TENOCYTE CELL CULTURI NG METHOD FI ELD The present
invention relates to a nethod for culturing tenocytes
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met hod for culturing tenocytes to produce a
substantially pure culture of- tienocytes using a
sel ective nmedium. BACKGROUND Cell culture is a

t echni que havin I ti
q 9 PERMCARP| degat c&ﬁﬁnnhﬁw@%@ggggggts

cells, such as t
nyoblasts and cardlonyocytes can be difficult and/or
slpwetp culture and/or tend to display an unstable
phenotype and dedifferentiate in culture. The use of

cul tured tenocytes would have application inter alia
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raﬁﬁglﬂ? motion and function. Although t he surgi ca

repair of rotator cuff tendon tears achieve high
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S , some tendon repairs, especially of |arge
and retracted tears, fail to heal or subsequently re-
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the repair of damaged tendons and ligaments.

One common example of damage to a tendon is a tear in the
rotator cuff tendon. This commonly results from overhead
activity and shows high clinical presentation. Loss of
rotator cuff tendon integrity results in impaired strength
measurements, and reduced range of motion and function.
Although the surgical repair of rotator cuff tendon tears
achieve high levels of functional improvement and patient
satisfaction, some tendon repairs, especially of large and
retracted tears, fail to heal or subsequently re-tear
after surgery. Revision surgery for failed rotator cuff
repair has very little success compared to primary

treatment.

The fundamental principle of tendon repair is to prevent
apoptosis of tenocytes and to restore normal tenocytes
within the damaged tendon, but this requires the

development of phenotypically stable tenocytes cultivated



for the regeneration of a tendon or |iganent.
Mor eover, the tenocytes should be of a phenotype as

W@ h®3r06@39 possi bl e to that of tenocytes found PEI/ALZ007/000362

10

15

20

25

30

35

body. ldeally, the cultured tenocytes are autol ogous
for the subject requiring the teendon repair.
Currently, there are no adequate nethods for culturing

tepgcytesot o ﬁo§a§ékcu59§edﬁgﬁs§rgfoﬁntgaegkkgstaée required
they can be used to repair tendon or
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L eRoryhgSef0h1., 2005, J. Ortho. Res., 23: 281-286). While
these methods demonstrate growth enhancement of “tendon-
like” or “tendon-derived” cells it is well established
that tendons do not solely comprise tenocytes. Indeed,
most of the cells in tendons are fibroblasts along with
endothelial cells, synovial cells and some chondrocytes.
Accordingly, the known methods for culturing tendon cells
do not result in pure cultures of tenocytesg, but a mixed
population of cells comprising fibroblasts, endothelial
cells and a small number of tenocytes. It is well-known
that tenocytes are slow growing cells and as such are
often overgrown by other cells present in culture. This
means that the prior art methods for culturing tendon-
derived cells generally produce insufficient tenocytes for

their use in tissue repair procedures.



their use in tissue repair procedures .Accordingly
there is a need for a nmethod for culturing tenocyte

w@eedorsoeud ficient to enable their use in tisSsSUuRCT/&pai0r/000362
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procedures . SUMVARY Accordingly, in a first aspect
the invention provides a tenacyte culture medi um
conprising insulin or functional derivative . In sone
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derivative. In still other enmbodi nents the cul ture

medi um conpri ses about 0.0006% w' v insulin or

f uppotivanal derivative. The cul ture nedi um of the first
aspect may further conprise a glucocorticoid, such as

a synthetic glucocorticoid, or a glucocorticoid- |ike
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corpilitsireg madgiunc covpriiceisd 2beux §l-QO8EST W/ doildayla or

nokg&gkgongpu%@ggvgqu@Lnents the glucocorticoid is a
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glucocorticoid, or a glucocorticoid-like molecule. In some
embodiments the glucocorticoid is betamethasone. The
culture medium may comprise about 0.00001% to 0.1% w/v
glucocorticoid or a glucocorticoid-1like molecule. In some
embodiments the culture medium comprises about 0.0001% to
0.001% w/v glucocorticoid or a glucocorticoid-like
molecule. In still other embodiments the culture medium
comprises about 0.0002% w/v glucocorticoid or a

glucocorticoid-like molecule.

In a second aspect the invention provides a tenocyte cell
culture medium comprising a glucocorticoid or a
glucocorticoid-like molecule. In some embodiments the
glucocorticoid is a synthetic glucocorticoid or
glucocorticoid-like molecule. In other embodiments the
glucocorticoid is betamethasone. The culture medium may
comprise about 0.00001% to 0.1% w/v glucocorticoid or a
glucocorticoid-like molecule. In some embodiments the

culture medium comprises about 0.0001% to 0.001% w/v



gl ucocorticoid-1ike nolecule. In sone enbodi nents the
cul ture nmedi um conpri ses about 0.0001%to 0.001%

wovaghoeoerorti coid or a glucocorticoid- |ike nptEAUR®I/000362
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In other enbodi nents the culture nedi um conpri ses
about 0.0002% w/ v gl ucocorti coid -or a
gl ucocorticoid-like nolecule. In sone enbodi nents, the
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gl ucocorticoid or a glucocorticoid-like nolecule. In
these nedia it will be well appreciated by those
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i nonycin, tianmutin, and chl oranphenicol. The culture
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pr@y&dgé g?nﬁthod of culturing a tenocyte, conprising
the step of incubating the tenocyte in a culture

medi um of the first or second
The culture medium of the first and second aspects may

further comprise an antibiotic. In some embodiments the
antibiotic is selected from one or more of the group
consisting of ampicillin, carbenicillin, penicillin,
amphotericin, nystatin, polymixin-B, gentamycin,
kanamycin, neomycin, streptomycin, a tetracycline, a
macrolide. linomycin, tiamutin, and chloramphenicol. The

culture medium may comprise 1% v/v antibiotic.

The culture medium of the first and second aspects may
further comprise L-proline and in some embodiments

comprises 0.0006% w/v L-proline.

In a third aspect the invention provides a method of
culturing a tenocyte, comprising the step of incubating
the tenocyte in a culture medium of the first or second
aspects of the invention. In some embodiments the

tenocyte is cultured under 10% CO;. In other embodiments



aspects of the invention. In sonme enbodi nents the

tenocyte is cultured under 10% CO2 . |In other
wepivododrent st he tenocyte is in a 2-D cul ture. P@I/aU2d07/000362

ot her enbodi nents the tenocyte has been extracted from

tendon and/or |iganment tissue _usng trypsin and

col I agenase. In sone enbodinents, the tenocyte culture

rese nyent | ul ts_i
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the invention provides the use™of a tenocyte cultdre
by a method of the third aspect of the invention for
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| n BeBPRYhedspect the invention prOV|des the use of a
1gd enocyte cultured by a nethod of the third aspect of

the_invention for tendon and/or |iganment
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he ten |sor I's a tendon tear an el
aspE@Fd@ﬁet?ﬁVentlon provi des a nethod of regeneratlng
a tendon and/or liganment, conprising the step of

adni_ni steri to an an in need thereqf a tenocyte
cul?ﬁr%d§b§gﬂ AEPRGH B%eth%v?ﬂFFGnaEEEXngﬁ the usé of a
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Zdnnfggegéion for tendon and/or ligament regeneration.

In a sixth aspect the invention provides the use of a
tenocyte cultured by a method of the third aspect of the
invention for tendon and/or ligament reconstruction.
25
In a seventh aspect the invention provides a method of
treating a tendon and/or ligament disorder, comprising the
step of administering to an animal a tenocyte cultured by
a method of the third aspect of the invention. In some
30 embodiments the tendon disorder is tendinosis. In other

embodiments the tendon disorder is a tendon tear.

In an eighth aspect the invention provides a method of
- regenerating a tendon and/or ligament, comprising the step
35 of administering to an animal in need thereof a tenocyte

cultured by a method of the third aspect of the invention.



reconstructing a tendon and/or |iganent, conprising

the step of adm nistering to an aninmal in need thereof
w@2denowoys e cultured by a nmethod of the third BGSPav2000H00362

the invention. BRI EF DESCRI PTION OF THE FI GURES Fi gure

1 shows the results of an RT-P@R-anplification and

illustrates that tenocytes nmaintain their phenotype in

vi txho aamla%h a&pelagenel 1§1F}intllbnb pRde \WRe adelreiRd of
Bands 1 and 5 are tendo sue, whil st bands 2
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5 usedvkettéon.i s for the purpose of descri bi ng
particul ar enbodi nents of the invention only and is
not |ntended to beN]|n1%|ng . Al publications,

paBAES HEGCRAFEAONa 0] &t ed herein, whether

supra or |nfra are her eby |ncorporated by reference
in_their ent However, publications, nentia

hoFathEE: & EPER FUE ERERFn e 0r MIGEL B jgation and

10 di dalositrgtebe thaot ceaosyaed maa@eaha wmeah-@m@notype in
[ CRYLLE0 LNpke BUBLEaL) ans And (ahkERAT gl Dadtaedeq.

i n connecti on inven herei
beB@@d§tﬂued,agndn5aawﬁs§ﬁ®d0mh§ﬂsﬁwé,lM@@ﬁﬁﬁo@ﬂnﬂsn@b 4,

entiiyl @d atQ %Q%%d@%ﬁv&%%% @bi%%?%@r%uﬁﬁu&%rt%%ﬁaé 1 and 2

prior invention. practice of the present invention
wi FEPERSES, tUﬁﬁeéscéﬂﬁéﬂﬁPs@RNﬁdlcated convent i onal
15 techni ques of tissue dissociation, cell biology, and

ceIITp [ture wh% h %re within the skill of the art.

SuEﬁlﬁi&éRkagégliﬁglﬁﬁkcribedin the literature. See,

for exanple, Imunochem cal Methods in Cell and

th%%%&%rd%%gEQ%Xn%N%¥%%e%diMQh£%@iments in detail, it is
to be understood that the terminology used herein is for

20 the purpose of describing particular embodiments of the

invention only and is not intended to be limiting.

All publications, patents and patent applications cited
herein, whether supra or infra, are hereby incorporated by

25 reference in their entirety. However, publications
mentioned herein are cited for the purpose of describing
and disclosing the protocols and reagents which are
reported in the publications and which might be used in
connection with the invention. Nothing herein is to be

30 construed as an admission that the invention is not
entitled to antedate such disclosure by virtue of prior

invention.

The practice of the present invention will employ, unless
35 otherwise indicated, conventional techniques of tissue
dissociation, cell biology, and cell culture which are

within the skill of the art. Such techniques are described



eds ., Academ c Press, London, 1987); Mol ecul ar

Bi ol ogy of the Cell (Alberts et al, Garland Science,
wolew7Nadk9 2000) ; Kruse Patterson, eds., Ti SSPEI/AU2007/000362

Culture (Academi c Press, 1977); and Culture O Ani ma

Cells (R I . Freshney, Alan-R7 -liss, Inc. , 1987)

It nmust be noted that as used herein and in the
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instruction, it will be appreciated that ceII cul ture
techni ques_are well-known in thlg fleld % such

t e€hni4aéE Ry PBECHdEPRED2SAPERBY ﬁrsﬁy e, fgpended
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"tenocyte ceI medi-um ture nmedi um
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tenocytes cells. Wile the culture diumof th
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LS Ry 20°cilo8 s ASlad AN e Wold 98P s
this invention belongs.

20
In the description that follows, if there is no
instruction, it will be appreciated that cell culture
techniques are well-known in this field and any such
technique may be adopted.

25
Although any materials and methods similar or equivalent
to those described herein can be used to practice or test
the present invention, the preferred materials and methods
are now described.

30
In one embodiment, the present invention provides a
tenocyte cell culture medium. The terms “tenocyte cell
culture medium” and “culture medium” are used herein
interchangeably and refers to a nutrient solution used for

35 selectively growing tenocytes cells. While the culture
medium of the present invention comprises specific

components as described supra and infra other, non-



tenocyte- containing tissue and the culture conditions
used e.g. cell density and/or end use. The tenocyte

w@oraee4medi um usual |y conprises a m xture of POT/gENI0¢/000362
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and inorganic materials and typically provides at
| east one conponent from one-oB wore of the foll ow ng
categories : 1 ) an energy source, usually in the form
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reﬂﬂb%ﬁ?n?& M§E¥rhgﬁlcgﬂ eE%%?&égmgn$9§U§hE¥ LR ﬁggst one
m Ccro range e optionally be
SUBPNRREATEJERPRNOBREeOEr MABEeCE oRPBNERL SOVEBM SRy eEPTies:

t he) f ol bawenergat sgartes: uéuélb?rﬂﬁneﬁeaESerB@fa
gromﬁh factors, for exag‘pgﬁ g ransferrin and epi der nal
d

growt h F&cPs ? dzajeq gpf UFPEFS, for exanple,
cabgi unnlimgeeshtimlanniphosphase; aﬁd)uauaﬂégstdesbaﬂdc set

bases sggh ?ént?dQQQE'nScﬁﬁg é EElggpoxanthlne ;

and 4 ) €I'n*an Issue . Typically
thé)culvmtemwaauanﬂéQprtbég arg@nwgr@pmppyndﬁaresyn§ed at

cuIturelg@dbgﬂbeﬁgggtggngasal Medi a Eagle (BME) , BGIb
Medi um Brinster's BMOC-3 Medium CMRL Medium CO2-

| néiépenfEne MBEEUNRCDEFhe®BS' s Mbdified Eagl e Media

(DVEM , tEak® NMutmnkenk, Nhﬁb@éeﬁraEeléléhéhtgnhre defined as

M xtures, d asgow M nlwuglEssent yﬁdla | npr.oved

NENIZn+$n€ﬁEFBﬁC compounds or na ura y oktcur 1ng eélements
that are typically required at very low

concentrations, usually in the micromolar range.

The culture medium may optionally be supplemented with one

or more components from any of the following categories:

1) hormones and other growth factors, for example,
transferrin and epidermal growth factor;

2) salts and buffers, for example, calcium, magnesium,
and phosphate;

3) nucleosides and bases such as, adenosine and
thymidine, hypoxanthine; and

4) protein and tissue hydrolysates.

Typically the culture medium comprises a commercially
available culture medium, such as Basal Media Eagle (BME),
BGJb Medium, Brinster's BMOC-3 Medium, CMRL Medium, CO2-
Independent Medium, Dulbecco's Modified Eagle Media (D-
MEM), F-10 Nutrient Mixtures, F-12 Nutrient Mixtures,
Glasgow Minimum Essential Media, Improved MEM Zn++ Option
(Richter's Modification), Iscove's Modified Dulbecco's
Media, Leibovitz's L-15 Media, McCoy's 5A Media



(Richter's Mdification), Iscove 's Mdified
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Sehon and co-workers (We et al., supra) to produce an

insulin
In some embodiment, a “functional derivative” of insulin

or a fragment or variant thereof has one or several amino
acid residues substituted by naturally occurring or
synthetic amino acid homologues of the 20 standard amino
acids. Examples of such homologues are 4-hydroxyproline,
5-hydroxylysine, 3-methylhistidine, homoserine, ornithine,
B-alanine and 4-aminobutanoic acid, B-alanine, norleucine,
norvaline, hydroxyproline, thyroxine, gamma-amino butyric

acid, homoserine, citrulline, and the like.

A functional derivative of insulin can be prepared using
polyethylene glycol (PEG) according to the method of Sehon
and co-workers (Wie et al., supra) to produce an insulin
molecule conjugated with PEG. In addition, PEG can be
added during chemical synthesis of insulin. Other methods

of preparing a derivative of insulin or a fragment thereof
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added during chem cal synthesis of insulin. OQher
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fragment thereofinclude reduction/alkylation (Tarr,

Met hods of Protein Mcro- chara@terisation, J . E

Silver ed. , Humana Press, difton N J. 155-194
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support the growth of tenocyte cells in cul
ggﬁeﬁpsﬁﬂ n?ﬁl;Hn85ﬁ08§%ageFé¥§FlXﬁoW?yig aﬁPﬁ8rporated
15 aChdtbe&héueﬁltnrbemgﬂﬂumppeﬁe&abbyadﬂ@ng thel Geamicyte cells

ac eS|d h,. and e fgrabl u
%EO SWIH ggl g&%egnatlv thﬁkgA %g%&a ?% %Pnctlonal
|ndekunatsvanmagsbblnddedetal§hehmedham theopghopite the

Ea&&pygl0%%rsg%am§&éteggecagea?qﬂgytagnE%ﬁq%taanthe

t héreof rémai ns unc es-of such _
co@géﬁ@apﬁv@fsab§ﬁﬂﬂu€@@§§riAéveae g Ro 28c P 2h &Fildg . which

20 subgtgBtieakih%utlh® or a functional derivative.

As used herein a “fragment” is a portion of the insulin
protein which retains the function of insulin and in
particular, the ability to support the growth of tenocyte
25 cells in culture. A fragment of insulin can be at least
about 10 amino acid residues in length, preferably about
10-16 amino acid residues in length, and more preferably

about 10-20 amino acid residues in length.

30 A “variant” of insulin is an insulin molecule that has one
or more substitutions such that the secondary conformation
thereof remains unchanged. Examples of such conservative
substitutions include amino acids having substantially the
same hydrophobicity, size and charge as the original amino

35 acid residue. Such substitutions are generally well known
to those skilled in the art of protein or peptide

chemistry. For example, conservative substitutions
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enbodi nents the culture medi um conprises a

gl ucocorticoid, or a glucocorticoid-I|ike nolecule.
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20 | MWROSUPPEESFW@tional derivative is in the range of about
0.0005% to about 0.01% w/v. In other embodiments the
insulin or functional derivative is in the range of about
0.0001% to about 0.001% w/v. 1In still other embodiments
the insulin or functional derivative is about 0.0006% w/v.

25
In some embodiments the culture medium comprises a
glucocorticoid, or a glucocorticoid-like molecule.
Glucocorticoids are a class of steroid hormones
characterised by an ability to bind to the cortisol

30 receptor and trigger similar effects, such as affecting
metabolism or anti-inflammatory or immunosuppressive
effects. Glucocorticoids may be naturally-occurring

(hormones) or synthetic (drugs).

35 Examples of synthetic glucocorticoids suitable for use in
the invention include hydrocortisone, cortisone acetate,

predisone, prednisolone, methylprednisolone,
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i nvention include hydrocortisone, cortisone acetate,
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the range of about 0.0001%to about 0.001% w v. In

ot her enbodi nents the ucocorticoid o
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co 5&5 ser Jhe serum may be from any ani nal, but
t ypi ¥ e 8V7te serum In some embodi ments the

serun1|s fetal bovine serum The anount
The amount of glucocorticoid or glucocorticoid-like

molecule in the medium of the invention is typically in
the range of about 0.00001% to about 0.1% w/v. In some
embodiments the glucocorticoid or glucocorticoid-like
molecule is in the range of about 0.0001% to about 0.001%
w/v. In other embodiments the glucocorticoid or
glucocorticoid-like molecule is in the range of about
0.0002% to about 0.001% w/v.

The medium may further comprise serum. The serum may be
from any animal, but typically is bovine serum. In some
embodiments the serum is fetal bovine serum. The amount
of serum in the medium may be between about 1% to 30% v/v.
In some embodiments the amount of serum in the medium is
between about 5% to 20% v/v. In other embodiments the
amount of serum in the medium is between about 10% to 15%

v/v.
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enbodi nents the anmount of serumin the nediumis
bet ween about 10%to 15% v/v- The fredi um may further
conprise one or nore antibiotics . An antibiotic is a
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odi ments the I's about 5. .0. I'nstill other
enbodi nents the pH i s about 7 O to 7 .5 . 1In stll

OtﬂeprsmbﬁdlﬂEntﬁetﬂeseb&éélabﬁék 5f2pr$men§ulbnéeof the 20

medi um of the |nvent may .be pre any
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and adjusting the liquid to the desired pH This nay

be sterilised by one of numerous nethods such as

fi TheapHoafother madiam way hayasvepH| ehicjupdlows growth of

i ngpediLent s PBYLEhe01tured. In some embodiments the pH of
the culture medium is about 2.0 to about 3.0. In other
embodiments the pH is about 5.0 to 8.0. In still other
embodiments the pH is about 7.0 to 7.5. 1In still other
embodiments the pH is about 7.2

The culture medium of the invention may be prepared by any
means known in the art. For example, the medium may be
prepared by dissolving the dry ingredients in water and
adjusting the liquid to the desired pH. This may be
sterilised by one of numerous methods such as filtration
or irradiation. Any sterile liquid ingredients may then
be added to the medium.

Tenocyte cells to be cultured or tissue-containing
tenocytes can then be added to the culture medium. The
term “tenocyte” as used herein refers to the spindle-
shaped, fibroblast-like cells that are found in tendons of
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refers to the spindl eshaped, fibroblast- like cells
that are found in tendons ofaniL#mls . Tenocytes
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i nportance to humans, for instance, carnivores other

t han humans (such as cats and dogs), sw ne (pigs,

hogs, sand whbddbm@hsb,,th@nteaabytésuemlaso@atéhecyte-
i, raffes ats
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bi tdapciyhel udihg bhettisesatnentgahathogefkomdshef bbdydef the
thghiasﬁ Sﬂﬂjggﬁr%g pKeRLLRA00S, as well as fow,
and nmore par

cul arly donmesticated fow, e.g.,
poultry, such as turkeys,

As used herein an “animal” means any animal, such as a
human or a mammal of economical importance and/or social
importance to humans, for instance, carnivores other than
humans (such as cats and dogs), swine (pigs, hogs, and
wild boars), ruminants (such as cattle, oxen, sheep,
giraffes, deer, goats, bison, and camels), and horses.
Also provided is the treatment of birds, including the
treatment of those kinds of birds that are endangered,
kept in zoos, as well as fowl, and more particularly
domesticated fowl, e.g., poultry, such as turkeys,
chickens, ducks, geese, guinea fowl, and the like, as they
are also of economical importance to humans. Thus,
provided is the treatment of livestock, including, but not
limited to, domesticated swine (pigs and hogs), ruminants,
horses, poultry, and the like. The term does not denote a
particular age. Thus, both adult and newborn subjects are

intended to be covered.



chi ckens, ducks, geese, guinea fow, and the |ike, as
they are al so of econom cal inportance to hunmans.

wabwg/10qouovi ded is the treatnment of |ivestock, PCT/AU2007/000362

10

15

20

25

30

35

including, but not Iimted to, donesticated sw ne
(pigs and hogs) , rumnants, -hbvsses, poultry, and the
i ke. The term does not denote a particul ar age. Thus,

botrhngdyttsandnnewbarpvedbiachs aéélaﬁéanégamtangetenocyte-
cover ed. Tenoc%ﬁes can be harvested or |s§lated

an§OPERGBYPEC SAESIRI RgJri §8HE°BSy. fekaBAS™ Astéh&oﬁlssue
|SwhhehtbsﬁnecwbimhsemaneotbonusﬁheahOahmmalin fhe tendon
ni_nal Ee t endon_nm atonkpal Sit

nOaRi her CER ALY BEikoPdeatopiEal PP Bhog a1 sh fay be

suprasppratus tt erddon, sabpapapanasusehdodonpesubcapuéarls
maj af Bﬁndgect9859asag ;Sgdeandaﬁh'%E?oﬁe&@ng%ﬂdon,

tlblalsaterlor anterior rucl ate |i anment ,
po3tBilbe’ &r lendpe. | taRiBALS RBRSELPHgtEBASEN, SRBEaRAr

|'G§ﬂﬁmhtenﬁﬂgéhehtgaﬁ@@ter@@kebk@cﬁaﬁéomagam@©ﬁ$ hamstring

ri ceps.tendo In._so odi nrent
t ehGBHOR < LabETogh I HARGUE bEBAL PLol SBBRCRY - bPabey L tendon,
ar eivapbedeaddnyi aoddtrdckpsmeergbant s whi ch can be
grown in cell culture to yield free tenocytes. In sone
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of collagenase, trypsin, and proteases.

In one preferred method, minced tendon tissue of no larger
than 1mm is incubated in the presence of 2.5% w/v trypsin
and 5.5% w/v collagenase in standard tissue culture medium
without phenol red for at least 3 hours at 37°C in a 5%
COs.

In some embodiments, after enzymatic digestion, the cells
from the biopsy material are isolated by centrifuging the
biopsy solution, and washing the resulting pellet with
cell growth medium. Alternatively, the tenocytes may then
be separated from the other components of the tendon by
filtration through, for example, a mesh such as a sterile
150 micron nylon mesh. Another approach is based on the
tendency of some cell types to adhere strongly to plastic
or glass, which allows them to be separated from

components of a tendon which do not adhere as strongly.
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t henpr esent mayeehéanb@nddHQQUE@teﬁeuad@tu&@Ih@@ham of the

condi ti ons nts, follown at

ChBTEEERE” APBLR Ol 850 ofchBLeasuare FRIAREIE FPyditions.
10 wegkis soat aﬁﬁbdmmanﬁ%)CEBlabwﬁﬁgheeelaEhenLlnhepeeuad are

f LT ELEaBUEbH LBO.EA%: J0lCOU SBoLKAT o SedRRCT LBedec 1n &

e Cu ture e resent i nven
coﬁ'ﬁar Coesaimasspharer T]mﬁctlmapexjie@qivécvrv@ehhdv?@lturlng can,

gl ugoep(1-5e0i ¢4 a glucocorticoid- |ike nolecule.
Tenocytes are typically very difficult to growin cel

culture and tend to be unstabl e and dedi fferenti at e.

15an@vaésctm5eangap&@r hﬁ% Egmﬂdréhabdﬁnmubknth@ present
al‘tICU ar _enabl es tenaqc s_to_grow nore

bI d
D BB EOP CRTPE APE S0y aH U™ AE pPESEREE=0r CBTHIALLve
cekhd/bacylidcngorhdndidc pires, gﬂubpcbkasC31dﬁdikbemolecule.

'i%gno Eggdkgglx a%ahﬁ 9v@§g‘&§%%&%nﬂ% eeegggm LR ce11

the? r esent invention then tenocytes can
ecgétg§§|@§dyt§g§eﬁ@e@e pestable and dedlfferentlate

20 However, the inventor has found that insulin in particular
enables tenocytes to grow more stably and establish in
culture even in the presence of other cells including
chondrocytes, fibroblasts and the like. Accordingly, as
long as insulin is present in the medium of the present

25 invention then tenocytes can be selectively expended. As
described elsewhere insulin may be added to the medium
exogenously. Alternatively, the insulin can be produced
naturally by co-culturing the tenocytes with feeder cells
capable of secreting insulin into the medium.

30
Thus, in the present context, “feeder cells” or “feeders”
are cells that are capable of excreting insulin such that
the co-cultured tenocyte cells are able to grow as
required by the present invention. Whether the tenocyte

35 cells are grown essentially feeder-free or in the presence
of feeder cells, in some embodiments, the tenocyte cells

reach a cell density that requires them to be split into



descri bed el sewhere insulin my be added to the nedi um
exogenously. Alternatively, the insulin can be
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feeder cells capable of secreting insulin into the
nediun1 Thus, in the present-context, "feeder cells"
or "feeders" are cells that are capable of excreting

'néﬂé' BrSHehet Bab- Eﬂ%tﬁ?e%U|EHEEdrBGR@CMEesﬁBEhitQEQng is
able to grow as required by t present invention.

vm@?ﬁ@Fr?ﬁetPeﬁéc?tEa€§PH§ aWBe§r6®HO€¥§@nF?é#Pyare
f egdetuflEQecdl tReiharpr eseaeecadf tbeadehadehbSpbebh passaged.

nb t t t t
e R RS TENS, SETNE N Rt
subeﬁaktadeSo Bachhewanteofizsdbbyl thei ngmbsrr effecimgs it has
tobéén %grred %ne&sﬂgixte aCelh 8,368 éggﬁukgﬁﬁﬁgtion

0 as Vi'hg beéen passa
spébﬁtlbasobaﬁatp@ﬁségeﬂeﬁéﬁyﬁém@élm§Y|bes§ﬁ§?¢W§§ to as a

rebepr editarar @H@rEQE%ék§eéu@¥uEEe &ugbertae Ehgéi tlhlture
has been passaged or exa , _a cul tured

poEBPé?Wéﬁgtﬁﬁﬁ ﬁﬁ@lﬁgéﬁnp8§s§6éast§ﬁ°W|ﬁé§sﬁﬁy B&

rea@éﬁgﬁatedasoa Pbinawhhgrehe fhesprsaabmlcukburehe cells
culture follomnn t|on of

ceﬁF? 9?8ﬁ¥%%§gu88 F55888P8ﬁ5¥e8 urEol OMAngpFﬁsage 1

fi n§tesubbeal secendt bebcellksre; ettiesceilbedbasome a tertiary

SeEBE gL ?BFtBEepSEEaSEe??zS%QS Lo) on, Alrtelibhepe

second subculture econe a tertiary culture
(Panderghesdgby2thoseand skidh. lnttmﬁlﬁrﬁetbﬁ e§esgdmay e

meEH9S§09ﬁl§Ehbh HBubﬂQnQétththtEﬁéepgﬁioaeoﬁaﬁhssaglng,
gulatlon doublln durin gﬁ g rlog % assa% ng 1

D hBRer 68 En i RURBEPSG OboBBPHLFoRCBodBEPGEg; OF & cultuze

cuhEUQEeasegreaharthbapabbagaaa&a@ernumberex@has1on of cells

EanS|on upﬁmhé (bf gbphgg EbﬁEugﬁl §B9|35395g 5he

%Ilngs meen pass
onpnamydfactwegn pﬁasagnng d@pends pnnma@w ia0¢ﬁés,

2ﬁgﬂ%?ﬂdqgﬁsbh¥ nSkbirateq FBALUE s8eaWLE @Rk oNS,
gsubstrate, medium, growth conditions, and time between

passaging.

Preferably, the methods of the present invention produce a
culture or subculture of tenocyte cells that are
substantially pure. The term “substantially pure” as used
herein means that the tenocytes in culture are the
predominate cells and other contaminating cells such as
fibroblasts, chondrocytes and the like are in lesser
number. Preferably, at least 80% of the cells present in
culture are tenocytes, more preferably 90%, even more
preferably at least 95% of all cells present are

tenocytes.

Once a sufficient number or volume of tenocytes have been
obtained they can be banked or stored by standard

techniques. For example, tenocytes cells can be



passaging. Preferably, the nethods of the present
i nvention produce a culture or subculture of tenocyte
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"substantially pure" as used herein neans that the
tenocytes in culture are the- prgdem nate cells and
ot her contam nating cells such as fibrobl asts,

chepgdverytesl ngtbhsdlbgecaysﬁkeségsée&oﬁuabet1so°c. The
Pr ef er abl | east 80% of the cells [

, a resent in
CUFFRPEYES cofbhBCYE eb e moRECRT &PBr &BFy T80% L&V ERYABFEoeTved
preh@eabhyvatriteastro6emat tabhscelith present kaven in the
tenocytes . Once a sufficient nunber or vol une of
t efo ytes have been obtai ned they can be banked or
stored by standard techni ques. For exanple, tenocytes

Cebl&%o‘feﬁnéf onyepk ggt k?ﬁe%?i@ﬁ&?ﬁg%}i%éeéﬁr ¥athoniay
-180C. The tenocyte Tells of the invention are readllg
crpaprager 9EdatRaEr CHYORFPEEY2BLCRoARI LFORECERERPAS that the

ar?héﬂ@ﬂ@pénofhﬁhéftenbﬂ?@ét@@lhﬁ,iguébﬁgsbha. There are
cu turlng phase gr fg||OMAn .passage _or agter
CrJUPRESUSAERORORE PE PrEFErhBPe PR PRE HRENSEy FELAP
t heubgaotgtietocetkili suasaessedneThetbodr ésntnerpsasss the
me ssessing n of I Lec
oreE o Rl us s S hR oI EREHa S B8 10 EBE' PRtk rCtehocytes
moaphokpyndde -cheped| cetéd wethselragagrdnphelei and thin
teggg¥b§§sﬂ(e spi ndl e-shaped cells with el ongated

e

nuc and thin cytoplasm Another nethod of assessing
t he phenotype of a cultured cell is to determ ne

whﬁhbehethﬁ%@ﬁba @xpﬁ@séggiﬁgrkﬁ&5pﬁ§ﬁat§p@ tar at Baltured
or, exa

I A B T R S a—

spepetitioafker ther callll thpeconfert exempilesubsnphgtes

medi 818581 L AL RORDL 05 TUACEE L8P0 TERIEY GRiBLS s &
highly specific marker for all the connective tissues that
mediate attachment of muscle to bone. Tenocytes also
express differentiation markers like collagen type-I,

collagen type-ITII, and decorin.

It will be apparent to person skilled in the art that the
tenocyte cells of the present invention may be incubated
in a monolayer or in a 3-dimensional culture depending
upon their end use. A “monolayer” is a single layer of
cells (2-dimensional). A 3-dimensional culture refers to
a culture which has a depth, width, and height, such as a

culture growing on a matrix or scaffold.

Thus, the present invention also contemplates compositions
that include tenocyte cells, preferably autologous
tenocyte cells, seeded onto a support matrix or scaffold
for use in tissue repair and/or regeneration. By “seeding”
is meant that tenocyte cells are brought into contact with

a support matrix or scaffold, and adhere (with or without



express differentiation markers |ike collagen type- |
, collagen type- 1ll, and decorin. It will be apparent

wao ooopre@aen skilled in the art that the tenocytBCTaUR®7/000362
of the present invention may be incubated in a
nmonol ayer or in a 3-dinmensionajlocul ture dependi ng upon
their end use. A "nonolayer"” is a single |ayer of

ce %hsaéﬂes§bg?n§bOEﬂe)sugﬁo%tdh5€9§koﬁék gu EQE%d of time

ers to a culture depth, w dth, and
hePEhPr sgchragsplenketielgrowi ng on a matrix or
scaffold. Thus, the present i nvention al so

cont enpl at es, cqQnposjti o hat include tenocyte.cells,
préFegBBFyeﬁﬁnggﬁ t§ P nB t "¢ %?nSeEESdggﬁgg §re
5suppbaﬁnaﬂtohlyoonsoaéfehﬁfﬁoe oseannetipssvé, r epatp a

9@8  EGAEN gg&howgrB&eﬁéegggaghe&algyaek Eﬂgtsuggort

e ceI sTare info conta wth a su
namat¥166 scaffokbe Qﬁdlﬁdhéﬁea@hﬁrﬁdotowppﬁoﬁvﬁﬁace or are

adaa§ bughtt enkh euggeﬁer hatBliki X shen @aspa@s@Qle)fedt hBEEU s.
prio ation. In so mbodi nents o

to trans
in?éﬁ@FSﬁFlPﬁeﬁeelP§O§Pé7?§95vnQSISHVylGHOSHQréﬁﬁgagX
10 Or rafegdgeeOfin, 18 tAtarspeci fied depth (as descri bed
herein) of the support matrix, i.e., the cells are
adhered to one surface or are adjacent the support
matni xhespechsastdésvenbedn, nubiSorfubkedangonsNpreferable.

20?% %3§8?1e0§6¢@%a£”%8%pﬁhﬁbéQ by E@B?E?@%ecbﬁlbt%eeded

resent 1 nvention, unl m seedi n IS
prébéﬁabpe 1nm1tstbe|ﬁé@eé ﬁhaeueherﬁéﬁeed,ohoweﬁeéyeetlmal

15Ceééédéﬁedﬁgydgﬁéxeaeelkﬂbtrbhe EEHQEnEE%%E%nDr@@QQ&&J
however oOptimal seeding |ncrea§ t he r%te of

geﬁ@?gﬂpanam@HPFﬁan%éeéﬁﬁﬁngnﬁ&nF SWEPE Cdd pEnF UG e
sneehﬁuelenbt ure eomdi ém@&ﬁlmbﬁtSQﬂEherm@dhﬂi&ntls stlgled with

RS, RoREe el b PR 205 the, OBl Ryt BtuERens
t ydensiitg. ofi B nendur. thgsue type, i.e., in tendon. In
20 another embodiment, the cell density can be less than
about 1 X 10° to 1 X 10° cells, or more, per ml, typically
about 1 X 10° cells per ml.

The support matrix or scaffold can be in any form suitable
25 for tenocyte or cell adherence with or without an
adhesive. By way of example and not limitation, the
support matrix or scaffold can be in the form of a
membrane, microbead, fleece, thread, or gel, and/oxr
mixtures thereof. The support matrix or scaffold can be
30 made out of any material that has the physical or
mechanical attributes required for implantation, such as
acting as a hemostatic barrier. A hemostatic barrier
inhibits penetration of adjunct cells and tissue into the
treated defect area.
35
The support matrix or scaffold is preferably made of a

semi-permeable material which may include cross-linked or



anot her enbodi ment, the cell density can be |ess than
about 1 X 10s to 1 X 108 cells, or nore, per n,

wao ypraedoy about 1 X 10s cells per nml. The suppOr/Au2007/000362
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matri x or scaffold can be in any formsuitable for
tenocyte or cell adherence wthoor w thout an
adhesive. By way of exanple and not limtation, the

SUQH@EESEH&ﬁhkeafcé@@&?@hd 9@@f€%abmyth§p%0&nhafc@mblnatlon
m cr obead eece, read or

n1W?Eﬁe§YPﬁeF§3ﬁ O?hEYEEpESrtTHﬁtﬁPQPBFts@ﬁﬁFéFdOEaﬁcaff°1d

bemagdalsutlﬁélaay pauypeptlabatohaprbhelnbyabcahnea from
attributes, re

noSREPERD sBLLERE BEr YT RVRERRrAS) RRbRAS! R RTurHAL aciq,

basmaél inhebttsepenbhmabvieen ( SﬁSadeacntoabhm apgricardium,
t'? 58E9ct?§ Pgeahadrg BEEE aegage go%HpRQrE , which is

or sca I S pre era a sem
-pérﬁéaﬁuéaﬁaﬂartaﬁSMﬁuéﬁcﬁﬁ9lnacﬁuaéuéﬂo§§rtnpﬁkéalasma)

Orwmﬁho§§spéhﬁgédf@@héég@mem@heﬁeﬂ@@BYbEbﬁﬁ beums, white
tloi W th t¥E§ b, or t e I'l. The gg

na P? of €< 81 f BLAtRAG ] soOFnB 8E B&Fﬁﬁéﬁﬁ

prbterasopbbhilaedBiivabsoababak golymesser shyh as elastin,

Y g&ﬁ%ihs %ﬁgElﬁSaH&a EE%Bh%c%Ehdaré”Bﬁ 'GE?%F Nin the

m,ICOSé_ errtoneum peri cardi um
acpussana prevangdonci §eppbrbodaticis. orwﬁpéﬁfpédamaterlals as

C'&@HE@EbQQ &hsgsepuﬂﬁhegtaenameluzeo@@&bbgescph@§aah
wi th suspended fornmed el enments (red bl god cel

whi t
bl $BECEBPFELeh| RV el 8L S SNCEr 1Bt REF RRESFFAN wﬁ?@haﬂ§0 useful

blQhegﬁébggbggnslQﬂbéﬁtb@h|e pol ymers, such as
elastin, fibrin, lamnin and fibronectin are also

useful in the present invention. Support matrix or
scaﬁfaﬂdlnmberiahs aspgestr mbediknoldSsPalfifoddt porfHoably is

?39ég§§9§ éQ e'nb%@??FpggﬂE%gtb%lEﬁf%E§n8§1PQ EBSFe
sé use resent 1 nven
adﬁr@n@plaﬂhéd%uﬁpgﬁtOﬁaﬁﬂti0§r0§ abf and peetrerablpbls

within the animal subject. The support matrix or scaffold
may have one or several surfaces, such as a porous
surface, a dense surface, or a combination of both. The
support matrix may also include semi-permeable,
impermeable, or fully permeable surfaces. Support matrices
having a porous surface are described, for example, in US
Pat. No. 6,569,172, which is incorporated herein by

reference in its entirety.

The support matrix is autologous or allogeneic. In some
embodiments, a suitable autologous support matrix is
formed from blood, as exemplified in US Pat. No.
6,368,298, issued to Berretta, et al. on Apr. 9, 2002,

herein incorporated by reference in its entirety.

A suitable support matrix or scaffold will be a solid,
semi-solid, gel, or gel-like scaffold characterized by
being able to hold a stable form for a period of time to



initially (i.e., before contact with the cells to be

transpl anted) free of intact cells and is resorbable
wawnaoniesoshe ani mal subj ect. The support matri XPOFI/AU2007/000362

scaffold may have one or several surfaces, such as a

porous surface, a dense surfac2l er a conbination of

both. The support matrix may al so include sem

'péhE©§Q|@helEﬁﬂé&é@bbean@VoEubkbw@ﬁr6&3QEQ1%UEEQQ%%n both
trice \Y} orous surtac
GoDRP el R Ry raY BAlBs BEentRIASE B6%G. Fpoprovide a

whsybtem smmmnamrabedhbematnrby eafdtrenmentn oft $he cells to

ent| T u na aut.o r

R e e T S T o
5 suppbricest pire ddstdomed finoBEbPubdicasioxeiipl.i R0OGOLT3806,

USWE@Eh NQ h@r§@§ %%%orb%%ﬁ%@dtByB§EE%EEﬁceeEnaEts %Btlrety

002, hefein incorporated by reference in it
entlrety A suitable support matrix or scaffold wll

bera sahédemsaahméﬁkbd tg@lsugpogelmbhk@xs@&f%@bafold and/or
char terlz abl e f orn1foh

%Fx 1§ efeie Eﬁ o g&
a 68 8d 5t “EPfe 1P0eHA0ME L Ke ﬁdHQrSH@ RRELEP gFEvt
10 of comblisetiheiebnanbatihebéfrer det ganspl anbcamgpaafibde glue such

trQBSPFBQEn Eﬁet%hﬁ%?yhgg S ﬁE%Ebgbﬁb'%% %Rl%@%neic or

nat ural —envi onnent 0 s to optimze ¢
gr@hﬂﬁlcéiaﬁﬁl@§Cbﬁn§Gﬁﬂa§E§e§§BQ@rmeﬁﬁﬁrﬁ@@@ éréesorbable

di pghosedaikBiy® EHbEb%@&h@ﬂgNQheZQ@%le3§9§chﬁk%@ b®cording
her eby_ i ncorporated by reference inits entirety. In

sof® ERBoBFRERRS, 1PHENSIRPoLT ﬁEthﬁrth§c§FF8|8

15 andtanseebhsatebhher individually or in conbination,
may be conbined with an adhesive (e.g., a
bi oconpati bl e gl ue such as fibrin glue which may be
auhdbibdgdosadr egbinpdesecf) santphysi sabportnmelianikesl or

reESQEEB@d§E§B§ g!BQtﬁ besechable.ni g EﬁuﬁésbﬁErbﬁenm, a

retal ning alr structures accor
pré@éh@gﬁﬁvéﬁpﬁ@ﬁnnﬁgoﬁoéVéﬁOﬁhyh@phe9@&8 to form a cell-

20 t r pBpRlaBtat mgBrix, and the connective-tissue scaffolds of
Hwang (US patent application no. 20040267362), Kladaki et
al (US patent application no. 20050177249), Giannetti (US
patent application no. 20040037812 ) and Binette et al (US
patent application no. 20040078077). Suitable scaffolds,

25 guch as that of Hwang, are ideally able to not only
support tenccytes growth but are also able to be
transferred into an animal to replace damaged tendon or

ligament tissue.

30 The support matrix or scaffold can be cut or formed into
any regular or irregular shape. In a preferred embodiment,
the support matrix or scaffold can be cut to correspond to
the shape of the defect. The support matrix can be flat,
round and/or cylindrical in shape. The shape of the

35 sgupport matrix can also be moulded to fit the shape of a
particular tissue defect. If the support matrix is a
fibrous material, or has the characteristics of a fibre,



Addi ti onal exanples of suitable support matrixes or
scaffolds for growh of tenocytes include
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gels to forma cellpopul ated matri x, and the
connective-tissue scaffolds ef2&wang (US pat ent
application no. 20040267362) , Kladaki et a.1 (US

patgat sappbi-€ahhePiR0car0880dE¢EAN ntoChagBst kbd( YRape .
patﬁnt a Ellcatlon no. 20040037812 ) and Blnettg et il _
(USLpSFRAETBBPY T cERFoRURBOT 50BA663E097 Leshi g5br egeL-11ke,
scaff abdswosanhmasethal . of Hwang, are ideally able to

not only support tenocytes growh but are also able to

be transferred into an animal to replace damaged

t efidosone ¢higadementessaesufhersuppbrixmarr praffold of the

scC C g f Ma)2e) :
CrPELSCHBRre Chol BeBISNORCIEEN, FERMBIOLLL Eypes
supp rhawatd%gfereaéaﬂﬁéidtzaﬁsb@ncand(@rcénré@ééﬁa to

t hensbagront Lhe/def geacdhe sdppOEtefBhE] ¥o€8AoRE of the
flat, round and/or c Ilggéggal in sha e shage of

. TIh .
t HEUERERbr T=hat Fi 37 CHR*AF bheBHoliFded 1 BXFIBLEneOe Portion
shapethté aupactrtcuwbariki msyeideledt.al fivhe sappottpe (e.g.,

magriX .| fLbro rj ; S e : ;
cneralriel) | eBhcyRoPieE bokri8h JECch e nprr e ay, foctude o
woverondt oedl degpeedestiapemuprier aaligely, the support

matri x can be a gel, gel-like, or non-woven nateria

In_sonme enbodi nents, a suEport matrix or ;scaffold of
t Y p¥a¥eff fHYEREY oR*RBRBe 3EcBBE WRERLKUPEi HEPEEF| 18

t ypescapHapaie Hatiggeahocshbebypna oA aBgEeorai Airst side
and/or.thiog%hou . an /orﬁgd%acent to differen ) th g
pof tTohBCOFIEhe Suppor Ehdit FYRSof Ss€at f SPROCEY ShafiGF oo a0
exahpl ecconé podéei on efigeheasuppoiltidentr brcony catludgpe

a f%r t cgﬁ% L¥pg ifsg'th5§98ﬁytes) and anot her

poé DA’ of th may 1 ncl e

e matrix ude a second cell type
(e.g., nuscle cells) . By way of further exanple, if

thenMBhHEKePr cRHBASENES two or more support matrices or
supports can be in contact with each other. In such an
embodiment, a first support matrix can be in contact with
a second support matrix either before, during or after
either support matrix is contacted with one or more cell

types.

After the tenocytes or other cells are seeded onto the
support matrix or scaffold, the support matrix or scaffold
and the cells are transplanted into the tissue defect,
with cells facing the surface to be treated. In one

embodiment, a covering patch is secured (e.g.,

In some embodiments, a covering patch serves to cover the
defect to further prevent infiltration of undesired
materials, such as fibroblasts or macrophages, from the
surrounding environment. In one embodiment, the covering

patch may be any of the support matrices described herein,



di sc shaped, having two sides and an edge, a first
side can include a first cell type (e.g., tenocyte)
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second cell type (e.g., nmuscle cells) thereon. In
anot her enbodi nent, two or nere3support matrices or
supports can be in contact with each other . In such

anaﬁapeg'HgﬂtanélﬁﬁésEoiﬁagght H?bé'i/@@@)behyaluronlc acid,
contact with a second support mairi x eiLt her

u?FHﬁlaraaﬁtEP1¥FFHEFCSBSﬁQrtPﬁﬁF?F§b9¥ cbRFaEP¥gTing patch
W iB esglorraer anéekrksbypableAf hatd mheg bengeytiepemmeable.
other cells are seeded onto the support nmatrix or
scaffold, the support matrix or scaffold and the cells
ar gnt oaasphbntieédennt othhestibpsue vetedk, ow skaddpfld and

faEéTQstﬁﬁeSHEEQEQaBerﬁa %ﬁ@tQQtelBf°E§aﬁ%§§§hg§@Eon with

CoVering patch-I's secure , I'nsone e I ments
a covveithgupabehadbeseyet rcOEP-t he defect to further
prevent infiltration of undesired materials, such as

fi brobl asts or macrophages, fron1th surro ndln
en9|F@ﬁﬁ@ﬁtsuPHOSFeméﬁﬁéﬁlﬁEnFcaFﬁQ Eofér H g?ﬁnﬁay
belﬂﬂﬁneﬁohhea&uamebt1ﬁB&Udéeﬁade®QBIbhdrhabeﬂbgandﬂoactives

2 includ LI . L), . hyal
(| DPFRCaNOoBRy1 BEEI S PR BPEROFABLY L oI ovrtng =1
patohibsotekk, - frewthndarésushablieabdrd toayhise typri of tissue
 PEBMERDLEachl, AR8CaBAdbIPRLpal beas UPRBE ELEL:ngf

are inject he site of
tr@ﬁéﬁﬂaﬁpﬁﬁl§HChwﬁ§hh8PaWFPh§G§ sheadAksi vesoredlués

A geadadesuppear Eoﬁ@b"s‘ﬁéeoﬂa%@‘fsf ehdrebrt Ia,-anpnoesaaaed to the
i nvention ca Q |nclug arious har macal o % 1

P PEST PR B Eng LEIRSHBCSPLE COHPES ARt JRCardal, prior
antbvum@k&gnamhbhldhmosthgrewppo&acmamxlsU|table to

the type of tissue to be regenerated and/or repaired,

bl ood clotting nodul ators such as heparin and the
| | Reseadedelsuppeort matrix or scaffold of the present

invention can also include growth factors such as
autologous and non-autologous growth factors suitable to
the type of tissue to be regenerated and/or repaired,
including but not limited to transforming growth factor
(such as TGF-beta-3), bone morphogenetic protein (such as
BMP-2), PTHrP, osteoprotegrin (OPG), Indian Hedgehog,
RANKL, and insulin-like growth factor (IgFl), as described
in US Publication No. 20030144197, the entire content of

which is hereby incorporated by reference.

As noted supra, the present invention can also include
biocompatible glue in contact with a substrate and/or
biodegradable material and/or cells. Such biocompatible
glues or adhesives can include an organic fibrin glue
(e.g., Tisseel™ fibrin based adhesive available from
Baxter, Austria, or a fibrin glue prepared in the surgical

theatre using autologous blood samples).



m xtures and conposite |ayers thereof can be added to
t he bi oconpati bl e bi odegradabl e support matri x
woraioenoe9 prior to inpregnation into the suppPCT/AU2007/000362
matri x. A seeded support matrix or scaffold of the
present invention can also iackade grow h factors such
as autol ogous and non- autol ogous growth factors

suhtabkect-9pbhe shyrg, otuli-egHe E@n@c?té@gﬁlﬁ@' #e€dsed for
and/ or. repai._red, |nclud|n but not limt

T RSPaPnERG BF oM HSPEBEo e enERa kL PP FECe SRR 1om
nomnbogegehb@aﬁﬁ@hebm treuohsasuBPon2of theTHeRdon and/or

t ..ndi Hedgeh
LS PRREE hal bRt PE FoBr et e end M g e
5LBmebﬁadabronoNple2903@t¢¢£9Y ofherapgei o€ vofntiem odf the
mhb%@eb%ﬁ%?%@%&ohnggrﬁq ah%ﬂtby CL&AmB1e A%e%@b%ddefects

supr a, e present I nve tlon can a SO INn ude
bi Bevnpet irsbaigede UsangoeAOCYREEh c’all§%§fir &CECxAdRGr to the

b'Qﬂ@ghﬁgég|ﬁnﬂabehb%ho@nakoﬁe%ékh%edS%@hCao et al 2002
b|OCO at i ves _can.i ncl

ordgﬁﬁéthSFPﬁgﬁFuéuFQ &10 %P§§e%@@?ﬁ)oﬁ EPFﬁlﬁa§§dal 2005

10 adhgsirvpeavaickabke ahdomaBaxtial s AUSOrRi5E,) .or a fibrin
gl ue prepared in the surgical theatre using autol ogous
bl ood sanpl es) .As described supra, cultured tenocytes
nmafrhbecudédridr teandyteandlds Magyalventsedgdmar &thicon

anéeﬁsﬁgg g&gﬁt Ly /oPﬂ%eE%&%e%@yl% & a%_c,or&%tnrd%t 12981/ or

e tenaon an or i ganment nmay be partial or

coApbamengnd KRy BROVIPAE palei ROV JegmrePeY e &BFEry 3nd
150fahﬁmgejgﬁnﬁataga Qhetﬁ@s&fﬁ@&h@@l@eﬁig%d@édIb@am%mﬂon or

For .exanpl e, tendon defects be repalred sin

t eddEGTE c&FﬂHFé&SacchEFﬁgqg% Eiltd E e H%yébe used
neuhméraaldescbmbe@ebye@a@eeataanQEQr@@ba$er@¢onstDf the

1 1 r 2 ur QRea
giéﬁg %%?grggghog'Sg%%%%%p 3%%ﬁ|?%$é teno%y gU1arlS
ceﬁb@dﬂay pecisedlicr mejorr dgaderat e oasd/ loftendon,
20 €GRRSHAUCY @RrebraNY 118RdAR aRdeSior tendon, anterior
cruciate ligament, posterior cruciate ligament, hamstring

tendon, lateral ligament, medial ligament, patella tendon,

biceps tendon, and triceps tendon.

25 The cultured tenocytes may also be used in the treatment

or prevention of a tendon or ligament disorder.

“Treating” or “treatment” or grammatical equivalents as
used herein covers any treatment of a tendon or ligament

30 disorder in an animal subject, preferably a human, and
includes: (a) preventing the tendon or ligament disorder
from occurring in a subject that may be predisposed to the
disorder, but has not yet been diagnosed as having it; (b)
inhibiting the tendon or ligament disorder, i.e.,

35 arresting its development; or (c) relieving or
ameliorating the symptoms of the tendon or ligament, i.e.,

cause regression of the symptoms of the disorder. The



i ganent. For exanple, the shoul der, el bow, knee, and
ankle joints are the nost commonly affected by tendon

wo@eoozitgewent injuries. Hence the cultured cel | BCTrAYy2092/000362
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used inter alia for the regeneration or reconstruction

of the rotator cuff tendon, supgaspi natus tendon,
subcapul ari s tendon, pectroalis najor tendon, peronea
tengeBcraghil be' $rbBAJERCthichiial ks ARt ekl Qb %ﬁ@@@ny or
anteri or cru0|ate |'i,gament, posterior cruycia

| i Bafentt Haﬁgﬁwﬁﬁglfl@n&slﬁ Pétoéfi&F Prg&rdRt CTmSymRton

|| gaeeBbf, pahal/b& tnapdbe theeepsuﬁ:anddn tamthst bifceppartial
t endon, He cul tured tﬁ nay. al so be used in the

t r 8at FERPLSF SpFEvEnEfoR S SPéngon or |igament

di sorder. "Treating" or "treatnent" or grammatica

e%u \&ah%&aeés 54%%@5%6 6l BCA¥eLSHARY stta%%t Melnok

t endon or ganment disorder in an ani nal b ect
pr éftépgﬁweaoafuﬁawcta@am RE| BABST( &F Br PRI ngherefore a

t epdanocar ok gagBRkndi sekdetelr eRIFREEYr Fohy elx&n@le, to an

subj ect that may be predis ed to_th dlsorder
ha& HBFmﬁgtSﬁggﬁt&FEgﬁﬁé5&%§§lﬁEvPﬁg or %lgament'
i nhibiting the tendon or |iganent dlsorder i.e

arErEBP AN g T e B RD Pae ool ion o L gien And

Fng-the’s npto on or |gane
i.@endoau$esregre55|on of the synptons of the
di sorder. Theeffect may be prophylactic in terras of
conE]eter or partlally preventing the disorder_or
i JAeadinprpelmither E6FM F8dLEE1Rgy the lpﬁé@&ﬁé@ﬁn@"i%

t epegeabrathant ba a0kt ehe e at%phlye dﬂga@fgder
"disorder" refers to_an abnorm

ta .
ot PRCE L& N EC R T PABRATY. <50 -a TGOy L CPIgpafay ghere is
a hendnnlﬂflbm@amemw dm$mmdemdu@temscoﬂdag@mammgenanation

anw%%ﬂpFQ%E g%&ﬁr%F% 10%?055%%0% lb%%l ?ﬂ %%a%%ered

I"és "of 't éendd sor ers in
ewaﬁﬁgéag awgrp@ﬁ@on@mﬁsocca51onal local necrosis or

calcification. Clinically there is often a palpable tendon
nodule that can be asymptomatic, but may also be point

tender. There is no swelling of a tendon sheath.

“Tendonitis” refers to a strain or tear of a tendon and is
a symptomatic degeneration of the tendon with vascular
disruption and inflammatory repair response. The symptoms
are inflammatory. Depending on the stage of tendonitis
(acute -- less than two weeks, subacute -- four to six
weeks, and chronic -- over six weeks) there may be a
hematoma, or atrophy-related cell necrosis. Histologically
there are three recognized subgroups: 1) purely
inflammatory with acute hemorrhage and tear; 2)
inflammation superimposed upon pre-existing degeneration;
and 3) calcification and tendinosis changes in chronic

conditions.



"Tendi nosis" is a termreferring to intratendi nous

degeneration o f a tendon due to atrophy (aging,
wOor@raodaum, vascul ar conprom se) . Hi st ol ogi PEi/AY2007/000362

there is a non- inflammatory intratendi nous coll agen

degeneration wth fiber disorieatation,

hypocel luarity, scattered vascul ar i ngrowth, and
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a hepataras @hadt r;%hmgebat ed cgehk sNeeE0skSuired or
Hi st ol.o |caII the are three r ni zed subgro %
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10 2 )cbn%halmmgl e@ssnmelajlrrposéd dpomephe- dxicdtidigg any
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ron con I SI ng
mellameng,s btnatndp IriofFi n@@euféer\@hartlweprf @pmmbmﬁ:@ to the

woLd G QyRE %wactlzﬁu Fe@%l%ﬁ tihe ther /i'seoMRY By the
indicates™t el enent s ar e required or
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consi st ng €sséen I S meant "1 ncludi
elenents listed after the phrase, and I|n1ted to other

20 The invention will now be further described by way of

reference only to the following non-limiting examples.

should be understood, however, that the examples following

are illustrative only, and should not be taken in any way
as a restriction on the generality of the invention

25 described above. In particular, while the invention is
described in detail in relation to the use of insulin, it
will be clearly understood that the findings herein are
not limited to insulin per se, but also encompasses the
derivatives of insulin described supra.

30
EXAMPLE 1 HARVEST OF TENDON TISSUE FOR CULTIVATION

50g to 100g of normal tendon tissue was harvested from the

patellae tendon of a human and a horse by a needle biopsy.
35 The tissue wasg stored in phenol red free 199 medium
(Invitrogen) containing 10% v/v fetal bovine serum (FBS)

for not more than 72 hours at room temperature.



elenents that do not interfere with or contribute to
the activity or action specified in the disclosure for
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essentially of" indicates that the listed el enents are
required or mandatory, but thag7other elenents are

optional and nmay or may not be present dependi hg upon

whet her or not they affect the activity or action of

the listed elenments. The invention wll now be further
deTbei baasHy Way vwRShefeehBe 188 fetldUPhafoM et 1Rte 2
nogsikenhbkngaeyampkesn himshedl dibesuedeist e@gpsin 2.5% w/v

however, _t hat the ex | es f, ol i ng .are il.lustra

onfHd SH&&§HSBPEen8r%%EW?XkéH ﬁ%ggwgd%&? g§t§out bhifiol red
regbii ati dBash Bheogesernal BUyY Cofint he 5knCEAt Lnaubator.

descri bed above. In particular, while the invention is
described in detail in relation to the use of insulin,

i t Thiel kebdonl digleytumasr Pre6ec FREOURE B AGPAySiF6r &iidter to

arge%%&ak%”kb%dtkﬂob@%%%i@r@%rtﬁé,r@%bi%b%& of the tendon
encofpasses the derivatives of insulin _descri

, b
SUBRECSEXAMBEE LSRRRVES? CRTTENBER TESSUECRORE 1T counts and
CULELVAT @Nt50 o lPyrdéskorarl ctentloatibssue was
harvested fromthe patellae tendon of a human and a
horse by a needl e biopsy. The tissue was stored in
pheneMpi&d 2f r ee 1 CULTEHREUGF MHENOCYFdEn) cont ai ni ng 10%

v/iv fetal bovine serum (FBS) for not nore than 72

hours at room tenperature. The tissue was washed with
19T emediytieeaipd smares imEFagpdiezd HOXS &IGEed HAFq Amculture

an¢ 1djgesteddud ity PRithiedn A% Wy aot collagenase 5. &¥%h

wv 1n 199 mediumw t hout, phenaol red . for at |east 3 .

hoGERtAITdRg ol 8% A iWeubditsy CUMRR % AfsH B gegtained

}Namaai%%%@f'tdmm%ffi&&mjs Mediiunt eiDMEN )s efarateradeae) , 15%
enocyt e romt.he remi nder o i.ge o

The /RerteXileSWEE (e s S O%)ré{]gi/ﬁeggl%htlgr%n?' 0002% w/v

seedahniatie sy Ovb % Ivelsk Hesrl il tinvatd -Gie WERANPRERLomycin,

CUEIBB%.%% Eﬁ%QGﬁQ%% at pH 7.0. The cells were incubated

under 5% CO, at 37°C. The culture medium was changed every

third day for 3 to 5 weeks until cells reach the maximum
cell numbers at the fifth passage, typically 20 x 10’

cells.

EXAMPLE 3 CHARACTERISATION OF HUMAN TENOCYTES

The expression of tenocytes markers, type-I and type-IIX
collagen mRNA, by the tenocytes cultured under the
conditions described in Example 2 was examined to confirm
whether the tenocytes maintained their biosynthetic

ability in vitro.

Total RNA was extracted from both tendon tissue (control)
and tenocytes cultured under the conditions described in
Example 2 using an RNAeasy Mini Kit (QIAGEN Australia).
RT-PCR was performed to generate and amplify type-I and



Tenocytes prepared in Exanple 1 were placed into a
culture flask at density between 103 to 104 cells/m

WO p00d/10698h cont ai ni ng cul ture medi um The cul tBCEAU2007/000362

medi um cont ai ned Dul becco's Mdified Eagle Medi um
(DVEM (Invitrogene) , 15%v/v setal bovine serum

0. 0006% W v insulin, 0.0002% w v bet anmet hasone, 0.5%
\WAY Lett!] %% stre | Neypg@N 69
B N B T R R e
cohessvesPIRg gehe ur eARBH uUFRaBCR hampddt doakyonhiad
dayﬁ)é@fo:&né@ ésﬂ\ﬁﬁkﬁhénfbiléﬁihg peaRat &1 pRXI NUM

cell nunbers at the fifth passage, typically 20 x 107
cells . EXAMPLE 3 CHARACTERI SATI ON OF HUMAN TENOCYTES

STheTempr Essobhagént enocyt es markers, type-I and type

-11'l collagen nRNA, by the tenocytes cultured under
the conditions described in Exanple 2 was exam ned to
con¥¢rse whet her the tenocytes nmintained their

bi osynthetic ability in vitro. Total RNA was extracted
fromboth tendon tissue (control) and tenocytes

cul ? ureBCHntfeR CEMeCEBRBF T ohs QrIBedOt nl Exanpl e 2

1ousing an RNAeasy M ni Kit (Q AGEN Australia) . RT-PCR
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was, performed to generate and anplify type-1 andtype
- I‘BrI?%Josf?Iésgeen cDNA as well as DNA fromthe
housekeepi ng gene, GAPDH. The PCR anplification was

perd ormegh ﬂgp! oM g @ﬁﬁg]%g@rs - Type -1
colgfagen Séé%e é%éﬁ%&%@ 3 2.[’ (SEQ I D NO
1) Ant isense 5, TGITCTGAGAGECGTGATTG 3 ' (SEQ ID

NO to oRodie P& IMESa G Pr MMt o 81 284106 . 464bp. Type - 111
col | agen Sense

Type-III collagen

Sense

5'" ACCAACCTCTTCCTGAAGCC 3' (SEQ ID NO: 3)

Antisense

5" CACCATTGAGACATTITTGAA 3' (SEQ ID NO: 4)

To produce a product size of 254bp.

Human Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)

Sense

5' TCACCATCTTCCAGGAGCGA 3' (SEQ ID NO: 5)

Antisense

5' CACAATGCCGAAGTGGTCGT 3' (SEQ ID NO: 6)



5 ' ACCAACCTCTTCCTGAAGCC 3 ' (SEQID NO: 3 ) Ant

isense 5 1 CACCATTGAGACATTTTGAA 3 " (SEQID NO: 4 )
waeoopnagure a product size of 254bp. Human PCT/AU2007/000362

A ycer al dehyde- 3-phosphat e dehydr ogenase ( GAPDH)

Sense 5 1 TCACCATCTTCCAGGAGCGA B9'-(SEQ ID NO: 5)

Antisense 5 ' CACAATGCCGAAGIGGICGT 3 1 (SEQID NO: 6

) To produce a product size of 293bp. 30 cycles of PCR

were performed in a_thernopcycler under standard

cont?Pt PHRSUCR xR eBt Ot HGE ﬂ62§e@§na9%hﬁeallng times were

used and hybrldlsatlon using the Type | and |11

coll ag ri re conducted at 60 C 2 d the

o Horeratessoe PO e BroP Bt nefis e L ARATYSEE By under
5el estan@ghod esosdantionbe erseptsthae showacondFagnealing times

o S C c u [

redr S of e he i APRHLADE L EOR Y BB Ve afbe T Bpg 11z

coI tabbag RNAL imerdoeeTr ¢ epdo@ucted uat CEAP W&md the GAPDH
engeyhers ULt ug g- aedi um conprising insulin or

functlonal derivative . 2 . A tenocyte culture nmedi um

of claiml1l , which conprises about 0.00005%to 0.1%

10W vIhdsedr nr@acfﬁﬂ@l@éi@@ﬂé ﬂﬁéiyﬁéﬁV]@y eﬁectﬂof}ﬁﬁ@éylg and the
culture nedlun1 clain1&}or C '

h
abdﬁ?'ﬁlB%Oiﬁﬁt% 90019 %u¥%sﬁr|nEBrc?ﬁnﬁ?lgggﬁrtﬁgg the
dertam@¢y@es4culwure®oryt@ wediuneofredhe@m ofeanyonnexpress
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culture nedium of any one of clains 1 to 4 , which
further conprises a glucocorticoid or a



gl ucocorticoid-like nolecule. 6 . A tenocyte culture

medi um of claim5 , wherein the glucocorticoid is
wa@ywhetouwr gl ucocorticoid or glucocorticoid-| iREI/AU2007/000362

nolecule. 7 . A tenocyte culture nediumof claim5 or

claim6 , wherein the glucocortigoid is betanethasone

or a biologically active fragnent, variant, or

derhyvati,ye thereof . 8 . A tenocyte culture nedi um of

any one of claims 5 to 7 , which conprises about

0.00001%to 0.1% w v glucocorticoid or a

gl ugocorAl@@thytgeCﬁp’cagélﬁedﬂum fokipROEYhE €HLLULA or
medi um of any,one_of clains 5 to 8 , which conprises

about O.@%@ﬁé&?ﬁab BBLIRFV VG ucocorticoid or a
EgluBOCOfAit@hdcytkecﬂDtEEdlﬁediﬁm éftemaﬁmtﬁ cwhtithecomprises

medi um of any gneogh-el 8L 5.19/9 ¢l 6h 0TRLLESonal

w VO g Béocar
gl ucocordecbvdtiige nolecule. 11. A tenocyte cul ture

medy um CR”%ﬁ%b{}% cesgephial 1ln¥?19{1m' afu!:nalfar 1f Bpcthgnal o
derivative tenocyte culture nedium consisting
essentlaWhycbfCP%@HFﬁﬁSoFbPHEC9r6991 5 JEPi QaPPy& HAY énsulln

109l ucocorgi-ceiHceioBall HeREPREiGEI d-1i ke nol ecul e. 13. A
met hod of culturing a_tenoc conprising the_st
|ncﬁbat|%gt?ﬂ8CYEﬁoE9%Eu6? %?§§H@ nEoﬁPglgPﬁgOFeﬁgg§F§ 1 to
in a cul surehiredi aompedeedi agotib angoose wefvchiasmdih or

to 12. 1§u? sngi §§£$988¥%8 cul tured by a nethod

accordi ng € treatnment of a tendon
andbor |RgaemeacytesondeprelBediugeosf anyt enscpfeclaims 1 to

1scul tured, by,a; pEt Begtﬁseoagmﬁglgescaagméécwhbagd or a
regeneratlon or reconstruction of a téndon and/or a
||ganentglucocort1c01d like molecule.

6. A tenocyte culture medium of claim 5, wherein the
glucocorticoid is synthetic glucocorticoid or
glucocorticoid-1like molecule.

20 7. A tenocyte culture medium of claim 5 or claim 6,
wherein the glucocorticoid is betamethasone or a

biologically active fragment, variant, or derivative

thereof.
8. A tenocyte culture medium of any one of claims 5 to
25 7, which comprises about 0.00001% to 0.1% w/v

glucocorticoid or a glucocorticoid-like molecule.
9. A tenocyte culture medium of any one of claims 5 to
8, which comprises about 0.0001% to 0.001% w/v
glucocorticoid or a glucocorticoid-like molecule.
30 10. A tenocyte culture medium of any one of claims 5 to
9, which comprises about 0.0002% w/v glucocorticoid
or a glucocorticoid-like molecule.
11. A tenocyte culture medium consisting essentially of
insulin or functional derivative.
35 12. A tenocyte culture medium consisting essentially of
insulin or functional derivative and a glucocorticoid

or a glucocorticoid-like molecule.
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16 . A nethod of treating a tendon and/or |iganent

di sorder, conprising the step of administering to an
wa@piomide9a9 t enocyte cultured by a nethod accor dPEyAUR007/000362
claim13 . 17. A nethod of regenerating a tendon

and/ or

| i gament, conprising thg ystep of adm nistering

to an animal in need thereof a tenocyte cultured by a
nethod accor?lqp to c
tho

14.

15.

16.

17.

of cul url%% 'a tenocyte, comprising the step
of incubating the tenocyte or tissue-containing
tenocyte in a culture medium according to any one of
claims 1 to 12.
Use of a tenocyte cultured by a method according to
claim 13 for the treatment of a tendon and/or
ligament disorder.
Use of a tenocyte cultured by a method according to
claim 13 for the regeneration or reconstruction of a
tendon and/or a ligament.
A method of treating a tendon and/or ligament
disorder, comprising the step of administering to an
animal a tenocyte cultured by a method according to
claim 13.
A method of regenerating a tendon and/or ligament,
comprising the step of administering to an animal in
need thereof a tenocyte cultured by a method

according to claim 13.



