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FIGURE 5.
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FIGURE 8.
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LIQUEFACTION OF BONE MATRIX

BACKGROUND OF THE INVENTION

[0001] Theinventionrelates to methods of preparing a bone
matrix solution, a bone matrix implant, and variants thereof.
The invention also relates to methods of cell culture using the
same.

[0002] The invention further relates to bone matrix scaf-
folds comprising one or more bone matrix nanofibers, meth-
ods of preparing, and methods of use thereof. The invention
also relates to methods of culturing cells and promoting dif-
ferentiation of stem cells using the same.

SUMMARY

[0003] Theinventionrelates to methods of preparing a bone
matrix solution comprising dissolving bone in an amount of
an anhydrous solvent comprising (i) hexafluoroisopropanol
(HFP) or 2, 2, 2-trifluoroethanol (TFE) and (ii) at least about
5 wt % trifluoroacetic acid (TFA) sufficient to form the bone
matrix solution.

[0004] The invention also relates to methods of preparing a
bone matrix implant with a predetermined shape comprising:
dissolving a bone in an amount of an anhydrous solvent
comprising (i) hexafluoroisopropanol (HFP) or 2, 2, 2-trif-
Iuoroethanol (TFE) and (ii) at least about 5 wt % trifluoro-
acetic acid (TFA) sufficient to form the bone matrix solution;
exposing the bone solution to conditions sufficient to evapo-
rate an amount of the solvent to form a colloidal gel; and
allowing the colloidal gel to harden into the predetermined
shape to form the bone matrix implant.

[0005] The invention also relates to methods of preparing a
film of bone matrix on a surface comprising: dissolving a
bone preparation in an amount of an anhydrous solvent com-
prising (i) hexafluoroisopropanol (HFP) or 2, 2, 2-trifluoro-
ethanol (TFE), and (ii) at least about 5 wt % trifluoroacetic
acid (TFA) sufficient to form the bone matrix solution; expos-
ing the bone solution to conditions sufficient to evaporate an
amount of the solvent to form a colloidal gel; coating the
surface with the colloidal gel; and exposing the coated surface
to conditions sufficient to further evaporate an amount of
solvent to form a film. In particular, the bone may be dem-
ineralized bone or non-demineralized bone.

[0006] The invention also relates to methods of promoting
osteogenesis, chondrogenic, or ligament/tendon differentia-
tion of cells, comprising contacting the cells on a surface
coated with the bone matrix produced by the method
described herein.

[0007] The invention further relates to bone matrix scaf-
folds comprising one or more bone matrix nanofibers.
[0008] The invention also relates to methods of preparing
the bone matrix scaffold, the method comprising dissolving
bone in an amount of an anhydrous solvent comprising (i)
hexafluoroisopropanol (HFP) or 2, 2, 2-trifluoroethanol
(TFE) and (ii) at least about 5 wt % trifluoroacetic acid (TFA)
sufficient to form a bone matrix solution at a temperature
between about 0° C. and about 22° C., and electrospinning the
bone matrix solution to form the bone matrix scaffold.
[0009] The invention also relates to methods of preparing
the bone matrix scaffold, the method comprising dissolving
bone in an amount of an anhydrous solvent comprising (i)
hexafluoroisopropanol (HFP) or 2, 2, 2-trifluoroethanol
(TFE) and (ii) at least about 5 wt % trifluoroacetic acid (TFA)
sufficient to form a bone matrix solution at a temperature
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between about 0° C. and about 22° C., and neutralizing the
bone matrix solution to form the bone matrix scatfold.
[0010] The invention also relates to bone matrix implants
produced by the methods of preparing the bone matrix scaf-
fold.

[0011] The invention further relates to methods of cell cul-
ture comprising culturing cells on the bone matrix scaffold in
condition suitable for the cell culture. The invention also
relates to methods of promoting differentiation of stem cells
into osteoblasts, chondrocytes, ligament or tendon, the
method comprising culturing the cells on the bone matrix
scaffold in conditions suitable for the cell differentiation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 depicts BMP-2 ELISA assay results. An
ELISA for BMP-2 confirms that high quantities of BMP-2 are
present in the DBM that was dissolved in TFA/HFP and later
slectrospun. An estimated amount of rhBMP2 was added to
the assay based on a serial dilution, with the calculated
amount by the ELISA confirming the precision of the assay.
The average amount of Gn-HCL extracted from DBM by
established protocols is shown (purple bar) next to the amount
extracted from our tested donor (teal bar) using the estab-
lished guanidine hydrochloride method. Data was normal-
ized and compared to standard controls, with statistical sig-
nificance determined by a one-way ANOVE with p<0.05.

[0013] FIG. 2 depicts an exemplary electrospinning appa-
ratus.
[0014] FIG. 3 depicts electrospun bone nano-features. Rep-

resentative scanning electron micrographs of electrospun
demineralized bone matrix. The architecture of the large
demineralized bone matrix chips are shown relative to the
pure electrospun demineralized bone matrix (note scale bar
size differences), both as uncross-linked and as cross-linked
with 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide
(EDC), and as blended with various ratios of DBM/PCL..
[0015] FIG. 4 depicts average electrospun bone matrix fiber
size. This graph depicts demineralized bone matrix diameter
from raw powder and electrospun nanofibers, with variable
amounts of polycaprolactone added to the liquefied bone for
electrospinning. “Powder” indicates raw ground bone mea-
sured across the particle width. The amount of demineralized
bone in electrospun fibers are shown as a percent of DBM
relative to the amount of PCL in the copolymer blend as a
percentage (100=100% DBM, 10=10% DBM and 90% PCL,
etc.). Error bars indicate standard deviation and significance
is denoted as *p<0.05, as determined by a one way ANOVA
followed by Tukey’s test for pairwise comparisons. Note: log
scale is used on the ordinate axis.

[0016] FIG. 5 depicts Fourier Transform Infrared Spectros-
copy (FTIR). FTIR analysis of demineralized bone matrix
and PCL co-polymer blends was performed, confirming
homology of electrospun DMB nanofibers to its native DMB
powder form. The peaks noted by red arrows have been shown
to associate with an intact alpha-helical structure as present in
type I collagen.

[0017] FIG. 6 depicts collagen structural analysis of elec-
trospun demineralized bone. SDS gel show the band pattern
of DBM as electrospun alone or with PCL, as compared with
pure type I collagen, either with or without pepsin treatment.
Size markers (red bands labeled), collagen type I an electro-
spun DMB are show before and after treatment with pepsin,
with the collagen alpha 1 and alpha 2 helices (noted) shown
unchanged under the electrospinning conditions.
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[0018] FIG. 7 depicts porosity of electrospun bone matrix
scaffolds. The average scaffold porosity was determined by
calculating void fraction of dry materials relative to wet mate-
rial with respect to material density as shown. We show the
average scaffold porosity of electrospun DBM in its native/
uncrosslinked form, or as cross-linked by blending with
either PCL or EDC, or as cross-linked with EDC with the
scaffold weighted to prevent material shrinkage. Overall,
electrospun DBMs had average porosity above that of dem-
ineralized bone matrix powder.

[0019] FIG. 8 depicts mesenchymal stem cell attachment
on bone matrix scaffolds. Significantly more cells are seen to
attach to electrospun DBM as cross-linked with EDC or as
blended with PCL as compared to cell left to attach on glass
coverslips alone in a cell attachment assay. Cell were grown
in serum-free media over the course of 15, 30, 60 and 120
minutes with cell counts of crystal violet stained cells that
were quantitated with image J, and verified by optical densi-
tometry of released stain (not shown). The DBM film dis-
solved rapidly and negatively biased the attachment assay at
all time points. Cell attachment was shown to be statistically
significantly higher on DBM-EDC, DBM/PCL and PCL rela-
tive to attachment on the coverslip alone with cells grown in
serum free media as determined by a one-way ANOVA (P<0.
05).

[0020] FIG. 9 depicts in vivo implants of bone matrix scaf-
folds. A four-week animal study with implanted EDC cross-
linked DBM and DBM/PCL scaffolds was performed using
0.1 cc of material implanted into a rat intramuscularmuscle
pouch assay. H&E stained sections of implanted electrospun
DBM constructs indicate minimal immunoreactivity and
high cell recruitment and infiltration into electrospun mate-
rials. Abundant, dense, loosely-organized layers of mesen-
chymal-like-cells are seen throughout the electrospun con-
structs, with a high degree of original scaffold turnover
observed, particularly in DBM/PCL sample. Adipogenic dif-
ferentiation is potentially seen in DBM/EDC samples, with
unique interdigitations observed in most DBM/PCL samples
at the scaffold/muscle boundary, evocative of a tendon-type
structural interface forming.

[0021] FIG. 10 depicts Alizarin Red S and Toluidine Blue
Assay of bone matrix scaffolds. Alizarin red S histology
stains confirmed the presence of calcium in adipose stem cell
seeded electrospun DBM crosslinked with EDC (A-EDC),
with DBM/PCL (A-PCL), with DBM/EDC without cells
(A-EDC no ASCs) and of the unprocessed DBM granules
(A-RAW) (A). Toluidine blue suggests the formation of new
bone from ASCs that are grown in the presence of electrospun
DBM (C) vs grown in control ASC media for 3 weeks (B).
[0022] FIG. 11 depicts osteoinduction capability of bone
matrix scaffolds. Uncrosslinked electrospun DBM was cul-
tured with adipose derived stem cells (ASCs) and dental pulp
stem cells (DPSCs) to assay the osteoinductive potential of
this material. Both ASCs and DPSCs showed expression of
alexa488 labeled bone sialo protein I (aka osteopontin) and
bone sialo protein II, as seen in the many cell mounds or
nodules that formed throughout the cultures. Cell nuclei are
shown counter-labeled with DAPIL.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Theinventionrelates to methods of preparing a bone
matrix solution. The method of preparing a bone matrix solu-
tion according to some embodiments of the present invention
comprises dissolving bone in an anhydrous solvent. The bone
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includes, but is not limited to, autograft bone, allograft bone,
and xenograft bone. Such bone includes any bone from any
source, including, but not limited to, bone from a living
human donor, bone from a human cadaveric donor, and bone
from an animal. The bone may include cortical bone and/or
cancellous bone and/or cortico-cancellous bone.

[0024] The bone may be demineralized bone or non-dem-
ineralized bone. “Demineralized bone matrix (DBM)” as
used herein refers to bone having less than about 8 wt %
residual calcium. Demineralization involves treating a bone
tissue to remove its inorganic mineral hydroxyapatite mate-
rial. The level of demineralization of a bone tissue is defined
by the amount (wt %) of residual calcium found in the dem-
ineralized bone. In some embodiments, the demineralized
bone may still contain physiologically active levels of growth
and differentiation factors (e.g., osteogenic growth factors,
such as bone morphogenetic proteins (BMPs)) remaining
from the initial bone even after the demineralization treat-
ment. In further embodiments, the demineralized bone may
contain  collagen, glycosaminoglycans, osteocalcin,
osteonectin, bone sialo protein, osteopontin, and mixtures
thereof. “Non-demineralized bone” as used in the present
application refers to bone that has not been treated to remove
minerals present such as, for example, hydroxyapatite.
[0025] The extracellular matrix of bone is comprised pri-
marily of collagen type 1 and inorganic bone mineral
hydroxyapatite (Ca,,(PO,)s(OH),). “Collagen type I”’ refers
to a heterotrimer of two alphal(I) and one alpha2(I) chains,
which is the most common form of fibrillar collagen in a body.
Collagen type I is present in the form of elongated fibers
greater than 500 pum in length and 500 nm in diameter. These
building blocks of the collagen are rod-like triple helices that
are stabilized by intramolecular hydrogen bonds between Gly
and Hyp in adjacent chains. Dissolving the collagen type I in
asolvent and maintaining its native biological activities, how-
ever, has been challenging because its native conformation
can be degraded by a disruption in the intermolecular
crosslinks of the aldimine or keto-imine type and/or a disrup-
tion in the intramolecular bonds of'the triple helical structure.
For example, dilute acidic solvents have been used to dissolve
collagen by breaking the intermolecular crosslinks of'its aldi-
mine type, while proteolytic enzymes, such as pepsin, have
been used to cleave the more stable crosslinks of its keto-
imine type. Moreover, dissolving and electro-spinning col-
lagen in fluoroalcohol solvents, such as 1, 1, 1, 3, 3,
3-hexafluoro-2-propanol (HFP) and 2, 2, 2-trifluoroethanol
(TFE), have been shown to result in the significant disruption
in the intramolecular bonds of the collagen triple helices
(Zeugolis et al., Biomaterials 29, 2008, 2293-2305). For the
same reasons, it has been challenging to dissolve the extra-
cellular matrix of bone comprised primarily of collagen type
Tin a solvent while maintaining its native biological activities.
[0026] Moreover, the extracellular matrix of bone is com-
prised of a complex mixture of the collagen type I, the inor-
ganic bone mineral hydroxyapatite, other proteins (e.g. lami-
nins, fibronectin, elastin, and growth factors), other minerals
(e.g. calcium phosphate, magnesium, carbonate, and fluoride
ions), and carbohydrates (e.g. parts of glycoproteins).
Accordingly, dissolving bone has been even more challeng-
ing in view ofthe complex mixture of the various components
in the bone.

[0027] Fluoroalcohol solvents (e.g. HFP and TFE), have
been shown to disrupt the intramolecular bonds of the col-
lagen triple helices and thus were not considered as a desir-
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able candidate for dissolving collagen type 1. The present
invention surprisingly shows that dissolving bone in an anhy-
drous solvent comprising a highly volatile fluoroalcohols
(e.g. HFP, TFE, and their variants) and trifluoroacetic acid
(TFA), would still maintain the native structure and/or triple
collagen structure of the collagen type 1 in the bone. In some
embodiments, collagen type I in the bone matrix solution
prepared according to the methods described herein consists
of collagen in its native structure or in its native triple helical
structure. In other embodiments, collagen type I in the bone
matrix solution prepared according to the methods described
herein essentially consists of collagen in its native structure or
its native triple helical structure. In additional embodiments,
more than about 99%, 98%, 97%, 96%, 95%, 90%, 80%,
70%, 60%, 50%, 40%, 30%, 20%, 10%, 5%, 3% or 1% of
collagen type I in the bone matrix solution prepared accord-
ing to the methods described herein is collagen in its native
structure or in its native triple helical structure. In yet addi-
tional embodiments, less than about 100%, 99%, 98%, 97%,
96%, 95%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%,
10%, 5%, or 3% collagen type I in the bone matrix solution
prepared according to the methods described herein is col-
lagen in its native structure. In further embodiments, between
about 100% and about 95%, between about 100% and about
85%, between about 95% and about 85%, between about 85%
and about 75%, between about 85% and about 65%, between
about 75% and about 65%, between about 65% and about
45%, between about 65% and about 55%, between about 55%
and about 35%, between about 55% and about 45%, between
about 45% and about 25%, between about 45% and about
35%, between about 35% and about 15%, between about 35%
and about 25%, between about 25% and about 5%, or
between about 25% and about 15% of collagen type I in the
bone matrix solution prepared according to the methods
described herein is collagen in its native structure or in its
native triple helical structure.

[0028] The solvents of the present invention may be anhy-
drous solvents or non-anhydrous solvents with a protectant.
The protectant prevents heat or solvent related degradation or
denaturation of proteins in the non-anhydrous solvents. The
protectants include, but are not limited to, bovine serum albu-
min and human serum albumin, which has been shown to
enhance the long term stability of proteins dissolved in
organic solvents.

[0029] Anhydrous trifluoroacetic acid (TFA) has been used
in the peptide synthesis to cleave an N-terminal amino acid of
a purified synthetic peptide, such as polypeptide models of
collagen (Guantieri and Tamburro, Int. J. Peptide Protein
Res., 2, 1984, 274-278; Fields et al., Biopolymers, 33, 11,
1993, 1695-1707). The extracellular matrix of bone, however,
is comprised of a complex mixture of carbohydrates, pro-
teins, and minerals and thus is difficult to be dissolved in the
same solution as the purified synthetic peptide. For example,
as shown in the comparative examples herein, a solvent hav-
ing 50% TFA and 50% dimethylformamide (DMF) was not
able to dissolve the bone even after an extended period of
stirring on the order of 14-28 days at 4° C. or 22° C. The
present invention surprisingly shows an anhydrous solvent
comprising TFA and a volatile fluoroalcohol (e.g. HFP, TFE,
and their variants) effectively dissolves bone having complex
mixtures of carbohydrates, proteins, and minerals. In some
embodiments of the present invention, a secondary solvent
may be added to the TFA and fluoroalcohol solvent. Specifi-
cally, the secondary solvent may be selected from the group
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consisting of the family of hexa-fluoro-isopropanol (HFP),
N-methyl morpholine N-oxide, calcium nitrate-methanol, or
related organic solvents.

[0030] The anhydrous solvent to dissolve the bone accord-
ing to some embodiments of the present invention may com-
prise (i) hexafluoroisopropanol (HFP), 2, 2, 2-trifluoroetha-
nol (TFE) or their variants, and (ii) trifluoroacetic acid (TFA).
As used herein, the variants of HFP and TFE refers to other
fluoroalcohol solvents, including, but not limited to, 2,3-dif-
Iuorobenzyl alcohol, 1,3-difluoro-2-propanol, trifluoroetha-
nol, 2,2,3,3,4,4,4-heptafluoro-1-butanol, 3,3,4,4,5,5,5-hep-
tafluoro-2-pentanol, 2,2,3,3.4.4,5,5-octafluoro-1-pentanol,
1H,1H,2H,2H-perfluoro-1-decanol, 1H,1H,2H,3H,3H-per-
fluorononane-1,2-diol, 1H,1H,9H-pertluoro-1-nonanol,
1H,1H-perfluorooctanol, 1H,1H,2H,2H-perfluorooctanol,
1H, 1H, 2H, 3H, 3H-perfluoroundecane-1,2-diol, triftuorobu-
tanol, 1,1,1-trifluoro-2-propanol, 3,3,3-trifluoro-1-propanol,
1,1,1,3,3,3-hexafluoro-2-propanol, 1,1,1,3,3,3-hexafluoro-
2-methyl-2-propanol, 2,2.3.4,4,4-hexafluoro-1-butanol,
2-trifluoromethyl-2-propanol, 2,2,3 3-tetrafluoro-1-pro-
panol, 3,3 3-trifluoro-1-propanol, 4,4,4-trifluoro-1-butanol,
and a mixture thereof. In further embodiments, the anhydrous
solvent to dissolve the bone may consist of (i) HFP, TFE or
their variants, and (ii) trifluoroacetic acid (TFA). In additional
embodiments, the anhydrous solvent to dissolve the bone
may exclude dimethylformamide (DMF).

[0031] In one aspect, the amount of HFP, TFE, their vari-
ants in the solvent may be about 95 wt %, 90 wt %, 80 wt %,
70wt %, 60 wt %, S0 wt %, 40 wt %, 30 wt %, 20 wt %, 10 wt
%, 5wt %, between about 95 wt % and about 5 wt %, between
about 95 wt % and about 10 wt %, between about 95 wt % and
about 25 wt %, between about 95 wt % and about 45 wt %,
between about 95 wt % and about 65 wt %, between about 95
wt % and about 85 wt %, between about 95 wt % and about 90
wt %, between about 90 wt % and about 5 wt %, between
about 90 wt % and about 10 wt %, between about 90 wt % and
about 25 wt %, between about 90 wt % and about 45 wt %,
between about 90 wt % and about 65 wt %, between about 90
wt % and about 85 wt %, between about 80 wt % and about 5
wt %, between about 80 wt % and about 10 wt %, between
about 80 wt % and about 25 wt %, between about 80 wt % and
about 45 wt %, between about 80 wt % and about 65 wt %, and
between about 80 wt % and about 75 wt %. In another aspect,
the amount of TFA in the solvent may be at least about 1, 2, 3,
4, or 5 wt %, 6 wt %, 7 wt %, 8 wt %, 9 wt %, 10 wt %, 13 wt
%, 15 wt %, 20 wt %, 25 wt %, 30 wt %, 40 wt %, 50 wt %,
60 wt %, 70%, 80 wt %, or 90 wt % between about 95 wt %
and about 5 wt %, between about 95 wt % and about 10 wt %,
between about 95 wt % and about 25 wt %, between about 95
wt % and about 45 wt %, between about 95 wt % and about 65
wt %, between about 95 wt % and about 85 wt %, between
about 95 wt % and about 90 wt %, between about 90 wt % and
about 5 wt %, between about 90 wt % and about 10 wt %,
between about 90 wt % and about 25 wt %, between about 90
wt % and about 45 wt %, between about 90 wt % and about 65
wt %, between about 90 wt % and about 85 wt %, between
about 80 wt % and about 5 wt %, between about 80 wt % and
about 10 wt %, between about 80 wt % and about 25 wt %,
between about 80 wt % and about 45 wt %, between about 80
wt % and about 65 wt %, and between about 80 wt % and
about 75 wt %.

[0032] As used herein, the term “about” modifying, for
example, the quantity of an ingredient in a composition, con-
centrations, volumes, process temperature, process time,
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yields, flow rates, pressures, and like values, and ranges
thereof, refers to variation in the numerical quantity that can
occur, for example, through typical measuring and handling
procedures used for making compounds, compositions, con-
centrates or use formulations; through inadvertent error in
these procedures; through differences in the manufacture,
source, or purity of starting materials or ingredients used to
carry out the methods; and like considerations. The term
“about” also encompasses amounts that differ due to aging of,
for example, a composition, formulation, or cell culture with
aparticular initial concentration or mixture, and amounts that
differ due to mixing or processing a composition or formula-
tion with a particular initial concentration or mixture.
Whether modified by the term “about” the claims appended
hereto include equivalents to these quantities. The term
“about” further may refer to a range of values that are similar
to the stated reference value. In certain embodiments, the
term “about” refers to a range of values that fall within 10, 9,
8,7,6,5,4,3,2, 1 percent or less of the stated reference value.

[0033] The amount of the anhydrous solvent used in pre-
paring the bone matrix solution according to some embodi-
ments of the present invention is the amount sufficient to
dissolve the bone and thus sufficient to form the bone matrix
solution at a temperature described as follows. In some
aspects, the bone may be dissolved in the solvent described
herein at about 37° C., 36° C.,35° C,, 34° C.,33° C., 32° C,,
31°C.,30°C.,29°C.,28°C.,27°C,26°C.,25°C,24° C,
23°C.,22°C,21°C,20°C,19°C, 18 C, 17°C, 16° C,,
15°C.,14°C., 13°C,12°C, 11°C., 10°C.,9°C.,8°C., 7°
C.,6°C.,5°C.,4°C.orlower. In other aspects, the bone may
be dissolved in the solvent described herein at a temperature
lower than about 37°C.,36°C.,35°C.,34° C.,33°C.,32°C,,
31°C.,30°C.,29°C.,28°C.,27°C,26°C.,25°C,24° C,
23°C.,22°C,21°C,20°C,19°C, 18 C, 17°C, 16° C,,
15°C.,14°C., 13°C,12°C, 11°C., 10°C.,9°C.,8°C., 7°
C., 6° C., 5° C., or 4° C. In further aspects, the bone is
dissolved in the solvent described herein at a temperature
high enough to effectively break the bonds in a solid. In some
embodiments, the bone may be dissolved in the solvent
described herein at a temperature higher than about 20° C.,
19°C., 18°C., 17°C., 16°C.,15°C., 14° C,, 13° C, 12° C,,
11°C.,10°C.,9°C.,8°C.,7°C.,6°C.,5°C.,4°C.,3°C,, 2°
C., 1° C., or 0° C. It has been found by the inventors that the
temperature in which the bone is dissolved has an effect on the
native structure and/or the native triple helical structure of
collagen in the bone. In some embodiments, dissolving bone
at temperatures below about room temperature, which is
defined as 25° C., has provided an improved collagen product
in its native structure and/or in its native triple helical struc-
ture compared to dissolving bone at higher temperatures. In
some embodiments, bone is dissolved at a temperature below
22° C. In other embodiments, bone is dissolved at a tempera-
ture between about 4° C. and about 21° C.

[0034] The amount of the bone dissolved in the solvent
according to some embodiments of the present invention may
be between about 0.001 mg/ml. and about 300 mg/mlL,,
between about 1 mg/ml and about 300 mg/mL, between
about 10 mg/ml. and about 300 mg/mL.,, between about 20
mg/mL and about 300 mg/ml., between about 0.001 mg/mlL.
and about 200 mg/mL., between about 1 mg/ml. and about
320 mg/mL, between about 10 mg/ml. and about 200 mg/mlL.,
between about 20 mg/ml. and about 200 mg/ml., between
about 30 mg/ml. and about 150 mg/mL.,, between about 50
mg/mL and about 150 mg/ml., between about 100 mg/mlL.
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and about 150 mg/mL, between about 130 mg/ml. and about
150 mg/ml., between about 30 mg/ml. and about 100 mg/mL.,
or between about 30 mg/ml. and about 50 mg/mL.. According
to additional embodiments of the present invention, the bone
may be dissolved by stirring the bone in the solvent described
herein for more than about 3 hours, 6 hours, 12 hours, 24
hours, 36 hours, 48 hours, 3 days, 4 days, 5 days or 6 days. In
another aspect, the bone may be dissolved by stirring the bone
in the solvent described herein for less than about 5 hours, 10
hours, 15, hours, 20 hours, 25 hours, 30 hours, 40 hours, 50
hours, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days,
11 days, 12 days, 13 days, or 14 days. In another aspect, the
bone may be dissolved by stirring the bone in the solvent
described herein for about 3 hours, 5 hours, 6 hours, 10 hours,
12 hours, 15, hours, 20 hours, 24 hours, 25 hours, 30 hours, 40
hours, 50 hours, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days,
10days, 11 days, 12 days, 13 days, 14 days, 20 days, 30 days,
40 days, or 50 days. According to yet additional embodiments
of the present invention, the bone to be dissolved in the
solvent described herein may be in the forms of particles
and/or powder. Demineralized bone particles may be pre-
pared from cleaned and disinfected bone fragments that have
been freeze-dried and ground/fractured into bone particles.
Bone particles may be selected by, for example, using sieving
devices (i.e., mesh sieves) commercially available to obtain
particles within a desired size range. Such demineralized
bone particles may have an average diameter of between
about 125 microns and about 4 mm; between about 710
microns and about 2 mm; between about 125 microns and
about 500 microns; between about 125 microns and about
850 microns; or between about 250 microns and about 710
microns. Certain embodiments of the present invention may
include demineralized bone powder that is commercially
available. For example, a suitable demineralized bone powder
that is widely and reliably available is produced by LifeNet
Health, Virginia Beach, Va.

[0035] The invention also relates to methods of preparing a
bone matrix implant with a predetermined shape. An
“implant” refers to any object that is designed to be placed
partially or wholly within a patient’s body for one or more
therapeutic or prophylactic purposes such as for tissue aug-
mentation, contouring, restoring physiological function,
repairing or restoring tissues damaged by disease or trauma,
and/or delivering therapeutic agents to normal, damaged or
diseased organs and tissues. A “bone matrix implant” refers to
a medical device or implant that includes a volume replace-
ment material for augmentation or reconstruction to replace a
whole or part of a bone structure. A predetermined shape of
the bone matrix implant may be varied to fit the implant site.
A “bone matrix” refers to any mixture of the volume replace-
ment materials for augmentation or reconstruction to replace
a whole or part of a bone structure.

[0036] The methods of preparing a bone matrix implant
with a predetermined shape according to some embodiments
of the present invention comprises dissolving a bone in an
amount of an anhydrous solvent comprising (i) hexafluor-
oisopropanol (HFP), 2, 2, 2-trifluoroethanol (TFE) or isopro-
panol and (ii) at least about 5 wt % trifluoroacetic acid (TFA)
sufficient to form a bone matrix solution; exposing the bone
matrix solution to conditions sufficient to evaporate an
amount ofthe solvent to form a colloidal gel; and allowing the
colloidal gel to harden into the predetermined shape to form
the bone matrix implant. In some embodiments, the colloidal
gel may be placed in a mold to form the predetermined shape,
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formed with or without particles of bone in the suspension. As
used herein, a “colloidal gel” refers to a colloid that has
developed resistance to flow and thus is in a more solid form
than a solution. A “colloid” refers to a system composed of a
continuous medium throughout which are distributed small
particles, e.g., 1 to 1000 nm in size or larger, that do not settle
out under the influence of gravity; the particles may be in
emulsion or in suspension. The invention further relates to a
bone matrix implant produced by the method described
herein.

[0037] Methods to evaporate the solvent to form a colloidal
gel from the bone matrix solution according to some embodi-
ments of the present invention may include, but are not lim-
ited to, air drying, vacuum drying, heat drying, and freeze
drying. The amount of the solvent to form a colloidal gel from
the bone matrix solution according to some embodiments of
the present invention may be about 98 wt %, 95 wt %, 90 wt
%, 85 wt %, 80 wt %, 75 wt %, 70 wt %, 65 wt %, 60 wt %,
55wt %, 50wt %, 45 wt %, 40 wt %, 35 wt %, 30 wt %, 25 wt
%, 20 wt %, 15 wt %, 10 wt %, 5 wt %, or 0 wt %. In one
aspect, the amount of the solvent to form a colloidal gel from
the bone matrix solution may be less than about 98 wt %, 95
wt %, 90 wt %, 85 wt %, 80 wt %, 75 wt %, 70 wt %, 65 wt %,
60wt %, 55wt %, 50 wt %, 45 wt %, 40 wt %, 35 wt %, 30 wt
%, 25 wt %, 20 wt %, 15 wt %, 10 wt %, or 5 wt %. In another
aspect, the amount of the solvent to form a colloidal gel from
the bone matrix solution may be more than about 98 wt %, 95
wt %, 90 wt %, 85 wt %, 80 wt %, 75 wt %, 70 wt %, 65 wt %,
60wt %, 55wt %, 50 wt %, 45 wt %, 40 wt %, 35 wt %, 30 wt
%, 25 wt %, 20 wt %, 15 wt %, 10 wt %, 5 wt %, or O wt %.

[0038] The methods of preparing a bone matrix implant
with a predetermined shape according to some embodiments
of the present invention may further comprise adding a bio-
active factor to the bone matrix solution described herein. A
“bioactive factor” refers to protein, carbohydrate, or mineral
that has any effect on a cellular activity. Examples of bioac-
tive factors include, but are not limited to, an osteogenic
growth factor, collagen, glycosaminoglycans, osteonectin,
bone sialo protein, an osteoinductive factor, a chondrogenic
factor, a cytokine, a mitogenic factor, a chemotactic factor, a
transforming growth factor (TGF), a fibroblast growth factor
(FGF), an angiogenic factor, an insulin-like growth factor
(IGF), a platelet-derived growth factor (PDGF), an epidermal
growth factor (EGF), a vascular endothelial growth factor
(VEGF), anerve growth factor (NGF), a neurotrophin, a bone
morphogenetic protein (BMP), osteogenin, osteopontin,
osteocalcin, cementum attachment protein, erythropoietin,
thrombopoietin, tumor necrosis factor (TNF), an interferon, a
colony stimulating factor (CSF), or an interleukin, among
others. The bioactive factor may be a BMP, PDGF, FGF,
VEGF, TGF, insulin, among others. Examples of BMPs
include but are not limited to BMP-2, BMP-3, BMP-4, BMP-
5, BMP-6, BMP-7, BMP-8, BMP-9, BMP-10, BMP-11,
BMP-12, BMP-13, BMP-14, BMP-15, and a mixture thereof.
[0039] In some embodiments, the bioactive factor may
include chemokines. Chemokines refers to a family of small
proteins secreted from cells that promote the movement or
chemotaxis of nearby cells. Some chemokines are considered
pro-inflammatory and can be induced during an immune
response while others are considered homeostatic. Typically,
chemokines exert their chemoattractant function and other
functions by binding to one or more chemokine receptors.
Chemokines include proteins isolated from natural sources as
well as those made synthetically, by recombinant means or by
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chemical synthesis. Exemplary chemokines include, but are
not limited to, MCP-1, Eotaxin, SDF-1p, GRO-c, MIP-1p,
1L-8, IP-10, MCP-3, MIP-3a, MDC, MIP-1¢,, BCA-1, GCP-
2, ENA-78, PBP, MIG, PF-4, PF-4-varl, SDF-2, MCP-2,
MCP-4, MIP-4, MIP-3f3, MIP-2a., MIP-2f3, MIP-5, HCC-1,
RANTES, Eotaxin-2, TARC, 1-309, Lymphotactin, Lungk-
ine, C10, MIP-1y, MCP-5, LEC, Exodus-2, MIP-3, TECK,
Eotaxin-3, CTACK, MEC, SCM-1f, I-TAC, BRAK,
SR-PSOX, Fractalkine, LD78-, MIP-1b2, and others known
to those of skill in the art. References to chemokines typically
include monomeric forms of such chemokines. Chemokines
also include dimeric or other multimeric forms.

[0040] Inadditional embodiments, the bioactive factor may
also include small molecules drugs. Small molecule drugs
include a molecule, whether naturally-occurring or artifi-
cially created (e.g., via chemical synthesis) that has a rela-
tively low molecular weight and that is not a protein, a nucleic
acid, or a carbohydrate. In one aspect, though not necessarily,
small molecule drugs are monomeric and have a molecular
weight of less than about 1500 g/mol. In another aspect, the
drug is one that has already been deemed safe and effective
for use by the appropriate governmental agency or body. For
example, drugs for human use listed by the FDA under 21
C.FR. §§330.5,331 through 361 and 440 through 460; drugs
for veterinary use listed by the FDA under 21 C.E.R. §§500
through 589, incorporated herein by reference, are all consid-
ered acceptable for use in inventive conjugates. In another
aspect, the small molecule drugs may include agonists of a
Sphingosine-1-phosphate (SIP) agonist, such as fingolimod
(FTY720), which is a synthetic compound that acts as an
agonist of the S1P1, S1P3, S1P4, and SIPS receptors when
phosphorylated into FTY720P. For example, the small mol-
ecule drugs may include the following molecules:

FTY720 (fingolimod)

NH,

OH,
OH
2-amino-2-(4-octylphenethyl)propane-1,3-diol

NH,

OH,
(5")-2-amino-2-methyl-4-(4-octylphenyl)butan-1-ol

NHy,

HO

(1-amino-3-(4-octylphenyl)cyclobutyl)methanol
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-continued

NH;,

HO

(1-amino-3-(4-octylphenethyl)cyclopentyl)methanol
NH,

OH,

(1-amino-2-(4-octylbenzyl)cyclopentyl )methanol
HO

LN

OH,

2-amino-2-(6-octyl-1,2,3 A-tetrahydronaphthalen-2-yl)propane-1,3-diol
HN

OH,
2-amino-2-methyl-3-(5-octyl-2,3-dihydro-li/-inden-1-yl)propan-1-ol
and
HN
N OH.
—~=

\ NH

2-amino-2-(4-(4-octylphenyl)- 1 H-imidazol-2-yl)propan-1-ol

[0041] The bone matrix implants may further comprise a
tissue, an organ, a biocompatible matrix and/or a mixture of
two or more thereof. The bone matrix implants may comprise
bone, cartilage, and/or connective tissue.

[0042] The invention also relates to methods of preparing a
film of bone matrix on a surface. The method of preparing a
film of bone matrix on a surface according to some embodi-
ments of the present invention comprises dissolving a bone in
an amount of an anhydrous solvent comprising (i) hexafluor-
oisopropanol (HFP), 2, 2, 2-trifluoroethanol (TFE) or isopro-
panol, and (ii) at least about 5 wt % trifluoroacetic acid (TFA)
sufficient to form a bone matrix solution; exposing the bone
matrix solution to conditions sufficient to evaporate an
amount of the solvent to form a colloidal gel; coating the
surface with the colloidal gel, and exposing the coated surface
to conditions sufficient to further evaporate an amount of
solvent to form a film. The invention further relates to a
synthetic surface coated with the bone matrix produced by the
method described herein.
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[0043] In some embodiments, the film of the bone matrix
may be formed on a surface of another biocompatible matrix.
In further embodiments, the biocompatible matrix is an
implantable biocompatible matrix that can function as a sup-
port system for the bone matrix described herein. A biocom-
patible matrix should be non-toxic, non-eliciting or stimulat-
ing severe inflammatory response or immunological
rejections, and devoid of other undesired reactions at the
implantation site. In one embodiment, the biocompatible
matrix is another bone matrix or cartilage or connective tis-
sue.

[0044] In some embodiments, the film of the bone matrix
may be formed on a surface of biocompatible matrix includ-
ing, but not limited to, bone graft implants, synthetic bone
graft materials in forms of particulates, sheet, or blocks, ten-
don and/or ligament in bone tunnels, prosthetic implant, for
example, for hip, shoulder, knee, or ankle, and trabecular
metal. In further embodiments, the bone graft implants may
include allograft or xeno-graft. In yet further embodiments,
the bone graft implants may include structural bone implants
including, but not limited to, monolithic or composite spinal
implants (e.g., VERTIGRATSs from LifeNet Health) and bone
struts or blocks. In yet further embodiments, the bone graft
implants may include demineralized, or non-demineralized
bone particulates, including, but not limited to, cortical, can-
cellous, or cortical cancellous bone. In other embodiments,
the film of the bone matrix may be formed on cell or tissue
culture surface.

[0045] Suitable biocompatible matrices include, but are not
limited to, porous biocompatible scaffolds into which bone
cells or progenitor cells may migrate. Osteogenic or chondro-
genic cells, i.e., cells involved in the process of deposition of
new bone material or cartilagenous material, respectively, can
often attach to such porous biocompatible matrices, which
can then serve as scaffolding for bone and cartilage tissue
growth. Cells involved in the process of deposition of new
ligament or tendon material can also attach to such porous
biocompatible matrices. For certain applications, the biocom-
patible matrix should have sufficient mechanical strength to
maintain its three dimensional structure and help support the
immobilization of the bone segments being united or grafted
together. Porous biocompatible matrices which provide scaf-
folding for tissue growth can accelerate the deposition of new
bone or the rate of bone growth and are said to be “osteocon-
ductive.” Osteoconductive biocompatible matrices are espe-
cially useful in the pharmaceutical compositions described
herein. Porous biocompatible matrices which provide scaf-
folding for tissue growth can accelerate the deposition of new
cartilage or the rate of cartilage growth and are said to be
“chondroconductive.” Osteoconductive biocompatible matri-
ces are especially useful in the pharmaceutical compositions
described herein. Chondroconductive biocompatible matri-
ces are especially useful in the pharmaceutical compositions
described herein. The osteoinductive or chondroinductive
activity of the surface coated with the bone matrix may or may
not be altered, including but not limited to, enhanced activity,
relative to a surface without the bone matrix coating or a
natural surface without any coating. Thus, the osteoconduc-
tive or chondroconductive activity of the biocompatible
matrices treated with the bone matrix of the present invention
may be enhanced compared to matrices not treated with the
bone matrix described herein. Of course, the biocompatible
matrices are considered to be osteoconductive or chondro-
conductive if cells within the biocompatible matrix begin to
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differentiate into more osteoblast-like or chondrocyte-like
appearing or functional cells, respectively.

[0046] The biocompatible matrices according to some
embodiments of the present invention can be derived from
natural sources or they can be synthetic or a mixture of both.
Biocompatible matrices from natural sources may also com-
prise natural polymers, including, but not limited to, collagen,
hyaluronic acid, alginate, albumin, fibrinogen-fibrin, chito-
san, elasin, laminin, connective tissues, intervertebral disc,
cortical or cancellous bone, demineralized or mineralized
bone, fascia lata, dermis, muscle, ligament, tendon, cartilage
including articular/hyaline cartilage, elastic cartilage, and
fibrocartilage, a mixture thereof, and mixture of reconstituted
tissue. Biocompatible matrices from synthetic sources refer
to any material not produced by living organisms, which may
include, not limited to, the synthetic material made up of
organic components, inorganic components, or a mixture
thereof. In some embodiments, a synthetic biocompatible
matrix may comprise an organic synthetic polymer, such as
poly(lactic-co-glycolic acid), polycaprolactone (PCL),
polyglycolic acid (PGA), polylactic acid (PLA), polyhy-
droxybutyrate (PHB), Poly(ethylene glycol) (PEG), poly
(ethylene oxide) (PEO)), and others. In some embodiments, a
tissue, an organ, or biocompatible matrix comprising at least
one of alginate, chitosan, collagen, gelatin, hyaluronic acid, a
fibronectin, an elastin, a laminin, and a proteoglycan may be
employed. In certain embodiments, a biocompatible matrix
comprising inorganic components, such as hydroxyapatite,
calcium sulfate, octacalcium phosphate, calcium phosphate,
macroporous calcium metaphosphate ceramic, p-tricalcium
phosphate, metal, metal alloy, and others, may be used. A
biocompatible matrix used in certain embodiments of the
present invention may be prepared by demineralizing, decel-
Iularizing or devitalizing a tissue or an organ and cells may be
seeded onto the biocompatible matrix.

[0047] In some embodiments, the bone matrix described
herein may be applied to another biocompatible matrix and
may be incubated at conditions permitting the generation of a
matrix that is partially or fully coated with the bone matrix. In
some embodiments, incubation may be carried out at about
40° C. or lower, or between about 10° C. and about 37° C., or
about 20° C. and about 37° C. Incubation may be carried out
for between at least about 2 minutes and about 120 minutes,
about 3 minutes and about 100 minutes, about 4 minutes and
about 80 minutes, about 5 minutes and about 60 minutes, and
about 5 minutes and about 30 minutes in certain embodi-
ments. Incubation may be performed under static or dynamic
conditions, such as with agitation, shaking, stirring, mixing,
horizontal motion, rocking, and others.

[0048] In some embodiments of the present invention, a
biocompatible matrix may be lyophilized before the bone
matrix is applied to the biocompatible matrix. In certain
embodiments, the bone matrix may be coated on the biocom-
patible matrix, and the coated matrix may be subsequently
lyophilized. The lyophilized, coated matrix can then be rehy-
drated before it is used. Further, the cells can be seeded onto
the matrix before implantation.

[0049] Examples of suitable osteoconductive or chondro-
conductive biocompatible matrices include but are not lim-
ited to, collagen (e.g., bovine dermal collagen), fibrin, cal-
cium phosphate ceramics (e.g., hydroxyapatite and
tricalcium phosphate), calcium sulfate, guanidine-extracted
allogenic bone and combinations thereof. A number of suit-
able biocompatible matrices are commercially available,
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such as Collografe™ (Collagen Corporation), which is a mix-
ture of hydroxyapatite, tricalcium phosphate and fibrillar col-
lagen, and Interpore™ (Interpore International), which is a
hydroxyapatite biomatrix formed by the conversion of marine
coral calcium carbonate to crystalline hydroxyapatite.

[0050] A number of synthetic biodegradable polymers can
serve as osteoconductive or chondroconductive biocompat-
ible matrices with sustained release characteristics. Descrip-
tions of these polymers can be found in Behravesh (1999)
Clinical Orthopaedics 367, S118 and Lu (2000) Polymeric
Delivery Vehicles for Bone Growth Factors in Controlled
Drug Delivery: Designing Technologies for the Future, Park
and Mrsny eds., American Chemical Society, which is incor-
porated herein in its entirety. Examples of these polymers
include polya-hydroxy esters such as polylactic acid/polyg-
lycolic acid homopolymers and copolymers, polyphosp-
hazenes (PPHOS), polyanhydrides and poly(propylene
fumarates).

[0051] Polylactic acid/polyglycolic acid (PLGA) homo
and copolymers are well known in the art as sustained release
vehicles. The rate of release can be adjusted by the skilled
artisan by variation of polylactic acid to polyglycolic acid
ratio and the molecular weight of the polymer (see Anderson
(1997) Adv. Drug Deliv. Rev. 28:5. The incorporation of PEG
into the polymer as a blend to form microparticle matrices
allows further alteration of the release profile of the active
ingredient (see Cleek (1997) J. Control Release 48, 259).
Ceramics such as calcium phosphate and hydroxyapatite can
also be incorporated into the formulation to improve
mechanical qualities.

[0052] In one embodiment, the biocompatible matrices
used in the methods of the present invention are other types of
bone matrices. For example, the bone matrix prepared by the
methods described herein can be coated on another type of
bone matrix. As used herein, the other types of the bone
matrix may be a biocompatible matrix derived from or includ-
ing elements of natural bone. In some embodiments, the
natural bone is mineralized, partially demineralized, dem-
ineralized, cancellous, cortical, or cortical cancellous bone.
The bone matrices used herein may or may not include addi-
tional synthetic components not typically found in bone tis-
sue. Other embodiments include methods utilizing a biocom-
patible matrix derived from cartilage, other soft tissues such
as the dermis, connective tissue, fascia, small intestine sub-
mucosa, serous membrane, pericardium, tendon, ligament,
muscle, adipose tissue, myelin, blood vessels, base mem-
brane, amniotic membrane and others. A biocompatible
matrix prepared from hyaline cartilage, fibrocartilage or elas-
tic cartilage, may be employed in some embodiments. A
biocompatible matrix may be prepared from hyaline cartilage
found in the condyle, tibial plateau, femoral head, humeral
head, costal cartilage, or fibrocartilage found in intervertebral
discs, or elastic cartilage found in the epiglottis or ear. In
certain embodiments, a biocompatible matrix derived from
natural sources that has been optionally cleaned, disinfected,
chemically modified, decellularized, particulated, homog-
enized, lyophilized, gamma ray irradiated, and/or plasticized
may be used. Any of the biocompatible matrices used herein
may or may not include additional synthetic components not
typically found in such tissue.

[0053] In one specific embodiment, the bone or cartilage
biocompatible matrices may be demineralized or decellular-
ized, respectively. Examples of demineralized matrices and
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methods of making are described in U.S. Pat. Nos. 6,189,537
and 6,305,379, which are incorporated herein in its entirety.
[0054] The biocompatible matrix, tissue, or organ used in
certain embodiments of the present invention may be in the
form of a powder, particulates, sheets, fibers, gels, putties,
paste, blocks, cylinders, sponges, meshes, films, slices, curls,
flakes, or wedges, among others. In certain embodiments of
the present invention, the biocompatible matrix, tissue, or
organ treated with the bone matrix by the methods described
herein may be in the form of a powder, fibers, putty, or a
sponge. In further embodiments, the sponge can include, for
example, the implant having sponge-like structures disclosed
in the co-pending, commonly-assigned patent application
PCT/US09/04556 entitled “Composition for a Tissue Repair
Implant and Methods of Making the Same” filed on Aug. 7,
2009, which is incorporated herein in its entirety. The treated
matrices can be used in any of the methods of the present
invention.

[0055] The invention also relates to methods of cell culture
comprising culturing cells on a cell culture surface coated
with the bone matrix produced by the method described
herein. As used herein, cell culture refers to the maintenance
of cells in an artificial environment, commonly referred to as
anin vitro environment. The term cell culture is a generic term
and may be used to encompass the cultivation not only of
individual cells, but also of tissues, organs, organ systems or
whole organisms. The cells used in the culture methods dis-
closed herein can be any prokaryotic or eukaryotic cell. The
cell type used in the culture methods disclosed herein need
not be from the same species from which the cell support
compositions derive. In addition, the cells may be from an
established cell line, or they may be primary cells or geneti-
cally engineered cells.

[0056] For example, the invention provides for growing
and/or culturing cells on a cell culture surface coated with the
bone matrix produced by the method described herein.
“Growing and/or culturing cells cells on a cell culture sur-
face” includes traditional cell culture methods as well as
placing on a surface in any setting, such as in natural or
synthetic biocompatible matrices or tissues. The cells may be
mammalian, such as but not limited to human, bovine, por-
cine, murine, ovine, equine, canine, feline and others. Insome
embodiments, the cells that are cultured on the substrate
coated with the bone matrix are stem cells. As used herein, a
stem cell is used as it is in the art and means a cell that has the
ability to divide and give rise to one daughter cell that may be
at least partially differentiated and to another daughter cell
that retains the developmental potential of the mother cell. As
used herein, stem cells can be adipose derived stem cells,
dental pulp stem cells, adult stem cells (ASCs), embryonic
stem cells (ESCs), committed progenitor cells, and/or
induced pluripotent stem cells (iPSCs). In further embodi-
ments, the bone matrix coated surface can be used in in vitro
methods for supporting cell growth and proliferation as well
as for increasing osteogenesis, chondrogenesis, or ligament/
tendon genesis in the stem cells cultured on the bone matrix
coated surface.

[0057] In some embodiments, the cells may be mesenchy-
mal stem cells, such as adipose-derived stem cells, embryonic
stem cells, progenitor cells, differentiated cells, undifferenti-
ated cells, and/or -pluripotent stem cells. Appropriate cells
may also include, but are not limited to cells of the ectodermal
lineage, cells of the mesodermal lineage, and cells of the
endodermal lineage. Examples of cells of the ectodermal
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lineage include but are not limited to keratinocytes, osteo-
blasts, chondrocytes, neurons. Examples of cells of the meso-
dermal lineage include but are not limited to myoblasts, adi-
pocytes, fibroblasts, endothelial cells, or stromal cells.
Examples of cells of the endodermal lineage include but not
limited to epithelial cells of the auditory tube, the respiratory
tract, such as trachea, bronchi, and alveoli of the lungs, the
gastrointestinal tract, the urinary bladder and epithelial cells
lining all glands. The cells may also be primary cells derived
from tissues or organs. Appropriate cell lines used in the
present invention may include but are not limited to mesen-
chymal cell lines, preosteoblastic cell lines, osteoblastic cell
lines, and chondroblastic cell lines. The bone matrix may be
coated directly into a tissue, organism or other setting such as
a matrix, including, but not limited to, bone matrices.

[0058] In some embodiments, the cells may be derived
from autologous or allogeneic sources. The cells may be
differentiated cells including chondrocytes, osteoblasts,
osteoclasts, endothelial cells, epithelial cells, fibroblasts, and
periosteal cells. Additionally, the cells may be totipotent,
pluripotent, multipotent, progenitor, or adult somatic stem
cells. The stem cells may be derived from embryos, placenta,
bone marrow, adipose tissue, blood vessel, amniotic fluid,
synovial fluid, synovial membrane, pericardium, periosteum,
dura, peripheral blood, umbilical blood, menstrual blood,
baby teeth, nucleus pulposus, brain, skin, hair follicle, intes-
tinal crypt, neural tissue, muscle. The stem cells may be
derived from skeletal muscle, smooth muscle, and cardiac
muscle. The stem cells may be derived from genetic repro-
gramming of mature cells, such as induced pluripotent stem
cells (iPSCs). All cells may further be derived from living or
recently deceased donors.

[0059] Any cell described herewith may be cultured on a
cell culture surface coated with the bone matrix produced by
the method described herein for between about 15 minutes
and about 4 weeks, about 2 hours and about 2 weeks, about 2
hours and about 1 week, about 2 hours and about 72 hours,
about 24 hours and about 72 hours, or about 24 hours and
about 96 hours, at between about 20° C. and about 40° C. or
about 30° C. and about 37° C., in an atmosphere containing
between about 1% CO, and about 10% CO, or about 4% CO,
and about 6% CO,, in certain embodiments. In some embodi-
ments of the present invention, cells may be cultured in the
presence of one or more modified growth factors and (1) a
tissue or an organ, (2) a matrix, or (3) a combination thereof.
Cells that have been cultured in the presence of one or more
modified growth factors in a cell culture medium may subse-
quently be applied to a matrix, a tissue, an organ or a combi-
nation thereof, in certain embodiments.

[0060] The invention also relates to methods of promoting
osteoinductivity, with the methods comprising culturing cells
ona cell culture surface coated with the bone matrix produced
by the method described herein. As used herein, “osteoinduc-
tivity” can refer to causing cells to differentiate into cells that
are more osteoblast-like in phenotype, or the term can refer to
increasing the proliferation of osteoblasts, or both. The cells,
prior to culture on the bone matrix of the present invention,
may be undifferentiated or partially differentiated cells. The
cells may be present in culture or in a tissue, organ or portion
thereof or in an organism. The osteoinductive activity of the
surface coated with the bone matrix may or may not be
altered, including but not limited to, enhanced activity, rela-
tive to a surface without the bone matrix coating or a natural
surface without any coating.
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[0061] The invention also relates to methods of promoting
chondroinductivity, with the methods comprising culturing
cells on a cell culture surface coated with the bone matrix
produced by the method described herein. As used herein,
“chondroinductivity” can refer to causing cells to differenti-
ate into cells that are more chondrocyte-like in phenotype, or
the term can refer to increasing the proliferation of chondro-
cytes, or both. The cells, prior to culture on the bone matrix of
the present invention, may be undifferentiated or partially
differentiated cells. The cells may be present in culture or in
a tissue, organ or portion thereof or in an organism. The
chondroinductive activity of the surface coated with the bone
matrix may or may not be altered, including but not limited to,
enhanced activity, relative to a surface without the bone
matrix coating or a natural surface without any coating.

[0062] The invention also relates to methods of promoting
ligament/tendon differentiation, with the methods compris-
ing culturing cells on a cell culture surface coated with the
bone matrix produced by the method described herein. As
used herein, “ligament/tendon differentiation” can refer to
causing cells to differentiate into cells that are more ligament
and/or tendon-like in phenotype, or the term can refer to
increasing the proliferation of ligament and/or tendon, or
both. The cells, prior to culture on the bone matrix of the
present invention, may be undifferentiated or partially differ-
entiated cells. The cells may be present in culture or in a
tissue, organ or portion thereof or in an organism. The liga-
ment/tendon differentiation activity of the surface coated
with the bone matrix may or may not be altered, including but
not limited to, enhanced activity, relative to a surface without
the bone matrix coating or a natural surface without any
coating.

[0063] There are variety of osteoblast, chondrocyte, liga-
ment/tendon differentiation markers that can be measured to
assess osteoinductivity, chondroinductivity, or ligament/ten-
don differentiation, respectively. For example, cells express
alkaline phosphatases during the early stages of differentia-
tion toward osteoblast lineages. Therefore, in vitro alkaline
phosphatase assays may be used to evaluate osteoinductivity
in cells cultured on the surface coated by the bone matrix by
the methods described herein. The ability of the bone matrix
prepared by the methods of the present invention to stimulate
or induce the alkaline phosphatase expression in an otherwise
non-bone forming cells, such as myoblast (C2C12 cells),
would indicate that the bone matrix of the present invention
has osteoinductive activity. In these assays, cells cultured on
a surface not coated by the bone matrix of the present inven-
tion and on a natural surface without any coating are used as
negative controls to show that the baseline alkaline phos-
phatase expression on non-bone forming cells. The baseline
of'the osteoblastic markers in the negative control need not be
zero, meaning that the cells in the negative control group may
have at least some level of phenotypic marker(s). Accord-
ingly, an “osteoinductive” surface of the present invention
would simply cause an increase in the osteoblastic markers in
experimental cells over control grown on the bone matrix
prepared by the methods described herein. Similarly, chon-
drocyte markers, including but not limited to type X collagen,
type 11 collagen, Sox 9, Aggrecan. Matrilin-1 and CEP-68, to
name a few, can be used to assess chondroinductive potential.
Moreover, ligament/tendon markers, including but not lim-
ited to scleraxis, can be used to assess ligament/tendon dif-
ferentiation potential.
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[0064] Moreover, osteoinductivity, chondroinductivity,
and ligament/tendon differentiation may be determined in
tissue culture by investigating the ability of the bone matrix
prepared by the methods of the present invention to differen-
tiate or induce osteoblast phenotype, chondrocyte phenotype,
ligament/tendon cell phenotype in cultured cells, such as
primary cells, cell lines, or explants. For example, the cells
may display increased production of a marker characteristic
of osteoblasts and/or chondrocytes, such as alkaline phos-
phatase, etc. For example, the osteoinductive, chondroinduc-
tive, ligament/tendon differentiation potentials of the surface
coated with bone matrix may be more than 0.2, 0.4, 0.6, 0.8,
1,2,3,4,5,6,7, 8, 9or 10 times greater than those not coated
with the bone matrix. In another example, the osteoinductive,
chondroinductive, ligament/tendon differentiation potentials
of the culture on the bone matrix implant described herein
may be more than 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 500
or even 1000 times greater than those of the unmodified
growth factors. Of course, this indicates that lower concen-
trations of modified growth factor, compared to unmodified
growth factor are required to achieve the same effects.
[0065] Osteoinductivity, chondroinductivity, ligament/ten-
don differentiation, for assessing the bone, cartilage, ligament
or tendon forming potential induced by the bone matrix of the
present invention in a location such as muscle, may also be
evaluated using a suitable animal model. For example, intra-
muscular implantation into a rodent has been used as a model
to assess osteoinductive activity of bioactive factors.

[0066] The invention also relates to methods of promoting
cell attachment, proliferation or maintaining the differenti-
ated state or preventing de-differentiation of osteoblasts,
chondrocytes, ligament cells, tendon cells and/or any cell
type disclosed herein with the methods comprising culturing
the cells on a cell culture surface coated with the bone matrix
produced by the method described herein. The proliferative
activity of the surface coated with the bone matrix may or may
not be altered, including but not limited to, enhanced activity,
relative to a surface without the bone matrix coating or a
natural surface without any coating.

[0067] Mitogenicity may be assessed by investigating cell
proliferation induced by the bone matrix prepared by the
methods of the presentinvention using various in vitro assays
that measure metabolic activity, such as MTT [3-(4,5-dim-
ethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide| assay,
AlamarBlue® assay, and others. The AlamarBlue® assay
uses a non-cytotoxic reduction-oxidation indicator to mea-
sure cell metabolic activity, making it a nondestructive assay
for assessing the mitogenic activity of the bone solution
described herein. Proliferation can also be assessed by mea-
suring DNA quantification, such as by using a PicoGreen™
DNA assay, radioactive labeling of DNA synthesis, such as
[**]thymidine labeling or BrdU incorporation. Proliferation
can also be assessed via manual cell counting, such as stain-
ing cells with trypan blue and counting with a hemacytom-
eter.

[0068] The invention also relates to methods of increasing
or promoting osteogenesis, chondrogenesis, or ligament/ten-
don genesis in cells. The methods may comprise culturing the
cells on a cell culture surface coated with the bone matrix
produced by the method described herein. As used herein,
“osteogenesis™ is the deposition of new bone material or
formation of new bone, including, but not limited to,
intramembranous osteogenesis and endochondral osteogen-
esis. As used herein, “chondrogenesis” is the deposition new
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cartilage material or formation of new cartilage. As used
herein, “ligament/tendon genesis” is the deposition new liga-
ment and/or tendon material or formation of new ligament
and/or tendon. The osteogenic, chondrogenic, ligament, or
tendon inducing activity of the surface coated with the bone
matrix may or may not be altered, including but not limited to,
enhanced activity, relative to a surface without the bone
matrix coating or a natural surface without any coating. The
cells may include cells in any tissue in which bone, cartilage,
ligament, or tendon formation is desired, such as, but not
limited to, bone, cartilage, ligament, muscle, tendon, etc.

[0069] The invention also relates to methods of treating a
tissue or organ defect or injury, for example, a musculoskel-
etal, dental or soft-tissue defect or injury, in an animal com-
prising administering (1) cells cultured on the surface coated
with the bone matrix produced by the methods described
herein and/or (2) the bone matrix implant described herein to
the tissue or organ defect (e.g. osseous defects, defects in
cartilage, ligament, tendon, spinal disk, and tendon insertion
site to bone).

[0070] The invention further relates to methods of treating
a tissue or an organ defect or injury, for example a muscu-
loskeletal, dental or soft-tissue defect, in an animal by apply-
ing a biocompatible matrix partially or fully coated with the
bone matrix by the methods described herein to the defect,
and application to the defect may be accomplished by inject-
ing the coated biocompatible matrix into the defect, inserting
the coated biocompatible matrix between tissue or organ, or
placing the coated biocompatible matrix on top of the defect.
The present invention is also directed to treating a defect or
injury in an organ by applying a coated biocompatible matrix
to the defect.

[0071] In yet another embodiment, cells may be seeded
onto a biocompatible matrix coated with the bone matrix
prepared by the methods provided herein. The cells seeded on
the coated matrix can be any cell, such as but not limited to,
osteoblasts, chondrocytes, ligament cells, tendon cells, pro-
genitor cells, and stem cells disclosed herein or otherwise
known in the art. The seeded cells may be allowed to prolif-
erate and possibly attach to the matrix. Methods of seeding
cells onto matrices, such as collagen matrix coated with the
bone matrix prepared by the methods provided herein, are
well known in the art.

[0072] Any of the methods of the present invention can be
performed in virtually any setting, such as an in vivo, ex vivo,
in situ or in vitro setting. For example, methods of promoting
osteogenesis, chondrogenesis, or tendon/ligament inducing
activities in cells may be performed in cell culture, may be
performed in seeded cells on matrix, or may be performed in
an intact organism. Moreover, any combination of any two or
more of any of the embodiments described herein are con-
templated.

[0073] The invention further relates to bone matrix scaf-
folds comprising one or more bone matrix nanofibers. In one
aspect, the bone matrix scaffold may essentially consist of the
bone matrix nanofibers. In another aspect, the bone matrix
scaffold may consist of the bone matrix nanofibers. The bone
matrix scaffold described herein may be biocompatible. A
biocompatible bone matrix scaffold may be non-toxic, non-
eliciting or stimulating severe inflammatory response or
immunological rejections, and/or devoid of other undesired
reactions at the implantation site. The bone matrix nanofiber
described herein comprises bone.
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[0074] The bone matrix scaffold and bone matrix nanofiber
of'the present invention may type I collagen. In some embodi-
ments, total type I collagen may be present in the bone matrix
scatfold and/or bone matrix nanofiber of the present invention
in an amount from about 50% to about 95%, from about 60%
to about 95%, from about 70% to about 95%, or from about
80% to about 95% by weight in it protein content. In addi-
tional embodiments, total type 1 collagen may be present in
the bone matrix scaffold and/or bone matrix nanofiber of the
present invention in an amount about 10% or less, about 5%
or less, about 3% or less, or about 1% or less by weight in it
protein content. In further embodiments, collagen type Il may
be absent from the bone matrix scaffold and/or bone matrix
nanofiber of the present invention. The types of collagen that
are present or absent in the composition can be easily assessed
using routine methods in the art. Methods of identifying and
quantifying type of collagen are well known in the art, as
disclosed, for example in Schnaper, H. W. and Kleinman, H.
K., Pediatr. Neprol., 7:96-104 (1993), which is incorporated
by reference.

[0075] In one aspect, the bone matrix nanofiber described
herein may have less than about 8 wt %, 7 wt %, 6 wt %, 5 wt
%, 4 wt %, or 3 wt % residual calcium. In another aspect, the
average residual calcium amount in the bone matrix scaffold
described herein may be less than about 8 wt %, 7 wt %, 6 wt
%, 5 wt %, 4 wt %, or 3 wt %.

[0076] The term nanofiber as used herein means a fiber
comprising a diameter of about 1000 nm or less. Relative to
the parent bulk material, nano-features can impart many
extraordinary properties to macrostructures, including supe-
rior mechanical, electrical, optical and magnetic properties,
adding surface functionality and yielding high surface area.
Matrices of nanofibers of varying diameters may show a
range of variable surface properties (e.g. hydrophobicity and
hydrophilicity), porosities, and usually superior mechanical
properties (e.g. tensile strength, stiffness) relative to the mate-
rial in other forms.

[0077] Nanofibers as matrices recently found applications
for orchestrating regeneration and cellular repair processes,
whereby the nano-architecture itself provides the specific
developmental or morphogenetic cues. Along with proteins,
growth factors, and therapeutic agents, nanofibers matrices
may influence the cellular response. Further, scaffold fiber
alignment plays an important biological role, such that, for
example, aligned nanofibers guide cell migration, having
been applied to regenerating injured neurons by guiding out-
growth. The matrix of electrospun nanofibers may mimic the
natural ECM, including properties such as high porosity and
high surface to volume ratios, which facilitate oxygen trans-
port and cell waste removal, assist in cell migration across the
implanted scaffold, and make delivery of therapeutic agents
possible. In implanted structures for clinical use, nanofiber
matrices may have further advantages of improved biocom-
patibility and reduced friction, and thus reduced irritation,
upon delivery and as implanted.

[0078] In some embodiments, the nanofiber described
herein may have an average diameter of about 1000 nm or
less, 900 nm or less, 800 nm or less, 700 nm or less, 600 nm
orless, 500 nm or less, 400 nm or less, 300 nm or less, 200 nm
or less, 100 nm or less, 50 nm or less, 20 nm or less, or 10 nm
or less. In additional embodiments, the total nanofibers in the
bone matrix scaffolds described herein may have an average
diameter of about 1000 nm or less, 900 nm or less, 800 nm or
less, 700 nm or less, 600 nm or less, 500 nm or less, 400 nm
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or less, 300 nm or less, 200 nm or less, 100 nm or less, 50 nm
or less, 20 nm or less, or 10 nm or less.

[0079] In one aspect, the bone matrix nanofiber described
herein may have a length from about 0.1 cm to about 10 cm,
from about 1 ¢cm to about 10 cm, from about 0.1 cm to about
20 cm, from about 1 cm to about 20 cm, from about 10 cm to
about 20 cm, from about 0.1 cm to about 30 cm, from about 1
cm to about 30 cm, from about 10 cm to about 30 cm, from
about 20 cm to about 30 cm, from about 0.1 cm to about 40
cm, from about 1 cm to about 40 cm, from about 10 cm to
about 40 ¢m, from about 20 cm to about 40 cm, from about 30
cm to about 40 cm, from about 0.1 cm to about 50 cm, from
about 1 cm to about 50 cm, from about 10 cm to about 50 cm,
from about 20 cm to about 50 cm, from about 30 cm to about
50 cm, from about 40 cm to about 50 ¢cm, 0.1 cm to about 60
cm, from about 1 cm to about 60 ¢cm, from about 10 cm to
about 60 cm, from about 20 cm to about 60 cm, from about 30
cm to about 60 cm, or from about 40 cm to about 60 cm. In
another aspect the total nanofibers in the bone matrix scaf-
folds described herein may have an average length from about
0.1 cm to about 10 cm, from about 1 cm to about 10 cm, from
about 0.1 cm to about 20 cm, from about 1 cm to about 20 cm,
from about 10 cm to about 20 cm, from about 0.1 cm to about
30 cm, from about 1 cm to about 30 cm, from about 10 cm to
about 30 cm, from about 20 ¢cm to about 30 cm, from about 0.1
cm to about 40 cm, from about 1 ¢cm to about 40 cm, from
about 10 cm to about 40 cm, from about 20 cm to about 40 cm,
from about 30 cm to about 40 cm, from about 0.1 cm to about
50 cm, from about 1 cm to about 50 ¢m, from about 10 cm to
about 50 cm, from about 20 cm to about 50 cm, from about 30
cm to about 50 cm, from about 40 cm to about 50 cm, 0.1 cm
to about 60 cm, from about 1 ¢cm to about 60 cm, from about
10 cm to about 60 cm, from about 20 cm to about 60 cm, from
about 30 cm to about 60 cm, or from about 40 cm to about 60
cm.

[0080] Inone aspect, the bone matrix scaffold has an aver-
age porosity from about 60% to about 70%, from about 60%
to about 80%, from about 60% to about 90%, from about 60%
to about 95%, from about 70% to about 80%, from about 70%
to about 90%, from about 70% to about 95%, from about 80%
to about 90%, or from about 80% to about 95%.

[0081] In some embodiments, the bone matrix nanofiber
described herein may be prepared, for example, by electro-
spinning, meltblowing, bicomponent spinning, forcespin-
ning, flash-spinning, extrusion, core-sheath electrospinning
with or without copolymer, or self-assembly.

[0082] Alignment of the bone matrix nanofibers in the bone
matrix scaffold may be measured by a fast Fourier transform
(FFT) analysis. For example, the FFT analysis may be per-
formed by the methods described in Measuring fiber align-
ment in electrospun scaffolds: a user’s guide to the 2D fast
Fourier transform approach, Ayres C E, Jha B S, Meredith H,
Bowman J R, Bowlin G L, Henderson S C, Simpson D G. J
Biomater Sci Polym Ed. 2008; 19(5):603-21, which is incor-
porated by reference in its entirety. In some embodiments,
FFT result of the bone matrix nanofibers described herein
may have adjacent major peaks with about 180° apart from
each other.

[0083] In one aspect, the bone matrix scaffold and/or the
bone matrix nanofibers may further comprise an accessory
polymer. An “accessory polymer” refers to a polymer that
may be added to the bone matrix nanofibers and have any
effect on their physical, chemical, and/or biological proper-
ties (e.g. tensile strength, hydrophillicity, biocompatibility).
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For example, the accessory polymer may be selected from the
group consisting of polycaprolactone, poly(glycolic acid),
poly(lactic acid), polydioxanone, poly (lactide-co-glycolide)
copolymers, polyesters polysaccharides, polyhydroxyal-
kanoates, starch, polylactic acid, cellulose, proteins, agar,
silks, alginate, collagen/gelatin, carrageenan, elastin, pectin,
resilin, konjac, adhesives, gums, polyamino acids, polysac-
charides, soy, zein, wheat gluten, casein, chitin/chitosan,
serum albumin, hyaluronic acid, lipids/s urfactants, xanthan,
acetoglycerides, waxes, surfactants, dextran, emulsan,
gelian, polyphenols, levan, lignin, curd, ian, tannin, polyga-
lactosamine, humic acid, shellac, pullulan, poly-gamma-
glutamic acid, elsinan, natural rubber, yeast glucans, and
synthetic polymers from natural fats and oils.

[0084] In another aspect, the bone matrix scaffold and/or
the bone matrix nanofibers may further comprise one or more
biodegradable, biocompatible polymers. The biodegradable,
biocompatible polymers may include, but is not limited to,
ethylene vinyl acetate, polyanhydricles, polyglycolic acid,
collagen, polyorthoesters, and polylactic acid. The biode-
gradable, biocompatible polymers may further include a
number of synthetic biodegradable polymers that can serve as
osteoconductive or chondroconductive biocompatible matri-
ces with sustained release characteristics. Descriptions of
these polymers can be found in Behravesh (1999) Clinical
Orthopaedics 367, S118 and Lu (2000) Polymeric Delivery
Vehicles for Bone Growth Factors in Controlled Drug Deliv-
ery: Designing Technologies for the Future, Park and Mrsny
eds., American Chemical Society, which is incorporated
herein in its entirety. Examples of these polymers include
polya-hydroxy esters such as polylactic acid/polyglycolic
acid homopolymers and copolymers, polyphosphazenes
(PPHOS), polyanhydrides and poly(propylene fumarates).
[0085] Polylactic acid/polyglycolic acid (PLGA) homo
and copolymers are well known in the art as sustained release
vehicles. The rate of release can be adjusted by the skilled
artisan by variation of polylactic acid to polyglycolic acid
ratio and the molecular weight of the polymer (see Anderson
(1997) Adv. Drug Deliv. Rev. 28:5. The incorporation of PEG
into the polymer as a blend to form microparticle matrices
allows further alteration of the release profile of the active
ingredient (see Cleek (1997) J. Control Release 48, 259).
Ceramics such as calcium phosphate and hydroxyapatite can
also be incorporated into the formulation to improve
mechanical qualities.

[0086] In another aspect, the bone matrix scaffold and/or
the bone matrix nanofibers may further comprise an extracel-
Iular matrix component. For example, the extracellular matrix
component may include, but is not limited to, collagen, gly-
cosaminoglycans, osteocalcin, osteonectin, bone sialo pro-
tein, osteopontin, or mixtures thereof.

[0087] In another aspect, the bone matrix scaffold and/or
the bone matrix nanofibers may further comprise a bioactive
factor.

[0088] In another aspect, the bone matrix scaffold and/or
the bone matrix nanofibers may further comprise one or more
biocompatible material selected from the group consisting of
collagen, polycaprolactone, poly(glycolic acid), poly(lactic
acid), polydioxanone, poly (lactide-co-glycolide) copoly-
mers, polyesters polysaccharides, polyhydroxyalka noates,
starch, polylactic acid, cellulose, proteins, agar, silks, algi-
nate, collagen, gelatin, carrageenan, elastin, pectin, resilin,
konjac, adhesives, various gums, polyamino acids, polysac-
charides, soy, zein, wheat gluten, casein, chitin, chitosan,
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serum albumin, hyaluronic acid, lipids, surfactants, xanthan,
acetoglycerides, waxes, dextran, emulsan, gelian, polyphe-
nols, levan, lignin, curd, ian, tannin, polygalactosamine,
humic acid, cellulose, shellac, pullulan, poly-gamma-
glutamic acid, elsinan, natural rubber, yeast glucans, syn-
thetic polymers from natural fats and oils.

[0089] In some embodiments, the bone matrix scaffold of
the present invention may further comprise a support. In
additional embodiments, the bone matrix nanofibers
described herein may be attached to and/or cover the support.
[0090] The invention also relates to methods of preparing
the bone matrix scaffold. The method of preparing the bone
matrix scaffold according to some embodiments of the
present invention comprises preparing a bone matrix solu-
tion. The method of preparing a bone matrix solution accord-
ing to some embodiments of the present invention comprises
dissolving bone in an anhydrous solvent as described herein.
[0091] Inone aspect, once the bone matrix solution is pre-
pared, the bone matrix solution may be fabricated into nanofi-
bers and mesh through electrospinning technologies as
described in US2010/0120115, which is incorporated by ref-
erence. Once fabricated into a scaffold, the bone matrix can
be placed into cell culture environment as disclosed herein.
[0092] In another aspect, the bone matrix solution
described herein may be fabricated into nanofibers and mesh
using the exemplary electrospinning setup as shown in FIG.
2. Electrospinning typically involves a polymer solution (or
melt) maintained at its surface tension on the tip of a nozzle
via a syringe in a pump. For example, when sufficiently high
voltage is introduced (e.g. 15-40 kV) to the polymer in solu-
tion to create a charge imbalance, the solution is drawn
towards a grounded collector through the static electric field.
As the polymer erupts from the needle and the assembling
polymer whip through space, it may be subjected to a series of
stretching and bending instabilities, resulting in plastic
stretching and elongation to minimize these instabilities gen-
erated by repulsive electrostatic forces. As the polymer trav-
els through space and rapidly thins into a fine stream, the
solvent may evaporate, and the polymer may assemble into
fibers, leaving dry nano- to micro-scale fibers of tailorable
physical attributes on the collector.

[0093] Additionally, when high electrical potential is
applied to a low viscosity polymer melt or solution, electro-
spraying may occur, which is typified by the polymer jet
breaking down into fine droplets. It is therefore possible to
produce particles or nano- to micro-sphere particles, fibers
and bead-and-string type structures via this process from
simply altering the solution or electrospinning apparatus
setup variables. Among the variable in electrospinning that
can be changed to tailor the final product, such parameters as
polymer solution properties, applied electrical potential,
polymer molecular weight, polymer solution flow rate, dis-
tance between spinner and collector, ambient parameters (hu-
midity, air velocity, temperature) and motion of the collecting
target may be altered to form defect-free nanofibers of con-
trolled fiber distribution, diameter and alignment.

[0094] In some embodiments, the method of preparing the
bone matrix scaffold according to some embodiments of the
present invention comprises preparing a bone matrix solution
by dissolving bone in an amount of an anhydrous solvent
comprising (i) hexafluoroisopropanol (HFP) or 2, 2, 2-trif-
Iuoroethanol (TFE) and (ii) at least about 5 wt % trifluoro-
acetic acid (TFA) sufficient to form a bone matrix solution at
a temperature between about 0° C. and about 22° C., and
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electrospinning the bone matrix solution as described herein
to form the bone matrix scaffold.

[0095] Inone aspect, once the bone matrix solution is pre-
pared, the bone matrix solution may be fabricated into scaf-
folds through neutralizing the bone matrix solution. For
example, the neutralizing the bone matrix solution may com-
prise titrating sodium hydroxide from the bone matrix solu-
tion into a solution. In some embodiments, the neutralization
may be performed using a neutralizing solution. The “neu-
tralizing solution” described herein may be an acid-neutral-
izing solution present in an amount sufficient to raise the pH
of the acidic bone matrix solution to about 7.0 to about 7.5
after mixing and/or rinsing. In another aspect, the acid-neu-
tralizing solution may be present in an amount sufficient to
raise the pH of the acidic bone matrix solution to about 6.5 to
about 7.45 after mixing and/or rinsing. In another aspect, the
acid-neutralizing solution may be present in an amount suf-
ficient to raise the pH of the bone matrix solution to about 7.0
to about 7.4 after mixing and/or rinsing. In some embodi-
ments, the acid-neutralizing solution is selected from the
group consisting of a bicarbonate solution, a phosphate solu-
tion, a carbonate solution, a sodium hydroxide solution, a
potassium hydroxide solution, a calcium hydroxide solution,
an aluminum hydroxide solution, and any combination of
these solutions.

[0096] In another aspect, the method of preparing the bone
matrix scaffold described herein may further comprise trans-
ferring the bone matrix solution into an acid-resistant mold
and drying the bone matrix solution. The drying may be
performed by, for example, air drying, vacuum drying, heat
drying, or freeze drying. In another aspect, the dried bone
matrix solution may be neutralized by rinsing it with a neu-
tralizing solution described herein. In another aspect, the
method of preparing the bone matrix scaffold described
herein may further comprise rinsing the dried bone matrix
solution with water. In some embodiments, the bone matrix
solution may comprise sodium chloride granulates.

[0097] In one aspect, the method of preparing the bone
matrix scaffold according to some embodiments of the
present invention may further comprise crosslinking the bone
matrix solution. In some embodiments, the crosslinking may
be performed by any conventional chemical crosslinking
method (e.g. chemical reagent-promoted, chemically reac-
tive linker-promoted and/or enzyme-promoted) and/or dehy-
drothermal crosslinking method (e.g. heat-promoted conden-
sation), forming the covalently crosslinked bone matrix. In
additional embodiments, the crosslinking comprises apply-
ing a cross-linking agent to the bone matrix solution. For
example, the cross-linking agent may be selected from the
group consisting of 1-Ethyl-3-(3-dimethylaminopropyl)car-
bodiimide (EDC), EDC/hyaluronic acid, genipin, and glut-
araldehyde.

[0098] In another aspect, the method of preparing the bone
matrix scaffold according to some embodiments of the
present invention may further comprise applying an acces-
sory polymer described herein to the bone matrix solution. In
another aspect, the method of preparing the bone matrix
scaffold according to some embodiments of the present
invention may further comprise adding a bioactive factor
described herein to the bone matrix scaffold.

[0099] The invention also relates to bone matrix implants
produced by the methods of preparing the bone matrix scaf-
fold. An “implant” refers to any object that is designed to be
placed partially or wholly within a patient’s body for one or
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more therapeutic or prophylactic purposes such as for tissue
augmentation, contouring, restoring physiological function,
repairing or restoring tissues damaged by disease or trauma,
and/or delivering therapeutic agents to normal, damaged or
diseased organs and tissues. A “bone matrix implant” refers to
a medical device or implant that includes a volume replace-
ment material for augmentation or reconstruction to replace a
whole or part of a bone structure. A predetermined shape of
the bone matrix implant may be varied to fit the implant site.
A “bone matrix” refers to any mixture of the volume replace-
ment materials for augmentation or reconstruction to replace
a whole or part of a bone structure.

[0100] The invention also relates to methods of cell culture
comprising culturing cells on a bone matrix scaffold pro-
duced by the method described herein.

[0101] For example, the invention provides for growing
and/or culturing cells on a bone matrix scaffold produced by
the method described herein. “Growing and/or culturing cells
on a bone matrix scaffold” includes traditional cell culture
methods as well as placing on a surface in any setting, such as
in natural or synthetic biocompatible matrices or tissues. In
some embodiments, the cells that are cultured on the bone
matrix scaffold are stem cells. In further embodiments, the
bone matrix scaffold can be used in in vitro methods for
supporting cell growth and proliferation as well as for
increasing osteogenesis, chondrogenesis, or ligament/tendon
genesis in the stem cells cultured on the bone matrix scaffold.

[0102] Any cell described herewith may be cultured on a
bone matrix scaffold produced by the method described
herein for between about 15 minutes and about 4 weeks,
about 2 hours and about 2 weeks, about 2 hours and about 1
week, about 2 hours and about 72 hours, about 24 hours and
about 72 hours, or about 24 hours and about 96 hours, at
between about 20° C. and about 40° C. or about 30° C. and
about 37° C., in an atmosphere containing between about 1%
CO, and about 10% CO, or about 4% CO, and about 6% CO,,
in certain embodiments.

[0103] The invention also relates to methods of promoting
osteoinductivity, with the methods comprising culturing cells
on a bone matrix scaffold produced by the method described
herein. The cells, prior to culture on the bone matrix scaffold
of the present invention, may be undifferentiated or partially
differentiated cells. The osteoinductive activity of the bone
matrix scaffold may or may not be altered, including but not
limited to, enhanced activity, relative to other scaffolds with-
out the bone matrix nanofiber described herein.

[0104] The invention also relates to methods of promoting
chondroinductivity, with the methods comprising culturing
cells on a bone matrix scaffold produced by the method
described herein. The cells, prior to culture on the bone matrix
of the present invention, may be undifferentiated or partially
differentiated cells. The chondroinductive activity of the bone
matrix scaffold may or may not be altered, including but not
limited to, enhanced activity, relative to other scaffolds with-
out the bone matrix nanofiber described herein.

[0105] The invention also relates to methods of promoting
ligament/tendon differentiation, with the methods compris-
ing culturing cells on a bone matrix scaffold produced by the
method described herein. The cells, prior to culture on the
bone matrix of the present invention, may be undifferentiated
or partially differentiated cells. The ligament/tendon difter-
entiation activity of the bone matrix scaffold may or may not
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be altered, including but not limited to, enhanced activity,
relative to other scaffolds without the bone matrix nanofiber
described herein.

[0106] In one aspect, in vitro alkaline phosphatase assays
may be used to evaluate osteoinductivity in cells cultured on
the bone matrix scaffold prepared by the methods described
herein. The ability of the bone matrix prepared by the meth-
ods of the present invention to stimulate or induce the alkaline
phosphatase expression in an otherwise non-bone forming
cells, such as myoblast (C2C12 cells), would indicate that the
bone matrix of the present invention has osteoinductive activ-
ity. In these assays, cells cultured on other scaffolds without
the bone matrix nanofiber described herein are used as nega-
tive controls to show that the baseline alkaline phosphatase
expression on non-bone forming cells. The baseline of the
osteoblastic markers in the negative control need not be zero,
meaning that the cells in the negative control group may have
at least some level of phenotypic marker(s). Accordingly, an
“osteoinductive” bone matrix scaffold of the present inven-
tion would simply cause an increase in the osteoblastic mark-
ers in experimental cells over control grown on the other
scaffolds without the bone matrix nanofiber.

[0107] Moreover, osteoinductivity, chondroinductivity,
and ligament/tendon differentiation may be determined in
tissue culture by investigating the ability of the bone matrix
prepared by the methods of the present invention to differen-
tiate or induce osteoblast phenotype, chondrocyte phenotype,
ligament/tendon cell phenotype in cultured cells, such as
primary cells, cell lines, or explants. For example, the cells
may display increased production of a marker characteristic
of osteoblasts and/or chondrocytes, such as alkaline phos-
phatase, etc. For example, the osteoinductive, chondroinduc-
tive, ligament/tendon differentiation potentials of the bone
matrix scaffold having a bone matrix nanofiber described
herein may be more than 0.2,0.4,0.6,0.8,1,2,3,4,5,6,7, 8,
9 or 10 times greater than the scaffolds without the bone
matrix nanofiber. In another example, the osteoinductive,
chondroinductive, ligament/tendon differentiation potentials
of the culture on the bone matrix scaffold and/or implant
described herein may be more than 10, 20, 30, 40, 50, 60, 70,
80, 90, 100, 500 or even 1000 times greater than those of the
scatfold and/or implant without any bone matrix nanofiber.
Of course, this indicates that lower concentrations of modi-
fied growth factor, compared to unmodified growth factor are
required to achieve the same effects.

[0108] Osteoinductivity, chondroinductivity, ligament/ten-
don differentiation, for assessing the bone, cartilage, ligament
or tendon forming potential induced by the bone matrix scaf-
fold of the present invention in a location such as muscle, may
also be evaluated using a suitable animal model.

[0109] The invention also relates to methods of promoting
cell attachment, proliferation or maintaining the differenti-
ated state or preventing de-differentiation of osteoblasts,
chondrocytes, ligament cells, tendon cells and/or any cell
type disclosed herein with the methods comprising culturing
the cells on a bone matrix scaffold produced by the method
described herein. The proliferative activity of the bone matrix
scatfold may or may not be altered, including but not limited
to, enhanced activity, relative to a scaffold without any bone
matrix nanofiber.

[0110] Mitogenicity may be assessed by investigating cell
proliferation induced by the bone matrix prepared by the
methods of the present invention using various in vitro assays
that measure metabolic activity, such as MTT [3-(4,5-dim-



US 2015/0010607 A1l

ethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide| assay,
AlamarBlue® assay, and others. The AlamarBlue® assay
uses a non-cytotoxic reduction-oxidation indicator to mea-
sure cell metabolic activity, making it a nondestructive assay
for assessing the mitogenic activity of the bone matrix scaf-
fold and/or bone matrix nanofiber described herein.

[0111] The invention also relates to methods of increasing
or promoting osteogenesis, chondrogenesis, or ligament/ten-
don genesis in cells. The methods may comprise culturing the
cells on a bone matrix scaffold produced by the method
described herein. The osteogenic, chondrogenic, ligament, or
tendon inducing activity of the bone matrix scaffold may or
may not be altered, including but not limited to, enhanced
activity, relative to a scaffold without bone matrix nanofiber
described herein.

[0112] The invention also relates to methods of treating a
tissue or organ defect or injury, for example, a musculoskel-
etal, dental or soft-tissue defect or injury, in an animal com-
prising administering (1) cells cultured on the bone matrix
scaffold produced by the methods described herein and/or (2)
the bone matrix implant described herein to the tissue or
organ defect (e.g. osseous defects, defects in cartilage, liga-
ment, tendon, spinal disk, and tendon insertion site to bone).
[0113] The invention further relates to methods of treating
a tissue or an organ defect or injury, for example a muscu-
loskeletal, dental or soft-tissue defect, in an animal by apply-
ing a bone matrix scaffold prepared by the methods described
herein to the defect, and application to the defect may be
accomplished by injecting the bone matrix scaffold into the
defect, inserting the bone matrix scaffold between tissue or
organ, or placing the bone matrix scaffold on top of the defect.
The present invention is also directed to treating a defect or
injury in an organ by applying a bone matrix scaffold to the
defect.

[0114] In yet another embodiment, cells may be seeded
onto a bone matrix scaffold prepared by the methods provided
herein. The cells seeded on the bone matrix scaffold can be
any cell, such as but not limited to, osteoblasts, chondrocytes,
ligament cells, tendon cells, progenitor cells, and stem cells
disclosed herein or otherwise known in the art. The seeded
cells may be allowed to proliferate and possibly attach to the
matrix. Methods of seeding cells onto matrices, such as col-
lagen matrix coated with the bone matrix prepared by the
methods provided herein, are well known in the art.

[0115] While the invention has been described and illus-
trated herein by references to various specific materials, pro-
cedures and examples, it is understood that the invention is
not restricted to the particular combinations of material and
procedures selected for that purpose. Numerous variations of
such details can be implied as will be appreciated by those
skilled in the art. It is intended that the specification and
examples be considered as exemplary, only, with the true
scope and spirit of the invention being indicated by the fol-
lowing claims. All references, patents and patent applications
referred to in this application are herein incorporated by ref-
erence in their entirety.

[0116] The following examples are illustrative and are not
intended to limit the scope of the invention described herein.
EXAMPLES
Example 1

Dissolving Bone in Various Solvents

[0117] Demineralized bone matrix (DBM) was prepared by
methods as shown in U.S. Pat. Nos. 6,189,537 and 6,305,379,
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which are incorporated herein in its entirety. The demineral-
ized bone powder was dissolved at 100 mg/ml in a volatile
solvent or mixture of solvents.

[0118] Demineralized bone powder was initially dissolved
in TFA or from a 5/95, 10/90, 20/80, 50/50 and 100/0 ratio of
organic solvents TFA/HFP, respectively, at a starting concen-
tration of 30-150 mg/ml demineralized bone powder, with
final ratios set at 20/80 TFA/HFA and 100 mg/ml for all
subsequent experiments, apart from solubility assays. The
bone was allowed to vigorously stir for 3-4 days at4° C.up to
21° C. to maintain intact alpha-helical collagen, or at room
temp to 37° C. to more rapidly dissolve the DBM with appar-
ent increase in protein denaturation. This resulting brownish
liquid was then further assayed for the ability to form a gel or
film though evaporation of the volatile organic solvents with
or without subsequent addition of water with the suspension
placed at either 4° C., room temp, or 37° C., or through
neutralizing the acidity of the liquid through strong base
addition, such as sodium hydroxide, with or without a buffer
system for physiological pH. DBM was found to dissolve in
TFA and TFA/HPF at 4° C. after an extended period of stir-
ring, on the order of 14-28+ days.

[0119] DBM powder was dissolved in TFA/HFP, TFA/
HFP/Water, and TEA/HFP. DBM was dissolved in TFA/HFP,
and the solvent subsequently fully evaporated off to leave
behind a semisolid colloidal suspension, or gel, or a thin film
coating. The protein banding pattern present in this dissolved
DBM in cooled TFA/HFP was also observed for reference
with intact bands for the alpha chains of collagen prominently
seen, indicating that proteins are maintained in structure and
composition between the DBM powder (un-dissolved) and
the DBM dissolved in the organic solvent system.

[0120] Other systems that were found to dissolve DBM
entirely were a combination of TFA with isopropanol, and
TFA with 2,2,2-trifluoroethanol (TFE), for which HFP is a
precursor molecule. The DBM was dissolved for 2-6 days.
While DBM was dissolved in a mixture of trifluoroacetic acid
and isopropanol and in trifluoroacetic acid with 2,2,2-trifluo-
roetanol, but DBM was not dissolved in 2,2,2-trifluoroetha-
nol and hexafluoroisopropanol even after 2 months of mixing.

[0121] A longer period on the order of 10-14 days sug-
gested a degradation of collagen and other matrix proteins as
seen on SDS gel analysis. SDS gel analysis was performed on
various DBM compositions. The results suggest high homol-
ogy of proteins present between dissolved DBM (20% TFA/
80% HFP; 50% TFA/50% HFP) and unprocessed DBM pow-
der. The degradation of the DBM was observed when an equal
volume of distilled water is added to the TFA/HFP mix. The
results also showed the degradation of the DBM in 100% TFA
solution.

[0122] Moreover, TFA/HFP/DBM mixture stirred for three
days formed a gel from a fully evaporated solution of the
dissolved gel re-suspended when placed in water at 37° C.,
whereas TFA/HFP/DBM solution stirred for 14 days was
only able to form a gel at 4° C. when the DBM was likewise
evaporated and rehydrated at placed at 4° C., room temp, and
37° C. TFA/HFP/DBM solution stirred over a 2-6 day period
was stirred at 16-21° C., as temperatures above room temp, as
can be generated by the stirring plate generating and trans-
ferring a slight amount of heat, can potentially degrade the
intact proteins. The addition of water into the solvent to
dissolve the DBM resulted in radical protein degradation.
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Example 2

ELISA Study for Growth Factor Detection

[0123] AnELISA assay was performed to detect BMP-2 in
the dissolved DBM solution (DBM dissolved in TFA/HFP as
shown in Example 2), as compared to controls and to the
amount of BMP-2 released by the standard BMP-2 isolation
technique of guanidine hydrochloride extraction (FIG. 1).
The DBM solution prepared as shown in Example 2 was
shown to have significantly more BMP-2 released compared
to the conventional extraction methods (e.g. Pietrzak et al., J
Craniofac Surg., 17, 1, 2006, 84-90) with nearly 4-fold more
BMP-2 released per gram of DBM.

Example 3

Preparation of Bone Matrix Scaffolds

[0124] 1,1,1,3,3,3-hexafluoro-2-propanol (HFP)
(CAS#920-66-1) was from Acros Organics (Geel, Belgium),
trifluoroacetic acid was obtained from Sigma-Aldrich
(T6508, batch #61496MK). Polycaprolactone (PCL)
(B6003-1, B6003-2) was from Durect Lactone (Pelham, Ala.,
http:www.absorbables.com). Bone powder was isolated from
human donor bone procured by LifeNet Health, with ECM
isolation procedures carried out in the laboratory of Dr. Roy
Ogle. The electrospinning apparatus was designed using an
Aladdin Programmable Syringe Pump from World Precision
Instruments, Inc. (Sarasota, Fla.) and one or two adjustable
high voltage power supply from Gamma High Voltage
Research (Ormond Beach, Fla.). N-(3-dimethylaminopro-
pyl)-N-ethylcarbodiimide hydrochloride (EDC) and N-hy-
droxysuccinimide (NHS) was purchased from Thermo Sci-
entific (Pittsburgh, Pa.). Genipin was purchased from Wako
(Richmond, Va.).

[0125] Demineralized bone powder was dissolved in TFA
or a TFA/HFP blend, tested as workable from a 10/90, 20/80,
50/50 and 100/0 ratio of organic solvents, respectively, at
30-150 mg/ml bone powder concentrations, with final ideal
paramaters set at 20/80 TFA/HFP at 100 mg/ml and used for
the subsequent experiments. DBM was also co-electrospun
with an equal volume of polycaprolactone (PCL) that was
dissolved in HPF at 100 mg/ml. The bone is allowed to
vigorously stir for 3-4 days at below room temp (<~21° C.).
This resulting brown colored solution was then loaded into
the glass syringe with an 18ga stainless steel needle and
secured into the syringe pump, in the device design shown in
FIG. 2. A stainless steel plate coated with aluminum foil or
number 1 glass coverslips on top of the collector plate were
used to collect randomly aligned nanofibers, or the fibers
were collected between earthed stainless steel posts 3-10 mm
apart to impart fiber alignment, with the stainless steel posts
either statically mounted or rotating at around 4,000 RPMs to
enhance alignment and maximal thickness of the scaffold.
The voltage source was used to apply a +20kV DC voltage to
the positive lead, attached to the metal syringe needle, with
the collector either earthed or with a 15 kV DC voltage
applied from a second power supply set to opposite polarity.
The programmable syringe pump was set to dispense the
solution at 0.50-3.50 mlL/hr, ideally at 2.5 ml/hr for pure
DBM and 4 ml/hr for DBM/PCL mixtures. After approxi-
mately 1 hour of electrospinning, the collector was replaced
with a new aluminum sheet and the flow rate was changed.
Concentrations of 10%, 50%, 90% and 100% demineralized
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bone blended with PCL were examined, as well as flow rates
of 0.5 ml/hr-5.75 mL/hr to identify the ideal parameters
(which can be affected day-to-day by relative humidity, ambi-
ent temperature, etc.). Further modifications to this arrange-
ment have been made based on intended use, including mul-
tiple spinnerets, rotating targets of various shapes and sizes,
focusing of the polymer jet by electrode modifications, and
additional power source and grounding schemas.

[0126] Electrospun demineralized bone matrix and DBM/
PCL blended samples were taken from each collector and
mounted on aluminum stubs using carbon stickers. The
samples were then coated with gold at about 50 nm thickness
using a sputter coater. Coated samples were imaged using a
JOEL 6400 Scanning electron microscope (SEM) with Orion
image processing. Representative images can be seen in FIG.
3

[0127] Scaffolds of pure demineralized bone nanofibers
were found to dissolve when placed in aqueous solutions,
including culture media, PBS and milliQ water, so 10 mm
scaffold punches were tested for stability after crosslinking
with various chemical agents under a wide array of condi-
tions. A solution 0f 0.01% genipin dissolved in ethanol at 37°
C. for 24-48 hrs was found to be a suitable cross-linker,
maintaining scaffold stability in aqueous solution. A 50 molar
excess of EDC with 18 hrs of cross-linking time was also
found to sufficiently cross-link demineralized bone scatfold.
Additionally, glutaraldehyde vapors also provided stability
by lightly cross-linking the electrospun DBM nanofiber scaf-
fold. These so called “zero length cross-linkers” altered the
fibrous morphology of the electrospun scatfolds as shown in
FIG. 3, however, linkers or spacers commonly used with these
cross-linkers will retain the native porous topology of the
scaffolds. The average size of the electrospun fibers generated
from pure demineralized bone matrix, and as blended with
PCL, and as compared to the native demineralized bone
power size was calculated by measuring 50 unique points in
ImageJ64 (NIH shareware), with results shown in FIG. 4.

[0128] To confirm co-polymerization of demineralized
bone and PCL in the forming blended nanofibers of the two
materials, FTIR analysis was used to assess the chemical
bond structure and to quantitatively determine the presence of
each polymer in the different blends. FTIR also was used to
show a high degree of similarity between the unprocessed
demineralized bone powder and the electrospun nanofibrous
mesh as shown in FIG. 5, where peaks/bonds were highly
conserved between raw and electrospun DBM, including
putative peaks that suggest a maintained alpha helical struc-
ture in the collagen present. Lastly, to assess the structure of
collagen to be unchanged from the native DBM powder state
we compared native DBM and electrospun DBM with pure
collagen type I that was either treated or not treated overnight
with pepsin to show the maintenance of the alpha 1 and alpha
2 bands of collagen type 1 between samples (FIG. 6). The
porosity of the electrospun scaffolds was characterized as
shown in FIG. 7.

Example 4

Cell Culture on Bone Matrix Scaffolds

[0129] Excellent and rapid mesenchymal stem cell attach-
ment was also demonstrated on electrospun DBM as cross-
linked with EDC or blended with PCL as compared to con-
trols are also shown FIG. 8.
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Example 5

In Vivo Study

[0130] Animal studies with implanted EDC cross-linked
DBM and DBM/PCL indicated new bone formation along
with high cellularity in electrospun DBM-EDC cross-linked
samples with a mild inflammatory response at 4 weeks of
gestation of 0.1 cc of material in a rat pouch assay (FI1G. 9).

Example 6

Cell Differentiation on Bone Matrix Scaffolds

[0131] Alizarin Red S histological stains of electrospun
DBM/PCL, PCL and DBM indicated that trace calcium in the
native DBM remains present in the electrospun variants of
DBM and DBM/PCL (FIG. 10), with the trace calcium
believed critical for new bone formation. Toluidine blue his-
tology, along with apparent bone nodule formation, con-
firmed osteoblastogenesis on samples of electrospun DBM
that was dissolved in contact with stem cells grown on plastic
(FIG. 10).

[0132] The osteoinductive capacity of the electrospun
DBM was further confirmed through showing adipose
derived stem cells (ASCs) and dental pulp stem cells (DPSCs)
were induced to osteoblasts from their contact with the elec-
trospun DBM. Osteoblastogenesis was confirmed using fluo-
rescent microscopy to visualize expression of bone sialo pro-
tein I (aka osteopontin) and bone sialo protein II using the
respective monoclonal antibodies conjugated to alexa-488
secondary antibodies, with a DAPI stain for the nucleus (FIG.
11) all seen in cells on DBM scaffolds only. The alexa488
fluorescence was absent in control samples and on no-sec-
ondary-antibody controls.

1. A method of preparing a bone matrix solution, the
method comprising

dissolving bone in an amount of an anhydrous solvent

comprising (i) hexafluoroisopropanol (HFP) or 2, 2,
2-trifluoroethanol (TFE) and (ii) at least about 5 wt %
trifluoroacetic acid (TFA) sufficient to form the bone
matrix solution at a temperature lower than about 25° C.

2. The method according to claim 1, wherein the bone is
demineralized bone (DBM).

3. The method according to any of claims 1-2, wherein the
bone comprises an osteogenic growth factor.

4. The method according to any of claims 1-3, wherein the
bone comprises an extracellular matrix selected from the
group consisting of collagen, glycosaminoglycans, osteocal-
cin, osteonectin, bone sialo protein, osteopontin, and mix-
tures thereof.

5. The method according to any of claims 1-4, wherein the
bone comprises collagen type 1.

6. The method according to any of claims 1-5, wherein the
bone matrix solution comprises collagen in its native triple
helical structure.

7. The method according to any of claims 1-6, wherein the
solvent consists of (i) the HFP, the TFE, or the isopropanol,
and (ii) the TFA.

8. The method according to any of claims 1-7, wherein the
solvent comprises at least about 20 wt % TFA.

9. The method according to any of claims 1-8, wherein the
solvent comprises at least about 50 wt % TFA.

10. The method according to any of claims 1-9, wherein the
bone is dissolved at a temperature lower than about 24° C.
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11. The method according to any of claims 1-10, wherein
the bone is dissolved at a temperature lower than about 22° C.
12. The method according to any of claims 1-11, wherein
the bone is dissolved at a temperature lower than about 15° C.
13. The method according to any of claims 1-12, wherein
the bone is dissolved at a temperature lower than about 10° C.
14. The method according to any of claims 1-13, wherein
the bone is dissolved in a concentration between about 30
mg/mL and about 150 mg/mL..
15. The method according to any of claims 1-14, wherein
the bone is dissolved by stirring for more than about 24 hours.
16. The method according to any of claims 1-15, wherein
the bone is in the form of particles and/or powder.
17. A method of coating bone matrix on a surface, the
method comprising:
dissolving a bone at a temperature lower than about 25° C.
in an amount of an anhydrous solvent comprising (i)
hexafluoroisopropanol (HFP) or 2, 2, 2-trifluoroethanol
(TFE), and (i1) at least about 5 wt % trifluoroacetic acid
(TFA) sufficient to form a bone matrix solution,

exposing the bone matrix solution to conditions sufficient
to evaporate a portion of the solvent to form a colloidal
gel,

coating the surface with the colloidal gel, and

exposing the coated surface to conditions sufficient to fur-

ther evaporate an amount of solvent.

18. The method according to claim 17, wherein the surface
is of a second biocompatible matrix.

19. The method according to any of claims 17-18, wherein
the bone comprises an osteogenic growth factor.

20. The method according to any of claims 17-19, wherein
the bone comprises an extracellular matrix selected from the
group consisting of collagen, glycosaminoglycans, osteocal-
cin, osteonectin, bone sialo protein, osteopontin, and mix-
tures thereof.

21. The method according to any of claims 17-20, wherein
the bone comprises collagen type 1.

22. The method according to any of claims 17-21, wherein
the dissolved bone comprises collagen in its native triple
helical structure.

23. The method according to any of claims 17-22, wherein
the solvent consists of (i) HFP or TFE, and (ii) TFA.

24. The method according to any of claims 17-23, wherein
the solvent comprises at least about 20 wt % TFA.

25. The method according to any of claims 17-24, wherein
the solvent comprises at least about 50 wt % TFA.

26. The method according to any of claims 17-25, wherein
the bone is dissolved at a temperature lower than about 24° C.

27. The method according to any of claims 17-26, wherein
the bone is dissolved at a temperature lower than about 22° C.

28. The method according to any of claims 17-27, wherein
the bone is dissolved at a temperature lower than about 15° C.

29. The method according to any of claims 17-28, wherein
the bone is dissolved at a temperature lower than about 10° C.

30. The method according to any of claims 17-29, wherein
the bone is dissolved in a concentration between about 30
mg/mL and about 150 mg/mL..

31. The method according to any of claims 17-30, wherein
the bone is dissolved by stirring for more than about 24 hours.

32. The method according to any of claims 17-31, wherein
the bone is in the form of particles and/or powder.

33. The method according to any of claims 17-32, wherein
the colloidal gel is placed in a mold to form the predetermined
shape.
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34. The method according to any of claims 17-33, wherein
the evaporation is performed by air drying, vacuum drying,
heat drying, or freeze drying.

35. The method according to any of claims 17-34, wherein
the amount of the solvent to form a colloidal gel from the bone
matrix solution according to some embodiments of the
present invention may be between about 95 wt % and about 5
wt %.

36. The method according to any of claims 17-35, further
comprising adding a bioactive factor to the bone matrix solu-
tion.

37. The method of claim 36, wherein the bioactive factor is
selected from the group consisting of an osteogenic growth
factor, collagen, glycosaminoglycans, osteonectin, bone sialo
protein, an osteoinductive factor, a chondrogenic factor, a
cytokine, a mitogenic factor, a chemotactic factor, a trans-
forming growth factor (TGF), a fibroblast growth factor
(FGF), an angiogenic factor, an insulin-like growth factor
(IGF), a platelet-derived growth factor (PDGF), an epidermal
growth factor (EGF), a vascular endothelial growth factor
(VEGF), anerve growth factor (NGF), a neurotrophin, a bone
morphogenetic protein (BMP), osteogenin, osteopontin,
osteocalcin, cementum attachment protein, erythropoietin,
thrombopoietin, tumor necrosis factor (TNF), an interferon, a
colony stimulating factor (CSF), or an interleukin, among
others. The bioactive factor may be a BMP, PDGF, FGF,
VEGF, TGF, insulin, among others. Examples of BMPs
include but are not limited to BMP-2, BMP-3, BMP-4, BMP-
5, BMP-6, BMP-7, BMP-8, BMP-9, BMP-10, BMP-11,
BMP-12, BMP-13, BMP-14, BMP-15, and a mixture thereof.

38. A bone matrix implant produced by the method accord-
ing to any of claims 17-37.

39. A synthetic surface coated with the bone matrix pro-
duced by the method according to any of claims 17-37.

40. A method of cell culture comprising culturing cells on
acell culture surface coated with the bone matrix produced by
the method according to any of claims 17-37.

41. The method of claim 40, wherein the cells are selected
from the group consisting of stem cells, adipose derived stem
cells and dental pulp stem cells.

42. A method of promoting differentiation of stem cells
into osteoblasts, chondrocytes, ligament or tendon, the
method comprising culturing the cells on a surface coated
with the bone matrix produced by the method according to
any of claims 17-37.

43. The method of claim 42, wherein the cells are progeni-
tor cells or adult stem cells.

44. The method of claim 43, wherein the progenitor cells or
the adult stem cells are derived from placenta, bone marrow,
adipose tissue, blood vessel, amniotic fluid, synovial fluid,
synovial membrane, pericardium, periosteum, dura, periph-
eral blood, umbilical blood, menstrual blood, baby teeth,
nucleus pulposus, brain, skin, hair follicle, intestinal crypt,
neural tissue, or muscle.

45. The method of claim 42, wherein the stem cells are
pluripotent stem cells.

46. The method of claim 42, wherein the stem cells are
selected from the group consisting of adipose derived stem
cells and dental pulp stem cells.

47. A bone matrix scaffold comprising one or more bone
matrix nanofibers.

48. The bone matrix scaffold of claim 47, wherein the bone
matrix scaffold essentially consists of the bone matrix nanofi-
bers.
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49. The bone matrix scaffold according to any of claims
47-48, wherein the bone matrix scaffold consists of the bone
matrix nanofibers.

50. The bone matrix scaffold according to any of claims
47-49, wherein the bone matrix scaffold is biocompatible.

51. The bone matrix scaffold according to any of claims
47-50, wherein the bone matrix nanofibers comprise type |
collagen in its native triple helical structure.

52. The bone matrix scaffold according to any of claims
47-51, wherein the bone matrix nanofibers has less than about
8 wt % residual calcium.

53. The bone matrix scaffold according to any of claims
47-52, wherein the bone matrix nanofibers have an average
diameter from about 5 nm to about 1000 nm.

54. The bone matrix scaffold according to any of claims
47-53, wherein the bone matrix nanofiber have an average
diameter of less than about 100 nm.

55. The bone matrix scaffold according to any of claims
47-54, wherein the bone matrix nanofibers have an average
length from about 1 cm to about 50 cm.

56. The bone matrix scaffold according to any of claims
47-55, wherein the bone matrix scaffold has an average
porosity from about 60% to about 90%.

57. The bone matrix scaffold according to any of claims
47-56, wherein the bone matrix nanofibers are electrospun.

58. The bone matrix scaffold according to any of claims
47-57, wherein a fast Fourier transform (FFT) analysis result
of'the bone matrix nanofibers have adjacent major peaks with
about 180° apart from each other.

59. The bone matrix scaffold according to any of claims
47-58, wherein the bone matrix nanofibers further comprise
an accessory polymer.

60. The bone matrix scaffold of claim 59, wherein the
accessory polymer is selected from the group consisting of
polycaprolactone, poly(glycolic acid), poly(lactic acid),
polydioxanone, poly (lactide-co-glycolide) copolymers,
polyesters polysaccharides, polyhydroxyalka noates, starch,
polylactic acid, cellulose, proteins, agar, silks, alginate, col-
lagen/gelatin, carrageenan, elastin, pectin, resilin, konjac,
adhesives, gums, polyamino acids, polysaccharides, soy,
zein, wheat gluten, casein, chitin/chitosan, serum albumin,
hyaluronic acid, lipids/s urfactants, xanthan, acetoglycerides,
waxes, surfactants, dextran, emulsan, gelian, polyphenols,
levan, lignin, curd, ian, tannin, polygalactosamine, humic
acid, shellac, pullulan, poly-gamma-glutamic acid, elsinan,
natural rubber, yeast glucans, and synthetic polymers from
natural fats and oils.

61. The bone matrix scaffold according to any of claims
47-60, wherein the bone matrix nanofibers further comprise
one or more biodegradable, biocompatible polymers selected
from the group consisting of ethylene vinyl acetate, polyan-
hydricles, polyglycolic acid, collagen, polyorthoesters, and
polylactic acid.

62. The bone matrix scaffold according to any of claims
47-61, wherein the bone matrix nanofibers further comprise
an extracellular matrix component selected from the group
consisting of collagen, glycosaminoglycans, osteocalcin,
osteonectin, bone sialo protein, osteopontin, and mixtures
thereof.

63. The bone matrix scaffold according to any of claims
47-62, wherein the bone matrix nanofibers further comprise a
bioactive factor.

64. The bone matrix scaffold of claim 63, wherein the
bioactive factor is selected from the group consisting of an
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osteogenic growth factor, collagen, glycosaminoglycans,
osteonectin, bone sialo protein, an osteoinductive factor, a
chondrogenic factor, a cytokine, a mitogenic factor, a chemo-
tactic factor, a transforming growth factor (TGF), a fibroblast
growth factor (FGF), an angiogenic factor, an insulin-like
growth factor (IGF), a platelet-derived growth factor (PDGF),
an epidermal growth factor (EGF), a vascular endothelial
growth factor (VEGF), a nerve growth factor (NGF), a neu-
rotrophin, a bone morphogenetic protein (BMP), osteogenin,
osteopontin, osteocalcin, cementum attachment protein,
erythropoietin, thrombopoietin, tumor necrosis factor (TNF),
an interferon, a colony stimulating factor (CSF), and an inter-
leukin.

65. The bone matrix scaffold of claim 63, wherein the
bioactive factor is an osteogenic growth factor.

66. The bone matrix scaffold according to any of claims
47-65, wherein the bone matrix nanofibers further comprise
one or more biocompatible material selected from the group
consisting of collagen, polycaprolactone, poly(glycolic acid),
poly(lactic acid), polydioxanone, poly (lactide-co-glycolide)
copolymers, polyesters polysaccharides, polyhydroxyalka
noates, starch, polylactic acid, cellulose, proteins, agar, silks,
alginate, collagen, gelatin, carrageenan, elastin, pectin, resi-
lin, konjac, adhesives, various gums, polyamino acids,
polysaccharides, soy, zein, wheat gluten, casein, chitin, chi-
tosan, serum albumin, hyaluronic acid, lipids, surfactants,
xanthan, acetoglycerides, waxes, dextran, emulsan, gelian,
polyphenols, levan, lignin, curd, ian, tannin, polygalac-
tosamine, humic acid, cellulose, shellac, pullulan, poly-
gamma-glutamic acid, elsinan, natural rubber, yeast glucans,
synthetic polymers from natural fats and oils.

67. The bone matrix scaffold according to any of claims
47-66, further comprising a support, wherein the bone matrix
nanofibers cover the support.

68. A method of preparing a bone matrix scaffold, the
method comprising

dissolving bone in an amount of an anhydrous solvent

comprising (i) hexafluoroisopropanol (HFP) or 2, 2,
2-trifluoroethanol (TFE) and (ii) at least about 5 wt %
trifluoroacetic acid (TFA) sufficient to form a bone
matrix solution, and

electrospinning the bone matrix solution to form the bone

matrix scaffold.

69. The method of claim 68, further comprising crosslink-
ing the bone matrix solution.

70. The method of claim 69, wherein the crosslinking is
performed by dehydrothermal crosslinking.

71. The method of claim 69, wherein the crosslinking
comprises applying a cross-linking agent to the bone matrix
solution.

72. The method of claim 71, wherein the cross-linking
agent is selected from the group consisting of 1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC), EDC/hyalu-
ronic acid, genipin, and glutaraldehyde.

73. The method according to any of claims 68-72, further
comprising applying an accessory polymer to the bone matrix
solution.

74. The method of claim 73, wherein the accessory poly-
mer is selected from the group consisting of polycaprolac-
tone, poly(glycolic acid), poly(lactic acid), polydioxanone,
poly (lactide-co-glycolide) copolymers, polyesters polysac-
charides, polyhydroxyalka noates, starch, polylactic acid,
cellulose, proteins, agar, silks, alginate, collagen/gelatin, car-
rageenan, elastin, pectin, resilin, konjac, adhesives, gums,
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polyamino acids, polysaccharides, soy, zein, wheat gluten,
casein, chitin/chitosan, serum albumin, hyaluronic acid, lip-
ids/surfactants, xanthan, acetoglycerides, waxes, surfactants,
dextran, emulsan, gelian, polyphenols, levan, lignin, curd,
ian, tannin, polygalactosamine, humic acid, shellac, pullulan,
poly-gamma-glutamic acid, elsinan, natural rubber, yeast
glucans, and synthetic polymers from natural fats and oils.

75. The method according to any of claims 68-74, wherein
the bone is demineralized bone (DBM).

76. The method according to any of claims 68-75, wherein
the bone comprises an osteogenic growth factor.

77. The method according to any of claims 68-76, wherein
the bone comprises an extracellular matrix selected from the
group consisting of collagen, glycosaminoglycans, osteocal-
cin, osteonectin, bone sialo protein, osteopontin, and mix-
tures thereof.

78. The method according to any of claims 68-77, wherein
the bone comprises collagen type 1.

79. The method according to any of claims 68-78, wherein
the bone matrix solution comprises collagen in its native
triple helical structure.

80. The method according to any of claims 68-79, wherein
the anhydrous solvent consists of (i) the HFP, the TFE, or the
isopropanol, and (ii) the TFA.

81. The method according to any of claims 68-80, wherein
the anhydrous solvent comprises at least about 20 wt % TFA.

82. The method according to any of claims 68-81, wherein
the anhydrous solvent comprises at least about 50 wt % TFA.

83. The method according to any of claims 68-82, wherein
the bone is dissolved at a temperature lower than about 25° C.

84. The method according to any of claims 68-83, wherein
the bone is dissolved at a temperature lower than about 24° C.

85. The method according to any of claims 68-84, wherein
the bone is dissolved at a temperature lower than about 22° C.

86. The method according to any of claims 68-85, wherein
the bone is dissolved at a temperature lower than about 15° C.

87. The method according to any of claims 68-86, wherein
the bone is dissolved at a temperature lower than about 10° C.

88. The method according to any of claims 68-87, wherein
the bone is dissolved in a concentration between about 30
mg/mL and about 150 mg/mL..

89. The method according to any of claims 68-88, wherein
the bone is dissolved by stirring for more than about 24 hours.

90. The method according to any of claims 68-89, wherein
the bone is in the form of particles and/or powder.

91. The method according to any of claims 68-90, further
comprising adding a bioactive factor to the bone matrix scaf-
fold.

92. The method of claim 91, wherein the bioactive factor is
selected from the group consisting of an osteogenic growth
factor, collagen, glycosaminoglycans, osteonectin, bone sialo
protein, an osteoinductive factor, a chondrogenic factor, a
cytokine, a mitogenic factor, a chemotactic factor, a trans-
forming growth factor (TGF), a fibroblast growth factor
(FGF), an angiogenic factor, an insulin-like growth factor
(IGF), a platelet-derived growth factor (PDGF), an epidermal
growth factor (EGF), a vascular endothelial growth factor
(VEGF), anerve growth factor (NGF), a neurotrophin, a bone
morphogenetic protein (BMP), osteogenin, osteopontin,
osteocalcin, cementum attachment protein, erythropoietin,
thrombopoietin, tumor necrosis factor (TNF), an interferon, a
colony stimulating factor (CSF), or an interleukin, among
others. The bioactive factor may be a BMP, PDGF, FGF,
VEGF, TGF, insulin, among others. Examples of BMPs
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include but are not limited to BMP-2, BMP-3, BMP-4, BMP-
5, BMP-6, BMP-7, BMP-8, BMP-9, BMP-10, BMP-11,
BMP-12, BMP-13, BMP-14, BMP-15, and a mixture thereof.

93. A bone matrix implant produced by the method accord-
ing to any of claims 68-92.

94. A method of preparing a bone matrix scaffold, the
method comprising

dissolving bone in an amount of an anhydrous solvent

comprising (i) hexafluoroisopropanol (HFP) or 2, 2,
2-trifluoroethanol (TFE) and (ii) at least about 5 wt %
trifluoroacetic acid (TFA) sufficient to form the bone
matrix solution, and

neutralizing the bone matrix solution to form the bone

matrix scaffold.

95. The method of claim 94, further comprising crosslink-
ing the bone matrix solution.

96. The method of claim 95, wherein the crosslinking is
performed by dehydrothermal crosslinking.

97. The method of claim 96, wherein the crosslinking
comprises applying a cross-linking agent to the bone matrix
solution.

98. The method of claim 97, wherein the cross-linking
agent is selected from the group consisting of 1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC), EDC/hyalu-
ronic acid, genipin, and glutaraldehyde.

99. The method according to any of claims 94-98, further
comprising applying an accessory polymer to the bone matrix
solution.

100. The method of claim 99, wherein the accessory poly-
mer is selected from the group consisting of polycaprolac-
tone, poly(glycolic acid), poly(lactic acid), polydioxanone,
poly (lactide-co-glycolide) copolymers, polyesters polysac-
charides, polyhydroxyalka noates, starch, polylactic acid,
cellulose, proteins, agar, silks, alginate, collagen/gelatin, car-
rageenan, elastin, pectin, resilin, konjac, adhesives, gums,
polyamino acids, polysaccharides, soy, zein, wheat gluten,
casein, chitin/chitosan, serum albumin, hyaluronic acid, lip-
ids/s urfactants, xanthan, acetoglycerides, waxes, surfactants,
dextran, emulsan, gelian, polyphenols, levan, lignin, curd,
ian, tannin, polygalactosamine, humic acid, shellac, pullulan,
poly-gamma-glutamic acid, elsinan, natural rubber, yeast
glucans, and synthetic polymers from natural fats and oils.

101. The method according to any of claims 94-100,
wherein the bone is demineralized bone (DBM).

102. The method according to any of claims 94-101,
wherein the bone comprises an osteogenic growth factor.

103. The method according to any of claims 94-102,
wherein the bone comprises an extracellular matrix selected
from the group consisting of collagen, glycosaminoglycans,
osteocalcin, osteonectin, bone sialo protein, osteopontin, and
mixtures thereof.

104. The method according to any of claims 94-103,
wherein the bone comprises collagen type 1.

105. The method according to any of claims 94-104,
wherein the bone matrix solution comprises collagen in its
native triple helical structure.

106. The method according to any of claims 94-105,
wherein the anhydrous solvent consists of (i) the HFP, the
TFE, or the isopropanol, and (ii) the TFA.

107. The method according to any of claims 94-106,
wherein the anhydrous solvent comprises at least about 20 wt
% TFA.
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108. The method according to any of claims 94-107,
wherein the anhydrous solvent comprises at least about 50 wt
% TFA.

109. The method according to any of claims 94-108,
wherein the bone is dissolved at a temperature lower than
about 25° C.

110. The method according to any of claims 94-109,
wherein the bone is dissolved at a temperature lower than
about 24° C.

111. The method according to any of claims 94-110,
wherein the bone is dissolved at a temperature lower than
about 22° C.

112. The method according to any of claims 94-111,
wherein the bone is dissolved at a temperature lower than
about 15° C.

113. The method according to any of claims 94-112,
wherein the bone is dissolved at a temperature lower than
about 10° C.

114. The method according to any of claims 94-113,
wherein the bone is dissolved in a concentration between
about 30 mg/mL. and about 150 mg/mL.

115. The method according to any of claims 94-114,
wherein the bone is dissolved by stirring for more than about
24 hours.

116. The method according to any of claims 94-115,
wherein the bone is in the form of particles and/or powder.

117. The method according to any of claims 94-116, fur-
ther comprising adding a bioactive factor to the bone matrix
scaffold.

118. The method of claim 117, wherein the bioactive factor
is selected from the group consisting of an osteogenic growth
factor, collagen, glycosaminoglycans, osteonectin, bone sialo
protein, an osteoinductive factor, a chondrogenic factor, a
cytokine, a mitogenic factor, a chemotactic factor, a trans-
forming growth factor (TGF), a fibroblast growth factor
(FGF), an angiogenic factor, an insulin-like growth factor
(IGF), a platelet-derived growth factor (PDGF), an epidermal
growth factor (EGF), a vascular endothelial growth factor
(VEGF), anerve growth factor (NGF), a neurotrophin, a bone
morphogenetic protein (BMP), osteogenin, osteopontin,
osteocalcin, cementum attachment protein, erythropoietin,
thrombopoietin, tumor necrosis factor (TNF), an interferon, a
colony stimulating factor (CSF), or an interleukin, among
others. The bioactive factor may be a BMP, PDGF, FGF,
VEGF, TGF, insulin, among others. Examples of BMPs
include but are not limited to BMP-2, BMP-3, BMP-4, BMP-
5, BMP-6, BMP-7, BMP-8, BMP-9, BMP-10, BMP-11,
BMP-12, BMP-13, BMP-14, BMP-15, and a mixture thereof.

119. The method according to any of claims 94-118,
wherein the neutralizing the bone matrix solution comprises
titrating sodium hydroxide from the bone matrix solution into
a solution.

120. The method according to any of claims 94-119, fur-
ther comprising

transferring the bone matrix solution into an acid-resistant

mold,

drying the bone matrix solution, and

neutralizing the dried bone matrix solution by rinsing with

a neutralizing solution.

121. The method of claim 120, further comprising rinsing
the dried bone matrix solution with water.

122. The method of claim 121, wherein the bone matrix
solution comprises sodium chloride granulates.
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123. The method according to any of claims 120-122,
wherein the drying is performed by air drying.

124. A bone matrix implant produced by the method
according to any of claims 94-123.

125. A method of cell culture comprising culturing cells on
the bone matrix scaffold according to any of claims 47-67 in
condition suitable for the cell culture.

126. The method of claim 125, wherein the cells are
selected from the group consisting of stem cells, adipose
derived stem cells and dental pulp stem cells.

127. A method of promoting differentiation of stem cells
into osteoblasts, chondrocytes, ligament or tendon, the
method comprising culturing the cells on the bone matrix
scaffold according to any of claims 47-67 in conditions suit-
able for the cell differentiation.

128. The method of claim 127, wherein the stem cells are
progenitor cells or adult stem cells.

129. The method of claim 128, wherein the progenitor cells
or the adult stem cells are derived or isolated from placenta,
bone marrow, adipose tissue, blood vessel, amniotic fluid,
synovial fluid, synovial membrane, pericardium, periosteum,
dura, peripheral blood, umbilical blood, menstrual blood,
baby teeth, nucleus pulposus, brain, skin, hair follicle, intes-
tinal crypt, neural tissue, or muscle.

130. The method of claim 127, wherein the stem cells are
pluripotent stem cells.

131. The method of claim 127, wherein the stem cells are
selected from the group consisting of adipose derived stem
cells and dental pulp stem cells.
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