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Cross-Reference to Related Application
[0001] This application claims the benefit of priority of United States

Provisional Patent Application No. 61/385,335, filed 22 September 2010, the
contents of which being hereby incorporated by reference in its entirety for all
purposes.

Technical Field
[0002] The invention relates generally to tissue constructs for repairing
tissues. In particular, the invention relates to a method for forming a tissue
construct having a composite structure.

Background

[0003] Commonly used approaches to the reconstruction of defective organs
and/or tissues include cell therapy and tissue engineering. Cell therapy involves
injecting cells directly into the part of the damaged tissue for repair. Problems
associated with this approach include low cell density and low cell survival rate.
[0004] The major aspect of tissue engineering is the design and fabrication
of cbnstructs for the replacement of non-functional or damaged tissue. A
general method of engineering tissues in vitro is the use of a scaffold, in or on
which cells are grown. A respective scaffold should be biodegradable before or
after implantation. Problems associated with this approach include nutrient and
waste transport issues due to the high thickness of the scaffolds required
coupled with a lack of cellular orientation especially in regenerating tissues that

are anisotropic in nature, for example muscle tissues.



[ 0003] Commonly used approaches to the reconstruction of defective organs
and/or tissues include cell therapy and tissue engineering. Cell therapy

i nvol ves woj2ectispg2cel |s directly into the part of the samsgediitovesaue for
repair. Problens associated with this approach include | ow cell density and
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Summary

[0007] According to one aspect of the invention, there is provided a method

for forming a tissue construct having a composite structure. The method

includes:

(a) providing a biodegradable substrate, wherein the substrate is adapted to
allow deposition or growth of a plurality of cells;

(b) providing a vascularized layer comprising a plurality of blood vessels
therein; and

(c) adhering the vascularized layer to the substrate.

[0008] In another aspect, the invention relates to a tissue construct having a

composite structure. The tissue construct includes:

(a) a biodegradable substrate, wherein the substrate is adapted to allow
deposition or growth of a plurality of cells; and

(b) a vascularized layer comprising a plurality of blood vessels therein.

[0009] In a further aspect, use of the tissue construct for the growth and

structuring of new tissue, or for the repair of damaged tissue is provided.

Brief Description of the Drawings

[0010] In the drawings, like reference characters generally refer to the same

parts throughout the different views. The drawings are not necessarily drawn to



overcones, or at |least alleviates, the above problens. Summary
[ 0007] According to one aspect of the invention, there is provided a nethod
for fornmwgmi%dss@re construct having a conposite structarsc2hsoeset hod
i ncludes: (a) providing a biodegradabl e substrate, wherein the substrate is
adapted to all ow deposition or growh of a plurality of cells; (b)
provi di ngcaley emphiaaisiinsteatd gemeralynlpeing iplaced wpan dustrating thel printiplessel s
therein; and (c) adhering the vascularized |ayer to the substrate. [0008]In
anot her afp&idus émdodimnvertsi Pnthedblidwingtdeseripiiconsuarioasnbediments 0f a

the invention are described with reference to the following drawings.

[0011] Fig. 1 shows a tissue construct formed by (A) adhering a substrate to

a vascularized layer via an intermediate layer, and (B) adhering a substrate to a

vascularized layer by suturing.

[0012] Fig. 2 shows the topology of microchannels fabricated directly using

femtosecond laser on biodegradable PLLA-PCL film. (a, b) Highly repeatable

structure was achieved at consistent interval distance. (c) Cross section of

scaffold showing U-shape channel morphology. (d) Consistent channels with

highly repeatable channel width and interval distance.

[0013] Fig. 3 shows the fluorescence images showing alignment of

confluence cell patch on (a-c) control scaffold and (d-f) microchannel scaffold

after 4 days of cell culture. Cells were stained to reveal nucleus in blue (a, d)

and F-actin in red (b, e). (a-c) Cells grown on flat polymer surface showed

localized alignment in random direction as indicated by circles on image. (d-f)

Confluence cell patch inside microchannels showed continuous alignment to the

channel direction. Scale bar = 100 pym.

[0014] Fig. 4 shows the fluorescence images of human smooth muscle cells

on (A) laser-cut substrate and (B) flat substrate. The blue dye shows the

nucleus and red dye the F-actin. The laser-cut substrate again demonstrates

that it could guide the cells to align in the direction of the channels.

[0015] Fig. 5 shows the topography of channels fabricated directly using

femtosecond laser on biodegradable PLLA-PCL film, with sinusoidal surface

topology inside the channels (SEM & 3D profiler).



conposite structure. The tissue construct includes: (a) a biodegradabl e
substrate, wherein the substrate is adapted to all ow deposition or growh
of a pl urwbizvy/sbeseel |'s; and (b) a vascul arized | ayer eorpG26i1Mg03a7
plurality of blood vessels therein. [0009]In a further aspect, use of the
ti ssue construct for the growh and structuring of new tissue, or for the
repai r of00d@jagedkigt bshowsi aignnent dé dduBhuefarDewsenphyroal stent eallsDr awi ngs
[0010] I n the drawi ngs, like reference characters generally refer to the
sane par {FMSTsp e hmpattehedi{dohtbhrindasesmictbpattermet xybstratesnot necessarily

drawn to
Quantitative study of cell orientation was done at Day 1, Day 4 and Day7;
Qualitative analysis using 2D FFT analysis was done at Day 7.
[0017] Fig. 7 shows phalloidin labeled F-actin (red), DAPI nuclear staining
(blue) and merged fluorescent image for the non-patterned (left column) and
micropatterned hMSCs (middle and right column). (C = channel, | = interval).
Samples were cultured in DMEM for 1 day and 11 days before they were fixed
and stained. All images were taken with a 63X objective lens (oil). (Scale bar,
50 um).
[0018] Fig. 8 shows (A) channels on fibre-spun substrate and (B) magnified
version showing channels on fibre-spun substrate to increase porosity of
scaffold. The fibre diameter of the top layer is 0.6 micron and the bottom layer 2
micron.
[0019] Fig. 9 shows the fibre network embedded in the collagen gel for
support. The collagen concentration of 1.5 mg/ml was used giving a
corresponding modulus of about 100Pa. VEGF at 100ng/ml was added into the
collagen. The fibers have a diameter of 9-10 microns.
[0020] Fig. 10 shows (A) the bright field picture of HUVEC cells growing and
encapsulating the polymer fibers after 7 days of culture; (B) the fluorescence
image of the green dye (DiO) showing the network of PLGA polymer fibrés; (C)

the fluorescence image of the red dye (cell tracker DiL) showing HUVEC cells

proliferating on the polymer fibers after 7 days of culture.



scal e, enphasis instead generally being placed upon illustrating the
principles of various enbodinents. In the follow ng description, various
enbodi nenwve 20f2zahe2i nventi on are described wth refereneertsg0hmodal | owi ng
drawi ngs. [0011]Fig. 1 shows a tissue construct forned by (A) adhering a
substrate to a vascul ari zed | ayer via an internedi ate |ayer, and (B)
adhering a substrate to a vascul aDesediptiorer by suturing. [0012]Fig. 2
shows the topol ogy of mcrochannels fabricated directly using fentosecond

| aser onpgo2jeqr FdalibkovilhgAtdtailed déstription réfersitaiMeyaccopgsdrafme structure

was achi eved at consistent interval distance. (c) Cross section of scaffold
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repeat ab nterval distance. [0013]Fig. 3 shows the
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the channel direction. Scale bar = 100 pm [0014]Fig. 4 shows the
f | uor escbadeadenmifboubdeparting fmmmsmmh@emv@tlon The various

embodiments are not necessarily mutually exclusive, as some embodiments
can be combined with one or more other embodiments to form new
embodiments.

[0022] The present invention lies in the field of implantable biological
prostheses, particularly tissue constructs made in vitro with subsequent
implantation in vivo. It involves the creation of composite tissue constructs with
multi-functions. The constructs are developed for the replacement of tissues
that are generally anisotropic in nature. Substrates of the composite tissue
constructs are made of biodegradable polymers that will eventually degrade
leaving behind the tissues that are to be integrated with the host organs.

[0023] In one aspect of the invention, there is disclosed a method for forming
a tissue construct having a composite structure as illustrated in Fig. 1A and 1B.
The method includes providing a biodegradable substrate 10, wherein the
substrate 10 is adapted to allow deposition or growth of a plurality of cells. The
method also includes providing a vascularized layer 12 comprising a plurality of
blood vessels therein. The method further includes adhering the vascularized

layer 12 to the substrate 10.



on (A) laser-cut substrate and (B) flat substrate. The bl ue dye shows the
nucl eus and red dye the F-actin. The |aser-cut substrate again denonstrates
that it cw0ld12ipese the cells to align in the directi onPefi/SGheli®heanel s.
[0015] Fig. 5 shows the topography of channels fabricated directly using
fent osecond | aser on bi odegradable PLLA-PCL film wth sinusoidal surface

t opol ogy[0024]de ThetermaivespositsEtugtse’ ps oisedn the prasent invention

2012/ 039682PCT/ SG2011/ 000327 [0016] Fig. 6 shows alignnent of adult hunman
mesenchy mianstany steldtare inBBEDf ab feasth pad layees| i(ec dwor thirge dodr, Ifiveesr

m cropattemed substrates. Quantitative study of cell orientation was done

at Day 1md?@)boﬁséﬁ§tn@ﬂﬂersﬁh?éﬂeﬁadrlam@w of$ eachiothig. EBcirbf tiesd ysi s was
done at Day 7. [0017]Fig. 7 shows phalloidin | abeled F-actin (red), DAPI

nucl ear fhatdiHy be a substantially flat sheet.

[0025] The tissue construct may be configured to have any suitable shape
as long as it is relatively flat and sufficiently pliable to allow a surgeon to
manipulate the shape of the tissue construct to conform to the anatomical site of
interest and to be sutured or stapled thereto. The outline and the size of the
tissue construct may vary according to the surgical application as would be
apparent to one of skill in the art. The tissue construct can be pre-shaped or
shaped by the surgeon during the surgical procedure. To be sufficiently
moldable during implantation, the tissue construct can be substantially flexible
along its longitudinal axis (longitudinal axis in this respect means the main axis
or the main longitudinal extension) of the tissue construct.

[0026] The tissue construct described herein can be used for implantation in
mammals (such as a human, dog, cat, rabbit, mouse, rat, etc.) in need thereof.
Especially, the tissue construct can be used for treating any wall defect or
damaged organ, but is not limited thereto. Various examples of wall defects are
hernia defects, anatomical defects of the abdominal wall, diaphragm and/or
chest wall, or defects in the genitourinary system. Various examples of
damaged organs which can be treated, for example, by winding the sheet-like
tissue construct around the damaged organ or implanting it into the wall of the
damaged organ for reinforcing it, include internal organs such as the spleen,

liver, kidney, lung, bladder or heart, or organs of the intestinal tract, such as the



(blue) and nmerged fluorescent inmage for the non-patterned (left colum) and
m cropattenmed hMsCs (mddle and right colum). (C = channel, | = interval).
Sanpl es weoeoruisvéseed in DVEM for 1 day and 11 days bef ece/schey/onene fi xed
and stained. Al inmages were taken with a 63X objective lens (oil). (Scale
bar, 50 pn). [0018]Fig. 8 shows (A) channels on fibre-spun substrate and

(B) magnsfdneakcty er teomowdloiustrativeexainpleoof 4 tisswe spostrutbescided t o | ncr ease
porosity of scaffold. The fibre diameter of the top layer is 0.6 mcron and
t he bott perdinYittludesthéa®patdié@19] Fig. 9 shows the fibre network enbedded in
the coll agen gel for support. The collagen concentration of 1.5 ng/m was

used gi Vg%mztﬂecggﬁ?gaggﬁ%@m = | diehdf tﬁ@%ré%@ﬁﬂa coffifgsifd stHactgg M was

added in ers have anet er 9-10 m crons.
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about 10 to about 500 um (microns). The layer should preferably not be thicker
than about 1,000 um. Especially, if the overall thickness of the tissue construct
is too high, the flexibility will generally be so low that the tissue construct cannot
be adequately anchored to the surrounding tissue, while being able to flexibly
and elastically stretch along with the tissue. The lower limit of each of the layers
should be about 10, 15, 20, 25, 50, or 100 um in order to provide enough burst
strength to the tissue construct of the invention. Each layer can have a
thickness in the above-mentioned range or can have a varying thickness within
this range.
[0028] Any substrate may be used in the method of the invention as long
as it provides a suitable surface and environment for the deposition or growth
of cells. In various embodiments, the substrate may be patterned to form a
plurélity of regions for the deposition or growth of cells. For example, the
substrate may be a solid material that is patterned to form a plurality of
channels of desired dimensions (see below). The substrate can also be a mat of
fibres that are subsequently patterned to form a plurality of channels of desired
dimensions (Fig. 8A and 8B).
[0029] The substrate includes or consists of a biodegradable material, such

as a biodegradable polymer. A biodegradable material is readily susceptible to



Description [0021] The follow ng detail ed description refers to the
acconpanyi ng draw ngs that show, by way of illustration, specific details
and enbodivomnizsbes2whi ch the invention nmay be practi sedpcThhele1@oisedi nment s
are described in sufficient detail to enable those skilled in the art to
practise the invention. Oher enbodinents may be utilized and structural,

| ogi cal , bimimhiedlgrocéssing iohvaray dscamnsye Begnadéd by a living cdgarist orga padm t he
scope of the invention. The various enbodi ments are not necessarily

nut ual | ytierebli®.y.¢ basteriaPoEesAIsticEctich) @2 byltRe GRpatNeitheidnibienee or nor e
ot her enbodi nents to form new enbodi nents. [0022] The present invention |ies

in the fke&ﬁagfexbagb%q@hg rﬂb%hﬂa! é@k/a@o%hf&?rsﬁxe%aydr% arly tissue

constructs made ITn vitro wt subsequent I nplrantation in vivo. It i nvol ves
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the tissues that are to be inte r?t ed with the host organs._ ] 0023]1n one

aspect ofleempfyrihastaroyigh thﬁ@r"@°$§ gilyingrganismrg g codtext eftheng a ti ssue

construct having a conposite structure as illustrated in Fig. 1A and 1 B.
The net hptesentinyeptionrtbe iterim cpiadegredableaatsrial’ papinularysefers tatmaatien t he
substrate 10 is adapted to all ow deposition or growh of a plurality of
cel I s. Thwatroanhibel cahgdetehc terdegeg from dilogalizedasrad, dyi presidlagimal 12
conprising a plurality of blood vessels therein. The nethod further
i ncl udes nigiasdlioErocBsse P Wicdagradablay eompaduh® chhewheh3iker ap by.a

cell, be broken down into components by cellular machinery such as lysosomes or

by hydrolysis that the cells can either reuse or dispose of without significant

toxic effect on the cells. Examples of biodegradation processes include

enzymatic and non-enzymatic hydrolysis, oxidation and reduction. Suitable

conditions for non-enzymatic hydrolysis, for example, include exposure of

biodegradable material to water at a temperature and a pH of a lysosome (i.e.

the intracellular organelle). The degradation fragments typically induce no or

little organ or cell overload or pathological processes caused by such overload

or other adverse effects in vivo.

[0030] Various examples of biodegradable materials are known in the art,

any of which are generally suitable for use in the method of the present

invention. As some illustrations of polymers that are considered to be

biodegradable may serve: a polyglycolide, a polylactide, a polycaprolactone, a

polyamide, a biodegradable aliphatic polyester, and/or copolymers thereof, with

and without additives (e.g. calcium phosphate glass), and/or other copolymers

(e.g. poly(caprolactone lactide), a poly(ester amide), a poly(amino acid), a



WO 2012/ 039682PCT/ SG2011/ 000327 [0024] The term "conposite structure" as
used in the present invention nmeans any structure made of at |east two

| ayers, iwe.20invmgesthree, four, five or nore consecuti vercagenesiiloayer ed or
arranged on each other. Each of these |ayers nmay be a substantially flat
sheet. [0025] The tissue construct may be configured to have any suitable
shape aspseudp-psly(amino acid pstcheds a fpiofy(insindcanbbhats-amide) qoipohimher,t o al | ow a
surgeon to mani pul ate the shape of the tissue construct to conformto the
anat om cpblyglattde§lycolide)epblydactid acit etisyléns glycol)) sciplethlylehergiyeol), The
outline and the size of the tissue construct may vary according to the

sur gi cal paRREiryRAaIyEs) WRtiche, &pBREAMel saeanale, Polybutjlens e art, The

ti ssue construcCt canh be pre-Shaped or shaped by the surgeon during the

sur gi cal r -Gl E ux | ' Lan, the
tissue cgwﬁﬁ%g %gﬁi%gagotj@sdp{rq |eapf)||>)mﬁ?§>)<(9€$gﬁa§?b%Baﬂthgaﬁﬁgp%%%al axi s
(longitudipal axis jin.this respect ans. th I n_axis pn. the main

| ongt t udPRTYASERYYalefiats Copobier; ook fyale-Codaistpiila PRAYE "const r uct
descri bed herein can be used for inplantatjon in mral s (such as a hunman,
dog, cat 9rPyB 'aP,at‘?ﬁa@s@,ly&éPfo@P@.”?‘Wﬂy‘ﬁ%é! nen@lyed CORINMETal |y, the tissue
construct can be used for treating any wall defect or damaged organ, but is
not |i mi pely(valeralagionehra polyashydidea pely(arthoestary and/ogecblaad with @ef ect s,
anatom cal defects of the abdom nal wall, diaphragm and/or chest wall, or
def ect s palyahhydyide, tpmly(anhydriderso-imide)aam alishaticapglyearbohatéa@aged or gans

whi ch can be treated, for exanple, by w nding the sheet-Ilike tissue

const r ucpol{prapylieneecatbomatel] Dpaig(hydroxyelstar),iangoliytioxahoné e poliah- of the
damaged organ for reinforcing it, include internal organs such as the

tsflagte,n, sh?zﬁ'ﬁ!ﬂ% etgtiﬁg@iéolybyé’rﬂ)acbil@f@%r pSly(ANeALyan@dcrpaana paly(ahfind Nt est i nal
acid), a poly(phosphazene), a poly(propylene fumarate), poly(propylene
fumarate-co-ethylene glycol), a poly(fumarate anhydride), fibrinogen, fibrin,
gelatin, cellulose, a cellulose derivative, chitosan, a chitosan derivative such as
chitosan NOCC, chitosan NOOC-G or NO-carboxymethy! chitosan NOCC,
alginate, a polysaccharide, starch, amylase, collagen, a polycarboxylic acid, a
poly(ethyl ester-co-carboxylate carbonate), poly(iminocérbonate), poly(bisphenol
A-iminocarbonate), poly(trimethylene carbonate), poly(ethylene oxide),
poly(epsilon-caprolactone-dimethyltrimethylene carbonate), a poly(alkylene
oxal‘ate), poly(alkylcarbonate), poly(adipic anhydride), a nylon copolyamide,
carboxymethyl cellulose; copoly(ether-esters) such as a PEO/PLA dextran, a
biodegradable polyester, a biodegradable polyether, a polydihydropyran, a
biodegradable polyketal such as poly (hydroxylmethylethylene
di(hydroxymethyl) ketal) or poly [1-hydroxymethyl-1-(2-hydroxy-1-
hydroxyrﬁethyl-ethoxy)-ethylene oxide], a polydepsipeptide, a polyarylate (L-

tyrosine-derived) and/or a free acid polyarylate, a poly(propylene fumarate-co-



stomach or the bowel. Illustrative exanple of a tissue construct described
herein includes heart patches. [0027] The | ayer thickness of each of the

| ayers ofwbhe1xopgsesite structure can be specifically agcuscediiionoszr ew of

t he respective nechanical or physical properties of each of the |ayers.
However, the thickness of each of the layers is generally in the mcroneter
range, f ethylersglyeol)sheh akiatumesate anhydrides arlyajeroobteylpolt-p10 t o about 500
pm (mcrons). The | ayer should preferably not be thicker than about 1,000

pm Espedioxah¥ne] & pbh@h@%?h@ééteﬁ poflphespheéstenardthanelea peINsacdiRirides t 00
high, the flexibility will generally be so low that the tissue construct

cannot beraRcaudf! wyBRNALABte frbhoariior ARG ihehies ol | e Del ng abl e

to flexi rcally stretch al ong tissue. The lower limt
of each about 10, 15, 20, 25, 50, or 100 pmin

or der toez;’)m&‘)) ﬁ%?é%ﬁ}éépg% &E&Fetrength to the tissue construct of the
inventio have a hICk t abov n i oned range or
can have ryl-hbg %@%@W?ﬂ any ﬁﬂ%ﬁﬁa{@w}ﬁ%@@?mew Strate may be
used in the nethod of the invention as Iong as it provides a suitable
surface Withouhigrapatastinitie sphstrafepsg. thef @-sw%wwt@teb&h%chanﬂe}an ous
enbodi nents, the substrate may be patterned to forma plurality of regions
for the d@b@ﬁ%ﬂ(mﬁedrarw\thﬁfﬁ onr theegubstrate.r Winesengl pduralifeokehannels és may be a
solid material that is patterned to forma plurality of channels of desired
di nensi opovide ohdhesubsfrate, thens tragt ke toevated ababy pasitieh refativielloesadhhat ar e
subsequently patterned to forma plurality of channels of desired

di mensi obtherfar@ inSahyadvieBlion Mifi@&ispeet RusdH etheri IRGddie enfiodimestst s of a
bi odegradabl e material, such as a bi odegradabl e polymer. A biodegradabl e

mat eri al af l%as?@gfﬂe\’cw&?u@bﬁrélfél oY Qbeﬂ'oﬂ?ér Bh%ﬁ‘?)%?éf@ dHén‘HeYdey} can be

degraded by a living organismor a part thereof bacteri al
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matter that can be conpletely rermved froma localized area, by
physi ol ogPeesingdataral walls gndcblase; suph asihasegrvallitas @UStéQiﬁﬁmﬁdQc%ﬁndMen

taken up by a cell, be broken down into conponents by cellul ar nachinery
such as Figsdyoihke da'n’tamx;e betivaginthiedwornpiposing latgérakwalisiobat least oreise or

di spose of without significant toxic effect on the cells. Exanples of

bi odegr agattionofithe chaarel (onof thiecemtive \oahnel) ddithionthenaicnerheterhrgdge) ysi s,
oxi dation and reduction. Suitable conditions for non-enzymatic hydrolysis,

for exampkisedHareiie X ReFUINRromebéradAge 3eRPS B aRaRGe of bétivet enat a
tenperature and a pH of a |lysosone (i.e. the intracellular or ganel | e). The

degr adat | H& 1f(5 ickor) CPhé W g’llﬁ@\"ﬂ?e ritlel }‘r\ég{jﬁ@o%ﬁ QeSire¢e! | overl oad

or pat ho 0gqi ca rocesses cause y such ove or ot er adverse effects

in vivo. ;L 903PLYRELLUS Rk ARtiES afl aﬁ\'y%esgrreaqﬁgaeﬁa@é S thyFallRewn i n the

art,
cells of a desired type to grow therein. Furthermore, different internal areas of

the walls of the channel may provide different surface characteristics and include
or consist of different materials. In typical embodiments the channel is open
along its length in that it defines a trench (as opposed to a sub-surface
channel). The channel may span (e.g. laterally, diagonally etc.) the entire

length/width of the substrate. As an illustrative example, channels ranging from

10



any of which are generally suitable for use in the nmethod of the present
invention. As sone illustrations of polyners that are considered to be

bi odegr adwbl2e12718y6s83er ve: a pol ygl ycol i de, a pol yl acti depca/sG2011/000327

pol ycaprol actone, a pol yam de, a bi odegradabl e aliphatic polyester, and/or
copolynmers thereof, with and without additives (e.g. calcium phosphate

gl ass), abdubt0 atrhtr abmpd0PnEmsn (engih, sudhydsejy: abaat 80 and tocabald)200a
poly(ester ami de), a poly(anmino acid), a pseudo-poly(an no acid) such as a
pol y(i m pafHdvetrder fatindad beapsll suiesd foP growingddlldibe@nsasthinigscle Bellg/ (| actic
acid ethylene glycol)), poly(ethylene glycol), poly(ethylene glycol)

di acryl a n

pol yhydr ‘O:%But yr atiélg.bl&t'rk ; rox%v%reg??rﬂgksggf Sﬂ?&?%@b%ﬁﬁyﬂgg/ﬁ

bol Yy SUYAPRES Eéegmﬁﬁ?@c%%é’lgﬂ&%’@ﬁg&p% 18 Fare SRS o yrer

pol y(val er ol aﬁto é a pol yanhydride, a pol y(orthoester) and/or a bl end
with a par%/}ﬁ’ﬁ yi'PBe, pol y(anhydride-co-inide), an aliphatic pol ycarbonate,
a poly(pr &iv?dene carbonate), a poly(hydroxyl-ester), a polydi oxanone, a

pol yanhy{@ e %FOQQM%}%§H’@$@ﬂt8t’@c'u@e§)éISVUQPR)QF‘V&W‘é §§Lﬂ°§/¢c&t e), a
pol y(am no aci dé a poly éphosphazene a pol y(propyl ene fumarate),

pol y( pr opelisean bedepasied or grawn.dras thisynispyse thessujqae propertiessefither i de) |
fibrinogen, fibrin, gelatin, cellulose, a cellulose derivative, chitosan, a
chi t osansdbstrats, inctudingharaschEnned paesdidOfaydie altered WREXE equired. The

NO- car boxynet hyl chitosan NOCC, al gi nate, a polysaccharide, starch,

anyl ase, réspectigs Burface) Drosarbtherofc mayifor indtamekiechltured Bytntsamotar boxyl at e
carbonate), poly(im nocarbonate), poly(bisphenol A-im nocarbonate),

pol y(tri %éﬁh’éﬁr@o\rﬁé&i Bap®y @ller d?f&'ré!étéﬁ&’és%ﬁh@’é’oﬂ@surface Such a

pol y(epsi | on-caprol act one-di met hyl tri met hyl ene carbonate), a pol y(al kyl ene

oxal 2t ©) reBBhLARYAAEAEVEG)s nfBhK( 8GLiPhe uééie{her@fi‘yé@ rigal

copol yam ose copo er-es suc

ngiyjﬁfﬁyﬁ%béﬁ"iw Wiy drg%iﬂ@ﬁﬁ@? Yorsaubs tﬁsl SiPEE oGS gt 2
{2 hy ar ohyRiophpBlr syqrEae '(E%rqndx%gﬁﬁwégﬁm%ﬁy)eﬁwad}ywtéamcgaehm. de], a

pol ydepsi pepti de, pol yaryl ate (Ltyrosine-derived) and/or a free acid

pol yar vyl aob/m%rqug(qa’twtyﬁa suifipgtante Fo@mples B A shemigalsurfpcguch as a
fumarat e anhydri de, a hyal uronate, poly-pdi oxanone, a pol yphosphoester,

pol yphos trbatmeetrindudehhwearemqmdirry@ddormopbder,e t@tmwmethalyitaﬂazaaq,on
triacetate, |atex, and/or copolyners, blends, and conposites of any of the
above. [&ﬁﬁéﬂ\?l&lmbﬂﬁﬂamneﬂwldimIofoswlaue,sptb@yhmrthlaﬂolsyarhé at geonetry (with
or without mcropores in the substrate, e.g. the fibre-spun substrate). The

channel féibaé!ﬁo)kﬁﬂahédgl%lmm@ﬁr@pwmﬁ]éﬁ\oiz@ﬂéﬁ@tiﬁ-anW?@;Br@p @-plurality of
channel s is provided on the substrate ey may be |l ocated at any position

in ilf):néle"‘ e o R o B B R I 5 PR %Qcﬁfﬁ?hgﬁ .“e%:uch
i Z‘neeeRﬁ%ﬁ@h@%‘ﬁ%ﬁ?mﬂ%ﬁé}éﬁ?’éﬁiﬁéﬂ @*%"*?‘r% R ety o

enbodi nent s the.channe ncl udes,.a b anch 8ne| na tbe defi ned by
2t | east MAYIED %q%%aegm 1 5pantly 8 APeotarp ROGRERRIE R A T se vl | (a2
illustrated in Fig. 5 The di tance between t he two, opposi ng
lateral (RANADR ‘3%{' 535? Pé?ﬁgrﬁo iRsfiange W@“@ﬁﬁ?fhé{'tf?’éﬁd'é‘f lanpigirent i r e
channel) is within the mcronmeter ran As used herein, the term

m cr onet eellaganygetating; potvlysing ene Hyn %ﬂfﬁt@ﬁ@ﬂdfsrﬂfg@m -glyom&-pm (mi crons) .
The wal ls of the channel may be of any desired internal surface

char act enspaitate (RGD payd tiresinedsotauenedlyciseiserigeasginmey(YAGSRY). Ael | s of a
desired type to grow therein. Furthernore, different internal areas of the
wal | s of |drje nuiburelf bicdegradatld potiirhés; eath aspohgglycolis acitigrpcy(Les and

i nclude or consist of different materials. In typical enbodinents the
channel is open along its length in that it defines a trench (as opposed to
a sub-surface channel). The channel may span (e.g. laterally, diagonally
etc.) the entire length/width of the substrate. As an illustrative exanple,
channel s ranging from 11




about 10 pmto about 200 pmin I ength, such as e.g. about 60 pmto about
200 pm have been found to be well suited for growing cell line snooth
muscl e celwbo1d3vespri mary snoot h nuscle cells, ranges fipomsaghoutoodsd7 pmto
about 400 pm such as e.g. about 60 pmto about 400 pmor about 50 pmto
about 300 pm are well suited. [0032] As noted above, the substrate

i ncl udes lactisadidar poty(ldatickcosglyeclicacidp(ses alsmabeve)aresilsekinawn ¢ ben. For
this purpose the surface properties of the substrate, including any channel

present, siRablegord barface woatreentad fadiitdte délPadifsdiest i ve surface, or a part
thereof, may for instance be altered by neans of a treatnent carried out to

al ter Ch GF31°" | AblRBIlor cBis ffdy b AbBIARR orHi6Rrdor dekaioRest tigny | nol ude

vari ous as nechani c er nal ctri cal em cal neans.

As an iII vl ophobi c
surface 8§§£%%ter Enaer ég}?h?(arﬁﬁﬁ |fh:"ff(i:égggré@%&%ﬁe?%gfﬂﬂfthﬁggr ophi’lic pol yner
or by treatnent.wth surf ctan Exanpl es of chem surface treatnent
"ol e SORGAr Ehe BRI Tiay et Sesos D a0V s TReh ot o exfmield g

trimethyl chl orosil ane, di net h | di chl orosi | ane, ropyl trichl orosi I ane,

t et r aet h@ispensgdon tgpﬁ.ﬂaﬁ)se%waﬁmywem HBﬁP'Bﬁ’tF Agly cell may generally

3-am nopropyl tri et hoxysil ane, 2-(3,4-epox

cycl ohexpe)selested to hetseedediintartbe cbanaelségtmles of respective cells include,
propoxyl ) propyl tri net hoxysi | ane, or 2, 3-epoxy-1l-propanol. A surface

t r eat mrenbutrase adtslimited ta) denagip Inyusole eellsmkéie@;alaﬁusclgepﬂ&@doﬁwqﬂhﬂl ypepti de
or a protein (such as a cell surface protein), for instance fibronection,

Vi t ronectkels, stéidulls, pragehigedells) elyicyies, b@ﬂéyhamwebeﬂs AéigoAgnt heti c
pepti des argini ne-glycineaspartate (RGD) and

tyrosine bﬁ@yt%‘"a‘n@%t%fdl‘ébtletﬁ%'d%@d% N egndd bPR) preéehﬁhgént"bm of

blodegradab pol ynmers, such as poly(glycolic acid), poly(L- Iactlc aci d)

su Fg:b;y(e ??@;f'ai‘ylésl‘&r acﬂéfm?ﬁe%% CELEL S’?&‘@%Nf“‘ 8@@?@3?%@% A
sur' Zc:elf trpf} sl By t@f A ﬁ%gé"f?;éﬁeqe‘f'd@%t el twﬁefeﬂg"’g%’pl{lel%g < Sur ZE%
Lop of ¢ Fiocilth fed. (5 Pe BN P THP ptRoBet ARy SdahPr g e rera Yy

sel ected to be seeded into the channel. Exanples of respective cells

i ncl ude, ins@rperaionof hetarplogaus Mmattardan Rrgrntliee geaeticmatenial dparganiecl e
cells, endothelial cells, stemcells, progenitor cells, nyocytes, bone

mar r ow celdtter ete)rartbey pwy kg resonbidant or isinsgenic. The ¢allsusayiben t he net hod
of the present invention may be of any source. They may for exanple be

nati ve ceééded ahahydensgity @slisng asltiadyedrd ablmto ipssliferateonttheyaseyoflirecel | s of

a cell line. Respective cells may also be nodified, e.g. treated by an
enzyne, eNaassik)lahd asliongl &the raaé%fe@aemewwtbﬁﬂueﬁ@é ®&&dingn of
het er ol ogous matter (an organelle, genetic material, inorganic matter

etc.), HFF\Q?%sr?sylog\?aé‘f)ﬁﬁ@“%@nélcﬁfze&{egg?&ﬁfﬁ %gl}%@@ f6F Jtn% [TE%LJ%%I eeded at

any densi are a ase of the

channel ( eedi ng

densiti egé%szﬁﬁ‘c?\?vé%{'goé}gxﬁ@&laq qq{h% wer eggoungggtﬁatnggrgﬁq :%)OrS snmoot h nuscl e
cells. The eI I s re al. Iovveﬂ dher ho t he ase ?I]}i a?ann& and to
prol i ferBf‘E erﬁé g of Be{?8 ?Es%gé ey?ﬁ%? %‘?’8 ‘PPB HADYBB & ferate
up to a densjty, of abou 80 % tao about (V u out %, 90 A or
60 b Tndonshy of ahetal Y iocmnat JoBIRr ychi 85 Abait §5 4 TaheB Yr The u o hor
words, allowed to reach, at |east substantially, confluence at the base of
the changells amnallawedio pralifaratennear toconduencrpeiimotharwards, alaweditaot her wi se

- in the regular nmeaning to describe a state in which cells have grown
wi t hi n areaoh, ait leastsubstaofiallyp aosfluence at the base of the channel. The term

“confluence” is used herein — unless stated otherwise — in the regular meaning

to describe a state in which cells have grown within a certain amount of space.
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At this point surface to surface contact with other cells causes the
individual cells to inhibit their growth. Inline with this nmeaning of the
t er m " conbuernmsdes2t he expression "proliferate near to eomiScaenmeds2or
"reach at |east substantially confluence neans that the majority of cells
(say for exanple, 70% 80 % 90 % 95% 98%or 99 % of the cells) have

gr own t oAhthisypointtsurfage to sugapeconiach with athen celisarauses the indivduabne

nei ghboring cell such that the gromh of the individual cells of the

maj ori tycells keinhibit thelrgrowtt. dd ling withnthisctneianmgoofithenerT licanflueage”,t hat i s
not necessary that all cells only a majority of the cells proliferate to

confl uengg e%ggﬁnpbfﬁlﬁér@t@hemot&@Ifmehbé" & "rQ@cWQt Rasesibantidly. Smoot h
rruscle cell s show an aligned and el ongated norphology in a direction that

Is at @% @ﬁ&@%ahéxh %é'n‘x%brfy‘bftdéﬂsﬁéﬁfb?texh e, aiO")"’aéd) %’f @’?3

channel |ca h I'recti o at corresp onds to t engt h of

iﬂepé??{‘%"/a?)ﬁ’/nh | j’l ﬁhépgrg% fPaav%qrﬁgv%ﬁ@iéiﬁ?ﬁeﬂﬁﬁvgﬂg%@?ﬁtgé@ﬂif nSde
From t hecbl FaaRtppast R RERBBPaRAHL Sugh fratdbe Sratts Pane ddcbalh on |
(ani sotropic properties). This two-dimensional alignment and el ongation

occurs i Aelsef theavaiesity of cellsds inhibited bw&pnta&hmmm@n nbhis meANS Wahi®y f urt her
factors. The channel walls provide contact guidance cues and/ or mechani cal
cues, t haothgcessasy thattaticelielonty a majoiityrof thedellspeoliferateeto ednflueincdi nents to
show an el ongat ed norphol ogy. [0034] As decri bed above, cells nay be

di r ect ed Dusingrprelifeadtinn thercedls aliph enidirectibrallyo Sndothinmadclelcelecshawahy havi ng
a plurality of regions patterned on the substrate surface. These regions

can be Céﬁ@ﬁ@ﬂah@ bltghgated MofsHBIG§) ink difddtioa tﬁét i85t lcagebssdntiallypardirsl ( ECM
prot eins, fi bronecti on, Iam nin, and collagen. The regi ons can be 2D

| | bl
anes 'né!h%éhgéb@h gwwau { e Su Strate@ﬁi&%n {HEARIRBA that € negligible

conpared to t ness o e regions can also be 3D
channel s tAl e channel s
can be pg{D{}g%%&LO%u@ é?‘%rﬁgr&f@?ﬁ piﬁ%@&éﬁh ogrggjhbgﬁe%%gl scrha% regi ons
can al so be c[{g%ed us | g fibre- 2@ q H&n I @? f re.,the fibres a

ori ent eddPRIGP %HB?WI ﬁaf’ I}PALGY B YRS S1FREGH ()aO\}bsasuchPf'ﬁgmgél gui dance
cues for the cell _ali rrent 0035J¥ illustrative enbodi nents, for 2D

| anes usPRgiafoed pr&‘ﬂse ' be partigufastyhelpfubin em 0115?@3%5}73"%@ fis$Uene range of
10 to 50 microns with an interval of 10 to 50 microns intervals. For 3D
channel sgrafhis torhenformedyfrara e geliropnd/on the hicgdegradahlersibgrate inani10 to 100
m crons. The interval between the channels may be in the range of 20 to 50
m cr ons. afigned fashkiosdanisotrppi¢ peoderties). dinsriwerdimepsiomal mlighmerdrane of 0. 2
to 200 mcrons and fibres may be arranged cl osely w thout any gap

t her ebet wreTyatibmeoddiirs km¢ise pedsdrive sfithetarainheimalltend doéd@ot sageiref 10 to

500 microns, such as 10 to 100 m crons. [0036] Patterning on the substrate
may for gxgnHRePfact@sTTHeBhahnel Walls provide contact guidance cues and/or
mechanical cues, thereby causing the cells to align, and in a number of
embodiments to show an elongated morphology.
[0034] As decribed above, cells may be directed to orientate, for example, in
the longitudinal direction by having a plurality of regions patterned on the
substrate surface. These regions can be created using micro-contact printing of

extracellular matrix (ECM) proteins, e.g. fibronection, laminin, and collagen. The

regions can be 2D lanes in the longitudinal direction whose height dimensions
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contacting, laser-cutting, |ithography, or fibre-spinning. In one

enbodi nent, 3D channels may be formed on the substrate by | aser-cutting.
Fent osecowd 2hasBoesaay be enpl oyed for the |aser-cuttingpcirecenanshe. The
fem osecond | aser beamis focused by an optical focus lens. Wth the right
choi ce of pul se energy, the |l aser beam can be directly focused on the
subst r at aresnegligilletcompareddo plog thieknesis| aftthe sub3tratet Ahgeaegionsicancalsannel
sizes were produced via laser-cutting: 30 pmwi dth, 30 pminterval, 20 pm

dept h ( 3Be 3D 2hanmels tifdt grepaittdtried Bahpriongitueliva ldire2GonnTkeget chdriieiS0- 20) ,
(see Exanpl es described below). [0037]1n an alternative enbodi ment,

fibre-spcan 'b@%éiferﬁé@%fn@%éé‘r%tﬁtﬂng or Hﬁ‘fé@réﬁhy mtecisC Theettegions! daﬁ'ﬂm?nt
El ect rospi nni ng process uses the principle off electrostatic field to form

d I |
Wen an_ 8o pEefed P%‘“'P‘*”f%f’ LT e Rrle e TBlcs e e AR Ton

he. cur  ogiyfing(6 g%‘%maﬁatﬁ"' o %p a0 o P e Effen i he

appl i ed electrostatlc field is stronger than the surface tension of the

sol ut i on@'GPLBE cone is formed and a continuous jet is attracted toward a
conductive grounded collector. As the electrically charged jet noves toward
the col | 00351, iAs jllustrativeambedientsefas 28 lanesusing ECM ercet@tri%ﬂp bet ween
the charges on the sane jet. Meanwhile, the solvent evaporates and the

pol ymer gdimension of thesldneatnoay bedn the mqglemfaﬂl(l toy5bhMidrobs edthaam interal
deposited onto the substrate surface and dependi ng on the coll ector

confi gur ef 100 50hrictorieintervalsl Bob8Dashanneg thetrdnoh ynay hae guegth n t he
| ongi tudinal direction to formgrooves acting as guidance cues for the cell

al i gnmenpnd WdiFEthbt RIREsFRMME10 toOURBInidioMs Vhe FRéMvEl bEiedn thiet hi n
environnents in close proximty to blood vessels that supply tissues with

the necegaaiieiliid) ENPIRNBHEKISIEN 107 Hidbn8 SBR[ thasipe vast e

products an arb di ox1 de cilitate nutrients 'ste transport
across t t t sto

i ncl ude Q‘i\/niéstgﬁﬁ%j@é‘@ {hg%Pglér?f'to?e ?@@ﬁggggﬁs% tﬁégiﬁl{]ougx&rﬁégﬁt aneous
vascul ar h can occ fter to, the infl

wound neglomal ol Rl JHi lerdirileehothg Hutkno%h & shiobitSis Mex BB °f Lt ns
of m crons per day and_t he functl onal épl | 1 ary density at the center of
the tissthe @96tefild to 30Q migopasHchag 1ato QR MisFANS: zone. [0039] The

vascul ari zed | ayer serves to facilitate transportati on of oxygen,
[0036] Patterning on the substrate may for example be formed by micro-

contacting, laser-cutting, lithography, or fibre-spinning. In one embodiment, 3D
channels may be formed on the substrate by laser-cutting. Femtosecond laser
may be employed for the laser-cutting, for example. The femtosecond laser
beam is focused by an optical focus lens. With the right choice of pulse energy,
the laser beam can be directly focused on the substrate surface to induce
polymer ablation. Two targeted microchannel sizes were produced via laser-
cutting: 30 ym width, 30 ym interval, 20 um depth (30-30-20) and 80 x#m width,
30 ym interval, 20 ym depth (80-30-20), (see Examples described below).
[0037] In an alternative embodiment, fibre-spinning or electrospinning is

used to induce cellular alignment. Electrospinning process uses the principle of
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nutrients and waste as well as to pronote angi ogenesis. |In various

enbodi nents, the vascul arized layer includes a plurality of blood vessels
t herei n. wbeotdmes2vessel s may be forned by a network ofcasgnediongs2or

al nost fully degraded fibres (biodegradable fibres) encapsulated with or
wr apped around by endothelial cells, for exanple. Suitable cells may

i ncl ude elestrostatictfleldric fdrm amd becelerate thveaquit jet feorddhé dipiafla capillary st em
cells, and conbination thereof. The fibres nay be obtained from

fi bre- spttheélRictoreWheiPam elettric fiéld i prﬁed betwedH thiensslyiaric mesteodi anet er s
in the range of 0.5 to 50 microns. The tibres are initially cultured with

dot hel | 68l L |
endot he Fgﬁutlﬁﬁ c'oﬁhdlﬁe& h?a%?@@@)ﬁﬁﬁé&%ﬂ%@ﬁéhd‘r%@él ﬁ&?ﬂﬁuréﬂg andary¥ascul ar

endot hel growt h factor lumto al e formation of bl ood

vessel s. ' : | \els | e,

col | agenfoggg%%gfé%fm ee@l ?:’QSEfes"S'ﬁﬁi’fméﬂ%gﬁ , Ié(:}e |tﬂgﬂ8'\%ﬂ?)%9'§’f’ﬁ§ﬁdi tional
support Qf vesse] networ see. Fig. 9 The endpthelial cells ar ound
Cher T br e S8Rk eiEEIgStRle BRRE StAingd! thatvibe e dansion e st@Brc - "The
pol ymer of the fibres is subsequently allowed to, degrade, |eaving behind a
hol | ow t dB¥loRgaBe ipTsmedand acontinueys jed is airagtad tomard afnf V8, the

bi odegr adabl e pol ymer used for formng the fibres include polyners having
rapi d degraifideg ¢allestorsfs Nﬂ@glq@mqadlvsgargﬂd st yrweisd@yva(ddu@ec@ér@, itby
conposition)). [0040]Fig. 10 shows (A) the bright field picture of Human

Unbi | i cals &lengatedduy thel eélettratbtic intétdeiths betweergthevehaygesmdndhe spme at i ng
the polyner fibers after 7 days of culture; (B) the fluorescence i mge of

the greejetdvieanihii®, theasuvant tdvapoeites bikd dhe Bolpdrgeysalidifiedinesfibérs) t he
fluorescence image of the red dye (cell tracker DiL) show ng HUVEC cel |l s

prolifer At;'blﬂ_ﬁhliﬂf;?gilﬁrfg@ré RREn HePESifedPdt8ithd sdB¥FatelsurtdceHry [ 0041] As

illustrated in the substrate 10 nay be adhered to the vascul ari zed

layer 1244handifg'di heBelbaiot chtGiratidn, thRgiterd B60RBELFahGYE Faridbmly
or aligned in the longitudinal direction to form grooves acting as guidance cues
for the cell alignment, as mentioned above.
[0038] In vivo, cells reside within environments in close proximity to blood
vessels that supply tissues with the necessary nutrients and oxygen, as well as
remove from tissues waste products and carbon dioxide. To facilitate nutrients
and waste transport across the tissue construct, it is proposed by the present
inventors to include a vascularized layer in the tissue construct. Although
spontaneous vascular in-growth can occur after implantation due to the
inflammatory wound healing response, the process occurs at a slow rate of
several tenths of microns per day and the functional capillary density at the
center of the tissue construct is less than that at the border zone.
[0039] The vascularized layer serves to facilitate transportation of oxygen,
nutrients and waste as well as to promote angiogenesis. In various

embodiments, the vascularized layer includes a plurality of blood vessels
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may be formed of gelatin, collagen or fibrin. Athin |layer of |less than 10
m crons may be used for the internediate | ayer 14. Besides serving as an
adhesi on weyerz/deisaeen t he substrate 10 and the vascul arczsd20@yes2i2, the
intermedi ate |l ayer 14 at the sanme tinme provides an ECM | i ke environnent for
the cells. [0042] The term "extracellular matrix" refers to a substance

exi st i ngtHertine hedsiond vessal$ Insaysbe foraredepy ahretwatk cfedégrading orialmashe
extracellular matrix is matter |ocated outside of cells of a multicellular
or gani snyy|pdegraded fibads ddg?@@atﬂé¢ib¥é’§)lé?@ar>¥ulﬁtédjvmﬁd)_rmfappédjS_, and _
therefore, "are biological materials. Extracellular matrices are involved in
supporti i I 4 o i } enti al
or sur VIB\E/ba dog@‘gpﬁéth\éﬁél cels, fdp éxﬁh@’lé‘.aém?em(é F:@l'l%na' ﬁité‘Iyﬁ holabié Yisd'5Mod

somati c cells. respective i X can also be forned

or oéL?2§f"f{%fﬁds%ll%réi‘%&s@?ﬁgﬁéeﬁé%?li%'%%%ﬁ%‘%xF%'SSEﬁaF‘?Lf{dar_ Ml ces o li" N
andot hel HroBbiTe Thee Fiebs BPLAINGITPIT DYoo pIBl ANTGS B PAE. i1 11 br ous

conmponents and matrices filling there between. Fibrous conponents include
col | agenfibiesthus abtained 4@y baye giameters inibedapgabRchio 39 migionscdbei s a

gl ycosam nogl ycan (aci di ¢c nucopol ysacchari de), nost of which is bound to
non- col | figeasaare ipitiatly culturediwithreadeibeljiataellsfin thepprssenge wé growthici di c
nmucopol ysacchari de-protein conplex). In addition, matrices include

gl ycopr ofastors, sushcds a vaseutanendothebalgrowtte feotem@/E GiF cmedium itd aidhinound
elastic fibers, fibers, fibronectins on cell surfaces, and the |iKke.

Parti cul gid foreiatibArcf Bidcdt eskdels THe fitRss nfily ald6®ebédbedaéd itch hydrodedr
exanple, in hyaline cartilage, chondroblasts characteristically produce a

l'arge aggrtd%x%gfé}rdohé oPBiHdr &§AtHele! gl fr&t@uefn@ﬂ%xfwﬁtmm bones,

ost eobl s produce bone matriceS which cause calcification. Exanples of
pr ot ei ns Toloy 1 I i j : i f ound
N thi ' aRo0RBRalifibt of \ReFHEGRTE a4 Blo. dT7Ehs Snabyfiafediothdn | TTC, (o
el astin, vitronectin, fibronectin, lammnin,  collage e | ol | agen type
e col Py RETPee. eemidBTording SMdhy aniRhs BREH EIAE srydtls ! e,
decolin, _byglican, fibronmodulin, |um can, hyaluronic acid). [0043]1n an
L or niat T0E RAMORF AL bR 5 ubsRsbimats Sllages o dRarads, aWia RBBIRA o 10 to
t he vascul ari zed | ayer 12 may be absent. The substrate 10 may be sutured to
t he vaschplow teke made up of endothglialcells hinegdiousfespbedingits theee Fig. 1B).
[0044] I n sunmary, high cell density is required to achieve both growh and

biodegradable polymer used for forming the fibres include polymers having

rapid degrading rate, such as poly(lactide glycolide) (PLGA 50/50 (by

composition)).

[0040] Fig. 10 shows (A) the bright field picture of Human Umbilical Vein

Endothelial Cells (HUVEC) cells growing and encapsulating the polymer fibers

after 7 days of culture; (B) the fluorescence image of the green dye (DiO)

showing the network of PLGA polymer fibres; (C) the fluorescence imagé of the

red dye (cell tracker DiL) showing HUVEC cells proliferating on the polymer

fibers after 7 days of culture.

[0041] As illustrated in Fig. 1A, the substrate 10 may be adhered to the

vascularized layer 12 via an intermediate layer 14. The intermediate layer 14
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structuring of new tissue in pre-existing tissue. Anisotropic properties
are due to specific orientation of cells in native tissues. Cells in sone
nati ve tiwerer/suwssh as skel etal nuscle and cardi ac nusclpes/sanel1moé32r andonl y
organi zed. For the organs to function, the cells are arranged in such a way
that there is anisotropic property and are oriented in certain directions.
The ori emat beforofedcel galatim catlagen ioc fibrineAthiorlayer afrless tian 10 oricensf or it
to function as an organ. In order to increase cell density, the construct

ought t onftfyvise teed fomthehintekmnedrte yer 14eBebidesBepving @8 41 adhelsisnf or a
| ayered conposite of cells wth scaffolds that have high cell density. The

mul ti - | ayGre hetWESH the SNStFHE 1D drith fxﬂa[s.%ul%?&éa%?yé}nif%é bfmédiarerti es

; 1
that mMmmc¢s the native tissues. To facilitate nutrients and waste transport

CT 055 ek ASHANE BN b o RS U At e SR IRCRPHROUAS St ur ot Ures

(exanpl e re-spun rate nmor e 1 npor y a vascul ari sed

| ayer ha n ipcorporated into the.tissue,construct. AlLthou spont aneous
vascul ar G o T I SoeelliReimatingIBis 8ubsiercs SHRMAPRUARRR or v
wound heal i ng response, the pr_oce?s occurs at a slow rate of several tenths
of ni cr of8MIBE celly sugh asepitbelialirglin vivethe adragalllarmatrixdsmatiaropi ¢
properties and at the sane tine vascularization in the tissue construct
itsel f ciogated autsidesef erlisvafiaamuiticeliuler organisral Extraeellubaiiatiigestarg t he
present tissue construct could pronote faster and nore effective tissue

repair. hgoctlylproducexd by lcetls,tdnd ihevefote, are hinlodieal matirials. Exdeacellalzt and put
into practical effect, particular enbodinents will now be described by way

of the faldtAvedgraipvolvetiihisuppériagitisete dwaaiphsin ink&rnal ealiforimentdkt hods

Preparati on of polv(L-1actide-co-e-caprolactone) (PLLA-PCL) film
structure essential for survival of all somatic cells. A respective matrix can also
be formed or transferred in vitro and ex vivo. Extracellular matrices are
generally produced from connective tissue cells. Some extracellular matrices
are secreted from cells possessing basal membrane, such as epithelial cells or
endothelial cells. Extracellular matrices are roughly divided into fibrous
components and matrices filling there between. Fibrous components include
collagen fibers and elastic fibers. A basic component'of matrices is a
glycosaminoglycan (acidic mucopolysaccharide), most of which is bound to
non-collagenous protein to form a polymer of a proteoglycan (acidic
mucopolysaccharide-protein complex). In addition, matrices include
glycoproteins, such as laminin of basal membrane, microfibrils around elastic
fibers, fibers, fibronectins on cell surfaces, and the like. Particularly differentiated
tissue has the same basic structure. For example, in hyaline cartilage,
chondroblasts characteristically produce a large amount of cartilage matrices

including proteoglycans. In bones, osteoblasts produce bone matrices which

cause calcification. Examples of proteins associated with an extracellular
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[ 0046] Pol y(L-I| acti de-co-e-caprol actone) (PLLA-PCL) filmwere fabricated by
the solvent casting nethod. The bl ock copol yner PLLA-PCL (70:30), conprised
of 70% L-wecebimsi@nd 30% e- caprol act one, was used (PuraecBisoretieoezal s,

Li ncol nshire, IL). The copol ymer PLLA-PCL granul es were dissolved in

di chl oronet hane (Tedia, Fairfield, OH) in 1:5 mass/volune ratio to achieve
an opt i malatrik sice giroteinshfaundswithin anbdxdracetiulao matrix of tissuesy inoludssdaut The
films were cast using an industrial filmapplicator (Paul N. Gardner
Conpany, atré@fot lirblieé to,aaslastimivitorfacting dippdnevtinplamihin, coffdgen Hipe Ipol yner fil ns
were dried in 37 C vacuum oven for 7 days. The thickness of the dry cast

Films weeg|apu @béwt&illﬁgéﬁ’%m dallagén tﬁp@sﬁr aﬁ@ﬁﬁbtéb@l?céﬁs {fer ymer

[ 0047] The mcropatternl ng of” 't he bi opoly | mwas carried out using a

- l'i d- I
i in o CReRele SRS Wﬁ&@??@%°§?%ﬁé@'¢§“ e Fhul ses. i th the
wavel engtadEiaogian SRR EhueimeRl o) Sen%‘frat I8 o Ao i o™= 1 e

The | aser pul se ener is adj ted b t enuat o The fentosecond | aser
beamis 1588%%‘& 1 tosth o\fﬁﬁch'@”lz?a&%erl %e(ahbqe(q@ f heygubstrRie 0 BaYpul se

energy, the |laser beamcan directly focused on the substrate surface and

i nduce t he syturedde the vascwarizeduayenddai autvre thyepda for example (@@ee pr oduced:
30 pmwidth, 30 pminterval, 20 pmdepth (30-30-20) and 80 pmw dth, 30 pm
i nt erval FigOIBm depth (80- 30- 20). Characterization of Polynmer Filnms [0048]
The surface norphol ogy of the m crochannel scaffold was observed usi ng SEM

per f or megoe44]go! Ig-siphinaey, atigls asibessifyierequirdd kBathieve bpth grbwthrand Af t er
coating, the sanples were viewed under Jeol JSM 6360LV scanning el ectron

mcr Oscoaﬁuctﬁlnhg%%ebmfssuet |ﬂ|ﬁélé3(|s‘ma§ tR¥REOR AR otrepReHOpaHR sHedUd et Uur e for
surface analysis. The sanple was placed onto the notorized stage and was

|11 um nag Ech%tolﬁeHaQJ% - of RIS h¥ﬁvé ﬁé‘%e‘ﬂ' b’éll&%&ﬁ‘l@%étivgalfsb%s‘é’ﬁéhse' ect ed.

The di stahce between the sanple and objective was usted to focus the

e of 2bigeBiifbEHE a&@?aieé@%w%ﬁa 59&%5@?%9@5’%2%94 STt e the

3D st t f I f th f t
- oughnas ST B RS APacRls pte aanass f Suktt 4vay et falCanisBliapi

Ref | ectance Fourier TransformlInfrared (ATR_-FTIR) spectroscopi c anal ysis of
PLLA- PCL PEQRSHtY %J?‘é@r%@ﬂ%rr“@ddﬂ&ertam"'%i'@ﬁﬁnﬂh% O\WEF‘@“Bquf Selein spe@ds ki n

El mer Spectrum GX at a range of 600-4000 cm1. Al spectra were cal cul ated
neans fr diregtigrtisrerugial in erdenfartit orfupetion asman ampan. noerdecta imerease cell

at nospheric water and carbon dioxide. The surface chem cal conposition of
subst r at densityg the esosteactught tahapd oexdaindbickness pe preseopinvestioy a VG
ESCALAB 250 spectrometer (Thernmo Electron, U K ). Al The binding energies

\t/vgr 38205 bgs/ﬁ@@b o o lelyereenedmgositicottddiidiwith sexffcdds tHat Gale high tee C- H group
| denéity. The multi-layered tissue constructs therefore possess anisotropic
properties that mimics the native tissues. To facilitate nutrients and waste
transport across the tissue construct, the substrate used may have porous
sturctures (example of the fibre-spun substrate) and more importantly a
vascularised layer has been incorporated into the tissue construct. Although
spontaneous vascular in-growth can occur after implantation due to the

inflammatory wound healing response, the process occurs at a slow rate of

several tenths of microns per day. By possessing high cell density with
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Cell Culture [0049] Human nesenchymal stemcells (hMSCs) and cell culture
medi um were both obtai ned from Lonza (Canbrex, UK). hMSCs were expanded and
cul tured wo 20esBnsbynal stem cell basal nedi um accordi ngctrsceim/veador ' s
instruction. For the experinents, the cells were cultured with | ow gl ucose
Dul becco's Modified Eagle's Medium (DVEM containing L-glutamne (Signma

Al dri ch, ahiSajropicopropetieseahdiat the laivh ¢-tid e Vastuldraation inthedissue a) and 1%
anti bi otidantinmycotic solution (PAA, Pasching, Austria), at 37 Cin a

hum di f i egnstrigtstebi icoulf inbredase@urvital riate of thedtallk ambcoiseogentigtiss y 2- 3
days. PBS and 0.05 % trypsi n- EDTA obtained from |l nvitrogen were used for

washi ng ggse%hgs@@&aﬁétm ‘coBf HrORfSte TESBLSRY YFdre: ef@éﬁ%%gée\“@ééir

steriliz using 70 % ethanol for 30 mn. Then scaffolds were washed with

dei oni Zef’q%@]eﬁ gﬁﬁaﬁmeeﬁwvbhﬁ@ﬁgi nt%el?% ||9 'PstBbH%nd thto cel !

seedi ng, sca S Wwere | mrerse medidm for 30 mn.

| mmunocyt oche Crosco ] Bri vvere xed with 4%
par af or nBI3fd 'ﬁglj%ﬁ?%r |c|\1§rﬂrﬂm eh% § %&BS‘F‘F %&43"%? lh §. 1% Triton
X-100 for 5 mn and foI | owed by bl ocking with 5% bovine serum al bum n ( BSA)
(1 nvi t r offiieying ngnsligjting §é?’l’5‘|ﬂ%”5i gma). The primary antibodies used to
target interested proteins were: rabbit polyclonal anti fibronectin (1:400)
(Sigma), chicken polyclonal anti Maramples 0000, Abcanm) and nouse monocl onal
anti heavy chain cardiac nyosin (1:200) (Abcan). Secondary anti bodi es were
Cy3 goat Matéerialsaahd tMeéthedsl: 400, M I lipore), Al exa Fluor(r) 568 goat
anti-chicken (1:400, Mol ecul ar probes), and Al exa Fluor(r) 488 goat

ant i - moupeerdratién of bblvEicidAideptobeaprolaetend) (RLAA-POL ) did neural stem cel |
were used as positive controls for MHC and MAP2, respectively. Negative

contr ol syggye)he P&zﬁ@%ueé -CRL&-EBP | RAGADQPILEA- P@Lgﬂﬁ\ﬂ\ er® PabriatEg byF- actin

was stai ned vm th T C conjugat ed phal li'odin Chenmi con) . NucI ei were

Vi sual 2B S TR EeAgt g TP Biodk i RRe: PE%%‘?*“SEW?@ SEhe and
o ect ?38*“‘(@% L igile it o f-%aéf’“léﬁi%&?Eﬁsa”%ﬁ%f%@%sp%gégﬁﬁ?L‘e‘??a TCS

SPS) was l%lc% ns ?rgdlLt)OThe cE)Hcr)I?/mer ﬁLr[‘a\gE’%Lugsrlarﬁ%leas v?gl?é 8 bé&vét'ﬂ Yne lens (oil).

dichloromethane (Tedia, Fairfield, OH) in 1:5 mass/volume ratio to achieve an

optimal viscosity that is suitable for solvent casting process. The films were cast
using an industrial film applicator (Paul N. Gardner Company, Inc., Sheen
automatic film applicator, FL, USA). The polymer films were dried in 37 °C

. vacuum oven for 7 days. The thickness of the dry cast films were approximately
100 ym.

Direct Laser Machining of Polymer

[0047] The micropatterning of the biopolymer film was carried out using a Ti-
sapphire (Clark-MXR CPA 2001, Dexter, Ml) infrared solid-state laser with a
chirped pulse amplifier to produce high-intensity pulses, with the following
technical specifications: pulse duration = 150 fs; central wavelength = 800 nm;

maximum power = 800 mW; fixed repetition rate = 1 kHz. The laser pulse
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Results Characterization of Polynmer Surface [0051]Fentosecond |aser is a
new class of laser that is able to transfer highly focused energy in

f ent osecowd 2012139¢82s) pul ses for renoval of materials mresisGBy11@mb@ngi ng t he
| aser power, scan speed and scan pass, the microchannels with two desirable
di rensi ons were machined onto a 10 mm x 10 nm PLLA-PCL film The feature

pi t ches ehbryycisradjusied by avf atteramter. Jihe fentesemindiasehis¢amas éoausetidym i n
each sanple. As shown in Fig. 5, 3D mcrochannel topography with |ined

st ruct ur an@pticBEfocas N WIS Hgtasticeatbdbe eperglaiths iserdeanncame cross
section (3D profiler imges) was achieved on the flat 2D surface of raw

mat eri al FrBEtW"ﬂﬁu EFLARERD s{r ey hrit ﬁﬁlucg@ﬁe Wa%lﬁ\ﬁ’dr? 'I’f ricated
ﬁ ep as wel

at a pre eterm ned w dt as |nterv di st ance. ul ar

(1 acer ?ﬁ&%rﬁgheéﬁiééé%%s‘ﬁmé’é. géﬁ@?%@?%%%%@ﬁ%ﬁ i contr ol
w t hout | asge%nn(%g éB 58; ang 80 prrqz\ilyldth, 38?}'m mterva‘?yfo ,u11 datKS(BB% %6) days

accor di n§™y

Characterization of Polymer Films

[0048] The surface morphology of the microchannel scaffold was observed
using SEM performed on gold-sputtered samples (Jeol JSM-5800, Tokyo,
Japan). After coating, the samples were viewed under Jeol JSSM-6360LV
scanning electron microscope. Alicona InfiniteFocus was employed to generate
3D structure for surface analysis. The sample was placed onto the motorized
stage and was illuminated with light. Objective lens with 10X magnification was
selected. The distance between the sample and the objective was adjusted to
focus the image of the structure. Once the image was focused, upper limit and
lower limit of the structure surface (in the software) were set to generate the 3D
structure surface. The profile of the surface and its particular roughness could
be obtained via the 3D structure. Attenuated Total Reflectance Fourier
Transform Infrared (ATR-FTIR) spectroscopic analysis of PLLA-PCL substrates
before and laser machining were performed on PerkinElmer Spectrum GX at a
range of 600—4000 cm™". All spectra were calculated means from 8 scans at a
resolution of 2 cm™ with correction for atmospheric water and carbon dioxide.
The surface chemical composition of substrates was measured by X-ray
photoelectron spectroscopy using a VG ESCALAB 250 spectrometer (Thermo
Electron, U.K.). All The binding energies were corrected by referencing the

binding energy of C 1s in the C-H group to 285.0 eV.
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exam ne the cell norphology and mcrofilanent arrangenent, scaffolds with
hMSCs were stained with phalloidin for F-actin and DAPI for nucl eus. \Wen
hMSCs werwocal2aiped on the PLLA-PCL scaffol ds with | asePCRBGRIISA0327

m crochannel s, both narrow and w de channels aided in cell elongation and
cell alignment along the grating axis. In contrast, hMSCs cul tured on

contr ol SMO el ongation or alignment in any specific direction. The
guantitative and qualitative analysis of cell alignment on different

subst r at 8049 shidumanmeésenchymaiaternalells (ebMSGs) enhdocelloauitur@ medibm cel | s
were randomy oriented with degrees of alignnent fromO0-90 even when cells
wer e becyEreboapoblditst frof IonBACanbexc BK)ShSCs etk expartiid ahdls wi th
narrow m crochannel s, 30-30-20, (Fig. 6B) have better alignnment than that
on the "“cgﬁﬁﬁreﬂhﬁ'?ﬁ@ééwchﬁﬁiamgéﬂ celribdsalbirbdiuf agco@ind fostheNhdorem t he

begi nning of cell growth on day 1. As seen in Fig. 6, for the narrower
channel - 30- ; I 1SLI WolyP | | s changed
froma nﬁ@%ﬂbéﬁﬁgﬁﬁ@&%&%tggggec%fl%ﬂbgéyhgfﬁégqgltﬁgoxvp %@rﬁggrhound 0-5
degree o ay 7, clearly_indigatin ssi yel reater .al jgnnment of the
ol s ar Duidact's Mofied Eadle sien Ui RN SantSinlh ol SRt SRERY e
channel substrate (80-30- 20@, where the preferred alig_\nments continued to
be in th&ldrsh §ISA)suRplemppted Wit 1 8PeEBSIPAMPISCNG AUSHRIAR] b The cel |
alignment distribution on different surfaces after 7 days was al so

char act eantibioticlanfimyestic aoktigsi(BAAVRashhingniustria) satais & in afwnnidifiedn i nt o
mat hemati cal |y defined optical data. The 2D FFT frequency plot (Fig. 6

i nset) dephospmaretdfiss%d@0a, Cukymeanediusn Was ajaaged avenp?x3daysliPBS i but ed in
patterns around the origin to reflect the degree of cell alignnent.

[ 0053] Fr ardtdes %lwbéiﬁ-@[DTNﬁBtéiﬂbdiffbrﬁtlmiilm@?brﬁmé used Fforowaghing tamel
unpatterned cells were well spread, with well-defined F-actin arranging
circunfe ' £ vl & @i b ili usipgetgnes round
after 1165239?@&8???@ %‘P‘?ﬁ%sgﬁ&&i’*% ase#ds?n@%reog%?tﬁeg g?af ?‘gl ds
experien i G i ube- aGt i , Which
vere hi oSt ERE R st aifoMe AR Reshaf fulh Abhiged MREEahd PES

m cr ochagnel were stretched.al o t he | §.0 e orientation
of the s r@?imi’?sf)@rsj%arﬁﬁ' tR B@Paﬁg%ﬁ Cgkl%%gg%m%%?&@*%wg}%gy on the
scaffold, with narrow m crochannel s gﬁrmnstrat ed good contact gui dance.

[ 0054] By iME&H$H] Uite e cyltyre mediim for S0 MINng, but not linited to, whatever
follows the word "conprising”. Thus, use of the term "conprising” indicates
that thelmmu OCheRistey and PILPRY] or nmandatory, but that other elenents
are optional and may or may not be present. [0055]By "consisting of' is
meant i n§0Q&0Ing, Brefty, Icelts wede fixed witht 4% cparaformaldehyde for 15-20 minutes

and then permeabilized with 0.1% Triton X-100 for 5 min and followed by
blocking with 5% bovine serum albumin (BSA) (Invitrogen) or 5% goat serum
(Sigma). The primary antibodies used to target interested proteins were: rabbit
polyclonal anti fibronectin (1:400) (Sigma), chicken polyclonal anti MAP2
(1:10000, Abcam) and mouse monoclonal anti heavy chain cardiac myoéin
(1:200) (Abcam). Secondary antibodies were Cy3 goat anti rabbit 1gG (1:400,
Millipore), Alexa Fluor® 568 goat anti-chicken (1:400, Molecular probes), and
Alexa Fluor® 488 goat anti-mouse (1:400, Molecular probes). C2C12 myoblast

and neural stem cell were used as positive controls for MHC and MAP2,
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t he phrase "consisting of'. Thus, the phrase "consisting of' indicates that
the listed elenents are required or mandatory, and that no other elenents
may be prweent2/03p@R56] The i nventions illustratively des®CTS6A0NOPES2H may
suitably be practiced in the absence of any el enent or elenents, limtation
or limtations, not specifically disclosed herein. Thus, for exanple, the
ternms "coespectively Negative gantigls in therabsenderef priredry. anfipdiesswerealgo
expansively and without limtation. Additionally, the ternms and expressions
enpl oyedpbfoaned hiraetiheeas stafbdawith FRIFCaonjlemated phatiodsnd : 500, of
limtation, and there is no intention in the use of such terns and

expr essi Ohenfitol) Nudiki WeraounesH staihed witroDAP ¢1:He60 UCRemsdun)n and
described or portions thereof, but it is recognized that various

modi fi caf és@édgcregiﬁ%? '\ﬁer‘@\iiﬂl iszQNigﬁQmﬁk&i 8bhéclipB¥qNiKd) Japahyred.  Thus,

it should be un that al t hough e present 1 nvention has been

speci fi cal|: | § ' ; ty t ,
o 11 cabPURNEITEToSRiS wid cBpE AL WRH ERAKOTBE. BRI JeBaR) uRfRL " °°
di scl ose e rted to by those skilled in th t d t hat h
modi fi cag’u"‘g%ﬁ)é%é JaRIabeNE It ﬂﬁgqrﬁe'?@da%%r' %@f\me'}qaiﬁr"w?%@or&oge of this
I nvention. [0057] By_"about” in relation to a given nunberical_ yalue, such
as for té&ygerutlsicd 26 BEP) wasaisq used tq capturedBimagesiusing ad3tuneri cal
values within 10% of the specified value. [0058] The invention has been
descri beabjectvelgnsa(ed).generi cal |y herein.

Results

Characterization of Polymer Surface

[0051] Femtosecond laser is a new class of laser that is able to transfer
highly focused energy in femtosecond (~1 07'%s) pulses for removal of materials
mass. By changing the laser power, scan speed and scan pass, the
microchannels with two desirable dimensions were machined onto a 10 mm x
10 mm PLLA-PCL film. The feature pitches (the combination of groove and
interval widths) were uniform in each sample. As shown in Fig. 5, 3D
microchannel topography with lined structure on the top view (SEM images) and
sinusoidal surface on the cross section (3D profiler images) was achieved on
the flat 2D surface of raw material through femtosecond laser machining. The
channels were fabricated at a predetermined width, depth, as well as interval
distance.

Cellular Organization

[0052] hMSCs were cultured on the respective substrates (laser-machined
substrates with dimensions 30-30-20, 80-30-20 and control without laser

machining) for 1 day, 4 days, 7 days, 11 days and 14 days accordingly. To
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Each of the narrower species and sub-generic groupings falling within the
generic disclosure also formpart of the invention. This includes the
generi c deeeoippiea of the invention with a proviso or mregaGyaobenayt ation
removi ng any subject matter fromthe genus, regardl ess of whether or not
the excised material is specifically recited herein. [0059] O her

enbodi neexaminecthei ¢éli motptwldgy amadvmicrofilasment axrahgesment| seaffaldg withanpl es. I'n
addition, where features or aspects of the invention are described in terns

of Mar kKuaMSCoWese stdiwsdwitkiphatididimfdriFeaetirt and IDAPIfopgacizast Wadent he
invention is also thereby described in terns of any individual nenber or

subgr OUphMSG@Wé?%éuE@reHrtﬁl ey BUSALFISI08Baffol 8 WitFBader MabRihBgd for forming a

ti ssue construct having a conposite structure, conprising: (a) providing a

D ooco! SHBkEn3HIab: B4 Sl 8 RUEHETaed o SLEb RO AIEM .,

layer Cogﬁgrrgrﬁiaﬂpal%ng ItHer %lrziatfn% é))]zis.bllnoc%%tr\é%tcj ?1‘7\}1§Cts r&%‘t&i’e@ or‘?@gntrols
showed no elongation or alignment in any specific direction. The quantitative
and qualitative analysis of cell alignment on different substrates is shown in Fig.
6. For cells cultured on control, the cells were randomly oriented with degrees of
alignment from 0-90° even when cells were becoming confluent (Fig. 6A). The
cells cultured on scaffolds with narrow microchannels, 30-30-20, (Fig. 6B) have
better alignment than that on the wider channels, 80-30-20 (Fig. 6C). This was
observed from the beginning of cell growth on day 1. As seen in Fig. 6, for the
narrower channel system (30-30-20), the angular distribution of the cells
changed from a maximum at around 10-19 degree on day 4 to a maximum
around 0-5 degree on day 7, clearly indicating progressively greater alignment
of the cells along the grooved direction. This is not as evident in the wider
channel substrate (80-30-20), where the preferred alignments continued to be in
the 10-19 degree range regardless of the time of incubation. The cell alignment
distribution on different surfaces after 7 days was also characterized by 2D FFT
analysis, which converts spatial information into mathematically defined optical
data. The 2D FFT frequency plot (Fig. 6 inset) depicting this data, represents
the grayscale pixels distributed in patterns around the origin to reflect the
degree of cell alignment.
[0053] From the results of phalloidin stained F-actin (Fig. 7), the unpatterned

cells were well spread, with well-defined F-actin arranging circumferentially
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(c) adhering the vascul arized |layer to the substrate. 2. The nethod of
claim1, wherein the plurality of blood vessels are forned by: (i)

provi di ngwe 2plausedset y of bi odegradable fibres; (ii) encapsisicavitngohe
plurality of biodegradable fibres with cells selected fromthe group

consi sting of endothelial cells, snooth nuscle cells, mcrovascul ar

endot hel asmdundehesellstustause Qedl, nunleliscremirined round aftertdt dagsidCelis i ) al | owi ng
t he bi odegradabl e fibres to degrade. 3. The nmethod of claim2, further

conpri si agtwetemdbaoth laser miciopattdriied schifolds expdabheed ineesaseeinuelidarn at ed
with cells in a gel. 4. The nethod of claim2 or 3, wherein encapsul ating

g]g)rmr i Seéliq}ﬂhéh‘tﬁ TRG K-Betiv SRESSTiIBERD WhidH WERShighlyorgaRizedl ih bundiddien Pr esence

growt h Tactors such as vascul ar endot helial” growh factor (VEGS) nedium
the scaffolds with narrow microchannels, were stretched along the long axis of
cells. The orientation of the stress fibers and the polarized elongated cell
morphology on the scaffold with narrow microchannels, demonstrated good
contact guidance.
[0054] By "comprising” it is meant including, but not limited to, whatever
follows the word "comprising”. Thus, use of the term "comprising" indicates that
the listed elements are required or mandatory, but that other elements are
optional and may or may not be present.
[0055] By "consisting of" is meant including, and limited to, whatever follows
the phrase "consisting of". Thus, the phrase "consisting of" indicates that the
listed elements are required or mandatory, and that no other elements may be
present.
[0056] The inventions illustratively described hereinAmay suitably be
practiced in the absence of any element or elements, limitation or limitations,
not specifically disclosed herein. Thus, for example, the terms "comprising”,
"including", "containing", etc. shall be read expansively and without limitation.
Additionally, the terms and expressions employed herein have been used as
terms of description and not of limitation, and there is no intention in the use of
such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications

are possible within the scope of the invention claimed. Thus, it should be

understood that although the present invention has been specifically disclosed
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5. The nmethod of any one of clains 2-4, wherein each of the substrate and
t he bi odegradable fibres is independently selected fromthe group

consi st i ngoabi2spskbygl ycol i de, a pol ylactide, a pol ycaprolractonspoar

pol yam de, an aliphatic polyester, a poly(ester am de), a poly(am no acid),
a pseudo-poly(amno acid), a poly(lactide glycolide), poly(lactic acid

et hyl enebyglprefeimed grbgdiatents and optipnal featyres ymhedlichtior agdywasiatiodiodicr yl at e,
a pol yal kyl ene succi nate, pol ybutyl ene diglycol ate, pol yhydroxybutyrate,

pol yhydr ey aveatiens embodiddytheedin nebeih\disiledatbmdysts mepriedasdyetheseol yrer,
pol y(hydr oxybut yrat e-co-val erate), a pol yhydroxyal kaoates, a

pol y(capgiiag it Qrf?,' Ared thét 206h %dﬁﬁf?&étiolﬁgFb?ifc}ﬂ@[atioﬂ@'éfé‘é@hﬁd@?é’d?icPne) , @

pol yanhydride, a poly(orthoester), a polyanhydride, a pol yanhydride ester,

pol y( anh)bgr\,i/iﬂﬁﬁ ?r?e'is '%&HSFQm%BWt i ¢ pol ycarbonate, a

pol y(hydroxyl-ester), ydi 0Xxanone, a pol ycyanoacryl ate, a poly(al kyl

cyanoacr ), pal y(am no .acid), .a pal hosphazene a_pol y(propyl ene

f umar at eﬂ’dﬁﬁl y(%\‘o%{ﬁ/ n& MP&P@ 8'895ﬂ‘r§¥/'|‘tg‘?{b°agr’§‘@8r f%‘cbﬂaﬁg I’y(f umar at e
anhydride), a poly(propyl ene carbonate), fjbrinpogen, fibrin, atin,

ol ul osBeStie ALebuRT PrUTE,4 & BebioncuatoRRpaca Vs, UEhBhar  de.
starch, anylase, collagen, a polycarboxylic acid, a poly(ethyl

est er - co105 pbthe! spesifieshvadwet e) ,  pol y(i mi nocar bonate), pol y(bi sphenol

A-im nocarbonate), poly(trimethylene carbonate), poly(ethylene oxide),

pol y( eps{0@58]capfhe mveatien basbielendescribed preadly andigenerieally hepsih.y ( al kyl ene
oxal ate), a poly(al kyl carbonate), poly(adi pic anhydride), a nylon

copol yamegeh of aid axproweh gpecies landesibd-generitpgrioypitigscfatiiagtwithin tike pol yet her, a
pol yester, a pol ydi hydropyran, a polyketal, a pol ydepsi peptide, a

pol yaryl gkRerié dRRIOSURE BRY! fBRf P Gr thk SnehtRnD ThR IAcid¥S The gedehyal ur onat es,
pol y- p- diroxanone, a pol yphosphoester, a pol yphosphoester urethane, a

et oof - SaeCAfiorioRne g MRt BERAG0 b RELRLSR il 1P ump IS <

ol y(l actj g~ I ' [ P 7 f i ms
176" who P UPIRCr Xl i B donds. FediuieSe T et PEn R BB cRBR Pl o
of regions for..th\e depo Ii\tion or growh of the plurality of cells thereon.
8. The n&?RﬁF'fJﬁa'Xlrﬁ‘i"Eﬁd;eW{br ein the substrate is further patterned to
forma plurality of channels in the direction transverse to the substrate

sur f ace. [8059Khe” Qther enbadipentsare withip thefellaying claimsandanen-lgniingdt he

substrate surface is fornmed by micro-contact printing, |aser cutting,
| i t hogr apkgmpies.. imaddigiphnwheatg featuresios aspeatsdfdhe inyention ase desaribed 1- 9,
wherein the adhering conprises adhering the vascularized |ayer to the
subst r at i termsaof Martkeshgdouts; thageeskilled in the art will recognize that the

invention is also thereby described in terms of any individual member or

subgroup of members of the Markush group.

25



11. The method of claim 10, wherein the internediate |ayer is formed of
gelatin, collagen or fibrin glue. 12. The nethod of any one of clains 1-9,
wher ei n aMBerI2MGIesonpri ses suturing the vascul ari zed | apPER/SIGA011/980327
substrate. 13. A tissue construct having a conposite structure,

conprising: (a) a biodegradable substrate, wherein the substrate is adapted
to all ow deposition or growth of a Qlaimsity of cells; and (b) a
vascul ari zed |l ayer conprising a plurality of blood vessels therein. 14. The
ti ssue cdnsi methaf fot femming 3, tissuercainstrubehavibg areonepositessthestue] from t he
group consisting of a polyglycolide, a polylactide, a polycaprol actone, a
pol yam de, @aBnirisiiati ¢ pol yester, a poly(ester amde), a poly(am no acid),
a pseudo-poly(am no acid), a poly(lactide glycolide), poly(lactic acid

sthy’ ene 9 Y80 bloviliiXd BbEEGRBLY ¥asia ?,Sﬁhé!{e% fhd &'%t%é f0adagleery at e,

a pol yal kyl ene"succi hate, polybutyl ene ycol ate, p ydr oxy yrate,

pol yhydr oxyval | r u I .oxyval erate copol yner,

pol y( hydr oxybuﬁ/sg&e'%BB\Q/QSE%SIQEMaS%%ﬁWé@Qg?éﬁi’aoat es, a

pol y(caprol act one-pol yet hyl ene gl,ycol ) copal yner ol yfval eraol act one), a

ol yanhydri 8) PEGRNG EoASE e SV Sourpiaing dribeeioa St Bs8fkde est o

pol y(anhydri de-co-imde), an aliphatic polycarbonate, a

pol y( hydr oxy! - &8reiy and’ pol ydi oxanone, a pol ycyanoacryl ate, a pol y(al kyl

cyanoacryl ate), a poly(am no acécs%, a pol y(phosphazene), a pol y(propyl ene
a

fumarate), pol pdpedny thenvasaqubari ye&r-totthgIsslbstrgtescol ), a pol y(funmarate

anhydri de), a poly(propyl ene carbonate), fibrinogen, fibrin, gelatin,
cellul ose, a cellulose derivative, chitosan, alginate, a polysaccharide,
starch, anyl ase, collagen, a polycarboxylic acid, a poly(ethyl

est er - cogcampexybthod cfdldANatwherehPthe platdivg of bloddtvesselRdre(foimed &yol

A-i m nocarbonate), poly(trinmethylene carbonate), poly(ethylene oxide),
pol y(epsi | ofy CapsidiRg PMardlity 8t Bivbegradable fibres;
(i) encapsulating the plurality of biodegradable fibres with cells selected
from the group consisting of endothelial cells, smooth muscle cells,
microvascular endothelial cells, stem cells, and combination thereof;

and

(iii) allowing the biodegradable fibres to degrade.

3. The method of claim 2, further comprising embedding the plurality of

biodegradabile fibers encapsulated with cells in a gel.
4. The method of claim 2 or 3, wherein encapsulating comprises culturing the

biodegradable fibres with the cells in the presence of growth factors such as

vascular endothelial growth factor (VEGF) medium.
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trimethyl ene carbonate), a poly(al kyl ene oxal ate), a pol y(al kyl carbonate),
pol y(adi pi ¢ anhydride), a nylon copol yam de, carboxynethyl cellul ose, a
copol y( etWwenoeatsassp, a pol yether, a polyester, a pol ydi lrgdsopyriangs2a

pol yketal , a pol ydepsi pepti de, a polyarylate, a poly(propyl ene

fumar at e- co- et hyl ene glycol ), a hyal uronates, poly-p-di oxanone, a

pol yphos phod@$eaenethadmflanyrorspdioeaines 24, ethesein, eachpofl the subktratedand thear ch,
rayon, rayon triacetate, |latex, and a conposite thereof. 15. The tissue

construct obicdegraddle fibrelis lm\dl?eﬁdéntlil%ewé@ﬂ@rrﬂmet uELdeTsrs@th afonpri ses
a plurality of regions for th eposition or growh o e plurality of

cells theregmy, %oTi'E!% Ia §cﬂ@%t6&géqﬁ?ﬁla%tﬂég‘aé;§?ly%ﬂéa'a'i‘l Aliphatigbstrate

further conprise pl ur y of "chan s in ection transverse to

th bst fa 3-16,
mirZ?’nstLZ%a{?%fﬁr %Oevé@?ts?réﬁ'&%ﬁmgﬁﬁ 69" pRBYaG PO pming M 157

t di at J 8. I 17,. Wh h
e oy g B SOTRC B Bk 7 17 L
ti ssue construct of any one of claims 13-16, wherein the vascul arized | ayer
is sutured P8 y(qe;@yl@@ggly%l)g poly(ethylene glycol) diacrylate, a polyalkylene

succinate, polybutylene diglycolate, polyhydroxybutyrate,
polyhydroxyvalerate, a polyhydroxybutyrate/polyhydroxyvalerate copolymer,
poly(hydroxybutyrate-co-valerate), a polyhydroxyalkaoates, a poly(capro-
lactone-polyethylene glycol) copolymer, poly(valerolactone), a
polyanhydride, a poly(orthoester), a polyanhydride, a polyanhydride ester,
poly(anhydride-co-imide), an aliphatic polycarbonate, a poly(hydroxyl-ester),
a polydioxanone, a polycyanoacrylate, a poly(alkyl cyanoacrylate), a
poly(amino acid), a poly(phosphazene), a poly(propylene fumarate),
poly(propylene fumarate-co-ethylene glycol), a poly(fumarate anhydride), a
poly(propylene carbonate), fibrinogen, fibrin, gelatih, cellulose, a cellulose
derivative, chitosan, alginate, a polysaccharide, starch, amylase, collagen, a
polycarboxylic acid, a poly(ethyl ester-co-carboxylate carbonate), poly-
(iminocarbonate), poly(bisphenol A-iminocarbonate), poly(trimethylene
carbonate), poly(ethylene oxide), poly(epsilon-caprolactone-dimethyl-
trimethylene carbonate), a poly(alkylene oxalate), a poly(alkylcarbonate),
poly(adipic anhydride), a nylon copolyamide, carboxymethyl cellulose, a
copoly(ether-ester), a polyether, a polyester, a polydihydropyran, a polyketal,
a polydepsipeptide, a polyarylate, a poly(propylene fumarate-co-ethylene

glycol), a hyaluronates, poly-p-dioxanone, a polyphosphoester, a
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20. Use of a tissue construct of any one of clains 13-19 for the growh and
structuring of new tissue, or for the repair of danmaged tissue.
WO 2012/039682 PCT/SG2011/000327

polyphosphoester urethane, a polysaccharide, starch, rayon, rayon

triacetate, latex, and a composite thereof.

6. The method of claim 5, wherein the biodegradable fibres are poly(lactic-co-

glycolic acid) (PLGA).

7. The method of any one of claims 1-6, wherein the surface of the substrate
is patterned to form a plurality of regions for the deposition or growth of the

plurality of cells thereon.

8. The method of claim 7, wherein the substrate is further patterned to form a

plurality of channels in the direction transverse to the substrate surface.

9. The method of claim 7 or 8, wherein the patterning of the substrate surface
is formed by micro-contact printing, laser cutting, lithography or fibre

spinning.

10. The method of any one of claims 1-9, wherein the adhering comprises

adhering the vascularized layer to the substrate via an intermediate layer.

11. The method of claim 10, wherein the intermediate layer is formed of gelatin,

collagen or fibrin glue.

12. The method of any one of claims 1-9, wherein adhering comprises suturing

the vascularized layer to the substrate.
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13.

14.

A tissue construct having a composite structure, comprising:
(a) a biodegradable substrate, wherein the substrate is adapted to allow
deposition or growth of a plurality of cells; and

(b) a vascularized layer comprising a plurality of blood vessels therein.

The tissue construct of claim 13, wherein the substrate is selected from the
group consisting of a polyglycolide, a polylactide, a polycaprolactone, a
polyamide, an aliphatic polyester, a poly(ester amide), a poly(amino acid), a
pseudo-poly(amino acid), a poly(lactide glycolide), poly(lactic acid ethylene
glycol), poly(ethylene glycol), poly(ethylene glycol) diacrylate, a
polyalkylene succinate, polybutylene diglycolate, polyhydroxybutyrate,
polyhydroxyvalerate, a polyhydroxybutyrate/polyhydroxyvalerate copolymer,
poly(hydroxybutyrate-co-valerate), a polyhydroxyalkaoates, a poly(capro-
lactone-polyethylene glycol) copolymer, poly(valerolactone), a
polyanhydride, a poly(orthoester), a polyanhydride; a polyanhydride ester,
poly(anhydride-co-imide), an aliphatic polycarbonate, a poly(hydroxyl-ester),
a polydioxanone, a polycyanoacrylate, a poly(alkyl cyanoacrylate), a
vpoly(amino acid), a poly(phosphazene), a poly(propylene fumarate),
poly(propylene fumarate-co-ethylene ‘glycol), a poly(fumarate anhydride), a
poly(propylene carbonate), fibrinogen, fibrin, gelatin, cellulose, a cellulose
derivative, chitosan, alginate, a polysaccharide, starch, amylase, collagen, a
polycarboxylic acid, a poly(ethyl ester-co-carboxylate carbonate), poly-
(iminocarbonate), poly(bisphenol A-iminocarbonate), poly(trimethylene

carbonate), poly(ethylene oxide), poly(epsilon-caprolactone-dimethyl-
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15.

16.

17.

18.

19.

trimethylene carbonate), a poly(alkylene oxalate), a poly(alkylcarbonate),
poly(adipic anhydride), a nylon copolyamide, carboxymethyl cellulose, a
copoly(ether-ester), a polyether, a polyester, a polydihydropyran, a polyketal,
a polydepsipeptide, a polyarylate, a poly(propylene fumarate-co-ethylene
glycol), a hyaluronates, poly-p-dioxanone, a polyphosphoester, a
polyphosphoester urethane, a polysaccharide, starch, rayon, rayon

triacetate, latex, and a composite thereof.
The tissue construct of claim 13 or 14, wherein the surface of the substrate
comprises a plurality of regions for the deposition or growth of the plurality

of cells thereon.

The tissue construct of claim 15, wherein the substrate further comprises a

plurality of channels in the direction transverse to the substrate surface.

The tissue construct of any one of claims 13-16, wherein the vascularized

layer is adhered to the substrate via an intermediate layer.

The tissue construct of claim 17, wherein the intermediate layer is formed of

gelatin, collagen or fibrin glue.

The tissue construct of any one of claims 13-16, wherein the vascularized

layer is sutured to the substrate.
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20. Use of a tissue construct of any one of claims 13-19 for the growth and

structuring of new tissue, or for the repair of damaged tissue.
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