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: One of the major challenges faced in tissue engineering
is to create differentiated tissue of the appropriate size and
shape. Tissue created without a functional vasculature is
strictly limited in size by the constraints of oxygen

25 diffusion; if the tissue is too large it will become necrotic
before the host has time to create a new blood vessel supply.
Thus there are many advantages in creating new tissue
containing a functiomal vasculature. Additionally, as the new
tissue may need to be produced at a site on the body remote

30 from the defect, or on an immunosuppressed carrier animal or in
vitro with an extracorporeal circulation, the blood supply for
the new tissue must be defined, so that it can be brought with
the tissue intact to the site of reconstruction.

The creation of skin flaps, a living composite of skin

35 and its underlying fat, is a common technique used to repair
tissue defects in reconstructive surgery. Because these flaps
must retain their blood supply to remain viable after
transplantation, the origin of the flaps is limited to those
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15 .cues and mechanisms behind these processes are far from being
understood. However, it is clear that the ability to recruit,
stimulate, proliferate and differentiate stem cells is the crux

of tissue engineering. The behaviour of stem cells is largely
studied in vitro, although a small number of in vive studies
20 have examined the behaviour of stem cells when injected either
under the capsule of mature organs or systemically. These
studies have a numbexr of limitations in furthering the
knowledge of the use of stem cells for tissue engineering. In
particular, when the stem cells are injected into mature organs
25 they must interact with an established micro-environmment and
derive a limited neovasculature from the host ‘organ; when they
are systemically injected they become widely dispersed. In
order for stem cells to generate organs, it is expected that
they will require an expandable vascular supply to accommodate
30 and service de novo tissue generation. In order to assist in
directing stem cell expansion, development and differentiation,
an expandable microenvironment comprising an inert suppozrt
and/or extracellular matrix is also expected to be required. We
have now developed a model which satisfies these requirements,
35 and holds great promise for the study of stem cells. Its
application to tissue engineering is a significant advance in
the state of the art; .
It will be cleaxly understood that, although a number
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0rganSgr shunt the artery is either joined directly to the vein or

connected via a graft of a similar diameter so that there is no
30 impediment to blood flow (for example as illustrated in Figure
1). In one alternatlve arrangement, the artery and vein are
both ligated and blood flow is via microscopic comnnections
between the two (for example as illustrated in Figure 3). In
another alternative the artery and vein are in a “flow through”
35 conf;guration‘with the blood vessels entering at one end of a
semi-closed chamber and exiting at the opposite side (for
example as illustrated in Figure 4).
It would be appreciated by those skilled in the art
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t he Avoroep'gwﬁprames:akenarﬂmw thei rsa:hd (sraadﬁaam al redod [doncar ddieiddt) oop
conpri 883 a2’ b tm%e%tljoq% l%ﬁ] S/ren%ta%&ﬁ\é] as arteri al

graft, and a vein. n anot her "vartan I's "Usé €re mcrosurgical
30 anast onosi s I8 A/M@tnlaglwepmf@neﬁ danﬂﬁfqd;mant‘oroﬁ Mdsssible, a

pesti ¢l enoemiion, N & Hd Al IS TS UndSraifd SnaANel gthe
fenoral__vein) t‘):l aced s_‘"de by SIJde I s the chanber can be userhcf(as t he bl ood

vessel TEHpEAF™ A -Freftder Fafhhdd mclsoaue iMksrmakivels A
| oop veheeﬁsnfdzowumawm’éar W agf indnvimffodisya Hfikale Selae. aéa

hunt . BuacRe Aol S Bt BRd G APdnitn A FhaR B opposite
si de (§e§feﬂ'@mte>ux@\e,dlﬁlgunee4) tHen grafiti r:ﬂs Istierdlogous. Other
35 permutations and combinations of these procedures may include
the use of either autologous or immunocompromised blood
vessels, cells, tissue segments or growth factors implanted
back into either the original donor or a different recipient

ot her
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fromdirect contact wih the I nplantation site.
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chanbeEnhibdtdey Factemlanmrﬁeeﬁerveeckswﬁhonacaaunenesactu&aaulocyte ~C~
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agent to Cngggsao rgggeg emical mediators can also be used to
influence the type of tissue formed and the rate of its
formation. The person skilled in the arxt will readily be able
to test which growth factor(s), anti-growth factor antibodies,
30 or inhibitors, or combination thereof, are most suitable for
any given situation.

' The chamber may be used with autologous or heterologous
cells, such as myoblasts transfected with Myo-D to promote
formation of the skeletal muscle phenotype, stem cells with

35 appropriate differentiation factors, keratinocytes seeded to
produce thin skin constructs for face and neck reconstruction,
etc. Optionally the chamber may also comprise isografted or
autologous cells selected from the group consisting. of
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.@¥5 be congeni pbbKaed bk he nature of the supplementation provided
' to the cells, the vascularised tissue is enabled to

differentiate. In a particularly preferred embodiment, stem

cells, together with appropriate extracellular matrix and

growth factor supplements, are supplied to the chamber in order
30 to produce vascularised, differentiated tigsues or organs,

Suitable pluripotent stem cells can be derived from:

a) bleood;

b) bone marrow;

¢) specific organs or tissues, including mesenchymal
35 gtem cells:;

d) cultured cells, which may be transfected or
differentiated; or

e) placental stem cell banks.




35 la a fourth aspect, the invention provides a nethod of providing a
subject with a gene product, conprising the steps of a) constructii%gLféj 2005
ti ssue chanber according to the f 2 F(:3 ~ii~S W 02/15914

PCT/ AL M BB i hvention to create vascul arised tissudGHANMAEAL | ent s
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and cul turing tie aakemhey msAeided FbMiddO suif)ad dug,cell's of the
1 d .
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implications.for the treatnent of 20 nuscul ar dystr ad ot her
genet i CTTRFEATeri t ed muscl e di seases. A second exanple is the traasfection
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t he chagher,..sTHiS 0ac y ve t.o he useful js the treatnent of
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.sel ecte rre?t_ri fﬁ%:tg&(%nﬁ%%ﬁ%duct e} eo_ gr d’an%%éc{l%r&lesﬁgsﬁ)gned to
speed thschremic GRdifiHe mussle plaqad imithsochanbeg witdo e &35 el
f onma'é impl\ﬁ'dﬂfif:&xehh:?aﬂﬁ& ti x5! qi:iegm:ﬁt_ﬁr fddidose Perdsud meftdéw Qlig on
provi S em fqr vascuyl arj.se sue, conprising a tissue
charrber%?ece}n 'a%aitﬁxé’x‘ Vs Ifﬂqb%a‘i’%l te’(dn Wrﬂ@ﬁt?’é‘i’i’%ﬁgd’tﬁ‘i’%ﬁﬁﬁ“}' 35 as
ext r aceted Hediiewst that dperdils coseeatexbrichyamkxdtan cdglleain @Heul ati on
appar atygsss S ﬁ:%@%luhgxa%%ﬁ ,{ﬂ+ tﬁimu-&qfsbe&?é ra%io‘ifgrfgé%m rcul ation

I di I'Tter may a

appar at us and rena al'ysi's T] e of "any sui T convent i onal
type. PRFabglifes, are potentiajdy yeswneikdp Alwg/Gad81 14 forning the

tissue aﬁﬁdﬁﬁham%.am@mﬂmua&réﬂﬂg?e UHTREL B AP daf) SSPU LSS 2

het er ol_QgqQus .gene. Thi.s. node] system nma used for_culturing, recruiting,
or owi ng T SHYR, PRE TR GRPH e fie SRt Feia TRl dim s tie
precur gte gEiduired &iot lgemerate ta dargd colictty R aseedDig t fiee adldniber t.0
alter they @ RAQYNHRRL.0f the chanber with added growh, differentiation and
chem cal factors, it 1s possible to produce a wide variety of tissues and
organs by thi Spﬁpggggp_ly the vascular pedicle, such as an AV loop

25 comprises an artery joined to a venous graft, which is in turn
K : joined to a wein. Alternatively the AV loop comprises an artery

joined to a vein directly, or the AV loop comprises an artery
joined sequentially to a venous graft, an arterial graft, and a
vein., In another wvariant, which is useful where microsurgical

30 anastomosis of vessels is technically difficult or impossible,
a pedicle comprising the ligated stumps of an artery and vein
(eg. the femoral vein) placed side by side in the chamber can
be used as the blqod vessel supply. In another preferred
embodiment of the invention, the AV loop vessels flow in and

35 out of the chamber from the same edge. In another variant the
artery and vein are neither divided nor formed into a shunt,
but instead flow in one side of the chamber and out the
opposite side (see, for example, Figure 4). In a third variant




10 The ability to generate autol ogous vascul arised tissue of a defined
conposition and at nay anatomical site is the body where it is pdssifylze Hm
Create a%@‘gzt”%g{“o-venous | oop or suitable vascul ar pedicl e has many ot her
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o) 00

| ength” o VRELRP s thp) s¥EerRpleshge spfethanchambepaebyapraviding
sur r olfitnew twatksyacel lular matrix, to formnew tissue. 20 Figure 5 shows

the i nner aspqgt | oppcoat ai ai.ag chamber, 7 days after insertion.
Fl uor escence %’cr%g%g%%%o% %%e%%@%ﬂ%l%%t%mﬁm?t%#sﬁ?i but ed

acr ossF THRERIRMRAT s0F f the, tanget f oxgen oor ba&P pHaee, Exasn! s 23n &5xFi gure

6 shoumose, aaiedt ) obREcPELESt bbj constructed using a
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chamber may be varied; for example the chamber may include a
semi-permeable membrane component to allow selective perfusion
of molecules into and out of the chamber, or a plurality of
perforations may be placed in the walls of the chamber to allow.
an increased flow of metabolites and metabolic by-products,
growth factors and other factors that influence cell suxvival,
30 growth and differentiation between the inside and outside of
the chambex. The size, shape and number of the perforations may
be selected according to the size of the donor vascularised
tissue and the requirement to keep the contents of the chambexr

isolated from direct contact with the implantation site.
35 Alternatively,

25

d) a semi-permeable component may be placed within the
chamber in order to isolate “feederw
reactions.

cells from immune




30 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The i nvention w || nOM/bf? CER onne
described is detail by way of reference only to the foll ow ng non-1Ii h‘l[tBl Fﬂé""
exanpl esxﬂggggrfavm ngs. 35 Experinmental Procedures Preparation of Tissue
Chanber Otk made pol ycar bonat e chanber was prepar ed POHAMAQ1031¢ o and
a bottom cad when the two hal ves aré!seal ed c 7 FE8 ZzOrJ~ WO 02/ 15914

PCT/ AU01/ 01031 [P L.ater. |y i 45- 0., The, general
construction of*%?ﬁgpc a g're F% iltlil]’]teus]t%?e{:te\éég ip.%??ul}%gg'roéslgf?%é%g?llgsg anber
for us®4 SHhex qallmanbeydivpnafinnkad. thewmsefhasmm sawwceehadbshel . s

made otrpelyfedtdd gere Hriddueit (@f%it-ﬂﬁ; demﬂmdb%zimﬂa% ToRRe XAkt
cyl i nder oflgext{arn,al Jdi mensigns 14 ama di aneter and 4 mm high, wth a saw

~cut oa*Sn® PR, @ seiispermenkla Rockeh oM Wi somtagty Wishd exit.

" Anof hertheahioan’ shdsmiitie GHSYed(sS Diud [Auliver iideaisddq e sshaepeheo al | ow

bl ood I o flow fa _one si d out t he _qt her. ,The_chanber has a

_ base a\r%%gl%r%r?% éim%”re} & ‘ﬂ%‘—qu%ge%ﬁ’e%s%oq g Iy IO RYng of the
chanbediffusdion @ dower riss they Hesddtee raitdquatiel mmtizg emtyar, 0 biutn wdl1yg

0.45-0e§gn@uaﬁ_'§_§edirg.er nal volunme of this basic chanber can be varied,

mai ntai ni ng the sane external volune, by using thinner walls, 15 which may
even be as t hi Fags sirfasedshemisisy off ithe whaber Waddssmewabe. Aa

al 1er NabEides| dh icrdet: HoF RS Ahd HaBradtildh Bsdaat niRd tg‘é%% as
I flattened cigar

shown is . Figure_ 2. O her vyariants inc|ude as, el ongated,

shape 284, e, chFmReR, e ld o PRde & Fhimylns, fok dfifareatdaidiompace

i S t heogr tion inZdriparatie gruheoteatrid st fd gdlr,afdon e ahapacef, the
chanbe ' tg.,mmc.the shape or, cantqurs of. arti.cul ar- body
.part, :(l)lrg;?’éxgl%p‘al(i%%ﬁ%%nsﬁ g &SR °gf1?‘=’frﬁ}"rﬁ5'f"°rﬁ§né’r? 3’&1"8"' nose,
human Bgeast toecreatiee asigraddfenthe chanber can be scaled up or down to 25
suig the size ghel GRgRRS! orMHER i r 0 be
used ig a noyse r?ay be ap[?r oxl| %%fg%?f (fﬁtlp‘i:([)&]? rﬁi@h:islﬂegfh%agga?&%?%ylm but
is a hBRalatifdse S HheTRH I PREt el y no-aoo m . The. chanber may

optional |y be agalnedsuppoiite st andard 30 version the opening allows limted

cont.act with t?ﬁ %ursroﬁta{adisng tissu .ag}nd &.ot al. uninterrupted contact with
the bl ood supply. % Zrad%a SEERPES WariCoh 13 Sop SMGNEeISEh fifneer ed to

al | ow fobabdtisugies groarthoof ke mpor rglssue omrdkaliddsowiewy tigisue)yi t hout
crashi gg e 1809480 & g_nt'gh%h\éeq%qo }ttﬁé&ggd_ge,are seal ed, for 35 exanple

with fibrin glue, "to avoi d contact Vel oping graft w th surrounding
ti ssue. The suFfae tFpupiensosurpesdniasashamae abd e gfaterdaliss native

hydrophobi c stajea poroas kepboRedird MatcdtiaiChthicH suppdrtsSce1d—ani0
02/15g%ésgglgéug%g%g%%k,lLroviding a skeleton over which the new
tissue can be generated, eg sponge-like materials such as blown
25 PTFE materials, PLGA sponges of variable composition and
porosity, etc;

e) a support formed from materials which direct tissue
differentiation, such as hydroxyapatite or demineralised,
granulated bone.

30 Preferably the exterior surface of the chambex bears a
means by which the chamber can be attached and/or immobilised
to the desired region of the body.

In a second aspect, the invention provides a
35 wvascularised tissue graft, ie. the contents of the chamber,
comprising differentiated tissue or an organ with a mature
vascular supply.

Preferably the graft predominantly comprises tissue




s elebi ABESLINAGe S EIIR o ARG IR ARG oo 401 Lo

“groin to harves

-ani ma 2 S .
15 (~SuRprsicisd kgsmuesolsychony skinhenddom emidenlyfinighEatypharsilie)n.

nore hydrophilic by the use of polylactic acid or the pretreat
pol ycarboaate with a this filmof poly-L-lysine. Ia one useful malnl;r EEB 2005
confi gurv%i on. t he surface of the chanber conprises,a plurality of
per f or at 88¥15% | owi ng i ncreased 5 contact with growth fRERABeI/G1831t he
surrounding tissue. The size and shdpe of the perforations may be tail ored
to optdJii SAge i r.ed factor while mnimzing or
preverﬁéimneg%%%ggés}gage o%%da‘f]lecsogleﬁ%’fétt:ﬁg (ﬂ%ta OS5 IR 0f gl ass or Pyrex
they CRA¥%daqe.cRanel wheletial amsslelheaghitiare mubediegn Ijusmel d i deal |y fit
cont ordoillesdifted €18sueCi Vi flient,t q:eéﬁbql'szﬁb@n% e 16 r%lé%q_%[q_ shape and
Wound Sread d "

of aﬁ:(L:Ii];sfiCietl mal | _size to avoi R own. "The Tnter nal
conte =Bt dogring rand: iadandpler |tdsgale.o Mexso mnefsmabdy osnot i ¢
pubp (e oxnfAl retdddminmitly MopHiWER) vebdialdM¥ed Wildbodl Yildideact ors, -
antib eﬁ%t&ln%x%aé]grs or_.at.her cheg cals ,at a controlled rate. |a one
alternative ne 7 FHPLRES Py SoRFe M Ssuee oFs Fdsiste GAoRiE I pl aced
subst aaasrsaticytiss st tdrel drdnetal ideld syl aSikdney? @diuke dreadives from the
punp Rlsaged inside the chanber, eg. at the centre of the AV loop. Creation
of as Arteri.oveaous (AY) Shoat hoop inside the Tissue Chanber The basic
nodel has been descri bed by Tanaka et al 25 (19961. Briefly, male
Spoague- Dawl exnr & $Hid adSecd), e shet | .t h
i ntraperit.oneal . pheaobar bj to_rclg_:) (%%Enﬁ%kg‘%B%%Q? Ir?%%g?'waetSGarrgmleﬁFogoPgt ion).
Under TSPERE: S di%3 IR ApfiiSiter comprisdad the wesre ofatiaw lamttime & ght
gr oi n tisseepchanttiee frEwrding oeiche HaRentd o Quitala 43Rt st the 30
super fiegl alofe@u[%}sttrll% breaq_‘ch.. A_Lqngi tudi nal incision was made Is the |eft
N P g P frominguiaal |igament to the
superficial eplgdthetissumoir “Hriganeigrafinfis (Sppiekid®déetdidg o 3 CM
| DRO; el slethod i-q{v@f",& d ween the recipient right fenoral vein
and artery 35 atsc?hfew?gevell 0 ﬁg'_s%tgr’fici al epigastric artery by
ni crosur gi cal P? e dpkainad (fon sulifir ianty time T matte vibs. aced into the
chanbechieke ithe dﬁ%@@iﬁd}evﬁg@ﬁl&g@_g&,&&h@% o kg groin nuscul ature
with hg%f%%gpﬁﬁaiﬁa” hol es on 1 ~ FEB 2~~5 WO 02/15914 PCT/ AU01/ 01031 18
t he baSe o e e P2%a adi pose | ayer was placed over the chanber and
the wound cl osddtwatisféz@red it sheudesirdde rgeaphibnthaie;sawa h the Av
shwats were hggv e el [18 12 ks_post. inplantatign. 5
Assessnent of a\5/a2c§1tl?l g}i@’g’gt :Jgg'gg%g ?sgég 8?%%% 3 % RACEREUEIIERAITY i me of
expl oPREFEAMOERE &9afHdiocRds agsenyd andntretime vessel s cl eaned and tested for
pat eacy. The wezSehs olse@d o@f Eny s 3 ls S r tl trance
of th?e%lj‘_%_-._ er agﬁ_ é)hgﬁ?%a harvesteql%BIeglz‘ilg?%?hé'S%%%t ?eli.;s[l e%gﬁ gr oup
the fF8pWaS pBrrdsEf t\?hrz?%t k& SOMPTisRi & sheatfaldk igy the mermalyest
(det avpdupel oukrufitark aps Sumceisnsefsadtiekueo linenandaMiptlihand pl aced
i 55 bu e 9 r i FS) Lor histol,ogi cal _exgm nati on. The
e aPachon ERRY By, B WRIskERR pxlin Gpie ddemoh 150

S were sacrificéed w ﬁé’atabarbitone

Ti ssuea#B33agdy Yehnd BrBenehS $¥euktulds ‘B@%’Qﬁ;o\ﬁin\%s ved qad dd s wet

wei gh;é_I an ol ume recorded. The volunme of th SSué ZUTassessed by a
st and5Pg &t OFsfitac Ofe RE e OfnAULTIRRe {Thes sugmentaydoenddd by a 5-0
sil k etherwise noemnflaitissuel FokMebsmakiee pikiekdaad LN zer

Vi QUs a_diaital  hal ange. re was,takes not tq touch the container
\%lrdteh tgﬁeﬁséggghr%ﬁ. ke tlfseﬂggﬁeﬁr%&dﬁﬁeb)’oltﬂ?ﬁe IZvenfd op-s fye

speci ReBSeRi shilled dentheyastualiliorthdllef recoamssealthie sha® 0/ M ). The
sad

scale by allow,ng the Tissue to rest 0Oa
f5ap

recor fBthe dRtervention, or may be congenitally acquired.

35 In a fourth aspect, the invention provides a method of
providing a subject with a gene product, comprising the steps
of:

a) constructing a tissue chamber according to the




India ink perfusion 30 In order to perfuse the flaps with India j,;% the
abdonen was opened via a mdline incision. The intestines were gé tﬂzi’a 505

retract eqvég%lislgﬁ peri phery and the periaortic fat stri ppi%;r?%\ll?o\{mwe

proxi mal ‘aorta sad inferior veaa cavia._1 were |igated. The
cannul ated wth a 22-gauge angi ocat heter 35 which was secured with a distal

sut ur e jarvRiiitd drh & ARG RRlsRn193d sed ti.ssiie/ IO phRIchdl AnCacRid N
the inferior v% a cava. The aorta was perfused with 10 nl of hepari ai sed
sal i ne 1S i’cﬁﬁa

B¥%e retained blood, the animal was sacrificed with ~
7 F F B 2~i ~; i bpDredickShiaty) tRET£ALRbAR]1#3th] G tisavhacaldirasedotigsne

peat abarly L LutiQn).,.the aorta infused with 3 ml
~ buf f'er%ﬁl%ﬁ#ﬁoﬂg stg{el ﬁce igﬁgas@g& ?I;Ig':’] J-'\(/g\n!nt%tgom India ink is 10%
" gel &tin. The fcdp transformingecehds piEctthef tistuesda thenchhmberamwish was 5

removeqd, ddsigdd Hdiler Hlgared is cedar wood oil sad the pattern of vessels
vi sual i sed m croscopically using transmtted |ight sad i mage anal ysis

" (Video Prop i nddi AgPlangting she chembernerndhe roptenis minnscis f or nol
sal i ne chathbly} dntedddt igayiamafl.fin. Sections (SEIn) ware cut and stained

with either hagmatoxyl.ia & _eosin (H & E) or ssoas . Trichrope. Exanple 1 -
Creation of Va% %f‘%?@(? ﬂfsggg pEnehafh EFanf 1RD Poobhes EHFS¥E-gr oups
of 10i vencdus icar keldise amete fariedr top swdd ahd ddricuma@tapicessd Boa

per for [ a [ h..chanber.s w t he .AV shunts
et o naae Bl S WS pe Rl IR TRRY b U Rl icle) et an ST 0
mass oftheh&ebapbar fonatmmsity gurdng $heo inmdbation o droedigtely

(exsangHiadt ed) tHah<p03tai08en full of blood). Two weeks after insertion
~the Av shunt and its syrrounding tissue weighed 0.18 ~ 0.03 9_ The mass
2

i ncreased prog PFO%s3ern gfogone: ppoducksycan hadrs sgygreloformsps g at
1216eeione Beampdleudes dhd harapefetitione of afRIBlatishlithe dheb mylcs-pei ght .

The i ' i, aht._.but te I b 2 d 12 K

stati sfoim 7 dribek eiibue iy ee o RRepRDE AR aer LT RheR e ¢ o
i npl an®acho Frams tagtashreids veyr Slvedebebsepdrt sintfo diey destisdexudat e -
CoNt ai RJinAHER,Y i3 4D WHP a[%f 138pC et Lt 00 vﬂcu‘ial‘éﬁ%lfa ‘sﬁkt%sl of

ti ssue_aroynd the |oop was larger and firnmer, especially IS central
part. BpSPrereclddish@akehayer dimddcatdons fian dhvlitrpatmentoof had
| ne0casmeoniliay dwstidvhy Rnd ot rd Géna®d dd 116 d raiedd Mulcd & Wo- t hi rds
of the r he, surface cogqul.umwas ao |0 r. 35 visible, and the
whol e ﬁdg'%% ’5%%5 'aRu AFor f’ﬁaﬂpﬁ‘.%c&ﬁs iti\’?eerﬁ?n%%&r"% BEnRgES/ichat i on
t he AVisi@t ogddss ikl stheal thy®uivhesfotivae yaxich ruhed i rerestitrigy eirits sue
coNPOS eehePloraintiedd! asizsye LY | A YL Bb \edRT ts, 11
FtB Z~~~ WD 02/ 15914 _PC'I'S7 Al /03%813?8%]; 1 R
treatment of diabetic patients. In a third example, cells are
25 transfected with a growth factor gene or amn angiogenesis-
promoting gene, such as PDGF, bFGF or VEGF, prior to seeding
them into the chamber together with the AV loop and selected
matrix. This continuous production of growth factor is
designed to speed up the rate of development of, and the rate

30 of new blood vessel formation within, the new tissue/organ.

In a £ifth aspect, the invention provides a model
~system for vascularised tissue, comprising a tissue chamber
containing a vascular pedicle of the invention and optionally

35 an extracellular matrix, operably connected to an
extracorporeal circulation apparatus and remal dialysis filter.
The extracorporeal circulatiom apparatus and renal dialysis
filter may be of any suitable conventional type. The cells




arranged roughly vertical to the shunt. Inflammtory cells, bot 7F -
aeutrophils and nmacrophages, were present in noderate nunbers is th‘%gcy@lﬁ@r
part ofwolgiee y formed tissue and is the surrounding mass of coagul at ed
infl ammatory exudate. Ia 5 occasional sections, brancheBCBAUHAMPIL f or med
bl ood vessels arising fromthe venous |unmen of the AV shunt could be

i dentfidimeihy |the hel gbweales HHY WIaidiow- {&%@%&y d_tissue was
nor e JEtdy 'l;_lgesgoan%e Ieos st to the Ai!!/isa.‘%f)l}]pt%l ne 1%%%%%?%)&% of
new y forned vessel®s CMheddsrTe® fHffe dndeadnk systam maguths de this
| ayesess &0 eltvning zerensivingy droviiey oW Yethedphtly tdigsue is the 2
week hetas Mgty t rroundi ng coagul um was ao | onger visible,
d onl sr’;‘aﬁiln%rfunbers@:f ]'lt}ﬁ %n‘%’?ﬁ%‘?‘? Cg"’é}tlas" BRREEioN (f&lde 15 newl y
for mSd s ¢& VAdTR oF ideREvaromBetand @S tind wleTLide B/ gheat and the
newl Yehieo reRd PeREHRRILS o ithe) icdiatifasl Sei ions. .Twel ve weeks after
incu%g_tfifor% tthe new forr?e(ﬁi ssu%a%ﬁ'ag e u(rae QY further, and
consir st ed o &&E@I’cérlﬂagé’&w&aio fashonsi v tis aessiible fid prddaris -
al i gretrider yalrdletyo ofhe igeheis lﬂ@id}gy‘nglﬁéﬁig ccedlfr € Was no appar ent
decrease in vascularity and newy forned véssels forned a dense pl exus
t hr oughout the connective tissue. Few inflamatory cells were visible. ' 25
all threeThenebidinystot penepatioTantolbigols \Wachl arigaecligd. W th 1 ndia
ink gEve AeifdlebomBbsitisnChnlingextent and densi h

ity of the newy forned

vasclaturg, Ln nost specinens a st PRREonca T8 fed e Bedtvi n t hei r
i ume¥PFRdFEatPnBoERAPLlENEY comatiel eat adteirtib-viemot Il ox30 | deal |y,
-newl guficabltd vaseutarupbgheist ghle f .retaining.its shape. The
1] ssﬂgcgﬂggﬁ ar.gung as_AV | oop Eagé%%t %,%ﬁ%gjsg‘p%%?cgztt’@qss’t@&s.“& 2 weeks
the mass w thin the BRakiEFups 180 the, shambeni mavie fommekantile] backs it i s
¥3 r repnindlabed birgid, and at 12 weeks it has the physical 35
characteristig¢s gpnective tissue. Surprisingly, gromh is

cont i nuous fo? atgﬁfgg{é%ﬂ%gﬁg%ﬁ?'after i npl antation, with no indication of
resorptioa of) radnrisiserationhe houwhy 8eugedrtbehee WrhltoRe! easi Ng

mat urity. 8) PcrED 265 4 £ 03£1 | AU01/01031_21_ Exanple 2 -
Chanbers wi t€|érau}'té dermal fibrob gstégééjﬁ%?zéyo é?ﬁ‘t c&%ﬁ'r’rﬁ‘fm‘?‘f‘grobl asts Rat
skis was_har K Rermeres 6-Reh B sduenpad| ppudateodnsthbechanbsranag of ‘an
40nbreeadplvghe Barbeyted! toi fiend M2aphobbbis! SE! L1ARLIRL SekY g8 C ayton,
Vi Ct@é+éloﬁﬂé££?.|mve-r§€1| nbr ed Ilge conprised ani mals-resurtrng from at

| east 20 generations of brotheri§i EPgrabidiFr¥gto omevepndernis was tri med
of f . FXRRFRIRAt heveyasculmrisdd, cal fEarentimty RHEsGALALeS and 10 pieces
wer cofRESIHS ERa e Sk | 155 £2% Lol and_attached to the base using rat

pl asma "glue. This gl ue V\%s'gn%%geg*yﬁpﬁeagaﬁ tfa'ﬁﬂmof’tgef‘ﬁs'of rat plasma,
prepared from Sprague Daw ey rats, to 0.3 nl of 20 calciumchloride. The

2§l ue was al IFectH® Metpdsds 10 NERy gt 15; t | fure medium
CoMuisi %@&c&fa' s n@difi Qk?ti on of?%%%%%ﬁgﬁilluéng(%#elo' s fetal

‘cal f serllcj% enr T StHR pFeRs P eompaigingsnmeans Wasciudidgt o t he
cul tRitte BRG HLimiked Ko s eyt ntlavete | whia Undbappi BednT ghg7a0ays, then the
medidbpvEsp qnem{. was consi derabl e outgrow h of fibroblasts ZO by
10 days, at which time the skis segnents were renoved. The fibroblasts were
subcul tured twice at weekly intervals, each tine growng the cells in 75
3@nz and 175 en2 cul t ur epRrRAFKPRERRRISTIT he JHdALahl asts Vere | abell ed
with two flyaresce tﬂ,ég- b ST —brsbeazantte—+5B re—car boxyf | uorescei a

di acetate (ﬁ%&-&h Yftstas bow (theiftenerghoapbety. andfestd sal i ne

( PBSrentana@tombsets rddaebQyicc i by CEd i a ai ni ng
Confdi%i{&é;ﬂ' @?O%O s ﬂgy@ n a%S?C.ag%éénﬂ%/%%fﬁ é\gséﬁgﬁgggl i zed by the
addifion of 17 m 0 ot FEHPHVEMHR AW 1ok 8| Plageficasi showas

cent¥ Pudd@sticoelembey f(madk) off polfearibhats! b2t peB-f.e88sPe0ded in 3 ni-
3f aediag are)th j ransferred in three 1 nl aliguots to Eppeadorf
t ubes, . ToO eagh %’)’Eéejﬁ'ﬁ?: e,(%rée%,&%né * eoq%ﬂai%%m°§%:f-ﬁ¥i5hlm 20 ~l of
88 WaFR AfuEFtrpcelivles wats i ot e 36 tloutd 4ddéd 3761 a8doshaken gently
evegyobEhnifaciteis . T iheC 4yl ferred into a 175 ¢n? fl ask and
recug;au%&q_rOCF persists is t e&%\ﬁ%hfc%%ngoﬁ c%‘%’ﬂ?%%nc PHRELYR € vi ves
the drvision or 08 FSSheo byaipsans ofo|stay GRovusés orksoegh




17 F~~3 ?~D5 WD 02/15914 PCT/ AU01/01031 22 maxinally at 513 am 4 EFF aag
fluoresces nmaximally at >430am Labelled cells were protected from|l gllﬂt* &
in as ef intain maxi mal fluorescence. Cell Coun r to the
addi ti onf“?(? Bzé%ﬁgf‘gat o the chanbers, tl1 fibroblast cul turé’&?‘%‘iﬁ%@ldffg
trypsiai zed and the trypsia neutrallzed 10 ~1 of suspended cells were
count etexteiga b eyt oneter, and 0. 05% Svaas blue dye in a 1:10 ratio.
The solution was centrifuged and the resulting cell pellet 10 suspended is
an appropriate volune of bovine collagen solution to yield a cell
concentration @iduye |2 ishowseld Forfidatatiixn sievidear dol [Bigere( R‘FTC) The

te?gfg:ﬁ%%ﬁiﬁﬁ&%ﬂhé ?_,}é% { d%%g m ?&‘g%ﬁﬁawtl c acl d was

" addéd the Th B GRATORANS mnwﬁﬂlmtmmimsmng@#@km ~ The
hongenate was centrifuged (3000 rpmx 20 mi.a) and the supernatant
harvested. This_.extraction procedure was repeated tw ce with further

" additions of 3CREESS AAREES R LRI QN thry wﬂfﬂ;ﬂaﬂi AWRSTact s a
sol uti amsead &Mﬂwpe\m&wdﬁﬁéaovm thi & hoB nad | Lrisdaty rany) Dtveli@ unti |

t he final nt sal sapr ximtely 0.7 .M (100 m of 5M

Nadl ~adted agi/e‘i ?Js%t? quiﬁ"ii%ﬁ :h%c%xb L}%l? O?‘F'%Sé'fl%?]f for 1 hto

al léw Midrosepist tmmcuﬁon$®Meem tthoe | sty Tomd presion (hecme was 25

col | ectgd 4.1 fapatsd 1 Je ad ):9 ;Jggi.' I%@% in 200
m of O. 5%06“0 acid ac;ign((iégl yse tvxn%g aE’;tngal nsjfaztg 0 cg%g .o Macetic
acid f(ﬁh%ﬂ-nd?mw%é-ﬁair%{ sterile, cold distilled water, the final

di al ysis solution containing a few drops of chloroformoa the surface. 30

~“This results in.a sterjl tock S f RTTC of . proxi nately 3
ng/ M, the conm ‘Tﬁ%Pu]a %‘ ?ﬁd"’“ﬂ'}’d‘tae‘r’ rF‘gsEha%F (Bto Rad) with
a Tgpe E:.gmi-é e rbwst awnicka dexR apateas | moﬁhemwé&éem ofedet eserer €

\?\g: reI goat ed ?rf er n'%z}‘“éw t l#%’l#é}‘gl %&i\‘fz@%ﬁ t&%@%ggg% g&/g#?‘gRTTC

sol uti o plocd Fegze rplmeﬁdcsmheby s:héﬁbemde-:»nesqamumrmmr 1 h at

37C 10 bl ol iR id:ahr£csh UL LF £ 2Er 24, Neo Adeh AbRSEDEsyk LD 17 F~~
?C~7i WD 02/ 15914 PCT/ AU01/ 01031 23 PBS to renove residual salt crystals,

0.25 x 106 of fluorescently |abelled fibroblasts in 150 ~a,1 of conplete
DVER Wer e addedriighisnch diidvs dilsrhtiineAf 4 Spect | o avg Avidep- adher ence of

the ce rSh conpl et e, DMBM 5, and |ncubat ed at 37C
under 5‘%5;%&32{}?{5@ it e?4mﬁeéal;ﬁg %g%%:?:gns?r?:é%eflg%u ST was

det er mMmiresCQRN) rﬁhmgs tkabelihedr £ibroblasts seVembmdénsyrsbubededctoﬁ ds : of
each halfe chiausdr Uﬂf‘ﬂaée“:@a&bﬁ fféaﬂ:%on'ﬁsféb' P8eaf erhaphers) 10 Two

groups of 6 inbred nale Sprague- wey rats, . weighing betvveen 230 - 280
g, .were used. Two chanbers were inserted into the inguinal region of each
raes the charrbwzgm:érm SHORE $irlSconsttidted Srédstnush &phepsred as

describ that,is the left s contai hi,ng ao shunt. | ats
e ethoy Aol el Sl U8 o ofLe B 02 000U 0 0 00,20 RINALL A Bal
chanber@&\mmm Fiziswys Llaprcreptedtati anremote site (the groin
region) in the same rabbit (see Example 10).

30 DETAILED DESCRIPTION OF THE INVENTION

The invention will now be described in detail by way of
- reference only to the following non-limiting examples and '
drawings.
35 | Experimental Procedures

Preparation of Tissue Chamber
A custom-made polycarbonate chamber was prepared. It
has a top and a bottom, and when the two halves are sealed
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with bRRBRIIAF deo (ablownamebpréngs pPEokhbe c@hmbbacb@as@(:ﬁﬁwoﬁsl a bot hin

vitro tﬂ#buées'l‘md:.ﬁﬂ@rhﬁlVWQuﬁQaEEeﬁﬁpi- gnd5dbSk g yti
| abel | ed ceI I at_ t he t)é\onvave ths exam ned 0 am for 57 nm f or

\CFDA) VA% ‘Fﬂ% SERBUBROF FRiS Fd'éh?’PlP?’écF% bR vieriadel led with only
one flwaintaininglyche Hemoe extébnameeuiﬁ:sey\hbfh;éﬂhéoﬁhibﬂei-eﬁﬁfﬂé 10 cells

r gfser I o] Cl 0S C di ngs The AV
gg; V\S‘/ggfcg'?%%? +€ngv%§3a %Mh%ﬂ gr L,Q sg%l?%a t%}é\/&ﬁﬁﬁrfg'?‘gﬂ Fﬁ%‘g shunt
cover e'EP%%p?E%‘mel@ﬂmmhevsudéa:cmoist;he t]harrbhapeByf 7adegeméme 15

area Cﬁilﬂliadoﬁé! f&%&é&sgagésangsng%%s% %,_ll;élng fr8 v%gginggreased

to apps tel 9 day nean_wej e shun 017 ¢
and th’enﬁ%‘é v?# Lﬁ&’iﬁ%‘:‘ﬁdﬂZletB?Eeﬁi ch =hrge %ﬁeshe%m $0i Bhguhed ri sen
to 0.23 which1Biigs anshdiby ﬁﬁﬁﬁoVﬁthEub@u@aﬁéo@Q s_QaQé5a.H| th@%fbiﬂ of the
|30 0 b e 4 e 55 ALY 5 o L o™
e designed to mimic the shape or contours of a particular
hody part, for example a human finger joint or thumb, human
ear, human nose, human breast, etc.
The size of the chamber can be scaled up or down to
25 suit the size of the host. Hence the internal volume for a
chamber to be used in a mouse may be approximately 0.1-0.2 ml,
in a rabbit 10-12 ml, but in a human can be up to approximately
*100~-200 ml.
The .chamber may optionally be sealed. In the standard
30 version the opening allows limited contact with the surrounding
tissue and total uninterrupted contact with the blood supply.
--In a sealed variant, the opening is engineered to allow just
enough space for the ingoing artery and outflowing vein without
crushing the blood vessels. The vessel ports are sealed, for
35 example with fibrin glue, to avoid contact of the developing
graft with surrounding tigsue.
The surface of the polvcarbonate chamber can be left in
its native hydrophobic state, or can be rendered relatively
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theoshdde B eH HE ik |y greater than the density is enpty chanbers
(p= 0.013). 20 _Evaas blue staining showed that in all chanbers exanined

virtual ly all [TRSe/qhegkgm dasigm shoald jdeeldy dith damfiontehiyigmsio cel | s
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fromthe vascul'l‘hle dohteniatli a:onﬁemusoa:gﬂltﬂm c&ﬁnﬁdﬂﬁ)&ﬁ:& RRIEE deilemt 1y
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were visih e\%l s??{ af ron% he oq;t as ege eﬂ%tsho Sboth 2
and 7 dmipd m%)e%rﬂe @f%v\mrqvmielﬂa&;drﬁ)r cﬁaiadfttsim.t he surface

of 1t he segrpidsnes Wi Qv e A S i d¥ticalcAald orheel 1 Wi ot seen
wthin its suhstance. I?‘PE émer aspect of_an AV shunt-contai ning chanber 35
r enove S ﬁ#”gﬁ &ethed, q %ﬁiﬂ? ideliviane FheofRtic pump

Di f f er ewty de @lagied tathamdmedus IyPutiidb Uk Wh=albgFTh « pldstic

~t 365 Wllje%%%igp C.EgcﬁxUQ:]l{é) % %)q.aced inside the chamber, eg. at

the centre of the AV loop.
Creation of an Arteriovenous (AV) Shunt Loop inside the
Tissue Chamber
The basic model has been described by Tanaka et al
7 25 (1996). Briefly, male Sprague-Dawley rats (225-285 g) were
anaesthetised with intraperitoneal phenobarbitone (50 mg/kg;
2.5 ml of a 6 mg/ml solution). Under sterile conditions an
inferior-based flap was created in the right groin to expose
the femoral vessels from the inguinal ligament to the
30 superficial epigastric branch. A longitudinal incision was made
in the left groin to harvest the left femoral wvein from
inguinal ligament to the superficial epigastric branch. This
vein graft (approximately 1.5 - 3 cm long; usually 2 cm) was
interposed between the recipient fight femoral vein and axtery
35 at the level of the superficial epigastric artery by |
microsurgical techniques using 10-0 sutures. The shunt was
rlaced into the chamber, the 1id closed and the construct
sutured to the groin musculature with the aid of small holes on
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poé)ul ation caf®sBERETSEQ Pprévse the flamsemwith FudiaHmiberthdel supports

t he peadbment wasf opeti@dd via a midline incision. The intestines were
gently retracted to the periphery and the peri&ortic fat
stripped away. The proximal aorta and inferior vena cava were
ligated. The aorta was cannulated with a 22-gauge angiocatheter

35 which was secured with a distal suture around the angiocatheter
and aorta. A venotomy was carried out in the inferior vena
cava. The aorta was perfused with 10 ml of heparinised saline
to f£lush out the retained blood, the animal was sacrificed with
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I nvol ved as additional fractional ammoni um sul phate step. The protein
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of thegl 0ppyi{4i Pl he pilot_study the AV | oop was nade and i nmersed
in the T\/atf?ge:f f‘g?é%ﬁ %gﬁﬁt%gs%ée'?%?él?ﬁbl antation, to determ ne whet her

thére inns nay'heiaveragesmass obittheedVisbunBOveshelshprher tive to
| izpief pedéPEich WS DBbLDXg (Sksidfuli u t ¥9bes YhReNCrLiiSSHe
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group i Sach. .and t AV 1 90p _al on éSe Exanpl e _1). A further
corrpa??%%%&l‘ nns d:g%zgcéﬂgﬁ QNéelgs" b%t%eﬁ ?ﬁt?i 8ngcﬁﬁgplvﬁt'gpgel 004 ®he AV
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25 its weight. The increase in weight but not volume between 2 and

12 week_s was statistically significant (P<0.05, ANOVA/Dunnett’s
test).

stkg il e. coadi triSe SréupPt Of P& a-Lek &@éhag(}ggg h8e %cﬁaéﬁe%%’@pchahber

Two weeks after implantation the AV loop was surrounded
by a mass of coagulated exudate containing varying amounts of
30 clotted blood. At 4 weeks the mass of tissue around the loop
was larger and firmer, especially in its central part. By 12
weeks the newly formed tissue surrounding the loop had
increased still further in volume and now Filled approximately
two-thirds of the chamber. The surface coagulum was no longer
35 visible, and the whole mass had a uniformly firm consistency.
After 2 weeks of incubation the AV shunt was surrounded
by a cuff of newly-formed connective tissue conposed of
fibroblasts, thin collagen fibres and vascular sprouts,
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30 Ideally, newly formed tissue must be stable and capable
of retaining its shape. The tissue formed around an AV loop has
both these characteristics. At 2 weeks the mass within the
chamber is soft and readily deformed. By 4 weeks it is firmer
and more rigid, and at 12 weeks it has the physical

35 characteristics of mature comnective tissue. Surprisingly,
growth is continuous for at least 12 weeks after implantation,

with no indication of resorption or regression of the newly
formed tissue with increasing maturity.




and | arger vessels nearer the loop. It was less cellular with less v
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all time coursgsanpdieol - iChpmberenwithometr desnadofdbyabdas®® connection

between the |l o f | %4 le 5 - Effect of
Poly-L-lactic ggfl%grﬁqﬁ:tﬁ (%la?gl %ﬁeﬁ?b%gfﬁé%g% prepared_by the
sal t -1 eached nBRFo&FELR maEAbagyestefoin: Re 6t FEsHY éhampellimsecbnomr uct ed
7 35 misi thedgheit acd ®f QAL Rinkadete dgas-tandeybedtby iRat (Mekash al
(1999). l.a essence PL I s di,ssolved is chloroformand m xed.wth H%CI .
Af ter M&Fg‘ﬁtgnjm"“%e G Fer &R s YRCERF8e aPuSEF L L3 ) nc APfed to
a the/deih?eddsh&ﬂéldEm%fiﬁﬁg\Hﬁiﬂdﬂﬁﬂres@ltinngr%mCat m@§@2/25914 ]
PCT/ A 31 e rom.i .t |eayi.ng interconnected pores. The pore
si ze i gg%%gl%'é’&% cc)%agquf SISHECST MR 1%%%’ particle used. la this
experi ment por Fheoferdlemads vas rdmxegoodsi.t y Sebmea¥swotfcdatuds PraePl GA

nago MRERENSE el 2P HRA e SnfS ol aldd 10N §i%%etéﬁ Srer e PLAGREPARRLE aChanber .

| ower part conprised a base plate confalining a groove for _the |oop and
t he upfeergde Peddd idiah 214 attgched o dher bage WipRFdthRIesPFate. The
PLGA dimgaaiewer @hlist glid SwdH MBL by he addidilinClof PhaniPlo®Arars sterilised

and presmatted by soa is 100% al cohql for 30 10 minutes mechani cal
\stirrePlPf 'sﬁ’ﬁ'jyeé’cﬁ’f qtg‘ffﬂ’f'nstpd’at‘i)’ﬁeeé’ H rﬁ?ttés'rré’%g)]sgi ﬁsf’%pizlg"’e sal i ne
was hes cadleiom ahd ayeicieaniTed ogltver mas alllowwd da Gesndexr |JWoplmaatpragyar ed
as,deseyi b J 0f 0 I L o g el 40 the
ch]é%be(ré.r' 1%@5‘%%%&0? grge%m:bugt{'plctaégﬁgﬁq 35}%(98 ﬁ{e:l%(?q"hdg ch_é'-%'}er_ ci:%q:g'sael%j.
Each gerfufasilie’s Medimmi (FNEW 0% Setadu serumyt Pengicid ldae madt

vei ghi Re ek War idY Qi) G REAITRITS wa @aRThQ) THE (RIRRIee Hiddh At 18id her 2
or 4 vveiks. Wei ght, vol une and hi st ol (%V\ére assessed at both ti

peri od$: HARIR LD PRALFTREDIEN @K JRe e MEFTHE vas
carri ecramuichiamgedel .o C ITHe0d Ivaio Hasiideddablen duttivowth o fitadbiastaes .

o Backr, B AU S A Sl dnd I Wl S NS Ny M 0

At 8 weeks the flap tissue appeared nore mature, wth 20 denser ol +agethq:
8 Vedade,

I n"each~group. we € vesse

t he coﬁé&nﬁbﬂ-,asmﬁ hwexsresubrulinad thice at tweeklyp imerwlsuleadiad begun
to for mﬂéﬁ i'rhgh'lﬁ?é dSELPU 35 A* 4niPakS he cRishidCELYBRsCNtiTElY
encapsul at ed, .and had shrunk and retracted, withdrawing fromthe sides of
the chFRFPECEHYEIX i 11 injection denonstrated the extent of vessel 30
penetration. Thhe? SitfoBlastawie Ml edB witl) vl ddesssnge 0. 38

0. m,...Ihe 4.neek flap. ywei was, 0. 3 04 g and the me 0.29 m
008 nitR B SRR o, B et R Bt L on i
flap si@FIddtwshree antl of ' 0 35 ieckssin i phosphaesbubiexedisalinal |y
si gni fiGHy) . £PP2r L &3 id F r TR MRS flsrPossi bl e due
to the pr es)e_nc_e o%lefPL%A r et%u _nedwév‘v% &%@h%ﬁ%%l WhIIChQ skewed the results.
1 ? -Reonfaindng confluent Fibypblagpy fwy/ AW ABFA7H The

trypsin was neutralized by the addition of 17 ml of complete

-

30 DMEM media. The cell suspension was centrifuged at 2000 x g
for 10 min. The cell pellet was resuspended in 3 ml of media
and the suspension transferred in three 1 ml aligquots to
Eppendorf tubes. To each Eppendorf tube 13.5 pl of a 10% CFDA
solution and 20 ul of BB were added. The tubes were incubated

35 for 1 h at 37°C and shaken gently every 15 minutes. The cells

' then were transferred into a 175 cm® flask and recultured.
CFDA persists in the cytoplasm of cultured cells and survives
the division of cells into daughter cells. CFDA fluoresces




At both 2 and 4 weeks there was extensive vessel outgrow h, Wth?bﬁgﬁ%iﬁﬂ%
vessel s found up to the edge of the PLGA. Arterioles had forned, ‘ahd *¥ <V
heal t hy breachi ng aagi ogenesi s was seen conming fromthe | oop. The cellul ar
infiltraPP W98 | ying oa the matrix and oa,the surface @fCTABOIaM6aICt Ure. A
capsul e had fornmed on the proximal p#t of the flap only at 2 weeks.

a- Actipn_st.ain.showe hat this capsul e contained nyofibroblasts. At 9~
weeks f“ﬁ"éuclz%?g'slm ?R/\gsﬁt e Gﬁ‘b’%ﬁq%ﬁ nERimaldde ak A3 asts and had

ext end&abed lai eeldss vere pioveeited |Hfom (H)gHY, GArp epaeFbdty b fi ber-spun
met hod [ o) I cribed in Exanple 1 was used in this
ma-igﬁa‘ﬁh%z ﬁ%%mgl iy %%ceg%se

experi nment. Op Was aced within a round pol ycarbona.te chanber
(0.5 m vol umeFelid] ICoynkiingr a PLGA disc 15 (75% pol y-L-1actic acid/ 250

polygl ycolic af?irg.bxa%o][ RfeScabieidn Hie feﬁ.@é %%aft%%l dpas Gl hﬁ:l%be

manuf a t_greg by the salt | eachi ng nmetho escri bed above of d er spun
t echni %ﬂ‘ x tyrrdsiesnplasks wWere hrvmsinized end) theeleryosiobat i on and
i medi aseldldzess har Hgsbfhgﬂabbﬁd‘é@ Jdendis? weltle %%ﬂt@%’%%‘ié?goéo .v. for 5 -
mn. Tissue fromthe c %nn‘ﬁero yas harvested, fixed is buffered 10% formalin,
par af f PR SHDTISE % ey 0I5 EEYARL & hne A¥e dmnitndd WA mRtieenat™®g | i a &
eosi n gHlatEpnf wese centaifogedlands ajte eatiled ng Gd1Rpdiast dense than the

hat @, RRHRaC QRS St \ . fiher-sp PLGA. Thi.g was evidenced by
t hie@suﬁggg)qent dcg'tgt ia%g%@?%o g%"%?’%s é’?‘ﬁﬂ%ﬁ&’&?&nﬁﬁ%%%gﬁ%mm
eval uaFPoN1ieide as gelll caventpatdonias [ir mntitllld canegileen}.0 crunbling. The

fiber-spun PLGhaWaga83S¥ehBonCebl1qR25, (roied @ solid consistency and did
not crunble. 30, Hi stological exam nation showed a consistent pattern for

\al'l speci mens FRet FEPACRSsHEeR Fdxgratpsails wezesharvestiedd aRdGAigesp,
consi dénsbl @x2reasmimdeubsio (iel8l GHUPHTatess QB UrA dhdifit-dd Seiue Was
f d ghr ggg%opt w tah gumeroua | ndi a&‘ié*;l& fil %g&r;i crovessel s evident. The
fiBer-Spun AN APPREFEd PRI RS, \ Adasture hamegenizethew

ti ssueapdr detfitostdawrdngpatt pfedbornadt hy The homgendteewaisonal pl ace.

I niti abbhers! d N I ROshNE, s tisSu referentially syrrounded
the PLGA_di s?gbgg'd f%bgpat e ?o%vgr %%G@EF ~E§§c%“%ﬁ%%/tf§’§:1}a§§’estte£

PCT/ AUBRAE1 6¥ErRRELORgProrednze: Hash @epeited vleeatdh Hmxnttier x at a nuch
s| over addieionecest Beoeagcoe! cdiLac o0vss o aRehad Lwildiend ik HudiLf new
tlgueﬁg;:ggcground?ﬁ_hﬁ.dl sc but_not conpletely engorging It after 4 weeks.
5 Furt Rer - rodrf fc5PH8RECROFhR 1 Beg: S%ﬁ‘ ,d§3ew 3 WHete RAgRERAR pore
si ze ambigwdmngaskng’Cheuniehlithe (fhdalheontenerabiohandngaik Ry make this
t echni | t or gat -l.ea PLGA pre tiqgn. 10
Examl PE-oxthEEpeyo; 1 HIGAHE BT, 2" S aice 3RS, Pt okl Fill el oo
graft €¥Eraftd+ The ealukirenwasgy leftufed ds ha twpadilowo fmddni ne t he

behavi pyecapitatiohabiESelet hatide LH1A4Rnl NI 8020133 d 3y Poreal
Ci §u| at%?g Eg&h ne to makntal n the _devel oping tissue’is vitro during its
15i genBPat FoNSATRE ERBRBEF EBhtem (3900 somym 2Mhadoats 46 i ed i s Exanpl e

‘1. Ther&dissobireddiar 200i bbb OLENH weetil eedd ahd @1y Ueddwics taken
211 congetBptnd & Be Bod B Tobrad Sedd ¥or B8 Bealn S 11 Lter.
The oxygerBsEdsberbleederddpdiptdlilledowgltehe thies fimalsidinlyasieent i onal
i nt ensgahéeﬁbﬁ EBhEaﬁ.ﬂiﬁgygeﬁéﬁt in‘B;p%d?:?t %ﬁxl%gofbg:h]s U RS Gy L .
(G FASE EPOBUtE.IB BsSSPELiEnstam FoluRice: of RETGeds the degree of
coagul approxindtélle 3 mg/ml, the concentration checked by a Bradford

protein assay (Bio Rad) with a Type I collagen standard.
Preparation of chambers
All procedurss were carried out in a cell culture hood
35 wusing sterile technique. Chambers were coated intexnally with
RTTC by addition of 200 pul of 2.5 mg/ml RTTC solution, pH 7.4,
to each half chamber. Chambers were incubated for 1 h at 37°C
to allow gel formation and dried for 24 h. After rinsing with




s

{i nvol vi HE

25 mai ntenance of haenpstasis. la a simlar manner to the in viyaq studies,
genetic nodification of the tissue generating cells can be appli ed Fe® £hios
nodel . Fi nall%% .the tissue/orgaa generated is mcrosurgically replaced into
the appr 8 2584%site in the host. A nmajor advantage of t RCI/AHMMEELi s t he
ability to 30 produce tailor-made, of¥-the-shelf parts and organs. The next
step in. ting our nmodel. i.s to.add stem.cells. to thessystem and sae

whet he% Slez:sc’uet%lmg‘r& eeFétdg(?‘idga&%\/&ryf%@]ngoIua?%oﬁ’, q‘@xpé%si on and seedi ng
of st erilgwitesdemtdyt Habsiidede fibsrablasgs dmed50opnlr efeaoniplietel DMEM and is
SUil ] hibadd dddbd RARkn B/ i o2 310948, A03 1 3S unor t hodox

met hod of adding stem cells and environnental cues, Wth unexpected
resul t #dhesrence, oL Fhes ceddsed chipphbisaivaWere igmersed day sempdste DMEM e

" exph aaland|iaeembatedy iaeo 379ct igaebagheto, ix aid For 24 M 7 STD &2 4

PCT/ AUO 1031 .34 a hayve denonstrated conversion of rnuscle into fa see
Exanpl é’%??a%ﬁﬁ&eﬁ/ﬁ? ﬁ&i@ Wash geatepdaeds b\é/fxﬁ’é’:“i”ﬁéﬁ‘gs tiaﬁ:wua’ivee"-heée i g

" that theddssrim 7 tanfiomigx gediick o\ A0 WE @hache 215 chanders etmepl | S,

whi ch perge ve.an. .njury to their parent organs and respond by initiating
tissue%r %?msj%%glﬁjaev‘e al so tested a cunber of tissues, including fat,
i ver cad ki dnd@psesddoni bif shembleyrs nvesti gate neural, uterus, ovarian,
t hygoi d and gl u S S\¢e t el r I sing, 10
be%guse al | of %ebté??%heg%t gstlgg’ﬂt‘??f/g‘g&% \%\rﬁgﬁ% %ﬁkn%wr?%c@ﬁani sns, the
gener aiedigtdma, bedmessh 3% yp28fog naens mped-cs@mwo ichamhensh Jers .
Mechaniisisetaleddy ilntey thay dngaiwen! eddile o |dilcll AR89 QARNI dhan@sRORe | - N
the ch er .fromaq anal ogoys to infla tion and scar fornmatign,

=38, 503 9 AV, SRR (@reRagad as s R
fi br obladstve)' and chatadal oheudefr tsideuecmadidng ad gHAHE! iT,6 et known

asq§carhfsddy g@@i LaN f etuys, .C f,i_si.ng .t he ner at i_an .of
va]s%ul éJrl se(?%slsgqslé%eervm c’[Vae‘i"r ezc?%ﬁjissaabﬁéaﬁ %‘%%ela&tr#ﬁ'sqn(fn eorrgeétﬁl?é'ﬁ%n and
phenot Pp&hagheyisr wena mpmovied TeWas @ftar implantations ee of fibroblastic

i1i-growth cadsabmidbtd 0¥ Lrebitas REVEY SamovaISSESSMENL Of hypoxia
within the tissye gi_;o h chanber 25 For the study of hypoxia of the cells
rs,

within the cha eThWRS FETYeRer &he &Y SHunt eFpminetkediored nal e
rats apatesiyoasidy tihes @lidpe dempviadn Tenl | 1St darndss iEvath Gh By Fxfed. 5 Nl

B el SR o B Bimnter, S ntuliiind Fan X 47 20 e /

0.5 nl Tha bage pfdieach haldd of dhe [nhaskisr avasu riftege esragei nedha nbsings wer e

then pgsiily RedalrS Hof q¥tdrhitle Wik Hiinber g@%ﬁr%ﬁ%ﬁéy &l g 3

days, 7.days, and 2 cad 4 weeks incubation. At_the time of exploration the

ani mal SIRETeseent, sells, do o mandemly Falanted paransoriad¥eldsy/ nl) and
as a)ssanﬁmmb@ﬁ:f @Ifomaﬁ:em_ mwf leh ﬂ;ﬂhjﬁ(ﬁdﬂabwffgiﬂ%d@idﬂ-ﬂ@&@&%ﬁé (rjrg/ _kgh
i . De rs re.the ti 0 amher_harvest ts were sacrificed wt
o Ta; hgqg]g:oseea&? sg‘eatoﬂ’aalﬁoi%ﬁe dectf@ﬁnfi' ~Qu5 WO 02/ 15914 PCT/ AUO1/ 01031
35 sodi um (3 nitwof days? s fipgimiinseintticon thef tsdruritaranst tsmgredmlicitanber s.
Speci Mg el Ridhelrlady ?&Jﬁ&ﬁi L : | 98 .

I mmunost ai_ni ag with ai% roi.mlglg'\}%hg’ ;Hndtal %%%%‘e&ﬁée)s%ﬁc??%gc% anecxé's, t he
only c®¥ J @"veh thdise hagdl dnorsased to approximately 30%. On this

basis the overall density of cells in the chamber containing an
30 AV shunt was calculated by summation of the density of cells on
the surface of the chamber and 20% (2 days) or 30% (7 days) of
the labelled cells on the surface of the AV shunt.
Paired t-tests were used to compare number of cells per
grid in the control and experimental chambers and the
35 preoperative number of cells per grid using Microsoft Excel™
and Graph Pad Prism™ goftware (San Diego, CA, USA).
After counting, the shunt and surrounding tissue was
fixed in 10% formol saline, embedded in methacrylate arnd thin




of the degree of oxygenation of tissue at days 3 and 7 showed 17 FEB 2005
proliferati hypoxic cells is the inmediate vicinity of the vascular | oop
at both W‘Nég nts. After 2 weeks the only |abelled cel PC€Tud0a/0H31t he

peri phery of 10 the grow ng mass of few ti ssue By 4 weeks, no cells ware

| abel | ed, The r sul ts s stud |nd| cate that a
state of hypo>ﬁ1§;‘:re%;§l q{ilé\gllg‘etﬁ "'gh q"r? t|°§é-{’ HiFs@2 the bl ood
vessel qoea& Umﬁbsﬁqlﬂmlb}-‘lsalg@sa.s that hypoxi a | .s a 15 driving force of

angi ogeaesi s i @%ﬂwg%e e, clyl h rst week.
Those call s renote fromthe AV [ oop were gpﬁgu ?beﬁvwdtg ﬁﬁy)v@f’g not
prol i f SRFART L LHazafFetde diraetatis pSFRA) prol i feratl ng ceI s were | ocated

i s 3he advanci ng béga aiu e rer Wullthied Rt Ry tihe the -
chanber S, weII %xégen d t hr qughaqut ar?d new tlt'.Lssa'gg’?,o %%shaggsl owed

consi d&ra oo af daheldied aed ]15e§§a|téil¢e|t“l% i nvetigate how
hypoxi m&tiemuﬂ:hsemmhedgr(@mhzﬁf ﬂ&wﬂs-sm Wil o ch®agherier )

e2 .
8xanpl add rs, 1.in the rat Ay |oop
nodel §a§le' gﬁt !c%?\ﬁ% w%!- asetns &6‘ 31 g‘l@?ﬁ'ﬁ%?’&l%%ﬂ%l ous
parts &flucxesseny (ueg. gemeoaaemhes ,rersmmswmw fdlloft "EluoFescdats

etr) wees13C harwest ¢d Eg@_ﬁjsng_g% 13led %% g’%s s8f Ler were weaned.
Myobl asts wer eygener ated fromt arves t| sSue geaase

di gestion and FF&FFHQ—"-anFI&ﬁ’é-nm cul ture medi um cont ai ni ng 20% f et al

cal f serumw tinha Ay Tbopl whEChatMhebhas kse yggr Ehhﬂsg?:l fied by desnia
[ nmuaost ai ai. ag r obl agi:ef wer e 35 .renpved seri al subcul turiag, taking
h

ladvant age of t R&° Ystﬁ apsgakdrr the pYsehunyi ervered f an hour
wher eagpnyebh-matslxdhekeoif the shatadeTof thel Q:hﬁﬂb@!thb@St'?S a&}s%nel%

1 t l. al o 2~~ WO
8‘51/'“*1??;fﬁ@%&%%%?o%“ﬁ*%ei}"a%%r 5% RECLPP0 CAoAPF BFiESpoGErRyaf hea
(appr oxPfiReasfdotesapProRimptpl®A3®&ki ng up t he bal ance of the vol une.

These matricesThgrg a&@CﬁgaﬁrQamghﬁsoéVthBOEhﬁhEthsaosiindaBd Q75 m
chanber gggreV|ousI¥ descri bed hese constructs were 1 ncu P
0]

subcut 288 yEP3P ETPiHER Yas,0.42 # 05014cmincRy. 7Aﬁaﬂﬁetﬂﬁnﬂeeh

expl orweight had risenweoeopbkacedound® goendr dheanaas! Relive 2bdolBg tissue

f orgredawyt 5?_3 %’Ee chanber (al so known as the ~flap~) was renoved.

Appr oxi mat e alf of the tissue was frozen in isopeataae and the ot her

hal f fixed i s Pera&F¥nofatileldabedliedneellpri or to nor phol ogl caI

hl st ol ogi cal andei araaaeeyswceg@ iabeihah“&aﬂzslin“’&&gh%a !
e ex

n=6) e, chanmpers fromsix rats wer eeKs. 15
There ﬁﬁggﬁ"{’éﬁlﬁecﬁﬁﬁhﬁfs ts ghere ia Tableofl-t hese; and of these, 3

contained identifiable desm n-positive nyoblasts and evi dence of nyotube
fggration. Th rqytwo cont ai ned no desnmi .a-positive tissue. Goup B - 6
~weeks (n=9) Zéﬁ—fﬁhe 9 rats is this group, 2 constructs contained nuscle
Land nmyot ubes, Bensip¥y ebnlabedliedoceldst (fieahl aunbeelgriaydia eapeydi ed

prenat yh&! Xv ShEHL &nﬂglﬂﬁﬁﬁscﬁgmi:&s, pre-operatively and 2 and 7
days after insertion.

5 which are hypoxic (<10 nm Hg) and which are proliferating. Aa assess mg nt
|l o

Up G oup

ha O

Time after Pre- Empty AV Shunt-containing
Insertion operative Chamber chamber
In chamber Total¥*
2 days 8.6 x1.74 4.0 %+ 0.92 4.8 £ 0.59 5.7 £ 0.62

7 days 10.2 £ 1.7 4.8 %+ 1.3 11.7 £ 1.4 15.5 + 1.1*




O the 11 rats is this group, no constructs contained 25 nmuscle, 5 flaps
cont ai ned ao nuscle but did contain some (as yet identified) tiskdéel£8 2005
chanbers j.aedwo flap (possibly because it slipped out of the chanber)
and 3 rat‘g83£€ggi‘€r ematurely. 2. PLGA/Matrigel group 30 GISRAW10183T\peks
(11=3) No results for this group. Gr&ﬁp B- 6 weks (a=6) O the 6 rats a.n
this group, 2 confddal!desitRi S8TELSCIE ﬁ%%fb@f, 4 1h8RF on

n ch the_nyo

cont ai ne muscle. la one 35 chanper | | asts were
f1 uor es® T | TR RIPR ERBA(Rr fRYSt 0Bty E2edr®S) eh takeldader,
there waelksi thenoerficayobl Biksust shlrouwidivg NEhaf Aer shuneeks i ncubation in
vivo. Goup C -& eks =7 'S ~ ~ B~ ~~J~ WO .02/ 15914 PCT/ AU01/ 01031
37 OF the 7 rats%lgg s éar%oci?)pe densiiy F&Fsdﬁérntengd%‘éé“#e&ssfﬁi ned
" nyol§l asstgnbficants tmrea®n@llni dentified tissue but no nuscle, and 1 rat
died prematurely. Goup D - Z6 weeks (n=5) 5 No results for this group. la

_ 8&E stained sections of flaps after 2 weeks incubation, nyoblasts were
evident in soneth e preenchbaty i akie|chankses cohe orgll ahdity

| MMUaostieéPbied On A88E1 Sari 5&5%@& da Rr P Cin1 S OHLSoR] | &g yﬁireé‘% ei

had ali%P:gd a%adf rmed into pyotubes whi ch st'ai ned p95|f|v_ . -

dyst rop E o HET UPeiRg, LeFethaR| el x pser énseptonddsasityot ubes

fca(i Om;t Twe days | =f e ebﬁ.ﬂsegEﬂzni egsge&»&@eﬁ? r@i@nbﬂiciﬁﬂﬂ Mffféi%ﬂéé Sie

or me 0 , 4 ca we moponuc) ear . | eukocyt e

nfiltrane %@é%e’eﬁ%%t‘?%ﬁbw T REE %Eﬁ% wnhroRRER RS é&ﬁ‘@ﬁ“-

ori gi nates frodthiusiayelthe deneity ob\tH® owkks, imuaipty dleamBdiap ti ssue
. was resg@{degb | td ] t e s EXPS | t iLh Mess
Cpure nyoht st | EAE SIGay e Ll B Ve fom (e (B BYPE 0ABR SE 0L ) VD0

adi posetRFEUPR ) GRRErasto bhoepodll densitey INCAY shert tontainimgri gel

Spll%ﬁ ?X‘W e S‘ind:i:bai)?@&li m;?awotsﬁpsrem Sité ﬁgaa;{rab?ﬁt%éyteaﬁh ?45‘6@& g

ista was_incorporated into ri magrix, adjacent to the loop an

sur roun%(%%i %?/m?n’ﬁté' soeéa% Wob?a%? ?ﬁf%,a?év\%?sd?gs?'mubﬁﬁ%ﬁ). There

appear edillewirg Eaxr drie t ouabeds ofdlabdlled néalpesihi vtRentsesgecel | s

(compar | Ey V, r . A) _but, the gsitive

[ mmnos%gf%%%gaj_f%f ,ESI?L%O,QE‘?I%E h‘&/%%% %}'é 1%‘? eif’:,}yi ﬂren%g?roﬁﬁ?%\l\géhng y

gener at RPFIEE Jn ey ghembersmipredi ®L8) work that this nodel provides a

goed angi ogeni eviln 18! Biue CAEa IRI HG VEnsAY SHIYE §Rak1i s can sustain

the suryvival {)@.arsi on. cad gi if erfnt Lat|.on Of rrzobl asts.  The vascul ari sed

chanber =R BFL 5 ’ﬁkﬂ'b%il}yt?ﬂ‘ applied ctibpeblasracvwate opiahbe, evtFRonment

i n whi chesshechamsign G5 cellscaakihgf ap cthé abeahssabhaend@yeand expect ed

fashi on. Hi st ol.nql I.den strates that the seeded nyobl asts both
survive and di ertgﬁ?i%%g‘?o ?%g%%otubes, which is turn coalesce to form

mat ure skel et apffesc|2 days hincwodtion dhe vessels 6f- th&€A¥-shunt
25 were surrounded by blood clot and coagulated inflammatory

exudate. Small numbers of fibroblasts were visible migrating
from the vascular adventitia into coagulum.

By 7 days, many more fibroblasts were present within
the coagulum, and early vascular sprouts were visible arising

30 from the outer aspect of the AV shunt.

At both 2 and 7 days fluorescent stud:ies showed
labelled fibroblasts on the surface of the coagulum surrounding
the AV ghunt, but labelled cells were not seen within its
substance. The inner aspect of an AV shunt-containing chamber

35 ' removed 7 days after insertion is shown in Figure 5.

Example 3 - Differentiation of stem cells in implanted
tissue chambers '
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WO 02/ 15914 PCT/ AU01/ 01031 38 period as short as 2 weeks. (b) St C?EE 2005
addition Using the sane AY | oop nodel, we have investigated the fa
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The chambers seeded with portiomns of pancreatic tissue
had a large population of well-demarcated large ovoid
eosinophilic'cells, many giant cells and other smaller ceils.
Without wishing to be limited by any proposed
30 mechanism, we believe that a “stem cell” population, either
attracted into the chamber from a circulating stem cell source
by the necrotic tissue explants, or contained within the tissue
explants, has given rise to the new tissue. In either case a
very small amount of explant tissue was used, in comparison to
35 the large amount required to isolate stem cells, and our
results indicate that this is a novel and efficient method to
obtain stem cells. The stem cells may have differed with
respect to their degree of commitment to a particular tissue
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; a) a stem cell population can successfully seed the

chamber;
b) the chamber model supports the plasticity of stem
calls;

_ 25 c) a satisfactory, appropriate and adequate
neovascularisation develops with, integrates and supports the
tissue construct;

d) the constructs are not overcome by fibroblastic in-
growth; and
30 e) the constructs are not overcome by inflammatory
cells.
These results demonstrate that application of the
chamber model to tissue engineering is feasible, and represent
a significant advance in the art of “tissue engineering”.
35 '

Example 4 - Effect of Matrigel

A pilot study was devised to determine if there was any
initial loss of Matrigel during 20 minutes of contact with the
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The an®wdledetiSSHE @&Rgﬂgggnéqwigﬁ EBLeYS ngormal growth factor-
replete Matrigel.
. Under sterile conditions, 0.5 ml of Matrigel was added
to each sterile chamber at room temperature where it gelled
rapidly (within 15 seconds). The chamber with matrigel was then
25 placed in position in the rat’s right groin. The Matrigel is
- gelatinous at room temperature, enabling immersion of the loop
within it. In the pilot study the AV loop was made and immersed
in the Matrigel for 20 minutes before implantation, to
determine whether there was any initial loss of Matrigel Ffrom
30 . the chamber due to liguefaction of the matrix.
For the time course studies the new t;ssue flaps were
harvested at 2, 4 and 8 week periods. The flaps were harvested
at the above time reriods, and assessed for weight, volume and
histology. Statistical analysis was carried out comparing the
35 2, 4 and 8 week groups with each other and the AV loop alone
(See Example 1). A further comparison was done at 4 weeks

between Matrigel, GFR Matrigel and the AV loop alome at 4
weeks.
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35 At 2 and 4 weeks a significant flap of tissue had
formed when compared to chambers containing the loop alone at
day 0. There was residual Matrigel in the chamber, and strands
of microvessels were visible running from the flap edge into
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Example 5 — Effect of Poly-L-lactic Polyglycolic Acid

{PLGA)
(a) PLGA prepared by the salt-leached method.
A PLGA imsert for the tissue chamber was constructed
35 wusing a particulate leaching method as described by Patrick et
al (1999). In essence PLGA is dissolved in chloroform and mixed
with NaCl. After evaporation of the chloroform the resulting
scaffold is machined to the desired shape. The salt was then




V\D 02/ 15914 PCT/ AU01/ 01031 45 respectively was harvested fromthe L
fenoral vein, and used to create an AV shoat between the proxi mal? enﬁ
t he di VI g fenmoral artery and vein. The AV shoat vvas_%gl aced w
done- shaped "Chanber, is this case rragi of pol yuret hane, VHGHAE{0AYS1
appr oxi mat e di mensions 3.0 cm di anet 2.0 cm high; with an opening for
t he VeSZEeithéarfraﬂd:LegIé&@lﬁ | gEBrEd aﬂFC]éJ ﬁyfg of
t he rabblt 1r:):g rq:t t ed e]Puse gf as AV ng%?‘éiégr%%-ﬁr aflp%s 08'{;;%/
because™t ha- sREFFORoRhebRP %8s IEh?ns"E‘:HE R¥FFRARIwepd i sBuEhHs t he

pedi cl cexperimneént HOreaatofald§-000uphi 26414 Q¥6FH e bF | 0P wdie i l-atter
exarrpl 0, AY bl opd fl ow was conpar e ‘but, t he .operating

, dIEl Qe%te‘fgﬂ:‘(r&% |J\9%é%£ﬁlﬁélwas WRSPAFES AR R &P %’o"ﬁf’r é(ﬁ 'i}??pt hi s

) chaﬁberp nRbei chawbes melfhe ptower apastscompt ised Fmﬁhwe wildtse

Subcut aaeQLLs 3 [ce adj pocytes
. aﬁd ;dl gen::'%f%gr‘e%uégg?‘;%eﬁgl%% %5[99 %ﬂaz ﬁql% cfografe"s(ﬁgdqu‘ o?/med
into a %"El 15659 BgveR| thei Leophandghase nlﬁig%wgél'hme?ﬂa@& dese cel | s

wer e dorededL by amdih gl andesh i BE02t BensapRi &b ﬁ% hoat Ioop or
pedi cl e: was, lac d?g\éthl n the Zﬂrchanber 1‘?% e %é
r

3- di merdST A LR RER-BrEted % Aerking gin F’LQ%M%‘?P%S‘E%@Q ned to
fiflot Blenxmmduerqn wmemlaapasﬂ;gﬁé;el thes ksxs%;;:?ﬂﬁg@rhmém aﬁélﬁﬂﬂéé
suita t t adi te-ric at. tissue slurr

Mat ri gel  was t en ‘LTQ wenlfﬂih Sht %f?'%{ﬁ VRRARE o AFARP th ek %‘Haﬁﬂf'e
enbeddetEizerrmEt h, the I ngui naI Skl s The wound cl osed with 4-0 nyl on

Sutures. Appr Ol Bluers SRS 1646 wadi bbbl I ile A0 IRl gener a

bnaest hesj a,_ t he_chanber wt S assocl at od vesse was removdd from
‘the gr IR EnEPhe hW%l?F%p@fhﬁb@b%%tMI%@hQ himber The

tisSue Fise tepehbob ali 6 Swd £ 'PVLEedNén | £6p Woia WeAS NndGoF dethsadle ti ssue
was al 5;'.%&? %ﬂ‘%@ndgd ab% a fine, cott ]L_Jture thread and wholly imrersed is
a beaker o 0 % GrR%aL %ﬂ@% © RRIATHR DA X3 WS g/l |
i s t he <585°h | mak eveddhdmg mmmnzzmeandfzmdgrm@uf-fm ashdribieis wetd Ne

8FS) , whaddedy H&l S
gl'rl c%rome J(a conh&ﬁgé#%aﬂps%;%%g é%‘%ﬁﬂtﬂ% Wi O Jtﬁzéﬁ'?gat ed

after 8"%%&5%9%%&% at both tmzmslmozmam:ﬁdmstmnm 46 was
102&1 dtdinnimares fidd @a&@iéﬁs VEbHNE-QEt i NSt danDer 1 &S tbRTEY dA-De:
%}Cﬂﬁ’r&i'o” of _.the fl rgl_was adj ud ed to be a mxture of a pose
and ot RO Eonneat IV E 1 | B8 (RACH X SR VERE \RrEmLdeths 9 ed under
the 5 rﬂ%l@ cinféret bommnd| the abthér and déle:.gé&n&@ SIEdvDngns d£nabl e
the coRgidiig+ip Of a medium sized breast oa this animal (see Figure 6). Ve

have achi eved theﬁgroduct lon of clinically useful anmounts of tissue is the
rat and rabbit AEHe weeks dhazessels dad cullmest sintixslae wbuwlapised

POEBat itlidl Ioormsiadl £ ik RS wh SEPOSHENCEIER SECkilEdp! apel i cati ons.

Fl aps such S the$ Wi the%r associ at ed. patent bl ood vesse have t he
{pot ent i“APS S8 g?ﬁqtg?r REPEINRLIY npa¥ Hhe RRrial. r@écﬂastructlve

pur poseeekb theanpmstiinet Avaeenvilte 19 enogssl Pat SE 4 Shies eagering in

t he~ ~NDYSHY e.t he funda ntal pr.oce of tissue
engi neer| né‘l%ﬂé*'ﬁécfle'm ra%%/@%"ymoév%’f‘ tah?u? f Eg?lesé%&%?@'i neering
nodel PE-omes figkk drigctinn f&#rhmtmgamisms extent of vessel

30 penetration.

— m-l
j'."_"""

The 2 week flap weight was 0.43 * 0.05g and the volume

0.38 &£ 0.04 ml. The 4 week f£lap weight was 0.33 g + 0.04 g and

the volume 0.29 ml £ 0.04 ml. A comparison between the 2 and 4
week aroups showed a reduction in flap size between 2 and 4

35 weeks. This result was not statistically significant. Further

comparison with other experiments was not possible due to the

presence of PLGA retained within the flap, which skewed the
results,
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30 Histological examination showed a consistent pattern

for all specimens in their respective groups. In the salt-~
leached PLGA group, considerable invasion into the PLGA by
microvasculature and new tissue was found throughout, with
numerous India Ink filled microvessels evident. The £iber~spun
35 PLGA 'differed in character. The neovascularization and new
tissue formation developed predominantly in a two dimensional
plane. Initially, instead of invading the PLGA, tissue
preferentially surrounded the PLGA discs and migrated towards
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by3§hi $202t@A Erom neonatal rats 5 days after they were weaned.
Myoblasts were generated from this harvested tissue by
collagenase digestion and culturing in Ham’s F10 culture medium
containing 20% fetal calf serum with 2 ng/ml of bFéF. Myoblasts
were identified by desmin immunostaining. Fibroblasts were
35 removed by serial subculturing, taking advantage of the fact
that they adhere to plastic within half an hour whereas
myoblasts adhere after that time. Enriched myoblasts (2~4 x 10°
cells) were inserted into either (1) Matrigel alone
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1. Matrigel only group
' Group A - 2 weeks (n=6)
The chambers from six rats were examined at 2 weeks.
15 There was a large amount of muscle in four of these; and of

Surger
A J.

t

these, 3 contained identifiable desmin-positive myoblasts and
evidence of myotube formation. The other two contained no
desmin-positive tissue.

Group B - 6 weeks (n=9)

20 Of the 9 rats in this group, 2 constructs contained
muscle and myotubes, 4 flaps contained no identifiable muscle,
and 3 rats died prematurely.

Group C- 12 weeks (n=11)
Of the 11 rats in this group, no constructs contained

25 muscle, 5 flaps contained no muscle but did contain some (as
yet identified) tissue, 2 chambers contained no £lap (possibly
because it slipped out of the chamber) and 3 rats died

prematurely.
2. PLGA/Matrigel group
30 Group A - 2 weeks (n=3)

No results for this group.

Group B - 6 weeks (n=6)

Of the 6 rats in this group, 2 constructs contained
muscle and myotubes, and 4 flaps contained no muscle. In one

35 chamber in which the myoblasts were fluorescently labelled with

CFDA prior to being seeded into the chamber, there was evidence
of myoblasts still surviving after 4 weeks’ incubation in vivo.

Group C - 12 weeks (n=7)
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151%. fofibhtiededsC Yellkogyte ¢hailitkatWh@hel Prklent, probably due to
the use of Matrigel, which originates from mouse cells.
However, by 12 weeks, much of the flap tissue was resorbed.
Interestingly, in some of the early experiments with “less
pure” myoblasts seeded, isolated pockets of osteoid (bone

20 tissue) and adipose tissue (fat) were also observed after 2 and
4 weeks in the Matrigel only experiments.

In preliminary experiments, a femoral nerve severed
distally was incorporated into Matrigel matxix, adjacent to the
loop and surrounded by the seeded myﬁblasts {n=6, 2 weeks

25 incubation). There appeared to be a trend towards reduced
desmin-positive muscle cells (compared with the nerve-free
controls, Group 1A) but there was positive immunostaining for
8100, a Schwann cell marker, in most of the newly generated
tissue.

30 We know from previous work that this model provides a
good angiogenic stimulus, and we have now shown that this model
can sustain the survival, expansion and differentiation of
myoblasts. The vascularised chamber can also support this cell
line and provide an optimal environment in which the chosen

35 cell can differentiate in a normal and expected fashion.
Histological evidence demonstrates that the seeded myoblasts
‘both suxvive and differentiate to form myotubes, which in turn
coalesce to form mature skeletal muscle in this model, over a
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luorescence is seen in these specimens, although it is not

clear whethex this iz genuine GFP fluorescence or

autofluoresence. In subsequent experiments the resultant tissue

from our GFP-labelled flaps has been cultured in the presence
25 of neomycin-rich media. Surviving GFP-labelled cells have been
detected under such conditions after 2 and 4 weeks in the
chamber, whereas non-GFP-labelled cells failed to survive under
these conditions. However, to date we have found no evidence of
specific tissue phenotype or clone Fformation in new tissue
30 arising from these seeded cells.

Example 9 - Pancreatic cells added to chambers in the
rat AV loop model to form a transplantable pancreatic organoid:

All‘experiments were performed using inbred Sprague~
35 Dawley rats. The experimental model used of an arteriovenous
(AV) fistula created with a vein graft in the right groiﬁ and
placed within a 0.5 ml internal volume polycarbonate chamber,
was consistent throughout all experimental groups.
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reci pi dbiuspnd Sherpdre) éﬁ§§ﬂon03|ng t he bIood veasela of the graft to a
.!OPa| artery sadyveplgektea rancreas”: Using adult donor rats, the
A isolated pancreas was digested with collagenase P (Boehringer
15 Mannheim, Germany) in vitro, but the preparation was not
subjected to any further purification step.

(d) “Filtexred pancreas”: Using adult donor rats, the
isolated pancreases were not. enzymically digested but simply
homogenised and the crude extract sieved through a range of

20 different sized filters. The fraction which passed through the
450 im filter but was retained by the 100 lm filter was used in
further experiments.

The extracellular matrix used as a support for seeding
the islet preparations were used in one of the following

25 configurations:
Q‘ (i)  The chamber was filled with Matrigel, and the
islets were dispersed throughout.

(ii) The chamber was filled with Matrigel and the
islets / pancreatic tissue was rlaced in centre of chamber / AV

30 loop.

(iii) 150 Pl of Matrigel containing the islets /
Pancreatic tissue was placed in centre of chamber in close
proximity to the AV loop.

(iv) 150 pl of rat plasma clot containing the islets /

35 pancreatic tissue was placed in centre of chamber in close
proximity to the AV loop.

The experimental groups were devised as follows:

Group 1. Ol1ld (400~500 g) inbred Sprague Dawley rats
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20 In vitro experiments
Islets were kept in culture in Matrigel, with DMEM
media changes twice weekly, in parallel with the above in vivo
experiments to test the longevity of islets in culture.
~ Insulin immunostaining was performed on several such cultures
25 at one and two months with positive staining resulte.

. Serum insulin level measurements
At the time of chamber harvest, blood samples (100 pi)
were taken from the loop artery and vein and systemic venous
circulation, for measurement of insulin levels by
30 radioimmunoassay for the rat isoform.
Chamber harvest and flap manipulation
Chambers were harvested at the above time points, and
tissues were preserved in Buffered Formal Saline and routine
histological preparation, followed by paraffin enmbedding.
35  Histological sections were subjected to routine (HzE) and
immunostaining (for insulin and glucagon) .

In vitro culture

Survival of islets was demonstrated to 4 and 8 weeks in
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exhibited serum insulin levels that were 30~50% lower than
those in the arterial (inflow) serum in most animals. TIn two
10 animals, levels were 40% and 100% higher in the venous system.
Analysis of the Chambers
Tissue in the chambers was divided ihnto four parts and
serial sections made. Large amounts of angiogenesis and
collagen deposition were confirmed, in keeping with the
15  original model. H&E staining demonstrated occasional islet
persistence in all groups, but not in all £flaps. Inflammatory
infiltrates were present in most flaps, consisting mainly of
lymphocytes. Ductal elements were observed in the Group 5
“filtered pancreas” chambers, although no confirmatory
20 immunohistochemistry was performed. Insulin and glucagon
immunchistochemistry demonstrated occasional positive staining,
particularly for glucagon.
These experiments demonstrate that the AV loop chamber
model creates a suitable environment to support the survival of
25 islets in a significant number of the comstructs for periods up
to 24 days. Insulin and glucagon production was identified by
immunostaining in histological sections of tissue during this
same period. However, the long term viability of this new
Sorganoid” and its continued insulin production remains to be
30 evaluated.

Example 10 - Increasing the amount of tissue in the rat
model through the use of larger chambers. |
(a) Rat Experiments
35 The amount of tissue produced in the rat using the
standard chamber model (~0.3 ml) is gquite substantial in

comparison with the animal’s body size, and corresponds to a
small “breast” or small “oxrgan” within the body. In order to be
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20 The AV shunt was sandwiched between two custom-made disks of

PLGA which was used as a matrix to £ill the chamber. The PLGA
was prepared according to the salt leaching method described by
Patrick et al.(1999). Pore sizes between 300-420 nm and a
porosity of 80-90% was achleved. The disks were sterilised by
25 four cycles of mechanical stirring for 30 minutes in 100%
ethanol, then three times sterile, phosphate buffered saline,
before use.
' - After positioning the lop in the chamber the 1id of the
chamber was closed and the chamber embedded beneath the
30 inguinal skin and secured with three 6-0 Prolene holding
sutures. The wound was closed with 4-0 silk sutures. Chambers
were harvested from rats under gemeral anaesthesia at 2, 4, 6,
and 8 weeks incubation for further analysis (n=6 per group).
The animal was finally killed by an overdose of Lethobarb (3
35 ml) administered by intracardiac injection.
Whole mount specimens were fixed in buffered formal
saline (BFS) and cut into 1 mm slices. Half of these slices, in
alternating order, were embedded in paraffin and stained with
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and comparisons of those values at 2, 4, 6, and 8 weeks.
Statistical differences between newly formed tissue weight and
PLGA weight in time were calculated using Student’s t-test with
15 p<0.05 being statistical significant.

Weight and volume measurements: All specimens harvested
from the chambers were assessed for volume and weight. The
volumes of the specimens, as measured by fluid displacement,
was not statistically significant different from the measured

20 weights. The total average weight (equivalent to volume) of the
specimens decreased progressively in time. The total average
weight * standard deviation (SD) of each group of specimens was

~1.07 £ 0.06, 1.03 = 0.06, 0.96 %= 0.06, and 0.81 * 0.18 grams,.
at 2, 4, 6 and 8 weeks, respectively. This resulted in a
25 statistically significaﬁt decrease of specimen weight between
' time points apart 4 weeks or longer, which may be accounted for
by the progressive gradual resorption of PLGA matrix. '

The amount of PLGA and tissue in the specimen was
studied to assess their involvement in the overall decrease in

30 weight of the specimens. All specimens were point counted
microscopically with the aid of a grid to determine the
percentage of specimen taken up by PLGA or tissue. The decrease
in specimen wet weight was attribﬁted to resorption of PLGA.
The total average weight of PLGA = SD at 2, 4, 6, and 8 weeks,

35 &respectively, was 0.89 % 0.07, 0.56 *0.14, 0.34 % 0.07, and
0.20 £ 0.09 g. On the other hand the newly formed tissue
component of the specimen showed a progressive increase of
weight in time. The total average weight of tissue % SD at 2,
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We 3 ocess1ng of the tissue. New vasculature did not reach the
outer edge of the PLGA scaffold at any time point. However, in
one serendipitous finding, a chamber was inadvertently left
incubating in a rat for 10 months. When harvested, the chamber

15 was totally full of soft connective tissue, which was well

vascularised and had patent blood vessels supplying nutrition
to the tissue “flap~. ’

(b) Rabbit Pilot Experiment

Preliminary results from the rat experiments indicated

20 that the larger chambers were able to grow more tissue and for
a longer period than the standard chambers. Where the walls of
the large chambers were perforated with numerous holes, a
further improvement in the rate of new tissue growth, the
amount of tissue produced and growth to the efiges of the

25 chamber were found [Tanaka Y, 2000, unpublished findings].
These latter comnditions approach the optimal. conditions for
-tissue growth in this model. The major aim of this pilot study
was to assess whether tissue production could be scaled up in
an animal which is 8-10 times the size of a rat, and whether

30 the tissue would maintain its size and shape.

The experimental model used was the basic AV shunt loop
in an enclosed growth chamber, however the experimental animal
was the New Zealand White rabbit.

Pre-operative analgesia was given in the form of

35 carprofen (1.5 mg/kg, s.c.). New Zealand White rabbits (2.0 to
2.8 kg) were anaesthetised with i.v. pentobarbitone (30 mg/kg)
and maintained in a face mask with bhalothane and oxygen (2.0
L/min). Under sterile conditions a graft of 4-6cm (rabbits)
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10 naturalliy occurring flow-through loop. In this latter example
the effect of the AV blood flow was comparable but the
operating time and vostoperative pain was lesg. Th the usual
configuration this chamber had a plurality of small
pexforations in the chamber walls. Subcutaneous fat in the
15 groin region was used as a source of adipocytes and adipogenic
Precursor cells. (Zuk et al, 2001). The fat tissue was formed
into a crude slurry by injection through an 18 gaunge needle.
These cells were donated by and implanted into the same rabbit.
The AV shunt loop or pedicle was placed within the
20 chamber, which was filled with a 3-dimensional matrix made of a
combination of PLGA which was machined to fit the chamber,
Matrigel, Type 1 porcine skin collagen or a similar suitable
composition, and the preadipocyte-rich fat tissue slurry. The
Matrigel was then allowed to gel. The 1lid was closed and the
25 chamber embedded beneath the inguinal skin. The wound closed
. with 4-0 nylon sutures.

Approximately 6-8 weeks later, with the animal again
under general anaesthesia, the chamber with its associated
blood vessels was removed from the groin and the chamber. Two

30 £flaps have been analysed to date.

The tissue in the chamber was removed and its wet
weight recorded. The tissue was also be suspended by a fine
cotton suture thread and wholly immersed in a beaker of water
on a balance. The mass, assuming a density of 1.00 g/ml, is the

35 tissue volume. Specimens were fixed in buffered formol saline
(BFS), embedded in paraffin and stained with eithér H&E or -
Masson’'s Trichrame (a connective tissue stain).

The volune of new tissue generated after 8 weeks growth
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. breast reconstruction and similar applications. Flaps such as

these with their associated patent blood vessels have the

potential to be transferred to another part of the body for

reconstructive purposes.

15

Example 11 - A new model of vascularised tissue
engineering in the mouse.

In order to investigate the fundamental processes of
tissue engineering it is desirable to develop a suitable tissue

20 engineering model in the mouse for the following reasons:

Genetic Technology: Transgenic and gene knock-out
technoclogy is much further advanced in mice, allowing us to
probe the influence of a number of factors involved in tissue
engineering such as growth promoters and inhibitors.

25 Stem Cell Biology: Stem cells are pluripotent cells
that give rise to all tissues; . they are highly durable and can
therefore theoretically resgsist the initially hostile ischaemic
environment of the chamber. This makes them attractive cells to
seed in the chamber. Stem cell biologists have cloned a wide

30 variety of stem~cell sub-types in mice that can be seeded into
the mouse model in order to attempt to generate specific tissue
types. '

Cost: There are aiso significant cost benefits in using
mice. Purchase, housing and caring for mice is less expensive

35 than for larger animals. Also there will be a reduction in the
use of expensive laboratory consumables such as growth factors.

We investigated two differgnt types of vascular
configurations that have been shown to be angiogenic in
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) 25 second was a FTL pedicle comprising tke superficial epigastric
(j' vessels encapsulated within a modified version of the
polycarbonate chamber as described by Morrison et al [1990]
(Figure 4). There were 3 groups of 6 animals for both vascular
configurations. Each configuration was examined at the 2, 4 and
30 6 weeks. The experiment was to be performed using both
Matrigel® and PLGA as extracellular matrices (n=2x2x3x%6=72).
All operations were performed under general anaesthesia
(chloral hydrate, 4 mg/g body weight, i.p.). The right groin
and upper leg were rendered hair free using a ¢ombination of
35 elipping and a depilatory cream. The skin was decontaminated
using an alcochol preparation. The tied off pedicle technigue
required a vertical incision extending from the groin crease to
the knee just offset from the saphenous vessels which are
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10%’ (ingulBailvessel (a direct branch of the infra-renal aorta) that

[ pierces the abdominal wall at the lateral aspect of the
inguinal ligament to enter the fat rad from the lateral side.

15 The entire fat pad is mobilised free of the skin and underlying
muscle thus creating a space into which the chamber will alter
be introduced. Thus the SE vessels have an arterial input and

'~ venous drainage from both sides which we felt would augment the

long term patency rate in this model. To our knowledge this is

20 the first time that this vascular arrangement has been
describe& in the mouse. The first cm of the SE vessels (where
they are free of tl_ze fat pad) is then encapsulated in a
modified polycarbonate chamber that is split down one side and
the appropriate extracellular matrix (Matrigel or PLGA) is Co

25 inserted into the chamber. The chamber is then sealed at the
proximal end and along the lateral. split using melted bone wax
(Ethicon bone wax™) taking care not to apply the heated wax
directly to the vessels. The seal is ‘augmented by two 10/0
nylon microsutures placed at either end of the lateral split

30 and the whole chamber is anchored to the underlying muscle near
the origin of the SE vessels in order to prevent the pedicle
from being dislodged during post-operative mobilisation. A
small amount of fatty tissue surrounding the vessels as they
enter the fat pad is allowed to “plug” the distal end of the

35 chamber. This plug is then augmented with wax sealant and the
whole comstruct is carefully placed in the groin so that it
lies in the dissected space lateral to the femoral vessels. The
wounds were closed using a combination of buried interrupted
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thrombosis rate in our study is that the mouse vessels are
extremely small (internal diameter approximately 0.2 mm) and
very sensitive to dissection. Flow rates in vessels of this
size are also very low. The thrombosis rate in the FTLP group
15 was better (3/11) but still seemed excessively high.

We postulated that the polycarbonate material we were
using was too hard and sharp for the delicate vessels of the
mouse. Our experimental plan was modified to include a cochort
of animals with chambers made from medical grade silicone

20  (Animal Ethics committee approval was obtained for this
modification). Two cohorts (1 with PLGA and 1 with Matrigel®)
of 3 groups of 4 animals were used for this modified aspect of
the experiment (n=2x3x4=24) using only the flow through
vascular configuration. Accurate estimation of the volume and

25 weight of the specimens proved impossible. The volume of the
chamber is approximately 80-100.ul. This varies for several
reasons such as the amount of wax or fat that encroaches on the
entry points of the chamber. Also it is difficult to measure
the exact volume of extracellular matrix that is used in each

30 chamber. Matrigel is usually added as a liguid and allowed to
gel in vive. Some spillage may occur during infusion or during
manipulation of the chamber. We also noted that the volume of
the Matrigel declined by at least 50% over the first two weeks
such that the specimen that was removed was actually smaller

35 than that inserted.

The weight of the PLGA used in each chamber could be
accurately measured but the volume was impossible to ascertain
as the structure was porous and had to be broken up into crumbs
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general anaesthesia on each animal prior to sacrifice. Under
the operating microscope the groin incision was reopened and
the chamber exposed taking care not to damage the pediqle. A
laparotomy was then performed and the abdominal aorta was

15  dissected Eree of the vena cava and cannulated just below the
renal vessels using a fine (306) bore silicone tube. This was
then Elushed uéing heparinised saline to ensure that the
cannula was in the correct position. Next a solution of neat
commercial India ink containing 10 i.u. heparin per ml was

20 infused under gehtle hand pressure using in a pulsatile fashion
until the animal’s liver had turned completely black. Previous
descriptions also advise the use of gelatin in this solution
but in our preliminary trials of the technique we found that
the gelatin formed clumps that obstructed the fine bore tube

25 and resulted failure of the procedure (this occurred even if
the gelatin was warmed to body temperature prior to infusion).
Patency could be confirmed under direct visualization of the
transparent chamber as the India ink could clearly be seen
tracking into the chamber along the vascular pedicle. Following

30 this the animals were sacrificed via a lethal ovexdose of
phenobarbitone and the chambers were carefully removed cutt1ng
the pedicle(s) flush with their entry into the device.

The specimens were fiwed in formalin and taken through
graded alcohol solutions to absolute alcohol. They were then

35 immersed in methyl salicylate and allowed to clear over 72
hours. This allows direct visualization of the vascular tree
which has been perfused with India ink. All specimens were then
examined as whole-mount preparations under microcater and
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cellular characteristics of the newly generated tissue.

Univariate analysis of the patency rates and vessel density was
15 perfoméd using the Student t-test. The patency rate was

assessed for the two va.sculér configurations and for the

different materials used in the make-up of the chamber.

The patency rate for the tied off arteriovenous pedicle
was 21% versus 88% for the flow-through pedicle. The patency
20 rate in the polycarbonate chambers (excluding the tied off AV
pedicle group) was 88% versus 97% in the silicone chambers. The
new vessels in the tied off AVP group were seen to be arising
from outside the chamber and growing in along the thrombosed
. pedicle. The vessel densities in the flow-through chambers were
25 similar at 2, 4 and 6 weeks. Similarly there was no difference

in vessel density between PLGA and Matrigel. Morphologically

there was good angiogenesis in Matrigel® and PLGA but

qualitatively it was better in the Matrigel®. The new vessels
seemed to be more numerous and occurred throughout the
30 construct in the Matrigel®. The angiogenesis in the PLGA was

more to the periphery of the construct with fewer vessels in

the central aspect probably due to the solid nature of this

ECM.

In terxms of cellular morphology the PLGA seemed to
35 promote a predominately fibrous foreign-body type reaction.

Fibroblasts are the predominant cell seen both peripherally

where the matrix lay against the chamber wall and centrally

within the substance of the matrix. The Matrigel® group also
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{ chamber where this tissue is used as a “plug” to seal the

distal aperture. In the Matrigel group we observed that in

15 some of these animals the breast ductal/acinar tissue seemed to
be growing into the Matrigel and in others there is clear
morphologica; evidence of newly forming ductal/acinar tissue.
This suggests that the chamber is capable of supporting the
development of glandular tissue as well as fat. To our

20 knowledge this has not been reported before.

We have seeded the chamber with clones of mouse
mesenchymal stem cells that were cultured from a C57 Immorto
mouse and also with a mouse mammary tumour cell line. Both were
labelled with flourescent markers (GFP or CFDA) and we were

25 able to demonstrate that the implanted cells were alive at 48
hours, 4 days, 2 weeks, 4 weeks and 8 weeks. The mammary tumour
line has been seen histologically at 4 weeks demonstrating that
the chamber is capable of supporting cell lines in the longer
term. We have also successfully grown foetal pancreas, liverxr,

30 heart, bowel and limb bud (composite skin, bone , cartilage,
muscle, vessel and nerve) in immunodeficient SCID mice. As well
as this we have been successful in getting cultured adult
pancreatic islets to survive and produce hormones at 2 and 10
weeks in wild type mice (C57BL6). This effectively means that

35 we have successfully grown functioning islet allograft in these
animals which has not been achieved in other models of
pancreatic transplantation. This means that the chamber may
qonfer some immuno-privileged status to the cells that grow
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modifications and alterations to the embodiments and methods

10 described herein may be made without departing from the scope
of the inventive concept disclosed in this specification.
References cited herein are listed on the following
pages, and are incorporated herein by this reference.
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()-'HL&10% d d& () - LKkHRdO%ng a functional circulation on a vascular

pedicle in a donor subject;

b) partially or totally enclosing the vascular
10 pedicle within a fabricated chamber, the chamber having
internal dimensions which are of a gize and shape adapted

to gimulate those of a tissue moiety suitable to repair a
' pipmue defieit or to provide tissue augmentation;
a) seeding the chamber with igolated cells ox
15 pieces of tisgue, thereby to influence the type of donor
véscularised tiasue produced;

d) implanting the chamber contalning the vascular
pedicle into a donox subject at a site where such an
anatomical congtruct can be created; and

20 ' e) leaving the chamber in the implantation site for
a period sufficient to allow the growth of vascularised

new tissgue.

(2zmended)2. A method according to claim 1, in
25 which after step (a) the vascular pedicle is surrounded
with added extracellular matrix and/or a mechanical

support.

(Amended)3. A method according to claim 1 or
30 e¢laim 2, in whichafter step (b) one oxr more growth factaor,
drug, antibody, inhibitor or other chemicals is added to
the chamber.

4. A method according to claim 1, in which the
35  vagecular pedicle comprises an arterio-venous {AV) loop or

ghunt.
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20 the mammal is a human.

(Amended)11. A method according to claim 1,
aomprising the additional step of implanting the
vasculariaéd new tissue into an autologous recipient.

28 '

(Amended)12. A method according to claim 1,
comprising the additional steﬁ of implanting the
vagcularised new tissue into a heterologous reaipient.

30 ~ 13. A method according to claim 2. wherein ths
added extracellular matrix is selected from the group
congigting of reconatituted basement membrane
preparations, polylactic~polyglycolic acid variants
(PLGA) , fibrin or plasma glue, and mative collagen.

35

{Amended)14. A method according to claim 13,
wherein the added extracellular matrix comprises PLGA
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(aAmended)18. A method according to claim 1, wherein
the isolated cells oxr pieces of tiggue in step f(c¢) are
20 gelected from the group consisting of stem cells, skeletal
muscle tissue that has been gubjected to ischaemia,
myoblasts transfected with Myo-D, keratinocytesa,
myoblaats, fibroblasts, pre-adipocytes, adipocytes,
cardiomyocytes, endothelial cells, smooth muscle cells,
25 chondrocytes, perlcytes. bone-marrow derived stromal
precurgor cells, Schwann cella and other cells of the
- peripheral and central nervous system, olfactory cells,
hepatocytes and other cells of the liver, megangial celle
and other cells of the kidney, pancreatic islet B-cells
30 and ductal cells, thyroid cells, cells of other endocrine
organs, portiona of gkeletal or cardiac muscle, pancreasd,
liver, epididymal and other gubcutaneous fat, nerves,

kidney, bowel, ovary, uterus, testis, and glandular tissue
from endocrine organs.

35
{amended)19. A method aceording to e¢laim 1, wherein

the functional circulatioan on a vagcular pedicle in step




10\ \ | ‘-
10\ I Hi () - i . , , _ by FER 2a5
IHE)I_VﬁS: ];10%\& ()-4'Hi]&109% ! & ()-4! Hi] 8109 T& ()-4! Hi ] &100& () - 41 Hi ] 5%’0/&
H{ oM+5! H) 109DD& () - 65! H) 10%-K+K& () - 65! - K& () - :
1(())[)-[)}/%;12?)/% & ();)) 10\ \ PKLM\Wi [ MB! ré)low)l&;") (15)(_%6? TSLDE)) 18?)![)) 10%H&' () - 65! 10% &
| yH) 1090084 ) - g EadDBY ()t65YHPRGUR TF3BS! H) 1004 () - A
Aol ()5BS T) , Glotee () sh 10i0a () 16008 () seiowe ()
10w | @A0%w: () - SRR 30nchimnhe 1o ERDIR (AR A0 sho
10w 1 &?{21088‘_&&7 4t?i:,:l_o_lr.la.l c'bir_cullat:i.on. on & vascular pedicle in step
)- 10w 1@M5Kgbg@éfys|é§‘1a%mﬁr%e(r)f,4g \&10%: §rbke4043Q%0 e {n s %<1090X& (
10w Hi \ 810%x& () - 4! Hi\ &10%9, 0, & () - 4! Hi \ &10%6$&' () - 4! Hi oDe! -
09&x& () - 4! Hi\ &10%& () | 821 G - ()- 41 H \ &10%PP& ()-4! Hi\ &l
o veron m soaeter PREILI T
. . HRHL il 165" () - - TYHL$S&I10% \ & () - -!
$&10%\ & () --! ; - S ok V& () -- L kHL
L (- e e gl A o
ezX6uS10! +YH FEESYE FF5TH YEI09& () - 5! H y&109%& () - 5H N
fco()-fS! Hi y&109€ () - 5uV70! 1 s10% & () - L#10% é‘ ()--! (1%)%525 {3&_1{)08/:.91%0% &'5!(?'. Z&ig%
10! yH Y&10%&: () - 5@ Wi RBZ8) 451 (ke t@hdl Gibaesidipgy teO RdRdm] By drerein

10LdLd! r H& v9%40%.dLd& () -
the function 1 circulation oun a vascular pedicle in step

(a) comprises the ligated stumps of an artery and a vein

15 placed side by gide.

{(New)23. A method according to any one of claims 1
to 22, in which the donor vazcularised tisszue is

vasdularised fat.

20
(New) 24. A method according to claim 23, in
which the pieces of tissue in step (¢) are obtained from
masele.

25 (New) 25. A method according to claim 23, in
which the isolated cells in atep (c) are obtained from fat
tisgeue. —_ i

{New) 26. A method according to claim 23,

30 comprising the step of introducing stem cell homing
factors into the chamber.

(Renumbered) 27. A vagcularised tissue graft
produced by a method according to claim 1.

35
(Renumbered and amended)28. A method of repairing a

tissue deficit, comprising the steps of:
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anastomoszng the blood vegsels of the graft to a

local artery and vein.

10
(Renunbered and amended)}29. A method of tisszue
augmentation, comprising the steps of: )
a) creating a vascularised tissue graft according
to elaim 27;

15 b) retaining the graft in the domor subject for a
period sufficient to produce tissue with the desired gize,
vagcularity and degree of differentiation;

¢) transferring the graft to the desired recipient
gite; and

20 d) anastomosing the blood vessels of the graft to a
local artery and vein.

(Renumbered)30. A method of delivery of a gene
product to a subject, comprising the steps of:

25 a) creating vaaculariaed tigsue in a tiasue chamber

according to the method of claim 1;

b) removing the chamber with its vascularised
tigsue and culturing the chamber assembly in vitro;

¢) transforming cells of the tissue in the chamber

30 with a desired gene; and

d) implanting the vascularised tissue with or
without the chamber into a patient in neced of such
ttreatment.

35 {Renumbered) . A model gystem for vasculafiaed
tissue, comprising a tissue chamber comprising an isclated
vascular pedicle produced by a method according to claim
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tigaue deficit or to provide tissue augmentation

{b) vascular pedicle; and
{c) izolated cells or pieces of tissue to
influence the type of donor vascularised tiassue produced.

15

’ (New)} 33. A construct according to claim 32, ;
comprising added extracellular matrix and/or a mechanical
support.

20 (New) 34. A kit for producing donor vascularised

tisgue puitable for transplantation into a recipient
animal, the ¢onstruct comprizing:
(a) a fabricated chamber, the chamber having
internal dimensions which are of a size and shape adapted
25 to sgimulate those of a tissue molety suitable to repalr a
tissue deficit or to provide tissue augmentation; and
(b) instructions for preparing donor vascularised
tiassue suitable for transplantation into a recipient
animal, using a method aecording to any one of claims 1 to
30 26, _
‘ {(New) 35. A fabricated chamber having internal
dimengions which are of a size and shape adapted to
simulate those of a tisgue moiety suitable to repalr a
tissue deficit or to provide tissue augmentation, when
35 uged in a metbod according to any omne of claims 1 to 28.

{New) 36. A fakhricated chamber for uge in
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5 internal portion;

{b) the external and/or internal portion
adapted for the internal portion to receive az pedicle
around which, or part of which, vascular tissue grows;

(c) optionally the external and/or internal

10 portion adapted for the internal portion to receive
support materlal around sgaid pedicle;

(a) the internal portion having a predetermined
ghape which influences the shape of the vascular tisszue
which grows around the pedicle;

15 when used in a method comprising the steps of:

(i) intreoducing a functional circulatory system
on a pedicle to a fabricated chamber;

(11) implanting the chamber containing the
functional circulatory system into a subject at a site

20 where such an anatomical construct can be created; and

(iii) maintaining the chamber at the implantation
site for a period of time sufficient to allow the growth
of vagcularised tigsue within the chamber.




