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VI RUSES AND METHODS FOR CONCENTRATI NG VI RUS PREPARATI ONS | . FIELD A

. I NVENTI ON 15 Jhe.Riesent invention rmlwﬂmm I"mumlmrpom tions cq.@pgj

viruses, especi a1 I y viral vectors, cantly inprove sta | ty.
The conpositions of the present inventi og@ie useful in maintaining the
stability og viruses during storage) and virus containing conpositions of
the present”invention are particularly useful for therapeutic uses such as
gene therapy. New nethods for concentratin purifying virus 20
preparations are also provided. 11. WWJ ruses have becone
increasingly inportant for therapeut as vacci nations and gene

t herapy, and there is a need to devel op anredéfrepare stable virus 25
cont ai ni ng conpositions that can easily be stored and transported, yet

retain s_uf{q ci ent saf et 2 AP ESITIGNS COMPRISING VIRUSESANDE extensive
use of viral vect ETHODYFORIEORCENTRATING WIRIS PREPARATRONY

prepare formul ations at can stably preserve T1rve reconbi nant viruses when
they carry therapeutic transgenes. Mreover, there is a critical need for
formul ations that can stabilize viral 30 preparations at tenperatures above
-80C for extended periods of time. Virus containing conpositions normally
require storage at -80C and cannot be stored at standard refrigeration

tenperatures (e.g., 2Cto 8C, or higher) for substantial periods of tine.
This limtation represents a sedi &Lﬂr@fﬂlﬁéﬁ@hﬂ‘@t&l y to storage) but
al so to processing, distribution, and wi despread clinical use. 35 There is

al so a neeg to devetﬁ@,;eégéde%%emtﬁtahggt&eampo% deg %ntphglko%ﬁsé@' @;gegtam pH

in the range of about or exten élperl 0 despite
exposed to ref Vigjaraersohavingignticantlydmpenyed saibie tl§é’i"l’?go§H1?J‘}Se‘tftth‘?zlPf“t*.“)"*'ﬁar sh

condi tions SUCﬁnva«ﬁxon ate Bse%lﬁnaﬁﬂﬂtaMME 4bbiliy HIGindsky SHHIDH8rage,Sand virus-
freezel/ t haw, es CI a s of freeze/thaw,t

ome ol ooy £ e B cSbdtions DY s P gnChyCahi G A s e i for iabenl

Mai nt enance of ugeh sush |aarm|nt:ah¢rapyor New anetbodsp for atanoersrabeg and epuafyipg vims ow
7.0 and a%y ?rf_i h ogﬁjeparti cles are vul nerable to Losing
viability due T o physi ca b| ol ogical instability. Additional problens
relate to increasing virus concentrati ons. In particular. 10 high virus
concentration contributes significantly to virus instability. However,

i ncreasingly higher concentrations of virus and viral vectors are required
for therapeutic use. Therefore, therlk BaCKGROUNInl need to devel op
formul ations that stabilize relatively high concentrations ,of virus,
especially under th gge%t] qeggg" di

there is a particul grrng%e%vgo&gg@g%&ene ﬁ&dﬁpﬁg‘e on‘%:cgtlt%gatslmr:t}gr%n
exi sting vi rusvweawwainérsewhaenyemé “Sqf%tﬁlae‘eﬁ? wrievelop 3Rd pEIPars; gahlg virus-

concentratamn téighidg cahgom&hlmmpéasnmé atatéd 4nd t?a?ﬁ?&ieﬂt 96t rédainsuffi AR
vin.., concent r ti ona L cerb ﬂ-ﬁd Sl icantl %fn m’E!rl es to
concentrate anS¥SyAn rfg’?ﬁ"?' MoPERSHE: BB 't F’é‘e*?%euhsc YU YECOp iinhgene
addi ti onal nectherdpgait is hﬂ;&fnaﬁorocdwclbbahd (padparet fonhelaﬁoxd:umamgmasft:itw tpBeskfve

i ncrease the cgpc ration. If 20 one
could find a ng?%'%ﬁé’@&%é@nwé%% 5 e%héﬂa?%g“ér%%ﬁg?ér?y?%ﬁﬁcw t hout substanti al
inpairment to virus stability, then clini caI dosages at any desired
concentration coul dMRseQvsadthese isr & sekieal need dor faramlations than rani stabilingt sirdlal
having a |gyer pepRahets at iefipkraaed abdﬂéOISDBthb%exte'ﬂ&ecﬁ%hb&sy of QnkONCOeHid-at e

virus could ellmnate roblematic bottl enecks and r scal e robl ens
during the purF?‘t‘%ﬁ'PEdw%"lPP&‘b‘@g%“ VI’SW'F?gS‘?‘@g%F'grﬁq &caa‘ﬂt‘la?"?htghgf’md a

t hroughput dur stagdardireéfrigeraisroeapsranges(eqP.2 Sue B° Cafbr higber)ed:cduumm periods
oh Ot 09 380 of ARE" S e B Slr kel TR Bl o e
present i nvent toprodsking, distebathary endremdespreadiclimendissdyy provi di ng a stabl e
conposition conprising virus in a formulation conprising a polyhydroxy

hydr ocar boggs buf f er egpiR iRENA ﬁéé& 18 d@l"él vxﬁxs—c‘%ﬂ%n%&ﬂﬁ?% s Ztalt&nlqﬂﬁ ar e

at a tenperaturg in the range from abo rov

new met hods of PHJR&ksapgs Ptabodh/ Kabent $r§ for ¢xiendgd @ﬁfa?%qeéﬁi‘etmg eNPoskd One
to readily sel efhigantbnpteaipatatures,i diid CdespittOBERE Subljetictl W B&sK ao@BidHs dRAI 4sed
concentrations. A preferred nmethod of concentrating a virus preparation
conpri ses: 1 ~ ,BUS 72002 WD 99/41416 PCT/US99/01873 -3 5 (a) adding a
pol yhydr oxy hydrocarbon to a virus preparation to a final gol yhydroxy
hydr ocar bon concentrati on of about 2070 or nore, and (b) subjecting the
virus preparation to a filtration process wherein the concentration of

VI rus |s |ncreased by appl y| ng pressure to the preparat| on such that

. o M




~ (b) adding a pol yhydroxy hydrocarbon to the virus preparation pr oduc{ 3f

step (a) so that the concentration of pol yhydroxy hydrocarbon in the 3 AUG 002
_ preparation reaches a final concentration of about 25 % or nore; and (c)

i ncreasi ng tWe9ydnigentrati on of virus in the virus preparati ovcwgsqsmwuct
of step (b) by applying pressure to the preparation such that diluent is
renmoved fromthe virus preparation through2a filter while the virus is
retai ned; and (d) subjecting the concentrated virus preparation product of
step (c) t0|520 fﬁ&%@e/ﬂ?wnasrpecxanlyilﬂcIsmvatatdsrotﬁ(fﬁ:szﬁ/mgnSlt\zﬂeps::j oa”dnﬁ/nptmmc}n vnth
i nvention al so provides rus preparations. conc rated a rifie
t he foregoing fiotfde %A“Ic‘}o HE’EEJ%E@ e%ﬂ %gmhcgt g&@bo@'@onﬁ‘ e
present appl i cafitabpregaratomstesause ae pHvbelayg -7db andaabriva . T dreplosi v meyticles el |
as novel nethod ' : ni ng
conposi tions. tk}%(‘abqeo %J'b%%%‘g%ocggs P gws§éay 6?13 ég%ltlﬁ!?%g{nt ors have
devel oped a novel 30 buffered formul ati on that can preserve viral

preparations with enhddiieng! problems; felate 1 INGEGASING (YA COPGRBURIONHY| Yt PBHCWam

stabi | ize ypralpigf epas abh@nfatidn toNHBIERS Wighicakly @bams nﬁﬁamb\/braowever
inportant still, the %E sitions of. thefpresent invention are stab cef%r

typical refrigdPdEasis F aGQnceragpns of jvirus, ap B9GP offer APy
substanti al pernheaseuat utd. Eheraforef therahd aycrﬁtmal Baed e &vciuyﬁhnulomommtna@sxaﬂ‘ﬂmzs is
a critical adva n ne ) e

clinical needs q%tm? q%n%?%%ﬁfeé'a %"é gge%h% rgﬁ aL}nla |8th§ ?r%rge{\&gﬁm%oc
duri ng st or age mentionecaboyer Aad iraddition, menstaepmmqtme tpfevelnp resnmethiods ons

of the preggnt [ r hef\S
Used her el A0 a et prgaie &) bOding Uk Rehafiiof 0 BINE NiblY piGRAT A aiehe

PCT/ US99/ 0l 873:°B°‘3|'?B3‘|‘P§' ¥vBIsandisdproblemsa Pl IB-‘r‘atEW | ?%O%%omfa Righatt ivitue ed
\IID\A It hh2d0r m[}edcbﬁéeﬁﬁgﬁc&ﬁla?& éXacdrbatéd slgﬁﬁeanwyef érieafieso Zoheenthite h]?scmmlyo @IrasIps.
ol yhydr oxy hydrocar.bons, for.use sen vent jef era are
pol yhydr oxy- sutPEERa4H8y gtsl&/fnm 2‘6 5‘[&5%%&@@80 ﬁnsgtpgp(?ﬁcga)tha come o
preferably hawbegy Quring effartarth omcresse the, conpehtaton phen existing: vigus pgpyregomn| If
sorbutol a PqQ i cu . ﬂ'{??'ﬁ wn
by data prggl ded cfl:?cf”}ﬂ{d aqnér!&eigéen{% Jfo?t’\clée}ﬁ{ag)erg Jflgl&sné O?éi&{l&f I‘@g]eo}'l Ql%u BP
for surprisi ngllylphlrfghmll@\)’ép% S@Pﬂ@t A glinjeak @i’saé%%ﬁﬂbd‘cﬁ i (oaeenygRtian ¢Alldy en

under standard H&Q’Eidlgaﬁreﬁdr&f‘(e%m Wihkh QiAfin oA@ltE frﬁzﬁ‘&{al Yevia, Ul'&iveﬂf:onccmrauon)
, pol yhydr oxy hydrocarbon resen |nvent|on

conposi tions of
amount  suffici i (15P2 f‘ﬁ'ﬁyl |‘?E gﬁ@tyw“? u%onf"r{'t‘[aﬁe "1‘ f‘nﬁ‘?“a Jrmiggee ¢ prob gxanc
present i nvent itornlenetiscmt ottty acadehy pattians during the mlfnlf'xemtanvpmesss byf alldwang
virus for rt u
{ransgene oy omitiSiy RAREChskob JubAE ST Scok ity i Sucf 3R Ak BRcifsion
preferably pres!-‘élmm%iﬁ’glapw nal concentration of about 20 to 200 ng/niL. A
narrower range can be 80 to 120 ng/nL. More than one pol yhydroxy
hydrocarbon can be UBgse {sGhaChined® férhRadeas aaE ridhdls 8naRbsthplah RO foregoin-
pol yhydr oxy hydrocarbon in the conposition of the present |nvent|on The
pol yhydr oxy hy&P Bbn in conpositions of the present invention can
optionally contain an al dehyde group. In particular) the pol yhydroxy
hydr ocar bon can be a di sacchari de such as sucrose. Furthernore, even if the

pol yhydr oxgphydr ocar bon sel ect eqyjf a§uimg AT @Qes not contain an
al dehyde group, the conposi tion can additronal Ty 1nclude a disacchari de,
such as sucrose, stabilizer and taonicityadjusting agent. Wen the

conposi tion of the prRssRsent HYepanolls theeahoye -Jshtienedsnegds By (prpyiding a Stable
pol yhygr oxydhyorggam@a cbﬁnpﬁﬁnglshr@ ?ﬁ@qbﬂhalamoanphsﬁg@myhytmy&xyafmwﬁd
in preferred e ts.as an ion oni ci

hgeht) <t he. i SHUEREF S aRARa BT B Si5ng¢ Bt 1 16 Soopdobans tepnbaRiskinie
nor e pref erabl yraRfe 86mmapbod2°Cand@7iC.ef erabl y t he d| saccharide i s sucrose.
Pharmaceutical |y acceptabl e divalent netal salt stabilizers, such as

magnesi um s ts,  zi “Rls%(as}év?d&%‘e ?@‘L %aﬂacﬁadftc%ncatrmgsaﬂax "bhr@f it ad{r?&lmxﬁn

enbodi nent s of the conposition o resent I nvent

salt is a chl orihdeallon enede readﬂhgqt%irm@mre chipigd) dosagemin g|wide gnge © desrred
particul arly pre&neédttfiond rﬁbﬁﬁf&b&d&hethb@oﬁ@n&erﬁﬁuﬁ 8 virs prcpirbﬁb

salt) is present in an amount of from about O. %o 1 ng/nm, nore
preferably in an anount of about 0.4 ng/nL. Pharnaceutlcally accept abl e
nonoval ent netal salt stabilizers such as potassium sodium [|ithium and
cesiumsalts nmay be included m preferred enbodi nents of the present
invention as optional stabilizers. Preferably, the salt is 1 3 AUu 2007
WO 99/ 41416 PCT1US99/01873 -6 5 sodium chloride present mthe anount of 0.6
to 10. 0 ng/nt mor e preferably m an anDunt of about 5 8 ng/nt In addltlon
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. ingredients such as additional solvents, additional stabiliz

15 The term "diluent" as used herein can conprise a sol vent ( e. s AUGZZ
water) preferably sterile water) or a m xture of a solvent and other

ers addi t i onal
buffers) andV8P¥8t4&r substances that do not adversely aff ectt SAFEPY187
efficacy and stability of the fornulation. Wth regard to dil uents)
stabilizers, buffers and the like, referente may be made, e. g. , to 20
Rem ngt on' s Pharmaceuti cal Science, 15th Ed., Mack Publishing Conpa fy
Easton, Penfisyl vania. A(®ur addingapolyhydsexs; hydrqrarbon sop sHPEPIEBAQLIRG @i#h as
a pol yoxyethyl ene fariy aci gol9fyd?bxy BdrébarbonRBhEANRIH A BB@SWDbE MBE. aMEh
as Pol ysorbate 20, Pol ysorbatée 40) Pol ysorbate 60, or Polysorbate 80 from
| Cl Anericas, Inc.) WImngton Del aware, or 25 Tween 20, Tween, 40, Tween
60 and Tween 80 from Si g#me, sdiﬁectihg)uic&,im&/brcparanantommlirmimi ;brycdaewihaelmded in
the conposition of the present in N
detergent is a pol yoxyet hyl‘ecﬁlee?%%ﬁg gg’imcf 'Sl ;e%seadbb Cf}ptpﬁrv %rley%' nloq %/I ene
fatty acidi@ster is preferapieparRidnsich b‘atéllmt lsmm@\rcdcfmm amtvnaspaparauon
stabilizer in the conpositi t The concentration
of non-ionic detergent is p%@%abfpgr%ﬂgmgdm?gxsgg&o H0 03 to 0.3 ny/ni;
nore preferably, 0.15 ng/nmL. Conpositions of the present |nvent| on can
further contain one or nore dellvery enhanC|n9 gents
"del i ver y- enharfdshproxiges hereinds a method Tar fpnceirating E‘I‘F@ﬁﬂ’f’éﬁtﬁ’é‘sco&@F’F‘\?éry of a

therapeutl c gene such as a tunor suppressor gene to a cancerous ti SSUE or

or gan. ch d very-enhancin ents .incl ut 35.are
limted toqget ergent?é5 ﬁrgxaﬁgf%acompo ?)'f%n g’é’%ﬁt‘c erante ! furf)ﬁf‘%er§3'ln lSm%%parl n
ant agoni sts, cycl ooxygepalybydmky byctrmasbonhyp@pnmlreticsad)ft35%tqﬁ0%MV) thed
acetates. Detergents (amg@etarcmdav £LBRI By Beohifth nogyagm[yarwni c,

cationic, zwitterionic noni oni ¢ et ergents. ents
i ncl ude but are not fA‘fﬁ’B"’Q’G@?%”@'@P%ﬁfﬁ% “930%¢‘I‘/IVU§§P97€GQ 3yes

limted to taurochol at eovg}mmmgkmcﬂayér@umpﬁgﬁxy@mhﬁd e, cetylpyridium
benal koni um chl oride, ZWI1Z ERGENT 3-14 deter gent) CHAPS
(3-[ 3-Chol dopropyl) dtnethyl anmoniol]-i-propanesul fonate hydrate)

Al drich), Big CHAP) oxy. Bi AP detergent, Cl2ES,
Cctyl - B-D- d ucopyr an&i Hﬂyé’fwg%\ﬁ%]' S%@\Lﬁftﬁg f:ent TVVEEN 20 det ergent,

and TWEEN 80 detergent 10 (CALBI OCHEM Bi ochenical s). The use of
del i very-enhanci ng agents is described in detail in copending S
patent application UFgrthemRors leggesentigventors fousy thay |tlgpugnev1gg:1;t)od6g{dncreasmg

internati onal Ak tértehtdtiol had fhe %dn@&xa'N@dvaMg@Zf é5iAdihg Jurther b?occiﬂr9g7 (e.and

in US pa aplrcatro U S S N 09I1 edonJuI

| nt er nat | o /RMF?‘&&‘E& Sneimnging robic r@@f %f'ecﬁs “a'élérstlp%ﬂ“é/'ﬁsté‘ é?a%é’albaar n
i nhibitors i n atiopingc sigoificanttyh highen| throsghmit sdurmngj poocesseg tsteps s shieht apnsize
efficiency is at agpl,i S : / 85%¢ and
60/ 104321yf| |l e Qéﬁi&bﬁ g%%‘?atygép?@ %stﬁ}ge ?g%—%ﬂ o H\???‘uﬁls?gks @‘gn&%lgmgséf in
the cCONMPOSIi ti OrFSNESNITAENS RIS e RIEPAAVRIISE il raCcCoTdancd ity (PIeseRfotinYention ofarther

adenovi ruses) R@¥phkésUs QibkeduehORMflcHSASSter €4, @essm%oe,eatrstb%eatmaaagmm)r URES)
par arryxovr ses ort h XOoVi,r s& retroviruses, ad enﬁ’?}ssoc]Jé‘ﬂ g ViTus,
Vacei mi a vBBus this SEEAL e ethod;of the BiEsent nventons PAricyiRnY Qseluh whep arsap,0f
256: 808-813); s&demxvlusmseshimmmggrmyt i€ uperforynepr shibseqaeht Tthe ion r escmnge e
referably reco i) ad
gt t enuat eé vacc:ﬂgée[ﬁl%%ra%‘% Und %gc Q ﬁ?eg#h qul 9% gon%ltntﬂtc%laén a%&!)r%n%ﬁ)\vlth the
reconbi nant adeweseht inventien) aften tbe IQB@Chwgzwm@nﬁemaphbrmt cirior He ihnvemr on
IS AlC/NIS3, vvmxemsroﬁ @m%ﬁt shiiyn P@u@ataatorep%raﬁehl qrbrﬁloamw %ﬁgtangc%‘l

The formul ation o present 1nvention is parti suite

u
stabi | i i ng> a r@&‘ﬁ%?ﬁ&?ﬂy’ voregample fypically %Pnn%!gtlifcv fﬁam and; possiply gthey or
“viral vector’ )xmphﬁﬁestthﬁrﬁmut t@npteﬁngenvmnaatuh@r aing tércentidiion srdcedubd.
virus used int 30 prese nt an_conprise a t unor s ressor
gene, such as a S1 1 at%é:“[}élg %fe e‘i) g@ﬁ@rc(s@tdf“,’enﬂ'i'iaﬁgp‘%? afBetheds)
and with transgﬂmmsﬁamgmvnﬁsmmpmhﬁqmnanm&&ngnserted in aviral vector, the
conposition of the present invention can be used as a pharrnaceuti cal
conposition for treatnment of cancer. In this regard) the fornul ations of
the present invention have a remarkable 35 ability to naintain the
viability of live virus, in particular a viral vector into which a
nucl eoti de sequence encodi ng a transgene such as p53 has been inserted.
This feature allows the virus to maintain its ability to infect target
cells so that the therapeutic protein encoded by the inserted transgene is
adequat el y produced. WD 99/41416 -9 5 10 15 20 Wth specific regard to
p53 and |ts uses, it is noted that nutatron of the p53 gene |s the nDst
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" 25 ~ 3 ~u~ 2002 WD 99141416 - 10 PCT/' US99/ 01873 5 Four parti cul arlldy Als 2007
preferred enbodi nents are set forth below (Polysorbatc 80 is present in
~ Exanples 1 and 2) but absent m Exanples 3 and 4). ExanQe 1 Exanple

A/ C/IN 53 7.5w0%B1418. ~ x 10 particles/nL particles/n Sodi unPPRYSHHED
Monobasi ¢ D hydrate 1.7 nglnL Tronetham ne , 1.7 ng/nL Magnesi um Chl ori de
Hexahydrate 0.4 ng/nL Sucrose 20 ng/ nL Polysorbate 80 0.15 ng/nL d ycerol
100 ng/ m. Water for Injection g.s. ad InmL pH 7.4 to 7.8 10 1.7 nglnL | .7
ng/mL 0.4 mg/nL 20 ny/ me)p. &ﬁ)}é@hgﬂtcl\ﬂﬁlsmpaiauém duén-txxhin® EXanDl e 3
Exarrple4A/C/N/5375x10éuw >§1 h atcl lﬂs'ilg:ﬁpartlces/
Sodi um Phosphat e Mbnobasi c Wf%f@ Y. WGP PG e AR & MUY PIrgriation
Magnesi um Chl ori de Hexahydr atceué. fédonman aﬂ:onSux:ohasgz: Gomabgrapit yedm; 100
ngl mL Water for Injection q. s ad InL pH7.4to 7.9 1.7 nglmL 1.7 ng/nL 0.4
mg/ mb 20 ng/ Lk 100 ng/nL Ink 7.3 to 7.8 The follow ng ingredients: sodium
phosphat e nonobasi c di hyb aaedmz » pekvhydrexynbydraeagbrasto uhn WRIsqT¢Ragation product

hexahydrat 9o sucrose, and gby&es al)séﬂmmecatéenbaldmsf t}addifoer d@c&ben EM

| ndustri es, INC., 7 Skyline Dr|ve prne a!l\lewYork IO sorbate
80 is available from e.g. )‘hecHYCPAFPé'PPE%aS t‘Slz‘nfé“ WF?H‘WQP roé,m°I§897.
~ 3 ~I ~s zooa WD 99/4141 6 Bal/ US991 01873 5 Corrp05| tions of the pr esent

i nvention can be prepared during purification of the virus in a gel
filtration chronatography colum by conbining the ingredients (excluding
Pol ysorbat e-80) at the d®si inettasing derdonegnitraion ofrvitusén thelvirks preparaiiom col urm

(Wth rega to gel f||trat

Section V Bg’l ow) . Then, H&uﬂ"og P )dﬁﬂﬁﬁ% tg%%ﬁ?ﬁﬁ%%ﬁh({) th
virus, or to incorpor ate 1odweﬂny§c;mateélfmth%wsarqpaeﬁp%tmgughb?eﬁlwe\ﬂdred
by standard techni ques. AN el vt (sabidfhe@Xaap! € is set forth bel ow. Charge
and di ssol ve sodi um phosphat e nonobasi c di hydrate) tronetham ne) sucrose)
magnesi um chl ori de hexahydrate and gl ycerol in approximately 75% of batch
vol ume of water for injéd)i subjerting deroohemmated ivimepreparaticat priotlice o step @3 ko
vessel equi,pped 15 with agi dhe resulting diluent
to final gpurre w th water ?yﬁ‘é&’{nﬁ?gcdﬁﬂlohﬂ%g‘&%&s?&%p[_' Cal cul ate the
required volune of A/C/N 53 (adenovirus with wild-type p53 as a transgene)
Drug Substance in Suspension and the required volunme of diluent to nmake

A/ C/N/ 53 I njection. The RREN; jipvention @lsyy Bgvides ¥iHs @rReparafjops cepseptated and/or
Pol ysor bat e 80, puified 8y ehecfofdg0 mé&hedsi on that contains 10% excess

Pol ysor bate 80 |n 20 d| | uent. arge the cal cul ated anounts of A/ C/ N 53
Drug Substance in Suspension and diluent into a stainless steel container
and m x. Charge the Pol ysorbate 80 solution, prior to adding all of the

Di | uent) bgg)ed upon 10% of the tWabﬁM@%__F@ﬁan batch volune if
required. eptically filter the suspen5|on rough a sterilized filter
(0.22 lute or equival ent Test the filter integrity after filtration.

Col lect 25 and fill Ahdoledeabqves dhe Hrrspain apRlicalR; G‘SGlioaqu DAYE)i KUSr¢pmtaining
appropriate volwﬁq)osﬁbﬁgpaer vallld as abvelt hirthodsl of. ciicehtrdting y asthtpurifyihg Bxaipl es
1, 2, 3, and 4 are.set fortht respectively, in Tables 1) 2) 3) and 4 bel ow.
In the Tables b@“%’"%ﬁ%m%?ﬂ? WPoliferation assay is a bi oassay used to
measure 30 the product's ability to suppress cancer cells and is based
general |y on proceduWeb regad thycompbsitionsithea present gventass rave GevedopEtier apyel
5:1079-1088g T%fﬂ%@ﬁhﬁul‘ahéﬁ gt LAdbredide @Rk ipk P épta}éu\‘}ﬁ@(vﬁﬂ%nﬁ%]ﬁe %Bﬁﬁ% has

no act|V|ty The "Pl aque Assay” neasures virus particles 1n culture
scoring the nuniasticular. the fammulation cag stabilize (viralcprERATatANS it |tmwféﬁuaﬁdvqllsah9a§ed

general ly on priso&dunme%pdmmbqﬁe EOmPbsHia of Fihé- preseMdinkénion Care ktable at

Met hod Mol | Ex
e ¥ ek et g
| 991 ); see al sef tiniq ippafgrablylfor seSenal mpnthd o) midres SBis is \A/criti€al adsamlageddicoaust,, as J .

e T/ Usoo) 87 g5 pee BpRie i bt ey, et Bkaf ) 15 Aol eep B

cells, and thesprepasaisansdrazan gt -§Qe§3 Mmt@emdlﬂaysmam hods described In)

e. g. , International Patent Application PCT/CTS97/11865 (V\D 98/ 01 582)
publ i shed January 15anL398 ham' fRatufee of Qel c@rﬁ nE%tt ke R} m'ﬂlaﬁ‘loﬂuﬁbﬁks
present ed under {he headl Concentration” sent t concentratiQn of
the total nunbefddong mﬁaﬁw"dﬂa&mmgi N sk BerstTvBATOD PG drachgbon

headi ng "Particle/ FACS ratio" represent the ratio of the total nunber of
virus particles as conpared to the nunber of infectious virus particles)
t hus indicating the rel ative potency of the virus preparation. The data
under the heading "UV' indicate the aggregation of the virus particles as
shown by the uwv absor bance ratio for the vvavel engt hs A32p/A26p as an
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20 the pHin the last colum is neasured at roomtenperature, approximately
25C. Table 1 Stability Data on Exanple 1 135 AUG Tl
_ St abel et yConduwnAnupr ohf er at t onPl aqueFACSConcent r at i onUVAssayAssayFAGSTI nme~
Cx| QSx108x 10 WMPF14IRat i o AmdAxnopHSPU/ nLPFU/ rnl . U nipart . | nLenPGEV3?98H883. 86
7.95210. 237. 531 week254. 9102. 278. 06360. 247. 532 weeks43.

1 6. 63. 417. 84230. 237. 494 weeks43 4173. 917. 79200. 237. 638

weeks45. 88. 83. 387. 80230. 247. 6112 weeks43. 9362. 247. 80350. 247. 725 nont hs4not

t est ednot t &st ethtarsdrached Imez, eUw/che AeMBARG AulsIluterywEB 280 M8y (Bgiprably 2
mont hs43 1193. 447 %{5@ Qe n
71-0.29nt 12 m)ngt%hsglig) r% B&ﬁ%éﬁé%o@%? 2 %]I%g?gg?&o}?@% tﬁfﬁvusel
sanpl es. 6.89 x EOP'cffé’Ftin(‘,’F’é‘é’PanA?m?% are— pgly@gdroxy;sw‘gm.\_@ IZEP)U\OC@‘QPQL‘M%
-13 5 10 Stabi hqbyﬁaﬁem@xn&mm@bd)epwfamsmaymg rmo(.’x&ﬁﬁ&wtms nintli cah Inclilde.
week2 52 43 weeks42 44 e?% 3] weleks46 eks45. 55. ths4f| a teisedG
mont hs43 39 monf-Bs48Ye§I0 Hehanth BY YP%?P&'&"f nt’)YE2 ﬁtpﬁgﬂ’ y1pieges
Stability D&t a shownxisymgdte piovided below, the present inventors found that glycerol allows for

't L4, 51 9910, obbi B AR ELAS 6P SATCIRE EATIE] s Rt el i) s
31. 098. 6079not Teéigeration coaditiod46732. 108. 2539131, 977. 5939not
testednt 7. 48-940. 604 9482 ' Not determ ned due to assay interference "

Retest of 9 month UASameétRe. amfount of ;Jc@yhyraadxtyt Wcﬁ&’aﬁﬁon for_ @tﬁnposﬁiods?cﬁ the
St abi | i t yCondnmonAnupr ol iferati onAssay 4 42

ﬁ@ﬁ PUI it mtarfS. 2& week{Ztg
weeks42. 34 weekEESNTBVEHIOR 493N RO A g’&%“@éta ¢ theyrus &t thg fPRRyataeof the
mont hs4not 1est gresepninydritiomowithostdlversdigdffectihgShe bfftdtivgndsaiod tenvimsafiop fherthisr

PCT/ US99/ 01873 P 0.25
7.54 0.24 7.64 ﬁ"é @QL\B%%‘ 51’ *g"ﬁgg’e Vzlg’gfgg'g‘ g%ﬁ“q‘nﬁz"%ﬁ%ﬁ‘s“lf ‘39g?ege (herapy’

Pl aqueFACSConce'ﬁhermlylwdfdkb'thb’@wmymmml@ a@inabdonrentragos of AoupEd . | /
m.U/ nipart Jr nL%%&%@/ﬂENQ Ritfowtt - ﬁﬁ% e 43480 82)4% Qée 6agma! 20Moré thfi oS0
971 70.248.72.697.00260. 25150 707.101010. 256 4

12290. 25942, 51 7PVEHEIX L hydrgcarsom) com degyser, i ?5191‘(9 she desiredcjotal goynt, gf
7.75 7.82 2080 polytydrox§lhydiocarbdi in tht cOmpJdsiiHIErZhd/fde it ihlédiorPCT/ US99/ 01873
- 14 5 10 EXAMPLE 5 For nul atlon for Exanple 5: AAC N 53 (7.5x 10"

Dihydrate (17 i ol DA @%"i%bgn FokiuoRE of The AR a2 ©

Hexahydr at e (0. a@ptiegalis gontaip %@ddlyde SIDP- pmyularsgmmmh@ﬂtowifdém@&ban can
g?g g}-%}% yF:JLI![ avgllkqé%f@saccﬂtgnd@sucﬂ_ aduBroze. SE@chnby, &h 3 AP pEATBLRY RydidbirBort
St A0 Y CondimorSRIFRIAPH B SRTSPISiR ASFHOR SR, SRy tgup, the composition can
VAs s ay As s a\gACSHdditionallyl thehids| D gishErh@iRae) ostich ~as' sucrdseiSEUlar sthibifkdrndnd vaniay

e 558 G A0 W AL 0 by ) s -

weeks46. 97. 22 wammb'hzdmxmmrmémmcms @lycadl). and 30diswgharidgas emplaysd 3
67 |2, 857. 92280 25kd1ched SiBBinkA2asOhn 1doifdAl S8R A0 0RRA ABRRAARAL, the
tested (nt)nt nt6 ntvj# r‘gnt hs42.4220. 707, 151020. 237.
detetzrtmed due ﬁsc%?g@syw captly PEgseRt in @iTabgertfi 3 ¢ R umg(mL, more preferably 20
Annpr ohf er @0 ongmaly, BndprefersBly MePdibatchaidelidsurioseont h4 8. 04 nonth4 13. 0 FAGS
Concentranon partycl e~ UV FACS x1010 x1011 ltatto AttdA:ea PH U nlL part /nL
1.87 7.81 42 0

23 7. g}%rmaceutically acceptable divalent metal salt stabilizers, such as magnesium
salts, zinc salts and calcium salts, are used in preferred embodiments of the
composition of the present invention. Preferably, the salt is a chloride salt or a
magnesium salt, magnesium salt being particularly preferred. Preferably, the salt
35 (e.g., the magnesium salt) is present in an amount of from about 0.1 to 1 mg/mL,
more preferably in an amount of about 0.4 mg/ml.

Pharmaceutically acceptable monovalent metal salt stabilizers such as
potassium, sodium, lithium and cesium salts may be included in preferred
embodiments of the present invention as optional stabilizers. Preferably, the salt is



~1.67 7.83 47 0.2Z3 7.80 1.58 7.84 50 0.23 7 70 1 3 ~U~, 2002 WO 994%1&@007
PCT/ US99/ 01873 - 15 5 In sonme cases) particul ates have been observed 'to :
_formin the formulation during storage at 4C. Analysis of the particul ates
by SDS- PAGE wog#&di6 that the particul ates are conposed of m PEOFUBINOUET3M | es
(i. e., additional proterns and sone immture viral particles), and thus
t hese particul ates do not affect the viabiki-ty of the 10 formul ation.
Nonet hel ess, in a preferred enbodinment to further clarify the fornulation
(to prevent sposgidhing chRFitie presaitan filgr améunob) O.cao dROI mpmhl, siced pafferably in an
rrucrofiltration can ?elgf?”irﬁg/rrﬁm to renove any potential particul ates
with [ittle | osEnmtof QUSSP s~ (When carrying out microfiltration, ~t
shoul d be noted that sufficient microfiltratlon nenbrane surface area per
filtration vol ume i sincadditicnap stabilizing the Fermposifion;ispdigmachlonde pay tsupRress gei s

15 renoved. ) | n,addistdy@ht of theapPbRiRE 08 By PIOARM B ermENRidY, GS8lthg iNUERbRT S
have found that agitation) such as stj rrthgg%‘ﬂgﬁn accelerate partricul ate

formati on and iRhafrRGeaticallx elegant pERsERtgen) ajje reguasd japugenicity| poienpal dyei on
process. THgs, werdtkia fpgtdghienld The addigon of setilumd\ehlordg oes AOAffedSihePHROf the
magnetic sti rbﬁ{hnflol.l owed by mcrofiltrati on was shown to renove the
particul ates su@ PAUP™no nore particul ate would reformupon restirring. It
was al so found that cycles of freeze/thaw could pronote particul ate
formation during resThecompysitioh of theipresentonveatiopisepahle df praotauning e, pHiether
nore 25 freezel ' igd: oLt :
rhﬁ%%f%uf? & 99&%19@.3 ?(?}g%xltf%ﬁﬁg& ; A iR ?verx %ﬁc‘ﬂv\ﬁlﬂjae?éd to

stirring, and t mcrofiltration evention of partic

fonmati on duri rirsiy eandigtons sughes rpfgesation aad fisegrfthay. aMoreaver. ghe gempesitions
tcgrfper ?t U{ a8 ( ecag-rlgﬁﬁ})- stablelax\lfo‘immﬁam' iintai L}ﬂl@r&ﬁbﬂtﬁ rmg_é?:_v5n Wégg%b c%%g/ tglté -
ncentrating and . Pyrifying Virus-Containin; ositions.
The present ade\aH‘é"th &Egvélrg'ﬁ %flrg'ﬁ”%léaé" g 7P EEHO I SPRREFUR WiPoREEERtFAFi ng
an 10 exi sti ng ptbducsiops djzaitattionn aid/ hendlingy i Ay hatedeatioval nidimenahed of gpH o
(hereafter somet] r as. | o der i r i ect
and prepare cl i’}rﬁpggt?m&gfsg%{g?pelptﬁgggéﬁ’ ggéﬁ gtenagté’ Pg#élgégsﬂ? %‘g{]%gﬁ{ges hjterﬁ)gtl!vé n‘é&lsThe
new net hod of cranticlest ¢ant basgme upsteble 3vd edegrasiei ohhec parpeulareeompasition) ofaMitsey a

pol yhydr oxpohy dhaea ks dfigul d dbilieamapaistae. to a final pol yhydroxy
hydr ocar bon concentration of about 20% orf nore; and (b) subjecting the

virus preparation tqg.a filtratign process wherein the concentratiaon of.
virus is increased by W’%@pgr Bigpance 8“9?{9‘“’?% iﬂ"gﬁé}“ét &‘Srf?“’éﬁ'l‘H“Y‘H’é’P"
di l uent is renmptefdrdblyocorprises/a bufferysera izt cam mahman gh optifnal pHrin airadge fréme
virus is retain e st N\ [ . e a
wi de range of vﬁ)(rgﬂtszrsb ‘ﬂ%mﬁgi%ngé E‘Shdé{% ?ér?n&? éeng'@g&aaglgn%(/?r%sﬁg%@%coé it
vi ruses, iri dowubigsted to freezshhaw condians. Smcp aHRARVRPLARPSHAING PB IeFRsTAtYaspH )

or t honyxovipEUs ghees@ff ERVirEsfERYeriidn AR s Apéciti@lly Vilustaied WIoW Wit reféreAt®: to
rotaviruses) etc.;._adenoviruses bellpogdgartl cul ar{%eé tr eferred. The viruses

are preferably YPECDRITARETINIG; FARASS) siangs. At 10 [PETAYISolea8- e 200U
attenuat ed vacc?’Gaos$(Cpa pferrdcpsmanpeis abbet 7 esabout B3y andre peeferably about 7.
particul arly usgful co ating rec i {.Juse rLyi .

het er ol ogous trtgna§l‘§leltfrlg'2f O;Aqﬁzslté&li n o eﬁﬁeﬁ%ge[?‘he%fﬁg‘%yid Eﬂ@h%@é‘é@g"r@” C-
especi al | y w ne2%6).ca preferoadepH irarigeyis deant 13 19 abowy) 8120 rmoers prefexahlyaabouthe4 to
addi tional ggheag,gegani cal forces acconpanyi ng nethods of concentrating
virus preparations. An exenplary reconbi nant adenovirus that can be
concentrated by the nethad of the inventipn is A/VC N53, which is discl osed
in PCT Patent Applicat PEHETS. o5ytamgal e RIFSEN} | IVeniian, SOPPHtes s Sodiumy
to concentrate pHuephate usonabasiy dingdrateoint h eomcehttaibnodf atvat (0.£36N10 ImgyADt andn

can Ll U oyl eSSBS byl 58114 AL RGBS 1

concentration of°Wf I's increase orcirn
a filter in sucknewman@®IS phdTrzmha’ aliallabnfroinsSigmadtedhi¢at dfn.). hdloweves other
preparatio L ISqu ,&"kj : By

t her eby re?ﬁ%?ﬁﬁ_sgg%hﬁ% %%d'f graﬁ% | ??'Egﬁzﬁiggf°r S pP@%&% gh’&g{??ea&g be
Utrafiltrationused ificcswpiedevith gngaaidic |form ofe tnsy buffeny chopi parieularyn peeferred 1
3 AUK 2002 ' Q. 884dida6 tRDUAHSI94&h oprisdsTsodRumtlphbsphite trhéob@iks dyiiaed & €S

and Applrcations, L. Zeman _and A._ Zydney (Marcel Dekhar. Inc., New York,
NY, 1996). A paf ECEREAYAp %s‘é‘r‘%r’ﬂe‘ag’ﬂm %/'}da!f‘?"&"ﬁh%?'aﬁ&é GoacepLraton 9t ahou| gy
Filtration ("TFF') as described m e.g. , MLLEPORE catal ogue enutl ed
"Pharmaceutical Process Filtration Catal ogue” pp. 177-202 (Bedford,
Massachusetts, 1995/96). Preferred TFF apparatus conprises either a
Pellicon Il or Pellicon XL filter 10 systemfrom M I Ilipore Corporation, 80
Ashby Rd., Bedford. Massachusetts (internet address: ww. mllipore.con) a
Pellicon XL system being particularly preferred. In a preferred enbodi nent,
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30 containing 6.25% vol une of 70% gl ycerol in a first |layer at the t1u§)a;\.,, 00
bottom overlaid with 2.5% vol une of 20% gl ycerol, wth the virus vo
. preparation i n. top. The preparation is then centrifuged at
4C for appr o&ﬂr%t’@l“f 16 hours to pellet the concentrated vi rug&;ﬁ;g@@ﬁ%
gl ycerol layers and then the new y-concent?at ed virus preparation is
subsequently recovered fromthe first layer” Virus concentrated by the 35
procedures descri bed abhove had g,ood | i ght scattering characteyristi ¢S and
had suitabl @ nf Bl and has he apiliile maptaw tP%@’&PH‘aP%“ W@%BF&?LE}%F%&W about
hydr ocar bon used 3iig abtie Teitl2s6s. of the present invention) a "pol yhydroxy
hydr ocar bon” neans a branched, linear, or cyclic conpound substituted with

and an_cf fcet i ve amonPt BRBse Rl Bies R Reisiontsh fhe tiaitdnil i i 4 ARRe
99/ 41416 -18 ~ thepbility doztbilize UGEID/cod@nBations udff Vicusealt theoatsrvedmidnhionedt hersh
Shear forces. t FTORE, (EHFES sBpleLlafb dompleifs Sl BeBaubal, BRERSRRIT e
pol yh%/_dr oxyl mydp@u?ﬁmgnhe ifermulasion jof Gﬁ%ﬁg?fhﬁﬂafnlﬁ rgg;ﬁma%hr;tggfep‘ﬂﬁféht
invention i s pr&mesitrationsaranging mapmocdnc partiolas/ofl... rdi&aBle cebAlngs
25% Pol yhydr ox h%rg.{ o.carfbons fqr use in the present iorfljve tli on gpreLer] hiy
O e
pref erably havipatide , I0Gre rablymep t rpartivddsérde, gg.ylce rsor
and pol ypr opanotlo.1 ,glz,‘ger ol is particularly preferred. The inventors' new
nmet hod of increasing virus concentration has the additional advantage of
enhanci ng processing, e.g.) by elimnating problematic bottlenecks by 15
al | owi ng silgni fi canthy teimyhdiuenky atigispdithedin icag CAmMPTisas2 piabieas dedy Staps
Tt hod G, . concask T SEBleFRCAILER MirnkD T o Sl ) SE TR T e 11
i nvention can b‘@r&!ﬂ?ﬁ‘ﬁli \‘é’gvcf‘[?’ ﬂéqiﬁ?fﬁ’gmagﬁiﬁfﬁsi ?@fﬁrﬁ’@m\}?“f ® r‘gheg subsjances
excl usi on chr onhaogds aphydwetsely 4fecy safegyeleffidaty awd s@ability 6f pherfoanulenon. With
subsequent to ani wnd L AL i t, there
a4 tggﬁapan@%m%hrzgggggﬁgrg%nx the Tike gééhrgﬁ&oﬁ{l‘gqgrrg%&f ﬁ’eé %

are additional tArea 0 ViTus™s stenmn

mechani cal 26heaRemingtanss Phagracgutical Sevoeantl et ked.t Mack Publishing Gempanyt, raston,
rate-limting spgfs@¥sdidsi on chromatography step, but also due to the fact
that the virus preparation eluted fromthe ani on exchange chromat ography

step typically contains high | eyvels of salts, and other Inpurities th
further conprom se vﬁrsﬂgjg%lg‘}:\bprﬁeﬁﬁy $HQaienic felergngt %SC%TB&‘W PV“@W&“&?P‘@H
enbodi ment, t heaqid estemn{e. £.0pelyokgmhylenmegorbransasueh tah Rblysortawer 20y Poigsarbate 40s
preparation conp, 1&?&9 & 602 P%ﬁ%)ﬁ)%té s”tﬂ&{; ScY Attrick, ‘i‘xPﬁa.f@Elh%ggsanDexawa:e, or
ani on- exchange chromat ography, erein e virus s elute a virus
prepar at i o530 Pwernu2q. Tgwm 40 Twpem6Qrehdmgen 80 frormbizgiaa Shi EowbdMaem; cam)
addi ng a pol yhyghieniily¥é i Raéd & tHeOcdmisosition W tBE PRAEMT inGehtidhOdRieferably, Sthe P
(a) so that the concentration of (ggyl ﬁ}hy}/drgxé h rocag%bdo%l n the Epreelgf:éatl on
reaches a fi nal "UBTISASIEIZEN4H2 BYY RS IeRs 43ty acigsier. POhOKy§tenetatty,
t he concentr at i auid etenis preferahly Pbigsarbate 80 pwisiplcat dcoas pstatsilizedr im thesdoappogitipn by
appl yi ng pressu he . atd - i l.uent, 1s r he
virus preparati {:’){re\m% r’%“ﬁ'g‘ﬁgg&?‘ ?f’t ;I;hg\%ﬁﬁ#ég’nﬂlﬁ)&%fex%\? i 1#‘8’2 dldséP 8 g}’ﬁgg@;&&ﬁ@ J 1
3 ~Uu 2007? 38D 98ingd 0fi6 03 101®3 pgmmlsgeropeieaady ()5 mghplect i ng t he
concentrated virus preparation product of step (¢ ) to one or nore

addi tional processi N@ofipSfifiens! Bf e prdseheimvestidmbadiraent &ataid Unk Nolfye 10
connection w th_ ani on exchange 10, chromat ography, the m ni mum | evel of

glycerol is 25%qeiXemznhacing agpRis’> o, AeliVERGFAIRRGIRS 28Rt Grefrds 1 2 ASERtXRich ns
of theI concenlt r&tﬁaptbsﬁd&lha@soﬁlzﬁ thét@pauiie sgent, suvhemt 'ggm)pdaem?pﬁ:ﬁsdrhg@e to a
patvcul ar application nust take into account e..addi tional threat  t

Drab 1ty posedcayt O B ot 2 otholifrdioch 286 AN b B A Sl o
t he ani on 6&hanagenatolivmred 0 isteagitits, i dootwis, 288cglk.y senfadtantpr bie rsaltd, yhGRoip
results in stabil.l . (¥4l REAR ays at,
e.g., 4C, ther e?‘g?%&gﬁisciéﬁée C‘Z%lé%%rﬁlg Sihﬁh‘?s%goncetrf?@tb}%%ﬁ%n %5% gel
filtration can be perforned on separate days with substantial flexibility
across a 10 day per i QWtergeats,(3s| thse tehmn i Used isreiph Sap nisckideepfions. cationic,
pol yhydroxy hydeaareibaie, ki hbsiofic 0fi@érgembC ePtenillirg NetirgeadGiiuddObhi? &8Mal SO
be used in nethods of the present invention when the virus preparation
contains high salt 20 content due to other processing conditions. V.
>~XAMPLES OF METHODS OF THE PRESENT | NVENTI ON 25 The fol |l owi ng exanpl es
illustrate preferred enbodi nents of the present invention; the scope of the
invention is not to be construed as limted thereby. Brief Overview - A
concentrated batch starts wth frozen crude viral materials originating

Y N R Y L Y o o o o ~ o~ -




15 eluted fromthe colum with a 30 bed volune linear gradient fromg6%tao
100% buffer B. The Adenovirus peak of the elution profile as det er m 519%58%2
. A2go i~ collected. Then glycerol is added to the DEAE pool at a final
concentrat i dMO§943064 (v/v) for further processing. 20 Concenf¢HYFYAIHR
DEAE Pool Using T~ential Flow FYttration The DEAF pool (prepared in
accordance with the above description) is85 concentrated to 10- to 20-fold
by using a MIlipore TFF unit (Pellicon XL System) with 1 m|lion nol ecul ar
wei ght cut -®f f hBiedexanrehsiaeedeoxyimlpe, amaededxgctedate,i cedy ipyridnaint benalkatiugy 10C
or room tenperatur.e ( | oy, ng 4L ti I aqed . in
this procedure:C 89@?’amgggﬁgs®smyzd [ﬁlg%étla %’Aéf% g%%;tr#é&aﬂ{é&pplrﬂ s)ure
= 0 psi; aver agendthylammenioll-1-p@ppieseifenateohydraiquddrighet &ig GHAPE | eaxy Big
concentrati on ey AUGITONGLX-AR caeespdPr 2B €l Dol B-B-Gikopinadide
particles per . "Based on éhe Resouqr,‘g,ﬁEgceHPLg and Wmﬁggcg (,A260)
anal ysi s) the PAURINICYHT F6B sletergenkt] Perd detergensyandy sPYHrerasant
aggregati ofp (| R BROGHEM® Bibch&fiedsPy A3201A2~). 35 Buffer Ezchange by
Si ze Eacl nsion Chmmat o~ra>ah~ (Gel Fllttationl The concentrated adenovirus

preparation is applied to uper dex- 200 size excl.usion, col.umm o
D oF aqui |1 brated wi 17 35 AEEUT oA aman S o B B Rpenging S
chl oride) 2 mviparagnepplivanoohUds.Bde, 08%80\iB¢ ) filsdcmobdy 8,ON8Y), yadr bitergBiohhler
C or 11 nM sodi un P ré esj of.i o0 LW V)
sucrose, 10% g?‘fg%@ragpg%gﬁﬁéﬁ'gng%amg %ﬁis@r]ﬁ;ﬂ\%%grﬁm llgsémel%tli}%l_e{? S\hn'est'h,%a/%gl
equi | i bration 2ppiigatQnoUS.SN O30 2 D74 1fledponT)ulndy/ K87 dnteynational Appircation The
Adenovt r usypeakcafus o8/ byl i QA dddiion] Bseasf Bapan idhmbiests by comuacdon wigh hvaat ed
and pool ed. The concentrated _ad novi rps. reparation i.s filtered through a
0.2 “tm hydr o7 IDUPIRE draRsHsPam SISy I GRSCTRA if 315, At sbplicabes
and can be st oie$iSad. 0BDOR,683r aralt 601 (321 fil@ingreOatobereks, (1968h as 2 to 10 O).
10 Concentration of Superdea-2Q0 Pool Using Tantentisl Flow Filtration As
di scussed above, a prefer e ' nr ant ~ i 15
concentrating the v?‘r Sé&aﬁ'gf ﬁﬁ%ﬁ%&%%g@#gﬁﬁoﬁ%&?@%ﬁ%s %ﬁt[h%\eﬁ?%rgglsgel
filtration. Howvertion, including brsmotimiier iwadenovimeesapex vaused. irdolisuses oherpes
concentrata®g Vifids3, Papiavithied paariyxaviiled Corasinl @lirfles! erdhuséd, | 4demd] on
step (even I f no virgs.concentration step was enpl oyed '8 bet\g/e,en t ni on
exchange step AMACiRIFE VGRS YACFINaYIfUS TOLQVINSes, £1G. (SPR. £ & oARIETqN, f’FT‘Eerag?%n
par amet er s ar e 2568082818 );aaiehbviases being pardeulisryapreterredf EheDhAlse? Gre[poeferably

t that th . a . q. . d
excep at the 8&5@@&‘;{@&%#&@%&9%&&9@ cﬁﬁ{;iﬁ isolflby/ f&g&:ﬂlalcdgga{;lfolﬁg F@%ﬂ?. ald®

t he Super dex- 200 po i nal” concentration as W as since it

i s no | onger necessdihys.tfor axamplai amexemplany msomhinantcasiepeyirusahatans be wsechin
DEAF pool .28 N thhsodifSR! 8F thd udRALGH iPA/RBI, Whidh i cﬁ&?&‘éd%e:l’@ﬂt hetent

addi ti on of pol yhydr ox roc n is postponed until after ge
filtration, théP%EAﬁo'bé‘blrw ’ﬁrﬁge applied inurtediately to the 25 gel

filtration colum (due to the winerability of the DEAF pool - wth its high
salt concentration). Théfermulhtieraof bhe peesant iavention ad ghatticolaglly welV anitedydoof
addi ng pol yhydr oxy._hvd -1 he RFA%: j r i ,
present invent i‘c’tgir%l?1 I é {(r?l%?é@gr%&{ ?’f‘{e’% BT sypﬂﬁ}ct%%}&rrgﬁg%ﬂt%%%‘lﬂﬁdg {oﬁt tevrri}\(%'lal
and storage optvedos).dieritheyapentic e irpgenss therapy. Rarviestancenitbs varve tasedyan the
chromat ogr g@hy prilehiSHEREEN 881 cathpise ashmer sn%?re?ﬂﬁ gBRL 58SasQf wi@Hpe P55 3khd10
virus preparations_can be appl] quBl npggggec ion Wth a variety "of
purification mof ABED smsHe&adPtiONAF PPAF O AREI YD BRRSBERSSISUERLP SHArRPNBRR,
reference can hgen@dlih a @iralovector] the ldompbeiti®i ofathe ,prddeftbihvemivn ddiceatsett adod .
6, pp. 1403-141 199@{% g‘and U. § nPart ent eApﬁtI ication Serial No. 081989, 227)
35 expressly iﬁgﬁs'l%? CAkFORRRSITIgn QF YEARIEPERICANCSy * STARI LI TY DATA FOR
METHODS OF CONCENTRATI NG VI RUS PREPARAT10NS USI NG TANGENTI AL, FLOW

FI LTRATI ON 40 As shdmthisyregird, deplormulatons| ofdthe présebtoinyentions haveha dgmarkatide
present inxenti reak A [ \ t he
Techani cal ghedpo o Apjah! g RN RVEDTES BeiTuBh Aot ytaio BRE Wt &
concentrating tHeleotide sequense cpeosiNg atrangEeds sueinasi RO8 $As begrcimseriedn Tys fearure
level s in a DEAlow9Qhe vt fo niithinds #bility ie iMfe@SRRYet ICBNESS I (ARt @k |RMaretic
inter aha, 10 15 20 25 35,40 45 50 %@1 rea‘g% frepar%tl on of clinical
dosages at any PERER&RCRYADY s meerisd Yap He%&?élﬁq Y Profycss th nateri al
having a | ower concentration), (2) enhancenent of processing (e.g.) by

all owi ng significantly higher throughput dunng size excl usion

chromat ography), and (3) stability of the salt-containing DEAE pool for >
10 days at 210C (thus allow ng for subsequent steps of virus concentration
and/or gel filtration to be perforned on separate days with substanti al
flexibility across a 10 day period. A Concentratin; Virus Subsequent to

~re AP~ ~ . o o o, o o



" Final Formulation: 14 nM Tris base, 11 nM NaPi) 2 nM My 2, 2% sucrose, 10%
glycerol, pH 7.8 at 2-10C. Results: Particlesl FACS = 17 Li ght ScattpgimZGUz
- (A320/ A260) = 0.25 Conc. = 1.5 x 103 particles/m Exanple DB%@% 01873
Formul ation: W8 M4&Pi) 100 "M NaCl, 2 mM My 2, 2% sucr ose, b gry &t ol |
PH 8 at 2-10C.. Results: Particles/FACS = 24 Light Scattering (A320/ A260) =
0.25 Conc. = 1.3 x 10t3 particles/m. 1 P A <G-0? WO 991 41416
PCT/ US99/ 01873 -23 5 B. Concentrating Virus Subsequent to Gel Filtration 10
Exanmple S-1 Bn the fol | owi ng exanple, the virus preparati on was
concentrated in 209c gl ycerol subsequent to gel filtration. 15 Fi nal
Formul ation: 16 nmV Nawith sg&iﬁtMeEE@to p53 Gndlis MI&d, 21 is hoRY0 RatChag8on 30 e p5s3
glycerol, pH 8 at 2-10C. Results: Particlesl FACS. = 72; Light Scatter] 9
(A320/ A260) = 0.858¢ 3§ 185 JROSt Common geneiis g‘éﬁ’?‘l"Bl 10 Amian GGers) f@??oﬁ? )
patents and pat ebicogpm, i6c A69B130% i Halthtdme (8991) dcentnc2iBpdPeizad imrodbettdneoft
entirety by refegren . i I 0dl Vi gala i t.on,
patent or pat ent VP 237 i epERal Etp! cf hckrBREiloR B HRyoR s BELCT,
be i ncor por 4Ped suppressee therneeplasscpiieneps ohthosherllsdfdeac 8o hsS ofateriSs532.220).
invention wll be apparent to those skilled 30 in the ari. The specific

embodi ment s descri bedn hid @lathphds beffv,ahe Sirly isveveOfecEhiisia & demdwrus 2BAkainive
invention is not _Eo be ﬁgnstru,i;g as .| |lnut.e therec%. 1~§.A[Ldillj 200Z z~ \What
is claimed is: MIdYREPRIE RGO [RGORFHAHIF YA, JeHOr, FHHEuG uspd A, dhess examples 1s
conprising: (a) refdtdedigo hegem yhyAY@RYSIY drAJEAN/BD falb® refexed ws aprop@Nsad ) de & o
a final pol yhydrgx) [ I : u 9% Or e: b
polyny um/lg gpe?&;%a?\grﬁ? ?%qu]#olrn?lﬁc? 'aes%ngcp i éo deﬁ% ragﬁlﬂr%&ﬁ? 6§§N( )

subj ecting the virus t_para at1on process e
concentrati &b of08(328633ifded orcPetaberd? S Y 9%Ub gnd imYy Y e KAfddMay 4, H89pr expaesalyi on
such that dil uenjeorSoratBR4eRA by ref&ldnbe Vi rus preparation through a filter
while the virus i s Tretained. g the nethod of claim1 wherein the
filtration process conprises ultrafiltratioon.. 3. The method of claim1
wherein the filtrati &IHPCBF%%@%VCJB‘W? §rﬁf%fFng’eﬁ"Fh°§1mef‘1‘50‘?/f/“Fq PIEFERE iVeMIong . A
met hod of puri f whargomaini FolysothaeBriasdt dorticealpwi si ng: (a) subjecting the
virus preparation to ani on-exchange chromatography, wherein the virus is
eluted as a .virus preparation product from an ani onexchange

chr omat ogr thi ¢ nmedium (b) adding a pol yhydroxy hydrocarbon to the virus
prepar ati on2Broduct of step (a) so that the concentration of pol yhydroxy
hydrocarbon in the preparation reachRgpreseh@es Fnubout 25% or nore; and
(c) increasing the cqncentration of, vl In the virus pr ti PhgRr oduct
of step (b) by a'}fb‘l"f/g}r\lﬁmﬂ%ssure Y gpr eparation su%aﬁmgll%ent is
removed fromthe virus preparation through a filter while the virus is
retai ned; and (@uffedbj ecting the SodimnPhesphate Vi rus prapaioatd m@/milr oduct of
step (c) to one or nore additionalM@obesssi ng steps. S. The nmethod of claim
1 wherein the virus is a reconbi ndiwomethamime 6. The net HbiltcofO miganlm 1
wherein the virus is a reconbinant virus carrying a therapeutic transgene
for use in gene Sabdlizgptpnicity agane nexuEEse of cl ai m 4 wher &l te 23rmgfedi t i onal
processi ng step caonprises size exclusion chromatography. 1 3 Alu 2002 25
8. ?he nethod ofSWMUEEER 4 wherein tH¥Phce &I step ﬁ‘e@%ﬂ%@%
tangential flow filtration. 9. Th Bﬁl‘gﬁo €ai m 8 &gh"&gﬁ@l‘ rocess of
step (c) is carried out using an afpal 0corrprisi ng P@L1q Q-2 g/
filtration syst 10. A virus pr ratiqn _concentrated by the nmethod of
claiml. 11. A ﬁ&‘{fgppr eparati on 38%61; foé "Jsﬁ}“}“r?es-ﬁ%t hodl '8%/‘ claim4. 12. A
met hod for concentrating a virus preparation conprising: |ow speed
centrifugation of a conposition which conprises a first |ayer conprising a
pol yhydnxy hydrocarbon in a concentration of 35%to 80% (v/v), the first

| ayer overlaid with a second |ayer conprising a polyhydroxy hydrocarbon in
a concentr at i on (&he SUmPRsItRS AT ypiral Xﬂ@rcgé'&éﬁd'ﬂl-éﬁ‘ﬂe%vérsi ad"anhe formgulan; ¢ g
| ayer conpri si nthbéied meansaidding sufficient solvent to reach the 1 mL total volume).

25



" (b) recovering the virus fzomthe first |ayer.
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ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca]ca]ca

##%&' (( k1: ? . Q 0012 Bud4spicBas); preferred embodiments are set forth below. (Polysorbate 80

== Bzu a cal ca. cal cal calcalcalc al cal cal cal ca] ca] ca] ca] ca] ca
ca] cal| cg] ca] ::/\;J}%péf%ﬁﬁ %g@éﬁ?%ﬁ?aﬁ%%}?ﬁ%ﬁﬁ@g G]G H]f HpLxH]- | | !]KL}_
MVIMVMVME NpNNNZOP~y't ni cYkf a\ W] ] ] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] cal] ca] ca]
cal] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca

PQ# Q2 QLRI RRRRSSSSSSSf Tx TTUUUUUUUV- V~yt ohb] Xkf a\ WJ] ] ] ca] ca] c"a

Ul c”a] ca] ca] ca] ca] ca] ca] c”a] ca] ca] cal ca] c&a lca] ca] c@é@.}z&aﬁ}] ca] ca] c”
aJca]ca] calcalca]ca
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sucrose, magnesium chloride hexahydrate and glycerol 1n approximately 75% of batch
volume of water for injection at room temperature in a stainless steel vessel equipped

15  with agitator. Bring the batch of the resulting diluent to final volume with water for
injection. Check the pH. Calculate the required volume of A/C/N/53 (adenovirus with
wild-type p53 as a transgene) Drug Substance in Suspension and the required volume
of diluent to make A/C/N/53 Injection. If the final A/C/N/S3 Injection will contain
Polysorbate 80, prepare a stock solution that contains 10% excess Polysorbate 80 in

20  diluent. Charge the calculated amounts of A/C/N/53 Drug Substance in Suspension
and diluent into a stainless steel container and mix. Charge the Polysorbate 80
solution, prior to adding all of the Diluent, based upon 10% of the totaI AJ/C/IN/53
Injection batch volume if required. Aseptically filter the suspension through a
sterilized filter (0.22 pm or equivalent). Test the filter integrity after filtration. Collect

25  and fill the sterilized suspension into vials having the appropriate volume. Stopper and
seal the vials.

Stability data for Examples 1, 2, 3, and 4 are set forth, respectively, in Tables
1, 2, 3, and 4 below.

In the Tables below, the antiproliferation assay is a bioassay used to measure

30  the product’s ability to suppress cancer cells and is based generally on procedures used

by Wills, er al., 1994, Human Gene Therapy, 5:1079-1088. The numbers listed
indicate activity whereas the control has no activity.

The "Plaque Assay” measures virus particles in culture by scoring the number
of viral plaques as a function of dilution and is based generally on procedures
35  described in Graham, F.L., and Prevec, L., Methods in Molecular Biology, vol. 7:
Gene Transfer and Expression Protocols, E.JJ. Murray, ed. (Humana Press Inc.,
Clifton NJ) pp. 109-128 (1991); see also Graham, F.L., Smiley, J., Russel, W.C.,

and Naimn, R., J. Gen. Virol. vol. 36, pp 59-74 (1977).
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Application PCT/US97/11865 (WO 98/01582, published January 15, 1998).

10MUMUJ 10MUMUJ
5 The "FACS" assay shows the ability of the virus to nfect cells, and these

measurements are based generally on methods described 1n, e.g.. Internauonal Patent

In the

next column to the right, the numbers presented under the heading "Concentration”

represent the concentration of the total number of virus particles. Finally, the numbers

10  under the heading "Particle/FACS ratio” represent the ratio of the total number of virus

particles as compared to the number of infectious virus particles, thus indicating the

relative potency of the virus preparation.

The data under the heading "UV" indicate the aggregation of the virus particles
as shown by the UV absorbance ratio for the wavelengths A320/A260 as an indication

15  of light scatter. Basically, the absorbance at 320 nanometer wavelength measures the

amount of light scatter, whereas the absorbance at 260 nanometer waveleng..

correlates with amount of DNA.

The temperatures listed in the second column of the tables under “condition”
represent the storage temperature. The physiological assays are performed at 37°C and
20  the pH in the last column is measured at room temperature, approximately 25°C.

Table |
Stability Data on Example |

Subtliry Condition  Antiproliferanon Plague FACS  Concentranon Particles uv
Assay Assay FACS
Tame € x10° x108  xi0!0 x10!! Rao  AydAse
SPWmL PFU/ML  Uiml part./mL
mitial 3.3 5.8 3.86 7.95 21 0.23
1 week 25 4.9 10 2.27 8.06 36 0.24
2 weeks 4 3.1 6.6 3.4} 7.84 23 0.23
4 weeks 4 34 17 3.91 7.79 20 0.23
8 weeks 4 5.8 8.8 3.38 7.80 23 0.24
12 weeks 4 3.9 36 2.24 7.80 35 0.24
5 months 4 not tested nottested 1.57 8.21 52 0.26
6 months 4 30 7.6 2.74 7 68 28 0.28
9 months 4 3l 19 3.47 7.19* 21 0.28
11 months 4 not tested not tested at 671 0.29
12 months 4 26 10 0.81 6.13 76 0.30

25 *Retest of 9 month UV samples. 6.89 x 10" particies/mL., A,,/A,, = 0.28

pH

7.53
7.53
7.49
7.63
7.61
7.72
7.60
7.58
7.58
nt

7 62
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| (1109 4| & () - @bbbbbdseuS14 f*,"10% B B& ()- 'k ."10%BeB& ()- $

1098&' () - 3109B&’ () - 1098& ()-', mlovB& ()- 1b}{seffzggggzx914

1f"109B& () -! Q' 10UKKE () - 3"10%& ()-!3"10% B} B& ()-! p@ 10% Bj B& ()- "' y@ 10%
sBsB& ()- gghhhh, h-heF, 4 &Y109B& ()-' &Y109B& ()-' &Y109B& ()-'

&YL0YBE ()-' &Y109B& ()-' &Y109B&' ()-.'. &YEB9®&' ().-' -hOh1h2h3h4h: hkQ, 4
tabuly al 2

&YL0YBE ()-' &Y109B& ()-' &Y109& (2™ Roriish B8& () -

&Y109B& ()-': h@AhBhGhHhI htZ, 4 &Y109B& ()-' &Y &Y109B& ()-' &Y109B& ()-'

&Y109B& ()-' &Y108R& ()-c &Y1098 ()-' E¥PL09B% ()-" %o e ;(x,)um,m pH

&Y109B& ()-' &Y188MBE' ( FontmolY hOMBErfdn- ' PRAE 0VBES ( )Cotcinindin OEREIAN\ hiaB#
&Y1098& () -' Ao! wMbhhhnhvhyhzhffusf &Y168M8&' (dml Ao! &Y109B&

0, ! - 0, ! - 0, ! - I 0, 0, ! -

aoies ()1 @AdeL ()1 &0 () (T SN0 AAE 5
1 week 25 24 71 1.64 nd* —_ 046 742
2 weeks 4 24 69 2.13 9.79 46 0.24 7.51
4 weeks 4 3.2 . 8.4 2.50 9.24 37 022 755
8 weeks 4 69 8.6 2.60 8.10 31 0.25 7.54
12 weeks 4 5.5 83 1.09 8.60 79 0.24 7.64
5 months 4 DOl tested nottested 1.74 8.03 46 0.27 7.55
6 months 4 33 73 2.10 8.25 39 0.23 7.52
9 months 4 23 13 1.97 7.59 39 0.24** 7.53
11 months 4 not tested (nt) not tested nt 7.48 - 0.23 nt
12 months 4 18 94 0.60 494 82 0.26 7.59
* Not determined due to assay interference
** Reltest of 9 month UV samples. 7.37 x 10" particles/mL, Ay/A,, = 0.24

10

Table 3
Stability Data on Exampie 3

Stabthry Conditron Antproliferation Plaque FACS Concentranon  Particles uv

Assay Assay FACS
Time c x10° 08 x10t0 x10t! Rao  Apd/Aue  PH
SPU/mL PFU/ML  UimL part./mL
mtal 3.2 6.3 2.59 7.45 29 0.24 7.67
1 week 25 44 43 1.65 7 49 45 0.24 7.68
2 weeks 4 2.3 8.0 3.62 7.27 20 0.24 7.49
4 weeks 4 2.7 7.6 4.08 6 97 17 0.24 7.75
8 weeks 4 59 8.7 2.69 7.00 26 0.25 7.82
12 weeks 4 3.0 15 070 7.10 101 0.25 7.80
6 months 4 24 64 2.45 712 29 0.25 7.76
9 months 4 2.8 94 2.51 7.06 28 026 7.81
11 months 4 not tested (nt) at nt 6.71 - 0.25 nt
12 months 4 2.2 9.8 0.74 675 91 0.26 7.81
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Assay Assay FACS
Time c x104 x10’  x10° x1010 Rano  ApdAy,  pH
SPU/mL PFUmL  UmL part /mL
imnal 33 47 2.36 8.9] 38 023 7 37
1 week 25 2.3 93 1 40 8.25 59 024 7 37
2 weeks 4 2.8 80 216 8.80 41 nd* 7 37
4 weeks 4 2.9 6.6 2.54 9.35 37 0.20 763
8 weeks 4 6.9 7.2 2 56 7.60 30 0.24 7.60
12 weeks 4 44 8.6 1.45 7.20 50 0.23 7.73
6 months 4 36 71 2.85 7.92 28 0.21 7.5%
9 months 4 2.9 11 1 87 7.26 39 0.20 7 60
11 months 4 not tested (nt) nt nt 6.93 - 0.22 nt
12 months 4 2.4 22 0.70 7.15 102 0.23 7.61
* Not determined due to assay interference.
10

EXAMPLE 5

Formulation for Example 5: A/C/N/53 (7.5x10" Particles/mL), Tromethamine (TRIS)
(1.7 mg/mL), Sodium Phosphate Monobasic Dihydrate (1.7 mg/mL). Sucrose (20

15 mg/mL), Magnesium Chloride Hexahydrate (0.4 mg/mL), Glycerol (100 mg/mL),
Sodium Chloride (5.8 mg/mL), Fill Volume = 10 mL.

Table 5
Stability Data on Example 5

Stabiluy Condition Antproliferation FACS  Concentranon  Pamicles uv
. Assay FACS
Time c x10° x1010 xiol! Ratio  ApgAz,  PH
SPU/mL U/mL part /mL
mtal 4.5 1.87 7.81 42 023 7.80
1 month 4 8.0 1.67 7.83 47 0.23 7.80

4 month 4 13.0 1.58 7.84 50 0.23 770
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&Y109B& () -' e gpktifiigtkXiate €dmiposed of minor impuriues (i.e., additional protemns and some

immature viral particles), and thus these particulates do not affect the viability of the
10  formulation. Nonetheless, in a preferred embodiment to further clarify the formulauon

(to prevent possible particulate formation), an optional step of mucrofiltration can be

carried out to remove any potential particulates with littie loss of viral particles. (When

carrying out microfiltration, it should be noted that sufficient microfiltration membrane

surface area per filtration volume is criucal to avoid loss of virus as the particulate is
15 removed.)

In addition, in a preferred embodiment, the present inventors have found that
agitation, such as stirring, can accelerate particulate formation and is therefore an
Thus,
20 overnight, 10°C, using a magnetic stirbar) followed by microfiltration was shown to

additional optional step in the clarification process. gentle stirring (e.g.,

remove the particulates such that no more particulate would reform upon restirring.

It was also found that cycles of freeze/thaw could promote particulate
formation during restirring. Thus, in another preferred procedure, one or more
25  freeze/thaw cycles can optionally be carried out, followed by stirring. and then
microfiltration, for the prevention of particulate formation during storage of the virus
final product at refrigeration temperatures (e.g. 4°C).



&Y109B& ()-' A &Y109B& ()-' &Y109B& ()-' &Y109B& ()-' &Y109B& ()-

&Y109B& ()-' &Y109B& ()- {j 0007 gF9 10#10# : 1094& () &Y109B&’ ( ) 1 BoL WG
&Y109B& ()-' &YL09B& ()-'jjjjjijjoN Y 10%t& ()-s #10%& ()- yl0%:& ()-
109%& ()- 10%@I41416 Y10%& () - 10#j kkkkkk Kil+ Y 109%t& ()-sY POXABOPPIEIHY
109%#& ()-s' Y 10%*& ()-sY 10%#& ()-s KIK(K-k.k/KOK7KjN. Y 10%t& ()-sY

109%& ()-SY 10%& ()-s' Y 10%& ()-sY 1096&6¢)-sY

109%#&' () - s7k8K@AKEKFKMcQK| POY 1098 ()-SY 109& ()-s' Y 10%H& () -sY

109%+& () - sY510%& () -s' QkUKVK K kdkeknkeG+rY 109%#& ()-s'Y 10%t& ()-sY
109%+& ()-sY 10%#& ()-s(' Y lo(yd?Mbm))dSmﬂ(éﬂmanqlﬂnglakéEuﬂfyir@/#&' ()-Y

109%& ()-sY 109%& ()-sY 109%& () Mitus A s () - skkkkkkkkhL, Y
10%& ()-sY 10%& ()-s' Y 109%& ()-sY 1006& () SY 10%:& ()-s' kkkkkkkkeGrY
109%+& ()-s' Y 109%*& ()-sY 10%*& ()-sY 10%*& ()-s' Y 10%*& () - skkkkkkkeE+Y

109%#& () -Y 10%*& () -Th present application also discloses a new method of stably concentratng an

10  existing virus preparation by employing tangential flow filtraion (hereafter sometimes
referred to as “TFF”), allowing one to readily select and prepare clinical dosages 1n a
wide range of desired concentrations. The new method of concentraung a virus

preparation comprises:

15 (a) adding a polyhydroxy hydrocarbon to a virus preparation to a final
polyhydroxy hydrocarbon concentration of about 20% or more; and

(b) subjecting the virus preparation to a filtration process wherein the
concentration of virus is increased by applying pressure to the
20 preparation such that diluent is removed from the virus preparation
through a filter while the virus is retained.

The methods of the instant invention are amenable to a wide range of viruses,
including but not himited to adenoviruses, pox viruses, iridoviruses, herpes viruses,
25  papovaviruses, paramyxoviruses, orthomyxoviruses, retroviruses, adeno-associated
virus, vaccinia virus, rotaviruses, etc.; adenoviruses being particularly preferred. The
viruses are preferably recombinant viruses, but can include clinical isolates, attenuated
vaccine strains, and so on. The present invention is particularly useful fo
concentrating recombinant viruses carrying a heterologous transgene for use in gene
30 therapy. Such viruses are especially vulnerable to potentially destabilizing forces,
such as the additional shear mechanical forces accompanying methods of concentrating
virus preparations. An exemplary recombinant adenovirus that can be concentrated by
the method of the invention is A/C/N/53, which is disclosed in PCT Patent Application
No. WO 95/11984.

35 The filtration process used to concentrate the virus according to the method of
the present invention can include any filtration process (e.g., ultrafiltration) where the
concentration of virus is increased by forcing diluent to be passed through a filter in
such a manner that the diluent is removed from the virus preparation whereas the virus
is unable to pass through the filter and thereby remains, in concentrated form, in the

40  virus preparation. Ultrafiltration is described in detail in, e.g., Microfiltration and
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concemratmg a v1rus preparation comprising:

20
(a) centrifuging a composition which comprises a first layer comprising a
polyhydroxy hydrocarbon in a concentration of 35% to 80% (v/v), the
first layer overlaid with a second layer comprising a polyhydroxy
hydrocarbon in a concentration of 5% to 30% (v/v), the second layer
25 overlaid with a third layer comprising virus; and

(b) recovering the virus from the first layer.

By way of example, an adenovirus preparation can be concentrated by low speed
centrifugation at 3,200 g using swing bucket rotors of a Beckman centrifuge. To
accomplish this, the virus preparation can be placed into muitiple Sml tubes, each tube

30 containing 6.25% volume of 70% glycerol in a first layer at the tube bottom, overlaid
with 2.5% volume of 20% glycerol, with the virus preparation laid on top. The
preparation is then centrifuged at 3,200 g at 4°C for approximately 16 hours to pellet
the concentrated virus into the glycerol layers and then the newly-concentrated virus
preparation is subsequently recovered from the first layer. Virus concentrated by the

35  procedures described above had good light scattering characteristics and had suitable
mfectivity properties.

With regard to the polyhydroxy hydrocarbon used in the methods of the
present invention, a “polyhydroxy hydrocarbon” means a branched, linear, or cyclic
compound substituted with 2 or more (preferably 2 to 6, more preferably 2 to 4)

40  hydroxy groups, and an effective amount of polyhydroxy hydrocarbon is an amount
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(a) subjecting the virus preparation to anion-exchange
chromatography, wherein the virus is eluted as a virus preparation
30 product from an anion-exchange chromatographic medium;

(b) adding a polyhydroxy hydrocarbon to the virus preparation product
of step (2) so that the concentration of polyhydroxy hydrocarbon in
the preparation reaches a final concentration of about 25% or more;

35 and

(c) increasing the concentration of virus in the virus preparation
product of step (b) by applying pressure to the preparation such that
diluent is removed from the virus preparation through a filter while

40 the virus is retained; and
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nlore additional processing steps.

In the preferred embodiment set forth above n connection with anion exchange
chromatography, the minimum level of glycerol is 25% (rather than the 20% minimum
level in general applications of the concentration methods of the present invention)
because this particular application must take into account the additional threat to
stability posed by the high salt concentrations in the product eluted from the amon
exchange column. The addition of 25% glycerol (preferably 30%) results in stability of
the salt-containing DEAE pool for >10 days at, e.g., 4°C; therefore subsequent steps
of virus concentration and/or gel filtration can be performed on separate days with
substantial flexibility across a 10 day period. As will be appreciated, the employment
of polyhydroxy hydrocarbon in the higher concentration of 25% or more can also be
used in methods of the present invention when the virus preparation contains high salt
content due to other processing conditions.

V. EXAMPLES OF METHODS OF THE PRESENT INVENTION

The following examples illustrate preferred embodiments of the present

invention; the scope of the invention is not to be construed as limited thereby.

Brief Overview — A concentrated batch starts with frozen crude viral
materials originating from fermentation recovery. In one embodiment, the adenovirus
product is first purified by anion exchange chromatography. Then, prior to loading
the preparation onto a size exclusion column, the anion exchange pool can be
concentrated by tangential flow filtration (TFF) in the presence of 30% (v/v) glycerol.
Alternatively, in another embodiment, the TFF concentration step can be carried out in
the presence of 20% (v/v) or more (preferably 25%) glycerol after size exclusion
chromatography.

¢ Preparation of Starting Materials by
Anion-Exchange Chromatography Prior to TFF

In a preferred embodiment, an adenovirus anion exchange pool is prepared for
concentration as follows. Frozen viral material from fermentation and recovery steps
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solution is then applied to a Fractogel EMD DEAE-650M column pre-equilibrated with

50 mM sodium phosphate pH 7.5, 260 mM sodum chloride, 2 mM magnesium
chloride, 2% (w/v) sucrose (Buffer A). The adenovirus binds to the anion exchange

10  resin, whereas the majority of media and host cell impurities pass through the column
ending up in the spent charge. The column is initially washed with 4 volumes of
buffer A followed by a second isocratic wash of 8 bed volumes of 94% buffer A and

6% buffer B (50 mM sodium phosphate pH 7.5, 600 mM sodium chloride, 2 mM
magnesium chloride, 2% (w/v) sucrose) to remove additional impurities. The virus is

15  eluted from the column with a 30 bed volume linear gradient from 6% to 100%
buffer B. The Adenovirus peak of the elution profile as determined by Ajgg -
collected. Then glycerol is added to the DEAE pool at a final concentration of 30%

(v/v) for further processing.

20
¢ Concentration of DEAE Pool Using
Tange Flow ti

The DEAE pool (prepared in accordance with the above description) is
25  concentrated to 10- to 20-fold by using a Millipore TFF unit (Pellicon XL System)
with 1 million molecular weight cut-off Biomax membranes. The process is carried
out either at 2-10°C or room temperature (25°C). The following filtration parameters
are used in this procedure: average inlet pressure = 14 psi; average permeate pressure
= o psi; average flux rate = 13 liters/hour-square meter. The final concentration ¢
30 adenovirus achieves approximately 1.0-2.0 x 1013 particles per ml. Based on the
Resource Q-HPLC and UV absorbance (Aj¢0) analysis, the recovery of concentration
step 1s >80% with no significant aggregation (light scattering assay by A320/A260).

35 <« Buffer Exch e Size Exclusion Chromato h
Gel Filtration

The concentrated adenovirus preparation is applied to a Superdex-200 size

exclusion column pre-equilibrated with 20 mM sodium phosphate pH 8.0, 100 mM

40  sodium chloride, 2 mM magnesium chloride, 2% (w/v) sucrose, 10% glycerol (Buffer
C)or 11 mM sodium phosphate, 14 mM Tris, 2 mM magnesium chlonide, 2% (w/v)
sucrose, 10% glycerol, pH 7.8 (Buffer D). The column is eluted with equilibration
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hydrophilic Durapore membrane (Stericup, Millipore) at 2 to 10°C, and can be stored

at -80°C, or at higher temperatures (such as 2 to 10° C).

10
¢ Concentration of Superdex-200 Pool Using

T ential Flow Filtration

As discussed above, a preferred embodiment of the present mvention involves
15  concentrating the virus after anidn exchange chromatography, but before gel filtration.
However, in another embodiment, the disclosed methods of concentrating virus
preparations can also be used after the gel filtration step (even if no virus concentration
step was employed in between the anion exchange step and the gel filtration step). In
this case, the filtration parameters are the same as those for concentration of a DEAE
20 pool, except that the polyhydroxy hydrocarbon (e.g., glycerol) can be added to the
Superdex-200 pool at a final concentration as low as 20% (v/v) since it is no longer
necessary to deal with the high salt concentrations in the DEAE pool. In this regard, it
should be noted that in cases where the addition of polyhydroxy hydrocarbon is
postponed until after gel filtration, the DEAE pool should be applied immediately to the
25  gel filtration column (due to the vuilnerability of the DEAE pool — with its high salt
concentration). Thus, it can be seen that an additional advantage of adding
polyhydroxy hydrocarbon to the DEAE pool (in accordance with the present invention)
is increased flexibility in terms of the time interval and storage options during the
period of time between anion-exchange chromatography and subsequent processing.
30
The methods of concentrating virus preparations can be applied in connection
with a variety of purification methods. For additional information on purification
methods, reference can be made, e.g., to Huyghe et al., Human Gene Therapy, Vol.
6. pp. 1403-1416 (1995) and U.S. Patent Application Serial No. 08/989,227,
35  expressly incorporated herein by reference.

V1. STABILITY DATA FOR METHODS OF CONCENTRATING VIRUS
PREPARATIONS USING TANGENT OW FILTRATION
40

As shown by the experimental data below, the methods of the present
invention allow for greatly enhanced virus stability, despite the mechanical shear
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10 chromalography) and (3) stabihity of the salt-containing DEAE pool for >10 days at 2-
10°C (thus allowing for subsequent steps of virus concentration and/or gel filtration to
be performed on separate days with substantial flexibility across a 10 day penod.

15 A once tine Virus Subsequent to DEAE Chromatograph

In the following three examples, stable concentrations of adenovirus were
prepared by concentrating DEAE Pools in 30% glycerol (in accordance with the
methods of the present invention). The preparations were then subjected to further

20 purification by Superdex-200 gel filtration chromatography to obtain the final
formulation for testing.

Example D-1

Final Formulation: 20 mM NaPi, 100 mM NaCl. 2 mM MgCl,, 2% sucrose,
10% glycerol, pH 8 at 2-10°C.

25

Results: Particles/FACS =24
30 Light Scattering (A320/A260) = 0.22

Conc. = 1.6 x 10" particles/ml

le D-2
35
Final Formulation: 14 mM Tris base, 11 mM NaPi, 2 mM MgCl,, 2% sucrose,
10% glycerol, pH 7.8 at 2-10°C.

Results: Particles/FACS = 17
40 Light Scattering (A320/A260) = 0.25
Conc. = 1.5 x 1013 particles/ml

Example D-3

Final Formulation: 20 mM NaPi, 100 mM NaCl, 2 mM MgCl,, 2% sucrose,
10% glycerol, pH 8 at 2-10°C..

45

Results: Particles/FACS = 24
50 Light Scattering (A320/A260) = 0.25
Conc. = 1.3 x 1013 particles/ml.
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B. Concentrating Virus Subsequent to Gel Filtration

10
Example §-1

In the following example, the virus preparation was concentrated in 20%
glycerol subsequent to gel filtration.

Final Formulation: 16 mM NaPi, 80 mM NaCl, 1.6 mM MgCl,, 1.6% sucrose,
20% glycerol, pH 8 at 2-10°C.

15

Results: Particles/FACS = 72;
Light Scattering (A320/A260) = 0.26
20 Conc. = 1.66 x 1013 particles/ml

All publications, patents and patent applications cited herein are incorporated in
25 their entirety by reference to the same extent as if each individual publication, patent or
patent application was specifically and individually indicated to be incorporated by

reference.

Modifications and variations of this invention will be apparent to those skilled
30 inthe art. The specific embodiments described herein are offered by way of example
only, and the invention is not to be construed as limited thereby.
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3. The method of claim 1 wherein the filtration process comprises tangential flow
filtration.

4, A method of purifying a virus preparation comprising:

(a) subjecting the virus prepara’m'on to anion-exchange chromatography,
wherein the virus is eluted as a virus preparation product from an anion-
exchange chromatographic medium;

(b) adding a polyhydroxy hydrocarbon to the virus preparation product of
step (a) so that the concentration of polyhydroxy hydrocarbon in the
preparation reaches a level of about 25% or more; and

(¢) increasing the concentration of virus in the virus preparation product of
step (b) by applying pressure to the preparation such that diluent is
removed from the virus preparation through a filter while the virus is
retained; and

(d) subjecting the concentrated virus preparation product of step (c) to one or
more additional processing steps.
5. The method of ¢laim 1 wherein the virus is a recombinant virus.

6. The method of claim 1 wherein the virus is a recombinant virus carrying a
therapeutic transgene for use in gene therapy.

7. The method of claim 4 wherein an additional processing step comprises size
exclusion chromatography.
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(8) low speed centrifugation of a composition which comprises a first laye:
comprising a polyhydroxy hydrocarbon in a concentration of 35% to 80%
(v/v), the first layer overlaid with a second layer comprising a polyhydroxy
hydrocarbon in a concentration of 5% to 30% (v/v), the second layer overlaid
with a third layer comprising virus; and

(b) recovering the virus from the first layer.



