COMPOSITIONS AND METHODS FOR TREATING AND REPAIRING TENDONS

CROSS-REFERENCE TO RELATED APPLICATION
[6601] This application claims the benefit under 35 U.S.C. § 119(¢) of U.S.
Provisional Patent Application No. 61/763,908 filed February 12, 2013, which

application is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
[0002] 'The present invention relates to compositions and methods for repairing
tendons, and more specifically, to compositions comprising non-bulbar dermal sheath
cells for use in the treatment and repair of tendons, and for the prevention of tendon

injuries.

BACKGROUND
Description of the Related Art
[06003] Tendons are tough bands of fibrous connective tissue that usually

connect muscle to bone. Examples of common tendons include the Achilles tendon,
which connects the calf muscle to the heel bone, and the Patellar tenden, which
connects the patella to the tibia.

[0004] Tendons can be injured in a number of ways, including for example,
through overuse, strain, disease and general aging. The term “tendinopathy” can be
used to refer to a number of injuries, including both those caused by inflammation and
micro-tears. Tendons can also be ruptured or torn, typically necessitating surgical
intervention.

[06605] While there are a number of surgical methods that can be used to treat
tendon injuries, even with such methods healing of the tendon can take several years, if
they heal at all. The present invention discloses novel compositions and methods for

treating tendon injuries, and further provides other related advantages.

SUMMARY
{06061 Briefly stated, the present invention provides compositions and methods

for treating or preventing tendon injuries utilizing hair follicle derived Non-Bulbar
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Dermal Sheath (“NDBS”) cells. Within one aspect of the present invention methods are
provided comprising the steps of (a) preparing vital (i.c., ‘living’) hair; and (b) culturing
the vital hair such that a population of NBDS cells can be obtained. Within preferred
embodiments the NBDS cells are isolated.

[0007] Within one aspect of the invention methods are provided for isolating
NBDS cells, comprising the steps of: (a) preparing vital hair; (b) cleaving the hair
prepared in step (a) to remove the hair follicle bulb (which contains the dermal sheath
cup and dermal papilla); (c) isolating Non-Bulbar Dermal Sheath tissue; and (d)
cultivating the isolated Non-Bulbar Dermal sheath tissue to produce NBDS cells.
Within one embodiment of the invention the vital hair is obtained by biopsy from the
occipital scalp of a subject. Within another embodiment the hair is cleaved utilizing a
micromanipulator and scalpel. Within yet other embodiments, the methods provided
herein further comprise the step of conducting enzymatic digestion of the isolated Non-
Bulbar Dermal Sheath tissue, optionally, with, for example collagen digesting enzymes
such as collagenase, dispase, and leupeptin. Within further embodiments, the cells are
passaged over multiple passages.

[0608] Within other aspects of the invention, isolated NBDS cells are provided,
optionally prepared according to the methods described above, wherein the cells are
isolated in order Lo provide a population which are primarily positive for one or more
of: CD 90, CD73 and CI>49b, and / or primarily negative for one or more of CD34,
CD45 and KRT14 (optionally before or after culturing). Within preferred embodiments
the isolated NBDS cells are at least 70%, 80%, 90%, 95%, 98% or 100% positive for
one or more of the positive markers described above, and/or at least 80%, 90%, 95%, or
98% negative for one of the negative markers described above.

[0009] Within preferred embodiments of the invention, isolated NBDS cells
have less than 15%, 10%, 5%, or 1% keratinocytes within the cell population and/or
less than 15%, 10%, 5%, or 1% melanocytes within the cell population. However,
within further embodiments, the isolated NBDS cell population is derived from a
population of dermal cells (preferably {rom a hair follicle) that have some
contaminating cell types, including for example, at least 1, 5, 10, .0.01%, 0.1%, or 1%
keratinocyles in the cell population, and /or at least 3, 10, 0.1%, 0.1% melanocytes.
Within further embodiments of the invention the isolated NBDS cells are at least 95%
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pure, and have at least one contaminating cell type (e.g., at least one keratinocyte)
within the cell population.

[00616} These NBDS cells {or isolated NBDS cells) may be contained within
compositions with other ingredients, such as, for example, serum plasma, fibrin, and /or
hyaluronic. Within other embodiments the NBDS cells (or isolated NBDS cells) may
be constituted in a composition suitable for injection, e.g., Lactated Ringer’s or a
buffered saline solution. Other ingredients which may be utilized to form the
compositions of the present invention include, for example, components of the
extracellular matrix (e.g., glycosaminoglycans (GAGs), heparin sulfate, chondroitin
sulfate, keratin sulfate, hyaluronic acid, albumin (e.g., human albumin), clastin,
fibronectins and laminins), cytokines and chemokines (e.g., transforming growth factor
beta (TGF-beta) and its isoforms, insulin-like growth factor (IGF) and its isoforms,
granulocyte-macrophage colony-stimulating factor (GM-CSF), parathyroid-hormone-
related protein, hepatocyte growth factor/scatter factor (HGF/SF), macrophage
stimulating protein (MSP), epidermal growth factor (EGF), interleukin 6 (IL-6), stromal
cell-derived factor 1 (SDF-1), platelet derived growth factor (PDGF) and fibroblast

growth factor (FGF) and /or various therapeutic agents (e.g., analgesic agents, anti-

however NBDS cells (and isolated NBDS cells) are provided in compositions that do
not have any of the aforementioned ingredients (including for example, serum or
plasma).

{0011] Within yet other aspects of the invention methods are provided for
treating or preventing tendon injuries, comprising the step of administering to a subject
a composition comprising NBDS cells are described above (and in preferred
embodiments isolated NBDS cells). Within one embodiment, the subject is a mammal
selected from the group consisting of humans, horses, pigs, dogs, cats, guinea pigs,
rabbits, rats and mice.

[6612] Within various embodiments of the invention, the tendon injury is a
tendon rupture or tear, or other injury selected from the group consisting of tendinosis,
tenosynovitis, and avulsion. Within yet another embodiment, the tendon is an Achilles
tendon or the Patellar tendon. Within other embodiments, the tendon is a flexor tendon,

or an extensor tendon. Within yet other embodiments tendon injuries should be
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understood to include a wide variety of tendon associated diseases (including
tendinopathies, tendinoses, tendinitis, tenosynovitis, partenonitis, paratenonitis with
teninosis, and microtears of a tendon) may also be treated utilizing the compositions
provided hercin. Representative tendons that may be treated include for example a) the
Achilles tendon (e.g., Mid-portion Achilles tendinopathy; Achilles paratendinopathy;
Insertional Achilles tendinopathy; Retrocalcancal bursitis; Superficial calcancal
bursitis: b) Shoulder tendons (e.g., Bicipital tendinopathy; Rotator cuff tendinopathy: ¢)
Elbow tendons (e.8., Medial or Lateral cpicondylitis or tennis elbow) d) Hand and
Wrist: (e.g., [lexor / extensor tendinopathy; flexor / Extensor tenosynovitis; De
Quervain's diseasc; and Dupuytren's contracture; e) hamstring and patellar tendopathics
with or without microtears; and f) plantar {asciitis with or without microtears.

[0013] The details of one or more embodiments are set forth in the description
below. Other features, objects and advantages will be apparent from the description,
the drawings, and the claims. In addition, the disclosures of all patents and patent

applications referenced herein are incorporated by reference in their entirety.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] Figure 1 illustrates the dissection of a human hair follicle. Figure 1A
shows an isolated human hair follicle, which can be cleaved above the bulbar portion of
the hair root (i.e., above the dermal papillae and dermal sheath cup cells), but below the
base of the sebaceous gland canal, in order to obtain an isolated dermal sheath (see
Figure 1B). The structure depicted in Figure 1B can be separated into at least two
separate components, as shown in Figures 1C and 1D. Figure 1C depicts the hair fiber
and associated inner root sheath, and outer root sheath which contain predominantly
keratinocytes, and Figure 1D is the dermal sheath containing NBDS cells (also
occasionally referred to as the connective-tissue sheath).
[0015] Figure 2 is an illustration of a hair follicle depicting the origin {or dermal
papillac (“DP™) cells, dermal sheath cup (“DSC”) cells, and Non-Bulbar Dermal Sheath
(“NBDS”) cells.
[6016] Figure 3 is a photomicrograph of NBDS cells in culture.,
[6017] Figure 4 iilustrates NBDS cells which have been stained for collagen

production. Mote specifically, a NBDS / plasma gel mixture was subjected to a mild
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stretch after 5 days (Figure 4A) and 12 days (Figure 4B). The cells in Figure 4B are

noticeably darker than thosc in Figure 4A, indicating Type 1 collagen production.

DETAILED DESCRIPTION OF THE INVENTION
[6618] As noted above, the present invention provides hair follicle derived Non-
Bulbar Dermal Sheath cells for use in the treatment or prevention of tendon injuries
within a mammal. Prior to setting forth the invention however, it may be helpful to an
understanding thereof to first set forth definitions of certain terms that are used
hereinafter.
(0019} Non-Bulbar Dermal Sheath cells, or “NBDS” cells, refers to dermally
derived cells (or more specifically, derived from hair follicles). Within preferred
embodiments, the sheath cells arc obtained from the outer dermal sheath of a hair
follicle, above the bulbar portion of the hair root (i.e., above the dermal papilla and
dermal sheath cup cells), but below the base of the sebaceous gland canal. NBDS cells
may be readily identified by a number of methods, including for example, by the
method of preparation and culture (as described below); morphology (see, e.g., Figure
3); as well as cell specific markers (e.g., NBDS cells are primarily positive for CD 90,
CD73 and CD49h, and/or primarily negative for CD34, CD45 and KRT14, either
before or after culturing). In all events however, the cells must be of a dermal origin,
and more specifically, of a follicular origin.
[60626] Expanded Non-Bulbar Dermal Sheath cells, or “eNBDS cells” refers to
NBDS cells which have been expanded for several passages in culture, but which retain
the ability to produce collagen (e.g., type I collagen) as well as a variety of cytokines
and chemokines. As above, unexpectedly, the eNBDS cells can also be
immunoregulatory. Within preferred embodiments, the cells can be expanded in culture
for1,2,3, 4,35, 10, 20 or more passages.
[6621)] “Isolated” NBDS cells refers to a cell population of greater than 70%,
80%, 90%, 95%, 98% or 100% NBDS cells. NBDS cells have the ability to produce
collagen (e.g., type I collagen), as well as a variety of cytokines and chemokines.
Unexpectedly, the NBDS cells can also be immunoregulatory, making them particularly
suitable for treatment of tendon injuries (e.g., by assisting in suppressing any

inflammatory response).



[0622] Within certain embodiments of the invention, software or other
visualization techniques that can be utilized to visualize cells on a microscopic scale
can be used to assess the size, shape, viability and granularity of a large number of cells
in a visual field, and ascertain the number of NBDS cclls (which are fibroblast-like — as
shown in Figure 3), as opposed to keratinocytes, melanocytes DSCs, and other cell
types which are of different morphology). Hence, within one cmbodiment of the
invention methods are provided for isolating NBDS cells comprising the step of
culturing cells over at least 1, 2, 3, 4, 5, 6, 10, or 20 passages from a hair follicle such
that an isolated population of NBDS cells is produced. Within preferred embodiments
the cells placed into dishes or flasks which allow the NBDS cells to adhere, and with
each passage non-adherent cells are removed, and the reinaining adherent cells released
(e.g., by trypsinization), followed by addition of fresh media. Within such
embodiments it can be determined when a sufficient population of isolated NBDS cells
has been obtained by visualizing the cells in the cell culture in order to assess the
number of NBDS cells vs. non-NBDS cells. Visualization techniques include, but are
not limited to direct microscopic visualization, staining of the cells for markers (or lack
thereof — e.g., for lack of keratin), and light / laser analysis to look at diffraction
patterns of the different cell types (see, gencrally “Lascr Scanning Microscopy and
Quantitative Image Analysis of Neuronal Tissue™ Lidia Bakota and Roland Brandt,
eds., Humana Press, 2014; see also “Imaging and Spectroscopic Analysis of Living
Cells: .Optical and Spectroscopic Techniques”, Conn ed., Academic Press, 2012)
[6023] Within other embodiments, ccll specific markers (e.g., NBDS cells are
primarily positive for CD 90, CD73 and CD49%b, and/or primarily negative for CD34,
CD45 and KRT14 (optionally before or after culturing) can be utilized to assess the
degree of NBDS cells vs. contaminant cell types. “Applications of Fiow Cytometry in
Stem Cell Research and Tissue Regeneration”, Krishan, Krishnamurthy, and Totey eds.,
Wiley-Blackwell, 2010). For example, isolated NBDS cells may be prepared by a)
obtaining one or more vital hair follicles; b) releasing cells from the hair follicle (¢.g.,
through the use of enzymes, or by culturing growing cells out of the hair follicle); and
¢) sorting the cells (e.g., by flow cytometry or through the use of magnetic beads) to
obtain a population of isolated NBDS cells. Within certain embodiments of the

invention cells in any stage of the process may be optionally cultured as described
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above (e.g., cells may be cultured for at least 1, 2, 3, 4, 5, 6, 10 or 20 passages as
described above, and the resultant cells further isolated by, for example, flow cytometry
or magnetic beads.

[06024] Within preferred embodiments the isolated NBDS cells are at least 70%,
80%, 90%, 95%, 98% or 100% positive for one or more of the positive markers
described above, afid/or at least 80%, 90%, 95%, or 98% negative for one of the
negative markers described above.

[6025] Within preferred embodiments of the invention (and utilizing any of the
techniques described herein), isolated NBDS cells have less than 15%, 10%, 5%, or 1%
keratinocytes within the cell population and/or less than 13%, 10%, 5%, or 1%
melanocyles within the cell population. However, within further embodiments, the
isolated NBDS cell population is derived from a population of dermal cells (preferably,
from hair follicles) that have some contaminating cell types, including for example, at
least 1, 5, 10, .0.01%, 0.1%, or 1% keratinocytes in the cell population, and /or at least
5, 10, 0.1%, 0.1% melanocytes.

[6026] “Tendon injuries” as utilized herein should be understood to refer to a
wide variety of different conditions related to a tendon that result in, or may eventually
result in difficulties in adequately utilizing the tendon (and structures associated with
the tendon, such as bone and muscle). Tendon injuries can include traumatic injury
(e.g., due to a sports injury, overuse, or a medical or surgical intervention), injury of a
genelic origin, and disease (which may be caused by any of the above. Representative
tendon injuries include, but arc not limited to tendinopathies, tendinoscs, tendinitis,
tenosynovilis, partenonitis, paratenonitis with teninosis, and microtears of a tendon.
Representative tendons that may be treated include for example a) the Achilles tendon
(e.g., Mid-portion Achilles tendinopathy; Achilles paratendinopathy; Insertional
Achilles tendinopathy; Retrocalcaneal bursitis; Superficial calcaneal bursitis: b)
Shouldes tendons (e.g., Bicipital tendinopathy; Rotator cuff tendinopathy: ¢) Elbow
tendons (e.g., Medial or Lateral epicondylitis or tennis elbow) d) Hand and Wrist: (e.g.,
flexor / extensor tendinopathy; flexor / Extensor tenosynovitis; De Quervain's disease;
and Dupuytren's contracture; ) hamstring and patellar tendopathies with or without

microtears; and f) plantar fasciitis with or without microtears.



PREPARATION OF NBDS

[0027] As noted above, the present invention provides methods for isolating
NBDS cells. Within one aspect of the present invention such methods comprise the
steps of (a) preparing vital hair; and (b) culturing the vital hair such that a population of
NBDS cells can be obtained. With respect to step (a), a wide variety of methods may
be utilized to obtain vital hair, including for example, surgical methods to remove a
variety of hair follicles (along with the skin), or by plucking one or more hair follicles
directly from a subject.

[0028] Once the vital hair has been obtained, it can be cultured under conditions
which allow, and preferentially, promote the growth of NBDS cells. Within preferred
embodiments, this culturing under conditions wherein fibroblast-like cells are allowed
to proliferate. Within preferred embodiments the step of culturing is performed with
serum-free media. After several passages (e.g., at least 2, 3, 4, 5, 10 or more passages),
the cultured cells are analysed as described above in order to ascertain whether there is
a sufficient quantity of NBDS cells, and whether the cells have been sufficiently
isolated from contaminating cells.

[0029] Within other aspects of the invention, methods are provided comprising
the steps of (a) preparing vital hair; (b) cleaving the hair prepared in step (a) to remove
the hair follicle bulb (which contains the dermal sheath cup and dermal papilla); (c)
isolating Non-Bulbar Dermal Sheath tissue; and (d) cultivating the isolated Non-Bulbar
Dermal sheath tissue to produce NBDS cells.

[0030] In order to prepare vital (or ‘living’) hair, a sample is typically obtained
from a given subject (e.g., a mammal such as a human, horses, pig, cat, dog, rabbit,
guinea pigs, rats or mice). The sample may be obtained from a variety of sites (e.g., for
humans, from the occipital area of the scalp, the chest or thigh, and for horses from the
mane or tail). The sample may be obtained via a biopsy, or other suitable means (e.g.,
by ‘plucking’, or dissection). Preferably, hair follicles in the anagen phase of
development are selected, although other phases of development (e.g., the catagen
phase) can also be utilized.

[0631] Once the sample is obtained from the subject, the sample is then
separated to isolate the hair follicle, typically utilizing a micromanipulator and scalpel,

although other instruments such as needles may also be utilized. Within certain
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embodiments, the isolated hair follicle as shown in Figure 1A can be {urther cleaved
above the bulbar portion of the hair root (i.e., above the dermal papillae and dermal
sheath cup cells), but below the base of the sebaceous gland canal in order to obtain an
isolated dermal sheath (see Figure 1B). The structure depicted in Figure 1B can be
separated into at Jeast two separate components, as shown in Figures 1C and 1D.
Figure 1C depicts the hair fiber and associated inner root sheath, and outer root sheath
which contain predominantly keratinocytes, and Figure 1D is the dermal sheath
containing NBDS cells (also occasionally referred to as the connective-tissue sheath).
[0632] The dermal sheath (Figure 1D) can, within certain embodiments, be
further separated, for example, by cutting length-wise along onc side, or, by using
techniques such as enzymatic digestion (e.g., with collagen digesting enzymes such as
collagenase, dispase and leupeptin).

16033] The dermal sheath containing NBDS cells, or the separated NBDS cells
can then be cultured in a medium (either with or without serum) which promotes cell
proliferation (see e.g., Figure 3). Suitable media include, for example, DMEM/Hams
F12 supplemented with fibroblast growth factor (FGF), fetal calf/boviné serum and
antibiotics. Alternatively, cells can be replicated in a serum-{ree process, in which
various combinations of serum-free media and supplements are utilized. The examples
of serum-free media include X-Vivo™ and TheraPEAKX™ FGM-CD™ containing
serum supplements and/or human derived platelet extract. After3 to 5 days, fresh
proliferation medium is typically added to the culture medium. Subsequently the
medium can be changed every 2 to 4 days. When the culture has reached
approximately 80 1o 90% confluence, the cells are detached from the culture (lask via
trypsinization and seeded in a larger tissue culture flask. This step is repeated fora
number of passages (e.g., 2, 4, or 6) until approximately 5 to 100 million cells are
obtained.

[6034] Once the desired number of cells are obtained, the cells are washed
several times, trypsinized, and resuspended in cell transportation mediom (CTM),
which is composed of ringer lactate, 10% human serum albumin (HAS) and 5%
dimethylsulfoxide (DMSQ). Cells are counted and adjusted to provide the final

concentration of 20 million cells/ml and stored in liquid nitrogen.



PREPARATION OF COMPOSITIONS COMPRISING NBDS CELLS
[6035] As noted above, NBDS cells (and isolated NBDS cells) may be

contained within compositions with other ingredients, such as, for example, serum,
plasma, platelet-rich-plasma, albumin (e.g., human albumin), fibrin, and /or hyaluronic
acid. Other commercially available products may also be utilized to prepare suitable
compositions, including for example, TISSEEL and COSEAL (available from Baxter),
TISSUCOL, BERIPLAST, QUIXIL, TACHOSIL, and EVICEL. Other polymer-based
compositions may also be utilized, including for example, polyethylene glycols, poly-
lactic acids, and poly caprolactones. Within preferred embodiments the composition is
provided in one or two parts (e.g., in a double barrelled syringe that admixes
components) that is freely flowing and injectable.

[0936] Other ingredients may also be included within these compositions,
including for example, components of the extraceltular matrix (e.g.,
glycosaminoglycans (GAGs), heparin sulfate, chondroitin sulfate, keratin sulfate,
hyaluronic acid, elastin, fibronectins and laminins), cytokines and chemokines (e.g.,
transforming growth factor beta (TGF-beta) and its isoforms, insulin-like growth factor
(IGF) and its isoforms, granulocyte-macrophage colony-stimulating factor (GM-CSF),
parathyroid-hormone-related protein, hepatocyte growth factor/scatter factor (HGF/SF),
macrophage stimulating protein (MSP), epidermal growth factor (EGF), interleukin 6
(IL-6), stromal cell-derived factor 1 (SDF-1), platelet derived growth factor (PDGF)
and fibroblast growth {actor (FGF) and /or various therapeutic agents (e.g., analgesic

agents, anti-inflammatory agents and immunomodulatory agents).

METHODS FOR TREATING TENDON INTURIES UTILIZING NBDS CELLS

[0037] Methods are also provided for treating or preventing tendon injuries,
comprising the step of administering to a subject a composition comprising NBDS cells
(including compositions with isolated NBDS cells as described above). Typically, cells
are administered by injection, although within various embodiments, to the extent a
surgical method is employed the cells may be provided directly into an open wound.
Representative examples of suitable methods of injection include a standard syringe, as
well as specialized devices such as those disclosed in U.S. Patent Application No.
12/153,248 and PCT Pub. W0O/2013/113121, both of which are incorporated by
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reference in their entirety.

[0038] A wide variety of tendon injuries may be treated or prevented utilizing
the NBDS cells (and isolated NBDS celis) and methods provided herein. For example,
tendon ruptures or tears from accidents or injuries, surgically caused damage or repair
can be treated. In addition, other chronic injuries can also be treated, including for
example tendinopathics such as tendinitis or tendinosis, tenosynovitis, and avulsion.
[6039] A wide variety of tendons can be treated with the NBDS cells (and
isolatcd NBDS cells) and compositions provided hercin. For example, within one
embodiment tendons are treated that have been injured due to disease and/or trauma
{e.g., by medical or surgical trauma or other injury). Tendons may be ruptured, and/or
may have complete or partial tears (or microtears). Examples of tendon associated
injuries include tendinopathies, tendinoses, tendinitis, tenosynovitis, partenonitis,
paratenonitis with teninosis, and microtears of a tendon. Representative tendons that
may be treated include for example a) the Achilles tendon (e.g., Mid-portion Achilles
tendinopathy; Achilles paratendinopathy; Insertional Achilles tendinopathy;
Retrocalcaneal bursitis; Superficial calcaneal bursitis: b) Shoulder tendons (e.g.,

- Bicipital tendinopathy; Rotator cuff tendinopathy: ¢) Elbow tendons (e.g., Medial or
Lateral cpicondylitis or tennis elbow) d) Hand and Wirist: (¢.g., flexor / extensor
tendinopathy; flexor / Extensor tenosynovitis; De Quervain's disease; and Dupuytren's
contracture; e) hamstring and patellar tendopathies with or without microtears; and f)
plantar {asciitis with or without microtears.

[6040] A large number of specics may be treated with NBDS cells (and isolated
NBDS cells) and the compositions provided herein, including for example, mammals
such as humans, horses, pigs, dogs, cats, rabbits, guinea pigs, rats and mice.

[0041] The following examples illustrate the invention and should not be

understood as limiting the scope of the invention.

Example 1
Tissue Sampling

[0042] A skin biopsy from the occipital area of the scalp is obtained from a
subject as follows. Briefly, once an appropriate area of the scalp has been selected, itis

shaved with hair clippers, ensuring some stubble remains. The hiopsy area is then
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thoroughly disinfected and anaesthetized. Once anesthesia has taken effect, a 4-10 mm
deep punch biopsy is gently removed from the biopsy site and the incision closed with
sutures which can be removed 12-14 days later. The skin biopsy is then packaged
under aseptic conditions into a pre-labelled biopsy tube containing biopsy transport

medium, composed of DMEM/Hams F12 with antibiotics.

Example 2
Isolation and cultivation of NBDS cells

[0043] A sterility test is performed on the medium in which the biopsy has been
transported to ensure the sample is free from contamination, or alternatively, if the
sample is contaminated to ensure that medium with antibiotics is subsequently utilized.
The biopsy is then washed scveral times to remove the biopsy transportation medium
and any debris to prepare the tissue for subsequent processing. Hair follicles are
processed in Hams F10 by cutting away the skin epithclium with a sterile scalpel and
“plucking” or dissecting the whole hair follicle unit from the surrounding dermal tissue
using sterile forceps. The hair follicle is gripped with a forceps as close as possible to
the skin surface and the follicle exposed by pulling up on the hair in the hair follicle
unit. Follicles in the anagen phase (growing phase of the hair cycle, indicated by the
visible outer root sheath, and DSC of the hair bulb) are selected for further processing.
[0044] NBDS isolation is performed in Hams F10 by first detaching the
follicular dermal sheath cup cells and papilla from the rest of the hair follicle using a
fine sterile mini-scalpel or needle, and discarded. The dermal sheath containing NBDS
cells is removed, and the tissue is prepared for cultivation.

[0045] Six to ten dermal sheath tissues are gently placed into 3% hyaluronic
acid gel and covered with cell proliferation promoting culture medium such as, for
example, DMEM/Haros F12 supplemented with FGF, 10% FCS and antibiotics. After
3 to 5 days, fresh proliferation medium is added (o the culture. Subsequently the
medium is changed every 2 to 4 days. When the culture has reached approximately 80
to 90% confluence, the cells are detached from the culture flask via trypsinization, and
seeded in larger tissue culture flasks. This step is repeated for four passages to obtain

approximately 100 million cells.



[0046] Once approximately 100 million cells are obtained, the cells are washed
with PBS, trypsinized and resuspended in Cell Transportation Mediam (CTM: Ringer
lactate containing 10% human serum albumin and 5% dimethylsulfoxide). The cells
are sedimented by centrifugation and pooled together. The supernatant is aspirated and
the cell pellet is resuspended in CTM. Two cell samples/aliquots are removed from the
cell-CTM mixture for quality control and cell counting. After the cells are counted, they
are sedimented once more by centrifugation, and the resulting pellet is resuspended in
CTM to give a final concentration of 20 million cells /ml. The final cell products are

stored below -130°C in liquid nitrogen till shipment.

Example 3

Preparation and administration of NBDS cells into a tendon
[0647] Cells are prepared for use in two-chambered syringe. The first chamber

contains approximately 20 million cells suspended in 1 mi of total volume. The second
chamber contains 1.5 ml of autologous plasma from the patient (prepared separately
before this procedure).

[0048] The two-chambered syringe is utilized to inject cells (under ultrasound

guidance) into multiple locations of the tendon to be repaired.

Example 4

Synthesis of type I collagen in tendon stretch studies
[6049] Briefly, 1.5 ml of frozen NBDS cells (a total of 3 million cells) are

thawed by mixing with 0.15 ml CaClz (500 mM stock solution). 1.5 ml of plasma is
added and the suspension transferred to an oval casting mold. After approximately one
hour a gel will form that can be removed from the mold. The ring is then placed into a
machine which can stretch the molded ring structure over time. Measurements may be
taken as to the stretch forces that are applied over time.

[0056] The molded ring may also be removed, fixed in paraformaldehyde, and
immunohistochemcially stained for the presence of one or more proteins (e.g., collagen
type I, collagen type IIL, Biglycan, Tenascin C, Elastin, Tenomoduline and Decorine).
{0051] As shown in Figure 4, the NBDS / plasina gel mixture was subjected to

a mild stretch after 5 days (Figure 4A) and 12 days (Figure 4B). Samples were
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immunostained for Type 1 collagen production (with horse-radish peroxidase). Figure
4B is noticeably darker (brown) than Figure 4A, indicating that the cells were positive
for collagen production, which was increased after mechanical stretching. Results

from these studies clearly demonstrate that NBDS.cells are able to produce collagen
and form tendon-like structures in vitro. In particular, the cells within the molded gel
are oriented according to the direction of the stretch (like cells in a normal tendon).
[6052] The various embodiments described above can be combined to provide
further embodiments. All of the U.S. patents, U.S. patent application publications, U.S.
patent applications, foreign patents, foreign patent applications and non-patent
publications referred to in this specification and/or listed in the Application Data Sheet
are incorporated herein by reference, in their entirety. Aspects of the embodiments can
be modified, if necessary to employ concepts of the various patents, applications and
publications to provide yet further embodiments.

{0053] These and other changes can be made to the embodiments in light of the
above-detailed description. In general, in the following claims, the terms used should
not be construed to limit the claims to the specific embodiments disclosed in the
specification and the claims, but should be construed to include all possible
embodiments along with the full scope of equivalents to which such claims are entitled.

Accordingly, the claims are not limited by the disclosure.
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CLAIMS

‘What is claimed is:

1.

8.
9.

A method for isolating NBDS cells, comprising:
(a) preparing vital hair;
(b) cleaving the hair prepared in step (a) to remove the hair follicle bulb;
(c) isolating Non-Bulbar Dermal Sheath tissue; and
(d) cultivating the isolated Non-Bulbar Dermal sheath tissue to produce
NBDS cells.

The method according to claim 1 wherein said vital hair is obtained by biopsy
from the occipital scalp of a subject.

The method according to claim 1 wherein said hair is cleaved utilizing a
micromanipulator and scalpel.

The method according to claim 1, further comprising the step of conducting
enzymatic digestion of said isolated Non-Bulbar Dermal Sheath tissue.

The method according to claim 4 wherein said enzymatic digestion is conducted

with collagenase.

_The method according to claim 1 wherein said NBDS cells are cultivated over

multiple passages in either serum containing or serum-free media.

A composition comprising isolated Non-Bulbar Dermal Sheath cells prepared
according to the method of any one of claims 1 to 6.

A composition comprising isolated Non-Bulbar Dermal Sheath cells.

A composition according to claims 7 or 8, further comprising serum and/or

plasma.

10. A composition according to claims 7 or 8, wherein said composition does not

contain serum or plasma.

11. A composition according to claims 7 or 8, further comprising fibrin, hyaluronic

acid, components of the cxtracellular matrix, cytokines, chemokines and

therapeutic agents.

12. The composition according to claim 11 wherein said components of the

exiracellular matrix are selected from the group consisting of
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glycosaminoglycans (GAGs), heparin sulfate, chondroitin sulfate, keratin
sulfate, hyaluronic acid, ¢lastin, fibronectins and laminins.

13. The composition according to claim 11 wherein said cytokines are selected from
the group consisting of transforming growth factor beta (TGPF-beta) and its
isoforms, insulin-like growth factor (IGF) and its isoforms, granulocyle-
macrophage colony-stimulating factor (GM-CSF), parathyroid-hormone-
related protein, hepatocyte growth factor/scatter factor (HGF/SF),
macrophage stimulating protein (MSP), epidermal growth factor (EGF),
interleukin 6 (IL-6), stromal cell-derived factor 1 (SDF-1), platelet derived
growth factor (PDGF) and fibroblast growth factor (FGF).

14. The composition according to claim 11 wherein said therapeutic agents are
selected from the group consisting of analgesic agents, anti-inflammatory
agents and immupomodulatory agents.

15. A method for treating or preventing tendon injuries, comprising the step of
administering o a subject a composition according to any one of claims 7 to
14.

16. The method according to claim 11 wherein said subject is a mammal selected
from the group consisting of humans, horses, dogs and cats.

17. The method according to claim 15 wherein said tendon injury is a tendon
rupture, complete, partial or micro-tear.

18. The method according to claim 15 wherein said tendon injury is selected {rom
the group consisting of tendinosis, tenosynovitis, and avulsion.

19. The method according to claim 15 wherein said tendon is the Achilles tendon or
the Patellar tendon.

20. The method according (o claim 15 wherein said tendon is a {lexor tendon.

21. The method according to claim 15 wherein said tendon is an extensor tendon.
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