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ABSTRACT 

A liquid carrier medium is provided Which is suitable for 
solubiliZing growth factors, such as mixtures of bone mor 
phogenetic proteins, that are found to induce an angiogenic 
response in ischemic tissues. The liquid medium comprises 
an aqueous solution of polyvinyl pyrrolidone. 
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POVIDONE-CONTAINING CARRIERS FOR 
POLYPEPTIDE GROWTH FACTORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
Ser. No. 09/748,038 (Which is incorporated herein by refer 
ence in its entirety), Which is a continuation-in-part of US. 
Ser. No. 09/173,989, ?ied Oct. 16, 1998, noW issued as US. 
Pat. No. 6,211,157 (Benedict et al.) and entitled “Protein 
Mixtures to Induce Therapeutic Angiogenesis” (Which is also 
incorporated herein by reference in its entirety). 

STATEMENT REGARDING 
FEDERALLY-SPONSORED RESEARCH OR 

DEVELOPMENT 

[0002] Not applicable. 

FIELD OF THE INVENTION 

[0003] The present invention relates to the use of polyvinyl 
pyrrolidone (hereinafter “povidone”) in a liquid medium for 
proteins and polypeptides, especially those Which function as 
angiogenic growth factors. 

BACKGROUND OF THE INVENTION 

[0004] There are many medical circumstances in Which an 
increase in the supply of blood to living tissue is indicated. 
These include: burns and Wound healing, in Which the incor 
poration of angiogenic factors into arti?cial skin may facili 
tate the formation of blood vessels in the healing Wound bed 
and also reduce the risk of infection; cardiovascular disease, 
in Which repair of anginal or ischemic cardiac tissue can be 
effected by the ingroWth of neW blood vessels; stroke, Where 
increased blood supply to the brain can reduce the risk of 
transient ischemic attack and/or cerebral arterial de?ciency; 
and peripheral vascular disease, in Which blood How in the 
extremities is diminished. In each case, it is believed that the 
groWth of neW blood vessels Will increase the volume of 
blood circulating through the tissue in question, and corre 
spondingly increase the amount of oxygen and nutrients 
made available to that tissue. 

[0005] One common cause of decreased blood How is ath 
erosclerosis. Atherosclerosis affects the blood vessels, 
including those of the heart, and is a major cause of cardio 
vascular disease, stroke and peripheral vascular disease. This 
disease may have its beginnings early in life and is initially 
characterized by a thickening of the arterial Walls. This thick 
ening typically comprises an accumulation of fat, ?brin, cel 
lular debris and calcium. The resultant narroWing of the 
lumen of the afflicted vessel is called stenosis. Stenosis 
impedes and reduces blood ?oW. Hypertension and dysfunc 
tion of the organ or area of the body that suffers the reduced 
blood How can result. As the buildup on the inner Wall of a 
vessel thickens, the vessel Wall loses the ability to expand and 
contract. Also, the vessel loses its viability and becomes 
Weakened and susceptible to bulging, also knoWn as aneu 
rysm. In the presence of hypertension or elevated blood pres 
sure, aneurysms Will frequently dissect and ultimately rup 
ture. 

[0006] Small vessels, such as the arteries that supply blood 
to the heart, legs, intestines and other areas of the body, are 
particularly susceptible to atherosclerotic narroWing. When 
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an artery in the leg or intestine is affected, the resultant loss of 
blood supply to the leg or segment of the intestine may result 
in gangrene. Atherosclerotic narroWing of one or more of the 
coronary arteries limits, and in some instances prevents alto 
gether, blood How to portions of the heart muscle. Depending 
upon the severity of the occlusion and its location Within the 
coronary circulation system, pain, cardiac dysfunction or 
death may result. Because the consequences of blocked arter 
ies are so serious, reliable treatments are highly desirable. 

[0007] In many instances, it is possible to correct aneu 
rysms and stenosis of major arteries using plastic reconstruc 
tion that does not require any synthetic graft or patch mate 
rials. In other instances, such as Where the disease is extensive 
and the vessel is no longer competent, the blocked or Weak 
ened portion of the vessel is usually replaced With a graft. In 
such case, the affected vessel section is transected and 
removed and a synthetic patch, conduit or graft is seWn into its 
place. These types of procedures, including coronary artery 
bypass grafting (CABG) and percutaneous transluminal 
coronary angioplasty (PTCA), are routinely performed for 
the purpose of alleviating ischemia. 

[0008] Nevertheless, coronary artery disease alone is 
responsible for approximately 550,000 deaths each year in 
the United States. Peripheral vascular disease results in loWer 
limb amputation in about 150,000 patients each year, With a 
subsequent mortality rate of 40% Within tWo years of ampu 
tation. Some of the dif?culty in treating arterial occlusions 
may lie in the fact that each of the aforementioned surgical 
procedures is associated With a certain incidence of restenosis 
and may not be appropriate in certain instances. This is par 
ticularly true When the patient is elderly or has undergone a 
previous CABG or PTCA procedure. Accordingly, in such 
cases a less invasive technique Would be preferred. In particu 
lar, it Would be advantageous to be able to stimulate the 
surrounding tissue to produce for itself neW vessels that 
Would accommodate the volume of blood ?oW that has been 
occluded and thus compensate for the occluded vessels. 

[0009] Angiogenic, or “vessel-growing” polypeptide 
groWth factors in general have been the subject of much 
research. Such compositions offer the promise of a non-inva 
sive, non-surgical treatment of arterial occlusion in a variety 
of situations, including those noted above. HoWever, one 
major challenge facing the development of physiological 
treatments based on these materials is the lack of suitable 
solvents or carriers for the administration of groWth factors to 
living patients. 
[0010] A number of solvents have been used as carriers for 
particular applications Within the pharmaceutical arts. Thus, 
for example, US. Pat. No. 5,981,489 (Stevenson et al.) dis 
closes a number of non-aqueous protic formulations of pep 
tides. Among the solvents mentioned therein are polyethylene 
glycols (PEGs), propylene glycol (PG), polyvinylpyrrolidone 
(PVP), methoxypropylene glycol (MPEG), glycerol, and gly 
cofurol. 

[0011] HoWever, many solvents that adequately solubiliZe 
some pharmaceutical preparations and biological materials 
do not adequately solubiliZe polypeptide groWth factors. 
Consequently, treatments utiliZing such solvents may not 
induce an angiogenic response, even if the particular groWth 
factor being used is capable of inducing such a response When 
properly delivered to the body of the patient. Other solvents 
tend to interact With, denature, induce crosslinking or cause 
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other undesirable reactions in polypeptide growth factors, 
thus causing them to coagulate or precipitate, or otherWise 
rendering them pharmaceutically inactive or unsuitable. This 
is especially true if the solvent medium does not afford an 
acceptable pH range to the polypeptide groWth factor (e.g., if 
it is too basic). Still other potentially useful solvents do not 
form stable solutions With groWth factors, and hence cannot 
be used to make formulations having acceptable shelf stabil 
ity. 

[0012] Many potentially useful solvents for groWth factors 
are also physiologically unsuitable. For example, investiga 
tors have used dilute solutions of hydrochloric acid (1 to 10 
mM) to solubiliZe certain groWth factors. See, e.g., R. J. 
Laham, M. ReZaee, M. Post, D. Novicki, F. W. Sallke, J. D. 
Pearlman, M. Simmons and D. Hung, “Intrapericardial 
Delivery of Fibroblast GroWth Factor-2 Indices Neovascular 
iZation in a Procine Model of Chronic Myocardial Ischemia”, 
J. Pharmocolo. Exp. Ther. 292(2), 795-802 (2000); N.Yama 
moto, T. Kohmoto, W. Roethy, A. Gu, C. DeRosa, L. E. 
Rabbani, C. R. Smith, and D. Burkhoff, “Histological Evi 
dence That Basic Fibroblast GroWth Factor Enhances the 
Angiogenic Effects of Transmyocardial Laser RevasculariZa 
tion”, J. Pharmocolo. Exp. Ther. 95(1), 55-63 (2000). HoW 
ever, for clinical applications, acid solvents such as dilute 
mineral acids are unsuitable because their use tends to cause 
cell damage or death in the proximity of the site of adminis 
tration. On the other hand, saline solutions and neutral buff 
ered salt solutions, Which are more biologically compatible 
than mineral acids and Which are used as solvents in some 
pharmaceutical formulations, cause many groWth factor pro 
teins to precipitate or become denatured, thus decreasing their 
bioavailability or effectiveness in the tissue. 

[0013] The selection of a suitable solvent for groWth factors 
is further complicated by other considerations. For example, 
even if a solvent adequately solubiliZes a groWth factor and 
does not cause it to become denatured or otherWise adversely 
affected, the solvent may nonetheless interfere With elution of 
the groWth factor from the solvent medium, thereby reducing 
its ef?cacy. This may be the case, for example, if the solvent 
is too viscous, or bonds to the groWth factor (e.g., through 
hydrogen bonding or dipole-dipole interactions) too strongly. 

[0014] There is thus a need in the art for a solvent or carrier 
that solubiliZes polypeptide groWth factors suf?ciently to ren 
der them pharmacologically useful, that does not cause them 
to coagulate, become denatured, or undergo crosslinking or 
other reactions that Would adversely affect their pharmaceu 
tical activity, that exhibits good shelf stability, that does not 
cause signi?cant injury or damage to cells at the site of admin 
istration, and that alloWs the groWth factor to properly elute 
from the solvent medium after administration to living tis 
sues. These and other needs are addressed by the present 
invention, as hereinafter described. 

BRIEF SUMMARY OF THE INVENTION 

[0015] In one aspect, the present invention provides a com 
position comprising one or more polypeptide groWth factors 
and a carrier medium therefor. The carrier is preferably an 
aqueous medium Which solubiliZes polypeptide groWth fac 
tors suf?ciently to render them pharmacologically useful, 
does not cause them to coagulate, become denatured, or 
undergo crosslinking or cause other reactions that Would 
adversely affect their pharmaceutical activity. The present 
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invention provides mixtures, solutions and compositions that 
exhibit good shelf stability, do not cause signi?cant injury or 
damage to cells at the site of administration, and alloW the 
groWth factor to properly elute from the medium upon admin 
istration to living tissues. 

[0016] The carrier medium comprises at least one com 
pound, polymer or copolymer containing a lactam or pyrroli 
done moiety, and preferably at least one compound, polymer 
or copolymer containing a vinyl lactam or vinyl pyrrolidone 
moiety. More preferably, the liquid medium comprises a solu 
tion of polyvinyl pyrrolidone, such as a polymer derived from 
N-vinyl-2-pyrrolidone, in an aqueous medium. Most prefer 
ably, the liquidmedium comprises a Water soluble homopoly 
mer of N-vinyl-2-pyrrolidone, such as povidone, and Water. 
Aqueous buffers Which maintain the pH of the pyrrolidone 
moiety at or near the same pH as Water may also be used, and 
the compositions may also include adjuvants and preserva 
tives. 

[0017] The carrier medium of the present invention may be 
combined With or used as a carrier or solvent for various 

groWth factors, proteins, polypeptides and other such biologi 
cal materials, including the various groWth factors, matrix 
metalloproteinases, cytokines, and integrins that regulate 
angiogenesis. Thus, for example, the liquid media of the 
present invention may be used in conjunction With Vascular 
Endothelial GroWth Factor (V EGF), Transforming GroWth 
Factor Beta (TGF-B), Fibroblast GroWth Factors (FGF), Epi 
dermal GroWth Factors (EGF), angiogenin, TNF-alpha, insu 
lin-like groWth factor-1 (IGF-1), transforming groWth factor 
or (TGF-OL), platelet-derived groWth factors (PDGF), Placen 
tal GroWth Factors (PGF), Heparin-binding EGF -like GroWth 
Factors (HEGF), Hepatocyte GroWth Factors (LGF), Inter 
feron-gamma (IFN-gamma), various Bone Morphogenic 
Proteins (BMP), groWth/differentiation factors, vascular 
endothelial groWth factors, anti mixtures of any tWo or more 
of the foregoing materials. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] For a more detailed description of the present inven 
tion, reference Will noW be made to the accompanying Fig 
ures, Wherein: 

[0019] FIGS. 1A-E are histological sections ofblood ves 
sels formed in the canine myocardium folloWing treatment 
With a protein mixture in accordance With the present inven 
tion; and 

[0020] FIGS. 2 and 3 are histological slides shoWing neWly 
formed blood vessels in response to the treatment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] Angiogenesis is a complex process involving sev 
eral different cell types and molecular signaling events. 
Endothelial cells must secrete proteases to dissolve cell-cell 
and cell-matrix attachments, migrate and proliferate to form 
neW vascular branches. Although single factors such as bFGF 
and VEGF have shoWn promise as angiogenic agents, it has 
been discovered that a more robust angiogenic response may 
be obtained through the use of an agent that comprises a 
mixture of proteins, a result Which may be due in part to a 
synergistic effect of the combined proteins on the subject 
tissue. 
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[0022] Such protein mixtures preferably include the angio 
genic mixtures of bone proteins described in commonly 
assigned U.S. Ser. No. 09/748,038, in US. Pat. No. 6,21 1,157 
(Benedict et al.), in US. Pat. No. 5,290,763 and US. Pat. No. 
5,371,191, all of Which are incorporated by reference herein 
in their entirety. These mixtures may vary in composition and 
may be characterized in different Ways. HoWever, one Way of 
characterizing the preferred compositions are as mixtures of 
proteins having residues comprising about 20-25 mole per 
cent of acidic amino acids [ASP( +ASN) and GLU(+GLN)]; 
about 10-15 mole percent of hydroxy amino acids (SER and 
THR); about 35-45 mole percent aliphatic amino acids (ALA, 
SLY, PRO, MET, VAL, ILE, and LEU); about 4-10 mole 
percent aromatic amino acids (TYR and PHE); and about 
10-20 mole percent basic amino acids (HIS, ARC and LYS). 
More preferably, the angiogenic protein mixture amino pref 
erably has an amino acid composition of about 23.4 mole 
percent of acidic amino acids [ASP(+ASN) and GLU(+ 
GLN)]; about 13.5 mole percent of hydroxy amino acids 
(SER and THR); about 40.0 mole percent aliphatic amino 
acids (ALA, SLY, PRO, MET, VAL, ILE, and LEU); about, 
6.8 mole percent aromatic amino acids (TYR and PHE); and 
about 16.6 mole percent basic amino acids (HIS, ARC and 
LYS) (TRP, CYS and 1/2 CYS Were not measured and are not 
included in the calculation of mole percent). 

[0023] Another Way of characterizing the preferred protein 
mixtures are as mixtures containing at least tWo, and prefer 
ably all, of the folloWing polypeptide groWth factors: TCF 
B1, TGF-B2, TCF-B3, BMP-2, BMP-3, BMP-4, BMP-5, 
BMP-6, BMP-7, and FGF-1. Preferred mixtures may also 
contain bone and/or serum proteins such as osteocalcin, 
osteonectin, albumin, transferrin, and APO-A1 -LP, histones, 
RL-32, RS2D, and SPP24. These angiogenic groWth factor 
mixtures may be employed to achieve a natural bypass effect 
by injecting the mixture into tissue in need of increased blood 
?oW. Thus, for example, the mixtures may be used to induce 
vessel groWth so as to heal a heart artery that has been 
blocked, or to promote angiogenesis in ischemic tissue so as 
to assist in recovery. 

[0024] The bone-derived angiogenic protein (BDAP) mix 
tures preferred for use in the present invention are preferably 
administered to ischemic tissue in a suitable carrier or 
medium. These mixtures may be applied directly, e.g., 
through injection into the ischemic tissues, or indirectly, e.g., 
through intravenous administration. In some instances, it may 
be desired to apply the angiogenic factor in a carrier or 
medium that alloWs it to be absorbed quickly, While in other 
instances it may be desired to apply the angiogenic factor in a 
controlled, time-release manner. In still other instances, a 
single dose or other variation may be preferred. In general, the 
preferred carrier or medium Will vary depending on the 
desired clinical application and/or site of administration. 

[0025] Various materials may be combined With groWth 
factors, proteins, polypeptides and other biochemical sub 
stances in mixtures and treatments made in accordance With 
the present invention. These materials may act to solubilize, 
stabilize, increase the bioavailability of, render pharmaco 
logically useful, and/or facilitate the administration of such 
substances to a living subject. Such materials include, for 
example, polylactic acid, polyglycolic acid and its copoly 
mers, collagen, PLURONIC® (polyoxyalkylene ether 
copolymer surfactant), vinylamide polymers mid copoly 
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mers, vinylimide polymers and copolymers, and compounds, 
polymers and copolymers containing lactam, or pyrrolidone 
moieties. 

[0026] Typically, materials used in liquid media in accor 
dance With the present invention Will be materials that solu 
bilize (or aid in the solubilization of desired proteins, 
polypeptides, groWth factors, or mixtures of the foregoing to 
a degree suf?cient to render them pharmacologically useful 
and/or to increase their bioavailability. It is also preferred that 
materials employed as liquid media do not cause signi?cant 
injury or damage to cells at the site of administration, and 
alloW the material being solubilized to properly elute from 
solution upon administration to living tissues. 

[0027] Liquid media comprising vinylamide polymers and 
copolymers, vinylimide polymers and copolymers, vinyl lac 
tam monomers or copolymers, and compounds, polymers and 
copolymers containing lactam or pyrrolidone moieties may 
be used in various applications of the present invention. Pref 
erably, hoWever, the liquid media used in the present inven 
tion comprise at least one polymer derived from a vinyl pyr 
rolidone monomer or having a pyrrolidone moiety in its 
molecular structure. More preferably, these media comprise a 
polymer derived from N-vinyl-2-pyrrolidone. Most prefer 
ably, these media comprise a Water soluble homopolymer of 
N-vinyl-2-pyrrolidone such as povidone. 

[0028] The use of povidone (polyvinylpyrrolidone) in 
media compositions made in accordance With the present 
invention is especially preferred since it is commercially 
available in various pharmaceutical grades having various 
molecular Weights, has good solubility in both aqueous and 
various organic media, and is found to solubilize a variety of 
proteins, polypeptides, groWth factors, and mixtures of the 
foregoing suf?ciently Well to render them pharmacologically 
useful and/ or to increase their bioavailability. Moreover, With 
proper choice of parameters such as viscosity, it is possible to 
formulate liquid media comprising povidone Which alloW the 
proper elution of groWth factors from the media upon appli 
cation of the same to living tissues. In some applications, 
parameters such as the viscosity of the liquid medium may be 
manipulated to advantageously control or achieve a desired 
rate of elution of active ingredients from the liquid medium. 

[0029] Pharmaceutical grades of povidone suitable for use 
in the present invention are available commercially from 
International Specialty Products, Inc., Wayne, N.J., under the 
trademark Plasdone®. Properties of commercially available 
povidone are knoWn in the art and may be obtained from a 
number of references, including “PVP: A Critical RevieW of 
the Kinetics and Toxicology of Polyvinylpyrrolidone (Povi 
done),” Robinson, Sullivan, Borzelleca, and SchWartz, LeWis 
Publishers, Inc., 121 S. Main Street, PO. DraWer 519, 
Chelsea, Mich., and “PVP vinylpyrrolidone Polymers”, 
GAF(ISP) Technical Bulletin, 2302-203 SM-1290. Each of 
these grades may be employed in the liquid media of the 
present invention. 

[0030] Povidone is available in a Wide range of molecular 
Weights and viscosities, re?ecting polymers that consist of 
varying numbers of monomeric units. The different molecu 
lar Weight grades of povidone are frequently characterized by 
their K-value, Which is a measure of the mean molar mass of 
a polymeric substance and is derived from the relative vis 
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cosities of polymer solutions. The K-value of a polymer is 
related to its molecular Weight by the Fikentscher equation 
(EQUATION 1), Which provides that: 

Where c is the concentration (in g/100 ml) of the polymer in 
solution, 110 is the viscosity of the solution, 110 is the viscosity 
of the solvent, and K: 1000 k, Wherein K is the K-value of the 
polymer. The Fikentscher equation is described in greater 
detail in H. Fikentscher, Cellusochemie, 1932, 13, 58-64 and 
71 -74. 

[0031] K-values for a polymeric material can be obtained 
by dissolving the material in an appropriate amount of solvent 
so as to produce a dilute solution (e.g., about 1% by Weight of 
the polymeric material, based on the total Weight of the solu 
tion). The viscosity of the solution is then determined at 250 
C., using, for example, a Hoppler falling-ball viscometer or 
other means knoWn in the art. The viscosity of the pure 
solvent is determined using the same viscometer. These val 
ues are then inserted into EQUATION 1, Which is solved for 
k (and therefore K). 

[0032] Table II describes the physical characteristics, 
including K-values, of some commonly available grades of 
povidone that may be used in the present invention: 

TABLE II 

Commercial Grades of Povidone 

Typical Typical 
Molecular Viscosity2 

Product K-Value Weight1 (01’) 

Plasdone® C-15 16-18 (16.1, 16.3) 8,000 1.5 
Plasdone ® C-30 29-32 58,000 2 5 
Plasdone ® K-25 24-26 34,000 2 0 
Plasdone ® K-29/32 29-32 58,000 2.5 
Plasdone ® K-90/D 85-95 (90) 1,300,000 55.0 

1Weight average, as determined by light scattering. 
25% solution in de-ionized Water. Measured on a Brook?eld LVT viscom 

eter, 60 rpm @ 25° C. 

The range of K-values noted in TABLE II re?ects the product 
speci?cations set by the manufacturer (International Spe 
cialty Products, Inc., Wayne, N.J.), it being understood that 
the K-values of these products Will vary from one product 
batch to another Within the speci?ed ranges. The parentheti 
cal values are the actual K-values determined for particular 
product samples used in some of the experiments described 
herein, infra, as speci?ed on the certi?cates of analysis that 
accompanied the samples. While povidone of varying K-val 
ues may be used in the practice of the present invention, the 
K-value of the povidone is preferably Within the range of 
about 12 to about 100, more preferably Within the range of 
about 15 to about 35, and most preferably Within the range of 
about 16 to about 18. 

[0033] Pyrrolidone-containing polymers useful in the 
present invention may have a variety of molecular structures. 
Thus, for example, they may be capped on one or more ends 
With at least one pyrrolidone moiety, they may have at least 
one pendant pyrrolidone moiety, or they may have a repeating 
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unit or sequence comprising at least one pyrrolidone moiety. 
The polymer may also be a random, graft or block polymer or 
copolymer based on at least one vinyl pyrrolidone monomer, 
comonomer or copolymer. The polymers used in liquid media 
in the present invention Which are derived from vinyl pyrroli 
done may be grafted With lipophilic or hydrophilic radicals to 
make them more lipophilic or hydrophilic, respectively. 

[0034] Various copolymers of vinyl pyrrolidone may also 
be employed in the practice of the present invention. These 
include, for examples copolymers formed from comonomers 
such as vinylacetate, ethyl acrylate, methyl acrylate, methyl 
methacrylate, dimethylaminoethyl methacrylate, acryla 
mide, methacrylamide, acrylonitrile, ethylene, styrene, 
maleic anhydride, acrylic acid, sodium vinylsulfonate, vinyl 
chloride, vinylpyridine, trimethyl (siloxy) vinylsilane, vinyl 
propionate, vinyl caprolactam, and methyl vinyl ketone. Such 
copolymers may be synthesiZed through polymerization in a 
solution, emulsion or suspension With a free radical initiator 
such as a peroxy or am compound, through the use of tran 
sition metal catalysts, by photopolymeriZation techniques, or 
by other means as are knoWn to the art. 

[0035] Various monomers, polymers, and copolymers 
Which are useful in the practice of the present invention or in 
the synthesis of materials useful in the present invention may 
be derived from vinyl pyrrolidone monomers in Which the 
pyrrolidone ring and the vinyl functionality may be coupled 
to each other either directly or through various intermediate 
structures or moieties. Thus, for example, they may be joined 
by Way of (a) a covalent bond; (b) an alkylene linkage, such 
as, for example, a methylene, ethylene, or propylene linkage; 
(c) an arylene linkage; (d) an alkylarylene linkage; (e) one or 
more hetero atoms, such as, for example, oxygen, nitrogen, or 
sulfur; (f) a functional group, such as, for example, a car 
boxyl, carbonyl, or amino linkage; or (h) a combination of 
any tWo or more of the foregoing. Preferably, the pyrrolidone 
ring and the vinyl functionality are joined together by Way of 
a covalent bond betWeen one of the vinyl carbon atoms and 
the nitrogen atom of the pyrrolidone ring. The vinyl moiety 
and pyrrolidone ring may also have various substituents. Such 
substituents may include, for example, alkyl groups such as, 
for example, methyl groups, or functional groups such as, for 
example, hydroxy groups. These substituents may also 
include deuterium for use in applications Where it may be 
desirable to trace the progression or bioaccumulation, if any, 
of these materials in the body of a subject. 

[0036] The vinyl pyrrolidone polymers and other poly 
meric materials useful in liquid media in accordance With the 
present invention may have various molecular Weights. The 
properties of these polymers are found to vary With average 
molecular Weight. Accordingly, the preferred range of aver 
age molecular Weights Will vary from one application to 
another, and Will depend in part on the particular groWth 
factor(s) or other treatments, substances or materials Which 
need to be solubiliZed. HoWever, in most applications, the 
average molecular Weight Will be from about 1 kD to about 
130 kD and the material Wilt comprise betWeen 12 and 1350 
monomeric units. Preferably, the molecular Weight Will be 
from about 1 kD to about 100 kD, more preferably from about 
2.5 kD to about 90 kD, and most preferably from about 2.5 kD 
to about 20 kD. Compositions having a molecular Weight of 
less than about 20 kD are especially preferred because they 
are readily cleared from the body, While some higher molecu 
lar Weight compositions (especially in the case of povidone) 
are found to undergo bioaccumulation. 
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[0037] The viscosity of the liquid medium Will typically be 
less than about 3 centipoise (cP), preferably less than about 
2.5 cP, more preferably less than about 2.0 cP, and most 
preferably less than about 1.5 cP (measured at 60 rpm@25o 
C.), as viscosities Within these ranges are typically found to 
facilitate proper elution of growth factors and other such 
materials from the solvent medium and into the tissues of a 
treated subject. Moreover, viscosities Within these ranges 
alloW application of groWth factors to a living subject through 
intravenous routes and by other non-invasive procedures. 
HoWever, it is to be understood that higher viscosities may be 
Warranted or desirable in certain situations, as, for example, 
Where it Would be desirable to apply groWth factors and other 
such materials as a topical gel. 

[0038] The compositions made in accordance With the 
present invention Will typically have a pH Within the range of 
about 1 to about 6, preferably Within the range of about 4 to 
about 6, and most preferably of about 4.5. In the preferred pH 
range, the liquid medium Will adequately solubiliZe many of 
the generally acidic groWth factors Without denaturing them 
or signi?cantly affecting their activity in vivo, and the pH of 
the composition Will not be so loW as to cause necrosis or 
damage to living tissues, especially at the site of administra 
tion. 

[0039] When vinyl pyrrolidone polymers are used in com 
positions of the present invention, they may in some instances 
be used in conjunction With other polymers, materials, sol 
vents, or cosolvents. Thus, for example, these polymers may 
be used to form blends, mixtures, complexes, suspensions or 
polymeric netWorks With other polymers or materials. 

[0040] As previously noted, the vinyl pyrrolidone polymers 
and other materials described above as being useful in the 
present invention may be used in liquid media for various 
groWth factors, proteins, polypeptides and other such biologi 
cal materials. Such biological materials include, for example, 
the novel mixtures of groWth factors as have been described 
herein, as Well as the various groWth factors, matrix metallo 
proteinases, cytokines, and integrins that regulate angiogen 
esis. The latter group includes Vascular Endothelial GroWth 
Factors (V EGF), Transforming GroWth Factors (TGF-beta), 
Fibroblast GroWth Factors (FGF), Epidermal GroWth Factors 
(EGF), angiogenin, and TNF-alpha. Other groWth factors 
With Which these materials may be used include Placental 
GroWth Factors (PGF), Heparin-binding EGF-like GroWth 
Factors (HEGF), GroWth Differentiation Factors (GDF), 
Hepatocyte GroWth Factors (HGF), and Interferon-gamma 
(IFN-gamma). 

[0041] The vinyl pyrrolidone polymers and other materials 
described above may also be used in accordance With the 
present invention in liquid media for various other biological 
materials, including various Bone Morphogenic Proteins 
(BMP) such as BMP-1 and the TGF-beta superfamily of 
proteins, including BMP-2-alpha, BMP-2-beta, BMP-3, 
BMP-3b, BMP-4, BMP-5, BMP-6, BMP-7, BMP-8, BMP 
8b, BMP-9, BMP-10, BMP-11, BMP-12, BMP-13, BMP-14, 
BMP-15, TGF-beta-l, TGF-beta-2, TGF-beta-3, TGF-beta 
4, and TGF-beta-5; groWth/differentiation factors such as 
GDF-l, GDF-3, GDF-5, GDF-6, GDF-7, GDF-8, GDF-9, 
GDF-9B, GDF-10, GDF-11, and GDF-15; vascular endothe 
lial groWth factors such as VEGF-121, VEGF-165, VEGF 
183, VEGF-189, and VEGF-206; mitogenic proteins such as 
MP-52 (also called GDF-5) and MP-121; and mixtures of any 
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tWo or more of the foregoing materials. Many of these mate 
rials have been at least partially characterized in the art, and 
some instances the complete nucleotide, DNA and/or amino 
acid sequences of these materials has been derived. Thus, for 
example, information regarding the nucleotide, DNA and 
amino acid sequences of MP-52 and MP-121 can be found in 

Us. Pat. No. 6,120,760 (Hotten et al.), U.S. Pat. No. 6,197, 
550 (Hotten et al.), and Us. Pat. No. 5,994,094 (Hotten et 
al.). 

[0042] When liquid media comprising the vinyl pyrroli 
done polymers and other materials described above are used 
in conjunction With various groWth factors, proteins, 
polypeptides and other such biological materials or mixtures 
of biological materials as described above, the vinyl pyrroli 
done polymers and other such materials may be present in the 
media at various concentrations. Typically, hoWever, the vinyl 
pyrrolidone polymers and other such materials Will be pro 
vided in Water or an aqueous buffer capable of maintaining 
the pH Within desired ranges that completely solubiliZe the 
polypeptide groWth factors. In addition, the vinyl pyrrolidone 
polymers are provided in the Water or aqueous buffer at con 
centrations ranging from the minimum concentration 
required to properly solubiliZe the desired groWth factor or 
other biological material so as to produce a pharmacologi 
cally effective solution, up to the maximum solubility of the 
vinyl pyrrolidone polymer or other such material in the liquid 
medium. 

[0043] Persons of skill in the art Will appreciate that the 
optimal concentration of the vinyl pyrrolidone polymers and 
other such materials may vary, and may depend on factors 
such as the condition of the subject to Which the solution is to 
be administered, the physiological effect Which is desired, the 
desired viscosity of the treatment solution, and regulatory 
restrictions. In most applications, hoWever, the concentration 
of these vinyl pyrrolidone polymers and other such materials 
Will be from about 0.1% Weight/volume to about 70% Weight/ 
volume. Preferably, the concentration of these materials Will 
be from about 0.1% Weight/volume to about 50% Weight/ 
volume; more preferably, the concentration of these materials 
Will be from about 0.1% Weight/volume to about 25% Weight/ 
volume; even more preferably, the concentration of these 
materials Will be from about 0.1% Weight/volume to about 
1 5% Weight/volume; even more preferably, the concentration 
of these materials Will be from about 0.5% Weight/volume to 
about 2.5% Weight/volume; most preferably, the concentra 
tion of these materials Will be about 1.0%. In the folloWing 
examples, unless stated otherWise, all concentrations of povi 
done are in g/ml. As used herein, % Weight/volume refers to 
the number of grams of the designated material dissolved in 
suf?cient liquid (usually Water) to yield 100 ml of solution. 
Thus, a 1% aqueous povidone (polyvinylpyrrolidone) solu 
tion consists of 1 g of povidone dissolved in suf?cient Water 
(or aqueous buffer) to yield 100 ml of solution. 

[0044] The concentration and average molecular Weight of 
the vinyl pyrrolidone polymers and other such materials 
described herein Will typically be chosen to provide a medium 
that is suf?ciently acidic to solubiliZe the groWth factors and 
other biochemical materials employed in the mixtures and 
treatments described herein, While not being so viscous as to 
hinder the effective administration of these materials by the 
desired route or to prevent su?icient elution of these materials 
from the media as required for effective treatment. 
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[0045] Preferably, the vinyl pyrrolidone polymers and 
other such materials described above for use in liquid media 
in accordance With the present invention Will be present in 
these media as mixtures With Water or an aqueous buffer 

capable of maintaining a desired (typically acidic) pH range. 
Hence, the maximum amount of the vinyl pyrrolidone poly 
mer or other such material present in the liquid medium Will 
frequently be dictated at least in part by the solubility of the 
materials in Water. The liquid medium may also contain other 
materials, including, but not limited to, excipients, surfactants 
(including, for example, non-ionic surfactants such as TWeen 
20) preservatives (including, for example, antimicrobial 
agent such as methyl or propyl parabens or benZyl alcohols), 
and cosolvents. 

[0046] The methods and compositions disclosed and 
claimed herein can be made and executed Without undue 
experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been 
described in terms of preferred embodiments, it Will be appar 
ent to those of skill in the art that variations may be applied to 
the method and in the steps or in the sequence of steps of the 
method described herein Without departing from the concept, 
spirit and scope of the invention. More speci?cally, it Will be 
apparent that certain agents Which are both chemically and 
physiologically related may be substituted for the agents 
described herein While the same or similar results Would be 
achieved. All such similar substitutes and modi?cations 
apparent to those skilled in the art are deemed to be Within the 
spirit, scope and concept of the invention as de?ned by the 
appended claims. 

[0047] The folloWing examples are intended to be merely 
illustrative, and do not limit the scope of the claimed inven 
tion. 

EXAMPLE 1 

Canine Myocardial Angiogenesis Pilot Study 

[0048] This example illustrates the ef?cacy of BDAP solu 
biliZed in a 70% aqueous povidone (K-90) solution in treating 
ischemic myocardial tissues. 

[0049] Four adult mongrel dogs of either sex, Weighing 
21-26 kg, Were anesthetiZed and a left thoracotomy per 
formed through the ?fth intercostal space. All visible epicar 
dial collaterals connecting LAD artery diagonals to circum 
?ex or right coronary arteries Were ligated to minimize 
collateral How to the LAD artery territory and an ameroid 
constrictor Was placed on the proximal to the ?rst diagonal 
branch. After completing the procedure, BDAP Was applied 
to both the ischemic and non-ischemic left circum?ex (LCX) 
coronary artery region in three different concentrations and 
using three different methods of application, for a total of nine 
injections in each region for each animal. Thus, 0, 10 or 100 
pg BDAP Was injected in 1) a 0.1 cc volume of 70% ISP 
Plasdone® povidone having a K value of about K-90, 2) 
encapsulated in polymer microspheres suspended in povi 
done, or 3) dissolved/ suspended in collagen gel for a total of 
nine injections. The chest Was closed and the animal Was 
alloWed to recover. 

[0050] In order to provide an index of cellular proliferation 
at multiple time points after the initial surgery, bromodeox 
yuridine (BrdU, 25 mg/kg, Sigma, St. Louis, Mo.) Was 
administered subcutaneously on post-operative days 2, 4, 6, 
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8, 10, 12, 14 and 21. After tWo or six Weeks, the dogs Were 
euthanized and the hearts explanted and cut into samples. 
Samples Were ?xed and serial sections, 4-5 microns thick, 
Were cut and stained With Masson’s trichrome stain to evalu 
ate the general morphology of the myocardium. Sister sec 
tions Were stained using standard immunohistochemical 
techniques With antibodies against bromodeoxyuridine 
(BrdU), PC10 proliferating cell nuclear antigen (PCNA), 
alpha smooth muscle actin (SMA) and Factor VIII using 
standard techniques. 

[0051] Initial histological data (FIGS. 1A-E) indicate that 
10 or 100 micrograms of BDAP suspended in 0.1 cc 70% ISP 
Plasdone® K-90 povidone stimulated blood vessel formation 
Within tWo Weeks post injection. Whereas control sections 
shoWed no signi?cant vessel formation and the needle track 
Was visible, BDAP-treated section-s had several neWly 
formed blood vessels, as evidenced by Masson’s trichrome 
staining (FIG. 1A). lmmunohistochemical staining demon 
strated that these vessels are lined With endothelial cells (dark 
stain FIG. 1B) and surrounded by a layer of smooth muscle 
cells (broWn stain FIG. 1C). Furthermore, PCNA- and BrdU 
stained sections (FIGS. 1D-E) indicated that these vascular 
endothelial and smooth muscle cells Were actively prolifer 
ating. Thus, based on the qualitative results of the canine 
study, it Was concluded that BDAP stimulates formation of 
neW differentiated blood vessels approximately 50-100 um in 
diameter in canine myocardium. The collagen carrier 
appeared to induce cartilage formation at the site of the inj ec 
tion. The high molecular Weight povidone used in these stud 
ies appeared to be accumulating in the tissue at the site of the 
injection and Was not metaboliZed at sacri?ce. 

EXAMPLE 2 

Large Scale Canine Myocardial lschemia Study 

[0052] This example illustrates the ef?cacy of various con 
centrations of BDAP in a 1% aqueous C-15 povidone solution 
in treating ischemic myocardial tissues. 

[0053] The purpose of this study Was to determine the 
effects of intramyocardial injections of SulZer’s GroWth Fac 
tor mixture (BDAP, also knoWn as ProVascTM) in a canine 
model of chronic myocardial ischemia. Thirty-eight (38) 
dogs underWent ameroid constrictor placement on the proxi 
mal LAD and ligation of visible epicardial vessels collateral 
iZing the LAD territory. Three Weeks later, during a second 
surgery, animals had intramyocardial injections of a 1% povi 
done (lSP Plasdone® C-15) solution containing either pla 
cebo, BDAP at a concentration of 1 ug/ml, or BDAP at a 
concentration of 10 ug/ml. Each injection consisted of 0.15 
ml of treatment solution, and injections Were made at a spatial 
density of ~1/cm2 over the LAD region. Group assignments 
Were random and investigators Were blinded to group assign 
ment until after the analysis of all test results. Each animal 
tested survived for an additional 6 Weeks. Assessments of 
regional blood ?oW (by colored microspheres), angiography 
and echocardiography (rest and stress) Were performed prior 
to and after treatment. Histology and necropsy Were per 
formed after sacri?ce. 

[0054] Results of this prospective, blinded, multifaceted 
assessment of the effects of BDAP solubiliZed in a 1% C-15 
povidone solution shoWed that the treatment solution has a 
signi?cant effect on vascular groWth assessed histologically 
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and by angiographic criteria. There Was no signi?cant effect 
on blood ?oW during maximal vasodilatory stress, though 
technical limitations resulted in inclusion of only a small 
number of studies for the analysis of maximal blood ?oW. 
There Was a slight reduction in regional Wall motion score 
during maximum dobutamine stress in the high concentration 
group, though global resting function Was not in?uenced by 
treatment. 

EXAMPLE 3 

Porcine Myocardial lschemia Study 

[0055] This example demonstrates the effectiveness of a 
solution of BDAP in 5% aqueous C-15 povidone at treating 
ischemic tissues using a porcine model. 

[0056] TWelve pigs (mean body Weight 73i4.6 kg) Were 
included in the study. The animals Were premedicated With 
ketaminol (10 mg/kg) and atropine (2 mg/kg) injected intra 
muscularly. A vascular access Was established through a vein 
in the ear. The animals Were anaesthetiZed With sodium thio 
pental (5 m/kg) through this venous line and Were intubated, 
and anaesthesia Was maintained by intravenous administra 
tion of thiopental as needed. The animals Were ventilated With 
room air. A left lateral thoracotomy Was performed through 
the ?fth intercostal space. The pericardium Was opened and 
re?ected to form a cradle for suspending the heart. In all 
animals, ?ve triads of laser channels Were drilled at the mid 
height of the left lateral Wall. Within each triad, the channels 
Were 1 cm apart. The external opening of each channel Was 
marked With a non-resorbable stitch in order to identify them 
later for histology. The animals Were allocated randomly to 
receive an injection of either of 100 micrograms of groWth 
factor in 0.1 ml of 1% povidone (ISD Plasdone® C-15) Within 
the triads, or of the same amount of the carrier alone. At the 
end of the operation, the thoracotomy Was closed on a chest 
tube, Which Was removed after Weaning the animal from the 
ventilator. After 1 month, the animals Were sacri?ced and the 
hearts rapidly excised for histology. 

[0057] As shoWn in FIG. 3, immunostaining for FactorVlll 
in sections of the ischemic myocardium taken from the ani 
mals treated With TrMR and BDAP in 5% C-15 povidone 
indicated an increase in the number of vascular endothelial 
cells compared to no treatment or treatment With TMR alone. 
Thus, BDAP in 5% C-15 Plasdone stimulated the formation 
of neW blood vessels in the subject animals. 

EXAMPLE 4 

Canine Myocardial lschemia Study 

[0058] This example demonstrates the effectiveness of a 
solution of GDP-5 in 1% aqueous C-15 povidone at treating 
ischemic tissues. 

[0059] The experiment of EXAMPLE 1 Was repeated using 
a solution of GDP-5 solubiliZed in 1% povidone (ISD Plas 
done® C-15) as the treating solution in each case. As in 
EXAMPLE 1, BrdU-stained sections of the smooth muscle 
cells and BrdU positive cells in sections of the ischemic 
myocardium taken from the animals indicated that these vas 
cular endothelial and smooth muscle cells Were actively pro 
liferating, thus indicating that GDP-5 in 1% C-15 povidone 
stimulated the formation of neW differentiated blood vessels 
in the subject (FIG. 2). 
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[0060] The above-noted experimental results are summa 
riZed in TABLE 3. As the results demonstrate, aqueous solu 
tions of polyvinyl pyrrolidone of varying molecular Weight 
and at various concentrations can be used to solubiliZe vari 
ous groWth factors at various dosage levels. The resulting 
solutions have been shoWn to induce an angiogenic response 
in porcine and canine subjects, and hence Would be expected 
to induce a similar response in human subjects. 

TABLE 3 

Experimental Surnmag 

Growth 
Factor Povidone 
Concen- Concen- Povidone 

EXAM- Growth tration tration Molecular 
PLE Factor(s) (mg/cc) (% Wt/vol) Weight Subject 

1 BDAP 0, 0.1, 70% K-90 Canine 
1.0 (~1,300,000 

2 BDAP 0,1,10 1% C-15 Canine 

(~8,000) 
3 TMR- 1.0 5% C- 15 Porcine 

BDAP 
4 GDP-5 0, 0.5, 1% C-15 Canine 

2.5, 5.0 

[0061] Although various embodiments of the present 
invention are speci?cally illustrated and described herein, it 
Wilt be appreciated that modi?cations and variations of the 
invention are covered by the above teachings and are Within 
the purvieW of the appended claims Without departing from 
the spirit and intended scope of the invention. For example, 
While it is preferred that the vinyl pyrrolidone polymers and 
other such materials described herein be incorporated into a 
liquid medium, persons skilled in the art Will appreciate that, 
in some instances, these materials could also be advanta 
geously employed in other media, such as, for example, sol 
ids, gels, or liquid crystals. Furthermore, the examples set 
forth herein should not be interpreted to limit the modi?ca 
tions and variations of the invention covered by the claims, 
but are merely illustrative of some such possible variations. 

1-31. (canceled) 
32. A method of promoting soft tissue regeneration in a 

living subject, comprising: 

administering to the soft tissue a groWth factor composition 
comprising a polypeptide of the TGF-B superfamily and 
a carrier comprising a vinyl pyrrolidone polymer having 
a molecular Weight of from about 2.5 kD to about 20 kD 
and a solvent selected from the group consisting of Water 
and aqueous buffer solutions, 

Wherein the Weight ratio of the polypeptide to the vinyl 
pyrrolidone polymer is 1:10 or less and angiogenesis is 
induced in the soft tissue. 

33. The method of claim 32, Wherein the soft tissue com 
prises myocardial tissue. 

34. The method of claim 33, Wherein administering com 
prises injecting the composition into the myocardial tissue. 

35. The method of claim 34, Wherein the composition is a 
liquid having a viscosity of less than about 3 cP. 

* * * * * 


