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COMPOSITION FOR ENHANCING TRANSPORT THROUGH LIPID-
CONTAINING MEMBRANES, AND USES THEREOF |

Field of the Invention

The present invention is in the field of the delivery of therapeutic
agents, and more particularly in the area of enhancement of transport or
delivery of molecules into the cell cytosol, through cell barriers or layers of
cells, or through lipid membranes, using membrane barrier transport
enhancing agents alone or in combination with a stimulus and/or enhancer
that modifies the structure and/or properties of the agents.

Background of the Invention

Specific, efficient delivery of therapeutic and diagnostic compounds to
cells i1s a major goal of most pharmaceutical companies. A number of different
approaches have been utilized to increase specificity and uptake. The most
common has been to target the therapeutic or diagnostic agent to specific
types of cells by conjugation of the agents to antibodies that recognize
antigens specifically or predominantly associated with the cells. Other agents,
such as polycationic complexes, liposomes, and lipid complexes, have been
employed to increase uptake of compounds generally by cells.

There are several therapeutic agents which are only effective if they
are delivered intracellularly, including genetic material and various proteins.
Gene therapy requires the intracellular delivery of genetic material to treat
genetic disorders, cause mutations in the genetic material in various cells,
such as tumor cells, and bind to or interact with various sites in the cells to
cause an effect. Examples of proteins include toxins which are only

poisonous once they have been released from the endosome into the
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cytoplasm. To increase their specificity, immunotoxins have been prepared
that include the toxin conjugated to an antibody that targets tumor-associated
antigens. Immunotoxins have had limited success as therapeutics, however,
in part due to the inadequacy of penetration into tumor nodules and

5 1neffective delivery of the toxin into cytosolic ribosomes.

It 1s often difficult to deliver compounds, such as proteins, genetic
material, and other drugs and diagnostic compounds, intracellularly because
cell membranes resist the passage of these compounds. Various methods
have been developed to administer agents intracellularly. For example,

10  genetic material has been administered into cells in vivo, in vitro and ex vivo
using viral vectors, DNA/lipid complexes and liposomes. DNA has also
been delivered by synthetic cationic polymers and copolymers and natural
cationic carriers such as chitosan. Sometimes the synthetic polymers are
hydrophobically modified to enhance endocytosis. While viral vectors are

15 efficient, questions remain regarding the safety of a live vector and the
development of an immune response following repeated administration.
Lipid complexes and liposomes appear less effective at transfecting DNA
into the nucleus of the cell and may potentially be destroyed by macrophages
In vivo.

20 Receptor mediated endocytosis offers an alternative means to target
specific cell types and to deliver therapeutic agents intracellularly. Receptor-
mediated endocytosis (RME) occurs when ligands bind to cell surface
receptors on eukaryotic cell membranes, initiating or accompanying a
cascade of nonequilibrium phenomena culminating in the cellular

25 1nvagination of membrane complexes within clathrin-coated vesicles.
Compounds which interact with specific cell surface receptors are employed
to target specific cell surface receptors. The compounds are endocytosed
into the endosomes once the compounds interact with the cell surface
receptors. Linkages have been made directly with the compounds, or, in the

30 case of DNA, through conjugation with polycationic polymers such as
polylysine and DEAE-dextran which are then complexed with the DNA.
Haensler et al., Bioconj. Chem., 4:372-379 (1993).

Even after therapeutic agents are delivered intraceltularly, normal
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trafficking in the cell can minimize their effectiveness. For example, certain
antibody-antigen conjugates are readily endocytosed. However, after
endocytosis, the antibody is not released into the cytosol but rather remains
1solated in endosomes until it is trafficked to a lysosome for degradation.
Press, O. W. et al., Cancer Research, 48: 2249-2257 (1988). Endosomes are
membrane bound phospholipid vesicles which function in intracellular
trafficking and degradation of internalized proteins. The internal pH of the
endosomes is between 5.0 and 5.5. A toxin conjugated with this antibody
will be similarly isolated in the endosome, and, if trafficked to a lysosome,
will be rendered ineffective. Genetic material, being negatively charged, is
often complexed with polycationic materials, such as chitosan and
polylysine, for delivery to a cell. Both immunotherapy and gene therapy
using polycation/nucleic acid compiexes are limited by trafficking of the
complexes by the cell from endosomes to lysosomes, where the antibody
conjugates or nucleic acids are degraded and rendered ineffective.

Accordingly, a major limitation of many potentially useful therapies
is that the agents, even if they can be targeted to the desired cells and
endocytosed by the cells, often are not effectively released from endosomes
into the cytosol, but are degraded by lysosomes.

Several methods have been proposed to avoid or minimize
lysosomal degradation of these agents. One method involves including
lysosomotrophic agents such as chloroquine in formulations used to
administer therapeutic agents intracellularly. Another method involves
disrupting the endosome so that the agent is delivered into the cytosol before
it is transported to and degraded by the lysosomes. It is preferable to disrupt
the endosome so that the material never comes in contact with the lysosomes.
At least two pathways have been developed for disrupting the endosomal
membrane. One method takes advantage of the pH inside the endosomes,
and uses materials which are relatively hydrophilic at physiological pH
(around 7.4) and relatively hydrophobic at the pH inside of the endosomes.
Examples of such materials are carboxylic acid containing polymers such as
the hydrophobic polyacid poly(2-ethylacrylic acid) (PEAA), which are
negatively charged at alkaline pH and uncharged at the pH inside the
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endosome due to protonation of the carboxylic acid moieties:

PEAA has been shown to solubilize lipid membranes in a pH
dependent manner, permeabilizing and solubilizing membranes at an acidic
pH (approximately 6.3), while having no effect at alkaline pH. Thomas, J.L.
et al., Biophysical Journal 67:1101-1106 (1994); Thomas, J. L. et al., Acc.
Chem. Res., 25: 336-342 (1992). 1t has been postulated that the effects of
PEAA are due to its amphiphilicity rather than structure, consistent with a
hydrophobically driven micellization process. A similar process has been

hypothesized for the interaction of apolipoproteins, melittin, and other
amphiphtlic a-helix based polypeptides with lipid membranes.

Various peptides also disrupt endosomal membranes in a pH
dependent manner. Examples of peptides shown to disrupt liposomes,
erythrocytes, and endosomes, include viral peptides, such as influenza virus
peptides and peptides that include the 23 amino terminal amino acid
sequence of influenza virus hemagglutinin, and related peptides which
viruses destabilize endosomal membranes in a pH dependent manner such as
GALA (also known as EALA) which includes repeating glutamic acid-
alanine-leucine-alanine blocks. These peptides have been conjugated with
DNA complexes that utilized a receptor mediated endocytosis pathway for
uptake into cultured cells. A strong correlation was observed between pH
specific erythrocyte disruption and gene transfer. Plank, C. et al., J. Biol.
Chem. 17(269):12918-12924 (1994); Hughes, J.A. et al., Pharm Res.,
13(3):404- (1996). Other peptides include melittin and derivatives, which

are membrane channel formers. Pawlak, M. et al., Protein Science 3:1788-

1805 (1994). GALA has been conjugated with a polycationic polymer
(polyamidoamine cascade polymers, dendritic polymers synthesized from
methyl acrylate and ethylenediamine), and the polycationic polymeric block
has been complexed with plasmids encoding reporter genes. Haensler, J. et
al., Bioconj. Chem., 4:372-379 (1993).

None of these methods or materials have solved the transport or
delivery problems. It would therefore be advantageous to provide improved
compositions for delivering diagnostic and/or therapeutic agents to the

cytoplasm of a cell without significant lysosomal degradation.
4
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It is another object of the present invention to provide compositions
for enhanced transport of diagnostic or therapeutic agents, including proteins
and genetic material, or other molecules through other cell membranes, cell
barriers or cell layers, or through lipid membranes.

It is a further object of the present invention to provide such
compositions that can be controlled and manipulated externally, for example,
using non-invasive means such as ultrasound to enhance delivery or
transport.

Summary of the Invention

Compositions and methods for transport or release of therapeutic and
diagnostic agents or metabolites or other analytes from cells, compartments
within cells, through cell layers or cell barriers, or lipid membranes are
described. The compositions include a membrane disruptive agent or
"membrane barrier transport enhancing agent” and are usually administered
In combination with an enhancer and/or exposure to stimuli to effect
disruption, transport or release. |In a preferred embodiment, the compositions
include compounds which disrupt endosomal membranes in response to the
low pH In the endosomes but which are relatively inactive toward cell
membranes, coupled directly or indirectly to a therapeutic or diagnostic
agent. Other disruptive stimuli can be used with the membrane barrier
transport enhancing agent, such as light, electrical stimuli, electromagnetic
stimuli, ultrasound, temperature, or combinations thereof. The compounds
can be coupled by ionic, covalent, hydrophobic or H bonds to an agent to be
delivered, to a ligand which forms a complex with the agent to be delivered,
or to a carrier. Agents to be delivered can be therapeutic and/or diagnostic
agents, including proteins or peptides, synthetic organic molecules,
nucleotides or oligonucleotides, carbohydrates, metals, radiolabels, or
combinations thereof.



10

15

20

25

CA 02317549 2004-09-14

According to an aspect of the invention, there is provided a composition
for enhancing transport through lipid-containing membranes. The composition
comprises:

(a) a therapeutic or diagnostic agent; and

(b) a transport agent effective for enhancing transport of the therapeutic or
diagnostic agent through lipid-containing membranes, wherein the transport ‘
agent is hydrophobic at a pH from about 5.1 to about 5.5, and wherein the
transport agent comprises a polycarboxylic acid polymer seiected from the group
consisting of:

(i) a poly(ethylacrylic acid) polymer covalently bound to the
therapeutic or diagnostic agent;

(i1) a poly(propylacrylic acid) polymer;

(1) a poly(butylacrylic acid) polymer,

(iv) a graft copolymer or block copolymer, wherein the copolymer
comprises acrylic acid groups or alkyl substituted acrylic acid groups and wherein
at least one of the alkyl substituted acrylic groups Is a propylacrylic acid group or

a butylacrylic acid group;
(v) a random copolymer comprising acrylic acid groups or alkyil

substituted acrylic acid groups; and

(vi) mixtures thereof.

In a preferred embodiment, the endosomal membrane disrupting
compounds are polymers, most preferably pH sensitive polymers which are
inert at physiological pH (around 7.4) but which disrupt the endosomal
membrane at the pH range inside the endosome (between about 5.1 and 5.5).

Suitable polymers include poly(alkyl)acrylic acids, cationic polymers,

S5a
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copolymers of the polymers with pH sensitive proteins and/or peptides which
can disrupt endosomes at the pH range inside the endosomes, and
copolymers with peptides which contain imidazole groups and/or other
groups which are known to disrupt endosomal membranes. Optionally, the
compositions can include compounds which minimize lysosomal function,
enhance endocytosis or target the compositions to particular cell types.
Alternatively, or in addition, the composition can include ligands such as
polycationic materials like polylysine or chitosan, which form a complex
with the agent to be delivered, stabilizing the agent and in some cases further
enhancing endocytosis by causing membrane disruption. The compositions
can also include a carrier, for example, nanoparticles or microparticles,
liposomes or lipid vesicles. The lipid vehicles, especially cationic
liposomes, may themselves cause membrane disruption. The membrane
disrupting agents can be incorporated onto, .into or within these carriers. The
compositions can be administered systemically or locally using known
methodologies, in an amount effective to diagnose or treat a patient in need
thereof. The materials are particularly useful for delivery of genetic material
to cells in vitro, for example, for gene therapy. The compositions are also
useful for manipulation of other types of cells such as bacterial cells, which
can be readily exposed to an external stimuli to cause membrane disruption,
including changes in pH.

Treatments which enhance delivery can also be used with the
membrane disrupting agents. In a particularly preferred embodiment,
ultrasound is used to enhance delivery or transport into or out of cells or
through the skin. This is useful not only for drug delivery, but also transport
of analytes such as glucose, which can then be measured and the amount
present 1n the interstitial fluid correlated with blood levels. This treatment is
also particularly useful for gene therapy into other cell types such as
endothelial and smooth muscle cells, especially in the arterial environment,
for example, for the treatment or prevention of restenosis. The treatment can
be applied to the site before, at the time of, or following administration of the
membrane disrupting agent. One advantage of ultrasound is that the
membrane disrupting agent, preferably targeted to specific cells, can be

6
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administered systemically, allowing time for the agent to travel to a distal
location, followed by administration of the ultrasound. The preferred type of
ultrasound is high intensity focused ultrasound (HIFU). The ultrasound can
be delivered by a variety of means, including the direct application of the

transducer to the surface of the tissue to be treated, or at some distance

removed from the tissue surface, in which both plane waves and focused

~ acoustic waves can be utilized. Optimal frequencies typically range from a

20 kHz to 10 MHz, preferably less than 3 MHz.

Brief Description of the Drawings

Figure 1A is a graph showing the ability of poly(ethyl acrylic acid)

(PEAA) to lyse erythrocytes as a function of pH. Percent hemolysis is

shown at a solution pH of 5.1 and 7.4, for 500 ug PEAA and for control.
Figure 1B is a graph showing the ability of poly(propyl acrylic acid) (PPAA)
to lyse erythrocytes as a function of pH. Percent hemolysis is shown at a
solution pH of 6.1 and 7.4, for 3 ug PPAA and for control. Figure 1C is a
graph comparing the ability of PPAA and PEAA to lyse erythrocytes as a
function of pH. Percent hemolysis is shown at a solution pH of 6.1 for
PPAA and PEAA. Figure 1D is a graph comparing the ability of poly (butyl
acrylic acid) (PBAA) and PPAA to lyse erythrocytes as a function of pH.
Percent hemolysis is shown at a solution pH of 6.1 and 7.4 for PBAA and for
6.1 for PPAA. Figure 1E is a graph comparing the ability of a random
copolymer of ethyl acrylate and acrylic acid (EA-AA) and PEAA to lyse
erythrocytes as a function of pH. Percent erythrocyte hemolysis is shown at
a solution pH of 5.5.

Figure 2 is a graph comparing the ability of EALA (GALA) and an
EALA/polyacrylic acid conjugate (GALA/PAA) to lyse erythrocytes.
Percent erythrocyte hemolysis versus concentration is shown for both EALA
and the EAL A/polyacrylic acid conjugate.

Figure 3 is a graph comparing the ability of PEAA, an IgG/PEAA
conjugate, and for IgG alone to lyse erythrocytes. Percent erythrocyte
hemolysis versus concentration is shown for PEAA, an IgG/PEAA

conjugate, and for IgG alone.
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Figures 4A-D are graphs comparing the ability of PEAA. a
streptavidin/PEAA conjugate, biotinylated-PEAA and a streptavidin/biotin-
PEAA conjugate (at a ratio of either 3:1 or 1:1) to lyse erythrocytes. Percent
erythrocyte hemolysis versus concentration of polymer is shown for PEAA,
a streptavidin/PEAA conjugate, biotinylated-PEAA and a streptavidin/biotin-
PEAA conjugate is shown in Figures 4A and 4B; percent erythrocyte
hemolysis as a function of pH is shown in Figures 4C and 4D.

Figure 5 1s a schematic of immunotoxin therapy using pH-sensitive
polymer-induced membrane disruption.

Figure 6 is a graph of the enhancement of RTA toxicity by mixing

with PPAAc, measured as percent normalized protein synthesis as a function

of concentration of polymer (ug/ml) for RTA, PPAAc, and RTA + PPAAc.

Figure 7A is a graph of the effect of the combination of PEAA and
ultrasound on hemolysis of erythrocytes (percent hemolysis over time in -
minutes). Figure 7B is a graph of the percent hemolysis for PEAA.,
ultrasound, PEAA followed by ultrasound at pH 6.1, ultrasound followed by
PEAA at pH 6.1, and PEAA followed by ultrasound at pH 7.4.

Detailed Description of the Invention
A. Compositions for Enhancing Membrane Transport and
Methods of Manufacture Thereof,
I Membrane Barrier Transport Enhancing Agents
Any membrane disrupting agent can be used to alter transport
through cell membranes, liposomes or other lipid vesicles, membranes
within a cell or through a layer of cells such as the stratum corneum, which
does not adversely affect the ability of the therapeutic or diagnostic agent to
function following delivery, and which disrupts the membrane or interstitial
spacing such that the é,gent to be delivered passes through the cell or cell
layer(s). Although referred to herein as “membrane disruptive agents”, the
agents may not actually disrupt the membrane and therefore the term is used
interchangeably with “membrane barrier transport enhancing agent”. For
example, a number of polymers respond with large physical changes to small

changes in environmental conditions, such as solution pH, ionic strength
8
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solvent composition, temperature, light, and electric field. These polymers

are referred to as stimuli-responsive, environmentally sensitive, "intelligent"

or "smart" polymers. Hoffman, A.S., "Intelligent Polymers in Medicine and
Biotechnology", Macromol. Symp., 98, 645 -664 (1995); also in: Artif.
Organs, 19, 458-467 (1995). In the case of endosomal membrane disrupting
agents, 1t is preferred to use polymers that disrupt the membranes by virtue
of the lower pH in the endosomes such that the agent to be delivered is
delivered to the cytosol without significant degradation by the lysosomes.

Although described herein with reference to disruption of endosomal
membranes as compared to cell membranes, cell barriers, layers of cells, or
liposomal membranes, the agents can be used for delivery to cells, out of
cells, or across cell layers or barriers such as the blood brain barrier, or
liposomes or other lipid vesicles by disruption of membranes other than
endosomal membranes, if the stimuli to induce disruption can be selectively
provided at the cell membrane to be disrupted.

pH Sensitive Agents

Polymers

Examples of endosomal membrane disrupting agents include pH
sensitive polymers which do not disrupt cell membranes at physiological pH
but which disrupt the endosomal membrane at the pH range inside the
endosomes, random, block or graft copolymers of these polymers with
peptides which become hydrophobic at the pH range in the endosome and
polymers, proteins and peptides which attack phospholipid bilayers.

Any polymer can be used which is not hydrophobic at physiological
pH, typically in the range of between 6.8 and 7.5, and approximately 7.4
inside cells, but which becomes hydrophobic at the pH inside the endosomes
(between 5.0 and 6.5). Polymers which include multiple carboxylic acid
groups, for example, polymers with more than 0.5 carboxylic acid groups per
monomer on average, tend to be relatively hydrophilic at pH ranges in which
the carboxylic acid groups are deprotonated, and tend to be relatively
hydrophobic at pH ranges in which the carboxylic acid groups are
protonated. The pKa for carboxylic acid groups is such that they tend to be
protonated at the pH range present in the endosomes.

9
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Random, block and graft copolymers that include acrylate groups
and alkyl substituted acrylate groups are preferred. Preferabl'y, the alkyl
group 1s a C,.¢ straight, branched or cyclic alkane. Preferred monomers for
use 1n preparing the polymeric materials include poly(ethylacrylic acid)
(PEAA), poly(propylacrylic acid) (PPAA) and poly(butylacrylic acid)
(PBAA). Copolymers of these monomers by themselves or including acrylic
acid can be used. An example of a random copolymer is EA-AA. This may
be modified by grafting of either component to the backbone of the other
component, or as a block copolymer of a block of one conjugated to a block
of the other.

Random, block or graft copolymers of pH sensitive polymers with
sulfonate groups can also be synthesized. The sulfonate groups will interact

strongly via ion-1on interactions with the charges on the cationic polymer or
lipid DNA carriers and should enhance the physical coupling of the
sulfonated polymer with the cationic carrier. The carboxyl groups on the pH-
sensitive polymers should not interact as strongly as the sulfonate groups
with the cationic groups on the carriers. The pH sensitive polymers can be
modified by inclusion of AMPS, a sulfonated propyl acrylamide monomer.
In addition to pendant hydrophobic and -COOH groups in the polymers,
monomers that have pendant sulfonate groups can be added (eg, using a
monomer called AMPS, which is a sulfonated propyl methacrylamide
monomer and 1s commercially available), which would permit strong ionic
bonding of our membrane-disruptive polymer to a cationic DNA carrier,

including cationic lipid micelles or liposomes, polymeric cations and
dendrimers. The sulfonate -SO3- group will couple much more stronglytoa
quaternary cationic group than will the -COO- group, and at the pHs of 5-6.5
within the endosome, only the -COOH group will be protonated, due to the
low pK of the -SO3~ group.

The polymers can also include blocks of other polymeric materials,

including polycationic blocks such as polylysine and chitosan that form
complexes with genetic material. Such polycationic polymers are well

known to those of skill in the art. The polymers can also be covalently

10
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coupled to one or more naturally-occurring polysaccharides, e.g. a
hydrocarbon ester of carboxymethy! cellulose (CMC), hydrocarbon esters or
amides of hyaluronic acid (HA). The hydrocarbons can be or can include
cholesterol and other hydrophobic molecules.

Impdrtant variables of polymer composition which alter polymer
characteristics include molecular weight (“mw”) and its distribution, tacticity
of the backbone polymer bond configurations, copolymer structure,
degradable bonds, and polymer composition. For example, polymers can be
synthesized in stereoregular forms (e.g., isotactic or syndiotactic forms,
which are stereoregular), or atactic form, which lacks any stereoregularity.
This can be controlled, for example, through selection of appropriate
solvents during polymerization. Copolymers are formed from two or more
different monomers. These can be random copolymers, with random
organization of the two monomers along the backbone of the polymer chain,
or they may be block copolymers, with long segments of one polymer
attached to relatively long segments of the other. They can also be graft
copolymers, where one of the two components is coupled as a side chain to
the other, which forms the copolymer backbone. The block or graft
copolymers can contain segments that act to disrupt lipid membranes and
other segments that can carry ionically or covalently coupled drugs, where
DNA 1s an exampie of an ionically bound drug.

As demonstrated by the examples, random copolymers can be
synthesized of conventional monomers to exemplify "molecular engineering"
of the composition of copolymers to have membrane disruptive properties at
pHs less than 7.4. Lowering the pH for these new copolymers will show
sharp increases in hemolysis with decreasing pH that occur at different pHs
for the different polymer compositions. Example 1 demonstrates that a 1:1
random copolymer of ethyl acrylate (EA) and acrylic acid (AA) can cause
hemolysis of RBC:s at low pH, as does the homopolymer of ethylacrylic acid
(PEAA), which it mimics in composition. Example 1 also shows that
random copolymers of EA-AA as well as random copolymers of propyl
acrylate (PA) with AA, and butyl acrylate (BA) with AA_ are effective
hemolytic agents of different degrees at pH 5.5. If the hydrophobic
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comonomer content 1s increased sufficiently, the copolymers can cause
hemolysis at higher pHs such as pH 7.4. The more hydrophobic polymer
compositions that are membrane disruptive at pHs above 6.0, eg, up to 7.4,
may be most suitable for enhancing transdermal or transmucosal permeation
In the presence of physical stimuli such as ultrasonic, electric or
electromagnetic fields.
Peptides

Peptides which lose their charge at a lower pH and become
hydrophobic, thereby altering their structure or other properties, disrupting
the endosomal membrane in the process, can be used as polymeric blocks
with the pH sensitive polymers described above. Examples of such peptides
include viral and bacterial peptides, such as influenza virus peptides,
peptides that include the 23 amino terminal amino acid sequence of influenza
virus hemagglutinin, and peptides that mimic the manner in which viruses
destabilize endosomal membranes in an acidification dependent manner.
Such peptides mimic the structure of virus proteins which destabilize
endosomal membranes. For example, peptides based upon the influenza
virus protein hemagglutinin (HA) have been shown to undergo a structural
change at lower pH due to protonation of carboxyl groups, triggering

formation of an a-helical conformation. These amphipathic helices can then

penetrate and cause disruption of the endosomal membrane. Examples of
suitable peptides include EALA (also known as GALA), a peptide having a
repeating glutamic acid-alanine-leucine-alanine structure, and mellitin.
These peptides can be incorporated into polymers, for example, the
pH sensitive polymers described above. GALA-polyacrylic acid graft
copolymers can be prepared, for example, by polymerizing an N-
acryloxysuccinimide monomer via free radical polymerization, reacting the
resulting poly-(N-hydroxysuccinimide) (poly-NHS) with a desired mole ratio
of GALA in a polar aprotic solvent such as dimethylsulfoxide (DMSO), and
hydrolyzing the remaining unreacted NHS groups to yield the graft co-
polymer. The mole ratio of GALA to the acryloxy monomers should be less
than one, such that carboxylic acid groups are present in the final polymer.

Without the remaining carboxylic acid groups, the ability of the polymer to
12
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respond to changes in pH is limited. The incorporation of peptides into these
polymers dramatically enhances and in some cases can confer activity on the
peptides when they are otherwise ineffective.

Structurally related graft co-polymers can be prepared by
substituting different NHS-substituted monomers, for example, methyl
acryloxy succinimide, ethyl acryloxy succinimide, propyl acryloxy
succinimide, butyl acryloxy succinimide, and combinations thereof

Block copolymers can be prepared by synthesizing sequences of
EALA attached to sequences of mellitin. Block copolymers can also be
prepared that include different synthetic polymers using group transfer
polymerization techniques. Conjugates of two different polymers or peptides
may be more effective than either one alone, or physical mixtures of the two.
Purification of the conjugate from the free components can be performed
using ion exchange chromatography, for example, strong cation exchange. It
1s advantageous to remove the free polymer from the conjugate of the
polymer and the agent to be delivered. The free polymer, being negatively
charged, can be separated from the conjugate via ion exchange
chromatography. The negative charge serves to alter the affinity of the
antibody for the cation exchange matrix, making it possible to separate free
antibody from the conjugate as well.

Phospholipid Bilayer Disrupting Agents

Polypeptides and polymers which include imidazole groups can also
be endosomal membrane disrupting agents which function by attacking the
phospholipid bilayer at a lower pH. The imidazole groups hydrolyze
phosphate esters and carboxyl esters. Hydrolysis of lipids leads to the
formation of lysophospholipids and fatty acids, both of which destabilize
phospholipid bilayers and cause the disruption of cell membranes.
Accordingly, these polymers and peptides can be used as polymeric blocks
and coupled to the pH sensitive polymers and proteins described above.

Suitable polymers and polypeptides include polymers including
vinyl imidazole monomeric units and proteins and peptides containing
histidine residues. For example, monomeric ethyl acrylic acid can be

copolymerized with vinyl imidazole. At pH 7.4, this polymer will not
13

SUBSTITUTE SHEET (RULE 26)




CA 023173549 2000-07-04

WO 99/34831 | PCT/US99/00122

interact with the lipid bilayer; however, at low pH this polymer . will become
hydrophobic and interact with the endosomal membrane, bringing the
imidazole group close to the phospholipids, where it can hydrolyse them and
cause membrane disruption. Polyimidazole has its greatest catalytic activity
5> when it is half protonated and half deprotonated. The pKa of polyimidazole
is about 6.5, and hence should have greater activity in endosomes. These
polymers and polypeptides can be used to form block or graft copolymers
with the pH sensitive polymers and peptides described above.
Agents sensitive 10 other Stimuli

10 Agents can also be used which are sensitive to other stimuli
including temperature, light, electrical stimuli, radiation, and combinations
thereof, alone or in further combination with pH sensitive agents. Illustrative
polymers described herein are temperature-, pH-, ion- and/or light-sensitive
polymers. Hoffman, A.S., Artif. Organs, 19, 458-467 (1995): Chen, G.H

15 and A.S. Hoffman, "Macromol. Chem. Phys., 196, 1251-1259 (1995); Irte,

M. and D. Kungwatchakun, Maokromol. Chem., Rapid Commun., 5, 829-
832 (1985); and Irie, M., ACS Polym. Preprints, 27(2), 342-343 (1986).
Temperature Sensitive Polymers
Temperature sensitive polymers are descﬁbed by Feijen, et al., 11th
20 European Conf. on Biomtls., 256-260 (1994); Moniji and Hoffman, Appl.
Biochem. and Biotech., 14, 107-120 (1987); Moniji, et al., Biochem. and
Biophys. Res. Comm., 172, 652-660 (1990); Park, et al., J. Biomtls. Sci.
Polymer Ed., 4,.493-504 (1993); Chen and Hoffman, Bioconj. Chem. |, 4,
509-514 (1993), Ding, et al., Bioconj. Chem. 7, 121-125 (1995); Chen and
25 Hoffman, Macromol. Chem. Phys., 196, 1251-1259 (1995); Takei, et al.,
Bioconj. Chem. 4, 42-46 (1993); Takei, et al., Bioconj. Chem., 4, 341-346
- (1993), (18) Takei, et al., Bioconj. Chem., 5, 577-582 (1994); Matsukata, et
al., J. Biochem., 116, 682-686 (1994); Chilkoti, Bioconj. Chem., 5, 504-507
(1994).
30 Illustrative embodiments of the many different types of temperature-
responsive polymers are polymers and copolymers of N-isopropy!
acrylamide (NIPAAm). PolyNIPAAm is a thermally sensitive polymer that

precipitates out of water at 32°C, which is its lower critical solution
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temperature (LCST), or cloud point (Heskins and Guillet, J. Macromol. Sci -
Chem. A2: 1441-1455 (1968)). When polyNIPAAm is copolymerized with
more hydrophilic comonomers such as acrylamide, the LCST is raised. The
opposite occurs when it is copolymerized with more hydrophobic

5 comonomers, such as N-t-butyl acrylamide. Copolymers of NIPAAm with
more hydrophilic monomers, such as AAm, have a higher LCST, and a
broader temperature range of precipitation, while copolymers with more
hydrophobic monomers, such as N-t-butyl acrylamide, have a lower LCST
and usually are more likely to retain the sharp transition characteristic of

10 PNIPAAm (Taylor and Cerankowski, J. Polymer Sci. 13: 2551-2570 (1975);
Priest et al., ACS Symposium Series 350: 255-264 (1987), and Heskins and
Guillet, J. Macromol. Sci.-Chem. A2: 1441-1455 (1968). Copolymers'can
be produced having higher or lower LCSTs and a broader temperature range
of precipitation.

15 Temperature-responsive polymers such as poly(NIPAAm) have been
conjugated randomly to affinity molecules, such as monoclonal antibodies,
for example, as described in U.S. Patent No. 4,780,409: and Monyji and
Hoffman, Appl. Biochem. Biotechnol. 14: 107-120 (1987). Activated
PNIPAAm has also been conjugated to protein A, various enzymes, biotin,

20  phospholipids, RGD peptide sequences, and other interactive molecules.

By randomly copolymerizing a thermally-sensitive NIPAAm with a
small amount (e.g. less than 10 mole percent) of a pH-sensitive comonomer
such as AAc, a copolymer will display both temperature and pH sensitivity.
Its LCST will be almost unaffected, sometimes even lowered a few degrees,

25 at pHs where the comonomer is not ionized, but it will be dramatically raised
if the pH-sensitive groups are ionized. When the pH-sensitive monomer is
present 1n a higher content, the LCST response of the temperature sensitive
component may be "eliminated" (e.g., no phase separation seen up to and
above 100°C). Graft and block copolymers of pH and temperature sensitive

30 monomers can be synthesized which retain both pH and temperature

transitions independently. Chen, GH.,and A.S. Hoftman, Nature, 373, 49-
52 (1995).
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Polymers sensitive to other environmental stimuli

Polymers sensitive to other environmental stimuli such as ion
concentration, ion affinity and differential solubility are reported by
Fujimura, et al. Biotech. Bioeng., 29, 747-752 (1987); Nguyen and Luong, "
Biotech. Bioeng., 34, 1186-1190 (1989); Taniguchi, et al., Biotech. Bioeng.,
34, 1092-1097 (1989), Moniji, et al., J. Biomtls. Sci. Polymer Ed., 5, 407-420
(1994); Chen and Hoffman, Biomtls., 11, 631-634 (1990); Stayton, et al.
Nature , 378, 472-474 (1995).

Polysaccharides such as carrageenan change their conformation, for
example, from a random to an ordered conformation, as a function of
exposure to specific ions such as K+ or Ca++. A solution of sodium alginate
may be gelled by exposure to Ca++. Other specific ion-sensitive polymers
include polymers with pendant ion chelating groups, such as histidine or
EDTA, etc. A lipid or phospholipid group can also be chemicaily or 1onically
coupled to the membrane-disruptive polymer backbones, to facilitate its
Insertion into cationic lipid micelle or liposome DNA carrier systems. This
could be done, for example, by conjugating a fatty alcohol to the -COOH
pendant group to form an ester group, or by conjugating a dipalmitoyl
phosphatidyl ethanolamine to the -COOH pendant group to form an amide
group. Lipid groups could also be chemically-coupled to a terminal group of
the polymers. If the sulfonated monomer AMPS described above is used in
the membrane-disruptive polymer, then one could ionically-complex a
cationic lipid to the polymer to facilitate its insertion into cationic lipid drug
carrier systems.

Light-sensitive Polymers

Light-responsive polymers usually contain chromophoric groups
pendant to or along the main chain of the polymer and, when exposed to an
appropriate wavelength of light, can be isomerized from the trans to the cis
form, which is dipolar and more hydrophilic and can cause reversible
polymer conformational changes. Other light sensitive compounds can also

be converted by light stimulation from a relatively non-polar hydrophobic,

non-ionized state to a hydrophilic, ionic state. It is also possible to
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incorporate multiple environmental sensitivities in the same polymer, such as
temperature and light sensitivity, by copolymerization.
In the case of pendant light-sensitive group polymers, the light-

sensitive dye, such as aromatic azo compounds or stilbene derivatives, may

5 be conjugated to a reactive monomer (an exception is a dye such as
chlorophyllin, which already has a vinyl group) and then homopolymerized
or copolymerized with other conventional monomers, or copolymerized with
temperature-sensitive or pH-sensitive monomers using the chain transfer
polymerization as described above. The light sensitive group may also be

10 conjugated to one end of a different (eg temperature-) responsive polymer.
A number of protocols for such dye-conjugated monomer syntheses are
known.

Light-sensitive compounds may be dye molecules that isomerize or
become 1onized when they absorb certain wavelengths of light, converting

15  them from hydrophobic to hydrophilic conformations, or they may be other
dye molecules which give off heat when they absorb certain wavelengths of
light. In the former case, the isomerization alone can cause chain expansion
or collapse, while in the latter case the polymer will precipitate only if it is
also temperature-sensitive.

20 Light-responsive polymers usually contain chromophoric groups
pendant to the main chain of the polymer. Typical chromophoric groups that
have been used are the aromatic diazo dyes (Ciardelli, Biopolvmers 23:
1423-1437 (1984); Kungwatchakun and Irie, Makromol. Chem., Rapid
Commun, 9: 243-246 (1988); Lohmann and Petrak, CRC Crit. Rev. Therap.

25 Drug Carrier Systems 5: 263 (1989); Mamada et al., Macromolecules 23-
1517 (1990). When this type of dye is exposed to 350-410 nm UV light, the
trans form of the aromatic diazo dye, which is more hydrophobic, is
isomerized to the cis form, which is dipolar and more hydrophilic, and this
can cause polymer conformational changes, causing a turbid polymer

30 solution to clear, depending on the degree of dye-conjugation to the
backbone and the water solubility of the main unit of the backbone.
Exposure to about 750 nm visible light will reverse the phenomenon.
Conversion of the pendant group from a hydrophilic to a hydrophobic state
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can also cause individual chains to expand or collapse their conformations.
Such light-sensitive dyes may also be incorporated along the main chain of
the backbone, such that the conformational changes due to light-induced
iIsomerization of the dye will cause polymer chain conformational changes.
When the polymer main chain contains light sensitive groups (e.g. azo
benzene dye) the light-stimulated state may actually contract and become
more hydrophilic upon light-induced isomerization.

Light can be used as a stimulus, for example, which converts a
cationic dye to a neutral, more hydrophobic dye, thereby releasing anionic
DNA and also producing a more hydrophobic molecule which can disrupt
endosomal membranes.

Ireatments to enhance Membrane Disruption

As described above, membrane disruptive agents are delivered to the
cells or cell barrier where transport is desired, at which point a stimuli, such
as a change in pH at the site, or external stimuli such as light Or temperature
change,is applied and the membrane is disrupted. Disruption can also occur
due to the combined effects of the membrane disruptive agent with the
physical treatment which enhances the efficacy of the treatment, such as
application of ultrasound, an electrical field, a electromagnetic field,
iontopheresis, electroporation or a combination thereof

Ultrasound

Ultrasound will typically be applied using devices which are
commercially available. These devices have a therapeutic range of between
about 20 kHz and 10 MHz, and are preferably used for topical application at
less than 3 MHz. In one embodiment in which it is desirable to induce
cavitation, a low intensity ultrasonic (US) field (one that will produce
cavitation) s applied to cells in suspension in the presence of the membrane-
disruptive polymers. As demonstrated by the examples, the polymers
significantly enhance cell membrane disruption and release of molecules
over that induced by the ultrasound alone. The effective dosage of
membrane disrupting agent can be determined empiracally, measurin g
cavitation (acoustically or by production of free radicals or chemical tracers
such as iodine) or by measuring transport or release of material from within
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the cells or by endocytosis and intracellular trafficking of drugs in cells.
Since the skin is slightly acidic, it should be possible to molecularly engineer
the polymer composition to specifically promote transdermal permeation of
drugs in the presence of a cavitating ultrasound field.

The ultrasound can be applied continuously or pulsed. The
ultrasound can be applied to cells in suspension, or directly to cells in tissue
or transdermally, using an appropriate ultrasound medium, before, during or
after administration of the membrane disruptive agents.

Llectrical Fields

lontopheresis, electroporation, or other applications of electrical
fields, to enhance transport are well known technologies. These can also be
used 1n combination with administration of the membrane disruptive agents
to enhance membrane disruption. Electrical fields may be applied as low
voltage, continuous electrical fields, or high voltage, pulsed electrical fields.
The electric field can be applied to induce an electmphoretic fow of charged

molecules across the skin or cells (iontopheresis). Electroporation is the use

of an electrical field to disrupt a cell layer or membrane.
Radiation

Types of radiation including ionizing radiation and photodynamic
therapy may also be useful in combination with the membrane disruptive
agents, especially those which are light responsive. In photodynamic
therapy, light of the correct power and wavelength is absorbed by
photosensitizers when then utilize the absorbed energy to convert oxygen
which is normally in the triplet state to singlet oxygen, which is a potent cell

killer. The latter is particularly effective in transport of cytotherapeutic
drugs into tumor cells.

I1. Diagnostic and Therapeutic Agents

Any therapeutic agent, prophylactic agent or diagnostic agent can be
1onically or covalently linked, directly or indirectly, to an endosomal
membrane disrupting agent, so long as the linkage does not interfere with the
activity of the therapeutic or diagnostic agent following administration to the
cell and endocytosis. The agent can be directly coupled to the endosomal

membrane disrupting agent or indirectly coupled, via another compound
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coupled to the endosomal membrane disrupting agent, such as an endocytosis
enhancing agent, a targeting compound, a compound decreasing lysosome
function, or to a ligand attached to an endosomal membrane disrupting agent
which binds to the therapeutic or diagnostic agent, such as a polycationic
polymer which binds nucleic acid.

The therapeutic and diagnostic agents can be nucleosides,
nucleotides or oligonucleotides, proteins or peptides, polysaccharides and
other sugars, synthetic inorganic and organic compounds, metals or
radioactive compounds or molecules.

Nucleosides, nucleotides, and oligonucleotides include oligomers or
polymers of naturally occurring or modified nucleotides, including naturally
occurring or modified purine and pyrimidine bases, 2' and 3' modifications
such as O-alkyl, halo and azide modifications, and modifications of the
phosphate linkages, for example, substitution of phosphorothioate linkages
for phosphate linkages. Oligonucleotides include RNA and single and
double stranded DNA nucleic acid sequences. The molecules can be
antisense molecules which bind to complementary DNA to inhibit
transcription, genes, aptamers, triplex helix-forming compounds, ribozymes
and external guide sequences for ribozymes, DNAzymes, DNA plasmids,
and viral vectors. Many plasmids and viral vectors are commercially
available and a number have been used in clinical trials, especially
adenoviral vectors, retroviral vectors, and adeno-associated viral vectors.
Vectors will usually incorporate the gene to be delivered in phase and under
the control of appropriate regulatory agents for expression in the cell where
the material is to be delivered. Genes may be marker genes, genes encoding
defective or missing proteins, or genes encoding a lethal protein.

Preferred compounds for killing cells include glycoprotein-based
toxins such as ricin, the B chain of the diptheria toxin, and peptides derived
from adenovirus, influenza virus, and the GALA peptide. A representative
toxin is ricin. Ricin is a naturally occuring glycoprotein heterodimer that
includes an A-chain with N-glycosidase activity capable of inactivating 608
eukaryotic ribosome subunits, and a B-chain capable of binding to cell

surface molecules (e.g., galactose residues for ricin B). The A-chain must be
20

SUBSTITUTE SHEET (RULE 26)




CA 023173549 2000-07-04

WO 99/34831 PCT/US99/00122

10

15

20

25

30

delivered to the cytosolic ribosomes for the cells to be killed: Since these
toxins bind to virtually every cell via the B-chain, they lack the specificity
required to be effective chemotherapeutic agents. Other toxins ribosylate
and thereby inactivate elongation factor 2 which is required for protein
synthesis. Other representative toxins are abrin, modeccin, Pseudomonas
exotoxin, bryodin, mistletoe lectin, Shiga toxin, Escherichia coli labile toxin,
Pertussis toxin, cholera toxin, anthrax toxin, viscumin, saporin, gelonin
momordin, trichosanthin, and pokeweed antiviral protein. Toxins can be
conjugated to an antibody specific for targeted cells. Polysaccharides such
as heparin can also be used, where the polysaccharide binds to receptors on
the cell surface. Compounds with a wide range of molecular weight, for
example, between 100 and 500,000 Daltons can be used.

When the agent to be delivered is a toxin, and the endocytosis
enhancing agent is an antibody targeted to the cells to be killed, the resulting
conjugate 1s an immunotoxin which can be effectively delivered to the
cytosol. The carbohydrate moiety present in the Fc regions of antibodies is a
convenient location for conjugation. When oxidized, these carbohydrate
regions yield aldehyde groups, which are not present elsewhere on the
protein. Since this region lies away from the epitope binding site, it
minimizes interference with antigen binding. Additionally, it leaves the
lysine residues of the antibody, a readily accessible conjugation site,
available for subsequent conjugations. The A-chain of toxins such as Ricin
can be covalently linked to an antibody using known coupling chemistry, for
example, using the heterobifunctional cross-linker N-succinimidyl-3 -(2-
pyridyl-dithio-propionate) (SPDP), or by reductive amination. Cell culture
studies with a cell toxin, the protein Ricin A (RTA) and a pH-sensitive
polymer, PPAA, are described in the examples. When the RTA was added
by itself to the cell culture, no cell death was noted, presumably due to the
intracellular trafficking of the toxin to the lysosomes. When PPAA was
physically mixed with the RTA, increasing concentrations of the mixture (at
a fixed ratio of 3/1 PPAA/RTA)lead to increasing cell deaths. The polymer

by itself was not toxic to cells. These observations indicate that the polymer
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1s acting within the cell to enhance the action of the toxin, presumably by
disrupting the endosomal membrane.
The examples further demonstrate the efficacy of an I g conjugate
and a biotinylated PEA A-streptavidin complex "conjugate" showing that the
> ~membrane disruptive polymers are still active when coupled to a protein.
The exampies also demonstrate that PPAA is as hemolytic when it is coupled
to streptavidin as it is when it is free in solution.

Any of a variety of diagnostic agents can be employed. These can
be administered alone or coupled to one or more therapeutic agents as

10 described above. The agents can be radiolabelled, fluorescently labelled,
enzymatically labelled and/or include dyes or magnetic compounds and other
materials that can be detected using x-rays, ultrasound, magnetic resonance
imaging ("MRI"), positron emission tomography (PET), computer assisted
tomagraph ("CAT"), single photon emission computerized tomography,

15  fluoroscopy or other commonly used diagnostic technology. Examples of
suitable materials for use as contrast agents in MRI include the gadolinium
chelates currently available, such as diethylene triamine pentacetic acid
(DTPA) and gadopentotate dimeglumine, as well as chelates of iron,
magnesium, manganese, copper and chromium. Examples of material_s

20 useful for CAT and x-rays include iodine based materials, such as ionic
monomers typified by diatrizoate and iothalamate, non-ionic monomers such
as 10pamidol, isohexol, and ioversol, non-ionic dimers, such as iotrol and
lodixanol, and ionic dimers, for example, ioxagalte. Useful ultrasound
contrast agents that can be coupled to the membrane disruptive agent include

25 an acoustic contrast agent that is preferentially bright when imaged with
diagnostic ultrasound.

Radioactive compounds can also be used therapeutically.
Radioisotopes include indium ("In"), iodine ("'*'1"), and yttrium ("7°Y")
1sotopes, which can be cytotoxic.

30 These materials can be coupled to the conjugate using standard
chemical techniques, or in some case, using recombinant technology, for
example, to make a fusion protein. J. Clin. Oncol. 14, 1383-1400 (1996)).
Covalent linkages can be formed using chemical reactions well known to
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those of skill in the art. For example, glycoproteins often have saccharide
moieties which can be oxidized to provide aldehyde groups. Aldehyde
groups are known to react with amines to form Schiff bases, which can then
be reduced with sodium cyanoborohydride in a process known as reductive
5 amination. Peptides which have amine groups and carboxylic acid groups,
polymers with carboxylic acid groups, and polymers and peptides with
1midazole groups and other groups which hydrolyze phospholipid
membranes at the pH range within the endosomes can be covalently coupled
using methods well known to those of Skill in the art. The agent can be

10 coupled via a degradable linkage, such as an anhydride, ester, orthoester,
amide, Schiff base or disulfide linkage.

Agents can be coupled ionically to a complex forming material,
which is covalently coupled to the endosomal membrane disrupting agent.
Oligonucleotides and other negatively charged materials such as

15 anthracycline antitumor agents are known to form complexes with
polycationic materials. Suitable polycationic materials include synthetic and
natural polyamines, such as chitosan, poly(ethyleneimine) (PEI), poly(N,N-
dimethylaminoethyl methacrylate) (PDMAEMA), polyamidoamine
(PAMAM), poly(vinyl pyridine), poly(imadazole), poly(vinyl amine)

20  (obtained by hydrolysis of polyvinyl formamide), quaternized forms of these
amines, and starburst dendrimers with cationic functional groups which are
positively charged at lower pH. Polycationic materials can be covalently or

‘ionically linked to the endosome disrupting agents and ionically complexed
to negatively charged agents to be delivered. The complex may both

25  stabilize and enhance endocytosis. Intercalating compounds can also be used
tor delivery of nucleic acids. For example, PEAA can be covalently linked
to ethidium bromide. Other intercalating agents include some of the
porphyrins and phthalocyanines.

Although described primarily with reference to transport into cells,

30 the same technology can also be used to enhance transport out of cells or
through cell layers. For example, one can enhance the transport of
metabolites or other analytes in interstitial fluid or within the cytosol or

across membrane barriers by administration of the disrupting agents and
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admuinistration of an appropriate stimulus or stimuli such as li ght, ultrasound,
electric field or change in temperature.
I11. Endocytosis Enhancing Agents and Targeting Agents
Endocytosis enhancing agents can be ionically or covalently
5 coupled, directly or indirectly, to the endosomal membrane disrupting agent.

These can be used alone with the membrane di srupting agent or in
combination with the membrane disrupting agent and an enhancer such as
ultrasound, electric field, and/or stimuli. Exemplary endocytosis enhancing
agents include antibodies, streptavidin-biotin, and membrane-receptor

10 ligands such as the transferrin receptor peptides, which non-specifically bind
the endosomal membrane disrupting agent to the cell where the agent 1s to be
delivered, polycations; and phospholipases. Other ligands which interact
with receptors on the cell surface include transferrin, galactose,
asialoorosomucoid, insulin, cytokines such as interleukin 2, and growth

15 factors such as epidermal growth factor, platelet derived growth factor, and
nerve growth factor. Examples of conjugates of endosomal membrane
disrupting agents and endocytosis enhancing agents include poly(ethylacrylic
acid) (PEAA) directly conjugated to IgG and steptavidin conjugated to a
ligand (e.g., IgG), then complexed with biotinylated PEAA (B-PEAA), to

20 indirectly conjugate the endosomal membrane disrupting agent with the
endocytosis enhancing agent.

Other compounds which appear to enhance endocytosis and/or
membrane disruption may also be included in the formulation. Polycations,
such as polylysine, are particularly effective when used in combination with

25 negatively charged materials such as oligonucleotides. In another
embodiment, the endosome membrane disrupting agent is ionically or
covalently conjugated, directly or indirectly, with enzymes such as
phospholipases, neuroamidases and sphingomylinases, which are capable of
hydrolyzing lipids, thereby further enhancing membrane disruption. Suitable

30 enzymes include the sphingomylinase isolated from the human placenta and
phospholipase A2 from lysosomes. Other compounds which are not directly

linked to the membrane disrupting agent or endocytosis enhancing agent but
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which are known to have these properties, such as glycerol, may also be

included in the formulations.

Examples of molecules found on the surface of specific cell types
include cell type specific antigens (which can be specific to species,
individual, or tissue of origin), viral antigens (in the case of virally infected
cells), and tumor antigens. These molecules can be targeted using
antibodies, preferably monoclonal antibodies, most preferably human
monoclonal antibodies or humanized antibodies, or using receptor-specific
ligands. Tumor antigens are useful as targets for antibody-conjugated
chemotherapeutic or cytotoxic agents. These are not specific markers for
tumor cells in most cases; rather, they are overexpressed on tumor cells
compared with normal tissue, or they are found in association with normal
fetal tissue [CEA (Gold, et al., J. Exp. Med. 122, 467-481 (1965)), AFP
(Abelev, Adv. Cancer Res. 14, 295-350 (1971)) or with normal progenitor
cells of that organ in the adult (CEA). Tumor antigens can Be localized in
the tumor interstitium, on the tumor cell membrane, or in the tumor cell
cytoplasm or nucleus.

Antigens that are found on cells in circulation and antigens
expressed on tumor neovasculature are readily accessible to intravenous (1.v.)
administered reagents. Antigens that are expressed on the surface of tissue
or tumor cells are readily accessible to intralesional (i.1.) or intraperitoneal
(1.p.) administered conjugates. Antigens secreted into the tumor interstitium
are most accessible to 1.1. administration.

The membrane disruption agents can be conjugated to cell ligands
via spacer arms, such as polyethylene glycol (PEG). This could enhance the
effectiveness of the endosomal membrane disruption agent. The
effectiveness of disruption agents grafted to disruption polymer backbones
(e.8., GALA-g-PAA) by conjugating or grafting them to the polymer via
PEG spacer arms.

IV. Compounds which Minimize [.ysosome Function

The formulations including membrane disruptive agents for

disruption of endosomes can also include effective amounts of compounds

which minimize lysosome function. Any compound which minimizes
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lysosome function without interfering with the efficacy of the agent to be
delivered or the endosome disrupting agent can be used. Examples include
lysosomal enzyme inhibitors in general. Other suitable compounds include
amantadine, verapamil, chloroquine, chlorpromazine, monensin, and
ammonium chloride.

V. Carriers

The compositions described herein can be incorporated into nano-
and microparticles, including microspheres and microcapsules, liposomes,
lipid vesicles, emulsions or polycationic complexes, using any method that

does not destroy the activity of the agents to be delivered. In other

embodiments, the disrupting agents are coupled by ionic, covalent or
hydrophobic coupling of the polymers with cationic lipids or the particulate
carriers. In one preferred embodiment, the endosomal disrupting agent is a
polymer which is hydrophobic or has been hydrophobically modified for
example by conjugation with cholesterol which can be incorporated into a
liposome, especially cationic liposomes, so that the polymer is actually a part
of the delivery system. These can be used alone with the membrane
disrupting agent or in combination with the membrane disrupting agent and
an enhancer such as ultrasound, electric field, and/or stimuli.

Microparticles and nanoparticles may be prepared using single and
double emulsion solvent evaporation, spray drying, solvent extraction,
solvent evaporation, phase separation, simple and complex coacervation,
interfacial polymerization, and other methods well known to those of
ordinary skill in the art. Methods developed for making micro spheres for
drug delivery are described in the literature, for example, as described in
Doubrow, M., Ed., "Microcapsules and Nanoparticles in Medicine and
Pharmacy," CRC Press, Boca Raton, 1992.

The compositions can also be administered in other physiologically
acceptable vehicles, such as phosphate buffered saline, or other vehicles for
topical, local, interstitial or intravenous administration.

B. Methods of Administration

The compositions can be administered to cells directly, topically, in

suspension, as an ointment or spray, or to an animal, systemically, regionally
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(intralesionally) or locally. An effective dosage can be determined by an
alteration in cell activity - for example, by measuring cell death, by detection
of a diagnostic agent, or by measuring transport of a particular analyte. The
compositions can be administered in a single bolus, continuously, or
repeatedly.

In a preferred embodiment, the compositions are administered in

vitro to the cells. For example, stem cells are removed from the body,

treated with the compositions, alone or in combination with an enhancer such

as ultrasound, in vifro to introduce genetic material into the cells, then
reintroduced into the patient to be treated. In another example, bacterial cells
are treated with the compositions and a stimulus is applied to cause
membrane disruption. The stimulus can be a change in pH.

As described in the examples, a test which is predictive of disruption
of endosomal membranes is the erythrocyte hemolysis test. The endosomal
membrane disruptive properties is evaluated by determining the extent of
lysis of erythrocytes. The hemolysis aSsay involves adding a small volume
(e.g., 500 micrograms or 0.5 g of composition in a 1% solution, about 0.005
ml) solution of the composition to a red blood cell suspension of
approximately 10° cells (in about one ml), and incubating for one hour at

37°C. After incubation, the cells are centrifuged, and the absorbance of the

supernatant 1s measured at 541 nm. This reflects the number of lysed cells.
If further studies are desired, one can label the compositions with a
pH-dependent fluorophore as discussed in Geisow, M. J. Fluorescein
Conjugates as Indicators of Subcellular pH. Experimental Cell Research.
150: 29-35 (1984). The endocytosis of the conjugates by cells, and their
trafficking, is followed via visualization of the fluorophore. Depending on
the emission maximum, one can determine whether the composition is in an

environment of low pH (the endosome) or of physiological pH (the

- cytoplasm).

In those embodiments in which an endocytosis enhancing agent has
been included in the compositions, these experiments can determine whether

the agent's affinity has been altered by conjugation, as well as whether the
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membrane disruptive capabilities of the polymer are effective in stimulating
endosomal release.
The compositions and methods described herein will be better
understood with reference to the following non-limiting examples.
5 [Example 1: Evaluation of the pH sensitivity of PEAA- 62K; PPAA.
Qbjective:

The objectives of this work were to determine if random copolymers
of acrylic acid-butyl acrylate and acrylic acid-propyl acrylate have potential
to act as endosomal releasing agents. This can be determined by measuring

10 the hemolytic activity of the above polymers at endosomal pH (5.5) and
physiologic pH (7.4).

Protocol:

(I) Polymer Synthesis: Polymers and random 00polymers of acrylic acid-
propyl acrylate and acrylic acid-butyl acrylate were synthesized by free

I5  radical polymerization at various monomer feed ratios, in bulk, using AIBN
as the initiator. The comonomer feed ratios are indicated in the relevant
figures. The polymers were purified by ether precipitation.
(II) Hemolysis Assay: Fresh human blood was isolated in EDTA containing

vacutainers, washed three times with 150mM NaCl, and resuspended at a
20 concentration of 10° cells/ml in PBS buffer at either pHS.SorpH7.4o0r

MES buffer, as noted. The polymers were dissolved in either DMSO or pH

10 buffered PBS. The appropriate volume of polymer solution was then
added to the RBC solution and incubated for 1 hour at 37 degrees. The cells
were then centrifuged and the degree of hemolysis was determined by
25 measuring absorbance of the supernatant at 541nM. A 100% lysis was
determined by lysing the red blood cells in deionized water. The controls
were RBCs suspended in buffer without polymer.
Poly(ethyl acrylic acid) with a label average molecular weight of
62,000 (PEAA- 62K) (500 ug) was added to a red blood cell suspension of
30 approximately 10° cells in 100 mM MES at pH 5.1 or 100 mM sodium
phosphate at pH 7.4, and incubated for one hour at 37°C. After incubation,

the cells were centrifuged, and the absorbance of the supernatant was

measured at 541 nm. The absorbance reflects the number of lysed cells. The
' 28
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control was approximately 10 cells in the appropriate buffer.
PEAA achieved almost 100% erythrocyte lysis at pH 5.1 but less

than 5% lysis at pH 7.4, as shown in Figure 1A. Accordingly, the polymer is
useful as an endosomal membrane disrupting agent.

PPAA (3 pg) was evaluated using the same experimental desi gn.
The red cells were suspended in 100 mM sodium phosphate at either pH 6.1
or 7.4.

As shown in Figure 1B, PPAA achieved almost 100% erythrocyte
lysis at pH' 6.1 but less than 10% lysis at pH 7.4. Accordingly, the polymer
i1s useful as an endosomal membrane disrupting agent.

The same experimental design was used as described, with the red
cells in a buffer at pH 6.1, to compare PEAA and PPAA.

As shown in Figure 1C, significantly less PPAA than PEAA was
needed to achieve substantial lysis at pH 6.1. Approximately 100% lysis was
achieved with about 3 ug PPAA. Accordingly, PPAA is a significantly
better endosomal membrane disrupting agent than PEAA.

The ability of PBAA to lyse erythrocytes was compared with that of
PPAA at a pH of 6.1 and a pH of 7.4 using the same experimental design as

described above.

The results are shown in Figure 1D. PBAA showed less than 5%
lysis at pH 7.4, up to a concentration of 5 ug. At pH 6.1, PBAA and PPAA
demonstrated comparable lysis, yielding about 100 % lysis at a concentration
of about 5 pg. This data demonstrates that PBAA and PPAA have similar
efficacy as endosomal membrane disrupting agents.

The ability of EA-AA (a random copolymer of ethyl acrylate and
acrylic acid) to lyse erythrocytes was compared with that of PEAA at a pH of
5.5 using the same experimental design as described above.

The results are shown in Figure 1E. The data demonstrate that the
EA-AA copolymer was less effective than PEAA at pH 5.5 at hydrolyzing
erythrocytes, achieving about 35% lysis at a concentration of 10 g,

compared to about 55% lysis for PEAA at a concentration of 10 pg.

The concentration dependence of lysis was then determined. Figure
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1F shows the percent lysis of copolymers of AAc/PA: 50% AAc/50% PA,
40% AAc/60% PA; and 60% AAc/40% PA at pH 5.5. Figure 1G shows the
percent lysis of copolymers of AAc/BA: 50% AAc/50% BA: 75% AAc/25%
BA,; and 90% AAc/10% BA, at pH 5.5.

5 The results demonstrate that the random copolymers of propyl
acrylate-acrylic acid are hemolytic at pH 5.5, the most hemolytic copolymer
1s the 50/50 copolymer, requiring 50 pg to cause 54% hemolysis of 10° '
RBCs. The copolymers of propyl acrylate-acrylic acid show pH sensitive
hemolysis, and the 50/50 copolymer causes only 30% hemolysis of 10°

10 RBCsat pH 7.4 as opposed to 54% at pH 5.5.
The copolymers of butyl acrylate-acrylic acid are extremely potent

hemolytic agents. 10 ug of the 50/50 copolymer causes over 60% hemolysis

of 10° RBCs at pH 5.5. The butyl acrylate-acrylic acid copolymers are also
pH sensitive. 10 pg of the 50/50 copolymer causes under 10% hemolysis of
15 10°RBCs at pH 7.4
Both the random copolymers of acrylic acid-butyl acrylate and
acrylic acid-propyl acrylate types of copolymers show pH sensitive
hemolytic activity and are significantly more effective at indu cing hemolysis
at pH 5.5 then at pH 7.4. Futhermore, the hemolytic activity and the pH

20  sensitivity of the above random copolymers can be rationally engineered by

altering the comonomer composition.
Example 2: Comparison of the pH sensitivity of EALA with that of an
EALA/ polyacrylic acid conjugate.
The ability of EALA to lyse erythrocytes was compared with that of
25 an EALA/ polyacrylic acid conjugate at a pH of 5.0 using approximately 10’
red blood cells in 100 mM dibasic NaPQy, incubated at 37°C for 20 minutes.
A physical mixture of EALA and PAA was also tested.
The results are shown in Figure 2. The EALA peptide by itself, as
well as the physical mixture of EAL A with PAA, demonstrated a negligible
30 amount of lysis whereas the conjugate yielded about 70% lysis at a

concentration of about 100 ug.
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Example 7:  Comparison of the pH sensitivity of PEAA: with that of an
IgG/PEAA conjugate and that of IgG alone.

The ability of PEAA, an IgG/PEAA conjugate, and IgG alone to lyse
erythrocytes was compared by performing a hemolysis assay at a pH of 5.0

using approximately 10° red blood cells in 100 mM dibasic sodium

phosphate, and incubating at 37°C for an hour. 1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide hydrochloride (EDC) was used to
conjugate PEAA to rabbit immunoglobulin G (IgG). EDC reacts with the
carboxyl groups to PEAA to form an amine-reactive intermediate, which
then reacts with the lysine amine groups on IgG. The IgG was oxidized
using 100 mM sodium periodate to yield reactive aldehyde groups on the
carbohydrate moiety. Conjugation was realized via Schiff base formation
between the end amine group of the amine-terminated PEAA and the
aldehyde group on the IgG. This bond is reduced using 5 M sodium
cyanoborohydride to yield a covalently bound conjugate of PEAA and IgG.
The molar ratio of PEAA:IgG was 2:1.

The ability of the IgG/PEAA conjugate to lyse erythrocytes was

compared to that of free PEAA and that of free IgG. The resuits are shown in
Figure 3.

Example 3: Comparison of the pH sensitivity of streptavidin/PEAA
conjugate with that of a B-PEAA conjugate and that of a
streptavidin/B-PEAA conjugate.

Objective:
To verify that complexation of PPAAc with a protein does not affect

its ability to disrupt cell membranes.

Protocol:

Biotinylation of PPAAc: Complexation with streptavidin via
steptavidin-biotin affinity (stoichiometric ratios of PPAAc:streptavidin of
both 3:1 and 1:1).

RBCs harvested by centrifuging whole blood for four minutes.
Washed three times with 100 mM dibasic sodium phosphate at desired pH.
Resuspended and diluted to 10° RBCs per 200 ul. Each tube contained 800

pul of buffer, 200 :1 of the RBC suspension, and the polymer sample. Each
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sample done in triplicate, and repeated to verify reproducibility. Tubes
incubated for an hour and a half at 37°C. Tubes spun for five minutes at full
speed in the microcentifuge. Lysis determined by measuring the absorbance
of the supernatant at 541 nm, reflecting the amount of hemoglobin released
into the supernatant. Percent hemolysis calculated assuming 100% lysis by
the red blood cells in water. Controls of RBCs in buffer with no polymer or

in buffer with added streptavidin also run.  The abilities of four different

steptavidin and PEAA samples to lyse erythrocytes were compared by

performing a hemolysis assay at a pH of 5.0 using approximately 10° red
blood cells in 100 mM dibasic sodium phosphate, and incubating at 37°C for
an hour. The four samples were biotinylated PEAA (“B-PEAA”), amine-
terminated PEAA, a physical mixture of steptavidin and amine-terminated
PEAA, and a complex of streptavidin and biotiﬁylated PEAA. The complex
formed in this last sample is a result of biotin-streptavidin affinity. In both
samples containing protein and polymer, the molar ratio of
PEAA:steptavidin was 3:1 (Figures 4A and 4C) or 1:1 (Figures 4B and 4D).
This ratio was held constant for all concentrations of PEAA.

The results indicate that any modification of the PEAA (biotinylation
or association with a protein) causes an increase in the hemolysis profile, in
comparison to the plateau seen in the unmodified amine-terminated PEAA.
No significant difference in percent hemolysis was observed as a function of
pH (Figures 4C and 4D) or concentration between any of the different
polymer-protein complexes. The percentage of hemolysis was pH and
polymer concentration dependent.

Example 4: Cell death is enhanced when PPAA is mixed with a toxin.

Figure 5 is a schematic of immunotoxin therapy using pH-sensitive
polymer-induced membrane disruption. Step 1 is receptor mediated
endocytosis; step 2 is when the polymer-immunotoxin is taken up into the
endosome; step 3 is when the endosomal pH of 5-6 triggers membrane lysis;
and step 4 is when the immunotoxin is released into the cytoplasm, leading
to cell death.

Objective:

Determine whether mixing PPAAc wtih ricin A chain (RTA) will
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enhance its endosomal release and toxicity. Endocytosis assay to quantify
the inhibition of protein synthesis in cells treated with PPAAc and RTA,
compared to cells treated with only PPAAc, only RTA, or untreated cells.

Protocol:

5 Ramos cells were suspended in leucine-free media at a concentration
of 50,000 per well in 100 microliters. The cells were cultured 4 hrs at 37°C,
then radiolabelled leucine (1 puCi of >H-leucine per 25 pl media) was added,
and the cells cultured for an additional 4 hrs at 37°C. 25 ul sample was
removed to each well, with each sample in triplicate. Control wells

10 contained 25 pul media. The wells were harvested onto filter paper and the
amount of radioactivity counted using a scintillation counter. Polymer-toxin
was added to treated cells at a ratio of PPAAc:RTA =3:1.

Results:

As shown by Figure 6, no cell death was observed when the RTA

15 was added by itself to the cell culture, presumably due to the intracellular
tratficking of the toxin to the lysosomes. When PPAA was physically mixed
with the RTA, increasing concentrations of the mixture (at a fixed ratio of
3:1 PPAA:RTA) led to increasing numbers of cell deaths. The polymer by
itself was not toxic to cells. These results demonstrate that a mixture of

20 PPAAc and RTA causes inhibition of protein synthesis in a concentration
dependent manner at concentrations where RTA alone is non-toxic. These
observations indicate that the polymer is acting within the cell to enhance the
action of the toxin, presumably by disrupting the endosomal membrane.
Example 6: Hemolytic activity of PEAA is enhanced when combined

235 with Tone-Burst ultrasound.

In the past decade, localized drug treatment and gene therapy in vivo
for disease and cancer has become a major area of research. One of the
major obstacles for this technique is getting the drugs inside the cell once it
has been delivered to the desired location inside the body. Cells have an

30 effective defense against foreign bodies and organisms that attempt to invade
its intracellular environment. Sonoporation has been looked upon as a
possible solution to this problem. Electroporation and other techniques have

been used in the past to increase the permeability of cell membranes, but
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they are limited to in vitro studies. Using focused ultrasound, the cell
membrane can be made permeable to macromolecules in vivo in a manner
stmilar to electroporation. This would allow for the drugs to enter the
targeted cells without exposing the rest of the tissue. he ability of ultrasound
and the synthetic polymer lysing agent poly(2-ethylacrylic acid)(PEAA) to
disrupt cell membranes over time using human erythrocytes as a model
system was investigated. PEAA has the ability to create pores and channels
in the plasma membrane in mildly acidic conditions (Chung et al., 1996).
However, this effect is directly proportional to the number of polymers that
interact with the cell membrane. This present study tests the influence of
ultrasound on the hemolysis effect of PEAA below active concentrations as a
function of incubation time (experiment A), pH and order of exposure of
erythrocytes by PEAA and ultrasound (experiment B).

Methods

Blood Sample:

Fresh human blood was obtained for each experiment. The cells
were washed three times with 150 mM NaCl solution. The cells were then
diluted with phosphate buffered saline solution to give a final concentration
of 2 x 10° cells/m1. The pH of this solution is 6.1, which is required for the
activity of the PEAA, or 7.4, which inactivates PEAA, depending on the
choice of experiment. In either case, a total of ImL of the cell suspension
was pipetted into sample tubes constructed from polyster heat shrink tubing
(Advanced Polymers, Inc., Salem NH) and placed at the focus of the power
transducer. |

Acoustic Setup:

All ultrasound treatments were conducted in a 16.5 cm x 12.5¢cm x
12.5 cm acrylic tank containing degassed phosphate buffered saline (PBS).
The temperature in the tank was maintained at 37°C using a heating system.
The tank is designed to keep the sample tube in the focus of the transducer at
all times. A 70 mm diameter focused power transducer with a focal width of
15.mm and focal length of approximately 12mm (Sonic Concepts,
Woodinville, WA) is affixed to one wall of the tank. A radiation force
balance was used to calibrate the power transducer. The single element 1.1
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MHz transducer transmits a 10 ms tone burst (PRF = 1 Hz) with a SATA
intensity of 2200 W/cm2. A silicone absorber is placed at the 'opposite end
of the tank to reduce reflections. A passive cavitation detection technique
(Atchley et al. 1988) is used to monitor acoustic signals for bubble
5 formation. A 5 MHz focused hydrophone is positioned 90° to the beam path
of the focused transducer. The hydrophone is mounted in the wall of the
tank confocally with the power transducer. All acoustic signals received by
the hyrdophone are displayed on a LeCroy 9304AM oscilloscope. (It turned
out in all of the studies that ann increase in cavitation events when ultrasound
10 was applied in the presence of the polymer correlated well with the increase
in hemolysis levels.) The tank is cleaned and filled with degassed phosphate
buffered saline (pH = 7.4) at 37°C and sample tubes are placed at the focus
of the power transducer.
Each sample of diluted red blood cells was exposed to 150, 10 ms
15 pulses of 1.1 MHz ultrasound waveform with a 1% duty cycle at an intensity
of 2200 W/cm* . Low cell numbers reduced the cavitation threshold,
enhancing the potential for cell/bubble interactions, and the low duty cycle

reduced the thermal effects.

20 QObjective A:

The éctivity of the PEAA alone is dependent upon the pH of the
solution and the incubation time period. The polymer changes its
conformation to an active state at a pH of 6.1 and is incubated with a cell
suspension at 37° C for an hour to achieve maximum cell lysis. 10

25 micrograms of PEAA was added to 1 ml of the cell suspension and incubated
before ultrasound exposure. To test for ultrasound/polymer synergy the
sample was treated att =0, 20, 40 or 60 minutes after PEAA injection. After
ultrasound treatment, one group of cells was immediately spun in a
microcentrifuge (Eppendorf 5410, Westbury, NY) at 14,000 rpm for 2 min.

30 The supernatant is then removed and the hemoglobin content is measured
with a spectrophotomoter at 541 nm. The other group of cells was returned
to the water bath to incubate for the rest of the hour, after which those cell
suspensions were spuh down, etc, as above. In both cases, the results are
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normalized against 100% hemolysis achieved by mixing the blood sample

with distilled, deionized water.

Results A
In preliminary tests on the effects of ultrasound and PEAA alone on

human erythrocytes, it was determined that for 150 tone bursts, exposing the
cells to less than 3000 W/cm? or less than 50 micrograms of PEAA produced
insignificant hemolysis levels. Figure 7A shows optimal levels of hemolysis
when the polymer is allowed to incubate with the erythrocytes for at least 20
minutes before ultrasound treatment, and either returned back to the bath, or
spun down immediately. There was little difference in the percent hemolysis

in this first set of experiments (Figure TA).

Objective B:
The objective of this experiment was to test the effects of pH and

order of exposure of erythrocytes to PEAA for one hour and ultrasound. For
this experiment, the pH of the cell suspension was either 6.1 or 7.4. For the
case of pH = 6.1, in one experiment the ultrasound was applied before
introducing the PEAA. In another experiment, the ultrasound was applied

after the introduction of PEAA. For the case of pH = 7.4, the ultrasound was
applied after the introduction of PEAA.

Results B:

The pH of the cell suspension and the presence of PEAA during
ultrasound treatment were definitely important for the production of an
enhancement of the effect of PEAA. The conformation of the polymer
structure is dependent upon the PH of the solvent in which the PEAA is
dissolved. Treating the cells at pH = 7.4 or applying ultrasound before
mixing the suspension with PEAA and incubating for an hour at pH = 6.1
produced little to no hemolysis (Figure 7B), while at a pH of 6.1, ultrasound
applied to erythrocytes in the presence of PEAA produced profound levels of
hemolysis. Thus, the presence of PEAA during ultrasound treatment is the
key in this example.
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Modifications and variations of the present invention
will be obvious to those skilled in the art from the foregoing
detailed description and are intended to be encompassed by the

following claims.
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The embodiments of the invention in which an exclusive property or privilege

1s claimed are defined as follows: '

1. A composition for enhancing transport through lipid-containing
membranes, comprising:
(a) a therapeutic or diagnostic agent; and
(b) a transport agent effective for enhancing transport of a therapeutic or
diagnostic agent through lipid-containing membranes, wherein the transport
agent 1s hydrophobic at a pH from about 5.1 to about 5.5, and wherein the
transport agent comprises a polymer selected from the group consisting of:
(1) a poly(ethylacrylic acid) polymer covalently bound to the
therapeutic or diagnostic agent;
(11) a poly(propylacrylic acid) polymer;
(111) a poly(butylacrylic acid) polymer;
(1v) a graft copolymer, a random copolymer, or block copolymer,
wherein the copolymer comprises acrylic acid groups or alkyl substituted
acrylic acid groups; and

(v) mixtures thereof.

2. A composition for enhancing transport through lipid-containing
membranes, comprising:

(a) a therapeutic or diagnostic agent; and

(b) a transport agent effective for enhancing transport of the therapeutic
or diagnostic agent through lipid-containing membranes, wherein the transport
agent 1s hydrophobic at a pH from about 5.1 to about 5.5, and wherein the

transport agent comprises a polymer selected from the group consisting of:

(i) a poly(ethylacrylic acid) polymer covalently bound to the

therapeutic or diagnostic agent;
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(1) a poly(propylacrylic acid) polymer;
(111) a poly(butylacrylic acid) polymer;
(iv) a graft copolymer or block copolymer, wherein the
‘copolymer comprises acrylic acid groups or alkyl substituted acrylic acid
groups and wherein at least one of the alkyl substituted acrylic groups is a
propylacrylic acid group or a butylacrylic acid group;

(v) a random copolymer comprising acrylic acid groups or alkyl
substituted acrylic acid groups; and

(v1) mixtures thereof.

3. The composition of Claim 1, wherein the graft copolymer,

random copolymer, or block copolymer comprising acrylic acid groups or alkyl
substituted acrylic acid groups, comprise at least one of a propylacrylic acid

group or a butylacrylic acid group.

4. The composition of claim 1 or 2, wherein the membrane barrier
transport enhancing agent i1s hydrophilic at a pH from about 6.8 to about 7.5

5. The composition of claim 1 or 2, wherein the transport agent is
coupled with a ligand that binds to the surface of a cell.

6. The composition of claim 1 or 2, wherein the therapeutic or
diagnostic agent is a cytotoxic agent.

7. The composition of claim 1 or 2, wherein the therapeutic or
diagnostic agent 1s selected from the group consisting of a nucleoside, a
nucleotide, and an oligonucleotide.

8. The composition of claim 1 or 2, wherein the therapeutic or
diagnostic agent 1s selected from the group consisting of a protein, a

lipoprotein, a glycoprotein, and a peptide.
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9. The composition of claim 1 or 2, wherein the therapeutic or
diagnostic agent i1s selected from the group consisting of a sugar and a
polysacchande.

10. The composition of claim 1 or 2, wherein the therapeutic or
diagnostic agent 1s a toxin.

11. The composition of claim 1 or 2, wherein the therapeutic or
diagnostic agent is a toxin selected from the group consisting of ricin, diptheria
toxin B chain, adenovirus peptide, influenza virus peptide, GALA peptide,
abrin, modeccin, Pseudomonas exotoxin, bryodin, mistletoe lectin, Shiga toxin,
Escherichia col labile toxin, Pertussis toxin, cholera toxin, anthrax toxin,
viscumin, spaorin, gelonin, momordin, trichlosanthin, and pokeweed antiviral
protein.

12. The composition of claim 11, wherein the therapeutic or
diagnostic agent 1s ricin.

13. The composition of claim 1 or 2, wherein the therapeutic or
diagnostic agent 1s ricin and wherein the transport agent is a poly(propylacrylic
acid) polymer.

14. The composition of claim 1 or 2, wherein the therapeutic or
diagnostic agent 1s a radiolabeled agent.

15  The composition of claim 1 or 2, wherein the therapeutic or
diagnostic agent is a fluorescently labeled agent.

16. The composition of claim 1 or 2, wherein the therapeutic or
diagnostic agent is an enzymatically labeled agent.

17. The composition of claim 1 or 2, wherein the therapeutic or
diagnostic agent is a contrast agent.

18.  The composition of claim 1 or 2, wherein the polymer is a graft
copolymer or block copolymer, wherein the copolymer comprises acrylic acid

groups or alkyl substituted acrylic acid groups and wherein at least one of the
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alkyl substituted acrylic groups is a propylacrylic acid group or a butylacrylic
acid group.

19.  The composition of claim 18, wherein the copolymer comprises
ethyl acrylate groups, propyl acrylate groups, or butyl acrylate groups.

20.  The composition of claim 18, wherein the copolymer comprises
methacrylic acid groups, ethylacrylic acid groups, propylacrylic acid groups,
and butylacrylic acid groups.

21. The composition of claim1 or 2, wherein the polymer 1s a
random copolymer comprising acrylic acid groups or alkyl substituted acrylic
acid groups.

22.  The composition of claim 21, wherein the random copolymer
comprises ethyl acrylate groups, propyl acrylate groups, or butyl acrylate
groups.

23.  The composition of claim 21, wherein the copolymer comprises
methacrylic acid groups, ethylacrylic acid groups, propylacrylic acid groups,
and butylacrylic acid groups.

24.  The composition of claim 1 or 2, wherein the transport agent
further comprises a peptide that 1s hydrophobic at a pH from about 5.1 to about
5.5.

25.  The composition of claim 24, wherein the peptide 1s selected
from the group consisting of EALA, mellitin, and a peptide having a repeating
glutamic acid-alanine-leucine-alanine structure.

26. The composition of claim 1 or 2, wherein the therapeutic or
diagnostic agent 1s covalently coupled to the transport agent.

27.  The composition of claim 1 or 2 , wherein the therapeutic or

diagnostic agent is 1onically coupled to the transport agent.
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28.  Use of a composition as defined in any one of claims 1 to 27, n
the manufacture of a medicament for enhancing transport of the therapeutic or
diagnostic agent through lipid-containing membranes.

29. The use of claim 28, wherein the medicament 1s for
administration to cells 1n a suspension.

30. The use of claim 28, wherein the medicament 1s for
administration to layers of cells to enhance transport through the cell layers.

31. The use of claim 28, wherein the medicament 1s for
administration to lipid membranes to enhance transport into or out of the lipid
membranes.

32. The use of claim 31, wherein the medicament 1s for
administration with a stimulus for further enhancing transport of said
therapeutic or diagnostic agent through lipid-containing membrane.

33.  The use of claim 32, wherein the stimulus 1s selected from the
group consisting of ultrasound, electrical fields, radiation, and combinations
thereof.

34.  The use of claim 33, wherein the stimulus 1s ultrasound.
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