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BONE MORPHOGENETIC PROTEIN 
COMPOSITIONS 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of Inter 
national Application No. PCT/US2008/006144, Which des 
ignated the United States and Was ?led on May 14, 2008, 
published in English, Which claims the bene?t of US. Provi 
sional Application No. 60/930,219, ?led on May 15, 2007. 
The entire teachings of the above applications are incorpo 
rated herein by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to preparations of bone mor 
phogenetic proteins having enhanced stability and, in certain 
embodiments, highly concentrated aqueous solutions of such 
proteins. 

BACKGROUND OF THE INVENTION 

[0003] Protein-based therapeutics have proven highly 
effective for a variety of disorders, injuries and diseases. 
Apart from the performance challenges associated With pro 
tein-based therapeutics, numerous other types of challenges 
arise during the development of such therapeutics, including 
protein processing considerations such as ease and cost of 
manufacturing, stability and shelf-life, as Well as modes of 
administration, dosages and form of effective dosage, to 
name but a feW. 

[0004] Certain therapeutically signi?cant proteins are par 
ticularly dif?cult to formulate because of their inherent 
insolubility under physiological conditions, such as but not 
limited to physiological pH. This insolubility is exacerbated 
When highly concentrated aqueous solutions are desirable. 
One class of proteins Which is inherently insoluble under 
physiological conditions is the TGF-beta superfamily of cys 
teine knot proteins. A similarly behaving subfamily includes 
the Bone Morphogenetic Proteins (BMPs), or example, 
BMP-2, BMP-7 (also knoWn as OP-I), GDP-5 (also knoWn as 
CDMP-1 and MP-52), GDP-6 (also knoWn as BMP-13 and 
CDMP-2). 
[0005] It is an object of the present invention to provide 
highly concentrated aqueous protein preparations of such 
proteins, including but not limited to, BMPs. It is a further 
object to provide methods of treatment of skeletal and non 
skeletal disorders, injuries and diseases using such prepara 
tions. 

SUMMARY OF THE INVENTION 

[0006] The present invention is based on the discovery that 
formulations of bone morphogenetic proteins having 
enhanced stability can be prepared using a suitable combina 
tion of excipients, such as bulking agents, and acidic buffers. 
In one embodiment, the invention provides buffered aqueous 
solutions comprising a bone morphogenetic protein at a con 
centration of at least about 0.1 mg/mL and one or more 
stabiliZing excipients. In another embodiment, the invention 
provides heretofore undescribed aqueous preparations of pro 
teins Which are highly concentrated, i.e., at least about tWo- to 
about ?ve-fold, preferably about three-fold, more concen 
trated than those knoWn in the art, can be readily accom 
plished using the methods and reagents disclosed herein. 
Brie?y, aqueous protein solutions of at least about 4 mg/mL, 
can be accomplished using a speci?ed combination of ionic 
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strength, pH and buffering systems; and, this solubility matrix 
of speci?c solubiliZation conditions results in highly ef?cient 
manufacture of such protein preparations With a high rate of 
recovery. Of particular signi?cance, the present invention’s 
highly concentrated protein preparations permit the clinician 
to administer locally or systemically effective doses of pro 
teins in minimal administration volumes, thereby alloWing 
administration to physiologically-constrained sites such as 
intrajoint or intra-intervertebral disc sites. 
[0007] In one aspect, the invention is a stable aqueous 
preparation of a Bone Morphogenetic Protein (BMP). In a 
preferred embodiment, the protein preparation comprises an 
aqueous carrier and a bone morphogenetic protein solubiliZed 
in said carrier at a concentration of at least about 0.1 mg/mL. 
In preferred embodiments, the protein concentration is at 
least about 10 mg/mL. Certain preferred embodiments have a 
protein concentration greater than about 20 mg/mL; greater 
than about 25 mg/mL; greater than about 30 mg/mL; and, 
greater than about 40 mg/mL. In certain embodiments, the 
protein concentration is in the range of about 10 to 60 mg/mL. 
[0008] In one preferred protein preparation, the aqueous 
carrier has an ionic strength of at least about 10 mM. In 
another, the aqueous carrier has an ionic strength of no more 
than about 100 mM. In yet another, the aqueous carrier has an 
ionic strength of no more than about 10 mM; no more than 
about 20 mM; or no more than about 50 mM. 

[0009] Certain preferred embodiments of the protein prepa 
ration of the present invention comprise an aqueous carrier 
having a pH of at least about 2. Others have a pH of no more 
than about 5. More preferred embodiments have a pH of about 
2.8 to 3 .4 or about 3. In certain embodiments, the pH is in the 
range from about 2 to about 5. 
[0010] In accordance With the present invention, a pre 
ferred protein preparation has a protein concentration of 
about 20-60 mg/mL; an ionic strength of about 0-50 mM; and 
a pH of about 2.5-4. A more preferred preparation comprises 
the protein described herein as BMP-7 in a concentration of 
more than 20 mg/mL; an ionic strength of about 10 mM; and 
a pH of about 3.5. 

[0011] Regarding each of the foregoing embodiments, the 
protein preparation is solubiliZed at a temperature of about 
250 C. The protein preparations of the present invention are 
preferably homogeneous solutions, i.e., preferably the solu 
tions contain no protein precipitate. 
[0012] In yet other embodiments, the protein preparations 
further comprise a stabiliZing excipient, such as, but not lim 
ited to, excipients selected from the group consisting of: 
sugars, polyols, surfactants, and any combination thereof. In 
certain other embodiments, the protein preparations comprise 
an aqueous carrier Which is a buffer of the single acidic group 
type, for example, a buffer selected from the group consisting 
of: potassium phosphate, propionic acid, glycine, lactic acid, 
tri?uoroacetic acid, acetic acid and salts of any of the forego 
ing; or the tWo acidic group type selected from the group 
consisting of: sodium glutamate and sodium succinate. As 
contemplated herein, the preparations of the present inven 
tion can be lyophiliZed or can be a reconstituted lyophiliZate. 

[0013] The protein preparations comprise at least one 
member of the BMP subfamily of the TGF-beta superfamily 
of proteins. Particularly preferred BMPS include one or more 
of BMP-2, BMP-4, BMP-5, BMP-6, BMP-7, GDP-5, GDP 
6, and GDP-7, further including sequence variants of any one 
of the foregoing. Variants contemplated herein include but are 
not limited to a protein having at least about 50% amino acid 



US 2010/0015230 A1 

sequence identity With a member of the BMP subfamily 
Within the conserved C-terminal cysteine-rich domain. More 
particularly preferred BMPs are BMP-2, GDP-5, GDP-6 and 
GDP-7. Most particularly preferred is BMP-7. 
[0014] In another aspect, the present invention provides 
methods of treating disorders, injuries and diseases of skeletal 
and non-skeletal tissues. For example, one preferred method 
of treating a skeletal tissue disorder, injury or disease com 
prises the step of administering to a subject in need thereof 
any one of the aforementioned protein preparations, Wherein 
said protein preparation is in a dose effective to treat said 
skeletal tissue disorder, injury or disease. In certain preferred 
methods, the skeletal tissue is mineraliZed; in others it is 
non-mineraliZed skeletal tissue. 
[0015] Preferred embodiments can effectively treat a skel 
etal tissue disorder, injury or disease selected from the group 
consisting of metabolic bone disease, osteoarthritis, osteo 
chondral disease, rheumatoid arthritis, osteoporosis, bone 
fractures, Paget’s disease, periodontitis, and dentinogenesis. 
Other preferred embodiments can effectively treat a non 
mineraliZed skeletal tissue disorder, injury or disease selected 
from the group consisting of osteoarthritis, osteochondral 
disease or defect, chondral disease or defect, rheumatoid 
arthritis, trauma-induced and in?ammation-induced cartilage 
degeneration, age-related cartilage degeneration, articular 
cartilage injuries and diseases, full thickness cartilage 
defects, super?cial cartilage defects, sequelae of systemic 
lupus erythematosis, sequelae of scleroderma, periodontal 
tissue regeneration, hierniation and rupture of intervertebral 
discs, degenerative diseases of the intervertebral disc (for 
example, degenerative disc disease), osteochondrosis, and 
injuries and diseases of ligament, tendon, synovial capsule, 
synovial membrane and meniscal tissues. 
[0016] Certain other preferred embodiments can effec 
tively treat tissue injury selected from the group consisting of: 
trauma-induced and in?ammation-induced cartilage degen 
eration, articular cartilage injuries, full thickness cartilage 
defects, super?cial cartilage defects, hierniation and rupture 
of intervertebral discs, degeneration of intervertebral discs 
due to an injury(s), and injuries of ligament, tendon, synovial 
capsule, synovial membrane and meniscal tissues. 
[0017] In another embodiment, the invention provides a 
method of treating a non-skeletal tissue, comprising the step 
of administering to a subject in need thereof one or more of 
the foregoing protein preparations, Wherein said protein 
preparation is in a dose effective to treat said non-skeletal 
tissue disorder, injury or disease. Such a method is effective to 
treat a disorder, injury or disease of a non-skeletal tissue 
selected from the group consisting of: liver disease, liver 
resection, hepatectomy, renal disease, chronic renal failure, 
central nervous system ischemia or trauma, neuropathy, 
motor neuron injury, dendritic cell de?ciencies and abnor 
malities, Parkinson’s disease, ophthalmic disease, ocular 
scarring, retinal scarring, ulcerative diseases of the gas 
trointestinal tract, ?brosis, ?brotic disorders, scleroderma, 
and pulmonary ?brosis. 
[0018] A most preferred disease for treatment in accor 
dance With the present invention is osteoarthritis. In osteoar 
thritis and other disorders, injuries or diseases of joint tissues, 
an effective dose of a protein preparation can be administered 
to the synovial space such as but not limited to that of a knee, 
hip or articulating joint. In one preferred embodiment, the 
protein preparation is administered via direct injection into 
the synovial space. 
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[0019] Another most preferred disease for treatment in 
accordance With the present invention is degenerative disc 
disease, also referred to herein as IVD disease. In the case of 
this disease, an effective dose can be administered to the 
intradiscal space, for example, via direct injection into the 
nucleus pulposus or annulus ?brosus. 
[0020] Generally, the methods of the present invention 
involve an administering step Wherein the administration can 
be local or systemic. In a preferred method, an effective dose 
of protein is about 0.1 mg to 30 mg in about 100 microliters to 
3 mL. A more preferred method uses a preparation of protein 
selected from the group consisting of: BMP-2, BMP-4, EMF 
5, BMP-6, BMP-7, GDP-5, GDP-6 GDP-7, and sequence 
variants of any one of the foregoing. A most preferred method 
uses a preparation of BMP-7. 

[0021] In other embodiments, the present methods can be 
performed pre- or post-surgery. In certain other embodi 
ments, the administering step can be performed more than 
once. 

[0022] In other embodiments of the present invention, the 
above-described methods further comprise a step of admix 
ing said protein preparation With a suitable matrix material 
prior to administration. In yet other embodiments, the above 
described methods further comprise a step of coating an 
implantable medical device With one or more of the previ 
ously described protein preparations. 
[0023] In yet another aspect, the present invention contem 
plates a kit comprising a lyophiliZed bone morphogenetic 
protein and a reconstitution diluent, Wherein the protein and 
the diluent are in separate containers, and Wherein the 
amounts of diluent and protein are su?icient only for prepa 
ration of solubiliZed protein at a concentration of at least 
about 10 mg/mL. In certain embodiments, the kit further 
comprises a matrix. In others, the kit further comprises an 
implantable device suitable for coating With the protein. In a 
further aspect, the invention provides a kit for the treatment of 
a disorder, injury or disease (such as, but not limited to, those 
disorders, injuries and/or diseases described elseWhere 
herein) Which comprises a lyophiliZed protein, preferably a 
bone morphogenetic protein, and a reconstitution diluent. In 
a preferred embodiment, the protein and the diluent are in 
separate containers and further the kit comprises a plurality of 
separate containers each containing an amount of diluent, 
such that the amounts of diluent in a kit are su?icient to 
prepare solubiliZed protein preparations ranging in concen 
tration from at least about 2 mg/mL to about 60 mg/mL for 
use in the treatment of a disorder, injury or disease. In a 
further embodiment, the concentration and volume of solu 
biliZed protein preparations are customiZed for treatment of 
the particular target disorder, injury or disease. 
[0024] In another aspect, the present invention provides a 
method for manufacturing a concentrated form of lyophiliZed 
recombinant bone morphogenetic protein comprising the 
steps of: (1) providing a processing solution of recombinant 
bone morphogenetic protein, the Weight per volume of pro 
tein in said processing solution being less than the Weight per 
volume speci?ed for lyophiliZation; (2) adjusting the Weight 
per volume of protein in said processing solution to produce 
a lyophiliZation solution, the Weight per volume of protein in 
said lyophiliZation solution being greater than that of the 
processing solution; (3) ?lling a vial suitable for lyophiliZa 
tion With a speci?ed volume of said lyophiliZation solution; 
and (4) lyophiliZing said lyophiliZation solution to manufac 
ture a concentrated form of lyophiliZed recombinant bone 
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morphogenetic protein. In a related embodiment, the method 
further comprises the step of reconstituting said lyophiliZed 
recombinant bone morphogenetic protein in a reconstitution 
diluent Wherein the volume of diluent is the same as the 
volume in step 3 identi?ed above. In another related embodi 
ment, the method further comprises the step of reconstituting 
said lyophiliZed recombinant bone morphogenetic protein in 
a reconstitution diluent Wherein the volume of diluent is less 
than the volume in step 3 identi?ed above. In certain preferred 
embodiments of the kit, the concentrated form is achieved 
post-processing and contains solubiliZed bone morphoge 
netic protein in a concentration of at least 10 mg/mL. In a 
most preferred embodiment, a kit comprises a concentrated 
form of recombinant bone morphogenetic protein prepared 
according to the method set forth immediately above. 
[0025] In yet another aspect, the present invention provides 
a method for preparing a concentrated form of bone morpho 
genetic protein comprising the steps of: 
[0026] (1) providing a processing solution of bone morpho 
genetic protein, the Weight per volume of protein in said 
processing solution being the same as the Weight per volume 
speci?ed for lyophiliZation; 
[0027] (2) ?lling a vial suitable for lyophiliZation With a 
speci?ed volume of said processing solution thereby produc 
ing a lyophiliZation solution; 
[0028] (3) lyophiliZing said lyophiliZation solution to pro 
duce a lyophiliZed solid; and 
[0029] (4) packaging the lyophiliZed solid together With a 
speci?ed volume of reconstitution diluent, the volume of said 
diluent being less than the speci?ed ?ll volume of step 3. 
[0030] In one preferred embodiment of this method, the 
method further comprises the step of adjusting the Weight per 
volume of protein in the processing solution to produce an 
adjusted lyophiliZation solution, the Weight per volume of 
protein in said adjusted lyophiliZation solution being greater 
than that of the processing solution. 
[0031] In yet another aspect, the present invention provides 
a method for preparing a concentrated form of protein in 
lyophiliZed or other reconstitutible non-liquid form compris 
ing the steps of: 
[0032] (1) providing a processing solution of protein, the 
Weight per volume of protein in said processing solution 
being the same as the Weight per volume speci?ed for lyo 
philiZation or other reconstitutible non-liquid form; 
[0033] (2) providing a vial suitable for lyophiliZation (or 
other form) for containing a speci?ed volume of said process 
ing solution thereby producing a lyophiliZation (or other 
form) solution; Wherein the Weight per volume of protein in 
each of the processing and lyophiliZation (or other form) 
solution is at least 2 mg/mL. 
[0034] In a preferred embodiment, this method can further 
comprise the step of providing a lyophiliZed form of the 
lyophiliZation solution or a reconstitutible form of the other 
non-liquid form. In another preferred embodiment, the 
method can further comprise the step of providing a speci?ed 
volume of diluent for rehydrating the lyophiliZed form or 
reconstituting the other reconstitutible non-liquid form, the 
volume of said diluent being suf?cient to permit preparation 
of an aqueous protein preparation having at least 2 mg/mL; or 
further comprising the step of providing instructions for rehy 
drating the lyophiliZed form or reconstituting the other recon 
stitutible non-liquid form so as to product an aqueous protein 
preparation having a concentration of at least 0.1 mg/mL, 
preferably at least 1 mg/mL or 2 mg/mL. 
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[0035] In one embodiment, the invention relates a compo 
sition comprising at least one BMP and an amount of treha 
lose su?icient to stabiliZe said BMP. The BMP can be, for 
example, rhGDF-S. The composition can further comprise at 
least one excipient selected from the group consisting of 
glycine, polysorbate 80, polysorbate 20, and mixtures 
thereof. The composition can have a pH of about 2.5 to about 
3.5. 

[0036] In one embodiment, the invention relates to a 
method of stabiliZing a BMP comprising the steps of: a.) 
providing a composition containing at least one BMP and an 
amount of trehalose suf?cient to stabiliZe said BMP, and b.) 
lyophiliZing the composition. The BMP can be, for example, 
rhGDF-S. The composition can further comprise at least one 
excipient selected from the group consisting of glycine, 
polysorbate 80, polysorbate 20, and mixtures thereof. The 
exipient can have a pH of about 2.5 to about 3.5. 

[0037] In one embodiment, the invention relates to a device 
for implanting in a mammal, said device comprising a bio 
compatible matrix, at least one BMP, and an amount of tre 
halose su?icient to stabiliZe said BMP. The BMP can be, for 
example, rhGDF-S. The composition can further comprise at 
least one excipient selected from the group consisting of 
glycine, polysorbate 80, polysorbate 20, and mixtures 
thereof. The exipient can have a pH of about 2.5 to about 3.5. 
The biocompatible matrix can be selected from the group 
consisting of collagen, mineraliZed collagen, salts of calcium 
phosphate, ceramics containing calcium, autogenic bone, 
allogenic bone, xenogenic bone, polylactide (PLA), polygly 
colide (PGA), PLA-PGA co-polymers, polycarbonate, poly 
caprolactone, and mixtures thereof. 
[0038] In one embodiment, the invention relates to a surgi 
cal kit comprising a biocompatible matrix and a lyophiliZed 
BMP composition, Wherein said lyophiliZed BMP composi 
tion comprises at least one BMP and an amount of trehalose 
suf?cient to stabiliZe said BMP. The BMP can be, for 
example, rhGDF-S. The composition can further comprise at 
least one excipient selected from the group consisting of 
glycine, polysorbate 80, polysorbate 20, and mixtures 
thereof. The exipient can have a pH of about 2.5 to about 3.5. 
The biocompatible matrix can be sterile. The kit can further 
include a container of sterile Water. 

[0039] In one embodiment, the invention relates to a 
method of treating a patient having a defect comprising the 
steps of: a.) providing a biocompatible matrix having at least 
one BMP and an amount of trehalose suf?cient to stabiliZe 
said BMP, and b.) implanting said biocompatible matrix into 
said defect. The BMP can be, for example, rhGDF-S. The 
composition can further comprise at least one excipient 
selected from the group consisting of glycine, polysorbate 80, 
polysorbate 20, and mixtures thereof. The exipient can have a 
pH of about 2.5 to about 3 .5. The biocompatible matrix can be 
selected from the group consisting of collagen, mineraliZed 
collagen, salts of calcium phosphate, ceramics containing 
calcium, autogenic bone, allogenic bone, xenogenic bone, 
polylactide (PLA), polyglycolide (PGA), PLA-PGA 
co-polymers, polycarbonate, polycaprolactone, and mixtures 
thereof. The method can further comprise the step of adding 
bone marroW aspirate to said biocompatible matrix. The 
defect is selected from the group consisting of a bone defect, 
a cartilage defect, a tendon defect, a ligament defect, and an 
intervertebral disc defect. 

[0040] In one embodiment, the invention relates to a 
method of treating a patient having a defect comprising the 
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steps of: a) providing a biocompatible matrix, b) providing a 
BMP having an amount of trehalose su?icient to stabilize said 
BMP, c) lyophiliZing said BMP, d) providing an amount of 
sterile Water suf?cient to reconstitute said lyophiliZed BMP, 
e) adding said Water to said lyophiliZed BMP to reconstitute 
said BMP into solution, f) applying said reconstituted BMP 
solution to said biocompatible matrix, and g) implanting said 
biocompatible matrix into said patient. The method can fur 
ther comprise the step of adding bone marroW aspirate to said 
biocompatible matrix. The method can further comprise the 
step of adding at least one excipient selected from the group 
consisting of glycine, polysorbate 80, polysorbate 20, and 
mixtures thereof, to said BMP prior to lyophiliZing said BMP. 
The excipient can have a pH of about 2.5 to about 3.5. 
[0041] The BMP can be, for example, rhGDF-5. The bio 
compatible matrix can be selected from the group consisting 
of collagen, mineraliZed collagen, salts of calcium phosphate, 
ceramics containing calcium, autogenic bone, allogenic 
bone, xenogenic bone, polylactide (PLA), polyglycolide 
(PGA), PLA-PGA co-polymers, polycarbonate, polycapro 
lactone, and mixtures thereof. The method can further com 
prise the step of adding bone marroW aspirate to said biocom 
patible matrix. The defect is selected from the group 
consisting of a bone defect, a cartilage defect, a tendon defect, 
a ligament defect, and an intervertebral disc defect. 
[0042] The present invention contemplates that a protein 
preparation prepared in accordance With any one of the meth 
ods described herein can be used to treat a disorder, injury or 
disease such as but not limited to those disorders, injuries 
and/ or diseases described elseWhere herein. 

BRIEF DESCRIPTION OF THE FIGURES 

[0043] FIG. 1 is a graph shoWing the results of protein 
concentration determination folloWing storage of BMP-7 
lyophiliZed With trehalose and various buffers at 400 C. at 
various time intervals. 
[0044] FIG. 2 is a graph shoWing the results of protein 
oxidation determination folloWing storage of BMP-7 lyo 
philiZedWith trehalose and various buffers at 400 C. at various 
time intervals. 
[0045] FIG. 3 is a graph shoWing the results of protein 
aggregation determination by SDS-PAGE folloWing storage 
of BMP-7 lyophiliZed With trehalose and various buffers at 
400 C. at various time intervals. 
[0046] FIG. 4 is a graph shoWing the results of protein 
aggregation determination by siZe-exclusion chromatogra 
phy folloWing storage of BMP-7 lyophiliZed With trehalose 
and various buffers at 400 C. at various time intervals. 

DETAILED DESCRIPTION OF THE INVENTION 

[0047] The present invention is based on the discovery that 
heretofore undescribed aqueous preparations of proteins 
Which are highly concentrated, i.e., at least about tWo- to 
about ?ve-fold, preferably about three-fold, more concen 
trated than those knoWn in the art, can be readily accom 
plished using the methods and materials disclosed herein. 
Brie?y, aqueous protein solutions of at least about 4 mg/mL, 
can be accomplished using a speci?ed combination of ionic 
strength, pH and buffering systems; and, this solubility matrix 
of speci?c solubiliZation conditions results in highly ef?cient 
manufacture of such protein preparations With a high rate of 
recovery. Of particular signi?cance, the present invention’s 
highly concentrated protein preparations permit the clinician 
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to administer locally or systemically effective doses of pro 
teins in minimal administration volumes, thereby alloWing 
administration to physiologically-constrained sites such as 
intrajoint or intra-intervertebral disc sites. 

Protein Preparation Considerations 

[0048] In certain preferred embodiments of the present 
invention, protein concentrations range from about 0.01 
mg/mL to about 60 mg/mL. In certain embodiments, the 
protein concentration is from about 0.1 mg/mL to about 10 
mg/mL, about 0.5 mg/mL to about 5 mg/mL, about 1 mg/mL 
to about 4 mg/mL or about 1 mg/mL to about 2 mg/mL. The 
protein concentration can also be greater than 5 mg/mL, such 
as from about 5 mg/mL to about 10 mg/mL, or about 5 mg/mL 
to about 8 mg/mL. The protein concentration can also be 
greater than about 10 mg/mL, for example, from about 10 
mg/mL to about 60 mg/mL. In certain other preferred 
embodiments, the protein concentration is at least about 4 
mg/mL but not more than about 100 mg/mL. A particularly 
preferred range is about 20 to about 40 mg/mL. A more 
preferred range is about 10 to about 30 mg/mL. A most 
preferred range is about 5 to about 30 mg/mL. In a currently 
most preferred embodiment, the concentration is at least 
about 10 mg/mL. A most preferred concentration is about 15 
mg/mL. In an even more currently preferred embodiment, the 
concentration is about 20 mg/mL. In another, it is greater than 
about 20 mg/mL. In yet another, it is greater than about 25 
mg/mL. In the case of BMP-7, a most preferred concentration 
range is about 10 to about 40 mg/mL and a most preferred 
concentration is about 20 mg/mL. Preferably, no protein pre 
cipitate is observed in any of the foregoing protein prepara 
tions of the present invention When held at room temperature 
(about 250 C.). And, the foregoing protein preparations are 
stable in solubiliZed forms as Well as lyophiliZed forms When 
prepared and formulated in accordance With the teachings set 
forth herein. 
[0049] In certain preferred embodiments of the above-de 
scribed protein preparations, ionic strength ranges from at 
least about 10 mM to no more than about 100 mM. In certain 
other preferred embodiments, ionic strength is at least about 
20 mM but not more than about 50 mM. A particularly pre 
ferred range is about 25 mM to about 40 mM. A more pre 
ferred range is about 10 mM to about 20 mM. A most pre 
ferred range is about 0 to about 20 mM. In a currently most 
preferred embodiment, the ionic strength is about 10 mM. In 
an even more currently preferred embodiment, the ionic 
strength is about 5 mM. A most preferred ionic strength is 
about 0 mM. In the case of BMP-7, a most preferred range is 
about 0 to about 50 mM and a most preferred ionic strength is 
about 10 mM. Preferably, no precipitate is observed in any of 
the foregoing protein preparations When held at room tem 
perature (about 250 C.). 
[0050] In one preferred protein preparation, the aqueous 
carrier has an ionic strength of at least about 10 mM. In 
another, the aqueous carrier has an ionic strength of in the 
range of 0 to about 100 mM. In yet another, the aqueous 
carrier has an ionic strength from 0 to about 10 mM; from 0 to 
about 20 mM; and, from 0 to about 50 mM. 
[0051] In certain preferred embodiments of the above-de 
scribed protein preparations, preferred pH ranges are from at 
least about 2 to no more than about 5. In certain other pre 
ferred embodiments, pH is at least about 2 but not more than 
about 4. A particularly preferred range is about 3 to about 4. 
A more preferred range is about 2.5 to about 3.5. A most 
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preferred range is about 2.5 to about 4. In a currently most 
preferred embodiment, the pH is about 2.5. In an even more 
currently preferred embodiment, the pH is from about 3 to 
about 3.2. A most preferred pH is about 3.5. In the case of 
BMP-7, a most preferred pH range is about 2.4 to about 4 and 
a most preferred pH is about 3 .5. No precipitate is observed in 
any of the foregoing protein preparations When held at tem 
peratures ranging from about 40 C. to about 250 C. 
[0052] The protein preparations of the present invention 
can be formulated using acidic buffers. Speci?cally, single 
acidic buffers as Well as double acidic buffers can be used 
successfully. The buffer canbe of the single acidic group type, 
such as potassium hydrogen phosphate, propionic acid, lactic 
acid, tri?uoroacetic acid, glycine, or acetic acid or salts of any 
of the foregoing; or of the tWo acidic group type, such as 
glutamic acid or a salt thereof, such as sodium glutamate or 
succinic acid or a salt thereof, such as sodium succinate. More 
preferred acids include lactic acid, TFA, potassium phos 
phate. Lactic acid is most preferred. Other acids knoWn in the 
art can also be used, including, but not limited to citric acid, 
ascorbic acid, sodium phosphate and sodium hydrogen phos 
phate. 
[0053] Certain embodiments of the protein preparations of 
the present invention further comprise a stabiliZing excipient 
selected from the group consisting of sugars, polyols and 
surfactants. Glucose, sucrose, ra?inose, trehalose, lactose are 
among the preferred sugars. Lactose is preferred. Trehalose is 
most preferred. Mannitol and sorbitol are among the pre 
ferred polyols. Mannitol is most preferred. Preferable con 
centrations of sugars or polyols range from about 0% to 10% 
(W/v); most preferably the concentration of the sugar or 
polyol is 2.5% to 10%. In one embodiment, the stabiliZing 
excipient is trehalose present at a concentration of from about 
4% to about 10%, preferably about 9% (W/v). TWeen 80, 
TWeen 20, and Pluronic F-68 are among the preferred non 
ionic surfactants useful as stabiliZing excipients. TWeen 80 
and TWeen 20 are most preferred. Concentrations of these 
surfactants range from about 0.01% to about 0.1%. Generally, 
the range of non-ionic surfactant concentrations useful herein 
is about 0.005% to about 10%. Combinations of any one or 
more of the foregoing stabiliZing excipients are contemplated 
herein. 
[0054] The invention further provides solid preparations 
comprising a bone morphogenetic protein. Such preparations 
can be prepared, for example, by lyophiliZing an aqueous 
solution of the invention. Suitable solid preparations com 
prise a BMP, a buffer and a stabiliZing excipient. In one 
embodiment, the solid preparation of the invention comprises 
a BMP, trehalose and a buffer, such as glycine, lactate or 
acetate. The ratio of trehalose to BMP can be, for example, 
from about 100:0.01 to about 4:6. Preferably, the ratio of 
trehalose to BMP is about 90:01 to 90:40. 

Bone Morphogenetic Proteins (BMPs) 

[0055] As stated above, the preparations of the present 
invention comprise one or more bone morphogenetic proteins 
(BMPs). BMPs belong to the TGF-[3 superfamily. The TGF-[3 
superfamily proteins are cytokines characteriZed by six-con 
served cysteine residues. The human genome contains about 
42 open reading frames encoding TGF-[3 superfamily pro 
teins. The TGF-[3 subfamily includes, but is not limited to, 
TGFs (e.g., TGF-[31, TGF-[32, and TGF-[33), activins (e.g., 
activin A) and inhibins, macrophage inhibitory cytokine-1 
(MIC-I), Mullerian inhibiting substance, anti-Mullerian hor 
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mone, and ?lial cell line derived neurotrophic factor (GDNF). 
Structurally, such proteins are homo or heterodimers 
expressed as large precursor polypeptide chains containing a 
hydrophobic signal sequence, an N-terminal pro region of 
several hundred amino acids, and a mature domain compris 
ing a variable N-terminal region and a highly conserved 
C-terminal region containing approximately 100 amino acids 
With a characteristic cysteine motif having a conserved six or 
seven cysteine skeleton. These structurally-related proteins 
have been identi?ed as being involved in a variety of devel 
opmental events. As used herein, “TGF-[3 subfamily,” “TGF 
[3s,” “TGF-[3 ligands” and grammatical equivalents thereof 
refer to the TGF-[3 subfamily members, unless speci?cally 
indicated otherWise. 

[0056] The BMP subfamily includes, but is not limited to, 
BMP-2, BMP-3 (osteogenin), BMP-3b (GDP-10), BMP-4 
(BMP-2b), BMP-5, BMP-6, BMP-7 (OP-I, osteogenic pro 
tein-1), BMP-8 (OP-2), BMP-8B (OP-3), BMP-9 (GDP-2), 
BMP-IO, BMP-I1 (GDP-I1), BMP-12 (GDP-7), BMP-13 
(GDP-6, CDMP-2), BMP-15 (GDP-9), BMP-16, GDF-I, 
GDP-3, GDP-5 (CDMP-I, MP-52), and GDP-8 (myostatin). 
For purposes of the present invention, preferred superfamily 
proteins include BMP-2, -4, -5, -6 and -7 and GDP-5, -6, and 
-7, as Well as MP-52. Particularly preferred proteins include 
BMP-2, BMP-7 and GDP-5, -6, and -7. A most preferred 
exemplary BMP is BMP-7. Preferred BMPs can have a six- or 
seven-cysteine conserved region in their C-terminal region. 
BMPs are also present in other animal species. Furthermore, 
there is allelic variation in BMP sequences among different 
members of the human population, and there is species varia 
tion among BMPs discovered and characteriZed to date. As 
used herein, “BMP subfamily,” “BMPs,” “BMP ligands” and 
grammatical equivalents thereof refer to the BMP subfamily 
members, unless speci?cally indicated otherWise. 
[0057] Publications describing certain of these preferred 
proteins, as Well as their chemical and physical properties, 
include: BMP-7 and OP-2 (US. Pat. No. 5,01 1,691; US. Pat. 
No. 5,266,683; OZkaynak et al., EMBO 1., 9, pp. 2085-2093 
(1990); OP-3 (WO94/10203 (PCT US93/10520)), BMP-2, 
BMP-4, (WO88/00205; WoZney et al. Science, 242, pp. 
1528-1534 (1988)), BMP-5 and BMP-6, (Celeste et al., 
PNAS, 87, 9843-9847 (1991)), Vgr-1 (Lyons et al., PNAS, 
86, pp. 4554-4558 (1989)); DPP (Padgett et al. Nature, 325, 
pp. 81-84 (1987)); Vg-I (Weeks, Cell, 51, pp. 861-867 
(1987)); BMP-9 (WO95/33830 (PCT/US95/07084); BMP 
10 (WO94/26893 (PCT/US94/05290); BMP-I1 (WO94/ 
26892 (PCT/US94/05288); BMP-12 (WO95/16035 (PCT/ 
US94/14030); BMP-13 (WO95/16035 (PCT/US94/14030); 
GDF-I (WO92/00382 (PCT/US91/04096) and Lee et al. 
PNAS, 88, pp. 4250-4254 (1991); GDP-8 (WO94/21681 
(PCT/US94/03019); GDP-9 (WO94/15966 (PCT/US94/ 
00685); GDP-10 (WO95/10539 (PCT/US94/11440); GDF 
I1 (WO96/01845 (PCT/US95/08543); BMP-15 (WO96/ 
36710 (PCT/US96/06540); MP-121 (WO96/01316 (PCT/ 
EP95/02552); GDP-5 (CDMP-I, MP52) (WO94/15949 
(PCT/US94/00657) and WO96/14335 (PCT/US94/12814) 
and WO93/16099 (PCT/EP93/00350)); GDP-6 (CDMP-2, 
BMP13) (WO95/01801 (PCT/US94/07762) and WO96/ 
14335 and WO95/10635 (PCT/US94/14030)); GDP-7 
(CDMP-3, BMP12) (WO95/ 10802 (PCT/US94/07799) and 
WO95/ 10635 (PCT/US94/ 14030)). The above publications 
are incorporated herein by reference. 
[0058] Structurally, BMPs are dimeric cysteine knot pro 
teins. Each BMP monomer comprises multiple intramolecu 
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lar disul?de bonds. An additional intermolecular disul?de 
bond mediates dimeriZation in most BMPs. BMPs may form 
homodimers. Some BMPs may form heterodimers. BMPs are 
expressed as pro-proteins comprising a long pro-domain, one 
or more cleavage sites, and a mature domain. The pro -domain 
is believed to aid in the correct folding and processing of 
BMPs. Furthermore, in some but not all BMPs, the pro 
domain may noncovalently bind the mature domain and may 
act as an inhibitor (e.g., Thies et al. (2001) GroWth Factors 

181251-259). 
[0059] BMPs are naturally expressed as pro-proteins com 
prising a long pro-domain, one or more cleavage sites, and a 
mature domain. This pro-protein is then processed by the 
cellular machinery to yield a dimeric mature BMP molecule. 
The pro-domain is believed to aid in the correct folding and 
processing of BMPs. Furthermore, in some but not all BMPs, 
the pro-domain may noncovalently bind the mature domain 
and may act as a chaperone, as Well as an inhibitor (e.g., Thies 

et. A1. (2001) GroWth Factors, 181251-259). 
[0060] As further contemplated herein, the term “BMP” 
refers to a protein belonging to the BMP subfamily of the 
TGF-[3 superfamily of proteins de?ned on the basis of DNA 
homology and amino acid sequence identity. According to 
this invention, a protein belongs to the BMP subfamily When 
it has at least 50% amino acid sequence identity With a knoWn 
BMP subfamily member Within the conserved C-terminal 
cysteine-rich domain that characteriZes the BMP subfamily. 
Members of the BMP subfamily can have less than 50% DNA 
or amino acid sequence identity overall. As used herein, the 
term “BMF” also embraces proteins Which are amino acid 
sequence variants, domain-sWapped variants, and/o trunca 
tions and active fragments of naturally occurring bone mor 
phogenetic proteins, as Well as heterodimeric proteins formed 
from tWo different monomeric BMP peptides, such as BMP 
2/7; BMP-4/71 BMP-2/6; BMP-2/5; BMP-4/7; BMP-4/5; and 
BMP-4/ 6 heterodimers. Suitable BMP variants and het 
erodimers include those set forth in US 2006/0235204; WO 
05/097825; WO 00/020607; WO 00/020591; WO 00/020449; 
WO 05/113585; WO 95/016034 and WO93/009229. 
[0061] As contemplated herein, useful BMPs include those 
containing sequences, Which are homologues or variants, that 
share at least 50%, preferably at least 60%, more preferably at 
least 70% and most preferably at least 85%, amino acid 
sequence identity With the C-terminal cysteine domain of 
BMP-2, BMP4, BMP-5, BMP-6, BMP-7, GDF-5, GDF-6, or 
GDF-7. As contemplated herein, preferred BMPs include 
biologically active variants of any such BMPs, including 
variants containing conservative amino acid substitutions. All 
that is required by the present invention is that these variants 
retain biological activity comparable to the native form. As 
used herein, the term “BMP related protein” or “BMP related 
proteins” means any one or all of the foregoing proteins. The 
BMPs of use herein can be proteins isolated from natural 
sources, such a mammalian bone, or produced and isolated 
from recombinant cells, such as prokaryotic or eukaryotic 
cells. 

[0062] Proteins useful herein also include any knoWn natu 
rally occurring native proteins exhibiting one or more of the 
above-identi?ed preferable features, including allelic, phylo 
genetic counterparts and other variants thereof Which exhibit 
one or more of the aforementioned properties. Variants 
include forms having varying glycosylation patterns, varying 
N-termini, and active truncated or mutated forms of a native 
protein. Useful proteins also include those that are biosyn 
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thetically produced (e.g., “muteins” or “mutant proteins”). 
Moreover, the proteins contemplated herein include biologi 
cally active variants of any of the above-listed proteins, 
including variants containing conservative amino acid 
changes as described elseWhere herein; and osteogenically 
active proteins having the conserved seven-cysteine skeleton 
or domain as de?ned beloW. For instance, useful osteogenic 
proteins also include those containing sequences that share at 
least 70% amino acid sequence homology With the C-terrni 
nal seven-cysteine domain of BMP-7. To determine the per 
cent homology of a candidate amino acid sequence to that 
seven-cysteine domain, the candidate sequence and the 
sequence of the domain are aligned. The alignment can be 
made With, e.g., the dynamic programming algorithm 
described in Needleman et al., J. Mol. Biol. 481443 (1970), 
and the Align Program, a commercial softWare package pro 
duced by DNAstar, Inc. The teachings by both sources are 
incorporated by reference herein. An initial alignment can be 
re?ned by comparison to a multi-sequence alignment of a 
family of related proteins. Once the alignment betWeen the 
candidate sequence and the seven-cysteine domain is made 
and re?ned, a percent homology score is calculated. The 
aligned amino acid residues of the tWo sequences are com 
pared sequentially for their similarity to each other. Similarity 
factors include similar siZe, shape and electrical charge. One 
particularly preferred method of determining amino acid 
similarities is the PAM250 matrix described in Dayhoffet al., 
Atlas of Protein Sequence and Structure 51345-352 (1978 & 
Supp.), herein incorporated by reference. A similarity score is 
?rst calculated as the sum of the aligned pairWise amino acid 
similarity scores. Insertions and deletions are ignored for the 
purposes of percent homology and identity. Accordingly, gap 
penalties are not used in this calculation. The raW score is then 
normaliZed by dividing it by the geometric mean of the scores 
of the candidate sequence and the seven-cysteine domain. 
The geometric mean is the square root of the product of these 
scores. The normaliZed raW score is the percent homology. 

[0063] Furthermore, other useful proteins also include 
those containing sequences that share greater than 60% iden 
tity With the seven-cysteine domain of the BMP subfamily. In 
certain preferred embodiments, useful osteogenic proteins 
include those having an amino acid sequence sharing at least 
70% (e.g., at least 80%) sequence homology or “similarity” 
With all or part of a naturally occurring reference morpho 
genic protein. A preferred reference protein is human BMP-7. 
Other knoWn osteogenic proteins can also be used as a refer 
ence sequence. In one embodiment, a candidate amino acid 
sequence can be aligned With a reference amino acid 
sequence by using the method of Needleman et al., J. Mol. 
Biol. 481443-453 (1970), implemented conveniently by com 
puter programs such as the Align program (DNAstar, Inc.). 
Internal gaps and amino acid insertions in the candidate 
sequence are ignored for purposes of calculating the level of 
homology or identity betWeen the candidate and reference 
sequences. “Amino acid sequence homology” is understood 
herein to include both amino acid sequence identity and simi 
larity. Homologous sequences share identical and/or similar 
amino acid residues, Where similar residues are conservative 
substitutions for, or “alloWed point mutations” of, corre 
sponding amino acid residues in an aligned reference 
sequence. Thus, a candidate polypeptide sequence that shares 
70% amino acid homology With a reference sequence is one 
in Which any 70% of the aligned residues are either identical 
to, or are conservative substitutions of, the corresponding 
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residues in a reference sequence. Certain particularly pre 
ferred morphogenic polypeptides share at least 60% (e.g., at 
least 65%) amino acid sequence identity With the C-terminal 
seven-cysteine domain of human BMP-7. 
[0064] As used herein, “conservative substitutions” are 
residues that are physically or functionally similar to the 
corresponding reference residues. That is, a conservative sub 
stitution and its reference residue have similar siZe, shape, 
electric charge, chemical properties including the ability to 
form covalent or hydrogen bonds, or the like. Preferred con 
servative substitutions are those ful?lling the criteria de?ned 
for an accepted point mutation in Dayhoff et al. (1978), 5 
Atlas of Protein Sequence and Structure, Suppl. 3, Ch. 22, pp. 
354-352, Natl. Biomed. Res. Found, Washington, DC. 2007. 
Examples of conservative substitutions are substitutions 
Within the folloWing groups: (a) valine, glycine; (b) glycine, 
alanine; (c) valine, isoleucine, leucine; (d) aspartic acid, 
glutamic acid; (e) asparagine, glutamine; (f) serine, threo 
nine; (g) lysine, arginine, methionine; and (h) phenylalanine, 
tyrosine. The term “conservative variant” or “conservative 
variation” also includes the use of a substituting amino acid 
residue in place of an amino acid residue in a given parent 
amino acid sequence, Where antibodies speci?c for the parent 
sequence are also speci?c for, i.e., “cross-react” or “imuno 
react” With, the resulting substituted polypeptide sequence. 

Manufacture of Concentrated Protein Preparations: General 
Considerations 

[0065] The methods of the present invention increase ease 
of protein processing during manufacturing, While reducing 
in-process product losses and yielding a high quality, ?nal 
desired high concentration protein preparation of the present 
invention. Such preparations evidence higher recoveries, 
reduced aggregation and permit improved ?ll-level accuracy 
as compared With art-recognized methods routinely 
employed by scientists and process engineers. 
[0066] An exemplary method folloWs Which describes pro 
cessing (preparation, ?ll, lyophiliZation, and ?nish opera 
tions) a preferred protein, BMP-7, at loW concentrations 
(220 mg/mL), While yielding a product that can be reconsti 
tuted to a desired target higher protein concentration (20 to 40 
mg/mL). This methodology of the present invention alloWs 
execution of all manufacturing operations at a loWer protein 
concentrationithis increases ease of processing as the vis 
cosity of the solution handled is loWer and it also reduces 
in-process losses during manufacturing (since a ?xed volume 
lost contains a loWer mass of protein due to the loWer con 
centration used during processing). The loWer concentration 
used during processing also alloWs for the product to be 
stored and processed at refrigerated temperatures (2 to 8° C.), 
Without resulting in a dramatic increase in viscosity as Would 
otherWise be observed if high protein concentrations Were 
used during processing. 
[0067] Usually drug products are processed and ?lled at the 
same concentration as the ?nal desired target. For example, if 
the target protein concentration for administration is 40 
mg/mL, the protein preparation (in the presence of appropri 
ate stabiliZing excipients) Would typically be ?lled at 40 
mg/mL and the freeZe-dried product reconstituted With the 
same volume of diluent as the ?ll volume prior to lyophiliZa 
tion (freeze-drying). 
[0068] In the methodology disclosed herein, a different 
approach is used. For example, if it is desired to have 1 mL of 
protein solution at 40 mg/mL for administration, the process 
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ing (upstream manufacturing) Would be conducted at a loWer 
concentration, say 20 mg/mL. The ?ll Would be 2 mL at 20 
mg/mL, and the product Would be reconstituted With 1 mL 
reconstitution diluent folloWing freeZe-drying. Hence, the 
manufacturing (processing) operations are conducted at a 
loWer concentration than the ?nal target yielding the folloW 
ing bene?ts: (a) this increases ease of processing as the vis 
cosity of the solution handled is loWer, (b) it also reduces 
in-process losses during manufacturing (since a ?xed volume 
lost contains a loWer mass of protein due to the loWer con 
centration used during processing), (c) the loWer concentra 
tion used during processing also alloWs for the in-process 
intermediates to be stored (and/or processed) at refrigerated 
temperatures (2 to 8° C.), Without resulting in a dramatic 
increase in viscosity as Would otherWise be observed if high 
protein concentrations Were used during processing. 
[0069] By Way of another example as illustrative of the 
present invention, if a target volume of V mL is desired at a 
protein concentration of C mg/mL for administration, the 
protein preparation/?ll/?nish operations can be conducted at 
C/N mg/mL With a ?ll volume of V*N mL, With ?nal recon 
stitution of the lyophiliZed product With V mL reconstitution 
diluent, Where N (N >1) is a suitable scaling factor, Which can 
be appropriately chosen based on the viscosity and process 
ability of the protein solution. Preferably, N equals about 2. A 
preferred range is N equals about 2 to about 4; another more 
preferred range is N equals about 2 to about 10. This meth 
odology alloWs execution of all manufacturing operations at 
a loWer protein concentrationithis increases ease of pro 
cessing as the viscosity of the solution handled is loWer and it 
also reduces in-process losses during manufacturing (since a 
?xed volume lost contains a loWer mass of protein due to the 
loWer concentration used during processing). The loWer con 
centration used during processing also alloWs for the product 
to be stored and processed at refrigerated temperatures (2 to 
80 C.), Without resulting in a dramatic increase in viscosity as 
Would otherWise be observed if high protein concentrations 
Were used during processing. 
[0070] In addition, the above advantages also serve to yield 
a product With higher quality attributes (for example, if pro 
cessing is done at a loWer protein concentration then critical 
physicochemical protein attributes such as aggregation tend 
to be loWer than if the protein Was processed at a higher 
concentration) and loWer cost of goods (loWer COGS due to 
smaller mass loss of protein and a higher quality product, as 
discussed above). 
[0071] The above-described protocols have been success 
fully implemented to manufacture protein preparations rang 
ing from about 10 to about 60 mg/mL. Using a titration matrix 
of varying ionic strengths, pHs and protein concentrations 
(mg/mL), it Was discovered that highly concentrated prepa 
rations of protein in aqueous carriers are possible Without risk 
of precipitation. Generally, as ionic strength is decreased, pH 
is contemporaneously decreased thereby maintaining a solu 
biliZed protein in an aqueous carrier comprising one or more 
of the buffer systems described elseWhere herein. That is, 
using a titration matrix in Which ionic strength and pH are 
simultaneously titrated doWnWard, it is possible to achieve 
conditions suitable for maintaining solubiliZed protein at 
heretofore undescribed high concentrations in an aqueous 
carrier. As described elseWhere, certain preferred combina 
tions of protein concentration, pH and ionic strength using 
certain preferred buffering systems result in a highly stable, 
aqueous preparation of concentrated protein unlike anything 
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previously described in the art. Stabilizing excipients can be 
used optionally as described earlier. 
[0072] In yet another manufacturing aspect, the present 
invention also provides a method for preparing a concentrated 
form of bone morphogenetic protein comprising the steps of: 
[0073] (1) providing a processing solution of bone morpho 
genetic protein, the Weight per volume of protein in said 
processing solution being the same as the Weight per volume 
speci?ed for lyophiliZation; 
[0074] (2) ?lling a vial suitable for lyophiliZation With a 
speci?ed volume of said processing solution thereby produc 
ing a lyophiliZation solution; 
[0075] (3) lyophiliZing said lyophiliZation solution; and 
[0076] (4) packaging the lyophiliZed lyophiliZation solu 
tion together With a speci?ed volume of reconstitution dilu 
ent, the volume of said diluent being less than the speci?ed ?ll 
volume of step 3. 
[0077] In one preferred embodiment of this method, the 
method further comprises the step of adjusting the Weight per 
volume of protein in the processing solution to produce an 
adjusted lyophiliZation solution, the Weight per volume of 
protein in said adjusted lyophiliZation solution being greater 
than that of the processing solution. 
[0078] In still another manufacturing aspect, the present 
invention also provides a method for preparing a concentrated 
form of protein in lyophiliZed or other reconstitutible non 
liquid form comprising the steps of: 
[0079] (1) providing a processing solution of protein, the 
Weight per volume of protein in said processing solution 
being the same as the Weight per volume speci?ed for lyo 
philiZation or other reconstitutible non-liquid form; 
[0080] (2) providing a vial suitable for lyophiliZation (or 
other form) for containing a speci?ed volume of said process 
ing solution thereby producing a lyophiliZation (or other 
form) solution; Wherein the Weight per volume of protein in 
each of the processing and lyophiliZation (or other form) 
solution is at least 2 mg/mL. 
[0081] In a preferred embodiment, this method can further 
comprise the step of providing a lyophiliZed form of the 
lyophiliZation solution or a reconstitutible form of the other 
non-liquid form. In another preferred embodiment, the 
method can further comprise the step of providing a speci?ed 
volume of diluent for rehydrating the lyophiliZed form or 
reconstituting the other reconstitutible non-liquid form, the 
volume of said diluent being su?icient to permit preparation 
of an aqueous protein preparation having at least 2 mg/mL; or 
further comprising the step of providing instructions for rehy 
drating the lyophiliZed form or reconstituting the other recon 
stitutible non-liquid form so as to product an aqueous protein 
preparation having at least 2 mg/mL. 
[0082] In summary, the present invention contemplates that 
a protein preparation prepared in accordance With any one of 
the methods taught herein can be used to treat a disorder, 
injury or disease such as but not limited to those disorders, 
injuries and/or diseases described elseWhere herein. 

Kits 

[0083] The present invention also provides kits useful for 
the treatment of skeletal or non-skeletal tissue disorders, inju 
ries or diseases. The kits are particularly useful for treating 
joints impacted by disease, especially osteoarthritis and 
osteochondral disease; and for treating intervertebral discs 
affected by injury or disease. In a preferred embodiment, the 
kits of the present invention comprise one or more protein 
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preparations, and one or more reconstitution diluents. 
Optionally, a kit of the present invention can further comprise 
one or more additional biologically active agents. In a par 
ticularly preferred embodiment, the protein is a BMP. In a still 
more particularly preferred embodiment, the protein is BMP 
7. The kits of the present invention can also comprise a matrix 
for admixture With the protein for local implantation at a site 
of injury or disease; or an implantable medical device suitable 
for coating With the protein prior to implantation. In a further 
aspect, the invention also provides a kit for the treatment of a 
disorder, injury or disease (such as but not limited to those 
disorders, injuries and/or diseases described elseWhere 
herein) Which comprises a lyophiliZed protein, preferably a 
bone morphogenetic protein, and a reconstitution diluent. In 
a preferred embodiment, the protein and the diluent are in 
separate containers and further the kit comprises a plurality of 
separate containers each containing an amount of diluent, 
such that the amounts of diluent in a kit are su?icient to 
prepare solubiliZed protein preparations ranging in concen 
tration from at least about 2 mg/mL to about 60 mg/mL for 
use in the treatment of a disorder, injury or disease. In a 
further embodiment, the concentration and volume of solu 
biliZed protein preparations are customiZed for treatment of 
the particular target disorder, injury or disease. 

Therapeutic Interventions and Methods of Treatment 

[0084] In the case of skeletal disorders, a number of factors 
can cause or contribute to cartilage degeneration in mammals, 
including trauma and in?ammatory disease. Damage to cells 
resulting from the effects of in?ammatory response has been 
implicated as the cause of reduced cartilage function or loss of 
cartilage function in diseases of the joints (e.g., rheumatoid 
arthritis (RA) and osteoarthritis (OA)). In addition, autoim 
mune diseases such as systemic lupus erythematosis (SLE) 
and scleroderrna can also be characteriZed by a degradation of 
connective tissue. In the case of some cartilage degenerative 
diseases such as osteoarthritis (OA), the mechanisms that turn 
the normal aging of articular cartilage into the pathological 
OA process are currently unknoWn. Each of the foregoing 
diseases can be effectively treated With the materials and 
methods of the present invention. 
[0085] As stated earlier, the BMP preparations of the inven 
tion can be used effectively to treat skeletal diseases or inju 
ries. For example, the preparations can be used to treat a bone 
fracture, such as an open fracture or a closed fracture. For the 
treatment of a closed fracture, the preparation is preferably 
injected at the fracture site. For open fractures, critical siZe 
defects or persistent nonunions, the preparations can be 
administered by surgical implantation at the fracture site. In 
both cases, the preparation can be administered alone, or in 
combination With a suitable carrier, matrix or scaffold, such 
as a bone cement, a calcium phosphate material, a gel material 
or a collagen matrix. Suitable carriers, matrices and scaffolds 
include those disclosed in US. Pat. Nos. 6,919,308; 6,949, 
251; and 7,041,641. 
[0086] In a preferred embodiment, the BMP preparations 
of the invention can be used to treat a disease or injury result 
ing in cartilage degradation or a cartilage defect. For example, 
the preparations can be applied to a cartilage defect site, such 
as a degenerative intervertebral disc, or other ?brocartilagi 
nous tissue, including a tendon, a ligament or a meniscus. 
Such methods are set out in US. Pat. No. 6,958,149. The 
preparations of the invention can also be used to treat a defect 
or degeneration of articular cartilage, as set forth in published 
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PCT application WO 05/115438, such as the cartilage lining 
of a joint, such as a synovial joint, including a knee, an elbow, 
a hip, or a shoulder. In this embodiment, the preparation is 
preferably injected into the synovial space of the joint. In 
another embodiment, the preparations of the invention are 
used to treat an articular cartilage defect site, such as a chon 
dral defect or an osteochondral defect, in a joint. Such articu 
lar cartilage defects can be the result of a disease process, such 
as osteoarthritis or rheumatoid arthritis, or due to injury of the 
joint. In this embodiment, the preparation can be injected into 
the joint space or it can be surgically implanted. For example, 
the preparation can be placed Within the defect either alone or 
in combination With one or more additional active agents, a 
supporting matrix or scaffold, or marroW stromal cells. The 
preparation can, optionally, be covered With a suitable cover 
ing, for example a muscle ?ap or a bioresorbable membrane, 
such as a collagen membrane. 

[0087] As Will be appreciated by those skilled in the art, the 
concentration of the compounds described in a therapeutic 
composition Will vary depending upon a number of factors, 
including Without limitation the dosage of the drug to be 
administered and the route of administration. The preferred 
dosage of drug to be administered also is likely to depend on 
variables including, but not limited to, the type and extent of 
a disease, tissue loss or defect, the overall health status of the 
particular patient, the relative biological ef?cacy of the com 
pound selected, the preparation of the compound, the pres 
ence and types of excipients in the preparation, and the route 
of administration. The present invention may be provided to 
an individual Where typical doses range from about 10 ng/kg 
to about 1 g/kg of body Weight per day; With a preferred dose 
range being from about 0.1 mg/kg to 100 mg/kg of body 
Weight, and With a more particularly preferred dosage range 
of 10-000 ug/dose. In a particularly preferred embodiment, a 
dose of 10-1000 pg of a BMP-7 is administered to an indi 
vidual afflicted with osteoarthritis. 
[0088] Cartilage repair and regeneration is one of the major 
obstacles in current orthopedics. The importance is enormous 
because cartilage injury and degenerative disorders such as 
osteoarthritis, intervertebral disc degeneration and meniscal 
tears are a major cause of disability among the adult popula 
tion in the United States. 
[0089] Cartilage is connective tissue composed of chondro 
cytes embedded in an extracellular matrix of collagen ?bers, 
proteoglycans, and other non-collagenous proteins. There are 
tWo forms of cartilage-articular and non-articular. Articular 
cartilage is a thin layer of connective tissue, Which covers the 
ends of bones in joints. Non-articular cartilage includes ?bro 
cartilage and elastic cartilage and includes intervertebral 
discs, meniscus, trachea, larynx, nose, ear and ribs. 
[0090] The function of cartilage is to cushion load bearing, 
resist Wear, and alloW for almost frictionless movement of 
joints. Defects in cartilage tissue, often caused by trauma, 
abnormal Wear or disease, can lead to pain and stiffness, and 
if left untreated, may progress and ultimately require replace 
ment of the entire joint. For example, articular cartilage 
defects often lead to early degradation of the articular surface 
and may eventually result in osteochondral defects, osteoar 
thritis or both. 

[0091] Osteoarthritis is considered a process of attempted, 
but gradually failing, repair of damaged cartilage extracellu 
lar matrix, as the balance betWeen synthesis and breakdoWn 
of matrix components is disturbed and shifted toWard catabo 
lism. 
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[0092] The ability of cartilage tissue to regenerate on its 
oWn is severely limited due to its avascular nature. Repair of 
osteochondral defects, Which involves both the cartilage tis 
sue and the underlying bone, occurs to a limited extent pro 
moted by the presence of both stem cells and groWth and 
differentiation factors brought into the defect by the blood 
and/or marroW. In animal studies, these defects undergo some 
repair With formation of a neW layer of bone and cartilage, but 
the macromolecular organiZation and the biochemical char 
acteristics of the cartilage matrix are imperfect. Type I col 
lagen, rather than Type II collagen, and proteoglycans that are 
not cartilage speci?c, such as derrnatan sulfate containing 
proteoglycans, make up the repair tissue and result in ?bril 
lations and degenerative changes over time. And, repair of 
cartilage defects that do not penetrate into the subchondral 
bone does not occur, even to a limited extent. 

[0093] Moreover, surgical treatment of cartilage defects is 
complex and has been demonstrated to have only limited 
success. For example, articular cartilage defects are treated 
With an arthroscopic approach Where loose bodies are 
debrided and transition areas are smoothed. HoWever, this 
method alone frequently does not provide long lasting relief 
of the symptoms. Knee replacements often require resecting 
signi?cant amounts of bone and often require multiple sur 
geries. 
[0094] The meniscus is a small horseshoe shaped tissue 
located betWeen the bone ends inside the knee joint, Which 
acts as a shock absorber. There are tWo menisci in each knee 
on either side of the knee. They are usually strong in young 
people and With age become more brittle and tear more easily. 
Tears are extremely common With anterior cruciate ligament 
(ACL) injuries. Meniscal ?brocartilage, like articular hyaline 
cartilage, has a limited capacity to heal, particularly in the 
middle and inner avascular regions. The current treatment for 
small tears is to leave them alone if they do not cause much 
trouble. Surgical options for treating meniscal tears depend 
on a number of factors including the nature and extent of the 
injury and most importantly, its location. Tears in the vascu 
lariZed region, Which is integrated With the highly vascular 
iZed synovium have been successfully repaired by suturing. 
Partial or total meniscectomy is the normal surgical treatment 
for symptomatic tears Within the avascular tWo thirds of the 
meniscus. Tears in the latter meniscus regions are the most 
common types seen clinically. Irrespective of Whether open, 
arthroscopic, total or partial meniscectomy are employed, 
osteoarthritis is a frequent sequela in these patients Within a 
feW years post surgery. Therefore, the common form of repair 
is to only partially remove the torn bits and to repair the 
cartilage by stapling it. Unfortunately, the healing process 
folloWing this procedure is sloW. Moreover, if the repair is not 
successful, then the entire torn meniscus must subsequently 
be removed. 

[0095] The major cause of persistent and often debilitating 
back pain is intervertebral disc (IVD) degeneration also 
knoWn as degenerative disc disease (DDD). As discs degen 
erate, they cause the adjoining vertebrae to become com 
pressed, often resulting in severe pain. 
[0096] The IVD as a syndesmosis provides articulation 
betWeen adjoining vertebral bodies and acts as a Weight bear 
ing cushion Which dissipates axially applied spinal loads. 
These biomechanical functions are made possible by the 
unique structure of the IVD Which is composed of an outer 
collagen-rich annulus ?brosus surrounding a central hydrated 
proteoglycan rich gelatinous nucleus pulposus. Superior and 
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inferior cartilaginous endplates, thin layers of hyaline-like 
cartilage covers the interfaces of the vertebral bodies Within 
the disc. 

[0097] Lumbar disc degeneration represents a substantial 
social and economic burden to the community Which is mani 
fest principally as loW back pain (LBP). It is estimated that as 
much as 80% of the population experience at least one sig 
ni?cant episode of LBP during life, and approximately 2.5% 
of the Working population Will take some sick leave during the 
year as a result of LBP. The direct costs of LBP in modern 
Western countries has been estimated at $9 billion, most of 
Which is spent on consulting general practitioners, physical 
therapists and other conservative practitioners (Williams D A 
et al., (1998) Health care and indemnity costs across the 
natural history of disability in occupational loW back pain, 
Spine, 23 :2329-36). Total indirect expenditure, including sur 
gical management may be ten times higher (MaetZel and Li, 
(2002) The economic burden of loW back pain: a revieW of 
studies published betWeen 1996 and 2001, Best Prac Res Clin 
Rheumatol, 16:23-30; Walker et al., (2003) The economic 
burden, Proceedings of the Spine Society of AustraliaAnnual 
Scienti?c Meeting, Canberra, Australia). 
[0098] Disc degeneration is a natural phenomenon that 
occurs, in most instances, from the time of skeletal maturity 
(Vemon-Roberts (1992) Age-related and degenerative 
pathology of intervertebral discs and apophyseal joints, In: 
The lumbar spine and backpain. Fourth edition, Jayson M I V, 
Ed. Churchill Livingstone, Edinburgh, Chapter 2, 17-41). It is 
consistent With advancing age but in many cases is also asso 
ciated With pain, particularly in the lumbar spine, and 
restricted mobility. Symptoms of LBP often resolve sponta 
neously over time as patients modify their lifestyles to accom 
modate restricted mobility. In many cases hoWever, it remains 
a signi?cant factor that requires surgical intervention. The 
traditional “gold standar ” surgical treatment for chronic 
LBP has been spinal fusion to immobiliZe the one or more 
painful level. Fusion is expensive because it requires pro 
longed hospitalization and specialist surgical expertise, and 
although most of these patients Will experience short-term 
pain relief there is evidence noW that fusion does not provide 
the best outcome. Long-term studies suggest that spinal 
fusion actually promotes degeneration at levels adjacent to 
the fusion site (Lee (1988) Accelerated degeneration of the 
segment adjacent to a lumbar fusion, Spine 13:375-7.). In the 
same Way that arti?cial prostheses Were developed 50 years 
ago to restore function to arthritic and fractured hips and 
knees, prostheses are noW being developed With the aim of 
restoring full mechanical function to discs that have become 
painful and arthritic due to chronic degeneration (SZpaalski et 
al (2002) V Spine arthroplasty: a historical revieW, Eur Spine 
1., 11: S65-S84). It is hoWever too early to knoW if any ofthe 
myriad models undergoing trials Will provide long-term ben 
e?t. 

[0099] Additionally, as described beloW, the protein prepa 
rations, preferably the BMP preparations of the present inven 
tion can be used to treat diseases or injuries of non-skeletal 
tissues. As further contemplated by the present invention, 
BMPs are capable of inducing the developmental cascade of 
bone morphogenesis and tissue morphogenesis for a variety 
of tissues in mammals different from bone or bone cartilage. 
This morphogenic activity includes the ability to induce pro 
liferation and differentiation of progenitor cells, and the abil 
ity to support and maintain the differentiated phenotype 
through the progression of events that results in the formation 
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of bone, cartilage, non-mineraliZed skeletal or connective 
tissues, and other adult tissues. 
[0100] For example, BMPs can be used for treatment to 
prevent loss of and/or increase bone mass in metabolic bone 
diseases. General methods for treatment to prevent loss of 
and/or increase bone mass in metabolic bone diseases using 
osteogenic proteins are disclosed in US. Pat. No. 5,674,844, 
the disclosures of Which are hereby incorporated by refer 
ence. BMPs of the present invention can be used for periodon 
tal tissue regeneration. General methods for periodontal tis 
sue regeneration using osteogenic proteins are disclosed in 
US. Pat. No. 5,733,878, the disclosures of Which are hereby 
incorporated by reference. BMPs can be used for liver regen 
eration. General methods for liver regeneration using osteo 
genic proteins are disclosed in US. Pat. No. 5,849,686, the 
disclosures of Which are hereby incorporated by reference. 
BMPs can be used for treatment of chronic renal failure. 
General methods for treatment of chronic renal failure using 
osteogenic proteins are disclosed in US. Pat. No. 6,861,404, 
the disclosures of Which are hereby incorporated by refer 
ence. BMPs can be used for enhancing functional recovery 
folloWing central nervous system ischemia or trauma. Gen 
eral methods for enhancing functional recovery folloWing 
central nervous system ischemia or trauma using osteogenic 
proteins are disclosed in US. Pat. No. 6,407,060, the disclo 
sures of Which are hereby incorporated by reference. BMPs 
can be used for inducing dendritic groWth. General methods 
for inducing dendritic groWth using osteogenic proteins are 
disclosed in US. Pat. No. 6,949,505, the disclosures ofWhich 
are hereby incorporated by reference. BMPs can be used for 
inducing neural cell adhesion. General methods for inducing 
neural cell adhesion using osteogenic proteins are disclosed 
in US. Pat. No. 6,800,603, the disclosures of Which are 
hereby incorporated by reference. BMPs can be used for 
treatment and prevention of Parkinson’s disease. General 
methods for treatment and prevention of Parkinson’s disease 
using osteogenic proteins are disclosed inU.S. Pat. No. 6,506, 
729, the disclosures of Which are hereby incorporated by 
reference. 
[0101] As another example, BMPs can also be used to 
induce dentinogenesis. To date, the unpredictable response of 
dental pulp tissue to injury is a basic clinical problem in 
dentistry. As yet another example, BMPs can induce regen 
erative effects on central nervous system (CNS) repair can be 
assessed using a rat brain stab model. 

Bioactive Co-Agents 

[0102] The present invention also contemplates “bioactive 
co-agents” that can be co-administered With the protein 
preparations of the present invention include, but are not 
limited to, anabolic agents, anti-asthmatic agents, anti-infec 
tive agents including, for example, antiproteincterial and anti 
microbial agents, anti-in?ammatory agents, antimetabolite 
agents, anti-neoplastic agents, anti-bone resorption agents, 
anti-obesity agents, anti-pyretic and analgesic agents, anti 
spasmodic agents, anti-thrombotic agents, antihistamines, 
biologicals, bronchodilators, cytotoxic agents, diagnostic 
agents, erythropoietic agents, immunomodulating agents, 
mineral supplements, peripheral vasodilators, stimulants, tis 
sue groWth agents, vitamins, or antigenic materials. 
[0103] More particularly, the bioactive co-agents preferred 
for co-administration include, but are not limited to, groWth 
factors, hormones, anti-angiogenesis factors, dextromethor 
phan, peptides, polypeptides, proteins, amino acids, hor 
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mones, interferons, cytokines, and vaccines. Other represen 
tative bioactive co-agents that can be co-administered 
include, but are not limited to, peptide drugs, protein drugs, 
antigens, anti-infective agents such as antibiotics, antimicro 
bial agents, antiviral, antiproteincterial, antiparasitic, antifun 
gal substances and combination thereof, antiallergenics, ste 
roidal anti-in?ammatory agents, analgesics, nonsteroidal 
antiin?ammatory agents, and nutritional agents. 
[0104] The bioactive co-agent may also be a substance, or 
metabolic precursor thereof, Which is capable of promoting 
groWth and survival of cells and tissues, or augmenting the 
activity of functioning cells, as for example, blood cells, 
neurons, muscle, bone marroW, bone cells and tissues, and the 
like. For example, bioactive co-agents that may be co-admin 
istered include Without limitation a nerve groWth promoting 
substance, as for example, a ganglioside, phosphatidylserine, 
a nerve groWth factor, brain-derived neurotrophic factor. The 
bioactive co-agent may also be a groWth factor for soft or 
?brous connective tissue as, for example, a ?broblast groWth 
factor, an epidermal groWth factor, an endothelial cell groWth 
factor, a platelet derived groWth factor, an insulin-like groWth 
factor, a periodontal ligament cell groWth factor, to name but 
a feW. 

Examples 

Example 1 

A Study of the Stability of BMP-7 at 400 C. in Vari 
ous Buffers With 5% Trehalose 

[0105] In this study, trehalose and various buffers Were 
tested for their effects on protecting 1 mg/mL BMP-7 solution 
during lyophiliZation and storage at 400 C. The buffers tested 
Were 5 mM glycine, 5 mM citrate, 10 mM lactate, 5 mM 
phosphate, 0.05% TFA and 100 mM acetic acid. 
[0106] The buffers Were prepared as folloWs: 

5 mM Glycine, pH 3 Buffered Solution 

[0107] TWo liters of 5 mM glycine solution Were prepared 
by Weighing 0.7507 g of glycine (MWI75 .07) into a 2000 mL 
beaker. The glycine Was dissolved in Milli-Q® Water With 
stirring, the pH Was measured and adjusted to pH 3 With 5 N 
HCl, and the ?nal volume adjusted to 2000 mL. 

5 mM Citrate, pH 3 Buffered Solution 

[0108] TWo liters of 5 mM citrate solution Were prepared by 
Weighing 2.1014 g of citric acid monohydrate (MW:210.14) 
into a 2000 mL beaker. The citric acid Was dissolved in 
Milli-Q® Water With stirring, the pH Was measured and 
adjusted to pH 3 With 5 N NaOH, and the ?nal volume 
adjusted to 2000 mL. 

10 mM Lactate, pH 3 Buffered Solution 

[0109] TWo liters of 10 mM lactate solution Were prepared 
by Weighing 1.8 g of lactic acid (MW:90.08) into a 2000 mL 
beaker. The lactic acid Was diluted in Milli-Q® Water With 
stirring, the pH Was measured and adjusted to pH 3 With 5 N 
NaOH, and the ?nal volume adjusted to 2000 mL. 

5 mM Phosphate, pH 3 Buffered Solution 

[0110] TWo liters of 5 mM Phosphate solution Were pre 
pared by Weighing 9.8 g of phosphoric acid (MW:98.0) into 
a 2000 mL beaker. The phosphoric acid Was diluted in Milli 
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Q® Water With stirring, the pH Was measured and adjusted to 
pH 3 With 5 N NaOH, and the ?nal volume adjusted to 2000 
mL. 

0.05% TFA Solution 

[0111] TWo liters of 0.05% tri?uoracetic acid (TEA) Were 
prepared diluting 1 mL of TFA in 2000 mL of Milli-Q® Water 
and measuring the pH. 

100 mM Acetic Acid Buffered Solution 

[0112] TWo liters of 100 mM acetic acid Were prepared 
diluting 1 1.5 mL of acetic acid in 2000 mL of Milli-Q® Water 
and measuring the pH. 

Dialysis of BMP-7 Against Buffered Solutions 

[0113] BMP-7 (1.7 mg/mL) Was dialyZed against each of 
the above buffer solutions at 50 C. After dialysis Was com 
plete, the BMP-7 concentration of each solution Was mea 
sured by UV spectroscopy and adjusted to approximately 1 
mg/mL With the appropriate buffer. 

Preparation of 5% Trehalose Formulations 

[0114] To prepare the trehalose formulations, 5 mL of each 
dialyZed and diluted BMP-7 sample Was dispensed into a 10 
mL vial. To each vial Was added 0.25 g trehalose, and the 
trehalose Was alloWed to fully dissolve. 1 mL of each treha 
lose/BMP-7 formulation Was dispensed into each of ?ve 3 mL 
Type I glass vials. Each vial Was partially stoppered and then 
lyophiliZed. After lyophiliZation, the vials Were fully stop 
pered and then oversealed. 

Analytical Methods 

Protein Concentration by UV Spectroscopy 

[0115] Protein concentration Was determined by UV-Vis 
spectroscopy using an absorption coe?icient of 1.54 Absor 
bance Units.mg_l.mL_l. 

Percent Oxidation by Reduced Reverse Phase HPLC 

[0116] Reduced reverse phase HPLC (rpHPLC) Was run to 
determine the amount of oxidiZed species in each BMP-7 
sample. Approximately 80 pg of each sample Was dried in a 
centrifugal evaporator (Centrivap, under vacuum) and then 
reconstituted With 364 pL of 8 M urea and 36 pL of [3-mer 
captoethanol, thoroughly vortexed, and then incubated at 370 
C. for 1 hour prior to injection. 100 pL of each sample Was 
then injected in duplicate onto a reduced reverse phase col 
umn (Y MC cat #AA30S05-2546WT) With a mobile phase 
comprising 70%><0.1% tri?uroacetic acid in Water and 30%>< 
0.075% tri?uroacetic acid in acetonitrile at a How rate of 1.0 
mL/minute. Eluted protein species Were monitored at 215 nm 
and quantitated. 

Percent Aggregate by Gel Electrophoresis 

[0117] The aggregate content of each BMP-7 sample Was 
determined by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE). Aliquots (5 ug/lane) of each 
test sample, along With molecular Weight and reference stan 
dards Were loaded on 12% Bis-Tris gels (Invitrogen, Inc.) and 
separated at constant voltage (200 V) for approximately 90 
minutes. Gels Were stained With Coomassie Blue before de 
staining With Water overnight. Gels Were imaged on a Bio 
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Rad GS model 710 digital gel scanner and relative amounts of 
each protein species Were quanti?edusing Quantity One soft 
Ware (Bio-Rad, USA). 

Percent Aggregate by Size-Exclusion Chromatography 

[01 18] SiZe exclusion high pressure liquid chromatography 
(SEC-HPLC) Was run to determine the percent aggregate in 
BMP-7 samples. Approximately 20 pg of each sample Was 
injected in duplicate onto a siZe exclusion chromatography 
column (TosoHaas cat #08541) With a mobile phase ofa 6 M 
urea buffer (6 M urea, 65 mM Tris and 0.3 M sodium chloride, 
pH 7.5) at a How rate of 0.5 mL/minute. Eluted protein species 
Were monitored at 280 nm, and the amount of aggregate 
quanti?ed. 

Stability Study 
[0119] All BMP-7/trehalose formulations Were placed at 
400 C. The stability of the BMP-7 in these formulations Was 
assessed by the assays listed above. Assays Were run at 0 days, 
9 days, 2 months and 3.5 months. 

Results 

Protein Concentration by UV Spectroscopy 

[0120] The protein concentration of the BMP-7/trehalose 
formulations Was measured by UV spectroscopy. Results are 
shoWn in FIG. 1. The concentration for all formulations 
remained constant throughout the stability study. 

Percent Oxidation by Reduced Reverse Phase HPLC 

[0121] The change in oxidation of the BMP-7 molecule in 
the BMP-7/trehalose formulations Was assessed by rpHPLC. 
Results are shoWn in FIG. 2. All BMP-7/trehalose formula 
tions remained stable to changes in oxidation throughout the 
stability study. 

Percent Aggregate by Gel Electrophoresis 

[0122] The percent aggregate of the BMP-7 in the BMP-7/ 
trehalose formulations Was assessed by SDS-PAGE. Results 
are shoWn in FIG. 3. While most formulations shoWed only a 
small increase in aggregation, formulations containing 
acetate and TFA shoWed the most increase during the course 
of the study. 

Percent Aggregate by Size-Exclusion Chromatography 

[0123] The percent aggregate of BMP-7 in the BMP-7/ 
trehalose formulations Was also assessed by SEC-HPLC. 
Results are shoWn in FIG. 4. Results shoW that there Was no 
increase in aggregation for most formulations, but formula 
tions containing acetate and TFA shoWed a signi?cant 
increase in aggregation during the course of the study. 
[0124] These results shoW that for most formulations, tre 
halose is able to maintain the stability of BMP-7, even under 
accelerated temperature conditions of 400 C. Formulations 
containing TFA and acetate Were found to be less stable that 
formulations containing lactate, glycine, citrate and phos 
phate. Results shoW that trehalose is a strong stabiliZer of 
BMP-7 When combined With a variety of buffers. 

Equivalents 

[0125] The invention may be embodied in other speci?c 
forms Without departing from the spirit or essential charac 
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teri stics thereof. The present embodiments are therefore to be 
considered illustrative and not restrictive, the scope of the 
invention being indicated by the appended claims rather than 
by the foregoing description, and all changes Which come 
Within the meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 

What is claimed is: 
1. A preparation of bone morphogenetic protein compris 

ing: an aqueous carrier; and, bone morphogenetic protein 
solubiliZed in said carrier at a concentration of at least about 
10 mg/ml. 

2. The protein preparation of claim 1, further comprising a 
stabiliZing excipient. 

3. The protein preparation of claim 2, Wherein the stabiliZ 
ing excipient is selected from the group consisting of: sugars, 
polyols, surfactants, and any combination thereof. 

4. The protein preparation of claim 3, Wherein the stabiliZ 
ing excipient is selected from the group consisting of glucose, 
sucrose, raf?nose, trehalose, lactose, mannitol, sorbitol, 
TWeen 80, TWeen 20 and Pluronic F-68 and combinations 
thereof. 

5. The protein preparation of claim 4, Wherein the stabiliZ 
ing excipient is trehalose. 

6. The protein preparation of claim 5 having a pH of from 
about 2.5 to about 3.5. 

7. The protein preparation of claim 5, Wherein the aqueous 
carrier comprises a buffer of the single acidic group type 
selected from the group consisting of: potassium phosphate, 
proprionic acid, lactic acid, tri?uoroacetic acid and acetic 
acid; or the tWo acidic group type selected from the group 
consisting of: sodium glutamate and sodium succinate. 

8. The protein preparation of claim 5, Wherein the protein is 
selected from the group consisting of BMP-2, BMP-4, BMP 
5, BMP-6, BMP-7, GDP-5, GDP-6 GDP-7, and sequence 
variants of any one of the foregoing. 

9. The protein preparation of claim 8, Wherein the protein is 
selected from the group consisting of GDP-5, GDP-6 and 
GDP-7. 

10. The protein preparation of claim 8, Wherein the protein 
is selected from the group consisting of BMP-7. 

11. A method of treating a skeletal tissue disorder, injury or 
disease, the method comprising the step of: administering to 
a subject in need thereof the protein preparation of claim 5, 
Wherein said protein preparation is in a dose effective to treat 
said skeletal tissue disorder, injury or disease. 

12. The method of claim 11, Wherein the skeletal tissue is 
mineraliZed or non-mineraliZed skeletal tissue. 

13. The method of claim 12, Wherein the protein prepara 
tion is in an amount effective to treat a skeletal tissue disorder, 
injury or disease selected from the group consisting of meta 
bolic bone disease, osteoarthritis, osteochondral disease, 
rheumatoid arthritis, osteoporosis, bone fractures, Paget’s 
disease, periodontitis, and dentinogenesis. 

14. The method of claim 12, Wherein the protein prepara 
tion is in an amount effective to treat a non-mineraliZed skel 
etal tissue disorder, injury or disease selected from the group 
consisting of osteoarthritis, osteochondral disease or defect, 
chondral disease or defect, rheumatoid arthritis, trauma-in 
duced and in?ammation-induced cartilage degeneration, age 
related cartilage degeneration, articular cartilage injuries and 
diseases, full thickness cartilage defects, super?cial cartilage 
defects, sequelae of systemic lupus erythematosis, sequelae 
of scleroderma, periodontal tissue regeneration, hiemiation 
and rupture of intervertebral discs, degenerative diseases of 
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the intervertebral disc, osteocondrosis, and injuries and dis 
eases of ligament, tendon, synovial capsule, synovial mem 
brane and meniscal tissues. 

15. The method of claim 11, Wherein the protein prepara 
tion is in an amount effective to ameliorate tissue injury 
selected from the group consisting of: trauma-induced and 
in?ammation-induced cartilage degeneration, articular carti 
lage injuries, full thickness cartilage defects, super?cial car 
tilage defects, hierniation and rupture of intervertebral discs, 
degeneration of intervertebral discs due to an injury(s), and 
injuries of ligament, tendon, synovial capsule, synovial mem 
brane and meniscal tissues. 

16. The method of claim 11, Wherein the disease is degen 
erative disc disease. 

17. The method of claim 16, Wherein the effective dose is 
administered to the intradiscal space, the nucleus pulposus or 
the annulus ?brosus. 

18. The method of claim 11, Wherein the method further 
comprises the step of admixing said protein preparation With 
a suitable matrix material prior to administration. 

19. The method of claim 11, Wherein the protein is selected 
from the group consisting of: BMP-2, BMP-4, BMP-5, BMP 
6, BMP-7, GDP-5, GDP-6 GDP-7, and sequence variants of 
any one of the foregoing. 

20. The method of claim 19, Wherein the protein is BMP-7. 
21. A kit comprising a lyophiliZed bone morphogenetic 

protein preparation and a reconstitution diluent, Wherein the 
protein and the diluent are in separate containers, and Wherein 
the amount of diluent is suf?cient only for preparation of 
solubiliZed protein at a concentration of at least about 10 
mg/ml. 

22. The kit of claim 21, further comprising a matrix. 
23. The kit of claim 21, further comprising an implantable 

device suitable for coating With the solubiliZed protein. 
24. The kit of claim 21, Wherein the lyophiliZed bone 

morphogenetic protein preparation comprises a stabiliZing 
excipient. 

25. The kit of claim 24, Wherein the stabiliZing excipient is 
trehalose. 

26. A composition comprising at least one BMP and an 
amount of trehalose su?icient to stabiliZe said BMP. 

27. The composition of claim 26, Wherein said BMP is 
rhGDF-5. 

28. The composition of claim 26, further comprising at 
least one excipient selected from the group consisting of 
glycine, polysorbate 80, polysorbate 20, and mixtures 
thereof. 

29. The composition of claim 28, having a pH of about 2.5 
to about 3.5. 

30. A method of stabiliZing a BMP comprising the steps of: 
a.) providing a composition containing at least one BMP and 
an amount of trehalose su?icient to stabiliZe said BMP, and 
b.) lyophiliZing the composition. 

31. The method of claim 30, Wherein said BMP is rhGDF 
5. 

32. The method of claim 30, further comprising the step of 
adding at least one excipient selected from the group consist 
ing of glycine, polysorbate 80, polysorbate 20, and mixtures 
thereof, prior to lyophiliZing the composition. 

33. The method of claim 32, Wherein said excipient has a 
pH of about 2.5 to about 3.5. 

34. The method of claim 32, Wherein said BMP is rhGDF 
5. 
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35. A device for implanting in a mammal, said device 
comprising a biocompatible matrix, at least one BMP, and an 
amount of trehalose su?icient to stabiliZe said BMP. 

36. The device of claim 35, Wherein said BMP is rhGDF-5. 
37. The device of claim 35, further comprising at least one 

excipient selected from the group consisting of glycine, 
polysorbate 80, polysorbate 20, and mixtures thereof. 

38. The device of claim 37, Wherein said excipient has a pH 
ofabout 2.5 to about 3.5. 

39. The device of claim 35, Wherein said biocompatible 
matrix is selected from the group consisting of collagen, 
mineraliZed collagen, salts of calcium phosphate, ceramics 
containing calcium, autogenic bone, allogenic bone, xeno 
genic bone, polylactide (PLA), polyglycolide (PGA), PLA 
PGA co-polymers, polycarbonate, polycaprolactone, and 
mixtures thereof. 

40. The device of claim 39, Wherein said BMP is rhGDF-5. 
41. The device of claim 39, further comprising at least one 

excipient selected from the group consisting of glycine, 
polysorbate 80, polysorbate 20, and mixtures thereof. 

42. The device of claim 41, Wherein said excipient has a pH 
ofabout 2.5 to about 3.5. 

43. A surgical kit comprising a biocompatible matrix and a 
lyophiliZed BMP composition, Wherein said lyophiliZed 
BMP composition comprises at least one BMP and an amount 
of trehalose su?icient to stabiliZe said BMP. 

44. The surgical kit of claim 43, Wherein said at least one 
BMP is rhGDF-5. 

45. The surgical kit of claim 43, Wherein said biocompat 
ible matrix is sterile. 

46. The surgical kit of claim 43, further comprising a 
container having sterile Water. 

47. The surgical kit of claim 43, Wherein said lyophiliZed 
BMP composition further comprises at least one excipient 
selected from the group consisting of glycine, polysorbate 80, 
polysorbate 20, and mixtures thereof. 

48. The surgical kit of claim 47, Wherein said at least one 
BMP is rhGDF-5. 

49. The surgical kit of claim 47, Wherein said excipient has 
a pH of about 2.5 to about 3.5. 

50. A method of treating a patient having a defect compris 
ing the steps of: a) providing a biocompatible matrix having at 
least one BMP and an amount of trehalose su?icient to sta 
biliZe said BMP, and b) implanting said biocompatible matrix 
into said defect. 

51. The method of claim 50, Wherein said BMP is rhGDF 
5. 

52. The method of claim 50, Wherein said BMP further 
comprises at least one excipient selected from the group 
consisting of glycine, polysorbate 80, polysorbate 20, and 
mixtures thereof. 

53. The method of claim 51, Wherein said excipient has a 
pH of about 2.5 to about 3.5. 

54. The method of claim 50, Wherein said biocompatible 
matrix is selected from the group consisting of collagen, 
mineraliZed collagen, salts of calcium phosphate, ceramics 
containing calcium, autogenic bone, allogenic bone, xeno 
genic bone, polylactide (PLA), polyglycolide (PGA), PLA 
PGA co-polymers, polycarbonate, polycaprolactone, and 
mixtures thereof. 

55. The method of claim 54, Wherein said BMP is rhGDF 
5. 

56. The method of claim 50, further comprising the step of 
adding bone marroW aspirate to said biocompatible matrix. 
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57. The method of claim 50, wherein said defect is selected 
from the group consisting of a bone defect, a cartilage defect, 
a tendon defect, a ligament defect, and an intervertebral disc 
defect. 

58. A method of treating a patient having a defect compris 
ing the steps of: a) providing a biocompatible matrix, b) 
providing a BMP having an amount of trehalose su?icient to 
stabilize said BMP, c) lyophiliZing said BMP, d) providing an 
amount of sterile Water su?icient to reconstitute said lyo 
philiZed BMP, e) adding said Water to said lyophiliZed BMP 
to reconstitute said BMP into solution, f) applying said recon 
stituted BMP solution to said biocompatible matrix, and g) 
implanting said biocompatible matrix into said patient. 

59. The method of claim 57, Wherein said BMP is rhGDF 
5. 

60. The method of claim 57, further comprising the step of 
adding bone marroW aspirate to said biocompatible matrix. 

61. The method of claim 57, further comprising the step of 
adding at least one excipient selected from the group consist 
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ing of glycine, polysorbate 80, polysorbate 20, and mixtures 
thereof, to said BMP prior to lyophiliZing said BMP. 

62. The method of claim 60, Wherein said excipient has a 
pH of about 2.5 to about 3.5. 

63. The method of claim 60, Wherein said BMP is rhGDF 
5. 

64. The method of claim 57, Wherein said biocompatible 
matrix is selected from the group consisting of collagen, 
mineraliZed collagen, salts of calcium phosphate, ceramics 
containing calcium, autogenic bone, allogenic bone, xeno 
genic bone, polylactide (PLA), polyglycolide (PGA), PLA 
PGA co-polymers, polycarbonate, polycaprolactone, and 
mixtures thereof. 

65. The method of claim 57, Wherein said defect is selected 
from the group consisting of a bone defect, a cartilage defect, 
a tendon defect, a ligament defect, and an intervertebral disc 
defect. 


