiéh liaRAtrRlgHt_NAGr ﬂ@;ﬁfﬁ@lltﬂihbh)%h@vsv
Osrup?—:?rgay’\tlgr?tn(o{rﬂ]‘b ltr%tte) is %rther clzang ed (2°) by filtration, or microfiltration, through
a 0.2 to 0.25um filter and recovery of the VSV in the filtered solution. In one
particular embodiment, the microfiltration is performed-at room temperature, as
defined above. Filtration/Microfiltration media are available in a wide variety of
materials and methods of manufacture, which are known to one of skill in the art.
Exemplary microfiltration filter units include, but are not limited to, Millipore Millex®-
GV filter units (Millipore; Billerica, MA), Millipore Millex®-GP filter units, Pall Supor®
filter units (Pall Corp.; East Hills, NY), Sartorius Sartobran™ filter units (Sartorius
Corp.; Edgewood, NY) and Sartorius Sartopore™ 2 filter units. In certain
embodiments, these filtration units posses filters of a size between 0.2 to 0.45 pm.

These filters include filters have pores of at least 0.2, 0.25, 0.3, 0.35, 0.4 and
- 11 -
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Thus, for exanple, a suitable tenperature for
performng the steps (a) through (e) includes a

wo eovpaeasure of at |east 15, 16, 17, 18, 19, 2BCT/B32007/009510
22, 23, 24 and including 25C or fractional
tenperatures therebetween. In one particul ar
enbodi nent, the purification process steps (a) through
(e) are perfornmed at 200C. (a) Primary Clarification
In certain enbodi nents, the cell culture fluid of a
manmal i an cell culture infected with VSV is clarified
by | ow speed centrifugation (or alternativel y by
-depth filtration) and the Vrecovered

Ockpe e ERELON Bre B PBEPOEDHFRL Ao RgryPRanent. the

fitker i€ la?d b fin§ 8bHOAUS Shrtbhanoefi |ler(w1it1 Mhe flitecedVSVris recovered in
certain enbodi nents, primary clarification of the cell
the fitaip® SPEPR i s conduct ed at room tenperature. The

cent r(f uglaAmen Emehh@ésh/lanmlqarwmmmomsed in the
pr | cl a i, cat t I o
el | GaRse e AR oRs prei Bty el 57 ana 2
deeeiatndicar), the MB\sisdadierqenified bogatanien encr@nge membrane
Cen A M%%brg SBE5DeP fatWallard IIrIG{BWH L) d‘rfé@f%kﬂ in the art and
TBOg!

ment ' s, OW spee centri ation Se us
avanlablafmfryvem@r% such ag B@G@@Jsr %rpd (E evQdn Yy )f'?@b??@n (East

@W%S\g()\%ﬂﬁarr{ahﬂldrn@ﬂ%r@f(sﬂ 1L2HR, M. (Exb@rQalé(ry@hdrOexchange

t h di
it ST s 4, B T e 8 S DA P e

eiFd%ngte‘FXééH&%sf J:Hﬁpd) én°d éliw%wrgm uoRbir®harsPadsbriodr (®all Corp.).

egTticUlg efeb!a%o‘eﬂt ghe ?“@8c?xﬁﬁﬂ“ge7m8815’r§ﬁega‘gsr°r%gfd66 Rl
MuSbngBE rhdlfbeel ydemerl lh Qék%rﬁlah‘tdtmdsaaincemtftm‘s keown from
prlrmryclarlflcatmn of the cel é%tur

(FQS\XP@%'@& qgeqﬂcpiap% ghrogatography %ar2 %eré ny%%pllgﬁ Ry {nembrane

éa'tsn@bﬁ@s:hadmm@mm@mrmtane &ndx toTphe ofasknrmbthe a2h .In Aszgrtam
st at

t nb
s e
mﬁ?mtat}r@ém teingerdturedasg myfurmp algyeh filtr at ion {i.
i nste
1l B FRONG, L0 b PG s
fneobrane adsoben, shereia éﬂe ¥RV diiteeadesolytion froma the, secondary

lebhﬁd'aﬁbh @splo@lj 8d %ﬁ&t l'h@sdmdrpe@ﬁéﬁgf@ ﬁlefﬁﬂrbh@bdwber equilibrated with
gener al refers

t t {
361 BATATSC wPE PioR ISR (RTRTeR 5 SR EI Ffe or VSV
fBicEid BUffer@)) dTHEYBYUS eluted frenl thé noion exchamgs urferrsu{amet adsorber

‘ngBt Es%cgb pHFlg)Jﬁerec?nglk Sduﬁ&?(“{h'el él&forf@dfﬁarf')aalnd the eluted VSV
fractions are recovered (e.g., see Example 6 below)

In certain embodiments, the first pH buffered salt solution or equilibration
buffer is an NaCl or KCL salt solution. The NaCl or KCl is present in solution at an
jonic strength between about at least 0.1 M to about 0.4 M. Thus the ionic strengths
of the salts include at least 0.1, 0.2, 0.3 and 0.4 M including fractional ionic
strengths therebetween. In one particular embodiment, the salt is NaCl and the
ionic strength of the NaCl solution is 0.3M. The buffer solution may be a phosphate
buffer, a N-2-Hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) buffer or a
Tris(hydroxymethyl)aminomethane (TRIS) buffer. These buffers in certain
embodiments have a pH between about 6.0 to about 8.0, i.e., a pH of at least 6.0,
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conposed of a thick and fibrous cellulosic structure
with inorganic filter aids such as di atomaceous earth
weanviizives enbedded in the openings of the fi bRCEUSINT/E09510
filter material has a large internal surface area,
which is key to particle capture and filter capacity.
Such depth filtration nodul es contains pores of
di aneter sizes at or between 1.0 nmmto 4.5 mm
including filter sizes of at least 1.0, 1.5, 2.0, 2.5,
3.0, 3.5, 4.0 and 4.5 mm and fractional filter sizes
t her ebet ween. Exenplary depth filtrati on nodul es
i nclude, but are not limted to, Watman(r)
6D 64,3806 1618, TID, Tddl dl4e 7.6, et tamdrB.0 ae pH nonghera thesgpgtween. In
{l\:%)part%ﬂgé%rn%@d Jﬁ@ ‘B% ﬁ‘éf %AIII BB A Rutiohaasas pHDf 7.5. In yet

ore)(”{ MIIist k%r) HC ..
m*mrmwmemsw lor st Tarof e g RcHPAGR P AR PP ton
gept % ) l'?(:arbgthpg?]ﬁ@d tocslst:usr & pkaliotlai leasti 60 6.226.4y 6, 6.8, 7.0,
157 K1 L8 BOoBc B P BRRoniA PR eBpih. SO0 o
1). (Ilﬁ)paﬁ&ﬁﬂmc&iﬁb(odﬁln&htst thea&qumnurﬂfdndruffﬂr rfwﬂ'rqr comprises about
l %EJIF%{S‘S% 80|tnhé ? \§ ots% flrlilggittélﬂ 3 .rFiSrRE hthe equilibration buffer

sSuper nat ant filtrate) i1s
dcnmpirlms abba’r1%| RGrgse) Ibpngma[tpcal{qr@mbqument the sucrose

égn%EaRtfrétHnr ?thlonln 1 AU Bodimént t@ne%uﬂ‘@ﬁ%ﬁbh&ﬁ ated 3%

recovery o In the filtered. sol

v 0 D Ao YRS SaRGRSINYIAG DHl e GHTRTSERARGHE 32 USSR In
Qf%tﬁ&*émyocﬁﬁuehpm@ BLgfep ebmbus@ amt 6%‘ smmdsabsmbother

Filtration/Mcrofilt

waenigars Bt S pton e eer Riste o Rt icBers are
uddrain _are known to one of skill |n the art. Exen'pl ary

" 0 ATt B AE) ) s corores

{hie! damepbufésringi ¢drmqrwts amjhe fivst (enpileration) uftgry jn eprtain
%Lnlbggh#fé ttﬁihs(g@érld ot BRFré el Ja'lt'sbﬁﬁloﬂfé'rfeauﬂlﬁ’@hbn Gaoffpr is an NaCl
Sartorius Sarto ran t uni t
oSkELsalt geluterp In In opgy Q@WGB @r e ég?a ali secona pH
fﬁﬁ@i@ﬂ%ﬁlﬁt@ﬁ)lﬂ%mg ssf NbCErTWéleSI od HQCIGE lpt@aamt i‘mimdtnmeaﬁan ionic
ati.on un

senaib bepveen apqut ﬁs 8 %ﬁ\zg%a% Eogir EA Iof]ré u%\g%csmf: strengths of

h@/@lﬁomsd@ét labst ®450.200.3,ar@. @4 M DCBdir@ fgajptlogalmonlc strengths
e A’cwmé%a orﬁé b BI%?EWB% tzt é shi @ ﬁQ@t éi‘ﬁ@fhe ibRic strength
ity San e

St eoNaQkscBionds Pt ifrefbwﬁ?wolwrt mavrlﬁé a? FP*P‘FQF‘@EF Ryfer, a N-2-

'i-RIchS&Q%Wp%réﬂné Re-Léhbrsfroar!ddld HEPES) buffer or a

Tris(hydroxymethyl)aminomethane (TRiS) buffer. These buffers in certain
embodiments have a pH between about 6.0 to about 8.0, i.e., a pH of at least 6.0,
6.2,6.4,6.6,6.8,7.0,7.2,7.4,7.6,7.8, and 8.0 or pH numbers therebetween. In
one particular embodiment, the second pH buffered salt solution has a pH of 7.5. In
yet other embodiments, the second buffer of the anion exchnange membrane
adsorption step has a pKa between 6.0 to 8.5, i.e., a pKa of at least 6.0, 6.2, 6.4,
6.6, 6.8,7.0,7.2,7.4,7.6,7.8, 8.0, 8.2, 8.4 and 8.5 or pKa nhumbers therebetween.

In particular embodiments, the elution buffer further comprises about 1%
sucrose to about 5% sucrose. In certain embodiments, the elution buffer comprises
about 1% sucrose. In one particular embodiment, the sucrose concentration is 2%.
tn another embodiment the buffer comprises about 3% sucrose. In another
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(c) Anion Exchange Menbrane Adsorbtion Once the VSV
product has been recovered by clarification (i.e., 1

w@nw7223escri bed above), the VSV is further pupCt/UsmODINIS10

an ani on exchange nenbrane adsorber. Menbrane adsor ber
materials are well known to one of skill in the art
and avail able fromvendors such as Sartorius Corp.
(Edgewood, NY), Pall Corp. (East Hills, NY) and
Sigma-Aldrich Corp. (St. Louis, MJ. Exenplary anion
exchange nenbrane adsorbers |nclude but are not
limted to a Sartobind(tm) Q nembrane adsor ber
(Sartorius Cor

d Nu
crbosient FRdfECkppySo- AP SBSFTPER I S SBU T HRgiment the
Ndlﬁrggh?ﬁﬁé( G A %’E&’@égn stindther bercentageskdisbicrose
ne
GRPeDURIRT SoBRBIA S SO ATRE DRAP SR Ceelange
chr onurbwtamﬁa/vsmfrdm trcb mmdrgnaplpﬂ; s@d(lﬂaplrm@hg@centratlon
dsf{:) rF tﬁﬂgﬂﬁ?te?&{oﬁ%hﬂfe{ \gﬁh&% )Eeﬁ’é’g?' dedl@HleorQE a single step

n cer the anion

elutxd)ra pogeere (Draamse &)is Bolvesteph ﬁ@m‘-@g‘j)’ gHRgtvesat siyting, iRy from
C er ngc?rﬁla%ﬁ;{)gﬂglé %%@an@%d@@fﬂe? efh éﬂé’y&tlcﬂ_ Brigmbbdiment, the ionic

sirerath g6 icheb L dhe seeeH bifteegisat sl ioRt Srlaan o M to
§95Uhi oR ahbREa: bé}ﬂc@gﬁ&mdaﬁw@h ahé fortastramgth of theddadl in the

t th
SPeanCLPH PRleref o FORAPE i TR LTy EiRE o &litents i Blc
EPedGh @ theeNaCl inihatecondpH befferedrsalfSelutionielP(§ M
ﬁg%?gﬁ)geg%lg%th $\érﬁ§?cﬁ$gﬂt§dtﬁer%5bh@EHBJUfFéPe@§§Ih§'&Gﬁan has an

or b er w fered sal
ettd’noh iflow ritet ¢fet cu:ans'ulmvcﬁwe%/m")utarﬁ@V{rn'éU@) (@ 84 Qgpinute. Thus,

@%‘téu‘? %b%ﬁnérﬁg Que feﬁﬂ.oheloqf ratSR&t aipbe1d 1heheyv)s 120, 22,

ain di nents, the |rst Hbuf er ed sa

Qél a@.mo&o GM(H"F‘PE% 8f T88S Eﬂ?fr? tween.g ‘NBEY"CB r Eﬂ_b"d'mem the
ﬂjtionsfgw,talt@g ondee/rmaQIe or KCl is present in solution

oot 0% LI B Bl ol 53t 140 s
bmw&reabalt eelstio islline@ri incBeBedritbnd 0HOM ¥ te D7di Mt an elution
g?vfrlta %P i S’%o@uﬁe oe&g{: H]%r %bgé%@%?d abgvé’nlzm clanoenplaa(n:rtlcular
smEtinenb the lineangotios cr@memirﬂq“sra@e. i$M0 GMemigyter er
sol uti gn My, Qe AiaPRRRERieSon (TFF)

Following VSV purification by anion exchange membrane adsorber
chromatography, the VSV is further purified by tangential flow filtration (TFF). In
general, TFF is a pressure driven process that uses a membrane(s) to separate
components in a liquid solution (or suspension), wherein a fluid (the feed flow) is
pumped tangentially along the surface of the membrane and an applied pressure
serves to force a “portion” of the fluid through the membrane to the filtrate side (of
the membrane). In certain embodiments TFF is performed at room temperature. In
this process, the buffer is exchanged and theAVSV is concentrated. In one
embodiment, the TFF comprises concentrating the VSV recovered from the anion
exchange membrane adsorption step at least 5 times, followed by at least one
buffer exchange. In another embodiment, the TFF comprises concentrating the
VSV recovered from the anion exchange membrane adsorption step at least five to
ten times, followed by at least five, or at least six, buffer exchanges. Still other
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buffer, a

N- 2- Hydr oxyet hyl pi per azi ne-N - 2- et hanesul fonic acid

w@ MEPESpebuf f er or a Tri s(hydroxynet hyl ) am noneCTrESE07/009510
(TRIS) buffer. These buffers in certain enbodi nents
have a pH between about 6.0 to about 8.0, i.e., a pH
of at least 6.0,6.2, 6.4, 6.6, 6.8, 7.0, 7.2, 7.4,
7.6, 7.8, and 8.0 or pH nunbers therebetween. In one
particul ar enbodi ment, the first pH buffered salt
solution has a pHof 7.5. In yet other enbodi nents,
the first buffer of the anion exchnange merrbrane
adsorption step has a pKa between 6.0 to
qriodifmeats ineelye ablegst tyopat Igast thepeg at igagt fos" @t 'ePSEf"“* Brat

lgﬂs‘]t sid b@ffer exeharydd foffowdng thetcait@ntrafloroof V&% racovieesdsirom the

erebetween. In partjcu ?rrbodl ments, the

ar
IHeN ??“Eﬂaélgiedﬂe’BHWEradlsa?ptt'ﬁErs Fonpri ses about 1%
sucr oseFtrRatahgy (e, §%I'\©UN fiber, spinaleeourad, flatpibtediand mathods (e.g.,

Iﬂg@ﬁ* e Il?lg)gtaiaﬁﬁrag g@?%&??ﬁ% trsa%}nﬁg%%elmm%% of skill in

he S
wersent lcettann renitodE#ents thaTdifheembransihaen 80P KDapyeleeylar

GQTREL a&tSﬁ %Pegﬁa.?e"%rmr@ s, ha Wﬁw@ﬁ{br&@%’d 588b, 4418 450,

I SEs sucrose. I n _anoth
S0 EHOTERD, GO0 A EolRsHIaE Mgl SUIoTEoRYGE pRalber embodiment,

@E{I’#F A dBraRe he€ BI7aBad DinokdtpSRigh oM ratonerembodiment, the

ween t he abq f t ful. Th
EEE G pHnGT PO TR5t MEBIGRTOACCERe ol uti on |

buf f enn b{mﬁ@ﬁrti@h&ﬁ e?mﬂiﬁmhae theduffenasdlinftbe buffer exchange of the
onen -

SEFIS R hoReie hifiet HEmES BlG o °fRS Aier Y deBErindfabove

slolwalve) the buféeruin beﬁalatanmodbuelﬁ’fémassa mc&a@tm ofiggnM to 15 mM,

m%lll{%rfe‘go Lméeﬂgatlﬁ{éb r¥ 1R | hnve TR i gamiAL me\/h a0, t11mM,

ered salt solution is Na The
NBOM, G 3mddl 14r9MansstareM; and #irther gisluding pM Sﬁnqﬂantratlons

%ér@@%w% cReliB& iR BRIBodRbedts ARb LAifer Mad 8 prbefietlieeh dbout 7.2 to
Tk oCs) Ou St B 3 5t 851427,y 1 €8 hctona
%Er@n@ﬁﬂm_eterwﬁ@at wgeamotﬂen epntiodiraeti, thel lauffez eoltingeriyfrer

sa [ t
i .%H‘W%Nﬁc%lﬂ 19(%)] 8 %Jj}dfl\g r&l an?jt:‘{ §%gt'6m @‘J;o stur&Fos@aCI

o
phosphatwetna‘micmlar emnbédiment (see Example 7, VSV fractlons from the anion

eﬁw@}?lﬂéér%ﬁ%c?s@rt%ﬁl dgf(“ﬁgatmepﬂékécdo Bhé tI*?e?bé’oled solution is

ydr oxynet hyl ) am no

(CTRES)rajed pad therbigtas eghanges hnl e peiRp R %Wﬁ%ﬁ? membrane
rJ%Vtﬁdée Mh@h%@ﬂlaﬁ%%t ButOoff 6f PEMKIDa GE, HealtcareaBip+bciences
oCor{;j)lt Pllsec%%atlway, NJ).

(e) Filtration

The last process step in the purification is a final microfiltration of the VsV
retentate from the TEF, wherein the retentate is filtered through a 0.2 to 0.25pm
filter, as described above for secondary clarification via microfiltration and further
described below in Example 7. For example, such a filtration set may employ a filter
of size 0.20, 0.21, 0.22, 0.23, 0.24 or 0.25 um, or fractional sizes therebetween.

The purification of VSV according to the novel processes described herein
is described in detail in the Examples below, which description includes primary
(Example 3) and secondary (Example 4) clarification of the culture fluid, comprising

low-speed centrifugation (or depth filtration) and 0.2-0.45 pm filtration, respectively.
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6.2, 6.4, 6.6, 6.8, 7.0, 7.2, 7.4, 7.6, 7.8, and 8.0
or pH nunbers therebetween. In one particul ar

wepdvod2ivent, the second pH buffered salt sol utPOnUk=S7/609510

pH of 7.5. In yet other enbodi nents, the second buffer
of the ani on exchnange nenbrane adsorption step has a
pKa between 6.0 to 8.5, i.e., a pKa of at |east 6.0,
6.2, 6.4, 6.6, 6.8, 7.0, 7.2, 7.4, 7.6, 7.8, 8.0, 8.2,
8.4 and 8.5 or pKa nunbers therebetween. In particular
enbodi nents, the elution buffer further conprises
about 1% sucrose to about SWbsucrose In certain
enbodi nents, the elution buffer

Fallowingethe dariisatignsteps MY IsdHEIBRR PR | Sﬁeesﬂag%ti?td}’ g gh anion
SRASRIE FRMRENS 8dgdfber (ExaRPIB); ta&fﬁé&dalﬁmv\t filtrhbort witfagiftration

anctdiefinatam s in BoH0 05533 raLBTan (rgpy . Foltarge
Lo ?jll frent/sinelufiéerrues (geaises nals) werd tss aribisd according to
rce es.O o
tsstr\%aw?ﬁ%ssa%w BefERi ERRICEE AERIFR e fin po.0% and
@ 8¥%eoftthe p\nﬁ&&fnfu‘rtpmmése(Tabhiﬂ"E)rwd DA (Table 1BNaespantively, were

cent r at.lan (ionic strength) of the elution
rﬁﬂ? V@? u§m9r?é'r”¥' ed" by linear gradient or in a single

step elution process (Exanple 6). Both steps are

ﬁlqual REcBvb ﬁ,gAtMT‘&Fes‘?é Lﬁklg'l‘iomT\\‘&WIfRﬁng the anion

exchange nenbrane adsor n one parti
enbodmgqscrll@em;hq;rgm ysytqféwafwegqulpy ﬁafétmpﬁd {rﬂgl mammalian

é&P&ﬂl‘%ﬂr@ Fl)r/] Qﬁ%@ﬁr@th&&i&eﬁﬁﬂriﬁbam Mﬁtﬂw%\menntﬂhcﬁawveo By

er . pa
glfnpgqy@prp%l,ty 119, g‘neﬁad% F et%f?gg :Oqllﬁ é[bg%hgg' fcell culture
BRjteihizma mﬁ:leﬁb 5c.a/lcomanyrmnts:t tnemthenbmbodmﬂms theh¥SVarjirpproved
§%{It§? ?%ﬁ o9 sk frﬁe ?é '\%ﬁqlfupe é.fb?e.ﬁ %?18 cFé'?': %g& g@ﬁt%ﬁq ﬁé}{té |n one

rtain ot I ment
padicnir phhbkmdfrﬁ@rte’thle%ﬁ\f ofs,lmnn@vampwax iso®?9-8Yafrenf qq"cﬁﬁ'twe

@tglnoafnd]r%c?%vpﬁ&h%o}{%h”ﬁ@rﬁém nute (CV/mnute) to 30

in certaln enbodi nents, the
fl ow ﬂap@rtlcylaatemb@ggmeq@ thg gesngggjar gt@mail S vglés 8@2{}) %ﬁlf ied from
%E@# E:llglgjrlé(?lu%oonfgév@w&n cell chidiredytthe rp&fjtﬁs‘sm@cnbleﬂ gbove is a
expamHnRE. or arnes L THPUtear Strblsios R ofiany Basoibinant RNA
Strﬂ@ﬁ)tsbcﬁésl\ﬂm/ MeOvell Rndvire ase cefiecrep tb ruthbearrbas segque” or
s‘%vg%egq?qﬂe '8?1"] I'?’I%@\RF% a Q&%Sl%if%é@?@ mthcQ@sto%Q/ iAcid ée,Mut are
@it hiniterd &0, dise destradsisiedertirslin. U.Bn Petant §4133,888 and U-S. Patent
6,168,943, each incorporated herein by reference. Additional techniques for
conducting rescue of viruses, such as VSV, are described in U.S. Patent 6,673,572
and WO 2004/113517, which are hereby incorporated by reference.

The VSV of improved purity, which is purified and isolated according to the
novel purification processes described herein, may be a VSV of a specified
serotype. In certain embodiments, the purified VSV is an Indiana serotype, a New
Jersey serotype, a San Juan serotype, an Isfahan serotype, a Glasgow serotype or

_a Chandipura serotype. In certain embodiments the VSV may contain sequences

from more than one such serotype.
VSV vectors (and immunogenic compositions thereof) purified according to
the processes described herein often comprise one or more attenuating mutations

within the VSV genome. In certain embodiments, the purified VSV has a genomic
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enbodi nent, the linear elution gradient flowrate is
20 W/ mnute. (d) Tangential Flow Filtration (TFF)

wo-i0702d90y VSV purification by ani on exchange PEROSANTE009510
adsor ber chromat ography, the VSV is further purified
by tangential flow filtration (TFF). In general, TFF
IS a pressure driven process that uses a nmenbrane(s)
to separate conponents in a liquid solution (or
suspension), wherein a fluid (the feed flow) is punped
tangentially along the surface of the menbr ane and an
applied pressure serves to force a "portion" of the
fluid through the nmenbrane to the filtrate side

f ..
seheenmendnmaprising aleastiangi MulatiepwhiebAttenppies;the ;Béﬁggie%'&y of
Ay, rﬁ’lo&héreémSBéﬁHérn?s theplirtics \IBWV6as S, gddm&nbuécﬁlﬁnce&ompnsmg

exchanged and t VSV is conce t ed
eémarwﬁeﬁwtatmgwrp@ AitrRyers e Ry Y& pEonggmele. an

arn%ﬁeaﬁeaxt\f EOMpHSEs BV meoeahmgmttmbtna@ ewdatizms psuabras the

el s s b Al Py ehnango b e

mrvwzooammggs tletevSMianatBatentBublication e. M&QOS/O%OOQ)
3R FE A7 RuBHROE PELOBHSP, BiodiPUSy diekBat nations

east Ive, Or

ibadebubch aﬂ'dﬁ%'tedspp penaeTBHRIIAIRIR %”fi Tireg e shuffles of

t#nléfyéév gg\ﬁbs @fgg\gﬁﬁg |\§<§‘{) §ﬁon@é ah@aégngﬁm]p r~|1 lava Measnd L), G
u er, exc
preiRnSPERTaHTOIR098Y B BEYTB PRl SR sensitve

exXC
"fﬁut@ﬂ@ns’i@ﬂrdlhdamblﬁttrﬁmahd'ﬁ neri-eytophthiq M.ggne rmipmuw G-

ﬂ?f“r rg{u al?IBP%?qu%\g%rE‘% Rﬁl%ﬁélﬁtg % a%ncﬁﬁé’rzﬁ%@@&? rrﬁﬁatﬂms each of
which airé betrfatth amjletail én intérhation@hRublicagine Nst. VR 3905/QP8PRA. Thus,
.ar | rt‘?baet%% Jiffle 'ﬁtse @P&Pbﬁ@&t@sv tc?ﬁ\p;rggs BREBF Aofe BRSniating

ar we cut of I'n certain
mmtﬂj@nﬁgnplgdmgh@ltnmn hﬁ@ﬁﬁ@@@eteﬁg%er%tugeenﬂw (tﬁg@utatlon a point

F@Qatloﬁ5g geﬁgghuﬁlﬁ% @itafiBR, éﬂ@astg'ﬁi vﬂ@tﬂt@h #\Iabgfdﬂ/tdpatmf f1.gene
et anot her enmbodi nent, the T rane has a é%

RSia oD ae ambisanse GHA auigan: a|‘H‘”8ﬂ%ed GF Rfieton: Re 9ene

iHsErtidRHaitatén hed a dedlkel detetionyeutatiembr ane nodul e. I n one

2)6(1 H]Ia ot ar enb %Iflrrlt_xﬁglttg %O thocl!{I &lg{j eblﬁl ? Phﬂfléﬂég%‘f@&%& described

baifeﬁreha?.)a gﬁ%ﬁlmmmcasomeswﬂg loag oalese. fonqeﬁméwterpiwous (or
rﬁ/%'lgﬁ E@Q ngﬁ}ﬁéétﬂie%e%‘ﬁ@ﬂé’és‘@ﬂ&?a? aSorkigrPRNANG gt leBBling ffrabne
(ORF). The heterologous polynucleotide sequences can vary as desired, and
include, but are not limited to, a gene encoding a cytokine (such as an interleukin), a
gene encoding T-helper epitope, a gene encoding a CTL epitope, a gene encoding
an adjuvant and a gene encoding a co-factor, a gene encoding a restriction marker,
a gene encoding a therapeutic protein or a protein of a different microbial pathogen
(e.g. virus, bacterium, parasite or fungus), especially proteins capabile of eliciting
desirable immune responses. For example, the heterologous polynucleotide
sequences encoding a protein of a different microbial pathogen may be one or more
of a HIV gene, a HTLV gene, a SIV gene, a RSV gene, a PIV gene, a HSV gene, a
CMV gene, an Epstein-Barr virus gene, a Varicella-Zoster virus gene, a mumps
virus gene, a measles virus gene, an influenza virus gene, a poliovirus gene, a
rhinovirus gene, a hepatitis A virus gene, a hepatitis B virus gene, a hepatitis C virus

gene, a Norwalk virus gene, a togavirus gene, an alphavirus gene, a rubella virus

-17 -



10

15

20

25

30

i ncludi ng concentrations of at |east 5M 6mMM 7V
8mM 9nM 100M 11nrM 12mM 13mM 14nM and 15nmM  and

wo evovhzadei ncl udi ng nmM concentrati ons ther ebet ve@nUS1007/009510

certain enbodi ments, the buffer has a pH of between

about 7.2 to 7.5. Thus in one enbodi nent the buffer

has a pHof 7.2, 7.3, 7.4 or 7.5 or fractional pH

val ues therebetween. |In another enbodi nent, the buffer
exchange buffer further conprises 0.10 Mto 0.20 M

NaCl and 3.5%to 4.5% sucrose. In one particul ar

enbodi nent (see Exanple 7), VSV fractions fromthe

ani on exchange menbrane adsorber puri at.ion
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n. e rifica \
@&%ﬂ%‘fWgerﬂ?PQ"ﬁ‘énhé%ﬁRzgﬁ%%?s@ %fe%é’rl bed hleggl (rjl is

descr lrb@ﬁtalmoth\elt airbodimérie, the aoplietVE¥| aniainhbeth at least one
scri.ption .inc i ar
t%&%z?ﬂﬁ tat&q cg $ﬁg$%todnmo etélﬁ?@gﬂ% {%uléﬁeaf‘ﬁ %ﬁfe@%@(/é! For
exzmplesmaglswmmpewbmenempwm {ien (¥ a@ﬁTh -gag1) purified
L ﬁ% [Ilf r?@gf Pro%egse%5 A ekémblifld iRBection V below (Examples 2-

respec oW n e clarification s Sngs
Blris aeercqmmmanté/cﬁ\é éamem'naltw‘g/ aB?“%'”QrW‘é‘ﬁt‘%&{ﬂ%a
Eﬁfﬂ&;@ﬁeww 85 (iﬁéwrpl e 6); tangential flow
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%/:j@EéﬁA anposHbrotre (I -INP- pa@mm-$'mms|tmnéeur((:BabIPM-gag4-GL-5’),
an i i
BB?IFI?H g\éq %E\lPeM(]s‘sgags—L- %FE)(I)gIte <|>r¥ six\'@[ﬁPl(AE[Qé’géj -éjyrl'n'mher
embodiments, the VSV puirified according to the novel processes described herein
encodes the HIV env gene, wherein the env gene is inserted into the VSV genome
at position one (3'-env,-NPMGL-5'), position two (3'-N-env,-PMGL-5'), position
three (3'-NP-envs-MGL-5'), position four (3'-NPM-env,-GL-5"), position five (3'-
NPMG-envs-L-5') or position six (3'-NPMGL-envs-5').

One of skill in the art would understand from the above description that a
variety of recombinant VSV may be designed and purified according to the methods
and processes described above. '

v. IMMUNOGENIC AND PHARMACEUTICAL COMPOSITIONS
In certain embodiments, the immunogenic compositions comprise an
immunogenic dose of a genetically modified VSV purified according to the
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| 1'1. RECOVBI NANT VESI CULAR STOVATITI S VI RUS As
descri bed herein, VSV of inproved purity are obtained

wo e@miiz@enal i an cell culture by enpl oyi ng t he POIEE2007/009510

purification nmethods described above. By "inproved
purity" is neant that the purified VSV is at |east
90.0% free of cell culture protein and nucleic acid
contam nants. In other enbodinents, the VSV of

i mproved purity is 99.0%free of cell culture protein
and nucleic acid contam nants. In one particul ar
enbodi ment, the VSV of inproved purity is 99. 896free

of cell culture protein and nucl eic CI d cont am .nar
purfoaion pigraFSeEARSANER EIeM. nEV G 4 CERBRETTRmeNts, an
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rescue met
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g&i%é gﬁ%dhﬁ‘eﬁtjﬁs‘a EﬁﬁéﬂWS@’lrg%nggén|@%6mHo§tloR@é Rivnulated for

eac |ncorporated her e ref erence.
Adaninisteaiian to adnamgaian sypieehifed c? }‘Hﬁ‘a%és cue of

\é' ggg%ﬁs% %Hﬁ%o%%og&&dcl’ﬁ]{lg é:??@age b%ﬁburrfew \SV RPadtensand a
an
PhemssUbral aoepapi it e iPtsfafia e atouage,
Mhae?mabsttnwany aceaptatid casiersis dueadsbiodneigde eny hed gl ve vents,
uritlcatl
gfspgr%%nelaeg e§6 fg% Sr?ftlt%%?ecrfa'l Beg anﬂ’ﬁﬁ%ﬂ g@% l%%t&w\/ ad

ertal ments,
phsorplien deigyingsagents, ﬁdﬁ il compptible yvitRaRpay @\a§%‘§/"ca'

aﬁﬁ%lgtpﬁron TP UsEUGH B LR rrﬁédfﬁ @nd %@eﬂwt%ﬁéh@ﬁhrﬁ‘%b@hﬂéﬂy agdtive
asgow serotype or a Chandi pura sero . Inc
SHboangAs o NI HBOWSN a8, Atto BaPhI SRS PR BRI media or
ta@@ﬂt i compselibRawien m@;EVSVSVCME @Eueh $néd34ﬂ dre osadiaghairsmunogenic
npositions ther %{ p ccor tl%eS |
p?PH}PQ§§'8§S a%%ﬁ,f\bresgﬁ Br gURP% oiry G S %% mayase be
arﬁdcﬁﬁmatedngtdméa:bnmmsltmn‘s hin the VSV genone. In

certaif, @%manoéé}ﬁc B%Pé%lﬁ(% Yoripegd h@reln is fo\swn;ulaﬁed to be

genoni cSeytiente conpr one nut ati on
aongatiblecwtht mnpmdhdgenﬁecqftaﬂnwswn | Exagppigs of routes of

eJHPmH.'s{FEﬁHrﬁmcuhB@ pBHEHtE 1 b Y SYrtfaREndusy AtIeFMSIe BURAASNeoUS,
onpri si ng
mtramuscular intraperitoneal) and mucosal (e.g., oral, rectal, intranasal, buccal,
vaginal, respiratory). Solutions or suspensions used for parenteral, intradermal, or
subcutaneous application include the following components: a sterile diluent such as
water for injection, saline solution, fixed oils, polyethylene glycols, glycerine,
propylene glycol or other synthetic solvents; antibacterial agents such as benzyl
alcohol or methyl parabens; antioxidants such as ascorbic acid or sodium bisulfite;
chelating agents such as ethylenediaminetetraacetic acid; buffers such as acetates,
citrates or phosphates and agents for the adjustment of tonicity such as sodium
chloride or dextrose. The pH is adjusted with acids or bases, such as hydrochloric
acid or sodium hydroxide. The parenteral preparation can be enclosed in ampoules,
disposable syringes or multiple dose vials made of glass or plastic.
Pharmaceutical compositions suitable for injectable use include sterile
aqueous solutions (where water soluble) or dispersions and sterile powders for the

-19 -



10

15

20

25

30

at |l east two nmutations which attenuate the
pat hogenicity of VSV. For exanple, an attenuated VSV

we@ewpni®es two or nore known attenuati ng nut at PORES2007/009510

such as the attenuating nutations set forth in

I nternational Patent Application No. PCT/US2005/01
1499 (International Patent Publication No. WO

2005/ 098009), incorporated herein by reference. For
exanpl e, known VSV attenuating nutations include, but
are not limted to, gene shuffling nutations

(i ncluding gene shuffles of the VSV genes form ng the
VSV genone and desi gnat ed
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e Saint bLSe ML Sl A Bt ..
%y@éﬁrgﬁﬁﬁg?ié JdNEoR Enaiqur riaﬂyémb\ﬁélwgl&@eam thr?trma) ),amd suitable
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ddaging wuch iae &dditbim, py ﬂmmrrdmrcebé@m@rqelrﬁd Ragicle Slze in the case
‘%e c{] S :%%oﬁ SHHE Qf?e nggf %l?r'f&garﬂge P?fve‘m&r? of e®ic%Bn of

0gous or el eotid uences,

mm:d:prgsmarrrs@ et@ﬁvw\w w@vSr%ﬁ'QPﬁﬁf'?'r @%@a agefits, for

%}@rﬁﬂl@l &Q'QH sP%l’rDbPélﬁJt&ﬁBl' ﬁ%r@ﬁ%@&‘bﬁ*ﬁadﬁ@@ﬁd&h& Irlaé In many
esire

|ncI ude, but are noi | U D€ alcohols
earesdit rsgprsfezr%lsré? inelyde jptonis agen %n{%rrerxema %)S 92{ BHé(
&m%t ﬁﬁnﬁn&eé&s.tore@gimﬂe:hmdgemmmmmt sitipna R%Longed
e (0] e encodl n uvan
arsalareting eerabe conbustinns i aERBh: AL By filfng in tne
aa&hbesutroraag egentemaddelgya abs@ptipe ol exaprle.clwminung

rote rent m crobi al pathogen (e.g. virus,
%5) [ﬁqne aﬁg%a e or fungus), especially proteins

capabl‘c‘éerdé lm¢¢teble isnlytides AraplepafasINBCYrRefRsing dae VY, vector in
ﬁ'?%ar%gbﬁ"ed E%UH?{O? BBL&QH% d%?rc‘lﬁﬁéﬁé Q& RleNiBESHEERCE Bombination of
O b Totets Doy eréa ollowedrtgjbtlrlﬁerecpgterrp%%on
irgyedients paUBIerstd @bove, as requrre y
Generally, dispersions are prepared by incorporating the active compound into a
sterile vehicle which contains a basic dispersion medium and the required other
ingredients from those enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred methods of preparation are
vacuum drying and freeze-drying which yields a powder of the active ingredient plus
any additional desired ingredient from a previously sterile-filtered solution thereof.
For administration by inhalation, the compounds are delivered in the form of
an aerosol spray from pressured container or dispenser which contains a suitable
propellant (e.g., a gas such as carbon dioxide, or a nebulizer). Systemic
administration can also be by mucosal or transdermal means. For mucosal or
transdermal administration, penetrants appropriate to the barrier to be permeated

are used in the formulation. Such penetrants are generally known in the art, and

-20 -



10

15

20

25

30

of a HV gene, a HTLV gene, a SIV gene, a RSV gene, a
PIV gene, a HSV gene, a CW gene, an Epstein-Barr

woR00a8239ene, a Varicel |l a- Zoster virus gene, a PCEPS2007/009510

virus gene, a neasles virus gene, an influenza virus
gene, a poliovirus gene, a rhinovirus gene, a
hepatitis A virus gene, a hepatitis B virus gene, a
hepatitis C virus gene, a Norwal k virus gene, a
togavi rus gene, an al phavirus gene, a rubella
virusgene, a rabies virus gene, a Marburg virus gene,
an Ebola virus gene, a papilloma virus gene, a pol yona
Vi rus gene, a netapneunovirus gene, a coronav s
gna@ s, and fusidic
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c{%wleﬂﬁ t&qﬁs\ﬁ\i’og é??ﬁl?i%?maﬂr AN SRRPniIRRAHEATESnd VRIRIAIItY of

sequenc selected fromthe n n
dsfsagag, Dqgepge Upis|forny pg us%heretngtfter{&f rs tgé\% gl '8’ qjscrfehe Shits
éliﬁl‘édsé%e&\nfakﬁd@i%@glf&ﬁﬁé subjeet idlBé '@@med;l Sadjagitosondaining a

n certain oth

t i,f
rap TS et Saeand iiadiey b fod(Es the deeired
dh@m;teuﬂaeffbemara@m@mm VORFthesedaisedt pltmma&bbt&@l cager. The

SARATRLon S0y e PRARG BeSABRNSTL A lichated ¥PMrk directy

ccor e novel processes,
dembmbeetrph thie enlque cisyectiegatios Qféh%ﬂpfc\ﬁmfwdzﬁ"dé)“e Regticular

f'?ler' Bito Va(ﬁfi’é%ﬁ' §h@ﬂwet WRitaohs mtfé‘i‘éﬁtgn M @'t bf)nS

an encodi ng t @% protein g
ecpmg@wﬁzm such ae agiee wﬂn%f‘é&% Jreatmgnt of "P"Hé' e
processes descri bed herein encodes the H 'V gag gene,
wherein the gag gene is inserted into the VSV genone
Mt po&EXAMFRE®SNe (3 g gl-NPME.-S'), position two

( 3 M%Qfo@cwﬁ@@ar%pﬂas W8 ichira dUiluemg(standsird gahniques, which

a&wﬂl 5ﬂ0\f/? g@ (@Lt%%ﬁg/&\cbsggo%§kN |g.tl?e %I?‘. %ggpf / %%re otherwnse
G8scrivaiiGh deed. 6FHE fhllowing ekdraplesrdie gresentes), for wesr_c@we purposes,
B RS GE Ry 5 AR FORERRSR5S o S0 RBhions and
peodeisses teskribet derdie. E&mg@ndmpd 2 relate to all three VSV constructs
exemplified. Examples 3-9 refer specifically to the construct VSV N4CTg-gag1.
Examples 10 — 11 refer specifically to the construct VSV N4CT;-gag1. Example
12 refers specifically to the construct VSV, N4CT;-gagl.
A recombinant VSV (Indiana serotype; rVSVy) purified in the following examples
comprises the HIV gag gene at the first position of the VSV genome (gag1), and the
N gene shuffled to the fourth position of the VSV genome (N4). In one construct,
the VSV has a G gene having a truncated cytoplasmic tail (“CTs"), wherein this
construct was designated “VSV,y N4CTg-gag1”. In another construct, the VSV has
a G gene having a truncated cytoplasmic tail (“CT4"), wherein this construct was
designated “VSV, N4CTs-gag1”. In other examples, a recombinant VSV (New
Jersey serotype; rVSVy,) purified in the following examples comprises the HIV gag
gene at the first position of the VSV genome (gag1), the N gene shuffled to the

-21-



10

15

20

25

30

at position one (S -enVi-NPM&aL- '), position two

(3'-Nenv 2-PM&L-5"), position three (3'-NP-env
W@20ME1286) , position four (3'-NPMenv 4-GL-5')PCT/US2007/009510

position five (3'- NPM&envs-L-5") or position six

(3" -NPME-env 6-5"). One of skill in the art would

understand fromthe above description that a variety

of reconbi nant VSV may be designed and purified

according to the nethods and processes descri bed

above. |V. | MMUNOGENI C AND PHARMACEUTI CAL COWVPCSI TI ONS

In certain enbodi nents, the innunogenic conposi tions
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EXAMPLE 1: PROTEIN, DNA AND VSV POTENCY ASSAYS

The following assays were utilized to assess the purification processes
described hereinafter in Examples 2-12.

Total Protein Concentration. Total protein concentration was determined

using the bicinchoninic acid (BCA) assay (Bio-Rad Laboratories Inc.; Hercules, CA)
with bovine serum album (BSA) as a protein standard.
SDS-PAGE and Western Blot Analysis. For protein separation and

detection, VSV samples were mixed with a Tri-glycine sample buffer at a 1:1 (for
VSV N4CTe-gag1 construct) or 3:1 (for VSV N4CT-gag1 construct) ratio, boiled
for ten minutes at 100°C, and resolved by 4-20% Tris-glycine sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), followed by double-staining
with silver stain (Wako Chemicals USA, Inc.; Richmond, VA) and colloidal

Coomassie® Blue stain (Invitrogen Corp.; Carlsbad, CA). The sensitivity of the
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conpatible with its intended route of adm nistration.
Exanpl es of routes of adm nistration include

w@arent®sel (e.g., intravenous, intradermal, PCT/US2007/009510

subcut aneous, intranuscul ar, intraperitoneal) and

mucosal (e.g., oral, rectal, intranasal, buccal

vagi nal, respiratory). Sol utions or suspensions used

for parenteral, intradermal, or subcutaneous

application include the follow ng conponents: a

sterile diluent such as water for injection, saline
solution, fixed oils, polyethylene glycols, glycerine
propylene gl ycol or other synthetic sol vent
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photodiode assay detector and chromatograms were obtained by monitoring the UV
absorbance at 215 nm.

VSV Potency Assays. VSV potency was quantified via two different

methods, a traditional plaque assay and an immunofluorescence plague assay. For
the traditional plaque assay, Vero cells in DMEM + 10% FBS were seeded onto six-
well plates at a concentration of 1 x 10° cells/well (with two mL cell culture/well) and
incubated overnight at 37°C. Cells were checked the following day to ensure
confluent monolayers had formed. Virus samples of unknown fiter, along with
positive and negative controls were serially diluted 1:10 to the expected titer ranges -
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exanpl e, parabens, chlorobutanol, phenol, ascorbic
acid, and the like. In many cases, it is preferable to

w0 poi7aeBoei sot oni ¢ agents, for exanpl e, sugars,PCT/US2007/009510

pol yal cohol s such as mannitol, sorbitol, sodium
chloride in the conposition. Prolonged absorption of
the injectable conpositions is brought about by
including in the conmposition an agent which del ays
absorption, for exanple, alum num nonostearate and
gelatin. Sterile injectable solutions are prepared by
i ncorporating the VSV vector in the required anount
(or dose) in an appropriate solv
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bile erivatives.
amfacmgscpﬁ'\énrpmgll |ng)rm)@r§)(m gﬁgyplltmatggbwlﬂﬂ N§Vu S/éftqutwenty-four to

-sxﬁi%!ﬁéf S‘thﬁ r\/‘-:'?6‘ ejens We?é figsa aﬂ"ﬁ?s@ QFHQ@H Néth a’ﬂl‘rﬁ‘mabl&ﬂal
pre ared 1n t orm of supposi tor|

ovibes Agaias aihEpYSVrdy PhueiersagineRy Esdpisthstlspd. and then
??Qbé& WeR agsle)téﬁdlérd elib6dy iR dto £ fecescértrdyee difattious

adi msn t
t%ﬂf]%?%%ﬁla %uegff gnag b‘F'"Sgﬁ‘SFﬁSé‘F% e mlcrg%éénl% ﬁg\ég{%cﬁﬁg&g&ent foci
usitHin frer Verbarell easrelaferadhe rﬁlustesaemtdnCIafvﬂIemo?iuf\tﬂdrﬁﬂd)ﬂtht'ter of
the sample was expressed as infectious units (IU) or plaque forming units (PFU) per

mL.
Residual DNA Assay. Host cell DNA was tested and quantified using the

PicoGreen® Quant-iT™ DNA microassay kit (Invitrogen Corp.; Carlsbad, CA). The

microassay was performed according to the manufacturer’s instruction using
lambda DNA as the standard.

EXAMPLE 2: PRODUCING VSV IN VERO CELL CULTURE
VSV experimental runs were produced in a 10-liter bioreactor, using Vero
cell (African Monkey Kidney Cells) microcarrier cultures. The Vero cells used were

obtained from a cGMP Master Cell Bank. Vero cells were grown on Cytodex™ |
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dosage. Dosage unit formas used hereinafter refers to
physically discrete units suited as unitary dosages

w0 oro7ntBesubj ect to be treated; each unit contBCHUSIHOZ009510

predeterm ned quantity of active conpound cal cul at ed
to produce the desired therapeutic effect in
association wth the required pharnmaceutical carrier.
The specification for the dosage unit forns described
herein are dictated by and directly dependent on the
uni que characteristics of the active conpound and the
particular therapeutic effect to be achieved, and the
limtations inherent in the_art of conpoun? suc
reigracaEier® ypenshamdpiossiengasde® e iscatawa NG af gﬂ?”svo

e chsﬂ:térolTr@/\ovamrﬁjwmhesowtﬂéen&aaﬁbewm Was iI508Jto 6.5
standard techni ques rou

litegs+ gk Bogrlatiqn, NerP ﬁe'rh\é(e%ﬁ ‘E°m%'9%% ﬁ‘fthmﬂ %"‘XQ“QI‘]BP%"Q%"'”S ina
t6s edlumedf iappiinitely 2Miters OTHeDtargEg sexding|dessity ef the culture was

sg%ﬁéﬁ%lggm{ 2{ two'-ﬁ:a\lgrtu[-t% @np% fﬁ% clngas?[yQ‘tgr%ee%tt the
redmmbvdlwroa@ alrtmjnqie ceésﬁe@\mwdﬁ mﬁemmemrrlﬁrs Bhengliege was
aé;xtg%l f%¥ ShiltBs %@4? r;gmt meﬂ%llgﬁgd ¢QQ&#IEYSE 20 minutes at zero rpm,

-9 refer specifically to the
f@bf%’f%@?’e(FSWQ@FCTQ gagl . Exanples 10 - 11 refer

speci tihe aditure WasisBmpladllbwing lMsﬁnmehﬂéﬂ' tatiog2@rid if attachment

Bk S g e A 208 o e

du‘itSkél N tptiie §5a 6. 5liteh evolkihg amjun@ eQellsphere growpto ekx 10°

bt 305958 8 (PR ko B e o PR py 0

rpmas:tet i Oarboh didxide/a\d g:amnma(rmppplied tortbe owertay wpan dernand, at
%Gségﬁﬁmﬂe AN %}éh %n%nﬁ%f'?ﬁ@fﬁ%r&%&@@éo%ﬁr}hﬁt ﬁr@lllhed by the

I's construct desi gnat e
NEOTY- Qprgen wasrﬁdéﬁ@ﬁmme euinee Hiewgh a ﬁ@ntmd ERaragr g an lnmal

GRNEr S AP REnde! W@Q%Qﬂas‘:%%ﬁﬂs@é Wléhdaﬁ:{/ las 6 én 'demand

wherein this construct was si gnat ed )
ingrersegagaroon dioxige, e %&)afrﬁsﬁ %é %o ‘e{eleetfmw“ﬁ iy BiqatRepate
slﬁJtﬁ#N(bSQ&martéQAsda\ls\éﬂdﬁrolmm | dsirgfla Icﬂltdrb%ef-ﬁblhow' ptd 7.30. The

SHETT VTSR Sty i Fegh PRSI o R Yblulle per day

tortingeft apptdxnmmeiyt48dmws of hlaps@/c@amg thene( NZbe infaetion o3he Vero

S5 NS 05 5 SRS el e oon. o

promote virus adsorption to the cells a one-hour intermittent agitation cycle was

performed immediately after addition of the virus to the bioreactor culture. The
culture was agitated for six minutes at 40 rpm, then allowed to settle for twenty-four
minutes at zero rpm, for two complete cycles. Following one hour of intermittent
agitation, the remainder of the infection proceeded in batch mode at 40 rpm. The
infected culture was sampled every 6-16 hours to observe cytopathic effect (CPE),
count cells, and collect viral supernatant samples for growth kinetics determination.

The cell culture was harvested at approximately 44 hours post-infection for
VSVinN4CTe-gag1, at approximately 48 hours post-infection for VSV N4CT-gag1,
and at approximately 60 hours post-infection for VSV ;N4CT-gag1, by allowing the
microcarriers to settle and collecting the culture fluid supernatant. For the latter
construct, the cell culture fluid from two bioreactors was combined.
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gagl”. These constructs and nutations are defined in
detail in International Patent Publication No. WO

wWQe®3N2PB009, incorporated by reference herei nPCT/US2007/009510

However, the novel purification processes described
herein are in no way limted to a specific rVvsv
construct or serotype (e.g., Indiana, New Jersey,

ete.), and as such, these purification processes

i nclude the purification of VSV constructs conpri sing

wi | d-type genonic sequences, attenuat ed genom c
sequences, "foreign" nucleic aci d sequences, or any
conbi nati on thereof see Section |11 abov Jéw
EXANRLE X W@NRW' RUFRSE PRARY C'Ptﬁ'f'ﬁér'ﬁﬂf’é CELL

6&'_\119%5;[9)‘.0 p{)ﬁ ,Jmc’]rg%’(bl nant" RNA viruses are

nown and erredtomthe art as "r

"r evef§er @%’H@%tlf'@sthe reY rgbee fiem g RipLParios ccf?gslféﬁlfﬁ%%ns and
c‘;tﬁér ﬁ&@i@lﬂf@té‘imnv&\'ﬂwéfeered&ﬁ@wnbﬁté procedsokrewmasSerodunt

The_fol |
rorSrRy BeC R I e SRBRIRoRab rd DG £ BT, me
VB9 Wa\retbvdié &l tr@acgalnfed dultere /R4 l\[]'hGE’N%\égellCUlture fluid

%ﬁqﬁ%%t%gf ?e i ! gbou\(%ré) 48 l’ran} &9 5?‘6 readt@ErudPNas clarified by either

processes set fort erein are equally
aepthifitteddion drde-pDWd gentgfugation.r om any suitabl e

MammRld; 4 S 6bi vr%LHebH{ ﬁtraﬂldiﬂ‘vblg bBfoléd 80%ohi tehipeeatu® and the
human enbryoni c y (H cells

Y8M wys recayereddn m%mfﬂif%tﬁ &P&rf "?‘@P@))dge& f‘Eaté%‘“Ba‘b?s were

’EA%%&V%{VWS%:HHM ® EBlyEH E’GHD&mf:dEl)(?mttEtrﬁan RROTEbINADRIck, NJ), a
e 0]

%ﬂPT'Q%ﬁa%Eﬁ?se g‘i 1%?”?”% @1‘5‘46)295@%0 essékﬁIS " Millipore®

drgstakb@db etcﬁlutm(ll\dlleporlenBHianmlws) andla CUNSP &5/60HHT €GWNO Inc,

%W%rﬁ@%ﬁ;ﬁ Edendzﬁ;gl% P Sﬁ&hffme&ewéie%é&h WS filtrate until the

erfin i cinchoninic acid (BCA) assay
fiBerowsRa datuesied éanpr@@r@atawoo PR sl log§ltratedy with bovi ne

seru mﬁ@#é‘% f‘c@tﬁ@ﬁ efiSicRcP bPirRI dbpth ARdass moﬁ@%sl?nﬁégr_daédnmed by

Western Blot Analysis .” For protein

AL RSN EAHSP SSCHEPE WP RURILRIEIPYA i pe piagrs GFsay. Table 1
RN @uHﬁHfaanés ﬂhfe r%rfbrriaalﬁéé)bf MfisrehbidgeTegagl

construc@j % S? NACT1- r

boi | ed™ g WA r‘ﬁqcp{ Pe@nye i%&"e‘gﬁ%”?’ eS61 osf{h ﬂcﬁ()}wc&B%@/
Hoveevgh )i large-sodk prodimtien,y low turbidity removal efficiency and low filter
capacity were observed. Other filters from different vendors may be selected for
use in the clarification process based upon an evaluation of their virus product

recovery.

TABLE 1. CELL CULTURE CLARIFICATION PERFORMANCE OF DIFFERENT DEPTH FILTERS

Filters Filtrate Turbidity Filter Titer
Turbidity’ Removal Capacity’ | Recovery

Millipore Co HC 1.24 96.3% >6.5 4.4%
Sartorius Sartoclear™ P (1.5 pm) 4.0 94.0% >8.0 19.3%
Sartorius Sartoclear™ P (4.0 pm) 7.0 89.6% >8.7 8.4%
Whatman PolyCap™ HD75 13.8 79.4% 1.25 82.0%
CUNO™ 05/60HP 6.4 96.9% - 9.0 33.9%
CUNO™ 05/60HP 6.7 85.4% >32 41.1%

Filtrate Turbidity! = NTU (Nephelometric Turbidity Unit)

Fiiter Capac:itygy = (L-culture/ftz)
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sul f at e- pol yacryl am de gel el ectrophoresis (SDS-PAGE),

foll owed by double-staining with silver stain (Wako
w@h@miizabs USA, Inc.; R chnond, VA) and col | oi P&i/us2007/009510

Coonassie(r) Blue stain (Invitrogen Corp.; Carlsbad,

CA). The sensitivity of thedouble staining nmade it

possible to easily detect high nol ecul ar wei ght

inmpurities in the VSV sanples. After gel

el ectrophoresis, the proteins were el ectrophoretically

transferred to a nitrocellul ose nmenbrane (Amersham

Bi osci ences Corp.; Piscataway, NJ). After blocking for

one hour in Tri-buffered saline (TB
BSA, Clasficationrvimlowreadrrenyerfiqnw PSR F%% Xg (5,000
r@ﬂhtﬂéﬂ tﬂl’r‘ty(rﬁ%gb%é%t'rﬁorﬁ 3§nysetalm|@ d)ﬁé/@@mman 26ntiBBHx1 L

aining rabbit anti-V an
genyHugalipry %Qiﬁ‘?%ﬂ}@ fatg! |vglun1e gtg%}é‘i\)/v ere th %%%s recic“/ered in
the %Qaérn&@riﬁ m@hbwtgaieldvbmdl;ame) 8j ulglaeetdlrIWiItWre moval efficiency, and

i s r,oxi da

e e e
Ghisarad do 8BS fmmou:mua)thedwetrnm&ﬁtyqaeé{@ ER7S mqﬁil&e Rad
Laboratories Inc.; Hercules, CA) were added for

1 %h:cil e MPQEQO& PraRRkY @ﬂAﬂ@&A&W‘@ﬁCQLMCDDI‘URE FLUID BY LOW-

Y5 Shon ARS DERRY PBRYrAAbNAND devel oped
rane vvere captured via an Al phal mager(r) imagi ng

fﬁ':'dfldr('Mé{Mﬂi ot e TR Rty oan | faibikty Regval W] (Titer recovery

/-ktdal i &el-b(r) softwaré., .5 ze- Excl ugh g Hi gh 67.8%
et ography {SE-HRLCH— A-silze
edty p’[‘%%ﬁ(’fgé? ot ocol| 1aas devel ope8shor rapi dl y 666%
Xperlmep

SEdraHALEMY vov fFrommi qr Ty protei ther eby 55.7%
PExpEArienta®ure? qual it at | \&e gnal ysis (EgFﬁ \/S\

pWhW\P’!:%Q‘XC@H”Wéess Thus, "I n-pr ¢gess” VSV sanyleas%

é‘ﬁ‘ﬁ' ) X
B8 r'. ,éaa,ﬂe@:onto an andlVt'"Pcal size ‘6X%1 usi on collni

Bxperi 1
pur+fred—Hut k concentate_ VSV (100 m.6)83%

Gé&sicirugationPW col uim G \BKL, partiigkgxsi ze 17m |pone
sménmmle‘ (Tnehn R oCI ancoac 11 @

Nt —er |
|=/am v re eRreces—1C; Vo goner yvirTre,

I?A),-;i-tyleacrutrhtetbsatree@hnwutbw'm buffer (w thout Ca2+ or

My2+) and devel oped at a flow rate of one nL per

m nute. The system was powered, w th

ErOPLRf: YW EHRGATIODEROCES ST ST RS G HeyilATipn oF VsV caLL
CuierokerFLom(t M software (Agilent Technol ogies Inc.;

Pal o

ra Wer 0
phot o?f%déh%gég?ryd‘é!?é Plpn gﬁ%"” r oartrjecl’t% %tirr?gxghag % the supernatant
@bt fRlirae) way fomnertprocesged eecondary clanflcatlon) to reduce the turbidity

level. Several sterile microfiltration filters (0.2 to 0.25 um) were evaluated (Table 3),
which included a Millipore Millex®-GV filter unit (Millipore; Billerica, MA), a Millipore
Millex®-GP filter unit, a Pall Supor® filter unit (Pall Corp.; East Hills, NY), a
Sartorius Sartobran™ filter unit (Sartorius Corp.; Edgewood, NY) and a Sartorius
Sartopore™ 2 filter unit. The optimal filter should have limited (or no) VSV binding
capacity, yet remove as much particulate contamination as possible.

VSV from pre-seed production was used as the feed (starting material) for
the chosen microfiltration filters, which was spiked with 1 x sucrose phosphate
glutamate (SPG). The same feed was filtered following the protocol provided by the
vendors. Since the amount of clarified cell culture material was limited, a syringe or

disk filter was used instead of a large-scale filter. As shown in Table 3, the highest
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absorbance at 215 nm VSV Potency Assays . VSV potency
was quantified via two different nethods, a
wo e@ditzideonal pl aque assay and an i mmunof | uor e SBERUS82007/009510
pl ague assay. For the traditional plaque assay, Vera
cells in DMEM + 10% FBS were seeded onto sixwel |
plates at a concentration of 1 x 106 cells/well (with
two nL cell culture/well) and incubated overnight at
37C. Cells were checked the follow ng day to ensure
confl uent nonol ayers had fornmed. Virus sanpl es of
unknown titer, along with positive and negative
controls were serially diluted 1:10 to the ex
VISM tifer mng@ylwamvedmtnﬂhﬁfaﬁowww B§C§9ﬁ§bran“"
slidsifEat am cin. The positive control was a VSV
st ancfard of known titer. The negative control (or
bl 'ank) contained nmedia only. Cell media was aspirated
TaRPENB! B2 cONSARS CLARIFRIARIN-FiNeER SOREENINGt ed virus (0.5
M virus soluti nn/w%“%wrb’ -~
FiltariWnite. Virus was adsorbed| P¥EW t enperature for
MilipeerMilex@@¢, then i ncubat ¢86d8%82C f or thirty
W,mblé,%sm"é)@@@bat es were rocke¢d7imgshand every five to
? (e{c':'rc'a' % ?(nt @nggs/orml ST Agar ose (at

3HC—10 - 4‘6{:? uurr’yl gvateand
ne

@.%toﬁil?éa@ﬁf%vm n) were coni Pna 1:4 ratio-te
Sartatios Sartegare™er | ay nedi a. \ﬁzr‘?fs/"was asol r at ed from
e plates, and 3 nl of overla p
ltpgp\ﬁg/ d xl‘sé)&éal“'@ﬁ” v&slséd(efi g:feﬁ;glluﬁyogm%é%r crose %osg C% rtaraate
under .y ﬂegé’?&m Elgﬂmét%%ﬂr@VSV,wésfmﬂhéanaeéa edng@he
32C incu or seventy-two %b‘?f unt i | %ﬁ%@ in Table
M@L@I%%ﬁqwalﬂ” ﬁ‘wén(tatbﬁrf%ﬁ&i“ﬁé’tf&l%% g SYRTa! el
| arger). Plaques were counted by hol ding plates up
t'o a light source. Titers were determined for each
sanpl e using the resulting plaque counts and expressed
TReiteed. WHwéeq:!d)mque{ cﬁmnmgrl@muslﬂe(ﬁﬂmpw SARTOBRAN ™ FILTER

ccn\l I RO HOf S”Cei"uce dbbdy) Vv
p%?*%’?fbfa?ﬂffaf'ﬂ? ectip SUp ero ce rmﬁowqu ayers \(ﬁ?%rreco it
48-wel | _plates) with '\9/$‘9")(ftpr M%’T‘ Veour to _

t Bipetiypertit hours, theovero Cel|s Wet8%fixed and Fi%t
péky%ﬁﬁewz(m/ﬁ(sﬁmocl bmab anti body| Bgai nst ei t her8s\asy

péhméﬁt‘@@m)&éﬁéﬁnﬂl g29n the COHbM._G%t used, andotoken
obetd—wth—a—secondary antibody conjugated t0 a
UOr eugeitiandyievidily¥ €T | ous

0. 62 low filtrate turbidity is due to low feed turbidity

NA = Not Available;
SPG is sucrose phosphate glutamate

r
1

f

The data in Table 4 show that the solution turbidity of Experiment 2 and
Experiment 3 was further reduced with an acceptable level of recovery. It was ailso
established in these experiments, that addition of 1x SPG to the feed solution (i.e.,
Experiment 2: 85.9% titer recovery and Experiment 3: 110% titer recovery)
significantly improves the yield of VSV product recovery, relative to Experiment 1
which had no SPG added (65.8% titer recoyery).

EXAMPLE 5: VSV PURIFICATION PROCESS: COLUMN CHROMATOGRAPHY
Following the secondary clarification step described in Example 4,
purification of the VSV filtrate was tested/screened using several chromatographic
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particles were quantified using fluorescence
m croscopy to detect fluorescent foci within the Vero

w@edor/1monnl ayer. The fluorescent foci were courdBUSHNT009510

the titer of the sanple was expressed as infectious

units (11U or plaque formng units (PFU) per niL.

Resi dual DNA Assay . Host cell DNA was tested and
quantified using the PicoGeen(r) Quant-iT(tnm DNA

m croassay kit (lnvitrogen Corp.; Carlsbad, CA). The

m croassay was perfornmed according to the

manuf acturer's instruction using | anbda DNA as the
standard. EXAVPLE 2: PRODUCI NG VSV | N VERO CE|L
@UINBUFRSINGESNecY PY rartighe 15 12198 swsrr@'asveotmmamwagt proteins, only

fg& Jlnée@ﬁ{ a %r@é %?;f% r@%zg vieTE @galvatlrea which uﬁaﬁﬁded:ammbs‘ﬂheyem Q
arrier cu

asieq %P@Q@o‘leﬁlrh H@QOE:%%?SK}E& F Uggcfsfp?ﬁg%ﬁeé 2

@RENahgeRESIN YBRMRAQ Nabtatstizs(ihe), d OHft'raecam;m terdsoxyapatite type |

R R o AR M B o clore

W.Gburaiﬁ)rfe@rlnt hendi2cC 8% ¢ rixeccmotie r@sw\é@E 5463|ﬂ1@a'@) 5For comparison,

&}I? gﬁs &&/ {?ﬁlnﬁ' wgpeuglgb'eggluat\é%r 9 I\ﬁé?t}éxs'“ &%ﬁ@fl hgﬁ@ rékihh

crocarrirers iIn une
Wi anchs fegain sepraroThESIHiaR Hea bRl HEnSFEjmss were

| nﬁeﬁﬁ% ?Fé E)ta‘(t‘%rslr\tégté Iagﬁy%n? %rtﬁévfgﬂgre :\T?%\@aﬁﬁl&s from different wash
csdibetionasmdifene Wese eﬁiﬁ%e%nq Sswat m’ﬁgf@q%sﬁ plaque
rgtsgﬁ}gcar riers. The cul ture was agl tated for 5 mnutes
a r t t
oo bt AR G R e

b drd Un@sphieraed oatidneaxchange eesinsn thad v\ énly bound to the
SLRTRS I aTH M S R o5
upagabvetlhehﬁgsd(at neuBalgH.er wor ki ng volune. Cells were
grovvn EGidatbnor Ay Bhkifi t|81n oftta I%Qﬁé’d@ Uﬂbé eﬂQAﬁ@&w

over

c&fgnanggjﬂgsj_declan@pd)y)?pyemaa/\!@a@e%%sﬁ o pEkeb YR |“?ﬁ/
nglgﬁggﬁ{@m‘dQ lsirP OTIeF8 s HY disti @haBPéYﬁﬁréiwmwéén VSV
ure exceeded that provi
et ANEITRHER PSRN e BN A @ﬁg%Pgﬁ'OHt fFigy was sti
SEEUNAQb tiad c@an'inrth\Idnaéfterr algionfwith THrNadiinubenMEreliunapbosphate
\/\@Sfferregrtg%% CWrrlm)ual |y as oxygen demand
Evaluation of VSV purification on a Bio-Rad® ceramic hydroxyapatite type |
(CHT I) resin. VSV was efficiently adsorbed to the hydroxyapatite column. Some
separation of VSV from contaminant proteins was observed by SDS-PAGE (data
not shown), but a significant portion of the VSV remained bound on the column
even after elution with 0.8 M sodium phosphate, pH 6.88, wherein the bound VSV
was finally eluted off the column during a 1 M NaOH cleaning step.
In another experiment, 0.9 M potassium phosphate buffer was used as the

elution buffer. Little separation between VSV and impurity proteins was achieved
(data not shown). A large potion of VSV remained bound to the column and
required 1.0 M NaOH to be eluted from the column. Similar results (i.e., poor VSV/
contaminant protein separation and strong VSV binding to the resin) were observed
with the ceramic fluoroapatite (CFT) type | resin and the CST | resin.
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i ncreased. Carbon dioxide (acidic) and 7.5%
wei ght / vol une Sodi um Bi car bonate sol ution (basic) were

waig@d/12econt rol pH, using a culture set-poi ntPOf/URIH07/009510

7.30. The culture underwent perfusion with fresh nedia

at half a culture volunme per day starting at

approxi mately 48 hours of elapsed culture tine. The

i nfection of the Vero cells with rVSV occurred at 32C

and a nultiplicity of infection (MJ) of 0.01 . To

pronote virus adsorption to the cells, a one-hour

intermttent agitation cycle was performed inmediately

after addltlon of the virus to the b| oregctg{r tuFre
piyation@fcV S Matres | > > _affinity resin.
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F3-F25 are elution fractions 3-25.

EXAMPLE 6: VSV PURIFICATION PROCESS: ANION EXCHANGE MEMBRANE ADSORBER

As described above in Example 5, VSV recovery was relatively low when the
filtrate from the secondary clarification step (i.e., 0.2 um Sartobran™ filter) was
purified with the UNOsphere™ Q resin, the UNOsphere™ S resin, the CHT ! resin,
the CFT I resin, the CST | resin, the Cellufine® resin or the heparin sepharose
resin. Thus, purification of the VSV filtrate from Example 4 was further assessed
using two anion exchange membrane adsorbers; a Sartobind™ Q membrane
adsorber (Sartorius Corp.; Edgewood, NY) and a Mustang™ Q membrane adsorber
(Pall Corp.; East Hills, NY).
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Sartorius Sartoclear(tm P nodule (Sartorius Corp.;
Edgewood, NY), a MIIlipore(r) MIlistak+(r) HC nodul e

w@ kozhizyere; Billerica, MA) and a CUNO 05/ 60HPPCTZUSEDO7/009510

Inc, a 3Mr) conpany, Meriden, CT). The depth filters
were | oaded with filtrate until the filter was
saturated (approxi mately 100-500 m of filtrate). The
clarification efficiency of the depth filtration
nmodul es was determned by a turbidity nmeter, while
virus recovery was evaluated by viral plaque assay.
Tabl e 1 bel ow summari zes the performance of different

dept h fllters A hi gh Vi rus recovery can be achl eved
usi ngVeKt Q bind™ (Mgmbrang AdSObel_scal e

produgfl Oy IleQW (§t§ﬂmbqh£ﬁéné§ FEMBE nﬁefrﬁlbrﬁh@ @Gyoﬁb@d plLithication was
filter capacity were observ ters 'PIE?-'
reteiaieda ecrERArY ok i DB SUER LLEcPPBretgedOFo At - membrane
ﬁé\ﬁ?ﬁg EInQ@ééLQ& WEigRES iofP 35BS kDa)) Fiie ¥SH|ratentaje froin the TFF

e 5 s 8 E v v

tﬁbhtét@’éﬂ aTéltlbér(h°Cyorl79°¢\JTU (Nephel onetric Turbidity

Unit) Fil -

it @ﬁ@%@bp@ 0 %ﬁ@gﬁrbec L4 gﬁe‘%‘/ Jrdaidd e %é%&ggég%m the
UstSeiiate Rredl at 4t wherein zmnnMsHaPEsSdoM T.éhyes aeed as the
oauigbrgggrggag cenl %Is{i'gt%ntsa(t%?v%s\laqég@ten {) %{Eﬁb P&’M b@ﬁembrane
aassrser @H mh ntd‘mﬁbrauqm goliatedn heﬁmpsm\mmtgmsmrpmlqtgg leificiently
@Hn %gepgt:ﬂr% G %'f ¥ oI TRYSE s GhHh Wg%ﬁew 0 ﬂﬁ]ﬂaép(data not shown)

roduc ecover i eved
tlenever, ngai$\o hteasvagdm@@g tnoanyegitthe elutiep é&aPB?PSw i H‘éﬁer was

! t3 SRve
AR *ﬁﬁfﬁ%%%”a'%ﬁ%%ﬁ%ﬁ%ﬁwgb
PORBPER G- ccaner KER MR ARsipNTRP PR ee) 1oVRR AL B9 !"%u’ﬁ‘f‘i
TorcdrittaibAd fh 1Pk pﬁ@@;ﬁﬂiétéfeﬂnbn'&bffbr dity NTU EXAVPLE 4:
VSV PURI FI CATI ON PR(I%s DARY | CAT
VSV CHEOTTEH KR8 Y Xre B ST e IV foEELAS 5f Staring
]‘flﬁelﬁtéfiélkb@ﬂ RIBGMRI Bt Sﬁﬂblﬁlnam Qhﬁer&bmermisarﬁer((eﬂlumbrated with
@:Odpw#ilgégﬁacp% ;ﬁgﬂp%&%&g%é %n? K nde?ut%:.n fractions (elution
buffer 20 mM HEPES and 1.0 M NaCl), wherein 74. 2% of protein impurities were
observed in the flow-through and wash pool based on BCA results (data not shown).

I

-

The mass balance analysis for total protein is shown below in Table 6.

Using a linear elution gradient to 30% buffer B for the -70°C VS8V starting
material, there were two major peaks observed in the chromatogram (data not
shown). Buffer A (equilibration buffer) was 10 mM sodium phosphate (pH 7.0) and
0.3 M NaCl. Buffer B (elution buffer) was 10 mM sodium phosphate (pH 7.0) 2.0 M
NaCl and 10 mM sucrose, wherein 30% B was approximately 0.81 M NaCl.

The first peak was VSV (fractions 4-10) with a relatively high purity. The
second peak was host DNA contaminants (fractions 11-20). PicoGreen® assay
results (data not shown) indicated that 97.3% of residual host DNA was removed
with the Sartobind™ Q membrane adsorber. Thus, these data indicate that the
Sartobind™ Q membrane adsorber provides an efficient way to remove host DNA
contaminants from VSV product. However, results from a VSV titer assay (data not
shown) indicated that VSV recovery from the Sartobind ™ Q purification process
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| evel . Several sterile mcrofiltration filters (0.2 to
0.25 mm were evaluated (Table 3), which included a

wordzitpese M Il ex(r)-GV filter unit (M I iporePCT/US2007/009510

Billerica, MA), a MIlipore MIlex(r)-GP filter unit,
a Pall Supor(r) filter unit (Pall Corp.; East HlIs,
NY), a Sartorius Sartobran(tm filter unit (Sartorius
Corp.; Edgewood, NY) and a Sartorius Sartopore(tm 2
filter unit. The optimal filter should have limted
(or no) VSV binding capacity, yet renove as nuch
particul ate contam nati on as possible. VSV from
pre-seed production was used as the feed %st rti N si
e loss Hian 30 EySUE KisSe h THIRITYSY FRRRPBHWPS PPasred using
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protocol provided by the vendors. Since the anount of
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PARY—CIARHFEEATHONTFT L TEReeSCREEN NGi2R®@OVer Y™ 1.2%

i o o s QP
T sol ut ilonwas—added—te—fepd—setutiomy PS5 ga%

Fucrose phogphate®gl ut agate he seclondary =
Glaagificati on of Bhe VSV was 2#8f t her| evalUdfed using®’™

€ ooar torrys Sartmbran(jt m fBRTer upit, 12R& resfl ts71%
f—whi-ch—arg—summgg i zed [bel o {im Tab| € 4.123ABLE 4. THE%

o

SHOGRDARY CLLARI-F-CATHONHUSHNG-SARTORHUS—SARTEBRAI t ) 5%
F22PER Supernatant Turbildity T = NTIA0. 62 ;- low

fidstrate tubidity is dde to 1Dw feefl turbPdity na =%%%
Avai [ ablle; SP@ is_sucrose7gbosphat e gi&fZamat e The1%

ata T n Tabife 4 stgow that ey sl uti pn t uddmedi ty [of 2.5%
ER3SA0) ment 2 i s—f-utf-ther—reducet 9 $5.6%
an acceptablie level of rlecovery |t was also

est abl_Lshed IR, CaSXperi ments, that addition of 1x
sl e

SPG t @3 sid-20n {i.e., Experinment 2: 85.9%

titer recovery and Experinment 3: 110%titer recovery)

significantly inproves the yield of VSV product
S\pRerficatipn |oF M Q MembraneAdsorber

purification means. Operating conditions for the Mustang™ Q adsorber were
optimized and described below.

Sucrose improves recovery yield of VSV eluted from Mustang™ Q
Membrane. An initial observation when optimizing the conditions for the Mustang™
Q, was the importance of including sucrose in the chromatographic buffers. For
example, side-by-side purification experiments were performed with buffer
formulated with sucrose (FIGs. 2A and 2B) and without sucrose (FIGs. 3A and 3B).
The following chromatographic buffers were used: Buffer A (equilibration buffer)
was 10 mM sodium phosphate (pH 7.0) and 300 mM NaCl. Buffer B (elution buffer)
was 10 mM sodium phosphate (pH 7.0), 1 M NaCl, with and without (i.e., +/- 2%

sucrose).
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whi ch had no SPG added (65.8%titer recovery). EXAVPLE
5: VSV PURI FI CATI ON PROCESS: COLUMN CHROVATOGRAPHY
wo-200702490y t he secondary clarification step deBCTUR®A7/009510

in Exanple 4, purification of the VSV filtrate was
tested/ screened using several chromatographicresins.
Since the VSV particle is large in size relative to
contami nant proteins, only resins with a |large pore

size were eval uated, which included a UNGsphere(tm Q

ani on exchange resin (Bi o-Rad Laboratories Inc.), a

UNGsphere(tm S cation exchange resin (Bio-Rad
Laboratories Inc.
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S M AMOES IR 5 BThe b ave Ko el E aste i the optim
Enlﬁrmgjwtdﬂ NSV E;F_fmeir@amheMuétlrangﬂdﬁgrhemmne@shzwxperiments.
el ution conditions were cpollecte n ™
SisRee T G S B e R BaBed BHfa Mstangr @
fepraneE BhGilitvatdd Witle eltheBsiPreMefadigm @haspimte bxfapatgdd 6.5, 10
a UNOspher e j S
Bl soRg s e PiERLpe ?réﬁfg?“@%ﬁgaiﬁ%%“@@a%%ﬁéfs olfer atoH
15 (eadh baffepaiso icnoipdsed 3P agkond 27nsYEPsel v
charg Eﬁ’*ea\&%\g ?;%gr%tl,l\t&? Hﬁnﬁﬁ(eltrﬁé\hb%e%y Stsy eﬁ.lﬂibhf(élgﬁdd ourtfer: 10
on a bl O- r ere el a esl N.
aM speivetPvesphates(PHy ée&%ﬁ?@%@@ MEQQ%&HW’??@ a flow
SRR Re 8 bgﬁ mfam@ﬁ\%c\;/vﬂihtar. eTN@Surity od s VBY elistha ioe the
separ ation et ween [ I a | ur] t rot el
hetans o (RIETRGY BY PRRGRRBEr e oS ey R Bl ol iy wes
_’é@hﬁ?grélﬂe Hi%_a@:ﬁ'dﬂhmb wh pbfs %lsteal. WHidweven atpH 61, Biasgnificant
I n S m sphat Ul Ler :
BB O (98 GV ey SRR a IS SRR R 308 Yblion steps
el MyaEtabitatodrapleic prdd@sl, dnd aesuah, alkgvendsYV titer recovery was
efficien . atite col umm.
8 ﬁ%wggba#ﬁe%t ?gﬁ&ﬂp&g@ﬂﬁ Eﬁn(g%%?gmm}é?ght protei ns was
observed by SDS-PAGE (data

TABLE 7. VSV PROCESS RECOVERY AT DIFFERENT BINDING PH CONDITIONS

Binding pH VSV recovery (titer assay)

6.5 15%
7.0 33%
7.5 28%

lonic Strength and VSV Binding to Mustang™ Q Membrane. Two
different NaCl concentrations (0.15 M NaCl and 0.3 M NacCl) in 10 mM sodium
phosphate binding (equilibration) buffer were tested in VSV adsorption to Mustang™
Q membrane. Better separation between the VSV and impurity proteins was
cbserved at 0.3 M NaCl. For example, when 0.3 M NaCl was used in sodium
phosphate binding buffer, the high molecular weight contaminants were removed in
flow-through pool, wherein the VSV remained bound to the membrane (data not
shown).
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not shown), but a significant portion of the VSV
remai ned bound on the columm even after elution with
w@2@7M»oedi um phosphate, pH 6.88, wherein the POO20VBY09510
was finally eluted off the colum during a 1 M NaCH
cl eaning step. In another experinent, 0.9 M potassium
phosphate buffer was used as the elution buffer.
Little separati on between VSV and inpurity proteins
was achi eved (data not shown). A |arge potion of VSV
remai ned bound to the columm and required 1.0 M Na(]—|
to be eluted fromthe colum. Simlar results (i.
poor VSV/ contam nant protein separation and str
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whi ch "was ate buffered
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t he separation
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. D,Cmthai(ac 0v exly s(icrose). Ihraontrast todhetineat gradieni eulion, the single

rsg ?eI{,J |orz Prolczzgsé: %@e%\/\fg\}' %oﬁ‘ﬁh% n@rﬁﬂ_r%ma%d@arbes'bw | ar

recover wer e observed

t|hﬁ§amtepamusiv sdging Bofer Bex arspemﬂsi Eatﬁalt\;@ocwmtmndﬁﬂ -ON
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are utlonfractlons 3-2
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V\(I%Isaqtgla%tsé%%la}la Lgtvéhowng tl’p»us the single step elution process will be used
herein, since a high VSV titer was obtained using this simple one step elution
strategy.

Operating Flow Rate. Two different flow rates were investigated, i.e., 10
capsule volumes (CV)/minute and 20 CV/minute. No change in purification process
performance was observed at either flow rate.

Benzonase® Treatment. Benzonase® Nuclease is a genetically engineered
endonuclease. It degrades all forms of DNA and RNA (single stranded, double
stranded, linear and circular) while having no proteolytic activity. it is effective over
a wide range of conditions, with high specific activity. Thus, Benzonase® nuclease
is ideal for removal of nucleic acids from recombinant products, enabling
compliance with FDA guidelines for nucleic acid contamination.

It was observed herein, that Benzonase® nuclease significantly reduced the
DNA level in the VSV purification process and the final VSV purified bulk
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filtrate fromthe secondary clarification step (i.e.,
0.2 mm Sartobran(tm filter) was purified with the

woROspBse(tnm) Q resin, the UNOsphere(tm S reBCHUSI00E009510

CHT | resin, the CFT | resin, the CST | resin, the
Cellufine(r) resin or the heparin sepharose resin.
Thus, purification of the VSV filtrate from Exanple 4
was further assessed using two ani on exchange nenbrane
adsorbers; a Sartobind(tm Q nenbrane adsor ber
(Sartorius Corp.; Edgewood, NY) and a NUstang(tn) Q

merrb; ane adsorber (Pall Corp.; East Hills, . VSV
P
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rcmr@natmeamycmnﬂ hsetiowes dpxbmcathaua tifebarog effentlf.ps ao tegy

aad ét Uodd 3 m nant proteins and DNA) was then
st olrje at e%{ts%?wojc or -700C. Initial Sartobind(t

al s m. Q .
menbr afeWaR oPerAUSS R FREPIRie W SHRUTGEAHAN RIPERSS PRSCURRA herein
r@leniad mGs 19 rafowd ?l'@atéaﬁmeéreggv/o?cﬁ theVeiERard BShtdminants, the

BRAdRE e ViRl et otreripiocyarap i oo BReOisap (o.0-

(BHD stemtmaiﬁbaﬁeowngm) wntmmet Berzonasef muiddtertreaiment. Thus,
uted efficient i ion, buffer _
) ElEos el fscrol et 1o B S s piRtcation
Howeess, whith WES\a sighificanbimpreconaredniparedhwitio the fnaditional virus

e;&r%b%ﬁ |rfalr%&fn@ﬁnﬁ%ﬁﬁ’bﬁo&%}seﬁ@&h%W' r&?&\ ?englﬁ%)c{c’na\%lngéclease

ml ar resu
oreaimeat). (|. ., no VSV titer in fractions collected),

‘ : ot TM
ohos ph el ol sidiho Kdack G i ihG Bapadty dh g pustang™ @
rreeeranccadsosas vast detetmnﬁdvas Vigdkbreak-tineagh tUsingi gngmall volume
el | :
LSS pboiGie) IS EReg! AR Sd PR ] R A o).
vs*hem/é@amémd/ewifmgtq%d@pow oell eulhre flaidonte the Mostang™ Q coin,
biyfybs fnilty Vs ERBEh AR\ bFéaM th'ﬁ)gg)'vcomaeﬁcﬁ'ﬂé rZé {%@By uv

protein inpurities were observed in t oW t

a@mqvmew@saumféaeéﬁwsmm|u\éammgn@spugmmﬁws i this
Téb&nﬁﬁié Sthb adsammmahyrs Fractichs werealollgdted ehd Vs 8&eded by SDS-

bﬁ‘l\&\é’ and \7@\9 tl?er assay. The Mustang™ Q equilibrium buffer was 10 mM
HEPES pH 7.5, 0.3 mM NacCil, and 2% sucrose.

Surprisingly, the conventional chromatographic 1% break-through was not
reached (see Table 8 below) even after loading 400 ml of cell culture fluid onto the
Mustang™ Q coin (the VSV culture fluid titer was 6.9 x10%/ml). However, as shown
in Table 8, a higher VSV titer in the flow-through was observed when the Mustang™
Q coin was loaded with the 400 ml culture fluid sample. Additionally, as the loading
volume reached to 400 ml, the differential pressure in the coin increased to 1.8 Bar.
Thus, it was concluded from this experiment, that 350 ml of conditioned culture fluid
per 0.35 ml of Mustang™ Q membrane adsorber was the filter loading capacity,
which was equivalent to 500 mi cell culture/ml membrane adsorber. Alternatively,
the Mustang™ Q binding capacity can also be described as 6.9 x 10° pfu/ml

membrane. In three consistency runs, the actual loading capacity (in virus titer) was
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slighiy dugher iioart thinindiag capasitye Whight d PRLA

Using a linear elution gradient to 30% buffer B for
the -700C VSV starting nmaterial, there were two nmaj or

w@eaka2bser ved in the chromatogram (data not BEDWAA007/009510

Buffer A (equilibration buffer) was 10 nM sodi um
phosphate (pH 7.0) and 0.3 M NaCl. Buffer B (elution
buffer) was 10 nM sodi um phosphate (pH 7.0) 2.0 M NaCl
and 10 nM sucrose, wherein 30% B was approxi mately
0.81 M NaCl. The first peak was VSV (fractions 4-10)
with a relatively high purity. The second peak was
host DNA contam nants (fractions 11-20). PicoGeen(r)
assay results (data not shown) indicated that 97. 3% of
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was aPt90{GEDt i gated as a VA rification _nmeans.
Operalttng condirtions for the Mustang(tm Q adsorber

were opti 2?““@%“%% 15088}, RELAYY: votid 0Se 1 nproves
recovery 3?,“" a?ep?;, @Edfﬁt@%:algﬁﬁmdm\:iﬂl ang(tm Q
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of including sucrose in the chromatographic buffers.

For eNRRRARy™ % RribratledRdsbibef Coatlusionx pArigrequality VSV

were performed with buffer formulated wth sucraos
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had §@Jeral advantages. For example, the process yields a VSV product of higher

quality than purification by sucrose gradient ultracentrifugation (e.g., see FIGs. 5A

and 5B). Furthermore, (a) the high binding capacity of the Mustang™ Q membrane

adsorber means smaller process equipment and lower production cost, (b) the

X

higher flow rate, relative to the other chromatographic resins tested, results in
increased throughput.and productivity and (c) the disposable Mustang™ Q
membrane adsorber units eliminate the necessity of cleaning validation and lifetime
validation.

The following summarizes the Mustang™ Q operating conditions developed
and described above: (a) loading capacity = 0.5 L cell culture per milliliter of
Mustang™ Q membrane adsorber, (b) flow rate = 20 capsule volumes (CV) per
minute, (c) VSV binding pH = pH 7.5 £ 0.1 pH unit, (d) VSV binding ionic strength =
0.3 + 0.2 M salt; (e) VSV elution = step gradient in 15 CV and (f) VSV elution ionic
strength = 0.7 M salt.
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was 10 mM sodi um phosphate (pH 7.0), 1 M NaCl, with
and without {i.e., +/- 2% sucrose).ln both experinents

W@ 2002123961 - 2% sucrose), a high purity VSV proPUS248%009510

obt ai ned. Pl ague assays (data not shown) indicated VSV
recovery was significantly higher (32.8%vs. 19.0%
when sucrose was included in the buffer. Buffer pH and
VSV binding to Mustang(tm) Q Menbrane. Three different
buffer pH ranges (pH 6.5, 7.0 and 7.5) were eval uated
to determne the optimal buffer pH for VSV binding to
the Mustang(tm Q nenbrane. In these experinents,
conditioned fresh cell culture after clarification was
| oaded onto a NUstang(tn) Q nmenbrane equilibrated with
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rcgﬂcéerbratlo? gﬁa %P%%legxch}ﬁge\@ve W%ﬁ??ll:éﬂ @Qné éqghgentlal

th
ﬂsmgﬁltnamqmﬁ'ﬁﬁ) artt@fl(tpaﬂoa/d{r;aﬁlltgaq@ndpF?DE) systern, fmp[\(ﬁj eIHHran pool
élﬁ %Jecygé%g Qamynm%nr aaLoesoPcfer%var% i1 OﬁﬁM HEPEE Sutfed Rith a high

|uted fromthe

(WrsMhtrfEh aylt @W%trév% Ardistilhashs ipeeemavdt QliatRyrifies. Thus, a
L@L/P?: stdfvasHete SRR rél"@&/eQﬂHWé‘élé@élﬁnﬁw ticdaHal grodiideea final

pH s tested. Howe 6%21, a significant
Rt iy A oRASOPizte PR It AT ow T ough.
\S?Sh ‘@ﬂé’eﬁ‘ﬁt:gh lp@BlsSioﬁpﬁvéiN‘rulsfmgtﬂhe) elpedment) ranwere combined

ocess, and as, suc t
Siessstn 98 e Bpth 1A TopBotolgy T piaipeiE Hlded BEn a
ﬁﬁéBEEa? we‘é‘ﬁ\/cmma‘ﬂ@lﬁzdﬂ (SHERERTh@IreBiovsciPpees
n

G ranaS, 351 S HB Bt SARRAN sl fifooRrambio 10 ml. Five
(Iﬁh‘ﬁbuﬁ@(etmyar@dﬂ;mphgmatq'm eiedisaling {10\aM potassnum phosphate
SL%'ESO #935552 uﬁ% ‘(Q%&%é‘HlﬁgaC@met% perfdries! ) ' n 10 mM

ate binding (equilibration) c? 8 Wp{\
t est ea'heﬁs DA 83§D rﬂ@pwaﬁaw}ﬁs indicated that the purified

VSV was only present in the retentate and rinse, and VSV loss in the permeates
was not detected by either silver staining or Western Blot analysis (data not shown).
The SDS-PAGE data demonstrated that the VSV process recovery was acceptable
and the impurities were removed gradually after each buffer exchange (data not
shown). To completely remove the residual impurities, a total of five to six buffer
exchanges were needed.

UF/DF Operating Condition Optimization. The effect of buffer composition

on TFF UF/DF performance was investigated. The same Mustang™ Q elution pool
was used as the feed for all the experiments (Table 9). The first three experiments
were performed on a 16 cm? hollow fiber TFF membrane (GE Healthcare Bio-
Sciences Corp.) while last run was finished with a 420cm? TFF membrane (GE
Healthcare Bio-Sciences Corp). For all experiments, product quality was similar
(based on SDS-PAGE analysis and SE-HPLC).
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Q nmenbrane. Better separation between the VSV and
inmpurity proteins was observed at 0.3 M NaCl. For
wex@nptidel when 0.3 M NaCl was used in sodi um pPOBEPREDE009510
bi ndi ng buffer, the high nol ecul ar wei ght contamnm nants
were renmoved in flowthrough pool, wherein the VSV
remai ned bound to the nenbrane (data not shown).lonic
Strength and VSV Elution fromthe Mustang(tm Q
Menbrane. The elution buffer (Buffer B) ionic strength
{i.e., the NaCl concentration in the elution buffer)
was determ ned by |inear gradient elution, wherein the
concentration of the elution buffer (Buffer B) was
TABLE S AR BUFEER OOMPESBION EXTERIMENT at a fl ow rate of

Fxperlihdntd RHGE - | BdRercqui 1T Oration buffer (Buffen Régovead®)
10" oM sodium phgsphate—aH—Z =306 mt-Nat—mi T 54TE
SPRRTER Tbuf f er agu SR O'Q%M/Ni%%%géigg}’nfb 88.8
FepRatie. pH 7.0 ™ NAPRRET ’%O T Sgugr gse. It Mag
Fhswimeaid f rom t|HE "MMNBHATBHINER: PAZ A hBY Shown)| 2 Fhat
ExplatGlenconcent r|&@BSorH B2, 4% Wombts required to el|#P8
73 3% VSvfrom the Mistang(tm Q nenbrane adsor ber.

Li near Gradient Elution vs. Single Stc}%) El u@ié}?n. A di

hi gh lragmanﬂynw\vhﬁbeﬁ%rdiseﬂag‘eé%g@?ﬁ'@ Y BFRAGE RPgprved in
dila'fiﬁl%alﬁn %ff?tbﬁt@zgl(%égd' &ﬂ?bé?&@@iﬂﬂader&hﬂh?p; dath rsbt shown). .

single step” eluti strate a.n : :

HomeyPe [eLp oINS PNA BReds "%?éi??i’baé aﬁﬁué%%}?’? Vol Brotein
Idadbl eind(@40BrDMA Ieadgd, wek® rembsed invirsphoastiafigatipnvgiumes.

-, 300 Cl nd L utio . .
Vi Bt T TEE RGeS Mal ] yques (e Bnough to
redicedbe perheateamondastivity ¢o alsetisfaeteont leyeladi ent el uti on,

t he sipgl ; ' i - {eleped

e e B e e Bl o
f@llomts: a specific final salt concentration (e.g.,

i nst qaz anepps Nerasidhe € Rtib6r HBioRl Fidef TRBICANIGHe (750 kDa),
concen

ration of 0.6 . _The ngl e step £l ution
proce®s reﬁEﬁé\’ge'ﬁ‘i’@ﬁ?g%p?ﬂ ngé&%%BF“FWSP%puri ty
prot gicps  ( BpArAing Bresdlmb:ap o B-4hsign)2 =vih2 peign TRP: 9595-2.5
of the VSV was recovered in the eluted fractions
PBffraque assay; data not shown). Thus, the single step
el uti@h prOpessingi Tdmprsatysedoprteinperaiitigee a hi gh VSV

titer was pbial fsd Rb.NEd F, Sinpl e one step el ution
strat%g;a/. ' ’

4)) Permeate Flux: > 30 LMH, and
(9) 5x Concentration and 6x Diafiltration into PBS + 4% sucrose (10 mM

potassium phosphate, 138 mM NaCl, pH 7.2);
wherein p1 is the inlet pressure, p2 is the outlet pressure, TMP is the
transmembrane pressure and LMH is liters/m? hour.

EXAMPLE 8: VSV PURIFICATION PROCESS: FINAL FILTRATION

The last step in the VSV purification process was a final filtration of the TFF
purified material described above. A 0.2um (0.45/0.2 pm) Sartorius Sartobran™
filter unit (Sartorius Corp.; Edgewood, NY) at a flow rate of 100 ml per minute was
used to remove possible bioburden with minimum loss of VSV product. The buffer
was 10 mM potassium phosphate (pH 7.1-7.3), 138 mM NaCl and 7.5% sucrose.
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Qperating Flow Rate. Two different flow rates were
investigated, i.e., 10 capsule volunmes (CV)/ m nute and
WQ@o¥tasshute. No change in purification proceBSI/US2007/009510
performance was observed at either flow rate.
Benzonase(r) Treatnent. Benzonase(r) Nuclease is a
genetically engi neered endonucl ease. It degrades all
forms of DNA and RNA (single stranded, double
stranded, linear and circular) while having no
proteolytic activity. It is effective over a w de
range of conditions, with high specific activity.
Thus, Benzonase(r) nuclease is ideal for_renoy of
ExadiPeE §: MS\ISCALRMPRURIFGATION FOB ot e N4 CTawagi! %STRUCT

conplgapges WdehieFlrmdi(fe! talrsuliupg vaiupkegwera@pedormed. The
contam nation. |t

was observed herein,_that, Ben S
shnasiaseofdhess sealepITyng SR BRI IO T (9h0S 1, and
B Pair Eé5atih0diPE SIS PATEI(dakendt stawnyJdtap protéinddable 11),

bul kconcentr at e. er 1,50

bireca it LA e
amtgra orfr@sde {/

titer .(dat.a n ast i

Wercriel B ol B Rt L pERLLERS e PRREGESBIh '@

purification step did not have the sane effect (i.e.,

f}&l_t&i.ltuers%@y_%imswas observed). However, because the
conpl ete j |

purification process dest

®ung. | see FIGF*a renoved greater THAR b%caf.“ e
cel I cuMe'ume mynt anj HERPE/™Y he upa{ml) ; , ¢hital

puri fi edidaul k concepssmt® was bekww t he spesdki@at i on

(e 0 speci 1 chLLpN.<10 n e) Wt
%Zuggnfé\ggr) p“""" ea~§-‘lﬂ?)$1n t wnng Q@ISA ) o @HBX108, N
rfucl ea

..... Se—teateft MHST—DEMZONaSE( 1)
544251 eat nent 05a%x WOt have4t be used- Py
puri fi ¢ajdon processsonhicch was| asssi gni fi ¢amb x 10°
Hprovenent—Tonmpared Wi th the traditional Virus
product/viral vaccine purification processes (which
requi re Benzonase(r) nucl ease treatnent). Mistang(tm

Tngtafiy PryPER by REQU VS Y RBAGEME RIS 11y v

br eak- t WPmegiss 8tepg a small vol ufetglPreteiniRasaveRel”)
Must ang(tm) Q nmenbrane adsorRen 1(1 |e Rum2 MistRurgdt ) Run 4
o) Ao | acl 1 L - L . - 4
AAr) W R SRRE AT o Py T THTTY ¢ONGY bl omedazgel | 0915
colt Ore ftfcw d %nt 0 the Mustang(tm {Q coin,
Pre-0.2 um Filtration (Dilution) 89.9 75.2 71.3 68.0
Post-0.2 um Filtration (Sartobran™) - 100.6 97.3 102.6 98.1
Mustang™ Q 0.43 0.39 0.33 0.41
UF/DF 427 52.0 48.7 47.5
Pre-0.2um Filtration 95.7 106.8 104.5 99.4
Post-0.2um Filtration (Sartobran™) 87.7 82.7 81.5 93.8
Total Protein Removal (%) ~ND 99.9 99.9 99.9

ND = Not Determined

Analysis of the VSV Scale-Up Purification Process
The objective of developing the novel VSV purification process described
herein (e.g., see FIG. 1) was to produce high purity VSV with a high recovery of the
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it was initially observed that VSV break-through could
not be neasured by UV absorbance because of the

wo b@ratisough of UV absorbing inpurities. ThusPCT/HS1007/609510

exanpl e, the VSV flowthrough fractions were coll ected
and VSV detected by SDSPAGE and VSV titer assay. The

Mustang(tm) Q equilibriumbuffer was 10 mM HEPES pH

7.5, 0.3 mMM NaCl, and 2% sucrose. Surprisingly, the
conventional chromatographi c 1% break-through was not
reached (see Table 8 below) even after |oading 400 ni

of cell culture fluid onto the Mustang(tnm) Q coin (the
VSV culture fluid titer was 6.9 x10_6/rr1|2.. Hovvev;%r, _as
petifiaeVEW pradics §he follawinganajgis descibes the NSV puriiication and

sfalbﬂlw ﬁéﬁé&’&hfdﬂ?& PO SEl E@ﬂnré\@@éleidib&ul’vﬂﬁ ang(tm Q coin
wth the 400

i SEAGE Asiare ang ArpHg b Brifir REatnaR"Ro inperap aspect
o? he &J{El&ﬁf&“bﬂo@bsﬁi}v@§ gepleting (drivemooing) theceediasdtdret |mp11n£y
pelainaogn tne VY drodia A8 senicuheReve P ERARBleLTTHE y SV
chhisthaon @&ém}:hﬁémmfemms MSMBNWNAW@'&-W@ tonsteict.| bagl VY
p&cacf yvg% rwomfoﬁ% Eé ﬁ{é t"?grégg?t%el i (|27 kDa) N/P (49

kIR @1(5% KBR) and mam !}Déhpé@ioﬂ? e HSH Rrptes, Moapd N groteins
vitte Bxgretsd@ St %Hémevéfﬁ fﬂﬂi&rﬁ@ﬁ@ S [OTS hae. srensins vireeyin the L
runs, the actual Ioaln virus titer
srelet PyRivTap WP dnerst; HARTAPIeaIE AN VR REdlEe e Eipbagrved win
rHiich ﬁh@fre ﬁafcér%We batRisA mBAwge)ranalyss relBltivs fo thei @ and L
dattg?rg,l Iﬁ@ é{f \ﬁ?ﬁ ﬁt%;getngté %qet E%nmﬁ%%% %h%s&ﬁe?ﬁ%éd%d into the
@amdwsstmatwerﬂhenwmd)e Huahgencsealhetaaamﬁfaamqle mgtem detectlon
r@q%s CtElslggl ﬁ vcilolf_'alﬁ or?%%}%@?ta@r{gl éﬁfe&%’aﬁge—@(mue
deuble éﬂbm@ﬁaﬁ pfiligedi ihepetpquoyigng)mgaye %@ﬁﬂe@r?tﬁmetecuon

6.80 ¥, %%S'SQQ‘G}ane(I Ts%or%c&g LPEJ r&g?hu%%‘ho@:lég-m& aﬂd 38)

x 104 = not Loadi ng Vol unel was bas P
reMealed thai tke aiQrity of host protelns were removed in the prlmary clan cation

step of low-speed centrifugation (FIGs. 4A, 4B, lanes 1 and 2) through the removal
of cell debris. Based on BCA analysis, 91.5% of the total protein was removed,
indicating that low-speed centrifugation was a significant impurity removal step.

The supernatant from the centrifugation was diluted with 10 mM HEPES
buffer (pH 7.5 after addition of 1x sucrose phosphate glutamate (SPG; 7.5%
sucrose, 10 mM potassium phosphate, 5 mM glutamate)), 0.465 M NaCl and 2%
sucrose (FIGs. 4A, 4B, lane 3), wherein a lighter staining band was observed due to
dilution. The diluted solution was then pumped through a 0.2 um filter to remove
any remaining particulate contaminants (no impurity proteins were removed in this
step; FIGs. 4A, 4B, lane 4). The VSV filtrate was collected as the feed for the
Mustang™ Q step and loaded onto the membrane adsorber.

More than 99.5% of the remaining impurity proteins were removed on the
Mustang™ Q membrane adsorber (Table 11). The removal of impurity proteins was
observed by SDS-PAGE analysis (FIGs. 4A, 4B, lanes 4 and 5), wherein a high
quality VSV product was eluted from the Mustang™ Q membrane (FIGs. 4A, 4B,
lane 6).
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VSV Titer2: the VSV feed titer was 6. 9E+06/ nL
Mustang(tm) Q filter nenbrane volunme was 0.35 m

WO T AEI¥err e Fl ow Through 1-4, respectively MIBCEHOS{DT09510

Q Menbrane Adsorber Conclusions. A high-quality VSV
product wth a high recovery was achieved with the
Must ang(tnm) Q nmenbrane adsorber. Conpared to
“traditional" chronmat ographic processes, the
Mustang(tm) Q purification process (in addition to
being a straight forward and efficient process) has
several advantages. For exanple, the process yields a

B Rl VLSt R bl 7 5%

s'i’ojferctﬁsﬁz 5&% trléwid% oM EHeEremaming babtdaihgdfnpbﬁﬁeﬁ werecapaedyn the
an )
G BERe TERH AR 2R T oAl AP SR OC P o chel Py e were

dﬁﬁ@dﬁéﬁ (FIGRWARQLB, lane(7at Dwnly tracet dreowith of impurity proteins were
ronat.oqr aphi [ acl i Ney

TReDR RS SR PETheRe pBRl Flos 45 8 Jarlee), TSTGRRAR after the
fiviz Dngrhtfiationntele weee aeldetestablaigianges Wit rraped oneSV protein
neg. . i Ly \ e 4 i |4 i
R S Ly i T,
oper aThe Y SVoptirifieddnik ernreEnBped AR BRY 45 8'0888&&’ essalso
é%oﬁ&%@éd‘ﬁigﬁéf\’ﬁ@fﬁt&)ﬁna iGw Pedid e Idvertdrhpeired pe purification via

i it e BaIFe. Eby SHUEIREERSBRAEREg of Dby protoms
Mﬁw,bb,rttd iang L{)Hom ird nevily de@eldpestbroness (HIGE. SA\6Bilang Bywere
lonlc . str =0, p . . I = ..

e e AL e gea P YR Vay Y @aradient
séntafugation-(AIGE. SAsEB.tlamxANPMith7ess ipBpspURPHIIEATPIGN staining
%ﬁg@cg@ﬁy@r@k LR BATE DS Rl BYGneBIdTEER

CHAN centration and buffer exchange. were
perificsiine @rarssngebiofthrig £ bl It 3lFRME PEAie4PiTHR '(sﬂ%%' product
HLAeak tdchieled (dhtanbt shicvin)wasedloh Binpustyiretein Jiogile\édsM intensity

el ution pool fromthe Mustang(tn) Q nenbrane adsor ber
ﬂb@ei\(ﬁ\ie"%ﬁm#@ﬁ@% buffer with a high (0.7 M NaCl)

_Sﬁ]lo t _<St?_£l§Eﬁ&[}l@idrﬂﬂigtgg/eﬁb'nhbnbadiwidr(au'enmtogmplwf(SE-HPLC)
i npurities a UF _
B! B H: o L PR3 DB Y el i

provides a simple and convenient method to separate VSV from impurity proteins

and qualitatively analyze the VSV purification process. To protect the column, only
clarified samples were injected into the column. The VSV flows out from the column
as an elution peak with a retention time of 7.5 minutes (data not shown). The
contaminant/impurity protein peaks (which have a longer column retention time)
elute from the column after the VSV peak and therefore need to be
eliminated/removed from the VSV product. The majority of impurities were removed
in Mustang™ Q flow-through and wash, which confirms the results of SDS-PAGE
analysis. In the UF/DF step, buffer related impurities were removed and no VSV
was lost in any of the permeates (data not shown). Following the final 0.2 um
filtration, the VSV product eluted from the SE-HPLC column as a single major peak
with retention time of 7.5 minutes, followed by two smaller peaks corresponding to
buffer blank. (data not shown).
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VSV product in an appropriate product fornulation
buffer. The elution pools fromfive Mustang(tnm) Q
wexpentivent al runs were conbi ned and used in tPCBEUS2007/009510

experinment. A 16cn? hol |l ow TFF nmenbrane cartridge with

a nol ecul ar wei ght cut off of 750 kDa was utilized (CE
Heal t hcare Bi o- Sci ences Corp., Piscataway, NJ). The

pool ed solution was first concentrated to 10 m. Five
(5x) buffer exchanges in phosphate buffered saline (10
mM pot assi um phosphate buffer (PBS) at pH 7.1 and 138

mV NaCl) were perforned. The SDS-PAGE anal ysis for

i n- | di cated that_th fi

onl ) ThecRemevarphesipurLHps: BNA e uBre iost G Bl Eone of
tHetrhtan‘? cBﬁlraﬂﬁﬁérﬁ? |ﬁ"€t§nfﬁﬁhoﬁj ﬁhﬁs’éh% an? ré&mblﬁarht\technology
stal nin stern al a

T gespe Siaral 2 IVeHtTshpul coRge e sOae TRy 10
nfRIVBY 1y’ pWﬁS mqmpAabrhevarmtombe forrtpe rfwuruse;siem gns are
Ui a0 Fe A T8 i S ERH oAU A DORETa I Actiiled in

rmve resi rff'E.JUTI ti es,
each puaincambnfstape Wejos m&ghaancemrg@svaﬂe‘ﬂé % BERigE recovery

téj’f ‘?gr ®eY a@lﬁcg% g%p%nw %&%%d é@ﬁdrpi%llowg@ By &b Rfificaion by

conposi formance was o
oL nuesflirgtidng éind The Mustandgt  megtaraye adearber 8P p&ypatgghan 80%

#ﬁ‘éed asdél%h?hlA%gs e%o@dl mttll'\@l\/ﬁé S“Wét@p (a-ﬁabh&egthan 60% DNA

ree exp erinents were forned on a 16
degiramoe Wab echigwe mwaﬁ@epeﬁhﬂ@aptaﬂmr@er&w wevﬁ! é*@s

' ! é%gsn@NKFrgv |
9%% bd&a}fﬁa L@ﬁl? Ecar |n%) g@ﬁﬂﬁ@%eﬂﬁf For al s wes
fadpeowridmaidogsr Jable 13ual ity was similar (based on
SDS- PACGE anal ysis and SE-HPLC). TABLE 9 . TFF BUFFER

COWVPQOSI Tl ON EXPERI MENT | nd ende t of the buffer used,
TAREL 20 SUMMARYRF HeSHRNA '%Pdgb‘f‘\k(d"l n diafiltration

LOE3SRep (Daged on SOS- PAGE/siTver ptaining; data no$tandard
shown) . Howevegyphot al| @gps ei Prand DNﬁuﬁasayﬁverage Deviation

rtndireatod + ha ol s /1 A0/ bt d o] ' ' |
REG-Cat-Ca—nia J w T o1 PTr o1 lz i d%@nq 1.23
d CPNRY dgg- werd reppve '@E"‘: | ogae

Myeteea™IPart i | 1 | at 3580 vdl ufEd W3NS ehat il ol 1 8 i eler 17

TS

&fFhange, five dl¥t1tlr 86%h L of4fes (E)\ﬁo by p‘?ﬁé d o 545

tRiitaGanice t he | pedh@ht o ceARRuct i 5584 {05G’3al | s?a¥2 ory 897

[®xezall 99.90 99.89 99.91 99.84 99.89 0.03

Product Recovery1 is the culture fluid clarification step of low-speed centrifugation foliowed by 0.2 pm
filtration.

TABLE 13. SUMMARY OF DNA LEVEL IN'VSV PURIFIED BULK CONCENTRATE

Residual DNA level (ng/10'pfu-dose)
Run 1 1.46
Run 2 0.97
Run 3 3.00
Run 4 1.93

The Removal of Gag Protein. The Gag protein concentration was
determined by ELISA, which provided data to define residual Gag level in the VSV
product. The profile of Gag protein in the purification process is summarized below
in Table 14. The majority of the Gag protein was removed in the secondary
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Thus, the followi ng TFF UF/ DF operating conditions

wer e devel oped as follows: (a) TFF Menbrane Cartri dge:
woiioz 028961 ber TFF Cartridge (750 kDa), (b) TFRP@&EDR08TI@®N9510

capacity: 95 L cell culture/n2, (c) Operating

Pressure: p 1 = 3-4 psig; p2 = 1-2 psig; TMP = 1.5-2.5

psig, (d) Operating Tenperature: roomtenperature, (e)

Cross Flow Rate: 700 LMH, (f) Permeate Flux: > 30 LM,

and (g) 5x Concentration and 6x Diafiltration into PBS

+ 4% sucrose (10 mM pot assi um phosphate, 138 nM NaCl,

pH 7.2); wherein p 1 is the inlet pressure, p2 is the

outlet pressure, TMP_ is the tran rane . pressure _and
claication $tee (s n@-2row filtralanasicH Sm{gﬂﬂa’%@eﬂﬁ’t‘%ﬂ‘%ﬁ%smer

RROCESSte Sl UMNE 25 grdtBATIE (N rARged RS GOB O 8.93trigeddé8\(10” pfu) in
pdrification (l)(rocess was a fl1nal |bltrgt|on of the TFF
thi final ratiifiged Prik cONCRRIERLR; FeNAWBPe' 204 492 (0. 45/ 0. 2

mm Sartorius Sartobran(tm) filter unit (Sartorius

Cor p. ;. Edgewood at f L ow e of 100 m per
Trﬁﬂhgﬂé- : W&ﬁ%&%%@ﬂw&%w&? bi obur den wi t h
PRycEER 1 0SS of V§dipmeduct. TReshwihi Sacas | OVERALL GAG

pot assi um phosphate (pH 7. —-3)-—338—mtNa€l 5%
sucr ose. EXAMPLE 9MYsy scal E- MMbURI|F1 ¥ on @%\‘7&/
: Foul 448306 L sdals608 rltH-S--{-i .e.,
1

1 1 d g | o) £ g | T .
cell culture veol rer-e—perfarred- 0 i of
: .1'511'_?6:’2“ |43,
sh 3\;%5 elowlin Table and

st Centilvaation r A8 3r
Talee2 I filgton N |2@2 6. A$SEEO i ncl|LBHSAD SD$ERACH.

(data—not—showr—totat-—protern—(Tabre kv
e i S R SE-FF@‘,‘J?%at 1 %8t %
Sﬂé\%hrd&gh@r waeH qroged. Consiosgeant p%o:z%o perf-er-rance

L1 e VSV produgt—gual-ty—ang—apurit ey S
Mpstahe @ Fletan, 1518%Pne scalozqgl?p runs,dél?s'(? ng Hna'e&%
PrEEReterigte forth 450 FIG 14.108BLE 1[1184¥R0OTEI 90.37%

L MPUR-TFY - REMIVALHN \IS\VI SEAHE-—HP—RUNSHNE——Not
R RN N QESY - SCAG Hy RN Mg ™ o1.19%
Purified Bulk Conc. 475 0.930 441.8 97.69%

TABLE 15. SUMMARY OF RESIDUAL GAG LEVEL IN VSV PURIFIED BULK CONCENTRATE

Gag removal Residual Gag level
(%) (ng/10'pfu-dose)
Run 1 80.0 8.93
Run 2 87.1 6.76
Run 3 ‘ 97.7 0.08
Run 4 87.0___ §.50

Example 10: VSV Scale-Up Purification For VSVIN N4CT1-gagt Construct

The purification process development for the VSVinN4CT,-gag1 construct
was initially challenged with a low product fiter in the cell culture fluid (<10° pfu/mi),
which resulted a low product titer and high DNA contamination in final purified bulk
concentrate. However, the purification process as described in Example 9 for
VSV nN4CTs-gag1 was successfully applied to this VSV construct and scaled-up to
10-L scale (in cell culture volume). A high-quality VSV product has been produced

through this purification process.
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Anal ysis of the VSV Scal e-Up Purification Process The

obj ective of devel oping the novel VSV purification
w@e@ces®edescri bed herein (e.g., see FIG 1) weSI/US2007/009510

produce high purity VSV with a high recovery of

t hepurified VSV product. The foll ow ng anal ysis

describes the VSV purification and stability based on

four 4.5 L cell culture scal e-up runs. SDS-PAGE

Anal ysis and Inpurity Protein Renoval. An inportant

aspect of the purification process was depleting (or

removing) the cell culture inpurity proteins fromthe

VSV product. As set forth above in Exa le 1, &
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was observed in the FT&W pool (Table 16), and the virus titer in the Mustang™ Q
elution pool was very low due to the low virus production titer in the bioreactor (4.6 x

10° pfu/mi for VSV\\N4CT; -gag1 vs. >1.0 x 107 pfu/ml for VSVinN4CTs-gag1).

Table 16. Process Analysis -Titer Recovery in the First Mustang™ Q Step

Process Volume (ml) Virus Titer Virus Titer Recovery
' (pfu/ml) (pfu) (%)
Feed 250 9.90 x 10* 2.48 x 10 100
FT&W 300 3.20 x 10* 9.60'x 10° 38.8
Elution 35 5.70 x 10° 2.00 x 10’ 80.6
Regeneration - 15 1.44 x 10° 2.16 x 10° 8.7
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adsorber (Table 11).
was observed by SDS- PAGE anal ysis (FIGs. 4A, 4B,

4 and 5), wherein a high quality VSV product was

The renoval

of inmpurity pr

ot ei ns
| anes

eluted fromthe Mustang(tn) Q nenbrane (FIGs. 4A, 4B,

| ane 6). The el uted VSV was concentr
di af i Thespiaginoraopditiges FRFftRISCONSIrUCt 9,

fuhAs: 4%

renoved

@gﬁ’.@g buer

t he

Wer e. O

rr aEganI

%g?%n'gs(') a,%Pré)er were

%\uﬁéd ébﬁuub%almle@ @ﬁmteﬁuandesn@m is duthsediariable 17. In all

perede Qe FotEsIRaD YaF soffebiiesgd on

wer-@eﬁts\/ é’ﬁ/'oﬁﬁ'(‘gr?é’@
;irEM@ﬁs efferichBes Fraﬁevgy.NN@Gn'y-gbgac Fhaaditconcdntiatipain the

b 5 e p 2R v

ter t

g’fhz?(% R lﬁt@?ehﬁer from 0.6

1or0.7 M WB&I crarsentim éreeexperiants. dEhetiow Fite wasah§eld- @\N’ﬁ"” which

wgg ?&!ﬂvél%a_vé\é 28§ Egﬂﬁhkg
?&Blbﬁ'ﬁ @bd@awu&ea

process
resi dual

LY cy/mhiRpurity protein
@n@% (gqgnoll 10).

r&tmuéfa%m estsp y devel oped

The VSV

| so denonstrated higher purity and | ow

I evel

conpared to

purification via sucrase

OE X! #

NnLoadimd i

bands
new y

of W8V pr

devel oped

ot ei nMY M N
process (FlI

f Lgading NaCIlFpElatial

| BlutionNa€lyj

5. 5A 5

PPHG and LXM)rom
B, | ane 9)

n‘i_"ﬁg’ rate
t hgmiimin)

wer e

of adhe VSV 7.0

fugag7on (FI G535

oTe
A~ 5
12 k)
ni ng
r dhuctt
setS f rthﬁ"h Fl
5ing | ar pricgluct

ntenxe than thesst al ni ng7leands
' roseogiaal ent et r

\1 \vapy tess Illbtsllbe TP 5ty p (0] QL =J Y1
-rdi-catihg he th

f1 eved ﬁ%‘ fhg I"\r‘\\lgtJ n I.r!qf! Ca;lyn:'\lav 10,5

G 1.0?% al | fo&rssc [e-up”runs

qual 9% was | acl§iSevef (de®-B not shodth$

pasged jon impurify prokein profirise apd i M.8nsity of 3the

b\/g prte effp bangs. Sh26 Exclusizan- H gh Reeéf or nhnce 7.0
_uué.:yulugl dplluzs —HPCCR gAna ySI Sg7/-\ SEFHPLG 5

ARglysi-s—F OS¢ \foaog 5>ce Exagrgt
r ddi des . n rethoa—t

VSV frominpurity proteins
A high-quality VSV product was observed in all Mustang™Q elution pools
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- based on SDS-PAGE analysis (not shown). Impurity protein removal results in this

step are shown in FIG. 7. More than 99% of impurity proteins were removed in this
single step, which was higher than that in VSVnN4CTge-gag1 purification process.
Process recovery and the results of residual host DNA assay in the elution pools are
summarized in Table 18. The residual DNA level in elution pools was very low in all
experiments, which indicates that the DNA clearance was not a problem in this
process. However, titer recovery varied depending‘ on the experimental conditions.
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and qualitatively analyze the VSV purification
process. To protect the colum, only clarified sanples

woweNe/1239pect ed i nto the colum. The VSV fl ows BCI/US200T009510

the columm as an elution peak with a retention tinme of
7.5 mnutes (data not shown). The contam nant/inpurity
protei n peaks (which have a | onger column retention
time) elute fromthe colum after the VSV peak and
therefore need to be elimnated/renoved fromthe VSV
product. The majority of inpurities were renoved in
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purifi cat Bon processes usi ngzl?’@corrbl nant} t echnol ogy
The residyal DNA Teyel 1n VSgsgurified bul k 1
concentrate should be below 10 ng/dcse HOFpft— th
DNA renmova&l profileg for the Pour scal e-jup runs are

sunmar i ze@ below i n|Tabl € 1258herei n consi st ent BDNA

r_e,nnsAaJ—-V\?s—aem—eve{ i 1 i step—MgoT
DNA cl earance was observed int'he product recovery
step {i.es8, 1c|arif|cat|on W5ovv—speed BD

Lf iinat o £ ALl

e+ \d“unlu”LWcu uy/_ T catTpn by UBdTm
filtratio and t he |Must ang(t Q nenbrahe adsorber
tep. Geaber than §0% of th@3®si dual DNA was r 8kbved

' A 60% DNA
ciega'ﬁg'ﬁ' gtégltﬁlés’tq%rgﬁh%\}\%ﬁl ﬁb\’& Dgaéﬁédg] é'?'ehle overal |

percent DNA renoval was 99.89 0.03%in all four

scaj ey \X/; H&% %HJ) Ve WAR IcBIculdid &S tHE @iruDNAr eeeminsasby the
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condition was 0.29 M NaCl in 10 mM HEPES, 2% sucrose, pH 7.0. Considering
that no pH adjustment was preferred in the feed conditioning, pH 7.5 was

considered acceptable for the Mustang™ Q equilibration buffer pH. At the same
time, 0.60-0.70 M NaCl and pH 6.75-7.25 were determined as the Mustang™
elution buffer conditions. The optimal elution buffer condition was 10 mM HEPES,
0.65 M NaCl, 2% sucrose, pH 7.0. The Mustang™ Q buffer conditions are
summarized in Table 19. With these developed conditions, the DNA contaminants
in elution pools were reduced to an acceptable level (data not shown).

Table 19. Mustang™ Q buffer conditions

Process pH NaCl Concentration (M)
Equilibration 6.6 -7.5 0.28-0.30
Elution 6.75-7.25 0.60-0.70
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The Renoval of Gag Protein. The Gag protein
concentration was determ ned by ELI SA, which provided
walaaoa/1t6def i ne residual Gag | evel in the VSV peouszon7/009510
The profile of Gag protein in the purification process
I's summari zed below in Table 14. The majority of the
Gag protein was renoved in the secondaryclarification
step (i.e., 0.2 mmfiltration) and the Mustang(tm Q
menbr ane adsorber step. The residual Gag protein |evel
ranged from0.08 to 8.93 ng/dose (107 pfu) in the
final purified bulk concentrate, as shown in Table 15.
TABLE 15. SUMVARY OF RESI DUAL GAG LEVEL IN%SV PURI FIE ted
BULK FOCMNGERTPRINERIR AYR5E congisteiawitisthesg repilis gndrdermerisyiqte
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PreeeRIRINGIRY pUATANEhgB neHTeR ol Pt gof BpaEnt g
ddagpesld regutiidnia ONA cdntarifbtpfrudiotion pawis.ch resul ted a
| ow product titer and high DNA contam nation in final
purified bul k concentrate. However, the purification
EXAMFLES1 1a VS SCALB-E PURIERATIPN EOR V%VINN@TMTgoyﬁmUCT
was successt
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O kDa were also tested in this study.
. "B"”'Eﬂb%inrﬁ@\ﬁa A nal- fiftration Rgé{,@é‘@(w)ea of
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USMIdMGT rarg lspwifiGationBracesmasales iR CeRISensy HOF paRdech

transfer

0D

<

The cell culture fluid containing VSVi\N4CT,-gag1 after removal of
microcarriers was used as the starting materials for the whole purification process.
The process comprised clarifying the cell culture fluid by low-speed centrifugation
and recovering the VSV in the supernatant; filtering the supernatant through a
0.45/0.2 um filter and recovering the VSV in the filtered solution; loading the VSV
filtered solution onto an anion exchange membrane adsorber, recovering the VSV
product in the elution pools; purifying the recovered VSV by tangential flow filtration
(TFF) using a 750 kDa molecular weight cutoff membrane and recovering the VSV
in the retentate, and finally filtering the VSV retentate through a 0.2 um filter and

recovering the VSV in the filtered solution. Three 6-L scale-up/consistency runs
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process. However, titer recovery varied dependi ng on

the experinmental conditions. Table 18. The titer
w0 e@onzdyl and resi dual DNA | evel in Mistang(tnCTQS2007/009510
elution pools * BD indicates that DNA | evel is bel ow
the detection | evel The process recovery was
calculated fromthe virus titer determ ned by the
pl aque assay. Wen | oading buffer pH was in the range
of 6.6 to 7.5, and NaCl concentration was fromO0.28 to
0.30 M an acceptabl e process recovery was achi eved as
shown in a contour plot (data not shown). The opti nal
| oadi ng buffer condition was 0.29 M NaCl in 100V

&2, 2% SURIMaR ow*svmmcﬁpﬁsgdeans@téw rurs pH
ajustrrent was preferred in the feed conditioning, pH
75 Was consi der ed acs‘cgp:,t. Bl § f ocRi#he Mist amy&tnj QTTR#1
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Malumerimiiffer condition was |10 o HEPES Q. 65 MNe ;
Telbuwturechanystt. 0. PHS MERT Ang 19 10 bif &9 x 107 ] 8.14x10
Jitedi(pfudmd) are sumari zed in Table 19 With these
dﬁvﬁiembbdlksloggl]})i ofls, 2% DNA cort 3 nafts 2RVl utli onf>°
povicentyate Vo edlto an acceptable level (data ndt— .
Shoviid bolo| e 19, NuSkEg10m| G-B8xFI& | 3:00x10° 17.81x10
comgientrate Fur t her gxperi nents| were consijstent wth
t'ﬁwdpfldml)ts and enmpnstrate that in gertain
driosesadield (¢6)28M tlo 0.199 M NaCl 8l a pH 7.277. 5 wer 292
tﬂa@snaﬁﬁfbﬂnﬂdghhl)dl ng bBRfer fconditd ons|to it8ureja ©

Ly BiBEin €COVETY, il an| aceem7bl ¢ reo@ies| on | 199.92
&g% 1 nants in el ution ppols. EXAMPLE 11: VSV

@{P-\L,Enugté#h)f-ﬂéa CATITON"FOR VSV NNACTI-gagl CONSTRUC
ree confirmation runs in small scale were conpl eted

Thibla 43)Proaess hRaKsiSbAedods thisprgiudiecadarg devel oped
Must ang(tm) Q conditions. The equilibration buffer was

Prdtédssistep TR V[eR#2  [pStaleup 2PAvecigedd STOEV e | TTR# 1

Hc gﬁtulvn uuf165? ?0018 IIIVIWWIV! facCl, pH 100

osucrd nar at i nn

r@P'ﬁtf'QfQ"f’éian(r 28-¢ ruﬁ?bvs IW?% ol @gslq;:”%iam hg N/D

\BreLBB dilntiors amd 3@10ut]i HH2-§o] umdN/DThe x"r?érﬁ mint 473 |~ 237

I estibdranare gummari Jed 1 n [Table 20.| A very donsi st e:yt

PROGSESS Perfarnggse \wag @ichi eygd bapedges the pagdugt 257.2

S ,

storage 89.8 41.9 N/D 65.9 33.9 48.6 -
Mustang Q 43.4 | 100.1 32.9 58.8 36.2 93.0

UF/DF 58.4 99.2 110.0 89.2 27.2 26.4

0.2 mm .

filtration 53.6 37.0 39.4 43.3 9.0 139.7
Overall yield 9.1 8.7 11.7 9.8 1.6 10.2

1, 2: Average and STDEV of CR #1-3; N/D: not determined.

The purification process for VSViyN4CT;-gag1 was successful in producing
a high quality product. The purification conditions were scaled up to 10-L scale (in
cell culture volume) with a consistent process performance. The overall process
yield based on the VSV titer from the plaque assay was lower than that achieved
from VSVinN4CTo-gag1 and VSVyN4CT,-gagl. The major titer loss was observed
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calculated fromtiter assay results. Table 20.
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weight cut off (MWCO) of 750 kDa were tested in this study. All membranes had a
nominal filtration surface area of 420 cm? or 1200 cm®. Membrane chromatography
experiments were conducted using AKTA™ explorer and AKTAPilot™ systems (GE
Heailthcare: Piscataway, NJ) with Pall Mustang™ Q membrane adsorbers (Pall
Corporation; East Hills, NY).

The first Mustang™ Q purification trial for VSVn,N4CT;-gag1 produced a
high quality product based on SDS-PAGE analysis, utilizing the same operating
conditions described in VSV,yN4CTe-gag1 purification process. However, a high
residual DNA level was detected in the product elution pool. Using membrane
chromatography, the Mustang™ Q binding and elution conditions were developed to
achieve a high purification fold and a high-quality VSV product. A high process
performance consistency was demonstrated in later experiments including small-

scale runs, and scale-up/consistency runs, using the following operating conditions.
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Table 24. MustangTM Q process analysis - titer recovery and DNA removal

PROCESS: Feed FT&W | Elution Regeneration
Volume (ml) 312 330 35 15
Virus Titer (pfu/ml) 6.71x10° BD 5.94 x 10° 5.00 x 10°
Virus Titer {pfu) 2.09x10° BD 2.08 x 10 7.50 x 10’
Virus Recovery (%) 100.0 0.0 9.9 35.8
DNA (ng/ml) 123 16 84 782
DNA (ng) 38376 5280 2940 11730
DNA Recovery (%) ‘ 100.0 13.76 7.66 30.57
DNA (ng/dose*) 1833.1 n/a 1414.1 1564.0

* 1 dose=1.0 x 10" pfu; BD: below detection limit
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VSV purification trial using TMAE column

The cell and cell debris were removed from the cell culture fluid containing
VSViNN4CTg-gag1 through a centrifugation at 5000 rpm for 30 minutes at 20-24°C.
The supernatant was pumped through a 0.45/0.2 um filter after mixed with 10X SPG
stock solution in a ratio of 9 to 1. The filirate was used as the feed to TMAE column
(2 ml) at a flow rate of 4 ml/min. The column was pre-equilibrated with 10 mM
HEPES, 0.145 M NaCl, 2% sucrose, pH 7.4. After chasing the column with 10
column volume (CV) of equilibration buffer, the bound materials were eluted from
the column through a linear gradient to 10 mM HEPES, 1.5 M NaCl, 2% sucrose, pH
7.5in 30 CV. Different elution pools were collected.

-52-
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was performed, using a full factorial experimental design as shown in Table 27. The
feed wés cell culture supernatant adjusted to different loading buffer conditions.
Different Mustang™ Q elution pools were analyzed using SDS-PAGE analysis (not
shown)

Table 27. Full factorial design for Mustang™ Q binding condition screening

Factors pH NaCl concentration in equilibration buffer (mM)
Level 6.5,70,75 0.15, 0.20, 0.22, 0.24, 0.26, 0.28

The SDS-PAGE analysis of the VSV binding condition screening on
Mustang™ Q adsorber showed elution pools at different binding NaCl
concentrations respectively: 0.15, 0.20, 0.22, 0.24, 0.26, 0.28 M. When NaCl
concentration in equilibration buffer reached 0.26 M, the high-molecular-weight

protein impurities were removed from the elution pools at all tested pH conditions.
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was perforne using a full factorial experinental

studygn as shown in Table 27. The feed was cell culture
supernatant adjusted to different | oadi-rg—puife

Fastefst i ons. Pl fferent N@@Pﬁ?@fﬁfﬁiob‘%ﬁm‘?’bﬁdﬁﬁ%‘gw wer e
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ull facforial design far Mistang(tm—Q-birding

condi tion screening Factors pH NaCl concentration in

nglol k?oggd&%lcg%ﬁggﬁig(gﬁy%ode@é’ eécdvehy (N6t Showh)andicdtbs that in
order to get a reasonable process recovery (> 55%), the elution buffer conditions
should be maintained as: pH = 6.5-6.9 and NaCl concentration = 0.55-0.70 M. With

these conditions, a high-quality VSV product has been produced as shown in SDS-

PAGE analysis for Mustang™ Q elution pools (not shown).

Mustang™ Q condition optimization using DOE approaches

Further optimization in Mustang™ Q step resulted in better VSV binding and
elution conditions to achieve a high level of DNA clearance and high process yield.
The experimental design is shown in Table 29. The loading and elution pH from 6.5
to 7.0 was selected based on initial screening studies and previous experiences in
VSViNN4CTs-gag1. Different NaCl concentrations in loading and elution buffers
were also chosen from the results of initial screening studies. The flow rate in all
experiments was maintained at 7.0 mi/min, which was 20 capsule volume (CV)/min.
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Experimental results
The process yield was calculated based on the VSV product titer determined
by the plaque assay. The results are summarized on a prediction profile (not
shown). To maximize the process yield, the following buffer conditions in
Mustang™ Q adsorption were identified:
NaCl concentration in loading buffer: 0.26-0.30 M
Loading buffer pH: 7.0-7.5
NaCl concentration in elution buffer: 0.55-0.65
Elution buffer pH: 6.5-7.0
The residual DNA levels in Mustang™ Q elution pools at different binding
conditions were reported in contour plots (not shown). The Mustang™ Q buffer
conditions were further refined based on the DNA clearance results:
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consistent process performance was observed as shown in Table 30: a high-quality
VSV product was produced based on SDS-PAGE analysis; an acceptable level of
residual DNA clearance was achieved in all Mustang™ Q elution pools; a similar

process yield was obtained as well.

Table 30. Mustang™ Q operating range experiment

Loading | Loading | Elution Elution Yield Purity (%, DAN
pH NaCl (M) | pH - | NaCl (M) | (%, titer) | SDS/PAGE) | (ng/ml)
7.5 0.30 6.75 .1 0.60 52.0 72.0 34
7.0 0.30 6.75 0.60 85.7 80.0 33
7.5 0.26 6.75 0.60 491 76.1 34
7.0 0.26 6.75 0.60 68.0 73.0 39
7.5 0.28 7.00 0.65 85.7 79.6 21
7.5 0.28 6.50 0.65 70.9 82.3 18
7.5 0.28 6.50 0.55 49.5 82.8 15
7.5 0.28 7.00 0.55 59.9 83.3 21
7.5 0.28 6.75 0.60 52.6 ND* 17
7.5 0.28 6.75 0.60 107.2 ND* 30

N/D: not determined
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éﬂﬁjthi’nanﬁd&@&ﬁé WSV fifrdter @toaaranion e*qzk!aw&/nmaoe adsorber,

Hiing e Pont FERTEOAR R iERT

B5h84rok} Qﬁ\b recotver];l?g the

ar Wwel g

VISV Ippodddtizarifyiegriveoresoverdd MESORenagnial Sovaiiationy (157) using

4 R M focMHdi

thil RAbH Bolﬁ&&fé@%érﬁb@ﬂbm rbBERITa tae VSV in

recovering the V
thelrateintate, aneefilteping thg M&wt@t@eﬁﬂrﬁggu@&?

SV LM, Lhe Ilreléaé'ﬂi rgf:ovenng

LSV ﬁ?thbrffﬁeréipéb‘?utﬁine NS¥e h 0N Sandtd 6-Weuddwere cdraplatedeat

acconpl i shed a

Hen
Wyl AFiR "&P”%‘%‘ﬁaﬂ’ f

05330515 L0 3SRy o[ Pnooer

A ctedh traRsfee AR, ChEdétgeaintenta coMBibndNar€T@imyagdzadinsTable 31.
A 10-m Mustan(tm Q capsule was used in three
TabRi 3. ProyessicondiGBe} fanV SYpd4CIetgagd appSer run

(TTR).

60-m Mustang(tnm) Q capsule was only used in

PreceEER. The flow rate was 20(J Rdocess Clomditionsy

Pagiiict eecanery@yCcemitdfogatidror 60- rﬁatclapsrutr@gez@@%m $@min, 20-

menbrane was used in the consi

2486cv runs while 1200

Prabush eecoseny byfilffatRey.  The cr os|sSartasiys rSarobirxs™

linearly according to the ne
experimental results are su
33. Overall process yield was

06t B scale,

rofisfop i @4 sgale; Flow rate: 200

rmz@@ fior, 6t $8ale and 39Q gi/min for
Yk

nf for —all

Mustanan@cehrematogmardyvar i at i on

ol?alglyl% tap (T:MD@B} ), m! capsule, Flow

rate: 200 mi/min Mustang™ Q 60
ml capsule, Flow rate: 600 ml/min

TFF Ultrafiltration/Diafiltration

| GE Healthcare, MWCQ: 750 kDa, Five
buffer exchanges,

CR: 420 cm?, CFR: 500-550 mllmln
TMP = 1.0-2. O psi; TTR: 1200 cm?, CFR:
1800 ml/min, TMP = 2.0 psi

Final filtration

Sartorius Sartobran™ 150; Flow rate:
100 ml/min

A 10-ml Mustan™ Q capsule was

used in three consistency runs (CRs) and

one tech transfer run (TTR). 60-ml Mustang™ Q capsule was only used in one

TTR. The flow rate was 200 mi/min for 10-ml capsule and 600 mi/min for 60-mi

capsule. 420 cm? TFF membrane was used in the consistency runs while 1200 cm?

was used in TTRs. The cross flow rate was adjusted linearly according to the

membrane area.
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anong different
potency assay (Table 33).

r enoval

runs due to the variation of the
A consi st ent

of

w@e@vatideand DNA i npurities were observed in aPCT/UR®07/009510

runs (Table 32).
process acconpani ed this evaluation (not shown).

A typi

cal

A

SDS- PACGE anal ysis for the

hi gh-qual ity virus product was produced through this

purification process.
VSVNINACT1-gagl consi stency runs NA

Tabl e 32. Sunmary of

not

avai | abl eTabl e 33. Process anal ysis based on the

pr oduct
N D:

a puri

fication

VSVNj Teecaxperigeegial iesults e symeiasess it [ 9olgs 3

p‘&% Ie% S Gl

scal e

amnrm @ffﬁwe@g rl{ﬂ?éd‘sao\tﬁéh% Pf%fd%@@

(in ce]

8 Gi4he

ol ume

BrrR

rocess

|36‘ﬂe?t§’

ble 33
proc

recovery 1, 2: Average and STDEV of CR #1-3;
not determ ned. Thus,

(ﬁ&erall
4 %@%oﬁk'n%iefnl fb’i‘tdll %rf@ﬁﬁ&ﬂ tardnsT hwailaﬂolabedteppecovery

?ﬁ% ’é‘ssa?’h(ér a

cﬁﬁ§lsféhﬂférh6ﬁﬂ obprdtéin @ad @M irsp@ities wara Sbaenred iwall ﬁ‘lﬂfuns

oL ee

runs
AAtyﬂlca

ﬁélag I{IACE?% a\r)lgllygg%'ethg L&)'??&%lslace&ln

uced

Hﬁu@d this

evaiuatigh (hdti shodey.e Adigiaqpality wigs wodncta'vﬁsﬁ@r@ém:%théough this

ubfg ,?og}%('] ‘81395 and i npurity cl earances.

Al l

pat ent s

and

ons Cited throughout this specification are

hereby i ncorporated by reference. What
1. A process for purif

Talte/B2f r omSuErmany et Y9

§,$EG¥ESIC

Is Cdained Is:

Iar StOITHtItIS Vi rus

LIRENFHEPPREIR |

culture inf od Wit h-\S\ithe precess O PN
clarifying te'ﬁi c&R*eul b ur ui d by CREd pH“?’ TTRi#2
rBatchygat i on cin(ﬁWé@WerNﬁyo‘N?éz\/SVSWﬁOFﬁ% Henogen | Henogen
supernatant; (b) filter|ng the supernatant |of %tep|(a)#?
TdEIPE0Rure 0. 2 |t 0 €245 nin f i57Pér and FeRbver|i ngPt2he | VSYPBO
ikhri/Bst:Ti |l tered solutioph; (c) loading the YSV filtered
U pf stlep (b) onfo an ani on exchanggq menbrane ]
@apenﬂur@qw T el W t B.8a xfior sf 256 bd'f ¢r etl2%al f| 8.14x10
Idrvbsen, el utiing the VBV fromthe anion eXchat®ge

B @R@nayisoriber with second pH puffered galt
SPlMfiedBulldnd [receveri ng the7el uted V¢ 855 550
concentrate Vol

{(ml) _
Purified bulk 8.22 x 10' 1.45x10° 1.16 x 10° 2.86x | 5.36x10
concentrate 107

Titer (pfu/ml)

Process Yield 57.7 60.8 55.8 239 . 45.4
(%)

Residual DNA 18 22 11 51 21
{(ng/ml)

Impurity 99.83 99.84 99.89 99.72 NA
protein removal

(%)

10 NA: not available
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10

fractions; (d) purifying the VSV recovered in step (c)
by tangential flow filtration (TFF) using a nmenbrane

whaoorngpal ol ecul ar wei ght cutof f between 300 RCEUS29A7/009510

1,000 kDa and recovering the VSV in the retentate, and
(e) filtering the VSV retentate fromstep (d) through
a 0.2to0.22 mmfilter and recovering the VSV in the
filtered solution. 2. Ths process of claim1l, wherein
the VSV recovered In step (e) is at least 90.0%to
about 99.0% free of cell culture protein and nucleic
add contam nants. 3. The process of claim1l or 2,
wherein the mammalian cells are selected from human

Tﬁﬂwyfnb%&é@"fﬂal ﬁ@@as@&'drﬁthe"ﬂﬁ%dﬂaﬁrdt&i\dew Chi nese
amster ovary | s, baby hanster kidney (BHK)

BEbdegs AT rijcan g een nkey kj dney (AQWK) cglls ang
GVK Vera ¢ essadh 3 T| ¢ t
e o (ERELLERESEony b e | R
Bangst x g tlo ®20Q0 B@bq 10ﬁhe nrqu s of ant _ni .ﬂ?,_mgﬂo_‘
Cebuifdgatiginelr #8138 t|h&7Hi rs t96p?M hut®Re ad Bt Lol'B8Pad o2
shaos@aond pH bufifered |salt splution in step (c) 19
riteeieandent | yozbar aoier|i aeslsby o7 dr rdre of 23k 716
SRhAGheET T sf1cs gelected fromthe grioup consisting jof.
(sg() E&?ont ai n n,g,Da Sajsls | nd@@gn(je@q.lzy selggted frmn NaCinb
NNt =Y t

Musﬁﬂ?mnzs i 1!\/}?‘17'05.‘7%\ apnn Il%bl3ll 1]190'“ (,3@968 g[ 0.2
MEDBet ween| 8197tlo 182-8: (ﬁ?gh o T{ES nﬁ#r‘? & *' % _ol234
©@Prmonpri s| ng a jpuffer sel ecfed frofmthe group
qunsticst | ng pfOpAaspAtee| bed-Ber, 108.2 22.7 134.2 119.9
Toveratyyeaxy etwt pi parez| nes.8l - 2-56t8hanestiRf oni c2Hd 454
@Ewmewafm P Y50 NP YV dteddarmiaed. NO et ha pe
(TRI'S); "and (f) conprising sucrose at a concentration
of 1.5%to 5% S. The process of claimb5, wherein the

sal t irAud hepeemancn prchssd for MSV S CT sohgrt hambeen siactessfully
and wher erﬁ{)thtgg% §p?ﬂ guﬁ#’ caftloﬁi corr\cg1 H?;w\%e%e@ &'&p to 10-L scale

(in cell culture volume), still maintaining the same process performance. The

D

process was confirmed by three consistency runs and two tech transfer runs at 6 to
10-L scale (in cell culture volume). A high-quality virus product was produced
through this developed process with an acceptable process yield and impurity

clearances.

All patents and publications cited throughout this specification are hereby

incorporated by reference.
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second pH buffered salt solution in a single step,

wherein the single step elution concentration of the
woir/12®ebet ween 500 MM o 750 mM 7. The pr oceBGTI/U§2007/009510

dai m 6, wherein the second pH buffered salt solution

has an elution flow rate 10 capsul e vol unes/ m nute

(CMmnute) to 30 CV/ mnuts. 8. The process of claim

5, wherein the salt in the second pH buffered salt

solution is NaCl and wherein the ionic strength of the

NaCl in the second pH buffered salt solution is

linearly increased from1l mMo 750 mM at an el ution

flowrate of 0O CV/mnutb to 30 CV/mnute. 9. The

process of any of clains 1 to 8, wherein the TFF

menbrane is characterized by one or nore of the

char gyhtlis Elaiméd el ected fromthe group consisting of:

(a) a 30CkDa nol ecul ar wei ght cutoff; (b) a 750 kDa

nol ecul ar wei ght cutoff; and (C) a hol I ow fi ber

menbfane Aejaeasefor B‘!ﬁfmﬁlé’ei!‘?% slermatlis Vipus WV S} fromasekreultgre flgid of a

9, wher eimartriaiai EdA oozuelg)hfeeted:ﬂmw tha biodgssicbmpriéing:

recover edaf I OhFisPhé Bl caitur

ot “ond b T R OByl

process of cI a| m \Aﬁé’r@ B"™ he buffer used in the

buf fer exXtha n@f@""!%th% PrPematartof steri(abiproughea B2 tafdfeurofitet irg

characteristi meo\m&daﬁaé'esblfnrtmmbes@memp conS| st| ng of :

(a) a phq §pharosa.$§&hé 98w firloRdd saudéﬁ S

buffer; cent é&-ﬁ °
and a p H of 7mgr%r'"97aq%°'g%fr?8m béa)tquw'mlﬁf PH‘%et“ﬁ’eﬁa" solution,
conpri si ng 108utipmthed/SMtem e Mo exehstgeInerohrans apisgher with o
sucrose. 12. Sdvendutblatfersd edit saloyjonpéndehaiering iheteutsivsy
wher ei n procegsgtsiseps (a) through (Q are performed t

a_t enper aiyur e, ok b SIRFEVALLEVERd R'ieB (o) lgg faNG S a o trSion (TFF)

25C using a membrane having a molecular weight cutoff between 300 kDa
and 1,000 kDa and recovering the VSV in the refentate, and
(e)  filtering the VSV retentate from step (d) through a 0.2 to 0.22 um filter and
recovering the VSV in the filtered solution,

2. The process of claim 1, wherein the VSV recovared In step (e) is at least 90.0%
to about 99.0% free of cell culture protein and nuclelc acld contaminants,

3. The process of claim 1 or 2, wherein the mammalian cells are selected from
human embryanic kidney (HEK) cells, HEK 293 cells, Chinese hamster ovary
(CHO) cells, baby hamster kidney (BHK) cells, African gresn monkey kidnay
(AGMK) cells and AGMK Vero cells.

4, The process of any of claims 1 to 3, whereln the low-speed centrifugation is
between 4,400 x g to 8,000 x g.
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13. The process of any of clainms 1-12, wherein

clarifying the cell culture fluid in step (a) is by a
wa2@7nmoso 4.5 mm depth filtration nodul e, WheP&i/nS2007/009510

| ow speed centrifugation is omtted fromstep (a). 14.

A process of any of clains 1-13, wherein the purified

VSV is fornmulated into a pharnaceutical conposition.

15. A VSV purified according to the process of any of

the preceding clainms. 16. The VSV of claim 15, which

has at | east one characteristic selected fromthe

group consisting of: (a) a serotype selected fromthe

group consisting of the VSV Indiana serotype, the VSV

New Jersey serotype, the VSV San Juan serotype, the

VSV | sfahan serotype, the VSV d asgow serotype and the

VSV GhandTlimuraessnf abygfelpis)! tad, gbain the HE@HD@ed salt solution or

\(/:VI? IYTE L i Z lt tntﬁe Eécoh&ﬂz burereg Ecalpsfolu@&n ih @l@ﬁ (c fs rﬁi;%rﬂlg 'cﬁH?e?t:terlzed by
sequence %{& ??mo e@ﬁ‘ér Q%E‘E‘ﬁs‘%c‘?“geﬁtf@m% i‘?ﬁ%°are

selected from®he GPiENH asAEndepenagniiyrselgcted from NaCl or KCI;
t enper at ur e- sédsi tgontainiyg g althaviag aroknic gieinpth onwnaﬁm oo a
gene shufflingwmyutation, a G stem nutation,

non- cyt opat hi &)M g;t%ék im&};’L%ﬁePRav g{g pﬂhg%ﬁf’vgns&%ﬁ?%

mut at i on,

i nsertion rrut i ol YAy B’g P89 etion nutation; and

d) wherein thé VSWQ‘ENMB@UEQIQGJMWQM%@nasth of

; (r) (r) re}: tgﬂeRglf\ogpmﬁpﬁawdmﬁ r\t%ﬂmx&é?@ﬁp%ﬂlgz\ngghéﬁé ?lfJg%‘%cld
the group cong-I st Zéﬁf{ 'gr"sghy%“ymemg%m?'\?me ?erR' g1
vpr, rev or v 9\?95%95%‘;“53@“93%??@“&5 Mgene

a PIV gene, a HSV gene, a CW gene, an Epstein-Barr

Vi rus. gere pRcalaiof €&l sawieAsin @& siif if the s&SRE pH BuffBrHARSI solution is
\g”e; us geg%ﬂ SholTRRRIRRe Y&V i ﬂ%lu%ﬂ%m u?e%énﬁhfrén‘é%@ &Stos by Hking the
hepatiti$ %’"3 ip{"lffgé %’rf@' s%{“ R a?t"'l"'lgf°§t°|8 Vhﬁ’ﬂ%thgém’e stgp elution
hepatiti §°@30W'9%°fgj’é€ﬁé3°| & bRB'P@MQQ mifl la7S0 gdhe, a

togavi rus gene, an al phavlrus gene, a rubella virus

% Snle‘l a IR pR8esy iof élﬁm%%enrﬁh&@c@hﬂ SH Mg o8 ﬁmorﬂ%s an

Vi (r)ug \éle:]g-'ﬁwgf%uﬁ' tgg%g%!%ble }/o(r?tﬁnéesy (Cg/?mmute) to go Cylrnlnute

8. The process of clalm 5, wherein the salt in the second pH buffered salt solution is
NaCl and whereln the lonic strength of the NaCl in the second pH buffered salt

solution Is linearly increased from 1 mM to 750 mM at an elution flow rate of 10
CV/minute to 30 CV/minute.

9. The process of any of claims 1 to 8, wherein the TFF membrane is characterized
by one or more of the characteristics selected from the group consisting of:
(a) a 300kDa molecular weight cutoff;
(b) a 750 kDa molecular weight cutoff; and
() a hollow fiber membrane module.
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corsnavirus gene, a Vibrio choleras gene, a
St rept ococcus pneunpni ae gene, Streptococcus pyogenes

w@ena/12:m6Hel i cobact er pyl ori gene, a Strept ocoRCES2007/009510

bgal acti ae gene, a Neisseria neningitidis gene, a

Nei sseri a gonorrhoea gene, a Carynebacterl a

di pht herias gene, a Costridiumtefap/ gene, a
Bordet bl | a pertussis gene, a Haenophilus gene, a

Chl anydi a gene, a Escherichia coli gene, a gene
encodi ng a cytokine, a gene encodi ng T-hel per epitope,
a gene encoding a CTL epitope, a gene encodi ng aa

adj uvant and a gene encoding a ca-factor. 17. A

phar maceuti cal conposition conprising a VSV of claim
15 or 16 in a pharmaceutically acceptable carrier. 18.
An | OYUNTHRE frotase orgng 8 didirtsM ©@NAticraln thg TEF bishvbrioés hanmatihg
or 16 i Ny VGELREEY R Sbp ) ATBIBkABANeE BF 41Kt one, or at least

five, buffer exchanges.

11.  The progess of claim 10, wherein the buffer used in the buffer exchange is
characterized by one or more of the characteristics selected from the group
consisting of:

(@) a phosphate buffer;

(b) a HEPES buffen;

{©) a TRIS buffer;

{d a buffer concentration of 5mM to 15 mM and a pH of 7.2 to

7.5; and
(e)  a buffer further comprising 100 mM to 200 mM NaCl and 3.5% to
4.6% sucrose.

12,  The process of any of claims 1 to 11, wherein process steps (a) through (e) are
performed at a temperature or temperatures on or between 15°C to 25°C,

13.  The process of any of claims 1-12, wherein clarifying the cell culture fluid in step
(@) is by a 1.0 um to 4.5 um depth filtration module, wherein low-speed
centrifugation Is omitted from step (a).

14. A process of any of claims 1-13, wherein the purified VSV is formulated into a
pharmaceutical eompaositioh.

15. A VSV purified according to the process of any of the preceding claims.
16.  The VSV of claim 15, which has at least one characteristic selected from the
group consisting of:
(38) a serolype selected from the group consisting of the V&V Indiana

serotype, the VSV New Jersey serotype, the VSV San Juan serotype, the VSV
Isfahan serotype, the VBV Glasgow serolype and the VSV Chandipura serotype;
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17.

18.

PCT/US2007/009510

(b) & genomic sequence comprising at least one, or at least two,
mutations which attenuate the pathogenicity of VSV;

(c) a genomic sequence of (b), wherein the attenuating mutations are
selected from the group consisting of a temperature-sensitive (ts) mutation, a
point mutation, a gene shuffling mutation, a G-stem mutation, a non-cytopathic M
gene mutation, an amblsense RNA mutation, a truncated G gene mutation, a G
gene insertion mutation and a gene deletion mutation; and

d) wherein the VSV genomio sequence comprises a foreign RNA
open reading frame (ORF) sequence selected from the group conslsting of a HIV
gene selected from the group consisting of gag, env, pol, vif, nef, tat, vpr, rev or
vpu, a HTLV gene, a SIV gene, a RSV gene, a PIV gene, a HSV gene, a CMV
gene, an Epstein-Barr virus gene, a Varicella-Zoster virus gene, a mumps virus
gene, a measles virus gene, an influenza virus gene, a poliovirus gene, a
rhinovirus gene, a hepatitis A virus gene, a hepatitis B virus gene, a hepatitis C
virus gene, a Norwalk virus gene, a togavirus gene, an alphavirus gene, arubella
virus gene, a rables virus gene, a Marburg virus gene, an Ebola virus gsne, a .
papilloma virus gene, a polyoma virus gene, a metapneumovirus gene, a
coronavirus gene, a Vibrio cholerae gene, a Streptococeus pneumoniae gene,
Streptococcus pyogenes gene, a Helicobacter pylori gene, a Streptococcus
agalactiae gene, a Neisseria meningitidis gene, a Neisseria gonorrheae gene, a
Corynebacteria diphtheriae gene, a Clostridium tetani gene, a Bordetella
perfussis gene, a Haemophilus gene, a Chlamydia gene, a Escherichia coli gene
agens encoding a cytokine, a gens encoding T-helper epitope, a gene encoding
a CTL epitope, a gene encoding an adjuvant and a gene encading a co-factor.

L

A pharmaceutical composition comprising a VSV of claim 15 or 16 in g
pharmaceutically acceptable carrier.

An immunogenic composition comprising a VSV of claim 15 or 16 in a
pharmaceutically acceptable carrier,
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