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[0005] To circumvent some of these issues, others have used covalent attachment of

hydrophilic polymers such as PEG (O'Riordan et al., Hum Gene Ther. 10: 1349-1358 (1999,
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structure I ect eFI r-qm I.LLa and Fornul.a Il Db:
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is therapeutically more effective than an unencapsulated adenovirus.

[0008] In a first aspect, the invention provides a complex comprising an adenovirus
noncovalently complexed to a copolymer. The copolymer comprises a structure according to

Formula I:

X1 Xi Xm+1

)

in which m is an integer from 1 to 1,000. The symbol i is an integer from 2 to m and denotes
the position of X'. The symbols X', X', and X™" are independently selected monomers,

wherein (i) said monomers comprise an amine selected from secondary amines and tertiary
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NRLRL (Ila); (lIlDb); in which Zis selected from
the group consisting of 0 and NH. The synbol h is an
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amln%s‘.E Xrgﬂ@fg ;agegsrt%gg:o?%_ﬁ fn%ﬁo fggs&% %sgg X?Es' d éﬁ‘.tc%‘?g Ssgeelﬁcﬂgd from
Fonnahdhsmﬁdehhahdﬂpolyner is positively charged. [0009]
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i nvol ved in azmethod of preparing a noncoval ently
conpl exed adefjovi rus copol ynmer conpl e [0010] In a
third aspect, ||t he copol ynmers of Fornuﬁa | are involved

in a netbod rodu0|ng an a NS into a cel
}%) AR adenOV|ruggggvnondﬁvalently
contacted to a pol ynmer, and (b) the conplex is

In this hod,

contacted to a cell. [0011& I.na fourth aspect, thF
present invention provides phyS|oIog|caI for Pt i on
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t he adenovifus; and c? hysi ol ogi cal | y accept abl e

0 to lexidiersiymbel R[ qanpzr}sexs apalyrikyiene gyjsebmoietre Ip?@@e ers of the

1nvenLlon rnelt a'lsf:)oI fr(pe 0 c'ros% 6{38 kér zaﬁgm Wg,sdt gﬂ%ﬁ?l‘ég@& &}ﬁmart le%fst one C?f the

novi r us, nmer an

nitrogeél @eeNd ihlibe aflﬁlmm@p@duemy yhargdd ached. | 0013] Q her
aspects and enbodi nents of the present invention wll

. i D
100037, BB asp R TR it oy FORPEE € ot e ¥ method of
prepagihg atmeatuviatcatly aowpkegedatendyicust epolymes edmplexei n
generally have the sane neani ng as comonly
[0010‘] ndlﬁrasﬁlf?@ dspét, AEcopblyRic Sfofmald 1 dre hﬁfoix}'é@ 11"ilﬁtmett1§bd of introducing
ich this invention belongs. Generally, the ,
an adnmmms irdo arcell.ubeldismaetbod (g aderovinisas mersoyalently contacted to a
oced cul ar genetics,
copol§gt e (@t Fbie sotaldfiiua R eliem ot ry and 3 o
2005/012407 PCT/USZOO4/019296 nucl eic acid chemstry
{00114 n dintpyforith psnget, 81¢ Riessat insertiopdirevides aphyistpdesicid formidion
and . [
compBrslgg e@g ?ggpolyrggggnlg gl}a In E)bg Eﬁ a@éﬁoarm-gg?g%ljg?lg F(ﬂ'hﬂ Lﬁ%rcbn@&galent

complexnviehn tHe @id aho viiiak;ad g c) mprtyml@gMall@rvdcapazml@eb&qgemer al
references (see generally, Knipe et al. FIELDS

[0012{;,\/ ﬁgﬁﬁ% aséhl f agé) f%ﬁ?{gmeﬁk&% faékl?/gndcoﬁr por At e lymer of

Formhharlaind abydemmivens vadeyein wiei crobotyrrmr pndadaiediresare nghanyhlently
Eﬂis docunent. Standard techni ques, or nodifications
attachefler eof | are used for chenmical syntheses and cheni cal

anal yses.
[0013] Other aspects and embodiments of the present invention will be apparent from the

detailed description that follows.

DEFINITIONS

[0014] Unless defined otherwise, all technical and scientific terms used herein generally
have the same meaning as commonly understood by one of ordinary skill in the art to which
this invention belongs. Generally, the nomenclature used herein and the laboratory

procedures in cell culture, molecular genetics, organic synthesis, analytical chemistry, and



[0015] "Nucleic acid" refers to deoxyribonucl eoti des
or ribonucl eotides and polyners thereof in either
wa2ghe4onr doubl e-stranded form The term encEIPESEEH019296
the ternms gene, CcDNA, nRNA, oligonucleotide, and
h I
rucle R NUFRAOR 86 i LSO APATRRSRES, Uk v

commiundy aﬁpiog}ed antht ags The tdehiigoésf dnddbrérdiges are genemily pesfomied
i nkages. These nucl eoti de anal Qgs have, sim | ar
accorging 4o ﬁ‘b“"ﬁ%?)@i fedhodg an thgart qnéfVéF@%&enﬁ% references(ype gsperally,

e
Coing LSO oL 2050 L, e
PhiladdlptiaRA,|winith Btlnmrpoxptedshpi‘m by hiferabe3, which are prov1ded throughout

. .phosphoram.dates,. neth sphonat e chir th
this ABEHR BT RENOET (SNBHED ) Iod SR BaieD et LR o dRemica
synthQéé§|aﬁd16héﬂibQ$anﬁl N4s) . [0016] Unless ot her wi se
In |cated a partlcular nucl eic acid sequence al so

[001§\} ar |I\L% eéc 'E%g?rn‘%a eé?(?nlaoglglgﬁg?(z o\f ?génmgotldeg gnd polymers

theresfuR Sithdrisingd or doable-se el gomit Bhe/tef @HESIRSSsesaABe wednl; gene,
as the sequence explicitly indicated. Specifical

cDNALgR Ny, aligorusipstide vd pprbuisleetidendhhedermhelse ém@alpayses synthetic,

naturgﬁgc%g?}ri ga1§de e-Céftlgl’gH% %ﬁgnﬁtﬁg gﬁg'*gogﬁﬁgpﬁ% %f backbone

residudds loh hﬁkage@l 'EDH&E nacldotide andlvgx Jiaveosiniler biading lpﬁ@e(’t%taz dhie
et al., Nucleic ACId Res.. 19: 5081 (1991); Onhtsuk e& .
referegpe nugjeic agydgpr arefiishAbobety. lzma%bﬁsft‘lf@%t e FelgreBes Ryfieotides.

Exanfples®f sucMalo g:‘f'lllélude F@@t 1%109 @%bﬂlmat&saﬁk}bh&gﬁldmes

erm contactlng a c refers i Intern atlon
methylfphasphadatas)\chiralsmethy! glmsplicaatesS2- Qaueeuhul/ebnnwltotldcsoptmeie-
cell E&l s, term enconpasses, for exanple, intravenous
nucleigacids(ENASY i ni stration of the virus or conplex which
results inits internalization into the cell. [0018]
[0016TheUnlessmtherwaseandicatsd, ag@ﬂ@ﬂéarlrycl@mrd segyenge also implicitly

nucl eot i de conp in portion of
enco Rt PER S RHEoR AR eof Greer Lebhfiedpaflapsiiytions
and capBRlenbdlP Baiuehdes 8 vadll astthescgasnte sxpEEias aniidted) SSpec1ﬁca11y,
i ncluding, but not limted to, human, bovine, ovin

degensgaie pedongahstitationspaaychershieyed by sengrfing Sﬁﬁ%ﬁm%@nﬂwh the third
posi B USRS Ayl R G pad TR AR A R L0 Wl

deoxﬁh@sﬁlm)ffesldhése(Bamr ¥ dil,lNucl%RfAﬂtdBe.S 18598 A(19913; L(blgemﬂara al., J.
LU :
Biol. Chorp. 36995053898 1 £583y Raesolni egal gpcehobinishe o8 (155).
PCT/ US2004/ 019296 10, 11 (Ad 11 A and Ad 11 P), 12,
[0017] 3, Tk, teBim Y6qntacting ,ab@l,l" kefas tathe itdrnalR2atioA ®f aR 4der®5iru526r,

compiﬁgﬁ’ 0 stge inzrér?tio&%gfodftgél cqﬂg Zrlggfe’r%%%b%ggaasﬁefss ?ozsgggﬁmfsg]}raggdous or
oral adPBniBeM RO FAREVAN drés@plenSafih resiltd inGtsiiRtéAIAliL&Tbn into the cell.
i ncl ude, but are not limted to, bovine adenovirus

[OOISIAypﬁiﬁ, tghﬁ g?delnbm‘r% &%{lélrglé%%oamﬂ%ns%f % g%‘#l{i&?(fegc 'rx?{sb%ﬁ% all or a
portidd #PaR, adBHR@s gblidre€ t " Adeas wiRisO r&@rs%)lec&i’v@ly&o aftthilndenoviruses of

adenovi ruses of interest include, but are not_ |imted
the genws meagiaerovisyp & luding, Qubnos Nanilse te venang g, Oyineseqyine, canine,

porcine, murine and simian adenovirus subgenera. In particular, human adenoviruses include
the A-F subgenera as well as the individual serotypes thereof, the individual serotypes and A-

F subgenera including, but not limited to, human adenovirus types 1, 2, 3, 4, 4a, 5,6, 7, 8, 9,
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interest include, for exanple, porcine types 3 and 4.
"Adenovirus" also refers collectively to reconbi nant

wa@admsovisouses, such as those produced from t hePCT/US2004/019296
del etion, insertion, or mutation of nucleic acids.

10, 1Tlmdrm@ﬁamaqnp q@emmﬁ9$6€17qengal§aozbe21pwobach 15,08127, 28,

i nki ng fromdifferent ser ot fes or
29, 3§,Lﬂdgé%e?r3a3 {134, 3ﬁpe3& éﬁnﬁ8 A8 a) 43, 44k 454w @7, 48, and 91.
The lgo%ﬁn?? aﬁgn&ﬁﬁi@% &seELll ?gﬁfz?@q%ﬁ%@eﬁoté@h&@ otﬂdl?ovgle

adendwiflis aptEs 111253, 0y7d agpo. | Cﬁnh@i&h@ﬁ?ﬁs@@ﬁwlude but are not limited to canine
dr ophabi_c- hydr %Ehobl c interactions, van der Wals

h
types; hSEALE Cion 6130 REZSHbLiats Greniaieq-6brand 2. derpane adsmoviruses of
1nterés?f udPHWY 3R not ll%éteﬂ%? dequS uaﬁbs 1 a%ﬁ%rzﬁldtp%rﬁﬁéaweﬂtwﬁ%@s of

et1c conpou IFecul ar wei
1ntere{st)msluslt,| fogexdmplp, doocing typeod Snd)ﬁ V&@e&ﬂvﬂds"l dlguaeters collectlvely to

no ners Each noner |s a re atively light and
recorglil)] H:H}t@ mv&eﬁﬁs Sug; @éﬁﬂse ﬁ) m g}%g}semogsor mutation of
nucledSKRYdN R rBeorfitih&lt %d&ﬁ)vﬁ’u |c¥ﬁr§fso g@ gk}ﬁ‘ﬁgecf erxrﬁ‘ the ﬁhﬂﬂ% Bf DNA
type of nonomer. [0022] e term "copol yner as use

ﬁmnﬂéﬁﬂﬂnsemmmessruwgaugmlyner produced by the
si mul t aneous pol ynerization of two or nore dissimlar

[0019T0 NPheiefm “h&boShledinCastiREdheremO famthy BRIdirAd f sﬂBstanéé§ v1a ionic
used herein, refers to the coval ent attachment of

bonding, elesteostsic yaiErgtienehydiern hesding bﬁirownb?abmémpglhen@lgractlons
hydro%fhgs‘lt H&d}(oﬁ)ihg%rcgﬁtgra% alérfrgsog%ne(g? f\ﬁ%ag %ter{a%qlonFL ﬁ]tnfité?pglthereoﬁ

chem cal fornmu Ias vvrlttenfromleft to rl(% hey
[002¢quEhg V“@nﬁ‘b‘bﬁﬁ’ﬁ s a3 wed higesin, aefersyfo nafural jsad synthetic compounds of
usualwgﬁ HO%“;&% V\t C I‘M?éll l’lg ?? IIJA ﬁulfh[)f?%%%t&ghma monomers.
trtcture Trom t to
Eachmpniomkisrurelamvel-yﬂxgﬂﬂand ilﬁﬁ%howhdet erm"al kyl," by
itself or as part of another substituent, neans,
[00214 "] BRStefth "RSMbSRym L 2hbifled Rerdi ?éf&lgtto Qg Qgﬁged from a single
chain, or cyclic hydrocarbon radi cal r “conbi nati1 on
type@ﬂmomer whi ch may be fully saturat ed, nono- or
pol yunsaturated and can include di- and nultival ent
002 adl"l‘i‘é‘t'eﬁn "Ehol et N8 uBBHTR@EinOfefG 2 tPO P01 Brodasddasiahed
[ 22 Gé?bngg?]s one to ten 5 WD Zg%gﬁi 407
s1mu1r2@maszrbm¢r@z_@929 6f twapboak)dissEnidarghenpmagrs.sat ur at ed
hydr ocar bon radi cals include, but are not Iimted to,
[00233 r le]iESterrﬁ uabsﬁﬁolpmbhyduonatab)abed Hbrah,orréﬁdrs td the B6 @It attachment
, t-butyl, isobutyl, sec-butyl, cyclohexyl,
of tw? eym%@mlmﬁ%wme gwt@b FQPRAOREE ﬁpqis omﬁivagxle%alycol
moledui@ners of , for exanple, n-pentyl, n- hexyl, n-heptyl,
n-octyl, and the |like. An unsaturated al kyl group is

n avi ng one or nore onds or triple bhon
0024 iR ey FrauPR peprS R Sy MatsonysretonaEhepaal fmulas,
writtéhQkom Hd Mot ght ttﬁgy Yjuany enc%nﬂfa@@@n@%hemﬁ:ﬁ% ddentlcal substituents that
2-1sopentenyl, ut adi enyl) 4- pent'adi eny
woul@result from writing the structure from nght to leﬁ e.g.,-CH;0O- is equlvalent to

~OCH>-.

[0025] The term “alkyl,” by itself or as part of another substituent, means, unless otherwise
stated, a straight or branched chain, or cyclic hydrocarbon radical, or combination thereof,
which may be fully saturated, mono- or polyunsaturated and can include di- and multivalent

radicals, having the number of carbon atoms designated (i.e. C;-C;o means one to ten
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pent adi enyl ), ethynyl, 1- and 3-propynyl, 3-butynyl,
and the higher honol ogs and isoners. The term

WO 200912407 unl ess ot herwi se noted, is al so meaneCt/uUS2004/019296
i nclude those derivatives of alkyl defined in nore

carboxgﬁ t % Lm?f%g ?Wsm?rg%ﬁ hgaroh:ar?ég rraocfi“%) l@/ 1nt:lud€‘I M Lireq{o? ll’iﬂﬁteg to, groups

rocar TOU S are ter

such ashMﬁl &I, n-groH2 G]sop'Fhﬁle ©buyl, alblny_sil as@utjdysectbmylf cywlohexyl,
art of another substituent s a djval ent
(cyclahguylmethil YS)eRIOPYlaeiih haelss an éw@a@éwl qri ¥@mPplsy p-pentyl, n-

hexylr}ﬁh Sﬂt&l"h Yoetyl, eg'bﬂ heti U ated & 1%1f ogltlg[}%e RVl R r more

grou ow as | ene.
doubl&' ppndsadrityple zbnndd I@dan(pdﬁs of anhha}nllrated)allgd gnqmpwmclludeablﬂ are not

rom,1 to 24 carbon ons, W
imite S e PR B lssg?q%aww’e SER gD %.d 8ahe-t1.4-
pentadh@ﬂﬁ?teﬂﬁﬂ 1,A aﬁd)%foﬁhylyb-bu%yl lap¥vee Iﬁkllféﬂh%fh% ogs%nd #somers.
er c ain alkyl “or”ai kyl'ene group, generally
The tdmvraﬁgfl,euugless otherfvdsgenotediihalso mieartso iff ﬁyoswr@ntvemm of alkyl

senn S5t B ST R LML bl B e

hydrot:;hﬁs@gﬁalubyhreqemaas ‘heibalkhed to the remai nder of the
nol ecul e via an oxygen atom an am no group, or a

G
[0026? 'Ji i ox%f ke{/q(ﬂ&?%go% Eseﬁ%# ¥s Pz{rp rofat O%F E%t{sﬁ[d&t meﬁns a divalent
radlca&lﬂ@tﬁmrfrdrﬁ amalkaRa s exempléfie, batrve tiniited, it -aCHsCHACH,CH;-, and
stabl e straight qr bgﬁrgged chai n, '

I .
further, ynefusiea insh srosas degert *Y b1 peppaiklepher Berically, an alkyl (or
t

o e SH Py PR UGl IV Gt fewer
carbon etogisdteingprofer@d ilthe piresanidnBntiand Anvflewer alkylior ‘ﬁloweo gikpylene” is

and_sul fur at opt i onal oxi di zed an
a shofT P SIgalio of kSTt 1oy BBy RG <fibt O ies BRPoh dfoms.

The heteroaton(s) 0O, Nand S and Si nay be placed at
[0027hnyThierterans ‘atkopys’ lkytangno” e “atietltbrod { pihiioadikaxiyp arsrused in their

o 5 S WO B B U ANAPEREE i
via alladc)ﬁ%@l@htoh ﬁhbﬁﬂnd C%(g)up %@éﬂl&_@éﬁ&%&pm%yw NH- CH3,

[0028] %“@%@W 3R ﬁﬁ%ﬂ% A s, untess

otherwide stawd, hethblm&‘axghsoﬁhwndhed clms,mr ey tlwehydsamabbomsradicals or

S I
combtqaaomeﬂeiﬁswﬁ@m%mg@ |twte%9um?e§éaf1car39n &éonb%ﬂn'@%e%gt rie

heter(?-lr . Ecté&' ﬁ%fn'kth*:' %fgug cBRGE ggbff‘b g@'sf? Bhd Saéhcp\%ergﬁrthé’ ﬁifilrogen

eteroa exenp but not |imted
and sul@2tdind/BaP Oﬁt&tr&llgcbeixmléﬂldﬁd Gialige SR teroatom may optlonally be

CH2-.S. CH2- CH2-_ and - CH2- S CHR:.CH2-NH-CH2- . For . . ..
e b B S5 55 SRR MAT s repgosionr
the he@érbglﬁﬂll Sbupet zh tRd E)&S'ﬂtﬁ)rpﬁ HicH Qe ﬁ]k‘?’l gilo8p 8 attached to the remainder

kyl eneoxy enedi oxy, al kyl éneam no,

of thean«ly«tlémeﬂxmlnsamcmdd, hugerd ndrt él)mtesttfp |-CHpx§fH2@r CHj, o H,-CH,-NH-

oy, R R S EC GRS Q% OB Ry GH- S0

CH;, CHECHLOCHY) -SNCHL), t-08,-C R @HY fand heHﬁO}k-leHg) QHl. Up to
is witten. For exanple, the formula - I\}H
two hetepratoaseningy bgeepsecutive, such as, for example, -CH;-NH-OCHj3 and ~CH,-O-

Si(CH;)s. Similarly, the term “heteroalkylene” by itself or as part of another substituent

means a divalent radical derived from heteroalkyl, as exemplified, but not limited by, -CH,-



-C(O2R - and -R C(O)2-. [00291 The terns "cycl oal kyl "
and "heterocycl oal kyl", by thenselves or in

w@owbonaoi on with other terns, represent, unl BEBUS2004/019296
ot herw se stated, cyclic verS| ons of "al kyl" and

o SCRLEABEMY Gy SSCREEH Ot Tkt i g grooms

can algol atgupy ¢ikreg esbotA@d thel chaiml teyinf (@rg. ek Werzoyy,| ahlaylkgddm)a,
het eroa n aqccupy the ti
alkylem%akﬁ%ﬁ%w 451 e V) i Rt ot e P hetroalkylene
llnklng'Exl ?;U 8- or@iﬁﬂ@ﬁ stthgfhnkﬁﬁécér&fﬂ 15Yﬂnp11653$yuﬁg direétiorAinSyK1eR the
to, cyclopentyl, "Cyclohexyl, 1I- cyclohexenyl
formuB-of theclininggtoub js writiéroHegrtexhmplenthetformnuls kE(OER arrgprssents both
eLo | oal kyl include, but are not limted to,

"C(O)gé(fn g‘@@étrahydropyn dyl), 1-piperidinyl,

eridinyl, 3-piperidinyl - norphol i nyl
[0029]3 E‘bg e | %loalkﬁfp&m@pgﬁc&@l@f’ |byrt)hemselv¥35 or in combination

with o{h%i‘ f ?ﬁ%’g’ glfe Ui rlmiesx Pthe&sltsé ?tg%gzl ny{: 9&51%11}( Bf ¢ all%/l a?d

| en era
heter&ﬂldylt’IESﬂebﬁﬁely [ @H@d)i c&éloﬂk?lcbrhﬁfeﬁbdyclohlk@l tnehmlle saturated and

unsatuﬁquci,ﬁgé,kpl:(a%gg gpg gpallylr@ gr%ﬁgéggl@ﬁ lkgﬁgggpe?onaiﬂlgl can olccupy the
p051t1c91ef{t @ﬁetteﬁfzg fis agt%.@h&f(t%qﬂé Wamc%?gfﬂgﬂem&cﬂé. Bxamples of
pol ya col pat e

ene erivative Is adi
cycloaditylt;ad:ﬂlaja; bht- amndrt)mmyed tpodye Eipaytyk cgclghgxob| 1-cyoldhexenyl, 3-

cyeloHGR Ty HEBRPE, ead Hedke: BRyBERG! BHERTgRUFY Agude, butare o
11m1te(p§; 'lygtl y. @ﬁet@aﬂfyd%p?ﬂ&ﬁb Claf)lpéﬂ’cﬂhylc 2l Rlinyl, 2P bkridin 1 4-
he term ary S, Unl,eSS Other\Nl se sta

morphahmdl -y plral imayd, édrahadmfman@ yl, tetrelrysizelitrord -3l b@talwd@thlen 2-yl,
e .a Ssl.n L1 N
tetrah%%?tﬁfegfixﬁ Topiperdeidth g-ripihifil A the BE oy b Posea

ether or_ I|inked coval ently The term "heteroaryl "

[00301r eferused beraipythe t@jrrb'ip@kvaélmler\eugw@j" nefrag tocphysahrieng gimol

polypr\?},ﬁgleﬁé)ﬁ@?ﬁép‘nﬁlﬁ&‘% g@"sgﬁ ur a{'{)s%gljgkr’fe op?’lﬁ"ci)‘nni§ Hyy

embodixienl cﬁ"ethol)@uilldyléﬂbegl?ccﬂ dedestiva iadigate dihgdraeideimethydxy-
guat er ni zed A heteroary] dgrou can be, at tached éo t he
polyetglgas BYEFL. Slthénssemp|age ciieo IRRS @Ehlisiechigy heaayadeh orporation's

catalo é\%lkﬁﬂykﬁ )fc%lam lﬁ%‘uﬁc{tlﬁgﬁr ot g%hg p(ﬂ@qg %p%ﬁEé’tL Ing'Lg@@?).

0031} 4 éi%ﬁ{arwa Rty piheafoc ot poLPRR GG bromatic

hydroéarwmekmhem%vmmm belr s%%?lé fihy br nﬁitﬁﬂ@ﬁﬁéé/dgreferably from 1to3
3-isoxazolyl, 4-isoxazo 5-'i soxazol t hi azol

rings) &vhidhi axe Gispd togsthen palpd{e;ﬂcov@entbf yThe tgmf ulpqtq:roaryl” refers to aryl

o My B s P Bl 26
wherefGhé bivi3erd ARHLAARE atdaenEObptichany BkidiAed! Andthe nitrogen atom(s) are

2- benzi m dazol yl , 5-indolyl, 1-isoqui nol yl
optionglly geafernirstly A hegeroqu] BONRA pqirhk}q attash@ﬂjqoﬁbg( mn‘pq@der of the molecule

througﬁha%lt%géitx}n r%\?({hg%rgltﬂl ng éieﬁef T Ilncf d/i gfouﬁé‘ﬁﬁhﬂie é)henyl

above ary r I'n
1 naplﬁbylezmeﬂmtﬁylombﬁmEnglc oq:gnofyl az;pﬁmlgbemmﬂprymbsrl 2-
scri bed be
mldazo? 1, 4-imidazolyl, pyrazmyl 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl,
3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl,

2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-



[ 00321 For brevity, the term"aryl" when used in

conbi nation with other terns (e.g., aryl oxy,
wa@eybsnsoxy, aryl al kyl) includes both aryl andPCT/US2004/019296

heteroaryl rings as defined above. Thus, the term

benzovﬁ%lrl]ﬁa@ﬂnly wfbéﬁ%ﬁ 1tdaéo?y1' ? di It?é?)ﬁﬁmogﬂi §F§bgu1h81gl 2-

quinox &ling1,,5-qpenaxnalinylp B&mﬁ{dhy/ll and@quldylmsmtltmnﬁ foheachiok €he above
including those al kyl groups . in which a carbon

noted @g\yl gne hgteﬁ;@f)ﬂ)ﬂngﬁgst@pﬁ arﬁ)se}ﬁgtg @'@ghtl}e@q% cj&cheiptatﬁ%|suq;st1tuents

gl an oxygen atom (e.g., phenoxynethyl,
descng yrlgyl oxyrret hyl , 3- (1 napht hyl oxy) propyl, and the

1 The m, " oxo", .as u%

10032, FGE R DF ST 6 WG A i GORDERHBRN VBT G4
arylm!—;:yaQﬂltﬂfox&hﬁyﬁh@lﬁnﬁlﬁﬂé@odﬂ? aidl and Rdtéobhryl nngseisﬁie@i@b& Yhove.

eteroary ) aré nmeant to include both
Thus shm@nnt“eutyéaiksd & meany bsinclude dwsé mdiaalson whieh arhaiyl:artoelg is

a3 v EOGTBLE PSR R e

those hik§1 @lokid 1n&ﬂlﬁicl|il etaborbion (ofadi malhglent gedup)l hﬁkgadeh Oé}ﬂaced by, for
ékoups often referred to as aIk | ene, al keny
examplgs By SERY laf@ﬁb(e mhéa@mm@éw 'P&IIIWWXmetE%MM kyl

naphtﬁgg)gypgﬁ%)g, eny .yglagalbgegxle o?mrjmre of a variety of

I f
[0033% rNoﬂyh%Ster%ge C'ge@%t" ?1.9 mr %@relr? %kagsog%é%ygﬁé at1s cgupelel;golgde(ﬂ.o a carbon
atom.- OC(OR, -C(OR, -CRR, -CONRR', -OC(ONR R,
-NR"C(O)R', -NR' C(O)NR'R' -NR'C(O)ZR'

[0034] g(%%é g?rh%_aget% fﬂﬁs ﬁé g ‘%geter()a& ,ga‘aryl’féﬂ?‘ hﬁtegoaryl”) are

mean{eTRELAE BE isﬁli’stlftft&mlﬁﬁﬁ@ubsttlﬁlté@fﬂrm@ bf thetiRdiGat8d rddscal.he
total nunber of carbon atons in such a radical. R,

Exemptary gibstitwenits fev'eacke tipe of maskgsd aceaneyided belew. t o hydr ogen,
substituted or unsubstituted heteroal kyl, substituted

[0035ﬁ I Sibsttasits fotitBelalkyyind HRetegoalk dirydicals! bﬁ&luﬂmg ehbswlgtdupi ofen
al ogens, substituted or = unsubstituted alk , altoxy

referreg Loy am aél@rlmylkgmddpféeroaikylsw hgtergalkegyh aayn |
hetero;c&gfégf:ﬁgf? g ?éloaﬁc 1 zﬂl\ﬁ%{eh&:g/giogﬁé Hg? carlBY <§he_t J}%‘ore 3¢ aRariety of

exa eac groups 1s
groupi Belegred flent, byt mﬁlhauteddo :a®ORdy €0ealiR’,RN-OR”, -NRR”arfiR ‘RHalogen,

sie 8RRk U @R 2 odEedoNE R oA oy Br LT

-NR’ -tgl@ny{aﬂ’(’)’b Q\IRC@(@)EIQ’G deM.(t:(iN}( ReRm)L.NRg’e nNN-Q QIRR- f) ORI -

f 7-menberéd ring. For éxanple, i's
S(O)ReaS(0)IRI, +S(ONINRE R DINRSBR b and +NE: iwa number ranging from zero

o R 5 o PR SRSk R TP R e

R eﬁé“l'bﬁlhb}% ABitHy re%ﬂ@o Hf'drﬁ §dn, EuBsﬂtlitétﬁorafn%ulyﬂtlkdtedlmafoﬁﬂ@nd
that the term "al ky s meant to include groups

substitufed gdumsgbttautb@ AryAtegrsargbunbetituedgyidubs helagens, spestituted or
unsub_séﬁ&e&gaj?y gu%)?& or tﬁ%)éﬂ(gx?gl:o@?%) w&}(&e%?ra_ss ,\g}ﬁg}l Qg&npound of
the inv@(t@n@ha@éﬁnore than one R group, for example, each of the R groups is
independently selected as are each R’, R”, R’ and R groups when more than one of these
groups is present. When R’ and R” are attached to the same nitrogen atom, they can be
combined with the nitrogen atom to form a 5-, 6-, or 7-membered ring. For example, -NR’R”

is meant to include, but not be limited to, 1-pyrrolidinyl and 4-morpholinyl. From the above

8



and the like). [0036] Simlar to the substituents
described for the al kyl radical, substituents for the

wa@eopb/012a0m het er oaryl groups are vari ed and areCT/US2004/019296
sel ected from for exanple: hal ogen, - , =0 =NR

dxscuss@z%ubstﬁﬁér& one%&ﬂ& ﬂﬂle CIJ(“ lirrﬁﬁgggd%at the %@Lﬁyl is meant

to inclii€ gr@{pS)intudthy carbhiRaGnE) Feund td\Btou MReIRha hydmgen groups such

as hal}%&g%e; -%%EH%WZ k&a d agyl% 2 2&0)@,_}'%53 %@8}‘5 -C(0)CH,0CH,,

and thé y@)p(Cl- C4) al koxy, and fluoro(C 1 -C4)alkyl, in a
nunbér rangi ng from zero to the total nunber of open

[003%& §1%%E\§ goo{cg\e gstlg cL g'grnt?n%{ %fkglg}aéi&gg 3u¥\s¢%§l§ﬁ%ts%or the aryl

and mwdd@gegaou;ﬁl alfwandmednara&aée}re&ed ﬁmul for aﬂﬂn;het ﬁﬁlegéru |-OR’ =0,
conmpound of the invention |nclu es nore

Whe
-NRorréI ﬂRgr' Rs SR, '@ﬁ@ﬂm,esmegcﬂ’”@foﬂ@m rﬁ(@)%s CQzR’
| - :
-COI\'éI?g{ﬁ’ps yﬁégfgb?ﬁtq@) LR etcgggﬁkgrotlps i 8 r}?eégNﬁ

C(NK’ aoa’r])ﬂm” oNR- rre\lmmst:mwe AS©)AN -Scﬂ))aRenS(Ca)tzNRsR’Qf-NRSOZR’,

N S8 aR b NG Ut Bucselft-oelkensl f iteralCroCatiy, ina mumber
rangn_m%lg_gfnge(ré @EeclR%athum%p &f 8;5&5 v-Elé'i‘l@éis orMh8 gFon'l %g%ns‘}%fr}; ¥nd

- Oor a sing
where Rf ,Rje R”bind REmare mdrandenAy ’Séc(ﬂad frvml lwdrctgm a:lkylt. heteroalkyl, aryl

bst t t dj t f .t
and hglgpoarn, e s S CEita Bt TR srid Bangre R grovp, for
exa.mgléb 84chtofemyd R%fmdpl@ (?s Inaéﬁeﬁhaltw{e@téa)ag ai%eacwme TIQ’PS'(R’;\ aRNE™

are independentl
groupss;(l@)iznoreﬂ@(rogr@wﬂthesegmpsnsnge&.enbond and r is an
integer of from1l to 4. One of the single bonds of the

[0037]EWT Wb B tHeGubsiiti@ds sydjadtht A6k by thebeylrs plefesly Wirkdmay
doubl e bond. Alternatively, two of the substltuents on

optiop}yaeeaieplagecbyyih @substiteeng pi the dormyda eF-S4OH(CRRAly-Wmwherein T and

I t

U are?gzrlérﬁvlépgédtgf( %, )e(g_, %%@Rvﬂﬁa;h J?g,léy\ﬁﬁif, éﬁd;& gsIn%‘x E}teggleof from 0 to 3.
Alterhatilepe e of thy shbﬁti&WSomidj afdemmt&nt of the asyldr Keﬂeﬁoaryl@mg may

.-NR -, -S, %O) é S(O) 2NR -
optiony]hshe replapsdw alqubstqt?enéﬂ thpefomgxrlzé—Ar;p&szBdbwyerem A and B are
: ' NEgR L Y.oel tad f 0 r
e e Lty ol Ky Y GUSeTTRRNIE L) bl Hnland i
an inteper dfdrom 1 hetde thodi tiie sugleﬂnmis 01f thei meed tigiesofoymed n(a@)optlonally

be reﬂlgfﬁdr\gqel{]? g'f}ahsl B Lfg{t@{}ﬁ%"&@h WO 8 gl%%ﬂléétgy%ﬁq éfp OcF 9<],ent atoms of

the afyPERREBLSA riRY nfa9pa6RdIDetrBflacedalth ¥iBtitucRBSRNO formula
acid and i'solating the parent conpound in the

—(CRBo)aw?@(fERoRu’é{Dd sulraie s andrd are lgdmlmmlwmmwf from 0 to 3, and X is —

oGkt T s O ) TheupbdfiR R R R

prefembgp@ﬂépeaaem fecad fisth ﬂ?d[’ogéryoﬂ sibftithRd o8 th\u@@ﬁit&ted (C1-Ce)alkyl.
[0040] In ad tion to sa orns, the present

[0039]”"&9[1%9%6%19,\4}19 ?e%nG%@{%PolAEb‘i’ﬁ fsl?l?éanf'{oqnj:lﬂd@oxygen (O), nitrogen (N),
sulfur (S) and silicon (Si).

[0039] The neutral forms of the compounds are preferably regenerated by contacting the

salt with a base or acid and isolating the parent compound in the conventional manner. The



prodrug form Prodrugs of the conpounds descri bed
herein are those conpounds that readily undergo
waeb@siocab7 changes under physi ol ogi cal conditi OPGT/US2004/019296
provi de the conpounds of the present invention.
parerf 36t b OB o BTG The Brioh R (i e physical
propeb‘he&;hmh a:sasblubﬂttymdpolansoavenesx vivo environnent. [0041]
The term "ring" as used herein neans an encircling
L0046y ¥ mmt to@hlt #SrHIBHE B}és@rﬂ%'l/éﬁtloﬂ Pde'ichsQShﬁbQ@dsCtHﬁ are in a
hin the arrangenent. ring includes aromatic and
prodmgrfoxm oPeediugs Oﬁﬁlestomwusdscdvsweddﬁmm augtthebecompounds that readily

uncli BBy PSR VLB aroa s Sha Ry Rt or e

preseAbFhventiust |Adﬂlﬁ&ha®l!y progkups tard b @ﬂlv&@édetbQHé ¥dmpoubide of the present
nunber of atoms in a ring are typically defined by the

lnvem@ﬁ@errchémlqab%l@pghemcal mectirqdggn an porive RAIEINGIEDE 5. t o

7- menbered ring" neans there are 5-7 atons in the
[004HNnCcThetermdring! fsunsge herein mEaﬁfantm‘ﬁﬂrngi maﬁgérhema)lf hty)rr& optionally

het er oat om . Thu the term"5: to 7- nenbered %
having-haterapigms mifnin e AFRBEHIET aATiNg, mﬁvﬁ%srqramﬁw anghpn-dromatic

I I

moiclfh SR Sl or rSRSRLEL CHRIAAS berhtr thiusfed
heteracy&lldaﬂqd,l substitetetior unstibstituted sy rang substitited ort wishibsitutyd heteroaryl.

renpresents a set of t h 1-10.. Th ) )
The fuiet 8F Slops Jn 8 Elagars HBicaly AEA g the Rebgi st meldages n the ring
For e‘ﬁ@xﬁf)@ "ﬁ&S h. ﬁiéﬂﬁfefédl'fﬂfg‘ mean®deteorablVatdink fn?f}ﬁ%mr(ﬁﬁfg

exanpl e, for he substituent (R )s, where s is 2, the
arrangcmgntn@;lclbmem!vbmmqpupeajlm hdﬁeraatgmbélfhuwhe terox " 5- to 7- membered

tuted al k ted . un bstlt ted
ring HIOURS, ok SRp Bipstind sl ST i 810 Findl RS i Gy
drawfi®dihsa hglk erslicitsubft@er od i ﬁaremhmls Yxvihg 8 subseti i IettéxO MThe
is a netal ion having a val ency of at |east 2. 43]
subseripb jesier typicatly repressnisieset efdntegsrsotuch asrbilfe (fihe lmﬁaftrs represent the
num&&%ﬁpgg\%btsﬁ @ﬁ&%ﬁﬁ%@%g stuﬂg Ftuent dso(gﬁﬂia Slfﬁém OLFor é&lample for
the snﬁlﬁtlneﬂdde Ul @herea i92 thadng malydble Galbsﬁ,ﬁutt:dl elltihml substittitedtor ch
he displ ayed ety is at ache to the remai nder of
“nsu‘?sﬁ‘éutﬁ%ia ¥ignd as 'qﬂ OE8Rs FW“Ee hstsEerdeYlof the present
i nventi on possess asymTet ric carbon atons (optical
[0042)enThe R}mdpok}'b abheedheruis meafseat lgasehaf@sxample, a polyvalent metal
as Mer s, onetric isqmers and individual
1on1§%61ﬁéaf 1 %ﬁ%¥§£6t\ﬁ?§2l n the scope of the
resent invention. 10 WO 2005/ 012407 PCT/ US2004/ 019296
[004HRI BHoioRSaRfersTiothe EicEHE DRolgrwethdt d0atBched tg another structure.
Schematic outline of the synthesis of PElI-nPEG

[004410 PTh §¥ibo] Brem¢ hedthepotilyRH Ry b &66d ot dl@plﬁ?édelieilﬂ@di@ui’ar to a bond,
y=1) with a nol ecul ar. wej ght of 25 kDa was reacted

mdlcane@ fhe pepet@t whigh(the lel)ayqdrmqw iffitarhed tathe romainderefdhemolecule.
chloride, 0.7 mM EDTA, pH 8.4. [0047] Fig. 2:
[004F}esCunain c@npmimfs oé toehmegat mheivatpogseasrasyaimetec oatbon atvims
and adengvirus encapsul ated with

(opti&ﬁgﬁgg@rﬁ%&& ogds d %gaﬁgrgptgf,ldghstqr%mgs @eometmc isomers and

individual isomers are encompassed within the scope of the present invention.
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The graphs show absorbance at 260 nmas a function of
time. The insets show the absorbance spectra of the

wa@dmsovisous peak (panel A, RT=10.37 m nutes) apdr/os20041€19296
encapsul at ed adenovirus peak in the fl ow t hr ough

(panel B, j
condi ti ons%gﬁg%@&hﬁﬁcm%w rate: 1 ?L('?Sm nut e,
buffer A- 50 MM Hepes, pH 7.5, buffer B: Buffer A +
[0046] . SFilgl INaSdhemghaduthine of ﬂﬁ%yﬁhea:bs afRPEIBnPEGI®paiymer.e Branched
o .infec

polyalty neimine Sz 2k Douon mgechlat befbharas KDass ested with

mPEGNP 20P09%)if 453 SIM Bedtd, 306 hWisbBiuRRsvfe0.7GRM EDTASHH 8.4.
used were 'T24 bl adder carcinoma (white Bars) and A549

00s S gC2 PR AR o RREMRRD! RBEOR ingine

(panelAg afd edgdVIrad @tapduldiewith PRE@IPEG (pigel BB, rcﬁﬁa;ﬁhufa‘tleh eatio C).
ratios of polynmer to virus particles (rAd(en

The graphsshey aBsorque a m@ney a@}ncaen eégmei dbe IIFSﬁtS'PBBWéhq
t d
sbsorfhi PURMDALa IO el AEnEPA (R ESArRRLS ah@b P T
encapuRtEdi akilaﬁowms Bé‘%kl meﬁu fow thongt @lanaﬂB JRAPO0. éwlmmmu' o eus
DNA lvers ac een I ago
Chrowatosi:?g)alcwgf@}logwa??@ﬁéb @fms% Elgfrate] §ﬂﬂg PG g S0 mM
Hepe@ﬁ)‘i—% b 8nGigtrer (BMButffér har $)s MINRALBLGichi: 26949 %240% B in 10 minutes.

avenously wth different doses of adenow rus or

oo Rt BirianRlY AR & A EiRE SPERRG YR Rinlte

adenciirus Ehe Hcﬂ’e%o%ﬁﬁedcﬁ?ﬁﬁt&ﬂwi&h P2 0Celt hiies]&%@ wead1l24 bladder
3x109 virus partic er animal. Three ani mals per

carcngwmmiyvmmrt@rf’d @Qé dS4P (hm):]arqmcgna Elack| bagd| Reeassbinarfadenovirus

I I
exorfhe ekl ) SR AR b PP B gP P e
usingahfée |dh,m§}8nt(rhwfbstcﬁ" pb@l‘rﬁér t@ﬁ/lrﬁﬁbﬂlaemrﬂxﬁ(dnﬂ) Apfﬁ&[{enc) B and
i ntravenous|y di fferent doses of adenovirus

rAd(%beé%@eéﬁ%‘%Pddagﬁblﬁ I LAlso showrs argagtreated aglls (U @nd gells infected
wuh{]_&‘gfﬁya %ngt%gg’(ﬁlno %}\8 virus particle ratio (Cin

oups wer nJ ect ed W|th 3x1010, Ix1010

mwaz9@?%32»%3@“@@@@38&& e R Ao R DNt vers (black
bars), sg)vegh§ (difladnBy RABAN Hahg, kilifidys (Qénz%@mglhfa@hweaf@ﬁ%na luhgs

Issue for |iver éxtracts and for al
(whiteblwsy of BAEBésmickdowed mﬁ@?ﬁl‘@mﬂ& @Zthmbwm&‘i oflgiegevirus or

TAI.LED DESCRLPTI ON OF THE | NV ON |
encapsy alfzi S WF Wag GAcAPS ﬁtefl éFglFiléghte%t P&‘!Iégglgaycr}rus particle

ratio g@ﬂi Taﬂﬂ@ ‘PPV@}o@Pﬁ W¥reSinfeerRa Wit 38 0V 1210'°, Bad Bk £0°88rus particles per
ormng a co The cozgl exes are eaS|Iy made (e.dg.

animgly Trhirsaamgnvlsmrsgrahmwemflqs rs) and can be used to
express nucleic acids in cells. In contrast to

[0050] OVEigEﬁ't Bygatictaaidasslactivit YWV &s (Makrbags)] spideas {diggdnatlp hatched
a conpl ex blologlcal material such as adenavirus |s
bars),nlgfineys (honzontally hatched bars), and lungs (white bars) of BALB/c mice injected
intravenously with different doses of adenovirus or encapsulated adenovirus. Virus was
encapsulated at the highest PEI-mPEG to virus particle ratio (C in Table 1). Groups were
injected with 3x10'°, 1x10'°, and 3x10° virus particles per animal. Three animals per group
were dosed. Due to different background levels in the assay the limit of quantitation was 7.7

ng/g tissue for liver extracts and 0.1 ng/g for all other tissues.
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required, thereby avoi ding extensive characterization
of possible reaction products. |Introduction of
woe@seioaci ds into cells is useful for, e.g.,PCT/US2004/019296
therapeutic or diagnostic purposes (e.g. using a
reporter W VENTTON al
cancer therapi es u?) I ze F@aqlﬁ?ﬁiggpgits of
adenovirus or adenovirus vectors. See, for exanple,
U. 5, 846, 945; 5, 801, 029; PCT/ US99/ 08592;
Lo IVRODURION 3 e Usobl 03514, and
PCT/ US97/ 22036. , The vi rus/ pol yner c | ex t he .
(0051 v B BISHFIE S CBfion Felalests 5 cPBRIEMER thapRacaY eﬂaigy sapsulates viral
t f
pamai&vﬁir&%ior etx &imi@i trﬁé @&ﬁ%&@és ard ! YRAP Rl nfide 'a@g u#hwlﬁg Girud dhd
polyn@apjodndroan be p@@ﬁ@]expmsammlms amésm@@tl$ Im@ntrasten totently attached

POl RGBT TEE SRR R OioBRRY FaTere HEh s arapyis i ot

requtfé@”ﬂ’kte‘é?%vé\dﬁig" é)t@n'élrv@ cR&AQESLAGN b podsilEtdadtidn préducts.
which mis an integer from1 to 1, 000.

Introdith:taos pfmimlelc ai:lds tno rellsdguseftlformez. ,ttberﬁp%\we ofl diagnesic purposes

(e PR BRRE My L AP TRE) Eerripelial oYy (Plogi i
vario iR 6f &dRAPVinEorade®vime vsabxeCtSe@l ft;mmqﬂae; QnSalPat Nos
am nes and tertiar am nes,;

5 A ORI EC T RBPISIIRU B Pa o, Micfas BCALVSo a1 4; and

P ST APy R Y ot

nucleicacids affintérestsintadiffeteaticdik tgpest ditheginouypo,comdiostriengivof 0
and NH. The synmbol h is an integer fromO to 1. The

1L synpf)IE CorMruosITIons @ pol yal kyl ene glycol noiety. The
copol yners of the invention are also free of

cro ri zation, and, at physiol ogical pH, at
sihggé%gfnt‘ﬁé nitrogen atoms in the copol ymer is
pOSitiver charged. [00531 In an exenplary enbodi nent,
[0052dt Inesafinst asnectothe inientipmpiowidss A gempkex comppising@s adenovirus

nonco ) % XS& g’ g(l oF f"[rh b exa&)qnprg_ls a lsfrucQute according to
ARy 3P {3

Formula I:

X1 |— Xi ] Xm+1
[ ]
@

in which m is an integer from 1 to 1,000. The symbol i is an integer from 2 to m and denotes
the position of X'. The symbols X', X', and X™! are independently selected monomers,
wherein (i) said monomers comprise an amine selected from secondary amines and tertiary
amines; and (ii) at least one of said monomers comprise Q. Q is a structure selected from

Formula ITa and Formula IIb:
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| east one Qis covalently linked to said nononers
t hrough an atom sel ected fromnitrogen and oxygen. |f
waxaios/osabected from Fornula I1b, then at | eastPONESIP4/619296
covalently linked to said nononers through a carbon
atom [00541 gn an exenplary enbodi nent, Qis Fornula
Ila, his O, is 0, and said nononerﬁ conprise a
structure accfirding to Formula Il1: N-N-~CH2}b (CH2) a
NH2 (111 e ais an integey fromd_to 10, and b
s an |nt)'§g$r fr Ro 10. In an er ex%rrpl ary
enbodi nent, Qis\Fdrnula Ila, his 0, Zis 0, and said
nononers conprise a struct . according to Fo
[V: N+H2~ ¢ (1V) vvhereiﬂi’g’ IS an integer fr{)ﬂwl to
10. In yet another exenplary enbodinment, Qis Formula
in whﬁdhﬂZ idselested,fron t}fe g@ou;ﬁmilssﬁhgi ofOpal WHer Thamtajl hds an integer
ast _one nonone a structure accordin
from ﬁé? hufThe pymbo vﬁqé}ogmﬁlsas 3 I%Oléiﬂk)’lﬁtl%glé(ﬁo fTRQiRYL glEh& copolygses of the
1nvenlﬁoh grriz{lsdwf?% &gt{r%{s Ip%'&nljj rﬁezg.gélg glgl gﬂ%m@i&glcl‘i ﬁt?fé@t one of the
mtrogmheutcﬂnmmdhe sopmhymemegmtvfaiymhatgaﬁ WO 2005/ 012407
PCT/ US2004/ 019296 to 10. In still another exenplary
[0053? ”bﬁ%'&@ﬁqpﬁlrﬂl 8mBodihRn@ RO bnEYLIRE |n%r%n%@ﬁ?t’h%nﬂ}lses a

. I'n an ‘exenplary enbodinent ¢ is 2. In still
chemmabmhmty sotentqsl ﬁi@l}a -Nibedid fRHt 16Qiis se?ect¢dnfromrft§>mg}a IIa, then at

EHEOR ElhienTD Rk gl Badtngrs uBReatiiBn dkibeted fiom nitrogen

and ok%%nmlﬂQr[E kelectefrbm! RIMRAuiaMIE) @henl £ A9l orlerQ & coRdRARY Hhled to said
odi nment is Fornmul a IIa his O Zis 0, and said

monomibiEeuh jaf@Mmg structure according to Formula V:
~ OHII NCHC (CH4 NH2 M

[0054] In an exemplary embodiment, Q is Formula Ila, h is 0, Z is O, and said monomers

least

comprise a structure according to Formula III:

(111
wherein a is an integer from 1 to 10, and b is an integer from 1 to 10. In another exemplary
embodiment, Q is Formula IIa, h is 0, Z is O, and said monomers comprise a structure

according to Formula IV:

% N—fors)- % -

wherein c is an integer from 1 to 10. In yet another exemplary embodiment, Q is Formula

IIa, his 0, Z 1s O, and said copolymer has: a) at least one monomer with a structure according
to Formula III, wherein a is an integer from 1 to 10, and b is an integer from 1 to 10; and b) at

least one monomer with a structure according to Formula IV; wherein c is an integer from 1

13



I n anot her exenpl ary enbodi nent, the nononer is

| ysine. [0056] In an exenplary enbodinent, Qis
woorosizaotla, his 1, Zis NH, and said nononePGI/US2004/019296

conprise a structure according to Formula VI: "L'LU H

to lOng sgt@t 4 é)dﬁ g?(n l'il'y %@@EE \{}92 Eil\gg C._gl;d%hg?éxlaﬁpmﬂp&flment bis

2. In@EldR Ghiglaty @hﬁdﬂ-rﬁh):ﬁt(d—iﬁ Ql—ﬂn\lbtﬂlcmiﬂ&&)eitemphr)amb@ment ais3. In

st Ay SEIP IO Rt 3, TLAE B A STBoUmEb Koy cyrother

exembﬁg‘?gm%dlﬁﬁhg the'mmﬁs etR?leh@nﬁ’inge nber selected from

T NPT —

compki8®® érudtireddcSYRIFRb Fopm@atvedi nent, Qis Formula I1b,
and said copol ymer conprises: a) at |east one nononer

whi ch conprl ses a structurepaccording to Fornula VI,
wherein R3 is a nmenber sel icted fromH,

- (CH2CH2) NH( pjz apd 1 005/ 012407
PCT/ US2004/ 019496
- (CH2CH2) N( CH2 )2 NH( CH2 )2; and b) at | east

one nononer which co HBS@S a structure according to
Formula VII: H HOOH|OHO(VII). In another
exenpl ary enbodi nent, ,is Hfor about two of every
three of said nononmers, and for about one of every
three of said nononmers, R3 is a nmenber €€Jl.ected from -
( CH2CH2) NH( CH2CH3) 2, and

In anothGHACHRIN CHRGIRRCTRGHRNKGHRGER2. | n anot her

exenplary enbodi nent, the perceritage of said nononers

0054 eGSR S5 L6 PR B9 Lo A M monomer

comp%@@@dtrﬁ@ﬁlte,ac%%dir@ to Formula VI

(V)

wherein R? is a member selected from H, -(CH,CH,)NH(CH,CHs),, and -
(CH,CH,)N(CH,CH3;),CH,CH,NH(CH,CHj3),. In another exemplary embodiment, R’isH
for about two of every three of said monomers, and for about one of every three of said
monomers, R? is a member selected from -(CH,CH,)NH(CH,CH3);, and -
(CH,CH,)N(CH,CH3;),CH,CH,NH(CH,CH3),. In another exemplary embodiment, the

monomer is DEAE-Dextran.

[0057] In an exemplary embodiment, Q is Formula IIb, and said copolymer comprises: a) at
least one monomer which comprises a structure according to Formula VI, wherein Rlisa

member selected from H, -(CH,CH,;)NH(CH,CH3)3, and

14



H for about two of every three of said nononmers, and

for about one of every three of said nononers, R3 is
wa@20ve0i=07 sel ect ed from - ( CH2CH2) NH( CH2CH3) 2, BEUS2004/019296

(C}EC}E)N(CH2CH8)2CH2CH2NH(C+QC}B)2i and the

R SRR THCIES D SSBRE ey

compZiSes 4 dfilbRire hcrcomiﬁgaﬂbremﬂmmment s, the non-ionic
pol ymer contains a polyal kyl ene glycol noiety, which
is covalently attachedgto one of the nononers. In

certain enbodi nents, t coval ent attachment results
in the formati on of a 3ecopdary orjtertiary am ne, an
am de, a di hydr agide, uregt, an isourea, a
carbamate, or an urethdne. Exanp ofe pol yal kyl ene
gl ycol s include polyethylene glycof G and its
e enbodi rggnt, the addition of
a non-ionic pol ymery~suchNgs pélyet hyl ene glyco
(PEG, to a cationic poly 7S as PEl, polylysine,
DEAE- Dextran and vari ants hereof, prevents
preci pitation and aggregation of the conpl exes forned
by the copolymer and virus, thus increas(\id).t he
sol ubility of the conplexes. In another enbodi ment,
In an&thér exte emSodithdnt) RCaaHEfof Ats fvas ol @&rﬁﬂﬁéd&if&ﬁ@&nonomers
[0060] In anot her exenplary enbodi ment, R1 conprises a
and fer abgut enecof v erarthien 9f sa3d manpmices, Ryis 3 membengolected from -

oI ST SeRAR N ROARF AN gy

exemplarBerbodiniestg e gefc@hitage bOsdid nishomsrsavhicieodiapriseed s&ﬂtc&de
fromsubstituted or unsubstituted al kyl, substit

accorging in&omayla M sdbetweney 29 Ay 1n skl gagthen pxeepbry embodiment, RY i
H forLﬁ'B thc%' df lé(/ﬁ'g three bPsald n{HﬁHR% e&hd:tié? Ll&ﬁlt l&{é of evea'y three of said |

s |tuted unsubstitute
mondmsdrg dye hmmueybqlecseda&Omt-(EIéﬁZIbJ)NH(\@H%Hk)t wndd aryl,

e . M TS S8 Dt e

comp?iR02 SRS aeéoraiﬁg th FYEMI1L V11 RBBvethfsfpaent | evel s of
non-ionic po ynmer substltutlon on the nmononers of the

r00sdiny o hginGpdhentt fhe SSIPEBIs o R Rt bR PRk A glycol
moie§UWRIchtisiEQAlmIl AtthdRd R@ Borh®6f the ﬂﬁinysﬁﬁfs REGertaih Rnfb@dEnents, this
cases, the level of non-ionic mer substitution is
covalgetraieehmarg sesahe ihoformation RER se@&%& or {gary @pune, gn amide, a
dlhyq?é?i?delr gﬂ 'eé‘tePQ'ui‘éLEE? ESHRII%&' 4 %&ﬁagﬁ‘ar%é Sr Qﬁh}‘@ﬁ&el%ﬁ%i’es 3%

er cases én-ionic

polyasipdeatei dlydolinciude peltyeshglend ghcal@ERH) %nd [ts dat‘#mvm ases,

the |l evel of non-ionic polynmer substitution is about
09
059 0% dn2 RibREIm&GRIRS addiliéh oY fdn-Rh aNkifeh 2P 1
[0 93 bstdnt ueﬁ onnlls bet &eén 10% ar%1 ICW Polyilylene
glycol (PEG), to a cationic polymer, such as PEI, polylysine, DEAE-Dextran and variants

thereof, prevents precipitation and aggregation of the complexes formed by the copolymer
and virus, thus increasing the solubility of the complexes. In another embodiment, PEG

functions to increase transfection efficiency.

[0060] In another exemplary embodiment, R! comprises a structure according to Formula

VIIL:
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[0062] In an exenpl ary enbodi nent, the percentage of
nmononmers which are substituted with Qis at |east 10%
wa@easQaas a structure according to Formul a | XpC1DUS2004/019296

X11__ 1(CH2)PO n-R2 (I X). The synmbol n is an integer
from2 to 2,000. The synbol _p is an integer from1l to
8. R is a mﬂ(%)pébt_& from substituted or
unsubstitutedSal kyl, substituted or un€vHEXit uted
het er oal kyl , substituted or unsubstituted 3- to 7-

The s?ﬁ'gg?ﬁ %danqgfgzg%&'}{ b 10 24RB! ’T%E‘Ef&ib p isWRSMESdriffoh €40 8: R%is a

et erocycl oal ky substituted or
memberselosted frotresiibatityted candsubstitugedi al kol suibstituted ©u basibstituésd

het |, [In [ t... D |
hetereiisi S UDSBIAOF BRBABIG, - ndoarmEred crengr sariafed B
unsuB'Eﬂﬂf?éHef-Ston hiehRFR RURedycloatisal s%§tﬁut@l bBunsub@itukd aky, and
In still another exéenplary enbodi nent, the

substpetk:d enursybstisatedbaisrasary. Whyetienothsr exesuary iembodimenttmis@.
is from17 to 22. 16 WO 2005/ 012407 PCT/ US2004/ 019296

[0061]) O0Bi copblydieresfip idveliti@nhadidifferent 1eveds @ﬁrohem&gﬁ)lyaﬁer
nmononers which are substituted with Qis at . | east
substipfipnymihe menemerrefithecationisralyiper Forexanpls, H% rfthe ethylene

iming %oré%r%ﬁ%?h@ %@orgﬁg&neg pIEISE‘ré n@@ﬁ‘tt@%de \?Iltp ?l(l)émlﬁﬁf?fbﬁfcé&%r PEG.
In sorhb eases,th® tvelf ofironaonic pohger shbstamtdntiobdtwedih &0 %)yant @0%4An other
casesotigl ﬂ##cg-llé{necw% ;ﬁéq%hﬂaﬁat?%ﬁ? gtuv&%egn éb(&agge%(; #Qsotﬁgr cases,

the le@@lv&fln%ﬂtll)tﬁc gw Sebstifutinis Biteh 1536 aRd 25‘%9 qR otier @8ed. the level

I's a nenber selected from
of noa-llldzmt pollyned subrstitntion hsationti2@d. & &ther casesy dhtei levetl @f non-ionic

unsupsti tut.e het al kyl . substituted or
polymir sty R is e@'ee{‘gb%-a"hé"%‘éred cycl oal kyl ,

substituted or unsubstituted 5- to 7- nenbered )
[0062] et laraacsyempkirk ginbodinigat, thepesasntage ghmgpemersyyiieh ageysubstituted

with 6%’ at least 10% and Q has a structure according to Formula IX:

O

"‘11. (CH2),0l,—R?

(IX).

The symbol n is an integer from 2 to 2,000. The symbol p is an integer from 1 to 8. R*is a
member selected from substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted 3- to 7- membered cycloalkyl, substituted or
unsubstituted 5- to 7- membered heterocycloalkyl, substituted or unsubstituted aryl, and
substituted or unsubstituted heteroaryl. In yet another exemplary embodiment, p is 2. In
another exemplary embodiment, the percentage of monomers which are substituted with Q is
from 15 to 30. In still another exemplary embodiment, the percentage of monomers which:

are substituted with Q is from 17 to 22.
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substituted or unsubstituted heteroaryl. In another
exenpl ary enbodinent, f is 0. In yet another

wex@splzaory enbodinment, f is 1. In still anot hePCT/US2004/019296
exenpl ary enbodinent, g is 4. In another exenplary

0003 B S S TR e s

with €xBrap leastyl Ocamid (@l haenitructure agrerdieg tcalfemmofa XKononer s whi ch
are substituted with Qis from17 to 22. [0064] In an
exenpl ary enbodi nenfy the percentage of nononers which
are substituted with Qis at least 10 and Q has a

structure accordi ng to Forrrula Xil: H{(CH)pd n-R2
(XI1). 17 WO 82004/019 6 The

symbol n is an teger ;%‘F e synbol p
is an integer from1t08 |sa merrber sel ect ed

fromsubstituted or unsubstituted al kyl, syhstituted

or unsubstituted heteroal kyl, substituted

unsubstituted 3- to 7- nenbered cycl oal kyl ,
1htlyh&ﬁxtég<r feRs2RSE 060/t Rick s'sf;rmﬂopp s arniﬁtsgef f#6m 1 to 8. The

heter ocycl oal subst’i t ut ed unsubstituted aryl,
symbodd is anuiptegen fnor@d) torl. Urheisymibpt B ba-f FasrustusR geording to Formula XI
Ihgother exenpl ary enbodi nent, the percentage of
or‘rers whi ch are substltuted wth Qis from1l5 to
I n anot her exerrpéary enBodl ment, the percentage
of nononers whi ch arg subst fjt ut ed mnth Qis froml7 to
22. [0065] In an ex | ary gnbodi nent, the conpl ex has
a di anmeter tween and HabU;t 300 nm In
anot her exe H:-e—o%mﬁ X has a
di anet er bet Flsii‘about d about> 150 nm [0066]
In an exenplary enbodi t; R2 is a nmenber sel ected
from substituted and unsubstituted al kyl ,(Xdkbstituted
and unsubstituted aryl, folate, transferrin,
In FigatedCl, B &, coghleftdyp sttachédiol Ib’b,diln&ig is amirtéxed !?rofxf Hgﬂﬁa nTBe symbol R?
and peptides. In another exenplary enbodi nent,

isa rﬁgphgq selepted from sibstiwies A5 uapybsH lkagnqubstrgtu;eg oy unpqpstltuted
t
RS0 SR AR 07 o gy Al o
unsubstituted 6f td Thememaperky heterot pelodikylasidstitntedus unsubshettedeayl, and
500:1 and .30, 000: 1. anot her ex | ary enbodi.nent,
subst e GRS A HEN RSB O PHFGISS FOARERve 1 0. I yet
anotltP&te%@ﬁ:’i lafy &R0 dtmamd s 20 Qtpgllilanoltﬂbr%kérhi% a@f@ﬁl&ﬁﬁment gi is4. In

exenpl ary embodi ment, ‘the ratio of the “copolyner
anothdr@xadp}aqwmbmhmsntbéte\mmntage of)monoxams wdiclo@e substituted with Q is
rs of, the inyenti ion can. poss
fom, L1830 R 7 S5l ogHGen L HF Peis A o Qe pihich ar
substifiedoRRP Qs Bt Pf tdtd2e i nvention have an average
nmol ecul ar wei ght of between about 100 and about 300

[0065] | ?rg ziarll E:xe@x‘?’png§D%)boderen§ afE p@#&f?xﬁg'ée"&%énoxﬁéﬁ which'&?§ubstituted

with Q is at least 10 and Q has a structure according to Formula XII:

N

N——{(CH), Ol —R?

(XID).
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nol ecul ar wei ght is between 125 and 250 kDa. In other
enbodi nents, the average nol ecul ar weight is between
w@abman12b60 and about 170 kDa. The | ength of thBCT/US2004/019296
copolymer is not critical, as long as the conplex it
The dyatbiobn vé drhintelger RGAP0SI12[008. ITheSYRBbERsiaalihtéger from 1to 8. R%isa
el ec%r oa&q utral. In an exeFrR)I ary enbodi nent,
membersgiseterfom sybstifyted s unsyhshiuies qﬂé‘/lmstltmdampﬁéastltuted
Yy
AR T Rl 5052 MRt Sy 1
unsubsfitrites] 5-1toi7s nembierdddgptarod yotral ki, stubst:?.@t@d oPuegudstituiedaryf and

e R AT e T e

mondnit®s WRICANd QbstitlRISEITBLDadm A © F0Otn b
produci ng the éorrpouln}ggl 18 WO 5005/ Of %Weﬂlary embodiment,

the peresmtagsd oagrong2oGhich jase sabistitbted vatnQbefromekd tb@2pr epar e

ot her conpounds as well. The conpounds of the
[0065] nVignini exBmp gy erabSdinieft, BeQduipEsk K% ar{ﬁﬁrﬁ&grsbéﬂQEen about 20 nm and
explicitly illustrated in the schenes. The conpounds

aboutci e [y yethies exanplary amthadiment.athecomples hes adtanreter between about
80 nnﬁ‘?ﬁc?{ﬂoﬁ §5(%mknovvn i nternedi ates. [0070] The

yners, 1h their nost general form are fornmed by
cting a cationic polymer with a non-ionic polyner
[0066] gPanfengPﬁéY enbedy b RofS memberselacted fequp sebstituted and
b@ﬁﬂ L e
unsu u:tergP zg%ql ééu\f)]?%t?%ggﬂg uni gtlfﬁlﬁggt&lbﬁol%tpetrﬁggéﬁg ﬁfactose glucose,
ant1bq;b¢9ymgrbo|éﬁlfrasgmehtsaandqut1¢m danthereaxeBEﬁry\/eﬂnbhdm&nt R%is

t one roup and possesses
A T rieraypla %‘ﬁ%ﬂ%@t pl%i“%fhﬁé CYRIpRIALYesgpodiment, p is 2,
ais 2]N0R-2 emd €isPol yners [ 0071] A noni oni ¢, hydrophilic

pol ymer such as polyalkylene egcoI IS covalently
this invent

tt t
[00672 Iﬁ%E l%gergéllg }ya?r%qdéogrlltc l-ge/* %t?/osotr tp@3 cm?rctp é}pq enovn'us is
betweak 3j500f1 @dfz«ogunomarm a%@t%éﬁ@&:m;ild}? Ie%ba&léﬁ@|ﬂ>{@fa%36f%ecopolymer

gl.ycol and poI y(1,2 | ene 0 from Al drich
to the@ﬁ@}ﬁv W 6%5 ax,yﬁ?@;@@(hg é‘n@ll ter exgnplarysembodiment,
the rafﬁlﬁéf fgg%gg&%ﬁf Q)%{:\I‘;Jf%n?(nlnésnig %2} e%ﬁ ltlb?)égl}nqnfl%%%OI

s et TP SRSt e
example, Qh{l‘:\’d}fﬂ?@é(ﬁ)@ J'rngé}% 6B(hE 'inveﬂtl&{ngﬁze aﬁrbgh%g? hﬁ)‘i‘ecufar weight of

car bamat e ane, or conbi nat
betwepm alert 100 apdbatyaalt ROO blh&la@bm:((le@uthmteSelﬁbﬁdnﬁ&ﬁs,bﬁe average

ot B o 2 oS TE e TRRUEGa . oot

wei ht 13 W& abs@MPOUNA bt 170K Dal vVigRYé
® subunits is between 250- O(?O. r%hoftﬁ@gr de Erﬁnot critical,

as long agjthewommlgnit Eamsiwith the adtmomss ls polbsyaitiayy ewetrgrhqmral In an

el B A R S s
embodlhﬁnt thevssitiboDh is AR IR iKY SPloyeioh i ﬁﬂ?arﬂ'tﬁé? ekerkPIREO

sed as a_capping group. O her
embodlment the symbol m is an integer from 75 to 300.

Preparation of the Copolymer

[0069] The following exemplary schemes 1-5 illustrate methods of preparing the

compounds of the invention. These methods are not limited to producing the compounds
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exanpl es of capping groups are substituted and
unsubstituted al kyl, substituted and wunsubstituted

wa@egs/n1¥40f at e, transferrin, gal actose, gl ucosePCT/US2004/019296
anti bodi es, antibody fragnents, and peptides. Still

llste@tﬂﬁ%axﬂkﬂlﬁ@h BSprepare dRRE BSmPE R Es Well. ThEcomPobfls b tednvention
in the Nektar erapeutics (formerly Shearwater

can ghgs| Barpdyced evmqth@dsemt explicithodlestoaedingle gehemies. amhecqmpounds
o AT LTI s B BB GimBlr SE B ot

i ments, before coupl ing to the cationic poly

10076 e%ﬂﬁ) FRRABANETS, 193hsirraost eeneqabfﬁr@aaqeyfogm Wiaeaeding a cationic
poly:'ﬁ%t #1th babhYodle gB%k-neF ﬂ{aqﬁf%g t1‘3 @Wﬁ@endafsté%ﬁ%cg\g}ﬂa non-

(tn thrs e cyanuric
reactmé@fapulsu For nxampiy,l the um;mlym&rel’ETREEEGtw fstnied by Feactivh of a

e S N
9 WO
o SR 1 R B

[0074] Jhe. cat},olnl C bpol ynmers of the invention conprise
t he syﬁgo and Xni +1 whi ch represent

ositively charged nmonomers. These positively charged
[007Hp n Arftonionics hiylrePhitigmobmas spe dsmedyalkylenseglpend is weleptly attached

toa ccahgﬂlg gglm ?ﬁrﬁﬁssm%@ﬁ} o%' "Sutab2 'ngf M(IyP 1E gf cois%rré{ cc?rﬁnmgrec?dlly

n-contaln Imary am ne

availéhla ftohomahy toweesamcmidg polypRomdérieqity@] pad yorR(1S2 Blfltylehb 8lycol)
[on can _have an average nol ecul ar  wei ght of
from b"gf‘ﬂgbﬁh%{w&ak Cepprnynandappiygth ot glyeel and its davativies emeNektar

TR T SR A S s

cationie pohueer tiroeghué groupsiigihas d sctatanpenteetaoy tmirfe, B0 Bmiteda

dihyc@g%lﬁ% I;ilg gstgg %}%%l, tag Qa%pgq%dg : t %‘gz?tle | %‘d’l“é@‘g?ﬁlb gg g%t?} \%\fatl%gﬁhereof
The ﬁ{ﬁ‘ﬂibér B?ﬁcﬁgﬁﬁyﬂm@?@cé—l%gum{sr(nﬁé’iﬁeoeeE‘%o@bt%éh 9.2,000. SmBome

whol e nu ween 10 and 900 anot her
compenhdseirthemventiang tl@ mwindiee ofisubbeits isdetvesen 4501,2000 18@Gher| n

th er . between
compshds o 0ty ey B R oL i e e BB AP OO he
cationic pol rs are pol yal kyl ene i m nes,
[0072) 5| [y qpderia) re%mgnw%@ 4 sifle resquODEREly Dk yleneglyvelrdanbesapped, e.g.,

with %}dn‘grfg@;}ﬁg n_%ggirerc‘ hnl{)%% ysﬁleff}é% rP%lr(]{))g %{%ﬁ;})/[ Elo nie clor}n[%rﬁnds of the
invenpiohyrabkyrhehexyipolyathyldne gl)&bhﬁnBE(S)EfS usétDaiisyan:dp)zSirfngfg?omﬂT‘ Ofther

ins.the follown N~CH b | H2
exampf) es o?cappmg groups are subs%tute and unsubstltuted alk§ll substltuted and

unsubstituted aryl, folate, transferrin, galactose, glucose, antibodies, antibody fragments, and
peptides. Still other examples of capping groups for PEG can be found in the Nektar
Therapeutics (formerly Shearwater Polymers) (Birmingham, AL) 2001 catalog (available on
the Internet (World Wide Web) at nektar.com), which is herein incorporated by reference.

[0073] In some embodiments, before coupling to the cationic polymer, the non-ionic
polymer is chemically activated. Potentially useful forms of, for example, activated PEG (in
this example, mPEG) include cyanuric chloride mPEG, succinimidyl succinate mPEG, tresyl-
mPEG, and succinimidyl propionate mPEG (mPEG-SPA). Still other examples of activated

PEG groups can also be found in the Nektar Therapeutics catalog mentioned above.
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in which, a and b are integers between 1-10. In sone
cases, ais 2 and bis 2. In other cases, ais 3 and
w200s/08401 n ot her cases, poI yal kyl ene i m ne cOPCEUSZ04/019296

the followi ng monomer: N--~CH2 in which, ¢ is an
|ntegeqlpg%w@qg,;a%0 In sone cases, c is 2. In other
cases, C IS T8t | ot her cases, polyal kyl ene

orr s PSS Bl e PSERR e BT, ™
which f@p%eﬁt%kﬁwel@% og]gd RORGRIeA! YTHRSd %/c%'itmél}e&ﬁr il rﬁsnanEéEs form a

copol ynmers aré produced by the hod of chene
catloMDpr'ﬁfﬁt OIE@@ DoFGVElIyshagad 01baomers cgotagnsecandary @mey }1m1nes

and B P} %H%%m Qmag amlngqqi%gqg%p%ﬂongﬁnels@%v%llSF”)IAhe capomc pHFymers of

the invBht{diZahirate al\avertidelMdlecular Qh?dﬂﬂztwe%&hl%ﬁﬁ €abéid 800,000
emrlvc H2 cmaceHz HN\ crlzce:ﬂxza(lowdﬂzcm - OCH3 NH2 anl -arrPEG

daltory. 1lpc®e embodimentss Bieeayaragpmolgeylar wiahe é5 by pens2,000 and 100,000
daltox[{ge tln%khe?gﬂl & me‘f‘l&c ﬁ{erli'vgﬂagg nl%‘fécgfé?g&%%hg %elt\oeenaﬂ)out 15,000 and

ueous i'on ¢ontal n order

abouttfﬂi) ,qooadhlioss. aAcﬂ%EholliﬁTEzﬁmdmgﬂyﬂﬂhe cationi€pslymier) which can be
enbodi nent s é?lk yl ene_ i m ne contains nononers of
represanfeddy in oA ERY tgen bandst¢dn some ﬁn\kﬁﬁwntw B lple number

betw%fn 1% atnﬁ 9)60' fh %H@%&b&d&n&?% & éLnglE S e‘v@éh 8 24 600. In

even 3: Suita y ene
still mmhaeembxrmmamtdm mmewlm@nmnbnr@letvgeeaﬂélathD@ from many
sources, including polyethyleninine fromA drich

007 emafaééx BibodRle € tHeYdaBBhibipBRmerd SR pBRIaUS IR ImBTes,
[ ﬁ QY?/I IEg%l y(%t h;l eni mane 1U1p %mLUPAS !?JM

polylmney O AKHDen ram, eyl DEAE-Dextran vanants

Cationic Polymers: Polyalkylene imines

[0076] In an exemplary embodiment, the cationic polymer is a polyalkylene imine. In

some cases, polyalkylene imine contains the following monomer:

:

T (CH2) b é
(GHe)
L,

in which, a and b are integers between 1-10. In some cases, ais 2 and b is 2. In other cases,

ais3 and b is 3. In other cases, polyalkylene imine contains the following monomer:

% § ‘(CH2>C %

in which, c is an integer between 1-10. In some cases, ¢ is 2. In other cases, ¢ is 3. In still

other cases, polyalkylene imine is a mixture of the monomers listed above. In yet another

case, polyalkylene imine is polyethylene imine (PEI).

[0077] Exemplary polyethylene imine-PEG copolymers are produced by the method of

Scheme 1.
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avai | abl e from BASF Corporation. Cationic Polyners:
Pol yl ysine [ 00791 Anot her exenplary cationic pol yner
wa@s@d/0izot he i nvention is polylysine. PolylysiPer/us®o4/019296
commercially available from many sources, including
Schel%ieqma Cheni cal Conpany. Polylysine is conposed of
nononers having the follow ng structure: 21 WO
2005/ 012407 PCT/US2004/019296 OH 3 CH 11 _% (CH 14

NFE{-NfOQB@*]z VsiHEPEG cppol yngfs are produced by
the' fret hod of Scheme 2.°* Sche --CHIl- ~ + H21 NO
CH2 (OCH2CH2) n-OCH3 1 4 NH2| O ONoQor gtteChAfCBiH2)—0CH;
aque ssolutiP%ﬂ'OOOHll H I Il -NNCHC NCH C
-C @2) 4 & 2) 4 (CH2) 4 HN\NH2 N OmPESEPAY OCH
CH - C2C 2( 2 2)n 3 CH2CH2( OCHOCHR2) n- OCH3  z~

Pol yl ysine-nPEG [0081] In this schene, polylysine is
reacted with a nethoxy-capped, succinim dyl

propi onat e- acti vat ;b’u&‘ef’lgﬁﬁ;nn an aqueous sol ution
containing a borat€ pufrer {n order to produce a

pol yl ysi ne- nPEG copol yner. 22

[ N—— CH,CHy ~——fN—CHycH —-N CHZCHz—]——[—H—CHchz«]—
F—enot H , ;

CH, CH,
CH, CH,
HN CHyCH(OCH,CHy)o——OCH;3 NH,

AN
| PEI-mPEG
0

[0078] In this scheme, PEI is reacted with a methyl-capped, succinimide-activated PEG in
an aqueous solution containing a borate buffer in order to produce a PEI-mPEG copolymer.
In certain embodiments polyalkylene imine contains monomers of a structure according to
Scheme I, in which the ratio of x to y is between 1:1 and 5:1. The ratio can also be, e.g., 2:1
or even 3:1. Suitable polyalkylene imine compounds are commercially available from many
sources, including polyethylenimine from Aldrich Chemical Company, polyethylenimine
from Polysciences, and POLYMIN poly(ethylenimine) and LUPASOL™ poly(ethylenimine)
available from BASF Corporation.

Cationic Polymers: Polylysine

[0079] Another exemplary cationic polymer used in the invention is polylysine. Polylysine
is commercially available from many sources, including Sigma Chemical Company.

Polylysine is composed of monomers having the following structure:
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WO 2005/ 012407 PCT/ US2004/ 019296 Cationic Pol yners:

DEAE- Dextran [ 00821 Anot her exenpl ary cationic pol yner
waois@d/o1230t1 he i nvention i s DEAE-Dextran. DEAE- BERUSBN4/019296

hydrochl oride is comercially avail abl e from many

sources, including Sigma Chem cal Conpany.

DEAE- Dextran can cont ai n a mxtufe of nononers such as

t he ones Ilstedb_mMNJ:I_QHJ:IO.é—I_O_ HOHH 4; HO
HHOHOHOHH§ NH CH2CH3; and

HO HOHHOHO H O I CH3 CH3
CH2CH2NCH2CH2NH  CH2CH3 4[ 00831 DEAE- Dextr an- PEG
copol ymers are produced by [the nmethod of Schene 3.

NH,

[0080] Polylysine-PEG copolymers are produced by the method of Scheme 2.

Scheme 2

o)
H I
E—N——CH——C—E +
((:ZHz) 4 NO\”/CHZCH2(°CH2CHz)n—OCH3
NH, . I

borate buffer,
aqueous solution

O O
H “ H “ H ”
g——N—(l:H—C N—TH_C N_TH— —§
(THZ) 4 (THZ) 4 (THz) 4
HN NH; HNYO
; )\CHZCHZ(OCHZCHz)n_OCH3 CH,CH,(OCH,CH,),——OCH;

Polylysine-mPEG

[0081] In this scheme, polylysine is reacted with a methoxy-capped, succinimidyl
propionate-activated PEG in an aqueous solution containing a borate buffer in order to

produce a polylysine-mPEG copolymer.
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23 WO 2005/ 012407 PCT/ US2004/ 019296 Scheme 3 R O O
OHR, +CNBr OHOH ROO OHR H2N

WERREPRUQCH2CH2)n-OCH3 OH O | C 111 N R EETDUSIOBH/019296
R, OH4 O1 NH Isourea derivative NH

(C(@'E'Z %}H? n this schene, a
saccharl els reac e ‘il{)%éc%a’lnogen brom de in a 60%
cet onge: 30% .. 10% triethyl anine sol.ven
10082 AR X RAtoT PP LG e SR B EAE P pan.
DEAMASR il hg b'lﬂﬁﬁhé/ 1s'@oﬁﬁﬁjer&9ﬂy 2milekForially 8Burces, including Sigma
am ne-substituted I N ‘aqueous acetate buf fer at
Chemi@] CanpanE- DEXE- Enxumnlcsouamnm)gurfemf meanomers sughgethe ones
listed n‘Fodl ments where DEAE-Dextran is the cationic
lseg’ Wrer, the ratio of unsubstituted glucose subunits
to DEAE—subst ituted glucose (including single and
mul ti pl e DEAE- substitutig.g‘g% subunits is between 1:1
and 5:1. The ratio can als e, e.g., 2:1 or even 3:1.

[ 00851 I n anot her exenpl ary enbodi nent,
DEAE- Dext r an- PEG copol yHe W th an

CH,CH,NH
CH,CH3. and

’CHZCHS /CH2CH3
CHCHZNCH,CH,NH
CHaCHz  CHoCH3_

[0083] DEAE-Dextran-PEG copolymers are produced by the method of Scheme 3.
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adi pate di hydrazide |inker are produced by the nethod
of Scheme 4. 24 WD 2005/ 012407 PCT/ US2004/ 019296
wEedene4d7 R-O O OH R, + CNBr  OH OH 60% acet oPeT/1S2004/019296
water / triethylamine (TEA) R-O-15C 1l Il OHO R, +
Schel N-C- (CH2)4-C-NNH2 HH OH O | C agueous acetate
buffer, pH 5.0, 4C, approx. 24h NR OO OOHR +

HC- CH2 @HRECEEHRGH2) F-OCH3 OH 01 00 /c ||
--HHC(CHz)a-|IC -HNHz ROHN/ ONaCNBH3 OH R OH

—O0
OH Ry + CNBr

OH

—0
OH Ry
HaN——CH,CH,(OCH,CH,),——OCHj;

+
OH
0O
I
N
R—— 00—
—O0
OH Ry
OH (I)
CI; NH Isourea derivative
TH

CH20H2(OCH2CH2)n_OCH3

[0084] In this scheme, a saccharide is reacted with cyanogen bromide in a 60%
acetone:30% water:10% triethylamine solvent at -15°C in order to produce an activated
saccharide nitrile. When subsequently mixed for 24 hours with an amine-substituted mPEG
in aqueous acetate buffer at 4°C, a DEAE-Dextran-mPEG isourea is formed. In those
embodiments where DEAE-Dextran is the cationic polymer, the ratio of unsubstituted
glucose subunits to DEAE-substituted glucose (including single and multiple DEAE-

substitutions) subunits is between 1:1 and 5:1. The ratio can also be, e. g.,2:1oreven 3:1.

[0085] In another exemplary embodiment, DEAE-Dextran-PEG copolymers with an
adipate dihydrazide linker are produced by the method of Scheme 4.
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OO0 ~CNNCGC(CH2)4-1-N N CCH2CH2(OCH2CH2) OCH3  /
n HNHHHHH2 [00861 In this schene, a saccharide is
WO eashedo t h cyanogen bromde in a 60% acet oPer/BOHH4/019296
water: 10% triethylam ne solvent at -15C in order to
Sche&reqpluce an activated saccharide nitrile. The _
activated polyner is first reacted with adipic acid
di hydrazide,, and subsequently reacted with an
al dehyde functipnalized nPEG in the presence of sodium
e—t®. f ur ni sh DEAE- Dext r an- PEG
copol yners wt hyan adipake di hydrazi ggp.l i nker. In
t hose enbodi re DEAE-Dextran is the cationic
pol ymer, theOu f unsubstituted glucose subunits
t o DEAE-substituted glucose (including single and
mul tiple 25 WO 2003H012407 @5 EhbiSA04 ALRIBe (TEA)
DEAE- substitutions) subunits is between 1:1 and 5: 1.
The ratRe—oarmal so b e.g:15°c2: 1 or even 3:1.
Cationic Polynerss E-Dextran variagt 10087D In
anot her exeppl ary odi ment, certain “DEAE De>{k ran- PEG
copol yner vfar P8 ar e pr odudett— DSt rart —N—NH;
vari-ants cagp\¢ontafn the nononmers |isted above. 'DEAE-
Dext r an- PEG copol ynmer variants are produced by the
met hod of Schene 3. Scheme 5 ROO OHRL + HI04 OH
OH RO O HORi T H2N- CH2CH2-O-nPEG HH 0 0 R-O0
C

N aqueous acetate buffer, pH 5.0, 4°C, approx. 24h
R—0—
o 0
|
OH Ry + HC ——CH,CHy(OCH,CH,)7—OCH;
OH
| e
¢ |
/ N——N——C——(CH,);——C—N——NH,
R—O— HN H H H
—0,
NaCNBH,
OH R,
OH
| ¢
¢ | |

/ T~N——N——C——(CH,);——C—N——N—C—CH,CH,(OCH,CH,)7—0CHs
HN H H H H H,

[0086] In this scheme, a saccharide is reacted with cyanogen bromide in a 60%
acetone:30% water:10% triethylamine solvent at -15°C in order to produce an activated
saccharide nitrile. The activated polymer is first reacted with adipic acid dihydrazide, and
subsequently reacted with an aldehyde functionalized mPEG in the presence of sodium
cyanoborohydride to furnish DEAE-Dextran-PEG copolymers with an adipate dihydrazide
linker. In those embodiments where DEAE-Dextran is the cationic polymer, the ratio of

unsubstituted glucose subunits to DEAE-substituted glucose (including single and multiple
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O HORL HHImne NNI CH2GCG2 CH2CH2 O RO i PEG
iPEG OHO R NaBH3CN HN NH Amine CH2CH2 | CH2CH2
W0 2@5M240PEG | PEG 26 WD 2005/ 012407 PCT/ US2004P0O1/825864/019296
[0088] In this schene, a saccharide is reacted with
DEAB&ub&iluttorR¥ subuhfls RMitBechq : P¥Ad5:1€ THE 640 @h alsfawér 9?' @el or even
groups to dial dehydes. When subsequently m xed
3:1. anine-substituted nPEG a DEAE- Dextran-nPEG i mi ne
copol ynmer variant is formed. Subsequent reduction
Wi t h saitiomcHAPRber DFAR-DéRri OGRS a
DEAE- Dext r an- nPEG am ne copol yner variant. B. The
ir [ [ .
0w 15 P Blenf 358 ok AR 98 L) G B QUi vrans
are pradodedi @;‘ENEMnan watigntd den oonfam:lhe @ndmaiess listehatvee. DEAE-

f eat {
Dextig FEEaRpI e VA Al B PSO456EY 884 PGP o SHIISSS 1 or

use in gene ther api es. Ret rovirus, adenovirus,
Schemd@&no- associ ated virus (AAV), and herpes sinplex virus

are exanples of commonly used viruses in gene

t her api es. E8thCofjthe aforenentioned viruses has its

advantages and limjtations, and can therefore be

sel ect ed accor di pgof 0° Jitability for a given
gene therapy. . HIOS
OH

OH

H,N——CH,CH,—O——mPEG

~—0.
HO Ry
H H
| / Imine
;‘l N
CHchz CHzCTz
(o} o
o ]
mPEG mPEG
—0
HO Ry
¢ NaBH,CN
HN TH
Ami
cnch2 crich2 mine
(I) (o]
mPEG rLPEG
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[ 0090] Adenoviruses as vectors for the delivery of
foreign DNA are used extensively as tools of nodem
wordosow4ar bi ol ogy. Adenoviral replication doeBCTIU82004/019296
require the recipient host cell to be dividing, in
[008@o nfcl{t%f‘st scfl%ngfodsstac&}%irdg ¥ Ireyc??d’ wiih gélﬁ?di@gﬁg%{ biddr f0°0x38i2¢ viccinal
e deSigned t'o enter manmalian Cells and express
hydrgwidé¢ gionps toudialdeliydes Witier subssquandfy atked witha@n apringsubisiituted

f infectious progeny virys. [0091]. Adenaviy us .
mPE&eegg%Ee- §ﬁtrﬁ%'nﬂ)rl=ég HP'é‘S CQQpligge ere,lS?%tquc §W%§Wuent reduction
with Q@Jmﬁtc?%obféfohaﬂgﬁg piddQeRld VEABIESU I ENPBGAnHAE Eolyriér variant.

genes fequired for a productive infection. For

igétﬁﬁcqr from experience wth adenovirus-SVvV40

reCotIndftS, it was learned that the entire

adenovirus E3 region could be del eted without a major
[008%haNepus¢srare highly gfioisntatinkcleicasidedelivenytta sperifiesslktypas while

regi pn | j . .
ofte Gtk AARRE HSURE bt oot bl S8, ese fifires ke cortain
viruspesttfa&tBicandidatesvad gericydetiverstenhicies fisr usafiregéredherapies. Retrovirus,

E3-substituted adenoviruses have been used primarily
adenpyjrus; enpraseaciatestvigs (§énbls ardbherpesimpley vug arsexapples of

. . . . M . _
comp YU EPY AR il S8 Hordfce TEh BF oo AR i Scn s s
advantapges anddiphitati@hs,and ican thesdforedetselectnd namsding heitasmtabtlity for a

. the ignunizing epi topes, viruses engineered as tools

given geneagtaPY-her apy are general |y designed to be

defective for replication. Mst of the foreign DNA
[0090)or Adbeovimisesars vieetorofos theglslivery of fuciga | RV AdrEngkdantensively as

regi ons. The — constructs ar.e.nade b variety. o -
olsgf iz o 5ietaf Roise AsRaEH A ERP Ry ek AL Rtir g rgpipient hos
cell tEYE dﬁxfidihg,siﬁrcbﬁﬂast td RRkaSr&VrRdenem. IAtkens Gt 6abbe dokigned to

WO 2005/ 012407 PCT/ US2004/ 019296 [0093] There are .
entergnaramaligryeclis andgrprassaueissibutigaadecatheryese eéegtive for production of
. aci | t1he insertion of foreign DNAs into cells.
mfec%xﬁéé#ggﬂéﬁpéﬁs of viral attachnent, processing through

t he endosones, and_eventual deljvery of DNA to the

[009H), c Adgrovamis VBEOTs<an be §rapaedip B RUNGT ZePlicRBRRFAPHRYL OF
t. i 1] .

conTEUELANS AUBRIBEAS RThE R FIATRL o O o,
frompaptriaice sithrad eno+usiSSf4dakcaatsinarg et was lgarnedCtat theyenfire

Virol_67:.3777-3785 (1993), Wagner, PNAS 88:. 4255-5259
adenpige 3 region ceahﬁreeq%l%w? wﬁm_lt@éﬁw & 1RBEUHRNIY g5 i s
cultuddd RHSEREs rBfiof B bd ABEtituRdIWith féi’@i?ﬁ DY&A. I BRERERlking B¥énovirus

there have been nodifications of These techniques to

can iergrbwi én anygentidine ermissive dorsvibd-tipa adenwviras infectione Edrrubstituted
wantfes R Re o S TR HSbph ST BB BBty o

immtSizdtionk the virus and the external DNA for efficient
entry of the DNA into cells in culture. See, e.g.,

[009é8i_|§‘} g&)‘(ﬁﬁﬁst tg %'dgllovgﬂgéy c%gﬁmc?e%qgf gs%%% v(eétgl%%r in%nulq_iggtion where

viral replication is desired to increase the amount of the immunizing epitopes, viruses
engineered as tools for gene therapy are generally designed to be defective for replication.
Most of the foreign DNA for the latter vectors replace the deleted E1A and E1B regions. The
constructs are made by a variety of protocols but include plasmids into which the foreign

DNA is inserted, flanked by adenovirus sequences.
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[0094] In another aspect, the invention provides
conpl exes conprising an adenovirus and a copol yner.
wabmseimopol yners can be of a kind described i PCPE§1004£019296
above. In these conplexes, the adenovirus and
0 C I
[009ﬁ[ Oggga}é@%?gﬂgeg n%‘?,g )?(ﬁ’g/ﬁl ﬁ%l:ﬁ’oggrgn Icgﬁ Sg a%éa tgggcelgﬁg’.t € nsertion of

foreignalDyA s difito gbls | Tiid mekharizsis of Slra]FamrachIﬂm;mbeessmg ¢hrangiuthie
of the copol%ner ver sus the anmount of adenSV|rus in ..

endosofes gxtualadeliveryaf DNA to ieduglenbeanhsiitsed tq spsimiemplize

I
S I o DS 3

polylgmntaprierjoined thadeadeneviartides adivetinesnalizg]. 65@; 4. gafvttam, J

virol S0 55 9T WagtiiinSytS R 05582 22 0RO B Bissdriti Siers
cells pésiébly by bR enfdLiht B8R it putdti®e $écé§to@fbutt ARr& RARIR¥n

can varé In some enbodi nents, the conplex is between
modlﬁm@ns ofthesa taehniauss te ingbde higandsnliks trensfesrpoaifasiliate entry into

cots I BB P BRLYER, Sl PR BRI

unnede®daiy td ek thepirLy RT the Qf(tet'rhEDlNW fttefidieralefitrg offHeYDNA into cells
contacted to, or mxed wt an adenovirus (See

in cultyandecs ), Y B Bigf fhem 8ﬁ8 o023 04 I(hRsS-
i nstant aneously, and no further purificationis
need€le Coagpleonpl exes of the invention can then be
used for contacting a cell. Contacting the conpl exes

[0094}f I‘hrh%oih@i" £bEOMeifvenfibh Erorv?d%g kbSplekss 6dﬁ?prismg’ eﬁfjé&hbﬂﬁls and a
he virus or viral nucleic acids into the cel

copolymeQ 00izdse tapdymmETaBe 004 kW aRemibed dOpB] AI\&bnve:ohHheset
com ST AR R AL U b ALk BT noter

surface charges while increasing virus infection and
[0095]r aRsepemeplerexighe inyieation ernviossess arangk Af physical dimensions. For

examﬁqfér Ih%%ﬁloqg{j 6tf thg Qééo?ﬂngm{s%g € Qﬁ%{ma gf' Q&éwav@llst MRJ: gomplex can

proces er processing s

vary. FIEIsoBE@mbaﬂth@dchadub of teopelymet ©dhe ¥denosirus i 1s between 3,500:1
aration as_a fornulant, thereby allowng jts use

and 306 Larp o embedimpnisethe raticeef the Fepolymerde dresadenoyjisis between
3,6oolﬁ 20RO S Ytfer chitRdffddt ms? 1R 1B Bf‘fh@%ﬁgﬁgie‘éﬂ f{% thee

conplex Invitro somnme i ments S are
adenavirus dschietweant 1H0GOhEab3m0@X1.i n vi vo. [ 01001 I n anot her
aspect, the invention provides a nethod of preparing a

[0096} 0 n&@dﬁﬁbﬁmy' the sERBTHRX R ALEORAWaFH SINGBRER! eerB%Hnﬁé}HP |tﬁé<complex
I'n this nethod, the copolynmer, as described in

is betwgen Al 20 smcmdtabontst)Owin hincothercharwdimens, tlp@qqlnglex rs between

ot her the invention provides a nethod of
abmn HFB&H%%%%EiEOQﬁ%novurus into acell. In this

nethod, a c%poléner i s noncoval ently contacted to an
a 0

[0097] In its simplest form, the copolymers of the invention are simply contacted to, or
mixed with, an adenovirus (See Example 2). Complex formation occurs almost
instantaneously, and no further purification is needed. The complexes of the invention can
then be used for contacting a cell. Contacting the complexes of the invention to cells results

in the introduction of the virus or viral nucleic acids into the cell.
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the conplex. This conplex is then contacted to a cell.
I V. PHARMACEUTI CAL APPLI CATI ONS [01021 In a fourth
w@s@eniz40t he i nvention provides a physi ol ogi cabCT/US2004/019296
formul ati on conprising: (a) a copolyner; (b) an
[0098]d e honicovalentgmcaisufations f ademovicuswwitle oationonPIEIeREGicopolymer results
ina cg)x Ep?%:e/ @L"#Elh?ﬁggggég}?r&?}% El?%gés?vkl% Iigfa{;?lg ugﬁa g%?e%tg?etéhgn and transgene
exprdseiofih diiodmdGR VL] TBS srfadd MELITCRIACHR Ahied thrb@H Mimple
..l wherein inis an integer froml1l to 1,000. The .
mIxXIgg pEeeess; With ng durther prpsessingotters. FELPEGern hecadded to ayepurified

i RS0 8 PR BYARSBt  B i  enete i

vectar@noners conprise an am ne sel ected from secondary
amnes and tertiary amnes; and (ii) at |east one of

00 gheI : r ) .

00541t GRS FONE 4 ey e L B8 3550 1 some

embaishents.aglie fellbrare bmtatalwith dresostplexginofvod and NH. The
synbol h is an integer fromO to 1. The synbol R

[010610 " dr@fer Aspieed, R ikVéRIdR pBdw&R!a MBth6d ¥f prEP&ifOPRbNEREISntly
of the invention are also free of

complexsdadpastvjmie eppalyenconamiek. aln thisyestidds gieccmpolyrerats described in
.. least.o of ;the nitrogen atons 1in the copolyner is

this Sﬁgtgcfnf .‘Své’sv‘"{?ﬁ&%‘g*e%ﬂ a‘{eﬁ%gjs’ Physi ol ogi cal | y acceptabl e
excipients include, e.g., materials such as carriers,

[0101]at gya}notlﬁgachu e IRgendion praviidasiagethed af mtroducing an adenovirus into
pr [ e tahLJ: ' edients, A ..

o celEITRE KAMUCR poP ARk b B Blep i Bad BPUGTR AU which forms

the cahyplek olTagi coalplex iatimapbatated coapeluind that acts, for
exanple, to stabilize the reconbi nant adenoviral

IV. Vechaia il M oS HPPLIEM 7 2005/ 012407
PCT/ %2004%296 p yS|Io og?jyg)l |y acceptabl e conpound

[010@?3{{}0@ l’uggﬁéqgag ghegix(leg\r‘gi&%’rpéﬁgglgoah hdyrsﬁl)tloegsfc’al %gr?nmlﬁfon comprising:
(a) a BB ANE () Rkl actbrbsvena§ | VRIS Frind a rORES VNt B8thBlex SHEth83denovirus;

ascorbic 'acid or glutathione, chelating agents,
and (oJaa phtysialegicaliyl aseepitahie oxdipjent. Jihetcepelymer inghisg@hysiological
bilizers or excipients. [010 her . .
form B3 b R S G iing o BREBI A SR s amngpaer from 1 o
1,000 XEtie¥ytboVeistah ite SG €10n$ 2 to ANANddehyle§ thed@Sifibh of X'. The symbols
di spersing agents or preservatives, which are

X', XoandiX Ul atelipdapgedantly selected mopemersniyhersin () theamenemers comprise

. . Y . ¢ o
w400 LR L USSR AT orn
moncms&mmhhprism@.?Q ihQa etracft'uiel se&ﬂed fioneF. aﬁﬁutl)ilv\lﬁu lafld Fofalha MR, wherein
. the oi ce of physi ol ogi acceptabl e carrier
Zis sybidomoie ol cneiglics oLa NI« B4 GUphA & fhteger from 010 1
oty ! ol Ciet _ .

T 1 L L )OS PR 463y P vcoion
also flocanfisress-potynraizatien, sind st ghyisiologicad pHy, atddastvand the aitrdgen atoms

. found in.Gennar REM NGTON' S: THE SCI ENCE AND
in th%ﬁﬂ&%ﬁ&é‘wsgﬁﬁ&me 19th ed. (1995) Mack Publ i shi ng

Co., Easton, PA, incorporated herein by reference.
[0103] Physiologically acceptable excipients include, e.g., materials such as carriers, water,
pH-adjusting or buffering agents, preservatives, stabilizers or other ingredients. A
physiologically acceptable carrier can contain a physiologically acceptable compound that

acts, for example, to stabilize the recombinant adenoviral vector delivery system. A
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[0105] The conpounds of the present invention can be
prepared and adm nistered in a wwde variety of oral,
w@200sn01B=0al and topical dosage forns. Thus, thBCT/US2004/019296
conmpounds of the present invention can be
t dateX, such
physiBRRICAIG a&ieplab Riconilofih LAinchilE fof Sranigl, CHHRRGNBICH such as
glucose;tsuadsm@kaiwkrhm, hpdrok ygropyl€d- cyorbmdmtrlry antﬁdmdants, lech as ascorbic
nds scri bed herein can, be adm
scid AT e SR apIVGA T (Y EAIECART YT eRerOL G per stablizes
orex&pﬁngonpounds of the present invention can be
adm ni st ered transdernally Accordlngly, the present

o105 RS i BT T pggens,

emulsifysadents, 8iepRoiag dgéts mﬁemsbawveg vﬂﬁﬂ’ﬂm’é lp&rncﬁlhﬂQ'u)éaml for
section provided above, and a virus fromthe "Virus'

prevegtig fhsrErpw thAr FEHOMRIRSTOQTEABIS. AVATUS PegseatiderATh veltknown
and ulic.hl?dec ?m&%pie pl?e%m %idsgsc%rﬁg: e, ?(Pr?@glélﬁég 1{1@@7 &t would know that

MpoSI ti rmaceut ca acce
the clﬁm&! cﬁﬂphlytloldgmlly dbdbgtabtuﬂarmmtdebd:xms oadhd mmesd adngnistration and

solutigns, sujtable buffers, preservatives
the parpigitjpn physiogherical fﬁﬁgﬂ%@swmf shFesEhinap %ism\aﬁié Vecder delivery

systefg'f fég(grn?)i@sto@gbﬁleﬁg §abidiz&Y Spatﬂﬁvzﬁ'&t Al tbnid mA@?r}n

ve anmount Is an anount suf Icient t
REMIbemONISCTHE SCIENGESANTEBRAGHQAE 10F PHARMAMH, A§thoddi. (1994) Mack

r.esu a adm nistered in
PubligiiEe b Fapiin e bl Bein B Epssbses o ¢ his
i nvention, an effective anmount of a conplex is an .
[0105anUFﬁt contpeunisofithe presens mmven@mpaan bespreparegrand @;hnmtstered in a wide
bil,ize

varlettyh oaetl %aégrgergtl dS togxrcalf(io% eofrgﬁg l'f‘lYuspg'(rtl C%ﬁg t ss resent

invenfibn darsB@&dminssttEby PH¢Etioh HAME, dH@hvenalisty, iR arAgdcaraylyf O
these treatnents, and it i s understood that the

intracytanreisly, sHeEe s nanTaduetenally oor insaneritansalin dilspgthgicgmpounds

sl D A BT 0 AN, A,

the comybunidsl Uﬁihﬁ ptdfsentant/eﬂmbn oan bi¢ s&nm&,teréd]&anﬂemmlkyf Accordingly, the
adm ni stration, wgl ? d?ses W. .l be adnm nis ereF,_
preseRigvention flso; pravid B RE; c{géc FORPOA LIRS |COPRFIFING A ologically
| " " :
accepgalfﬂtfpé)gc:f}) ikt 298 r&%ﬁié)cétkl &%Fp%gm 612’:{%\/ @é‘ne‘? ifoPthe Cogol.ymer section

ecific inj ous injecti
provi&ed sboypenidfa arusrjomac thed’Nsrus‘f section provixed aboed.ude, f or
exanple, intraperitoneal, intrapleural, intrathecal,

[0104] Nt Aﬁteﬁ'&étﬁrel aa{ount Gﬁthé‘c&ﬁblieﬁ”is adnﬂlhfs?e‘rédJWpdu@hteéétd QRposition in
or topical application. These nethods are easily

a phapacsiiedltasdentable excapipgtninsludérign utined hrrwdrm rsakinesplyfons,

sultabf,ﬁg o%rg%%é\zart]lﬂg{; %%%ldllfﬂi%?/%%dz a % %(ﬁ {n? n con5 lfncgml with

sultabllaﬁgcﬁ‘ﬂtys@fx a¥aytiemdtias.| Wdieffgctivelimiounois ani aﬂﬁdlmdsdfﬁment to effect
sonmes, general transfection nethods that are well

benefim@\m dpsiredrgsudist includugielinisalrgsulisy rﬁlp#é@ﬂh%w@ount can be

admnﬁ%tglce:dqtl toﬂé bIOHIOPJ acﬁ'I]u SHARR' ?‘hf %oseg of Bii enllvgllltﬁ'ﬁlt Lal‘i)gfffctive

ravenous US on. ans O lver
amoud?@ténd)mpﬂe)k & @laim[r&lht thanistshficpamt ta galliste, ancaljpkae, stablllze reverse,

[ |tsfor s well as t e a t
slow éﬁe deﬁ t%p B %gé?sst%q q é et 15gase staje or to.di aglp%sg @aathcu a?%%sdeoor} disease
state. Some individuals are refractory to these treatments, and it is understood that the

methods encompass administration to these individuals. The amount to be given will be
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are in vitro or in vivo). Depending on the route of
adm ni stration, the viral dosage anounts for humans
wa@2a50emge from1l x 106 and 1 x 1014. [0109] Lrquius2004/019296
form preparations include solutions, suspensions, and
' lie . r
deterfifd By ¥ orldRion SPURTRRIANT F oftbnd MEUREST RRIOREST
administeponahevo ntang dosdsaviilberadnaistdred parsiche tiesirediobjeatjue ous
pol yet hyl ene glycol solution. V. KITS[0110] In a
[0107] fHAivRSPEECthe c&lﬁglek Ry gakfa@@ BESHPIELBS By KitherGRERpéHiMhjection
a copol yner and an adenovirus, wherein the copol yner
or intravenaganectiany Sitrspecifin dujeciionn pf yectartmayhimdludgHer example,

: capol ynmer of the kit c rises.a.structure according..
intrage g opgnabieutahap ithechl PRt ded-OC T BB ifgions or
topical RBpIFAMBR! ThedeSm@Rodsr&eR Iy b dmmodfedinardth@notssg thee
osition of X. The synbols X, X, and Xni+1 are
combinatiep ef thersomplexeind otlea agents #e pRPrOPIAIEi n (i) said
nmononers conprise an am ne sel ected from secondary
{01081 TiRScoatlextes midyedeyeintred o thamatgétice)l imb vheetgiof oags, indluding,

ot o5 P B PRIl 5 SR e
| . i.Sti . .
B
infusionnfihé seansofduliyedykwil letepergl indarige pait eh yhe fareculapwinmpier s
. .of the. ipvention are al free of .
(inclugingits f9BTY Fov Pl &1 116 (YDA ofaliph gEihgi sgetastls g whether the cell

are in 1835 br NSVl DdendiRg bh BRSBuR e T8miistifibf, RO RRhYIREgd Anounts
positively ‘charged. [0111] is 1nvention al so

for hymnansicde sanige ffonf X t0iendd ep'ati on of viruses for the
infection of cells, e.g., for gene therapy. The kits

[01094 O NG hREforrh Prep@ratiohd Mcluldb SolaAGR, Efsicifs, drfiemulsions, for
invention. 31 WD 2005/012407 PCT/ US2004/ 019296

examplgt WaieaPI yaterpropylese ghioohitionn Borparepiergliajectign.diquid
persB SRS ey RS B PR M e i ton o

to use the invention. Gher materials useful in the
V. perkiSrance of the assays can also be included in the
kits, including test tubes, transfer pipettes, and
[0110] helnla fkigh aspleet, thietisvention peovides 8 dant coimprismigi acsopolymer and an
contain .materials sufficient for one assgy, .or ca
adencyi 4y BTG CAPEhESTAPA AFeO I e AgqvalkBg aaged. The
copolbllqlllzﬂ-gﬁ thé i@t ct)ﬁiplrigay DA RRAIRBRIIAS R IRIrhRlLOWRN et ipsEn  integer
i .

ustration and not by way of "limtation. EXAVPL 1
from 1 0a 1.9P0J The symbeldrisaniotegehtiomtZhie negadr¢nadesthelposition of X'. The

e difirent, s,ndescr.i bed her,ei re for illustrative
symb g0 KGR X ki easndiplY ble @S maRPmets, WHREI) 4% monomers
compEib@ A fireyeleb @ tfronhsiceadaryhinined @nd Sy 9 airgikst SnddEY) a0REst one
skilled in the art and are to be included within the

of saig gnqriomesnePmRiisgi@wQds 2 strpiture splseted SompoFeranda Hea epd Fegmula IIb,
wherépig ?91%‘?88&9&5 ﬂoﬂ tﬂ% gisdup%lohsiﬂmé] dfr@gﬁcpﬂ?[ ’ﬁ%ts%tb‘gl h ¥ integer
from 0 to 1. The symbol R' comprises a polyalkylene glycol moiety. The copolymers of the
invention are also free of cross-polymerization, and at physiological pH, at least one of the

nitrogen atoms in said copolymer is positively charged.

[0111] This invention also provides kits for the preparation of viruses for the infection of

cells, e.g., for gene therapy. The kits comprise, for example, the copolymers of the invention.
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applications cited herein are hereby incorporated by
reference in their entirety for all purposes. Ceneral
WO 0i4]j24dn t he exanpl es bel ow, unl ess ot herw sSECEHUS1084019296
tenperatures are given in degrees Celsius (O;
. r t
Op""?‘g‘%@%gggﬁe cgrﬁ%lﬁ% Jlfu@?ﬁfp%aﬁ dEMuI ca??ygg@ragﬁé cont?mer The kit
can optianlls bonthml\Bnﬂ& ﬁ}trucﬁmapdesatlbmg hofv te Qe &mtmvmﬂnon Other

mater(éafllél;slbeg.ﬂ én us@gqglpx;:e o&?ltyaa;s ﬁ.\ég&ggs a\i,u(:) rrH;LIl € ;{1 F.pee l{t(':s.el%cludmg
test tJb%QRFaBé‘fei-‘g"ﬁetté’sf nl&tf)th% ‘PleOTﬁe k&@@f RO Pfeibnt Hhvenfidh ChPEshtain
was typic fo

owed by TLC and reaction tines are
matenpalosiifiieient for ond 4ssay, oataroeontmh yuffigieat uisteainls for multgdaiassays.

for illustration only; and the follow ng conventional
[01 lZ?b bTI%VﬂoﬁBWﬁ{g)Sex@ﬁlﬁle@|a§@oﬂfe?@djb¥ kva? loﬂlﬁlrs{r&l()n arfiilnot by way of
liter (grams), ng

limitatien! | i grans), nin (minutes), and h (hours). [0115]
Unl ess otherw se stated, all chem cals used in the
synthesis were purchased from Sigma (St. Louis, M.
"H NVR anal ysi s was con®XAM®PLBS Nunega Resonance
Labs, San Diego, CA Prior to NVR analysis, the

o T Rl b A B S U e 58,
illustfBAGK Iéﬁ’f?gses by aﬁ‘ﬂC{hﬁMBhJ né8ficatidRE ©P @P&r&@@ In BEIRAQYEI WAL be

expr Ing a’LacZ fusion protein (n-Gl) gene under
suggasted to persoms skifed lnhl@ a@hand arertbaineluded wythpr therspisit and purview of

i o B 5 PSSR RS P bbigf g o

appli@#HigHOVitddUieren aRMeRébytiRcorP6raRa by2eidéendd Bbiheik 24firkty for all
PCT/ US2004/ 019296 | uorescent protein (GFP) gene

purpagesier the control of the same CW inmmedi ate early
pronoter (GFCB) was previously described (Rahman, A,

Genegdl al ., Mol Ther. 3:768-778 (2001)). BGCG and G-CB
were produced and purified as described (Huyghe, B.G,

[0114@t Rlthe e 1650, J rU?'ﬁess ofe i S5tk Gteﬁr%)gx%a)re alle%weﬁ]m degrees

i ze exc i on ch r'omat og rah was conducted on oa
CelsitRCC); wstaﬁnnweneg:amedkdu[?aﬁpomaimmblt(nl ténper&0reg Hit,” or “RT ?

(typic%ﬁg gcegerég{eccg 1o gg S ?00 }%(%gwsggveﬁh\gg%camed out using a
rotarfévagﬁﬁkd%%aM&N\@a pPQBEH %_ttyﬁfeaﬂ’ﬁ 530 Birh 8lg) WMth A bAR kdiPbrature

henonmenex Torrance, CA) using a Waters
of up HPEQ:"@ytbe eourg&/af renctjonk/wag @rmhallymovmwhb)aTE@dm r@ggtion times are

oGP EGot S B5 S o8 5 PGP e v

convélRbRAIEbBRS A néNeAloGiskd: D (it &S, HAL i(Malififers), MithdP(mflimoles), g
particle sizer (Coulter, Mam, FL). Surface char ge

(grarr(siengz(rpkbh&rﬁmshmln\ﬁmmﬁ%@m& adheursla DELSA 440 SX
(Coulter, Mam, FL). Coated viral particles were
[01 lﬁn aﬂjmewbtbem&w SDa’lecE xall thagalsaledinethe gymidsys werepurchased from

SlgmNg§t ﬂ&ﬁ? Oc): IlH rIr\InM Aer;glryillg%vrgs %Iogcif:clte%nbcyeﬁum?ga? I%gsto%\gx?cye Labs, San
Diego, CA. Prior to NMR analysis, the copolymer was dialyzed against deionized water
using a 10,000 MWCO membrane (Slide-a-Lizer, Pierce, Rockford, IL) and lyophilized.
Recombinant adenovirus expressing a LacZ fusion protein (3-Gal) gene under the control of
the CMV immediate early promoter (BGCG) was previously described (Wills, K.N., et al.

Hum Gene Ther. 5:1079-1088 (1994)). Recombinant adenovirus encoding the green
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(Shabram P.W, et al. Hum Gene Ther. 8:453-465

(1997)). Flow cytonetry was conducted on a FACS
w@22doshox40f | ow cyt onet er (Becton Di cki nson, SanPGDE£2004/019296

CA); forward scatter (FSC) side scatter (SSC) and

ﬂuoreéFslgclér}Jt gpoqg.@{'(giﬁ-‘ﬁ g?%eflé} ?ﬁ‘t‘ﬁﬁ%f ;he::sea et(‘,;ai\tr/]lgl i{lﬂéedﬁge Qgrfl)y promoter

Con sue
(GFOB)Swds psewars ] yédseribad (@ahinin t A e BATA Mad tTherd 3(Hi8eT185(2001)). BGCG

Rockford, 1L) relatlvetoabowne serum.al bu
and Gfi(eh, éyafecproé;@m/raeé purifigg @p%ﬁsa@heér(H&fvgthP%E@ﬂm Jfﬁzﬁgne Ther.

I1% (25 kDa) was purchased from Al drich
614d(3&]z1]1 (%) and met hoxy- PEG SPA (5 kDa) was

o114 pedief gf%l{lﬁr@"éh?‘g?@{o@gp y S pebited inAlh FREE S irbupne o
HlPr%vr é@)@’drﬁﬁ]'{__ 1.6 X0 B PhRdd \QltH-Se@h-EE&l S[B()O@Eﬁﬁ (Aﬂleﬂsﬂgﬁ‘f)Blﬁ&lences

TEA in acétonitrile m nutes, flow rate: O.
PiscatawayeNJviRayeesg phmmraatggrngﬂlsewmndu@tpd 00 adipiteréy G—éb«polumn

PEI _ang. 15 m nut.es for EG 8 r af .
(150 e SRE I TR o GRR g P e 1O g e, Miford,
- MA) BiRESSSRA PSevapbiavibe light Sehiefing Uetebtor &EBERE;Alfanaleﬁﬁiance)
sol uti on was prepared by di ssol ving 2.155 grans of

Complgx parpislelsiig)wasretamyned bty dygieac, lighti peasieringon pNPlus garticle sizer

(Couﬁe M"%&x{,‘ '}.'.Erlo%’fﬁqg%’_ﬂgrgm.‘? #f‘g&r)tgx?%alf B %H@A&%%ﬁgﬂh 440 SX

(Cou]l&*— Midmi, FL\)Vaeoatadi el phdiclglwat alillzaltycdniaobxdhange
(1.27 x 104 _nmol primary amnes) diluted in_800 \p@f’?\h)

chromajogrgphyers2 Besouee @ewue@@smr&@z Bepscispgess Biseals
(ShatrafOP My bor At ﬁum](?’ LA 53-4dsN1 58705 FIBR %t&)letr)]_ Bas conducted

reaction was to progress for 1 hour at
ona FA@ﬁ &rafibur ﬁowcyﬂmrrmlthBon BlnhlﬂsonﬁardmsmeABElfom&t}catter (FSC),

s B TR Ok oS S0 5 G BSOS T

proteﬁpédnee@lt 8flcell Aﬁe&ﬁ,s@eol%aaesrwme@mﬁsa%@ te B@A/ﬂﬁﬂm‘dﬁf’ﬁzrce
pool ed and the pool "anal yzed b reverse phase

Rockédrd diim ralgtieath . boehersanmeslbrain G5 /fstapdrrdaPEG pol yner
[0120] Analysis of the purified reaction product
( PEl - nPEG copol yner) by reverse phase chromatography
showed a single broad pEXAMPRE 1ack of the
characteristic PEl and PEG peaks denonstrated the
Prepamativnalf REI-mREG pelynieng naterials. Additionally, a
broad PEI-nPEG el ution peak suggested a heterogeneous

[011Hi SPEI @8%Da) wak piiicfmded ffIm AldichqMilwhukbg WDpald/iethoxy-PEG-
01211 The ratlo of PEGto PElI in the copal yner was

SPA (feklaahivascabtaiged Gomatheary g éHuptsvilleA bl afaniV%%\Qf e starténg

maten?qyﬁ%% sg gh% Oﬁllgﬂé Igin'?eag gﬁ’g%ﬁﬁé I m’rl@ﬁ A %&r to 100%

of 0. BQITFA hededhitalee2@agimnts, AdwaleE®k4ahiapasminaite) showed a single peak
at 10 minutes for PEI and 15 minutes for mPEG.

[0118] PEG grafted polymer was synthesized by reaction of PEI with mPEG-SPA as
shown in Scheme 1. In Scheme 1, a 1M PEI solution was prepared by dissolving 2.155
grams of PEI (25 kDa) in 10 mL of water, adjusting the pH to 7.0 with 1N HCI, and adjusting
the volume to 50 mL with water. To 153.9 milligrams of mPEG-SPA (3.0 x 10" mol) was
added 400 pL of PEI stock solution (1.27 x 10 mol primary amines) diluted in 800 uL of

33



PEI nol ecule. This corresponds to a degree of

nodi fication of 18.8% of primary am nes and an
wa@sag=onol ecul ar wei ght of 161 kDa. EXAMPLE PCT/US2004/019296

Preparation of the conplex [0122] Reconbi nant

borat@g@@&\(ﬁﬁéiﬁl\/f’ﬁﬁatter £33 A1 MLEN 1R BEG 11989).Y TRE redttion was

various rati os y (1) dllutlng aderiovirus into
allowpd tspriogtess fnnﬂflmuealt roami temp¢re®S) with shdkd®.(1 x PBS, 3 %
w v sucrose, 2 mM nmagnesium chloride, pH 7.5) to a

Purifida®idh of PRISAPES pAPmet 1 x 10" particles per nL, (2)
addi ng PEI - nPEG st ock, and (3) m xi ng by pipetting.

[01195o rogr)é]a{t%anxgxfxgge Was pu §e?@%de %ﬁ é%olg?o%u{hﬁ&gﬁto%gp@ N8 8ons
were ﬁtblldcfddﬁ,‘ ﬁiob@ébm&iﬁmgmdﬂEEG Gbﬁdlgmbewemqiobtm anfl thdysool analyzed by
npl ex [0123] Characterization of the adenovirus
revefi?d?béﬁ%dﬁﬂ@a@ﬁfaéh}’encapsuI ation was anal yzed by the
foll ow ng nethods: Dynamic |ight scattering,

Charaetepizptiore of PEI-ntREGpolymér on, ani on- exchange
chr omat ogr aphy, and isopycni c CsCl density gradient

01201 PAFALLH08 e BuriIE roABIEA A0 MOCAA0RPBEARE1ymen) b h
[ 2@’CT/U 004/ 01 %61 Eencapsul at eé adeno%s Was)ayreversep ase

chronidegraphy showet arsiygle broadipenk. pihiedackt of thmdlaymt@stﬂrli’@l and PEG

peaksfeRns i E5d e snE v mE MY B Blefert! Aionbine 4 brppd PEEPEG
elutldﬂ k sd:é%éﬁtb@ h Qe okeneiik Aishutidh o PEGRGIPEIES s[if e dopMiymer.
123.0 -29.2 rAd- PEI - nPEG A 20 164.5 -10. 2

o i B8 B e o G i

NMRI ﬂeglatarea@ af the -Oiy-CHRO- lpﬁﬂﬁliﬁlﬁd’EG‘lmtﬁdyﬂﬂfiCHZNl- pmxtxsrof PEL
et erm ned by neasuring the, Browni an notion

Basechaém‘iia%éhe PRIHmPECeeonotymgt caata@@ti 4n gyFrags of 2Ade P{Eﬁoqhams per
PEI n?cﬁe? te. Th E&&&BBA&’&S gl%g g? ifitaflof Sfl%:ﬁ%qg p?lfmar§' Bfines and

sur arge’ In a ent manner

anava}agcnmdﬂmatdtrnmgmafldlyklm the h| gher pol yner
concentrations. Since the surface charges were masked,
it was surm sed that the adenovirus particle was
encapsul ated wi th PEl - nBRAMELENRr. This bi nding
occurred through charge interaction between the

Preppcitipaafitihecomplek backbone and the negatively charged
virus surface.

[0122] Recombinant adenovirus was treated with PEI-mPEG copolymer at various ratios
by (1) diluting adenovirus into phosphate buffered saline (PBS) or vPBS (1 x PBS, 3 % w/v
sucrose, 2 mM magnesium chloride, pH 7.5) to a final concentration of 1 x 10'" particles per
mL, (2) adding PEI-mPEG stock, and (3) mixing by pipetting. Complex formation was
allowed to occur for 15 minutes at room temperature before use. No further purification was

needed.
Characterization of the complex

[0123] Characterization of the adenovirus before and after encapsulation was analyzed by
the following methods: Dynamic light scattering, zeta-potential determination, anion-

exchange chromatography, and isopycnic CsCl density gradient centrifugation. PEI-mPEG
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[0125] Analysis of the particle size by dynam c |ight
scattering showed only a slight increase at the
whe@hk®er24pol yner concentrations. At the | owest PCT/US2004/019296
concentration, however, a larger increase in average
{
o fALEL RS LS VERTRSEIOLRR IEob L Ry B e
complexeslof tlteanmmtwn Weme plgsioatty charectenzedraatshows imTabihil ch
the wvirus particle surface is only partially
Tablegt urated with polynmer. [0126] In order to determ ne
i1 f the encapsulated adenovirus was stable in the

pr esRommlason serlum IREMLNPEG) t r Partidde sidenovii r etavatential
i ncubated for orle PEHMREG50% v/ v nmlal bovi ne  daMim
(FBS) iradPBS at |room tenperature. (30 sanplie was -29.2

SUDSEPEEMPEG AeSTed bygResoujce (gd3-C angl ysi s..1hl
fﬂ&}P‘E{-&?EﬁFB S uggervea at Ty 0—;yp| Ca ' 0
REELUEE GG Lo ph Aot i bt hol A by s Fhe)

L LA S T 7\U Uy LI = 1

!ret ention time of untreated control adenovirus
[01 ZHF C pRAfcRGi2 Wl T eHnindddy dEindmiOlight Bedt@eing [ Phe FdpoAad
i quot of the PElI-nPEG treated virus was subjected to
hydro@oq@pnmd@n@mwvaa detsimiped QV amamngdbﬁBrQngmmoann of adenovn'us

I f
L B PR BP0 7S Rtuion o

the siHfE3El chlfde)in @ Ao&P@epehdert inadher, ank(abpﬂo@ﬂiéd r&ﬁtrﬂﬂ@-a?ﬁl% higher
(1972)) wth m nor nodifications. Approxi matel

y
polymeqqomwrtc%wpar $ines the sprfenn chatass Werepatksdi léwawrénsed that the

aden8¥1‘ta‘tfs ;ﬁ ?g“rﬁ‘% e&%g&%t@é W?tfll%l% @%ggo%be? gilhs d[}dlng occurred

thro@ﬁ'%hi%ﬂ Qﬁlé{aﬁfl&?%weéﬂﬂhe ipofycationi PEBbdtkbdiecandi theinegatively
%r npl es re centrifuged in a Beckman SWI1 Ti rotor
charged,Virus sWd@e- at - 154, 000 x g, 8C. The virus band from
each tube was collected and m xed with 1.30 gm m
[012515 CIAniakystB@)fltiM particle bi@a by pmgnio lighesvattéringghoived onbysa slight
ed over ni |
‘aneQS"ga” ‘gE%fd%‘i’ ‘?‘&Q%%ﬂ‘ifat%?s ‘%tgﬁ?g’ eéb“’“&?‘ﬁﬂ}‘%g“‘f‘ﬁvé&a larger
mcre‘éé&h%@rag Ba@cl@%@basﬁiﬁﬁeﬂvé‘d PR® 1afé# flaybd@id @ polymer mediated
Spectral nbrane with MACO 50, 000 ~ ( Spectrum
partlwb @gg@gathmd wéltqln igmorg hikely tq—mspgt fon polymen spnceniraliguseg which the
Vi rus st. or d frozen_ .at 8] Only one band
e KRR By Bufl MAE ol adenovi rus
en The i sol at ed adenow rus band was _ dial yzed
[01261galrhquevpsstmrms§t egmranse latpdadenomiusavas s@blein the presence of
l; 13;31% 0
serurﬁbhﬂ’@f fngf%g}ntga teZsT é%rrlgﬂngltsg&ghrg é i %gtemfo ﬁ%gﬁgl 49 ﬁej‘\che}al bovine
serurﬁl(ElBSIhn&RBS hl&obmpempéram&t eTitd sampﬂe wes subsgestly tegtetlhbqtResource

S und he vir by char )
QH?&?@WEW oaﬂ %@S a? %s gery t‘tﬁ eﬁﬁyaﬁaf*&#rﬂ ovirus refention

time SthaR MM J¥naf thE BS Clvas Abitdisibed ot hﬁ:rrmarb%l FI$8.€Phd Rfention time

m cr oscopy of -mPEG coated virus showed a typical,
of uritcated lteutrall ada@m/mmv incubatad mpHBh gy FBY didknad shangshows
that the PElI-nPEG polyner interaction with adenovirus

[0127RS AneNRuSt &1 tRe PRHMPES héiteddifGlastsiBjet el €Qisbpyen@S Cidledensity
gradient centrifugation. Column purified BGCG and BGCG in PEI-mPEG were each loaded

onto CsCl step-gradients as described previously (Prage, L. et al., Virology. 49:745-757
(1972)) with minor modifications. Approximately 5 x 10" virus particles from each

preparation were overlaid on 1.25 gm/ml and 1.40 gm/ml CsCl step-gradients in 10 mM Tris-
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virus particle. EXAMPLE 3 In vitro infectivity assay
[0129] The effect of encapsul ating adenovirus with
WwOBl0sPHE@ pol yner on infectivity and transgenBCT/US2004/019296
expression was evaluated in vitro on two different
i RAS A 4. 49. l.]. s, .
He1 8k 885 e AT P60 S MR 1 T for
hour #desno0ousg,RCeAhervirut 6AR) frandaéthrbe was eolioctedealymixed with
infect with adenovirus. A549 cells were maintaiped in

1.30 gyim Gl it &0 d sl e lnpHLBoB- FRentrifugaten Was eonpigiegrpvernight ina
- d t.or. t v oo
VTi dg%fb% zﬂL 195006 %Y, 58S, Fg&ﬁ%gﬁ%&bﬁgaggﬂ%@Tgﬁﬁ% %£3% sucrose

ch less infectib ;" human
in 2 reiMgEl dndl 1 xP B8t 7.4 cmingi Spectea/Bal thembrase withBVIN GO 38400

ool AR S 2 v

goeci ncubator. Cultures were grown in T-225 cnR tissue
culture flasks until approxi mately 80% confl uent,

et ached usi .0..25% trypsi.n_and seede t 5.x 10
(02615 B Siae Uhd Pk 1RkE s 6B e ueBRE B RPRE Sl R dfus Wi sgep. The
isolated BddhoUitis bdnd ffas d?%l’%ﬁa?a)gaih@lf ¥PBS (1RPBS! 3%bulttobé) 2mM magnesium
adenovi rus or PEl - nmPEG encapsul at ed adenovi r us. .

chloridaf pi 7i5) iand apyzeddydtaspwieer QHPRE - dsingcwpnsiarhehromatographic

L
polyridrRva®uhd wethé vitheby elbrgemidractionwnd whe désphicad by khe Higloiwnic
strenégé?gqeeffisﬁ égyﬁlggg.\%étthlg%?q}:gei%g%ggl{ig&{ggp%’eor}tPE%n?PEG coated virus

show EET LAk Hff g ac RS BRI (TS S e MR oL mPEG
polynagrahtgmetiorc wlith adefd31r36 Wabk cavetsiilé anxbdild not affect theniotegatyesf the
. 1n transduction frequency were directly proportional
V‘msP?JmCL?n i ncreasi ng PEl - mPEG concentration (Figure 3A).
For T24 cells, increases relative to non- encapsul at ed
adenovirus were 1% SQWF%Q?QQ for rAd-PElI-nPEG A, B
and C, respectively. Fo I s, a decrease of -3%
.was observed for encapsulation | evel A and increases
In vitgg InfefIVIYRS8AY o4 wer e observed for encapsul ation |evel s
B and C, respectively. [01311 Infectivity of _ o
(0129 ncBipseffeat efiensapaudating adenayirus with REdanPEG pekysest on infectivity and

vansf FRBN SR DA BERE STARELE E B, RO B s, s
cells, fian RpitsdHR UM chrcind@i RNS,aRprds@the  oxd el e WdeHevirugR eeptor
lightly higher for CAR negative cells (T24), highest

(CARS)ra:ag desefpreave Eesydp snfarirvatinedenavians. i34 ceiRvgessmeintained in
Th . . . .
ovRE AR 1% FAOIPEH o ALP; 1RIEEPE RRhpRHES ot

are CARNaypatvk andf rach Mebd ifdctibie thaneAS4st eullsi Mdédrmatandpithelial bladder
_manner. This abservation is in gont r ast } Q.r esillégt
carcinging esllsdveetprintagga iad : [gagura of Hamos F etk high glucose

suppl%r?gé%? mnl’O%E‘FBgland P2 ERBE inthE samd frcublatd)-ARfes were grown in

T-225 cm? tissue culture flasks until approximately 80% confluent, detached using 0.25%
trypsin and seeded at 5 x 10 cells per well in 6-well plates. Cells were maintained overnight
(37°C, 7% COy) before infection with adenovirus or PEI-mPEG encapsulated adenovirus.
Infectivity was determined using a recombinant adenovirus expressing the green fluorescent
protein (GFP). The transduction frequency, i.e. percentage of GFP positive (infected) cells,

was determined by flow cytometry. Transduction frequency (percent GFP positive cells) was
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Croyle et al., Hum GCene Ther. 11:1713-1722 (2000)),
where a noderate to severe decrease in in vitro
wo pdoso13407 ty was observed, dependi ng on the peRyl/E$10041019296
chem stry used. 101321 Increases in infectivity in
LLr QY] |
deterrB}:nled%?W %?ﬁ@n ﬁ@%ﬁgfﬁ@*@g—é ﬁ‘%o rl:t%s é({epiggﬂze:t%gﬁl ‘.M’utnger of
analygehell§her. 7: 644-652 (2000)). Particles larger than
200 nm have been shown to accunulate in the spleen and
e dr Rl IS ihifchdel i YansHEARNGHEQLERT WAE directl rtional t
[013(& re%(tr athleon ?fg 1&1{:1%%“ et ans? Bi OChI%y Bi oplhrflcs yprgg%. °
an inc‘t&ﬁﬁlgﬁ%lllﬁPEG]@ﬁden)natlomCElgmne(3&?931 [For T24 wllasvameaasesrrelanw@to non-

certain target ti0 ir
encapgileiedaflenovits avere,fn £ S TG AL TEBRRE A Bine
respeaﬁxfé@y Nﬁ%S@%ﬁQ a cﬁ@feasé@qé"/@@agﬁggerﬂﬁlfgr ércd §)lition level A, and
Forrmul ati on with PEI-PEG copol yner on the ot hand
increasausl)’h endidErovire bsearpgrfeyendapsulationdevals Band Qn@g@ﬁ@ely
expression [01331 Transgene expression in vitro was

[0131§V AneRtiedy bherdchgsusastadenovies! ih virkdweas indieased regardless of the CAR
reconbi nant adenovi rus expressing [ 3-gal act osi dase

expregsrppysipis 9hthe celd lings yisde Wfﬂkelewé%ﬁewm apgdersldestpidished with
o GEGRIBHL 4 EE B R ECARRAIRY 2, g

transfambxt leefﬂsglereelchbepe@whm;)mmzecbllﬂjkﬁ@)a This shows that virus
chem | ymi nescent [i-gal act ase re orter ene a sai)(/. .
H&ect ityina

encapgjlatipredidiot alafsrTAePIT Teet e pctiop b lraﬂaﬁr e
receptc’?f g&gbﬂ&n&? ﬁJahﬁerV‘%?s M&Q%’ory\l‘s tuli‘ céfras@BFedutis %thlé'bédhwﬁh

etergent for 30 minutes at roomtenperature.
covalé;ﬁttpegyla&omef aignoeiusORiodiaby ¢t g/ Fune éane Therg 40 1(53149 15(58 (1999);

Croylg &t leo felﬁgn; a(\é%\l?ze 05/ ?éﬁifz}fgg&b@?)g %01929 erage {0 severe decrease

in in ﬁ%%feyﬁmwme{vw&weﬂl & thEQe E{ghﬁod\@&mlﬁﬁ}dﬁﬁdloo
of chem’l um nescence sub rate (Gal acton Pl us)

[0134] nfag,eg ?%m?eﬁ;]lgﬂgg;g i ro Len r%p?rg Wil a e(t)lg ius. coated with PEI

en ana

(no PE87 ard siher gy @dtions {MﬁKﬁlﬁéfﬁﬂeGeﬁé’ Thér % 64B%B‘ZC(IZCOO)M°\Partlcles
gal act osi dase concentrati on was_determ ned rel a

larger tbala2Q(enrga\1aae besai shawa te pechamiate mthe vplgerang arg thar%fyr%fécwnﬂy
remo{@;g%g&ee abx'a{l&ﬁﬁmf. 53 oPTELSIR. BRY 2% L0E:21180169-107 (1994)).

I'T n€s an I ncr e In transgene
Addit&'aoqatly&sdtnanasaam e cerfadn targefElissuPEShchras aplsdituntaesirequires particle

s R o B P S s B R oy
Formﬁfa\QOﬁQ'@l(P@I PET {BdAmerdditttnd 8th hink daBfedAR A RIenGRhsSggregation.

E 4 Biodistribution and transgene expression in
I gr ‘L,gf] 341 Bi odi stribution and transgene expression
r "”(i\%t AEANG AR SYP er intravenous injection of the
reconmbi nant adenovi rus or encapsul ated adenovirus into
[013}] helrapsgdens expressivhn IBAIR] was eiaduateddn damsane tyourel 1W§$ asing

recox{m%ang ?@%ﬁ’ﬁi{ﬂg e(:"x(:"prgsasl 2 ﬁogaiclactosrlula%g H’lgure% @eﬁs ¥vere 1nfected with
BGCG or BGCG encapsulated with PEI-mPEG in the same manner as described for the

infectivity assay. Cells were lysed and transgene expression analyzed using a
chemiluminescent B-galactosidase reporter gene assay kit (Roche, Mannheim, Germany).
Briefly, 24 h post infection cells were washed with PBS and lysed with a mild detergent for

30 minutes at room temperature. After removing cellular debris by centrifugation, 50 pl of
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of adenoviral DNA by quantitative PCR and for
(3-gal actosi dase enzyne activity using a
wae b@giola4nt nescent (3-gal reporter gene assay kPCT/US2004/019296
Bi odi stribution and transgene expression in vivo
i A00adsay Plakd To thi
o T30S SRR N G S P T s v

addedPHIO pﬂlREGhérﬂtl@mhﬁ@cdna:t ‘subﬁ&ht@ (Glacten Pdi&yfolhi\ﬂedrbychnﬁnngqanon for
animals were sacrificed and the livers and_ti ssue

1 hour akroemeigmpytsture. $hegassaxplate wanthen aadrzgd gn 2CRRT Vmicgplate
lumu{%%jetesr Po%%gged&%r M@Bap gQil tos dagg éo%%{eﬁt%?x%g%?fs%e&%uﬁﬂ‘ilelative

a|n I'onS” Oof eac

to a PSRt si@EE Brahdardl (SHYlided! Mﬂhch@ Bnd éve{afiz¥Ewah ShetdtdrPtdiein
per dosing group. [01361 The hi ghest concentration of

contentiefitbe lysatss. DRYX hodls clblimed ahanarease in V@tsgmmexmselen was seen for

west .ampunt s vere o r.V 0
PEI'I%E—E‘S&P%@&?&C?I% gnov&uf Qver fon: rs&c:wgaﬁ%e% 9 \illg.ll | E]fctrgasgy Wére 27%
A), ﬁa%(ﬂ)oan@ﬂmwvcyﬁSTemeamhm(ﬂy, BV%F(EI) a[iiBElG4% (C) for A549

Adenovi rus DNA concentration increased in all the
cells.organs in a dose-dependent manner for both non-

encapsul ated and encapsul at ed adenovirus. Conparing

viral DNA concentrations for animals dosed wth the

sane particle nunber of EXMMBREAbsul ated and

encapsul ated adenovirus, an increase in adenoviral
BIOdWWaHﬂJWBWgepeFXP@S%?ﬂM Y¥ge was seen in groups

that received 38 WD 2005/012407 PCT/ US2004/ 019296 the
[0134} ncBjodistritiutidn adé randgenSex pfassioa yeasiengluatad @afienitravenous injection

1.8-fold for liver, 29f0|EﬁiC11 or spl.een leoIM
of the egpiabinan;adenovirug gf gnqapsulat enﬂ/lg\lﬁs}ggh eé%ebe‘é%%? fﬁ/c

Y
mlce.sg\é%nggg*s?ix%% géteelgag{é%pgdgg}eg\gggs @% bgﬁﬁl%tlaﬁfa%(ty gr‘ia)f Sela nfgf the Peesence
of ademiviraKDNUbiesquatiBitiog POR, andefol Bigaldctotidpscaandyfie Actitityodsing a

detergent |lysis buffer mnth prot ease i nhibitor
chemilymiiessqnt Preabiapaeer e ASPBXtal kit) per 100 ny of

ti ssue was added. Tissue sanples were lysed in a
Biodis@isbiiticitanid aansgeho eopesdiadin (it Bi ogene, Carl sbad, CA).

After undergoing 3 freeze-thaw cycles, |ysates were

nc [ -

1013513 BARAEB Ae 2 ed e Y (G026 5B inRBRAGAROHECG or

BGCGEBﬁbiﬂsﬁlaga’dtWMﬂPEI-nM@ﬁQ) the @il veini. Thregidayd #fker dosing, animals
Super nat ant was renoved and diluted aliquots anal yzed
were gyificed apq the hvginand desuey rasgeted e Usskeratire ek placed in

el _3§5ay )X-
00T b G5B 995 o ks R s MHOOREIR LB g
Sectiénstafaadtetsshie orradmpp ozemindlguidlfiGopeh. THerd welBanifialiger dosing
Tri - Reagent (Ml ecul ar Research Center, Inc.) per the
groUpranuf acturer's protocol. Quantification of viral DNA
was perfornmed using real time quantitative PCR which
[0136) s €Ehd Highdst concehtertma cfatlenoivirys DINAT qu foming rire thedevet and spleen,

det ect PCR anpl n F.
whereas the lowest amorlrxrr)ltsI \Sgre %bgevr\\éed m%he kldney (Figure 4). This pattern remained

essentially the same for adenovirus encapsulated with PEI-mPEG. Adenovirus DNA
concentration increased in all the organs in a dose-dependent manner for both non-
encapsulated and encapsulated adenovirus. Comparing viral DNA concentrations for animals
dosed with the same particle number of non-encapsulated and encapsulated adenovirus, an

increase in adenoviral DNA copy number per mg of tissue was seen in groups that received
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al . Cancer Gene Ther. 7:1469-1480 (2000)). In addition
to BGCG relative quantification of nurine GAPDH DNA
W@\mmsmmassed to ensure the consistency and quetT/U§2004/019296
[0139] Primer and probe sequences used for PCR

the er@ﬁﬁﬂwm 185r%%w?feévf;§;fold for liver, 2.9-fold for spleen,

1.5-fdd fAKIdHET M BEIIIToAuaEA- 3'; and BGCG probe,
FAM TCCGCATCGACCGGATCGG TAI\/RA; nmuri ne GAPDH forward,
Tran%e%@gﬁ@mg%ae 3', and GABDH reverse
TGCTGATGSGATTTC-3' . The probe was FAM

[01375'3;‘3&BCT alactos iﬁa;gq%ﬂm lvygg‘%tlg%fe S;_l)g’lRp[lésﬂ ﬁlfigsgxle sgrﬁgfeliley%re weighed

tol ﬁﬁtrea‘t BaGd Bloglme, 2aAMMSCA %@6@;5@ f 4181 gRHE Bsis buffer with
into %%Ir?éw ral ! CEC%ua(l)l%tlf’l cation |y | ut ed V|0rae &A@Sls Her Wl
proteass dhlabitar dockuail Wdﬂd\muhsﬁeﬁahlst)a)evﬂe(btng dbjasustveaschalided. Tissue

o eSS0 S LRSS et BR8] At

unde 9 RS i e havh by?tfiééelys£t@§-d7gﬂe IfEMARE AN S0€XfOF ETOUPHD iNAivate
ngzed by nmeasuring (3-gal actosi dase enzynme activity

endogenow[ﬁ-rgakat&sﬂaﬂpanelﬂy f Eysateaweneiclas fied by benthfugetest &#d 4,000 x g
tissues (Fl gure 5). For non-encapsul at ed novi r.us,

for 1] minis. SuprRiy w&%reatovs%emégﬁilaﬁ 2pia wagrd Bi-Geingyme

s R S B e S TR Bermary)

ﬁartl cles, which shovved 39 WO 2005/ 012407
[0138pCTAssessmuent of girabDN Adletielsi PNA vap sxikagtasiiiom arprosisngtely 100 mg

o istloRg RSN EQLLT T oSBT Rr

protoclsls Qlﬂﬁti)ﬁcmﬂleﬂtof eitprBNAI was dehfoatehodihg tdabtinie suagitative PCR
range. non- encapsul at ed adenovi pressjon

which, e et foutlesss 2e{ivigy of kg nobyiReratsto defsrbetR ampicpenRien, SF., e

al. Cd e}(t}gﬁ‘@yﬁeraﬂ%éy D480 (@@Od))r)1 Oh&8di%ioh o BUU G Telaile tlﬁcatlon of

served 1n all tissues ani mal s dosed w th

mumrcr(&ABEH ]aNédwas assessvmwmnsumpim @hsistengy andogualilpaof DNA

received the same dose of non-encapsul ated adenovirus.

[0139h ePﬁxﬁérQé%ﬁtprbMeﬁé’éﬁés waa ForSIEER weke Ad fRbwE BGEESfoPkard primer,
animals, 1i. d for animals dosed with 3x1010

AAQ@GTﬂC‘él@C@€@étC@ 31; B&iCQ reverse o} A EHe GTIMGALC S CEISIECTCGA-

3 ang'#(gg#@l 10 \,\',i @@ﬁgﬁgﬁ@{}éﬂﬁw %Lglﬁlsg%ne

forwaﬁféKFB‘@A&!CC(EfFGAAIG@TCG\AQ}T@\@$ avd GABIH eevedye hi st ol ogi cal
anal )fSl s of tissue ;%o sections. This anal ysis was

S-CAACA TR ECAE MG ATTRG st s The P@h%&@éfﬁéﬁ frequency in
CAAggg‘CV%éS %}C‘f\@ rﬁMﬁAer}fédP 'il?rﬁ%@l\r/ﬂrfiﬂfe vgz% C%r

rs Were | njec Wi arious es 0
minufek| 95ACHEs Bﬁﬁﬁutééhaﬂ@(l Helas wiBEIC falr 165 sesumde aed 62°C for 1 minute.
expressi ng for animals

or SR B B Mt EEISVA AL SR Lo LTS
DNAQPRE54E Datd g{)ma@'li@i wad E)gfi‘és@gd X Vitht E’ﬁheﬂfﬁ%@f tissue. T?e detection

encapsul ated virus at the other dose 1evel's. Very
limit was approximately 10 copies/mg of tissue.

[0140] Transgene expression was analyzed by measuring -galactosidase enzyme activity
in extracts prepared from aliquots of the harvested tissues (Figure 5). For non-encapsulated
adenovirus, B-gal activity was at background levels for all doses except at 3x10'° particles.

One exception was the liver sample from one animal dosed at 3x10° particles, which showed
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positive cells were detected in the livers of animals
dosed wi th non-encapsul at ed adenovirus, while a

wer@aiiscant nunmber of positive cells were detBct/es2004/019296
when PEl - nPEG encapsul ated rAd was injected. [0142]

a doui)l'iﬂgrﬁ\tﬁel@gfﬁuﬁd%)&%s's% (P4.6 hBGATERI) MG cAHHRIBY Whimbds dosed with PEL-
results in a g y non- | i near dose response in

mPEG andapﬂdatﬁdrﬂdm@vu'uhﬁwmtdon%d@mnéw gkpressiorhthsougheut the dosing
ed in var S rt [
rangey Aoyt Pon b BT o FBRESs, bl BR AR bR it PbEa by
spleen, -a¥d ldWHsSﬁ‘lt Ki@eys Gdd agige rArﬁﬂhc@hse in Hﬂﬁﬂeﬁ’ﬁ@ﬁwﬁ?@&lﬁservba in all tissues
935-945 (2002), Tao et _al., Ml Ther. 3: 28-
of anipadrdosyd witikhesensppsadated Wrug whennemparaddo greups >tliw§ freagtved the
f

e G B R A BB A1 AL v o
ammal\e li.le., 84 -foldhfor apmm:ﬂsdm'sédmm 3xi oY’ |patliodmnghahtleethaal27 Qyfoldfor

i e S B g e e L0 S0 B B

3x1 m[)@ct&cyt es, supporting the hypothesis that adenovirus
X OI s sequestered and degraded in these cells (Ziegler et
m Gene Ther.. 935- 945
(o141], TrangPhe SXBSestia8 in S SargPuniref o EllRe R Sp e gf tissue
cryo-Rttigiy. UhiLdralyRe w@solge@us ] H&aﬁsetatakéeeﬂtrm{sdumdnqa&ﬁency in vivo.
transgene expressi on, gest g}{lg that the RES system
Somefmise ayerq injeicteddvidyritous 90%9& of BaChwhilgpthess werchpieptied with

varlol%sd:S 8%50(}3’2%-%%82%;}@@2 SW{}% 513 &gm%%t%ﬂgenp‘&hessmg cells was

approRiuiaté¥p 206 fOrA06ls db6si4d Bx Eile parsivlegtinavadell capiession wusobserved
wi t h PEl - PEG copol yner provides a practical strategy
for anyrpals eragied Wil ITBE G enp G IBtedraia Abine SHeT detsrlavalr. (Y ery few
o) '
posici bl sie BEigeBNth 1 B 1 ithald AYRE FRRY o fe RPARNIRAM adhovis,
whileai slgilﬁ@hiﬁmhmbﬁlof poswivecdiisghere detactad bvhbm PElaPE@encapsulated rAd
encapsul at ed adenovirus when conpared to
was “H‘Bﬁe‘gncapsul ated virus injected intravenously at the
same dose. This suggests encapsul ati on with PEl-PEG
[0142ﬂ) r dnemeedus ingectide nbrecombinantcdend e agsulss inv highly ariinear dose
ssues

respondeh yafQR TP C At Pe B e AT A T M sFRe] jruvarious organs

but mbstwe ortdEin@hd 1iVé} the SredinGidOMms highetexpickélon afterEah éé’daih
cfion in which PEI:PEG encapsul ation reduces t

(Zleg@p?tﬂemGé@TMaﬁ §A45-94p (2%rﬂﬁOr¢aﬁi MabHesari $:%8- %(2001))
This efﬁe%t %%ﬁé(t%{l ?cmhte eQ%[e%£$ 5fa ‘r@glo ﬁafi?l er’ &%ijggr%lﬁesﬁ 1t5ﬁlf by

I SSUES esu Ing In

prefemntﬁalupak!é\oamdénbvgmewy Kupﬁfmlwﬁs wbvelveé stheﬂ\{carremmie
PEI - PEG, encapsul ati on increa

reticujaendashelial FYNETB Y B#R & FnMoh Ghier; 3 28: 351(39‘%1 ) ePF@EElOIP of Krpfder cells
By P RUREES s b 1 B SO 3P v

is seqpeatdred: hrebdegfdded in these vadls &Zhgbr ti aldithon Genc Ehérnt3 . BSeBS
(n.dose hi i ghe pression are often
(20020, B elfob et o8 Ao sean e biseres (grasieGafiaTpfrmgelated

adenotvnﬁ§ Fesﬁl?&iLihtlﬁcrézE@&Vt ndEERAN ohUsugBBGARIdhd RBSWdthn has a
G pol ynmer provi des an

hmlted capac1ty and can be saturated by high doses of virus (Ziegler et al., Hum Gene Ther.
13:935-945 (2002)).
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interesting strategy to inprove the therapeutic
ef fecti veness of adenoviral gene therapy vectors.

WO 0b44]24The above exanpl es are provided to il|PBPSL/US1084/019296
the invention but not to limt its scope. Oher

[0143:1?615@:9{) g dﬁdé;ﬁb‘(ﬁ%k@ﬂﬂ PEI'I*E(?@O;I&;%QH ProGiRBSs ngl%uéa@ strategy

I nar 111 in the are enconpassed
to redmye theantapoton eﬂrecbmbmnnt adlehovpous withethe 8ES, andamprivs, theind

o BB L5 S A5G0 hSh . D vl
were g%@l@l‘ Qlja%“tQZuéD o é&%&&l‘ﬂﬁt%&%ﬁ@vlrﬁéﬁm—eﬂ confpafid\BAoh-2ncapsulated

.. A conpl ex conpri sing a) an adenovi rus
virus mgmiqhaﬂtremnoysl@@nﬂiema dpsf: ’G*ub;u%esj@gmapmmlon with PEI PEG

o ST s P G LR A e N g S e

was iner@88d withi thé Far@d3t indfcagRIsedd AMhliv@. Thasedhinng! £8 céridéstent with
position of X ; 8 X1, X, and Xmtl are independently

a meaha@nisey ofcchigrmbruhish PREBES encapsuiatios spducapihg vtake and degradation

of rec%%!?ﬂ% ?l%rgyﬁggm th%?i]ﬁcsta@%ff ?l%%ﬁ "\Tﬂ{ﬂgﬁléyi orn}@ rg erll%é%ﬁ.&ble to

targetisaqesresulignipriostehigheravigil DINA umd%hlgﬂ& expressibe tevielso rMoreover
Formula Ila and Formula Ilb: Z H HRlx/Rﬁ
PEI- REG ghcapgylatign Increaseq e fEeqyency « téaé‘F‘B’é‘%‘@’El ey§hin the hg?ro is
frecCif AR proBuied At B¢ oNbtermddiat Rﬁﬁ%t TRHY Qstehh is not
© CC1; aﬁgbf@ R econpﬁﬂirqj\lds?es ezglmpoflya Pﬁibes yc& §rs 1810
saturdtdd with adapoirghmparticlss. f Flegisof vatuabmﬁxphhg/smca matelasns in dnsi: to
achieve higher expression are often prohibited by dose-dependent toxicity. Taken together,
these results show that adenovirus encapsulation with PEI-PEG polymer provides an
interesting strategy to improve the therapeutic effectiveness of adenoviral gene therapy

vectors.

[0144] The above examples are provided to illustrate the invention but not to limit its
scope. Other variants of the invention will be readily apparent to one of ordinary skill in the
art and are encompassed by the appended claims. All publications, patents, and patent

applications cited herein are hereby incorporated by reference for all purposes.
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18 at physiol ogical pH, at |east one of the nitrogen
atons in said 19 copolyner is positively charged. 1
w@200Fhe4eonpl ex of claiml, wherein Qis Fornub@r/UsmN4/019296
is 0, Zis 0, and 2 said nononmers conprise a
%ﬁ%@;@%di ng to Fornula I11: 42 WO 2005/ 012407
96 IN-- b (CH2) a NH2 3 (IIl) 4

wherein 5 a is an integer from1l to 10; and 6 b is an

1 i nt egerl.fr om tomplet @ompri&@ing:The conpl ex of claim1,
wherein Qis Formula Ila, his O, Zis 0, and 2 said
2 nmononeray aﬁ@ﬂ@foiv&es ﬂorﬁ:bmleﬁtly@mqﬂeymﬂdbﬁg to Forrmula IV:
3-~CH2 (IV) . V) N 4\/\,here|n5c:|§ ntegier from
3 1to 1) afoaolwmécqmwl%&a Sructyrgiapgordin F

Formula Ila, his O, Zis 0, and 2 said copolyner
conprises: 3 a) at |past ome of said nononers conprise
a structure accgrdin tg,F rnul&ddl: 4 wherein 5 a
is an integer from1fto 10§ and 6 b is an integer
from1l to 10; and 7 #&st one of said nononers
4 conprise a structure according to Formul@® IV: 8
wherein 9 c is an integer from1l to 10. 1 5. The
conpl ex_.of cIa|n14 wherein a is 2. 1 6. The conpl ex

5 of cl alvﬁl?eé Dwherein b is 2. 1 7. The conplex of claim

6 6, wherein GniiSainteger from 1 to 1,000;

7 iis an integer from 2 to m and denotes the position of X',

8 Xl, Xi, and X™! are independently selected monomers, wherein

9 (i) said monomers comprise an amine selected from secondary
10 amines and tertiary amines; and
11 (ii) at least one of said monomers comprise Q, a structure
12 selected from Formula IIa and Formula IIb:

4
H
N
%)L(n)—w W
h

13 (11a); (IIb);
14 wherein Z is selected from the group consisting of O and NH;
15 h is an integer from O to 1; and
16 R! comprises a polyalkylene glycol moiety;
17 the copolymer is free of cross-polymerization; and
18 at physiological pH, at least one of the nitrogen atoms in said
19 copolymer is positively charged.

1 2. The complex of claim 1, wherein Q is Formula Ila, h is 0, Z is O, and

2 said monomers comprise a structure according to Formula III:
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1 8. The conplex of claim4, wherein ais 3. 43 WO
2005/ 012407 PCT/ US2004/ 019296 1 9. The conpl ex of
we@b@somB97 wherein b is 3. 1 10. The conpl ex ofpct/asrond919296
wherein c is 3. 1 11. The conplex according to claim
4, wherein saigl nmononer i\S ethykene 2 imne. 1 12.
The conpl ex ofg—l_a m‘ngc"'ll)ﬂ)e_rel_ﬁéQ is Formula Ila, his
0, Zis 0, andS 2 sai d nononersSconprise a structure
according to FormiCa); 0 NI__CH11_ ( (CH2) 4 NH
3 M 1 13. The cofmplex of claim1, wherein said
nmononer i s |ysi ne.N,;‘L2 14. The conplex of claim1,
wherein Qis Formula lla, his 1, Zis NH and 2 said
nonomers conprise a structure accordi ngaig For mul a VI:

HO HOHHOHO H 3 HOR3 (VI) 4 wherein R3is a
Whermrrber selected fromH, -(CH2CH2) NH(CH2CH3)2, and 5

C A B T R T H for about two of

e\tﬁl&)anﬁnktegeefro& oto $@i d nmononers, and for about one of
every three of said nononers, R3 is a nenber 3

S0 A RN SRn Fo tapr710.0

said rﬁ@ﬁﬂ?ﬁ&é( cGhpided futurdBRORI
E- Dextran. 44 WO 2005/ 01 407 PCT/ U82004/ 019296 1

17. The conpl e ochI aim1, wherein Qis Fornula Ilb,
and said copolgmer (CHz)C

av)

wherein

¢ is an integer from 1 to 10.

4, The complex of claim 1, wherein Q is Formula Ia, his 0, Z is O, and

said copolymer comprises:

a) at least one of said monomers comprise a structure according to Formula III:
wherein
a is an integer from 1 to 10; and

b is an integer from 1 to 10; and

b) at least one of said monomers comprise a structure according to Formula IV:
wherein

¢ is an integer from 1 to 10.

5. The complex of claim 4, wherein a is 2.
6. The complex of claim §, wherein b is 2.
7. The complex of claim 6, wherein c is 2.
8. The complex of claim 4, wherein a is 3.
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2 conprises: 3 a) at |east one nonomer which conprises

a structure according to Formula VI: HO HOHHOHO
wo004/0H40R3 (V1) 5 wherein R3 is a nenber selBCt/es2004/019296

fromH, -(CH2CH2) NH(CH2CH3)2, and 6

- (CH2CH2) N( CH2CH3) 2CH2CH2NH( CH2CH3) 2i and 7 b) at

| east qpe ructure

accor d| ng to For nﬁm&gl@ﬁwwﬁ%&oé% OHO9 (M1).
1 18. The conplex of claim17, wherein R3 is Hfor
about theo ofThewemplaxwietaim®, e disnbnoners, and for
about one of every three of said nononers, R3is a

En(egblilgr ) il ?l ctéa%)p %@@%w g,ff]%rein %%d m%ﬁgmer is ethylene

imineconpl ex of claim 17, wherein the percentage of said
nmononers 2 which conprise a structure according to

Formula VIl is between 5 and 25. 1 20. The coggl ex of
clai m 13; whkiespmpiererfiskimdntdgeinR is Epampabignb isy, Zis O, and

to Formula VIl is
said xﬁ@o\/\%gleé%Q %ed %&Hg%&uﬁdneg%glﬁ{p lg)[(hg\a,\ccor ding to claim
1, wherein R conprises a styyucture 2 according to
Forrmula VII1I: 45 2005/ 019407 _PCT/ US2004/ 019296
[ (CH2) pO n- R2 HH-CH4—nfGereicn 5 n i s an integer
from2 to 2,009; 6 p i|s an int

ger from1l to 8; and

(CHZ) 4
b
).
13.  The complex of claim 1, wherein said monomer is lysine.

14. The complex of claim 1, wherein Q is Formula Ila, his 1, Z is NH, and

said monomers comprise a structure according to Formula VI:

(VD

wherein R? is a member selected from H, -(CH,CH,)NH(CH,CH3),, and
-(CH,CH;,)N(CH,CHs;),CH,CH,;NH(CH,CH3),.

15.  The complex of claim 14, wherein R? is H for about two of every three
of said monomers, and for about one of every three of said monomers, R is a member

selected from -(CH2CH2)NH(CH2CH3)2, and -(CHzCHz)N(CHzCH3)2CH2CH2NH(CH2CH3)2.

16.  The complex of claim 1, wherein said monomer is DEAE-Dextran.
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7 R2 is a nenber selected fromsubstituted or
unsubstituted al kyl, substituted or 8 unsubstituted

whedosnoabkyl , substituted or unsubstituted 3- POT/¥S2004/019296

menbered 9 cycl oal kyl, substituted or unsubstituted 5-
to 7- nmenbered heterocycl oal kyl, 10 substituted or
unsubst 4 ut eﬁq@g&ﬁﬂplﬁgﬁlﬁﬂp iR @ %rFoﬁﬂﬁlétI?J 'ahél”sﬁg copolymer

het er oaryl . e conp ex according to cllaim2

compitses:ein p is 2. 1 23. The conpl ex according to clalm

4, wher has a structure accordi 2 to Formyl )
e O S e e e ofteres & hsaite pfec e Paputa VI
i nt eger from2t02000 6 pis an integer from1l to

8, and 7 R2 is a ne sel ected from substituted or
unsubstituted al kyl, /Substituted or 8 unsubstituted
het er oal kyl , subshlt ted or unsubstituted 3- to 7-

menbered 9 cycl oal k\W , s%bstltut ed or unsubstituted

5- to 7- nmenber er cycloalkﬁé substituted or

unsubstituted r 11
unsubstituted heterqgaryl .\ 14. The gonplex of claim
1, wherein the percentage @ nononers which 2 @
substituted with Qis at least 10. 1 25. The conpl ex

2 aro- SUBGEI B8 TEHT SRCS] P e (a0 NFUCHBCHER, and

-(CH2083 )’I\%@%@ﬁf@ﬁé@ﬁ%@ﬁ(@l@lﬁiﬁﬁ and 26. The conpl ex

VII:

according to claim12, wherein Q has a structure 2

accor di @Qat tlé%lst': SHeHbrnek WHIEH &nfbrideda | bt%u(fﬁﬁ}e ae&&aﬁg tb Feffhula
2 to 2, 4 pis an integer froml 8; R2

is a menber sel ected from substituted or unsubsti t ut ed

al kyl, substituted or 6 unsubstituted heteroal kyl,
substituted or unsubstétuted 3- to 7- nmenbered 7

cycl oal kyl, substitute I lunsubstjtuted 5- to 7-
menber ed 8 het erocycl oél kyl substiltuted or

unsubstituted arylyyand s |
unsubstituted heteroar

(VID).

18.  The complex of claim 17, wherein R? is H for about two of every three

of said monomers, and for about one of every three of said monomers, R? is a member

selected from -(CH2CH2)NH(CH2CH3)2, and -(CHzCHz)N(CHzCH3)2CH2CH2NH(CH2CH3)2.

19.  The complex of claim 17, wherein the percentage of said monomers

which comprise a structure according to Formula VII is between 5 and 25.

20.  The complex of claim 18, wherein the percentage of said monomers

which comprise a structure according to Formula VII is between 5 and 25.

21.  The complex according to claim 1, wherein R' comprises a structure

according to Formula VIII:
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1 27. The conplex according to claim 14, wherein Q has
a structure 2 according to Fornmula XX NHT 2)pdn-R
WON20054124p{CH2 3 (X) 4 wherein 5 n is an integeeT/UsN3/@19296
to 2,000; 6 pis an integer froml1lto 8 7 f is an
|nteger fromOtpo 1, 8 R4 has a structure according to
Fornul a Xi \/\henr%rﬂ-s[(QHz)lenvﬁ-’l NN CNN HH2Hg 9
(XI) 10 wherei® N is covalently attached to N*, and (VIII)
wherein g is an integer froml to 11 9; 12 R2 is a
menber selected from substituted or unsubstituted
whergffiy| | substituted or 13 unsubstituted heteroal kyl ,
su{q%éﬂme%gr%mmmtuted 3- to 7- nenbered 14
cycl oal kyl”, substituted or unsubstituted 5- to 7-
n‘mseaIEIaite@rﬁ@nzl(lOES/,@lldMO? PCT/ US2004/ 019296 15

e EAEhOR A PR O R e

The Q@@ﬁﬁsﬁmt&f heérahliy R Zubsvikwédecbrmnfsumuﬂed 3 Jx0279 me'ﬁlftﬁzred
conplex of claim?27, wherein f is

conpleglogikyk substuted orpnskbstitutgd §st°47‘ %er@@remerewﬁéwé&yl

gg gg: gb%gut%g 0 léx?s!#g%ti'ﬁg%pwrﬁgg %ﬁ%ﬁ&?@%ﬁtﬂ(eﬂ he%roaryl.

22.  The complex according to claim 21, wherein p is 2.
23.  The complex according to claim 4, wherein Q has a structure according
to Formula IX:
0]

"'71_ (CHg),Oln—R?

(IX)

wherein

n is an integer from 2 to 2,000;

p is an integer from 1 to §; and

R? is a member selected from substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted 3- to 7- membered
cycloalkyl, substituted or unsubstituted 5- to 7- membered
heterocycloalkyl, substituted or unsubstituted aryl, and substituted or

unsubstituted heteroaryl.

24.  The complex of claim 1, wherein the percentage of monomers which

are substituted with Q is at least 10.

25.  The complex of claim 1, wherein the percentage of monomers which

are substituted with Q is from 15 to 30.
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3 (XIl) 4 wherein 5nis an integer from2 to 2,000;
6 pis aninteger fromlto 8 and 7 R2 is a nenber

weedosoimd from substituted or unsubstituted alkgt/Us2004/019296

substituted or 8 unsubstituted heteroal kyl,
substituted or unsubstituted 3- to 7- nenbered 9

cycl oaljgyl —ﬁ.}éé%h{ il % % rﬁ&?%&bﬁ@tﬂzﬁ WhediPQ Hafa étructure

menbered 10 heterocyclo stituted or

accordingub Foirhula éX veiey¢in and substituted or 11

unsubstituted heteroaryl. 1 32. The conplex of claim
1, wheriSAndMESS S Zigh’gg&a di ameter of 2 between

about isRMiBgkrareyt t$@0nam 1 33. The conpl ex of

claim1, wherein the conplex has a dianmeter of 2 _

bet weerR dbemeng®r setected frapcubstitsed erunsubgitutettiadkyl, substituted or

eOm! % bl st R BB 8 Hmberd

substi t ut egtl@dKyl Uiseistddtod uashbafitited 5-@b at @embered
transferrin, 3 galactose, glucose, .antjbodies, .
anti body hetepsEreakylapubspaind aawsubstitted aryl apd) prfistitutet or
cl ai m 34, ' [ thyl. 48 WD 2005/ 012407
PCT/ USZOOH}/I‘\%%@Bgd%%eg%MP}he conpl ex of cl ai m 35,
wherein pis 2, ais 2, bis 2, and c is 2. 1 37. The
conpl eX7of CTteiconiPplex avherdaigtoRbimsl 4awherche@ haebettadre
from IFZ s&bgéi tuted and unsubstituted al kyl,

iFOURRE “and unsubstituted aryl, folate,
transferrin, 3 galactose, glucose, antibodies,
anti body fragnents, Nend peptides. 1 38. The conpl ex of

claim 37, wherein is methyl. 1 39. The conpl ex of
claim 38, wherein pllis 2. 1 40. The conplex of claim

28, wherein R24 s er ad &raogz 2
substituted and substh‘U(eraﬁ{iy%? lubstituted and

unsubstituted aryl, folate, transferrin, 3 gal actose,

gl ucose, antibodies, antibody fragnents, and pepti des. X)
1 41. The complex of claim40, wherein R2 is nethyl.

1 42. The conplex of claim4l, wherein p is 2. 1 43.

The corhessinof cl ai m 29, wherein R2 is a nenber

selected fro 2 Subst i d and unsubstituted al kyl,
substi t%‘?@ﬂ"ﬁﬁ%ﬁrﬁ%gi‘? %’phﬁ’ed aryl, folate,
tr ansf frsiaﬁ,integergfﬁinaq:&@s,e, gl ucose, anti bodi es,
anti boty fragnents, and pepti des.
is an integer from O to 1;

R* has a structure according to Formula XI when fis 1:

O O
N* C N—N—-
H H, H
g
(XD

wherein N' is covalently attached to N*, and wherein g is an integer from 1 to
9;

R? is a member selected from substituted or unsubstituted alkyl, substituted or

unsubstituted heteroalkyl, substituted or unsubstituted 3- to 7- membered
cycloalkyl, substituted or unsubstituted 5- to 7- membered
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1 44. The complex of claim44, wherein R2 is nethyl.
1 45. The conplex of claim45, wherein pis 2. 1 46.
wabmsowapt ex of claim 30, wherein R2 i s a nenbBCT/US2004/019296

sel ected from 2 substituted and unsubstituted al kyl,
substi t ut i :

transt er a0 AT b E o fubaBEY, and substitutd or
anti body funagisstinited haadagykpti des. 1 47. The conpl ex of
claim46, wherein R2 is methyl. 1 48. The conpl ex of

claim4 wher ei n is.2..1.49. The conplex of claim
31, Who#8i n eF@nﬁleﬁ@ﬁé@Fﬂ@@&r@a f1$0m 2

substituted and unsubstituted al kyl, substituted and
unsubst by ut eqhakdthplek OF alabn 2V whetiarms n, 3 gal act ose,
gl ucose, antibodies, antibody fragnents, and pepti des.
1 50. The conplex of claim49, wherein R2 is nethyl.
49 WO 2865/ O%Eagqnnp@rpogzmwmbezg@glﬁsl. The conpl ex
of claim50, wherein pis 2. 1 52. The conpl ex of

cl ai m 15;Wherej rati I
adenovi ?bs [ gﬁ Eg?&l %’rﬁ ag(%olé%&gfio é‘lﬁgn Zgﬂg%%&?Q &&5%3&%%6
accoedingteeRorafulc XHi: m 52, wherein the ratio of the
copolynmer to the 2 adenovirus is between 3,600:1 and
20,000: 1. 1 54. The conplex of claim52, wherein the
rati o of the copogﬁ%\r to the 2 adenovirus is between
10, 000: 1 and 30, 000: I"N1-5%cHIpe],corpl ex of claim 1,
wherein the nol ecul ar Weight of the 2 copolyner is
bet ween 150kDa and 170kDa. 1 56. The conplex of claim
1, wherein mis an integer from10 to 900. 1 57. The (XII)
conpl ex of claimb56, wherein mis an integer from 50
to 600. .1 58. The conplex of claimb57, wherein mis
an inteJ& ™% om 75 to 300. 1 59. A method of
prepari §gs s MAPePIamEMolY0ocepl exed adenovirus 2
copol ymer conplex, the nethod conprising: 3 contacting
a copol pnean integanframelniod; aod, sai d copol yner

conprisiL,pg a structur accor.di.ng to For.myl .

ner oi nR i M 1l ffort SERIRory ol ek, gypstiuted o
i nteger frgRuBstitRedh@ndalton etwsinitéonasubstirte®s- &8 7- nfembered
X1, X, and X +1 are independent|y sel ected nopnoners,

O 00 NN N U b

10

wher ei n 8 Qcloalkyl, gubstitepd prunsghyitited Sate Grinenebaed ect ed
from sec O%@é’rgcycloalkyl, substituted or unsubstituted aryl, and substituted or

unsubstituted heteroaryl.

32.  The complex of claim 1, wherein the complex has a diameter of

between about 20 nm and about 300 nm.

33.  The complex of claim 1, wherein the complex has a diameter of

between about 80 nm and about 150 nm.

34.  The complex of claim 23, wherein R? is a member selected from
substituted and unsubstituted alkyl, substituted and unsubstituted aryl, folate, transferrin,

galactose, glucose, antibodies, antibody fragments, and peptides.

35.  The complex of claim 34, wherein R? is methyl.
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9 amines and tertiary amnes; and 10 (ii) at |east one
of said nononers conprise Q a structure 11 selected
wo ewsoiaonul a 1la and Fornula Ilb: z H N N RACTRUS20b#/619296
12 (I1a); (I1b); 50 WO 2005/012407 PCT/ US2004/ 019296
13 wherein Z is selected fromthe group consisting of

0 and Mg %Jbolg@k@{bﬂc%ﬁ%r ERM Pist© a:ks 2 qu 21 andd is 2.

conprlses a pol yal'kyl ene glycol noiety;
copolynmer is free of cross- polynerlzgtlon and 17 at
physi ol3dgi calhepemplix dfstem %nwh@felrt Riisni meroberrselgeistdrom

syt o B GRRTTE RPb YEb A R W oy anin

galactbsé, Sgl&os@raﬂnbedléﬁhﬂhmpmgﬁﬁnﬁo dpe%ﬁdes'ﬁ a) at |east
one nononer has a structure accor ng to Formula |11

wherein 4 a is an integer from1l to,10; and 5 b is an
i nt eger38 r orkhe comPpiax: of ghime T Wherein Raistmeshd. nononer
has a structure according to Forrmula IV wherein 7 c

I s an iygf egefyfdotfiek §fakt3sSwibelh ik At | east 10% of

sai d nononers are éxbstltuted Wth a structure
according to Fornmula 9 11X 10 V\,herelp 11 nis an
i nt eger40f r orfil2 compex0ffEiaim128, phersinay 1Sratregeberfspt¢mes! from

subsifiped B84 iriyPin G RYPT SEHURFY Brciub RS ATl
galactdBé S0k K ntib 56 bhiiByd ?@ra@fneﬁﬁsﬁhﬁﬂdphdésed 3- to 7-

nmenbered 15 cycloalky Substituted or unsubstituted
5- to 7- menbered 16 heteroc cIoaI substltuted or
unsubst4lt ut ehegoyiplexofgla ol‘S methyl.

42.  The complex of claim 41, wherein p is 2.

43.  The complex of claim 29, wherein R? is a member selected from
substituted and unsubstituted alkyl, substituted and unsubstituted aryl, folate, transferrin,

galactose, glucose, antibodies, antibody fragments, and peptides.
44.  The complex of claim 44, wherein R? is methyl.
45.  The complex of claim 45, wherein p is 2.

46.  The complex of claim 30, wherein R? is a member selected from
substituted and unsubstituted alkyl, substituted and unsubstituted aryl, folate, transferrin,

galactose, glucose, antibodies, antibody fragments, and peptides.
47.  The complex of claim 46, wherein R? is methyl.
48.  The complex of claim 47, wherein p is 2.

49.  The complex of claim 31, wherein R? is a member selected from
substituted and unsubstituted alkyl, substituted and unsubstituted aryl, folate, transferrin,

galactose, glucose, antibodies, antibody fragments, and peptides.
50.  The complex of claim 49, wherein R? is methyl.
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17 unsubstituted heteroaryl; 18 the copolyner is free
of cross-polynerization; and 19 at physi ol ogi cal pH,
w@rooseet7 one of the nitrogen atons in said copol/ysmn4/019296

is positively 20 charged. 1 61. The nmethod of claim

60, wherein pis 2, ais 2, bis 2, cis 2, and R2 is

2 neth . 0 j , Wherein Qis

For rmul g)ffl alrhg%??ﬁgﬁ d%‘%lag‘xﬂgio {thfleﬂ ssgzigd NONONer s

conprise a structure according to Formula V: 3 wherein

at | eas@. 10%hefcomplen afstaamd; whareen thasatid efithe dopdlyerdo the

structure a 4 Formula I X 51 WO 2005/ 012407
adenoygs 50567 P&S@g%a‘g‘%&&ﬂ%‘}bu né6nis an integer from?2

to 2,000; 7 pis an integer froml1lto 8 and 8 R2 is

a menbeag, selmpelcamhplex@NchiasR| whereth the ratlossfahé cdpolgger to the

al kyl, 9 substituted or unsubstituted heteroal kyl,
aden%’%&tﬁ@&?@@%ﬁoolba%%@%(ﬂtut ed 3- to 7- menbered

cycl oal kyl substltuted or 11 unsubstituted 5- to 7-

member &g het u

insubstrt ut aaeartp A a2 PRt hEtaElof theconolyme to the
adendvauersdm\yée;nIOJ,(B)Othmd:ﬁp@ﬂQ/her is free of

cross-pol yneri zation; and 14 at physi ol ogi cal pH at

| east e of .the nitr to Ln,sai

15 pOSI%ET veﬂibeé?ﬂ%’ll’&éo&%% 3 “%E’@“h@?l%(g %&Pr O&he
copowmfﬁlb@w&behasammdnd?i&m@anet hoxy. 1 64. The rret hod of

claimb59, wherein Qis Fornmula Ila, his 1, Zis NH,

and 2 said nononers conprise a structure accord| n

For mul #6v1 ; Thewrmplaxpfriping, mhegsin B an intogst Somel@ 500.

three of said nononers, and for about one of 4 every

t hree sai rs, S

2 CHZ%fZQ) Nﬁ%@g&%& ng?g 365 witerRTHGE ard fl&fel &dnd S0 600.

- (CH2CH2) N( CH2CH3) 2CH2CH2NH( CH2CH3) 2, 6 wherein the

per centS8ge dthemwompheraf cldin @7, whereguigs an infeger fWiotrh7 5Joi 300.

at | east 10 and Q 7 has a structure according to

For nul %9X;

2, 000; 7
copolymer complex, the method comprising:

A me& % or} preparmg a %Qnéo%l%gt?}r/ cgrglglexed §Rnovirus

contacting a copolymer to an adenovirus, said copolymer comprising a structure
according to Formula I wherein

m is an integer from 1 to 1,000;

i is an integer from 2 to m and denotes the position of X

X!, X', and X™" are independently selected monomers, wherein
(i) said monomers comprise an amine selected from secondary

amines and tertiary amines; and

(ii) at least one of said monomers comprise Q, a structure

selected from Formula Ila and Formula IIb:

(ITa); (Ib);
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10 pis aninteger froml1lto 8, 11 f is 0; and 12 R2
is a menber selected fromsubstituted or unsubstituted

w@bdogh12407L3 substituted or unsubstituted hetereel/kyi004/019296

substituted or 14 unsubstituted 3- to 7- nenbered

cycl oal kyl , substj.t ut.ed aor .1 SUbst i w4 .
nmenbered heter ocyvgl?eégp > ,Selgﬁs(g?rloﬁlu@ é glt ogﬁ)%‘agésuﬁ'go of/0 and NH;
unsubstituted arHis adhigtegdtiitom Oté €candr unsubsti t ut ed
heteroaryl; 17 the copolyner is free of X

cross- pol ymer i zatR giempaises a polyalkplene BlyrRlgneisty; pH, at

| east one of i 9;3‘% j I mer is
positively t&%%%geﬂ.gﬁ?e gg fé&@?ﬁ%é&gg)ﬁ{cﬂyai m 64,
wher ei n p i sat hysiclogiRali g, rae tdasbone of B2 Ao KN0H6104 BviGivd
PCT/ US2004/ 019296 .1 66. The eg[et}[;od f claimb59,
wherein Qis FeeRAlMers positiyely gharged. o Ny and 2 said
nononers conprise a structure according to Fornmula VI;

3 wher gj0n R3rHesméthd @b abRYS9, tWiRr&h (B¢ FoymhlATRE haf 0SAisD, and
nononers, and for about one of 4 every three of said

said momamers som@3se: s a nenber selected from 5

(CH2CH2) NH( CH2CH3) 2. _an . .
! (Crob NeEB ek Dendtheng rcpes agerdins g Eyaule [hyberein
percent age aofis AR abB@r Sronhi eh1@ra@dsubstituted with Qis
at least 10 and Q 7 has a structure according to

Fornul a X; & iamadetegerdram i 4o 36; andt eger from 2 to

2, 000; [ [ : ' : :
Re-has 2 iiope HbroRE el » Wbl alcbeding fFomida BV whéren
4; and 14 Rz isanantagorifom $ed e@t ed from substituted or

unsupstituted al] kyl, 15 substityted or unsubstit.uted
whergig abeas| 10y 9fd SO P S AR bRsHNA HEAER giorgige 5 Formula
pgenbered cycl oal kyl, substituted or 17 unsubstituted

5- to 7- nmenbered heterocycl oal kyl, substituted or 18
unghdgeini t ut ed aryl, and substituted or unsubstituted

heteroaryl ; . 19 the | ypqer is free of
cr oss- JoE\HERFsY 06‘?1‘2?&288% at physiol ogi cal pH, at
| east gNR afAfintbf@ ffnk 1 @9€Nart OMs i N sai d copol yner is
positively _ _ _
R‘ is a member selected from substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted 3- to 7- membered
cycloalkyl, substituted or unsubstituted 5- to 7- membered
heterocycloalkyl, substituted or unsubstituted aryl, and substituted or

unsubstituted heteroaryl;

the copolymer is free of cross-polymerization; and
at physiological pH, at least one of the nitrogen atoms in said copolymer is positively

charged.

61.  The method of claim 60, wherein p is 2, ais 2, bis 2, ¢ is 2, and R? is

methoxy.

62. The method of claim 59, wherein Q is Formula Ila, his 0, Z is O, and

said monomers comprise a structure according to Formula V:

wherein at least 10% of said monomers are substituted with a structure according to

Formula IX
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21 charged. 1 67. The nethod of claim66, wherein p is
2 and R2 is nethoxy. 1 68. The nethod of claim 59,

wobsei12300Q i s Formula 11b, and sai d copol yner PEI/US2004/019296

conprises: 3 a) at |east one nonomer which conprises a
struct ype ggcording to Formula VI; 4 wherein R3is a
menber Sef ected from H - (CH2CH2) NH(CH2CH3) 2, and 5

- ( CH2CH2) N( @HR GhiRjtegeriBCHPN ZBRECH3) 2; and 6 b) at

| east one nonomer whi %qh ci)rgg,:ﬂ%gs a structure

accor di ng té"ﬁé?h‘ﬁ?@r o ¢ rein the percentage of
TONOIEY S WhigGs 3P Siikdiit RBhmtubltcSReh r hsub@sled bkl

and Q has a 8 structure according to Fornula XlII;
wherein 10 n i subatitutadtargesubistiomedhetesodk plogubstiaged

2005/ 012407 PCT/ U 04/,Q1 6 1 is.,an i,nteger. f.rom
1to 8 and 12uw§%gut§dﬁéﬁ°ﬁ'rm%ﬁeégq &Yplgalkyl, su Situted'o?

substituted orymsssthsted SUtCT médiydred BetbtidloAIRgl, Substithided or
unsubstituted heteroal kyl, substituted or

unsubstit ut ed Bnsubgfityted gpfinndsubstituted 9e nrsabstituted heteroaryl,
subst i ' e - to.7-. manbered 15

het er ogf};%?o%g%#??gg%éﬁr? %Sfﬁgoégg?ﬁ%ﬁléﬁbs ituted aryl,

and sulasphysidlegicslipH, hbleasiounb of tHeuiisbdnat@nom siid copélymer is
the copolynmer is free of cross-polynerization; and 18

at physi oPoWHYely chargedat | east one of the nitrogen

atons in said copolymer is positively 19 charged. 1

69. Thegamet hegd Réinsd & d3iRBe2, WiRkESEh P i92 bid R? Afethéxy. S

met hoxy. 1 70. A nethod of i1 ntroducing an adenovirus

into a cell, the method 2 conprising: 3 (a) _ )
noncov&dent |Theaugthetof dlagjmeS% oysrepmeyis Formuladtehas/ 1 ,r4is, NH, and

said g B B e PRV om 1°T0 1. 060:

| vitferéfl R i$ HASF aboPfvclott éver Bkt ofefidinesndnktes, RAE ifér abbut one of
of X; 7 X, X, and X-+'_are independently sel ected

nonofeary thrgthefrsaldmenqmgrs, gy ig a masiehes seleetedfpise an
gm ﬂgcsﬁz%gﬁgﬁﬁgdﬂ@ﬁ})%%ﬁ D&ﬂ‘ithng@p{zQﬁ%)z 26}35‘1%(%@3(3&)2,
wherein the percentage of monomers which are substituted with Q is at least 10 and Q
has a structure accofding to Formula X;
wherein
n is an integer from 2 to 2,000;
p is an integer from 1 to &;
fis 0; and
R? is a member selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or
unsubstituted 3- to 7- membered cycloalkyl, substituted or
unsubstituted 5- to 7- membered heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl;
the copolymer is free of cross-polymerization; and
at physiological pH, at least one of the nitrogen atoms in said copolymer is positively

charged.

65.  The method of claim 64, wherein p is 2 and R? is methoxy.
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10 (ii) at |least one of said nononmers conprise Q a
structure 11 selected fromFormula Ila and Fornul a

wo idwso4br N N RL R1L 12 (1la); (11b); 13 wherel/nsx04/619296
selected fromthe group consisting of O and NH, 14 h
iIs an integer fromO to 1; and 15 R conprises a

pol yal kgg.ene T8t wfe@lod BBt 59, Jvﬁex‘éﬁer COPSHMARTa) Bisf1; 28s NH, and
of cross-polynerization; and 17 at physiol ogi cal pH,

said gtonpmigestcompaiso f strhgfurei accarding tafFformsulaylsai d 18

I i Pt | h d: d,54 WD 2005/ 012407
PR PRIt s B bbucr§ons eV ik of i RionoRgfioftit fof g6t one of
cel | .evéryfthree DFSaidRidiochedd, RElidd Me®er ¥Rt frorh be

adenovirus is nore infective than 2 the adenovirus

wi t hdHH:EHe) @ dHatE)., and 1€H.GHNtEHheH: o EHCHNHGH CHa),,
o SA8 I A BERRIR i bR PR S s o 0

of cliak msifictutslueterdingitbFonnelacsi rus is at | east 100%

nore 2 infective than wi thout the copolyner. 1 74.
The net WOEICBY claim 70, wherein Qis Formula Ila, his

0, Zis O, aﬂ%a%nﬁé}gpfr&gm(ﬁ)oconprise: 3 a) at

| east one nononer s a strucfuré according to Fornul a
1l wherein pdsa ingeganfromtletged; from 1 to 10; and 5 b
is an integer.from1l to 10; and 6 b) at |east one
mononer has 4iSdfructure according to Formula IV

wherein 7 CRFfaPdsthith@88écotdiRgolFdrhulPX1;8 wherein at
| east 10% of said nmononers are substituted with a

structure acgdediand to Fornula 9 | X 10 wherein 11 n

I's an int €geR? Esraorrnne%bcteroseﬁa’cgg(ﬁom substituted or unsubstituted alkyl,

substituted or unsubstituted heteroalkyl, substituted or
unsubstituted 3- to 7- membered cycloalkyl, substituted or
unsubstituted 5- to 7- membered heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl,

the copolymer is free of cross-polymerization; and

at physiological pH, at least one of the nitrogen atoms in said copolymer is positively

charged.
67.  The method of claim 66, wherein p is 2 and R? is methoxy.

68.  The method of claim 59, wherein Q is Formula IIb, and said copolymer
comprises:
a) at least one monomer which comprises a structure according to Formula VT,
wherein R? is a member selected from H, -(CH,CH;)NH(CH,CH3),, and
-(CH,CH;)N(CH,CH3),CH,CH,NH(CH;CHj),; and

b) at least one monomer which comprises a structure according to Formula VII;
wherein the percentage of monomers which are substituted with Q is at least 10 and Q has a
structure according to Formula XII;
wherein

n is an integer from 2 to 2,000;
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12 pis an integer from1l to 8; and 13 R2 is a nenber
sel ected from substituted or unsubstituted al kyl,

weubspiiot ed or 14 unsubstituted heteroal kyl, PCT/US2004/019296

substituted or unsubstituted 3- to 7- nenbered 15

cycl oal unsubstltuted 5- to 7-

mermber & §¥%% ‘ﬁ%ﬁﬁiﬁ’gﬂ;c 9I substituted or

unsubstR%tisih etbnebiey lselecﬂcfdifrsmksabstimtbé dr wasubgtituted alkyl, substituted or

unsubstituted heteroary t he fre

cross- polyﬁﬁg?gﬁﬁﬁdﬂﬁ“ﬁhal b%tuﬁﬁngw%g§FE§ﬁ3 sdenbaEd
| east_onecpiodig, dibldigaeer aﬁwﬂ:&nufedsaw7cm%bymr i s
positively char ged . The nethod of claim 74,

wher ei n ph¢tsronclealk3d szlbstbtutesl ozunslhsstuzed aaylel ambsubstituged or
met hoxy. 558¥\Q 831/ 0124 7 PCT/ US2004/ 019296 1 76.

The metho'drl SUtptg erein Qis Formula Ila, his

the cdpolyfdrSs free Mosép&ﬁhdlma@r@ﬂs conprise a structure

according to Fornula V: 3 wherein at | east 10% of said

at physinlegieal phhatlesstivse iof theatregentamssinysaick appelymes by pRsHiyeho

4 ggonula I X5 wherein 6 nis an integer from2 to

7 pis aninteger froml to 8, and 8 R2 is a
menber sel ected from substituted or unsubstituted
al kyl, 699 sUbstmdthodel daimes; whstdin pie?aindREisanéthgty.
substituted or 10 unsubstituted 3- to 7- nenbered

cycl oal subst ted or unsubstituted 5-.to 7-
n% nmber h etle p{g&p& 0 étptmucmg 3B §H?It°lytré‘§i injo a ci]; the meZhod

com Hgsgbstltuted aryl, and substituted or unsubstituted

heteroaryl 13 the copol ynmer is free of
¢ (@smnpotajenshyi coatacng a eondlymerdo aphgerioyitagisai copplymer

| east one.of the nitro Ld. copol yner is
boo: e & ERGHEe GhGTERs B PR L R O O e 76,
wherein p |sm2s;anqte@rﬂr@mrmbhmoﬂ 1 78. The met hod of
claim 70, wherein Qis Forrrulalla his 1, Zis NH,

and 2 sai d InpRORESEST Bempfode and denatestthe RO hg t
Formula VI; )'(3' %%B& I){"”R‘;ﬁ‘e 1r'? e?eﬁ&hb%?@g ted }QBPS& I%V%Bé(rem

three of sai‘d’ ngnoner s, or a one o
three of said rmr(gr;erdSnOMelrScc&npmmbmranaeé seltetel frommecondary
amines and tertiary amines; and
(ii) at least one of said monomers comprise Q, a structure

selected from Formula IIa and Formula IIb:

4
| H
%J\(n)f'* o
h

(I1a); (IIb);

wherein Z is selected from the group consisting of O and NH;
h is an integer from O to 1; and
R' comprises a polyalkylene glycol moiety;

the copolymer is free of cross-polymerization; and

at physiological pH, at least one of the nitrogen atoms in said

copolymer is positively charged; and
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1
2

5 (CH2CH2) NH( CH2CH3) 2, and

- (CH2CH2) N( CH2CH3) 2CH2CH2NH( CH2CH3) 2, 6 wherein the
w@esosem4age of nmononers which are substitut ed PET/S1P04/619296

at least 10 and Q 7 has a structure according to

Fo I s 8.wherein n4#S an integer from2 to

2, E}g%?r?ta%n%thfgorgﬁiqxﬁggaglg. fromlto 8, 11 f is O0; and

12 R2 is a nenber selected fromsubstituted or

unsubst 71.ut eThahieod of thiauies whereinattie adenonrubstréretifdctive than

het er oal kyl , tg\ubstitut ed or 14 unsubstituted 3- to 7-
the%‘i‘ﬁ?ﬂ)’é‘i“éd"‘%‘;‘?ﬁi SCRRAlYMENbst i tuted or 15 unsubstit uted
5- to 7- nmenbered heterocycl oal kyl, substituted or 16

unsubst i7p Ut egFh@imethodHTE1a3MPAL WhiteROhO AddHISHAS Isl dt WagR0% more
het er oaryl ; 56 WO 2005/ 012407 PCT/ US2004/ 019296 17

infedtive tlmpwitlyont thej wpblyswr.of cross- pol ynmeri zati on; and 18
at physiological pH at |east one of the nitrogen

oo LS BRI AR R a0

infedie iywitHouBthe cbpelyiihod of claim 70, wherein Qis
Formula Ila, his 1, Zis NH and 2 said nononers

conprise a structure according. . to. Fornula Vl: 3 . )
Wherei ks | Shimediodgm o vbreinais e ligrh isg, & is O, and
said T8RS0 ngor about one of 4 every three of said

nmononer s, I's a nenber selected from 5
( CH2 CH2 p)Nii(1 &P G3k¢3h@noraerchas a structure according to Formula III wherein

- (CH2CH2) N( CH2CH3) 2CH2 - )2, 6 wherein the
per cent age of IW%FF@FE%H%%@ ubstituted with Qis

at |east 10 gngafintehehBomA HLIKGAdIr € according to
Formula X; 8 wherein 9 nis an integer from2 to

2,000; bLa lpasi enamonemerghas afstruetire acgording]te Hormula; IVwherein
R4 has a strg%téjrl% a%cgrrglil ltoo Formula XI; 13 g is
4; and 14 R2 53 Fﬁ.gn{)e sel'ected from substituted or

wheténts at&dst 1 0P saildydnomeltars Wlitsstitdted @tth @rstrubREd&Lbidiiged Formula
II;(et eroal kyl, substituted or
wherein
n is an integer from 2 to 2,000;
p is an integer from 1 to 8; and
R? is a member selected from substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted 3- to 7- membered
cycloalkyl, substituted or unsubstituted 5- to 7- membered
heterocycloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl;
the copolymer is free of cross-polymerization; and
at physiological pH, at least one of the nitrogen atoms in said copolymer is positively

charged.

75. The method of claim 74, wherein pis 2, ais 2, bis 2, cis 2, and R%is

methoxy.

35



O 00 N Sy W B WD~

T = T T e T = S =
wm b W N = O

O 00 N N U Rk WD

— e b ek b
AN W bW N = O

16 unsubstituted 3- to 7- nmenbered cycl oal kyl
substituted or 17 unsubstituted 5- to 7- nenbered

whedosnoxyr!| oal Kyl , substituted or 18 unsubstipct/@82004/019296

aryl, and substituted or unsubstituted heteroaryl; 19
the copolyner is free of cross-polynerization; and 20

at physjeol ogp %etﬂ?& ofaélalhieﬂ?tw}féf@nqls%ﬁnﬂ' L Ta08 6§80, le 0, and

atons in sal copolyner I's positively 21 charged

said rBdnoanTEccmapﬂlmch afuctir@accofiing toéormule ¥: i s 2 and R2 i S

met hox Th t hod of cla 70, ein IS ..
oA 3 851 1030 CaIEBBIT AroLbM GG Tk Srucsife pecprdin to
| easkqo g Wenomer which conprises a structure

according to Fornmula VI; 4 wherein R3 is a nenber

sel ect exhefrginm H, (CHQCHQ)NH(CHQCHB)Z and 5

- (CH2CH2) N( CH2CH3).2 CH2 NH )y2; and 57 WO
2005/ 012407 "PEF! %‘P&igﬁ‘g%&gﬁ at |east one
nonomer whi qhsgﬁrmég&%nawgg%uure according to
Formula VI1; . 7 wherein th%tfercentage of nononers

whi ch are sdbss pmaneher gglediedpm substitated or yosubsiifutgd i,
8 struct 10
o s an T nt cqentnbid bOuIBL Rydtbariyt, SuptRREL B

from1l to 8; atgsubittRedils t@?ma’aﬁm&e&dﬁlkﬁ iub@muted or
substituted or unsubstituted al k?)/ EUbSt it utﬁ 13
unsubst it ut ed HeWestHEledyr to Lypen ¢red Bgfergeycloalkyl, Substifuted or

unsubstituted s bt ut'ed%d%bstﬂtﬂte&ﬁ?hﬁﬁlbwthted heteroaryl;
substituted or unsu nber ed
het er octhe:bmﬂ)lwér is ﬁabefcrbsst—mdymmmmgubmdl tuted aryl,

and 16 u bstltut heterparyl; 17 o
ot of fens P O Biecaogahafores ot Gipblse Ty posiively

at pQM§g&iog|cal pH, at |east one of the nitrogen

atons i nh said copolyner is positively 19 charged. 1

83. The method of claim@82 wherein pis 2 and R2 is

met hoxyl7- 1 B, methemhgEelaino g, adierdin priei? ard Bh is methoxy.

conprising: 2 (a) a copolynmer conprising: 3 a

Struct ujee a rr?%tﬂgd ég(aglg{ %J,l\»%ekeix’@alrs $ofmuft 1R hSs 17 is NH, and

i nteger from

said monomers comprise a structure according to Formula VI;

wherein R? is H for about two of every three of said monomers, and for about one of
every three of said monomers, R? is a member selected from -
(CH,CH;)NH(CH,CHs),, and -(CH,CH,)N(CH,CH3),CH,CH,NH(CH,CHj),,
wherein the percentage of monomers which are substituted with Q is at least 10 and Q
has a structure according to Formula X;
wherein
n is an integer from 2 to 2,000;
p is an integer from 1 to §;
fis 0; and
R? is a member selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or
unsubstituted 3- to 7- membered cycloalkyl, substituted or
unsubstituted 5- to 7- membered heterocycloalkyl, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryl;
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51 is an integer from2 to mand denotes the position

of X; 6 X1, X, and Xii+1l are independently sel ected
WOoweexs] wherein 7 (i) said nonomers conpri SBCEIS2004/019296

am ne selected fromsecondary amnes 8 and tertiary

am nes; ,and . I . of said nononers

Cg}xn%%psoéﬁﬁr 1%&& P%ﬁ’:r? %Sféoqgéfgrécé{g@a’ O fromFornula Ila
at physislogiodl M, at leakt.one offitheMitrdgenlatdts infsaidlcopblyaer if pdsitively

12 wherein Z is selected fromthe group consisting of

ciprggdd NH, 13 h is an integer fromO to 1; and 58 WO
2005/ 012407 PCT/ US2004/ 019296 14 R conprises a

pol yal lggl energl ¥GRbd GPUSHY TS, Wwhetdif pGPPRAY RBIs théthbkge

of cross-polynerizatron; and 16 at physiol ogical pH,
at |least one of the nitrogen atons in said 17 ) :
copol yré® i sTheaséthod ef glaioch#), ydwrein & is Fprmwladbiehds/1r4ts NH, and
.. Wherein the.copol r for oncovagl.ent conplex wth
soid RSO rordp e bl ShRs B PERERGh ol o ot 1 v
aGelepéia R’ es BX6 ficabtwo df SRry thie dIRYidlimdmvaezs and for about one of
formul ation of claim84, wherein Qis Fornula Ila, h

2 i seyery thregsofpaidamenerasrs, Rrois @iagmbes splgeted Bomz- 3)  at

| eas r S S i
| RGN CRiC S, A O R CENIRER R,
| Swisdieih i tentdge vf imdnombfl; wiaiokl afe sapstititet @dtit Q @nat least 10 and Q
nonoper has a structure_according to Fornula |V
wher B3 stipcpurg accrling {eIMYa ¥m 1 to 10; 8 wherein at
|l east 10%Qf said nononmers are substituted with a
structure according to Fornula 9 1X 10 wherein
n is an integer from 2 to 2,000;

p is an integer from 1 to §;
fis1;
R* has a structure according to Formula XI;
gis4; and
R? is a member selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or
unsubstituted 3- to 7- membered cycloalkyl, substituted or
unsubstituted 5- to 7- membered heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl;
the copolymer is free of cross-polymerization; and
at physiological pH, at least one of the nitrogen atoms in said copolymer is positively

charged.
81.  The method of claim 80, wherein p is 2 and R? is methoxy.

82.  The method of claim 70, wherein Q is Formula IIb, and said copolymer
comprises:
a) at least one monomer which comprises a structure according to Formula VI;
wherein R? is a member selected from H, -(CH,CH;)NH(CH,CH3),, and
-(CH,CH;)N(CH,CH3),CH,CH,NH(CH,CH3),; and
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11 nis an integer from2 to 2,000; 12 pis an
integer from1l to 8, and 13 R2 is a nenber sel ected

wo eososubst i t ut ed or unsubstituted al kyl, subsedt/usm®o4/019296
or 14 unsubstituted heteroal kyl, substituted or

unsubst - - r : : .

Subst 1 (hPbirnon ot FERSoRRrisds SXELREackbiing o Formula VIL
wherdie tier eoentapaloff yonomelssihit e dubstitued witht Q isktdehsttYhnd Q has a

and substituted or 17 unsubstituted heteroaryl; 18

strycbure gerording fo Famuladllof cr oss- pol yneri zation; and 19

atyphygi ol ogi cal pH, at |east one of the nitrogen

atons 1 n said copolynmer is positively 20 charged. 1

86. The iphysitegendioon? td 200 at i on of clai m 85, wherein

pis 2, ais. 2 s, . 2.2, .cis 2, and R2 i s nethoxy.

1 87. 'ﬂw‘éaﬁwgge&?@& L8588 ul ati on of claim 84,

wher ei IR2Q h snenffePisctéd RomPubgitiited Br uksubstitited ANG/1, Sabslituted or

nonomers conprise a structure according to Fornula V:

59 WO 2008A0bstitated hepragiobdoubsitated or unsuppiinisdd- & 7- membered
| east 107 0o S b IRAGIE R uALBEHRALS. b'h Ol by
i 15 0 AT BOT T A

C .
structure %CCOY ng wherein nis

an i nt egehetérooydl@alkyl, shbedted of upsibStifted dryie gad sibstnited or
to 8 and 8 R2.is a nenber selected from substituted
or unsubshasubstiyted hgigroaryly syupstituted or
-1 t - aSHhstituted or 10

the cdj{%& u %?lé ?H% ggcrgé_'% @%%Hﬁ%ﬁ%’e#@d cycl oal kyl ,

at physidisgicalytt dt astbhe ofithehstrogentataindin sal copolyerdés pasitively
het er ocycl oal kyl, substituted or 12 unsubstituted

chargqd: and substituted or unsubstituted heteroaryl; 13

the copolyner is free of cross-polynerization; and 14

at phyg3ol ogiteahetRéd ofdlaihfSE twHeREn Plis 2 BEd RF {s'R&RBxy.
atons in said copolyner is 15 positively charged.” 1

88. The physiol ogi cal fornulation of claim87, wherein
p is 28nd Rephgiologipdifpaylation @mprisHe: physi ol ogi cal

@ a S PHA GBS 3T oai o "manomers. comprise &
Star sttt iFeake M gliorbrinalaHov nanéia VI ;
m is an integer from 1 to 1,000;
11s an integer from 2 to m and denotes the position of X
X', X', and X™"' are independently selected monomers, wherein
(i) said monomers comprise an amine selected from secondary amines
and tertiary amines; and

(i1) at least one of said monomers comprise Q, a structure selected

from Formula IIa and Formula ITb:

Z !
H
%)l\(u)‘” W
h

(IIa); (IIb);

wherein Z is selected from the group consisting of O and NH;

h is an integer from 0 to 1; and
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3 wherein R3 is Hfor about two of every three of said
mononers, and for about one of 4 every three of said

wowenens] R3 is a nenber selected from 5 PCT/US2004/019296
( CH2CH2) NH( CH2CH3) 2, and

- (CH2CH2) N( wcreﬁeg%% n t he
percent age of nonone %ggge su%?t i tut eg With Qis

at least 10 mado@lyﬂeﬂmasfreaoﬁbms:poﬂlymeacmmndam@ to

Fornmul a X; \gger.ef'n.g is.an int rom2tto. .
2,000; 10 ptiphysiplogicakrfdratdeashone ‘ﬁghesmtrﬁ?ﬁenfaf’@sé‘}s%d
12 R2 is a rrerr‘@ I?lglﬂeig%,ggn(,gl bgtituted or

unsubsti t ut ed a subs ituted or unsubstituted

(b) aiedemogirlik yherein tls:tqoponlwmstr torms 4 nonsenMadanit complgx 3vith the adenovirus;
ngnbered cycl oal kyl, substituted or 15 unsubstituted
- to 7- nenbered heterocycl oal kyl, substituted or 16

(c)aﬁﬁﬁl&égﬂcﬁlw &Sée@tbmb,exap;énsubst ituted or unsubstit uted
et eroaryl the copolyner is free of

cross-pol ynmeri zation; and 60 WO 2005/ 012407
PCT/ US285)4/ Ot @2 sioldhiedl foriiditnicfaath 83Hvhéein QQ§Formula IIa,h

one of the nitrogen atonms in said copolyner is
is 0, Bas Ot andedayd monerens compgee: The physi ol ogi cal

f or mul at 'agpeg%fon%lﬁlzé m 8%11%? %gt;u%ltn cco%dlﬁé?@ﬁio%lﬁﬁll“%erem

met hoxy 9) I Ca ornulatt on

84, wherein ;Qslaalﬁ@gmﬂ@nhlt@,mmndz is 1l, Zis NH and
said nononers conprlse a structure according to

Formul a VI ; Bisgndpierer freamildol05ad about two of every
three gr;)a%% SR Ter h%gswu@g?rgotrdﬁ & ?I)rmg ?V%Mérein

t hree sal d nononers, ecte
5 (CH2CH2) NH EHﬂ(ﬁ-rth& freaand to 10;
6 wherein the

CH2CH3) 2CH2 CH2NH( CH2
Wherﬁ‘é‘%@i‘ﬁ‘a@e} 8f s REMETS g S%%eqf # SHURtYE agpqriing tp Formula

Rt least 10 and Q 7 has a structure according to
Formula X; 8 wherein 9 nis an integer from2 to
2,9b@gin 10 pis an integer from1l to 8; 11 fist; 12 R4
has a Srtx {sua%t1g{eger corzq0 Q%OE)O Formul a Xl ;
p is an integer from 1 to 8; and
R? is a member selected from substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted 3- to 7- membered
cycloalkyl, substituted or unsubstituted 5- to 7- membered
heterocycloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl;
the copolymer is free of cross-polymerization; and
at physiological pH, at least one of the nitrogen atoms in said copolymer is positively

charged.

86. The physiological formulation of claim 85, wherein p is 2, ais 2, b is

2,cis 2, and R is methoxy.

87.  The physiological formulation of claim 84, wherein Q is Formula Ila, h

is 0, Z is O, and said monomers comprise a structure according to Formula V:
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13 gis 4; and 14 R2 is a nenber selected from
substituted or unsubstituted al kyl, 15 substituted or

waon®ehsi4dt ut ed het eroal kyl, substituted or 16 PCT/US2004/019296

unsubstituted 3- to 7- nenbered cycl oal kyl,

S ' 0 |t Lt i i :
et et Rs oy br URT R R sty TR SRR gocording to
aryl FoendladXbstituted or unsubstituted heteroaryl; 19
t he copola%/msr is free of cross-polynerization; and 20
at physV8t'6%i cal pH at |east one of the nitrogen
atoms in saigliCaapleySEforh 2 thoI0b! vel y 21 charged. 1
92. The physiological fornulation of claim9l, wherein
p is 2 and RRisan inegefiomlyto 81a:8B. The physi ol ogi cal
formul ation @f.claim 84 r.ein IS For mul .

and said cop IVI‘?E[PCIE ?‘FpsF ‘e\é\%g :fr0§”1 %lﬁcgsgttitﬁdeoés S%r?{e}{u?ed allgyl,
nmonomer whi ch Gobg@itute®sr @hsabdtitebd hetealkgl, dubgitited or
Formula VI; 61 WO 2005/012407 PCT/ US2004/ 019296 4
wherein R3 is anpbsbtedst|tedt mgmbersepeloalkyl, substituted or

- (CH2CH2) NH( Ci—lé%ﬁ}g 1 i _
- (CH2CH2) N( CH2 ﬁ@ﬁ%ﬂg '{@Z Cﬂf%seg;hegﬁ%yglogskyg tsubstltuted or
| east one nononmsubstiiucdd wplmid sdstimtediarwmasubsttuted heteroaryl;

according to Fornula VII1; 7 wherein the percentage of
nmononer Y€ GAPAKMSE 18 frsgi9f rosyrpelymerizafion; Aad ot | east 10

and Q has;hdsiBlopldalSill Wt SeRESR SHtROnitBgErPatBtk 3n &idl copolymer i
wher ei ngt O%nl llog gn i nt e%er from th og2, 000; 111 Bol?s o
an i nt egempositigely tharge®; and 12 R2 is a nenber sel ected

fromsubstituted or unsubstituted al kyl, substituted

or 13 ynsubstituted heteroal kyl bsti-t ut ed. or . 2.
unsubst T T ut eﬁﬁ%Ph)’tsg)‘il 1C %%lllaé%)n Of?fijaég}c 7Og§1%9fn’pls2andR is

methd¥psti tuted or unsubstituted 5- to 7- nmenbered 15

het erocycl oal kyl, substituted or unsubstituted aryl,

and substituted or. 16 unsubstjtuted heteroaryl; .17
the copdtymerhs BhysiolegieH fornpdation afelaimi84awhersin QrigiFarmnula Ila, h

is 1, gg% Rty 5h@b 09 h‘foﬂhm@ﬁ/co s€85tu QRS a9§<>yrh&% 48 L ERGEY

nNs I n sald copolymer 1s positive charged.I;l
94whdrhin Bohiy $ for about awo bbevany direoof said mbadmerdandvheatsiunone of
pis e%er?rqgreeR%f isaﬁd monomers, R? is a member selected from -
(CH,CH,)NH(CH,CH3),, and -(CH,CH;)N(CH,CH3),CH,CH,NH(CH,CH3),,
wherein the percentage of monomers which are substituted with Q is at least 10 and Q
has a structure according to Formula X;
wherein
n is an integer from 2 to 2,000;
p is an integer from 1 to §;
fis 0; and
R? is a member selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or
unsubstituted 3- to 7- membered cycloalkyl, substituted or
unsubstituted 5- to 7- membered heterocycloalkyl, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryl;

the copolymer is free of cross-polymerization; and
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2 methoxy. 1 95. A kit conprising a copolynmer and an

adenovirus, wherein the 2 copolyner and adenovirus
wae@snaaeoval ently attached, 3 said copol yner PCT/US2004/019296

conprising: 4 a structure according to Fornula I

wh i
't oger PRORIbEEA b3 F9Glons of Mehiffich dtls feld {gboRheris

X, X, apekitkrety clarged. ndependent |y sel ected nononers,
wherein 8 (i) said nononmers conprise an am ne sel ect ed

(1) 200 cacieiesiBeEal BrmgnePE el i Whsren i 2 and R is

meth§ly, ucture 11 sel ected from For mula Ila and Formul a
I'"b: 62 WD 2005/ 012407 PCT/ US2004/019296 Z H N HRI1
RLIN- h 12 (lla); (IlIb); 13 wherein Z is selected
fr om t 1. gr ihs RhUﬁQlOgtqah@erﬂlaooaﬁﬁCINm 84,1whéreingQ gyFormula Ila, h

is 1, % 15 ;e{l(n)glf s‘rgg b O ct)nC%er]s' cox%ne %ela5 stﬁf&ﬁ‘? Epd’or(?lgg ltdaFormt}la V];

ycol € Co Tee

ofwiter€1a R ROHYOREotB tW OB ev@f}dthile'é oa“tsanhy@nm@glana Iforpi’dput one of
at least one of the nitrogen atons in said copolyne
is eErpduee phadidmeneiged 8 a%embmée geted Fomet ai m 95

wher gi i (-

nono E%@%&g%ﬁn%glegnehgz’aa)ma d]?zg\{sz?N n e no ﬁ omne r@#ﬂ(@mém)z’
Stwhegéit tiee percamtagiernd nicmofersmihiah hiel substented iwithdQ as atdeasn 10 and Q
integer froml togéggt d 5 b is an integer from1 to

10; B3P Brysyureacqo mer has a structure
accordlmr&g Formul a |V wherein

n is an integer from 2 to 2,000;

p is an integer from 1 to 8;

fis 1;

- R*has a structure according to Formula XI;

gis 4; and

R? is a member selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or
unsubstituted 3- to 7- membered cycloalkyl, substituted or
unsubstituted 5- to 7- membered heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl;

the copolymer is free of cross-polymerization; and

at physiological pH, at least one of the nitrogen atoms in said copolymer is positively

charged.
92.  The physiological formulation of claim 91, wherein p is 2 and Ris
methoxy.
93.  The physiological formulation of claim 84, wherein Q is Formula IIb,

and said copolymer comprises:

a) at least one monomer which comprises a structure according to Formula VI,
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7 cis an integer from1l to 10; 8 wherein at |least 10%

of said nononers are substituted with a structure
waemendi4og to Formula 9 I X 10 wherein 11 n i SP@MNUS2004/019296

integer from2 to 2,000; 12pis aninteger from1l to

8, and . r
unsubst |? Fi%di saf‘gn{%m%?éd?&%@ﬁ& E@@ﬁéﬂﬁﬁwgﬁzgu B pod
het er oal kydCHzﬂmdetHb(Hﬂ)ﬂ{ﬂhﬁNbHCHhOHe)d, &d to 7-
menbered 15 cycl oal kyl, substituted or unsubstituted

5- to b amm&rredn&ﬁnmwmmbwhtmmbawdrmhgcdo Bormula VII;
unsubstituted aryl, and substituted or

whergindhgperreniagspf] mr@m yhich age Stuhétltwgdflm s ptdeast 4@ apd Q has a
1]%585'1% aQ@Ar){{glg t{) ﬁe i ?X gnd 19 at physi ol ogi cal pH, at
|

ast one rogen atons in said copolyner is
20wpasint i vel y char ged 63 WO 2005/ 012407
PCT/ US2004/ 019296, 1 : '5he kit of claim96, wherein
pis 2 n‘éapéntéger@qlgzioz@ Ps 2, and R2 is 2 nethoxy. 1

98. Th;n f%'ahlﬂtfe%nlf?dnml%S Weerein Qis Formula Ila, h

is O d said 2 nononers conprise a
st r uct Reisacuembtirsglectod Formsubstituted dr wheibefitutesitalkyd assibstituted or

10% of sai d nononer,s ar ubst. t ut.ed WI cture
accor di ng f‘%‘bsﬂtuggrhrﬁﬁr% ]f)i "'g’ ge AT yny ﬁ“ﬁlge%a‘{wl%o - mémbered
i nt eger f%gabzﬂkylos&sgfﬁ%d or iinPubsGtudéd 3-1tb g9aienibersd 1 to

8: and 8 is a nenber selected from substituted or

unsubst i t h@temcwlng/lﬂcyl supsyiuiest oreumselptigited gryly 9ad sebstigged or
het er oal k 10 unsubstituted 3- to 7-
menber ed §H% hey& %gltl?l tuted or 11 unsubstituted

the c8polyreriis fﬁeﬁbexroe@lpdsngﬁeﬁ@amtmi kyl, substituted or 12
unsubstituted aryl, and substltuted or unsubstltuted
at phﬁ@@l@gl@a]rg}ﬂ -at lepst qqﬁ:@fé]@;p@p@g@ratq)@s i1} sad egpolymer is positively
charéé poss- pol ynerization; and 14 at physiol ogi cal pH, at
east one of the nitrogen atons in said copolyner is
15 positively charged.
94,  The physiological formulation of claim 93, wherein p is 2 and Ris

methoxy.

95. A Kkit comprising a copolymer and an adenovirus, wherein the
copolymer and adenovirus are noncovalently attached,
said copolymer comprising:
a structure according to Formula I wherein
m is an integer from 1 to 1,000;
i is an integer from 2 to m and denotes the position of X';
X!, Xi, and X™! are independently selected monomers, wherein
(i) said monomers comprise an amine selected from secondary
amines and tertiary amines; and
(i1) at least one of said monomers comprise Q, a structure

selected from Formula IIa and Formula IIb:
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1 99. The kit of claim98, wherein pis 2 and R2 is
met hoxy. 1 100. The kit of claim95, wherein Qis

wooosniaoila, his 1, Zis NH and said 2 nonpmeUS2004/019296

conprise a structure according to Formula VI; 3
wherein R3 isAH for about two of every three of said
mononers, and|for about one of 4 every three of said
nononers, R3 il a nenber sel ected frorn 5

CH2CH2 d ~
( ) 3& 5 NH(CFQCI—B% 6 wRerein the

- (CH2CH2)

percent age of no rs which are substituted with Qis

at least 10 and Q 7 has a .ucture accordin .
Fornmula X; 8 wherein 9 n iéﬁtgii i nteger from th(%l%)’

2,000;, 10 pis an integer froml1l to 8, 11 f is 0; and

12 R2 is a nmenber wheleBcZ acsefecrdgmb diel grodpecbmisting of O and NH;
unsubstituted al k 13 substituted or unsubstituted

L,
het er oal kyl , subsgilst%‘tléffg@rfrm Odp Lpaiss/ 012407
PCT/ US2004/ 0192961 %quus% i Hé% 1vcoPmbietiFENber ed
cycl oal kyl , substﬁt é?dhe] o?g?g }{ﬁn ubse%){cutg1 le5§-;5Et o 7-
menber ethe kepaymey sl foelof gross-palysterizatiaagiand 16

E 2? g ?zgétiﬂﬁyselglf%g%L’gHg%ngségggolé tEé Sj?rgger:rb#tglsnl'sl k?r? tsalliEi lfl:ggoqymer is
cross- pol yekihg@lchaged.and 18 at physi ol ogi cal pH, at

| east one of thé nitrogen atons in said copolyner is
positively 19 charged. 1 101. The kit of claim 100 )
wher ei n9 i sThe kihaf ¢aim 85 rwhenein R is Formpla i b ig 01 Z &% O, and said
cIaim95.SV3herein Qis Formula Ila, his 1, Zis NH,

© nononers conprise a structure according to

For mul aa)\4t least oMean&iomdrhas & strlidiare aadedingttowbosfiule VH wherein
three of said nononers, and for about one of 4 every
three of sai %llsr?@riﬁ??é?rsfmm{é tpd0gadenber sel ected from

5 (CH2CH2) N - .
-(é:H2CH2) %\I( %%f&ﬁgﬁﬁ?&%)z 6 wherein the

per cent biga lakt orenoomnseniias ¢ btracteresinbm tlingud Edrmnlh AV @/hesein
at least 10 and Q 7 gtas g structure according to
Formul a X; 8¢ {friategerdromildodf i nteger from2 to

wheréirOf Qeast 1% Bf bsid AdnbMHeRIRLE sitsBititel Wih 8 structure according to Formula
IX

wherein
n is an integer from 2 to 2,000;
p is an integer from 1 to 8; and
R? is a member selected from substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted 3- to 7- membered
cycloalkyl, substituted or unsubstituted 5- to 7- membered
heterocycloalkyl, substituted or unsubstituted aryl, and substituted or

unsubstituted heteroaryl;

the copolymer is free of cross-polymerization; and

at physiological pH, at least one of the nitrogen atoms in said copolymer is

positively charged.
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11 f is 1; 12 R4 has a structure according to Fornmul a
Xl; 13 gis 4; and 14 R2 is a nenber selected from

wenpshid4ot ed or unsubstituted al kyl, 15 substPeTiUSm00019296

unsubstituted heteroal kyl, substituted or 16
unsubstituted 3- to 7- nenbered cycl oal kyl ,

substi tg4t ed 7 - 2.
heterotcd)?cl ozglqﬁay]ﬁh,m{sjc stit h{hg{fﬁg?%z q%%’sbu sti ?{the dR%is

methétyy| , and substituted or unsubstituted heteroaryl; 19

t he copolyner is free of cross- polynerization and 20

Z: ofrgyls9I OIsg| Cg%tp‘gtH 9% Yy E{?g}o e@ﬁﬁ;nu ﬁifgél%l‘&?(g%l s O, and said

monohi3s ccﬂi‘ﬁ‘né&'atstﬁf:tu?é adcBrdidZio MBRLRIV: p is 2 and is

met hoxy. 1 104. The kit of claim95, wherein le

Fovhmd:la at lehst laﬂrdot@vandjmgmpmry msubsltn@dp\rlthsae@rucsge pggording to
2005&%{[’1%{ PCT/ US2004/ 019296 3 a) at |east one

nono %’h conprises a structure according to

For mul ayRréin 4 wWherein R3 |s a nenber selected fromH,

- (CH2CH2) NH( CH2CH3) 2, and

- (CH2CHR) N(M@P@}tmqummépﬁ%mn and 6 b) at

| east one S a structure
according t or rrllljt?éggr\#fﬁ?qg;g gr ein the percentage of
mononer s whiRhs ameenshdpseledted frdmvsiubstitQei or ansulbetatstedla(u(yl

and Qhasa8struct e accor.din rrrulax
wherein 10 n i SubsHiut @d’é‘?‘ﬁ?‘gpﬁ‘ﬁ?‘%‘eﬁg" ﬂ@é“bsniuie%‘)

an integer frogshpbiftuted 3285l lrgeﬁ'b)erb& c?clé‘@ﬁﬁ%ub%ﬁéu?éﬂt&d
from substituted or unsubstituted al kyl, substituted

or 13 unsubst imsubstitutedtSe toA mymbersdlbstmopmle@lkml' substituted or
unsubstituted 3-

4 |
substituted or ﬁsﬁ‘i’ﬁfﬁgiefitaﬁfqgﬂ‘d'?“bitémfg%c Oab?%atefé‘etemaryl
het er ogy&tQRibnis %@sf&&&&g&wmmabﬁﬂ tuted aryl,

and substituted or unsu tuted heter oaryl; 17

t he cop@pbmloglgalfn%é@t isasting oF theatiyegani aiems trsaidieppolgner is
at physiol o t |l east one of the nitrogen

atons in g%ﬁ% Vec%fﬁ qr% da is positively 19 charged.

99.  The kit of claim 98, wherein p is 2 and R? is methoxy.

100. The kit of claim 95, wherein Q is Formula Ila, h is 1, Z is NH, and said

monomers comprise a structure according to Formula VI

wherein R® is H for about two of every three of said monomers, and for about one of
every three of said monomers, R? is a member selected from -
(CH,CH,)NH(CH,CHj3),, and -(CH,CH;)N(CH;CH;),CH,CH,NH(CH,CH3),,
wherein the percentage of monomers which are substituted with Q is at least 10 and Q
has a structure according to Formula X;
wherein
n is an integer from 2 to 2,000;
p is an integer from 1 to §;
fis 0; and
R? is a member selected from substituted or unsubstituted alkyl,

substituted or unsubstituted heteroalkyl, substituted or
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1 105. The kit of claim 104, wherein pis 2 and R2 is
nmet hoxy. 66
WO 2005/012407 PCT/US2004/019296
unsubstituted 3- to 7- membered cycloalkyl, substituted or
unsubstituted 5- to 7- membered heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl;
the copolymer is free of cross-polymerization; and
at physiological pH, at least one of the nitrogen atoms in said copolymer is positively

charged.
101.  The kit of claim 100, wherein p is 2 and R? is methoxy.

102. The kit of claim 95, wherein Q is Formula Ila, h is 1, Z is NH, and said
monomers comprise a structure according to Formula VI;
wherein R® is H for about two of every three of said monomers, and for about one of
every three of said monomers, R’ is a member selected from -
(CH,CH,)NH(CH,CH3;),, and -(CH,CH,)N(CH,CH3),CH,CH,NH(CH,CH3),,
wherein the percentage of monomers which are substituted with Q is at least 10 and Q
has a structure according to Formula X;;
wherein
n is an integer from 2 to 2,000;
p is an integer from 1 to §;
fis1;
R* has a structure according to Formula XI;
gis 4; and
R? is a member selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or
unsubstituted 3- to 7- membered cycloalkyl, substituted or
unsubstituted 5- to 7- membered heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl;
the copolymer is free of cross-polymerization; and
at physiological pH, at least one of the nitrogen atoms in said copolymer is positively

charged.
103. The kit of claim 102, wherein p is 2 and R? is methoxy.

104. The kit of claim 95, wherein Q is Formula IIb, and said copolymer

comprises:
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a) at least one monomer which comprises a structure according to Formula VI;
wherein R? is a member selected from H, -(CH,CH;)NH(CH,CH3),, and
-(CH2CH2)N(CH2CH3)2CH2CH2NH(CH2CH3)2; and

b) at least one monomer which comprises a structure according to Formula VII;
wherein the percentage of monomers which are substituted with Q is at least 10 and Q has a
structure according to Formula XII;
wherein
n is an integer from 2 to 2,000;
p is an integer from 1 to 8; and
R? is a member selected from substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted 3- to 7- membered
cycloalkyl, substituted or unsubstituted 5- to 7- membered
heterocycloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl;
the copolymer is free of cross-polymerization; and
at physiological pH, at least one of the nitrogen atoms in said copolymer is positively

charged.

105. The kit of claim 104, wherein p is 2 and R? is methoxy.
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