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(57) ABSTRACT 

Linear cyclodextrin copolymers and linear oxidized cyclo 
dextrin copolymers containing an unoxidized and/or an oxi 
dized cyclodextrin moiety integrated into the polymer back 
bone are described. Methods of preparing Such copolymers 
are also described. The linear cyclodextrin copolymer and 
linear oxidized cyclodextrin copolymer of the invention may 
be used as a delivery vehicle of various therapeutic agents. 
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LINEAR CYCLODEXTRIN COPOLYMERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 1 1/358,976, filed Feb. 21, 2006, which is a 
continuation of U.S. application Ser. No. 09/339,818, filed 
Jun. 25, 1999, now U.S. Pat. No. 7,091,192, which is a con 
tinuation-in-part of U.S. application Ser. No. 09/203,556, 
filed Dec. 2, 1998, now U.S. Pat. No. 6,509,323, which claims 
the benefit of U.S. Provisional Application Ser. No. 60/091, 
550, filed Jul. 1, 1998, each of which is herein incorporated by 
reference in its entirety. 

FIELD OF THE INVENTION 

0002 The invention relates to linear cyclodextrin copoly 
mers and linear oxidized cyclodextrin copolymers. These 
copolymers, respectively, contain a cyclodextrin moiety, 
unoxidized or oxidized, as a monomer unit integrated into the 
copolymer backbone. The invention also relates methods of 
preparing linear cyclodextrin copolymers and linear oxidized 
cyclodextrin copolymers. Such cyclodextrin copolymers may 
be used as a delivery vehicle of various therapeutic agents. 

BACKGROUND OF THE INVENTION 

0003 Cyclodextrins are cyclic polysaccharides contain 
ing naturally occurring D(+)-glucopyranose units in an O-(1, 
4) linkage. The most common cyclodextrins which contain, 
respectively, six, seven or eight glycopyranose units. Struc 
turally, the cyclic nature of a cyclodextrin forms a torus or 
donut-like shape having an inner apolar or hydrophobic cav 
ity, the secondary hydroxyl groups situated on one side of the 
cyclodextrin torus and the primary hydroxyl groups situated 
on the other. Thus, using (B)-cyclodextrin as an example, a 
cyclodextrin is often represented schematically as follows: 
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The side on which the secondary hydroxyl groups are located 
has a wider diameter than the side on which the primary 
hydroxyl groups are located. The hydrophobic nature of the 
cyclodextrin inner cavity allows for the inclusion of a variety 
of compounds. (Comprehensive Supramolecular Chemistry, 
Volume 3, J. L. Atwood et al., eds., Pergamon Press (1996); T. 
Cserhati, Analytical Biochemistry, 225:328-332 (1995); 
Husain et al., Applied Spectroscopy, 46:652-658 (1992); FR 
2665 169). 
0004 Cyclodextrins have been used as a delivery vehicle 
of various therapeutic compounds by forming inclusion com 
plexes with various drugs that can fit into the hydrophobic 
cavity of the cyclodextrin or by forming non-covalent asso 
ciation complexes with other biologically active molecules 
such as oligonucleotides and derivatives thereof. For 
example, U.S. Pat. No. 4.727,064 describes pharmaceutical 
preparations consisting of a drug with Substantially low water 
solubility and an amorphous, water-soluble cyclodextrin 
based mixture. The drug forms an inclusion complex with the 
cyclodextrins of the mixture. In U.S. Pat. No. 5,691.316, a 
cyclodextrin cellular delivery system for oligonucleotides is 
described. In Such a system, an oligonucleotide is nonco 
valently complexed with a cyclodextrin or, alternatively, the 
oligonucleotide may be covalently bound to adamantine 
which in turn is non-covalently associated with a cyclodex 
trin. 
0005 Various cyclodextrin containing polymers and 
methods of their preparation are also known in the art. (Com 
prehensive Supramolecular Chemistry, Volume 3, J. L. 
Atwood et al., eds., Pergamon Press (1996). A process for 
producing a polymer containing immobilized cyclodextrin is 
described in U.S. Pat. No. 5,608,015. According to the pro 
cess, a cyclodextrin derivative is reacted with either an acid 
halide monomer of an O.f3-unsaturated acid or derivative 
thereof or with an O.B-unsaturated acid or derivative thereof 
having a terminal isocyanate group or a derivative thereof. 
The cyclodextrin derivative is obtained by reacting cyclodex 
trin with Such compounds as carbonylhalides and acid anhy 
drides. The resulting polymer contains cyclodextrin units as 
side chains off a linear polymer main chain. 
0006 U.S. Pat. No. 5.276,088 describes a method of syn 
thesizing cyclodextrin polymers by either reacting polyvinyl 
alcohol or cellulose or derivatives thereof with cyclodextrin 
derivatives or by copolymerization of a cyclodextrin deriva 
tive with vinyl acetate or methyl methacrylate. Again, the 
resulting cyclodextrin polymer contains a cyclodextrin moi 
ety as a pendant moiety off the main chain of the polymer. 
0007. A biodegradable medicinal polymer assembly with 
supermolecular structure is described in WO 96/09073 A1. 
The assembly comprises a number of drug-carrying cyclic 
compounds prepared by binding a drug to C, B, or Y-cyclo 
dextrin and then stringing the drug/cyclodextrin compounds 
along a linear polymer with the biodegradable moieties 
bound to both ends of the polymer. Such an assembly is 
reportably capable of releasing a drug in response to a specific 
biodegradation occurring in a disease. These assemblies are 
commonly referred to as “necklace-type' cyclodextrin poly 
CS. 

0008. However, there still exists a need in the art for linear 
cyclodextrin polymers in which the cyclodextrin moiety is 
part of the main chain and not a pendant moiety off the main 
chain and a method for their preparation. 

SUMMARY OF THE INVENTION 

0009. This invention answers this need by providing a 
linear cyclodextrin copolymer. Such a linear cyclodextrin 
copolymer has a repeating unit of formula Ia, Ib, or a combi 
nation thereof: 
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0010. The invention also provides methods of preparing a 
linear cyclodextrin copolymer. One method copolymerizes a 
cyclodextrin monomer precursor disubstituted with the same 
or different leaving group and a comonomer A precursor 
capable of displacing the leaving group. Another Such method 
involves iodinating a cyclodextrin monomer precursor to 
form a diiodinated cyclodextrin monomer precursor and then 
copolymerizing the diiodinated cyclodextrin monomer pre 
cursor with a comonomer A precursor to produce the linear 
cyclodextrin copolymer. Another method involves iodinating 
a cyclodextrin monomer precursor to form a diiodinated 
cyclodextrin monomer precursor, aminating the diiodinated 
cyclodextrin monomer precursor to form a diaminated cyclo 
dextrin monomer precursor and then copolymerizing the 
diaminated cyclodextrin monomer precursor with a comono 
mer. A precursor to produce the linear cyclodextrin copoly 
mer. Yet another method involves the reduction of a linear 
oxidized cyclodextrin copolymer to the linear cyclodextrin 
copolymer. 
0011. The invention further provides a linear oxidized 
cyclodextrin copolymer. A linear oxidized cyclodextrin 
copolymer is a linear cyclodextrin copolymer which contains 
at least one oxidized cyclodextrin moiety of formula VIa or 
VIb: 

O O 

| || 
|AZ | A and 

O O 

- R. Ly C 

Each cyclodextrin moiety of a linear cyclodextrin copolymer 
of the invention may be oxidized so as to form a linear oxi 
dized cyclodextrin copolymer having a repeating unit of for 
mula VIa, VIb, or a combination thereof. 
0012. The invention also provides a method of preparing a 
linear oxidized cyclodextrin copolymer. One method 
involves oxidizing a linear cyclodextrin copolymer, such that 
at least one cyclodextrin monomer is oxidized. Other meth 
ods involve copolymerizing an oxidized cyclodextrin mono 
mer precursor with a comonomer A precursor. 
0013 The invention still further provides a linear cyclo 
dextrin copolymer or linear oxidized cyclodextrin copolymer 
grafted onto a substrate and a method of their preparation. The 
invention also provides a linear cyclodextrin copolymer or 
linear oxidized cyclodextrin copolymer crosslinked to 
another polymer and a method of their preparation. A method 
of preparing crosslinked cyclodextrin polymers involves 
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reacting a linear or linear oxidized cyclodextrin copolymer 
with a polymer in the presence of a crosslinking agent. 
0014. The invention provides a linear cyclodextrin 
copolymer or linear oxidized cyclodextrin copolymer having 
at least one ligand bound to the cyclodextrin copolymer. The 
ligand may be bound to either the cyclodextrin moiety or the 
comonomer A moiety of the copolymer. 
0015 The invention also provides a cyclodextrin compo 
sition containing at least one linear cyclodextrin copolymer of 
the invention and at least one linear oxidized cyclodextrin 
copolymer of the invention. The invention also provides 
therapeutic compositions containing atherapeutic agent and a 
linear cyclodextrin copolymer and/or a linear oxidized cyclo 
dextrin copolymer of the invention. A method of treatment by 
administering a therapeutically effective amount of a thera 
peutic composition of the invention is also described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The following figures depict illustrative embodi 
ments of the invention. These depicted embodiments are to be 
understood as illustrative of the invention and not as limiting 
in any way. 
0017 FIG. 1A shows transfection studies with plasmids 
encoding Luciferase reporter gene particularly noting the 
transfection with copolymer 16. 
0018 FIG. 1B shows transfection studies with plasmids 
encoding Luciferase reporter gene particularly noting the 
toxicity of copolymer 16 to BHK-21. 
(0019 FIG. 2 shows the effect of copolymer 16/DNA 
charge ratio and serum conditions on transfection efficiency 
(O and ) and cell survival (V and A) in BHK-21 cells. 
Results from transfection in 10% serum and serum-free 
media are shown as, respectively, dotted and Solid lines. Data 
are reported at the mean+/-S.D. of three samples. Toxicity 
data are presented as best fit lines. 
(0020 FIG. 3 shows the effect of copolymer 16/DNA 
charge ratio and serum conditions on transfection efficiency 
(O and ) and cell survival (V and A) in CHO-K1 cells. 
Results from transfection in 10% serum and serum-free 
media are shown as, respectively, dotted and Solid lines. Data 
are reported at the mean+/-S.D. of three samples. Toxicity 
data are presented as best fit lines. 
0021 FIG. 4A shows transfection studies with plasmids 
encoding Luciferase reporter gene particularly noting the 
relative light units. 
0022 FIG. 4B shows transfection studies with plasmids 
encoding Luciferase reporter gene particularly noting the 
fraction cell survival. 

DETAILED DESCRIPTION OF THE INVENTION 

0023. One embodiment of the invention is a linear cyclo 
dextrin copolymer. A linear cyclodextrin copolymer is a poly 
mer containing cyclodextrin moieties as an integral part of its 
polymer backbone. Previously, cyclodextrin moieties were 
not a part of the main polymer chain but rather attached off a 
polymer backbone as pendant moieties. 
0024. According to the invention, a linear cyclodextrin 
copolymer has a repeating unit of formula Ia, Ib, or a combi 
nation thereof: 
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0.025 Informula Ia and Ib, C is a substituted or unsubsti 
tuted cyclodextrin monomer and A is a comonomer bound, 
i.e. covalently bound, to cyclodextrin C. Polymerization of a 
cyclodextrin monomer C precursor with a comonomer A 
precursor results in a linear cyclodextrin copolymer of the 
invention. Within a single linear cyclodextrin copolymer of 
the invention, the cyclodextrin monomer C unit may be the 
same or different and, likewise, the comonomer A may be the 
same or different. 
0026. A cyclodextrin monomer precursor may be any 
cyclodextrin or derivative thereof known in the art. As dis 
cussed above, a cyclodextrin is defined as a cyclic polysac 
charide most commonly containing six to eight naturally 
occurring D(+)-glucopyranose units in an O-(1,4) linkage. 
Preferably, the cyclodextrin monomer precursor is a cyclo 
dextrin having six, seven and eight glucose units, i.e., respec 
tively, an alpha (C)-cyclodextrin, a beta (B)-cyclodextrin and 
a gamma (Y)-cyclodextrin. A cyclodextrin derivative may be 
any substituted cyclodextrin known in the art where the sub 
stituent does not interfere with copolymerization with 
comonomer A precursor as described below. According to the 
invention, a cyclodextrin derivative may be neutral, cationic 
or anionic. Examples of suitable substituents include, but are 
not limited to, hydroxyalkyl groups, such as, for example, 
hydroxypropyl, hydroxyethyl; ether groups, such as, for 
example, dihydroxypropyl ethers, methyl-hydroxyethyl 
ethers, ethyl-hydroxyethyl ethers, and ethyl-hydroxypropyl 
ethers; alkyl groups, such as, for example, methyl; saccha 
rides, such as, for example, glucosyl and maltosyl; acid 
groups, such as, for example, carboxylic acids, phosphorous 
acids, phosphinous acids, phosphonic acids, phosphoric 
acids, thiophosphonic acids, thiophosphonic acid and Sul 
fonic acids; imidazole groups; and Sulfate groups. 
0027. A cyclodextrin monomer precursor may be further 
chemically modified (e.g. halogenated, aminated) to facilitate 
or affect copolymerization of the cyclodextrin monomer pre 
cursor with a comonomer A precursor, as described below. 
Chemical modification of a cyclodextrin monomer precursor 
allows for polymerization at only two positions on each 
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cyclodextrin moiety, i.e. the creation of a bifunctional cyclo 
dextrin moiety. The numbering scheme for the C1-C6 posi 
tions of each glucopyranose ring is as follows: 

x = 6, 7, or 8 

In a preferred embodiment, polymerization occurs at two of 
any C2, C3 and C6 position, including combinations thereof, 
of the cyclodextrin moiety. For example, one cyclodextrin 
monomer precursor may be polymerized at two C6 positions 
while another cyclodextrin monomer precursor may be poly 
merized at a C2 and a C6 position of the cyclodextrin moiety. 
Using B cyclodextrinas an example, the lettering scheme for 
the relative position of each glucopyranose ring in a cyclo 
dextrin is as follows: 

3-cyclodextrin 

O = glucopyranose ring 

In a preferred embodiment of a linear cyclodextrin copolymer 
of the invention, the cyclodextrin monomer C has the follow 
ing general formula (II): 

(II) 

OH 
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Informula (II), n and m represent integers which, along with 
the other two glucopyranose rings, define the total number of 
glucopyranose units in the cyclodextrin monomer. Formula 
(II) represents a cyclodextrin monomer which is capable of 
being polymerized at two C6 positions on the cyclodextrin 
unit. Examples of cyclodextrin monomers of formula (II) 
include, but are not limited to, 6,6'-deoxy-C-cyclodextrin 
(n=O, m=4), 6'6'-deoxy-C-cyclodextrin (n=1, m=3), 6,6'- 
deoxy-C-cyclodextrin (n=2, m=2), 6,6'-deoxy-f-cyclodex 
trin (n=O, m=5), 6A,6'-deoxy-3-cyclodextrin (n=1, m=4), 
6,6'-deoxy-3-cyclodextrin (n=2, m=3), 6,6'-deoxy-Y-cy 
clodextrin (n=O, m=6), 6,6'-deoxy-y-cyclodextrin (n=1, 
m=5), 6,6'-deoxy-y-cyclodextrin (n=2, m=4), and 6,6'- 
deoxy-y-cyclodextrin (n=3, m=3). In another preferred 
embodiment of linear cyclodextrin copolymer of the inven 
tion, a cyclodextrin monomer Cunit has the following general 
formula (III): 

(III) 

where p=5-7. In formula (III), one of D(+)-glucopyranose 
units of a cyclodextrin monomer has undergone ring opening 
to allow for polymerization at a C2 and a C3 position of the 
cyclodextrin unit. Cyclodextrin monomers of formula (m) are 
commercially available from Carbomer of Westborough, 
Mass. Examples of cyclodextrin monomers of formula (III) 
include, but are not limited to, 2',3'-deoxy-2,3-dihydro 
C-cyclodextrin, 2',3'-deoxy-2',3'-dihydro-3-cyclodextrin, 
2',3'-deoxy-2,3-dihydro-Y-cyclodextrin, commonly 
referred to as, respectively, 2,3-deoxy-C-cyclodextrin, 2.3- 
deoxy-3-cyclodextrin, and 2.3-deoxy-y-cyclodextrin. 
0028. A comonomer A precursor may be any straight 
chain or branched, symmetric or asymmetric compound 
which upon reaction with a cyclodextrin monomer precursor, 
as described above, links two cyclodektrin monomers 
together. Preferably, a comonomer A precursor is a com 
pound containing at least two functional groups through 
which reaction and thus linkage of the cyclodextrin mono 
mers can be achieved. Examples of possible functional 
groups, which may be the same or different, terminal or 
internal, of each comonomer A precursor include, but are not 
limited to, amino, acid, ester, imidazole, and acyl halide 
groups and derivatives thereof. In a preferred embodiment, 
the two functional groups are the same and terminal. Upon 
copolymerization of a comonomer A precursor with a cyclo 
dextrin monomer precursor, two cyclodextrin monomers may 
be linked together by joining the primary hydroxyl side of one 
cyclodextrin monomer with the primary hydroxyl side of 
another cyclodextrin monomer, by joining the secondary 
hydroxyl side of one cyclodextrin monomer with the second 
ary hydroxyl side of another cyclodextrin monomer, or by 
joining the primary hydroxyl side of one cyclodextrin mono 
mer with the secondary hydroxyl side of another cyclodextrin 
monomer. Accordingly, combinations of Such linkages may 
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exist in the final copolymer. Both the comonomer A precursor 
and the comonomer A of the final copolymer may be neutral, 
cationic (e.g. by containing protonated groups such as, for 
example, quaternary ammonium groups) or anionic (e.g. by 
containing deprotonated groups, such as, for example, Sul 
fate, phosphate or carboxylate anionic groups). The charge of 
comonomer A of the copolymer may be adjusted by adjusting 
pH conditions. Examples of Suitable comonomer A precur 
sors include, but are not limited to, cystamine, 1,6-diamino 
hexane, diimidazole, dithioimidazole, spermine, dithiosper 
mine, dihistidine, dithiohistidine, Succinimide (e.g. dithiobis 
(succinimidyl propionate) (DSP) and disuccinimidyl 
suberate (DSS)) and imidates (e.g. dimethyl 3,3'-dithio 
bispropionimidate (DTBP)). Copolymerization of a comono 
mer. A precursor with a cyclodextrin monomer precursor 
leads to the formation of a linear cyclodextrin copolymer on 
the invention containing comonomer A linkages of the fol 
lowing general formulae: 
—HNC(O)(CH),C(O)NH , HNC(O)(CH), SS(CH) 
C(O)NH , 

- “H.N(CH), SS(CH), NH, , HNC(O)(CHCHO) 
CHCHC(O)NH , 
HNNHC(O)(CHCHO), CHCHC(O)NHN , 

- "HNCH (CHCHO), CHCHCH-NH" , 
—HNC(O)(CHCHO), CHCHSS(CHCHO), CHCHC 

HNC(NH)(CHCHO), CHCHC(NH)NH , 
0029 SCHCH-NHC(NH)(CH),C(NH) 
NHCHCHS , 
SCHCH-NHC(NH)(CH), SS(CH),C(NH) 

NHCHCHS 
- SCHCH-NHC(NH)CHCH(OCHCH.),C(NH) 
NHCHCHS 

O 

s 

s 

HOC 
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-continued 
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H H 

-SCH2CH2 CHCHS-. 
H H SN2\ /en 

e 
N-(CH2CH2O), CHCH-N 

S. 

0030. In the above formulae, X=1-50, and y+ZX. Prefer 
ably, X=1-30. More preferably, X=1-20. In a preferred 
embodiment, comonomer A is biodegradable or acid-labile. 
Also in a preferred embodiment, the comonomer A precursor 
and hence the comonomer A may be selectively chosen in 
order to achieve a desired application. For example, to deliver 
Small molecular therapeutic agents, a charged polymer may 
not be necessary and the comonomer A may be a polyethylene 
glycol group. 
0031. A linear cyclodextrin copolymer of the invention 
may be modified with at least one ligand attached to the 
cyclodextrin copolymer. The ligand may be attached to the 
cyclodextrin copolymer through the cyclodextrin monomer C 
or comonomer A. Preferably, the ligand is attached to at least 
one cyclodextrin moiety of the linear cyclodextrin copoly 
mer. Preferably, the ligand allows a linear cyclodextrin 
copolymer to target and bind to a cell. If more than one ligand, 
which may be the same or different, is attached to a linear 
cyclodextrin copolymer of the invention, the additional 
ligand or ligands may be bound to the same or different 
cyclodextrin moiety or the same or different comonomer A of 
the copolymer. Examples of Suitable ligands include, but are 
not limited to, Vitamins (e.g. folic acid), proteins (e.g. trans 
ferrin, and monoclonal antibodies) and polysaccharides. The 
ligand will vary depending upon the type of delivery desired. 
For example, receptor-mediated delivery may by achieved by, 
but not limited to, the use of a folic acid ligand while antisense 
oligo delivery may be achieved by, but not limited to, use of a 
transferrin ligand. The ligand may be attached to a copolymer 
of the invention by means known in the art. 
0032. Another embodiment of the invention is a method of 
preparing a linear cyclodextrin copolymer. According to the 
invention, a linear cyclodextrin copolymer of the invention 
may be prepared by copolymerizing a cyclodextrin monomer 
precursor disubstituted with an appropriate leaving group 
with a comonomer A precursor capable of displacing the 
leaving groups. The leaving group, which may be the same or 
different, may be any leaving group known in the art which 
may be displaced upon copolymerization with a comonomer 
A precursor. In a preferred embodiment, a linear cyclodextrin 
copolymer may be prepared by iodinating a cyclodextrin 
monomer precursor to form a diiodinated cyclodextrin mono 
mer precursor and copolymerizing the diiodinated cyclodex 
trin monomer precursor with a comonomer A precursor to 
form a linear cyclodextrin copolymer having a repeating unit 
of formula Ia, Ib, or a combination thereof, each as described 
above. In a preferred embodiment, a method of preparing a 
linear cyclodextrin of the invention iodinates a cyclodextrin 
monomer precursor as described above to form a diiodinated 
cyclodextrin monomer precursor of formula IVa., IVb. IVc or 
a mixture thereof: 
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(IVa) 

I I 
(IVb) 

I I, 

(IVc) 
I. 

The diiodinated cyclodextrin may be prepared by any means 
known in the art. (Tabushietal. J. Am. Chem. 106,5267-5270 
(1984); Tabushi et al. J. Am. Chem. 106,4580-4584 (1984). 
For example, B-cyclodextrin may be reacted with biphenyl 
4,4'-disulfoayl chloride in the presence of anhydrous pyridine 
to form a biphenyl-4,4'-disulfonyl chloride capped B-cyclo 
dextrin which may then be reacted with potassium iodide to 
produce diiodo-3-cyclodextrin. The cyclodextrin monomer 
precursor is iodinated at only two positions. By copolymer 
izing the diiodinated cyclodextrin monomer precursor with a 
comonomer A precursor, as described above, a linear cyclo 
dextrin polymer having a repeating unit of formula Ia, Ib, or 
a combination thereof, also as described above, may be pre 
pared. If appropriate, the iodine or iodo groups may be 
replaced with other known leaving groups. 
0033. Also according to the invention, the iodo groups or 
other appropriate leaving group may be displaced with a 
group that permits reaction with a comonomer A precursor, as 
described above. For example, a diiodinated cyclodextrin 
monomer precursor of formula Iva, IVb. IVc or a mixture 
thereof may be aminated to form a diaminated cyclodextrin 
monomer precursor of formula Va, Vb, Vc or a mixture 
thereof: 

(Va) 

NH2 NH2, 
(Vb) 

NH2 NH2, 

(Vc) 
NH2. 

NH2 

The diaminated cyclodextrin monomer precursor may be pre 
pared by any means known in the art. (Tabushi et al. Tetrahe 
dron Lett. 18:1527-1530 (1977); Mungallet al., J. Org. Chem. 
1659-1662 (1975)). For example, a diiodo-B-cyclodextrin 
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may be reacted with sodium azide and then reduced to form a 
diamino-3-cyclodextrin. The cyclodextrin monomer precur 
sor is aminated at only two positions. The diaminated cyclo 
dextrin monomer precursor may then be copolymerized with 
a comonomer A precursor, as described above, to produce a 
linear cyclodextrin copolymer having a repeating unit of for 
mula Ia, Ib, oracombination thereof, also as described above. 
However, the amino functionality of a diaminated cyclodex 
trin monomer precursor need not be directly attached to the 
cyclodextrin moiety. Alternatively, the amino functionality 
may be introduced by displacement of the iodo or other 
appropriate leaving groups of a cyclodextrin monomer pre 
cursor with amino group containing moieties such as, for 
example, SCHCH-NH2 to form a diaminated cyclodextrin 
monomer precursor of formula Vd, Ve, Vf or a mixture 
thereof: 

(Vd) 

NH2 NH2, 
(Ve) 

s 
S S, 

(Vf) 
HN 

S. 

S 

HN 

0034. A linear cyclodextrin copolymer of the invention 
may also be prepared by reducing a linear oxidized cyclodex 
trin copolymer of the invention as described below. This 
method may be performed as long as the comonomer A does 
not contain a reducible moiety or group Such as, for example, 
a disulfide linkage. 
0035. According to the invention, a linear cyclodextrin 
copolymer of the invention may be oxidized so as to introduce 
at least one oxidized cyclodextrin monomer into the copoly 
mer Such that the oxidized cyclodextrin monomer is an inte 
gral part of the polymer backbone. A linear cyclodextrin 
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copolymer which contains at least one oxidized cyclodextrin 
monomer is defined as a linear oxidized cyclodextrin copoly 
mer. The cyclodextrin monomer may be oxidized on either 
the secondary or primary hydroxyl side of the cyclodextrin 
moiety. If more than one oxidized cyclodextrin monomer is 
present in a linear oxidized cyclodextrin copolymer of the 
invention, the same or different cyclodextrin monomers oxi 
dized on either the primary hydroxyl side, the secondary 
hydroxyl side, or both may be present. For illustration pur 
poses, a linear oxidized cyclodextrin copolymer with oxi 
dized secondary hydroxyl groups has, for example, at least 
one unit of formula VIa or VIb: 

- R. Ly 
0036) Informulae VIa and VIb, C is a substituted or unsub 
stituted oxidized cyclodextrin monomer and A is a comono 
mer bound, i.e. covalently bound, to the oxidized cyclodex 
trin C. Also in formulae VIa and VIb, oxidation of the 
secondary hydroxyl groups leads to ring opening of the cyclo 
dextrin moiety and the formation of aldehyde groups. 
0037. A linear oxidized cyclodextrin copolymer may be 
prepared by oxidation of a linear cyclodextrin copolymer as 
discussed above. Oxidation of a linear cyclodextrin copoly 
mer of the invention may be accomplished by oxidation tech 
niques known in the art. (Hisamatsu et al., Starch 44:188-191 
(1992)). Preferably, an oxidant such as, for example, sodium 
periodate is used. It would be understood by one of ordinary 
skill in the art that under standard oxidation conditions that 
the degree of oxidation may vary or be varied per copolymer. 
Thus in one embodiment of the invention, a linear oxidized 
copolymer of the invention may contain one oxidized cyclo 
dextrin monomer. In another embodiment, Substantially all to 
all cyclodextrin monomers of the copolymer would be oxi 
dized. 

0038 Another method of preparing a linear oxidized 
cyclodextrin copolymer of the invention involves the oxida 
tion of a diiodinated or diaminated cyclodextrin monomer 
precursor, as described above, to form an oxidized diiodi 
nated or diaminated cyclodextrin monomer precursor and 
copolymerization of the oxidized diiodinated or diaminated 
cyclodextrin monomer precursor with a comonomer A pre 
cursor. In a preferred embodiment, an oxidized diiodinated 
cyclodextrin monomer precursor of formula VIIIa, VIIb, Vile, 
or a mixture thereof: 

(VIa) 

(VIb) 

(VIIa) 
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-continued 

(VIIb) 

(VIIc) 

may be prepared by oxidation of a diiodinated cyclodextrin 
monomer precursor of formulae IVa., IVb. IVc, or a mixture 
thereof, as described above. In another preferred embodi 
ment, an oxidized diaminated cyclodextrin monomer precur 
sor of formula VIIIa, VIIIb, VIIIc or a mixture thereof: 

(VIIIa) 

(VIIIb) 
NH O O. NH2, and 

(VIIIc) 

may be prepared by amination of an oxidized diiodinated 
cyclodextrin monomer precursor of formulae VIIa, VIIb, 
VIIc, or a mixture thereof, as described above. In still another 
preferred embodiment, an oxidized diaminated cyclodextrin 
monomer precursor of formula IXa, IXb, IXc or a mixture 
thereof: 

(IXa) 
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-continued 
(IXb) 

s 
S S, and 

(LXc) 
NH2 

HN 

maybe prepared by displacement of the iodo or other appro 
priate leaving groups of an oxidized cyclodextrin monomer 
precursor disubstituted with an iodo or other appropriate 
leaving group with the amino group containing moiety 
SCHCH-NH. 
0039. Alternatively, an oxidized diiodinated or diaminated 
cyclodextrin monomer precursor, as described above, may be 
prepared by oxidizing a cyclodextrin monomer precursor to 
form an oxidized cyclodextrin monomer precursor and then 
diiodinating and/or diaminating the oxidized cyclodextrin 
monomer, as described above. As discussed above, the cyclo 
dextrin moiety may be modified with other leaving groups 
other than iodo groups and other amino group containing 
functionalities. The oxidized diiodinated or diaminated 
cyclodextrin monomer precursor may then be copolymerized 
with a comonomer A precursor, as described above, to form a 
linear oxidized cyclodextrin copolymer of the invention. 
0040. A linear oxidized cyclodextrin copolymer may also 
be further modified by attachment of at least one ligand to the 
copolymer. The ligand is as described above. 
0041. In a preferred embodiment of the invention, a linear 
cyclodextrin copolymer or a linear oxidized cyclodextrin 
copolymer terminates with at least one comonomer A precur 
sor or hydrolyzed product of the comonomer A precursor, 
each as described above. As a result of termination of the 
cyclodextrin copolymer with at least one comonomer A pre 
cursor, at least one free functional group, as described above, 
exists per linear cyclodextrin copolymer or per linear oxi 
dized cyclodextrin copolymer. For example, the functional 
group may be an acid group or a functional group that may be 
hydrolyzed to an acid group. According to the invention, the 
functional group may be further chemically modified as 
desired to enhance the properties of the cyclodextrin copoly 
mer, Such as, for example, colloidal stability, and transfection 
efficiency. For example, the functional group may be modi 
fied by reaction with PEG to form a PEG terminated cyclo 
dextrin copolymer to enhance colloidal stability or with his 
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tidine to form an imidazolyl terminated cyclodextrin 
copolymer to enhance intracellular and transfection effi 
ciency. 
0042. Further chemistry may be performed on the cyclo 
dextrin copolymer through the modified functional group. 
For example, the modified functional group may be used to 
extend a polymer chain by linking a linear cyclodextrin 
copolymer or linear oxidized cyclodextrin copolymer, as 
described herein, to the same or different cyclodextrin 
copolymer or to a non-cyclodextrin polymer. In a preferred 
embodiment of the invention, the polymer to be added on is 
the same or different linear cyclodextrin copolymer or linear 
oxidized cyclodextrin copolymer which may also terminated 
with at least one comonomer A precursor for further modifi 
cation, each as described herein. 
0043 Alternatively, at least two of the same or different 
linear cyclodextrin copolymers or linear oxidized cyclodex 
trin copolymers containing a terminal functional group or a 
terminal modified functional group, as described above, may 
be reacted and linked together through the functional or modi 
fied functional group. Preferably, upon reaction of the func 
tional or modified functional groups, a degradable moiety 
Such as, for example, a disulfide linkage is formed. For 
example, modification of the terminal functional group with 
cysteine may be used to produce a linear cyclodextrin copoly 
mer or linear oxidized cyclodextrin copolymer having at least 
one free thiol group. Reaction with the same or different 
cyclodextrin copolymer also containing at least one free thiol 
group will form a disulfide linkage between the two copoly 
mers. In a preferred embodiment of the invention, the func 
tional or modified functional groups may be selected to offer 
linkages exhibiting different rates of degradation (e.g. via 
enzymatic degradation) and thereby provide, if desired, a 
time release system for a therapeutic agent. The resulting 
polymer may be crosslinked, as described herein. Atherapeu 
tic agent, as described herein, may be added prior to or post 
crosslinking of the polymer. A ligand, as described herein, 
may also be bound through the modified functional group. 
0044 According to the invention, a linear cyclodextrin 
copolymer or linear oxidized cyclodextrin copolymer may be 
attached to or grafted onto a substrate. The substrate may be 
any Substrate as recognized by those of ordinary skill in the 
art. In another preferred embodiment of the invention, a linear 
cyclodextrin copolymer or linear oxidized cyclodextrin 
copolymer, may be crosslinked to a polymer to form, respec 
tively, a crosslinked cyclodextrin copolymer or a crosslinked 
oxidized cyclodextrin copolymer. The polymer may be any 
polymer capable of crosslinking with a linear or linear oxi 
dized cyclodextrin copolymer of the invention (e.g. polyeth 
ylene glycol (PEG) polymer, polyethylene polymer). The 
polymer may also be the same or different linear cyclodextrin 
copolymer or linear oxidized cyclodextrin copolymer. Thus, 
for example, a linear cyclodextrin copolymer may be 
crosslinked to any polymer including, but not limited to, 
itself, another linear cyclodextrin copolymer, and a linear 
oxidized cyclodextrin copolymer. A crosslinked linear cyclo 
dextrin copolymer of the invention may be prepared by react 
ing a linear cyclodextrin copolymer with a polymer in the 
presence of a crosslinking agent. A crosslinked linear oxi 
dized cyclodextrin copolymer of the invention may be pre 
pared by reacting a linear oxidized cyclodextrin copolymer 
with a polymer in the presence of an appropriate crosslinking 
agent. The crosslinking agent may be any crosslinking agent 
known in the art. Examples of crosslinking agents include 
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dihydrazides and disulfides. In a preferred embodiment, the 
crosslinking agent is a labile group Such that a crosslinked 
copolymer may be uncrosslinked if desired. 
0045. A linear cyclodextrin copolymer and a linear oxi 
dized cyclodextrin copolymer of the invention may be char 
acterized by any means known in the art. Such characteriza 
tion methods or techniques include, but are not limited to, gel 
permeation chromatography (GPC), matrix assisted laser 
desorption ionization-time of flight mass spectrometry 
(MALDI-TOF Mass spec), 'Hand 'C NMR, light scattering 
and titration. 

0046. The invention also provides a cyclodextrin compo 
sition containing at least one linear cyclodextrin copolymer 
and at least one linear oxidized cyclodextrin copolymer of the 
invention as described above. Accordingly, either or both of 
the linear cyclodextrin copolymer and linear oxidized cyclo 
dextrin copolymer may be crosslinked to another polymer 
and/or bound to a ligand as described above. Therapeutic 
compositions according to the invention contain a therapeutic 
agent and a linear cyclodextrin copolymer or a linear oxidized 
cyclodextrin copolymer, including crosslinked copolymers, 
of the invention. A linear cyclodextrin copolymer, a linear 
oxidized cyclodextrin copolymer and their crosslinked 
derivatives areas described above. The therapeutic agent may 
be any synthetic or naturally occurring biologically active 
therapeutic agent including those known in the art. Examples 
of Suitable therapeutic agents include, but are not limited to, 
antibiotics, steroids, polynucleotides (e.g. genomic DNA, 
cDNA, mRNA and antisense oligonucleotides), plasmids, 
peptides, peptide fragments, Small molecules (e.g. doxorubi 
cin) and other biologically active macromolecules Such as, 
for example, proteins and enzymes. 
0047. A therapeutic composition of the invention may be 
prepared by means known in the art. In a preferred embodi 
ment, a copolymer of the invention is mixed with a therapeu 
tic agent, as described above, and allowed to self-assemble. 
According to the invention, the therapeutic agent and a linear 
cyclodextrin copolymer or a linear oxidized cyclodextrin 
copolymer of the invention associate with one another Such 
that the copolymer acts as a delivery vehicle for the therapeu 
tic agent. The therapeutic agent and cyclodextrin copolymer 
may associate by means recognized by those of skill in the art 
Such as, for example, electrostatic interaction and hydropho 
bic interaction. The degree of association may be determined 
by techniques known in the art including, for example, fluo 
rescence studies, DNA mobility studies, light scattering, elec 
tron microscopy, and will vary depending upon the therapeu 
tic agent. As a mode of delivery, for example, a therapeutic 
composition of the invention containing a copolymer of the 
invention and DNA may be used to aid in transfection, i.e. the 
uptake of DNA into an animal (e.g. human) cell. (Boussif, O. 
Proceedings of the National Academy of Sciences, 92:7297 
7301 (1995); Zanta et al. Bioconjugate Chemistry, 8:839-844 
(1997)). 
0048. A therapeutic composition of the invention may be, 
for example, a solid, liquid, Suspension, or emulsion. Prefer 
ably a therapeutic composition of the invention is in a form 
that can be injected intravenously. Other modes of adminis 
tration of a therapeutic composition of the invention include, 
depending on the State of the therapeutic composition, meth 
ods known in the art Such as, but not limited to, oral admin 
istration, topical application, parenteral, intravenous, intrana 
sal, intraocular, intracranial or intraperitoneal injection. 
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0049. Depending upon the type of therapeutic agent used, 
a therapeutic composition of the invention may be used in a 
variety of therapeutic methods (e.g. DNA vaccines, antibiot 
ics, antiviral agents) for the treatment of inherited or acquired 
disorders such as, for example, cystic fibrosis, Gaucher's 
disease, muscular dystrophy, AIDS, cancers (e.g., multiple 
myeloma, leukemia, melanoma, and ovarian carcinoma), car 
diovascular conditions (e.g., progressive heart failure, rest 
enosis, and hemophilia), and neurological conditions (e.g., 
brain trauma). According to the invention, a method of treat 
ment administers a therapeutically effective amount of a 
therapeutic composition of the invention. A therapeutically 
effective amount, as recognized by those of skill in the art, 
will be determined on a case by case basis. Factors to be 
considered include, but are not limited to, the disorder to be 
treated and the physical characteristics of the one Suffering 
from the disorder. 
0050. Another embodiment of the invention is a composi 
tion containing at least one biologically active compound 
having agricultural utility and a linear cyclodextrin copoly 
mer or a linear oxidized cyclodextrin copolymer of the inven 
tion. The agriculturally biologically active compounds 
include those known in the art. For example, Suitable agricul 
turally biologically active compounds include, but are not 
limited to, fungicides, herbicides, insecticides, and mildew 
cides. 
0051. The following examples are given to illustrate the 
invention. It should be understood, however, that the inven 
tion is not to be limited to the specific conditions or details 
described in these examples. 

EXAMPLES 

0.052 Materials. B-cyclodextrin (Cerestar USA, Inc. of 
Hammond, Ind.) was dried in vacuo (<0.1 mTorr) at 120° C. 
for 12 h before use. Biphenyl-4,4'-disulfonyl chloride (Ald 
rich Chemical Company, Inc. of Milwaukee, W.T.) was 
recrystallized from chloroform/hexanes. Potassium iodide 
was powdered with a mortar and pestle and dried in an oven 
at 200°C. All other reagents were obtained from commercial 
suppliers and were used as received without further purifica 
tion. Polymer samples were analyzed on a Hitachi HPLC 
system equipped with an Anspec RI detector and a Progel 
TSKG3000, column using water as eluant at a 1.0 mL 
min' flow rate. 

Example 1 
Biphenyl-4,4'-disulfonyl-AD-Capped B-Cyclodex 
trin, 1 (Tabushi et al. J. Am. Chem. Soc. 106, 5267 

5270 (1984)) 
0053 A500 mL round bottom flask equipped with a mag 
netic stirbar, a Schlenk adapter and a septum was charged 
with 7.92 g (6.98 mmol) of dry f-cyclodextrin and 250 mL of 
anhydrous pyridine (Aldrich Chemical Company, Inc.). The 
resulting solution was stirred at 50° C. under nitrogen while 
2.204 g (6.28 mmol) of biphenyl-4,4'-disulfonyl chloride was 
added in four equal portions at 15 min intervals. After stirring 
at 50° C. for an additional 3 h, the solvent was removed in 
vacuo and the residue was Subjected to reversed-phase col 
umn chromatography using a gradient elution of 0-40% 
acetonitrile in water. Fractions were analyzed by high perfor 
mance liquid chromatography (HPLC) and the appropriate 
fractions were combined. After removing the bulk of the 
acetonitrile on a rotary evaporator, the resulting aqueous Sus 
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pension was lyophilized to dryness. This afforded 3.39 g 
(38%) of 1 as a colorless solid. 

Example 2 

6',6-Diiodo-6',6-Deoxy-3-cyclodextrin, 2 
(Tabushi et al. J. Am. Chem. 106,4580-4584 (1984)) 

0054. A 40 mL centrifuge tube equipped with a magnetic 
stirbar, a Schlenkadapteranda septum was charged with 1.02 
g (7.2 mmol) of 1, 3.54 g (21.3 mmol) of dry, powdered 
potassium iodide (Aldrich) and 15 mL of anhydrous N,N- 
dimethylformamide (DMF) (Aldrich). The resulting suspen 
sion was stirred at 80°C. under nitrogen for 2 h. After cooling 
to room temperature, the Solids were separated by centrifu 
gation and the Supernatant was decanted. The Solid precipi 
tate was washed with a second portion of anhydrous DMF and 
the Supernatants were combined and concentrated in vacuo. 
The residue was then dissolved in 14 mL of water and cooled 
in an ice bath before 0.75 mL (7.3 mmol) of tetrachloroeth 
ylene (Aldrich) was added with rapid stirring. The precipi 
tated inclusion complex was filtered on a medium glass frit 
and washed with a small portion of acetone before it was dried 
under vacuum over P205 for 14 h. This afforded 0.90 g (92%) 
of 2 as a white solid. 

Example 3 

6,6'-Diazido-6,6'-Deoxy-3-cyclodextrin, 3 
(Tabushi et al. Tetrahedron Lett. 18, 1527-1530 

(1977)) 
0055. A 100 mL round bottom flask equipped with a mag 
netic stirbar, a Schlenk adapter and a septum was charged 
with 1.704 g (1.25 mmol) of B-cyclodextrin diiodide, 0.49 g 
(7.53 mmol) of sodium azide (EM Science of Gibbstown, 
N.J.) and 10 mL of anhydrous N,N-dimethylformamide 
(DMF). The resulting suspension was stirred at 60° C. under 
nitrogen for 14h. The solvent was then removed in vacuo. The 
resulting residue was dissolved in enough water to make a 0.2 
M solution in salt and then passed through 11.3 g of Biorad 
AG501-X8(D) resin to remove residual salts. The eluant was 
then lyophihzed to dryness yielding 1.232 g (83%) of 3 as a 
white amorphous solid which was carried on to the next step 
without further purification. 

Example 4 

6,6'-Diamino-6,6'-Deoxy-f-cyclodextrin, 4 (Mu 
ngallet al., J. Org. Chem. 1659-1662 (1975)) 

0056 A 250 mL round bottom flask equipped with a mag 
netic stirbar and a septum was charged with 1.232 g (1.04 
mmol) of B-cyclodextrin bisazide and 50 mL of anhydrous 
pyridine (Aldrich). To this stirring Suspension was added 
0.898 g (3.42 mmol) of triphenylphosphine. The resulting 
suspension was stirred for 1 h at ambient temperature before 
10 mL of concentrated aqueous ammonia was added. The 
addition of ammonia was accompanied by a rapid gas evolu 
tion and the solution became homogeneous. After 14 h, the 
solvent was removed in vacuo and the residue was triterated 
with 50 mL of water. The solids were filtered off and the 
filtrate was made acidic (pH~4) with 10% HCl before it was 
applied to an ion exchange column containing Toyopearl 
SP-650M (NH," form) resin. The product 4 was eluted with 
a gradient of 0-0.5 Mammonium bicarbonate. Appropriate 
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fractions were combined and lyophilized to yield 0.832 g 
(71%) of the product 4 as the bis(hydrogen carbonate) salt. 

Example 5 
B-cyclodextrin-DSP Copolymer, 5 

0057. A 20 mL scintillation vial was charged with a solu 
tion of 92.6 mg (7.65x10 mol) of the bis(hydrogen carbon 
ate) salt of 4 in 1 mL of water. The pH of the solution was 
adjusted to 10 with 1 MNaOH before a solution of 30.9 mg 
(7.65x10 mol) of dithiobis(succinimidyl propionate) (DSP 
Pierce Chemical Co. of Rockford, Ill.) in 1 mL of chloroform 
was added. 
0058. The resulting biphasic mixture was agitated with a 
Vortex mixer for 0.5 h. The aqueous layer was then decanted 
and extracted with 3x1 mL of fresh chloroform. The aqueous 
polymer Solution was then subjected to gel permeation chro 
matography (GPC) on Toyopearl HW-40F resin using water 
as eluant. Fractions were analyzed by GPC and appropriate 
fractions were lyophilized to yield 85 mg (85%) as a colorless 
amorphous powder. 

Example 6 
B-cyclodextrin-DSS Copolymer, 6 

0059 A -cyclodextrin-DSS copolymer, 6., was synthe 
sized in a manner analogous to the DSP polymer, 5, except 
that disuccinimidyl suberate (DSS, Pierce Chemical Co. of 
Rockford, Ill.) was substituted for the DSP reagent. Com 
pound 6 was obtained in 67% yield. 

Example 7 
B-cyclodextrin-DTBP Copolymer, 7 

0060 A 20 mL scintillation vial was charged with a solu 
tion of 91.2 mg (7.26x10 mol) of the bis(hydrogen carbon 
ate) salt of 4 in 1 mL of water. The pH of the solution was 
adjusted to 10 with 1 M NaOH before 22.4 mg (7.26x10s 
mol) of dimethyl 3,3'-dithiobis(propionimidate)2 HCl 
(DTBP, Pierce Chemical Co. of Rockford, Ill.) was added. 
The resulting homogeneous solution was agitated with a Vor 
tex mixer for 0.5 h. The aqueous polymer solution was then 
Subjected to gel permeation chromatography (GPC) on Toyo 
pearl HW-40F resin. Fractions were analyzed by GPC and 
appropriate fractions were lyophilized to yield 67 mg (67%) 
of a colorless amorphous powder. 

Example 8 
B-cyclodextrin-cystamine Copolymer, 8 

0061. To a solution of 166.2 mg (7.38x10 mol) of cys 
tamine dihydrochloride (Aldrich) in 15 mL of 0.1 N. NaOH 
was added 100 mg (7.38x10 mol) of 2 and 5 mL of aceto 
nitrile. The resulting homogeneous solution was heated at 80° 
C. for 2 h before it was subjected to gel permeation chroma 
tography (GPC) on Toyopearl HW-40F resin. Fractions were 
analyzed by GPC and appropriate fractions were lyophilized 
to yield 17.2 mg (19%) of a colorless amorphous powder. 

Example 9 
Polyethylene Glycol 600 Dihydrazide, 9 

0062. A 100 mL round bottom flask equipped with a mag 
netic stirbar and a reflux condenser was charged with 1.82 g 
(3.0 mmol) of polyethylene glycol 600 (Fluka Chemical Corp 
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of Milwaukee, Wis.), 40 mL of absolute ethanol (Quantum 
Chemicals Pty Ltd of Tuscola, Ill.) and a few drops of sulfuric 
acid. The resulting solution was heated to reflux for 14 h. 
Solid sodium carbonate was added to quench the reaction and 
the solution of the PEG diester was transferred under nitrogen 
to an addition funnel. This solution was then added dropwise 
to a solution of 0.6 mL (9.0 mmol) of hydrazine hydrate 
(Aldrich) in 10 mL of absolute ethanol. A small amount of a 
cloudy precipitate formed. The resulting solution was heated 
to reflux for 1 h before it was filtered and concentrated. GPC 
analysis revealed a higher molecular weight impurity con 
taminating the product. Gel permeation chromatography on 
Toyopearl HW-40 resin enabled a partial purification of this 
material to approximately 85% purity. 

Example 10 

Oxidation of B-cyclodextrin-DSS Copolymer, 10 
(Hisamatsu et al., Starch 44, 188-191 (1992)) 

0063. The B-cyclodextrin-DSS copolymer 6 (92.8 mg, 
7.3x10 mol) was dissolved in 1.0 mL of water and cooled in 
an ice bath before 14.8 mg (7.3x10 mol) of sodium perio 
date was added. The solution immediately turned bright yel 
low and was allowed to stir in the dark at 0°C. for 14 h. The 
Solution was then Subjected to gel permeation chromatogra 
phy (GPC) on Toyopearl HW-40 resin using water as eluant. 
Fractions were analyzed by GPC. Appropriate fractions were 
combined and lyophilized to dryness to yield 84.2 mg (91%) 
of a light brown amorphous solid. 

Example 11 

Polyethylene Glycol (PEG) 600 Diacid Chloride, 11 

0.064 

O O 

1) SOCl 
Hs 

HO C 

0065. A 50 mL round bottom flask equipped with a mag 
netic stirbar and a reflux condenser was charged with 5.07 g. 
(ca. 8.4 mmol) of polyethylene glycol 600 diacid (Fluka 
Chemical Corp of Milwaukee, Wis.) and 10 mL of anhydrous 
chloroform (Aldrich). To this stirring solution was added 3.9 
mL (53.4 mmol) of thionyl chloride (Aldrich) and the result 
ing solution was heated to reflux for 1 h, during which time 
gas evolution was evident. The resulting solution was allowed 
to cool to room temperature before the solvent and excess 
thionyl chloride were removed in vacuo. The resulting oil was 
stored in a dry box and used without purification. 

O 

ls 
PEG600 OH 

O 

ls 
PEG600 Cl 

Example 12 
B-cyclodextrin-PEG 600 Copolymer, 12 

0066 

PEG-COC 
DMAc 

NH2 NH2 
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-continued 
O O 

uses 
ul l PEG-COC1 = Cl PEGoo Cl 

0067. A 20 mL scintillation vial was charged with a solu 
tion of 112.5 mg (8.95x10 mol) of the bis(hydrogen car 
bonate) salt of 6,6'-diamino-6,6'-deoxy-f-cyclodextrin, 
50 uL (3.6x10" mol) of triethylamine (Aldrich), and 5 mL of 
anhydrous N,N-dimethylacetamide (DMAc, Aldrich). The 
resulting suspension was then treated with 58 mg (9.1x10 
mol) of polyethylene glycol 600 diacid chloride, 11. The 
resulting solution was agitated with a Vortex mixer for 5 
minutes and then allowed to stand at 25° C. for 1 h during 
which time it became homogeneous. The solvent was 
removed in vacuo and the residue was subjected to gel per 
meation chromatography on Toyopearl HW-40F resin using 
water as eluant. Fractions were analyzed by GPC and appro 
priate fractions were lyophilized to dryness to yield 115 mg 
(75%) of a colorless amorphous powder. 

Example 13 

B-cyciodextrin-DSP Copolymer, 13 

0068 

NH2 NH2 
DSP 
Her 

H2O, CHCl3 

O O 

~s --> 

0069 A8 mL vial was charged with a solution of 102.3 mg 
(8.80x10 mol) of 2',3'-diamino-2',3'-deoxy-3-cyclodex 
trin in 1 mL of water. The pH of the solution was adjusted to 
10 with 1M NaOH before a solution of 36.4 mg (8.80x10 
mol) of dithiobis(succinimidyl propionate) (DSP, Pierce 
Chemical Co. of Rockford, Ill.) in 1 mL of chloroform was 
added. The resulting biphasic mixture was agitated with a 
Vortex mixer for 0.5 h. The aqueous layer was then decanted 
and extracted with 3x1 mL of fresh chloroform. The aqueous 
polymer Solution was then subjected to gel permeation chro 
matography. 
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Example 14 
6,6'-Bis-(2-arainoethylthio)-6-6'-deoxy-3-cyclo 
dextrin, 14 (Tabushi, I: Shimokawa, K. Fugita, K. 

Tetrahedron Lett. 1977, 1527-1530) 
0070 

NaSCH2CH2NH2 
DMF 

I I S S 

HN NH2 

0071. A 25 mL Schlenk flask equipped with a magnetic 
stirbar and a septum was charged with 0.91 mL (7.37 mmol) 
of a 0.81 M solution of sodium 2-aminoethylthiolate in etha 
nol. (Fieser, L. F.; Fiester, M. Reagents for Organic Synthesis, 
Wiley: New York, 1967: Vol. 3, pp. 265-266). The solution was 
evaporated to dryness and the solid was redissolved in 5 mL 
of anhydrous DMF (Aldrich). 6',6-Diiodo-6',6'-deoxy-o- 
cyclodextrin (100 mg, 7.38x10 mol) was added and the 
resulting Suspension was stirred at 60° C. under nitrogen for 
2 h. After cooling to room temperature, the solution was 
concentrated in vacuo and the residue was redissolved in 
water. After acidifying with 0.1 NHCl, the solution was 
applied to a Toyopearl SP-650M ion-exchange column 
(NH," form) and the product was eluted with a 0 to 0.4 M 
ammonium bicarbonate gradient. Appropriate fractions were 
combined and lyophilized to dryness. This afforded 80 mg 
(79%) of 14 as a white powder. 

Example 15 
B-cyclodextrin(cystamine)-DTBP Copolymer, 15 

0072 

DTBP 
He 

HO 
S S 

HN NH2 

NH' 
S --> S NH n1NNE S1 n-n S1\s 

NH' 
NH," 

S OCH DTBP = --~~ n-r 
NH' 

0073 A4 mL vial was charged with a solution of 19.6 mg 
(1.42x10 mol) of the bis(hydrogen carbonate) salt of 14 in 
0.5 mL of 0.1 M NaHCO. The solution was cooled in an ice 
bath before 4.4 mg (1.4x10 mol) of dimethyl 3,3'-dithio 

12 
Jun. 16, 2011 

bispropionimidate-2 HCl (DTBP, Pierce) was added. The 
resulting solution was then agitated with a Vortex mixer and 
allowed to stand at 0°C. for 1 h. The reaction was quenched 
with 1M Tris-HCl before it was acidified to pH 4 with 0.1 N 
HC1. The aqueous polymer Solution was then Subjected to gel 
permeation chromatography on Toyopearl HW-40F resin. 
Fractions were analyzed by GPC and appropriate fractions 
were lyophilized to dryness. This afforded 21.3 mg (100%) of 
15 as a white powder. 

Example 16 

B-cyclodextrin(cystamine)-DMS Copolymer, 16 

0.074 

\ DMS He 
H2O 

S S 

HN NH2 

NH' 
NH SS-1a si-n-n- N-1Ns 

NH' 
NH2 - 

OCH 
DMS = CHO 

0075. A 10 mL Schlenk flask equipped with a magnetic 
stirbar and a septum was charged with 200 mg (1.60x10' 
mol) of 14, 44 uL (3.2x10" mol) of triethylamine (Aldrich 
Chemical Co., Milwaukee, Wis.), 43.6 mg (1.60x10" mol) of 
dimethylsuberimidate-2 HCl (DMS, Pierce), and 3 mL of 
anhydrous DMF (Aldrich Chemical Co., Milwaukee, Wis.). 
The resulting slurry was heated to 80°C. for 18 hours under 
a steady stream of nitrogen during which time most of the 
solvent had evaporated. The residue which remained was 
redissolved in 10 mL of water and the resulting solution was 
then acidified with 10% HCl to pH4. This solution was then 
passed through an Amicon Centricon Plus-205,000 NMWL 
centrifugal filter. After washing with 2x10 mL portions of 
water, the polymer Solution was lyophilized to dryness yield 
ing 41.4 mg (18%) of an off-white amorphous solid. 

Example 17 

Folate Ligand Attachment to Cyclodextrin Polymer 

1. Resin Coupling: 

(0076 50 mg of FMOC-PEG-NHS (Shearwater Poly 
mers, Inc. of Huntsville, Ala.) is dissolved in 1 mL of anhy 
drous N,N-dimethylformamide (DMF) and is added to 10 
equivalents of hydrazide 2-chlorotrityl resin (Novabiochem 
USA of La Jolla, Calif.) swelled in DMF. The mixture is 
stirred at 60° C. until all the polymer is coupled to the resin, 
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as determined by a GPC system equipped with a UV detector. 
The resin-polymer is then transferred to a sintered glass col 
umn for all further reactions. 

2. Resin Capping: 
0077. The unreacted hydrazide groups on the resins are 
capped with acetic anhydride and the acetic acid products are 
neutralized by diisopropylethylamine. 

3. Removal of Protecting Group: 
0078. The FMOC protecting group is removed by two 
washes with 20% piperidine in DMF (1 mL total volume). 
The resin is thenwashed 10 times with 1 mL DMF and 5 times 
with 1 mL H.O. 

4. Folic Acid Coupling: 
0079 10 equivalents of folic acid and 1-(3-dimemylami 
nopropyl)-3-ethylcarbodiimide (EDC) is added to the resin 
along with 1.5 mL H.O. 1N NaOH is added to the reaction 
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mixture until the folic acid is dissolved (around pH 10). The 
glass column is then placed on a rotator and mixed overnight. 
The resin is then washed 10 times with 1 mL NaOH (1N), 10 
times with 1 mL of 50 mM sodium bicarbonate, and then 5 
times each with water, THF, and dichloromethane. 
5. Cleavage from Resin: 
0080 1% trifluoroacetic acid (TFA) in 1 mL DCM is 
added to the resin twice for 1 minute each. The supernatant is 
collected and DCM evaporated. The resulting oily film is 
rehydrated in HO and lyophilized, resulting in a light yellow 
powder. An NMR is taken to confirm the presence of the PEG 
polymer. 

6. Coupling to Polymer: 

I0081 Folic acid-linker is reacted with 6 equivalents of a 
cyclodextrin copolymer (oxidized as in Example 10) by mix 
ing in 50 mmol borate (pH 8.5). The reaction mixture is 
analyzed and conjugation polymer confirmed by a GPC sys 
tem with a UV detection at 285 nm. 

FOLATE LIGANDATTACHMENT TO CYCLODEXTRIN POLYMER 

NHS-PEGoo-FMOC + H2NHN 
NHS-Linker-FMOC 

Hydrazine 2-chlorotrityl resin 

20% Piperidine in DMF 

DMF, 60° C. 
RESIN --> 

O 

FMOC-N-PEG-C-HNHN ( ) RESIN 
C 

FMOC-Linker-Resin 

O 

FMOC-Linker-Resin -> H2N-PEGoo-C-HNHN ( ) RESIN 
C 

Linker-Resin 
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-continued 
O 

OH 
N N COOH 
NS 

N NS EDC Fo Link Resi His Oate-Linker-Resin 

Linker Resin + \ Z ^ HO + NaOH 
N to pH10 

HN 

Folic Acid 

1946 TFA in DCM 
Folate-Linker-Resin -e- 

O 

OH COOH 
N N 
s Ns y N Z X- ZNN N H O 

HN -NS 

-oil 
O 

C PEGoo-C-NHNH + 

O 

Resin 

Folate-Linker-Hydrazide 

PBS, pH 7.2 
H + Folate-Linker-Hydrazide - > 

Oxidized Polymer 
(CD cup shown) 

O 
OH 

HOOC N N 

r) N N 
N-Q f s 

Cyclodextrin-Linker- Folate 

HN 
N (PEG-4001 N. Y 3400 i 

O 
H 

Example 18 
Folate Ligand Attachment to Cyclodextrin Polymer 

1. Coupling: 
0082 36 mg of t-butyl carbazate dissolved in 240 uL of 
DCM/ethyl acetate (1:1) was added to 260 mg of FMOC 
PEGaoo-NHS (Shearwater Polymers) and mixed at room 
temperature for 2 hours. The product was precipitated two 
times from ethyl acetate/ether (1:1). 
2. Removal of Protecting Group 
I0083 FMOC protecting group was removed with 20% 
piperidine in DMF. The solvent was removed in vacuo and 
product redissolved in 1.3 mL of DMSO. 
3. Folic Acid Coupling: 
0084 1.2 equivalents of folic acid and DCC and one drop 
of pyridine was then added and the resulting Solution stirred 

in the dark at room temperature for 6 hours. DMSO was 
removed in vacuo and conjugation of folic acid was con 
firmed by GPC with UV monitoring at 285 nm. 

4. Removal of Hydrazide Protecting Group: 

I0085 Finally, the hydrazide was deprotected by stirring in 
4M HCl in dioxane for 1 hour before removing the solvent in 
vacuo. The final product was purified by Toyopearl HW-40F 
column chromatography. 

5. Coupling to Polymer: 

I0086 Folic acid-linker is reacted with 6 equivalents of a 
cyclodextrin copolymer (oxidized as in Example 10) by mix 
ing in 50 mmol borate (pH 8.5). The reaction mixture is 
analyzed and conjugation polymer confirmed by a GPC sys 
tem with a UV detection at 285 nm. 
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SYNTHESIS OF FOLIC ACID-PEG-HYDRAZIDE 

O 

ls 
HNN OtBl 

O 

ul 
H2N-PEGoo 
O O 

ul 1. Folic Acid-PEGoo NHNH 
O 

Oxidized Polymer 
(CD cup shown) 

He FMOC-N-PEGo-NHS + 

NHNH 

O 

us 
+ Folic Acid-PEG400 

FMOC-N-PEGo 
O 

1s. 
4MHC in Dioxane 
-e- 

l 

O 

ul 20% piperdine 
DMF 

O 

1s. NHNH 

Folic Acid, DCC 
-e- 

DMSO 

O 

ls 
Folic Acid-PEG400 NHNH2 

50 mM Borate, pH 8.5 
NHNH -> 

O 

HOOC N OH 

c e N N 

N N - 
1. HN NH2 

N 

t 
(PEG400) 

O 

Cyclodextrin-Linker-Folate 

Example 19 
Transferrin Ligand Attachment to Cyclodextrin Poly 

C 

1. Transferrin Oxidation 

0087 500 mg of iron-free human transferrin (Sigma of St. 
Louis. MO) is dissolved in 30 mM sodium acetate buffer and 
cooled to 0°C. To this solution is added 20 mg of sodium 
periodate dissolved in 4 LL of 30 mM sodium acetate. The 
mixture is stirred at 0°C. overnight. Next 1 g of AG501-X8 
resin (Biorad) is added to remove salts before the solution is 
lyophilized. 

2. Resin Coupling: 
I0088. 20 mg of FMOC-PEGo-NHS (Shearwater Poly 
mers, Inc. of Huntsville, Ala.) was dissolved in 0.5 mL of 
anhydrous N,N-dimethylformamide (DMF) and added to 10 
equivalents of hydrazide 2-chlorotrityl resin (Novabiochem 
USA of La Jolla, Calif.) swelled in DMF. The mixture was 
stirred at 60°C. until all the polymer was coupled to the resin, 
as determined by a GPC system equipped with an ultraviolet 
(UV) detector. The resin-polymer was then transferred to a 
sintered glass column for all further reactions. 

3. Resin Capping: 
0089. The unreacted hydrazide groups on the resins were 
capped with acetic anhydride and the acetic acid products 
were neutralized by diisopropylethylamine. 

4. Removal of Protecting Group: 
0090 The FMOC protecting group was removed by two 
washes with 20% piperidine in DMF (1 mL total volume). 
The resin was then washed 10 times with 1 mL DMF and 5 
times with 1 mLH-0. 

5. Transferrin Coupling: 
0091 To the resin is added 1.2 equivalents of transferrin 
dissolved in 0.05 M sodium carbonate and 0.1 M sodium 
citrate buffer, pH 9.5.5 M cyanoborahydnde in 1N NaOH is 
then added to the Solution. The glass column is placed on a 
rotator and mixed for 2 hours. The resin is then washed 15 
times with water and 5 times each with tetrahydrofuran (THF) 
and DCM. 
6. Cleavage from Resin: 
0092] 1% trifluoroacetic acid (TFA) in 1 mL DCM is 
added to the resin twice for 1 minute each. The supernatant is 
then collected and DCM evaporated. The resulting oily film is 
rehydrated in HO and lyophilized. 

7. Coupling to Polymer: 

0093 Transferrin linker is reacted with 6 equivalents of a 
cyclodextrin copolymer by reductive amination with sodium 
cyanoborohydride: first, the copolymer is added to transferrin 
linker dissolved in 0.05 M sodium carbonate and 0.1 M 
sodium citrate buffer. 5 M cyanoborohydride in 1N NaOH is 
added and the reaction is stirred for 2 hours at room tempera 
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ture. Unreacted aldehyde sites are blocked by adding emano 
lamine and reacting for 15 minuted at room temperature. The 
resulting conjugate is purified by dialysis. 

TRANSFERRINATTACHMENT TO CYCLODEXTRIN POLYMER 

Sodium Periodate 
-e- 

30 mM Sodium Acetate, 0°C. 
Iron-Free Transferrin 

Oxidized Iron-Free Transferrin 

NHS-PEGoo-FMOC + 
NHS-Linker-FMOC 

( ) RESIN DMF, 60° C. 
C 

Hydrazine 2-chlorotrityl resin 

FMOC-N-PEGo-c-HNHN RESIN 
C 

FMOC-Linker-Resin 
20% Piperidine in DMF 

FMOC-Linker H. Resin -e- 

HN-PEG-C-HNHN RESIN 

C 

Linker Resin 
TRANSFERRINATTACHMENT TO CYCLODEXTRIN POLYMER 

Linker Resin - 
NaCNBH3 

Oxidized Transferrin -> 
0.1 M sodium borate, pH 9.5 

H 
N Resin 

Transferrin n PEG401 

Transferrin - Linker Resin 
1946 TFA in DCM 

Transferrin - Linker-Resin -e- 
H 
N NHNH 

Transferrin n PEG-4001 2 
+ Resin 

Transferrin - Linker 
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-continued 
Transferrin - Linker + 

O 

NaCNBH 
-e- 

0.1 M sodium borate, pH 9.5 

Oxidized Polymer 
(CD cup shown) 

H H 
N PEG3400-N n N Y N Y 

H H 

Citrate H H 
N - PEG34001N Buffer NN NY Iron-FreeTransferrin - T - 

H H 

H H 
NS 1 PEG3400 N N N1 n 

H H 

Example 20 

Iron-Free Transferrin 

Iron 
(III) 

Transferrin 

General, Procedure for Cyclodextrin Copolymer 
Complexation with Small Molecules 

0094. Cyclodextrin-based copolymer (CD-polymer) is 
dissolved in water, buffer, or organic solvent at the appropri 
ate concentration. The Small molecule is dissolved in a sol 
vent miscible with the solvent of the CD-polymer solution 
and is added to the CD-polymer solution. The mixture is then 
stirred for /2 hour and then allowed to come to equilibrium 
overnight. 

Example 21 
Cyclodextrin Copolymer Complexation with Doxo 

rubicin 

(0095 Doxorubicin and CD-polymer were dissolved at 
various concentrations in PBS (phosphate buffered saline, pH 
7.2). The association constant between the CD and doxoru 
bicin was determined by measuring the extent of doxorubi 
cin's fluorescence increase upon complexation with the CD. 
(The hydrophobic interaction between the CD and doxorubi 
cin enhances the fluorescence intensity). Association con 
stant was approximately 200M at pH 7.1. Addition off-CD 
consistently enhanced doxorubicin fluorescence, indicating 
complexation between the CD-polymer and doxorubicin. 
Husain et al., Applied Spectroscopy Vol. 46, No. 4, 652-658 
(1992) found the association constant between B-CD and 
doxorubicin to be 210 M' at pH 7.1. 

Example 22 

Small Molecule Delivery to Cultured Cells 
0096 Media containing doxorubicin and doxorubicin/ 
CD-polymer complexes at various concentrations were 
applied to cultured cell lines. After 5 hours, the media was 
removed and replaced with fresh media. Doxorubicin effect 
on cell survival was determined by the MTT (3-(4,5-dimeth 
ylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium) toxicity assay. 
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(R. Ian Feshney, “Culture of Animal Cells', 3-rd ed., Wiley 
Liss: New York (1994)). The results are illustrated in the table 
below. Copolymer 15 or 16 (138 uM equivalent of CD mono 
mer) was not toxic to KB or KB-VI (a multidrug resistant 
derivative of KB) cell lines in the absence of doxorubicin. For 
receptor-mediated delivery, a ligand Such a folate is 
covalently attached to the CD-polymer used for doxorubicin 
complexation. 

ICs (IM of 
Cell Line CD-polymer doxorubicin) 

KB Ole -0.1 

KB-VI (multidrug resistant) none -10 
KB-VI copolymer 15 or 16 (138 LM -2-3 

equivalent of CD monomer) 

Example 23 
Fixed Permanent Charged Copolymer Complexation 

with Plasmid 

0097. In general, equal volumes of fixed charged CD 
polymer and DNA plasmid solutions in water are mixed at 
appropriate polymer/plasmid charge ratios. The mixture is 
then allowed to equilibrate and self-assemble at room tem 
perature overnight. Complexation Success is monitored by 
transferring a small aliquot of the mixture to 0.6% agarose gel 
and checking for DNA mobility. Free DNA travels under an 
applied voltage, whereas complexed DNA is retarded at the 
well. 
0098. 1 lug of DNA at a concentration of 0.2 ug/A in 
distilled water was mixed with 10 uL of copolymer 15 at 
polymeramine: DNA phosphate charge ratios of 2.4, 6, 12. 
24, 36, 60, and 120. The solution was mixed manually by a 
micropipette and then gently mixed overnight on a lab rotator. 
1 lug/uL of loading buffer (40% sucrose, 0.25% bromophenol 
blue, and 200 mM Tris-Acetate buffer containing 5 mM 
EDTA (Gao et al., Biochemistry 35:1027-1036 (1996)) was 
added to each solution the following morning. Each DNA/ 
polymer sample was loaded on a 0.6% agarose electrophore 
sis gel containing 6 g of EtBr/100 mL in 1xTAE buffer (40 
mM Tris-acetate? 1 mM EDTA) and 40V was applied to the 
gel for 1 hour. The extent of DNA/polymer complexation was 
indicated by DNA retardation in the gel migration pattern. 
The polymer (15) retarded DNA at charge ratios of 6 and 
above, indicating complexation under these conditions. 

Example 24 
Crosslinking Copolymer Complexation with Plasmid 

0099 Copolymer 15 or copolymer 16 is oxidized as in 
Example 10. Oxidized copolymer 15 or 16 is then complexed 
with a DNA plasmidas in Examples 23 and 26. Acrosslinking 
agent (for example, PEGoo-Dihydrazide) is then added to 
encapsulate the DNA. Encapsulation Success is determined 
by light scattering and visualized by electron microscopy. 

Example 25 
Variably Charged (pH-Sensitive) Copolymer Com 

plexation with Plasmid 
0100 Equal volumes of a CD-polymer and DNA plasmid 
Solutions in water are mixed in appropriate polymer/plasmid 
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charge ratios. The pH of the mixture is adjusted to form a 
charged CD-polymer. The mixture is then allowed to equili 
brate and self-assemble at room temperature for 30 minutes. 
A crosslinking agent (for example, PEGo-Dihydrazide) is 
then added to encapsulate the DNA. A concentrated buffer 
solution is then added to render the pH and thus the CD 
polymer neutral. Encapsulation Success is determined by 
light scattering and visualized by electron microscopy. 

Example 26 
Transfection Studies with Plasmids Encoding 

Luciferase Reporter Gene 
0101 BHK-21 cells were plated in 24 well plates at a cell 
density of 60,000 cells/well 24 hours before transfection. 
Plasmids encoding the luciferase gene were encapsulated by 
the CD-polymeras in Examples 23 or 25 such that the DNA/ 
polymer complexes were assembled at polymeramine: DNA 
phosphate charge ratios of 6, 12, 24, 36, and 60 as described 
in DNA binding studies of Example 23. Media solution con 
taining the DNA/polymer complexes was added to cultured 
cells and replaced with fresh media after 5 hours of incubation 
at 37° C. The cells were lysed 48 hours after transfection. 
Appropriate Substrates for the luciferase light assay were 
added to the cell lysate. Luciferase activity, measured interms 
of light units produced, was quantified by a luminometer. 
DNA/polymer complexes successfully transfected BHK-21 
cells at a charge ratios of 6, 12, and 24. Cell lysate was also 
used to determine cell viability by the Lowry protein assay. 
(Lowry et al., Journal of Biological Chemistry, Vol. 193, 
265-275 (1951)). Maximum toxicity was seen at a polymer 
amine: DNA phosphate charge ratios of 36 and 60 with 91% 
cell survival. 

Example 27 
Transfection Studies with Plasmids Encoding 

Luciferase Reporter Gene 
0102 BHK-21 cells were plated in 24 well plates at a cell 
density of 60,000 cells/well 24 hours before transfection. 
Plasmids encoding the luciferase gene were encapsulated by 
the CD-polymer as in Example 23 except copolymer 15 was 
replaced with copolymer 16 and that the DNA/polymer com 
plexes successfully transfected BHK-21 cells at charge ratios 
of 10, 20, 30, and 40 with maximum transfection at polymer 
amine:DNA phosphate charge ratio of 20. Media solution 
containing the DNA/polymer complexes was added to cul 
tured cells and replaced with fresh media after 24 hours of 
incubation at 37° C. The cells were lysed 48 hours after 
transfection. Appropriate Substrates for the luciferase light 
assay were added to the cell lysate. Luciferase activity, mea 
Sured in terms of light units produced, was quantified by a 
luminometer. The results are shown in FIG. 1A. DNA/poly 
mer complexes successfully transfected BHK-21 cells at a 
charge ratios of 6, 12, and 24. Cell lysate was also used to 
determine cell viability by the Lowry protein assay. (Lowry et 
al., Journal of Biological Chemistry, Vol. 193, 265-275 
(1951)). The results are shown in FIG. 1B. Maximum toxicity 
was seen at a polymeramine:DNA phosphate charge ratios of 
40 and 50 with 33% cell Survival. 

Example 28 
Transfection Studies with Plasmids Encoding GFP 

Reporter Gene 
0103 Plasmids encoding the green fluorescent protein are 
encapsulated by the CD-polymer as in Examples 23 or 25. 
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Media solution containing the DNA/polymer complexes is 
added to cultured cells and replaced with fresh media after 5 
hours of incubation at 37°C. The cells are detached from the 
Surface with trypsin, washed, and resuspended in Hanks Bal 
anced Salt Solution with propidium iodide. The cells are then 
analyzed by fluorescence activated cell sorting (FACS). Cell 
viability is determined by cell size and propidium iodide 
exclusion, and transfection success by GFP protein fluores 
CCCC. 

Example 29 
Polymer Complexation with Oligos 

0104 Complexation with antisense oligos is accom 
plished following the procedures for plasmid complexation of 
Examples 23 or 25. 

Example 30 
Transfection Studies with Oligos 

0105 Antisense oligos directed against the luciferase gene 
are encapsulated by the CD-polymeras described in Example 
29. Media Solution containing the oligo/polymer complexes 
is added to HeLa X1/5 cells (HeLa cells that constitutively 
express the luciferase gene, donated by CLONTECH) and 
replaced with fresh media after 5 hours of incubation at 37°C. 
Cells are lysed 48 hours after transfection and appropriate 
substrates for the luciferase assay are added to the lysates. 
Luciferase activity, measured interms of light units produced, 
is quantified by a luminometer. Transfection success is deter 
mined by knockout of luciferase activity. 

Example 31 
Toxicity of B-cyclodextrin(cystamine)-DTBP 

Copolymer, 15 
0106 The acute toxicity of copolymer 15 was investigated 
using Swiss-Webster “white mice.” A total of 48 mice were 
used as described in the table below. Single intravenous (i.v.) 
or intraperitoneal (i.p.) injections of sterile saline solutions or 
of copolymer 15 were given to the mice. The animals were 
followed for five days after which they sacrificed and gross 
necropsy performed. No mortality and no toxicity was 
observed. 

Group #Sex Concentration Dose Volume 
No. (M/F) CoPolymer (mg/mL) (mL) 

1 3/3 CoPolymer 15 0.5275 O.1 O.OS 
2 3/3 CoPolymer 15 5.275 O.1 O.S3 
3 3/3 CoPolymer 15 52.75 O.1 S.28 
4 3/3 CoPolymer 15 0.5275 O.1 O.OS 
5 3/3 CoPolymer 15 5.275 O.1 O.S3 
6 3/3 CoPolymer 15 52.75 O.1 S.28 
7 33 0.9% saline O.OOO O.1 O.OO 
8 33 0.9% saline O.OOO O.1 O.OO 

Example 32 

Transfection Studies with Plasmids Encoding 
Luciferase Reporter Gene 

0107 Plasmids encoding the luciferase gene were encap 
sulated by the CD-polymeras in Example 23 except copoly 
mer 15 was replaced with copolymer 16. The DNA/polymer 
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complexes were used to successfully transfect BHK-21 or 
CHO-K1 cells, each plated in 24 well plates at a cell density 
of 60,000 cells/well 24 hours before transfection, at various 
charge ratios in 10% serum and serum-free conditions fol 
lowing the procedure outlined in Example 27. The cells were 
lysed 48 hours after transfection. Appropriate substrates for 
the luciferase light assay were added to the cell lysate. 
Luciferase activity, measured in terms of light units produced 
(i.e., relative light units (RLU)), was quantified by a lumi 
nometer. Cell lysate was also used to determine ceil viability 
by the Lowry protein assay. (Lowry et al., Journal of Biologi 
cal Chemistry, Vol. 193,265-275 (1951)). Toxicity was mea 
sured by determining total cellular protein in the wells 48 
hours after transfection. The transfection and cell survival 
results in 10% serum and serum free media are shown in 
FIGS. 2 and 3. 

0.108 Luciferase protein activity in BHK-21 cells trans 
fected in serum-free conditions reached a stable maximum at 
30+/- with -5x107 RLUs. The presence of 10% serum in the 
transfection media decreased luciferase activity at all charge 
ratios except 70+/-. With CHO-K1 cells, increasing charge 
ratio also enhanced the transfection for all conditions tested. 
Additionally, transfection in serum decreased light units by 
an order of magnitude. 
0109 Copolymer 16 showed toxicity only to BHK-21 
cells for transfections in the absence of serum. Toxicity was 
minimized with the presence of 10% serum during transfec 
tion. No noticeable toxicity was observed from transfections 
to CHO-K1 cells. 

0110. The effect of copolymer 16/DNA charge ratio and 
serum conditions on transfection efficiency (O and ) and 
cell survival (V and A) in BHK-21 cells. Results from trans 
fection in 10% serum and serum-free media are shown as, 
respectively, dotted and solid lines. Data are reported as the 
mean+/-S.D. of three samples. Toxicity data are presented as 
best fit lines. 

0111. The effect of copolymer 16/DNA charge ratio and 
serum conditions on transfection efficiency (O and ) and 
cell survival (V and A) in CHO-K1 cells. Results from trans 
fection in 10% serum and serum-free media are shown as, 
respectively, dotted and solid lines. Data are reported as the 
mean+/-S.D. of three samples. Toxicity data are presented as 
best fit lines. 

Treatment 
Dose (mg) Regimen 

i.V., once 
i.V., once 
i.V., once 
i.p., once 
i.p., once 
i.p., once 
i.V., once 
i.p., once 

Comparative Example 1 

Transfection Studies with Plasmids Encoding 
Luciferase Reporter Gene 

0112 Following the procedure of Example 32, transfec 
tion efficiency and toxicity of various non-viral vectors with 
BHK-21 and CHO-K1 cells were studied and compared 
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against those achieved with DNA/copolymer 16 complexes. 
The BHK-21 and CHO-K1 cells were transfected at a range of 
charge ratios and starting cell densities for all vectors in 
serum-free media. The results are shown in FIGS. 3, 4A and 
4B and illustrate the optimum transfection conditions found 
for each vector. 
0113. It should be understood that the foregoing discus 
sion and examples merely present a detailed description of 
certain preferred embodiments. It will be apparent to those of 
ordinary skill in the art that various modifications and equiva 
lents can be made without departing from the spirit and scope 
of the invention. All the patents, journal articles and other 
documents discussed or cited above are herein incorporated 
by reference. 

1-70. (canceled) 
71. A method of preparing a 3-cyclodextrin-dimethyl 

suberimidate (DMS) copolymer, comprising: 
(a) reacting a B-cyclodextrin with biphenyl-4,4'-disulfonyl 

chloride to generate a biphenyl-4,4'-disulfonyl-AD 
capped f-cyclodextrin; 

(b) reacting said biphenyl-4,4'-disulfonyl-AD-capped 
B-cyclodextrin with potassium iodide to generate a 
6',6'-diiodo-6,6'-deoxy-B-cyclodextrin; 

(c) reacting said 6,6'-diiodo-6,6'-deoxy-f-cyclodex 
trin with 2-aminoethanethiol to generate a 6,6'-bis-(2- 
aminoethylthio)-6,6'-deoxy-3-cyclodextrin; and 

(d) reacting said 6,6'-bis-(2-aminoethylthio)-6,6'- 
deoxy-f-cyclodextrin with DMS to generate said B-cy 
clodextrin-dimethylsuberimidate (DMS) copolymer. 

72. The method of claim 71, wherein said B-cyclodextrin is 
charged with anhydrous pyridine prior to reaction with biphe 
nyl-4,4'-disulfonyl chloride in (a). 

73. The method of claim 71, further comprising acidifying 
said 6,6'-diiodo-6,6'-deoxy-3-cyclodextrin and 2-amino 
ethanethiol in (c). 

74. The method of claim 71, further comprising acidifying 
said 6,6'-bis-(2-aminoethylthio)-6,6'-deoxy-3-cyclodex 
trin and DMS in (d) to pH 4. 

75. The method of claim 71, further comprising reacting 
said B-cyclodextrin-dimethylsuberimidate (DMS) copoly 
mer with an imidazole. 

76. A method of preparing a 3-cyclodextrin-dimethyl 
suberimidate (DMS) copolymer having the following struc 
ture: 
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said method comprising: 
(a) charging dry 3-cyclodextrin with anhydrous pyridine, 

followed by reacting with biphenyl-4,4'-disulfonyl chlo 
ride to generate a biphenyl-4,4'-disulfonyl-AD-capped 
B-cyclodextrin; 

(b) reacting said biphenyl-4,4'-disulfonyl-AD-capped 
B-cyclodextrin with potassium iodide at 80° C. to gen 
erate a 6,6'-diiodo-6,6'-deoxy-f-cyclodextrin; 

(c) reacting said 6,6'-diiodo-6,6'-deoxy-f-cyclodex 
trin with 2-aminoethanethiol, followed by cooling to 
room temperature and acidifying, to generate a 6,6'- 
Bis-(2-aminoethylthio)-6,6'-deoxy-3-cyclodextrin; 
and 

(d) reacting said 6,6'-bis-(2-aminoethylthio)-6,6'- 
deoxy-f-cyclodextrin with DMS, followed by redis 
Solving in water and acidifying to pH 4, to generate said 
B-cyclodextrin-dimethylsuberimidate (DMS) copoly 
C. 

77. The method of claim 76, further comprising reacting 
said B-cyclodextrin-dimethylsuberimidate (DMS) copoly 
mer with an imidazole. 

78. A B-cyclodextrin-dimethylsuberimidate (DMS) 
copolymer prepared by the method of claim 76. 

79. A B-cyclodextrin-dimethylsuberimidate (DMS) 
copolymer prepared by the method of claim 77. 

80. A therapeutic composition comprising the B-cyclodex 
trin-dimethylsuberimidate (DMS) copolymer of claim 78 and 
a therapeutic agent selected from antibiotics, Steroids, poly 
nucleotides, plasmids, peptides, peptide fragments, Small 
molecules, proteins, and enzymes. 

81. A method of delivering a therapeutic agent comprising 
administering atherapeutically effective amount of the thera 
peutic composition of claim 80 to a subject in need of said 
therapeutic agent. 

82. A method of delivering atherapeutic agent comprising: 
combining the B-cyclodextrin-dimethylsuberimidate 
(DMS) copolymer of claim 78 with a therapeutic agent 
to form a mixture; 

allowing said mixture to self-assemble to form an associ 
ated composition; and 

administering a therapeutically effective amount of said 
associated composition to a Subject in need of said thera 
peutic agent, 

wherein said therapeutic agent is selected from antibiotics, 
steroids, polynucleotides, plasmids, peptides, peptide 
fragments, Small molecules, proteins, and enzymes. 
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