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CONDITIONED COMPOSITIONS FOR TISSUE 
RESTORATION 

RELATED APPLICATIONS 

0001. This application claims priority to and the benefit 
of U.S. Ser. No. 60/482.480, filed Jun. 25, 2003, and U.S. 
Ser. No. 60/538,385, filed Jan. 21, 2004, the contents of 
which are incorporated by reference herein. 

FIELD OF THE INVENTION 

0002 The present invention relates to compositions com 
prising matrices that are conditioned for remodeling, 
replacement, restoration or repair of tissue within a host, 
methods of making and methods of using the compositions. 

BACKGROUND OF THE INVENTION 

0.003 Tissue graft constructs, such as regenerative scaf 
folds, are commonly utilized in tissue engineering applica 
tions to repair, replace, restore and/or remodel damaged or 
diseased tissue. These tissue Scaffolds often include matri 
ces, for example, a naturally occurring extracellular matrix 
(ECM), to provide structure to the scaffold. Naturally occur 
ring ECM is a mixture of Structural and functional molecules 
arranged within a complex three-dimensional ultrastructure 
that Surrounds and Supports cells that are found within 
tissues and organs. Alternatively, a matrix may be manufac 
tured from Structural or functional components of a naturally 
occurring ECM, such as collagen. Naturally occurring 
ECMs are composed of both structural and functional bio 
logically active molecules, including cytokines and growth 
factors, which play an important role in replication, differ 
entiation, maturation and organization of cells in contact 
with the matrix. 

0004. The composition and structure of a naturally occur 
ring ECM is a function of age of the host, location of the 
ECM within Specific tissues and organs, and the demands 
placed upon the ECM as a result of environmental StreSSors. 
For example, naturally occurring musculotendinous ECM 
becomes Stronger as a result of collagen deposition and 
collagen fiber reorganization in response to repeated 
uniaxial or multiaxial StreSS or compressive loading. Natu 
rally occurring hepatic ECM Shows increased concentration 
of laminin, fibronectin and collagen IV within hours of the 
onset of hypoxia. The naturally occurring ECM has been 
recognized as a critical component in the host response to 
tissue injury just as it is an essential element of normal tissue 
development. 

0005) Selected forms of the naturally occurring ECM, for 
example, ECM derived from the small intestinal submucosa 
(SIS), have been successfully used as a scaffold for tissue 
engineering applications in both pre-clinical animal Studies 
and in human clinical applications. Experience with patients 
has Suggested that the degree of Success and the morpho 
logic changes that occur within the Scaffold over time are a 
direct result of local environmental Stimuli, Such as 
mechanical loading (rehabilitation), the viability of Sur 
rounding tissue, and the Surrounding tissue pH and ionic 
concentrations. Although these Scaffold compositions have 
provided a Starting point for tissue engineering applications, 
there exists a need in the art for compositions that have 
improved ability to Support the replication, differentiation, 
maturation and Spatial organization of numerous cell types. 
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SUMMARY OF THE INVENTION 

0006 The present invention is based on the finding that 
compositions comprising matrices can be conditioned to 
augment the repair, replacement, remodeling, or restoration 
of a tissue in a patient. According to one aspect, the 
invention features a composition including a decellularized 
matrix. The matrix is conditioned by cells cultured on the 
matrix in vitro whereby the decellularized conditioned 
matrix has enhanced restorative, remodeling, replacement or 
repair properties when placed in contact with a tissue in a 
patient in need of restoration, remodeling, replacement or 
repair. 

0007. In one embodiment according to this aspect of the 
invention, the matrix comprises a naturally occurring extra 
cellular matrix (ECM). In related embodiments, the ECM 
comprises at least a portion of tunica Submucosa, at least a 
portion of epithelial basement membrane, or at least a 
portion of tunica propria. In other related embodiments 
according to this aspect of the invention, at least a portion of 
the ECM comprises dermis, Subcutaneous tissue, pancreatic 
connective tissue, tissue harvested from the Stomach, tissue 
harvested from the intestine, tissue harvested from the 
urinary bladder, tissue harvested from the Skin or tissue 
harvested from a tissue comprising a mucous membrane. 
0008. In other embodiments of the invention, the matrix 
comprises a Structural or functional component of a natu 
rally occurring ECM, or the matrix comprises a degradation 
product of a structural or functional component of a natu 
rally occurring ECM. 
0009. The cells for conditioning the matrix can be 
Selected from the group consisting of a primary, Secondary, 
and immortalized cell population. In one embodiment, the 
matrix conditioning cells are Selected from the group con 
Sisting of fibroblasts, keratinocytes, astroglial cells, epithe 
lial cells, endothelial cells, glial cells, neural cells, cells of 
the blood and precursors thereof, and hepatocyte and pre 
cursor cells thereof 

0010. In a further embodiment, the matrix conditioning 
cells express a biologically active molecule of interest. The 
biologically active molecule of interest according to one 
embodiment comprises a protein, and in further embodi 
ments, the protein is Selected from the group consisting of 
angiogenin, angiopoietin-1, Del-1, acidic-fibroblast growth 
factor (aFGF), basic-fibroblast growth factor (bFGF), granu 
locyte colony-stimulating factor (G-CSF), granulocyte-mac 
rophage colony-stimulating factor (GM-CSF), hepatocyte 
growth factor (HGF), Interleukin-8 (IL-8), leptin, placental 
growth factor (PlGF), platelet-derived endothelial cell 
growth factor (PD-ECGF), platelet-derived growth factor 
BB (PDGF-BB), pleiotrophin (PTN), proliferin, transform 
ing growth factor-alpha (TGF-alpha), transforming growth 
factor-beta (TGF-beta), tumor necrosis factor-alpha (TNF 
alpha), vascular endothelial growth factor (VEGF), bone 
morphogenetic protein-2 (BMP-2) and stromal derived 
growth factor-1. 
0011. The protein according to one embodiment is a 
growth factor, and in related embodiments, the growth factor 
is an angiogenic growth factor or an Osteogenic growth 
factor. 

0012. In another embodiment of the invention, the matrix 
conditioning cells are genetically-modified cells. In one 
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embodiment, the genetically-modified cells are transfected 
cells comprising an exogenous nucleic acid and which 
express a protein of interest. In another embodiment, the 
genetically-modified cells are transfected with a nucleic acid 
that encodes a protein of interest. The genetically-modified 
cells can express a biologically active molecule of interest. 
In a related embodiment, the biologically active molecule of 
interest is a VEGF protein, a bFGF protein, a BMP protein, 
or a Stromal derived growth factor-1 protein. In another 
related embodiment, the biologically active molecule of 
interest is a recombinant protein. 
0013 In a further embodiment, the matrix comprises a 
naturally occurring ECM and the ECM is harvested from a 
tissue of a vertebrate. 

0.014. The tissue in need of restoration, remodeling, 
replacement or repair according to an embodiment of the 
invention comprises a tissue in a patient Selected from the 
group consisting of bone, Skin, heart, a tissue of the uro 
genital tract, a tissue of the gastrointestinal tract, nervous 
tissue, joint tissue and connective tissue. 
0.015. In another embodiment, the matrix conditioning 
cells are exposed to at least one stressor. The at least one 
StreSSor can comprise hypoxia, hypercarbia, or an electrical 
current. In a further embodiment, the matrix is exposed to at 
least one StreSSor, and in a related embodiment the StreSSor 
comprises mechanical loading. 
0016 A further aspect of the invention generally involves 
a composition comprising a matrix conditioned by cells 
cultured on the matrix in vitro and by exposure to at least one 
StreSSor. The conditioned matrix has enhanced restorative, 
remodeling, replacement or repair properties when placed in 
contact with a tissue in need of restoration, remodeling, 
replacement or repair. 
0.017. In one embodiment according to this aspect of the 
invention, the cells for conditioning the matrix are Selected 
from the group consisting of fibroblasts, keratinocytes, 
astroglial cells, epithelial cells, endothelial cells, glial cells, 
neural cells, cells of the blood and precursors thereof, and 
hepatocyte and precursor cells thereof. In another embodi 
ment, the matrix conditioning cells are autologous cells. 
0.018. According to further embodiments of the inven 
tion, the at least one StreSSor comprises hypoxia, hypercar 
bia, electrical current, or mechanical loading. In another 
embodiment, the matrix conditioning cells express a bio 
logically active molecule of interest, and in a related 
embodiment, the biologically active molecule of interest 
comprises a protein. In other embodiments, the matrix 
conditioning cells are genetically-modified cells and the 
genetically-modified cells express a biologically active mol 
ecule of interest. The biologically active molecule of interest 
can be a protein, and the protein can be a recombinant 
protein. 
0019. In another aspect, the invention features a method 
for inducing restoration, remodeling, replacement or repair 
of a tissue in a mammal. The method comprises providing a 
decellularized matrix, conditioning the matrix by culturing 
cells on the matrix in vitro, and decellularizing the matrix 
wherein the decellularized conditioned matrix induces res 
toration, remodeling, replacement or repair of the tissue. 
0020. In one embodiment of this aspect of the invention, 
the method includes the Step of exposing the cells for 
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conditioning the matrix to at least one StreSSor. In another 
embodiment, the method includes the Step of exposing the 
matrix to at least one StreSSor. In a further embodiment, the 
tissue comprises a tissue Selected from the group consisting 
of blood vessel tissue, heart tissue and bone tissue. 
0021 According to another embodiment, the cells for 
culturing the matrix express a biologically active molecule 
of interest. The biologically active molecule of interest can 
comprise a growth factor. In one embodiment, the biologi 
cally active molecule of interest comprises a VEGF protein, 
a Stromal derived growth factor-1 protein, or a bone mor 
phogenic protein. 

0022. In another embodiment, the matrix conditioning 
cells are genetically-modified cells, and in a related embodi 
ment, the genetically-modified cells express a biologically 
active molecule of interest. In a further embodiment, the 
biologically active molecule of interest is a recombinant 
protein. 

0023. In yet another embodiment of the invention, the 
matrix is harvested from a tissue of a vertebrate. 

0024. A further aspect of the invention generally involves 
a composition for tissue replacement, repair, restoration, or 
remodeling in a patient. The composition comprises a decel 
lularized matrix comprising a structural or functional com 
ponent of a naturally occurring ECM, a degradation product 
of a structural or functional component of a naturally 
occurring ECM, or a combination thereof. The matrix is 
conditioned by culturing cells on the matrix in Vitro. In one 
embodiment, the cells for conditioning the matrix are 
exposed to at least one StreSSor, and in another embodiment, 
the matrix is exposed to at least one StreSSor. 
0025 A further aspect of the invention features a com 
position comprising a matrix. The matrix is conditioned for 
tissue restoration, remodeling, replacement or repair by 
exposure to at least one StreSSor. In one embodiment, the 
StreSSor is an electric current. 

0026. By “biologically active molecule” is meant a mol 
ecule capable of causing an effect on, interaction with, or 
response from living matter. 
0027. The term “contacting” includes both direct and 
indirect contact, including fluid communication. 
0028 By “genetically modified cell' is meant a cell that 
includes an exogenous nucleic acid Sequence. 
0029. By “exogenous nucleic acid sequence” is meant a 
nucleic acid which is introduced into a cell by transduction. 
The exogenous nucleic acid can be a gene which encodes a 
protein of interest or can be a nucleic acid Sequence which 
alters the expression of a protein of interest, for example, 
upregulates the expression and production of the protein of 
interest. An exogenous nucleic acid Sequence includes a 
nucleic acid that originates from a foreign species, or, if from 
the Same Species, is Substantially modified from its native 
form in composition and/or genomic locus by deliberate 
human intervention. 

0030) By “transfection” is meant a process of introducing 
genes or gene fragments into cells. 
0031. By “transduced” is meant a process of inserting 
exogenous nucleic acids into cells. The insertion may, for 
example, be effected by transfection or transformation, Viral 
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infection, injection, transfection, gene bombardment, elec 
troporation or any other means effective in introducing 
nucleic acids into cells. Following transduction, the exog 
enous nucleic acid is either integrated wholly or in part, to 
the cell's genome (DNA), or remains external to the cell's 
genome, thereby providing Stably transduced or transiently 
transduced cells. 

0.032 The term “primary cell” includes cells present in a 
Suspension of cells isolated from a tissue Source (prior to 
their being plated, i.e., attached to a tissue culture Substrate 
Such as a dish or flask), cells present in an explant derived 
from tissue, both of the previous types of cells plated for the 
first time, and cell Suspensions derived from these plated 
cells. “Secondary cells' refers to cells at all Subsequent Steps 
in culturing. That is, the first time a plated primary cell is 
removed from the culture Substrate and replated (passaged), 
it is referred to as a Secondary cell, as are all cells in 
Subsequent passages. By “immortalized cell' is meant a cell 
from an established cell line that is capable of cell division 
producing progeny that are capable of cell division in 
culture. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0033. The present invention is directed to a composition 
that is conditioned for replacing, repairing, restoring or 
remodeling tissue when implanted in a host. The composi 
tion includes a matrix derived from naturally occurring 
ECM or from structural or functional components of a 
naturally occurring ECM or their degradation products. The 
composition can be conditioned in various ways, including 
culturing cells on the matrix, exposing the cells and/or the 
matrix to altered environmental and/or physiological con 
ditions, or a combination thereof. Culturing cells on the 
matrix and/or exposing the cultured cells and matrix to 
various Stressors provides a conditioned composition with 
enhanced biological properties compared to matrices that are 
merely combined with various cells and not decellularized 
or combined with bioactive factors by chemical or physical 
methods. The conditioned matrices according to the inven 
tion retain the properties integrated into the matrix by the 
cultured cells, or by the application of StreSSors, and are able 
to deliver the resulting molecular properties of the condi 
tioned matrix when implanted in a host in a manner that 
more closely simulates the natural State. Thus, the condi 
tioned composition according to the invention Supports the 
replication, differentiation, maturation and Spatial organiza 
tion of cells, therefore augmenting regeneration, replace 
ment, repair, restoration and/or remodeling of an organ or 
tissue in a patient. 
0034. According to one aspect, the invention includes a 
composition comprising a decellularized matrix. The matrix 
is conditioned by cells cultured on the matrix in vitro 
whereby the decellularized conditioned matrix has enhanced 
restorative, remodeling, replacement or repair properties 
when placed in contact with a tissue in need of restoration, 
remodeling, replacement or repair. 

0035) In another aspect, the invention provides a com 
position comprising a matrix. The matrix is conditioned by 
cells cultured on the matrix in vitro and by exposure to at 
least one stressor, whereby the conditioned matrix has 
enhanced restorative, remodeling, replacement or repair 
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properties when placed in contact with a tissue in need of 
restoration, remodeling, replacement or repair. 

0036) The invention further provides a method for induc 
ing restoration, remodeling, replacement, or repair of a 
tissue in a mammal. The method comprises the Steps of 
providing a decellularized matrix, then conditioning the 
matrix by culturing cells on the matrix, and lastly, decellu 
larizing the matrix wherein the decellularized, conditioned 
matrix induces restoration, remodeling, replacement, or 
repair of the tissue. 
0037. In another aspect, the invention includes a compo 
Sition for tissue replacement, repair, restoration, or remod 
eling, comprising a decellularized matrix including a struc 
tural or functional component of a naturally occurring ECM, 
a degradation product of a structural or functional compo 
nent of a naturally occurring ECM, or a combination thereof. 
The matrix is conditioned by culturing cells on the matrix in 
vitro. 

0038. In yet another aspect, the invention features a 
composition comprising a matrix and the matrix is condi 
tioned for tissue restoration, remodeling, replacement or 
repair by exposure to at least one stressor. 

0039. According to embodiments of the invention, the 
matrix, for example, comprises a naturally occurring ECM 
isolated from the tissues of Vertebrates, including, for 
example, alimentary, respiratory, intestinal, urinary or geni 
tal tracts of mammals. In addition, the naturally occurring 
ECM can comprise at least a portion of tunica Submucosa, 
epithelial basement membrane, tunica propria, or dermis. In 
other embodiments, the naturally occurring ECM comprises, 
for example, at least a portion of Subcutaneous tissue, 
respiratory tissue, pancreatic connective tissue, hepatic con 
nective tissue, tissue harvested from the Stomach, tissue 
harvested from the intestine, tissue harvested from the 
urinary bladder, tissue harvested from the urinary tract, 
tissue harvested from the liver, tissue harvested from the 
genital tract, tissue harvested from the skin, or tissue har 
Vested from a tissue comprising a mucous membrane. Alter 
natively, the naturally occurring ECM comprises a combi 
nation of the above, for example, the ECM may comprise 
tissue harvested from the urinary bladder including a portion 
of the epithelial basement membrane and a portion of the 
tunica propria. 

0040 Alternatively, in another embodiment, the matrix 
comprises Structural or functional components of naturally 
occurring ECMs, degradation products of Structural or func 
tional components of naturally occurring ECMs, or a com 
bination thereof. The Structural or functional components 
comprise, for example, collagen (i.e., collagen types I-XIX), 
hyaluronic acid, laminin, fibronectin, elastin, purified com 
ponents of naturally occurring ECMs, or a combination 
thereof. Matrixes can include highly conserved collagens, 
glycoproteins, proteoglycans and glycosaminoglycans in 
their natural configuration and natural concentration. 
0041 According to one embodiment of the invention, 
cells are cultured on and/or within the matrix, and the cells 
comprise a primary, Secondary and/or immortalized cell 
population. The cells are, for example, fibroblasts, kerati 
nocytes, astroglial cells, epithelial cells, endothelial cells, 
glial cells, neural cells, cells of the blood and precursors 
thereof, and hepatocyte and precursor cells thereof. In a 
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particular embodiment, the cells cultured on and/or within 
the matrix remain on and/or within the matrix when the 
matrix is implanted into a host. In another embodiment, 
primary, Secondary or immortalized cells, including autolo 
gous cells, are added to a conditioned matrix. These cells can 
be grown on or within the conditioned matrix and implanted 
with the conditioned composition at an anatomical Site in a 
patient. 
0042. In one embodiment, the cells express a biologically 
active molecule of interest. The biologically active molecule 
of interest is produced by the cells and is integrated within 
the matrix while the cells are cultured on or within the 
matrix. The biologically active molecule of interest is, for 
example, a protein, including, for example, a growth factor. 
The growth factor is, for example, an angiogenic or osteo 
genic growth factor. In additional embodiments, the protein 
includes angiogenin, angiopoietin-1, Del-1, acidic-fibroblast 
growth factor (aFGF), basic-fibroblast growth factor 
(bFGF), granulocyte colony-stimulating factor (G-CSF), 
granulocyte-macrophage colony-stimulating factor (GM 
CSF), hepatocyte growth factor (HGF), Interleukin-8 (IL-8), 
leptin, placental growth factor (PIGF), platelet-derived 
endothelial cell growth factor (PD-ECGF), platelet-derived 
growth factor-BB (PDGF-BB), pleiotrophin (PTN), prolif 
erin, transforming growth factor-alpha (TGF-alpha), trans 
forming growth factor-beta (TGF-beta), tumor necrosis fac 
tor-alpha (TNF-alpha), vascular endothelial growth factor 
(VEGF), bone morphogenetic protein-2 (BMP-2), and/or 
Stromal derived growth factor-1. 
0043. In another embodiment, the cells are genetically 
modified. In one embodiment according to the invention, the 
genetically modified cells are transfected cells that comprise 
an exogenous nucleic acid and that express a protein of 
interest, or the genetically modified cells are cells trans 
fected with a nucleic acid that encodes a protein of interest. 
Additionally, the genetically modified cells express one or 
more biologically active molecules of interest, Such as, for 
example, a VEGF protein, a bFGF protein, a BMP protein, 
a Stromal derived growth factor-1 protein, or a recombinant 
protein. 
0044) Cells cultured on the matrix can also be exposed to 
at least one stressor or a combination of StreSSors to enhance 
the cells' ability to condition the matrix. Exposure to certain 
StreSSorS can Stimulate the release of biologically active 
molecules from the cells and contribute to the conditioning 
of the composition for various purposes. Exposure to certain 
StreSSorS can also prevent the release of undesired biologi 
cally active molecules from the cells and contribute to the 
conditioning of the composition to avoid undesired effects 
when implanted in a host. According to one embodiment, the 
StreSSor is hypoxia, and in another embodiment, the StreSSor 
is hypercarbia. Exposure to hypoxia and/or hypercarbia can 
assist the cells in producing biologically active molecules 
that are incorporated in the matrix on which the cells are 
cultured and Support, for example, the growth of new blood 
vessels and assist in the restoration of blood flow to tissue in 
and Surrounding the implantation site. Exposure time to each 
StreSSor can vary, for example, from 10 minutes to 1 month, 
depending on the intended use of the conditioned composi 
tion, the type of tissue involved and/or the type of matrix 
being conditioned. 
0.045. In other embodiments, the cells are exposed to 
StreSSorS Such as mechanical loading. Exposure to mechani 
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cal loading, for example, enhances cellular production of 
Structural proteins and other biologically active molecules, 
integrating them into the matrix to improve its tensile 
Strength. According to one embodiment, exposure to 
mechanical loading is achieved by consistently applying 
Strain (i.e., applying a force that causes a change in length) 
or by applying stress (i.e., applying a mechanical load) to the 
matrix over a predetermined period of time, for example, for 
a total time period of 168 hours. Alternatively, mechanical 
conditioning can be achieved by applying StreSS or Strain to 
the matrix in a cyclical pattern, for example, applying StreSS 
or strain for 1 minute every 5 minutes over a total time of 48 
hours. The StreSS or Strain on the matrix is constant through 
out the time period, or alternatively, the StreSS or Strain can 
vary. The amount of StreSS or Strain can vary, for example, 
from 5% to 15% using an appropriate device, Such as a load 
cell. The StreSS or Strain can be applied in a uniaxial or 
multiaxial direction. The amount of Strain applied can be 
measured in the cell culture Systems by any means known in 
the art, for example, by laser measurements using laser 
beams and deflection times. 

0046. In another embodiment of the conditioned compo 
Sition, the cells cultured on the matrix are exposed to an 
electric current. Exposure to electrical current can, for 
example, Stimulate the release of growth factors and other 
biologically active molecules from the cell into the matrix, 
resulting in the matrix exhibiting accelerated tissue regen 
erative and wound healing properties. The cells are exposed 
to an electric current for a consistent period of time, or the 
cultured cells are exposed to an electric current in a cyclical 
pattern, for example, applying the electric current or elec 
trical potential for 10 Seconds every 1 minute over a total 
time of 1 hour. The electric current potential remains con 
Stant over the entire exposure time period, or, alternatively, 
the magnitude of the electric current potential can alternate 
between, for example, a positive and negative potential 
within, for example, a 100 mV-300 mV range. 

0047. In another embodiment, cells are not cultured on 
the matrix, and the matrix is exposed to at least one stressor 
to condition the matrix for its intended use. The StreSSor can 
Stimulate the release of biologically active molecules or, 
alternatively, the StreSSor can be applied to decrease or 
prevent the release of undesired biologically active mol 
ecules into the matrix. The matrix can be exposed, for 
example, to an electric current or electrical potential. Expo 
Sure to electric current or electrical potential can decrease or 
prevent the release of certain growth factors, Such as TGF 
beta, from cells existing on the matrix, resulting in a 
conditioned matrix that decreases the risk of adverse events, 
Such as, for example, the formation of Scar tissue, when 
implanted in a host. 

0048. The conditioned composition is useful in replacing, 
repairing, restoring or remodeling various types of tissue, for 
example, bone, Skin, heart, tissue of the urogenital tract, 
tissue of the gastrointestinal tract, nervous tissue, joint tissue 
and connective tissue. The anatomical Site in which the 
conditioned composition will be placed in the body, and/or 
the other desired physiological effects, e.g., angiogenesis 
and Osteogenesis, play a role in Selecting which, if any, cells 
are cultured on the matrix, as well as which, if any, biologi 
cally active molecule is of interest and what, if any, StreSSor 
the cells and/or matrix will be exposed to. 
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0049. For example, the decellularized, conditioned com 
position can be used to promote vascularization by provid 
ing a decellularized Scaffold including a matrix conditioned 
by cells cultured on the matrix that express an angiogenic or 
vasculogenic protein of interest to the anatomical Site in the 
host requiring vascularization. The decellularized, condi 
tioned composition can also be used, for example, for 
musculotendinous tissue reconstruction by providing a 
decellularized composition conditioned with cultured cells 
that express a structural protein of interest to the anatomical 
Site in the host requiring musculotendinous reconstruction. 
Additionally, the decellularized, conditioned composition 
can be conditioned with cells to express a growth factor of 
interest to Stimulate growth of the host's tissues Surrounding 
the composition when that composition is introduced to the 
anatomical Site in the host that is in need of treatment. 

0050. The following examples provide further details of 
practicing the invention. While certain methods useful for 
practicing the present invention are exemplified below, the 
invention is not so limited and the skilled artisan will 
appreciate its wide range of application upon consideration 
thereof. 

EXAMPLE 1. 

Sources and Preparation of the Matrix 
0051. The following provides exemplary methods for 
preparing a matrix for use according to the invention. A 
particular example illustrates preparation of a matrix com 
prising a naturally occurring ECM. Preparation of the natu 
rally occurring ECM for use according to the invention is 
also described in U.S. Pat. Nos. 4,902,508, 4,956,178, 
5,554,389, 6,576,265 and 6,579,538, the entirety of each 
patent is incorporated by reference herein. For example, 
intestinal Submucosal tissue can be prepared by harvesting 
tissue from a vertebrate Such as porcine, Ovine or bovine 
Species. The tissue is Subjected to abrasion using a longitu 
dinal wiping motion to remove the outer layers, Smooth 
muscle tissues, and the innermost layer, i.e., the luminal 
portion of the tunica mucosa. The remaining Submucosal 
tissue or any portion of it is then rinsed with Saline. 
0.052 Alternatively, a naturally occurring ECM including 
epithelial basement membrane derived from urinary bladder 
(UBM) can be prepared by removing the urinary bladder 
tissue from a vertebrate, for example, a pig, and delaminat 
ing the tissue by first Soaking the tissue in a deepithelializing 
Solution, for example, hypertonic Saline, most preferably 1.0 
N Saline, for periods of time ranging from 10 minutes to 4 
hours. Exposure to a hypertonic Saline Solution effectively 
removes the epithelial cells from the underlying basement 
membrane. The tissue remaining after the initial delamina 
tion procedure includes epithelial basement membrane and 
the tissue layers abluminal to the epithelial basement mem 
brane. This tissue is next subjected to further treatment to 
remove the majority of abluminal tissues but not the epi 
thelial basement membrane. The outer Serosal, adventitial, 
Smooth muscle tissues, Submucosa and abluminal portion of 
the tunica propria are removed from the remaining deepi 
thelialized tissue by mechanical abrasion or by a combina 
tion of enzymatic treatment, hydration, and abrasion. 
Mechanical removal of these tissues is accomplished by 
removal of mesenteric tissues with, for example, Adson 
Brown forcepS and Metzenbaum Scissors and wiping away 
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the tunica muscularis and abluminal tunica propria using a 
longitudinal wiping motion with a Scalpel handle or other 
rigid object wrapped in moistened gauze. After these tissues 
are removed, the resulting ECM consists of epithelial base 
ment membrane and Subjacent tunica propria. The tissues 
may be further processed by rinsing in hypertonic Saline, 
peracetic acid or Sterile water. Other methods for removing 
tissue layers, a microtome, for example, may also be used to 
obtain the tissue composition of the invention. 
0053 Alternatively, the matrix according to the invention 
comprises a Structural or functional component of a natu 
rally occurring ECM, a degradation product of a structural 
or functional component of a naturally occurring ECM, or a 
combination thereof. The Structural and functional compo 
nents can include, for example, collagen (i.e., any of col 
lagen types I-XIX), hyaluronic acid, laminin, fibronectin, 
elastin, purified components of the naturally occurring 
ECM, or a combination thereof. Matrixes can include, for 
example, highly conserved collagens, glycoproteins, pro 
teoglycans and glycosaminoglycans in their natural configu 
ration and natural concentration. Methods of preparing a 
matrix comprising Structural or functional components of a 
naturally occurring ECM and their degradation products are 
well known in the art, for example, as described in U.S. Pat. 
Nos. 6,572,650 and 6,051,750, the entirety of each patent is 
incorporated by reference herein. 
0054 The matrix can be stored in a hydrated or dehy 
drated State. Lyophilized or air dried matrix can be rehy 
drated and used in accordance with this invention. 

0055. In one embodiment, the matrix can be sterilized 
prior to the addition of cells using conventional Sterilization 
techniques including glutaraldehyde tanning, formaldehyde 
tanning at acidic pH, propylene oxide treatment, ethylene 
oxide, gas plasma Sterilization, gamma radiation, electron 
beam, peracetic acid Sterilization. Sterilization techniques 
which do not adversely affect the mechanical Strength, 
Structure, and biotropic properties of the tissue are preferred. 
For instance, Strong gamma radiation may cause loSS of 
strength of the sheets of Submucosal tissue. Preferred ster 
ilization techniques include exposing the graft to peracetic 
acid, 1-4 Mrads gamma irradiation (more preferably 1-2.5 
Mrads of gamma irradiation) or gas plasma sterilization; 
peracetic acid Sterilization is the most preferred Sterilization 
method. Typically, the tissue is Subjected to two or more 
Sterilization processes. After the tissue is Sterilized, for 
example by chemical treatment, the tissue may be wrapped 
in a plastic or foil wrap and Sterilized again using electron 
beam or gamma irradiation Sterilization techniques. 
0056 Compositions comprising submucosal tissue can 
be used for Supporting growth or proliferation of eukaryotic 
cells in vitro. Submucosal tissue can be used in accordance 
with this invention as a cell growth Substrate in a variety of 
forms, including its naturally occurring Sheet-like configu 
ration, as a gel matrix, as an addition for art-recognized 
cell/tissue culture media, or as coating for culture-ware to 
provide a more physiologically relevant Substrate that Sup 
ports and enhances the proliferation of cells in contact with 
the matrix. The Submucosal tissue provides Surfaces for cell 
adhesion and also helps induce cell differentiation. 
0057 While the matrix is preferably sterilized prior to the 
addition of cells, nonsterile matrix can be used if antibiotics 
are included in the cell culture System. 
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0.058. The matrix can be decellularized after cells have 
been cultured on the matrix using any technique known in 
the art. For example, the matrix can be decellularized by 
placing the matrix in a decellularizing Solution Such as in 
hypertonic Saline, for example, 1.0N Saline or in Hanks 
buffered saline solution (HBSS). 
0059. After the matrix has been conditioned according to 
embodiments of the invention, primary, Secondary or 
immortalized cells, including autologous cells, can be added 
to and grown on and/or within the conditioned matrix and 
implanted with the conditioned composition at an anatomi 
cal site in a patient. The type of primary, Secondary, and/or 
immortalized cell is chosen based upon the intended use of 
the conditioned composition, the anatomical site of implan 
tation of the conditioned composition or the desired physi 
ological properties of the conditioned composition. 

EXAMPLE 2 

Sources and Preparation of Cells 

0060. The following provides exemplary sources and 
methods for the preparation of matrix conditioning cells that 
may be cultured on the matrix to make the conditioned 
matrix according to the invention. The composition and 
configuration of the matrix provides a unique cell growth 
Substrate that promotes the attachment and proliferation of 
various types of cells. Generally, methods involve contact 
ing the cells with the matrix under conditions conducive to 
cell growth and which are well known in the art. 
0061 The matrix conditioning cells can be prokaryotic or 
eukaryotic cells Such as vertebrate cells (particularly mam 
malian cells, Such as cells derived from a human, chimpan 
Zee, mouse, rat, hamster, guinea pig, rabbit, cow, horse, pig, 
goat, sheep, dog, or cat). The matrix conditioning cells can 
be primary cells, Secondary cells, and/or immortalized cells, 
and the matrix conditioning cells can be autologous cells. 
The types of matrix conditioning cells include fibroblasts, 
keratinocytes, epithelial cells (e.g., mammary epithelial 
cells, intestinal epithelial cells), endothelial cells, adipo 
cytes, astrocytes, cardiac muscle cells, chondrocytes, glial 
cells, neural cells formed elements of the blood (e.g., 
lymphocytes, bone marrow cells), muscle cells, ganglio 
cytes, glandular cells, glial cells, hematopoietic cells, mes 
enchymal cells, hepatocytes and precursors of these Somatic 
cell types. 

0062) Additionally, the matrix conditioning cells can be 
genetically modified cells. Various genetically modified 
mammalian host cell lines can be used, for example, L cells, 
C127, 3T3 fibroblasts, T-84 cells, Chinese hamster ovary 
(CHO), HeLa, BHK cell lines, CV-1 cells (ATCC CCL70), 
COS-7 cells and CV-1/EBNA. A matrix conditioning cell of 
choice can be genetically modified by transducing into the 
cell exogenous nucleic acid Sequences. The exogenous 
nucleic acid can encode a biologically active molecule of 
interest, Such as a protein, or alternatively, the exogenous 
DNA can be a regulatory Sequence that will activate expres 
Sion of an endogenous gene (for example, using homologous 
recombination) to produce a biologically active molecule of 
interest. These techniques are well known and may be found 
in, e.g., Sambrook et al. (1989) Molecular Cloning: A 
Laboratory Manual (2d ed., Cold Spring Harbor Laboratory 
Press, Plainview, N.Y.) and other laboratory manuals. 
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EXAMPLE 3 

Biologically Active Molecules of Interest 

0063 Any desired biologically active molecule can be 
Selected for Secretion onto the matrix. The biologically 
active molecule of interest is chosen based on where the 
conditioned composition is to be located in the body and/or 
the physiological requirements of the recipient. For 
example, if the decellularized, conditioned composition is 
used to repair bone, the biologically active molecule of 
interest which is produced on the matrix can be a bone 
growth factor, Such as a bone morphogenic protein, e.g., 
BMP-2. The biologically active molecule of interest can 
include enzymes, hormones, cytokines, colony Stimulating 
factors, vaccine antigens, antibodies, clotting factors, angio 
genesis factors, regulatory proteins, transcription factors, 
receptors, and Structural proteins, for example, epithelial 
basement membrane proteins Such as type IV collagen, 
laminin, and fibronectin. The biologically active molecule of 
interest can also include human growth hormone, Factor 
VIII, Factor IX, erythropoietin, and insulin. For genetically 
modified cells, nucleic acid Sequences and amino acid 
Sequences for biologically active molecules of interest can 
be readily obtained from National Center for Biotechnology 
Information. (http://www.ncbi.nlm.nih.gov/). 
0064. In a particular example, a biologically active mol 
ecule of interest is expressed in the genetically modified 
matrix conditioning cell using an expression Vector Such as 
a mammalian expression vector. Mammalian expression 
vectors typically contain non-transcribed elements Such as 
an origin of replication, a Suitable promoter, Such as, for 
example, the ROSA promoter, and an enhancer linked to the 
gene to be expressed, and other 5' or 3' flanking nontran 
Scribed Sequences, and 5' or 3' nontranslated Sequences, Such 
as necessary ribosome binding Sites, a poly-adenylation Site, 
Splice donor and acceptor Sites, and transcriptional termina 
tion Sequences. The transcriptional and translational control 
Sequences in expression vectors to be used in transforming 
vertebrate cells may be provided by viral sources. Com 
monly used promoters and enhancers are derived from 
Polyoma, Adenovirus 2, Simian Virus 40 (SV40), and 
human cytomegalovirus. DNA sequences derived from the 
SV40 viral genome, for example, SV40 origin, early and late 
promoter, enhancer, Splice, and polyadenylation sites may 
be used to provide the other genetic elements required for 
expression of an exogenous DNA sequence. The early and 
late promoters are particularly useful because both are 
obtained easily from the virus as a fragment that also 
contains the SV40 viral origin or replication. 

0065 For secretion of the biologically active molecule of 
interest, for example, a protein of interest, the expression 
vector may comprise DNA encoding a signal or leader 
peptide Such as the native signal Sequence of IL-7 or 
interleukin-4. 

0066. The biologically active molecule of interest can 
include a recombinant protein. High-yield production of 
recombinant proteins can be produced by cells that Stably 
express a protein of interest. Cell lines which stably express 
the protein of interest may be engineered. Rather than using 
expression vectors which contain Viral origins of replication, 
host cells can be transformed with DNA controlled by 
appropriate expression control elements (e.g., promoter, 
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enhancer Sequences, transcription terminators, polyadenyla 
tion sites, etc.), and a selectable marker. 
0067 Vector DNA can be introduced into eukaryotic 
matrix conditioning cells via conventional transduction 
techniques Such as using calcium phosphate or calcium 
chloride co-precipitation, DEAE-deXtran-mediated transfec 
tion, lipofection, or electroporation. 
0068. Following the introduction of the exogenous DNA, 
engineered matrix conditioning cells may be allowed to 
grow for 1-2 days in an enriched media, and then are 
Switched to a selective media. The selectable marker in the 
recombinant plasmid conferS resistance to the Selection and 
allows cells to stably integrate the plasmid into their chro 
mosomes and grow to form foci which in turn can be cloned 
and expanded into cell lines. Preferred Selectable markers 
include G418, hygromycin and methotrexate. Such engi 
neered cell lines can then be added to the matrix and 
cultured, and a biologically active molecule of interest can 
be Secreted onto and integrate into the matrix. 

EXAMPLE 4 

Culturing Cells on the Matrix 
0069. Matrix conditioning cells can be cultured, in vitro, 
on and/or within the matrix, using a matrix prepared by any 
of the methods described above. The cells are cultured under 
conditions conducive to cell growth and if desired, under 
conditions conducive to expression of a biologically active 
molecule of interest. Conditions for cell culturing are well 
known in the art and are dependent on the particular cell 
type. While not wishing to be bound by theory, it is believed 
that a biologically active molecule that is expressed by 
matrix conditioning cells on the matrix, in vitro, is incor 
porated into the matrix Similar to the manner by which 
molecules, Such as proteins, are integrated into a naturally 
occurring extracellular matrix in Vivo. The incorporation of 
the molecule produced by the cultured cells into the matrix 
imparts Superior restorative properties to this conditioned 
composition compared to the mere addition of, for example, 
a protein to a decellularized matrix. It is believed that the 
incorporated biologically active molecule is released in the 
recipient of the conditioned composition as a function of 
composition degradation. Additionally, the conditioned 
composition can be Substantially devoid of cellular elements 
that may lead to rejection of the tissue implant by the 
recipient. 

EXAMPLE 5 

Uses of the Conditioned Composition of the 
Invention 

0070 The composition of the invention can be implanted 
into any anatomical location in the body of the host where 
there exists a tissue in need of regeneration, repair, replace 
ment, restoration or remodeling. 
0071 A. Conditioned Composition for Enhanced Vascu 
larization 

0.072 Angiogenesis and vasculogenesis are an integral 
part of the restoration of blood flow to transplanted tissue. 
The process of angiogenesis involves the migration and 
proliferation of capillary endothelial cells in the early post 
injury phase, and the differentiation of the capillary endot 
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helial cells in the later post-injury phase to organize endot 
helial cells into a microvascular network. Angiogenesis 
requires dynamic interactions between cells Such as fibro 
blasts, epithelial and endothelial cells, and a wide array of 
angiogenic and Vasculogenic factors and cytokines that exist 
within the matrix, such as FGF, VEGF, TGFB, and others. 
These cells and matrix composites orchestrate the prolifera 
tive, inhibitory, and differentiation phases of cells to re 
populate, repair and restore damaged tissues and its vascular 
Supply. 

0073. The following experiment relates to the use of the 
conditioned composition of the invention in relation to 
vasculogenesis and myelogenesis. A naturally occurring 
ECM derived from urinary bladder was cultured with matrix 
conditioning transfected cardiac myofibroblasts that consti 
tutively express SDF-1. SDF-1 concentration in the media 
and in the matrix was measured over a six day time period. 
Results showed that the concentration of SDF-1 in the 
scaffold increased more than 100 fold in just six days (from 
less than 5 pg/ml to 625 pg/ml). 
0074 The SDF-1 conditioned matrix was decellularized 
as described above and implanted Subcutaneously into mice 
that have been genetically altered to express green fluores 
cent protein in all bone marrow-derived cells. Control mice 
were Similarly treated using non-conditioned naturally 
occurring ECM or simply a sham operation. Blood vessel 
formation in the mice was measured and quantified by 
performing morphometric assays on croSS Sectional Samples 
taken from predetermined sites in low magnification fields. 
Following 7 and 14 days, mice treated with the decellular 
ized, conditioned Scaffold of the invention had increased 
blood vessel formation and increased numbers of bone 
marrow-derived cells compared with control mice. Results 
demonstrated a percentage increase in blood vessel croSS 
sectional area of 48%+/-13%, p<0.05 compared to a control 
(non-conditioned) matrix. 
0075 According to exemplary methods, the conditioned 
compositions of the invention are used to improve angio 
genesis in the composition after implantation. Exposure of 
the matrix conditioning endothelial cells to a hypoxic envi 
ronment assists the matrix conditioning cells in releasing a 
natural complement of angiogenic factors into the matrix 
that will enhance the matrix's specificity. The period of 
exposure time can range from one minute to thirty minutes. 
Such angiogenesis and vasculogenesis factors can include 
one or more of the following proteins: FGF, VEGF, TGFB, 
and Angiopoietin. The matrix is decellularized but retains 
the angiogenic factors that have become integrated in the 
matrix. The conditioned matrix is then implanted within a 
recipient in need of vascular assistance and results in 
enhanced vascularization properties in Vivo. 
0076. In a particular experiment, a naturally occurring 
ECM was prepared as explained above. Matrix conditioning 
endothelial cells (EC) were delivered to the matrix and 
cultured on the matrix under normoxic conditions for a 
period of 72 hours, with the last 24 hours in serum-free 
media. The cultured cells were then exposed to a hypoxic 
environment having 2% oxygen for a period of 48 hours. 
The concentration of the 165 and 189 isoforms of VEGF 
protein was measured in both the matrix and the Supernatant. 
Results showed a 5-fold increase of VEGF concentration in 
the matrix and a 10-fold increase of VEGF in the Supernatant 



US 2005/0025838A1 

as compared to a control in which EC cells were cultured 
under the same conditions but not exposed to a hypoxic 
environment. 

0.077 One illustrative experiment pertains to use of the 
invention in regenerating heart tissue. A naturally occurring 
ECM derived from the Small intestine measuring approxi 
mately 1 cmx2 cm is prepared as described above and is 
seeded with matrix conditioning fibroblasts at 0.5x106 cells/ 
cm. The matrix conditioning fibroblasts are genetically 
engineered to express Stromal derived growth factor-1 
(SDF-1). The matrix conditioning genetically modified cells 
are cultured with the matrix during a time period ranging 
from 24 to 168 hours. The presence of SDF-1 in the 
conditioned matrix is determined by ELISA. The matrix is 
then decellularized by placing the matrix in HBSS. Follow 
ing decellularization, the conditioned matrix is implanted by 
a Surgical procedure to a damaged area of the myocardium 
in the recipient. AS the decellularized, conditioned compo 
Sition is degraded by the recipient, the protein of interest, for 
example, SDF-1, is released along with other products of 
matrix degradation. Thereafter, the conditioned composition 
attracts circulating multi-potential cells that are influenced, 
for example, to differentiate towards cardiomyocytes. The 
period of exposure time can range from one minute to thirty 
minutes. 

0078. In another illustrative example, a naturally occur 
ring ECM is prepared as described above and is seeded with 
matrix conditioning cells that are genetically modified to 
produce factors which improve angiogenesis and/or vascu 
logenesis. Such angiogenesis and Vasculogenesis factors can 
include one or more of the following proteins: FGF, VEGF, 
TGFB, and Angiopoietin. After a Suitable incubation period, 
the matrix is decellularized by methods described above. 
After decellularization, the conditioned composition is 
implanted at a location in the host that is in need of new 
blood vessel formation, for example, into heart tissue for the 
treatment of ischemic myocardium caused by, for example, 
a myocardial infarct. 
0079 Although the examples provided above refer to the 
use of a naturally occurring ECM, the experiments can also 
be performed using a matrix comprising Structural or func 
tional components of a naturally occurring ECM and/or 
degradation products thereof. 

0080) B. Conditioned Composition for 
Strength 

Enhanced 

0081. The following is an exemplary method for using 
the invention to enhance the Strength of a composition for 
tissue repair, replacement, restoration or remodeling. The 
matrix is prepared as explained above, and matrix condi 
tioning fibroblast cells are introduced to the matrix and 
exposed to mechanical loading. A cyclic loading System that 
allows for independent control of StreSS and Strain is applied 
to the matrix in a bioreactor environment and a cell culture 
System provides for Sterile conditions while Simultaneously 
monitoring the StreSS and Strain load in the matrix. The cell 
culture system includes, for example, a load cell with 25 N 
capacity and a linear actuator with a 30 mm travel capacity. 
The System allows the user to apply a load to each matrix 
and define the displacement profile by Specifying the ampli 
tude and frequency of oscillation or by defining a function 
to prescribe the displacement. Exposure of the matrix and/or 
matrix conditioning fibroblast cells to mechanical loading 
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assists in the release of Structural proteins and other bio 
logically active molecules from the cells and into the matrix. 
The conditioned composition including the matrix is decel 
lularized prior to implantation in a host. 
0082 In one illustrative example, a matrix comprising a 
naturally occurring ECM is prepared as described above and 
genetically modified cells that Secrete Structural proteins, 
Such as collagen, after a Suitable incubation period are 
cultured on the matrix. The matrix is decellularized prior to 
implantation into a host to form the conditioned composition 
according to the invention. 
0083) In a particular example, 0.5x10 cm of fibroblasts 
were introduced to a naturally occurring ECM derived from 
the Small intestine measuring approximately 1 cmx2 cm. 
The cells were cultured on the matrix for approximately 12 
hours, during which time a preload amount of 0.25 N was 
applied. A strain of 10% was then applied to the matrix at 1 
Hz for 24 hours. The load placed upon the matrix was 
monitored continuously during the experiment, and the cell 
number and pH of the media were determined at the con 
clusion of the experiment. Cell viability was determined 
using the MTT assay to stain metabolically active cells. The 
presence of procollagen Type I was determined with the use 
of an ELISA kit. Results showed that the fibroblasts rapidly 
aligned along the lines of applied StreSS and assumed an 
elongated, Spindloid morphology. Such results indicate that 
the strength of the conditioned composition will be 
enhanced compared to compositions not similarly condi 
tioned when implanted in a host. 
0084. The experiments described above can also be per 
formed using a matrix comprising Structural or functional 
components of a naturally occurring ECM and/or degrada 
tion products thereof. 
0085 C. Conditioned Composition for Bone Formation 
0086. In another illustrative example, the conditioned 
composition of the invention is used to promote bone 
formation. A matrix comprising a naturally occurring ECM 
is prepared as described above. Matrix conditioning geneti 
cally modified cells that Secrete the bone growth factor, bone 
morphogenetic protein-2 (BMP-2), are cultured on the 
matrix for a suitable incubation period. The matrix is then 
decellularized prior to implantation into a host. The same 
experiment can be performed using a matrix comprising 
Structural or functional components of a naturally occurring 
ECM. 

0087 D. Conditioned Composition for Inducing Growth 
of a Tissue 

0088 According to the following exemplary method, a 
matrix comprising a naturally occurring ECM is prepared as 
described above and matrix conditioning cells that produce 
growth factors and other biologically active molecules after 
a Suitable incubation period are cultured on the matrix. The 
cultured cells are exposed to either constant or alternating 
electrical potential for the purpose of Stimulating the release 
of growth factors and other biologically active molecules 
from the cells into the matrix prior to implantation. In one 
illustrative example, the matrix is Seeded with a population 
of matrix conditioning endothelial cells prior to its exposure 
to electrical potential. An electric potential in the range of 25 
mV to about 500 mV, preferably 300 mV, is applied across 
the matrix for 24 hours to 72 hours, preferably for 48 hours. 
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Upon the cells exposure to electric current, growth factors 
and other biologically active molecules, Such as, for 
example, proteins, enzymes, hormones, and cytokines, are 
released from the cells and are incorporated into the matrix. 
The matrix is then decellularized prior to its implantation 
into the host. The method can also be performed using a 
matrix comprising Structural or functional components of a 
naturally occurring ECM and/or degradation products 
thereof. 

0089 Scattered reports exist that applied electrical poten 
tial can facilitate various forms of wound healing. Applying 
low level electrical potential to Severely ischemic tissue in 
the rabbit has been reported to accelerate healing and 
promote neovascularization of the tissue. Chekanov et al. 
(2002), Electrical Stimulation promotes angiogenesis in 
rabbi hind-limb ischemia model, Vasc. Endovascular Surg. 
Vol. 36, pp. 357-366. Electrical potential has been used to 
accompany acupuncture treatment of wounds and to treat 
non-healing bone fractures, ulcers and to Stimulate nerve 
regeneration. Sisken et al. (1993), Prospects on clinical 
applications of electrical Stimulation for nerve regeneration, 
J. Cell Biochem., vol. 51, pp. 404–409; Evans et al. (2001), 
Electrical Stimulation with bone and wound healing, Clin. 
Podiatr. Med. Surg., vol. 18, pp. 79-95. Data suggests that in 
these Studies, the applied electrical potential Stimulates the 
release of biologically active factors in Vivo, either from 
cells, from the matrices or from both. 
0090 E. Conditioned Composition for Reducing Undes 
ired Properties 
0.091 According to the following exemplary method, a 
matrix comprising a naturally occurring ECM is prepared as 
described above. The matrix is exposed to an electric 
potential that depletes the matrix of certain biologically 
active molecules that can result in undesired properties when 
the matrix is implanted in a host. In one particular example, 
the matrix is exposed for a period of 72 hours to a constant 
electric current potential known to reduce or prevent the 
release of TGF-beta growth factors. The conditioned matrix 
is then implanted in a host and the risk of undesired Scar 
tissue formation at the Site of implantation is decreased. 
0092 F. Conditioned Composition for Tissue-Specific 
Compatibility 

0093. According to the following illustrative method, a 
matrix comprising a naturally occurring ECM is prepared as 
described above and conditioned in vitro by the addition of 
a specific population of matrix conditioning cells, Such as 
astroglial cells, chosen to bestow upon the matrix charac 
teristics known to be unique to the naturally occurring ECM 
of a particular tissue type, Such as tissueS of the central 
nervous system (CNS). In one example, matrix conditioning 
hepatocytes are introduced and cultured on the matrix to 
confer upon it the properties inherent to the naturally occur 
ring ECM that surrounds liver tissue. The cultured cells are 
removed before implantation into a recipient. The decellu 
larized conditioned matrix can direct endothelial cell differ 
entiation, for example, hepatic Sinusoidal endothelial cell 
(HSEC) differentiation and brain endothelial cell (BEC) 
differentiation, upon transplant of the conditioned matrix 
into the target tissue of the host. The method can also be 
performed using a matrix comprising Structural or functional 
components of a naturally occurring ECM and/or degrada 
tion products thereof. 
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0094. A naturally occurring ECM is a dynamic structure 
that reflects the products of the resident cells and is tissue 
and organ Specific. The composition conditioned according 
to the exemplary methods described above comprises a 
Specialized matrix, in that, once decellularized, the matrix 
maintains the properties associated with the cellular Sub 
types present during the conditioning and/or culturing phase. 
The conditioned composition can be primed for implantation 
into a target region and will demonstrate improved restor 
ative capabilities as compared with an unconditioned matrix. 
Endothelial cells (EC), for example, show diverse pheno 
typic potential. EC phenotype is related to EC function, and 
function is site dependent. For example, renal glomerular 
endothelial cells are well-Suited for a glomerular filtration 
function. Hepatic Sinusoidal endothelial cells have the 
unique phenotypic characteristic of fenestrations or "sieve 
plates” that are essential for normal hepatic blood filtration 
functions. Alternatively, endothelial cells in the brain are a 
critical component of the blood-brain barrier that is virtually 
impermeable to most molecules. Vascular networks within 
the CNS have no fenestrations (i.e., blood-brain barrier) and 
express Zona occludens 1, 2 and 3 proteins characteristic of 
tight junctions. 

0095 Variations and modifications of what is described 
herein will occur to those of ordinary skill in the art without 
departing from the Spirit and the Scope of the invention as 
claimed. Accordingly, the invention is to be defined not by 
the preceding illustrative description but instead by the Spirit 
and scope of the following claims. 
What is claimed is: 

1. A composition, comprising: 

a decellularized matrix, the matrix conditioned by cells 
cultured on the matrix in vitro whereby the decellular 
ized conditioned matrix has enhanced restorative, 
remodeling, replacement or repair properties when 
placed in contact with a tissue in need of restoration, 
remodeling, replacement or repair. 

2. The composition of claim 1, wherein the matrix com 
prises a naturally occurring extracellular matrix (ECM). 

3. The composition of claim 2 wherein the ECM com 
prises at least a portion of tunica Submucosa. 

4. The composition of claim 2 wherein the ECM com 
prises at least a portion of epithelial basement membrane. 

5. The composition of claim 2 wherein the ECM com 
prises at least a portion of tunica propria. 

6. The composition of claim 2 wherein at least a portion 
of the ECM comprises dermis. 

7. The composition of claim 2 wherein at least a portion 
of the ECM comprises subcutaneous tissue. 

8. The composition of claim 2 wherein at least a portion 
of the ECM comprises pancreatic connective tissue. 

9. The composition of claim 2 wherein at least a portion 
of the ECM comprises tissue harvested from the stomach. 

10. The composition of claim 2 wherein at least a portion 
of the ECM comprises tissue harvested from the intestine. 

11. The composition of claim 2 wherein at least a portion 
of the ECM comprises tissue harvested from the urinary 
bladder. 

12. The composition of claim 2 wherein at least a portion 
of the ECM comprises tissue harvested from the skin. 

13. The composition of claim 2 wherein at least a portion 
of the ECM comprises tissue harvested from a tissue com 
prising a mucous membrane. 
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14. The composition of claim 1 wherein the matrix 
comprises a Structural or functional component of a natu 
rally occurring ECM. 

15. The composition of claim 1 wherein the matrix 
comprises a degradation product of a structural or functional 
component of a naturally occurring ECM. 

16. The composition of claim 1 wherein the matrix 
conditioning cells are Selected from the group consisting of 
a primary, Secondary, and immortalized cell population. 

17. The composition of claim 1 wherein the matrix 
conditioning cells are Selected from the group consisting of 
fibroblasts, keratinocytes, astroglial cells, epithelial cells, 
endothelial cells, glial cells, neural cells, cells of the blood 
and precursors thereof, and hepatocyte and precursor cells 
thereof. 

18. The composition of claim 1 wherein the matrix 
conditioning cells express a biologically active molecule of 
interest. 

19. The composition of claim 18 wherein the biologically 
active molecule of interest comprises a protein. 

20. The composition of claim 19 wherein the protein is 
Selected from the group consisting of angiogenin, angiopoi 
etin-1, Del-1, acidic-fibroblast growth factor (aFGF), basic 
fibroblast growth factor (bFGF), granulocyte colony-stimu 
lating factor (G-CSF), granulocyte-macrophage colony 
stimulating factor (GM-CSF), hepatocyte growth factor 
(HGF), Interleukin-8 (IL-8), leptin, placental growth factor 
(PIGF), platelet-derived endothelial cell growth factor (PD 
ECGF), platelet-derived growth factor-BB (PDGF-BB), 
pleiotrophin (PTN), proliferin, transforming growth factor 
alpha (TGF-alpha), transforming growth factor-beta (TGF 
beta), tumor necrosis factor-alpha (TNF-alpha), vascular 
endothelial growth factor (VEGF), bone morphogenetic 
protein-2 (BMP-2) and stromal derived growth factor-1. 

21. The composition of claim 19 wherein the protein is a 
growth factor. 

22. The composition of claim 21 wherein the growth 
factor is an angiogenic growth factor. 

23. The composition of claim 21 wherein the growth 
factor is an Osteogenic growth factor. 

24. The composition of claim 1 wherein the matrix 
conditioning cells are genetically-modified cells. 

25. The composition of claim 24 wherein the genetically 
modified cells are transfected cells comprising an exogenous 
nucleic acid and which express a protein of interest. 

26. The composition of claim 24 wherein the genetically 
modified cells are transfected with a nucleic acid that 
encodes a protein of interest. 

27. The composition of claim 24 wherein the genetically 
modified cells express a biologically active molecule of 
interest. 

28. The composition of claim 27 wherein the biologically 
active molecule of interest is a VEGF protein, a bFGF 
protein, a BMP protein, or a stromal derived growth factor-1 
protein. 

29. The composition of claim 27 wherein the biologically 
active molecule of interest is a recombinant protein. 

30. The composition of claim 2 wherein the ECM is 
harvested from a tissue of a vertebrate. 

31. The composition of claim 1 wherein the tissue in need 
of restoration, remodeling, replacement or repair comprises 
a tissue Selected from the group consisting of bone, skin, 
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heart, a tissue of the urogenital tract, a tissue of the gas 
trointestinal tract, nervous tissue, joint tissue and connective 
tissue. 

32. The composition of claim 1 wherein the matrix 
conditioning cells are exposed to at least one StreSSor. 

33. The composition of claim 32 wherein the at least one 
StreSSor comprises hypoxia. 

34. The composition of claim 32 wherein the at least one 
StreSSor comprises hypercarbia. 

35. The composition of claim 32 wherein the at least one 
StreSSor comprises an electrical current. 

36. The composition of claim 1 wherein the matrix is 
exposed to at least one stressor. 

37. The composition of claim 36 wherein the stressor 
comprises mechanical loading. 

38. A composition, comprising: 

a matrix conditioned by cells cultured on the matrix in 
Vitro and by exposure to at least one StreSSor, whereby 
the conditioned matrix has enhanced restorative, 
remodeling, replacement or repair properties when 
placed in contact with a tissue in need of restoration, 
remodeling, replacement or repair. 

39. The composition of claim 38 wherein the matrix 
conditioning cells are Selected from the group consisting of 
fibroblasts, keratinocytes, astroglial cells, epithelial cells, 
endothelial cells, glial cells, neural cells, cells of the blood 
and precursors thereof, and hepatocyte and precursor cells 
thereof. 

40. The composition of claim 38 wherein the matrix 
conditioning cells are autologous cells. 

41. The composition of claim 38 wherein the at least one 
StreSSor comprises hypoxia. 

42. The composition of claim 38 wherein the at least one 
StreSSor comprises hypercarbia. 

43. The composition of claim 38 wherein the at least one 
StreSSor comprises an electrical current. 

44. The composition of claim 38 wherein the at least one 
StreSSor comprises mechanical loading. 

45. The composition of claim 38 wherein the matrix 
conditioning cells express a biologically active molecule of 
interest. 

46. The composition of claim 45 wherein the biologically 
active molecule of interest comprises a protein. 

47. The composition of claim 38 wherein the matrix 
conditioning cells are genetically-modified cells. 

48. The composition of claim 47 wherein the genetically 
modified cells express a biologically active molecule of 
interest. 

49. The composition of claim 48 wherein the biologically 
active molecule of interest is a protein. 

50. The composition of claim 49 wherein the protein is a 
recombinant protein. 

51. A method for inducing restoration, remodeling, 
replacement or repair of a tissue in a mammal, the method 
comprising: 

providing a decellularized matrix; 
conditioning the matrix by culturing cells on the matrix in 

Vitro, and 

decellularizing the matrix wherein the decellularized con 
ditioned matrix induces restoration, remodeling, 
replacement or repair of the tissue. 
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52. The method of claim 51 further comprising the step of 
exposing the matrix conditioning cells to at least one Stres 
SO. 

53. The method of claim 51 further comprising the step of 
exposing the matrix to at least one StreSSor. 

54. The method of claim 51 wherein the tissue comprises 
a tissue Selected from the group consisting of blood vessel 
tissue, heart tissue and bone tissue. 

55. The method of claim 51 wherein the matrix condi 
tioning cells express a biologically active molecule of inter 
eSt. 

56. The method of claim 55 wherein the biologically 
active molecule of interest comprises a growth factor. 

57. The method of claim 55 wherein the biologically 
active molecule of interest comprises a VEGF protein, a 
Stromal derived growth factor-1 protein, or a bone morpho 
genic protein. 

58. The method of claim 51 wherein the matrix condi 
tioning cells are genetically-modified cells. 

59. The method of claim 58 wherein the genetically 
modified cells express a biologically active molecule of 
interest. 

60. The method of claim 59 wherein the biologically 
active molecule of interest is a recombinant protein. 
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61. The method of claim 51 wherein the matrix is har 
vested from a tissue of a vertebrate. 

62. A composition for tissue replacement, repair, restora 
tion, or remodeling, comprising: 

a decellularized matrix comprising a structural or func 
tional component of a naturally occurring ECM, a 
degradation product of a structural or functional com 
ponent of a naturally occurring ECM, or a combination 
thereof, wherein the matrix is conditioned by culturing 
cells on the matrix in vitro. 

63. The composition of claim 62 wherein the matrix 
conditioning cells are exposed to at least one StreSSor. 

64. The composition of claim 62 wherein the matrix is 
exposed to at least one stressor. 

65. A composition, comprising: 

a matrix, the matrix conditioned for tissue restoration, 
remodeling, replacement or repair by exposure to at 
least one StreSSor. 

66. The composition of claim 65, wherein the stressor is 
electric current. 


