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Pol ycati ons Capabl e of Form ng Conpl exes with Nucleic
Acids Technical Field 5 The present invention
generally relates to polycations that form conplexes
with nucleic acid for transfection into a target
cell. Background 10 The ability to deliver DNA to

t ar geblgehkiohaschpablel ayi RgraikgyCoHMbEekdst REth Nucleic
devel opnent of new approaches, . such as gene therapy
and DNA vaccination, for treAfifl§ and controlling

di seases. DNA delivery systens have been classified
as viral and non-viral vector systens. Although 15
viral vectors are hlghI?eehﬁlcabnrlelddel|ver|ng DNA
into el II's, their routjne uses in clinic

as
resear ¢ Ia63¥§?6¥ i es HAVE bEeh Ilﬂ?PgﬁaﬁZXausée&Ptes to
| ppeycakians theht Mokt @dnpllaked estithCt gdclaigetd®dy for
of cells, . limted DNA carrying capacity, production
ah82PAERAHIAY 1pBOpROBREART @@Ebnblnatlon and hi gh
cost. Non-viral vectors, the majority of whi ch are
synthetic gene carrier systens, have advantages in

terms of sinplicity of uBeckgxsandf | arge-scal e
pr oduc eci fic i mMmune response.

The uckh8 aponyiie £F i LTt agbhof Rkt | SFLLs fas been

PhOAY ShA0 anaEy i F &l e 98RE tPRl | UBFN AU RACHSE H@%tdﬂbroaches,
which 1s conposed of cationic polyner segnents t

f 87k a2S cBABENSBAT@BHPRES WﬂﬁhVBNAlﬂ@tppobeéDrDNAeatlng and
§5l%£ﬁ§e5&i Qag enzgﬂgs d%@?y% nds%%% epsan&ave been

conp 0" al 80 pac 0
smh¢$snﬁn®dpastv¢k&$ aphi abn-eapabe vieaternalyiszetshy Although

cells. through endocytosis process and transferred
tH%?JJghv?ﬁggaFvé‘F§e¥‘dﬁ Yerst fiGuant t¥e dabivensnef DNA into

the1 18y geheGel | rouPene theOeng GaNMD& and basic research
laboratories have been limited because of, inter alia,
their high toxicity, restricted targeting_ of cells,
limited DNA carrying capacity, production and packaging
problems, recombination, and high cost.

Non-viral vectors, the majority of which are
synthetic gene carrier systems, have advantages in terms
of simplicity of use, ease of large-scale production, and
lack of specific immune response.

The use of polymers for carriage of DNA carrier is a
promising non-viral gene delivery approach, most of which
is composed of cationic polymer segments that form a
condensed complex with DNA to protect DNA against
digestion by enzymes. The condensed polymer-DNA complex
also packs into compact and small nano~-particles, which
can be internalized by cells through endocytosis process
and transferred through the diverse barriers toward the
nucleus of the target «cell, where the gene can be

expressed.
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expressed. 1 Cationic polynmers of |inear, branched,
star and dendritic structures have been studied as
DNA condensation agents in the context of non-viral -
gene delivery. Controlled chem cal synthesis of
cationic polynmers ensures 5 that the size and shape of

the potLymebsiarepeopmestenbrand indefd, Netbrant®ee)y star and
i npraving the reproducibility of NDA delive

PGF?@FM}F@néFﬁPﬁEUFPE ayve renoftid ssoses fﬁ\%eqifé‘fﬁﬁrgﬁatlon
tuydhed pglyc ns is pl t Th iz

ng t he strucfﬁﬁg OFB%E?kEavéﬁgtr%ﬁglgfg% lu %géd tellvery

1@03tfpéiedcyhemlgeheSynahsﬁes béChmMummuaspmHMmers ensures

gag F‘ tranSf Ct on aCtl :1 Cyt otoxicit
CEHEEhe SHERNaREC EhaBer S bt il imEss v pntissgnt and
Dag £ pheyed tl@eb@bynoﬂﬁ@%\ﬁu@gﬂ ehspl ayeth UM P0QTy  of NDA

transfection activit contrast, high nol ecul ar
m%?theEYancﬁ%HY@EPY{%ne%llk%)(ﬁ%I)sho\/%d diggh of the most
t £ ADSYENE] 6 o LN
cyto?oxﬁc%fyg%ﬁﬁifgexgﬁﬁ (fﬁ%egﬁ%lecu Sar agllﬁ?tlon The
rahge ana@0obe- sﬁﬁukfﬁie bﬁePBEIhaseo%tmaﬁguylhnfﬂwwnced the
E%%?tOXICIty nd al sQ mediumtransfection activit

hetHre 9 gm?t FaNTAE T e POPRted 17 S wHitdht ¥%gard to

Of raiet bef i de é—’&ﬁﬁtﬂﬁma%cpmdé}@ft%ﬁrﬁﬂy ne@e'nerally, low
branched, star, or dendriners, they are nost

nmm@blaagra’ealghe }mﬂnmcthesrﬂyPEdaus:e ngnalmﬂ gtaﬂs&gel to be
for the C%B dgft $ %ene delivery. There is a
SR TE SO fBL ol LS UREYt RAPF O EPEBRRCTo8nORCRE VLY. By

el gighe AP Fef h%h%da' RIVANLRBCS< 25 KDa)

ummary ccordi 0 -a rst
aspeetd ofhiidre itheerHgeans, teh@ﬁ:%551on but also significant

cytotoxicity. In the intermediate molecular weight range
(2000 - 25 kDa), the PEI is of medium to low cytotoxicity
and also medium transfection activity. Furthermore, no
matter what the molecular weight is or whether the
cationic polymers are linear, branched, star, or
dendrimers, they are mostly non-biodegradable, which may
cause sustained damage for the cells after the gene
delivery.

There is a need to provide polycations that overcome
or at least ameliorate one or more of the disadvantages

described above.
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I's provided a polycation for carriage of a nucleic

acid conprising: 5 at |east one cyclic conpound

having a cavity; a polynmer backbone threaded into the
cavity of said cyclic conpound; a pair . of bul ky

noi eties capping the termnals of said polyner

backbone to inhibit dethreaﬁhﬁgaﬁg said 10 cyclic

conpound from sai d pol ymer backbone, wherein, the net

posi t i {#eCerdtne &P <ai Birpbl peaecsn Ehabhesiaveshpbax there
t 95t U BMily S2i '- |d. ggeus| y : i
pofy ation is %sgggggggggg q%%gt?éﬁ%?%%gigg 5%eHPE?§%C acid
tcamsfesingg an exogenous nucleic acid into a target

cell. re advant ageous|y, the bul noi eties are

bi ocl % aﬁ?aeS‘;f OHRATYS Ty %?f&p?lmégawgsa% 2ot Yirer
backbosepbyyhtedegzatabne IHHkagRs Sﬂqﬂ&aéhéabgv(ij’w'zgx said

noi eties are degraded in vivo and thereby cleave
f ¢ P @i @OPPYIET backbone. I n one enbodiment, there

IS proyi I tj.on .Lransfection_of nucleic
aci d i%tggg;acgfl¥ﬁ?ﬁéppg 3%5 %%n(x%%ﬁ%} sFﬁS: ?egplnals of
peh idre rpdlagkdronddditeated tat ddHi®icavidet hafeaalindd of said

plurality of anmjne-substjtuted cyclodextrins; and a

HYT L SRR i AT RAYY BONER SP ARy { he

termnal s qfnh&alith POl ¥ABr hagkbogssio;4ohi Bithrge of  said
det hreading of said cyclodextrins from said pglyner
Rekbprelomhenabasest e degpdexof tanifmomsubstht waioh ohcleic
saidy 30 cyclodextrins enables said polycation to form

a conplex wth said nucleic acid. According to a
seconddafracigeddng | stips ovpdedcaticanpesi tiede as  a

i{¥£§§¥g§{¥%§”égégge?%ﬁ§ Qggégégcgfég an exogenous nucleic
acid into a target cell. More advantageously, the bulky
moieties are biocleavable in that they are linked to said
polymer backbone by biodegradable linkages so that said
bulky moieties are degraded in vive and thereby cleaved
from said polymer backbone.

In one embodiment, there is provided a polycation for
transfection of nucleic acid into a cell, the polycation
comprising:

-a polymer backbone threaded into the cavity of a
plurality of amine-substituted cyclodextrins; and

a pair of biocleavable bulky moieties capping the
terminals of said polymer backbone to inhibit dethreading
of said cyclodextrins from said polymer backbone,

wherein, the degree of amino-substitution of said
cyclodextrins enables said polycation to form a complex
with said nucleic acid.

According to a second aspect, there is provided a

composition for introducing an exogenous nucleic acid
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3 nolecule into a target cell, conprising a polycation
havi ng at | east one cyclic conpound having a cavity; a

pol ymer backbone threaded into the cavity of said

cyclic conmpound; 5 a pair of bul ky noieties capping

the termnals of said polyner backbone to inhibit
debtheeatdengintosahd t&ygétc @@ﬂpour@orﬁgﬂ@iﬁﬁ@#d aoogz\éf@'cation
backbone, wherein, the net positive char sa

pBRY&AE| 8k leAsdbl @%eackf'éﬁia‘l:eﬁoﬁ%o‘ﬂ@@lnlilwf%lth%u gavity;
nucl ei g 86k gmel0 B0 {0 & ddl T 4, ASPERL. CEQEEﬁ % said
provided a “nethod for 1ntroducing an éexogenous

nagtéic acidouwntiecule into a target ceII conpri si ng ‘
the steps af a conpl ex between pol ycati on

and a 5cﬁaé1r Ogcrgﬂdr&%emﬁéﬁ&ﬁtsl o‘FF‘LP%’v‘F%g g‘le IE%E‘Plnals of
OQ@i@yC;bd)Lﬂﬁ@ﬂp%&kab&% hayd NGi 1th G { e tth RAIKTRf of said
backbone threaded into the cavity of said cyclic
cBUPbLAISORRYURA phF M oFa bl Ry Y et haekleamppi ng t he

term S y 0 I nhi bi
dethrgﬁ%lngféioﬁg 1ﬁn§58$?%5%0%%a& fg%n1é5ddp01ycatlon
pehglnkes dackiyobhex mdfcﬁm wmmcmbmng;@milbfwmd

conpl cell, The tar cell may be a

tar et et
in V|t$% WQV| o fargetrieldsess %DeflﬁFFﬁonéS'ﬂH?Vlded a
fﬁ%ﬁﬁ@ﬂnﬂoEDﬁﬂ%r@ﬁ@c&ﬁ%m%dﬁ%%BJEH6ﬂ§‘ﬁ@@iél@a¥81dt%%lecule

meani ng i ndicated: 30 The terns "cyclic compoun
"Byt i & alesul eellambmppiaing ide stmnatddns t her eof

means fbﬂ%nﬁfuéec&ﬁ%&eksbetween a polycation and a nucleic

acid, the polycation having at least one cyclic compound
having a cavity:

a polymer backbone threaded into the cavity of said

cyclic compound;

(a) a pair of bulky moieties capping the terminals
of said polymer backbone to inhibit dethreading
of said cyclic compound from said polymer
backbone; and

(b} introducing said formed complex to a target
cell.

The target cell may be an in vitro or in vivo target cell

Definitions

The following words and terms used herein shall have
the meaning indicated:

The terms "cyclic compound”, "ecyclic molecule™ and
grammatical variations thereof means a molecule that is
cyclic in that it has a ring structure and also to a
molecule which is of a substantial ring structure. That

is, the term "substantial ring" means to include molecules
4
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cyclic in that it has a ring structure and also to a

nmol ecul e which is of a substantial ring structure.

That is, the term"substantial ring" nmeans to include

nol ecules 4 in which the ring is not closed

conpletely, as inthe letter "C', and nol ecul es

hai nghichekheal r Sidg UGlkUrgot N c1Wd¥eeh aSmpletbey] eld€rin the
"C' one end and the other end are not connected and .
pl&EEATI n'Q i PR Medssules Thaviky me dmphiGai | BEructure in
dGRPLAS 28 TRl @Gl & LG Nidhg 5H@£89§!5h& @H% otpe{ 5nd are
hydr ophobi ¢ properties. The term" am ne -substitute

cpeti counapbaddandepbasedt bnaacytléd mampennd havi ng

at le one attached. am ne , grooup. Likew se, the term, |,
"anin:?é%bgﬁﬁﬂneﬁpﬁ%9§9%£ﬁﬂexgﬁpﬁ§esré?ewgf?ﬁuge combining
CugledpKilin §RAPRYALoPRYL NG Bfopdasésone attached

am ne group. The term"am ne group"" refers to
prinarﬁbesééﬁﬁﬁa??ml%ﬁd5¥%$¥lb@?e@nﬁh@ﬂgﬁbuﬁgmﬁguméTIrefers

'a§og%QQB§%ﬁ$%i¥§ﬂPBﬁﬂg'qﬁgfﬁ% Q&@HR%SﬁEUQHugsaFE%?ﬁed amine

gr oups. e term™nucleicacid equi val e

terogpsuch as Ipdleynsel,eotitie reftetisnto & spdnereubstituted
formof nucleotides of, any |length, such as ,
PEONGLT ot 1 dos, TS BebRy b banaxpégéﬁaé‘gl& cpEpPrge having at
NUSA 8 Cods i dist { ANAS) am i@ty r&@apr i se_purine and

pyrim di ne bases, or other natural, 20 chemcally or

bi ochefheateymnodinfinegd, gxerrharefalrs dro deingayi zedcondary
eot | ses.. The | eic_acid.may be double .

Q%E%ng%%gg?ggi %gnllé{'gstqrr[zgljnl%1 esd.a??ewggéncess Q%O%E?Sngfi%rlved from

simandeg-awed eiu@cias imiddaidgrdgierences to the sense

or antisense strands, The backbone of the

pol ynudleotFde BB ¢ Rpie se gaPIuandl phbsphare such as
POURfc By [ YPLEA L Y Be y fungd 1 RNA 9f 5¥M¥mﬁﬁgptides

nodified or substituted sugar "or ©~ phosphate groups.
ol ynuclaaat i de Awynaddnpri se swodi fi edas ribonucleotides,

deoxyribonucleotides or peptide nucleic acids (PNAs), that
comprise purine and pyrimidine béses, or other natural,
Chemically or biochemically modified, non-natural, or
derivatized nuclecotide bases. The nucleic acid may be
double stranded or single stranded. References to single
stranded nucleic acids include references to the sense or
antisense strands. The backbone of the polynucleotide can
comprise sugars and phosphate groups, as may typically be
found in RNA or DNA, or modified or substituted sugar or
phosphate groups. A polynucleotide may comprise modified
nucleotides, such as methylated nucleotides and nucleotide
analogs. The sequence of nucleotides may be interrupted
by non-nucleotide components. The terms nucleoside,
nucleotide, deoxynucleoside and deoxynucleotide generally

include complements, fragments and variants of the

.nucleoside, nucleotide, deoxynucleoside and

deoxynucleotide, or analogs thereof.
5
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nucl eoti des, such as nethyl ated nucl eoti de5 and

nucl eoti de anal ogs. The sequence of nucl eotides may

be interrupted 30 by non-nucl eoti de conponents. The

ternms nucl eosi de, nucleotide, deoxynucl eosi de and
deoxynucl eoti de generally include conplenents,

fragmenks asgddvaldaitrs okthkheteAdCl RO ndHIC! e@trkdl, to a
deoxynucle05|de and deoxynucl eotide, or anal ogs

t REFBEPD SOASCB@EGShﬁF@PnPrPHEC?QrthEé@ﬁ%lh@h@rY%ﬁéign

to a 0 osition Yy qgﬂgﬂ
|nterv%%??gﬁggAsﬁﬁggtheréln r@é reco ‘?nant RUC el%gld or
apirdtedin pn@leeqzlmlemh@cuhe mslacmrbde ectleranhéhe thecleic acid

nucl ei ¢.ac i ch encodes the protein _has ,
A EREIES it i RS s e R St R o b Ffiied in
NaidEal | ¥oOBHEN iRE, sBhuetell 8SPORAS rfad idlURAldRturring, or

occurring sequences that are not positioned as they
mﬁﬂFHeEEOBQ§|ﬁPo@@GWH@kiﬁyﬁﬂﬁqﬁiwvgcﬁGQ%%@Cﬁ%ttbéénare not

-regéitfgne&oagh%hg ess ]{9Q§ge§d%fgﬁo§§du$§d h?%%'@ne which

ers to the i ntroduci ng nuc
i néo aohobeenembdlﬂse@sed herein, the term
"transiectlon ag nt"' [ nt refer to an, agent t hat

s
pr onot £4¢ aﬁﬁrFaC|FFP§F@§tﬁﬁéglﬁﬁzﬂé?Qﬁ ¢t eehera to the
byrbbessebf sindbodhein@rmcid ansierid o€l fd Cfﬁc%\?ycell

refers to the percentage of target cells, within a
popul ad% ortssfd t degetin,cekhs, tham cimtapsfertion agent” is

I I Th
'&%%?gg%%?%§fegeg%u%§%$%(%ha %%%gn?gcg% Eacglgggggs the

axpngs]musfrrm:ee:bc atd itk o e eseIRANS that the
nucl ei ¢ Cld mol ecule is delivered into a taé%
cel | : 2%, tsHe Huawiedddr nefddqiensy ™ r a5deest edo the

'ﬁ@fbéﬁ%bé@fgfttﬁngt The 1ker |itianoel S6bhlat SolSEE target
herein to mean any

cells, that contain an introduced exogenous nucleic acid
molecule.

The term "introducing" when used in reference to an
exogenous nucleic acid molecule, means that the nucleic
acid molecule 1s delivered into a target cell; i.e., the
nucleic acid molecule is transfected into the target cell.

The term "target cell" is used herein to mean any
cell into which an exogenous nucleic acid molecule is to
be introduced. _

Unless specified otherwise, the terms "comprising"
and "comprise", and grammatical variants thereof, are
intended to represent "open" or "inclusive" language such
that they include recited elements but also permit
inclusion of additional, unrecited elements.

The term “branched” polymer is meant to designate a

polymer having side chains or branches which are bonded to

the polymer backbone.
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cell into which an exogenous nucleic acid nolecule is

to 25 be introduced. Unless specified otherw se, the

ternms "conprising"” and "conprise", and granmatica

variants thereof, are intended to represent "open" or

"inclusive" |anguage such that they .include recited

el enentBebitlerdl SOsieF Mpb1yROr NGlsusigyy of o addktirepal polymer

unreci ted el enments. The term "branched" polymer is .

nBahecréedest grateras porgrertdewi My kidrlehamms orextending

bhanenes: yhiednat ecoopded Loycthe pal yer backbone. 6

The term “"star polyner™ is used to describe polyner

nol ecuTkesteunt Ues yhato hatviee sl angl grammmtéxténdiardations
y frama central core. The term "bu

| I k
ﬁgﬂg%?g " A eﬁFanﬁﬁficﬁPyvaPWQFF&E§eW§ﬁrmﬁ%ghpreFE?E has

t guanycselst idlient sogroupsthalidmes, suhfibstee®M&adOng of
substantially inhibit dethreading of said cyclic
cBRPOURANSL §¢ oppipreuRtRi Aroh e dclpoly ek . sare pekyreer.

" bi ocl abl jnkage' .. i va | nker" .
" bi odergl?%dagl%elﬂgRnkerS’l?C’lgkggég?ad?bﬁek%éér}k’ages'blof&eavable
ahiin ke afmatd icale geardadtlicon s i hker & pf %ﬁfbdkﬁﬁd&ﬂbkﬁijlinkages”
t s of specifjc chem cal npjeties or groups use

mgﬁﬁi%r?¢E§E1Eﬁ£c%%¥bﬁt%ﬂ%f tbeprel arBcofef bnaf| g types of

C595st FiMK andiidyn MRIAYidO tdie Rl hackbongand  the
which, in vivo, and preferably during or after
tPahgfat¢lonthetreapaplite dud kpptibnabilet iceesfs-dmrdaia bulky
) ckhone. Throughout,.this disclqgsure, certain
2%3%%%? skér]rnaé; pggyglf%%c%%%lao?rﬁe aapén et frve, and

o el A1l ynder si@odr bifatert RerdeSWdPEIdQN ¢TedwhNgdehe bulky
format, is nmerely for "conveni ence and brevity and

SHOUF o Siot 18 cHHst MRddmey RRDPINF exi bl e 1imitation
on therscARmAle LRI SH Q5L ure, certain embodiments may

be disclosed in a range format. It should be understood
that the description in range format is merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible
sub-ranges as well as individual numerical values within
that range. For example, description of a range such as
from 1 to 6 should be considered to have specifically
disclosed sub-ranges such as from 1 to 3, from 1 to 4,
from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc.,
as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of
the breadth of the range.
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ranges. Accordingly, the description of a range shoul d

be considered to have specifically disclosed all the

possi bl e sub-ranges as well as individual nunerica

values within that range. For exanple, description of

a range such as 25 froml to 6 should be considered to

have specifically piisxdamed st e sich as from 1

to 3, from] to 4, fromlto 5 from2to 4, from2 _

to 6, F¥¥RBREY 6nenclimiidngel ¢mbrdingis dedl aumpdysation
L i e e v e a9 .and 6.

TS SebrPial FEE% e B B i matind s oL
range.Tie Di sckdsire ocdciibodionprtisekxenpt arYeast one and
non-Limtjng enbodjnents of a polycation for carriage .
o?#%%%%%}r S Goi PWFTLABW bo%i sEVELeE. TRIRRIEIS o having
ac4 ¢l €Dl i sesTak | %ﬁ%ﬂra‘l‘l@cgan%f 5 pref &8 ablb¥mBounds being
plurality of cyclic conpounds having cavities. The

prh¥eaded Wireyeh i thebhpoantisivei by at hpéuded bhekhghe. The

their. cavities kbone. . The _tern na

TR e e R e e reabBa tR groups

Heentingy suf §iEftoiebtl k balkubstmant i ashystahibii1d0 inhibit
ng of the cyclic conmpounds. In use, the net

det hr eadi,
ﬁg%qn}q?éhé‘r?ar §& ofPRaiW ISy caPFBAVEARDI es 1 cloPPM exthe net

TﬁbgﬁtiJéﬂéﬁgkd@tJEt§5&é“§%f§éé$é§ﬁLeﬂgﬁiﬁglXngém%lex to be

backbone may be sel ected fromt group consisting of
|figrewad polthrdts iycdrdledqdol.ymers, star 15 pol yners

and c i natjons_thereof. The | ymer , backho may. .be

" hyaridhi 7 L | REGRBBRGn R gt nerLSBEEd T EE R group
consisting of linear polymers, branched polymers, star
polymers and combinations thereof.

The polymer backbone may be a hydrophilic or

- hydrophobic polymers.

Exemplary polymers are selected from the group

consisting of polyethylene glycol, polypropylene glycol,

_polybutylene glycol, polypentylene glycol, polyhexylene

glycol, polymethyl wvinyl ether, polyethyl wvinyl ether,

. polyisoprene, polyisobutylene, polybutadiene, and

copolymers thereof, In one embodiment the polymer is a
poly(ethylene glycol), a derivative thereof, or a

copolymer that reacts with the poly(ethylene glycol)

- segment. The polymer can also be poly(propylene glyccl) or

other poly(alkylene glycols). Higher molecular weight
poly(ethylene glycol) is also called poly{ethylene oxide).
The copolymer may be any one of a variety of biodegradable
and biocompatible copolymers that contain ethylene glycol
units which can form hydrogels with cyclodextrins such as
polyesters, polyurethanes, polyamides, polyethers,
polysaccharides, poly(amino acids}, polypeptides, or a
protein. Modified poly(ethylene glycol) may be also be
8
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Exenpl ary polyners are selected fromthe group

consi sting of polyethylene glycol, polypropyl ene

gl ycol, 20 pol ybutyl ene glycol, polypentylene glycol,

pol yhexyl ene gl ycol, polynethyl vinyl ether, polyethyl
vinyl ether, polyisoprene, polyisobutylene,

pﬁbébutadbﬁﬂﬁ ayl  eegYiurens tﬁ@l?§£cc$£&£ﬁ%&, pegylated
enmbodi ment the polyner is a poly(ethylene g ycol)
d@iaflvgmweaﬁhéﬁeoﬁndorp%gyzl@tcetfbopwéemﬁat T @a@@%qﬂhyiene
t ( l.ycol) p r

B e oneosl oS ey "Bty iyl g rhviene
gtygol k) oergmbyprmp)emhar owedght sepolentatshyl&nethe end(s),
glycol) is, also | ed et hyl ene oxi de The

b%om}r@l? 7 ‘Bb&gL? et Lt e yPP Lot Gl Al e

30 andrﬂ&éo%m@rb|k%c9%}lé@eﬁ§yt halveC Y Bl B YLEDEhts of

ycol units which can form hydrogels with
c?%@%@e%99|ﬁ§ §@@Wta§0q&ﬂqu§hQHE 2Q@| yar ebhahed 0000, about

Po} d 0 he sacc ol y(am no

DEDYAD 8 UL SlSeye PR SOESILEER 00,

poIy(eThglpharglytpl¢fnaycbﬁcab6mpbenasumag csmphlaé one or
| ated pol yam noaci ds,

I h d
%9{%2%58%\5@%9%?%%? L'Scf}%@ {Wé?hw@né sgryes| pf natural

d@%éﬂﬁi'Mf§g85a€999£¥&@§5cgﬁﬁogéﬁed%ﬂéiﬁthgé@ﬁﬁ, eight, or
gl'yol) or polypropylene oxi de) segment(s)’ e

ameifs) D (5) |glmﬁpﬁhrﬁheSﬁlddudxsegnehedcénﬁ|@31,4 linkages.

ve ch . The hackbones A ve
?‘%e%t vvell%ﬁts o(?y %WEC% to ﬁou%@%@?aﬁiﬁgd@ and
Z%HbddmgﬁﬁiuléQﬂ@anabput 200 to about 5000, about

200 to about 2000. The plurality of cyclic conpounds
nmay conpti S¥GREISHETING nBrY chel otrekeésted. from the group

YOG NS SF e ASErLEsaOke PALY] A ng ﬁdextrlns, v-
ol i gosacchari des conpose SI X, seve t, or
rnMQiddeXHglqﬁycopyranose un|thyumokgprbpya—aipgclodextrin,

l.in Adv ou Cc clodextrlns a
B}yo% yéad*:aoé?gljﬂ &el crc'egt’ ;Lry Bydroxypropoyl -y-
cyclodextrin, dimethylcyclodextrin.

Other cyclic compounds that may be used include crown
‘ethers, cyclofructan and combinations thereof.

Optionally, the cyclodextrins are naturally occurring

-cyclodextrins or modified cyclodextrins comprising one or

more substituents groups. The modified cyclodextrins may
be synthesized cyclodextrins and may be synthesized
naturally by microorganisms, for example.

The modified cyclodextriné "may be substituted with

one or more nucleophilic groups. The nucleophilic groups

' may have the general formula of:

Ra.xNHy
where R is optional and is an aliphatic hydrocarbon
radical and x is 0 =< x < 3.
In one embodiment, the nucleophilic groups may be

amine groups. The amine groups‘may be selected from the
9
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bi oconpatible in vivo. 15 The cycl odextrins may be
sel ected fromthe group consisting of

a-cycl odextrins, (3-cyclodextrins, y-- cyclodextrins,
hydr oxypr opyl - a- cycl odextri n,

hydr oxypr opyl - p- cycl odextrin, and hydroxypropoyl -y-

cyebagexkking athEByh@MQh@deakﬁhma:ZONEIhQHhCaﬁ&iENHE.- The

conpounds that may be used include crown ethers,
cFELBEr uEHRAT ARACRBAD] FEPRRAS WAL eSOtk lohal g tde more

%heg&;ﬁr 'geéugFegﬁaggm' Lgc%&g{&icﬂgs. cycl odextrins
or“nodi fied cyclodexirins tonprising ohe or nore
subst i Tuerdrse genbpdimdhe, nudid | admbygel adexamning mabsAGi tuent

be_synt hesi zed cyg¢l odextrins and mgy be synt hesi zed
nGEAPRPI Py (Fhorgarli SHELFG e AfINaY The ABdFrred from
Cyﬁéog@&hPi ROnFBY thagsWIst if,ut ed Mgy one Prigmre 12,14, 15,

nucl eophi [ i ¢ groups. "The nucl eophilic groups nay have
thedgéheral fornula of: 30 R3-,NH, where Ris

opti on ng ,i ' ti ¢ _hydrocarbaon radic and x ..
’s 0 :@!’§3<g§%’§ng%ﬁéﬁ§%bd?ﬁeﬁ S Fhe°Hut &gphi%:hiec Bldfarity
gobupsyray che campamdy oupse TB@basl‘tiiltelft@r:iloupSim‘ay bBe more
selected fromthe 9 group having the follow ng,

fONRLPAPRINIC- NATOHRE - NiR. TRRANGHI néheubstiitlidnt s of  the

Ob OLPSa FBYn SOSELEHT L QNG OLx P € YO8 OXYd 1 ;%%:S_'Lo f

sai d cycl odextrins. In one enbodi ment, the nu
am ne Adpsniageesly, grotps onpohemefisai dassembly is  a
sel ected_from .the

LRI IR e e B gy ane,
it hdie adviagt agaous| py itheney enbedi fenbei1tiBeed that the
pluraljty of cyclic conpounds are substituted with .
g Hpte acid is held by the net positive charge of said
polycation and in particular the nucleophilic substituted
cyclic groups. Advantageously, the nucleic acid is bound
to a biodegradablé polymeric assembly and is released not
by a process of cleavage of individual polymer-nucleic
acid linkages but by a process wherein the biodegradation
at selected sites to break down the entire assembly in a
controlled manner. This allows the entire nucleic acid
carried by the polymeric assembly to be released into a
térget cell as the polymeric assembly is dissociated in
the body of a patient.

In one embodiment, the number of cyclodextrins on one
polymer backbone may be selected from the group consisting
of: 1,2,3,4,5,6,7,8,9,10,11,12,14,15, and 16.

In one embodiment, the polycation comprises:

polyethylene glycol polymer threaded into  the
cavities of at least 6 cyclodextrins having at least one
amine substituents group thereon; and

a pair of biocleavable bulky moieties capping the
terminals of said polyethylene glycol polymer.

10
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10 nucl eophilic groups to enhance the ability of the
pol ycation to forma conplex with said nucleic acid.
Advant ageously, the polyneric assenbly is a
supr anol ecul ar pol yneri c assenbly (pol yrotaxne) and,

wi t hout being bound by theory, it is believed that the

15 nuckgi c @l d drsodielgby, t henggt paskti vrigharge of to s
sai d_ polycation and in Eartlcular t he nucl eophilic
sGBstPeareains cylkavENgr otipsto Advari@ytlodsignt t enine groups

ngﬁgﬁgﬁngcggdis bound to a bi odegradabl e polyneric
assenbly

and is released not by a process of cleavage

of indavighiat pdl yesehestabte 2 dyd hbhkages btdphing the
a grocesi mhgrein t he, bi odegradatj on _ at sel ected
sk Bre

ELLPg KSPBMP L hES By F7R2° a2 ¥ndt o hvmer-

controrhed yranaer mollits «al | ue the entdnes nypkel §7ac d group
carried by the polyneric assenbly to be released into _
ahavingetatcelfaas tdne pbEpaenec wiswenbly 4 sgroup having at

di [ d.i : y of._a patient. ln _on
CL2586 Bhed ke sZiy IREHY b Bibtnardbohat nave at
pbéyser baskbberzemy beingl edchedubeonvkeheygbayparbonyl (2)
consi stin f: 1,2.3,4,5,6,7,8,9, 10, 11,12, 14, 15, and

17Oy ong‘ég’d%?ﬁﬁﬁ??tw%OﬁiéfF?EQPPéi% colpiddes: 9BpUP,  and

@éﬂ@@yleg%rglﬁ%s)t pgk%ﬂﬁ( tﬂ&@%yﬁg@gﬁﬁ@ that have at

cavitles of at cycl odext at | east
oheastanbne s$ebstiptyedtud wr olpclinds ebanzyhdxgcpabonpt group,

bi ocl eavabl e. bul ky noieties capping the _term nal. fo
PG T R WS [ nEPO Moo ahen® 2%i8-Perciary
apbog edder t {EE afoiet ween 6 to 8 cyclodextrins

having 4 to 6 substituent am ne groups thereon; and a

pai r ofP%i Bel EdvEBLEtBEPKkyatbi loe | €9nBEFEFAY ihethe straight
LMY He S AL AR hpleng L yeol c ROIWTBT 1inker.  The

biocleavable linker may be selected from the group
consisting of amides, amines and lower alkyls having from
1 to about 8 carbon atoms such as methyl, ethyl and
propyl, esters having from 1 to about 8 carbon atoms such
as phosphate ester and orthoester, phosphazene and
anhydrides.

In one embodiment, the polycation is made according
to the step of:

{a) threading a polymer backbone through the cavity
of a plurality of cyclodextrins.

The method may further comprise the step of:

(b) adding an amine group to said plurality of
cyclodextrins to thereby

In another embodiment, the cyclodextrins are aminated
with one or more of the amine substituents groups before

being threaded by the polymer backbone,

11
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The bul ky noieties may be either one of a group
having at | east one benzene ring or a group having at
| east one textiary butyl. Exenplary groups that have
at | east one benzene ring include benzyl oxycarbonyl
(Z) 10 group, 9-fluorenyl nethyl oxycarbonyl (Fnoc)

group, and benz4i SBsdLBAi 3 O DERXEHYATY groups
that have at |east one tertiary butyl include .
benzyl B%§ carborypayybup, drexingsy bulystapbenyk (Bdsylosed

g m acLd-tertiar | ,ester (
g%%%%?ﬁ%%ﬁihgg%UIﬁégﬁégeﬁ#%sgﬁggg%é g%ﬁ%egféggﬁélFﬁe‘af the
sdiadhhded crabodialeyirer backimneobyba hiraidesadd,e however,
linker. The bjocl,eavable |inker may be sel ected from
tHeer oJ}‘e CORSAYENRS of 25R/i de¥esH s aftf | oldyrposes  of
al Kyh St hid A0 hnko RROULs 8aCRRqR 1240ME SHCPh&S1imits
net hyl , ethyl and 20 propyl, esters having from1l to
abbouthes igurednietons such as phosphate ester and

ort hoester, phosphazene and anhydrides. In one

enbodifient , It hehpeisycat | sohémsathde wiooor difnga t poflkeotaxane
stgp of... 25 (a) threading a pol yner backbone through
RS of a plurality of cyclodextrins. The

met hod, may furtsger conprise the step of: (b) adding an

ami ne ‘gr%up % 05881 pPurSFRERRLIC KiQ@'bd&é r BnsPpéYrotaxane
theredt 30 10t apatdien emhedilentn) ;t he cycl odextrins

are anminated wth one or nore of the anm ne

substigyent s dhgyas 1@%‘ oif B i%é@ﬁﬁr@fﬁﬁ?gﬁvl\gs@idfi of the

pol ynmer backbone. Brie scription ngs The
acdomydapang greawiasds anl ldistolatseda idi Sxlkbopde 1;
enbodi nent and serves to explain the principles of the

Fig. 4 shows The 1H NMR spectrum in D20 of the

aminated polyrotaxane polycation disclosed in Example 2;

Fig. 5. is a picture of the electrophoretic mobility
of plasmid DNA in cationic polymer/DNA complexes with
different N/P ratios: Fig. 54: is aminated alpha-
cyclodextrin (negative control); Fig. 5B is a complex of
the polycation of example 2 and DNA; and Fig. 5¢ is a
complex of the polycation of example 3 and DNA;

Fig. 6. shows cytotoxicity profiles of the aminated
polyrotaxanes of examples 1 and example 2 in comparison

with negative and positive controls;

Fig. 7. shows a graph of the gene transfection
efficiency of the negative control and positive control in

MES-SA cells in the absence and presence of serum;

Fig. 8. shows a graph of the gene transfection
efficiency of the polycation of example 1 in MES-SA cells
in comparison with the positive control of example 3, in

the absence and presence of serum;

12




di scl osed enbodinent. It is to be understood, however,
5 that the drawi ngs are designed for purposes of
illustration only, and not as a definition of the
l[imts of the invention. Fig. 1 shows a schematic

vi ew of a pol yrotaxane polycation; 10 Fig. 2 shows a

schematic vigy, of, adﬂﬁwgcﬁaéﬁﬁﬁh @¥B%K€' Bn8f transfection
general fornu a (I) Fig. 3 Shows the 1H NWVR spectrum

| af DV ey op Lt hae mlwp@ﬁafoan@fp@twmlwﬂ dLBcM6§eGA cells

Fl The. 1H NVR, spectr
of RERBaE: fon Wl A e e e 3+ in
inhéxmﬁ)émcé,azﬁﬂg)résemcse opisdtung; of the
el ectrophoretic nobility of plasmd DNA in cationic

p0|ynEE1§JWAIHNHﬂSﬁUWE Wat hgréphf esente ¥ P Jetld O%irahis@iection
I s, am nated al pha- cyclodextrin (negative
c%?ﬂ%mncsrru @f Bize | 3egabbyipl exnbroRoanferpsiédei 6angtol of

Ri g | e
Solycat|on of E%QRD%QQS gn %ﬁ&éf éelfgwﬁ )%Hg gﬁgence and

ytetenceicy grmoind es of the an1nated polyrotaxanes

of exanples 1 and exanple 2 in conparison wth

negat iBdgy.and Jposishiows cantgoaph 25f Fitthe 7 geslROWS ransfection
~graph of the ene transfection efficiency of the

GRSt T oFNanBOpBSEELGR edntrerale %EE?S@HEe?@scellS

mtagmggﬁfggﬁ Rdnpresencss of s wer ughe Fh8- o8 &3, in
graph of the gene transfection efficiency of the

paly cdtsemreofarsk ayssentcd wiVESrSAcel s 30 in
conparison with the positive control of exanple 3, in
t he alisignce l&nd phesence ofrastumif the gene transfection

efficiency of the polycation of example 2 in BHK-21 cells
in comparison with the positive control of example 3, in

the absence and presence of serum;

Fig. 13 shows a formula of a third synthesized

aminated polyrotoxane cation;

Fig. 14 shows the schema for synthesis of the
aminated polyrotoxane cation shown in Fig. 13;

Referring to Fig 15 there is shown a picture of the
electrophoretic mobility of plasmid DNA complexed with the
aminated polyrotoxane cation shown in Fig. 13;

Fig. 16 shows the particle size of the aminated
polyrotoxane cation shown in Fig. 13 at various N/P
ratios;

Fig. 17 shows Luciferase activities of PC3 cells by
the aminated polyrotoxane cation shown in Fig. 13; .

Fig. 18 shows luciferase activities of Cos7 cells by
the aminated polyrotoxane cation shown in Fig. 13 in the

absence of serum; and

13
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12 Fig. 9. shows a graph of the gene transfection
efficiency of the polycation of exanple 2 in MES-SA
cells in conparison with the positive control of
exanple 3, in the absence and presence of seruny 5
Fig. 10. shows a graph of the gene transfection

efficiengy ab tdwregald e G robe BRMk NOS1 bEVEos7 cells by
control of conparative exanple 3 in BHK-21 cells in
t e alfgdmad egh oo ireserkadeof cabi o shoyn in Bhowsld in the

g%?ggeggetgg ggpgmt#%:i]ggggi on 10 efficiency of the
p e [

ycation of “exanp n"BHK-21 cells .in conparison
with the positive control of exanple 3, in the
absence and presence of serum Fig. 12. shows a graph
of the gene transfection f%ffi c'iency of the polycation
of exanple 2 in BHK-21 cel F&¥*B-Pf conparison with the -

posi tinencoDhiOingf examphes3, 4n the abspansR@M  and a
presence of serumy Fig. 13 shows a fornula of a third

syppREREEe grpARled Wwdllyrle oXawdheat idgeciFined 13n greater

S {1 he.s n i $.0f am nate

SBpuest Doy SEORIRALE PLBESLE. 8" o liep 2R, SO ot
et hemestirsieghown aipi eingr ewaly thiavitelmwgt toghosebpe of the
npbility of plasm d DNA conplexed wth the am nated
pUPW%Y%%ne cation shown in Fig. 13; Fig. 16 shows

the pagd#&lLisyz€ ofrd he aninated; s 25, P W U RAR/ ic view

cation shown in Fig. 13 at various NP ratios; Fig.
19 shawel Yuetdxans enalbidudg | 5. dtheP® lgatdtasmne tivelecule

STAIRLE S RELICRLAENS, SO SO B0 %) Bl P
att ned 0l 00| a0 e e Headd g valioy .a i Nifdeg: o3 ddhltdN B0 is
threaded and acts as the "axis". At the terminal end of
the linear molecule are a pair of blocking groups
(40a,40b) which prevent the dethreading of the cyclic
molecules 20a-f.

Referring now to Fig. 2, there is shown a schematic
view of a polyrotaxane polycation of general formula (I)
wherein L represents a polymer backbone of which there are
¥ repeating monomer units. Z represents cyclic compounds
having cavities that are threaded by the polymer backbone
L. The cyclic compounds Z may have an optional glucose
moiety, wherein y represents the ratio of the optional
glucose side chains to the cyclic compounds. A pair of
bulky moieties B capping the terminal ends of the polymer
backbone L to inhibit dethreading of the cyclic compounds
Z. The bulky moieties B are coupled to the polymer
backbone by biocleavable linkers C.

In one embodiment, L is polyethylene glycol. In one

embodiment, x is a value from about 3 to about 100

14
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Exanpl es, which should no

absence of serum and 13 Fig. 19 shows | uciferase

activities of Cos7 cells by the am nated pol yrot oxane

cation shown in Fig. 13 in the presence of serum

13CYP25. 5 Exanples Non-limting exanples of the

i nvention, and a conparative exanple will be further

descr'bﬁdohé Qﬁﬁééﬁﬁenget?|hsbﬁ kel BEeRge the $ReG isklected
be construed as in any way

Ifﬁ@$|ﬁ@etﬁeﬁﬂﬂnﬁpmﬁlﬁtmﬂglgflﬁVémﬁQNﬁb¢@¢eﬁv|ng tol/7 to

th S ematic view of a
%%?%t%ka%%gn% %cd?vghfbéTge pol yr ot axane nol ecul e
10 hasima MNmYﬁmquImemwp|themﬂiﬁkﬁﬁ§ €2Qadf ) sdbaythgd from
structural cavities through which a |linear nolecule 30

i §RC 18TPWR GRS At A4 1 HeNORRHEO- - At t he

term ngh epde of eribh@ihiRear pRLecule are eoﬁabﬁnef z is a
blocklng groups (40a, 40b) which prevent the

dey ¢t edelk gl of seleahyrd | éronolebalegrQ@e fCOEQﬁ&ﬁrngm;of o

n terelssownasc

DBt Sty AT R et oty A

wher eiIn L grepr eseiddineiigl yrile basklore efrivhi ebrbheseng a

are X repeating nononmer units. Z represents cyclic
%ww%wwew%@e arelEhr eaaedoa9 gREodiment,

Poly meLy backhons n Loothe Gl | Gieipounds o2 oy, have  pore

an optlonal glucose 25 nol ety, whereiny represents
tnﬂﬁfemabixﬁabhetoﬁtHmnaabogtudosammnﬂiadEngdmcn$®eunlts

cli¢c conpound A pair of Kk ietjes B cappin
S ErATTEARRE s Pk o o te (© Shifdted D-
|gnmctuse det hf £adThg gtcye@oeéekmneomgumpraseTh&om 1 to
bul ky noieties B are coupled to the po
7 @minated D-glucose units. The y cyclodextrins may
comprise from 1 to 8 aminated D-glucose units. The
aminated D-glucose units may be represented by the general

formula (II):

-

o— NH;
\\J\\ R

0

—_l

HO OH

wherein p 1s an integer from 0 to about 8, or 0 to 1
to 4, and wherein T is optional and is an alkyl selected
from the group consisting of methyl (-CHs), ethyl (-CH,CHaj)
and propyl (—-CH,CH,CHi). In one embodiment, p = 5. In one
embodiment, T is ethyl (-CH.CHa).
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30 backbone by biocl eavable linkers C. In one

enbodi nent, L is polyethylene glycol. In one

enmbodi nent, x is a value fromabout 3 to about 100 14
I'n one enbodinment, y is a value in the range sel ected
fromthe group consisting of 1/6 to about 1, , , 1/7

t0 Exbfiie It ANfrddBrdQiAPUE ndddhppitts YA dBRAane with
the linkers c are_selected from 5 the group
consi st i A¢PbR-cXRlodrREZaRCand palyiethrbedenghycolhe

cycli Caf PIPL g&gmln?éeg PE&Cl t{(%;bf’?' S?t %%sf L t ®to 33

group consi s a- cycl odext
Ra1 cyol md6xt;r/mr13 andxye gysdadexin i ng-Cbn eBGurated aqueous
enbodj pent, the cycl odextrin conprising a_ 10

pPOtAFHeY PUAN s Brelucheeyenikasey nlpfe Japan) in a
e@&?@fi@lﬁﬁe thB8 . CYRl DAt Ll B 2GONR 580 aPouh 3 tPater bath

about 8, nore preferably about 6 to about 7, anminafed

DE gt uz®sei nkd Slowddieoa- swﬁg@ﬂxfemlgmy fonpricse
froml to 6 am nated D %1ucose units. The
P- cycl B xtRFHYSHAY e feumd 88 B Whikenkregiritate

%19111 uggse :Llé%'lta%edﬂékgy ycéMELQgﬁééfigﬁ %@%orgo'ﬁgﬂrﬁf dried in

from1l to 8 am nat D- gl ucose units.
Dragwaoses unielsl mhyobe g epr gsenipet usio tdiegereer al

f or mul .gi):.ZO:%Pereln i s an integer fr to

about %4 Sy HQ%ObePZaW mh(éleqﬁggT 9rs %[ﬂ %on ol) was
amss&lxaéu aliwl selgetedr frayibkeudr ONchamﬁlbﬁhymgo%amlde
n%@ﬁé et hyl (-CH2CH3) and propyl

)CHZ@PB) SOM%% BaBodilipaty, gdded tIOn drfe’725 of the

oro-% r%tWﬂllﬂeCE@&@ 15 %{@fplt%el addition was

rat1on of end-capped po ro Axahe Wit h
aicpn:aladgaﬂ,odéxtrﬁi ekl pnhydebhyl ang ghysolpdded drop wise,
and the mixture was stirred overnight at room temperature.
The reaction mixture was poured into 300 ml of MeOH, and
the precipitate was centrifuged and washed with methanol
{MeQH) 3 times.

The resulting product was further dissolved in 15 ml
of Dimethyl sulfoxide (DMSO), and poured intoe 300 ml of
de-ionised _(DI) water before being centrifuged and then
washed a second time with DI water.

The final product was freeze-dried to vyield 0.658 ¢

of a pure polyrotaxane (here called “polyrotaxane-1”), the

'H NMR spectrum of which is shown in Fig. 3.
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Am no-term nated PEG 3350 (0.335 g) was added to 33

m (0.145 g/m) of a-cylodextrin ((x-CD) saturated
aqueous 5 solution (purchased from Tokyo Kasei |nc,
Japan) in a centrifuge tube. The tube was sonicated in

a water bath for 20 mn followed by stirring
overBkafidl1at2 4- Prdpiord HLASSL MDY SR BSare with
white precipitate "and was isolated by centrifugation

bef or e B3@hag cycledextrin0gradfed woth ettylesz7djanine

pol ypsgu ot axape -Di nitrofluorobenzene (11.43 g,

o 2 nfiof 02 vl Uhr 008 Sodelir 3 B i eanRpavegsaranc-  was
i L desn( [ I y

R T o B e T o atrack B Rut rah R, B eraces

sbEr riaiger Af Rdtetrhecadlliingordavas 1 ceaphetisshperadure, the

nor e anhydr ous_ DVF S adged drop wise, and the

PQLUTE RERIS T} PBE OUBPALGRE 40 Ador: chipersy ypUSO under a

The eeAsbpABrHEL XiITWee WP efat NEAQ3R0 dHoRfi QL 1.92 ¢

and  the precipitate was centrifuged and washed with

met hehibl mmpfp Ot i | Nescapbomkedi esbilekagepri@®ict ms40 ml

f h i's ed. i ] I f 0X|
Ao SO ARG Ol BB TS W BB The
wed eul hief@r ecleitigncent £ | fowgeddantntberHavEdsed a The CDI-
second ti wi.th DI water. The final product was ,
f?%%lz‘é@mﬁaotlar;?itéﬁan@. 655 gProsipfitatgdr eand centrifuged,
POLY T Al Ste &y Gl dipdrg@ol yrot axane-1"), the 'H

NMR spectrum of which is shown in Fig. 3. 16 Exanple 2

- Pr epdrat ¢ o of t B teed epb biotyrataneaneasi ¢hssolved in 40 ml

haz.cycl odextrin grafted. wth _ethyl ene .di.am ne
PRESHEY 00 ol FOHRLTE B5r ot et ieof 0.95 ml
hepd e awes D) gbE @il en€ uiideri nsacinmibRlr @FoVMsd lat room
traces 5 of water. After cooling down to room

HERRGTRATHEE 2R 3gdoyiest BanschChavairsdahied The 4peaction

i Al Y PMBQUNAR @nto 900 ml of THF, centrifuged and

washed with THF, and the resulting crude product was
purified by column chromatography. Finally, 0.112 g orange
solid was obtained (yield: 51%). Fig. 4 shows the 1H NMR
spectrum of the aminated polyrotaxane (here called “APR-
17).

Example 3 - Preparation of aminated polyrotaxane with
alpha-cyclodextrin grafted with Pentaethylene-hexamine

Example 2 was repeated except that rather than use
ethylene diamine 0.95 ml (14.17 mmol) pentaethylene-
hexamine was used to aminate the polyrotaxane-1. The

resulting aminated polyrotaxane is here called “APR-2".
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N2 at nosphere. The sol ution was added dropw se to 1.92
g (112.81 mmol) of N, N -carbonyldiimdazole (CDI) in
40 m  dry DVMSO and reacted overni ght under N2

at nosphere. The 10 resulting solution was poured into
THF/ Et 20. The CDI activated pol yrot axane was

precipitated and cent BiLWggdcalaBiuly’ ther washed with

. THF. The CDI -activated pol yrotaxane Was di ssolved in

40CﬁmpaeﬁtDNBOS&MdYaQﬁeaRaoipmﬂaa Rniv aowbhuison uith PEI

0 9 14. 17 | ) eth | ene_diam ne | om
Sptienss I T P na T gt f'T and nedeive

overnlght. The reaction neshtrelwas poured into 90.0

m of THF, centrifuged and washed with THF, and the

resul ting crude product was purlfled by colunn

s%ethr@hhzﬁem¢mﬁzamrm&ed polyrotaxane (here cal | ed

" APR t f d | t
PR AR P o ngharat | onof amated palyrotagne .

Reait et Zyd ener dexsra ne (Exanpl e Eome&peﬁged axGelion by
t hat rather t han use ethylene di ami ne 0.9 (14. 17

nRA Gt eht ddihy| %ﬁ%esﬁe%ﬂtﬁ@t\ha@%dh%a@hﬂﬂat EHHfg . The
a ul g a t X

MR R PR SIS 3% S B Whumn ko

Carpairattihe ZBiARly of ARA—I : ARA—Z in conparison wth

PEI and cationic AaCD as respective positive and

negative controls 5 Preparation of am nated al ha-c

cl odextai e (AasDlowrafded tNé thagh hf&ﬁ”@hé"ﬂﬁkﬂf and APR-2.

Al pha-cycl odextrin was activated with N,
For comparison, AaCD which is equlvalent te the “monomer”

of aminated polyrotaxanes and polyethylene imide (PEI)
with a molecular weight of 25000, are also tabulated in

Table 1.
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car bonyl dii m dazole (CDI), followed by am nation by

10 reaction with excess pentaethyl ene hexam ne (PEHA).

The products were purified using a G50 Sephadex

colum to obtain the AaCD. Table 1 below lists the

data for the APR-1 and APR-2. 15 For conparison, AaCD

whi ch tsnequi vial enfiol &chNer " MR-t Qi safldat 9 aminated
pol yr ot axanes and pol yethylene imde (PEI) wth a

nbP eEuP bR X sk ghin ofomBaDDsonr ¥ithsemiabuedt edrha-CD and PEI
Tapl g 1. 1P Table 1. Mlecular characteristics of

aht nat ed pol yr ot axanes i n conparison with am nated

al pha-CD and PEI as controls. 5 10 15 AverageAver age
GeneCheni cal nunber Ani nati ongrafti nghbl ecul ar

garri erdonposi ti onof Zécmgg nt nunber peg g oht MV NH2

tfhr eadedgl ucgse, ynit nat ed . grafting
] '.’%ertae%(ﬁgi%’iﬁnel. (203‘(%%_ S Wi tH28Paf |t echbRmA ﬁ%‘}g&t NE MW/NH,
PR - 1AM natedi4 . 4E{hyl.ahe-0. 8624160328ucos

3
i
Rol yr ot dxane- 1di am n¢ unit
/
F

PR- 2Am|nafiged 2 HBent ziet hyl eNg@nR848280109
ol Bt gxamgraBeirenani ne Pol y (-m;hyﬁengi mi k) 2550 83

REr--2000043 1 Branched) 20 e gene gar rTer oI Opertie
df APRe Al O-Yﬂgtax ARA-2, | 144 0.86 24160 325

diamine
APRp | Aminated 121 | Penmtecthylene | o 28280 109
Polyrotaxane-2 -hexamine
Poly(ethyleneimine)
PEI (Branched) - - - 20000 43

The gene carrier properties of the ARA-1, ARA-2Z,
AaCD, and PEI listed in Table 1 above were compared in
cell culture systems and will be described further below. .
Aminated alpha-CD was used as a negative control in the

experiments and PEI as a positive control

Plasmid DNA
The plasmid DNA used was pRL-CMV (Promega, USA),

encoding Renilla luciferase, which was originally cloned
from the marine organism Renilla reniformis. All plasmid
DNAs were amplified in E. coli and purified according to
the supplier’s protocol (Qiagen, Hilden, Germany). The
guantity and qualify of the purified plasmid DNA was
assessed by optical density at 260 and 280 nm and by
electrophoresis in 1% agarose gel. The purified plasmid
DNA was resuspended in TE buffer (10 mM Tris-Cl, pH 7.5, 1
mM EDTA) and kept in aligquots at a concentration of

0.5 mg/ml.
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AaCD, and PElI listed in Table 1 above were conpared in

cell culture systens and will be described further

bel ow. Anmi nated al pha-CD was used as a negative

control in the experinments and PEI as a positive

control 25 Plasm d DNA The plasm d DNA used was
PBb1CWWt£PBaIRER, ELSAY imegPS0di Ng Renilla luciferase,

whi'ch was originally cfoned fromthe marine organi sm

reni 1 Bapgniddiiyilsy. Aub R Al fbP0 cBhAS 18T 8 AMRI | €9 ping
in E. coli and purified according to the supplier's
ppBLoCYV (Wirmyah Rl dedeCGaropmpesiEheexgaannetiys angRL-CMV

gual LTy of .t ifi pl agm d. s..assessed b .
088 2L NogLAL I8, B e BUAREL ) PR 88 188 e waen
ehrctyophoresusel Brl%dAgaiasagethadde pafibkeBetween 0 and
plasm d 35 DNA was resuspended in TE buffer (10 nM )
THY s- Epchpi§odudion was EpRAPLaREdk S iaPRFPFMEeY 30 min
copce ti ny/ e dat :
o et o B Ty s Svamnsd o | PRk rests,
teobymelr PRA- Chvmp heveagh mgelece| etthophoillesdsng buffer were

' ts. pRL- (0. : 2 pl of.a.0.1_pa/pl i
TS TR Eoak e bttt Rk BanPoslun of ‘pBryhae o°1-
ate ThangetiraphoseketbWerss 0 rad ald0.rdeacht8ppetheOrdasin TAE
i.ncubated for apgrQX|nateI%?30 mn at room

t
tnbE?at WAE. Mbr Tharacetaes: elledtf opRBREsiaL 1P8I yefor 40
DINA, co xe l.xed j uf fer r |l o
onto'agﬁgghigﬁgﬁébrgﬁ$%£ 2%%%@?%?%%?19£gga%§sgﬂ@el?gig nm)
Cellwhisrdtrophoresis was run at roomtenperature in TAE
buffer (40 nmM Tris-acetate, 1 mM EDTA) at 100 V for 40
m n. DNA bands were visualized by a UV (254 nm

illum nator,
Cells and Media

All cell lines were purchased from ATCC (Rockville,
MD) unless otherwise stated. BHK-21 cells were maintained
in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented
with 10% heat-inactivated fetal bovine serum, 100 units/mg
penicillin, 100 pg/ml streptomycin at 37 °C in humidified
5% CO, containing atmosphere. MES-SA cells and SK-0OV-3
cells were grown in McCoy’s 5a medium with 1.5 mM L-
glutamine supplemented with 10% fetal bovine serum. Media
and supplements were purchased from Gibco BRL

(Gaithersburg, MD).
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15 Cells and Media Al cell lines were purchased from
ATCC (Rockville, NMD) unless otherw se stated. BHK-21
cells were nmaintained in Dulbecco' s Mdified Eagle's
Medi um (DMEM suppl emented with 10. heat-inactivated
fetal bovine serum 100 units/nmg 20 penicillin, 100

POAMyi 616 COLAYELBL 8n HrfLdohium dified 5% O2
contail ni ng at mosphere. cells and SK-OV-3 cells

vere gFgin piik Micqyelslssa ﬂ?&iﬁé‘ﬁéc‘f\t{&& e learried out in
gl ut am ne suppl emented with 10% fetal bovi ne serum

Nbdlall@ﬁuesuppﬁenenbstwer eepumcﬁased toopiGibno BRH serum

thersbur |trotranfect|on
2SohGRLIBRE SR Y0, 0080 LR Lkt il | SRR 5 g D
otédimm tbhphiaahg qrmc%erFMt Bhser werkr gerHoilidipnsadded in
serum_conditions with 20,000 cells per well in 0.5 m

DVEWSL hedilafPEorftditity BB FBSaPRato TR pPEviddushgurs at
S:??d@d e %%r\uﬁi lidigsug GH thyfee f&dﬁf rﬁggd?%?méﬁ{s was

24 hours at C. The serumin used 1n oW n
elxmt-rnm@wmtsed héatail ndetviivet egefatal ( FIBGVI r;m&ehtmd from

S Gb BRL (Gaithersburg, MD). 10
T‘E@D%%% ?(sﬂﬂiﬂ?:eo‘r% %&%’re prepared 30 mi nutes
before transfection to stabjlize the particles. The

PEI/ DA BOAPMELXE SN fer SO E5E B d Viek &t heT 8adkeHetifogminutes

asetdie PPEhLENECEOAL 1Ol - sthaPD Ofe PRk CME REC1WRI | T’Y?é PEI/
used for the transfection. pRL-CW and the desired

%n?owlﬁsegolw wrepEireger éndithe eﬁaslepam@tled)@t ias  the
q/§£éi coﬁﬁ iIOHLgﬁighfwegiugx)ohﬂye Ef was %ﬁﬁgj for

m@httmmﬁf@i ecuir-omel ghind (MWe of dapprodi n@helyt of
25000 Da. The a propriate anmpunt of polynmer and EEI
&M ©OFt oPBNA ¥BFat i SR Rdp WPaRgFly in 5% glucose

solution to the equal volume. The PEI used (Sigma-Aldrich,
St Louils, MO, USA) had a weight-average molecular weight
(Mw) of approximately 25000 Da. The appropriate amount of
polymer and PEI as added into DNA solutions drop by drop
and the mixtures were vortexed and ihcubated for 30 min at

room temperature before the transfection. Four hours

‘later, the medium was discarded and changed with 500 pl

fresh DMEM with serum each well. Cells were lysed at 24
hours posttransfection, the cell 1lysates were collected
and centrifuged. The supernatant was used for luciferase
detection with Renilla Luciferase Assay kit (Promega,
Cergy Pontoise, France) and a luminometer (Berthold Lumat
LB 9507, Germany). Results are expressed as relative light
units (RLUs) integrated over 10 seconds per milligram of
cell protein lysate (RLU/mg protein) using the

bicinchoninic acid assay (Bio-Rad, CA, USA).

For MES-SA cells, transfections were carried out in
triplicate under both serum~free condition and serum

21




10

15

20

25

30

20 and the m xtures were vortexed and incubated for 30

mn at roomtenperature before the transfection. Four

hours |ater, the nediumwas di scarded and changed

with 500 pl fresh DMEMwith serum each well. Cells

were |lysed at 24 hours posttransfection, the cell

| yeabesivRr @i€al Iseched 2%1ard tyd f uged. 01Bem1 McCoy’s 5a

super nat ant was used for Iuciferase detection with

Repfiim wiehf ér AsaMASsayukpmipPr @n@@éeme@éeglymth 10% fetal
ey n @ lLum n Bert:.h umat

CBPGEhS s et binihe "Pled pEBPRUES, SbBERhITn guiRlg tissue

| cghturanplstéRliisd gndegradsed dviesudd secrnis. per

mlligramof 30 cell protein |lysate (RLU ng protein)

usi ng The gylGiMaYININ eoRplexassayedd prBRdre6A 30 minutes
USA For MES-SA cells, transfections were carried out
i PefeFe pltireredeghder Hot hssdblibi £¢ eébeormattisi agnd The PEI/

SHNA M ot 16 L, 9 Wﬁ&}ﬁé)ré)cgon&leléﬁ P! helfod Bs the

m MCoy"s ba rrE|umvv|t utamne
sm@i‘emmt ednnirbh . 1(1%1ii@t alf pﬁﬂﬁmﬁ/ spermwteﬂlat weey eused for
pr.evi o SIX?%eeded in - I tis cul ture pl.ates

a%%egr W Coyo %Dur% " Vc o8 ThEh§o|9ﬁ§}F amount of

GOIPyBXES Jyer e epared 3@11&@& e%p@@é@é%] m 5° DﬁAucose
transfection to stabilize the particles e

c@ﬁﬂd{l@@é Yerehereparbdvohunte ThfePHBt Héédaésﬂm‘a Aldrich,

Bt ke scoRel ol P Pl SR JERLAREL, vesons

ofMw)0 @ﬁlyppto&im&EblﬁBQéOlemkﬁdiﬁﬁﬁa&ﬁﬁfﬁ9riité9@mount of

| ucose sol u ion to t val volume. .The PEl used
s e nrcrE? o 1annad "WRro UGN Fgd i ions drop by drop

V@i@mh@wmmﬁ@f& af o Wl gt aﬁmn@ubée@a%wawlmm at
25000 Da. The appropriate anount of polyner and PEI

g@%de@mm@w sd1>6uf¢ltms dhop byadsbpctibomand Fher hours
R L R R T
fresh McCoy’s 5a serum each well. Cells were lysed at 24
hours posttransfection, the cell lysates were collected
‘and centrifuged. The supernatant was used for luciferase
detection with Renilla Luciferase Assay kit (Promega,
Cergy Pontoise, France) and a luminometer (Berthold Lumat
LB 9507, Germany). Results are expressed as relative light
units (RLUs) integrated over 10 seconds per milligram of

cell protein lysate (RLU/mg protein) using the

bicinchoninic acid assay {(Bio-Rad, CA, USA).

MTT-Based Cytotoxicity assay

BHK-21 «cells were seeded into 96-well microtiter
plates (Nunc, Wiesbaden, Germany) at a density of 1 x 104
cells/well. After 24 h, culture media was replaced with
serum-supplemented culture media containing serial

dilutions of polymer extracts and the cells were incubated
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| ater, the medium was di scarded and changed with 500
pl fresh McCoy's 5a serumeach well. Cells were |ysed
at 24 hours posttransfection, the cell lysates were
coll ected 20 and centrifuged. The supernatant was used
for luciferase detection with Renilla Luciferase
Assay X t h(Progega, sE8r9YePoPipisStsad FARCE)5aNEh Anl) stock
| um nonmeter (Berthold Lumat LB 9507, GCernany).
ResluEsomyr éneﬁyﬁﬁem @@%@I &bi wadhi g«‘ﬁllfunm@cmmwsﬁ final
[ r sgc m LLigram of cel |
PLRSER RN Ao RI TRy T R ALY e Dbornatan
bires neaeoty ad caﬂdl doﬁﬁsaybemazRadcr(}é\taUgA)verMTa:LBaS)@.ded in
%6% rl Clﬁl assay BHK-21 cells were seeded into

i/ oPW%ranéomEPEPé§d( RERELropBebapghrically in an
Gﬁwﬁma@é ?e&'&é]ﬁ' wp@étllaxlvil% SREARI VLl o ﬁé%@&eaéth of
h, culture nedia was Teplaced with serumsupp ement e
culfwme nedi a containing seri aI dilutions of pol ymsr
extracd and .t.-he cel ls cupated 22 for 24 h.
pl ster|>fe“fej1115er g&rﬁﬂ'Twﬂ? ﬁﬁ? ?O%? % Sotutd oﬁroﬁlp The
PES awasveaddetl t greach vval)l rdleadhi N acdhtedl wells without
concentration of 0.5 MIT/m . After 4 h, the
RPEFIRE aMe s mﬁ@lFehﬁtf@a e fréemedot bpadan eIyt (A =
VRS and vad 44 5111500 pl/wel |l DMSO and neasured
spectrophotonetricall'y in an mcroplate reader
(Spectra Plus, TECAN) at a wavel ength of 570nm Six

wel | etre dto ou Th relative
cel |1§%¥E\5&%€(% ef ot t at&%nTrH?fF/%? ¢ V\f‘l}}rfb‘i’ﬂ trqfrl00
pol ymer was cal cul ated by the foll ow ng equation (A
absor bance at 570 nm: Rel atlve ceII growth Rate =

DA <andensAIneh sanmibyd QHGE § yaIeCxEy
of thanum RRheqd POl ¢ HHeSAaa—ls]ewA@A xémgda%r their
AaCD were exam hed for

abilities to condense plasmld DNA pRL-CMV through gel

electrophoresis experiments in which pRL-CMV (0.2 ug/well)
condensed in CYP25 nanoparticles with different N/P ratios
using 1% agarose gel (DNA was visualized by ethidum
bromide staining} Voltage: 100VTime: 40mins.

Fig. 5 shows the electrophoretic mobility of plasmid
DNA in cationic polymer/DNA complexes with different N/P
ratios for AaCD (Fig. 5A), APR-1 (Fig. 5B), and APR-2
(Fig. 5C).

It can been seen that AaCD condensed and neutralized
PRL-CMV at and above a charge ratio of 2.5. APR-1 showed a
stronger DNA condensation capability, and the same nucleic
acid was neutralized at an N/P ratio of 2. APR-2 could

condense the same plasmid at an N/P ratio 3.5.

Cytotoxicity Studies

Inhibition of BHK-21 cell growth by polymer extracts

and the extracts dilutions after an incubation time of 1
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abilities to condense plasm d DNA pRL- CW t hrough gel

el ectrophoresis experinents in which pRL-CW (0.2

pg/well) condensed in CYP25 nanoparticles with

different NP ratios 20 using 1% agarose gel (DNA was

vi sual i zed by ethidum brom de staining) Voltage:

109V ThiRe HAihed Jang RSN & eSEEORRGLAL It Fig. 6.
mobility of pl asmd DNA in cationic pol ymer / DNA

cBhpl exesuMis h ofi f réveencyRoPoxiaitys #9sa¥aCBH P g.that the
5A PR-1 (Fig, 5B), and,,APR-2 25 (Fig..50Q.,lt can :
Ut AeE et M Ep ensh AeHE 2l Toref nabo B Sl L prt SRy torie
athandpRboyve BHKHAr ge=YhRtiined. 2. 5. APR-1 showed a

stronger DNA condensation capability, and the sane

nucleic acid was neutralized at an NP ratio of 2.

f@&@ ‘%‘%‘éh@feé@i%ﬂnd@f%it&ﬁ;%agf @%2 ': Qnaﬁ.\@ésﬂ Peells in

c@mpgxiw@rh WwitlpdEhrer extracts and the extracts

dilutigns after an incybation ti of 23 day re .
exani nkgld‘?' and t REYEsuITE arEHowh i gFi g°s. \é%ﬁQSfeCtlon
restd dserdy tde ZyEOt OXi BESYSASE8YSsShawcbiphriBen with PEI,
synthesi zed ARA-i and ARA-2 were significantly |ess

tki €he tHareEs  #RC BRRE 29Nl PE| pAEYM- sTgnéuciferase assay

tganst e [ - [ ;
et ¢ hPE Py, P LRE L VETrTenG] ghacn i
t Yaresf ediarorPEefdrids ermtclofseAa@D amtl MeSUBA foeld dmiditions.
conparison with PEI, 10 in the absence and presence

of serum The luciferase assay denonstrated that the

teansf esbhoreet {661 eney cQEnfgClRA saphOWe nt MAIL-SA cells in
PET - under both Sérum and serumiree conditions. Gene
tFRFEE I et iR lency of APR-1 in MES-SA cells in

Fig. 8 shows the results of the gene transfection

efficiency of APR-1 in MES-SA cells in comparison with
PEI, in the absence and presence of serum. The luciferase
assay demonstrated that the transfection efficiency of
APR-1 was higher than PEI in both serum free and serum
conditions when the N/P ratic was in the range from 20 to

30.

Gene transfection efficiency of APR-2 in MES-SA cells in

comparison with PEI

Fig. 9 shows the results of the gene transfection
efficiency of APR-2 in MES-SA cells in comparison with
PEI, in the absence and presence of serum. The luciferase
assay demonstrated that the transfection efficiency of‘
APR-2 was higher than PEI in the absence of serum when the
N/P ratio was 1in the range from 35 to 45. In serum
condition, APR-2 shows similar transfection efficiencies

to PEI at N/P ratio of 35.
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gene transfection efficiency of APR-1 in MES-SA cells

in conparison with PElI, in the absence and presence

of serum The luciferase assay denonstrated that the

transfection efficiency of 20 APR-1 was hi gher than

PEbnin thairs ieiwind r eer abdeseyUMr COREHt iianssbes the11s in

NP ratio was 1n the range from 20 to 30. Gene

t EARREEEBPBNWAER| BE&ncy of APR-2 in MES-SA cells in

25 co IS | EL . Fi t results .of t .

gene {T?gﬁéf gl(r:bt ;A%%ngf %tlhg"l g?]%g;u%¢1§2%§- gg}en ?/%gfg‘s&rcaerﬁ%cuon

i afEbapancgonfwAbilD Pkl BHKR2theeahsernee aangbapriesenedath PEI,
um_, The luciferase assay denonstrated that the

of s
¢t FRnSPECEPGRNEPT PRFRCESERC30 SKPRET Hias TREgHAIC e Se assay
PEtmbRsthgralsenae eheserrdpihaen itdhe ef%fcféﬁéﬁp&é@iAhﬁD was

the range from35 to 45. In serum condition
shovsr sthanaPEIrandeéechdon effuei ontissrun of PR eenditRons.
ratio of 35. 24 CGene transfection efficiency of AaCD
in BHK-21 cells in conparison with PElI Fig. 10 shows
thene esubhsfettibe EAtd dircanrsf esf | BRR-&f fiinCiBHICY2 Of cells in
AaCD in BHK-21 cells in conparison with PEI, 1n the

of serum The |uciferase assay
denmonsg gt ed 1t halod e heansf&otd On, ef ft'h:? e9&Ye O A3 Pection
was | ower than PEl under both serum and serumfree
cohticiamsy GdneAPRahsfiect BBK-21fiadldcyiof ampdrison with

-21.ce ' 10 co rison with PElI Fig. shows
the Te%%l%égobgéﬁgcﬁeﬁg%?ﬁ%ﬁﬁ%ﬁgﬁo %?f%@iei%? gFleerase
ARRdy | RiBidfsAraaRid Sthatcoppar i sih M dde i BEl el diRRicy of

absence and presence of serum The | uciferase
APR-1 1is lower than PEI under both serum and serum-free

conditions.

Gene transfection efficiency of APR-2 in BHK-21 cells in

comparison with PEI

_ Fig. 12 shows the results of the>gene transfection
efficiency of APR-Z in BHK-21 cells in comparison with
PEI, in the absence and presence of serum. The luciferase
~assay demonstrated that the transfection efficiency of
APR-Z2 is lower than PEI under both serum and serum-free

conditions.
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assay denonstrated that the transfection efficiency of

15 APR-1 is |lower than PElI under both serum and

serumfree conditions. CGene transfection efficiency

of APR-2 in BHK-21 cells in conparison with PET 20

Fig. 12 shows the results of the gene transfection
efficiency of APR-2 in BHKgdmSel !4 in conparison wth

PEI, in the absence and presence of serum The
Iaceperat’eonacséaﬁommmam edRAhAt the transfection

effici mer t.han ,PEl_. under

serun1§nd sg%ﬁ Afree g25 bn&PPFSn& f@oﬁ%aﬁﬂngfr aminated
Poepas loranef (RRhyBOt axana ARA hifef efdi fgat Oty . DNA to a
13, there is shown another am nated _pol ysil oxane

(hROSy \iRldh maé“ﬁ%eaRﬁo t rEhSf SYNthRR1EEDa uSingr gépronic

|
+ %e%ﬁﬁyene " §d§¥nb8§?p§op §bﬂg PlyyiQhCpoly (ethylene

e)--poly ene
o&xd@?)p@P?@ePE@+%ﬁ@ bxiepck PEQPPPONPEOyherebl esk shown in
3, m=3

| | wh h Fig. = 1
RE L ha ol B Aomelioht dds D360 TABISES 880 BRIt vas

t2 ] Db OckTeOPPEYARPOVBSO StPPhl 88k bYop 81 PASE ((RENMBOYplied by
PICf%|SU|fOﬂIC acid solution and
et hyFerBaeXani neP%«ﬁrﬁlﬁuiéﬁ@yéd f aFiflFl uRalgtion  and

el o IR 016, PAAFRAL 1P © nioaL.

TPhes (12 @any hoel Hiyhl) ana aed aohyﬂxomswaﬁhﬁeandaDmEénmmiEh NaOH
obt ai ned from Si gma- Al dri_ch. pha | odextrin
B s AR gt F1 o P70 SRASEE e SENBS do anhydrous

usetl asn$olpierd Idéﬂé]edwal@mﬁurf@&m%l\gﬁa ~-Aakb$9ch. Alpha
obt ai ned fron1S|gna Aldrich. Referring to Fig. 14

therodexighiown( a H Jgerrsr alurdwrath fram Saktvrediasedf Inc.
ARA- 3 61‘5&5.&56!5%559 PEO éorl\pénoc(:kln the NMR measurements was

also obtained from Sigma-Aldrich.

_ Referring to Fig. 14 there is shown the general
schema for synthesis of ARA-3 from PEO-PPO-PEO triblock
copolymer (1). The full synthesis of steps 1 to 5 will
now be described. It should be noted that y is the ratio

of a glucose unit to a cyclodextrin.

Synthesis Amino Terminated PEQ-PPO-PEQ
(2): 2.99 g {(1.02 mmol) PEO-PPO-PEO triblock

copolymer was heated in. a flask at 80 °C 1in vacuum
overnight. When the flask cooled, 15 mlL of anhydrous DMF
was 1injected under nitrogen. The PEO-PPO-PEC triblock
copolymer was dissolved by adding DMF solution dropwise
during a period of 6 h under nitrogen to 15 mL of
anhydrous DMF solution in which 1,1’-carbonyl-diimidazole
{CDI}) (1.65 g, 10.2 mmecl) was dissolved, and the mixture

was stirred overnight under nitrogen at room temperature.
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20 copolyner (1) . The full synthesis of steps 1 to 5
wi Il now be described. It should be noted that y is
the ratio of a glucose unit to a cycl odextrin.

Synt hesis Ami no Term nated PEO PPO-PEO 25 (2): 2.99 g
(1.02 mol) PEO PPO PEO triblock copolyner was heated

i Pha &%@%ﬁt&thQdidﬂldﬁ“%éHnsfﬁﬁin'Qaaedvﬁgﬂpkage during a
flask cool ed, 15 of anhydrous d@F was i nj ected

UREELOAi t PBged. hhelmﬁﬂD-P FEO tgi bll¥k mowpol yreesr Tris(2-
I n dr Qpyise 30

aaniosER tpdate LD BRE STLHb1ERA 8P IR R TG anbyazous
aDMydr®d$hDN%tmﬁnﬂmgN1aﬂlwh@@h temperature, followed by
1,% -carbonyl --diimdazole (CDI) (1.65 10. 2 nmmol)

wa lHF§§%| &éa MIFG U Re GHSHWHELT - %t‘i"i“f‘ cHEBO¥PA| Gt vacuum
uagepoht LGN a8l QI LEBREE BLYT 0148 1The &Ja?ssu!iiéggl ed in
sol ution was sl owy added dorpw se during a period ¥
BCHClnt%nQEM%EﬁE@ ¢ioR Hﬁ®|§onfthreg(21mes to remove excess

h h Was di ssolved in 15 nL of
af% %f%ﬁg&%§%£§y¥¢g£ |rr|ng at room t enper at ure,

-follomEmebyoEuBiemrw&E}ﬁméhrﬁdﬁ¢éﬁtﬁﬁ%ﬁdﬂﬂﬂﬂredﬂﬂ%\Mﬁtl3 and

renoved by vacuum _evaporation, and the resultin .
sbP®it | PRSWAL Y ssBEFeaF n S@#EﬁgogndwﬁﬁshEHrﬁﬁﬂﬁgkaéﬁ size

f t S
(Srctiien | LIRPIEIONG. UB095 0n o Sapbidy, 1720 colamn

coptentmetisthalb aemerGHCL3 and 10 the resultlng

Vi Sco ution urlfled si ze _exclysion

chr ona 65£g5ﬁy (%m%; n a Seﬁ' &%SLH-%ﬁqu umt’aqsi ggelded
e haned ) éﬁlgyu Flnally, 2.3147 g viscous liquid

was yleldep 69. 26%) ( St 15 The 1H NRNIspectra
for ARAS Wadl Efaﬂqtdws ]%QFOOZ\WHﬁ WDNETP d601322®} (400 MHz,

4DI\QS?O(ZI—(I{ZBO427% SEO gl ocok and %—Qé&gﬁu&? 6% gcﬁ % (m, 1078

and 91H, -CH,CH;0- of PEQ block and ~CH,CHO- of PPO block),
3.13 (m, 4H, OCONCCH2}, 2.87 (m, 8H, CNCH2), 2.65 (m, 8H,
CH;N), 1.05 (d, 91H, -CH; of PPO block). Anal. Calcd for
Ci15gH322Ng0Ogp* 3H20: C, 56.70; H, 9.88; N, 3.35. Eound: cC,
56.42; H, 9.94; N, 3.40,.

Preparation of Polyrotaxane (3)

0.4 g the above amino-terminated PEO-PPO-PEO triblock
copolymer was added to 266 mL B-CD saturated solution
(0.03g B-CD/mL Hy0) (3), and 0.6g NaHCO; was added to
adjust the pH wvalue of the solution. The.reaction mixture
was ultrasonicated for 20 min and stirred at room
temperature overnight. Then, 3.36g sodium salt of
‘picrylsulfonic acid was added and stirred overnight.
200 ml HO was then poured into the reaction mixture to
precipitate the product.

The precipitate was centrifuged and washed with water

for three times. The resulting wet solid was dissolved in
27
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15

3.13 (m 4H, OCONCCH2), 2.87 (m 8H, CNCH2), 2.65 (m
8H, CH2N), 1.05 (d, 91H, -CH3 of PPO bl ock). Anal.
Cal cd for 20 C158H322N8060. 3H20: C, 56.70; H, 9.88; N,
3.35. Found: C, 56.42; H 9.94; N, 3.40. Preparation
of Pol yrotaxane (3) 0.4 g the above am no-term nated
PEO- RO bl Ok 0 25 QPO dded
R- CD sat urgg)ttggﬂsol ut |ecc):lﬁ5L (0. O%%@W%—Sg) p%%)c,%ggﬁg‘te the
Op 5odiNaHCOB hwa 9 raddigd tag-e a‘d@ﬂst:enlue‘lﬁblgedl wndfwakleed with
| ution. The reactiqQn m xt trasoni cat ed
JB M Bhe o EPFRRA 4R gom epersit B er Kt S0l 28  was
TheERs o BrBGirs 03l i s@ido g Bth i red yd@ﬂécmr@ccacwb WES H,0 to
added, and stirred overnight. 200 m H20 was then
p%’»aﬁfé?epwﬂ%et & e BECPSS tri xThee ¥esulking pintacinii@te was
ifu@l&*&%& Q%E@BeﬁW%ﬁ %ﬁ@tEB&“Q?dtﬂﬂgsmaﬁmﬁgély, the
wat e for t ree times. eresultlng wet
V\asswlisnsroj veeti Nns@¥i80 wds D¥BGeard @Dueed {Intqm 450 nitt rogen)
reci pi roduct reC|p ate
SRS FTBE T ha CRaBhly T P VBT aRAREe (4 netad Thé e1ded
resul gy, Werhe SOKI ﬁmwaaat@l SE@lovedid N sl OVEED 8@Ri Was as
and poured into 500 M H2Oto 5 precipitate the
prodhs : The Or@4ul t9ngdBr eBiepit 4t eohahepadt i fuded (s, 4H,
h far S in t
resua}lvalﬁng)qfw\tggﬂIl gl) V\gs 7f%re g‘re ?ﬁéd%( |2|>5éiu| gfnlctDl)égen)
L&&}er QB LN £O0. czaao 4. wrespolaamtafxah)eﬂ(éf \ms 4 43 (d,

55ty 0481 h080 RYin o0 et Db s 240k il G o (B) - (5

F}h@znyland8H9§ (8f 4o, 1@#}? Héﬁ @Dy|o)f @07501(&:}(. 91H, -
68H, 0(2 3)H of CD), 4.83

(Cé{zcégH cﬁ(mo ogle:D)() 4, M:§J4(d . 68LE, 0C6HN off GJQ block) .

3,000 00,00 340H H) ). HSlo. ). and He) 1o,

6.92; N, 1.72. Found: C, 43.62; H, 6.86; N, 1.69

(m
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15 CH2CHO of PPO bl ock), 1.04 (m 91H, -CH3 of PPO

bl ock). Anal. Calcd for C590H 005N20042342H20. 5DVSC
C, 44.19; H 6.92; N 1.72. Found: C, 43.62; H, 6.86;
N, 1.69. 28 Preparation of Am nated Pol yrotaxane (5)
The resulting pol yrotaxane of step-(4) (0.1513 g, 0.01

NEpbpavasidhi 88 Ahiddre& POl YRSt Qversy ght. Wen the

fTask cooled, 40 AL dry was | nj ected under
nTh?og@ﬁulEFlm ePOéVFOKam%edl%fsoW@E (‘He DOBD513 g. 0.01
sol u on of add dropw se durin period of

r "AiSt réﬁ 3t4 rrLC oftTanhydrdtis @l%]l ut |V&1F|en the

i f‘lz‘i‘@k Ceoéléd C@bb%yldraﬂ'ﬂ)l\m@aﬁé’é ein§ & q(hnBad %itrogen.
10.2 mmol) was di ssol ve and the mXture was stirred

ovEreir gl lundlerwad t dbgenluedr ogthel 0PMEfApes@tulrieon Thén,4 was

t xture of 3 O0_.m THF and 600

BT ey Do o dlelhe | BreBhtaf coF pPy bt RdpRansPEHEED. to 40
TIhE e cispityatresas DSt r 56 ugedoandimashadh vvn1t h'Fderbonyl-
for. 3 times. Then the resulting wet solid wa

A3 ¢ n (GBI hi (BVBOAafd thH & ST ) o‘ﬁa‘é\/a§1§P@W?d and
a@@@d p
mlg‘é{lE)@A %%fsd;%%{kg%ﬁyggéngﬂlegﬂa% HgldWhl ghl%xliﬁgéﬂ- at room
dtmmarm 40hety, oftheDMBG i téh ofi 300ngnlat THEormnd 600 ml
rature, fol]| owed stirri,ng th Xtur
RE B Bonr e MRl RetbaRen SShE b e Jprecivitate
g hd UbQoHchﬁr ecrt t precti Bectpeedugds Thatzdrppeal Piddt Gashed
was centrlfuged and washed with THF for 3 tines, and

YR e’gﬁftl r@g ct uaémﬁﬁodﬂ?éltem,asﬂ;ﬁ” repBdthpg gqezte solid was
t
S0 SO o001 988 50090 2L EEPIBHSSC 3900y acae

MWlﬂnldtdrﬁlqvaa peeidédof53. G1Untd B NWMR (H00183H24 mmol}

0):. 2 48 4 ta H
(%fo HEf! t?%?%y&%?he%%@?) Elé”sc = Cg}%gfglen%%l_ﬂnHﬁO) WL of
(ﬁMéa»aw£%KX)§EfE%iﬂﬁ @ﬁoaﬁ®0ﬁ24tbmﬁﬁ§%tuf@6) £ Pdwed by

H(2) and H(4) of CD,~ 101H,
stirring the mixture overnlght 900 mL THF was poured in

the reaction mixture to precipitate the product. The

precipitate was centrifuged and washed with THF for 3

~times, and the resulting crude product was purified by

size exclusion chromatography (SEC) on a Sephadex G-50
column using DI water as eluent. Finally, 0.1562 g brown
solid 5 was yielded (55.01%). 1H NMR (400 MHz, D20, 22 0):
& 8.48 (s, 4H, meta H of phenyl), 8.01 (s, 4H, meta H of
phenyl), 5.02 {d, broad, 68H, H(1}H of CD), 3.00-4.,62 (m,
broad, 324H, H(3), H(6), H(5), H(2) and H{4) of CD, 101H,
-CH,CH;0- of PEO block, 45H, -CH;CHO- of PPC block, 103H,
CONCH; of pentaethylenehexamine), 2.69 (m, 1232H, NCH; of
pentaethylenehexamine), 1.09 (m, 91H, -CHs of PPO block}.
Anal. Calcd for Ciip2Ha330N3280475°60H,0: C, 45.87; H, 8.59; N,
15.91. Found: C, 45.1%; H, 7.99; N, 16.01,
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- CH2CH20- of PEO bl ock, 45H, -CH2CHO of PPO bl ock,

103H, CONCH2 of pentaethyl enehexam ne), 2.69 (m

1232H, NCH2 O 30 pentaet hyl enehexanmine) , 1. 09 (m

91H, -CH3 OF PPO block) . Anal. Calcd for

Cl, 02H2339N3280475- 60H20-' C, 45.87; H, 8.59; N,

15. 91. TE@UE%OdGceﬁ5A§§ FHof BepNs M Glig 2911h§s shown in
produced ARA-3 of Step 5 of Fig. 14 is shovvnln Fig.

1BigBi dBegi cal Study 2 of ARA-3 5 The sane assays as
outlined above under "Biological Study 1" were

repeated on the ARA-3, except that PC3 cells and Cos7
cells were used iBidlvgicdldytudiereadf RRA-RA-3 are
referred to as CYP25. Referring to Fig 15. there is ,
shown r@h%ctsraﬁﬁho?%’iffﬁ 38 morilRina oﬁ‘bcb‘r%sﬁfp@ieﬁR Pépgogical

g Bedapoiwelk)condensed LA tﬁép%%zan@nog%teb%@aw Hr3 cells

fferent NP ratros using 1% agarose gel
vérdalpzdd Ctﬁila hieicen bsedi da i nébg)ly VoHeagefter, ARA-3

1 OVT| |t be seen that the CYP25

c%ﬁ ens %rﬁ?](gl &15&%&1{%?1 zed pRL-CW at and above a
chargereptiping 2Zo Figy 16. showset hies pahbwsl %w'cz:&o@fhoretlc
CYP25/DNA conpl exes at different NP rat| 0S. ng
JropREL B ol Béﬁﬁﬂl@/er@meo@ﬂ)‘i’ex@dam ve/e¥P2b acfondensed in

V@mys A}Lﬁg %aelsn withot @] £ ¥, %wg &f/d Mat 188 using 1%

conpl exes Iovved to 20 st e at room
tzgpers¢ ur gelor ( :BJ@Am natses bieswar kbl zexhal lygi ngthvitihma bromide

Zet a, Pl us ote anal y Fig. 17 shows
L%‘i:?ﬂfféjr%%ez‘g%f'?% gfsd@h ‘é‘ﬁi”s“%y CYP25.

Transfeet i eanof bI%RL 44 pl gagid eprdenseshb Dy PEhdedB8d  and
CYP25 were shown for conparison with the presence of

AP werain Z2qd aRE AV G vand cireved cthaxge Pedicelds Zt

?gr ihﬂQPg of pRL-GMGRer vl LA khe Rresance ofrsepylh s/ pya
complexes at different N/P ratios. 100 ng of pRL-CMV
plasmid were complexed with CYP25 at various N/P ratios in
a total volume of 1ml. The complexes were allowed to

stabilize at room temperature for 30 minutes before

~ analysing with a Zeta Plus zeta potential analyzer.

Fig. 17 shows Luciferase activities of PC3 cells by
CYP25. Transfection of pRL-CMV plasmid condensed by PEI
and CYP25 were shown for comparison with the presence of
serum. Transfection was carried out on PC3 cells at of
2 pg of pRL-CMV per well in the presence of serum for 4h
at 37°C per well of 24-well plate. After that the cells
were allowed to rest an extra 72 h, and then harvested for
the measurement of the luciferase activity.

The data were expressed in relative luciferase units
normalized for protein content.

It can be seen that CYP25 had close luciferase
activity as PEI (MW 25000) at N/P ratios of between 10-25.
At an N/P ratio above 30, the CYP25 was higher.
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at 370C per well of 24-well plate. After that the
cells were allowed to rest an extra 72 h, and then
harvested for the measurenent of the |uciferase
activity. 30 The data were expressed in relative
luciferase units normalized for protein content. It

can beF§M1§h@hoﬁxpa%&%r@s%seadﬂwlfﬁre%seof agbLyi E¥lls by
as PEI 25000) at NP ratios of between 10-25

aRYRE P reTcrla@Sél@@&eoao of h@ROYRRY vmangchepon%nsuegl. by PEI
ucn‘eras actl ities of Cos7 cells
C%ﬂ’éS%éans?’ec?l Senoo ﬁl? CW%? FEnd condengx‘d abbsence of

PEéruI&ndTEé(EQEeMﬁiﬁnsha% chef-ieanpard SN ddésl h@ells at 1 pg
absence of serum Transfection was carried out on
Co57PRErfY¥Varer p¢ls ofn pREeCRVesercReland iifrnce of serum

pf@E*e!i‘}‘Ee é‘nﬁi“f‘a@sﬁé‘fewéilsgﬁfuﬁh P8214B1§Ee37ﬁf g Wbk cells

24-wel |l plate. After that ce wer e al
r‘e@re adl bxwed 7@ hestanant aghrharZebt ednﬁothenhbarvested for

asurenent of the ferase_activity, .The da r
e AETE M eing IFe | CEREoLARFcBERNY bt iBl Ryl TaBe faEe were
lxpred eddd ciont edladitvecan g feeend hah i€¥P2hohadlized for
close luciferase activity as PEl (MWV25000) at NP

REERLDICHESMen 10-15. Fig. 19 shows Iuci ferase

activi e S CYR Tr o] .

pRL- : plscaa(sgm %csz %grﬁseﬁ%t E%%ZfS ﬂg Eggg@v\e?gmferase
stovay ftor acorfpdr | @¢6h d500Mhe apTGNS@hO:@tofos et mtween 10-15.
Transf ctio car |ed out on ells f_1

of R Ty St Theie et ania it demmaned st BPLs by

sermyB f orr4RsabcB76nP&ys V\?hh: -0f1v24s 85 ! abﬁdeﬁéésr by PEI
that cells were allowed to rest an extra 72 h, and

tash SUPRAr westeedshevnt HioheasuParbAeNofilt hehe presence of
éi{ﬁ{n?ra'f aﬁ‘s‘%éé{{{é’n whide é’&l&é’}erug lf%r 93889 '!&ells at of
re eln

Ive lucitferase units normal 1 ze pro
cdonteendf pRL-CMV per well in the presence and absence of

serum for 4h at 37°C per well of 24-well plate. After that
cells were allowed to rest an extra 72 h, and then
harvested for the measurement of the luciferase activity.
The data were expressed in relative - luciferase units

normalized for protein content.

Applications

Advantageously, the disclosed supramolecular
polycations can be used to deliver DNA to target cells.
Accordingly, the disclosed polycations can be used in such
applications as gene therapy and DNA wvaccination for the
treatment and control of diseases.

Advantageously, the disclosed polycations provide a
useful non-viral vector system for DNA delivery to target
cells. The disclosed polycations therefore may avoid one

or more of the problems associated with wviral wvectors
31
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25 Applications Advantageously, the disclosed
supranol ecul ar pol ycati ons can be used to deliver DNA
to target cells. Accordingly, the disclosed

‘pol ycati ons can be used in such applications as gene

t herapy and DNA vaccination for the 30 treatnent and
copi{QbrPf G 568585 M&@ﬁ&%ﬁsouﬁh&h t%%x‘i'cfi%krose%strlcted

pol ycations provi de a- useful “non-Viral vectof system

foar@pAinel | véry collsr geﬂlmcews DN&e dcscrbsw capacity,
ations th refo avo the .

P S e P el apThO YR ToBRE oF 8Bl s aby “and nich

syséens, including high toxicity, restricted

targeting of cells, Iinmited DNA carrying capacity

produc@¢¥ﬁP%ﬁﬁP?%&¥%g %@ep?b%?%ﬂ%edr@%%ﬁ%@ﬁé@ﬂ%nmaﬁnae easy

p.(fhus&oa?ﬁd T.SO?Q% At A9ePMS | h 4 hey

ycations nmay be easy to use algjto manuf act ure on
a | ar gdsoat ageAuviant agbeustiyscideedi godlggedions may be a

DAt oBdeBY e s Bena Dholren: | At miePoa Yo the

N €YK SbIycdel id ViIeadd Dbhefoned- ¥ivkakoNAity relative
del i very systens, such as PElI while having high

{9 BT eBOPOHLBRLI NG, dﬁawﬁmg@o’@geyls /t heugh s@isoslgl while
Qgg qQQ: therefore avoid

%ﬁ%ﬁg&o %Zf%er}% er e g ne delivery. It wll

be apﬁ%imantadeﬂusmyu ougij otheschwskd i capobpsathdns are
at i of the |n ention wl| arent o.the

JerE il R mAd neharPEaPForaTekal MY, 7 cgotngeells

i scd oSt yehaodk)depart i g fyiam the étént apfat various

scope of the invention and it is intended that al

sudie ot 4 Eata bhenananddapeatesasneomd Vihahi invertion will
%Ce()pa%pgroenocf gcbetl?@p;%@&% Cé]?iffed in the art after reading

the foregoing disclosure without departing from the spirit
and scope of the invention and it is intended that all
such modifications and adaptations come within the scope

of the appended claims.
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32 Cainms 1. A polycation capable of formng a conpl ex
wth a nucleic acid for carriage thereof, the

polycation 5 conprising: at |east one cyclic compound
having a cavity; a polyner backbone threaded into the

cavity of said cyclic cogpg #g a pair of bul ky

noi eties capping the termnals of 10 said pol yner
backbone to inhibit dethreadlng of said «cyclic
;conp und ron1sa|d ner backbone, wherein, the net

Lsosi %%?ﬁ%p%f LenoP Y c AIBH hapl €SP lesmpiékh a
ntie1EQEM W dily Safgrnu%la@rciag%‘:' dthé-f_’e@f A Eﬂleycgﬁdl?)'baaﬁon

clained in claim1l1, whereinn the bul ky' noietie
C@m§§ﬂéa0ﬁble 3. A polycation as claimed in claim.1

or c | h ner_ backbone has a
shapées ég?r%ﬁ§?%£ %r%% n%?g%P%g of 2T+ héar
poIyaepslyheancbedkbpnby&ﬁ&%adéﬂaﬁnﬁ@|i%%r%a&ﬂ@ of said

conbi nati ons thereof. 4. A polycation as claine
CERyIOnECBPOYRE? preceding 25 ciaims, wherein the at

| east @RE CYSF T GuARIP AL NASs ac%gﬁgﬁal lt%xéqygéﬁﬁhrqgig of

i nner core and a generally hydr I'c outer core
Sﬁ\l‘éolmhlm%m é@cdikmneedtlon aniibhe ocﬂetﬂmeemem:@dlc@ said

a LN the. r of s ol ymer
g %o%%ﬁ el e%ctmédsﬁjrtg ‘%lﬁg“ algb‘?fg‘?’stl ng of
polyethyl@m\@remycothepohmromdﬁrtq@yC@marge of said
but yl ene gl ycol pol ypentyl ene glycol,
%Joy% eﬁ@agllﬁéola pelpHBEhyic 38orm with said nucleic

acid.

2. A polycation as claimed in c¢laim 1, wherein the

bulky moieties are biocleavable.

3. A polycation as claimed in claim .1 or claim 2,
wherein the polymer backbone has a shape selected from
the group <consisting of 1linear polymers, branched

polymers, star polymers and combinations thereof.

4. A polycation as claimed in any one of the preceding
claims, wherein the at least one cyclic compound has a
generally hydrophobic inner core and a generally

hydrophilic outer core.

5. A polycation as claimed in any one of the preceding
claims, wherein the polymer of said polymer backbone is
selected from the group consisting of polyethylene
glycol, polypropylene glycol, polybutylene glycol,
polypentylene glycol, polyhexylene glycol, polymethyl
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vinyl ether, polyethyl vinyl ether, polyisoprene,

pol yi sobut yl ene, pol ybut adi ene, and copol yners

thereof. 6. A polycation as clainmed in any one of the

preceding 5 clains, wherein the pol yner backbone has

a | ecul.ar_weight, in.the range.selected fraom.the
V3P Bl CETAT R | nd o0 0 PA0000. SBESTb 10000/ SsRFene,
pb0y9808ut gnendPlpblyBR08didne A RAHYEEHH DIin@Bs Ctigd Fasi .

in any one of the preceding 10 clains, wherein a

plurality of cyclic conpounds are threaded on said

pol y C a8, t10 S aj i.N -
6E)ne %‘f%toggeépgggdia%g d&c&g%%?l%%? [ %ﬁ!tahg@:\?hlee st oer%ng
ctytinse comguoeivd ithea pt3yowal obdexkbone Sha# pol yedigwmniar

as c%aLneg in claim$8 m%ere%n t h h cyclodextrin is £
weiphbt 48 FRSnTERESgPEURCEEs LN ghEr 9Foup consisting o
26yctodsxtndNs206 3t EYLHOIEXL 20 MSLo Y56YE) OstextZdMSto 28000.

hydr oxypr opyl - a- cycl odextrin, hydroxypropyl - 13-

cycl odextrin, and hydroxypropoyl -y-cycl odextrin,

di meg h tLin. Ql V. i asc<cl.ai i :
Tany BnboePEaPEbl: BE g gmeR, BU AR | Ao D el bR B Bding
ctyths ¢ compoedid is gelvectledty r anf t heydriaup coampgisidsng are

of crown etherg, cycl ofructan and conbi nations
threrdet . o 15k p%?i%‘%ﬁ? PRI i ned in claim8 or

claim9, 30 wherein the cyclodextrins conprise one or

nore nucl eophilic groups. 12. A polycation as clained
8in chabmlygatiper abnctthdmegudirecphi | Pre gpbupbehpreceldng
encc al wfh%rr@:{lna t?tiflé 3‘11’: Rﬁeés' NH’onVé'hecr: e%gésco%yo?lgl%lo i_s< a

Cand'Ts & almphatic ﬁydrocar on ra an
c¥ckodextrin.
9. A polycation as claimed in claim 8, wherein the

cyclodextrin is selected from the group consisting of o-

cyclodextrins, ‘B-cyclodextrins, v-cyclodextrins,
hydroxypreopyl=-oa-cyclodextrin, hydroxzypropyl-p-
cyclodextrin, and . hydroxypropoyl-y-cyclodextrin,
dimethylecyclodextrin.

10. A polycation as claimed in any one of claims 1 to 7,
wherein the at least one cyclic compound is selected from
the group consisting of crown ethers, cyclofructan and

combinations thereof.

11. A polycation as claimed in claim 8 or claim 9,
wherein the cyclodextrins comprise one or more

nucleophilic groups.

12. A polycation as claimed in claim 11, wherein the

nucleophilic groups have the general formula of:
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5 13. A polycation as clainmed in claim12, wherein the
nucl eophilic group is an -NH2 radical. 14. A
pol ycation as clained in any one of the preceding
cl ai ms, wherein the polymer backbone conprises 10
pol yet hyl ene gl ycol polyne aﬂg the at | east one
cyclic conpound conprise at™'east 6 cycl odextrins
hayidig aR ieaspr0bBaiNand\Hier arNHZ1sphst i Euenitd W ibon
t hereon._ 15. A polycation as clained in claim 14,
iGrk Here X 15 & &bét ieen 6 to 8 cycl odextrins
having 4 to 6 substituent -N, -NH2 or -NH groups
thereon. 16. A polycation as clainmed in any one of the
15: echdimglyccaltajcms aaheﬂseiimetdweibuldxyaimi aRi,eswherein the
L one of a 20, group $ Vi n | east one benzene
nPF 808?1 16r TR RaY &4 Gﬁe tertiary butyl.
17. A polycation as clalned in any one of the
precedin claims, wherein the bulky noieties are
ldonnbcpedyeatine 2§ Stlegimgick kﬂuﬁﬁyp@m9n@f BAek PReEsiing
cl eayq I nk 18. cat | ai
Cf?P&%ﬁl7 mEggé%n tﬁ'rerIEE 0%?% % Ie Bgn%s SEFQl%; s
pélpetmybe@eogmycomypﬂmymyrcﬁn@ntﬁesauﬂﬂeﬁst ahkylcgiclic
having from1 to 8 carﬁon 30 esters, haV|nqrfrom
CqpRuRd ¢ HBHF Homet ﬁ%ﬁ CBé‘“nJoo ing at
1éhet eghe 39, 1LNn AoaPOlM@ZatéL@fét%%u@n%' r@%upn tRRY-cdng Of
clainms | to 8, wherein the cyclic conpound conpri ses
one or nore glucose noieties. 5 20. A polycation as
laiyed in claim I t he cli con ound
1 omd: 6ebTeSEEOF 5%y SSLE ot a iR 1o A BBRY RS R here
aps cbatweénlmanytconesof cyheopegeednng halvalr@ 4 to 6

wherein the nucleic acid is DNA 10
substituent =N, =NH, or —~NH groups thereon.

16. A polycation as claimed in any one of the preceding
claims, wherein the bulky moieties are either one of a
group having at least one benzene ring or a group having

at least one tertiary butyl.

17. A polycation as claimed in any one of the preceding

claims, wherein the bulky moieties are connected to the

straight chain-polymer backbone by a biocleavable linker.

18. A polycation as claimed in c¢laim 17, wherein the
biocleavable linker is selected from the group consisting
of amides, amines, alkyls having from 1 to 8 carbon
atoms, esters having from 1 to 8 carbon atoms, anhydrides

and combinations thereof.
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22. An nethod for introduci ng an exogenous nucl eic
acid nolecule into a target cell conprising the steps
of: (a) formng a conpl ex between a polycation as
claimed in claim1 and a nucleic acid; and 15 (b)

bNtrgoucing said formed, conplex Lo 4 Larget gell. thaf g,

wherein the cyclic compound comprises one or more glucose

moieties.

20. A polycation as claimed in claim 19, wherein the

cyclic compound comprises 5 to 8 D-glucose molieties.

21. A polycation as claimed in any one of the preceding

claims, wherein the nucleic acid is DNA,

22. An method for introducing an excgenous nucleic acid
molecule into a target cell comprising the steps of:

{(a) forming a complex between a polycation as
claimed in claim 1 and a nucleic acid; and

(b} introducing said formed complex to a target cell

that is in vitro.
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