I 0 T 0

0 01/01964 A2

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

11 January 2001 (11.01.2001) PCT WO 01/01964 A2
(51) International Patent Classification’: A61K 9/16, James, E. [US/US]; 3 Tara Circle, Milford, MA 01757
9/51, 47/48 (US).
(21) International Application Number: PCT/US00/17223 (74) Agents: GREENE, Jamie, L. et al.; Jones & Askew, LLP,

(22) International Filing Date: 23 June 2000 (23.06.2000)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/140,623 23 June 1999 (23.06.1999)  US

(71) Applicant (for all designated States except US): SEDUM
LABORATORIES, INC. [US/US]; 51 Francis Avenue,
Mansfiled, MA 02048 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): WOISZWILLO,

2400 Monarch Tower, 3424 Peachtree Road, N.E., Atlanta,
GA 30326 (US).

(81) Designated States (national): AU, CA, JP, US.

(84) Designated States (regional): European patent (AT, BE,
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE).

Published:
Without international search report and to be republished
upon receipt of that report.

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: IONICALLY FORMULATED BIOMOLECULE MICROCARRIERS

(57) Abstract: Compositions for sustained delivery of a biomolecule including an anionic polymer and a cationic polymer which
ionically interact with each other and, optionally, with the biomolecule. Methods for making the compositions, including the step
of combining the negatively charged polymer with the positively charged polymer to form an ionic complex are also provided. The
biomolecule may be complexed with one of the polymers before it is complexed with the oppositely charged polymer. The complex
is exposed to conditions that cause the formation of precipitated microcarriers, such as a change in pH or the addition of a complexing
molecule. The compositions are preferably formulated into microcarriers.



WO 01/01964 PCT/US00/17223

10

15

20

25

30

35

IONICALLY FORMULATED BIOMOLECULE MICROCARRIERS

Field of the Invention
The present invention relates to microparticle compositions and
methods for making microparticles, and more particularly relates to ionically formed

microcarriers for sustained release of biomolecules.

Background of the Invention

Drug delivery systems have evolved greatly in the past ten years.
Innovations in drug delivery systems have been driven by medical, technological, and
economic factors. One focus has been the development of noninvasive drug delivery
systems, which offer an improved quality of life for patients, and can provide
improved bioavailability of drugs. Several new areas of development are the use of
transdermal technologies and oral administration, both of which avoid the need for
injections. Oral administration faces a problem with delivery of biomolecules, such as
peptides, which can be rapidly broken down in the gastric cavity.

Another new area of development is delivery via the pulmonary
system. Advantages of pulmonary delivery include lowered invasiveness compared
to injection, high absorption of undegraded biomolecules, and the ability to target
drugs to sites of respiratory disease.

A main focus of research on drug delivery has been providing for
controlled release of drugs and continuous maintenance of an acceptable
concentration of drugs. A recent success in this area has been an extended-release
formulation of nifedipine commercially available as the Procardia XL® nifedipine
formulation (Pfizer Inc., New York, NY). The coupling of a biomolecule with a
biodegradable polymer can provide controlled release by diffusion out of or
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degradation of the polymer and can also protect vulnerable drug formulations, such
as peptides, from degradation.

Biodegradable polymers can be used for formulation of biomolecules
for oral delivery, for implantable delivery systems, for pulmonary delivery, as well as
for intravenous injection. Preferred polymers are those that are biodegradable and
biocompatible, and that exhibit the desired release characteristics, generally a
sustained rate of release without final “dumping” of biomolecule upon final
hydrolysis of polymer.

Biodegradable polymers are often used in the form of microcarriers to
deliver biomolecules. Advantages of the use of microcarriers include the ability to
use appropriately sized carriers to target delivery. For example, microcarriers at least
15 microns in size can be used for regional or depot delivery, whereas delivery via
inhalation requires particles in the one to five micron size. Other advantages include
the ability to provide protection to delicate biomolecules prior to and during

administration and ease of manufacture.

Summary of the Invention

Compositions for sustained delivery of biomolecules are described
herein. The compositions include an anionic polymer (polyanion) and a cationic
polymer (polyanion) which ionically interact with each other and, optionally, with the
biomolecule to form a polymer matrix or complex. Also provided are methods for
making the compositions, including the step of combining the negatively charged
polymer with the positively charged polymer to form an ionic complex. The
biomolecule may be complexed with either one of the polymers, depending on the
characteristics of the biomolecule, such as the charge of the biomolecule. Then the
complex is reacted with the oppositely charged polymer. The complex is exposed to
conditions, such as a change in pH or the addition of a complexing molecule, that
cause the formation of precipitated microparticles, also referred to herein as
microcarriers. The compositions are preferably formulated into microcarriers. The
preferred polyanions and polycations are water soluble polymers, available
commercially at high purity, that are already known and on the GRAS (generally
regarded as safe) list. Alternatively, the polymers are high molecular positively or
negatively charged polymers synthesized using polymer chemistry synthesis
methods known to those skilled in the art.

In a preferred embodiment, the cationic polymer is polyethyleneimine
(PEI), polychitosan, or a cationic polymethacrylate, and the anionic polymer is
dextran sulfate, heparin, alginic acid or an anionic polymethacrylate. Most of these
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polymers are available in a range of molecular weights, typically in the range of
20,000 to 500,000 kD.

Most preferably, insulin, a positively charged protein, is first
complexed with dextran sulfate. The cationic polymer, PEI or DEAE dextran, is then
added and complexed with the insulin/dextran sulfate complex. Formation of
microcarriers is initiated by addition of zinc sulfate.

In another preferred embodiment, the cationic polymer is
polyethyleneimine (PEI) and the anionic polymer is dextran sulfate or alginic acid. A
negatively charged biomolecule, such as a nucleic acid, is first complexed with the
PEI. The biomolecule/ PEI complex is then complexed with dextran sulfate.
Formation of microcarriers is initiated by the addition of zinc sulfate.

Accordingly, it is an object of the invention to provide compositions
for the delivery of biomolecules comprising microcarriers that release biomolecules at
a sustained, constant rate of release.

It is another object of the present invention to provide compositions
for delivery of biomolecules comprising microcarriers that provide stability to
biomolecules during formulation and after administration.

It is another object of the present invention to provide microparticle
compositions for the delivery of drugs in which the toxic effects of the drugs are
minimized by being incorporated in a sustained-release microparticle formulation.

It is another object of the present invention to provide microparticle
vaccines for the delivery of antigens in which an immunogenic effect is achieved in
the absence of an adjuvant.

It is another object of the present invention to provide microparticle
vaccines in which the polymers of the microparticles have an adjuvant effect.

These and other objects of the present invention will become apparent
after reading the following detailed description of the disclosed embodiments and the

appended claims.

Detailed Description of the Invention

A microparticle composition, also referred to herein as a microcarrier
composition, and method for forming microparticles, or microcarriers, for the delivery
of biomolecules, such as proteins, peptides, polynucleic acids, and drugs, as well as
larger biomolecules such as bacteria and viruses are provided. Preferably, the
biomolecules in the microcarrier composition are in biologically active form or are
immunogenic and are then released gradually in sifu from the microcarrier when

administered to a human or animal subject. The microcarriers are formulated using a
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mixture of water-soluble, positively and negatively charged polymers that interact
with each other via ionic bonds. The biomolecule is optionally complexed with either
the anionic polymer or the cationic polymer, depending upon the net charge of the
biomolecule. The complexed biomolecule and polymer is then complexed with the
oppositely charged polymer to form a combined complex in solution. Microcarriers
are then formed by initiating coacervation, such as by changing the pH of the solution
or adding a precipitating agent, such as zinc sulfate or certain amino acids.

Microparticle Compositions

The microparticle compositions described herein contain a
biomolecule, a cationic polymer and an anionic polymer. In a preferred embodiment,
the biomolecule is complexed to either the cationic or anionic polymer. The
complexed biomolecule/polymer is then complexed to the other polymer and
microcarriers are formed. Preferably, the polymers are aqueous biodegradable
polymers. Aqueous solutions are preferred over organic solutions because
degradation of the biomolecule is avoided as is the use of chemical that may be toxic
and therefore removed and recovered during the manufacturing process.

The preferred composition is a microparticle, microcarrier, or
micromatrix, in which the biomolecule is homogeneously distributed throughout a
polymer meshwork, thereby resulting in more uniform biomolecule release during in
vivo degradation.

Biomolecules

A wide variety of biomolecules can be delivered using the
compositions. The term biomolecule as used herein refers to bioactive, diagnostic,
and prophylactic molecules. Biomolecules that can be used in the present invention
include, but are not limited to, synthetic, recombinant or isolated peptides and proteins
such as antibodies and antigens, receptor ligands, enzymes, and adhesion peptides;
nucleotides and polynucleic acids such as DNA and antisense nucleic acid molecule;
activated sugars and polysaccharides; bacteria; viruses; and chemical drugs such as
antibiotics, antiinflammatories, and antifungal agents. Examples of proteins and
peptides include insulin, luteinizing hormone release hormone (LHRH), somatostatin,
calcitonin, vasopressin, epidermal growth factor (EGF), tissue plasminogen activator
(TPA), human growth hormone, interleukins such as IL-2, interferon, erythropoietin
(EPO) and others. Examples of other drugs that can be used in the compositions are
amphotericin B (AMP-B), doxorubicin, and morphine sulfate.

Exemplary diagnostic agents include diagnostic enzymes and

radiolabelled and fluorescent compounds.
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Cationic Polymers

The cationic polymer of the microcarrier is a water soluble, positively
charged polymer. Examples of cationic polymers that can be used in the invention
include, but are not limited to, DEAE dextran (diethyleneaminoethyl dextran),
polyethyleneimine (PEI), chitin, chitosan (D-acetylated chitin), and polyamino acids
with a positive charge, such as polylysine. Peptoids, which are N-substituted
polyglycines, achiral peptide variants in which side chains are sited on the amide
nitrogen atom of each glycine monomer, have been shown to complex with plasmid
DNA and can be used as the cationic polymer.

Anionic Polymers

The anionic polymer of the microcarrier is a water soluble, negatively
charged polymer. Examples of anionic polymers that can be used in the present
invention include, but are not limited to, dextran sulfate, heparin, and polyamino acids
having a negative charge. Gel forming anionic polymers can be used, such as alginate
and carageenan.

Precipitation Agent

The complexed polymers can be precipitated to form the microcarriers
by changing the pH of the solution. Microcarriers can also be formed by adding a
complex forming agent to the solution. For example, zinc sulfate and other
multivalent salts will cause complexing of certain charged polymers. The size of the
microcarriers is proportional to the concentration of the polymers and the amount of
acid used to lower the pH or the amount of zinc sulfate used to cause formation of
the microcarriers.

Microcarriers

The term microcarriers as used herein refers to carriers having a
diameter measured in micrometers as well as nanometers. Preferably, the
microparticles described herein have a diameter between 5 nm and 1000 microns. A
more preferred range of the diameter of the microcarriers is between 50 nm and 30
microns. The term microcarriers refers to solid microparticles as well as hollow
microspheres and microgranules. The microcarriers can be spherical or have other
shapes. The size of the microcarriers can be varied to suit the appropriate use, such
as, for example intravenous, oral or pulmonary delivery. Microcarriers having a
diameter of at least fifteen microns are useful for regional or depot delivery, whereas
delivery via inhalation requires smaller particles in the one to five micron size.
Intravenous administration generally requires nanoparticles, in the 20 to 300 nm

range, preferably 50 to 150 nm.
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Other Excipients

Excipients such as polyalcohols can be used to stabilize the
biomolecule. Examples are mannitol and trehalose. Surfactants can also be used to
add stability. Examples include Tween®, cationic detergents such as cetyltrimethyl-
ammonium chloride, and anionic phospholipids such as diolylphosphatidylglycerol.

Methods of Making Microparticle Compositions

The microparticle compositions described above are generally prepared
by incorporating the biomolecule within a complex formed by the cationic polymer
and the anionic polymer. Preferably, the biomolecule is itself ionically bound to one of
the polymers. Alternatively, the biomolecule may be merely physically surrounded by
the polymeric complex.

Biomolecules that are positively charged, such as some peptides, can
be first reacted with the anionic polymer in solution. The cationic polymer is then
added and mixed with the biomolecule/anionic polymer complex. Other biomolecules,
such as DNA are reacted first with the cationic polymer and the anionic polymer is
then added to the reaction mixture. A catalyst may also be added to enhance the
reaction. Preferably, the catalyst is combined with the second polymer that is added to
the reaction mixture.

Microcarrier formation is initiated by causing precipitation of the
complex. An acid, preferably a dilute acid such as acetic acid or hydrochloric acid, can
be added to lower the pH to the point where the reaction becomes cloudy. In most
cases, this will be a pH of approximately 5 to 8. Alternatively, salts, such as zinc
sulfate, can be added to the solution until the solution becomes cloudy. Certain amino
acids that bring the pH into the range for microparticle formation may alternatively be
used.

Biomolecules that are negatively charged, such as plasmid DNA, can
be first reacted with the positively charged polymer, such as polyethyleneimine or
polylysine. The anionic polymer is then added to the complex of biomolecule and
cationic polymer, whereupon it complexes with the cationic polymer. Again, as the
complex is precipitated by lowering the pH is lowered or adding zinc sulfate as
described above, microcarriers are formed.

In another embodiment, the anionic and cationic polymers and the
biomolecule can be combined to form a polymeric complex entrapping the
biomolecule. The complex is then precipitated into microcarriers using a precipitation
agent, such as zinc sulfate.

Unlike many conventional particle formation methods, the

microparticles described herein are formed in the absence of heat. Therefore,
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preferably both the polymer complex formation step and the precipitation step are
conducted at a temperature between 4 °C and room temperature. The absence of
adverse reaction conditions, such as elevated temperatures, enhances the bioactivity or
immunogenicity of the biomolecule incorporated in the microparticle.

The polymers are preferably provided in a concentration of about 0.1
to 20 weight percent, most preferably about 1 weight percent. The polymers are mixed
in a weight ratio of 1:9 to 9:1, preferably about 1:4 to 4:1, most preferably about 1:1.
The polymers are mixed in a charge ratio of 1:3 to 3:1, most preferably about 1:1.
The ratio to be used is a function of the particle size and drug loading capacity
desired.

The amount of biomolecule present greatly depends upon the dosage
desired for the biomolecule and the degree of interaction between the biomolecule and
one or more of the polymers. A highly charged biomolecule can be retained by the
polymeric complex in much higher concentration than a relatively uncharged
biomolecule. Preferably, biomolecules are incorporated into the microparticle with an
efficiency of 80 to 90%. One skilled in the art can determine appropriate amounts of
biomolecule.

The size of the microcarriers can be controlled by the concentration of
the polymers, the charge ratio of the polymers, the molecular weight of the polymers,
and the pH of the reaction. The ability to control microparticle size is especially
important for administration of the biomolecule to a human or animal subject. As
described above, particular diameter ranges are required for certain routes of
administration, such as the need for nanoparticles when intravenous administration is
employed.

The microparticles are separated from the non-incorporated
components of the incubation mixture by conventional separation methods well
known to those skilled in the art such as centrifugation, filtration and sedimentation.
Preferably, the reaction mixture is centrifuged so that the microparticles sediment to
the bottom of the centrifuge tube and the non-incorporated components remain in the
supernatant, which is then removed by decanting.  Alternatively, a suspension
containing formed microparticles is filtered so that the microparticles are retained on
the filter and the non-incorporated components pass through the filter.

Further purification of the microparticles is achieved by washing in an
appropriate volume of a washing solution. The preferred washing solution is a buffer,
most preferably a nonionic aqueous solution or a nonionic aqueous solution
containing water soluble polymers. Repeated washings can be utilized as necessary
and the microparticles separated from the wash solution as described above.
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The final microparticle composition may be Iyophilized, stored as a wet
cake, or formulated in solution for final use.

Microparticle Post-production Treatment

The microparticles are optionally treated after production to enhance or
impart particular characteristics to the microparticles, such as stability, detectability,
and prolonged release. For example, vanillin can be added to stabilize the biomolecule
and help prolong its release by rendering the biomolecules less soluble the matrix.

The microparticles are optionally labelled with a detectable label using
various types of labels and methods of labelling molecules well known to those skilled
in the art. For example, the label can be a metal, a radiolabel, or a Mass or Nuclear
Magnetic Resonance (NMR) label. Dyes, chemiluminescent agents, bioluminescent
agents and fluorogens can also be used to label the microparticles. The microparticles
can also be labelled with a chromogen, or enzyme to produce a chromogenic or
fluorogenic reaction upon addition of substrate. Alternatively, the microparticles can
be biotinylated and utilized in a biotin-avidin reaction, which may also be coupled to a
label such as an enzyme or fluorogen. A label can also be made by incorporating any
modified base, amino acid, or precursor containing any label, incorporation of a
modified base or amino acid containing a chemical group recognizable by specific
antibodies, or by detecting any bound antibody complex by various means including
immunofluorescence or immuno-enzymatic reactions. Such labels can be detected
using enzyme-linked immunoassays (ELISA) or by detecting a color change with the
aid of a spectrophotometer.

Molecules may be attached to the outer surface of the microparticles
by methods known to those skilled in the art to "coat" the microparticles. These
molecules are attached for purposes such as to enhance stability and facilitate
targeting. For example, biomolecules such as phospholipids may be attached to the
surface of the microparticle to prevent endocytosis by endosomes; receptors,
antibodies or hormones may be attached to the surface to promote or facilitate
targeting of the microparticle to the desired organ, tissue or cells of the body; and
polysaccharides, such as glucans, may be attached to the outer surface of the
microparticle to enhance or to avoid uptake by macrophages. The microparticles may
also be coated with one or more stabilizing substances, which may be particularly
useful for long term depoting with parenteral administration or for oral delivery by
allowing passage of the microparticles through the stomach or gut without dissolution.
For example, microparticles intended for oral delivery may be stabilized with a coating
of a substance such as mucin. Additionally, the particles can be non-covalently coated
with compounds such as fatty acids or lipids. The coating may be applied to the
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microparticles by immersion in the solubilized coating substance, spraying the
microparticles with the substance or other methods well known to those skilled in the
art.

Methods of Using Microparticle Compositions

The compositions are useful for producing microcarriers for use in the
delivery of the complexed biomolecule. The biomolecule is useful for achieving a
therapeutic, diagnostic or prophylactic effect. The microcarriers may be used for oral
or pulmonary delivery of a biomolecule or via intravenous injection. The microcarriers
are also useful in methods involving transdermal drug delivery as well as
subcutaneous and intramuscular delivery.

A particular use of the microcarriers is in vaccine formulation.
Microparticles containing antigens capable of provoking an immune response as the
biomolecules are particularly suitable for use as vaccines. It has been unexpectedly
discovered that the polymers of the microparticles described herein, particularly
polyethyleneimine and dextran sulfate, have adjuvant effects. Therefore, the
microparticles produce an immunogenic effect when administered to a human or
animal subject in the absence of a conventional adjuvant, such as aluminum hydroxide

(alum).

The invention is further illustrated by the following examples, which
are not to be construed in any way as imposing limitations upon the scope thereof.
On the contrary, it is to be clearly understood that resort may be had to various other
embodiments, modifications, and equivalents thereof, which, after reading the
description herein, may suggest themselves to those skilled in the art without departing

from the spirit of the present invention.

Example 1: Production of Insulin Microcarriers
Using Polyethyleneimine
A one percent (1%) aqueous solution of polyethyleneimine was made

and stored at 4° C. A one percent (1%) aqueous solution of dextran sulfate was made
and stored at 4°C. The pH of the polyethyleneimine solution was adjusted to 9.3 to
9.7. The pH of the dextran sulfate solution was adjusted to 6.8t0 7.2. 0.5 mlof 1 M
zinc sulfate was added to 50 ml of the polyethyleneimine solution and mixed with
about 5 ml of glacial acetic acid to adjust the pH to 5.5 to 5.8.

Ten mg of bovine insulin was dispersed in 1 ml H,0. Twenty ul of 1
N HCI was added. This solution was added to 5 ml of the dextran sulfate solution
and the pH was adjusted to 6.8 to 7.1. The solution was mixed for 30 minutes at
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room temperature, whereupon 0.5 to 2.0 ml of polyethyleneimine solution was added
according to the scheme in Table 1 below.

Table 1
Tube Reaction Mixture PEI Solution added
A 1 ml 0.5 ml
B 1ml 1.0ml
C 1ml 1.5ml
D 1ml 2.0 ml

Each tube was mixed for 30 minutes at room temperature. The
particulate matter was centrifuged and washed three times with water. Microparticles

were formed having a diameter of about three to 15 microns.

Example 2: Production of Insulin Microcarriers
Using DEAE Dextran
The protocol set forth above in Example 1 was generally followed

using a solution of 1% DEAE dextran in water adjusted to a pH of 9.3 to 9.7, instead
of the solution of PEI, according to the following scheme, set forth in Table 2.

Table 2
Tube Reaction Mixture DEAE Dextran Solution added
A 1ml 25 ul
B 1 ml 50 ul
C 1 ml 75 ul
D 1 ml 100 ul

Microparticles were formed having a diameter of about three to 15 microns.

Example 3: Production of AMP-B Microcarriers
Using PEI
Ten micrograms of amphotericin B (AMP-B) were mixed with one ml

of water and ten microliters of 1 N HCL. One ml of DMSO was added to facilitate
solution. Five milliliters of dextran sulfate solution prepared as in Example 1 were
added and mixed for 30 minutes at room temperature. The reaction mixture was
wrapped in foil in order to avoid light exposure. As in Example 1, four samples were
prepared using 0.5, 1.0, 1.5, and 2.0 ml of the PEI solution. Microparticles were
formed having a diameter of about three to 15 microns.

Example 4: Production of AMP-B Microcarriers
Using DEAE Dextran
The procedure of Example 2 was followed but using DEAE dextran

solution instead of PEI solution. The AMP-B solution of Example 3 was used.

Microparticles were formed having a diameter of about three to 15 microns.
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Example 5: Production of Plasmid DNA Microcarriers
Using Dextran Sulfate
A 1% solution of dextran sulfate in water, pH 6.8 to 7.2, a 1% solution

of polyethyleneimine, pH 9.4 t0 9.6, and a 1 M solution of zinc sulfate in 1 N glacial
acetic acid were used. Ten ml of 50/50 dextran sulfate and polyethyleneimine were
prepared and the absorbency at 260 nm recorded. Plasmid DNA to a final
concentration of 50 micrograms per milliliter was added and the absorbency at 260
nm recorded. Two hundred microliters of the zinc sulfate solution was added to 2 ml
of the plasmid/polymer mixture and the resulting solution centrifuged for three to five
minutes at 2500 to 3000 rpm. The supernatants were removed and the absorbencies
of the supernatants measured at 260 nm. The absorbance of the dextran sulfate/PEI
solution was 0.287. The absorbance of the DNA plasmid/polymer solution was
1.285. The absorbency of the supernatant was 0.138, indicating that the majority of
the plasmid DNA was contained in the pellet. The pellet contained large particles.

Example 6: Production of Heparin Microcarriers
Using PEI
Heparin microcarriers were prepared as described in Example 1, above.

Freshly collected human blood was incubated with the heparin microcarriers. The
bound heparin demonstrated similar anticoagulant activity as normal untreated
heparin. Heparin is normally lyophilized for storage, as it otherwise has a short shelf-
life. The microcarriers used in this example were stored for ten days at 4°C prior to

use and still showed very good activity.

Example 7: Production of Insulin Microcarriers
Using PEI
Insulin microcarriers (microparticles) were prepared as follows. A 10

mg/ml aqueous solution of polyethyleneimine was made and stored at 4° C. A 10
mg/ml aqueous solution of dextran sulfate was made and stored at 4°C. The pH of the
polyethyleneimine solution was adjusted to pH 10 using IN HCl. A 5 mg/ml aqueous
solution of insulin in 0.01 N HCI was adjusted to pH 7 with 0.5 N NaOH.

The reaction mixture contained 0.2 mi of the insulin solution, 0.1 to
0.3 ml of the dextran sulfate solution, 0.2 to 0.4 ml of the polyethyleneimine solution,
0.02 to 0.05 ml of the zinc sulfate solution and water to 1.0 ml. The reaction mixture
was prepared by mixing the water, dextran sulfate, polyethyleneimine and insulin for

five minutes, then adding the zinc sulfate and stirring for 15 minutes.
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A mass ratio of dextran sulfate:polyethyleneimine in the range of 0.3
to 0.7 produced nanoparticles. A mass ratio of dextran sulfate:polyethyleneimine in
the range of more than 0.7 produced microparticles.

Example 8: Production of DNA Microcarriers
Using PEI
DNA microparticles were prepared as follows. A 10 mg/ml aqueous

solution of polyethyleneimine was made and stored at 4° C. A 10 mg/ml aqueous
solution of dextran sulfate was made and stored at 4°C. The pH of the
polyethyleneimine solution was adjusted to 10 using 1 N HCI. A 0.5 mg/ml aqueous
solution of DNA in water was prepared.

The reaction mixture contained 0.1 to 0.3 ml of the DNA solution, 0.1
to 0.3 ml of the dextran sulfate solution, 0.2 to 0.5 ml of the polyethyleneimine
solution, 0.016 to 0.025 ml of the zinc sulfate solution and water to 1.0 ml. The
reaction mixture was prepared by mixing the water, dextran sulfate, polyethyleneimine
and DNA for five minutes, then adding the zinc sulfate and stirring for 5 minutes.

Nanoparticles were produced. Microparticles were produced when
higher or lower concentrations of zinc sulfate were used or higher concentrations of
DNA were included.

The above description is intended to be illustrative and not restrictive.
Many embodiments will be apparent to those of skill in the art upon reading the above
description. The scope of the invention should, therefore, be determined not with
reference to the above description, but should instead be determined with reference to
the appended claims, along with the full scope of equivalents to which such claims are
entitled. The disclosures of all articles and references, including patent applications

and publications, are incorporated herein by reference.
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What is claimed is:

1. A microparticle composition for delivery of a biomolecule
comprising a biomolecule incorporated in a complex comprising a cationic polymer
ionically complexed with an anionic polymer.

2. The microparticle composition of claim 1 wherein the

biomolecule is ionically complexed with the cationic or anionic polymer.

3. The microparticle composition of claim 1 wherein the polymers

are water soluble polymers.

4. The microparticle composition of claim 1 wherein the cationic
polymer is a water soluble, positively charged polymer selected from the group
consisting of polyethyleneimine, chitin, D-acetylated chitin, polychitosan,
diethyleneaminoethyl dextran, a positively charged polyamino acid, a peptoid, or a

cationic polymethacrylate.

5. The microparticle composition of claim 1 wherein the anionic
polymer is a water soluble, positively charged polymer selected from the group
consisting of dextran sulfate, heparin, alginic acid, alginate, carageenan, an anionic

polymethacrylate, and a positively charged polyamino acid.

6. The microparticle composition of claim 1 wherein the
biomolecule is selected from the group consisting of proteins, peptides, polynucleic
acids, polysaccharides, bacteria, viruses, and drugs.

7. The microparticle composition of claim 1 wherein the diameter

of the microparticle is between 50 nm and 30 microns.

8. A method for producing microparticles comprising reacting a
biomolecule, a cationic polymer, and an anionic polymer to form an ionically bonded
complex of the polymers, wherein the biomolecule is incorporated in the polymer

complex and precipitating the complex to form the microparticles.

9, The method of claim 8 wherein the biomolecule is bound to

one of the polymers prior to reacting the polymers.



WO 01/01964 PCT/US00/17223

10

15

20

25

30

35

14

10.  The method of claim 8 wherein the complex is precipitated by
adding a salt or acid to the complex.

11.  The method of claim 8 wherein the polymers are water soluble

polymers.

12.  The method of claim 8 wherein the cationic polymer is a water
soluble, positively charged polymer selected from the group consisting of
polyethyleneimine, chitin, D-acetylated chitin, polychitosan, diethyleneaminoethyl

dextran, a positively charged polyamino acid, a peptoid, or a cationic polymethacrylate.

13.  The method of claim 8 wherein the anionic polymer is a water
soluble, positively charged polymer selected from the group consisting of dextran
sulfate, heparin, alginic acid, alginate, carageenan, an anionic polymethacrylate, and a
positively charged polyamino acid.

14.  The method of claim 8 wherein the biomolecule is selected
from the group consisting of proteins, peptides, polynucleic acids, polysaccharides,

bacteria, viruses, and drugs.

15. The method of claim 8 wherein the complex of ionically

bonded polymers is formed in the absence of heat.

16.  The method of claim 8 wherein the complex of ionically

bonded polymers is formed at a temperature between 4 °C and room temperature.

17. The method of claim 8 wherein the diameters of the

microparticles are between 50 nm and 30 microns.

18. The method of claim 8 wherein the diameters of the

microparticles are between 20 and 300 nm.

19. The method of claim 8 wherein the concentration of each

polymer reacted is between 0.1 and 20 weight percent.

20. A method for delivering a biomolecule to a human or animal

subject comprising administering to the subject a microparticle comprising the
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biomolecule incorporated in a complex comprising a cationic polymer ionically
complexed with an anionic polymer, wherein the microparticle releases the

biomolecule in vivo.

5 21.  The method of claim 20 wherein the biomolecule is an antigen,
the microparticle is a vaccine composition, and the microparticle is administered to the

subject and causes an immunogenic effect in the absence of an adjuvant.
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