WD 2008/ 069760 PCT/ SG2007/000414 1 THREE- DI MENSI ONAL PCROUS HYBRI D
SCAFFOLD AND MANUFACTURE THEREOF CROSS- REFERENCE TO RELATED

APPLICATIC@Q his application clains the benefit o5ty of
US provi si né%ggégwgcation No. 60/872,800, filed EEcen%%VB%%&h@géé,
the contents of it being hereby incorporated by .reference in its

entirety for all purposes. FIELD CF THé-INVENTICN‘[OOZ] The present
invention refers to a three-dinensional porous hybrid scaffold for

ti ssue engi neeri R iyl . CKGROUND
OF THE | NVENTI ON F%%?XF bk ﬁ@‘é?‘%@ﬁ%ﬁ?‘é‘??’%ﬁﬁ%@ﬁ@%ﬂéﬁ Ph many

ti ssue engi neering applicati MANUFACISIRE @#EHERIEOFuUncti on and
structure of engineered tissue by interacting with transplanted/ host
cells. These materials include naturally derived materials (e.qg.

col l agen and al gi n&ROSHREFERENCIE T0 REEATED®PPLAESTIONY. snal |

i ntesti nal nmicesa) n t hers. Bi.ol agi.cal erial s have been
proven to Eﬁ%ﬁort?ﬁéﬁwgﬁﬁﬂa%ﬁﬁﬁmaﬁabP&é@H@%ﬁ@W@ﬁ) PRYITogR Prplicelioi s
wi th no evNdeflZ&720H00; fitedi Degraittiec 03, €)EE; tHe@Bnte Of £ BEAL RGOS hBporated by
renodel i ng_process. by stipulating cells to synthesize extracel |l ul ar
matrix (ECHBI6EEH h“ﬁﬁgg§ﬁgw@’mﬁcwlto aid in the healing process.
Extracel lular matri x conponents preserved in these biologica
materials are also able to influence the phenotypic' differentiation
of cells through specific i 6??5ﬁ§£ﬁ%ﬂ¥?¥ﬁ$ surface narkers.
[004] Howepoep} Si mﬁﬁﬁalﬁﬁbﬁhiﬂv&ﬁioﬁﬁﬁgrs% Qhﬁé&-cﬁﬁﬂens’?@:fa?%dr&ksshtjﬁﬁﬁ TRk ¥ BHOW
di fferent _nechanical properties upon re-inplantatton, elr use s
limited sifeRe egEirerRe Fgmethods abdl manufrstuseand ysechani cal properties as
the original tissue they are derived from [005] Thus, it is an

object of the present invention to igyrove t he properties of
bi ol ogi cal materials for BAEKGRAENDOF TEBLUBNERNTHMr i ng. WD

2008/.0697600BCT/ SieRRiil:Plibdls rave bR Ltk VENTON ] 008l 1, @

first aspect the present invention Is directe ree- nsi-onal
hybrid sclaf Fonelihe fingkore asdgitrvewd g cugipreiedi fighue by interacting with

transplanted/host cells. These materials include naturally derived materials (e.g. collagen

and alginate) and acellular tissue matrices (e.g. small intestinal submucosa) among
others. Biological materials have been proven fo support cell ingrowth and regeneration
of damaged tissues with no evidence of immunogenic rejection, and encourage fhe
remodeling process by stimulating cells to synthesize extracellular matrix (ECM) proteins
and secret ECM to aid in the healing process. Extracellular matrix components preserved
in these biological materials are also able to influence the phenotypic differentiation of
cells through specific interactions with cell surface markers.

[004] However, since such isolated biological materials normally show different
mechanical properties upon re-implantation, their use is limited since they do not
resemble the same mechanical properties as the original tissue they are derived from.
[005] Thus, it is an object of the present invention to improve the properties of

biological materials for their use in tissue engineering,



a first layer made of a decellularized biological material; a second
porous | ayer connected to the surface of the first layer, wherein the
second | ay | rous bi oadhesive; and a third poro

connect ed %Oitoﬁse/&sgﬁﬁgf ace of-the second | ayer which is |§€H%§%§8J/000414
opposite the surface to which the first layer is connected, wherein
the third layer is a three-dinensionat porous polynmer scaffold.

[007] In another aspect, the present invention refers to a nethod of
manuf acturing a three-di i i according to any
of the preceding clains, Wﬁgmgﬂﬁﬁpr oviding a first

| ayer madeosd] a Whalfogiagmkt teperdnalnvaktionhs disstddde a threredimlehsiiral hybeid;
applying a s d |l ager .fto.the surface of the first layer, wherein

t he secon&cqu@fg T UPYS SNGRNEHIREETRIEEnd wherei n the second |ayer is
applbi Ied tqht hfeafﬂfrs&;éyemﬁ@rofatde@nuiaﬁﬂadf eiri]@b@uéaﬂmgeﬁiah_e envi rgnrrentlv\/_hi ch
is below the freezing tenperature of the bioadhesiye; and .a i ng
athird | ayer wiceand porepstlayes copnestef P Sieapurfse <9é§hes§%ﬁ faspel "fb(?%g“ ﬁ’iede
of the second dayglu Wit & hobss ol sigle facing the first |ayer.

[ 008] In another aspgct, %e present invention is directed to the use
of a three di mehisi pmets lhydocomhesiedifof the surfice phthe seassd fyer whieghisilenstedr a
hybrid scaff ol d fagulact s 8d, AEEIdERP1G: i REnEERE Athedin HIGLRT RFGN!

i nvention for 2ROl ogous,  a Pogenl C, xehogenic transplantation of

ti ssue. [009] liga trmetdieensimplaotqus pblymer selold. i nvention is directed to
t he use of t hree- di nmensi | _hybr.i f .

i nventi on [867]a hyBrePet %lcagﬁcg% %ﬁ%ﬁ*flﬁc"fﬂﬁ?@%ﬁf&gg"cgﬁ‘éﬁlﬁg 0?%@%%%? hod
of the preasesiinhdvenilinbrd etafblicachmting ac bay of the porcedisgclaisnsathe method
medi canment . W0 2008/ 069760 PCT/ SG2007/ 000414 3 BRI EF DESCRI PTI ON OF
TI LE DRAWTEBUFB40] The invention will be better understood with
reference o thanabaid efkst dgRermidd @f Whbibloglak imkaaial whick olwsuibedni on
with the non-l1imting exanples and the acconpanying draw ngs, in
which: [011] FidgeellplaBrgshs SEM i cr ogr aphs of the hybrid scaffold of

the preseny applying a second layer to the surface of the first layer, wherein the second layer

is a bioadhesive and wherein the second layer is applied to the first layer at a
. temperature of the environment which is below the freezing temperature of the
bioadhesive; and
. applying a third layer which is a three-dimensional porous scaffold to a side of the
second layer which is not the side facing the first layer.
[008] Tn another aspect, the present invention is directed to the use of a three-
dimensional hybrid scaffold of the present invention or a hybrid scaffold manufactured
according to the method of the present invention for autologous, allogenic, xenogenic
ﬁ'ansplantation of tissue. ' ]
[009] In another aspect, the present invention is directed fo the use of a three-
dimensional hybrid scaffold of the present invention or a hybrid scaffold ma:;tufactureci
according to the method of the present invention for the manufacture of or use as a

medicament.



invention. Fig. la-b and d-e indicate different |ayers of a hybrid
scaffold. Fig. la shows a cross section of a hybrid scaffold
obt ai ned by,£)is6sba5P1 NNing onto fibrin coated porcine , /&&B@%%&h4
ti ssue naintalneg at subzero tenperatures. It consists of an open
cryogenic el ectrospun scaffold, a porous fibrin interface and a
decel lul ari zed porci ne esophageal tissue, (b) the porous fibrin
interface of the hybrid scaffold, (c) top surface of the <cryogenic
el ectrospun scaf fold.  figer bESLriPIONDIFTARDREWINGS Of a hybrid
scaffold obtained by e eé%rosplnnlng onto fibrin coated nucosa at
anbi ent t §ougdr at Uie, ingention heill horbeper snderstpasy Mith rf@progcie the detailed
correspondin 0 f p. sur f: : G .
i Frg 1 SERplith ot cprtieh DS Wl BER vith e BORTAR, PRGN,
conpar ed taccompahyihg ddwigafih ehithi n whi ch t he bi oadhesi ve | ayer was

applied t e fiLst_ |ayer anbi en t garper £ ). : ig.
1(b) sho Oiﬁe tm{’%’eld‘? Fére Plé?%%’réphgorrprl Sg{gﬂ-{dﬁst eEi ﬁ%btgel g’}esmﬁ
scaf fol d @fivehfien. Piec$®btand dednticandifferent layss efalmdiid scaffold. Fy & shows ehe

| eft side of the Lcture is decel l.uarj zed porci :
tissue (ECK)S ST“FO%BJf)%g;@dasﬁagﬁﬁé’ﬁ? eﬁ?ﬁ' eieﬁ%?sgﬁlgm %&'ﬁ ﬁ’a@%ﬁlg%ggﬁgélglrm
preserved ekdphugeal Akl ViRitiisddoatatbitrd etiparaauesT lteconsistsliofign opinestfegsaic
bet ween t he ECM andfgll bi oadhgsi ve i s indj cat eg vvi.tg a dotted:| i ne.
The bi oadisiro@un spafld, AcROTe, PricEiage alld( B ool ulsn e RO B §o es
rangi ng beiweemh)aeWorddd #kin? @erfice lof thagibrid edaffold, gc) dop sifawesofathe
exanple of a third l'ayer which was_e| ectrospun w t hout % L ng. t.he
t enper at urtEYREFIie HEECERTRE RATAG HEndE)KEIES BETH, SeHen e %%“& e of

vat er vapQutiidd dyh@ecolRsRhebio ABknCORl dttoosatat iilbid i@aRidared(e) the
which the third I"ayer ‘was conposed_usin créo eni c. el eﬁtmégl nni ng

as descri bwe-neeuefbrisr tiaraes carrerpending g §Or (BoPR Lrise ph then@oqorpug
| ayer (Fi gscaéféia,-m [k 2]a fbfld lsc.?a RN UEe Resal@v®ios (Fik| sty iatbmparaf totahe

basic setup for conventional el ectrospinning. The i n&et S show 2
drawi ng ofhybtié seifield ini whigh thedyeaghestisriaveartes aPRlFdite fic MEEY T PhERVEH. a
00 poven b flGROMAL O Q) Rl ) QMY thoRhike drbiOlferd ekt tar

el ectrospi nnt ng us a rotating”mandrel as collector. The fiyst
| ayer of thybrifipénfiolil ofgheblesinginyprtivadip thissneerledhs byeme %%@gﬁa{ewéﬁﬁ

can be conpected .t : : hkeal 6L ORGP 4 d but
PCT/ S@OO#%%J?A? &ﬁmg%f?%&(rzécgﬁﬁggg? hg% .the second | a%%?r Saatzst_as ?g}%e
col | ect or fopsusebBagenaspivenpregereedsio 5 haffe hovio-pishitectiir. e Bowfing figrtace
bi-oadhesi e, Layef, bRt %i% ShaRQYS iR RfAGRARSa fibRWIRE. THyNERMESVe
el ect rospll?ml nNg process d( I I1£°I§) Fig. 3 1llustrates the principal of
el ect r ospi inkifage shewd in Figah(bkix anole wish peiserapgiag bpfveen about 10 to 200 pm. In

addition, Fig. 1f shows an example of a third layer which was electrospun Without

lowering the temperature of the surrounding atmosphere below the freezing point of
water vapour in the atmosphere. In contrast, a hybrid scaffold in which the third layer
was composed using cryogenic electrospinning as described herein provides a much
larger pore size in the third layer (Fig. 1c).

[012] Fig. 2a shows a schematic illustration of the basic setup for conventional
electrospinning, The insets show a drawing of the electrified Taylor cone and a typical
SEM image of a non-woven mat ,depbsited on a collector. Fig. 2b shows the sefup for
electrospinning using a rotating mandrel as collector. The first layer of the hybrid

scaffold already connected to the second layer can be connected to the surface of this



invention for applying the third | ayer at the surface of the second
layer. In Fig. 3 it is shown that the surface of the collector is
chilled to ture below the freezing tenperatur L er
conpri sed @%ﬁﬁg&gﬁ@roundi ng at nosphere. In the nethod gﬁ%@*&ﬁou\%
present invention, the chilled mandrel is coated with the first and
the second | ayer of the hybrid scaffol’d. At those |ow t enper at ures
ice crystals formon the surface of the chilled nandrel. After the
first ice glipshadsSshiave i pning .of. th Y

Sol ut i on sTarrer A RBBER TP LIPE L RELERR) AR Rlint SR RBliiTR .
After el esrfeosplthnbiogthegvelayirshed, a hybrid scaffol d connected to

t he mandr e} k5 deac e i mandrel and freeze-dr.li to
renove thet.m?](sze c?‘%’s? ;sﬂg&«%%%} cf%go%@?#lkﬁﬁ%mﬁ%ee‘%ow RS ngS?Fél(g' us
hybri d- scaFigoB dlluft@ted | thé-ipgncigal sifodlectBiidning noegr mphs exifnpleapf the present

conventional ly. electrospu affold b cr eni c el ectrospun, . .
scaffol d ( 1o§nf§ r%p@}%m? cﬁ){g]e 3@5‘; I?P’%r\/\?tst%o ege gg&‘@éﬁﬂn Eﬁ?f'c}ﬂj%g'% 1t 1s
str ]lc,l]E:t Iu Ei e sihfowg ‘;bﬂ&the e (ley]ﬁligft_meﬁtoﬁ iseﬂiil lﬂeftdsmbmpe'ﬁip_alfaﬁ@é Idzgloﬁqu I)ﬁ@ézing
scaf fol ds produce a_ conventional el ectrospinning (Fi.g. 4a) are
characteri @E‘Befs‘ﬁ%rea"ﬁlthﬁa’sw b‘lﬁ?%ﬂ?ﬁ‘fmf b &proradine ami‘iﬁm%&? theprpethag o thg 7o

bet ween t hgredehbiavention, thelcHilled BMAYSIRS cdatdderith s firdt Sndihk ¥eddBd WOBTLF the
a fewmcronmeter. In contrast, the |arge pores

| t
3@?2{ ﬁed”ﬂé‘yﬁﬁg sgﬁ@ﬁg G hage v R pTaBEes s creiale frmap; fhww@cmfgtm Flstied

herei n canmiiedUh&eDakVRENicA BRI hvE BeerP RPmMBA kRcSdsRnink! -théll_ﬁalymer
However, pores obtained with this nmethod can exceed 500 ™ m ese

pores are PUBed?By Bunbiress orafoldefam harths deam cavséaly ambedded.  After
SUpport . Adecidibifing REBAKE QMR BHPEMIRICdHh i Pk e ﬁEncg%I O BLLAE s¥he W

(Fig. 4c), the large pores have a three- dinensional :
struct ur e anehiflsdmapdrel adffrees-&ded o gempns theos aystalprmsits obidin de thse-ch

i tsel f arejipefiial pdrl 1oy safhanal |y el ectrospun fibers. [015] Fig..
5 shows SEM rricrogirggghs of the cryogenic electrospun scaffolds

col | ect ed [8141di f ghops [SEM mpicremaartd iof (2) esnveniionglineibarospupapafftlde(b)( b)
40% and ( 9% dder fp tBALL RS MY iohind AFERSERiohiO™M
25%to 55%-yt e Soregﬁ)g? stp‘ﬁ%) c?%sggﬁfic(g)ae? %@%rospﬁﬂﬁ%céa@f%ﬁ%%&%ggéne
| ar ger andimpiee ofef pned a WIo2adSHeEs760 RATHIEROPTHCOEEKds pdjced 6ia

col ect 23‘%{?%“%%@%?%% @E;gi%iﬁﬁfﬂgg% 2?&5%5&%@2%@%%2
t enper at urgOVRYeY, e n9aT #ze kitweendhe gbere th op e5 is @ diwneen
P otur oS ey aRLON 2RO BONAS 40Dl USRNSSR PP e

whi ch were el ectrospun at prtture”i .
cryogenic method for electrospinning described herein can measure between about 50 to

500 pm in size (Fig. 4b). However, pores obtained with this method can exceed 500 pm,
These pores are bounded by bundles of fibers that form a strut-like support. As can be
seen from a SEM picture taken at an oblique view (Fig. 4c), the large pores have a three-
dimensiona] spatial structure and are interconnected via their thin fibrous walls, which
itself are porous like conventionally electrospun fibers.

[015] Fig.. 5 shows SEM micrographs of the cryogenic electrospun scaffolds
collected at different relative humidity of the chamber. (a) 25%, (b) 40% and (c) 55%. It
can be observed that as humidity increases from 25% to 55%, the pores of the cryogenic

electrospun scaffolds become larger and more defined.



shows the mandrel interface whereas the right picture shows the air
interface. For definition purposes it should be nentioned that the
"mandr el ig;oe[ 1S the side of the scaffold facing Wﬂ~|
and the si O{’ﬁ&%’eﬁoscaffol d facing the air “is called tﬂéﬂgalr biiy
interface". In the mddle row of pictures, the left picture shows the
mandr el |nt erface of a scaffold elect rsospun at -15 C whereas the
right picture shows the air interface of this scaffold. In the
bot t om 1 ows] Pi ClriY. 66 shbRe e KNP UESHENG n e
of a scaw¥old el ec ros?pun at glo‘P \Aﬁgﬁg ?ﬁce %@mﬁ%%‘%%ﬁle&gﬁ&%
the air int@icptad et differcnt wmpergigedsfto ildnstrite tbvaepffeb@oﬁbs eammmnuhan tl pore
convent i ongl. dense &k d n the

t emperat ure Ts kept at &%%w&en tﬁ‘% h’?ﬁse t?wgera ares Cglrweegg
and -30C, h1a¢tgvep1pb$ceffslﬂ$ wbichrvese (ebec@smn ata?d e Tiiaslefft pidroin tetthp tdwe

mandrel an e | Id A5|IIutrate n Fi
3, ice cryglt 2‘185 (#érrlgl[ I?Cg Wnl%ﬁe Stﬁ %I}(’ft 1151=18 eﬁﬁl"“ées kglé
enbedded V\Aiﬁfhmtmntmaooedzsatshoummﬂmmhed t]ible;hs uhmam ériérface’eizBhedideodf thdre

ice crysta hfreeed 0 are struct sw!‘thln
the elect % ogt%lg %@Lﬂ‘ a%‘%lﬂ‘ %VI %ﬁﬁ fcc’?}eis@r%"’?%}heaﬁ’remgéaﬂ%

m cr ogr aphsitesfacaii h:ghé hmmoe/ Hipldtnts) rtme@fmn@é 9L MeGnalies M@ﬁ@&@f a
scaffold aft spl nhni ng W t hout, any t

interval i ?faﬁélflv%eé: O@prﬁﬁ]]%g @’g‘t 5 é'i t pigfugp shpws ghe a’fél‘)teréaﬁ%i Of fhys

are SEM mi enfigdahhte bsthoowgof ﬁi&uﬂi@rtﬁe s ﬁi&:ﬁﬂérsﬁ%ét){he%a\ﬁ%ﬁﬁkéfface of a
el ectrospug:ﬁﬁc@ ef10| d after 5 10 and 15 mnutes  of spinning with
f

time inter BURIPHD LS 1T B Fli%% e gightpictizg howestampirinierfage vt ﬂ%ﬁ?t h
Sanpl es A {chifgld. # da)be oﬁﬁveﬁﬂﬂat(aeéc)nvghtﬁnﬂllzdeﬁse aecftﬁ);pun(ééﬁff(ﬁ@q’s éﬁtﬁedar e

por ous through ut the thi ckness of the scaffold, as observed by th

sl ow bui | dW¥ maREp! tppgerajure 1gkeph at 285 C. Wibew the gnandishisperatups aee 45° i‘es
are smal | ez{ndl Bo@@ar%eaﬁdry sShRAHEs (>b§99ﬁ‘c&9b959&%d%§ tolifihe %Bg&i@! M air

pr oceeds. le B ore structures that are larger 1n dianeter

and shal | 1& ces 98 Iy Blusizigsd ia E\g ¥ @craqryarqlagfonaeds po Vs odndrel at
results ofgbled Ve‘ﬁng%iﬁﬁﬁés‘ E%n&ﬁbéd'aedm;hﬂfh Q@%{ebﬁus 264, p@fnfp fsﬁlfs d%ue

esophageal ECM CES and conventional dense el ectrospun sca

i mpl ant ed Teovelof dhe ipe grystals Shrgwgh frprzedrying fpome Bleke Hare istreatuxes wmhmrﬂte
vascul ari zg;gdng%lﬁlqneggaf f ol ds obt ai ned WO 2008/ 069760

PCT/ S&007/ 000414 6 fromthose rats. Fig. 8 shows hematoxylin and
eosin stailfiflg of FigcA{®Dolcdgnd (9| 2am SEN! micxerrenha sbowink yhe pore muc@tagsof

(3 Becel thaphe haopgd seosaomiatent BN slodfm N Alanbl e

interval in between spinning respectlvely Fig. 7 (b), (d) and (f) are SEM mcrographs

showing the pore structures of cryogenic electrospun scaffold after 5, 10 and 15 minutes
of spinning with a time interval of 5 minutes in between each cycle. From Figure 7, both
Samples A (Fig. 7 (a), (c) and (e)) & B (Fig. 7 (b), (d) and (f)) are porous throughout the
thickness of the scaffold, as observed by the slow building up over the 5, 10 and 15
minutes. However, pore sizes are smaller in the early stage, becoming bigger as the
spinning proceeds. Sample B has pore structures that are larger in diameter and
shallower, as compared to Sample A.

[018] Fig. 8 shows the results of in vivo experiments in which decellularized porcine
esophageal ECM, CES and conventional dense electrospun scaffolds were implanted in

rats. Fig. 8 shows the in vivo cell infiltration and vascularization in scaffolds obtained



CES at 400 x magnification and (d) Conventional dense el ectrospun
scaffold at 400 x nmagnification. (S: Scaffold, B: Capillaries). .
represents in (a) and 50 m in (b), (c) and (d). i es
| yi ng nextwt%(;.lg%szdgfbﬁ%gt her in Fig. 8 are identical but th%étllt}gcle%ﬁohg{*g
picture is a black & white print of a color picture whereas the right
hand picture is a grey scale version & the col or pi cture on the

| eft hand side. Areas of cell infiltration are circled with dotted
lines. DETALLERLREIERERTIONE . : t of

manuf acturing a three- di mensi th-agliﬁf?%/{%%gdséﬁaé g%%]n ﬁt(’:frorsr%#%gs faplanied,
of the presdditaezousinifes 14t duays.nés) Hoetellwamizei siongne empbagedi BGMa af i106tx

| ayer nade : .ol Qg ; | al. .ch ha ecel l ular.i zed;
ap%l yi ng amgé%%%%bﬁa@g;)%@gu{%ég%%‘% lg%\ggogg a8° eEeff%tmg%@F%mé\ﬁgf"éi@j
t he secondCE8yér00 kgnagnificetaethasl (4 Cancenvituel ebmse teheetrsspow 8ehfloRly #r400x

applied to e-fl.rstl at,. denperature of th nvi rgnnment. _whi ch
i s bel ow tﬂlégﬂ fri%atltauzn?' a ?%Eﬁ%lgr tg?pé'ﬁ%’fe hF_biTSEFS??EES%\QEPmdﬁ Qa&gﬁpﬂflﬁhg
af th ihr d | a'me{b)awlhiaudx (d)sTim idtes Iyﬁﬂg"mﬁsiooqagi otfhé«lﬁ_ﬂ PEp. 8 cﬁ&f i?@itida!tbi@t e Hde
of the segond.|ayer C s nat, the side facing the first |ayer. _
[020] Thi sﬁ%?gﬁ’ﬁt‘ﬂ ésc?a*ﬁ% |‘J§Wﬁ§§i’%¥é}ﬁ agpiShACHE ‘ﬁfbf‘é?aﬁithﬁéw'%ht handpirspe és 2
cel | - scaf f gkgscalentepsi@csfl thécSbiCHicate dhttht 1R Had BB read BfEER b Ration are
proliferati.on an ung,i on. The hybrid scaffolds nmanufacture by this
met hod can‘“ﬁgedd’%‘@ G- tai | or the mechanical properties of the
treated ECMs to conply with host tissues, (2) replace excised tissue
segnents by providing a thick fibrous scaffold with |arge pores for

cell infiltration and%EARRRPESCRIBRIONQF THE BJENIEN cel | s
attachmentjogend pr AlohdigyaasringuBbRRds aldengsthdkbes iybr[)aos%&ﬂfolg\@%o?cﬁﬂ& t0

i mportant aspect of the third layer is that it canh be used to det I'ver
drugs, gr AWK EerErdngrlamsy beaehed comaddng onponent s can be appl i ed
together wWth thgigiaeal Takd 1nd L 36aLT BRloRaN SELVE DREAL! LS 1O
t hese drugs or "nol ecll es. Sorfe possible appfFications are as FolTBus.
For exanple, t Kecdliylrized; scaffold can be used to make WD 2008/ 069760
PCT/ SG2007/ 000 : I raftscfor.re enment, of bl ocke
coronary arteréﬂpﬁﬁaﬁgg\é{%%%gé ae¥%gtrﬁ£a %rfa(?%ﬁgﬁ]g%&g er’grthaléege%a ﬁ?cﬁ?‘?%‘gﬂ

bl ood vessel (fi§ »diocafllmpive Jand pareirs tHei seastidelsyords gmdied na tHeafjrer Jhyand a

el ectrospun 1 s G801 31Y 0 8n8R SO AT A e F Shreh P 1)
Ir

(scaffold formn
bioadhesive; and

. applying a third layer which is a three-dimensional porous scaffold to a side of the
second layer which is not the side facing the first layer. )

[020] This hybrid scaffold has been shown to positively influence cell-scaffold
interaction such as cell attachment, migration, proliferation and function. The hybrid -
scaffolds manufacture by this method can be used to (1) tailor the mechanical properties
of the treated ECMs to comply with host tissues, (2) replace excised tissue segments by
providing a thick fibrous scaffold with large pores for cell infiltration and vascularization
and (3) organize cells attachment and proliferation along aligned fibers.

[021] Another important aspect of the third layer is that it can be used to deliver
drugs, growth factors and proteins. These components can be applied together with the
scaffold and the scaffold can serve as carriers to these drugs or molecules. Some possible

applications are as follows. For example, the hybrid scaffold can be used to make



| ayer). The rel ease of the anti-coagul ant reduces the thronbogenic
reaction at the inplant site and this release can be controlled by

the pore sj?ﬁ)gm&)‘mﬁ%,;%@ scaffold and the dianeter of the %Qf@%ﬁ”&#‘%e

scaf f ol d. graft can be used to replace di seased coro

with a drug-releasing third | ayer on the adlum nal side and the
decel l ul ari zed vascul ar ECM on the abVumi nal side. Another possible
application is in pronoting better wound healing. Transformng

grow h factor beta-3 (TG B3 een shown to. jnprove scarrin
during woasriHas F?ﬁr@%e@ﬁ%@&jﬁq&%@@a@ WWe?LJg. asc ]gbar’aﬁl consm% of
vol . 359( 1443 cellMeBR3- B100d -vedsel (Bt 168, hRrdud Cibfibedte (sebdtidoldyb and

el ectrospun fibers in the scaffold form he third | r . .
Cont r ol | ecPlgcEpys Ebegss comigning aaa?ff-ﬁ@a%\%ﬁ%ﬁ&g%é& hepgrin (praplelfoeuing i

formation 1mﬁ@§1eaw&3ﬁ&nﬁ%ta@m rédBicdsTi Bt gerieREGIon blle implant

incorporation of a third |ayer I s advantageous..to the hybrid design.

[022] An aifapnd Gisarleasa vambasnairoled hgthe pere Sigp ghins ecatipld qugyles digmetes

scaffol d Ofge 1i0\s ohESSRbIA] THEEHhA B4 BelsBPl Ak acoNARERY bitond| Radhash es
are applied to connect different conponents with each other. For

exanpl e, idmgiSlacondg0azypa de ddhmingl sifead Heslepdblerizedgoulyy BCOM on
bioadhesi Vg, L8, S0 i, Bin%'éh%%oésﬁa\r@ﬁgﬂi\%&oﬁ i?ﬁf:% RloBBE beddP WOUE healiRE
i I'n a way that I's and

fibrin glue s applie sea separates the _
di f f er ent Transénmirgr powibdationdre? (TOF-3) Hasheanghown b imwrdvectaning dwingi n

this seal ant | I [ rd2g cgSaf-falnd of
t he presen‘?oﬁnﬁ\%agltn%ﬂég%éﬁﬁﬁ gya'ghgglga\l/le’ ’%?%gs%%?%gggv%?ga&aﬁﬁgv@
cel | s to afahdehnconogatat mto drdelgtobpuhditatseintthe exafioldaforniog ahe thivid Jayer.
| ayer. Th t he, hybri |ld of th [ i nyv .on: jdes a
cont i nuou?@?ﬁ%ﬁﬁ% Seﬁqlﬁ%&a&% 0616%@% mg Qé%u.%ei Sscgt{]%hlg%og\%%\r%%%
secti on ashywtidl kcalffeldex physlbated] Henceytheencheparationiof atthied fhpdrliowdvagagep@2®]
The term™ h{l@% i mensi onal porous scaffold" as used herein, refers
to an art®tf 1€} uct ure capabl e of supporting a three-dinensional
tissue forpedli on. Abaddifielatisdvadrage ssppiothe didadhesizs dagel ef theescaifnid ef theve
tissue in an extracel l.ul ar WB&LI
‘0

2t achron G PSPIG ‘A0 oNPRYI LRI anHooy Rl it afifent
extracel | WogipondiB! witiKe2B BEHRA ok SxAiide, b USCY0400051D7 ad lbein shpdrs been t 0
Lhe L1 ssue LLosLed Lor, Lophaceent. o achicue Lhose, obl Bthsydy
hi gh surf aggli@riaa wailed eglodabipdrits thptipent ldpgs Aolatchadivtianet dlowingt ch
vo oos 0o S1ed, Pl SRRl SGRad Sy he ot Clyneel sl Lol o
t he predeshgp@sknt in$&dHon S BiGddUESve 1hyes &3foldak vhedhauUbels &dlis @ 4iath, BEglarxi C
to the cel elu%l proliferate through and over this layer. Thus, the hybrid scaffold of the present
invention provides a continuous structure allowing development of new tissue in every
section as will be explained in more detail in the following.
[023] The term “three-dimensional porous scaffold” as used herein, refers to an
artificial structure capable of supporting a three-dimensional tissue formation. Scaffolds
are supposed to resemble the connective tissue in an extracellular matrix. Thus, scaffolds
allow for cell attachment, migration and growing of cells and synthesis of extracellular
matrix components and biological molecules specific to the tissue targeted for
replacement. To achieve those objects, a scaffold ideally provides a high porosity and

proper pore size, a high surface area, biodegradability, proper degradation rate to match



(i.e. bioconpatible) and should positively interact with cells
i ncl udi ng enhanced cell adhesion, growh, mgration, and

differenti ion (Ma, P.X , May 2004, Materials

p. 30-40). %ﬁ?édﬂ%gl ogical material" conposed of nat ur%@%lg@g?#f ng
extracellular matrix (ECM has received significant attention for
their potential therapeutic applicatio® in tissue engineering. In
general, the biological material has been isolated froma part of the

body of an,individual. The ECMis. cust om desi gngd. and nuf act ured by
DhaY ot ot Mot bt febRne Kigiabon widis SR BPBER SR el A sty
d% na _m;jc leqmiain'tabf ﬂh?l Predesighed itsSue sEUEIRUA d?dﬂ%lc{)ﬁtﬁgﬂeﬂb\éin??%ﬂic t?ﬁﬁ delis
the | dea ource or, e ons uctl,on o rl ca ) S. e

st ruct ural ﬁgn IOFWPP%Ean ﬁﬁ?@i GeaiEvely mteract peath ﬁ?lgweie&flﬁ@nwa?ﬁs el
whi ch adj as@eior @kdvah,GRIFRIDHL CaK lifférédtiaRa Elmcabd @Via, 1., Wialy20bA aterals

external environnment. The ECMis obviously bioconpatible since host
cells prodE‘é@YiHﬁ@'?o)ovm matri x. [025] The ECMis obviously

bi oconpat i phe) i neKicReRkl felelisl RLAHHEE 6%%@(/)@ uFRE dxtacellier Blatx

Y
al so provides a supportive nmedi um or condujt . blood vessels,
nerves an@®EGMhbasaeredtedasignifiennt mhentign oy thels posmtigluthpiepavtie applipaiiorhin

bl ood to t j IR AP
ood to the ééHgEﬁ%é&?lIEEé ?{?%ésfl@{)a.},?]%ehlaelb]ieggéltﬁ%er}wﬁﬁ%ee& ﬁ&a@@%g&oazlgagfc%?e 3

all of the characteri- ( al tissue engineere

or bi omat ebddylof aydndividualf TherECHE isi oustawt depigndrandemanfootigyd edn ressdsdt as
bi ol ogi cal f ol ds. e..canst tdrVEmhsrodel Of .0 -
tissues an?ﬁg?%a%gﬁi(qﬁé%e%@ aﬁ %i’:lognﬁe)lvxglsi&!a? OIIf.(gmet agﬁ'!lﬂb?%%%ﬂh' 1ts

Tr anspl ant suEooeding/ wicr@yirpndsd aad thae dleg. idedRebims dor, thkcohstructivhtol dplyrjd

R G, 2003 | J r.di Vv : 2 514

seqq.; .Sc h%ﬁ%%l&pl}%lsgﬁw.a?& %‘gjﬁ{)%aﬂnﬁl%g{?s 1@2]#‘40%31.\41 pl‘%@%,%}% m%%nrsubc"i

Bi ol , vol . WHigk 3iljacepi 2€)- @oBpunButeheith amd, othdr. aBd ;wiabk ierternal Svirosbeml . |
et

1996, J Urgl l.. 156 4571-577- Valentin. J. E . _Badylak, .J.S.,
2l 2006, TRl R Rare R eibmBllote S eIberRs profugy pladtuay ol 1
constructi[Wesk enotied EQY! iis dbdieaklp pidecivbaibif fiatedhosatcelld plodu@nthed hesr
W despread use .acr ny clinical applications.a consequence of
thet bt o PRI g Rleefdead sSihecRat i bl Br Pap e BRSR AT,
t he host taslduephadspaidsier the difislohalf hytriets Gumrtheblo&C thafdroiiding cells.
degradati o ropertiges the materi.al . [027] In neral, a
b or og coft st Bprds &2 ESN ettt e chleeitget o Hetlyisnf engincered
i ndi vi dual scaffoldi drf Bib@aterihln A ariodsidbdns e liddce ECM| hbre | Aica® bb@gatddess
are coll ec%.i vel %/} r %rted V\Dt2%08/ 069760 PC%’{ ﬁ%zofo.?/ 000414 9 to as
bi ol ogi cal PPiogEE &2 2 BIP0tg e SORSTUYE renasie iyt O iy rgang (Meydhey
wor k t oget'heChéddewska, 1., et al., 1998, Transplant Proc, vol.30, p.354 et seqq.; Robinson, K.A.,
Matheny, R.G., 2003, J Am Coll Cardiol, vol.41, no.6, suppl. 2, p.514 et seqq.; Schenke-
Layland, K., Vasilevski, O., et al., 2003, J Struct Biol, vol.143(3), p.201-208; Sutherland,
R.S., Baskin, L.S., et al., 1996, J Urol, vol.156, p.571-577; Valentin, J.E., Badylak, 1.8.,
et al., 2006, J Bone Joint Surg Am, vol.88(12), p.2673-2686).
[026] The constructive remodeling induced by ECM scaffold materials and their

widespread use across many clinical applications are a consequence of their bio-inductive
properties, mechanical and .material properties, the host tissue response to naturally
occurring ECM, and the degradation properties of the material.

[027] In general, a “biological material” can be from any tissue of the body of an

individual or different individuals. Related cells joined together are collectively referred



acconplish specific functions. A sanple of tissue renoved for
exanination under a mcroscope (biopsy) contains many types of

cells. ssue is the tough, often fibrous t

bi nds the g@bzﬁéipuctures t oget her and provi des suppo#éf%&%?&%@&“4
present in alnbost every organ, fornln% a large part of skin,

t endons, and nuscles. The characteristics of connective tissue and
the types of cells it contains vary, depending on where it is found
in the body, ,[1048ical N8R0 c ach
organ is a r'ecog ﬁ%zabﬁ t?gg{qﬂggh8@§¥9é§389%ga %ﬁqhﬁ%a?%q 3W§E
liver, eyesccompl@shs@@ﬁﬁe Hunctiphait A psemplcrqfstlssmnemniuved fhrusatdicrisn vAder a

organ is I of t| nd t herefore .several

of cells. %Osggxmﬁeﬁ colﬁl%pﬂ%eary ESH ?' g?er]l@ grﬁ%nc?ftge (PR Bergpet. oltbS
colnt racts t;hromﬁnqguebﬂhwddpdsfthdobcmiyés mutsmmetc;gﬁfhat anqut m(éagpﬁljﬁaﬁ he?plﬁsem
val ves, an e . ain the.rate and r m o
heart beats'" eogte%‘ée AEAr NS 8t e e PPy ?%Eﬂfm’of?&ﬂonénﬁxiln&sﬁlei h&he
pupi |, cl e&mw&hbtmsblﬁabnnem#eeusm dniehd ®p& @Al chgains ¢aY,) &pbdiilg o
produce thehfl |dfvv| ]FPEEI?’ eye, cells that sense |ight etc. ven
an organ a¥ eéf)ﬁésr gﬂ? e as the gall bl adder contains different

types of [pes] s, 'Slu&lib@ss fuh@Bs btadondRfebd dridilk. nﬂach%gaﬁt@lﬂfrec%gm&eﬁbfe
irritative effects of bil e, muscle cells that contract to expel

bile, and TEFPET e aRlentiaheat Bags ives sves %ﬂtwmwbrdhﬁ@e{fw@wa@lﬁc
t oget her. fu@efbhs. PirorpiOk a@ide of sebbiaBiyifesoelifns 8h thQefole &b&al%ﬁe% SP I:eil

i nventi on has be solated ~from.a part of the body of an’indivi

and can beFqrESH ﬁﬁfl‘i head pantains grugelntisspe Hhat ongrctaln Pu@p@émdoﬁbraw flssue

i ndi vi dual that! thal@afp fR¢ h@b&@me@ be1 getibveds fL Magn TP Late é.t{a c?ﬁ
l'iver, pancr eas, ur| nary bl adder, stomach, bl adder, vascul ar’system
bil e duct ,PearthesisnThe Gyccenmiains myssleellnthet gpeprand tclosk trtrpapil, desr sells, that
heart, heagniloWl#elend MEeoridsi BelRlind: odh pRATEMLS 71013 DAL e e‘%j!;'ecreﬁé){hat *Jtﬁ one
exarrple it is derlvedfromfhe rointestinal tract

esophagus %l 8sa Eveognireahes mﬁmﬂhmlecﬁs sheagallbladder corftains dm‘ﬂbreat types
conbi nat i og fis, @@M%&b Qb FRUPL llﬁhggesmﬁnt £ 8l 8LGH dﬁi& ec{flb?ll ml?snﬁ

"scaffol d" wherein these two co nts are connecte
via a bi ostHedricentragér expeblailg afmeeﬂﬁ thaf foirmd ilad fiiroonoudrivei l:tolﬂeng the sac
bi ol ogi calyytdigsue is derived can be a manmal, reptile or insect. In
general it can be taken fromany ani mal whi ch ti ssue or organs are
sui tabl e tl62%e i ridicahivlogicalntissuoferredrtd imithe presene mvtenuqnelpasd:tced isolatddhe

i mmune sysgem, B‘firt LB M)Z(ﬁoaﬁ/ R0 alggran%(é;?ﬁ%%qn?/%ossd'u%%r ofgan or part of an

organ of an individual. It can for example be derived from the small intestine, liver,

pancreas, urinary bladder, stomach, bladder, vascular system, bile duct, alimentary canal,
respiratory tract, kidney, spleen, heart, heart valve, bone, skin or fragments or parts
thereof. Tn one example, it is derived from the gastrointestinal tract, namely the
esophagus mucosa.

[030] The term “hybrid scaffold” refers to a combination or compositioﬁ comprising
a “biological material” and a “scaffold” wherein these two components are connected to
each other via a bioadhesive layer.

[031] The individual from which the biological tissue is derived can be a mammal,
reptile or insect. In general it can be taken from any animal which tissue or organs are

suitable to be implanted in a host and which are not rejected by the immune system of the



host or show at least only little rejection which could be suppressed
by commercial drugs. 1In one exanple, the biological tissue is
derived fr pggl which can be of porcine, bovine I .
origin or @?n sg%a rabbit, nmonkey or human. [032] In on@%%hgﬁg?ﬂf he
bi ol ogi cal material is decelluralized, li .e. the material is

compl etely acellular. Methaods for decel Pur al i zi ng bi ol ogi cal materi al
are known in the art and are described, for exanple in a review by
G lbert, Tuolfor sB6¥ LBt odlylistle Bectfn wHidPQA1d nekl | -

p. 3675- 3683) ,ortshe cont egt yo_f 5 gfeft?nl“rrlpor po%dﬁeggﬁﬁ%%gﬂﬁ%e\éﬁgr@ fe
in its entlorasepxamme she biplogisal tssueripierived fiohe memieldvitth ¢dudbemf poeite,

| nvent | on. pdyfie dBl10fhigih Uf LAY OB 1A%, Aggighhul ari zi ng the

bi ol ogi cal nateria efore appl ying’ the bioadnesi ve second |ayer at
t he surfac@32af the dticoizeybleathermdlegital maftaiarisndpctlealized, k. thayesteria] §33]

The goal o (& i I | i.s.to eff]cient remve all
cel | gl ar %ﬁ% legﬁg ?!éezllilgiaﬁah{léfﬁ%dasﬁgr f’qg]%%%ﬁ]igr%@?% R ng}cf\r/ee%é‘me‘f‘% on
t he conposindiapndeshiitmdofyr caimpladt & viview byaGdlberedhaniSelbro] TLEGK bE Y2006,

t he remai nin of e bialogi.cal material. which forng the first

|l ayer in t lgglﬁ%g'\ﬂf”dvoé'% afﬁ‘%d@"%gé)t ﬁ’g BPELGH I8 ARRemorady hT%i’}’ rg nce

(I?I'r ocessi ngnsts eptﬁ@etyt ghoke dh bk esxﬁmplée)felﬁ_rxlﬁsmm bf thalptegdnt Fﬁi@uﬁlﬁ% ﬂx‘é&réétﬁlfdee-
i mensi on rchitecture._of .the ‘he nost comonly utilized

met hods f W‘ﬁé@é’?ﬁ?ﬁ gF‘fﬁ?ﬁf%*ﬁg W%ig%iﬁéén%%nab‘aﬁf?rg applying theRjeadhesive

conbi nat i ascdll 1y sitbadurResofaheribiogical hdt@nl FRAS thelfas: 1Rfysi cal

treat nent gﬁn i nfl ude agl tation or, sonication, nechanical massage

or pressurs[tg, or fH%e392hgT asgealiviarization profecdd isvn: ¢fGeisntly wepmape all allyen |

menbr ane, anfl eh€agenfedl whld hiintzin A0 daGhd LRt & b BSAMARE, BibRsAd
and renoval .of the cell.  contents romthe ECM These phﬁl cal

t r eat ment SoHYVE, guhepchrnigaliiptegrity of the semaiping EfMbofihe bi aterial which
decel | ul arfosalth®frsBRger i He HyBif QAEHIABE Mt nfRRMcal treat nent.
Enzymatic _treatnments, such as trypsin, and chemcal treatnment, such
as ioni c 9814t i ordmmp@cesgiag stepeinteadediiosremre celly Witk aliara thesnatinel thrhe
bonds resppRsishing ERkitd r : r -2:.£.0N k ORS..
[035] As previously %enﬁgnggggﬁggu_?ggarlg&%oﬁp&%w g@’%gt %@%éﬁ E‘ﬁar
mat eri al  dlsePlnRogtion of nifseesion perafabireoluey caeknasion o bphpaicelred shemical

dependi ng RBmiAR. TR RSO ddifnents %uﬁc}ugg%éﬁ% mdf %o &P@ﬂeﬂg&gﬁk
di srupt during the décellularization process to allow for adequate
exposur e GRASEISE oressyrey or fropaing handtthaypng Thgwrmethaln distupt fie oell thembrapat h
for cellul i : 1SS eavi ng..behin
onl vt he. Bk RRreh s dad RN R, bl B O REHAE
scaf f ol d. fHethie FCAAtThese physicald seasnbnis areigzadralyninyWiQ60 & 86876 Gomplete

PCT/ SG200 4090k fifation and must be combined with a chemical treatment. Enzymatic

treatments, such as trypsin, and chemical treatment, such as ionic solutions and
detergents, distupt cell membranes and the bonds responsible for intercellular and
extracellular connections.

[035] As previously mentioned, tissues are composed of both cellular material and
ECM arranged in variable degrees of compactness depending on the source of the
tissue. The ECM must be adequately distupt during the decellularization process to
allow for adequate exposure of all cells to the chaotropic agents and to provide a path
for cellular material to be removed from the tissue leaving behind only the ECM which is

used as biological material in the hybrid scaffold. The intent of most decellularization



11 processes is to mnimze the disruption and thus retain native
nmechani cal properties and biological properties. The npst robust and
ef fective i zation protocols include a conbi i W

physi cal , g@?ﬁ!ﬁéda%%%ﬁand enzymati c approaches. A decell EJI?é /?@a {QH4
protocol as described in the exanples of the present application
generally begins with |ysis of the cel! menbrane usi ng physi cal
treatnents or ionic solutions, followed by separation of cellular

conponent s HEQmRst E@n&% Bk, sol ubi lizatio
of cytopl asm ¢ asngc}%nuc ear ?Isﬂﬁ%r cg?rhputg%egﬂbggtr}}sﬁ%ec}lﬁuﬁa FREITE® ®hd
finally r eh@lﬂaicahfromﬂlﬁt‘o‘ul?ale mtsbrqbsstfand) nffedmee tlecsHulerizafie p@tgble piaiclndd

be coupl ed, chg i rease t

ef fect | vene\s@gguglll—loﬁio ﬁhg?% % éllf ?@%%l oAl ?ppr?aégﬁsdéaiiecéwg?ﬂzéﬁ?%
shoul d be pretvovleas deg:rérewbmdﬂfarexa:dyles sﬁthhqsdsentl@plumnmegmﬂﬂy He@ind hgith
chem cal f of decellul.a ion and pre ervat' n of the
ECM can be-{@gsgeﬂ](éés(gélIe %%gfaa\r/l%ruglflg r?éﬁcagi 5t fEcH? 8t tjﬁ Qredcty |
enzynat i c, seametieherfi calular deasjdnahtar ifmat itha E(IM AsMAr éiMatf thebSRMRS

are revi ewe nd.di s in T Ielof article of Glbert,
T.W, Sell a?‘%?%‘z?“?_n %ﬁoé’?asn?%@‘%nucéﬁbﬁﬁl “[Cﬁg’@PHWF éﬁméﬂéFFﬁgeétSoﬁnq he
pr esent i nfreatityi mO@eaﬁ‘l dellhlar d&adsi GmVES ﬁé@xier lméseoéi&psu@h% cotipled with

t he bi ol mat eri al i sol at ed Promthe

mul tistep rrethﬁh% Firstly, ogé
body of an™ fei éﬁn"éﬂuo{%ég iperpase dheih, Septivenesss diolievias  depeHelapaation, all
cel | ul ar delduss chs%@ﬂﬂ@hdﬁld b8 LemdVe @ IveRl anRE B¢ Bbst iigsul §Edpo & to ﬂ%)e
i nerse in dej O{}H#ZI}E e\{(}ﬁater at about 1 to 6 degrees Cel sius

dl

mnto 1 HEGwica Clﬁca@ééepﬂh%w%}qagmﬂdg@mm@aﬁ@ pfghmgcrt\@/dmglm
per oxi de, aséﬂsétﬁl B sedeRl inferat. driande dehionk %?d]%ﬁ%tcﬁr &, 3l O cal

20:40:40 vol .% i s pre}gared The_biol ogi cal tirssue |rrrre se
this sol utdegeiulas Re Y@Wﬂé?%‘ﬁﬁﬁ\l%smf fe@mmd @nd dlsnlayedcm ﬁahleﬁwértlws

the bi ol O%ﬁ@éom@m alwi, SeIQ?&Q‘li L@t%fkr ;%zlj'an' cally. Then the

bi ol ogi cal material was neutralized t"step is the treatnent
with TritdA3l100 Ingslegamela of ﬂle@me@mvﬂamﬂo&melbém}am Wasomridd 0504sing
o% !n_anal hefi€xaiphtd, SRNGCNS dions Bl Wikes T 1Y BoBPLR an

used. The biol ogical material was rse t1on or’ about
6 to 48 hdndigiduglywasn sinssdarip|seling soliyien ltre eemovee atlladhr f debrid. 2Stcondls, the
hours. Ge IIsf m t he
bi ol ogi cap)tulﬁlg ga?fn!édiéﬂa[‘ %ﬁ\l/t\gﬁ%m&ge {nhdm)bl 8?%@?%3%0 tgl’g)l(g & (? zé"}asd
to renpve far BO minded kst TFiirdn e deelulaizng eedietaiddihg hjfdmgen ptrogide,of
an illustr f in t,al. secti of
This  appid il SodaR S @ioiifed U a0 F IREF LT s BRI R
decel | ul arbigegitad sk “m@ﬂnelemc@an@;s sblukien atkdntiiey fenpevaires Bao@PaL0SI0

et c.

°C. Afterwards, the biological material is decellularized mechanically. Then the
biological material was neutralized. The next step is the treatment with TritonX-100
solution in concenirations ranging from 0.05% to 5%. In another example, concentrations
of 0.5% to 3 % have been used. The biological material was immersed in TritionX-100
for about 6 to 48 hours. In one example, it has been treated for 12 to 24 howrs. Gentle
stirring helped to remove the remaining cells from the biological material. Afterwards,
the biological material is rinsed to remove all traces of TritonX-100. A more detailed
description of an illustrative example can be found in the experimental section of this
application. This, method allows for example also decellularization of whole organs, like

kidney, liver, esophagus etc.



WD 2008/ 069760 PCT/ SG2007/000414 12 [037] Thus, the advantages of
fabricating tissue engineering scaffolds by decellularization of

ti ssues ar ervation of native topography of E

hi st o- archﬁ?&@@“@gﬁﬁof structural collagen and orlglna8¥%$éﬂ9ﬁ%&na
configurations of functional protelns These are conponents
necessary in pronoting cell attachnment }%and proliferation. Acellular
matrices are biodegradable and they are generally resorbed during

tissue r eI| r esSe ASRRRR b
reported E@S gr ad et %Fa c?fsg%liclaﬁ%e?ﬁ t ri % ¢ r onot g
m gration deeﬁellelaﬁﬁdthﬁlotfaahsueaam’e she fresec@tipm dﬁuatwg tomggtpb!geﬁé@ s, ipheretn

[o38] " Thedeutbieehi iRy r ettt R, ofghlChonfids Be it

properti epréfing. Messtateaing@niitobogisaglin pmietibatel altﬂacia:nk;ht tdgprolifefatisme

segnents such as nuscl es, nt ende

decel | ul arﬁ%ﬁ‘ﬂ lpty pPatmegs, ab%bﬁgﬁ%@d@g{edﬁvrr‘f%ﬁyt%% gﬁ?%g}é’s geé’cs)rbedl'hes 18 W s
segnents ff@ﬁriod&ﬁﬁ% pioBestds. TRl Bisk it hmeamepdrwuahat Efél\zkgnadedtmeducts
reconstruction_o

the _entire tjssue., Thi
the scaf f o dagHBlar W@atHgsh Faepdte h‘@lgﬁ’rt]é’geﬁf e‘%ﬂ@@f% Eﬁqletg}?ﬂ m%}lc ird
layer via g %g&@ﬂgwh@maemnmm inr, 8 all, Q@fﬂ{Endwﬁmhm $01.1¢ QI TIOFR06).
the structural deficiencies of the first g¢er Weali]6¥1 for exa Ie

in a procd8¥lof Theerdacaliulsrizng Bracesess cabYREICE R BFCBRCYRLNSTEF §
material fro0y tla?ﬁcré?&‘i’)ﬁlat@énaf & addifich, \HsEid abgmdn@3kch Th ewsae Wﬁldhaéh‘@fmfo‘c
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however, atiesioeral defidiesics f the dagt bper weakeng, dp1 g¥agmple oiftpd PERFeRs of
organi ¢ cq B ly A daial $R6h R &St 61 tewo
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Exanpl es dﬁoaﬂhmm tn mhma]s iaw edheyiki¢ sl moaeridb eapable 9f faﬁtetﬂhé “ﬁ%‘?‘h@fdn%?ﬂai%e

present | oY ;bggn%g% Turface 2,,, NHEAGLYr eQ;];or&J] ue %chl?%/dmlggtt ! By RERgent

i nvent i on 8% Brin glue, yV ny one,
pol yvi nyI PatE Qbm(d@ﬂﬁhylwighl adregitatla a:cgpmdnpnm&, the won adheswe implies any

material capable of fastening by surface attachment, and thus will include inorganic
materials, In a practical sense, however, adhesive implies the broad set of materials
composed of organic compounds, mainly polymeric, which can be used to fasten two
materials together. The materials being fastened together by the adhesive are the
adherents, and an adhesive joint or adhesive bond is the resulting assembly. Adhesion is
the physical attraction of the surface of one material for the surface of another.

[040] Examples of organic adhesives which can be used in the method of the present
invention for the manufacture of the scaffold of the present invention are, for example,

fibrin glue, polyvinylpyrolidone, polyvinylpyrolidone/vinyl acetate copolymers,
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gl ue and GRFG are known as bi oadhesi ves and are described, for
example, in the article of Albes, J.M 3Krettek, C. et al. (1993,
The annal s of Thoracic Surgery, voI 56 p. 910- 915) [042] Fibrin
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to mx and conbine as they afe sprayed on the surface.
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ot es of chon ag il S | MO A0qes MBI R ofat MR Bl”
the end ofbeb¥ren slaandaaffibrivh Aprotinigribi protyin ‘éaﬂcsinbps thin enzfyimlos thayeak down
nol ecul es yifaQisdral | er segnents of a second bl ood protein called

fibrin. The fibrin nolecules arrange thenselves into strands that are
t hen crosd043]i nk&w®r pyerarativrood dpnkidation khiBiwin wslafadtechrodibin ankdibtiasgma

lattice oraréw%teege_ ap tg{g gtgﬁ% visth aRi! {nﬁss}ﬁt g’éﬁ E)f(f A ?Seeralﬂ'gl e of

a commerci al obt al na rin seal ant
| nt ernati omﬁ i¢rie ale, thpi 453olRelc mnsepateteccdrapmisndfswattr. INdat, i the steahbint md

include a giehbMar¥nidsd SIS it Bulle-barreled syringe that allows them to mix

and combine as they are sprayed on the surface.

[044] As the thrombin and fibrinogen solutions combine, a clot develops in the same
way that it would form during normal blood clotting through a series of chemical
reactions known as the coagulation cascade, At the end of the cascade, the thrombin
breaks up the fibrinogen molecules into smaller segments of a second blood protein
called fibrin. The fibrin molecules arrange themselves into strands that are then cross-
linked by a blood factor known as Factor XIII to form a lattice or net-like pattern that
stabilizes the clot. An example of a commercially obtainable fibrin sealant is TISSEEL
(Baxter Intemational Ine.). ,

[045] Recent developments of fibrin sealants include a delivery system that forms a

fibrin sealant from the individuals own blood within 2 30-minute cycle. The use of the
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[048] However, applying bioadhesives at a temperature at or below the freezing
temperature of the bioadhesive results in the formation of crystals (from the solvent of the
bioadhesive) in the bioadhesive layer which form the porous system upon removal of the
crystals. Such crystals can be removed by sublimation which means that the solid crystals
pass directly into the gas phase without becoming liquid beforehand. A method for
achieving sublimation can be freeze-drying. The pore size within the bioadhesive layer
can be in a range of about 1 nm to about 500 pm, In another example, the pore size is
about 50 um to about 500 um or 100 pm to about 300 um. Which range will be chosen
depends also on the desired tissue which is supposed to be replaced. Thus, further ranges
which can be used will be mentioned further below. The pore size of the second and third

porous layer can be the same or different.
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S.N., et a 2004, Journal of Materials Sciences, vol ),

p. 1029- 103 Xe layst ppep peplisatinm K5amplss whiseeh f—rwémém@iqdagfer example
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simlar tothat descri for exanpfe, in the article of Liu, Z F.,
Jin, z G, bwshisg. (2006, Journal of Sol-Gel Science and Technol ogy,

vol . 40(1), [aBoR5- Bmemas Brafing 1§Q1a£nl3ﬂgd us %tha GRASE Bfis m@ ?'sagﬂmfve

coating de&gnds on the viscosity of solutron, the s
substrat e WPedhasineds atpmizedl intp e n@@ﬂ qftdmp&ptsabndelpmcaﬂ fcrreeswmi mﬁescmbed for

substrate igmip w&@qﬂicwma%tﬁt%%hng%'s f Wﬁ @até‘ﬁ‘a KNGWRal {he

prior art. Spin coating IS a orution o
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(e.g. 3000g cé?@@&%%@m&)% sgpltﬂ% o & édﬂlag}veﬁiﬂgtpr?&sé%lﬁﬁgqg ﬁ:{aygesg t he

surf ace of t é e process IS esc I
article of fobggrommle. @ theaitivle € 1d, ZRdliRUGhet 3l. ROG, J(nzﬁﬂbf SoMﬂd(Smence

b1 oadhesi var, ecitlolod, G8RIGDY s/ Y, ¥l <Parthe Bl Witk BF iy belfisive
uni f or m | aseetingdepgidsaditbs iviseosty of the sEIENOD, ithe @egﬂr oibmbﬁram mtﬂchawﬂ drotchat

?gg 85'1 'b\e,gi h% 8(51&1?8&1% {Ige'ﬁjﬁéig}}gﬁ ﬂ%rshf)s(fra% i unmgr‘%ed ih the s’olu%%n ah of 'WBlCh are

known in the prior art. Spin coating is a method in which a dilute solution of the
bioadhesive is applied on the ECM and the ECM is spun at high speeds (e.g. 3000 to
5000 rpm) to obtain a thin coat of bioadhesive on the surface of the ECM. The process is
described, for example, in the article of Dupont-Gillain, C.C. and Rouxhet, P.G. (2001,
Nano Letters, vol.1(5), p.245-251). Casting is a method in which the bioadhesive is
spread on the substrate (e.g. ECM) to obtain a uniform layer of bioadhesive on the ECM
in a process similar to that described, for example, in the article of Smith, S., Stolle, D.
(2000, vol.40(8), p.1870-1877).
[051] In general, the third layer needs to be applied before the bioadhesive is fully
set/crosslinked in order to ensure a sirong connection between the different layers of the

hybrid scaffold. The surface of the scaffold of the third layer facing the bioadhesive layer
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of crystal formation and smaller solid crystals. That means that at a lower pore size
within the bioadhesive layer, the degradation of the bioadhesive takes longer because the
enzymes and cells growing in the area surrounding the scaffold, which is seeded with
cells and possibly already implanted into the body of an individual, take longer to
degrade the bioadhesive.

[054] Controlling the degradation time of the bioadhesive can be an advantage,
when one wished to synchronize the degradation rate of the bioadhesive layer to the rate
of remodeling by the infilitrating host cells. If the bioadhesive degrades too fast, the first
layer might delaminate from the third layer in the host; conversely, if the bioadhesive or
the entire hybrid scaffold degrades too slowly, remodeling takes place with scarring
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agar ose,
scaffold which is obtained via elelctrospinnung, i.e. an electrospun scaffold.

[059] Depending on the use of the claimed method, scaffold material can be
biodegradable. To use biodegradable material is especially advantageous, e.g., for tissue
engineering wherein the scaffolds containing the cells are used to repair defect sites in
living tissue, e.g. bome. A high variety of scaffolds can be used dependent on the
application. Scaffolds comprise or are can be made from agarose, polycaprolactone
(Endres, M. et al., Tissue Engineering, 2003, Vol.9, No.4, P.689-702), niobium coated
carbon, chitosan, hydroxyapatite-tricalcium phosphate (Harris, C.T. and .Cooper, L.E.,
Comparison of matrices for h(MSC delivery, 2004, P.747-755), collagen, hyaluronic acid,
calcium phosphate, starch, hydroxyapatite, fibrin, alginate, poly-glycolic acid, carbon

nano fibres, polytetrafluoroethylene, polylactic acid (Moran, J. et al., Tissue Engineering,



(Endres, M et al., Tissue Engineering, 2003, Vol.9, No.4,
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[063] Unli [I@éZ]ot heRvenshdugh ang Gcrmxgmﬂﬁﬁ\raﬂgblamﬁsmr ddf belied as thivd layer it

Lg; ggt |O(r)]n tl%]élsg Aafo%(‘ti %FJ I b étﬂf%eﬁs{c:ﬁ 01? (ﬁr}; yocﬂagéf: 3(:%%&'2]?5%?1!)5(1%‘::5?9&: second
layer which is already attached to the first layer. Thus, in one aspect of the present
invention, the scaffold is created by direct electrospinning on the surface of the
bioadhesive second Iagzer.
[063] Unlike other methods for generating nanostructures, the formation of a thin
fiber for a scaffold via electrospinning is based on the uniaxial stretching (or eléngation)
of a viscoelastic jet derived from a polymer solution or melt. This technique is similar to
the commercial processes for drawing microscale fibers except for the use of electrostatic
repulsions betw;veen surface charges (rather than a mechanical or shear force) to
continuously reduce the diameter of a viscoelastic jet or a glassy filament, Compared
with mechanical drawing, electrostatic spinning is better suited for generating fibers with

much thinner diameters, since the elongation can be accomplished via a contactless
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which can certainly be used herein as third layer, are often characterized by a random
polymer fiber mesh as illustrated by the SEM picture of such a mesh in Fig. 2a and Fig.
4a. However, the pore size between the fibers in such a polymer fiber mesh is only
between several nanometer to a few micrometer.
[068] But some applications require a bigger pore size in ordér to enable cells
seeded in the hybrid scaffold to grow and develop the tissue they are supposed to
resemble. For example, Klawitter et al. reported (1976, J Biomed Mater Res, vol.10(2),
p-311-323) that for adequate bone regeneration to occur in a scaffold, scaffold pore size
needs to be at least 100 micrometer. It is generally known in the art that optimal bone

regeneration occurs for pore sizes between 300 to 600 micrometer. For other applications

the following pore sizes have been reported to be optimal for the specific applications:



[ 068] But sone applications require a bigger pore size in order to
enable cells seeded in the hybrid scaffold to grOM/and devel op the

ti ssue the osed to resenble. For exanple,

reported (%§¢%&m§ggponed Mat er Res, vol.10(2), p.311- g%g#&?ﬁwﬁ%gﬂ4
adequat e bone regeneration to occur in a scaffold, scaffold pore size
needs to be at |east 100 micrometer. 9 s generally known in the art
that opti mal bone regeneration occurs for pore sizes between 300 to
600 mcro r peati t f pore.sizes,;have
been T opor TS0 Co Be ot el MRk LoRken o' & 1o BB RGef SHRIaLE
2008/ 0697 6@R@TH, IBRPYOH) ©B0N] Hepa®Oytaiugrowd, hetfvem aboot/20s tul 281 jum dor dhin

bet ween ab 0 0 abou

for hepat o%g%nee f)ﬁ“{ﬁg’ b%Wt %}1 %é}t\;\W/aéffeonf")‘aﬂl ou{éo(% % %}%:00{%519% ‘%%hbegﬁeﬁ agou% 9,@ %
regener at i b, urbémmﬁsvblasbbwﬁmgobatmeh%ogmﬁmr15(¢ harfdr ey tissuk Regetstbtion,

bet ween a fibrobl ast bindi . bet ween about 45
Do o0 gm Pabbedtiohlh 013 B0 be vas AR RS PG P bingBh Botref ok a0t
for vasc uI t@r308 pmofdr biadded senoothl tuselenatiinghesiontane @1yrednBetdRa ab&1d 1806 gm

Lo 2 RS e G2 L AL B g0l LI Ly oL cbou

for osteoc@dguct i Dhus, P&k SH&U(Sf th*ehezopxa &@s Sihidh 8k dodQatu¥d, hAYEY She
whi ch are not. natural, namely thehffal oad esj ve, second Iayer and t he

third I ayePosthaavepecap s 34 g third, 18T Gpader i Bnaififoiale s eecimensinsa)

mat ch or ceafole sised indtch BEch Sositd the RMHIFEEq iRl f61'€'%1§’d%&§1906§’tﬁ%1%/?ﬁ63| n
type of tissue or V\ﬁole organ. [070] For exanple, the dense

(first Iay‘gr Sue AR vHeles®® as a barrier for cells (e.g. epithelial
cell's, endotte! i akorCibnple, ﬁﬁ@fens!%e@@h@(ﬂi’QQQJer nBRbeaRs f05 b%%@'ﬁ)?@@ﬁkt

prollferatlon and differentiati on. The open porous structur

por ous el @ GBiheNal eellsi eadqthglial yel@hﬁh%éleﬁi; adbasy prosne fereptfachment,
infiltrati on
of thick (houctol 856 UiRiirkRhn TS ek bkl LR of ft PESAT Thetiible’?
of cells @m@tlawﬁaﬁgvegasm rEPmetR @elh;n@tra@on @nd vasgdwaum@aemmaatr e
descri bed i Redoh8ruchisi éﬂmcﬁﬂssu%@hﬁaébm @J)f c%ﬁ%]!)rsco% at1on ?)ﬁ

decel l ul ar1 zed esophageal fIrst snoo miscl ¢
i n porous ®lledhat csplie goams ot dhe( hyhnddfqra@semg repmcw@tmsiescgbad in the

Endot hel |

Sroot h oSl SeE T OBMRES Rt cef, o QASUNESAR exolphdefl OB il 18)

Skin - Keraadismoetht @QS%C@bdelpbmuarelem@bpd@ sertfold énid] teenreBlobd besklb ast s
hel

in porous ﬁid@ﬁﬁ%ﬁzﬁ%@&@oﬁ&%{ef;@%\%&:&%morﬁgltegﬁgy dla ar??glg%mo Yotpelpa ml s

cells on decel ari zed r) snDo nuscl€ ¢l
i N porous perastetegpapnn scaffold (third layer). Skin ~ Keratinocytes on decellularized dermis

and dermal fibroblasts in porous electrospun scaffold (third layer). Bladder — Urothelial

cells on decellularized bladder (first layer) and smooth muscle cells in porous electrospun
scaffold (third layer).

[071] Obtaining pore sizes as described in paragraph 68 using electrospinning is
possible due to the following method. In this method a three-dimensional scaffold for
tissue engineering is manufactured using an apparatus for electrospinning comprising a
high-voltage power supply; at least one spinneret connected to at least one container
comprising a solution with at least one polymer dissolved therein; and a collector which
can already be connected to the first and second layer of the hybrid scaffold which are

already connected to each other. The method comprises:
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cryogenic scaffold. After obtaining such a cryogenic scaffold, the scaffold can be.

connected to the surface of said second layer.

[074] Formation of solid crystals in the above method can be achieved by either
cooling the collector of the electrospiﬁning apparatus itself to create a temperature
gradient above the first and second layer connected to the collector or by cooling the
atmosphere in the reaction chamber of the electrospinning apparatus to an extent that
solid crystals are formed at the surface of the second layer. '

[075] This method of electrospinning provides for the design of electrospun
scaffolds at the surface of the bioadhesive second layer having different distributions of
pore sizes to cater for different requifements in basal membrane formation (nano-scale),
tissue remodeling and regeneration (nano to micro scale), vascularization (micro scale)
and cell in-growth (micro-scale).

[076] When referring to “pores™ in connection with the pores of the electrospun
scaffold, it is not referred to the pores which might be formed in the fibers which are spun

but the size of the three-dimensional pores formed by the fibers as can bee seen, for
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atmosphere of the collector form on the surface of the second layer and serve as a

negative template around which electrospun fibers are deposited. After the scaffold
reaches the desired form, the scaffold can be subsequently freeze-dryed to i'emove ice
crystals, leaving behind a eryogenic electrospun scaffold (CES) with large pores (see Fig.
4b and 4c). Further details for this illustrative example are given in the experimental
section of this application.

[078] Thus, this cryogenic electrospinning technique enables the fabrication of an
electrospun scaffold with large pores, while retaining the nanofibrous structure that
mimics the physical environment of the targeted tissue or organ to be replaced and which

is required for cell growth, vascular ingrowth and tissue development.
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-achieved if the collector is maintained at temperatures below -78.5 °C. After formation of

the electrospun scaffold the atmosphere surrounding the crystals are removed from the
hybrid scaffold through sublimation of CO; into vapor phase at room temperature.

[081] The shape and thus the size of crystals depends also on the temperature at the
surface of the second layer or the swrounding of the layer. For example, water has a
freezing point of 0°C at atmospheric pressure, Just below freezing, at temperatures near T
= -2°C, the growth of ice crystals is plate-like, with thick plates at lower supersaturations,
thinner plates at intermediate supresaturations, and plate-like dendritic structures at high
supersaturations. For temperatures near 7' = —5°C, the growth is columnar, with stout
columns at the lower supersaturations, more slender, often hollow columns at

intermediate supersaturations, and clusters of thin, needle-like crystals at higher



the el ectrospun scaffold the atnosphere surrounding the crystals are
removed fromthe hybrid scaffold through sublimtion of CO2 into
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[085] From the previous comments it also becomes obvious that not only the
temperature can influence the crystal formation and thus the size and structure of the
pores formed in the scaffold but also the saturation of the atmosphere with the elements
or group of elements which are to be deposited on the surface of the collector.

[086] Thus, the method also comprises increasing or decreasing the saturation of the
atmosphere with the molecules or group of molecules which are to be deposited on the
surface of the collector.

[087] As demonstrated in the examples (see also Fig. 5a to 5¢), when increasing the
saturation of the atmosphere surrounding the collector with water (i.e. humidify), the size

of the three-dimensional pores is larger and more defined.
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porosity of the scaffold will decrease with increasing flow rate of the solution.

[091] In still another aspect the method can further comprise varying the time
interval between electrospinning and the formation of crystals. It can be easily imagined
that the rates of crystal formation and fiber deposition are two competing factors that can
have an effect on the pore structure of the cryogenic electrospun scaffolds. As more time
passes between different electrospinning steps as larger the crystals can grow on the
collector which means that the resulting pores of the electrospun scaffold are growing
larger. To demonstrate the effect of the relative rates of crystal formation and fiber
deposition on the pore structure of the cryogenic electrospun scaffold, the time interval

between fiber deposition has been varied in an example. A greater time interval between



nore space wWith respect to the deposited crystals. In this way, the
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diameters and ultimately lead to the formation of several jets (Demir, M.M., Yilgor, L. et
al., 2002, Polymer, vol.43, p.3303 et seqq.)
[095] In this method of electrospinning, the voltage applied can be in a range of 0
kV to 50 kV or 7 kV up to 35 kV. In one example, a voltage between 10 and 35 kV has
been applied. The voltage across the electrodes is usually varied together with other
parameters of the electrospinning process. For example, when the distance between the
spinneret and second layer is increased, the voltage has to be increased to sustain the
Taylor cone at the spinneret,
[096] Several designs and configurations of needle tips have been investigated for

the electrospinning process (Pham, Q.P., Shamma, U. et al., 2006, supra). For example, a
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concent r at‘? arantters f ectt ospi nni ng
const ant rmasdé shltabme for s]leawepmﬁﬂngmrr meed)m thig eneghokd el addeetrospinning. A list of
electrospun polymers which is suitable is listed for example in Table I of the article of
Subbiah, T. and Bhat, G.S. et al. (2005, Journal of Applied Polymer Science, vol.96,
p.557-569).
[099] Due to the use of the scaffolds in cell biology and tissue engineering, the

polymers used for electrospinning can also be biocompatible and/or biodegradable.
“Biodegradable” refers to material that can be absorbed or degraded in a patient's body.
“Biocompatible” refers to materials that do mot have toxic or injurious effects on
biological functions.

[0100] A large number of suitable biocompatible polymers is known and can be
selected from the group consisting of poly(urethanes), poly(siloxanes), poly(silicones),



[ 098] The method for electrospinning is not limted to a specific
ki nd of polyner for electrospinning. Every known polyner which is

suitable f spinning or can be nmade suitable fo

el ectr ospi ﬁ{%ﬁgﬁ%gﬁgbe used in this nmethod for el ect ros%éﬂ%?%&?mogim
list of electrospun polynmers which is suitable is listed for exanple
in Table I of the article of Subbiah, 2¥. and Bhat, G S. et al.

(2005, Journal of Applied Polymer Science, vol.96, p.557- 569) [ 099]
Due to the Lljse of the scaffolds_in cell biology and tissu

engi neer i RPYEhEleng o polybriayl RyEQlidse). 1ok e Hodnrh ity refhreRlag, pely(N-
bi oconpat i §h@ ﬁﬁ@ﬁ@dne?'ﬁ?ﬁﬁﬂl@ﬁ?ﬁﬂbﬁacryla@ 3@%%913@&&101) r(P{fﬁE)%Joﬁﬂacryhc

materlal that can be absorbed raded in a patient
" Bi oconpat #B)aroly(Eng asetats), rP&’b@PIiYHP%é% H%lﬁ(eéﬁflwowavé aﬁtetsiiﬁ)mbf(ethylene

i nj urious g&éo@)ctp%lﬁﬂmm@h@%ﬁ@' pélyﬂ&w QBR- (ﬂLQsQO% 3@1 8ol TPBA PnOf

sui tabl e bioconpatib % rs is” known and ect ed
the group Mbﬁ%@q—mglmohééﬁl yPFa) ml@é%ﬁmlya@h@ﬁ@gwﬂ}@mw@s; P01Y(e’fhylene"

Dol (w1 nyt D qkle8 ARVGIDY £t BEEHRA el PV ELBEEER)
vinyl pyr rlaﬂf.?(dblvﬂer)q opdby(ﬂ‘f@)mﬁ ptéydn&of:sydratb)ls; abmlppés@blmyd ugd blohdsl )f
(PVA), pol c}ﬂﬁgr%ﬁ o\i/ym Y s"cé:I boge )Ié( SVI nx?lgﬁmats%géd %él:bgé 1ssol%edm

pol y(et hyl ene- 4 A ene gly co
pol y( met hatt,¥3i3¢3 hmaaﬂv)qroqs@ryﬁeaclt(ﬂﬁﬂam d (PLA), polyglycolic acids

(o 5B S UERLLIeS) (SRl ST PRI o
po: y(cgt)L o: cgfggug)e( I(tgpp}oy:(gvd regll ﬁlﬁmaab%ﬁndpwnyl\elfjgyﬂamcﬁﬂlr ?ﬁtﬁgy), and other
P YSe bl BBt S rohi bRt cr et Bl dratiabit it ebehEremoL A

i s used whicglpohatis e nairks@hwedaiiored to specific applications (e.g. more elastin, less
1,1,1, 3,3, 3-hexafl ugroi so ropano gl!}_":l Pzd [0101] In matrices conposed
of el ectro‘?ﬂ}t’,ﬁ?n B P tssefe Pp ed4| ectrospun col l agen (to

pronot e ce[lohoz]nf lkéﬂr@km@tﬁ\veaﬂﬁtérﬁlﬂdfoﬁ%ﬂﬂlﬂgcﬁb BibdeR ALY JmateAd  iSdhES
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cellulose ether, cellulose, cellulose ester, chitosan, gelatin, fluorinated polyethylene,
poly-4- methylpentene, polyacrylonitrile, polyamide, polyamideimide, polyécrylate,
polybenzoxazole, polycarbonate, polycyanoarylether, polyester, polyestercarbonate,
polyether, polyetheretherketone, polyetherimide, polyetherketone, polyethersulfone,
polyethylene, polyfluoroolefin, polyimide, polyolefin, polyoxadiazole, polyphenylene
oxide, polyphenylene sulfide, polypropylene, polystyrene, polysulfide, polysulfone,
polytetrafluoroethylene,  polythioether, polytriazole, polyurethane, polyvinyl,
polyvinylidene fluoride, regenerated cellulose, silicone, urea-formaldehyde, or
copolymers or physical blends of these materjals. The material of the electrospun scaffold

forming the third layer as well as the first and second layer of the hybrid scaffold may be



degrade by hydrolysis at a controlled rate and are reabsorbed. These
materials provide the nmaximum control of degradabili ty,

manageabi | | I and configuration. [0103] Oher bio )
materi al s @?r’?"%@ﬁé%f’ect ed fromthe group consisting of lg(g]g ‘?ﬂﬁg@g‘m
ether, cellulose, cellulose ester, chitosan, gelatin, fluorinated
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mat eri al s. of Yobymisks @af b befusddia 1) BahédSMEOpBsAL it@lsﬁonfa&rﬂﬂlﬁﬂer; Hﬁrmg
third | ayer as g}%e% the first and second | ayer of hyb
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one exanpl Igom?‘l‘?é’e]b&a‘j?ﬁélrmﬁ?éﬁoﬁsoﬁoﬁﬁ@f%@ syarpfeserified tforoptamiple in the artlcle

el ectros n IEShe %‘JR}GQ’

pol ycaprg:dgg%%egq?ﬁé{?@ &84(% 2Iagimers erb%?’g L&P%&éﬁ? %F}(If'ig%%il) or
a terpol yrigee epmplest P@hmmnmmuhbbe R Dp-lagic aoid)-gerpoly(ctiyiene ghnolpe
used in t%mﬂq%ﬁm%g%; esent invention are polyners having

am no acids (€ e or RGD sequence) or peptides (pol ypeptides
or pol ypedfiehds c:bS llpldb@ﬁwrtbylr anpdeslar oveights plﬂ/gtn@ﬂubﬁiamh;bmme fonctional

gr afted Qgiﬁgfxﬁégu uﬁcrtasﬁﬁalﬁ% f&h&‘se ltﬁlgﬁg oséﬁggg.r angtsg %ortsH r@]‘ Sl e

interacti _ rrat erials are descri exanp
of Deng, )prtlxhlem i tg blend theg] wzﬂq 289 Rers Bt axp exaeii- sﬁmmelecmspmhg Based on

vol . 38( 7) 4‘§§ch1$a41:&11 an ({%E& r?gZ,C%lox%lélc%?molcgucfesy 7" 3, EQHS et seqq)

pol y( DL- Iactl aci d) -‘co- po
co- pol y( L-Haysusedssio[ip Fapnieted ﬁx@tb&&}am&mglﬂbmt@chdwg theairsteimtoatiel baition

ot Labi e For £ BB boriBir, JBH dShRe 8L Bl Py S b g (o
pr obl em i polythitahend tibMcwivehtignal yorgnk tphigtnesr Aawe lalso Sbdeh e thvbRipated.
(2002, 51 A 33GR8 e puith S BES5  2Bgariet Srprdealiceueienl
f abri cat edvifr Gibes. nFﬁamstymd&g if hdselesn i¢ratdiared thhrethp rhysitd) Santl ObiblBEical
sol ution properties (e.g., biodegradation rate and hydrophilicity) of PLA fibers could be finely
tuned by simply controlling the compositions of polymer blend solutions used for
electrospinning (Kim, K. Yu, M. et al., 2003, Biomaterials, vol.24, p.4977 et seqq.)

[0106] The use of biocompatible and/or biodegradable polymers will depend on

given applications and specifications required. A more detailed discussion of such
polymers and types of polymers can also be found in Brannon-Peppas, Lisa, "Polymers in
Controlled Drug Delivery," Medical Plastics and Biomaterials, November 1997, which is
incorporated herein by reference.

[6107] Sometimes it is necessary to dissolve a polymer before it can be used for

electrospinning. Therefore, the at least one polymer used in the method of electrospinning



of a conventional polyner. Fibers consisting of blends between
pol yaniline (or polythiophene) with conventional, organic polyners

have al so moé‘ﬂ;y%ﬁtl gated. Bl ending was found to be ‘téﬂé#{"?m@bﬂ“
i mprovi ng sone propert| es or applications associated w i bers.

For instance, it has been denonstrated that the physical and
bi ol ogi cal properties (e.g., biodegradition rate and hydrophi l'icity)
of PLA fibers could be finely tuned by sinply controll | ng t he
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chloride tI85% herThese spltanineyenprate dirmgrplegtosniming: hwnefechrﬁa&‘ is gbadene

(109, vaterdigbianala of Yl 1 b 4060, Ao 3 thang A0 #UGOR Cang

acid, di chl oromet hane mnmixed with trifluoroaceti

di net hy| adkamakrighea, §i (00hyFomositesariates rod Mathpdlogl,uvadh3,(12228;2253) at
di chl

(DvRcy | 1 Pog e 3y SRRt ads Loifier wb™ Sl lyenS A Aoy
DVF, is omx@rpylp ithe dlsbrefetiepry in e bysieler af Subbial, T. h@xaaf(mnsr Dable 1, su_pi a)
| SOpPr OpPanOfyes AR50 25 % ﬁa?tléul?ﬁ rt]?eOJontentI[ &11%%]5&-[%1§§%g§r§4e3 E gergﬁlc%

during el ectrospinning.”In one exa i $SO LA.
| n Tabl e resentgappdightion. df tshedlé lof nmén@at Fhesd\|listsKdluatkdte duly amlnplary

b 2225. 200gyo Bpiot M oy SREPRS e e B, 35 BTN 3R e EP R,

possi bl e dwoimte nteaﬁemeyewﬂiffﬁnmmmbinaéomrahﬂnehe enetniatibiedtin thefecurticbet. t 0

arti coe 08 n® (URE Pt o el B S PR st a0t b B brmeetiBy

r ef er ence (PMK), t:lh:élylfomamade chloroform, methylethylketone, acefic acid, formic acid,
ethaqql, 1,1,1,3,3,3-hexa fluoro-2-propanol (HFIP), tetrafluoroethanol, dichlormethan
(DCM), tetrahydrofuran (THF), trifluoroacetic acid (TFA), camphorsulfonic acid,
dimethylacetamide, isopropyl alcohol (IPA) and mixtures thereof, Examples of mixtures
would be DCM with DMF, DMF:Toluene (1:9), ethanol/NaCl, DCM mixed with TFA,
DMEF.THF (1:1) and HFIP mixed with DMF.

[0110] Inorganic solvents could be, for example, water, hydrochloric acid, sulphuric

acid and mixtures thereof. Examples of mixtures of inorganic solvents would be
water/NaCl and water/chloroform.
[0111]  For some applications it might be of some advantage not to use solvents. In

these cases polymer melts can be used alternatively. Thus, it is also possible to use a



present application. It should be noted that these lists illustrate
only exenplary conbinations of polyners and solvents and that a

person ski %’5’?@ éﬁ&g,}ﬁge art would know how to create furgﬁ%@%@mo‘m

di fferent I'ons than the one nentioned in these
[0109] Organic solvents could be, for exanple, acetone,
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m ght be of sorre dvant age not to use solvents, . In ese cases
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[0114] I is finther possible to enhance attachment of cells to the biocompatible or
biodegradable substrate of the different layers of the hybrid scaffold by coating the

matrix with compounds such as basement membrane components, agar, agarose, gelatin,
gum arabic, collagens, fibronectin, laminin, glycosaminoglycans, mixtures thereof, and
other materials having properties similar to biological matrix molecules known to those
gkilled in the art of cell culture. Mechanical and biochemical parameters ensure the
matrix (three-dimensional structure of the scaffold or biological material) provide
adequate support for the cells with subsequent growth and proliferation. Factors,
including nutrients, growth factors, inducers of differentiation or dedifferentiation,
products of secretion, immunomedulators, inhibitors of inflammation, regression factors,

biologically active compounds which enhance or allow vascular ingrowth or ingrowth of



pol yet hyl ene naphthal ate (75/25 or 25/75 (w.%), and about 85 C for
pol ycaprol actone together wi th poly(ethyl ene

oxi de- bl ock;.e- actone) (PEO b-PCL) (20:80). The i
tenperaturgmﬁ?&%ﬁi%helt i s about 200C. For exanpl e, PL2?¢@§%%WHM%P§
used in bionedical applications and is described for exanple by
Zhou, H J., Geen, T.B., et al. (200632Polyners, vol.47(21),

p. 7497-7505). [0114] It is further possible to enhance attachnent of
cells to the bioconpatible or biodegradable substrate of the |
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conpounds sahitehappiibhpitier diy aidimyvtheas dudcdy wikig fhevdolution drrigr apwling theWD

2008/ 069760 ,PCT/.SG2007/ 00041 32,the | hati ¢ network or nerve
fibers, arf@tiPRYComPRRIFSTH ??FBW%P%?%%S%%@IWE %’tlé% Conpaﬁneer onto
scaf f ol d e péaBisidd TtodensubQRicNC4n dlsb B bfplicheo dwtfirkixandSiesonkddayey of the
pol ymers cont.ai ni eptides such as the attachnent peptide RGD
(Arg-d y-A@’Sﬁ‘g&%#c]’%é)fE%Frﬁr?f@%ti‘E@ﬁm?‘br use in formng matrices. [0115]
I n general[oifs]i S FirSkaRpissbiblogidad rdtkdulas wigthi Bt §brodechiniagd ilofiain can be
conponent s, di rect |

to the solution for, el ectrospinning to qbtai
{1 bers wi UACHPRIFiGR K PPl YIRS SIS SHEbE H1EGHRh 7 et G AR 2
funct i onal frdel&gryidgstdpideles W RlopBiBHP BRI Ecus] WhiclE afight HERPRO pkestite the
ingromh of cells into the scaffold can be iﬁcprporated. T

el l ose. . .
conponent sProERR i e oS deeshi raderdy e el e lhittR PRPRCRPSR 't[?‘?'lhft'}?%i
sol uti on Ofaff)d,aRPfYdzB aryidtesterfid Ghdidr AR bx HQIFR.ONEY W Sans ki e pRR644 Ty toOT
subsequent |y through anot her cont ai ner ont@fs gt he sc]gffol d.. Those

subst ancesUse AHCRYHEr Beleappt feide tarnlat@ercrrils B eBent i TRy BT it
hybrid scaghobsli@heties RS %&ea?g,tm@\a@@&émea [91sh6limmph £%a6R! mperature
bi ol ogi cal nol ecul es such as fibronectin and | am nin can he |
i ncor por at eibaubirpnze fotns: Behisutayy thagiebiift efdle wlle rands catib/aesinfeined-and
m gration.ofg {19 sublimation step is carried out to remove the solid crystals formed and
which are responsible for forming the pores within the second and third layer of the
hybrid scaffold. Sublimation can be carried out by freeze-drying (also known as
Iyophilization). Freeze drying works by freezing the material and then reducing the
surrounding pressure and adding enough heat to allow the frozen compound in the
material to sublime directly from the solid phase to gas.
[0118]  Different kinds of freeze dryers can be used, such as rotary evaporators,
manifold freeze dryers, or tray freeze dryers.
[0119]  Optionally it is possible to include a further step of drying after the

sublimation step to remove residual solvent which still remained in the scaffold.



freeze-drying step serves to |yophilize the nol ecul es, which m ght
help to preserve the proteins in the porous nmesh. In order to

i ntegrate I porous nesh of the hybrid scaffol eze
drying ste§&+%&%¢€%§rably excl uded. This neans that theg%ngﬁgé%ﬁﬁé
to use other vapor nolecules as the tenplating crystals. For
exanple, a technique that uses CO2 coBBd be used as the crystals are
renoved by sublimtion at roomtenperature wthout freeze drying. In
this way, the viability of the cells can be easily maintained.
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the polyner solution or nelt. Mpre than one spinneret is_ of speci fic
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t oget her a&&%ﬂ&%ﬁreﬁﬂ!s%ﬂ%ﬁﬁve%ﬁ BNt fasll SALMAREME Tohltenb HAFRxs@vsNt .
[0122] Wth the use a syringe punp, the solution can be fed
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pendent drop of polyner solution at the nozz t he spinneret wll
the strength of the electric field has surpassed a threshold value, the electrostatic forces

can overcome the surface tension of the polymer solution and thus force the ejection of a
liquid jet from the nozzle. This electrified jet then undergoes a stretching and whipping
process, leading to the formation of a long and thin thread. As the liquid jet is
continuously elongated and the solvent is evaporated, its diameter can be greatly reduced
from hundreds of micrometers to as small as tens of nonometers. Atfracted by the
grounded collector placed under the spinneret, the charged fiber is deposited on the
collector.

[0123]  The crifice of the metallic needle (spinneret) can be of different size
depending on the final diameter of the fiber which is desired to deposit on the
bioadhesive second layer. In general, the size of the needle used for electrospinning

depends on the concentration and viscosity of the solution. A person skilled in the art is



becone highly electrified and the induced charges are evenly

di stributed over the surface. As a result, the drop will experience
two maj or | ectrostatic forces: the electrost i on
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correct needle size to obtain optI mal condrtions
el ect r ospi ¢Hiisy electrode and wexplagddehint e rofating aorsc@dscttva mgiéndiicd rpRtdro

b Janges ThIoAAL Sl &K ARB LEAMEEN M nehffiM ndfubned USoc. [0124)
e cte

Thi s needl be conne 0 one or e ‘contalner dependi ng on
how many [@M@nerFtstth@mﬂmdrCé thuppesie thvegidoet fadbd hnymught tteha agstde.

ol ymer - seieafitd proBE9 cpdiR sERAER I GRG0 Pl R oo Rl 5 e
r2 8; at IT Rg ](c:lgnb hytdidi scafolﬁrswnppoaechtarbenﬂnghﬁnmd a%etraganmfaaﬁingl g‘bgeiam]?&ﬁﬁh cEseg

: e secon e e ri.d scaffold ar i X
£ht s dram StRne S e Puee R ml b Feor B S RRE e Reri B,
i nvent i on afzhe tibse mih@pemﬁ@hmhdu&nmn&uﬁﬂleﬁfredoﬁmbtuig’l@e&ﬁb $issubd) sagtodsher
vari ati on, thin |n was used as a unt e rode and was
pl aced beh‘iﬂ%’ ° S8F Gt liﬁ(ﬁo Ko @oﬁ?ﬁ'ﬂﬁ? PR Pfﬂ’& %éqﬁ%]? E’E(’E‘F‘E?FS.&IY ¥he
rotating dnimic ct]&noxag:m elmacxeﬂﬁﬁar aethbrint ECHB ofithd tipdue Hik eh dhebiblagdal
[0126] For_t.h 3 tb?e present invention it can be inportant

t aéas goo as posm

t hat the
[0127] In another aspect, the present invention is directed to a three-dimensional

hybrid scaffold for tissue engineering obtained by the method of the present invention. A
hybrid scaffold of the present invention comprises:
* afirst layer made of a biclogical material which has been decellularized;
» a second porous layer connected to the surface of the first layer, wherein
the second layer is a porous bicadhesive; and |
* a third porous layer connected to the surface of the second layer which is
located opposite the surface to which the first layer is connected, wherein
the third porous layer is a scaffold.
[0128] In one aspect, the scaffold of the third layer is an electrospun three-

dimensional porous scaffold. In one example this electrospun scaffold has been



scaffold provides a certain shape which resenbl es the shape of the
defect side in which the hybrid scaffold is supposed to be inplanted
after manufacturi For exanple, in case of bone or ski ,
reconstruc{vi%ozhbgﬁk%nght be necessary to reconstruct a Cﬂ;ﬂ%(i}z'qowoomu
specific part of the tissue with specific neasurenents. Wen

reconstructing specific tissues, such & whol e organs or bl ood
vessel s, a specific structure of the scaffold wll be necessary to

mmc the oriaginal,extracel lul ar rane (\E f the tissye like in
the bi ol ogF‘é%aJac“H&‘i %’a‘i‘l’l’g‘%‘i’&%&“fg q%&@%isﬁﬁfaé’g/%%%ﬁfl%‘#eaﬁ%ﬂwr at a
aspect, thenmpeesenivhichuieat b:0belos 16 frezin@deihperautedroRe 10N QAR the

hybrid scaffold foy tissue engi neering obtalned by the nethod of the
present inl’/‘%lﬁf‘f’r&‘i‘?gfnd%ﬁ@?’?cg scaffold of the present invention

conpri ses: [0129]f i r StInl ayeftheiFechftha phisedt Agieaabn oL@ tbothe Wad 6P aNfie-
been decel | ul ar.i Zf%bﬂg g&f??nd porous | ayer connected to the surface
of the fir&mepdgRet byt sealpld ofi dhe gussrr Pugptien which pesr beeg manufactured
bi oadhesi vgicoan@ toahd efidd RATRY SrebédY BiveLRRANSF LEE 1O Qﬁog?i'ﬁ'&f 258 lc
the second layer which is |ocated opposite the surface 10 whi c% t he
first |ayefansBlepiahmedtisye. wherein the third porous layer is a
scaffol d. [R3I@8] | npape,aAsp > alf f thl . 1 Se an
Rig 2P EGEet, 16 BEA séa?#o% %us{s&' forlid 'Ergush%fﬁgﬁ?%?fs

el ectrospun three- di mensional porods sca n one exa
el ect r osputinalkiatestiied irrasranewens, Won2e 087d0 69 FeBaeCPla8 G20 BRH080yam, Bk

manuf act ur I.ed/ f t bj oadhjesi ve
| ayer at am%’zd%eel?tgl?l udragghﬁgﬁgﬁ?%%g%ﬁ gifla %’g F%évgnt ﬁgea?tf fﬂéagz%ge ’ P‘ge)n%bg?&é?rur e
of the sol fregmenisror phritctheredie In gl sxamplebs hiledscafidd dluselior frakgRhtation a
further as E(g hat m%og?ent invention refers to the use of a three-
di mensi ona J% scaffold of the present invention which has been
manuf act ur @d31]accorldishl anwhdrhspene thepdesaft itveatiqurie diecteditodenkd ofn thes-
aut ol ogous; . i ni transplant.ation,of tissue. [013

' a fort naptii e Abei KERRRPRE She bRGE e ARG ffpohes R Sambiotndd

t ranspl ant&tordingdd thes nmthodi oftths prasent ihvention fqrahe measfactufel sfadryuse as a

bl adder, stopmch adder, vasgul ar. s e bi.l e, duct,, ali.nentar
canal , res%?drﬂgatl%ﬁ’/ {F 4% 28 F&ﬁ%ﬁeﬂ%ﬁ?{@éﬁ%wgﬂ?g daraeg tpaVaﬂf\?et}SS‘beogfe,
skin or forggudhe byloid waffold it ghesd.to bevelorge tedrpling, prodess hypoliding a
scaffold i Eoréju%%‘é:ﬁ Efce Eh[u%ﬂl%éj elalﬁl)%u?gt gngrgmhogf n%\srv'ﬂp ttc}gge? t&ssurgua%g %rg's'culaﬁzation.

[0132] 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.

[0133] 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.

[0134]  The inventions illustratively described herein may suitably be practiced in the
absence of anj; 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



[0131] In still another aspect, the present invention is directed to
the use of a three- dinensional hybrid scaffold of the present

i nvention yﬂy 5%&3 Obeen manuf actured according to thqxgﬁ%gﬁgwﬁ&u#h:

pr esent |nvent|on or the manufacture of or use as a

use as a nedi canment includes replacing damaged part of a tissue or
organ. The hybrid scaffold is supposed3éo accel erate the healing
process by providing a porous ECM | i ke structure allow ng ingrowh

of newy forned {issue cul arj zat 0132] By - i sti.ng of
is meant ifeSERIS h @Ia‘f"F‘?ﬂ\GFéd’rtR? ricih Jhegey b %fom %v%c%gﬁée‘? S‘r# Ferios
“consi sti rlﬁod?ﬁcaﬁoﬂ-shdt@ podsite RIRASRe sceHNSf th ifVent@tin cldimed. qaﬁeat sﬂa,aid Hehe
listed elenents _are required or nmandatory, and that npo_ot

el enent s rfﬁylelgr@cmb rtgfgeﬁfhougg I@qg]prqg?tnzgmpp Ja gbeelp tSppcdtiqally nq.lsclosed by

' ncl udi ng, r&ﬁﬁed’%ﬁnbbﬂi‘iﬂeh%d ah®@ ophieAd] eBiures Ol h MEeatifle anWOlgliation of the
" conpri si ng Thus, use of the term "corrprl sing" indicates that the

|isted el cfemtiens egphodied dhareiadhersin dissiersd aiay betseroried it biotpesr skilled i fhes
are opti Oné’i‘ll. aR hat B¥h A odiFE SR anQQ/anﬁfoﬁ§ Q@tconélﬁ)&gtﬂ‘ao WLMY&%!)W&E

illustrativély described herein may suit practiced in the
absence offhawe@ﬂl@rrent or elenments, limtation or limtations, not

§peci fi Ca:_l[lé)}’ fﬁl : nC nﬁ&‘?ﬁ% Ble Epsﬂﬁbedfb?&dﬁ?(ﬁﬂpg'ﬁﬁ?rfcta@ehérgihn%ach of the

conpri si cont al ni ng
expansi velnarawelr sw:mmﬁ subgmetra:tgrmpmg&ahihrtg itteih Fhe, gendris disglomwre aklsel form
expressions- l. i.n.h ri n
and not ofbrt Ao T Pl e 85 BER AT R B o BREE BT,
terns and expgaiss lmnm@fremmmhgdnmglb@nymm ifrvad the pomefregandesdOf whether
2008/ 069760 t [ S&0 7/? §6 E A Pd shown and descri bed or
portions tHEPEBF T Xeferip 1815%33 VAL 5’5611{/ar| ous nodifications
are possi HOE36M t hdthert lembodineps efe tulithin mivee follewing | dding dandT hows-Jimiting
shoul d be t hat although the present invention has bee
Spec 11 cal PSS 3 B8R §hed STl abusri B ea SR s A i ct
features, Modtdhi @Mpspﬁoﬁﬂhﬂbﬂrm&iel DINwillf reddaize mv&iahnmﬁoxeﬁbnditmﬂeby
t herein h(#?l% glsclose agﬁg&bed to b k|| |n tQ%
art, and tdF5$08% ChoHBY PY P4 ﬁrqr(ﬁl}?% ‘é‘e}@
Wi thin thexsgope of this |nvent|on. [0135] The |nvent|on has been
descri bed broadly and generically herein. Each of the narrower

speci es and subgeneric groupings falling within the generic
di sclosure also form part of the pxx®mrEm. This includes the

generic descrl ption of the invention with a proviso egat
li mi tati ot ¥ovil dh%??yoszéﬁlpnﬁ%%?fﬂlﬁ%‘wg He cyamries frﬂ?@@ F%g?eof

whet her  of a hybrid scaffold of the present invention is described in more detail before referring to
some specific examples carried out.
[0138]  The purpose of producing a hybrid scaffold is to combine the advantages of
both biocompatible polymers with that of acellular matrices for tissue engineering
application,
[0139]  Figs. 2a and b show a schematic diagram of the electrospinning process. In
this process, long and fine threads are drawn from droplets of polymer by the application
of a high voltage electric field. The resulting nano-fibers are deposited onto a rotating
mandrel (collector) to form a tubular intercormected porous network. The collector can be
in any geometrical shapes other than the cylindrical mandrel used in this particular

embodiment. Many different materials have been electrospun alone or in combinations



or not the excised material is specifically recited herein. [0136]
O her enbodi ments are within the followng clainms and non-limting

exanpl es. Bz&%sﬁ%ﬁm where features or aspects of th?diﬂs\e’&ﬁ‘y{ﬁ%l‘ﬁe

described Ii'nTtTerns Mar kush groups, those skilled i

recogni ze that the |nventi on is also thereby described in terns of
any individual nenber or subgroup of n®hbers of the Markush group.
EXAMPLES [0137] In the foll ow ng section the general setup of the
exanples for the manufacture of a hybrid scaffold of the present

i nvent i on wibeddeentselaentn Sepeexarplss fregses il thedpioving pvicys (s Z

speci fic eyamplfs Mahid RenAGishnd, @138b3, gD WS, msglaofyw %U$'1ﬂc91a§ced
hybrid scaffold i's to conbi ne the advantages of bot h bi oconpati bl e

pol yner s ¥laterials a0l bf, paldS1HL LT ok pxaeiles B¢ pelymen used iy poludhirgtide)
appl i cati qpy a] 813Red il 93,1 3203 ﬁ&&ﬂh&oﬁgﬁ%eﬁoﬁ@m b sridik agoaaabnd he

electrosplnnlng process. In his process, long 'and fine threads are

drawn frorftH0bpl gtos et Plpmsymf ﬂ:ﬁwdlsqi@u@pﬁ:}e. @alpgleﬂ mai¢rizd updgiR avisicEage
el ectric fdlrggl% gi e‘?mf”co Llfcin@%s ol LREhS: uﬁuﬁﬁwﬂ&sﬁ 20 rara&ugmd

rotating ctor) t orma tu I nterconnected porous
net wor k. TEmeosx)| Whil¢ mferemes be mada tapyrcige esophageglahumba piais uoddisood thain

t he cyllndrlcal mahdrel used in thlsp r i tIE@

di fferent rtrhﬁ3 PAEFS hoé:\(ilém%elrllla%llcect(?%s%tugna oﬁigdc})e?n?ﬁgc@% nat 1 on
2008/ 0697 GespReId yZCRAN HiteD Betiteks (8F. husinagodnd, hmmmﬂtar&:wlthmnhesscoﬁnaﬁ;m

exanpl es aje. given,in,t fol |l owi ng reviews Hua ot a
V. and Rtk dte didoalies b i preppea B HinacGany Hoppr R
Advanced mﬁbﬁliaﬁaﬂmbmad:oséu&ayﬁs ]ﬁicﬁaltb]alﬂeﬂn)amn’ag"lnﬁub (eotaidtihee 6f ntubenlaris
pol ynmer used is pol ,L-lactide) (PLA) dissolved in 1, 1,

1,3, 3, 3- hee%?f'”ralf& ré%%dg * (HFIP) in various concentrations.

[ 0140] Forjotf1g purﬁmﬁ@s)saoﬂ‘s tileled with 9Bbas yskRtion thaehicl tie@bitidliufibfici thel
used is a freeze- dried decellularized porcine esophageal nucosa
(her ei naf t%8 RISBRISs decel | ul ari zed nmucosa). Wile references are

made to pqordzne eﬂﬁ@ﬁhﬂ@ﬁﬁkwmﬁa@mﬂt With URERES} Qﬁdcehh&kld aftiph and
natural |y OCCUI’I’I n matri ces Etromach bl der bil e dugt

al i ment ar yechanicab; 3ozmsipny fo r?%vm ER”H OBRPEFE {19y the, H5UFre fenﬁ?}?%elf

human) ar ec¥tuldi whﬁ@ Bt ARE t@&)retsm§ theQnp6HAS YirsturdngddRe@iohal Réteinsd
mucosa i s prepared by nechani cal Iyﬁ%epar ati eg t he, mucosal and

subnucosal Theggaiting seaiinlenECMeitdpen qateééaé‘i FoHIng AR sHIe HEC¥UMSr i s
liquid within the hydrated scaffold via sublimation. Alternatively, the liquid may be

removed by subjecting the sample to critical point drying (CPD).
[0143] Biodegradable and biocompatible adhesives, such as fibrin glue as the
bonding interface between the acellular ECM forming the first layer and, for example, an
electrospun scaffold as the third layer. More importantly, the the bioadhesive is made
" porous by applying it to the biological material which is maintained below subzero
temperatures such that ice crystals formed within the bicadhesive. The hybrid scaffold is
subsequently formed by electrospinning biocompatible polymer directly onto the
biological material coated with the the bioadhesive. This is followed by Iyophilization to
remove the ice crystals, forming a wholly porous hybrid scaffold.
[0144]  Bioadhesives can be applied to either side (adluminal and abluminal) of the
decellularized mwuecosa by casting. Other methods such as spraying, electrospraying,

electrospinning, spin coating, dip coating and brushing can be used. After the application



externa and serosa/adventitia). [0141] The nucosa is treated with

di spase sol uti on to detach the epitheliumfromthe basal nenbrane.
[0142] Thi oh wed by treatnent with Triton-X, peracetic acid
solution a (?2% R Jgﬁl cal abrasion to renove cellular col?ﬁ}g#ézﬂ?"é%%li)m
the tissue, rendering it acellular, while attenpting to preserve the
i mportant structural and functional prageins. The resulting

acel lular ECMis then subjected to freeze drying process to renobve
the liquid within the hydrated scaffold via sublimation.

Al ter nat i wBihe, blpakﬂéxeswqum dhmégﬂelbéanﬁeé e Islecaeminame; Hghe Kbes dese 1o
critical RobRl adriflpcL(PR) ik AfchssBhndegradanh Gnand wbi aroBBRLARL ©
adhesi ves, suc r|n g bonding I nterface between the

acel | ul ar eE@Mspm ﬁbwg atehwetfddrwith theyhipadhesive onrdesste fpimesuifigient bonding

electrospu f third layer. Mre inportantly, the the
bi oadhesi Ve %ﬁﬁas Rglg%m%gkrwtgﬁg by applying it to the biological material

which is I{muzhi} ai ﬂmabnb@bcmplsuﬂmeﬁm c@m@ed@bﬂulweélmwosmm atfagked to a

s f h d f
cubscquent Ry BAUEL 85 BYEHS FGRRE R A8 B ST At beBAE Sttt fropad, ||

onto the vb;!idhl sD@im@hn Iﬁhéz@ﬁ.te&leptﬁsﬁai @daditidn, ﬂ:\laevatdneompmntmm&e fibtin s

is foll oned hj i zatign I, eno g a
whol 'y po ?/%?rﬁ’dmg é’%{?hf":bﬁl? CrTsélfﬂqﬁg é?%gﬁ‘g %ng Sé/a?r??doles 53{’36 18dt o
ei ther si (ﬁ%eieadﬂedﬁ‘b RéhowaNide a@kwm Ratipg béhiidhe conkanet donbistingzefcbrmgenis a
by castin O her as sprayi el ectr.os ing,. -
el>lect ros pl%ﬁﬁ‘if‘i’]s@“n §%‘g‘?ﬂ]c&§$ Qf?é%/ai“ﬂ %‘E}ISMH?{?gx‘:@aﬁmﬁé”qﬂ%d
After the gppb bs@h{z&maﬁ\@ea@aﬁw@g}z&e cRCHEHE200 G0 OBl riza88n efithinhie

bloadhe3|ve on t he decel lul ari zed .nucosa, e| ectros of the
fibers begpaf®ld. Fhisds usefhdn rrplasing dusk sesments aﬁ‘ﬁ %?@é%ﬁ? PerR&eOVHH; s

i S to ensyfnd MatediiadRme8 bidchles. Bl REphAGALURC hbDEsBuARRIn Rt £ asht h
t he bi oadhesive in order to formsufficient bondin with the setting

bi oadhesi Watrie} (4 45rienh dffsioax adopdl mifEationy Angthep stwtage | e 1P ed
mucosa i s ;alirachedat &e%egﬁ@dﬂoh%dﬁ@t@%%’bm lafeLarfeiophialasd fHRrp¥Rshs @ik he

fibrin serve as a negative tenplate around_ which el ectrosE)un fi bgrs
are deposilaver willnfagidigite jveseuler Hograribe i ¢Bitp Sk RIOMGUES; gvllt inéllyafipy j 39

freezes t Qra;cgfagkétﬁ)ﬁ b fg&’oﬁ's il 1§§e9 8186 fa@ﬂftaﬂ& £inBddig ofithe cﬂffﬁéﬁﬁd‘c &h vivo,

scaffold i s subsequent freeze-dried to renove ice_crystals
| eavi ng bdMie nflaaobREb et cancsiensiitcpHegen Bnd st thepraodelipg BROPSS e the

3,(01&}‘ }‘ old (GRR) kil Rayed @B &5 cdhfhrRom WO HSn-bérBhd Bori iREHRE egrdsS

)

without collagen deposited from the host cells within the interface, which might result in
delamination of the hybrid scaffold upon complete degradation of the fibrin. Lastly, the
degradation of fibrin can be controlled by controlling the pore size of the interface. The
pore size can be varied by changing the concentration of fibrinogen and thrombin in the
aqueous medium, thus changing the amount of ice within the fibrin layer.

[0146]  Thus, a hybrid scaffold of the present invention adds more versatility to native
acellular matrices. It can be used to (1) tailor the mechanical properties of the treated
ECMs to comply with host tissues, (2) replaced excised tissue segments by providing a
thick fibrous hybrid scaffold with large pores for cell infiliration and vascularization and

(3) organize cells attachment and proliferation along aligned fibers.



porous construct can be used to support cell infiltration and
vascul arization within the scaffold. This is useful in replacing

t hi ck seg Fe ti ssues that have been renoved du

decel | ul a%{@?sgoﬁg% ocesses. |In conparison, the non- por%@£%0%7fq0?1414
filmacts as a barrier to nutrient diffusion and cell infiltration.

Anot her advantage of the porous interBéce is that the degradation
products of fibrin are angi ogenic and the porous fibrin Ilayer wll

facilitate cul i,ngr in viyo. ronoting cell |nf|Itrat|on
and  vascu®iBat ﬁﬁbnﬁhé%%rﬂo&nfiﬁm k] enif s SleFtERsPRpt s¢adtold

r emodel i NgdeRbI1AGze@GRSd0sA GithipBrotls fibrin 13];@ infiltrated fibroblasts can
deposit collagen and start the renpdeling process while the porous
fibrin layer degrades. In conparison, the non-poraus fibrin interface

degrades i4djout peRihRERAAERAN PuSEed] hiffbdahe host cells within the
interface, whlch mght result in" delam nation of the hybrid scaffold

upon conpl [é#¥] degAaii’&tPilfb /f dengthhé empisi ervestgd thgm the)anidgeqion duft fresilyof
fibrin cambee@pblllettbhlyhsCie RtdRtd h@glﬂe%lulﬁgﬁ fo r%h%@i]@efllufapgebns for 5.

interface. The pore size can be varie hangi n e concentration
of fi bri nogiantes aldoemivmyrgfutieand e saamiﬁesémgpenwlouartudmm Thieamgpsabartdhe
amount of Jd.ge v .tihi. fold
of the pr e%en?gqsnve%r%%ﬁt%ggéécﬁ%n%%n o éigaa?é#@ Lfémal gBﬁQﬁegeﬁ%ﬁ?@%
matri ces. thmrcsaularbeeeﬂasmd atd sqrdsp), tadl Ils:ft tat h&nmhadmanaied pratp et #idegreesf
the treat e&m@%ﬁsé Iy W th host tissues, (2) replaced excised
ti ssue segnen pI’OVI d| ng a thick fibrous hybrid scaffold with

| ar ge por €815@r C'Elid decellinlatizagibn oreagent iv asepskar hxziagia)rfozamrﬂatlo(l%f 31%
organi ze |l t hoent . rali tion,alon | i er.s
2008/ 06972‘%@%??3@%8%%@Wifﬁetgﬁlﬁﬁ%ﬁf%wa B B T AkeT %LPlPﬁg
of cryogeni(gs eblaaier 88puvolstafThel t(jlpmﬂdcondﬁmeﬂxdnsl drthe echgeatanitisgedMnt this

Pora0) A Sarrk ¥entaryprie B 10 o vl e REFLR . s o s
freshly haagmxslts dbn poted figo &SO@hﬁggll&ss Pelri Qish.MThdigigdal isimplad dfitRe ﬁxﬁ&dé&li on
Sanpl o o 1 TSBERENST GG ALY B U SEH ™ St H SR BE Som Ser o
are then rnmcqqa@n&a.bthxsmeaammmi fusi@ g nidaRani Mol ilgudihg e nétdLRIEdI6,| Ng
of nuscul ari s xt er n%&%gﬁ € osa | eft to i mrerse in deionized

wat er at @aﬂﬁeg figero p*‘hsﬂéﬁses [0150] The

decel | ul arfozsti omaemeﬂt delanifftiRp afelds FabaDiomf Boiisiol HBuOF003dktes.

hydr ogen rOX|de IaC|aI aceti cid_and deionized water in the
r )allt i Ogof 10 8P 0 cycles are also suc%tagle After mechanical delamination in the reagent,

the samples are then neutralized to physiological pH with the use of sterile phosphate
buffered saline (PBS) by placing them on the rotor shaker for 15 minutes at ambient
temperature. Typically, it took 5 to 6 changes of sterile PBS before the samples are
neutralized at physiological pH. The sample is then immersed in a Triton X-100 solution,
typical concentrations ranging from about 0.05% to 5% or about 0.5% to 3%. Time
immersion of the sample in Triton X-100 ranged from 6 hours to 48 hours or from 12 to
24 hours. Mechanical agitation was provided in the form of gentle stirring with methods
including magnetic stirring, but not limited to mechanical agitation such as rotor shaking,
paddle stirrer and rotation shaking. After the treatment with Triton X-100, samples are .
rinsed of residual detergent by mechanical stirring by the above means, with rotor

shaking preferred. Typically, it takes about 6 changes of sterile PBS to remove all traces



40% vol une: 40% vol une. The typical concentrations of the reagent
utilized in this particular invention ranged from1%- 20% wth 1%
- 10% prefgerr %ﬁ nil of the reagent is then poured into a 100 nm
gl ass Pet r}%od";3 qﬁgﬁﬁdi vi dual sanpl es of the nucosal an#]TéWi%gﬂf

| ayers are then imersed in the reagent at anbient tenperature from4

to 40 C, and both sides del ani nated u¢ing nechani cal tools
including, but not limted to, gauze, brush, and the edge of

m croscopi ¢..slides.. . [015 Mechani cal .del am nation cycl es rapnged from
mbout 50"t o THBEEIA0GE e stmind 2t Rernfris gt s Shchrun gl Eerl
sui t abl e. PBS$ applechediwdialantiebiwigraiditn/siraptdoieid) @pgenll furthdi@ss anpl es
are then neutralized-to physiological pHwth the use of sterile
phosphate buffered saline (PBS) by placing themon the rotor shaker
for 15 m nwisy atMawbfaeiire of BYARRY @thffold. Typically, it took 5 to 6
changes of rile P before the sanples are neutralized at

physi ol ogi @i%sﬁp H. ﬁﬁ&% Sffhen fselpgrdqn p g fitiedTyith 8 26 gaugeppetal

sol uti on, ndelflp] Which GOBCEIMAAWIANEe bAMGE Pitd (REIAROW A ARYELE B &
about 0.5%t0 3% Tinme imersion of the sanple in Triton X-100

ranged fr ot s irermentel renglitions arst qopfielied wigh anpmnbinsd fempendit betivesal
agi taton ¥RSeCaME ttalifd it BNGIR Bl HEIRS ikd TELROND
including magnetic stirring, but not limted to nmechanical agitation.
such as roewperaMeRi Ry decplidarized swicesads atizrlied 5t te inndshaikh i abiiisal

the treat r@%ﬁﬁcev"ifz{cﬂlg-r'hg.t Qe b8 erﬁ%ﬂ@ltﬁt% Gf solubiflR€SeOf nﬁgtﬁjce?,u%;jxed
detergent by nmechanical stirri n% y the above neans, w TR Totof
shaki ng prth¢renghdyl andrgymlied ohip the topt sikfacs. Sonsiant Gnemeatig @sesafre &t aplitdtoPBS

0,1 scena 0 GHONLOERISA.TET) SR A0S0 4OR! bty

rrces are
stored i n totiky inkrdrelPBE! 8 waplecraylvr ednavforthedimid diatsianspolymer jet is ejected.

(penicilli t i n).at...4 j further. use. 1521  Manuf re
of hybrid @é@%@ﬁﬂ%ﬁ@g]@ Sle‘e"gﬁ’k‘h‘l’s %)ﬁed’?’( s%aﬂs ?’%“%?“5%‘%3’ E)ﬁf]“% 0%3“%%5"%
syringe f ifitrodbividhbsive. Zbe gausgpes nelvalt in migefibrdy layhi frbze] forinmecionicasials

with the eatt . dl izes .can vary fr 8Gto 86). The
envi ronmen gnpglgr?géa |%ﬂ'%n§}rﬁeen %18% Drs%%%ilsvﬁoﬁg}géeﬁ’ %%%@ﬁ Scfi%?'}%ésr thre
bet ween 2Bied c2B8Aghirtd ranave it dmbeddednitakirysgalbet ween 25 - -80% The

mandrel i Bl t ubzerq .t eratures. The, decell rized
nucosa i sﬁgﬁtlg\c h:&gg%rgs f%%ndﬁ?aﬁ?ﬁ}cétl FPR ROl tg‘ﬁih%%descgﬁl?ﬁé%wg(w ng
up. The fidbciropimmgando thitoimbioated ahitbbDmsintieed O REEzefollleRPerafitas s a

t horoughly _and. applied onto the 1o urface. Cons t eunat |
pressure icgmgﬁrbﬁoﬁ’eklﬁubes P%ém‘gyer isﬁ‘b‘g t?‘% C'é‘ﬁ?§t“°§f’tr‘fma°b$%€fblh§€“ ts"*’thL‘i’@i by
needl e ti plechospiinirpgetdatfibeianodidd ek ahbicap Rinipefture. As a result of the

subzero temperatures in which cryogenic electrospinning is carried out, the formation of

a porous fibrin interface is observed (Figure 1b). This is a positive step towards attaining
a wholly porous hybrid scaffold that would be advantageous in nutrient diffusion and cell
infiltration in in vitro and in vivo systems. In comparison, the non-porous fibrin film
shown in Figure le acts as a barrier to nutrient diffusion and cell infiltration. Another
advantage of the porous interface is that the degradation products of fibrin are angiogenic
and the porous fibrin layer will facilitate vascular ingrowth ir vive. By promoting cell
infiltration and vascularization, the porous fibrin layer also facilitates remodeling of the
construct in vivo. The infiltrated fibroblasts can deposit collagen and start the remodeling

process while the porous fibrin layer degrades. In comparison, the non-porous fibrin



to the mandrel until a stable Taylor cone fornmed and a const ant
polymer jet is ejected. Electrospun fibers are deposited while ice
crystals sjinultaneously fornme on the chilled fibrin bioadhesive. The
aqueous so"Welt® ¥ he fibrin 1ayer froze, forming ice 24974000414

wi thin the bi oadhesive. Wen electrospinning is conpleted, the hybrid
scaffold is freeze- dried overnight to4idenove the enbedded ice
crystals. [0154] Figures I's and b depict the cross section of the
hybrid sc ned.b | ectyospi nni ng onto fibrin coated
nucosa nai ‘r‘# 5‘11"‘?1% CRicey &B@%&ocoﬁ B?W%E"OfﬂAgleémecQﬁ%é‘Nhgbﬁe iptpigasres
ld and e shBith bhightGERESn &ﬁ@ﬁﬂn@ﬂorpéf th& ByBHNCh @018 686 rth1&Y degradation of

el ect rospi nni_ng ont?ga fibrin coated nmucosa at_ anbient tenperature.

As a resul e dprpeasthy disdegrpdationy frincas be poojellehby:papigling the pore size
el ect r ospi sith@ ghtdriace AL E@l‘é s%tcan B@?ar'fe@rb%hh%{hgqﬁe cChcPRfRHS of fiﬂ}[n'oggs

interface is observed (Figure Ib). This’is a positive step towar
at t ai ni ng @4 thpegbining mom?dlwns@aﬂr ¢hanging Hhetamopnl of lbfewahivahﬂl‘é}genus
in nutriengygi ffusion and cell infiltrationinin vitro and in vivo

syst ens. In conparison, the non-porous fibrin film shown in Figure
le acts as[0é5fﬂar r Fignretls showws fhertep slirfabeiof ®a caregenie lectiospun tongfolil ovhich

Anot her a@@mof:lgwaezapa{doysmenfaﬁ fﬁ%@s mh%&agcgfg&“ n@g%@%géﬁﬁfﬂ

products of f| rin are€ angi ogenic rous
facilitateindepdneul el iinggowiitt fe.zn swioeth mByscler cmﬂst)l ragd cedsbuiamzaﬁoﬂ twhini on

and vascul t rin |laye o fa t.at es )
renodel i n éé#%éﬁggéhgrfﬁ% S%r%ie vﬁ?%. X?th‘}iel e?sgtsg%%q’l‘? g}ogr&l%‘g{ggr can
deposit c olﬂaaig ena hadesb aelt mﬁh:eatibm amdehy ig be psefid @ssonsdnidiag thivk tRaeqQUS
fibrin layer degrades. In conparison, the non-porous fibrin WO

2008/ 069760 PCT/ S&2007/000414 41 interface degrades w thout coll agen
deposi t ed [mifm t hl‘deﬂmﬂtfom&b@nw dérspingingnt er f ace, whi ch mi ght

result in brid scaff on
degr adat i dﬂ? ?SBl?erﬁlse in 2his g% Fﬁ%‘s éﬁg&a{% Wgw‘L%sLﬁ Bl he
cont rol | edrbys eo:ntrtnoldsu ), tahe tn@rselvsmz;e 1,01,3{3(Behdx Bl @hdissgRopadd]

ey,
si ze can beav rlled ﬁ‘ﬁ nﬁ@% he concentration of fibrinogen and
thronbin i® %a gdedige ‘thus changi ng the anobunt of ice

\tNlht hi n t hqotid)ri nCrybganter elec[tz@ﬂifﬁ%ﬁ]slcgﬁﬂw EHS c%@@@abhbzged ?’spfogbw& EPI,%' af

e cryog e un scaffo corresponds to Figure |a
and b. Th ﬁsgﬁ'vﬁ‘im;#@sa%ﬁm’tc OESBWB’F el ﬂtﬁrl %@*E%IE‘FQH is fheh plagefligi ng
cell ingr cmdwmI Snifige SARDLTh HU6 GhireGedt] hbedd) AvVASS H Snkat B/ it0 he WA d
reconstruﬁt1| t he ITUSCU|a{JI (Si extema. In conparison, the dense

scaffol d bieﬁnﬁF‘&aJPB‘f ifiops arg confraligd Wi an pgbicst fempprpiure besweean
and nmay naip dge— 28 eEUnd ianeReRShikialt) Bewebl 84504t SBYHCBhe mandrel is chilled to

subzero temperatures, Constant pneumatic pressure is applied to the syringe to sustain a
droplet at the needle tip. A voltage between 10 to 35 kV is applied to the mandrel until a
stable Taylor cone is formed and a constant polymer jet is ejected towards the collector.
Electrospun fibers are deposited while ice crystals simultaneously form on the chilled
rotating mandrel. When electrospinning is completed; the fibrous mesh is freeze-dried
(Freeze-dryer, Alpba 1-2, Germany) overnight to remove the embedded ice crystals. The
scaffold is then oven-dried (Thermoline VORD-460-D, Australia) to remove residual

solvent. A schematic presentation of this method is illustrated in Fig. 3.



[ 0156] Met hod for cryogenic el ectrospinning [0157] The pol ymer used
in this exanple is poly(D, L-lactide) (PLA LASIA H100J, Tg 58 C, T.
165 C), and the solvent is 1,1,1, 3,3, 3-hexafl uoroi sopropanol (HFIP,
anal yt i cal WOrPAB M ck Si ngapore). [0158] Cryogenic el BcYTGRatod1s
scaffolds (CES) can be fabricated as follows. PLAis dissolved in
HFI P at a concentration of 15 wt./vol. 42 . The PLA solution is then
placed in a 30 nl syringe fitted with a 26 gauge netal needle, which

isin contact with the earthed plate. The environnental conditions

are contr ol el wi Effecdrrtarfiating: humidier off the ewdrapsnt oporere. stogtgeanly a
rel ative hygpsinidelaloynaiscafzdfy- 80% The mandrel is chilled to '

subzero terrEeratures Constant pneumatic pressure is applied to the
syringe t ol03¢@&t ai Rheelfeghofthesielagive hymidie efithe epvipnmanhas| ea}gvée pacieerf 10

to 35 KV | Sydfiftle] @édubuh hE:ABM ALl iU o scabrBl & ﬂ@ﬁ&é Rfidas

formed and a constant polyner jet Is ejected towards l'ector.
El ectrosp uthnfll Iper §s anvestéapeds iThe delafivd buinigity cafythe aﬂl@trsspmmingaciambst

formon th {g?_rﬂgr 058

conpl et ed,; &G%Qéeltd b%ﬁ%%i&agrr%gh i 8 eelgtjeo i e% ﬁil{)‘éﬁéegeze g:?@é?%cgﬁ%s%l by
1-2, Ger rram;ryvdlmugmﬁtghtap@m Wiéxmdnenﬂdnﬁereﬁbeddad poigs, @ﬁ%sRH,I 4% R&Ieand
scaffol d | F . Thennol Cl]ﬁl} Australia

renove resi Jéﬁp sol veel%\}e %ﬂé%{ﬁ' r?%'aet(foc eﬂF&e/sen %Sfr%emperfa 1" A
illustrat ed—iO’iClﬁn@all &hef\w:aa{mé ﬁé%’;ﬁ@oﬁﬁﬁt SGZOO?/ 000414 42 [0159]

Ef f ect of tiv t he env n t o or.e

cryogeni ¢ @?é@t ro]gﬁu#rpé) Y76 "“‘Pi?t"sngJr %%38? H%gp(tlﬂté ig 5;?354‘2@?
huni dity offigt $te 46%\RH andrBiat SQYBS%”)EItm&i Be Shsetied diae aOhumidity Pgeades from

el ectrospu used the h d scaffol f the sen
Cnvent i on 24 tﬁ%w £§7’§F 0 E&SP“‘tﬁ%afg’éqo sy Brson o Pyreof
the el ect E&bﬁﬂbcﬂ mhﬁgacﬁcfid mﬁ&rthb Sbseﬂiﬂtﬁﬁ@ aredmple lil.ité-llﬂad bt€ich@esCiy fBhASE RS
nltrogen Into t er or,is i cres intr wat er
vapour Wi tlﬂ“)aga?f{?ﬁ‘io@ﬁ’iw Prﬁl@%b B SETions PRgIGH wst 3&%\% ok Gos
RH (RH = r®loaf éup 8@&&1:&:&131@@&@10&9&5! fetgste mm@reaatrgdml ockYRRGBEPS, | S

mai nt ai ned at C.and all .other paraneters are keipt const ant .,

[0161] Fi grem%*%wse I9T8EF PSEAMIIAR ‘tfrﬂéfg?‘%ﬁﬂ?%mfet??mtsﬁen §oRHeld atixgher Bpmidities.
(Fig. 5 2o%eckibr, thEldh ofabe crd Qb iathaRE ifdises3hih RAYAIty; hénce 3R P&portion

observed that as humdity _ increases from 25%to 55% t he pores of
t he cryogedfilee Byt PIOpIE INSERFIIr PSR 8 BOTE Y EWUAHE nore  defi ned.

Thi Sf accor ugm]t h ghed Qxbﬁfé&é/ﬁﬁdl&é& 1that bshsRlfePhat Sirdrhdt@s Blaf HRME S
are rorned a
crystal formation on the surface of the second layer, such as the temperature of the

second layer, temperature and relative humidity of the environment, affects the pore
structures of the cryogenic electrospun scaffold. Conditions that favor aggregation and
formation of ice crystals result in higher volumes of ice crystals between bundles of

- electrospun fibers; hence resulting in larger pores of the cryogenic electrospun scaffold.

[0163]  Effect of time imterval betweelt fiber deposition on pore structure of
cryogenic electrospun scaffold |

[0164]. Ice crystal formation and fiber deposition are two events that happen
simultaneously. It follows that the rates of ice crystal formation and fiber deposition are
two competing factors that can affect the pore structure of the cryogenic electrospun

scaffolds. To demonstrate the effect of the relative rates of ice crystal formation and fiber



| ow saturations, while higher saturations produce dendritic ice
crystals (Libbrecht, K G, 2005, supra). These conpl ex structures
aggregate nore readily and occupy nore space, resulting in the
| ar ger porWOIBH6H0t he cryogeni c el ectrospun scaf f ol d BES2H&00414
hum dities. Mreover, the rate of ice crystal formation increases
with hum dity; hence.the proportion ofssice crystals to fiber is
increased resulting in a nore open structure. [0162] Based on these
findings, it can be postul ated that parameters that governs ice
crystal f ofemasitiononthetpves sturcfiae ef tie cifogerie elitebshay &hfold kb 1% hidsral
t enper at ur second. | ayer, .t eratyre and relative -humdit
of rr}[)he env r)g%%;éegg fibery E%S?téontlggar&gr r&mgﬁeﬁ G’P?sm‘iﬁfvatﬁ@ slawep e ate of
el ect r ospufibsdeddsitiod. Condi ti ons that favor aggregation and
formation gf .i.ce stals result .in higher vaolunmes of ice crystals
bet ween bu@&?gs oﬁy‘aﬁvérﬂ?%‘gédﬁlawﬂgl&@?‘%%és FeaRGdg Sp% Ridragdthe
pores of thmendrelyargepittre e Bahfa02RdN-36 €@l {10bifler pal ka3 argf{éﬁ%ns%t.f“ me
osition on _pore structure of “cryogenic

i nterval bﬁtlé\@en i ber d%z

el ect r ospurt "88af 1A eV WO Paiting perqds wepedtspdhas folowmd i ber
deposition are two evengs thamhplaRnen=osiiybt aneously. It foll ows
that the rates of ice crystal fpormation and fiber deposition are two

conpeting factors that @an aempleB rFe povwtest ruct ure of the cryogenic

el ect r ospunisgcaf s welQ1.080P0shiaLe the effect of the relative
rates of ige crystalﬂfsor mat 1 on _and ?K%ﬁer WD 2008/ 069760

PCT/ S&00780004 15¢mple3Ay dpd &ipit &1 ominsh&=Pb e 1@ (spuciourl@ mibs,tXed), A-15

cryogeni c el ectr ’Qﬂﬁllg%ﬁgﬂf% the tine interval (X) between fiber
deposition is va(%?ed. The ’ong)er the tine interval, the slower the

rate of fliber depoliBiRnd. (sifio 185 mifeXefmin), Babepal for 8 mldsyE=humli t y
(RH) is maintaing - 00 d mandrel tenperature is

mai nt ai ned at %%Céblﬂl%ﬁ/goﬁﬁﬁenrs’ par]gan%g} ers are kept constant. [0166]

For this dPU), tRigmrediillustugtepdre resist afichis exyeeitheas Figakd DYW; (of bid Gpamw! €

Fabel ca s e Eg 4R By el i st om Bl et

(spin for 0and §, mitGgs, of\-spBminfgs piithodtoanyl FinteaievalXz0 betiebn sPRATRIE
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of cryogenic electrospun scaffold after 5, 10 and 15 minutes of spinning with a time
interval of 5 minutes in between each cycle. From Figure 6, both Samples A (Fig. 7 (a),
(c) and (e)) & B (Fig. 7 (b), (d) and (f)) are porous throughout the thickness of the
scaffold, as observed by the slow building up over the 5, 10 and 15 minutes. However,
pore sizes are smaller in the early stage, becoming bigger as the spinning proceeds.
Sample B has pore structures that are larger in diameter and shallower, as compared to
Sample A. Both of these observations can be attributed to the time interval X. The
waiting period between spinning allows ice crystals to grow in size, hence resulting in

larger pores in the cryogenic electrospun scaffold.

[0169]  Effect of mandrel temperature on the pore structure of eryogenic
electrospun scaffold
[0170]  The effect of the mandrel temperature on the pore structure of the cryogenic

electrospun scaffold is investigated. The temperature of the mandrel which. is used in this



[0168] Figure 7 illustrates the result of this experinent. Figure 7
(a), (c) and (e) are SEM micrographs showi ng the pore structures of
cryogeni c el ectros _Pun scaffold after 5, 10 and 15 m nutes of

spi nni ng WYPHSo time interval in between spinni ng PGIEXFEEYI00RE y .
Figure 7 (b), (d) and (f) are SEM m crographs showi ng the pore
structures of cryogenic electrospun seaffold after 5, 10 and 15

m nutes of spinning wwth a time interval of 5 mnutes in bet ween
each cycle. From Figure 6, both Sanples A (Fig. 7 (a), and (e))
& B (Fig. ®pgupentcan badicdiy)buimet hitesiis, Pwmaglﬁ@a@ntmﬁ!@sm kasansdeof
the scalfplthougs RARRLYPEOYablibimt U-BULIAENS04 BY Rnbdifs, S deAnd
15 minutes. However, pore sizes are small in tHe early stage,
becom ng bpweraeretkhﬁcgmtmm ng proceeds. Sarrpl e B has pore
structures t & n a : to
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shows the SEM micro hs of the ¢ryogenic eI ectrospun scaffal ds
col | ect ed @E‘ﬂafl?efeé?c Hipeﬁﬁwdf*e horwhisaRet trayal ¢dhe e prmtlsitBugh Fefsges

it shoul d @¢in gmkmwrémwmlﬂﬁaﬂﬂre%uwph@ﬁmce is the side of

the scaffold facing . the ndrel and. the side of the scaffald faci ng
the air i slO&F] edmiaddition, fpr soattalds foruwed 2 yubwzary tHEPSBHYEHibeAnt Ueabsgved

convent i onghs AeRHRIEiREiARIP MR SoRdid R 168 d@ﬂe@'aﬂ@%ﬂ@??o&@@uéﬁ@gés‘al
tenperature is kept at 23 *C. Wien the mandrel eratures are -15C

and -30C, toawpgEdpothe &f interfage byt $till much lapger pargs E}@n@wﬁﬁ tepedyesing

the nmandr eljagiRdl cRbtrodpfinBlel RERm Rfapth@rscaffold. As illustrated in
Fig. 3, ice crystals fornmed on the mandrel at sub-zero tenperatures
are enbedded w thin the el ectrospun nesh. The subsequent renoval of

the 1ce Critl S LpMa bifezfon HodAOIALER JHERE ARiEach B Uk

within th ctrospun mesh
eryogenic electrospun scaffolds (CES) implanted subcutaneously

[0174]  The decellularized sterile porcine esophageal ECM and the CES scaffold are

prepared according to the procedures described above. Dense electrospun scaffold

prepared by conventional electrospinning technique is used as a comparison for the CES.
Prior to use, both ECM and all electrospun scaffolds are rinsed 5 times: for 15 minutes
with 40 ml of phosphate buffered saline (PBS) per rinse.

[0175]  Wistar rats weighing 300 to 350 g are used for the subcutaneous implantation
study. Implantation is performed in an aseptic manner under a Jaminar hood. The rats are
anaesthetized with inhalational isoflurane and oxygen, administered via a facemask. A
patch of skin on the dorsum is shaved and cleansed with chlorhexidine and iodine, A
single 3 cm dorsal midline incision is made. Subcutaneous pockets are created by blunt

dissection. The decellularized ECM and electrospun scaffolds are implanted in separate



[0172] In addition, for scaffolds fornmed at sub-zero tenperatures, it
can be observed that the mandrel interface of the scaffold have |ess
defined and smal | er pore structures as conpared to the air interface

but still WOHWYUGRr pores than scaffol ds obtained usiHgl/SEPUEWPEY

el ectrospinning at roomtenperature. [0173] In vivo cell infiltration
for decellularized porcine esophageal EGM and cryogenic el ectrospun
scaffol ds (CES) inplanted subcutaneously [0174] The decellul arized

sterile porci ne esoghageal ECM and the CES scaffold are prepared
accor di ng 16 The dgedeladmd SCMdsperisd dntaBrockpernsering bemlasement is flat.
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t hree subcut aneo ets_are cre unt di ssection. The
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each ot her SOPAESd i oprafieans:7 g speivps dripesd wpineee mistpaems doise MMA2SREr

nor mmal head}érﬂﬂn ESNRAS Gre TRE LRk IvAS h@éaof,lmssﬁh Wi 1 b S8t URhag:
3/ 0 pol ypr]ggﬁlr ene sutures. Postoperatively,” an I'nj ecti

t ol f edi ne afiPn.j s adni ni stered intranuscularly in the thigh for
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[0176] At 14 81/3 post inplantation, the rats are eut
carbon di o®} ard D)nﬁaﬁea‘mdmbsewmémd@t@maescesqf@wﬂamctomhmqgrmﬂmal

7 20, VBB AT, b L POl o

tissue. THbe E&dpIirst yer dff ineahtion)esuppaytst inivivo 1@ dpfitrhfier s faseulezatnn
such that remodeling of the scaffold can take place. Figs 8(c) and (d) show the difference
between the CES and conventional dense electrospun scaffold in promoting cell
infiltration. There is markedly better cell infiltration in the CES with macrophages and
collagen-producing fibroblasts penetrating deep into the scaffold at Day 14 (Fig. 8(c)). In
contrast, cells are limited to the periphery of the conventional dense electrospun scaffold
(Fig. 8(d)). This shows that the CES, with its open porous structure, promote better cell
infiltration as a third layer of the invention.



enbedded in paraffin and 7 sm sections obtained using a m crotone
(Lei ca RMR125RT, Germany). These are then stained with hematoxylin
and eosin to assess cellular infiltration. [0177] The entire
decellularized ECMis infiltrated with host cells by Day 14 (Fig. 8
(a) and (b)). A second observation is t4%e presence of capillaries
containing intralumnal red blood cells within the ECM Both these
phenonena are inportant as they show that the ECM (first |ayer of

i nvention) supports in vivo cell infiltration and vascul ari zation
such that renodeling of the scaffol doggist ake place. Figs 8(c) and
(d) show the difference between the CES and conventional dense

el ectrospun scaffold in pronoting cell infiltration. There is

mar kedl y bette l: infiltrati.on i e..CES wi.th macrophages and
Col | agen- b oduei g FimPsisnbiaBbhe eafid BF 55 sl PR S RBRGEET 01 o
Day 14 (Fig. 8¢c)).afildt la0@hiRSf a de@dllufurié®bibiogichbslatealt he periphery
of the conventional dense el ectrospun scaffold (Fifg. S%g%g This
shows that the® CES, 2 $fconl parguslsser qeanesissl tetthqsrizee ol spid Vbie ttherein
cell infiltration i l: : LDV, ion. 46 Cainms 1.
A t hr ee-di nensi onalﬁﬁiy%?(?rgl 1&%5#%?%0?{)?15%@5%8%%%@ neering
conprising: aefirstthirdperoustader ofnnacied aethk sludace € €ail) se@oad i@t which is
material; a secon orous |.ayer caonnected to the surface of said .
first |ayer, wher eiclﬂgat?g‘?ﬁ?"%lé% ALy &9 W?‘?ha?a’ﬁd{}ﬁtdgyeﬁi‘%cé’&ﬁ‘“e%?%&he%ﬁd
a third porous | ayehidcapdested altRret AenSlchaGRQfs poBinttrsegRNd | ayer
which is |located opposite the surface to which sai'd first layer is
connected, wherein said third layer is a three-dinmensional porous
pol ymer sgaff . ) rj caf £.ol d_.acgor di tQ. clai .
wherein s%i d ?Jf;ll%r gg?ré%/grgai?%maéncqo%?%fctn?ocg%ﬁinqt hvg{éageg%i S%{edﬁsﬂ?%c!\nalt ye|cr)oirS ous
scaffol d. 3. Tdetioyhmi ttresclahésichabparonshicaifoltio cl ai m 2, wherein said
el ectrospun scaffold is obtained by providing an el ectrospi nning
apparatus; formng crystals froma nolecule or group of nolecules,
which ares3in TapebridhasioloiRbidifdiol flafhhe, SUEERUAL BRASpRS RESTR iat
the surface of a collector of said el ectrospinning apparatus,
wher ei n the redddingbschanber of said el ect rospi nni ng apparatus has a

tenperature which aﬂr&xﬂ%g an electrospinning apparatus;

e forming crystals from a molecule or group of molecules, which are in
vapor phase comprised in the surrounding atmosphere, at the surface of a
collector of said electrospinning apparatus, wherein the reaction chamber
of said electrospinning apparatus has a temperature which allows
formation of crystals at said surface of said collector;

e clectrospinning a solution comprising at least one polymer dissolved
therein around the crystals;

e continuing the formation of crystals and the electrospinning
simultaneously; and

e removing the crystals by sublimation.

4. The hybrid scaffold according to claim 3, wherein said collector of said
electrospinning apparatus is composed of said first and second layer and thus said

electrospun scaffold is electrospun directly onto the surface of said second layer.



formation of crystals at said surface of said collector;
el ectrospi nning a solution conprising at | east one pol ynmer dissolved

therein ar@ungd.dhe.grystals; continuing the formation 'Wﬁ&ﬁéh@%ﬁg

and the el ectrospinning sinultaneously; and renoving e Crys

by sublimation. 4. The hybrid scaffold according to claim 3, wherein
said collector of said electrospinning7apparatus is conposed of said
first and second | ayer and thus said electrospun scaffold is

el ectrospup directly qQnta e surface of said second |ayer. WO .
2008/ 06976 PCT%C@%’E‘?/SB%Z FeCopnE 0 We"fr@ﬁﬂfd chsran sad Sidpsifg « o
any of claims Imiterisl is YdhRted fFons felerbiPt ikt of sRlIghiedtine] Bves QlafbRd
fromthe group consisting of small jntestine, |liver, pancreas,
urinary bl adder™m&EoNaASHsT smaghebladdeh SRl sysfaRche dich elimgatary canal,

alimentary canakspirafo®s Bhétakiahsy, tshiRed, helit, dREY vahB] &3, siRERF trnglEAE br
val ve, bone, skin or fragnments or parts thereof. 6.  The hybrid
scaffol d accor dH§theEohny of clains 1 to 5, wherein said biol ogi cal
materi al is esophageal nucosa. 7. The hybrid scaffold according to
any of the preceding clains, wherein said biological material is

derived fr®m antherubui gerffoldvagosrding tosayeaft ddadme rlowm . tvéhepimegid biological
consi sting of m““{fﬁ@ﬁ%éa?ﬁm@&g insects. 8. The hybrid scaffold
7, erein sard

according to claim manmal is selected from the group
consi sting of porcine, bovine, ovine, rabbit, nonkey and human. 9.

The hybri d,scafal C ] y..of t recedi ng,cl ai wher ein
said bi oaz{hesi’lf/hgJ ?%%ge%%é%@g%cfg(%gr%@t eE[El r%ﬁ%l%c%ﬁ%elg%i %am(s),f q’?’?rﬁltni ?‘fuda
gl ue, pol yvi nyHigygicdlinghtaniz] ispletivedi fimph pymdividiehelivh Byklestedframehe group

copol yners, pol -hyl ene | ycol... platel ated gel, chitosan or
gelatin-resorcf%g%%gﬁﬁgagﬁgﬁé?q%%$a?%gm%%%rid scaffol d according to
claim9, wherein said bioadhesive is fibrin glue. 11. The hybrid
scaffold cordi,n 0,any. of the. precedi | ai N8, wWherein the
oyt 1 o oa HeoRpas SRR achifia 'S GRish g Shan altiral igpelegeg rom
bi odegr adabl e thaghbas cdrsetgidoidalechPiley oRfs, rabBit, mbgeh yiat Inghascaf f ol d
according to any of the preceding clains, wherein said
9. The hybrid scaffold according to any of the preceding claims, wherein said

bioadhesive is selected from the group consisting of fibrin glue,

polyvinylpyrolidone, polyvinylpyrolidone/vinyl acetate copolymers, polyethylene

glycol, platelated gel, chitosan or gelatin-resorcin-formaldehyde.

10.  The hybrid scaffold according to claim 9, wherein said bioadhesive is fibrin glue.

1i.  The hybrid scaffold according to any of the preceding claims, wherein the
polymer for said three-dimensional porous polymer scaffold is a biodegradable

and/or biocompatible polymer.

12. The hybrid scaffold according to any of the preceding claims, wherein said
second porous layer and said third layer have a pore size which is between about

10 nm to about 500 pm.



second porous |ayer and said third |ayer have a pore size which is
bet ween about 10 nmto about 500 m WD 2008/ 069760 PCT/ S&007/000414

48 13. Th i affold according to any of the precgd] LTS,
wher ei n tﬁg%pﬂdfogﬂ%gss of sai d bioadhesive |ayer is aboﬁ&l%oﬂéﬁhﬁo
.Xm before said third layer 1is connected to said bioadhesive second

| ayer. 14. A nethod of manufacturing a4@hree-di nensional hybrid
scaffold according to any’ of the preceding clainms, the nethod

conprising;, prqviding a first |layer made of a biological nmaterial .
whi ch has been ﬁ&gﬁ&fﬁu?&&?@e@@%&&pﬁwmgogf%fe&@ﬁ‘eﬂ%y@m gviegrdn the
surface of sai dufckdess oft saMieHioadhb@Fedhyr S2dbdut 1986 Q00D |:AWRFord Saidthird layer
bi oadhesi ve and wherein said second layer is applied to said first

|l ayer at a-tenpéfngited gpad hioadhssive sereBhiaYethi ch is at or bel ow the
freezing tenperature of said bioadhesive; and applying a third |ayer
which is a three-dinensional porous scaffold to a side of said
second | aykr wht &sthod of grenuiheturnarethregcdimepsinapldoybrig seaffold eceording to Je

met hod accor di NG feOyr&de il L1 Wt 8ida sabHshhi rd layer is conprised
of an el ectrospuneq)srcgffg}:éﬁmi& %I'he nefti‘]koﬂﬁ%ccor ding to claim 14,

wherein said third Ipeoyéling 8 fosinfayers eddeo bf anbickkieelt metspsinwhich fifag [been
whi ch i s obtained b)éeteﬂﬁ,lagée(apess referred to in claim3 or 4. 17.
The net hod according to any of clainms 14 to 16, wherein said

bi oadhesi ve | ayer i apglpipkizesdtcdmd Bgdrdofthe Stirfdcay@rsaid SiiglagerTehbesl said

selected fromthe grou onsi sting of spraying, . el ectyosprayin
el ect rospi nni ng, spis??og%gﬁ'f’rn‘@,a o) %,Sngﬁﬂﬁ / el?&’s?aildﬁﬁfc ay%r‘ﬁgﬂi’ﬂl%‘b?o
18. The met hod accorgi figstigyenBya npelaireef é chirchfentABIR liaiSRibdlow -

third layer is applied before the bj oaa%gsive is fully
set/crosslinked. 19.“}1"‘%%{‘3%’8”&’6%6#5&} MBesHiT A clains 14 to 18,

further comprising GoMHihOh! hidd laybNEnRR G AdREL.@hehiibR gBmﬁéiséiffom t0 a

bi oadhesi ve | ayer by controlli na the pore size of said WO 2008/ 069760
PCT/ SG2007/ 000414  &ige pf winseasideyer siush it 81 sids feping seiddisstdgyer.

i ncreasi ng or decreasing the tenperature

15, The method according to claim 14, wherein said third layer is comprised of an

electrospun scaffold.

16. The method according to claim 14, wherein said third layer is comprised of an

electrospun scaffold which is obtained by the process referred to in claim 3 or 4.

17.  The method according to any of claims 14 to 16, wherein said bioadhesive layer is
applied to said first layer using a method selected from the group consisting of
spraying, electrospraying, electrospinning, spin coating, dip coating, casting and
brushing,

18.  The method according to any of claims 14 to 17, wherein said third layer is
applied before the bioadhesive is fully set/crosslinked.

19, The method according to any of claims 14 to 18, further comprising controlling

the degradation time of said bioadhesive layer by controlling the pore size of said



in the environnent when applying the bioadhesive layer, as |long as
said tenperature is still at or below the freezing point of said

bi oadhesi vg, . nmet hod according to any of clains 14 to 19
wherein saﬁ’(? zﬁ&éﬂggﬁgsi ve is selected fromthe group co%%?’%‘leﬂ%fm?)"f”

fibrin glue, polyvinylpyrolidone, chitosan and _ _
gel ati n-resorcin-formal dehyde. 21. The4®&et hod according to claim 20,
wherein said bioadhesive is fibrin glue. 22. Use of a

t hr ee- di nensi onal bri.d scaffald according to any of clainms 1 to 13
or manuf act ur € OBQE%BFC}FWQ “&B’E%l‘ﬁ)?"}ﬁ?"eg ﬁ’é{i%eafwgt% decrease the feBHPEIULL,

al l ogenic, xerag@ei evirsangp| withabpphiin®fthd ibisdBesiv3laydd Qs Ll%ﬁ‘% as said
according to claim?22, wherein said tissue is selected fromthe group
consi sting of stﬁ‘BPffratFWt‘%itﬁ{aﬁ@qu?‘?‘v fregzing peinicor sgid bieadhesive-adder |
stomach, bl adder, vascular system bile duct, alinmentary canal,
respiratory tract, kjidney, spleen, heart, heart valve, bone, skin or
fragment s paredngthed egprdinsgto Wy eefonlais t1irie el whersini ssirhbiondhssivel is
scaffol d accor diRéed BodNhe Shoup! RhflBin &foﬁb%ig ér?rﬁaer’l 8@2%&8?8%%1?&@ chitosan

according to any of clains 14" to 21 for t of use as
a medi canent . and gelatin-resorcin-formaldehyde.

21.  The method according to claim 20, wherein said bioadhesive is fibrin glue,

22.  Use of a three-dimensional hybrid scaffold according to any of claims 1 to 13 or
manufactured according to any of claims 14 to 21 for autologous, allogenic,

xenogenic transplantation of tissue,

23.  The use accofding to claim 22, wherein said tissue is selected from the group
consisting of small intestine, liver, pancreas, urinary bladder, stomach, bladder,
vascular system, bile duct, alimentary canal, respiratory tract, kidney, spleen,
heart, heart valve, bone, skin or fragments or parts thereof.

24, Use of a three-dimensional hybrid scaffold according to any of claims 1 to 13 or
manufactured according to any of claims 14 to 21 for the manufacture of or use as

a medicament.



