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DEVICE FOR TENDON AND LIGAMENT TREATMENT

00011 The present disclosure provides improved devices and methods for
treating defects in connective tissue, such as tendons and ligaments.

100021 The healing of tendons and ligaments is often associated with severe
scarring. Furthermore, during the healing process, these various forms of connective
tissue can sometimes adhere {o other surrounding fibrous lissues. Scar formation
and adhesion can limit the range of motion of the healed tissue and alter its material
properties. Due to scar formation and/or adhesion within the joint, greater lcading
forces may be required to achieve desirabie maotion.

00031 A conduit that protects the damaged tendon or ligament from further injury
may expedite the healing process as well as minimize adhesion or scar formation.
The conduit may aid the healing process by creating a protective environment and
by minimizing the loss of growth factors or other natural cytokines that are released
during heaiing.

(30047  In certain embodiments, a device for treating connective tissue is provided.
The device comprises an arterial tissue matrix, wherein substantially ail the native
cells have been removed, and wherein the arterial tissue matrix is derived from an
arterial section that has been cut across its length, and wherein the artenal tissue
matrix includes an intact basement membrane present in the arterial seclion from
which the tissue mailrix is derived.

(300581  In certain embodiments, a method for preparing an arterial tissue matrix
device is provided. The method comprises selecting an arterial section, removing
substantially sil the native cells from the section o obtain an arternal tissue matnx,

without removing a luminal basement membrane from the arferial section, and

cutting the arterial section across its length.
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10006}  According to certain embodiments, a method for treating a tendon or
igament is provided. The method comprises selecting a tendon or ligament in need
of treatment, selecting an arterial tissue matrix from which substantially ail the native
celis have been removed, and contacting the arterial tissue matrix with at least a

nortion of the tendon or ligament in need of freatment.

00071 Fig. 1 illustrates a method of treating a tendon or ligament, according {o
certain embodiments.

00081  Fig. 2 illustrates a device for treating tendons or ligaments, according {o
various embodiments.

00091 Fig. 3 illustrates a device for treating tendons or ligaments, according {0
various embodiments.

00101 Fig. 4 is a flow chart summarizing the various steps that may be used 10
oroduce a device for performing methods of the present disclosure, according to

certain embodiments of the disclosed method.

DESCRIPTION OF CERTAIN EXEMPLARY EMBODIMENTS
00111  Reference will be made in detail to certain exemplary embodiments
according to the present disclosure, certain examples of which are illustrated in the
accompanying drawings. Wherever possible, the same reference numbers wili pe
used throughout the drawings to refer to the same or like parts.
(00121  In this application, the use of the singular includes the plural uniess
specifically stated otherwise. In this application, the use of "or’ means "and/or”

unless stated otherwise. Furthermore, the use of the term “including”, as weil as
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other forms, such as “includes” and “included”, is not limiling. In addition, terms such
as “element” or “component” encompass both elements and components comprising
one unit and elements and components that comprise more than one subunif, uniess
specifically stated otherwise. Also, the use of the term “portion” may include part of a
moiety or the entire moiety. Any range described herein will be understood to include
the endpoints and all values between the endpoints.

[0043] The section headings used herein are for organizational purposes oniy
and are not {o be consirued as limiting the subject matter described. All documents,
or portions of documents, cited in this application, including but not imited to patents,
patent applications, articles, books, and treatises, are hereby expressly incorporated
by reference in their entirety for any purpose.

100141 As used herein, the term "acellular tissue matrix” refers generally to any
tissue matrix that is substantially free of native cells. Acellular tissue matrices can be
derived from human or xenogenic sources. Acellular tissue matrices may be seeded
with exogenous cells derived from the recipient or ofher sources.

[0015]  Fig. 1 illustrates a method of treating a tendon or ligament, according 1o
certain embodiments. According to certain embodiments, the method comprises
selecting a tendon 104 or ligament in need of treatment, and contacting an arterial
tissue matrix 106 with at least a portion of the tendon or ligament in need of
treatment 105. As described further below, the arterial tissue matrix can inciude an
aceliular arterial tissue matrix from which substantially all the native cells have been
removed.

[0016] Tendons and ligaments are particular types of connective tissue that are
composed primarily of fibrous collagen. While tendons connect muscle to bone,

ligaments connect bone to bone, as found within a joint. Tendons serve to fransmit
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force generated by the muscles, while ligaments serve to stabilize the associated
yoint.

00177 In various embodiments, the tissue matrices of the present disciosure can
he used to treat a defect in any tendon or ligament. For example, the matnces can
be used to treat tendons or ligaments associated with any joint, including the joints of
the fingers, wrists, elbows, shoulder, knees, ankles, hips, feet, or any other joint in
the body. In some embodiments, the tendon or ligament can be an elongate tubular
tendon or ligament, which can be subject {o significant tensile stresses. For example,
the tendon or ligament can include any tendon, including a rotator cull tendon, an
anterior cruciate ligament, and a flexor or extensor tendon of the hand, wrist, ankle,
or foot.

00181  Various defects occurring in tendons and ligaments can be treated with the
disclosed methods. A defect may result from varicus sources, including, but not
limited to, an acute or chronic injury, a genetic pre-condition, age, inadequate
nuirition, or body weight. These various factors may coniributie to detective tissue by
aither applying excessive force to the tendon or ligament or by serving to weaken
their structural properties in some manner. Ligaments are subject to injury when
stretched strained, or stressed beyond their normal range of motion. Defects 1o
tendons and ligaments may include, but are not imited to strains, tears, and gaps.
Injuries particular to tendons include tendinitis, i.e., inflammation of the tendon, and
tendinosis, in which microtears pervade the connective tissue. In Fig. 1, a defect
comprising a tear 105 in a wrist tendon 104 is shown.

[0049]  The arterial tissue matrix can contact the tendon or igament in various
ways in order to effect treatment. In some embodiments, contacting the tissue

comprises positioning the tissue matrix across the area in need of treatment, L.g, the
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area comprising the defect. In other embodiments, contacting the tissue comprises
wrapping the arterial tissue matrix around the area in need of treatment.

00201  The tissue matrices disclosed herein can possess certain attributes that
are desirable in the treatment of damaged tendons or ligaments. The disclosed
tissue maltrix contains elastin, which is found in arterial tissue, as well as coliagen.
Due to the combination of elastin and collagen within the tissue matrices, the
disclosed device is elastic, and able to resume its original shape after being
stretched or compressed. The elastic nature of the device also makes it highly
resistant 1o tearing, yet very flexible. The collagen/elastin archifecture also confers
load-bearing properties to the device.

100211 The disclosed tissue matrix can be used in various ways related to the
treatment of tendons or ligaments. The device can provide a protective barrier or
conduit around the tendon or ligament, which serves to protect the damaged area
from further injury. In some embodiments, the barrier can also prevent scar formation
as well as prevent adhesion of outside tissue with the damaged tendon or ligament.
When used as a protective barrier, the device can also help prevent fibrosis, in which
an excessive amount of fibrous tissue results during the healing process. The barrier
may also serve to minimize the loss of growth factors and cylokines released during
the healing process, thereby facilitating regeneration of damaged tissue.

100227  Once the tissue matrix has contacted the area of tendon or ligament in
need of treatment, various methods can be used to fix the placement of the device.
In some embodiments, the tissue matrix is sutured in place. In other embodiments,
glue or clips can be used to fix the position of the device. Additional means of fixing

the device derived from the surgical or medical arts can also be used in accordance
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with the claimed method so long as they do not impede the formation of a protective
parrier.

(00237 In various embodiments, the device disciosad herein ¢an also include 3
surface comprising an intact basement membrane, a typical component of artenal
vaessels. The basement membrane is a thin fibrous sheet, composed of basal and
reticular lamina, which serves to support the gpithelium and endothealium found
within the body. Epithelium lines the cavilies and surfaces of organs, while
andothehlum lines the interior surface of blood vessels. In normal artenes, an intact
basement membrane lines the interior surface of the artery, also known as the
luminal surface.

100247  The presence of an intact basement membrane provides further
mechanical support and also provides a smooth surface on one side of the device.
When the basement membrane is positioned on the outer surface of the device, its
simooth surface prevents adhesion from occurring. This may be desirable when
damage to the tendon or ligament is severe and healing requires a longer penod of
time. in other instances, it may be desirable to position the basement membrane on
the interior surface of the device. The positioning of the basement membrane at the
interior or extenor surface of the device can be determined as needed.

{00251 In varicus embodiments, an arterial tissue matrix is cut along its length.
Hrior to cutting, the artenal section has a cviindrical or tubular shape, as it s found in
the body. Upon cutting along s length, the arternial section is able to unfurl into 3
relatively flat, two-dimensionai surface, i.e, a sheel. The sheet can be of any shape,
such as a circle, sguare, rectangle, efc., and can be further cut as needed 10
facilitate certain medical procedures. For example, Fig. 2 ilustrates a device 201 for

treating tendons or igaments, according 1o various embodiments.
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(00261 In certain embodiments, shapes can be formed with the artenal tissue
matrix using various methods. As described further below, partial dehydration can be
used to render the tissue matrix more pliable, a mold can be used to provide the
desired shape, and irradiation can be used to fix the new shape.

100271 In certain embodiments, a biocactive substance is added to the arterial
tissue matrix which further facilitates the repair, regrowth, or regeneration of tendon
or ligament. The bipactive substance can be added to the tissue matnx at any point
prior to implantation of the tissug matrix in a subject. For exampie, a tioactive
substance can be added during preparation of the device but prior to is storage. in
other embodiments, a bicactive substance may be added {o the device after storage,
hut immediately prior to its implantation into a subject. Bicactive substances inciude,
hut are not limited to antimicrobial agents, cyiokines, growth factors, anti-
inflammatory agenis, steroids, and corticostercids. in some embodiments, bicactive
substances can include various types of tissue, for exampile, adipose tissue.

100281 In some embodiments, the bioactive substance comprises celis that
facilitate the repair, regrowth, or regeneration of tendon or ligament. In cerfain
embodiments, the acellular tissue matrices can be sesdad with stem celis, such as
mesenchymal stem cells, including embryonic stem cells and adull stem celis
harvested from bone marrow, adipose tissue, and neuronal cells. in other
embodiments, autologous stem cells may be used. In some embodiments, aliogenic
cells can be pre-seeded to the grafts and culturaed in vitro and lysed before
implantation.

100291 iy various embodiments, the tissue matrix can be produced from an
arterial section from a variety of different anatomic sites, inciuding, but not imited to,

carotid, femoral, ulnar, median, and/or brachial arteries. Furthermore, artenal tissue
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can be derived from human and/or non-human sources, such as pigs, as described
in more detail below. In certain embodiments, the section of arlery is selecled based
on a desired size (e.g., length of defect to be lreated and/or approximate tubular
diameter of connective tissue to be treated). In various embodiments, the lengih of
the defect can be greater than 1 cm, greater than 2 cm, between 0.1 cm and 1 om,
between 1 cm and 2 cm, greater than 4 cm, greater than 8 cm, greater than 10 om,
OF any ranges in between.

00307 As shown in Fig. 2, the device 201 can be shaped {o faciiitate placement
and/or to improve visualization during surgery. For example, as shown, the device
201 can include one or more indentations 202 formed along the corners of the tissue
matrix. The indentations can allow improved visualization of the underlying tissue in
need of treatment, for example, a tendon 104 with a tear 105, In addition, when {he
device is wrapped around the damaged tissue with the side comprising the
indentations facing up, the surgeon can easily see the extent to which one end of the
device overlaps the other, facilifating sufuring.

003141 In certain embodiments, the devices of the present disclosure can be
produced with a predefined shape or structure to conform to the anatomic site {o be
treated. For example, Fig. 3 illustrates a device 301 for treating tendons or
igaments, according to various embodiments. As shown, the device 301 includes a
tubular shape, that can be preselected to conform to the shape and/or dimensions of
selected ligaments or tendons. In addition, the device 301 can include other features,
such as a basement membrane, bicactive substance, or any other properiies or

structures discussed herein. As discussed previously, the basemeni membrane can

be positioned at the interior surface 107 or exterior surface 108 of the device.
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100321 In certain embodiments, a method of preparing a device for treating
connective tissue is provided. The method comprises selecting an artenal section,
removing substantially all the native cells from the section to obtain an arterial tissue
matrix without removing a luminal basement membrane from the arterial section, and
cutting the arterial section along its length.

(00331 While an acellular tissue mairix may be made from the same species as
the acellular tissue matrix graft recipient, different species can also serve as tissue
sources. Thus, for example, an acellular tissue matrix may be made from porcing
fissue and implanted in a human patient. Species that can serve as recipients of
aceliular tissue matrix and donors of tissues or organs for the production of the
acelivular tissue matrix include, without imiation, mammals, such as numans,
nonhuman primates {(e.qg., monkeys, baboons, or chimpanzees), pigs, cows, horses,
goats, shaep, dogs, cats, rabbits, guinea pigs, gerbils, hamsters, rats, or mice.
100341 Artenial cellular tissue mairices suitable for use in the present disclosure
can be produced by a variety of methods. In various embodiments, the artenal
acellular tissue matrices can include various proteins other than collagen, which may
support tendon or ligament regeneration. In some embodiments, the matrices can
include glycosaminoglycans {(GAGs) and/or elastins, which are present in intact
arterial tissue. in other embaodiments, the matrnices can include an intact basement
membrane.

00351  Generally, the steps involved in the production of an acellular tissue matrix
include harvesting the tissue from a donor {2.g., a human cadaver or animal source)
and cell removal under conditions that preserve biological and structural function. In
certain embodiments, the process includes chemical freatment {o stabilize the lissue

and avoid biochemical and structural degradation together with or before ceill
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removal. in various embodiments, the stabilizing solution arrests and prevents
asmotic, hypoxic, autolytic, and proteoiviic degradation, protects against microbial
contamination, and reduces mechanical damage that can occur with tissues that
contain, for example, smooth muscle components {e.q., blood vesseis). the
stabilizing solution may contain an appropriate bulfer, one or more antioxidants, ong
or more oncotic agents, one or more antibiotics, ong or more protease inhibiors, and
ong or more smooth muscle relaxants.

{00367 The tissue is then placed in a decellularization solution to remove viable
cells {&.g., epithelial celis, endothelial cells, smooth muscle cells, and fibroblasis)
from the structural matrix without damaging the biological and structural integrity of
the collagen matrix. The deceliularization solution may contain an approprate bufter,
salt, an antibiotic, one or more detergents {e.g., TRITON X-100™, sodium
deoxycholate, polyoxyethylene (20) sorbitan mono-oleate), one or more agenis to
prevent cross-linking, one or more protease inhibitors, and/or gne or more enzymes.
in some embodiments, the decellularization solution comprises 0.1% to 10% (w/v}
TRITON-X-100™_{n other embodiments, the deceliuianzation solufion comprises
0.5% 1o 5% (wfiv) TRITON-X-100™ In some embodiments, the deceliularization
salution comprises 1% TRITON X-100™ in RPMI media with Gentamycin and 25
mM EDTA {(ethvienediaminetetraacetic acid}. in some embodiments, the lissue s
incubated in the decellularization solution overnight at 37°C with gentle shaking at 90
rom. In certain embodiments, additional detergents may be used to remove fat from
the tissue sample. Additional detergenis may comprise sodium deoxycholate in
some embodiments. In certain embodiments, the decellularization solution
comprises 0.1% to 10% sodium deoxychoiate. in other embodiments, 2% sodium

deoxycholate s added to the deceliularization solution.
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(00371 It would be understood that variations can be made in the protocot above
and still be within the scope of the present invention. For example, other
physiological buffers can be ulilized so long as they do notimpede the
deceliularization process. in some embodiments, suitable detergents can include,
hut are not limited to, SDS, sodium cholate, sodium deoxycholate, TRITON-X-100™,
and NP40™ The selected detergents can be used at a range of concenirations, for
example, from 0.1 to 10% (wiv), 0.510 2.0%, 1.0t0 2.0%, 0.1 10 2%, 0.5 10 5%, 0.5
to 10%, 0.1 1o 2%, or any values within those ranges.

100381 After the decellularization process, the tissue sample is washed thoroughly
with saline. In some exemplary embodiments, e.g., when xenogenic material is used,
the deceliularized tissue is then treated overnight at rocom temperature with 3
deoxyribonuciease (DNase) solution. In some embodiments, the tissue sample is
treated with a DNase solution prepared in DNase buffer (20 mM HEPES (4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid), 20 mM CaCl, and 20 mM MgCls. in
some embodiments, the DNase solution comprises 1 to 100 units/mi DNase. In
certain embodiments, the solution comprisas 30 units/mi DNase. Optionally, an
antibiotic solution {(e.q., Gentamicin) may be added to the DNase solution. in some
embodiments, the solution comprises 1 {o 200 ug/mi gentamicin. in other
embodiments, the solution comprises 50 ug/mi gentamicin. Any suitable buffer can
be used as long as the buffer provides sullable DNAse activity.

100397  Elimination of the a-gal epitopes from the collagen-containing matenal may
diminish the immune response against the collagen containing maternial. The g-gal
epitope is expressed in non-primate mammals and in New World monkeys (monkeys
of South America) as well as on macromolecules such as proteogiycans of the

extraceliular components. U. Galili et al., J. Biol. Chem. 26317755 (1888). This

11
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epitope is absent in Old World primates (monkeys of Asia and Africa and apes) and
humans, however. /d. Anti-gal antibodies are produced in humans and primates as a
resuit of an immune response {o g-gal epitope carbohydrate structures on
gastrointestinal bacteria. U, Gabili et al., infect immun. 56:1730 (1888); R.M.
Hamadeh et al., J. Ciin. invest. 89:1223 (1982}

10040] Because non-primate animals {e.g., pigs) produce g-gal epifopes,
xenoiranspiantation of collagen-containing maternial from these mammails inlo
orimates often resulls in rejection because of primate anti-gal binding to these
epitopes on the collagen-containing material. The binding results in the destruction of
the collagen-containing material by complement fixation and by antibody dependent
cell cytotoxicity. U, Galili et al., Immunoiogy Today 14:480 (1983), M. Sandrin et al.,
Froc. Nafl. Acad. Sci. USA B0:11391 (1483); H. Good et al., Transplant. FProc.
24:559 (1992, B. H. Collins et al., J. Immunol. 154:5500 (18985). Furthermore,
xenotranspiantation results in major activation of the immune system {o produce
increased amounts of high affinity anti-gal antibodies. Accordingly, in some
embodiments, when animals that produce g-gal epitopes are used as a lissue
source, the substantial elimination of a-gal epitopes from cells and from extraceliular
componeants of the collagen-containing material, and prevention of cellular o-gal
apifope re-expression can aiminish he immune response against the coliagen-
containing material associated with anti-gal antibody binding to a-gal epiiopes.
(00417  To remove g-gal epifopes, after washing the tissue thoroughly with saiine
to remove the DNase solution, the tissue sample may be subjected o one or more
enzymatic treatments to remove certain immunogenic antigens, if present in the
sampie. In some embodiments, the tissue sample may be {reated with an G-

galactosidase enzyme to eliminate a-gal epitopes if present in the tissue. In some
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embodiments, the enzymatic treatment may comprise 50 to 500 U/L a-galactosidase
prepared in a suitable buffer. In some embodiments, the tissue sample is treated
with a-galactosidase at a concentration of 200 or 300 U/L prepared in 100 mM
phosphate buffer at pH 8.0. In other embodiments, the concentration of a-
galactosidase is increased to 400 U/L for adeguate removal of the g-gal epitopes
from the harvested tissue. Any suitable enzyme concentration and buffer can be
used provided adequate removal of antigens 1S achieved.

(00427 Alternatively, rather than treating the tissue with enzymes, animais that
have been genetically modified o lack one or more antigenic epitopes may be
selected as the tissue source. For example, animals {e.g., pigs) that have been
genstically engineered to lack the terminal g-galactose moiety can be seleclted as
the tissue source. For descriptions of appropriate animals, see co-pending U.S.
Application Serial No. 10/806,594 and U.S. Patent No. 6,166,288, the disclosures of
which are incorporated herein by reference in their entirety.

100431 As an optlional step, the matrix may then be subjecied o partial
dehydration to facilitate shaping the tissue into a desired form after ihe tissue matrix
has been decellularized and treated to remove certain antigenic epitopes. Partiai
dehydration of tissues has been found to render the collagen fibers of the lissue
matrix more pliable, thus facilitating their reorientation. Excessive means of
dehydration such as freeze-drying can render tissues too britlle for further
processing and is therefore, undesirabie.

(0044] A variety of suitable processes can be used to partially dehydrate the
arterial tissue matrix. Examples of suitable methods inciude biot-drying with water-
absorbent fowels, isothermal water desorption with controlled humidity, application of

mechanical forces to lissues, centrifugation, and/or controlled and/or directional

13
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freezing. Any method can be used to partially dehydrate the matrix as long as the
method does not cause undesirable tissue alterations.

1004581  After partial dehydration, mechanical forces can be applied to the arterial
matrix to reorient the collagen fibers within the matrix. This can be done in a varety
of ways, so long as forces are directed in such a way to produce a final desired
shape. In some embodiments, a mold having a desired shape is produced, and a
sheet of arterial tissue matrix is placed in contact with the mold. Forces are then
applied to portions of the shest to reorient fibers to a shape consistent with the moid.
In certain embodiments, to produce a stable tubular product such as a conduit, a
dowel rod or other fubular structure is selected as a mold, and a sheet of artenal
tissue matrix is wrapped around the moid.

(00481  After the collagen fibers are reoriented, the arterial tissue matrix may be
treated {o stabilize the new structure. In some embodiments, the structure is
stabilized by exposing the matrix to radiation. Radiation may cause a small degree of
cross-linking sufficient to produce a stable three-dimensional structure. Excessive
cross-linking may alter the biclogical properties of tissue producis and is therefore,
undesirable. After irradiation, the stable structure will tend to conform to a shape
similar to the mold {or shape of the matrix at the time of irradiation}, but will be
sufficiently flexible to allow the tissue product {o be manipulated during surgery.
Suitable forms of radiation include gamma radiation, e-beam radiation, and X-ray
racdiation.

(00471  In various embodiments, the disclosed methods can further comprise
additional processing of the device. Such processing of the device may include

disinfecting or sterilization the arterial issue maltrix. In some embodiments, the
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arterial tissue matrix is disinfected with isopropyl alcohol (IPA) (e.g., at about 70%
HPA).

'00481 The disclosed devices can be further treaied o produce aseptic or sterile
materials. Accordingly, in various embodiments, the devices can be sterilized after
preparation. As used herein, a “sterilization process” can include any process that
reduces bichurden in a sample, but need not render the sample absolutely sternie.
00491  Certain exemplary processes include, but are not limited to, a gamma
irradiation process, an e-beam irradiation process, ethylene oxide treatment, and
propylene oxide treatment. Suitable steriization processes include, but are not
limited to, those described in, for example, U.S. Patent Publication No.
2006/0073502A1 to Sun et al.; U.S. Patent No. 5,460,962 to Kemp,; U.S. Patent
Publication No. 2008/01710082A1. to Cook et al. In some embodiments, sterilization
is performed in conjunction with packaging of the device, while in other
embodiments, sterilization can occur after packaging. In cerfain embodiments,
sterilization is combined with the fixing siep.

100501  After the devices are prepared by the disclosed methods, they may be
stored for some time before implantation in or on a patient. In certain embodiments,
the device may be packaged in a TYVEK® pouch for storage purposes. The device
may also be stored in different states, for example, in a wet state or in 3 freeze-dried
siate.

100511 In some embuodiments, the device is freeze-dried after preparation.
Terminal sterilization by ionizing radiation conducted after freeze-drying, however,
can potentially damage freeze-dried tissue. To minimize this damage, the processed

material can be packaged wet in moisture-permeable TYVEK® bags first. The tissue
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is then irradiated in a wet state. After irradiation, the wetl samples can be freeze-~dried
for storage.

100521 A sample protocol in accordance with the disclosed methods is provided in
Fig. 4. The order of certain steps can be changed as needed. Certain steps may also
be discarded as necessary. Specific details regarding each step are provided
throughout the present disclosure. A seclion of an arterial vessel is procured from a
suitable source 401. The arterial section is still an intact tube at this stags. The
arterial section is then cut across ifs length and unfurled into a sheel 402. The sheel
is then incubated in an appropriate solution to decellularize the tissue 403. The sheet
is then {freated with enzymes to remove DNA and a-gal epitopes 404, After enzymse
treatment, the sheet is further re-sized as desired 405. The sheet is then subjected
to partial dehydration which facilitates molding of the sheet by rendering it more
pliable 406. The sheet is then placed on a mold to provide the sheet with the desired
structure 407. During molding, the sheet may be inverted so that the basement
membrane of the arterial seclion constitutes the outer surface of the device. In some
embodiments, however, the basement membrane may not constitute the ouler
surface of the device until it is wrapped around the connective tissue, After the new
structure has been achieved, the device is then irradiated to fix the structure 408. In
this sample protocol, radiation provided dunng the fixing step also serves 1o slerilize
the device.

100531 In certain embodiments, devices can be prepared using the following
protocol: Porcine carotid arteries are harvested by dissection. After removing blood
clots, arteries are then decellularized at room temperature for 24 hours in 1% (w/v)
TRITON-X-100™ that was prepared in 10 mM HEPES buffer (pH 8.0) containing 10

MV EDTA. Decellularized arteries are then washed with 0.9% saline to remove the
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residual detergent untii foam is no longer cbserved. Arteries are then treated for 24

hours in second HEPES buffer solution (10 mM, pH 7.4) containing 30 units/mL
DNase, 50 ng/mi gentamicin, 2 mM calcium chioride and 2 mM magnesium chloride.

The DNaze solution is discarded, and tissue is washed three times with 0.9% saline
(10 min each time). Decellularized arteries are further treated in phosphate-buffered
saline (pH 6.5) containing 0.2 unit/mL a-galactosidase and 50 mM ED A {o eliminate
extracellular g-gal epitope. The artery tissue is then cut to desirable dimensions.
(00547 1t would be understood that variations can be made in the above protocol
and still be in accordance with the present invention. In certain embodiments, for
exampie, biological buffers other than HEPES can be used. Suitable biological
buffers can include, but are not limited {o, PBS, TBS, and MOPS. Furthermore, the
amounts of various buffer components can be altered ad still be in accordance with
the presant invention. In certain embodiments, the concentration of HEPES buffer {(or
other buffer such as PBS, TBS, or MOPS) can range from 1 to 100 mM. In certain
embodiments, the amount of TRITON-X-1G0™ can range from 0.1 1o 10% (w/v). In
certain embodiments, the amount of DNase can range from 1 to 100 units/mi, 1 1o 50
units/mi, 1 to 40 units/mi, 4 1o 40 units/mi, and 10 {o 30 units/mi DNase. In certain
embodiments, the buffer comprises 1 to 200 ug/mi gentamicin. in cerain
ambodiments, the amount of calcium chioride and magnesium chioride each may
range from 0.1 mM 1o 100 mM, 0.1 to 50 mM, 1 to 50 mM, 1 to 30 mM, 1 to 10 mM,
and 0.1 to 5 mM. In certain embodiments, the amount of g-gaiactosidase used {0
remove a-gal epitopes can range from 0.1 to 10 units/mi, 0.1 to 8 units/mi, 0110 5
gris/mi 0.1 to 1 uniYmi and 0.1 10 0.5 uniis/imi.

00587  The device prepared by the methods described above can be used in

various ways associated with the repair, regrowth, and regeneration of various types
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of connective tissue, including tendons and ligaments. Methods of treatment using
the device include selecting a tendon or ligament in need of treatment, selecting an
arterial tissue matrix from which substantially all the native cells have been removed,
and contacting the arterial tissue matrix with at least a portion of the tendon or
igament in need of treatment. Connective tissue in need of treatment, including
tendons and igamenis in need of treatment, can be readily identified by those skilled
in the art, but can include strained or torn tissue, or tissue having a gap, hole, or
saome other defect. Furthermore, the device can be applied to anywhere tendons and
igaments are found, including, but not limited to shoulders, ankles, elbows, Knees,
fingers, wrists, and feet.

100567  In some embodiments, positioning the device across the defective tissue
comprises wrapping the arterial tissue matrix around the area in need of treatment.
Because the arterial section has already been cut inlo a sheet, it can be wrapped
around an injured tendon or ligament. The wrapped sheet forms a protective sheath,
tube, or conduit that facilitates the healing process. Without being bound o theory, it
s believed that the conduit provides a barrier that minimizes the loss of growth
faciors or other natural cytokines released during the healing process. Furthermore,
the surface of the device comprising the basement membraneg can be positioned on
the cutside or inside of the device. As previously discussed, the basement
membrane is typically found on the inside of arteries, providing a smooth surtace that
facilitates blood flow. In certain instances, however, it may be desirapie that the
basement membrane is positioned at the oulside surface of the device. When piaced
aon the ouiside, the smooth surface of the basement membrane can be used {0
prevent adhesion. This may be useful when damage 1o the conneciive tissue IS

relatively severe and will take {onger to heal. Once the device has been positioned
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as desired, it can be held in place using sutures or various biocompatible adhesives,
such as fibrin glue.

(00571  The placement of the device around a damaged connective tissue is
shown in Fig. 1. A human hand 101 has been surgically cut cpen. The opening in the
nand 102 is held open with surgical implements 103, exposing the tendons 104 in
the wrist. One of the tendons 104 is in need of tfreatment, as indicated by a tear 105,
A sheet of arterial tissue matrix 106 prepared by the disclosed methods is wrapped
around the tear 105. The arterial tissue matrix 106 comprises an interior surface 107,
which is adjacent o the tendon 104, and an exterior surface 108, kither the interior
surface 107 or exterior surface 108 may comprise the surface with the intact
basement membrane, according to certain embodiments. Once the artenal tissue
matrix 106 has been wrapped around the tendon 104, the arternal issue matrix 100

s sufured in place.
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1. A method for treating a tendon or ligament, comprising:
selecting a tendon or ligament in need of treatment;

selecting an arterial tissue matrix from which substantially all the native celis

have been removed: and

contacting the arterial tissue matrix with at least portion of the tendon or

igament in need of treatment.

2. The method of claim 1, wherein contacting the arterial tissue mailrix with at
least portion of the tendon or ligament in need of treatment comprises wrapping the

arterial Hssue matrix around the area in need of treatment.

3. The method of any of claims 1-2, wherein the arterial tissue matrix comprises
an intact basement membrane along the luminatl side of an artery from which the

tissue matrix 1s proguce.

G The method of claim 3, wherein the tissue matrix is wrapped around the

tendon or igament with the basemeni membrane facing away from the tendon or

Hgament.

<} The method of claim 3, wherein the lissue malrix is wrapped around the

tendon or igament with the basement membrane facing towards the tendon or

Hgament.
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<} The method of any of claims 1-5, wherein the arterial tissue matrix comprises

a porcine arterial tissue matrix.

I8 The method of any of claims 1-6, wherein the connective tissue is iocated in
an area of the body selected from an ankle, elbow, knee, finger, wrist, shoulder, or

foot.

8. The method of any of claims 1-7, wherein the tendon or igament is selecied
from a rotator cuff tendon, an anterior cruciate ligament, and a flexor or extensor

tendon of the hand, wrist, ankle, or toot.

9. The method of any of claims 1-8, wherein the tendon or ligament in need of

treatment comprises an injury selected from a strain, a tear, or a gap.

10. The method of any of claims 1-9, further comprising adding a bioactive

substance to the tissue maitre

11. The method of claim 10, wherein the bioactive substance comprises an

antimicrobial agent.

12. The method of claim 10, wherein the bioactive substance comprises a

cytokine,

13. The method of claim 10, wherein the bioactive substance comprises a growth

factor.
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14. The method of claim 10, wherein the bioactive substance comprises adipose

lissue.

15. The method of claim 10, wherein the bicactive substance comprisas celis.

16.  The method of claim 15, wherein the cells comprise stem celis.

17 The method of claim 16, wherein the stem cells comprise mesenchymal stem

celis.

18.  The method of any of claims 1-17, further comprising adding a bioaciive
substance to the tissue matrix, the bioactive substance comprising one or more of an
anti-microbial agemnt, cells, adipose tissue, growth factors, anti-intiammatory agents,

steroids, and corticosieroids.

19. The method of any one of claims 1-18, wherein the malrix is a porcine matrix.

20. The method of claim 19, wherein the matrix is derived from a pig that has
been genetically modified o reduce or eliminate expression of a-1, 3-galactose

moieties.

21. The method of claim 20, wherein the pig lacks expression of a-

galactosyltransterase.
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22.  The method of any of claims 1-21, wherein the artenal tissue matnx includes

elasting present in the arterial section from which the tissug matrix is derived.

23. A device for ireating conneclive tissue, comprising:

an arterial tissue matrix; wherein substantially all the native cells have been
removed: and wherein the arterial tissue matrix is derived from an arterial section
that has been cut across its length and wherein the arterial tissue matrix includes an
intact basement membrane present in the artenal section from which he tissue

matrix is derived.

24.  The device of claim 23, wherein the arterial tissue matrnx comprises a porcine

artenal tissue mairix.

25 The device of any of claims 23-24, wherein the maltrix is produced from a pig

that has been genetically modified o reduce expression of a-1, 3-galactose moieties.

26,  The device of any of claims 23-425, wherein the pig lacks expression of -1, 3-

galactose moieties.

27, The device of claim 23, wherein the arterial tissue matri includes slastins

present in the arternal section from which the tissue matrix is derived.

28.  The device of any of claims 23-27, further comprising a bioactive substance

that has been added to the tissue matrix

23



CA 02854885 2014-05-07

WO 2013/070670 PCT/US2012/063816

29.  The device of claim 28, wherein the bioactive substance comprises cells.

30. The device of claim 29, wherain the cells comprise stem celis.

31.  The device of claim 30, wherein the stem cells comprise mesenchymal stem

cells,

32.  The device of any of claims 23-27, further comprising a bioactive substance
that is added to the tissue matrix, the bioactive substance comprising one or more of
an anti-microbial agent, cells, adipose tissue, growth factors, anti-inflammatory

agents, steroids, and corticosteroids.

33. The device of any of claim 23-32, wherein the device has been treated {0

produce a stable tubular shape.

34.  The device of claim 33, wherein treating the device includes partially

dehydrating the tissue matrix and applying mechanical force to the tissue matrix.

35. A method for preparing a device for treating connective tissue, comprising:
selecting an arterial section;

removing substantially all the native celis from the section to obtain an artenal
tissue matrix without removing a luminal basement membrane from the artenal
seciion: and

cutting the arterial section across its length.
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36.  The method of claim 34, wheramn the arlernial tissug matrix comprises 3

porcine tssue matrix.

37. The method of claim 24, wherein the matlrix is produced from a pig that has

peen genetically modified (0 requce exprassion of g-1,3-galactose.

38. The method of claim 28, further comprising shaping the sheet inio a tube.
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