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TENOCYTE CONTAI NI NG Bl OSCAFFOLDS AND TREATMENT USI NG
THE SAME FI ELD The present invention relates to
woreaoRoekso4 or prepari ng bi oscaf fol ds useful i nPE€T&U2008/000583

repair of tears. More speclflcally, t he present

invention relates to the repair of rotator cuff tears

usi ng bioscaf folds seeded with tenocytes .

| NTRODUCTI ON Rot ator cuff tendon tear is a conmon

presentation resulting frominjuries sustained from
TENO@VES heawrantive tB esgdArroens ANl TREATHROY) USPRET SHE SAME

Med. 24 (1) :65-71) . Nunerous studlies have descri bed

di fferent techni ques for tendon repair. These include

FIELD sut ure techni ques (Gbrber et al., (1999) J . Bone

Joint Surg. Am 81 (9) :1281-90) , tendon to bone
fixation (Burkhart et aI (2000) Arthroscopy. 16 (7)
The presenp)inverpbeom n%ba¢¢§|h@ aeeheds dfay pPEehAr§uds f or

bloscéﬁﬁéﬁ&ée@sé@@islﬁT@WéQréﬁaﬁi of (4898 . ArjzBrescopy.
:527-3 0 ) and pse of various tissue

or

SPeCl%%éﬁ {i cCCRRrfePe g tRVEAREP It TeeREEP tO(Hh9eyepair of
rotatd ofREE dedes . ufResg Blo4dAffdTd5%ecddi WetButghoaltes.

repair usually achieves high | evels of functiona

i nprovenent and patient satisfaction in the early
INTROPIHSTIOPer ati ve stage, there is significant norbidity

associated with |arge and chronic tears (Hattrup,

(1995% J . Shoul der El bow Surg. 4(2) :95-100) . In
Rotategdd %nte$®%ﬂs%%%%sksr%t%°%$OFeQF§F%ﬂt§EF@§r?eFBFtlng

from iﬁguﬁﬂeéog@éﬂélﬁ@afff@@a@verﬁeaaract@maéﬁélllsﬂnn@t ak

R e LI S SR

descrihﬁdedlﬂﬁehems béchmeqmeagfontaendonufépaear Theaa

t | i f {0l ,
1nclu@é nP%réoté %&e%!é@é%@éﬁg?éﬁgﬂﬁg ?%9%%2 50 ggﬁ%ngblnt
Surg. F%Wen&l&@> 128759@80 texdpat bat bRBe 51882ie83 (Bugkhart et

al., PR6€0] MPrn#o908pp0818(7):82-90), tendon mobilizing and

sliding techniques for retracted tears (Tauro et al., (1999)

Arthroscopy. 15(5):527-30) and use of various tissue or
éynthetic tendon grafts (Amstutz et al. (1976) J. Biomed.
Mater. Res. 10(1):47-59).

While surgical repair usually achieves high levels of
functional improvement and patient satisfaction in the early
post-operative stage, there is significant morbidity
associated with large and chronic tears (Hattrup, (1995) J.
Shoulder Elbow Surg. 4(2):95-100). In addition, the success
rate of revision surgery for failed rotator cuff repair is
very low (Bigliani et al. (1992) J. Bone Joint Surg. Am.

74 (10) :1505-15). Consequently, there is a need in the art to
develop better methods of treating rotator cuff tear.

In an attempt to improve surgical outcomes bioscaffolds and
synthetic implants (see US Patent No. 4,668,233, US Patent No.
4,775,380, US Patent No. 5,352,463, US Patent No. 4,902,508,
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and EP 0 223 370 ) have been proposed in the treatnent

of rotator cuff tear. These devices are intended to
wepmsnesge the i nvasion of tissue on inplant at POMAURM08/000583

the hope that the tissue i"Agrowth, together with the

device, will confer inproved wound healing and

functional inprovenent to the patient. However,

devices for the treatnment of rotator cuff tear have

generally failed to show successful long-termresults

and Emnohzﬁalhuoe BATBDBE¥NOBEHPbERE duethe theakpwasi eg of
non- ﬁtlonalaﬁatty t1ssue, tengsynovitis, |oosening
a

rotatgp Cu BFai | BPESCTARYRERS 25Rt LRUGRSSFobh RECONTPHE
the lU@&SEenaQﬁ abeaseonnagamphahtpbioh,t iastee hapsesheealthe

tlssu§r§ﬁ§r8? faEb%gghQL %Egﬂdgﬁécgeggg u'&' t%b t%:

devi atgnentation of sur
1mPr°Y%ﬁaWPuﬁﬂtheaévﬂgeénéuéhHQElbh@écampﬁbﬁgmentr@patbe

patiestff H@@é&ebasd€9§c5§eﬁo§heﬁﬁ EQeéHﬁéﬁfe Eh§o%5EBgC@hff
out cone of ? %Iannottl, (1994)
tear %?Yﬁo%en%ﬁﬁg ng 7tg55h OWA$§C§9€ﬁfu€héoearF§ﬁm

resulpethibds Aatlsaub- Opmmﬁﬁlyaﬁdchheﬁﬁglau@ ﬂ@edhbolﬂeagh@ﬁ of

f the repair tator cuf
non- £ Q0 RbA R TRy cFtePhehabehRBR hub B Bpod B oRbiap o
implage| fabheed- t|Egnéh@nglﬂ@atnngoappﬂoadmngothEhe device
and aEf@@lBﬁnégalﬁEtr95§ﬁ9rt9§££e5e@%uggﬁg %Engckgg ognd

| ant atTon of bi oscaf f eén see
fatlg%?tﬂ t ERBCYEELCRNPEA HabEmpERAY ekpandedirs Frifs.
Accordingly, in a first aspect the present invention

d t reati otator cuff_t in a
ns sul oo B BRE o8 b aitiab Febanr Uity fawibEspguch
as bieo$caffdldel eut ruebyorxpafili ngatenbayt esti bevnt showA to

I n r netion
T
Am. Afage ﬁﬁF%@B}esﬂﬁgpr%é%be8& 8@)turésoﬁu@hpahbédcurrent

method@nﬂﬁétgﬁb bptimseeshadtReblossahf abdaWbhg8dkilop petter

d
treatmeg [ Eor the repair rotator cuff tear.

SUMMARY

The inventors have now developed a novel cell-based tissue
engineering approach to the treatment of rotator cuff tear
comprising the implantation of a bioscaffold that has been

seeded with tenocytes which have been expanded in vitro.

Accordingly, in a first aspect the present invention provides
a method for treating rotator cuff tear in a mammalian subject
in need thereof comprising the steps of: (i) selectively
expanding tenocytes in vitro in culture medium comprising
insulin or a functional derivative and a glucocorticoid or a
glucocorticoid-like molecule to produce a culture of expanded
tenocytes; (ii) seeding a bioscaffold with said expanded

tenocytes to produce a tenocyte seeded bioscaffold; and (iii)
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tenocytes to produce a tenocyte seeded bi oscaffold;

and (iii)inplanting said tenocyte seeded bioscaffold
wWee@giizash4 to a rotator cuff tear. In some emboRCTBIZ®S/000583

the tenocyte seeded bioscaffold is cultured in vitro

for sufficient tine to establish the tenocytes before

i nplantation. In sone enbodi nents, the rotator cuff

tear is a massive rotator cuff tear. It will be

appreciated that the tenocytes used in the methods and
impladevhgesattl thaokcpventieededs bdesenirted dneh@ixAnean e a
rotat5§okgk?d f5%n1any tenocyte -containing tissue. In sone
nbodi

neﬁ?s the tissue is a tendon. The tendon may be

fromany anatom cal site of an aninmal and may be a

In sohetéﬁeadQHEBtE?n@H@’téHBE?%@iQ%%H%d?%@@%@gffol
t ect t endon

subcapul aris tendon, pectroalis najor n, geﬁgnea
culturgdqdft, VAEKP! FersShEfdeaenti bilaki §oamstrbdd shetien,

tenoc@Béer beFogeUtinplanthgaBRNt, posterior cruciate
| i gament, hanstring tendon, |ateral |iganent, nedial

l'igament, patella tendon, biceps tendon, and triceps
In somendohodimesbae ehbodbtends, ctifié teaecyke acelkalifiend

|.S e isolated fromany manmalian ani mal
rOtatéﬁc?ﬁgF28¥agUt not limted to a sheep, a cow, a pig or

a human. I n other enbodinents, the tenocyte containing

It willsedeappré&hat8dthheM AchlBBBeyvERsSHEER 9hhehe ethgds
enbodlnegts t he tenogcyte containing tissue is isolate
and deYLGEF hat shbf et BVPREhRBAI2Bf dEFERLREAL Le¥RAN] sahabed

isolatedofytesanyetenbegtevebytexpangediByubn Virhr aogul ture

' f.a culture medj um conprising insulin
ermoal el PRESENSE,g 8 £ULLURE,ToRLLTL SOBE) SO0y Lr SN
anato@%¢@hr%ih@d©ﬁnanORpimséSaa@Omay0b60605@&Hﬁo®.&%&ﬁ/ﬂenden,

j ' ti i [ 0 i pent.s
supra%é?&&t@soﬁeﬁggﬁ,'Qﬂﬁéa ﬁié¥§5'%gﬁ?bgfoég§&§?%98g08iggr

e culture nmedi um conprises abo )1 . ]
tendogy \oeFIRERh BRNEORCt pORALldesi vandor, thbseilie snherior

tendo®Thatt 8BNS ¢hecCaté Ul egiREhtM posterior cruciate
ligament, hamstring tendon, lateral ligament, medial ligament,

patella tendon, biceps tendon, and triceps tendon.

In some embodiments, the tenocyte containing tissue may be
isolated from any mammalian animal including, but not limited
to a sheep, a cow, a pig or a human. In other embodiments,
the tenocyte containing tissue is isolated from a human. In
still other embodiments the tenocyte containing tissue is

isolated from the subject in need of treatment.

The isolated tenocytes are selectively expanded by in vitro
culture in the presence of a culture medium comprising insulin
or functional derivative. In some embodiments the culture
medium comprises about 0.00005% to 0.1% w/v insulin or
functional derivative. In other embodiments the culture medium
comprises about 0.0001% to 0.001% w/v insulin or functional
derivative. In still other embodiments the culture medium

comprises about 0.0006% w/v insulin or functional derivative.
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conprises about 0.0006% w v insulin or functiona

derivative.-AThe cul ture nedium may further conprise a
w@bkwsnezssns i coi d, such as a synthetic gl ucocortPCDAU2008000583

a glucocorticoid-like nol ééil e. In some embodi nents

the glucocorticoid is betanethasone. The culture

medi um may conpri se about 0.00001%to 0.1% w v

gl ucocorticoid or a glucocorticoid-like nolecule. In

sonme enbodi nents the cul ture medi um conpri ses about

0.0001% to 0.001% w v glucocorticoid or a

5o d-Lik le. In still .other . .
mhe cBEOE LN R RS B LR o sz
as a @yptyetdéecardtucosrdtéroadgl veoeomtlivcoictritiike idplledke e.
moleclifeSORB eRhedLABREImehRe Gukt %CQESQ%Q%QQ%diEenOCyteS

b cngrlses at | east 80% tenocytes and no nore_ than 20%
CtamFLRRSRBEYt e TREI FYLEPECONREL UBNHGYT FERPEise POSYEE Y0RO001%
to o.m%hWMe gehgscbmtﬁbeiaub&uaegggeoFgﬁﬁabbaﬁr1ﬁ&esmdﬂequ1e.
r odi pents at ast .of the cells present in
n SO@%eggg gg PV Fy£§§pgﬁg§8rﬁewséyyg EQWPEF§e§r§%OU% 0.0001%
to 0-@@hécyﬂﬁsglubpcsunéceﬁﬁodknangsucbhereipaﬁdedikenocyte
molecGk! UiR SPHPT 8ERECEhBoathgheln (B L83l ROl Al d
celI's express one or nore genes coding for the .
COmPrigeEoRPAYL PyPRORSCHY VageHCorppEirpideor &gen, EphA4 |

gluco8ekenayiar- 18kl moCeR1and/ or Cbfal . In a second
aspect, the present invention provides a nethod of

treating nmassive rotator cuff tear in a human subj ect
In some esbddimenesf chapriuitnget bé sikepadel: tenpciyselsating

1 cyte en ' e ken from said hj ect ;
comp | S99°KL B4CRLOTLHETUR-H SR BERR. A Y Sel
tenocygteuredie - mednuatbenpenbpAgmebsst 20. 0866% WO% ofs Ghien

cellsoinfHH@tEﬁﬂ@hrgeék¥aEéﬁgc§Egs§boHg %tgggz%%ﬂk%
| ucocorticoid or a glucoCorticoid-like nolecule to
embOdi%BEEeaE LEPELr 856f OExpRRIEG L ENBEFEEEtcaRPINSI ng at

selecteasty8e¥paraeaytesocitii puseadengra beaseghbal d with
sai d

In some embodiments, the expanded tenocyte culture comprises

cells, wherein at least 80% of said cells express one or more

genes coding for the following: type I collagen, type III

collagen, EphA4, scleraxis, Sixl, COMP and/or Cbfal.

In a second aspect, the present invention provides a method of
treating massive rotator cuff tear in a human subject in need
thereof comprising the steps of: (i) isolating tenocytes from
tendon tissue taken from said subject; (ii) selectively
expanding said tenocytes in vitro in a culture medium
comprising about 0.0006% w/v insulin or functional derivative
and about 0.0002% w/v glucocorticoid or a glucocorticoid-like
molecule to produce a culture of expanded tenocytes comprising
at least 80% tenocytes; (iii) seeding a bioscaffold with said
expanded tenocytes and culturing said bioscaffold and

tenocytes for no more than five days to produce a tenocyte
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expanded tenocytes and culturing said bioscaffold and
tenocytes for no nore than five days to produce a
wa 28asa3eseeded bi oscaf fold; and (iv) inplantPCyABAI08/000583
tenocyte seeded bioscaffold into the rotator cuff
tear. In a third aspect, the invention provides a
bi oscaffold conprising cells, wherein nore than 80% of
said cells are tenocytes . In sone enbodi nents, the
bi oscaffol d conprises at |east 90% 95% or 99%
seeded&@ﬂﬁg&&ff@ﬂas arddie( b&bstﬂﬁiahﬁlﬁ@ysEbdptéﬁecyeéIseeded
blosc£%¥%fﬁn QSStr$Q§% 8f9 ggg%s express one or nore
genes cod |ng OMAng ype | collagen, type
[l collagen, EphA4 , scleraX|s Si x|, COW and/ or
In a GRfAh acdbe: plascallold Gy cPTPLaSE & PRLELAEr8Ld

menbr ane, a mcrobead, a fleece, a thread, or_a gel
compr%ﬁkﬁ%r0%1%$ur%@e¥%E?éH?re ?%a§oﬁ%’eﬁ%oﬁ?ﬁ%n?%l?ﬁeare

tenocﬁt@&af fﬁﬂ sotonpibsSesment ypeché | blosehtagea dBhptkses at
least %% x%j§@g or snall |n# stinal subnucosa

(XAt r ogeh(? ON OF THE FI GURES

Fi gure 1 : Experlnental deS|gn of animal study. Figure

The b sc&@ggidoéi%aééggflégt@éfisFU%E?%Q E iggsEaQQLt%F

%g on of agen and Eph
sald ¢olbel eXPERIST ePidR Yo snand g%@%nc@ﬁiééﬁefoﬁ gheefaliowing:

type imﬂpégéhmwpéorzty@@liagéhl ag ﬂA@n Leneexkes,i Bix1,
ro culgg (A) Test we (100X) ; (B) control wel |
coMp 3 %%95 ure 5 : (A The | oose, porous collagen
fibre arrangement of the ACI-Mix(tm bioscaffold
B e S thin
the o{d0%bsorhilal §OEH 85k TREYLE Ly hERBERES 4 oo
microbegd) Sof be@@tl aotpherdgyodeanasi s ated/ owoniypuesesf

there@f°trﬂﬁ'QBﬁe(gmﬁgélm@ﬁ@§ktﬁérﬁfbébéﬁﬂghh'99§§§1ség'éetype
arrow)on the ACI - Mi x(t bi oscaffol d

I/ITT ppklagert Ndkal* stAnhi iyteldct r 8R ﬁWéFés&BE?SFé%éI ed

submuddea f (@it sagéaee. mor phol ogy and hi ghly conpact
col l agen structure of the

BRIEF DESCRIPTION OF THE FIGURES

Figure 1: Experimental design of animal study.

Figure 2: Model of massive rotator cuff tear in the rabbit.

Figure 3: Expression of type I/III collagen and EphA4 in

cultured tenocytes and tendon tissue.

Figure 4: Immunostaining for type I collagen on tenocytes in
vitro culture. (A) Test well (100X); (B) control well (100X).

Figure 5: (A) The loose, porous collagen fibre arrangement of
the ACI-Maix™ bioscaffold (100X). (B} A sheet of tenocytes
integrated within the ACI-Maix™ collagen fibres after 72 hour
(200X) . (C) Solo cell morphology demonstrated two types of

protrusions (blebs: black arrow & lamellipodia: white arrow)
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Restore(tm) small intestine subnucosa bioscaffold
(400X) . (E) Tenocytes (arrows) displayed a nonol ayer
w@e@stis3patt ern on Restore(tm bioscaffold si mPCEAURWS/000583
that seen in vitro, with aGSpindIe-shaped appear ance
and bi- or tripolar lamellipodia cell attachment (20
0X) . (F) An individual cell on the Restore(tm
bi oscaffold with protrusion (blebs: black arrow
| anel I i podi a: white arrow) seen on the cell surface
on th¢650X)yMaiklghiesbaff&bat (DE0gRPUP;(DheaBbeXykieRtaBeal

scannfﬁ%'@le&@%oﬁo %c%@ggoﬁgreévgaiagngFu$§FIt§u£ﬁace

racterized ase inc
morph%é%ﬁﬁg@@@ehé@h%Yaﬂ@maﬁcéra@ibﬁgen Bheuotgaalzéttha of

Restoﬁ@W|@ﬁ@ﬂlfiﬁf§§t£§§0§%bmu&§%aBBESSE&@EQEd(ngogp

es were characterized by I ncrease
Tenoc%%%%lzﬁggﬂwﬁhdd%ﬁ%1%b§@n%emﬁﬂoﬁFM@Fa9¥?§§hz§ﬁ§t€IGOQﬁ
Restore( Qidbght rokeks saiphestdi sphaysdea AR ¢;@kganyZed a

with less cell density, and arra
ewina SIS LB R0 o Bp L TR B LI s by
cell apugmmeft g8(aeek) saﬁE}e&nden@nsidaaédcéymloalthatHéetorem

bioscér o1& ﬁiﬁﬂ?%f&@r&é@ggo blég- N&g;&%h£§?§% of

regener at ed tendon ure
1amelJo+E>%%la<’11f of R e o@‘ﬁroﬁbrfﬁ‘ﬁ%&y@fll nthadoeddi AurfAyel 4656X) .
portlons of the ACI Mai x(tn) bioscaffold mere not

ed at. 4 weeks, with obvious | ynphoc
rigurd 6P| Ko Fon S rby TG OREL b oSRa{ FOPdn( 26&) Fopp) week
contrdhesatxsbesbedem echafadtaetkedanpl &8 ﬂﬁmaéaiséamd

celluld+ yéﬂ&*ﬁ%éaﬁ?& ﬁ%gfgr eéi era 8£gg%aE§O|lagen

arr erent, 1 nc I Ng ceI ar| Fogeni c
Ofgaﬂ%%ﬁ?ﬁﬁﬁcﬁﬁ(Qﬁﬂlygen ?Ibrqﬁe(%@%é trbaghBoﬁe4tmeegh (BT)

of 4 vﬁ@émle%ﬁn deed-Datiegh-Dye ££P2LE egy, C &kéé‘sgdt &%ﬁ!e
t ge flbrous tlssue extendihg fromt ?e
POPulamﬂeOfb gHPFaex) oL TB}elEfrﬂgHe%éﬂngaﬁia%% (C)
Eight diesat aeyaampm el DBy @ Ch &ﬁémt@f@ﬁi%&o stnlf(lg’&u:t-:@ ewith
h formtio al so _mat ure. n i ons
. e R
fibre arrangement (100X) Bone trough of 8 week samples
demonstrated typical mature 4-zone structure (100X). MT: Mid-

substance of regenerated tendon.

Figure 7: ACI-Maix™ bioscaffold group; hematoxylin and eosin.
(A) Large portions of the ACI-Maix™ bioscaffold were not
absorbed at 4 weeks, with obvious lymphocyte infiltration
surrounding the bioscaffold (25X). (B) The absorbed area of 4
week samples demonstrated primary repair pattern characterized
by rough collagen arrangement, increasing cellularity, and
neocangiogenic formation (100X). (C) The bone trough of 4 week
samples was dominated by repaired cartilage tissue, with dense
fibrous tissue extending from the edge of the bone trough
(100X) . (D) Eight week samples displayed more organized
structure (100X). (E) The bone trough formation was also
mature. (F) Inductions of adipose tissue (arrows) in the mid
substance of the regenerated tendon (100X) U: unabsorbed
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subst ance of the regenerated tendon (100X) U :
unabsor bedbi oscaf fold; L : |ynphocytes invasion; A :
wa@b®snkesds area V : vascul arised tissue. Fi gur eP@I/AU2008/000583
Restore(tn) bioscaffold grdup; hematoxylin and eosin.
(A) The original structure of the Restore(tm SIS
bi oscaffol d was seen as di sorgani zed fi bres. Nunerous
inflammatory cells were observed inside and around the
i mplant (25X) . (B) The absorbed area denonstrated
bioscafifokdsi ng ﬂygpnbbgﬁéfnmﬁbaEiwhyhAbobbst%%g anda V:
Lk naped nor phol ogy present in a richly
vascuéggg%%gr?gggugénnective tissue matrix (100X) . (C An
8 week sanmple did not conpletely absorb and presented
Figur@bgk0ﬂ§s£¥9@h°ﬁ¥5§chgﬁbhgrg&bﬂ?;(ﬂgﬁékox &9% BORC eosin.
tendon junction exhibite matiir e 4-Z0ne structure
(2) Theopx}oinal: sppueEBER 8fehhe BestongBsEiBebioscaifold was

seen Qboaﬁééf@éﬂizédifEMﬂEBQCghﬁékoyFZﬁﬁ@iﬁ%hé&b&?dcbhi%u%ere
IOSCZ 0

Fi 9.: ACL- Mai d th
Obser%%agﬁgabﬁg ?%ﬂo%?%ﬁéég}gﬁp}mﬁ ﬁﬁFogﬁggﬁ':ggwgggﬁnaPﬁPrbed
area demodsieeksd AGbbabxifynfEibirobtattohdmbepl antedbwihhround

t a d_elicited .
R TR TICT —
connegipyant edsaat bhbgoks (LeAstyt ¢S) (Anr wsrelkessmplleodid not

spet 4 egombibi Angh L BisngLbk 8562 X) - (9
compl1EP8L} eaL¥bED Q%f_ﬁéﬁggﬁtea ?Bg%gﬁfoﬁgﬁFﬁﬁﬁggged Wit h

... At _8: weeks x(tm b , ed
lnfllFEﬁBﬁ9Pe§18?§Q}a§Bb Pé@ﬁtF@HﬁOPeQHPFt&§ncSﬁbﬁéﬁtﬁﬂoap
maturé 10029ne éf&u&%ﬁrb?ﬂEODKﬁugh:(Eﬁbfbbéﬂobﬁgﬁ;mﬂs
L ndi stingui.s omthe contro rou 10 OX) .. A:
R oA T S i
tissugynphocytes; MI: M d substance of regenerated tendon.
Figure 10: Restore(tm bioscaffold + autol ogous
, tenogxtes g'oyp;,henatoxxlin and eosin. (A) At 8
FigurgedkshRestatE( t Ajosrateat oracrngl uhtBdawtphogous
tenocptié ol §oOUS; t eBRsYbRE1 danBnat eaked exsehkent wbepdonacr-
Maixm3£{g§5g£§ofénl%giaégegoggggltgggggtééogé ho&B%ulﬁgdon

absorbed and elicited lymphocytic cells infiltration (100X).

(B) Few implanted autologous tenocytes (arrows) were also
spotted within the remaining bioscaffold (200X). (C) At 8-
weeks, ACI-Maix™ bioscaffold implanted with tenocytes
displayed identical result as control group (100X). (D) The
bone trough (BT) histology was indistinguishable from the
control group (100X). A: Absorbed area; U: unabsorbed
bioscaffold; L: lymphocytes; MT: Mid substance of regenerated

tendon.

Figure 10: Restore™ bioscaffold + autologous tenocytes group;
hematoxylin and eosin. (A) At 8 weeks Restore™ bioscaffold
implanted with autologous tenocytes demonstrated excellent
tendon structure similar to control group (100X). (B) Tendon
bone junction was also mature, displaying typical 4-zone
structure (100X). (C) Some granulation tissue was spotted

mixed with the collagen fibres, resembling chronic granuloma
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bone junction was al so mature, displaying typical
4-zone structure (100X) . (C Sone granul ation tissue
wor®sapssts ed m xed with the collagen fibres, reCEADRI0SEGOSS3

chroni ¢ granul omaresponse $c100X) . (D) Small foci of

ectopic bone were found in all groups that Restore(tm

bi oscaffold was inplanted (10 OX) . Figure 11:

Inflammati on Rate: The percentage of repair tendon

areas occupied by inflanmatory cells . Figure 12:
respongest(@loesy .Sae)esnban AdciMaiix @dfopdnd Heest areafd Mound in

bi oscaffol ds i npl agnted al of seeded Wit u ous
A1 SrORGOITES FESF Gk O] ek a e g U R8C
| mmunostai ning of ACI -Maix(tm+ tenocytes for type |

Figuregﬂ.:,‘_l.lo:a%%qflt(aA a (?Ll%\tn (Rg.ltlée airl{eo%e(l%ég%géeq @@rl%aibcl adhdon

wrextra celTular matrix) (B) Negative
areas comupded A00XnLlapmpicsylaeyfpe | col | agen positive
cells in ACI-Mai x(tm and Restore(tm bioscaffolds

' i npl anted al one or seeded w th autal ogo t enocyt es at
Figures Igee fE shid ¥nesieE e sFi Tk eAélTb'P?aWr k%ﬁ%s%ed?]e%‘ﬁ%ons
bioscaATbINE NElplsetencasmnf omBdddd pei il [dutacobdagen

rotein, EphAd , a PDH, gene. Figure 16: Geonetric
tenoc L?rteﬁ'eﬁ%e rar%(fdgt hlec%née'ss, wi dth and | ength were
measured fromfifty normal rabbit rotator cuff tendon

Figuré\;]\glpvzep%ér@ﬂlorgd'nsg%iuq{n& rt etbsheud del s o fh dy TRASEE LMBRLS T

e er slack condition at roo
collageshplatTess GEMS [ DESCR BR BN OPHRE F*?%%"‘éﬁ%ow
extra VBRI IVENTS: Bef-or e(dascy | bimg mégapresednt noent4 o] n
detail, it is to be understood that this invention is
not limted to particularly exenplified nethods and
FigurdlBys : OfysoUul seolvagen posilsive soelbs ben uh@erMabsd andt
the term kN4 or.-t of
ReSto?esclﬁ%sf%g jlf‘oar ?%%ﬁ%ﬁ%‘%s&gf Q?%@%Eﬁ’éﬁ?i on
autolagdys bembdstewtat nt evelelgs tanded | YA#EFng which will be

limted only by the appended clains .All publications,

. patents and patent, K applications,cited herein et her .
Fiourd it a Gt PR OB ECHORELR T RS BbF ap B Byoee S0 taBbit

type I/III collagen protein, EphA4, and GAPDH gene.

Figure 16: Geometric measurement: Normal thickness, width and
length were measured from fifty normal rabbit rotator cuff
tendon harvested from unoperated shoulder. All measurements

were performed under slack condition at room temperature.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before describing the present invention in detail, it is to be
understood that this invention is not limited to particularly
exemplified methods and may, of course, vary. It is also 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 which will be limited only

by the appended claims.
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reference in their entirety. However, publications
nmentioned herein are cited for the purpose of
waelewsn2asiag and disclosing the protocols and rRehAN2®8/000583
which are reported in the-fublications and which m ght
be used in connection with the invention. Nothing
herein is to be construed as an adm ssion that the
invention is not entitled to antedate such discl osure
by virtue of prior invention. The practice of the
present invention will enploy, unless otherw se
cated, conventional technl ues gf ce cul ture,

i ndi LI
ALl PEQEFCBFbPaay BRHSBFFhBPEdPE LERFgBPY L 1RREATSr §1kethi n
hereithewB&theérobuple art inSweh heehheqeby aneod@s&atbadbyn

e or e, I; . al .
rererkifi' Lo ERLKF opBElerhe EVRTRre; pX8L 8T 4BhGo g ipnea
hereigngrel ciefnivr| ehe&p8opesenef) deRogdbéngabnd @4gslosing

the prB%éEQi§9¥ndT§éSgéﬂgsARh§§ asbdrEdorc W L apR &
ns) ; Kruse & Patterson (eds 1977 "Ti ssue

PUbllﬁﬁF%aPﬁ"aP@cHHéﬁPcmpﬁé§s?e egﬁélén(éanregéegn with the
1nventEaﬂpbehbtﬁlﬁgehateyﬁ Ebth@paedbaﬁ t10kh a@ apSkdmission

enat R Soufr S B oF Bty bi STa CEBI £o( AFPARCSEPERC ) oC LPpuTe

by vintsé bé poted thumenbsoused hereln and in the appended
clainms, the singular fornms "a," "an," and "the"
i ncl ude plural reference unless the context clearly
The Pﬁﬁ@?éﬁ@soétHé?mp§ésemﬁuénvﬁ6Fl@%aWéﬂé CHPLeVer EH¢ESEo

otherw@?éehh baﬁéade§oﬁv§hﬁﬁéhh§yt@EhﬁH%ﬁe%beSce@ﬂdc@lture,
e rence IS a rere e 0O one.qQr re
ce11 B ORbEY SR erRaPErC AP BB e PRAHTPKe: ShEBInape
skilltefhnheahrandsechenécﬁn¢qUesnarasddsbeﬁbed havehtehe

literdt ”EQQE”Q?P§Se§§ﬂgEQ'yc@ﬂ?&%ﬁt% By, °E§99f“Current

nary Ski art RIS ‘i nvent |
protOGQR@ngs Ppapthdnghcanpcaat ¥pilans indndeﬂﬁodﬁobmnwuéeyo&

sons €AYl yal gBEstarthgse §9§§fhh§§tei6§yn %@thﬁnHSQth ",
practice or test thepresent invention, the preferred

. Walitiars snt tbinous &resrof Patterson ledb.§ 1977

“Tissue Culture” (Academic Press); Canale (ed.) 2003
“Campbell’s Operative Orthopaedics” 10" ed. (St. Louis, Mo.
MD Consult LLC) ;and Alberts et al. 2000 “Molecular Biology of
the Cell” (Garland Science).

It must be noted that as used herein and in the appended
claims, the singular forms “a,” “an,” and “the” include plural
reference unless the context clearly dictates otherwise.

Thus, for example, a reference to “a cell” includes a
plurality of such cells, and a reference to “an agent” is a
reference to one or more agents, 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.

Although any materials and methods similar or equivalent to

those described herein can be used to practice or test the
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descri bed. In sone enbodi nents, the present invention
is directed towards a nethod for treating rotator cuff
WO e@s/128Be terns "treating" or "treatnent" or PCT/AU2008/000583
granmati cal equival ents théfeof are used herein to
cover the treatnment of a rotator cuff tear in a
manmal i an subj ect, preferably a human, and includes:
(a) relieving or aneliorating the synptons of a
rotator cuff tear, i.e., cause regression of the

presesynihvrmidions riicatgie fdtfifed e@ftealP)ady e Hfe now
descriiPiting rotator cuff tear fromre-occurring in a

subjéct that may be predi sposed to rotator cuff tear
but has not yet been diagnosed as having it, e.g. a

r prevy e ted for.rotato
m so@%f f% %?g\grl%eT e ’eftsl\eéc?ﬁo%f%trﬁeeﬁr}lrvteegﬁﬁeoﬁ} lrrsgyd]breecatec{ towards

a metheg) fp&utiresitd nde takadiora gwdift itdlator conpl ete cure of
a rotator cuff tear or prophylactic in terns of

compl etely ar partiall reventing the re-occurrence
The tEPNE TSP CARE Cdar t IR TR G GFRFTIRGGAL st lents
theregifoapeoiisrds tleee iand d heiviert endonsddiateractof @ rotator
i iz | der. .The r tor. ff scles are a

BT ot B RISA b P e ATk hobrtg e
includegpr dspi Hatldeyingf oas ginedtiorattioeshd mympgmohs of a

tatSubee@pukanks) i.. eThe d QY G £ f“@rfel 3};@}%{1&5
T conbi ne to forﬁlg bréﬁﬁ,ehon%g%%%ﬁ'peﬁion,.cg I t eOf .
rotatpgy GUGE EGPF it SFddP) RAGVIERSERNS Gt d TR Iome grotdier
cuff heser drohead -orcifieisRounder subiedenhay at=at @e cuf f

. r(s),. refers to a_tear of one, or nore, of the four
preaipBREER) ot SRty RS Shrr it d8soratny oM Hihed
diagnpesdomsohavhedr dtrat er. goulf pefears whio thaes moteatiarusdyf foeen
treatbBNE8R FRYABE PRLLHAl LN ckigss Laalg, E“@hélyfggyﬁgat

tears or full thickness tears with conﬁiete detachnen
may bgf thREAPENESRs 1y §#BEneL Pabpiraliadhiogk oo ledar sure of a

rotatb@f@ﬁfEOtEéQYB&gpQBg%@lb&kﬁ%tiEE@@@%S B lodnp1&Rass or
n

.tears refer to wo S
partlaﬁﬁy preventing t%e re-occurrence of rotator cuff tear.

The rotator cuff refers to the group of muscles and their
tendons that act to stabilize the shoulder. The rotator cuff
muscles are a group of four muscles that surround the shoulder
(supraspinatus, infraspinatus, teres minor and subscapularis).
The four rotator cuff muscle tendons combine to form a broad,
conjoined tendon, called the rotator cuff tendon, and insert

onto the bone of the humeral head in the shoulder.

The term “rotator cuff tear(s)” refers to a tear of one, or
more, of the four tendons of the rotator cuff muscles or the
conjoined tendon of the rotator cuff. Tears of the rotator
cuff tendon may be partial thickness tears, full thickness
tears or full thickness tears with complete detachment of the
tendons from bone. Partial thickness tears refer to fraying
of an intact tendon. Full thickness tears refer to wounds

that persist through the entire tendon. These may vary in
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that persist through the entire tendon. These may vary
insize fromvery snmall or pin-point to very large
wo pwsl1zd3ng the majority of the tendon. Full thPCRABS®S/000583
tears may al so involve conmplete detachnent of the
tendon (s) fromthe huneral head. In sonme enbodi nents,
the rotator cuff tear is a massive rotator cuff tear
The term "nassive rotator cuff tear" refers to tears
of nore than about 5 cm and involves nore than one

size tfendorerht swiallll ke appreuiatedd h}@r}l;msirg‘@@m}dlaxfﬁ.ng the

: ni. mal Qnprise _ten and that all these tendons
majoxg By B (R eR R 11 Brte e F 2751 Foeprotss nvelve
comp Lejiteh degchmenthes, the ttemduresontt pedtd ¢anicamt head.

term "manmal i an subject” refers to any manmal, such as
a human or mammal s of econom cal inportance and/or
In soggcrRPOPRPeHt&nc & o Tiatkakey, UG itestrarice a cmeviver es
rotatethericthaaghumans (such as cats and dogs) . Al so
provided for is the repair of rotator cuff injury in
livestock, including, but not [imted to, donesticated

The tswinneém@pisgsecamdthags) cuffuriedant Sefhefsses, tardd E more

' he, t not, denote.a _parti cul age. Thus,
than %ggﬁtagu?p %%glgé% %W%Ssﬂﬁngﬁgagrgnfhgﬁﬂ%%HLto be
covered. In sone enbodiments, a first step involves
It wi&ﬂebbsQb%&é@@a@%datB%Euhﬁkko&aﬁEaﬁ %ﬁp¥&ﬁﬁmﬁ%o@&%prise
source. The term"tenocyte" as used herein refers-to
tendoflﬁea&gi hBRE- ehdpEdese hraprast compeisel Icolilpgerarfdbres
embedﬂedndn:a gedeQSOQFi@LEi@ﬂﬁﬁ&E&ix.TGFQ@¥£9§5J%ﬁkﬁ%&@%ent
. ongated nuclei and.thin cytoplasmand are often
SpeClEgéﬁgggpt?ﬁﬁgggﬁmcopﬁg gﬂlPPbF8§ Fﬁ%teﬁﬁgﬁ§§ FEhGYt es
mamma¢ansvfhensbe hdwani biretaomatlise ofasiceonbhdicafl haynppradmee
d/o%0 : p he -nar ker.."scleraxis” .
A R R R L
otherj ghert hBheBFe (SEFBr agi saégprassidagstel | #lsp palovided for

is theapapherobrexptassi-ngueel hagenyt YRe 1k vRteeker ¥ uding,
but not limited to, domesticated swine (pigs and hogs),
ruminants, horses, and the like. The term does not denote a
particular age. Thus, both adult and newborn subjects are

intended to be covered.

In some embodiments, a first step involves the isolation of a
population of tenocytes from a source. The term “tenocyte” as
used herein refers to the spindle-shaped, fibroblast-like cells
that are found in tendons of all mammals. Tenocytes typically
have elongated nuclei and 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 I and
express the marker “scleraxis”. Accordingly, in some aspects
the tenocyte cells of the invention are scleraxis expressing
cells or cells capable of expressing collagen type I or

scleraxis.

The term “source” as used herein refers to any tenocyte-
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The term "source" as used herein refers to any

tenocytecontaining tissue in any manmal. In sone
weedvsdzssent s, the tenocyte- containing tissue PGI/AU2008/000583

tendon. A tendon is the ti&ue which connects nuscle

to bone in a manmal . The tendon nmay be from any

anatom cal site of an mammal and nmay be a rotator cuff

t endon, supraspi natus tendon, subcapul aris tendon,

pectroalis major tendon, peroneal tendon, achille's

contaﬁﬁmdgntlbbbbahhsaﬁ@t&ém&&ltGHQQnso%%t%hb%ﬁﬂﬁéﬂ%sat%he
nmen Qsterl.or cruci ament hanmstrin

a
cenochL 3TRAL R ERLP s rul A o 2ol duvencipacoig tissue
Whlchtendnﬁctblmapsléendobpnandntalmammauend@me E%m@@mtmay be
I f r in_a yariet
crom S80) SnThpmiger SOLELA AT AnAAN' 6Bl Red Y phitufbor
cuff rRNdeRe EHPEAPRBABSUSt SROGPNe ssbiepvdarbe teakaned
pectr&é@ﬂbamabeﬁsﬁeﬂabﬁr'?Ergﬁeﬁqnféﬂhbﬂnagcﬂﬁnggd§ téidon,

ed.in nore ow, i n sone _enbodinents,
tlbla?éﬁo@??@ngFetFQQPﬁteanﬁﬁréﬁfyﬁﬁPPéa&?gééﬂﬁ@ﬁchn sone
posteehbndc&anﬂstetEEgEﬁBﬁtytﬁam@ﬂkahQ:B@nﬂbﬁzuﬁaﬁﬁﬁa?e
- Lsol fro n ani_nal. 1 ncludin u
igam 8, e e Ba 2T A § e hangRY FATeRer 2nd
triceppbbanfents, the tenocyte contalnlng tissue is
|solated froma human. In some enbodi nents, the
nocyte-contajining tissue is "autol ogous”, i.e.
TenOCYE%|% ¢4t P PRelBBdPEEF EREMsabpEBrCEnineadvatiety of

ways, t abat WRDEL arer RhakAr teUbhet @ﬁﬁllggr 1ﬁX€Pﬂ§| 8rtd In some
aro at or tear can have a

ap _sub
embod ORGP R BHekFEneihy o1 BAloRE! EPRBEPaboayT. SuBROBSY
materighdoyisconctudieonblit matkodet | BBl Hedcirapbetiendomnodt detail
flexo r a | cane endgn
belon et S iathehE S, ChHablgLER, SERDr Bt e v
enzymaphe o %gﬁﬁélPﬁeatnent of the tissue that is to serve
as the source of the tenocyte cells. Techniques for

by

0] . .
In some geglments the tenocyte-containing tissue may be
isolated from any mammalian animal including, but not limited
to a sheep, a cow, a pig or a human. In other embodiments,

the tenocyte-containing tissue is isolated from a human.

In some embodiments, the tenocyte-containing tissue is
“tautologous”, i.e. isolated from the body of the subject in
need of treatment for rotator cuff tear. For example, a
mammalian subject with a rotator cuff tear can have a biopsy
taken from any tendon in their body. Such tendons include, but
are not limited to, tendon of flexor carpi radialis and the

calcaneus tendon.

Tenocyte cells may be obtained from biopsy material by
appropriate treatment of the tissue that is to serve as the
gsource of the tenocyte cells. Techniques for treatment of
tissue to obtain‘tenocyte cells are known to those skilled in

the art see, for example, Freshney ”“Culture of Animal Cells. A
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tissue to obtain tenocyte cells are known to those

skilled in the art see, for exanple, Freshney "Culture
w@Roodn2asd Cel | s. AManual of Basic Techni que" PCIAEZN08/000583

(AL R. Liss Inc.) . For €Ranple, the tissue or organ

can be nechanically disrupted and/or treated with

di gestive enzynes or chel ating agents to weaken the

i nteractions between cells naking it possible to

obtain a suspension of individual cells . Typically

Manuaihﬁfmﬁigﬁg e bhnifgéudgrdacgomynnaki om, @k T%%h@n|c@or
tion, enzynme treatnent, and chelatlﬂggagent teg
t

examp{ﬁwa? h5+ﬁ%%et B PY9Rec?R] Hf nBeglanyce gSTup
and/osi trtdpadoustly atgssbsequentivewi bh anylatiagnagbetsoto

weakeé&@&gt V@ef&éyfgﬁsebépﬁ?uﬁlggf%grmaﬁlﬁgnbtngéﬁglble to

enzynes use I SSOCI a
obtalmn@lw@gpem@xoar@fn@mdivndu@ﬁ c@llsrypﬁyplcally the method

will £%BTE&£YQSéamb£8££§SEH§§eme@ﬁéﬁiééf abhyapE 98hdagsryme
ronase , dispase, and the like. |I'n sone

treatWﬁ%Hbd?%%n?%el%ﬁ%Vﬁea%%ﬁ%%s|t?%n%n%oﬁ?ﬁhﬂPﬁ@e ahhgqbésgye
is mlm@édLﬁﬁdotr@@té@ggﬂﬁﬁgtaﬁ&baglﬁnoﬂ05uwséqu@ﬁta?owitﬂSany

kat/ nl t.51 nkat/m h
of = mithetof ataRttivTe. S55alt) aRtle Rt TRReh e iy oy "

combimzaieiased EmamplssoufaemmgmealtsefSMChnadldescmabedglnells

. , ) d ' =an
inc1odP, IHENA0nol, SRLERY cb-bappesh, LaruBt Lop g
colla%ﬁ@%@%rseI%$E@%§g hbﬂ%@éﬂnz@agerpP@@@@repé@nage,aﬁaspase
and tﬁ@elikge iheséﬁéUémbaalﬁéﬁasnSéﬁﬁ & eehpssdndons! |

usters can be further f opul ations o
Contaﬁ%b%$a%?|%9??0%%n%b%EBE§ %ﬁl?o %%%Enagﬁ Rayipgpan
activaice onpl alsded m3|ngasimhda®dabeﬂhnsmuakaﬁpmlpehhd _
chynof ERALAULED: AOCLLD0, v 10) Xampbe, ROSL!LKEL5RLCEL! BBout

ansi on-and  se
0.44 @k@@/mlcatéluse§pé@y dhegacizbingl eeliion guch. aslysis

descrﬂ%e&n%@n@§dP§€éﬁ§)Nose§a4§§'Q@lbasﬁchQﬁEc§@e@hEkﬁptlon
can agéaVIt in a density solution, differential adherence

%b%%t?%%O%Pl%ﬁ%eéePYs Fart peampxed pBBurEEi 8f, Plenders,
sieved| ueswsSgeni zagt | vatedsaek! cedLE| NgnlFARS) 1ikand the

The resulting suspension of cells and cell clusters can be
further divided into populations of substantially homogenous
cell types. This can be accomplished using standard techniques
for cell separation including, for example, positive selection
methods (e.g., clonal expansion and selection of specific cell
types), negative selection (e.g., lysis of unwanted cells),
separation based upon specific gravity in a density solution,
differential adherence properties of the cells in the mixed
population, fluorescent activated cell sorting (FACS), and the
like. Other methods of selection and separation are known in
the art see, for example Freshney ”“Culture of Animal Cells. A

Manual of Basic Technique” 2™ ed. (A. R. Liss Inc.).

In some embodiments, tendon tissues, which have been isolated

by biopsy, are washed, dissected and digested to form explants
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i ke. Oher nmethods of selection and separation are
known in the art see, for exanple Freshney "Cul ture of
wWOo\R0saL83@El | s. A Manual of Basic Techni que” 2nRCEADU2(08000583

R. Liss Inc.) . In sone efbodi ments, tendon tissues,

whi ch have been isol ated by biopsy, are washed,

di ssected and digested to form expl ant swhich can be

grown in cell culture to yield free tenocytes . In

some enbodi nents, the biopsy tissue is subjected to
whlcheagﬂnﬁélgrgw3e§hleelaneﬁgtu§ebt@c QélaofﬁﬁénEén§@9Ee§S

et hyl enedi am net ef raaceti c aci at bi.nd or
In sopeefp ng%QESontﬂﬁl HOEEVIt&EFPéaHﬁeéP ﬁeﬂgﬁgnﬁg

enzym&kﬁdp&ﬁge@tlenzanégosusuabbetédrtusagentbudachnasor

ethylgﬁ%gagmlﬁ$£eé§528églgg é@é'?Enéﬂg €§8Ee8ﬁﬁ8 Eﬁéﬁﬁﬁes

1 SSU
ca®* opnmhilshi gedBarced li mdies ipme skepeadst. a@mﬁmHZaa%qﬁ\ﬁnzymes

sultaﬁiapﬁbp aBd gheyhge- sKeWoy ﬁereag?”@é@lh@eﬁhéada%§yp31n
tissue culture nediumw thout phenol red for at | east

and pRORIYFSat about 37 C in about 5% CR . In sone
enbodi nents, after enzymatic dlgestion t he tenocytes
rec vered fro terial .through
tn sofhCehESRUSEREa! LAThHS, PogRSY IRbBHE b o hcer cnan
lmm isesottbage@eihethwei phhesehbegpbwebhomedRuf® w/v trypsin and
about %! gt n@ywsbxlaggﬁa sn%yts@anaasﬁﬁdbelﬁsagv eledukeomutiem

sy sol ution [tration throu or exanp
w1th0ﬁeshh@ueﬁ ﬁ@daf§FeﬁFlée§§@ ﬁ]éPEﬁsn?Foﬁbﬁﬁ§h37Aﬁoﬂﬁeﬁbout
5% co@pproach is based on the tendency of sone cell types
to adhere strongly to plastic or glass, which allows
themto be separated from conponents of a tendon which
In sofle amboddihenesasasteenghyymAkter dategeliyn,t hecelhocytes

are rec¥vg§e899g5@t€ﬂe ﬁggbggh%QF gﬁ?n%g&gggprgﬁt&ﬁ%%%%tlon

ant | I est ecCl
of theobleyarpSQlugnng,aﬁndbwasbsngohp@gaeéulﬁena petldiek orth

cell §9HQ£ﬁdméalﬁmflUQ&%%%%QElQEQ whicgR %@Bob?%%sb%ay be
Separ at ed % | yor escent - aqtlvated cell §orting
recovered from the biopsy solution by flltratlon 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. Alternatively, the cells may be separated from
other components of the tendon using antibodies that
specifically bind to the cell, for example using antibodies
conjugated to a matrix or coupled to a fluorescent dye which
can then be separated by fluorescent-activated cell sorting
(FACS). 1In some embodiments, the tenocytes are isolated by
filtration of the biopsy solution through a 0.22pm filter to
remove matrix debris and the filtrate centrifuged to form a

cell pellet. The pellet is then washed in cell growth medium.

The isolated tenocytes are selectively expanded in vitro. The
term “selectively expanded” as used herein refers to culturing

the isolated tenocytes in such a way as to grow and increase
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(FACS) . In sone enbodi nents, the tenocytes are

isolated by filtration of the biopsy solution through
w@2@32283am filter to renove matri x debris and RPEEAU2008/000583

filtrate centrifuged to foPPma cell pellet. The pell et

is then washed in cell growth nedium The isolated

tenocytes are selectively expanded in vitro. The term

"sel ectively expanded" as used herein refers to

culturing the isolated tenocytes in such a way as to

the n@hb¥tand togbepset Beinynber tak tenpeexmbaccek! schert bell
detrinment of other cell types . In sone enbodi nents,

LYPeS{he jsol at ed tenocytes are expanded in vitro in a
cul ture nmedium conprising insulin or functiona

In soggréM %?Yﬁen&gsukhg iéoﬁapgﬁngggowgggg a%%e anded in

tura yoccurflng forn1 | S pro NCr eas.
Vltr0kbme@e¢ulthée|mgdnnm 9§@§rnﬁ1@9|nusélwgdpynﬁﬂo¢tﬂﬁ@al

derlvéei@@tly@s@xpﬁn§goa ﬁ&rﬁ@ﬂecwhgéhnaynbgtéyﬂghaka91y-
ch as reconbi nant insulin, or natural ﬁsoccurrln%8
h

Occurr$%ﬁcﬁ?6%al1%eP¥9§PF9@"bethﬁseﬁpﬁrﬁés WE¥GFe &
insulés thegeireseltted hydChanfer 8he. se26800iveél BspbnBion of

tenoc%g?abo?Yc reggpa?%FihﬁggﬁgﬁgagzK%ngg Haﬁgg?ggt a0 and

naturattgsetbheranghttp: //ww. findarticles
.comp/articles/m _ga3 74 6/is_2 00004/ai _ n8899929)
haV|ng the activity of insulin, namely, the ability to

A “fupgtioreltepbiyreivan doﬁnéﬂﬁéééanél6gm@&?P91§cﬁP9@ as

thosefa@geﬁﬂbéd ¥ar cashsetand. deQbU@tlVQﬁsQﬁlhnﬁﬂkbUgh|ﬁhe
unctio deri.va

ages: BRELETaNent r S5aPFAnPEPHGro0P ARS DRE“OPIe8yaFarIatory

hormoaafn@Amerﬂcandeuésg$sb$tatuéedlbyenaturalIy occurring

http: ?/w%%”%fﬁ%é%tgghgg 88&ZPVSUCE828§ZP 335%4%21§t§%%% od/ai

n889922hydhéxypgothﬁeacglMyEVOQﬁ Lpshpen, 3namely, the ability

to cuﬂEuPaIBéﬁéeytag aﬂQWQﬁ@Ehaés B&B&E?h83119ebét§b@n'ne

4 - am nobutanoi ¢ acid, beta-a anlne norl euci ne
fragmﬁ%p§a|yﬂ§1ants and derivatives of insulin.

In some embodiments, 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, beta-alanine and 4-
aminobutanoic acid, beta-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 include
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hydr oxyprol i ne, thyroxi ne, gamma-am no butyric acid,

honoserine, citrulline, and the like. A functiona
walerosi2f3pye of insulin can be prepared using PCT/AU2008/000583

pol yet hyl ene gl ycol (PEGQ'§CCording to the nethod of

Sehon and co-workers (We et al., supra) to produce an

i nsulin nol ecule conjugated with PEG In addition, PEG

can be added during chem cal synthesis of insulin.

O her nmethods of preparing a derivative of insulin or

reduc@i&%ﬁ%ﬂﬁ?%a%ﬂ@heQﬁakBQ|M@ﬁh@dbCbEQPkatéyha?E@@o@Taff,
t hods, o rotein M crocharacteri satiqn ) .
charalfeURsRERon;  Panfinat et Sy 1 FONERR) SresE 641 ErgRe] - T-
155-1%4 atyBal i ona¢Taatiosuprayr; shembtal cbempkhigcbopdnng to
|at =] I nd, ShiL gi ds I ed
an apRPREERSte Eaffitko i thane andNSypibil . salts sepelech
Methodts afei Sedlubari fmmpnodoyy. UTSH Paeemng, £2035raggiser,
Califg}Fﬁ9§@§ﬂagt§.tF§@}"RBt ?N@Bi?2i897é§5hﬂ&dl?bQﬁaQFg .
er an . I nmunol_. , : - . sho e
treatﬁ%?%d%%ﬁﬁthﬁgg?%rnFmFun@FFBnand@ﬂﬁﬁ ﬁ?V@“ddéﬁgﬁnot
Immunbbcl ude: mpbegubes such as insulin- like growth factor
I or Il. The insulin or functional derivative may be

incorporated into the culture nmediumprior to adding
It shohédteamovyptedcehbs tbebterwl t'dragtinnpdr derilveltyvet'hgoes

not 1hB$HhENmBieEUREL @Rk deriuahhye-Mayebgadead stherher or
medi um t hr oughout the culture, for exanple, by

II. culturing the cells in the presence of a cell feeder
| ayer, such as beta cells, which secrete insulin or a
.functional _derivative.., As used herein a."fragment” Jjs
the 1553finr8R SROREOPRLURPR LBFOCAEn RN R FBFATRGTArSd 1nto
the ctlhuoteomedfiumnpulipm apdaddipgr theuktenpcylie akilllist ot e
por of n .cellsqin. ¢ e . .
e U R e LT LIRS R P Usgbiverine
may bgcpddedstausbei nepéngt Bhrpreherabltiicabodt ure- 164 no
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
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acid residues in length, and nore preferably about
10-20 amno acid residues in length. A "variant" of
w0 p®8h28304 s an i nsulin nolecul e that has one oPCTYAD2008/000583

substitutions such that th& secondary conformation

t hereof remai ns unchanged. Exanpl es of such

conservative substitutions include am no acids having

substantially the same hydrophobicity, size and charge

as the original amno acid residue. Such substitutions
exampaee geﬁSE&héﬁ1WE|bu&@ﬁWﬁu&Qoﬁﬁoi@C&&ﬁbl@&dﬂﬂn&th¥1

d h
gly01§%n§é§5aﬁlve suggé:Pg?%&%gI%%glﬁ&é%ﬁfgﬂ @%ﬂgPrﬁiﬁaqﬂylce

versaandseileucvaes {orallanicnaconndalviice fversgl;y tiine iatithey ifer
ly51n¥eé§@ v1§@|%% F&e Eﬂ&eb&ﬁﬁbn%OQng %%%3 L3 vice versa;

hi sti di ne SI ne an VI Ce Vver sa, reoni ne
glutapjaeefRs ﬁﬁHaV?Sén@eﬁ§é v§icet FFirHe i f@mda§gmnagmﬁefand

glutaMbte MAES@7cangexisgi.ni ne for glutanate and vice versa.

Anot her exanple of a variant of insulin is one in

whi ch the cysteine residues have been substituted to
Anothetrneraspldi mér esabirdanti afdiashfiideiki okages which the
cystePhel LabhycLNAGYSHELNC (B3 OUEE AT BosRpliuted Wi

al ani ne, serine euci ne "or Pupﬁﬁlc acid
dlmer%%@FHQ@sV1alﬁlﬁééﬁﬂﬁ@n1lahﬁE©SacP§e§e@ebdwamh§ ofysteine

residh8subi8 gupbtaguealy Qﬁtﬁeéiﬁﬁﬁh¥e thengal eaRBine,
m ca modi fi ed. Another nodification is

leu01€§cPF33#P%ﬁme Fﬁédlﬁ?EFﬁHeSInI§oﬁ§déﬁB@@vn§Wﬂ§otﬁ§ld
side cbhingeoffedhenlcanpri seagabaut o@. aae%%ﬁweo.thwo\f can
' i N0 i;on rivati.ve. In,other enb
e L T e R A T S
the ipgylinsulin or functional derivative. In still other
enbodi nents the culture nmedi um conpri ses about 0.0006%

w v insulin or functional derivative. The culture
In some AP ARPSrLEt RBE EBABHrSeMgdgluceeBPriessdaboush as

0.000@s8ybbhetie gjuceastliaobd, r@hclighHtoaRL,KERHGe | irke
other embodiments the culture medium comprises about 0.0001%
to 0.001% w/v insulin or functional derivative. In still other
embodiments the culture medium comprises about 0.0006% w/v

insulin or functional derivative.

The culture medium may further comprise a glucocorticoid, such

as a synthetic 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
culture medium for the selective expansion of tenocytes
include hydrocortisone, cortisone acetate, predisone,

prednisolone, methylprednisolone, dexamethasone,
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nol ecul e. G ucocorticoids are a class of steroid
hor nones characterised by an ability to bind to the
W@00Bi1%8304 r ecept or and trigger simlar effectsPCHAUINOSS00583

affecting netabolismor anti™~ inflammatory or

I mmunosuppr essive effects. d ucocorticoids may be

natural |l y-occurring (hornones) or synthetic (drugs)

Exanpl es of synthetic glucocorticoids suitable for use

in culture nmediumfor the sel ective expansi on of
betameehasphes tm¢hmd&nbydmecObbbsaméta@@hbif@ﬂ&dﬁ@ﬂdﬂﬁisones

ed [ Iprﬁg ol gn

acetagéxaﬁ%ggggggégggég%%% asgﬁg ¥r| E@ilone aldosterone.

becl onet asone, fludrocorti sones acetate,

A “glﬁ@@é%@@ﬁ&bﬁ@sigk@nem@?%%@ﬁ% &Qgcﬁk a%gdm%h@ ﬁﬁ;?ﬁﬁin@ an

ucqcorticoi d- nol ecul ﬁD ecu

aCtlvﬁg¥|ﬂﬁ ﬁngéHFP9PF§16P1§ gPQ@SéﬁrFP@o?@llﬁ§NE¢P thid ture
tenocﬁFebltyx&mpméstUEEgﬂ&&@@b&@&c01ax?ﬁﬂbe&oQEcules S%ﬁ$able
ucoc i ¢Oi e no Sui r use .in e
ror ulL e R TR e R T i e
ROten@R@uégeﬂseefabt a20032083, Qar chmodenegsnes2.s2p,:2),

| Lej a et , 92-96) ,
leamé}i%"??%?%%%@ g%c%l ongﬁ?géf%glcorlcey Kuro9%aag| &
GchY}SE%{bZlIIQée cmnp@n@y PE: é?CQSy-C@éndKWPImN@Iglld@s Sefticom

1966, thelasgp V\itshanthsa sanmli Wﬁe%neﬁaeghl(f%malthe 1294
t hno I n sone enbodi nents

Wltha?ﬁ%lﬁlﬁe%gb??Fég dGF§néEFaeﬁeF§asoﬁé 4/Bdta- net hasone

EthnopBaamgyaihet 4¢:gBueassnti coi d havi ng the formul a
C22H29F(O6 . The cul ture medi um nmay conpri se about
0.00001%to 0.1% w v gl ucocorticoid or a

In sogeueBeedinedtd- Fhregkukecalrsicphdsdrebebodietrbassnehe

Beta- ﬁéth&é@n@Egbug‘§9ﬂgﬁé§§§ éﬁgHﬁcgrgggégﬁtﬂaglggl%ﬁﬁgv

g ucocorticoid or a glucocCorticoid e nol ec
formula; ¢12Hethiflr embodi ments the cul ture medi um conpri ses
about 0.0002% w/ v gl ucocorticoid or a
The o9 HGREORLLEQLIRL! KEMBLECY €t 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 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 some embodiments, the isolated tenocytes are cultured for
about 3 days to about five weeks, at about 37°C in about 5% CO,
atmosphere. The time period for cell culturing can, of course,

vary.

The resultant culture of “expanded tenocytes” can be termed a
substantially pure culture of tenocytes. The term
“substantially pure” as used herein means that the predominant
cells in the culture are tenocytes and other contaminating
cells such as fibroblasts, chondrocytes and the like are of a

lesser number. In some embodiments, the expanded tenocytes
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In sonme enbodi nents, the isolated tenocytes are

cultured for about 3 days to about five weeks, at
W@bwat28B7L i n about 5% CO2 at nosphere. The ti neCPaU2ma/000583

for cell culturing can, of!%tourse, vary. The resultant

cul ture of "expanded tenocytes" can be terned a

substantially pure culture of tenocytes . The term

"substantially pure" as used herein neans that the

predom nant cells in the culture are tenocytes and

are abt hemstosbanieabipgesebns fdChozs EhﬁthbQS%%ﬁ.tenocyte
nu er

chondr es a d.the Ilke are of | es
cellsy Egeﬁgog gdlpﬁ sgnggésFeﬁgdyP s&Pe gelilEagre
tenOCBD@@ten6@ysésléndth@rnsméodhmanze%amoneabenaayt@f the

n,gQt n a of. _the cel
B R N e R T
of the cells present in the expanded tenocyte culture

In soméechBBatHEASS, EﬁeséﬁﬁaﬁﬂgadtgﬁﬁE§tetG%l%ﬁ&%n@% Prﬁf
Wherein at | eas

t t t |s s cells,
cells en§8¥8ggg%L E$§B e8§8° g PlﬁoF@lé§n§§PE§§ﬁn@nﬁoPItW@re
genesf obfidngngort yhe Eommbwaggn typpeIl kbloabkagemrypephA4,

coniagghergshiy Uil o O atilyy Ealal e selgallvely

The term "bi oscaffold" refers to any matri x or

The séEé&beQl?hékﬁéﬁd§H|Eéﬁb@yE@E E§H03¥t§e%ﬁeaehhtp a

nce w th or wthout an hesi ve
blosc%ggﬂige aﬂhenB?rwuﬁP%aﬁFaﬁfOEH B?5§€§fF@Ién¥aWa§§lKn0r
scaffohd tlham v auﬂﬁﬁblaneﬁrntéh©b$ﬁa o&leeqe aHhé%@cho%lth
. . / ] es_t her eof e osca an  be
. Wl@ﬁéutagﬁ o?h urte??aw ¥ ngt ﬁﬁ%mPhg ﬁﬂgsp8ﬁliﬁpltatl°n'
the bheepahfedd @ﬁnrbbuiestheqﬁormdofoa mapbaahat i adcrebelbd,
fleec@-S aetiag, aéra?gﬁengﬁé?éfchQE?fgé tﬁé?gggos&gglc

barrier |n ibits penetratlon (0] unct cells
bioscatiet ?%?ob%h%a@?e@FEdOEea@ﬁtm@t@alalntb@hehas the

phy51©ﬂbOﬂrmE@&Baﬁh@aD|@ﬁ@ﬁiﬁ@tgsl§eﬂ§§§e8ffér3§ lantation,

er neabl e naterlal ch, nqg i nCl ude cross -Tinked or
such %%d%%% ng haemos th arrier. A haemostatic barrier
inhibits penetration of adjunct cells and tissue into the

treated defect area.

In some embodiments the bioscaffold is made of a semi-
permeable material which may include cross-linked or uncross-
linked collagen, preferably type I in combination with type
IIT, or type II. The bioscaffold may also include pelypeptides
or proteins obtained from natural sources or by synthesis,
such as hyaluronic acid, small intestine submucosa (s13),
peritoneum, pericardium, polylactic acids and related acidg,
blood (i.e., which is a circulating tissue including a fluid
portion (plasma) with suspended formed elements (red blood
cells, white blood cells, platelets), or other material which
is bioresorbable. Bioabsorbable polymers, such as elastin,
fibrin, laminin and fibronectin are also useful in the present
invention. Support matrix or scaffold materials as described
in US Publication No. 20020173806, herein incorporated by
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i nked col | agen, preferably type | in conmbination wth
type Ill, or type Il. The bioscaffold nmay al so incl ude
w@oiogpes3vd des or protei ns obtained from nat ur abCHAUR®ES00583
or by synthesis, such as h$l uronic acid, smal
i ntesti ne subnmucosa (SIS) , peritoneum pericardi um
pol yl actic acids and rel ated acids, blood (i.e., which
is acirculating tissue including a fluid portion
(plasma) with suspended fornmed el enments (red bl ood
refereatksinwhickechtoedtoel bee plabeligeFul, i0F tHeh@resent
lnveng@%grlal whi ch i s bioresorbabl e. Bi oabsorbabl e
yiers, such as elastin, fibrin, Iamnin and
fibronectin are al so useful in the present invention.
tELX ag de d
e B on "R S506301 3005- A& &1 oo SSar Sgutact
with BhpefeldfcECi Rei tsaBapilpated) afsesl of doshgt icelilseand is

resorbab$@nW1tﬂ!ﬁnth@nmamhélQéﬁsﬁﬁﬁ?@E@ | ghRr efieaBlffo1d may
fore cont with the cells to be

have ?P8n85|E%Y%E?EfFBE%GFeﬁntEEF cBFl & BRIOMS FESEPSS0I &
densemeuhfaceheowaan&bmbmnauhbecbf bbehbi aneatbtielsdarey1ave

also gH818&eS§§ﬁﬁabe§Hégﬁigs 1%§%rmeab gg%%u%?égrf%%%meable

nse surface, or a cohbination o
Surfaeﬁescéﬂpepetnmytan§e8|heVude sepbroper suatfbes are

descriﬁ@&rn§§P|€xaﬁblEU|hM Ber pgabl gosukf g §§51728u%39 b ois
|ces havi ng. a porous surface are describe for

1ncor@§5ﬁ5?@ hegeis EXtrEﬁereeceegnlyés FREAKSLY -
i ncorporated herein by reference inits entlrety The
enei c.

Id nay be a ous _or | o
The bgégé%lnen smag SGi £ EP§°%§P8|86063HQEEBSEF nﬁPrF?mFs
embodimened. f Roabiebde aeteiegphefeeppbntU8aEatx Bles. formed

from §1§§§ 2§§ ekéﬁﬁfngQdBfﬁrﬁgt§atetN8 lg ?@% Yssued to

, herei n 1 hcor por at ed Yy reference |n i
Berre%%%rreralA ea.%aﬁle9b|ageaffbﬁ@enaylneoapeeated by

refer&eBe- 50| itds @ftiretygel -like scaffold characterized by
being able to hold a stable formfor a period of tine

to enabl e the adherence and/ or
A suitable bioscaffold may 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 enable the adherence and/or
growth of cells thereon, both before transplant and after
transplant, and to provide a system similar to the natural
environment of the cells to optimize cell growth. Examples of
suitable support matrices are disclosed in US Publication No.
20020173806, which is hereby incorporated by reference in its
entirety.

Addifional examples of suitable bioscaffold 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.
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grom h of cells thereon, both before transplant and
after transplant, and to provide a systemsimlar to

wao b@snzt3 al environment of the cells to opti mP@EAT210B/000583
growth. Exanpl es of suitabte support matrices are
di scl osed in US Publication No. 20020173806, which is
hereby incorporated by reference in its entirety.
Addi ti onal exanpl es of suitable bioscaffold for growth
of tenocytes include Vitrogen(tm, a collagen-

20040008ba7Ni; ng130bit WpA Wil gaksriberbecd detrlin by
refereBoEU|ated matri x, and the connective -tissue
fol ds of Hwang (US patent application no.
20040267362) , Kl adaki et al (US patent application

77249) S, |
S 5 L e T A
irregybari eheren A8 EQ@@O@W@O@IWentéhltbﬁ Whiosiadifeld can be

cut tbnﬁéfi?@é@bﬁd Ber eha Byapef @reeraﬁ@ tZhe birgscafifold fGan g
or formed.into a regul ar _or irregular shape.

can b?nfg% sREB ARBAY ST Fﬁé¥896§8§ﬂfépdsééﬁebe Togt shgpe of
the btoscespond tant hasshapemofiltbe teafitThecbisosgal el &

. / d I hape. The
porcaggiaio et ioud gpilieco st ool (sl The,
has thﬁechﬁéﬁétérlatEGStpéuhaflbean the thepbirts caftfrokd ces be
wovenalﬁtgrguaegﬁkgﬁ'@hap@r ﬂ@%e&ﬂgtgbéﬁgct%kbskﬁg§ %&f@lg can

g t he support matrix can en i nto esir
be a gﬁ pegeﬁwﬂékﬁatPVePQH VRE¥SB| BakgFrialld can be a ge
gel -like, or non-woven material. In sone enbodlnents

he bi ffold, i sed. qf . d dty
mn sohdPeRbaIERLEEL ke BRRRELRE Ay B e e eha O LR s e-
derivedbbdpeaeRif $ILheobilageaf f bbd esampirpri aed shtsta™. In
|
other! &BﬁéaiﬂélatéUQHHCB§Bsc£onféaEE sPﬁgz%ggfea( gﬁé sglgﬁﬁs

term "see refers to bringin enocy
lnteSFﬁ@%lc%Hb@@FOﬁﬁthfarbﬁﬁémnieoRast@rea sufficient tine
prior to transplantation such that they adhere (wth

|, t hoyt _an L .
The tgémm&égegedg refers to bringing the tenocyte cells into

contact with a bioscaffold for a sufficient time prior to
transplantation such that they adhere (with or without an
adhesive) to the bioscaffold. In some embodiments the cells
are cultured with the bioscaffold overnight or more than a
week. In some embodiments, the selectively expanded tenocytes
are cultured in vitro with the bioscaffold for about five days

before use.

In some embodiments, uniform seeding is preferable. It is
believed that the number of tenocyte cells seeded does not
limit the final tissue produced; however optimal seeding may
increase the rate of generation. Optimal seeding amounts will
depend on the specific culture conditions. In some
embodiments, the bioscaffold is seeded with about 0.05 to
about 5 times the physiological cell density of a native
tissue type, i.e., in tendon. In another embodiment, the cell
density can be less than about 1 X 10° to 1 X 107 cells, or
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adhesive) to the bioscaffold. In sone enbodi nents the
cells are cultured with the bioscaffold overni ght or
woreeos/1243eh a week. I n sonme enbodi nents, the sePEDAU®BY00583

expanded tenocytes are cul'ttited in vitro with the
bi oscaffol d for about five days before use . In sone
enbodi nents, uniformseeding is preferable. It is
bel i eved that the nunber of tenocyte cells seeded does
not limt the final tissue produced; however optinma

more sg&dnmglnayypmeaeayeabbatratg 06 ° generatdon. cfPt i M some

g unt.s. w | end on th cific culture
ool B e Tt IR e e AR Y of o 1% 10°
selecgduedy WrPRIEISCUmR% tes aoutcrB.ti mes t he
phy3|olog|cal cell density of a native tissue type,
in tendon. In_another enbodi nent, the cel

it Wl&&na'et FRPES e tess $heark s SuosTat friel taseried 1oith

selec(tekziea,y @lsdmh@edp%ren@é&tetsy@a@ﬁlﬂev Rl XS SRl | a
ome .enbodi nents,_.the bioscaffold is

aevicBg o g 18 o SR e e e 3 ok (ARSI
1nven1ten>@cy>tr@sr1|de|s ambloslclaﬂﬂdﬂd kmeeaa@m editai edrdwtcdde The

dev1cg' %%.%@fa%q S‘Mmg}d.%%l %.C&) V%’r}i &x g:gre(gs %%ﬁ: X»{l%sh a

as “atdévic
Sheets@ﬁeS&ﬁﬁééﬁn@ﬂ@§Slﬁﬁefﬂﬂ@&eﬁﬁ ﬁW@m@iuﬁlqﬂwnn(ﬂﬂsaat No.

5, 842bb0scahbekd nseadedpWirkh ieBOC e el device

packagi ng m ght conprise a plastic plate sealed with a

sheet of sterile adhesive film as exenplified in US
In sofat emNodibe842,5EBe bergice iiBCampatated by refarence.

; S S e.device is inplanted at a site
prox1%§%X?§§Fﬁg29gFg%§%tgP%E EEPF tear. The terns

"inplanted" or "inplantation" or grammtica

The t@QHbvahﬁﬁﬁﬁnEQamegE agggggﬁgagggﬁh o&oﬁ%%% fila 10 2Ct

i ntfoduces a bio cont ai ni enocytes
equlvi’iﬁ?atﬁhé PEEREOPTEUPFCHf Narsdb] 56t COTRE BaymAct that

introdpeexi ABbiokehEES1HOcansht 8iwgt RbRcE)e 0t ater ¢ frotator
cuff of a subject.

The term “proximal” refers to a site within the rotator cuff
such that treatment at that site will cause regression of the
symptoms of the rotator cuff tear.

In some embodiments the tenocyte seeded bioscaffold is
implanted into the tear cells facing down onto the tear. 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 some embodiments, the covering patch may be
any of the support matrices described herein, and/or can
include collagen (type I/III), hyaluronic acid, fibrin and
polylactic acid. Preferably, the covering patch ig cell-free
and resorbable, and may be semi-permeable.

The tenocyte seeded bioscaffold may be secured in place by any
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such that treatnent at that site wll cause regression
of the synptons of the rotator cuff tear. In sone
wepdpsd2ssent s t he tenocyte seeded bi oscaffol d i BCT/AU2008/000583

inplanted into the tear ¢&l1s facing down onto the

tear. In sone enbodinents , a covering patch serves to

cover the defect to further prevent infiltration of

undesired materials, such as fibroblasts or

macr ophages, from the surroundi ng environment. In sone
converRIRRA 1M s IRRHWEO RS itI® At ITRA bien attye ofrt hee.g.

.support natrlc des rlbe her.ein nd/ C de
sutur iG] | RHIE VBB POy s ot (B P
screwsol )Ulrﬁ(ﬁdn(e aamilehd iRreafter aldihg ttdfrmmrﬂ%&@ﬂ%t]@i‘p$%aff01d

cel l free rbabl e, and may be sem - per neabl e.
is Sutﬂ¥eqenocyt seegﬁg bi oscaffold nay be secured in

pl ace by anyconventi onal nmeans known to those skilled

The pfé%éﬁ%afﬂﬂenﬁidh SR8 i Sak W So BHEHOF So LDodemprising
fi1xation devices and bone_scre enbodi nent s

cells 4 HAQEATE IS oot el S Do B P aToy LEa” o n
some dSddimntIheapresent 0w ent i one adsblpriovides hioscatfold

bi oscaf f ol d_conpr)sing cel €1 Hang 80% ef
are t%ﬂﬁ%?%§ﬁ1sd%? W?é%gc esfte d rP%&ﬁ%S%%b%gln%n ts, at °
cells Immem%rmftmme]t?mqr%ff%lcﬂ hRrei beeafYetd- are

tenocytes. In still other enbodi nents at | east 95% of

the cells present in the bioscaffold are g noc%ﬁgrEln at

AltermRtiyebyi veng LiPRCHF bRIEAFTRIY dCABRT LOTpr T
least V&S ebh §é1a9@§11§0&&p%e§aldn@ebemexergeneeneodmngnfer

enes, coding fo foIIo ge pe
the £9}ORLRY agelPeE h%@ %%?EM%XES Eﬁﬁxfglﬁ§kéﬁ hAX,
sclerddbial sizthe COMEn&m@hOMAbe@bWIbe further descrlbed by
way of reference only to the followng non- |imting
exanples. It should be understood, however, that the
The imxemples ¥ollowprighar EurFhast Aapryabsf by Wad Shoul d

refer@ﬂ&ebgni?kga LRcaB¥118Y%iA§ Bohesthieihgnegamphes. It
shoul eggrakaerstooéhehgagsgétOnhggsgkgbggamples 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 massive rotator cuff tear, it will be
clearly understood that the findings herein are not limited to
massive rotator cuff tear per se, but also encompasses the

lesser rotator cuff tendon injuries described supra.

Example 1 Animals and Bioscaffolds

Fifty Albino New Zealand White (Oryctolagus cuniculus) rabbits
petween 12 to 20 weeks old with body weight between 3-5kg were
used in this study. All rabbits were bred from an out bred
rabbit colony maintained in the animal house facility of the
University of Western Australia (Nedlands, Australia) . Rabbits
were fed ad libitum with rabbit/guinea pig pellets, hay, and
provided water ad libitum. Rabbits were held in cages
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above. In particular, while the invention is described
in detail in relation to massive rotator cuff tear, it
wadoB/12830£| ear | y understood_that the findings PET/8I2008/000583

are not limted to massive*fotator cuff tear per se,

but al so enconpasses the | esser rotator cuff tendon

injuries described supra. Exanple 1 Aninmals and

Bi oscaffolds Fifty Al bino New Zeal and Wite

(Oryctol agus cuni cul us) rabbits between 12 to 20 weeks
measunhdgmﬂtEmbwdﬁemeogthb&bn@enaﬁdSbg7Wﬁrhl@%ﬁdylﬁht@k&d

t a t r.ed m_an t._ bred ra
FLoor g bt P Rd P hTRR af i InSUSE T2 FEy-5tichg and
cage %ﬂtv@#§iﬁ§ pPr@esoadnchadt nallea ENedcandsidalstesl i a)

deta11e5@5? Eﬁe“@éﬁlgﬁglaﬁehi@ tHHH“MEB&E?EbhE E%aaceh%c1l

Y, provi d wat er a bitum
NHMR&BrgaﬂEFHrPn @H§E§ﬁ%é§br|ng 1.5m wi de, 0.75mlong, and
0. 75m hi gh, mnth grid floors to prevent pod

ti ocedur es .
roze SSCABHLILE UL SRELRL LUG B REe Rl 90010008 o s
was S@EPéLE@dabﬁ mheuﬁattunaﬂ byaMahranélwﬁﬁeeabgaaﬁgahch ;
teal Porcin er
cermap Ot he! BAEoOBBEELALANE 18 Kby oL Ve
dlffe‘é%ﬂ Féﬁeﬁhdtﬁan%ﬁ?‘aﬁhuﬁé@e b?n%thﬁcémO(DHér sodenr &bk, rough

side &ppoany)as Fhessohliagengbkoscatf ghdni ﬁoée\ﬂfehtz% a%ahax
wih two differ eﬂt si.des; the rough side and
200nm Wbt §PBeSMTRER BUGH §P8¥Saﬁpgawgaﬁ§ 6F6§§9FWﬁR—Fn@f

fibres$i bWeslershepoas. szae5aroumﬂe2ﬁeanhn?b%@ phapéngtat t
C a n | S e
break§#ge%%g§?slgTﬁggae %n%%grgﬁrﬁper %R §%3Q¥v %% Hped
data fromppuevigusespudyN mmlzl@@n@ﬁfoldmf Emplibl ushedtlnal
submué&lad ?ﬁ@gt@f§w}ow§ssﬁgﬁdfact Qﬁ°§9aﬁgﬁgg ? Beby

i nt estj pal . submucosa (Restore(t

small pEpt§s PUSA) SURECeRal (STHL é@%@ﬁ@ﬁfé%ﬁuéésa é@ﬂnst;hlck
highlpi csophdobd m§t@riﬁ31Whtﬁkseﬁiﬂféﬁsﬁﬁﬂﬁﬁﬁt3§p€§£§ﬁbé|

vt WAL, PECL ERTEPALEDL. goBearshce, il ¢ co19!5Le 0F 10,
submucosas lamlnated together by vacuum drying. Both sides of
the bioscaffold are very smooth (Zheng et al. 2005). The
highly compacted structure of the SIS bioscaffold endues it
with a very strong tensile strength around 75.6+6.3N/mm*> at
breaking point (Chen UJ.M. Unpublished data from previous
study) .

Example 2 Experimental Design

The fifty rabbits were randomly allocated into five groups of
ten (Figure 1). The left rotator cuffs were fully dissected
and reconstructed by one of the five following methods: (1)
Group A (Control treatment): The tendon excised during defect
creation was in situ reimplanted into the defect immediately
and sutured to the bone trough using 5-0 absorbable sutures;
(2) Group B (ACI-Maix™): The defect was repaired by suturing

ACI-Maix™ collagen bioscaffold as an interposition graft to
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subnucosas | am nated together by vacuum drying. Both
sides of the bioscaffold are very snooth (Zheng et a
WO 28802304 The highly conpacted structure of tPET/SUR08/000583

bi oscaffol d endues it with®d very strong tensile

strength around 75 .6+6 .3N mm 2 at breaking point

(Chen J .M. Unpublished data from previous study) .

Exanpl e 2 Experinmental Design The fifty rabbits were

randomy allocated into five groups of ten (Flgure 1)
the natThe tehﬂonoaaﬁobonaftﬁowghebbuabysdlsseCt@@u (ACI-

e & BubCASEolk: PaRoR sk Renr S E%hé°ﬁéﬁ%gﬁ%éﬁ§%eed

compogykEenyadefieet cpeaﬁp@mrmahelnuﬁftdefecnphanaadldﬁmmlcal
mannekhgonQSGb B”n?@BaEEEMEaBd ﬁ@%g ?gmso %R% ?%E? HERUIR o

using 5-0 absorbable sutures .
repairgg gf‘t ) 1derhicads BRANGES tPe 5pﬂ@deyb§@t usilng Restore

as anAﬂlt&hpﬁé%ﬁloﬁobkagﬁn Bh@SQQg f EE@u@fEaWRE%E%&%@"?gJE't%g)
ot he endon an one I Qu orde

a“t"l%q%‘dé EE%%%Y Ffﬁ? g\f?ﬂc}iﬁ?ﬁl §5668% gﬁé&?&”@%’?" The

compoggtée- Waasuaédfbbdrepamnsthe vasfudedet@ Hepanr itBatical

manne£U££ §f£ glg%gne%§§n§£§ﬁé Epgde ec%?mé rgsggﬁéﬁ were

euthath%ﬂ @Eeﬁ@ﬂ%aWeﬁﬁﬁneﬁnﬂotEPogthrS puthesiimgd at eight
weeksRestore(tn) as an interposition graft; and (5) Goup E
(Restore(tm wth autol ogous tenocytes) : The
tenocytes seeded RestoreTM conposite was used to
All stephstitche datd deéeekprasasdi denkhbganl +nMBAAABALG G oup

: I a . the ten rabbits wer
deviatton ThE oI RUR by Mok LR Tphe oeRerk EufRaRraEs spss
(SPSS elght Wekks P-whluesaiessi thandat a5awerexpoassddrad
signifB@ht St andard devi ation and conpared -by ANOVA using
statistic software SPSS (SPSS i nc. USA) . P-val ues
| ess than 0.05 were considered significant . Exanple 3

Examplt@éryest arngafistrgnd@f clen@syt 88 Tenocytes

As shown in Figure 2 tendon tissue of 3mm diameter was
obtained by biopsy punch from the rabbit patellar tendon and
was washed in DMEM F-12 medium (GIBCO, Invitrogen, USA)
supplemented with 10% fetal bovine serum (FBS), 100u/ml
penicillin and 100pg/ml streptomycin (hereafter medium refers
to the same contents). The tendon tissue was then dissected
into 0.5 mm of diameter and digested with collagenase
(100UI/ml Gibco, Invitrogen, USA) over night at 37°C. After the
digestion, the solution was filter through a 0.22um filter to
remove matrix debris and the cells released from tissue were
centrifuged into pellet at 2000rpm for 8min. Supernatant
containing enzymes were discarded and the pellet was resuspend

in new medium. This washing process was repeated three times.

The cell pellet of resultant tenocytes was then resuspended in
5ml of medium and placed into a culture flask at density

between 10° to 10* cells/ml containing culture medium. This
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A s shown in Figure 2 tendon tissue of 3nm di aneter
was obt ai ned by biopsy punch fromthe rabbit patellar
wo endozs3and was washed in DVEM F -12 nedi um ( Gr&Z&U2008/000583
I nvitrogen, USA) suppl ement®ed with 10% fetal bovine
serum (FBS) , 100 m penicillin and | OOrg/ m
streptomycin (hereafter nediumrefers to the sane
contents) . The tendon tissue was then dissected into
O .5 nmof dianeter and digested with coll agenase

cultugeOnbliioh Ebheainknpulbeges; sUSARioves Bhght 8kadlf
e _di n.was filter throug

f t stiopnp, _ the_solutjon, h
(oume el PR 7 o PR 8 FEE P PRRb IS SRty hQ -GBPPE W)
insulin} e@s@d0R¥ oW/ Vi bstiemeehesoent r 0f 8ged/ivnpenpelilatinat 0.5%

8m.8. nSKRek N . _cont.al.ni ng.enz S e
O e O B e L T o e e g are
then yRpubaESHi HEIPE 0B ESSONERE rEpéht dihe Ifdd udammeditive should

be chesbbapeléey @ﬁif@saa?ambrt9neeyge%e@@§ LReR1 cells reach
end m o | aced Into a cufture

resus inb5 medi um, and )
the m?fé@ﬂga?e gn%FTPeBEtﬁEeﬁgTO§1F5hlgﬂS§§9Fs/ﬁVPlcallY 20 x
10 7 aaritsi rHowy o Yarrtes tieckh Unt erid Bieak t O EpaBeh N €06 3RS

. di, £.i | e_Medj um. | nyi t ,
LoadesREG o0, o hbr PHabRY SrPREhOTLERNLPE REEPEROS
bloscafpobRopw » Gerankyhasoned 8. 5% W (operingd Idultudkdbibor up
to 5 @é?ssﬁéeﬁéﬁﬁﬂﬁéﬁe é@gloségﬁédeQEbgggﬂgla? é;9$ Thg

ce 5% at 37% The

ol | s are then i ncubated under
1mplanf?t4PR- medi um shoul d be changed every third day for 3
to 5 weeks until cells reach the nmaxi mum cell nunbers

Examp Pl %gﬁt;{{égm ypicall EEEX:}OA? ?8"5\.F°r

onto eit heExpCksdbom (im Ténoaghesi de) of Restore(tm

bi oscaffold at a density around 3.5X10 e/ cn? and

cultured for up to 5 days to fornulate cell seeded _
To copipeRafrotRer prroPcYber nprintained thekanphengtype during
culti€RPPad| Sl OdxpPe¥tVOnadd tPp¥i £y orARMNA EXRERS§hANELAR

Tenocytes To confirmwhet her tenocxtes mai nt ai_ned
mRNA YRR § %m%%% yp OB% i BA samples were extracted from both

tendon tissue and in vitro cultured tenocytes using RNeasy

Mini Kit (QIAGEN Australia). RNA was reverse-transcribed into
cDNA using RETROscript™ First-strand Synthesis Kit (Ambion
USA) . Semi-quantitative RT-PCR was performed to generate and
amplify type I/III collagen and EphA4 cDNA. The final PCR
products were analysed by electrophoresis on 1.2% agarose gel
and visualized by UV transilluminator (IBI) and Polaroid film.
The experiment was repeated four times to ensure the integrity

of the result. The PCR amplification was performed according

to the conditions listed in Figure 15.

Example 5 Immunostaining for Type I Collagen Protein on

Tenocytes in vitro Culture

To confirm whether tenocytes maintain their ability to produce
type I collagen in culture, immunostaining was conducted in

the following sequences: place culture passage two tenocytes
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cultivation, the expression of type 1/111 col |l agen and
EphA4 nRNA was exam ned. Total RNA sanples were
weziosazgsed from both tendon tissue and in vitrBCT/AU2008/000583

cultured tenocytes using RNeasy Mni Kit (Q AGEN
Australia) . RNA was reverse-transcribed into cDNA
using RETRGscript(tnm) First-strand Synthesis Kit
(Ambi on USA) . Semi -quantitative RT-PCR was perforned
to generate and anplify type I/111 collagen and EphA4

in a GC-Ml Bl%_tfel nale E@I% RIetlaich e rid xanaltis et by

t is.on 1. 2% I db
et SSichBIE S e M ELEPS ARl ke b
endogee»qnm |pm:|mb<1\m$erepe:at é’c% ftbOe fOMeES mbnehesrerifgée in 3
change r'I'rt%:%: U, e gf rsealeirIe (M8 )PCR el dfd 0ald (ie V@S with

orme accor to the conditions listed in Flgure

0.1% Tratorgaawmf@rs 5 mogff%lhuw%rwrﬁ}bew oot EgEn Serum
albumlrf Ot an &@mE?nQM)@Bpﬂdbphatw ot ff dif el Tacam&é i (PBS) ;

whet her _t eno tes ta| ei |I|t ro
incubgtiask Witdy9 i9P 21 M e i g \/\‘?EalC “H5€o17,
UK) preawnstcirad ot hﬁ]fuﬂé om Yy 3% REMCERS | Lot abler cait t xeem

assage two enoc t
tempexp B et x%w%%rﬁ%ﬁpar at %?érrcgl‘giﬁ{ ?Béio?é%lrﬁ o
wash 4dumetservpléﬂatQJr2b6 B R0RB BN db e Ak etireh 3965

BSA/péé?O%J 2 d8 rwltte@ sdddise ézﬁ‘tﬁo@@@n@@ﬁn@hﬁm ssputémr
aline (TBS per msabl lize cell 1% TrléonXI 00

(Dakorf srats hGh7 Ty el vﬁ?ﬂ’le?@tZ/%l%oW%l]%%rW%? Oht h
visualBRA Siam, DABA)i ¢ plmsiphat eabuf K4 68l Bahmack( PBSining
the o cubat ed vvlth either collagen I (1:3000 abeam cat:
Pl%(ﬁ)’i “primer antibody dilute in 0.2% BSA/ PBS for
| hr at roomtenperature (negative control treated with

Exampig% :t t h'ﬁoﬁ%}?@io 1 488 hoda 14 PBS - Wb b B On 28¢ BEAH BBy 4

PBS and—4—t1nes 0. 29 BSA/ PBS; T nhcubat ed W t h
second ant$?ﬁﬁﬁdL@1Q%c¥f@@ﬂ@%stenl(Dako cat: KO0675

Denmar k) ; repeat the washing procedure; visualized

w t h, DAl i ni
To deEﬁ%m%@%B kit éﬁgbféugg of 3ég§cy ggaéﬁ)tﬁéabgbggakgglds,

the morphology of tenocyte—seeded bioscaffolds on days 1, 3

and 5 of culture was studied by scanning electron microscopy
(SEM) . Samples were fixed in 2.5% glutaraldehyde (TAAB,
Reading, UK) for 7 days at room temperature then treated with
tannic acid. Samples were rinsed in 0.2M cacodylate buffer;
post-fixed in 1% osmium tetroxide in cacodylate buffer for 60
min at room temperature; washed in 3 changes of cacodylate
buffer; placed in 1% tannic acid in 0.05 cacodylate buffer for
60 min at room temperature; washed in saline solution; stained
60 min in 0.5% uranyl acetate in double-distilled water;
rinsed in saline solution; placed in 25%, 50%, 70%, 95% and
absolute ethanol sequentially for 30 min each at room
temperature; and then washed twice in super dry ethanol for 30
min each at room temperature. After critical point drying,
samples were mounted and viewed using a Phillips XL30 scanning

electron microscope.
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Exanpl e 6 Morphol ogi cal Characterization of
Tenocyt eseeded Bi oscaffolds To determ ne the
whedauzssm s of tenocytes on_the bioscaffol ds, PEEAU2008/000583

nor phol ogy of tenocyte- se¥ded bi oscaffol ds on days 1

, 3 and 5 of culture was studied by scanning el ectron

m croscopy (SEM . Sanples were fixed in 2.5%

gl ut ar al dehyde (TAAB, Reading, UK) for 7 days at room

tenperature then treated with tannic acid. Sanples
Exampher 2 ri nsedpenafivéMreabhadygylate buffer; post- fixed in

1% osmumtetroxide in cacodylate buffer for 60 mn at

, roomtenperature; washed in 3 changes of cacodyl ate

Fiftypuppeitspracedanpesthesnnrd hyi dntma@uesudacodypatreéion of

KetambPHEf ebafRe-B9vOLEN AL KP9RKL eRPEr ahur & 1uashed (i o
e solution;, stained 60 m.n in 0.5% uranyl acetate

| . . ). 5% L
Labor%ﬁ°%€%ﬁ|%uaF§ﬁiFﬁéd HatePILEPAdBE L ANSAFiRB SHREL the; left
shouldéacethe nr 250 55&@139%@WQEz&aﬁdo@E$@kéﬁe)eW?@nﬁbde gnd

. ' ly for,_ 30 m ach _at. _.room.tenperature; a
surgi S EDRCRULY, LR ee PRRaERe el st PaREPRY Beeao hin BackY
releaging ognpoehperacir eheAbrepeeiisi eall geilnbidr pusgles from
the a8AORiES. WBLE WHHﬂéeﬁoéQGo¥'Sﬂgﬁ g%hﬁggiwgglkhgg§ Ee2iQeq

e - - anpl e

scanni n electron m Crosco . .
from %5%r%??8%nT%%Hﬁihﬂé@rFFPPy PabBet BuRele - ArARESRhaLRgEdon

creatgygi@tféﬁﬁﬁg lérgéﬁbéﬁtbﬁna% r5§§%ﬁ%€e7gﬁaéhﬁzE@Hiérea
. and, . a i ne r aboratories
(Flguiéggéalgiing %‘a%ﬂgghﬁﬁPﬁﬁr PnBPEFoRTEYER LAB™ dppg, 2mm
wide, shodl 2en {dae waghprspauédeatmﬁhengteapetata?Fko%aSy

j : f tor, cu ndon
perpeﬁ%ﬁ@uf 9 §8r9%§a#%ﬁé88595858pgﬁ 8c£95$.t gothsggigglll

s achieved easin rtron-o
holes an@- #ant ditdihesetres, f venet madacFonmohheThetahslleaspect of

the hﬁ@é?&@riﬁﬂéftﬁ@nggﬁy“@§oﬁ$h[yTﬁéﬁi§ﬁg HE@ELENGas repaired
tendon-bone insertion_to The nuscle-tendon junction

using otRe Pagadr eethrgPendeFect 81 I4pPPoxFRALEVINY BRALORN
reconateac{ Fogurehe@ youndlsvag aldestainbuatera hanediregHen,

but t&gnfl%gn%aszﬂg% splinted.

Example 8 Sample Harvest and Geometric Evaluation

At both 4 and 8 weeks, rabbits were anaesthetized and
sacrificed by intravenous injection of pentobarbitone. The
humerus head, cuff tendon and part of the muscle were
harvested from both shoulders (operated and unoperated). Under
slack condition, the length and width of both the operated and
unoperated tendon were measured with a vernier caliper and the
thickness was measured with a micrometer. Samples were then
fixed in 4% paraformaldehyde. After fixation, the specimens
were decalcified with 10% formic acid, dehydrated, paraffin-
embedded, cut to 5um sections and stained with hematoxylin and

eogin and Alcian Blue.
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wi de, and 2mm deep was prepared at the greater
tuberosity perpendicular to the tendon fibre
walzeosazszon. Two small drill _holes, 0.5mm in di BEEBEAB2008/000583
were made fromthe IaterarzaSpect of the humerus into
t he bony trough. Then the defect was repaired using
the nmethod correspond to its group. Follow ng tendon
reconstruction, the wound was closed in | ayers and
dressed, but the linb was not splinted. Exanple 8
ExampEanpl e Har #estodondyCEaaetinatibwal uati on At both 4 and
8 weeks, rabbits were anaesthetized and sacrificed by
i ntravenous injection of pentobarbitone. The hunerus
Inflapggioputrespengen tandhpadmpdbntise wags eve lmerted by the

1nflaﬁﬂéi§§he§aEé0WhQ@hhw%EOHEQ%Eﬁr@Q%%r%%e@h%n%ercenta e area
unoper ated) . Under sl ack_condition en

of thi gPRAGF BEPACPhECEHEL&elYandt &ﬁ@ﬁ@#&f%@éﬁ&o Ther ahole

tendoneassaedndi tireasverrugt edalblypehraathmbierihicehnes syemrs

h | th fi I,
measufBAo U o PR TR P B, HRen PP e 1hed o bied i3
cyberpetacdecHB8) f.i €¢ngireA hdEbdogiicadcietandalyrdoat ewhs
perfoPﬂé@f%hﬂﬁ”ﬂ%@gﬁgxyﬁﬁh Eﬁdsggbﬁﬁp%hﬁnil@qgn.Fﬁb%egﬂgfﬂlng

emat oxyl i n and edsin and Al ci an
ElghtFP@F%W@%?rExHﬁFﬁaﬁﬁﬁﬁ HH?P&#ﬁ&FF@ﬁ1WG§§§ﬁ§§e@o Mewin et

al. 1bpplaphalwes e%abuatedoby the)i shbaemathQr ciake wQICElbre

terpreted t he enta e.ar repair
N Rt Rt S TN Y
increteadovaaredaandyar €43 bouapteddbm jdnlcaiwat, or(y )cel | s
: | so I P Pl
blOCOﬁ?éﬁi RETEYCyplRbIB-ELAPpail! ot chi e IRRE R RS
and (Bxa ﬁgpsémlmaglyéaﬂoﬁﬂﬁﬁewﬁtchénam@ﬁpﬁaﬁya@@ &dsien

coloudNgnPhtb2BnBeUGeSLALREBY) E'Q@Eopﬁﬁa@%E%%s$Mﬁﬁﬁss%@re
tltat%vely assessed vin et al Shal a
)

a
allot5§3 F? 9965 of FT?SFIB?ElépﬂﬁétuWéth(Q)bﬁﬁﬁﬁénormal and 3
beingamaamgamﬁytabﬁakmamundh@geﬁbréhean@ékibctﬂé)normal tendon
wouldlﬂgbgnga% e 65)anacr?%8§9mgﬁiCU| rl&%al(% ndon would

one-teén junction
score 24.

The inflammation parameter was converted from the inflammation
rate, which less than 10% scored 0, 10-20% scored 1, 20-30%
scored 2, and more than 30% inflammatory cell infiltrate
scored 3. The interpretation of bone-tendon junction was based
on bone trough formation. If the bone trough presented typical
tendon junction histology consisting of 4 zones, (cortical
bone, mineralized fibrocartilage, fibrocartilage and tendon)
it scored 0. The absence of one of these zones resulted in a
score increase of 1, and a junction completely dissociated
scored 3. This scoring system is a modification of Likert’s
grading (Movin et al. 1997; Shalabi et al. 2002).
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bi oconpatibility (absorption rate of the inplanted
material) , and (8) glycosam noglycan content (the
w0 niognss3vy of bl ue col our ogq Al ci an Bl ue sect i Bl/AD2008/000583
Zero to three points were allotted to each of these
variables, with 0 being normal and 3 being maximally
abnormal . Therefore, a perfectly normal tendon woul d
have a score 0 , and a maxi mally abnormal tendon would
score 24 . The inflammuation paraneter was converted
Exampfl.eo#Ot he iananﬁmmbmmsmaua;n@hbéhTy@&sIthagji@&ﬁseﬁwed
0, 10-20% red 0-30% scored 2 , and nore than
30%infla kEPa1S] T o] filtrate scored 3 . The
interpretation of bone -tendon junction was based on

To deber@iheough EQEE@tancehﬁstQ%a@og?nEE%%ﬂQe@r%§§ﬁJqq
i cal tendong&ynctlon hi st ol ogy“consi stin

COllagéﬁegrofgéptlé ”ﬁ@ﬁgalﬁﬁﬁgrHP?Z@&rﬁpﬁﬂﬁéaﬂPIﬁé&é°W1n9

sequehtbr oadttirl dgeaaidgt endomkhiytira¢anad @1idERe waheeMRested
re LncCrease o0

|
with 1108000 os 80 Bol 0081 hr I, kS B KR Grtdaiegn Fash
with Wﬁt@rscbﬂpﬁgeﬁyyu§hnesdagﬁnduslpatpandabeLmheMt3% H,0, for
5min; gﬁéghﬂg QW@M'@BQttﬁEee L19%¢s %B?'%R&nEEFQE. 2992k ed with

| mmunost ai ni ng yp
20% fﬁ%ﬁinBOTéﬂloﬁeTHmdéF§§ﬁ1ﬁ@rtﬁém#auuénéﬂbééﬁﬂswuﬁ@ttype I

collaggﬂtbﬁ$méedagy@BoHyCQh|agQO Qb@hﬁlncatnnﬁﬁggﬁa|nhﬁg for
rned | uence r ewaxi n
anxe 4058, BPRFEoRCush; (BESMBP SN GRe fon il o] taisa e

with PB@p@tnthos 20eph; twashEdlemeTBEethmbegeﬁmewagbrWEmhn
o] o] e a @6
each; m@ﬁ@ﬁbg%@hﬁ??@ﬂ ﬁﬁ%gggﬂg Eﬁggéggﬁrggébg igA
(Dako g 28Rt : hKBEREdDRREATE) Y, ’riélaawaﬁbvnﬁepgérladu(rEBS)iSf or
repeaB@ﬁ}nv1bﬁ§¥b§é§dwﬂtthAEpﬁ1E ¢8hlkagepapri rBYL s8NbhAdyk)
E am ca & OGOiZ UK) for 3hrs at room
Whlcht%%ﬂe?ﬁ?u ©(PRELh&YSt F§ o Ph WasT: FeRnEarat P
with béemhtsxglep) ; washed in TBS three tines for 5min
each; incubated with a second anti body using LSAB

system
Five hzéh power views (400X) of each slide were randomly

selected. The total cell number and type I collagen positive
cells of each view were counted. The ratio was calculated Y
dividing the type I collagen positive cell number by the total
cell number. The average of the five views was the final ratio
of the slide.

Example 11 Experimental design

Fifty rabbits were randomly allocated into five groups of ten
(Figure 1). The left rotator cuffs were fully dissected and
reconstructed by one of the five methods. In situ
reimplantation of dissected rotator cuff tendon served ag the
control. Five rabbits from each group were sacrificed at 4 and

8 weeks post-operatively.
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(Dako, cat: KO675 Denmark); the washing procedure was
repeated; visualized with DAB kit (Dako, cat: K3468

woewsaeddy)4 whi ch st ai ned t?e positive cells brpulAU208/000583
counterstained with haenma 1o'xyl in. Five high power
views (400X) of each slide were randomy selected. The
total cell nunber and type |I collagen positive cells
of each view were counted. The ratio was cal cul ated y

dividing the type I collagen positive cell nunber by
A schehbe ilotod el |rambihe masEiseaveragenfcuie feae modss

was .t.he final rati f .t Sl I
used l@(}éﬁ%ﬁﬁ% Yigesi gé;epgi%tteylgie rlg’le)Eiqtegsul\%e?%pr g?}%%or% (i/gous
tenocyaldsoeatzamhe ntigdstesl dgimaupPistote Marprefed 1150 pafellar
tencilorlr gjetrer Mﬂvﬁ%& S; eF £ Fdild e disesaed esh agskn

. constructe one of_ the fdve,methods. In SiEL
bioscatdiahsisantar’loriests i ettt ¢ dCHt br ther F%ﬁdSﬁ Lar ved
bioscﬁsfdl_h% GA%(;}’IE! ?Laacﬁ},éﬁsﬂél%ﬁ&df am A chengdonpvaer 8ully
. sacrific a n weeks t.- 0 L yvel :

exoi o Hurrl | 1y R T b e s HoU M B K Fupepetty to
the musitied tersdsh i fundi Borstaosgting o@pﬁ@i@@tiwwmr’éxgnmz. Iin
the c %%PAP%é,en&?yé %ﬁ&r\}é/ dpérg@é& efh{ & ophbi ORSYsion

. arvest om patellar tendon were cultivated in_,
site. in rtherethee deoun rOHIHPE bi DR £XFHPYS FRBIPRIBALFLY: Was

discartle P £ acediep Ade-1geltbi 9sgakéotdsetebeoseatfolds,
. the rotator cuff tendon was fully excised fromthe
with QmgEtERGHT PR HPLRFOYhe  FRINEr5F° t uberosity to the
muscl e-tendon junction creating a defect around 7x8mmR2

Examp ! fgﬁ gggéﬁgingéﬁg 3ﬁ£i§¥ﬂ@és§fgﬂpbfn&9gei@yQIthﬁnd

_ . €e—otner—rour groups, UNe EXCT Sed
t endon porEpbh4was déwearded and repl aced by

ACl hl\/hi x(trr)I and Restore(tn) bioscaf folds, with or
~ without autol ogous tenocytes . Exanple 12 Protein and
Using nkRNAPER prB3 Y 8RS of "Fype™PATFf HHA %‘gﬂﬁ4eixﬁr?8ﬁ68§}t es
profiles of type I/III collagen and EphA4 in tendon tissue and

cultured tenocytes. As shown in Figure 3, tenocytes maintained
their ability to express collagen types I/III and EphA4 mRNA
in vitro. The level of expression appeared higher in mRNA
samples extracted from the in vitro cultured tenocytes than
that from tendon tissue when compared to house keeping gene
GAPDH.

To further confirm if in vitro tenocytes produce type 1
collagen protein, immunohistochemical staining of type I
protein was performed in the cultured tenocytes. The result
shows that type I collagen protein in the cytoplasm of in
vitro cultured tenocytes (Figure 4A), while in the control

well no positive staining was seen (Figure 4B) .

Example 13 Morphological Assessment of Tenocyte-Seeded

Bioscaffolds

Scanning electron microscope analysis of the ACI-Maix™
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Usi ng RT-PCR anal yses, we conpared the gene expression
profiles of type I/I111 collagen and EphA4 in tendon
W pe@suzs3and cul tured tenocyt es . As shown in PPQUAB2B8/000583
tenocytes maintained theifr %blllty to express coll agen
types I/111 and EphA4 nRNA in vitro. The |evel of
expressi on appeared higher in nRNA sanpl es extracted
fromthe in vitro cultured tenocytes than that from
tendon tissue when conpared to house keepi ng gene
colla@ABDHiosEafﬁwﬂﬁh&mdﬁ@aﬁbﬁnbiﬂdos%it@ﬁniﬁﬁﬁ@&ﬂﬂ%gen fibre
arrangéﬂgﬂ%ewa¥gepor%o 1%%e%fpr%%§%&hnpgvﬁ%g§ tocﬁgmgure S5A) .

proteln
At 24pgpt @e@@cvéﬁgcynads adfiegede sl tth@h@wslhalgain pperik and

forme@ob|§9%€tp&9k%'ﬁrkﬁ ?@%eﬁxtogba%@%&%,'gﬁﬂn dﬁﬂ: éﬂgé?te

enqQcyt es gure le”in the contro
repllﬁagftprlv&agt gpﬁ%g%énéeeﬁl(lﬁ Gore ) mosaéaﬁpltél%
blosc&ﬁfpmdlQgr@abeAS$Q§&ﬁ%nEBOf ﬁ&@%%%tQm@&ﬁﬁﬁ@a@h@ﬁpq%igure

50 o R R LR BF Ao BBl Cgh T BB areaben 4 dodes of

Protrpsnons cblledgennfli breecdlipogers ntradith iper €renzehef cell
pr @0 ( r t r n t
roreebl SISO RN Ta o SR ARISE,

flat §H§§ﬁ9?|R@paﬂpaﬁgénénh1g Y7 ZREDACED Sitdaet urenddjigaire

5D) . waglg@@&tﬁnpa@deQQCQEr@@n@@§t%%lb%.%%%e@%%t%ﬁ%m of the
fold surtface gher magnificatiaon

f
bioscRERGieaE SURLLAG: FPabaRCoaPt CHHERE a7 SHontHeRIaads 2
flattEmsdtﬁmbgobﬂaptthmikenappbbeh&céndTb&ﬁ&bkbp&@paacatlon
' cel The est
was r%i‘%éééf%?& BLO VEEar o ePlhReE, oA el Bl (Tetire
Hopbesgypadand Lhcghipnc sapeei est rtnh@:tu R@s(car@d“r @e@@)ed
tenoc%ﬁ@sgﬂﬁﬂﬁﬂrgagﬁ?rBIQB bﬁ@ogﬁ%eﬁagge % mB%%%o%%(t”)
scaffold was simlar to LA culture
ProtraﬁgﬁpayPﬁgtBefﬁ&FFéﬁ@dOﬁ.Sbsbpﬁéﬂu@lﬁ@%@raﬁﬁe5béﬁc@n ACI-
Maix™Tehoegyb€rbepl.i cation was relatively slowwith a
nmonol ayer growth pattern (Figure

Example 14 Gross and Examination

Following surgery, all rabbits survived until scheduled
euthanasia. There were no wound infections or any other
complications observed. A limping gait from the operative
forelimb was observed during the first weeks post surgery, and
then normal gait returned at 2 weeks. Gross examination
revealed that no pull-off or failure of tendon repair was
observed in any sample at either time point. The mean
thickness, width and length of fifty normal rabbit rotator
cuff tendon harvested from unoperated shoulder was 2.5+0.3mm,
6.6+0.5mm and 8.8+0.5mm, respectively (Figure 16). Generally,
the average thickness samples at 4 weeks was significantly
(p<0.01) thicker than normal tendon, while samples at 8 weeks
were significantly (p<0.0l1) thinner than normal tendon. No
difference in width was found between normal and repair

tendon. Both 4 and 8 week repair tendons were significantly
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5E) . Higher magnification reveal ed that Restore(tm -
seeded tenocytes (Figure 5F) also put out |arge
wouBaess0of protrusions on the surface of the P€I/AU2008/000583
simlar to that on ACI Mai x3Ytn) bioscaffol d. Exanple
14 Gross and Exam nation Fol |l owi ng surgery, al
rabbits survived until schedul ed eut hanasia. There
were no wound i nfections or any other conplications
observed. A linping gait fromthe operative forelinb
elongaasdoljgesvetndubnagrt he<Di. 03) Wwealks redstosSwoaaEy, tafdion
(Fi u}QeEEEornal gait returned at 2 weeks . G oss
JUEXam hation reveal ed that no pul |l -off or failure of
tendon repair was observed in any sanple at either

ExamgggnﬁspggptHighelggaea&hhgéeséagp%ﬁgkhcagﬁrbﬁn%&%§%&ent

unoper ated shoul der was 2 .5+0. 3nm 6 .6+0. 5nm and 8

Autolofdls bemionegppatirvakys( Feaukepdbl-s@Berdl kias the
n aver age tgickness sampl es_at i mgeks was S|gn|t|cantly
chazafiEhTBE8 BRI tRer (ERAR Rok Rl oL EHAOR: Wni PECSALPESREELE
and aBtaeek$omerénstgaihbraaﬂlyoﬁgiﬁualhaﬂhhmmehgéhgnt of the
- dop.; di.f,fer e i dt h f ound .
co11290h Bl R0 oLaTLAY & BRE LT LT BRI o e
that egpaprmpéntishdonerethi ganei daApkgehongdt edeas- Bndsnm

slight@%ﬁﬁbun&é@-Qého€9ﬂgaﬁﬁglE9.n@ﬁgakehaeﬂgﬁoﬁgigﬁﬁ%t&@L at
aﬁghe 15 Hlstologlcat Assessnment of Contr

the bapg thelglAlRS| byBLSCrERdoAIrepake Hith JeEws ppberical
cartilsgegeeylwasithangcthei zpdcbhy amgﬁmﬁkeaaepha nprm?%

: . neoangi ogenesj s nd alterations.in.the
cendo e L R RP T AT G innEbPC: R LoPPRYLA CAPH: 22
an abgengeref enjnerahézedl pagenibevateivavFégurkanBy hayos
weeks N0 1&§ng99pﬂb§gd59nﬁogésgfggﬂﬁééﬁ QE?B%tﬂQ with

slightly rounded tenocyte nuclel. e tendon-bone

normal Gt o%e%%}l’c:]ﬁeaﬁé nehePBughntad heplblHr PRFagéeli ke

arranyéhént abgersphestcak earthbageresibs firhihurg 609 . The
bone €P§&§h g%nkkgr8t$eéﬂesgggfglexhibited a more mature 4-
zone formation and better integration with the bone marrow

{(Pigure 6D).

Example 16 Histological Assessment of Biogcaffolds WITHOUT

Autologous Tenocytes

ACI-Maix™ group: At 4 weeks post surgery, all ACI-Maix™ grafts
implanted without autologous tenocytes displayed large
portions of the bioscaffold that were not absorbed. In areas
where the original structure of the bioscaffold remained,
there were large number of lymphocytic cells seen within and
surrounding the remaining bioscaffold (Figure 7A). The areas
where the graft was absorbed demonstrated a primary repair
pattern characterized by roughly parallel collagen
arrangement, increased cellularity and vascularisation (Figure
7B) . The bone trough was dominated by repaired cartilage

tissue, with dense fibrous tissue extending from the edge of
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t endon-bone junction except with a dense cel
popul ati on and an absence of mneralized osteoid
wWOoreaosi1x8304i gure 4B) . By 8 eks, sanpl es di spPEIyati2@8/000583
nore organi zed structure With normal cell density and
shape, and a healthy parallel arrangenent of
reparative collagen fibres (Figure 6C) . The bone
trough of the 8 week sanple exhibited a nore nmature 4
- zone formation and better integration with the bone
the bpaer bwo(BhguFegtbe 7CExanpl 8 Weekisst ahegiia@llant site

S t scaf T Autolo ous
dlspl#%%%cﬁggg %Fd%bg %?n§ggg§&@5 a egk LE8 SﬁFﬁ%Fﬁnlng
low dﬁPElKEIbeK?PﬂﬁFtgﬁaﬁﬁé1Snﬁhdnﬁeduweﬁh@@Dammmdgayaais

<Flgukenogyte§oabse&@ﬁgﬂ E@&ast@ehtaqg% %Bth%dbb%S%%wqggén
that were not absorbed n areas where origi na

flbres?FﬂéF&F@tépntW@SbFﬁﬁegﬁﬂéﬁé PEfaPreducerefeo%er e
1ntegkatgennwﬁharthé b¢wphoaytaﬁdcebh&e&q©& thﬁlnﬁa@%re 7E) .

rr d emai. n scaf f ol [
Howevéﬁé gwgas mheretb g¥éy ga ge§b§gﬁﬁgd Eﬁgﬁgﬁﬂgééﬁggents
of Un@bﬁﬂﬁbydrbpaspaﬁépﬁdrw1thapbwuenszéymphocgmghly _
1nflle§aeabsl gqhgaggﬂdaagaeggnsﬁt d gg%gaiggs %'h%!%ﬁ!t%id

and vascul arisation (Figu bone trou
substgpffnatellBy reeparradcdarenrfage werssdoung th gddsdive 8

week EhlpoHs (Fsgueeextendi ng fromthe edge ofthe bone

trough (Figure 7C) . At 8 weeks, the inplant site
di spl ayed nore bundl es of parallel collagen fibres;
Restorelit giniipg Cowadgnsity ﬂiheehlaampaeeelRsSabdeWEdm@&dnted

withoﬂfoéﬁgbggggggiﬁegg HLE w%&groggpeggggg & sor ed The

so natu as co a en n|za
Orlglﬁéﬁnﬁérpéﬁuﬁﬁdoﬁr§HQCB§S§@§§W|waégpaﬁsentwashdnﬁ@rganlzed

blOSC&EEbl@@'a@BHgCEHEGEEQﬁcgﬁﬂg GF gUh8cAE) numbweer. two
five sanples still _contained fragnents of

of the
lnf1aﬂﬁ%596Yb881BﬁosegﬁﬁamanapﬁEYo%vmsagcwyﬁﬁhoa§Fﬁcobserved
at thénhatkgiati of. tReusraFadyetizons eh)adnp@se hbsswphbges,

plasméh a Flﬁggﬁtgnggdogo 9%028 ?Qeééﬁﬁg %%ggogcgggﬁo%%&q%
spotted within the bioscaffold fibres. In areas where the
Restore™ had been absorbed, large numbers of fibroblasts and
lymphocytes were present within a richly vascularised
connective tissue matrix resembling granulation tissue (Figure
8B) . The bone trough was occupied by fibrous tissue mixed with
chondrocytes with the mineralized zone virtually absent in all

samples.

At 8 weeks, four of the five Restore™ bioscaffold implants
were totally absorbed. The one that wasn’t completely absorbed
presented obvious lymphocyte infiltration similar to 4 week
samples (Figure 8C). In the absorbed area, the collagen fibres
were aligned in a less wavy pattern and angiogenesis was less
intense. The tendon-bone junction exhibited a mature 4-zone
structure including cortical bone, mineralized fibrocartilage;
fibrocartilage and tendon (Figure 8D). Some granulation tissue
was spotted between the void of collagen fibres, resembling
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week sanples (Figure 7F) . Restore(tnm) group: In al
five 4 week sanples, Restore(tnm) inplanted w thout
wa@ioshesgous tenocytes were gnly partially absor@EADU2008/000583
original structure of the Restore(tn) was present as
di sorgani zed bi oscaf folds along the structure of
tendon. Nunmerous inflammatory cells, predom nantly
| ynphocytes, were observed at the margi ns of the graft
(Figure 8A) . A few nacrophages, plasmg, eosinophi
chronandgpehyiromphirespehke . wenexpecastional kymepetiepiw bhine
bj Qsc d.fi S a4l reas mhere t he
foxma gg? hg %%Lﬁgdléegﬁga %grggg SERR AF§e Churgr Sagples.
flbroblasts and | ynphocytes were present within a

Exampléchbhy VaSﬁHE§6l§§§c§9nﬂ@ﬁéb%ﬂehtséﬁeBEBEEhf¥old§ WITH
resenbllng‘g
trough was®BESUBIHSHYCPPEYERE tissue nmi xed with

chondrocytes with the mneralized zone virtually
gnt_in all, s les . _At,8 weeks the flve
ACI-M e%to%e??ﬁj Fogc ??%deoﬁﬁlEHFgeﬁgrengPa}
generabedr beddoThendneohaatremgh' bfcaaphubeky bhsschédold
1mp1aﬂ£§aewisﬂ 99¥b?8 h¥n9Q§8¥§€egnﬁgkgr§&mgm $ gLl gr SO
ek ur & absSor bed area,
blosc%%ﬁ?éﬁ%nlmp%ﬁﬁge VEtBPREnEENPAYASEes SOnaY POpaLoasnOf

blosc@ﬂﬂoﬁﬁgs@QEDeﬁérﬁa!\ﬁéd| 868 wﬁﬁﬁé@ytIBecE@mgoweQens ain
zone structure | ncl ugl ng

ction
seen b e o B oAU AP EH0. PLORGEAFOLFagsioure 58
Implahtédogattlibages andndentden ¢Erguats8DbbseBoBE on the
I j : e e he_voi d_of

ourta 0508 00 381500 AL ko POLYE Bph N pHOLLeBl, e
blosc%ﬁ%&bgc@bﬁpybe@on@oéﬁhoptélbgﬁe aorangevantasahdumdsicnlar
beds WwdBe bHzsHPSEaBER: Ph-t VO SEARLESxpEXE §9h€a17 roups.

Hi st ol ogi cal Assessnent of Blosca?fol s WT

Aut ol ogous Tenocytes AC - Mai x(tm group: At 4 weeks

Inter@@’sin%lly fgeaﬁty(/:I 8 b@é@}(cé h]@oﬁeogﬁp??ﬂtae:Lbﬁ:ﬂdgﬁpéﬁﬂobone
0 Vel x(t | OSGarrt o an
reparé Of 0gous %n%%??e%n%g?%c§ n1WéLg gngdﬂﬁe to&ogy

81m11ar to controls treatment (p>0.05) (Figure 9C). All

implanted bioscaffolds were fully absorbed and replaced by
tendon tissue at 8 weeks. Collagen bundles were longitudinally
arranged and the bone trough histological appearance was
indistinguishable from the control histology (Figure 9D). A
slightly increased amount of fibroblasts were evenly
distributed between bundles in a typically flattened, thin,
and wavy pattern. Only one out of five samples contained
adipose tissue in the middle of neo-generated tendon.

Restore™ group: Restore™ implanted with autologous tenocytes
displayed a similar repair pattern to other groups at 4 weeks.
Excellent reparative results were seen at 8 weeks, highlighted
by histological appearance similar to control tendon repair,
demonstrating longitudinally arranged collagen bundles with
fibroblasts evenly distributed between the bundles in a

spindle-shaped pattern (Figure 10A) and mature bone trough
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bi oscaffol ds i npl anted w thout tenocytes . Sone
portions of bioscaffold still remained and | ynphocytic
w@edoBg288e¢ e agai n seen wit h|6n and surroundi ng PECEAU2008/000583
bi oscaffold (Figure 9A) . nplanted aut ol ogous
tenocytes were al so observed on the surface of
unabsor bed bioscaffold (Figure 9B) . In areas where
bi oscaf fol d absorbed, rough coll agen arrangenent, and
vascul ar beds were observed simlar to other
formaekper ( Mbgtiak gDBMpSNo hnhbseﬁbbﬂgbyosahfﬁomﬂehaspg%hnd in

I j t
a1y sy 0B BohaLES tepd Bk b o kR BB o5y Cubh FRFTREeBnt r ol s
demonﬁtéﬁtﬂ@ntY@pﬁ@lOS?U?FZQU¢eSQCthArb IHpWaMEEd granulation
tlssu@'@ﬁf@uf@lﬁ§CWE%§sfHEHYlagﬁgégggdaﬂg g?e ngmEXes and

endon tissue at 8 weeks | agen
eCt°p¥SnB?F%d|ﬁaﬂPﬁeaiPQngEESaﬁ@uﬁﬁelﬁoﬁesﬁmﬁéeﬁ

hi stol ogi cal appearance was indistingui shable fromthe
ntgol hi ~ d

t of B A ,

bundl es in astgkogglly fIattened th|n and mavy

pattern. Only one out of five sanples contained

adi pose tissue in the mddle of neo-generated tendon.
Analypbst of ethe) 19f bapraResforatenfoi ipeahiedcaffnlds

demon@ﬂi@t@@oﬂﬁateﬂﬁéY1ﬁ§lQM§QE§¥§drés§bﬁbéa%aée@@bé intense
in th$aBtern %g $§ gr stat weeks. Excel | ent

L\R:\a stfld GRRELLBEh gFouPfeERen BRgkhEght ed
blosc@®f®1@$@hbg|caigapeeananceA8|m1Waékbo that sokrhgadon

t n ;arran ed col |l agen

intla@lioty {RER THAS hPleplClht Bh Srets P ERRRCH f el
occupi¢e %nnumékammabogwun@léséhapedSpatWeth pELgUrexTOAyhilst
the AGNOvARLUre bODE LIy h%QE”ERbﬁQfQEaHHF? 395)0 ON? reduced

unabsorbed bi oscaffol d was found I n_a ve sanpl es
Lo 2652 ndEPl iR PRAROPEBAGhVREr AREEBEHREHeHBngEPHPEJaPPlying

Restofgmlmaésé@ﬂfoz@netﬁérﬂﬁfmaﬁmatbﬂ§Vﬁétegaéaﬂéabhﬁg from
465 t& §§ue ure 10C observed i

3anpf e Y opt O%a%%ufF#ﬁﬂ?gyﬁﬁf»lWBEaFgaﬁdopn 2
(p<0.@&hplE@WeﬁaaanEe38c6mparequaotthatcantﬁe$essﬂhet of

inflaﬁ%ﬁ@@fyTFQQQnin the four experimental groups was
significantly (p<0.05) elevated, regardless with or without
cell. At 8 weeks, the biloscaffold absorbed, and the

inflammatory response of all groups was significantly (p<0.05)

Exampf

reduced compared to 4 weeks. In groups that autologous
tenocytes were implanted, the inflammatory rates were very
similar (p>0.05) to that of the control group, whilst the
inflammation observed in bioscaffold-only group was still

significantly (p<0.05) greater than controls.

General histology examination revealed that, all experimental
groups have poor histological scores compared to the positive
control (p<0.01) at 4 weeks (Figure 12). At 8 weeks, ACI-Maix™
bioscaffold implanted alone displayed significantly inferior
histological score to the control (p<0.05), whilst seeded with

autologous tenocytes it displayed much better score identical
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Hi stol ogy Analysis of the inflammtion rate to the
bi oscaf fol ds denponstrated that the inflammtory
WO e@porsses was | ess i ntense in the bioscaffol d-PCBEAD2008/000583
construct groups than in t*Hé bioscaf fold-only (Figure
11) . At 4 weeks, the average inflammtory rate (the
per cent age of repair tendon areas occupi ed by
i nflammatory cells) was 56% wi th ACl - Mai x(tm, whil st
the ACI-Mai x(tm + cell group was significantly (p<
to thé)dﬂﬂtr@ﬁut@ﬂot@SQB@HoWeseﬂjIamepﬂfﬂﬂﬁféﬂﬁemaétween these

t ffold
v o3l Ve B Uy gPLYL e Dol 01
Slgnlﬁ%ﬁemﬁlh@P%u@@]og@h@h¢@mbc§heshlﬂp®bmgﬂtsoorepaﬁ B&ptore™
bloscifW@W@rw1ﬂﬁ6ﬁkC%E%E@§¥E§owégew89§er9ﬁ§n iNB1anted with

nflammatory rate | n the four experinental™ groups was

tenoc&é‘?%ﬁ. 3R a?fflilt}/r?lp<oﬂas§tﬂeljev%\<€%ae‘f@%g%d%*é.@ompt ROBr

statistidwuts ol £iMin8 aeeksrehberbbmssathel doabsaehed,

(p>0. @QP the inflammatory response of all groups was
sighificantly (p<0.05) reduced conpared to 4 weeks .

In groups that autol ogous tenocytes were inplanted,

S\ 0
o ARG RS2 MELE KGN, SYELb Bpf DEaPBkEIE-
cellulpys aratetr ﬁ”%“?%s%“aﬁ‘llf-%fﬁ omﬁﬂfyvgep ofpr wegpst ¥ | follagen

(Figusd oAy el AdToHD)iek e@ﬁﬁniﬂﬂ@%&@{‘%é@hsln%ﬂgg a:
a erinenta

histol o n nati on reve | ed that,
negat’g‘feou(b%n%g‘?/]g E%JO? T st bgi I4s%%‘? %/ coipateareect hgpe I
collagmsigosie: tonteoll (pid1)f athd mek:sol Fygone #2y. SAL48,

ACI- M%‘B?kl 12 egsl g VA X (48 _ 1\5}’ ﬁ%éé’ééjd 1‘? §§1%9 0 was 58%,

S|gn|f|cant erior score
Restoxeie V@‘m%l 2(p<@1@5368¢m¥¢’§t8%%@©@dww1@ hteuqv@ngeuwas

48.8% L eNOCY RSl d&ﬁ@' ed frueh Pt erpoSSPE evkdest i cakht 9o
the contr ol However,  t he di fference between

Sllgh‘ﬂrﬁés’e“%ﬁ?%‘?%ub% R SRR (THD v BB GRRCHPL hBEPUP

achietanpcyl €59, wasmmlﬁr mkﬁié?ﬁmgéy@%@?) A& theugh t8eded
hlstolo ore of J e i oscaf f Wi t

wien R SELSrfie Thune s it aroen vichievits SEbos,

Restore™ seeded with tenocytes achieving 65%. At both time

points, the positive rates of tenocytes seeded bioscaffolds

were significantly higher than those without tenocytes

(p<0.05, Figure 14) and similar to the control (p>0.05).
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tenocytes and control, it still achieved an outcone
not statistical significant different fromeither of
wo b@sigseD. 05) . | nmunost ai ni ng denonstrat ed tPEI/AD2108/000583
cytoplasm and extra - cel1#-ar matrix were stained
positive for type |I collagen (Figure 13A) while no
positive staining was seen in the negative contro
(Figure 13B) . At 4 weeks, the average type | coll agen
positive cell ratio of the control group was 53. 4%
CLAIMACI - Mai x(tm) was 38.4% AC -Mix(tn) seeded with
tenocytes was 58% Restore(tm was 36.2% and
Restore(tn) seeded with tenocytes was 48.8% At 8
1. weeksh melgheypef | trent hgenrpoztoirveutEl teaat in a mammalian
subesti ght gNn | ; u | he-contro
. ] grogg %%%?es?ﬁﬁégg.gggﬁﬁéf?%gig%?ﬁ%kggﬁig&rng 50. 60%
(1) aal- w%‘?%&?%v%ﬁﬁéd@apw%nﬁ ehoR9EEECAchleVi hAgosinogylture
mediuﬁ@éb@pfi&ﬂﬁgﬁ@ﬂb@Yiﬂggg}aifgﬂ%tgﬁﬁ%Qr@ékﬂ»a?§9€$%naﬁBh
enocytes achievin : [ ol nts, e
gLucofSRPRYLER, &F oa G iParigeni eelealivn BPoeBat! bpab ieree
cultusé gof f éxpandlgd ht ghecytban t hose w t hout tenocytes
5y (p<0. i 14 kg .t h nt r
(1) 050 B RN e B S 1010 (FaBed seppovees vo
producgfd FRBPCYHE aShenndl Phnscablietd: i andeed t her eof
(iii) conprimgdNghi iy SELR$ ©dnodie SEEGLH VS ¥s EXPRHTE NFroximal
tes kg vitro in cul ture nmedi um conpri sing

t enoc
to th?nﬁ%?%ﬁ OFLL FePEti onal derivative and a
gl ucocorticoid or a glucocorticoid- like nolecule to

2 B O L SR P s e oo

- cuff peaenbeya anzeeted broscatfok8f aedr(iii) inplanting

sai d tenocyte seeded bioscaffold proximal to the rotor
cuff tear. 2 . A nmethod according to claim1 , wherein

3. sai d & AR AFFOEENT i &0 LIAER| Y eOF of at BReEiR $2hd.

tenocytes are isolated from a tenocyte-containing tissue

before selective expansion.

4. A method according to claim 3, wherein said tenocyte-

containing tissue is a tendon.

5. A method according to any one of claims 1 to 4,
wherein said tenocytes are from a mammalian animal selected
from the group consisting of a sheep, a cow, a pig and a

human.

6. A method according to claim 5, wherein said mammalian

animal is a human.

7. A method according to any one of claims 1 to 6,

wherein said tenocytes are autologous.

8. A method according to any one of claims 1 to 7,

wherein said tenocytes are selectively expanded in vitro in
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3 . Anethod according to claiml1 or 2 , wherein said
tenocytes are isolated froma tenocyte -containing
wao p@snes3bef ore sel ective expansion. 4 . A net hpdI/AU2008/000583

according to claim3 , whef®in said tenocytecontaining

tissue is a tendon. 5 . A nethod according to any one

of clains 1 to 4 , wherein said tenocytes are froma

manmal i an ani nal sel ected fromthe group consisting of

a sheep, a cow, a pig and a human . 6 . A nethod
cultuaecoeding tomplkaktimg 0 .0bewe /vaiitstEmmmkingn oaniovasw /v

[ huemn. 7 . A nmethod according to any one of
glucogﬁg?ﬁgggafo 6 , wherein said tenocytes are autol ogous.

8 . A nethod according to any one of clains 1 to 7,

9.  Whereinnsehdat 80E6YLERGALE aﬁgeSEévekycﬁéﬁa ded g
vitro, inculture nedlun1conpr| ing 0.0006% w v |nsuI|n

WhereéﬁdSaléoégé&wyegPéc§§@ﬁpﬁ@é|&engcytASnng@adé@@oﬁ@|@@ast
80% tkaAocanyedne of clainms 1 to 8 , wherein said culture of
expanded tenocytes conprises at |east 80%tenocytes.
10. A nethod according to any one of clains 1 to 9,
10.  wherehnmsbhddcattarding expangtedneendcyliiesmeonptiosos

where@h 5 ?étcﬁg%%?glb§ Egﬁgn%éﬁr%ﬁio%&%e%r %&j&%%@%t least

enco ol owi n col
C@éﬁﬁaEBﬁt EBRAESS §@Ee95xWQresgﬁPeSCQNpodﬁ@QCWﬁ@

folowiﬁg Atgpéh@dcaqgagéhngtygeaﬁ110@%1qag%hal nhat 0 10,
1 erein, i the te o%£ e seeded bi oScaffold is
S¢ er@ﬁﬂ?urga n GPNPoaP GPliccient time to establish the

tenocytes before inplantation . 12. A nmethod accordi ng

12 (0o RREnGh, SLANMR:de' Coldny "BRECLE BRLENTRTTRY 39,
wherein saild the tenocyte seeded bioscaffold is cultured in
vitro for sufficient time to establish the tenocytes before

implantation.

12. A method according to any one of claims 1 to 11,

wherein said mammalian subject is a human.

13. A method of treating massive rotator cuff tear in a
human subject in need thereof comprising the steps of:

(i) isolating tenocytes from tendon tissue isolated from
said subject;

(ii) selectively expanding isolated tenocytes in vitro in
a culture medium comprising about 0.0006% w/v insulin or
functional derivative and about 0.0002% w/v glucocorticoid or
a glucocorticoid-like molecule to produce a culture of
expanded tenocytes comprising at least 80% tenocytes;

(iid) seeding a bioscaffold with said expanded tenocytes
and culturing said bioscaffold and tenocytes for no more than
five days to produce a tenocyte seeded bioscaffold; and

(iv) implanting saild tenocyte seeded bioscaffold into the

rotator cuff tear and securing with sutures.
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13 . A nethod of treating nmassive rotator cuff tear in
a human subject in need thereof conprising the steps
wW®@2008(128304 sol at i ng tenocyteg fromtendon ti SsSUBCT/AU2008/000583
i solated fromsaid subject;"(ii) selectively expanding
i solated tenocytes in vitro in a culture nmedi um
conprising about 0.0006% w v insulin or functiona
derivative and about 0.0002% w v gl ucocorticoid or a
gl ucocorticoid-like nolecule to produce a culture of
14. expanﬁeﬂethndcytesrdmngrtelagyabnéeastcaaQMEemOtwtes
[ e S h expan
Where&%n%%léegggg ppa ggREEEg @L%o?%g%goldgan n?) 5Eyt§%
mlcrob@ﬁdnoanﬁﬂ@e?ﬁanafthéeédysoroapgéaucénd/penaoyﬁares
there&eeded bioscaffold; and (iv) inplanting said tenocyte
seeded bioscaffold into the rotator cuff tear and
securing with sutures .14 . A nethod according to any
15. one oh méahod actOrasng mbeaﬁynoﬁeidfbbma@aéfmldo 14,

wherefﬁngéiaeﬁlgsggkkb?d g%nbéﬁgi?u f;g?ggfcoafg!%%pe

matriye(hcd H@CU@&ThgoroS@ﬁy1ometest¢halnsubmucosé wher ei n

Vltré@égmploscaffold conprises a type X/'ill collagen
matrix (ACI Matrix(tm) or small intestinal subnucosa
(Vitrogen(tm) . 16. A bioscaffold conprising cells,

1o W”ereA”bi@ﬁ@afh@mdsﬁé’/mphgﬁhg 6ells, ahBetENACKERE than 803
of Sa?é gélglos affol d agcordlng fo claimi16, wherein at
a

B96'6F S&MH€6FFs express one or nore genes
coding for the following: type I collagen, type III

17. col I %%1%58§é§old53£8£§éi§ a‘?'%x 1af 6an%gpy%ﬁ ak 1east

A net hod accordin antra as
Oﬁeﬁé%ﬁbéﬁélé @é@éﬁﬁﬁe@nﬂnpﬁ m@r@rgﬁ@@St@odnpgoﬁ@rothe

follo&bﬁgexﬁyﬁéeﬁ collagen, type III collagen, EphA4,
scleraxis, Sixl, COMP and/or Cbfal.

18. A method according to claim 1, substantially as
hereinbefore described with reference to any one of the

examples.



