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COMPOSITIONS FOR REGENERATION AND 
REPAIR OF CARTILAGE LESIONS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of priority under 35 
USC §120 as a continuation-in-part of copending US. 
patent application Ser. No. 09/250,370, ?led Feb. 16, 1999 
now US. Pat. No. 6,514,514 now allowed, and entitled 
“Device and Method for Regeneration and Repair of Carti 
lage Lesions”, which is a continuation-in-part under 35 
USC §120 of PCT Application No. PCT/EP 98/05100, 
entitled “Composition and Device for In Vivo Cartilage 
Repair Comprising Nanocapsules with Osteoinductive And/ 
or Chondroinductive Factors”, ?led Aug. 12, 1998, which 
designates the United States and which claims priority from 
European Application No. EP 97810567.4, entitled “Com 
position and Device for In Vrvo Cartilage Repair”, ?led Aug. 
14, 1997. Each of the above-identi?ed applications is incor 
porated herein by reference in their entireties. 

FIELD OF THE INVENTION 

The present invention relates to a cartilage regeneration 
and repair product that induces cell ingrowth into a biore 
sorbable material and cell differentiation into cartilage 
tissue, and to methods of using such a product to repair 
cartilage lesions. 

BACKGROUND OF THE INVENTION 

Articular cartilage, an avascular tissue found at the ends of 
articulating bones, has limited natural capacity to heal. Dur 
ing normal cartilage ontogeny, mesenchymal stem cells con 
dense to form areas of high density and proceed through a 
series of developmental stages that ends in the mature chon 
drocyte. The ?nal hyaline cartilage tissue contains only 
chondrocytes that are surrounded by a matrix composed of 
type II collagen, sulfated proteoglycans, and additional pro 
teins. The matrix is heterogenous in structure and consists of 
three morphologically distinct Zones: super?cial, 
intermediate, and deep. Zones differ among collagen and 
proteoglycan distribution, calci?cation, orientation of col 
lagen ?brils, and the positioning and alignment of chondro 
cytes (Archer et al., 1996, J. Anat. 189(1):23*35; Morrison 
et al., 1996, J. Anat. 189(1): 9*22; and Mow et al., 1992, 
Biomaterials 13(2): 67*97). These properties provide the 
unique mechanical and physical parameters to hyaline carti 
lage tissue. 

The meniscus, a C-shaped cartilaginous tissue, performs 
several functions in the knee including load transmission 
from the femur to the tibia, stabilization in the anterior 
posterior position during ?exion, and joint lubrication. Dam 
age to the meniscus results in reduced knee stability and 
knee locking. Over 20 years ago, meniscectomies were per 
formed which permitted immediate pain relief, but were sub 
sequently found to induce the early onset of osteoarthritis 
(Fairbank, J. Bone Joint Surg. 30B: 664*670; Allen et al., 
1984, J. Bone Joint Surg. 66B:666*671; and Roos et al., 
1998, Arth. Rheum. 41:687*693). More recently, partial 
meniscectomies and repair of meniscal tears have been per 
formed (FIGS. 9AiD; Jackson, D., ed., 1995, Reconstruc 
tive Knee Surgery Master Techniques in Orthopedic 
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2 
Surgery, ed. R. Thompson, Raven Press: New York). 
However, partial resection results in the loss of functional 
meniscus tissue and the early onset of osteoarthritis (Lynch 
et al., 1983, Clin. Orthop. 172:148*153; Cox et al., 1975, 
Clin. Orthop. 109:178*183; King, 1995, J. Bone Joint Surg. 
77B:836*837). Additionally, repair of meniscal tears is lim 
ited to tears in the vascular 1/3 of the meniscus; tears in the 
semivascular to avascular 2/3 are not repairable (FIGS. 
9AiD; Jackson, ibid.). Of the approximately, 560,000 
meniscal injuries that occur annually in the United States, an 
estimated 80% of tears are located in the avascular, irrepa 
rable Zone. Clearly, a method that both repairs “non 
repairable” tears or that can induce regeneration of resected 
menisci would be valuable for painless musculoskeletal 
movement and prevention of the early onset of osteoarthritis 
in a large segment of the population. 
The proximal, concave surface of the meniscus contacts 

the femoral condyle and the distal, ?at surface contacts the 
tibial plateaus. The outer one-third of the meniscus is highly 
vasculariZed and contains dense, enervated, connective tis 
sue. In contrast, the remaining meniscus is semivascular or 
avascular, aneural tissue consisting of ?brochondrocytes sur 
rounded by abundant extracellular matrix (McDevitt et al., 
Clin. Orthop. Rel. Res. 252:8il7). Fibrochondrocytes are 
distinctive in both appearance and function compared to 
undifferentiated ?broblasts. Fibroblasts are elongated cells 
containing many cellular processes and produce predomi 
nantly type I collagen. The matrix produced by ?broblasts 
does not produce a suf?cient mechanical load. In contrast, 
?brochondrocytes produce type I and type II collagen and 
proteoglycans. These matrix components support compres 
sive forces that are commonly exerted on the meniscus dur 
ing musculoskeletal movement. 

In the 1960’ s, demineraliZed bone matrix was observed to 
induce the formation of new cartilage and bone when 
implanted in ectopic sites (Urist, 1965, Science 
150:893*899). The components responsible for the osteoin 
ductive activities were termed Bone Morphogenetic Proteins 
(BMP). At least seven individual BMP proteins were subse 
quently identi?ed from bone (BMP 1*7) and amino acid 
analysis revealed that six of the seven BMPs were related to 
each other and to other members of the TGF-[3 superfamily. 
During endochondral bone formation, TGF-[3 family mem 
bers direct a cascade of events that includes chemotaxis, 
differentiation of pluripotential cells to the cartilage lineage, 
maturation of chondrocytes to the hypertrophic stage, miner 
aliZation of cartilage, replacement of cartilage with bone 
cells, and the formation of a calci?ed matrix (Reddi, 1997, 
Cytokine & Growth Factor Reviews 8:11*20). Although 
individual, recombinant BMPs can induce these events, the 
prevalence of multiple TGF-[3 family members in bone tis 
sue underlies the complexity involved in natural osteogen 
esrs. 

Bone Protein (SulZer Orthopedics Biologics, Wheatridge, 
Colo.), also referred to herein as BP, is a naturally derived 
mixture of proteins isolated from demineraliZed bovine 
bones that has osteogenic activity in vitro and in vivo. In the 
rodent ectopic model, BP induces endochondral bone forma 
tion or bone formation through a cartilage intermediate 
(Damien, C. et al., 1990, J. Biomed. Mater. Res. 
24:639i654). BP in combination with calcium carbonate 
promotes bone formation in the body (Poser and Benedict, 
PCT Publication No. WO95/13767). In vitro, BP has been 
shown to promote differentiation to cartilage of murine 
embryonic mesenchymal stem cells (Atkinson et al., 1996, 
In “Molecular and Developmental Biology of Cartilage”, 
Bethesda, Md., Annals New York Acad. Sci. 785:206i208; 
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Atkinson et al., 1997, J. Cell. Biochem. 65:325i339) and of 
adult myoblast and dermal cells (Atkinson et al., 1998, 44th 
Annual Meeting, Orthopaedic Research Society, abstract). 
To ensure chondrogenesis in these in vitro systems, hoWever, 
culture conditions must be tightly controlled throughout the 
culture period, including by controlling cellular organization 
Within the culture, optimizing media formulations, and add 
ing exogenous factors that must be carefully established to 
maximize chondrogenesis over mitogenesis. Such optimiza 
tion of conditions makes the application of the disclosed in 
vitro methods to an in vivo system unrealistic and unpredict 
able. In addition, although in vitro cultures of adult myoblast 
and dermal cells initially resulted in chondrogenesis, the 
effect Was only transient and over time, the cultures reverted 
to their original phenotype. Although certain embryonic and 
precursor cell types shoWed prolonged chrondrogenesis in 
vitro in these studies, it Would be unpredictable or even 
impossible in the case of embryonic cells that these speci?c 
cell types could be recruited to a site in vivo in an adult 
patient. 

Atkinson et al., in PCT Application No. PCT/EP/05100, 
incorporated herein by reference in its entirety, describe a 
delivery system for osteoinductive and/or chondroinductive 
mixture of naturally derived factors for the induction of car 
tilage repair. 

Hunziker (U.S. Pat. Nos. 5,368,858 and 5,206,023) 
describes a cartilage repair composition consisting of a bio 
degradable matrix, a proliferation and/or chemotactic agent, 
and a transforming factor. A tWo-stage approach is used 
Where each component has a speci?c function over time. 
First, a speci?c concentration of proliferation/chemotactic 
agent ?lls the defect With repair cells. Second, a larger trans 
forming factor concentration, preferably provided in con 
junction With a delivery system, transforms repair cells to 
chondrocytes. The second stage delivery of a high concen 
tration of transforming factor in a delivery system (i.e., 
liposomes) Was required to obtain formation of hyaline car 
tilage tissue at the treatment site. 
Chen and Jeffries (U.S. Pat. No. 5,707,962) describe 

osteogenic compositions consisting of collagen and sorbed 
factors to enhance osteogenesis. 

Valee and King (U.S. Pat. No. 4,952,404) describe healing 
of injured, avascular meniscus tissue by release of the angio 
genic factor, angiogenin, over at least 3 Weeks. 

Previously, Amoczky et al. described a method using an 
autogenous ?brin clot to repair an avascular, circular lesion 
in canine menisci (Amoczky et al., 1988, J. Bone Joint Surg. 
70A:1209*1217). This approach enhanced repair of menis 
cal tissue compared to controls lacking the ?brin clot. 
HoWever, the repair tissue Was not meniscus-like tissue, but 
rather connective scar tissue. 

Hashimoto et al. described a method using ?brin sealant 
With or Without endothelial cell groWth factor in avascular, 
circular meniscal defects in the canine model (Hashimoto et 
al., 1992, Am. J. Sports Med. 20:537i54l). The groWth fac 
tor added a modest bene?t compared to healing With ?brin 
sealant alone and this additional effect Was not observed 
until three months after treatment, indicating an indirect 
contribution of the groWth factor. In addition, the defect Was 
?lled With hyaline cartilage-like cells, Which are not typi 
cally present in normal meniscus tissue. 

Shirakura, et al. describe the use of an autogenous syn 
ovium graft sutured into meniscal tears. While the synovium 
did enhance healing in 1/3 of the animals, the grafts healed 
With ?brous tissue, not ?brocartilaginous tissue normally 
observed in meniscus tissue (Shirakura, 1997, Acta. Orthop. 
Scand. 68:5 1454). Furthermore, 2/3 of the grafts did not heal. 
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4 
The molecular mechanism for cartilage and bone forma 

tion has been partially elucidated. Both bone morphogenetic 
proteins (BMP) and transforming groWth factor [3 (TGFB) 
molecules bind to cell surface receptors (i.e., TGFB/BMP 
receptors) to initiate a cascade of signals to the nucleus that 
promotes proliferation, differentiation to cartilage, and/or 
differentiation to bone (Massague, 1996, Cell 85:947i950). 
In 1984, Urist described a substantially pure, but not 
recombinant, BMP combined With a biodegradable poly 
(lactic acid) polymer delivery system for bone repair (U.S. 
Pat. No. 4,563,489). This system blends together equal 
quantities of BMP and poly(lactic acid) (PLA) poWder (100 
pg of each) and decreases the amount of BMP required to 
promote bone repair. 

Hattersley et al. (WO 96/39170) disclose a tWo factor 
composition for inducing cartilaginous tissue formation 
using a cartilage formation-inducing protein and a cartilage 
maintenance-inducing protein. Speci?c recombinant carti 
lage inducing proteins are speci?ed as BMP-13, MP-52 and 
BMP-12, and speci?c cartilage maintenance-inducing pro 
teins are speci?ed as BMP-9. In one embodiment, BMP-9 is 
encapsulated in a resorbable polymer system and delivered 
to coincide With the presence of cartilage formation inducing 
protein(s). 

Laurencin et al. (U.S. Pat. No. 5,629,009) disclose a 
chondrogenesis-inducing device, consisting of apolyanhy 
dride and polyorthoester, that delivers Water soluble proteins 
derived from demineralized bone matrix, TGFB, epidermal 
groWth factor (EGF), ?broblast groWth factor (FGF) or 
platelet-derived groWth factor (PDGF). 

Bentz et al. (PCT Publication No. WO 92/09697) have 
described the use of a bone morphogenetic protein (BMP) 
With a TGFB protein for bone repair. The ratio of BMP to 
TGFB in the mixture is in the range of 10:1 to 1:10. The 
addition of TGF-[3 With either BMP-2 or BMP-3 results in 
increased osteoinductive activity and an increased ratio of 
cartilage to bone When compared to either factor alone 
(Bentz et al., Matrix 11:269*275 (1991); OgaWa et al., J. 
Biol. Chem., 267(20): 1423347 (1992); WO92/09697). 
HoWever, this composition produced substantial bone in the 
rodent subcutaneous assay. 

Bulpitt and Aeschlimann found that TGF[3-2 and BMP-2 
led to accelerated bone formation and decreased cartilage 
formation in the rat ectopic bone formation assay (Bulpitt et 
al., Tissue Engineering, pp. 1624169 (1999)). 

Other studies demonstrate no or little effect of the combi 
nation of TGFB-l or -2 With BMP. In vitro, the combination 
of TGFB-l and porcine BMP demonstrated no synergistic 
effects on collagen production (Kim et al., Biochem. Mol. 
Biol. Int’l, 33(2):253*261 (1994)). Similarly, Ballock et al., 
demonstrated no synergy betWeen TGFB-l and BMP-3 for 
collagen production in periosteum derived cells in vitro 
(Ballock et al., J. Ortho. Res., 15:463*7 (1997)). 

In the Rosen modi?ed Sampath-Reddi rodent assay 
(Sampath et al., Proc. Nat’l Acad. Sci. USA, 80(21):6591*5 
(1983)), BMP-2 containing implants shoWed cartilage and 
bone formation after ten days and mostly bone (no cartilage) 
after 21 days (U.S. Pat. No. 5,658,882). 

Previously, Li and Stone (U.S. Pat. No. 5,681,353) have 
described a Meniscal Augmentation Device that consists of 
biocompatible and bioresorbable ?bers that acts as a scaffold 
for the ingroWth of meniscal ?brochondrocytes, supports 
normal meniscal loads, and has an outer surface that 
approximates the natural meniscus contour. After partial 
resection of the meniscus to the vascular zone, this device is 
implanted into the resulting segmental defect. The results 
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have been described in both canines and humans (Stone et 
al., 1992, Am. J. Sports Med. 20:104*111; and Stone et al., 
1997, J. Bone Joint Surg. 79:1770*1777). 
The Meniscus Augmentation Device, the research reports 

and patent disclosures described above, and current repair 
surgeries provide encouraging results in the area of cartilage 
repair, but are not satisfactory to induce repair of “non 
repairable” avascular tears in Which the repair tissue is 
meniscus tissue, and are not satisfactory to produce short 
patient rehabilitation times and regenerated meniscus tissue 
in the vascular Zone. Furthermore, no reports have been 
described that demonstrate enhanced healing rates of 
“repairable” meniscal tears in vivo. 

SUMMARY OF THE INVENTION 

The present invention relates to a product and method for 
repairing and/or regenerating cartilage lesions. The product 
and method of the present invention are useful for repairing a 
variety of cartilage lesions, including articular and mensical 
lesions, including vascular, semivascular and avascular 
lesions. Moreover, the product and method of the present 
invention can be used to repair different siZes and shapes of 
cartilage lesions, including radial tears, bucket handle tears, 
and segmental defects. 
A ?rst embodiment of the product of the present invention 

relates to a product for repair of cartilage lesions. Such a 
product includes: (a) a cartilage repair matrix; and, (b) a 
cartilage-inducing composition associated With the matrix 
for provision of a mixture of proteins. In one embodiment of 
the product of the present invention, a cartilage-inducing 
composition includes a mixture of proteins Which includes: 
transforming groWth factor [31 (TGFBI), bone morphoge 
netic protein (BMP)-2, BMP-3, and BMP-7. The quantity of 
the TGFBI in the mixture is from about 0.01% to about 
99.99% of total proteins in the mixture; the quantity of the 
BMP-2 in the mixture is from about 0.01% to about 10% of 
total proteins in the mixture; the quantity of the BMP-3 in 
the mixture is from about 0.1% to about 15% of total pro 
teins in the mixture; and, the quantity of the BMP-7 in the 
mixture is from about 0.01% to about 10% of total proteins 
in the mixture. 

In a second embodiment of the product of the present 
invention, a cartilage-inducing composition includes a mix 
ture of proteins Which includes (a) a bone-derived osteo 
genic or chondrogenic formulation; and, (b) an exogenous 
TGFB protein. The exogenous TGFB protein is present in an 
amount su?icient to increase cartilage induction by the com 
position over a level of cartilage induction by the bone 
derived osteogenic or chondrogenic protein formulation in 
the absence of the exogenous TGFB protein. In one aspect of 
this embodiment, the exogenous TGFB protein is TGFBI. In 
this aspect, the ratio of TGFBI to all other proteins in the 
mixture of proteins is at least about 1:10, at least about 1:3, 
at least about 1:1, or at least about 10:1. 

In a third embodiment of the product of the present 
invention, a cartilage-inducing composition includes a mix 
ture of proteins comprising: (a) a TGFB protein; and, (b) at 
least one bone morphogenetic protein (BMP), Wherein the 
ratio of the TGFB protein to the BMP protein is greater than 
about 10:1. In this embodiment, the TGFB protein can be 
any TGFB protein, including TGFBI, TGF[32, TGF[33, 
TGF[34, TGF[35, or mixtures thereof. In a preferred 
embodiment, the TGFB protein is TGFBI or TGF[32, With 
TGFBI being most preferred. The BMP protein can be any 
BMP protein, including, but not limited to, BMP-2, BMP-3, 
BMP-4, BMP-5, BMP-6, BMP-7, BMP-8, BMP-9, CDMP, 
and mixtures thereof. 
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In one aspect of the any of the above-described embodi 

ments of the present invention, the mixture of proteins 
includes TGFB superfamily proteins: TGFBI, bone morpho 
genetic protein (BMP)-2, BMP-3, and BMP-7, Wherein the 
TGFB superfamily proteins comprise from about 0.5% to 
about 99.99% of the mixture of proteins. In one aspect, the 
TGFB superfamily proteins comprise from about 0.5% to 
about 25% of the mixture of proteins; in another aspect, the 
TGFB superfamily proteins comprise from about 1% to 
about 10% of the mixture of proteins. 

In one aspect of each of the above-referenced 
embodiments, the quantity of the TGFBI in the mixture is 
from about 0.01% to about 75% of total proteins in the mix 
ture; in another aspect, the quantity of the TGFBI in the 
mixture is from about 0.01% to about 50% of total proteins 
in the mixture; in another aspect, the quantity of the TGFBI 
in the mixture is from about 0.01% to about 25% of total 
proteins in the mixture; in another aspect, the quantity of the 
TGFBI in the mixture is from about 0.01% to about 10% of 
total proteins in the mixture; in another aspect, the quantity 
of the TGFBI in the mixture is from about 0.1% to about 1% 
of total proteins in the mixture; in another aspect, the quan 
tity of the TGFBI in the mixture is from about 33% to about 
99.99% of total proteins in the mixture; in another aspect, 
the quantity of the TGFBI in the mixture is from about 50% 
to about 99.99% of total proteins in the mixture. 

In one aspect of each of the above-referenced 
embodiments, the quantity of the BMP-2 in the mixture is 
from about 0.1% to about 5% of total proteins in the mixture. 
In one aspect of each of the above-referenced embodiments, 
the quantity of the BMP-3 in the mixture is from about 0.1% 
to about 5% of total proteins in the mixture. In one aspect of 
each of the above-referenced embodiments, the quantity of 
the BMP-7 in the mixture is from about 0.1% to about 5% of 
total proteins in the mixture. In the ?rst embodiment of the 
product of the present invention, the quantity of BMP-3 in 
the mixture is from about 0.1% to about 10% of total pro 
teins in the mixture. 

In one aspect of each of the above-referenced 
embodiments, the mixture of proteins further comprises a 
protein selected from the group consisting of TGF[32, 
TGF[33, BMP-4, BMP-5, BMP-6, BMP-8, BMP-9, and 
cartilage-derived morphogenetic protein (CDMP). In one 
aspect, the TGF[32 comprises from about 0.5% to about 12% 
of the mixture of proteins; in another aspect, the TGF[33 
comprises from about 0.01% to about 15% of the mixture of 
proteins; in another aspect, the BMP-4 comprises from 
about 0.01% to about 1% of the mixture of proteins; in 
another aspect, the BMP-5 comprises from about 0.01% to 
about 1% of the mixture of proteins; in another aspect, the 
BMP-6 comprises from about 0.01% to about 1% of the 
mixture of proteins; in another aspect, the CDMP comprises 
from about 0.01% to about 1% of the mixture of proteins. 

In another aspect of each of the above-referenced 
embodiments, the mixture of proteins further comprises at 
least one bone matrix protein. The bone matrix protein can 
include, but is not limited to, osteocalcin, osteonectin, bone 
sialoprotein (BSP), lysyloxidase, cathepsin L pre, 
osteopontin, matrix GLA protein (MGP), biglycan, decorin, 
proteoglycanchondroitin sulfate III (PG-CS III), bone acidic 
glycoprotein (BAG-75), thrombospondin (TSP) and 
?bronectin. Typically, the bone matrix protein comprises 
from about 20% to about 98% of the mixture of proteins. In 
one aspect, the bone matrix proteins comprise: osteocalcin, 
osteonectin, bone sialoprotein (BSP), lysyloxidase, and 
cathepsin L pre. In another aspect, the bone matrix protein 
comprises from about 40% to about 98% of the mixture of 
proteins. 
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In another aspect of each of the above-referenced 
embodiments, the mixture of proteins further comprises at 
least one growth factor protein. The growth factor protein 
can include, but is not limited to, ?broblast growth factor-I 
(FGF-I), FGF-II, FGF-9, leukocyte inhibitory factor (LIF), 
insulin, insulin growth factor I (IGF-I), IGF-II, platelet 
derived growth factor AA (PDGF-AA), PDGF-BB, PDGF 
AB, stromal derived factor-2 (SDF-2), pituitary thyroid hor 
mone (PTH), growth hormone, hepatocyte growth factor 
(HGF), epithelial growth factor (EGF), transforming growth 
factor-0t (TGFot) and hedgehog proteins. Typically, the 
growth factor protein comprises from about 0.01% to about 
50% of the mixture of proteins. In one aspect, the growth 
factor protein comprises from about 0.05% to about 25% of 
the mixture of proteins; in another aspect, the growth factor 
protein comprises from about 0.1% to about 10% of the 
mixture of proteins. Preferably, the growth factor protein is 
?broblast growth factor-I (FGF-I). In this aspect, the FGF-I 
comprises from about 0.001% to about 10% of the mixture 
of proteins. 

In yet another aspect of each of the above-identi?ed 
embodiments of the present invention, the composition fur 
ther comprises one or more serum proteins. The serum pro 

teins can include, but are not limited to, albumin, transferrin, 
(x2-Hs GlycoP, IgG, otl-antitrypsin, [32-microglobulin, Apo 
A1 lipoprotein (LP) and Factor XIIIb. In one aspect, the 
serum proteins are selected from the group consisting of 
albumin, transferrin, Apo A1 LP and Factor XIIIb. 

In one aspect of any of the above-referenced embodiments 
of the present invention, the mixture of proteins comprises 
TGF[31, TGF[32, TGF[33, BMP-2, BMP-3, BMP-4, BM[35, 
BMP-6, BMP-7, CDMP, FGF-I, osteocalcin, osteonectin, 
BSP, lysyloxidase, cathepsin L pre, albumin, transferrin, 
Apo A1 LP and Factor XIIIb. In another aspect, the mixture 
of proteins comprises Bone Protein (BP). In yet another 
aspect, the cartilage inducing composition has an identifying 
characteristic selected from the group consisting of an abil 
ity to induce cellular in?ltration, an ability to induce cellular 
proliferation, an ability to induce angiogenesis, and an abil 
ity to induce cellular differentiation to type II collagen 
producing chondrocytes. 

In one aspect of any of the above-referenced embodiments 
of the present invention, the cartilage-inducing composition 
is at a concentration of from about 0.5% to about 33% by 
weight of the product. In another aspect, the cartilage 
inducing composition is at a concentration of from about 1% 
to about 20% by weight of the product. 

In the ?rst embodiment of the product of the present 
invention, the mixture of proteins, when used at a concentra 
tion of at least about 10 pg per 6.5*7.3 mg of bovine tendon 
collagen in a rat subcutaneous assay, induces a bone score of 
from about 1.0 to about 3.5, using a bone grading scale set 
forth in Table 8, and induces a cartilage score of at least 
about 1.2, using a cartilage grading scale set forth in Table 9. 

In the second and third embodiments of the product of the 
present invention, the composition, when used at a concen 
tration of at least about 10 pg per 6.5*7.3 mg of bovine 
tendon collagen in a rat subcutaneous assay, induces a bone 
score of less than about 2.0, using a bone grading scale set 
forth in Table 8, and induces a cartilage score of at least 
about 2.0, using a cartilage grading scale set forth in Table 9. 
Preferably, in the second and third embodiments, the 
composition, when used at a concentration of at least about 
10 pg per 6.5*7.3 mg of bovine tendon collagen in a rat 
subcutaneous assay, induces a bone score of less than about 
2.0, using a bone grading scale set forth in Table 8, and 
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induces a cartilage score of at least about 2.5, using a carti 
lage grading scale set forth in Table 9. More preferably, in 
the second and third embodiments, the composition, when 
used at a concentration of at least about 10 pg per 6.5*7.3 mg 
of bovine tendon collagen in a rat subcutaneous assay, 
induces a bone score of less than about 2.0, using a bone 
grading scale set forth in Table 8, and induces a cartilage 
score of at least about 3.0, using a cartilage grading scale set 
forth in Table 9. 

In one aspect of the ?rst embodiment of the present 
invention, the ratio of TGF[31 to all other proteins in the 
mixture of proteins is at least about 1:10; in another aspect, 
the ratio of TGF[31 to all other proteins in the mixture of 
proteins is at least about 1:3; in another aspect, the ratio of 
TGF[31 to all other proteins in the mixture of proteins is at 
least about 1:1; in another aspect, the ratio of TGF[31 to all 
other proteins in the mixture of proteins is at least about 
10:1. 

In the second or third embodiment of the product of the 
present invention, the TGFB protein can be a recombinant 
TGFB protein, or can be puri?ed from a bone-derived pro 
tein mixture. In one aspect, the ratio of the TGFB protein to 
the BMP protein is greater than about 100:1; in another 
aspect, the ratio of the TGFB protein to the BMP protein is 
greater than about 1000: 1; in another aspect, the ratio of the 
TGFB protein to the BMP protein is greater than about 
10,000:1. 

In the third embodiment referenced above, in a preferred 
aspect, the TGFB protein is TGF[31. In another preferred 
aspect of this embodiment, the BMP protein is selected from 
the group consisting of BMP-2, BMP-3, BMP-4, BMP-5, 
BMP-6, BMP-7, BMP-8, BMP-9 and CDMP. 

Various other aspects of each of the above-identi?ed 
embodiments of the product of the present invention are 
described in detail below. 
The product of the present invention can also be formu 

lated to include: (a) a cartilage repair matrix; and (b) a 
cartilage-inducing composition associated with the matrix, 
which includes cells that have been cultured with the above 
described mixture of chondrogenesis-enhancing proteins. 
The cartilage repair matrix of a shape and siZe that con 

forms to the cartilage defect such that the defect is repaired. 
As such, the matrix can be con?gured as a sheet, which is 
most suitable for repairing cartilage tears, or the matrix can 
be con?gured to repair a segmental defect, which can 
include a tapered shape. The cartilage repair matrix can be 
formed of any suitable material, including synthetic poly 
meric material and ground substances. In one embodiment, 
the matrix is bioresorbable. In another embodiment, the 
matrix is porous. When the matrix is con?gured as a sheet, 
the matrix is preferably not cross-linked, and when the 
matrix is con?gured to repair a segmental defect, the matrix 
is preferably cross-linked. 
The cartilage-inducing composition can be associated 

with the matrix by any suitable method, including, but not 
limited to freeZe-drying the composition onto a surface of 
said matrix and suspension within said cartilage repair 
matrix of a delivery formulation containing said composi 
tion. Additionally, the composition can be associated with 
the matrix ex vivo or in vivo. 

Another embodiment of the present invention relates to a 
method for repair of cartilage lesions, which includes the 
steps of implanting and ?xing into a cartilage lesion a carti 
lage repair product of the present invention, as described 
above, including a cartilage repair product including an of 
the above-referenced embodiments of a cartilage-inducing 
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composition. The method of the present invention can be 
used to enhance the rate and/or quality of repair of vascular 
cartilage tears and segmental defects, and can provide the 
ability to repair semivascular and avascular tears and seg 
mental defects that, prior to the present invention, Were typi 
cally considered to be irreparable. When the lesion is in 
semivascular or avascular cartilage, the product can addi 
tionally include a time controlled delivery formulation. 

In one aspect, the method of the present invention 
includes the use of tWo cartilage repair products to repair a 
segmental defect. The ?rst product includes a cartilage 
repair matrix, Which is con?gured as a sheet, is associated 
With the chondrogenesis-inducing composition as described 
above. The second product includes a cartilage repair matrix 
con?gured to replace cartilage removed from the segmental 
defect, Which may or may not be associated With the 
chondrogenesis-inducing composition of the present inven 
tion. 

BRIEF DESCRIPTION OF THE FIGURES OF 
THE INVENTION 

FIG. 1A shoWs a meniscal radial tear. 

FIG. 1B shoWs a conventional suture repair and resection 
of the meniscal radial tear illustrated in FIG. 1A. 

FIG. 1C shoWs a meniscal triple bucket handle tear. 

FIG. 1D shoWs a conventional suture repair and resection 
of the meniscal triple bucket handle tear illustrated in FIG. 
1C. 

FIG. 2A illustrates implantation of a cartilage repair prod 
uct of the present invention to a meniscal segmental lesion. 

FIG. 2B illustrates ?xation of a cartilage repair product of 
the present invention to a meniscal segmental lesion. 

FIG. 3A is a diagram illustrating a meniscus cross section 
having vascular, semivascular and avascular Zones. 

FIG. 3B illustrates one approximate shape of a cartilage 
repair product of the present invention. 

FIG. 4A is an illustration of a meniscus having a longitu 
dinal tear in the avascular region as vieWed from the femur 
toWards the tibia. 

FIG. 4B is a diagram illustrating a cross section of the 
meniscus depicted in FIG. 4A containing a cartilage repair 
product of the present invention. 

FIG. 5 is a line graph shoWing quantitation of Alcian Blue 
staining of ATDC5 micromass cultures. 

FIG. 6 is a bar graph shoWing quantitation of Alcian Blue 
staining of ATDC5 micromass cultures in Nutridoma 
containing media at 7 and 14 days. 

FIG. 7 is a bar graph shoWing quantitation of Alcian Blue 
staining of ATDC5 micromass cultures containing HPLC 
fractions of proteins isolated from demineraliZed bovine 
bones. 

FIG. 8 is a diagram illustrating a cross-section vieW of a 
combination collagen meniscus implant (CMI) and sheet 
cartilage repair product of the present invention used to 
repair a meniscal defect. 

DETAILED DESCRIPTION OF THE INVENTION 

The present application generally relates to a product for 
repairing and/or regenerating cartilage lesions, and methods 
of repairing or regenerating cartilage lesions using such a 
product. The product and methods of the present invention 
are particularly useful for repairing defects (i.e., lesions) in 
articular cartilage (e.g., hyaline cartilage) and meniscal car 
tilage (e.g., ?brocar‘tilage). When used to repair meniscal 
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cartilage, the product and method of the present invention 
are effective for repairing both vascular and avascular 
meniscal cartilage lesions. In particular, the product and 
method of the present invention increase the rate of menis 
cus repair and induce more normal (i.e., endogenous-type) 
meniscal tissue than is commonly observed during the con 
ventional repair practiced currently. The cartilage repair 
product of the present invention can also induce meniscus 
repair of avascular, “irreparable” tears and, furthermore, ?ll 
the defect With meniscus-like tissue. Moreover, the product 
and method are useful for repairing and regenerating menis 
cal tissue Which has been removed by partial or complete 
meniscectomy. The product and method of the present 
invention can enhance blood vessel formation, produce 
?brochondrocytes, induce cellular in?ltration into the 
product, induce cellular proliferation, and produce cellular 
and spatial organiZation to form a three-dimensional menis 
cus tissue. 

The ability of the product of the present invention to repair 
and/or regenerate both vascular and avascular cartilage in 
vivo has not been achieved by any of the presently knoWn 
cartilage repair devices/compositions or methods. Moreover, 
previous devices and methods have been primarily directed 
to the repair of very small defects and have not been success 
ful in solving problems associated With repair of large, clini 
cally relevant defects. Without being bound by theory, the 
present inventors believe that the reason that these previous 
approaches failed to adequately repair cartilage is that they 
Were not able to recapitulate natural cartilage ontogeny 
faithfully enough, this natural ontogeny being based on a 
very complicated system of different factors, factor combi 
nations and factor concentrations With temporal and local 
gradients. A single recombinant factor or tWo recombinant 
factors may lack the inductive complexity to mimic cartilage 
development to a su?icient degree. Moreover, prior investi 
gators had not discovered hoW to manipulate various combi 
nations of osteogenic/chondrogenic factors in order to limit 
bone groWth and enhance cartilage groWth in vivo. Similarly, 
the system used to provide one or tWo recombinant factors 
may not have been able to mimic the gradient complexity of 
the natural system to a satisfactory degree or to maintain a 
factor concentration for a time that is suf?cient to alloW a 
full and permanent differentiation of precursor cells to chon 
drocytes. Without being bound by theory, the present inven 
tors believe that the repair of certain defects, particularly 
large defects, requires the maintenance of a suf?cient con 
centration of a particular complex mixture of repair factors 
at the site for a time su?icient to induce the proper formation 
of cartilage. 
As discovered by the present inventors and as described 

herein, Bone Protein (BP) and mixtures derived from BP are 
chondrogenic in avascular environments (e. g. articular carti 
lage and in vitro), With limited osteogenic activity. HoWever, 
although BP is chondrogenic in other, vasculariZed environ 
ments (lumbar spine, subcutaneous, etc.), it has signi?cant 
osteogenic activity as Well. Certain cartilage regeneration 
applications, such as the meniscus, require cartilaginous 
repair in a vascular environment. Because the meniscus is 
vasculariZed, it is therefore expected that BP and other bone 
inducing molecules Will induce bone formation during repair 
despite also inducing cartilage formation, Which is not desir 
able for clinical applications. The present invention 
describes the identi?cation of a novel mixture of factors 
derived from bovine bone to induce cartilage Without bone 
formation. The cartilage induction activity Was observed in a 
permissive bone-forming environment: the vasculariZed, 
rodent subcutaneous model. Speci?cally, this neW mixture 
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combines unexpectedly high concentrations of TGFB pro 
teins With the cartilage-inducing compositions disclosed 
herein, including mixtures that also have osteoinductive 
properties, to produce this novel chondrogenic activity With 
signi?cantly reduced, or eliminated, osteogenic activity. To 
the present inventors’ knowledge, prior to the present 
invention, the combination of high concentration TGFB pro 
tein plus osteogenic and/or chondrogenic protein(s) to pro 
mote only cartilage formation in the absence of bone forma 
tion in a vasculariZed (permissive bone forming) 
environment, has not been described. 
One aspect of the present invention is directed to a product 

for repair of cartilage lesions. In one embodiment, such a 
product includes: (a) a cartilage repair matrix; and, (b) a 
cartilage-inducing composition associated With the matrix 
for provision of a mixture of proteins, Which can be referred 
to herein as chondrogenesis-enhancing proteins (described 
in detail beloW). According to the present invention, the 
phrase “cartilage-inducing composition” refers to a formula 
tion Which contains a mixture of different chondrogenesis 
enhancing proteins and Which enhances (i.e., augments, 
ampli?es, improves, increases, or supplements) cartilage 
groWth in vivo. In a preferred embodiment, the cartilage 
inducing composition useful in the product of the present 
invention has an identifying characteristic Which includes: 
an ability to induce cellular in?ltration, an ability to induce 
cellular proliferation, an ability to induce angiogenesis, and/ 
or an ability to induce cellular differentiation to type II 
collagen-producing chondrocytes, in vivo or under appropri 
ate in vitro conditions. 
More speci?cally, the cartilage-inducing composition of 

the present invention provides a mixture of proteins Which 
includes proteins that have osteogenic- and/or 
chondrogenic-enhancing activities, particularly When com 
bined into mixtures as described in detail herein. According 
to the present invention, the term “enhancing”, particularly 
With regard to enhancing chondrogenesis, refers to any mea 
sure of augmenting, amplifying, improving, increasing, or 
supplementing a biological activity associated With chondro 
genesis such that cartilage forms in a manner that more 
closely mimics the natural ontogeny of cartilage formation, 
as compared to cartilage formation that Would occur in the 
absence of the product, or in the absence of the composition 
portion of the product. The term enhancing also means that 
endochondral maturation to mineraliZed cartilage and bone 
may be prevented or delayed. 

In one embodiment of the present invention, a mixture of 
chondrogenesis-enhancing proteins that are included in a 
chondrogenesis-inducing composition can be characterized 
as being capable, When cultured together With ATDC5 cells 
for seven days at a concentration of about 100 ng/ml or less, 
of inducing a statistically signi?cant increase in A595 in an 
Alcian Blue assay performed With the ATDC5 cells. The 
speci?c conditions associated With such an ATDC5/Alcian 
Blue assay are described in detail beloW. It is noted that 
although the mixture of chondrogenesis-enhancing proteins 
has the above-described characteristic, an individual 
chondrogenesis-enhancing protein, When isolated from the 
other proteins in the mixture, is not necessarily chondro 
genic. For example, as described beloW, a bone matrix pro 
tein such as osteocalcin is a chondrogenesis-enhancing pro 
tein according to the present invention, because When such 
protein is combined With other suitable proteins, such as 
combinations of TGFB superfamily proteins as described 
herein, the mixture of proteins is capable of inducing a sig 
ni?cant increase in A595 in an ATDC5 Alcian Blue assay. 
Osteocalcin is not, hoWever, chondrogenic in the absence of 
such TGFB superfamily proteins. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
Various embodiments of the chondrogenesis-inducing 

composition of the present invention are described in detail 
beloW. For general reference, hoWever, the folloWing 
description is provided. According to the present invention, 
the chondrogenesis-enhancing proteins in the cartilage 
inducing composition of the present invention typically 
include at least tWo different members of the TGFB super 
family proteins. In other embodiments, the chondrogenesis 
enhancing proteins include at least three different members 
of the TGFB superfamily proteins, and in alternative 
embodiments, at least four, ?ve, six, seven, eight, nine, and 
most preferably ten different members of the TGFB super 
family proteins. As used herein, a “TGFB superfamily pro 
tein” can be any protein of the art-recognized superfamily of 
extracellular signal transduction proteins that are structur 
ally related to TGF[3li5. Preferably, a TGFB superfamily 
protein suitable for use in the present invention includes, but 
is not limited to the folloWing proteins: TGFBI, TGFBZ, 
TGF[33, TGF[34, TGFBS, bone morphogenetic protein 
(BMP)-2, BMP-3, BMP-4, BMP-5, BMP-6, BMP-7, BMP 
8, BMP-9, cartilage-derived morphogenetic protein 
(CDMP)-l, CDMP-2, and/or CDMP-3. More preferably, the 
chondrogenesis-enhancing proteins useful in the composi 
tion of the present invention include, but are not limited to: 
TGFBI, TGFBZ, TGF[33, BMP-2, BMP-3, BMP-4, BMP-5, 
BMP-6, BMP-7, and/or CDMP (CDMP-l, CDMP-2, and/or 
CDMP-3). 

In some aspects of the present invention, the cartilage 
inducing composition of the present invention can include at 
least one bone matrix protein and/or at least one groWth 
factor protein. In a preferred aspect, the mixture of proteins 
includes at least one bone matrix protein and at least one 
groWth factor protein. In a more preferred embodiment, the 
chondrogenesis-enhancing proteins include, in increasing 
preference, at least tWo, three, four, and most preferably ?ve 
different bone matrix proteins, and/or at least tWo groWth 
factor proteins. 
As used herein, “bone matrix proteins” are any of a group 

of proteins knoWn in the art to be a component of or associ 
ated With the minute collagenous ?bers and ground sub 
stances Which form bone matrix. As used herein, a bone 
matrix protein is not a member of the TGFB superfamily as 
described herein, nor a groWth factor protein as described 
herein. Bone matrix proteins can include, but are not limited 
to, osteocalcin, osteonectin, bone sialoprotein (BSP), 
lysyloxidase, cathepsin L pre, osteopontin, matrix GLA pro 
tein (MGP), biglycan, decorin, proteoglycan-chondroitin 
sulfate III (PG-CS III), bone acidic glycoprotein (BAG-75), 
thrombospondin (TSP) and/or ?bronectin. Preferably, bone 
matrix proteins suitable for use With the product of the 
present invention include one or more of: osteocalcin, 
osteonectin, MGP, TSP, BSP, lysyloxidase and cathepsin L 
pre. In one embodiment, the at least one bone matrix protein 
includes at least osteocalcin, osteonectin, BSP, lysyloxidase 
and cathepsin L pre. A particularly preferred bone matrix 
protein is MGP, and more preferred is osteonectin, and most 
preferred is TSP. 
As used herein, “groWth factor proteins” are any of a 

group of proteins characterized as an extracellular polypep 
tide signaling molecule that stimulates a cell to groW or pro 
liferate. Such groWth factors may also have other actions 
besides the induction of cell groWth or proliferation. As used 
herein, a groWth factor is not a member of the TGFB super 
family as de?ned herein nor is it a bone matrix protein as 
de?ned herein. Preferably, groWth factor proteins suitable 
for use With the product of the present invention include one 
or more of: ?broblast groWth factor I (FGF-I), FGF-II, FGF 



US RE41,286 E 
13 

9, leukocyte inhibitory factor (LIF), insulin, insulin growth 
factor I (IGF-I), IGF-II, platelet-derived growth factor AA 
(PDGF-AA), PDGF-BB, PDGF-AB, stromal derived 
factor-2 (SDF-2), pituitary thyroid hormone (PTH), growth 
hormone, hepatocyte growth factor (HGF), epithelial growth 
factor (EGF), transforming growth factor-0t (TGFot) and 
hedgehog proteins. A most preferred growth factor protein 
for use with the product of the present invention is FGF-I. 

In one aspect of the present invention, the mixture of pro 
teins in the chondrogenesis-inducing composition can also 
include one or more serum proteins. As used herein, serum 
proteins are any of a group of proteins that is a component of 
serum. A serum protein is not a member of the TGFB 
superfamily, a bone matrix protein or a growth factor, as 
described herein. In one embodiment, chondrogenesis 
inducing compositions include, in increasing preference, at 
least one, two, three, and most preferably four different 
serum proteins. Serum proteins suitable for use with the 
product of the present invention include one or more of 
albumin, transferrin, 0t2-Hs GlycoP, IgG, otl-antitrypsin, 
[32-microglobulin, Apo A1 lipoprotein (LP) and Factor 
XIIIb. Preferably, serum proteins suitable for use with the 
product of the present invention include one or more of 
albumin, transferrin, Apo A1 LP and Factor XIIIb. 

In one aspect of the present invention, the relative propor 
tions of the proteins in the mixture of proteins are any pro 
portions which are su?icient for the mixture, at a concentra 
tion of 100 ng/ml or less, to induce a statistically signi?cant 
increase in A595 in an Alcian Blue assay performed with 
ATDC5 cells as described below. In one embodiment, the 
percentage of TGFB superfamily members within the mix 
ture ranges between about 0.1% to about 99.99% of the total 
mixture, and preferably between about 0.5% to about 
99.99% of the total mixture, and more preferably between 
about 0.1% to about 50% of the total mixture, and more 
preferably between about 0.5% to about 50% of the total 
mixture, and more preferably, between about 0.5% and 
about 25%, and even more preferably, between about 1% 
and about 10% of the total mixture. The percentage of 
growth factors within the mixture ranges between about 
0.01% to about 50% of the total mixture, and preferably, 
between about 0.05% and about 25%, and even more 
preferably, between about 0.1% and about 10% of the total 
mixture. The percentage of serum and bone matrix protein 
components, either separately or combined, ranges between 
about 20% to about 98%, and preferably between about 40% 
to about 98%, and even more preferably between about 80% 
to about 98%. In one embodiment of the invention, the mix 
ture of chondrogenesis-inducing proteins contains at least 
BMP-3, BMP-2 and TGFB 1, wherein the quantity of BMP-3 
in the mixture is about 2*6 fold greater than the quantity of 
BMP-2 and about 10*30 fold greater than the quantity of 
TGF[31 in the mixture. Unless otherwise speci?ed, reference 
to percentages of proteins or ratios of proteins either to the 
mixture of proteins or to speci?c proteins is based on weight 
to weight (w/w). 

Having generally discussed certain aspects of mixtures of 
proteins which may be present in a chondrogenesis-inducing 
composition of the present invention, particular preferred 
embodiments of such a composition are described below. 

In a ?rst embodiment of the present invention, a cartilage 
inducing composition includes a mixture of proteins which 
includes: transforming growth factor [31 (TGFBl), bone 
morphogenetic protein (BMP)-2, BMP-3, and BMP-7. The 
quantity of the TGFBI in the mixture is typically from about 
0.01% to about 99.99% of total proteins in the mixture. The 
quantity of the BMP-2 in the mixture is typically from about 
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0.01% to about 10% of total proteins in the mixture, or from 
about 0.01 to about 1%, or from about 0.01 to about 0.1%, or 
from about 0.1 to about 1%, or from about 0.1 to about 10% 
of total proteins. The quantity of the BMP-3 in the mixture is 
typically from about 0.1% to about 15% of total proteins in 
the mixture, or from about 0.1 to about 1%, or from about 
0.01 to about 15%, or from about 0.01 to about 1%, or from 
about 0.01 to about 0.1%. The quantity of the BMP-7 in the 
mixture is typically from about 0.01% to about 10% of total 
proteins in the mixture, or from about 0.01 to about 1%, or 
from about 0.01 to about 0.1%, or from about 0.1 to about 
1%, or from about 0.1 to about 10% of total proteins. The 
amino acid and nucleic acid sequence for each of the above 
referenced proteins are known in the art and can be publicly 
accessed, for example, through a database such as GenBank. 
Additionally, these proteins can be puri?ed, if desired, from 
an appropriate source, such as demineraliZed bone. For 
example, high purity TGFB-l can be isolated from bovine 
bone using methods disclosed by Seyedin (Ogawa et al., 
Meth. EnZymol., 198:317*327 (1991); Seyedin et al., 
PNAS, 821226741 (1985)). 

In one aspect of this embodiment of the present invention, 
the mixture of proteins comprises TGFB superfamily pro 
teins: TGF[31, bone morphogenetic protein (BMP)-2, BMP 
3, and BMP-7, wherein the TGFB superfamily proteins com 
prise from about 0.5% to about 99.99% of the mixture of 
proteins. Alternatively, the TGFB superfamily proteins can 
be present at a percentage of from about 0.5% to about 25% 
of the mixture of proteins, or from about 1% to about 10% of 
the mixture of proteins. 
As discussed above, mixtures of proteins according to the 

present invention that are capable of inducing signi?cant 
chondro genesis in vivo may have a relatively low percentage 
of TGFB proteins, and particularly TGF[31, relative to the 
total amount of protein in the mixture of proteins (e.g., from 
about 0.01 to about 1%). However, the present inventors 
have discovered that the use of unexpectedly high concentra 
tions of a TGFB protein, and particularly, TGFBI, relative to 
the total mixture of proteins of the present invention, results 
in enhanced induction of chondrogenesis in vivo, with sig 
ni?cantly reduced osteogenesis. This discovery is particu 
larly important for in vivo chondrogenesis-induction in a 
vascular, or bone-forming, environment, and will signi? 
cantly improve the clinical performance of compositions of 
the present invention in such in vivo environments. A mix 
ture of proteins in this embodiment of the present invention 
can therefore include a quantity of TGF[31 which is from 
about 0.01% to about 99.99% of the total quantity of pro 
teins in the mixture, with increasing TGFBI relative to the 
total amount of protein resulting in enhanced chondrogen 
esis. In other embodiments, the quantity of TGFBI is from 
about 0.01% to about 75% of total proteins in the mixture, 
from about 0.01% to about 50% of total proteins in the 
mixture, from about 0.01% to about 25% of total proteins in 
the mixture, from about 0.01% to about 10% of total proteins 
in the mixture, or from about 0.1% to about 1% of total 
proteins in the mixture. In a preferred embodiment, the 
quantity of TGF[31 is at least about 33% of total proteins in 
the mixture (up to a maximum of about 99.99%). In another 
preferred embodiment, the quantity of TGF[31 is at least 
about 50% of total proteins in the mixture (up to a maximum 
of about 99.99%). 

Alternatively, the amount of TGF[31 to be added to the 
mixture of proteins can be determined as a ratio. In one 

embodiment, the ratio of TGFBI to all other proteins in the 
mixture of proteins is at least about 1:10. Preferably, the 
ratio of TGF[31 to all other proteins in the mixture of proteins 
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is at least about 1:3, and more preferably, at least about 1:1, 
and even more preferably, at least about 10:1. Examples of 
the use ofTGF[31 at aratio of 1 : 10, 1:3 and 1:1 relative to the 
total quantity of protein in the mixture in vivo is demon 
strated in Example 15. Example 15 demonstrates that unex 
pectedly high concentrations of TGFB protein relative to the 
total protein results in signi?cantly enhanced chondrogen 
esis and signi?cantly decreased osteogenesis. The optimal 
amount of TGFBI to be added for a given mixture of 
proteins, cartilage repair matrix, and in vivo environment 
(i.e., vascular or avascular) can be determined, for example, 
by using a simple rat subcutaneous assay as described in 
detail in the examples section (e.g., see Example 14). 

In yet another embodiment, the amount of TGFB proteins 
such as TGFBI to be included in the mixture of proteins can 
be determined as an amount of TGFB protein in excess of 
one or the total of BMP proteins in the mixture. In a pre 
ferred embodiment, the amount of TGFB protein should be 
greater than 10>< higher than the amount of BMP (one or a 
combination of BMPs in the mixture), but less than 100>< 
higher than the amount of BMP in the mixture. 

The quantity of the BMP-2 in the mixture is typically 
from about 0.01% to about 10% of total proteins in the 
mixture, or from about 0.01 to about 1%, or from about 0.01 
to about 0.1%, or from about 0.1 to about 1%, or from about 
0.1 to about 10%, and in one embodiment, is present in a 
quantity of from about 0.1% to about 5% of total proteins in 
the mixture. The quantity of BMP-3 in the mixture is typi 
cally from about 0.01% to about 15% of total proteins in the 
mixture, or from about 0.01 to about 1%, or from about 0.01 
to about 0.1%, or from about 0.1 to about 1%, or from about 
0.1 to about 15%, and in one embodiment, is present in a 
quantity of from about 0.1% to about 10% of total proteins in 
the mixture, and in another embodiment, is present in a 
quantity of from about 0.1% to about 5% of total proteins in 
the mixture. The quantity of BMP-7 in the mixture is typi 
cally from about 0.01% to about 10% of total proteins in the 
mixture, or from about 0.01 to about 1%, or from about 0.01 
to about 0.1%, or from about 0.1 to about 1%, or from about 
0.1 to about 10%, and in one embodiment, can be present in 
a quantity of from about 0.1% to about 5% of total proteins 
in the mixture. 

In one aspect of this embodiment of the present invention, 
the mixture of proteins further includes one or more of the 
folloWing TGFB superfamily proteins: TGF[32, TGF[33, 
BMP-4, BMP-5, BMP-6, BMP-8, BMP-9, and cartilage 
derived morphogenetic protein (CDMP), Which can include 
one or more of CDMP-1, CDMP-2 or CDMP-3. The quan 
tity of TGF[32 in such a mixture is typically from about 0.5% 
to about 12% of the total mixture of proteins, although addi 
tional TGF[32 can be added to enhance the chondrogenic 
activity of the mixture of proteins, if desired, up to as much 
as about 99.99% of the total mixture of proteins. The quan 
tity of TGF[33 in such a mixture is typically from about 
0.01% to about 15% of the total mixture of proteins, 
although additional TGF[33 can be added to enhance the 
chondrogenic activity of the mixture of proteins, if desired, 
up to as much as about 99.99% of the total mixture of pro 
teins. The quantity of BMP-4 in such a mixture typically 
comprises from about 0.01% to about 1% of the total mix 
ture of proteins, although additional BMP-4 can be added to 
enhance the chondrogenic activity of the mixture of proteins, 
if desired, up to as much as about 10% of the total mixture of 
proteins. The quantity of BMP-5 in the mixture of proteins is 
typically from about 0.01% to about 1% of the total mixture 
of proteins, although additional BMP-5 can be added to 
enhance the chondrogenic activity of the mixture of proteins, 
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if desired, up to as much as about 10% of the total mixture of 
proteins. The quantity of BMP-6 in the mixture of proteins is 
typically from about 0.01% to about 1% of the total mixture 
of proteins, although additional BMP-6 can be added to 
enhance the chondrogenic activity of the mixture of proteins, 
if desired, up to as much as about 10% of the total mixture of 
proteins. The quantity of CDMP in the mixture of proteins is 
typically from about 0.01% to about 1% of the total mixture 
of proteins, although additional CDMP can be added to 
enhance the chondrogenic activity of the mixture of proteins, 
if desired, up to as much as about 10% of the total mixture of 
proteins. 

In one aspect of this embodiment, the mixture of proteins 
can additionally include at least one bone matrix protein. 
Bone matrix proteins are generally described above. Pre 
ferred bone matrix proteins for use in this mixture of pro 
teins include, but are not limited to, osteocalcin, osteonectin, 
bone sialoprotein (BSP), lysyloxidase, cathepsin L pre, 
osteopontin, matrix GLA protein (MGP), biglycan, decorin, 
proteoglycan-chondroitin sulfate III (PG-CS III), bone 
acidic glycoprotein (BAG-75), thrombospondin (TSP) and 
?bronectin. More preferably, bone matrix proteins suitable 
for use in this mixture of proteins include, but are not limited 
to, osteocalcin, osteonectin, bone sialoprotein (BSP), 
lysyloxidase, and cathepsin L pre. The bone matrix proteins 
are typically present in the mixture in a quantity from about 
20% to about 98% of the total mixture of proteins. In one 
embodiment, the bone matrix proteins are present in the 
mixture in a quantity from about 40% to about 98% of the 
total mixture of proteins. 

In another aspect of this embodiment, the mixture of pro 
teins can additionally include at least one groWth factor pro 
tein. GroWth factor proteins are generally described above. 
Preferred groWth factor proteins for use in this mixture of 
proteins include, but are not limited to, ?broblast groWth 
factor-I (FGF-I), FGF-II, FGF-9, leukocyte inhibitory factor 
(LIF), insulin, insulin groWth factor I (IGF-I), IGF-II, 
platelet-derived groWth factor AA (PDGF-AA), PDGF-BB, 
PDGF-AB, stromal derived factor-2 (SDF-2), pituitary thy 
roid hormone (PTH), groWth hormone, hepatocyte groWth 
factor (HGF), epithelial groWth factor (EGF), transforming 
groWth factor-0t (TGFot) and hedgehog proteins. A particu 
larly preferred groWth factor for use in this mixture of the 
present invention is FGF-I. Typically, the groWth factor pro 
tein is present in the mixture of proteins at a quantity from 
about 0.01% to about 50% of the total mixture of proteins. In 
other embodiments, the quantity of groWth factor proteins in 
the mixture is from about 0.5% to about 25% of the total 
mixture of proteins; or from about 0.1% to about 10% of the 
total mixture of proteins. When the groWth factor is FGF-I, 
the quantity of FGF-I in the mixture of proteins is typically 
from about 0.001% to about 10% of the total mixture of 
proteins. 

In yet another aspect of this embodiment, the mixture of 
proteins can include one or more serum proteins. Serum 
proteins have been generally described above. Preferably, 
serum proteins useful in this mixture include, but are not 
limited to, albumin, transferrin, (x2-Hs GlycoP, IgG, 
otl-antitrypsin, [32-microglobulin, Apo A1 lipoprotein (LP) 
and/or Factor XIIIb. More preferably, serum proteins useful 
in this mixture include, but are not limited to, albumin, 
transferrin, Apo A1 LP and/ or Factor XIIIb. 

In one aspect of this embodiment of the present invention, 
a mixture of proteins suitable for use in a chondrogenesis 
inducing composition portion of a cartilage repair product of 
the present invention includes the folloWing proteins: 
TGFBl, TGF[32, TGF[33, BMP-2, BMP-3, BMP-4, BMP-5, 
















































