TENOCYTE CONTAINING BIOSCAFFOLDS AND TREATMENT USING THE SAME FIELD 5 The
present invention relates to methods for preparing bioscaffolds useful in the repair of tears. More
specifically, the present invention relates to the repair of rotator cuff tears using bioscaffolds seeded
with tenocytes. 10 INTRODUCTION Rotator cuff tendon tear is a common presentation resulting from
injuries sustained from overhead activities (Briner et'élt/f, (1997) Sports Med. 24(1):65-71). Numerous
studies have 15 described different techniques for tendon repair. These include suture techniques
(Gerber et a/., (1999) J. Bone Joint Surg. Am. 81(9):1281-90), tendon to bone fixation (Burkhart et a/.,
(2000) Artvasiank 40000 epdanmoblizingiand siding leshnipues fcetagieg tearp Taure
(Amstutz et a/. (1976) J. Biomed. Mater. Res. 10(1):47-59). While surgical repair usually achieves high
levels of 25-fumctional 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 30 very low
(BiglianPet B (18885 S "Bord J6Rt $Ary. im 2 FAEL0Y- 2565455 € o Sequenty 2therdis a need in the
art to developdrettef fnethiedsiokttreadtingrotater cafbtear. nfarcatterapt tovimprove surgical outcomes

bioscaffoldg gad 35 synihefic implapisdsee, VS Ratent No» 4,668,233, U3 RatentNe.4,/73880, US

Patent NO.156%%263?3,C%§g3a£[ggtrlglohéé,l98§, Oi8c’jscaffolds seeded with tenocytes.

10 INTRODUCTION

Rotator cuff tendon tear is a common presentation resulting
from injuries sustained from overhead activities (Briner et
al., (1997) Sports Med. 24(1l):65-71). Numerous studies have

15 described different techniques for tendon repair. These
include suture techniques (Gerber et al., (1999) J. Bone Joint
Surg. Am. 81(9):1281-90), tendon to bone fixation (Burkhart et
al., (2000) Arthroscopy. 16(7):82-90), tendon mobilizing and
sliding techniques for retracted tears (Tauro et al., (1999)

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

While surgical repair usually achieves high levels of

25 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

30 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
35 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,



and EP 0 223 370) have been proposed in the treatment of rotator cuff tear. These devices are
intended to encourage the invasion of tissue on implantation, in the hope that the tissue ingrowth,
together with the device, will confer 5 improved wound healing and functional improvement to the
patient. However, devices for the treatment of rotatorzcuff tear have generally failed to show successful
long-term results with failure commonly occurring due to the invasion of non-functional fatty tissue,
tenosynovitis, loosening or 10 implant failure. Further, continuous loading of the device and abrasion
against joint tissues causes wear, creep and fatigue of the device and ultimately the device fails. As

such, the au ati f surgical repair with devices such 15 as bioscaffolds in rotator cuff tears has
not been SﬁCI?V%?’] 0 irg%rr]'zo%z%e tﬁg @ inl%éjlvgu}%gren% &rp%i%ﬁtes (Ialﬁlnott%’,e(l%ﬁif%fn Er%t A%gd. Orthop.
Surg. 2(2):8P95}.%s sudH thé edrrentihéfpdsare S8B-opfifnal ARATIRER i§ A IfsEerteddRlop better

treatmentsforthermrepait cotatar auﬁdsaé ZBIOBJEQI;nﬁTaiS mobjeet afribe pegsent inMentins to provide
use of a tepqcyle segded biosgaffold in.the prepatgtion,of afnedicament 25 far the treatment of rotator

cuff tear in a mammalian sub%ect. It is"an alternative object of the present invention to provide use of a

tenocyte in‘thBpresatatich Bfa Miédicame At br the treafthért of tHASSIFE Fothtor Quffit8ar in a human
30 subject dtisiamalternttive ubject dbtheqeresétrinvértion togimovide use afca etlture of £kpanded

tenocytes ipdhe preparatien of-a medicamentfor the gatnaentQf satatar auh3s teary, -2A-

results with failure commonly occurring due to the invasion of
non—-functional fatty tissue, tenosynovitis, loosening or

10 implant failure. Further, continuous loading of the device
and abrasion against joint tissues causes wear, creep and

fatigue of the device and ultimately the device fails.

As such, the augmentation of surgical repair with devices such
15 as bioscaffolds in rotator cuff tears has not been shown to
improve the clinical outcome of patients (Iannotti, (1994) J.
Am. Acad. Orthop. Surg. 2(2):87-95). As such, the current
methods are sub-optimal and there is a need to develop better
treatments for the repair rotator cuff tear.
20
OBJECT

It is an object of the present invention to provide use of a
tenocyte seeded bioscaffold in the preparation of a medicament

25 for the treatment of rotator cuff tear in a mammalian subject.

It is an alternative object of the present invention to
provide use of a tenocyte in the preparation of a medicament
for the treatment of massive rotator cuff tear in a human

30 subject.

It is an alternative object of the present invention to
provide use of a culture of expanded tenocytes in the
preparation of a medicament for the treatment of rotator cuff

35 tear.



It is an alternative object of the present invention to provide use of a culture of expanded tenocytes in
the manufacture of a tenocyte seeded bioscaffold for the treatment 5 of rotator cuff tear. It is a further
alternative object of the present invention to overcome or ameliorate one or more disadvantages of the
prior art or at least to provide the public with a useful choice. 10 SUMMARY The inventors have now
developed a novel cell-based tissue engineering appréach to the treatment of rotator cuff tear 15
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 20 in need thereof comprising the steps of: (i) selectively

expanding tenocytes in vitro in culture medium comprising insulin or a functional derivative and a
glucocortichid droa gRiceésiEBRI-IKEEmaletafe-tPprotiiEe RIGHERE of BXjFardedteRBeytes; (ii)
seeding a hioscaftoid with safd expanded-25 tenecytesmtoforoduee ajtenecyta serded bioscaffold; and
(ii)) -3 manufacture of a tenocyte seeded bioscaffold for the treatment

5 of rotator cuff tear.

It is a further alternative object of the present invention to
overcome or ameliorate one or more disadvantages of the prior
art or at least to provide the public with a useful choice.

10
SUMMARY

The inventors have now developed a novel cell-based tissue
engineering approach to the treatment of rotator cuff tear
15 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
20 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

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



implanting said tenocyte seeded bioscaffold proximal to a rotator cuff tear. In one embodiment of the
first aspect of the present invention 5 there is provided use of a tenocyte seeded bioscaffold in the
preparation of a medicament for the treatment of rotator cuff tear in a mammalian subject, wherein the
tenocyte seeded bioscaffold was prepared by selectiv3ely expanding tenocytes in vitro in culture
medium comprising insulin or a functional 10 derivative and a glucocorticoid or a glucocorticoid-like
molecule to produce a culture of expanded tenocytes; and seeding a bioscaffold with said culture of
expanded tenocytes. In some embodiments, the tenocyte seeded bioscaffold is 15 cultured in vitro for
sufficient time tgaenstablish the tenocytes gefore irgglgl_n%ation. Irﬁﬁcér?eg embodirrpae{]tsd gh% rotator cuff

- St s

tear is a massive rotator CLSJ?f]teaE 209t willbé gSprema néjcry?es used in the methods and
devices of #fetinventicitas deSédbed herein can be isolated from any tenocyte-containing tissue. In
some embodiments the tissue is a tendon. The tendon may be from any 25 anatomical site of an

animal andypay be ariater guftendon,supraspinatys tendon, supgapyads tendon, pegireglis major
tendon,g;ert%eeal tendon, achil e§ tendon,élblalls anterl%r tendo%,e%pt rior cruglf\(t)?ggalrge%gostenor
Ifa

cruciate Iigamern?, hlasrr]gt]fﬁiﬁ@]Jteﬁe onlﬁa?te(rja Ii%artn%rrll ,crﬁegiafﬁéeamen ,ﬁasp%?e endon, biceps
tendon, an8%FEEPsteRdon O sorE enfhfentsOtheteRotyteaddrtairingtisstehay beiddlated
from any masmamalian animaalniadlidingsbbtrattdimiteétetoca shedy, a-eowcy pig ereadarhan. In other

embodimenis, 35 ihe tenecytescontaining tissye isdselatedsfrom ahynan insstillatberembodiments
the tenocyte containing tissug Is |solaged from the subject in neefl.of treatmept, -3A-
Vitro in<culture medium comprisrndg insulin or a tfunctional
10 derivative and a glucocorticoid or a glucocorticoid-like
molecule to produce a culture of expanded tenocytes; and

seeding a bioscaffold with said culture of expanded tenocytes.

In some embodiments, the tenocyte seeded bioscaffold is
15 cultured in vitro for sufficient time to establish the

tenocytes before implantation.

In some embodiments, the rotator cuff tear is a massive
rotator cuff tear.
20
It will be appreciated that the tenocytes used in the methods
and devices of the invention as described herein can be
isolated from any tenocyte-containing tissue. In some
embodiments the tissue is a tendon. The tendon may be from any
25 anatomical site of an animal and may be a rotator cuff tendon,
supraspinatus tendon, subcapularis tendon, pectroalis major
tendon, peroneal tendon, achille’s tendon, tibialis anterior
tendon, anterior cruciate ligament, posterior cruciate
ligament, hamstring tendon, lateral ligament, medial ligament,

30 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,

35 the tenocyte containing tissue is isolated from a human. 1In
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 5 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 insufiR’dF functional derivative. The culture medium
may further comprise a glucocorticoid, such as a synthetic glucocorticoid, or a glucocorticoid-like
molecule. In some embodiments the glucocorticoid is 5 betamethasone. The culture medium may
comprise about 0.00001% to 0.1% w/v glucocorticoid or a glucocorticoid-like molecule. In some
embodiments the culture medium comprises about 0.0001% to 0.001% w/v glucocorticoid or a
glucocorticaitrlikeSpofdette. 1R RAIF BiHe? erftSodimenE thecultufe Afetiaf T0Vcomiprisdstabout
0.0002% whn glueoeorticoither e ghkiceaaricoifl-likecmotachte. e some emhpdimeanis, the culttre of
expanded tenogytes comprises at Jeast 80% tengeytes and.pp maredhan 209 nantengeyte cells. In

other embodiments at least 90% of the cells in the culture are tenocytes. In still other embodiments at

least 95% BEHE EBIIS Predent i tiPSdEciel 8panded RnbéyE/clltife HretendEytes. 20 In some
embodimerftsntheiexpandedriénacyte cultire camprisesngelis] wherein @t deast B0%r of said Cetlis
express onerinore-gengscading ferdhe fellowingotype ) eollagen, type Hi-callagen; ERhA4,
scleraxis, SjxI, COMP and/or beal.l%f] In a secon aspect, tpe prgsent i \éentionﬂﬁ)rgvides a method of
treating massiverdtatsF cutt feat in & humidT ]éuﬁjrg PR ASEH thetedt c%%pr]ils?neg e sjtgrﬁs of: (i)
isolating teAeeyEs from terelon tisstie takeviromiseid Subjeet: (psalédtivenl edsariding saie tenocytes
in vitro in a culture medium 30 comprising about 0.0006% w/v insulin or functional derivative and about
0.0002% wi/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 35 tenocytes for no more than five days to produce a tenocyte -5
seeded bioscaffold; and (iv) implanting said tenocyte seeded bioscaffold into the rotator cuff tear.



In one embodiment of the second aspect of the present 5 invention, there is provided use of a tenocyte
in the preparation of a medicament for the treatment of massive rotator cuff tear in a human subject,
wherein the tenocyte seeded bioscaffold was prepared by isolating tenocytes from tendon tissue
isolated from said subject; selectively 10 expanding isolated tenocytes in vitro in a culture medium
comprising about 0.0006% w/v insulin or functional dérivative and about 0.0002% wiv glucocorticoid or
a glucocorticoid-like molecule to produce a culture of expanded tenocytes comprising at least 80%
tenocytes; and seeding a bioscaffold with said 15 culture of expanded tenocytes and culturing said
bioscaffold and tenocytes for no more than five days. In a third aspect, the invention provides a
bioscaffold comprising cells, wherein more than 80% of said cells are 20 tenocytes. In some
embodimertaStHe BibS&4Tfol¢ Soriprises af 18ash90%s 989% 6F 99% fehbeytecelsCPhée bicséaffold
may comprise eellsy mtiesein atdgast 809 of saidLells expressionecormote ganas reding for the

following: 25 tyoe| collagen. dype ILGpliagRn. FpAM, SClBiaS, Sl COMR andior Chfal. The

bioscaffold may comprise a matrix, a membrane, a microbead, a fleece, a thread, or a gel, and/or

mixtures 36 fetB6L I Some- emBB&inFéH§ﬂ1%?be§9&Ffl6Tdr&%%ﬁf@@ﬁ%@ﬁe?}ﬂ?%llé)g D hdri (ACI
MatrixTM) opsihall integtinal submucosa ¢WitbgenTM)gd5A-dnafoucthiaspeck ¢chevnventior provides

use of a cuityre;ghexpandsd tepases inthe prepacatigo.of gmedigament for.ths freaiment ek rotator

ff tear, wherejn It is prepared by: 5(i lectively expanding tenocytes in vitro in
cuff tear, wherein the culture is prepared by: 5(i),selectively expanding tenocytes,in

molecule. In still other embodiments the culture medium
10 comprises about 0.0002% w/v glucocorticoid or a

glucocorticoid-1like molecule.

In some embodiments, the culture of expanded tenocytes
comprises at least 80% tenocytes and no more than 20% non-
15 tenocyte cells. 1In other embodiments at least 90% of the
cells in the culture are tenocytes. 1In still other
embodiments at least 95% of the cells present in the

selectively expanded tenocyte culture are tenocytes.

20 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.

25 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

30 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

35 tenocytes for no more than five days to produce a tenocyte



culture medium comprising insulin or a functional derivative and a glucocorticoid or a
glucocorticoid-like molecule. In a fifth aspect, the invention provides use of a culture of 10 expanded
tenocytes in the manufacture of a tenocyte seeded bioscaffold for the treatment of rotator cuff tear,
wherein the culture is prepared by: (i) selectively expanding tenocytes in vitro in culture
medium comprising insulin or a functional derivative 75 and a glucocorticoid or a glucocorticoid-like
molecule. BRIEF DESCRIPTION OF THE FIGURES Figure 1: Experimental design of animal study.
20 Figure 2: Model of massive rotator cuff tear in the rabbit. Figure 3: Expression of type I/11l collagen

and EphA4 in cultyred tenocytes.and tendon tissue. 25 Figure 4: Immunostaining for t | collagen on
tenocytes iﬁ%ﬁ%@j&%@iﬁj‘%@% \f'\{/]éll ?f(?O)?)l Ylg) éénrﬁiloaf We]lln((io8§)l.élFigg8 a rneog:y(%? T%e%%ce)ége, porous
collagen fidte &t fangerieht bR B0 the ACIMaikAh bivdcaffoRFELO0X). (B) A sheet of tenocytes
integrated within the ACI-Maik/m collagen fibres after 72 hour (200X). (C) Solo cell morphology

demonstratgd two.types of PIHSINS (Rlehs; blagk arraw & lamellinggia: white. arrow)

5 invention, there is provided use of a tenocyte in the
preparation of a medicament for the treatment of massive
rotator cuff tear in a human subject, wherein the tenocyte
seeded bioscaffold was prepared by isolating tenocytes from
tendon tissue isolated from said subject; selectively

10 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; and seeding a bioscaffold with said

15 culture of expanded tenocytes and culturing said bioscaffold

and tenocytes for no more than five days.

In a third aspect, the invention provides a bioscaffold
comprising cells, wherein more than 80% of said cells are
20 tenocytes. In some embodiments, the bioscaffold comprises at

least 90%, 95% or 99% tenocyte cells.

The bioscaffold may comprise cells, wherein at least 80% of
said cells express one or more genes coding for the following:

25 type I collagen, type III collagen, EphA4, scleraxis, Sixl1,
COMP and/or Cbfal.

The bioscaffold may comprise a matrix, a membrane, a
microbead, a fleece, a thread, or a gel, and/or mixtures

30 thereof. 1In some embodiments the bioscaffold comprises a type
T/ITIT collagen matrix (ACI Matrix™) or small intestinal

submucosa (Vitrogen™) .



on the ACI-NaixTM bioscaffold (1500X). (D) Cross-sectional scanning electron microscopy revealed
the flat surface morphology and highly compact collagen structure of the Restore14 small intestine
submucosa bioscaffold (400X). (E) 5 Tenocytes (arrows) displayed a monolayer growth pattern on
RestoreTM bioscaffold similar to that seen in vitro, Wisth a spindle-shaped appearance and bi- or
tripolar lamellipodia cell attachment (200X). (F) An individual cell on the Restore14 bioscaffold with
protrusion (blebs: black arrow & 10 lamellipodia: white arrow) seen on the cell surface (650X). Figure
6: Control group; hematoxylin and eosin. (A) Four week control samples were characterized by an
increase inIceIIgIa#it an negan%igge@%seis i’in\gearltg{%tion ipg\r}g&g orgggizggog o(fjg?léahgren fibres
(250X). (B) Bore rough 60?3 wéek sampPes Were charactenzed by increased cell popu afion and
the absence*dfafineralized Yeneg100x). (EF ERftaRieeksanipes displayedathsre drganized
structure withdessneelkdertsityand-unifaronty arrayed parallebcollagen 20:fibrerarrangement (100X).(D)
Bone trouggrcgga\gggk g@mples demonstrated typical mature 4-zone structure (100X). Ml:
Mid-substance of regenerated tendon. Figure 7: ACI-Maik84 bioscaffold group; hematoxylin and eosin.
25 (A) Large portions of fHel ABT-Mdiked Bioscaifbaterehdt dbeoristPat’4 weeks with obvious
lymphocytecinfittrationnstairoundingrtbre iiascaffold (25X). (B) Bhet absdrbedared of 4weeekvsamples
demonstratecprimary fepais pattemn gharacterized by ropgh collagen aurangement.dncreasing
cellularity, and 30 neoangiogenic 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). DY Efght weskssaimples displasrtitmore bitfanizeisstaictuet( 180X (B} Thedone
trough formationwas alser3x-fradues (F)dndugtionsrof adipesestissuet@nows) i thesmicisubstance of

theregeneg¥8g3g¥¥ghgﬂpg%L%ﬁga %8%%%%5% of rotator cuff tear, wherein
the culture is prepared by:
(1) selectively expanding tenocytes in vitro in
culture medium comprising insulin or a functional derivative

15 and a glucocorticoid or a glucocorticoid-like molecule.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1: Experimental design of animal study.

20
Figure 2: Model of massive rotator cuff tear in the rabbit.
Figure 3: Expression of type I/IIT collagen and EphA4 in
cultured tenocytes and tendon tissue.

25
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

30 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)



bioscaffold; L: lymphocytes invasion; A: absorbed area V: vascularised tissue. Figure 8: RestoreTM
bioscaffold group; hematoxylin and eosin. 5 (A) The original structure of the Restore14 SIS bioscaffold
was seen as disorganized fibres. Numerous inflammatory cells were observed inside and around the
implant (25X). (B) The absorbed area demonstrated increasing fibroblast number with both round and
spindle shaped morphology present in a richly vascul®rised 10 connective tissue matrix (100X). (C) An
8 week sample did not completely absorb and presented obvious lymphocyte infiltration (100X). (D)
Bone tendon :unction exhibited a mature 4-zone structure (100X). A: Absorbed area; U: unabsorbed

bioscaffold; L: | tes; V: yascularised 15 tiss igure 9: ACI-Maik84 bioscatffold seeded with
autologousbt%ngcgy]/%gggzg %¥oel%}lh}iemiﬁgﬁ%afgc?%ésiﬁ(eisfig&'We(eb?()s, \CiMaiks4” %iﬁggaa%old implanted
with tenocyt€s Wasot BHRCETF aBsErbed aFealicited WanpRocyticcefls #ifilFafdr@®0X). (B) Few
implanted auteloigous dencgyde s (arrows)wetiesalso spattedyaithirthedemainiog bioseaffold (200X).

(C) At 8- weeks, AGLMajk8dbiescatiold jmplapted with tenocytes displayed jdantical rgsylt as control
group (100X). (D) The 25 bone trough (BI) histology was indistinguishable from the control group

(100X). A: ABBGIDEU HTeA?T* GHANSSTHER biostaffold 2 Rrhipocy Bsd Whi Mid 5h6$tanEee of
regenerateldendor"3(okigare: L0 oRdstorendl biostaffalt atastetogous tendoybes gridup; aematoxylin

and eosin. {(A) AL8 weeks Restareld-higscaffold implanted with aytolagous.ienogytes gemonstrated
excellent tendfP structure similar t20 ontrol ggup 109%(31@ Teridon tiolne junc?lon was also mature,

displaying ﬁ/%lcal ﬁPzto%%%%uc(tuPéb EELOOX . (C) Some granglgﬁon tiSsue W&s%p%ttgg PhiREd with the
collagen fidres sreséinblifig whidniegranileman-8(iespbase P16X). ¢DY Small foci of ectopic bone
were foundiignadharopps that Restere 14-hiescafiold wasimplanted (100X £ Fguresklytnflammation
Rate: The percentage of repair tendon 5 areas occupied by inflammatory cells.
Figure 6: Control group; hematoxylin and eosin. (A) Four week
control samples were characterized by an increase in
cellularity and neoangiogenesis and alteration in the
15 organization of collagen fibres (250X). (B) Bone trough (BT)
of 4 week samples were characterized by increased cell
population and the absence of mineralized zone (100X). (C)
Eight week samples displayed a more organized structure with
less cell density and uniformly arrayed parallel collagen
20 fibre arrangement (100X). (D) 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.

25 (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

30 necangiogenic 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

35 mature. (F) Inductions of adipose tissue (arrows) in the mid

substance of the regenerated tendon (100X) U: unabsorbed



Figure 12: Histology Scores for ACI-Maik84 and Restorel14 bioscaffolds implanted alone or seeded
with autologous tenocytes at 4 weeks and 8 weeks. 10 Figure 13: Immunostaining of
ACI-Maik84+tenocytes for type | collagen (A) Test (blue arrow: cytoplasm area; black arrow: extra
cellular matrix) (400X). (B) Negative control (400X). 15 Figure 14: Type | collagen positive cells in
ACI-Maik84 and Restoren4 bioscaffolds implanted aldne or seeded with autologous tenocytes at 4
weeks and 8 weeks.  Figure 15: Working conditions and primer sequences of rabbit 20 type I/IlI
collagen protein, EphA4, and GAPDH gene. Figure 16: Geometric measurement: Normal thickness,
width and leaqth were measyred,Tom, fitynormal rabbitrofaton cuff fendop, haryested from noperated
shoulder. Al'measurementts 25 were per ofmed under stack condition at room temperature.
DETAILED'BESERIPTIGN GF THE PREFERRED EMBODIMENTS 30 Before describing the present
invention in detall, it is to be understood that this invention is not limited to particularly exemplified

methods agd fiay, of COMISE . XaRItis Bs0 Ip heunderstand that thedeyminglagy.sedtherein is for

the purpose of describing particular embodiments of the invention oné& and is not intended to be

limiting Whith Will B8 InFitedtorily byth8 GQppefded cidiis RoSAR pEblicationS paenistand it
applications €ited herein swhether saprat abnfra, abeiheneby sncorporated by refererdessinvtbeir entirety.

However, publications meptionedind around the implant (25X). (B) The absorbed
area demonstrated increasing fibroblast number with both round
and spindle shaped morphology present in a richly wvascularised

10 connective tissue matrix (100X). (C) An 8 week sample did not
completely absorb and presented obvious lymphocyte
infiltration (100X). (D) Bone tendon junction exhibited a
mature 4-zone structure (100X). A: Absorbed area; U:
unabsorbed bioscaffold; L: lymphocytes; V: vascularised

15 tissue.

Figure 9: ACI-Maix™ bioscaffold seeded with autologous
tenocytes group; hematoxylin and eosin (A) At 4 weeks, ACI-
Maix™ bioscaffold implanted with tenocytes was not fully

20 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

25 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.

30 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

35 structure (100X). (C) Some granulation tissue was spotted

mixed with the collagen fibres, resembling chronic granuloma



5 herein are cited for the purpose of describing and disclosing the protocols and reagents which are
reported in the publications and which might be used in connection with the invention. Nothing herein
is to be construed as an admission that the invention is not entitled to antedate such disclosure 10 by
virtue of prior invention. The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of cell culture, cell biology and orthopedic surgery, which are within the 15
skill of the art. Such techniques are described in the literature. See, for example, Coligan et a/., 1999
"Current protocols in Protein Science" Volume | and I (John Wiley & Sons Inc.); Ross et a/., 1995

"Histology: Text and Atl %{; q é II|a Wl|klnsﬁ ruse & Patterson %eds )4‘11977 "Tlssue
Culture” (Acaagmlc Igre nale]% d§ ampbe 6 %%vezﬂﬂ%?r{hopaedlcs 10th ed” (St.
Louis, Mo. 2MD TonsaR L‘E@f%mlﬂeﬁl*b@ﬁ@%tQk%@@ﬁw&maﬁBPdTW@fttﬁ@ cediP{&hrland

Science) 25 It must be noted that as used herein and in the appended claims, the singular forms "a,"

" and "thepclude p'“f%'f%%ﬁ%‘%%%ﬂﬁ'eﬁﬁﬁ%e C%tgxﬁﬁ '?8@%9 teg pthennise. Thuis,for

example a reference to "a cell" includes a plurality of such cells, and a reference to "an agent" is a 30
reference 8072 oroHPaGENSYard 56 TG UrIEsS fhe Sontext clearly requires otherwise,

throughout the description and the claims, the words "comprise”, "comprising” and the like are to be

construed inan,inclusive senseAs,3% oppesed to-an exelisive amexhaystivessefsay that is to say, in
the sense f"mclu%g\g};J tnot limite to A- Unless define otheli1 ise, aII technical and scientific

terms use er%% e sate Phe anlné“s ad %o%rmosrﬁ oo ers% %%eooqf ?&mary skill in the art
to which thissingenticrss belohggeeks and 8 weeks.

10
Figure 13: Immunostaining of ACI-Maix™+tenocytes for type I
collagen (A) Test (blue arrow: cytoplasm area; black arrow:
extra cellular matrix) (400X). (B) Negative control (400X).

15 Figure 14: Type I collagen positive cells in ACI-Maix™ and
Restore™ bioscaffolds implanted alone or seeded with

autologous tenocytes at 4 weeks and 8 weeks.

Figure 15: Working conditions and primer sequences of rabbit
20 type I/IITI 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

25 were performed under slack condition at room temperature.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

30 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,

35 and is not intended to be limiting which will be limited only
by the appended claims.



Although any materials and methods similar or equivalent to those described herein can be used to
practice or test the - 10 - present invention, the preferred materials and methods are now described.
In some embodiments, the present invention is directed towards 5 a method for treating rotator cuff
tear. The terms "treating” or "treatment” or grammatical equivalents thereof are used herein to cover
the treatment of a rotator cuff tear in a mammalian s'u%]ect, preferably a human, and 10 includes: (a)
relieving or ameliorating the symptoms of a rotator cuff tear, i.e., cause regression of the symptoms of
a rotator cuff tear; or (b) preventing or inhibiting rotator cuff tear from re-occurring in a subject that may
be predisposed to rotator cuff tear, but has not yet been 15 diagnosed as having it, e.g. a person who
has previously been treated for rotator cuff tear. The effect of the treatment may be therapeutic in
terms of a partiaPoPédmpleteBire Fa fothfor T tBar 6 propRyiathe intfermsof tdthpletely or
partially prexenting thee<oceurrenge-af rotaton cul fearr 20Hdhetojaton euft pefers: tadthieygroup of

muscles and thejrdgndons, that act tostabilize the shoilder. T %8&%85‘%%%%9@&?8&8m“p of

four muscles that surround the shoulder (supraspinatus, infraspinatus, teres minor and subscapularis).

25 The foul Fotato? ciffSnGedié teriddns BIHERG F6in? & BI6&F conjdifed tehdbh® cafed tié rotator
cuff tendon; laadpmsert ontbsthertibnessfdhe heimérakchesd m theshoutder iThe term "rotator cuff

tear(s)" refersdo a-tear of anener 30 marerafhe four tendans of therotater cuff muscles.er the
conjoined tendon of the rot%tor cuff. Tears of the rot%torbcuff tendon may be patrtial thickness tears, full
thickness t&&raor il thickness taaf Wﬁﬁ%(l)rrﬁpjreste ARt aShnEAt O thE Terftdond Fro bona. Bartial

thickness téastrefdrao frayaiy-35of an imact endon LRdll thiclkarssdedrs referio Wotmbsthatepersist
through¢he-entirertendon, fThasednay yashini on .

The practice of the present invention will employ, unless
otherwise indicated, conventional techniques of cell culture,
cell biology and orthopedic surgery, which are within the

15 skill of the art. Such techniques are described in the
literature. See, for example, Coligan et al., 1999 “Current
protocols in Protein Science” Volume I and II (John Wiley &
Sons Inc.); Ross et al., 1995 “Histology: Text and Atlas”, 3™
Ed., (Williams & Wilkins); Kruse & Patterson (eds.) 1977

20 “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).

25 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

30 reference to one or more agents, and so forth.

Unless the context clearly requires otherwise, throughout the
description and the claims, the words "comprise", "comprising"
and the like are to be construed in an inclusive sense as

35 opposed to an exclusive or exhaustive sense, that is to say,

in the sense of "including but not limited to".



size from very small or pin-point to very large involving the majority of the tendon. Full thickness tears
may also involve complete detachment of the tendon(s) from the humeral head. 5 In some
embodiments, the rotator cuff tear is a massive rotator cuff tear. The term "massive rotator cuff tear"
refers to tears of more than about 5 cm and involves more than one tendon. 10 It will be appreciated
that most mammalian animals comprise tendons and that all these tendons comprise collagen fibres
embedded in a glycoprotein-rich matrix. Thus, in the present specification the term "mammalian
subject” refers to any 15 mammal, such as a human or mammals of economical importance and/or
social importance to humans, for instance, carnivores other than humans (such as cats and dogs).
Also provided for is the repair of rotator cuff injury in livestock, including, but not limited to,
domesticated sovife §5igs and HOgRT 20 Rfminants, heFsesl aAd thé fike CriRetrhidodsSidtdenote a
particular ageedhtsfacth adaitcancdhrewberd subjects are inderdedntonbe caveredshtsemay
embodiments, a first step inyolves,the jsalation,af a 25 population ofitgnacytes from g source. The
term "tenocyte" as used herein refers to the spindle-shaped, fibroblast-like cells that are found in
tendons’of 2R THAMfTals. Tenocytes typically have elongated nuclei and thin cytoplasm and are often
found sitting on collagen fibres in tendons. Tenocytes can often be 30 identified on the basis that they

produce collagen type Land gxpress the markemn seleraxs’s Accordingly, ingeme aspects the tenocyte
cells of thej?lvention are sclergxiﬁeeg(gressin C%”S or cells capable of expressin colla%een type | or

scleraxis. THE tedr?ns'cs%h}?cee attsed héreih retels™o an%/oteﬁgéﬁg} ce or test t



- 12 - containing tissue in any mammal. In some embodiments, the tenocyte-containing tissue is a
tendon. A tendon is the tissue which connects muscle to bone in a mammal. The tendon may be from
any anatomical site of an mammal and may be a rotator 5 cuff tendon, supraspinatus tendon,
subcapularis tendon, pectroalis major tendon, peroneal tendon, achille's tendon, tibialis anterior
tendon, anterior cruciate ligament, posterior cruciate 1%}ament, hamstring tendon, lateral ligament,
medial ligament, patella tendon, biceps tendon, and 10 triceps tendon. Tenocyte cells may be isolated
from a source in a variety of ways, all which are known to one skilled in the art. In some embodiments,

tenocyte cells can %e isolategg from a t}ilo ) 1&'% materéal bg/ conve tionalc[netho s..As described in
. rﬁsen invern ﬁ?n. T ?p@Qe e¥re m te¥%fgs and methods.are now
more detail be ow, In some embodiments, fenocytes are isolated by enzymatic digestion. In some
embodimefR3StHelteRdeyte-containing tissue may be 20 isolated from any mammalian animal

including, but not limited to a sheep, a cow, a pig or a human. In other embodiments, the

tenocyte-cqnfaining tisshe iz izeiated frama hyman in %Q{U%r‘?{'l%%gi%”@i jhetengeyts;coniaining

tissue is 25 "autologous”, I.e. isolated from the body of the subject in need of treatment for rotator cuff
tear. For edafifiel 8 mammdiansubjett Withta fotator chifft84r 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 30 calcapeus tendon. Teageyte sells may be obtained frgm biopsy, materal ky-RPRFoRHAteS
treatment of the tissue that is to serve as the source of the tenocgte cells. Tefchniqrues for treatment of

35 tissue to 8btaiy en%%flteu&aﬁ% AreKnown 10 thodE Skillad irt frieart %85, for e%am%?ea}ﬁgshney
"Culture of &tfithak€elis. 1A 2 mammalian subject, preferably a human, and

10 includes: (a) relieving or ameliorating the symptoms of a
rotator cuff tear, i.e., cause regression of the symptoms of a
rotator cuff tear; or (b) preventing or inhibiting rotator
cuff tear from re-occurring in a subject that may be
predisposed to rotator cuff tear, but has not yet been

15 diagnosed as having it, e.g. a person who has previously been
treated for rotator cuff tear. The effect of the treatment
may be therapeutic in terms of a partial or complete cure of a
rotator cuff tear or prophylactic in terms of completely or
partially preventing the re-occurrence of rotator cuff tear.

20
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).

25 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
30 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
35 of an intact tendon. Full thickness tears refer to wounds

that persist through the entire tendon. These may vary in



- 13 - Manual of Basic Technique" 2nd ed. (A. R. Liss Inc.). For example, the tissue or organ can be
mechanically disrupted and/or treated with digestive enzymes or chelating agents to weaken the
interactions between cells making it possible to 5 obtain a suspension of individual cells. Typically the
method will include a combination of mechanical disruption, enzyme treatment and chelating agents.
In one technique the tissue is minced and treated si'rﬁlljftaneously or subsequently with any of a
number of digestive enzymes either alone or in 10 combination. Examples of enzymes useful in
dissociating cells include, but are not limited to, trypsin, chymotrypsin, collagenase, elastase,
hyaluronidass:.LeZGDI\%q:%em pronase, d(jjsl sgtanq the Iékleﬁtln some ermbgdilmeent:sL en: \rfn%cor&%gsitions
containing an agueous mixtute of col agena%erha?/lng an Eg ac%vﬁ/y of about 43 Mkat/mito about 51
nkat/ml, anBicchyfidpapai hading arcadtivity oF abott 0.2 kaf mi 6 BBolie0.42 hkat/mil ape iSed for
dissociating eelts,stichastdeseribed i S Ratent Ndo B (422, 26bnMeelranical«isruptien ¢an also be
accomplished by, for example, the use of blenders, 20 sieves, homogenizers, pressure cells, and the
like. The resulting suspension of cells and cell clusters can be further divided into populations of
substantialy’hGiHBGe RO PES  THiE Tah Betatonplishel ©ng StafdArFRtRRiques 25 for cell
separation indlading, fonexampse; 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 aquensit solugion, differential adherenc§{ropertigs of the cells in the mixe(% 30(;)0 ulation,

fluorescent'activa e]ﬂncelf“s’?osrﬁrlléf ?Fﬁ&%?,té)ﬁd thatiike" Bther mathdds dfseléctioh ahd énepra ation are
known in theham sebofor eXaniplé Freshiney I'CefturecstAlRingdl Calls. Avideual of Basic Technique”
2nd ed;{A. R. Liss Inc.). -14 - which can be grown in cell culture to yield free tenocytes. In some
embodimeqt , g\fﬁiogs&/ tissueeis.subé'_se%c;%t gote%yrgatic dinggﬁtion and/or sEbjected to.agents such

as ethylene mmmetetraac?é%%rac(l:& at bind or c ae ateslf8a.%3%nnawﬁic%ocme{ﬂ?cle | adhesion

depends. ES@MIN8ES ofBAzyHEs saitablé 165Gse RS0 BPmMbRE of edifarférasé HAyssin, and
proteases. émisemeembadiments,doinceddendan issueaafriolargemthan 1nmmds incabated in the

presence of abayt-2.5% wiy, trypsinand about 5.5% wiy cgliagenase instandard fissye culture
medium without phenol red for at least 3 hours at about 37C in about 5% CO2.

15 mammal, such as a human or mammals of economical importance
and/or social importance to humans, for instance, carnivores
other than humans (such as cats and dogs). Also provided for
is the repair of rotator cuff injury in livestock, including,
but not limited to, domesticated swine (pigs and hogs),

20 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

25 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

30 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.

35

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



15 In some embodiments, after enzymatic digestion, the tenocytes are recovered from the biopsy
material through centrifugation of the biopsy solution, and washing the resulting pellet with cell growth
medium. Alternatively, the tenocytes may be recovered from the biopsy solution by filtration through,
for 20 example, a mesh such as a sterile 150 micronlnylon mesh. Another approach is based on the
tendency of some cell types to adhere strongly to pl'aszti'c 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 25 other components of the tendon using antibodies that specifically bind to the cell,
for example gsicngi%nltirpodjcesscsoné'uqateg o ammatrix or coyglesdotgea Q%C%rggcl:erét dEySe Wle'hcg can then be
separated Sy fludrescent-activated cell sorbfinga(ER?:JS). In'some embo |men{ns, the fenocytes are
isolated by BorfilfEticm 6PtHePBiBpSyY stluficH throfigh afG 222 Im filtet €6 Feove nidtfix BeBAgand the
filtrate centxifligad todarma acellpellet <The pelletds therewashead in. celligrowtlk maediumay The isolated

tenocytes aﬂ?o%f?'%‘i’i?ée%’n%?‘@&ﬁ%gﬂn yifro, The %%t%%}ﬁrghe%i},{%'yr%?aﬂgeg" 33 psed perein refers

to culturing the isolated tenocytes in such a way as to grow and increase -15 - the number of tenocyte

cells to the dEtmERTEFGtheF LEIF f/pRS H-Sbiné RrsitimeBRts e isofatéd tEittytes are expanded in
5 vitro in aealttimecaeédisinmegmprisigdnsulincerfanetionadl eedvatives dhsulinds @ hermbme, which, in its

naturally-oecusring farm, is praduceddy the pancreas: Hovwever, thednsylinusgin culture medium for
the selective expansion of tenocges {n%y be s¥nth§tic, such as rec%gbinaqt insulin, or 10 naturally
.1 li;]]

occurring. RUrctional derivatife ot indaitis a mofdtute s0ch 58 (ﬁjs%’desac?%]éajby Chan et al.,

2000, "Insulihcthrsuth thessbes! Phylbgenay of adro®ii promotiigand hrabolicregolatos b
hormone" (Amerigan £eolagist; accessible at
http://lwww.findarticles.com/p/articles/mi_ga3746/is_200004/ai_ n8899929) having the activity of

insulin, namely, the ability to culture tenocytes and includes biologically active fragments, variants, and
derivatives i issiifipe cells may be isolated from a source in a variety of

ways, all which are known to one skilled in the art. In some
embodiments, tenocyte cells can be isolated from a biopsy

15 material by conventional methods. As described in more detail
below, in some embodiments, tenocytes are isolated by

enzymatic digestion.

In some embodiments, the tenocyte-containing tissue may be
20 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

25 *"autologous”, 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

30 calcaneus tendon.

Tenocyte cells may be obtained from biopsy material by
appropriate treatment of the tissue that is to serve as the
source of the tenocyte cells. Techniques for treatment of

35 tissue to obtain tenocyte cells are known to those skilled in

the art see, for example, Freshney "“Culture of Animal Cells. A



20 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 25 such homologues are 4-hydroxyproline,
5-hydroxylysine, 3- methylhistidine, homoserine, ornithine, beta-alanine and 4- aminobutanoic acid,
beta-alanine, norleucine, norvaline, hydroxyproline,'tlluyfoxine, gamma-amino butyric acid, homoserine,
citrulline, and the like. 30 A functional derivative of insulin can be prepared using polyethylene glycol
(PEG) according to the method of Sehon and co-workers (Wie et a/., supra) to produce an insulin

molecule cgnjugated with PEG. In addition, PEG.can he added during 35 chemical synthesis of insulin.
Other meth%adlrs‘go FLprg\r%/ar%nagsé.CcleI%Ji%%’\?el |%sucl?n orea? fragprg'en the?é]gfslnglﬂaélg-'m%nor
reduction/afASTOFE(T arf Méthdds of PFoteirMitro Thakactdfsation I2E LSilvered Phamana Press,

Clifton N.J.alhb 394 €1988))acylationd Tays stpra) cehemical eaupling ta @nrappropriate casrier

(Mishell and Shilg), eds, Sﬂf&é%%éé\ﬂ%@é)d | é%%sgglaag@w%%m\fh H Feeman, ;5an Brancisco,

Calif. (1980), U.S. Pat. No. 4,939,239; or mild formalin treatment (Marsh, 1971, Int. Arch. of Allergy

and Appl. IRRES)., 215T6RS15) 90 1PShddid belsbted v thé ternT YinEddnal defiFaffid™ s not
include moteclulesisuchuas:insulidike geavthrfactor e Aae insulindorsfunctionat dedvativeesmay be

incorporated-ipia ha the 8%‘3”@1@@%@%6“%%@@99?”9 the tenecytegells o beguliured; Alternatively,
the insulin or function%I deriyative ma O1be ad gcé to the mfdium thI’O}LOJ hout the culture, for example, by
culturing thecells iy te SPeseEES Of ateli 88 eralgﬁgr?iué/h a5 beta Sf%lf%vrh%ﬁ’ s¥drete Helllin or a
20 functionaf derivatieer of digestive enzymes either alone or in

10 combination. Examples of enzymes useful in dissociating cells
include, but are not limited to, trypsin, chymotrypsin,
collagenase, elastase, hyaluronidase, DNase, pronase, dispase,
and the like. In some embodiments, enzyme compositions
containing an agqueous mixture of collagenase having an

15 activity of about 43 nkat/ml to about 51 nkat/ml, and
chymopapain having an activity of about 0.22 nkat/ml to about
0.44 nkat/ml are used for dissociating cells, such as
described in US Patent No. 5,422,261. Mechanical disruption
can also be accomplished by, for example, the use of blenders,

20 sieves, homogenizers, pressure cells, and the like.

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

25 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

30 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.).

35 In some embodiments, tendon tissues, which have been isolated

by biopsy, are washed, dissected and digested to form explants



As used herein a "fragment"” is a portion of the insulin protein which retains the function of insulin and
in particular, the ability to support the growth of tenocyte 25 cells in culture. A fragment of insulin can
be at least about 10 amino acid residues in length, preferably about 10-16 amino acid residues in
length, and more preferably about 10-20 amino acid residues in length. 30 A "variant” of insulin is an
insulin molecule that has one or more substitutions slith that the secondary conformation thereof
remains unchanged. Examples of such conservative substitutions include amino acids having
substantially the same hydrophobicity, size and charge as the original amino 35 acid residue. Such

substitution%%r&gecn§£a@/ewell (lj(vr}gwg lo éréqrsle %'ﬁ"ie?% 5_[1 th{:- art gfe Hrgterjg or pgggg% clegrsnistry. For -
17 - example, consefvative s%%stltutions Include pro me?or éjlygine and vice versa, atanine or valine for
glycine andVicé SREsE£TEBEREIRE Fovlehidifie areRide vémkay Ristidine¥er fsiiPar®vice versa;

threonine femy_gs_iejﬂecartﬁii\d@eveaa; 5rgibrtcami@eﬂfﬁ_jea&p@iagjqe @@dnﬂ@e YErSh; ased argir_1ine for_
glutamate gndyice.yessa. Anatber expmale.of ayanan obinsylin s, ong inwhich (b pystelne residues

have been substituted to minimise 10 dimerisation via disulfide linkages. Preferably the cysteine
residues afe’subStitutBY-with afaning SsetindtifrédnmefRcieSor glGESMHE 2Rl RsidtesY BEdddition,
amino acidsside ghains 06 nsudin of firagnoent on elevivative thergofcahlog ehemically nygdified. Another
modification ig; cyclisatign of 15 the insulin. 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% 20 to 0.001% w/v insulin or functional derivative. In still other embodiments
the culture hredigmecormpesbstalout 0.0008% /v smsitin orfarctional dedvatived Thetduitire medium

may fufthen ggmpese aglucacaiticaid,tsUchoresence of about 2.5% w/v trypsin and
about 5.5% w/v collagenase in standard tissue culture medium
without phenol red for at least 3 hours at about 37°C in about
% CO;.

15 In some embodiments, after enzymatic digestion, the tenocytes
are recovered from the biopsy material through centrifugation
of the biopsy solution, and washing the resulting pellet with
cell growth medium. Alternatively, the tenocytes may be
recovered from the biopsy solution by filtration through, for

20 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

25 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

30 filtration of the biopsy solution through a 0.22um 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
35 term “selectively expanded” as used herein refers to culturing

the isolated tenocytes in such a way as to grow and increase



25 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. 30 Glucocorticoids
may be naturally-occurring (hormones) or synthetic (drugs). Examples of synthetic glucocorticoids
suitable for use in culture medium for the selective é)%ﬁénsion of tenocytes 35 include hydrocortisone,
cortisone acetate, predisone, prednisolone, methylprednisolone, dexamethasone, - 18 -
betamethasone, triamcinolone, beclometasone, fludrocortisones acetate, deoxycorticosterone acetate

(DOCA), and aldosterone. A "glucaocorticoid-like" molecule may be any. molecule having an 5 activity of
a qucocortF(?b?d,nﬁlamr%eelfl tﬁ:ié a ﬁi?yotccjy guﬁtu?ee ;Lkefnsocty es%%;%n%ﬁésl of glacgfor%gi%ﬁikceger%cl)lecules
suitable fort8e€in the invention include the antihepatocarcinogen, Rotenone (Youssef et a/., 2003, J.

Carcanogenesas 2:2), Rifampcin (Calle:a et a/., 1998, Nat. Med., 4:92-96), 10 Glycyrrhizin (a

componentof licofice). (Rurayanagi & Sato, 1968, Allergy, 1:64;43)..and W ig}%\gﬂgga (frgm the herb
Withanthia somnifera) (Grandhi et a/., 1994, J. Ethnopharmacol., 44:131-13 51n some

: : . 3). .
embodimeM$the glitotoftitbidishétamethasoRe Betalifethasone s QEqu)HféﬂE Hhicbkorticoid
having the dfemula 022E129F05uThea cukure rmedinommayhcarhprisenabdugt 00005 1e-0.1% wiv 20

glucocorticgid-or.a glucoeerticoid:likesmglecules I some-embadiments the,quliure medium comprises
about 0.0001% tf 0.001% w/v glucaqcorticoid or a Iu%ocorti%oid-lik(i molecule. In still ather
embodimentaihe chitiE hedting %oﬁﬁl)ﬂ%ersn 2Bo0t0.000256 5ns §Iu%gg&rﬁgoiﬁxd?%nélﬁ%c&ﬁcoid-like

molecule. tenocytes may be synthetic, such as recombinant insulin, or

10 naturally occurring.

A “functional derivative” of insulin is a molecule such as
those described by Chan et al., 2000, “Insulin-through the
ages: Phylogeny of a growth promoting and metabolic regulatory

15 hormone” (American Zoologist; accessible at
http://www.findarticles.com/p/articles/mi_qa3746/is_200004/ai_
n8899929) having the activity of insulin, namely, the ability
to culture tenocytes and includes biologically active
fragments, variants, and derivatives of insulin.

20
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

25 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.

30
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

35 chemical synthesis of insulin. Other methods of preparing a

derivative of insulin or a fragment thereof include



25 In some embodiments, the isolated tenocytes are cultured for about 3 days to about five weeks, at
about 37C in about 5% CO2 atmosphere. The time period for cell culturing can, of course, vary. 30
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 35 cells such as'fllt?r'oblasts, chondrocytes and the like are of a
lesser number. In some embodiments, the expanded tenocytes - 19 - are at least 80% tenocytes and
no more than 20% non-tenocyte cells. In other embodiments at least 90% of the cells are tenocytes. In
still other embodimente atleast 3596 of e, cells presentin the xpanded,tepocyte culture are
tenocytes. 59 'some embo %’nents, the expande ?enocy?e culture comprises cells, wherein at least
80% of sai§ telisexsress dheBt mdre Jenesidotfitig ot the folciwiAg Fiypé § coffagert ¥pd'HP collagen,
EphA4, sclerspds, Sixl( COMP andieryChfal. O Tiie selpctively expantechtenorytes gan be; seeded

onto a bios¢affq }'Qgggrg@ cbigscaftold” r@@jﬂrgﬁg ﬁpyamatri%(hoiris&gffolgcfgat issuitaple for tenocyte or
5 O r | J -

cell adherence with or without an adhesive. By way of example and not limitation, 15 the bioscaffold

can be i tREFIIRTST & hermbrant2 midrBBeag frsete, thréad F6 gt Pandidr nixtares thereof. The
bioscaffold@ahide. matessut of dng matetial that hds #ephysical@r medhanicat mdttibutes required for

implantatiop, su¢h,as acting, asia haemastatic, parrier A hagmostatic barriery app1 .
Immunol., 41:199-215).

10 It should be noted that the term “functional derivative” does
not include molecules such as insulin-like growth factor I or
IT.

The insulin or functional derivative may be incorporated into
15 the culture medium prior to adding the tenocyte cells to be
cultured. Alternatively, the insulin or functional derivative
may be added to the medium throughout the culture, for
example, by culturing the cells in the presence of a cell
feeder layer, such as beta cells, which secrete insulin or a

20 functional derivative.

As used herein a “fragment” is a portion of the insulin
protein which retains the function of insulin and in
particular, the ability to support the growth of tenocyte

25 cells in culture. A fragment of insulin can be at least about
10 amino acid residues in length, preferably about 10-16 amino
acid residues in length, and more preferably about 10-20 amino

acid residues in length.

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

35 acid residue. Such substitutions are generally well known to

those skilled in the art of protein or peptide chemistry. For



20 inhibits penetration of adjunct cells and tissue into the treated defect area. In some embodiments
the bioscaffold is made of a semipermeable material which may include cross-linked or uncross- 25
linked collagen, preferably type | in combination with type 1ll, or type Il. The bioscaffold may also
include polypeptides or proteins obtained from natura}l7sources or by synthesis, such as hyaluronic
acid, small intestine submucosa (SIS), peritoneum, pericardium, polylactic acids and related acids, 30
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.
Bioabsorbaeb}lie Igoyger(s:b%uscehr%% Ia\§tin,sf1ilti)risnC I%rgicni%grsld Iib(r: nectin are I%oeu%eofgl in the present
35 invention. gugpor’t matrix of scaffold matenials as described in Pubfication NO. 20020173806,
herein incoPgoratetEby R20 VteferéitdeSivitsentirells afd alsdlisttulif the prcsent inentigh.Crhe
bioscaffoldve peeferatdy indtiadly (ke £ befarecontact Snwlith the=celis:te be transplarted) free of intact

cells and s, tesorbable within the mammalian subject. The bioscaffold, may have poe of sexeral

surfaces, such as a porous surface, a dense surface, or a combination of both. The bioscaffold may

also includ€ Sehfipermeible, AfPEmcaBIE, Gy pefmEABIEA0 Sutfacesd SUpP6rt Ivdtrices having a
porous surfatetare deschHbed, forexamplez in US Pat. No. 6,569,172, which is incorporated herein by
reference in its entirety. The bioscaffold may be autologous or allogeneic. In some 15 embodiments, a
suitable autolo%%us support atrixfis formed fr0£n bllpod, as gxem lified in US P%t, th). 6,368,298,
issued to BeTfe ta et &/ OR pGr. 8,-2602, Her&in |n80rp%)rﬁe§t3 Jb?/ refer8hce in'itd’ eﬁt?ret)F. % A suitable
bioscaffold¥iay: beresdlitls seti-solid, el beregel dike Scatfoldesharacteiizéd by ®eing able to hold a
stable formsfona.pesiodiefiime to anable the adherancgeand/ergrowth i gelisthergan hpk before
transplant and after transplant, And 1o provide, asyster similar to the paturgl, oo e,

leucine or glutamic acid residues. In addition, amino acid

side chains of insulin or fragment or derivative thereof can

be chemically modified. Another modification is cyclisation of

15 the insulin.

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%
20 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
25 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.
30 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
35 include hydrocortisone, cortisone acetate, predisone,

prednisolone, methylprednisolone, dexamethasone,



25 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. 30 Additional examples of suitable bioscaffold for growth of tenocytes include VitrogenTM, 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 a/ (US patent application no.
35 20050177249), Giannetti (US patent application no. 20040037812) and Binette et a/ (US patent
application no. - 21 - 20040078077); all of which are incorporated herein by reference. The bioscaffold
can be cut or formed into any regular or.5 irceqular shape. In some embadiments, the bioscaffold can
et to C TSI e Shob 57T 1eas THG D102 LA e i, fa Lot Eotatfical i
shape. The2Stedpe-6f thednastatold €At ARbBEnouRictt® fit iR Bhape Bf a periailareae If the
bioscaffold is a fibrous material, or 10 has the characteristics of a fibre, the support matrix can be

woven intoa aesired shane; @ét?&”—ailfﬁ"fg’" the blosgatiold canhe Qd&?_"r&?i'g K& non;woven material.

In some embodiments the bioscaffold is comprised of porcine- 15 derived type I/lll collagen, for

examplé, AT MEHYXT M in dtferEmbdiments-the BidEEdfold iEcamprised of Smalf frite&tial
submucosd,dopexaraple RestorelEM. Tlie tdrnriseededt reférsltoksringing thel tepoesyteteatisento 20

contact with &-biggeaffold fora syfficient tmeprior o rapgplaniation dbat-they aghere (with or
without an gdhesive) to t@e bioscgffo!:d. Ilsomfoﬁrgbodiments the cells are cultyr ciwith the
bioscaffold o?/%?rrﬁaﬁfe or'mMaFS tian £iedk: m €0 ’enﬁjl:)'ooﬁ:r%@ﬁtlsl,7 e §&idétve y expanded tenocytes

25 are cultireganitiawithahe dioscaffoldfor ab8dtfiveddys Béfore ude. 92-96) ,

10 Glycyrrhizin (a component of licorice) (Kuroyanagi & Sato,
1966, Allergy, 15:67-75), and Withanolides (from the herb
Withanthia somnifera) (Grandhi et al., 1994, J.
Ethnopharmacol., 44:131-135).

15 In some embodiments the glucocorticoid is beta-methasone.
Beta-methasone is a synthetic glucocorticoid having the

formula C22H29FO5 .

The culture medium may comprise about 0.00001% to 0.1% w/v

20 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.

25
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.

30
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

35 cells such as fibroblasts, chondrocytes and the like are of a

lesser number. In some embodiments, the expanded tenocytes



In some embodiments, uniform seeding is preferable. It is believed that the number of tenocyte cells
seeded does not 30 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 0.105 to about 5 times the physiological cell density
of a native 35 tissue type, i.e., in tendon. In another'er%bodiment, the cell density can be less than
about 1 X 106 to 1 X 107 cells, or - 22 - more, per cm2, typically about 4 X 106 cells per cm2. In some
embodiments, the bioscaffold is seeded with about 3.5 X 106 selectively expanded tenocytes per cm2.
5 It will be %@prec'gatc-:jde (t,jhaé[ t!%% Qiotsg%ffgld seeéadgg a(vi;[lhoselgc.tévecl gxp%d%edntoeng%tgs‘ Cc:aere _
packaged &nd s6ld as 4 device. Accor%llr?étfy, in Some embodimen s,rihe presenq invention provides a
bioscaffoldsekdad with'tehblfiesSThe deviree packhgihgafigh? Bamprisé keplastc flate Sealed with a
10 sheet of-stenleyadhesivertims asiexemplfieddmbisiPac NG 5842,6Z3cherein incorposated by

reference. In.sqme embadiments, the device i implanied at.a site proximal o the sptator auff tear. 15

The terms "implanted” or "implantation” or'grammatical equivalents thereof are used herein to cover
any act that introduces a bioscaffold containing tenocytes into the rotator cuff of a subject. 20 The term
"proximal” fieferscioea siteowdthimethe sotatbreck sucttthat treatmenteatdhat siteewitlacausesegression of

the symptoms, gfthe fptatericufitealcast 803 of said cells express one or more

genes coding for the following: type I collagen, type IIT
collagen, EphA4, scleraxis, Sixl, COMP and/or Cbfal.

10
The selectively expanded tenocytes can be seeded onto a
bioscaffold. The term “bioscaffold” refers to any matrix or
scaffold that is suitable for tenocyte or cell adherence with
or without an adhesive. By way of example and not limitation,

15 the bioscaffold can be in the form of a membrane, microbead,
fleece, thread, or gel, and/or mixtures thereof. The
bioscaffold can be made out of any material that has the
physical or mechanical attributes required for implantation,
such as acting as a haemostatic barrier. A haemostatic barrier

20 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-

25 linked collagen, preferably type I in combination with type
ITI, or type II. The bioscaffold may also include polypeptides
or proteins obtained from natural sources or by synthesis,
such as hyaluronic acid, small intestine submucosa (SIS),
peritoneum, pericardium, polylactic acids and related acids,

30 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

35 invention. Support matrix or scaffold materials as described
in US Publication No. 20020173806, herein incorporated by



25 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 30
environment. In some embodiments, the covering patch may be any of the support matrices described
herein, and/or can include collagen (type I/1l1), hyaltjr%)on"lc acid, fibrin and polylactic acid. Preferably,
the covering patch is cell-free and resorbable, and may be semi-permeable. 35 The tenocyte seeded
bioscaffold may be secured in place by any - 23 - conventional means known to those skilled in the
art, e.g. suturjd%%tsuture anch%rs, bone fix%tion deviceﬁrand E’QQ% sEr%v%s.gﬂesome emg(fdiments, the

tenocyte seeded bioscaffold is ssutﬁpetdl into E%siﬁgr? 5 The preserﬁ invention alSo [e)rsoevi esa

bioscaffoldiconiptsitgcells, wherein more than 80% of said cells are tenocytes. In some
embodiments, at least 90% of the cells in the bioscaffold are tenocytes. In still other embodiments at

least 95% qithe, 10 cellsqyrgsentiin the biascafiold arg fenacyfes. Altematively, fhe bigscaffold may

comprise cells, wherein at least 80% of said cells'express one or more genes codlns for the following:

type | collaljen typE 511 Soitdgen; T4 serRTaxig 'Sk COMPrartior Ebffi FTIRE nvenfiBh wilf now be
further descrifsed by wiay ofireferencérontyaorthe fellowsnd nendimitihg ekamplest fishduldhibe

understood, howeygk, that the.examples fallowdng ate, 24 illustrative pplys and should nat be taken in
any way as a restriction_on the %enerali'%/r% the inventio? escribed above. In Cpagt%mﬂlar, while the

invention i$ GeSsribed’in Hetdil in‘reftio hiadshid rotator & teaTrl,lﬁ wilt BEE earﬁ/ nd&tétood that
the findings:hérein ard natliriktad: tap25 easshvie rotator cuff addrperse, but dlgorsicoaiabses the

lesser rotator eaff derdorsinpyiestdescribed Spfving a porous surface are
described, for example, in US Pat. No. 6,569,172, which is

incorporated herein by reference in its entirety.

The bioscaffold may be autologous or allogeneic. In some

15 embodiments, a suitable autologous support matrix is formed
from blood, as exemplified in US Pat. No. 6,368,298, issued to
Berretta, et al. on Apr. 9, 2002, herein incorporated by

reference in its entirety.

20 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

25 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.

30 Additional 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.

35 20050177249), Giannetti (US patent application no.
20040037812) and Binette et al (US patent application no.



Example 1Animals and Bdoscaffolds 30 Fifty Albino New Zealand White (Oryctolagus cuniculus)
rabbits between 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 35 were fed ad libitum with rabbit/guinea
pig pellets, hay, and provided water ad libitum. Rabbfts were held in cages - 24 - measuring 1.5m
wide, 0.75m long, and 0.75m high, with grid floors to prevent pod dermatitis. All operative procedures
and cage activities were conducted under strict guidelines detailed by the National Health and Medical

Research il é% RC, Canberra, Au tralia%. Porcine-derived type I/11] co%?gen bioscaffold (ACI
Maik/1) Wa%%s%%%ﬁz aﬁ rﬁarﬁ%zctﬂ%rredj By} ﬁqatﬁge (Il-fécl;zooréje%rrgt%,e%egren%%i/ﬂ collagen
bioscaffold4§ &SIt €omplex with two 10 different sides: the rough side and the smooth side. The

rough side appears as cross linking fibres with pore size around 200pm while the smooth side shows a

compact arrangement of fibres, (Willers, et _%@09?)-fTJI%n@&C'ﬂﬁ@iSa'al?{?F’?g%@i breaking point is
about 14.6+2.4N/mm2 (Chen J.M. Unpublished 15 data from previous study). A bioscaffold of small

intestinal stbmtedsd IREGDBRETM) Was MHENFRERFEI6) DepulyteISA) O FhRe Shiattnteine
submucosa (81S) biaseaffekbisradmm thick, sighlyscconipacdted meaterialiiith semitranspateht

appearance yvhigh C?'i%i%t}‘? of &Qrﬂ‘eo%%l%EF‘%@@%!&P@HW%Hn%h%%équ%o%@?a inated
together by yacyum dgcylr%%. Ejfoth sides (if the bloscalzf(ljd are ver .smo%[h (Zp}en et a/. 2005). The
highly comBagte SHictre Of the 8T BiokRaftoldEhbtest With al\Fe& s?roﬁg%D sife stl‘:’length around

75.6+6.3N/pan2 it bicaking point {Eheh 9. Migapablished data frohi previcus2s studyy. Example
2Experimentad Design-The fifty sabbitsiweresangdomiyaligcated indafive groups 0fi x can be

woven into a desired shape. Alternatively, the bioscaffold can

be a gel, gel-like, or non-woven material.

In some embodiments the bioscaffold is comprised of porcine-
15 derived type I/III collagen, for example, ACI Matrix™. 1In
other embodiments the bioscaffold is comprised of small

intestinal submucosa, for example Restore™,

The term “seeded” refers to bringing the tenocyte cells into
20 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
25 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

30 1limit 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

35 tissue type, i.e., in tendon. In another embodiment, the cell
density can be less than about 1 X 10° to 1 X 10’ cells, or



30 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; 35 (2) Group B (ACI-Maik/1): The defect wag repaired by suturing ACI-Maik/m collagen
bioscaffold as an interposition graft to - 25 - the nativé tendon and bone trough borders; (3) Group C
(ACIMaik84 with autologous tenocytes): The cell-bioscaffold composite was used to repair the cuff
defect in an identical manner to Group B; (4) Group D (Restore71): The cuff defect was 5 repaired in

an identical manner to Group B, but using RestoreT interpasition gratft; and (5) Group E
(Restorellfn With éuFo%gocﬁns feﬁdo\{f@f‘e%?:ﬂljgﬁe g%%lfg/tgﬂs agezl(r:ibed (f?eerisqure?l\ﬁgc:o?ﬁhpdsite?v%ag orggd to
repair the @MGsteBER Y ideRfical IRasier 8 Brohip Can&eh grotp RSt the Ter rdtbits were 10
euthanizedsat feurweeks; andthedtberseeuthgnized pt eighttveeks. All statistical data are expressed
as mean standard deviation and compared by ANOVA using statistic software SPSS 15 (SPSS inc.
USA). P-values less than 0.05 were considered significant. Example 3Harvest and Culture of

Tenocytes 120 A sholtn inHHg G2 teidon s ub ot 3 Hiarhétet Wattshtamed sy biopsy punch
from the rabbit pateilae tendomandivds veashedtin DMEM Bl 2omekliime (GHBCOs invitregery USA)

supplemenged,with 10% fetal baviae serum (EBS), 1903341 penicillin and 100gkmi streptomycin
(hereafter mediung: refers 25 to the sam% .conten%s). Ihe ten%on tiss,uehw%s then dissectedﬂnto 0.5 mm
of diameteﬁgﬁft?algle%fleéj\}:vﬂﬁ% ﬁggeanasleo MMt Gibe ,el(%vi\f’rﬁben, @%%%%%Fhigh? at37C. After
the digesticie the solrioh agas filter thfoughcano 223 ¢ nefilieras remane matrig ebrd anttthexells
released framdissue veres30 centdfugeslinto pealiet at 200Qrpsmfor Bmind Superatantcontaining

enzymes were E?CQ'}%@,C’ %reu% éhlenp%IIllect gvr%soq:egggge%dy in_ new rrg%%gm. This washing process was
repeated thrée tinies.

In some embodiments, the device is implanted at a site
proximal to the rotator cuff tear.

15
The terms “implanted” or “implantation” or grammatical
equivalents thereof are used herein to cover any act that
introduces a bioscaffold containing tenocytes into the rotator
cuff of a subject.

20
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.

25 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

30 environment. In some embodiments, the covering patch may be
any of the support matrices described herein, and/or can
include collagen (type I/II1II1), hyaluronic acid, fibrin and
polylactic acid. Preferably, the covering patch is cell-free
and resorbable, and may be semi-permeable.

35

The tenocyte seeded bioscaffold may be secured in place by any



The cell pellet of resultant tenocytes was then resuspended in 35 5m1 of medium and placed into a
culture flask at density between 103 to 104 cells/ml containing culture medium. This - 26 - culture
medium contains Dulbecco's Modified Eagle Medium (DMEM) (Invitrogen), 15% v/v fetal bovine
serum, 0.0006% w/v insulin, 0.0002% w/v betamethasone, 0.5% wi/v penicillin, 0.5% w/v streptomycin,
and 0.6% L-proline at pH 7.0. The cells are 5 then inélibated under 5% CO2 at 37C. The culture
medium should be changed every third day for 3 to 5 weeks until cells reach the maximum cell
numbers at the fifth passage, typically 20 x 10 7 cells. For implantation, tenocytes of passage two were
loaded ontao either ACI N 'x';'nl\él a(roSu h sid%) Qr R%ﬁtoren"slﬁoigi §8aff%ld 1?1% a der‘;csity around

3.5X106/crrc18I}al\rq%lnctujftijjreal for up to 88% to formufate cell seeded bioscaffolds p’rio?foqi'mplantation.

Example 4 TOiiparison SRR andiPvifro MRNA Expression ifTehetyteand POeBnfirm whether
tenocytes rmairdained their pberotyp® duting culivatior, therexpressioreetiypeidild sobageriand

EphA4 MRNA ‘é’éﬁ@%‘é‘@iq(%dc OT%glﬁly@O%@.mples were extracted from both
5
The present invention also provides a bioscaffold comprising
cells, wherein more than 80% of said cells are tenocytes. 1In
some embodiments, at least 90% of the cells in the bioscaffold
are tenocytes. 1In still other embodiments at least 95% of the

10 cells present in the bioscaffold are tenocytes.

Alternatively, the bioscaffold may comprise cells, wherein at
least 80% of said cells express one or more genes coding for
the following: type I collagen, type III collagen, EphA4,

15 scleraxis, Sixl, COMP and/or Cbfal.

The invention will now be further described by way of
reference only to the following non-limiting examples. It
should be understood, however, that the examples following are
20 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
25 massive rotator cuff tear per se, but also encompasses the

lesser rotator cuff tendon injuries described supra.

Example 1 Animals and Bioscaffolds

30 Fifty Albino New Zealand White (Oryctolagus cuniculus) rabbits
between 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

35 were fed ad libitum with rabbit/guinea pig pellets, hay, and

provided water ad libitum. Rabbits were held in cages



20 tendon tissue and in vitro cultured tenocytes using RNeasy Mini Kit (QIAGEN Australia). RNA was
reverse-transcribed into cDNA using RETROscript/m First-strand Synthesis Kit (Ambion USA).
Semi-quantitative RT-PCR was performed to generate and amplify type I/1ll collagen and EphA4
cDNA. The final PCR 25 products were analysed by electrophoresis on 1.2% agarose gel and
visualized by UV transilluminator (IBI) and Polaroid fifh. 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. 30 Example 5 Immunostaining for Type | Collagen Protein on Tenocytes in vitro

Culture e asuring 1.5m wide, 0.75m long, and 0.75m high, with grid

floors to prevent pod dermatitis. All operative procedures and
cage activities were conducted under strict guidelines
detailed by the National Health and Medical Research Council

5 (NHMRC, Canberra, Australia).

Porcine-derived type I/III collagen bioscaffold (ACI Maix™)
was supplied and manufactured by Matricel (Herzogenrath,
Germany) . The collagen bioscaffold is a white complex with two

10 different sides: the rough side and the smooth side. The rough
side appears as cross linking fibres with pore size around
200pm while the smooth side shows a compact arrangement of
fibres (Willers et al. 2005). The mechanical property at
breaking point is about 14.6+2.4N/mm® (Chen J.M. Unpublished

15 data from previous study). A bioscaffold of small intestinal
submucosa (Restore™) was manufactured by Depuy (USA). The
small intestinal submucosa (SIS) bioscaffold is a 1lmm thick,
highly compacted material with semitransparent appearance
which consists of 10 sheets of individual small intestinal

20 submucosas laminated 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 J.M. Unpublished data from previous

25 study).

Example 2 Experimental Design

The fifty rabbits were randomly allocated into five groups of
30 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;
35 (2) Group B (ACI-Maix™): The defect was repaired by suturing

ACI-Maix™ collagen bioscaffold as an interposition graft to



To confirm whether tenocytes maintain their ability to produce 35 type | collagen in culture,
immunostaining was conducted in the following sequences: place culture passage two tenocytes - 27
- in a 6-well plate; at 50% confluence fix with 4% paraformaldehyde for 10 min at room temperature;
block endogenous peroxidase with 3% H808 for 5 miZnSutes; rinse in 3 changes of Iris buffer saline
(IBS); permeabilize cells with 5 0.1% IritonX100 for 5'min; wash twice with 0.2% bovine serum albumin
(BSA Sigma, USA)/phosphate buffered saline (PBS); incubated with either collagen | (1:3000 abcam,
cat: 106017, UK) primer antibody dilute in 0.2% BSA/PBS for Ihr at room temperature (negative control
treated with PBS at this step); 10 wash 4 times with 0.2% BSA/PBS, 4 times PBS and 4 times 0.2%
BSA/PBS; an:%bg?etcdl with ‘2’%&8&? an |%oc}i)yo&§n§, i%l}b\(ﬁz’soyk/)s(jtgﬁe(lbsa’ko,(g%\t: %%L}% ené}%gr ); repeat
the washinfpréCediiré hvidtalizeeianias DB KIE b &k, catie3468 Dehiafik)istainiy the protein
brown. 15 exampleiGMoreholegical Charactesizatiam of lenoeyts= seeded Bicscaffalds:Ta determine
the benaviguys,of fenoryiss,ap the bipsraiolds, 20 themorpliolagy ofrienogylesseetled hiogeaffolds on

days 1, 3 and 5 of culture was studied by scanning electron mlcroscop)é (%tEM). es were fixed in
rEthen

. . ‘Sam
2.5% glitardidéenyde (1 ARB2 ReAd MYt L9 Fof'7 URFE at Podth tekipBrat ]tfé%tgiE Withttannic
acid. Sampies were rinseg ins0.2M>oacpdyfdte buffer; (25 postdixedtin (B osmiwrti tetrokide in

cacodylate huffer /R min abrapm tgmpeiature; washed in 3changes of cacedylate buffer; placed in
1% tannic acid in 0.05 cacodylate buffer for 60.min at roomftferg%rature;,washed in saline slolution;
r

stained 60 RTAEST B59% u“riﬁlﬁyl%%% ats $h G56B1E distifed Wate fnsed th &line seorlll}tilo%"fl placed in
25%, 50% JEO% eg5%Carit- abisolGte dthareldequientially for 80 mih édch atsoonptemiperatigecand

then washed,twige i supertdry ethanel érs30 BYia eash ab roem demperatdre: Aftes eriigajipoint drying,
samples w%reeerlpgunted and viewed using a Phillips XL30 scanning

All statistical data are expressed as mean *+ standard
deviation and compared by ANOVA using statistic software SPSS
15 (SPSS inc. USA). P-values less than 0.05 were considered

significant.

Example 3 Harvest and Culture of Tenocytes

20 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), 100W/ml
penicillin and 100ug/ml streptomycin (hereafter medium refers

25 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

30 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
35 5ml of medium and placed into a culture flask at density

between 10° to 10 cells/ml containing culture medium. This



35 electron microscope. - 28 - Example 7Operative Techniques Fifty rabbits were anaesthetized by
intramuscular injection of Ketamine (Parke-Davis, Auckland, NZ) and Xylazine (Troy 5 Laboratories
Australia). A longitudinal incision over the left shoulder (The right shoulder was not operated.) was
made and surgical exposure of the rotator cuff tendon was achieved by releasing a portion of the
trapezius and deltoid muscles from the acromion. Th&Whole rotator cuff tendon was fully excised 10
from the tendon-bone insertion to the muscle-tendon junction creating a rectangle defect of
approximate 7 x 8=2 in area (Figure 2). Using a dental burr, a bone trough 10= long, 2mm wide, and
2mm deep w. repared.at the greater tuberosity per pnd#g:ul r to the enc%o]n ipre direction. Two
small drill 1%%?)%%%,80.@%% lérlnarr%%)tI(}:?,avﬁgrse %’ggg%%?n&thse a é%\#&llsep?ec%% e Sr%élrlﬁns into the bony
trough. ThefPHeDefééiwas Fepaired using the ineflfdd torrespairl 5 group - RE8AGWInG4&ndon
reconstructiersihe nyoundosas elosed inlayersand sisessed) batthe limb swasaiot sphinted. 20
Example 85ample. Hapiest aod Ceamatre Rualuation, A1,poth, ¢ ad & weeksapabDiis were . o

anaesthetized and sacrificed by intravenous injection of pentoba e 25 humerus head, cuff

tendon and P&t of tHEXPRsER WereHarvéstedararh bothshotiiders {operated'and tRop&ated). Under
slack conditienctireniengthearsd width of Hothethefoperatedcarid ureperatetttehdor Weremeeasured with

a vernier caliper.andsthe thickness,\was measyred witha migrometer, samples, were therp30 fixed in
4% parafog{rgldeh%q . After fixation, theis%ﬁcimens were decalcififd with 10% formic acid,

dehydrated, araffi -eﬁbeggé:d,lénlﬁ 168 'SettiohS ARd t&ined Wi&aﬁesr%g%x%m? afld’eosin and
Alcian Blueloaded onto either ACI Maix™ (rough side) or Restore™

10 bioscaffold at a density around 3.5X10°/cm?’ and cultured for up
to 5 days to formulate cell seeded bioscaffolds prior to

implantation.

Example 4 Comparison of in vivo and in vitro mRNA

15 Expression in Tenocytes

To confirm whether tenocytes maintained their phenotype during
cultivation, the expression of type I/III collagen and EphA4
mRNA was examined. Total RNA samples were extracted from both

20 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/IITI collagen and EphA4 cDNA. The final PCR

25 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.

30

Example 5 Immunostaining for Type I Collagen Protein on

Tenocytes in vitro Culture

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

the following sequences: place culture passage two tenocytes



- 29 - Example 9Histology Examination Inflammation response to the implants was evaluated by the
inflammation rate which was interpreted as the percentage area 5 of the repair tendon occupied by
inflammatory cells. The whole tendon area and areas occupied by inflammatory cells were measured
using graphical software Image Pro Plus 4.5 (Media cybernetics, USA). General histological
examination was performed with hematoxylin and eosin and Alcian Blue staining. 10 Eight parameters
were semi-quantitatively assessed (Movin et a/. 1997; Shalabi et a/. 2002): (1) fibre structure, (2) fibre
arrangement, (3) rounding of the nuclei, (4) inflammation, (5) increased vascularity, (6) bone-tendon
junction, (7) biocomy at:P'Iit abfso.rpti n rate of the implanted material), 15 and (8) glycosaminoglycan
content (th%?nt%ngnnng t%]u)é gc% our O#Algéaﬁ Iglaréfs{erl%gﬁ)e. Zén%g to' ﬁhlgge%pf’)ints were allotted to each
of these variabRSOWith 768G hofral ARd BiBeiRd nic@RallPBBRGIT I  Thefetsteka perfectly normal
tendon would dwyersoseored; endaamaximally anarmal tendos walild 28sscore 24 The irflammation
parameter wigs, gonyered fior the fammation,at lah 655 hap L096 scoreG..19;204% scored 1.

20-30% scored 2, and more than 30% inflammatory cell infiltrate 25 scored 3. The interpretation of

bone-tenddh jLAction Wk HadRd i bon& trBiigh fFotmatibhCf the band trotighPréBentddypical tendon
junction histdlogy tongistidg of 4zones SfEbrtidab bphe tminerdlizedefibreedrtifage( fibfocartilage and

tendon) it scredQ.+ Ehe absence; ehane ahthesgzones [esuligsdn 4,30 scoreipcreage ©f 4, and a
junction com Ieég}lgl,dlssou%ted scored 3. This scoring XstgmAl PaBmofdlflca{rlon of leert'smgradlng
(Movin et al 19 - Shatabl 2t &P 2(51.1 130-Seddple 10 IriPURoS ainl%rgj o] h’Iryp“’letl 6&Pagen on
temperature (negative control treated with PBS at this step);
10 wash 4 times with 0.2% BSA/PBS, 4 times PBS and 4 times 0.2%
BSA/PBS; incubated with second antibody using LSAB system
(Dako, cat: K0675 Denmark); repeat the washing procedure;
visualized with DAB kit (Dako, cat: K3468 Denmark) staining
the protein brown.
15

Example 6 Morphological Characterization of Tenocyte-

seeded Bioscaffolds

To determine the behaviours of tenocytes on the bioscaffolds,

20 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 (TAAR,
Reading, UK) for 7 days at room temperature then treated with
tannic acid. Samples were rinsed in 0.2M cacodylate buffer;

25 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;

30 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

35 electron microscope.



Repair Tendon To determine the ratio of cells that synthesized type | 5 collagen protein,
immunostaining was performed in following sequence: after dewaxing and rehydration, slides were
digested with 0.1 % trypsin for 20min to retrieve the antigen; wash with water; blocked with
endogenous peroxidase with 3% H202 for 5min; Waszhed with IBS three times for 5min each; blocked
with 10 20% fetal bovine serum (FBS) for 30min; incdbated with type | collagen primer antibody
(1:3000 abcam, cat: 106017, UK) for 3hrs at room temperature (the negative control was treated with
PBS at this step); washed in IBS three times for 5Smin each; Incubated with a second antibody using

LSAB system 15 (ga , cat: KO675 Denmark); the washing procedure was repeated; visualized with
DAB kit (D%“Qa}m : k9 68 Den%‘%ﬁﬁ#&-@%@%%sitive cells brown; and counterstained with

haematoxylin. 20 Five high power views (400X) of each slide were randomly selected. The total cell
number and iype/| eellagengpasiive calls«f cach view Weye Countatl,dberatio wasealaldatedsy

dividing the,type| ollagen ppsitive gell number by fhe tgfa) cell pumber. The avarage of the five views
O 0 r T I : v

was the final ratio 25 of the slide. Example 11Experimental design Fifty rabbits were randoml

allocated ift8 VB YrOUIS 6 fRNSIT GRigare 1) The e Fotdtor ¢S verd ¥Giy digséctbdantett
reconstructeddyl ore of( thiecfiviel mieth ogtso Inl situr refnplantatianpefrdis sected watataracldf tendon served

as the contgel- Fivesabhits from-each-group were-sacrificed at 4.angd 3 weeks postoperativgly. -31- A
schematic of Te rabbit massive rotator uff}'geartmodel, used in this stfd o delE)ict?d in Eirgure 2.
Autologousrteen%%?t%%%n%yﬁ}%ré’lglgggtea rotm%ioprs rvested Hom patear téhdon wére éditivated in

vitro and séédecher potrs bioSeaffolis(eelr densinr 3c8XI06/MDNWRh theldellbirseafisids were
ready, fbe rotater euf terdemwasdully excisad from the insestion peint of heibumeral dubeyesity to the
mfosfr']ee fxné‘é:'g% %’%@%‘é’”acr%%tc'r%%%éjfée%eafg‘é%d £¥8mms. 1 fhe egntrol greyp.this, was reimplanted
(Figure 2). Using a dental burr, a bone trough 10mm long, 2mm
wide, and 2mm deep was prepared at the greater tuberosity
perpendicular to the tendon fibre direction. Two small drill
15 holes, 0.5mm in diameter, were made from the lateral aspect of
the humerus into the bony trough. Then the defect was repaired
using the method correspond to its group. Following tendon
reconstruction, the wound was closed in layers and dressed,
but the limb was not splinted.
20

Example 8 Sample Harvest and Geometric Evaluation

At both 4 and 8 weeks, rabbits were anaesthetized and
sacrificed by intravenous injection of pentobarbitone. The

25 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

30 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

eosin and Alcian Blue.

35



10 site. In the other four groups, the excised tendon portion was discarded and replaced by
ACI-Maik84 and RestoreTM bioscaffolds, with or without autologous tenocytes. Example 12 Protein
and mRNA Expression of Type I/lll and EphA4 in Tenocytes  Using RI-POR analyses, we compared
the gene expression profiles of type I/lll collagen and EphA4 in tendon tissue and cultured tenocytes.
As shown in Figure 3, tenocytes maintained 20 their %%’llity to express collagen types I/1ll and EphA4
MRNA in vitro. The level of expression appeared higher in mMRNA samples extracted from the in vitro
cultured tenocytes than that from tendon tissue when compared to house keeping gene GAPDH. 25

To further %oxng%mlife in.vitro teln %/g%so rooducE }Eya%e !1% Ilac%en protein, immunohistochemical staini_ng of
type | protem—wa%peﬁ%rmed mﬁe—c&@m%%—teﬂow%tes?—;l%result shows that type | collagen protein in
the cytoplasm of in 30 vitro cultured tenocytes (Figure 4A), while in the control well no positive staining
was seen (Figtredt) tExamplesb3Merphologieal Assesament abFerocylerbeeded \Biaseaffolds
inflammation rate which was interpreted as the percentage area
5 of the repair tendon occupied by inflammatory cells. The whole
tendon area and areas occupied by inflammatory cells were
measured using graphical software Image Pro Plus 4.5 (Media
cybernetics, USA). General histological examination was
performed with hematoxylin and eosin and Alcian Blue staining.
10 Eight parameters were semi-quantitatively assessed (Movin et
al. 1997; Shalabi et al. 2002): (1) fibre structure, (2) fibre
arrangement, (3) rounding of the nuclei, (4) inflammation, (5)
increased wvascularity, (6) bone-tendon junction, (7)
biocompatibility (absorption rate of the implanted material),
15 and (8) glycosaminoglycan content (the intensity of blue
colour on Alcian Blue section). 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
would have a score 0, and a maximally abnormal tendon would

20 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

25 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

30 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).



35 Scanning electron microscope analysis of the ACI-Maik84 -32- collagen bioscaffold indicated a
loose, porous collagen fibre arrangement with pore size of approximately 2001(tm (Figure 5A). At
24hrs tenocytes had adhered to the collagen matrix and formed a sheet-like arrangement. By 72hrs,
abundant tenocyte 5 replication had occurred and cells covered most of the bioscaffold surface (Figure
5B). Higher magnification (Figure 50) of individual ceﬁorhorphology demonstrated two types of
protrusions, blebs and lamellipodia, radiating from the cell surface. The RestoreTM SIS bioscaffold
was characterized by a 10 flat surface topology and highly compact structure (Figure 5D). The growth
pattern of tEnocgis oEdhe RestoreT bloscaff%ld was S|mll§r &o that £n EUIEUfe flask dlsplaylng a
flattened fi appearance. Ter onolayer
growth pattern (Figure 15 5E). BRjh@t makfifitation revealed that Restore7m-seeded tenocytes
(Figure 5F) also put out large numbers of protrusions on the surface of the cell similar to that on

ACTMaiks4 biosgatlold 70 Examle L4Grggs a0d Fxaminatian Follaning surgoty, alf rabbits survived

until scheduled euthanasia. There were no wound infections or any other complications observed. A

limping gaitRoAPRR bR AiE 23 forBlimBIvas oP<etved YuriRGTHE Tird veksust Stirgddy, and then
normal gaitsreturaedat 2afeeks. Gross exgmimationaieydaledithat ne pultoff ordaiture iaf¢encdah repair

was observed-in any;sample.as either timepint, The mean thickness. width ?&@Ae”%@s@{ fifty normal
rabbit rotator 30 cuff tendon rvesﬁed from uno erated shoulder Waoe 2.5+0. 3 6.6+0, Sn%m and

8.8+0.5mm), spec?lvgfg/ (Flgu%kl (‘Sleﬁeraﬂy er%/%?ggéjﬁ'ur&nes Ss%mplle: ?4 Wégﬁs as
significantly {p<0.0 Vpthicker thamndmsaltergen, Whikssdmplesat 8 weeks weieosigaificantiy: (p<0.01)

thinnerithan mermak tendepwNa35sdifferencedn wi@tlswva@ found hetweeahaimal and fepair tendon.
Both 4 andc80 fgéer%p%lrrtlenped]g)ngﬁ/%ergos(ﬁ%nlf (iarljtlyo 0 abcam, cat: 106017, UK) for

3hrs at room temperature (the negative control was treated

with PBS at this step); washed in TBS three times for 5min
each; incubated with a second antibody using LSAB system

15 (Dako, cat: K0675 Denmark); the washing procedure was
repeated; visualized with DAB kit (Dako, cat: K3468 Denmark),
which stained the positive cells brown; and counterstained

with haematoxylin.

20 Five high 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

25 of the slide.

Example 11 Experimental design

Fifty rabbits were randomly allocated into five groups of ten
30 (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 as the
control. Five rabbits from each group were sacrificed at 4 and
8 weeks post-operatively.
35



elongated (4-5.5mm longer, p<0.01) compared to normal tendon (Figure 16). Example 15Histological
Assessment of Control Treatment 5 Autologous tendon repair at 4 weeks post-surgery was
characterized by an increase in cellularity, neoangiogenesis, and alterations in the normal longitudinal
arrangement of the collagen fibres (Figure 6A). The %ollagen became wavier than 10 that of normal
tendon with some disorganized areas and slightly rodnded tenocyte nuclei. The tendon-bone junction
at the bone trough was fibrocartilage-like with large spherical cartilage cells filling the space, similar to
the normal tendon-bone junction except with a dense cell population and 15 an absence of mineralized
osteoid matrix (Eigure 4B). B eeks, samples displayed ore organized structure with normal cell
density an sﬁé&%maan%la%) hgglt?lcﬁ Safa?lke) alﬂ%arrpéalesrﬁé)ﬁft%g r%%%a?ﬁe%%%%ggﬁ ﬁgrergo(?ilngL\I!re 6C). The
bone trough ttthe- B WieelesarhpléYexhilsitetP® htoré atiiré 4920 ofe folatidr P8Rt Better integration
with the bonermaryow {Figure6D) dExampledl GHistolegicalAssessinent of Binssaffelds AV ITHOUT

Autologous, Tenacytes. 25 AGI-Majk/m.gropp: A1 4 weeks past syrgery, all AGI-Maik/im grafts
implanted without autoloaous tenocytes dlsplaye% Iaégt}]e &orﬂogs of the bioscaffold that were not
the bi

absorbed. r&Rad Wittrehe ofgihafsitgdthve o séaffold-refiiisiRed Mo Heted were large
number of lyimphocytio tekis seerrwithindand strroumding dhre remdinirgnbioscaféald {Eigure 7A). The

areas wherg.the graft wasahsorbed demonstiated: a primary repair,patiern gharacterzed, by soughly
parallel collzg%;en arriné;emen&, increased cellularity and vascgf!artlsation Fi ur@ 3 7%? -The bone
b r%g

trough was domiRAtst y Fgﬁalr%% éa%ﬁlﬁﬁé?%sﬁé,e\ﬁiﬁﬁ%%nge rotis tisdtig Bktendt If.‘ro‘m e edge

of the control group, this was reimplanted into the excision
10 site. In the other four groups, the excised tendon portion was
discarded and replaced by ACI-Maix™ and Restore™ bioscaffolds,

with or without autologous tenocytes.

Example 12 Protein and mRNA Expression of Type I/IITI and

15 EphA4 in Tenocytes

Using RT-PCR analyses, we compared the gene expression
profiles of type I/IITI collagen and EphA4 in tendon tissue and
cultured tenocytes. As shown in Figure 3, tenocytes maintained

20 their ability to express collagen types I/IIT 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.

25
To further confirm if in vitro tenocytes produce type I
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

30 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

35

Scanning electron microscope analysis of the ACI-Maix™



- 34 - the bone trough (Figure 7C). At 8 weeks, the implant site displayed more bundles of parallel
collagen fibres; containing low density fibroblastic cells and reduced neoangiogenesis (Figure 7D).
Bone trough formation also matured as collagen 5 fibre organization was remodelled and produced
good integration with the cortical and cancellor bone (Figure 7E). However, two out of the five samples
still contained fragments of unabsorbed bioscaffold with obvious lymphocytic infiltration. Plus,
inductions of adipose tissue in the mid- 10 substance of the regenerated tendon were found in all five
8 week samples (Figure 7F). RestoreTM group: In all five 4 week samples, RestoreTM implanted
without autologous tenocytes w ly.partially absorbed. The 15 original structure of RestoreTM
was preserﬁ%g%ggr%a%fz%%cﬁggjaia)l&sng{lﬁﬁg%ﬁgs s?ruz[t%?es of t&%ﬁ?ﬁlu?noeﬁ)ag ?nqla%nl%gteory cells,
predominantly’ BAtisHetytes” Wete BB58reHZR thé nRRBifnR oMAé gaft iglre SAL Ffesy OA) -
macrophages, plasma, eosnophd and=pedlynntphicicells wate ecdasienrallynZdcspotteshwithin the
bioscaffold flpzes. dn areas whete fe RestonelMAad Desn absarbed Jaipe.0umbers afjprgblasts and

lymphocytes were present within a richly vascularised connective tissue matrix resembling granulation

tissue (Rigtr@8B)C The Honerouyiivas adcapied by fibtoaS HsS e miketrwitf 25T¢hondrocytes with
the mineralizetbzenet vittdaky albsert in &il samplé )At 8lwekks, foapofithedveiRestdrendoiascaffold

implants weye) totallyabsoshed; Aihe-ane that wasait completebnabsorbed 30 presented obwious
lymphocyte mﬂ!:tratlon smﬂa%ti %Weeléc?a Ieﬁ EF,I u:%e/,BC). In %he 1<’§1bsorb§d are%,hthe co I?gen fibres
were alignéjdrl% é:}lessls%a?\ly pa tern anc angjﬁon enesis was less’| %eansler?q'he]igrr?don-%oﬁgJunction
exhibited asnatire 4-zoeestRgsttieriatiuding dorticaldfohel tineralizdd fibrocartilaget 3%/fisrocartilage
and tendore(Rigure 82 Some gearnsdationisskiegmas,spefigsh betweendtbeweld qfaojlagen fibres,
resemb“n%ﬁgg_The growth pattern of tenocytes on the Restore™
bioscaffold was similar to that in culture flask, displaying a
flattened fibroblastic-1like appearance. Tenocyte replication
was relatively slow with a monolayer growth pattern (Figure
15 5E). Higher magnification revealed that Restore™-seeded
tenocytes (Figure 5F) also put out large numbers of
protrusions on the surface of the cell similar to that on ACI-

Maix™ bioscaffold.

20 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

25 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

30 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<0.01) thinner than normal tendon. No

35 difference in width was found between normal and repair

tendon. Both 4 and 8 week repair tendons were significantly



chronic granuloma response. Unexpectedly, some ectopic bone formation was found in the
mid-substance of two samples. Example 17 5 Histological Assessment of Bioscaffolds WITH
Autologous Tenocytes  ACI-Maik/m group: At 4 weeks post surgery, both the neogenerated tendon
and bone trough of ACI-Maik/m bioscaffold implanted with autologous tenocytes were similar to 4
week 10 bioscaffolds implanted without tenocytes. S Pe portions of bioscaffold still remained and
lymphocytic cells were again seen within and surrounding the bioscaffold (Figure 9A). Implanted
autologous tenocytes were also observed on the surface of unabsorbed bioscaffold (Figure 9B). In

areas where. 15 biosc ffol?_ S rbedJi rough collagen arrangement n? vascular beds were observed
similar to o%le?rne?%gﬁ?ne a?%’rgﬁfa“s. r?tne?%srtfng?y, at %qv{/eé%smggsﬁélr%p a%tgt?ornr?as%p%ﬁgr%je%arative
results weréfevigeieedi© With tendon histology 20 similar to controls treatment (p>0.05) (Figure 90). All

implanted bioscaffolds were fully absorbed and replaced by tendon tissue at 8 weeks. Collagen

bundles werg Jongjtudinally arranged and the hone iou DistoIagiCRlL ANNeAA9E Pen

indistinguishable fromthe controfhistotogy (Figure 9D). A 25 stightty increased amount of fibroblasts
were ev%nly distributed between bundles in a typically flattened, thin, and wavy pattern. Only one out
of five samplescdontained aeiptse tisspeim the- middie ©f nepagenesateddendom s

characterized by an increase in cellularity, neoangiogenesis,
and alterations in the normal longitudinal arrangement of the
collagen fibres (Figure 6A). The collagen became wavier than
10 that of normal tendon with some disorganized areas and
slightly rounded tenocyte nuclei. The tendon-bone junction at
the bone trough was fibrocartilage-like with large spherical
cartilage cells filling the space, similar to the normal
tendon-bone junction except with a dense cell population and
15 an absence of mineralized osteoid matrix (Figure 4B). By 8
weeks, samples displayed a more organized structure with
normal cell density and shape, and a healthy parallel
arrangement of reparative collagen fibres (Figure 6C). The
bone trough of the 8 week sample exhibited a more mature 4-
20 zone formation and better integration with the bone marrow

(Figure 6D).

Example 16 Histological Assessment of Bioscaffolds WITHOUT

Autologous Tenocytes

25
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,

30 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

35 7B). The bone trough was dominated by repaired cartilage

tissue, with dense fibrous tissue extending from the edge of



30 RestoreTM group: RestoreTM 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 35 fibroblasts evenly distributed between the bundles in a spindle-shaped
pattern (Figure 10A) and mature bone trough -36- fottration (Figure 10B). No unabsorbed bioscaffold
was found in all five samples and most the bone trough formation demonstrated typical four zone
structure. However, granulation tissue (Figure 100) was still observed in all 5 samples and 5 ectopic
bone (Figure 10D) was found n am Ies Semi- uantl ative A essment of Repair
Tendon HISE[%FOQ%%TS Ana?ys?s of tieqnﬁammatlon%gt?to t%e%mésca%f%ldls (?emonstra{técej that the
inflammatofy- FEspoNSE W le s iRteRseS irPthedsisscafld-eell arstFuct YroGss thaptin e 1ng
bioscaffoldianty aa'guﬁetj;l)f AbAoreeks; the avaeragednfammaterydate-(he peteentags ef repair

tendon areqs 15 gocup| f %@ﬂé‘”@%@%c‘%@ﬁ@éﬁéﬁ%ﬁ’ﬂ%ﬂhw yhilstineAQl;Maiks4 +

cell group was significantly (p< 0.01) reduced to 26%. A similar phenomenon was observed in groups

applying RESBFET Iﬂ]fo?@éb]a?f%ﬁl the Wﬁl%nﬁﬁ%%? ratE YeLrehding foRFA6 %182 7% favouring
autologousitehegytes implamiationt2e (p=:05)c #Hoveever caher comparechto theicpontrols|Ehe

inflammatogy, fate dn- the-faur %EGB'PGE‘P% grQURS wag significantly J(pﬁ%@@)a elevated, fregardiess with
or without ce%l At 8 weeks blOSC&fE(%Jd aclfsorb%d a&gld the inf am ére onse of all groups was
ee trogcp

significantly (p<0: 6?)5 55 Y& par s h QFSups’ fPr% ous tenocytes were
implanted, #5e inflanmiaton réﬁésl Were yencsintias (0.05) ethat ofitheusniiol §rouphivhilst the

inflammaticnebserved i biosgaffeld iy graupiwas stib signiicanty (p0.95) greaterithan gontrols.
30 General hlsgglosgay e>iam|n on reveaj?q that, all experimental groups have poor histological scores
compared to  the posnﬁ/e contr ojf?p<0 at'4 weeks (Figure 12). At 8 weeks, AOI-Maik84 bioscaffold
implanted alone displayed significantly inferior

Restore™ group: In all five 4 week samples, Restore™ implanted

without autologous tenocytes were only partially absorbed. The

15 original structure of the Restore™ was present as disorganized
bioscaffolds along the structure of tendon. Numerous
inflammatory cells, predominantly lymphocytes, were observed
at the margins of the graft (Figure 8A). A few macrophages,
plasma, eosinophil and polymorphic cells were occasionally

20 spotted within the bioscaffold fibres. In areas where the
Restore™ had been absorbed, large numbers of fibroblasts and
lymphocytes were present within a richly wvascularised
connective tissue matrix resembling granulation tissue (Figure
8B) . The bone trough was occupied by fibrous tissue mixed with

25 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
30 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;
35 fibrocartilage and tendon (Figure 8D). Some granulation tissue

was spotted between the void of collagen fibres, resembling



35 histological score to the control (p<0.05), whilst seeded with autologous tenocytes it displayed
much better score identical - 37 - to the control (p>0.05). However, the difference between these two
groups (ACI-Maik84 with and without tenocytes) was not significant (p>0.05). Although the histology
score of Restorel4 bioscaffold without tenocytes was worse than implanted with 5 tenocytes and
control, it still achieved an outcome not statistical S|gn|f|cant different from either of them (p>0.05).
Immunostaining demonstrated that both cytoplasm and extra- 10 cellular matrix were stained positive
for type | collagen (Figure 13A) while no positive staining was seen in the negative control (Figure
13B). At 4 Wﬁ-eks the avera ety %e | ecolla%en po%ltlve cell Eat c?lOf the control %rou‘ﬁ as 53 4%,
ACI-Maik84 Wasrg8c4‘9’r REl- 84seeded with teno ytes Was’ 58‘% 18 Restore12 was 36. 2%, and
Restore TME§E&te With Tﬁﬁ)(:f}t?—,‘-sr\ﬁaé B8!gvs. Aigweers tieagpe céW&ge‘iﬁﬁ‘@éﬁ\?e cell ratio slightly
increased in all groups with the control group achieving 63.2%, ACI-Maik84 achieving 50.60%,

ACK MaikB serisd with lenocyles aohioy0.87- 2% Resfoied 4Chiaving a1 £0%6. 2G,Replorel
seeded withTtenocytes achieving 65%. e po e po ocytes seeded

bioscaffdlds were significantly High&l . nocytes (p<0 05 Flgure 14) and similar to
the control (p>0.05). 25 -38- CLAIMS: 1. Use of a tenocyte seeded bioscaffold in the

ACI-Maix™ group: At 4 weeks post surgery, both the neo-

generated tendon and bone trough of ACI-Maix™ bioscaffold
implanted with autologous tenocytes were similar to 4 week

10 bioscaffolds implanted without tenocytes. Some portions of
bioscaffold still remained and lymphocytic cells were again
seen within and surrounding the bioscaffold (Figure 9A).
Implanted autologous tenocytes were also observed on the
surface of unabsorbed bioscaffold (Figure 9B). In areas where

15 bioscaffold absorbed, rough collagen arrangement, and vascular

beds were observed similar to other experimental groups.

Interestingly, at 8 weeks post implantation, superior
reparative results were evidenced, with tendon histology

20 similar 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

25 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.

30 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

35 fibroblasts evenly distributed between the bundles in a

spindle-shaped pattern (Figure 10A) and mature bone trough



preparation of a medicament for the treatment of rotator cuff 5 tear in a mammalian subject, wherein
the tenocyte seeded bioscaffold was prepared by: (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 10 culture of expanded tenocytes; and (ii) seeding a bioscaffold with said
culture of expanded tenocytes. 2.Use according to claim 1, wherein the medicament is 15 formulated
for implantation proximal to a rotator cuff tear. 3.Use according to claim 1 or 2, wherein said rotator
cuff tear is a massive rotator cuff tear. 20 4.Use according to any one of claims 1 to 3, wherein said
tenocytes are Isclatedfram a tenocyt:Goniaining lissue befgre seleclive expansion. - 8. yse
according to dlaim 4, whereir said teno yte gcontaélnlng ISSue is a tendon. 6. Use accor mgrio any
one of claims 1 615 SviietBmlssid byt are ffor A Mariifdlidn aRikTE sefStted from the group
consisting akasheep,.ca eawr gpigand aduimarn30 st tisetaccordingwe ctain aweheremncsaie

man"na“a%ﬁggﬂ@'%@ﬂgﬁ?@nlOC) was still observed in all 5 samples and

5 ectopic bone (Figure 10D) was found in 2 samples.

Example 18 Semi-quantitative Assessment of Repair Tendon

Histology

10 Analysis of the inflammation rate to the bioscaffolds
demonstrated that the inflammatory response was less intense
in the bioscaffold-cell construct groups than in the
bioscaffold-only (Figure 11). At 4 weeks, the average
inflammatory rate (the percentage of repair tendon areas

15 occupied by inflammatory cells) was 56% with ACI-Maix™, whilst
the ACI-Maix™ + cell group was significantly (p< 0.01) reduced
to 26%. A similar phenomenon was observed in groups applying
Restore™ bioscaffold, the inflammatory rate decreasing from
46% to 27% favouring autologous tenocytes implantation

20 (p<0.05). However, when compared to the controls, the
inflammatory rate in the four experimental groups was
significantly (p<0.05) elevated, regardless with or without
cell. At 8 weeks, the bioscaffold absorbed, and the
inflammatory response of all groups was significantly (p<0.05)

25 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.

30
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

35 histological score to the control (p<0.05), whilst seeded with

autologous tenocytes it displayed much better score identical



8. Use according to any one of claims 1 to 7, wherein 35 said tenocytes are autologous. - 39 - 9. Use
according to any one of claims 1 to 8, wherein said tenocytes are selectively expanded in vitro in
culture medium comprising 0.0006% w/v insulin and 0.0002%w/v glucocorticoid. 5 10. Use according
to any one of claims 1 to 9, wherein said culture of ex anded tenocytes comprises at least 80%
tenocytes. 10 11.Use according to any one of claims’1 to 10, wherein said culture of expanded
tenocytes comprises at least 80% cells that express one or more genes encoding the following: type |
collagen, type lli collagen EphA4, scleraxis, Sixl, COMP and Cbfal. 15 12. Use according to any one
of claims 1 19 1lhwher in said t no&yt&zeeg%d blOSCG.ffO|%IS gylty ed in V|tro for sufﬁae%tlme to
establish the tenocytesrbe ore i plantat Usk accor 4] any one o? CYJalms

wherein sald'fa#ifdRan $ajéctis Bhlmanh 1 ﬂ@@séﬁ%@éﬁoéﬁ@%@éﬁl@é bigstaffortin the

significant (p>0.05). Although the histology score of Restore™
bioscaffold without tenocytes was worse than implanted with

5 tenocytes and control, it still achieved an outcome not
statistical significant different from either of them
(p>0.05) .

Immunostaining demonstrated that both cytoplasm and extra-

10 cellular matrix were stained positive for type I collagen
(Figure 13A) while no positive staining was seen in the
negative control (Figure 13B). At 4 weeks, the average type T
collagen positive cell ratio of the control group was 53.4%,
ACI-Maix™ was 38.4%, ACI-Maix™ seeded with tenocytes was 58%,

15 Restore™ was 36.2%, and Restore™ seeded with tenocytes was
48.8%. At 8 weeks, the type I collagen positive cell ratio
slightly increased in all groups with the control group
achieving 63.2%, ACI-Maix™ achieving 50.60%, ACI-Maix™ seeded
with tenocytes achieving 61.2%, Restore™ achieving 51.80%,

20 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).

25



25 preparation of a medicament for the treatment of massive rotator cuff tear in a human subject,
wherein the tenocyte seeded bioscaffold was prepared by: (i)isolating tenocytes from tendon tissue
isolated from said subject; 30 (ii)selectively expanding isolated tenocytes in vitro in a culture medium
comprising about 0.0006% w/v insulin or functional d3erivative and about 0.0002% w/v glucocorticoid or
a glucocorticoid-like molecule to produce a culture of é)’(panded tenocytes comprising at least 80%
tenocytes; and -40- (iii)seeding a bioscaffold with said culture of expanded tenocytes and culturing
said bioscaffold and tenocytes for no more than five days. 5 15.Use according to any one of claims 1
to 14, Wher&i&?ﬁig bioscaffold comprises a matrix, a membrane, a microbead, a fleece, a thread, or a
gel, and/or mixfures thereof. 16. Use according to any one of claims 1 to 15, wherein 10 said
bioscaffold comprises a type /11l collagen matrix or small intestinal submucosa. 17. Use of a culture
of expanded.tenocytes iv#he preparatiomefya sedieamentfoo theatteatnaent of totator cuff 15 tear,

wherein the cuture s prepaged By {(Dselectively expanding tenacytes i vige in guliyre, ¢ ¢
5 tear in a mammalian subject, wherein the tenocyte seeded
bioscaffold was prepared by:
(1) 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
10 culture of expanded tenocytes; and
(11) seeding a bioscaffold with said culture of expanded

tenocytes.

2. Use according to claim 1, wherein the medicament is

15 formulated for implantation proximal to a rotator cuff tear.

3. Use according to claim 1 or 2, wherein said rotator

cuff tear is a massive rotator cuff tear.

20 4. Use according to any one of claims 1 to 3, wherein
said tenocytes are isolated from a tenocyte-containing tissue

before selective expansion.

5. Use according to claim 4, wherein said tenocyte-

25 containing tissue is a tendon.

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

30
7. Use according to claim 6, wherein said mammalian

animal is a human.

8. Use according to any one of claims 1 to 7, wherein

35 said tenocytes are autologous.



medium comprising insulin or a functional derivative and a glucocorticoid or a glucocorticoid-like
molecule. 20 18.Use of a culture of expanded tenocytes in the manufacture of a tenocyte seeded
bioscaffold for the treatment of rotator cuff tear, wherein the cuture is prepared by: (i)selectively
expanding tenocytes in vitro in culture medium comprising insulin or a functional derivative and a 25
glucocorticoid or a glucocorticoid-like molecule. 19. Uise according to claim 1, substantially as
hereinbefore described with reference to any one or more of the examples and/or figures excluding
any reference to prior 30 art. 20. Use according to claim 14, substantially as hereinbefore described
with referegce to any ong or more c%f&he ex rgnples anc}llgr g%urg% exclu%’lngcgn)é ref% ence.to prior 35

art. -41- 21. Use according {0 claim i?,gsu stgrﬂ}éllgl as hereinbefore described with reference to any

one or moré®dfthé eramplessandi6r figures ekeRthg &Ry FEteFeNER t§ pFibPattl culture

medium comprising 0.0006% w/v insulin and 0.0002%w/v

glucocorticoid.

10. Use according to any one of claims 1 to 9, wherein
said culture of expanded tenocytes comprises at least 80%

tenocytes.

10 11. Use according to any one of claims 1 to 10, wherein
said culture of expanded tenocytes comprises at least 80%
cells that express one or more genes encoding the following:
type I collagen, type III collagen, EphA4, scleraxis, Sixl1,
COMP and Cbfal.

15
12. Use according to any one of claims 1 to 11, wherein
said tenocyte seeded bioscaffold is cultured in vitro for
sufficient time to establish the tenocytes before
implantation.

20
13. Use according to any one of claims 1 to 12, wherein

said mammalian subject is a human.

14. Use of a tenocyte seeded bioscaffold in the

25 preparation of a medicament for the treatment of massive
rotator cuff tear in a human subject, wherein the tenocyte
seeded bioscaffold was prepared by:

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

30 (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; and



22. Use according to claim 18, substantially as hereinbefore described with reference to any one or
more of the examples and/or figures excluding any reference to prior art. 10

10

15

20

25

30

35

- 40 -

(1i1) seeding a bioscaffold with said culture of expanded
tenocytes and culturing said bioscaffold and tenocytes for no

more than five days.

15. Use according to any one of claims 1 to 14, wherein
said bioscaffold comprises a matrix, a membrane, a microbead,

a fleece, a thread, or a gel, and/or mixtures thereof.

16. Use according to any one of claims 1 to 15, wherein
salid bioscaffold comprises a type I/III collagen matrix or

small intestinal submucosa.

17. Use of a culture of expanded tenocytes in the
preparation of a medicament for the treatment of rotator cuff
tear, wherein the cuture is prepared by:

(1) selectively expanding tenocytes in vitro in culture
medium comprising insulin or a functional derivative and a

glucocorticoid or a glucocorticoid-like molecule.

18. Use of a culture of expanded tenocytes in the
manufacture of a tenocyte seeded bioscaffold for the treatment
of rotator cuff tear, wherein the cuture is prepared by:

(1) selectively expanding tenocytes in vitro in culture
medium comprising insulin or a functional derivative and a

glucocorticoid or a glucocorticoid-like molecule.

19. Use according to claim 1, substantially as
hereinbefore described with reference to any one or more of
the examples and/or figures excluding any reference to prior

art.

20. Use according to claim 14, substantially as
hereinbefore described with reference to any one or more of
the examples and/or figures excluding any reference to prior

art.
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21. Use according to claim 17, substantially as
hereinbefore described with reference to any one or more of
the examples and/or figures excluding any reference to prior

art.

22. Use according to claim 18, substantially as
hereinbefore described with reference to any one or more of
the examples and/or figures excluding any reference to prior

art.





