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MULTI-COMPONENT BIOLOGICAL TRANSPORT SYSTEMS

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT

Not applicable

BACKGROUND OF THE INVENTION

Gene delivery systems can be broadly classified inio two groups: viral and
nonviral. Viral systems have major toxicity risks and have resulted in major
complications and death in clinical trials. Nonviral systems are far less efficient than

viral approaches but offer the potential to tailor applications to enhance specificity and

potentially decrease toxicity. Nonviral strategies can be broadly classified as lipid- based

or nonlipid- based. The strategy presented 1n this invention can be applied to any of the
existing nonviral approaches, so all will be described here.

The simplest nonviral system is direct delivery of DNA. Due to the
negative charge of DNA, very little of the DNA actually enters the cell and most is
degraded. Virtually none of the DNA enters the nucleus without a nuclear targeting
sequence in the strategy. Conventionally, another factor 1s employed to enhance the
efficiency of gene/product delivery (DNA, RNA, or more recently protein therapeutics)
either by mechanical effects such as electroporation, ultrasound, “gene gun” and direct
microinjection, or by charge neutralization and chemical effects with agents such as
calcium ;phosphate, polylysime, and liposome preparations. In the latter é'trategies, charge
neutralization has been shown to increase nonspecific efficiencies several-fold over even
chemical/mechanical effects of liposome preparations alone. Based upon these and
similar results, many have concluded that DNA and RNA require charge neutralization

for efficiency in cellular uptake, since DNA’s negative charge essentially precludes

transport except by endolysis with subsequent lysosome fiision (escaped with addition of
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other agents). Most transfection agents actually use an excess of positive charge in ratios
of 2-4 fold over the net DNA negative charge. The resulting positive hybrid binds
ionically to negatively-charged cell surface proteoglycans and dramatically enhances
subsequent uptake. Some transfection agents seem to have a cellular tropism, most likely
because of steric and charge patterns that more effectively target particular proteoglycans,
which vary in cell-type specific patterns. Even with appropriate agents (1.e., correct
tropism), charge neutralization alone or in combination with liposomes remains extremely
inefficient relative to viral strategies. Thus, the community has identified a number of
peptides and peptide fragments which facilitate efficient entry of a complex into a cell
and past any endolysosome stage. Several such transport factors even allow efficient
nuclear entry. In one process, the transport factor 1s directly linked to the therapeutic
product of interest (small drug, gene, protein, etc). This approach requires that a new
drug attached to the transport factor be produced, purified and tested. In many cases,
these hybrids will actually constitute new drugs and will require full testing. Such a
process results in significant additional risk and expense. Alternately, a number of
strategies merely employ mixing of the agent nonspecifically (or even specifically at the
surface) into liposome preparations as carriers for a drug/DNA/factor. Although an
improvement over direct or simpler modalities in terms of efficiencies, these approaches
remain inefficient (relative to virus) and considerably more toxic than simple nonviral
strategies. Part of this inefficiency i1s due to poor nuclear translocation. As a result,
strategies have evolved to add nuclear translocation signals to the complex detailed
above, either as part of the therapeutic factor hybrid or as part of the liposome mixture.
Additional refinements have included efforts to reduce DNA/RINA/factor degradation.

Perhaps the most important refinements 1n the basic strategies presented
above have included specific ligands or other targeting agents together with the
therapeutic factor. These strategies offer the potential for greatly reduced nonspecific
toxicity and substantial improvements in efficiency, particularly when combined with
efficiency agents described as above. However, the current strategies rely on covalent
linkages to a single carrier and thus necessitate a specific synthesis (to assure that steric
considerations 1n a degree of substitution scheme don’t favor a single factor over the
others—i.e., to assure that each efficiency factor and each imaging moiety, and each
targeting moiety 1s present on the backbone). This renders virtually impossible a number
of specific constructs (for example, sialyl-lewis X and an Fab fragment to a surface

antigen, since steric limitations would prevent efficient binding of one or the other in
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most schemes, and in turn would interfere with efficiency factors). While promising
concept, these approaches represent expensive, very low yield (in terms of synthesis), and
unproven solutions to this problem.

As must be evident, with each stage of development in nonviral gene and
factor delivery, problems have been encountered and, in the next stage, solved with an
added degree of complexity. Each improvement represented an incremental step over the
prior standard. However, the added complexity brings risk from a patient-care standpoint
and inefficiency and expense from a production standpoint. These barriers have led to
greatly decreased enthusiasm for these otherwise promising potential therapies.

What 1s needed are new methods and compositions that are broadly
applicable to compositions of diverse therapeutic or cosmoceutic agents, that can be
térgeted or imaged to maximize delivery to a particular site. Surprisingly, the present

invention provides such compositions and methods.
SUMMARY OF THE INVENTION

In one aspect, the present invention provides a composition comprising a
non-covalent association complex of:
a) apositively-charged backbone; and
b) ai least two members selected from:
1) a first negatively-charged backbone having a plurality of
attached 1maging moieties;
11) a second negatively-charged backbone having a plurality of
attached targeting agents;
111) at least one member selected from RNA, DNA, ribozymes,
modified oligonucleotides and cDNA encoding a selected transgene;
1v) DNA encoding at least one persistence factor; and
v) athird negatively-charged backbone having a plurality of
attached biological agents;
wherein the association complex carries a net positive charge and at least
one of the two members from group b) 1s selected from groups 1), 1i1) or v).

The biological agents, in this aspect of the invention, can be either a

therapeutic agent or a cosmoceutic agent. Alternatively, candidate agents can be used to

determine in vivo efficacy in these non-covalent association complexes.
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In another aspect, the present invention provides a composition comprising
a non-covalent association complex of a positively-charged backbone having at least one
attached efficiency group and at least one nucleic acid member selected from the group
consisting of RNA, DNA, ribozymes, modified oligonucleotides and cDNA encoding a
selected transgene.

In another aspect, the present invention provides a method for delivery of a
biological agent to a cell surface in a subject, said method comprising administering to
said subject a composition as described above.

In yet another aspect, the present invention provides a method for
preparing a pharmaceutical or cosmoceutical composition, the method comprising

combining a positively charged backbone component and at least two members selected

from:

i) anegatively-charged backbone having a plurality of attached imaging
moieties;

11) a negatively-charged backbone having a plurality of attached targeting
agents;

111) at least member selected from RINA, DNA, ribozymes, modified
oligonucleotides and cDNA encoding a selected transgene;

iv) DNA encoding at least one persistence factor; and

v) amnegatively-charged backbone having a plurality of attached
therapeutic or cosmoceutic agents;

with a pharmaceutically or cosmoceutically acceptable carrier to form a
non-covalent association complex having a net positive charge, with the proviso that at
least one of said two members from groups 1) through v) 1s selected from groups 1), 111) or
V).

In still another aspect, the present invention provides a kit for formulating
a pharmaceutical or cosmoceutical delivery composition, the kit comprising a positively
charged backbone component and at least two components selected from groups 1)

through v) above, along with instructions for preparing the delivery composition.



10

15

20

25

30

CA 02416289 2003-01-15

WO 02/07773 PCT/US01/23072

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 provides a schematic representation the components used in the

invention.

Figure 2 provides a schematic representation of several embodiments of
the 1nvention.

Figures 3-10 provide photographs depicting transdermal delivery of a
therapeutic formulation as described in Example 4.

Figures 11-12 provide photographs depicting targeting of a therapeutic

formulation as described 1in Example 5.

DESCRIPTION OF THE INVENTION

General

The present invention provides a component-based system for selective,
persistent, delivery of imaging agents, genes or other therapeutic agents. Individual
features for the compositions can be selected by designating desired components in
bedside formulations. Additionally, imaging and specific targeting moieties are provided
on separate negatively charged backbones which will form a non-covalent 1onic
association with a positive backbone. By placing these components on a negatively
charged backbone, the invention obviates the need for attaching components in precise
locations on a positive backbone as employed in other strategies (increasing complexity
and expense and decreasing efficiency to a level that no successful combination has yet
been reported due to steric limitations). Further understanding of the invention 1s
provided with reference to Figure 1. In this figure, the components are shown as (1) a
solid backbone having attached positively charged groups (also referred to as efficiency
groups shown as darkened circles attached to a darkened bar), for example
(Gly)n1-(Arg)n2 (wherein the subscript nl is an integer of from 3 to about 5, and the
subscript n2 1s an odd mnteger of from about 7 to about 17) or TAT domains; (2) a short
negatively charged backbone having attached imaging moieties (open triangles attached
to a light bar); (3) a short negatively charged backbone having attached targeting agents
and/or therapeutic agents (open circles attached to a light bar); (4) an oligonucleotide,

RNA, DNA or cDNA (light cross hatched bar); and (5) DNA encoding persistence factors

S
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(dark cross hatched bar). Figure 2 illustrates various examples of multicomponent
compositions wherein the groups are depicted as set out in Figure 1. For example, in
Figure 2, a first multi-component composition 1s illustrated in which a positively charged
backbone has associated an 1imaging component, a targeting component, an
oligonucleotide and a persistence factor. A second multi-component composition 1s
illustrated which 1s designed for diagnostic/prognostic imaging. In this composition the
positively charged backbone 1s complexed with both 1maging components and targeting
components. Finally, a third multi-component system 1s 1llustrated which is useful for
gene delivery. In this system, an association complex 1s formed between a positively
charged backbone, a targeting component, a gene of mterest and DNA encoding a
persistence factor. The present invention, described more fully below, provides a number

of additional compositions useful in therapeutic and diagnostic programs.

Description of the Embodiments

Compositions

In view of the above, the present invention provides in one aspect a
composition comprising a non-covalent association complex of:
a) a positively-charged backbone; and
b) at least two members selected from:
1) a first negatively-charged backbone having a plurality of
attached 1maging moieties;
1) a second negatively-charged backbone having a plurality of
attached targeting agents;
111) at least one member selected from RNA, DNA, ribozymes,
modified oligonucleotides and cDNA encoding a selected transgene;
1v) DNA encoding at least one persistence factor; and
v) a third negatively-charged backbone having a plurality of
attached biological agents;
wherein the association complex carries a net positive charge and at least

one of the two members from group b) is selected from groups 1), 1i1) or v).

In one group of embodiments, the composition comprises at least three

members selected from groups 1) through v). In another group of embodiments, the
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composition comprises at least one member from each of groups 1), 11), 111) and 1v). In yet
another group of embodiments, the composition comprises at least one member from each
of groups 1) and ii). And in another group of embodiments, the composition comprises at
least one member from each of groups 11), ii1) and 1v).

Preferably, the positively-charged backbone has a length of from about 1
to 4 times the combined lengths of the members from group b). Alternatively, the

positively charged backbone has a charge ratio of from about 1 to 4 times the combined
charge of the members from group b). In some embodiments, the charge density 1s
uniform and the length and charge ratios are approximately the same. Size to size
(length) ratios can be determined based on molecular studies of the components or can be

determined from the masses of the components.

Positively charged backbone

The positively-charged backbone is typically a linear chain of atoms,
either with groups in the chain carrying a positive charge at physiological pH, or with
groups carrying a positive charge attached to side chains extending from the backbone.
The linear backbone is a hydrocarbon backbone which 1s, in some embodiments,
interrupted by heteroatoms selected from nitrogen, oxygen, sulfur, silicon and
phosphorus. The majority of backbone chain atoms are usually carbon. Additionally, the
backbone will often be a polymer of repeating units (e.g., amino acids, poly(ethyleneoxy),
poly(propyleneamine), and the 1iké). In one group of embodiments, the positively
charged backbone is a polypropyleneamine wherein a number of the amine nitrogen
atoms are present as ammonium groups (tetra-substituted) carrying a positive charge. In
another group of embodiments, the backbone has attached a plurality of sidechain
moieties that include positively charged groups (e.g., ammonium groups, pyridinium
groups, phosphonium groups, sulfonium groups, guanidinium groups, or amidinium
groups). The sidechain moieties in this group of embodiments can be placed at spacings
along the backbone that are consistent in separations or variable. Additionally, the length
of the sidechains can be similar or dissimilar. For example, in one group of
embodiments, the sidechains can be linear or branched hydrocarbon chains having from
one to twenty carbon atoms and terminating at the distal end (away from the backbone) in

one of the above-noted positively charged groups.
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In one group of embodiments, the positively charged backbone is a
polypeptide having multiple positively charged sidechain groups (e.g., lysine, arginine,
ornithine, homoarginine, and the like). One of skill in the art will appreciate that when
amino acids are used in this portion of the invention, the sidechains can have either the D-
or L-form (R or S configuration) at the center of attachment.

Alternatively, the backbone can be an analog of a polypeptide such as a
peptoid. See, for example, Kessler, Angew. Chem. Int. Ed. Engl. 32:543 (1993);
Zuckermann et al. Chemtracts-Macromol. Chem. 4:80 (1992); and Simon et al. Proc.
Nat’l. Acad. Sci. USA 89:9367 (1992)). Briefly, a peptoid is a polyglycine in which the
sidechain is attached to the backbone nitrogen atoms rather than the a-carbon atoms. As
above, a portion of the sidechains will typically terminate in a positively charged group to
provide a positively charged backbone component. Synthesis of peptoids is described in,
for example, U.S. Patent No. 5,877,278. As the term 1s used herein, positively charged
backbones that have a peptoid backbone construction are considered “non-peptide™ as
they are not composed of amino acids having naturally occurring sidechains at the o-
carbon locations.

A variety of other backbones can be used employing, for example, steric or
electronic mimics of polypeptides wherein the amide linkages of the peptide are replaced
with surrogates such as ester linkages, thioamides (-CSNH-), reversed thioamide
(-NHCS-), aminomethylene (-NHCH,-) or the reversed methyleneamino (-CH;INH-)
eroups, keto-methylene (-COCH;-) groups, phosphinate (-PO,RCH;-), phosphonamidate
and phosphonamidate ester (-PO,RNH-), reverse peptide (-NHCO-), trans-alkene
(-CR=CH-), fluoroalkene (-CF=CH-), dimethylene (-CH,CH,-), thioether (-CH,S-),
hydroxyethylene (-CH(OH)CH,-), methyleneoxy (-CH,0-), tetrazole (CNy), sulfonamido
(-SO,NH-), methylenesulfonamido (-CHRSO,;NH-), reversed sulfonamide (-NHSO,-),
and backbones with malonate and/or gem-diamino-alkyl subunits, for example, as
reviewed by Fletcher et al. ((1998) Chem. Rev. 98:763) and detailed by references cited
therein. Many of the foregoing substitutions result in approximately 1sosteric polymer
backbones relative to backbones formed from a-aﬁino acids.

In each of the backbones provided above, sidechain groups can be
appended that carry a positively charged group. For example, the sulfonamide-linked
backbones (-SO,NH- and -NHSO»-) can have sidechain groups attached to the nitrogen
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atoms. Similarly, the hydroxyethylene (-CH(OH)CH,-) linkage can bear a sidechain
group attached to the hydroxy substituent. One of skill in the art can readily adapt the
other linkage chemistries to provide positively charged sidechain groups using standard
synthetic methods.

In a particularly preferred embodiment, the positively charged backbone 1s
a polypeptide having branching groups (also referred to as efficiency groups) comprising
—(gly)n1-(arg)n2, HIV-TAT or fragments thereof, in which the subscript nl is an integer of
from 0 to 20, more preferably 0 to 8, still more preferably 2 to 5, and the subscript n2 is
an odd integer of from about 5 to about 25, more preferably about 7 to about 17, most
preferably about 7 to about 13. Still further preferred are those embodiments 1n which the
HIV-TAT fragment has the formula (gly),-RGRDDRRQRRR-(gly), or
(gly),-YGRKKRRQRRR-(gly), wherein the subscripts p and q are each mdependently an
integer of from 0 to 20 and the fragment is attached to the backbone via either the C-
terminus or the N-terminus of the fragment. Preferred HIV-TAT fragments are those in
Wiaich the subscripts p and q are each independently integers of from 0 to 8, more
preferably 2 to 5.

In another particularly preferred embodiment, the backbone portion 1s a
polylysine and positively charged branching groups are attached to the lysine sidechain
amino groups. The polylysine used in this particularly preferred embodiment can be any
of the commercially available (Sigma Chemical Company, St. Louis, Missouri, USA)
polylysines such as, for example, polylysine having MW > 70,000, polylysine having
MW of 70,000 to 150,000, polylysine having MW 150,000 to 300,000 and polylysine
having MW > 300,000. The appropriate selection of a polylysine will depend on the
remaining components of the composition and will be sufficient to provide an overall net
positive charge to the composition and provide a length that 1s preferably from one to four
times the combined length of the negatively charged components. Preferred positively
charged branching groups or efficiency groups include, for example, —gly-gly-gly-arg-
arg-arg-arg-arg-arg-arg (-GlysArg;) or HIV-TAT.
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Other components

In addition to the positively charged backbone component, the
compositions of the present invention comprise at least two components from the
following:

1) a negatively-charged backbone having a plurality of attached
Imaging moieties;

11) a negatively-charged backbone having a plurality of attached
targeting moieties;

111) at least one RNA, DNA, ribozyme, modified oligonucleotide or a
cDNA encoding a transgene of interest;

1v) DNA encoding at least one persistence factor; and

V) a negatively-charged backbone having a plurality of attached

therapeutic agents.

The negatively-charged backbones used to carry the imaging moieties,
targeting moieties and therapeutic agents can be a variety of backbones (similar to those
described above) having multiple groups carrying a negative charge at physiological pH.
Suitable negatively-charged groups are carboxylic acids, phosphinic, phosphonic or
phosphoric acids, sulfinic or sulfonic acids, and the like. In some embodiments, the
negatively-charged backbone will be an oligonucleic acid. In other embodiments, the
negatively-charged backbone 1s an oligosaccharide (e.g., dextran). In still other
embodiments, fhe negatively-charged backbone 1s a polypeptide (e.g., poly glutamic acid,
poly aspartic acid, or a polypeptide 1n which glutamic acid or aspartic acid residues are
interrupted by uncharged amino acids). The moieties described 1n more detail below
(1maging moieties, targeting agents, and therapeutic agents) can be attached to a backbone
having these pendent groups, typically via ester linkages. Alternatively, amino acids
which mterrupt negatively-charged amino acids or are appended to the terminus of the
negatively-charged backbone, can be used to attach 1maging moieties and targeting
moieties via, for example, disulfide linkages (through a cysteine residue), amide linkages,

ether linkages (through serine or threonine hydroxyl groups) and the like.

10
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imaging moieties

A variety of diagnostic or imaging moieties are useful in the present
invention and are present in an effective amount that will depend on the condition being
diagnosed or imaged, the route of administration, the sensitivity of the agent and device
used for detection of the agent, and the like.

Examples of suitable imaging or diagnostic agents include radiopaque
contrast agents, paramagnetic contrast agents, superparamagnetic contrast agents, CT
contrast agents and other contrast agents. For example, radiopaque contrast agents (for
X-ray imaging) will include inorganic and organic iodine compounds (e.g., diatrizoate),
radiopaque metals and their salts (e.g., silver, gold, platinum and the like) and other
radiopaque compounds (e.g., calcium salts, barium salts such as barium sulfate, tantalum
and tantalum oxide). Suitable paramagnetic contrast agents (for MR 1maging) include
gadolinium diethylene triaminepentaacetic acid (Gd-DTPA) and its derivatives, and other
gadolinium, manganese, iron, dysprosium, copper, europium, erbium, chromium, nickel
and cobalt complexes, including complexes with 1,4,7,10-tetraazacyclododecane-
N,N’,N’ ’,N’o’ ’-tetraacetic acid (DOTA), ethylenediaminetetraacetic acid (EDTA),
1,4,7,10-tetraazacyclododecane-N,N’,N’’-triacetic acid (DO3A), 1,4,7-triazacyclononane-
N,N’,N’’-triacetic acid (NOTA), 1,4,8,11-tetraazacyclotetradecane-N,N’,N°° )N’’’
tetraacetic acid (TETA), hydroxybenzylethylene-diamine diacetic acid (HBED) and the
like. Suitable superparamagnetic contrast agents (for MR imaging) include magnetites,
superparamagnetic iron oxides, monocrystalline iron oxides, particularly complexed
forms of each of these agents that can be attached to a negatively charged backbone. Still
other suitable imaging agents are the CT contrast agents including 1odinated and
noniodinated and ionic and nonionic CT contrast agents, as well as contrast agents such
as spin-labels or other diagnostically etffective agents.

Other examples of diagnostic agents include marker genes that encode

proteins that are readily detectable when expressed in a cell, including, but not limited to,
B-galactosidase, green fluorescent protein, blue fluorescent protein, luciferase, and the

like. A wide variety of labels may be employed, such as radionuclides, fluors, enzymes,
enzyme substrates, enzyme cofactors, enzyme inhibitors, ligands (particularly haptens),
and the like. Still other useful substances are those labeled with radioactive species or

components, such as “mTc glucoheptonate.
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targeting agents

A variety of targeting agents are useful in the compositions described
herein. Typically, the targeting agents are attached to a negatively-charged backbone as
described for the imaging moieties above. The targeting agents can be any element that
makes it possible to direct the transfer of a nucleic acid, therapeutic agent or another
component of the composition to a particular site. The targeting agent can be an
extracellular targeting agent, which allows, for example, a nucleic acid transfer to be
directed towards certain types of cells or certain desired tissues (tumor cells, liver cells,
hematopoietic cells, and the like). Such an agent can also be an intracellular targeting
agent, allowing a therapeutic agent to be directed towards particular cell compartments
(e.g, mitochondria, nucleus, and the like).

The targeting agent or agents are preferably linked, covalently or non-
covalently, to a negatively-charged backbone according to the invention. According to a
preferred mode of the invention, the targeting agent is covalently attached to an
oligonucleotide that serves as a negatively-charged backbone component, preferably via a
linking group. Methods of attaching targeting agents (as well as other biological agents)
to nucleic acids are well known to those of skill in the art using, for example,
heterobifunctional linking groups (see Pierce Chemical Catalog). In one group of
embodiments, the targeting agent is a fusogenic peptide for promoting cellular
transfection, that is to say for favoring the passage of the composition or its various
elements across membranes, or for helping in the egress from endosomes or for crossing
the nuclear membrane. The targeting agent can also be a cell receptor ligand for a
receptor that is present at the surface of the cell type, such as, for example, a sugar,
transferrin, insulin or asialo-orosomucoid protein. Such a ligand may also be one of
intracellular type, such as a nuclear location signal (nls) sequence which promotes the
accumulation of transfected DNA within the nucleus.

Other targeting agents useful in the context of the invention, mmclude
sugars, peptides, hormones, vitamins, cytokines, oligonucleotides, lipids or sequences or
fractions derived from these elements and which allow specific binding with their
corresponding receptors. Preferably, the targeting agents are sugars and/or peptides such
as antibodies or antibody fragments, cell receptor ligands or fragments thereof, receptors
or receptor fragments, and the like. More preferably, the targeting agents are ligands of
growth factor receptors, of cytokine receptors, or of cell lectin receptors or of adhesion

protein receptors. The targeting agent can also be a sugar which makes it possible to
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target lectins such as the asialoglycoprotein receptors, or alternatively an antibody Fab

fragment which makes it possible to target the Fc fragment receptor of immunoglobulins.

nucleic acids

In the compositions of the present invention, the nucleic acid can be either
a deoxyribonucleic acid or a ribonucleic acid, and can comprise sequences of natural or
artificial origin. More particularly, the nucleic acids used herein can include genomic
DNA, cDNA, mRNA, tRNA, rRNA, hybrid sequences or synthetic or semi-synthetic
sequences. These nucleic acids can be of human, animal, plant, bacterial, viral, etc.
origin. Additionally, the nucleic acids can be obtained by any technique known to those
skilled in the art, and in particular by the screening of banks, by chemical synthesis or by
mixed methods including the chemical or enzymatic modification of sequences obtained
by the screening of banks. Still further, the nucleic acids can be incorporated into vectors,
such as plasmid vectors.

The deoxyribonucleic acids used in the present invention can be single- or
double-stranded. These deoxyribonucleic acids can also code for therapeutic genes,
sequences for regulating transcription or replication, antisense sequences, regions for
binding to other cell components, etc. Suitable therapeutic genes are essentially any gene
which codes for a protein product having a therapeutic effect. The protein product thus
encoded may be a protein, polypeptide, a peptide, or the like. The protein product can, 1n
some instances, be homologous with respect to the target cell (that 1s to say a product
which is normally expressed in the target cell when the latter exhibits no pathology). In
this manner, the use of suitable nucleic acids can increase the expression of a protein,
making it possible, for example, to overcome an insufficient expression in the cell.
Alternatively, the present invention provides compositions and methods for the
expression of a protein which is mactive or weakly active due to a modification, or
alternatively of overexpressing the protein. The therapeutic gene may thus code for a
mutant of a cell protein, having increased stability, modified activity, etc. The protein
product may also be heterologous with respect to the target cell. In this case, an
expressed protemn may, for example, make up or provide an activity which is deficient in
the cell, enabling 1t to combat a pathology or to stimulate an immune response.

More particularly, nucleic acids useful in the present invention are those
that code for enzymes, blood derivatives, hormones, lymphokines, interleukins,

interferons, TNF, growth factors, neurotransmitters or their precursors or synthetic
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enzymes, or trophic factors: BDNF, CNTF, NGF, IGF, GMF, aFGF, bFGF, VEGF, NT3,
NT5, HARP/pleiotrophin; the proteins involved in the metabolism of lipids, of
apolipoprotein-types selected from apolipoproteins A-I, A-II, A-1V, B, C-I, C-1I, C-111, D,
E, F, G, H, J and apo(a), metabolic enzymes such as, for example, lipoprotein lipase,
hepatic lipase, lecithin cholesterol acyltransferase, 7-a-cholesterol hydroxylase,
phosphatidic acid phosphatase, or lipid transfer proteins such as cholesterol ester transter
protein and phospholipid transfer protein, a protein for binding HDLs or a receptor
selected from, for example, LDL receptors, chylomicron-remmnant receptors and scavenger
receptors, dystrophin or minidystrophin, GAX protein, CFTR protein associated with
mucoviscidosis, tumor-suppressant genes: p53, Rb, Rapl A, DCC, k-rev; protein factors
involved in coagulation: factors VII, VIII, IX; or the nucleic acids can be those genes
involved in DNA repair, suicide genes (thymidine kinase, cytosine deaminase), genes
encoding thrombomodulin, o1-antitrypsin, tissue plasminogen activator, superoxide
dismutase, elastase, matrix metalloproteinase, and the like.

The therapeutic genes useful in the present invention can also be an
antisense sequence or a gene whose expression in the target cell makes it possible to
control the expression of genes or the transcription of cellular mRNA. Such sequences
can, for example, be transcribed in the target cell into complementary RNA of cellular
mRNA and thus block their translation into protein, according to the technique described
in patent EP 140,308. The antisense sequences also comprise the sequences coding for
ribozymes which are capable of selectively destroying target RNA (see EP 321,201).

As 1ndicated above, the nucleic acid may also contain one or more genes
coding for an antigenic peptide, capable of generating an immune response 1n humans or
animals. In this particular embodiment, the invention thus makes it possible to produce
either vaccines or immunotherapeutic treatments applied to humans or to animals, 1n
particular against microorganisms, viruses or cancers. They may in particular be
antigenic peptides specific for Epstein Barr virus, for HIV virus, for hepatitis B virus (see
EP 185,573), for pseudo-rabies virus or alternatively specific for tumors (see EP
259,212).

Preferably, the nucleic acid also comprises sequences that allow the
expression of the therapeutic gene and/or of the gene coding for the antigenic peptide in
the desired cell or organ. These can be sequences that are naturally responsible for
expression of the gene considered when these sequences are capable of functioning 1n the

infected cell. The nucleic acids can also be sequences of different origin (responsible for
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the expression of other proteins, or even synthetic proteins). In particular, the nucleic
acids can contain promoter sequences for eukaryotic or viral genes. For example, the
promoter sequences can be those derived from the genome of the cell which 1t 1s desired
to infect. Similarly, thepromoter sequences can be derived from the genome of a virus,
e.g., the promoters of genes E1A, MLP, CMV, RSV, etc. In addition, these expression
sequences may be modified by addition of activation sequences, regulation sequences,
etc.

Moreover, the nucleic acid may also contain, 1in particular upstream of the
therapeutic gene, a signal sequence which directs the therapeutic product synthesized mnto
the secretion pathways of the target cell. This signal sequence may be the natural signal
sequence of the therapeutic product, but it may also be any other functional signal

sequence, or an artificial signal sequence.

DNA encoding at least one persistence factor

In some embodiments, the composition will also comprise DNA encoding
at least one persistence factor. Exemplary of such DNA 1s the DNA encoding adenoviral

preterminal protein 1 (see, Lieber, et al. Nature Biotechnology 15(13):1383-1387 (1997).

biological agents

A variety of biological agents, including both therapeutic and cosmoceutic
agents, are useful in the present invention and are present 1n an etffective amount that will
depend on the condition being treated, prophylactically or otherwise, the route of
administration, the efficacy of the agent and patient’s size and susceptibility to the
treatment regimen.

Suitable therapeutic agents that can be attached to a negatively charged
backbone can be found in essentially any class of agents, including, for example,
analgesic agents, anti-asthmatic agents, antibiotics, antidepressant agents, anti-diabetic
agents, antifungal agents, antiemetics, antihypertensives, anti-impotence agents, anti-
inflammatory agents, antineoplastic agents, anti-HIV agents, antiviral agents, anxiolytic
agents, contraception agents, fertility agents, antithrombotic agents, prothrombotic agents,
hormones, vaccines, immunosuppressive agents, vitamins and the like.

Suitable cosmeceutic agents include, for example, epidermal growth factor

(EGF), as well as human growth hormone, antioxidants, and BOTOX.
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More particularly, therapeutic agents useful in the present mvention
include such analgesics as lidocaine, novacaine, bupivacaine, procaine, tetracaine,
benzocaine, cocaine, mepivacaine, etidocaine, proparacaine ropivacaine, prilocaine and
the like; anti-asthmatic agents such as azelastine, ketotifen, traxanox, corticosteroids,
cromolyn, nedocromil, albuterol, bitolterol mesylate, pirbuterol, salmeterol, terbutyline,
theophylline and the like; antibiotic agents such as neomycin, streptomycin,
chloramphenicol, norfloxacin, ciprofloxacin, trimethoprim, sulfamethyloxazole, the [3-
lactam antibiotics, tetracycline, and the like; antidepressant agents such as netopam,
oxypertine, imipramine, trazadone and the like; anti-diabetic agents such as biguanidines,
sulfonylureas, and the like; antiemetics and antipsychotics such as chloropromazine,
fluphenazine, perphenazine, proclorperazine, promethazine, thiethylperazine,
triflupromazine, haloperidol, scopolamine, diphenidol, trimethobenzamide, and the like;
neuromuscular agents such as atracurium mivacurium, rocuronium, succinylcholine,
doxacurium, tubocurarine, and botulinum toxin (BOTOX); antifungal agents such as
amphotericin B, nystatin, candicidin, itraconazole, ketoconazole, miconazole,
clotrimazole, fluconazole, ciclopirox, econazole, naftifine, terbinafine, griseofulvin and
the like; antihypertensive agents such as propanolol, propafenone, oxyprenolol,
nifedipine, reserpine and the like; anti-impotence agents such as nitric oxide donors and
the like; anti-inflammatory agents including steroidal anti-inflammatory agents such as
cortisone, hydrocortisone, dexamethasone, prednisolone, prednisone, fluazacort, and the
like, as well as non-steroidal anti-inflammatory agents such as indomethacin, ibuprofen,
ramifenizone, prioxicam and the like; antineoplastic agents such as adriamycin,
cyclophosphamide, actinomycin, bleomycin, duanorubicin, doxorubicin, epirubicin,
mitomyecin, rapamycin, methotrexate, fluorouracil, carboplatin, carmustine (BCNU),
cisplatin, etoposide, interferons, phenesterine, taxol (including analogs and derivatives),
camptothecin and derivatives thereof, vinblastine, vincristine and the like; anti-HIV
agents (e.g., antiproteolytics); antiviral agents such as amantadine, methisazone,
idoxuridine, cytarabine, acyclovir, famciclovir, ganciclovir, foscarnet, sorivudine,
trifluridine, valacyclovir, cidofovir, didanosine, stavudine, zalcitabine, zidovudine,
ribavirin, rimantatine and the like; anxiolytic agents such as dantrolene, diazepam and the
like; COX-2 inhibitors; contraception agents such as progestogen and the like; anti-
thrombotic agents such as GPIIb/IIIa inhibitors, tissue plasminogen activators,
streptokinase, urokinase, heparin and the like; prothrombotic agents such as thrombin,

factors V, VII, VIII and the like; hormones such as insulin, growth hormone, prolactin,
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EGF (epidermal growth factor) and the like; immunosuppressive agents such as
cyclosporine, azathioprine, mizorobine, FK506, prednisone and the like; angiogenic
agents such as VEGF (vascular endothelial growth factor); vitamins such as A, D, E, K
and the like; and other therapeutically or medicinally active agents. See, for example,
GOODMAN & GILMAN’S THE PHARMACOLOGICAL BASIS OF THERAPEUTICS, Ninth Ed.
Hardman, et al., eds. McGraw-Hill, (1996).

In the most preferred embodiments, the biological agent is selected from

insulin, botulinum toxin (BOTOX), VEGF, EGF, antibodies to VEGF, and TGF-p1.

Negatively-charged backbones having attached imaging moieties,
targeting agents or therapeutic agents

For three of the above groups of components (1maging moaieties, targeting
agents and therapeutic agents), the individual compounds are attached to a negatively
charged backbone. Typically, the attachment 1s via a linking group used to covalently
attach the particular agent to the backbone through functional groups present on the agent
as well as the backbone. A variety of linking groups are useful in this aspect of the
invention. See, for example, Hermanson, Bioconjugate Techniques, Academic Press, San
Diego, CA (1996); Wong, S.S., Ed., Chemistry of Protein Conjugation and Cross-
Linking, CRC Press, Inc., Boca Raton, FL. (1991); Senter, et al., J. Org. Chem. 55:2975-
78 (1990); and Koneko, et al., Bioconjugate Chem. 2:133-141 (1991).

In some embodiments, the therapeutic, diagnostic or targeting agents will
not have an available functional group for attaching to a linking group, \ can be first
modified to mcorporate, for example, a hydroxy, amino, or thiol substituent. Preferably,
the substituent 1s provided in a non-interiering portion of the agent, and can be used to

attach a linking group, and will not adversely affect the function of the agent.

In yet another aspect, the present invention provides compositions
comprising a non-covalent association complex of a positively-charged backbone having
at least one attached efficiency group and at least one nucleic acid member selected from
the group consisting of RNA, DNA, ribozymes, modified oligonucleotides and cDNA
encoding a selected transgene. In this aspect of the invention, the positively-charged
backbone can be essentially any of the positively-charged backbones described above,

and will also comprise (as with selected backbones above) at least one attached efficiency
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group. Suitable efficiency groups include, for example, (Gly)n1-(Arg),2 (wherein the
subscript nl is an integer of from 3 to about 5, and the subscript n2 is an odd mteger of

from about 7 to about 17) or TAT domains. Additionally, the nucleic acids useful i this

aspect of the invention are the same as have been described above.

Methods of Preparing the Compositions

In another aspect, the present invention provides a method for preparing a
pharmaceutical composition, the method comprising combining a positively charged
backbone component and at least two members selected from.:

i) a first negatively-charged backbone having a plurality of attached
imaging moieties;

ii) a second negatively-charged backbone having a plurality of attached
targeting agents;

iii) at least one member selected from the group consisting of RNA, DNA,
ribozymes, modified oligonucleotides and cDNA encoding a selected transgene;

iv) DNA encoding at least one persistence factor; and

v) a third negatively-charged backbone having a plurality of attached
therapeutic agents;

with a pharmaceutically acceptable carrier to form a non-covalent
association complex having a net positive charge, with the proviso that at least one of the
two members from groups 1) through v) is selected from groups 1), 111) or v).

The broad applicability of the present invention 1s illustrated by the ease
with which a variety of pharmaceutical compositions can be formulated. Typically, the
compositions are prepared by mixing the positively charged backbone component with
the desired components of interest (e.g., DNA, targeting, imaging or therapeutic
components) in ratios and a sequence to obtain compositions having a variable net
positive charge. In many embodiments, the compositions can be prepared, for example,
at bedside using pharmaceutically acceptable carriers and diluents for administration of
the composition. Alternatively, the compositions can be prepared by suitable mixing of
the components and then lyophilized and stored (typically at room temperature or below)
until used or formulated into a suitable delivery vehicle.

The compositions can be formulated to provide mixtures suitable for

topical, cutaneous, oral, rectal, vaginal, parenteral, intranasal, intravenous, intramuscular,
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subcutaneous, intraocular, transdermal, etc. administration. The pharmaceutical
compositions of the invention preferably contain a vehicle which 1s pharmaceutically
acceptable for an injectable formulation, in particular for direct imjection into the desired
organ, or for topical administration (to skin and/or mucous membrane). They may 1n
particular be sterile, isotonic solutions or dry compositions, in particular freeze-dried
compositions, which, by addition, depending on the case, of sterilized water or of
physiological saline, allow injectable solutions to be made up. For example, the doses of
nucleic acid used for the injection and the number of administrations may be adapted
according to various parameters, and in particular according to the mode of
administration used, the pathology concerned, the gene to be expressed, or alternatively

the desired duration of the treatment.

Methods of Using the Compositions

Delivery methods

The compositions of the present invention can be delivered to a subject,
cell or target site, either in vivo or ex vivo using a variety of methods. In fact, any of the
routes normally used for introducing a composition mto ultimate contact with the tissue to
be treated can be used. Preferably, the compositions will be administered with
pharmaceutically acceptable carriers. Suitable methods of administering such compounds
are available and well known to those of skill in the art, and, although more than one
route can be used to administer a particular composition, a particular route can often
provide a more immediate and more effective reaction than another route.
Pharmaceutically acceptable carriers are determined 1n part by the particular composition
being administered, as well as by the particular method used to administer the
composition. Accordingly, there is a wide variety of suitable formulations of
pharmaceutical compositions of the present invention (see, e.g., Remington’s
Pharmaceutical Sciences, 17™ ed. 1985).

Administration can be, for example, intravenous, topical, intraperitoneal,
subdermal, subcutaneous, transcutaneous, mmtramuscular, oral, intra~joint, parenteral,
intranasal, or by inhalation. Suitable sites of administration thus include, but are not
limited to, the skin, bronchium, gastrointestinal tract, eye and ear. The compositions

typically include a conventional pharmaceutical carrier or excipient and can additionally
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include other medicinal agents, carriers, adjuvants, and the like. Preferably, the
formulation will be about 5% to 75% by weight of a composition of the invention, with
the remainder consisting of suitable pharmaceutical excipients. Appropriate excipients
can be tailored to the particular composition and route of administration by methods well
known in the art (see, e.g., REMINGTON 'S PHARMACEUTICAL SCIENCES, 18TH ED., Mack
Publishing Co., Easton, PA (1990)).

The formulations can take the form of solid, semi-solid, lyophilized power,
or liquid dosage forms, such as, for example, tablets, pills, capsules, powders, solutions,
suspensions, emulsions, suppositories, retention enemas, creams, ointments, lotions,
aerosols or the like. In embodiments where the pharmaceutical composition takes the
form of a pill, tablet or capsule, the formulation can contain, along with the biologically
active composition, any of the following: a diluent such as lactose, sucrose, dicalcium
phosphate, and the like; a distintegrant such as starch or derivatives thereof; a lubricant
such as magnesium stearate and the like; and a binder such as starch, gum acacia,
polyvinylpyrrolidone, gelatin, cellulose and derivatives thereof. Compositions can be
presented in unit-dose or multi-dose sealed containers, such as ampules or vials. Doses
administered to a patient should be sufficient to effect a beneficial therapeutic response 1n

the patient over time.

In some embodiments, a sustained-release formulation can be administered
to an organism or to cells in culture and can carry the desired compositions. The
sustained-release composition can be administered to the tissue of an organism, for
example, by injection. By "sustained-release", it is meant that the composition,
preferably one encoding a transgene of interest or a therapeutic agent, is made available
for uptake by surrounding tissue or cells in culture for a period of time longer than would
be achieved by administration of the composition in a less viscous medium, for example,
a saline solution.

The compositions, alone or in combination with other suitable
components, can be made into aerosol formulations (i.e., they can be “nebulized”) to be
administered via inhalation. Aerosol formulations can be placed into pressurized
acceptable propellants, such as dichlorodifluoromethane, propane, nitrogen, and the like.
For delivery by inhalation, the compositions can also be delivered as dry powder (e.g.,
Inhale Therapeutics).

Formulations suitable for parenteral administration, such as, for example,

by intravenous, intramuscular, intradermal, and subcutaneous routes, include aqueous and
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non-aqueous, isotonic sterile inj ection solutions, which can contain antioxidants, buffers,
bacteriostats, and solutes that render the formulation isotonic with the blood of the
intended recipient, and aqueous and non-aqueous sterile suspensions that can include
suspending agents, solubilizers, thickening agents, stabilizers, and preservatives.

Other methods of administration include, but are not limited to,
administration using angioplastic balloons, catheters, and gel formations. Methods for

angioplastic balloon, catheter and gel formation delivery are well known 1n the art.

Imaging methods

One of skill in the art will understand that the compositions of the present
invention can by tailored for a variety of imaging uses. In one embodiment, virtual
colonoscopy can be performed using the component-based system for imaging. At
present, virtual colonoscopy involves essentially infusing contrast into a colon and
visualizing the images on CT, then reconstructing a 3-D image. Similar techniques could
be employed for MR. However, feces, mucous, and air all serve as contrast barriers and
can give an artificial surface to the colon wall reconstruction. Addition of a cellular-
targeting contrast would help overcome these barriers to provide a true wall
reconstruction and help avoid both false-positives and false-negatives. There are several
ways that the component-based system could be applied here. Most simply, the cationic
efficiency backbone could be applied with a single contrast agent (CT or MR). Thus, the
cellular surface layer could be visualized and any irregularities or obstructions detailed in
the image reconstruction. However, the component based system offers the additional
option of adding a specific second agent. This agent could consist of a the cationic
efficiency backbone, a different imaging moiety, and targeting components (for example
targeting two antigens characteristic of colon cancer). The imaging moieties (from the
simple to the diagnostic) could be selected so that one was CT contrast and the other MR
contrast, or so that both were MR contrast with one being a T2 agent and the other a T'1
agent. In this manner, the surface could be reconstructed as before, and any regions
specific for a tumor antigen could be visualized and overlayed on the original
reconstruction. Additionally, therapeutic agents could be incorporated into the targeted

diagnostic system as well. Similar strategies could be applied to regional enteritis and

ulcerative colitis (and again combined with therapy).
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EXAMPLES

Example 1

This example illustrates the preparation and evaluation of a composition
having a positively charged backbone, a negatively charged backbone with attached
imaging moieties, and cDNA encoding a transgene. Evaluation 1s in vitro.

The following components are prepared:

1. a positively charged backbone composed of polylysine with
Gly;Arg; linked via the side chain amino terminus of Lys to the carboxy terminus of
Gly;Arg; at a degree of saturation of 20%. A solution is prepared of the backbone moiety
at a concentration of 1.5 mg/mL in phosphate buffered saline (PBS).

2. cDNA expressing blue fluorescent protein under the control of a
cytomegalovirus (CMYV) promoter is prepared and used at a 0.5 mg/mL concentration in
PBS.

3. a dextran- DOTA- gadolinium complex (see, Casali, et al., Acad.
Radiol. 5:S214-S218 (1998)) 1s used at a 1:2 dilution in PBS.

The following mixture (a) is prepared in triplicate: 100 pL of “2” above 1s
mixed with 60 uL of “3” above and diluted with 140 pLL PBS, then vortexed for 45
seconds.

Three different tubes with the following are prepared:

(b) 400 pL “1” above, (c) 200 uL “1” above diluted with 200 pL PBS,
and (d) 100 uL “1” above diluted with 300 pnLL PBS.

All three tubes are vortexed for 45 seconds. One tube of “a” 1s combined
with each of tubes “b,” “c,” and “d” and vortexed for 90 seconds. A 200 pL portion of
each of these combined mixtures is placed in a separate well (in triplicate) on a six-well
cell culture plate containing HA-VSMC cells (ATCC, Rockville, MD). Each well 1s pre-
washed one time with dye-free, serum-free M-199 media prior to transfection. The
cell/transfection agent mixtures are incubated at 37°C in a humidified 10% CO; chamber
for 4.5 hours, washed with M-199 media, then incubated with 10% FBS. Image in MR
spectroscopy for initial distribution immediately. After 24 hours, repeat spectroscopy,
then remove cells from plate and employ for FACS analysis for blue fluorescent protein

to determine efficiency of transfection.
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Example 2

This example illustrates the preparation of a composition of the invention
which is an imaged tumor-specific complex carrying a cytotoxic gene.

The following components are prepared:

1. a positively charged backbone composed of polylysine with
GlysArgy linked via the side chain amino terminus of Lys to the carboxy terminus of
GlysArg; at a degree of saturation of 20%. A solution is prepared of the backbone moiety
at a concentration of 1.5 mg/mL in phosphate buffered saline (PBS).

2. cDNA expressing herpes simplex virus thymidine kinase gene

under the control of a cytomegalovirus (CMV) promoter is used at a 0.5 mg/mL

concentration i PBS.

3. dextran- DOTA- gadolinium complex 1s used at a 1:2 dilution in
PBS.

4. Conjugate Fab fragment specific for desired tumor antigen at a 5%

saturation rate to dextran of size range and concentration in PBS selected to atford 1:2
negative charge ratio relative to component “2” above.

Prepare the following mixture (a) in triplicate: 100 uL of “2” above mixed
with 60 pL of “3” above and 100 uL “4” above and diluted with 40 pL. PBS and vortexed
for.45 seconds. Prepare three different tubes: (b) 400 pL “1” above, (c) 200 pL “1” above
diluted with 200uL PBS, and (d) 100 pl “1” above diluted with 300 pL. PBS. Vortex all
three for 45 seconds. Combine one tube of “a’” with “b” and vortex for 90 seconds to
form mixture B. Combine one tube of “a” with “c” and vortex for 90 seconds to form
mixture C. Combine one tube of “a” with “d” and vortex for 90 seconds to form mixture
D. Use 200 uL of each mixture together with 200 pL of cold 30% pluronic F-127
(BASF). Inject combined solution into potential space created by excisional biopsy of
putative tumor in vivo. Image in MR after implantation, after 1 day and after 3 days.
Immediately after implantation, begin gancyclovir systemic administration according to
FDA guidelines. This composite system provides diagnostic imaging of the desired
tumor cells as well as cytotoxic therapy for these same cells. Gel (pluronic) distribution
is imaged at time zero. After 24 hours, gel is degraded and contrast signal concentrates at

sites of residual tumor microinvasion as well as at seeded sites along drainage pathways.
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Imaging of residual tumor is thus afforded. Gancyclovir activity will be concentrated in
areas of HSV-TK uptake, so that targeted therapy is also afforded in this system.

Monitoring of response to therapy is also afforded similarly by imaging.

Example 3

This example illustrates the use of the multi-component strategy for
transfection in cell culture.

In this example a 6-well plate was used to evaluate one iteration of the
component-:based strategy. The positively charged backbone was assembled by
conjugating —GlysArg; to polylysine 150,000 via the carboxyl of the terminal glycine to
the free amine of the lysine sidechain at a degree of saturation of 18% (1.., 18 out of each
100 lysine residues is conjugated to a —GlysArgz). The resultant backbone was
designated NUNU-O1.

The following mixtures were prepared:

1) polylysine (150,000) at a 4:1 charge ratio to a 0.5 mg/mL solution of a plasmid

expressing blue fluorescent protein driven by a CMV promoter.

'2) NUNU-01 at a ratio of 15:1 to a 0.5 mg/mL solution of a plasmid expressing blue

fluorescent protein driven by a CMV promoter.

3) NUNU-01 at a ratio of 10:1 to a 0.5 mg/mL solution of a plasmid expressing blue
fluorescent protein driven by a CMV promoter.

4) NUNU-01 at a ratio of 4:1 to a 0.5 mg/mL solution of a plasmid expressing blue
fluorescent protein driven by a CMV promoter.

5) NUNU-01 at a ratio of 1.25:1 to a 0.5 mg/mL solution of a plasmid expressing blue
fluorescent protein driven by a CMYV promoter.

6) Superfect (Qiagen) according to the manufacturer's recommendation at a 5:1 charge
ratio to a 0.5 mg/mL solution of a plasmid expressing blue fluorescent protein driven by a
CMYV promoter.

About 1.0 mL of each solution was added to 70 % confluent HA-VSMC
primary human aortic smooth muscle cells (passage 21; ATCC, Rockville, MD) on a six
well plate and grown 1n M-199 with 10% serum for 48 hours. Low magnification
photographs (10X total) were obtained at 60 degrees, 180 degrees and 200 degrees from
the top of each well using a Nikon E600 epi-fluorescence microscope with a blue

fluorescent protein filter and plan apochromat lenses. Image Pro Plus 3.0 image analysis
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suite was employed to determine the percent of total cell area that was positive, and
reported as efficiency of gene delivery. Wells were subsequently evaluated 1 a dye
exclusion assay (viable cells exclude dye, while nonviable ones cannot), followed by
solubilization in 0.4% SDS in phosphate buffered saline. Samples were evaluated in a
5  Spectronic Genesys 5 UV/VIS spectrophotometer at 595 nm wavelength (blue) to

quantitate nonviable cells as a direct measure of transfection agent toxicity.

Results for efficiencies are as follows (mean +/- Standard Error):

1) 0.163 +/- 0.106 %

2) 10.642 +/- 2.195 %

10 3) 8.797 +/-3.839 %

4) 15.035 +/- 1.098 %

5) 17.574 +/- 6.807 %

6) 1.199 +/-0.573 %

15 Runs #4 and #5 exhibit statistically significant (P<0.05 by one factor
ANOV A repeated measures with Fisher PLSD and TUKEY-A posthoc testing)

enhancement of gene delivery efficiency relative to both polylysine alone and Superfect.

Mean toxicity data are as follows:
Saline - 0.057 A; 1)3.460 A; 2)0.251A; 3)0291A; 4)0243 A
20 5)0.297 A;and 6) 0.337 A

As aresult, a less toxic, more efficient gene delivery can be accomplished

with a ratio of 1.25 to 4.0 of NUNU-01 to DNA.

Example 4
25

This example 1llustrates the transdermal delivery of therapeutic agents

using compositions of the present invention.

Biotinvlation of K and KNR:

30 Backbones of polylysine (K) and polylysine having attached efficiency
groups (KNR) were biotinylated with sulfo-NHS esters of biotin.

Materials: Protein K and KNR, having approximate MW = 112,000 were used
with Sulfo-NHS-LC Biotin, MW = 556 (Pierce Scientific, Rockford, IL).
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Methods: The same method and calculations were used for K and KNR, since

both have similar molecular weights. The method for KNR 1is detailed below.

1.

Prepared stock KNR solution at concentration of 1 mg / mL (8.9 x 10° mmol /
ml) in phosphate buffered saline. ’

Prepared stock solution of Sulfo-NHS-LC-Biotin at 10 mg/mL concentration
in deionized water immediately prior to use. The amount of biotin reagent to
add to generate a 40-fold molar excess of biotin reagent was calculated for a 1

mg/mL protein solution.

- Calculation:

¢ mol protein * 40 fold molar excess = mmol of Sulfo-NHS-LC-Biotin

3.9 x 10°° mmol Dextran * 40 fold =3.57 x 10™ mmol of Sulfo-NHS-LC-

Biotin reagent to add
=>3.57 x 10™ mmol of Sulfo-NHS-LC-Biotin * 556 MW of Sulfo-NHS-
LC Biotin = 1.98 mg of Sulfo-NHS-LC-Biotin reagent to add
Therefore, added 200 mL of Sulfo-NHS-LC-Biotin stock solution (total of 2.0
mg) to 1.0 mL KNR stock "solution.

Incubated the test tube containing protein and biotin reagent at room
temperature for 30 minutes.

Added reaction mixture to a microdialyzer (molecular weight cutoff of 30 KD,
Pierce, Scientific, Rockford, IL) and centrifuged at 4,000 x g to remove
unreacted biotin. Washed and re-dialyzed with 2.0 volumes of PBS. Labeled
the product “KNR-B.”

Biotinylation of insulin.

Insulin was also biotinylated with sulfo-NHS esters of biotin.

Materials: Insulin, MW = 5733.5 (Sigma Chemical, St Louis, MO) and Sulfo-
NHS-LC Biotin, MW = 556 (Pierce Scientific, Rockford, IL).
Methods:

1.

Prepared stock insulin solution at concentration of 10 mg/mL (1.74 x 10~
mmol/mL isulin) in phosphate buffered saline.
Prepared stock solution of Sulfo-NHS-LC-Biotin at 10 mg/mL concentration

in delonized water immediately prior to use. Calculated amount of biotin
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reagent to add to generate a 12-fold molar excess of biotin reagent to a 1

mg/mL protein solution.

Calculation:

e (Calculated mmoles of Biotin reagent to add:

S mol protein * 12 fold molar excess = mmol of reagent
1.74 x 10~ mmol insulin * 12 fold = 2.09 x 10"* mmol of Sulfo-NHS-LC-
Biotin reagent to add
=>2.09 x 10 mmol * 556 MW of Sulfo-NHS-LC Biotin = 11.64 mg of
Sulfo-NHS-LC-Biotin reagent to add
10 Therefore, added 1.164 mL of Sulfo-NHS-LC-Biotin stock solution (total of
11.64 mg) to 1.0 mL 1nsulin stock solution.
3. Incubated the test tube containing insulin and biotin reagent at room

temperature for 30 minutes. Labeled the product “insulin-B.”

15  Harvesting skin.

The backskin of an 8-week old female C57BL mouse was harvested for
transdermal treatment to see whether biotinylated backbone and/or insulin get across skin.
Method:
1. After euthanizing a ¢57 BL6 mouse in a CO, chamber, approximately 6 cm® of
20 dorsal skin of the mouse was harvested using a surgical scissors.
2. The skin was divided into six uniform pieces and placed each on one well of a
6-well plate.
3. Added Dulbecco’s modified Eagle’s medium (DMEM) to each plate well.
4. Prepared a 24 well plate for pinning the harvested skin. Placed small pieces of
25 sponge 1nto each well.
5. Cut the harvested skin samples into five smaller sections and placed each
section on top of the sponge.
6. Pinned the edges of the harvested skin with four needles.
7. Added DMEM to each well, but was cautious not to submerge the harvest skin
30 in the medium.

8. Incubated the plate on ice until treatments were ready to be applied.
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Preparing transdermal treatments.

1. The following six treatments were prepared in 2 mL of Cetaphil™ lotion

. For tube A to D, added 200 pg of KNR or K in 2 mL of Cetaphil™ lotion to

each tube and mixed uniformly. Added 1 mL of Poly-L-Lysine (K) without
biotin to each tube and mixed uniformly.

. For tube E, added 200 pg of KNR 1 2 mL of Cetaphil™ lotion and mixed

uniformly.

. Made a 200-fold dilution of biotinylated msulin by adding 5.11 pL 1
- approximately 995 pL of PBS.

Calculated protein dissolved i PBS:
KNR = 8.9 x 10” mol/mL
K =8.9x 10” mol/mL
Insulin = 1.74 x 10" mol/mL
Calculated protein in the tubes:
KNR = 8.9 x 10™° mol/ml,
K =8.9% 10" mol/mIL.l

. For tubes E and F, added 33 pL of diluted biotinylated insulin solution and 70

nl of PBS and mixed uniformly.

. For tubes A and C, added 100 pL of regular msulin and mixed uniformly.
. For tubes B and D, added 33 pL of regular insulin and 70 L. of PBS and

mixed uniformly.

(Galderma):
TUBES [ AGENT | BIOTINYLATED | PROTEIN | BIOTINYLATED |
; BACKBONE | (NSULIN): |  PROTEIN |

R R ()
A KNR +
B. | KNR +

- Cc | K i B
D K ‘ +

r F: r__:RNE]J_ - ]
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Time points of treatments:

1. Removed the harvested skin plate from ice incubation.

2. Applied each tube to the appropriate column of pinned skin samples.
3. Transferred harvest skin to —35°C freezer at the end of each time points of 15,
J 30, 60 minutes and 17 hours. Kept the harvest skin frozen overnight.
4. Took the frozen harvest skin samples and place it on ice incubation.
5. Cut the harvest skin samples that have been frozen at time points into smaller
three sections.
6. Transferred one section mnto a tube with formaldehyde.
10 7. Transferred second section into an empty tube and place 1t into the freezer for
storage.
8. Frozen third section in O.C.T. compound in liquid acetone and dry ice
solution. Placed the frozen samples into the freezer for frozen sections.
Material: NeutraAvidin™ Alkaline Phosphate Conjugated (Pierce Scientific,
15  Rockford, IL); Tris-HCI buffer, pH= 7.2 (Pierce Scientific, Rockford, IL); NBT/BCIP
solution (Pierce Scientific, Rockford, IL).

Method:
1. Added 50 uL of NeutraAvidin " and took the volume up to 50 mL with Tris-

HCI bufter.
20 2. Added 1 mL of NeutraAvidin'" and buffer solution to each tube of harvested
skin samples.
3. Ran the tubes of harvested skin samples for 1 hour in the NeutraAvidin'" and
buffer solution.
4. Added 1 mL of NBT/BCIP each to new empty tubes and labeled each tube.
25 5. Removed the skin from NeutraAvidin' " and buffer solution. Rinsed the skin
in PBS four times and placed it into appropriate NBT/BCIP tubes.
Ran the tubes of harvested skin samples for 1 hour in the NBT/BCIP solution.
Rinsed skin 1 1 mL of cold PBS again.
Stored the harvested skin samples in the labeled tubes.

w0 N A

30 Bisected skin samples and photographed bisected face.

£
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Results:
Formulation | Timepoint Figure | Notes
A 15 minutes 3 Al —high level delivery of KNR backbone across
all layers
A 17 hours 4 A4 —high level delivery of KNR backbone across
all layers
C 15 minutes 5 C1 —passive delivery of K backbone at follicles
and outer layer of epidermis
C 17 hours 6 C4 — very low level delivery of K backbone
E 15 minutes 7 E1 — very low level delivery of therapeutic factor
by K
E 17 hours 8 E4 — very low level delivery of therapeutic factor
by K
F 15 minutes 9 F1 —high level delivery of therapeutic factor
across all layers by KNR
F 17 hours 10 F4 —high level delivery of therapeutic factor
across all layers by KNR

Figures 3-10 depict representative photomicrographs of results obtained after 15 minutes

(Figures 3, 5,7, 9) and 17 hours (Figures 4, 6, 8, 10) delivery of formulation A (Figures 3

and 4), formulation C (Figures 5 and 6), formulation E (Figures 7 and &) , and

formulation F (Figures 9 and 10). Control groups receiving complexes with K as the

positively charged backbone exhibit low-level passive transfer of backbone primarily to

follicles (Figures 5 and 6), but virtually no delivery of therapeutic agent (Figures 7 and 8).

In contrast, groups treated with complexes containing KNR exhibit high-level delivery of

both backbone (Figures 3 and 4) and therapeutic agent (Figures 9 and 10) to all levels of

the epidermis and dermis. Thus, the formulation provided in this example allows

efficient transdermal delivery of a therapeutic agent.
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Example 5

This example illustrates the targeted delivery of a composition using

attached F(ab), fragments.

(General:

An IgG antibody was cleaved to generate an F(ab), fragment, then purified
to remove Fc and intact IgG. The F(ab), fragment was then condensed with an aldehyde
activated (oxidized) dextran. Excess aldehydes were quenched with tris and free
hydroxyls were phosphorylated to generate a highly negatively charged dextran-
phosphate with F(ab), fragments covalently bonded (collectively referred to as “targeting
component”). A self-assembling complex was then formed between this targeting
component, insulin, and the positively charged backbone having an efficiency component
(“KINR”). The ability of the self-assembled complex to enhance delivery of the complex

to cells bearing the target antigen was then evaluated.

F(ab), cleavage:
F(ab), fragments recognizing smooth muscle cells were generated by an

immobilized pepsin (Pierce Chemical, Rockford, IL) digest of IgG for smooth muscle -

actin (clone 1A9, DAKOQO, Carpinteria, CA).

Method:
1. Daalyzed clone 1A9 at 1 mg/mlL against a 20 mM sodium acetate buffer at pH
4.5.

2. Immobilized Pepsin was supplied as a 50% (v/v) aqueous slurry containing
50% glycerol 1n 0.1 M sodium acetate, pH 4.5, plus 0.05% sodium azide.
Mixed Pepsin gel-glycerol-water slurry by inversion.

3. Added 0.25 mL of 50% slurry of Immobilized Pepsin to a glass test tube
(0.125 mL of Immobilized Pepsin gel).

4. Added 4.0 mL of 20 mM sodium acetate (pH 4.0) i deionized water
(“digestion buffer’”). Mixed well by inversion. Separated gel from buffer
using a serum separator or centrifugation at approximately 1000 x g for five

minutes. Discarded buffer and repeated this wash procedure with another 4.0

ml. of buffer.
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5. Resuspended the Immobilized Pepsin in 0.5 mL of digestion buffer.

6.

Generation of Fragments: Added 1.0 mL of dialyzed 1A9 IgG to the tube
containing Immobilized Pepsin. Incubated the tube 1n a shaking water bath at
37°C at high speed for four hours. Maintained constant mixing of gel during

the 1ncubation.

Added 1.5 mL of 10 mM Tris-HCI, pH 7.5 to test tube. Separated the
solubilized F(ab') and Fc and undigested IgG from the Immobilized Pepsin gel

using a serum separator tube. Centrifuged at 1000 x g for five minutes and

removed the supernatant containing the fragments.

F(ab), purification.

Separation of F(ab), fragments from undigested IgG and Fc fragments was

carried out using an Immobilized Protein A Column.

Materials: Protein Sample made of Pepsin + Tris-HCI; Buffer A (0.2 M NaH,;PO4
(2.4 g used), 0.15 M NaCl (8.8 g used), QS adjusted volume to 1 liter with deionized H,O
and tested pH for 8.0); Buffer B (0.2 M Na,HPO,4 (0.676 g), 0.1 M Citric Acid (22.5 ml),
deionized H,O (46.3 ml), adjusted pH to 4.5).

Method: (Note: Use of Buffer A).

1.
2.

Packed micropipet with cotton uniformly as possible.
Made a 1:1 suspension of resin in Buffer A. (Added 1000 pL of Buffer A in

resin. Poured 1 mL suspension into column. Allowed column to flow as 1t 1s
settling. When it was settled, the column was washed with 10 mL of Bufier
A).

Slowly added protein sample to column.

Eluted F(ab), fragment with 12 mL of Buffer A. F(ab), eluate total volume
(including column load) was thus 14.4 ml.

Stripped unreacted IgG and Fc fragments from column with 1.5 mL of Bufter
B.

Measured and recorded absorbance using a spectrophotometer (Spectronic
Genesys 5) to confirm protein in eluates. The following are the recorded

spectronic values:

COLUMN VALUES

32



10

15

20

25

CA 02416289 2003-01-15

WO 02/07773 PCT/USN01/23072
FRACTIONS
H,O - 0.032
H,O and A + 0.009
F(ab), concentration:

The F(ab), eluate was purified and concentrated using Tricholoroacetic

Acid (TCA) Protein Precipitation.

Method.:
1. Added an equal volume of 20 % TCA (w/v, in deionized water, Sigma

A I

Chemical, St Louis, MO) to the F(ab), column eluate.

Incubated sample for 30 minutes on 1ce.

Centrifuged sample in microcentrifuge at 4000 x g for 15 minutes at 4 °C.
Carefully removed all of the supernatant.

Added 300 uL of cold acetone to each tube and centrifuged again at 4000 x g
for 5 minutes at 4 °C.

Removed the supernatant and allowed the F(ab), to dry.

. Suspended F(ab), protein pellet in 1.0 mL of phosphate buffered saline.

Coupling of F(ab), to aldehyde-activated dextran.:
Materials: Aldehyde-Activated Dextran Coupling Kit (Pierce, Rockford, IL).

[Note: Aldehyde-activated dextran can also be generated through periodate treatment of

dextran. |

Methods:

1.
2.

Brought Aldehyde-Activated Dextran Coupling Kit to room temperature.
Prepared 0.5 mL of a 64 mg/mlL stock solution of sodium cyanoborohydride in
phosphate buffered saline (32 mg 1n 0.5 mL).

. Prepared 1.0 mL of a 5 mg/mL Aldehyde-Activated Dextran stock solution in

phosphate buffered saline.
Added 1.0 mL of purified, concentrated F(ab), from above to 1.0 mL of

Aldehyde-Activated Dextran stock solution.
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Added 0.2 mL of sodium cyanoborohydride stock solution to the aldehyde-

F(ab), mixture. Mixed by vortex and incubated overnight in the dark at room

After overnight incubation, blocked any remaining aldehyde groups by adding
0.5 mL of 1.0 M Tris-HCl,pH 7.2 to the reaction mixture. Incubated the
solution at room temperature for 1 hour.

Product 1s labeled “F(ab),(aact)-d-t” with total volume of 2.7 mL.

An identical procedure was carried out using 1.0 mIL deionized water in place
of F(ab), mixture. The product was labeled “d-t” and represents a control that

does not target a specific antigen.

Phosphoryviation of F(ab),(aact)-d-t:

Prepared stock solution of 50 mg/mL polyphosphoric acid (Acros Organics,
Pittsburgh, PA) 1in deionized water.

Added 100 uL of polyphosphoric acid stock solution to 1.0 mL of

F(ab),(aact)-d-t, and incubated for 60 minutes at room temperature.

. Added reaction mixture to a microdialyzer (molecular weight cutoff of 30 KD,

Pierce, Scientific, Rockford, IL) and centrifuged at 4,000 x g to remove
unreacted polyphosphoric acid. Washed and re-dialyzed with 2.0 volumes of
PBS pH 7.4. Product was labeled “F(ab),(aact)-d-t-p” and represents a
negatively charged polymer with an attached F(ab), fragement to afford

An identical procedure was carried out using 1.0 mL of d-t in place of
F(ab),(aact)-d-t. The product was labeled “d-t-p” and represents a negatively

charged polymer control that does not target a specific antigen.

Targeting of therapeutic complex delivery to cells bearing a particular antigen (smooth

temperature.
6.
0
7.
3.
10
1.
15 1.
3
20
targeting.
4.
25
muscle cell a-actin):
30 1.

Male New Zealand Whaite rabbits (3.0-3.5 kg) were used in accordance to NIH
and institutional guidelines (n=3 animals). Under general anesthesia
(ketamine/xylazine induction and halothane maintenance), right common

femoral artery was isolated and adventitia circumferentially exposed. A 2mm

x 2cm SAVVY angioplasty balloon (Cordis, Miami, FL) was introduced via
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arteriotomy in the superficial femoral artery and advanced into the common
femoral artery. The balloon was inflated to 6 atm 1 two 1-minute cycles then
withdrawn.

2. 28 days after mechanical dilation, arteries were perfusion-fixed and harvested.
Harvested arteries (approximately 1.5 cm in length) were post-fixed 1n 10%

neutral buffered formalin for 12-16 hours and divided into three equal

segments prior to paraffin embedding. Serial (S5pum) cross-sections were
obtained from the proximal (cranial) face of each segment.

3. Deparaffinized and rehydrated sections (n=9 per group). Blocked nonspecific
binding sites with BLOTTO (Pierce Scientific, Rockford, IL), and rinsed with
phosphate buffered saline.

4. Labeled treatments “l1p” and “2p”’to correspond to the following treatment
compositions: [NOTE: “KINR-B” prepared as above]

Efficiency agent (E) | Targeting agent (T) Protein (P) | Ratio

E:T:P
Ip KNR —B F(ab)2(aact)-d-t-p Insulin 2:1:1
2p KNR —- B d-t-p Insulin 2:1:1

Mixed 180 uL of phosphate buffered saline, 5 uLL of protein therapeutic and 5 pL
targeting agent (both negative net surface charge) in a microfuge tube and vortexed
for 15 seconds. Added 10 uL of targeting agent (positively charged) and
immediately vortexed for 60 seconds. Using capillary gap methods, incubated 9
sections each with either 1p or 2p at room temperature overnight.

5. Rinsed slides and incubated overnight in 1:100 dilution of Neutravidin-

Alkaline phosphatase (Pierce Scientific, Rockford, IL).
6. Rinsed slides and incubated in NBT/BCIP (Pierce Scientific, Rockford, IL;

substrate for alkaline phosphatase) for 15 minutes. Rinsed with saline and

photographed.

As shown 1 Figure 11, sections from 1P treatments reveal an increase in
positive (blue-purple) staining in the media of the cross sections (primarily composed of

smooth muscle cells bearing high levels of a-actin) relative to 2P sections which show
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most mtense staiming in the adventitia, and reveal no specific targeting enhancement for
smooth muscle cells, as depicted in Figure 12. Thus, complexes bearing F(ab),(aact)-d-t-

p exhibit relative mcreases in specific delivery to smooth muscle cells, and delivery of

therapeutic agents can thus have targeted enhancements in efficiencies for cells bearing

particular antigens.

It 1s understood that the examples and embodiments described herein are

for 1llustrative purposes only and that various modifications or changes in light thereof

will be suggested to persons skilled in the art and are to be included within the spirit and

purview of this application and scope of the appended claims.
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1

10

PRT

Artificial Sequence

Description of Artificial Sequence:positively
charged branching group (efficiency group)
attached to solid backbone (Gly-3Arg-7, G3R7)

1

Gly Gly Gly Arg Arg Arg Arg Arg Arg Arg

1

<210>
<21l1l>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

5 10

2

12

PRT

Artificial Sequence

Degcription of Artificial Sequence:positively
charged branching group (efficiency group)
attached to solid backbone

MOD RES
(1) ..(3)
Gly at positions 1-3 may be present or absent

2

Gly Gly Gly Gly Gly Arg Arg Arg Arg Arg Arg Arg

1

<210>
<211>
<212>
<213>

<220>
<223>

5 1 0

3

14

PRT

Artificial Sequence

Description of Artificial Sequence:positively
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charged branching group (efficiency group.
attached to solid backbone

<220>

<221> MOD RES

<222> (1) .. (3)

<223> Gly at positions 1-3 may be present or absent

<400> 3
Gly Gly Gly Gly Gly Arg Arg Arg Arg Arg Arg Arg Arg Arg
1 5 10

<210> 4

<21ll> 16

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:positively
charged branching group (efficiency group)
attached to solid backbone

<220>

<221> MOD RES

«222> (1) ..(3)

<223> Gly at positions 1-3 may be pregent or absent

<400> 4
Gly Gly Gly Gly Gly Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg
1 5 10 15

<210> 5

<211l> 18

<212> PRT

<213> Artificlal Sequence

<220>

<223> Description of Artificial Sequence:positively
charged branching group (efficiency group)
attached to solid backboene

«<220>

<221> MOD_ RES

<222> (1) .. (3)

<223> Gly at positions 1-3 may be present or absent

<400> 5
Gly Gly Gly Gly Gly Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg
1 5 10O 15

Arg Arxrg

<210> 6

<211> 20

<212> PRT

<213»> Artificial Sequence
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<220>

<223> Description of Artificial Sequence:positively
charged branching group (efficiency group)
attached to solid backbone

<220>

<221> MOD_RES

<222> (1) ..(3)

<223> Gly at positions 1-3 may be present or absent

<400> 6
Gly Gly Gly Gly Gly Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg
1 D 1.0 15

Arg Arg Arg Arg
20

<210> 7

<21l> 22

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:positively
charged branching group (efficiency group)
attached to solid backbone

<220>

<221> MOD_RES

«222> (1) ..(3)

<223> Gly at positions 1-3 may be present oxr absent

<400> 7
Gly Gly Gly Gly Gly Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg
1 5 10 15

Arg Arg Arg Arg Axg Arg
20

<210> 8

<21l1l> 25

<212> PRT

<213> Artificial Sequence

«220>

<223> Description of Artificial Sequence:positively
charged branching group (efficiency group)
attached to solid backbone

<220>

<221> MOD_RES

«222> {(1)..(20)

<223> Gly at positions 1-20 may be present or absent

<400> 8
Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
1 5 10 15
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Gly Gly Gly Gly Arg Arg Arg Arg Arg
20 25

<210> 9

<21l> 27

«<212> PRT

<213> Artificilal Sequence

<220>

<223> Description of Artificial Sequence:positively
charged branching group (efficiency group)
attached to golid backbone

<220>

<221> MOD RES

<222> (1) ..(20)

<223> Gly at positions 1-20 may be present or absent

<400> 9
Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
1 5 10 L5

Gly Gly Gly Gly Arg Arg Arg Arg Arg Arg Arg
20 25

«<210> 10

<211l> 29

<212> PRT

<213» Artificial Sequence

<220>

<223> Description of Artificial Sequence:positively
charged branching group (efficiency group)
attached to solid backbone

<220>

<221> MOD RES

<222> (1) ..(20)

<223> Gly at positions 1-20 may be present or absent

<400> 10
Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
1 5 10 15

Gly Gly Gly Gly Arg Arg Arg Arg Arg Arg Arg Arg AxXg
20 25

<210> 11

<211l> 31

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:positively
charged branching group (efficiency group)
attached to solid backbone

<220>
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<221> MOD RES
<222> (1) ..(20)
<223> Gly at positions 1-20 may be present or absent

<400> 11
Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
1 5 10 15

Gly Gly Gly Gly Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg
20 25 30

<210> 12

<211l> 33

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:positively
charged branching group (efficiency group)
attached to solid backbone

<220>

<221> MOD RES

<222> (1) ..(20)

<223> Gly at positions 1-20 may be present or absent

<400> 12
Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
1 5 INY Lh

Gly Gly Gly Gly Arg Arg Arg Arg Arg Ard Arg Arg Arg Arg Arg Arg
20 e 5 30

AXg

<210> 13

<211> 35

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:positively
charged branching group (efficiency group)
attached to solid backbone

«220>

<221> MOD RES

«222> (1) ..(20)

<223> Gly at positions 1-20 may be presgent or absent

<400> 13
Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
1 5 10 15

Gly Gly Gly Gly Arg Arg Arg Arg Arg Arqg Arg Arg Arg Arg Arg Arg
20 25 30

Arg Arg Arg
35

36€



CA 02416289 2003-07-15

<210> 14

<211l> 37

<212> PRT

<213>» Artificial Sequence

<220>

<223> Description of Artificial Sequence:positively
charged branching group (efficiency group)
attached to solid backbone

<220>

<221> MOD RES

<222> (1) ..(20)

<223> Gly at positions 1-20 may be present or absent

<400> 14
Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
1 5 10 15

Gly Gly Gly Gly Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg
20 25 30

Arg Arg Arg Arg Arg
35

<210> 15

<21ll> 39

<212> PRT

<213> Artificial Seqgquence

<220>

<223> Description of Artificial Sequence:positively
charged branching group (efficiency group)
attached to solid backbone

<220>

<221> MOD RES

<222> (1) ..(20)

<223> Gly at positions 1-20 may be present or absent

<400> 15
Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
1 5 10 15

Gly Gly Gly Gly Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg
20 25 30

AYg AYrg Arg Arg Arg Arg Arg
35

<210> 16

<211l> 41

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:positively

36f



CA 02416289 2003-07-15

charged branching group {(efficiency group)
attached to solid backbone

<220>

<221> MOD RES

<222> (1) ..(20)

«223> Gly at positions 1-20 may be present or absent

<400> 16
Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
1 5 10 15

Gly Gly Gly Gly Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg
20 25 30

Arg Arg Arg Arg Arg Arg Arg Arg Arg
35 40

<210> 17

<21l> 43

<212> PRT

«213> Artificial Sequence

<2240>

<223> Description of Artificial Sequence:positively
charged branching group (efficiency group)
attached to solid backbone

<220>

<221> MOD RES

<222> (1) ..(20)

<223> Gly at positions 1-20 may be present or absent

<400> 17
Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Glv Gly Gly Gly
1 5 10 15

Gly Gly Gly Gly Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg
20 25 30

Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg
35 40

<210> 18

<211> 45

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:positively
charged branching group (efficiency group)
attached to solid backbone

<220>

<221> MOD RES

<222> (1) ..(20)

«223> Gly at positions 1-20 may be present or absent
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<400> 18
Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
1 5 1 L5

Gly Gly Gly Gly Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg
20 25 30

AYrg Arg Arg Arg Arg Arg Arg Arg Arg AYrg Arg Arg Arg
35 40 45

<210> 19

<211l> 51

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:positively
charged HIV-TAT fragment branching group
(efficiency group) attached to solid backbone

<220>

<221> MOD RES

<222> (1) ..(20)

<223> Gly at positicons 1-20 may be pregent or absent

<220>

<221> MOD RES

<222> (32)..(51)

<223> Gly at positions 32-51 may be present or absent

<400> 19
Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Glyv Gly Gly
1 5 10 15

Gly Gly Gly Gly Arg Gly Arg Asp Asp Arg Arg Gln Arxg Arg Arg Gly
20 25 30

Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
35 40 45

Gly Gly Gly
50

<210> 20

<211> 51

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:positively
charged HIV-TAT fragment branching group
(efficiency group) attached to solid backbone

<220>

<221> MOD RES

«<222> (1) ..(20)

<223> Gly at positions 1-20 may be present or absent

<2205

36h
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<221> MOD_ RES
<222> (32)..(51)
<223> Gly at positions 32-51 may be present or absent

<400> 20
Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly
1 5 10 15

Gly Gly Gly Gly Tyr Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg Gly
20 25 30

Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Glv Gly Gly Gly
35 4{) 4 b

Gly Gly Gly
50

361
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CLAIMS:

1. A composition comprising:

(1) a positively charged backbone covalently attached to a plurality of amino acid
sequences, wherein satd amino acid sequences are selected from the group consisting of
(gly),-RGRDDRRQRRR-(gly), (SEQ ID NO:19), and (gly),-Y GRKKRRQRRR-(gly)q (SEQ
ID NO: 20) wherein p and g are each independently an integer of from 0 to 20;

(1) a negatively charged backbone having a plurality of attached targeting agents;
and

(111) a negatively charged backbone having a plurality of attached biological agents,
wherein each of said biological agents 1s a therapeutic agent or a cosmeceutical agent selected
from the group consisting of VEGF, botulinum toxin, EGF, TGF-1, insulin, a blocker of
VEGF, and antibodies to VEGF;
wherein said (1), (11), and (i11) components form a non-covalent association complex having a
net positive charge.

2. The composition in accordance with claim 1, wherein said biological agent 1s

a
therapeutic agent.
3. The composition in accordance with claim 2, wherein said therapeutic agent 1s

botulinum toxin.

4, The composition in accordance with claim 1, wherein said amino acid
sequences have the formula (gly),-RGRDDRRQRRR-(gly), (SEQ ID NO:19), wherein p and
q are each independently an integer from 0 to 20, and wherein each of said amino acid
sequences is attached to said positively charged backbone via the C-terminus or the N-
terminus of said each amino acid sequence.

J. The composition in accordance with claim 4, wherein the subscripts p and g
are each independently integers of from 0 to 8.

6. The composition in accordance with claim 4, wherein the subscripts p and g
are each independently integers of from 2 to 5.

7. The composition 1n accordance with claim 1, wherein said positively charged

backbone comprises a polymer having attached positively charged branching groups, wherein
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said polymer 1s a polylysine and said positively charged branching groups are attached to the
lysine side chain amino groups .

8. Use of the composition of claim 1 in the preparation of a topical medicament
tor achieving a desired biological effect in a subject.

9. The use according to claim 8, wherein said biologiéal agent 1S an
oligonucleotide or a cDNA encoding a selected transgene, and said composition further
comprises DNA encoding adenoviral preterminal protein 1.

10.  The use according to claim 8, wherein said biological agent is a negatively
charged backbone having a plurality of attached imaging moieties.

11.  The use according to claim 8, wherein said biological agent is a negatively

charged backbone having a plurality of attached therapeutic agents.

12. The use according to claim &, wherein said use is intravenous.
13.  The use according to claim 8, wherein said use 1s transdermal.
14, The use according to claim 8, wherein said use 1s carried out using an

angioplastic balloon.

15.  The use according to claim 8, wherein said use 1s carried out using a catheter.

16.  The use according to claim 8, wherein said use is intraperitoneal.

17.  The use according to claim 8, wherein said composition 1s 1n a gel
formulation.

18. The use of a pharmaceutical composition in the preparation of a medicament

to achieve a biological effect comprising combining a positively charged backbone
covalently attached to a plurality of amino acid sequences, wherein said amino acid
sequences are selected from the group consisting of (gly)p-RGRDDRRQRRR-(gly)q (SEQ
[D NO:19), and (gly)p-YGRKKRRQRRR-(gly)q (SEQ ID NO: 20) wherein p and q are each
independently an integer of from 0 to 20;

a negatively charged backbone having a plurality of attached targeting agents; and

a negatively charged backbone having a plurality of attached biological agents,
wherein each of said biological agents i1s a therapeutic agent or a cosmeceutical agent selected
from the group consisting of VEGF, botulinum toxin, EGF, TGF-p1, insulin, a blocker of
VEGF, and antibodies to VEGF with a pharmaceutically acceptable carrier to form a non-
covalent association complex having a net positive charge.

19. A kit for formulating a pharmaceutical delivery composition, said kit

comprising (1) a positively charged backbone covalently attached to a plurality of amino acid

38



CA 02416289 2012-02-17

sequences, wherein said amino acid sequences are selected from the group consisting of

(gly)p-RGRDDRRQRRR-(gly)g (SEQ ID NO:19), and (gly)p-YGRKKRRQRRR-(gly)q
(SEQ ID NO: 20) wherein p and g are each independently an integer of from 0 to 20;

(11) a negatively charged backbone having a plurality of attached targeting agents; and

(111) a negatively charged backbone having a plurality of attached biological agents,
wherein each of said biological agents 1s a therapeutic agent or a cosmeceutical agent selected
from the group consisting of VEGF, botulinum toxin, EGF, TGF-B1, insulin, a blocker of
VEGPF, and antibodies to VEGF;

and 1nstructions for preparing said pharmaceutical delivery composition by

combination of said (1), (11), and (111) components to form a non-covalent association complex

having a net positive charge.
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~omponents of specific imaged gene delivery and diagnosis system : . iy

@ Characteristics:

* Long positively charged backbone
"+ Branching points

+ ® = G3RY7, TAT domains or other

transfection/endolysosome/nuclear targeting
.......................................................... TR RPN - o =1 3 ¢ S

’L Characteristics:
l * Short negatively charged backbone
* Branching points or conjugation points
ek BR8P 5 ettt e bt AGING. MoIYES

! {L J) Characteristics:
* Short negatively charged backbone

* Branching points or conjugation points
* O = variable selective targeting agent

...............................................................................................

@ ................................................................................................................................................................................................... v (Fah,.ligand.ete) et
Characteristics:
.................................................................... s i s s e e OO0, OL CONA With fransgene of Interest

®

T R e D T T T TS DT TTS A2 LN e
e ra ‘:51_{..-'\“‘)\‘4 ;3_;\‘.‘“# C PR A R P A A T
a.;a:-'ié.-:mn.*c-x-'.-i<-<:;£§?§&$z‘£-<ﬂr-é-ﬁ!¢:<ca'.’av.$»'rl"'x.:%»:

Characteristics:
- tRNAGNCOdIng. persistence factors

Combinations of components above give enhanced specificity @, diagnostic imaging @, and gene delivery @ with high efficiency @
and persistence ®,
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