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TENOCYTE CELL CULTURING METHOD FIELD 5 The present invention
relates to a method for culturing tenocytes. In particular the present

invention relates to a method for culturing tenocytes to produce a

substantially pure culture of tenocytes using a selective medium. 10
BACKGROUND Cell culture is a techniquk having many applications;

however some cells, such as tenocytes, hepatocytes, 15 osteoblasts,
myoblasts and cardiomydtytes eart bé difficllt ErdAdE s tsoulture

and/or tend to display an unstable phenotype and dedifferentiate in

cu%ty&ighe use of cultured tenocytes would have application inter alia in
thefepair of damaged tendons and ligaments. 20 One common example

of damage to a tendon is a tear in the rotator cuff tendon. This commonly
resuits frora everheaghagtivity andshowssigh clinigakpresemtationulless-ing

of tolgior oui Lendan ieqrity fesultsndmpaired seaglas s on retates to
measurements, and reduced range of motion and function. Aﬁhoug the
suryi@4t r&pair bPfotator EUff tevddrfeary ARiele higiPieVER ot functional
improvenent aad patient satisfadtione somettendon repairss especialydbctive
large and retracted tears, fail to heal or subsequently re-tear 30 after

surgery. Revision surgery for failed rotator cuff repair has very little

success compared to primary treatment. The fundamental principle of
terRfgpkiepaifi®to prevent 35 apoptosis of tenocytes and to restore

normal tenocytes within the damaged tendon, but this requires the

deyelopment of phenotypically stable tenocytes cultivated _in vitro. . .
bt [aRGE A b of Rt s e TG 15 the EGanerid 3P
terdonReorligaptéift. Motddver SthelteAcyies SRulid e 6F& pReRdtyPE as
closetaspassihle fo thaief tenocytesifounddn the/begy.ddealyh be difficult

and/or slow to culture and/or tend to display an unstable

phenotype and dedifferentiate in culture. The use of
cultured tenocytes would have application inter alia in

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
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5 the cultured tenocytes are autologous for the subject requiring the

tendon repair. Currently, there are no adequate methods for culturing

tenocytes to a sufficient degree of uniformity that they 10 can be used to

repair tendon or ligament damage. Many of the procedures described in

the literature involve the culturing of intac€tendons or, at best minced

tendons, in the presence of growth factors such as insulin-like growth

factorsuof 1ol G FHcord GF=| )L (sees forexample cib Dahigrenteta/3 2004t ¢quired
AJYR; 62(10);-1527:4562; Kang & Kang. 199, YonsebMednd., 40(Drcover,
26-&% ber%ham%seon, Qleé. géthofRes. 15: 2 6-266253Ab&hoasrgsson &
Lohimander, 1996; 3. Ortho. Res’, 14 3?0%]7%1;13\ tahamsson et al., 1991,
Oritos Re3L SoEQ 9:295-302 & BOITIB: anbi20khita éthy., 2005, ). Ideally,
Orthe: ResL 23 £81t286) cWhile these methods;demonstratergrowtib ject

en ) t of "te - |ike" or." on-derived” cells it is well

es%%%%%rgg‘ rti%t %ér%ﬁ%n(?o%%ot% sec%%%%cbmprise tenocytes. Indeed, most

of the cells in tendons are fibroblasts along with 25 endothelial cells,
synovialecet!s ndisome chordnocytese Acearelingdy, the &kndwn methodsing
foricultyring tendan cells, da-netirestlt in gute.culiures, oftenpeytes, hutathey

mixed population of cells comprlsm% fibroblasts, endothelial cells and a

smiafThuRThet St teiGeyteS dts WalKIoWA 30 thafieRoty e84t Stow a0y of
gréwingeells addasssuthsare idfteh cvergiownl by ettrer wells presehtén the
culture: ThisHyeans thatihe prenar metheds for qulturing tenpdon-derivedhs, in
cells generally produce insuffigient tenagytes for thelruse,n fissue yepalr
procedu?es. ccordlnglﬂ‘ﬁere is a heed Tor & methdd for culllturlng
terfoeyteelissutficiént toérable tHeirl@eihltisslieTepaif proceHiFes. &
SUMMARY: Aceaerdingly, in @first aspect the invention provides a fenesyde «
culpure mediym, corpprising insylin of fungtipnal degyatie, Insome. o q oy,
embodiments thé culture medium 10comprises about 0.00005% to 0.1%

wiv ihéilin Or futictidRal d&ivativé 2in Gther éfbodihEREIRE 2aRure
méediimaoneprises Eiout 0.000486 to 0R84% Wi insvllin-©8 76 ; Abrahamsson

et al., 1991, Ortho. Res. Soc., 9: 495-502 & 503-515; and
Anitua et al., 2005, J. Ortho. Res., 23: 281-286). While

growth

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 tenocytes, 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.
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functional derivative. In still other embodiments the culture medium
comprises about 0.0006% w/v insulin or 15 functional derivative. The
culture medium of the first aspect may further comprise a glucocorticoid,
such as a synthetic glucocorticoid, or a glucocorticoid-like molecule. In
some 20 embodiments the glucocorticoidis betamethasone. The culture
medium may comprise about 0.00001% to 0.1% w/v glucocorticoid or a
glutocortid¢oidslike motactlel $n sonreeembodingents the dulfure meditinr1ng

comprises 8hout.0901%rteiQ.001% Wiy @lHe@AItieRId OF 8use in tissue
qucocorIicoid-Iikcee%S £nolecule. In still other embodiments the culture

merdelgﬁlc%n%r?ses about 0.0002% wiv glucocorticoid or a
glucocorticoid-like molecule. In a second aspect the invention provides a
tenpaoyteneell 30 culture medium comprising a glucocorticoid or a
glucocorticoid-like molecule. In some embodiments the glucocorticoid is a
synthetic glucocorticoid or %I%?ocorticoid-like molecule. In other

enfbodith ﬁﬂ%‘iﬁé‘glddbc%rt Fis GetBRfethdsohel THERultbre MediliAes @
maye3teonerisesdhout . 00001 % to ko ve/'vrgludocetticoid orafunctional

glugacaericoid-like molecule, In somegmbadiments the, eultiyre medivm,
comgrlses about 0.0001% to 0.001% wi/v_ glucocarticoid or a

glUcBEBHitSIIkE Mlecure) I7 Other émBadirhets the Situte nfddidgrnctonal
conprisee abuet-0.0002% wiv glubecortiesit or ehglucoddrticsiduikeél um
malegie.i3 b sameembodiments, the present invention pravides a

tenacyta culture medium.cangisting essentally of insuln orfunclional ),
derivative: Tn other embodimeénts, the tsenocyte culttre Medium consists
esSehtiaiy of il angcagluEses tiebiRldr & glRiEBEsTtiEsid-likesmbleeufe:

In 10 theseomediadit will-be well appreciated by those skilled in the art that

the non-essential ingredients of the culture medium includes, serum,

antibiotics and any other typical culture supplements known in the art. 15

AcCodlingly, the Uttt MiBditim of the first And $886Td Bepe e NPT
furthencomprise serume such asdetdl bevine sesurm (FBSY)HENE culture

medium Jpay-comprise abput 19%0 WY SEMMcoid-1ike 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-like molecule. 1In 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-1like 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
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20 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, 25 kanamycin,
neomycin, streptomycin, a tetracycline;-a #nacrolide. linomycin, tiamutin,

and chloramphenicol. The culture medium may comprise 1% v/v antibiotic.

The kuttareomedium of the first And second aspects Hiay 80 furtivdre . In other

comprsg Lriroline and in some-embediments sapprises 0.0006% W/¥002% w/v
L-pr Iineo.clgrattgicrgiagpggt tarl]e i$v%rgi0£1 rgvide k: m(eéhodogfe%ulwring a
ten%c%e, comprising the step% incuba ing 35the enocyte in 4 cuifture

medium of the first or second aspects of the invention. In some
enm@dgea@tsdﬁﬁéanmi§,qtﬂhée@ﬁ@é@hlo%ﬁ@lﬂﬂ@ih@royides a
embodiments Eh?lt@ﬁ‘?%yﬂ%e'ai’g?}\ 2B, cujture. [0 spll other embodiments, o1 ; 1
the tenocyte has been extracted from tendon and/or ligament tissue using
trypsin‘ahidotagehass SHPSonie embdHimeRts tﬁé‘%—.‘?@%&?@&ﬂwréhe

method of/the presentiavertitniresutis i atstibstaswially pudeyculturéeful in
tenoeytes (€19, atleast 8084, pretergbly Q0% 1mpe peefaraplyat lgast cuie. 1n

95% of all cells present are tenocytes). 10 In a fourth aspect the invention

)
provides tHRUsE o & téhotyte Cultlited by Pmethst 6fthe¥hird 88Fedt o+
thelimvehtiora for thé sreatrhentofra-tehdontandloriligansehtdiscrder. Ihhe

somei1embadimentsithe tendondisorder-isnl5 tendinosis: 1R othetq any other
emcbodimerlltscthci endon diso&derei%g tetp(don tear. |n a fifth aspect the

t
invention %rovulileg the use 6f a ?énnocyfe cultured Jbrfl e{: r}ﬁeetﬁor(f of the third
aspect of the 20 invention for tendon and/or ligament regeneration. In a
sixtiraspetihe inveniien pravides thesdse:af a feracytereulired by aecond

method QEQ‘%QZQ%C’&?P%%@ theipyentionJor igndop and/arligament 1o ;e
reconstruction. ) )
serum (FBS). The culture medium may comprise about 15%

v/v serum.

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



10

15

20

25

30

35

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 iSatendon tear. In an eighth

aspect the invention provides a method of regenerating a tendon and/or
ligament; eoavrisingitheistep 38-0f adimdinistering tbrarsanimal it heed
thergefz tenocyte eultured bya methedsofthe thisd @speetof the om tendon
invention. In a ninth aspecthe invention provides & methadof ...,
reconstructing atendon and/or ﬁgamenlc‘f COI’T}][PI‘ISII’IQ fhe step o g )
administering to an animal in need thereof a tenocyte cultured by a

method ehthesthiyd aspest ef, therbinventiony BRIEE DESCRIREIN QFf the
THE EGHREREHE b ahous fhe Leqlts Ol AL BT LCR AMDIIGAON cuy ture
and 10 iilustrates that tenocytes maintain their phenotype in vitro as both

colfdgerfPard fiFfands WeredeteRiEdt BANds 108 5Rd 3P4ré téAdon more
tissues firhilsbbands: 2 14 aand 6 Bte frbnainlvitre iésogyte sulturea Bands 1
and Zrepresent type | collagen mRNA. 15 DETAILED DESCRIPTION
Before describing preferred embodiments in detalil, it is to be understood
that the terminology used herein is for 20 the purpose of describing
patticutar emsddimensoftthelinventioprdrilp andisnotiaterided todse of a

mﬂﬂgﬁbcyte cultured by a method of the third aspect of the
invention for the treatment of a tendon and/or ligament
disorder. In some embodiments the tendon disorder is
tendinosis. In other embodiments the tendon disorder is a

tendon tear.

In a fifth 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 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.

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. 1In some
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
of administering to an animal in need thereof a tenocyte

cultured by a method of the third aspect of the invention.
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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 usedbin-connection with the invention.
Nothing herein is to be 30 construed as an admission that the invention is
nof entitleditotantedate Suchldisclosige thyovirtpe of priesingemtidm dkcheo £
practice 0f the, preseqt inveatian wilkemplay, unless35-0thebMisei sing the
indigcated, %onvgntionalt'[echni ues of tissue, dissociation cgll%)}ilolo%y,gnd
celf cafturé which are within the skill 6f the art. ucjhntegﬁr%ques Gre - °

des&ibedl it tHeliteittare. 'Seea férXantple fintmenééhemicapMetiodsfinthe
Cellangii¥oleeular Biology (Mayer and Walker, eds., Academic Press,
London, 1987); Molecular Biology of the Cell (Alberts et al, Garland

Science, New Yrk 2000); 5 Kruse & Patterson, eds., Tissue Culture

21a C and Culttre OF Apimal Cells (R. I. Freshney,
Alan R. Liss, Inc., 1987). It must be noted that as used herein and in the

appended. 19 claimssthesingwarfarms ', " ang andhithevipelude plural,  ang
reference unless the context clearly dictates otherwise. Thus, for example,

a refer8fice ?ot'eascéﬂ“‘?&clﬁ&é]soﬁﬁbﬁ?rilifi}adf%‘éﬂé%n‘ahﬁjrﬁo@ﬁ%‘”?éﬁ%gs 1

to & pluralityofimdlecyles land so fortndl SLDRIess WEfined otheraises; tadid -
technicat and dSQi,enéiH;j@g@J n&@i&%h@@ﬂ B@_ﬁ%mﬁ, S@m@r@%@%@%_@@w , 4,
commonly understoo one of ordinary skill in the art to which this
etk Hifongs: T theldeeLhplion it olowe, T are s nohatubaane 2
it Wik BESppréciatdethat €€lleditife téeRHiques are well-known in this

field and any such technique may be adopted. Although any materials and

meﬁ@q%%iigglaﬁgggggig@% to those described herein can be used to
practice or test the present mv

ention, the preferred materials and methods

are now described. 30
Before describing preferred embodiments in detail, it is

to be understood that the terminology used herein is for
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
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
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
otherwise indicated, conventional techniques of tissue
dissociation, cell biology, and cell culture which are

within the skill of the art. Such techniques are described
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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- essential ingredients, are also included and these will

depend bpon the animval soufceeof theteroeytes oF tenotyteschmtainiag
tissue-and the eultwre conditions used £:¢- eelldensity andierenduseyalker,
Theéenocy&e cglture 5 g1edium uLsua!jlly com{)gigg? a ixRure of org%nic 1 £
and mso'rganf:amg &rials and prica?l?/ p%\?ides at least one %8ma|516nerl1? o9y ©
froRf6né& ®f Mot bP e folloWirg categdries A )an enefgy sdlite Yasirally2000) ;
in thedferm of Rgarbelydrate-such ag gkicasecl02)alt essentiad @minopress,

acidg,and usially-theasic set of twenty aruinpacids plus Gysteine3) 14,

vitamins and/or other organic compoung’ys required at low concentratlg)ns;
4) free tattPacid&Cand 18 B)ttace elements, where trace elements are
defined as inorganic compounds or naturally occurring elements that are

typically,required abyery lew congentrations, usually infhe micromolay ,engeq

range. 20 The culture medium may optignally be supplemented with one

or ot Bdmponents et ay dfthBollowing categor@d'1) Aibfmongs" !t ude
ang btherlgrowdte favtors, forlexampléararsierentandlegidésmaligrowtle s

facten 2} salks and buffers, forrexarmple) ealcium: dnagresivm: 25and ce11”
phosp

1nc£g8és a plurality of cells and “a molecule” refers to a

plurality of molecules, and so forth.

Unless defined otherwise, all technical and scientific
terms used herein have the same meanings as commonly
understood by one of ordinary skill in the art to which

this invention belongs.

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.

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.

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

components as described supra and infra other, non-
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3) nucleosides and bases such as, adenosine and thymidine,
hypoxanthine; and 4) protein and tissue hydrolysates. 30 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, 002- Independent Mediufm, Dulbecco's Modified Eagle
Media (DMEM), F-10 Nutrient Mixtures, F-12 Nutrient Mixtures, 35
Glasgow: Mirilnum EssentialtMediar Fnprbved MEMZEH ©ptionhese will
(RightersModification), Iseove's Medified Dutbecce’stMedia, Leiboyitz's
L-15 Media, McCoy's 5A. Media, modifi%%vll\g DB 1%%Medium %Iedium

),

NCTC-109, Miriimun Esséntial Média ( odified Eagle Madium S sed

(MEM); OPEMENMEY £ Reduesd SefurmMediac RPMITMedia 40, e culture
Waysaauth'siMBal52/1 Media,i \BilkamsiMedia: s ang Medin 89905 The
tengevte. auluce medium.af fhe Jovenion comRrisesdusuin.or.g lunetigpal, .o
derivative thereof. Insulin is a hormone which, In its naturally-occurring
fori T8 prottice 8By the antfed Hovver the inslimised inthe4er 1€
medium of the mveations meaycby synthetid,ysuch askecombinant irsulin, or

naturally eccugring.4An rfunctional deriyative’ of insulin is a molecule such
as those described by Chan et a/., 2000, "Insulin-through 15 the ages:

Phylogen§ of agrowit prométing'and fetabolit feguior Noriibne®2s ¢ st

(America® Zoblogistyaceessibleati ds plus cysteine;

httg:y//www findarticlesseomiplariclesimic 893446/is- 200004 dai_n8829A2% at
having th(i gvgti\éig/ %f in%lljflind lnarrlnse_ly, the ability to culture tenocytes and
includes blologlca]ﬂy 20 ac?ive?rag’ments, variants, and derivatives of

instilin. InfSotfe &ffbodiment afidrittional derivative” of insulin or a

fragment or varanitbereof basaneres sevetal amisnacickresiduesefined as
S“bs“““eﬁéakgﬁHﬁﬁWé%%ﬁHHthror naturally occurring elements
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
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25 synthetic amino acid homologues of the 20 standard amino acids.

Examples of such homologues are 4-hydroxyproline, 5-hydroxylysine,
3-methylhistidine, homoserine, ornithine, 13-alanine and 4-aminobutanoic

acid, 13-alanine, norleucine, norvaline, hydroxyproline, thyroxine,

gamma-amino butyric 30acid, homosering, citrulline, and the like. A

functional derivative of insulin can be prepared using polyethylene glycol
(PEGYAccareing tdheinethod\ef Sehon afrdicouwdrikais(Wie etldlnimum
supray 4o, preducecan insylirdd meleguleconjugated Wb BEG. M) , opti-

addition, PEG can be added during che thesis f| ulin, Other
me%ﬁoﬁ@s of r%e(fofj‘arlngl a%erlvatt:b\;fe%%lrfszllgn or abr/}eaogmer?tt éfeg# uth's MB
incluide’ reddetianyaliatibhyTartifEtRods ofPbt&pdium 199.

Micro-characterisation, J. E. Silver ed., Humana Press, Clifton N.J.

155,194,(1996)); acylaton, (Tar supra); hemcal eUpING 10,80 oy oo

appropriate carrier (|\/|IS an 58 lgl, eds, Selected Methods in

ImATtHotoly, WWF%%%%F%EFS%@@&W He85)°0:s. Paswbln 1s a
4,939-288;0rwhilc-formatin treatmentii\arsh;- 2971 dnt. Aych.cofrAllergy

angd Appl: dmmunoly, 43133219, 40 Ishauld be nated thatthe tefMey in the

“functional derivative" does not include molecules such as |nsuI|n I|ke

groViR FARtoP T o IS THE HElTin O flctiomal G8fvAtve hay Bac"
incogporatedd5 into tivel tdltureanediaimprdrlty adding thentenocyte cells
to be cultured. Alternatively, the insulin or functional derivative may be

the medlu t ho tthe,gult re, for xample by culturi the
f%s mmﬁe presencgio cegﬁ]?e%eder Iayelr;I suc?‘u gs beta" ce?ls W |c?1‘}2)10 such

seér%tet [He8fn P agy ﬁ@tﬁfhdmeﬁ@@tme Asdised Heteitva “fF@@Méﬁf’l i§jrough
pordion cfdbe insutin prateiy whicheretains the funstion O insatia andtdabolic

pa@@ 31 ,ihe,api ﬁ‘}ééﬁ%éHBporEi%%Sﬁoc%tﬁ of fenegyle 35 Cz?ﬂ%é’l:%‘i'ﬁ%g at

A fra ment of insulin can be at least about 10 amino acid residues in

lenigtt ForéterdBly abiote 1646 &RnfoPAria réSilies frleRgiiand 1hores—200004
preferabhs 866w 210-26 aimigo e kesiduestin lerfgthn30 Ai'tlvariaati@fy, the

insyiin is; a iﬂ?&*”@ﬁ'ﬂ%‘ﬁ%'eﬁ@%‘&?&@@eQﬁ@%ﬁ@@é@@t'g%%aﬁgﬁly
the seconda % conformation thereof remains unchanged. Examples of

SUEIT conServafa Sibstitutiohs iRtILae amifo Aefds Faving guﬁéftaﬁﬁﬁﬁllm

the same hydrophobicity, size and charge as the original amino 35 acid

residues; sauchesubstitutions are gengrally welbknewn to,thoseeskilled intke11n

itbos‘;ﬁ;giﬁ:g 9rReRtide chemistry, For example, canseValive 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, P-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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include proline for glycine and vice versa; alanine or valine for glycine and
vice versa; isoleucine for leucine and vice versa, histidine for lysine and
vice versa; threonine for cysteine and vice versa; glutamine for 5
asparagine and vice versa; and arginine for glutamate and vice versa.
Another example of a variant of insulim-isléne-in which the cysteine

residues have been substituted to minimise 10 dimerisation via disulfide
linkageku Peefeeably theooysteine residaes &fe substifatueddsitte alapie; e 1n

sefinethreanine, deusing 9r ghtamic acid residyes. Inadditipn, aMN@res s,

acid_side chaips of insulin oy fra or derivative thereof can be )
TS Mo, nha1 Meeation g Sy Eisaion o1 e R
ThexeRcuR ‘of A3tk BrFuictional deRvateliA tke Aredidmtof tHg shell and
inventied is typica]ly sethecrangeref abedt 0.00006% tol aboutr@nl¥onbgin W H
someembodimens the. 20 insulin %i‘i’lﬁ'?”?h glavativg is in the rangg of
about 0.0005% to about 0.01% wi/v. In othér embodiments the insulin or

furittidAdr detiratioé S therahgée of Aboate 6T ot 5ot 0.001%, 11t -
wiA daistill other ehebadiments thednsulimonfunctional derivativa is)about
0.0006% w/v. 25 In some embodiments the culture medium comprises a
glucocorticoid, or a glucocorticoid-like molecule. Glucocorticoids are a

clabh of 3f8toid RSTmibnestharacteriSéd by Hh ability t5 bitferto thecortisot V"
30¢eeeptorand triggetsimitdreaffebts, suehtasiaffacting Imetabblismarowth
anti-inflaspmataory of tmmunosuppressive effects. Glucocorticoids may be
naturally-occurring (hormones) or synthetic (drugs). 35 Examples of

synthetic glucocorticoids suitable for use in the invention include

hydidRoiitisoneé L Bortisohe acstate. PpredivbhE prednishiohe>e incorporated
meihylprednisatone, ur 2 melexamethasones betamagthgseng; tenocyte cells

trigmeigolopg, beclametasone, fiydrocortisones,acetale, ) s, or functional
deoxycorticosterone acetate (DOCA), and aldosterone.
derivative may be added to the medium throughout the

culture, for example, by culturing the cells in the
presence of a cell feeder layer, such as beta cells, which

secrete insulin 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
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.

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
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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5 A "glucocorticoid-like" molecule may be any molecule having an activity

of a glucocorticoid, namely the ability to culture tenocytes. Examples of
glucocorticoid-like molecules suitable for use in the invention include the
antihepatocarcinogen, Rotenone (Youssef et a/., 2003, J.

10Carcanogenesas 2:2), Rifampcin (Callela et a/., 1998, Nat. Med.,

4:92-96), Glycyrrhizin (a component of licorice) (Kuroyanagi & Sato, 1966,
Allergy] 186 7-75), and Witltanolides(froamthethierb Witharthiacssamniferapr
(Grandhi et @/,-1994; Ji Ethnophaymagcok:A4;131-138). a-N80Mer 1eucine

embo iments theglucocortlcmd is bet%met asone. Bet%{nethagoqulrssa
syr?tﬂetlc gFucocor ¢oid havmg ﬂwe formuta CB8H89F05 20 The amournt of

glucdEBRIEdIRFOrTglacscoticdiddike tolEéule i e medidmoithi@e for
investian ehs;hy@?é:aéiyid}n thesange 0f aposih 0.0009196 to-asout 0 1%cwiva e and
some em % %aents the glucocorticoid or glucocorticoid-like molecule is in

the range of about 0.0001% to about 0.001% 25 w/v. In other

embodiments the glucocorticoid or glucocorticoid-like molecule is in the
rarigecaihaiout Ke0@029 ¢d about®.004%0 wiv. Iiheuhediuns maysfuithewhich

compuse serum , Lhe seruim may,Re S0Jrom anyanimal, buk typicallyds mi se

bovine serum. In some embodiments the serum is fetal bovine serum. The

anfOtiRE bf §&uh?h themadiit sy e bEfEER ab Ut 195 16 30% VARSI
soresdrmbodinrents theeameauat efseruatinthedediom is betwaen abeutine,

5% 10-20%:wi¢. In1ather; erabgdiments the 35 ameuntof serim in the addition,
medlum IS betw en gbouthlo.% to 1?% viv. -.13 -
amlno acl chains 1nsulin or fragment or
derivative thereof can be chemically modified. Another

modification is cyclisation of the insulin.

The amount of insulin or functional derivative in the
medium of the invention is typically in the range of about
0.00005% to about 0.1% w/v. In some embodiments the
insulin or functional 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. In still other embodiments

the insulin or functional derivative 1s about 0.0006% w/v.

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

(hormones) or synthetic (drugs).

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

predisone, prednisolone, methylprednisolone,



The medium may further comprise one or more antibiotics. An antibiotic is
a natural or synthetic substance which kills or inhibits the growth of a
microorganism. Examples of antibiotics suitable for use in a medium of the
5 invention include ampicillin, carbenicillin, penicillin, amphotericin,
nystatin, polymixin-B, gentamycin, kananmycin, neomycin, streptomycin, a
tetracycline, a macrolide, linomycin, tiamutin, and chloramphenicol. 10
Thdamediarhmaycomgrisedbetiveen@abeut 010049 and 5% «/v antibiotic.
In seme srabediments the ameupt-efiantibioticis between about 0.01%
ang e0605%) vé\{ antit%igteic.olgeoth%r em 8dmf%1éir)[he am ugigfo %r%tibi%tic is
about T9% V. fBCE-proffne IS the - ereoﬁsome Of proline, one of the 20
amino acids commonly found in animal proteins. Only the Lstereoisomer

5 appearslindanmalias proteinss ThedqiH ofithe mediuse may/benany pidl e
Whﬁcib%'lfquagmgvéleP&Eﬁ;}h%fegs 10 e sultred. In some emBodiMents, ;15 ¢y
the pH of the culture medium is about 9.0 to about 3.0. In other

emdoditéntsthe PH QG 5.6 780! iFsifother erfiodimentstné b
Is atedut Fu0 ¢ 7 St still ethes embodimentsntbe iphssnaliout 712.25:Fke the

cultyre medivm, ebthe invetion may herepared Rk ary means knowipin, g
the art. For example, the medium mag be preg)ared by dissolving the dr

10 ingrédieAfi IR SIEIEr Snd adjustiid tRETGdId td the d8dited pH? This ray ©r Vat-
be3odkterilisetPhy one of hurierousi miethdds suwetras: filtration okicorice)
irra@k@tma&{ygate@ileicjméﬁéingg?;ﬁt,am;sm@yg}gn be aéded3$q thesnd
medium. Tenocyte c to cultured or tissue-containing 35.tenocyte .
o T G 10 TR e S L SR eranani
hefedin fefers to°thé spihdléishaped sitreplast-liket éelis’that are found in

15 tendons of - 14 - animals. Tenocytes typically have elongated nuclei and
In some embodiments the glucocorticoid is betamethasone.
Betamethasone is a synthetic glucocorticoid having the

formula C22H29FO5 .

20 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%

25 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
30 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
35 amount of serum in the medium is between about 10% to 15%

v/v.
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thin cytoplasm and are often found sitting on collagen fibres in tendons.
Tenocytes can often be identified on the basis that they produce collagen
type | and express 5 the marker "scleraxis". Tenocyte cells can be isolated
from any tenocyte-containing tissue in a variety of ways, all which are

known to one skilled in the art. In some embodiments, tenocyte cells can

be isolated from a biopsy material by conventional methods. For example,
anammakt0 requirng freatment oraegenerationof artendor® canhavea@tics.
biopsy faken-fremiany:tendondn thesbody: Suchtendons inglude, hut arg, i cn
not imited 1o, tendan,of flexar carpi sadialis and the calcaneus tendon. 4o, ., .
In some emﬁlocﬁmen?s, Re tenocyte Cells or tenocfﬁeconta%lng fissue are™"F
"atblogobis kehs 6F fissuk! iebiendeyte BEIs oritissuBUtgHTating fréiA the

body: ot theiamimiah subjest tadpe treateth 20As used herein an "aaimalti11in,
mefr{xfh%]cyeﬂ Suehasa hy r,“%‘o‘irﬁnmm | of economical,

importance and/or social importance to humans, for instance, carnivores

otHe? TRA AuMansSheras cafs AT 865%)C sWinef(pigs; HogE Cand fild2
boarsyrromindantsi($ucmas caitle; oxentsheeps 28giraffes; deenegoats,1 .

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

2008 2d\watt A8 8@ ahdMore Sarichidfy doredtitated Fonr, &g °° vV/V
poeltryisach as turkeys B0thitkend idgekss geése, aguined fowl, and thelotic
like, astbey axe alsaRfrecpnomicalimportanee (o humansy Thus, providgdother

is the treatment of livestock, including, but not limited to, domesticated
e TG SR ROGSE ramAts ForSats T i e kS T 1eHY -
does not denote a 35 particular age. Thus, both adult and newborn

sut;jepﬁsOareﬂ@tendedH@ bBQOtV@E%_b_isH;_&eﬂ' epocytes candye balryestgdthe 20
or islgted irQE&Q”X&%@P&ME%FOﬁ‘&%!HQQit}??HE ﬁ%feegg@% AENAONIS e 1o

the tissue which connects muscle to bone in an animal. The tendon may
be $idth Ry SPFATTMIEPSItE 6f ' aftitidlBnd Maly Be'& 5 tStator cuff

tendon, supraspinatus tendon, subcapularis tendon, pectroalis major

te“ﬂ_‘i’é" ﬁﬁr%@a&t@%@@%mﬂﬁ{gi}ew%g@i?ﬁ amr&@{ tg@@gq,,sarggg%h of
cruciate Il%ﬁer%en% po%enor cruciate ligament, hamstring tendon, lat
al

| |
g Ent o AaNE tendort 16 BiEes N ERARERN iRt OF

teridon. culture medium is about é.O to about 3.0. In other
embodiments the pH is about 5.0 to 8.0. 1In 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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In some embodiments, tendon tissues, which have been isolated by

biopsy, are washed and minced to form explants which can be grown in

cell culture to yield free 15 tenocytes. In some embodiments, the minced
tissue is subjected to enzymatic digestion and/or subjected to agents such

as ethylenediaminetetraacetic acid (EDTAj that bind or chelates 0a.22 on
which cell-cell adhesion depends. Examples of enzymes suitable for use
inchudieneds or nitre 20t eollagepase Lthypsiavandpoteasesd Imonéel and
prea‘%&rﬁdd@%tﬁgda@m%ﬁotiagg; Bﬁ;%lé?lo%@%@g@&g;/@m/@rm collagen
incubated in the presence o o W/v_ trypsin and 5.5% w/v collagenase

i LR (e EATERS med 35! o i heno! 7 (5 at et 3. roe on
holirCatB7a i & 596 COE In BBAEMbEainatis Naffefenzynitid express
digestiomathe«ells from: thexhiopsy matekalare iselated kyseemefuging ated
the; %Q'%’ﬁg’ solytion, and washing the r ei%'é'@@é’ei'ﬁt Wit Cfﬂ QE%WE& ways,
medium. Alternatively, the tenocytes may then be separated from the

ottt totipdtients 6f theteRdé by Hiftratioh thFstight! forexaiiple, 4 tmeshme
suemas @isterites],50cmicron tylonemesh cAnother approsichds based anbiopsy

the,3% tendency of some-callityRes to,adheresstrongly-ta-plagtic or 91assenima1

which allows them to be segarated from comrEonents of a tendon which do

not &dhere 2&stidrigly. S 16 - RitetTARRRS, Hre RBISMay beSfitated” Pave @
fromiothey compenehtscof the terdorfasing antibediesdivat specificafiypdons

bingrtethe €ellifor example usingantibadies copjugated tora Mty Of carpi
co%%Iggl 53 iasS g%or?ﬁentcdayecvé\{hich C neth(égrpe separated by
fluorescent-activated cell SOI’%IngrzEB\&%. e ceélls may then be added to
the culture medium of the present invention and incubated under suitable

corld]iti@@sael%msomer@mbedintenijs,ﬂ@ﬂ@wmdsajamQ@, the cellsarete-
C“'&%@9J%%%“%%@%Xﬁeﬁoa%%omi‘&(?é’!%%‘%u at %E@Efl"% a3 GQe e | ..

atmosphere. The time period for cell culturing can, of course, va%
tenocyte cells or tissue origilnating from the body of the

animal subject to be treated.

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.
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15 As described supra, the culture medium of the present invention

comprises insulin or functional derivative and/or glucocorticoid or a
glucocorticoid-like molecule. Tenocytes are typically very difficult to grow

in cell culture and tend to be unstable and dedifferentiate. 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
inclisding gherdroeytescfibroblasts add the like ocordihglynas Jpngasocyte—
insulin is: preseqt inithemedium, of-theprasent 25 invention thentenoeytes ue
can pe selectively. expended, As desgribed elsewnere insufin maybe 5.,
added fo'the mediun exggenoustry. ?ernatlvely,r}he insulin can be
prétiicedhatiially Byccradtrigine tendstes with féédérckliseapable Pe 2
of segreting inswhn interthe medium: 30 st insthegpresent conteXdpularis
Tepdercalls” or deedatst ars cels Nl arg gapghle. ol exprelingdnsulin

such that the co-cu tured tenocyte cells are able to grow as required’by
the*presentinvehfiol WhetheP tie teh ot ie=35 eélld-sregrowrPedsentiatly
feedendreeter ih thepeesenceof feedercelispinisomee mpodimentshthestring
tenogyte cellsreach élcel"i%%gxﬁha%ggygqs them e be spiLint ral%endon,
one or more sub-cultures. Each round of subculturing is referred to as a

paSeaye’ Whén teHbcy e Cells are &b chif Fed they are referred to as

having been passaged. A specific population of tenocyte cells is

somgetimas referadte or sharasterizedhysthedwmber;ofiimes it hgsen

been passa . Far example, a cultured cell population that has_been
e e ne T BTt s oy xplants
cultireChe Sk st guliire fé%ﬁiﬁé%hé@d}a‘tﬁﬂl &fceallsFio fissge, is
10designated PO. Followirg thedfrst suhculyre; ibe eells-are descsibedi s

as &%ﬁf&@gé‘&’ tuee (B1.0r Pé‘sé%%% 1) Adter hg 5890 nd, sybcyiuire,

12t
the cells become a tertiary culture (P2 or passage 2), and so on. It will be

un@é&ridotl By toseofdkilihthe atethal fiers Mg 66 15 arny! (EDTA) that
population doubkigs:-gurintpttie peried iof passagingptherefores theomurmiber nds .

of popwiation, dublings ofaculture is greater thandhe passage PUMbSE. more
The ex anglon of cells (i.e., the numbe&of I%o%ulatlon doublings) during
theoyg(iar'é)dl efWesh passaginty déperitis o’ many¥4ctors, 20 including but
not limited to the seeding density,
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%

COz.

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.



substrate, medium, growth conditions, and time between passaging.
Preferably, the methods of the present invention produce a 25 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 contaminéting cells such as fibroblasts,
chondrocytes and the like are in lesser 30 number. Preferably, at least
80%¢. bthexcells presentlie cakuréarsagndeytes mroretpréferably 90%er

even moredreferaly at least 9% of alk cells-presentaredenacytes. 35

Onsceea $ igieﬁnu%@er 0£\0/0Ig§1€e ofetfgoc%tgg ha}\égnkl)efg oubstairqed they
cart e banked or%toreladby standardtec Niques. For efample, tlen%cytes
celi\éarrbe 1238 cepnverienty stored By erfopreservation a6-180C2 The

tenoryte-eelisofithajnventioniare seadilycryopresepedatidenavariety of
condifigs. suches are kpawdn the art.s imporaniy, during the culturing

phase or following passage or after cryopresevation it is preferable that
the phenotype of the tenocyte cells is assessed. There are numerous
metheds-eflassessingttherphenotypécof cells lidsubjettedrio cedicCulturext the

One method is 1o assessthemorphalegy ot the cultpred Gells, FOr conditions.

example, tenocytes are spindle-shaﬁed cells with elonlgated nuclei and

thin Cytopisnt 15 AnBiHer tethod bf 4S8Essirig e phtiotyps of & L5 2
culwrétiwedids fodetehmirie Whethes the celbexpire§ses meskers spetifie7°C in a

fordhe cell typed=Qrexamplentenpeytesexpiess & yanseriptionfactoring can,
scl%axésduv]\éhsigh isvglbii/ghly specific marker for all the connective tissues
tha ! )

As described supra, the culture medium of the present
invention comprises insulin or functional derivative
and/or glucocorticoid or a glucocorticoid-like molecule.
Tenocytes are typically very difficult to grow in cell
culture and tend to be unstable and dedifferentiate.
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
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.

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
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
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20 mediate attachment of muscle to bone. Tenocytes also express

differentiation markers like collagen type-I, collagen type-Ill, and decorin.

It will be apparent to person skilled in the art that the 25 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

cukure whichdras asdépthpwidthcand Reight, stiehdscd 30 watturecgrowing 1s
onamatreer scaffold. Thuss the presgatinvention-alse cantergplates

compgsitions it include tenacyie cells, preferably aytologous tenacyte g
celfslf Seeded ontd a supﬁoraf matrix or scaﬁol%%Ba or use’in fissue reg)alr gec-
an@/o? Pegearieratice By esebeling” fis hfcunt Yiat teéRdcyte télls arebrotmht

inte epatact witha supparhmatrbeen seaffold; antcadherpdwitb orithosit it has
- 1340 %%@essé" 40 ”%%%U%&gj%glaér}x for a,period. of tA{}Q?lpr}E% QUlation
transplantation. In some embodiments of the invention, the cells are 5

retaitel oty oRUTle SRR A -Edgd oot td'akspetiffed ddpti fad© 25 @
desdribeduliereiry) of The sppport matrix, lireurthe cells are adheredrtotonaulture

surface gr.areadjacentdhe suppartmatdx, sucheas desaribedin U.S.
Publication No. 20020173806, hereby incorporated by 10 reference in its
entitety. R € Présent fiventi8i Ghifotin deeding Riprererhbie it ishe celis

bekevedithattheosyimber of tenocytéaells seéded eoés hotlimitahe final 1) .
tissue: produced showeveraptimal dsrseeding mayiineregse dhe ratefrt iary
generation. Optimal seeding amounts will depend on the specific culture
ORI ot o ie e ASCG <B8ded witkom Shout

0.05°about Bimes tHeophysidlogital éellidensisy et nativettissieigpaay be
l.emdmtendopu 20 anotherlembagiment; the celh depsityi ean be lessssaging;

thanabayt 1 X 10510.§,% 109 cells,8Lmore.Re! il piGallyAbomt 1 X1 cure

105 cells per ml. .
1s greater than the passage number. The expansion of cells

(i.e., the number of population doublings) during the
period between passaging depends on many factors,
including but not limited to the seeding density,
substrate, 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
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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/or mixtures thereof. The
support matrix or scaffold can be 30 madeBout of any material that has the
physical or mechanical attributes required for implantation, such as acting

as edrernostatic barrigroAdvemastatic’ barmries drhibits. penetrationS6C . The
adjungteslissandtissuejinta the treated defect area. 3% 3 20 cryopreserved
uncro$s-lin§eg ggga%en, Cp%efceg%tgg typoenlsin cocrr%bingti%r]]f \évi I%%e III.l, or o
typ%nI “The suppoan%\trlx or scaffo &may alSG inclide polypeptides or

protéins obtained from natural sources or by synthesis, such as hyaluronic

acid, 5small intestine submucosa (SIS), peritoneum, pericardium,
rovigcue.agiin g IRIRted pdd. dlont (L1 e 5.8 cTpuplg Hesis
including a fluid portion (plasma) with suspended formed elements (re
blddHCENS Swhite BiddeF céllsy PRESIERY 20r 6ther inateéridl WHIGH Pl that the
biasesorbablee Bicahsioshalde polyteerseduch as etastia sfilerin, |aminire ande
fibronectin ate also-seful i the, present, }/@Hgoe-h%%qgfzge‘laérfx Qb11s
scaffold materials as described in US Publication No. 20020173806,

hefaif Hicorssratéd 65 tefefehcethts emtiret)Sare also Uskful 185F #ie 1€
present inveptdon dh dddition] theisappore metrix of scaffold preferabiipisocytes

initially (5. befare contact withithe ells to bedransplanted)dres obintaGihin
cells and 'isarsesorbable 20 within the animal subject. The support matrix or
scgf}'(%gl?nay Rave one or several surfaces, such as a porous surface, a
dense surface, or a combination of both. The support matrix may also

inciudetmi-_mem@able,ﬁrrm@@ab@ Otﬂdlymanwap@swfa@es@ultured
Suppert matrices 2a:having a poreys,syriage are described, for example, .,

in US Pat. No. 6,569,172, which is incorporated herein_by reference in its
enfitety The“sdportatseil autdidgous bPaIGIEER. Gn sbRfercytes

express a transcription factor, scleraxis, which is a
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-III, 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
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30 embodiments, a suitable autologous support matrix is formed from

blood, as exemplified in US Pat. No. 6,368,298, issued to Berretta, et a/.

on Apr. 9, 2002, herein incorporated by reference in its entirety. 35 A
suitable support matrix or scaffold will be a solid, semi-solid, gel, or

gel-like scaffold characterized by being ab¥e to hold a stable form for a

period of time to - 21 - enable the adherence and/or growth of cells
thereordbath beforettranspiart @pdcafteriransplant cancbtaoprovide @t time

systerpsimilar to-thespatural eavisanment of the cells to optimize cell
growth. Examples of suitable support 5 matrices are disclosed in US

Publication No. 20020173806, which is hereby incorporated by reference
in it$'eAtety. SN 36METEMbedipterits Sthe SUppbitthatrixtt seafféll aidior
celis; eithee indbrdyallyrorda €ombiration, sraysbe d@gondaned withars

ad@ﬁﬁe"é‘iﬁ@d %BQEBmPQHb' e%‘%fﬂ%% ﬁhé!tbé'E lue whigh,may

autologous or allogeneic) or p isma of mechanical retention means suc
a régérbable pinto assieirfretdiRinytheFepai StuEIréS Scdtaing® the are
present inventiohdn enpyerthersiterof:15 trangplantaties Additohaln U.S.

examplesofisiiiablesuppasbmatixesor scaffolds for,growth of tenpaytes

include VitrogenTM, a collagen- contamlng solution which gels to form a
ceﬁ%ﬁgﬂﬁgteﬂrﬁ%\ﬁﬁ( SHE HE t8nnective-tissue scaffolds of Hwang
(US patent application no. 20040267362), Kladaki et a/ (US patent

application w@@@ﬁ@llmt%naﬁ%i@%ﬂq@t@a&pﬂlﬂgati@ B@eferable.
20040037 ) and tte et a}éé magent application no, cded
20 EO 83%% §U|? Ie scaff 25 Such as h&t or%cf-fvyang, are |dc’eaﬁl§/
abRA®N Gt ohly dtipport tenotyes growithat arecdissadle toeever optimal
trapstesreddntosgn animal 4@ «eplace datwagetl teaden ot Jij@amenbﬂsswl

30 Jhe sypport mayr B%O%%%Ifo&deg an ge gt o formed Jpto, any. regularor

irregular shape. In a preferred embodiment, the support matrix or scaffold

caf BBt {(S’ESrTe%ﬁorﬁPfP)eth%@‘h%%é“tﬁfiﬁé deféb? T‘W&gﬁﬁpdr{s mifRded with

can benflat oround @Gndiforteylinthcel i shape.sT enshapey ofitheB5 sugpare 1 1

mageix, can @lsobe, mowlded o fitdhe éh%%@f a;particulantissuedefects if

o the supRortmalrx s a forous material prhas e charmctetisis of .,
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
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/or
mixtures thereof. The support matrix or scaffold can be
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.

The support matrix or scaffold is preferably made of a

semi-permeable material which may include cross-linked or
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- 22 - the support matrix can be woven into a desired shape. Alternatively,

the support matrix can be a gel, gel-like, or non-woven material. 5 In some
embodiments, a support matrix or scaffold of the present invention can be
seeded with multiple cell types and have different cell types on and/or in

and/or throughout and/or adjacent to difféfent portions of the support

matrix or scaffold. By way of example, one portion 10 of the support matrix
mayninclode-alfinskeell typel(eaentenocytesy abd andthet pbrtion eftheination
][nasr:i&mayg@eilug?@ secondgall type (q-gi é@&@%ﬁ@lls%a%wy@w scaffold
urther example, if the matrix.or support is isc shape ving.two

SR b A a5 A A R ST nElidS S Arer Sal BHe ey e om
therebiand the'see6Td Sideur etgetémtingludelssecond ¢elllypefey.acid,
musekel cellsy) therean 2@ imaneiber embogimente fwe 6h 8101 SstPpotardium,

' : ' tact wit t | :
CrbOBTBE & TraL SunpoF et can be T contact oA Seeap’ e £

SsuppGit RfAthR BitREr Befdre! dutig oF aFe? ethér 8dishdtPial@dis (PLasma)
comtactedswitipenéat nonercell 25types) Adte( thel ténopytescerldther ellisc e

arg,seeded-antpthe support matyix of scaifeld - thesupporh matrix-er ; o
scaffold and the cells are transplanted.into the tissue defect, 30 with _cells

fadg e SUTRRR 0 e tr8atRa° I 6re BribotiHEAE & BVeRng patctis: 7

seduredie g. lirsome epbddiments acovering patchsserves foi¢over thae
defect to-further peement infiltsation-efundesired or scaffold materials as

described in US Publication No. 20020173806, herein
incorporated by reference in its entirety, are also useful

in the present invention.

In addition, the support matrix or scaffold preferably is
initially (i.e., before contact with the cells to be
transplanted) free of intact cells and is resorbable
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
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35 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, - 23 - and/or can include collagen

(type I/111), hyaluronic acid, fibrin and polylactic acid. Preferably, the

covering patch is cell-free and resorbable,land may be semi-permeable. 5

In one embodiment, the support matrix or scaffold and cells are injectable

to thesgitecoftthan splartatior; awitnor withgutcart adlkdsive ot gluehdreon, both

seeded, suppart matrix o scaffold of the preseabiQ iventign can alsdvide a

include various, pharmacglagical acfives including putpotdimited (o, )5 ¢
anﬁ%lcrogllaﬁs, antivirals, antibiotics, gro hYactors sufa{bﬁe fo the type o

tisSURE B fegemetatedaridior repaited Sisloed ciotirig iotlufatbizCsiich
ashepartinanddhe like sas well @sitb mixtergsianckearmposite. layers2 0173806,

thergof gan be P?Q]‘?S%é&o %%RE%EB@%@QB'%@)09%%989'&5% Ot malrX. s oty
material, prior to imprégnation into the support matrix. A seeded support
matrix or scaffold of the present 20 invention can also include growth

faciorsssuch asrautdlogens andaien-autotegousrgrowihk factorssuitabledtoand /or

the_type of tissye 1o b@ﬁ@&%@{ageﬁ?n%?r repaireincluding, butagt 1,¢
limited tq transforming %govvth factor (such as IGF-beta-3), bone

morpRGgelEtic prbteir (st e 258MP22f PIHTP, OStESpRtegrn (OPG)e such
Indian Heldgéhog,IRANKLI ahdrirsulip<likeugrowtty factorofigel)l ageneic) or
degeripediniU Publication N1 20Q3Q1IA4197, thesentire content,af whiehip1 e
is hereb¥<i)ncor orsa%ed by reference. 30,As noted supra, the present

. 1 aSsS1Si n’ retainlin th repail SLCr. ures. accordin
mﬁ:-nﬂon can ‘also include blocompagble g?ue mpcon act with a su%strate g

and@rr bicteyradablé niawsAaltdrdlior eellkt SUERDidcsmFatiste gfues or
adhesives can inctuderan organic fibrin glue (e.g., lisseelTm fibrin based
adhesive available from 35 Baxter, Austria, or a fibrin glue prepared in the

surgical theatre using autologous blood samples). ,
Additional examples of suitable support matrixes or

scaffolds for growth of tenocytes include Vitrogen™, a
collagen—-containing solution which gels to form a cell-
populated matrix, 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,
such as that of Hwang, are ideally able to not only
support tenocytes growth but are also able to be
transferred into an animal to replace damaged tendon or

ligament tissue.

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
support 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,



- 24 - As described supra, cultured tenocytes may be used for tendon
and/or ligament regeneration and reconstruction. The regeneration or
reconstruction of the tendon and/or ligament may be partial or complete
and may provide 5 partial or complete recovery of range of motion of the
affected tendon or ligament. For example,4endon defects may be repaired
using tenocytes cultured according to the invention and a method as
deséribetlipp Cab etall 2082 (PlasbReconstn Sung 418: k2891128D) Brape .

Custis et-3/-2002-1Q(Eurepean,cgls-and Materials 3:.50:57). The culyired ke,
tenoocy%e %e_IL%mgX br%aucsee]gifo the regeneration and/or reconstruction of
any‘?eno?on and/or ligament. For example, the shoulder, elbow, knee, and

15 ankle joints are the most commonly affected by tendon or ligament

injmﬂe&&i@@ﬁbe@uﬁaﬁeﬁl_sqells raambexttsadaimebaliaforsth@ff_old of the
eralign qr recopsiiiction of the 8@&%%%‘%@891%%%%%‘9%&5@ types

re
S
ten(?{)]n, subcapu(ﬁarls tendon, DECU’O&%IS major tendon, peroneal ten

208ERHIIEE téndbint TR antsiidr tEHAGT, dtedor rttiate!ligaAént
posterion gtucigte digarhent,dainsteng tendai, faterad digaprent, imediabf the

ligamept, patellatendon, biceps-tenden, and jricenpsAendan 23 Thene portion

cultured tenocytes may also be used in the treatment or prevention of a

terftfon OrTigaivdtit disdtadr: *Fréktihg™ B “thstnientdr grafifmatical e (- 9+
equivalents as used hereinCoverscanyttreatnentiofa teadon or figamentlude a

30 disarder inan anippal subjegt, prafesably askuman, 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
haing1e b iRhibiting e terasir bF igdrheft@isBitfef 1e. 035 areefng itd S
develepmengrdc) relieving anameliotating the symptoms, oktheitesdonside

gg%%m?%i-ﬁdecaéﬂs%{?%ﬁ?séié’floféﬁ}%éymﬁ%m? of the disorder 1A <on ana
Ehe second side or edge can include a second cell type

(e.g., muscle cells) thereon.

In another embodiment, 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,
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effect may be prophylactic in terms of completely or partially preventing

the disorder or sign or symptom thereof, and/or may be therapeutic in

terms of a partial or complete cure of the disorder. A "disorder" refers to

an abnormal state, such as structure or function, of a part of a body.

Therefore a tendon or ligament disorder #efers, for example, to an

abnormal structure or function of the tendon or ligament. Examples of
terdon/disorders inciudedtendinbsisoaTd tendonitis/ TNendindsistlisacteim acid,
Eef@_&rmgit;s) iBEH@teﬁQchllti@e%ﬁiQti@} @E@ft%rlmn, ?ﬁ@iﬁo aveRYing patch
aging, microtrauma, vascular compromise). Histologjca ereis a

oR T atas A LS CaTaGen Lo G B i g o meable.
disorientation, hypocelluarity, scattered vascular ingrowth, and occasional
locahneerosisnya20i ealeification: Ginigadlythereris oftepra palpableltendan
nodule-that.can be asympfamatic, Qut may, also be paigttender, Therels . ¢y
no swelling of a tendon sheath. "Tendonitis" refers to a strain or tear of a
terfbl%n"%%"%% ARyAfPIGHatic degefidrafion of the tendon with vascular
disruption and inflammatory repair response. The symptoms are

inflammatery; Depending N the stage of IERFOAILS (aCyte o~ 1658 than two

weeks, subacute -- four to six weeks, and chronic -- over six weeks) there

may/ BE & 30 Nernatonid, 5t atfophyelaled Laif Rebrbaid  Histofogicaty 2ct+ves

there a@tadhiree recdgnizéd subgroapstd) purelyinflamirigtory, with beuterals,

gemmgs@rwsgegg&)lv@gﬂma@&i@g§u%§_ﬂm@§@dwoaywe@@mf tissue
egeneration; an alcification and tendinos|s changes In,chronic

e s L R e e o,

whagshiet #51fows fiedRorRiScotfprising”. Thiistise bither tefh "E6mprising”

indicates: that the listednglements argyrequired or swndaterypbutihatathes the

elements,are o,qptiongl and mayornay Qgﬁpglﬂ{eﬁ%@&x "GANSISING OF o5 o

is meant including, and limited to, whatever follows the phrase "consisting
of CPhiEhB Phrase tohsisting bt mdiiate< tHat tie- fisted elements are

required or mandatory, and that no other elements may be present. By 10

%xﬁﬁgg@gé§sgﬂgﬂg&qﬁﬁ%@%@@tg@“@@%&@@id 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).
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elements listed after the phrase, and limited to other elements that do not
interfere with or contribute to the activity or action specified in the

disclosure for the listed elements. Thus, the phrase "consisting essentially
15 of" indicates that the listed elements are required or mandatory, but

that other elements are optional and mayér may not be present

depending upon whether or not they affect the activity or action of the

listad efermentsh20 Theangentionlwilinsoly berfarticedescribedhyaway of or
ref@@{@srgm#ép/gw fpgg\é{if]@n&orkg@:gm&mm' ey e§ﬂ|gtf1|59@'élgrh@crluct idon.
understood, however, that the examples following a strative only, a
SOOI B BB HO By el e R B e St G T P
inveRteR2Bdeseribes abavé inlparticlarvifiesha isvertipnag ovide
degeriterkin detaitfiielasion todhewseof drsulianwilbbesteaityn of the
undersioac thal e findings herein age not fmited ja jsulln PEC SacAUluerect s
also encompasses the derivatives of insulin described supra. 30

EXEMPPE IHARVEST G TENDON FISSYE FORCELTRANON50g t¢ the
106goé noimal tendon tissud wasdmardested froml theypatetiae tendbn2afCel
humap.and aborse,by adnigedle bippsy.s35 The dissue wasstoreddp o1 2005

phenol red free 199 medium (Inwtrog,eni containing 10% v/v fetal bovine
serUt {EBS T for Hot hiordthah' 72 Hotis &t room feg)r%f)erature. - 27 - The
tissue was washed with 199 medium and minced into a size not larger
thamlanm ang digested i &ypsinz2%eswivagndheolagenase 5.5%aw/v in

199 medium without phenol red.5for ot least 3 hours aL 31C n 8.5% 003 /.,
incubator. The tendon igest was passedlt%roué]h a 45apanizerh erto
separatd et tenotytes frotiHe rerainder et thésenden Bjest Jrie, and
tenoeytes werenthenaisedtoecelbeaunisandnliOsegded ittod 2y cavhdon or

flagk fpr,qultivatign, EXAMPLE, ZGULTURE OF TENQCXTERs may be used

inter alia for the regeneration or reconstruction of the

or

rotator cuff tendon, supraspinatus tendon, subcapularis
tendon, pectroalis major tendon, peroneal tendon,
achille’s tendon, tibialis anterior tendon, anterior
cruciate ligament, posterior cruciate ligament, hamstring
tendon, lateral ligament, medial ligament, patella tendon,

biceps tendon, and triceps tendon.

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
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.,
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



Tenocytes prepared in Example 1 were placed into a culture 15flask at
density between 103 to 104 cells/ml in a dish containing culture medium.
The culture medium contained Dulbecco's Modified Eagle Medium
(DMEM) (Invitrogene), 15% v/v fetal bovine serum, 0.0006% w/v insulin,
0.0002% w/v betamethasone, 0.5% wi#v genicillin, 0.5% w/v streptomycin,
20and 0.6% L-proline at pH 7.0. The cells were incubated under 5% CO2
at 87C<The raltuteemedivph waschanged everynthirdfdayofop Baoslweeks
untilgells yeach the-maximuy cellhumbers at the fifth pagsage, dypisaliyn
20 % 107 celis. 25 EXAMELE SCHARACTERISATION OE HUMAN.
TENOCYTES The express%n of tenocﬁgs markers, type-lmand3 ype-lﬁ
colfagerPMRNA, hyCieteAdeyies climreddaider the 30 conditions

5 described in Example 2 was examined to confirm whether the tenocytes
mainta ertPSgP‘O%yQP%%i“sc ghility in yitro. Total RNAwas %?%E%Ct%% from

both tendon tissue (control) 35 and tenocytes cultured under the

conditignd Bescribedin EXarhple PisiAg A RNAEasy Miffitkit (AIKGENRCre 2

Australisn RT=PCRywas perfoimed de generate and amplify typgeteand e an

28 stype-ik collagen GDNA as.well as DNA from the-housekeeping gengnent .

GAPDH. The PCR amplification was performed using the following primer

pairs: 5 Type-I collagen Sense 5' CICGCICACCACCTICICIC 3' (SEQ ID
N@Exigmples of tendon disorders include tendinosis and

10

tendonitis.

“Tendinosis” is a term referring to intratendinous

15 degeneration of a tendon due to atrophy (aging,
microtrauma, vascular compromise). Histologically there is
a non—-inflammatory intratendinous collagen degeneration
with fiber disorientation, hypocelluarity, scattered
vascular ingrowth, and occasional local necrosis or

20 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

25 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

30 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

35 conditions.



10

15

20

25

30

35

10 Antisense  5' IGTICIGAGAGGCGIGATIG 3' (SEQ ID NO: 2) 15 To
produce a product size of 464bp. Type-Ill collagen Sense 20 5'
ACCAACCICTICCIGAAGCC 3' (SEQ ID NO: 3) Antisense 25 5'
CACCATIGAGACATITIGAA 3' (SEQ ID NO: 4) To produce a product size

of 254bp. Human Glyceraldehyde-3-phogphate dehydrogenase (GAPDH)

30 Sense 5' ICACCATCTICCAGGAGCGA 3' (SEQ ID NO: 5) 35
AnligeriseoBitCACAMG CCGAASIGGICGTU (SEQ I NiB) 120ited to,

proguces produst size Of 293bRord comprising”. Thus, use of the
term “comprising” indicates that the listed elements are
required or mandatory, but that other elements are
optional and may or may not be present. By “consisting of”
is meant including, and limited to, whatever follows the
phrase “consisting of”. Thus, the phrase “consisting of”
indicates that the listed elements are required or
mandatory, and that no other elements may be present. By
“consisting essentially of” is meant including any
elements listed after the phrase, and limited to other
elements that do not interfere with or contribute to the
activity or action specified in the disclosure for the
listed elements. Thus, the phrase “consisting essentially
of” indicates that the listed elements are required or
mandatory, but that other elements are optional and may or
may not be present depending upon whether or not they

affect the activity or action of the listed elements.

The invention will now be further described by way of
reference only to the following non-limiting examples. It
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
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.

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.
The tissue was 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.
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30 cycles of PCR were performed in a thermocycler under 5 standard
conditions, except that 40 second annealing times were used and

hybridisation using the Type | and Il collagen primers were conducted at

60C and the GAPDH primers at 62C. 10 The PCR reactions were

analysed by electrophoresis and the results are shown in Figure 1. It can

be seen that the tenocytes cultured in a medium of the invention express

type-l and type-Ill collagen mRNA, as does tendon tissue. - 30 - CLAIMS

1. Atenecyie cultyresmedivm gomprisingdpsuliniarfungtienal derivative,to o
thereof h%ving Rhe abilityttg 5I§:u t%gz terqigc&tes ang %etame%hasoneﬁz A5°/ y
tenso%:yz/?e ClﬂFure Fhedium accor ing t6'¢ aimlf%vﬁwlgh cémprfggg%ﬁ)oug e WY
0.000059% t0L8 A95 9@ ¢ insufiil of fihctionaPdefirdiverthereoh Aavingtrecl red
abifiertoakOcLtEER tenogyiess 3aA tenocyte cuburesmediumaeepeding: to

claim 1 or claim 2, which comprises about 0.0001% to 0.001% w/v insulin

or functional derivative thereof having the 15ability to culture tenocytes. 4.

A tERBeyte tiftlre rriéSiiim e o ity P any' 6A& OF chaifis 1o, Fihidh L ter to
comyrises abouh@. 0006%cwheinstiliar functioralderivative thereef tendon
haying the 20ability to.culture tenogytes. 5, Atenaeyte eylturemedium e s ang
according to any one of claims 1 to 4, which comprises about 0.00001% to

0. TR HIG DetdthBras ohec 35 £ Lask fof cultivation.

EXAMPLE 2 CULTURE OF TENOCYTES

Tenocytes prepared in Example 1 were placed into a culture
flask at density between 10° to 10* cells/ml in a dish
containing culture medium. The culture medium contained
Dulbecco’s Modified Eagle Medium (DMEM) (Invitrogene), 15%
v/v fetal bovine serum, 0.0006% w/v insulin, 0.0002% w/v
betamethasone, 0.5% w/v penicillin, 0.5% w/v streptomycin,
and 0.6% L-proline 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-III
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
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6. A tenocyte culture medium according to any one of claims 1 to 5, which
further comprises serum, one or more antibiotics, L-proline or
combinations thereof. 30 7.A tenocyte culture medium according to claim
6, wherein the serum is fetal bovine serum. 8.A tenocyte culture medium
according to claim 6 or claim 7, wherein & antibiotic is selected from one
350r more of the group consisting of ampicillin, carbenicillin, penicillin,
amphetericid, nystatiag polypiiXih-B sgertamyemn, REpamyem, heemycin, -

31hstepiemysin e trtracyclingsraimacrlidec inemyainsiamutin and s
chlora@ghenigol. 9.Aﬁ mettE%d gf Elilgéqriinrg a ten.ocgte, comrpri.sing the step

5ofincu gﬁlneg alfesnloc?/te ora %sue-con?air%é% t%n%%fﬁesm a culture

medium according to any one of claims 1 to 8. 10. A method for
pragigeingra eultureseftenocytes 10comprising the steps of: (i) isolating a
tenocyte-containing tissue and mincing same to produce dispersed cells;

and
Sense

5" CTCGCTCACCACCTTCTICTIC 3' (SEQ ID NO: 1)
Antisense

5' TGTTCTGAGAGGCGTGATTG 3' (SEQ ID NO: 2)
To produce a product size of 464bp.
Type—II1I collagen

Sense

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

5' CACCATTGAGACATTTTGAA 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)
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(i) culturing said dispersed cells in the presence of insulin or
functional derivative thereof 15having the ability to culture tenocytes and
betamethasone to yield free tenocytes; wherein a culture of tenocytes are
produced where the tenocytes represent greater than 90% of the total

cells present. 20 11. A method according:to claim 10, wherein the

tenocytes in the culture represent greater than 95% of the total cells

present. 25 12. A method according to claim 10 or claim 11, wherein the
tenpgyte-centaining fissuesisterdon tissue: 43,4 method according to any
one of claims 10 to 12, wherein the tenocyte-containing tissue is minced

to 30no larger than Imm and is incubated in the presence of 2.5% w/v

trypSin @il s 590 WP Edlldfehase SH4. X Ratbcyte eultred By metitodinder
aceardingtocanyoene efielakms 9tedgtfor use inthestteatment Ohaaling times
35¢end “L?é‘éjcgor Jgam trdi%of?%fcloﬁz 5494 tenacy r?gé”tﬁre&%y A1
metho according to a one of claims 9 to 137for use in the regeneration

or FEtbh3tGeticH 6f“§]fe3ndb%r§nd78fl§1ﬁ§’éﬁfén%“5 26.°FhéliSe bfg GAPDH
tenocyte=cutured ®F eCmethod according to any one of claims 9 to 13 in

the manufacture of a medicament for the treatment of a tendon and/or a

Ilgament
The PCR reactions were analysed by electrophoresis and the

results are shown in Figure 1. It can be seen that the
tenocytes cultured in a medium of the invention express

type-I and type-III collagen mRNA, as does tendon tissue.
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10 17. The use of a tenocyte cultured by a method according to any one
of claims 9 to 13 in the manufacture of a medicament for the regeneration
or reconstruction of a tendon and/or a ligament. 15 18. A tenocyte seeded
support matrix comprising a support matrix and a substantially pure
culture of tenocytes; wherein said tenocyié@s are produced by a method
according to any one of claims 9 to 13 and wherein said tenocytes are
see€déd ¥ato said support matrix 20until said tenocytes adhere to the
support matrix. <110> <120> <130> <140> <141> <150> <151> <160>

<170> <210> <211> <212> <213> <400> SEQUENCE LISTING . .
Uit P T e AP NS CVTE ETE oL T BRI ME 5D

FP25319functional derivative thereof having the ability to

culture tenocytes and betamethasone.

2. A tenocyte culture medium according to claim 1, which
comprises about 0.00005% to 0.1% w/v insulin or
functional derivative thereof having the ability to

culture tenocytes.

3. A tenocyte culture medium according to claim 1 or
claim 2, which comprises about 0.0001% to 0.001% w/v
insulin or functional derivative thereof having the

ability to culture tenocytes.

4. A tenocyte culture medium according to any one of
claims 1 to 3, which comprises about 0.0006% w/v
insulin or functional derivative thereof having the

ability to culture tenocytes.

5. A tenocyte culture medium according to any one of
claims 1 to 4, which comprises about 0.00001% to 0.1%

w/v betamethasone.

6. A tenocyte culture medium according to any one of
claims 1 to 5, which further comprises serum, one or

more antibiotics, L-proline or combinations thereof.

7. A tenocyte culture medium according to claim 6,

wherein the serum is fetal bovine serum.

8. A tenocyte culture medium according to claim 6 or
claim 7, wherein the antibiotic is selected from one
or more of the group consisting of ampicillin,
carbenicillin, penicillin, amphotericin, nystatin,

polymixin-B, gentamycin, kanamycin, neomycin,
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PCT/AU2007/ 2007-03-22 Australian Provisional Patent Application No.
2006-03-23 6 Patentln version 3.3 1 20 DNA Homo sapiens 1
2006901495 ctcgctcacc accttctctc20 <210> 2 <211> 20 <212> DNA
<213> Homo sapiens <400> 2

10.

11.

12.

13.

14.

- 31 -

streptomycin, a tetracycline, a macrolide. linomycin,

tiamutin, and chloramphenicol.

A method of culturing a tenocyte, comprising the step
of incubating a tenocyte or a tissue-containing a
tenocyte in a culture medium according to any one of

claims 1 to 8.

A method for producing a culture of tenocytes

comprising the steps of:

(1) isolating a tenocyte-containing tissue and
mincing same to produce dispersed cells; and

(1i) culturing said dispersed cells in the presence
of insulin or functional derivative thereof
having the ability to culture tenocytes and
betamethasone to yield free tenocytes;

wherein a culture of tenocytes are produced where the

tenocytes represent greater than 90% of the total

cells present.

A method according to claim 10, wherein the tenocytes
in the culture represent greater than 95% of the

total cells present.

A method according to claim 10 or claim 11, wherein

the tenocyte-containing tissue is tendon tissue.

A method according to any one of claims 10 to 12,
wherein the tenocyte-containing tissue is minced to
no larger than lmm and is incubated in the presence

of 2.5% w/v trypsin and 5.5% w/v collagenase.

A tenocyte cultured by a method according to any one
of claims 9 to 13 for use in the treatment of a

tendon and/or ligament disorder.



10

15

20

tgttctgaga ggcgtgattg20 <210> 3 <211> 20 <212> DNA <213> Homo
sapiens <400> 3 accaacctct tcctgaagcc20 <210> 4 <211> 20 <212> DNA
<213> Homo sapiens <400> 4 caccattgag acattttgaa20 <210> 5 <211> 20
<212> DNA <213> Homo sapiens

15. A tenocyte

- 32 -

cultured by a method according to any one

of claims 9 to 13 for use in the regeneration or

reconstruction of a tendon and/or a ligament.

16. The use of
to any one
medicament

ligament.

17. The use of
to any one

medicament

a tenocyte cultured by a method according
of claims 9 to 13 in the manufacture of a

for the treatment of a tendon and/or a

a tenocyte cultured by a method according
of claims 9 to 13 in the manufacture of a

for the regeneration or reconstruction of

a tendon and/or a ligament.

18. A tenocyte

seeded support matrix comprising a support

matrix and a substantially pure culture of tenocytes;

wherein said tenocytes are produced by a method

according to any one of claims 9 to 13 and wherein

said tenocytes are seeded onto said support matrix

until said tenocytes adhere to the support matrix.



-2 -<210> 6 <211> 20 <212> DNA <213> Homo sapiens <400> 6

cacaatgccg aagtggtcgt20 L

SEQUENCE LISTING

<110> University of Western Australia

<120> TENOCYTE CELL CULTURING METHOD

<130> FP25319

<140> PCT/AU2007/

<141> 2007-03-22

<150> Australian Provisional Patent Application No. 2006901495

<151> 2006-03-23

<160> 6

<170> PatentIn version 3.3

<210> 1

<211> 20

<212> DNA

<213> Homo sapiens

<400> 1

ctcgctcacc accttctctc 20
<210> 2

<211> 20

<212> DNA

<213> Homo sapiens

<400> 2

tgttctgaga ggcgtgattg 20
<210> 3

<211> 20

<212> DNA

<213> Homo sapiens

<400> 3

accaacctct tcctgaagcc 20
<210> 4

<211> 20

<212> DNA

<213> Homo sapiens

<400> 4

caccattgag acattttgaa 20
<210> 5

<211> 20

<212> DNA

<213> Homo sapiens

<400> 5

tcaccatctt ccaggagcga 20



<210>
<211>
<212>
<213>

<400>

6

20

DNA

Homo sapiens

6

cacaatgccg aagtggtcgt

20



