8/079194 A1 I} 10 00O 00 00O OO

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

(19) World Intellectual Property Organization Vd”Ij

International Bureau ) I O 00 OO O

(10) International Publication Number

WO 2008/079194 Al

(51) International Patent Classification: (74) Agents: JEFFERIES, David, E. et al.; Wood, Herron &
AGIF 2/02 (2006.01) AGIK 35/12 (2006.01) Evans, L.L.P,, 441 Vine Street, 2700 Carew Tower, Cincin-
nati, OH 45202 (US).

(43) International Publication Date
3 July 2008 (03.07.2008)

(21) International Application Number:

PCTIUS007/025252 (81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU,CZ,DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,

(22) International Filing Date:
11 December 2007 (11.12.2007)

(25) Filing Language: English LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
(26) Publication Language: English PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(30) Priority Data: 7M, ZW.
11/613,250 20 December 2006 (20.12.2006)  US

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
(75) Inventors/Applicants (for US only): YAO, Jian, Q. PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,

[GB/US]; 7736 Yaupon Drive, Austin, TX 78759 (US). GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
ZAPOROJAN, Victor [MD/US]; 5910 Avery Island Published:
Avenue, Austin, TX 78727 (US). —  with international search report

(71) Applicant (for all designated States except US): ZIM-
MER ORTHOBIOLOGICS, INC. [US/US]; 9301 Am-
berglen Blvd., Bldg. J., Suite 100, Austin, TX 78729 (US).

(72) Inventors; and

(54) Title: METHOD OF OBTAINING VIABLE SMALL TISSUE PARTICLES AND USE FOR TISSUE REPAIR

(57) Abstract: The invention provides a composition including isolated small living tissue particles, a method of making the tissue

= particles, and a method of using the composition to ameliorate a tissue defect. The tissue particles are composed of cells and their

S
S
o
=

associated extracellular molecules and are sized, in certain embodiments, to be smaller than about 1 mm. Another aspect of the
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METHOD OF OBTAINING VIABLE SMALL TISSUE PARTICLES AND USE FOR TISSUE REPAIR
TECHNICAL FIELD OF THE INVENTION

Preparation and use of tissue particles, sized from various sources, to repair tissue defects such as
orthopedic tissue defects.
BACKGROUND

Articular cartilage is a thin, smooth, low friction, gliding surface composed of hyaline cartilage with
resiliency to compressive forces. While only a few millimeters thick, it has excellent wear characteristics.
Its mechanical and structural capacity depends on the integrity of its extracellular matrix, in which
chondrocytes are sparsely distributed throughout structural macromolecules including collagen,
proteoglycans, and noncollagenous proteins. Although chondrocyte cells produce the extracellular matrix,
they compose less than 5% of the wet weight of cartilage.

The cdmposition and highly complicated interaction of these components make regeneration and
replacement techniques challenging. For example, the lack of a direct blood supply and few cells
distributed widely among a dense extracellular matrix leads to a limited healing ability of damaged articular
cartilage. This has led to a wide variety of treatment approaches for defects, for example, in the knee, with
varying levels of success.

Procedures such as drilling, abrasion, microfracture, and debridement provide symptomatic pain
relief and improved function. Collectively, these procedures may be referred to as subchondral bone
marrow stimulation techniques where the bone underlying the cartilage, which has a rich blood supply, is
caused to bleed. The goal of such procedures is to mobilize mesenchymal stem cells from the blood to
differentiate into chondrocyte-like cells that synthesize repair tissue. Once the vascularized cancellous
bone is disrupted, a fibrin clot forms and pluripotent cells migrate into the area. These cells eventually
differentiate into chondrocyte-like cells that secrete type |, type |l and other collagen types, as well as
cartilage specific proteoglycans, after receiving appropriate mechanical and biological cues. The cells
produce a fibroblastic repair tissue that on appearance and initial biopsy can have a hyaline-like quality, but
over time, is demonstrated histologically as being predominantly fibrocartilaginous tissue. Fibrocartilage is
a relatively disorganized lattice of collagen fibers, as opposed to the natural hyaline cartilage, and thus
partially fills the defect with structurally weak tissue that also exhibits limited durability.

Other procedural options such as periosteal grafting, osteochondral autografts and allografts, and
autogenous chondrocyte cell implantation have been used to repair cartilage defects for the purpose of
reducing pain and restoring function. The success of these procedures generally diminishes over time,
possibly due to formation of fibrocartilage, inadequate development of repair tissue, poor cell differentiation,
and/or poor bonding to the surrounding articular cartilage borders. Intact full thickness grafts, such as
osteochondral autografts and allografts, also may suffer from mismatched sizes, immunaologic rejection,
and poor adhesion of cartilage to bony surfaces. For autogenous chondrocyte cell implantation, two
surgeries are required: chondrocytes are first obtained from an uninvolved area of cartilage and cultured for
14 to 21 days, then the cultured cells are injected into the defect exposed via an open incision and covered
with a periosteal flap excised from the proximal medial tibia.
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Various methods of promoting tissue growth and repair, and in particular cartilage repair, have
been suggested and include the use of tissue particles derived from grinding non-demineralized, articular
cartilage into pieces of about 60 um to about 500 um (Malinin U.S. Patent Application No. 20050196460);
mincing tissue into particles using two parallel blades, resulting in particles of about 0.1 to about 3 mm?in
size and containing at least one viable cell (Binette et al. U.S. Patent Application No. 20040078090);
pulverizing soft tissue into morsels of about 1 to about 100 um that may then be combined with viable
elements (cells) and/or bioactive molecules (Awad et al. U.S. Patent Application No. 20050288796); and,
milling allograft cartilage, which is then lyophilized to create particles in the size of about 0.01 mm to about
1 mm that can be formulated into a paste (Gomes et al. U.S. Patent Application No. 20040219182). |
Various methods of tissue preparation have also been disclosed including a method of generating dermal
tissue pieces of about 50 um to about 1500 um using a roller with multiple blades (Mishra et al. U.S. Patent
Application No. 20040175690).

Cell and/or tissue viability for implants needs to be improved. For example, homogenizers used to
generate tissue particles have resulted in about 5% of the cells remaining viable following homogenization.
Enzymatic digestion, which is often used to generate cells for autogenous chondrocyte cell transplantation,
results in poor cell viability following initial isolation.

Improved compositions and methods for repairing tissue defects and in particular, articular cartilage
defects are desired.

SUMMARY OF THE INVENTION

One embodiment is a composition including isolated small tissue particles composed of cells and
their associated extracellular molecules (e.g., proteins, polysaccharides, proteoglycans, etc.) known as the
extracellular matrix (ECM). The tissue particles are sized such that in some embodiments, the particles
have at least one dimension less than about 60 um. In another embodiment, the particles have at least
one dimension less than about 1 mm. In another embodiment, the particles are sized so that the volume is
less than about 1 mm®. In some embodiments, at least about 50% of the cells in the tissue particles are
viable. In other embodiments, at least about 80% of the cells in the tissue particles are viable. In some
embodiments, the composition may also contain additives such as adhesives, solutions, and bioactive
agents. Examples of adhesives include fibrin glue, Tisseal (Baxter BioScience, Deerfield IL), and Surgicel
(Johnson & Johnson, New Brunswick NJ). Examples of bioactive agents include fibrinogen, thrombin,
bone morphogenic proteins (BMP), insulin-like growth factors (IGF), transforming growth factors (TGF)
including the beta form (TGFR), platelet-derived growth factor (PDGF), and bone marrow aspirate.

Another embodiment is a method for creating small tissue particles whereby a tissue sample is
positioned on a cutting device containing at least two blades in parallel in one embodiment, and at least
three blades in parallel in another embodiment. In embodiments containing at least three blades, spacing
between the blades may be uniform or may vary. The space between the blades may define a dimension
of the particle. In one embodiment, at least one blade is curved. In another embodiment, at least two
blades are not parallel. In one embodiment, the sizing apparatus comprises three blades mounted in

parallel and separated by spacers having a width of about 60 um. By changing the relative spatial
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relationship between the tissue sample and the cutting apparatus, cuts can be made in the horizontal,
vertical, and coronal planes. Because the angle between these planes can be varied, the resulting tissue
particle can be sized to a variety of shapes, including cubes, triangles, quadrilaterals, and other polygons.

Another embodiment is a method using the described compositions in ameliorating a tissue defect.
In one embodiment, the defective tissue may be cartilage, bone, ligament, meniscus, tendon, muscle,
nucleus pulposus, gingiva, annulus fibrosus, periosteum, perichondrium, fascia, and/or perineurium. In one
embodiment, defects within articular cartilage are subjected to the method. In general, the method includes
placing the isolated sized tissue particles into a tissue defect site. Retention of the tissue particles in the
defect site is facilitated by the small particle size. In certain embodiments, retention of the tissue particles
at the defect site may be enhanced by techniques such as microfracture and use of adhesives.

Another embodiment is a use of the inventive small tissue particles under cell culture conditions
and, for example, as part of in vitro experimentation and/or to propagate cells in cuilture.

The method and composition will be further appreciated with reference to the following figures and
description.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a photograph of particles with only live cell staining.

FIG. 1B is a photograph of particles with only dead cell staining.

FIG. 2 shows an apparatus for sizing tissue particles.

FIG. 3A shows the bercentage of viable cells following one embodiment of the method.

FIG. 3B shows the percentage of viable cells following enzymatic digestion versus an embodiment
of the invention.

FIG. 4 shows a schematic representation of the three particle planes defined by the x-axis, y-axis,
and z-axis.

FIG. 5A is a photograph that shows a surface of a porcine knee joint that has been subjected to
one embodiment of the invention.

FIG. 5B is a photograph that shows a surface of a porcine knee joint that has been subjected to
another embodiment of the invention.

FIG. 5C is a drawing of the photograph of FIG. 5A.

FIG. 5D is a drawing of the photograph of FIG. 5B.
DETAILED DESCRIPTION '

In one embodiment, a composition comprising a plurality of isolated tissue particles is disclosed.
The particles comprise cells and their associated extracellular molecules, (e.g. proteins, polysaccharides,
proteoglycans, etc.), which collectively are termed a matrix. In another embodiment, the tissue particles
are comprised of cells wherein at least about 50% of the cells are viable. In another embodiment, the
tissue particles are comprised of cells wherein at least about 60% of the cells are viable. In another
embodiment, the tissue particles are comprised of cells wherein at least about 65% of the cells are viable.
In another embodiment, the tissue particles are comprised of cells wherein at least about 70% of the cells
are viable. In another embodiment, the tissue particles are comprised of cells wherein at least about 75%



10

15

20

25

30

35

PCT/US2007/025252
WO 2008/079194 PCT/US2007/025252

of the cells are viable. In another embodiment, the tissue particles are comprised of cells wherein at least
about 80% of the cells are viable. Cell viability indicates that the cell is alive and able to perform one or
more intrinsic biological functions (e.g., cellular signaling, maintenance of cellular homeostasis, etc.), and
also may include cells that are dormant or arrested in a stage of the cell cycle. Cells that are not viable are
cells that are dead. The absolute number of viable cells may vary depending on, for example, the tissue
type used to make the particles and/or particle size. The presence of viable cells in the tissue particle
composition facilitates use of the composition in ameliorating tissue defects, as described more fully below.
For example, viable cells provide stimulators and/or cues for tissue remodeling, growth, and/or repair.
Methods to measure cell viability are known to one skilled in the art and include facilitated dyes and
biochemical assays. For example, cell viability in the tissue particles was measured using the LIVE/DEAD®
viability assay (Invitrogen, Eugene OR) where the calcein dye is retained in live cells and emits a green
fluorescence and the ethidium homodimer is able to enter cells with damaged membrane and emits red
fluorescence when interacting with nucleic acids. FIG. 1A shows dead cells that emit red fluorescence in
tissue particles in one embodiment of the invention. FIG. 1B shows living cells that emit green‘
fluorescence in tissue partiéles in one embodiment of the invention. The results in FIGs. 1A and 1B
showed satisfactory uptake of the dyes in to the small tissue particles.

Along with cells, the tissue particles also contain extracellular molecules, often referred to as the
extracellular matrix (-ECM). The ECM surrounds and supports cells within mammalian tissues, and is
composed of three major classes of biomolecules: (i) structural proteins such as collagen and elastin; (ii)
specialized proteins such as fibrillin, fibronectin, and laminin; and (jii) proteoglycans. Proteoglycans are
composed of a protein core that is attached to long chains of repeating disaccharide units termed
glycosaminoglycans (GAGs) and form complex high molecular weight components of the ECM. The ECM
has many roles including cellular organization, guidance of cell migration and growth, and structure; the
prominence of these roles can vary depending on the tissue. For example, the ECM plays an important
role in force transmission and tissue structure maintenance especially in cartilage, tendons, ligaments,
bone, and muscle. The precise composition of the ECM in the particles depends on factors such as the
tissue from which the particles are obtained and any treatments or modifications thereof. Thus, the
composition of the ECM will vary depending on the endogenous composition for that tissue type. Along
with variations in ECM composition based on tissue type, the ECM may also be modified. As one example,
the particles may be treated with bioactive proteins, such as BMP, IGF, TGF, PDGF, bone marrow aspirate,
etc., to enhance thé tissue repair ability of the particles. Also, the particles may be treated with enzymes
that hydrolyze protein and/or glycans, such as trypsin and hyaluronidase, to increase the accessability of
the ECM.

The size of the tissue particles of the inventive composition may vary depending on such factors as
the type of source tissue used, the age of the tissue, and the intended subsequent use of the composition.
In one embodiment, tissue particles are sized such that at least one dimension of the particle is less than 1
mm. In another embodiment, the tissue particles are sized such that at least one dimension is less than 60

um. In another embodiment, the tissue particles are sized such that the particle is substantially cubical with
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each side about 60 um or less. In another embodiment, the tissue is derived from a juvenile source and
the tissue particles have a volume less than 1 mm?®. In another embodiment, the tissue particles have a
volume of about 2 x 10 mm®. The tissue particles may be any shape, including but not limited to cubes
and elongated strips. Sizing refers to cutting of the tissue sample into the desired size and/or shape, and is
further described below.

The tissue particles may be derived from a variety of tissue types and tissue sources. The tissue
may be autogenic, allogenic, or xenogenic with respect to the recipient of the inventive composition, as
explained below. Any tissue is potentially suitable for use and tissue types may include cartilage, bone,
ligament, meniscus, tendon, muscle, nucleus pulposus, gingival, annulus fibrosus, periosteum,
perichondrium, fascia, and/or perineurium. In one embodiment, the tissue is articular cartilage. In another
embodiment, the articular cartilage is hyaline cartilage and/or fibrocartilage.

In one embodiment, the tissue is engineered tissue. Engineering of the tissue refers to altering the
physiology of the tissue such that it possesses traits that it would normally not have, magnifying and/or
muting the existing tissue traits, and/or growing tissue in vitro. Engineered tissue may include tissue
derived from a transgenic donor. Transgenic donor refers to tissue‘ sources, such as animals, in which
exogenous genetic material has been incorporated into the genome of the source. The incorporated
genetic material may provide for the expression of a non-endogenous gene or may alter the expression
levels of an endogenous gene. In another embodiment, the donor tissue may be genetically altered
following removal from the donor. Examples of alterations of the tissue following excision and prior to or
concomitant with culturing include alterations brought about by introduction of genetic material and/or
bioactive agents. In the case of genetic manipulation, the tissue may be treated with genetic vectors using
various methods of genetic introduction, e.g. viral- and lipid-mediated, as known in the art, to bring about
alterations in endogenous or exogenous gene expression. Bioactive agents, such as growth factors, may
be incubated with the cultured tissue to bring about alterations in tissue physiology. Engineered tissue may
also refer to tissue that has been propagated or grown in vitro. Tissue grown in vitro refers to the creation
and/or propagation of tissue outside an animal host. For example, in vitro grown tissue may result from
tissue culture manipulations where cells are, for example, stimulated to form a tissue in an incubating
vessel. Methods for producing in vitro tissue are known to one skilled in the art.

The developmental or maturation stage of the tissue used in the invention may also vary. For
example, the tissue particles may be derived from embryonic, fetal, neonatal, juvenile, or adult tissue. In
an embodiment where juvenile tissue is used, juvenile is defined as being less than 12 years old in the
case of humans. Further, the tissue may be acutely isolated or cultured prior to sizing into particles. In the
case of cultured tissue samples, the tissue is maintained in an environment that preserves the viability of
the cells in the tissue. However, it is also understood by one skilled in the art that some cell death may
occur as a result of in vitro tissue culturing. The tissue, either in preparation of culturing or following acute
isolation, may be sized into smaller pieces that either facilitate subsequent sizing, e.g. results in a size that
is easier to manipulate in the subsequent creation of tissue particles, or promotes cell viability in tissue
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culture, e.g. increases the surface area of the tissue and thus oxygen and nutrient accessibility to the cells.
In another embodiment, the tissue is sized to the desired particle size prior to culture.

The composition may also include additional components. In one embodiment, the tissue particles
of the composition are maintained or suspended in a solution. The solution may be a buffer that maintains
the solution pH in a desired range. For example, the buffer may maintain the tissue particles in a solution
in the range from about pH 6.8 to about pH 7.5. In other embodiments, the buffer may maintain the pH in
the range of about pH 5 to about pH 7. The buffer, and the resulting buffering pH range chosen, depends
on factors known to one skilled in the art including the tissue type and the effects of certain pH on that
tissue type.

In another embodiment, the composition include bioactive agents. The bioactive agents may be
either residual from culturing of the tissue sample as described above or may be added to the tissue
particles at another time. Examples of bioactive agents include but are not limited to growth factors,
hormones, and nutrients. ‘

The inventive composition may also comprise an adhesive that aids in the attachment of the tissue
particles to the site of tissue defect. The adhesive may be a naturally occurring bioadhesive such as fibrin.
Thrombin converts soluble plasma fibrinogen into molecules of fibrin that polymerize and form a fibrin clot.
Fibrin may encapsulate and/or enmesh the tissue particles at the sites of tissue defect. it should also be
noted, however, that due to the small size of the inventive tissue particles, the particles are intrinsically
adhesive to the site of tissue defect. In another embodiment, the tissue particles may be treated such that
they become positively charged. The tissue particle may be charged by a variety of treatments including
exposing the particles to an ionic detergent or a magnetic field, resulting in the creation of an overall
positive charge on the particles. The overall positive charge of the particle facilitates adhesion of the
particle to the predominantly negatively charged tissue defect. Increased adhesion of the particles to the
tissue defect site may reduce the time required for tissue defect repair.

In one embodiment, a method of preparing a composition comprising tissue sized into particles is
disclosed. The tissue sample is initially cut into smaller pieces to facilitate subsequent sizing into tissue
particles, e.g., using surgical tools known to one skilled in the art, such as a scalpel. In one embodiment,
the tissue is initially cut into pieces of about 5 mm to about 11 mm. In another embodiment, the tissue,
which may have been cultured, has already been subjected to the initial cutting process and is of the
approximate size for subsequent sizing. As shown in the schematic of FIG. 2 (not to scale), once the tissue
10 is of the appropriate initial size, it is mounted on a jaw 12 of an axial cylinder. By extending the axial
cylinder along axis A, the tissue 10 contacts the blades 14 mounted in opposition of the jaw. In one
embodiment, the tissue is contacted with at least two blades mounted in parallel on a substantially flat
surface. In another embodiment, the tissue is contacted with three blades mounted in parallel on a
substantially flat surface. In another embodiment, the blades 14 are not parallel to each other and may
also include blades that are not straight, e.g., curved. The configuration of blades 14 will also include
spacers 16 between the blades, the width of which will correspond to the desired dimension between
parallel cuts. In certain embodiments, the spacers 16 between the blades 14 will be the same size and in
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other embodiments, the spacers 16 may be of different sizes. The blades will be sufficiently sharp so that
damage and/or loss of the tissue will be minimized.

The method may be conducted in the absence of exogenously added digestive enzymes. Although
digestive enzymes promote cell dissociation, they also may decrease the percent of viable cells resulting
from the treatment. In FIG. 3, the viability of cells following one embodiment of the inventive method, as
determined by LIVE/DEAD® viability assay, was about 85% (FIG. 3A) while viability of cells following
enzymatic treatment with collagenase resulted in about 25% viable cells (FIG. 3B). Without being held to a
single theory, it is believed that the digestive enzyme damages the cell membrane components,
contributing to the death of the cell.

The first contact between the blades and the tissue results in parallel cuts in, for example, the x-
axis plane of the tissue sample, as shown in FIG. 4. In different embodiments, the tissue may be pushed
against the blades or alternatively the blades may be pushed against the tissue. In another embodiment,
the blade and tissue sample are both moved towards each other. In certain embodiments, the blades may
not be parallel and therefore, would not result in parallel cuts. However, for simplicity, the inventive method
will be described in terms of parallel blades making parallel cuts but in all cases, the blades and resulting
cuts may not be parallel, and also may be non-straight, e.g., curved. Following the first contact between
the blades and the tissue, the sample and/or blades can then be translationally moved along axis B, e.g.
without rotation, so that further cuts can be made in parallel with the previous cuts and still in the same
plane. in one embodiment, the blades are translationally moved with precision of about 1 um using a
digital micrometer 18, as shown in FIG. 2. The blades and/or tissue sample is then rotated relative to one
another in rotation C about axis A, defining a second orientation and the blades and tissue are again
caused to contact, making cuts in, for example, the y-axis plane, as shown in FIG. 4. In this second
orientation, the blades and/or tissue can again be translationally moved so that a series of parallel cuts can
be made. In one embodiment, the second contact between the blades and tissue results in substantially
perpendicular cuts in the tissue wherein the angle between the first and second cut is about 90°. However,
the angle between the first and second cuts may range from about 1° to about 179°. In one embodiment,
the blades and/or the tissue sample are moved to achieve a third orientation wherein the blades cut the
tissue sample in, for example, the z-axis plane plane, as shown in FIG. 4. The third orientation can be
achieved by moving the tissue in direction D, as shown in FIG. 2. In one embodiment, the plane defined by
this third orientation cuts the tissue substantially perpendicular to the plane of either the first or second cut,
for example, the x-axis or y-axis plane, and results in a particle that is substantially cubicle. However, the
angle between the third and either of the first or second cutting planes may range from about 1° to about
179°. Thus, by choosing the angles between the cut planes, the geometry of the resultant tissue particle
can be varied.

Tissue particles of various sizes can be made by varying the size of the spacers between the
blades and the angle between the cuts. In one embodiment, the tissue is cut using the procedure
described above wherein three blades contact the tissue, the resultant tissue particle is sized such that at
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least one dimension is less than 60 um. In another embodiment, the tissue is cut using the procedure
described above wherein three blades contact the tissue and the tissue is derived from a juvenile, non-
dermal source, the resultant tissue particle is sized such that at least one dimension is less than 1 mm. In
another embodiment, the resultant tissue particle size is less than 1 mm?®. The method produces tissue
particles of the desired dimensions and also maintained a high percentage, e.g. above about 85%, viable
cells (See FIG. 3A).

As described above, the tissue source used by the inventive method to generate tissue particles
may be used from any source and with any type of tissue including autogenic, allogenic, xenogenic,
cultured, and engineered tissue and of any maturation stage.

In one embodiment, a method of ameliorating a damaged tissue in a mammal is disclosed. The
tissue particle composition is introduced into or in proximity to a damaged tissue under conditions sufficient
to ameliorate the damaged tissue. The composition may include a plurality of tissue particles sized from
tissue. In addition, the particles may include both cells and extracellular molecules organi;ed in a matrix,
as described above. In one embodiment, the damaged tissue may be articular cartilage. In the case of
damaged articular cartilage, the cartilage lesion may be debrided back to a stable base éartilage and loose
or fibrillated cartilage may be resected. In one embodiment, in the case of articular cartilage, the
subchondral base is microfractured until bleeding occurs from the subchondral bone. Microfracture entails
creating a series of small fractures in the bone of about 3 mm to about 4 mm in depth using an awl.
Alternatively, a drill may be used to create holes in the subchondral bone, with care to not cause heat
necrosis in the site. The composition is applied into the area of and/or proximate the defect.

In one embodiment, the method of ameliorating damaged tissue also includes adhering the
inventive composition to the damaged tissue. If the method is conducted in conjunction with microfracture,
adhesive properties of bleeding bone secure the tissue particles in place, as shown in FIGS. 5A and 5C.
Specifically, the resulting blood clot from the bleeding bone serves as a biological glue that maintains the
particles on the surface near the defect. Also, due to the small size of the tissue patticles, the particles
naturally remain in the defect, as shown in FIGS. 5B and 5D, possibly as a result of surface tension. The
inventive composition'may also include adhesives such as fibrin, hyaluronic acid, fibrin glue, fibrin clot,
collagen gel, alginate gel, gelatin-resorcin-formalin adhesive, mussel-based adhesive,
dihydroxyphenylalanine (DOPA) based adhesive, chitosan, transglutaminase, poly(amino acid)-based
adhesive, cellulose-based adhesive, polysaccharide-based adhesive, synthetic acrylate-based adhesives,
platelet rich plasma (PRP), platelet poor plasma (PPP), clot of PRP, clot of PPP, MATRIGEL® (BD
Biosciences, San Jose CA), monostearoyl! glycero! co-succinate (MGSA), monostearoyl glycerol co-
succinate/polyethylene glycol (MGSA/PEG) copolymers, laminin, elastin, proteoglycans, and combinations
thereof.

In one embodiment, the tissue particles of the inventive composition may have been treated such
that the particles exhibit a net charge, as described above, that facilitates electrostatic adhesion to the
tissue defect. Other techniques known to one skilled in the art, such as flaps, may also be used to keep

the particles in the defect site.
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In one embodiment, the method is conducted using a minimally invasive procedure, e.g.
arthroscopy. The use of a minimally invasive procedure allows a smaller incision, resulting in less pain, a
shorter in-patient stay, and a faster recovery time than traditional more invasive procedures. The use of a
minimally invasive procedure such as arthroscopy may also aid in diminishing potential post-operative
complications such as soft tissue fibrosis.

In one embodiment, the damaged tissue may be orthopedic tissue such as cartilage, bone,
ligament, meniscus, tendon, and/or other muscle. In another embodiment, the damaged tissue may be
nucleus pulposus, gingival, annulus fibrosus, periosteum, perichondrium, fascia, and/or perineurium. In-
one embodiment, the damaged tissue and the tissue that is used as the source for the inventive
composition are the same tissue type, e.g. articular cartilage. In another embodiment, the damaged tissue
and the tissue that is used as the source for the inventive composition are different tissue types, including
autogenic, allogenic, xenogenic, cultured, engineered tissue, and of any maturation stage.

One embodiment discloses a biocompatible implantable composition comprising a plurality of
biological tissue particles sized from tissue derived from viable juvenile cartilage, wherein the particles are
comprised of chondrocytes having at least about 80% viability and extrachrondrocyte proteins, each
particle less than 60 um, and the composition is capable of implantation in a mammal.

In one embodiment, particulate cartilage compositions are created and used for cartilage
regeneration by stimulating chondrogenesis. Articular cartilage may be obtained from the articular surfaces
of joints, such as from distal femurs, proximal tibia, acetabul, heads of femurs, and/or heads of radii, as well
as from other sites where hyaline cartilage is present, e.g., auricular, nasal, temporomandibular joint, and
costal margin. The cartilage may be removed, for example, with a scalpel blade, rongeur, or other surgical
instrument. In one embodiment, cartilage is removed down to subchondral bone, without removing bone.
The articular cartilage may include articular hyaline cartilage and/or fibrocartilage and may comprise
allogeneic and/or xenogeneic cartilage.

The following example further illustrates embodiments of the invention.

EXAMPLE

Cartilage tissue particles were assessed for cell viability and evaluation in cartilage defect
repair. All procedures were conducted in compliance with relevant regulations for the use of animal tissue.
Porcine knee joints were obtained from a local abattoir. A knee joint was opened using a scalpel and the
articular cartilage from the condyle load bearing area was exposed. Using a 7.5mm diameter coring
reamer, an osteochondral plug was obtained.

The osteochondral plug was mounted on the jaw of the cutting device (FIG. 2) and a series of cuts
were made using three multiple blades to obtain viable small tissue patrticles.

Tissue particles were stained using LIVE/DEAD® stain to determine cell viability. The LIVE/DEAD®
stain uses a membrane-permeant CALCEIN AM that is cleaved by endogenous esterases in the live cells
to yield cytoplasmic green fluorescence, and the membrane-impermeant ethidium homodimer-1 labels
nucleic acids of membrane-compromised cells, e.g. dead cells, with red fluorescence. Pictures of the
stained slides were analyzed using NiH imaging software and the number of total and viable cells was
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calculated. For the enzymatic digestion method, cartilage was shaved off the articular surface and
collected in a Petri dish. Tissue weight was recorded. The cartilage tissue blocks were digested in a
1:10 mass:volume ratio in 0.15% of collagenase type Il for about 12-16 hours until no visible
fragments remained. The cell-collagenase solution was filtered and washed with phosphate-buffered
saline. Isolated cells were counted and viability was determined using LIVE/DEAD® staining. The
number of viable cells was normalized to the tissue weight and represented as a percentage of the
absolute number of cells in a given unit of tissue, as shown in FIG. 3A. Paired t-test statistical
analysis was performed using Sigma Stat 2.0 software.

Results showed that tissue particles had a regular geometry. The majority of the particles were
from 50 microns to 240 microns. LIVE/DEAD® staining experiments showed good tissue penetration of
the dyes due to the size of the particles. Although a small percentage, about 10% to about 15%, of the
tissue was lost during the cutting procedure, cell viability in the tissue particles was significantly higher
than the percentage of viable cells obtained by digestion method (Compare FIG. 3A and 3B). Tissue
particles seeded on the surface of the joint remained attached to the surface against gravity for-an
indefinite period of time as long as conditions were maintained (FIG. 5B) and the adhesion was
increased when microfracture was simulated by compressing the subchondral bone and causing to bleed
(FIG. 5A).

The above results showed that small tissue living particles were obtained from an autologous
source. The results also showed that cell viability inside of the particle remained higher than 85%.

It should be understood that the embodiments and examples described are only illustrative and
are not limiting in any way. Therefore, various changes, modifications or alterations to these
embodiments. may be made or resorted to without departing from the spirit of the invention and the scope
of the following claims.

What is claimed is:

10
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1. A composition comprising a plurality of isolated viable tissue particles, the particles comprising cells
having at least about 80% viability and extracellular proteins, each particle sized to have at least one

dimension less than 60 ym.
2. The composition of claim 1 wherein the extracellular proteins are a component of an extracellular matrix.

3. A composition comprising a plurality of isolated viable juvenile tissue particles, the particles comprising

cells having at least about 80% viability and extracellular proteins, each particle sized to be less than 1

mm?®.

4. The composition of claim 3 wherein extracellular proteins are a component of an extracellular matrix.

5. The composition of claim 3 wherein particles are sized to have at least one dimension less than 1 mm.

6. The composition of either claim 1 or claim 3 wherein the tissue is at least one of autogenic, allogenic, or

xenogenic.

7. The composition of either claim 1 or claim 3 wherein the tissue is selected from the group consisting of
cartilage, bone, ligament, meniscus, tendon, muscle, and combinations thereof.

8. The composition of claim 7 wherein the tissue comprises engineered tissue.
9. The composition of either claim 1 or claim 3 wherein the tissue is articular cartilage.

10. The composition of claim 9 wherein the articular cartilage comprises at least one of hyaline cartilage or

fibrocartilage.

11. The composition of either claim 1 or claim 3 further comprising at least one of an adhesive, a bufter, or

a bioactive agent.
12. The composition of either claim 1 or claim 3 further comprising thrombin.

13. A method of preparing a biocompatible composition comprising
sizing isolated viable tissue into particles using at least three blades mounted in parallel on a

substantially flat surface so that each resulting particle has at least one dimension less than 60 pm,
wherein the tissue particles comprise a plurality of cells that are at least about 80% viable and extracellular

proteins organized in a matrix.

11
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14. A method of preparing a biocompatible composition comprising

sizing isolated viable juvenile, non-dermal tissue into particles using at least three blades mounted
in parallel on a substantially flat surface so that each resulting particle is at most 1 mm?,
wherein the tissue particles comprise a plurality of cells that are at least about 80% viable and extracellular

proteins organized in a matrix.

15. The method of claim 14 wherein particles are sized to have at least one dimension less than 1 mm.
16. The method of either claim 13 or claim 14 wherein the tissue is mounted in a jaw of an axial cylinder.
17. The method of either claim 13 or claim 14 further comprising pushing the tissue against the blades.
18. The method of either claim 13 or claim 14 wherein the tissue is sized at least twice.

19. The method of either claim 13 or claim 14 wherein a tissue orientation relative to the blade is varied to

resuit in a plurality of particle shapes.

20. The method of either claim 13 or claim 14 wherein the tissue is at least one of autogenic, allogenic, or

xenogenic.

21. The method of either claim 13 or claim 14 performed in absence of a digestive enzyme.
22. The method of either claim 13 or claim 14 wherein the tissue is cultured.

23. The method of either claim 13 or claim 14 wherein the tissue is engineered.

24. A method of ameliorating a damaged tissue in a mammal, comprising

introducing into a damaged tissue in a mammal under conditions sufficient to ameliorate the
damaged tissue a composition comprising a plurality of isolated biological particles sized from viable tissue,
the particles comprising cells having at least about 80% viability and extracellular proteins organized in a

matrix, each particle less than 60 pm.

25. A method of ameliorating a damaged tissue in a mammal, comprising

introducing into a damaged tissue in a mammal under conditions sufficient to ameliorate the
damaged tissue a composition comprising a plurality of isolated biological particles sized from viable non-
dermal juvenile tissue, the particles comprising cells having at least about 80% viability and extracellular
proteins organized in a matrix, each particle less than 1 mm?.

12
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26. The method of claim 25 wherein the particles are sized to have at least one dimension less than 1 mm.

27. The method of either claim 24 or claim 25 further comprising thereafter adhering the composition to the

damaged tissue.

28. The method of either claim 24 or claim 25 further comprising adding thrombin to adhere the

composition to the damaged tissue.
29. The method of either claim 24 or claim 25 preceded by microfracture of the damaged tissue.

30. The method of either claim 24 or claim 25 wherein the damaged tissue is selected from the group
consisting of cartilage, bone, ligament, meniscus, tendon, muscle, and combinations thereof.

31. The method of claim 30 wherein the tissue comprises engineered tissue.

32. The method of either claim 24 or claim 25 wherein the tissue in the composition and the damaged

tissue are the same.

33. The method of either claim 24 or claim 25 wherein the tissue in the composition and the damaged

tissue are different.

34. The method of either claim 24 or claim 25 wherein the composition is introduced into the damaged

tissue by a minimally invasive procedure.

35. A biocompatible implantable composition comprising a plurality of isolated biological tissue particles
sized from juvenile cartilage, the particles in a matrix comprising chondrocytes having at least about 80%

viability and extrachrondrocyte proteins, each particle less than 60 um.

13
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