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ABSTRACT 

Methods for forming sustained release microspheres and the 
products produced thereby are provided. The microspheres 
have a smooth surface that includes a plurality of channel 
openings that are less than 1000 angstroms in diameter. 
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SUSTAINED RELEASE MICROSPHERES 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 09/420,361, ?led on Oct. 18, 1999, noW 
pending. 

FIELD OF THE INVENTION 

[0002] This invention relates to methods and compositions 
for forming and using sustained release microspheres. The 
microspheres are porous and include a plurality of channel 
openings that are less than 1000 angstroms in diameter. 

BACKGROUND OF THE INVENTION 

[0003] Microparticles, microspheres, and microcapsules, 
referred to herein collectively as “microparticles”, are solid 
or semi-solid particles having a diameter of less than one 
millimeter, more preferably less than 100 microns, Which 
can be formed of a variety of materials, including synthetic 
polymers, proteins, and polysaccharides. Microparticles 
have been used in many different applications, primarily 
separations, diagnostics, and drug delivery. 

[0004] The most Well knoWn examples of microparticles 
used in separations techniques are those Which are formed of 
polymers of either synthetic or protein origin, such as 
polyacrylamide, hydroxyapatite or agarose. These poly 
meric microparticles are commonly used to separate mol 
ecules such as proteins based on molecular Weight and/or 
ionic charge or by interaction With molecules chemically 
coupled to the microparticles. 

[0005] In the diagnostic area, microparticles are frequently 
used to immobiliZe an enZyme, substrate for an enZyme, or 
labeled antibody, Which is then interacted With a molecule to 
be detected, either directly or indirectly. 

[0006] In the controlled drug delivery area, molecules are 
encapsulated Within microparticles or incorporated into a 
monolithic matrix, for subsequent release. A number of 
different techniques are routinely used to make these micro 
particles from synthetic polymers, natural polymers, pro 
teins and polysaccharides, including phase separation, sol 
vent evaporation, emulsi?cation, and spray drying. 
Generally the polymers form the supporting structure of 
these microspheres, and the drug of interest is incorporated 
into the polymer structure. Exemplary polymers used for the 
formation of microspheres include homopolymers and 
copolymers of lactic acid and glycolic acid (PLGA) as 
described in US. Pat. No. 5,213,812 to RuiZ, US. Pat. No. 
5,417,986 to Reid et al., US. Pat. No. 4,530,840 to Tice et 
al., US. Pat. No. 4,897,268 to Tice et al., US. Pat. No. 
5,075,109 to Tice et al., US. Pat. No. 5,102,872 to Singh et 
al., US. Pat. No. 5,384,133 to Boyes et al., US. Pat. No. 
5,360,610 to Tice et al., and European Patent Application 
Publication Number 248,531 to Southern Research Institute; 
block copolymers such as tetronic 908 and poloxamer 407 as 
described in US. Pat. No. 4,904,479 to Illum; and poly 
phosphaZenes as described in US. Pat. No. 5,149,543 to 
Cohen et al. Microspheres produced using polymers such as 
these exhibit a poor loading ef?ciency and are often only 
able to incorporate a small percentage of the drug of interest 
into the polymer structure. Therefore, substantial quantities 
of microspheres often must be administered to achieve a 
therapeutic effect. 
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[0007] Spherical beads or particles have been commer 
cially available as a tool for biochemists for many years. For 
example, antibodies conjugated to beads create relatively 
large particles speci?c for particular ligands. The large 
antibody-coated particles are routinely used to crosslink 
receptors on the surface of a cell for cellular activation, are 
bound to a solid phase for immunoaf?nity puri?cation, and 
may be used to deliver a therapeutic agent that is sloWly 
released over time, using tissue or tumor-speci?c antibodies 
conjugated to the particles to target the agent to the desired 
site. 

[0008] The most common method of covalently binding 
an antibody to a solid phase matrix is to derivative a bead 
With a chemical conjugation agent and then bind the anti 
body to the activated bead. The use of a synthetic polymeric 
bead rather than a protein molecule alloWs the use of much 
harsher derivatiZation conditions than many proteins can 
sustain, is relatively inexpensive, and often yields a linkage 
that is stable to a Wide range of denaturing conditions. A 
number of derivatiZed beads are commercially available, all 
With various constituents and siZes. Beads formed from 
synthetic polymers such as polyacrylamide, polyacrylate, 
polystyrene, or latex are commercially available from 
numerous sources such as Bio-Rad Laboratories (Richmond, 
Calif.) and LKB Produkter (Stockholm, SWeden). Beads 
formed from natural macromolecules and particles such as 
agarose, crosslinked agarose, globulin, deoxyribose nucleic 
acid, and liposomes are commercially available from 
sources such as Bio-Rad Laboratories, Pharmacia (Piscat 
aWay, N.J.), and IBF (France). Beads formed from copoly 
mers of polyacrylamide and agarose are commercially avail 
able from sources such as IBF and Pharmacia. Magnetic 
beads are commercially available from sources such as 

Dynal Inc. (Great Neck, 

[0009] One disadvantage of the microparticles or beads 
currently available is that they are dif?cult and expensive to 
produce. Microparticles produced by these knoWn methods 
have a Wide particle siZe distribution, often lack uniformity, 
and fail to exhibit long term release kinetics When the 
concentration of active ingredients is high. Furthermore, the 
polymers used in these knoWn methods are dissolved in 
organic solvents in order to form microspheres. The micro 
spheres must therefore be produced in special facilities 
designed to handle organic solvents. These organic solvents 
could denature proteins or peptides contained in the micro 
particles. Residual organic solvents could be toxic When 
administered to humans or animals. 

[0010] In addition, the available microparticles are rarely 
of a siZe suf?ciently small to ?t through the aperture of the 
siZe of needle commonly used to administer therapeutics or 
to be useful for administration by inhalation. For example, 
microparticles prepared using polylactic glycolic acid 
(PLGA) are large and have a tendency to aggregate. A siZe 
selection step, resulting in product loss, is necessary to 
remove particles too large for injection. PLGA particles that 
are of a suitable siZe for injection must be administered 
through a large gauge needle to accommodate the large 
particle siZe, often causing discomfort for the patient. 

[0011] Generally all currently available microspheres are 
activated to release their contents in aqueous media and 
therefore must be lyophiliZed to prevent premature release. 
In addition, particles such as those prepared using the PLGA 
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system exhibit release kinetics based on both erosion and 
diffusion. In this type of system, an initial burst or rapid 
release of drug is observed. This burst effect can result in 
unWanted side effects in patients to Whom the particles have 
been administered. 

[0012] Microparticles prepared using lipids to encapsulate 
target drugs are currently available. For example, lipids 
arranged in bilayer membranes surrounding multiple aque 
ous compartments to form particles may be used to encap 
sulate Water soluble drugs for subsequent delivery as 
described in US. Pat. No. 5,422,120 to Sinil Kim. These 
particles are generally greater than 10 pm in siZe and are 
designed for intra articular, intrathecal, subcutaneous and 
epidural administration. Alternatively, liposomes have been 
used for intravenous delivery of small molecules. Lipo 
somes are spherical particles composed of a single or 
multiple phospholipid and cholesterol bilayers. Liposomes 
are 30 pm or greater in siZe and may carry a variety of 
Water-soluble or lipid-soluble drugs. Liposome technology 
has been hindered by problems including purity of lipid 
components, possible toxicity, vesicle heterogeneity and 
stability, excessive uptake and manufacturing or shelf-life 
dif?culties. 

[0013] Therefore, there is an on-going need for develop 
ment of neW methods for making microparticles, particu 
larly those that can be adapted for use in the separations, 
diagnostic and drug delivery area. Preferably, such improved 
microparticles Would permit the sustained release of active 
agents in a predictable, consistent manner. 

SUMMARY OF THE INVENTION 

[0014] The invention solves these and other problems by 
providing methods and compositions for the sustained 
release of therapeutic and/or diagnostic agents in vivo and in 
vitro. As subsequently used herein the term “therapeutic 
agent” is intended to be inclusive of clinical agents Which 
can be administered in microcapsular form, Whether used 
primarily for treatment or diagnosis. 

[0015] According to one aspect of the invention, a micro 
sphere having a smooth surface Which includes a plurality of 
channel openings is provided. The channel openings have a 
diameter Which is less than 1000 angstroms as determined 
by gas adsorption technique for pore siZing. The micro 
spheres of the invention include a macromolecule, prefer 
ably a protein or a nucleic acid, and at least one Water 
soluble polymer. In general, the microspheres are formed by 
contacting the macromolecule and at least one Water soluble 
polymer under aqueous conditions to form the microspheres, 
and the microspheres are then stabiliZed by either chemical 
crosslinking or exposing the microspheres to an energy 
source, preferably heat, or both, at a temperature Which 
results in microspheres Which are resistant to physical and 
chemical treatments such as sonication and caustic solutions 
under these conditions. Although not Wishing to be bound to 
any particular theory or mechanism, it is believed that the 
microspheres form during the mixing step; hoWever, such 
initially formed microspheres are transient and require a 
further step (e.g., including a crosslinking agent in the 
mixture and/or by applying heat or other energy source) to 
stabiliZe the transiently-formed microspheres. The particular 
conditions for forming representative microspheres of the 
invention are described in the Examples. In the preferred 
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embodiments, the formation reaction is conducted in the 
absence of the addition of oils or organic solvents. Oil is 
de?ned as a substance that is liquid fat Which is insoluble in 
Water. 

[0016] The protein component of the microsphere may be 
a carrier protein or a therapeutic protein (see, e.g., Table 1). 
As used herein, a “carrier protein” refers to a protein Which 
has a molecular Weight of at least about 1500 and Which 
exists as a three dimensional structure. The carrier protein 
can also be a therapeutic protein, i.e., a protein Which has a 
therapeutic activity; hoWever, in general, the phrase “carrier 
protein” Will be used in this application to refer to a protein 
Which has a primary function to provide a three dimensional 
structure for the purpose of microsphere formation, even if 
the carrier protein also may have a secondary function as a 
therapeutic agent. In certain preferred embodiments, the 
carrier protein is an albumin, particularly, human serum 
albumin. The protein microspheres of the invention, option 
ally, further include a therapeutic agent such as a steroid 
(e.g., estradiol, testosterone, prednisolone, dexamethasone, 
hydrocortisone, lidocaine base, procaine base), or any other 
such chemical entity knoWn to bind to the protein, preferably 
albumin, such as GCSF, or paclitaxel. In yet other embodi 
ments (discussed beloW), the microspheres of the invention 
further include a complexing agent and, more preferably, a 
therapeutic agent (preferably a peptide) Which is associated 
With the complexing agent via an ionic or nonionic interac 
tion. In certain other embodiments, the protein that com 
prises the matrix is a therapeutic protein (e.g., a hormone 
such as insulin or human groWth hormone) and the micro 
sphere is constructed and arranged to provide sustained 
release of the therapeutic protein in vivo. More preferably, 
the microsphere is constructed and arranged to provide 
sustained release of the therapeutic agent in the absence of 
signi?cant sWelling of the microsphere. 

[0017] Surprisingly, the surface of the microsphere is 
different from the interior. Extensive Water Washing of 
freeZe fractured microspheres dissolves much of the micro 
sphere matrix material leaving a thin shell. In addition, the 
surface of the microsphere is smooth; the channel (pore) 
openings are less than 1000 angstroms in diameter as 
determined by gas adsorption technique for por siZing using, 
e.g., BET technology for data analysis. 

[0018] In general, the microspheres of the invention are 
formed by mixing the macromolecule, preferably a protein 
or a nucleic acid, together With at least one Water polymer 
under conditions Which permit the Water soluble polymer to 
remove Water from (“dehydrate”) the macromolecule Within 
speci?ed or preferred ratios of macromolecule to Water 
soluble polymer. As used herein, a “Water soluble polymer” 
of the invention refers to a polymer or mixture of polymers 
Which is capable of removing Water from or dehydrating the 
macromolecule or otherWise capable of causing volume 
exclusion. Thus, the preferred process involves volume 
exclusion using an entirely aqueous system With no oil or 
organic solvents involved. 

[0019] Suitable Water soluble polymers include soluble 
linear or branched polymers, preferably those having a high 
molecular Weight. Polymers can be highly Water soluble, 
moderately-Water soluble, or slightly Water soluble (greater 
than 2% Wt/vol Water soluble). The preferred Water soluble 
polymers are Water soluble or soluble in a Water miscible 
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solvent. The Water soluble polymers may be solubiliZed by 
?rst being dissolved in a Water miscible solvent and then 
combining the polymer solution With an aqueous solvent. In 
the particularly preferred embodiments, the Water soluble 
polymers of the invention are selected from the Water 
soluble polymers identi?ed in Table 2. In certain embodi 
ments, the microspheres of the invention are formed of 
proteins and Water soluble polymers and contain from 40 to 
less than 100 (Wt %) protein. The ?nal microsphere product 
Which has been stabiliZed using a crosslinking agent and/or 
eXposure to an energy source such as heat does not sWell 
signi?cantly in the presence of Water (i.e., it is not a 
hydrogel). In the particularly preferred embodiments, the 
Water soluble polymer is a carbohydrate-based polymer. 
Thus, in certain preferred embodiments, the microsphere 
comprises: (1) a protein, preferably albumin; and (2) a 
carbohydrate-based Water soluble polymer, preferably 
hetastarch, Wherein the protein represents at least 40% and 
less than 100% by Weight of the microsphere. Preferably, the 
carbohydrate-based polymer represents greater than 0% and 
less than or equal to 30% by Weight of the microsphere. In 
these and other embodiments, the microspheres preferably 
further comprise an active agent, preferably a luteiniZing 
hormone releasing hormone or analog thereof. In general, 
the microspheres of the invention, When contacted With a 
solution of active agent, are capable of incorporating at least 
60%, more preferably at least 70%, at least 80%, or at least 
90%, and most preferably, at least 95% or at least 98% of the 
active agent. The active agent-containing microspheres 
optionally are further stabiliZed by contacting the micro 
spheres With the same types of crosslinking agents and using 
the same types of conditions described herein for initially 
stabiliZing the microspheres. 

[0020] According to another aspect of the invention, a 
microsphere further including a compleXing agent is pro 
vided. The microsphere of this aspect includes: (1) a mac 
romolecule such as a protein (e.g., albumin, as described 
above); (2) at least one Water soluble polymer (e.g., 
hetastarch (hydroXyethylstarch), PEG/PVP); and (3) a com 
pleXing agent. As used herein, a compleXing agent refers to 
a molecule Which is capable of interacting With a therapeutic 
agent (discussed beloW) to facilitate loading, retaining and/ 
or otherWise delaying the release of the therapeutic agent 
from the microsphere (see, e.g., Table 3). As With all aspects 
of the invention, these microspheres have a smooth surface 
Which includes a plurality of channel openings that are less 
than 1000 angstroms in diameter as determined by gas 
adsorption technique for pore siZing and, preferably, do not 
contain detectable oil or organic solvent. 

[0021] According to a particularly preferred aspect of the 
invention, a microsphere further including at least tWo 
compleXing agents is provided. The microsphere of this 
aspect includes: (1) a macromolecule such as a carrier 
protein (e.g., albumin, as described above); (2) at least one 
Water soluble polymer (e.g., hetastarch (hydroXyethyl 
starch), PEG/PVP); (3) a ?rst compleXing agent that is an 
anionic polysaccharide; and (4) a second compleXing agent 
that is a divalent metal cation selected from the group 
consisting of calcium, magnesium, Zinc, strontium, barium, 
manganese, and iron. A particularly preferred embodiment 
of this aspect of the invention is illustrated in Example 17. 
Calcium and magnesium are the preferred divalent metal 
cations. 
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[0022] As used herein, a compleXing agent refers to a 
molecule Which is capable of interacting With a therapeutic 
agent (discussed beloW) to facilitate loading, retaining and/ 
or otherWise delaying the release of the therapeutic agent 
from the microsphere (see, e.g., Table 3). As With other 
aspects of the invention, these microspheres preferably have 
a smooth surface Which includes a plurality of channel 
openings that are less than 1000 angstroms in diameter as 
determined by gas adsorption technique for pore siZing and, 
more preferably, do not contain detectable oil or organic 
solvent. 

[0023] Apreferred method of incorporating the complex 
ing agent(s) is to combine the compleXing agent(s) With a 
Water soluble polymer in aqueous solution, then add the 
macromolecule, and stabiliZe the microspheres With heat 
and/or crosslinking agents. 

[0024] In general, the compleXing agent is an ionic com 
pleXing agent (i.e., the compleXing agent is capable of an 
ionic interaction With a therapeutic agent (discussed beloW)) 
or a non-ionic compleXing agent (i.e., the compleXing agent 
is capable of a non-ionic (e.g., hydrophobic, miXed ionic/ 
nonionic) interaction With a therapeutic agent or With 
another compleXing agent). Exemplary compleXing agents 
are provided in Table 3. Ionic compleXing agents of the 
invention are further categoriZed into anionic compleXing 
agents (i.e., compleXing agents having a negative charge 
such as anionic polysaccharides, e.g., deXtran sulfate, galac 
turonic acids, alginates, mannuronic acid, guluronic acid, 
hyaluronic acid, chondroitin sulfates, heparin, chitin, chito 
san, glycosaminoglycans, proteoglycans) and cationic com 
pleXing agents (i.e., compleXing agents having a positive 
charge). The preferred compleXing agents of the invention 
are anionic polysaccharides and divalent metal cations 
selected from the group consisting of calcium and magne 
s1um. 

[0025] In certain embodiments, the compleXing agent is an 
anionic compleXing agent having the structure of formula I: 

POLY-[Y]n * I. 

[0026] Wherein POLY represents a principal chain of 
the anionic compleXing agent Which may be linear or 
branched; 

[0027] Wherein Y- represents an anionic group, e.g., 
sulfates, carboXyls, phosphates, nitrates, carbonates 
and the like, that may be coupled to any one or more 
of the branches of the principal chain; 

[0028] Wherein X+ represents a cationic group, e.g., 
that is a counter ion to the anionic group; 

[0029] Wherein n is an integer from 1 to 10,000, 
preferably, from 5 to 100 and, more preferably, from 
5 to 1000, and still more preferably, from 5 to 
10,000; and 

[0030] Wherein When n is greater than 1, the n Y“ 
groups can be the same or different. 

[0031] In yet other embodiments of the invention the 
compleXing agent is a cationic compleXing agent having the 
structure of formula II: 

POLY-[X1n * II. 

[0032] Wherein POLY represents a principal chain of 
the cationic compleXing agent Which may be linear 
or branched; 
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[0033] wherein X+ represents a cationic group, e.g., 
an amino group, that may be coupled to any one or 
more of the branches of the principal chain; 

[0034] Wherein Y- represents an anionic group, that 
is a counter ion to the cationic group; 

[0035] Wherein n is an integer from 1 to 10000, 
preferably, from 5 to 100 and, more preferably, from 
5 to 1000, and most preferably, from 5 to 10,000; and 

[0036] Wherein When n is greater than 1, the n X 
groups can be the same or different. 

[0037] According to another aspect of the invention, a 
microsphere further including an active agent is provided 
(see, e.g., Table 4). The microspheres into Which the active 
agent can be loaded may include a complexing agent(s) to 
facilitate loading and/or modify the release of the active 
agent from the microsphere. Alternatively, the active agent 
can be loaded into the above-described microspheres Which 
lack a complexing agent, e.g., the protein and/or the Water 
soluble polymers of the invention can interact With the 
active agent to facilitate loading and/or modify its release 
from the microsphere. In general, although the active agent 
can be loaded into a microsphere of the invention during 
preparation of the microsphere, it is preferable to load the 
active agent into a preformed microsphere of the invention 
and, more preferable, to load the active agent into a pre 
formed microsphere Which contains a complexing agent(s) 
to facilitate loading and/or sustained release of the agent. In 
contrast to hydrogel microspheres, the microspheres of the 
invention do not sWell signi?cantly in Water and, further, the 
microspheres do not require sWelling in order to provide 
sustained release of the therapeutic protein and/or physi 
ologically active agent from the microsphere. 

[0038] As used herein, an active agent refers to an agent 
Which has a diagnostic or therapeutic activity. Accordingly, 
an active agent can include a detectable label (e.g., a 
radioactive label) that is useful for identifying the locations 
of the released agent in vivo; Active agents also include 
therapeutic agents Which are useful for treating a disease or 
condition. In certain embodiments, the preferred physiologi 
cally active agents are protein or peptide agents. Such 
protein or peptide agents typically can be further divided 
into categories, based upon the activity of the agent or the 
type of disease or condition that is being treated. The 
categories of physiologically active agents Which can be 
used in the present invention include, but are not limited to, 
antibiotics, hematopoietics, antiinfective agents, antidemen 
tia agents, antiviral agents, antitumoral agents, antipyretics, 
analgesics, antiin?ammatory agents, antiulcer agents, anti 
allergic agents, antidepressants, psychotropic agents, cardio 
tonics, antiarrythmic agents, vasodilators, antihypertensive 
agents such as hypotensive diuretics, antidiabetic agents, 
anticoagulants, cholesterol loWering agents, therapeutic 
agents for osteoporosis, hormones, vaccines and so on (see, 
e.g., Table 4). 

[0039] The physiologically active peptide or protein 
Which is employed in accordance With the present invention 
is a peptide composed of tWo or more amino acids. Prefer 
ably, such a peptide has a molecular Weight greater than 200, 
e.g., in the range of about 200 to 200000. The more preferred 
molecular Weight range is about 200 to 100000. More 
speci?c examples of physiologically active agents, including 
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non-protein agents, Which can be used in connection With 
the methods and compositions of the invention are provided 
in the detailed description of the invention. 

[0040] According to still another aspect of the invention, 
a method for forming a microsphere is provided. The 
method involves: (1) forming an aqueous mixture containing 
a macromolecule, preferably a protein or a nucleic acid, and 
a Water soluble polymer, preferably a carbohydrate-based 
polymer such as hetastarch; (2) alloWing the microspheres to 
form in the aqueous mixture; (3) stabiliZing the micro 
spheres, preferably by contacting the microspheres With a 
crosslinking agent and/or exposing the microspheres to an 
energy source, preferably heat, under conditions sufficient to 
stabiliZe the microspheres; Wherein the macromolecule is 
present in the aqueous mixture in an amount suf?cient to 
form a microsphere that contains at least 40% and less than 
100% by Weight macromolecule. Although not Wishing to be 
bound to any particular theory or mechanism, it is believed 
that the microspheres form during the mixing step; hoWever, 
such initially formed microspheres are transient and require 
a further step (e.g., including a crosslinking agent in the 
mixture and/or by applying heat or other energy source) to 
stabiliZe the transiently-formed microspheres. Exemplary 
methods of preparing the microspheres are provided in the 
Examples. 

[0041] According to yet another aspect of the invention, a 
pharmaceutical composition of matter and method of mak 
ing said composition are provided. In certain embodiments, 
the composition includes a container containing a single 
dose of microspheres containing an active agent for treating 
a condition that is treatable by the sustained release of an 
active agent from the microspheres. The number of micro 
spheres in the single dose is dependent upon the amount of 
active agent present in each microsphere and the period of 
time over Which sustained release is desired. Preferably, the 
single dose is selected to achieve the sustained release of the 
active agent over a period of from about 1 to about 180 days, 
Wherein the single dose of microspheres is selected to 
achieve the desired release pro?le for treating the condition. 

[0042] According to another aspect of the invention, a 
syringe containing any of the microspheres disclosed herein 
is provided. For example, the composition can includes a 
syringe containing a single dose of microspheres containing 
an active agent for treating a condition that is treatable by the 
sustained release of the active agent from the microspheres. 
Preferably, a needle is attached to the syringe, Wherein the 
needle has a bore siZe that is from 14 to 30 gauge. 

[0043] Remarkably, the microspheres of the invention can 
be prepared to have a dimension Which permits the delivery 
of microspheres using a needleless syringe (MediJector, 
Derata Corporation, Minneapolis, Minn. 55427), thereby 
eliminating the disposal problems inherent to needles Which 
must be disposed as biohaZard Waste product. Thus, accord 
ing to a particularly preferred aspect of the invention, a 
needleless syringe containing one or more doses of micro 
spheres containing an active agent for treating a condition is 
provided. The microspheres can be prepared to have quali 
ties suitable to be delivered by other parenteral and non 
parenteral routes such as oral, buccal, intrathecal, nasal, 
pulmonary, transdermal, transmucosal and the like. 

[0044] According to still other embodiments of the inven 
tion, nucleic acid-containing microspheres are provided. The 
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nucleic acid-containing microspheres include: (1) a nucleic 
acid (e.g., plasmid, viral vector, oligonucleotide, RNA, 
antisense and missense nucleic acids); (2) a polycationic 
polymer (e.g., polylysine); and (3) a Water soluble polymer 
(as described above). Thus, a method for forming the nucleic 
acid-containing microspheres is provided. The method 
involves: (1) combining, in one or more aqueous solutions, 
a nucleic acid, a polycationic polymer and a Water soluble 
polymer to form an aqueous mixture Which can be a mono 
or multi-phase; and (2) subjecting the aqueous mixture to a 
crosslinking agent and/or an energy source under conditions 
(e.g., of concentration, incubation time) sufficient to stabi 
liZe a microsphere. Exemplary methods of forming the 
nucleic acid microspheres are provided in the Examples. 

[0045] These and other aspects of the invention Will be 
described in greater detail beloW. Throughout this disclo 
sure, all technical and scienti?c terms have the same mean 
ing as commonly understood by one of ordinary skill in the 
art to Which this invention pertains unless de?ned otherWise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] FIG. 1 is a graph shoWing the cumulative percent 
of radiolabeled polyethylene glycol (PEG) and radiolabeled 
bovine serum albumin (BSA) released from microspheres 
versus the square root of time in hours. The black square 
symbol represents PEG, and the open square symbol repre 
sents BSA. 

[0047] FIG. 2 is a graph shoWing the cumulative percent 
of radiolabeled bovine serum albumin (BSA) released from 
microspheres prepared With three different concentrations of 
polymer versus the square root of time in hours. The gray 
square symbol represents a total polymer concentration of 
50%, the open square symbol represents a total polymer 
concentration of 40%, and the black triangle symbol repre 
sents a total polymer concentration of 25%. 

[0048] FIG. 3 is a graph shoWing the cumulative percent 
of radiolabeled polyethylene glycol (PEG) released from 
microspheres prepared With three different concentrations of 
polymer versus the square root of time in hours. The open 
triangle symbol represents a total polymer concentration of 
50%, the black square symbol represents a total polymer 
concentration of 40%, and the open square symbol repre 
sents a total polymer concentration of 25%. 

[0049] FIG. 4 is a graph shoWing the cumulative percent 
of radiolabeled bovine serum albumin (BSA) released from 
microspheres prepared With three different concentrations of 
polymer at various incubation temperatures versus the 
square root of time in hours. The open square symbol 
represents a total polymer concentration of 25% and incu 
bation at 58° C., the black square symbol represents a total 
polymer concentration of 25% and incubation at 70° C., the 
open circle symbol represents a total polymer concentration 
of 40% and incubation at 58° C., the black circle symbol 
represents a total polymer concentration of 40% and incu 
bation at 70° C., the open triangle symbol represents a total 
polymer concentration of 50% and incubation at 58° C., the 
black triangle symbol represents a total polymer concentra 
tion of 50% and incubation at 70° C., the light “X” symbol 
represents a total polymer concentration of 25% and incu 
bation at 37° C. and 58° C., and the dark “X” symbol 
represents a total polymer concentration of 25% and incu 
bation at 37° C. and 70° C. 
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[0050] FIG. 5 is a graph shoWing the cumulative percent 
of radiolabeled polyethylene glycol (PEG) released from 
microspheres prepared With three different concentrations of 
polymer at various incubation temperatures versus the 
square root of time in hours. The symbols are the same as 
those described in FIG. 4. 

[0051] FIG. 6 is a graph shoWing the cumulative percent 
of radiolabeled polyethylene glycol (PEG) released from 
microspheres prepared With three different concentrations of 
polymer at an incubation temperature including 58° C. 
versus the square root of time in hours. The open triangle 
symbol represents a total polymer concentration of 50% and 
incubation at 58° C., the black square symbol represents a 
total polymer concentration of 40% and incubation at 58° C., 
the gray triangle symbol represents a total polymer concen 
tration of 25% and incubation at 37° C. and 58° C., and the 
open square symbol represents a total polymer concentration 
of 25% and incubation at 58° C. 

[0052] FIG. 7 is a bar graph shoWing the amount of 
expressed gene product by beta-galactosidase activity in 
milliunits versus microsphere formation for naked DNA, 
cationic liposomes containing DNA, and DNA micro 
spheres. 
[0053] FIG. 8 is a graph of cumulative percent release of 
leuprolide acetate from microspheres over time in days. 

[0054] FIG. 9 is a graph of cumulative percent nafarelin 
acetate release versus time in hours for three concentrations 
of Zinc sulfate used during microsphere preparation. The 
circle symbol represents 0.01M Zinc sulfate; the square 
symbol represents 0.1M Zinc sulfate; and the triangle sym 
bol represents 1M Zinc sulfate. 

[0055] FIG. 10 shoWs the sustained release of estradiol in 
vitro from the microspheres of the invention. 

[0056] FIG. 11 shoWs the sustained release of estradiol in 
vivo (serum concentrations) from the microspheres of the 
invention. 

[0057] FIG. 12 shoWs the ef?ciency of diclofenac Na 
incorporation by adjusting the incubation conditions. 

[0058] FIG. 13 shoWs a representative siZe distribution 
pro?le for the microspheres of the invention. 

DESCRIPTION OF THE INVENTION 

[0059] The invention provides methods and compositions 
for the sustained release of therapeutic and/or diagnostic 
agents in vivo and/or in vitro. The microspheres have a 
generally uniform siZe and shape, ranging in siZe from about 
0.5 microns to about 20 microns, depending upon the 
fabrication conditions. The characteristics of the micro 
spheres may be altered during preparation by manipulating 
the Water soluble polymer concentration, reaction tempera 
ture, pH, protein concentration, crosslinking agent, and/or 
the length of time the macromolecule is exposed to the 
crosslinking agent and/or the energy source. 

[0060] The microspheres are useful for a Wide variety of 
separations, diagnostic, therapeutic, industrial, commercial, 
cosmetic, and research purposes or for any purpose requiring 
the incorporation of and stabiliZation of an active molecule, 
reactant or drug. Thus, the microspheres of the invention are 
useful for medical and diagnostic applications, such as drug 
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delivery, vaccination, gene therapy and histopathological or 
in vivo tissue or tumor imaging. Accordingly, the micro 
spheres are suitable for oral or parenteral administration; 
mucosal administration; ophthalmic administration; intrave 
nous, subcutaneous, intra articular, or intramuscular injec 
tion; administration by inhalation; and topical administra 
tion. 

[0061] According to one aspect of the invention, a micro 
sphere having a smooth surface Which includes a plurality of 
channel openings is provided. Each channel opening has a 
diameter Which is less than 1000 angstroms as determined 
by gas adsorption technique for pore siZing using, e.g., BET 
methodology for data analysis. 

[0062] The microspheres are prepared by mixing or dis 
solving macromolecules With a Water soluble polymer or 
mixture of Water soluble polymers, such as linear or 
branched polymers of Table 2, at a pH near the isoelectric 
point of the macromolecule. The macromolecule and poly 
mer mixture is exposed to a crosslinking agent and/or an 
energy source, such as heat, under conditions suf?cient to 
stabiliZe the microspheres. The microspheres are then sepa 
rated from the unincorporated reagents by separation meth 
ods such as ?ltration or centrifugation. 

[0063] In general, the macromolecule or combination of 
macromolecules compose at least 40% and less than 100% 
by Weight of the ?nal Weight of each microsphere. Prefer 
ably, the polymer concentration in the microsphere is greater 
than 0% and less than or equal to 30% by Weight. The types 
of macromolecules forming the microspheres include, but 
are not limited to, proteins, peptides, carbohydrates, nucleic 
acids, viruses, or mixtures thereof. 

[0064] Each microsphere is composed of macromolecules 
and polymer molecules, Which are intertWined or inter 
spersed in the microsphere and are generally homoge 
neously distributed. Although not Wishing to be bound to 
any particular theory or mechanism, it is believed that the 
inner matrix is Water soluble, and, When solubiliZed, the 
inner matrix diffuses through the outer surface under appro 
priate conditions as explained in more detail beloW. The 
microspheres exhibit a narroW siZe distribution and have a 
generally uniform shape. SiZe distribution is also adjustable 
by modifying the conditions and reagents used during the 
preparation process and may be associated With release 
kinetics as described beloW. The microspheres are generally 
less than 10 pm in diameter. See FIG. 13 for a representative 
siZe distribution of the microspheres of the invention. The 
uniform shape of the microspheres is substantially spherical, 
Which is Why the microparticles are also referred to herein 
as “microspheres”. 

[0065] The outer surface of each microsphere is permeable 
to Water and dissolved macromolecules and not only alloWs 
aqueous ?uids to enter the microsphere, but also alloWs 
solubiliZed macromolecule and polymer to exit the micro 
sphere. The microspheres can be made to release macro 
molecule and polymer from the interior of the microsphere 
When placed in an appropriate aqueous medium, such as 
body ?uids or a physiologically acceptable buffer under 
physiological conditions over a prolonged period of time, 
thereby providing sustained release of macromolecules. In 
addition, the microspheres can be made to release macro 
molecule Without an initial burst or rapid release of macro 
molecule. Sustained release is de?ned herein as release of 

Mar. 27, 2003 

macromolecules over an extended period of time. The 
amount of time over Which the macromolecules continue to 
be released from the microsphere depends on the character 
istics of the macromolecule being released and the param 
eters used to form the microspheres, but in all cases is longer 
than that of free aqueous diffusion of the macromolecule. 
Microspheres containing pharmaceutical compounds can be 
made to release the pharmaceutical compound With the 
macromolecule and polymer as described above. 

[0066] As discussed brie?y above and in more detail 
beloW, the characteristics of the microspheres may be 
manipulated during preparation by adjusting the type of 
polymer, polymer concentration, polymer composition, 
incubation temperature, pH, macromolecule concentration, 
or the length of time the macromolecule is exposed to the 
energy source. 

[0067] The microspheres may be administered to a human 
or animal by oral or parenteral administration, including 
intravenous, subcutaneous or intramuscular injection; 
administration by inhalation; intra articular administration; 
mucosal administration; ophthalmic administration; and 
topical administration. Intravenous administration includes 
catheteriZation or angioplasty. Administration may be for 
purposes such as therapeutic and diagnostic purposes as 
discussed beloW. 

[0068] Formation of Microspheres 

[0069] Microspheres are produced by mixing macromol 
ecules in an aqueous mixture With a Water soluble polymer 
or mixture of polymers to form the microspheres and 
optionally, thereafter contacting the microspheres With a 
crosslinking agent and/or an energy source, preferably heat, 
under conditions suf?cient to stabiliZe the microspheres. The 
solution is preferably an aqueous solution. Either the mac 
romolecule solution is added to the polymer or the polymer 
solution is added to the macromolecule solution to cause 
removal of Water from, or dehydration of, the macromol 
ecules. This process is also referred to by those skilled in the 
art as volume exclusion. Although not Wishing to be bound 
to any particular theory or mechanism, it is believed that the 
microspheres form during the mixing step; hoWever, such 
initially formed microspheres are transient and require a 
further step (e.g., including a crosslinking agent in the 
mixture and/or by applying heat or other energy source) to 
stabiliZe the transiently-formed microspheres. 

[0070] The pH of the macromolecule-polymer solution is 
adjusted, either before, after or during the mixing of the 
polymer With the macromolecule, to a pH near the isoelec 
tric point (pI) of the macromolecule, preferably Within 3 to 
4 pH units of the pI of the macromolecule, most preferably 
Within 1.5 to 2 pH units of the pl of the macromolecule. 

[0071] The pH adjustment may be made by adding an 
acid, base, either in solution or solid form, or a buffer or 
other pH-adjusting solution or salt, to either the macromol 
ecule solution, the polymer solution, or to the mixture of 
macromolecule and polymer in accordance With methods 
Well knoWn to those skilled in the art. Preferably the 
polymer is dissolved in a buffer having a pH near the pI of 
the macromolecule, and then the pH-adjusted polymer solu 
tion is added to the macromolecule, Which has been dis 
solved in an aqueous solution. The pH of the ?nal solution 
should remain near the pI of the macromolecule. 
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[0072] The macromolecule and polymer solution is then 
exposed to a crosslinking agent and/or an energy source, 
such as heat, radiation, or ioniZation, alone or in combina 
tion With sonication, vortexing, mixing or stirring, for a 
predetermined length of time to stabiliZe the microspheres. 
The resulting microspheres are then separated from any 
unincorporated components present in the solution by, 
physical separation methods Well knoWn to those skilled in 
the art and may then be Washed. 

[0073] The length of incubation time is dependent upon 
the respective concentrations of polymer and macromol 
ecule and the level of energy of the energy source. Micro 
sphere stabiliZation can begin to occur immediately upon 
exposure to the energy source. Preferably, the macromol 
ecule and polymer mixture is heated at a temperature greater 
than room temperature for betWeen approximately 5 minutes 
and 24 hours. Most preferably, the polymer and macromol 
ecules are mixed, by stirring or rocking, for 30 minutes at a 
temperature betWeen approximately 37° C. and 70° C. 

[0074] Macromolecule 

[0075] The macromolecule forming the microsphere is 
any molecule having a tertiary and quaternary structure or 
capable of having a tertiary and quaternary structure. Most 
preferably, the macromolecule is a biomolecule such as a 
protein, including enZymes and recombinant proteins, a 
peptide, carbohydrate, polysaccharide, carbohydrate- or 
polysaccharide-protein conjugate, nucleic acid, virus, virus 
particle, conjugate of a small molecule (such as a hapten) 
and protein, or mixtures thereof. An organic or inorganic 
natural or synthetic pharmaceutical compound or drug may 
be incorporated into the microspheres by attaching the drug 
to a macromolecule, such as a protein, and then forming the 
microspheres from the macromolecule-drug complex or 
conjugate. It Will be understood by those skilled in the art 
that a compound incapable of having a tertiary and quater 
nary structure can be formed into a microsphere by incor 
poration or coupling of the compound into a carrier mol 
ecule that has a tertiary and quaternary structure. It Will be 
further understood by those skilled in the art that the 
macromolecule can be a portion of a molecule such as, for 
example, a peptide, a single-stranded segment of a double 
stranded nucleic acid molecule, or a virus particle, having a 
tertiary and quaternary structure. It Will also be understood 
that the term “macromolecule” includes a plurality of mac 
romolecules and includes combinations of different macro 
molecules such as a combination of a pharmaceutical com 
pound and an af?nity molecule for targeting the 
pharmaceutical compound to a tissue, organ or tumor requir 
ing treatment. It Will be further understood that an af?nity 
molecule can be either the receptor portion or the ligand 
portion of a receptor-ligand interaction. Examples of ligands 
that interact With other biomolecules include viruses, bac 
teria, polysaccharides, or toxins that act as antigens to 
generate an immune response When administered to an 
animal and cause the production of antibodies. 

[0076] Suitable compounds or macromolecules include, 
but are not limited to, betaxololTM, diclofenacTM, doxorubi 
cin, rifampinTM, leuprolide acetate, luteiniZing hormone 
releasing hormone (LHRH), (D-Tryp6)-LHRH, nafarelin 
acetate, insulin, sodium insulin, Zinc insulin, protamine, 
lysoZyme, alpha-lactalbumin, basic ?broblast groWth factor 
(bFGF), beta-lactoglobulin, trypsin, carbonic anhydrase, 
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ovalbumin, bovine serum albumin (BSA), human serum 
albumin (HSA), phosphorylase b, alkaline phosphatase, 
beta-galactosidase, IgG, ?brinogen, poly-L-lysine, IgM, 
DNA, desmopressin acetateTM, groWth hormone releasing 
factor (GHRF), somatostatin, antide, Factor VIII, G-CSF/ 
GM-CSF, human groWth hormone (hGH), beta interferon, 
antithrombin III, alpha interferon, alpha interferon 2b. 

[0077] The incubation conditions are typically optimiZed 
to incorporate approximately 100% of the macromolecule in 
the reaction mixture by adjusting the pH, temperature, 
concentration of macromolecule, or length of reaction or 
incubation. In general, less energy is required to form 
microspheres at higher concentrations of macromolecule. 

[0078] Microspheres composed of nucleic acids are pref 
erably prepared by ?rst mixing the nucleic acid either With 
a protein, such as bovine serum albumin, or, because nucleic 
acids are anions, the addition of a cation, such as polylysine, 
Which aids greatly in the formation of microspheres. 

[0079] As mentioned above, a small molecule or com 
pound incapable of having a tertiary and quaternary struc 
ture, such as a peptide or pharmaceutical compound, can be 
formed into a microsphere by incorporation or coupling of 
the compound into a carrier molecule that has a tertiary and 
quaternary structure. This may be achieved in several Ways. 
For example, microspheres may be formed as described 
herein using a macromolecule having a tertiary and quater 
nary structure, such as a protein, and then the small molecule 
or compound is bound inside and/or on the surface of the 
microsphere. Alternatively, the small molecule or compound 
is bound to the macromolecule having a tertiary and qua 
ternary structure using hydrophobic or ionic interactions and 
then microspheres are formed from the macromolecule 
small molecule complex using the method described herein. 
A third Way to make microspheres from small molecules is 
to prepare microspheres using a macromolecule having a 
tertiary and quaternary structure in such a Way that the 
microsphere has a net charge and then add a small molecule 
or compound having an opposite net charge so that the small 
molecule is physically attracted to and remains attached to 
the microsphere, but can be released over time under the 
appropriate conditions. Alternatively, different types of non 
covalent interactions such as hydrophobic or af?nity inter 
actions may be used to alloW attachment and subsequent 
release of small molecules. 

[0080] When preparing microspheres containing protein, a 
protein stabiliZer such as glycerol, fatty acids, sugars such as 
sucrose, ions such as Zinc, sodium chloride, or any other 
protein stabiliZers knoWn to those skilled in the art may be 
added prior to the addition of the polymers during micro 
sphere formation to minimiZe protein denaturation. 

[0081] Labeled Macromolecule 

[0082] Prior to being incorporated into a microsphere, the 
macromolecule may be labeled With a detectable label. The 
various types of labels and methods of labeling proteins and 
nucleic acid molecules are Well knoWn to those skilled in the 
art. It Will be understood by those skilled in the art that a 
magnetic substance, such as a metal, is included Within the 
de?nition of the term label. For example, the macromolecule 
can be labeled With a metallic substance, such as a metal, so 
that the microspheres can be separated from other sub 
stances in a solution With the aid of a magnetic device. 
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[0083] Several other speci?c labels or reporter groups are 
set forth beloW. For example, the label can be a radiolabel 
such as, but not restricted to, [32]P, [3]H, [14]C, [35]S, 
[125]I, or [131]I. A [32]P label can be conjugated to a 
protein With a conjugating reagent or incorporated into the 
sequence of a nucleic acid molecule by nick-translation, 
end-labeling or incorporation of labeled nucleotide. For 
example, a [3]H, [14]C or [35]S label can be incorporated 
into a nucleotide sequence by incorporation of a labeled 
precursor or by chemical modi?cation, Whereas an [125]I or 
[131]I label is generally incorporated into a nucleotide 
sequence by chemical modi?cation. Detection of a label can 
be by methods such as scintillation counting, gamma ray 
spectrometry or autoradiography. 

[0084] The label can also be a Mass or Nuclear Magnetic 
Resonance (NMR) label such as, for example, [13]C, [15]N, 
or [19]O. Detection of such a label can be by Mass Spec 
trometry or NMR. Dyes, chemiluminescent agents, biolu 
minescent agents and ?uorogens can also be used to label the 
macromolecule. Examples of dyes useful for labeling 
nucleic acids include ethidium bromide, acridine, propidium 
and other intercalating dyes, and 4‘,6‘-diamidino-2-phe 
nylindole (DAPI) (Sigma Chemical Company, St. Louis, 
M0.) or other nucleic acid stains. Examples of ?uorogens 
include ?uorescein and derivatives, phycoerythrin, allo 
phycocyanin, phycocyanin, rhodamine, Texas Red or other 
?uorogens. The ?uorogens are generally attached by chemi 
cal modi?cation. The dye labels can be detected by a 
spectrophotometer and the ?uorogens can be detected by a 
?uorescence detector. 

[0085] The macromolecule can also be labeled With a 
chromogen (enZyme substrate) to provide an enZyme or 
af?nity label, or enZyme. Alternatively, the macromolecule 
can be biotinylated so that it can be utiliZed in a biotin-avidin 
reaction, Which may also be coupled to a label such as an 
enZyme or ?uorogen. The macromolecule can be labeled 
With peroxidase, alkaline phosphatase or other enZymes 
giving a chromogenic or ?uorogenic reaction upon addition 
of substrate. 

[0086] A label can also be made by incorporating any 
modi?ed base, amino acid, or precursor containing any 
label, incorporation of a modi?ed base or amino acid con 
taining a chemical group recogniZable by speci?c antibod 
ies, or by detecting any bound antibody complex by various 
means including immuno?uorescence or immuno-enZy 
matic reactions. Such labels can be detected using enZyme 
linked immunoassays (ELISA) or by detecting a color 
change With the aid of a spectrophotometer. 

[0087] Coated Microspheres 

[0088] Molecules, distinct from the macromolecules of 
Which the microspheres are composed, may be attached to 
the outer surface of the microspheres by methods knoWn to 
those skilled in the art to “coat” or “decorate” the micro 
spheres. The ability to attach molecules to the outer surface 
of the microsphere is due to the high concentration of 
macromolecule in the microsphere. These molecules are 
attached for purposes such as to facilitate targeting, enhance 
receptor mediation, and provide escape from endocytosis or 
destruction. For example, biomolecules such as phospholip 
ids may be attached to the surface of the microsphere to 
prevent endocytosis by endosomes; receptors, antibodies or 
hormones may be attached to the surface to promote or 
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facilitate targeting of the microsphere to the desired organ, 
tissue or cells of the body; and polysaccharides, such as 
glucans, may be attached to the outer surface of the micro 
sphere to enhance or to avoid uptake by macrophages. 

[0089] In addition, one or more cleavable molecules may 
be attached to the outer surface of or Within the micro 
spheres. The cleavable molecules are designed so that the 
microspheres are ?rst targeted to a predetermined site under 
appropriate biological conditions and then, upon exposure to 
a change in the biological conditions, such as a pH change, 
the molecules are cleaved causing release of the microsphere 
from the target site. In this Way, microspheres are attached 
to or taken up by cells due to the presence of the molecules 
attached to the surface of the microspheres. When the 
molecule is cleaved, the microspheres remain in the desired 
location, such as Within the cytoplasm or nucleus of a cell, 
and are free to release the macromolecules of Which the 
microspheres are composed. This is particularly useful for 
drug delivery, Wherein the microspheres contain a drug that 
is targeted to a speci?c site requiring treatment, and the drug 
can be sloWly released at that site. The preferred site of 
cleavage is a diester bond. 

[0090] The microspheres 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 microspheres 
through the stomach or gut Without dissolution. For 
example, microspheres intended for oral delivery may be 
stabiliZed With a coating of a substance such as mucin, a 
secretion containing mucopolysaccharides produced by the 
goblet cells of the intestine, the submaxillary glands, and 
other mucous glandular cells. 

[0091] Additionally, the particles can be non-covalently 
coated With compounds such as fatty acids or lipids. The 
coating may be applied to the microspheres by immersion in 
the solubiliZed coating substance, spraying the microspheres 
With the substance or other methods Well knoWn to those 
skilled in the art. 

[0092] In certain of the preferred embodiments, the micro 
spheres of the invention include a protein and at least one 
Water soluble polymer. As discussed above, the micro 
spheres are formed by contacting the protein and at least one 
Water soluble polymer under aqueous conditions to form the 
microspheres, and the microspheres are then stabiliZed by 
either chemical crosslinking or exposing the microspheres to 
an energy source, preferably heat, or both, under conditions 
(e.g., concentration, temperature) Which result in micro 
spheres Which are resistant to physical and chemical treat 
ments such as sonication and caustic solutions. The particu 
lar conditions for forming representative microspheres of the 
invention are described in the Examples. In the preferred 
embodiments, the formation reaction is conducted in the 
absence of the addition of oils or organic solvents. 

[0093] The protein component of the microsphere may be 
a carrier protein or a therapeutic protein (see, e.g., Table 1), 
Which represents from about 40 to less than 100% (Wt %) of 
the microsphere. 

[0094] As used herein, a “carrier protein” refers to a 
protein Which has a molecular Weight of at least about 1500 
and Which exists as a three dimensional structure. The 
carrier protein can also be a therapeutic protein, i.e., a 
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protein Which has a therapeutic activity; however, in general, 
the phrase “carrier protein” Will be used in this application 
to refer to a protein Which has a primary function to provide 
a three dimensional structure, for the purpose of microsphere 
formation, even if the carrier protein also may have a 
secondary function as a therapeutic agent. In certain pre 
ferred embodiments, the carrier protein is albumin, particu 
larly, human serum albumin. The protein microspheres of 
the invention, optionally, further include a therapeutic agent 
such as a steroid (e.g., estradiol, testosterone, prednisolone, 
dexamethasone, hydrocortisone, lidocaine base, procaine 
base), or any other such chemical entity knoWn to bind to 
albumin such as GCSF, or paclitaxel. In yet other embodi 
ments (discussed beloW), the microspheres of the invention 
further include a complexing agent (preferably, an ionic 
complexing agent) and, more preferably, a therapeutic agent 
(preferably a peptide) Which is associated With the complex 
ing agent via an ionic or non-ionic interaction. In certain 
other embodiments, the protein that comprises the matrix is 
a therapeutic protein (e.g., a hormone such as insulin or 
human groWth hormone) and the microsphere is constructed 
and arranged to provide sustained release of the therapeutic 
protein in vivo. More preferably, the microsphere is con 
structed and arranged to provide sustained release of the 
therapeutic protein in the absence of signi?cant sWelling of 
the microsphere. 

TABLE 1 

P ro teins 

PROTEINS 

CARRIER PROTEINS OR 
MOLECULES 

THERAPEUTIC PROTEINS OR 
PEPTIDES OR MOLECULES 

Albumins (preferably, human serum 
albumin); HAS; BSA; IgG; IgM; GCSF; GMCSF; LHRH; VEGF; 
insulin; hGH; lysozyme; alpha- basic ?broblast growth factor 
lactoglobulin; basic ?broblast growth (bFGF); DNA; RNA; asparaginase; 
factor; VEGF; chymotrypsin; trypsin; tPA; urokinase; streptokinase; 
carbonic anhydrase; ovalbumin; interferon; glucagon; ACTH; 
phosphorylase b; alkaline oxytocin; secretin; vasopressin; 
phosphatase; beta-galactosidase; and levothyroxin. 
?brinogen; poly-l-lysine; DNA; 
immunoglobulins (e.g., antibodies); 
casein; collagen; soy protein; and 
gelatin. 

Insulin; human groWth hormone; 

[0095] In general, the microspheres of the invention are 
formed by mixing the protein together With at least one 
Water soluble polymer under suitable conditions Which, 
preferably, permit the Water soluble polymer to remove 
Water from (“dehydrate”) the protein (see e.g., Table 2) 
Within speci?ed or preferred ratios (Wt/Wt) of protein to 
Water soluble polymer (e.g., ratios range from about 1 
protein:1 polymer to about 1 protein:1000 polymer). The 
preferred ratio of protein to Water soluble polymer in the 
microsphere formation reaction is in the range from about 1 
protein:5 polymer to about 1 protein:30 polymer. As noted 
above, a “Water soluble polymer” of the invention refers to 
a polymer or mixture of polymers Which, preferably, are 
capable of interacting With the macromolecule (e.g., protein 
or other molecule) to cause volume exclusion. Thus, the 
preferred process involves using an entirely aqueous system 
With no oil or organic solvents involved. 

[0096] Suitable Water soluble polymers include soluble 
linear or branched polymers, preferably those having a high 
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molecular Weight. Polymers can be highly Water soluble, 
moderately-Water soluble, or slightly Water soluble (greater 
than 2% Wt/vol Water soluble). The preferred Water soluble 
polymers are Water soluble or soluble in a Water miscible 

solvent. The Water soluble polymers may be solubiliZed by 
?rst being dissolved in a Water miscible solvent and then 
combining the polymer solution With an aqueous solvent. In 
the particularly preferred embodiments, the Water soluble 
polymers of the invention are selected from Water soluble 
polymers identi?ed in Table 2. In the particularly preferred 
embodiments, the Water soluble polymer is a carbohydrate 
based polymer. 

[0097] The preferred polymer is polyvinylpyrrolidone, 
polyethylene glycol, dextran, polyoxyethylene-polyoxypro 
pylene copolymer, polyvinyl alcohol, starch, hetastarch, or 
mixtures thereof, the characteristics of Which are described 
in more detail beloW. The polymer or polymer mixture may 
be prepared in accordance With the methods set forth in US. 
Pat. No. 5,525,519 to James E. WoisZWillo, or PCT Patent 
Application No. US93-00073 (International Publication No. 
WO 93/14110), ?led Jan. 7, 1993 and published on Jul. 22, 
1993 by James E. WoisZWillo, both of Which are incorpo 
rated herein by reference), in Which the polymer is dissolved 
in Water or an aqueous solution, such as a buffer, in a 
concentration betWeen approximately 1 and 50 g/100 ml 
depending on the molecular Weight of the polymer. The 
preferred total polymer concentration in the polymer solu 
tion is betWeen 10% and 80%, expressed as Weight/volume 
percent. The preferred concentration of each polymer in the 
polymer solution is betWeen 5% and 50%. As discussed 
above, the pH of the polymer solution may be adjusted 
before being combined With the macromolecule so that the 
addition of the polymer causes a pH adjustment of the 
macromolecule solution, most preferably Within one pH unit 
of the pI. The pH may be adjusted during the preparation of 
the polymer solution by preparing the polymer in a buffer 
having a predetermined pH. Alternatively, the pH may be 
adjusted after preparation of the polymer solution With an 
acid or a base. 

[0098] Polyoxyethylene-polyoxypropylene copolymer, 
also knoWn as poloxamer, is sold by BASE (Parsippany, 
NJ and is available in a variety of forms With different 
relative percentages of polyoxyethylene and polyoxypropy 
lene Within the copolymer. 

[0099] PVP is a non-ionogenic, hydrophilic polymer hav 
ing a mean molecular Weight ranging from approximately 
10,000 to 700,000 and the chemical formula (C6H9NO)[n]. 
PVP is also knoWn as poly[1-(2-oxo-1-pyrrolidinyl)ethyl 
ene], PovidoneTM, PolyvidoneTM, RP 143TM, KollidonTM, 
Peregal STTM, PeristonTM, PlasdoneTM, PlasmosanTM, 
ProtagentTM, SubtosanTM, and VinisilTM. PVP is non-toxic, 
highly hygroscopic and readily dissolves in Water or organic 
solvents. 

[0100] Polyethylene glycol (PEG), also knoWn as poly 
(oxyethylene) glycol, is a condensation polymer of ethylene 
oxide and Water having the general chemical formula 

HO(CH2CH2O)[n]H. 
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TABLE 2 

Water Soluble Polymers 
WATER SOLUBLE POLYMERS 

1) carbohydrate-based polymers, such as methylcellulose, carboxymethyl 
cellulose-based polymers, dextran, polydextrose, derivatiZed chitins, 
chitosan, and starch (including hetastarch), and derivatives thereof; 2) 
polyaliphatic alcohols such as polyethylene oxide and derivatives thereof 
including polyethylene glycol (PEG), PEG-acrylates, polyethylene imine, 
polyvinyl acetate, and derivatives thereof; 3) poly(vinyl) polymers such 
as poly(vinyl) alcohol, poly(vinyl)pyrrolidone, poly(vinyl)phosphate, 
poly(vinyl)phosphonic acid, and derivatives thereof; 4) polyacrylic acids 
and derivatives thereof; 5) polyorganic acids, such as polymaleic acid, and 
derivatives thereof; 6) polyamino acids, such as polylysine, and polyimino 
acids, such as polyimino tyrosine, and derivatives thereof; 7) co-polymers 
and block co-polymers, such as poloxamer 407 or Pluronic L-101 TM 
polymer, and derivatives thereof; 8) tert-polymers and derivatives thereof; 
9) polyethers, such as poly(tetramethylene ether glycol), and derivatives 
thereof; 10) naturally occurring polymers, such as Zein and pullulan, and 
derivatives thereof; 11) polyimids, such as polyn-tris(hydroxymethyl)— 
methylmethacrylate, and derivatives thereof; 12) surfactants, such as poly 
oxyethylene sorbitan, and derivatives thereof; 13) polyesters such as 
poly(ethylene glycol)(n)monomethyl ether mono(succinimidylsuccinate)— 
ester, and derivatives thereof; 14) branched and cyclo-polymers, such as 
branched PEG and cyclodextrins, and derivatives thereof; and 15) 
polyaldehydes, such as poly(perfluoropropylene oxide-b 
perfluoroformaldehyde), and derivatives thereof. 

[0101] Dextran is a term applied to polysaccharides pro 
duced by bacteria growing on a sucrose substrate. Native 
dextrans produced by bacteria such as Leuconostoc 
mesenteroides and Lactobacteria dextranicum usually have 
a high molecular weight. Dextrans are routinely available 
and are used in injectable form as plasma expanders in 
humans. 

[0102] Polyvinyl alcohol (PVA) is a polymer prepared 
from polyvinyl acetates by replacement of the acetate groups 
with hydroxyl groups and has the formula (CH2CHOH)[n]. 
Most polyvinyl alcohols are soluble in water. 

[0103] PEG, dextran, PVA and PVP are commercially 
available from chemical suppliers such as the Sigma Chemi 
cal Company (St. Louis, Mo.). 
[0104] Most preferably, the polymer is a polymer mixture 
containing an aqueous solution of PVP having a molecular 
weight between 10,000 and 360,000, most preferably 
40,000, and PEG having a molecular weight between 200 
and 35,000. PVP having a molecular weight of 40,000 and 
PEG having a molecular weight of 3500 is preferred. Pref 
erably, the PVP is dissolved in an acetate buffer and PEG is 
added to the aqueous PVP solution. The concentration of 
each polymer is preferably between 1 and 40 g/100 ml 
depending of the molecular weight of each polymer. Equal 
concentrations of PVP and PEG generally provide the most 
favorable polymer mixture for the formation of micro 
spheres. 
[0105] An alternative preferred polymer is a dextran, 
having a molecular weight from approximately 3000 to 
500,000 daltons. 

[0106] The volume of polymer added to the macromol 
ecule varies depending on the size, quantity and concentra 
tion of the macromolecule. Preferably, two volumes of the 
polymer mixture at a 5-50% total polymer concentration are 
added to one volume of a solution containing the macro 
molecule. The polymer is present in a liquid phase during the 
reaction with macromolecule. 

10 
Mar. 27, 2003 

[0107] In certain of the embodiments and, in particular, the 
embodiments of the microspheres which do not further 
contain a complexing agent, the water soluble polymer 
preferably is not PEG, PVP, dextran, nonylphenol-ethoxy 
lates, and/or polyvinyl alcohol. 

[0108] Complexing Agents 
[0109] According to another aspect of the invention, a 
microsphere further including a complexing agent is pro 
vided. As used herein, a complexing agent refers to a 
molecule which is capable of facilitating loading, retaining 
and/or otherwise delaying the release of the therapeutic 
agent from the microsphere (see, e.g., Table 3). In certain 
embodiments, the microsphere of this aspect includes: (1) a 
macromolecule such as a protein (e. g., albumin, as described 
above); (2) at least one water soluble polymer (e.g., 
hetastarch, PEG/PVP, as described above); and (3) a com 
plexing agent. 

TABLE 3 

Complexing Agents 
COMPLEXING AGENTS 

OTHER INTERACTION 
(including non-ionic and 

IONIC mixed ionic and non 

POLYANIONIC POLYCAT IONIC ionic interactions) 

Dextran sulfate Poly-lysine Albumin 
Heparin sulfate Poly arginine IgG 
Heparan sulfate Poly imino acids IgM 
Chondroitin sulfate Poly imino tyrosine hydrophobic polymers 
Na polystyrene sulfonate Cholestyramine silicone 

resin 
Carboxymethylcellulose Diethyl amino ethyl Zein 
Poly aspartic acid cellulose Lignin 
Poly glutamic acid Poly citrulline fatty acids 

Poly ornithine phospholipids 
gelatin 
divalent cations (e.g., 
calcium, magnesium, 
Zinc) 

[0110] In certain particularly preferred embodiments of 
this aspect of the invention, the microspheres include: (1) a 
carrier protein; (2) a water soluble polymer; (3) a ?rst 
complexing agent that is a polyanionic polysaccharide such 
as dextran sulfate, galacturonic acids, alginates, mannuronic 
acid, guluronic acid, hyaluronic acid, chondroitin sulfates, 
heparin, chitin, chitosan, glycosaminoglycans, proteogly 
cans) and cationic complexing agents (i.e., complexing 
agents having a positive charge); and (4) a second complex 
ing agent that is a divalent metal cation selected from the 
group consisting of calcium, magnesium, Zinc, strontium, 
barium, manganese, and iron. In the preferred embodiments 
of this aspect, the carrier protein is an albumin or an 
immunoglobulin or other protein selected from the group 
consisting of the carrier proteins of Table 1. In general, the 
microspheres of this aspect of the invention contain from 
about 40 to less than 100% protein. In the preferred embodi 
ments of this aspect, the water soluble polymer is selected 
from the group consisting of the water soluble polymers of 
Table 2, preferably a carbohydrate-based polymer, and more 
preferably, a hydroxyethylstarch. 

[0111] As with other aspects of the invention, these micro 
spheres preferably have a smooth surface which includes a 
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plurality of channel openings that are less than 1000 ang 
stroms as determined by gas adsorption technique for pore 
sizing and, preferably, do not contain detectable oil or 
organic solvent. 

[0112] Apreferred method of incorporating an ionic com 
plexing agent(s) is to combine the ionic complexing(s) With 
a Water soluble polymer in aqueous solution and the protein 
in aqueous solution and stabilize the microsphere With heat 
or With crosslinking agents. 

[0113] In general, the complexing agent is an ionic com 
plexing agent (i.e., the complexing agent is capable of an 
ionic interaction or a non-ionic complexing agent (i.e., the 
complexing agent is capable of a non-ionic (e.g., hydropho 
bic) interaction or an agent With both ionic and nonionic 
interactions (e.g., IgG). Exemplary non-ionic complexing 
agents and ionic complexing agents such as anionic com 
plexing agents (i.e., complexing agents having a negative 
charge) and cationic complexing agents (i.e., complexing 
agents having a positive charge) are provided in Table 3. 

[0114] In certain embodiments, the complexing agent is an 
anionic complexing agent having the structure of formula I: 

POLY-[Y], * I. 

[0115] Wherein POLY represents a principal chain of 
the anionic complexing agent Which may be linear or 
branched; 

[0116] Wherein Y- represents an anionic group, e.g., 
sulfates, carboxyls, phosphates, nitrates, carbonates 
and the like, that may be coupled to any one or more 
of the branches of the principal chain; 

[0117] Wherein X+ represents a cationic group, e.g., 
that is a counter ion to the anionic group; 

[0118] Wherein n is an integer from 1 to 10,000, 
preferably, from 5 to 100 and, more preferably, from 
5 to 1000, and still more preferably, from 5 to 
10,000; and 

[0119] Wherein When n is greater than 1, the n Y 
groups can be the same or different. 

[0120] In yet other embodiments of the invention the 
complexing agent is a cationic complexing agent having the 
structure of formula II: 

POLY-[X1], * II. 

[0121] Wherein POLY represents a principal chain of 
the cationic complexing agent Which may be linear 
or branched; 

[0122] Wherein X+ represents a cationic group, e.g., 
an amino group, that may be coupled to any one or 
more of the branches of the principal chain; 

[0123] Wherein Y- represents an anionic group, that 
is a counter ion to the cationic group; 

[0124] Wherein n is an integer from 1 to 10000, 
preferably, from 5 to 100 and, more preferably, from 
5 to 1000, and most preferably, from 5 to 10,000; and 

[0125] Wherein When n is greater than 1, the n X 
groups can be the same or different. 

Mar. 27, 2003 

[0126] Active Agents 

[0127] According to another aspect of the invention, a 
microsphere further including an active agent is provided. 
Exemplary categories of active agents are provided in Table 
4. 

TABLE 4 

Therapeutic Agents: Categories 
THERAPEUTIC AGENTS - CATEGORIES 

hormones, antibiotics and other antiinfective agents, hematopoietics, 
thrombopoictics, agents, antidementia agents, antiviral agents, antitumoral 
agents (chemotherapeutic agents), antipyretics, analgesics, anti 
inflammatory agents, antiulcer agents, antiallergic agents, antidepressants, 
psychotropic agents, cardiotonics, antiarrythmic agents, vasodilators, 
antihypertensive agents such as hypotensive diuretics, antidiabetic agents, 
anticoagulants, cholesterol lowering agents, therapeutic agents for 
osteoporosis, enzymes, vaccines, immunological agents and adjuvants, 
cytokines, groWth factors, nucleotides and nucleic acids; carbohydrates 
and polysaccharides; viruses and virus particles; conjugates or complexes 
of small molecules and proteins, or mixtures thereof; and organic or 
inorganic synthetic pharmaceutical drugs. 

[0128] The microspheres into Which the active agent can 
be loaded may include a complexing agent to facilitate 
loading and/or modify the release of the active agent from 
the microsphere. Alternatively, the active agent can be 
loaded into the above-described microspheres Which lack a 
complexing agent, e.g., the protein and/or the Water soluble 
polymers of the invention can interact With the active agent 
to facilitate loading and/or modify its release from the 
microsphere. In general, although the active agent can be 
loaded into a microsphere of the invention during prepara 
tion of the microsphere, it is preferable to load the active 
agent into a preformed microsphere of the invention and, 
more preferable to load the active agent into a preformed 
microsphere Which contains a complexing agent(s) to facili 
tate loading and/or sustained release of the agent. In contrast 
to hydrogel microspheres, the microspheres of the invention 
do not sWell signi?cantly in Water and, further, the stabilized 
microspheres do not require sWelling in order to provide 
sustained release of the therapeutic protein and/or physi 
ologically active agent from the microsphere. 

[0129] As used herein, an active agent refers to an agent 
Which has a diagnostic or therapeutic activity. Accordingly, 
an active agent optionally includes a detectable label (e.g., 
a radioactive label) that is useful for identifying the locations 
of the released agent in vivo; Active agents also include 
therapeutic agents Which are useful for treating a disease or 
condition. In certain embodiments, the preferred physiologi 
cally active agents are protein or peptide agents. Such 
protein or peptide agents typically can be further divided 
into categories, based upon the activity of the agent or the 
type of disease or condition that is being treated. The 
physiologically active agent Which can be used in the 
present invention includes but is not limited to categories of 
antibiotics, hematopoietic agents, antiinfective agents, anti 
dementia agents, antiviral agents, antitumoral agents, anti 
pyretics, analgesics, antiin?ammatory agents, antiulcer 
agents, antiallergic agents, antidepressants, psychotropic 
agents, cardiotonics, antiarrythmic agents, vasodilators, 
antihypertensive agents such as hypotensive diuretics, 
antidiabetic agents, anticoagulants, cholesterol loWering 
agents, therapeutic agents for osteoporosis, hormones, vac 
cines and so on (see, e.g., Table 4). While speci?c examples 
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of active agents (e.g., peptide and non-peptide agents) for 
use in accordance With this invention are mentioned below, 
this does not mean that other peptide or non-peptide agents 
are excluded. These active agents may be naturally occur 
ring, recombinant or chemically synthesiZed substances. 

[0130] The physiologically active agents of the invention 
include protein or peptide agents, as Well as non-protein or 
non-peptide agents. For ease of discussion, such protein or 
peptide agents are referred to collectively herein as peptide 
agents; non-protein and non-peptide agents shall be referred 
to collectively herein as non-peptide agents. Exemplary 
non-peptide agents include the folloWing non-limiting cat 
egories of agents: a) nucleotides and nucleic acids; b) 
carbohydrates and polysaccharides; c) viruses and virus 
particles; d) conjugates or complexes of small molecules and 
proteins, or mixtures thereof; and e) organic or inorganic 
natural or synthetic pharmaceutical drugs. A further descrip 
tion of these and other agents that can be used in accordance 
With the methods and compositions of the present invention 
are described in Us. Pat. Nos. 5,482,706; 5,514,670; and 
4,357,259, the entire contents of Which are incorporated 
herein by reference. 

[0131] The preferred physiologically active peptide agents 
include peptide hormones, cytokines, groWth factors, factors 
acting on the cardiovascular system, factors acting on the 
central and peripheral nervous systems, factors acting on 
humoral electrolytes and hemal organic substances, factors 
acting on bone and skeleton, factors acting on the gas 
trointestinal system, factors acting on the immune system, 
factors acting on the respiratory system, factors acting on the 
genital organs, and enZymes. 

[0132] Exemplary hormones include insulin, groWth hor 
mone, parathyroid hormone, luteiniZing hormone-releasing 
hormone (LH-RH), adrenocorticotropic hormone (ACTH), 
amylin, oxytocin, luteiniZing hormone, (D-Tryp6)-LHRH, 
nafarelin acetate, leuprolide acetate, follicle stimulating hor 
mone, glucagon, prostaglandins, PGE1, PGE2 and other 
factors acting on the genital organs and their derivatives, 
analogs and congeners. As analogs of said LH-RH, such 
knoWn substances as those described in US. Pat. Nos. 

4,008,209, 4,086,219, 4,124,577, 4,317,815 and 5,110,904 
can be mentioned. 

[0133] Exemplary antibiotics include tetracycline, ami 
noglycosides, penicillins, cephalosporins, sulfonamide 
drugs, chloramphenicol sodium succinate, erythromycin, 
vancomycin, lincomycin, clindamycin, nystatin, amphoteri 
cin B, amantidine, idoxuridine, p-amino salicyclic acid, 
isoniaZid, rifampin, antinomycin D, mithramycin, daunomy 
cin, adriamycin, bleomycin, vinblastine, vincristine, procar 
baZine, imidaZole carboxamide. 

[0134] Exemplary hematopoictic or thrombopoictic fac 
tors include, among others, erythropoietin, granulocyte 
colony stimulating factor (G-CSF), granulocyte-macroph 
age stimulating factor (GM-CSF) and macrophage colony 
stimulating factor (M-CSF), leukocyte proliferation factor 
preparation (Leucoprol, Morinaga Milk), thrombopoietin, 
platelet proliferation stimulating factor, megakaryocyte pro 
liferation (stimulating) factor, and factor VIII. 

[0135] Exemplary Antidementia Agents Include Selege 
lene. 

[0136] Exemplary antiviral agents include amantidine and 
protease inhibitors. 
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[0137] Exemplary antitumoral agents include doxorubi 
cin, Daunorubicin, taxol, and methotrexate. Exemplary anti 
pyretics and analgesics include aspirin, Motrin, Ibupro?n, 
naprosyn, Indocin, and acetaminophen. 

[0138] Exemplary antiin?ammatory agents include 
NSAIDS, aspirin, steroids, dexamethasone, hydrocortisone, 
prednisolone, and Diclofenac Na. 

[0139] Exemplary antiulcer agents include famotidine, 
cimetidine, niZatidine, ranitidine, and sucralfate. 

[0140] Exemplary antiallergic agents include antihista 
mines, diphenydramine, loratadine, and chlorpheniramine. 

[0141] Exemplary antidepressants and psychotropic 
agents include lithium, amitryptaline, tricyclic antidepres 
sants, ?uoxetine, proZac, and paroxetine. 

[0142] Exemplary cardiotonics include digoxin. 

[0143] Exemplary antiarrythmic agents include meto 
prolol and procainamide. 

[0144] Exemplary vasodilators include nitroglycerin, nife 
dipine, and Isosorbide dinitrate. 

[0145] Exemplary diuretics include hydrochlorothiaZide 
and furosemide. 

[0146] Exemplary antihypertensive agents include capto 
pril, nifedipine, and atenolol. 

[0147] Exemplary antidiabetic agents include glucoZide, 
chloropropamide, metformin, and insulin. 

[0148] Exemplary anticoagulants include Warfarin, hep 
arin, and Hirudin. 

[0149] Exemplary cholesterol loWering agents include 
lovastatin, cholestyamine, and clo?brate. 

[0150] Exemplary therapeutic agents for treating 
osteoporosis and other factors acting on bone and skeleton 
include calcium, alendronate, bone GLa peptide, parathyroid 
hormone and its active fragments (osteostatin, Endocrinol 
ogy 129, 324, 1991), histone H4-related bone formation and 
proliferation peptide (OGP, The EMBO Journal 11, 1867, 
1992) and their muteins, derivatives and analogs thereof. 

[0151] Exemplary enZymes and enZyme cofactors include: 
pancrease, L-asparaginase, hyaluronidase, chymotrypsin, 
trypsin, tPA, streptokinase, urokinase, pancreatin, collage 
nase, trypsinogen, chymotrypsinogen, plasminogen, strep 
tokinase, adenyl cyclase, and superoxide dismutase (SOD). 

[0152] Exemplary vaccines include Hepatitis B, MMR 
(measles, mumps, and rubella), and Polio vaccines. 

[0153] Exemplary immunological adjuvants include: Fre 
unds adjuvant, muramyl dipeptides, concanavalin A, BCG, 
and levamisole. 

[0154] Exemplary cytokines include lymphokines, 
monokines, hematopoietic factors and so on. Lymphokines 
and cytokines useful in the practice of the invention include 
interferons (e.g., interferon-alpha, -beta and -gamma), inter 
leukins (e. g. interleukin 2 through 11) and so on. Monokines 
useful in the practice of the invention include interleukin-1, 
tumor necrosis factors (eg TNF-alpha and -beta), malignant 
leukocyte inhibitory factor (LIF) and so on. 




























