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This invention relates to the fields of tissue engineering and
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functional ci rCﬂh@hb@”e‘E”aﬁ.‘ Vi‘i@ﬁb"}” aﬂﬁd'rﬁh‘ikh”e% QQnor(P%J)epab” “at ed
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chanber deppngtratrd thatc ﬁ&rrﬂé'FeﬁF‘-PNeF’?HFatlé’&Pcé’PPé‘-doﬂ-nﬁF'é@éé-céfuZO tissue;

generate new, vascularised tissue when it was lifted from the

body, sandwiched between sheets of collagenous matrix and

30 isolated from the surrounding tissue within a plastic chamber.
In the model described by Khouri et al., the generation of new
tissue relied on the addition of recombinant BB-homodimer of
Platelet-~Derived Growth Factor (BB-PDGF), and even with this
supplement the tissue was labile, peaking in volume at 15 days

35 and subsiding by'30 days. Similarly, tissue growth in Tanaka’s
model, where the chamber was supplemented with [-Fibroblast
Growth Factor (f-FGF or FGF-2), continued to increase in
volume, peaking at 2 weeks, but returned to the levels of the



d) inplanting the chanber containing the vascular pedicle into a host

animal at any site where such an anatom cal construct can be created; and
e) | eavi ngotdaasahanber in the inplantation site for a 25 permAadisusii ci ent
to allow the gromh of vascul arised new tissue. In one preferred

enbodi nent, the nmethod conprises the step after step (a) of surrounding the
vascul anngupptenentefl gonsgodxchambeirsl aftext i weehsd/-oThd smadyhdopal

Support mof81 3 saﬁsahgrane&s&w RACHEDIN FRA! £160G BBl hadG@prises a step
after step_ (b ing growth factors, drugs, antibodies, inhibitors or
ot her cRBELRELE1NG-the chanber. Preferably in step (e) the chanber is left
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uman, .t hat receives, the r.vascul ari sed tissue
graft. P?-a%oﬁl ﬂlgEXSEJSP@&I zeds Erfx‘ Fﬁ&?é’“&E‘FPFe&gﬁen%PH@V&PPrt Rt skem he
gener at teblsf fey gmamplleluie inigiagingSktem @edll ddeimibinoadad animals is
associ aLed- Wi th es entlall the sa Rysi g i cal .and . athologlc
o oces aEedkins FRESEh ook B3 ATR: RiKE Bhanl S21a°0RIRIRCEY ey o 1y
bl dddedcuasnahd. mﬁhhadgsus bahpadtthsSprptepabesaamanﬁar faon beyinge a
human oanﬁeegeobamnna%%k 2¢e48" badaniNaLs o @Cusd artgd%%t FeckliE]es,

cani nes manmal s _such as horses, cows, i'gs, "and
pri mat e§t’-¥‘Hla‘=ﬁarPFE&F&PF?tmaﬁﬂeﬁéFféHeéﬁﬂéﬁﬁnﬁﬁﬁm ced1godsr theprass and

recipi egg aissﬁanaﬁglﬁeeraaesonm&l bbﬁdvuau&hefarsn:em delamprgciargelipat a
"vascul ar cIe an a % fic] Eit gmg %cgrrln arra genent of
ol ood v BEuBFeasis, wiel), Bthoufbnn o GioPtsdd Xiver SERGLER ng
bl i t havaecesamtnedl the behawibur afid stemeiceldar whieng inijeawad. eRthker abl y
th i t. |
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flow i sPRFEIFRLRABsC AnEEPMOFE BétﬁﬁéanﬁécFﬁé tpse BR&HEPe OXgans
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circulation" as_used herein gescr?bes acircu atlon t hat "has at PLast one
of the FBRYoWihy prEPére an expandable vaggiilay SyYPPAY &or agesmmedagee

patEnt , ahfes¥pes8bSqar eo%p%hlseuef geHekatibny Fnoosder Rboagdsidestiptute 5
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vari ant s L brin or plasma gl ye (autologous or 1 et er ol ogous)
with oraRPi-h‘éﬁF’-PPb Pn&ipsne PRALBEEELRT 4f Aasigai er—aagendcraape dfous or

het er ol ggaustavet BEOEhW kireyt col | agenase i nhibitors.
It will be clearly understood that, although a number



+ cells, snmooth nuscle

In a preferred enbodi nent, extracellular matrix-Iike
pol yl acti c- pol ygl ycolic acid sponges, Dexon~ sponges, or sea 20 sponges are
added t o woaz2akamaber. Conbi nati ons of matrices, such as Plpgd/amnegss coat ed
with one or nore other matrixformng aonponents such as fibrin, [amnin,
fibronectin, ,coll agen, IQM/nQIecuIar wei g aluronan and_vitronectin are
ot her pPSfBFF@H Bhti Bybl 1FP§&?€sdPF@Ur§§ heredgas thid® 25 as nuscle
or or gaaafsuehcasabeeehdwy:ohetumdeamsmw‘n ReMalt andn &£ kbl
factors,, Preferably the_se of tissues or or ns aken _tromthe
same spagFBleRts tﬁérﬂ'gnS’F uf] i" e SR O 5° q‘P%@@n"Pr& ® he donor
i ndi vi dazk, in Anpamaﬂaalamlﬁnpaa&enmbérembmmUmwnt of t he 30 |nvent|on t he
" don subj ect i ggt a S e .e) the
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het er ol ogous. O her pernmutati ons and conbi nati ons o t hese procedures
may i ncP¥8ESMme use of ei t her aut ol ogous or i munoconprom sed bl ood
vessels, cells, tissue segnents or growmh factors inplanted back into
ei ther the original donor or a pLent WO 02/ 1591-t
PCT/"/AU01/ 01031 7 i ndividual. W& bﬁ&éﬁiﬁgEufﬁk .wgipmty of the graft
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chanberbgé&&glﬂé ﬂgnE ek%%%egggggh gg?ﬁ%%ﬁa#&iﬂﬁh Fﬁgtors sel ected from
t he groﬁﬁaeﬁnéﬁytﬁﬁg°9f1nﬁ9nﬁng°°ﬁ§9?@#sapenaﬂtﬂ@cmesﬂemﬁc@Mbb fromthe
C|rculaggggtmgﬂe?eagﬁgrgggwbhtggcgggissggh as a-Fi broblast G owth Factor
(O FGF or ockFGF br obl_ast g?omth Factor (~3 FGF-1 or aFGF-2),
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Fact |G- 1), -2 -7), f
oo, Chor ) R LNR08 EobLhgl BN Bt Dh AT ERTL IR,

Connect withinsaufabrdetltelachambe€fG-), Hepatocyte Growth 15 Factor (HGF),
Human G owt h Hog & e y t r
Necrosi s Fact oro bcopPETy) tnBCEAENBAE ke 360,505 By Bbr ofHERY' ar
Fact®br F%EFYGICEanqucyte Macr ophage Col ony Stinulating Factor (GW CSF) and
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i nfRDi t pexied sh fenéﬁneaFOHBGiQWOtbecanoutboOﬁevagsulaclsnﬂ mewce the type
of tisspegkgenred and the rate of its formation. The person skilled in the
art wll readll be able to test which growth factor(s), anti-growth factor

ant i bodi es, ?ﬁﬁlBFFSP§reGreBBﬁﬁFﬁﬂPFontPHeP@6F°daF8mR€§F°§uFP&bIe f or
any gi végepi aﬂaéroateﬁhqw hambeﬁrifaunaengs emlev\nvhbcauhel pedigler with
heteroIOﬁg $ Lr ﬁg 2 a n&ob ast transfec ed.w 0-D.to_pronote

for mat i 3RS areripsp nﬂg Féxpﬁg 4058, MeF &SF PRT%s ggpropriate
diﬁﬂhreahoahennptafeursﬂ hmbaﬂnmenyteshaemdeﬁoﬂocpmpéﬂsesthiBtabiafter
constru f f age e o] i0 I y the chanber
may aIs%EE ng?lsgflggagn ggog?ﬁagggﬁgggﬂsarug%é S§? ?ﬁ% fYom t he group
conS|stiﬂblb6F°rsver02Fh§91cbePGFPABOIPOIb31champgylasts fibrobl asts,
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system ol factqg ? ceIIs g 80§tes and er liver ,cell,s nesanglal and
el T8,

ot her kidney ¢ pSHBFEE fﬁF“?Bmfgl g gﬁﬁ“ﬂu&PaVlggng “Bhyroi d

cells anﬂtcetlQromaytberlanSGtulma thgahestl0 Alternatively the chanber may
be used with a o} g r af.t n K | or
car di ac nuscl o, tocn Pt pBLereHS ShehBeg Bk EHpPRAtLETEaltng HLRLE,
nerves (peripheral, blood vessel - aSSOC|ated etc), kldney, bowel , ovary,
uterus, testis, olfactory tissue or glandular 15 tissue from endocri ne
organs. For the purposes of the specification the term"pieces of tissue"
shall be taken to enconpass any aggregates of cells, with or wthout
additional extracellular material such as extracellular matrix, either
taken dlrectly from an anlnal or produced as a result of 20 nanlpulatlon of
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30 to produce vascul arised, differentiated tissues or organs. Suitable

pluripotent stemcells can be derived from a) blood; b) bone marrow, c)

speci fi c wogansoier tissues, including mesenchymal 35 stempoaiAdwi/od)s:

cultured cells, which may be transfected or differentiated; or e) placental

stem cel banks 2/ 1591A P AU01/ Q1031 9 To_date we have used
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35 configurationlwith 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).
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directs, encour3ges prefnhrrbdt embphdimenit, h extrageliviari netaixodikec| udes

new tisg aseé@tﬁ% b1l cB‘i&%t 2l ms%otda"eé"'e‘ﬁefzé&?”es &ﬂg{é’st rSPSs &Lt

sup ort on resaorbabl e rrat erla orous supporting nmaterial

whith sEppages aze added, ko kber hc akiimsy of MagEdieeBrer whi ch
the newghbhsHe @@&Ab%p%@%at:aateegw&mn@&d I0€€ Mol ithles Wathkizxs bl own 25

PTFE materials, PLGA s ges f varl bl,e c Qsi,tio nd porqsity, etc; e)
2 Suppof PEROPe FOTPERSTE e FRERS A FAR ZdRr cdEmAdRue TAEFPBRERA: | on, such
ast hydr cn;tapfg'ent,elow dmhemaﬂ.atrl s;eclghg:r amalJmMalwmd ﬁ&;hawfeem}ihd yntehe
exterio r -~ E:Q%I

attacheét é‘/ ggglf%%bp]eogﬁgg?% t?g% es) r re n\Myf %t e E:o%%% a second
aspdtt , aBhmusslen Oro PLFRRE Gushy ags Ligery may usiess §& @oamces ©f t he

cont ent ﬁaehkhsnahgmrth FREROS . NP rdfrAAR itk Gelgmpnts OF %&W Wi th
a mature vascul ar sup %#: Preferably the %raft predom nar;lit |n¥> rises

ti ssue STWPrg2PEs9¥ep fFG!’OH‘elfame pecies as the ubject,

and most preferably taken from the donor individual.
In a particularly preferred embodiment of the
30 invention, the donor subject is the same individual as the
recipient animal, i.e. the graft is autologous. Alternatively
the donor subject may be an immunocompromised animal, such as
an athymic mouse or pig, and the recipient may then be a
different individual, i.e. the graft is heterologous. 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
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preferably S the graft predontnantly gonpri ses vascul ari sed adi pose tissue,
skel etal muscl e, cartllage or boas tissue or tissue conprising pancreatic

i sl et ad@ddwiduadal Whether |grimef ¢he Smatunify” of (the mraft sanfiexs

aspect, :Lhﬁﬁ:;bﬁ)‘f@%@d&ﬂ.oﬂ v e het s IFOUY dﬁ% i) GarfotiH S W Qi t
corrprl S the s Iantl n a tlssue hgnber according to the

i nvent i 55‘%1 87 FPé"ﬁ'P LRS- in which: a) the tissue
or "organ" graf u'hestﬁ.ssnadoaceeudsngnsbd in the echaibds afay @ | nvention,

" and; 5 b tgined f t th d
76 SRBRLEErY o i R Ry e e o o £ T SR (P 0t he
_ desi redgn:wpplcemts:sn:tl.a;g anfd “2onming & ariteos \tes setraxft tdteeny el sarferom
; f
the. SpotiF| CAPLsRaeiptliy Sacdrlel Yl ot Bl R o M-pliF bl ] ©
shor t f aFiromish Fackerm{OFES @re ORGR-0uu fr- RibrohiastoSastih Fasher i (B t he

" eci pi efiar-25 o3UBRGR-b) 5 588 oM R IRAUGAE ol Fldied:S (MiaF)l,m ted to

superficial tissues such as skin and/ or underlying f rruscl e, cartil age,
bont’ or VBSRYLaz: Endekbeligl Sxrowth FagGtere '&f'q'ﬁeno&iﬁ/ Elgr all or part
of an omﬁop‘dtietaugtteahat i~2) ofIn@idldmMldkeN @rthitH iFsdts f(@ercagnetic

f f .0 t | I d by th
Pivent | BRneAiSzRhoqtRTe Fastet® iBMp- WY 0 erissatheld YR 02 ¢
ti ssue ﬂ'ai:rton:t-oamyxdbeﬁa (ﬂ'&-‘trloc, TCR-faunEp istergiada lGrawtdt Fac tidye r(@8FUL,i C
intervephdleed! e”ﬁ'isgﬁe %?ht Falok QCQWG%% %%tpaq:o QI agpect . the

i nvention provides a roviding a subjec a gene product,
cord? i sFRgtere (HGE)s Hwnap &mgtt#uétqrn@n@ t(iHé%l)e Kexardmagyter @uaytly t he

WO 02/ 188ktbrPCheM01rdkddl nebd ool ke MalcRbarl-0n (meai -2y ), ASfddiddnlszed tissue
froma &Pi‘éﬁ’%‘ in need of such therapy; b) renoving the chanber with its

vascul a PryuEagkeTc (EE i nfiomye Gromkdy Fackom (NGF) » Gragulpcyte
transf omag.pmlgles coeflonle sn:lmueﬂmgt mccﬂma:rm@awmh ande DRt FRrtomnd d)

i mpl ant i na the r el u chanber. .. nto the patient.
The ti mng e %te&% &(5:' trglﬁs?%’ ?cglr:lmo S(tfr?éﬁ‘t)l ss‘ﬂ‘@fﬂ'iﬁ’t oducing calls
carkbe umtmcsnlltmmnmlwa@(aqxasmmldes e be
{rans! ORERR-3(1108n4! fPobl188L0RE) HPCLRE GhIADS! pEOBEhGYGhaLUELRO | N°

|ncubat|on r 1 nnmme |ate rior transp antaflo rovi si on of gene
pr oduct §raafteardns eﬁ@F-&F“-f’B‘rv nParathyxeid hegmenes (BFE ) a@ﬁééwrmdof

myobl asheribhie Hatabka Beptidel QPARR)E leiteSUmatyt b widlclarekel et al

nmuscl e pheno e. Such Lransfe t ed ceIIs then be seeded..into the

desi redgfﬁg‘ﬁ%\é?’,s t PRIIRFEORE (i o&F Y85, S\%&?SC@T'%FS’? SSkel et al

nusas e. aiib'nasm:sy olraaatagp!musam cttps sfome tolfet&reeat rarciwthl  FAdtrarsc wrar

dysty OPl%ndRd e8aCheIRRR! hlskal "R W (P R Haqa RECOND XA €
Is the trans I on o pancreatic iI's Cell S th ea thy" phenot ype
and theFl-infé-é@aFﬂgthﬁt §YPﬁe°cfhz§|4§§|u° Tormesh gnda &herrpter @fe itt® be useful in

the tregbiRBtich.draBCheesPA s8103ed And thd aFtC¥ATAl Seatfillys L @bde
transfected with a growh factor gene or an angi o ene5| sprormtl ng .gene,

such as PDBﬁStbF’éFc gYerER FackPTi(5)qe aRthy IrRM: SSgget her
W 130 t herAinhdbf taitd, S ekrccombimation t'ﬁhh:%o(fQHWﬁi&tprﬂilﬁablw f@lr growt h
factor is_designed, t:o ?‘ﬁs& ed up the rate of devel opnent of. and the rata 30
of new BP¥oT VERSELEPBFASPion within, the new tissue/organ. In a fifth
aspect, the inv@hei chapbexi Bay benugdeH withe autod oganeuloar bseérbllssm,s
conprisiggy ?l t 's?%ﬂeaghﬂt $1 %%'%t %L:%ln’é%a%t\é@tswlt 'DC't% d fivention

as ex ace I"ul ar matri X, opera onnec O an

ext racoﬁpmﬁnoet pEukhei skedgbalamuscled phematypieal weem 1qe|l:1@r withe

extarsacoaagt:ssheuacahetfbeen&aae&ehu&zae%rrsemklerattetm veed |deige e of
e cel 02/ 1591 PCT/AU01/01031 1-4

l.e conyentional t
f or mi ngPEREULLSs §g‘én| f Bﬁéﬁﬁe‘Ftér EoFpErsearng FECPEgtryction,

etc. Optionally the chamber may also comprise isografted or
autologous cells selected from the group consisting. of



as to express a heterol ogous gene. This nodel system nmay be used for
culturing, recruiting, growing and studying the behaviour of stemcells or
ti ssue cowpaiznssng precursor cells, 5 either is vitro or i ecavmmiobBsgause of
the ability to alter the environment ef the chanber wi th added growt h,
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bechtre Mandprilavden ofdcedidf dm Alasws audtare niamm memkdnatdah&E shown
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25 Depending on the 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 tissues or organs.
Suitable pluripotent stem cells can be derived from:

a) blood;
b) bone marrow;
c) specific organs or tissues, including mesenchymal

35 stem cells;

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

e) placental stem cell banks.
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PCT2 AUO Brakddinobis 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 blood 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



nore hydrophilic by the use of polylactic acid or the pretreatnent of
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confi gur alvipanjsdile surface of the chanber conprises, a pl uratiAto1oios:
perforations, allowing increased 5 comtact with growh factors in the
surroundi ng tissue. The size and shape of the perforations may be tailored
to opti sribabhe Farsaysremeilye stedlr bdopdcvesselshi [theriarteryi mgpdomvein

prevent hPG &helaaasaaa B&a%%h' sidef bs,h%;aaamert&ear&aﬂw& Ofchg! Jeas@1S YT ex
they can be 10 coated wth silicone. The chanber deS|gnsouI(;i|deaIny|t

conf or t BBFY PREBTLRE £EOMHEBE: S§F‘Peed§ﬁ’d §h&§| dspdIdustrakedydd FAFNEeand
of a sugficiently snmall size to avoid wound break down. The i nternal

" contents of the hanber are UffIC e arge to an osnotic
b (eg. an' A T80 THEBEROPPEEAPR Sfube’ B 4EDRUBRYG R SSTIPa PRy or <.

ant| bodthse, hoshi brt firemora eiaben:ad:leemomab:s o ld -ateired loxd praifabriicated

" alternative tplgg ésgr %r delivery, the osnotic punp may be pl aced
subcut anesﬁs Sl er with a plastic 20 tube leading fromthe

punp pl aced |nsIernheth§ﬁb‘69d eybodimeht odnthe dnvem&iadT hRoop .

O eat | 0aah « 38nAi! Stk 280U vEAYknd illok DR IS Ol € nlleyel Sebi]D Yo The

basi ¢ node been descri bed by Tanaka et al 25 (19 Bri efl
Spriyuetbati Edspues 1(*229’*28’9%’?%?‘@%#&6%?1%% -i edEda; toneal

phenobampiboas €82 s&bh@lez 5e&11%sap§ommﬂtys®wta Qi@rveUlﬂﬂr itserile

conditions an inferior-base s create he . r groin to expose
t he fenﬁ‘F&PtﬁﬁggﬁPsaniomaiﬁgltﬁ’guPﬁ o o t:'I "‘é}i’é’Uperf i cial

epi gastri c branpbefdrablyi thei nhhmbec:l sontaiadngathe wasealaef pedicile t o
harvestyLhe ! b ﬁk‘éfﬁi"&%te\é?fa'i B3 Rernq WAk gg‘%%%agoé@ ng i gif | ci al

eplgastrlé Br &1 gra approxima ong usual |y
2 ¢ wwolumeer podeshbpenmay biec vieadied dmt oridgint thenm‘falJuezmentémad artery 35

at the le!GlneOEmﬁhEhﬁﬁgerf' &hd! n%w %%Tshbc b%r:.trfgr b OGBS O FY T iedmple s

t echni ques usi ng -0 sutures. The shunt was placed into the chanber t he
lid closed and Phe"—B@néPF&é‘Paéuf’ﬁ’F-Ha‘et gt kbegchaRbRYs BaVaber dnGrensede ai d
of snal wikabat alterVRg02heSVkteral/ AWRd GE0Thel THdNETS myobrbbedrih@ber
An adi pgﬁe Iax‘er s placed over the chanber and the wound closed with 4

sil k sutarB8ge® W&Y\@Fdwth chambers with the AV shunts were harvested at
either 2, 4 or b2 thekshppet ofnphenchamber hajgs besvonstroctedsto ari sati oa
and Tis t t S e 0 [ Was
opened, §u§8ﬂ)§§ \h;'ie%gge?:’f the ea%%%lgfaer?d%tr?ageg for agea%t(#)f cglh\%esgsgﬂn%%

tied of nomuhbaegs@.smcmta@nelaﬂretrhekeﬁnem izgeth o iefhsay JoAnE it he

flap harvested. ¢ NeReOlielR@ed oE2berinea®dth 10 o @M WA 1ld 3 %% per f used,
via the aorta, wth_India,ink prior to arvest de alls beI The flaps

were asShawbgr; Y, bey Yarisdwdoshexatels fhsy 9 uas Bl
sal2me (suli$)-pfaemebb&bohegmheemmpaﬁemn tollad 1o rﬁiall‘édkﬁhm pexfufsiced wth

an 1 ntr aeardy ge, 995 40l SQUABRCUANID GBS (3 Motle AU

solutio tron o e exXx OI’ ion. 'Ti ssue mass an
tissue pnrtfhe'achgznsemawaberm amjuhes wadils ofeitlie chaibesl iee addewt ded.

The vol uﬁeiakrtaageh' $I6% WS s %3.%%%@ abea SetlaAA A RIRoalict , acenent

techni que. The tissue was suspend -0 silk suture in a container of

normal GEPHER \fv,ﬁFEl?Iﬁ‘aG“ﬂe&’n'—h?ér é@&tmrév% yftuenfgyidell araie@lcar e
was3 ¢ akgoth bad! QUFEeremtitidn HetWden ithe SprGidE andutelighios ecor ded

was the yolu f the tissue specinen (Wth_ 25 a uaI .o that of
normal &8P FBAMPSE0 g‘/hﬁ Si sﬁ’t??f 51’1%[ ﬁﬁq}ﬁa PR ™AYe
sane ti be ealbbeesaaecd:z@:hﬁ tec alhe lwi.zel lofnithee tdtmdr mulcammtd on the

base of _the co B! | t [ rf 0 1In
- order t(glﬁ %ug‘éat ITe o @“ﬁé&h Bz%a |%€m@[l%h g{e%m%%%ene%%rs
m dl i ne isndatiedn £xoime dmes:s:t icpas-agdy eﬂgé'nttlhﬁ rmmt&j::t@ tsideperi phery and
the3§erh§@g,hgtf1%1 ri pped away. The proximal aorta and inferior versa
* cava were |l gated he aorta was caanul ated with a 22- gauge angi,ocat heter
35 which was sefdr 8dSfminbergieable somprRentyMaY hife PARAGEs i
aorta. QAnuabekoiy Wifleitd dhdldtd M Hdeder Rid1ls VM iGdMie The aorta was
perfused wi \%g 10 m of heparinised saline to flush out the retained bl ood,
the ani FEPRAS™E4crificed with



WO 02/ 1591-t PCT/ AUO1/ 01031 19 intracardi ac sodi um pentabarbitone (3 m of
a 250 ng/m solution), the aorta infused with 3 m buffered 10% f or nol

sal i ne (BW®)oxmoist hen with 5 ml India ink in 10% gel ati n. pow@AGdiapomessel s
were then tied off. Tissue fromthe cimnber was 5 renoved, fixed in BFS,
cleared in cedar wood oil and the pattern of vessels visualised

m croscopi cal | yAgsiamg exampdel ofethiel Jattant ipepydaddsinssiof (Ebdrodlashs

i ggl NObr Gehicd! QIR QAL iRy ddove,] Lilud Rl J&rmomdé W b 10

dded in para in. Sections (5E. ~m were cut _and stained wWith €ither

haerat oFFPPFEQCESS gene Produst (Ws sEthinrihe, chambes., Bhis Fonstrugt on of
_ Yascul adiss d afleds BE tHLrCha EHEiS-pbrméablid hoikedV S0 £l iRt o wExpf five

Uasc? | pERSABEPS 2 TAe USRI AR AL AN 1 AP hiFFL SRS 1S, et od

_at eit heradsféctredl Zemeelon pnstoﬁfrrpl'mretsﬁ |m1sThalay@\agﬁ.m§w of the Av

hunt t j L 0..039
Cuhen 1 ot oup B dn o U Gl RR 1t a b RS TGRS, B el ©
surroun@lvngtuaédwedm-ghed 0.18 t 0 03 g. The mass |ncreased progressively
bei ng 0.24 0. 04ng %ﬁa%eﬁeﬂﬁ%tggzgft t@xeoﬂchqnagtexl%awa%kﬁa Thg vol unme of

the new tissue closely parallele its weig The |ncrease I'n wei ght but

not 1¢ol wdifdefecd® ¥ Eo\aedd B e dtntsqna@mgn hefvean: she (Hepws,
ANOYA/ Dg&geg:has c‘lﬁ&lbéz% wallg \Ih*%flp(';ro?ﬁtda d raﬂﬁﬁilais Fort mﬁéﬂ&ma@ot B
surrounded by .a mass of co at e cont ai ni ng .var amunts o

cl ot t ed OB §8d 1BFCTPITRNS ﬁg?emfé’?ttﬁ)éu lsrg'h ‘%ﬂ"é a\%@&%ﬁ&’? Y% ger and
firmer, whdehc meldiptes ithe cluw alelemde oy a12:hmﬁkza]t leer e hodiealied ti ssue
surroun &l I d still further in volune and now filled
appr oxi ”3@91 ylgt%v\o(}%%‘l rdgl #%tﬁ'%% ianber. The surface coagul um was no | onger
35 ¥9si bl e, andThiee degriee wfs dnitednalysupmonty withine Ghel chamber sayer 2

weeks ohel Rawhiald,ond e S heas surrounded by a cuff of new y=forned
connective tissué composed of fibroblasts, thin collagen fibres and

vascul ar sprout &) TMOASUPPRTEG1 t PCT/ AUOL/ 01031 20 arranged roughly
vertical to thepyjhanigolliaf Is&wr whieh 94y, n%‘ﬂdoﬁh&'&b‘e% &

nacrophag%z_ i\ger resent or*m?: erat e nunbers in the .o art .of the
new y f GPRESIESs Rt PR &% EREHIRE AR (5 Rrmt or v
exuziat eoxl ds51ma:x:amededsaathoor(®ge e dhiesssusf; newl y-fornmed bl ood vessel s
g Lo {18 & Wehrlad TR BarbBc ool ord e HE LR Ay " LT 4

weeks i ncubation’group, d zone
cl osest to the Avsacmrawse@u@pmtd@swa&% whishnispoponhsd cedds @ns

enbeddec}alsau&a&urlezg&w@ge?y&u&m s@étl%t;qﬁ"x Ufue?r hiieh Wahe ddueSs mature
or

zone sim,l ar to thg new d tissue int vveeKs speci nens. _Nbst of

the sur FdEFYeHGFaTo 196 GRS lb"i SHFR 3% RAE of
mfimmmummymmlelﬁamy,e m@ﬁoﬂgﬁad o ﬂﬁﬁmulya fcmmisaisﬂdmumndps at 2
weeks, %}g\é Sratl e bet ween the AV shunt and the newly forned vessels
were Vi sone 'sections. Twel ve weeks after incubation, the newy

f or ned t| ssue h&d masuppdrst iflormeds from makeniedsi m&hoﬂlda@etgasuagenous

20 connaqff'f\é%euﬂ%ﬁ&ﬂ t %Jdrpra@,b'ﬁ%ﬁﬁdﬁ%ﬁ%&%@'d&h&&éﬂ%é&“ er margin

of the AV shunt. There was no apparent decrease in vascularity and newy
f or ned 9&??@9-9‘59& RARex dense pl exus throughout the connective tissue. Few

infi@ammatory celphefedably hel @xterior surface of the chamber 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



- of cold

*wth further _addition

25 At all three tine points, the specinens which were injected wth India
ink gave a clearer picture of the extent and density of the newy forned
vascul at wye.o2iispirost speci nens al nost all vessel s cont ai nedTeauohor3in their
| umen, indicating that they communi cat2ed with the AV shunt. 30 |deally,
newly formed tissue nust be stable and capable of retaining its shape. The
ti ssue $oleskedrfuon theAgrruppcansisbind: REsadiénapackéFPy¥®ics. At 2 weeks

t he WBSéaf\eiilaae; hBoﬁBQ”Bﬂélbﬁaﬁoﬁﬁsémd reaéahxcdﬁﬁeemecl 1526sé weeks it is
firmer and nore

g at 12 weeks It ﬁéﬁhe phi si cal
charact%@?%??E%V%f ﬁﬁFBPe Ebﬂﬁ@EPFvet?PQQBe PBYr sihyPy’ ﬁPBRPH is
_ contlnueyssﬁe; BbwémasénaacrEﬂKSaﬁatgnandnnantaissﬁe wibenprefdirablion of

res ion_of . the neWly forned tissue with.incre g

& SkpffIeedoniadhn il ironst=o9  BBEch1 821804 hd1pBER RRERte,,
dernal ék@l@bahsmusémbtucerbilage dzr hehef thssbkasrstRasuek compuid shagvest ed
in a 6 S g ar a r ue- Dawl ey
a1 PR RERESEE Era e Epal OF, SubPRLDER1TSR RRallby TRl Y 8F, BRVRE T i)
The |nb¢ehl$rne conprised animals resulting fromat |east 20 generations of
brother-sister matings. The epiderms was trimred off. Segnents of derms
were 10 cut into 2nm by 2nn1squares and 10 ELeces metg glaced onto %
st l e Petri dF%haaﬁblﬁ@t%EH%ﬁtt the ol BREREISP BT PYL IR a8 retYPde®t Thi s
gl ue maﬁeﬁaﬂflhy aheladdetaeﬂleitz abmpilsahgptaenatepreﬁa&mﬂlahe&hﬁpaague
Damﬂey ﬁft %baTé of Zé'calgiu chlori E The_qgl ue ma owed to set
for Ue °E. 2EG5RpFaPE &R PelﬁgaP PR 3REP & 8 EﬂF etfo' s
Nbdlflcnée@noﬁfsﬁhglereahhdnUW1@ﬁWEh@¢h10@6fetal calf serum pen|C|II|n and
streptomycin angl g a Y {0 cyl
segnents were Pael}tltuﬂtr?d?g%%r e\,\%%f org’ngdlaygx}&ﬁe%% lr%%rrn%lgs%rﬁc&gglc anged
Ther%e weke coethedsapfetbet invanhion, f apfebl asts ZO by 10 days, at which

time the skin Sﬁgwe@tns;waefwe\ﬁhclf&tf it3hfeb |3s ina t\@lee seUbe tured twice
at weekly [ntervals, each_tipge grown cells i.n 75 ¢ and 175 cn?

ulturea?hégkg FE?p@EFFFEFySl?ﬂe YPﬁFgBFE%FX feflededrer 88 with two

fIuoresceﬂferéntﬁbehsn,baaaenzanlde (BB) and carboxyfl uorescein diacetate
(CFDA). Three m ) spn osphate_buffere ine BS) at pH
T wis added (8 SCTIBSEREEEEI Ot HBRRF BB P EPRE BELER PR,

fi bl asts fordB the hloedcyeshelsrqpsthemasaﬁeuaralmzeUOSVrghea&aﬂlt|on
of 17 t ThegC suspensi on was centrifuged at
2000 ann€ L& €o &e CGP?”EQF?r¥ agg ?ggﬁspended in 3 m of nmedia and
t he suspensi on Ewan‘sherPeappﬁeehﬁa%etlzenﬁpaFiﬁaeeswer Eppenterr t'hhEsueTo

each Epgepgeit~twhe1ZBeStakbnOtodcdfifr CEBAasshdrt&R1aNENn2Ehs, ho@haBH were
added. Thg t ubes,_were incu 1 _h_at 37C,and.shaken Lly every

15 mi nuf® ?hesEEFF Fﬁeﬁrmtpﬁcgfaﬁs?grPealFﬁPS A0, YRS ﬁQC?P Rtand

rec@t t usech &Fbispeesmaysbensehectgdofrasn bitcibt noedlémlikedahd survi ves
t he di | h | 91-4
e 1 43p88esLog! L3chihd JRUADLS' gt g PED\LUBAGSESS e IOLRLIE
LabelIeGaEEilégﬂerboppopecPEBEFrshrppgﬁrallﬁraﬁuEppeF@ngoeﬁﬁmﬁpaﬁn°#ax|nal

f1 uor esggacBoafrs! bxrCaliit bRIparkr ber ahOokhBnadehbi aagﬂfaneahhent eft he
chanbers, the ti1broblast gulture flasks were trypsinized agd trypsin

neutral?ﬁ%ﬁrwiﬁe -nprpplshissnge fex| Foshetic puRPegessi AYC &PSnet er,
and . OEEEBﬂeastbhugméneatmoﬁ,11§0aneblpro$hﬂeaobyttha mhseﬁembhnfuged and

t he resultin 0 susper in.a rlate u f _bovi ne
col | agohekaP: P 1288, 18 5B BERPOTST shRadtyoRBGRBRLRRY hEk FhrR A R
tail tenﬂsaueodeégemt(RETCbeThereendbngfftmﬁumax sargneaﬂsowepshharvested
and dic i X Yi gl.d X ndred m 15
R i R T 1 LI
stirring at 4C for 24 h.' The hongenate was centrifuged (3000 rpm x 20 m n)

andsg he super nagang b8ﬁ¥€ﬁtSQPeE@'StﬁétiﬁGEhEﬂoﬁrBESGQ&Gs“aSméQHSQtSﬂ tw ce
of cold 0 M acetic,ac¢id. Jo the pool ed

300
20 ext r BEPELIGLRY)| &t FY JSFtSWNF & IREE BH&Q&°§PoﬁPVPr%FPHQnﬁbﬁeFF8P§t|rr|ng
at 4C, ggptil the final concentratlon of salt was approxi mately 0.7 M (100
m of 5M Nad ~ ed oho.ever 600 t The olut n.yas | eft for
1 hto allom/fugf EFﬁF PEn® ogif% #am% %OPFgﬁr ln?hggpre0|p|tate was
25 col l ected by centrlfugatlon (3000 rpn1x 20 mn at 4C), redissolved in
200 M of 0.5 Macetic acid and dialysed twice against 2 1 of cold 0.5 M
acetic acid for 24 h, and twi ce against sterile, cold distilled water, the
final dialysis solution containing a few drops of chloroformon the

surface. 30 This results in a sterile stock solution of RTTC of
apprOX|nater 3 ng/n1 the concentratlon checked by a Bradford proteln

o . 4= [T



WO 02/ 1591.1 PCT/ AU0O1/01031 23 PBS to renove residual salt crystals, 0.25 x
106 of fluorescently |abelled fibroblasts in 150 ~, | of conplete DVEM were
added to waxdr/ilgdsf chanmber. After allowing 1 h for adher erra/afoitohesicel | s,

chanbers were imMmersed in conplete DVBM 5 and i ncubated at 37C under 5% C02

in air for 24 h. The density of | abelled qf cells was determ ned by
count i ngPVRBEAGRLEP Gregte Yasfularigednity-ssue fran @ Pafdept 43 mand 1
chanber ofssghatkéaphj;ective. Insertion of chanbers 10 Two groups of 6

bred le S Daw, | t. 230 280 d.
Two chanber s vePh TREBVEEY FRPocPRBLRRGILER Sreorancaracaene: kitenke *°
~ chanber and chétn'rghg shdechanbarnhsgembl&v Jshmxtt.t(q)repar ed as descri bed
abowe) and t hat “t&QﬁFIgSEhlﬁI;dSeEQQt éknkfﬁg 29s8Quntn LRed c#g.IéLrﬁel‘SvﬁI&%nbers

wer € renoved 2 days a I nprantation € remaini Ng 6 cha S were
_ renpoveda7desgjseds gensiimpindnt at i on. Exani nation of chambers after renoval

The chamber wasgy eﬂﬁg@ﬁmﬁﬁs f4eSBHAhbEXABEN el Q:Bnl%h%&cihlﬂﬁg e flap
renoved. Ten ~, | 5% Evan's bl ue dye 20 was added to each half chanber

and i ncGhambgri 4pts &he RetieRt.-The base of each half of the chanber was
t hen exam ned, wﬁenﬁmmglefoeuéagenbe1deteamsme.ﬁnaemnrrber thk Edasue-

t d d fl I m I d '
{1 G, PYRBSRARHCPoia 2881 PEGVRELEE ER FOndd FAarHEabA ERE drFace. 25

of the A¥ambilist thescelds dayebei m'dns‘fm-méa}yataﬂ:&mr tiimec iolff settlings gt and

surt ounqhggﬁhgﬁ,%gg E%%Ii:%ﬁcgppﬁ%k Eht %.Q\éh%f?&é%% S ﬁﬁg‘&ﬁaﬁ:@ hanber ;

by 7 days t I ncreased to appfoxi mate On this basis t
over al | pttéari tp Srapsplantatipa.chanber containing as 30 Av shunt vvas

cal cul ated by S’i‘HHabIrBQ:LQImhthd§Bﬁét isretiuee'sl safnthiRe suvbagg %ﬁn%e
chanber and 20% (2 days) or 30% (7 days) of the labelled cells on

surfnceOBe eKaMR sﬁﬁntt eP&FPBEfFCFéQPs %F@ro&é@&%we&ﬁlp&h@ Ngm@r of
cells pgéner td chehle &arishel wieH axheﬁchﬁﬂmsadeleiw:bmca.@d phbao%@p

nber I ft d .G aph Pad
br i o CBPPLATERPERRSark5s  LeARarLRp oL ped Rgo ERE SREREodh
surr oundha.gberssmatwa.x b.nﬂeaw mobﬁ%tbogmlexaa‘.lel vascaliaedded Bkeﬂ:ettlaapryl ate
and thig Yﬁao%ﬂ?z%l | PID 3@%%91@%1; ons o LR t%%r'}ﬁ{e%o ggd stained

wth ei tIIer enmat ox eosi n or sson's trich npari son

betweenmuasularngmtmpbws pad; ekher oeBeticeldar Hiebprifededuscd edi acet at e
(CFDA) &ikBeabaekh an sIé'c'bEﬂ @it es i gn@hbhwas;s\fza\e@l%a@zebantﬁ@aw@er and

distribytion of _Labelled cells_atf the.tw wavel e .exam ned (430 nm f or
BB; 5731ﬁhrFFoFeé5A)" a ﬁg‘eéérﬁIé‘ “NBhEeBOtYRR: AR Lz 8 %érggb
| abel | edhei thambky .onahfilsuappreach fhue. phevee tion Hdmsretfmﬂ tis \tsIhJech foll ow
"quoreEgSgEment of diabetic patients. In a third example, cells are
25 transfected with a growth factor gene or an 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 renal dialysis filter.
The extracorporeal circulation apparatus and renal dialysis
filter may be of any suitable conventional type. The cells



10 cells" refers to cells labelled with both B8 and CFDA. Macroscopic
findings The AV | oop was patent in every chanber. Two days after insertion
t he AV shwotozasmer ed approxi mately 20% of the surface of teoa/atvambesn. By 7
days the 15 area covered by the AV shunt and new tissue arising fromit had
increased to approximately 30% The 2 day nean wei ght of the shunt was 0.12
0. 017 gfermingetheakissngningbeochamber) arenioptdpnpldyy & rams foamedusioght
had risgg tg @ EeESOaOﬁ%tarané Bﬂ@. BRAR .V OliR mdQ:LZ%y%QenDnQ;SHQ
Density of _the cells The en3|%% of, the | abelled cells in enpty

and AV EﬁﬁﬁtfGGnFHiﬁPﬁénghaﬁﬁ@FElFéngho oming;gnd frudyingythe; pensity of

| abel | eBenavisurmeinseefibeeldgsi dx tﬂsemat )comz.ﬁ‘ingh@&bcu&fm deld s,

cha ers 5.ﬁre Qgera i vely and ZV%nd §% aft S réﬁ% tgfter Pre-

Enpt Bt TCoNtEFR R MAs&FPon 83? |v8 gﬁb #b §ﬁénber

~ Total * Ehdayavsranmén£4ot 8heOchambed witho adlded grewth,days 10. 2 1.7 4 8

1.3 11. 1 9 AYQR1/4Q1

cal cul a ﬁéggeﬁgngg%égfgggl eﬂggr?d%g%tg nbgg s%r%é%gagﬁﬁéxgb F@ﬂ a s)

or 30% g7wiidgsyasietybek| §é5§upr53anﬁl oxgnace byt thiissprosessoundi ng t he ACT

shunt # Increase above density in 7 day enpty chanbers is 5 significant (p
0.011) . It can be seen that in all chanbers the cell _density decreased

|n]¥he early stBBesaBiLaFy| hp| AARGERER, atkhelegruss vaicularisedy tgkSer s

bei ng | 8ssat Hagihbai &oﬁbﬁsh.ﬂiﬁht afd @enanlyy anhtohdeadayd caf el thes ®ddyon
there mgﬁ?no shgnlflcant erence in_the e Slt of cel,l s |n enpty and Av
c

shunt - BPnrRgEnBREEFRISAFC7CEEES AR BETSE nPoRE LOOPs 9% enmpt y
chanbersudtdbmetvdsbﬁéarspgduﬁleahabymhnwnntherdeppﬂupaxldaﬁs attams

'”Sert'Qﬁcaigsﬁﬁnkiégtthbhélgghk ﬁ&”%hbyc Qmﬁérsﬁggth%% X i |ty g hanber s

increased to a times 1t ay val and cells
i n tthe pandpuiatefebiensity (after allowing for the nunber of |abelled

cells in the t|§§u§eﬁgregaﬁgfggt13ﬁ shunt) were significantly greater than
20 Evan.s bl ue staining showed

the . density in e anber s
that in all chahbeggmg?éﬁFﬁéal9PrguéPF91aPF“PaB§IPEHeFl bEBSERTt's R&re
viable, with | ee;: éheatiﬂ(goa setéSoEa&uagumatbhg Etan &etltlluhoﬂ}lﬁg.

Hi stol ogi cal Fi s Af%er % % ncug |on § e vessgé agge AV_shunt
25 were surroun yrﬂ?ogd P t anﬁugo ul &ted nf 8 Gdal"8Y snal
nuﬂﬁbrsre&dilbrbblhsrseﬂsed vpsmbhotnrgpapsmg53roﬁlthssuassubawhaamdntitia
nto coagybilbmblie! ABYYe HRRY R ggf bctttaoabai&%ﬂeeg%%ss% wi thin the

coagul um and_early vascul ar sprouts were visib arising 30 fromthe outer
aspect BFaPﬁglﬁﬁtSHSWtVaﬁF“BBFH52danélff&5?§tFPGGPe§é§ﬁP°§tQm es showed

| abel | edrfafbolkaghatogetRe thikl A60 etk ibhe apaz@uifedms vthewadi Nng t he AV
shunt, but | abelled cells were not seen within its substance. The inner

aspect of an AV shunt-contai ni ng chanber
25 For the purposes of this specification it will be

clearly understood that the word “comprising” means “including
but not limited to”, and that the word “comprises” has a

corresponding meaning.

30 BRIEF DESCRIPTION OF THE FIGURES
Figure 1 illustrates how the femoral artery and vein

are anastomosed microsurgically to a vein graft of similar
diameter to form a loop (shunt). The AV loop is placed as shown
in a plastic chamber (made of polycarbonate or poly-L-lactic

35 acid, etc), the lid secured, and the chamber optionally filled
with an extracellular matrix with or without added cells or
growth factors. The chamber is anchored in position relative to

the surrounding tissue by means of stay sutures through



35 renoved 7 days after insertion is shown is Figure 5. Exanple 3 -
Differentiation of stemcells in inplanted tissue chanbers WO 02/ 1591. 1
PCT/ AUW011Wo®34sa6 Skel etal nuscle, pancreas, fat, |iver amdTunepsnere
aseptically renoved from four inbred Sprague-Dawl ey rats. They were chopped
into 1 mmcubes and placed in a tissue culturegrade petri-dish (15-20

pi eces BBERTRALPOLPScylture surface) 5 containing 1-2 ml of conplete
serumfree DVMEM They were then incubated for a mininmumof 24 h and up to 3

days. At the apptopriate fine 4-6 pi,eces of tissue.were adhered in a plasm
Clot to each o BLoBFec phuKE, =, PoRrishspBioh, BT FOLKATHEE 37 The
chanber emeepththatettied lidt bft kheA¥hamberans domeesdhapedllandoitive wdigegnd of
“af r Lv I d_insi hal f . c r Qi ng

cieltor ap Erite) SuiBeR A ybRY Hpuiba it plhnshilBe” NANH bosdBalhil. 00 1
. chanbers exam ned. After 4-6 weeks, the contents of chanbers with tissue

expl ants differpdghit@mst §epseRkeRhS eRbmpiaNBer enW thenlwhlisue chamBeR! ants,
in that they comtarmned_new and different ,cell phenotypes. In all ¢ases nost
e

of the BEEHoEPE thespediglrafraetad e diise FREC @1 FIECTHD &N andFide| | s,
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skel etal ,nuscl e expl ants %ont ai S’% 20 t&ﬁé_&hir of, their volume with

t
mathft o, MAEFPEGERIE SPPRBAEARHOPE HesR Fh80 VR RECSRR o a)
nuscl e éshablished;oandefiolrn ant AVh loapsinca FHiaidatrumanneyi o ¢hathe new

tissue gﬁg@égﬁgggg_#gsgg‘y%yﬁs%l arfsed adi pose t3.ssue. The remaining

chanbers™a esser proportion of mature 25 adi pose tissue and
skel etal” muscle fibres. The chanbers seeded with portions of pancreatic

tissue had a | apgg,papyl ghbRB af mdBleh- daERLE! 89miakgc 8V @hdeegai nophilic
cells, many gi and qQther _smal | er cel w t hout wi shin t%rbe

: ant_cetrs ls.
|i i edFAGUERy 3pr BRSsWatho e Enbales EaF Sbe bleodh yessels ahn
popul at eal, ofi ther cahinbaet edhist allwsCharhadiviaed) disedcticdndengtn cel |
source b¥ hﬁe ecr oticli tisg_ue gpg%nt?a or.dcont ained w thi Qrthe isssue
expl ant 8F RASOG VERSPIEs PIAFRT RAWS PYs FddSrn a0 A& SORS VAR Ssnal |
anount sfirevpndetl wiithuextaaceddalam macnpx;i $on formhemwhd ismuge anount
required to isolate stemcells, and our results indicate that this is a

novel and efficient method to obtain stemcells. The stemcells nmay have
di f¥kred with r Eigure boshpwsr thegdanest aspestt pEnant dValeePri cul ar tissue

expr ess o o o e s Lo
prol i f eM&ACEOFLIPY| ﬁhgf"éntllag’ﬁgﬁﬁﬁt J%Q%Bialslté"r exendy| ’ﬁﬁfé&’ AFFPSS5 The
gener at tha chanmbetpsukfuee, atapndsidation o160 Habeh@dx@ampde 20 .0ur

know edge the first time that such a neoorganoid has been grown de novo on

its own artery and vein.
25 Figure 6 shows a reconstructed “breast” on a male

rabbit, constructed using a vascularised, tissue-engineered fat
and connective tissue flap created at a remote 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



A detailed study of the spatio-tenporal and dynam c changes in the chanber
and t he nechani sm by which these events 10 give rise to the neo-organ nmay
al so havewap@/isent i ons in defining in vivo stemcell avai lgAvéiyasid
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lJL's’f?pi
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cont act oxushinge the bdoed vessels. The vessel ports are sealed, for
35 example with fibrin glue, to avoid contact of the developing
graft with surrounding tissue.
The surface of the polycarbonate chamber can be left in
its native hydrophobic state, or can be rendered relatively



In an AV | oop alone (no added matrix), the average 5 weight of the new
tissue flap fornmed after 4 weeks was 0.24 0.04 g, and the average vol une
was 0.23 wo.033s9s. These results acted as the control for pdrisveaxp®sni nent
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35 at the level of the superficial epigastric artery by
microsurgical techniques using 10-0 sutures. The shunt was
placed into the chamber, the 1lid closed and the construct
sutured to the groin musculature with the aid of small holes on



35 using a particulate | eaching nethod as described by Patrick et al

(1999). In essence PLGA is dissolved in chloroformand m xed with Nad .
After evapor@iised of the chloroformthe resulting scaffol dgsavmsnésned to
the desired shape. The salt was then 18 WO 02/ 1591.t PCT/ AU01/ 01031 31
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round pelycashapat gnah@gg,grd(,g,gs tHe Wil filled wwth a PLGA disc 15 (75%
pol y-L-lactic acid/,25% pol ygl ycolic aci as the scaffold. The PLGA

scaffol d was ei ERELandmi BOTFugdoB the salt |eaching nethod descri bed

aboy@ or a fi bernspudeiretdnipeadFusedthed EQapsC aith m:ja iakghichkel s. After 4
weeks incuybati on and i i at eg hef.qr ar vest hepari ed Ind| a Ink was
i nf used 3PGOMeR. YRS, OBeRST Vs é’"grldﬁ\ é‘ TR Wered in
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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 flush out the retained blood, the animal was sacrificed with



eval uation. The salt-|eached PLGA was | ess dense than the hard, 25 dense
consi stency of the fiber-spun PLGA. This was evi denced by the subseguent
cutting ofvotchasdisssue/ PLGA bl ocks for histol ogi cal eval uatricayavoifoen31
salt-leached PLGA was brittle and prome to crunbling. The fiber-spun PLGA
was easy to section as it had a solid consistency and did not crunmble. 30
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machi ne to nmai nExampllbe 1deveireptignt ofsWascalartisedd@issgei iz Chambers
generatig !Qegghigggr contents axe established as specified in Exanple 1.
The h tabl e transfused blood (at least 90 M) is taken and
hepkr i ni sed (upThvesogupups/ of) fivaerpteogaghs wverecngedar Eachbngeoupd to

5'|'Conﬁa&Uth!déﬂ@1%QQ RhreedduteOpudedntd WsA qosceiPedliadlabsl,Sahld ter.

The oxygenated 20 Dbl ood I%A% ed_through the tissue usin conventlonm

| nt ensi FBOCHFEVERi ChPRBEREUHEE FBR AYaSPUBLeoWeRa Dagyegeed 25,gither

mai nt ai Red4i BrVIRr weleks! postmdmpaantatibntl.he ti ssue/organ is mature. During
t his phase bl oog, sa I%s are cons%ag#& gn éFprege%% ssessothg degree of
coagul ation and tRe*ZBTRICIERENR moSERS Y5518 BrAPraFnmanner to
the2d n inserticdi was @00 g rtedshnguinsted) and 0i.939 gydwheat frdlcelfl s
can be BRBLASY ol betiaPddiverl 4ABLLLILRC ehio® SHPHGRN AN TR o0 I ¢

m crosurgical [ aced into t propriate site In the host. A mgjor
advant agergpup F§9nﬁﬂﬁﬁ§q yeﬂﬁéeébpkﬂﬁyitG 83 FrodFhe F&ﬁﬁoﬂnﬁﬁeése

of f -t hepeBgtbeBavrbiyvaRifgddN24 0. 02Xy GkeR weelk@shanagy oQis BDEgh4 g tO
add stenlciéls t the ste and8?e§ whet her .tissue.is eneratgﬂgﬂ% novo.

The i soPht We? Bans hg ney Lissue §’1°|s g PR& is a
hugESaréasfwelghseamhb|umqﬁaasbf1andeughStbut mot3yolume bezween Boand
vari ous.Le n of gells
and enV|?o%§§%?arg§u%§$% %Qﬁ%%%& s!?ﬂé&?ggu <&e%5 vgﬁgﬁbggFﬁégggd%the
behaV|oGPSbf-|njured/necrotlc tlssue expl ant s placed is vivo in the

chanber, VW)0§&65%éeksP€E£AHOlA 183tadioAN€nkaxe d8BBNwhsakadreanyBES! ON

of nuscle into fat (see Exanpl_e
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 wvisible, and the whole mass had a uniformly firm consistency.

After 2 weeks of incubation the AV shunt was surrounded
by a cuff of mewly-formed comnective tissue composed of
fibroblasts, thin collagen fibres and vascular sprouts,



The hypot hesis being tested in experinments such as these is that these
smal | tissue explants may harbour at least 5 a few stemcells, which
percei ve wo o2nfuay to their parent organs and respond by ipoTiA@iong1ti ssue
renewal . W& have also . tested a nunb®r of tissues, including fat, |iver
and kidney, and will shortly investigate neural, uterus, ovarian, thyroid
and gIandnaagedl89u9h1YhUer§$9ﬂistﬁaVbebébnn#er}nﬁiémmsFﬁgy ¢elBseause al

of the ? éﬁtﬁéui;faipﬁél@.a&ﬁa ﬁl&bi‘@ﬁhag@! u%w@rzesmnaﬁmoatgbataener at i on
of a ce henot ype.  not nor mal g/aresent i n_the chanber. anlstlc% y

they ha® eﬁﬁemeahﬁheuéem DRY ﬁnggenP@1Ve§emé FFrSFHQ aRdnt

. one anak@e8PYindfng RbkaToE! baagamdtaaaﬁnffgamhu:e&y emaah;w ngnt he 15 de
generatiori_o osed of fibr

nov f tissue | 0
anaﬁ%goﬂ§°?61°?P§sﬁ@cFéﬁﬁﬁal%5% é@ P4t P&H Y'&P?Ue §EVB§55aless
tissue afﬂsiﬁglﬂrbhethetvenouenmumenngfthhegamesahnmncoﬁldabeular|sed
" tissue mgth afueﬁognisable t hree di nensi onal organi sati on and phenotype.
Slgnlflt ﬁ?F§ PRe new 20 tissue formed is free of fibroblastic iii-growth
and of |anannaInryheeHIweeEﬁaﬁpcubﬁtionsgsggnenthefnhvaanrmbdhin t he
tissue QEQ%GQ ﬁ Bhre’makdiel NAnSt & ﬁe%l@é@%’&' %oOfthEhﬁv‘ée%it\éﬂlh@d” t he
chanbers V'S oops were created I n anaesthetised e rats as
pré#]ouéﬁysﬁeEéPFBéd°ﬁénEW&ﬁpFBrEedSY&ﬁéaﬂé §F?eéd@ﬁaﬁﬁeﬂ§tP695 n  vol une)
wer e usgdi1&hanbaks stebmal.i | batdsiaehtiakr nagler %sd%SQ.élsEed\a't&rEXQl&Jee 5,
and seeded, inth | rtal 30 rat Lg Egoblasts g&ﬁx 106 eIIs ,0
Mat ri gePY™ite¥r FBUERE BeWLY: ARTEA S8UPr 3e 3. wEﬁ ﬁbgpgc%@P@Sthen
posi ti onesdti 8ft bhegsartouhdihg teagulhmnrass neclenberyedsdiblal, andays, 7

days, and-.2 and i.ncub X [ on_t anlnals
ware r yn§g 333}% mﬁ§£%ﬁ§t?geghkigﬂmé%akghf% eno gfgt EQ %&b EnY%ﬁ) and an
assEssneewlyf farmmeda tissueaddsbati Bj weeksn sbmmumgameago betgeennihiey,

i.p.) 290 e e chige V [ §pS ficed with
o Fet naf ¥ aointr B e oy b S 3 s, XS P T3 35S um (5
nM of as895ipgeml solution) after harvesting the chanbers. Specinmens within

the chanbers wegqepiacaeske hetebi $heliBayiond tHEUAGHLF HbRfed thssue

ni troi nj dgzol e an er thege circgunstance the o cells which
"abel - abadr REEBE BN, AR L R TR RGy: BOCCEORIERGR Siq dRAEEn CgihoeRous

prao f ecahhagtike tisesemmithofibkeblegtec adfigoedgpaxnildeloftot theue at days
3 and 7 | f ign I C S e t ']

the vasSutal Palhin o Bheliy BRAL, Sohifrelvel) 1ol ppPRECRt ReliBld 1s

cells mnecuilamt;memonew}yOfomedhgegsmngomé 8f denmet ipégws By 4
vweeks, pRrefbhsureife 2oahkedivbt BilkheQl W22l ambla@ oS Helld sf Waipel hi s

st udy |nd|cate that a state of hypoxia and active~bi osynthesis exists in
cel I's cVo8&PL8-t he bl ood vessel 1oop. This strongly suggests that hypoxia
is 25 15 druvungaﬁoam& nhraagtmgenpeiﬁtsn the ppeyimehsnwhdchhasirer

articularl | Those || from.th wer e
5ndoubtéﬁ ¥ﬁ§§OYF &%ﬁﬁgre nOFaVPOFI%QFa |nggaﬁﬁpfﬁgoﬁee gﬁ%e ypoxi c,
proI|feaad|dgnsetwsowe¢@elneaﬂwdfpmmbﬁevaawaﬂcmmgeedga wosthspecimenss ue,
but by LhaogRda9h WaGlsed s2@ tahﬁeghambnw% \Weleli Y04 VGRRA qﬂawa%mout

and new ti1ssue ?ornatlon consi derably. Studies such as th
enabl e FhétrEb@!rSﬁyﬂnﬂécﬁﬁﬁétW@&Fethewhwyﬁbﬁpé'can i nfl uence the gromﬂh of

newdi ssue w t hirgehheyGhaghey £3emEdaERkaue muktobat gdablel budedagable

added tOngggggginbnl%ng %Le%VThooelssue 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.



(a) Addition of nyoblasts to chanbers Skel etal nuscles fromvarious parts
of the body (eg. gastrocnem us, rectus fenoris, latissinus dorsi, etc) were
30 harveswanodrsem neonatal rats 5 days after they were weamadavuddeabdiast s
were generated fromthis harvested tigsue by coll agenase di gestion and
culturing in Ham's F10 cul ture nmedium containing 20% fetal calf serumwth
2 ng/m of bFG-. Myoblasts were identified by desmi n i munost ai ni ng.

Fi brobl asts wer ved cR¥mpekisalyis Ho (AT g P ARATON nt age of the
Fact that they EHERRL R e ot o

I

adhere after th&Eltpxe %ﬁ?ﬁ@hé&%&blfé-WQb(lﬁsE%( 106 cells) were inserted
i(nto eithe[ I(1) g&lgt ﬁk)ﬁ@ﬂ uﬂbgflﬁwte\éﬂeﬁf/iiﬁ%lﬁt chC B&At lu%h@%&l @ _frhomPLGA
appr ox ely,0. . ri gel (approximate . Wi
ok b8 HEDME 3768 G o “URS. SOTRUCE MRs £ e AT AUERARDund an
~Av | oopUniitreirs izys Aadsdald Seryivdes;halagitoms Vilebdrdiss| Audayaliidagd. THese
const 11 hB A" 81000 Whaked 3o ubaua e%@%&&@? G 21 choicl2 01 16
weeks. % Fé@ ?‘l ne o Xpl orati on, %he Fats Wer e polac?ed Thder gener al
anaest hgeharagagnshefi brofherosihstion matindss chanber (al so known as the
"flap") was ren&nsdepéag&&agnahglxraahggobf&he @eaqfie@a%ffagéﬁa | Grex

her ha 0 an

i sopentane and the o I'f fixed in formalin, 10 sect] oned, prieor to
morﬁhm 88F c aRtohRamo by REE SANGTefERchiLd Bdeanisc Mere Blaced oRtava ri gel
only gredprfleupPelri dish QRS attathedN e RN Yakd wmz:;: &aﬁ:abfia\ﬁ{aﬁf

scle in four o

exam ned at 2 weeks. 15 There S | ag ge unt of
t hese; aﬁgqu “t ﬁ‘gé'é, 93U RS H%ei g’é’n ' et Fot i9fe TAfobl ast s and
teyi dencpla‘émaygpmbpa&'eﬂnﬁtrmnk ' Spflaguato D@ty Liewo mﬁ,aiua;te@_.r:lo:xd.esiﬂ rz;.posi tive

i ssue. 3 s = r i S rou °
constr ugg]s'ggon glhr]fegf\%rr‘%s?cI@ga%uéy&%btggﬁ'oi'ﬁqa}%s scect):n?é:’%ngg I‘l{%nl (?é:nt?’l"f I abl e
nuskd e, CandCempdetedicyd tyrenmeddamy . comprd sdngl Duidwsicsq’ = MOA i aaltel okl
rats i nokhiag9e04P MeRd ual N HiEMgL, S 1@%?‘%%%’&9.‘1_&5}%, ieﬂ'%@.}g&‘?{”aﬂd‘ed no
nmuscl e but did contain sone (as yet identified) tissue, 2 é'ha_ ers
cont ai nEHTRBEPMYFin, 388 PLpteRdRgsc WaE addete Foofhepoulfainen fisdy.) Fhe 3
rNgt s di le:iia][ e@’t&nﬁhels.y wete WG M&gﬁisg%lrwdcknﬂ@z?: 7(63ery@J|t0 uﬁsé; %H@Q{éﬁi{tﬁf?’ )

results r IS group. oup B -, S (n= e rats i i's

gr oup, Yaﬁoﬁg?‘Pﬂgfis cgﬁ‘f%en@'&snﬁgﬁé'dgﬁ\é%ﬁfoﬂg‘&@§?°wgm °% ffllé"ﬁ'?%ﬁtaﬁ ned no
muszd e. birn10nda¥s, c a&nisdrichn tiivec lthieh ekiyo ldegnien tise werfd remesednt | \rhe
| abel | ed .. Lar ' e I nto I er S
evi dencgf’gfg%gggés% E%t islg"%cgg'lr?\g}lg: \‘??‘ngq’% teergtt4“;v?%2:kl ?’%%bré‘ﬁ %ﬁ Tesa‘ﬁ@} VO.
G oup Ctime2gkewRng( fbe) celds dp 75oem! sl AUS1enl ol e fiamky rats in
this _grgg;gpe_gggqg;_ ructs cont aibned desm n- st ai ngdlrryobl ast 3 5 fl aps I
g’g;g' DY 28 nolhe ';gggg,giz‘;%s weraC1B29h2a 3Tt 3! FfusteBbamyt urely:

25 labels, bisbenzamide (BB) and carboxyfluorescein diacetate

(CFDA). Three ml of 0.1% trypsin in phosphate buffered saline
(PBS) at pH 7.4 was added to a 175 cm’ cell culture flask
containing confluent fibroblasts for 5 min at 37°C. 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 aliquots 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



5 No results for this group. In H&E stained sections of flaps after 2 weeks
I ncubation, nyoblasts were evident in sone tissue specinmens, with their
presence wovhiksfgd by i mrunostai ning for desnmn. 10 Wt hi pcz/awelso31 gr oups
of nyobl ast nuclei had aligned and fozzred i nto nyotubes which stained
positively for dystrophin and formed mature striated skeletal nuscle. By 6
weeks, mayximabdy abd5nhdt ome BBsEluvoweseepr mesimaliysete>438omvens but
ConneCtLXﬁei?éﬁugeiignﬁgrbanBESEEedA rgﬂtﬁ'%hté iﬂﬁaﬁ weeglkstleomononucl ear
| eukocyte Infiltrate was present, probably &ue to the use of Matrigel,
whi ch onagnhaiasmarapadpfiduoreprenclevwever, by 12 weeks, nuch of the flap
tissue was resopbed. chitheiagtingly, in sone of the early experinents with
" ~~l ess pure" nyoblasts seeded, .is¢l ated pockets of_ ostegoi bone_ 20 tissue)
and 2adi pose ti sBE&OFf p) ther additionpe r&?ei* gr £8r theaf EkstPR the
~ Matri ggfgpﬂbmlasaeehnata. fnasnsgw;amenawawpe&_ m:zieﬁeah_a the](‘j fl:m&linnerwﬁ
severe i stall s,i.ncorparated int igel _matrix agent to the
| oop anﬁeggf?gﬁﬁaﬁg Bb Pﬁeggegﬂaﬁeﬁ§8§|g?@és(wggf E°%€EE§ 53ffc8bat i on).
Ther e ahemacgtometee,aandeld0EsnEBVdn’ sedlued dyes dinn-apdsilOi vatiwscl Fheel | s
(conpar Lkt n z 0 0 GEL S positive
innunos?g%ﬁ%%gnfggss§éé?rgkggﬁ%aﬁhacgﬁf E%%EEF}é%hg%%%tggFgfhe new y
gerlel at sdspended. i80ans aRRERPLLBHLPVOLUBEs ofoPeviingt collilagendsrlytd@des a

good anghogesha st bBUhUSonaBHtyathane oF0W ®iaWichhak1lki/minodel can sustain
t he survival, expansiqn and differentiation of mnmyobl asts. The vascul ari sed

chanmber can al sBasubpédt terdencerillpgrd {RFT6Yovi de an optimal environment

}n \A\hi ch the Chwﬁentlaﬁdaﬁgl feonm Sikf eaenthdlle harahhamgtgadaﬁgf)adbedb ]
ashi on, Histological eyidence dempnstrat.es,that seede t ot
sur vi ve*8h8 éf%FgrgﬁtFH¥gst3y?8g§1ﬁ?BfﬁH% Ftﬁﬁ?bﬁBPﬁ’tgPHrb8§% ggﬁfé'form
matlli e eEetefldl OnEisM ecehithasidowels, added and Whe0Rik50ie ROhofeRl/z@tD31
38 peri a oLl +3S.s Kgoe ( Ce addi 1. | t he sane Av

| oop nnggﬁ,iﬁgghé&ég?ﬁég???ggt%dP%ﬁgﬁgn%étghgfﬂg#%%ﬁQF uo?gscent protein

(GFP) | egntrifugad (3A90| 5B KedOr Adn)oA@dmiheo HRupernatans: daryested nt o

these chgiBebgrrBeRe oRPpiroWedakbY 4d sS epdlt ot It cbe i thaFwethes from rat
femurs b yshing themw.th norgggpsgllne. These cgells were then | abelled
r‘

fl
and sor 28g15A°RsFRES3MG LN R aFetAS RdFupdRuicie B
expendedxbyaetkt dr sbdution- SEMSTHINaCLC ealsaiadided 20%Wilet awithl magsethc The
expanded,_cel .s were cgtroviral tgansfe | eneF e nt Protein
(GFP) aﬁalﬁrﬁggn?%iﬁ'gfé%%1ﬁftgg%néﬁ?éitﬁéﬁg?ﬁk%gtg?gc gdg§?Fh§%gour flap.
When suépbrosiamatelys 0wdr¥ 180 mdl efwSMpNacdd added &o evesyc8deml #f on

of 2 x ¢06-Rek)Q- 2ndl sMiLEIBG! whil 9e2¢ £8¥ hO@D cohafliew Fadel - Nine ACT
| oops in chanbers containing these stemcells were constructed using either
r

Mat ri gePraFdpdtakigp of WRer r3LiVveLCRIARIER oo RECFAPLEREERYRS have been
exas Nedodlledbed WoCkentiifhgatién\qaloDo( &P x 20 Winzak decyjons sone .

fluorescence ig_seen. i hese speci s, al.t hau Lt Jd S0 cl.ear .whet her
this is*§ ﬁﬁfﬁzvgﬁPlﬁ %S&eg eﬁ?egdPngﬂfgfﬁﬂgr3§g%%59d1ﬁlgu §§€U§ﬁFce
experi negainshe2r dsolft aoldt 0sSuM acetden egidGERr 24ch,candd Epdceas been
culturedLB e ce Of3+ g < ! 12 £ 4 SUARV igui - | abel | ed
cells hggég %gnsgé?gg?édcéggéglggggi%g%3?f%%ﬁg%%ktgﬁgélaﬁgaggﬁggis in the
chanber sodntiens capkadningaBe Epwd dxepss ofaichd@xrofoxgy ¢ny &hen i faieese

condj ti gR3s HRWAYEL ih0adatarW8ehatechkowedutdAy ickeraecobespecific tissue
phenotype or ¢lone_formation in new tissue 3Q arising fromthese seeded
cel | s.- approximately 3 mg/ml, the concentration checked by a Bradford

protein assay (Bio Rad) with a Type I collagen standard.

Preparation of chambers
All procedures were carried out in a cell culture hood
35 using sterile technique. Chambers were coated intexrnally with
RTTC by addition of 200 ul 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



Exanple 9 - Pancreatic cells added to chanbers in the rat Ay | oop nodel to
forma transpl antabl e pancreatic organoid Al ~experineats were perfornmed
usi ng i nbmaaloBEoague35 Dawl ey rats. The experinental nodel paisgdoadiosn
arteriovenous (AV) fistula created with a vein graft in the right groin and
pl aced within a 0.5 m internal volune pol ycarbonate chanber, was

consi st ABS the ape residuadegaithtetystales. 0. 25\ O SEFL . |

PCT/ AUO Eﬂﬂ&%&é&ﬁg} &%ﬂeﬂ‘%%ié@@s W e ;L%P@f bl &St 6 | MRk O

surgery as describ in preV|ous exanpl es. Pancredtic tissue for
t ranspl ¥axg iaddeth Yy chamkei- nehHrs akigwing ik dr | £9%5) et s :

. US: Ing acadﬁe:.empr Hocf]ﬁatane tduﬁ;h%ﬂa%@w@aﬁmu&%t éﬁgﬁﬁté&nﬂiéé}? DMEM
co gena r er nn r ro e islets
pur i @’iﬁﬁﬁﬁfqﬁ#gﬁq’i 0#\!%” Fca’ cg’gnis/%’t $15r ﬁFe%faﬂ(b?g§~1iF§FbE¥que
1 sl ]et s czmsnaigemsﬂ toﬂzlare:irlsr atass dekr-lznmhmd eﬁ;z\r/cz:t&f]tiﬂ‘ga tﬂﬁﬂ&hﬁﬁ&ﬂ%ﬁ
per f use fh{}%} o.)M#] col | agenase %g{maglrﬁn i qcheni c.a s

: € res

USA) at et’s were 150
Hi st opaduexy0 jabiaatiSteapi ro 199y . (c) ~~Di gested pancr eas" Us| ng adult ,

donor rats, the fy5Rl,a8l€8 REY; aRs digested with collagenase P
(Boehringer 15 Mannheim Gernany) Is vitro, but the preparatlon was not

sub}@ct ed to anyrWougReMPSH@E éﬁ’h’iﬁﬁl ;ade SuyRouesDawdest FRtfor eas”: -Usi ng
adul t  derdighiaids betfedrs @31 ed 2B £ asife Wi NOITRY OHENS &/ wimest ed but

S | y honbgeni sed and .t he crude _.extract edthro h .a range of 20

d: Weyeﬂﬁsﬁ%%&?ﬁqtt %r ‘Fﬁ’(,g"fl%i( a’tﬂﬂc?fv ug l’f'Pg“llﬁi'D in|m
filter luie \nﬁshtetsil&eeabd:;tdﬂmnw&flmfsﬂﬁ:ﬁr Mmpﬁﬁﬂ s fagddieibed

exper i T cal r s as, & 5U ort .for, s t

[ sloet g'r%e%pa a?t Qlg‘r‘li"g)%\t/t\{/ea?:eq‘li Lélé’ r?'rggént(re %‘f&? o’rﬁ%ﬁ*%‘%?%‘ﬁh’h Sﬂ'e'} ‘inqiﬁﬁs (1)
ThelZharhambgrs tMene: demaviedViz days | am t:hnpliasitam.qmr érhi srevesigting
throughwtchagwérsT%z@mﬁ;vé@% faal,}sedamz{: 'r\@lrargfalm the islets /

pancreatic tissue was placed in _centre ' loop. (iii) 150

~, 1 of Matrigel Ed@ﬂt’-éﬁarﬁ’-l?g‘ ©ofe chamherg afheay gemaval ssue was placed in
centre of chambehe l&hﬁhﬂb%&' Wa@<|rm':dd;trerd:; e AW |lsdRt (Examilid ‘fro]r of rat

Centro SRUSREVDEP 1Hh Sdam, ESAhad, t FEhAINPY Joi Soriher i Bigien e
gr o2ips wese adigieds dab mdl'nlliaiuﬁs -ch@mdeg hnd]:dac(um&‘l)('fcg:) 5 nﬁnrrechtSm‘H’g.ue
Davd €y Ged paslDei /2l 4 AGTARUO BN, VAP s oxhifigld, hiliil'a vere

pl aced gi ere were 3 rec use
(donor : Bedifpiostlrn,attico de&mmrhﬂaﬁmhﬂmm Eyen G &Rime-st@ihed GnG00
9) i nbr ¢duoesMRite de39d iR ﬂ:&@ﬁdﬂi m&a&a ‘fﬁ@rd@% i#y JYRid T gel .

days | R PEBIeCR I B o LA E it U6 GRS SAAR e qotgEace
"Diz2fest ef pnélmecmas’hums@sa%n deemiged . There were 6 10 reci p| ent rats.

W used a 1:1 (q.%gor 5’ laEH:%Q-t ):.ns%trtﬁ %qﬁrs%’é‘b’aqun": Sré]cg:[lz)ratl% Iooup 4.

Adul t (230 260 Fats were used. | aced in
Mat ri geltissryer @owelr@GS amomlmmteﬂat 20%Vof 43¢ [srifare] ofnthe Thizghdoeas;:

reci pi edl) 7 days this had increased 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™ software (San Diego, CA, USA).
After counting, the shunt and surrounding tissue was
fixed in 10% formol saline, embedded in methacrylate and thin



15 ratios, and 6-21 days incubation. Goup 5. Adult (230-260 g) inbred rats
were used. "Filtered pancreas” was placed in a plasna clot. There were 8

reci pi ent woadzsisoMe used a 1:2 (donor:recipient) ratio, ancd@yRdoidays
incubation. , 20 In vitro experinents24slets were kept in culture in
Matrigel, wth DVEM medi a changes tw ce weekly, in parallel wth the above
in vivo saqtemmemquegmq Eainafe with #itharhaematoryiie andsul in

I MMUNOS Ry o 2R Y A Hronyeral such cultures 25 at one and~t wo
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The density of the labelled cells in empty and AV shunt

containing chambers is shown in Table 1.

25 Table 1
Density of labelled cells (mean number/grid) in empty
and AV shunt containing chambers, pre-operatively and 2 and 7

days after insertion.

Time after Pre- Empty AV Shunt-containing
Insertion operative Chamber chamber
In chamber Total*
2 days 8.6 x 1.74 4.0 % 0.94 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%



to 24 days. Insulin and glucagon production was identified by
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percentage of tRag newhysf,OmAny edrdHibrebh1Rlsed tfbrd prbsentd withimsue,

f|fthf|eld of Sloop dnthe speci nen. Eve 100 points wa, sbcounted, on the
fr the coagulum, and early vascular sprouts were visible arising

30 f£from the outer aspect of the AV shunt.

At both 2 and 7 days fluorescent studies showed
labelled fibroblasts on the surface of the coagulum surrounding
the AV shunt, 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




ry tissue slice, For each ont and back this pu of haemato rpose, the slices
were di xY'lin briefly before pped in counting. This enabled newl tissue to
be readi | walestsbrygui sh ed f roan y f ox' med x0 poi nt countpdA¥o1/0lbm@ re ing
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10 'The proximal end of a femoral nerve was placed inside one half
of the chambers containing skeletal muscle explants. After 4-6
weeks the rats were sacrificed and the chambers examined.

After 4-6 weeks, the contents of chambers with tissue
explants differed from the contents of chambers without tissue

15 explants, in that they contained new and different cell
phenotypes. 1In all cases most of the necrotic tissue explants
had been replaced by clumps of new cells.

In the most dramatic of these experiments, 8 of the 11
chambers seeded with skeletal muscle explants contained up to

20 two thirds of their volume with mature, well-vascularised
adipose tissue together with mature skeletal muscle fibres,
surrounded by a thin capsule. The mature region of the new
tissue contained up to 90% vascularised adipose tissue. The
remaining chambers also had a lesser proportion of mature

25 adipose tissue and skeletal muscle fibres.

The chambers seeded with portions of pancreatic tissue
had a large population of well-demarcated large ovoid
eosinophilic cells, many giant cells and other smaller cells.

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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opposed to the growth of stem cells in an established tissue.

The finding that muscle explants can result in the
generation of a neo-organ, consisting almost entirely of mature

20 adipose tissue, indicates that:

a) a stem cell population can successfully seed the
chamber;

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

25 ¢) 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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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 alone 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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good vascular connection between the loop and the flap vessels.
30

Example 5 -~ Effect of Polx-L-lactic Polyglycolic Acid

(PLGA)
(a) PLGA prepared by the salt-leached method.
A PLGA insert 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
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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 fiber-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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monitored to assess the degree of coagulation and the

25 maintenance of haemostasis. In a similar manner to the in vivo
studies, genetic modification of the tissue generating cells
can be applied to this model. Finally the tissue/organ
generated is microsurgically replaced into the appropriate site
in the host. A major advantage of this method is the ability to

30 produce tailor-made, off-the-shelf parts and organs.

The next step in testing our model is to add stem cells
to the system and see whether tissue is generated de novo. The
isolation, expansion and seeding of “stem cells” into the
chamber is a huge area for research in itself and is still in

35 its infancy. For various reasons, we have chosen an unorthodox
method of adding stem cells and environmental cues, with
unexpected results. We have investigated the behaviour of

injured/necrotic tissue explants placed in vivo in the chamber,
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20 tissue formed is free of fJ.broblastic in-growth and of

inflammatory cells.

Example 7 - Assessment of hypoxia within the tissue
growth chamber
25 For the study of hypoxia of the cells within the

chambers, AV shunt loops were created in anaesthetised male
rats as previously described in Example 1. Standard-sized
chambers (0.5 ml volume) were used. Chambers were filled with
Matrigel, as described in Example 5, and seeded with immortal
30 rat L6 myoblasts (1 x 10° cells / 0.5 ml Matrigel) distributed
over the entire surface area. Chambers were then positioned in
the groin of the rat.
Chambers were harvested at 3 days, 7 days, and 2 and 4
weeks incubation. At the time of exploration the animals were
35 again anesthetised with sodium phenobaritone (30 mg/ml) and an
assessment of anoxia was made by injection of nitroimidazole
(60 mg/kg, i.p.) 2 hours before the time of chamber harvest:
Rats were sacrificed with a lethal dose of pentobarbitone
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wherein"the 30 functional circulation on a vascul ar pedicle of step (a)

conprises an artery and a vein. 20. A nethod according to claim1, wherein
theadunctional gikampllat BOr gBodaradgutdaltiieddckelok atdpd(&p chambers

in the rat AV loop model
(a) Addition of myoblasts to chambers
Skeletal muscles from various parts of the body (eg.

gastrocnemius, rectus femoris, latissimus dorsi, etc) were

30 harvested from 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 bFGF. 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 108

cells) were inserted into either (1) Matrigel alone



35 conprises an artery, a venous graft, and a vein. 21. A nethod according
to claiml1, wherein the functional circulation on a vascul ar pedicl e of
step (a) woWwe18a/41591. 1 PCT/ AUO1/ 01031 58 conpri ses an ar tpefiyaucd/oY@mnous
graft, an arterial graft, and a vein.322. A nethod according to claim1,
wherein the 5 functional circulation on a vascul ar pedicle of step (a)
conpr i séasppheximghedy Ot&npd)obrarf2ir Metyiged dapproxjimatedysidddSbwmlsdi de.

23. A vase! bR CHlakiagUgpOtaL! pRAGAHGCE S YO1URLN0RNAREORALIY g ¢l al m

1. 24. repairirng a tissue icrt, conprising t steps of: a)
creat.ngeaevaéégeérﬁgeunﬂu§§uévglapp ue&bﬂaiﬁgsranﬂarélapﬁlyé chRmb&Tai ni ng

_the grafg bﬂe%BSuQQQOHegéthGH fQheQeSEBEb%E%%Esp%@&%d1hQuBEQ€ECe tissue
with the desired iY vascy r|t and degree of differentiation;
t

G)
traﬁ%fe???ﬁ@t?ﬂ€°ﬁﬁ fog FH& B&st redlzé'réauﬁFeﬁﬁ uepks. A &?e time
anast onpsi egpléeablion] ¢hesehésowrekrbeplackd under @%&br&&t ahheame\emar) 25.

A t hod t t t
Vascul SFPacERP; ELRECH, APPRAB.BLEPR EBScPARAE2S, (B sPoRBPRPNAR! AB%raft i n
the_donbflanb)ewasfuamavsdﬁfhppepxlpabedw halfr ofuthet tissaewwhls t he
des'red %éhzﬁn 3 ?gggshkyaﬁadtﬂsgkﬁﬁlehglgf% QQE'QL'EBrmBXﬁhraQEk?rr'“9

t he gra ot recrprent sit t onoSi n e ’bl"ood
vesiske| sseetinnedy aprioy §°|veaphaipspyaandh#émnlosécgé andnethod of

delIverymﬂﬁnahﬂsescaeagua& Leadngtbi.ect, conprising the steps of: a)
creatlng vascularised_tissue in a tissue WO 02/ 1591-4 PCT/ AU01/ 01031 59
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patli%ent Thereecwdsoa 3arge amount of muscle in four of these; and of
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 flap (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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,{,.-0- ﬁ&&tﬂbééuéﬂﬂlﬁitﬁbb]MRBaléahkea]QQerﬁt in some specimens but
connective tissue formed in others. At both 2, 4 and 6 weeks

15 mononuclear leukocyte infiltrate was present, 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, isoclated 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 matrix, adjacent to the
loop ana surrounded by the seeded mybblasts (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 1lA) but there was positive immunostaining for
S$100, 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 enviromment in which the chosen

35 cell can differentiate in a normal and expected fashion.
Histological evidence demonstrates that the seeded myoblasts
both survive and differentiate to form myotubes, which in turn

coalesce to form mature skeletal muscle in this model, over a
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20 2 weeks (n=4) or 4 weeks (n=4). In frozen sections some
fluorescence is seen in these specimens, although it is not
clear whether this is 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 c¢lone formation 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 groin and
placed within a 0.5 ml internal volume polycarbonate chamber,
was consistent throughout all experimental groups.
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alcalUca UV]ca (e¢) “pDigested pancreas”: Using adult donor rats, the
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) “Filtered 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 um filter but was retained by the 100 um 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:

(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 placed in centre of chamber / AV

30 loop.

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

(iv) 150 Nl 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. O0ld (400-500 g) inbred Sprague Dawley rats
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“Digested pancreas” was placed in Matrigel. There were 6
10 recipient rats. We used a 1l:1 (donor:recipient) ratio, and 7-14
days incubation.
Group 4. Adult (230-260 g) inbred rats were used.
wHistopagque islets” were placed in Matrigel. There were 8
recipient rats. We used both 1:1 and 4:1 (donor:recipient)
15 ratios, and 6-21 days incubation.
Group 5. Adult (230-260 g) inbred rats were used.
wriltered pancreas” was placed in a plasma clot. There were 8
recipient rats. We used a 1:2 (donor:recipient) ratio, and 8-24
days incubation.
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 results.
Serum insulin level measurements
At the time of chamber harvest, blood samples (100 ul)
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 preservéd in Buffered Formal Saline and routine
histological preparation, followed by paraffin embedding.
35 Histological sections were subjected to routine (H&E) and
immunostaining (for insulin and glucagon).
In vitro culture

Survival of islets was demonstrated to 4 and 8 weeks in
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wfiltered pancreas” chambers, although no confirmatory
20 immunohistochemistry was performed. Insulin and glucagon
immunohistochemistry 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 constructs 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
“worganoid” 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 quite substantial in
comparison with the animal’s body size, and corresponds to a
small “breast” or small “organ” within the body. In order to be
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20 The AV shunt was sandw1ched 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 achieved. 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 1lid 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 general 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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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 edges of the

25 chamber were found [Tanaka ¥, 2000, unpublished findings].
These latter conditions 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 halothane and oxygen (2.0
L/min). Under sterile conditions a graft of 4-6cm (rabbits)
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X" (IB0YRoEPin! reglows was( heédr 880 _hsO0%E' pf adipocytes and adipogenic
precursor cells.(Zuk et al, 2001). The fat tissue was formed
into a crude slurry by injection through an 18 gauge 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 either H&E or
Masson’s Trichrome (a connective tissue stain).

The volume of new tissue generated after 8 weeks growth
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amounts of tissue in the rat and rabbit. The tissue thus

10 produced was of a size and shape potentially suitable for
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
technology 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 resist the initially hostile ischaemic
environment of the chamber. This makes them attractive cells to
seed in the chamber. Stem cell biologists have clomed 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 also 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 different types of vascular

configurations that have been shown to be angiogenic in
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silicone chambers in order to determine the most suitable
15 material to use in the construct of the chamber. We also
compared the two main extracellular matrices used in the rat
model (Matrigel and PLGA) in the mouse to judge which was best
with regard to angiogenesis and tissue growth. A total of 88
C57BL/6 wild-type mice (male and female; 18-24g body weight)
20 were used for this set of experiments.

Initially two vascular configurations were examined
using specially constructed polycarbonate chambers. The first
was a tied off AVP of the mouse femoral artery and vein as
described by Khouri et al [1993] in the rat (Figure 3). The

25 second was a FTL pedicle comprising the superficial epigastric
vessels encapsulated within a modified version of the
polycarboﬂate 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=2x2x3x6=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 combination of

35 clipping and a depilatory cream. The skin was decontaminated
using an alcohol preparation. The tied off pedicle technique
required a vertical incision extending from the groin crease to

the knee just offset from the saphenous vessels which are
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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
described in the mouse. The first cm of the SE vessels (where
they are free of the 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

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 construct 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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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 cohort
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. Alsco it is difficult to measure
the exact volume of extracellular matrix that is used in each

30 chamber. Matrigel is usually added as a liquid and allowed to
gel in vivo. 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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ascertaining definitive patency was not always possible.

10 Therefore India ink perfusion studies were performed under
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 pedicle. A
laparotomy was then performed and the abdominal aorta was

15 dissected free of the vena cava and cannulated just below the
renal vessels using a fine (30G) bore silicone tube. This was
then flushed using 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 gentle 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 technicque 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 overdose of
phenobarbitone Qnd the chambers were carefully removed cutting
the pedicle(s) flush with their entry into the device.

The specimens were fixed 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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selected at 3 depth 1nterva1s of 500 um and the vessel density
was assessed with the aid of a stereometric grid. Following

10 completion of this process the specimens were committed to
histological processing. The stained sections were
morphologically assessed in terms of angiogenesis and the
cellular characteristics of the newly generated tissue.
Univariate analysis of the patency rates and vessel density was

15 performed using the Student t-test. The patency rate was
assessed for the two vascular 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 terms 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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animals the fat pad contains some mammary tissue and associated
ducts which are occasionally found in the distal part of the
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, liver,

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 effectiveiy 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
confer some immuno-privileged status to the cells that grow
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that while the invention has been described in some detail for
the purposes of clarity and understanding, various
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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a) creating a functional circulation on a
vascular pedicle in a donor subject;
b) partially or totally enclosing the vascular
10 pedicle within a fabricated chamber;
c) seeding the chamber with isolated cells or
pieces of tissue;
d) implanting the chamber containing the vascular
pedicle into donor subject at a site where such an
15 anatomical construct can be created; and
e) leaving the chamber in the implantation site
for a period sufficient to allow the growth of
vascularised new tissue.

20 2. A method according to claim 1, comprising the
step of: after step (a) surrounding the vascular pedicle
with added extracellular matrix and/or a mechanical

support

25 3. A method according to claim 1 or claim 2,
comprising the step of: after step (b) adding growth
factors, drugs, antibodies, inhibitors or other chemicals
to the chamber.

30 4. A method according to claim 1, in which the
vascular pedicle comprises an arterio-venous (AV) loop or

shunt.

5. A method according to claim 1, in which the
35 vascular pedicle comprises a ligated artery and vein.

6. A method according to claim 1, wherein the

chamber in step (e) is left in the implantation site for
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chamber in step (e) is left in the implantation site for

5 at least 6 weeks.

8. A method according to claim 1, wherein said
created vascular pedicle contained within the chamber is
connected to an extracorporeal circulation.

10
9. A method according to claim 1, wherein the

donor subject of step (a) is a mammal.

10. A method according to claim 9, wherein said

15 mammal is a human.

11. A method according to claim 1, comprising the
additional step of implanting said vascularised new
tissue into an autologous recipient.

20

12. A method according to claim 1, comprising the

additional step of implanting said vascularised new

tissue into a heterologous recipient.

25 13. A method according to claim 2, wherein the
added extracellular matrix is selected from the group
consisting of reconstituted basement membrane
preparations, polylactic-polyglycolic acid variants
(PLGA), fibrin or plasma glue, and native collagen.

30

14. A method according to claim 13, wherein said

PLGA comprises PLGA sponge.

15. A method according to claim 3, wherein the
35 additional growth factors, drugs, antibodies, inhibitors
or other chemicals added to the chamber are selected from
the group consisting of growth factors, homing factors to

attract stem cells from the circulation, exogenous growth
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16. A method accoxrding to claim 1, wherein the
isolated cells or pieces of tissue of step (¢) are
5 autologous to the host.

17. A method according to ¢élaim 1, wherein the
isolated cells or pieces of tissue of step {(c) are
heterologous to the host.

10

18. A method according to claim 1, wherein the
isolated cells or pieces of tissue of step (c) are
selected from the group consisting of stem cells,
skeletal muscle tissue that has been subjected to

15 ischaemia, myoblasts transfected with Myo-D,
keratinocytes, myoblasts, fibroblasts, pre-adipocytes,
adipocytes, cardiomyocytes, endqthelial cells, smooth
muscle cells, chondrocytes, pericytes, bone-marrow
derived stromal precursor cells, Schwann cells and other

20 cells of the peripheral and central nervous system,
olfactory cells, hepatocytes and other cells of the
liver, mesangial cells and other cells of the kidney,
pancreatic islet B-cells and ductal cells, thyroid cells,
cells of other endocrine organs, portions of skeletal or

25 cardiac muscle, pancreas, liver, epididymal and other
subcutaneous fat, nerves, kidney, bowel, ovary, uterus,

testis, and glandular tissue from endocrine organs.

19. A method according to claim 1, wherein the
30 functional circulation on a vascular pedicle of step (a)

comprises an artery and a vein.

20. A method according to claim 1, wherein the
functional circulation on a vascular pedicle of step (a)

35 comprises an artery, a venous graft, and a vein.

21. A method according to claim 1, wherein the

functional circulation on a vascular pedicle of step (a)



111 p, m'10%}& ()-@q, m 109&' ()-@0% U& ()-!Yy 10% U U& ()- y@ 10%
& ()-1qy@10%JU& ()-3CcxVIM@ ! 3110% & ()-!~h3! 109kk& () -
t°s-1 10%Wo(gersde- ! 10% k k& ()-!, n'10%y& ()-@t ", m 109 T{Avo@nsir P@
1°3110% & 1 f3 s!10%~& ()--L9! 10% 9884 )-!-L9! 10%h& ()- 10 k k 10 k k 10 k
k!q8Y10%k k& ()-@. WU3P@ ! "10% & ()-!q "10%h& ()-! "10%h
h&' ()-1~" 1mﬂbz($sé$fa110%hem (3 -@nous grafthhan(jrteyialiie@Eit,
"10 "10%& ()-!m @"10%h& ()-!@"10%h& ()-!f& 10% h
h&'() @{ "1 0 h&' I"trpP1

22. A method according to claim 1, wherein the
5 functional circulation on a vascular pedicle of step (a)
comprises the ligated stumps of an artery and a vein
placed side by side.

23. A vascularised tissue graft produced by a

10 method according to claim 1.

24. A method of repairing a tissue deficit,
comprising the steps of:

a) creating a vascularised tissue graft according

15 to claim 23;

b) retaining the graft in the donor subject for a
sufficient period to produce tissue with the desired
size, vascularity and degree of differentiation;

c¢) transferring the graft to the desired

20 recipient site; and
d) anastomosing the blood vessels of the graft to

a local artery and vein.

25. A method of tissue augmentation, comprising
25 the steps of:
a) creating a vascularised tissue graft according
to claim 23;
b) retaining the graft in the donor subject for a
sufficient period to produce tissue with the desired
30 size, vascularity and degree of differentiation;
c¢) transferring the graft to the desired
recipient site; and
d) anastomosing the blood vessels of the graft to
a local artery and vein.
35
26. A method of delivery of a gene product to a
subject, comprising the steps of:

a) creating vascularised tissue in a tissue
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vascular pedicle produced by a method according to claim
1, wherein the tissue chamber is operably connected to an
extracorporeal circulation apparatus and to a renal
15 dialysis filter.

Dated this 21lst day of August 2001

Bernard O’Brien Institute of Microsurgery

20 By their Patent Attorneys
GRIFFITH HACK
Fellows Institute of Patent and

Trade Mark Attorneys of Australia



