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gotioo. Formulations for AAV preparation and s1orage are 
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Plumnic® P68 may be added at O.tl01%, Ul prevent losses of 
virions to surfaces during bnndling. Viriot1 prcpara1ions can 
also be treated with nuclease.~ to eliminate small nucleic acid 
strands ou virious surfaces that exucerbale oggregmfou. 
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COMPOSlTIONS AND METHODS TO 
t>REVRNT AAV VECTOR AGGREGATION 

CROSS REfERENCE'l'O RELATED 
APPLICATIONS 

This application is a conliouation of U.S. npplit'31ion Ser. 
No. JJ/141,996, now U.S. Pat. No. 7,704,721, rrom which 
application priority is claimed pursuant to 35 U.S.C. §120; 
which application cloiJ.ns the benefit under 35 U.S.C'. §JI 9(eJ 
of provisional applications 60/575,997 nlcdJuo. l, 2004 ~d 
60/639,222 Jiled !Jee. 22, 2004. llJe foregoing applications 
are hereby incorpomted by reference in their eulireties. 

f'JELD OF THR INVENTION 

The present inventiM relates to compositions and methods 
of preparing and s1ori1lg AAV viriuns lhat prevent aggrega­
tiun. 

BACKGROUND 

Recombinant adeno-associated vims (rAAV) is a promis­
ing vcc1or for bumao g1.·oe transfer. Grimm, D .. and K.Jein­
sdunidt, J. A. (1999) Hum Ge11e The,: 10: 2445-2450: 1-ligh, 
K . .A. (200l)Ann. N. l'.Acad. Sr.I. 953: 64-67; Pfoifer,A.. and 
Venna, I. M. (2001) A.rm. Rev. G,mtlmics H11111. Gener. 2: 
177-211.AAV is a meo1beroflhe Depeodoviru,genus of tile 
parvovin1s.,,;. AAV ~erolype 2 (AAV2) is composed of a 
single-strand DNA molecule or 4680 nucleotides encoding 
replication (rep) and encapsidatiou (cap) genes flanked by 
invened terminal repeat (llR) sequences. Berns, K.1.(1996) 
in 1-'ields VirologJ• (8. N. Fields et, al. Eds.), pp, :2173-2197. 
Lippincou-Raveo Puhlishers, Philadelphia. The genome is 
packaged by three cnpsid protein~ (VP!, VP2 and Vl'3\. 
wllicb are an.tlno-termin.11 variants of the cap gene product. 
The resulting icosahedral virus pnr1iclc hm; a diumctcr of-26 
nm. A high resolution crystal s1n1ct1tre of AAV2 has heen 
reported. Xie, Q. et al. (2002) Proc. Noll. A cad. Sci. USA. 99: 
10405-10410. 

111c solubility of purified AAV2 vims paniclesis liruitcd, 
and aggregation of AAV2 particles 1.!,,s h<lM descnl,oo .is u 
problem. Croyle. M.A. e1 al. (2001) Geue 11,erapy 8: 1281-
12!/0: ijuang,.1. el al. (J.OOO)MQ/. 77wrapy): S286;Wright, J. 
F. ct ul. (2003) C11rr. Opin. DrtJg Disc. Deu 6: 174-I 78; Xie. 
Q. et ol. (2004) I. Virvl. Me/hods 122: 17-27. ln commonly 
us~d buffered-salioi: :;olutious. sign.ific<!Ol aggregation occurs 
at concentrations of I 0 13 pnrticles/mL, and :1ggregotion 
iilcreases at higher conc~ntrations. Huang and co-workers 
reported thut AAV vectors Ulldergo C-Ontentration-dependent 
aggr<.-gation. Huang, J. el al. (2000) Mo/. Thempy I: S286. 
Xie and coworkers (Xie, Q. e1 al. (2004) J. Virol. Merhod.< 
122: l7-27)similarly reported lhat at conceotratiousexceed­
ing 0.1 mg/wL .. I\AV2 vectors require elevated conceutm-
1ions of salt to prevent ng,&regation, Aggregation of AA.V2 
vectors occun; al particle concemtations exceeding l 0 13 par­
licleslml, in uoounouly used neutral-bu/lered solutions s11cb 
as phosph11le-and Tris-buffered saline. This corresponds lo a 
protein concentrdlion of --0.06 ml?/wL, aod emphasizes the 
low soluhifily of AAV2 under these conditions. The cffoctive 
veclor ooncenlration limit muy be even lower for vectors 
purilled using column cbromatograpby techniques because 
exaesg empty copsids are co-purified and contribute to par­
ticle coocentrtJtlon. 

Particle ~gg,regation is a signific-dnl und not fully resolved 
issue for ;,dcnovin1s vectors as well. Stability of a recently 
established adenovirus reference material (ARM) was 

2 
recently reported. Adadcvoh, K. e1 al. (2002) /Jiol'mre.rsing 
I (2): 62-69. Aggreg11tiou of lhe reference muterial, lormu­
laled in 20 mM Tris, 25 mM NaCl. and 2.5% glycerol al pl l 
8.0, was assessed by dynamic light sc{lt1eriug, photou currc-

5 latioa spec1roscopyaJ1d vi~ua) appearance. A variable level of 
vector aggregation following either frecze-rhaw cycling or 
11011-fmzen storage was observed, re6Ulting in restrictive pro· 
tocols tbr th.e use of U1c ARM. 

Aggregation can l~d 10 losses during purilic.11ion and 
1 o inconsistencies in testing, of puri lied vector pn:pardlions. The 

io vivo ad.trtinlstratlon of AAV2 vectors to certuin sites, such 
as the centrnl ne.rvous systeill, may require small volnmcsof 
hig,hly concentrated vector, a11d the ma)(imllill achicvnble 
dose may be limited by )ow vector solubility. 

1 S Vector asgr~ation is also likely to influence biodistribu• 
lion following iu vivo ~dmin.is1rn1iou, nnd cause adverse 
immune respl1nses lo Vl'Clors following their a<lmiuistmtion. 
As bas been reported for proteins (Braun, A. et .ii. (1997) 
Phar111. Res. 14: 1472-1478), aggrcgillion of vector may 

2,1 increase immu.nogcnicity by targeting the vector to untigen 
presenting cells. and induciogcnhanced immune rcspon~es to 
the capsid pro1ei11s «nd transgene product. 'Ille repons of 
immune responses 10 AAV vectors in pre-cli.n.ical (Chenuaud, 
P. cl al. (2004) 0/ood 1()3: 3303-3304; Flo1tc, T. R. (2004) 

,s /111111011 Gene Ther. 15: 716-717; Gao, G. et al. (2004) llluod 
103: 3300-3302) and clio.ical (High, K. A. el 111. (2004 )JJ/ood 
104: 12l a)stndies illustrate the need to address all fac1orstha1 
muy contribute to vec1or immunogenici1y. 

Testing protocols to charnctcrizc purified vector.1 w-.: also 
30 likely to he affi..'Ctcd by vector a!',grc,g;ition. Determination of 

lhe iofectlvil)I titer of vector was reported 10 be highly ~ensi­
tive to vecloraggregalfo1L Zhen, z. et al. (2004) /111111011 Gene 
TJ,er 15: 709-715. Ani.tnportantcoocem is that vectot aggre­
gates may have deleterious consequences following their in 

J5 vivo admiuistralion b~'c&usc their Lrausduction efficiency, 
biodistribulion and ,m,nunogenicit,• may differ from mono­
meric panioles. For cxmuplt!, inlrdvascul,1r delivery of AAV 
vectors to hepa1ocy1cs requires that the vectors pass tlU1.lugh 
the feuestrnted endothelial cell lining of hepatic sinusoid,. 

4Q These fenestrJtiollS h.avt! a ,Jclius ranging from 50 to 150 nm 
(Meijcr, K. D. P .. and Molemn, G. (1995) Sem. liver Di.,. I 5: 
206) thal is predicted 1oallow1he pa~s11geofmo1111meric:MV 
vectors (diruneu:r -26 nm), !mt prevent the pasSllgc of larger 
vector aggregates. In biodisuibmion srudles in ruice, aggre-

4S r,ate<l AAV2 vec1or.i labeled with tlte fluorescent molccult> 
Cy3 were seqoesteted lu livc, macrophages foll0"'lng vascu­
lar dcHvery. Huang, J. et al. (2000) Mol. Ther<1py I: S286. 

Forrnlllatioa ~evelopn.ieot for virus-based gene transfer 
vectors is a relatively receut area of investigation, and only a 

511 fow ~tudi~s !Jave been reponed describing systematic efforts 
to oplimi~AAV veclorfonnulatioo and stability. Croyle, M. 
A. cl al. (2001) Gene 77,eropy 8: 1281-1290; Wright, J. F. el 
ul. (2003) C11r1: Opht. Dr1,g Di.<r'. Dc:v. 6: 174-178; Xie, Q. et 
al. (2004) .I. Vim/. Methods 122: 17-27. Ucfining formuk,-

55 tiolls compatible with pre-clinical nnd cli1iical applications 
thot minimizcchanJl,e:i io vector preparolious is au im_portanl 
requirement lo achieve consist~ntly high vector safoty and 
functional cha.rncten'laics. As is well established for protein 
theiapeutlcs (Chen, B. ct nl. (1994) J. Phan,r, Sci. 83: l 657-

60 166 I; Shire, S. J. el al. (2004) J. Phar,11, Sci. 93: 1390-1402: 
Wang, W. ()999)1111. J. Phan11. 185: 129-188; Won, CM. et 
al. (199R) h11, J. /'harm. 167: 25-36), an imponanl aspect nf 
vector st~bility i$ solubility during prepardlion and storage, 
and vector aggregation is a probl<;m that ueeds lo be fully 

65 addressed. Yoo I or aggregation leads lo losses during vector 
puriikaiiou, and while aggregates can be removed by 6l1ra­
tion, the loss in yield results in higher C<JSts 11nd capacity 

GENZ_NOV _00000195 Sarepta Exhibit 1088, page 8
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Jim.itatious wheu producing vector for pre-clinical and dini­
cal ;1u<lics, Eveu after filtration 10 remove ngg,regates, new 
aggregates can form in concentrated preparations of AAV2 
vector in buffered-saline solutions. 

Toe need exists for improved fonuulotions and methods for 
purification and storage or AAV vectors, such as rM V2, that 
prevent aggregation of viru~ particles. 

SUMMARY OF Tl IE INVENTION 

4 
In yet another aspect, the invention relates to kits compris­

ing the high ionic s11'.!ngth formulations of the invention. lo 
one embodiment the kit comprises a pre-mixed solution of 
cxciplcnts. Jo another embodimem the kir comprise, two 0r 

more separate components ofa high ionic strength composi­
tion of the present invention to be mixt!d by a tiser. ln so.me 
embodiments the kit comprises sodium citr.ite, Tris® and 
Plnronic® F68. ln other embodiments, the kit Jurtl1er com­
prises instructiuns for making a composiliou or performing a 

w method of the present invention. 
'Jbese and olher needs in the an arc met by 1bc present 

invention, which provides high i,mic strength wlutions for 
use in preparing and sroringAAV vi.-clors tba1 muinluin high 
infec11vl1y tiler and transduolion efficiency, even after freeze- 1, 
Uiaw cycle.s. 

In one aspect the invention relales to mctbods of preventing 
aggreg;ition of virions in a preparation <,f viririns by oddlrtg 
ex:cipients to achieve an iouicstreoS)h high enough to prevent 
aggregation. Jn another asp<.-ct the invention relates to com- 20 
positions of virions having an ionic strength bigb enough to 
pn:!Vt'nl !ll!,Sf'CglltiOn. 

fa some embodiments of the invention, the ionic strength is 
at least about I 50 mM, 200 mM, 250 mM. 300 mM, 350 mM, 
400 mM, 450 mM. 500 mM, 600 mM, 700 mM or more, ln l5 

some embodiments this ionic strength is acoowplish!:d llsine, 
excipienrs comprising one or more mul1ivalcnt ions, lbr 
~ample cilmle. sulfate, magnesium or phosphate. 

Jo additional embodiments, the osmolari1y of the prcparn­
tioo of virions i~ maintained at near isotonic levels, for 30 
exan1ple'.200 mOsm, 250 mOsm, 280mOsm. 300 mOsm, 350 
mOsm or 400 mOsrn, even thougb the ionic streng1h is high 
enough 10 prevent viriou aggrcg11tion. 

DESCRJPTION OfTHc DRAWINGS 

PIGS. IA and 1B present data showing aggregation of 
AAV2-Fl.X particles as a timclion of osmolarity (FIG. IA) or 
i,1nic strength (flG. 18) for various buffer ,0111posi1ions. 
AAV2-P(){ vectors are prepared by Method 2 oJ' Example I. 
Ave,-agepartfcle radius is measured by dynamic light scam:r­
i11g (J)J ,S) following vectordliution in vmyingconceotrations 
of cx:cipicnts buffered with IO mM sodium phosphate ot pll 
7.5. Excipieots include sodiu.m chloride<•), sodium citrate 
(0 ), sodium phosphale (■), sodi11m sulfate(□), mago.:siuru 
1mlfate (A). and glycerol (6). 

FIG. 2 prest'nts data onAAV2-FIX aggregation as !t func­
tion of the method of purilkation. The average. particle rndius 
is measured by l>I.S following vectqr dilution in varying 
c011ccntrnuo11s of sodium ch.loridc buffered wilh JO mM 
sodium pbospba1e at pl 17.5. Vectors arc puritit:<l by Melltod 
I (double CsCI gra~ient) (0 ); Metllod 2 (cation exchange 
cbrom111ography) (D); Method 2 plus nuclease.digestion(■); 
m Method 3 (chromatography plus one CsCI gradient) (6). 
Purilicntiou Metl;ods 1-3 are described in Example I. 

FIG, ;l presents daui ou transgene e1<p~ssion f:rom D7/4 
cells trausduce<l with rA.AV2-MDC virioos prepared a11d In some embodiments the viriou.~ are adeno-associa1ed 

viru~ (AAV) virions. for example AAV-2. H stored in high ionic strength J'om10lation (□) or in a rnatrQI 
fonuula1ion (e). The concentrmion of...\ADC was measured 
by ELIS.<\ (in triplicate for eaclt cla1~ point) 72 hours post­
U'rulsd\lctiou. Hrmr bars represent standard cl~vialions. 

Tn other embodiments of the methods offue present LllVCll· 

tion preparations of virions are treated with a nuclease, for 
example Benzonase'!l. lo further cmbodimenls, nuclease 
treatment is comhined wi(h addjtion of cxcipicots (bat 
achieve an ionk strength high enoup,h to prevent aggregation, 40 

l,1 some embodiments of the present invention, tl1e surfac-
DETAILED DESCRJPTION 017 THI:'. INVllNTION 

AAV2 vector aggrcg.ition is frequently observed in con­
centr~ted prcpa.rations of vectors aud cao Mffccl purification 
rccovery.1111d u.1 vivo po11mcy aod safety. I kucc. an in1ponan1 

tant Pluro,tic® f:6k is added to a preparatioc of virions, for 
example to 0.001%. Ju one embodiment, the composition 
cnoiprises purified virus particles, JO nlM Tris pH 8.0, JOO 
,nM sodium citrate and 0.001 % Pluronic® P68. 

lo one embodiment, AAV vector, can be. stored us compo­
sitions of the present invention al coocenlralicms .:xnwinl!, 
lxl0" vg/mL, fore)(ample 2xl0 13

, 3>d0", 4xl0 13
, Sxl0 13 

4) objective for tbc development AAV2 vectors is lo identily 
m.:thod~ and fonnulation~ that prevent al!,!1,rt.>galion or vectors 
when concentrated sloe-Jes are prepared. 

.1nd up to 6.41<1 0" \lg/m[., wi1hn111 significant agsr..,gation. ln 
some embodiments, ,\AV vectors srored using the methods 5(\ 

and corupositioos of tho invention do no1 exhibit siimilicant 
aggrcg;,lion whon stored al 4" C. for five days. In other 
embodjments, AAV vectors that are stored as such composi­
tions do not exhibit signilicant aggregation alkrone, five, teu 

Unless othcrwisl' indicated. the tem1 "vector" us used 
herein refer~ to a recombinant AAV virion, or virus partic-lc, 
regardless of the .frequcul ui;c of "vector" lo also refer lo 
non-viral DNA molecules. such as plasmids, in other con-
texts. 

The present invent ion is based in part on the obse.-vatiou 
that solution ionic$trength is ao jmportaal para.nieler iu.AAV 

or more free1..e-thnw cycles a1 -20° C. or al -80° C. S5 vec-1or ~&Sl'--i1,a1ion. Jmplica1it1g the iavolvemeat of ionic 
iateraclioos between virus particles in !ht! ag&regatiou pro­
cess. The observation that elevated ionic strength increases 
AAV2 vector solubility re{!imliess oJ' the identity of the 

In some erubodimenl~, prepar<1tions of virions stored 
according 10 lbe Dlelhod~ nnd compositi,1ns of the invention 
exhibit an average particle milius (Rh), as mei,sured by 
dywroic li&)it scattering, i111Jic111ing I hat no siJ.1,11ificant aggre­
gation .of virioos has takell place. 1n some embodiments. 60 
preparations of virioos stored accnrdins lo the method~ and 
compositions of lhe invention exhibit no average pru1iclc 
radius (Rb) greater than about 15 nm, 20 llln, or 30 nm. 

In some cmbodimenrs, recovery of virioru; from pk-paro­
lions of virion~ stored according lo tbe methods aod compo- 65 

sitions of the invention is gre..ter than about 85%. 90% or 
95% following lihr.itiou 1hrouglt a 0.22 µm filter. 

chargoo e.~cipiool supports t!Jc hypothesis lhat ioni~ strength 
of solution per sc, rather than in1erautim1s involving a specific 
ionie species, is the relevant physicn~hemical parameter . .A 
threshold ionic strength of at lcnsl 200 mM is required to 
11rcvenl aggregation a1 vec10r particle C<lncenlralions exam­
ined herein. 

Of practical concern, commonly used buffered saline solu­
tions have insufficient ionic strengrh lo prevent AAV2 vector 
aggrega1iollatconcentrntions exceeding JO'! particies/mL. It 
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is known tbat high salt concentr.itions in~rcase AAY2 vector 
solubility (e.g. highly coui.:umrated AAV2 vectors recovered 
from grddie01s generally remain soluble in concc111r.11cd 
CsCl). HO\\CVCr, optimal formulations for pre-clinical and 
clinical studies should be close to isotonic (280-400 mOsm), 5 

especially for in vivo adlJllliistration of vector to sites where 
dilution ofhypcrtooic solutions may be slow. In embodiments 
nfthe present invuntion the exponential relationship of ionk 
strength with charge vll !ency is used to develop isotonic for­
mulations wit!J !Jigh ionic strengths. St1lt species with mul- 10 
liple charge v11lencics (e.g. snits of sulfate. c.itmte, and phos­
phate) thot are commonly used as exl'ipil'nts in human 
parenteral formulations can provide the level ofiouic strength 
needed to prc,vent AA\12 vector usgreg1nioo wbe.11 used ot 
isotouic ,;:onccntr~tioos. While i,oton.ic (I 50 mM) socliwn JS 

chloride has an ionic strength of 150 mM, a value iusufficiem 
to 11111intaiu AAV2 solubility at high vector CQncentratioos, 
isulonil· sodium citrate, witb an ionic s1Teng1b of -500 mM 
c1111 support Al..V2 vector concentrntions of al lea~I 6.4>d O" 
vg/mL wi1hou1 ,1ggrt.--gation. 

Without intending lo bi: limited by theory, the low solubil-
ity of AA\/2 particles may he caused by their highly sym­
metrical uarure io conjunction with the stabiliiing effect of 
cowplc:men1ary charged rt-gioo.~ betweco ucighbl'luriug par­
ticles iu aggregares. The surface cwu11,c density based on the 25 
crystal structure of A.AV2 (Xie, Q. et al. (2002) Proc. Nall. 
A cad. Sr.i. U.S.A. 99: !0405-10410) n,veals a pattern of pl1si­
tive and Ult,:itive charges on the viru~ surface. Previous 
reports hew shown that MV2 vector aggregation i~ pH 
dependent, and hypothesized 11ml amino acids with cJw_rged 10 
side groups are involved in inter-particle binding. Qu, G. ~•1 ul. 
(2003) Mo/. 11,crapy 7: S238. These reports hypothesi1.ed 
tluil if charged amino acid side chnins ure involved in vector 
asgrcgatJoa, high conceo1rntion, of free amino ocids could 
block vector particle interactions. l lowever, we have fowid ,~ 
thut amino acids with charged side chains arc nol effective in 
fll'C'Venting AAV2 vector agg,n,galion beyond their contribu­
tion to ionic strength. 

Vector aggreg.ilioa at low ionic stre11gtl1 was also found to 
bt: reduced bt!I not prevented by efficient nuclease treatment 4(J 

of purified vector particl«.>S, Digeshou at an earlierstageofthe 
purification proc~s (clarified HEK ccll lysatc) did not reduce 
!lggrCgllliou following vtlt:lor purifica1ioo. It is likely that 
dige~tion of already purified virions is moru ellicieut because 
of a higher e111.ymc to nucleic acid substrate rJtio. One 45" 

mecllanism to explain these results is t.lrnt residual nucleic 
odd impurities (e.g. bost cell and pla~1nid DNA) buund to the 
vector surface can bridge to binding sites on neighbouring 
virus pa.rtlcles 110d thus cause aggreg,aticm. Purifiod AAV2 
vectors (empty capsid free) br1ve been reported lo cC>Dtain so 
approximately 1% non-vector DNA. Smith .. P. e1 al. (2003) 
Mo/. 77,eraµy 7: 5~48, While >50% of this uoo-vector DNA 
was reponed to bo uuclease resistant and was packaged 
within capsid parlicles, some impurity DNA wa~ 1111cleasc 
rc~istant and appeared lo be :1ssoci11tcxl with the surface of $5 

purified vectol' particle~. The observation that efficient 
1iuclease lrcutmeut can nxlucc vector aggregation suggests 

6 
using AAV2 vectors, the composition and methods of the 
pn:sent invention may nlso he useful with nther ./\.AV sero­
types/variants, or other viral vectors such as adeooviruses, 
lentiViruses and re1rov!ruses. 
AAV Aggregation as a Function of Excipieut Conc.,ntration 

lai1ial screening experiments ar~ performed to elucidate 
the mechanism of MV vec1or aggregmion and lo identify 
cl.asses of excipiems 1bu1 call redncclpreveot aggregation. 
Vector aggregation coo be caused by dllution (5-fold) of 
vector in nculral-buffered saline with low concentrntion 
buflh (20 mM sodium phosphate, p!-l 7.2). ExclpierttS rue 
screened usinll, this "dilution-stress" 111etb.od to jdell.tify 
excipients 1ha1 are able to prevent vector aggregation when 
included in the dilut!!11. Por scn...,niug, aggregation js mea­
rnred hy dyoumic light scattering (DLS). Classes of excipi­
ents examined included selected inorganic sails. amino acids. 
unchnrg.etl carbohydrates. and surfoo.tants. Results are pre­
sented in Table I. 

TABLE I 

SCRF.ENINO FOR E:XCJPIENTS TiiAT PREVENT 
AAV2 VECTOR AGGREGATIO!\ USIJ\G 

DtLU'l10N•S"rR.f.SS METUOO 

M•gnesoum sull'>I< 
Sodium c:itrule 

Sodium ehlot,de 
SO<li\Jlllpho..'l)h~• 

~~lium s:uJfn.te 
AiglID11e 

Asj.>ortic aoid 
Olutmmc: ~cid 

Glycine 
Horudlne 
Lysin~ 

Glycerol 
lud,1<&1101 
MonullDI 
Sorbi1ol 
.Suero~ 

TrdlJIIOst 
Ptumnlc .Jl f6S 
Poly,ori>•t• 80 

NIJ\: No u1h,ibltioooraggrq,,1boo 

Osm lt'qui1'td lo preveut 
~•lion tnl!lX ICSle<lJ 

ISC• m0m,-
220tn0s:tu 
)WrnOsm 
n11m0<,n 
121/mOmt 

NIA (2lllf noOJml 
JXomO.-m 
H<) r11(lsm 

NIA (2W mOsmJ 
NIA (JU/I ,nOsrn) 

300 mnso1 
NIA W'o ..,.,., ~'1J rnO;m) 
:-lJA (S%-\\-Iv. 32 mf>..:':u1) 
~lA {.5'11> w/v, '7'i 1110.m) 
'II.~ ('% w•v, 27S rnO<m) 
:-'IA (5% wN. 14~ mO<m) 
NIA (5% w/v, 146 mOsm) 
NIA110%wlv, 11m0sm\ 

NIA (1%"1/V/ 

As illustrated iu Tahlc I, chargL-d e?l'.Cipienls (ino1Runic 
snits and amino acids) prevenl aggregation when present at 
sufncieul ctmcei1trotions. llowever, salt uoncenlrdlioas 
r<.--quircd h'I prevent vector ag.grcgmion vary, rnnp,iag from 180 
mOsm for magnesium sulfate. to 320 mOsm for sodium chlo­
ride. The 81lllDO acids arginine, asport.ic acid, glutamic acid, 
glycioe, histidine. aod lysi.11c do not prevent aggregation a1 
200 1t10s.m, but lysine, aSp811ic acid, and gllltamic acid pre­
vent aggregation at 300-320 mOsro. Arginine, glycine and 
histidine were not tested al concentrations o\hcr than 200 
m06m. Selected carbohydrates have no dfoct on vector par­
ticle aggregation when present at couccntr.•tions up to 5% 
w/v. For example. 5% w/v glycerol (543 mOsm) does no1 
prevent aggregation. The surfoctants Poly~orbate80 (1 % w/v) 
and Pluronic® F68 (10% w/v) similarly have 110 eff~l ou 

that nucleic nc1ds associated with tbe vector surfirce at an 
1l\/eragc level not greater than -25 m1cll.l0tides per vector 
particle can conuibule to AAV vector aggregation. 60 aggregation u~ing the "dilution-mess" method. 

1n summary. the use of high ionicstreogth solutions during 
AAV2 vec1or purification aod final fom1ulalion, and efficient 
removal of residual vector surface DNA are two effective 
strategies to achieve highly concentrated solutions of AAV2 
vectors ti>ruse in pre-clinical and clinical smdil'S. I Jigh ionic 65 

strength solmions aud nuclease tremment can he used in 
combination or separately. Although data were ohtoined 

AAV Aggreg;1tion as a F'uuction of Osmolarity and Ionic 
Strenl,{lh 

FIGS lA and 18 show the resulL~ of a more detailed 
an11lysis of vector aggregation as n function of1he concemra-
1ion of various salts. FIG. JA shows vector :1gg~1foo 11, a 
fimulit111 orthe osmolnrity of selec1ed cxcipieuts. For charged 
spedes u concentralion-depeodeutinhlbhion l)( AAV2 vector 
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aggreg,uion is ob_served. Salts with multivalent ions achieve a 
sirnilardcgn.•t,ufinhibltion of aggregation at lower concen­
tration5 than mouova.lentsodium chloride. for example. mag.-
11t:Sium s11lfale prewnts aggregation at >200 111Osm whereas 
sodium chloride requires ;,,350 mOsm 10 achieve a similar 5 

effect. Sodium citrate., sodium ~ulfate, aud sodium pho6phate 
are intermediate in U1eir potency to prevent vector aggrega­
tion. 

AJ0mugh theresulls in PIG. IA and Table l show no effect 
nfglyccml and certain sugars at ooucentrations up 10 5% ou 10 

A.IW2 vector aggregation induced by low ionic strength, the 
darn cannot nile 0111 improvement of AA V2 solubility at glyc­
erol concentrations above 5%. For e11ru.uple, ){je i,nd co­
workers reported that 25% (wlv) glycerol enabled cuocenlr-d­
tion of AAV2 10 very high conceJJtrntions (4.4 to l8)<1014 15 
particles/ml) in low ionic strength solntions. Xie. Q. er al. 
(2004) ./. Virol. Methods .122: 17-27. 

FIG. J B shows the daia of PIG. l A plotted os a fuoction of 
!he calculated !Ollie strength, rail1er th.in osmol.irity, for each 
t'Xcipient. FIG. 1B derooostrotes that vector nggrcgarioo is 20 
provcollxl when ionic strength is-200 mM or greater reg11rd-

8 
ag__ll,l'egation. Table 2. in contrast, shnws theelfects ofeleviued 
ionic strength and nucleasi. trealmeot on AA V2 vector aggre­
l?,ation at a largerscale, using method;; to induce and quantify 
vec.'tor aggregation that arc relevant to prepara1ivesca.Je vector 
purification. Experimental details arc provided in Example 2. 
Pwil]cd AA V vec1or:s are diafiltered into solutioos of varinus 
ionic strcnglhs, the voluwe is reduced 10 11chicve high vector 
couccJJITatioru;, end oggr"l,ation is then assessed by measur­
ing Vt!Ctor recovery afler fihration through a o.n µm filter. 
Aliquots from~ single pool of AAV2-MDC- vcc(or purified 
by Method I through the second CsCI grJdient ceotrifogation 
step ll.8x10" vg in 91 mL, l.Sx!Ou vg/mL, in -3M CsCI) 
arc used as starting material in tl1e diafiltration experiments. 
Tru1g,cntial flow filtmtiolJ using hollow fibers is used for dia­
tlltnJlion because It is scalnble and yet it s1ill enables prepn­
ration of volumes (mJn. I .4 mL), and thus AAV conceutra-
li~111s, ~I which aggreg11tion would be !eXpccted in ueu1ral 
buffert-d saline. 

fn Expcruncn1 I, three hollow fiber uruts a.re used to dia­
filter A/W2-AADC vector iJJ fonnula1ions CF, TF I, or TF2. 
ood the volume is reduced to a larget of2.5xl0 1

l vg/mL, See 
Example 2. The i:amples arc then filtered through a 0.22 11m 
filter. Resulls are shown io Tttble 2. Vector recovery ("Yield 
%"} for both eJevatrd ionic strength fonmtlations TF I 

le~s or which salt is used, 'lllesedarasuggested thar the iowc 
~lreugtb (il) of a solution, a parameter that depends on both 
solute concentrJlion and char&e valency, is the primary foctor 
affecting asgregation. 

Ionic strcJJgths useful to preve111 3ggreg~lion i11 embodi• 
ments of the present invention uiclude, for example, 250 mM, 
300mM,350mM, 400mM. 450mM,500mM,600mM, 7()(J 
mM or hig)ler ionic StreJJgtbs. Multivalent inns are preferred 

2S (95:,c7.4%) and TF2 (93:,:7.4%) are sil!,uificaJJtly higher than 
{he n.>cuvery using the control fonnulmion CF (77:1::6.6%). 

10 achieve these iouic mengihs in methods .ind formulations 3t' 
of the present invention, sucl! as divalen1. trivalent, tetraV!l­
lent, pentavale;u ions Qnd ions ofewn b.igbervalency. TbepH 
bulfor in solutions and formulatioos of the present Invention 
may be phosphme, Tris, or I !EPES (nr 01herGood's hulfers), 
but uny other suitable pH buffer may be used. lo preferred ,; 
embodiment,. the m11ltivalcnt ions and b11ffor are selected to 
be compatible with the target tissue for Ille vector b~iog 
prcpar~-d. 

Use of multivalent ions in Ute methods and compositions of 
Ille iuventionmakes it possihle 10 create compositions of high •o 
ionic strength bur relmiwly low osmolarity. High ionic 
strengtl1 compc,sition.• of tlic present invention may be nearly 
isotouic, and may be, fur example, about 200 rnOsm. 250 
mOsm. 280 mOsw, 300 mOsm, 350 tuOsm or 400 mOsm. 
although other osruolarities moy be acceptable for some uses 4! 
of tlu: ccmipositions. 
AAV Aggregalion as a Fuoction of the Method of AAV Puri­
ficaticm 

Reeombioanl AAV2 purified using different methods (e.ll_. 
density gn,dicnt purification versus ioa-cxchaugc chroma- So 
tography) would be expected 10 have differem impurity pm· 
6Jes. PIG. 2 shows vector assregation as a function of ionic 
strength for sevcml preparations of MV differing in the 
purification method. Purification metl!uds are described it1 
Exan1ple I. Sodi w:n chloride is used 10 vmy the ionic ~lrength. s; 
AAV2-FTX vectors purified by doubt~ ce,;ium chloride grJ• 
dient ultracen1rifuga1ioo (Method 1 ), by cmion exchnogc.col­
llillll chmmatograpby (Method 2), or by combined column 
and cesi\1m chJo,:ide gradieJJt ultracentrifo~nion (Method 3) 
each demo1u.trJte similar aggregation responses as io,l.ic 60 
streugth is decreased, Jn contnlst, AAV2-PIX pmitied by tlle 
column meth0d and then subjected 10 a nuclease digestion 
step (Method 2tn\1clcase) shows reduced aggregation at low 
icmic strength. 

TABLE2 

,\AV VECl'OR lltCOVERY AT PROCESS SCAU 

TArget Actual Yield"-
Expenm~m f'onnul111 ion Jlflll.'Vt) (1•gltnl./ (vglmL) (RSD) 

Cf 160 2,~El3 l.93lilJ 77 {6.6) 
I Tfl 1(0 !,5El3 2.38E!J 9; (7.4) 
I n,; 5IO !.51:13 2.3JEIJ 9317.4) 
2 C'F t«I 6.7EIJ ~.9SEIJ 59(6.0) 
2 TF2 SIO 6.7Ell 6.42EU 96(4.4) 
3 C'F(-Bzi 160 3.6El3 2.46E13 ~(11) 
) CF t•B21 100 J.61:13 ).!91:13 91 (Ill 

In Experiment 2, AAV2-AADC is l-onceotrated to a higher 
target value (6.7xl0 1 vg/mL) io CP or TP2. Vector recovery 
using TF2 (96:i:4.4%) is again ~iguific11ntly bigber than recov­
ery using CF (59:i:6.0%). Within tl!c vnriability of the assays 
used, vcdor was recovered fully ot both target conceutrations 
using TF2, indkating that oggregotion wus prcvcn1cd. In con-
trnsl, significant asgregatiou was ob~e.rvc<l at both tmgel con­
centrations using CF, and the extent of aggregation (i.e. loss 
following 0.22 µrn filtration) was higher at the higher truget 
vector concentration. In an additional cxpcrinumt (not 
~hown), 50 11L, saJuplcs of MV2 vecmr are mkl'n following 
concen1rntion hi•I prior 10 the 0.22 µm filtnuion ste11 of 
Experiment 2, und examined by light microscopy. Vector 
concentrated in CF co111ains obvious amounts of visiblemate• 
rial (not shown), while oo such material is st'en in vector 
concentrated in Tf2. 

Experiment 3 examines the effect of prior nuclease dis,es-
uon of purified vector on agg,egation. In the absence of 
nuclease digestion recovery of AAY2-AADC in CF is 
68:t I J %. similar 10 1he recoveries i.n Experimt;111S l aod 2. In 
contra~t, purified vector treated with nucle~se ~nd lben cna-
cenrraled in CF gives higher recovery (91:t 12%). These prep 
scale results reflect tl1c same effect of nuclease diges1ion 
shown in FIG. l using the "dilulion-stress" (analyrical scale) 

/\AV Aggreg-Jtion .11 Preparative Sc,,Je 65 me1hod. 
TI1e duw in Table l and FIGS. 1A. IB nnd 2 involve vector 

aggregation at an tmaly1ical scale, e.mployingDLS to uJeasure 
Theresu!ls presented in Table 2 demonstrate that the meth­

ods aJJd compositions of tbc present invention incre-<1s~ the 
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recovery of AAV vector recovery. For example, in variou~ 
ewbodiments of the present invention, rt:e0very is improved 
from less than abnul 80% lo at least about 85%, 90%. 95% or 
more. 
AAV Stability and Activity Following Ston,ge or l'rt"ei..e­

·nrnw Cycling 
Croyle and coworkers repo,icd a significant loss of tiler of 

/I.AV and adenovi rus following multiple freeze,thaw cycling 
in sodiun\ phosphate buffer, nnd ciemonstrated tbnt the beuer 
pH hufferingprnvided by potas~ium phosphate during free.re­
lhaw cycling prcveuted liter loss. Croyle, M.A. et nJ, (2001) 
Gene 17um1py 8: 1281-1290. Results of our lreeze-lhaw sta­
bility study using sodium phosphalc support lh.,,,;e fmdings. 
We find that while 150 mM sodium phosphate provides suf­
ficient ionic strength to prevent aggregation during prepara­
tion and uon-(m1.eo storage of concentrated AAV2-A/\DC 
vector, even n single freeze-1haw cycle at -20 or -80° C. 
results in agycga1inu. 

AAV stability after stordge or freeze-thaw (Fn) cycling is 
assessw in buJfers of the present invention as follows. The 
cun~~ulrnled vectors prepared in CF, TPJ, and TF2 (foblc 2. 
Experiment I) are subjected 10 a sbon.srnbjlity study to inves­
iig,ate whether agg;cgntio11 will occur during refrig.,rated 
storage, or following mu!tiplt! frce1.e-thaw (F(T) cycles. 
Aggregal inn is ;isscssed hy DLS us inti undiluted samples. and 
Rlt values >20 nm are deemed to indicate the occurrence of 
~omc level of aggregation. 

10 
(2004) Human Gene 17,er. LS: 709-715. AAV2-AADC is 
prepared in TF2 at a concentration of6.4xl0 13 vglmL. After 
being stored for 45 1k1ys at 4° C. the preparatio11 has a vector 
genome to infectious urrit rat in ('vg/TU) of 13, coo1parnJ ti> s 
value of J 6 vg/llJ fort be reference vector. TI1is difference is 
not significant given the reported variabiliiy of this as5ay 
(RSD-50%). 

TrausJuction ellkieucy is assessed by measuring 1hc 
expressiou of MDC protein by ELISA followiog transduc-

10 lion of D7/4 cells. FlG, 3 shows no significant difference 
between v~'Clor prepared in TF2 and tbe relerence coutrol for 
vector input ranging from IO lo Hf vg/cc!J. Together, these 
data indicate tl1at preparation and storage of AA V2 vectors in 
high ionic strength TF2 docs not have a deleterious effoo1 on 

15 vector intectivity or trJJlsdul'lion c111ciency. 

CONCLUSJON 

The effect of ionic strengtb (µ) oo ,1irus particle mtetac-
111 lions is detennioed lo clucidat~ tl1e mt!ehanism of vector 

aggregation. The ionic strongtb of lleutral-butlcrcd isotonic 
saliue (lt~J 50 mM) is insuflicieot to prevent aggregation of 
AAV2 vectors purified by grodicnt ultracculrifogatioJJ or by 
catioo exchange chronlBlography at conceutrnt1ons cxceed-

25 ing~J 013 particleslmL. lnclusionofsugars (sorbitol. sucrose, 
manni10I. trehalosc, glycerol) at concemrations up to 5% 
(wlv) or of surfoctams Tween8000 (I%) or Pluronic® F68 
(JO%) Joes not prevem agg.regatiuo of vector par1icles. 

TABLE 
3 

lo contrast, vector particles remain soluble when elevated 
_____________________ JA ionic strength solulioas (1t>200 11iM) are us~'<! during purifi­

~1'ABILITY OF AAV2 VECTOR.,'-

PIUtlclc nuUus. • R.h {nrr,J 

F11m111~ 4"f" ->o•, 

li1Um1 Prt 5~ t FrT HIT JO FIT t FfT 

C"F 14..5 no i:1.4 56,I 94.5 2v.6 
!'Fl )3.8 16,J rn TTt UI Ill 
TT2 IJ,8 14.4 14.Z 14,0 14.1 13.8 

-80°C 

Htr 

51.5 
TU 
21.3 

IOflT 

141 
m 
S0,9 

cation and for final vector fonnulntiu11. Elevated ionic 
slnln!;lh sol11tions using i~otonic excipieu\ ~0111;c11tration& for 
iu vivo administration are prepared with salts of muhivale111 
ions. including sodium citrate, sodium phosplwtc, and mng-

35 ncsium s11l fole. An isotonic fonnulation con1ai1ri11s IO mM 
Tris, 100 mM sodium citra1e. 0.OOJ % Pluronic® FM!, pl 18.0 
(Jt-500 mM) enables conceotrntioo of AAV2-AADC vectors 
10 6,4x I ou vglmL witl1 110 aggregation observed during 
preparatioo and following ten freeze-thaw cycles al -21)" C. 

--------------------- "~ See Table 3, below, and acco1J1panying discussion. AAV2-
~ IJLSTI\dhtimt1S\lrtd1mrMd111cJyronc,.rv11:,~0.lw.i1tihnuoo, AAD,.. ed d e(l fi dcd ' d' 
'"'""..,.'""'"""qvr,lmL); cr. 19JEll, TFI, uaE1.>. ,n l.J,Ell ... vtlclors prepar ao stor or ao exten peno m 
TH ~P,tl'tl U11(mity "- too.bir.h 111 mc.uurc bN;a11'COfexkn'""'~11yng,,tmn. cJovated ionic Sll'cnglh foanufotiou retain high inlOCtivily 

i\~ showo in Table 3, AAV2-AAJX' vector prepared in CF 
~hows some aggregation after 5 days of storag& ar 4° C .. as 
wdl as following one or more rrr cycles at -20ur-80° C. Por 
v~ctor prepared in 'IT I. no aggr,-galion occurs afler 5 days at 

4° r., but aggrega1iou ocours following a single JTrl cycle at 
-20 or -80° C. a~ indicated hy a DLS signal iutcnsity that is 
too high to measure. Visual insp<.'Ctinn of lht:Se wmples 
reveals slight cloudiness, which is consistent with assrugu­
tioo. For vector prepared in Tf-2, no aggregatioo is observed 
at 4° Cry or lbllo,viog up to JO F/f cycles at -20Q C. S111uc 
aggregation is observed following 5 and 10 rrr cycles at-80° 
C. 

Ai...V activity ;,fterstomgeorF/T eye line-in Tr-2 is assessed 
as follows. As described above. lbe higb ionic strength. iso­
tonic formola1ion TF2 effectively prevents vector aggrega­
tion during concentration and storage, and therefore repre­
sents a promising candidnte for further study. An important 
question is whether preparatioo and storage ol' the vector in 
high ionic strength TF2 would adversely affect its Jimctional 
ac1ivity. To assess this, assays are performed lo measure the 
infectious titer and the transduction efficiency or vectors pre­
pared and stored for au eJctcndcd period of time in l'F2. 

for iofectivity, a highly sensitive infectjvil}' assay capable 
of dctt:eting single infectious events is used, Zhen, Z. cl al. 

titer (D I U/vg) and trausductiou ~mcieocy. 
Nuclease 1rea1meur of purified .'\AV2 vectors reduces the 

4S degree of vector awegation, implicating vecmr ~urface 
nucleic acid imp11rities in inter-ponicle interactions, Hence, 
purification methods to eificieotly remove vector surface 
residual n11cleic nci<k coupled with the use of elevated io11ic 
streogth isoronic formulations. arc useful methods to preveot 

10 AA V2 vector uggreg!ll ion. 

Example I 

AAV Purificatiou M~tlmds 

AAV2 vector.; expressing human coagulalion factor IX 
(I-IX) or !lllman amino acid det.11rboxylase (AADC') arc pm• 
duted hy triple transfectioo of HEK293 cells as previously 
dei.crib~d (Matsu,hitu, T. et al. (1998) Gene 17,eropy 5: 938-

60 945), wilh modifications. For the large S<:ulc prepunlli0lls, 
cells arc cultured and transfocted tn 850 mm2 roller boulcs 
(Corning). Yt>Cton; are purified by one of lhree methods. 

In purification Method I. modified from Matsushita, tr:ms• 
focted ll.EK293 cells io roller bottles are collected by ceo-

6S trifugation (1000 g, 15 min), n,su~11ended in 10 mM sodium 
phosphate, 500 mM sodium cbloridt:, pH 7.2. and Jysed by 
1brcc freeze/thaw cycles (ahernatiog an ethanol/dry ice bath 
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aud a 37° C. water bath). lbe cell lysale is clarifie<l 1,y c;,n­
lrifugatioo (8J)()() g. 15 min). Toe supenunant is lhcn diluted 
to 200 mM NaCl by ~dditionof 10 mMsodium ph1lspha1c, pl I 
7 ,2, and digested with Benzunasc® (Merck, Purity Gr:idc I ; 
200 UlmL, l h. 37~C.). The lysa1eisadjnsted to 25 mM 0ic;12 
using a IM s1ocksolu1ion,M.diocuba1edat4°C. foronehour. 

111c mixnirc is centrifuged (8.000 g, 15 wio), and tl1e 
supemuta111 containing veclor is collected. 'fo precipilatc 
virus from the clarified cell lysute. polyethyle.n.- glycol 
(PEG8000) is 11dde<l to a final conc1mtrntio11 of8%, lhe mix­
lure incubaled al 4" C. for three hours. and then centrifuged 
(8,000 g, 15 min). The pellets containing vt:tJtur are re-s11.>­
peQded witb n1i~ing ill 0.1 SM NaCl, 50 mM Hcpes, 25 mM 
EDTA, pH 8.0 and incubated at 4° C'. for 16 hours. ·n,e 
resuspended malerial is poole(I, and solid .:esium chforide is 
mlded 10 a final deo~ity of 1.40 gm/ml. Vector is tbc11 banded 
by ul!rdctmtri/11gutiou (SW2~, 27,000 rpm, 24 h, 20" r.) 
11si11ga Deckman model LE-SO centrifuge. Thecentrifugl!tion 
111bes ure fractionated, and densities from 1.38 to 1.42 gmlmL 
comaining vector are pooled. This material is banded a Sl'C­

ond time by ultracco1rifugation (NVT65 rotor, 6.5,000 rpm, 
16 b. 20• C.), and fractions containing purified AAV2 vectors 
are pooled. To concentrate vector nod lo pcrfonn buffer 
exchange, vectors io concentrated cesium cWoridc solution 
are subjected lo ultrafiltrationld.iafiltralioo (UF/DF) by Ian• 
gential flow fihratioo .is described below (Exallipl~ 2). 

lo purification Method 2. cell harvests cualBiuingMV arc 
micrutluidiz.ed and tillered sequentially t!Jrough 0.65 and 
0 22 JUU filters (Sart0ri11s), Virus is purified Jrom !he clarified 

12 
sodium phosphate, 5% sorbitol, pll 7 .. ,); Test formulatim1 I 
(TFI: 150 mM sodiuru pbospha1e. pH7.5); a.nd Test Foru111-
la1ioo 2 (Tl'2: JOO mM sodium ci1rale, IO mM Tris, pHS.0). 
For Experimeol I shown in Table 2, diafiltration is performed 
01 o volume corresponding 10 o vector conce111ration of 
lxl0 13 vg/mL. a.nd following diHfiltratioo the volume is 
reduced to a va!ut: corresponding.to 2.5x !0 13 vg/ml (assum­
ing no vec1or loss). 

For 11,<perime.nt 2, diafillmtiun is performed al a volume 
10 .:om:sponding tn a 2x!0 13 vglmL, und 1hc volume is tl1en 

reduced to a value correspooding to 6.7x I on vg/mL. 
For Experiment 3 (CFtl3z), AAV2-AADC (upproximately 

l.2xl0 14 vg) is first diafiltered into TFl (a formulation com• 

11 patible with nuclease activily) and then passed through a U.22 
Jilli filter. The tiler of th.is material is de1ennined, aad the 
volume is adjusted tO correspond to a cooceatration of! x I 0 11 

vg/ml.. To IO mL of this material, Mgq:i is added lo a co11-

ccn1ra1lon of2 ruM, nnd tlu:n divided ioto two equal aliquots-. 
20 Ooe aliq1101 is iocubatc<l with IJcuzoouse (200 UlmL, 4 h. 

lff), and lhe second is mock-incubated. E.ich aliquot is rhen 
diufiltcrcd at o volume corresponding to a vector coocemra­
tio11 2xl 0 13 v!!/mL, and !hen conceulrnted to a 3.6x !Oia 
vglmL target. Following all UFIDP protocols-, Pluronic~ 

25 F-68 (BASF C'ol'J)., Momu Olive. NJ.) from a 1% stock is 
added 10 the vector product 10 a final concentration of 
0.001 %, and the solution is passed tlirougl1 a 0.22 µm syringe 
flllcr (Sartorius). All IJF/DF procedures are perfonned io a 
laminar flow cabinet. 

ccll lysmes by cation t!l'Change chromatography using Poros Ju 
I IS50rcsin as previously described. U.S. Pat. No. 6.593,123. famnple 3 
For the nuclease digestion described in PIG. 2, cohunn-puri­
lled vectors are incubated (4 h, RT) with 100 UlmL Benw, 
oasc and IO U/wl DNAsc l (RNAse free, Roche Diagnostics. 
J11dia11apolis, lud.), 

Forpurilicalioo Method l.AAV2 vectors purified by cation 
cxcbangc chromatography are subjected tu ao addi1io113J 
cesium chloride gradicn! uhraccntrifugatloo step (SW28. 
27,000 rpm. 20 h) to remove empty cap&ids prior to llF'/DF. 

35 

Mcasut't!111<11t ol'Vec1or Aggreg11tion by Dynamic 
Light Scattering 

Real Ii.roe quao1ita1ivc PC'R (Q-PCR) is used !O quao1ify 40 
/\/\V preparations as previously described. Sommer, J.M. et 

Porilied vectors are aoalyied for aggregation by dynaJJlic 
lighl scallcring (DLS) using a Prolein Solutions Dynal'ru 99 
(:I, -R25.4 um). Primary da1>1 (particle radius- Rh, average 
value mcusured over 30 cycles, JO cydes/min)are used for oll 
analyses reported. A "dilu1ion-s1ress" method is used In 

assess theelTccl of varying excipieotson vector aggregation. nl. (2003) Mo!. 1n11rap,v?: I 22-128. Vecto1,; purifil-'d by each 
of the three methods ore analyie<l by SDS-PAGE/silverstain-
in3 aualysi~, and in nil cases VPJ. VP2 and VP3 are present in 
the expected ratios, with tbe capsid prowins rcprese111ing •> 
>95% of rota I proteins as dctennin~d by scunnmg den,ito01-
c1ty !Jowevcr, unlike gradicnt-puriliw AAV2 v~tors puri-

lu !his mclhod, 801iL oftest diluent is added 10 20 µLof vector 
s0l111ion wirh mixing in lhe acrual cuvene used for DLS 
measuremtnl a.nd data collection is initiated within 10 Sl'C­

oods ofmixing. l'nor1oadditioo oftest di!uents,the Rh value 
for AAV2 wc1or prcparolioJJS is measured and confirmed 10 
be <15 run to e1L~w-e Ihm the start log.material is 1Donotncric. 
Samples that arc nt'lt I 00% monomeric rue passed through a 

fied using Methnds 1 and 3, vt-ctors purified by Method 2 
(column chromatography) contain empiy c11psids. rdngjng 
from 3-10 eropty capsids pc.r vector genome. 

Example 2 

Uhn1filtrarioo and Diafiltratlon to Dc1cc1 A.AV 
Aggregation 

l)isposable hollow fiber taogentlol How filtrntioo devices 
lAmcrsbarn BioSciences 8" Midgee. l 00 kDa nominal 1,ore 
size) nre used to c<111centrote and d.iafilter AA\/2 vector,; puri­
fied by tl.Je methods described nbove, a.nd for lhe LJFIOF 
experi!neots described in Ta bit: 2. For all LJF/DP p!Occdures 
a \/Oluroe of diafiltration buffer corresponding to !Ox the 
product volwne is used, and it is added in-I mL incremcms 
to approxfo,ate continuous diafiltro1ion. Using this method. 
the calculated re$idunl CsCI after diafiltration is <0.5 mM. 

The followiug 1hrce fonnulations were us<Xl for UFIDF: 
Control Fom1uJa1ion (CF: 140 mM sodium chlorille, JO mM 

51, 0.221uu syringe disc m1er (Sartorius, Jow protein binding.) to 
remove aggregales. 

The osmolw-iiy and iortic s1rcng11J values given in FIGS. 1 
and 2 arecalculaled using all excipit>nl~ prest~ll in !he mil'ture 
(i.e. weighted: test diluent (80''/4) and sinning vo:1or formu-

ss latiou (20%)). Osmolarity is calculated accnrdiag to the cqua­
tiou: Osmolarity=Ic 1• where c, is the molar concentration nf 
cncb solute spec1c,s. ·111c ionic strcog1b (µ) is calculoted 
according lo the cq1m1inn: µ-1/uc,r/. where 1.., is the charge 
on e,1ch species. fn cnndi1ious 1h01 rt:sulled in vector aggre-

60 g;ition (e.g. lowµ.) a progressive increase in Rh is observed 
over the course of data collection. To validate the use oft he 
average Rh mllasured nver lhe l .mioule interval lollowin~ 
dilutiou as a reliable measure of aggrega1io11. the average ra1e 
ofiocreaseofRJ1 (6.Rhl6t)overtbesamelime interval is also 

65 determined (not shown). Analysis of Aflh/61 gives resuhs 
co.ncon:laut with those obtained using the average Rh value 
reponed in FrOS. l and 2. 
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Example 4 

AAV Viriun rnfec11vity 

14 
metrically (Ar.105 run). I lurrutn AAOC expression as a furu:­
lton of vector input is fined using a spline curve (Sigma Plot). 
n1e A.A.\ '2-AAIX reference vector is measured concum:ntly 
with tbe 1es1 sample. 

. lnfec1ivity of AAV2-AADC' voc1urs is detennined using a 
highly sensitive assay as previously described, Zhen. z. et al. 
(2004) Human l',em: 11,er. 15: 709-715. Orielly, .aruples are 
scnally dilmeJ (I 0-fold dilnnons, JO replica1es/dilmion) and 

adcled to.07/4 cclls(modified I lel..i cellsexpressingAAV rep 
aml cap) grown in 96 well tissue cul111re plotes (Folcoo, cat. 

1/353227) in OMEM medium conllliniog 10"/4 FBS. Adenovi­
rus (Ad-5. I 00 vp/cell) is added 10 each well to provide bcl~r 
fu11c1iuns. After 48 h. replication of MV vector iu e.ich well 

1 While preferred illustrative cmbodi1JJcn1s of 01e present 
iuventiou are described, ii will be appan,nl 10 one skil1ed in 

lhc art that ,anous changes and modifications mu)' be m&de 
therein without depar1ing from the mvenltou. and it is 
intended in the.appended claims to cover all such changes and 

11, modificmioas that fall within lbe true spirit ,Ind scope uf the 
inwntion. 

is quantified hy Q-PCR using trnnsgene-specific primers and 
pmh.-s, and the frl'quency ofinfectim1 al limitinf!. dilution is 1 ~ 

~1wly~..ed by the Karbc~ method 10 cukulutc the iilfccdvily 
Iller l11c test sample 1s run concurrently with an AAV2-
AADC reference previously prcp;ired in C'F uod sh)red ut 
-80"C. 

The lransduction efficiency of AAV2 vectors 1s quantified 1(1 

by :1 whole cell f1LJSA. D7/4 cells grown in 9li well plates are 
iufocted with 10-fold serial dilutions of the test sample and 
refor~uce ve<:1or. corresponding to IO to IO' vg/cell input (5 
replicates/dilution). Aficr 48 b, the culture medi\lm is 
removed, uud l·ells ore washed 1wire with 200 µL PBS (10 1\ 

mM sodium pho,phute, 140 mM sodium chloride. pH 7.2). 
Cells are then perm!lllbilizcd and fixed hy addition of J 00 ,11. 

All publications, patents and patccu applicatiotJS n,ferred 10 

bcrciu are hereby incorporated by reference in their cnt i reties. 
Wcclairu: 
I A composition for the storage of purified, recombinant 

adcoo-nssociated vlros (MV) vec1or paniclcs, comprising: 

purified. recombii.taut. \AV vector particles at II co11cen1ra-
1ion exceeding lxl0 13 vwml up to 6.4xl0 11 vg/mJ; 

a pH buffer. wherein the pl I ol the composition is between 
7,5 and 8,0; and 

cxcipicnts comprising one cor more multivalent ions 

selected from lbe group o.:onsisting of citrate, sulliuc. 
magncsiuru, and phosphate; wherein the iuujc strength 

of the compos11ioo is l!J'L'llter than 200 mM. ond wherem 
the purified AAV vector particles are stort!d ul the com­
posiriou without significant aggregation. 

of POS contaiultl!!, 0.5% Triton X-1 ()() 1111d 4% p,1rafom10lde­
hydc 10 each well (15 min). The fixing soluti1111 i~ n.moved, 

and Ute cells are washed twice with PBS cuntamini 0.5% 
Tnton X-100, Nc>tMpccific sites are blocked by ,,ddint PBS 
containing 3% bovine scrum albumin (TlSA) and 0.5% Triton 

X·100(60min). 

2, 'll1e composition of claJm I, further comprising ethylene 
oxide/propylene oxide block copolymer Pluronic<R' F68. 

:I. fhe composition of claim '2. wherein the Pluronic® F68 
;n is p,e,:eot at a conc..,ouaiioo of0.001% (w/v) 

4. ~ecomposition ofdaim J, wherein the pH buffer i~ JO 
mM Tns, pM 8.0 and thc<..'l<cipicnts comprise JOO mM sodium 
chratc. 

Alier" ashing, ccUs are incubated for one hour with rabbit 
anti-AAOC lgCT antihody (Chemkon, AB 136), and wushed. 
Cells are then incuball'd for one hour wilh aU.ulinc pbos­

phmasc-c.>njuga1ed go:it anli·rJbbit lgG, and washed. Anti• 
bodil'S arc diluted l: I 000 in PBS containins I 01/, l)S,\. 0.5% 
Tri100 X-100. Substr.uc (PNPP. Pierce. cal. 1134047) is theo 
Hddcd (I mglmL in I .. dieth3nol3lninc substrate butler. 
Pierce. cat 1134064 ). nnd oflcr mcuhation for ~Cl m111 tbe 

concen1ro1ino ofcle()ved sub~tratc is mcasun."<I spec11opho10-

5. The cnmposition of claim 1, wherein the purified, 
" recombinam A/\\' vector pJI1icles lia,e an average panide 

radius (Rh)ol 1'-">s than about 20 nw as mcasttl\.>d hydvnamie 
light scanering. • 

6. Tl.Jc compositiou of claim l, wherein recovery IJJ' the 
purified. m:ombioaot virus poniclcs is at le11s1 about 90% 

40 following filtration of the rompo,ilion of said /\/\\/ vectc>r 
par11cles through a 0.22 Jllll filler 

• • • 
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               P R O C E E D I N G S
          THE VIDEOGRAPHER:  Here begins Media
Number 1 in the videotaped deposition of Dr. John
Fraser Wright in the matter of Genzyme Corporation,
et al., versus Novartis Gene Therapies, Inc.,
et al., in the United States District Court, for the
District of Delaware, Case Number 21-1736 (RGA).
          Today's date is June 16, 2023.  The time
on the video monitor is 9:30 a.m. Pacific Standard
time.
          The videographer today is Joe Ramirez,
representing Planet Depos.
          This video deposition is taking place at
Dechert LLP, Palo Alto.
          Would counsel please voice-identify
themselves and state whom they represent.
          MR. WEINGARTEN:  David Weingarten from
Finnegan, Henderson, Farabow, Garrett & Dunner,
representing Defendant Novartis entities, and joined
with me today is Christopher Weber, also of
Finnegan.
          MS. ANTONS:  Amanda Antons of Dechert LLP,
representing Plaintiffs and the witness.
          THE VIDEOGRAPHER:  The court reporter
today is Crystal Hereford, representing
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over the rules probably in a little bit more detail.
    A.    Thank you.
    Q.    But I think the key issue here is, is that
I'm going to ask you some questions.  You're going
to answer those questions under oath.
          We have a court reporter here that's going
to take down what you say.
    A.    Uh-huh.
    Q.    If you don't understand the question that
I ask, then just ask for clarity.  You know, I can
repeat the question or I can rephrase the question.
    A.    Uh-huh.
    Q.    If you answer the question, I'm going to
assume you understood it.
    A.    Uh-huh.
    Q.    When I ask you a question, your counsel
might object.
    A.    Uh-huh.
    Q.    If she objects, unless she instructs you
specifically not to answer it, you still have to
answer it.  We'll deal with the objections later.
    A.    Uh-huh.
    Q.    With regard to the questions that are
being asked, there are going to be a number of
questions being asked, and there might be a point in
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Planet Depos.
          The witness will now be sworn.
                JOHN FRASER WRIGHT,
a witness herein, having been first duly sworn by
the certified reporter to speak the truth and
nothing but the truth, was examined and testified as
follows:
                    EXAMINATION
BY MR. WEINGARTEN:
    Q.    Good morning.
    A.    Good morning.
    Q.    Could you please state your full name for
the record?
    A.    John Fraser Wright.
    Q.    And where do you currently reside,
Dr. Wright?
    A.    

    Q.    And, Dr. Wright, you understand that
you're being deposed here today?
    A.    Yes.
    Q.    And we're going to go over some ground
rules.  Have you been deposed before?
    A.    No.
    Q.    So the first time deposed, so we'll go
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time that, you know, I lose track of time, and you
might need to take a break --
    A.    Yeah.
    Q.    -- for whatever reason.  Or counsel might
ask for a break as well.  And we'll certainly
accommodate you.
          But if we're in the middle of a question
or if we're in the middle of a series of questions
related to a document, we might ask you to just wait
a few minutes, but we will be mindful of the break,
and we'll certainly give it to you.
    A.    Could I ask for a clarification?
          So a series of questions.  So that would
be within a few minutes.  Is that correct?
    Q.    Well, presumably it would be.  But,
you know, I guess the short answer is, is that if
you ask for a break, I'll do my best to give it to
you right away.
    A.    Okay.  Thank you.
    Q.    No problem.
          And, you know, when I ask you questions,
the court reporter is trying to jot down or put down
what you've said and also what I've said.
    A.    Uh-huh.
    Q.    I tend to speak quickly, so she might have
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to tell me a number of times to slow down.  And she
might do the same for you.  I don't know.
          But ultimately, when you answer the
question, she's unable to really put down the "ums"
and "yeah" and shaking of heads.  So try the best
you can to provide verbal answers, you know, such as
"yes," "no," whatever the answer is to the question
rather than motions and so forth.
    A.    Sure.  Understood.  Uh-huh.
    Q.    Is there any reason that you're unable to
provide, you know, honest and truthful testimony
here today?
    A.    No.  There's no reason.  I'm not sure if
it'll come to this, but I would just like to state
that I'm -- you know, I'm 65.  And, you know, I wear
bifocal glasses, and, you know, these days I quite
often ask "Can you repeat the question?" when I'm
speaking with my family.  So just understand that I
have probably what's typical somewhat reduced
hearing and vision at this stage.
    Q.    I appreciate that.  I can understand that
and have similar issues myself.  So I will do my
best to be mindful.
    A.    Thank you.
    Q.    But if you need time to review something,
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Do you see that?
    A.    I do.  Yes.
    Q.    Okay.  And do you see right underneath
that, it refers to the defendant's notice of
deposition of John Fraser Wright?  Do you see that?
    A.    I do.  Yes.
    Q.    And take a second to look at the
document -- it's only a few pages -- and tell me if
you've seen this document before.
    A.    Yes.  I have seen the document, and I've
looked at the three pages.  This is a document that
I am familiar with.  Yes.  Uh-huh.
    Q.    All right.  And so you understand that
you're here to provide your testimony in your
personal capacity and to answer the questions the
best you can remember?
    A.    Uh-huh.  Yes.  Uh-huh.  Yep.
    Q.    What did you do prepare for your
deposition today, Dr. Wright?
          MS. ANTONS:  I'll just caution the witness
to not disclose conversations with counsel.  You can
answer questions generally.
          THE WITNESS:  Okay.  So specifics of
conversations.
          MS. ANTONS:  Yes.  Our conversations are
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you know, take your time.  We're not under a rush
here.  We have the day.  We certainly will do what
it takes to make sure that you have the ability to,
you know, review whatever is in front of you.
    A.    Thank you.  I appreciate it.  Uh-huh.
    Q.    Now, you said this is the first time
you're being deposed.  How did you learn that you
were going to be deposed?
    A.    I learned from a reach-out from Dechert, I
believe, or the preceding legal firm.  Another point
is I'm not great with name recollection, especially
in the area that I'm not familiar with.  And I think
the deposition information came about a month or six
weeks ago, something like that.
          MR. WEINGARTEN:  So I'm going to ask the
court reporter to mark this as -- I guess we'll go
with Wright Exhibit 1.
          (Exhibit Number 1 marked.)
    A.    Great.
    Q.    And, Dr. Wright, what's been handed to you
has been now marked as Wright Exhibit 1.
    A.    Uh-huh.
    Q.    And it has at the top the -- what we'll
refer to as the case caption, Genzyme Corporation
and Aventis v. the Novartis Gene Therapy entities.
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privileged, so you cannot share -- disclose what we
spoke about.
          THE WITNESS:  I understand.  Yeah.
    A.    So I have met with Dechert counsel in
preparation yesterday, for example, for much of the
day.  That's the primary preparation.
          I have also reviewed, myself, relevant
documents.  I have relevant publications, at least a
couple, you know, in the peer-reviewed literature.
          And I've had a copy of the patent, of
course.
          And most recently, I've been able to view
some additional documents, including lab notebooks
from that time and also a provisional patent version
that was prepared in 2004.
    Q.    So let's just -- the first thing you said
was that you met with Dechert yesterday.  Could
you -- without going into specifics, do you
recall -- I know you said you're not good with
names, but do you recall who you met with?
    A.    Amanda.
    Q.    Was there anybody else present during that
time?
    A.    Yes.
    Q.    And who was present?
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    A.    Uh-huh.
    Q.    Now, let's return to the Wright
Exhibit 11.
    A.    Yes.
    Q.    In addition to the '721 patent that I'll
refer to --
    A.    Yeah.
    Q.    -- underneath "Related U.S. application
Data," it also refers to provisional applications.
Do you see it says "Provisional Application Number,"
and it's number 60/575,997 --
    A.    Uh-huh.
    Q.    -- filed on June 1, 2004?
    A.    Uh-huh.
    Q.    And then there's another one listed,
Provisional Number 60/639,222 filed on December 22,
2004.
    A.    Uh-huh.
    Q.    Now, you indicated that you reviewed a
provisional application in preparation for your
deposition.  Do you recall if you reviewed both of
these provisional applications?
    A.    Well, it seemed -- my first reaction is
it's the same provisional.  I don't know.  I mean,
again, it's complex to me how these documents
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many people do, so -- uh-huh.
    Q.    We'll come back to that, and maybe we'll
figure out which one it is in a few minutes.
    A.    Uh-huh.  Yeah.
    Q.    That's no problem.
    A.    Uh-huh.
          MS. ANTONS:  Counsel, does it make sense
to break for lunch?
          MR. WEINGARTEN:  Give me five minutes.
          MS. ANTONS:  Yep.
          MR. WEINGARTEN:  And then I think it'll be
a good time.
          MS. ANTONS:  Okay.
          MR. WEINGARTEN:  Thank you, though.  I
don't miss many meals, so I don't think...
          Will you please mark that as Wright
Exhibit 13.
          (Exhibit Number 13 marked.)
    A.    Uh-huh.
    Q.    Doctor, you should have in front of you
Wright Exhibit 13, bearing Bates Number
GENZ_NOV_00003911, and the second page is 3915.  So
what I'd represent to you is that this is an excerpt
of a bigger document, but the page I'm referring to
is a single page of the document --
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evolved.  We did some scientific studies.  We wrote
up our results.  And, you know, the legal department
brought in a lawyer and wrote up a patent, and we
reviewed it.  So I don't know -- I prepared one
provisional, as far as I remember.
    Q.    Yeah.  My question was a little different.
    A.    Okay.
    Q.    In preparation for your deposition --
    A.    Oh, I see.
    Q.    -- you indicated that you reviewed a
provisional application.
    A.    Yes.
    Q.    And I'm -- what I'd like to know is, did
you review one provisional application or two
provisional applications?
    A.    One.  And it wasn't in any type of format
of, you know, looked like a provisional.  It was
just -- it was a document.  Yeah.
    Q.    And you indicated that you recall you
prepared an application.
    A.    Uh-huh.
    Q.    Was it the one you prepared?
    A.    I believe so.  I believe so.  I can tell
in the recollection and the way I do my dates.  I
have a particular way of doing dates which not very
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    A.    Yeah, the cover page and a single page of
the larger --
    Q.    And then this --
    A.    Yeah -- or cover --
    Q.    And the --
    A.    Yeah.  Yes.
    Q.    And the declaration, which is a
declaration that relates to the patent application.
We're going to talk about that.
    A.    Uh-huh.  Uh-huh.
    Q.    So, Doctor, if you look at the
declaration, this is on page Bates number ending in
3915.
    A.    Yes.
    Q.    This is a declaration, and the title -- it
describes the title of the invention as
"Compositions and Methods to Prevent AAV Vector
Aggregation."  That's the title of the patent that
we've been talking about, right?
    A.    Yes.  Uh-huh.
    Q.    '542.
    A.    Uh-huh.
    Q.    And then it says -- below, it says "This
declaration is directed to," and it has an
application number, "Application Number 11/141,996,
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have a deleterious effect without testing.  Is that
right?
          MS. ANTONS:  Objection; form.
    A.    Well, I could make a good prediction, but
I think in this type of work, you have to validate
your predictions.  So there would be an expectation
with any change.  Even going to low ionic strengths,
you'd have to verify that you have efficacy and
safety of your investigational product.  And when
you go to low ionic strength, of course, you get
aggregation, and that is not a good thing, based on
our experience, you know, through this series of
studies.
          MR. WEINGARTEN:  Where are we on the time
for the last --
          THE VIDEOGRAPHER:  For this session?
          MR. WEINGARTEN:  Yes.
          THE VIDEOGRAPHER:  45 minutes.
          MR. WEINGARTEN:  Okay.  Good.
          (Exhibit Number 17 marked.)
          MR. WEINGARTEN:  I'm going to ask the
court reporter to mark as Wright Exhibit 17 --
          THE WITNESS:  Thanks.
          MR. WEINGARTEN:  -- the document bearing
Bates Number NVS-ZOL-00138971 --
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this.  This is one of the two provisional
applications that we talked about earlier, and this
is -- let me just pull up the -- this is the
provisional application that is cited on the face of
the patent.
    A.    Right.
    Q.    Let's just go back to Wright Exhibit 11.
          And this is the application that was
filed -- provisional application that was filed in
December of 2004.
    A.    The one you gave me says "Date, 01 June
2004."  June 1, 2004.  Is that correct?
    Q.    Yes.  I'm sorry.  You're right.
    A.    Yeah.
    Q.    This is the 60/575,997, filed June 1,
2004.
    A.    Right.  Uh-huh.
    Q.    That's right.
    A.    Uh-huh.
    Q.    So that is the second or the most recent
of the two provisionals by date.
    A.    Uh-huh.
    Q.    And so take a look at this for a second,
and tell me if you recognize this.
    A.    Not the first two pages, but yes.  This is

290
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

    A.    Uh-huh.  Yes.
          MR. WEINGARTEN:  -- through 8988.
    A.    I've got 8989, which is just a -- yeah.
Yeah.  My last page is 8989.
    Q.    8989.  I stand corrected.  Thank you.
    A.    Yeah.
    Q.    And, Dr. Wright, this is a provisional
application, including the cover sheet.
    A.    Uh-huh.
    Q.    Do you see that on the top of the page,
the first page, "Provisional Application for Patent
Cover Sheet"?
    A.    I do.  Yes.
    Q.    And this is a cover sheet that -- if you
look at the title of the invention, three lines
down, four lines down, it's "Characterization of
AAV2 Vector Aggregation."
    A.    Sir, I'm chuckling because I see the
evolution of the title.
          But yes.  I see that.  I'm sorry.  Pardon
me.  Uh-huh.
    Q.    And then right above that, you're listed
as the inventor of this.
    A.    Yeah.  Okay.  Uh-huh.
    Q.    And this is -- we're going to talk about
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a document that I actually reviewed and was very
helpful, and I recognize this as my writing style.
    Q.    This is a document that you reviewed with
counsel yesterday?
    A.    Yes.  Yeah.  Uh-huh.
    Q.    And so this -- and so I want to introduce
one other provisional.
    A.    Uh-huh.
    Q.    Which is Exhibit -- we're going to call it
Wright Exhibit 18.  So we'll have both of them at
hand.
          (Exhibit Number 18 marked.)
    Q.    And so this is a document bearing Bates
Number GENZ_NOV_00149038 to 072.  Do you see that?
    A.    Correct.  I do.  Uh-huh.  Uh-huh.
    Q.    And so these are the two provisional
applications that are cited on the face of the
patent.  One, as you pointed out, Exhibit 17, is
June 1, 2004.
    A.    Yes.
    Q.    And the other is December 22, 2004.
    A.    So we're later in that same year.  Yes.
    Q.    So let's start on Wright Exhibit 18, if we
can.  So you can put 17 aside for now.
    A.    17 aside.  Okay.
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    Q.    And so this application was the
application -- turn to the first -- well, the third
page, which is Bates Number 040.
    A.    Yes.
    Q.    And this is the first page of --
substantively the first page of the application.  Do
you see that?
    A.    Yes.  Uh-huh.
    Q.    And do you recall seeing this application?
    A.    Yes, I think so.  I haven't seen it
recently, but I think at the time this looks
familiar.  Again, there's back and forth over a
period of time where I had a lot of things going on.
And this looks like this is my writing, and this
looks like a lawyer has put this together.
    Q.    Now, just turning -- so before we get into
the substance of this, turning back to the front
page.
    A.    Yes.
    Q.    At the bottom of the front page, there is
the name -- signature and name of
Gregory R. Bellomy.  Do you see that?
    A.    Yes.
    Q.    Have you interacted with Mr. Bellomy?
    A.    Possibly.  Not closely -- not closely, but
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you worked with --
    A.    At Avigen.
    Q.    -- at Avigen for the first provisional
application?
    A.    Well, it's just a senior legal person at
Avigen that I knew well, and she was there most of
the time that I was there.  Greg might have come in
the last 6 or 12 months.  I really don't know.  I
can't remember -- I'm sorry.  I can't remember.
Uh-huh.
          I'm sorry.  I went quickly there.  Did I
answer your question?
    Q.    No, you did.  I'm just...
    A.    Uh-huh.  I don't recall.
    Q.    So I want to turn to page 14 of the
application, which is Bates Number 053.  Do you see
that?
    A.    Yes.
    Q.    And the first full paragraph on that page
in the context of "AAV Aggregation at Preparative
Scale" says "The data in Table 1 and Figures 1A, 1B,
and 2 involve vector aggregation at an analytical
scale, comma, employing a method to measure
aggregation, DLS, that is difficult to quantify
reliably."  Do you see that?
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he's not -- I think he must have been somebody that
came in -- if he was at Avigen, it must have been
somebody that came in later in my tenure.  Uh-huh.
    Q.    And so it's possible that you interacted
with him, but maybe -- maybe not.
    A.    Maybe not.  Yeah.  Yeah.
    Q.    Were you involved in the preparation of
this particular provisional application?  And what I
mean by that -- by preparation, I mean as to the
drafting of the application, you know, the
disclosure.
    A.    Well, I'd go back to Exhibit 17.  I
wrote -- I think I substantially wrote Exhibit 17,
submitted it in June.
          And I would imagine -- and I haven't read
through this -- I have read through this, I'm
certain, but not for a long time, so I'd have to
read through and just see.  But I would expect that
this was presented to me and I was asked for my
review -- for review of it and comments, and we
probably had some discussions at the time too.  And
it could have been with Gregory.  I just -- I don't
know Gregory well.  For example, I know, like,
Christine Thompson well.  I know her.  Yeah.
    Q.    And Christine Thompson was the person who
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    A.    Yes.
    Q.    Okay.  We can put that to the side.
    A.    Uh-huh.
    Q.    Let's return a moment now to Wright
Exhibit 11, which is the patent.
    A.    Yes.
    Q.    The '542 patent.
          And so what I'd like to do is just get a
little bit of a better understanding of what
everybody's contributions were, scientific
contributions, if you will, who did what, so to
speak.
    A.    Sure.
    Q.    So what were your contributions to the
experiment and disclosure of the '542 patent?
          MS. ANTONS:  Objection; form.
    A.    So as the director of development and at
that latter stage the clinical manufacturer
manufacturing at Avigen, I was in the position to
certainly recognize the problem acutely.  Acutely.
When it's in your department and there's a failure
of a manufacturing run because of aggregation, it
elevates it substantially, appropriately.  It does
in any case, but nevertheless, it's immediate.
          And I was able to, I think, form and
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assemble a team that could do the series of
experiments progressive, from screening experiments
to, you know, the stability studies that we did as a
function of storage and freeze-thaw, defined storage
and freeze-thaw, to the prep- -- what I call
"preparative scale" that was highly relevant to the
actual manufacturing process, tying in three
evolving man- -- production -- or purification
processes.
    Q.    So in addition --
    A.    That's part of -- okay.  So if I could
just say.  So really hands-on.  I was actually quite
hands-on on the dilution experiments.  I was
quite -- I was -- I got into them.
          And Tannie, who -- you've seen Tannie
Le -- I recall was probably not a Ph.D.  She might
have been, but I think she would have been a
technician or a junior scientist.
          I think she was probably recognized as an
organized person.  And me being a little bit not
necessarily organized -- I don't think it's one of
my strengths, frankly -- is to -- she -- I think she
was able to be my right-hand person as we set up
these experiments and implemented them.  For
example, Tannie can prepare these things for

299
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

to measure things.  So when you have a bunch of
samples and you have to get the titer and et cetera,
et cetera, we needed expert help.  And, you know,
Peter Smith, for example, is the person in Jurg's
group, I believe, who did all our qPCR titers.
          And I'll let you call out other author --
or other persons as you wish.  Yeah.
    Q.    Okay.  And so with regard to the
experiments that are -- I think you said that you
were pretty hands-on with the dilution experiments.
    A.    Quite hands-on.
    Q.    Those are the experiments in Figures 1A,
1B --
    A.    Yeah.
    Q.    -- and Figure 2?
    A.    Yep.  Uh-huh.  Yes.
    Q.    What about the vector recovery experiments
that are reported in Column 8?  Who was responsible
or contributed to those experiments?
    A.    Okay.  8.  So -- okay.  Column 8.  This is
at scale, right?  At process scale?
          We would have had more people there, so
this is not a one-person or a two-person.  I suspect
this is more like a two- or three-person.
          And I may have been in there.  This is not
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experiment tomorrow.  I would design an experiment,
perhaps discuss it with Guang or Jurg and others and
things like that, so -- okay.  I'll stop.
    Q.    Yeah.  Did Tannie design any experiments
as well?
    A.    No.  No.  I'd say no.
    Q.    What about Jurg?
    A.    I would say no.  I would say that we would
pressure test experiments with Jurg, but I would say
no, generally.  I mean, I greatly respect Jurg, and
I don't think that there was any problem about
inventorship on this at the time.  But Jurg was a
senior scientific person in my general group that I
spoke to a lot.
    Q.    Yeah.  I didn't mention inventorship.  I'm
just asking contributions.
    A.    Contributions.  Okay.  Okay.
          Yeah.  No, he contributed.  You know, he
contributed.
    Q.    And my question, did he contribute to the
design of some of these experiments?
    A.    Right.  The design...
          So I would say, to a degree, in
discussion, yes.  But most importantly, Jurg was the
head of the analytical group.  So we had to be able
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in a GMP environment.  This is in a process
development environment.  So it wouldn't be
surprising that I would be there.  I had been
through so many of these runs and seen this
fogginess occur as you come down to the level
that -- you know, it was kind of the eureka moment
if it didn't happen, you know, when you got to the
end of the diafiltration.
          But I think other people that might have
been there might have been Joseph.  Joseph Prado was
probably in as a right-hand man, I think, to help
out there.
          Jennifer Bahr-Davidson may have been in
there.  I can't remember.
          I think Hoc wasn't there at the time, or
he wouldn't have been in.  I do notice that Hoc was
an author on that abstract.
          So I can't quite -- those folks are all
kind of in that GMP side of the operations.
    Q.    So it's possible they contributed to some
of the work that's ascribed in here.
    A.    Yeah.  And provision -- for example, the
provision of the starting material that got divvied
up into thirds to run these three different lead
test formulations, that was prepared in the
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manufacturing group, I believe.  It's a large-scale
operation.  It's rather precious material.  It was a
big effort to make that much material.  Uh-huh.
    Q.    Now, what about the experiments that are
described about the stability studies with dynamic
light scattering?  Who was the -- involved with
those experiments that are described in Table 3?
    A.    That's a good question.
          I was pretty involved with this overall,
so I suspect -- because I like to be in the lab, and
this was a bit of a pet project, if I could say.  We
needed solutions here -- I was probably present.  I
don't think I'm the person that would have been
putting them in and taking them out, but I was
probably present at least for part of the time.
          But to take those things out at, say,
10 o'clock -- the same time on sequential --
subsequent days and that type of thing, it could
have been Tannie.  It could have been Tannie.  Yeah.
I can't recall.
          MR. WEINGARTEN:  I think we've been going
for about an hour, so maybe it's a good time to take
a break.
          THE WITNESS:  Sure.
          THE VIDEOGRAPHER:  Going off the record.
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would present the whole story.  Uh-huh.
    Q.    And on the front of this document, this
provisional application, it has a name Mary
Christina Thompson.  Do you see that?
    A.    Yes.
    Q.    And do you know who she is?
    A.    Yes.  I know Christina Thompson.  Uh-huh.
    Q.    And can you describe what her role was at
Avigen?
    A.    Well, she was hired in -- I think she may
have been the second in the hierarchy in the legal
department of Avigen when Ken Chahine was the head
of the legal department -- whatever the title was.
I'm not sure what the title was.  But when Ken
became, I think, the CEO of the company after
reorganization that occurred, I think Christina was
probably the head of the legal department.  I don't
know if that's the chief legal officer or whatever
the title might be.  But yeah.  That was my
understanding.  She was a senior legal person at
Avigen.
    Q.    And when you came up with possible new
patent applications, would she be somebody that you
would work with?
    A.    I think so.  Yeah.  I think that's right,
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The time is 4:22 p.m.
          (Off the record.)
          THE VIDEOGRAPHER:  Back on the record.
The time is 4:32 p.m.
    Q.    Welcome back, Dr. Wright.
    A.    Thank you.
    Q.    I didn't ask you after the last lunch
break.  I'll ask you now.  During either of these
last two breaks, did you discuss the testimony with
counsel?
    A.    No.
    Q.    I figured not, but -- Amanda is a very
seasoned attorney.  I don't think that would happen.
          All right.  So let's now turn back to
Wright Exhibit 17.  If you could put that --
    A.    Yes.
    Q.    -- in front of you.
          And this is the first provisional, and I
think you said -- correct me if I'm wrong -- this is
the one that you wrote.
    A.    Yeah.  This really looks like something
that I would write, the formatting.  Yep.  And as I
read through it -- it was very satisfying for me to
read through this, frankly.  It presents in the
way -- the way I think a scientist, or at least me,
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Christina and -- but there were probably other
persons underneath her -- another person underneath
her who might handle these submitted in here, so...
    Q.    Do you recall what their name might have
been?
    A.    No, I don't.  And it's possible that
Gregory was one of them, and I just -- I lost track.
Yeah.
    Q.    And you're referring to Gregory Bellomy?
    A.    Yes, who is on this other one.  Again, I
just can't place that -- the name right now.
Uh-huh.
    Q.    So if we turn to the third page of the
document, it's actually page 1 of the application --
    A.    Yes.
    Q.    -- Bates Number 973, this refers to the --
I'm reading the title here.  "Characterization of
AAV2 Vector Aggregation and Recommended
Excipients/Formulations to Achieve Vector
Concentrations of 2E13 vg/mL or Greater."  Do you
see that?
    A.    Yes.
    Q.    And there's a summary that follows.
    A.    Yes.
    Q.    In the summary, Point Number 3 refers to
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    Q.    -- in Appendix E, that appears to be the
same as the patent formulation -- Test
Formulation 2.  Take a look at that, and please
confirm that's the same.
    A.    Yeah.  pH 8, the citrate, and the -- and
it's pH 8.  Yeah.
    Q.    Okay.
    A.    It reads the same again, with the same
caveat with the formulation, the addition of the
poloxamer 188, the Pluronic F-68.  Uh-huh.
          But I do understand, given the caveat --
there is really a wording issue here.  So when we're
testing formulations, during the process, we don't
have poloxamer, but it's -- really, poloxamer is
included typically, and it was here, you know, for
example, prior to the filtration step.  Yeah.
Uh-huh.
    Q.    So let's focus on the -- we'll get to
the -- we'll get to the data.
    A.    Okay.
    Q.    But let's just look at the formulation
itself, just test formulation.
    A.    Uh-huh.
    Q.    You agree that the control formulations
are identical.
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Example 2 where we did this large-scale material,
these formulations are perfect matches aside from
the fact that we used these different numbers.  The
FTF1 and FTF3 --
    Q.    That's right.
    A.    -- correspond to TF1 and TF2.
    Q.    Exactly.
    A.    Yeah.  Yeah.  Uh-huh.
    Q.    So the one thing that I don't see in the
patent --
    A.    Yeah.
    Q.    -- in Wright Exhibit 11 --
    A.    Yes.
    Q.    -- that is in the provisional application,
Exhibit 17, is formulation FTF2.
    A.    Right.
    Q.    Is there a reason that you excluded that
from the patent?
    A.    Well, you know, the glycerol -- you know,
it's hard for me to remember right now.  But we had
a bit of a philosophy of what is -- what are the
minimal set of excipients that were required to meet
the specifications that we expected, the stability
specifications, preventing aggregation, ensuring
functional activity.
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    A.    Yes.
    Q.    You agree that Test Formulation 1 of the
patent is the FTF Formulation 1 of Appendix E of the
first provisional.
    A.    Yes.
    Q.    And that the Test Formulation 2 of the
patent is identical to the FTF3 of the first
provisional.
    A.    I do.  And, again, I'd just restate the
comment that, you know, you have to also look at the
note, including the subtext on the Pluronic F-68.
But yes.  The recipes are the same.
    Q.    I'm looking for a yes or no answer here,
because, you know, this -- I'm asking if the
formulations are identical, not when you use them,
what happens to them, what you add to them.
    A.    Uh-huh.
    Q.    So I'm going to ask you again.
    A.    Uh-huh.  Uh-huh.
    Q.    Formulation of the patent TF -- Test
Formulation 2 is identical to the test formulation
FTF3 in the first provisional application as the
formulation exists prior to use, if you want to go
there.
    A.    Yeah.  I think that's right.  During the
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          So unless there was data supporting the
use of something like glycerol or sorbitol -- keep
in mind that the original control formulation had
sorbitol in it too.  We couldn't see any benefit to
sorbitol based on these series of experiments.  So
hence, the test future formulations and control
contained sorbitol.
          I think the glycerol was included in one
of the formulations at this stage, because there was
a fairly prominent literature out there that
glycerols and sorbitols and sucrose and things like
this -- which are kind of related in many regards --
are cryoprotectants and may be relevant in the
freeze-thaw situation, which is a relevant
situation.
          But I think that we felt that the data was
compelling, so -- probably when we put it all
together.  That's my recollection.
    Q.    It wasn't compelling, in that it didn't
demonstrate --
    A.    An advantage.
    Q.    An advantage over what?
    A.    Over a formulation that didn't contain the
glycerol or the sorbitols.  You know, that goes back
to the screening.
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    Q.    Does your invention exclude glycerol in
the formulation?
          MS. ANTONS:  Objection; form.
    A.    I don't think it excludes it.  No.  You
can add whatever you said.
    Q.    Okay.
    A.    As far as I know.  I don't know the legal
consideration.
    Q.    Yeah.
    A.    But, you know, if people like to put it in
glycerol, that's --
    Q.    Your intent was not to exclude glycerol --
    A.    No.  No --
    Q.    -- from the formulation.
    A.    -- it wasn't.  No.  We were trying to be a
bit ideal- -- not idealist, but with the objective
what is the simplest formulation that works.
    Q.    And in the control formulation, you have
sorbitol, though, right?
    A.    Control, yeah.  That was a historic --
that was what had been -- that was operational at
Avigen, I mean, essentially when I arrived, except,
in fact, the -- the Pluronic F-68 had -- we had
replaced something that was called Tween with
Pluronic F-68.
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    Q.    -- on Exhibit 17 -- right?  Exhibit 17.
    A.    Uh-huh.
    Q.    You have data for this experiment.  So I'm
a little unclear about the cost and the scale up and
all this stuff.  You've done the experiments.
    A.    Ah.  Right.
    Q.    Right?  So --
    A.    Why didn't we use --
    Q.    -- you did the experiment.  So the
question is:  Why did you not include those
experiments --
    A.    The three -- correct.  Yeah.  Okay.
          So I want -- I'm sorry.  So I take --
you know, again, this is my recollection.
    Q.    Yeah.
    A.    Right.  So there must have been a specific
reason that we wouldn't include the 1 percent
glycerol.
          I can't remember.  I can't remember going
forward.  Maybe there's some other patent somewhere.
I don't know.  Yeah.
    Q.    And so the reason you gave a few minutes
ago is -- was without the benefit of seeing that you
actually had the data.
    A.    Yeah.  I'm sorry.  I'm sorry.  I think it
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    Q.    So what I want to make sure I'm clear
on -- because I don't want to misunderstand you.
    A.    Yeah.
    Q.    -- is you purposely did not include the
Test Formulation 2 in the application that would
lead to the issued patent because you didn't think
it was beneficial.
    A.    I think --
          MS. ANTONS:  Objection; form.
    A.    I think that, as I mentioned before, it
was very expensive to do this large-scale
demonstration experiment.  And, you know, you have
to make a decision.  Are we going to try one, our
best formulation based on all of our theoretical
insights that we had gained?  Are we going to do
two?  Are we going to do three?  Are we going to do
five?  Are we going to spend another six months and
make a lot more material?
          So I think the decision at that time -- my
recollection is that we picked these two, a mid-high
and a high ionic strength, didn't think it was
compelling enough to include the glycerol-containing
material.
    Q.    Looking down on this page --
    A.    Yep.
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is important to emphasize that the screening
conditions used small amounts of vector.  In
aggregate, we looked at, you know, dozens, if not
hundreds, of permutations and combinations; derived
theoretical insights from it, what we thought were
supported by the data; and then made the best
decision.  And I acknowledge that we took -- you're
right -- three test formulations into this
large-scale stuff.  So we did it.
    Q.    And you report data here.  So looking down
at the bottom here, it says E25.
    A.    Yeah.
    Q.    Do you see where it says "E25"?
    A.    E25 -- yeah.  Oh --
          (Simultaneous speaking.)
    A.    -- yeah, yeah.  That's right.  Yeah.
Uh-huh.
    Q.    So I'm guessing -- and you can tell me --
E stands for "Experiment 25"?
    A.    Yeah.
    Q.    Okay.
    A.    That's correct.  That's -- I believe
that's correct.
    Q.    Okay.
    A.    Yeah.  Yeah.  Uh-huh.
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    Q.    I mean, can we go with that for purposes
of today?  E25 is Experiment --
    A.    Yeah.  Yeah.  I -- yeah.  Uh-huh.
    Q.    And it describes those experiments being
done, obviously, in time for this provisional
application, but they were being done and recorded
in Notebook 670.  Do you see that?
    A.    Yes.  That's correct.  Uh-huh.
    Q.    And if you look down in that table, there
is control formulation.
    A.    Uh-huh.
    Q.    And it's talking about a post-filter.
Now, I want to make sure I understand.  This is a --
this is talking about percent recovery, right?  This
is -- these are the --
    A.    Yeah.
    Q.    -- discussions that we had regarding --
    A.    Yeah.
    Q.    -- you filter --
    A.    Uh-huh.
    Q.    -- and you see how much recovery you get.
    A.    Right.  So this is the same data, I
believe, that we looked at, except minus the FTF2 --
TF2.  It's funny.  There's some inconsistencies in
my grammar here.  You know, you can see I've gone to
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    Q.    -- and you look at Table 2, Column 8 --
    A.    Yeah.
    Q.    -- Experiment 1, that is the 1.93 E to the
13th and the 77 percent.
    A.    If you give me a moment --
    Q.    Yes.
    A.    Because I am curious myself.
    Q.    Yeah.
    A.    So we had 2-day data and 7-day data.
          So I can see that the 77 percent was, in
fact, the better data for the control formulation.
You can see that if that had been left for a week --
    Q.    Well, my question is different, Doctor.
    A.    Okay.  Yeah.
    Q.    Okay?
    A.    Uh-huh.
    Q.    All I'm asking right now --
    A.    Yep.  Uh-huh.
    Q.    -- is that if you look at the 2-day data,
the vg/mL that are reported there --
    A.    Yep.
    Q.    -- the target and the recovery --
    A.    Yeah.
    Q.    -- match what's in Experiment 1, Table 2,
of the patent.

322
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

TF here, but I believe this is probably the same
data.
    Q.    Yeah.  And, in fact, if you look at "CF
post-filter, 2-day" --
    A.    2-day and 7-day.  Right.
    Q.    That's right.  But let's look at the
2-day.
    A.    Yeah.  Uh-huh.
    Q.    Okay.
    A.    Uh-huh.
    Q.    And there is a difference between --
    A.    Right.
    Q.    -- 2-day versus 7-day.
    A.    Yes.
    Q.    Do you agree?
    A.    Yes, there is.  Yeah.  Uh-huh.
    Q.    But if you look at -- and we're talking
about, you know, Wright -- just so we're clear,
Wright Exhibit 17, Bates Number 984.
          If you look at the "CF post-filter 2-day
experiment" --
    A.    Yes.
    Q.    -- and you compare it to the patent, which
is Wright Exhibit 11 --
    A.    Yes.
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    A.    That is correct.  Yep.  Uh-huh.
    Q.    And if we go down and we look at the third
row of Appendix E of Wright Exhibit 17, it has a
"TF1 post-filter, 2-day."
    A.    Yep.
    Q.    And that matches -- take a look at that --
the patent, Experiment 1, TF1.
    A.    Uh-huh.  Yes.
    Q.    And then you have E25, Exhibit 17.
    A.    Yeah.
    Q.    And if you look down, it has "TF2
post-filter, 2-day," and that's the experiment
that's not reported in the patent, correct?
    A.    Right.  The TF2 in this provision --
    Q.    That's right.
    A.    -- correct?  Uh-huh.
    Q.    So go down to the TF3 in the provisional.
    A.    Uh-huh.
    Q.    And that's the data that is reported for
Experiment 1, TF2, at the 510.
    A.    Correct.
    Q.    So the data that was excluded from
Table 2 --
    A.    Uh-huh.
    Q.    -- is the data for TF2, which is the 210
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ionic strength.  Do you agree?
    A.    Yes.
    Q.    Okay.
    A.    I'd like to make one more comment, if I
can, about the glycerol.
    Q.    Well, we'll come back to that --
    A.    Okay.  I'd like to make a comment, though.
Yeah.
    Q.    Because I'm just asking you right now --
    A.    Yeah.  Uh-huh.
    Q.    -- what data -- I mean, you agree --
glycerol aside --
    A.    Yep.
    Q.    -- you agree that these experiments match
up to the table --
    A.    Yes.
    Q.    -- in the patent.
    A.    Yeah, they do.  Yeah.
    Q.    Okay.
    A.    Uh-huh.  Uh-huh.
    Q.    And now, this -- these recoveries here are
based upon the target value, right?  Whether you
look at the patent or -- you know, Wright
Exhibit 11, Table 2, or you look at Wright
Exhibit 17, page 12 of 16, or Bates Number 984.
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post-filtration.  This, I suspect, would have been
rather immediate post-filtration, probably that day
when the experiment was done.  Yeah.  But I don't
really remember.  But looking at this data,
that's...
          Can I comment on the glycerol?
    Q.    Yes.  Go ahead.
    A.    So I think the problem with glycerol is
that -- my interpretation, my impression, was that
glycerol is not really an acceptable human
parenteral.  So glycerol has been used a lot in
biochemistry to stabilize proteins when you're doing
research, and I think it had been used at the
research level with AAV vectors.  And I think we've
seen that people trying to get high concentrations
for crystallography studies use glycerol.
          But it's not something that I would
formulate a drug with and put it -- and have it go
into a human.  So I think that glycerol gets
disqualified.
          Now, this is my impression right now.  But
when I think of glycerol, it's just not the type of
thing -- unlike sorbitol, you know, which might be
fine to go into a formulation that goes into a
human.  But -- so I want to just put that on the
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    A.    Yes.
    Q.    The recovery that's reported is based upon
the vg/mL compared to the target.  And we talked
about that earlier.
    A.    Correct.
    Q.    Right?
    A.    Uh-huh.
    Q.    Now, if you look at the provisional
application --
    A.    Uh-huh.
    Q.    -- it includes an additional column on the
right.
    A.    Right.
    Q.    And it has the DLS data.
    A.    Right.
    Q.    But that's DLS post-filtration.
    A.    Right.
    Q.    Which basically was your attempt to get it
below 15 before you did something else with it,
presumably.
    A.    Yeah.  This is just verification
post-filtration that we have material that -- yeah.
I mean, it's as we would predict after --
post-filtration.
          But it does come to the question when
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table.  That's always been my opinion without doing
a deep research on it.
    Q.    But, Doctor, you agree that you tested
glycerol in the list of candidate excipients.
    A.    I did.  Yes.  Uh-huh.  We did.
    Q.    And you included it as one of the three
test formulations that you chose to bring forward
and to do these purification filtration studies?
    A.    Yeah.  Uh-huh, uh-huh, uh-huh.
    Q.    Okay.  All right.  So let's move on from
this, then.
          (Exhibit Number 19 marked.)
    Q.    And, Doctor, you should have just been
handed what has been labeled as "Wright Exhibit 19."
    A.    Yes.
    Q.    And this is a -- we'll get to it.  It's a
notebook.  But it bears Bates Number
GENZ_NOV_00012079 --
    A.    079.  Oh, yes.  Yes.
    Q.    Yeah, through 115.  Do you see that?
    A.    Yes, I do.  Uh-huh.
    

    A.    Right.
    Q.    Do you recognize this document, Doctor?
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    Q.    

    A.    Yes.  Uh-huh.
    Q.    

.
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    Q.    So why don't you take a quick look through
this notebook.  We didn't see anything in this
notebook -- it looks like the last entry by you --
    A.    Uh-huh.
    

    A.    Yeah.  Yeah.
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    A.    Oh, yes.
    Q.    
    A.    I'm sorry.  Yeah.  Uh-huh.  Yeah.
    Q.    
    A.    Right, right, right.  Uh-huh.
    Q.    
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    A.    I'm just -- I'll finish it here.
    Q.    Yes.  Definitely look through it, please.
    A.    Yeah.  Yeah.  
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that's correct.  Yeah.  Uh-huh.
    Q.    Okay.  You can --
    A.    77 percent is in the patent, and it is in
the provisional.  We were just looking at it.  Yes.
    Q.    Okay.
    A.    Yeah.  And I think we've -- and we haven't
found that number specifically in here yet.
    Q.    That's right.
          And so -- but that's a recovery percent
compared to the target.
    A.    Yes.
    Q.    Which you said was a number that,
you know, you sort of strive to get during the
reduction in volume.  You know, so as you put it
through diafiltration --
    A.    Right.
    Q.    -- then you -- after you do that and you
get the right buffer --
    A.    Right.
    Q.    -- you can then reduce the volume to a --
    A.    Yes.
    Q.    -- target --
    A.    Right.
    Q.    -- and that's that target you had.
    A.    Right.  It is.  So it's a measure of loss.
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.

    A.    Uh-huh.
    
    A.    Uh-huh.
    

    A.    Uh-huh.
    
    A.    Uh-huh.
    

    

    Q.    Right.
    A.    Again, I don't know the context of this
table.  I see this.  Uh-huh.  Uh-huh.
    Q.    Well, but the context that I'd like to
focus on --
    A.    Uh-huh.
    

    A.    Right.  Uh-huh.
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I mean, 100 minus that number is a measure of loss.
    Q.    Well, that's a target, though.  This is
not actual.  Okay?  So this --
    A.    But the target is calculated on input
data.  So it's a real number to the degree that
those input numbers are accurate.  But that applies
to everything here.
    Q.    So let's look at the notebook, Wright 20.
    A.    Uh-huh.
    Q.    And let's look at what the input numbers
are.
    A.    Okay.
    Q.    Okay?  So Bates Number 676.
    A.    676.  Okay.  Uh-huh.
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    A.    Uh-huh.  Uh-huh.  Yeah.
    
    

    Q.    Well, let's look at it.  

    A.    Yeah.
    Q.    Okay?
    A.    Uh-huh.
    Q.    These results are reported on this 

    A.    Uh-huh.
    Q.    
    A.    Uh-huh.
    Q.    
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That's true.
    Q.    Right?
          

    A.    Uh-huh.  Uh-huh.
    

    A.    Uh-huh.
    

    
    

    A.    Yeah.  I'm just trying to go through this.
    Q.    Yeah.
    A.    Yeah.  Let's just see what we have here.
          Again, I haven't seen this --
    Q.    We have time.
    A.    -- in 20 years.  Yeah.  I haven't seen
this in 20 years, so I just need to digest it.
    Q.    I just want to make sure I understand
the --
    A.    Yeah.  Yeah.
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    A.    Yep.  Uh-huh.
    .
    A.    Right.  Right.
    

.
    A.    Right.  Right.
          

          

    Q.    No, I understand.
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    Q.    That's right.
    A.    Yeah.  Uh-huh.
    

-
    A.    Uh-huh.
    
    A.    Uh-huh.
    
    A.    Yeah.
    

    A.    Yeah, yeah, yeah.
    Q.    And so that number matches.
    A.    Right.
    Q.    Right?
    A.    Right.
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    A.    Yeah.
    

    A.    Yeah.
    

    

    
    A.    Yeah.
    Q.    Okay?
    A.    Uh-huh.
    
    A.    Yeah.
    
    A.    Yeah.
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    Q.    That's what's reported.
    A.    Yeah.  Uh-huh.
    
    A.    Correct.
    

    A.    Uh-huh.  Uh-huh.
    

    A.    Correct.  Uh-huh.  Et cetera.
    

    A.    Uh-huh.
    
    A.    Uh-huh.
    

    A.    Right.
    

    A.    Correct.  Uh-huh.
    Q.    Okay.  That's all I wanted to know on
that.
    A.    Okay.  Okay.  Fair enough.
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    A.    679.  Okay.
    

    A.    Uh-huh.
    
    A.    Great.
    Q.    Nothing special here.  I'm just --
          

    A.    Uh-huh.
    Q.    Right?
    A.    Uh-huh.
    

    A.    Uh-huh.
    

    A.    Okay.  Could you repeat that?  I was --
    Q.    Yes.
    A.    -- just digesting.  I'm sorry.
    Q.    Okay.  No problem.
    A.    Uh-huh.
    Q.    So I'll rephrase it, because I don't
remember exactly the wording.
    A.    Okay.
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    Q.    All right.  Now, let's move forward.
    

    Q.    These are the numbers.
    A.    Yeah, they are.
    Q.    All right.  So --
    A.    Correct.  Right.
    Q.    So let's now talk about -- so let's go
back to Wright Exhibit 17, Bates Number 984.
    A.    Yeah.
    

    A.    Yes.
    

    A.    Yes.
    Q.    Okay.  Now, I want you to compare that to
the notebook.  This is Wright Exhibit 20.
    A.    Uh-huh.
    Q.    On Bates Number 679.

364
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

    Q.    In the laboratory notebook, Wright
Exhibit 20 --
    A.    Yes.
    Q.    -- on Bates Number 679 --
    A.    Yes.
    

    A.    Yeah.
    

    A.    Uh-huh.
    

    A.    Yeah, here.
    Q.    Okay?
    A.    Yes.  Uh-huh.
    Q.    All right.
    A.    Correct.  I agree.
    

    A.    Uh-huh.
    

    A.    Yes.
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    A.    Well, I'm not quite sure if I understand
that question.  Could you rephrase?  Yeah.
    Q.    Yeah.  You know, let me -- instead of
rephrasing it, I'll take you to data.
    A.    Okay.
    Q.    It's easier that way.
    A.    Okay.  Uh-huh.
    Q.    Let's move forward to page 139 in the
notebook, Bates Number 684.
    A.    Uh-huh.  139.  Great.
    Q.    Okay?
          

    
          
    Q.    Yes.
    A.    Again, I'm just catching -- I can't -- I'm
a little bit cut off on the left side, but I think I
can understand --
    Q.    Are you looking on page 684?
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    Q.    Okay.
    A.    Uh-huh.
    

    A.    Yeah.  Uh-huh.
    

    A.    Yes.
    

    A.    Yes.
    

    A.    Yeah.
    
    A.    Uh-huh.
    1.
    A.    Yeah.
    .
    A.    Uh-huh.  So we're talking about...
    Q.    Now, let me stop you there, Doctor.
    A.    Uh-huh.
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    A.    685.  So 684 is better.
    Q.    Okay.
    A.    Fair enough.  Fair enough.  Yeah.  Uh-huh.
    Q.    All right.
    A.    Okay.  That looks better.  Uh-huh.
    

    A.    Yes.
    
    A.    Yes.
    

    A.    Yes.
    

    A.    Uh-huh.
    
    A.    Yes.
    
    A.    Yes.
    
    A.    Uh-huh.
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    Q.    Right.
    A.    Uh-huh.  Yeah.
    
    A.    Uh-huh.
    
    A.    Yes.
    

    A.    Right.
    

    A.    Uh-huh.
    
    A.    Uh-huh.
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    A.    Yeah.
    

    A.    Uh-huh.
    
    A.    Uh-huh.
    
    

    Q.    That's right.  But you did the experiment.
    
          

    
ht?

    A.    No.  No.  But I --
    Q.    Okay.  And --
    A.    I don't want to put stuff out there that I
would -- people would follow.
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off.
    A.    Uh-huh.
    Q.    Let's go to page 141 of the notebook,
Bates 687.
    A.    687.  Uh-huh.  Uh-huh.
    
    A.    687.  Right.  Okay.  Yeah.
    

.
    A.    Uh-huh.
    

    

    Q.    Okay.
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    Q.    Okay.
    

    
    A.    Uh-huh.
    
    A.    Uh-huh.
    

    A.    Yeah.  That's right.  Yeah.
    
    A.    Yeah.  Interesting.
    Q.    Okay.  Now, let's go forward in your
notebook.
    

    Q.    Yeah.
    A.    Maybe.
    

    A.    Uh-huh.  Uh-huh.
    
    A.    Yeah.  Okay.
    Q.    Okay.  And then let's move forward to -- I
want to make sure I give you one that doesn't cut
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    A.    Okay.
    

          

    
    
    
    

    
    Q.    Okay.
    A.    Uh-huh.  Uh-huh.
    Q.    And let's go on to the next experiment.
    A.    Uh-huh.
    Q.    Let's go to Bates Number 691

.
    A.    Okay.
    Q.    Do you see that?
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    Q.    Middle of the page.
    A.    Uh-huh.
    Q.    It says --
    
    Q.    Right.
    A.    Yes.
    

t.
    A.    Uh-huh.  Uh-huh.
    

    A.    Uh-huh.
    Q.    Do you agree?
    
    Q.    So that's right.
    
    Q.    That's right.
    
    Q.    Okay.
    

    Q.    That's right.
    A.    Yeah.
    Q.    And so that's the same data, right?
    A.    Uh-huh, uh-huh, uh-huh.
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    Q.    And you go to 693, 
    A.    Uh-huh.
    

    

    
    A.    Uh-huh.
    Q.    -- in Wright Exhibit 20 --
    A.    Uh-huh.
    

    .
    Q.    Okay.
    A.    Uh-huh --
    

    
          MR. WEINGARTEN:  I think it's a good time
to take a break.  I think we've been going for an
hour.
          THE WITNESS:  Uh-huh.
          MR. WEINGARTEN:  So let's go off the
record.
          THE WITNESS:  Uh-huh.
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    Q.    Okay.
    
    Q.    And then let's go -- let's go to...
    

    Q.    That's right.
    A.    -- all match --
    Q.    That's right.  That's right.
    A.    -- just for clarity.  Yeah.
    Q.    No, I agree.
    A.    Yeah.
    

    A.    Yeah.
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          THE VIDEOGRAPHER:  We're going off the
record.  The time is 5:40 p.m.
          (Off the record.)
          (Mr. Loeb joins the proceedings.)
          THE VIDEOGRAPHER:  We're back on the
record.  The time is 5:56 p.m.
          MR. WEINGARTEN:  Thank you, Dr. Wright.
          THE WITNESS:  Yes.
          MR. WEINGARTEN:  Defendants have no
additional questions at this time.
          MS. ANTONS:  Okay.  I have just a couple
questions.
          MR. WEINGARTEN:  We will reserve the right
to respond to any questions.
          But let's go ahead and put the newcomer on
the record, if we're going to do that.
          MR. LOEB:  Sure.  I am Jonathan Loeb of
Dechert, representing Genzyme.
                    EXAMINATION
BY MS. ANTONS:
    Q.    Can you just put Exhibit 11 and Exhibit 17
in front of you.
    A.    Sure.  Yes.
    Q.    And if you could turn in Exhibit 17 to the
page ending in 984.
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    A.    Yes, I have it.
    Q.    Okay.  And do you recall earlier when
counsel was asking about the Test Formulation 2 in
Exhibit 17 that was not included in the '542 patent?
    A.    Yes, I do.
    Q.    Okay.  And Test Formulation 2 in
Exhibit 17 contains glycerol.  Is that right?
    A.    Correct.
    Q.    Okay.  And can you turn to Table 1 in
Exhibit 11.
    A.    Table 1.  Yes.  Uh-huh.
    Q.    And in Table 1, do you see glycerol listed
there?
    A.    Yes.
    Q.    And this Table 1 is a list of excipients
that were tested to prevent aggregation.  Is that
fair?
    A.    Yes.  They were tested for their ability
to prevent aggregation.
    Q.    Okay.  In the right-hand column, next to
glycerol in Table 1 --
    A.    Uh-huh.
    Q.    -- what do you see there?
    A.    The osmolality required to prevent
aggregation.  So I think no inhibition of
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         CERTIFICATE OF SHORTHAND REPORTER
 
          I, CRYSTAL HEREFORD, the officer before
whom the foregoing deposition was taken, do hereby
certify that the foregoing transcript is a true and
correct record of the testimony given; that said
testimony was taken by me stenographically and
thereafter reduced to typewriting under my
direction; that reading and signing was not waived;
and that I am neither counsel for, related to, nor
employed by any of the parties to this case and have
no interest, financial or otherwise, in its outcome.
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aggregation was observed with glycerol.
    Q.    Okay.
    A.    Uh-huh.
          MS. ANTONS:  I have no further questions.
          MR. WEINGARTEN:  Okay.  We have no further
questions as well.
          We'd like to thank you for your time.
Appreciate it.
          THE WITNESS:  Uh-huh.
          MR. WEINGARTEN:  And go enjoy dinner.
          THE WITNESS:  Okay.  Thank you.
          THE VIDEOGRAPHER:  This marks the end of
the deposition of Dr. John Fraser Wright.  We are
going off the record at 5:59 p.m.
(Proceedings concluded.)
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Signature: ~.-.. ~ 

Citizen of: United States of America - .,,,,..-..,,-_ 
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APPLICATION DATA SHEET (37 CFR 1.76) 
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Invention 

COMPOSITIONS AND METHODS TO PREVENT AA V VECTOR AGGREGATION 

As the below named inventor(s), I/we declare that: 

This declaration is directed to: 

D The attached application, or 

C8] Application No. 11/141 996 filed on June 1 2005 

D as amended on _________________ {if applicable); 

I/we believe that I/we am/are the original and first inventor(s) of the subject matter which is claimed and for which a patent is 
sought;, 

I/we have reviewed and understand the contents of the above-identified application, including the claims, as amended by any 
amendment specifically referred to above; • 

I/we acknowledge the duty to disclose to the United Slates Patent and Trademark Office all information known to me/us to be 
material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications, material information which 
became available between the filing date of the prior application and the national or PCT International filing date of the 
continuation-in-part application. • 

All statements made herein of my/our own knowledge are true, all statements made herein on information and belief are believed 
to be true, and further that these statements were made with the knowledge that willful false statements and the like are • 
punishable by fine or imprisonment, or both, under 18 U.S.C. 1001, and may jeopardize the validity of the application or any 
patent issuing thereon. 

FULL NAME OF INVENTOR{S) 

Date: 

Inventor two: Guang Qu . Date: 

Signature: Citizen of: United States of America ----------------------
Inventor three: Date: 

Signature: Citizen of: ---------------------- ------------
Inventor four: Date: -------------------------------------
Signature: Citizen of: ---------------------- ------------
D Additional inventors or a legal representative are being named on additional form(s) attached hereto. 
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COMPOSITIONS AND METHODS TO PREVENT AA V VECTOR AGGREGATION 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of U.S. application serial no. 11/141,996, from which 

application priority is claimed pursuant to 35 U.S.C. § 120; which application claims the benefit 

under 35 U.S.C. § l 19(e) of provisional applications 60/575,997 filed June 1, 2004 and 

60/639,222 filed December 22, 2004. The foregoing applications are hereby incorporated by 

reference in their entireties. 

FIELD OF THE INVENTION 

The present invention relates to compositions and methods of preparing and storing AA V 

virions that prevent aggregation. 

BACKGROUND 

Recombinant adeno-associated virus (rAA V) is a promising vector for human gene 

transfer. Grimm, D., and Kleinschmidt, J. A. (1999) Hum Gene Ther. 10: 2445-2450; High, K. 

A. (2001) Ann. N Y. Acad. Sci. 953: 64-67; Pfeifer, A., and Verma, I. M. (2001) Ann. Rev. 

Genomics Hum. Genet. 2: 177-211. AAV is a member of the Dependovirus genus of the 

parvoviruses. AA V serotype 2 (AA V2) is composed of a single-strand DNA molecule of 4680 

nucleotides encoding replication (rep) and encapsidation (cap) genes flanked by inverted 

terminal repeat (ITR) sequences. Berns, K. I. (1996) in Fields Virology (B. N. Fields et. al. 

Eds.), pp. 2173-2197. Lippincott-Raven Publishers, Philadelphia. The genome is packaged by 

three capsid proteins (VPl, VP2 an~ VP3), which are amino-terminal variants of the cap gene 

1 
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product. The resulting icosahedral virus particle has a diameter of ~26 nm. A high resolution 

crystal structure of AA V2 has been reported. Xie, Q. et al. (2002) Proc: Natl. Acad. Sci. U.S.A. 99: 

-10405-10410. 

The solubility of purified AA V2 virus particles is limited, and aggregation of AA V2 

particles has been described as a problem. Croyle, M.A. et al. (2001) Gene Therapy 8: 1281-

12~; Huang, J. et al. (2000) Moi Therapy 1: S286; Wright, J. F. et al. (2003) Curr. Opin. Drug 

Disc. Dev. 6: 174-178; Xie, Q. et al. (2004) J Virol. Methods 122: 17-27. In commonly used 

·buffered-saline solutions, significant aggregation occurs at concentrations of 1013 particles/mL, 

and aggregation increases at higher concentrations. Huang and co-workers reported that AA V 

vectors undergo concentration-dependent aggregation. Huang, J. et al. (2000) Mo!. Therapy l: 

S286. Xie and coworkers (Xie, Q. et al. (2004) J Virol. Methods 122: 17-27) similarly.reported 

that at concentrations exceeding 0. lmg/mL, AA V2 vectors require elevated concentrations of 

salt to prevent aggregation. Aggregation of AA V2 vectors occurs at particle concentrations 
( 

exceeding 1013 particles/mL in commonly used neutral-buffered solutions such as phosphate-, 

and Tris-buffered saline. This corresponds to a protein concentration of ~0.06 mg/mL, and 
~ ' 

emphasizes the low solubility of AA V2 under these conditions. The effective vector 

concentration limit may be even lower for vectors purified using column chromatography 

techniques because excess empty capsids are co-purified and contribute to particle concentration. 

Particle aggregation is a significant and not fully resolved issue for adenovirus vectors as 

well. Stability of a recently established adenovirus reference material (ARM) was recently 

reported. Adadevoh, K. et al. (2002) BioProcessing 1(2): 62-69. Aggregation of the r~ference . 

material, formulated in 20mM Tris, 25 mM NaCl, and 2.5% glycerol at pH 8.0, was assessed by 

dynamic light scattering, photon correlation spectroscopy and visual appearance. A variable 

2 
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level of vector aggregation following either freeze-thaw cycling or non-frozen storage was 

observed, resulting in restrictive protocols for the use of the ARM. 

Aggregation can lead to losses during purification and inconsistencies in testing of 

purified vector preparations. The in vivo administration of AA V2 vectors to certain sites, such as 

the central nervous system, may require small volumes of highly concentrated vector, and the 

maximum achievable dose may be limited by low vector solubility. 

Vector aggregation is also likely to influence biodistribution following in vivo 

administration, and cause adverse immune responses to vectors following their administration . 

. As has been reported for proteins (Braun, A. et al. (1997) Pharm. Res. 14: 1472-1478), 

aggregation of vector may increase immunogenicity by targeting the vector to antigen presenting 

cells, and inducing enhanced immune responses to the capsid proteins and transgene product. 

The reports of immune responses to AA V vectors in pre-clinical (Chenuaud, P. et al. (2004) 

Blood 103: 3303-3304; Flotte, T. R. (2004) Human Gene Ther. 15: 716-717; Gao, G. et al. 

(2004) Blood 103: 3300-3302) and clinical (High, K. A. et al. (2004) Blood 104: 121a) studies 

illu~trate the need to address all factors that may contribute to vector immunogenicity. 

Testing protocols to characterize purified vectors are also likely to be affected by vector 

aggregation. Determination of the infectivity titer of vector was reported to be highly sensitive 

to vector aggregation. Zhen, Z. et al. (2004) Human Gene Ther. 15: 709-715. An important 

concern is that vector aggregates may have deleterious consequences following their in vivo 

·administration because their transduction efficiency, biodistribution and immunogenicity may 

differ from monomeric particles. For example, intravascular delivery of AAV vectors to 

hepatocytes requires that the vectors pass through the fenestrated endothelial cell lining of 

hepatic sinusoids. These fenestrations have a radius ranging from 50 to 150 run (Meijer, K. D. 

3 
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F., and Molema, G. (1995) Sem. Liver Dis. 15: 206) that is predicted to allow the passage of 

monomeric AA V vectors (diameter ~26 nm), but prevent the passage of larger vector aggregates. 

In biodistribution studies in mice, aggregated AA V2 vectors labeled with the fluorescent 

molecule Cy3 were sequestered in liver macrophages following vascular delivery. Huang, J. et 

al. (2000) Mo/. Therapy 1: S286. 

Formulation development for virus-based gene transfer vectors is a relatively recent area 

of investigation, and only a few studies have been reported describing systematic efforts to 

optimize AA V vector formulation and stability. Croyle, M.A. et al. (2001) Gene Therapy 8: 

1281-1290; Wright, J. F. et al. (2003) Curr. Opin. Drug Disc. Dev. 6: 174-178; Xie, Q. et al. 

(2004) j Virol. Methods 122: 17-27. Defining formulations compatible with pre-clinical and 

clinical applications that minimize changes in vector preparations is an important requirement to 

_achieve consistently high vector safety and functional characteristics. As is well established for 

protein therapeutics (Chen, B. et al. (1994) J Pharm. Sci. 83: 1657-1661; Shire, S. J. et al. 

(2004) J Pharm. Sci. 93: 1390-1402; Wang, W. (1999) Int. J Pharm. 185: 129-188; Won, CM. 

et al. (1998) Int. J Pharm. 167: 25-36), an important aspect of vector stability is solubility 

during preparation and storage, and vector aggregation is a problem that needs to be fully 

addressed. Vector aggregation leads to losses during vector purification, and while aggregates 

can be removed by filtration, the loss in yield results in higher costs and capacity limitations 

when producing vector for pre-clinical and clinical studies. Even after filtration to remove 

-aggregates, new aggregates can form in concentrated preparations of AA V2 vector in buffered­

saline solutions. 

The need exists for improved formulations and methods for purification and storage of 

AA V vectors, such as rAAV2, that prevent aggregation of virus particles. 

4 
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SUMMARY OF THE INVENTION 

These and other needs in the art are met by the present invention, which provides high 

ionic strength solutions for use in preparing and storing AA V vectors that maintain high 

·infectivity titer and transduction efficiency, even after freeze-thaw cycles. 

In one aspect the invention relates to methods of preventing aggregation of virions i11 a 

preparation of virions by adding excipients to achieve an ionic strength high enough to prevent 

aggregation. In another aspect the invention relates to compositions of virions having an ionic ·, 

strength high enough to prevent aggregation. 

In some embodiments of the invention, the ionic strength is at least about l 50mM, 

200mM, 250mM, 300mM, 350mM, 400mM, 450mM, 500mM, 600mM, 700mM or more. In 

some embodiments this ionic strength is accomplished using excipients comprising one or more 

multivalent ions, for example citrate, sulfate, magnesium or phosphate. 

In additional embodiments, the osmolarity of the preparation of virions is maintained at 

near isotonic levels, for example 200mOsm, 250mOsm, 280m9sm, 300mOsm, 350mOsm or--

400mOsm, even though the ionic strength is high enough to prevent virion aggregation. 

In some embo1iments the virions are adeno-associated virus (AA V) virions, for example 
' 

AAV-2. 

In other embodiments of the methods of the present invention preparations of virions are 

treated with a nuclease, for example Benzonase®. In further embodiments, nuclease treatment is 

combined with addition of excipients that achieve an ionic strength high enough to prevent 

aggregation. 

5 
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In some embodiments of the present invention, the surfactant Pluronic® F68 is added to a 

preparation of virions, for example to 0.001 %. In one embodiment, the composition comprises 

purified virus particles, 10 mM Tris pH 8.0, 1 00mM sodium citrate and 0.001 % Pluronic® F68. 

In one embodiment, AA V vectors can be stored as compositions of the present invention 

at concentrations exceeding lxl0 13 vg/mL, for example 2xl0 13, 3xl0 13
, 4xl0 13

, 5xl0 13 and up to 

6.4xl0 13 vg/mL, without significant aggregation. In some embodiments, AA V vectors stored 

using the methods and compositions of the invention do not exhibit significant aggregation when 

stored at 4°C for five days. In other embodiments, AAV vectors that are stored as such 

compositions do not exhibit significant aggregation after one, five, ten or more freeze-thaw 

cycles at -20°C or at -80°C. 

In some embodiments, preparations of virions stored according to the methods and 

compositions of the invention exhibit an average particle radius (Rh), as measured by dynamic 

light scattering, indicating that no significant aggregation of virions has taken place. In some 

embodiments, preparations of virions stored according to the methods and compositions of the 

invention exhibit an average particle radius (Rh) greater than about 15nm, 20nm, or 30nm. 

In some embodiments, recovery of virions from preparations of virions stored according 

to the methods and compositions of the invention is greater than about 85%, 90% or 95% 

following filtration through a 0.22µm filter. 

In yet another aspect, the invention relates to kits comprising the high ionic strength 

formulations of the invention. In one embodiment the kit comprises a pre-mixed solution of 

excipients. In another embodiment the kit comprises two or more separate components of a high 

ionic strength composition of the present invention to be mixed by a user. In some embodiments 

the kit comprises sodium citrate, Tris® and Pluronic® F68. In other embodiments, the kit further 
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comprises instructions for making a composition or performing a method of the present 

invention. 

DESCRIPTION OF THE DRAWINGS 

~ 

FIGS. lA and 1B present data showing aggregation of AA V2-FIX particles as a function 

of osmolarity (FIG. lA) or ionic strength (FIG. 1B) for various buffer compositions. AA V2-FIX 

vectors are prepared by Method 2 of Example 1. Average particle radius is measured by 

dynamic light scattering (DLS) following vector dilution in varying concentrations of excipients 

buffered with 10 mM sodium phosphate at pH 7.5. Excipient~ include sodium chloride(•), 

sodium citrate (o), sodium phosphate (1111), sodium sulfate(□), magnesium sulfate (.A), and 

glycerol (ti). 

FIG. 2 presents data on AA V2-FIX aggregation as a function of the method of 

purification. The c1verage particle radius is measured by DLS following vector dilution in 

varying concentrations of sodium chloride buffered withl0mM sodium phosphate at pH 7.5. 

Vectors are purified by Method 1 (double CsCl gradient) (o); Method 2 (cation exchange 

chromatography)(□); Method 2 plus nuclease digestion (111); or Method 3 (chromatography plus 

_one CsCl gradient) (ti). Purification Methods 1-3 are described in Example 1. 

FIG. 3 presents data on transgene expression from D7/4 cells transduced with rAA V2-

AADC virions prepared and stored in high ionic strength formulation(□) or in a control 

formulation ( • ). The concentration of AADC was measured by ELISA (in triplicate for each 

.data point) 72 hours post-transduction. Error bars represent standard deviations. 
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DETAILED DESCRIPTION OF THE INVENTION 

AA V2 vector aggregation is frequently observed in concentrated preparations of vectors 

and can affect purification recovery, and in vivo potency and safety. Hence, an important 

objective for the development AA V2 vectors is to identify methods and formulations that 

prevent aggregation of vectors when concentrated stocks are prepared. 

Unless otherwise indicated, the term "vector" as used herein refers to a recombinant 

AA V virion, or virus particle, regardless of the frequent use of"vector" to also refer to non-viral 

DNA molecules, such as plasmids, in other contexts. 

The present invention is based in part on the observation that solution ionic strength is an 

important parameter in AA V vector aggregation, implicating the involvement of ionic 

interactions between virus particles in the aggregation process. The observation that elevated 

ionic strength increases AAV2 vector solubility regardless of the identity of the charged 

_excipient supports the hypothesis that ionic strength of solution per se, rather than interactions 

involving a specific ionic species, is the relevant physico-chemical parameter. A threshold ionic 

strength of at least 200mM is required to prevent aggregation at vector particle concentrations 

examined herein. 

Of practical concern, commonly used buffered saline solutions have insufficient ionic 

strength to prevent AA V2 vector aggregation at concentrations exceeding 1013 particles/mL. It is 

known that high salt concentrations increase AA V2 vector solubility (e.g. highly concentrated 

AA V2 vectors recovered from gradients generally remain soluble in concentrated CsCl) . 

. However, optimal formulations for pre-clinical and clinical studies should be close to isotonic 

(280-400 mOsm), especially for in vivo administration of vector to sites where'dilution of 

hypertonic solutions may be slow. In embodiments of the present invention the exponential 
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relationship of ionic strength with charge valency is used to develop isotonic formulations with 

high ionic strengths. Salt species with multiple charge valencies ( e.g. salts of sulfate, citrate, and 

phosphate) that are commonly used as excipients in human parenteral formulations can provide 

the level of ionic strength needed to prevent AA V2 vector aggregation when used at isotonic 

concentrations. While isotonic (150m.M) sodium chlorfde has an ionic strength of 150mM, a 

value insufficient to maintain AA V2 solubility at high vector concentrations, isotonic sodium 

citrate, with an ionic strength of ~500mM, can support AA V2 vector concentrations of at least 

6.4 x 1013 vg/mL without aggregation. 

Without intending to be limited by theory, the low solubility of AA V2 particles may be 

caused by their highly symmetrical nature in conjunction with the stabilizing effect of 

complementary charged regions between neighbouring particles in aggregates. The surface 

charge density based on the crystal structure of AAV2 (Xie, Q. et al. (2002) Proc. Natl. Acad. 

Sci. US.A. 99: 10405-10410) reveals a pattern of positive and negative charges on the virus 

surface. Previous reports have shown that AA V2 vector aggregation is pH dependent, and 

hypothesized that amino acids with charged side groups are involved in inter-particle binding. 

Qu, G. et al. (2003) Mo!. Therapy 7: S238. These reports hypothesized that if charged amino 

acid side chains are involved in vector aggregation, high concentrations of free amino acids 

could block vector particle interactions. However, we have found that amino acids with charged 

side chains are not effective in preventing AA V2 vector aggregation beyond their contribution to 

ionic strength. 

Vector aggregation at low ionic strength was also found to be reduced but not prevented 

by efficient nuclease treatment of purified vector particles. Digestion at an earlier stage of the 

purification process ( clarified HEK cell lysate) did not reduce aggregation following vector 
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purification. It is likely that digestion of already purified virions is more efficient because of a 

_higher enzyme to nucleic acid substrate ratio. One mechanism to explain these results is that 

residual nucleic acid impurities (e.g. host cell and plasmid DNA) bound to the vector surface can 

bridge to binding sites on neighbouring virus particles and thus cause aggregation. Purified 

AA V2 vectors (empty capsid free) have been reported to contain approximately l % non-vector 

_DNA. Smith, P. et al. (2003) Mol. Therapy 7: S348. While >50% ofthis non-vector DNA was 

reported to be nuclease resistant and was packaged within capsid particles, some impurity DNA 

was nuclease resistant and appeared to be associated with the surface of purified vector particles. 

The observation that efficient nuclease treatment can reduce vector aggregation suggests that 

.nucleic acids associated with the vector surface at an average level not greater than ~25 

nucleotides per vector particle can contribute to AA V vector aggregation. 

In summary, the use of high ionic strength solutions during AA V2 vector purification and 

final formulation, and efficient removal of residual vector surface DNA are two effective 

strategies to achieve highly concentrated solutions of AA V2 vectors for use in pre-clinical and 

clinical studies. High ionic strength solutions and nuclease treatment can be used in combination 

or separately. Although data were obtained using AA V2 vectors, the composition and methods 

?fthe present invention may also be useful with other AA V serotypes / variants, or other viral 

vectors such as adenoviruses, lentiviruses and retroviruses. 

AA V Aggregation as a Function of Excipient Concentration 

Initial screening experiments are performed to elucidate the mechanism of AA V vector 

·aggregation and to identify classes of excipients that can reduce I prevent aggregation. Vector 

aggregation can be caused by dilution (5-fold) of vector in neutral-buffered saline with low 
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concentration buffer (20mM sodium phosphate, pH 7.2). Excipients are screened using this 

"dilution-stress" method to identify excipients that are able to ·prevent vector aggregation when 

included in the diluent. For screening, aggregation is measured by dynamic light scattering 

(DLS). Classes of excipients examined included selected inorganic salts, amino acids, 

uncharged carbohydrates, and surfactants. Results are presented in Table I. 

11 
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TABLE l 

SCREENING FOR EXCIPIENTS THAT PREVENT AA V2 VECTOR AGGREGATION 

USING DILUTION-STRESS METHOD 

Osm required to prevent 
Excipient aggregation (max tested) 

Magnesium sulfate 180 mOsm 

Sodium citrate 220mOsm 

Sodium chloride 320mOsm 

Sodium phosphate 220mOsm 

Sodium sulfate 220mOsm 

Arginine NIA (200 mOsm) 

Aspartic acid 320 mOsm 

Glutamic acid 320mOsm 

Glycine NIA (200 mOsm) 

Histidine NIA (200 mOsm) 

Lysine 300 mOsm 

Glycerol NIA (5% w/v, 543 mOsm) 

Iodixanol NIA (5% w/v, 32 mOsm) 

Mannitol NIA (5% w/v, 275 mOsm) 

Sorbitol NIA (5% w/v, 275 mOsm) 

Sucrose NIA (5% w/v, 146 mOsm) 

Trehalose NIA (5% w/v, 146 mOsm) 

Pluronicw F68 NIA (10% w/v, 12 mOsm) 

Polysorbate 80 NIA (1% w/v) 

NIA: No inhibition of aggregation 
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As illustrated in Table 1, charged excipients (inorganic salts and amino acids) prevent 

_aggregation when present at sufficient concentrations. However, salt concentrations required to 

prevent vector aggregation vary, ranging from 180 mOsm for magnesium sulfate, to 320 mOsm 

for sodium chloride. The amino acids arginine, aspartic acid, glutamic acid, glycine, histidine, 

and lysine do not prevent aggregation at 200 mOsm, but lysine, aspartic acid, and glutarnic acid 

prevent aggregation at 300-320 mOsm. Arginine, glycine and histidine were not tested at 

concentrations other than 200 mOsm. Selected carbohydrates have no effect on vector particle 

aggregation when present at concentrations up to 5% w/v. For example, 5% w/v glycerol (543 

mOsm) does not prevent aggregation. The surfactants Polysorbate80 (1 % w/v) and Pluronic® ) 

.F68 (10% w/v) similarly have no effect on aggregation using the "dilution-stress" method. 

AA V Aggregation as a Function of Osmolarity and Ionic Strength 

FIGS. 1 A and 1 B show the results of a more detailed analysis of vector aggregation .as a 

·function of the concentration of various salts. FIG. IA shows vector aggregation as a function of 

the osmolarity of selected excipients. For charged species a concentration-dependent inhibition 

of AA V2 vector aggregation is observed. Salts with multivalent ions achieve a similar degree of 

inhibition of aggregation at lower concentrations than monovalent sodium chloride. For 

example, magnesium sulfate pre.vents aggregation at ~ 200 mOsm whereas sodium chloride 

_requires~ 350 mOsm to achieve a similar effect. Sodium citrate, sodium sulfate, and sodium 

phosphate are intermediate in their potency to prevent vector aggregation. 

Although the results in FIG. IA and Table 1 show no effect of glycerol and certain sugars 

at concentrations up to 5% on AA V2 vector aggregation induced by low ionic strength, the data 
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cannot rule out improvement of AA V2 solubility at glycerol concentrations above 5%. For 

example, Xie and co-workers reported that 25% (w/v) glycerol enabled concentration of AA V2 

to very high concentrations (4.4 to 18 x 1014 particles/m_l) in low ionic strength solutions. Xie, 

Q. et al. (2004) J Virol. Methods 122: 17-27. 

FIG. 1B shows the data of FIG. IA plotted as a function of the calculated ionic strength, 

rather than osmolarity, for each excipient. FIG. 1B demonstrates that vector aggregation is 

·prevented when ionic strength is ~200 mM or greater regardless of which salt is used. These 

data suggested that the ionic strength(µ) of a solution, a parameter that depends on both solute 

concentration and charge valency, is the primary factor affecting aggregation. 

Ionic strengths useful to prevent aggregation in embodiments of the present invention 

include, for example, 250 mM, 300 mM, 350 mM, 400 mM, 450 mM, 500 mM, 600 mM, 

700 mM or higher ionic strengths. Multivalent ions are preferred to achieve these ion(c strengths 

in methods and formulations of the present invention, such as divalent, trivalent, tetravalent, 

pentavalent ions and ions of even higher valency. The pH buffer in solutions and formulations 

of the present invention may be phosphate, Tris, or HEPES (or other Good's buffers), but any 

\ 

other suitable pH buffer may be used. In preferred embodiments, the multivalent ions and buffer 

are selected to be compatible with the target tissue for the vector being prepared . . 
Use of multivalent ions in the methods and compositions of the invention makes it 

possible to create compositions of high ionic strength but relatively low osmolarity. High ionic 

strength compositions of the present invention may be nearly isotonic, and may be, for example, 

about 200mOsm, 250mOsm, 280mOsm, 300mOsm, 350mOsm or 400mOsm, although other 

osmolarities may be acceptable for some uses of the compositions. 
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AA V Aggregation as a Function of the Method of AA V Purification 

Recombinant AA V2 purified using different methods (e.g. density gradient purification 

versus ion-exchange chromatography) would be expected to have different impurity profiles. 

FIG. 2 shows vector aggregation as a function of ionic strength for several preparations of AA V 

differing in the purification method. Purification methods are described in Example 1. Sodium 

chloride is used to vary the ionic strength. AA V2-FIX vectors purified by double cesium 

_chloride gradient ultracentrifugation (Method 1), by cation exchange column chromatography 

(Method 2), or by combined column and cesium chloride gradient ultracentrifugation (Method 3) 

each demonstrate similar aggregation responses as ionic strength is decreased. In contrast, 

AAV2-FIX purified by the column method and then subjected to a nuclease digestion step 

(Method 2 + nuclease) shows reduced aggregation at low ionic strength. 

AA V Aggregation at Preparative Scale 

The data in Table 1 and FIGS. lA, 1B and 2 involve vector aggregation at an analytical 

scale, employing DLS to measure aggregation. Table 2, in contrast, shows the effects of 

elevated ionic strength and nuclease treatment on AA V2 vector aggregation at a larger scale, 

using methods to induce and quantify vector aggregation that are relevant to preparative scale 

vector purification. Experimental details are provided in Example 2. Purified AA V vectors are 

diafiltered into solutions of various ionic strengths, the volume is reduced to achieve high vector 

concentrations, and aggregation is then assessed by measuring vector recovery after filtration 

through a 0.22µm filter. Aliquots from a single pool of AA V2-AADC vector purified by 

Method 1 through the second CsCl gradient centrifugation step (1.8x10 15 vg in 9lmL, 1.8x1013 

vg/mL, in ~3M CsCl) are used as starting material in the diafiltration experiments. Tangential 
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flow filtration using hollow fibers is used for diafiltration beca1,1se it is scalable and yet it still 

enables preparation of volumes (min. 1.4ml), and thus AA V concentrations, at which 

aggregation would be expected in neutral buffered saline. 

In Experiment 1, three hollow fiber units are used to diafilter AA V2-AADC vector in 

formulations CF, TFI, or TF2, and th~ volume is reduced to a target of 2.5x10 13 vg/mL. See 

Example 2. The samples are then filtered through a 0.22µm filter. Results are shown in Table 2. 

Vector recovery ("Yield%") for both elevated ionic strength formulations TFI (95 ± 7.4%t and 

TF2 (93 ± 7.4%) are significantly higher than the recovery using the control formulation CF (77 

±6.6%). 

TABLE2 
AA V VECTOR RECOVERY AT PROCESS SCALE 

Target Actual Yield% 
Experiment Formulation µ (rnM) (vg/mL) (vg/mL) (RSD) 

1 CF 160 2.5E13 l.93E13 77 (6.6) 

1 TFI 310 2.5E13 2.38E13 95 (7.4) 

1 TF2 510 2.5E13 2.33E13 93 (7.4) 

2 CF 160 6.7E13 3.98E13 59 (6.0) 

2 TF2 510 6.7E13 6.42E13 96 (4.4) 

3 CF (-Bz) 160 3.6E13 2.46E13 68 (11) 

3 CF (+Bz) 160 3.6El3 3.29E13 91 (12) 

In Experiment 2, AA V2-AADC is concentrated to a higher target value (6.7xl0 13 vg/mL) 

in CF or TF2. Vector recovery using TF2 (96 ± 4.4%) is again significantly higher than recovery 

using CF (59 ± 6.0%). Within the variability of the assays used, vector was recovered fully at 

both target concentrations using TF2, indicating that aggregation was prevented. In contrast, 

•significant aggregation was observed at both target concentrations using CF, and the extent of 
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aggregation (i.e. loss following 0.22µm filtration) was higher at the higher target vector 

concentration. In an additional experiment (not shown), 50 µL samples of AA V2 vector are 

taken following concentration but prior to the 0.22µm filtration step of Experiment 2, and 

·examined by light microscopy. Vector concentrated in CF contains obvious amounts of visible 

material (not shown), while no such material is seen in vector concentrated in TF2. 

Experiment 3 examines the effect of prior nucl_ease digestion of purified vector on 

aggregation. In the absence of nuclease digestion recovery of AA V2-AADC in CF is 68 ± 11 %, 

similar to the recoveries in Experiments 1 and 2. In contrast, purified vector treated with 

nuclease and then concentrated in CF gives higher recovery (91 ± 12%). These prep scale results 

reflect the same effect of nuclease digestion shown in FIG. 2 using the "dilution-stress" 

(analytical scale) method. 

The results presented in Table 2 demonstrate that the methods and compositions of the 

present invention increase the recovery of AA V vector recovery. For example, in various 

embodiments of the present invention, recovery is improved from less than about 80% to at least 

about 85%, 90%, 95% or more. 

AA V Stability and Activity Following Storage or Freeze-Thaw Cycling 

Croyle and coworkers reported a significant loss of titer of AA V and adenovirus 

following multiple freeze-thaw cycling in sodium phosphate buffer, and demonstrated that the 

better pH buffering provided by potassium phosphate during freeze-thaw cycling prevented titer 

loss. Croyle, M.A. et al. (2001) Gene Therapy 8: 1281-1290. Results of our freeze-thaw 

stability study using sodium phosphate support these findings. We find that while l 50mM 

_sodium phosphate provides sufficient ionic strength to prevent aggregation during preparation 
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and non-frozen storage of concentrated AA V2-AADC vector, even a single freeze-thaw cycle at 

-20 or -80 °C results in aggregation. 

AA V stability after storage or freeze-thaw (FIT) cycling is assessed in buffers of the 

present invention as follows. The concentrated vectors prepared in CF, TFl, and TF2 (Table 2, 

Experiment 1) are subjected to a short stability study to investigate whether aggregation will 

occur during refrigerated storage, or following multiple freeze-thaw (FIT) cycles. Aggregation is 

assessed by DLS using undiluted samples, and Rh values >20nm are deemed to indicate the 

occurrence of some level of aggregation. 

TABLE3 

ST ABILITY OF AA V2 VECTORS 

Particle radius - Rh (nm) 

Formulation Pre 4°c -20 °C - 80 °C 

5d 1 FIT 5 FIT 10 FIT 1 FIT 5 FIT 

CF 14.5 27.0 22.4 56.1 94.5 20.6 57.5 

TFl 13.8 16.3 TH TH TH TH TH 

TF2 13.8 14.4 14.2 14.0 14.1 13.8 21.3 

Pre: DLS radius measured immediately following 0.2µm filtration. 

Vector concentrations (vg/mL): CF: l.93El3, TFl: 2.38E13, TF2: 2.33E13. 

TH: signal intensity is too high to measure because of extensive aggregation. 

10 FIT 

141 

TH 

50.9 

As shown in Table 3, AA V2-AADC vector prepared in CF shows some aggregation after 

5 days of storage at 4 °C, as well as following one or more FIT cycles at -20 or -80°C. For 

vector prepared in TFl, no aggregation occurs after 5 days at 4°C, but aggregation occurs 

following a single FIT cycle at -20 or -80 °C as indicated by a DLS signal intensity that is too 
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·high to measure. Visual inspection of these samples reveals slight cloudiness, which is 

consistent with aggregation. For vector prepared in TF2, no aggregation is observed at 4 °C, or 

following up to 10 FIT cycles at-20 °C. Some aggregation is observed following 5 and 10 FIT 

cycles at -80 °C. 

AAV activity after storage or FIT cycling in TF2 is assessed as follows. As described 

above, the high ionic strength, isotonic formulation TF2 effectively prevents vector aggregation 

during concentration and storage, and therefore represents a promising candidate for further 

study. An important question is whether preparation and storage of the vector in high ionic 

strength TF2 would adversely affect its functional activity. To assess this, assays are performed 

to measure the infectious titer and the transduction efficiency of vectors prepared and stored for 

an extended period of time in TF2. 

For infectivity, a highly sensitive infectivity assay capable of detecting single infectious 

events is used. Zhen, Z. et al. (2004) Human Gene Ther. 15: 709-715. AA V2-AADC is 

prepared in TF2 at a concentration of 6.4x 1013 vg/mL. After being stored for 45 days at 4 °C the 

preparation has a vector genome to infectious unit ratio (vg/lU) of 13, compared to a value of 16 

vg/lU for the reference vector. This difference'is not significant given the reported variability of 

this assay (RSD ~50% ). 

Transduction efficiency is assessed by measuring the expression of AADC protein by 

ELISA following transduction of D7 /4 cells. FIG. 3 shows no significant difference between 

vector prepared in TF2 and the reference control for vector input ranging from 10 to 105 vg/cell. 

Together, these data indicate that preparation and storage of AA V2 vectors in high ionic strength 

TF2 does not have a deleterious effect on vector infectivity or transduction efficiency. 
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• .Conclusion 

The effect of ionic strength(µ) on virus particle interactions is determined to elucidate 

the mechanism of vector aggregation. The ionic strength of neutral-buffered isotonic saline(µ= 

150mM) is insufficient to prevent aggregation of AA V2 vectors purified by gradient 

ultracentrifugation or by cation exchange chromatography at concentrations exceeding ~ 1013 

particles/mL. Inclusion of sugars (sorbitol, sucrose, mannitol, trehalose, glycerol) at 

concentrations up to 5% (w/v) or of surfactants Tween80® (1 %) or Pluronic® F68 (10%) does not 

prevent aggregation of vector particles. 

'In contrast, vector particles remain soluble when elevated ionic strength solutions (µ > -

200mM) are used during purification and for final vector formulation. Elevated ionic strength 

solutions using isotonic excipient concentrations for in vivo administration are prepared with 

salts of multivalent ions, including sodium citrate, sodium phosphate, and magnesium sulfate. 

An isotonic formulation containing l0mM Tris, lO0mM sodium citrate, 0.001% Pluronic® F68, 

pH 8.0 (µ ~500mM) enables concentration of AA V2-AADC vectors to 6.4x10 13 vg/mL with no 

aggregation observed during preparation and following ten freeze-thaw cycles at -20 °C. See 

Table 3, below, and accompanying discussion. AA V2-~DC vectors prepared and stored for an 

extended period in elevated ionic strength formulation retain high infectivity titer (13 IU/vg) and 

transduction efficiency. 

Nuclease treatment of purified AA V2 vectors reduces the degree of vector aggregation, 

implicating vector surface nucleic acid impurities in inter-particle interactions. Hence, 

purification methods to efficiently remove vector surface residual nucleic acids, coupled with the 

use of elevated ionic strength isotonic formulations, are useful methods to prevent AA V2 vector 

aggregation. 
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EXAMPLE 1 

AA V PURIFICATION METHODS 

AA V2 vectors expressing human coagulation factor IX (FIX) or human amino acid 

decarboxylase (AADC) are produced by triple transfection of HEK293 cells as previously 

described (Matsushita, T. et al. (1998) Gene Therapy 5: 938-945), with modifications. For the 

large scale preparations, cells are cultured and transfected in 850 mm2 roller bottles (Coming). 

Vectors are purified by one of three methods. 

In purification Method 1, modified from Matsushita, transfected HEK.293 cells in roller 

bottles are collected by centrifugation (1000g, 15min), resuspended in lOrnM sodiurri phosphate, 

500mM sodium chloride, pH 7.2, and lysed by three freeze I thaw cycles (alternating an ethanol/ 

dry ice bath and a 37°C water bath). The cell lysate is clarified by centrifugation (8,000g, 

15 min). The supernatant is then diluted to 200rn.M NaCl by addition of 1 0rn.M sodium 

phosphate, pH 7 .2, and digested with Benzonase® (Merck, Purity"" Grade 1; 200 U/mL, 1 h, 3 7 

0 C). The lysate is adjusted to 25rn.M CaCh using a IM stock solution, and incubated at 4°C for 

one hour. 

The mixture is centrifuged (8,000g, 15 min), and the supernatant containing vector is 

collected. To precipitate virus from the clarified cell lysate, polyethylene glycol (PEG8000) is 

•added to a final concentration of 8%,' the mixture incubated at 4°C for three hours, and then 

centrifuged (8,000g, 15 min). The pellets containing vector are re-suspended with mixing in 

0.15M NaCl, 50rn.M Hepes, 25mM EDTA, pH 8.0 and incubated at 4°C for 16 hours. The 

resuspended material is pooled, and solid cesium chloride is added to a final density of 1 .40 
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gm/ml. Vector is then banded by ultracentrifugation (SW28, 27,000rpm, 24h, 20°C) using a 

Beckman model LE-80 centrifuge. The centrifugation tubes are fractionated, and densities from 

1.38 to 1.42 gm/mL containing vector are pooled. This material is banded a second time by 

ultracentrifugation (NVT65 rotor, 65,000 rpm, 16h, 20°C), and fractions containing purified 

AA V2 vectors are pooled. To concentrate vector and to perform buffer exchange, vectors in 

concentrated cesium chloride solution are subjected to ultrafiltration / diafiltration (UF/DF) by 

tangential flow filtration as described below (Example 2). 

In purification Method 2, cell harvests containing AA V are microfluidized and filtered 

sequentially through 0.65 and 0.22 µm filters (Sartorius). Virus is purified from the clarified cell 

lysates by cation exchange chromatography using Poros HS50 resin as previously described. 

U.S. Pat. No. 6,593,123. For the nuclease digestion described in FIG. 2, column-purified vectors 

are incubated (4h, RT) with 100 U/mL Benzonase and 10 U/mL DNAse I (RNAse free, Roche 

Diagnostics, Indianapolis, Indiana). 

For purification Method 3, AA V2 vectors purified by cation exchange chromatography 

are subjected to an additional cesium chloride gradient ultracentrifugation step (SW28, 

27,000rpm, 20h) to remove empty capsids prior to UF/DF. 

Real time quantitative PCR (Q-PCR) is used to quantify AA V preparations as previously 

described. Sommer, J.M. et al. (2003) Mol. Therapy 7: 122-128. Vectors purified by each of 

the three methods are analyzed by SDS-PAGE / silver staining analysis, and in all cases VPl, 

VP2 and VP3 are present in the expected ratios, with the capsid proteins representing >95% of 

total proteins as determined by scanning densitometry. However, unlike gradient-purified AAV2 

vectors purified using Methods 1 and 3, vectors purified by Method 2 (column chromatography) 

contain empty capsids, ranging from 3-10 empty capsids per vector genome. 
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EXAMPLE2 

ULTRAFILTRA TION AND DIAFIL TRA TION TO DETECT AA V AGGREGATION 

Disposable hollow fiber tangential flow filtration devices {Amersharn BioSciences 8" 

Midgee, 100 kDa nominal pore size) are used to concentrate and diafilter AA V2 vectors purified 

by the methods described above, and for the UF/DF experiments described in Table 2. For all 

UF /DF procedures a volume of diafiltration buffer corresponding to 1 Ox the product volume is 

used, and it is added in~ lmL increments to approximate continuous diafiltration. Using this 

method, the calculated residual CsCl after diafiltration is <0.SmM. 

The following three formulations were used for UF/DF: Control Formulation (CF: 

140mM sodium chloride, l0mM sodium phosphate, 5% sorbitol, pH 7.3); Test Formulation 1 

(TFl: lS0mM sodium phosphate, pH7.5); and Test Formulation 2 (TF2: 100 mM sodium citrate, 

l0mM Tris, pH8.0). For Experiment 1 shown in Table 2, diafiltration is performed at a volume 

corresponding to a vector concentration of lx10 13 vg/mL, and following diafiltration the volume 

is reduced to a value corresponding to 2.5x10 13 vg/mL (assuming no vector loss). 

For Experiment 2, diafiltration is performed at a volume corresponding to a 2x 1013 

vg/mL, and the volume is then reduced to a value corresponding to 6.7x10 13 vg/mL. 

For Experiment 3 (CF± Bz), AA V2-AADC (approximately 1.2xl 014 vg) is first 

diafiltered into TFl (a formulation compatible with nuclease activity) and then passed through a 

0.22 µm filter. The titer of this material is determined, and the volume is adjusted to correspond 

to a concentration of lxl0 13 vg/mL. To 10 mL of this material, MgCh is added to a 

concentration of 2 mM, and then divided into two equal aliquots. One aliquot is incubated with 

Benzonase (200 U/mL, 4h, RT), and the second is mock-incubated. Each aliquot is then 
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diafiltered at a volume corresponding to a vector concentration 2x 1013 vg/mL, and then 

.concentrated to a 3.6x10 13 vg/mL target. Following all UF/DF protocols, Pluronic® F-68 (BASF 

Corp., MourJt Olive, NJ) from a I% stock is added to the vector product to a final concentration 

of0.001%, and the solution is passed through a 0.22µm syringe filter (Sartorius). All UF/DF 

procedures are performed in a laminar flow cabinet. 

EXAMPLE3 

MEASUREMENT OF VECTOR AGGREGATION BY 

DYNAMIC LIGHT SCATTERING 

Purified vectors are analyzed for aggregation by dynamic light scattering (DLS) using a 

Protein Solutions DynaPro 99 (A,=825.4 nm). Primary data (particle radius - Rh, average value 

measured over 30 cycles, 10 cycles/min) are used for all analyses reported. A "dilution-stress" 

method is used to assess the effect of varying excipients on vector aggregation. In this method, 

80 µL of test diluent is added to 20 µL of vector solution with mixing in the actual cuvette used 
• -

for DLS measurement, and data collection is initiated within 10 seconds of mixing. Prior to 

addition of test diluents, the Rh value for AA V2 vector preparations is measured and confirmed 

to be <15 nm to ensure that the starting material is monomeric. Samples that are not t'OO¾ 

monomeric are passed through a 0.22µm syringe disc filter (Sartorius, low protein binding) to 

remove aggregates. 

The osmolarity and ionic strength values given in FIGS. 1 and 2 are calculated using all 

_excipients present in the mixture (i.e. weighted: test diluent (80%) and starting vector 

formulation (20%)). Osmolarity is calculated according to the equation: Osmolarity = LCi, 

where Ci is the molar concentration of each solute species. The ionic strength(µ) is calculated 

24 

GENZ_NOV _00003944 

Sarepta Exhibit 1088, page 74



Case 1:21-cv-01736-RGA   Document 301-1   Filed 11/20/23   Page 75 of 385 PageID #: 19183

0800-0045 
PATENT 

according to the equation: µ = ½ 2:ciz?, where Zi is the charge on each species. In conditions that 

resulted in vector aggregation (e.g. lowµ) a progressive increase in Rh is observed over the 

course of data collection. To validate the use of the average Rh measured over the 3 minute 

interval following dilution as a reliable measure of aggregation, the average rate of increase of 

Rh (Mh I ~t) over the same time interval is also determined (not shown). Analysis of Mh I ~t 

gives results concordant with those obtained using the average Rh value reported in FIGS. 1 and 

2. 

EXAMPLE4 

AA V VIRION INFECTIVITY 

Infectivity of AA V2-AADC vectors is determined using a highly sensitive assay as 

previously described. Zhen, Z. et al. (2004) Human Gene Ther. 15: 709-715. Briefly, samples 

are serially diluted (IO-fold dilutions, 10 replicates/ dilution) and added to D7/4 cells (modified 

HeLa cells expressing AAV rep and cap) grown in 96 well tissue culture plates (Falcon, cat. 

#353227) in DMEM medium containing 10% FBS. Adenovirus (Ad-5, I 00 vp/cell) is added to 

each well to provide helper functions. After 48h, replication of AA V vector in each well is 

quantified by Q-PCR using transgene-specific primers and probes, and the frequency of infection 

.at limiting dilution is analyzed by the Karber method to calculate the infectivity titer. The test 

sample is run concurrently with an AA V2-AADC reference previously prepared in CF and 

stored at -80 °C. 

The transduction efficiency of AA V2 vectors is quantified by a whole cell ELISA. D7 /4 

cells grown in 96 well plates are infected with IO-fold serial dilutions of the test sample and 

reference vector, corresponding to 10 to 105 vg / cell input (5 replicates/ dilution). After 48h, 

25 

GENZ_NOV _00003945 

Sarepta Exhibit 1088, page 75



Case 1:21-cv-01736-RGA   Document 301-1   Filed 11/20/23   Page 76 of 385 PageID #: 19184

0800-0045 
PATENT 

the culture medium is removed, and cells are washed twice with 200 µL PBS (l 0 mM sodium 

phosphate, 140mM sodium chloride, pH 7.2). Cells are then perrneabilized and fixed by addition 

of 100µ1 of PBS containing 0.5% Triton X-100 and 4% paraforrnaldehyde to each well 

(15 min). The fixing solution is removed, and the cells are washed twice with PBS containing 

0.5% Triton X-100. Non-specific sites are blocked by adding PBS containing 3% bovine serum 

albumin (BSA) and 0.5% Triton X-100 (60min). 

After washing, cells are incubated for one hour with rabbit anti-AADC IgG antibody 

(Chemicon, AB136), and washed. Cells are then incu~ated for one hour with alkaline 

phosphatase-conjugated goat anti-rabbit IgG; and washed. Antibodies are diluted l: 1000 in PBS 

containing 1% BSA, 0.5% Triton X-100. Substrate (PNPP, Pierce, cat. #34047) is then added (1 

mg/mL in IX diethanolamine substrate buffer, Pierce, cat. #34064), and after incubation for 

30min the concentration of cleaved substrate is measured spectrophotometrically (l=405nm). 

Human AADC expression as a function of vector input is fitted using a spline curve (SigmaPlot). 

The AA V2-AADC reference vector is measured concurrently with the test sample. 

While preferred illustrative embodiments of the present invention are described, it will be 

apparent to one skilled in the art that various changes and modifications may be made therein 

without departing from the invention, and it is intended in the appended claims to cover all such 

changes 'and modifications that fall within the true spirit and scope of the invention. 

All publications, patents and patent applications referred to herein are hereby 

incorporated by reference in their entireties. 
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We claim: 

1. A composition for the storage of purified virus particles, comprising: 

purified virus particles; 

a pH buffer; and 

excipients comprising one or more multivalent ions; wherein the ionic strength of 

the composition is greater than about 200 mM. 

2. The composition of claim 1, wherein the purified virus particles are AA V virus 

particles. 

3. The composition of claim 1, wherein one of the one or more multivalent ions is 

citrate. 

4. The composition of claim 1, further comprising Pluronic® F68. 

5. The composition of claim 4, wherein the Pluronic® F68 is present at 0.001 %. 

6. The composition of claim 1, wherein the pH buffer is 10 mM Tris, pH 8.0 and the 

excipients comprise 100 mM sodium citrate. 

7. The composition of claim 1, wherein the average particle radius (Rh) of the 
, . . 

purified virus particles is less than about 20nm as measured by dynamic light scattering. 

• 8. The composition of claim 1, wherein recovery of the purified virus particles is at 

least about 90% following filtration of the composition of virions through a 0.22µm filter. 

9. A method of preventing aggregation ofvirions in a preparation ofvirions, 

comprising treating said preparation of virions with Benzonase®.· 

10. The method of claim 9, wherein, after Benzonase® treatment, the average particle 

radius (Rh) of the virions in the preparation of virions is less than about 20nm as 

measured by dynamic light scattering. 
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11. The method of claim 9, wherein, after Benzonase®treatment, recovery of the 

virions is at least about 90% following filtration of the preparation of virions through a 

0.22µm filter. 
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ABSTRACT 

Compositions and methods are provided for preparation of concentrated stock solutions 

of AA V virions without aggregation. Formulations for AA V preparation and storage are high 

ionic strength solutions ( e.g. µ ~500mM) that are nonethel~ss isotonic with the intended target 

tissue. This combination of high ionic strength and modest osmolarity is achieved using salts of 

high valency, such as sodium citrate. AA V stock solutions up to 6.4xl0 13 vg/mL are possible . . 

·using the formulations of the invention, with no aggregation being observed even after ten 

freeze-thaw cycles. The surfactant Pluronic® F68 may be added at 0.001 % to prevent losses of 

virions to surfaces during handling. Virion preparations can also be treated with nucleases to 

eliminate small nucleic acid strands on virions surfaces that exacerbate aggregation. 
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Atty Dkt No. 0800-0045 

ASSIGNMENT JOINT 

THIS ASSIGNMENT, by John Fraser Wright and Guang Qu (hereinafter referred to as the assignors), 
residing at Princeton, New Jersey and Alameda, California respectively, witnesseth: 

WHEREAS, the said assignors have invented certain new and useful improvements in 
COMPOSITIONS AND METHODS TO PREVENT AA V VECTOR AGGREGATION set forth in an 
application for Letters Patent of the United States, bearing Application No. 11/141,996 and filed on June 

• 1, 2005; and 

WHEREAS, A vigen, Inc., a corporation duly organized under and pursuant to the laws of 
Delaware, and having its principal place of business at 130 I Harbor Bay Parkway, Alameda, CA 94502 
• (hereinafter referred to as the assignee) is desirous of acquiring the entire right, title and interest in and to 
said inventions and said application for Letters Patent of the United States, and in and to any Letters Patent 
or Patents, United States or foreign, to be obtained therefor and thereon: 

NOW THEREFORE, in consideration of One Dollar ($1.00) and other good and sufficient 
considerations, the receipt of which is hereby acknowledged, the said assignors have sold, assigned, 
transferred and set over, and by these presents do sell, assign, transfer and set over, unto the assignee, its 
successors, legal representatives and assigns, the entire right, title and interest in and to the above­
mentioned inventions, application for Letters Patent, and any and all Letters Patent or Patents in the United 
States of America and all foreign countries which may be granted therefor and thereon, and in and to any 
and all divisions, continuations, and continuations-in-part of said application, or reissues or extensions of 
said Letters Patent or Patents, and all rights under the futernational Union for the Protection offudustrial 
Property, the same to be held and enjoyed by the said assignee, for its own use and behoof and the use and 
behoof of its successors, legal representatives and assigns, to the full end of the tenn or tenns for which 
Letters Patent or Patents may be granted, as fully and entirely as the same would have been held and 
·enjoyed by the assignors, had this sale and assignment not been made. 

AND for the same consideration, the said assignors hereby covenant and agree to and with the said 
assignee, its successors, legal representatives and assigns, that, at the time of execution and delivery of 
these presents, the said assignors are the sole and lawful owners of the entire right, title and interest in and 
to the said inventions and the application for Letters Patent above-mentioned, and that the same are 
unencumbered and that the said assignors have good and full right and lawful authority to sell and convey 
the same in the manner herein set forth. 

AND for the same consideration, the said assignors hereby covenant and agree to and with the said 
assignee, its successors, legal representatives and assigns, that the said assignors will, whenever counsel of 
the said assignee, or the counsel of its successors, legal representatives and assigns, shall advise that any 
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proceeding in connection with said inventions, or said application for Letters Patent, or any proceeding in 

connection with Letters Patent for said inventions in any country, including interference proceedings, is 

·lawful and desirable, or that any division, continuation or continuation-in-part of any·application for 

Letters Patent or any reissue or extension of any Letters Patent, to be obtained thereon, is lawful and 

desirable, sign all papers and documents, take all lawful oaths, and do all acts necessary or required to be 

done for the procurement, maintenance, enforcement and defense of Letters Patent for said inventions, 

without charge to said assignee, its successors, legal representatives and assigns, but at the cost and 

expense of the said assignee, its successors, legal representatives and assigns. 

AND the said assignors hereby request the Commissioner of Patents to issue said Letters Patent of 

the United States to the said assignee as the assignee of said inventions and the Letters Patent to be issued 

thereon for the sole use and behoof of the said assignee, its successors, legal representatives and assigns. 

Date: tYI( {)j 

Date: ___________ _ 
GuangQu 
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Atty Dkt No. 0800-0045 

ASSIGNMENT JOINT 
THIS ASSIGNMENT, by John Fraser Wright and Guang Qu (hereinafter referred to as the assignors), 
residing at Princeton, New Jersey and Alameda, California respectively, witnesseth: 

WHEREAS, the said assignors have invented certain new and useful improvements in 
CO:rvtPOSITIONS AND METHODS TO PREVENT AA V VECTOR AGGREGATION set forth in an 
application for Letters Patent of the United States, bearing Application No. 11/141,996 and filed on June 
1, 2005; and 

WHEREAS, A vigen, Inc., a corporation duly organized under and pursuant to the laws of 
Delaware, and having its principal place of business at 1301 Harbor Bay Parkway, Alameda, CA 94502 
• (hereinafter referred to as the assignee) is desirous of acquiring the entire right, title and interest in and to 
said inventions and said application for Letters Patent of the United States, and in and to any Letters Patent 
or Patents, United States or foreign, to be obtained therefor and thereon: 

NOW THEREFORE, in consideration of One Dollar ($1.00) and other good and sufficient 
considerations, the receipt of which is hereby acknowledged, the said assignors have sold, assigned, 
transferred and set over, and by these presents do sell, assign, transfer and set over, unto the assignee, its 
successors, legal representatives and assigns, the entire right, title and interest in and to the above­
mentioned inventions, application for Letters Patent, and any and all Letters Patent or Patents in the United 
States of America and all foreign countries which may be granted therefor and thereon, and in and to any 
and all divisions, continuations, and continuations-in-part of said application, or reissues or extensions of 
said Letters Patent or Patents, and all rights under the International Union for the Protection of Industrial 
Property, the same to be held and enjoyed by the said assignee, for its own use and behoof and the use and 
behoof of its successors, legal representatives and assigns, to the full end of the term or terms for which 
Letters Patent or Patents may be granted, as fully and entirely as the same would have been held and 
·enjoyed by the assignors, had this sale and assignment not been made. 

AND for the same consideration, the said assignors hereby covenant and agree to anq with the said 
assignee, its successors, legal representatives and assigns, that, at the time of execution and delivery of 
these presents, the said assignors are the sole and lawful owners of the entire right, title and interest in and 
to the said inventions and the application for Letters Patent above-mentioned, and that the same are 
unencumbered and that the said assignors have good and full right and lawful authority to sell and convey 
the same in the manner herein set forth. 

AND for the same consideration, the said assignors hereby covenant and agree to and with the said 
assignee, its successors, legal representatives and assigns, that the said assignors will, whenever counsel of 
the said assignee, or the counsel of its successors, legal representatives and assigns, shall advise that any 
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proceeding in connection with said inventions, or said application for Letters Patent, or any proceeding in 
connection with Letters Patent for said inventions in any country, including interference proceedings, is 
lawful and desirable, or that any division, continuation or conti~uation-in-part of any application for 
Letters Patent or any reissue or extension of any Letters Patent, to be obtained thereon, is lawful and 
desirable, sign all papers and documents, take all lawful oaths, and do all acts necessary or required to be 
done for the procurement, maintenance, enforcement and defense of Letters Patent for said inventions, 
without charge to said assignee, its successors, legal representatives and assigns, but at the cost and 
expense of the said assignee, its successors, legal representatives and assigns. 

AND the said assignors hereby request the Commissioner of Patents to issue said Letters Patent of 
the United States to the said assignee as the assignee of said inventions and the Letters Patent to be issued 
thereon for the sole use and behoof of the said assignee, its successors, legal representatives and assigns. 

Date: ___________ _ 
John Fraser Wright 

Date: ----=-~.....L..~-~_,,_J,_-/4_~_-_::---__ 
GuangQu 
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Application No. 

12/661,553 

Applicant(s) 

WRIGHT ET AL. 

Office Action Summary Examiner 

SATYENDRA SINGH 

Art Unit 

1657 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J. MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )[gl Responsive to communication(s) filed on 09 Mav 2012. 

2a)[gl This action is FINAL. 2b)0 This action is non-final. 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

5)[8J Claim(s) 1 and 3-8 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6)0 Claim(s) __ is/are allowed. 

?)[gl Claim(s) 1 and 3-8 is/are rejected. 

8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

1 0)[gl The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

12)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

3) 0 Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 

6) 0 Other: __ . 

PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20120711 
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Application/Control Number: 12/661,553 

Art Unit: 1657 

DETAILED ACTION 

Applicant's submission filed on 05/09/2012 is duly acknowledged. 

Claims 2, and 9-11 (invention of group II) have been canceled by applicants. 

Claims 1 and 3-8 (elected invention of group I), as currently amended, have been 

examined on their merits in this office action. 

Objection to Specification 

The disclosure is objected to for the following informalities: 

Page 2 

Page 1, first paragraph of the instant disclosure should be amended to acknowledge the 

issued patent US 7,704,721 from application 11/141,996. Appropriate correction is required. 

Claim Rejections - 35 USC§ 112- withdrawn 

In view of the current amendments presented in claims 4, 5 and claim 7, the 112-second 

rejections, as set forth in the previous office action, have been withdrawn by the examiner. 

Claim Rejections - 35 USC§ 102- withdrawn 

In view of current amendments to claim 1, the rejection of claims l, 3, 7 and 8 under 35 

U .S.C. l 02(b) over cited references of Vihinen-Ranta et al ( 1998) and Andersson et al ( 1979), as 

previously made by the examiner, have been withdrawn. 

Claim Rejections - 35 USC § 102-maintained 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that fo1m the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless ·· 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or 
on sale in this country, more than one year prior to the date of application for patent in the United States. 
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l. Claims 1, 7 and 8 (as currently amended) are/remain rejected under 35 U.S.C. 

102(b) as being anticipated by Zolotukhin et al (2000; US 6,146,874; IDS). 

Claims are directed to "a composition for the storage of purified adeno-associated virus 

(AA V) particles, comprising: purified AA V particles; a pH buffer; and excipients comprising 

one or more multivalent ions; wherein the ionic strength of the composition is greater than 200 

mM, wherein aggregation of the purified AA V particles in the composition is prevented ( claim 

l); wherein the purified AA V particles have an average particle radius (Rh) of less than about 20 

nm as measured by dynamic light scattering (instant claim 7 as amended); and wherein recovery 

of the purified virus particles is at least about 90% following filtration of the composition of 

virions through a 0.22 µm filter" (claim 8). 

Zolotukhin et al (2000) disclose the composition comprising: purified recombinant AA V 

virus particles; a pH buffer such as phosphate buffered-saline with magnesium chloride and 

potassium chloride (PBS-MK); and excipients comprising one or more multivalent ions such as 

phosphate and magnesium; wherein the ionic strength of the composition is greater than 200 mM 

(see Zolotukhin et al, column 11, 4th paragraph, lines 35-40, in particular), wherein they elute the 

purified rAAV particles in PBS-MK buffer having lM NaCl, i.e. elution buffer. The 

limitations of claims 7 and 8 (average particle radius and percent recovery following filtration) 

are also met by the prior art as these limitations are taken to be an inherent characteristic features 

of the purified viral composition as disclosed by Zolotukhin et al. Since, all the components 

including purified virus particles, pH buffer and multivalent ions, as recited in claims l and 7, or 

claims l and 8, are the same, as disclosed in the cited prior art, these features will necessarily 

follow from the composition disclosed in the art. 
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As per MPEP 2111.01, during examination, the claims must be interpreted as broadly as 
their terms reasonably allow. In re American Academy of Science Tech Center, F.Jd, 2004 WL 
1067528 (Fed. Cir. May 13, 2004)(The USPTO uses a different standard for construing claims 
than that used by district courts; during examination the USPTO must give claims their broadest 
reasonable interpretation.). This means that the words of the claim must be given their plain 
meaning unless applicant has provided a clear definition in the specification. In re Zletz, 893 
F.2d 319, 321, 13 USPQ2d 1320, 1322 (Fed. Cir. 1989). 

Response to 102(b) Arguments over Zolotukhin et al 

Applicant's arguments filed on 5/9/2012 (as they pertain to the 102(b) rejection of claims 

1, 2, 7 and 8) have been fully considered but they are not persuasive for the following reasons: 

Applicants argument that " ... Zolotukhin does not teach a composition where the ionic 

strength of a pur~fied preparation of rAA V virions is greater than 200 mM. Rather, in the 

passage cited by the Examiner to evidence the teaching of excipients greater than 200 mM ionic 

strength, the rAA Vis in the process of being purified. See, for example, Figure 1 .... considered 

"purified" in the disclosure" (see remarks, page 6, 2nd and 3rd paragraphs), is duly noted and 

considered. However, it is noted that the term "purified" is not specifically defined in the instant 

disclosure, as being tied to any particular step and/or degree of purification of the AA V particles, 

or for that matter number of virions associated with such composition as claimed. The cited 

reference of Zolotukhin et al disclose, albeit during the process of pmification the composition 

comprising purified rAA V virus particles, a pH buffer such as phosphate buffered-saline with 

magnesium chloride and potassium chloride (PBS-MK used as elution buffer containing IM 

NaCl), and excipients comprising multivalent ions such phosphate and magnesium, wherein the 

ionic strength of said composition is greater than 200mM, and therefore anticipate the claimed 

invention as cun-ently presented. The arguments regarding Lactate Ringer's composition and 

ionic strength as made by the applicants is not found to be persuasive because Zolotukhin et al 
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disclose all the elements of the claimed composition. In addition, since the components including 

purified AA V particles, pH buffer and multivalent ions, as recited in instant claim 1 are the 

same, as disclosed in the cited prior art, the features recited in claims 7 and 8 would necessarily 

follow from the composition disclosed in the art. 

Claim Rejections - 35 USC§ 103- maintained 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 

(1966), that are applied for establishing a background for determining obviousness under 35 

U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating obviousness 

or nonobviousness. 

1. Claims 1 and 3-8 (as amended) are/remain rejected under 35 U.S.C. 103(a) as being 

unpatentable over Zolotukhin et al (2000; US 6,146,874; IDS) taken with Andersson et al (1979; 

US 4,138,287; [A]), Zhang et al (2001; US 6,194,191; IDS) and Chen et al (1994; IDS). 

Claims are directed to "a composition (for the storage) of purified adeno-associated virus 

(AA V) particles, comprising: purified AA V particles; a pH buffer; and excipients comprising 

one or more multivalent ions; wherein the ionic strength of the composition is greater than 200 
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mM, wherein aggregation of the purified AA V particles in the composition is prevented (instant 

claim 1); wherein one of the one or more multivalent ions is citrate ( claim 3); further comprising 

Pluronic® F68 (ethylene oxide/propylene oxide block copolymer) at 0.001 % (w/v) (claims 4-5); 

wherein the pH buffer is 10 mM Tris, pH 8.0 and the excipients comprise 100 mM sodium 

citrate (claim 6); wherein the purified AAV particles have an average particle radius (Rh) of less 

than about 20 nm as measured by dynamic light scattering (instant claim 7 as amended); and 

wherein recovery of the purified virus particles is at least about 90% following filtration of the 

composition of virions through a 0.22 µm filter" (claim 8). 

The detailed teachings of Zolotukhin et al have been discussed above, and are further 

relied upon in the same manner herein. 

Andersson et al ( 1979) disclose the composition comprising purified hepatitis virus 

(HBsAg) particles (see abstract, in particular), a pH buffer such as Tris-sodium citrate buffer, pH 

7.5, and excipients comprising a multivalent ion such as sodium citrate, wherein the ionic 

strength of the composition is greater than about 200 mM ( see elution of purified virus from 

column using 0.5 M NaCl in Tris-citrate buffer; see Andersson et al, example 2 and claim 5, in 

particular; meets the limitations of claims 1 and 3). 

However, the composition, fm1her comprising Pluronic® F68 at 0.001 % w/v (claims 4-

5); and wherein the pH buffer is 10 mM Tris, pH 8.0 and the excipients comprise 100 mM 

sodium citrate (claim 6), is not specifically disclosed by the inventions of Zolotukhin et al taken 

with Andersson et al. 
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Zhang et al (2001) disclose the use of a surfactant such as Pluronic® F68 (0.1 % in 

growth medium for adenovirus infection and viral production, etc.; see column 4, 2nd paragraph 

and columns 53-54, in particular) for production of adenoviral particles in serum-free suspension 

cultures using spinner flasks, and also use in the cryopreservation media (see column 53, last 

paragraph). 

Chen et al (1994) disclose strategies to suppress aggregation of proteins (such as 

recombinant keratinocyte growth factor) dming liquid formulation development (see Chen et al, 

abstract, table 1-2, in paiiicular) by adding sulfated polysaccharides (such as heparin) and citrate 

salts (such as 0.1 to 0.5 M sodium citrate; see Chen et al, page 1661, left column, in particular) 

that were found to be effective in preventing protein aggregation. Chen et al also disclose the fact 

that other negatively charged small ions such as phosphate (a multivalent ion) also have 

moderate stabilizing effects on preventing aggregation of recombinant keratinocyte growth factor 

(rhKGF). 

Thus, given the disclosure in the cited prior art, a person of ordinary skill in the art would 

have modified the composition comprising purified AA V virus particles taught by Zolotukhin et 

al taken with Andersson et al such that said composition additionally comprise a surfactant (to 

help prevent aggregation during freezing-thawing cycles, for example) such as Pluronic® F68, as 

explicitly taught by Zhang et al, and a suitable amount of sodium citrate as a multivalent ion in 

Tris buffer solution (at a suitable pH; as specifically disclosed by Andersson et al) in order to 

stabilize the viral particles as suggested by Chen et al (for suppressing/reducing aggregation of 

fairly unstable proteins such as rhKGF; see discussion above, thus providing a conceptual basis 

for including multivalent ions in the buffer containing purified AA V particles), in addition to 
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other stabilizing components such as a smfactant. Since, the benefits of including a surfactant 

and high ionic strength multivalent ions have been disclosed in the cited prior art of Zhang et al 

and Chen et al, an artisan of ordinary skill in the art would have established suitable 

concentrations required to help stabilize viral preparations (i.e. by preventing aggregation, etc.) 

with a reasonable expectation of success. 

The limitations of claims 7 and 8 (average particle radius and percent recovery following 

filtration, etc.) are also met by the prior art as these are taken to be intrinsic characteristic 

features of the purified viral compositions as disclosed by Zolotukhin et al when taken with the 

teachings of Andersson et al, Zhang et al and Chen et al. Since, all the components of the 

product, as recited in the claims are the same as disclosed and/or suggested in the cited prior art, 

these features will necessarily follow from the composition disclosed in the art, as they do not 

structurally change the composition as claimed. 

Thus, the invention as a whole would have beenprimafacie obvious to a person of 

ordinary skill in the art at the time the claimed invention was made. 

As per MPEP 2144.06, "It is primafacie obvious to combine two compositions each of which is 
taught by the prior art to be useful for the same purpose, in order to form a third composition to 
be used for the ve1y same purpose .... [T]he idea of combining them flows logically from their 
having been individually taught in the prior art." In re Kerkhoven, 626 F.2d 846, 850, 205 USPQ 
1069, 1072 (CCPA 1980). 

As per MPEP 2144.06, In order to rely on equivalence as a rationale supporting an obviousness 
rejection, the equivalency must be recognized in the prior art, and cannot be based on 
applicant's disclosure or the mere fact that the components at issue are functional or mechanical 
equivalents. In re Ruff; 256 F.2d 590, 118 USPQ 340 (CCPA 1958). 
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Response to Arguments over 103(a) Rejection 

Page 9 

Applicant's arguments filed 05/09/2012 (as they pertain to the obviousness rejection of 

record) have been fully considered but they are not persuasive for the following reasons of 

record: 

Applicants argument that "(N)one of the cited art, either alone or in combination, teaches 

or suggests a purified rAA V particle preparation with an ionic strength of greater than 200 mM 

to prevent aggregation" (see remarks, page 7), is duly noted and considered. However it is not 

found to be persuasive because Zolotukhin et al disclose such a product composition as recited in 

instant claim 1 (see 102b rejection of record, above). The argument that Zolotukhin et al 

"expressly teaches away from the claimed invention because Zolotukhin purposely eliminates 

high salt concentrations from the remainder of the iodixanol gradient ... " (see remarks, page 7, 

3rd paragraph), is not found to be persuasive because instant claims are directed to product 

composition that has been fully disclosed in the cited art of record, albeit as an intermediate 

composition during the process of preparation of said rAA V particles. Thus, applicants 

argument that " ... even though Zolotukhin recognizes AA V virion-lysate protein aggregation as a 

problem, it does not teach or suggest that self-aggregation of rAA V virions is a problem at all, 

let alone a problem in a purified, concentrated AA V preparation", is noted and fully considered 

but is not found to be persuasive for the same reasons of record. The arguments regarding 

Lactate Ringer's composition and its ionic strength as made by the applicants (see remarks page 

8) is also not found be persuasive because Zolotukhin et al disclose all the elements of the 

claimed composition. Moreover, it is noted that the term "purified" is not specifically defined in 

the instant disclosure, as being tied to any particular step and/or degree of purification of the 
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Page 10 

AA V particles in said composition, as claimed. The cited reference of Zolotukhin et al disclose 

(albeit during the process of purification as an intennediate) the composition comprising purified 

rAA V virus particles, a pH buffer such as phosphate buffered-saline with magnesium chloride 

and potassium chloride (PBS-MK used as elution buffer containing lM NaCl), and excipients 

comprising multivalent ions such phosphate and magnesium, wherein the ionic strength of said 

composition is greater than 200mM, and therefore meet the limitations of the claimed invention 

as currently presented in claim 1. Regarding the cited references of Andersson et al, Zhang et al 

and Chen et al, applicants seem to argue that they are non-analogous art and do not relate to 

AA V composition at hand (see remarks, page 8), and that" .. . there was no motivation to combine 

the teachings of Zolotukhin with any of Andersson, Zhang and/or Chen at the time of filing the 

instant application and, even if such motivation existed, there was no reasonable expectation of a 

composition containing purified rAA V virions with components that resulted in the prevention of 

aggregation", which is fully considered, but is not found to be persuasive because (as also 

discussed in the rejection of record above) the problems of viral particle aggregation has been 

known and/or recognized in the art (see disclosure of Zolotukhin et al, above), specifically as 

suggested by the disclosure of Chen et al (when taken in combination with Andersson et al and 

Zhang et al) that salts of multivalent ions such as citrate were found to be effective in preventing 

protein aggregation. They also disclose the fact that other negatively charged small ions such as 

phosphate (also a multivalent ion) also have moderate stabilizing effect on preventing 

aggregation of recombinant keratinocyte growth factor. Since, AA V virions are encapsulated in 

capsid proteins, an artisan of ordinary skill in the art would have been motivated to use 

multivalent ions such as citrate, phosphate, etc. (with or without suitable surfactants such as 
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Pluronic® F68) in order to stabilize the purified preparation of AA V virions, with a reasonable 

expectation of success. In the absence of evidence/data to the contrary, the limitations presented 

in instant claims 7 and 8 are taken to be intrinsic to the composition disclosed in the cited art of 

record (see arguments on page 9, 2nd paragraph), as all the components recited in instant claim ] 

have been disclosed and/or fully suggested by the combined disclosure of the cited art of record. 

Applicants are advised to amend claim 1 in order to reflect the novelty of the invention 

commensurate in the scope of the claims and showing in the disclosure of record. 

Double Patenting- Maintained 

The nonstatutory double patenting rejection is based on a judicially created doctrine 

grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or 

improper timewise extension of the "right to exclude" granted by a patent and to prevent possible 

harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection 

is approp1iate where the conflicting claims are not identical, but at least one examined 

application claim is not patentably distinct from the reference claim(s) because the examined 

application claim is either anticipated by, or would have been obvious over, the reference 

claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re 

Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Langi, 759 F.2d 887,225 

USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937,214 USPQ 761 (CCPA 1982); In re 

Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 

USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.32l(c) or 1.32l(d) may 

be used to overcome an actual or provisional rejection based on a nonstatutory double patenting 
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ground provided the conflicting application or patent either is shown to be commonly owned 

with this application, or claims an invention made as a result of activities undertaken within the 

scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal 

disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CFR 

3.73(b). 

Applicants are apprised that The United States Patent and Trademark Office now 
provides for an eTerminal Disclaimer in EFS-Web. For more information please see 
http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-I.jsp. The new eTe1minal 
Disclaimer provides applicants with many advantages and promotes greater efficiency in the 
patent examination process. This web-based eTerminal Disclaimer can be filled out completely 
online through web-screens and no EFS-Web fillable forms are required. eTerminal Disclaimers 
are auto-processed and approved immediately upon submission if the request meets all of the 
requirements. 

Fees must be paid immediately which will then provide users more financial flexibility. A 
paper filed Terminal Disclaimer requires a fee but does not guarantee a Terminal Disclaimer 
approval. Each eTerminal Disclaimer filed requires a single terminal disclaimer fee, but can 
include up to 50 "reference applications" and 50 "prior patents". 

1. Claims 1 and 3-8 (as presented) are/remain rejected on the ground of 

nonstatutory obviousness-type double patenting as being unpatentable over at least claim 1 of 

U.S. Patent No. 7,704,721 B2 (issued on April 27, 2010 to the same assignee and inventors). 

Although the conflicting claims are not identical, they are not patentably distinct from each other 

because issued claim 1 is directed to a method of preventing aggregation of rAA V virion 

preparations by adding "one or more salts of multivalent ions selected from the group consisting 

of citrate, phosphate, sulfate and magnesium to said purified virions to produce a preparation of 

virions with an ionic strength of at least 200 mM", which is suitable for long term storage 

without significant aggregation problems. Since, the composition disclosed in the issued '721 
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patent is essentially similar in scope to the composition as currently being claimed by applicants 

in the instant application, an ODP rejection is deemed proper. 

Response to ODP Arguments 

Applicant's arguments filed 5/9/2012 (regarding the ODP rejection ofrecord) have been 

fully considered but they are not persuasive for the following reasons of record: 

First, it is noted that applicant correction that it was patent 7,704,721 over which the ODP 

rejection was made, is acknowledged and appreciated. Regarding the ODP arguments that 

" .. . composition claims corresponding to those pending herein were restricted out in the 

application that ultimately issued as the '721 patent. Accordingly, it is completely improper to 

require a Terminal Disclaimer in the present application over the '721 patent. See, MPEP 

804.01, citing 35 U.S.C. 121", it is noted that instant application has been filed as a CON of the 

11/141,996 ( allowed and issued as US 7,704,721; see page 1 of the instant disclosure filed on 

3/19/2010). Moreover, the issued method claims deal with a composition prepared using a 

nuclease, whereas the composition as cun-ently claimed only requires AA V pai1icles in a buffer 

containing one or more multivalent ions having ionic strength as recited in claim 1. Thus, instant 

application has not been treated as a true DIV of earlier application 11/141,996, even though a 

restriction was made between methods and the product. Since, the composition as claimed is 

fully contemplated in the issued patent '721, and is co-extensive in scope, the ODP rejection is 

deemed proper. 

Conclusion 

NO claims are allowed. 
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Applicant's amendment necessitated the new ground(s) of rejection presented in this 

Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 

Applicant is reminded of the extension of time policy as set forth in 37 CPR 1.136( a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 

MONTHS of the mailing date of this final action and the advisory action is not mailed until after 

the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 

will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 

CPR 1.136( a) will be calculated from the mailing date of the advisory action. In no event, 

however, will the statutory period for reply expire later than SIX MONTHS from the date of this 

final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to SATYENDRA SINGH whose telephone number is (571)272-
8790. The examiner can normally be reached on 9-5MF. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, JON P. WEBER can be reached on 571-272-0925. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Satyendra K. Singh/ 
Examiner, Art Unit 1657 

/JON P WEBER/ 
Supervisory Patent Examiner, Art Unit 1657 
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PTO/SB/30 /09 04) 

Request Annlication Number 12/661,553 

for 
Filina Date 

Continued Examination (RCE) 
March 19, 2010 

Transmittal First Named Inventor John Fraser Wriaht, et al. 

Address to: Art Unit 1653 
Mail Stop RCE 
Commissioner for Patents Examiner Name Satvendra K. Sinah 
P.O. Box 1450 
Alexandria, VA 22313-1450 Attornev Docket Number 0800-0045.01 

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application. 
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8, 
1995, or to any design application. See Instruction Sheet for RCEs (not to be submitted to the USPTO) on page 2. 

1. I Submission required under 37 CFR 1.1141 Note: If the RCE is proper, any previously filed unentered amendments and 
amendments enclosed with the RCE will be entered in the order in which they were filed unless applicant instructs otherwise. If 
applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request non-entry of such 
amendment(s). 

a. □ Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be 
considered as a submission even if this box is not checked. 

i. □ Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

ii. □ Other 

b. [?3J Enclosed 

i. f?3J AmendmenUReply iii D Information Disclosure Statement (IDS) 

ii. D Affidavit(s)/ Declaration(s) iv. D other 

2. !Miscellaneous I 
a. □ Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a 

period of _months. (Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required) 

b. □ Other 

3. IFeesl The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed. 

a. [?3J The Director is hereby authorized to charge the following fees, or credit any overpayments, to 
Deposit Account No. 50-5826 . I have enclosed a duplicate copy of this sheet. 

i. D RCE fee required under 37 CFR 1.17(e) 

ii. D Extension of time fee (37 CFR 1.136 and 1.17) 

iii. f?3J Other any fees not already: included 

b. □ Check in the amount of$ enclosed 

c. [?3J Payment by credit card 
WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit card 
information and authorization of PTO-2038. 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 

Signature ~ Date 1lr1/2o1-z, 
Name (Print /Type) Roberta L. Robins Registration No. / 33,20~ 

CERTIFICATE OF MAILING OR TRANSMISSION 

I hereby certify pursuant to 37 CFR §1.8 that this correspondence is being transmitted via EFS to the United States Patent and Trademark 
Office on the date shown below. 

Signature ~~ / 

Name (Print fType) Denise M. Vaillancourt I Date I ' I I -'7 I l'Z. 
I I 
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PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 

FY 2012 
(Fees oursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818).) 

Docket Number (Optional) 

0800-0045.01 

Application Number: 12/661,553 Filed: March 19, 2010 

For COMPOSITIONS AND METHODS TO PREVENT AAV VECTOR AGGREGATION 

Art Unit: 1653 Examiner: Satyendra K. Singh 

PTO/SB/22 (12-04) 

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above identified 
application. 

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below): 

□ 

□ 

[g] 

Fee Small Entity Fee 

□ One month (37 CFR 1.17(a)(1)) $150 $75 

□ Two months (37 CFR 1.17(a)(2)) $570 $285 

~ Three months (37 CFR 1.17(a)(3)) $1290 $645 

□ Four months (37 CFR 1.17(a)(4 )) $2010 $1005 

□ Five months (37 CFR 1.17(a)(5)) $2730 $1365 

Applicant claims small entity status. See 37 CFR 1.27. 

A check in the amount of the fee is enclosed. 

Payment by credit card. 

$ 

$ 

$ 1290 

$ 

$ 

D The Director has already been authorized to charge fees in this application to a Deposit Account. 

~ The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to 
Deposit Account Number _....,5'--"0'--'-5""8""'2""6,__ _____ _ 

WARNING: Information on this form may become public. Credit card information should not be included on this form. 
Provide credit card information and authorization on PTO-2038. 

I am the D applicant/inventor. 

D assignee of record of the entire interest. See 37 CFR 3.71. 
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96). 

D attorney or agent of record. Registration Number __ _ 

~ attorney or agent under 37 CFR 1.34. 
Registration number if acting under 37 CFR 1.34 -~3=3=2=08~-----

Signature / IDate 

Roberta L. Robins (650) 493-3400 
Typed or printed name Telephone Number 

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more than 
one signature is required, see below. 

~ Total of I forms are submitted. 
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Atty Dkt No: 0800-0045.01 
PATENT 

CERTIFICATE OF TRANSMISSION PURSUANT TO 37 CFR § 1.8 
I hereby certify pursuant to 37 CFR § 1.8 that this correspondence is being transmitted via EFS to the United States 
Patent and Trademark Office on the date shown below. 

Date I l,7 /13 
l J 

Signature~ ---
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re Application of: 

JOHN FRASER WRIGHT et al. 

Application No.: 12/661,553 

Filing Date: March 19, 2010 

CustomerNo.: 105379 

Confirmation No.: 4726 

Art Unit: 1653 

Examiner: Satyendra K. Singh 

Title: COMPOSITIONS AND METHODS TO PREVENT AAV VECTOR AGGREGATION 

SUBMISSION UNDER 37 CFR 1.114 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This Submission under 3 7 C.F .R. § 1.114 is being filed in response to the Final Office 

Action mailed July 17, 2012. A request for an extension of time, as well as the requisite fee, 

accompany this Submission. Applicants request reconsideration of the above-referenced patent 

application in view of the following amendments and remarks. 

Amendments to the specification begin on page 2 of this paper. 

A listing of claims begins on page 3 of this paper. 

Remarks begin on page 5 of this paper. 

-1-
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I. AMENDMENT 

Amendments to the Specification 

Atty Dkt No: 0800-0045.01 
Application No.: 12/661,553 

PATENT 

Please amend the first paragraph of the Specification at page 1 to read as follows: 

This application is a continuation of U.S. application serial no. 11/141,996, now U.S. 

Patent No. 7,704,721, from which application priority is claimed pursuant to 35 U.S.C. §120; 

which application claims the benefit under 35 U.S.C. § 119(e) of provisional applications 

60/575,997 filed June 1, 2004 and 60/639,222 filed December 22, 2004. The foregoing 

applications are hereby incorporated by reference in their entireties. 

-2-
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The following listing reflects amendments to the claims and replaces all prior 

versions and listings of claims in this application. 

1. (Currently amended) A composition for the storage of purified adeno-associated virus 

(AA V) particles, comprising: 

purified (AA V) particles at a concentration exceeding lxl0 13 vg/ml up to 6.4x10 13 

vg/ml,; 

a pH buffer; and 

excipients comprising one or more multivalent ions; wherein the ionic strength of 

the composition is greater than 200 mM, wherein aggregation of the purified AA V particles in 

the composition is prevented. 

2. (Canceled) 

3. (Original) The composition of claim 1, wherein one of the one or more multivalent 

ions is citrate. 

4. (Previously presented) The composition of claim 1, further comprising Pluronic® F68 

(ethylene oxide/propylene oxide block copolymer). 

5. (Previously presented) The composition of claim 4, wherein the Pluronic® F68 is 

present at 0.001 % (w/v). 

6. (Original) The composition of claim 1, wherein the pH buffer is 10 mM Tris, pH 8.0 

and the excipients comprise 100 mM sodium citrate. 

-3-
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7. (Previously presented) The composition of claim 1, wherein the purified AA V 

particles have an average particle radius (Rh) of less than about 20nm as measured by dynamic 

light scattering. 

8. (Original) The composition of claim 1, wherein recovery of the purified virus particles 

is at least about 90% following filtration of the composition of virions through a 0.22µm filter. 

9-11. (Canceled) 

-4-
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II. REMARKS 

Introductory Comments 

Atty Dkt No: 0800-0045.01 
Application No.: 12/661,553 

PATENT 

Claims 1 and 3-8 were examined in the Office Action under reply and stand variously 

rejected under (1) 35 U.S.C. §102 (claims 1, 7 and 8); (2) 35 U.S.C. §103(a) (claims 1 and 3-8); 

and (3) the judicially created doctrine of nonstatutory double patenting ( claims 1 and 3-8). These 

grounds of rejection are believed to be overcome by this response and are otherwise traversed for 

reasons discussed in detail below. 

Applicants note with appreciation the withdrawal of the previous rejections under 35 

U.S.C. §112, second paragraph. 

Overview of the Above Amendments 

Claim 1 has been amended to recite that the concentration of purified rAA V virions in the 

composition exceeds lx10 13 vg/ml up to 6.4x10 13 vg/ml. Support for this recitation can be found 

throughout the specification at, for example, page 6, lines 5-6 and in the examples. 

The foregoing amendment is made without prejudice, without intent to abandon any 

originally claimed subject matter, and without intent to acquiesce in any rejection ofrecord. 

Applicants expressly reserve the right to file one or more continuing applications containing the 

unamended claims. 

Rejections Under 35 U.S.C. §102 

Claims l, 7 and 8 were rejected under 35 U.S.C. §102(b) over U.S. Patent No. 6,146,874 

to Zolotukhin et al. ("Zolotukhin"). The Office argues Zolotukhin teaches a preparation of 

purified rAA V virions with a pH buffer and excipients comprising one or more multivalent ions, 

wherein the ionic strength of the composition is greater than 200 mM. Office Action, page 3. 

However, Applicants respectfully disagree that Zolotukhin anticipates the present claims. 

Applicants reiterate the Office has applied Zolotukhin under 35 U.S.C. §102(b) against 

claims 1, 7 and 8, and then combined Zolotukhin with additional art under 35 U.S.C. §103(a) 

against the same claims. Implicitly, then, the Examiner appears to be acknowledging that 

-5-
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Zolotukhin does not disclose each and every element in claims 1, 7 and 8 without the benefit of 

additional art. For this reason alone, the rejection must fail. 

Moreover, Applicants submit Zolotukhin does not teach a composition as currently 

claimed, including purified AA V particles exceeding more than lxl0 13 up to 6.4x10 13 vg/ml, 

wherein the ionic strength of the composition including such purified particles is greater than 200 

mM. Rather, in the passage at column 11, lines 35-40, cited by the Examiner to evidence 

purified rAA V particles in excipients greater than 200 mM ionic strength, the rAA V is in the 

process of being purified. The Examiner appears to agree with this assessment in the rejection 

under 35 U.S.C. §103(a), acknowledging that the disclosure relied on in Zolotukhin relates to "an 

intermediate composition during the process of preparation of rAAV particles." Office Action, 

page 9. High salt concentrations as claimed are not used in the Zolotukhin's preparation. On the 

contrary, as previously explained, Zolotukhin's final, purified AA V product is formulated in 

Lactated Ringer's buffer (see, column 12, lines 49-54) which according to the formula for ionic 

strength in the present specification, provides an ionic strength of 138.5 mM, not greater than 

200 mM as claimed. 

Thus, Zolotukhin fails to disclose all of the claimed elements arranged as in the claim. 

Withdrawal of this basis for rejection is therefore respectfully requested. 

Rejections Under 35 U.S.C. §103(a) 

Claims 1 and 3-8 remain rejected under 35 U.S.C. §103(a) as being unpatentable over 

Zolotukhin, taken with U.S. Patent No. 4,138,287 to Andersson et al. ("Andersson"); U.S. Patent 

No. 6,194,191 to Zhang et al. ("Zhang"); and Chen et al., J Pharm. Sci. (1994) 83:1657-1661 

("Chen"). 

The Office applies Zolotukhin as above. Andersson is said to disclose a composition of 

purified HBsAg particles, a pH buffer and excipients comprising a multivalent ion such as 

sodium citrate wherein the ionic strength of the composition is greater than about 200 mM. The 

Examiner correctly notes neither of Zolotukhin or Andersson describes a composition further 

comprising Pluronic ( claims 4 and 5) or a composition wherein the pH buffer is 10 mM Tris, pH 

8.0 and wherein the excipients comprise 100 mM sodium citrate ( claim 6). Office Action, page 

6. Zhang is said to disclose the use of Pluronic® F68 for producing adenoviral particles. Office 

-6-
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Action, page 7. Chen allegedly discloses strategies to suppress aggregation of keratinocyte 

growth factor (KGF) in liquid formulations by adding sulfated polysaccharides and citrate salts. 

Office Action, page 7. Finally, the limitations of claims 7 and 8 are said to be an intrinsic 

characteristic of the purified viral compositions. However, Applicants submit the Office has 

failed to establish a prima facie case of obviousness. 

The Office disputes Applicants' previous arguments alleging "the instant claims are 

directed to product composition that has been fully disclosed in the cited art of record, albeit as 

an intermediate composition during the process of preparation of rAA V particles." Office 

Action, page 9, emphasis added. The Examiner argues the term "purified" is not specifically 

defined by Applicants as being tied to any particular step and/or degree of purification of the 

AA V particles in the composition. Office Action, pages 9-10, bridging paragraph. The Office 

concludes the combined teachings in the cited prior art references of record disclose and/or fully 

suggest all the claimed elements, including the recognition of the problem of self aggregation of 

rAA V virions associated with purified preparations of the virions. However, Applicants submit 

that all elements of the claimed invention are not taught or suggested by the cited combination. 

To reiterate, all pending claims pertain to compositions for storing purified rAA V 

particles such that aggregation of rAA V particles in the composition is prevented. The 

concentration of purified rAAV particles in the preparation exceeds lxl0 13 up to 6.4x10 13 vg/ml. 

One or more excipients is also present in the composition such that an ionic strength of at least 

200 mM is achieved. None of the cited art, either alone or in combination, teaches or suggests 

such a composition. 

First, all claims now define the purity level of the rAA V particles in the composition. 

Thus, it is clear that highly purified rAA V particles are present in the claimed composition which 

has an ionic strength exceeding 200 mM. As the Examiner has expressly acknowledged, the 

passages in Zolotukhin relied upon to evidence the teaching of excipients greater than 200 mM 

ionic strength, relate to intermediate steps where the rAA V is in the process of being purified. 

See, for example, Figure I where all of the steps using such buffers are purification steps. High 

salt concentrations are not used in Zolotukhin's final preparation. Rather, the final AA V product 

is formulated in Lactated Ringer's buffer. See, column 12, lines 49-54, where virus is 

concentrated by centrifugation through a BIO MAX 1 00K filter and desalted into Lactated 
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Ringer's. Only after this step is the virus considered "purified" in Zolotukhin's disclosure and, 

as explained above, Lactated Ringer's has an ionic strength of 138.5 mM. Applicants' purified 

product, on the other hand, has an ionic strength of at least 200 mM. There is absolutely no 

suggestion in Zolotukhin or any of the other cited references that a final preparation with an ionic 

strength of at least 200 mM and more than lxl0 13 up to 6.4x10 13 vg/ml is desirable or necessary. 

Moreover, contrary to the Office's assertions, Zolotukhin does not recognize that rAA V 

virions self-aggregate and therefore does not provide any suggestions regarding a composition 

as claimed. Rather, Zolotukhin recognizes AAV aggregates with proteins in the cell lysate and 

uses high salt in the first step of the iodixanol gradient to destabilize AA V-lysate protein 

interactions. High salt concentrations are purposefully eliminated from the remainder of the 

iodixanol gradient, including the gradient from which the rAA V is collected after centrifugation, 

because the elimination of high salt is important for subsequent purification steps. See, column 

15, lines 22-35 of Zolotukhin. Accordingly, this passage expressly teaches away from 

Applicants' invention. Absent Applicants' teaching regarding this problem, there is no 

recognition that rAA V virion self-aggregation is a concern that may be addressed by 

manipulating ionic strength in any of the cited art. 

The secondary references do not fill the gaps present in Zolotukhin. Applicants reiterate 

the present claims are directed to compositions of purified r AA V particles with an ionic strength 

of at least 200 mM and more than 1x1013 up to 6.4x 1013 vg/ml. None of Andersson, Zhang or 

Chen even relates to AA V and hence would not suggest a composition with the particular purity 

and ionic strength as claimed. Andersson is directed to methods for isolating Hepatitis B virus 

(HBV), a virus completely unrelated to AAV. Zhang relates to methods for producing 

adenoviral vectors. Adenovirus, like HBV, is unrelated to AA V. A skilled artisan in the AA V 

field would not look to art pertaining to unrelated viruses in order to determine proper conditions 

to prevent aggregation at the recited purity levels. 

As for Chen, this reference does not relate to viruses, but rather pertains to methods for 

preventing aggregation of keratinocyte growth factor (KGF). There is absolutely no reason to 

believe that art directed to growth factors is in any way pertinent to virion production. 

Moreover, Chen used sulfated polysaccharides in combination with citrate to prevent 

aggregation. There is no suggestion in Chen to use citrate alone, or to provide a composition as 

-8-
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claimed in order to prevent aggregation of rAA V virions, wherein the composition includes more 

than lxl0 13 up to 6.4xl0 13 vg/ml ofrAAV virions. 

With respect to the Office's assertion regarding claims 7 and 8, namely, that the average 

particle radius and percent recovery are inherent characteristics, Applicants reiterate inherency is 

not a proper standard on which to base an obviousness rejection. It is axiomatic that a 

retrospective view of inherency is not a substitute for some teaching or suggestion to arrive at the 

claimed invention. That which may be inherent is not necessarily known, and obviousness 

cannot be predicated on the unknown. See, e.g., In re Newell, 13 USPQ2d 1248 (Fed. Cir. 

1989). 

Applicants' composition provides a commercially viable solution for providing high 

amounts of rAA V particles in stored compositions. As explained at page 20, second paragraph 

of the specification and in Table 3, rAA V particles prepared and stored in elevated ionic strength 

solutions remain soluble and can be stored for an extended period. 

Applicants continue to submit the Examiner has chosen bits and pieces of the cited 

references to arrive at the allegation that this combination of references suggests the claimed 

invention. It is axiomatic that statements in the prior art must be considered in the context of the 

teaching of the entire reference, and that rejection of claims cannot be predicated on mere 

identification in a reference of individual components of claimed limitations. In this regard, the 

Federal Circuit has consistently reversed a finding of obviousness, even when all claimed 

elements are individually present in the references. See, e.g., In re Kotzab, 55 USPQ2d 1313, 

1317 (CAFC 2000, emphasis added): 

While the test for establishing an implicit teaching, motivation or suggestion is 
what the combination of these two statements [in the reference] would have 
suggested to those of ordinary skill in the art, the two statements cannot be 
viewed in the abstract. Rather, they must be considered in the context of the 
teaching of the entire reference. Further, a rejection cannot be predicated on the 
mere identification [in the reference] of individual components of claimed 
limitations. Rather, particular findings must be made as to the reason the skilled 
artisan, with no knowledge of the claimed invention, would have selected these 
components for combination in the manner claimed. 

Virtually all inventions are combinations of elements that can be individually identified 

in multiple references. See, e.g., In re Rouffet, 47 USPQ2d 1453 (Fed. Cir. 1998), noting that the 
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Office cannot rely on a high level of skill in the art to overcome the differences between the 

selected elements in the references, it cannot rely on a high level of skill in the art to provide the 

necessary motivation. 

As explained in Section 2143.01 of the MPEP, the mere fact that references can be 

combined or modified does not render the resultant combination obvious, unless the prior art also 

suggests the desirability of the combination. Since the suggestion or motivation to combine the 

references to arrive at the claimed invention is not in the references, the Examiner is required to 

cite to some knowledge generally available to one of ordinary skill in the art for the motivation 

to combine the references. It is respectfully submitted that the Examiner has not provided such 

knowledge. Instead, the Examiner has merely asserted that it would have been obvious to 

combine the various methods of the cited art to arrive at Applicants' specifically claimed 

composition that prevents aggregation of rAA V virions in a purified preparation. 

For at least these reasons, withdrawal of the rejections under 35 U.S.C. § 103(a) is 

respectfully requested. 

The Double Patenting Rejection 

Claims 1 and 3-8 remain rejected under the judicially created doctrine of nonstatutory 

obviousness-type double patenting over claim 1 of U.S. Patent No. 7,704,721. Applicants 

respectfully traverse. 

Obviousness-type double patenting requires that the claimed subject matter is not 

patentably distinct from the subject matter in the cited patent. As previously explained, the 

Examiner considered the method and composition claims patentably distinct in a Restriction 

Requirement in USSN 11/941,996 which ultimately matured into the '721 patent. In paiiicular, 

the Office required Applicants to elect, inter alia, between methods of preventing aggregation of 

virions (Group I) and compositions for the storage of purified virus particles (Group II). The 

composition claims included in Group II were identical to claims 1-8 as filed in the present 

application. Additionally, the Patent Office required restriction in the present application 

between the currently elected composition claims and methods of preventing aggregation of 

virions. 

-10-
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The restriction requirements quoted above clearly set forth the subject matter and the 

claims that the PTO considered patentably distinct. Accordingly, the present double patenting 

rejection is in direct contradiction to the Examiner's previous position regarding the claims. 

Moreover, Applicants dispute the Examiner's argument that the composition as claimed 

is co-extensive in scope with the methods issued in the '721 patent. The '721 patent claims are 

directed to methods of preventing aggregation ofrAAV virions which include specific steps in 

addition to the use of multivalent ions, such as (1) providing a lysate comprising rAA V virions; 

and (2) purifying rAA V virions from the lysate using ultracentrifugation and/or chromatography. 

The present composition claims require no such steps. 

Based on the foregoing, Applicants submit the claims in the '721 patent and those in the 

present application are patentably distinct. Thus, the double patenting rejection is believed to be 

in error and withdrawal thereof is respectfully requested. 

HI. CONCLUSION 

Applicants respectfully submit that the claims are now in condition for allowance and 

request early notification to that effect. The Examiner is encouraged to contact the undersigned 

if the Examiner notes any further matters which might be resolved by a telephone interview. 

Date: 

ROBINS LAW GROUP 
2625 Middlefield Road, No. 828 
Palo Alto, CA 94306 
Telephone: (650) 493-3400 
Facsimile: (650) 493-3440 

Respectfully submitted, 

By: _e_- __ ;;z::::....-._~==========----­
Roberta L. Robins 
Registration No. 33,208 
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9)0 Claim(s) __ are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 
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DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

Page 2 

A request for continued examination under 3 7 CPR 1.114, including the fee set forth in 

37 CPR 1.17(e), was filed in this application after final rejection. Since this application is 

eligible for continued examination under 37 CPR 1.114, and the fee set forth in 37 CPR 1.17 ( e) 

has been timely paid, the finality of the previous Office action has been withdrawn pursuant to 

37 CPR 1.114. Applicant's submission filed on 01/17/2013 has been entered. 

Claims 2, and 9-11 (invention of group II) were previously canceled by applicants. 

Claims 1 and 3-8 ( elected invention of group I), as cun-ently amended, have been 

examined on their merits in this office action. 

Objection to Specification- Withdrawn 

In view of current amendments to page l first paragraph of the specification, the 

objection as previously made by the examiner has been withdrawn. 

Claim Rejections - 35 USC§ 102-Withdrawn 

In view of current amendments to claim l, the rejection of Claims 1, 7 and 8 under 35 

U.S.C. l02(b) as being anticipated by Zolotukhin et al (2000; US 6,146,874), as previously 

made by the examiner has been withdrawn. 

Claim Rejections - 35 USC § 103 

The following is a quotation of pre-AIA 35 U.S.C. l03(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious al the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 
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The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 

(1966), that are applied for establishing a background for determining obviousness under pre­

AIA 35 U.S.C. 103(a) are summarized as follows: 

l. Determining the scope and contents of the p1ior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness or 

nonobviousness. 

This application currently names joint inventors. In considering patentability of the 

claims under pre-AIA 35 U.S.C. 103(a), the examiner presumes that the subject matter of the 

various claims was commonly owned at the time any inventions covered therein were made 

absent any evidence to the contrary. Applicant is advised of the obligation under 37 CPR 1.56 to 

point out the inventor and invention dates of each claim that was not commonly owned at the 

time a later invention was made in order for the examiner to consider the applicability of pre-

AIA 35 U.S.C. 103(c) and potential pre-AIA 35 U.S.C. 102(e), (f) or (g) prior art under pre-AIA 

35 U.S.C. 103(a). 

l. Claims 1 and 3-8 (as currently amended) are/remain rejected under 35 U.S.C. 

103(a) as being unpatentable over Zolotukhin et al (2000; US 6,146,874) taken with Andersson 

et al (1979; US 4,138,287), Zhang et al (2001; US 6,194,191) and Chen et al (1994). 

Claims (as amended) are directed to "a composition (for the storage) of purified adeno­

associated virus (AA V) particles, comprising: purified (AA V) particles at a concentration 

exceeding 1 x 1013 vg/ml up to 6.4x 1013 vg/ml; a pH buffer; and excipients comprising one or 
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more multivalent ions; wherein the ionic strength of the composition is greater than 200 mM, 

wherein aggregation of the purified AA V particles in the composition is prevented (instant claim 

l); wherein one of the one or more multivalent ions is citrate (claim 3); further comprising 

Pluronic® F68 (ethylene oxide/propylene oxide block copolymer) at 0.001 % (w/v) (claims 4-5); 

wherein the pH buffer is 10 mM Tris, pH 8.0 and the excipients comprise 100 mM sodium 

citrate (claim 6); wherein the purified AAV particles have an average particle radius (Rh) of less 

than about 20 nm as measured by dynamic light scattering (instant claim 7); and wherein 

recovery of the purified virus particles is at least about 90% following filtration of the 

composition of virions through a 0.22 µm filter." (claim 8). 

Zolotukhin et al (2000) disclose the composition comprising: purified recombinant AA V 

virus particles; a pH buffer such as phosphate buffered-saline with magnesium chloride and 

potassium chloride (PBS-MK); and excipients comprising one or more multivalent ions such as 

phosphate and magnesium; wherein the ionic strength of the composition is greater than 200 mM 

(see Zolotukhin et al, column 11, 4th paragraph, lines 35-40, in particular), wherein they elute the 

purified rAAV particles in PBS-MK buffer having lM NaCl, i.e. elution buffer; and wherein 

they disclose the fact that highly pmified stocks having titers up to about 1013 particles/ml are 

obtained using their purification steps within 24 hours or less (see abstract, and column 16, l st 

paragraph, in particular), and in fact has the potential to produce 1014 virus particles. In 

addition Zolotukhin et al also disclose the problems facing the purification of high titer AA V 

particles specifically related to the problem of aggregation, which was alleviated and/or 

reduced significantly by the use of high concentrations of salts (i.e. high ionic strength buffer 
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such as lM NaCl in PBS-MK; see column 3, last paragraph; column 15, 3rd paragraph, for 

examples) during purification, wherein the excess salt can be later removed, if required for 

downstream applications. 

Page 5 

However, the composition having AA V particles at a concentration exceeding 1 x 1013 

vg/ml up to 6.4x 1013 vg/ml (see instant claim 1), further comprising Pluronic® F68 at 0.001 % 

w/v (claims 4-5); and wherein the pH buffer is 10 mM Tris, pH 8.0 and the excipients comprise 

100 mM sodium citrate (claim 6), is not explicitly exemplified (although the number of virus 

particles potentially purified have been disclosed to be in the vicinity of about 1013 and about 

1014
; see Zolotukhin et al above) and/or disclosed by the inventions of Zolotukhin et al. 

Andersson et al (1979) disclose the composition comprising purified hepatitis virus 

(HBsAg) particles (see abstract, in particular), a pH buffer such as Tris-sodium citrate buffer, pH 

7 .5, and excipients comprising a multivalent ion such as sodium citrate, wherein the ionic 

strength of the composition is greater than about 200 mM (see elution of purified virus from 

column using 0.5 M NaCl in Tris-citrate buffer; see Andersson et al, example 2 and claim 5, in 

particular). 

Zhang et al (2001) disclose the use of a surfactant such as Pluronic® F68 (0.1 % in 

growth medium for adenovirus infection and viral production, etc.; see column 4, 2nd paragraph 

and columns 53-54, in particular) for production of adenoviral particles in serum-free suspension 

cultures using spinner flasks, and also use in the cryopreservation media (see column 53, last 

paragraph). 

Chen et al (1994) disclose strategies to suppress aggregation of proteins (such as 

recombinant keratinocyte growth factor) during liquid formulation development (see Chen et al, 
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abstract, table 1-2, in particular) by adding sulfated polysaccharides (such as heparin) and citrate 

salts (such as 0.1 to 0.5 M sodium citrate; see Chen et al, page 1661, left column, in particular) 

that were found to be effective in preventing protein aggregation. Chen et al also disclose the fact 

that other negatively charged small ions such as phosphate (a multivalent ion) also have 

moderate stabilizing effects on preventing aggregation of recombinant keratinocyte growth 

factor (rhKGF). 

Thus, given the disclosure in the cited prior art, a person of ordinary skill in the art would 

have modified the composition comprising purified AA V vims particles taught by Zolotukhin et 

al taken such that said composition additionally comprise a surfactant (to help prevent 

aggregation during freezing-thawing cycles, for example) such as Pluronic® F68, as explicitly 

taught by Zhang et al, and a suitable amount of sodium citrate as a multivalent ion in T1is buffer 

solution (at a suitable pH; as specifically disclosed by Andersson et al) in order to stabilize the 

viral particles as suggested by Chen et al (for suppressing/reducing aggregation of fairly unstable 

proteins such as rhKGF; see discussion above, thus providing a conceptual basis for including 

multivalent ions in the buffer containing purified AA V particles), in addition to other stabilizing 

components such as a surfactant. Since, the benefits of including a surfactant and high ionic 

strength multivalent ions have been disclosed in the cited prior art of Zhang et al and Chen et al, 

an artisan of ordinary skill in the art would have established suitable concentrations required to 

help stabilize viral preparations (i.e. by preventing aggregation, etc.) with a reasonable 

expectation of success, especially given the disclosure from Zolotukhin et al, for example, for the 

use of high salt concentrations for reducing the potential aggregation of vims particles (see 

discussion of Zolotukhin et al, above). Such modification in the use of suitable concentrations of 
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the multivalent ions (such as sodium citrate) for reducing aggregation in place of high salt 

concentrations (i.e. 1 M NaCl) used by Zolotukhin et al would have been therefore obvious and 

fully contemplate by an artisan of ordinary skill in the art, given the combined disclosure 

provided by the cited references of Andersson et al, Zhang et al and Chen et al, as discussed 

above. 

The limitations of claims 7 and 8 (average particle radius and percent recovery following 

filtration, etc.) are also met by the prior art as these are taken to be intrinsic characteristic 

features of the purified viral compositions as disclosed by Zolotukhin et al when taken with the 

teachings of Andersson et al, Zhang et al and Chen et al. Since, all the components of the 

product, as recited in the claims are the same as disclosed and/or suggested in the cited prior art, 

these features will necessarily follow from the composition disclosed in the art, as they do not 

structurally change the composition as claimed. 

Thus, the invention as a whole would have beenprimafacie obvious to a person of 

ordinary skill in the ai1 at the time the claimed invention was made. 

As per MPEP 2144.06, "It is primafacie obvious to combine two compositions each of which is 
taught by the prior art to be useful for the same purpose, in order to form a third composition to 
be used for the ve1y same purpose .... [T]he idea of combining them flows logically from their 
having been individually taught in the prior art." In re Kerkhoven, 626 F.2d 846, 850, 205 USPQ 
1069, 1072 (CCPA 1980). 

As per MPEP 2144.06, In order to rely on equivalence as a rationale supporting an obviousness 
rejection, the equivalency must be recognized in the prior art, and cannot be based on 
applicant's disclosure or the mere fact that the components at issue are functional or mechanical 
equivalents. In re Ruff; 256 F.2d 590, 118 USPQ 340 (CCPA 1958). 
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Applicant's arguments filed 01/17/2013 ( as they pertain to the prior aii rejection of 

record) have been fully considered but they are not persuasive for the following reasons of 

record: 

Regarding the 103a rejection of record, applicants argue that" . .. all pending claims 

Page 8 

pertain to compositions for storing purified rAA V particles such that aggregation of rAA V 

particles in the composition is prevented. The concentration ofpurified rAA V particles in the 

preparation exceeds 1 x 1013 up to 6.4x 1013 vg/ml. One or more excipients is also present in the 

composition such that an ionic strength of at least 200 mM is achieved. None of the cited art, 

either alone or in combination, teaches or suggests such a composition" (see remarks, page 7), 

which is noted and fully considered. However, as discussed in the obviousness rejection above, 

the cited prior art of Zolotukhin et al disclose the range of viral particles that can be purified up 

to or greater than 1014 vp/ml (see column 6, 1st paragraph,; column 16, 1st paragraph, in 

particular), and therefore, when taken with the disclosure from Andersson et al, Zhang et al and 

Chen et al for the benefits of using suitable concentrations of a multivalent ions such as sodium 

citrate, a person of ordinary skill in the art would have fully contemplated the modification in the 

buffer composition disclosed by Zolotukhin et al such that it uses multivalent ions as stabilizing 

buffer excipient in order to prevent viral aggregation, as already intended by the disclosure of 

Zolotukhin et al and supported by Zhang et al and Chen et al, as discussed above. 

The argument that " .. . Zhang relates to methods for producing adenoviral vectors. 

Adenovirus, like HBV, is unrelated to AA V. A skilled artisan in the AA V field would not look to 

art pertaining to unrelated viruses in order to determine proper conditions to prevent 
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aggregation at the recited purity levels", is noted and considered, but is not found to be 

persuasive because the problems of viral particle aggregation has been well known and/or 

recognized in the art (see disclosure of Zolotukhin et al, as discussed above), specifically as 

suggested by the disclosure of Chen et al (when taken in combination with Andersson et al and 

Zhang et al) that salts of multivalent ions such as citrate were found to be effective in preventing 

protein aggregation. They also disclose the fact that other negatively charged small ions such as 

phosphate (also a multivalent ion) also have moderate stabilizing effect on preventing 

aggregation of recombinant keratinocyte growth factor. Since, AA V vilions are also 

encapsulated in capsid proteins, an artisan of ordinary skill in the art, at the time this invention 

was made, would have been motivated to use multivalent ions such as citrate, phosphate, etc. (in 

place of very high salt concentrations as used by Zolotukhin et al that are generally removed 

before clinical applications; with or without suitable surfactants such as Pluronic@ F68) in order 

to stabilize the purified preparation of AA V virions, with a reasonable expectation of success. In 

addition, applicants have not provided evidence/data on the record that demonstrates that such 

modification would not have been feasible or applicable to the viral formulation and/or buffer 

system used by Zolotukhin et al when taken with the disclosure of Andersson et al, Zhang et al 

and Chen et al, as discussed in the 103a rejection, above. Therefore, the argument that" .. As for 

Chen, this reference does not relate to viruses, but rather pertains to methods for preventing 

aggregation of keratinocyte growth factor (KGF). There is absolutely no reason to believe that 

art directed to growth factors is in any way pertinent to virion production ... " (see remarks, page 

8), is fully considered, but is not found to be persuasive for the above discussed reasons of 

record. The argument regarding the intrinsic features as recited in claims 7 and 8 (i.e. the 
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average particle radius and recovery following filtration) are also not found to be persuasive 

because such features are taken to be intrinsic in the composition disclosed by the cited art of 

record, as the use of suitable concentration of multivalent ions in the buffer reduce and/or 

prevent viral aggregation in order to provide said features as currently recited in the claims of 

record. 

Thus, the 103(a) rejection of record is properly made and maintained. 

Double Patenting- Withdrawn 

In view of applicant's remarks (see remarks, dated 01/17/2013, pages 10-11) regarding 

the ODP rejection over US 7,704,721 B2 (issued to Wright et al on April 27, 2010) as previously 

made by the examiner, the rejection of record has been fully withdrawn. 

Conclusion 

NO claims are currently allowed. 

Pertinent art: 

1. Evans et al. (published on 08/26/2004; US 2004/0166122 Al; cited as ref. [A] on PTO 

892 form) - Adenovirus formulations (disclose stable viral formulations for gene therapy and 

other clinical applications generally comprising up to about lxl0 13 viral particles/ml in a suitable 

buffer, a sugar, a salt, a divalent cation, a non-ionic detergent as well as sodium citrate, wherein 

the typical formulations comprise 5 mM Tris buffer, pH 7 .5, 250 mM NaCl, sucrose to provide 

suitable osmolarity in the range of 200-800 mOsm/L, MgCh in the range of O. lmM to about 10 

mM, 0.001 % to about 2% of polysorbate-80 as surfactant, and sodium citrate at about 10 mM; 

see page 8, example 1, in particular; paragraphs [0051], [0056], [0060], [0079], entire disclosure 

at pages 5-6, in particular and claims). 
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examiner should be directed to SATYENDRA SINGH whose telephone number is (571)272-

8790. The examiner can normally be reached on 9-5MF. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, JON P. WEBER can be reached on 571-272-0925. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Satyendra K. Singh/ 
Examiner, Art Unit 1657 

GENZ_NOV _00004113 

Sarepta Exhibit 1088, page 134



Case 1:21-cv-01736-RGA   Document 301-1   Filed 11/20/23   Page 135 of 385 PageID #: 19243

Application/Control No. Applicant(s)/Patent Under 
Reexamination 

12/661,553 WRIGHT ET AL. 
Notice of References Cited 

Examiner Art Unit 

SATYENDRA SINGH 1657 
Page 1 of 1 

U.S. PATENT DOCUMENTS 

* Document Number Date 
Name Classification Country Code-Number-Kind Code MM-YYYY 

* A US-2004/0166122 08-2004 Evans et al. 424/204.1 

B US-

C US-

D US-

E US-

F US-

G US-

H US-

I US-

J US-

K US-

L US-

M US-

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Code-Number-Kind Code MM-YYYY Country Name Classification 

N 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u 

V 

w 

X 

*A copy of this reference 1s not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20130809 

GENZ_NOV_00004114 

Sarepta Exhibit 1088, page 135



Case 1:21-cv-01736-RGA   Document 301-1   Filed 11/20/23   Page 136 of 385 PageID #: 19244

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 
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Application Number: 12/661,553 

Docket Number (Optional) 

0800-0045.01 

Filed: March 19, 2010 

For COMPOSITIONS AND METHODS TO PREVENT AAV VECTOR AGGREGATION 

PTOISB/22 (12-04) 

Art Unit: 1653 Examiner: Satyendra K. Singh 

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above identified 
application. 

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below): 

Fee Small Entity Fee 

□ One month (37 CFR 1.17(a)(1)) $200 

□ Two months (37 CFR 1.17(a)(2)) $600 

~ Three months (37 CFR 1.17(a)(3)) $1400 

□ Four months (37 CFR 1.17(a)(4)) $2200 

□ Five months (37 CFR 1.17(a)(5)) $3000 

D Applicant claims small entity status. See 37 CFR 1.27. 

D A check in the amount of the fee is enclosed. 

~ Payment by credit card. 

$100 

$300 

$700 

$1100 

$1500 

$ 
------

$ 
------

$1400 

$ 
------

$ 
------

D The Director has already been authorized to charge fees in this application to a Deposit Account. 

~ The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to 
Deposit Account Number -~5~0--5=8~2=6~------
WARNING: Information on this form may become public. Credit card information should not be included on this form. 
Provide credit card information and authorization on PTO-2038. 

I am the D applicanUinventor. 

D assignee of record of the entire interest. See 37 CFR 3. 71. 
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96). 

D attorney or agent of record. Registration Number __ _ 

~ attorney or agent under 37 CFR 1.34. 
Registration number if acting under 37 CFR 1.34 -~3~3=2~08~-----

Signature 

Roberta L. Robins 
Typed or printed name 

(650) 493-3400 
Telephone Number 

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representa!ive(s) are required. Submit multiple forms if more than 
one signature is required, see below. 

~ Total of_~!_ forms are submitted. 
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CERTIFICATE OF TRANSMISSION PURSUANT TO 37 CFR § 1.8 
I hereby certify pursuant to 37 CFR §1.8 that this correspondence is being transmitted via EFS to the United 
States Patent and Trademark Office on the date shown below. 

Date a haj 14 Signature ~-~----

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re Application of: 

JOHN FRASER WRIGHT et al. 

Application No.: 12/661,553 

Filing Date: March 19, 2010 

Customer No.: 105379 

Confirmation No.: 4726 

Art Unit: 1653 

Examiner: Satyendra K. Singh 

Title: COMPOSITIONS AND METHODS TO PREVENT AA V VECTOR AGGREGATION 

AMENDMENT UNDER 37 CFR 1.111 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This paper is responsive to the Office Action mailed August 15, 2013, with a shortened 

statutory period of three months for response. Accordingly, a request for an extension of time, as 

well as the requisite fee, accompany this response. Applicants request reconsideration of the 

above-referenced patent application in view of the following amendments and remarks. 

A listing of claims begins on page 2 of this paper. 

Remarks begin on page 4 of this paper. 
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The following listing reflects amendments to the claims and replaces all prior 

versions and listings of claims in this application. 

1. (Currently amended) A composition for the storage of purified adeno-associated virus 

(AA V) particles, comprising: 

purified (AA V) particles at a concentration exceeding lxl0 13 vg/ml up to 6.4x1013 

vg/ml[[,]]; 

a pH buffer, wherein the pH of the composition is between 7.5 and 8.0; and 

excipients comprising one or more multivalent ions; wherein the ionic strength of 

the composition is greater than 200 mM, wherein aggregation of the purified AA V particles in 

the composition is prevented. 

2. (Canceled) 

3. (Original) The composition of claim 1, wherein one of the one or more multivalent 

ions is citrate. 

4. (Previously presented) The composition of claim 1, further comprising Pluronic® F68 

(ethylene oxide/propylene oxide block copolymer). 

5. (Previously presented) The composition of claim 4, wherein the Pluronic® F68 is 

present at 0.001 % (w/v). 

6. (Original) The composition of claim 1, wherein the pH buffer is 10 mM Tris, pH 8.0 

and the excipients comprise 100 mM sodium citrate. 

-2-
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7. (Previously presented) The composition of claim 1, wherein the purified AA V 

particles have an average particle radius (Rh) of less than about 20nm as measured by dynamic 

light scattering. 

8. (Original) The composition of claim 1, wherein recovery of the purified virus particles 

is at least about 90% following filtration of the composition of virions through a 0.22µm filter. 

9-11. (Canceled) 

-3-
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II. REMARKS 

Introductory Comments 

Atty Dkt No: 0800-0045.01 
Application No.: 12/661,553 

PATENT 

Claims 1 and 3-8 were examined in the Office Action under reply and stand rejected 

solely under 35 U.S.C. § 103(a). This ground ofrejection is believed to be overcome by this 

response and is otherwise traversed for reasons discussed in detail below. 

Applicants note with appreciation the withdrawal of the previous rejections under 35 

U.S.C. § 102 and under the judicially created doctrine of nonstatutory double patenting. 

Overview of the Above Amendments 

Claim 1 has been amended to eliminate a typographical error and to recite that the pH of 

the composition is between 7.5 and 8.0. Support for this recitation can be found throughout the 

specification at, e.g., in the examples. 

The foregoing amendment is made without prejudice, without intent to abandon any 

originally claimed subject matter, and without intent to acquiesce in any rejection ofrecord. 

Applicants expressly reserve the right to file one or more continuing applications containing the 

unamended claims. 

Rejection Under 35 U.S.C. §103(a) 

Claims 1 and 3-8 remain rejected under 35 U.S.C. §103(a) as being unpatentable over 

U.S. Patent No. 6,146,874 to Zolotukhin et al. ("Zolotukhin"), taken with U.S. Patent No. 

4,138,287 to Andersson et al. ("Andersson"); U.S. Patent No. 6,194,191 to Zhang et al. 

("Zhang"); and Chen et al., J Pharm. Sci. (1994) 83: 1657-1661 ("Chen"). 

The Office reiterates the previous rejection and disputes Applicants' arguments, asserting 

the primary reference, Zolotukhin, discloses that viral particles can be purified up to or greater 

than 1014 vp/ml and Andersson et al., Zhang et al. and Chen et al. disclose the benefits of using 

suitable concentrations of multivalent ions as stabilizing buffer excipients in order to prevent 

viral aggregation. Office Action, page 6. The Examiner also dismisses Applicants' arguments 

regarding the additional references as directed to non-relevant art, alleging: 

-4-
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Since AA V virions are also encapsulated in capsid proteins, an artisan of ordinary 
skill in the art, at the time this invention was made, would have been motivated to 
use multivalent ions such as citrate, phosphate, etc. (in place of very high salt 
concentrations as used by Zolotukhin et al that are generally removed before 
clinical applications; with or without suitable surfactants such as Pluronic® F68) 
in order to stabilize the purified preparation of AA V virions, with a reasonable 
expectation of success. 

Office Action, page 9. However, Applicants continue to submit the Office has failed to establish 

a prima facie case of obviousness. 

First, Applicants do not agree that self-aggregation of AA V virions would necessarily be 

prevented using the same mechanisms as used for other non-related viruses and proteins. 

Applicants direct the Examiner's attention to Qu et al., Malec. Ther. (2003) i:S348, Abstract 901 

("Qu") of record herein and which was successfully overcome in the parent application, USSN 

11/141,996. Qu proposed that ion bridges between charged amino acids on the surface of vector 

particles contribute to inter-particle interactions. However, as explained at page 9, lines 18-20 of 

the instant specification, contrary to the above, it has been found that amino acids with charged 

side chains are not effective in preventing AA V2 vector aggregation beyond their contribution to 

ionic strength. Additionally, Qu specifically states that other types of interactions may play a 

role in aggregation and concludes: "In conjunction with further elucidation of the mechanism(s) 

of AA V vector aggregation, these observations will facilitate formulation development for 

optimal large-scale vector purification and clinical use." Thus, Qu explicitly acknowledges that 

the causes of self-aggregation of rAA V virions had not yet been determined and further work 

was needed in order to provide a viable purification procedure. Thus, the Examiner's 

implication that rAA V virion self-aggregation is based on a simple, universal mechanism, is 

misplaced. 

Additionally, Zolotukhin does not recognize that rAA V virions self-aggregate and 

therefore does not provide any suggestions regarding a composition as claimed. Rather, 

Zolotukhin recognizes AA V aggregates with cellular debris, especially proteins present during 

an intermediate stage of purification. Further, Zolotukhin actually teaches away from the use of 

high ionic strength because it describes the use of IM NaCl as "unnecessary or unwarranted" in 

the other steps of the purification process, and it teaches that it is desirable to "remove or reduce 

the concentration of salt ... prior to use of, or further purification of, the rAA V." See, column 3, 

-5-
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line 63 to column 4, line 5 of Zolotukhin. Thus, Zolotukhin uses high salt in the first step of the 

iodixanol gradient to destabilize AA V-lysate protein interactions. High salt concentrations are 

purposefully eliminated from the remainder of the iodixanol gradient, including the gradient 

from which the rAA Vis collected after centrifugation, because the elimination of high salt is 

important for subsequent purification steps. See, column 15, lines 22-35 of Zolotukhin. Absent 

Applicants' teaching regarding the problem ofrAAV self-aggregation, there is no recognition 

that this is a concern that may be addressed by manipulating ionic strength in any of the cited art. 

The secondary references do not cure the defects present in Zolotukhin. The present 

claims are directed to compositions of purified r AA V particles with an ionic strength of at least 

200 mM and more than lx10 13 up to 6.4x1013 vg/ml. Additionally, the pH of the composition is 

between 7.5 and 8.0. None of Andersson, Zhang or Chen even relates to AAV and hence would 

not suggest a composition with the particular purity, ionic strength and pH as claimed. As 

explained above, the mechanisms ofrAA V virion self-aggregation was not understood at the 

time of the invention. Hence, relying on the teachings of the secondary references to provide the 

motivation to make a composition as claimed, in order to prevent self-aggregation ofrAA V 

virions, is misplaced. 

With respect to the Office's continued assertion regarding claims 7 and 8, namely, that 

the average particle radius and percent recovery are intrinsic characteristics, Applicants again 

assert that inherency is not a proper standard on which to base an obviousness rejection. It is 

axiomatic that a retrospective view of inherency is not a substitute for some teaching or 

suggestion to arrive at the claimed invention. That which may be inherent is not necessarily 

known, and obviousness cannot be predicated on the unknown. See, e.g., In re Newell, 13 

USPQ2d 1248 (Fed. Cir. 1989). 

Applicants' composition provides a commercially viable solution for providing high 

amounts of rAA V particles in stored compositions. As explained at page 20, second paragraph 

of the specification and in Table 3, rAA V particles prepared and stored in elevated ionic strength 

solutions remain soluble and can be stored for an extended period. 

Finally, Applicants' claims now also recite that the pH of the composition is between 7.5 

and 8.0. As acknowledged by the Examiner in the parent application, such a composition was 

considered nonobvious over the art. 

-6-
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For at least the above reasons, withdrawal of the rejections under 35 U.S.C. § 103(a) is 

respectfully requested. 

III. CONCLUSION 

Applicants respectfully submit that the claims are now in condition for allowance and 

request early notification to that effect. The Examiner is encouraged to contact the undersigned 

if the Examiner notes any further matters which might be resolved by a telephone interview. 

ROBINS LAW GROUP 
2625 Middlefield Road, No. 828 
Palo Alto, CA 94306 
Telephone: (650) 493-3400 
Facsimile: (650) 493-3440 

Respectfully submitted, 

- --"=/ By: _____________ _ 
Roberta L. Robins 
Registration No. 33,208 

-7-
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5a) Of the above claim(s) __ is/are withdrawn from consideration. 
6)0 Claim(s) __ is/are allowed. 
7)12sl Claim(s) 1 and 3-8 is/are rejected. 
8)0 Claim(s) __ is/are objected to. 
9)0 Claim(s) __ are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

t1ttp:/lwww.usoto.aov/patents/init events/pph/index.isp or send an inquiry to P~'HfeecJback(<.vuspto.cwv. 

Application Papers 
10)0 The specification is objected to by the Examiner. 
11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
Certified copies: 

a)O All b)O Some** c)O None of the: 
Certified copies of the priority documents have been received. 1.0 

2.0 
3.0 

Certified copies of the priority documents have been received in Application No. __ . 
Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

** See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PTO-892) 

2) 0 Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark O111ce 
PTOL-326 (Rev 11-13) Office Action Summary 

3) 0 Interview Summary (PTO-413) 

Paper No(s)/Mail Date. __ . 

4) 0 Other: __ . 

Part of Paper No./Mail Date 20140328 
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The present application is being examined under the pre-AIA first to invent provisions. 

DETAILED ACTION 

Applicant's submission filed on 02/18/2014 is duly acknowledged. 

Claims 2, and 9-11 (invention of group II) were previously canceled by applicants. 

Claims 1 and 3-8 (elected invention of group I), as cun-ently amended, have been 

examined on their merits in this office action. 

The following is a NON-FINAL action on the pending claims as currently amended by 

applicants: 

Claim Rejections - 35 USC§ 101- NEW 

35 U.S.C. 101 reads as follows: 

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of 
matter, or any new and useful improvement thereof, may obtain a patent therefor, subject to the 
conditions and requirements of this title. 

The claimed invention is not directed to patent eligible subject matter. Based upon an 

analysis with respect to the claim as a whole, claim(s) 1 and 3-8 do not recite something 

significantly different than a judicial exception. The rationale for this determination is explained 

below: 

Claim l is directed to the following product composition: 

"A composition for the storage of purified adeno-associated virus (AA V) 

particles, comprising: 

purified (AA V) particles at a concentration exceeding 1 x 1013 vg/ml up to 6.4x 

1013 vg/ml; 

a pH buffer, wherein the pH of the composition is between 7.5 and 8.0; and 
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excipients comprising one or more multivalent ions; wherein the ionic strength of 

the composition is greater than 200 mM, wherein aggregation of the purified AAV 

particles in the composition is prevented." 

It is noted that instant claims are directed to a product composition comprising purified 

AA V particles (i.e. virions or viral particles) in combination with excipients such as buffer and 

salt(s) (see also instant claim 3 and 6, in particular) that appears to be a composition comprising 

a natural AA V product that does not seem to be "markedly different in structure" from the 

natura]]y occurring AA V particles. The elements/components (i.e. excipients such as pH buffer, 

salts, detergent, etc.; see claims 3-6, in particular) recited in the claims do not seem to effectuate 

significant structural change in the purified viral particles per se, as claimed (see also claims 7-8 

directed to intrinsic features of the purified AA V preparation), and are known in the art for use in 

buffering and/or stabilization of viral preparations in the prior aii (see the art rejection based on 

the cited prior art references, as discussed below), therefore instant invention reads on a natural 

product, i.e. a judicial exception. 

Thus, based upon an analysis with respect to the claim as a whole, claims 1 and 3-8 (as 

presented) do not recite something significantly different than a judicial exception, and are 

therefore deemed to be patent ineligible (see MPEP 2106). 

Appropriate correction is required. 

Claim Rejections - 35 USC § 103- Made/Maintained 

The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
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The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 

(1966), that are applied for establishing a background for determining obviousness under pre­

AIA 35 U.S.C. 103(a) are summarized as follows: 

l. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness or 

nonobviousness. 

This application cun-ently names joint inventors. In considering patentability of the 

claims under pre-AIA 35 U.S.C. 103(a), the examiner presumes that the subject matter of the 

various claims was commonly owned at the time any inventions covered therein were made 

absent any evidence to the contrary. Applicant is advised of the obligation under 37 CPR 1.56 to 

point out the inventor and invention dates of each claim that was not commonly owned at the 

time a later invention was made in order for the examiner to consider the applicability of pre-

AIA 35 U.S.C. 103(c) and potential pre-AIA 35 U.S.C. 102(e), (f) or (g) prior art under pre-AIA 

35 U.S.C. 103(a). 

1. Claims 1 and 3-8 (as currently amended) are/remain rejected under 35 U.S.C. 

103(a) as being unpatentable over Zolotukhin et al (2000; US 6,146,874) taken with Andersson 

et al (1979; US 4,138,287), Zhang et al (2001; US 6,194,191) and Chen et al (1994). 

Claims (as currently amended) are directed to "a composition (for the storage) of 

purified adeno-associated virus (AA V) particles, comprising: pmified (AA V) particles at a 
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concentration exceeding 1 x 1013 vg/ml up to 6.4x 1013 vg/ml; a pH buffer, wherein the pH of the 

composition is between 7.5 and 8.0; and excipients comprising one or more multivalent ions; 

wherein the ionic strength of the composition is greater than 200 mM, wherein aggregation of the 

purified AA V particles in the composition is prevented (instant claim l); wherein one of the one 

or more multivalent ions is citrate (claim 3); further comp1ising Pluronic® F68 (ethylene 

oxide/propylene oxide block copolymer) at 0.001 % (w/v) (claims 4-5); wherein the pH buffer is 

10 mM Tris, pH 8.0 and the excipients comp1ise 100 mM sodium citrate (claim 6); wherein the 

purified AA V particles have an average particle radius (Rh) of less than about 20 nm as 

measured by dynamic light scattering (instant claim 7); and wherein recovery of the purified 

virus particles is at least about 90% following filtration of the composition of virions through a 

0.22 µm filter." ( claim 8). 

Zolotukhin et al (2000) disclose the composition comprising: purified recombinant 

AA V virus particles; a pH buffer such as phosphate buffered-saline with magnesium chloride 

and potassium chloride (PBS-MK); and excipients comprising one or more multivalent ions 

such as phosphate and magnesium; wherein the ionic strength of the composition is greater than 

200 mM (see Zolotukhin et al, column 11, 4th paragraph, lines 35-40, in particular), wherein they 

elute the purified rAA V particles in PBS-MK buffer having lM NaCl, i.e. elution buffer; and 

wherein they disclose the fact that highly purified stocks having titers up to about 1013 

particles/ml are obtained using their purification steps within 24 hours or less (see abstract, and 

column 16, l st paragraph, in particular), and in fact has the potential to produce 1014 virus 

particles. In addition Zolotukhin et al also disclose the problems facing the purification of high 

titer AA V particles specifically related to the problem of aggregation, which was alleviated 
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and/or reduced significantly by the use of high concentrations of salts (i.e. high ionic strength 

buffer such as lM NaCl in PBS-MK; see column 3, last paragraph; column 15, 3rd paragraph, for 

examples) during purification, wherein the excess salt can be later removed, if required for 

downstream applications. 

However, the composition having AAV particles at a concentration exceeding l x 1013 

vg/ml up to 6.4x 1013 vg/ml (see instant claim l), further comp1ising Pluronic® F68 at 0.001 % 

w/v (claims 4-5); and wherein the pH buffer is 10 mM Tris, pH 8.0 and the excipients comprise 

100 mM sodium citrate (claims l and 6), is not explicitly exemplified and/or disclosed by the 

inventions of Zolotukhin et al (although the number of virus particles potentially purified have 

been disclosed to be in the vicinity of about 1013 and about 1014
; see Zolotukhin et al above). 

Andersson et al (1979) disclose the composition comprising pmified hepatitis virus 

(HBsAg) particles (see abstract, in particular), a pH buffer such as Tris-sodium citrate buffer, pH 

7 .5, and excipients comprising a multivalent ion such as sodium citrate, wherein the ionic 

strength of the composition is greater than about 200 mM (see elution of purified virus from 

column using 0.5 M NaCl in Tris-citrate buffer; see Andersson et al, example 2 and claim 5, in 

particular). 

Zhang et al (2001) disclose the use of a surfactant such as Pluronic® F68 (0.1 % in 

growth medium for adenovirus infection and viral production, etc.; see column 4, 2nd paragraph 

and columns 53-54, in particular) for production of adenoviral particles in serum-free suspension 

cultures using spinner flasks, and also use in the cryopreservation media (see column 53, last 

paragraph). 
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Chen et al (1994) disclose strategies to suppress aggregation of proteins ( such as 

recombinant keratinocyte growth factor) during liquid formulation development (see Chen et al, 

abstract, table 1-2, in particular) by adding sulfated polysaccharides (such as heparin) and citrate 

salts (such as 0.1 to 0.5 M sodium citrate; see Chen et al, page 1661, left column, in particular) 

that were found to be effective in preventing protein aggregation. Chen et al also disclose the fact 

that other negatively charged small ions such as phosphate (a multivalent ion) also have 

moderate stabilizing effects on preventing aggregation of recombinant keratinocyte growth 

factor (rhKGF). 

Thus, given the disclosure in the cited prior art, a person of ordinary skill in the art would 

have modified the composition comprising purified recombinant AA V vims particles taught by 

Zolotukhin et al such that said composition additionally comprise a surfactant (to help prevent 

aggregation dming freezing-thawing cycles, for example) such as Pluronic® F68, as explicitly 

taught by Zhang et al, and a suitable amount of sodium citrate as a multivalent ion in Tris buffer 

solution (at a suitable pH; as specifically disclosed by Andersson et al) in order to stabilize the 

viral particles as suggested by Chen et al (albeit for suppressing/reducing aggregation of fairly 

unstable proteins such as rhKGF; see discussion above, thus providing a conceptual basis for 

including multivalent ions in the buffer containing purified recombinant AA V particles having 

capsid proteins), in addition to other stabilizing components such as a surfactant. Since, the 

benefits of including a surfactant and high ionic strength multivalent ions have been disclosed in 

the cited prior art of Zhang et al and Chen et al, an artisan of ordinary skill in the art would have 

established suitable concentrations required to help stabilize purified recombinant AA V viral 

preparations (i.e. for preventing aggregation, etc.) with a reasonable expectation of success, 
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especially given the disclosure from Zolotukhin et al, for example, for the use of high salt 

concentrations for reducing the potential aggregation of virus particles (see discussion of 

Zolotukhin et al, above). Such modification in the use of suitable concentrations of the 

multivalent ions (such as sodium citrate) for reducing aggregation in place of high salt 

concentrations (i.e. 1 M NaCl) used by Zolotukhin et al would have been therefore obvious and 

fully contemplate by an aiiisan of ordinary skill in the art, given the combined disclosure 

provided by the cited references of Andersson et al, Zhang et al and Chen et al, as discussed 

above. 

The limitations of claims 7 and 8 ( average particle radius and percent recovery following 

filtration, etc.) are also met by the prior art as these are taken to be intrinsic features of the 

purified AA V viral compositions as disclosed by Zolotukhin et al when taken with the teachings 

of Andersson et al, Zhang et al and Chen et al. Since, all the components of the product, as 

recited in the claims are the same as disclosed and/or suggested in the cited prior art, these 

features will necessarily follow from the composition disclosed in the art, as they do not 

structurally change the composition as claimed. 

Thus, the invention as a whole would have been prima facie obvious to a person of 

ordinary skill in the art at the time the claimed invention was made. 

As per MPEP 2144.06, "It is primafacie obvious to combine two compositions each of vvhich is 
taught by the prior art to be useful for the same purpose, in order to form a third composition to 
be used for the very same purpose .... [Tfhe idea of combining them.flows logically from their 
having been individually taught in the prior art." In re Kerkhoven, 626 F.2d 846, 850, 205 USPQ 
1069, 1072 (CCPA 1980). 

As per MPEP 2144.06, In order to rely on equivalence as a rationale supporting an obviousness 
rejection, the equivalency must be recognized in the prior art, and cannot be based on 
applicant's disclosure or the mere fact that the components at issue are functional or mechanical 
equivalents. In re Ruff, 256 F.2d 590, 118 USPQ 340 (CCPA 1958). 
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Applicant's arguments filed on 02/18/2014 (as they pertain to the p1ior art rejection over 

pending claims) have been fully considered but they are not persuasive for the following reasons 

of record: 

First, it is noted that instant claims are drawn to a judicial exception (i.e. preparation 

comprising a naturally occurring AA V particles) as discussed above in the 101 rejection above. 

Regarding the 103a rejection of record, applicant's argument that " ... Qu explicitly 

acknowledges that the causes of self-aggregation of rAA V virions had not yet been determined 

and further work was needed in order to provide a viable purification procedure. Thus, the 

Examiner's implication that rAA V virion self-aggregation is based on a simple, universal 

mechanism, is misplaced" (see remarks on page 5 regarding the abstract by Au et al, 2003; not 

relied upon in the instant rejection of record), is duly noted and considered. However first, it is 

noted that instant claims are directed to any AA V particles (not necessarily limited to 

recombinant AA V discussed by Qu et al. Secondly, applicant's allegation that "Examiner's 

implication that rAA V virion self-aggregation is based on a simple, universal mechanism'' does 

not represent required evidence and/or data providing sufficient reasons in order to obviate the 

rejection of record. As discussed in the 103a rejection of record, the cited prior art of Zolotukhin 

et al disclose the range of viral paiiicles that can be pmified up to or greater than 1014 vp/ml (see 

column 6, 1st paragraph,; column 16, 1st paragraph, in particular), and therefore, when taken with 

the disclosure from Andersson et al, Zhang et al and Chen et al for the benefits of using suitable 

concentrations of a multivalent ions such as sodium citrate under suitable pH conditions, a 

person of ordinary skill in the art would have fully contemplated the modification in the buffer 
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composition disclosed by Zolotukhin et al such that it uses multivalent ions as stabilizing buffer 

excipient in order to reduce/prevent viral aggregation, as already intended by the disclosure of 

Zolotukhin et al and supported by Zhang et al and Chen et al, as discussed above. 

Applicant's argument that" .. . Zolotukhin does not recognize that rAA V virions se(f-

aggregate and therefore does not provide any suggestions regarding a composition as claimed. 

Rather, Zolotukhin recognizes AA V aggregates with cellular debris, especially proteins present 

during an intermediate stage of purification" (see remarks, page 5, last paragraph) is also not 

found to be persuasive because instant claim is drawn to a composition, not a process of 

"preventing self-aggregation of AA V particles", and since the components required to provide 

such desired effects (i.e. in terms of stabilization of the viral preparation) have already been 

disclosed and/or suggested by the combined teachings in the cited prior art for the same purposes 

of reducing aggregation (irrespective of the mode of viral aggregation), a person of ordinary skill 

in the viral vector purification art would have fully contemplated such adjustments in the 

concentrations of excipients/surfactants and/or pH as already suggested in the art of record. 

Moreover, viral capsid proteins would be reasonably assumed to be interacting with each other, 

as well as other proteins and/or cellular debiis contained in the preparation of Zolotukin et al, 

and therefore, a person of ordinary skill in the art, at the time this invention was made, would 

have reasonably contemplated the teachings related to protein-based aggregation of particles (see 

teachings of Chen et al, above), and would have employed multivalent ions in suitable 

concentration under appropriate pH condition, as disclosed by the combined teachings and/or 

suggestions of the cited art of record. 
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Applicant's arguments regarding the limitations of claims 7 and 8, that" .. . Applicants 

again assert that inherency is not a proper standard on which to base an obviousness rejection. 

It is axiomatic that a retrospective view of inherency is not a substitute for some teaching or 

suggestion to arrive at the claimed invention ... " (see remarks on page 6), is duly noted and 

considered. However, applicants have not provided any data or evidence on the record to 

demonstrate that under the conditions as claimed, such average particle radius would not be an 

intrinsic feature of the composition comprising purified AA V particles (i.e. would be structurally 

different), to which the percent filtration recovery would be considered an added feature, as 

already contemplated in the cited art of record. 

Applicants seem to argue benefit of the composition as disclosed in the instant 

specification of record on page 20 and Table 3 (see remarks, page 6), which is duly noted and 

considered. However, it is noted that the scope of the showing must be commensurate with the 

scope of claims to consider evidence probative of unexpected results, for example. In re Dill, 202 

USPQ 805 (CCPA, 1979), In re Lindner 173 USPQ 356 (CCPA 1972), In re Hyson, 172 USPQ 

399 (CCPA 1972), In re Boesch, 205 USPQ 215, (CCPA 1980), In re Grasselli, 218 USPQ 769 

(Fed. Cir. 1983), In re Clemens, 206 USPQ 289 (CCPA 1980). It should be clear that the 

probative value of the data is not commensurate in scope with the degree of protection sought by 

the instant claims. Thus, the argument that " ... Applicants' claims now also recite that the pH of 

the composition is between 7.5 and 8.0. As acknowledged by the Examiner in the parent 

application, such a composition was considered nonobvious over the art", is also not found to be 

persuasive because the claims in the parent case were directed to the "method of preventing 
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aggregation of recombinant AAV virions", the scope of which is very different from the product 

claims under consideration. 

Thus, the 103(a) rejection ofrecord is properly made and/or maintained. 

Applicants are advised to amend claims appropriately in order to limit the scope of the 

claims commensurate with the unexpected results in order to further the prosecution of this case. 

Conclusion 

NO claims are allowed. 

Pertinent art: 

1. Evans et al. (published on 08/26/2004; US 2004/0166122 Al; previously cited by the 

examiner) - Adenovirus formulations (disclose stable viral vector formulations for gene 

therapy and other clinical applications generally comprising up to about lxl0 13 viral particles/ml 

in a suitable buffer, a sugar, a salt, a divalent cation, a non-ionic detergent as well as sodium 

citrate, wherein the typical formulations comprise 5 mM Tris buffer, pH 7.5, 250 mM NaCl, 

sucrose to provide suitable osmolarity in the range of 200-800 mOsm/L, MgCh in the range of 

O. lmM to about 10 mM, 0.001 % to about 2% of polysorbate-80 as surfactant, and sodium citrate 

at about 10 mM; see page 8, example 1, in particular; paragraphs [0051], [0056], [0060], [0079], 

entire disclosure at pages 5-6, in pai1icular and claims). 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to SATYENDRA SINGH whose telephone number is (571)272-

8790. The examiner can normally be reached on 9-5MF. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, JON P. WEBER can be reached on 571-272-0925. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status info1mation for published applications 

may be obtained from either Private PAIR or Public PAIR. Status info1mation for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/SATYENDRA SINGH/ 
Primaiy Examiner, 
Art Unit 1657 
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I hereby certify pursuant to 37 CFR §1.8 that this correspondence is being transmitted via EFS to the United 
States Patent and Trademark Office on the date shown below. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re Application of: 

JOHN FRASER WRIGHT et al. 

Application No.: 12/661,553 

Filing Date: March 19, 2010 

CustomerNo.: 105379 

Confirmation No.: 4726 

Art Unit: 1653 

Examiner: Satyendra K. Singh 

Title: COMPOSITIONS AND METHODS TO PREVENT AA V VECTOR AGGREGATION 

AMENDMENT UNDER 37 CFR 1.111 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This paper is responsive to the Office Action mailed May 21, 2014, with a shortened 
statutory period of three months for response. Accordingly, an extension of time in which to 
respond is requested and the requisite fee accompanies this response. Applicants request 
reconsideration of the above-referenced patent application in view of the following amendments 
and remarks. 

A listing of claims begins on page 2 of this paper. 

Remarks begin on page 4 of this paper. 
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Atty Dkt No: 0800-0045.01 
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The following listing reflects amendments to the claims and replaces all prior 

versions and listings of claims in this application. 

1. (Currently amended) A composition for the storage of purified, recombinant adeno­

associated virus (AA V) particles, comprising: 

purified, recombinant (AAV) AA V particles at a concentration exceeding lxl0 13 vg/ml 
up to 6.4xl0 13 vg/ml; 

a pH buffer, wherein the pH of the composition is between 7.5 and 8.0; and 

excipients comprising one or more multivalent ions; wherein the ionic strength of 
the composition is greater than 200 mM, wherein aggregation of the purified AA V particles in 
the composition is prevented. 

2. (Canceled) 

3. (Original) The composition of claim 1, wherein one of the one or more multivalent 
ions is citrate. 

4. (Previously presented) The composition of claim 1, further comprising Pluronic® F68 
( ethylene oxide/propylene oxide block copolymer). 

5. (Previously presented) The composition of claim 4, wherein the Pluronic® F68 is 
present at 0.001 % (w/v). 

6. (Original) The composition of claim 1, wherein the pH buffer is 10 mM Tris, pH 8.0 
and the excipients comprise 100 mM sodium citrate. 

-2-
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7. (Currently amended) The composition of claim 1, wherein the purified, recombinant 

AA V particles have an average particle radius (Rh) of less than about 20nm as measured by 

dynamic light scattering. 

8. (Currently amended) The composition of claim 1, wherein recovery of the purified.,_ 

recombinant virus particles is at least about 90% following filtration of the composition of 

virions through a 0.22µm filter. 

9-11. (Canceled) 
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Claims 1 and 3-8 were examined in the Office Action under reply and stand rejected 
under (1) 35 U.S.C. §101; and (2) 35 U.S.C. §103(a). These rejections are believed to be 
overcome by this response and are otherwise traversed for reasons discussed in detail below. 

Overview of the Above Amendments 

Claims 1, 7 and 8 have been amended to clarify that the purified AA V particles are 
"recombinant" AA V particles. Support for this recitation can be found throughout the 

specification at, e.g., page 8, lines 6-7. Claim 1 has also been amended to correct a minor 
typographical error. 

The foregoing amendments are made without prejudice, without intent to abandon any 
originally claimed subject matter, and without intent to acquiesce in any rejection of record. 
Applicants expressly reserve the right to file one or more continuing applications containing the 
unamended claims. 

Rejection Under 35 U.S.C. §101 

Claims 1 and 3-8 were rejected under 35 U.S.C. §101 as being directed to nonpatentable 
subject matter. The Office alleges the claims "do not recite something significantly different 
than a judicial exception" because they appear to cover "a composition comprising a natural 
AA V product that does not seem to be 'markedly different in structure' from the naturally 
occurring AA V particles." Office Action, page 3, emphasis in original. Applicants submit the 
present claims indeed recite patentable subject matter. 

As explained above, the claims have been amended to recite that the AA V particles are 
"recombinant" particles. It is well known that such particles represent an artificial AA V which 
does not contain any AA V rep and cap genes that encode viral replication and structural proteins, 
respectively. Rather, these genes are replaced with a gene or construct of interest which is 

flanked by the ITRs which include cis-acting elements necessary for replication and packaging. 
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Accordingly, a "recombinant AA V particle" is not an AA V product as found in nature. Based on 
the foregoing, withdrawal of the rejection under 35 U.S.C. § 101 is respectfully requested. 

Rejection Under 35 U.S.C. §103(a) 

Claims 1 and 3-8 remain rejected under 35 U.S.C. § 103(a) as being unpatentable over 
U.S. Patent No. 6,146,874 to Zolotukhin et al. ("Zolotukhin"), taken with U.S. Patent No. 
4,138,287 to Andersson et al. ("Andersson"); U.S. Patent No. 6,194,191 to Zhang et al. 
("Zhang"); and Chen et al., J Pharm. Sci. (1994) 83:1657-1661 ("Chen"). 

The Office reiterates the previous rejection and disputes Applicants' arguments, asserting 
the primary reference, Zolotukhin, discloses that viral particles can be purified up to or greater 
than 1014 vp/ml and Andersson et al., Zhang et al. and Chen et al. allegedly disclose the benefits 
of using suitable concentrations of multivalent ions under suitable pH conditions. Office Action, 
page 9. With respect to these secondary references, the Examiner dismisses Applicants' citation 
of Qu et al., Malec. Ther. (2003) 2:S348, Abstract 901 ("Qu") which Applicants pointed out 
evidenced that the causes of self-aggregation of AA V virions had not yet been determined. The 
Examiner alleges: 

[F]irst, it is noted that instant claims are directed to any AA V particles not 
necessarily limited to recombinant AA V discussed by Qu et al. Secondly, 
applicant's allegation that 'Examiner's implication that rAA V virion self­
aggregation is based on a simple, universal mechanism' does not represent 
required evidence and or data providing sufficient reasons in order to obviate the 
rejection of record. 

Office Action, page 9. However, Applicants continue to submit the Office has failed to establish 
a prima facie case of obviousness. 

As explained above, Applicants' claims are directed to compositions comprising 
"recombinant" AA V particles. Qu's abstract is also directed to recombinant AA V particles. 
Contrary to the Office's assertion above, this article, when read in combination with the present 
application, does evidence that it would not be obvious to provide a composition as claimed. To 
reiterate, Qu proposed that ion bridges between charged amino acids on the surface of 
recombinant AA V particles contribute to inter-particle interactions. However, page 9, lines 18-
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20 of the instant application explain that, contrary to the above, it has been found that amino 
acids with charged side chains are not effective in preventing AA V vector aggregation beyond 

their contribution to ionic strength. Additionally, Qu specifically states other types of 
interactions may play a role in aggregation and concludes: "In conjunction with further 

elucidation of the mechanism(s) of AA V vector aggregation, these observations will facilitate 
formulation development for optimal large-scale vector purification and clinical use." Thus, Qu 
explicitly acknowledges that the causes of self-aggregation of r AA V virions had not yet been 
determined and further work was needed in order to provide a viable composition as claimed 
"wherein aggregation of the purified AA V particles in the composition is prevented." 
Accordingly, contrary to the Examiner's allegation, Applicants have indeed provided evidence in 
order to obviate the assertion that the references provide a motivation to formulate recombinant 
AA V particles in a composition as claimed. 

To reiterate, the secondary references which are not even related to AA V would not 
suggest a composition with the particular purity, ionic strength and pH as alleged by the Office 

as causes of aggregation ofrecombinant AA V particles were not known prior to Applicants' 
invention. Hence, relying on the teachings of the secondary references which do not pertain to 
recombinant AA V particles, to provide the motivation to make a composition as claimed, in 
order to prevent self-aggregation ofrAA V virions, is misplaced. 

The Examiner also disputes Applicants' argument that Zolotukhin does not recognize that 
rAA V virions self-aggregate and therefore does not provide any suggestions regarding a 

composition as claimed, asserting this argument is unpersuasive because the claims are drawn to 
compositions and not to a process of preventing self-aggregation. The Examiner further asserts: 

[T]he components required to provide such desired effects i.e. in terms of 
stabilization of the viral preparation have already been disclosed and/or suggested 
by the combined teachings in the cited prior art for the same purposes ofreducing 
aggregation (irrespective of the mode of viral aggregation), a person of ordinary 
skill in the viral vector purification art would have fully contemplated such 
adjustments in the concentrations of excipients/surfactants and/or pH as already 
suggested in the art of record. 

Office Action, page I 0. Applicants disagree with this assertion. 

First, although the claims relate to compositions, not methods, the claims explicitly 
require that "aggregation of the purified AAV particles in the composition is prevented." 
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Accordingly, Applicants' unique mixture of components in the purified composition as claimed 
must be factored into the assessment of obviousness. To reiterate, Zolotukhin teaches away from 

the use of high ionic strength because it teaches that it is desirable to "remove or reduce the 
concentration of salt ... prior to use of, or further purification of, the rAA V." See, column 3, line 
63 to column 4, line 5 of Zolotukhin. Thus, high salt concentrations are purposefully eliminated 
from later purification steps, and hence from the final product. Moreover, Applicants have 
provided evidence that the causes of aggregation of recombinant AA V particles were not known 
prior to Applicants' invention and hence a composition as claimed would not be obvious in view 
of Zolotokhin in combination with the secondary references which are not in any way directed to 
recombinant AA V preparations. Absent Applicants' teaching regarding the problem ofrAA V 
self-aggregation, there is no recognition that this is a concern that may be addressed by 
manipulating ionic strength in any of the cited art. 

With respect to the Office's continued assertion regarding claims 7 and 8, namely, that 
the average particle radius and percent recovery are intrinsic characteristics, the Office argues 

"applicants have not provided any data or evidence on the record to demonstrate that under 
conditions as claimed, such average particle radius would not be an intrinsic feature of the 
composition comprising purified particles." Office Action, page 11. However, this argument 
assumes Zolotukhin's final composition is the same as Applicants' composition since none of the 
secondary references pertain to recombinant AA V particles. In fact, the Examiner recognizes 
Zolotukhin's final composition, as well as the compositions of the additional cited art, are not the 
same as Applicants' since the previous rejections under 35 U.S.C. § 102 over Zolotukhin and 
Andersson were withdrawn. 

Even if appropriate, the fact that a certain result or characteristic may occur or be present 
in the prior art is not sufficient to establish the inherency of that result or characteristic. In re 

Rijckaert, 28 USPQ2d 1955, 1957 (Fed. Cir. 1993) (reversed rejection because inherency was 
based on what would result due to optimization of conditions, not what was necessarily present 
in the prior art); In re Oelrich, 212 USPQ 323,326 (CCPA 1981). "To establish inherency, the 
extrinsic evidence 'must make clear that the missing descriptive matter is necessarily present in 
the thing described in the reference, and that it would be so recognized by persons of ordinary 
skill. Inherency, however, may not be established by probabilities or possibilities. The mere fact 
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that a certain thing may result from a given set of circumstances is not sufficient.' "In re 

Robertson, 49 USPQ2d 1949, 1950-51 (Fed. Cir. 1999) (citations omitted). 

The Examiner further disputes Applicants' showing that the claimed composition 

provides a commercially viable solution for providing high amounts of recombinant AA V 

particles in stored compositions. The Examiner states "the scope of the showing must be 
commensurate with the scope of claims to consider evidence probative of unexpected results." 
This is indeed the case. As explained at page 20, second paragraph of the specification and in 
Table 3, recombinant AA V particles prepared and stored in elevated ionic strength solutions 

(greater than 200 mM as claimed) remain soluble with no aggregation and can be stored for an 
extended period. 

Finally, the Examiner dismisses the fact that Applicants' current claims also recite that 
the pH of the composition is between 7.5 and 8.0 as in the issued parent case. Indeed, the 

recitation "wherein the pH of the purified preparation ofrAA V virions is between 7.5 and 8.0" 
was added to the parent claims in an Examiner's amendment. Applicants are aware the present 
claims relate to compositions and not methods, however, as explained above, the composition is 
one where "aggregation of the purified AA V particles in the composition is prevented" and the 
causes of aggregation, and hence the proper formulation for preventing aggregation, were 
unknown prior to Applicants' discovery. 

Accordingly, the combination cited by the Office does not provide evidence that the 
claimed invention is a "predictable use of prior art elements according to their established 
functions." KSR Int'! Co. v. Teleflex, Inc., 82 USPQ2d 1385, 1396 (U.S. 2007). Rather, as 
explained above, the evidence is to the contrary. Applicants submit the Examiner has chosen 

bits and pieces of the cited references to arrive at the allegation that this combination of 

references suggests the claimed invention. This is improper. As stated in KSR, "a patent 

composed of several elements is not proved obvious merely by demonstrating that each of its 
elements was, independently, known in the prior art." KSR, page 1396; see also, In re Kotzab, 
55 USPQ2d 1313, 1317 (Fed. Cir. 2000). A rejection cannot be predicated on the mere 
identification of individual components of claimed limitations. Rather, particular findings must 
be made as to the reason the skilled artisan, with no knowledge of the claimed invention, would 
have selected these components for combination in the manner. 
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Additionally, as set forth in MPEP 2142, impermissible hindsight must be avoided and 

the conclusion of obviousness must be reached on the basis of the facts gleaned from the prior 

art. Should the Examiner continue to maintain the rejection over the cited combination, the only 

conclusion that can be drawn is that the rejection is premised on an impermissible hindsight 

reconstruction of the invention based on Applicants' disclosure. As stated by the Court of 

Appeals for the Federal Circuit, "[i]t is impermissible to use the claimed invention as an 

instruction manual or 'template' to piece together the teachings of the prior art so that the 

claimed invention is rendered obvious." In re Fritch, 23 USPQ2d 1780, 1784 (Fed. Cir. 1992). 

See, also, In re Fine, 5 USPQ2d 1596, 1600 (Fed. Cir. 1988): "One cannot use hindsight 

reconstruction to pick and choose among isolated disclosures in the prior art to deprecate the 

claimed invention." Thus, it is insufficient merely to show that some or all of the elements of the 

invention are present in the prior art and possess characteristics of the elements of the instant 

invention. 

For at least the above reasons, withdrawal of the rejections under 35 U.S.C. § 103(a) is 

respectfully requested. 
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Applicants respectfully submit that the claims are now in condition for allowance and 

request early notification to that effect. The Examiner is encouraged to contact the undersigned 

if the Examiner notes any further matters which might be resolved by a telephone interview. 

ROBINS LAW GROUP 
2625 Middlefield Road, No. 828 
Palo Alto, CA 94306 
Telephone: (650) 493-3400 
Facsimile: (650) 493-3440 

Respectfully submitted, 

By:-----------­
Roberta L. Robins 
Registration No. 33,208 
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Application No. Applicant(s) 

12/661,553 WRIGHT ET AL. 
Examiner-Initiated Interview Summary 

Examiner Art Unit 

SATYENDRA SINGH 1657 

All participants (applicant, applicant's representative, PTO personnel): 

(1) SA TYENDRA SINGH. (3) __ . 

(2) ROBERTA ROBINS (ATTORNEY). (4) __ . 

Date of Interview: 22 January 2015. 

Type: fg1 Telephonic □ Video Conference 
□ Personal [copy given to: D applicant D applicant's representative] 

Exhibit shown or demonstration conducted: fg1 Yes □ No. 
If Yes, brief description: see a copv of the proposed EXAM AMEND faxed to attorney Robins on 12/23/14. 

Issues Discussed fg1101 0112 0102 fg1103 fgl0thers 
(For each of the checked box( es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: 1. in particular. 

Identification of prior art discussed: of the record. 

Substance of Interview 
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a 
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

after cosiderations of applicant's arg_uments (and discussion with SPE, Jon Weber reg_arding_ 101 reiection of record; 
dated 12/18/14/, examiner called applicant's attorney of record Miss Roberta Robins (Qh=650-493-3400 x303/ and 
provided with (via fascimile/ a proposed Examiner's Amendment to pending_ claims (the scope of which was found to 
be tentatively allowable; see attached copv of the EXAM AMEND faxed to attorney Robins on 12/23/2014) for 
applicant's g_uick considerations. Attorney Robins informed the examiner that applicants are on leave and once the'[. 
respond, she will contact the examiner. Upon multiple calling_ bv the examiner (from 1/7/15 to 1/21/15), attorne'[. 
Robins told the examiner that for some reasons, she was not able to contact the applicants, and that thev are not 
responding_ to her emails. 
On O 1 /22/15, in the absence of anv response from the applicants, examiner called the attorney Robins ag_ain, and was 
informed that applicants have not vet responded, and she sug_g_ested the examiner to g_o ahead and issue an 
appropriate office action, as she is not able to g_et in touch with the applicants. Examiner told attorney Robins that in 
this situation. a FINAL reiection will be mailed bv the office soon. 

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview. 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of 
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the 
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

fg1 Attachment 

/SATYENDRA SINGH/ 
Primary Examiner, Art Unit 1657 

U.S. Patent and Trademark Office 

PTOL-413B (Rev. 8/11/2010) Interview Summary PaperNo.20141223 
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Application No. 
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Applicant(s) 
WRIGHT ET AL. 

Office Action Summary Examiner 
SATYENDRA SINGH 

Art Unit 
1657 

AIA (First Inventor to File) 
Status 
No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE !2_ MONTHS FROM THE MAILING DATE OF 
THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 
1 )1:8] Responsive to communication(s) filed on 11/18/14. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)l:8] This action is FINAL. 2b)O This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5)1:8] Claim(s) 1 and 3-8 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 
6)0 Claim(s) __ is/are allowed. 
7)1:8] Claim(s) 1 and 3-8 is/are rejected. 
8)0 Claim(s) __ is/are objected to. 
9)0 Claim(s) __ are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

t1ttp:ilwww.usoto.aovlpatents/init events/pphiindex.isp or send an inquiry to PPHteedback((.vuspto.cwv. 

Application Papers 
10)0 The specification is objected to by the Examiner. 
11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
Certified copies: 

a)O All b)O Some** c)O None of the: 
Certified copies of the priority documents have been received. 1.0 

2.0 
3.0 

Certified copies of the priority documents have been received in Application No. __ . 
Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

** See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PT0-892) 

2) 1:8] Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date 11/18/14. 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 11-13) Office Action Summary 

3) 1:8] Interview Summary (PT0-413) 

Paper No(s)/Mail Date. 1122/15. 

4) 0 Other: __ . 

Part of Paper No./Mail Date 20141223 
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The present application is being examined under the pre-AIA first to invent provisions. 

DETAILED ACTION 

Applicant's submission filed on 11/18/2014 has been entered. 

Claims 2, and 9-11 (invention of group II) were previously canceled by applicants. 

Claims 1 and 3-8 ( elected invention of group I), as currently amended, have been 

examined on their merits in this office action. 

Examiner-Initiated Interview 

In the spirit of compact prosecution, an attempt by the examiner was made to offer 

applicants the allowable scope of the claimed invention (see attached interview summary, and 

the attached copy of the proposed examiner's amendment faxed to the Attorney ofrecord Miss 

Roberta Robins on 12/23/2014). However, no response from the applicants was received by 

attorney Robins, and therefore, finally no agreement could be reached. 

Claim Rejections - 35 USC§ 101- Withdrawn 

In view of applicant's arguments (see remarks, page 4) and amendment to claim 1, the 

101 rejection ofrecord, as previously made by the examiner, has been withdrawn. The 

"recombinant AA V particles" have been taken as "recombinant AA V vector particles" for the 

purposes of this office action hereinafter. 

Claim Rejections - 35 USC § 103- Maintained 

The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious al the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 
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The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 

(1966), that are applied for establishing a background for determining obviousness under pre­

AIA 35 U.S.C. 103(a) are summarized as follows: 

l. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness or 

nonobviousness. 

This application currently names joint inventors. In considering patentability of the 

claims under pre-AIA 35 U.S.C. 103(a), the examiner presumes that the subject matter of the 

various claims was commonly owned at the time any inventions covered therein were made 

absent any evidence to the contrary. Applicant is advised of the obligation under 37 CPR 1.56 to 

point out the inventor and invention dates of each claim that was not commonly owned at the 

time a later invention was made in order for the examiner to consider the applicability of pre-

AIA 35 U.S.C. 103(c) and potential pre-AIA 35 U.S.C. 102(e), (f) or (g) prior art under pre-AIA 

35 U.S.C. 103(a). 

l. Claims 1 and 3-8 (as currently amended) remain rejected under pre-AIA 35 

U.S.C. 103(a) as being unpatentable over Zolotukhin et al (2000; US 6,146,874) taken with 

Andersson et al (1979; US 4,138,287), Zhang et al (2001; US 6,194,191) and Chen et al (1994). 

Claims (as currently amended) are directed to "a composition (for the storage) of 

purified, recombinant adeno-associated virus (AA V) particles, comprising: purified.,_ 

recombinant (AA V) pai1icles at a concentration exceeding 1 x 1013 vg/ml up to 6.4x 1013 vg/ml; 
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a pH buffer, wherein the pH of the composition is between 7.5 and 8.0; and excipients 

Page 4 

comprising one or more multivalent ions; wherein the ionic strength of the composition is greater 

than 200 mM, wherein aggregation of the purified AA V particles in the composition is prevented 

(instant claim l); wherein one of the one or more multivalent ions is citrate (claim 3); further 

comprising Pluronic® F68 (ethylene oxide/propylene oxide block copolymer) at 0.001 % (w/v) 

(claims 4-5); wherein the pH buffer is 10 mM Tris, pH 8.0 and the excipients comprise 100 mM 

sodium citrate (claim 6); wherein the purified AAV particles have an average particle radius 

(Rh) of less than about 20 nm as measured by dynamic light scatte1ing (instant claim 7); and 

wherein recovery of the purified, recombinant virus particles is at least about 90% following 

filtration of the composition of virions through a 0.22 µm filter." ( claim 8). 

Zolotukhin et al (2000) disclose the composition comprising: purified recombinant 

AA V (rAA V) virus particles; a pH buffer such as phosphate buffered-saline with magnesium 

chloride and potassium chloride (PBS-MK); and excipients comprising one or more 

multivalent ions such as phosphate and magnesium; wherein the ionic strength of the 

composition is greater than 200 mM (see Zolotukhin et al, column 11, 4th paragraph, lines 35-40, 

in particular), wherein they elute the pmified rAAV particles in PBS-MK buffer having lM 

NaCl, i.e. elution buffer; and wherein they disclose the fact that highly purified stocks having 

titers up to about 1013 particles/ml are obtained using their purification steps within 24 hours or 

less (see abstract, and column 16, 1st paragraph, in particular), and in fact has the potential to 

produce 1014 virus particles. In addition Zolotukhin et al also disclose the problems facing the 

purification of high titer AA V particles specifically related to the problem of aggregation, 

which was alleviated and/or reduced significantly by the use of high concentrations of salts (i.e. 
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high ionic strength buffer such as IM NaCl in PBS-MK; see column 3, last paragraph; column 

15, 3rd paragraph, for examples) during purification, wherein the excess salt can be later 

removed, if required for downstream applications. 

However, the composition having AA V particles at a concentration exceeding 1 x 1013 

vg/ml up to 6.4x 1013 vg/ml (see instant claim 1), further comprising Pluronic® F68 at 0.001 % 

w/v (claims 4-5); and wherein the pH buffer is 10 mM Tris, pH 8.0 and the excipients comprise 

100 mM sodium citrate (claims land 6), is not explicitly exemplified and/or disclosed by the 

inventions of Zolotukhin et al (although the number of virus particles potentially purified have 

been disclosed to be in the vicinity of about 1013 and about 1014
; see Zolotukhin et al above). 

Andersson et al (1979) disclose the composition comprising purified hepatitis virus 

(HBsAg) particles (see abstract, in particular), a pH buffer such as Tris-sodium citrate buffer, pH 

7 .5, and excipients comprising a multivalent ion such as sodium citrate, wherein the ionic 

strength of the composition is greater than about 200 mM (see elution of purified virus from 

column using 0.5 M NaCl in Tris-citrate buffer; see Andersson et al, example 2 and claim 5, in 

particular). 

Zhang et al (2001) disclose the use of a surfactant such as Pluronic® F68 (0.1 % in 

growth medium for adenovirus infection and viral production, etc.; see column 4, 2nd paragraph 

and columns 53-54, in particular) for production of adenoviral particles in serum-free suspension 

cultures using spinner flasks, and also use in the cryopreservation media (see column 53, last 

paragraph). 

Chen et al (1994) disclose strategies to suppress aggregation of proteins (such as 

recombinant keratinocyte growth factor) during liquid formulation development (see Chen et al, 
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abstract, table 1-2, in particular) by adding sulfated polysaccharides (such as heparin) and citrate 

salts (such as 0.1 to 0.5 M sodium citrate; see Chen et al, page 1661, left column, in particular) 

that were found to be effective in preventing protein aggregation. Chen et al also disclose the fact 

that other negatively charged small ions such as phosphate (a multivalent ion) also have 

moderate stabilizing effects on preventing aggregation of recombinant keratinocyte growth 

factor (rhKGF). 

Thus, given the disclosure in the cited prior art, a person of ordinary skill in the art would 

have modified the composition comprising purified recombinant AA V virus particles taught by 

Zolotukhin et al such that said composition additionally comprise a surfactant (to help prevent 

aggregation during freezing-thawing cycles, for example) such as Pluronic® F68, as explicitly 

taught by Zhang et al, and a suitable amount of sodium citrate as a multivalent ion in T1is buffer 

solution (at a suitable pH; as specifically disclosed by Andersson et al) in order to stabilize the 

viral particles as suggested by Chen et al (albeit for suppressing/reducing aggregation of fairly 

unstable proteins such as rhKGF; see discussion above, thus providing a conceptual basis for 

including multivalent ions in the buffer containing purified recombinant AA V particles having 

capsid proteins), in addition to other stabilizing components such as a surfactant. Since, the 

benefits of including a surfactant and high ionic strength multivalent ions have been disclosed in 

the cited prior art of Zhang et al and Chen et al, an artisan of ordinary skill in the art would have 

established suitable concentrations required to help stabilize purified recombinant AA V viral 

preparations (i.e. for preventing aggregation, etc.) with a reasonable expectation of success, 

especially given the disclosure from Zolotukhin et al, for example, for the use of high salt 

concentrations for reducing the potential aggregation of virus particles (see discussion of 
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Zolotukhin et al, above). Such modification in the use of suitable concentrations of the 

multivalent ions (such as sodium citrate) for reducing aggregation in place of high salt 

concentrations (i.e. 1 M NaCl) used by Zolotukhin et al would have been therefore obvious and 

fully contemplated by an artisan of ordinary skill in the art, given the combined disclosure 

provided by the cited references of Andersson et al, Zhang et al and Chen et al, as discussed 

above. 

The limitations of claims 7 and 8 (average particle radius and percent recovery following 

filtration, etc.) are also met by the p1ior art as these are taken to be intrinsic features of the 

purified AA V viral compositions as disclosed by Zolotukhin et al when taken with the teachings 

of Andersson et al, Zhang et al and Chen et al. Since, all the components of the product, as 

recited in the claims are the same as disclosed and/or suggested in the cited prior art, these 

features will necessarily follow from the composition disclosed in the art, as they do not 

structurally change the composition as claimed. 

Thus, the invention as a whole would have beenprimafacie obvious to a person of 

ordinary skill in the art at the time the claimed invention was made. 

As per MPEP 2144.06, "It is primafacie obvious to combine two compositions each of which is 
taught by the prior art to be useful for the same purpose, in order to form a third composition to 
be used for the very same purpose .... [T]he idea of combining them flows logically from their 
having been individually taught in the prior art." In re Kerkhoven, 626 F.2d 846, 850, 205 USPQ 
1069, 1072 (CCPA 1980). 

As per MPEP 2144.06, In order to rely on equivalence as a rationale supporting an obviousness 
rejection, the equivalency must be recognized in the prior art, and cannot be based on 
applicant's disclosure or the merefact that the components at issue arefunctional or mechanical 
equivalents. In re Ruff, 256 F.2d 590, 118 USPQ 340 (CCPA 1958). 
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Applicant's arguments filed on 11/18/2014 (as they pertain to the prior art rejection of 

record) have been fully considered but they are not persuasive for the following reasons of 

record: 

Regarding the 103a rejection ofrecord, applicants essentially argue that there is no 

motivation and/or suggestion to combine the cited prior art of record, and earlier cited abstract of 

Qu et al shows that there is no clear understanding for the causes of self-aggregation of purified 

rAA V particles (see remarks, pages 5-7), which is duly noted and considered. However, it is 

noted that Qu et al 2003 abstract has not been cmTently relied upon in the instant rejection of 

record. In response to applicant's argument that there is no teaching, suggestion, or motivation 

to combine the references, the examiner recognizes that obviousness may be established by 

combining or modifying the teachings of the prior art to produce the claimed invention where 

there is some teaching, suggestion, or motivation to do so found either in the references 

themselves or in the knowledge generally available to one of ordinary skill in the art. See In re 

Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988), In re Jones, 958 F.2d 347, 21 USPQ2d 

1941 (Fed. Cir. 1992), and KSR International Co. v. Teleflex, Inc., 550 U.S. 398, 82 USPQ2d 

1385 (2007). In this case, as discussed in the 103a rejection of record, the cited prior art of 

Zolotukhin et al disclose the range of viral particles that can be purified up to or greater than 1014 

vp/ml (see column 6, 1st paragraph; column 16, 1st paragraph, in particular), and therefore, when 

taken with the disclosure from Andersson et al, Zhang et al and Chen et al for the benefits of 

using suitable concentrations of a multivalent ions such as sodium citrate under suitable pH 

conditions, a person of ordinary skill in the art would have fully contemplated the modification 
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in the buffer composition disclosed by Zolotukhin et al such that it uses multivalent ions as 

stabilizing buffer excipient in order to reduce/prevent viral aggregation, as already recognized 

and/or intended by the disclosure of Zolotukhin et al (see column 3, last paragraph,; column 

14,,last paragraphs, for instances) and supported by the teachings of Zhang et al and Chen et al, 

as discussed above. 

Regarding the limitations of claims 7 and 8, applicants appear to argue that the average 

particle radius and the percent recovery are not intrinsic properties of the composition (see 

remarks, page 7), which is duly considered. However, if the components of the composition 

have been fully disclosed and/or suggested in the art, one would reasonably presume that the 

resulting characteristics of the composition comprising rAA V particles (such as average particle 

radius, and recovery, etc.) stabilized with suitable concentrations of multivalent ions such as 

citrate under similar conditions of number of particles, buffer, pH and temperature, would 

provide the same characteristics, as currently being claimed by the applicants. Moreover, instant 

claim 1 is not limited to such characteristics, as cun-ently argued by applicants. 

Applicant's arguments regarding the beneficial aspects and scope of the claimed 

composition and unexpected results (see remarks, page 8), is duly noted and fully considered. 

However, the scope of the showing must be commensurate with the scope of claims to consider 

evidence probative of unexpected results, for example. In re Dill, 202 USPQ 805 (CCPA, 1979), 

In re Lindner 173 USPQ 356 (CCPA 1972), In re Hyson, 172 USPQ 399 (CCPA 1972), In re 

Boesch, 205 USPQ 215, (CCPA 1980), In re Grasselli, 218 USPQ 769 (Fed. Cir. 1983), In re 

Clemens, 206 USPQ 289 ( CCPA 1980 ). It should be clear that the probative value of the data is 

not commensurate in scope with the degree of protection sought by the instant claims. 

GENZ_NOV _00004241 

Sarepta Exhibit 1088, page 178



Case 1:21-cv-01736-RGA   Document 301-1   Filed 11/20/23   Page 179 of 385 PageID #: 19287

Application/Control Number: 12/661,553 

Art Unit: 1657 

Page 10 

Applicants are advised to amend scope of the claims (as already suggested by the examiner 

during the examiner-initiated interview, attached herewith) in order to commensurate with the 

showings, for favorable considerations in future prosecution. 

Conclusion 

NO claims are allowed. 

Pertinent art: 

l. Evans et al. (published on 08/26/2004; US 2004/0166122 Al; previously cited by the 

examiner) - Adenovirus formulations ( disclose stable viral vector formulations for gene 

therapy and other clinical applications generally comprising up to about lx10 13 viral particles/ml 

in a suitable buffer, a sugar, a salt, a divalent cation, a non-ionic detergent as well as sodium 

citrate, wherein the typical formulations comprise 5 mM Tris buffer, pH 7.5, 250 mM NaCl, 

sucrose to provide suitable osmolarity in the range of 200-800 mOsm/L, MgCh in the range of 

O. lmM to about 10 mM, 0.001 % to about 2% of polysorbate-80 as surfactant, and sodium citrate 

at about 10 mM; see page 8, example 1, in particular; paragraphs [0051], [0056], [0060], [0079], 

entire disclosure at pages 5-6, in particular and claims). 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 

policy as set forth in 37 CPR l.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 

MONTHS of the mailing date of this final action and the advisory action is not mailed until after 

the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
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CFR l.136(a) will be calculated from the mailing date of the advisory action. In no event, 

however, will the statutory period for reply expire later than SIX MONTHS from the mailing 

date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to SATYENDRA SINGH whose telephone number is (571)272-
8790. The examiner can normally be reached on 9-5MF. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, JON P. WEBER can be reached on 571-272-0925. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
infonnation system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/SA TYENDRA SINGH/ 
Primary Examiner, 
Art Unit 1657 
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Application No. Applicant(s) 

12/661,553 WRIGHT ET AL. 
Examiner-Initiated Interview Summary 

Examiner Art Unit 

SATYENDRA SINGH 1657 

All participants (applicant, applicant's representative, PTO personnel): 

(1) SA TYENDRA SINGH. (3) __ . 

(2) ROBERTA ROBINS (ATTORNEY). (4) __ . 

Date of Interview: 22 January 2015. 

Type: fg1 Telephonic □ Video Conference 
□ Personal [copy given to: D applicant D applicant's representative] 

Exhibit shown or demonstration conducted: fg1 Yes □ No. 
If Yes, brief description: see a copv of the proposed EXAM AMEND faxed to attorney Robins on 12/23/14. 

Issues Discussed fg1101 0112 0102 fg1103 fgl0thers 
(For each of the checked box( es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: 1. in particular. 

Identification of prior art discussed: of the record. 

Substance of Interview 
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a 
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

after cosiderations of applicant's arg_uments (and discussion with SPE, Jon Weber reg_arding_ 101 reiection of record; 
dated 12/18/14/, examiner called applicant's attorney of record Miss Roberta Robins (Qh=650-493-3400 x303/ and 
provided with (via fascimile/ a proposed Examiner's Amendment to pending_ claims (the scope of which was found to 
be tentatively allowable; see attached copv of the EXAM AMEND faxed to attorney Robins on 12/23/2014) for 
applicant's g_uick considerations. Attorney Robins informed the examiner that applicants are on leave and once the'[. 
respond, she will contact the examiner. Upon multiple calling_ bv the examiner (from 1/7/15 to 1/21/15), attorne'[. 
Robins told the examiner that for some reasons, she was not able to contact the applicants, and that thev are not 
responding_ to her emails. 
On O 1 /22/15, in the absence of anv response from the applicants, examiner called the attorney Robins ag_ain, and was 
informed that applicants have not vet responded, and she sug_g_ested the examiner to g_o ahead and issue an 
appropriate office action, as she is not able to g_et in touch with the applicants. Examiner told attorney Robins that in 
this situation. a FINAL reiection will be mailed bv the office soon. 

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview. 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of 
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the 
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

fg1 Attachment 

/SATYENDRA SINGH/ 
Primary Examiner, Art Unit 1657 

U.S. Patent and Trademark Office 

PTOL-413B (Rev. 8/11/2010) Interview Summary PaperNo.20141223 
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UNITED STATES PATENT AND 
TRADEMARK OFFICE 

To: 

From: 

Facsimile Transmission 

Name: 
Company: 
.Fax Number: 
Voice Phone: 

Name: 
Voice Phone: 

ROBERTA L. ROBINS 

6504933440 

37 C.F.R. 1.6 sets forth the types of correspondence that can be communicated to the Patent and 
Trademark Office via facsimile transmissions. Applicants are advised to use the certificate of 
facsimile transmission procedures when submitting a reply to a non-final or final Office action by 
facsimile (37 CFR l.S(a)). 

Fax Notes: 

Hi Attorney Robins, 
after considerations of applicant's claim amendments and arguments 
prsented on 11/18/14, I am sending you by fax, a proposed Examiner's 
Amendments to pending claims (the scope of which has been tentatively 
found to be allowable) for applicant's quick considerations. Pl. let 
me know at your earlieast, if there are any issues with the claims 
currently being amended and considered for allowance (pref. by COB 
12/26/2014). 
Sincerely, 
Satyendra Singh 
Examiner, AU 1657 

Dateandtimeoftransmission:Tuesday, December 23, 2014 3:39:24 PM 

Number of pages including this cover sheet: Cl 4 
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The present application is being examined under the pre-AIA first to invent provisions. 

DRAFT 

DETAILED ACTION 

Applicant's submission filed on 11/18/2014 has been entered. 

Claims 2, and 9-11 (invention of group II) were previously canceled by applicants. 

Claims 1 and 3-8 ( elected invention of group I), as currently amended, have been 

examined on their merits in this office action. 

PROPOSED EXAMINER'S AMENDMENT 

An examiner's amendment to the record appears below. Should the changes and/or 

additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 

1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the 

payment of the issue fee. 

Authorization for 

Roberta ls. Robins (attome:y of record) on December xxxx 14. 

The application has been amended as follows: 

In The Claims 

Claim 3 has been canceled by this Examiner's Amendment. 

Claims 1 and 4-8 have been allowed by this Examiner's amendment as follows: 

Claims 1, 4, 5, 7 and 8 have been amended, and the entire set of allowed claims have 

been recited belm.v: 

1. (Cmn:ntly amcrn1co A composition for the storage of purified, recombinant adeno-

associated vims (AAV) vector particles, comprising: 
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purified, recombinant AAV particles at a concentration exceeding lxl0 13 vg/ml up 

to 6.4xl0 13 vg/ml; 

a pH buffer, wherein the pH of the composition is between 7.5 and 8.0; and 

excipients comprising one or more multivalent ions selected from the Qroup consisting of 

citrate. sulfa1c. ma11nesium, and phosphate; wherein the ionic strength of the composition is 

greater than 200 mM, wherein aggregation of the purified AA V vector pmticks are stored in 

the composition is prevented wilhout siu:nHk:mt a11::;nscu:ation. 

4. (Currently arnem1ea The composition of claim 1, further comprising i::thvlene 

oxidc/propvlenc oxide block copolvmcr Pluronic® F68 (ethylene mEitfo/prof3:t'iefl:e mEide block 

copolymer). 

5. (Currenlly amended) The composition of claim 4, wherein the Pluronic® F68 is 

present at a concentration of 0.001 ~-0 (w/v). 

6. (Original) The composition of claim 1, wherein the pH buffer is 10 mM Tris, pH 8.0 

and the excipients comprise 100 mM sodium citrate. 

The composition of claim 1, wherein the purified, recombinant 

AA V V~ftor particles have an average particle radius (Rh) ofless than about 20nm as measured 

by dynamic light scattering. 

The composition of claim 1, wherein recovery of the purified, 

recombinant virus pmticles is at least about 90% following filtration of the composition of 

viriens '~aid /\AV ,:~,ctor particles through a 0.22µm filter. 

Conclusion 

Claims 1 and 4-8 are being allowecl. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to SATYENDRA SINGH whose telephone number is (571)272-
8790. The examiner can nonnally be reached on 9-5MF. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, JON P. \VEBER can be reached on 571-272-0925. 'Il1e fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Infonnation Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a US PTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

SATYENDRA SINGH 
Primary Examiner, 
Art Unit 1657 
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Applicant-Initiated Interview Summary 

Application No. 

12/661,553 

Examiner 

SATYENDRA SINGH 

All participants (applicant, applicant's representative, PTO personnel): 

(1 ) SA TYENDRA SINGH. 

(2) ROBERTA ROBINS (ATTORNEY). 

Date of Interview; 28 January 2015. 

Type: [8J Telephonic D Video Conference 
D Personal [copy given to: D applicant 

(3) __ . 

(4) __ . 

D applicant's representative] 

Exhibit shown or demonstration conducted: [8J Yes D No. 

Appficant(s) 

WRIGHT ET AL. 

Art Unit 

1657 

If Yes, brief description: previously discussed EXAM AMEND that was faxed on 12/23/14 to attorney Robins (see 
/MIS dated 1/27/15, already on record). 

Issues Discussed D 101 D112 0102 1:8:1103 [8JOthers 
(Fa,· each of the checked box(c.s) ahuve, please l.lcscrlbc. bt!low Lbe issue and dct!li.led l.lescription of th~ discussion) 

Claim(s) discussed: of the record. 

ldentlftcatlon of pr1or art discussed: of the record. 

Substance of Interview 
(For each issue cliscu&s.-d, provid.- a detailed description and indicate if agree.men I ,vas reached. Some topics may include, idenlifiqilion or darilkalioo of a 
rofcJ·cncc or a porik>n thereof'. claim fat..:rprclmion, proposed a1m:.ndml'nls, arguments of any :ipplfod refernnl·es ek ... ) 

After the FINAL re;ection was mailed by the office on 1/2712015, applicant's attorney Miss Roberta Robins called the 
examiner on 0112812015, and informed that she has finally received the response from applicants, and they have 
agreed to the proposed EXAM AMEND. as previously offered by the examiner on 12/23/14 (see paper !MIS dated 
1127115 already on the record), and even if the FINAL re;ection has been mailed, Examiner is authorized amend the 
claims per proposed examiner's amendments that were discussed before. 

Applicant recordation instruc1ions: The formal written reply to the last Office action must fnclude the substance of the interview. (See MPEP 
section 713.04). 1r a reply to the last Office action has already been filed, applicant Is given a non-extendable period of the longer of one month or 
thlrty days from this interview date, or the mailing date of this interview summary fomi, whichever is later, to file a statement of 111.e substa11ce of the 
interview 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of 
the substance of an intervTew should fnclude the 1tems listed in MPEP 713.04 for complete and proper recordalion including the identl!icatlon of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentabillty and tl1e 
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

0 Attacl1ment 

/SATYENDRA SINGH/ 
Primary Examiner, Art Unit 1657 

U.S Paienr-aod Trademark Oftice 
PTOL-413 (Rev. 811112010) Interview Summary PaperNo.20150130 
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Summary of' Record of Interview Requirements 

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Mede of Record 
A complete wri1ten statement as to the substance of any face-to-lace, video conference, or telephone interview with regard to an application must be made of ,~(.)rd hi lt1e 
appHoatfon whether or not ar agreement With the examiner was reached at che Interview. 

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews 
Paragraph (b) 

In every Instance where reoonS1deration Is requested in view cl an Interview with an examiner, a complete writien statement of the reasons presented at !he ln1erview as 
warran1ing favorable action muse be filed by the a,pplicar,1, An interview does not remove !he necessi1y for reply 10 Oltice action as spec,fied in§§ 1,111, 1.135 (35 U,S.C. 132) 

37 CFA § 1.2 Business lo be transacted In wrHing. 
All business wilh \he Patent or TrademaJk Office should be transacted m Writing. The personal attendance ol applicants or their attorneys or agents at the Palent and 
Trademark Office Is unnecessary The action of 1he Patent and Trademark Olflce will be based exclusively on 1he written record in 1he OJlice. No atiention will be pard to 
any alleged oral promise, strpulation, or understanding in relation to which there is disagreement or doubt 

The action of the Patent and Trademark Office cannot be based exclusively -on the written record In the Office if that record is itself 
incomplete through the failure to record the substance of interviews. 

It Is the responslbillty of the applicant or the attorney or agent to make the substance of an Interview of record in the application file, unless 
lhe examiner indicates he or she will do so. It is the e.xaminer's responsibility to see that such a record is made and to correct material inaccuracies 
which bear directly on the question of patentability. 

Examiners must complete an Interview Summary Form for each 1nterview held where a matter of substance has been discussed du1ing the 
interview by ctrecking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction 
requirements for which interview recordation is otherwise provided for in Section 812,01 of the Manual of Patent Examining Procedure, or pointing 
out typographical errors or unreadable script in Office actions or the like, ate excluded from the interview tecordation procedures below. Where the 
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed In the right hand portion of the me, and listed on the 
''Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the 
conclusion of the interview. In the case or a telephone or video-conference interview, the copy is mafled to the applicant's correspondence address 
either with or prior to the next official communication, If additional correspondence from the examiner is not likely before an allowance or if other 
clrcumstances dlctate, the Fotm should be mailed promptly after the interview rather than wlth the next official communicatlon. 

The Form provides for recordation of the following information: 
-Application Number (Serles Code and Serial Number) 
- Name of applicant 
- Name of examiner 
- Date of intervtew 
- Type of Interview (telephonic. video-conference, or personal) 
-Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 
-An indlcatlon wl1ether or not an exhibit was shown or a demonstration conducted 
-An fdentification of the specific prior ar1 discussed 
- An indication whether an agreement was reached and If so, a description of the general nature of the agreement (may tie by 

attachment of a copy of amendments or cl alms agreed as being allowable). Note: Agreement as to allowability ls tentatrve and does 
not restrict further action by the examiner to the contrary. 

- The signature of the examiner wl1o conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the intervi~W of each case. It 
should be noted, however, that the Interview Summary Fonn will not normally be considered a complete and proper recordation of the interview 
unless it fncludes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the 
substance of the interview. 

A complete and proper recotdation of the substance of any lntervlew should Include at least the following appilcable items: 
1) A brief description of the nature of any exhibit shown or any demonstration conducted, 
2) an identiffcatlon of the claims discussed, 
3) an identification of the specific prior art discussed, 
4) an identification of the principal proposed amendments of a substantive nature di;;cussed, unless these are already described on the 

Interview Summary Form completed by the Examiner, 
5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detalled description of the arguments is not 
requited. The identification of the arguments is sufficient ii the general nature or thrust of the principal arguments made to the 
examiner can be understoOd in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner,) 

6) a genera( inc;lication of any other pertinent matters discussed, and 
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Fonn completed by 

the examiner. 
Examiners are expected to carefl.llly review the appl]can t's record of the substance of an interview. If the record 1s not complete and 

accurate, the examiner will give the applicant an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the clafms are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
siatement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the interview along with the date and the examiner's initials 
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Notice of Allowability 

Application No. 
12/661,553 
Examiner 
SATYENDRA SINGH 

Applicant(s) 
WRIGHT ET AL. 
Art Unit AIA (First lnve.ntor to 

1657 FIie) Status 

No 

-- The MAILING DA TE of this communication appe.ars on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED 1n this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application Is subject to withdrawal from issue at the Initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. 181 This communication ls responsive to 11118/14: and interview on 1128115. 

DA declaration(s}/affidavit(s) under 37 CFR 1.130(b) was/Were filed on ___ . 

2. D An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the restriction 
requirement and electron have been incorporated into this action. 

3. 181 The allowed clairn(s) is/are 1 and 4-8. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
r,ttQ_:/1www.us12to.gov/12atenls/it1lt events/pph/lnd,~x.]s_g or send an lnquiry to PPHfeedbac.k@uspto.c!OY . 

4. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f) 

Certified copies: 

a) D All b) D Some ·c) D None of the: 

1. D Certified copies of the priority documents have been received, 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAI LING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5, D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted, 

0 fncJudlng cnanges requlred by the attached Examiner's Amendment I Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicla such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be subrnftted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. D lnformat1on Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. 181 Interview Summary (PTO-413). 
Paper No./Mail Date 1128/15. 

/SATYENDRA SINGH/ 
Prlmary Examiner, Art Unit 1657 

U.S. Patent and Trademad1.0fftee 

5. [8J Examiner's Amendment/Comment 

6, D Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20150130 
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Application/Control Number: 12/66 I,553 

Art Unit: 1657 

Page 2 

The present application is being examined under the pre-AlA fiJ•st to invent provisions. 

DETAILED ACTION 

Applicant's submission filed on 11/18/2014 is duly acknowledged. 

Claims 2, and 9-11 (invention of group II) were previously canceled by applicants. 

Claims 1 and 3-8 (elected invention of group D. as cun-ently amended. have been 

examined on their me1irs in this office action. 

WlTHDRA WAL OF FINALITY 

In view of applicant's acceptance of the previously proposed Examiner's Amendment 

(see IM1S and Examiner-initiated interview summary, dated 01/27/15 of record) to tbe pending 

claims, the FINA LJTY of the previous re:iection js withdrawn. 

EXAMINER'S AMENDMENT 

An examiner's amendment to the record appears below. Should the changes and/or 

additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 

1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the 

payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview with 

Miss Roberta L. Robins (attorney of record) on January 28th 2015 (~ee also attached interview 

summary regarding the previously proposed Examiner·s Amendment to claims that was finally 

agreed upon on 0 I /28/ I 5 by the applicants. after the FIN AL rejection was sent by the office on 

01/27/15). 

The application has been amended as follows:. 

/11 Tlte Claims 
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Application/Control Number: 12/66 I,553 

Art Unit: 1657 

Claim 3 has been canceled by this Examiner's Amendment. 

Claims 1 and 4-8 have been allowed by this Examiner's amendment as follows: 

Page 3 

Claims 1, 4, 5, 7 and 8 have been amended, and the allowed claims have been recited 

below: 

1. (Cu1Tently amended) A composition for the ~1orage of purified. recombinant adeno­

associated virus (AAV) vector particles, comprising: 

purified. recombinant AAV vector particles at a concentration exceeding lx10 13 vg/ml up 

to 6.4x 1013 vg/ml: 

a pH buffer, wherein the pH of the composition is between 7 .5 and 8.0; and 

excipients comprising one or more multivalent ions selected from the 2:roup consisting of 

citrate. sulfate, magnesium, and phosphate; wherein the ionic strength of the composition is 

greater than 200 rnM. and wherein agg;i-egation of the pw·ified AA V vector particles are stored in 

the composition is 13re·ref1Eed without significant aggregation. 

4. (CuJTently amended) The composition of claim 1, fu1ther comprising ethylene 

oxide/propylene oxide block copolymer Pluronic® F68 (etfly•lene oxide/propyleAe o*ide block 

copolyme£). 

5. (Currently amended) The composition of claim 4, wherein the Pluronic® F68 is 

present at a concentration of 0.001 % (w/v). 

6. (Original) The composition of claim I. wherein the pH buffer is 10 mM Tris. pH 8.0 

and the excipients comprise 100 mM sodium citrate. 
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Application/Control Number: 12/661,553 

Art Unit: 1657 

Page4 

7. (Cunently amended) The composition of claim 1, wherein the putified, recombinant 

AAV vector particles have an average particle radius (Rb) of less than about 20nm as measured 

by dynamic light scattering. 

8. (Currently amended) The composition of claim 1, wherein recovery of the purified, 

recombinant virus particles is at least about 90% foll.owing filtration of the composition of 

viri:ons said AAV vector particles through a 0.22µm filter. 

Conclusion 

Claims 1 and 4-8 have been allowed. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to SATYENDRA SINGH whose telephone number is (571)272-
8790. The examiner c::m normally be reached on 9-SMF. 

If attempts to reach the examiner by telephone are unsuccessful, the exa.minet1 s 
supe1visor, JON P. WEBER can be reached on S71-272-0925. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Infomiation regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status jnfonnation for published applications 
may be obtained from either Private PAIR or Public PAIR. Status info1mation for unpublished 
applications is available tlu·ough Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9 l 97 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/SATYENDRA SlNGH/ 
Primary Examiner. 
Art Unit 1657 
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Applicant-Initiated Interview Summary 

Application No. 

12/661,553 

Examiner 

SATYENDRA SINGH 

All participants (applicant, applicant's representative, PTO personnel): 

(1 ) SA TYENDRA SINGH. 

(2) ROBERTA ROBINS (ATTORNEY). 

Date of Interview; 28 January 2015. 

Type: [8J Telephonic D Video Conference 
D Personal [copy given to: D applicant 

(3) __ . 

(4) __ . 

D applicant's representative] 

Exhibit shown or demonstration conducted: [8J Yes D No. 

Appficant(s) 

WRIGHT ET AL. 

Art Unit 

1657 

If Yes, brief description: previously discussed EXAM AMEND that was faxed on 12/23/14 to attorney Robins (see 
/MIS dated 1/27/15, already on record). 

Issues Discussed D 101 D112 0102 1:8:1103 [8JOthers 
(Fa,· each of the checked box(c.s) ahuve, please l.lcscrlbc. bt!low Lbe issue and dct!li.led l.lescription of th~ discussion) 

Claim(s) discussed: of the record. 

ldentlftcatlon of pr1or art discussed: of the record. 

Substance of Interview 
(For each issue cliscu&s.-d, provid.- a detailed description and indicate if agree.men I ,vas reached. Some topics may include, idenlifiqilion or darilkalioo of a 
rofcJ·cncc or a porik>n thereof'. claim fat..:rprclmion, proposed a1m:.ndml'nls, arguments of any :ipplfod refernnl·es ek ... ) 

After the FINAL re;ection was mailed by the office on 1/2712015, applicant's attorney Miss Roberta Robins called the 
examiner on 0112812015, and informed that she has finally received the response from applicants, and they have 
agreed to the proposed EXAM AMEND. as previously offered by the examiner on 12/23/14 (see paper !MIS dated 
1127115 already on the record), and even if the FINAL re;ection has been mailed, Examiner is authorized amend the 
claims per proposed examiner's amendments that were discussed before. 

Applicant recordation instruc1ions: The formal written reply to the last Office action must fnclude the substance of the interview. (See MPEP 
section 713.04). 1r a reply to the last Office action has already been filed, applicant Is given a non-extendable period of the longer of one month or 
thlrty days from this interview date, or the mailing date of this interview summary fomi, whichever is later, to file a statement of 111.e substa11ce of the 
interview 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of 
the substance of an intervTew should fnclude the 1tems listed in MPEP 713.04 for complete and proper recordalion including the identl!icatlon of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentabillty and tl1e 
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

0 Attacl1ment 

/SATYENDRA SINGH/ 
Primary Examiner, Art Unit 1657 

U.S Paienr-aod Trademark Oftice 
PTOL-413 (Rev. 811112010) Interview Summary PaperNo.20150130 
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Summary of' Record of Interview Requirements 

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Mede of Record 
A complete wri1ten statement as to the substance of any face-to-lace, video conference, or telephone interview with regard to an application must be made of ,~(.)rd hi lt1e 
appHoatfon whether or not ar agreement With the examiner was reached at che Interview. 

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews 
Paragraph (b) 

In every Instance where reoonS1deration Is requested in view cl an Interview with an examiner, a complete writien statement of the reasons presented at !he ln1erview as 
warran1ing favorable action muse be filed by the a,pplicar,1, An interview does not remove !he necessi1y for reply 10 Oltice action as spec,fied in§§ 1,111, 1.135 (35 U,S.C. 132) 

37 CFA § 1.2 Business lo be transacted In wrHing. 
All business wilh \he Patent or TrademaJk Office should be transacted m Writing. The personal attendance ol applicants or their attorneys or agents at the Palent and 
Trademark Office Is unnecessary The action of 1he Patent and Trademark Olflce will be based exclusively on 1he written record in 1he OJlice. No atiention will be pard to 
any alleged oral promise, strpulation, or understanding in relation to which there is disagreement or doubt 

The action of the Patent and Trademark Office cannot be based exclusively -on the written record In the Office if that record is itself 
incomplete through the failure to record the substance of interviews. 

It Is the responslbillty of the applicant or the attorney or agent to make the substance of an Interview of record in the application file, unless 
lhe examiner indicates he or she will do so. It is the e.xaminer's responsibility to see that such a record is made and to correct material inaccuracies 
which bear directly on the question of patentability. 

Examiners must complete an Interview Summary Form for each 1nterview held where a matter of substance has been discussed du1ing the 
interview by ctrecking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction 
requirements for which interview recordation is otherwise provided for in Section 812,01 of the Manual of Patent Examining Procedure, or pointing 
out typographical errors or unreadable script in Office actions or the like, ate excluded from the interview tecordation procedures below. Where the 
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed In the right hand portion of the me, and listed on the 
''Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the 
conclusion of the interview. In the case or a telephone or video-conference interview, the copy is mafled to the applicant's correspondence address 
either with or prior to the next official communication, If additional correspondence from the examiner is not likely before an allowance or if other 
clrcumstances dlctate, the Fotm should be mailed promptly after the interview rather than wlth the next official communicatlon. 

The Form provides for recordation of the following information: 
-Application Number (Serles Code and Serial Number) 
- Name of applicant 
- Name of examiner 
- Date of intervtew 
- Type of Interview (telephonic. video-conference, or personal) 
-Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 
-An indlcatlon wl1ether or not an exhibit was shown or a demonstration conducted 
-An fdentification of the specific prior ar1 discussed 
- An indication whether an agreement was reached and If so, a description of the general nature of the agreement (may tie by 

attachment of a copy of amendments or cl alms agreed as being allowable). Note: Agreement as to allowability ls tentatrve and does 
not restrict further action by the examiner to the contrary. 

- The signature of the examiner wl1o conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the intervi~W of each case. It 
should be noted, however, that the Interview Summary Fonn will not normally be considered a complete and proper recordation of the interview 
unless it fncludes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the 
substance of the interview. 

A complete and proper recotdation of the substance of any lntervlew should Include at least the following appilcable items: 
1) A brief description of the nature of any exhibit shown or any demonstration conducted, 
2) an identiffcatlon of the claims discussed, 
3) an identification of the specific prior art discussed, 
4) an identification of the principal proposed amendments of a substantive nature di;;cussed, unless these are already described on the 

Interview Summary Form completed by the Examiner, 
5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detalled description of the arguments is not 
requited. The identification of the arguments is sufficient ii the general nature or thrust of the principal arguments made to the 
examiner can be understoOd in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner,) 

6) a genera( inc;lication of any other pertinent matters discussed, and 
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Fonn completed by 

the examiner. 
Examiners are expected to carefl.llly review the appl]can t's record of the substance of an interview. If the record 1s not complete and 

accurate, the examiner will give the applicant an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the clafms are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
siatement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the interview along with the date and the examiner's initials 

GENZ_NOV _00004264 

Sarepta Exhibit 1088, page 193



 
 
 
 

Exhibit 4 

Case 1:21-cv-01736-RGA   Document 301-1   Filed 11/20/23   Page 194 of 385 PageID #: 19302

Sarepta Exhibit 1088, page 194



Case 1:21-cv-01736-RGA   Document 301-1   Filed 11/20/23   Page 195 of 385 PageID #: 19303

PTOISB/16 (04-04) 
Approved for use through 07131/2006. 0MB 0651-0032 

U.S. Patent anll Trnllema/11 O[(lce: U.S, DEPARTMENT OF COMMERCE 
Under lhe Papeiw0I~ Reduc~on Act of 1995, no persons are required to respond to a collection or information unless It lllsplays a valid 0MB control number. 

PROVISIONAL APPLICATION FOR PATENT COVER SHEET 
This is a re uesl for rnIn a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53 c. 

Ex ro,s Mall Label No. EV I 30294782 US 

INVENTOR(S) 

Given Name (first and middle [II enyl) Family Name or Surname Residence 
(City and either State or Forelcin Counlrvl 

John Fraser Wrighl Mill Valley. California 

Additional inventors are being named on the separa/ely numbered sheets a/teched hereto 

TITLE OF THE INVENTION (500 characters max) 

Characteriwt.on of MV2 Vector AqgreqalfOll. and Recommend ell E~clolentS/Formulallons lo Achieve Vector Canoenlr11llons of 2E 13 vo/ml /or Greater) 
Dirac/ all correspondence lo: CORRESPONDENCE ADDRESS 

0 Cuslomer Number: 

I 26154 I 
OR 

□ 
Firm or 
Individual Name 

Address 

Address 

City I State I Zip 

Country I Telephone I Fax 

ENCLOSED APPLICATION PARTS (check all that apply) 

0 Specification Number of Pages 16 □ CD(s), Number 

D Drawlng(s) Number of Sheets □ Other (specify) 

D Application Data Sheet. See 37 CFR 1 .76 

METHOD OF PAYMENT OF FILING FEES FOR THIS PROVISIONAL APPLICATION FOR PATENT 

0 Applicanl claims small entity status. See 37 CFR 1.27. FILING FEE 

□ 
Amount($) 

A check or money order is enclosed to cover the lillng fees. 

C::J 0 The Director is hereby authorized to charge ming 
502082 fees or credll any overpayment lo Oeposfl Account Number: 

□ Payment by credit card. Form PT0-2038 Is attached. 

The lnvenllon was made by an agency of the United Stales Government or under a contract with an agency or the 
United Slates Government. 

0 No. 

D Yes. the name or the U.S. Government agency and the Government conlra0t number are: 

Respeclfu/lys1Jb1 e,, !21L •rd_,~ 
[Page 1 of 2) 

Date 01 June 2004 ...,,,, 
SIGNATURE ~_,\ J 

... _ 
REGISTRATION NO. 43,190 

' - (if appropriate) 
TYPED or PRINTED NAME Ma~ Christina Thomson Docket Number: 1039.PROV 

EXHIBIT 

\1 
Planet Depos, LLC 

TELEPHONE 510-748-7150 
USE ONLY FOR FILING A PROVISIONAL APPL/CAT/ON FOR PATENT 

This eoneeUon of !nformalion is requ!/ed by 37 CFR 1.51. The inlormallon Is required to ob\aln or retain a benefit by Lhe public whlcll is \O file (and by the USPTO 
to p,ocess) an application. Confidenlielily is governed by 3~ U.S.C. 122 and 37 CFR 1.14. Thls eolleclion is esUmated to ia~e 8 hours to complelB, including 
galhenng, proparing, anll submitting the complotell application form to lhe USPTO. Time will very depending upon the individual case. Any comments on tho 
amounl ol lime ycu require lo complele lhls form and/or suggesllons lor relluclog <his burdeo, shO\lld be 1en1 to the Chief Information Officer, U.S. Patent and 
Trademar1'. Office, U.S. Oopartment of Commotce, P.O. Bolt 1450, AlaMandria, VA 22313-1450. 00 NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS, SEND TO: Commissioner for Patents, P.O. 801t 1450, Alexandria, VA 22313-1450. 

II you need assistance in completing the form. call 1-BOO-PT0-9199 and select op/ion 2. 
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CERTIFICATE OF MAILING 

"Express Mail" Mailing Label No. EV 130294782 US 
Date of Deposit: 06/01/2004 

I hereby certi(y that this Provisional Application for Patent is being deposited with the 
United States Postal Service "Express Mail Post Office to Addressee" service under 37 
C.F.R. § 1.10 on the date indicated above and is addressed to MS Provisional Patent 
Application, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

Danna R. Kramer 
Typed or Printed Name of Person Mailing Paper or Fee 
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Characterization of AA V2 vector aggregation, a11d tecommeuded excipiems I formulations 
to achieve vector co11ce11tratio11s of 2EJ 3 vglmL (or greater) 

Summary 
Studies were undertaken to elucidate the mechanism(s) of AA V vector aggregation, and to 
identify formulations excipients and purification methods to enable concentration of vectors 
to ~El3 vg/mL. The results of these studies are summarized in three major findings and 
associated recommendations: 

l) Ionic strength(µ= ½ l: Ci z:,2 ) of solution is the major factor that influences AA V 
vector aggregation. The ionic strength of common buffered-saline solutions (µ ~ 
150mM) • is insufficient to reliably prevent vector aggregation at high vector 
concentrations. Purified vector formulation µ values preferably >300mM are required 
to substantially prevent aggregation. The use of appropriate concentrations of 
parenterally acceptable salt species with charge valency >l (e.g. phosphates, sulfates, 
citrates) enables the preparation of isotonic solutions with sufficient ionic strength to 
prevent vector aggregation. A formulation composed of 1 OmM Tris, l 00mM sodium 
citrate, pH8 (osmolarity ~350 mOsm; µ ~500mM) was demonstrated to enable 
concentration of AA V2 AADC vector to a concentration of ~6.5El3 vg/mL without 
aggregation. A series of other useful fonnulations supported by these findings are 
listed in the 'Claims' section of this document. 

2) Vector surface 'impurity' or 'residual' DNA was implicated in the low ionic strength 
-induced aggregation of AA V2 vectors. Extensive DNAse treatment of AA V2 vectors 
(e.g. treatment of AA V2 vectors immobilized on a cation exchange resin using 100 
U/mL Benzonase and 10 U/mL DNAseI (G Qu et al, Avigen)) was observed to result 
in vector that demonstrated a markedly reduced tendency to aggregate at reduced 
ionic strength. While DNAse treatment of unpurified vector has been frequently used 
during vector purification, more efficient methods to remove 'impurity' DNA from 
the surface of AA V vectors, i.e. treatment of purified vector with DNAses, are useful 
to further reduce vector aggregation. 

3) Productivity and/or purification yield of vector (e.g. following production of AA V 
vectors by triple transfection ofHEK293 cells) correlates with the tendency of 
purified vector to aggregate. A retrospective analysis indicates that vector purified 
from low producing cell cultures (i.e. < 50,000 vg / cell ( < SE 12 vg/RB pre 
purification)) is more likely to aggregate than vector purified from high producing 
cell cultures (i.e.> 200,000 vg/ cell (>2El3 vg / RB)). Therefore maintaining high 
cell culture productivity (recommend> 100,000 vg / cell) will reduce vector 
aggregation. 
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Backgrou11d a11d Objective 
A major technical problem that has been encountered frequently during the manufacturing of 
AAV vectors to support pre-clinical and clinical studies is the tendency of these particles to 
aggregate. At Avigen, AAV2 vector aggregation is frequently observed when isotonic 
solutions of vector are prepared at a concentration ~El3 vg/mL, and especially at vector 
concentrations ;.2Et3 vg/mL, and most especially at vector concentrations ;:;:5E 13 vg/mL. 
Other literature describing the problem of AA V vector aggregation has been described 
(Wiight et al (2003) Recombinant adeno-associated virus: Formulation challenges and 
strategies for a gene therapy vector. Current Opinion in Drug Discovery a& Devleopment, 
Vol 6, No 2, pgl 74-178). Aggregation of vector particles leads to unacceptable product 
quality (heterogeneity, instability, inconsistency), reduced yield (loss of vg following 
filtration steps), and limitations in final product concentration. The studies reported herein 
aimed to elucidate the mechanisms of AA V vector aggregation, and to achieve AA V vectot 
concentrations of~ 2E13 vg/mL using excipients and conditions compatible with pre-
clinical and clinical use of the vector. The studies were perfonned with AA V2 vectors (hFIX 
and AADC), deemed to represent the greatest challenge to achieve this target concentration 
(AA V2 vectors have shown the greatest tendency to aggregate in various studies at A vi gen). 

Excipie11t screenittg by diltttio11 stress 
Initial screening experiments were perfonned to elucidate the mechanism of AA V vector 
aggregation, and to identify classes of excipienfs that could reduce/ prevent aggregation. A 
'dilution stress' model was used in these screening studies, and aggregation was assessed by 
dynamic light scattering (DLS). A broad range of excipients, including amino acids, 
inorganic salts, simple and compound carbohydrates, surfactants, and human serum albumin 
(see Appendix A), were assessed for their ability to affect aggregation, and it was 
determined that the primary mechanism of aggregation was ionic (interaction of charged 
moieties on vector particles) in nature. Concurrent studies (G Qu et al, Avigen) support the 
hypothesis that residual DNA on the surface of vector particles is (at least in part) responsible 
for ionic strength-dependent vector aggregation. Vector aggregation was assessed as a 
function of osmolarity and ionic strength (µ) of solution (see Appendices B, C and 
D).Vector aggregation was found to be inhibited by charged molecular species to a degree 
proportional to the ionic strength(µ) of the solution. In these experiments, AAV2 vectors 
prepared using column- or CsCl- based methods were found to require solution ionic 
strengths of at least 250-300 mM to consistently prevent aggregation. The ionic strength of 
frequently used fommlations such as phosphate buffered saline ('PBS') or tris buffered saline 
('TBS') is in the range 150-l 75mM, and one of Avigen's standard formulations, 'PBS­
sorbitol' ( 1 OrnM sodium phosphate, 140mM sodium chloride, 5% sorbitol, 0.01 % Tween 80 
(or 0.001% F68) has an approx.µ= 160mM. 

Studies were perfonned to assess aggregation as a function of ionic strength for AA V2 
AADC vectors prepared using various purification techniques and with an additional DNAse 
treatment. As shown in Appendix D, vectors prepared using column chromatography only 
(HS, containing empty capsids, 'Process 2'), by combined column and cesium chloride 
gradient ultracentrifugation ('hybrid', essentially empty capsid free, 'Process 3'), and by 
double cesium chloride gradient ultracentrifugation without column chromatography (CsCl, 
essentially empty capsid free, 'Process 1 ') each demonstrated a similar aggregation in 
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response to decreasing ionic strength in the dilution stress model. In contrast, purified vector 
that was immobilized on a Poros HS column and treated with l 00 U/mL Benzonase and 
lOU/mL DNAse I (prepared by Guang Qu et al, Avigen) demonstrated a significantly lower 
degree of aggregation when subsequently subjected to decreasing ionic strengths using the 
dilution model. These data implicate vector surface 'residual' DNA as a contributing factor 
in vector aggregation, and support efficient DNAse treatment of vector particles to reduce 
aggregation. ; 

Excipiem scree11ing by freeze I thaw stress 
A second series of screening experiments was perfortned to test selected high ionic strength 
fommlations using parenterally acceptable excipients at isotonic concentrations using a 
second stress, namely freeze thaw (FIT) cycling. These high ionic strength formulations were 
tested alone or with one of five selected simple carbohydrates {approx. l lOmM: sorbitol, 
mannitol, sucrose, trehalose, or glycerol) during storage at 2-8 °C or following LO F/T cycles 
at -20 °C and -80 °C, and aggregation was assessed by DLS analysis. These studies indicated 
that the high ionic strength formulations, in particular those using sodium citrate, effectively 
prevented aggregation during multiple F/T cycles. The studies also demonstrated that the 
addition of sugars (to approx 11 OmM) had only a marginal effect in reducing aggregation 
during FIT cycling. Of the simple carbohydrates examined, glycerol was most effective. 

Test Formulatio11 (FTFJ, 2, and 3) assessment by ltollow fiber UFIDF 
A final series of experiments was performed to test three selected 'finalist' fonnulations in 
oltrafiltration / diafiltrations studies using AA V-AADC2 vector (AA Y2), concurrent with the 
control fommlation (CF: PBS 15% sorbitol). Details/ recipes of the three test formulations, 
FTFl, FTF2, and FTF3, are given in Appendix E. A single starting pool of vector prepared 
as part of Process 1 b process development (approx 1.7El 5 vg total in cesium chloride) 
(prepared by J Bahr Davidson et al, Avigen). Aliquots of the common pool were used in 
individual UF/DF runs. AG Technologies hollow fiber units (8'' Midgees) were chosen for 
these experiments because they enable preparation of small final volumes (as little as 3mL) 
and hence the ability to achieve high concentrations of vector using relatively small volumes 
of starting material often required for AA V vector purification. The results obtained using 
this 'smallest' configuration of the AG Technologies hollow fiber systems were assumed to 
be transferable to larger iterations of the same system (e.g. extended (12") Midgees, 
Examplers, etc.) that are available for larger target volumes, using reasonable scale-up 
considerations. ln a first study (Experiment 25: E25), diafiltration was carried out at a target 
vector concentration of 1 E 13 vg/mL, and after diafi It ration the vector solution was 
concentrated to a target final concentration of 2.5E 13 vg/mL (assumes I 00% recovery). The 
recovered material was then subjected to 0.22µm filtration (varying times post UF/DF to 
model larger scale manufacturing: 0,1,2,5,7 days), and pre- and post- filtration samples 
assessed for aggregation by DLS and vg concentration by Q-PCR (P Smith). The filtered 
materials were further challenged by a short stability study {l wk at 2-8 °C, SF/T cycles at -20 
°C and -80 °C). The control formulation (PBS / 5% sorbitol) gave 63-77% recovery post­
filtration (concentrations of 1.5El3 and l.9E 13 vg/mL were obtained post-filtration). Use of 
the control formulation also resulted in obvious visible precipitates in the concentrated 
product observed prior to filtration. In contrast, all three test formulations (FTFl ,2,3) gave 
>93% recovery post filtrations (concentrations ranging from 2.33E13 to 2.39E13 vg/mL 
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were obtained post filtration). For all three test forrnuJations, there were no visible 
precipitates in the concentrated product prior to filtration. Of the three test formulations, 
FfF3 (lOmMTris, lOOmM NaCitrate, 0.001 % F68, pH8.0) best prevented signs of 
aggregation during the stability study. In a second study (Experiment 26: E26), test 
formulation FfF3 was further assessed, Compared to Experiment 25 (E25), an approx. 2.3-
fold higher concentration was targeted. Diafiltration was canied out at a vector concentration 
of 2E13 vg/mL1 and after diafiltration the vector solution was concentrated to a target final 
concentration of 6.7E13 vg/mL. In this 'hyperconcentration' study, use ofTF3 resulted in 
96% recovery post filtrations (concentration of 6.45El3 vg/mL was obtained post­
filtration). The solutions of the concentrated vector (AAV AADC2) had no visible signs of 
precipitated material before or after filtration 

In a subsequent corroborating study, a further assessment of the usefulness of FTF3 (1 0mM 
Tris, l 00m.M sodium citrate, pH8) to reduce I prevent aggregation was performed. FTF3 was 
prepared and provided to Avigen's Research Vector Core (RVC) (Shangzhen Zhou et al, 
Avigen). AA V2 'nuU vector' prepared by Avigen's Research Vector Core was concentrated 
and diafiltered into FTF3 using RV C's standard methodology (Midgee hollow fiber units). In 
this study, no signs of aggregation were observed, and a final post 0.22µm filtration 
concentration of 3.5E13 vg/mL was achieved using the FTF3 sodium citrate formulation, 
representing 93% recovery (persona) communication Shangzhen Zhou and Dave Donoho, 
Avigen). 

Correlation of vector aggregatio11 a11d cell culture productivity 
The data obtained in experiments with Avigen's standard formulation (CF: 1 0m.M sodium 
phosphate, 140m.M sodium chloride, 5% sorbitol, and 0.001 % pluronic F68 (surfactant added 
after UF/DF)), in conjunction with past experience using our implicates cell culture 
productivity as a significant factor in vector to aggregate. This correlation is observed by 
examining experience with three large lots of AA V2 AADC vectors produced and 
concentrated using similar purification protocols. Table I below indicates the estimated 
upstream productivity (vector genomes produced per cell transfected) and the observed 
recovery following vector concentration and subsequent 0.22µm filtration. 

Table l. Yield / recovery of AA V2 AADC vector following UF/DF (Midgee) concentration 
and 0.22µm filtration using A vigen 's 'PBS-sorbitol' fonnulation - Correlation with cell 
culture productivity in three large lots 

AA Vl AAOC vector Process Cell culture UF/DF Actual vg/mL, Yield 
lot productivity: target vg/mL post 0.22µm (approx.) 

Est'd v / cell* 100% 
AADCGLP ~ 1 ES vg / cell IE13 ~5E12 50% 
cam ai A r03 ~1El3 v 
AADCGMP l 5E4 vg ~1.4El2 28% 
cam ai Jul03 5E12 v 
AADC Process 1 b lb 2.5E5 vg cell 2.5E13 ~J,6El3 63% 
develo menl A r04) 2.5El3 v RB 6.7El3 -4.0E13 59% 
"estimated: assumes 5% vg recovery from harvest lo post CsCI stage for Process I 10% vg for Process lb 
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These data demonstrate the deficiency in Avigen's current 'PBS-sorbitol' formulation, the 
use of which resulted in yields ranging from 28-63% in three large scale purification 
campaigns. The data also support the hypothesis that AA Vs vector purified from high 
yielding cell cultures have less tendancy to aggregation compared to low yielding cultures. 

, This may be related to the relative amounts of impurities to vector product (one explanation 
is that the presence, on average, of higher levels of vector surface residual DNA on vectors 
purified from relative low yielding transfected cell cultures increase aggregation of the 
purified product). These data support the implementation of a 'productivity' specification to 
ensure consistency and stability of purified vector lots. 

!$sues If uture perspectives 
Although FTF3 uses approved parenteral excipients, concentrations of these excipients, and 
their suitability for all possible routes of administration of vector ( e.g. CNS) needs to be 
critically reviewed. In Appendix Fis shown a search performed of the FDA Center for Drug 
Evaluation and Research database of Inactive Ingredients for Approved Drug Products. A 
number of products have been approved for various routes of administration using sodium 
citrate at concentrations approximating the l00mM used in FTF3. Therefore FTF3 or 
variations of FTF3 that retain the positive effects characterized in this study report is 
proposed as a useful fo1mulation to prevent aggregation of AA V vectors during their 
preparation and concentration for Process lb (CsCI based purification of AA V vectors 
(various capsid variants) to support pre-clinical and early stage clinical studies). FTF3 is not 
explicitly proposed for Process 4 (empty capsid-free column process for AA V2 vectors for 
clinical development and commercialization). The highly efficient DNAse step performed on 
purified AA V2 vector particles planned for Process 4 may obviate the need for the high ionic 
strength ofFTF3, and alternate formulations such as saline or weakly buffered saline may be 
preferable, especially for some CNS applications. Elucidation of key elements of the 
mechanism of AA V2 aggregation reported herein, supported by the results obtained with 
FTF3 suggest that yet higher concentrations of AA V vectors are achievable. A vigen should 
consider further formulations development to achieve high concentration stocks ( e.g. lEl 4 
vg/mL (approx 1 mg/mL) to I El 5 vg/mL (approx 10 mg/mL) of AA V vectors, for use with 
commercial diluents at investigational sites. 
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AA V vector aggregation, especially AA V2 vector aggregation, often occurs when the 
punfied vector is concentrated to concentrations >5El2 vg/mL, especially when concentrated 
to concentrated to concentrations > IE 13 vglmL, more especially when concentrated to 
concentrations >2E13 vg/mL, most especially when concentrated to concentrations >5El3 
vg/mL. A useful method to prevent aggregation of AA V vectors, especially AA V2 vectors, 
to be used for research, pre-clinical and clinical studies, is to use an isotonic formulation that 
has an ionic strength preferably in the range 200-1 O00mM, more preferably in the range 250-
750mM, and most preferably in the range 300-S00mM. Such formulations can be prepared 
with approximately isotonic concentrations of salts containing one or more species having a 
charge valency> 1. Examples of such salts included sodium citrate (preferably in the range 
20-lS0mM, more preferably in the range 50-J00mM); magnesium sulfate (preferably in the 
range 20-250mM, more preferably in the range 50-1 S0mM); calcium sulfate (preferably in 
the range 20-250mM, more preferably in the range 50-l50mM); sodium sulfate (preferably 
in the range 20-250mM, more preferably in the range 50-150mM); sodium phosphate 
(preferably in the range 20-250mM, more preferably in the range 50-1 SOmM). 

The use of human serum albwnin, preferably recombinant human serum albumin, at a 
concentration in the range 0.1%-10%, preferably in the range 0.5%-2% is also claimed to be 
useful in preventing AA V vector aggregation. 

Fragments of deoxyribonucleic acid (DNA) on the surface of AA V vectors particles 
('residual' or 'impurity' vector surface DNA) has been implicated, in these and associated 
studies, to contribute to AA V vector aggregation. The low ionic strength 
-induced aggregation observed using AA V2 vectors purified by a variety of purification 
methods is likely mediated in whole or in part by the vector surface DNA. Efficient removal 
of vector surface DNA is useful, alone or in conjunction with the use of high ionic strength 
fonnulations as described above and/ or in conjunction with the use of human serum 
albumin, to reduce or prevent aggregation of purified AA V vectors, especially AA V2 
vectors. In particular, treatment of already purified AA V vectors in liquid suspension or 
bound to a cation exchange resin (e.g. Poros HS resins) or an anion exchange resin (e.g. 
Poros HQ resins) with Benzonase at a concentration in the range lU/mL to 1 00OU/mL, more 
preferably with Benzonase at a concentration in the range l 0U/mL to 200U/mL, or most 
preferably with Benzonase at a concentration of 1 00U/mL; and/ or with DNAseI at a 
concentration in the range 1-100 U/m.L, more preferably with DNAsel at a concentration in 
the range 5-20 U/mL, and most preferably with DNAseI at a concentration of 1 0U/mL. Other 
nucleases that can be used alone at effective concentrations, or used in conjunction with 
Benzone and/or DNAsel, to efficiently remove DNA from the surface of AA V vectors and 
thereby prevent vector aggregation are also included as a claim herein. 
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CLAIM: 

1. A method for preventing AA V vector aggregation, comprising: 

a. treating a preparation of AA V with DNAses, and 

b. providing the preparation in a formulation having aµ value of>300 mM. 
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Appendix A 

List of candidate excipients examined in initial screening by dilution stress model 

Excipient species 
tested 

Magnesium chloride 
Magnesium sulfate 
Potassium sulfate 
Sodium citrate 
Sodium chloride 
Sodium phosphate 
Tris 

Dextran sulfate 

Arginine 
Aspartic acid 
Histidine 
Glutaminc acid 
Glycine 
Histidine 
Lysine 

Pluronic F68 
Polysorbate 20/80 

Glycerol 
lodixanol 
Mannitol 
Polyethylene glycol 
Sorbitol 
Sucrose 
Trehalose 

Human serum 
albumin 

pH 

Range 
examined 

0-100mM 
0-100mM 
0-100mM 
0-100mM 
0-300mM 
0-200mM 
0-100mM 

0-2% 

0-100mM 
0 -100mM 
0-100mM 
0-100mM 
0 -100mM 
0 -100mM 
0-100mM 

0-10% 
0-1% 

0-5% 
0-5% 
0-5% 
0-5% 
0-5% 
0-5% 
0-5% 

0-2% 

3.0-10.0 
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Appendix B 
Effect of osmolarity on AA V vector aggregation using various charged species 
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Appendix C 
Effect of ionic strength on AA V vector aggregation using various charged species 
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Appendix D 
Effect of ionic strength on AA V vector aggregation using vector purified using four methods, 
incJuding DNAse treabnent of purified vector 

Particle radius vs ionic strength 
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- dilution model of aggregation 
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Appendix E: 
Recipes for control and test formulations for UF/DF studies, and results: 

Calculated: 
Control formulation 1 OmM Na Phosphate, pH 7 .3 mOsm µ 

140rnMNaCI 
5% Sorbitol (275m.M) 
0.001% F68* 585 160 

Test formulations: FTFl 150mM Na Phosphate, pH 7.5 
0.001% F68* 390 310 

FTF2 1 OOmM Na Phosphate, pH 7.5 
1 % glycerol ( I 09 mM) 
0.001% F68* 369 210 

FTF3 I OmM Tris, pH 8.0 
I OOmM Na Citrate 
0.001% F68* 366 510 

*Note: in all cases, UF/DF was perfonned using fonnulation without added F68. Following 
concentration and recovery of material, F68 was added to a final concentration of0.001%. 

Results: 
E25 (08May04, notebook 670) 
Formulation Vg/ mL* (SD) 100% target 

CF post filtr (2d) l.93E13 (0.30E13) 2.5el3 
CF post filtr (7d) l.58E13 (0.15El3) 2.5El3 
TFl post filtr (2d) 2.38E13 (0.18El3) 2.5E13 
TFl post filtr (7d) 2.46EI3 (0.19E13) 2.5Et3 
TF2 post .filtr (2d) 2.39E13 (0.20E13) 2.5El3 
TF2 post filtr (7d) 2.35E13 (0.19El3) 2.5E13 
TF3 post filtr (2d) 2.33El3 (0.18El3) 2.5E13 
TF3 post filtr (7d) 2.31E13 (0.17El3) 2.5E13 

E26 (I 1May04, notebook 670) / E27 ( 14May04, notebook 670, 
Fonnulation Vg/mL* (SD) 

CF post filtr (2d) Pending 
CF post filtr (5d) 3.98El 3 (0.24El 3) 
TF3 post filtr (2d) 6.42813 (0.28El 3) 
TF3 post filtr (7d) 6.83E13 (0.69E13) 
* by Q-PCR, P Smith 
**theoretical, based on vg input 

12116 

100% target 

6.7El3 
6.7E13 
6.7EI3 
6.7El3 

Recovery DLS (Rh, nm) 
(post filtration) 

77% 14.46 
63% 
95% 13.76 
98% 14.66 
96% 13.85 
94% 13.95 
93% 13.82 
92% 13.73 

Recovery DLS (Rh.nm) 
(post filtration) 
13.62 

59% 13.54 
96% 13.05 
(102%) 13.09 
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AA V Formulation Report ver for PPA 

Appendix F: 
CDER Inactive Ingredient for Approved Drug Products - Search for Sodium Citrate (edited 
to exclude oral and topical formulations): 

INACTIVE 
INGREDIENT 

SODIUM CITRATE 

SODIUM CITRATE 

SODIUM CITRATE 

SODIUM CITRATE 

SODIUM CITRATE. 

SODIUM CITRATE 

SODIUM CITRATE 

SODIUM CITRATE 

SODIUM CITRATE 

SODIUM CITRATE 

SODIUM CITRATE 

SODIUM CITRATE 

U.S. Food and Drug Adminis1ra1ion - Cencef for Drug £valua1ion and Research 

f m1a.1; ~i1 \ta •ml§J;ff ~(ifJi1~, S"'ia.,r,~ m 
for. Afi>4i>,~Q,\6$ijJ lr)ffi~ ~rtQ;Gi11:J.;c•s.• 

About this Database Back to Search Page 

Search Results for: "citrate'" 

CAS 
ROUTE;DOSAGE FORM NUMBER 

AN.INFILTRATION; INJECTION 006132043 

EPIDURAL; INJECTION 006132043 

IM - IV - SC; INJECTION 006132043 

IM - IV; INJECTION 006132043 

IM - SC; INJECTION 006132043 

INHALATION; INHALANT 006132043 

INHALATION; SOLUTION 006132043 

INTRA-ARTERIAL; INJECTION 006132043 

I NTRA-ART1CULAR; INJECTION 006132043 

INTRACARDIAC; INJECTION 006132043 

INTRACAVITARY; INJECTION 006132043 

INTRACAVITARY; POWDER, FOR 006132043 
INJECTION SOLUTION, L YOPHILIZED 

13 /16 

CDER Home Page 
Site Info 

Contact Us 
What's New 

MAXIMU 
M 

POTENC 
Y. 

0.0395% 

2.2% 

0.94% 

40% 

0.228% 

0.6% 

2.2% 

0.8% 

0.15% 

0.0053% 
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AA V Formulation Report ver for PPA 

SODIUM CITRATE INTRALESIONAL; INJECTION 006132043 1% 

SODIUM CITRATE INTRAMUSCULAR; INJECTABLE 006132043 0.304% 

SODIUM CITRATE INTRAMUSCULAR; INJECTION 006132043 6.6% 

SODIUM CITRATE INTRAMUSCULAR; POWDER, FOR 006132043 4.62% 
INJECTION SOLUTION 

SODIUM CITRATE INTRAMUSCULAR; SOLUTION, 006132043 
INJECTION 

SODIUM CITRATE INTRAOCULAR; SOLUTION 006132043 0.17% 

SODIUM CITRATE INTRAPERITONEAL; INJECTION 006132043 6.6% 

SODIUM CITRATE INTRAPLEURAL; INJECTION 006132043 

SODIUM CITRATE INTRAPLEURAL; POWDER, FOR 006132043 4.62% 
INJECTION SOLUTION 

SODIUM CITRATE INTRASYNOVIAL; INJECTION 006132043 1% 

SODIUM CITRATE INTRATHECAL; INJECTION 006132043 

SODIUM CITRATE INTRATHECAL; POWDER, FOR 006132043 4.62% 
INJECTION SOLUTION 

SODIUM CITRATE INTRATRACHEAL; SUSPENSION 006132043 

SODIUM CITRATE INTRAUTERINE; SOLUTION 006132043 

SODIUM CITRATE INTRAVASCULAR; INJECTION 006132043 0.32% 

SODIUM CITRATE INTRAVENOUS; INJECTABLE 006132043 

SODIUM CITRATE INTRAVENOUS; INJECTION 006132043 30% 

SODIUM CITRATE INTRAVENOUS; POWDER, FOR 006132043 16.4% 
INJECTION SOLUTION 

SODIUM CITRATE INTRAVENOUS; POWDER, FOR 006132043 16.35% 

14 /16 
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AA V Formulation Report ver for PPA 

INJECTION SOLUTION, L YOPHILIZED 

SODIUM CITRATE INTRAVENOUS; SOLUTION 006132043 0.8295% 

SODIUM CITRATE INTRAVENOUS; SOLUTION, INJECTION 006132043 0.065% 

SODIUM CITRATE IRRIGATION; INJECTION 006132043 2.2% 

SODIUM CITRATE IV(INFUSION); INJECTION 006132043 40% 

SODIUM CITRATE IV(INFUSION); POWDER, FOR 006132043 8% 
INJECTION SOLUTION 

SODIUM CITRATE IV(INFUSION); POWDER, FOR 006132043 14% 
INJECTION SOLUTION, L YOPHILIZED 

SODIUM CITRATE IV(INFUSION); SOLUTION, INJECTION 006132043 0.6% 

SODIUM CITRATE NASAL; GEL 006132043 

SODIUM CITRATE NASAL; SOLUTION 006132043 70% 

SODIUM CITRATE NASAL: SPRAY 006132043 0.44% 

SODIUM CITRATE NASAL;SPRAY,METERED 006132043 0.028% 

SODIUM CITRATE NERVE BLOCK; INJECTION 006132043 0.0395% 

SODIUM CITRATE OPHTHALMIC; POWDER, FOR 006132043 0.17% 
SOLUTION 

SODIUM CITRATE OPHTHALMIC; SOLUTION 006132043 2% 

SODIUM CITRATE OPHTHALMIC; SOLUTION, DROPS 006132043 2.2% 

SODIUM CITRATE OPHTHALMIC; SUSPENSION, DROPS 006132043 0.45% 

SODIUM CITRATE SOFT TISSUE; INJECTION 006132043 1% 

SODIUM CITRATE SUBCUTANEOUS; POWDER, FOR 006132043 0.645% 
INJECTION SOLUTION, L YOPHILIZED 

SODIUM CITRATE SUBCUTANEOUS; SOLUTION, 006132043 

15116 
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AA V Formulation Report ver for PPA 

INJECTION 

SODIUM CITRATE SUBLINGUAL; TABLET 006132043 2.68MG 

SODIUM CITRATE URETERAL; SOLUTION 006132043 

SODIUM CITRATE IM - IV; INJECTION 1.67% 
DIHYDRATE 

SODIUM CITRATE, IM - IV; INJECTION 000068042 16% 
ANHYDROUS 

SODIUM CITRATE, INTRA-ARTERIAL; INJECTION 000068042 
ANHYDROUS 

SODIUM CITRATE, INTRA-ARTICULAR; INJECTION 000068042 1% 
ANHYDROUS 

SODIUM CITRATE, INTRABURSAL; INJECTION 000068042 1% 
ANHYDROUS 

SODIUM CITRATE, INTRAVENOUS; POWDER, FOR 000068042 6.99% 
ANHYDROUS INJECTION SOLUTION 

SODIUM CITRATE, IV(INFUSION); INJECTION 000068042 16% 
ANHYDROUS 

SODIUM CITRATE, OPHTHALMIC; SOLUTION 000068042 
ANHYDROUS 

SODIUM CITRATE, SOFT TISSUE; INJECTION 000068042 
ANHYDROUS 

Database Last Updated: April 5, 2004 
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COMPOSITIONS AND METHODS TO PREVENT AA V VECTOR AGGREGATION 

FIELD OF THE INVENTION -

The present invention relates to compositions and methods of preparing and storing AA V 

virions that prevent aggregation. 

BACKGROUND 

Recombinant adeno-associated virus (rAA V) is a promising vector for human gene 

transfer [1-3]. AAV is a member of the Dependovirus genus of the parvoviruses. AA Y 

serotype 2 (AA V2) is composed of a single-strand DNA molecule of 4680 nucleotides encoding 

replication (rep) and encapsidation (cap) genes flanked by inverted tenninal repeat (ITR) 

sequences [ 4]. The genome is packaged by three capsid proteins (VPl, VP2 and VP3), which 

are amino-tenninal variants of the cap gene product. -The resulting icosahedral virus particle has 

a diameter of ~26 run. A high resolution crystal structure of AA V2 has been reported [5]. , 

The solubility of purified AA V2 virus particles is limited, and aggregation of AA V2 

particles has been described as a problem [6-9). In commonly used buffered-saline solutions, 

significant aggregation occurs at concentrations of 1013 partic1es/mL, and aggregation increases 

at higher concentrations. Huang and co-workers reported that AA V vectors undergo 

concentration-dependent aggregation [7]. Xie and coworkers [9] similarly reported that at 

concentrations exceeding 0. 1 mg/mL, AA V2 vectors require elevated concentrations of salt to 

prevent aggregation. Aggregation of AA V2 vectors occurs at particle concentrations exceeding 

l 013 particles/ml, in commonly used neutral-buffered solutions such as phosphate- and Tris­

buffered saline. This corresponds to a protein concentration of ~0.06 mg/mL, and emphasizes 

1 

HIGHLY CONFIDENTIAL GENZ_NOV_00149040 Sarepta Exhibit 1088, page 217



Case 1:21-cv-01736-RGA   Document 301-1   Filed 11/20/23   Page 218 of 385 PageID #: 19326

the low solubility of AA V2 W1der these conditions. The effective vector concentration limit may 

be even lower for vectors purified using column chromatography techniques because excess 

empty capsids are co-purified and contribute to particle concentration. 

Particle aggregation is a significant and not fully resolved issue for adenovirus vectors as 

well. Stability of a recently established adenovirus reference material (ARM) was recently 

reported [21]. Aggregation of the reference material, formulated in 20mM Tris, 25 mM NaCl, 

and 2.5% glycerol at pH 8.0, was assessed by dynamic light scattering, photon correlation 

spectroscopy and visual appearance. A variable level of vector aggregation following either 

freeze-thaw cycling or non-frozen storage was observed, resulting in restrictive protocols for the 

use of the ARM. 

Aggregation can lead to losses during purification and inconsistencies in testing of 

purified vector preparations. The in vivo administration of AA V2 vectors to certain sites, such as 

the central nervous system, may require small volumes of highly concentrated vector, and the 

maximum achievable dose may be limited by low vector solubility. 

Vector aggregation is also likely to influence biodistribution following in vivo 

administration, and cause adverse immune responses to vectors following their administration. 

As has been reported for proteins [ l OJ, aggregation of vector may increase immunogenicity by 

targeting the vector to antigen presenting cells, and inducing enhanced immune responses to the 

capsid proteins and transgene product. The reports of immwie responses to AA V vectors in pre­

clinical [ 11-13] and clinical [ 14] studies illustrate the need to address all factors that may 

contribute to vector immunogenicity. 

Testing protocols to characterize purified vectors are also likely to be affected by vector 

aggregation. Detennination of the infectivity titer of vector was reported to be highly sensitive 

2 
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to vector aggregation [15]. An important concern is that vector aggregates may have deleterious 

consequences following their in vivo administration because their transduction efficiency, 

biodistribution and imrnunogenicity may differ from monomeric particles. For example, 

intravascular delivery of AA V vectors to hepatocytes requires that the vectors pass through the 

fenestrated endothelial cell lining of hepatic sinusoids. These fenestrations have a radius ranging 

from 50 to 150 nm [20] that is predicted to allow the passage of monomeric AA V vectors 

( diameter ~ 26 nm), but prevent the passage of larger vector aggregates. In biodistribution 

studies in mice, aggregated AA V2 vectors labeled with the fluorescent molecule Cy3 were 

sequestered in liver macrophages following vascular delivery [7]. 

Formulation development for virus-based ,gene transfer vectors is a relatively recent area 

of investigation, and only a few studies have been reported describing systematic efforts to 

optimize AA V vector formulation and stability [6,8,9). Defining formulations compatible with 

pre-clinical and clinical applications that minimize changes in vector preparations is an important 

requirement to achieve consistently high vector safety and functional characteristics. As is well 

established for protein therapeutics (16-19], an important aspect of vector stability is solubility 

during preparation and storage, and vector aggregation is a problem that needs to be fully 

addressed. Vector aggregation leads to losses during vector purification, and while aggregates 

can be removed by filtration, the loss in yield results in higher costs and capacity limitations 

when producing vector for pre-clinical and clinical studies. Even after filtration to remove 

aggregates, new aggregates can fonn in concentrated preparations of AA V2 vector in buffered­

saline solutions. 

The need exists for improved formulations and methods for purification and storage of AA V 

vectors, such as rAA V2, that prevent aggregation of virus particles. 

3 
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SUMMARY OF THE INVENTJON 

These and other needs in the art are met by the present invention, which provides high 

ionic strength solutions for use in preparing and storing AA V vectors that maintain high 

infectivity titer and transduction efficiency, even after freeze-thaw cycles. 

The effect of ionic strength (µ) on virus particle interactions is detennined to elucidate 

the mechanism of vector aggregation. The ionic strength of neutral-buffered isotonic saline (µ = 

l 50mM) is insufficient to prevent aggregation of AA V2 vectors purified by gradient • 

ultracentrifugation or by cation exchange chromatography at ~oncentrations exceeding ~10 13 

particles/mL. Inclusion of sugars (sorbitol, sucrose, mannitol, trehalose, glycerol) at 

concentrations up to 5% (w/v) or of surfactants Tween80 (1 %) or Pluronic® F68 (10%) does not 

prevent aggregation of vector particles. 

In contrast, vector particles remain soluble when elevated ionic strength solutions (µ > 

200mM) are used during purification and for final vector formulation. Elevated ionic strength 

solutions using isotonic excipient concentrations for in vivo administration are prepared with 

salts of multivalent ions, including sodium citrate, sodium phosphate, and magnesium sulfate. 

An isotonic fonnulation containing l0mM Tris, l00mM sodium citrate, 0.001% Pluronic® F68, 

pH 8.0 (µ ~500mM) enables concentration of AA V2-AADC vectors to 6.4x10 13 vg/mL with no 

aggregation observed during preparation and following ten freeze-thaw cycles at -20 °C. See 

Table 3, below, and accompanying discussion. AA V2-AADC vectors prepared and stored for an 

extended period in elevated ionic strength formulation retain high inf ectivity titer ( 13 IU/vg) and 

transduction efficiency. 

Nuclease treatment of purified AA V2 vectors reduces the degree of vector aggregation, 

implicating vector surface nucleic acid impurities in inter-particle interactions. Hence, 

4 
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purification methods to efficiently remove vector surface residual nucleic acids, coupled with the 

use of elevated ionic strength isotonic formulations, are useful methods to prevent AA V2 vector 

aggregation. 

In one embodiment the invention comprises AA V storage solutions with ionic strength 

(µ) greater than 200 mM. In other embodiments the ionic strength is 300, 400 or 500 mM or 

higher. 

In some embodiments of the present invention, the surfactant Phironic®F68 is added to a 

solution for preparing or storing AA V vectors, for example to 0.001 %. In one embodiment, the 

solution comprises 10 mM Tris, l00mM sodiwn citrate and 0.001 % Pluronic® F68, pH 8.0. 

In one embodiment, AAV vectors can be stored in solutions of the present invention at 

concentrations up to 6.4x 1013 vg'm.L with no aggregation even after ten freeze-thaw cycles at 

-20°C. 

In another aspect, the invention relates to methods of preparing and storing preparations 

of AA V vectors using high ionic strength solutions. 1n some embodiments, 0.001 % Pluronic® 

F68 is included in the high ionic strength solutions. 

In some embodiments of the present invention, purified AA V vectors are treated with one 

or more nucleases to reduce aggregation. In one embodiment such nuclease treatment is 

combined with storage in a high ionic-strength solution of the invention. 

In yet another aspect, the invention relates to ldts comprising the high ionic strength 

fonnulations of the invention. In one embodiment the kits comprise pre-mixed solution. In 

another embodiment the kit comprises two or more separate components of a high ionic strength 

solution of the present invention to be mixed by a user. In some embodiments the kit comprises 

one or more of the following: sodiwn citrate, sodium phosphate, magnesiwn sulfate, Tris and 

5 
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Pluronic® F68. In other embodiments the kit further comprises a recipe for mixing a solution of 

the present invention. 

DESCRIPTION OF THE ORA WINGS 

FIGS. 1A and lB present data showing aggregation of AA V2-F1X particles as a function 

of osrnolarity (FIG. IA) or ionic strength (FIG. lB) for various buffer compositions. AA V2-FIX 

vectors are prepared by Method 2 of Example 1. Average particle radius is measured by 

dynamic light scattering (DLS) following vector dilution in varying concentrations of excipients 

buffered with 10 roM sodium phosphate at pH 7.5. Excipients include sodium chloride(•), 

sodium citrate (o), sodium phosphate(■), sodium sulfate (o), magnesium sulfate<•), and 

glycerol (.~). 

FIG. 2 presents data on AA V2-FIX aggregation as a function of the method of 

purification. The average particle radius is measured by DLS following vector dilution in 

varying concentrations of sodium chloride buffered with 1 0mM sodium phosphate at pH 7 .5. 

Vectors are purified by Method l (double CsCI gradient) (o); Method 2 (cation exchange 

chromatography)(□); Method 2 plus nuclease digestion(■); or Method 3 (chromatography plus 

one CsCl gradient) (-6). Purification Methods 1-3 are described in Example 1. 

FIG. 3 presents data on transgene expression from D7/4 cells transduced with rAA V2-

AADC virions prepared and stored in high ionic strength formulation(□) or in a control 

fonnuJation ( • ). The concentration of AADC was measured by ELISA (in triplicate for each 

data point) 72 hours post-transduction. Error bars represent standard deviations. 

6 
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DETAILED DESCRIPTION OF THE INVENTION 

AA V2 vector aggregation is frequently observed in concentrated preparations of vectors 

and can affect purification recovery, and in vivo potency and safety. Hence, an important 

objective for the development AA V2 vectors is to identify methods and fonnulations that 

prevent aggregation of vectors when concentrated stocks are prepared. Unless otherwise 

indicated, the term "vector" as used herein refers to a recombinant AA V virion, or viral particle. 

The present invention is based in part on the observation that solution ionic strength is an 

important parameter in AA V vector aggregation, implicating the involveme~t of ionic 

interactions between virus' particles in the aggregation process. The observation that elevated 

ionic strength increases AA V2 vector solubility regardless of the identity of the charged 

excipient supports the hypothesis that ionic strength of solution per se, rather than interactions 

involving a specific ionic species, is the relevant physico-chemical parameter. A threshold ionic 

strength of at least 200mM is required to prevent aggregation at vector particle concentrations 

examined herein. 

Of practical concern, commonly used buffered saline solutions have insufficient ionic 

strength to prevent AA V2 vector aggregation at concentrations exceeding l 0 13 particles/mL. It is 

known that high salt concentrations increase AA V2 vector solubility ( e.g. highly concentrated 

AA V2 vectors recovered from gradients generally remain soluble in concentrated CsCl). 

However, optimal fonnulations for pre-clinical and clinical studies should be close to isotonic 

(280-400 mOsm), especially for in vivo administration of vector to sites where dilution of 

hypertonic solutions may be slow. In embodiments of the present invention the exponential 

relationship of ionic strength with charge valency is used to develop isotonic formulations with 

high ionic strengths. Salt species with multiple charge valencies (e.g. salts of sulfate, citrate, and 
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phosphate) that are commonly used as exc,ipients in human parenteral formulations [22] can 

provide the level of jonic strength needed to prevent AA V2 vector aggregation when used at 

isotonic concentrations. While isotonic ( l 50mM) sodium chloride has an ionic strength of 

150mM, a value insufficient to maintain AA V2 solubility at high vector concentrations, isotonic 

sodium citrate, with an ionic strength of ~500mM, can support AA V2 vector concentrations of at 

least 6.4 x 1013 vg/mL without aggregation. 

Without intending to be limited by theory, the low solubility of AA V2 particles may be 

caused by their highly symmetrical nature in conjunction with the stabilizing effect of 

complementary charged regions between neighbouring particles in aggregates. The surface 

charge density based on the crystal structure of AA V2 [5) reveals a pattern of positive and 

negative charges on the virus surface. Previous reports showed that AA V2 vector aggregation is 

pH dependent, and hypothesized that amino acids with charged side groups are involved in inter­

particle binding [23). These reports hypothesized that if charged amino acid side chains are 

involved in vector aggregation, high concentrations of free amino acids could block vector 

particle interactions. However, we have found that amino acids with charged side chains are not 

effective in preventing AA V2 vector aggregation beyond their contribution to ionic strength. 

Vector aggregation at low ionic strength was also found to be reduced but not prevented 

by efficient nuclease treatment of purified vector particles. Digestion at an earlier stage of the 

purification process (clarified HEK ce11 lysate) did not reduce aggregation following vector 

purification. It is likely that digestion of already purified virions is more efficient because of a 

higher enzyme to nucleic acid substrate ratio. One mechanism to explain these results is that 

residual nucleic acid impurities (e.g. host cell and plasmid DNA) bound to the vector surface can 

bridge to binding sites on neighbouring virus particles and thus cause aggregation. Purified 
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AA V2 vectors ( empty capsid free) have been reported to contain approximately 1 % non-vector 

DNA [24]. While >50% of this non-vector DNA was reported to be nuclease resistant and was 

packaged within capsid particles, some impurity DNA was nuclease resistant and appeared to be 

associated with the surface of purified vector particles. The observation that efficient nuclease 

treatment can reduce vector aggregation suggests that nucleic acids associated with the vector 

surface at an average level not greater than ~25 nucleotides per vector particle can contribute to 

AA V vector aggregation. 

In swnmary, the use of high ionic strength solutions during AA V2 vector purification and 

final fonnulation, and efficient removal of residual vector surface DNA are two effective 

strategies ·to achieve highly concentrated solutions of AA V2 vectors for use in pre-clinical and 

clinical studies. High ionic strength solutions and nuclease treatment can be used in combination 

or separately. Although data were obtained using AA V2 vectors, the composition and methods 

of the present invention may also be useful with other AA V serotypes / variants, or other viral 

vectors such as adenoviruses, lentiviruses and retroviruses. 

AA V Aggregation as a Function of Excipient Concentration 

Initial screening experiments are perfonned to elucidate the mechanism of AA V vector 

aggregation and to identify classes of excipients that can reduce/ prevent aggregation. Vector 

aggregation can be caused by dilution (5-fold) of vector in neutral-buffered saline with low 

concentration buffer (20mM sodium phosphate, pH 7.2). Excipients are screened using this 

''dilution-stress" method to identify excipients that are able to prevent vector aggregation when 

included in the diluent. For screerung, aggregation is measured by dynamic light scattering 
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(DLS). Classes of excipients examined included selected inorganic salts, amino acids, 

uncharged carbohydrates, and surfactants. Results are presented in Table 1. 
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TABLE 1 

SCREENING FOR EXCIPIENTS THAT PREVENT AA V2 VECTOR AGGREGATION 

USING DILUTION-STRESS METHOD 

Osrn required to prevent 
Excipient aggregation (max tested) 

Magnesium sulfate 180 mOsm 

Sodium citrate 220 mOsm 

Sodium chloride 320mOsm 

Sodium phosphate 220mOsm 

Sodium sulfate 220mOsm 

Arginine NIA (200 mOsm) 

Aspartic acid 320mOsm 

Glutarnic acid 320mOsm 

Glycine NIA (200 mOsm) 

Histidine NIA (200 mOsm) 

Lysine 300mOsm 

Glycerol NIA (5% w/v, 543 mOsm) 

Iodixanol NIA (5% w/v, 32 mOsm) 

Mannitol NIA (5% w/v, 275 mOsm) 

Sorbitol NIA (5% w/v, 275 mOsm) 

Sucrose NIA (5% w/v, 146 mOsm) 

Trehalose NIA (5% w/v, 146 mOsm) 

Pluronicw F68 NIA (10% w/v, 12 mOsm) 

Polysorbate 80 NIA (1% w/v) 

NIA: No inhibition of aggregation 
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As illustrated in Table 1, charged excipients {inorganic salts and amino acids) prevent 

aggregation when present at sufficient concentrations. However, salt concentrations required to 

prevent vector aggregation vary, ranging from 180 mOsm for magnesium sulfate, to 320 mOsm 

for sodium chloride. The amino acids arginine, aspartic acid, glutamic acid, glycine, histidine, 

and lysine do not prevent aggregation at 200 mOsm, but lysine, aspartic acid, and glutamic acid 

prevent aggregation at 300-320 mOsrn. Arginine, glycine and histidine were not tested at 

concentrations other than 200 mOsm. Selected carbohydrates have no effect on vector particle 

aggregation when present at concentrations up to 5% w/v. For example, 5% w/v glycerol (543 

mOsm) does not prevent aggregation. The surfactants Polysorbate80 (I% w/v) and Pluronic® 

F68 (10% w/v) similarly have no effect on aggregation using the "dilution-stress" method. 

AA V Aggregation as a Function of Osmolarity and Ionic Strength 

FIGS. lA and 1B show the results of a more detailed analysis of vector aggregation as a 

function of the concentration of various salts. ,FIG. I A shows vector aggregation as a function of 

the osmolarity of selected excipients. For charged species a concentration-dependent inhibition 

of AA V2 vector aggregation is observed. Salts with multivalent ions achieve a similar degree of 

inhibition of aggregation at lower concentrations than monovalent sodium chloride. For 

example, magnesium sulfate prevents aggregation at ~00 mOsrn whereas sodiwn chloride 

requires ~50 mOsm to achieve a similar effect. Sodium citrate, sodium sulfate, and sodium 

phosphate are intermediate in their potency to prevent vector aggregation. 

Although the results in FIG. I A and Table I show no effect of glycerol and certain sugars 

at concentrations up to 5% on AA V2 vector aggregation induced by low ionic strength, the data 
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cannot rule out improvement of AA V2 solubility at glycerol concentrations above 5%. For 

example, Xie and co-workers reported that 25% (w/v) glycerol enabled concentration of AA V2 

to very hi_gh concentrations ( 4.4 to 18 x I 0 14 particles/ml) in low ionic strength solutions [9]. 

FIG. 1B shows the data of FIG. IA plotted as a function of the calculated ionic strength, 

rather than osmolarity, for each excipient. FIG. 1B demonstrates that vector aggregation is 

prevented when ionic strength is ~200 mM or greater regardless of which salt is used. These 

data suggested that the ionic strength(µ) of a solution, a parameter that depends on both solute 

concentration and charge valency, is the primary factor affecting aggregation. 

Other ionic strengths may also be used in embodiments of the present invention to 

prevent aggregation, such as 250 mM, 300 mM, 350 mM, 400 mM, 450 mM, 500 mM, 600 rnM, 

700 mM or higher ionic strengths. Multivalent ions are preferred to achieve these ionic strengths 

in methods and formulations of the present invention, such as divalent, trivalent, tetravalent, 

pentavalent ions and ions of even higher valency. The pH buff~r in solutions and formulations 

of the present invention may be phosphate, Tris, or HEPES (or other Good's buffers), but any 

other suitable pH buffer may be used. In preferred embodiments, the multivalent ions and buffer 

are selected to be compatible with the target tissue for the vector being prepared. 

AAV Aggregation as a Function of the Method of AA V.Purification • 

Recombinant AA V2 purified using different methods ( e.g. density gradient purification 

versus ion-exchange chromatography) would be expected to have different impurity profiles. 

FIG. 2 shows vector aggregation as a function of ionic strength for several preparations of AA V 

differing in the pw:,fication method. Purification methods are described in Example 1. Sodium 

chloride is used to vary the ionic strength. AA V2-FIX vectors purified by double cesium 
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l 

chloride gradient ultracentrifugation (Method 1), by cation exchange column chromatography 

(Method 2), or by combined column and cesium chloride gradient ultracentrifugation (Method 3) 

each demonstrate similar aggregation responses as ionic strength is decreased. In contrast, 

AA V2-FIX purified by the column method and then subjected to a nuclease digestion step 

(Method 2 + nuclease) shows reduced aggregation at low ionic strength. 

AA V Aggregation at Preparative Scale 

The data in Table 1 and FIGS. IA, 1B and 2 involve vector aggregation at an analytical 

scale, employing a method to measure aggregation (DLS) that is difficult to quantify reliably. 

Table 2, in contrast, shows the effects of elevated ionic strength and nuclease treatment on 

AA V2 vector aggregation at a larger scale, using methods to induce and quantify vector 

aggregation that are relevant to preparative scale vector purification. Experimental details are 

provided in Example 2. Purified AA V vectors are diafiltered into solutions of various ionic 

strengths, the volume is reduced to achieve high vector concentrations, and aggregation is then 

assessed by measuring vector recovery after filtration through a 0.22µ.m filter. Aliquots from a 

single pool of AA V2-AADC vector purified by Method 1 through the second CsCl gradient 

centrifugation step (1.8x10 15 vg in 9lmL, l.8x10 13 vg/mL, in ~3M CsCl) are used as starting 

material in the diafiltration experiments. Tangential flow filtration using hollow fibers is used 

for diafil!I'ation because it is scalable and yet it still enables preparation of volumes (min. 

I.4mL), and thus AA V concentrations, at which aggregation would be expected in neutral 

buffered saline. 

In Experiment 1, three hollow fiber units are used to diafilter AA V2-AADC vector in 

fommlations CF, TFl, or TF2, and the volume is reduced to a target of 2.5x10 13 vg/mL. See 
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Example 2. The samples are then filtered through a 0.22µm filter. Results are shown in Table 2. 

Vector recovery ("Yield%") for both elevated ionic strength fonnulations TFl (95 ± 7.4%) and 

TF2 (93 ± 7.4%) are significantly higher than the recovery using the control formulation CF (77 

± 6.6%). 

TABLE2 
AA V VECTOR RECOVERY AT PROCESS SCALE 

Target Actual Yield% 
Experiment Formulation µ(mM) (vg/mL) (vg/mL) (RSD) 

l CF 160 2.5E13 1.93813 77 (6.6) 

1 TFl 310 2.5El3 2.38E13 95 (7.4) 

1 TF2 510 2.5El3 2.33El3 93 (7.4) 

2 CF 160 6.7E13 3.98£13 59 (6.0) 

2 TF2 510 6.7E13 6.42E13 96 (4.4) 

3 CF (-Bz) 160 3.6E13 2.46E13 68 (11) 

3 CF (+Bz) 160 3.6El3 3.29El3 91 (12) 

In Experiment 2, AA V2-AADC is concentrated to a higher target value (6.7xl 0 13 vg/mL) 

in CF or TF2. Vector recovery using TF2 (96 ± 4.4%) is again significantly higher than recovery 

using CF (59 ± 6.0%). Within the variability of the assays used, vector was recovered fully at 

both target concentrations using TF2, indicating that aggregation was prevented. In contrast, 

significant aggregation was observed at both target concentrations using CF, and the extent of 

aggregation (i.e. loss following 0.22µm filtration) was higher at the higher target vector 

concentration. In an additional experiment (not shown), 50 µL samples of AA V2 vector are 

taken following concen_tration but prior to the 0.22µm filtration step of Experiment 2, and 

examined by light microscopy. Vector concentrated in CF contains obvious amounts of visible 

material (not shown), while no such material is seen in vector concentrated in TF2. 
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Experiment 3 examines the effect of prior nuclease digestion of purified vector on 

aggregation. In the absence of nuclease digestion recovery of AA V2-AADC in CF is 68 ± 11 %, 

similar to the recoveries in Experiments 1 and 2. In contrast, purified vector treated with 

nuclease and then concentrated in CF gives higher recovery (91 ± 12%). These prep scale results 

reflect the same effect of nuclease digestion shown in FIG. 2 using the "dilution-stress" 

(analytical scale) method. 

AA V Stability and Activity Following Storage or Freeze-Thaw Cycling 

Croyle and coworkers reported a significant loss of titer of AA V and adenovirus 

following multiple freeze-thaw cycling in sodium phosphate buffer, and demonstrated that the 

better pH buffering provided by potassium phosphate during freeze-thaw cycling prevented titer 

loss (6). Results of our freeze-thaw stability study using sodium phosphate support these 

findings. We find that while 150mM sodium phosphate provides sufficient ionic strength to 

prevent aggregation during preparation and non-frozen storage of concentrated AA V2-AADC 

vector, even a single freeze-thaw cycle at -20 or -80 °C results in aggregation. 

AA V stability after storage or freeze-thaw (FIT) cycling is·assessed in buffers of the 

present invention as follows. The concentrated vectors prepared in CF, TFI, and TF2 (Table 2, 

Experiment 1) are subjected to a short stability study to investigate whether aggregation will 

occur during refrigerated storage, or following multiple freeze-thaw (Fff) cycles. Aggregation is 

assessed by DLS using undiluted samples, and Rh values >20run are deemed to indicate the 

occurrence of some level of aggregation. 
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TABLE3 

ST ABILITY OF AA V2 VECTORS 

Particle radius - Rh (run) 

Fonnulation ·Pre 4°c -20 °C -80 °C 

5d I FIT 5 Fff 10 FIT 1 F/T SFff 

CF 14.5 27.0 22.4 56.l 94.5 20.6 57.5 

TFl 13.8 16.3 TH TH TH TH TH 

TF2 13.8 14,4 14.2 14.0 14.1 13.8 21.3 

Pre: DLS radius measured immediately followjng·o.2µm filtration. 

Vector concentrations (vg/mL): CF: l.93E13, TFl: 2.38E13, TF2: 2.33El3. 

TH: signal intensity is too high to measure because of extensive aggregation. 

IOFff 

141 

TH 

50.9 

As shown in Table 3, AA V2-AADC vector prepared in CF shows some aggregation after 

5 days of storage at 4 °C, as well as following one or more FIT cycles at -20 or -80°C. For 

vector prepared in TFl, no aggregation occurs after 5 days at 4°C, but aggregation occurs 

following a single FIT cycle at -20 or-80 °C as indicated by a DLS signal intensity that is too 

' 
high to measure. Visual inspection of these samples reveals slight cloudiness, which is 

consistent with aggregation. For vector prepared in TF2, no aggregation is observed at 4 °C, or 

following up to 10 FIT cycles at -20 °C. Some aggregation is observed following 5 and l O FIT 

cycles at -80 °C. 

AA V activity after storage or FIT cycling in TF2 is assessed as follows. As described 

above, the high ionic strength, isotonic formulation TF2 effectively prevents vector aggregation 

during concentration and storage, and therefore represents a promising candidate for further 

study. An important question is whether preparation and storage of the vector in high ionic 

strength TF2 would adversely affect its functional activity. To assess this, assays are perfonned 
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to measure the infectious titer and the transduction efficiency of vectors prepared and stored for 

an extended period of time in TF2. 

For infectivity, a highly sensitive infectivity assay capable of detecting single infectious 

events is used [15]. AAV2-AADC is prepared in TF2 at a concentration of 6.4x10 13 vg/mL. 

After being stored for 45 days at 4 °C the preparati_on has a vector genome to infectious unit ratio 

(vg/IU) of 13, compared to a value of 16 vg/W for the reference vector. This difference is not 

significant given the reported variability of this assay (RSD ~50%). 

Transduction efficiency is assessed by measuring the expression of AADC protein by 

ELISA following transduction of D7/4 cells. FIG. 3 shows no significant difference between 

vector prepared in TF2 and 'the reference control for vector input ranging from 10 to 105 vg/cell. 

Together, these data indicate that preparation and storage of AA V2 vectors in high ionic strength 

TF2 does not have a deleterious effect on vector infectivity or transduction efficiency. 

EXAMPLE 1 

AA V PURJFICA TION METHODS 

AA V2 vectors expressing human coagulation factor IX (FIX) or human amino acid 

decarboxylase (AADC) are produced by triple transfection of HEK293 cells as previously 

described [25J1 with modifications, For the large scale preparations, cells are cultured and 

transfected in 850 mm2 roller bottles (Coming). Vectors are purified by one of three methods. 

In purification Method 1, modified from Matsushita, transfected HEK293 cells in roller 

bottles are collected by centrifugation (1000 g, 15min), resuspended in 1 OmM sodium phosphate, 

500mM sodium chloride, pH 7.2, and lysed by three freeze/ thaw cycles (alternating an ethanol/ 
' 

dry ice bath and a 37°C water bath). The cell lysate is clarified by centrifugation (8,000 g, 
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15 min). The supernatant is then diluted to 200mM NaCl by addition of l OmM sodium 

phosphate, pH 7.2, and digested with Benzonase (Merck, Purity Gradel; 200 U/mL, lb. 37 °C). 

The Jysate is adjusted to 25mM CaCh using a 1M stock solution, and incubated at 4°C for one 

hour. 

The mixture is centrifuged (8,000 g, 15 min), and the supernatant containing vector is 

collected. To precipitate virus from the clarified cell lysate, polyethylene glycol (PEG8000) is 

added to a final concentration of 8%, the mixture incubated at 4°C for three hours, and then 

centrifuged (8,000 g, 15 min). The pellets containing vector are re-suspended with mixing in 

0.15M NaCl, 50mM Hepes, 25mM'EDTA, pH 8.0 and incubated at 4°C for 16 hours. The 

resuspended material is pooled, and solid cesium chloride is added to a final density of 1 .40 

gm/mt Vector is then banded by ultracentrifugation (SW28, 27,000rpm, 24h, 20°C) using a 

Beckman model LE-80 centrifuge. The centrifugation tubes are fractionated, and densities 

froml.38 to 1.42 gm/mL containing vector are pooled. This material is banded a second time by 

ultracentrifugation (NVT~5 rotor, 65,000 rpm, 16h, 20°C), and fractions containing purified 

AA V2 vectors are pooled. To concentrate vector and to perfopn buffer exchange, vectors in 

concentrated cesium chloride solution are subjected to ultrafiltration / diafiltration (UF/DF) by 

tangential flow filtrailon as described below (Example 2). 

In purification Method 2, cell harvests containing AA V are microfluidized and filtered 

sequentially through 0.65 and 0.22 µm filters (Sartorius). Virus is purified from the clarified cell 

lysates by cation exchange chromatography using Poros HS50 resin as previously described [26]. 

For the nuclease digestion described in FIG. 2, column-purified vectors are incubated (4h·, RT) 

with 100 U/mL Benzonase and 10 U/mL DNAse I (RN Ase free, Roche Diagnostics, 

Indianapolis, Indiana). 

19 

HIGHLY CONFIDENTIAL GENZ_NOV _00149058 Sarepta Exhibit 1088, page 235



Case 1:21-cv-01736-RGA   Document 301-1   Filed 11/20/23   Page 236 of 385 PageID #: 19344

For purification Method 3, AA Y2 vectors purified by cation exchange chromatography 

are subjected to an additional cesium chloride gradient ultracentrifugation step (SW28, 

27,000rpm, 20h) to remove empty capsids prior to UF/DF. 

Real time quantitative PCR (Q-PCR) is used to quantify AA V preparations as previously 

described (27]. Vectors purified by each of the three methods are analyzed by SOS-PAGE/ 

silver staining analysis, and in all cases VPl, VP2 and VP3 are present in the expected ratios, 

with the capsid proteins representing >95% of total proteins as determined by scanning 

densitometry. However, unlike gradient-purified AA V2 vectors purified using Methods l and 3, 

vectors purified by Method 2 (col\.Ul1D clu·omatography) contain empty capsids, ranging from 3-

10 empty capsids per vector genome. 

EXAMPLE2 

UL TRAFILTRA TION AND DIAFILTRATION TO DETECT AA V AGGREGATION 

Dispos11ble hollow fiber tangential flow filtration devices (Amersham BioSciences 8" 

Midgee, 100 kDa nominal pore size) are used to concentrate and diafilter AA V2 vectors purified 

by the methods described above, and for the UF/DF experiments described in Table 2. For all 

UF/DF procedures a volwne of diafiltration buffer corresponding to l Ox the product volume is 

used, and it is added in ~lmL increments to approximate continuous diafiltration. Using this 

method, the calculated residual CsCl after diafiltration is <0.5rnM. 

The following three formulations were used for UF/DF: Control Fonnulation (CF: 

140mM sodium chloride, l0mM sodium phosphate, 5% sorbitol, pH 7.3); Test Formulati,on 1 

(TFl: 1 S0rnM sodium phosphate, pH7.5); and Test Formulation 2 (TF2: I 00 rnM sodium citrate, 

lOmM Tris, pH8.0). For Experiment 1 shown in Table 2, diafiltration is performed at a volume 
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corresponding to a vector concentration of lx10 13 vg/mL, and following diafiltration the volume 

is reduced to a value corresponding to 2.5x10 13 vg/rnL (assuming no vector loss). 

For Experiment 2, diafiltration is performed at a volume corresponding to a 2x10 13 

vg/mL, and the volume-is then reduced to a value corresponding to 6.7x10 I3 vg/mL. 

For Experiment 3 (CF± Bz), M V2-AADC (approximately l .2xl0 14 vg) is first 

diafiltered into TFl (a formulation compatible with nuclease activity) and then passed through a 

0.22 µm filter: The titer of this material is determined, and the volume is adjusted to correspond 

to a concentration of 1x1013 vg/mL. To 10 mL ofthis material, MgC12 is added to a 

concentration of 2 mM, and then divided into two equal aliquots. One aliquot is incubated with 

Benzonase (200 U/mL, 4h, RT), and the second is mock-incubated. Each aliquot is then 

diafiltered at a volume corresponding to a vector concentration 2x10 13 vg/mL, and then 

concentrated to a 3.6xl0 13 vg/mL target. Following all UF/DF protocols, Pluronic® F-68 (BASF 

Corp., Mount Olive, NJ) from a l % stock is added to the vector product to a final concentration 

of0.001%, and the solution is passed through a 0.22µm syringe filter (Sartorius). All UF/DF 

procedures are perfonned in a laminar flow cabinet. 

EXAMPLE3 

MEASUREMENT OF VECTOR AGGREGATION BY 

DYNAMIC L1GHT SCA TIERING 

Purified vectors are analyzed for aggregation by dynamic light scattering (DLS) using a 

Protein Solutions DynaPro 99 ()l.=825.4 nm). Primary data (particle radius -Rh, average value 

measured over 30 cycles, 10 cycles/min) are used for all analyses reported. A "dilution-stress" 

method is used to assess the effect of varying excipients on vector aggregation. In this method, 
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80 µL of test diluent is added to 20 µL of vector solution wjth mixing in the actual cuvette used 

for DLS measurement, and data collection is injtiated within 10 seconds of mixing. Prior to 

addition of test diluents, the Rh value for AA V2 vector preparations is measured and confirmed 

to be <15 nm to ensure that the starting material is monomeric. Samples that are not 100% 

monomeric.are passed through a 0.22µm syringe disc filter (Sartorius, low protein binding) to 

remove aggregates. 

The osmolarity and ioruc strength values gjven in FIGS. 1 and 2 are calculated using all 

excipients present in the mixture (i.e. weighted: test diluent (80%) and starting vector 

formulation (20%)). Osmolarity is calculated according to the equation: Osmolarity = I;c1, 

where Ci is the molar concentration of each solute species. The ionic strength (µ) is calculated 

according to the equation: µ = ½ I;c;z?, where Z; is the charge on each species. In conditions that 

resulted in vector aggregation (e.g. lowµ) a progressive increase in Rh is observed over the 

course of data collection. To validate the use of the average Rh measured over the 3 minute 

interval following dilution as a reliable measure of aggregation, the average rate of increase of 

Rh (!lR.h I l1t) over the same time interval is also determined (not shown). Analysis of Mh / l1t 

gives results concordant with those obtained using the average Rh value reported in FIGS. 1 and 

2. 

EXAMPLE4 

AA V VIRJON INFECTrVITY 

Cnfectivity of AA V2-AADC vectors is detennined using a highly sensitive assay as 

previously described [15]. Briefly, samples are serially diluted (10-fold dilutions, 10 replicates/ 

dilution) and added to D7/4 cells (modified HeLa cells expressing AA V rep and cap) grown in 
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96 well tissue culture plates (Falcon, cat. #353227) in DMEM medium containing 10% FBS. 

Adenovirus (Ad-5, 100 vp/ce11) is· added to ~ach well to provide helper functions. After 48h, 

replication of AA V vector in each well is quantified by Q-PCR using transgene-specific primers 

and probes, and the frequency of infection at limiting dilution is analyzed by the Karber method 

to calculate the infectrvity titer. The test sample is run concurrently with an AA V2-AADC 

reference previously prepared in CF and stored at -80 °C. 

The transduction efficiency of AA V2 vectors is quantified by a whole cell ELISA. D7/4 

cells grown in 96 well plates are infected with JO-fold serial dilutions of the test sample and 

reference vector, corresponding to IO to 105 vg / cell input ( 5 replicates/ dilution). After 48h, 

the culture mediwn is removed, and cells are washed twice with 200 µ,L PBS (10 mM sodiwn 

phosphate, 140mM sodium chloride, pH 7,2). Cells are then permeabilized and fixed by addition 

of I OOµL of PBS containing 0.5% Triton X-100 and 4% paraformaldehyde to each well 

(15 min). The fixing solution is removed, and the cells are washed twice with PBS containing 

0.5% Triton X-100. Non-specific sites are blocked by adding PBS containing 3% bovine serum 

albumin (BSA) and 0.5% Triton X-100 (60min). 

After washing, cells are incubated for one hour with rabbit anti-AADC lgG antibody 

(Chemicon, AB 136), and washed. Cells are then incubated for one hour with alkaline 

phosphatase-conjugated goat anti-rabbit IgG, and washed. Antibodies are diluted I: 1000 in PBS 

containing 1 % BSA, 0.5% Triton X-100. Substrate (PNPP, Pierce, cat. #34047) is then added (I 

mg/mL in lX diethanolamine substrate buffer, Pierce, cat. #34064), and after incubation for 

30min the concentration of cleaved substrate is measured spectrophotometrically (;\=405nrn). 

Human AADC expression as a function of vector input is fitted using a spline curve (SigmaPlot). 

The AA V2-AADC reference vector is measured concurrently with the test sample. 

23 

HIGHLY CONFIDENTIAL GENZ_NOV _ 00149062 Sarepta Exhibit 1088, page 239



Case 1:21-cv-01736-RGA   Document 301-1   Filed 11/20/23   Page 240 of 385 PageID #: 19348

While preferred illustrative embodiments of the present invention are described, it will be 

apparent to one skilled in the art that various changes and modifications may be made .therein 

without departing from the invention, and it is intended in the appended claims to cover all such 

changes and modifications that fall within the true spirit and scope of the invention. 

All publications, patents and patent applications referred to herein are hereby 

incorporated by reference in their entireties. 
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We claim: 

1. A method of preventing aggregation of virions in a preparation of virions, comprising 

treating said preparation of virions with a nuclease. 

2. The method of claim I, wherein the virions are AA V virions. 

3. The method of claim 2, wherein the virions are AA V2 virions. 

4. The method of claim 1, further comprising adding one or more excipients to the 

preparation of virions to achieve an ionic strength of greater than 200 mM. 

5. The method of claim 4, wherein one or more of the excipients is a compound comprising 

one or more multivalent ions. 

6. A solution for the storage of purified virus particles, comprising: 

a pH buffer; and 

one or more multivalent ions; wherein the ionic strength of the solution is greater than 

200mM. 

7. The solution of claim 6, wherein the purified virus particles are AA V virus particles. 

8. The solution of claim 6, wherein one of the one or more multivalent ions is citrate. 

9. The solution of claim 6, further comprising Pluronic~ F68. 

10. The solution of claim 9, wherein the Pluronic® F68 is present at 0.001 %. 

11. The solution of claim 6, comprising: 

10 mM Tris, pH 8.0; and 

100 mM sodium citrate. 
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ABSTRACT 

Compositions and methods are provided for preparation of concentrated stock solutions 

of AA V virions without aggregation. Fonnulations for AA V preparation and storage are high 

ionic strength solutions (e.g. µ ~S0Om.M) that are nonetheless isotonic with the intended target 

tissue. This combination of high ionic strength and modest osmolarity is achieved using salts of 

high valency, such as sodium citrate. AA V stock solutions up to 6.4x 1013 vg/mL are possible 

using the formulations of the invention, with no aggregation being observed even after ten 

freeze-thaw cycles. The surfactant Pluronic® F68 may be added at 0.001 % to prevent losses of 

virions to surfaces during handling. Virion preparations can also be treated with nucleases to 

eliminate small nucleic acid strands on virions surfaces that exacerbate aggregation. 
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GUIDELINES 

1) This laboratory notebook is intended to be a permanent record of your work. 

2) Entries should be made in permanent ink - do not use pencil. 

3) The title should be accurately recorded when starting a page. 

4) All data is to be recorded directly into the notebook. The inclusion of all 
elaborate details is preferable. Notes and calculations should not be done on 
loose paper. In the case of error, draw a single line through the incorrect data. 
Do not erase or use correction fluid. All corrections should be initialed and 
dated. 

5) After entering your data, sign and date all entries. Witness or witnesses 
should sign and date each entry in the spaces provided. The witnesses must 
observe the work that is done and have sufficient knowledge to understand what 
they have read. Names of operators and witnesses present during any demon­
stration should be recorded. 

6) This notebook, and all information recorded therein, are the exclusive prop­
erty of the Company. All contents of this book are strictly confidential. It must 
be returned when completed, upon request, or upon tennination of employment. 
It should be kept in a protected place to safeguard against loss. If the book is 
lost, the supervisor should be notified immediately, and a written report 
describing the circumstances should be submitted. 
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i f"n;im Page No. 

Experiment 25 Fraser Wright 
08May04 Mid gee Screening of Three Candidate Fonnulations 

Expe1iment 25 / 08May04 l l 00 
Pl.m for UF/DF experiments to assess new formulations 
Introduction.: 
Aggregation has been a major problem during production of AA 2 based vectors. Vector 
aggregation bas resulted in significa11t loss of material (for example. loss of ector during 
0.2u filtration), inability to achieve high concentration stocks. and concem about the 

e ation state as function of storage time of final roducts. 

Methods: 
lJF/DF will be perfom1ed using TTF on hollowfibers (AGT Midgees, 8"). 
The protocol that will be used is Avigen BPR: Ultrafilitration of AA. V-h.A.ADC-2 Vector, 
with modifications. 

Control formuJation 

Test formulations: 

2 

3 

____ .. ,_,, ... , ............ , ...... , ..... , ... _ 

lOmM Na Phosphate, pH 7.3 
140rru\1 aCl 
5% Sorbitol (275mM) 
0.001% F68 

150mM a Phosphate, pH 7.5 
0.001% .F68 

l00mM a Phosphate, pH 7.5 
1 % glycerol (109 tn}.1) 
0.001% F68 

l0mM Tris, pH 8.0 
1 00mM , a Citrate 
0.001% F68 

Approx 
mOsm 

S80 

390 

369 

366 

µ 

159 

312 

208 

516 

____ .......................... -... --------
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               P R O C E E D I N G S
          VIDEO SPECIALIST:  Here begins Media
Number 1 in the videotaped deposition of Guang Qu
in the matter of Genzyme Corporation, et al., v
Novartis Gene Therapies, Incorporated, et al.; in
the United States District Court for the District
of Delaware; Case Number 21-1736 (RGA).
          Today's date is June 22nd, 2023.  The
time on the video monitor is 9:41.  The remote
videographer today is Jack Dunn, representing
Planet Depos.  All parties of this deposition are
attending remotely.
          Would counsel please voice-identify
themselves and state whom they represent.
          MR. WEINGARTEN:  Good morning.  David
Weingarten from Finnegan, Henderson, Farabow,
Garrett & Dunner, on behalf of Defendants
Novartis, and joined with me is Marta Daneshvar,
also from Finnegan.
          MS. HELM:  Katherine Helm from Dechert,
representing Plaintiffs Genzyme Corporation and
Aventis, as well as the witness.
          VIDEO SPECIALIST:  The court reporter
today is Debbie Whitehead, representing Planet
Depos.
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          The witness will now be sworn.
                 GUANG QU, Ph.D.,
 having been duly sworn, testified as follows:
    EXAMINATION BY COUNSEL FOR DEFENDANTS
BY MR. WEINGARTEN:
     Q    Good morning, Dr. Qu.
          Can you hear me okay?
     A    Yes, I can hear you well.  Thank you.
     Q    Okay.
     A    Good morning.
     Q    Can you please state your name and
address, for the record.
     A    Yes.  My name is Guang Qu, G-U-A-N-G, Q-U
as my last name.  

     Q    And where are you physically located
right now for your deposition?
     A    This is the conference room in law firm
Dechert --
     Q    In --
     A    -- in Philadelphia areas.
     Q    Thank you very much.  Appreciate that.
          That actually gives a segue into some of
the ground rules that we'll have during this
deposition.  And the ground rules will be for both
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for verbal responses.  So, you know, yes, no, or
whatever the response might be.  But try to
refrain from a, you know, shaking your head yes or
no or sounds that may in the normal conversation
may be understood to mean something, but for the
purposes of this proceeding only the oral
response.  Is that okay?
     A    Yes, it is okay.
     Q    Thank you.  Now, you know, the day is
going to get a little bit long.  And, you know,
we're cognizant of that.  But we're going to do
our best to give you breaks throughout the day.
          I would expect that the breaks will be
every hour or so.  And so, you know, really what
that comes down to is is that if we're not right
at the hour and you want a break, just ask for a
break.  We'll do our best to accommodate you.
          We may take a break a little bit longer
than that, maybe every hour and 15 minutes.  We'll
see how it goes.  In part it depends upon you.  It
depends on whether you or counsel or the court
reporter or we want a break.  And those breaks
will often be short breaks, and then we'll also,
obviously, have a break for lunch.
          So we'll discuss those when the time
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of our benefits as well as the court reporter's
benefit.  But first let me ask, have you been
deposed before?
     A    No.
     Q    Well, basically the simple rules, and I'm
sure that your counsel has provided you some of
this guidance, but the rules will be that you're
under oath.  I'll ask some questions, and, you
know, you will be obligated to answer those
questions unless you're instructed not to by
counsel.
          When I ask a question, I'm going to
assume that you understand my question if you
answer the question.  So if you have any concerns
or need clarification, just ask.  You know, I
mean, my goal is to make sure my questions are
clear, but sometimes they won't be, and I'll
expect that you'll ask for clarification.
          In addition to that, when I'm asking
questions, you know, please wait for me to finish
asking the question before you start to answer.
I'll try to do the same for you.  In part that's
because the court reporter is not able to sort of
document both of us talking at the same time.
          When I do ask questions, I'm going to ask
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comes.  But I want you to be comfortable asking
for a break if you need one.  The only rule that
we have in place for that is that if there is a
question pending, then, you know, we ask that you
answer the question that's pending.  And there
might be a short series of questions that I want
to get finished before we take that break.  But
we'll certainly try our best to accommodate.
          Now, I know that this deposition is being
conducted remotely, which means that I'm not
sitting in the room there with you.  Which would
be, you know, I guess practiced back in the olden
days.  And what I ask is that both counsel have
agreed to certain ground rules, and that includes
that the witness will be by themselves.
          And so what I ask you to do is confirm
that you are by yourself, nobody else is in the
room with you is what I mean by that.  And then if
somebody does come in the room, absent some
technical issue they're trying to solve, that you,
you know, let us know so we can pause the
deposition, if necessary, and go from there.
          Do you understand?
     A    Yes, I do.  Thank you.
     Q    Yes.  I also understand that you have a
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'99.
          Do you see that?
     A    Yes, I do.
     Q    Is that the promotion you are referring
to?
     A    Yes, that's right.
     Q    So let's turn back to the page ending in
875, and where it says Research Specialist.  For
that, basically, I want to say, nine-month period
there, during that period of time it says that you
worked on optimizing triple transfection methods
for rAAV production.
     A    Yes.
     Q    And it also says that you participated in
assay development, including the development of
real-time Q-PCR methods and other assays.
          Do you see that?
     A    Yes, I do.
     Q    What kind of assays did you develop as a
research specialist from 1997 September to July
1998?
     A    Yes.  So I say "development."  I think,
you know, particularly for AAV part, there is
several different methodologies you can use to
analyze AAV vectors, particularly about the AAV
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remember exactly how much work I did.  However, as
a specialist I do, you know, do a lot of, you
know, the other things or instruct my team to
several other, you know, analytical work, such as
run SDS-PAGE, to different -- you know, to
identify, you know, the vectors, you know, in the
vector prep, even so for some other assays,
probably I can, like ELISA assays, you know, those
kind of things.
     Q    Now, you indicated -- and if I get this
wrong, correct me.  You said "titers."  You used
the word "titers."  And then you said it's
quantities.
          Is that what you -- well, let me ask you
a different way.  When you refer to titers or
quantities, it's the quantities of vector?
     A    Yes, that's right.
     Q    And is it -- by an assay are you
measuring the actual number, sort of the real
number of the vectors in the solutions?
          MS. HELM:  Objection.  Form.
     A    When I talk about the titer and the
quantitative amount, yes.  You know, this assay
specifically, you know, the assay you perform to
understand your vector prep, that's the way to
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titer.  We -- you know, titer refer to, you know,
quantities or units, if you want, how you define
your vectors.
          The technique at that time, you know, you
probably can use something so-called hybridization
techniques.  Either, you know, whatever the
quantitation method you can use, you know,
standard procedure and then you do your
hybridizations and then, you know, to see where
you are in the vector titer.
          Specifically for the real-time Q-PCR,
that's the -- I think, you know, regarding that
technique, it is a very early stage.  Not a lot of
lab, you know, are using this techniques.  I think
I learned this technologies from my previous
postdoc work.  Probably I introduced that, you
know, technique into Dr. Jim Wilson's lab.
          And at the beginning, you know, how to
use it, you know, how to set up the standard
curves and how to interpret the data, I did
involved in those work based on my memories at
this -- this moment, yes.  That's one of the major
assays I involved specifically reasonably, you
know, extensively.
          The other assays I may involved, I don't
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refer.
          So, you know, how much of vector
particles contains in certain volume, that's
the -- you know, the titer was defined as.
Therefore I think, you know, when I mention
"titer," I probably refer that.
     Q    In your practice, you've been preparing
rAAV vectors for quite a while, you said,
purifying them, I should say.  In your practice is
obtaining the actual number, getting a titer of
the -- of the vector standard?
          MS. HELM:  Objection to form.
     A    Please repeat the question.  Let me
digest a little bit about your question, make sure
I understand it right, and then I can provide my
answer.
     Q    Of course.
          In your practice, and you've been
preparing rAAV vectors for quite a while, you
said, purifying them, I should say.  In your
practice, is obtaining the actual number, getting
the titer of the vector standard?
          MS. HELM:  Same objection.
     A    I think that the vector titer need
certain technique.  It's not a trivial job, for
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vectors.
          Is that right?
     A    That's correct.
     Q    And we both agree that it's
concentration-dependent.
          Is that right?
     A    Yes.
     Q    And we both agree that pH can affect
that.  Right?
     A    More or less.  I think Aristophanes is
probably the most important factor to affect that.
     Q    But pH can affect that.  Right?
     A    True.
     Q    And one of the -- one of the goals here
or the abstract said -- well, just look at the
title of the invention.  If you go back to Page
Bates 190.  It says, "Compositions and methods to
prevent AAV vector aggregation."
          Right?
     A    That's right.
     Q    And what I'm asking is, are you aware of
any compositions that have an ionic strength
greater than 200 and vector particle concentration
above 1 times 10 to the 13 VGs per M L, up to 6.4
times 10 to the 13th VGs per M L where an
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at to say that the phosphate formulation isn't a
good formulation for storage?
     A    It's not a good formulation if you went
to say the TF1 in Table 3.
     Q    And that's because it shows significant
aggregation?
     A    Yes.
     Q    Dr. Qu, you know, we threw some names at
you earlier.  I'm going to throw a few additional
names at you, and I'd like to know if you had any
interaction or discussions with any of these
individuals after you left Avigen.
          You've already indicated that you don't
know Gregory Bellomy.
          Is that right?
     A    That's correct.
     Q    What about Jenny Buchbinder?
     A    No.
     Q    What about Susan T. Evans?
     A    No.
     Q    What about Dana Pasternak?  That's
spelled P-A-S-T-E-R-N-A-K.
     A    No.
     Q    What about Roberta L. Robbins?
     A    The name sounds familiar, but I don't
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aggregation was not prevented upon storage?
     A    I think I do aware that.
     Q    And can you describe what those
formulations that you're aware of, what -- the
basis of your awareness.
     A    Based on my awareness, I think the
phosphate formulation is one of them.
     Q    And so phosphate formulation is not
always stable -- I'm sorry.  Go ahead.
     A    I'm sorry.  Let me just finish this, and
then we can discuss further if you need.
          I think, you know, we had to connect it
with a different conditions in the experiments.  I
think the phosphate formulations I refer to, and
based on my awareness, I refer to testing
formulation -- let me just make sure I do it
right.
     Q    And right now my question -- go ahead and
look.  My question simply is are you aware.  And
you said yes.  And the basis of your awareness.
     A    Yes.
     Q    Is the basis of your awareness looking at
the first provisional application?
     A    No.  Based on this, you know, the '542.
     Q    And so what in the '542 are you looking

236
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

remember now.  Roberta.  Roberta.  No, I don't
remember.
     Q    So it's possible you had discussions with
her?
     A    That's a woman?  No.
     Q    Roberta.  I can't say for sure, I can
find out in a couple of minutes.
     A    No.  No.  Let me say no.
     Q    Do you know who Mary Christina Thompson
is?
     A    Mary Christina Thompson probably was the
lawyer, junior lawyer, at Avigen.  She is a -- I
mean a female lawyer.  Tall young lady.
     Q    And did you interact with Mary Christina
Thompson related to the inventions disclosed in
the applications leading to the '542 patent?
     A    No.  No.
          MR. WEINGARTEN:  All right.  We need a
five-minute break.  We may be out of questions
here.  But I just want to confer with my
colleagues.  So if we can take a five-minute --
actually, let's make it ten minutes so we have
sufficient time.
          THE WITNESS:  Okay.  Sure.  Thank you.
          VIDEO SPECIALIST:  Please stand by.
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          We are going off the record at 17:28.
          (A recess was taken.)
          VIDEO SPECIALIST:  We are going back on
the record.  The time is 17:39.
          MR. WEINGARTEN:  Dr. Qu, subject to your
attorney having any questions, we have no more
questions.
          MS. HELM:  Dr. Qu, I have no questions
for you.
          THE WITNESS:  Thank you.
          MR. WEINGARTEN:  All right.  Dr. Qu,
thank you very much for your time today.  I really
appreciate it.  We thank you for your time, and
have a great day.
          VIDEO SPECIALIST:  Stand by.
          This marks the end of the deposition of
Guang Qu.  We are going off the record at 17:39.
          (Off the record at 5:39 p.m. EDT)
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CERTIFICATE OF SHORTHAND REPORTER - NOTARY PUBLIC
 I, Debra A. Whitehead, the officer before whom
the foregoing proceedings were taken, do hereby
certify that the foregoing transcript is a true
and correct record of the proceedings; that said
proceedings were taken by me stenographically and
thereafter reduced to typewriting under my
supervision; that reading and signing was not
discussed; and that I am neither counsel for,
related to, nor employed by any of the parties to
this case and have no interest, financial or
otherwise, in its outcome.
 IN WITNESS WHEREOF, I have hereunto set my hand
and affixed my notarial seal this 24th day of
June, 2023.
 
My commission expires:
April 30, 2027
 

 
-----------------------------
E-NOTARY PUBLIC IN AND FOR THE
STATE OF MARYLAND
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COMPOSITIONS AND METHODS TO PREVENT AA V VECTOR AGGREGATION 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims benefit under 35 U.S.C. § 119(e) of provisional applications 

60/575,997 filed June 1, 2004 and 60/639,222 filed December 22, 2004, which applications are 

hereby incorporated by reference in their entireties. 

FIELD OF THE INVENTION 

The present invention relates to compositions and methods of preparing and storing AA V 

virions that prevent aggregation. 

BACKGROUND 

Recombinant adeno-associated virus (rAA V) is a promising vector for human gene 

transfer. Grimm, D., and Kleinschmidt, J. A. (1999) Hum Gene Ther. 10: 2445-2450; High, K. 

A. (2001) Ann. N. Y. Acad. Sci. 953: 64-67; Pfeifer, A., and Verma, I. M. (2001) Ann. Rev. 

Genomics Hum. Genet. 2: 177-211. AAV is a member of the Dependovirus genus of the 

parvoviruses. AA V serotype 2 (AA V2) is composed of a single-strand DNA molecule of 4680 

nucleotides encoding replication (rep) and encapsidation (cap) genes flanked by inverted 

terminal repeat (ITR) sequences. Berns, K. I. (1996) in Fields Virology (B. N. Fields et. al. 

Eds.), pp. 2173-2197. Lippincott-Raven Publishers, Philadelphia. The genome is packaged by 

three capsid proteins (VPl, VP2 and VP3), which are amino-terminal variants of the cap gene 
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product. The resulting icosahedral virus particle has a diameter of ~26 nm. A high resolution 

crystal structure of AA V2 has been reported. Xie, Q. et al. (2002) Proc. Natl. Acad. Sci. U.S.A. 99: 

10405-10410. 

The solubility of purified AA V2 virus particles is limited, and aggregation of AA V2 

particles has been described as a problem. Croyle, M.A. et al. (2001) Gene Therapy 8: 1281-

1290; Huang, J. et al. (2000) Mo/. Therapy I: S286; Wright, J. F. et al. (2003) Curr. Opin. Drug 

Disc. Dev. 6: 174-178; Xie, Q. et al. (2004) J. Virol. Methods 122: 17-27. In commonly used 

buffered-saline solutions, significant aggregation occurs at concentrations of 1013 particles/mL, 

and aggregation increases at higher concentrations. Huang and co-workers reported that AA V 

vectors undergo concentration-dependent aggregation. Huang, J. et al. (2000) Mo/. Therapy I: 

S286. Xie and coworkers (Xie, Q. et al. (2004) J. Virol. Methods 122: 17-27) similarly reported 

that at concentrations exceeding 0. lmg/mL, AA V2 vectors require elevated concentrations of 

salt to prevent aggregation. Aggregation of AA V2 vectors occurs at particle concentrations 

exceeding 1013 particles/mL in commonly used neutral-buffered solutions such as phosphate-

and Tris-buffered saline. This corresponds to a protein concentration of ~0.06 mg/mL, and 

emphasizes the low solubility of AA V2 under these conditions. The effective vector 

concentration limit may be even lower for vectors purified using column chromatography 

techniques because excess empty capsids are co-purified and contribute to particle concentration. 

Particle aggregation is a significant and not fully resolved issue for adenovirus vectors as 

well. Stability of a recently established adenovirus reference material (ARM) was recently 

reported. Adadevoh, K. et al. (2002) BioProcessing 1(2): 62-69. Aggregation of the reference 

material, formulated in 20mM Tris, 25 mM NaCl, and 2.5% glycerol at pH 8.0, was assessed by 

dynamic light scattering, photon correlation spectroscopy and visual appearance. A variable 

2 
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level of vector aggregation following either freeze-thaw cycling or non-frozen storage was 

observed, resulting in restrictive protocols for the use of the ARM. 

Aggregation can lead to losses during purification and inconsistencies in testing of 

purified vector preparations. The in vivo administration of AA V2 vectors to certain sites, such as 

the central nervous system, may require small volumes of highly concentrated vector, and the 

maximum achievable dose may be limited by low vector solubility. 

Vector aggregation is also likely to influence biodistribution following in vivo 

administration, and cause adverse immune responses to vectors following their administration. 

As has been reported for proteins (Braun, A. et al. (1997) Pharm. Res. 14: 1472-1478), 

aggregation of vector may increase immunogenicity by targeting the vector to antigen presenting 

cells, and inducing enhanced immune responses to the capsid proteins and transgene product. 

The reports of immune responses to AA V vectors in pre-clinical (Chenuaud, P. et al. (2004) 

Blood 103: 3303-3304; Flotte, T. R. (2004) Human Gene Ther. 15: 716-717; Gao, G. et al. 

(2004) Blood 103: 3300-3302) and clinical (High, K. A. et al. (2004) Blood 104: 121a) studies 

illustrate the need to address all factors that may contribute to vector immunogenicity. 

Testing protocols to characterize purified vectors are also likely to be affected by vector 

aggregation. Determination of the infectivity titer of vector was reported to be highly sensitive 

to vector aggregation. Zhen, Z. et al. (2004) Human Gene Ther. 15: 709-715. An important 

concern is that vector aggregates may have deleterious consequences following their in vivo 

administration because their transduction efficiency, biodistribution and immunogenicity may 

differ from monomeric particles. For example, intravascular delivery of AA V vectors to 

hepatocytes requires that the vectors pass through the fenestrated endothelial cell lining of 

hepatic sinusoids. These fenestrations have a radius ranging from 50 to 150 nm (Meijer, K. D. 

3 
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F., and Molema, G. (1995) Sem. Liver Dis. 15: 206) that is predicted to allow the passage of 

monomeric AA V vectors (diameter ~26 nm), but prevent the passage of larger vector aggregates. 

In biodistribution studies in mice, aggregated AA V2 vectors labeled with the fluorescent 

molecule Cy3 were sequestered in liver macrophages following vascular delivery. Huang, J. et 

al. (2000) Mo/. Therapy 1: S286. 

Formulation development for virus-based gene transfer vectors is a relatively recent area 

of investigation, and only a few studies have been reported describing systematic efforts to 

optimize AA V vector formulation and stability. Croyle, M.A. et al. (2001) Gene Therapy 8: 

1281-1290; Wright, J. F. et al. (2003) Curr. Opin. Drug Disc. Dev. 6: 174-178; Xie, Q. et al. 

(2004) J Virol. Methods 122: 17-27. Defining formulations compatible with pre-clinical and 

clinical applications that minimize changes in vector preparations is an important requirement to 

achieve consistently high vector safety and functional characteristics. As is well established for 

protein therapeutics (Chen, B. et al. (1994) J Pharm. Sci. 83: 1657-1661; Shire, S. J. et al. 

(2004) J Pharm. Sci. 93: 1390-1402; Wang, W. (1999) Int. J Pharm. 185: 129-188; Won, C. M. 

et al. (1998) Int. J Pharm. 167: 25-36), an important aspect of vector stability is solubility 

during preparation and storage, and vector aggregation is a problem that needs to be fully 

addressed. Vector aggregation leads to losses during vector purification, and while aggregates 

can be removed by filtration, the loss in yield results in higher costs and capacity limitations 

when producing vector for pre-clinical and clinical studies. Even after filtration to remove 

aggregates, new aggregates can form in concentrated preparations of AA V2 vector in buffered­

saline solutions. 

The need exists for improved formulations and methods for purification and storage of 

AA V vectors, such as rAAV2, that prevent aggregation of virus particles. 
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SUMMARY OF THE INVENTION 

These and other needs in the art are met by the present invention, which provides high 

ionic strength solutions for use in preparing and storing AA V vectors that maintain high 

infectivity titer and transduction efficiency, even after freeze-thaw cycles. 

In one aspect the invention relates to methods of preventing aggregation ofvirions in a 

preparation ofvirions by adding excipients to achieve an ionic strength high enough to prevent 

aggregation. In another aspect the invention relates to compositions of virions having an ionic 

strength high enough to prevent aggregation. 

In some embodiments of the invention, the ionic strength is at least about 150mM, 

200mM, 250mM, 300mM, 350mM, 400mM, 450mM, 500mM, 600mM, 700mM or more. In 

some embodiments this ionic strength is accomplished using excipients comprising one or more 

multivalent ions, for example citrate, sulfate, magnesium or phosphate. 

In additional embodiments, the osmolarity of the preparation ofvirions is maintained at 

near isotonic levels, for example 200mOsm, 250mOsm, 280mOsm, 300mOsm, 350mOsm or 

400mOsm, even though the ionic strength is high enough to prevent virion aggregation. 

In some embodiments the virions are adeno-associated virus (AAV) virions, for example 

AAV-2. 

In other embodiments of the methods of the present invention preparations of virions are 

treated with a nuclease, for example Benzonase®. In further embodiments, nuclease treatment is 

combined with addition of excipients that achieve an ionic strength high enough to prevent 

aggregation. 
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In some embodiments of the present invention, the surfactant Pluronic® F68 is added to a 

preparation ofvirions, for example to 0.001 %. In one embodiment, the composition comprises 

purified virus particles, 10 mM Tris pH 8.0, 1 00mM sodium citrate and 0.001 % Pluronic® F68. 

In one embodiment, AA V vectors can be stored as compositions of the present invention 

at concentrations exceeding lxl0 13 vg/mL, for example 2x10 13, 3x10 13
, 4x10 13, 5x10 13 and up to 

6.4x10 13 vg/mL, without significant aggregation. In some embodiments, AA V vectors stored 

using the methods and compositions of the invention do not exhibit significant aggregation when 

stored at 4°C for five days. In other embodiments, AA V vectors that are stored as such 

compositions do not exhibit significant aggregation after one, five, ten or more freeze-thaw 

cycles at -20°C or at -80°C. 

In some embodiments, preparations of virions stored according to the methods and 

compositions of the invention exhibit an average particle radius (Rh), as measured by dynamic 

light scattering, indicating that no significant aggregation ofvirions has taken place. In some 

embodiments, preparations of virions stored according to the methods and compositions of the 

invention exhibit an average particle radius (Rh) greater than about 15nm, 20nm, or 30nm. 

In some embodiments, recovery of virions from preparations of virions stored according 

to the methods and compositions of the invention is greater than about 85%, 90% or 95% 

following filtration through a 0.22µm filter. 

In yet another aspect, the invention relates to kits comprising the high ionic strength 

formulations of the invention. In one embodiment the kit comprises a pre-mixed solution of 

excipients. In another embodiment the kit comprises two or more separate components of a high 

ionic strength composition of the present invention to be mixed by a user. In some embodiments 

the kit comprises sodium citrate, Tris® and Pluronic® F68. In other embodiments, the kit further 
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comprises instructions for making a composition or performing a method of the present 

invention. 

DESCRIPTION OF THE DRAWINGS 

FIGS. lA and 1B present data showing aggregation of AA V2-FIX particles as a function 

of osmolarity (FIG. lA) or ionic strength (FIG. 1B) for various buffer compositions. AA V2-FIX 

vectors are prepared by Method 2 of Example 1. Average particle radius is measured by 

dynamic light scattering (DLS) following vector dilution in varying concentrations of excipients 

buffered with 10 mM sodium phosphate at pH 7.5. Excipients include sodium chloride(•), 

sodium citrate (o), sodium phosphate(■), sodium sulfate(□), magnesium sulfate (4), and 

glycerol (~). 

FIG. 2 presents data on AAV2-FIX aggregation as a function of the method of 

purification. The average particle radius is measured by DLS following vector dilution in 

varying concentrations of sodium chloride buffered withl0mM sodium phosphate at pH 7.5. 

Vectors are purified by Method 1 (double CsCl gradient) (o); Method 2 (cation exchange 

chromatography)(□); Method 2 plus nuclease digestion(■); or Method 3 (chromatography plus 

one CsCl gradient) (~). Purification Methods 1-3 are described in Example 1. 

FIG. 3 presents data on transgene expression from D7/4 cells transduced with rAAV2-

AADC virions prepared and stored in high ionic strength formulation(□) or in a control 

formulation ( • ). The concentration of AADC was measured by ELISA (in triplicate for each 

data point) 72 hours post-transduction. Error bars represent standard deviations. 

7 
Sarepta Exhibit 1088, page 320



NVS-ZOL-00139034

Case 1:21-cv-01736-RGA   Document 301-1   Filed 11/20/23   Page 321 of 385 PageID #: 19429

0800-0045 
PATENT 

DETAILED DESCRIPTION OF THE INVENTION 

AA V2 vector aggregation is frequently observed in concentrated preparations of vectors 

and can affect purification recovery, and in vivo potency and safety. Hence, an important 

objective for the development AA V2 vectors is to identify methods and formulations that 

prevent aggregation of vectors when concentrated stocks are prepared. 

Unless otherwise indicated, the term ''vector" as used herein refers to a recombinant 

AA V virion, or virus particle, regardless of the frequent use of''vector" to also refer to non-viral 

DNA molecules, such as plasmids, in other contexts. 

The present invention is based in part on the observation that solution ionic strength is an 

important parameter in AA V vector aggregation, implicating the involvement of ionic 

interactions between virus particles in the aggregation process. The observation that elevated 

ionic strength increases AA V2 vector solubility regardless of the identity of the charged 

excipient supports the hypothesis that ionic strength of solution per se, rather than interactions 

involving a specific ionic species, is the relevant physico-chemical parameter. A threshold ionic 

strength of at least 200mM is required to prevent aggregation at vector particle concentrations 

examined herein. 

Of practical concern, commonly used buffered saline solutions have insufficient ionic 

strength to prevent AA V2 vector aggregation at concentrations exceeding 1013 particles/mL. It is 

known that high salt concentrations increase AA V2 vector solubility ( e.g. highly concentrated 

AA V2 vectors recovered from gradients generally remain soluble in concentrated CsCl). 

However, optimal formulations for pre-clinical and clinical studies should be close to isotonic 

(280-400 mOsm), especially for in vivo administration of vector to sites where dilution of 

hypertonic solutions may be slow. In embodiments of the present invention the exponential 
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relationship of ionic strength with charge valency is used to develop isotonic fonnulations with 

high ionic strengths. Salt species with multiple charge valencies (e.g. salts of sulfate, citrate, and 

phosphate) that are commonly used as excipients in human parenteral fonnulations can provide 

the level of ionic strength needed to prevent AA V2 vector aggregation when used at isotonic 

concentrations. While isotonic (150mM) sodium chloride has an ionic strength of 150mM, a 

value insufficient to maintain AA V2 solubility at high vector concentrations, isotonic sodium 

citrate, with an ionic strength of ~500mM, can support AA V2 vector concentrations of at least 

6.4 x 1013 vg/mL without aggregation. 

Without intending to be limited by theory, the low solubility of AAV2 particles may be 

caused by their highly symmetrical nature in conjunction with the stabilizing effect of 

complementary charged regions between neighbouring particles in aggregates. The surface 

charge density based on the crystal structure of AA V2 (Xie, Q. et al. (2002) Proc. Natl. Acad. 

Sci. US.A. 99: 10405-10410) reveals a pattern of positive and negative charges on the virus 

surface. Previous reports have shown that AA V2 vector aggregation is pH dependent, and 

hypothesized that amino acids with charged side groups are involved in inter-particle binding. 

Qu, G. et al. (2003) Mo!. Therapy 7: S238. These reports hypothesized that if charged amino 

acid side chains are involved in vector aggregation, high concentrations of free amino acids 

could block vector particle interactions. However, we have found that amino acids with charged 

side chains are not effective in preventing AA V2 vector aggregation beyond their contribution to 

ionic strength. 

Vector aggregation at low ionic strength was also found to be reduced but not prevented 

by efficient nuclease treatment of purified vector particles. Digestion at an earlier stage of the 

purification process (clarified HEK cell lysate) did not reduce aggregation following vector 
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purification. It is likely that digestion of already purified virions is more efficient because of a 

higher enzyme to nucleic acid substrate ratio. One mechanism to explain these results is that 

residual nucleic acid impurities (e.g. host cell and plasmid DNA) bound to the vector surface can 

bridge to binding sites on neighbouring virus particles and thus cause aggregation. Purified 

AA V2 vectors ( empty capsid free) have been reported to contain approximately 1 % non-vector 

DNA. Smith, P. et al. (2003) Mo/. Therapy 7: S348. While >50% of this non-vector DNA was 

reported to be nuclease resistant and was packaged within capsid particles, some impurity DNA 

was nuclease resistant and appeared to be associated with the surface of purified vector particles. 

The observation that efficient nuclease treatment can reduce vector aggregation suggests that 

nucleic acids associated with the vector surface at an average level not greater than ~25 

nucleotides per vector particle can contribute to AA V vector aggregation. 

In summary, the use of high ionic strength solutions during AA V2 vector purification and 

final formulation, and efficient removal of residual vector surface DNA are two effective 

strategies to achieve highly concentrated solutions of AA V2 vectors for use in pre-clinical and 

clinical studies. High ionic strength solutions and nuclease treatment can be used in combination 

or separately. Although data were obtained using AA V2 vectors, the composition and methods 

of the present invention may also be useful with other AA V serotypes / variants, or other viral 

vectors such as adenoviruses, lentiviruses and retroviruses. 

AA V Aggregation as a Function of Excipient Concentration 

Initial screening experiments are performed to elucidate the mechanism of AA V vector 

aggregation and to identify classes of excipients that can reduce / prevent aggregation. Vector 

aggregation can be caused by dilution (5-fold) of vector in neutral-buffered saline with low 
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concentration buffer (20mM sodium phosphate, pH 7 .2). Excipients are screened using this 

"dilution-stress" method to identify excipients that are able to prevent vector aggregation when 

included in the diluent. For screening, aggregation is measured by dynamic light scattering 

(DLS). Classes of excipients examined included selected inorganic salts, amino acids, 

uncharged carbohydrates, and surfactants. Results are presented in Table 1. 
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TABLE 1 

SCREENING FOR EXCIPIENTS THAT PREVENT AA V2 VECTOR AGGREGATION 

USING DILUTION-STRESS METHOD 

Osm required to prevent 
Excipient aggregation (max tested) 

Magnesium sulfate 180 mOsm 

Sodium citrate 220mOsm 

Sodium chloride 320mOsm 

Sodium phosphate 220mOsm 

Sodium sulfate 220mOsm 

Arginine NIA (200 mOsm) 

Aspartic acid 320mOsm 

Glutamic acid 320 mOsm 

Glycine NIA (200 mOsm) 

Histidine NIA (200 mOsm) 

Lysine 300mOsm 

Glycerol NIA (5% w/v, 543 mOsm) 

Iodixanol NIA (5% w/v, 32 mOsm) 

Mannitol NIA (5% w/v, 275 mOsm) 

Sorbitol NIA (5% w/v, 275 mOsm) 

Sucrose NIA (5% w/v, 146 mOsm) 

Trehalose NIA (5% w/v, 146 mOsm) 

Pluronic® F68 NIA (10% w/v, 12 mOsm) 

Polysorbate 80 NIA (1% w/v) 

NIA: No inhibition of aggregation 
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As illustrated in Table 1, charged excipients (inorganic salts and amino acids) prevent 

aggregation when present at sufficient concentrations. However, salt concentrations required to 

prevent vector aggregation vary, ranging from 180 mOsm for magnesium sulfate, to 320 mOsm 

for sodium chloride. The amino acids arginine, aspartic acid, glutamic acid, glycine, histidine, 

and lysine do not prevent aggregation at 200 mOsm, but lysine, aspartic acid, and glutamic acid 

prevent aggregation at 300-320 mOsm. Arginine, glycine and histidine were not tested at 

concentrations other than 200 mOsm. Selected carbohydrates have no effect on vector particle 

aggregation when present at concentrations up to 5% w/v. For example, 5% w/v glycerol (543 

mOsm) does not prevent aggregation. The surfactants Polysorbate80 (1 % w/v) and Pluronic® 

F68 (10% w/v) similarly have no effect on aggregation using the "dilution-stress" method. 

AA V Aggregation as a Function of Osmolarity and Ionic Strength 

FIGS. IA and 1B show the results of a more detailed analysis of vector aggregation as a 

function of the concentration of various salts. FIG. IA shows vector aggregation as a function of 

the osmolarity of selected excipients. For charged species a concentration-dependent inhibition 

of AA V2 vector aggregation is observed. Salts with multivalent ions achieve a similar degree of 

inhibition of aggregation at lower concentrations than monovalent sodium chloride. For 

example, magnesium sulfate prevents aggregation at 2: 200 mOsm whereas sodium chloride 

requires 2: 350 mOsm to achieve a similar effect. Sodium citrate, sodium sulfate, and sodium 

phosphate are intermediate in their potency to prevent vector aggregation. 

Although the results in FIG. IA and Table 1 show no effect of glycerol and certain sugars 

at concentrations up to 5% on AA V2 vector aggregation induced by low ionic strength, the data 
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cannot rule out improvement of AA V2 solubility at glycerol concentrations above 5%. For 

example, Xie and co-workers reported that 25% (w/v) glycerol enabled concentration of AA V2 

to very high concentrations ( 4.4 to 18 x 1014 particles/ml) in low ionic strength solutions. Xie, 

Q. et al. (2004) J. Viral. Methods 122: 17-27. 

FIG. 1B shows the data of FIG. IA plotted as a function of the calculated ionic strength, 

rather than osmolarity, for each excipient. FIG. 1B demonstrates that vector aggregation is 

prevented when ionic strength is ~200 mM or greater regardless of which salt is used. These 

data suggested that the ionic strength(µ) of a solutio·n, a parameter that depends on both solute 

concentration and charge valency, is the primary factor affecting aggregation. 

Ionic strengths useful to prevent aggregation in embodiments of the present invention 

include, for example, 250 mM, 300 mM, 350 mM, 400 mM, 450 mM, 500 mM, 600 mM, 

700 mM or higher ionic strengths. Multivalent ions are preferred to achieve these ionic strengths 

in methods and formulations of the present invention, such as divalent, trivalent, tetravalent, 

pentavalent ions and ions of even higher valency. The pH buffer in solutions and formulations 

of the present invention may be phosphate, Tris, or HEPES (or other Good's buffers), but any 

other suitable pH buffer may be used. In preferred embodiments, the multivalent ions and buffer 

are selected to be compatible with the target tissue for the vector being prepared. 

Use of multivalent ions in the methods and compositions of the invention makes it 

possible to create compositions of high ionic strength but relatively low osmolarity. High ionic 

strength compositions of the present invention may be nearly isotonic, and may be, for example, 

about 200mOsm, 250mOsm, 280mOsm, 300mOsm, 350mOsm or 400mOsm, although other 

osmolarities may be acceptable for some uses of the compositions. 
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AA V Aggregation as a Function of the Method of AA V Purification 

Recombinant AA V2 purified using different methods ( e.g. density gradient purification 

versus ion-exchange chromatography) would be expected to have different impurity profiles. 

FIG. 2 shows vector aggregation as a function of ionic strength for several preparations of AA V 

differing in the purification method. Purification methods are described in Example 1. Sodium 

chloride is used to vary the ionic strength. AA V2-FIX vectors purified by double cesium 

chloride gradient ultracentrifugation (Method 1 ), by cation exchange column chromatography 

(Method 2), or by combined column and cesium chloride gradient ultracentrifugation (Method 3) 

each demonstrate similar aggregation responses as ionic strength is decreased. In contrast, 

AA V2-FIX purified by the column method and then subjected to a nuclease digestion step 

(Method 2 + nuclease) shows reduced aggregation at low ionic strength. 

AA V Aggregation at Preparative Scale 

The data in Table 1 and FIGS. IA, 1B and 2 involve vector aggregation at an analytical 

scale, employing DLS to measure aggregation. Table 2, in contrast, shows the effects of 

elevated ionic strength and nuclease treatment on AA V2 vector aggregation at a larger scale, 

using methods to induce and quantify vector aggregation that are relevant to preparative scale 

vector purification. Experimental details are provided in Example 2. Purified AA V vectors are 

diafiltered into solutions of various ionic strengths, the volume is reduced to achieve high vector 

concentrations, and aggregation is then assessed by measuring vector recovery after filtration 

through a 0.22µm filter. Aliquots from a single pool of AA V2-AADC vector purified by 

Method 1 through the second CsCl gradient centrifugation step (l.8x10 15 vg in 91mL, l.8x10 13 

vg/mL, in ~3M CsCl) are used as starting material in the diafiltration experiments. Tangential 
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flow filtration using hollow fibers is used for diafiltration because it is scalable and yet it still 

enables preparation of volumes (min. 1.4mL), and thus AA V concentrations, at which 

aggregation would be expected in neutral buffered saline. 

In Experiment 1, three hollow fiber units are used to diafilter AA V2-AADC vector in 

formulations CF, TFl, or TF2, and the volume is reduced to a target of2.5x10 13 vg/mL. See 

Example 2. The samples are then filtered through a 0.22µm filter. Results are shown in Table 2. 

Vector recovery ("Yield%") for both elevated ionic strength formulations TFl (95 ± 7.4%) and 

TF2 (93 ± 7.4%) are significantly higher than the recovery using the control formulation CF (77 

± 6.6%). 

TABLE2 
AA V VECTOR RECOVERY AT PROCESS SCALE 

Target Actual Yield% 
Experiment Formulation µ(mM) (vg/mL) (vg/mL) (RSD) 

1 CF 160 2.5E13 l.93E13 77 (6.6) 

1 TFl 310 2.5E13 2.38E13 95 (7.4) 

1 TF2 510 2.5E13 2.33E13 93 (7.4) 

2 CF 160 6.7E13 3.98E13 59 (6.0) 

2 TF2 510 6.7E13 6.42E13 96 (4.4) 

3 CF (-Bz) 160 3.6E13 2.46E13 68 (11) 

3 CF (+Bz) 160 3.6E13 3.29E13 91 (12) 

In Experiment 2, AAV2-AADC is concentrated to a higher target value (6.7x10 13 vg/mL) 

in CF or TF2. Vector recovery using TF2 (96 ± 4.4%) is again significantly higher than recovery 

using CF (59 ± 6.0%). Within the variability of the assays used, vector was recovered fully at 

both target concentrations using TF2, indicating that aggregation was prevented. In contrast, 

significant aggregation was observed at both target concentrations using CF, and the extent of 
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aggregation (i.e. loss following 0.22µm filtration) was higher at the higher target vector 

concentration. In an additional experiment (not shown), 50 µL samples of AA V2 vector are 

taken following concentration but prior to the 0.22µm filtration step of Experiment 2, and 

examined by light microscopy. Vector concentrated in CF contains obvious amounts of visible 

material (not shown), while no such material is seen in vector concentrated in TF2. 

Experiment 3 examines the effect of prior nuclease digestion of purified vector on 

aggregation. In the absence of nuclease digestion recovery of AAV2-AADC in CF is 68 ± 11 %, 

similar to the recoveries in Experiments 1 and 2. In contrast, purified vector treated with 

nuclease and then concentrated in CF gives higher recovery (91 ± 12%). These prep scale results 

reflect the same effect of nuclease digestion shown in FIG. 2 using the "dilution-stress" 

(analytical scale) method. 

The results presented in Table 2 demonstrate that the methods and compositions of the 

present invention increase the recovery of AA V vector recovery. For example, in various 

embodiments of the present invention, recovery is improved from less than about 80% to at least 

about 85%, 90%, 95% or more. 

AA V Stability and Activity Following Storage or Freeze-Thaw Cycling 

Croyle and coworkers reported a significant loss of titer of AA V and adenovirus 

following multiple freeze-thaw cycling in sodium phosphate buffer, and demonstrated that the 

better pH buffering provided by potassium phosphate during freeze-thaw cycling prevented titer 

loss. Croyle, M.A. etal. (2001) Gene Therapy 8: 1281-1290. Results of our freeze-thaw 

stability study using sodium phosphate support these findings. We find that while 150mM 

sodium phosphate provides sufficient ionic strength to prevent aggregation during preparation 
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and non-frozen storage of concentrated AA V2-AADC vector, even a single freeze-thaw cycle at 

-20 or -80 °C results in aggregation. 

AA V stability after storage or freeze-thaw (F/T) cycling is assessed in buffers of the 

present invention as follows. The concentrated vectors prepared in CF, TF 1, and TF2 (Table 2, 

Experiment 1) are subjected to a short stability study to investigate whether aggregation will 

occur during refrigerated storage, or following multiple freeze-thaw (F /T) cycles. Aggregation is 

assessed by DLS using undiluted samples, and Rh values >20nm are deemed to indicate the 

occurrence of some level of aggregation. 

TABLE 3 

ST ABILITY OF AA V2 VECTORS 

Particle radius -Rh (nm) 

Formulation Pre 4°c -20 °C - 80 °C 

5d 1 FIT 5 FIT 10 F/T 1 F/T 5 FIT 

CF 14.5 27.0 22.4 56.l 94.5 20.6 57.5 

TFl 13.8 16.3 TH TH TH TH TH 

TF2 13.8 14.4 14.2 14.0 14.1 13.8 21.3 

Pre: DLS radius measured immediately following 0.2µm filtration. 

Vector concentrations (vg/mL): CF: l.93E13, TFl: 2.38E13, TF2: 2.33E13. 

TH: signal intensity is too high to measure because of extensive aggregation. 

10 FIT 

141 

TH 

50.9 

As shown in Table 3, AA V2-AADC vector prepared in CF shows some aggregation after 

5 days of storage at 4 °C, as well as following one or more FIT cycles at -20 or -80°C. For 

vector prepared in TFl, no aggregation occurs after 5 days at 4°C, but aggregation occurs 

following a single FIT cycle at -20 or -80 °C as indicated by a DLS signal intensity that is too 
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high to measure. Visual inspection of these samples reveals slight cloudiness, which is 

consistent with aggregation. For vector prepared in TF2, no aggregation is observed at 4 °C, or 

following up to 10 Fff cycles at -20 °C. Some aggregation is observed following 5 and 10 Fff 

cycles at -80 °C. 

AA V activity after storage or Fff cycling in TF2 is assessed as follows. As described 

above, the high ionic strength, isotonic formulation TF2 effectively prevents vector aggregation 

during concentration and storage, and therefore represents a promising candidate for further 

study. An important question is whether preparation and storage of the vector in high ionic 

strength TF2 would adversely affect its functional activity. To assess this, assays are performed 

to measure the infectious titer and the transduction efficiency of vectors prepared and stored for 

an extended period of time in TF2. 

For infectivity, a highly sensitive infectivity assay capable of detecting single infectious 

events is used. Zhen, Z. et al. (2004) Human Gene Ther. 15: 709-715. AA V2-AADC is 

prepared in TF2 at a concentration of 6.4x10 13 vg/mL. After being stored for 45 days at 4 °C the 

preparation has a vector genome to infectious unit ratio (vg/IU) of 13, compared to a value of 16 

vg/IU for the reference vector. This difference is not significant given the reported variability of 

this assay (RSD ~50%). 

Transduction efficiency is assessed by measuring the expression of AADC protein by 

ELISA following transduction ofD7/4 cells. FIG. 3 shows no significant difference between 

vector prepared in TF2 and the reference control for vector input ranging from 10 to 105 vg/cell. 

Together, these data indicate that preparation and storage of AA V2 vectors in high ionic strength 

TF2 does not have a deleterious effect on vector infectivity or transduction efficiency. 
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Conclusion 

The effect of ionic strength (µ) on virus particle interactions is determined to elucidate 

the mechanism of vector aggregation. The ionic strength of neutral-buffered isotonic saline(µ= 

1 S0mM) is insufficient to prevent aggregation of AA V2 vectors purified by gradient 

ultracentrifugation or by cation exchange chromatography at concentrations exceeding ~ 1013 

particles/mL. Inclusion of sugars (sorbitol, sucrose, mannitol, trehalose, glycerol) at 

concentrations up to 5% (w/v) or of surfactants Tween80® (1 %) or Pluronic® F68 (10%) does not 

prevent aggregation of vector particles. 

In contrast, vector particles remain soluble when elevated ionic strength solutions (µ > 

200mM) are used during purification and for final vector formulation. Elevated ionic strength 

solutions using isotonic excipient concentrations for in vivo administration are prepared with 

salts of multivalent ions, including sodium citrate, sodium phosphate, and magnesium sulfate. 

An isotonic formulation containing 1 0mM Tris, 1 00mM sodium citrate, 0.001 % Pluronic® f 68, 

pH 8.0 (µ ~S00mM) enables concentration of AAV2-AADC vectors to 6.4x10 13 vg/mL with no 

aggregation observed during preparation and following ten freeze-thaw cycles at -20 °C. See 

Table 3, below, and accompanying discussion. AAV2-AADC vectors prepared and stored for an 

extended period in elevated ionic strength formulation retain high infectivity titer (13 IU/vg) and 

transduction efficiency. 

Nuclease treatment of purified AA V2 vectors reduces the degree of vector aggregation, 

implicating vector surface nucleic acid impurities in inter-particle interactions. Hence, 

purification methods to efficiently remove vector surface residual nucleic acids, coupled with the 

use of elevated ionic strength isotonic formulations, are useful methods to prevent AA V2 vector 

aggregation. 
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EXAMPLE 1 

AA V PURIFICATION METHODS 

AA V2 vectors expressing human coagulation factor IX (FIX) or human amino acid 

decarboxylase (AADC) are produced by triple transfection ofHEK.293 cells as previously 

described (Matsushita, T. et al. (1998) Gene Therapy 5: 938-945), with modifications. For the 

large scale preparations, cells are cultured and transfected in 850 mm2 roller bottles (Coming). 

Vectors are purified by one of three methods. 

In purification Method 1, modified from Matsushita, transfected HEK.293 cells in roller 

bottles are collected by centrifugation (1 000g, 15min), resuspended in IOmM sodium phosphate, 

500mM sodium chloride, pH 7.2, and lysed by three freeze/ thaw cycles (alternating an ethanol/ 

dry ice bath and a 37°C water bath). The cell lysate is clarified by centrifugation (8,000g, 

15 min). The supernatant is then diluted to 200mM NaCl by addition of 1 0mM sodium 

phosphate, pH 7.2, and digested with Benzonase® (Merck, Purity Grade 1; 200 U/mL, lh, 37 

°C). The lysate is adjusted to 25mM CaCh using a IM stock solution, and incubated at 4°C for 

one hour. 

The mixture is centrifuged (8,000g, 15 min), and the supernatant containing vector is 

collected. To precipitate virus from the clarified cell lysate, polyethylene glycol (PEG8000) is 

added to a final concentration of 8%, the mixture incubated at 4°C for three hours, and then 

centrifuged (8,000g, 15 min). The pellets containing vector are re-suspended with mixing in 

0.15M NaCl, 50mM Hepes, 25mM EDTA, pH 8.0 and incubated at 4°C for 16 hours. The 

resuspended material is pooled, and solid cesium chloride is added to a final density of 1 .40 
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gm/ml. Vector is then banded by ultracentrifugation (SW28, 27,000rpm, 24h, 20°C) using a 

Beckman model LE-80 centrifuge. The centrifugation tubes are fractionated, and densities from 

1.38 to 1.42 gm/mL containing vector are pooled. This material is banded a second time by 

ultracentrifugation (NVT65 rotor, 65,000 rpm, 16h, 20°C), and fractions containing purified 

AA V2 vectors are pooled. To concentrate vector and to perform buffer exchange, vectors in 

concentrated cesium chloride solution are subjected to ultrafiltration / diafiltration (UF/DF) by 

tangential flow filtration as described below (Example 2). 

In purification Method 2, cell harvests containing AA V are microfluidized and filtered 

sequentially through 0.65 and 0.22 µm filters (Sartorius). Virus is purified from the clarified cell 

lysates by cation exchange chromatography using Poros HS50 resin as previously described. 

U.S. Pat. No. 6,593,123. For the nuclease digestion described in FIG. 2, column-purified vectors 

are incubated (4h, RT) with 100 U/mL Benzonase and 10 U/mL DNAse I (RNAse free, Roche 

Diagnostics, Indianapolis, Indiana). 

For purification Method 3, AA V2 vectors purified by cation exchange chromatography 

are subjected to an additional cesium chloride gradient ultracentrifugation step (SW28, 

27,000rpm, 20h) to remove empty capsids prior to UF/DF. 

Real time quantitative PCR (Q-PCR) is used to quantify AA V preparations as previously 

described. Sommer, J.M. et al. (2003) Mo/. Therapy 7: 122-128. Vectors purified by each of 

the three methods are analyzed by SDS-PAGE / silver staining analysis, and in all cases VPl, 

VP2 and VP3 are present in the expected ratios, with the capsid proteins representing >95% of 

total proteins as determined by scanning densitometry. However, unlike gradient-purified AAV2 

vectors purified using Methods 1 and 3, vectors purified by Method 2 (column chromatography) 

. contain empty capsids, ranging from 3-10 empty capsids per vector genome. 
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EXAMPLE2 

UL TRAFIL TRA TION AND DIAFIL TRA TION TO DETECT AA V AGGREGATION 

Disposable hollow fiber tangential flow filtration devices (Amersham BioSciences 8" 

Midgee, 100 kDa nominal pore size) are used to concentrate and diafilter AA V2 vectors purified 

by the methods described above, and for the UF/DF experiments described in Table 2. For all 

UF /DF procedures a volume of diafiltration buffer corresponding to 1 Ox the product volume is 

used, and it is added in~ lmL increments to approximate continuous diafiltration. Using this 

method, the calculated residual CsCl after diafiltration is <0.5mM. 

The following three formulations were used for UF/DF: Control Formulation (CF: 

140mM sodium chloride, IOmM sodium phosphate, 5% sorbitol, pH 7.3); Test Formulation 1 

(TFl: 150mM sodium phosphate, pH7.5); and Test Formulation 2 (TF2: 100 mM sodium citrate, 

1 0mM Tris, pH8.0). For Experiment 1 shown in Table 2, diafiltration is performed at a volume 

corresponding to a vector concentration of lx10 13 vg/mL, and following diafiltration the volume 

is reduced to a value corresponding to 2.5x10 13 vg/mL (assuming no vector loss). 

For Experiment 2, diafiltration is performed at a volume corresponding to a 2xl0 13 

vg/mL, and the volume is then reduced to a value corresponding to 6.7x10 13 vg/mL. 

For Experiment 3 (CF± Bz), AA V2-AADC (approximately l .2xl 014 vg) is first 

diafiltered into TFl (a formulation compatible with nuclease activity) and then passed through a 

0.22 µm filter. The titer of this material is determined, and the volume is adjusted to correspond 

to a concentration of lx10 13 vg/mL. To 10 mL of this material, MgCli is added to a 

concentration of 2 mM, and then divided into two equal aliquots. One aliquot is incubated with 

Benzonase (200 U/mL, 4h, RT), and the second is mock-incubated. Each aliquot is then 
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diafiltered at a volume corresponding to a vector concentration 2x10 13 vg/mL, and then 

concentrated to a 3.6x10 13 vg/mL target. Following all UF/DF protocols, Pluronic® F·68 (BASF 

Corp., Mount Olive, NJ) from a 1 % stock is added to the vector product to a final concentration 

of 0.001%, and the solution is passed through a 0.22µm syringe filter (Sartorius). All UF/DF 

procedures are performed in a laminar flow cabinet. 

EXAMPLE3 

MEASUREMENT OF VECTOR AGGREGATION BY 

DYNAMIC LIGHT SCA TIERING 

Purified vectors are analyzed for aggregation by dynamic light scattering (DLS) using a 

Protein Solutions DynaPro 99 (l=825.4 nm). Primary data (particle radius Rh, average value 

measured over 30 cycles, 10 cycles/min) are used for all analyses reported. A "dilution•stress" 

method is used to assess the effect of varying excipients on vector aggregation. In this method, 

80 µL of test diluent is added to 20 µL of vector solution with mixing in the actual cuvette used 

for DLS measurement, and data collection is initiated within 10 seconds of mixing. Prior to 

addition of test diluents, the Rh value for AA V2 vector preparations is measured and confirmed 

to be <15 nm to ensure that the starting material is monomeric. Samples that are not 100% 

monomeric are passed through a 0.22µm syringe disc filter (Sartorius, low protein binding) to 

remove aggregates. 

The osmolarity and ionic strength values given in FIGS. 1 and 2 are calculated using all 

excipients present in the mixture (i.e. weighted: test diluent (80%) and starting vector 

formulation (20%)). Osmolarity is calculated according to the equation: Osmolarity = l'.ci, 

where Ci is the molar concentration of each solute species. The ionic strength(µ) is calculated 
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according to the equation: µ ½ Iciz/, where Zi is the charge on each species. In conditions that 

resulted in vector aggregation (e.g. lowµ) a progressive increase in Rh is observed over the 

course of data collection. To validate the use of the average Rh measured over the 3 minute 

interval following dilution as a reliable measure of aggregation, the average rate of increase of 

Rh (Mh I ~t) over the same time interval is also determined (not shown). Analysis of Mh I ~t 

gives results concordant with those obtained using the average Rh value reported in FIGS. 1 and 

2. 

EXAMPLE4 

AA V VIRION INFECTIVITY 

Infectivity of AA V2-AADC vectors is determined using a highly sensitive assay as 

previously described. Zhen, Z. et al. (2004) Human Gene Ther. 15: 709-715. Briefly, samples 

are serially diluted (10-fold dilutions, 10 replicates/ dilution) and added to D7 /4 cells (modified 

HeLa cells expressing AAV rep and cap) grown in 96 well tissue culture plates (Falcon, cat. 

#353227) in DMEM medium containing 10% FBS. Adenovirus (Ad-5, 100 vp/cell) is added to 

each well to provide helper functions. After 48h, replication of AA V vector in each well is 

quantified by Q-PCR using transgene-specific primers and probes, and the frequency of infection 

at limiting dilution is analyzed by the Karber method to calculate the infectivity titer. The test 

sample is run concurrently with an AA V2-AADC reference previously prepared in CF and 

stored at -80 °C. 

The transduction efficiency of AA V2 vectors is quantified by a whole cell ELISA. D7/4 

cells grown in 96 well plates are infected with IO-fold serial dilutions of the test sample and 

reference vector, corresponding to 10 to 105 vg / cell input (5 replicates / dilution). After 48h, 
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the culture medium is removed, and cells are washed twice with 200 µL PBS (10 mM sodium 

phosphate, 140mM sodium chloride, pH 7.2). Cells are then permeabilized and fixed by addition 

of I00µL of PBS containing 0.5% Triton X-100 and 4% paraformaldehyde to each well 

(15 min). The fixing solution is removed, and the cells are washed twice with PBS containing 

0.5% Triton X-100. Non-specific sites are blocked by adding PBS containing 3% bovine serum 

albumin (BSA) and 0.5% Triton X-100 (60min). 

After washing, cells are incubated for one hour with rabbit anti-AADC IgG antibody 

(Chemicon, AB 136), and washed. Cells are then incubated for one hour with alkaline 

phosphatase-conjugated goat anti-rabbit lgG, and washed. Antibodies are diluted 1: 1000 in PBS 

containing 1% BSA, 0.5% Triton X-100. Substrate (PNPP, Pierce, cat. #34047) is then added (1 

mg/mL in IX diethanolamine substrate buffer, Pierce, cat. #34064), and after incubation for 

30min the concentration of cleaved substrate is measured spectrophotometrically (11.=405nm). 

Human AADC expression as a function of vector input is fitted using a spline curve (SigmaPlot). 

The AA V2-AADC reference vector is measured concurrently with the test sample. 

While preferred illustrative embodiments of the present invention are described, it will be 

apparent to one skilled in the art that various changes and modifications may be made therein 

without departing from the invention, and it is intended in the appended claims to cover all such 

changes and modifications that fall within the true spirit and scope of the invention. 

All publications, patents and patent applications referred to herein are hereby 

incorporated by reference in their entireties. 
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We claim: 

1. A method of preventing aggregation of virions in a preparation of virions, comprising 

adding one or more excipients to the preparation of virions to achieve an ionic strength of at least 

about 200 mM. 

2. The method of claim 1, wherein the virions are AA V virions. 

3. The method of claim 1, further comprising treating said preparation of virions with a 

nuclease. 

4. The method of claim 3, wherein the nuclease is Benzonase®. 

5. The method of claim 1, wherein one or more of the excipients comprises a multivalent 

ion. 

6. The method of claim 5, wherein the multivalent ion is citrate. 

7. The method of claim 1, wherein the osmolarity of the preparations of virions after 

addition of the one or more excipients is no greater than about 280mOsm. 

8. The method of claim 1, wherein, after addition of the one or more excipients, the average 

particle radius (Rh) of the virions in the preparation of virions is less than about 20nm as 

measured by dynamic light scattering. 

9. The method of claim 1, wherein, after addition of the one or more excipients, recovery of 

the virions is at least about 90% following filtration of the preparations of virions through a 

0.22µm filter. 

10. A composition for the storage of purified virus particles, comprising: 

purified virus particles; 

a pH buffer; and 
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excipients comprising one or more multivalent ions; wherein the ionic strength of the 

composition is greater than about 200 mM. 

11. The composition of claim 10, wherein the purified virus particles are AA V virus 

particles. 

12. The composition of claim 10, wherein one of the one or more multivalent ions is citrate. 

13. The composition of claim 10, further comprising Pluronic® F68. 

14. The composition of claim 13, wherein the Pluronic® F68 is present at 0.001 %. 

15. The composition of claim 10, wherein the pH buffer is 10 mM Tris, pH 8.0 and the 

excipients comprise 100 mM sodium citrate. 

16. The composition of claim 10, wherein the average particle radius (Rh) of the purified 

virus particles is less than about 20nm as measured by dynamic light scattering. 

17. The composition of claim 10, wherein recovery of the purified virus particles is at least 

about 90% following filtration of the composition of virions through a 0.22µm filter. 

18. A method of preventing aggregation ofvirions in a preparation of virions, comprising 

treating said preparation of virions with Benzonase®. 

19. The method of claim 18, wherein, after Benzonase ® treatment, the average particle radius 

(Rh) of the virions in the preparation of virions is less than about 20nm as measured by dynamic 

light scattering. 

20. The method of claim 18, wherein, after Benzonase®treatment, recovery of the virions is 

at least about 90% following filtration of the preparation of virions through a 0.22µm filter. 
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ABSTRACT 

Compositions and methods are provided for preparation of concentrated stock solutions 

of AA V virions without aggregation. Formulations for AA V preparation and storage are high 

ionic strength solutions (e.g. µ ~500mM) that are nonetheless isotonic with the intended target 

tissue. This combination of high ionic strength and modest osmolarity is achieved using salts of 

high valency, such as sodium citrate. AA V stock solutions up to 6.4xl 013 vg/mL are possible 

using the formulations of the invention, with no aggregation being observed even after ten 

freeze-thaw cycles. The surfactarJt Pluronic® F68 may be added at 0.001 % to prevent losses of 

virions to surfaces during handling. Virion preparations can also be treated with nucleases to 

eliminate small nucleic acid strands on virions surfaces that exacerbate aggregation. 
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Confirmation No.: 5399 

Art Unit: 1657 

Examiner: Satyendra K. Singh 

Title: COMPOSITIONS AND METHODS TO PREVENT AA V VECTOR AGGREGATION 

AMENDMENT UNDER 37 CFR 1.111 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This paper is responsive to the Office Action mailed February 19, 2008, with a shortened 

statutory period of three months for response. Accordingly, a three-month extension of time in 

which to respond is requested and a petition and fee therefor accompany this response. 

Reconsideration of the application is requested in view of the following amendments and 

remarks. 

A listing of claims begins on page 2 of this paper. 

Remarks begin on page 4 of this paper. 
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The following listing reflects amendments to the claims and replaces all prior versions 

and listings of claims in this application. 

1. (Previously presented) A method of preventing aggregation of recombinant adeno­

associated virus (rAA V) virions in a preparation ofrAA V virions, comprising;_ 

1) providing a lysate comprising rAA V virions; 

2) purifying rAA V virions from the lysate using ultracentrifugation and/or 

chromatography, wherein said virions are purified; and 

3) adding one or more excipients to said purified virions to produce a preparation of 

virions with achie•1e an ionic strength of at least 200 mM, wherein the concentration of purified 

rAA V virions in said preparation exceeds lxl0 13 vg/ml. 

2. (Canceled) 

3. (Previously presented) The method of claim 1, further comprising treating said 

purified virions with a nuclease. 

4. (Previously presented) The method of claim 3, wherein the nuclease is an 

endonuclease from Serratia marcescens (Benzonase®). 

5. (Original) The method of claim 1, wherein one or more of the excipients comprises a 

multivalent ion. 

6. (Currently amended) The method of claim+ .2., wherein the multivalent ion is citrate. 

-2-
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7. (Currently amended) The method of claim 1, wherein the osmolarity of the 

preparations ofvirions after addition of the one or more excipients is no greater than about 

280mOsm. 

8. (Original) The method of claim 1, wherein, after addition of the one or more 

excipients, the average particle radius (Rh) of the virions in the preparation ofvirions is less than 

about 20nm as measured by dynamic light scattering. 

9. (Currently amended) The method of claim 1, wherein, after addition of the one or 

more excipients, recovery of the virions is at least about 90% following filtration of the 

preparations ofvirions through a 0.22µm filter. 

10-20. (Canceled) 

21. (Previously presented) The method of claim 3, wherein rAA V virions are purified 

from the lysate using cesium chloride gradient ultracentrifugation. 

22. (Previously presented) The method of claim 3, wherein rAA V virions are purified 

from the lysate using cation exchange chromatography. 

23. (Previously presented) The method of claim 3, wherein rAA V virions are purified 

from the lysate using cation exchange chromatography and cesium chloride gradient 

ultracentrifugation. 

24. (Currently amended) The method of claim 3, further comprising diafiltering the 

purified rAA V virions to achieve an ionic strength of at least aeem 200 mM. 

-3-
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Introductory Comments 
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Claims 1, 3-9 and 21-24 were examined in the Office Action under reply and stand 

variously rejected under (1) 35 U.S.C. §112, second paragraph (claim 24); and (2) 35 U.S.C. 

§103(a) (claims 1, 3-9 and 21-24). These grounds of rejection are believed to be overcome by 

this response and are otherwise traversed for reasons discussed in detail below. 

Applicants note with appreciation the withdrawal of the previous rejections under 35 

U.S.C. §112, second paragraph and 35 U.S.C. §102(b). 

Overview of the Above Amendments 

Claim 1 has been amended to provide proper antecedent basis for dependent claims 7-9 

and recites that a "preparation ofvirions" is produced in step 3. Additionally, the preparation is 

characterized by having a concentration of purified rAA V virions that exceeds lxl0 13 vg/ml. 

Support for this recitation can be found throughout the specification at, for example, page 6, line 

5 and in the examples. 

Claim 6 has been amended to depend from claim 5 rather than claim 1 and claim 24 has 

been amended to delete the term "about." 

Claims 7 and 9 have been amended to correct a typographical error. 

The foregoing amendments are made without prejudice, without intent to abandon any 

originally claimed subject matter, and without intent to acquiesce in any rejection of record. 

Applicants expressly reserve the right to file one or more continuing applications containing the 

unamended claims. 

Claim Objections 

The Office objected to the previous claim amendments, noting that claim 6 had been 

amended to depend from claim 1 but was indicated as being an original claim. Claim 6 has been 

amended to correct this typographical error which was introduced in the previous response. 

Applicants apologize for any confusion this inadvertent error caused. 
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Claim 24 was rejected as indefinite based on the use of the term "about." This term has 

been deleted from claim 24. Thus, this basis for rejection has been overcome and withdrawal 

thereof is respectfully requested. 

Rejections Under 35 U.S.C. §103(a) 

Claims 1, 3-9 and 21-24 were rejected under 35 U.S.C. §103(a) as being unpatentable 

over U.S. Patent No. 6,146,874 to Zolotukhin et al. ("Zolotukhin"), taken with U.S. Patent No. 

6,566,118 to Atkinson et al. ("Atkinson") and Drittanti et al, J. Gene Med. (2001) J_:59-71 

("Drittanti'); in view of Qu et al., Malec. Ther. (2003) 2:S348, Abstract 901 ("Qu") and Chen et 

al., J. Pharm. Sci. (1994) 83:1657-1661 ("Chen"), and further in view of U.S. Patent No. 

6,593,123 to Wright et al. ("Wright"). 

The Office argues each of the references of Zolotukhin, Atkinson and Drittanti teach a 

method step for the treatment of rAA V virions with a nuclease and that process steps such as 

ultracentrifugation, chromatography and diafiltration are used and disclosed by each of these 

references. Office Action, page 6. Qu is cited for disclosing problems associated with 

concentration-induced aggregation ofrAA V virions and Chen is cited for disclosing strategies to 

suppress aggregation of proteins. Office Action, page 7. Finally, Wright is cited for teaching a 

method for large scale production ofrAA V virions and the use of a nuclease. However, 

applicants submit the Office has failed to establish a prima facie case of obviousness. 

All pending claims pertain to methods of preventing aggregation of rAA V virions in a 

purified preparation. The rAA V virions are purified from a lysate using ultracentrifugation 

and/or chromatography. One or more excipients are then added to achieve an ionic strength of at 

least 200 mM and the concentration of purified rAA V virions in the preparation exceeds 1 x 1 O 13 

vg/ml. In certain embodiments, the purified preparation is treated with a nuclease. None of the 

cited art, either alone or in combination, teaches or suggests adding one or more excipients to a 

purified rAA V virion preparation to achieve an ionic strength of at least 200 mM wherein the 

preparation includes more than lxl0 13 vg/ml, as claimed. For this reason alone, the cited 

combination fails to render the claims obvious. 

-5-
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In particular, Zolotuk:hin (1) does not recognize that rAA V virions self-aggregate and (2) 

therefore does not provide suggestions regarding a method for preventing aggregation of rAA V 

virions as claimed. This is particularly noteworthy in view of Zolotuk:hin's recognition (see 

column 15, lines 22-35) that AA V aggregates with proteins in the cell lysate wherein high salt in 

the first step of the iodixanol gradient is used to destabilize these AA V-lysate protein 

interactions. Moreover, applicants assert that this passage expressly teaches away from 

applicants' invention because Zolotuk:hin purposely eliminates high salt concentrations from the 

remainder of the iodixanol gradient, including the gradient from which the rAA Vis collected 

after centrifugation, because the elimination of high salt is important for subsequent purification 

steps. 

Applicants further note that, even though Zolotuk:hin recognizes AA V virion-lysate 

protein aggregation as a problem, it does not teach or suggest that self-aggregation of rAA V 

virions is a problem at all, let alone a problem in purified, concentrated AA V preparation. In 

fact, absent applicants' teaching regarding this problem, there is no recognition that rAA V virion 

self-aggregation is a concern that may be addressed by manipulating ionic strength in any of the 

cited art. 

Furthermore, in each of the Zolotuk:hin passages cited by the Examiner to evidence the 

teaching of excipients greater than 200 mM ionic strength, the rAA V is in the process of being 

purified. See, for example, Figure 1 where all of the steps using such buffers are purification 

steps. High salt concentrations are not used in the final preparation. Rather, the final AA V 

product is formulated in Lactated Ringer's buffer. See, column 12, lines 49-54, where virus is 

concentrated by centrifugation through a BIOMAX 1 OOK filter and desalted into Lactated 

Ringer's. Only after this step is the virus considered "purified" in the disclosure and, as 

explained in the previous responses, Lactated Ringer's has an ionic strength of 138.5 mM. 

Applicants' purified product, on the other hand, has an ionic strength of at least 200 mM. There 

is absolutely no suggestion in Zolotuk:hin or any of the other cited references that a final 

preparation with an ionic strength of at least 200 mM and more than lxl0 13 vg/ml is desirable or 

necessary. 

Similarly, Atkinson fails to provide the requisite teaching or suggestion to arrive at the 

instant invention. The Office references Figures 13, 19, 32, 36 and 37 to evidence that excipients 
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Sarepta Exhibit 1088, page 360



NVS-ZOL-00139216

Case 1:21-cv-01736-RGA   Document 301-1   Filed 11/20/23   Page 361 of 385 PageID #: 19469

Atty Dkt No: 0800-0045 
Application No.: 11/141,996 

PATENT 

are added to a preparation of AA V virions to achieve an ionic strength of at least 200 mM. 

However, as in Zolotukhin, there is no disclosure in Atkinson regarding adding excipients to a 

purified preparation of rAA V virions to achieve an ionic strength of at least 200 mM where the 

purified preparation with more than lxl0 13 vg/ml. Indeed, as with Zolotukhin, all of the steps 

cited by the Office, wherein the buffers utilized may have an ionic strength of greater than 

200mM, are steps mid-purification. Furthermore, as with all of the references cited by the 

Office, the purified AA V preparations disclosed in Atkinson are formulated in a final buffer 

consisting of Modified Ringer's Solution with 5% glycerol (for example, see Atkinson at column 

54, lines 33-44). As noted before, Modified Ringer's Solution does not have an ionic strength of 

at least 200 mM. 

Finally, the Office cites Figures 13, 32, 36 and 37 of Atkinson as relevant to the instant 

invention. These Figures pertain to the adjustment of ionic strength in cell culture media, well 

before purification, in order to promote release of the virus into the cell culture without cell lysis. 

See, columns 41-42 of Atkinson. Thus, Atkinson, as with Zolotukhin, fails to teach or suggest a 

method where excipients are added to a purified preparation of rAA V virions to achieve an ionic 

strength of at least 200 mM in order to prevent aggregation and to result in a purified preparation 

with more than lxl0 13 vg/ml. 

Drittanti also fails to teach or suggest these elements of the claimed invention. The 

Office argues rAA V virions are recovered/eluted by adding 300 mM NaCl through a 0-lM NaCl 

linear gradient in 100 mM HEPES buffer. However, as with Zolotukhin and Atkinson, this step 

is not a final purification step. Rather, as explained at page 61, second column, third full 

paragraph, the final preparation is in Ringer-lactate buffer, and as explained above, this buffer 

does not have an ionic strength of at least 200 mM. Drittanti, as with Zolotukhin and Atkinson, 

does not teach or suggest a method where excipients are added to a purified preparation of 

rAA V virions to achieve an ionic strength of at least 200 mM in order to prevent aggregation and 

to result in a purified preparation with more than lxl0 13 vg/ml. Thus, none of the primary 

references teaches or suggests the claimed invention. 

The secondary references of Qu and Chen fail to cure the defects of the primary 

references. Qu merely proposes a mechanism for AA V vector aggregation. The Examiner 

asserts Qu suggests that ion bridges between charged amino acids on the surface of vector 

-7-
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particles contribute to inter-particle interactions. At best, this teaching might lead one of skill in 

the art to adjust the pH of the final formulation, which Qu expressly teaches results "in reversal 

of concentration-induced vector aggregation". Alternatively, the skilled artisan might postulate 

that high concentrations of free amino acids could block vector particle interactions. However, 

as explained at page 9, lines 18-20 of the specification, it has been found that amino acids with 

charged side chains are not effective in preventing AA V2 vector aggregation beyond their 

contribution to ionic strength. Additionally, Qu specifically states that other types of interactions 

may play a role in aggregation and concludes: "In conjunction with further elucidation of the 

mechanism(s) of AA V vector aggregation, these observations will facilitate formulation 

development for optimal large-scale vector purification and clinical use." Thus, Qu explicitly 

states that further work is needed in order to provide a viable purification procedure. 

Chen also does not make up for the failures of the primary references and Qu. Chen does 

not even relate to viruses, but rather pertains to methods for preventing aggregation of 

keratinocyte growth factor (KGF). There is absolutely no reason to believe that art directed to 

growth factors is in any way pertinent to virion production. Moreover, Chen used sulfated 

polysaccharides in combination with citrate to prevent aggregation. There is no suggestion in 

Chen to use citrate alone, or to carry out a purification protocol as claimed in order to prevent 

aggregation of rAA V virions and to result in a purified preparation with more than lx10 13 vg/ml 

of rAA V virions. 

Finally, Wright does not provide the elements missing from Zolotukhin, Atkinson, 

Drittanti, Qu and Chen. Wright nowhere mentions that self-aggregation ofrAA V virions occurs 

and hence does not teach or suggest methods for preventing aggregation of rAAA virions as 

claimed. Wright uses high salt concentrations initially to promote release of rAA V virions from 

cells and in some mid-purification steps. The only discussion in Wright regarding adding 

excipients to the final purified product is in Example 9. However, unlike applicants' purification 

method, the excipient added is phosphate-buffered saline, pH 7 .1, containing 5 % sorbitol. This 

buffer does not have an ionic strength of at least 200 mM. 

Thus, Wright, as with all of the references discussed above, does not teach or suggest a 

method for preventing aggregation of rAA V virions where excipients are added to a purified 
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preparation of rAA V virions to achieve an ionic strength of at least 200 mM and to result in a 

purified preparation with more than lx10 13 vg/ml. 

Applicants' process, on the other hand, provides a commercially viable method for 

producing high amounts ofrAA V virions. As explained at pages 16-17 of the specification and 

in Table 2, vector recovery using applicants' claimed methods results in yields of more than 

90%. 

The combination cited by the Office does not provide evidence that the claimed invention 

is a "predictable use of prior art elements according to their established functions." KSR Int'! 

Co. v. Teleflex, Inc., 82 USPQ2d 1385, 1396 (U.S. 2007). Rather, as explained above, the 

evidence is to the contrary. 

Applicants submit the Examiner has chosen bits and pieces of the cited references to 

arrive at the allegation that this combination of references suggests the claimed invention. The 

very fact that the Examiner relies on six references in making the present obviousness rejection 

is evidence of the above. This is improper. As stated in KSR, "a patent composed of several 

elements is not proved obvious merely by demonstrating that each of its elements was, 

independently, known in the prior art." KSR, page 1396. The Federal Circuit has consistently 

reversed a finding of obviousness, even when all claimed elements are individually present in the 

references. See, e.g., In re Kotzab, 55 USPQ2d 1313, 1317 (Fed. Cir. 2000). Thus, a rejection 

cannot be predicated on the mere identification of individual components of claimed limitations. 

Rather, particular findings must be made as to the reason the skilled artisan, with no knowledge 

of the claimed invention, would have selected these components for combination in the manner. 

For at least these reasons, withdrawal of the rejections under 35 U.S.C. § 103(a) is 

respectfully requested. 
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Applicants respectfully submit that the claims are now in condition for allowance and 

request early notification to that effect. The Examiner is encouraged to contact the undersigned 

if the Examiner notes any further matters which might be resolved by a telephone interview. 

Date: _i __ / I~"!_{ o _i 

ROBINS & PASTERNAK. LLP 
1731 Embarcadero Road, Suite 230 
Palo Alto, CA 94303 
Telephone: (650) 493-3400 
Facsimile: (650) 493-3440 

Respectfully submitted, 

-10-

Roberta L. Robins 
Registration No. 33,208 
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ii. D Affidavit(s)/ Declaratlon(s) iv. D Other 

2. !Miscellaneous) 

a. □ Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a 
period of _months. {Period of suspension shall not ei«:eed 3 montlls; Fee under 37 CFR 1,17(i) required) 

b. □ Other 

3. [Fees) The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed. 

a. [81 The Director is hereby authorized to charge the following fees, or credit any overpayments, to 
Deposit Account No. 18-1648 _ I have enclosed a duplicate copy of this sheet. 

i. 18] RCE fee required under 37 CFR 1.17(e) 

ii. 18] Extension of time fee (37 CFR 1,136 and 1.17) 

iii. rgj Other anlr'. fees not alreadlt'. included in the attached check -

b. □ Check in the amount of$ enclosed 

c. l8l Payment bY credit card 
WARNING: Information on this form may become public. Credit card Information should 11ot be included on this form. Provide credit card 
information and authorization of PTO-2038. 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 

Signature - Date December 8, 2009 

Name (Print /Type) Roberta L. Robins Registration No. 33,208 

CERTIFICATE OF MAILING OR TRANSMISSION 

I hereby certify pursuant to 37~~FR lh t this correspondence is being transmitted via EFS to the United states Patent and Trademaril. 
Office on the date shown below 

""-· £. 
,a , -

Signature l ,c..-- ,I \--r>) 

Name (Print /Type) Tan~nce-Caceres I Date I December 8, 2009 
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CERTIFICATE OF TRANSMISSION PURSUANT TO 37 CFR § 1.8 
I hereby certify pursuant to 37 CFR § 1.8 that this correspondence is being tr ·tt via EFS to the United States 
Patent and Trademark Office on the date shown below. • 

Date I ~m,woq s;gnarure ~~~-

IN THE,UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re Application of: 

JOHN FRASER WRIGHT et al. 

Application No.: 11/141,996 

Filing Date: June 1, 2005 

Confirmation No.: 5399 

Art Unit: 1657 

Examiner: Satyendra K. Singh 

Title: COMPOSITIONS AND METHODS TO PREVENT AA V VECTOR AGGREGATION 

SUBMISSION UNDER 37 CFR 1.114 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This Submission under 37 C.F .R. § 1.114 is being filed in response to the Final Office 

Action mailed November 18, 2008. In lieu of filing an Appeal Brief, a Request for Continued 

Examination is being filed concurrently herewith. A request for an extension of time, as well as 

the requisite fee accompanies this submission. Applicants request reconsideration of the above­

referenced patent application in view oftbe following amendments and remarks. 

A listing of claims begins on page 2 of this paper. 

Remarks begin on page 4 of this paper. 
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The following listing reflects amendments to the claims and replaces all prior versions 

and listings of claims in this application. 

1. (Currently amended) A method of preventing aggregation of recombinant adeno­

associated vims (rAA V) virions in a preparation of rAA V viric;ms, comprising~ 

1) providing a lysate comprising rAA V virions; 

2) purifying rAA V virions from the lysate using ultracentrifugation and/or 

chromatography, wherein said virions are purified; and 

3) adding one or more excipients to said purified virions to produce a preparation of 

virions with an ionic strength of at least 200 mM, wherein the concentration of purified rAA V 

virions in said preparation exceeds 1xl0 13 vg/ml up to 6.4x1013 vg/ml. 

2. (Canceled) 

3. (Previously presented) The method of claim 1, further comprising treating said 

purified virions with a nuclease. 

4. (Previously presented) The method of claim .3, wherein the nuclease is an 

endonuclease from Serratia marcescens (Benzonase®)'. 

5. (Original) The method of claim 1, wherein one or more of the excipients comprises a 

multivalent ion. 

6. (Previously presented) The method of claim 5, wherein the multivalent ion is citrate. 

-2-
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7. (Previously presented) The method of claim 1, wherein the osmolarity of the 

preparation of virions after addition of the one or more excipients is no greater than about 

280mOsm. 

8. (Original) The method of claim l, wherein, after addition of the one or more 

excipients1 the average particle radius (Rh) of the virions in the preparation ofvirions is less than 

about 20nm as measured by dynamic light scattering. 

9. (Previously presented) The method of claim 1, wherein, after addition of the one or 

more excipients, recovery of the virions is at 1east about 90% following filtration of the 

preparation of virions through a 0.22µm filter. 

10-20. (Canceled) 

21. (Previously presented) The method of claim 3, wherein rAA V virions are purified 

from the lysate using cesium chloride gradient ultracentrifugation. 

22. (Previously presented) The method of claim 3, wherein rAA V virions are purified 

from the lysate using cation exchange chromatography. 

23. (Previously presented) The method of claim 3, wherein rAA V virions are purified 

from the lysate using cation exchange chromatography and cesium chloride gradient 

ultracentrifugation. 

24. {Previously.presented) The method of claim 3, further comprising diafiltering the 

purified rAA V virions to achieve an ionic strength of at least 200 mM. 

-3-
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Introductory Comments 
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C1aims l, 3-9 and 21-24 were examined in the Final Office Action dated November 18, 

2008 and stand rejected under 35 U.S.C. § 112, first paragraph and 35 U.S.C. § 103(a). These 

rejections are believed to be overcome by this response and are otherwise traversed for reasons 

discussed in detail below. 

Overview of the Above Amendments 

Claim 1 has been amended to recite that the concentration of purified rM V virions in the 

preparation exceeds lxl0 13 vg/ml "up to 6.4xl0 13 vg/ml." Support for this recitation can be 

found throughout the specification at, for example, page 6, lines 5-6. 

The foregoing amendment is made without prejudice, without intent to abandon any 

originally claimed subject matter, and without intent to acquiesce in any rejection of record. 

Applicants expressly reserve the right to file one or more continuing applications containing the 

unamended claims. 

Rejection Vnder 35 U.S.C. §112, First Paragraph 

Claims 1, 3-9 and 21-24 were rejected under 35 U.S.C. §112, first paragraph as failing to 

comply with the written description requirement. In particular, the Office asserts the 

concentration of purified AA V virions in the preparation can exceed "lx10 13 vg/ml and up to 

infinity." Office Action, page 3. Solely in an effort to advance prosecution, claim 1 has been 

amended to recite that the concentration of purified rAA V virions in the preparation exceeds 

lxl0
13 

vg/ml up to 6.4xl0 13 vg/ml. Thus, this basis for rejection has been overcome and 

withdrawal thereof is respectfully requested_ 

Rejections Under 35 U.S.C. §103(a) 

Claims 1, 3-9 and 21-24 remain rejected under 35 U.S.C. §103(a) as being unpatentable 

over U.S. Patent No. 6,146,874 to Zolotukhin et al. (''Zolotukhin''), taken with U.S. Patent No, 

6,566,118 to Atkinson et al. ("Atkinson") and Drirtanti et al, J. Gene Med. (2001) J:59-71 
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("Drittanti'); in view of Qu et al., Molec. Ther. (2003) 2:S348, Abstract 901 ("Qu") and Chen et 

al., J Pharm. Sci. (1994) 83:1657-1661 ("Chen"), and further in view of U.S. Patent No. 

6,593,123 to Wright et al. ("Wright"). 

The Office argues each of the references of Zolotukhin, Atkinson and Drittanti teach a 

method step for the treatment of rAA V virions with a nuclease and that process steps such as 

ultracentrifugation, chromatography and diafiltration are used and disclosed by each of these 

references. Office Action, page 5. The Examiner acknowledges methods of preventing 

aggregation by adding a citrate are not disclosed by the primary references. Office Action, page 

6. Qu is cited for disclosing problems associated with concentration-induced aggregation of 

rAA V virions and Chen is cited for describing strategies to suppress aggregation of proteins. 
' . 

Office Action, page 6. Finally, Wright is cited for teaching a method for large scale production 

ofrAA V virions and the use of a nuclease. Office Action, page 9. However, Applicants submit 

the cited combination does not render the claimed invention obvious. 

The Office disputes Applicants' previous arguments alleging "the combined teachings in 

the cited prior art references of record disclose all the elements, including"the recognition of the 

problem of 'self aggregation' of rAA V virions associated with purified preparations of said 

virions." Office Action, page 11. However, this statement is in error. Applicants submit that all 

elements of the claimed invention are not taught or suggested by the cited combination. To 

reiterate, all pending claims pertain to methods of preventing aggregation of rAA V virions in a 

purified preparation. The rAA V virions are purified from a lysate using ultracentrifugation 

and/or chromatography. One or more excipients are then added to achieve an ionic strength of at 

'least 200 mM and the concentration of purified rAA V virions in the preparation exceeds Ix IO 13 

up to 6.4x 1013 vg/ml. In certain embodiments, the purified preparation is treated with a nuclease. 

None of the cited art, either alone or in combination, teaches or suggests adding one or more 

excipients to a purified rAA V virion preparation to achieve an ionic strength of at least 200 mM 

wherein the preparation includes more than 1xl0 13 up to 6.4xl0 13 vg/ml, as claimed. For this 

reason alone, the cited combination fails to render the claims obvious. 

As previously explained, Zolotukhin does not recognize that rAAV virions self-aggregate 

and therefore does not provide any suggestions regarding a method for preventing aggregation of 

rAA V virions as claimed. This is.particularly noteworthy in view of Zolotuk:hin's recognition 

-5-
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(see column 15, lines 22-35) that AA V aggregates with proteins in the cell lysate wherein !1-igh 

salt in the first step of the iodixanol gradient is used to destabilize these AA V-lysate protein 

interactions. Moreover, Applicants assert that this passage expressly teaches away from 

Applicants' invention because Zolotuklrin purposely eliminates high salt concentrations from the 

remainder of the iodixanol gradient, including the gradient from which the rAA V is collected 

after centrifugation, because the elimination of high salt is important for subsequent purification 

steps. 

Applicants further note that even though Zolotukhin recognizes AA V virion-lysate 

protein aggregation as a problem, the reference does not teach or suggest that self-aggregation of 

rAA V virions is a problem at all, let alone a problem in purified, concentrated AA V 

preparations. In fact absent Applicants' teaching regarding this problem, there is no recognition 

that rAA V virion self-aggregation is a concern that.may be addressed by manipulating ionic 

strength in any of the cited art. 

Furthennore, in each of the Zolotukhin passages cited by the Examiner to evidence the 

teaching of excipients greater than 200 mM ionic strength, the rAA V is in the process of being 

purified. See, for example, Figure 1 where all of the steps using such buffers are purification 

steps. High salt concentrations are not used in the final preparation. Rather, the final AA V 

product js fonnulated in Lactated Ringer's buffer. See, column 12, lines 49-54, where virus is 

concentrated by centrifugation through a BIOMAX lOOK filter and desalted into Lactated 

Ringer's. Only after this step is the virus considered "purified" in the disclosure and, as 

explained in the previous responses, Lactated Ringer's has an ionic strength of 138.5 m.M. 

Applicants' purified product, on the other hand, has an ionic strength of at least 200 mM. There 

is absolutely no suggestion in Zolotukhin or any_ of the other cited references that a final 

preparation with an ionic strength of at least 200 mM and more than lxl0 13 up to 6.4xl0 13 vg/ml 

is desirable or necessary. 

Similarly, Atkinson fails to provide the requisite teaching or suggestion to anive at the 

instant invention. The Office points to Figures 13, 19, 32, 36 and 37 to evidence that excipients 

are added to a preparation of AA V virions to achieve an ionic strength of at least 200 mM. 

Office Action, page 5. However, these figures are not relevant to the present invention. These 

Figures pertain to the adjustment of ionic strength in cell culture media, well before purification, 

-6-
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in order to promote release of the virus into the cell culture without cell lysis. See, columns 41-

42 of Atkinson. Additionally, as in Zolotukhin, there is no disclosure in Atkinson regarding 

adding excipients to a purified preparation of rAA V virions to achieve an ionic strength of at 

least 200 mM where the concentration of virions in the purified preparation is more than lxl0n 

vg/ml up to 6.4x10n. Indeed, as with Zolotukhin, all of the steps cited by tbe Office where the 

buffers utilized may have an ionic strength of greater th.an 200mM, are steps mid-purification. 

Furthermore, as with all of the references cited by the Office, the purified AA V preparations 

disclosed in Atkinson are formulated ina final buffer consisting of Modified Ringer's Solution 

with 5% glycerol (for example, see Atkinson at column 54, lines 33-44). As noted before, 

Modified Ringer's Solution does not have an ionic strength of at least 200 mM. 

Thus, Atkinson, as with Zolotukhin, fails to teach or suggest a method where excipiehts 

are added to a purified preparation of rAA V virions to achieve an ionic strength of at least 200 

mM in order to prevent aggregation and to result in a purified preparation with more than 1 xl 013 

up to 6.4xl0 13 vg/ml. 

Drittanti also fails to teach or suggest these elements of the claimed invention. The 

Office argues rAA V virions are recovered/eluted by adding 300 mM NaCl through a 0-lM NaCl 

linear gradient in 100 mM HEPES buffer. Office Action, page 5. However, as with Zolotukhin 

and Atkinson, this step ~snot a final purification step. Rather, as explained at page 61, second 

column, third full paragraph, the final preparation is in Ringer-lactate buffer, and as explained 

above, this buffer does not have an ionic strength of at least 200 mM. Drittanti, as with 

Zolotukhin and Atkinson, does not teach or suggest a method where excipients are added to a 

purified preparation of rAA V virions to achieve an ionic strength of at least 200 mM in order to 

prevent aggregation and to result in a purified preparation with more than lxl0 13 up to 6.4x1013 

vg/mJ. Thus, none of the primary references teaches or suggests the claimed invention. 

The secondary references of Qu and Chen fail to cure the defects of the primary 

references. The Examiner states that Qu in view of Chen provides the motivation for using high 

salt concentration in purified vector .stocks. Office Action, page 11. However, Qu merely 

proposes a mechanism for AA V vector aggregation. The Examiner further asserts Qu suggests 

that ion bridges between charged amino acids on the surface of vector particles contribute to 

inter-particle interactions. Office Action, page 6. At best, this teaching might lead one of skill in 
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the art to adjust the pH of the final formulation, which Qu expressly teaches results "in reversal 

of concentration-induced vector aggregation". Alternatively, the skilled artisan might postulate 

that high concentrations of free amino acids could block vector particle interactions. However, 

as explained at page 9, lines I 8-20 of the instant specification, it has been found that amino acids 

with charged side chains are not effective in preventing AA V2 vector aggregation beyond their 

contribution to ionic strength. Additionally, Qu specifically states that other types of interactions 

may play a role in aggregation and concludes: "In conjunction with further elucidation of the 

mechanism(s) of AA Vvector aggregation, these observations will facilitate formulation 

development for optimal large-scale vector purification and clinical use." Thus, Qu explicitly 

states that further work is needed in order to provide a viable purification procedure. 

As for Chen, this reference does not relate to viruses, but rather pe1tains to methods for 

preventing aggregation of keratinocyte growth factor (KGF). There is absolutely no reason to 

believe that art directed to growth factors is in any way pertinent to virion production. 

Moreover, Chen used sulfated polysaccharides in combination with citrate to prevent 

aggregation. There is no suggestion in Chen to use citrate alone, or to carry out a purification 

protocol as claimed in order to prevent aggregation of rAA V virions and to result in a purified 

preparation with more than lx10 13 up to 6.4x1013 vg/ml ofrAA V virions. 

Finally, although Wright discusses nuclease treatment, Wright does not provide the other 

elements missing from Zolotukhin, Atkinson, Drittanti, Qu and Chen. Wright nowhere mentions 

that self-aggregation of rAA V virions occurs and hence does notteach or suggest methods for 

preventing aggregation ofrAAA virions as claimed. Wright uses high salt concentrations 

initially to promote release of rAA V virions from cells and in some mid-purification steps. The 

only discussio~ in Wright regarding adding excipien~s to the-final purified product is in Example 

9. However, unlike-Applicants' purification method, the excipient added is phosphate-buffered 

saline, pH 7 .1, containing 5% sorbitol. This buffer does not have an ionic strength of at least 200 

mM. 

Thus, Wright, as with all of the references discussed above, does not teach or suggest a 

method for preventing aggregation ofrAA V virions where excipieots are added to a purified 

preparation of rAA V virions to achieve an ionic strength of at least 200 mM and to result in a 

purified preparation with more than lxl0 13 up to 6.4xl0 13 vg/ml. 

-8-
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Applicants' process, on the other hand, provides a commercially viable method for 

producing high amounts of rAA V virions. As explained at pages 16-17 of the specification and 

in Table 2, vector recovery using Applicants' claimed methods results in yields of more than 

90%. 

Applicants continue to submit the Examiner has chosen bits and pieces of the cited 

references to arrive at the allegation that this combination of references suggests the claimed 

invention. It is axiomatic that statements in the prior art must be considered in the context of the 

teaching of the entire reference, and that rejection of claims cannot be predicated on mere 

identification in a reference of individual components of claimed limitations. In this regard, the 

Federal Circuit has consistently reversed a finding of obviousness, even when all claimed 

elements are individually present in the references. See, e.g., In re Kotzab, 55 USPQ2d 1313, 

1317 (CAFC 2000, emphasis added): 

While the test for establishing an implicit teaching, motivation or suggestion is 
what the combination of these two statements [in the reference] would have 
suggested to those of ordinary skill in the art, the two statements cannot be 
viewed in the abstract. Rather, they must be considered in the context of the 
teaching of the entire_ reference. Further, a rejection cannot be predicated on the 
mere identification [in the reference] of individual components of claimed 
limitations. Rather, particular findings must be made as to the reason the skilled 
artisan, with no knowledge of the claimed invention, would have selected these 
components for combination in the manner claimed. 

Virtually all i.nventions are combinations of elements that can be individually identified 

in multiple references. See, e.g., In re Rouffet, 47 USPQ2d 1453 (Fed. Cir. 1998), noting that the 

Office cannot rely on a high level of s~ll in the art to overcome the differences between the 

selected elements in the references, it cannot rely on a high level of skill in the art to provide the 

necessary motivation; In re Lee, 61 USPQ2d 1430 (Fed. Cir. 2002), affirming that common 

knowledge and common sense are not the specialized knowledge and expertise necessary to 

establish a motivation to arrive at the claimed invention. 

Thus, the requirement is not whether each claimed element can be identified individually 

in a reference but, rather, whether the Examiner can show "reasons that the skilled artis~ 

confronted with the same problem as the inventor, and with no knowledge of the claimed 

invention, would select the elements from the cited prior art reference for combination in the 
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manner claimed." In re Rouffet, 47 USPQ2d at 1458. In the pending case, the Office has not 

met this burden. 

As explained in Section 2143.01 of the MPEP, the mere fact that references can be 

combined or modified does not render the resultant combination obvious, unless the priot-art also 

suggests the desirability of the combination. Since the suggestion or motivation to combine the 

references to arrive at the claimed invention is not in the references, the Examiner is required to 

cite to some knowledge generally available to one of ordtnary skill in the art for the motivation 

to combine the references. It is respectfully submitted that the Examiner has not provided such 

knowledge. Instead, the Examiner has merely asserted that it would have been obvious to 

combine _the various methods of the cited art to arrive at Applicants' specifically claimed method 

for preventing aggregation of r AA V virions in a purified preparation. 

For at least these reasons, withdrawal of the rejections under 35 U.S.C. § 103(a) is 

respectfully requested. 

ill. CONCLUSION 

Applicants respectfully submit that the claims are now in condition for allowance and 

request early notification to that effect. The Examiner is encouraged to contact the undersigned 

if the Examiner notes any further matters which might be resolved by a telephone interview. 

Date: _/ :t_L i_/_lJ 1_ 

ROBINS & PASTERNAK LLP 
1731 Embarcadero Road, Suite 230 • 
Palo Alto, CA 94303 
Telephone: (650) 493-3400 
Facsimile: (650) 493-3440 

Respectfully submitted, 

By: ____________ _ 
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Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment oJ' 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees whe.n due. 
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Complete and send this form, together with applicable l'ee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: Thi& form should be used for transmitlin_g lhe ISSUE FE.E and PUBLfCATION FEB (if required), Blocks I thmu~h 5 should be completed ,_,here 
appropriate. All further correspondence including the Patent, advance orden and notilication of maintenance fees will be mailed lu the current correspondence address as 
indicated unlt!SS corrected J:,elm\l or directed otherwise in l3lock I, by (a) specifyi11g a nrn1 correspondence address; and/or (b) indicating a ~eparate ''FEE ADDRESS" for 
maintenance fee noti!1cations. 

CURRENT CORRESPONDENCE ADDRESS /Nol<: V"' Olo<k I fo, any duu,~e o.f ~ddn:sst 

'.10855 7511(1 l'.1/lij/'.10QQ 

ROBINS & PASTERNAK 
1731 EMBARCADERO ROAD 
SUITE230 
PALO ALTO. CA 94303 

APPUC.\T!ON NO, FIL.ING DATE 

Note: A certificate of mailin~ cau ooly be used for domestic mailings of thl' 
l·ce(s) 'l'rnnsminal. 'T'his certilicale CMJ101 be used for any other accompaoyio_g 

l,apers. Each additional paper. such as au assisnmrnt or formal dra1Ying, must 
,nvc its own certificate of mailing or transmission. 

C.c-rlilic:,k of' Mailing or Transmission 
l hereby ceclify I.hat Ibis Fee(s) Tnmsrniual is bein,g depo$ited with the l'niretl 
States Postal Se.rvice with suflki~nl postage for first dass mail in an envelope 
addressed lo the Mail Stop 1SSlJE FEE address above, or heine facsimfle 
lransmilled lo the lTSPTO (57 l) 273-.2885. on the date indicated bt:fow. 

<DcJX)s!tor's oame-) 

{Slf.J13lJJJ'CI 

FIRS"r NAMJ:iD INVl~"TOR ATTORNEY DOCK.ST NO. CON!-1 RMA' rt ON NO. 

II 1141.996 06101/2005 John Fram Wright 0800-0045 5399 

TITLE OF TNVF~NTION: COMPosmoNS AND ME"THODS TO PRBVRN'l' AAV VECTOR AGGREGATION 

APPLN. TYPE S.\1ALL ENTITY ISSUE FEE DLIE 

nonpmvi sional $755 

EXAMINER ARTTJNIT 

SJNGli, SA.TYENDRA K 1657 

1. Change of correspondence address or i ndicalicm of "Fee ,Address" (17 
CFR 1.363/. 

0 Change of comespondence address (or Chan_ge of Correspondence 
Address form PTO/SB/121) allathed. 

D ".f'cr Address" indication (or "kc Address" lndicatioo form 
l'TO/SB/47: Rev 03-02 or more recent) attached. l'se of a Customer 
Number is require.d. 

PUBLICATION FEE DUE PRJ:,"V. PAID ISSUE FEE TOTALFEEtS)l)UE. 

S300 so 

CLASS-SlJBCLASS 

2. FQr prinling on the patent [ronl page, list 

(IJ the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

$1055 

DATEDUE 

0J/18/2010 

(2) I.be nrunc of a single firm (havi og as a member a 2. ______________ _ 
registered attorney or agent) (Uld the names of up to 
2 registered paretll attorneys or agents. If no name is 3 
listed, no name will be printed. --------------

3 ASSlGNJ.illNA.ME AND RESIDENCE DATA. TO BE l'RJNTI!D ON THE PA'"mNT (prln1 or type) 

PLEASE. NOTE: Unless au assignee is identified below, 110 assigm:e data will appear 011 the patent. If an assignee is identified below. the doniment has been filed for 
recordation as se1 forU1 la 37 CFR 3.11. Completion of this form is NOT u substitute for filing an assignment. 

(A) NA.i\1E OP ASSIGNEE /BJRESIDRNCE: (CITY andSTA1'E OR COUNTRY) 

Pit.isl' check the appropriatc assignee catcgo,y or categories (will 1101 bc priutt?d on the patent/: 0 lndividt1al O Corporation ru· other pcivatr group cntity O Govcrnml'nl 

4a. Thl' following frc(s) arc submitted: 

D Issue Fee 

D Publication Fee (No small entity discount permitted) 
D Advance Order· # of Copies _________ _ 

5. Change in Entity St.ulus (from status indicated above) 

0 a. Applicant claims SMALL EJ'ITITY status. See 37 CFR 1..17_ 

4b. Payment of Pee(i,): (Please lirsl r('apply any previously paid issue l'ee shown above) 

0 A check •~ e.nclosed. 

D Payment by credit c.ird. Form PT0-2038 is allal'hed. 
0The Director [s hereby authorir,ed to charge lhe required fee(s), any d~fkiency, <1c creuit uny 

overpayment, Lo Dep0si1 Account Number (enclose an extra copy of this form). 

Db. Applicant. is no longer clrumiog SMALL EiVflTY status. See 37 CFR l.2'7(gJ(2). 

NOTE: 'n,e Issue Fee and Publication Fee (If required) will not be accepted from anvone other than the applicant: a registered attorney or agent: orlhe assienee or other party in 
interest as shown by the record~ or the United Stutes Patent and lhdemt1rk Offit·e. • -

Authorir.ed Signature 

1'yped or printed name 

Date 

Registration No. 

Thi, collection ,,r infom1ation is required by 37 CFR 1.31 L The information is required tl.l obtain or retain a benelil by the public which ii; to lik (and by the USrTO to process) 
an application, Confidentiality is governed by 35 ltS.C. 122 and 37 CFR 1.14. This collection is estimated lo take 12 minutes ro mmplete, including g.i~hering. prepanng. and 
submrlling the completed applit:ation form to the USPTO. Time will vary dependins upon the individual case. Any comments on the amounl of time you ret1uire to tomplete 
this fom, and/or sugeeSLions fa.-reducing this burden, ahmdd be sent to the Chief (ntom,atioo Officer. US. Patent and Trndemark Office, U.S. Department of Commerce. l>.O. 
Box 1450. Alt•xandrra, Virginia 223 I 3-1450. DO NOT SEND FEES OR COMPI..flTED FORMS TO THIS ADDRESS. SEND TO: C'ommissiQner for Pate.nts, P.O. Bl-..x 1450. 
Alexandria.. Virginia223U-1450. 
Under the Paperwork Redu,,tion Act or 1995. no persons are required to respond to a collec1ion of informa1ic1n unless it displays a valid 0MB control number 

PTOL-85 (lkv. 0R/07') Approved foe use U1rough 08/J 1/2.0JO. OMl3 0651-0033 U.S. Pntent and Trado:nwk Office: U.S. DEPARTME.l"IT<W<'OMMERG: 
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UNITED STATES PAIBNT AND TRADEMARK OPFICE 

APPLICATION NO. RLINGDA'IE 

11/141.996 0M0l/2005 

20855 7590 l'Y1$i'.l00<l 

ROBINS & PASTERNAK 
173 l EMBARCADERO ROAD 
SUITE230 
PALO ALTO. CA 94303 

FIRST :'\AMED INVENTOR 

John Fraser Wright 

U!IIITEO STATFSDRPARTMRNTOF COMMP.RCE 
Unilod Stutes Pat~nl ond 'ft-11<ICJ11ork Office 
AddrC>$C COM,"11SSIONl<R. FOR. PATfIN'T'S 

P.O fJo., 14;0 
Alc..,andria. Vbgini~ :Z313-1450 
\\''4'W .US'pf1."l~g_<W 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

0800-00-IS 5J99 

EXAMINER 

SINGH. SA'fYl!NDRA K 

ART UNIT P AP!cR NT.JM.liJ::'.R 

1657 

DATE MAILED: 11118/1009 

Determination of Patent Term Adjustment w1der 35 U.S.C. 154 {h) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is O day(s). If the issue fee is paid on the date that is three month~ after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s) .. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
detennines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application l11fom1ation Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571 )-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or 
(571 )-272-4200. 
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Notice of Allowability 

Application No. 

11/141,996 
Examiner 

SATYENDRA K. SINGH 

Applicant(s) 

WRIGHT ET AL 
Art Unit 

1657 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed)1 a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from Issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308 

1. ~ This communication is responsive to 1218109. 

2. ~ The allowed clairn(s) is/are 1,3.4.6-9 and 21-24. 

3. D Acknowledgment is rnade of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) D All b) D Some" c) D None of the: 

1. D Certified copies of the priority documents have been recelved. 

2. D Certified copies of the priority documents have been received in Application No. __ _ 

3. D Copies of the certified copies of the priority documents have been received In this natfonal stage application from the 

International Bureau (PCT Rule 17.2(a)). 

• Certrfted copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

4. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

5. 0 CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) 0 hereto or 2) 0 to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84(c)) should be written on the drawings in the front (not the bacl<) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121 (d). 

6. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

4_ D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

U.S. Pat.ant and Trademar~ Office 

5. D Notice of Informal Patent Application 

6. 181 Interview Summary (PTO-413), 
Paper No./Mail Date 12114/09. 

7.181 Examiner's Amendrnenucomment 

8. 181 Examiner's Statement of Reasons for Allowance 

9. 181 Other See Continuation Sheet. 

PTOL-37 (Rev, 08-06) Notice of A.llowabilfty Part of Paper No./Mail Date 20091210 
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Continuation Sheet (PTOL-37) Application No. 11/141,996 

Continuation of Attachment(s) 9. Other: A DRAFT copy of the faxed Exam. Amend. is attached .. 

2 
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Examiner-Initiated Interview Summary 

All Participants: 

(1) SATYENDRA K. SINGH. 

(2) ROBERTA L ROBINS (ATTORNEY OF 
RECORD). 

Date of Interview: 10 December 2009 

Type of lhterview: 
181 Telephonic 
D Video Conference 

Application No. 

11/141,996 

Examiner 

SATYENDRA K. SINGH 

Applicant(s) 

WRIGHT ET AL. 

Art Unit 

1657 

Status of Application: AFTER RCE 

(3) __ . 

(4) __ . 

Time: 4:45 PM 

D Personal (Copy given to: U Apphcant D Appllcanrs representative) 

Exhibit Shown or Demonstrated: 181 Yes D No 
If Yes, provide a brief description: see attached DRAFT exam. amendment faxed to applicants on 12110/09. 

Part I. 

Rejection(s) discussed: 
NIA 

Claims discussed; 
f,5,6 

Prior art documents discussed: 
NIA 

Part II. 

SUBSTANCE OF INTERVIEW DESCRIBING THE GENERAL NATURE OF WHAT WAS DISCUSSED: 
See Continuation Sheet 

Part Ill. 

181 It is not necessary for applicant to provide a separate record of the substance of the interview, since the interview 
directly resulted in the allowance of the application. The examiner will provide a written summary of the substance 
of the interview in the Notice of Allowability. 

D It is not necessary for applicant to provide a separate record of the substance of the, interview, since the interview 
did not result in resolution of all issues. A brief summary by the examiner appears in Part II above. 

/Satycnclra K. Singh/ 
Exam1ncr, Art Unit 1657 

U.S. Palao)I Md Tf'!derr,ark Off,ce 

PTOL-4138 (04-03) 

(Applicant/Applicant's Representative SignatLLrc- il'appropriate) 

Examfner lnftialed Interview Summary Paper No. 20091210 Sarepta Exhibit 1088, page 381
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Continuation of Substance of Interview including description of the general nature of what was discussed: Applicant's 
representative of record Miss Roberta L. Robins (phone- 650-493-3400; fax no. 650-493-3440) was telephonically 
contacted by the examiner, and provided with a proposed Examiner's Amendment (sent by fax on 12/10/09; see 
attached DRAFT Exam. Amend. attached) to the pending claims (that have been found to be allowable through an in 
house patentability conference with the Primary examiner, Sandy Saucier and SPE, Michael Wltyshyn) for applicant's 
considerations. Applicant's attorney of record called the examiner (on 12/14/09; at 11:45 AM) and informed that 
applicant's have accepted the proposed Examiner's Amendment to the claims. 

/Satyendra K. Singh/ 
Examiner, AU1657 
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Application/Control Number: 11 /141,996 

Art Unit: 1657 

DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

Page 2 

A request for continued examination under 37 CFR 1 .114, including the fee set 

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1.114, and the fee set 

forth in 37 CFR 1.17(e) has been timely pa'id, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed 011 

12/08/2009 has been entered. 

EXAMINER'S AMENDMENT 

An examiner's amendment to the record appears below. Should the changes 

and/or additions be unacceptable to applicant, an amendment may be filed as provided 

by 37 CFR 1.312. To ensure consideration of such an amendment, ,t MUST be 

submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 

With Roberta L. Robbins (ATTORNEY OF RECORD) on December 14th 2009. 

The application has been amended as follows: 

In The Claims 

Claim 5 has been canceled by this Examiner's amendment. 

Claims 1, 3, 4, 6-9 and 21-24 have been allowed by this Examiner's 

amendment. Claims 1, 4, 6, 7, 8 and 9 have been amended as follows: 

1 . A method of preventing aggregation of recombinant adeno-associated virus 
(rAAV) virions in a purified preparation of rAAV virions, comprising: 
1) providing a lysate comprising rAAV virions; 
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NVS-ZOL-00139345

Case 1:21-cv-01736-RGA   Document 301-1   Filed 11/20/23   Page 384 of 385 PageID #: 19492

Application/Control Number: 11 /141,996 

Art Unit: 1657 

2) purifying rAAV virions from the lysate using ultracentrifugation and/or 
chromatography, wherein said virions are purified; and 

Page 3 

3) adding one or more e:><oipients salts of multivalent ions selected from the group 
consisting of citrate, phosphate, sulfate and magnesium to said purified virions to 
produce a preparation of virions with an ionic strength of at least 200 mM, wherein the 
concentration of purified rAA V virions in said preparation exceeds 1x1013 vg/ml up to 
6.4x10 13 vg/ml; and wherein the pH of the purified preparation of rAAV virions is 
between 7.5 and 8.0. 

4. The method of claim 3, wherein the nuclease is an endonuclease from Serratia 
marcescens (Ben;;~onase®). 

6. The method of claim a 1, wherein the multivalent ion is citrate. 

7. The method of cl aim 1 , wherein the osmolarity of the preparation of virions after 
addition of the one or more exoipients salts of multivalent ions is no greater than about 
280mOsm. 

8. The method of claim 1, wherein, after addition of the one or more mmipients salts 
of multivalent ions, the average particle radius (Rh) of the virions in the preparation of 
virions is less than about 20nm as measured by dynamic light scattering. 

9. The method of claim 1, wherein, after addition of the one or more exoipients salts 
of multivalent ions, recovery of the virions is at least about 90% following filtration of the 
preparation of virions through a 0.22µm filter. 

The following is an examiner's statement of reasons for allowance: 

The amended claims (see instant claim 1 as amended and allowed) were found 

to be unobvious over the cited art as the combined teachings of the prior art references 

do not suggest the use of salts of multivalent ions such as citrate, phosphate, sulfate or 

magnesium at a pH range of 7 .5 to 8.0, and an ionic strength of at least 200 mM for 

preventing aggregation of purified rAAV vector genome and/or rAAV particle 

preparations. As also argued by applicants (see remarks, pages 5-6, in particular), the 

cited prior art wants to reduce the high salt concentrations in purified viral stock 

solutions, and therefore do not suggest the use of multivalent ions at an ionic strength of 
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Application/Control Number: 11/141,996 

Art Unit: 1657 

at least 200mM at pH 7.5-8.0, which is the desired pH for normal physiological or 

Page 4 

clinical use of such viral vector preparations. Applicants have provided superior results 

and appropriate evidentiary data in the instant specification (see table 1, figures 1-2, in 

particular) to support the amendments in the instant claims, which are not made obvious 

by the combined teachings in the cited prior art. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to SATYENDRA K. SINGH whose telephone number is 
(571 )272-8790. The examiner can normally be reached on 9-5MF. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Manjunath N. Rao can be reached on 571-272-0939. The fax phone 
number for the organization where this application or proceeding is assigned is 571-
273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Sandra Saucier/ 
Primary Examiner, Art Unit 1651 

/Satyendra K. Singh/ 
Examiner, Art Unit 1657 
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