WO 02/ 15914 PCT/ AU01/ 01031 1 VASCULARI SED Tl SSUE GRAFT Thi s invention
relates to the fields of tissue engineering and transplantation, and

parti cul awdlozqugluhe 5 generation of vascularised tissue. BRGIRpdNE0F THE
I NVENTI ON 4 Ti ssue engineering utilisiing honol ogous starting 10 materi al
offers the prospect of replacing mssing or non- functioning body parts
with newy created, living ti SVASCULARISED MESSUECGRAFT t 0 m ni m se | oss of
tissue and resultant pain fromthe donor site experienced in conventional
reconstructive surgery or to recreate specialised tissue for which there
is no 15 donor Thiseinwentionbyedates tth’etlhengltsédm pﬁnﬂnsfruppresm on

requi reen{,%e@%& 60laB0 L EahRIAREARLR, OBnd batTRIAGS i ques of
tissue culture creation of biao- corrpatl l'e materials an

mani pul QPFSﬁaGﬂ-OnaI‘?@ ygesedpxippdotdEsusy create new, vascul ar| sed tissue
to 20 replace damaged tissue or tissue which is congenitally absent. One

" of the major challenges faced_in thsue enolneerlno |s to create
differentiated tissue of the ZBRESERAT o VEHAEPY  Ti ssue created
wi thout a functional vasculature is strlctly limted in size by the
constraints of t t0q,l t will
becone necroticgéégﬁbreggghgﬁ hgglélﬁggﬁbh%%égf %gsn%ﬁ F%%gjvesse
supy! y. ma¥ied alhofd emnse tMn?rQ@\PéFFttag?é?s replacdag md ssdwa iogs m@n-cont ai ni ng
a funct gaﬂékzl‘éi’ﬁ%‘ O%Udl{yen paid WieRaklekr aﬂ%ﬂé&%e@e Nﬁ;’%“%;@ﬁé‘e% to be

produced at a site body renote 3 fromthe e ect, or on an

| munos BpFr E8se@orantil &R F”-E'F-slen lags of issugn aad resli@ntapain

ci rcul akiref, the doneed sivepexpesienldsa rlei/vadmlmtl %d&féﬁ%n&fé t hat
it can be brought with the tissue,intact_tq the sg FP'?I [ ec siﬁ_tru.ctlon.

The creét‘i'-‘gﬁréff oX(itP mesFeaty FRECHS HYSEYST G s mo

undes | yaegotalsities &Mﬂmmbﬁathmq%wmg-&dmp&muﬂdmeﬁ‘m s in

reconst E_g%ii\égris%r eV E %%st Q‘i%%sf atq’h Sat st ret ain their blood supply
in-viable™a ran € ji

to rema ter plrantati o origin of the flaps is limted
to those It combines the technlques of tissue culture, the

creation of bio-compatible materials and the manipulation of
angiogenesis in order to create new, vascularised tissue to

20 replace damaged tissue or tissue which is congenitally absent.

One of the major challenges faced in tissue engineering

is to create differentiated tissue of the appropriate size and
shape. Tigsue created without a functional vasculature is
strictly limited in size by the constraints of oxygen

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

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

The creation of skin flaps, a living composite of skin

35 and its underlying fat, is a common technigque used to repair
tissue defects in reconstructive surgery. Because these flaps
must retain their blood supply to remain viable after
transplantation, the origin of the flaps is limited to those
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recogni sed bl ood vessel source. In order to overcone this limtation, skin
fl aps canwkgeoyisprse- fabricated” by inplanting short segnentge19fuhloeed
vessels into a desired site, and utilising the resultant angi ogenesis 5 to
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reconstructlve procedures; however, donor mature adipose tissue

is extremely fragile, and will rapidly become necrotic if not
20 immediately re-connected to a functional blood supply.
Furthermore, the use of conventional autologous transplantation
techniques involves “robbing Peter to pay Paul”, producing
disfigurement at the donor site. The abiliﬁy to produce new
tissue with a defined vasculature would overcome this major
25 shortcoming.

Khouri et al. (1993) and Tanaka et al. (1996) have
demonstrated that an arteriovenous loop could intrinsically
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 (P-FGF or FGF-2), continued to increase in

volume, peaking at 2 weeks, but returned to the levels of the



nodel , where the chanber was supplenented with O-Fi broblast Gowth Factor
((3-FGF or FGF-2), continued to increase in volune, peaking at 2 weeks,
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20 have examined the behav10ur of stem cells when injected either
under the capsule of mature organs or systemically. These
studies have a number of limitations in furthering the
knowledge of the use of stem cells for tissue engineering. In
particular, when the stem cells are injected into mature organs
25 they must interact with an established micro-environment and
derive a limited neovasculature from the host organ; when they
are systemically injected they become widely dispersed. In
order for stem cells to generate organs, it is expected that
they will require an expandable vascular supply to accommodate
30 and service de movo tissue generation. In order to assist in
directing stem cell expansion, development and differentiation,
an expandable microenvironmment comprising an inert support
and/or extracellular matrix is also expected to be required. We
have now developed a model which satisfies these requirements,
35 and holds great promise for the study of stem cells. Its
application to tissue engineering is a significant advance in
the state of the art.
It will be clearly understood that, although a number



35 and holds great promse for the study of stemcells. Its application to
tissue engineering is a significant advance in the state of the art. It
will be chwegagligodnder stood that, although a nunber 5 10 1M @H/0163914

PCT/ AU01/ 01031 4 of prior art publications are referred to herein, this
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20 ti ssﬁKStG)“ i mpl ant| ng the chanber containing the vascular pedicle into
a host an| mal at any site where such an anatom cal construct can be
cref and e) leaving the chanber_in the I nplantation site for a 25

per d sufficient to allow the 4 ONew tissue. in one
preferred enbodneat firise mspeedt,ctdfer invention shxrewidecsca sethod o fof
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15 a) creating a functiomal circulation on a wvascular
pedicle in a donor subject;

b) partially or totally enclosing the vascular pedicle
within a fabricated chamber;

c) seeding the chamber with isolated cells or pieces of

20 tissue;

d) implanting the chamber containing the vascular
pedicle into a host animal at any site where such an anatomical
construct can be created; and

e) leaving the chamber in the implantation site for a

25 period sufficient to allow the growth of vascularised new
tissue.

In one preferred embodiment, the method comprises the
step after step (a) of surrounding the vascular pedicle with
added extracellular matrix and/or a mechanical support. In

30 another preferred embodiment, the method comprises a step after
step (b) of adding growth factors, drugs, antibodies,
inhibitors or other chemicals to the chamber.

Preferably in step (e) the chamber is left in the
implantation site for at least 4 weeks, more preferably at

35 least 6 weeks.

The vascularised tissue may be grown in vivo or in

vitro, or may be in situ in the host.

More preferably the chamber is implanted in the donor



inhibitors or other chemcals to the chanber. Preferably in step (e) the
chanber is left in the inplantation site for at |east 4 weeks, nore

pr ef er abl woat2/1585 | east 6 weeks. The vascul ari sed tissue myrAden@i@n in
vivo or in vitro, or may be in situ isn the host. Mre preferably the
chanber_is inplanted in the donor WO 02/ 15914 PCT/ AU01/ 01031 5 body,
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replacenents that 25 conprises an artery taking b to the site of the
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sheep and goats, pigs, and primates. In a particularly
20 preferred embodiment, the donor subject and recipient are
human.
The person skilled in the art will appreciate that a
“wyrascular pedicle” is an artificial or mnaturally occurring
arrangement of blood vessels or vessel replacements that
25 comprises an artery taking blood to the site of the construct
and a vein carryving it away. Preferably the vascular pedicle
comprises an arterio-venous (AV) loop or shunt. In an AV loop
or shunt the artery is either joined directly to the vein or
connected via a graft of a similar diameter so that there is no
30 impediment to blood flow (for example as illustrated in Figure
1). In one alterﬂative arrangement, the artery and vein are
both ligated and blood flow is via microscopic connections
between the two (for example as illustrated in Figure 3). In
another alternative the artery and vein are in a “flow through”
35 configurationhwith the blood vessels entering at one end of a
semi~closed chamber and exiting at the opposite side (for
example as illustrated in Figure 4).
It would be appreciated by those skilled in the art



1). In one alternative arrangenent, the artery and vein are both |igated
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polylactic-polyglycolic acid sponges, Dexon’" sponges, or sea

20 sponges are added to the chamber. Combinations of matrices,
such as PLGA sponges coated with one or more other matrix-
forming components such as fibrin, laminin, fibronectin,
collagen, low molecular weight hyaluronan and vitronectin are
other preferred options. Freeze dried segments of tissues such

25 as muscle or organs such as liver may be used as sources of
matrix and growth factors. Preferably the segments of tissues
Oor organs are Eaken from the same species as the donor subject,
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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PPAR-Y ligand Troglitazone, nitric oxide, prostaglandin E1,
transferrin, selenium, parathyroid hormone (PTH), parathyroid
hormone related peptide (PTHrP), etc, many of which are
promoters of angiogenesis or vasculogenesis. Antibodies,

25 agonists or antagonists to some of these growth factors or
inhibitors of the chemical mediators can also be used to
influence the type of tissue formed and the rate of its
formation. The person skilled in the art will readily be able
to test which growth factor(s), anti-growth factor antibodies,

30 or inhibitors, or combination thereof, are most suitable for
any given situation.

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

35 appropriate differentiation factors, keratinocytes seeded to
produce thin skin constructs for face and neck reconstruction,
etc. Optionally the chamber may also comprise isografted or
autologous cells selected from the group consisting. of
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20 manipulation of cells in tissue culture, or a combination of
the two. In other variants such tissue segments may be rendered
ischaemic, cell-depleted or necrotic in order to provide cues
or signals to the surviving stem cells and other cells which
may'influence tissue development.

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.



cells, together with appropriate extracellular matrix and growh factor
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we believe that in this case, mesenchymal stem c¢ells in the
muscle, together with the stimulus of acidic ischaemic
metabolites, are potentially responsible for this
20 differentiation. The chief advantage of using stem cells is
their huge proliferative capacity, so that relatively few cells
are required to generate a large colony for seeding the chamber .
and the AV loop.
Preferably the vascular pedicle, such as an AV loop
25 comprises an artery joined to a venous graft, which is in turn
joined to a vein. Alternatively the AV loop comprises an artery
joined to a vein directly, or the AV loop comprises an artery
joined sequentially to a venous graft, an arterial graft, and a
vein. In another wvariant, which is useful where microsurgical
30 anastomosis of vessels is technically difficult or impossible,
a pedicle comprising the ligated stumps of an artery and vein
(eg. the femoral vein) placed side by side in the chamber can
be used as the 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
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sel ecti watpeiftUal®ering the external size of the chamber, by providing
thinner walls;

20 b) the shape of the chamber may be constructed to
resemble that of the target organ or body part, such as an ear,
nose, breast, pancreas, liver, kidney, finger or other joint;

¢) the degree of permeability of the walls of the
chamber may be varied; for example the chamber may include a

25 semi-permeable membrane component to allow selective perfusion
of molecules into and out of the chamber, or a plurality of
perforations may be placed in the walls of the chamber to allow.
an increased flow of metabolites and metabolic by-products,
growth factors and other factors that influence cell survival,

30 growth and differentiation between the inside and outside of
the chamber., The size, shape and number of the perforations may
be selected according to the size of the donor vascularised
tissue and the requirement to keep the contents of the chamber
isolated from direct contact with the implantation site.

35 Alternatively,

d) a semi-permeable component may be placed within the
chamber in order to isolate “feeder” cells from immune
reactions.
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excl ude&§9% t‘ﬁ s Sfeat (?‘(ﬂ‘rﬁds“i corporated into the new tissue; c) a
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over which the néw tissue can be generated, eg sponge-like materials such
as bl own a) no support;

b) a solid support which directs, encourages or

inhibits the growth of the new tissue, or excludes new tissue,
20 or i1s incorporated into the new tissue;

c) a transient support based on resorbable materials;

d) a porous supporting material which supports cell and
vascular ingrowth, providing a skeleton over which the new
tissue can be generated, eg sponge-like materials such as blown

25 PTFE materials, PLGA sponges of variable composition and
porosity, etc;

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

30 Preferably the exterior surface of the 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 vascularised 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
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patient in need of such treatment in which: a) the tissue or "organ"
graft is fornedIﬁchFBFﬁﬁ pgPe¢k, { fBendpNEaSiop PREViAeEnai BRtheAdOLh)

ret ai nedepeiringf ackisbuel Aofieient Hbﬁtph:ﬂ.s:Lh@‘ t&%hls(t‘é@ oife idelantd ny 2e,
vascul ari and, degr ee of i,ffe en% ati,on 5 transf rre t,o t he

deS|redEfﬁ%P3|8H PEeACERFAIPIGFOt FBSHAETS é??el t8fatﬁg Jenft 1% e

n1crosungedabfysuahasteammedtb01a Whiah.artery and vein. For the purposes
of the specificgfi té%esstug Py tig %" | +'l cfa&q:rbtit‘%scé)grprl se
a shortfall in the norm volune ruct re or % unction a tissue in the
r eckpi ethe methadl oft itbmemﬁ'&?tbensela@ét:ed from but is not limted to

b) retained for sufficient time to mature ie. to
achieve the desired size, vascularity and degree of
differentiation, and;

c) transferred to the desired recipient site; and

20 d) the blood vessels of the graft are microsurgically
anastomosed to a local artery and vein.

For the purposes of the specification, the term “tissue
deficit” will be taken to comprise a shortfall in the normal
volume, structure or function of a tissue in the recipient.

25 Such a tissue may be selected from, but is not limited to
superficial tissues such as skin and/or underlying fat, muscle,
cartilage, bone or other structural or supporting elements of
the body, or all or part of an organ. The augmentation of
otherwise normal tissues for cosmetic purposes, such as forms

30 of breast augmentation, is also provided by the invention. A
person skilled in the art will readily recognise that such a
tissue deficit may be a result of trauma, surgical or other

therapeutic intervention, or may be congenitally acquired.

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

a) constructing a tissue chamber according to the
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exanpl e, ug% tiagg%ected cells may then be seeded into the desired
chamber, matrix and AV loop to generate vascularised skeletal
muscle. This may have implications for the treatment of
20 muscular dystrophy and other genetically inherited muscle
diseases. A second example is the transfection of pancreatic
islet cells with a “healthy” phenotype and their seeding into
the chamber. This approach may prove to be useful in the
treatment of diabetic patients. In a third example, cells are
25 transfected with a growth factor gene or an angliogenesis-
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 f£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 extracoiporeal circulation apparatus and renal dialysis

filter may be of any suitable conventional type. The cells
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others. 25 For Pl)ieaﬂﬂ‘l’-ﬁ'&§§§a&l"-°!‘h?s logadi drag 9 qtlhe\?& NEagEox”,

c) creating a site of circulatory stem cell homing.
Furthermore, the tissue and exudate in the chamber may
20 readily be harvested to monitor progress of tissue growth and
development. Above all, it is the ability to grow and
transplant new vascularised, differentiated tissues or

organoids that sets this invention apart from others.

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
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a nodel c¢hanber simlar to that |n 15 Fla , but with exit holes for the
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2). 25 Figure 6 reconstructe "breast" on mal e

conb? r uFiemnesidng baty addd s#ideholes finr dhs r#é'é?clﬁj vegsels Rt eifhan ve

tissue Qnao Qﬂeedzlﬁinb'érr enlie SHldoud bﬁ gﬁmﬂrld&g,l Ahsdebide BHEH abbit
(see Exa DETAI LED DE%%R%;TI QF THE ] NVENTI ON The, i nvent i on

will r"Pﬁe’t?]ﬁﬂl a:éltaﬁq fs:L e, and 1n some variants

surrounded with extracellular matrix, to form new tissue.

20 Figure 5 shows the inner aspect of an AV loop-
containing chamber, 7 days after insertion. Fluorescence
microscopy shows labelled fibroblasts evenly distributed across

the chamber surface, magnification x 160 (see Example 2).

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
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include an elongated, flattened cigar shape as shown in Figure

3 which fits readily into the subcutaneous space in the groin.
20 For the purposes of specific grafts, the shape of the chamber
may be designed to mimic the shape or contours of a particular
body part, for example a human finger joint or thumb, human
ear, human nose, human breast, etc.
The size of the chamber can be scaled up or down to
25 suit the size of the host. Hence the internal volume for a
chamber to be used in a mouse may be approximately 0.1-0.2 ml,
in a rabbit 10-12 ml, but in a human can be up to approximately
©100-200 ml.
The chamber may optionally be sealed. In the standard
30 wversion the opening allows limited contact with the surrounding
tissue and total uninterrupted contact with the blood supply.
..In a sealed variant, the opening is engineered to allow just
enough space for the ingoing artery and outflowing vein without
crushing the blood vessels. The vessel ports are sealed, for
35 example with fibrin glue, to avoid contact of the developing
graft with surrounding tissue.
The surface of the polycarbonate chamber can be left in

its native hydrophobic state, or can be rendered relatively
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was ndglternative method of drug/factor delivery, the osmotic pump
may be placed subcutaneously outside the chamber with a plastic
20 tube leading from the pump placed inside the chamber, eg. at
the centre of the AV loop.
Creation of an Arteriovenous (AV) Shunt Loop inside the
Tigssue Chamber
The basic model has been described by Tanaka et al
25 (1996) . Briefly, male Sprague-Dawley rats (225-285 g) were
anaesthetised with intraperitoneal phenobarbitone (50 mg/kg;
2.5 ml of a 6 mg/ml solution). Under sterile conditions an
inferior-based flap was created in the right groin to expose
the femoral vessels from the inguinal ligament to the
30 superficial epigastric branch. A longitudinal incision was made
in the left groin to harvest the left femoral vein from
inguinal ligament to the superficial epigastric branch. This
vein graft (approximately 1.5 - 3 cm long; usually 2 cm) was
interposed between the recipient right femoral vein and artery
35 at the level of the superficial epigastric artery by
microsurgical techniques using 10-0 sutures. The shunt was
placed into the chamber, the 1id closed and the construct
sutured to the groin musculature with the aid of small holes on



in the left groin to harvest the left fenoral vein from inguinal |iganent
to the superficial epigastric branch. This vein graft (approximately 1.5 -

3 cm | ongwoieudbisyy 2 cm) was interposed between the reci pp@nAudiidhd
femoral vein and artery 35 at the levegd of the superficial epigastric
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and recordi ng tRdsfEeymass fid Yadumeer f usi on

The tissue in the chamber was removed and its wet

weight and volume recorded. The volume of the tissue was

20 assessed by a standard water displacement technigque. The tissue
was suspended by a 5-0 silk suture in a container of normal
saline which had been zeroced previously on a digital balance.
Care was taken not to touch the container with the specimen.
The weight recorded was the volume of the tissue specimen (with

25 a density equal to that of normal saline, 1.00 g/ml). The mass
of the specimen was assessed at the same time on the same
digital scale by allowing the tissue to rest on the base of the
container, and recording the weight.

India ink perfusion

30 In order to perfuse the flaps with Indla ink, the
abdomen was opened via a midline incision. The intestines were
gently retracted to the periphery and the periéortic fat
stripped away. The proximal aorta and inferior vena cava were
ligated. The aorta was cannulated with a 22-gauge angiocatheter

35 which was secured with a distal suture around the angiocatheter
and aorta. A venotomy was carried out in the inferior wvena
cava. The aorta was perfused with 10 ml of heparinised saline
to flush out the retained blood, the animal was sacrificed with
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The average mass of the AV shunt vessels prior to
20 insertion was 0.020 g (exsanguinated) and 0.039 g (when full of
blood). Two weeks after insertion the AV shunt and its
surrounding tissue weighed 0.18 = 0.03 g. The mass increased
progressively being 0.24 = 0.04 ' g at 4 weeks and 0.28 * 0.04 g
at 12 weeks. The volume of the new tissue closely paralleled
25 its weight. The increase in weight but not volume between 2 and
12 weeks was statistically significant (P<0.05, ANOVA/Dunnett’s
test).
Two weeks after implantation the AV loop was surrounded
by a mass of coagulated exudate containing varying amounts of
30 clotted blood. At 4 weeks the mass of tissue around the loop
was larger and firmer, especially in its central part. By 12
weeks the newly formed tissue surrounding the loop had
increased still further in volume and now filled approximately
two-thirds of the chamber. The surface coagulum was no longer
35 wvisible, and the whole mass had a uniformly firm consistency.
After 2 weeks of incubation the AV shunt was surrounded
by a cuff of newly-formed connective tissue composed of
fibroblasts, thin collagen fibres and vascular sprouts,
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their lunmen, ingyedlleNGreeks after incubation, the newly formed tissue
had matured still further, and consisted of dense collagenous

20 connective tissue with fibroblasts aligned parallel to the
outer margin of the AV shunt. There was no apparent decrease in
vascularity and newly formed vessels formed a dense plexus
throughout the connective tissue. Few inflammatory cells were
visible. '

25 At all three time points, the specimens which were
injected with India ink gave a clearer picture of the extent
and density of the newly formed vasculature. In most specimens
almost all vessels contained carbon in their lumen, indicating
that they communicated with the AV shunt.

30 Ideally, newly formed tissue must be stable and capable
of retaining its shape. The tissue formed around an AV loop has
both these characteristics. At 2 weeks the mass within the
chamber is soft and readily deformed. By 4 weeks it is firmer
and more rigid, and at 12 weeks it has the physical

35 characteristics of mature connective 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.
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was changed. There was considerable outgrowth of fibroblasts

20 by 10 days, at which time the skin segments were removed. The
fibroblasts were subcultured twice at weekly intervals, each
time growing the cells in 75 cm? and 175 cm? culture flasks
respectively.

The fibroblasts were labelled with two fluorescent

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 aligquots to
Eppendorf tubes. To each Eppendorf tube 13.5 Ul 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
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h.- The hongenate was , centrj fuge m n) and the supernat ant
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col l ected by centri %@tlon m x 20 i ssolved in 200
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acetic apid bHtrdttiompFoclidu®e was repeated twice with further
additions of 300 ml1 of cold 0.5 M acetic acid. To the pooled
20 extracts a solution of 5 M NaCl was added slowly, with magnetic
stirring at 4°C, until the final concentration of salt was
approximately 0.7 M (100 ml of 5M NaCl added to every 600 ml of
extract). The solution was left for 1 h to allow full
precipitation of the native collagen. The precipitate was
25 collected by centrifugation (3000 rpm x 20 min at 4°C),
redissolved in 200 ml of 0.5 M acetic acid and dialysed twice
against 2 1 of cold 0.5 M acetic acid for 24 h, and twice
against sterile, cold distilled water, the f£inal dialysis
solution containing a few drops of chloroform on the surface.
30 This results in a sterile stock solution of RTTC of
. 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 oﬁt in a cell culture hood
35 using sterile technique. Chambers were coated intermally with
RTTC by addition of 200 pl 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



agai nst sterile, cold distilled water, the final dialysis solution
containing a few drops of chloroformon the surface. 30 This results in a

sterile stherdegelqution of RTTC of approximately 3 nmg/m, gd@aGaRgEAt ration
checked by a Bradford protein assay ¢Bio Rad) with a Type | collagen

standard.. Preparation of chanbers Al procedures were carried out in a cell
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Spr ague- Dawl ey r}g, fayeen 230 - 280 g, were used. Two chanbers

were inserted | e |ngw nal region of each rat, the chanber in the
ri gh® side conta'iwm sgomsmfsmmb(rmspml@j Spragaecliahdey atahss) and that

in the LRfilgrSifle detiledi i N0 MYy, ka-eE’ %&%;%%ﬁﬁf&mved 2

days after "I nplfantati on. The remai ning days
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The chamber was removed, the AV shunt examined for
patency and the flap removed. Ten Ul of 0.05% Evan’s blue dye
20 was added to each half chamber and incubated for 5 min at 37°C.
The base of each half of the chamber was then examined, using a
X 10 ocular, to determine the number of Evan’s blue-stained and
fluorescent cells in 7 randomly selected microscopic fields.
The number of labelled cells in 7 random fields on the surface
25 of the AV shunt was then determined.
Two days after insertion the shunt and surrounding
tissue covered approximately 20% of the surface of the chamber;
by 7 days this had increased to approximately 30%. On this
basgis the overall density of cells in the chamber containing an
30 AV shunt was calculated by summation of the density of cells on
the surface of the chamber and 20% (2 days) or 30% (7 days) of
the labelled cells on the surface of the AV shunt.
Paired t-tests were used to compare number of cells per
grid in the control and experimental chambers and the
35 preoperative number of cells per grid using Microsoft Excel™
and Graph Pad Prism™ goftware (San Diego, CA, USAa).
After counting, the shunt and surrounding tissue was

fixed in 10% formol saline, embedded in methacrylate and thin



ti ssue covered approximately 20% of the surface of the chanber; by 7 days
this had increased to approxinmately 30% On this basis the overall density

of cells wopéeoghanber containing an 30 AV shunt was cal gk 66 /02031
sumat i on of the density of cells on 2fhe surface of the chanber and 20% (2
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the AV shunt coyRees RO diRiAlgs 20% of the surface of the chamber. By 7
days the 15 aregec%\éered by the AV shuynt and new ti ssue arising fromit
apgr

had increased t @S, PRFRNETIR 2VeRY fRaTR&N ght of the shunt was
0.12 t 0.017 g Twoddays ey dnyerviam GhHe v GHikk Movdded days the nean

wei ght h risen.tq 0.23 t 0.018 dth an volume tq 0.21. 20 t 0.015
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The 2 day mean weight of the shunt was 0.12 * 0.017 g

and the mean volume was 0.12 * 0.014 ml. By 7 days the mean
weight had risen to 0.23 % 0.018 g and the mean volume to 0.21
20 = 0.015 ml.
Density of the labelled cells
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 £ 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%



and AV shunt containing chanbers, pre-operatively and 2 and 7 days after

insertion. Tinme after Pre- Enpty AV Shunt-containing Insertion operative

Chanber clwedaseiyn chanber Total* 2 days 8.6 1.74 4.0 O.p4/Lucd/0163159 5.7
0.62 7 days 10.2 1.7 4.8 1.3 11.7 44 15.5 1.1# WO 02/15914
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bl ood cldiid aedt dd&ga&a&@@nmﬁicanuﬂxnﬁromnhhhﬂ&enéiﬁ&I2rﬂaﬂnﬂaftﬁr

fibrobl ast re Vi.si ti m i itiad
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outer asfflgeRisithe otV WY -in the grid and the density (after
allowing for the number of labelled cells in the tissue
surrounding the shunt) were significantly greater than the
density in eﬁpty chambers (p= 0.013).

20 Evan’s blue staining showed that in all chambers
examined virtually all labelled fibroblasts were viable, with
less than 1% of cells taking up the Evan’s blue dye.

Histological Findings

After 2 days incubation the vessels of the AV shunt

25 were surrounded by blood clot and coagulated inflammatory
exudate. Small numbers of fibroblasts were visible migrating
from the vascular adventitia into coagulum.

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

30 from the outer aspect of the AV shunt.

At both 2 and 7 days fluorescent 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




At both 2 and 7 days fluorescent studies showed |abelled fibroblasts on
the surface of the coagul um surrounding the AV shunt, but |abelled cells
were not @gefywbighin its substance. The inner aspect of arPWMI01/01031
shunt - cont ai ni ng chanber 35 renoved 73¢lays after insertion is shown in
Figure S. Exanple 3 - Differentiation of stemcells in inplanted tissue
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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



attracted into the chanber froma circulating stemcell source by the
necrotic tissue explants, or contained within the tissue explants, has

given riswd@/ké@ new tissue. In either case a very snal lpcamuiio16¥i
explant tissue was used, in conparisomto 35 the large anount required to

isolate stemcells, and our results indicate that this is a novel and
ef fici ebypapt bpdellge uhb&inasthﬁweebbSpoﬁHedsterueblsx@&pshaaebwitﬂnwed

with spec c ' | ag. tissue WO

02/ 15011 BEIP BEPFOR FoRhRR:Toe SR il e elBIRNES, Thel 000°  es
expresSBUOLyfeheteunn@uél#ﬁerganvatenneﬁp @hetﬁefdﬁthatenﬁléstEnSs to
prolifepgkeread.differentiate into the different cell types observed. 5
" The eneratlon of encapsul at ed adi pose tissue described, here_.is, to qur
know edge t he f Thet gppREatigp QﬁcﬁnﬁaﬁﬁﬂlaﬁP&aHQFB°ﬁ&stBééHegﬁSﬁﬁraPeﬁovo

_onits Hweaibﬁr’toaadrvkh&wlédﬂﬁt gheedizbidyiak thatsmbhOat aper al and
dynam c changﬁsh he chanber and the nechanlsn1 mhlch these events 10
gi ve ri SEIRBC A8o* 8F§aﬁrﬁ§? s GOXEY 8RapiSi € ey 386 §eA%-in vivo

stenlcell ava|Inbdétayladdsbahyvoﬂrthihspaehaﬁbempﬁndelanﬂ dypemier to any

other | puxi¥oMudel avablabls 038 LAk n2LBSGilh BRADLERHA LSS WeLely of

nanlpula I'Ons cont ents and enviro FrSeEm®
soukrtesgité FEdsehspnthe, neo-eomabheway oflsdy hafves apmldeiattdons dnnai ve

. eNvi r OgORe, 5 Wyt HQURuU&e Sl \:':Q'iieﬁvgfz.lgqu £9eanAY bfeh%%li%% agpeOPposed to
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.environment without the influences of other nearby tissues, as
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



ti ssue construct; d) the constructs are not overcone by fibroblastic in-
grow h; and e) the constructs are not overcone by inflanmatory cells. These
resul ts demonaks@ate that application of the chanber nodelpdatidi®sess
engineering is feasible, and represents a significant advance in the art of
"tissue engineering". Exanple 4 - Effect of Matrigel A pilot study was
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add1t10na1 fractional ammonium sulphate step. The protein
concentration of the resultant GFR Matrigel was verified by
Bradford protein assay and by Coomassie blue staining after

20 SDS-PAGE to be consistent with that of normal growth factor-
replete Matrigel.

Under sterile conditions, 0.5 ml of Matrigel was added
to each sterile chamber at room temperature where it gelled
rapidly (within 15 seconds). The chamber with matrigel was then

25 placed in position in the rat’s right groin. The Matrigel is
gelatinous at room temperature, enabling immersion of the loop
within it. In the pilot study the AV loop was made and immersed
in the Matrigel for 20 minutes before implantation, to
determine whether there was any initial loss of Matrigel from

30 . the chamber due to liquefaction of the matrix.

For the time course studies the new tissue flaps were
harvested at 2, 4 and 8 week periods. The flapé were harvested
at the above time periods, and assessed for weight, volume and
histology. Statistical analysis was carried out comparing the

35 2, 4 and 8 ﬁeek 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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anal ysi geight of 0.18 g + 0.02 g and volume of 0.16 ml + 0.02 ml.
Statistical analysis reveals that this is highly significant in

20 weight (p=0.002) and volume (p=0.001l) when compared with both
the two week flaps and the four week flaps weight (p=0.0005)
and volume (p=0.0003). For this longer time course 8 rats were
operated on to compensate for infection or dehiscence. No such
problems were encountered, so all 8 have been included in the

25 analysis.

The GFR Matrigel flaps were smaller than the normal
Matrigel flaps at 4 weeks, weighing on average 0.27 + 0.02 g. A
comparison of weights showed no statistical significance. The
volume was 0.24 £ 0.01 ml; this was significantly less than the

30 normal Matrigel (p=0.04). The GFR flaps were still larger than
the loop alone at the same time period (not statistically
significant). One of the chambers became infected, and had to
be removed. As a consequence there were 5 animals examined in
this group.

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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At 8 weeks the flap tissue appeared more mature, with
20 denser collagen and larger vessels nearer the loop. It was less
cellular with less vessels. A capsule had started to form
around the generated tissue, and there was residual Matrigel
remaining within the flap.
The GFR Matrigel flaps appeared to be more mature, with
25 larger vessels in the centre and less active angiogenesis at
the periphery. There was evidence of early capsule formation
and in some gpecimens more inflammatory cells were present.
At all time courses Microfil injection demonstrated
good vascular connection between the loop and the flap vessels.
30
Example 5 - Effect of Poly-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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group, one _chanber was exc¢luded, one due to infection and the other to

dehi scefaeh T&k | ing betyesn, 420, 280 grams. The chambers were

harvested at either 2 or 4 weeks. Weight, volume and histology
were assessed at both time periods. Immunohistochemical

20 staining of flap sections for o-actin was carried out to detect
myofibroblasts. In each group, one chamber was excluded, one
due to infection and the other to dehiscence, leaving 5 rats in
each group. '

At 2 weeks the vessels had almost entirely vascularised

25 the construct, with some uninvolved PLGA at the tip. The
capsule had begun to form proximally near the portal. At 4
weeks the construct was entirely encapsulated, and had shrunk
and retracted, withdrawing from the sides of the chamber.
Micro-£ill injection demonstrated the extent of vessel

30 penetration.

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

0.38 £ 0.04 ml. The 4 week flap weight was 0.33 g * 0.04 g and
the volume 0.29 ml = 0.04 ml. A comparison between the 2 and 4
week groups showed a reduction in flap size between 2 and 4

35 weeks. This result was not statistically significant. Further
comparison with other experiments was not possible due to the
presence of PLGA retained within the flap, which skewed the
results.
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comprised five animals. After 4 weeks incubation and
immediately before harvest heparinised India Ink was infused

20 i.v. for 5 min. Tissue from the chamber was harvested, fixed in
buffered 10% formalin, paraffin embedded, cut into 5 um
sections and stained with haematoxylin & eosin (H & E) for
evaluation.

The salt-leached PLGA was less dense than the hard,

25 dense consistency of the fiber-spun PLGA. This was evidenced by
the subsequent cutting of the tissue/PLGA blocks for
histological evaluation. The salt-leached PLGA was brittle and
prone to crumbling. The fiber-spun PLGA waé easy to section as
it had a solid consistency and did not crumble.

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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blood is oxygenated via a renal dialysis filter. The oxygenated

20 blood is pumped through the tissue using conventional intensive
care unit instrumentation adapted for this purpose, and
maintained in vitro in this manner until the tissue/organ is
mature. During this phase blood samples are constantly
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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the fetus, conpriSi generati on of vascC 95 sde
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generation of vascularised tissue with a recognisable three
dimensional organisation and phenotype. Significantly, the new

20 tissue formed is free of fibroblastic in-growth and of
inflammatoxry 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



di rensi onal organi sati on and phenotype. Significantly, the new 20 tissue
formed is free of fibroblastic in-growmh and of inflammatory cells.
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During week 2 the hypoxic, proliferating cells were located in
the advancing edge of the new tissue, but by the end of week 4

20  the chamber was well oxygenated throughout and new tissue
formation had slowed considerably. Studies such as this enable
the researcher to invetigate how hypoxia can influence the

growth of new tissue within the chamber.

25 Example 8 - Isolated, cultured cells added to 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 10°

cells) were inserted into either (1) Matrigel alone
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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
vet 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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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, isolated pockets of osteoid (bone

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

In preliminary experiments, a femoral nerve severed
distally was incorporated into Matrigel matrix, adjacent to the
loop and 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
$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 environment 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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were constructed using either Matrigel alone (n=8) or
Matrigel/PLGA (n=1) and the matrix. Rats have been examined at

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 tilssue phenotype or clone 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:

Alllexperiments 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 groih and
placed within a 0.5 ml internal volume polycarbonate chamber,

was consistent throughout all experimental groups.
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prepar aiis@ia¢ad pahcreases were not enzymically digested but simply
homogenised and the crude extract sleved 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.

(1ii) 150 ul of Matrigel containing the islets /
pancreatic tissue was placed in centre of chamber in close
proximity to the AV loop.

(iv) 150 pnl 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. 014 (400-500 g) inbred Sprague Dawley rats
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Group 5. Adult (230-260 g) inbred rats were used.
“Filtered 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 1)
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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angilbgermssiginald model. H&E staining demonstrated occasional islet
persistence in all groups, but not in all flaps. Inflammatory
infiltrates were present in most flaps, consisting mainly of
lymphocytes. Ductal elements were observed in the Group 5
“filtered pancreas” chambers, although no confirmatory
20 immunohistochemistry was performed. Insulin and glucagon
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 1islets 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



col | agen deposition were confirmed, in keeping wwth the 15 origi nal nodel.
H&E st ai ni ng denonstrated occasional islet persistence in all groups, but

not in alywofdaRs4 | Nflammatory infiltrates were present ipgpiRGd/0182PS,
consisting mainly of |ynphocytes. Dugtal elenents were observed in the
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production. This can be done firstly in the rat, throug t he use of |arger

vol une @fafBeloset,gromste chamber has bﬁﬂ‘% dasrriked it datadds et her
| arger Examilents q-fhet 2SS Wit Iveh ) 1GCREN wiMRHin d Qs - dieipedl cHanidie

(4-8 we )_insi ger. chanbers. | th| shion it s osed t hat
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arteriovenous l'oop 1 n "an encl ose een

descri bdpreitdiome &wt@m% 1.3 e and s dmbtemnagt amebma tafi 1P
done- shaped 1eh¥HRfRrast, the standard chamber described in previous

studies (for instance Examples 1 and 2) had a volume of 0.5 ml.
20 The AV shunt was sandwiched between two custom-made disks of
PLGA which was used as a matrix to £ill the chamber. The PLGA
was prepared according to the salt leaching method described by
Patrick et al. (1999). Pore sizes between 300-420 nm and a
porosity of 80-90% was 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 lid 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 glices. Half of these slices, in
alternating order, were embedded in paraffin and stained with



(Figure 2). The chanber was nmade of pol ycarbonate, had a 15 proxi nmal
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20 weights. The total average weight (equivalent to volume) of the
gspecimens decreased progressively in time. The total average

weight * standard deviation (SD) of each group of specimens was
1.07 = 0.06, 1.03 = 0.06, 0.96 * 0.06, and 0.81 * 0.18 grams,
at 2, 4, 6 and 8 weeks, respectively. This resulted in a

25 statistically significaﬁt decrease of specimen weight between
time points apart 4 weeks or longer, which may be accounted for
by the progressive gradual resorption of PLGA matrix.

The amount of PLGA and tissue in the specimen was

studied to assess their involvement in the overall decrease in

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

35 respectively, was 0.89 * 0.07, 0.56 *0.14, 0.34 * 0.07, and
0.20 * 0.09 g. On the other hand the newly formed tissue
component of the specimen showed a progressive increase of
weight in time. The total average weight of tissue % SD at 2,



Statistical differences between newly fornmed tissue weight and PLGA wei ght
in time were cal cul ated using Student's t-test with 15 p<0.05 being
statistiowbehgnyficant. Wei ght and vol unme neasurenents: Aldr/Aeeidsens
harvested fromthe chanbers were ass@ssed for volune and wei ght. The
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previous experinents in smaller sized chanbers fil w th PL Exanpl e
5.). MatPokbeptasprfdi"fdeP”After India-ink |nject|on 10

neovascul ari sat igp gambd tb@ineddekperdmehicf i ed during processing of the
tissue. NEMIvasgglE&%&%ag&drggalgea%rom %he rat experiments indicated
20 that the larger chambers were able to grow more tissue and for
a longer perioa 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)



outer edge of the PLGA scaffold at any tine point. However, in one
serendi pitous finding, a chanber was inadvertently left incubating in a
rat for 1Qg@nkes. Wen harvested, the chanber 15 was tot quTyAdei}Ohog,qf sof t
connective tissue, which was well vaggcul ari sed and had patent bl ood

vessel s supplying nutrition to the tissue "flap". (b) Rabbit Pil ot
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flowthrough loT%e AV shunt %Lkgrchgedlcle 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 lid 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



the effect of the AV blood flow was conparable but the operating tinme and
post operative pain was less. in the usual configuration this chanber had a
pluralitywafozselyd perforations in the chanber walls. Sulygutgnamuesifat in
the 15 groin region was used as a sousce -of adi pocytes and adi pogenic
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cli ni caBRgineering 3 i:ssue in the rat and rabbit. The tissue thus
In orxrder 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 bioclogists have cloned a wide

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

VCost{ 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 differgnt types of vascular

configurations that have been shown to be angiogenic in



10 produced was of a size and shape potentially suitable for breast
reconstruction and simlar applications. Flaps such as these with their
associ at egyp@igois bl ood vessel s have the potential to be gdlsfiiéRrd to
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versely e patency ra e 0 Ow m crosurgrcal
arteri omafials (Madriael wmed RIGA )X dllreﬂé!eedan 45y judge whlch was best
with regard to angliogenesis 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
polycarbonate chamber as described by Morrison et al [1990]
(Figure 4). There were 3 groups of 6 animals for both vascular
configurations. Each configuration was examined at the 2, 4 and

30 6 weeks. The experiment was to be performed using both
Matrigel® and PLGA as extracellular matrices (n=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



t hese animals. However this material is hard and has sharp 10 edges which
was felt mght affect the patency rate in the nouse due to the |lower flow
rate of t{e @repsed vascul ar configurations and smal | er gitglgiigoMessel s
in this animal. Therefore pol ycarbong e chanbers were conpared with softer
silicone chanbers in order to determ ne the nost suitable 15 material to
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20 the first time that this wvascular 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 1s 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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20 (Animal Ethics committee approval was obtalned for this
modification). Two cohorts (1 with PLGA and 1 with Matrigel®)
of 3 groups of 4 animals were used for this modified aspect of
the experiment (n=2x3x4=24) using only the flow through
vascular configuration. Accurate estimation of the volume and

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

30 chamber. Matrigel is usually added as a ligquid 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



futile and wasteful of animals. This observation contrasts with Khouri's
work in the rat and our own experience in the rat and the rabbit where the
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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 technigque 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 énd 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



exploration and via India ink perfusion studies. |If the vessel was
extensively thronbosed within the chamber it was usually possible to see

thi s undewd@asoRer ati ng mcroscope. However ascertai ni ng@defidiididsie
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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 comstruct 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 so0lid 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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t he chanber _that has clearly mgrated
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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PCT/ AU01/ 01031 55 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: 1. A
net hod of produci NBHERLAINS SDEFININGdTHE| SNUENTIONt ABEeASOFOLLOWS :
transplantation into a recipient 5 aninmal in need of such treatnent,
conprising the steps of: a) creating a functional circulation on a
vascul ar pedicl e ih-aAdepbhoduefcprodpyipgr dpapryvascudagisgdencl osing t he

vascul ar. ti@sie '§h§t&b1@'fo§ E%Bhbﬁ&hﬁ@aﬁhéﬂbghtoch %%%q @nthe chamber
"with isolateqg cells or ces of tissue; d) anting t he chanber

cont ai m ng@PHER aéEuPa?d B dFUFE EXeatasnty §8 5&?159 &b SEeRFere such an
15 anat om efil: construct can be created; and e) |eaving the chanber in the
“inplantation site ag Ly-8a eﬁlod uff cggg torgL og the romth of
vascul ari sed new t#§sTes228"95%3 accdraPhg®Po®cl ai m 1,
conpr|3|ngvabeulerepediclafuerasﬂepOGaFubdacewndlng the vascul ar pedlcle
with added extracen)ubapefBiiyXo2ndbea1dy erBaBEERL EHBPRREcALaf Mt NOC
according to claim alnt onpriSing the sfep of ter step (b)
addlndibroﬂ@ﬁlciacWéFglndFu§§br&ﬁFFE§dF§§mbﬁﬁh|bltors or other chemcals to

the chanber. 4. A gpt8edar§otHenghbfbekaivith, ik814kkbahckhas vascul ar

edicle conprises an arterio-venous (A | oop or shunt.
P rrReces o% t%ssue, ( \0 P

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 accorxrding 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



5. A nmethod according to claim1, in which the 35 vascular pedicle
conprises a ligated artery and vein. 6. A nethod according to claim1l,

wherei n t{g) pflRgyaber in step (e) is left in the inplantatigqSdigider WO
02/ 15914 PCT/AUO /01031 56 at |east 4 weeks. 7. A method according to

claim1l1, wherein the chanber in step (e) is left in the inplantation site
for 5 at healetaStwkeweekB. A nethod according to claiml, wherein said
created vascul ar pedicle contained within the chanber is connected to an
extracorporeal circulation. 10 9. A nethod according to claim1, wherein
the donor subject7 of Asmephed) apgondingmhp. claimAl pewhettedncthsing to claim

9, whereinchgihfer 1on"BEER! (kI ishHEE%-i%ptgé,§RPi$n;étE%EPQQt§CQQEdiUg to
claim1, conprising the ~additional step of inplanting said vascul arised

new tissuBti AeBSEn6aWesksgous recipient. 12. A nethod according to claim
-1, conprising the additional step of inplanting said vascul arised new

ti I nt het | I pient. 13. A h di, t | ai m 2,
wherein the addedd exkr BEBRPH APCRAFIAY £6 SIRGR Ao PRBTCLAS SBhoup

consi sti ngecepbatedonastculiaedpbdielentcomtalinade withpar &hieochamber is
pol yl acti C'BRLXQL%QOL'R%QCEQ !é%io@?,g&ea(lpl:@é ulfai:%m or plasma glue, and
P : nme 05 im 13,

nati ve col ['agen. t according to cla wherein said PLGA
conprildes PLGA sponge. 15. A nethod according to claim3, wherein the 35

addi tional growth §achopachdiudecor@lingotoeelaimnhli ietedn @higer chemcals
added to the chanber are selected froqm the group consisting of growth
factors, hBRAPRARY FUPIsrt P§ skepr da) dfem ltrom the circul ation

exogenous grow h

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



WO 02/ 15914 PCT/ AU01/ 01031 57 factors and pronoters of angi ogenesis or
vascul ogenesis. 16. A nmethod according to claim1, wherein the isolated
cells or pieeesoRf tissue of step (c) are 5 autol ogous to gdh@abiAffiestl7. A
met hod according to claim1l, wherein &he isolated cells or pieces of

ti ssue of step (c) are heterologous to the host. 10 18. A nethod accordi ng
to cl ai m 1fagbersi and hpromevéasedf cahfriogenpstsecororakcaliogenbsikep (c) are
selected fromthe group consisting of stemcells, skeletal nuscle tissue

t hat has been subjected to 15 ischaem a, nyoblasts transfected with Myo-D,
ker ati nocyt es, nyobﬁashsmeth9¢0%¢99¥@1n@rboaglpDMyleswheadnpotbees

. cardi onyocytsfat&adobieki ok ﬁﬁébés éfveiesuaUéflstsslké) gigndrocytes,

pericytes, bone-marrow derived stromal precursor cells, Schwann cells and
other 20 caWFQlegousctaeEhgnbeaf-and central nervous system ol factory
cells, hepatocytes and other cells of the liver, nesanglal cells and ot her

cells of the kidne anc t A-cell and ducial cells, thyroid
cells, cells of other gﬁ?#nﬁcﬁ? 58r?i6ﬁ§ ot ¥ EFEPﬁItﬁ? 25ycardiac

nuscl e, pahsobasedlcubls eplﬂmdyaaloﬁndlssherofssbeptaa&oasefat, nerves,

ki dney, b uLer tis, and gl andul ar tissue from endocrine
or gans. Oﬁg oh ﬁ%gu%cﬁgr |ng %géclaln1l wherein the 30 functional

C|rcuﬂék|on on a vascul ar pedicle of step (a) conprises an artery and a

vein. 20. A nethodlacq&rﬁéegoaoaeéafalﬂg MQGéSAEmtEe whEP&5hopas

circul ation on a vascul ar pedicle of step (a) ohprises an artery, a
venous graleolatedacedls. °21P1ﬁFﬁEtﬁSdtaEEBPdPﬁgSFGPCKﬁﬂnPEe wherein the

functional sgléeetibat fiaamoaha ¢26Gp| abnpedtehg 6F stem Cali¥p 02/15914
PCT/ AL/ 01031 38 SQUBLLSES o800 hSE Yhad $E0Q SulialbaadRo2 ter 10l Oraft,
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 f-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 emndocrine 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)



22. A nethod according to claim11, wherein the 5 functional circulation on
a vascul ar pedicle of step (a) conprises the ligated stunps of an artery
and a vei o @@sfd side by side. 23. A vascul arised tissuep@fafidireaduced
by a 10 nethod according to claim1.s24. A nethod of repairing a tissue
deficit, <conprising the steps of: a) creating a vascularised tissue graft
according cdptbsekaam d8teby,r at aenong glrafg,ath aptekeatlogeafsybj ect for
suff|0|£ﬂé %e?%gg to produce tissue with the desired size, vascularity
and degr ee eréntiation; c) transferring the graft to the desired 20
recipient site; and d) anastonosing the bl ood vessels of the graft to a

ocal artery and ughn. aZfietRod"hB00 Akl E5UE1RUATEN! BhbOBInCORRI | SN0 25

the steps of: a) creating a vascularised tissue raft accor to claim
23: b) O et ERRFRECRAL SF&FFlﬁﬁ1?ﬁe°§oﬁoFa§GHFé€tPﬁéﬂcée §ﬁfﬁF@PeNF)per|od to

_ produce tigéomerikéh the deghted sSBumpicofVasCHidbikyyadldadegige of
dlfferentlailon a éansfgrrlng the graft to the desired recipient site;
fg%Ph

and d) anaR1278<i YhPb88-vessel s of the graft to a local artery and
vein. 35 26. A nethod of delivery of a gene product to a subject,

conprising the ste [ a tissue WO
02/ 15914 PCT/AU01/8§O3% vgécﬁngﬁ%ggaaﬁggg 8k? tﬁrgaggﬁgdbﬁf “claim1; b)
renovily thetkednbecowdingi to ¢aséml Arised tissue and culturing the

chanber assenbly in vitro; <c¢) transformng cells of the tissue in the 5

chanber with a desired gene; and
4. A method of repairing a tissue deficit,

comprising the steps of:
a) creating a vascularised tissue graft according
15 to claim 23;

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

¢) 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



d) inplanting the vascularised tissue wwth or wthout the chanber into a

pati ent
tissue,

chanber

i n need of such ttreatnment. 10 27. A nodel system for vascul ari sed
WOR/sSi4Ng a tissue chanber conprising an isol at g¢T/A@EHYAT
pedi cl e produced by a nethod according to claim1, wherein the tissue

I's operably connected to -an extracorporeal circulation apparatus

and to a reimhbdb acabydisgftdtehe BétBaf@ledft hllaidldt day of August 2001
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Austral i a tissue and culturing the chamber assembly in vitro;

10

15

20

c) transforming cells of the tissue in the
chamber with-a desired gene; and

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

27 . A model system for vascularised tissue,
comprising a tissue chamber comprising an isolated
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
dialysis filter.
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