Office de la Propriete Canadian CA 2500179 A1 2004/04/08

Intellectuell Intellectual P
du Canada_ Office T en 2 500 179
g,rngags?:i‘:g:na " ﬁgﬁg‘?y‘éyaﬁ; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2003/09/29 (51) Cl.Int.’/Int.CL.Y C12N 5/06

(87) Date publication PCT/PCT Publication Date: 2004/04/08 | (71) Demandeur/Applicant:
(85) Entrée phase nationale/National Entry: 2005/03/24 VERIGEN AG, DE
86) N° demande PCT/PCT Application No.: EP 2003/010796 | (72 Inventeurs/inventors:

(o) N demande PRESSESILINS MING, HAO ZHENG, AU:
(87) N publication PCT/PCT Publication No.: 2004/029230 GIANNETTI, BRUNO, DE

(30) Priorité/Priority: 2002/09/27 (60/414,098) US (74) Agent: GOUDREAU GAG

DUBUC

(54) Titre : CELLULES AUTOLOGUES SEMEES SUR UNE MATRICE DE SUPPORT POUR EFFECTUER DES
REPARATIONS TISSULAIRES
(54) Title: CELLS ON A SUPPORT MATRIX FOR TISSUE REPAIR

(57) Abregé/Abstract:

The present invention relates to a method for the effective treatment of tissue defects and for tissue regeneration. The method
Includes seeding autologous cells on a support matrix and implanting the cell-seeded support matrix into a site of transplantation.
The present invention also relates to various tissue repair structures that include cells seeded onto a cell-free membrane. The
present invention also provides methods for cultivation, seeding and implantation of autologous cells.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




004/029230 A3 LNV} 0 Y A 0 1 AR 0 R A

CA 02500179 2005-03-24

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau

(43) International Publication Date

8 April 2004 (08.04.2004) PCT
(51) International Patent Classification’: C12N 5/06
(21) International Application Number:
PCT/EP2003/010796

(22) International Filing Date:
29 September 2003 (29.09.2003)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/414,098 27 September 2002 (27.09.2002) US

(71) Applicant: VERIGEN AG [DE/DE]; Hemmelrather Weg
201, 51377 Leverkusen (DE).

(72) Inventors: MING, Hao, Zheng; 2 Kingsland Avenue,
City Beach, W.A. 6015 (AU). GIANNETTI, Bruno; Ober-
dorf 59, 53347 Bonn (DE).

(74) Agent: VOSSIUS & PARTNER,; Siebertsrasse 4, 81675
Miinchen (DE).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG,BR, BY, BZ, CA, CH, CN, CO, CR, CU,

(10) International Publication Number

WO 2004/029230 A3

CZ, DE, DK, DM, DZ, EC, EE, ES, F1, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC,
SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (Al, BE, BG, CH, CY, CZ, DE, DK, EL,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,

GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(88) Date of publication of the international search report:
14 October 2004

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: CELLS ON A SUPPORT MATRIX FOR TISSUE REPAIR

e\ (57) Abstract: The present invention relates to a method for the effective treatment of tissue defects and for tissue regeneration. The
method includes seeding autologous cells on a support matrix and implanting the cell-seeded support matrix into a site of transplan-
tation. The present invention also relates to various tissue repair structures that include cells seeded onto a cell-free membrane. The
present invention also provides methods for cultivation, seeding and implantation of autologous cells.




CA 02500179 2005-03-24

WO 2004/029230 PCT/EP2003/010796

10

15

20

25

30

Autologous Cells on a Support Matrix for Tissue Repair

Some type of tissue defect occurs in every single person in one aspect or
another. Burns, scrapes, muscle, cartilage, or tendon tears, nerve damage, broken
bones, and the like are commonplace among people with active lifestyles.

Using cartilage repair as a typical example, more than 500,000

‘arthroplastic proéedures and total joint replacements are performed each year in the

United States. Approximately the same number of similar procedures are performed in
Europe. Included in these numbers are about 90,000 total knee replacements and -
around 50,000 procedures to repair defects in the knee per year (In: Praemer A., Furner
S., Rice, D. P., Musculoskeletal conditions in the United States, Park Ridge, I11.:
American Academy of Orthopaedic Surgeons, 1992, 125).

U.S. Patent Nos. 5,759,190; 5,989,269; 6,120,514; 6,283,980;
6,379,367; 6,569,172; 6,592,598; 6,592,599; and 6,599,300, all of which are
incorporated by reference in their entirety, describe various embodiments of methods
and compositiohs for treating cartilage defects by implanting a component seeded with
chondrocytes at the site of a cartilage defect.

Currently, there 1s a need for efficient and effective methods for

repairing and/or regenerating defective tissues other than cartilage. The teachings of

- the instant invention provide for effective and efficient means of promoting the repair

and regeneration of defective tissues using cell-seeded support matrices.

The present invention relates to methods for the effective treatment of
tissue defects and for tissue regeneration using cells, preferably autologous cells,
seeded on a support matrix. The present in{fention also relates to tissue repair
structures comprising a membrane seeded with cells of one or more specific types for

use in repairing and/or regenerating one or more specific tissues.
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In one embodiment, the present invention relates to a series of methods
and products for the effective treatment of any type of tissue defect, including but not
limited to muscle, soft tissue, bone, tendon, nerve, and cartilage tissue, or for tissue
regeneration, by the transplantation of cells (e.g., autologous) seeded on a support
matrix. In some embodiments of the invention, the methods may also include use of
non-autologous stem cells, a covering patch and/or a hemostatic barrier. In one
embodiment, the covering patch and/or hemostatic barrier can be any matrix material
or adhesive described herein. A detailed description of autolo gous transplantation and
several support matrices, covering patches, and/or hemostatic barriers are described in
U.S. Patent No. 6,379,367, issued April 30, 2002, which is herein incorporated by

reference in its enfirety.

A. Cells and Tissues of the Present Invention

The present invention conteﬁlplates compositions that include cells,
preferably autologous cells, seeded onto a support matrix for use in tissue repair and/or
regeneration. By “seeding” 1s meant that cells are brought 1nto contact with a support
matrix, and adhere (with or without an adhesive) to the support matrix for a period of
time prior to transplantation. In one embodiment, cells adhere to and proliferate and
differentiate into a desired cell’ type on the support matrix prior to transplantation.

In an embodiment of the inv‘ention, the cells are retained only on one
surface or an edge of, or to a specified depth (as described herein) of the support
matrix, 1.e., the cells are adhered to one surface or are adjacent the support matrii, such
as described in U.S. Publication No. 20020173806, hereby incorporated by reference in
its entirety. |

In the present invention, uniform seeding 1s preferable. It is believed
that the number of cells seeded does not limit the final tissue produced, however
optimal seeding may increase the rate of generation. Optimal seeding amounts will
depend on the specific culture conditions. In one embodiment, the matrix is seeded
with from about 0.05 to about 5 times the physiological cell density of a native tissue
type, 1.e., in nerve or tendon. In another embodiment, the cell density can be less than

about 1x10° to 1x10° cells, or more, per ml., typically about 1x10° cells per ml.
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By way of example and not by limitation, suitable cells include
tenocytes, myocytes, stem cells, ostedcytes, chondrocytes, epithelial cells,
keratinocytes, nerve cells (including, but not limited to neurocytes, astrocytes, dendritic
cells, and glial cells), fibroblasts, odontocytes, synoviocytes, adipocytes, and
cementocytes. In addition, precursor cells to these cell types are also useful in the
present iﬁvention. In one embodiment, for example, myoblasts, which are precursors
to myocytes; osteoblasts, which are precursors to osteocytes; and neuroblasts, which
are precursors to neurocytes, are all useful in the present invention. In one ‘
embodimént, preferably the cells and cell precursors are autologous cells and
autologous cell precursors.

~ Tissues that would benefit from the methods and compositions of the
present invention include, but are not limited to, tendons, muscles, cartilage, bone and
teeth, skin, neural tissue, epithelial tissue, and other tissues.
B.  Methods of the Present Invention

In one aspect of the present invention, the present invention
contemplates use of autologous cells to treat many different tissue defects and to
regenerate tissue.

By way of example, and not by limitation, the preseﬁt invention
provides a method for treating tendon tears by transplanting autologous teﬁocytes onto
a support matrix. One representative example of a tendon tear is rotator cuff tendonitis,
caused by a partial tendon tear. The present invention also includes methods for
cultivation of tenocytes, seedihg of tenocytes on a support matrix, and implantation of
the tenocyte-seeded support matrix into or over the site of tfransplantation.

The present invention also contemplates use of the methods taught in

“the invention to treat bone defects and to regenerate bone. In one embodiment,

autologous osteoblasts are seeded onto a support matrix and the cell-seeded support
matrix is implanted into or over the site of transplantation. Such representative
examples of bone defects include non-union fractures, bone segmental defect or
reconstructive surgery using bone tissue. The present invention also provides a method
for the cultivation of osteoblasts, seeding of osteoblasts onto a support matrix, and

implantation of the cell-seeded support matrix into or over the site of transplantation.
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The present invention also contemplates use of the methods taught in
the invention to treat muscle defects and to regenerate muscle. In one embodiment,
autologous myoblasts are seeded onto a support matrix and the cell-seeded support
matrix 1s implanted into or over the site of transplantation. Representaﬁve examples of

a muscle defect includes muscle degeneration and muscle tears. The present invention

also provides a method for the cultivation of myoblasts, seeding of myoblasts onto a

support matrix, and implantation of the cell-seeded support matrix into or over the site
of transplantation.

The present invention also contemplates use of the methods taught in
the invention to treat cartilage defects and to regenerate cartilage. In one embodiment,
autologous chondrocytes are seeded onto a support matrix and the cell-seeded support
matrix 1s implanted mto or over the site of transplantation. One representative example
of a cartilage defect includes deterioration or injury of the cartilage in a j’oint, such as
the knee, shoulder, elbow, hip, or ankle. The present invention also provides a method
for the cultivation of chondrocytes, seeding of chondrocytes onto a support matrix, and
implantation of the cell-seeded support matrix into or over the site of transplantatibn.

The present invention also contemplates use of the methods taught in
the invention to treat skin defects and to regenerate skin. In one embodiment,
autologous keratinocytes are seeded onto a support matrix and the cell-seeded support
matrix is implanted into or over the site of transplantation. Some representative
examples of skin defects include partial- and full-thickness wounds due fo burn,
chronic non-healing, venous stasis, and diabetic ulcers. The present invention also
provides a method for the cultivation of keratinocytes, seeding of keratinocytes onto a
support matrix, and implantation of the cell-seeded support matrix into or over the site
of transplantation.

The present invention also contemplates use of the methods taught in
the invention to treat urinary tract defects and diseases (e.g., incontinence), and to
regenerate epithelial tissue. In one embodiment, autologous epithelial cells are seeded
onto a support matrix and the cell-seeded support matrix is implanted into or over the
site of transplantation in the urinary tract. The present invention also provides a

method for the cultivation of epithelial cells, seeding of epithelial cells onto a support
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matrix, and implantation of the cell-seeded support matrix into or over the site of
transplantation. .

The present invention also contemplates use of the methods taught in
the invention to treat nerve defects and to re generate nerves. In one embodimeﬁt,
autologous nerve cells are seeded onto a support matrix and the cell-seeded support
matrix 1s mmplanted into or over the site of transplantation. One representative example
of a nerve defect includes spinal cord injury or nerve damage caused by burns. The
present mvention also provides a method for the cultivation of nerve cells, seeding of
nerve cells onto a si.lpport matrix, and implantation of the cell-seeded support matrix
into or over the site of transplantation.

The present invention also contemplates a method for increasing the
amount of adipose tissue in a patient. By way of example, increased adipose tissue
may be desired during plastic or reconstructive surgery, such as, breast augmentation
or reconstruction.

The present mvention also contemplates use of the methods taught in
the invention to produce adipbcytes for use in plastic or reconstructive surgery (e.g.,
breast augmentation or reconstructive surgery). In one embodiment, autolo gous
adipocytes are seeded onto a support matrix and the cell-seeded support matrix is
implanted into or over the site of transplantaﬁén. The present invention also provides a
method for the cultivation of adipocytes, seeding of adipocytes onto a support matrix,
and implantation of the cell-seeded support matrix into or over the site of
transplantation.

The present invention also contempluates use of the methods taught in
the invention to treat any tissue defect or to regenerate any tissue. In one embodiment,
autologous stem cells are differentiated, partially differentiated, or undifferentiated
prior to seeding on the support matrix, and then are seeded onto a support matrix and
the cell-seeded support matrix is implanted into or over the site of transplantation.
Optionally, factors to assist in differentiation may be used before, during, or after
transplantation of the cell-seeded support matrix. The present invention also provides

method for the cultivation and differentiation of the stem cells, seeding of the stem
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‘cells or differentiated cells onto a support matrix, and implantation of the cell-seeded

support matrix mto or over the site of transplantation.
C. Compositions of the Present In\f‘ention

In one embodiment, cells are brought into contact with one or more
predetermined portions of a support matrix, for example with one surface or portion of
a surface of a support matrix, such that a substantial portion of the cells or substantially
all of the cells migrate into one or more of the surfaces of the support matrix up to a
predetermined maximum depth of the support matrix. For éxample, in one
embodiment, that depth is up to about 50 percent, preferably up to 25 percent, more
preferably up to about 10 percent and even more preferably up to about 3-5 percent of
the depth of the support matrix. Such controlled seeding of the cells on and/or near a
surface of the support matrix allows cells to freely migrate and populate a site of
transplantation and leads to enhanced broliferation of the cells and regeneration of
tissue at the transplantation site. In one embodiment, such seeding can be
accomplished with or without vacuum by pouring the cells on or near a surface of the
support matrix, such as described in U.S. Publication No. 20030134411, which is
herein incorporated by reference in its entirety, or mixing or placing cells into a portion
of the support matrix. The cells can be obtained in any suitable manner, including but
not limited to cells obtained from a biopsy. The cells thus obtained can then be
isolated, cultured and seeded onto a support matrix, forming a composition of the

present invention, as described below.

1. Obtamning Cells for Use With the Present Invention
Cells can be 1solated from tissue in a variety of ways, all which are

known to one skilled in the art. In ohe embodiment, cells can be isolated from a biopsy
material by conventional methods. The biopsy material can be extracted from any
tissue of the patient relating to the tissue type of the defect or tissue regeneration. For
example, a patient requiring treatment or regeneration of a tendon can have a biopsy
taken from any tendon in the body. Such tendons include, but are not limited to tendon

of flexor carpi radialis and the calcaneus tendon. From the tendon biopsy, tenocytes

are i1solated and cultured by conventional methods.
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Likewise, a patient requiring treatment of rotator cuff tendonitis can
have a biopsy taken from any tendon. Such téndons include, but are not limited to
flexor carpi radialis and the calcaneus tendon. From the tendon biopsy, osteoblasts are
isolated and cultured by conventional methods.

For treatment of soft tissue defects, such as a skin defect (for example, a
burn, gash, or laceration), a skin biopsy may be taken from any portion of the
epidermis of the patient containing keratinocytes. From the skin biopsy, kerétinocytes
are isolated and cultured by conventional methods.

For other soft tissue defects, such as defects in epithelial lining of the
bladder, a biopsy may be taken from urethral tract, from which epithelial cells may be
1solated. Epithelial cells may be isolated from tissues including, but are not limited to
fossa navicularis urethrae. From the urethral biopsy, epithelial cells are 1solated and
cultured by convention methods.

For treatment of bone defects, a biopsy can be taken from any bone in
the body. Such bones include, but are not limited to the iliac cresf. From the bone
biopsy, osteoblasts are isolated and ~cul‘rured by conventional methods.

For treatment of a cartilage defect, a cartilage biopsy may be taken from
any type of cartilage in the body, including, but not limited to articular cartilage and
meniscal cartilage,. depénding on the type of cartilage the site of the defect or to be
regenerated. In the case of cartilage, the type of cartilage is not relevant to the method
for treating the defect. Thus, cells in an articular cartilage biopsy may be used to treat
a meniscal cartilage defect and vice versa. Meniscal cartilage can be obtained from, for
example, the knee. Articular cartilage is a more specialized type of hyaline cartilage
and can be found in any joint surface. Chondrocytes obtained from any articular
surface can be used for the treatment of any cartilage defect. Such materials include,
but are not limited to the knee joint.

For treatment of a nerve defect, a nerve cell biopsy may be taken from
any peripheral never or spinal cord. From the biopsy, nerve cells are isolated and
cultured by conventional methods.

Alternatively, to treat any type of tissue defect, a biopsy containing stem

cells may be taken from bone marrow, umbilical cord blood, skin, or cartilage of a
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patient. From the biopsy, stem cells from the patient are isolated and cultured. The
stem cells are differentiated into the cells specific for use in treatment of the specific
tissue defect.

Stem cells are also 1solated from fetal tissue and umbilical cord by
conventional methods. Stem cells may be autologous or non-autologous as certain
stem cells are only available in umbilical cord blood, but can differentiate into a
required cell type. Any type of stem cells, including hematopoietic stem cells,
mesenchymal stem cells, totipotent stem cells, and pluripotent stem cells, can be used

in the present invention, depending on the particular defect to be repaired or tissue to

be regenerated.

2. Incubation, Isolation and Culturing of Cells
Once the biopsy is extracted, the biopsy is washed and incubated in a

ceﬂ growth medium containing an appropriate enzyme that will dissolve the biopsy
material surrounding the cells within the tissue without harming the cells, for a
prescribed period of time. The cell growth medium is specific for the type of cell being
extracted from the biop §y. In one embodiment of the invention, the cell growth
medium includes 20% fetal calf serum, and optionally an antibiotic, an antifungal, and
factor(s) necessary for the induction of lineage cell differentiation (hereinafter “cell
growth medium”). For example, one factor necessary for chohdrocyte differentiation
in culture from a primary chondrocyte culture isolated from a cartilage biopsy is
ascorbic acid. Another factor neéessary for chondrocyte differentiation from stem cells
in culture is transforming growth factor-beta.

In one embodiment, the enzyme included in the cell growth medium is
preferably a trypsin/EDTA solution. Alternatively, the enzyme can be collagenase.

In one embodiment, after incubation, the biopsy material is washed
again, and weighed. In order to obtain an adequate number of cells to start a cell
culture, the biopsy material weighs between 80 and 300 milligrams. Preferably, the
biopsy matexiai weighs at least between 200 and 300 milligrams.

In one embodiment, the biopsy material is then digested, preferably with
a digestive enzyme that will not harm the cells, by incubating the biopsy material in a

solution of the digestive enzyme and cell culture medium for about 5 to about 30 hours,



CA 02500179 2005-03-24

WO 2004/029230 PCT/EP2003/010796

10

15

20

25

30

preferably, about 15 to about 26 hours at 37 degrees Celsius in a 5% CO, atmosphere.
The digestive enzyme can be for example, crude collagenase, for digestion of any type
of collagen. In one embodiment, the biopsy material preferably is minced to aid in
digestion of the material.

- In one embodiment, after digestion, the cells from the biopsy material
are 1solated by centrifuging the biopsy solution, and washing the resulting pellet with
cell growth medium. Alternatively, the minced material may first be strained through a
mesh having a pore size appropriate for the particular cell type to remove largér debris
and isolate the cells. The isolated cells are then counted and assessed for viability.

In one embodiment, following isolation, the cells are cultured in cell
growth medium for about 3 days to about five weeks, at 37 degrees Celsius in a 5%
CO, atmosphere. The time period for cell culturing can vary with cell type. Culturing
time may vary with different cell types since different cell types have different rates of
proliferation. |

3. Support Matrices of the Present Invention

Once the cells have been cultured to an adequate density, the cells are
then seeded onto a support matrix.

The support matrix can be in any form suitable for cell adherence with
or without an adhesive. By way of example and not limitation, the support matrix can
be i the form of a membrane, microbeads, fleece, threads, or a gel, and/or mixtures
thereof. The support matrix material can have other physical or mechanical attributes,
such as acting as a hemostatic barrier. A hemostatic barrier inhibits penetration of
adjunct cells and tissue into the treated defect area.

The support matrix is a semi-permeable material which may include
cross-linked or uncross-linked collagen, preferably type Iin combination with type III,
or type II. The support matrix may also include polypeptides or proteins obtained from
natural sources or by synthesis, such as hyaluronic acid, small intestine submucosa
(SIS), peritoneum, pericardium, polylactic acids and related acids, blood (i.e., which is
a circulating tissue including a fluid portion (plasma) with suspended formed elements
(red blood cells, white blood cells, platelets), or other material which is bioresorbable.,

Bioabsorbable polymers, such as elastin, fibrin, laminin and fibronectin are also useful
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in the present invention. Support matrix materials as described in U.S. Publication No.
20020173806, herein incorporated by reference in its entirety, are also useful in the
present mvention.

In addition, the support matrix preferably is initially (i.e., before contact
with the cells to be transplanted) free of intact cells and is resorbable within the patient.
The support matrix may have one or several smféces, such as a porous surface, a dense
surface, or a combination of both. The support matrix may also include semi-
permeable, impermeable, or fully pemieable surfaces. Support matrices having a
porous surface are described, for example, in U.S. Patent No. 6,569,172, which is
incorporated herein by reference in its entirety.

The support matrix is autologous or allogeneic. In one embodiment, a
suitable autologous support matrix is formed from blood, as exemplified in U.S. Patent
No. 6,368,298, issued to Berretta, et al. on April 9, 2002, herein incorporated by
reference in its entirety.

A suitable support matrix will be a solid, semi-solid, gel, or gel-like
scaffold characterized by being able to hold a stable form for a period of time to enable
the adherence and/or growth of cells thereon, both before transplant and after
transplant, and to provide a system similar to the natural environment of the cells to
optimize cell growth and differenﬁation. Examples of suitable support matrices are
disclosed in U.S. Publication No. 20020173806, which is hereby incorporated by
reference in its entirety. In one embodiment, the support matrix and/or cells, either
individually or in combination, may be combined with an adhesive (e.g.,a ;
biocompatible glue such as fibrin glue which may be autologous or allo geneic) or
physical or mechanical retention means such a resorbable pin to assist in retaining the
repair structures according to the present invention in or over the site of
transplantation. Additional examples of support matrices include those described in
U.S. Patent Application No. 10/427.463, filed May 1, 2003, the entire content of which
is hereby incorporated by reference.

The support matrix can be cut or formed into any regular or irre gular
shape. In a preferred embodiment, the support matrix can be cut to correspond to the

shape of the defect. The support matrix can be flat, round and/or cylindrical in shape.

10
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The shape of the support matrix can also be molded to fit the shape of a particular
tissue defect. If the support matrix is a fibrous material, or has the characteristics of a
fiber, the support matrix can be woven into a desired shape. Alternatively, the support

matrix can be a gel, gel-like, or non-woven material.

In one embodiment, a support matrix of the present invention can be
seeded with multiple cell types and have different cell types on and/or in and/or
throughout and/or adjacent to different portions of the support matrix. By way of
example, one portion of the support matrix may include a first cell type (e.g., tendon
cells) and another portion of the matrix may include a second cell type (e.g., muscle
cells). For example, to repair a bone and cartilage defect at the intersection of bone and

cartilage, one portion of the support matrix may include chondrocytes and another

portion of the matrix may include osteocyteas.

By way of further example, if the matrix is disc shaped, having two
sides and an edge, a first-side can include a first cell type (e.g., tendon cells) thereon
and the second side or edge can include a second cell type (e.g., muscle cells) thereon.
Alternatively, each surface of a support matrix can include the same cell type in and/or
on and/or throughout and/or adjacent to a surface. Preferably, the cells are seeded in

such a way that the cells are prevented from migrating from one side to the other.

‘Thus, in some embodiments, the cell types will not interact with each other.

In another embodiment, two or more support matrices can be in contact
with each other. In such an embodiment, a first support matrix can be in contact with a
second support matrix either before, during or after either support matrix 1s contacted

with one or more cell types.

D. Implantation of the Composition of the Present Invention

After the cells are seeded onto the support matrix, the support matrix
and the cells are transplanted into the tissue defect, with cells facing the surface to be
treated. In one embodiment, a covering pé,tch 1s secured (e.g., biocompatible adhesive
or suture) over the defect as described herein, and the defect 1s permitted to heal on its

OWIl.

11
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In one embodiment, a covering patch serves to cover the defect to
further prevent infiliration of undesired mateﬁals, such as fibroblasts or macrophages,
from the surrounding environment. In one embodiment, the covering patch may be any
of the support matrices described herein, and/or can include collagen (type I/III),
hyaluronic acid, fibrin and polylactic acid. Preferably, the co{ferin g patch is cell-free
and resorbable, and may be semi-permeable.

In one embodiment, the support matrix and cells are injectable to the

site of transplantation, with or without an adhesive or glue.
E. Other Materials

A support matrix or seeded support matrix of the present invention can

‘also include various pharmacological actives including but not limited to

antimicrobials, antivirals, antibiotics, groumh factors suitable to the type of tissue to be
regenerated and/or repaired, blood clotting modulators such as heparin and the like, as
well as mixtures and composite layers thereof can be added to the biocompatible

biodegradable support matrix material, prior to impregnation into the support matrix.

A support matrix or seeded support matr;ix of the present invention can
also include growth factors such as autologous and non-autologous growth factors
suitable to the type of tissue to be regenerated and/or repaired, including but not limited
to transforming growth factor (such as TGF-beta-3), bone morphogenetic protefn (such
as BMP-2), PTHtP, osteoprotegrin (OPG), Indian Hedgehog, RANKL, and insulin-like
growth factor (IgF1), as described in U.S. Publication No. 20030144197, the entire

content of which is hereby incorporated by reference.

As noted above, the present invention can also include a biocompatible
glue in contact with a substrate and/or biodegradable material and/or cells. Such
biocompatible glues or adhesives can include an organic fibrin glue (e.g., Tisseel®,
fibrin based adhesive available from Baxter, Austria, or a fibrin glue prepared 1n the
surgical theater using autologous blood samples). In one embodiment, cells of the
present invention can be mixed with an appropriate glue before, during and/or after

contact with a support matrix of the present invention. Alternatively, an appropriate
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glue can be placed in a defect or layered on top of cells or as a layer below cells on a
surface or edge or impregnated in a support matrix of the present invention.
In one embodiment, the present invention includes cells and glue

combined together in a mixture of glue and cells or one or more alternating layers of

- cells and glue on a surface or edge of a support matrix. It is contemplated that cells

that are autologous can be transplanted into a defect. Cells are mixed, either
homogeneously or non-homogeneously, with a suitable glue before application of the
cell/glue mixture to a support matrix. Preferably, the glue and the cells are mixed
immediately (that is, in the operating theater) before applying the glue and cells to the
support matrix and implantation of the combination of glue, cells and support matrix to
a defect. Alternatively cells and a glue are alternately applied in one or more layers to
a support matrix. In one embodiment, 2 glue for use in the present invention is a bio-
compatible glue, such as a fibrin glue, and more specifically either an autologous fibrin
glue or a non-autologous fibrin glue. Preferably, an autologous fibrin glue 1s used.

The following examples describe methods suitable for practicing several
embodiments of the present invention. «

F. Examples
Example 1: Method of Treating Tendonitis

A biopsy is taken from the tendon of flexor carpi radialis or calcaneus

tendon, and washed in DMEM, then cleaned of adipose tissue. The tissue is minced

and digested in 0.25% trypsin in serum-free DMEM for 1 hour at 37 degrees Celsius,

followed by a 5 hour digestion in 1 milligram per milliliter collagenase in serum-free
Dulbecco’s Modified Essential Medium (DMEM) at 37 degrees Celsius. The cell
pellet is washed 2 to 3 times (centrifuged at 200 g for about 10 minutes), and
resuspended in growth medium (DMEM containing 10% fetal calf serum (FCS), 50
micrograms per milliliter ascorbic acid, 70 micromole/liter gentamycin sulfate, 2.2
micromole/liter amphotericin). The tenocytes are counted to determine viability and
then seeded. The culture is maintained in a humidified atmosphere of 5% CO,, 95%
air in a CO, incubator at 37 degrees Celstus and handled in a Class 100 laboratory. The
medium is changed every 2 to 3 days. Other compositions of culture medium may be

used for culturiﬁg the cells. The cells are then trypsinized using trypsin EDTA for 5 to
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10 minutes and counted using Trypan Blue viability staining in a Buurker-Turk
chamber. The cell count is‘ adjusted to 7.5x10° cells per milliliter. .

A type VIII collagen membrane from Geistlich Sohne (Switzerland) or
Matricel GmbH, (Kaiserstr., Germany) 1s used as a support matrix. The matrix is cut to
a suitable size to fit the bottom of the well in the NUNCLON™ Delta 6-well tissue
culture tray and placed in the well under aseptic conditions (NUNC (InterMed) |
Roskilde, Denmark). A small amount of the cell culture medium containing serum is
applied to the matrix to be absorbed into the matrix and to keep the matrix wet at the
bottom of the well.

Approximately 10° cells in 1 milliliter of culture medium ére placed
directly on top of the matrix, dispersed over the surface of the matrix. The tissue
culture plate is then incubated in a CO; incubator at 37 degrees Celstus for 60 minutes.
From 2 to 5 milliliters of tissue culture medium containing 5 to 7.5% serum is carefully
added to the tissue culture well containing the cells. The pH is adjusted to about 7.4 to
7.5 if necessary. The plate is incubated for 3 to 7 days with a medium change at day 3.
9 At the end of the incubation period the medium is decanted and the cell-
seeded support matrix 1s washed. The support matrix is then implanted, cell-side
down, into the defect site, and optionally is covered with a covering patch. The defect

is then permitted to heal on its own.

Example 2: Method of Treating Bone Defects

A biopsy is taken from the iliac crest, and cut into small pieces before

placing into a tissue culture flask. The cells that migrated from the bone pieces were
dispersed by collagenase digestion. The osteoblasts are isolgted and counted to
determine viability. The osteoblasts are maintained in monolayer culture with alpha-
MEM containing 10% fetal bovine serum (FBS), 2 millimolar of beta-
glycerophosphate and 50 micrograms per milliliter of L-ascorbic acid. The culture 1s
maintained in a humidified atmosphere of 5% CO», 95% air at 37 degrees Celsius in a
CO, incubator at 37 degrees Celsius and handled in a Class 100 laboratory. The
medium is changed every 2-3 days. Other compositions of culture medium may be

used for culturing the cells. The cells are trypsinized using trypsin and EDTA for 5 to
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10 minutes and counted using Trypan Blue viability staining in a Buurker-Turk
chamber. The cell count is adjusted to 7.5x10° cells per milliliter.

A type I/III collagen membrane from Geistlich Sohne (Switzerland) or
Matricel GmbH, (Kaiserstr., Germany) is used as a support matrix. The matrix is cut to
a suitable size to fit the bottom of the well in the NUNCLON™ Delta 6-well tissue
culture tray and placed in the well under aseptic conditions (NUNC (InterMed)

‘Roskilde, Denmark). A small amount of the cell culture medium containing serum is

applied to the matrix to be absorbed into the matrix and to keep the matrix wet at the
bottom of the well.

Approximately 10° cells in 1 milliliter of culture medium are placed
directly on top of the matrix, dispersed over the surface of the matrix. The tissue
culture plate is then incubated in a CO, incubator at 37 degrees Celsius for 60 minutes.
From 2 to 5 mulliliters of tissue culture medium containing 5 to 7.5% serum is carefully
added to the tissue culture well containing the cells. The pH is adjusted to about 7.4 to
7.5 if necessary. The plate is incubatéd for 3 to 7 days with a medium change at day 3.

At the end of the incubation period the medium is decanted and the cell-
seeded support matrix is washed. The support matrix is then implanted, cell-side
down, into the defect site, and optionally is covered with a covering patch. The defect

is then permitted to heal on its own.

Example 3: Method of Treating Muscle Defects

A biopsy is taken from M. gastrocnemius muscle. The biopsy is washed
in Ham’s F12 supplemented with 10 millimolar Hepes/NaOH (pH 7.2), and cleaned of

tendons and fat tissue. The tissue is cut into small pieces, then incubated in the

dissociation buffer, which is the above buffer containing 0.12% (w/v) pronase and
0.03% (w/v) EDTA, for 1 hour at 37 degrees Celsius in a shaking water bath. After
digestion, the suspension is filtered through a 100 micrometer nylon mesh into an equal
volume of the culture medium which is Ham’s F12 containing 2.2 grams per liter of
natrium bicarbonate, 20% fetal calf serum (FCS) and penicillin and streptomycin. The
cell pellet is washed by centrifuging at 300g for 10 minutes at 4 degrees Celsius and

the pellet is resuspended in the culture medium. The muscle cells are isolated and
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counted to determine viability. The myoblasts are cultured and maintained in'a

‘Thumidified atmosphere of 5% CO,, 95% air in a CO, incubator at 37 degrees Celsius

and handled in a Class 100 laboratory. The medium is changed 24 hour after seeding
and then every 4 days. Other compositions of culture medium may be used for |
culfuring the cells. The cells are trypsinized using trypsin EDTA for 5 to 10 minutes
and counted using Trypan Blue viability staining in a Buurker-Turk chamber. The cell
count is adjusted to 7.5%10° cells per milliliter.

A type VIII coll'agen membrane from Geistlich Sohne (Switzerland) or
Matricel GmbH, (Kaiserstr., Germany) is used as a support matrix. The matrix is cut to
a suitable size to fit the bottom of the well in the NUNCLON™ Delta 6-well tissue
culture tray and placed in the well under aseptic conditions (NUN C (InterMed)
Roskilde, Denmark). A small amount of the cell culture medium containing serum 1s
applied to the matrix to be absorbed into the matrix and to keep the matrix wet at the
bottom of the well.

Approximately 10° cells in 1 milliliter of culture medium are placed
directly on top of the matrix, dispersed over the surface of the matrix. The tissue
culture plate is then incubated in a CO; incubator at 37 degrees Celsius for 60 minutes.
From 2 to 5 milliliters of tissue culture medium containing 5 to 7.5% serum 1s carefully
added to the tissue culture well containihg the cells. The pH 1s adjusted to about 7.4 to
7.5 if necessary. The plate is incubated for 3 to 7 days with a medium change at day 3.

At the end of the incubation period the medium is decanted and the cell-
seeded support matrix is washed. The support matrix is then implanted, cell-side
down, into the defect site, and optionally is covered with a covering patch. The defect

is then permitted to heal on its own.

Example 4: Method of Treating Cartilage Defects
A biopsy is taken from the knee and the biopsy is washed once in cell

growth medium. The growth medium contains 70 micromole/liter gentomycin sulfate,
2.2 micromole/liter amphotericin, 0.3 millimole/liter ascorbic acid, and 20% fetal calf
serum. The biopsy is incubated in cell growth medium containing trypsin EDTA for 5
to 10 minutes at 37 degrees Celsius and at 5% CO,. The biopsy is washed two or three
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more times with cell culture medium to remove any remaining trypsin EDTA. The
biopsy is weighed, and then digested with collagenase (about 5000 units for an 80-300
milligram biopsy) for about 3 to 12 hours at 37 degrees Celsius and at 5% COs.
Alternatively, the biopsy is minced at this point to aid in digestion of the material. The
5  biopsy material is then centrifuged at 700g for about 10 minutes, and the pellet is
washed with cell growth medium. The chondrocytes are isolated and counted to |
determine viability. The chondrocytes are cultured. |

Chondrocytes are grown in minimal essential culture medium
containing HAM F12 and 15 millimolar Hepes buffer and 5 to 10% autologous serum
10  ina CO; incubator at 37 degrees Celsius and handled in a Class 100 laboratory. Other
compositions of culture medium may be used for cultuﬁng the cells. The cells are
trypsinized using trypsin EDTA for 5 to 10 minutes and counted using Trypan Blue
viability staining in a Buurker-Turk chamber. The cell count is adjusted to 7.5x1 0’
cells per milliliter. |
15 A type I/III collagen membrane from Geistlich Sohne (Switzerland) or
Matricel GmbH, (Germany) is used as a support matrix. The matrix is cut to a suitable
size to fit the bottom of the well in the NUNCLON™ Delta 6-well tissue culture tray
and placed in the well under aseptic conditions (NUNC (InterMed) Roskilde,
Denmark). A small amount of the cell culture medium containing serum is applied to
20  the matrix to be absorbed into the matrix and to keep the matrix wet at the bottom of
the well. |

Approximately 10° cells in 1 milliliter of culture medium are placed
directly on top of the matrix, dispersed over the surface of the matrix. The tissue
culture plate is then incubated in a CO, incubator at 37 degrees Celsius for 60 minutes.
25  From 2 to 5 milliliters of tissue culture medium containing 5 to 7.5% serum is carefully
added to the tissue culture well containing the cells. The pH is adjusted to about 7.4 to
7.5 if necessary. The plate is incubated for 3 to 7 days with a medium change at day 3.

At the end of the incubation period the medium 1s decanted and the cell-
seeded support matrix 1s washed. The support matrix is then implanted, cell-side
30  down, into the defect site, and optionally covered with a covering patch. The defect is

then permitted to heal on its own.
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Example 5: Method of Treating Skin Defects
A biopsy is taken from human skin. The biopsy is washed once in cell

growth medium. The growth medium contains 70 micromole/liter gentomycin sulfate,
2.2 micromole/liter amphotericin, 0.3 millimole/liter ascorbic acid, and 20% fetal calt

serum. The biopsy is incubated in cell growth medium containing trypsin EDTA for 5

to 10 minutes at 37 degrees Celsius and at 5% CO,. The biopsy is washed two or three

more times with cell culture medium to remove any remaining trypsin EDTA. The
biopsy is weighed, and then digested with collagenase (about 5000 units for an 80-300
milligrani biopsy) for about 17 to 21 hours at 37 degrees Celsius and at 5% CO,. The
biopsy may be minced at this point to aid in digestion of the material. The biopsy
material is then centrifuged at 700g for about 10 minutes, and the pellet is washed with
cell growth mediurﬁ. The keratinocytes are isolated and counted to determine viability.
The keratinocytes are cultured.

The keratinocytes are cultivated in the presence of NIH 3T3 fibroblasts
in DMEM/F12 culture medium containing 10% fetal bovine serum, hydrocortisone
(0.4 micrograms per milliliter), human epidermal growth factor (10 nanograms per
milliliter) 10-10M cholera toxin and 5 micrograms per milliliter of zinc-free insuln, 24
micrograms per milliliter adenine, and 2x1 0 molar 3,3,5-triiodo-L-thyronine.

A type I/ Il collagen mémbrane from Geistlich Sohne (Switzerland) or
Matricel Gmbﬁ, (Germany) is used as a support matrix. The matrix is cut to a suitable
size to fit the bottom of the well in the NUNCLON™ Delta 6-well tissue culture tray
and placed in the well under aseptic conditions (NUNC (InterMed) Ro skilde,

Denmark). A small amount of the cell culture medium containing serum is applied to

the matrix to be absorbed into the matrix and to keep the matrix wet at the bottom of
the well.

Approximately 10° cells in 1 milliliter of culture medium are placed
directly on top of the matrix, dispersed over the surface of the matrix. The tissue
culture plate is then incubated in a CO, incubator at 37 degrees Celsius for 60 minutes.
From 2 to 5 milliliters of tissue culture medium containing 5 to 7.5% serum 1s carefully
added to the tissue culture well containing the cells. The pH is adjusted to about 7.4 to

7.5 if necessary. The plate is incubated for 4 days with a medium change at day 2.
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At the end of the incubation period the medium ié decanted and the cell-
seeded support matrix is implanted, cell-side down, into the defect site, and optionally

is covered with a covering patch. The defect is then permitted to heal on its own.

Example 6: Method of Treating Epithelium Defects

A biopsy from the upper or lower urinary tract is collected and
transported in calcium-free, magnesium-free HBSS (Hank’s balance salt solution) with
0.35 grams per liter sodium bicarbonate containing 10 millimolar 4-(2-hydroxyethyl)-
1-piperazine-ethanesulfonic acid (HEPES) buffer and 100 KIU per milliliter aprotinin.
The specimen is washed twice in HBSS, and excess stromal tissue is removed
aseptically. The tissue is then cut into 3 cubic millimeter pieces before digestion in
0.1% EDTA overnight at 4 degreeé Celsius. The cell pellet is rinsed 2 to 3 tumes
(cenuiﬁlged at 200g for about 10 minutes) in the growth medium which is a low
calcium serum-free medium formulated for primary keratinocyte culture. This medium
is supplied with recombinant epidermal growth factor and bovine pituitary extract as
additives. Cholera toxin is added to the medium at a final concentration of 30
nanograms per milliliter.” The uroepithelial cells are isolated and ooun;ced to determine
viability. The cells are seeded and maintained in a humidified atmosphere ot 5% ,CO;g,
05% air in a CO, incubator at 37 degrees Celsius and handled in a Class 100
laboratory. The medium is changed 3 times a week. Other compositions of culture
medium may be used for culturing the cells. The cells are trypsinized using trypsin
EDTA for 5 to 10 minutes and counted using Trypan Blue viability staining in a

Buurker-Turk chamber. The cell count is adjusted to 7.5x1 0° cells per milliliter.

A type UIII collagen membrane from Geistlich Sohne (Switzerland) or
Matricel GmbH (Germany) is used as a support matrix. The matrix is cut to a suitable
size to fit the bottom of the well in the NUNCLON™ Delta 6-well tissue culture tray
and placed in the well under aseptic conditions (NUNC (InterMed) Roskilde,
Denmark). This particular support matrix is first pre-treated with either 0.6%
stutaraldehyde for 1 minute or with Tisseel® (Immuno AG, Vienna, Austria), which is
a fibrin glue. These treatments délay the resorption of the matrix significantly. This

support matrix is washed several times in distilled water until nonreacted
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glutaraldehyde is removed. A small amount of the cell culture medium containing
serum 1s applied to the matrix to be absorbed into the matrix and to keep the matrix wet
at the bottom of the well.

Approximately 10° cells in 1 nﬁlliliter of culture medium are placed
directly on top of the matrix, dispersed over the surface of the matrix. The tissue
culture plate 1s then incubafed in a CO;, incubator at 37 degrees Celsius for 60 minutes.
From 2 to 5 milliliters of tissue culture medium containing 5 to 7.5% serum is carefully
added to the tissue culture well containing the cells. The pH is adjusted to about 7.4 to
7.5 if necessary. The plate is incubated for 3 to 7 days with a medium change at day 3.

At the end of the incubation period the medium is decanted and the cell-
seeded support matrix is washed. The support matrix is then implanted, cell-side
down, into the defect site, and optionally is covered with a covering patch. The defect

is then permutted to heal on its own.

Example 7: Method of Treating a Spinal Cord Defects
A biopsy 1s taken from any peripheral nerve or spinal cord. Human

peripheral nerves are maintained in DMEM with 10% FBS, 100-micrograms per
milliliter penicillin and 100 micrograms per milliliter streptomycin. The epineurium is
removed aﬁd nerve fascicles are cut into 1 to 2 millimeter —long se gments. Explants
from the segments are maintained in the above medium to induce an in vitro Wallerian
degeneration for 14 dayé. During this period the medium is changed eifery other day.
After 14 days the explants are digested in 1300 units per milliliter collagenase and 10
units per milliliter dispase in DMEM with continuous agitation at 37 degrees Celsius
for 1 hour, then the digested tissue is further dissociated by repeated trituration through
a Pasteur pipette. The cell pellet is washed and resuspended in DMEM with 10% FBS
before seeding on culture dishes that had been coated with type I rat tail collagen.
Nerve cell cultures are maintained in a humidified atmosphere of 5% CO,, 95% air n a
CO; incubator at 37 degrees Celsius and handled 1n a Class 100 laboratory. Other
compositions of culture medium may be used for culturmg the cells. The cells are

trypsinized using trypsin EDTA for 5 to 10 minutes and counted using Trypan Blue
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viability staining in a Buurker-Turk chamber. The cell count is adjusted to 7.5x%10°

cells per milliliter.

A type I/III collagen membrane from Geistlich Sohne (Switzerland) or

~ Matricel GmbH (Kaiserstr., Germany) is used as a support matrix. The matrix is cut to

a suitable size to fit the bottom of the well in the NUNCLONT™ Delta 6-well tissue
culture tray and placed in the well under aseptic conditions (NUNC (InterMed)
Roskilde, Denmark). This particular support matrix is first pre-treated with either 0.6%
glutaraldehyde for 1 minute or with Tisseel® (Immuno AG, Vienna, Austria), which is
a fibrin glue. These treatments delay the resorption of the matrix signiﬁéantly. This
support matrix 1s washed several times in distilled water until nonreacted
glutaraldehyde is removed. A small amount of the cell culture medium cbntaining
serum 1 applied to the matrix to be absorbed into the matrix and to keep the matrix wet
at the bottom of the well.

Approximately 10° cells in 1 milliliter of culture medium are placed
directly on top of the matrix, dispersed over the surface of the matrix. The tissue
culture plate is then incubated in a CO, incubator at 37 degrees Celsius for 60 minutes.
From 2 to 5 mulliliters of tissue culture medium containing 5 to 7.5% serum is carefully
added to the tissue culture well containing the cells. The pH 1s adjusted to about 7.4 to
7.5 if necessary. The plate is incubated for 3 to 7 dayé with a medium change at day 3.

At the end of the incubation period the medium is decanted and the cell-
seeded support matrix is washed. The support matrix is then implanted, cell-side
down, into the defect site, and optionally is covered with a covering patch. The defect

is then permitted to heal on its own.

Example 8: Method of Treating any Tissue Defects
A biopsy is taken from bone marrow and the biopsy is washed once in

cell growth medium. The growth medium contains HAM F12 and 15 millimolar

HEPES buffer, 70 micromole/liter gentomycin sulfate, 2.2 micromole/liter
amphotericin, 0.3 millimole/liter ascorbic acid, and 20% fetal calf serum. Specific
growth factor(s) are included in the growth medium for the induction of specific cell

lineage. For example transforming growth factor-beta is included in the medium for the
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induction of éhondrocyte differentiation whereas fibroblast growth factor is included in
the medium for the induction of tenocyte differentiation. The stem cells are cultured in
the medium and counted to determine viability. The differentiated cells are grown in
minimal essential culture medium containing HAM F12 and 15 millimolar HEPES
buffer and 5 to 7.5% autologous serum in a CO, incubator at 37 degrees Celsius and
handled in a Class 100 laboratory. Other compositions of culture medium may be used
for culturing the cells. The cells are trypsinized using trypsin EDTA for 5 to 10
minutes and counted using Trypan Blue viability staining in a Buurker-Turk chamber.
The cell count is adjusted to 7.5x10° cells per milliliter.

A type I/III collagen membrane from Geistlich Sohne (Switzerland) or
Matricel GmbH (Kaiserstr., Germany) is used as a support matrix. The matrix is cut to
a suitable size to fit the bottom of the well in the NUNCLON™ Delta 6-well tissue
culture tray and placed in the well under aseptic conditions (NUNC (InterMed)
Roskilde, Denthark). A small amount of the cell culture medium containing serum is
applied to the matrix to be absorbed into the matrix and to keep the matrix wet at the
bottom of the well.

Approximately 10° cells in 1 milliliter of culture medium are placed
directly on top of the matrix, dispersed over the surface of the matrix. The tissue
culture plate is then incubated in a CO, incubator at 37 degrees Celsius for 60 minutes.
From 2 to 5 milliliters of tissue culture medium containing 5 to 7.5% serum is carefully
added to the tissue culture well containing the cells. The pH is adjusted to about 7.4 to
7.51f necessai'y. The plate is ﬁlcubafed for 3 to 7 days with a medium change at day 3.

At the end of the incubation period the medium is decanted and llthe cell-
seeded support matrix is washed. The support matrix is then implanted, cell-side
down, into the defect site, and optionally is covered with a covering patch. The defect
1s then permitted to heal on its own.

| It will be appreciated by persons skilled in the art that numerous
variations and modification may be made to the invention shown in the specific
embodiments without departing from the spirit or scope of the invention as broadlyo
described. The present embodiments and examples are, fherefore, to be considered in

all réspects as illustrative and not restrictive.
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adjacent to said matrix.

orbable.

3. TEMtissue repair structure of claim 1, wherein said support matrizAs selected

2. The tissue repair structure of claim 1, wherein said support matrix 1s p2

from thgroup consisting of a membrane, microbead, fleecey, 1, thread, and

combinatiotx thereof.

4. The tissue repaitsiructure of claim l,owherein said g¥ ort matrix 1s

. autologous. ,
5. The tissue repair structurdQf claim 1, wherefh said support matrix is allogeneic.
6. The tissue repair structure of ¢igim 1, yherein said support matrix comprises a

combination of collagen type I angd&ollagen type III.
7. The tissue repair structure of 4 1, Waerein said support matrix comprises

collagen type 1l

- 8. The tissue repair stryeture of claim 1, wherein s support matrix comprises
proteins or polypt ptides selected from the group conN ﬁngﬁ of small intestine
submucosa A eritoneum; pericardium, polylactic écid, bloN, and combinations

thereof?”

y tissue repair structure of claim 1, wherein said structure is impigntable or
. j ectable.

The tissue repair structure of claim 1, wherein said stem cells are adhered td
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1. A tendon repair structure comprising a cell-free support matrix and tenocytes
adjacent to said maﬁx. |

2. The tendon repair structure of claim /1 , wherein said support matrix is
resorbable.

3.  The tendon repair structure of claim ‘{ 1, wherein said support matrix is selected
from the group consisting of a membrane, microbead, fleece, gel, thread, and

combinations thereof.
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4.  The tendon repair structure of claim / 1, wherein said support matrix is
autologous. |
5. The tendon repair structure of claim }’ 1, wherein said support matrix 1s -
allogeneic. |
6.  The tendon repair structure of claim }’1, wherein said support matrix comprises.
a combination of coﬂagen type I and collagen type 111.
. ‘ The tendon repair structure of claim ‘{ 1, wherein said support matrix comprises
- collagen type 1L | |
8.  The tendon reiaair structure of claim {1 . wherein said support matrix comprises
| proteins or polypeptides selected from the group éonsisting of small intestine
submucosa, peritoneum, pericardium, polylactic acid, blood, and combinations S
thereof.
9. The tendon repair structure of claim ‘{ 1, wherein sa.id structure is implantable or .
injectable.
40,  The tendon repair structure of claim / 1, wherein said tenocytes are adhered to
| said support matrix. | o
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adjacent to said matrix.

29, Thawsygscle repair structure of claim 21, wherein said support nyp#Ix s

resorbable.

23.  The muscle repair Stwgture of claim 21, whereinsefd support matrix 1s selected
from the group consisting OfgunembrangMicrobead, fleece, gel, thread, and
coﬁ:lbinations thereof. '

24.  The muscle repair structugp«61 claim 21, wiregg in said support matrix 18

| autologous. -

25.  The musclg * structure of claim 21, wherein said suppS&{ matrix is

allqg eic.

26_,” The muscle repair structure of claim 21, wherein said support matrx comf N3ES
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ombination of collagen type I and collagen type IlI.
67. The shigzepair structure of claim 61, wherein said support mgirdk comprises
collagen type™ | |
68.  The skin repair structitg of claim 61, whereigeeffd support matrix comprises
proteins. or polypeptides seleCtwd from#fe group consisting of small intestine
submucosa, peritoneum, perigarfiumNeQlylactic acid, blood, and combinations
thereot. |
69.  The skin repe gtructure of claim 61, wherein said st

e 1s implantable or

injectghe. |
70. ~The skin repair structure of claim 61, wherein said keratinocytes. are 2gered to
41. A method for repairing a tissue defect in a patient, said method comprising:

a) extracting and isolating cells from said patieﬁt;

b) seeding said cells onto a cell-free support matrix; and

C) implanting said support matrix at the site of said tissue defect,

wherein said cells are selected from the group consisting of tenocytes, ftesf
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12. The méthod of claim 71, wherein said supﬁort matrix comprises proteins or
polypeptides selected from the group consisting of small intestine submucosa,
peritoneum, pericardium, polylactic acid, blood, and combinations thereof.

3.  The method of claim 71, wherein said support matrix is resorbable.

4.  The method of claim 71, wherein said support matrix is selected from the group

consisting of a membrane, microbead, fleece, gel, thread, and combinations

thereof.

The meﬂ;od of claim 71, wherein said support matrix 1s autologous.

The method of claim 41, wherein said support matrix is allogeneic.

The method of claim 71, wherein said support matrix comprises a combination

of collagen type I and collagen type 1I1.
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tissue.

82.

The metdd according to claim 81, wherein said desired site 15

175 EPO310796 "

The method of claim 71, wherein said support matrix comprises collagen type

I1. |
The method of claim 71, wherein said support matrix is implantable or

injectable. |
The method of claim“?1, wherein said cells are adhered ta said support matrix.
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a extracting and isblating’ adipocytes from a patient; .
b) seeding satekadipocytes onto a cell-free syppeort matrix; and

c) implanting said supprt Mt a desired site for increased adipose

aast of said
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