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FORMULATION COMPRISING BIOACTIVE AGENTS AND METHOD
OF USING SAME

FIELD OF THE INVENTION

The invention relates generally to compositions containing bioactive agents such as
bone morphogenetic protein-2 (BMP-2) and methods of making and using these

compositions.

BACKGROUND OF THE INVENTION

Proteins used as therapeutic agents are typically provided as pharmaceutical
compositions that can vary depending on, for example, the properties of the protein and the

manner in which it will be introduced into a patient.

Protein instability can be a major difficulty in preparing these pharmaceutical
compositions. Unwanted stresses on the protein during preparation of a pharmaceutical
formulation can result in unwanted effects such as protein denaturation, precipitation, or

adsorption to surfaces.

Pharmaceutical compositions containing bone morphogenetic protein 2 (BMP-2) are
of great interest because this protein has been demonstrated to be involved 1n a variety of
biologically important processes such as initiating bone growth and promoting wound
healing. For example, BMP-2 has been used to treating or preventing a variety of bone-

associated disorders, including those associated with the tibia, maxillofacial, and spinal bone.

BMP-2 1s a member of the transforming growth factor-3 superfamily. The mature
protein 1s a disulfide-linked homodimer glycoprotein of 32-kilo daltons (kDa). BMP-2
shows limited solubility in water. This limited solubility can hinder attempts to develop

pharmaceutical compositions containing this protein.
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SUMMARY OF THE INVENTION

The invention is based in part on the discovery that micorparticles containing
precipitated bioactive agents can be conveniently prepared and resuspended in an aqueous
solution prior to administration to a subject. An exemplary bioactive agent disclosed herein
1s a BMP-2 protein. The BMP-2 polypeptide can be either resolubilized or resuspended 1n the
aqueous solution in a bioactive form, and the resolubilized or resuspended BMP-2
microparticle can thus be used to treat or prevent disorders or conditions in which BMP-2 has
been demonstrated to be effective.

If desired, the BMP-2 solution of the added precipitation solution may contain a
suitable biodegradable polymer, including, without limitation, hyaluronic acid, collagen,
carmellose sodium, polyvinyl alcohol, chitosan or cationic starch.Accordingly, in one aspect,
the invention provides a purified microparticle that includes precipitated bioactive bone
morphogenetic proteins. A preferred bone morphogenetic protein is bone morphogenetic
protein 2 (BMP-2). In some embodiments, the BMP-2 protein has an amino acid sequence of
a human BMP-2 and/or is a recombinantly expressed protein. A preferred BMP-2 protein 1s
recombinant human BMP-2 protein (thBMP-2). The microparticle may 1n addition include
additional agents beneficial for the treatment of the bone and/or cartilage detect, wound, or

tissue.

In various embodiments, the microparticle has a diameter from about 0.1 um to
about 2000 um . For example, suitable microparticle diameters can range, without limitation,
from 0.5 um to about 1500 pm, 1 pm to about 1000 um , 5 pm to about 750 pm, 10 pm to
about 500 um, 15 pum to about 250 um, 25um to about 125 pm, and 37 pm to about 75 pm.
Other suitable ranges include, without limitation, 0.5 um to about 140 um, 5 pm to about 85

um, about 15 pm to about 75 um, or about 25 pm to about 50 pm.

If desired, the BMP-2 microparticle can be provided as a lyophilized formulation. In

some embodiments, the microparticle is provided as an aqueous formulation.

In some embodiments, the microparticle is provided in association with a polymeric

carrier. The polymeric carrier is preferably biodegradable.
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Suitable polymeric carriers include, without limitation, polylactide, polylactide-co-

glycolide, polyanhydride, polyorthoester, polyethylenevinylacetate, or nylon.

Also included within the invention 1s a pharmaceutical composition that includes a
precipitated bioactive bone morphogenetic protein 2 (BMP-2) microparticle and a
pharmaceutically acceptable carrier. The pharmaceutical composition preferably also

includes resolubilized BMP-2 protein.

Also featured by the invention 1s a method of increasing bone morphogenetic protein-
2 (BMP-2) levels in a subject. The method comprises providing an aqueous BMP-2
suspension that includes a resolubilized BMP-2 polypeptide introducing the aqueous

suspension into the subject in an amount sutficient to increase BMP-2 levels in the subject.

In preferred embodiments, the aqueous suspension 1s prepared by introducing into an
aqueous solution a microparticle that includes a precipitated bioactive bone morphogenetic
protein 2 (BMP-2), and allowing the precipitated BMP-2 protein to form a suspension or to

resolubilize, thereby preparing the aqueous BMP-2 suspension.

In some embodiments, the microparticle is introduced into the aqueous suspension as

a lyophilized microparticle.

The subject 1s preferably a mammal. The mammal can include, without limitation, a
human, non-human primate (such as an ape, chimpanzee), horse, cow, pig, sheep, goat, dog,

Or cat.

Administration of the BMP-2 microparticle, or formulations containing resolubilized
microparticles, can be via any desired route. For example, administration can be local at the

site at which increase in BMP-2 levels 1s desired.

Among the indications for which the BMP-2 microparticle, or formulations containing
resolubilized microparticles, can be used are bone-related disorders. For example, a suitable
subject has or is at risk for fracture of a bone. The bone can include, without limitation,

tibia, oral/maxillofacial bone, or spinal bone.

Additional indications include treatment of periodontal disease, and other tooth repair
processes. Such agents may provide an environment to attract bone-forming cells, stimulate
growth of bone-forming cells or induce differentiation of progenitors of bone-forming cells.

Further indications include osteoporosis, conditions in which increase 1n neuronal survival 1s
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desired, wound healing and related tissue repair. The types of wounds include, but are not

limited to burns, incisions and ulcers.

Also within the invention 1s a method of making a population of bioactive BMP-2
microparticles. The method includes providing a first solution comprising a BMP-2
polypeptide, and mixing the first solution with a second solution with a known pH and ionic
concentration that results in precipitation of BMP-2 polypeptide upon contact with the second
solution, thereby forming a mixed first solution and second solution. The BMP-2
polypeptides are allowed to precipitate, thereby forming a population ot BMP-2

microparticles.

The BMP-2 protein is preferably present in the first solution at a concentration of
about 0.1 to about 20 mg/ml, e.g., about 0.5 to about 10 mg/ml, or about 0.75 mg/ml to 2.5
mg/ml . The first solution is provided at a pH of about 1.5 to 8, e.g., from about 3 to about 5,
or about 4.2 to about 4.8. A particularly preferred pH is about 4.5 . To facilitate mixing, the

first solution can be provided as a turbulent solution when mixed with the second solution.

The final pH of the mixed first solution and second solution is preferably about 4.0 to
about 10.0. A more preferred pH range 1s from about 5.0 to about 9.5, or about 6.0 to about

9.0. A particularly preferred final pH of the mixed first solution and second solution 1s about

7.4.

If desired, the BMP-2 microparticles can be concentrated. Methods of concentration

can include, without limitation, centrifugation and filtration.

When a pH of about 7.4 is targeted for the combined first and second solution, the
second solution is formulated so that the ionic strength of the mixed first solution and second
solution is in the range of 5 to 1000 mM, more preferred from 20 to 350 mM, e.g.
approximately 140 mM for the following composition: 107 mM NaCl, 27 mM NaHCO3, 1.0
mM NaH,PO4, 0.5 mM Na,SO4. (do we have to broaden this ?! and do we have to calculate

the ionic strength ?!)

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equivalent to those described herein can
be used in the practice or testing of the invention, suitable methods and materials are

described below. All publications, patent applications, patents, and other references

4
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mentioned herein are incorporated by reference in their entirety. In the case of conflict, the
present specification, including definitions, will control. In addition, the materials, methods,
and examples are illustrative only and not intended to be limiting.

Other features and advantages of the invention will be apparent from the following

detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing particle diameter distributions in BMP-2 microparticles

formed during a formation period of less than ten minutes.

FIG. 2 i1s a graph showing particle diameter distributions in BMP-2 microparticles

formed during a formation period of 10 to 110 minutes.

FIG. 3 is a graph showing particle diameter distributions in BMP-2 microparticles

formed during a formation period of up to 160 minutes.
FIG. 4 is a graph showing the influence of centrifugation on BMP-2 particle diameter.

FIG. 5 are graphs showing the rate of drying and cumulative water loss over time 1n

microparticles subjected to lyophilization.
FIG. 6 is a graph showing the influence of lyophilization on BMP-2 particle diameter

FIG. 7 1s a graph showing particle diameter distributions on 720 mg BMP-2

microparticle preparations.

FIG. 8 i1s a graph showing diameter distributions in BMP-2 microparticles prepared

using a micromixing device.

DETAILED DESCRIPTION OF THE INVENTION

BMP-2 microparticles of the invention are formed using any convenient source of
BMP-2 protein. BMP-2 proteins are known in the art and are disclosed in several patents,
patent applications, publications. Representative patents include, without limitation, US
Patent No. 5,013,649, US Patent No. 6, 150,328, US Patent No. 6,187,742, and US Patent
No. 6, 190,880. The BMP-2 may be recombinantly produced, a recombinant human bone
morphogenetic-2 (rhBMP-2) protein, or purified from a protein composition. The BMP-2

may be homodimeric, or may be heterodimeric with other BMPs ( including, without
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limitation, a heterodimer composed of one monomer each of BMP-2 and BMP-6) or with
other members of the TGF-B superfamily, such as activins, inhibins and TGF-B1 (including,
without limitation, a heterodimer composed of one monomer each of a BMP and a related

member of the TGF- Bsuperfamily). Examples of such heterodimeric proteins are described
for example in Published PCT Patent Application WO 93/09229, the specification of which 1s

hereby incorporated herein by reference. A preferred BMP-2 has the amino acid sequence of

the BMP-2 polypeptide disclosed in U.S. Pat. No. 5,013,649.

A human BMP-2 protein includes the amino acid sequence and DNA sequence
disclosed in FIG. 1 of US Patent No.190,880 6,190,880 The contents of this figure are
incorporated herein by reference in their entirety. Human BMP-2 proteins are further
characterized as disulfide-linked dimers and homodimers of mature BMP-2 subunits.
Recombinantly-expressed BMP-2 subunits include protein species having heterogeneous
amino termini. One BMP-2 subunit is characterized by comprising amino acid #249 (Ser)--
#396 (Arg) of FIG. 1 (see especially SEQ ID NOs. 1 and 2 1n the figure) of US Patent
No0.190,880 6,190,880. Another BMP-2 subunit is characterized by comprising amino acid
#266 (Thr)--#396 (Arg) of FIG. 1 of US Patent No.190,880 6,190,880. Another BMP-2
subunit i1s characterized by comprising amino acid #296 (Cys)--#396 (Arg) of FIG. 1 of US
Patent No0.190,880 6,190,880. A mature BMP-2 subunit is characterized by comprising amino
acid #283 (GIn)--#396 (Arg) of FIG. 1 of US Patent No. 6,190,880. This latter subunit 1s the
presently most abundant protein species which results from recombinant expression of BMP-
2 (FIG. 1 of US Patent No. 6,190,880). However, the proportions of certain species of BMP-2
produced may be altered by manipulating the culture conditions. BMP-2 may also include
modifications of the sequences of FIG. 1 of US Patent No. 6,190,880, including, without
limitation, deletion of amino acids #241-280 and changing amino acid #2435 Arg to Ile,

among other changes.

As described 1n detail in United States Patent No. 6,150,328, incorporated by
reference herein, human BMP-2 may be produced by culturing a cell transformed with a
BMP-2 and recovering and purifying from the culture medium one or more of the above-
identified protein species, substantially free from other proteinaceous materials with which 1t

is co-produced.
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Preparation of Bioactive BMP-2 microparticles

Bioactive BMP-2 microparticles can be prepared by combining a solution containing
BMP-2 and a second solution that has an ionic concentration and pH that results in

precipitation of the BMP-2.

While the concentration of BMP-2 in the first solution 1s not critical, the concentration
is preferably low enough to exclude a possible agglomeration during precipitation. On the
other hand, the concentration is preferably high enough to avoid high losses of soluble BMP
and to avoid forming BMP-2 particles that are insufficiently small. In some embodiments,
the BMP-2 polypeptide is present in the first solution at a concentration of about 0.1 mg/ml to
20 mg/ml A preferred concentration range for the BMP-2 1s 0.75 mg/ml to 2.5 mg ml If

sesired, the suspension can be further concentrated.

The pH of the first solution is about 1.5 to about 8, e.g. from about 3 to about 35,
preferably about 4.2 to about 4.8. A referred pH is about 4.5. A preferred first solution
additionally includes 5SmM L-glutamic acid, 5 mM sodium chloride, 0.5% sucrose, 2.5%
glycine, 0.01% polysorbate 80 pH 4.5The second solution has a known pH and 1onic
concentration that, when combined with the first BMP-2 containing solution, results 1n
precipitation of BMP-2 polypeptide upon contact with the second solution. As the solubility
of BMP is a function of the ionic strength, other salts and/or buffers, butfers with an adjusted
ionic strength can be used. If the second solution is of high ionic strength, the precipitation
can be performed over a wide pH range, including, without limitation, pH 4 to pH10.
However, a preferred target pH, i.e., the pH of the solution resulting from mixing the first
solution and the second solution, is around pH 7.4. When the second solution 1s provided at
one-tenth the volume of the first solution, a suitable composition that increases the pH from
4.5 to a targeted value of 7.4 includes 1120 mM NaCl, 300 mM NaHCO3, 11 mM NaH,PO,4
5.5 mM Na,SO4, 40 mM NaOH, and purified water, such that the total volume of the second
solution is 10 % of the first solution. Because precipitation is typically a time-dependent
process, the mixed solutions are allowed to equilibrate for a time sufficiently long to obtain

the desired microparticles.

The precipitated microparticles are preferably concentrated using methods known 1n
the art. A preferred method is centrifugation. The centrifugation conditions are chosen so the

structural integrity of the microparticles is not compromised.
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Either the first solution of BMP-2 or the precipitation solution of both can contain

suitable polymers including, without limitation, hyaluronic acid, collagen, carmellose sodium,

polyvinyl alcohol, chitosan or cationic starch.

If desired the microparticles can be lyophilized. In general, any lyophilization method
known in the art can be used. For example, lyophilization can be performed by freezing or
drying. For freezing, either shock freezing or regular freezing can be used. A preferred

formulation for freezing is immersion of the microparticle for 90 seconds 1n liquid nitrogen,

after which frozen vials are stored at -80 °C.

A suitable drying regimen to produce lyophilized microparticles includes a primary
drying phase and a secondary drying phase. In the primary drying phase, a vial containing the
BMP-2 microparticles is equilibrated to -30 °C in the absence of a vacuum. Vials are then
maintained at -30 °C at 1 mbar for 24-48 hours. In the secondary drying phase, the vials are
heated to 20 °C a pressure of 0.04 mbar within 2 hours, followed by an additional five hours
at the same temperature and pressure.

Structural integrity of BMP-2 polypeptides can be performed using methods known 1n
the art. For example, analysis can be performed via Fourier-Transform-Infrared-Spectroscopy.

In addition, after redissolving the microparticles, gel electrophoresis, size-exclusion
chromatography, reversed-phase chromatography, ion-exchange chromatography, peptide
mapping can be performed to verify the structural integrity of BMP-2 polypeptides.
Techniques including asymmetrical field flow fractionation can be used to determine the
extent of dissolution of BMP-2 microparticles.

The BMP-2 microparticles are preferably provided in a bioactive form. By bioactive 1s
meant that the BMP-2 polypeptide, when resolubilized, retains at least one biological activity
associated with a BMP-2 polypeptide. For example, BMP-2 proteins can be characterized by
the ability to induce bone formation. Human BMP-2 also has in vitro activity in the W20
bioassay (see US Patent No. 6,190,880 and reference described therein). Human BMP-2 1s
further characterized by the ability to induce cartilage formation. Human BMP-2 may be
further characterized by the ability to demonstrate cartilage and/or bone formation activity in
the rat bone formation assay described in the above-referenced application.

If desired, the BMP-2 microparticles can be provided in association with a polymeric
carrier. In some embodiments the polymeric carrier is biodegradable. The polymeric carrier

can be natural or synthetic.
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Suitable biodegradable carriers include, without limitation, a polylactide, polylactide-co-
glycolide, polyanhydride, polyorthoester, polyethylenevinylacetate, or nylon. The polymeric
carriers can be formulated to provide a sustained-release matrix. Examples of sustained-
release matrices include polyesters, hydrogels (for example, poly(2-hydroxyethyl-
methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), copolymers of
L-glutamic acid and y ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable
lactic acid-glycolic acid copolymers such as the LUPRON DEPOT '™ (injectable
microspheres composed of lactic acid-glycolic acid copolymer and leuprolide acetate), and
poly-D-(-)-3-hydroxybutyric acid. While polymers such as ethylene-vinyl acetate and lactic
acid-glycolic acid enable release of molecules for over 100 days, certain hydrogels release
proteins for shorter time periods. Suitable natural polymeric carriers include, without
l[imitation, collagen, chitosan, hyaluronic acid, and cellulose.
If desired,the micropaticle can contain a therapeutic amount of at least one additional bone
morphogenetic protein or another agent beneficial to the treatment of the bone and/or
cartilage defect, wound, or tissue in question. These agents include various growth factors
such as epidermal growth factor (EGF), platelet derived growth factor (PDGF), transforming
growth factor (TGF), and insulin-like growth factor (IGF).

BMP-2 microparticles of various sizes can be prepared by varying the conditions used
In their manufacture. In various embodiments, the microparticle has a diameter from about
0.1 um to about 2000 um . For example, suitable microparticle diameters can range, without
[imitation, from 0.5 um to about 1500 um , 1 um to about 1000 um , 5 um to about 750 um ,
10 pm to about 500 pm, 15 pum to about 250 um, 25um to about 125 pum, and 37 um to about

75 pm. Other suitable ranges include, without limitation, 0.5 pm to about 140 um, 5 pm to

about 85 pum, about 15 pum to about 75 um, or about 25 um to about 50 um.

The size of microparticles can be assessed using methods and devices known in the

art. These include, without limitation, a MASTERSIZER® X (Malvern Instruments Ltd.,

Malvern, United Kingdom). In some embodiments, the particle concentration is optimized

for 4-5 ml sample cell volumes.

BMP-2 microparticles can be resolubilized or resuspended by placing them in an

aqueous solution. A formulation buffer preferably includes sodium and ions at or near
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physiological concentrations. A suitable composition of an aqueous suspension includes 107

mM NaCl, 27 mM NaHCO;;, | mM NaH2P04, 0.5 mM N&zSO4.

Pharmaceutical compositions including BMP-2 microparticles and methods of using BMP-2

microparticles

BMP-2 microparticles can be used to prepare pharmaceutical compositions for
treating a variety of indications. In some embodiments, the microparticles are synthesized
and utilized in an aqueous suspension. In other embodiments, pharmaceutical compositions
are prepared by resuspending the microparticles just prior to delivery into a subject. It
desired, the BMP-2 particles can be delivered as a powder in, direct local, application to 1ts
intended site of action. The BMP-2 microparticles can additionally be delivered 1f desired as
suspensions in other non-aqueous vehicles , including, without limitation, oils or

biocompatible organic solvents.

The BMP-2 microparticle based pharmaceutical compositions and therapeutic
methods of the invention utilize the resolubilization or resuspension of BMP-2 that occurs
upon introduction of the BMP-2 protein into the solution. Thus, the invention includes a
method of increasing bone morphogenetic protein-2 (BMP-2) levels 1n a subject by providing
an aqueous BMP-2 suspension comprising a resolubilized or resuspended BMP-2
polypeptide, and introducing the aqueous suspension into the subject in an amount sufticient
to increase BMP-2 levels in the subject. An increase in BMP-2 levels can be determined by
assessing levels of BMP-2 polypeptide in the subject post-administration. BMP-2 levels can

determined directly using reagents (including, without limitation anti-BMP-2 antibodies). In
some embodiments, a 5 x 10%, 1x 10° -fold, 1x10*-fold, 1x10°-fold, or 1x10°-fold or more

increase in BMP-2 levels occurs post-administration.

Preferably, the increase in BMP-2 protein levels 1s a therapeutically etfective amount.
Therapeutically effective amounts can be determined by 1dentifying an improvement in a
condition known to benefit from treatment with a BMP-2 protein. For example, BMP-2
proteins are further characterized by the ability to induce the formation of cartilage and/or
bone, and by their ability to demonstrate cartilage and/or bone formation activity in the rat
bone formation assay described in US Patent No. 5,066,058. In preferred embodiments, the

proteins of the invention demonstrate activity in this rat bone formation assay at a
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concentration of 0.5 pg -100 pug/gram of bone. In more preferred embodiments these proteins
demonstrate activity in this assay at a concentration of 1 ug-50 pg/gram of bone. More

particularly, these proteins may be characterized by the ability of 1 pg of the protein to score
at least +1 in the rat bone formation assay described in Example III using the modified

scoring described in Example VII of US Patent No. 5, 066,058.

The aqueous suspension containing BMP-2 protein resuspended or resolubilized from
a BMP-2 microparticle can be prepared by introducing into an aqueous solution a
microparticle comprising a precipitated bioactive bone morphogenetic protein 2 (BMP-2) and

allowing the precipitated BMP-2 protein to resolubilize.

In other embodiments, the microparticle is introduced into the aqueous suspension as

a lyophilized microparticle.

The BMP-2 microparticles and suspensions thereof can be used in methods and
composition for repairing fractures and other conditions related to cartilage and/or bone
defects or periodontal diseases. In addition, the invention comprises therapeutic methods and
compositions for wound healing and tissue repair. Such compositions comprise a
therapeutically effective amount of a BMP-2 polypeptide delivered from a microparticle in
admixture with a pharmaceutically acceptable vehicle, carrier or matrix. It 1s expected that
BMP-2 polypeptide released from microparticles may act in concert with or perhaps

synergistically with other related proteins and growth factors.

The BMP-2 microparticle can be used along with a therapeutic amount of at least one
additional bone morphogenetic protein. Further, BMP-2 microparticles may be combined
with other agents beneficial to the treatment of the bone and/or cartilage defect, wound, or
tissue in question. These agents include various growth factors such as epidermal growth
factor (EGF), platelet derived growth factor (PDGF), transforming growth factor (TGF), and
insulin-like growth factor (IGF). The preparation and formulation of such physiologically
acceptable protein compositions, having due regard to pH, isotonicity, stability and the like, 1s
within the skill of the art. The therapeutic compositions are also presently valuable for
veterinary applications. Particularly domestic animals and thoroughbred horses 1n addition to
humans are desired patients for such treatment with pharmaceutical compositions that include

BMP-2 microparticles or formulations prepared from the microparticles.
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Additional indications include treatment of periodontal disease, and other tooth repair
processes. Such agents may provide an environment to attract bone-forming cells, stimulate
growth of bone-forming cells or induce ditferentiation of progenitors of bone-forming cells.
Further indications include osteoporosis, conditions in which increase in neuronal survival 1s
desired, wound healing and related tissue repair. The types of wounds include, but are not
limited to burns, incisions and ulcers. (See PCT Publication W0O84/01106 incorporated by

reference herein for discussion of wound healing and related tissue repair).

The therapeutic method includes administering the BMP-2 microparticles (or
formulations prepared from resuspended BMP-2 microparticles). A pharmaceutical
composition of the invention is formulated to be compatible with its intended route of
administration. Administration modes are chosen based on the bioactive agent and the
intended site of application. When resolubilized or resuspended the use of BMP-2 particles
can be systemic or local. Examples of routes of administration include local, parenteral,
including, without limitation, intravenous, intradermal, subcutaneous, oral (such as
inhalation), transdermal (i.e., topical), transmucosal, and rectal administration. Solutions or
suspensions used for local, parenteral, intradermal, or subcutaneous application can include
the following components: a sterile diluent such as water for injection, saline solution, fixed
oils, polyethylene glycols, glycerine, propylene glycol or other synthetic solvents;
antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as ascorbic
acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid (EDTA);
buffers such as acetates, citrates or phosphates, agents for the adjustment of tonicity such as
sodium chloride or dextrose, and surfactants such as Cremophor EL, polysorbate 20,
polysorbate 60, or polysorbate 80. The pH can be adjusted with acids or bases, such as
hydrochloric acid or sodium hydroxide. The parenteral preparation can be enclosed in
ampoules, disposable syringes or multiple dose vials made of glass or plastic. When
administration is systemic, the BMP-2 microparticle, or composition containing or derived
from a BMP-2 microparticle may additionally include an associated material that facilitates

targeting to and/or retention at a desired site in the subject.

Pharmaceutical compositions suitable for injectable use include sterile aqueous
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous

preparation of sterile injectable solutions or dispersion. For intravenous administration,

suitable carriers include physiological saline, bacteriostatic water, Cremophor EL" (BASF,
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Parsippany, N.J.) or phosphate buffered saline (PBS). In all cases, the composition must be
sterile and should be fluid to the extent that easy syringeability exists. It must be stable under
the conditions of manufacture and storage and must be preserved against the contaminating
action of microorganisms such as bacteria and fungt. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol, polyol (for example, glycerol,
propylene glycol, and liquid polyethylene glycol, and the like), and suitable mixtures thereof.
The proper fluidity can be maintained, for example, by the use of a coating such as lecithin,
by the maintenance of the required particle size in the case of dispersion and by the use of
surfactants. Prevention of the action of microorganisms can be achieved by various
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic
acid, thimerosal, and the like. In many cases, 1t will be preferable to include isotonic agents,
for example, sugars, polyalcohols such as mannitol, sorbitol, sodium chloride in the
composition. Prolonged absorption of the injectable compositions can be brought about by
including in the composition an agent which delays absorption, for example, aluminum

monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating the active compound
(including, without limitation, a BMP-2 protein resolubilized or resuspended from a BMP-2
microparticle) in the required amount in an appropriate solvent with one or a combination ot

ingredients enumerated above, as required, followed by filtered sterilization.

The pharmaceutical compositions can be included in a container, pack, or dispenser

together with instructions for administration.

Oral compositions containing a resuspended or resolubilized bioactive agent generally
include an 1nert diluent or an edible carrier. They can be enclosed in gelatin capsules or
compressed into tablets. For the purpose of oral therapeutic administration, the active
compound can be incorporated with excipients and used in the form of tablets, troches, or
capsules. Oral compositions can also be prepared using a fluid carrier for use as a
mouthwash, wherein the compound in the fluid carrier is applied orally and swished and
expectorated or swallowed. Pharmaceutically compatible binding agents, and/or adjuvant
materials can be included as part of the composition. The tablets, pills, capsules, troches and
the like can contain any of the following ingredients, or compounds of a similar nature: a
binder such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as

starch or lactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; a
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lubricant such as magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide; a

sweetening agent such as sucrose or saccharin; or a flavoring agent such as peppermint,

methyl salicylate, or orange flavoring.

For administration of the bioactive agent by inhalation, the compounds are delivered
in the form of an aerosol spray from pressured container or dispenser which contains a

suitable propellant, e.g., a gas such as carbon dioxide, or a nebulizer.

Systemic administration can also be by transmucosal or transdermal administration.
For transmucosal or transdermal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are generally known 1n the art, and
include, for example, for transmucosal administration, detergents, bile salts, and fusidic acid
derivatives. Transmucosal administration can be accomplished through the use of nasal
sprays or suppositories. For transdermal administration, the active compounds are formulated

into ointments, salves, gels, or creams as generally known in the art.

The compounds can also be prepared in the form of suppositories (e.g., with
conventional suppository bases such as cocoa butter and other glycerides) or retention enemas

for rectal delivery.

When administered, the pharmaceutical composition for use in this invention 1s
typically delivered in a pyrogen-free, physiologically acceptable form. Further, the
composition may desirably be encapsulated or injected in a viscous form for delivery to the
site of bone cartilage or tissue damage. Local administration may be suitable for wound
healing and tissue repair. Preferably for bone and/or cartilage formation, the composition
includes a matrix capable of delivering BMP protein to the site of bone and/or cartilage
damage, providing a structure for the developing bone and cartilage and optimally capable of
being resorbed into the body. Such matrices may be formed of materials presently 1n use for

other implanted medical applications.

The choice of matrix material is based on biocompatibility, biodegradability,
mechanical properties, cosmetic appearance and interface properties. The particular
application of the BMP-2 compositions will define the appropriate formulation. Potential
matrices for the compositions may be biodegradable and chemically defined calcium sulfate,
tricalciumphosphate, hydroxyapatite, polylactic acid and polyanhydrides. Other potential

materials are biodegradable and biologically well defined, such as bone or dermal collagen.
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Further matrices are comprised of pure proteins or extracellular matrix components. Other
potential matrices are nonbiodegradable and chemically defined, such as sintered
hydroxyapatite, bioglass, aluminates, or other ceramics. Matrices may be comprised of
combinations of any of the above-mentioned types of material, such as polylactic acid and
hydroxyapatite or collagen and tricalciumphosphate. The bioceramics may be altered in
composition, such as in calcium-aluminate-phosphate and processing to alter pore size,

particle size, particle shape, and biodegradability.

The dosage regimen will be determined by the attending physician considering various
factors which modify the action of the BMP-2 protein. These factors include, without
limitation, the amount of bone weight desired to be formed, the site of bone damage, the
condition of the damaged bone, the size of a wound, type of damaged tissue, the patient's age,
sex, and diet, the severity of any infection, time of administration and other clinical factors.
The dosage may vary with the type of matrix used in the reconstitution. The addition of other
known growth factors, such as IGF I (insulin like growth factor I), to the final composition,
may also effect the dosage. Progress can be monitored by periodic assessment of bone growth

and/or repair. One method of assessing bone growth or repair 1s by x-ray imaging.

The invention will be further illustrated 1n the following non-limiting examples.

Example 1: Preparation of BMP-2 Microparticles

A BMP-2 microparticle 1s prepared by mixing a first solution containing BMP-2

protein with a second, precipitating solution.

The first solution includes thBMP-2 at a concentration of 0.1 to 2 mg/ml and is at pH
4.5. The second solution 1s formulated so that upon being added at one-tenth volume

(relative to the volume of the first solution), the BMP-2 protein will precipitate and the tinal
pH of the combined solution is pH 7.4. The second solution includes 1120 mM NaCl, 300
mM NaHCO;, 11 mM NaH;PO4, 5.5 mM Na;SO4, 40 mM NaOH and purified water.

The precipitation is performed by adding 10% (volume/volume) of a precipitating
solution which contains both physiological salt and pH adjustment. The precipitation 1s

performed in sterile tubes (15 or 50 ml), depending on the required volume. The filling of the
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50 ml tube with BMP stock solution 1s limited to 30 ml to have enough space for the creation

of a turbulent solution by using the vortex.

To achieve a quick and homogeneous distribution, a turbulent BMP bulk solution is
created with the help of the vortex 10 seconds prior, while and 10 seconds after the addition
of the precipitation solution. In addition in the 50 ml tube batches the original cap 1s replaced
against a cap with a centered whole of approximately 3 mm diameter to pipette the
precipitation solution. After adding the precipitation solution, the tube is sealed with the

original cap, and equilibrated for the desired length of time (see Example 2).

The BMP-2 microparticles are then concentrated by centrifugation, after which they
are lyophilized.

Example 2. Assessment of BMP-2 Microparticle Size

BMP-2 microparticle diameter was assessed using a MALVERN MASTERSIZER X

® instrument (Malvern Instruments Ltd., Malvern, UK) with a sample cell designed for
volumes of 4 to 5 ml. Mixing of a rhBMP-2 solution with a stock solution was used to

generate physiologic salt concentrations.

The range in particle diameter in populations of microparticles subjected to
equilibration for various lengths of time is shown in FIGS. 1-3. FIG. 1 shows the size
distribution obtained in two batches microparticles equilibrated for less than ten minutes.

Most particles are smaller then 10 um in diameter, with a peak detected for microparticles of

5 um to 6 um in diameter.

FIG. 2 shows the size distribution obtained for three batches of microparticles
equilibrated for between 10 and 110 minutes. While 6 um to 9 um are the most common size

ranges, a higher number of microparticles with diameters greater than 10 um are detected as

compared to the distribution observed in FIG. 1.

FIG. 3 shows the results using four batches of particles equilibrated for up to 160
minutes. While the most common size ranges are again 6 um to 9 um, a second peak is

detected in the 30 um to 40 um size range.
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These results demonstrate microparticles were obtained in these studies in the range of

1-100 um and demonstrated a bimodal distribution with maxima at approximately 6+ 1

um and 31 £ 5 pm.

The influence of centrifugation on particle size was determined. The results are
shown in FIG. 4 following centrifugation under three conditions: 230G for 15 minutes;
2550G for 10 minutes, or 3990G at 15 minutes. In these studies, particle size was only
shightly affected by subsequent centrifugation.

The effect of lyophilization on microparticle size was examined. The extent of
lyophilization was assessed by measuring the drying rate and cumulative water loss. The
extent of lyophilization i1s shown in FIG. 5. The effect of lyophilization on particle size 1s
shown in FIG. 6. Lyophilization induced a change to a broad monomodal distribution with

d50 and d90 values of 35 um and 85 um, respectively.

The particle size obtained using a solution containing a larger amount (720 mg) of
protein was examined. Particle size was determined following precipitation, centrifugation,
and lyophilization. The results are shown in FIG. 7. Centrifugation and lyophilization
induced changes in microparticle diameter as compared to diameter in microparticles that

were subjected only to precipitation.

Mixing of BMP-2 containing solution and precipitation solution was performed using
an interdigital single mixing device (MICROMIXER® device, Institut fur Mikrotechnik,

Mainz, Germany). This device allows the combination of small volumes using diffusion
through thin-walled lamellae. Equilibration was performed for 20-480 minutes using BMP-2
concentrations of 0.1 mg/ml, 0.5 mg/ml, and 2.5 mg/ml. The diameter distribution 1s shown

in FIG. 8. For all three concentrations, a bimodal size distribution was obtained with peaks

around 6-9 um and a second, broader distribution centered around 40-60 um.

The integrity of the protein was analysed following dissolution of the microparticles.

BMP-2 was found to be intact following dissolution.
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OTHER EMBODIMENTS

The descriptions given are intended to exemplify, but not limit, the scope of the
invention. While the above invention has been described with reference to BMP-2, it is
understood that the methods described herein can be used to make microparticles for other
bioactive agents, and pharmaceutical compositions based on these microparticles. These
bioactive agents include, without limitation, additional bone morphogenetic proteins,
members of the Transforming Growth Factor-f superfamily. The methods can also be used
to make microparticles comprising therapeutic polypeptides that have solubility and pl

properties similar to BMP-2.
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What 1s claimed is:

1. A purified microparticle comprising a precipitated bioactive bone morphogenetic

protein 2 (BMP-2).

2. The microparticle of claim 1, wherein said BMP-2 has an amino acid sequence of a

human BMP-2.

3. The microparticle of claim 1, wherein said BMP-2 is a recombinantly expressed

protein.

4. The microparticle of claim 2, wherein said BMP-2 1s a recombinantly expressed

protein.

5. The microparticle of claim 1, wherein said microparticle has a diameter from about

0.1 um to about 2000 pum.

6. The microparticle of claim 1, wherein said microparticle has a diameter from about

5 um to about 750 um.

7. The microparticle of claim 1, wherein said microparticle has a diameter from about

15 um to about 250 um.

8. The microparticle of claim 1, wherein said microparticle has a diameter from about

25 um to about 50 um.
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9. The microparticle of claim 1, wherein said microparticle is provided as a

lyophilized formulation.

10. The microparticle of claim 1, wherein said microparticle 1s provided as an

aqueous formulation.

11. The microparticle of claim 1, wherein said microparticle 1s provided in

association with a polymeric carrier. ’

12. The microparticle of claim 11, wherein said polymeric carrier 1s biodegradable.

13. The microparticle of claim 11, wherein said polymeric carrier is a polylactide,

polylactide-co-glycolide, polyanhydride, polyorthoester, polyethylenevinylacetate, or nylon.

14. A pharmaceutical composition comprising a precipitated bioactive bone

morphogenetic protein 2 (BMP-2) microparticle and a pharmaceutically acceptable carrier.

15. The pharmaceutical composition of claim 14, further comprising resolubilized

BMP-2 protein.

16. A method of increasing bone morphogenetic protein-2 (BMP-2) levels 1in a

subject, the method comprising

providing an aqueous BMP-2 suspension comprising a resolubilized BMP-2

polypeptide; and

introducing said aqueous suspension into said subject in an amount sufficient to

increase BMP-2 levels in said subject.
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17. The method of claim 16, wherein said aqueous suspension is prepared by

introducing into an aqueous solution a microparticle comprising a precipitated

bioactive bone morphogenetic protein 2 (BMP-2); and

allowing said precipitated BMP-2 protein to resolubilize, thereby preparing said

5 aqueous BMP-2 suspension.

18. The method of claim 16, wherein said microparticle is introduced into said

aqueous suspension as a lyophilized microparticle.

10 19. The method of claim 16, wherein said subject i1s a human.

20. The method of claim 16, wherein said administration i1s local at the site at which

increase 1n BMP-2 levels 1s desired.

15 21. The method of claim 16, wherein the subject has or is at risk for fracture of a

bone.

22. The method of claim 21, wherein the bone 1s a tibia.

20 23. The method of claim 21, wherein the bone is oral/maxillofacial bone.

24. The method of claim 21, wherein the bone is spinal bone.

25. A method of making a population of bioactive BMP-2 microparticles, the method

25  comprising

providing a first solution comprising a BMP-2 polypeptide at a concentration of about

0.75 mg/ml to 2.5 mg/ml and a pH of about 4.2 to about 4.8,
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mixing said first solution with a second solution with a known pH and ionic
concentration that results in precipitation of BMP-2 polypeptide upon contact with said

second solution, thereby forming a mixed first solution and second solution; and

allowing BMP-2 polypeptides to precipitate, thereby forming a population of BMP-2

microparticles.

26. The method of claim 25, further comprising concentrating said BMP-2

microparticles.

27. The method of claim 25, wherein the first and second solutions are mixed in a

relative volume of ten to one.

28. The method of claim 25, wherein the first solution has a pH of about 4.5.

29. The method of claim 25, wherein the first solution 1s a turbulent solution when

contacting the second solution.

30. The method of claim 25, wherein the mixed first solution and second solution has

a pH of about 4.0 to about 10.0.

31. The method of claim 25, wherein the mixed first solution and second solution has

a pH of about 7.4.

32. The method of claim 25, wherein the mixed first solution and second solution 1s

107 mM NaCl, 27 mM NaHCO3, 1.0 mM NaH2P04, 0.5 mM Na2804.
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33. The method of claim 25, wherein the mixed first and second solution have an

ionic strength from about 5 mM to about 1000 mM.

34. The method of claim 25, wherein the mixed first and second solution have an

ionic strength from about 20 mM to about 250 mM.

35. The method of claim 25, wherein the mixed first and second solution have an

ionic strength of about 140 mM.
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Particle Formation (t < 160 min)
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Cumulative Water Loss [g]
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Particle Formation (t < 10 min)

90
80
70
60
150
40
130
20

] i | i 1
: O
A ARL wea - b veve vrem car ve vy e ll-lh.ll BEE SRS SRR RS (TS RS SR R S AL FEEL SRS CEEAFEEL FYE YYE FEF PR T P YL SIS B YR TE RS YYE CTI i mmme e tve lﬁ
2
L
-
H
o -
3
v
: -
-
S
-
- -
L]
H
IaAvmssEmEstae - e = ¢ s e 00 S e — - - weas — -t e ¥ e e - o St e e e e g e Sy |y e g oy Mo ey
H
¢
: E o
4
-
i
.
.
m b o
.
3
3
3
.
-
1
I gty liapy =id] — TN YT Jermee T Stk (e (SO AL SO A B A feq e dLELIS RSSO SRSREmAS | B S AL YRR - rmatis WS iVVETcEmPIYST (SScEm fEme LR TE LT TR T
-
.
s
H
-
H
5
.
L]
.
]
1
Wy sdem Ahe By mpy ey e e TR TAMA AT I ey Aye Vay Sep sger Bah Se B, Y Cwr b T TEFS ABL R Wy M gy ey f]-u.so- dBe FWL Py By The W CUET U IR S Pe YR SAF AP TYET SEL LB W PR ST TV CSL YR YEE AR YV TYS SR TwE T
>
.
.
: 1
.
:
]
s
)
1
N
.
.
Y e Y P T e P e Y P e W P R e B s Y e e e B e PV P o e § e e B e S P e it § e+ e e e P e AV A Y Ve P A T e TS . STV PP S a e e o Pl o P YT A P e S PR YV P PP Y NP A v .w
i
N
H
E
-
i
-
3
H
mram i e e g B P ey by o, (A i LS ey YA W P P A s a e (el At —
:
.
-
i
.
:

-O
[ ]
H
-
T L T e T TR D T T L T ¥ P e T Wy e PNy PV B e By gy Sy g ol gy — PPy Mg S8 n i Ve = -y \].sfqblnn; L -s - B LT PN L e Tl S LTS b I o S TPTT TN R et ana TR o HE TN PR T T e
-

TR T S YW Ys TS (NP IS mES S P m FRE T e e AE FRE YRR FEE SIY e e e e - e e e ve Amiwms mm v e e A sty amoam A e M = = el v v e er e sA b e

L ol
.
H
v
'
v
v
-
v
- i
T
-
e
L
-
v
-
>
IR TIE 18 TS M. YWY TSP T8 IEAA S FES P TEF VY T YEF FWA MR P NS S0 SEF TYR FYS. AEE SR Wi S0 YEE LYR A, WA LSS SEY FEF FPE PV TV CEETEE (SRS SEY Ty YWY S T CYSPYERY Sy W Tat ver = e od
ry

e vl v o -

P
i

v
e — e sema b s ae . —— o o o Vit s e o ok g ey o kA o 0 e e ke e SR AR o Ve e oy e A ABR MRS TP TS W A A e e (o W i

e
- ]
H
-
: -
v
4
: v
3
s
3
¢
SRS Pl MY etV i At i Yt T e Pt T M ey YmeVes et acr Yt s tantrer et crm et e e T aer ' Sy oyl B Tewy e Teww dps Mg T R YTy vy Tey s AR BAI TR Ay Tme e ety .l-.ll‘
3
3
i
: -
]
e
t
H .
t
¢
1
i
.
:
self ressmrvssers mmecrm i rY WAL EEmAAmEYTE " .- 4, v Y e e e v st mrssssrmmi rm v i e car s rmr e rver ‘rwr ‘e = rddvr s eus rwmcrmmivEn v e rew CRRTTEL TETTTRL RN I RV SRS T

——
g
o
L

-
—
ﬁ-
——
P e
—tin
——
-t
..

O

0.1

Particle Diameter (um.)



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - abstract drawing

