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Pol ycati ons Capabl e of Form ng Conpl exes with Nucleic
Acids Technical Field Thepresentinvention

. generallyrel atesto polycations that form conplexes

with hucleic acid for transfection into a target
cel | . Background 10The ability to deliver DNA to

tar p & &lsh
dovET SRR Sn g ol he Do e M Mo e it Nugleic
and DNA vacci nation, for trastdsig and controlling

di seases. DNA dellvery systens have been cl assified
as viral and non-viral vector systens. Al though 15

viral vectors are hi ghtyeifdLl afiteaat delivering DNA
into cells, their routine uses in clinic and basic

reseaTh@ | aboeatoti es imaveathioen | igtincegd ldocauseleftes to

h t tricted,t t
B LR G Dok aPPyPRs sapati Ty, Bradact: Brid  for
Beeh PRekatdm di rAfo [ ok £48:  deelcoTbi nat i on, and hi gh
cost . Non-viral vectors, the najority of which

are synthetic gene carrier systens, have advant ages

internms of sinplicity of,UpgrogAge Of large-scale
production, and | ack of spe0|¥|c I mrune response.

25TheThes ealof 1 poyy er sidlorvecarbiageo ofaDiAt caeidliler hass been
rom si ng non-\iral EF e|lé ﬁgag ach, npst of
A9 s? ¢ o§§&§ﬁl%a BnAEVEIPHRERT s 8Endiits qRRfoaches,

SN Cqule %?méﬁd WA hv A AL 0t &dr BMAating and

agai nst dlgestlon enzynmes. The condensed

ool tyaeer 4 tynedrl-iDigA Gi}lﬁﬂ@@%«o Mo pdekiranit o shsERs éq:dfe been
gl%l fq%%o " arx;:ﬂf £ ?nmgﬁl—&:ﬁt‘af evécg}ot%{ }ggftze?n%e d%&lthoug‘n

rough eéndocyt 0Si’s process an
viilbaQugledtwer i yee saibalyi efficdowatdatheeniekedsago®NA into
the target cell, where the gene can, be expressed.

c€AtlSoni ENBHY y PR 0Fe | BREEr  1Thr &hdRél, AichrPagyc research

laboratories have been limited because of, inter alia,
their high toxicity, restricted targetingv of cells,
limited DNA carrying. capacity, production and packaging
problems, recombination, and high cost.

Non-viral vectors, the majority of which aré
synthetic gene carrief 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 dene 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 tﬁrough 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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dendritic structures have been studi ed as DNA
condensation agents in the context of non-viral gene
delivery. Controlled chem cal synthesis of cationic-
pol ynmers ensures 5 that the size and shape of the
pol yners are consistent and defi ned, thereby

i nprovi ng the reproducibili.ty.of NDA delivery.
PoneFﬁ§&8ﬂéFniﬁ§i¥$EFf i 8fond18f%Fhe ﬁﬁchgéqueﬁFF§ and
sleudired i pokyeatitapesf ghvkhbsearpkhaations Phe soagensation
and the structure of PElI have strongly influenced the

- ageptfi cilencythd gepetexbnsPdr tEhVdiGdi esIsieh delivery.

[ o4tra nst tyea 0
EEREFY o' FARAGRLL SPPALLYL! bead bt ok Sty epsures
ﬂh@ﬂedhéOSBEen@ﬁﬂo&hapbubfdtﬁalg@éﬁm&fﬁyapeoconsxstent and
transfection activity. By contrast, %gagg% j yl ar
def §Redpr areaRabPYE| 1B REA9 15tfgﬁhov$§&r fandgengt NDA
8XPI$SH 0N Aper éﬂéﬁﬁfdéanﬁﬂﬁmtoﬁgx'%hby oEn the most
I nternedi ate &%Iecular wei ght range (2000 - k Da

fheqiintly etudddidumalydasuaya ofoxi @htlsz afmplai@ajzlon The

L

&8ti @b PobyMmafsnar € rhina€at:, &Ec&ﬂfﬂl&ﬂ;leﬁd awitRY regard to
dendriners, they are nostly non-bi odegradabl e, which

HRn SEREE Gus B st ta f G HOROXAEELY - af BBPOFRdLY, low

FeASREbnE e s obih i PERE b ity co e

1R R a5 dhes §lb g aslvapt Bg6s ﬂﬁ§1@§f@@ﬂlcﬁb0¥@tl\flty By
Sunmmar y According to one enbodi nent of the

qurasent di stgbsucd.edilsel ogeilghts - &rpokhedt iREL f ¢ 25 kDa)

carriage of a nucleic acid conpr|3|ng at geast one. .

BAIGE MHoUFT ARG a CRFFEPIon  Buty plfgnepionificant
Qﬂ&ﬂfe&ﬂ§dﬂﬂg(hﬁfgkﬁ@@1éﬁéOﬁo§ébdl§¥dwéight range

conpound; a pair of bul ky noieties capping

(209 er BnakBabi thied PBdI yserohaeddione 11@3 1omi @Yt-otommty

B D RIRS Aedhud” el FLELLSn SN | OB S thdrmore, no

wher €i n,

@S vehehar ge eof Iﬁcalébtmidzycaﬁdabghienabi eSora canptiexr the
to formw th said nucleic acid. In a firs aspectJC
cghdeaics pPelyBedSa sﬁﬁ?ano]ﬂe‘b%ﬂ‘%fr branched

dendrimers, they are mostly non-biodegradable, which may

or

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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15 pol ycation assenbly capable of form ng a conpl ex
wWth a nucleic acid for carriage thereof, the
supr anol ecul ar pol ycati on assenbly conpri si ng:

at | east one am no-substituted cyclodextrin having a
cavity extendi ng therethrough, wherein said am no- 20
substituted cyclodextrin conprises prinmary and

secondary am nes; a é%mE@F?her backbone
threaded int.o the SGavit dext.ti n; pai
of buﬁ?y nﬁ%esies capm%@ the gp%%%é% %%25 Eged bresent

Gh-palagefe bagkbebnesta iirhi di podsgichrtdadi nfpof caairdage of a
cyclodextrln conmpound from sai d co-pol ymer backbone,
WHEF S IE ate raMPEEd$siiiSse charge of said

supranp! eeidar Rl ¥EAL QN ARgRARlY RRARIES 260 ex

to formwith sai d ndcleic acid. 30Advantageously, 'the

pol ycat imrlynsews ebbtebasea thraadkedctinge ddentcdoity of said

tra sfectlggj g exogenous nucleic acid into a target
it ageously, the bulky noieties are

bl ocl eavphlie idE t bat kbheyopseids nkeghdingsatde peinelals of
backbone by bi odegradabl e Ii nkages so that sai d bul k

rﬁﬁléh @9 lamerdedrgdderion FHovo 18hd Pifer 85 hepagdieg of said
ik gcgggmg%{aefq@ggggn@ i3RI LRIt
wherein, the net positive charge of said
polycation enables a complex to form with said nucleic
acid.

In a first aspect, there is provided a supramolecular
polycation assembly capable of forming a complex with a
nucleic acid for carriage thereof, the supramoclecular
polycation assembly comprising:

at least one amino-substituted cyclodextrin having a
cavity extending therethrough, wherein saild amino-
substituted cyclodextrin comprises primary and secondary
amines; |

a co-polymer backbone threaded into the cavity of
said cyclodextrin;

a pair of bulky moieties capping the terminals of
said co-polymer backbone to .inhibit dethreading of said
cyclodextrin compound from said co-polymer backbone,

wherein, the mnet posgitive charge of said
supramolecular polycation assembly enables a complex to
form with said nucleic acid.

Advantageously, the polycation is useable as a
transfection agent for transfecting an exogenous nucleic
acid into a target cell. More advantageocusly, the bulky

moieties are biocleavable in that they are linked to said



10

15

5 transfection of nucleic acid into a cell, the

pol ycation conprising: a polymer backbone threaded

into the cavity of a plurality of am ne-substituted

cyclodextrins; and a pair of biocleavable sbul ky

noi eties capping the 10 term nals of said polyner

backbong to inhibit dethreading of said cyclodextrins .

pobmeai Bapblopmer bfﬂ;:lbb@éﬁ@ﬂrw@@ﬂﬁéien,l%%a%ﬁré‘é? ofhat said
no- substitution o [ yc) od [ n [

Borpeation 6% ot a R o8 v Th Ak el ore ooy . e=ved

4546 CO4 i Ngo1 Pn@ndbdexbendodi ment, disclosed is a

conposition for introduci ng an_exogenous nuc

mol eclite 91 o ehosHgE tcel BISEIM5E si A ™ pof @ié?aﬁgilﬁoql tor

. gf%%?gegﬁi%ﬁa%%‘%ﬁ%f@%ﬁi&cf@”ﬁ%ﬁBdeﬁa&éng,athawpnﬁycation

I'yrer backbone threaded into the cavity of said
fﬁgﬁfgfﬁ?%grgng% 5a pair of bul ky noieties capping

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 another embodiment, disclosed 1is a

composition for introducing an exogenous nucleic acid

3a
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sai d pol ymer backbone to inhibit dethreading of said
cyclic conpound from said polymer backbone,

wherein, the net positive charge of said polycation
enabl es a conplex to formw th said nucleic acid.
10According to yet another enbodi nent, disclosed is a

met hod for introducing an exogenous nucl eic acid .
E@ﬂ@éuﬂé i AB50a ?arE%FgﬁElIc%g%pri%?%%r%%%n%té%s:Qﬁ¥ycatlon
oLTLRg 2 sanpkexyhetveencacepbyGaki RAvand a puchel
a0|g%%tﬁe p%ggcatPOn ﬁgviﬁgcatbleast oge gyclic ev¥
fﬁﬁpOﬁh%oﬂ@d@ﬂﬂrhpekbmw&t?hreaded anpel ¢her Sgadkpod said
readed into the cavity of said cyclic conpound; (a
§Y§éﬂF GP™RGMR noi eti es capping the termnals of (8
sai d @N?%E% Qﬁﬁkbﬁmﬁ¥t&ﬂﬂ8ﬂﬂad deppiagditig 208efminals of
sai d cyclic conpound from said pol ymer backbo
eb)idi nprddmerngPsakEOREr nEd cél F%kttod%t?s?@@
ggf%lti%r %t Cohl %830 %Bl%(e&%%kb@n\éi,vo tar get
[T, n-a second aspect, “there is provided a
met hogkek innt rigaeichay aosexdgenotizarge| efc sadidd polycation

nol ecule into a target cell .conpri.si h t f:
EEPDAEENPN G ORPL Eitpl-Ex “HET W %%asﬁﬁﬁyggfﬁ82023 géf?ned
In th%ﬁ%b&%ﬁn%59§§tyéﬁdé%dﬂﬂéﬂﬂéMEﬁaiﬁe@md 30Eb)losed is a

introducing said forned conplex into a target cell in
wietthod for introducing an exogenous nuclelc acid molecule

fﬁgiﬁ% sald

into a target cell comprising the steps of:

forming a complex between 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 sald polymer
backbone; and

(b) introducing gsaid formed complex to a target
cell.

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

In a second aspect, there is provided a method for

introducing an exogenous nucleic acid molecule into a
target cell comprising the steps of:

(a) forming a complex between a polycation as defined

in the first aspect and a nucleic acid; and

(b} introducing said formed complex into a target

cell in vitro.
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In a third aspect, there is provided a supranol ecul ar

pol ycation assenbly capable of formng a conplex with

a nucleic acid for carriage thereof, the

supr anol ecul ar pol ycati on assenbly conprising: 5at

| east one of an am no-substituted g-cyclodextrin and

an am no-substituted y-cyclodextrin, each of said

| ScycImdexthindapdpgctycFbaERt APnPRAVAGa fc SvPrgmolecular

extendi ng therethr e, :Qfy sal i
B }ﬁ%‘—?“éb%rét B 5%@2)1%33%%%@;%% Z%di%y% gyc?ogzgﬂprlier}l{ with a
£ORDEL 8eSa@ld NMBEyr anch At speondeed nddie g supramolecular
co- pol yner backbone threaded into the cavity of said
EPlY@?EEO@n%S%¢mPH% LEDELOHEXiri n and
y-cyclodextrin; a pair of bulky nojeties c j ng_th :
term Wald _éLe@fStfs&PIéle c@fpomyn@mﬁée RBBAG: FBCFilh i oL odextrin
et hreadi ng o aid at, 15 |e . t he ;
Sy SFoRAt R P AP odeat 1 PG gT qocn of said &
CO-.po r.ha , . . . :
R N e R R e
pakyeahi-eaghssetdye anakkes a0t omalisk aoineranppEhtuted B-
said nucleic acid. 20 Definitions The follow ng words
apdlodensrimedaner eiynC¥RAPACKEYTEM hERBANFHG rimary and
gggg% ggg'amines; '

a co-polymer backbone threaded into the cavity of
said at least one of the B-cyclodextrin and y-cyclodextrin;

a pair of bulky moieties capping the terminals of
said co-polymer backbone to inhibit dethreading of said at
jeast one of the R-cyclodextrin and y-cyclodextrin from
said co-polymer backbone,

wherein, the net positive charge of said
supramolecular polycation assembly enables a complex to

form with said nucleic acid.

20

25

Definitions

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

The terms "cyclic compound", "cyclic 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

4a
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The ternms "cyclic conpound”, "cyclic nolecule" and 25
grammati cal variations thereof neans a nol ecul e t hat

is cyclic inthat it has a ring structure and also to

a nol ecule which is of a substantial ring structure.

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

nmol ecules in which the ring is not closed -

tonpiteitadl ythas fimg hés| etater cl gsed ampmpdled@dlves as  in the

aving g helical structure iin which_ ag.| e :
E%FFegnecénd 'R QSFES? gﬁglgwéi%oge%gEEECtéé?éﬁgyre- n
whPsgdainia phkedcmarerc"sTheet @nd lanphitphidtledr end are
denotes a nol ecul e conbi ni ng

] hydr ophi l.i ¢ and
Py opMubTEe TpbRI AR In & Diged GRRne:
“am ”Fﬁé“?%&ht“fgavrﬁ&gl G SOMPONDte s T &f i1 d Qi . combining

. ! i 1
cyclic compound at |l east one attached 'am ne

gy dtgph il kevdse, hdeopgheitmc gniopedulest.i t ut ed 10

cyclodextrins" refers tq a . | odextrin conpound .,

et L trane et P A ek b s COREl gy refers
&M HYNE I' SRpoted ehSviAgPldtTal ¥asSeeardaiitaiéd amine
tertiary am ne groups as well as groups derived from

 gmmure. groups, Likenias, ni nehy oupdermsThe" aBEpe-substituted

"nucl ei ¢ .aci d', d equj val SUC, . &
SO = P P SR B eBquna naving
T e Adrides wefchany drengt yrostpech as ri bonucl eoti des,

deoxyri bonucl egti des or peptide_nucleic acids

R i 78§ L y( PNASL):éndary
t hat WEhpEEER pEFiRE SHPIR T FEHERR bSs &L 15 Yot nest

- d U‘E@J:ti%y C%lrﬁﬁhga!dr¥>ug>% hisochem cakl v ramghisf ic_!?ﬁ:gved from

non- nat ur ' eri'vatized nucl eoti de "bases.
amigieceigroagisd mEchhesdomine gmoawrded or single

stranded. References. to sipgle str ' [
i ncl [ﬂ'@ rEdt E{PC"E G5 t%ce{aggnsaen%rea&a}?ﬁjas%n%géee&sﬁng‘%h%? ch as
pheRrRAkRaneof tdremol yaus! potiyherdan £2amc wpriseleotides

“sugars and phosphate groups, as may typical|y be )
offound ERYRNA of-ePRAD,or rmodPFhed or28ubst i FHERM SRR Ides,

d%#ﬁ%%%%tcﬁe%ﬁﬁ%%s ,cﬁs WM& eldde dBYC GTPIBEs) , that

nucl eot as net hyl ated nucl eoti des
conghrivel gotitiee amaldogsyrfhedsrgudrcesef emclodbdeirdesatural,
may be _interrupted 30 hy n- nucl eoti de caonponents.
cﬂ%“?@llﬂféf ni¥el edi ,e’?ﬁfaqéé{i d‘éo,ﬁdfe]o%fgnucngerbsr} S5y °F
d4ePpURYGLEOt jhglet 8shel@l Inadenc! uderonpliements,acid may be
fragments and variants of the nucl eoside,

dpublleotsitd@nddebxynueieate dat saadedexy Rgdegsticgs, o single

s%?%lnggé tnrﬁecrl%olfc 215cids include references to the sense oOr

‘antisense strands. The backbone of the poiynucleotide 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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As used herein, the termreconbinant refers to a

conpound or conposition produced by human

i ntervention. As used herein,. a "recomnbi nant”

nucl eic acid or protein nolecule is a nolecul e where

the nucleic acid 5 nol ecul e which encodes the protein

has been nodified in vitro, so that its sequence is

not natsur abkyl doexginngther terMespr@Pitatat yeiery to a
occurring sequences that are n siilone .

RSB 5o LoMBRES ARy Py easRay BE bhhafoenB8 i ton.
modi fipgd. yh@Ehenkteern’ transfeetbnbinast isetudbsdt n acid or
refers to the process of introducing nucleic acidf . .
iprosednhomeleenle 1is a ABOLSEHLRer®ISES t fdet effleic acid
;E&%%%E%Cnhgﬁ?9ggﬁ55db§ U pEBEEEnt Ga@N BEUSHt mbRdkied in
pronmot’és an acilrtates the uptake of nucleic acid

Ry tthe eel thatlSEwe sesyunride drmsfralt iretwfdlily emgurring, or
refers to the percentage of target cells

hi
68§EF§PPBHSOFq1ﬂiﬁHI ¥ s°°tHE l%%anﬂHé%%és tBa? are not

. bpkEedused 8%0GeRRMS/AWLd ebe pokdtmphesulin. aThericem@ which

i ntroduci ng” when used in reference to an 20
bregenbubepnchedéfaerdd nol ecul e, neans that the

nucl ef.¢ aci d ml.ecul & is .delivered LRt QetAr 98k to th
ceII;&Ege.?rphetﬁﬁ%FgF%ﬁggﬁg d%%ega%g ﬁg Frans egfgd © ©
pRbeekBeofalgetoaatling nucleTheatédm ihtogethest|cels.

used herein to nmean, any cell .into which ggggxo enous

nucl ePe aesed nfiekei® | $heo F5MBe | AERBEGEEEICT agent” is

h@éﬁﬁsrg&ggiEESQH9tQ§éMES€haEh roBbEs" GaPHadiNdtates the
an conprise”, and grammatical variants thereof, are
iptekdedft ouckpiesenid" bpehheorceligel usi ve" | anguage

h that they ipclud it ed t :
per mi £130 Fchus! ORSbF “BaiHRonal L AT ael { e rors to the

?EEE@HEﬁge of taet efenldy ancbhdh popypeiaksonearft target
o designate a polynmer having side chains or branihes )
ehlta, atdaforerrtant BB polbARIUGRE KBHAGenous nuclelc acid

molecule. - :
The term "introducing" when used in reference to an

exogenous nucleic acid molecule, means that the nucleic
acid molecule is 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 additiocnal, 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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The term "star polynmer"” is used to describe polyner

nmol ecul e structures that have nultiple arns extendi ng
generally froma central core. The term "bul ky

noi eties" and grammatical variations 5 thereof refers

to any substituents group that has sufficient bulk to
substantially inhibit dethreading of said cyclig
conpolimsterBm i@ Ic e R Saild psefnde describgepolymer

te ' bi ocl \qﬁpl Ii,n@%e" D aglieavahll e jlaketytendi
® 1% elgef adsgtbﬁq% m‘%er", 1'ohdaggr aggbl e¥)l [ nkgges" 1}6 ending
Garsk g BIet icedla e tata bnsotdier eof are defined as

types of specific chem cal .noieties or groups used . ..
Wi § hiTha hECHBI J BN R Ggup| & Gl SBIT ohat | y e Tiations

@H&Siﬁfi nkefe Pyl kY- JT0i 84y taubbeipakyeer backiponeand has
which, in vivo, and preferably during or after )
sufiistieoti ohplsl ebwe s tantdplly ndhlkibdl deghregiddng of

ol yner backbone. Thr t: 1 hi i;sel
{ae]r‘%l £THE Tt SRR Sy B tg;it’% cl'o slgd ryffi Sgﬂ lr%g Y %3%%"‘ .
formathe | t tehpel d Deidoteastbdd t HatnMawes"descPbpbcbaavable
inrange format -is merely, for convgni epce breyit o
Vi o RBETBEdEbNE: 1 JERREE” an 0 paie < IihKages
i . an. + L sC <
A&dgéﬁﬂrﬁg%f%%gﬁaff%% therdischpsedef ANEESas types of

escription of a range shoul d be

- spensifder edhomihale spdstficsal lor diggoupseduakf twathin  the

IRR G LTSS 00 R BRI BT iy

BRI § U ASpdDyhe@MHadibdhs haulid wis cignsidernddo, and

to have specifically disclosed sub-ranges such as _
drediarbbtly 3jwtiegn Qrt §L4LT OIS eSS0 ghheR e the - bulky

from.2 tq 6, fr t kishavel | as i ndivi dual
nhod‘r%o@elress \%\/Irt i %’rr?aﬁj(%l}rﬁrgéel,e l?:aocr exéarfpl-e,.l, 2, 3, 4,

5, amthr®ughtiu: applsesdisgarsiiess obr88ithenioskdtemts may
of the range. . Disclosure of Enbodjpents enpl ar
BRor 5 5107 &Rball FETIBE. oro Tt ybht FORUET Wy PgEStood
tdard W eieacidmidd now beafiscl psaeht Thesnugeeély for

acld conprises at | east one and
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, frbm 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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5 preferably a plurality of cyclic conpounds havi ng
cavities. The plurality of cyclic conpounds being
t hreaded through their cavities by a pol yner
backbone. The term nals of the polynmer backbone being
capped with groups having sufficient bulk to
substantially inhibit 10 dethreading of the cyclic
compounds. | n us@isdieswte gdsBnbpdiggatgfe of said
pol-ycation enables a.conpl.ex t e, f -t h t .
nucl ef¥xeR}gEy, non-li lﬁglfﬁggxgggigone$%a%'H%Slycatlon
g6l est£di {gomt he roup considtiild ofou beeaisclosed.
pol ymers, Dbranched pol ymers, star 15 polyngrs and d
conbi Pee i ongciRéceofacid  COMREIFEFYNET ba kBBhe M&F 230
be_ 2. hydrophilic pr hydrophofyi ¢ POLYPEr' S compounds  having
%&enp?ar polyne?s are selected fromthe group -
€Hnbt 544 Ng of Thel yetlhayladi¢ vyl yabl ,cysliypr opyiegitnds being
' ycol, 20 pol ybutyl ene gl ycol ol ypeni yl en
’%H%@I@h@'g@c €1hot 1fjnﬁ gYn%lp%i ger’],:ebgé%ggljle' The
IB(JEAJWA ¥ "W 8 8BFme PObYEROOHENBe i Q| yhsedditwl Einegroups
pol ybut adi ene, and copol yners thereof.In one

renbodj nensuf fecpehyner budka pdiq (et FRPERGIaMde ), pbibit
erivative thereof, or g . that,r S th
%%ﬁﬁf?ﬁq rﬁ%lﬁ%etﬁ%%eﬁ@mgfégo-?Hgé%ﬁg%f. TEQ ggﬁénef © net
10l D dres i Y Pr opyvd epel gtycid) enalpldmera complex to be
ol y(al kyl ene glycal s). Hi gher nol ecul ar wei-ght

bR fde D91 G £H%0 cal | ed pol y(et hyl ene
oxi degy, ggﬁ]r%ﬁtg%l g‘)%g'kg%)é beAMY¥e OBB1EEL BV @Al I group

bi odegra _ i oconpati bl e copol ynmers t hat
wordisEtiret hplfendigkgcol pohyrsrahi diraswhsfdr pplymers, star

hydrogel s wth cycl odextrins s as pol yesters,

BRGR el ks TR her s

pol ysageLhaph teser PObKCREoRe aghdls) , bpol gpeptydiephidric or
a protein. Mdified poly(ethylene glycol) nmay be al so

- Hyslramedic el y&egsegy| at ed pol ysacchari des,

pegy%g%%l]%ﬁéygﬁéggf§é%%’ apd pegylated pPreglgi Nshelhegroup

pol y rivatives or copol ynmers may

deaied sndiny eb By Iperiey iyl gneor gpglppr ompydlampr apyilege glycol,
SSBIE St B g G gprorrins
a@g&ﬁpne Oq9ﬁe@§$q nphﬁgglaétmgfghqﬁﬂg&ﬂﬁﬁﬂutviﬁQltOether,

ut '50000; aboudf 200 to about 10000, about 200 to
paliquits EOGMe , about PPNl 3P BEOLENS000. HAMEYPEARI§RS, of and

cyclic co unds y conpri Q : :
9§é9%¥m§ﬁ%2¥h§r%3€?odex?ﬁié?%ﬂ%g%fgﬁggﬁgygﬁérﬁﬁlr%ﬁr lé a
oM (ek HeliegRs acghgeblgs conposkdiohtive, sewergof, or a
eight, or nore D (+) glycopgranose uniLs Iiand by l' 1
capplamemk dded mﬁ%ge‘ﬁh.my,t.{!?daﬁ y{¢thglepe” glycol)
s%b%%%&ﬂaq%g‘%5¥yhé¥(%éﬁmﬁﬁéglﬁe'ﬁoY&Yﬁropylene glycol) 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(éthylene glycol) may be also be
8
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15The cycl odextrins may be selected fromthe group

consi sti ngof a-cycl odextri ns, P-cycl odextri ns, Y-

cycl odextrins, hydroxypropyl - a- cycl odextri n,

hydr oxypr opyl - p- cycl odext ri n, andhydr oxypr opoyl - y-

cycl odextrin, dinethylcyclodextrin. 20Q her cyclic
conpounds that may be used include crown ethers,
GY¥&h Of r ugican ané copbhypakteds tgweneeiccharides,  pegylated

Optionally, the cyclodextrins are natural occurri
ryLyaEead s or aRgdira®d adyd RISHTiNs ¢ rP%#%ée&gyle“e

%%i&%%%g?égi%&giyg g%géscngMQﬁerghﬁa@UQEﬁkﬁdpoly(ethylene

rins m synt hesi zed cycl odextrins and
§Ryobe synthdsimedyiang abkidey apemedkahi sivs theprend(s),
exanp| e. . The nodified cycl.odextri.
Ty yE 3 Gt m%o% S TR ecaynﬂ%lregsoﬁ%%ﬁ%?"rgé?)éﬁgg?‘ ®the

nucl eﬂ@%&ﬁyﬂéeum%dmbﬁwanajaehgeeemlefcmm aedfghts of

30Ra_xI\ TH. where Ris optional and is aib 0 bout

ahdytha9@ hydrbeaitb&d 008 dhouinf80 jte plut 000, abou
ne enbadi , I ddat9edps may be

%éhné’ ﬁ%ﬂ%ﬁﬁﬂﬁﬂ%'éﬁgﬁgggﬁgﬁggbnay be selected from .

t he Srhegruprdiaviwgof heyEdbit ombmpotmdsnmay cNprigg one or

and -NH2. The am ne substituents:. groups_nay..

mwm&@%wsmrﬁyﬁ;ﬂ%& Flﬁgo € 3o85jge of natural

é§6ﬂ§@e5i{é@§accharides composed of six, seven, eight, or

more D (+) glycopyranose units linked by o-1,4 linkages.

Advantageously, cyclodextrins  are biodeg;adable and

biocompatible in vivo.

The cyclodextrins may Dbe selected from the group

consisting of a-cyclodextrins, - B-cyclodextrins, o

cyclodextrins, hydroxypropyl-a-cyclodextrin,

hydroxypropylmBvcyclodextrin, and hydroxypropoyl-y—
cyclodextrin, dimethylcyclodextrin.

Other cyclic compounds that may be used include crown
ethers, cyclofructan and combinations thereof.
Optionally, the cyclodextrins are naturally ocgurring

cyclodextrins or modified cyclodextrins comprising one or

more substituents groups. The modified éyclodextrins may

be synthesized cyclodextrins and may be synthesized

naturally by microorganisms, for example.

The modified cyclodextrins may be substituted with

one or more nucleophilic groups. The nucleophilic groups

- may have the general formula of:

R3-xNHx
where R is optional and is an aliphatic hydrocarbon
radical and x is 0 =< x < 3.

In one embodiment, the nucleophilic groups may be

The amine groups.may be selected from the
9

amine groups.
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I n one enbodi ment, the nunber of am ne substituent 5
groups on one of said cyclodextrins may be sel ected
fromthe group consisting of:
1,2,3,4,5,6,7,8,9, 10,11, 12, 14,15, and 16. Mor e

advant ageously, in one enbodinment, the plurality of

cyclic conpounds are substituted with one nore 10
guchedphving tdreupsl tavenhdiwmulag abi | 4, ofngdheNH2- = The

pol ycatiqn to forma conplex with_said. ei ci

B, TSI S T Paxseatpryi PEEy”! a8 8r more
B el @fs ROt VBRITd CoyasisaiENtriaeol yr ot axne) and,
V\Axl’k?{}ou bel ni‘g{ bound by theory, it is believed that |

the 1Bt nookeiambkediugnt hekhehyumhe medt pgaiaey esubstituent.

charge of said I [ ' ticul t -
SHangopnt PRe ot T h eqyfOekPEhE pusy! B Mected trom
Ay 3t Ageoushyi st hegnuct eilg 2a8i d, bs6 pouhad9t b0 all, 12, 14,15,
bi odegr adabl e pol yneric assenbly and is rel eased not

ﬁqyr ocess of cl eavage of individual , ‘ ‘
pol YRR U LI L Acd 1y | | IKa@es dwbdodimentr agesSplurality
wherei n the biodegradation at selected sites to break
aowncybheient compasseivh| yaie asebstiortedl ndhhBr. oNg s more
rﬁ%;luom tige entire nucleic Z‘?Q’hgan rrige byaEEfity of the

la?sse%?'fip?o be released i nto a target” cell
5L g iR W e ss eripl dxs wditds eaiidt edcilai2bathe.
body of a patient. In one enbadi nent, th .
nunb&d v t@geosEatr i nstsh orRCPEISHIT baﬁﬁﬁ%‘i?:lyrray s a
he s ted fro p C L$1n0 ol d,
FRAGER Y SRR ) 1B Totyrotamme) e
wereditrebé ing héquold/ chyi drhesompr i esis30polirved| dhat the
gl ycaol pol rr threaded into the caviti 0 e .
I’Blccl)?éicod%‘?({ i hS Hﬂﬁ?lrcﬂgb& tIth asrfe%:on%osalrﬁ&%ze EhQEgL\ B said

S URNt Sh T OHP Jahereelaraithe nuclebiailicofsubstituted
bi ocl eavabl e bul ky noi eti es_capping the term nal s of '

ayaild poiserps eAdvgnegeopsilyperthejrucleic agidgds bound
.enmbodi nent . _there a n cvelodextr
i0aA ﬂ%lad?%rég%ggt bB10REYEE! a@s%ﬁbﬁg ¥alodext¥d Nsased not

‘am ne groups thereon; and

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 glycél polymer threaded inte  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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a pair of biocleavable bulky noieties capping the 5
termnals of said polyethylene glycol polyner.

The bul ky noieties may be either one of a group

having at | east one benzene ring or a group having at

 east one tertiary butyl. Exenplary groups that have

at | east one benzene ring include benzyl oxycarbonyl

(Z) 10ngr oup, Sridasbimemd,metbydioxycardonhetyeapc) 6 to 8
group, and, benzyl ester (013z), group. . lary .
§V6é6§e¥ﬁﬁin%aV%a%}n$ea%t'%%eeieﬁpﬁgFﬁ B§g§| %ﬁ% Gded*°1P*
bgnzyloxygag bonyl group, tertiary butyl carbonyl (Boo)
group and am no acid-tertiary butyl ester (0OBu) )

groupa ksihe bﬁlHyiQQl%QV@%lﬁaymﬁiycdﬁﬁ%%%%ﬁﬁt(9%9@%“9 the

PRI b G N abT S T TeT b B aPEeEd 11 om

t he ‘grgalp KANS Skioigtaksanhdes banentbeandohoweyft a group
al kyl's having from1l to about 8 .carbon atons SUC?1%%11 at
haviyy, agt higashd D6 pPBRFE Cedt®¥s Paving?from 14079
f@%%{ 8nGarhon a SUph asppbRshhayegeshps ailtht have at
or oes?er, phosphazene and anhydri des. ~I'n one
bobodi nené, bémzeoeycatinon ischuade abebrdlpgyearppasyl (2)
step of: 25(a) threadi a I ac thr

Griaeavi 05 ToRO5SBYIRRE TE) ar ot Pbuty: (PRES) i ftelib,  and
BEL OO BBY.FUT (dEes) carBupSe Bxenstaey ofroups thab) have at
addi'ng an am ne group to said plurality of '
tyasivderer itastie ivhdrebid smﬁl%%tlﬂ%?zéwm??ﬂ h8XouP,

uen oups
By Dol et Enkib aneoup - | ‘_
The bulky moieties may be connected to the straight

LGRS 800 ) Mg o Blieescincy

ei ng threaded by

chain-polymer backbone by a biocleavable linker. The
biocieavable 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 héving 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 éavity
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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Brief Description O Draw ngs The acconpanyi ng

drawi ngs illustrate a disclosed enbodi nent and serves

to explain the principles of the disclosed

enmbodinent. It is to be understood, however, 5 that

the drawi ngs are designed for purposes of

illustration only, and not. as a 8 fbnitlon of the

linits of the PF&H PHFSTP l°nF|§. 098 a

schemgld ¢ yl&WHn @ mp! Yardwxane pol meadians d40Rigsclosed

2 shows a schematic view of a polyrotaxane polycation
@fbgeimendl &odmaeryds ; thi expBlabbwsbehenipqiRes of the

pectrumin O d6, of e ._polyr X ti
Cgii o§§éid = éﬂﬁf“él,i{] igP lc¥ (g%l gggiggké&@\g,_rﬁlgowever,
tHdNVRegpect guawi Agh20 gfet helddicamdchat €dr  purposes  of

pol yr ot axane pol ycati on di scl osed i n, Exappl e 2; .
ifilgstyationa qRklur 8Ref Mfe ¥ et ABpHpE bt PR i yrimts

| a in cationic polynmer/DNA conpl exes with
ng éargnt ﬁ/ﬂ’opétios: Fig. 5A: is am nated
al phacycl odextrin.(negat i r Yoy Fbg 3B bSifrot .
conp%g§'of9203%ﬁgsp0‘ygéé%%% 0 egghple 2 and %»wfro axane

¢ daitdonSC is a conplex of the polycation of exanple
3 and DNA; Fig. 6. shows cytotoxicity profiles

of theqam patedongl yaot sxesest i exanpl of laangolyrotaxane
exanpl € 2 in conparison with negative and positive
rodycasion p3Fogreralsdemdvdagridph of the gene
transfection efficiency of the negative control and

posi Fiige chnshowsi khHeESUIGANMB] |SP9GFnUFe HbsBNE@-dRd of the

presence of seru . Fig. 8. OWS 2/ géa@p of the
pﬁéh’éofsﬁgﬁgfeé’f’ﬁé’?agflﬂncidéhﬁgg‘og%% ﬁ'@ polycati oh of .
exanglig.l Lln s c?v}s“?A Ict‘?c—lzl SH 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. O5A: is aminated alpha-
cyclodextrin (negative control); Fig. 5B is a complex of
the polycation of example 2 and DNA; and Fig. 5c 1is a
complex of the ﬁ)olycation of exaﬁlple 3 and DNA; |

Fig. 6. shows cytotoxicity profiles of the aminafed
polyrotaxanes of examples 1 and example 2 in comparison
with ne'gative 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 compé\rison with the positive control of example 3, in

the absence and presence of serum;

12
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30 in conparison with the positive control of exanple

3, in the absence and presence of serum

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 serum )
5Fig. 10. Biwpws9a ghaph & ghePlyené thangfedd jransfection

efficiency o e ne [ ont.r ql PaSist | -

_‘%Jcﬁn%ﬁ%/ %%n%%?a?f)\gg&éﬁgﬂ%l gtfs%lxr?g‘%gﬁ- i ffessa cells
{hec SRS EPLEoRNY i pheseRrC padisiereintontrol of exBmgle 3, in
11. shows a graph of the gene transfection 10
tafef iadisange ¢ind R gFenFEatQlof 9™ % xanpl e 1 i n BHK-21
cells in conparison with the positive-control of ,
examfig .3, 10n t BbowBsencedraRh prifsehde oPeRer nfansliection

Fig. .12. shg a t i

IR O e BOIYEALT On B ket €2 1 BHC AL of
ldaSralkb ven €oamsle SBN ini tBHKARL poslls vencoher glbssce and
exanple 3, in the absence and presence of serum
Priegent® sHoWwS T ot mul a of a third synthesized

am nat ed pol yrotoxane cati on; Fig. 14 .

showgithe ddhendhPEF s§ntFERPY AE t be2095HF kR stection
yr.qt Q Cat Lo i) Q. ;  pRef 94 NGeells

PPLGG reht Botlolests, Bidesbipre, ) rhdRinece

iel essipphig@t | ¢ionbithiet ypofitplesnéentDNA cofpkaragle 3, in

with_the am nated pol yrotgxane cation shown in Fig.

tpg absence ang éﬁef§n§ﬁbﬁ§¥5ﬁ%“ﬁ%rticle size of the

am nat ed 25 pol yrotoxane cation shown in Fig. 13 at .
vari @SN B2rat PBSNS 3 SRS OF shis SHRFT oyl fection

Mg & B 6611 8aPYohNe ramknabed poliw alixane cells
e?%éf%ﬁ §ﬁ§mn in ig. 3; Fig. 18 shoas | uci ferase ,
iactdarpdeissemi QbsE dblel pagitive control of example 3, 1in
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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30 the am nated pol yrot oxane cation shown in Fig. 13

in the absence of serum and Fig. 19 shows

luci ferase activities of Cos7 cells by the am nated

pol yr ot oxane cation shown in Fig. 13 in the presence

of serum 13Cl1P25. 5Exanpl es Non-limting

exanpl es of the invention, and a conparative exanpl e

wi | | eheyf urd hehodesdnchédranegresisitiesaclk Bps/ cells by
reference to specific Examples, whi,ch _shoul d.pnot -hke .
%s??%}éﬂt%‘g Pﬁ‘ié’ﬁ?t\%?n?i ot ?Lr?g tHE snco%% gfl fhégldn the

PraedeOn s serum Refaarmisng to FIG 1, there is shown
a schematic view of a pol yrotaxane nol ecul e 10. The

pol yr ot axane nolecule 10 has a plurality of cyclic

nol ecul es (20a-f) having structural cavities through
which a linear nolecule 3 dsiles threaded and acts as

the "axis". At the terminal énd of the |inear

ol etlslne 1dme td ngai rexdmplecki o gridips ipveatuowy and a
whi ch prevent the dethteadi ng.of. t [ I qcul
T R

RehenatdC 2Ot 5 o i @ XEnngiod 3/,C aith iath afhould not
general “formula (1) wherein L represents a pol yner

€9 Y
beackpopbreedwiizh ithepBYara%k rdfdsipfg Hemomeope of the
.unit%" Z represents cyclic conpounds having cavities
HRECAPE t hr eaded by the pol yner backbone L. The
cycl Refeeapognds ZImy Ihatkear dpt sboah gl achsmapbc view

noi ety, wherein y represents t ratio_of the .
odpes DAY GEAEOSE TUBRE 1D -t SAENBOLY T A ABRBaAGSHLS
5 20 I8t i:9%1BcCarnicRaltBe (hennEnahaend
1§fRgﬁeapgﬂeﬁégigggﬁﬁiﬁg%L to thibit.déthreagina of
stirectychkilc cevpaesdshZzouthe whiicky anieepssnpglgegle 30 is

oupl.ed to the, poly 3Q _backbong,b [ I
tgFﬁEQF gnd acts Fﬁngﬁg eff g%Lﬁen?F %h?se%o 3%? y a8t

rgbyeoheaknmene cenodiraeat pai i ®fablakckéntyr gnoapsut 3

to about 100 . : .
(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

X repeating monomer units. Z represents cycliq 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 compoimds. A pair of
bulky moieties B capping the terminal ends of the polymer
backbone I 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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In one enbodinment, y is a value in the range sel ected
fromthe group consisting of 1/6 to about 1" , 1/7 to

about 1, and 1/8 to about 1. I n-one
enbodi nent, the linkers ¢ are selected from5 the
group consisting of -NH -NCH2ZNHCO . In one

enbodi nent, the cyclic conpound Z is a cyclodextrin
sel ectgdofis osmbHEigERUP gonsi st rajuefin the range selected

~a-cyclodextrins, p-cyclodextrin and : :
frencl-baemmonRs, CHrs e oot oAt T4 APl buext ri /7 o

gﬁgf{f{i $ing a 1 plyraldty ©f amnated D-glucose
Uni t s.

1n"one ‘enbodi nent, the cyclodextrin conprised
aboutIm boecabmibodimardre phef dhalkeysabouere taeldsdipd from
7, am nated D-glucose units. ° =cycl odextrins may
AT (RIS TS %ﬁrﬁ%ﬁed@@@ﬁ@ésé units. The
p- cychpdextd i NSmPBYikOND) | Sehdromdliie lsompamddatzd is a

D-gl ucose units. The y-cyclodextrins may conprise from
dyeodexin itat 6¢ IBajiasd o$EomNni ERE THEFQHR n&o&fisting of a-

rein p is’an integer
fromxh t @rabowimbihdinerd ,t o thet oc¥claddximénei poprssing a
optional and is, an_ al kyl selected fromthe grou .
RIgHs1 it th @ o2 dyed (2SO A2 w@m?h%ngmbodment,

HHLPH éféaé%gi%g{”coﬂﬂ}ﬂ§@@ erpedicNest , tp =aboutn ®ne more
25 enbodinent, T is ethyl (-CHRCH3). Exanple 1 -

Rredferadtliorelofuiend- dappelbwol Yr otaNaRE SR tirglucose units.

The a-cyclodextrins may comprise from 1 to 6 aminated D-

FPEATH | B B R SARRET R R &R0 iR ghs

glucose units. The Rp-cyclodextrins may comprise from 1 to

7 aminated D-glucose units. The vy-cyclodextrins may

comprise from 1 to 8 aminated D-glucose units. The

aminated D-glucose units may be represented by the general

formula (I1):

0— ['E | NH;
N I

HO OH
O._...._

wherein p is 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 éonsisting of methyl (-CH3), ethyl (-CH»CHs)

and propyl (-CH;CHpCH3). In one embodiment, p = 5. In one

émbodiment, T is ethyl (-CHzCHs).
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al pha-cycl odextrin and poly (ethylene glycol)

Am no-term nated PEG 3350 (0.335 g) was added to 33

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

in a water bath for 20 min followed by stirring
OVl 18t $rGparation e iemdmppadcpppy@tagamdwith

as a white precipitate and ol at.e

centrif a4BbroS P@?’%tﬁé}’n@ r?‘é k%"ﬁgl‘?fg%ﬂi‘r}ﬁ"&’

-yl el 677, PseYdanshax@Ness dded to 33
nlr%ro% uoro‘igcgénazleﬁggI 11. 43 X(g 61.4 g)m’rT't\;?? \(/B\I/as

rdl S$O|. vesl gyim3B) MOfofot-aIMQ)USflm NEceHi Gt hsA oraierd dequeous
. The solutio s sl ad 0] 77 f

?‘h]éﬂb’d?%/péé’ﬁﬁﬁg rﬁﬁiqg .r?ﬁg%&& Af't‘g'r (Jogin) in 2

addi £ ayasuds. qumJ et@fe %all g@riesarkydimus BMEer bath

was added drop wise, and the m xture was stirred
foerdd ghin aftoIresmd éom&ﬂa:tm:elg Thenndabti 8% i xEure

was paoured into, 300 Me and_t he R,

was CcdHtrin ‘é’ﬂl%‘f’ldc\ﬁé’?ﬁ?& vd‘rorlt{“?fgt%anol (q\}gjt?ﬁl)é%é&pltate

é&@eﬁaszgggﬁafgéuhh}n@eﬁﬁ@ﬂﬂﬁ@a@@@nfbéfhﬁé tesngl vRd.ed in
hyl sul foxi de (DVSO), and poured

vammms(m) rﬁledfd cBefG'bh(}seuf (HBll)YRﬁ&UQOIIS’@%@erel ng :
centr,] fu he £ S/Go t i,me t

#4550 éllnum?o ‘?Zeglr odu@‘tCl \r/%gs Pr ee?% gr Pllé%o%}o nas
d&é%lcQL\Qacﬁ58.Lzﬁ 2b ofla pir eapbyylr:otmxaNeNfﬁemethﬁlf@mamide

i f’%ﬁé?&%ﬁt’iq;zﬁﬁ:s':s% PR 8 e 18, g5 e

C ri argeaf ted Wdditi
p°°c’ﬁ>yﬁf Se gr%\gr?g{boa‘”fggﬁe gghgg%g mmol) of the o

CFm{Bﬂfmi@san*e ih\l/asmdmeat edth@anngMFt owa® eddrderdrop wise,

t 3,9}
TR RS L 583, DALY E g0 0, Eoblitiare.

THeS SAb Y& b Abxtlirel Wiy ]_:D_L‘@@dmﬂelto a302 afnesphesad, and
The sol ution was added dropw se_to 1.92 11.8
%g ﬁh Tﬁghanol

trhep| pretimitare carbonsP R F RO 8NE CBPP
H83) ¢ hgacted overnight under N2 atnosphere. The

The resulting product wag further dissolved in 15 ml
of Dimethyl sulfoxide (DMSO), and poured inte 300 ml of
de-ionised (DI) water befbre being cehtrifuged and then
washed a seéond time with DI water.

The finél product was freeze-dried to yield 0.6538 g
of a pure polyrdtaxane {here called “polyrotaxane-1”), the

4 NMR spectrum of which is shown in Fig. 3.
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10 resulting solution was poured into THF/ Et 20. The

CDl acti-vat ed pol yrotaxane was precipitated and
centrifuged, and further, washed with THF. The
CDl - activated pol yrot axane was di ssolved in 40 nl of
DMSO and added dorpwi se into a solution of 0.95 nml 15
(14.17 mmol ) of ethylene diamne in 40nml of DI M at

I OgRampIReRAt UPRepatatlibaved aminated pebkynethrand heith

reaction mxture_was poured Eﬁq{:o 9 Oe( fééHF amine
ulting

crud duct rg f y I AR
Fi naﬁ §6%O (ilé\ﬁg‘sogﬁgélr?ge}n%gl ché %gg ?l{ai netg(ﬂ{ yi el d: nas
1Rbleq B J%rn& EQOW% Mmﬁ°ékhﬁﬁﬁ§S@@@ﬁﬁﬂnﬁ@fréﬁﬁWe all traces
am nat ed pol yrotaxane (here called "APR-1"). Exanple

oF - wRtepar aiftorr ofccaiimat edopsl Yot &09fe hPTRepstUre, the
al_pha-cycl odextrin af t

IR end. Mat i a o TPed i g9 m)y of dry DHSO, under a
eXcaftoddidrd.aties thantise ata&yla&ithecdldmmls)e 96onml.92 g
(14.17 mmol ) pent aeth | ene n%@n .ne was useﬁ?#@t 40 mi
- Bdt emde p@fy%ta& fea Ao A TGS ed”

egrg) gﬁ»@é@xag&?d' $hese gcagée% { ARR- Zide BON2Bisthegigtaire .

arative Study of 'ABA-1, ABA-2 in
x@@mrl&nmgommmﬁu&ﬁl wared patiredi chAaCDTHE’/E*éEQect i ¥ge CDI-

positive an ative controls 5. Pr ti n
agkiyated d?%’ﬁé“g%ﬁ{%%xt A RRRCH Gead gl (pentrifuged,

Sheengedi gasRed AlirmaTeyc! odextrinwasactivatedwith

The CDI-activated polyrotaxane was dissolved in 40 ml
of DMSO and added dorpwise into a solution of 0.395 ml
(14.17 mmol) of ethylene diamine in 40ml of DMSO at room
temperature and allowed to react overnight. The reaction
mixture was poured into 900 ml of THF, centrifuged and
washed with THF, and the resulting crude product was
purified by column chromatography. Finally, 0.112 g orange
soiid was obtained (yield: 51%). Fig. 4 shows the 1H NMR

spectrum of the aminated polyrotaxane {here called "“APR-

1#) .

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 poiyrbtaxane—l. The

resulting aminated polyrotaxane is here called “APR-2".
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car bonyl di i 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 columm to obtain the AaCD. Table 1 bel ow
lists the data for the APR-1 and APR-2. 15 For
conparison, AaCD which is equivalent to the "nononer"
of am nated pol yr ot agasesgbaal potydd Hyl ene i m de

(PEI) with a nol ecul ar_wei ght_of 25000, are .also_.
t Gpuprarative Jhpar g_f ARA—.TC.’, A% é"rﬁ_.d%aé:&flogr with PEI

chay At erd Shi;eS Al Wan %%?)e@@i%obaé 20e%el ind negative
compari son wth am nated al pha-CD and PElI as

controls. GCene carrier Geremtredsconposition Average
nunber of a-CD threaded Am nati on agent Average

grafting , -

Preparation of aminated alpha-cyclodextrin (AaCD) grafted

with ethylene diamine

Alpha-cyclodextrin was activated with N,N"—
carbonyldiimidazole (CDI), followed by amination by
reaction with excess pentaethylene hexamine (PEHA). The

products were purified using a G-50 Sephadex column to

obtain the AaCD.

Table 1 below lists the data for the APR-1 and APR-2.
For comparison, AaCD which is equivalent to 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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nunber per glucose unit Ml ecul ar Weight MV HH2 AaCD
Ami nated a-CD with grafted PEHA -. Pent aet hyl ene
-hexanmine 1.0 2550 83 APR-1 Ani nat ed Pol yrotaxane-1
14. 4

Table 1. Molecular characteristics of aminated

polyrotaxanes in comparison with aminated alpha-CD and PEI

as controls.

Average
Average fin
Gene Chemical number Amination nir;;)erg - Molecular MW/NH
carrier composition of a-CD agent pe Weight 2
threaded glucose
unit
Aminated a-CD Pentaethylene
AaCD | itk grafied PEHA - _hexamine L0 2550 8
APR-1 mﬁm : 14.4 githyl."‘:" 0.86 24160 325
Apry | Aminated 1p.q | Pentmetiviene |4 g 28280 109
Polyrotaxane-2 -hexamine
Poly(ethylencimine)
- - - 0
PEL (Branched) 20?0 43

The gene carrier properties of the ARA-1, ARA-2,

"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 DpRL-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 piotocol (Qiagen, Hilden, Germany). The
quantity and gualify of the purified plasmid DNA was
assessed by optical density at 260 and 280 nm and by
eiectrophoresis 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 aliquots at &a concentration of

0.5 mg/ml.
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Gel Retardation Experiments

Each polymer was examined for its ability to bind
pRL¥CMV through gel electrophoresis experiments. pRL-CMV
(0.2 ug; 2 pl of a 0.1 pg/pl in TE buffer) was mixed with
an equal volume of polymer at charge ratios between 0 and
10. Each solution was incubated for approximately 30.min
at room temperature. For agarose gel electrophoresis,
polymer DNA complexes mixed with a loading buffer were
loaded onto an ethidium bromide containing 1% agarose gél.
Gel electrophoresis was run at room temperature in TAE
buffer (40 mM Tris-acetate, 1 mM EDTA) at 100 V for 40

min. DNA bands were visualized by a UV (254 nm)

illuminator.

-Cells and Media

All cell lines were purchased from ATCC (Rockville,
MD) unless otherwise stated. BHK-21 cellé 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~OV~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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20000 43 20The gene carrier properties of the
ARA-1, ARA-2, AaCD, and PElI listed in Table 1 above
were conpared in cell culture systens and will be
descri bed further bel ow. Am nated al pha-CD was used
as a negative control in the experinents and PEl as a
positive control 25 Plasm d DNA The plasm d DNA

ﬁﬁe@é &%ﬂs@@ét{ﬁm@ d43A), encoding Renilla
Was originally cloned fromthe
mar i %xorﬁl‘:i‘f@' ?fn %%'1'1@ a feid i ionsAlbe it agardid8 out in

DNAs were a in E coli and purified according
ﬁﬂ;t]ha&:aﬂimplureiézs pﬂv@tlmcoise(@la@éﬁrﬁ HFCPIE)@FithGér nHy) . serum

The antlt 165 gtj bgby 21;13|$y at 2 ?@86@ %nglﬁd DMEN
n@ﬁa.%t?%é&@@ﬂiﬁ%s 1oB Fraganasewged. pfb&lpusﬂﬁn etkeded in

plasm d 35 DNA was resuspended in TE buffe 1
CHriweld], thspve 5 cul aeErrg t %%daRéprmWnal“{%{J ?ém}i/’lto%s at

%g@e”fﬁ@t Lop.af & élg'%ﬁ M, el fRAtdkdaly Mkperiments was

perinents pol ynmer was exam ned for its

radait)-ilnya dtd vhitedt pﬂbté':lk/k/ttdm@lﬂfghs@l@m e(EBE} ophvgicdsised from
experinments. pRL ; 2 pl of a 0.1 pg/pl in
GrPasy By )¢ %hﬁr%éﬂ ﬁd r equal vol ume of pol yrrer
at charge ratios between O and 10. Each sol Utci on (wa,

mlnutes

i ncuBXeedPe bymappPHR n%?f%&’%/e%%s "itat oo
5%'/?%@ aﬁfir?sf@h&gaft%ses@a%lﬁza@ttl@@h?ﬁ@&me@ol YIRS PEI/

exes mxed wth a | oading buffer were | oaded
Mocmpbéhesll we e opimpacmat alni fidelosanar dathydd  as the

RS SRR $2 5 U, -t 9P LD B 500y s

tfh%r 49 ¥ MWD rbangsrerey Vi sual i zesl bcyeﬁutéﬁ(%:ﬂount of
illumnator. 15 Cells_and Medi a 5§”
PolyEe e pE PBEE hasesref r gk nied (FRRAGATSY, RrB) Al egLucose

BBt B Ayl e eyt vetohanvaricr,
ssugpheent ed, WUmlel%dileat ~vigightti~eaeea ket Ldspiliaze weight
(ﬁl?wr)urgf 1&91:913&?}':3&:?4@13? 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
latér, the medium was discarded and changed with 500 nl
fresh DMEM with serum each well. Cells were lysed at 24"
hours posttransfeétion, '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 ZLumat
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
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. Serum eac

20 penicillin, 100 pg/m streptonycin at 37 Cin

hum di fied 5% CO2 contai ni ng at nosphere. MES-SA cells
and SK-OV-3 cells were grown in MCoy's 5a nmedi um
with 1.5 mM Lgl utam ne suppl enmented with 10% f et al
bovi ne serum Medi a and suppl enments were purchased
from G bco BRL 25 (Gaithersburg, MD). In vitro .
LEAnsf 861 I MNP 95060b cells pek BEKiZ2incel.Issml McCoy’s 5Sa
transfections were carried out in triplicate under _
thed turs er iith i e WHNHT gl okamiRe sSTFRMMTBIGA] IRty t§F fetal

20,000 cel-ls per. well i ;E@Q#@giwm_ 11 ti e
RO rf H ™ o%gd?ﬁ%tgﬂé)YigOﬁp:grl i'ously seeded | n resE
Sfrvptd plasie 61l tgrap|fatre L ahdugsowh B3FC24 hours

at 37 C. The serumin used in the follow ng

experifEnhs) YRs r1eah- | dasgtlssaiedwbetalprlepd el s@0uminutes
(FBS) purchased from G bco BRL (Gaithersbur

ND) .
- Befire porymefe ONEOR oS X iner? p?%%a?@ﬁtéglﬁFnutTé? PEL/

fore Lhansl e%élpgv\g)q_'e%ta%'dl 78 tHhe p%ﬁé“n%%hoﬁlﬁas the

/ g}é‘ﬁf)l exes re"prepared in the sane netho

ss itfiereposhit el cont noj . of pRF-EMVpREerCWe bler wag| lused for

was used for the transfection. pRL-CW and. th

i e EsETE BF - 1P FeTYher %}(PPéihevvercge,sanﬁteucfedamunt of
p%ﬁ]eﬁd'e%t e%% | prB% gLYeOose: Pt | degaxathe vequal 5% glucose
vol-une. e PEl used (Sigma-Aldrich, St Louis, M) )
SdBAYt ilvad ta> vigieghtquvkr agbumel cBrf FEDeigpd (Rbgmaraldrich,
appr oxj mat 0 Da, Th LONL, a f :
Sﬂgio S’an@&%&%@_ a %dai (r?qt“;ac;i"L %’Jg?%? ieowg%% abry welght
QAP 20 ARk dHEMAE LY @5000r ®ayorThex ebrampriirdishaegint  of
for 30 mn at roomtenperature Bﬁfore

th
nolamsire anibnPEFods ad | 3pi9 esﬁéHFgﬁPﬁaéﬂ‘)P by drop
Y sarded And chapged witenld Sha f1esibANERM s N30 min at

s were |ysed at 24 hours
roost t tangfacttor,  thefoet | theat Beaneieciiot ect Beups hours

and centrifuged. The_ supernatan uigg : "
lad&t er'die Hgaéb]f“i o i ﬁsﬁgﬁlgia%ia\g%gici era %&A‘gégi} 500 ui
s h( RIQARES - 8T gy rientige, wdlAncegl bndware lysed at 24
| um nonet er (Berthold Lumat LB 9507, Ger man%/q). lected
hReswl t oSk branpfestianas e atevd | 1At METERLER} Tecte

'aklglt le%ngirefjﬁ?%eeci 1?8%?; e [ higraseaf 8% iluciferase

ernt¥sat e protein)using the
deiteichgbeni wighac Rérddday ([BicdfRadsecCAASHSH) . kit (Promega,
For MES- SA cells, transfections were carried, o '
Cerpyl iBoatte intder FERRRCS e PO Fr b EdHEIT %N g%%yés%ég?n Lumat

1 g508o0NdtiRR W t R0 DOY £eé| expessyedlas nrdlative light
Lébggfl)"]é giéa me |§>llJy‘mvvith 1.5 mM L-gl ut am ne

undppl efRNisd Whthgro¥%stetaehold neeserds PRat Miekelgram of
previously seeded in 24-wel p.ssue pl
Cghd gr BT e 24dl%ffﬁ1§e at 9%1615 Jng SIS Pl 2EEng  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

22



10

15

20

25

30

| podvegTat B@sover1enlakedndyy pétiSm

5The pol ynmer/ DNA conpl exes were prepared 30 m nutes

before transfection to stabilize the particles. The

PEI/ DNA conpl exes were prepared in the sane net hod

as the positive control. 1 pg of pRL-CW per well was

used for the transfection. pRL-CW and the desired

anount of 10 polyner or PElI were diluted separately

F&r 5%Pagl Heosey sqliut seart Det hiei Egpiadd valrTme(S The /RE)  stock
used (Sigma-Aldrich, St Louis, MO, USA) had a
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WH X HERSTART £nd OFbexed fAodmhnevbaredtibs @Orendissolved in

room t erature before the transfection. Four. h .

208 Gh1/hbL G R DR MR SEAP e AP RRAT CRANGEI wf 1 506 1 an
rﬁ'cxf{{ﬁ%’cmciér 5asSQL ERTHs Wetkcalel 45 aeigveyesgth of
at 24 hours posttransfection, the cell |ysates were ‘
Tldmect ed 20 and centrifuged. The supernatant was

used f.or lugi,ferase de ' ' Ll 1a Luci e '
Assay’ ¥it "G m&’&?e@‘%g%%ﬁt #ég?ﬁgﬁnc% gndf;gE;ﬁfs. The
ddaEeet @11 Berbhohd (kyumate B 3608 cartnmnly)wells without

Results are expressed as relative |ight.units (RLUs .
eiiPaiGr Seima (B -

.ot &l ( .protein)using the bicinchoninic
a§§¥%§§§§%§%%§5§%§g§9 CA, USA). MIT-Based Cytotoxicity
assay BHK-21 cells were seeded into 96-wel |

mcrotiter 30 ates (Nunc, We den t
derR§ 3t bfe 1‘3‘§<ﬂlngr%‘éiél'l1 LSJI%\EGFIT i\g e“?saﬁ{ cu tlf?)elxaloo
medi a was replaced with serum suppl enented culture

medi a containing serial dilutions of polyner extracts

- DHAJ condleastiing hiddiyatadd the Gmingted pglyrotaxanes

st er g{ﬁ% Thkhesed M5, g/ "%%Cﬁt QK-S OLKih Ofed N £BBS their
° : |

was 10 each wel reaching a fina

. apancentrsat ikon obnfehsay MASMEd APNZer pRIkCMVhethrough gel

supernatant was renoved and forned foloazan, cryssal '
SYEreraPbeBITad (TGS vt | BNED BR bely gh 1d/well)

c?ﬂﬁ%h%%ﬁh gt '@EE‘QE§ AdNopdr@clbsr PPLRL @i fOaLRit N/P ratios

Spectra Plus, TECAN) at a wavel ength of _570nm .
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. 5Aa), APR-1 (Fig. 5B), and APR-2Z

(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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Six wells were treated together as a group. The

relative cell gromh (% related to control well

wi t hout 10 pol yner was cal cul ated by the foll ow ng

equati on (A = absorbance at 570 nm): Rel ative cel
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results are shown in Fig. 6. The results of the

cytotoxicity assays show that the synthesized ARA-1

@Mt ARMRs EH €l Sh gBifFi eaBhly |@SSAPRXL cihhMESPER igells in

BAK-ZL celT I nes,
comparison with PEI

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 ratio was in the range from 20 to

30.

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

comparison with PET
Figl 9 shows the results of the gene transfection

efflclenCy' of APR-2 in MES-SA cells in comparison with
PEI, in the absence and presence of serum. The luc1ferase)
assay demonstrated that the transfection efficiency -of
APR-2 was higher than PEI in the absence of serum when the
N/P ratio was in 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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5 Gene transfection efficiency of AaCD in MES-SA
cells in conparison with PEl Fig. 7 shows the
results of gene transfection efficiency of AaCD in
MES- SA cells in conparison with PEI, 10 in the
absence and presence of serum The |uciferase assay
denonstrated that the transfection eff|C|ency of AaCD
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FPpaArispVES- A Rl [ s in 15 conparison with PE
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was I1n the range from 20 to 30.
Yovens fdett ETefirids oot hofSSAPR. 21ch SI@E@I"SKI@& confftions.
25 conparison with PEI Fig. 9 shows the results
of the gene transfection efficiency of APR-2 in
AES SA-SeL Fsct Nosordiicdencwi df FEPR-1 nlnh@%@én@ells in
and presence of serun1 The luciferase assay

he transfection efficiency of 30
APR- s hig aphPErdsniithe @bsenee g¥nesetuansfection
when%u%? h#% ?%%?%bmggglkefﬁé range fronfg% to.45. In
exeilherandi bEORPRFR- Ans o231 midedd st r ahsfaipagison with

efficiencies to PEIl a r ofe 3
BELans¥ection? éF?PEFeﬁ&? gfreﬂg%élf% J%F%Eﬁgﬁl% fpoiterase
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Gené transfection
APR-1 is lower than PEI under both serum and serum—free

‘conditions.

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

comparison with PET
12 shows the results of the gene transfection

Fig.
efficiency of APR-2 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-? is lower than PEI under both serum and'serumwfree

conditions.
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efficiency of AaCD in BHK-21 cells in conparison with
PEI, 5 in the absence and presence of serum The

l'uci ferase assay denonstrated that the transfection
efficiency of AaCD was | ower than PEI under both
serum and serum free conditions. Gene transfection
efficiency of APR-1 in BHK-21 cells in 10 conparison
with fEI Fig. 11 shows tEkampdeuldts of the gene
transfection efficiency of APR-1 in BHK-21 cells in
Wﬂﬁ eroﬁ%@%%]&ce and presence of

Seru %L apsay: feronss r ahogh t H3bt hd€ aminated
transtection |c ency of 15 APR-1 is | ower than PE

pmarﬂbmdmese(rmmd gleicim Faeseugedditoi dnansGesd DNA to a

transfect] n eff cie f APR-2 BHK- l.
iRk | SBhIwi t hIBE| ABGE g ¥3F Sralalilacdd E5ipd frozonic
B, lté'n%nSf@ﬁidi@ﬁ-}%Iy chessylafe APRx 2dé - BblKy 2dthylene

ceIIs in conparison with PEI, I1n the absence and
Qrisisdn CEPES- BPE-RRO ITHer 1ka e r aaRo gl Hisiisirst3 Rt SPvn in

Eglrr%;gtn ?D%e transhectipon_eff4ci gﬂﬁy He A%Blgchﬁakonght was

P Uhder “bét h' serum and serum free 25
L OoHb.t iToRS .PECREIPIFEX triblock copolymer was supplled by

BASF (Germany) . Picrylsulfonic ‘acid solution and
pentaethy1enehexamine were purchased form Fluka & Riedel.
The picrylsulfonic acid solution was neutralized with NaOH
solution befére use. Tris{(2—-aminoethyl)amine, anhydrous
DMF' and DMSO were obtained from Sigma-Aldrich. Alpha
cyclodextrin (x—CD} was purchased from Tokyo Kasei Inc.
DMSO-dé used as solvent in 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-PEC 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 PEO-PPO-PEQ ,
(2): 2.99 g (1.02 mmol) PEO~PPO-PEO triblock

copolymer was heated in. a flask at 80 °C in wvacuum

overnight. When the flask cooled, 15 mL of anhydrous DMF

‘was injected under nitrogen. The PEO-PPO-PEO triblock

' copolymer was dissolved by adding DMF solution dropwise

during a period of 6 h wunder nitrogen to 15 mL of
anhydrous DMF éolution in which 1,1’-carbonyl-diimidazole
(CDI} (1.65 g, 10.2 mmol) was dissolved, and the mixture

was stirred overnight under nitrogen at room temperature.
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Preparati on of Pol yrotaxane ARA-3 Referring to
Fig. 13, there is shown anot her am nated pol ysil oxane
(ARA-3) which was used to transfect DNA to a 5 target
cell. The ARA-3 was synthesized using pluronic poly
(et hyl ene oxi de) - pol y(propyl ene oxide)-pol y(ethyl ene
oxi de) (PEOG PPO-PEO) triblock copolymer where, as

13 %ad Sy Hhddedspbersd aﬁurlng a
%p‘gwﬁemlﬁ%g 9%% S PEB PRG PES 111 bl ock@g%pol yITe
paslsﬁppcbf ed by 10LBASF J(EGe'ﬂﬁam@) (Bi0&r y gl oneé “Tris (2-
acid sol utjon and aet hyl ene
ﬁ@ﬂﬁﬂ%@%%ﬂ#%ﬂ%ﬁ?ﬂﬁﬁhg%.ﬁ?%d égglggy suﬁ%oﬁf anhydrous

BﬁFd F9LHt | 9RiYas nheutdal IJ.Zcﬁﬁn Wi tdmekdteed ut | Bollowed by
before use. Tris(2-am noethyl)am ne, anhydrous DVF

ahiir DMBD blee embBLarRe @VIRTSHOSTgn®ME daTHECRPBHE 28 vacuum
Tz%%;'aglga?g(fcgﬂ,Bl\é%jcg)hewaf‘egﬁ'fﬁfﬁegoiﬁg%goﬁé% Késgiolved in

used as solvent in the N
OE@EiJfaﬁfﬂi‘ﬁIa%hm:B witslo B0 aforedtirasnm 1SLI§)¢|% o dremhve excess
Referrlng to Fi 14 there is shown the genera
Tehe b FHmagiht Rin%- ARA-3 from PEO PPO- PEO

triblpck &ﬁﬁ%% fHan ddrcdritdatamtesignafe CHC1; and
steps 1 to 5 w.ll now be described. It shoul d, be
it edréhatting s vheceasi oseluhigh uceds upprFifdeg by size

S oA TBEB PR, BEOT r1 BT Sk ol 3t o™

wesndeadathdl ad leskemt. 80 C in vacuum over ni ght
When the flask cooled, 15 nL of anhyd ous lded
i nj ectieelinder Ai-Bidden. I The/ IPEGYSPO. bﬂﬁﬁk yielde

Qg@qhygpgéggaqussolved by addi ng DVF solutlon

uring a period of 6 h under nitrogen to -
15 m_Thn‘ Tain el cuse MR sHe Ut AR 3 rivavhi @h follows (400 MHz,

mso-dd By dlgrgd(%z € 4H, OCONCH,), 3.33-3.54 (m, 107H
and 91H, -CH,CH,O- of PEO 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, -CHs; of PPO block). Anal. Calcd for
CisgH322NgOgo* 3H20: C, 56.70; H, 9.88; N, 3.35. Found: C,
56.42; H, 9.94; N, 3.40.

Preparation of Polyrotaxane (3)

0.4 g the above amino-terminated PEO-PPO-PEO triblock
copélymer was added to 266 mL P-CD saturated solution
(0.03g ”B-CD/mL H,0) (3), and 0.6g NaHCQ3 was added to
adjust the pH value of the solution. The reaction mixture
was ultrasonicated for 20 min and stirred at room
temperature . ove.rnight. Then, 3.36g sodium salt of

picrylsulfonic acid was added and stirred overnight.

200 ml1 H,0 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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CH,CHO- of PPO block), 1 04 (m, 91H,

(CDI) (1.65 g, 10.2 nmol) was dissolved, and the

m xture was stirred overni ght under nitrogen at room
tenperature. The resulting solution was slowy added
dorpwi se during a period of 3 h into 15.538 g (102
mol ) of Tris(2- am noethyl)am ne which was di ssol ved
in 15 m of anhydrous DMF with stirring at room

senper §6eanfiobloﬁ%g bwtd Stsior minguddie 16 Xpte@ipitate the
over ni ght was renoved by vacuum evaporation, and

pheduasul Thagpmcmmﬁt\@as@ﬁ ssenvelingedHend gaphed with

Lotk nobiRy ) irhg. - TS SRIEIRE RERCSeLd  was

dhen vancent rat ea toMICe N rCHEES pandtet0 inlte 500 ml Hx0 to
resulting viscous solution was purified by s
mwwechﬂ:éﬁatﬁﬁiaa\aﬁ‘y' (SBeS  orfsitddpiad B%GEFPEBate was

t a u Birnal 1imes314Fith1ly, th
VI scou mw'?mggg%% g{égh( @gbzé‘co (Step 2). 151The I'H ©

NRM Ispiec) r aetorsdRAd 3 wess Az efekl o@\;sl%dlodlwld nitrogen)

0 o380 o%abelld Ty ey B (hetse

@i (ﬁ‘quk)The? 3 MR éb'taab@ﬁﬁchﬂi)z, DMBD-d8, F°C) was as
m 8H CH2N), 1.05 (d, 91H, CH%%f PPO
0:

ffﬂldcms A@1a9 @al(ch i, 2@@250@2@%{3@%@12@ (s,
Faundgsfe, %ﬁz‘}% d‘f 81394 5N70 (m

%&fg?HPrggpg?}}ft %H ‘of Pgﬁyrot axane (3)

@aneoammOoEemmatEdePE@sPP@a?Eommmo@ﬁ cn) 4.43 (d,
6-8H, O(6)H of CD), 3.00-4.00 ({(m, 340H, H{3)}, H(6), H(5),
H(2) and H(4) of CD, 107H, -CHyCHO- of PEO block, 91H, -
' —CH; of PPO block).
Anal. Calcd for C590H1005N290423-42H20 5DMS0O: ,C' 44.19; H,

6.92; N, 1.72. Found: C, 43.62; H, 6.86; N, 1.69.
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25 copol ymer was added to 266 niL 3-CD saturated
solution (0.03g p-CDO/niL H20) (3), and 0.6g NaHCO3 was
added to adjust the pH value of the solution. The
reaction m xture was ultrasonicated for 20 mn and
stirred at roomtenperature overnight. Then, 3.36g
sodi um sal t of 30 picrylsulfonic acid was added and
LpLed Oyerdy ghiin A0 Bo A ¢as adghqsépggggdcl nto
| uct . _
The pleetilpihgt @abproemand ugdd areP wddhed(%i 1hldatder 0.01
for three times_ The resulting wet solid was h h
wrekbl ved idrizd 80 MO DVBO ind’ HotedoT AFB14BH- mWhen the
OH 10, B{ &C1 P) Glas H8 R Ri{@d £ M@Brogen.
g‘ﬁ?ﬁﬂf’i %‘g%%&’an%éﬁghgggwﬁé lveanT’ f%?J_thr ee tines. ,Thé g
Aesan t hng wet wael i di sasldédsolthed DMSB0 swillubVBO aghi it was
and poured into 500 mM H20 to.5 precipitate th
ATOPHSS SHTVMNGR PPkt §7 L aE o VB AT T gegen £ 40

ahd pwashed W-bisH2AMESr Sothfesn Hinhakhycht he, 17 —carbonyl-
resulting &ét solid was freeze dried Sliquid o
ahi treiotperDl aun@@T VacLufP 4092830 -¢ puncd ) paiaf clksamkved, and

4} was, yi el ded 7.029 . ] a.( ,
SUELIS Bas i oTr Endthy GGt ( Dt Rotihiar oom
tergfephamd )  THe93 (he 4 xtta bF oBOPherly| JHF5aR8 600 ml
(s, 68H 0(2)H of CD), 5.70 (m,68H, q%g),H of CEE) s
BB a5 peprefy HyH bre cHpsY p&gg(ép HPHOGéa B?c1p1tate

0 A OB DO pEESERSchy R bent Phuq P uashea

 WOHR2CHMF off oPPG btimkd, Then,(ntholrpsuldHengf wppQsolid was

B8 R SIOSISAVER0. S00D, aaae

- Mrphi®Q qfreRAratHepieldl A natedrRol W.Gteane((5)24 mmol)

The resul ting pol yrotaxane of step (4) (0. 1513,%,
«f Opempat Yhykenehesambre 49hEchn Wagc A eta ght. 40 mb of

, the.flagk d, ,40 A Ye Y@$rd Ni e ftowed b
R er i hrogszcr{&gﬁﬁt e?éal 1%2 was di ssol ved, the DVSO o

Saltiiren e dnimsuaddededmdghitse YUY imlg FHPemiagd rfuged in
h under nitrogen to 40 nL of anhédr%%s DJ(;VEO solru&]ilgg The
§he WHeAFTLoD - RAPBSTA diS%hi BIESHEI(ERP) FICe5R g ct
p%&#@tle Vg5 di sSQE¥edugand dMe Waxhaee wash StIHF edor 3
over ni ght under nitrogen at room 10 tenperature.

 thimers, t Aednitteur seshi 13409 CTHES aRd odoetn Wag 20URdLied by

oured in the resultin j,0n recipt -
@du@f‘?ﬂ?ﬁéoﬁr e%f%??%?%a%éﬁgenﬁ%&f) Eggg %nd§%§$a§ x G=50
Midhn R iy B1t WeRer Theneltubetlefihblhg, wét. 15612 dy brown
was di sSolved in 40 ml. DVMSO and this lg@]tiﬁ)n\/\e ' .
sofldwl b avdedied dnst pw2elHbt i n aN%‘?erf JfH% 200022 O
D6 12,24 L) of .pe | epehexagl n i
ks s v B o oD TR e ng it oam”
ghemgenat .62 fal) onedaly $8iH,r ithg ) HhefriCQlur e3.00-4.62 (m,

S Dhas S0, HEGI2 RO LN L0 9P co, 10,
~CH,CH,0- of PEO block, 45H, -CH,CHO- of PPO block, 103H,
CONCH, of pentaethylenehexamine),'2.69 {m, 1232H, NCH; of
pentaethylenehexamine), 1.09 (m, 91H, -CHs; of PPO block).
Anal. Caled for CiiozHzsssNszsOs7se60H0: C, 45.87; H, 8.59; N,
15.91. Found: C, 45.19; H, 7.99; N, 16.01.
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. Fepedt

20 precipitate was centrifuged and washed with THE
for 3 tinmes, and the resulting crude product was
purified by size exclusion chromatography (SEC) on a
Sephadex G 50 columm using DI water as el uent.
Finally, 0.1562 g brown solid 5 was yielded (55.01%.
1H NMR (400 MHz, D20, 22 0): 25 5 8.48 (s, 4H, meta H
of phagyl }r08:0dd( 2ra431 ofmedigepg] Dfophetigl ) 145,102 ¢kbwn in
broad, 68H, H(1)H of CD), 3.00-4.62 (m broad, 32411,
(@) ,1H(5), H(5), 11(2) and H(4) of CD, 10111.

- CH2CH20- of PEO bl-ock, 45H, -CH2CHO of PPO bl ock,
103H, CONCH2 of pentaet hyl enehexanine), 2.69 (m
123211, NCH2 of HidJueyitesd! [$thuelyeRerfmAR&r3 1.09 (m

9111, -CH3 of PPO bl ock). Anal,. | cd _for e s )
C110ZF333RIB28G4PRIE0 :OEFiﬁg?g?;a?ﬂﬂ,"es.%j;eﬂ Biological

%ﬁu@%‘l"z%é@é Sepdardd ofh t e 98RANS, 16x8dpt that PC3 cells
e produced ARA-3 of Step 5 of Fig. 14 is shown in
Fid). C&87 Bedllegivwate Stsely 2nofthARASFWithe HenRA LRy ARA-3
as out%li‘]rned bove 5" Bi ol ogi cal Study 1" were

]Eﬁ’fj_t e BRA-T, except that PC3 cells and Cos7
cel | gas@r iygpdebn Rily 151 udiierblericaf sleswn ARBe@tapphoretic

referred to as CYP25. Referring tq Fig,1 there js .
bl ) eetfr ophafei-fc PRIHAH | %toygof“‘g'f%%SH)d SIQI?-C%IWEd 1o
2 pglyel | sgde i N SRS HANORALL | £d o Uizing 1%
é}f%%sergﬁmh/%t?%?%gsg ﬁgtl:!r%g ({1% agar ose gel (DNA was )
Ay Stipdd zegeby ¢DNAdUmals orvidaiaskidias nd)y Voftagdum bromide

100VTi nme: 40m ns. | . be seen. t hat the CYP25

Sohde®d %aﬂ)eheiﬂ(f‘g}lnji%‘d ‘EEEE:“&W at and above a
chargg ratiQ 0oHe2. seen FEh8t l&hehowsyHAte pasrdetsed and
size of CYP25/DNA conpl exes at different NP .ratios.

Ot eyl iofe  RIRIENIMD| s ARE iR &7 @ st hedstd \Hattﬁoc?%fg%' ,

at var.ious Prati Iy t : umg;ofe | rdg Thep2s/DNA
conpl exE's e aﬁo&%sed 'oézogtgltélgéix?%zg%gger oom

deipenatdlr etf 08 idFaremit ed/Pef vetianal yEihg ngi t kfa PRL-CMV

A e B A YR s By ration oo
%:(%%?a%ﬁbemﬁﬁ& PRE- O pl asid dceppiensed dyrdPElaiantied to
(0]

were shown for conparison with the presence of
Smisidrism  Transteoni ohemaeratnFPediptt 6 PR3NBEPPs Pefore

at of 2 of pRL; [ P 1eSENG
%‘E]t}fﬁlfrté)q"éﬂﬁbata ?%%eﬁv\%r\%%? Igbﬁgv\}gﬁpﬁpl at e%%rt'er ‘
that ghe cefl sheise Rt Dfeths® mesivaniest o FZh, cells by

and then harvested for the neasurepent, of the -
qYRAS erﬁgéﬂaéﬁpﬁii?ﬁ of pRL-CMV pfaesmlg congensed 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~éMV per well in the presence of serum for 4h
at 37°C per well of 24-well plate. After that the cells
werle 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.
' 30
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30The data were expressed in relative luciferase
units nornalized for protein content. It can be
seen that CYP25 had cl ose luciferase activity as PE

(MW 25000) at NP ratios of between 10-25. At an NP

rati o above 30, the CYP25 was hi gher. Fig. 18
shows luciferase activities of Cos7 cells by CYP25.

Tr a”Sr? tiop 9&%&1%@&@%@ dcgondensedolsy Jds7 andls by
Cy225 re shown for conparison in the absence of

GEP2N Tlransﬁ:'ect:mon vmfé QBLrCMH aJasgd docorandnsed gy PEI

%‘B‘Eeﬁg@%éf gl‘é_if%cml ™h g{ j%ghgﬁl@msefﬁe tg{lgv\gFFence of

P ate. Priesrddatocelhs warglaal owedohoCoedt callextata 1 ng
72 h, and then harvested for ‘the rreasurg gg)t of
S

th
oficPRer@de peri wWialyl. Thetlat BFREFRCeXPR d P e S serum
el afyl ve, | yed tsenofoRpLizesh 1d . IFsOtEhdt cells
]éo%t‘ie%taet 3F éeégfg“é%ﬁbeégeen t hat e%lYPZS had cl ose
weind f£r Bseedicid virdéyt asn RELE XMV 250003 nditthgp hagyested for
of between 10-15. 19.sho er,
the ingageemntoRy cHre sz)g avr\gtan%fcﬂeg:tlﬂ%?}eeo ata were
LN P! agym Q:eq_@:tqeﬂeSGQu@ifBEbséS andt EYPRormel £zed for

shiown for conparison in the presence of serum
pircdresifrectdrgrentas carried out on Cos7 cells at of 1 pg

of pRI - CW. wel]_ in pr e s68&£€ Plcif

ser uﬁtf or® Afﬁ g’t Bféeﬁlerttv\élt %\f%&g% V\g]gg S(?a(tggé Aft%lr srase
ddatvi q%} |5 were @i @Eba)o arteN/ParIaexblsaObehtwaﬁd 10~-15.

2

t hen harvested for the measur i_( g Cos? cells b
Iuc:| flicasel cEhove y Luehéegars & évé pFrEs&&d W Y

'Vﬁrégipéﬁwéﬁ LH!rftéRﬂDéml iedmdier @cﬁﬁkﬂ@mébd by PEI

COﬂ ent I cations

ahdy a0¥ BRBOUEINg t bbdwsdﬁssredgg@péﬁﬁﬁ@@ull@r Bt ypxesgrse of
can be used to deliver r Il £
SR dllﬂ’@ﬁw%‘?“ﬁ‘él‘a?s&’lagse%a %/%a??{éns%%cac?o b GRS Rt ©

SYh @PpbReatMonpas gene tllmeriap@/ pnds&NAe vaodi rddsegrce of
for the 30 t reat ment and control

s/ﬁedwantl%fg:eoq:rswt 3he dp2EI 63LH B g%a‘t"? FPiRtR fter that
eSZLGf‘L]c ul w%%@l ﬁiﬁg\égm Rh SYskem §Qr dMW-felsiveny tend then

YCar get cel sclosed pol ycations therefore may
havaict tere £5r nohe obasheepenlt afs Hysobiatkrrage hactivity.

T\lllleralda\é%(:t %re?:e 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 vaccination 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 viral vectors
31
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delivery systens, including high toxicity, restricted
targeting of cells, imted DNA carrying capacity,
producti on and packagi ng probl ens, reconbi nation, and
hi'gh cost. 5Advant ageously, the disclosed pol ycations
may be easy to use and to manufacture on a

Iarge scal e. Advant ageousl y, the disclosed

cﬁ)egl a} NS, SRYnPE - ai piSRidiing ulisigh utteot oo BE ., Mﬁ@trlcted
vant ageousl vy, t'he di scl osed olgcatlons have
er

tHrggumeX|@ftyQﬁ&Lﬁﬂ\mﬂq%ﬂ?ﬁ Won- FE-AY B8 %hpeity,
t | 0
Cﬁjr%‘:f LV, S%%&%cﬁ%@ﬁ%& Sl | e @yiichAd h, and high

antageously, t he di scl osed
dggycatlonsare bi odegr adabl e and therefore avoid

damage of the cells after th ry. Jt |
be aﬁﬁhfraéﬁtaqleﬁ@ﬁ]\yar it 4 c% der%ag.yfclagza | oénsméyndﬂe easy

: JNMEN i@ awilkbirgbesappar.ent to the
person §§P%1 &' 3

In the art after readlng the fore 0|ngb
di sclramane agebhmity dephet | FHepFhasat heo ﬁFPFPOBﬁd e a

sco %hgg$$$%%&F%ﬁntl Qn, anggit |ﬁokgte%@%$ﬁﬂy§edﬂély,_ the

S ané’adap ations cone wthin the

SGPS Y YollyreseRpendedvel Bowrsto @»amyrsotoachty relative
supr anol ecul ar pol ycati on assenblé capabl e g PEI while
dtdvar ngoa-cbpl eXPNA t Ae bl VekY ef¢ SHEMG f&?“ghr?

R e AR G RA! XY onassenbl y
Advantageocusly, the disclosed polycations are

biodegradable and therefore avoid damage of the cells

after the gene delivery. It will be apparent that various

other modificatiens and adaptations of the invention‘ will

_ be apparent to the person skilled 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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at | east one am no-substituted cyclodextrin having a

cavity extendi ng ‘therethrough, wherein said am no-10

substituted cycl odextrin conprises primary and

secondary am nes; a co-pol ynmer backbone threaded into

the Cavity of said cyclodextrin; a pair of bul ky

noi eties capping the termnals of 15 said co-pol yner

backbone to inhibit dethreading of said cyclodextrin

conmpound from sai d co- polousEmsbackbone,

wherein, the net positive charge of said

supr anol ecul ar polycation assenbly enabl es a conpl ex

to formwith s 0 asdemftt capable of
Ysupr I%HRﬁ%ﬁéﬁ ycatlgh S@ﬁﬁ%y as claimed in
fghqm«? ,avw@@@m;t hesicar pel ymwwlbacrkb@ﬁédcolﬁ?ﬁfl sgxrriage

pol yet hyl ene gl ycol and ropylen I whey
tée¥ﬁ©§olyeﬂﬁ¥1ene5§P§€%P gxg?gposéﬁ)3?:¥%§htern1 §%ﬂbly

f the pol ypropylene glycol. 3. A

. .end
c%%%?%nn gcular pol ycation assenbly as cl ai ned |&£ﬁ%§g_a

cl ai gt 11ewber ehn ehenbubRYshbFBEF@sCRF P H T

cavity extending therethrough, wherein said amino-

substituted cyclodextrin comprises primary and secondary

amines; |
a co-polymer backbone threaded into the cavity of

said cyclodextrin;
a pair of bulky moieties capping the terminals of
said co-polymer backbone to inhibit dethreading of said

cyclodextrin compound from said co-polymer backbone,

wherein, the net positive charge of said
supramolecular polycation assembly enables a complex to

form with said nucleic acid.

2. A supramolecular polycation assembly as claimed in
claim 1, wherein the co-polymer backbone comprises
poiyethyleﬁe glycol and polypropylene glycol, wherein
said polyethylene glycol is disposed at the terminal ends

of the polypropylene glycol.

3. A ‘supramolecular polycation-assembly as claimed in-

claim 1, wherein the bulky moieties are biocleavable.

4. A supramolecular polycation assembly as claimed in
claintll, wherein the co-polymer backbone has a shape
selected from the group consisting of linear polymers,

branched polymers, star polymers and combinations

thereof.
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30 4. A supranol ecul ar pol ycation assenbly as cl ai ned
in claiml, wherein the co-pol yner backbone has a
shape sel ected fromthe group consisting of linear
pol yners, branched polyners, star polyners and
conbi nati ons thereof. 5. A supranol ecul ar polycatlonr
assenbly as clained in claim1l1, wherein said
co- pol yner backbone conpri ses nononer bl ocks sel ected
fromthe group consisting of polyethylene gl ycol ,
pol ypr opyl ene glycol ol ybut.y Iene é%
5po|ybeﬁW@K@m§1§F 8K, Ien gly
ne hyIv he | yethyb vi fet&&wkbone comprises
élS%prﬂégXéﬁﬁylEgggtYan% gﬂ% pol ybut adi ene. , 10
m@nopﬁeﬁupjmmiaec lﬁeé,reqt@ldycérpmn s e @BIOPas CENat e ¥ n ©

claim1, wherein the co- lha 1 vbutylene
PABY BBV AP %eidgMC I tﬁgl ?ecte ron1 eyg$0%p

gggggisu 2{902%@2(0@% éDﬂéOOQ:Q-'YCﬂ:lQ tOpfb(DQB@xyzeﬁet o glycol,

'as claimed in

000. 15 7. upr nDIecu
..ppmylyle’ahybn asrsewm y & h@rai ned:’ci]rye‘e:l%iﬁm i rEEPeT

uralit MR reaged on
PQ VHSBBI%%?yH% %ﬁhé?) gﬁgﬁgﬁgFECular

pol ycati on: assenbly as clalned |n claiml, wherein

the cyclodextrin is selected fromt
6consﬁst5ium>gfa@plgcw@|rod@9&¥(féh on %§ ?Hcl)kg:[egt Qs claimed in

CE!QTO)fLyp AR5 B ot O(g@xéélﬁn@d&'a&m}éprmyé yolecular

weight in the range selected from the group consisting of

200 to 50000, 200 to 10000, 200 to 5000, and 200 to 2000.

7. A supramolecular polycation assembly as claimed in
claim 1, wherein a plurality of cyclodextrin compounds

are threaded on sald co-polymer backbone.

8. A supramolecular polycation assembly as claimed in

claim 1, wherein the cyclodextrin is selected from the

group consisting of p-cyclodextrins, y-cyclodextrins,
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cycl odextrin, dinethylcYclodextrin. 9. A
supranol ecul ar pol ycation assenbly as clainmed in 5
claim1, wherein the am no substituent group on the
cycl odextrin conmpound has the general fornula of:
R3NHx where R is optional and is an aliphatic

hydr ocar bon. r adi ¢ n is 1= < 3k -
h¥GpPRHBF ARt 2~ ot ?é%%%%@nésse E?§¥as c?%?%%f %ﬁ?%oy& Y

cGL 8 32 r Wher @i e { el @rilodesursn.t uent group is an
-NH2 radical. 15 11. A supranol ecul ar pol ycation
assenbly as clained in claiml1 conprising at |east 6

cycl pdext rins,hayi | east cone; MEnde sUHSt Cllentd in
9grod§ FH@F@%H%E%%hggl Fﬂﬁﬁguéfang?qculagspolycation
caSSRNl y ageGledimmednin 20imd aisnlist itmesitei ATPRBr ©Tar &he

between 6 to 8 cyclodextrins N, -Nk2 - oups
R e e e S

Sggiﬁﬁglecular pol ycation assenbly as clained in
where R 1is optional and is an aliphatic hydrocarbon

radical and x is 1 =< x < 3.

10. A supramolecular polycation assembly as claimed in

claim ¢, wherein the amino substituent group is an -NH;

radical.

11. A supramolecular polycation assembly as claimed 1in
claim 1 compriéing' at least 6 cyclodextrins having at

least one amide substituent group thereon.

12. A supramolecﬁlar polycation assembly as claimed in

claim 11, wherein there are
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5 claim1, wherein the bul ky noieties are either one

of a group having at | east one benzene ring or a

group having at |east one tertiary butyl. 14. A

supr anol ecul ar pol ycati on assenbly as clainmed in 10

claim1, wherein the co-polyner backbone is a

straigh aipn nantathaqgbul ky Moisetises tareat -
b%%%%%%téd%?o%tﬁg%%??§¥gﬁgchain cg-polyner backbone
Npy-mHpicacl-edv glrbepki tkereons 15. A supranol ecul ar

pol ycati on assenbly as clained in claim14, wherein

the biocl eavable linker is selected fromthe group _
1%9”%%@%&61@%@5@ RITyResioal kydserrdvi ngs f cdmimbedo 1n

carbon atons, esters having from1l to 8, carbon

catons L, amiydei ded hendowbibi Rat $ oS t WET et TP2D 78 RE 2
nmet hod for introducin n,ex 0 uglreiz j havi
gﬁ%?%cﬂFglP%t%Ea?FS%Ee%n%eF%%%%%%r#2?%9%¥he é?ggg)cﬁ§Vlng

2f )L of bR B commbeXodrstiveen a pol ycation as cl ai ned
in claiml and a nucleic acid; and (b)

i ntroducing said formed conplex into a target 5 cell
1hN VitrQo o171 «Auethqh g £l iainegs d aiiclliai a3 16 laimed in
wher'éi n Pﬁé resulting target cell is introduced in .
cVhie. 130 widreih subeansl @il yae HoPERSh A8 sénpFyraisht
capabl e of form ng a,canpl & it h a.nucl. el '
CE%E?iﬁ@épPﬁ%@%ﬁf?gﬂe§ ?gﬂgﬁicdﬁ%?%gFﬁkéﬁ#gﬁﬁgggﬁ%$§j £e
tGOMRELSkBEt chain co-polymer backbone by a biocleavable

linker.

15. A supramolecular polycation assembly as claimed in
cléim 14, wherein the biocleavable linker is selected

from the group consisting of amides, amines, alkyls

haviﬁg from 1 to 8 carbon atoms, esters having from 1 teo

8 carbon atoms, anhydrides and combinations thereof.

16. A method foﬁ introducing an exogenous nucleic acid

molecule into a target cell comprising the steps of:-
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15at | east one of an am no-substituted P-cycl [

and an am no-substituted y-cyclodextrin, egchogfxggzg

Rcycl odextrin and y-cyclodextrin having a cavity

extendi ng therethrough, wherein each of said

am no-substituted pcycl odextrin and y-cyclodextrin

ggnpg:ses pglnﬁgy and 20 secondary am nes; a '
- ymer__backbone d i [ s

at 1St TorTG0 t e Bombaladertr s and g, Doyeisa das

c1GMekadext rlaimalpand of nbal&ycneted} exn@appi ng t he

termnals. of 25 said co-pol yner, bac Q. d nhibi
ot HPaadi Wl Gl A6-Poadi b op phas hudalfarget
C%y§¥§4gq%§%(ln and y-cyclodextrin fromsaid
0- pol yer Dbackbone, '
wher ei n, t henet posi ti vechar geof sai d

supranol ecul ar pol ycat.i on, asse -.enables g0l
1%o0 30 F[k?rtﬁﬁqﬂ t F%ait ar%ﬁn&%ei é%ag?gdl?él%golqyﬁat iavg)ns X the
r&ARahkg efirGerm-eg 1Cerpliexesdwced Nockéve-Aci ds
‘ Q?fhract 5A pol ycation capable of form ng a conpl ex
a

18. A supramblecular polycation -aSSémbly capable of
forming a complex with a nucleic acid for carriage
thereof, the supramolecular polycation assembly
comprising:

at least one of an amino-substituted f-cyclodextrin
and an amino—substitﬁted y-cyclodextrin, each of said B-
cyclodextrin and y-cyclodextrin having a cavity extending
therethrough, wherein cach of said amino-substituted pB-
cyclodextrin and 7y-cyclodextrin comprises primary and

secondary amines;

a co-polymer backbone threaded into the cavity of
said at least one of the p-cyclodextrin and Y-
cyclodextrin;

a pair of bﬁlky moieties capping the terminals of
said co-polymer bagkbone to inhibit dethreading of said
at least one of the p-cyclodextrin and y-cyclodextrin from
said co-polymer backbone,

wherein, the net positive charge of said
supramolecular polycation assembly enables a complex to

form with said nucleic acid.
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nucleic acid for carriage thereof. The pol ycation
conprising at | east one cyclic conpound having a
cavity. A polyner backbone is threaded into the
cavity of the cyclic conpound. A pair of bulky

noi eties cap the 10 term nals of the polynmer backbone

“to_inhjbit dethreadi i1y Weaplexesnpauhdvaebaic
PRty 5oFynR? ©3 ej:cj}?hecg'gIl‘rafI us%,?gthe net positive charge

of said polycation enablfsids conplex to formw th
nucleic acid. 15 Fig. 1 ,

Abstract

A polycation capable of forming a complex with a

nucleic acid for carriage thereof. The polycation

comprising at least one cyclic compound having a cavity.
A polymer  backbone is threaded into the cavity of the
cyclic compound. =~ A pair of bulky moieties cap the
terminals of the polymer backbone to inhibit dethreadipg
of the cyclic compound from the polymer backbone. In use,

the net positive charge of said polycation enables a

complex to form with nucleic acid.

Fig. 1
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