WO 2010/ 021601PCT/ SG2009/ 000296 1 MANUFACTURI NG AND USE OF COWPCOSI TE
SCAFFOLDSVCROSG2OFERENCE TO RELATED APPLI CATI ONS 5[ 000RET/R{:2009/000296
application clains the benefit of priority.-of US provisional
application No. 61/136, 276, filed August 22, 2008, the contents of it
bei ng hereby incorporated by reference inits entirety for all

pur poses. FIELD OF THE | NVENTI ON 10[ 0002] The present invention refers
to the field of chemst particul ar the chem stry regardi ng the
manUf act ur e of MAMUBAGTURING ANR URE Br.LOREPOSTEE SCAREIRDN g
drug delivery and cel | seedi ng purposes. BACKGROUND OF THE | NVENTI ON

15[ 0003] Bi odegradabl e materials are increasingly used as scaffolds in
ti ssue engi neeri ngZROSSsREFEBMEmREiaATEHAPPEI@AH‘IGNSf fol ds nust
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response, Anot’her essential scaffold characteristic is uniformty,

whi ch imits endizetydor 4lbpwnpdsest ri buti on of active |igands on scaffold 20
surfaces, and nechani cal support and porosity to buttress cells.
Precision control of these properties involve integration of various

materials of different physymElDOF THEINVENEIQN! Operties to create
materials with a mel ange of desirable characteristics. However,
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are fodel@wﬁm&celwmdeQJummds to induce surface nodification on
the surface of hydrophobic materials. Some of these techniques

i ncl ude dehydrothermal crosslinking, chem cal crosslinldng and

i rradiation using ioni ZIPCREWHEND'OF PAEUNVESHoNThese techni ques
face several critical disadvantages such as (1) non-uniform
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| east sone of the above needs.
scaffolds is also critical to ensure optimal cellular response. Another essential scaffold

characteristic is uniformity, which includes uniform distribution of active ligands on scaffold

20  surfaces, and mechanical support and porosity to buttress cells. Precision control of these

| properties involve integration of various materials of different physical and biochemical
properties to create materials with a melange of desirable characteristics. However, more-
often-than-not, researchers encounter difficulties in balancing economic trade-offs as well as
industrial scalability in order to achieve an ideal scaffold for specific applications.

25 [0004] There are for example, various methods to induce surface modification on the
surface of hydrophobic materials. Some of these techniques inciude dehydrothermal
crosslinking, chemical crosslinking and irradiation using ionizing agents such as UV light.
These techniques face several critical disadvantages such as (i) non-uniform distribution of
activated surfaces and crosslinking, (ii) difficulty in removing chemicals that had been used

30 resulting in cytotoxicity in subsequent cell applications.

[0005] Thus, a need exists to provide further materials for the manufacture of scaffolds

which meet at least some of the above needs.



WD 2010/ 0216011' CT/ SG2009/ 000296 2 SUMVARY OF THE | NVENTI ON [ 0006] I n
a first XPaBI/02{4¢ present invention refers to a nmet ho8CESG2009/000296
manuf acturing a conposite scaffold. The nethod conprises the
steps (in one enbodinment in the follow ng 5order) of: irradiating a
t hree di nensional porous scaffold with ganma-rays; contacting the
scaffold in a solution conprising an unsaturated carboxylic acid for

I ntroduci ng car boxyl grou s_at t Jﬁﬁ‘f ace of th@écaffol d;

act [ vati ng the carboxyl’ @Mﬁ car boxyl groups;
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W|tha t polyner ution in a first contacting step to allow

reacti oompcbsﬂtel“sgzaﬁfold \Ideedethad lsorpriseyr the ptepsi (ih ondrempodiyment in the fdlowing

pol O)aP ion; contacting the scaffold in a second contacting
ste second pol ymer sol ution; and irradi ating the

Scaffol-d M‘aﬂi‘ﬁﬁng§ﬂh€eﬁﬁﬁ€rﬁﬁﬁlaw&bu§§&§ﬁ§lﬁﬁ:ﬂﬂggd?ﬂh¥ s;solution with
ganunalbrays to obtain the conposite scaffold. [00 ] In a further

aspect ; tdoatastingghe scaffeldt i salwtions compasing tanounwturated usasbelicnerid, for

conposite scaffo eeded with || Se.p Thi t hod conprises providing
a corrpggﬂdgcggg?‘b’(?f‘ gul? él?es aF%OftReSn;%fﬁe of claims 1 to 34; and

Seedl ng cRlibaingthe chdexdqrpgsith ebsgpddiohtdd c&@@ﬁﬁ]grmpstl |1 anot her

ect the present invention refers to a scaffold obtained or

Qi nabw@n@ytlag rﬂm reaffold compeisingaiie astivated carhonyl) £rqups wWith @ ffratr Ptﬂ&ner
aspect Fc}hp Bl &5t X hﬁl‘éﬁ@# Et@? t& GI&W SedcBoh P S StiOhted cglffigﬁ?ﬁ%rgﬁ%sr with the

scaffo rererre or tissue engineering an
del i vepylynter treihk polymtarrsblugionf 0010] I n still a further aspect t he
PT esen'E Ic%\lqi%ré%lrllg ers%!;%oﬁ xrtl 91 sgco 8rcgrl{t%ct§nhgrs eep vcsif} aggcl:o%g polymer solution; and
= irradiating the scaffold which is in contact with the second polymer solution with gamma-
15 rays to obtain the composite scaffold. |
[0007] In a further aspect, the present invention refers to a method of manufacturing a
composite scaffold seeded with cells. This method comprises providing a composite scaffold
as referred to in any one of claims 1 to 34; and seeding cells into the composite scaffold.
{0008] In still another aspect, the present invention refers to a scaffold obtained or
20  obtainable by a method as described herein. -
[0009] In still a further aspect, the present invention refers to the use of a composite
scaffold referred to herein for tissue engineering and/or and drug delivery or cell culturing.
[0010] In still a further aspect, the present invention refers to a porous three-dimensional
composite scaffold having a compressive modulus of between about 5 to 50 MPa and having

25  apore size of between about 20 to 200 pm.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]  The invention will be better understood with reference to the detailed description
when considered in conjunction with the non-limiting examples and the accompanying
30  drawings, in which:
[0012] Fig. 1 shows a general overview of an embodiment of the method of the present

invention.
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shows SEM m crographs of the norphol ogi es of hepatocytes in: Figure
6(A) microscope images show the PCL framework, covered with cross-linked collagen plates, thus,

significantly increases the area for cells attachment. The scaffolds are highly porous and have
25 uniform distribution of collagen on the top and middle. This is concurrent with the data

obtained using the porosimeter. Scale bars 100 ym.

[0017]  Fig. 6 shows SEM micrographs of the morphologies of hepatocytes in: Figure 6(A)

collagen sponge; Figure 6(B) PCL scaffold; and Figure 6(C) PCL-collagen scaffolds after 24

h of cell seeding. As can be seen from the separate images, few hepatocytes were attached on
30 the surface of PCL scaffold (Figure 6(B)) and were present in singles or in pairs. Some

hepatocytes also attached on the surface of collagen strips in collagen sponge in singles or in

pairs (Figure 6(A)). In contrast, many hepatocytes attached on the surface of collagen strips or
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[ 0021] Irst as e present invention refers to a nethod of
manuf astforméetbathe pobaséricbaskibdreshictuikne met hod conprises in a first
step irradiation of a three dinensional porous scaffold with
gama-rays (y-rays). Ganma irradiation of the scaffold forns free

radi cal s on t hepgyAIRg PESCIRIFAON O THEPRESENTNENVENGONe et hod

conprises contacting of the gamma irradiated scaffold in a solutiaon

colpri 10231 anlunpshrstraspest, ther presept ilnveatipn eisrs H 2 metheduel Aaneiacheng|a
tk f f ne- L ¢ ' . d . .
noat uPoIPRE AR The et ARHINCL i) AR 86 iR fiiot e dimensionsl

f or medpérsug acareold rwilligatinenrayt (vheysyuGhmee bfadidtiensefaftfeoscdfioldnfams free
further step the nethod conprises.the activatiogné)}é?%he car box

| .
gr oupsTadiaisoRL EEcsustice BE thescrHeld. & adhehe siapr BF OTpfses cofitacting of
unsat upal ot GAGA0KN e Gcagbld hof s@l’ﬂﬁ@ﬁ bigridiie | AdRetuFRED LABbX FUOLRS for
whi ch canreact 1n a next step wth a polyner conprised 25 in a first
poR @ nmeintsdiicihg carbukylcgroups dr theghtfadeifehe gammetirrediated seaffajd. aFhecansaturated

scaffold, i.e. the scaffold c risi t he car.boxyl, groups.or,.. ..
o oboBd eSS S SR O e IR SRR ion e
met hod ;,G@1HR o $RSsca sidld Cln anﬁl_rmeﬁsts& giefabitlod Bompi&sanslaciivatian bi e GaiteRyl
wi th a second polynmer sol ution. ile being in contact with the

secondgupy imtrodusedionche sprfecesehittroicatpld wsnmtheansaturgted cyhawgis agig for
whi ch lo t%lqgngt gctﬁ/%% Sc-alrﬂor}§1 EI%USJ wi-nﬂ:ﬁ c%ﬂlré%? fn® I‘ne)Etré?ep with a polymer comprised

25 in a first polymer solution which is brought into contact with the grafted scaffold, i.e. the

scaffold comprising the carboxyl groups or activated carboxyl groups on its surface. In a

further step the method comprises contacting the scaffold in a second contacting step with a

second polymer solution. While being in contact with the second polymer solution, the

scaffold is irradiated with gamma-rays which leads to cross-linking of the polymer of the
30 second polymer solution in the scaffold and thus leads to the final formation of the composite

scaffold. The above method is illustrated in Figure 1.

[0022] Using this method allows to fabricate a composite material that can be precisely

tuned to possess characteristics of bioactive functional surface, optimal mechanical properties



30 second pol yner solution in the scaffold and thus |eads to the
final foWeepe2ulithe conposite scaffold. The above nePGBHEG0$9/000296
illustrated in Figure 1. [0022] Using this nethod allows to fabricate
a conposite material that can be precissely tuned to possess
characteristics of bioactive functional surface, optimal nechanical
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of fabrication”using gamma-irradiation as a | ow cost nodification
t echni epltare (see theagpeimepia sectior) Af impestans advaniage of the Icuganidschnique is the
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solution to ganma-irradiation, thus, facilitating the entire |arge
sch¥ f odrplicetiqigder go the sane free-radical and cross-1inking reaction.

Uil Z@bb@p Ogh%%mgisgraﬁﬁﬂ-ﬂfaid%oﬂ‘%ﬂ%@% REEGed R HSRiE BSIHI & niform
initiators an subsequent processes to cleanse the scaffolds.
Scaf f otxpesgrend the esdaffididray weéle asmt seoond pblymee dolution do giammga-wradibtion, thus,

optima), conditions to cells i on as || as functions. At the. ..
ahre T e iR fiSa SsrHfolt o cofiten e site (RN, apderdstinking
steri| jeaaidONUtitizalbR B aGitha G9adiffh nélAREahe ineed o R9S ThBhRal thitiators and
integrate this technique of fabrication with the sterilization

prt essbsequent piiokesses ndeanserBieescsfields. $eaffolisrscapmatedcusing the snetherbrgferred
for co rcial lLicat, » ) 3

1 ad B SR op ikt Qpiiofs S ekt WP AF furln A3 BE et i,
proper gdrﬂt%a]iﬂ@di@ﬁ@d ¥s azldmhsmymm agemtitplei fo'rhf[sy?fl&aﬁd)ﬂ s thiamedicalndevies.
experinental section. Al so, gamma-rays ar i _penetrajive )
el ect r BARES tiF OFSIRIF 4Q indeerate é?%flgi,u%?é;hﬂ%%%n %ftﬁéﬂ?stg%@t'@arpfwss in
nodi fi | b | [ Sk 1S

par t1 i AP0t AL, fRitd chiabilFaly cal 1 SpEnaCAThcAton, |

efisort {0824] v Fudherthouy) tht d@@ge of #id vmiiatibmwarn bs pecise0aBitiot ed tinlimodolate
the current nethod is.applicable, to t s of .scaffol.d material s
bnd SelsREHORSHGRoRSIEE PovsContt e Porter iy o HBSReiet 18 1 SrBEYPerde
preci siQRoAE M) gathma-rays are highly penetrative electromagnetic radiation, therefore,

scaffolds of any size can be modified and processed using this method. This characteristic is

particularly attractive for commercialization because it can be effortlessly scaled up at
30 relatively low costs.
[0025] In addition, the current method is applicable to many types of scaffold materials

and second polymer solution combinations, where the scaffold provides precision mechanical
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sol uti on WaRA0IMZt®ase surface area, e.g., for cell bi onaPEFPaRO09/000296

I nteraction. [0026] A "conposite scaffold" (can also be called "hybrid
scaffold") is conprised of a combi nat 'Bon of two or nore material s,
differing in formor conposition on a nmacroscale. In 5 the conposite
scaf f oframedvoikh angr theesdcond yeiymern sdlhibee cant increats sarfacet hreas ead.f dord cell-
the polyner jpn.the first polyner solution and the polyner in the
secondPigBalEHe INGREHMon. The constituents retain their identities,

that i ey AdGoiHosHe SEMI® Ran H0IGe €AY Glyblid dcBFOIAONR @MiPriies of
alt hou%’r(l)z%EeyAact | nsgoncerot. arrlrralol y, the sggffolcd'(ra?};ri al "and t‘:’hea
pol ymecamizifatidreofivoy oemosninaterislssdiffering én fitys pbr edmyosititener & imagresagle. In

i bi i nterf . angt her. 10, [.0027] -A "sgaf.f ol d"
ot heneRet sl B e dresntiaPBiien those Mgt ags 1 ssPB0K, fethotdier
st r uct iirtfe MR ipRYmierRBIuTBS knd thel pHl R &R AR IBONPHEIOMer IAMGEE ThE ebibtisents

porous and the scaffold or framework structure provides the backbone
for thestamnbeir adentities, ohat ise theyr du ot disprdue 08 merge feompletely iptgeone another

enbodi RNt he scaffal d v des '

e T R, o e R o G
scaf f Oédliuti@sf‘c@ﬁfbeﬁﬁﬁsi&‘llyﬁ&ﬂﬁiﬁed lah@ exHibit an dherficedenbdenlois anstherrost | y
manuf act ured synthetically in contrast to scaéf o]l ds obtai ned from,

t i suel09Rdl caft Treatieldtipueiedria dha aethgd cefprreth 1Q BerRi i§ 9B SNBWETR] pre-cxisting
| eachi g, gmn B%E\isor&%?%t B8 a?&,. Tﬁ{e SCHHRP R M@%ﬁ%{a«aﬂm or

printing and profotypi ng nethod, me only a few. An exenplary
pi ct ur faméwsike ftnactareaprbeidds itlse bikhone dorFthgucansBuetitncbf dieoperows PAmposite
scaffold

0.[0028]I.n .anot her e i "en t he backhone,structure o
e carp i Ih @np it &g R anuridss & Jerd AR e folhure,
obt ai ngHicAHEnE Hat EReAIRICAIrA e dntly WhicE tittscaffoldib Sbrh?_@seﬂ @afeffp@mtsem Such
structure obtained fromexisting tissue structure. The scaffold is

colfpr | weffolds ase mostly mansfactured sdhatisellein pantiast totsraffalds ebigined from dissue

I n such net,work i ri ahl n, I e e I r
nanomety S48 el SR Bl it i BR4Res CHEREE, SRKARE, mBBE) Bflsc
por eI dédjfﬁﬁﬁ'ﬁ@ Iiiﬁeth;g)(ﬁ gientrbﬁﬂnﬂiﬁ@ grthol, wﬁx@em@gowyﬁﬂ@m?ptwmﬁa o9
pm I n_another enbodi ment, the pore _size can be between u g

to abofew. 250 egpmpon PuSe At Mch pallpld by shovghn %‘%‘r%?’i vk hogs e B
tissueaﬁﬁgkpeering. The function of scaffolds is to direct, for
exanpl e, the growh of cells either seeded within the porous

statuct [@028pf Irhenctherf émbalimentyrihyr backbepef storetwarafche deaftpld isyagulant Such

the scaffoJd. The ,majority 30 of . | iap cell s.are. . .
anc hor’é’{fg‘-‘{ﬁﬁ@ﬁﬁgﬁ ?d“ﬂﬁggrﬁ%/r?ée tQ??&’n% I“fi'ei]i T ?xag}yﬁégﬁgglﬁgﬁlzé%épr%}pgmg
i S not sdateld SeektuRObIthiRed Gt RkRtiR tdshe Sindturd] ThE Qsefiolhak Rothpeised BE a
used to achieve cell delivery with hl&g | cadi ng and efficiency_ to

speci f iewerk eBinterpenmstied @orashthe size pHg poresuincsuch a network is variable and can
range between several hundred nanometers or micrometers to millimeters. In one embodiment,

25  the pore dimensions are in the range of between about 500 nm to about 400 um. In another
embodiment, the pore size can be between about 10 pm to about 200 pm.
[0029]  Scaffolds play for example a critical role in tissue engineering. The function of
scaffolds is to direct, for example, the growth of cells either seeded within the porous
structure of the scaffold or migrating from surrounding tissue into the scaffold. The majority
30 of mammalian cell types are anchorage-dependent, meaning they will die if an adhesion
substrate is not provided. Porous scaffold matrices as disclosed herein can be used to achieve

cell delivery with high loading and efficiency to specific sites. Therefore, the scaffold should
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cel | att¥ARBW021698| | proliferation, differentiated funBETER2008480296
cell mgration. [0030] The prerequisite physicochem cal properties of
scaffolds are nmany: to support and dekiver cells; induce,
differentiate, and channel tissue growh; target cell-adhesion

subst r ploeiie Hsustablesubstente firlcell attachest resl ;proliferstide, diffexsotigteth dadtiog, and
barrier; be bioconpatible and/ or bi odegradabl e; possess relatively
easy p LEAAN, | ty and malleability into desired shapes; be highly
por ousrgphh @ Wife3AGAi iRt 138 &RaRABA K ShppRNdnd
and di wgl%grong#@ %g%ﬁgirl{ey; al\r‘igéﬂﬁg%%ﬂ ?%%ﬂ%ﬁelg?ggﬁiﬁﬁ Y, a?rgﬁgaqt helfs.

[ 0031] détiver ealbspidace,tdiffenontiategeandi ohanned tissegraw o ltargetrcel cadhesiom syltstrates;

is cross-linked. into 10 the pr.e-existi sgaf f.ol d _provides an..i.de
subot r Sty b SPORhGHb IR ch SU AR e gt bSEBpRRgE T Haor
| Npor t §iRaEerh@iblA HobREAEPatHRREARS DrokSabiity\Bhd hatledbslitlytitioededired sitdpes; e
cells in the human body. However, the conposite scaffold referred to

her ei nhighly pereus with a dasge swfacatyehinsigHogrossrsp arvgbanical sirength apdimansiggal

referred .t.o0 herein all . |Jity to control the nechanical
st abi | gg@’ilg’h@%ﬁ%"c?e%%%ﬁ%ﬂhw?{/n\égél%ﬁl%*sléo achieve uniformdistribution
of bi opeBilye Ebr dxafiple] shepulymer iashé secohd polymat sautpmswhishés ¢ross-linked into
cross-link further chem cal conpounds, su as, phar maceut('ical S

¢]

gr Bt hthegee-sristing seasiold proyidesanidenl aubstrat c1of el aiipryment and sy gl rhis is
struct u o ASus MGl f? aﬁ'i@ﬁ(ﬁ']@?%?%ﬂehdédﬂ rcEﬁ@gzpkﬁg&Wsﬁ&%QﬁthQﬁmﬁé le/in

a three-dinensional porous sca IS a scaffo which is fabricated
f r om atheyainmapboby.dl@etwenehe compasite seaffudd refemed totHeeein carl alop be nsed for non-

manuf act ured of a 20 hydr.aphobj.c non- biodeqr.adabl e er n and

b odegrstanee draturie ol Biagiad 1R § FEERBE ALERTRERE e gre
a mat epjeglant@l 8RB bhE Blddég@fabiR: MAZaleRhdidel vhifbedr disleibaiéh of bioactive
di sappear formthe original body site, i.e. the site of the body the

scHf f oliganda sing exerosityp ftaistadep. posbdsto Esessrinke Surthar chemics] serappundishpech as
| whi ch. t.h f . O 4 ] .
P eSS By SR oBR TRl e cobn el sy
malt hacayéxqbﬂ?ndquﬂ?wik): dﬁfailﬁdﬂg{c{rlﬁglmpr op%/! aclryl ani de%)_ (PNI PAgmhl. Al |
(0] ners rererre (0] erein, and, 1 n arti cu I _NOoN- DI r e .
Bm );Crrem-”@hn Generally & We%ﬂmspﬂ%gmﬁ%éﬁfgﬂ‘i‘ ds @etp g@%ﬁ*&ﬁ 18 3ahgsated
pol ystyp, e ﬁfc%fwl?dbqé.ﬁo'?frﬂér?rlﬁ) Bhe eHtRdicdf, BRY e&agfdl&ngihmdf%%g&h of a

Bi odegradabl € polyneri'c materials of which scaffolds can _be nade of
cal0 behydrepinibiehorcbindegndatile (pemnendnd) ansk biadepradable mptsHighSiodegradabiityis
or ble t.her eof . synthetic. 30 polyneric material_differs in
gener a&‘%"regn?sa a?@ﬁ&f 030% M@}aitﬁa?né\lﬁpaﬁcq P BODE)P gg edﬁg'r ade and
degr adgdajpéaPfdr@tHa bl Skl badyishieliieC theqlty BBihe baby ttagufeidtadeen implanted.
hydrol ysi's al t hough pol yam no aci ds show degradation via enzyne

] S,
whi | e (988} al Epenples for ape-birdseradable cppdymers | which the scaffold can’ be made of
include, but are not limited for polystyrene, polyvinylalcohol (PVA), polyhydroxyethyl-
25  methacrylate (pHEMA) or poly(N-isopropylacrylamide) (PNIPAAm). All polymers referred

- to herein and in particular non-biodegradable polymers can be used for example for prosthetic

devices. For example polystyrene scaffolds (Prolene)are used for hernia repair.

[0034] Biodegradable polymeric materials of which scaffolds can be made of can be a

synthetic polymeric material or a natural polymeric material or blends thereof. A synthetic
30 polymeric material differs in general from a natural polymeric material in the way they are

degraded by an organism. Synthetic polymers are degraded by hydrolysis although polyamino

acids show degradation via enzymes, while natural polymers are degraded enzymatically.



WO 2010/ 021601PCT/ SG20091000296 8 [0035] In one enbodi nent, exanpl es
of synt hé¥Pe0Mi0gtdgr adabl e pol yneric material s incl ude, PETSG2008/091396
limted to poly(a-hydroxy esters), 'such as pol ygl ycolide (P&,
polylactide (PLA) and its copol ymer pg@ly(lactide-co-glycolide)
(PLGA), pol yphosphazene, pol yanhydride, poly(propylene fumarate),

pol ycyp034&gr y[ratoap wandimentamxamabsomfesjmﬁmc b dpgragablé polymeres (RAB@als

bi od d |
Synt heliodg: dts rBcal LRy o PP BURATPRE| SHTlc  1ab, SnBPDAPEClidy BGA)
L1 i t egolyachad @@&j laf@Sts Mb%&%@lj(ﬁ%ﬁde—k&@ﬂc@ﬁﬂé}' (P!L@A)d olyphosphazene,

copol yneis, polycaprol act one, oxane), y(ft-malic aci de
pol y ( apblyatiydedy, ppbinrepylehe femae&t ) poﬂwmmmcndatg,t @gly— -caprolactone (PCL),

| h h h
boths PRRRHGFER ol bBRanuR iraliet O VPO e,
pol yur F}dﬁpe prﬁildtﬁ&uérﬁﬁoﬂﬁléﬁt' gindthetidBibilégtRldbYe pOinREC mydt@riAy include, but

pol y(ethyl ene t erepht hal at e) and conposites of the aforenentioned

nat er i &es. DSS/ ntlineitedc 1o odE‘@}Vléﬂ‘éFlﬂse wolyeheotidesat @P@‘Eﬂ/&ly‘éﬂ leof cepplymers,

Phoy rbayeatiabie SRR AbKEIR, I 3R £38) RERIERyaRAL DT WaR),
f or mat pelycaboramesp! Iﬁily{bhosphhzuneé), tpobgataino Thads)) $01}Qp1mphorid”|e;tenmﬂfanes)3
a tenporary scaffold for 15 pnechani cal and bi OCE@m cal

[ 06B7] Poly(RyBeRarRdatEs)of nob)@thyaféleanaowgeﬂea&ﬁo| PRty tﬁcr@ﬁ@fgglr %ﬁlé’(laﬂayl
6- capr plg a%%fgm ﬁ;@%&ﬁyﬁﬁéia bva{wcdﬂq&ﬁﬁg 8RR SN Refifbhed materials.

bi odegr ada rs” used |n|ca S 1s because their
bi odegswdheﬁcebxpdcgracﬂaéﬂe:pmiytmnc exatérials mmﬂeo Iprefdrred) fartthe gbplisatioe in tissue-

nol ecul ar. we mar co i ti.ons. n.addition,. i
Fecogntaer LA bERERE 1D B for cRers Srbidhtiieyseituiop ant fred to the
they afmalibn GEtRPleid £ Rathfhl tibfebDRA is t0QFSthelRAY fdtni 4l tedpoyarg GeAffd1H Ter
scaffol ds or scaffol ds nade of a natural poI yneric material can be

uskd amemm@ﬂéﬁidhlloghwaltﬁuﬁﬂ% engi neering purposes. One exanple is

Lo oD B Bl oA B U OTAE B cplcne

scaf f oligsmbst dﬁtéﬂswegpﬂﬁ;béugata‘dumthean smocm@ta(ﬂam@]pdiymm e:sedrbbnﬁicaﬂiaynt’[hls is
natural synthetic p terl | s Iude u not d to
al gi nab@aua%megghwée@)éé 1€ |H‘i a]i"? fead: é{l‘l?mﬁ)ﬁ J&Vu‘f gmgltggtl}’ﬁec“lar
Fibroi ge; L#B Yahd! esy gemﬁ@.‘hiléﬁs‘)% a(ﬁﬁtﬁflp Mt i§ %EW( fhat tthé‘)constltutmg

scl erogl eS|nan pectlnlc acid, galactan, curdlan, gel
| €2(hn, meninsEEre dam(coxmrbecszse thely arg alhmpabolmtes & thi body.

cor e N b e A R ST el ol T b

abundapperandas wms i 28] bigmatekialsi fot ti¥sueaditbimrtfg qfuqmses: 631&! agample is the
[0040] I n anot her enbodi ment, natural synthetic yneric materials

i ncl udextramllular watrgt (BGCM) tacvpry sowlegﬁ@gorw&@%@@s&tﬂ}maﬁbl Tungipp daah deeigns
acid), ghit ta}}d %ﬁa*&hegl foolﬁ¥?c! ﬂ'sﬁe&ﬁéﬂmcﬂ&%“ n, pectic acid,

gal act o ran agar ose heparl n, al ginate,
chpmdr poa3on- 6in one embodlment natural synthetic polymeric materials include, but are not

r=y

limited to alginate, collagens (gelatine), fibrins, albumin, gluten, elastin, ﬁl:_broin, hyarulonic
acid, cellulose, starch, chitosan (chitin), scleroglucan, esinan, pectinic acid, galactan, curdlan,
gellan, levan, emulsan, dextran, pullulan, heparin, silk, chondroitin-6-sulphate, or
polyhydroxyalkanoates. Much of interest in these natural polymers comes from their
30  biocompatibility, relative abundance and commercial availability, and ease of processing.
[0040] In another embodiment, natural synthetic polymeric materials include, but are not
limited to poly(8-hydroxybutyrate), poly(malic acid), chitin, chitosan, hyaluronic acid, pectin,

pectic acid, galactan, starch, dextran, pullulan, agarose, heparin, alginate, chondroitin-6-



WD 2010/ 021601PCT/ S&2009/ 000296 9 sul fate, collagen, gelatin, fibrin,
al bum n, Vy0208R2168bl ypepti de, el astin, fibroin, hydroxyB@EE62089/000296
cal ci um phosphate, trical ci um phosphate, or tetracal ci um phosphate.
[0041] In a first step of the method ol manufacturing a conposite
scaffold, the three- dinensional porous scaffold as descri bed above

i s expesléde,icollggamygelaty,Sibrin; alhuinin, ighieropolyipeptids, slaatﬁli,dlbdoim hydroxyapatite,
gamma-rays creates fr.ee radi.cal,s, on urface the scaffold. The
Rind ofAbE BHOSPAFttcalpium RhoSRHAlS, oF %‘8&"3%51 Pg’r?s €scaf f ol d

mat er i Fti041fxarfplaeﬁrspfstegl &ff @eantthd R AF Gdnafdcairiizda Qeu;pbﬁtes btfaffﬁ)m? thé thide-
scaffold include, but are not limted to alkyl, allyl, pol I

per oxydmxerpr@n@b@q:eusr srafiold as dqsmhﬁd@bexemxeomd tIADIMETAYSL mnp@ lof the

sed di cal forned .at the fac b
st rhos Siagtol wif s i et bR Taitid B% T bulttS A0 Nedgecia 0K Rl o
11 ust fatkf doingdd fAxBEPhfadeniepbiidion Be séﬂﬂﬁ@hﬁwﬂm Exangles ditfeﬂ:ht tddécals
scaffold can be carried out under air, i.e. the scaffold is ]E)haced on

a_car r fasmedrma the suxfpes o theosqaffeldswkuéeﬁwt rge aphiiapied ta alldy allylgpelyenyl,

inag r T, a

bt nechabn  FEEpRlS, PRIGIETR Hhg Slfid in WEichREPEL QRAHRE AR heNiical
20 kGyfoamedan the shﬁhmoﬂﬂud(@lymayc %aghbaye stmcturd of thebsmaffobl iy adeatndary
dose) . a]l;he dosage e en for i‘ eci%i c material should not

i ntlicealkylsther 1 g*rs ‘Hr?x?}PP]FH’é F%‘E‘h mi cal properties of the
Scaffot Rt eg am‘ﬁﬁ‘a\fﬁbof'tﬂe SREBIPlan RILAEQBuORRRY &, PEAUE sl

w | | art"to dramatically degrade the scaffold material. This does
not explavetbon batarierrandds teaposedde thd surmunhdigh etmdspbarge fornt ¢erampboik Sgapa
be used. %{108 Usi ng hi gher dosages can al so reduce the tinme that
IS nec @RYare uniformradical formation at the surface of

the scajosg} d The mmldipmge £ Be betWeki3Bdul)10 Khetd bttt BOf'kChh@r can be at

irradi ati on ste& can be between about 15 or 30 m nutes to abou

holfr s lemyt I@dean %kGh of pan Rpcecdeye 3Q kG YLOATT a1y wit frjahsorbed @élatlaﬂ dose).
hi gh ' I

at 't neThE b de Hhot B0 B BpbAAL RRAR) UEUEDRELE, SBARLER @gBhllifor
can eathel lyleélﬁndﬁl pfupeﬂﬁastdfethaescﬂfcﬂdrmatemaie I-h)m:vdpsn@némt radistjyecddsages

scaffol d terial .ysi e net hod rred in t ri ment al
et i o T Bl ST ot AP RASEH T -5 4 MaleliG JAieiRes gpt cxclude
scal f Olflp e el ntitdfals high @ Blpcl ot SOMETY cglemse@r deconposi tion of
the radicals formed upon~exposure of the 'scaffold to gamma rays, the

exibsufiPatd ghhmg hnglysr doaageb ear alse irediico the timddhat s vengssany tq ersure uniform

30scaff arr | 5..CO 4

cont acti et el hedBafe of e sSaEiRe 2 chSues 2 CRAHIB aThe frpe for
Wi th t hR ifadidtbmstes BPbe beti@ed Bouins ak soaumdteew Bty Bitwuscihyl depending on
al so possible to contact the scaffold or imerse the scaffold in

| i qui dtheidoseageaandissatipldimnterial oflsesa higherradiation dosage also increases the number of
radicals formed at the surface of the scaffold material. A person skilled in the art can easily

25  determine the necessary time and dosage for a specific scaffold material using the methods
referred to in the experimental section further below. Using gamma-rays allows the treatment
of scaffolds of any size.

[0045] To prevent decay or decomposition of the radicals formed upon exposure of the
scaffold to gamma rays, the exposure to gamma-rays can be carried out under vacuum or the

30 scaffold carrier is cooled or is made of ice.

[0046] Before contacting the scaffolds which have been exposed to the gamma-rays with
the solution comprising the unsaturated carboxylic acid, it is also possible to contact the

scaffold or immerse the scaffold in liquid nitrogen to avoid decay of the radicals.
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scaf f ol d WRi2¢W/0AE81 been exposed to gamma-rays i s broughPCT/RG2ZHH0HSE6
with an unsaturated carboxylic acid for scaffold grafting. The

unsat urated carboxylic acid can be anlansaturat ed carboxylic acid or
derivatives thereof. To increase the efficiency of the scaffold

gr af t i {09471 heltheatent step thecsmaffoldywhich das Heaoenposak® guuma-ras ik saught in
than 12 C-atons. 5 [0048] As used.herein, the term.," carboxylic acid’
Hl'so | RO HreumBles GHPYRE i du SRR RE T SR pie Gaboustie
such ag;iehebé a@&?@éﬁfr&t@@ cafe/sﬂflfd Aid Bed AR GUsitRGeSK P Pndréast M @B cYcy of

u

the elimnation of one nolecule of water fromtwo carboxyl groups
| ocat ethesnaffdié gsafiimg, flod yrsatupatsd tarboxsdicdicidodomprises equabadpssthand2 C-atoms.

o voltOUBL, 1A% e Bigbh? e cpRC St G Cale iR e Py bl acias
t her eofndihiosdaG@ AnRirkRESut6d Hdtic RiHydfide, Widreini thé bt dride gedug) is Formed

acid, nethacrylic acid, nethyl nethacrylic acid, ethacrylic acid,

al phachy reoelirniphtion of pne melgshle efyeiater Hemytwaccasbexy] ghutps located on the same

met hyl -gcryl i ¢.aci crot.oni c acid), al pha-phenyl acrylic acid,

sor bi cp(iﬁ%{?o’gihﬁﬁﬁ% P%Flge'sorbi c acid, angelic acid, cinnamc acid,

p- chl ofop49] NNENb:e @sbdllimédtatenintataated, catiokyAE adid ¢s @raddylicmsdiondérivatives

acid, glutaconic acid, 15 aconitic acid, maleic¢ acid, f ric.acgid,
Jubire

or1@Q r i BgreebxExammica ehterlinaddeordemiptiycs derepf whuchsap cussddpclide
! Oney RTRAM R MerRlidhd, hb@bkrlRs Bial 51 géegﬁgw;ig BEdOBRACIYNE ki AphA

car boxylic ac I'sused to avo cont act Icals w

pol yne¢hlamacglic iaoid] blpharcyancCacrplie neid abéty nasthyliaabilie achk Giretoniceatid), alpha-
carboxylic_ acids mastly.incl.yde suc ol rization (.nhibitars to 20

pr evenbhegy} Lk ’oﬁgralﬁ PR Hfﬁ'ﬂafgﬁ&%ﬁ& W%dmﬁehc[ 17HHEme acid,
cont en#a-cﬁforé’ NSRartiat £54, CRAdaAY héif, 3RFadohid id OmdbdcBRicCANB, ERutdt@nichecid,
unsat urated carboxylic acid can be between about 1 w%to about 45

Wt % basseditracidenalge atidwiintgic asfd, phicadiogy ethylese. lnanegaumrle, esiieanid is
of at |egst 1 wt% In another enbodi nent, the content is bel ow 45 w %
or betW&¥€n about 2 to about 20 % based on the total wei ght of the

sol ut i @osofTheltne eadheidimnent &f distiliednfoym wif e dt®vhingdneionsdensatisated) carboxylic
hi gher concentration_of unsaturated carpboxylic acid which V\L‘L&I) al so
i ncr eagad ag pavd i sy PBiASngtheoRdcAlsy With FRUFICrZAtiQN Eibifoss: dgommerzially

car box%(\jaﬁlg?@;:h,f)samgt 2101.3 uéscgtfsog'h)?ﬁf ihé10¢ SulR poRirh&Aatibl Gnhibitors to

property o e scaffo e strong acidi'c environnent.
Hoev eprevela peiydierization timingsompe af thetpradmet.be possi bl e that hi gher

conte nEO?)S(H Ul’llﬁgl wr{tgrgteo? u%ge{tgr%%(e\él t:iarcbo?:griig acid fn'a g&uﬂgﬁa gorixlgrissiggﬁnecu%%gtﬁfated

carboxylic acid can be between about 1 wt% to about 45 wt% based on the total weight of the

solution or can have a content of at least 1 wt%. In another embodiment, the content is below

45 wi% or between about 2 to about 20 % based on th_e total weight of the solution. The

25  reaction efficiency will be higher when using a higher concentration of unsaturated carboxylic

acid which will also increase acidic conditions. A conceniration of an unsaturated carboxylic

acid which exceeds the above limits can affect the property of the scaffold because of the

strong acidic environment. However, depending on the material it can be possible that higher
contents of unsaturated carboxylic acids can be used in some cases.

30 [0052] The time for the reaction between the radicals at the surface of the scaffold and the

unsaturated carboxylic acid depend on the concéntration of the unsaturated carboxylic acid.

For example, considering a content range of 1 to 45 % the reaction time can be between 5

minutes (1 wt%) to about 60 minutes (45 wt%). In one example, 30 minutes were used for a



30 [0052] The tinme for the reaction between the radicals at the
surface OVORAD/BEALfol d and the unsaturated carboxylic BETAGHOPEHAON
the concentration of the unsaturated carboxylic acid. For exanple,
considering a content range of 1 to 45 %the reaction tine can be
between 5 mnutes (1 W% to about 60" m nutes (45 W% . In one

exanpl gy wel Blutieh&T abB/ie adilest foohinates 2 200 GARALERLRGE aGHHQRGIH) A0s) the
11 10 wt % sol ution of acrylic acid or 10 mnutes for a 20 W%

sol ut i longerthe ceaption: time; the maresearbaxyd eraypg ate geperajed a6 theowrfapeal thescafinld
car box ' U I . f :
t enper ﬁi‘ ?Jér%'glpfegar%m? ﬁlgrs&?sgrgé |°§%a§%ﬁ%glgec§ Zl;lé}ge g ?e[}i‘if)egr#gfes t% ggﬁ%{e@a@tﬁ r ge-a}s‘l'ﬁon’ e

speed ihp fohigaticmast taboxyl. @oupshst thersuihdeosf e scaffbldx Howgver ke tdmpidnsture
surface of the scaffold. However, the tefrht])erat ure % 5 oul d. be

sel%ect BQuidbaelestaddn bebelove thempritingpeint Qithe materat which tompy tha seabfold;

t he sc d. ; I : i Patelycol ¥ |

t he soﬁ}%l n g{)%tg ﬁig] t&%ﬁgwg%%@%g?ggﬁ%ﬁ ?lgwg%lfgl ?%%io I ;[ogl t hebﬁﬁgﬂtﬁﬁted
subs eqeaetdxylia diczhinhibiist tha tsebkegudny madical atitieted pokwgetzationt eyiger aontent can

reduced by conti nuousl assi.ng an inert s, such. as .ar into the
Sol ut | BFedBeRc) P FARSTPRESIY ASSRTE 3t BEFERURD FS 6001 110 U5 obi0io Compristne
preven&lel',}? ; e{ﬁr@fﬂog@ﬁbgadpf the nmononer during grafting or upon

storage o aqueous nonomer solution (i.e. the unsaturated
caMboxios4] acTdprevantshimerslynenastion obthereonomes dyring grafting orrupensigrage of

may be.,added to the sol ytion.of .the unsatur [ yl | i C

oo darras monom s rappET (ki SnRERLY (B AE AR Ml Smonlizor
from afepidhs QalP @2 2upic Yalt tattaiiidded b the edlutidie of Helbinsatiraiéd thdoxylic acid.
unsat urated carboxylic acid_or fromabout 15 0.01 to about 2 w.% . or

f r om abueslt hamapalymagizasiobighibiter Fayoheopreferably dded i agramayut of from about
unsat _ oyl | ¢ : . R,

can. e BOFEWER UK % 5% Of teSdfiton Gt RIRRBUARAERMCAIA & foth oo
i i bi 0.01 toaaboun@l wel@s, drufroirs abmit 0.1 rirtt%dtot aboatmip mitndfrthe spldtion of the
sul phate or c r sul phate. 20 [0056]1n case no honopol yneri zation

i nhi b!%?@‘ge‘ggggo’ﬂﬁwifﬁ“gddi tion to adding a honopol yrmeri zation

i nhi bi ga55] t Mens $@fdopbHmictizu@ah chiBifdredant e ar fdhs Qa1 Ofr & @ppéreslt. The
radicals at the surfacé of the scaffold with the unsaturated

pol ymeldeopdyrderization iimigibitemcandnelads, ibutiisonet limited te gmragnismsoutlsnlphate
such as_ water ﬁ)r gi stilled water. In such a washing step the residual

honopo?ry(i’?gpercséi' hﬁ ‘renoved. 25[0057]Irrespective of the washing step

refeer r@essp i h che poeNdmopolpacdgriap hinhiblier ds afsed drsmakddition abt addigg a

can optionally be washed or rinsed in water for a prol onged_perigod
bef or ehampepalymerization ybiters theseaiteld ipvashed after vaﬁctwﬂdi}% ¢ figg,radicals at

uni 1 or okl SARULEHON widTne kR fe@bolliirid hal! HhfiERThAbY carllif gut in
washi ng or rinsing period can be between“about 1 or 6 to about 24
hour s ®ruitdble sakitiofs, hodr ss wWaG{r A95dtBEdowatebrinngichga whaehigg sstepethe residual
scaffold i n_cont ac}évx,ith the first polyner solution, the carboxyl
gr oupshIRORGEMET FAPDEIEHPVEte scaffol d are activated. Activation of
thes cajdpgry! HrQPRSive T e wadking Sfp Qufertéll do S &Y Frdliods bhrdaiabBthe gPred
20707 03 a0 pHIBPETNE R SHE ity Scp tulerttl o GRAIE 1271006 phréBiabhlY i
scaffold obtained can optionally be washed or rinsed in water for a prolonged period before

starting with the activation of the carboxyl groups now uniformly distributed at the surface of
the grafted scaffold. The washing or rinsing period can be between about 1 or 6 h to about 24
hours or at least 6 hours.

30 [0058] Before bringing the grafted scaffold in contact with the first polymer solution, the
carboxyl groups at the surface of the scaffold are activated. Activation of the carboxyl groups

can be carried out via chemical activation.



12 [0059] Methods for chem cal activation of carboxyl groups are
known i n WR@0Hf2160For exanpl e, the chemical activation BETHG2009/000296
car boxyl groups can be carried out by using for exanple a solution of
di azoal kanes, or diazoacetyl conpoundg, or dicyclohexyl carbodiim de
(DCC), or carbonyldiimdazole, or

1- ( 3- d[0858hy!I Mﬁﬂmdsrfop}ch)zm&ahtah@ﬁ%ianbﬁncﬁrbmiyﬁgroms are knovmwbim ghel amt. Bér

2'; Eg?g%%%ﬁ%%ﬁ c@igm(lde@é)éf;NHt%zttandﬁl &égcfagfégggw:léﬁn? QPR b Frut by using for
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the Ca%g&tg 'd&g&l&eogf {a.%gdﬁrﬂ dteh% ﬁﬁ&ée cithi Tf&fmht‘?&? N3 %ﬂméde b?nds

i ncl ud rnatlon 0 erne active ester e produ
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arkllie. BimplsGRETeAle THis ASHMED rERes HBdUR pygupieiopkitssc B griestl ERG can
car boxyl Mp@epen e hﬁﬁ ﬁ'ﬁﬁleﬂc&lﬁ)l %@@téﬁa%teﬁbﬁﬁ frond gmﬁ afai d16oHolkeor

reaction i s on the tenperature. In one exa ,

reacti plmmls;mndvqspadmbl)nd}: fromTavad and jawdngéso N—Hefd@émuccmmptdes@ﬁ'mhlst dften
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t he car boxyl s the scaf is contacted with or imrersed in_a
a Xsbydro

fikst ponpme xmcmnmdﬁ] thét fusthar eracts ythsthe gmiee Binchop feyield Beally

of thejac carboxyl groups with the polymer in the polyner
sol utlginawagﬁ?%ﬁs reaction a thin layer of polyner is 25 grafted onto

the suffoatp ofThé¢ pH rangd forlthe adtivatior reactiom bfitetcarbonglt groaps pal Yerseleated to

mat eri al can be used I ke..t naturaJ ic.materials referred to
Above, b bERSFT N SdACLHBHS edfraon Fed SRORAT 1 (EHRSCREIG HE Pe example
sol uti gR eaRicR]INREWIE PR 2OM I THY: aktivation reagent comprised in the solution referred to

20 above can be dissolved in a suitable buffer to form the solution. An example for such a buffer
is 2-(N-Morpholino)ethanesulfonic acid (MES).
[0062]  After activation of the carboxyl groups the scaffold is contacted with or immersed
in a first polymer solution in a first contacting step to allow reaction of the activated carboxyl
groups with the polymer in the polymer solution. In this reaction a thin layer of polymer is
25  grafted onto the surface of the scaffold. In one embodiment a natural polymeric material can
be used like the natural polymeric materials referred to above.
[0063] The concentration of the polymer in the polymer solution can be between about 0.1
mg/mi to about 300 mg/mi, or at least 0.1 mg/ml, or at least 1 mg/ml, or between about 1
mg/ml to 100 mg/ml, or between about 1 to 8 mg/ml. A higher concentration of the polymer
30 in the first polymer solution results in a faster gelation of the polymer at the surface of the
scaffold, a stronger mechanical strength of the scaffold as well as a smaller pore size inside °

the scaffold.



ng/mM to about 300 nmg/m, or at least 0.1 ng/m, or at least 1 nmg/m,
or bet wedhO3BBP2101 ny/ M to 100 ng/ M, or between about PATEG2WAHH2AG .
A hi gher concentration of the polyner 30 in the first pol yner
solution results in a faster gelatiom®pf the polyner at the surface
of the scaffold, a stronger nechanical strength of the scaffold as
wel | al084k rra’lrh@porpmtém peariplle gad depends an tht mﬂymmsed In one embodiment,
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deactlv tion of tggtc?@boxyl groups. The scaffold can be washed in a
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days 0[r0037]d ayshe 5QBGH] Wiidheasiiekh QBhtages e thb &irstciiirabocdnOobé subjected to
conprising a_ first layer of a polyner at its 25 surface is contacted
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t he po?%?qgjoﬁﬁi&nggﬁﬁm%ysare defined above for the use as
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solution can be the sane or different from'the polynmer used for
fiX%st pofagenis cadiaied onimmersed in a second polymer solution. The polymer can be a non-

-

biodegradable polymeric material or a biodegradable polymeric material. In a further

embodiment, the biodegradable polymeric material can be a natural polymeric material or a

synthetic polymeric material. The polymeric materials can be the same or different from the

. polymeric materials which are defined above for the use as scaffold materials. Also, the

30 polymer used for the second polymer solution can be the same or different from the polymer
used for the first polymer solution.

[0069] While being contacted with the second polymer, the scaffold is subjected to

gamma-rays for a second time. The dosage range for the gamma-rays can be between about 5



[ 0069] Whil e being contacted with the second polyner, the scaffold is
subj ect edVO 301911 r ays for a second tinme. The dosage rBAHEGIMHH/0q0ARS

gamma-rays can be between about 5 WD 2010/ 021601PCT/ SG2009/ 000296 14
kG/ to about 30 kGy. The dosage shoul gy be chosen to avoid degradation
of the scaffold. Irradiation with ganma-rays has the effect that the
pol ymekG¥ a6 rbowt 3§ #Gyy dlhe alvdagesshoubib be kchoder do tayoidhdegridagion pd] therseaffold.

o Wb B 405 Bed 5GPl F & G e ke
for t hgnsRG8 e BirfYoriiRer Pcﬁ)gérc\.bhfcﬁ WwasOBantd ORreatridef el ftivited Xambxyl

via ganma-irradi ati‘on"to obtain a better nechanical stability as it
woul d greups; siithathiecfinsh polymet.nGhe taygr ofi Srsfpolymér fogas nj anshex &y, the second

St ot | PRt A GHR RS £ (a5 PR POREY b Eiieip oy FE BRI R beter

exi st i pdciAiY $tabAty R REWSHIdUSE b Alable Wheén 86Rd balydondVgatimaiigadiation step.
anchoring further avoids that the hydrogel fornmed by the second

pol ymeMegipamical Gmghoring. ther spgpad ipolymes tacthe dustopalywer gt stebikizes| deipprous
case it _gets .in,contact w Laul dsS; .. '

roct unfeBns e fafbe th il i A ARisak BB bRoBYe UGS (e saffold
mat er i Rleckifechl fa@éhdring ehél Sloids that the Isdrogehfirmed dly the sedvmdpmllymer upon
materi al used for the first and/or second pol ynmer solutian..It.is
ATHY pearmmpiiaadinten i ashedant Glahg Srafolup cAtet Be1s in Sontart Wikl iquigs Such as
scaf f t | L.on and the 15 second pol yner

sol ut ?%lgpd’lcﬁﬁg%g%ﬁgj@ﬁbo | nglg‘%v?&{'he pol ymer used in the first )
pol ynefoogo] ut nond embddimestythequolyindrireatemdl usedfor thresqafbldnis the sasee material
the second pol yner salutioqn. The.use .of diff.erent polyner terial

for ¢ nés e RLRBM MEBHPHER der B TPHeme G TBaFY PNl I RapofbsSible
exanpl ~ Sl Rert HifteHRY apslddd0r tHenRafbld! iR filisf pelkaiet selativw asd tig
i ndi viglgaﬁff}.?&g&g}%%e%_l] Ien a furt herr_enbodi ment it ig 5(i(?rs&sisbl eto

i N udsecand polymer sfetione dn anoihse amebodiments the RAYBAY “ﬁ?ff vimthe &gt polygper
Such a_gonpou can_include., ' | j.0 .

ant1 pr BTG G SRt pf et a0 tishoRPhenisED 1 econd molymer solution, The
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paclitaxel, epidipodophyllotoxins (e.qg., 6 etoposide, fenipaside);
Bt bi savess fob wiRle det Arieryaenths, SasAtiomn Bl 3 gtheo AT BItn Compenents

| dar ubl Gt Havarty. '
20 [0071] In a further embodiment it is possible to include a further chemical compound into

¢

the second polymer solution. Such a compound can include, but is not limited to
antiproliferative/antimitotic agents including natural products, such as vinca alkaloids (e.g.
vinblastine, vincristine, and vinorelbine), paclitaxel, epidipodophyllotoxins (e.g. etoposide,
teniposide); antibiotics, such as actinomycin D, daunorubicin, doxorubicin and idarubicin;
25  anthracyclines, mitoxantrone, bleomycins, plicamycin (mithramycin) and mitomycin;
enzymes, such as L-asparaginase which systemically metabolizes L-asparagine and deprives
cells which do not have the «capacity to synthesize their own asparagine;
antiproliferative/antimitotic alkylating agents, such "as nitrogen mustards (such as
mechlorethamine, cyclophosphamide and analogs, melphalan, chlorambucil); ethylenimines
30  and methylmelamines, such as hexamethylmelamine and thiotepa; alkyl sulfonates-busulfan;
nirosoureas (carmustine (BCNU) and analogs, streptozocin), trazenes-dacarbazinine (DTIC);
antiproliferative/antimitotic antimetabolites, such as folic acid analogs (methotrexate),

pyrimidine analogs (fluorouracil, floxuridine, and cytarabine), purine analogs and related



25 ant hracyclines, mtoxantrone, bleonycins, plicanycin (mthramycin)
and m t o'W@Red/0d1sgynes, such as L-asparagi nase whi ch syREERGLAINE0296
nmet abol i zes L-asparagi ne and deprives cells which do not have the
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(ci spl aftinfigratayp aptisecret)ry (sucic as baavichin); ptdindleyrumatery: sutoasadrenocortical

am nogl ut et hi m de; . hornmones (e est.rogen); anticoagul.ant hepar.i n,

synt heteihepleerivcba CarHRE ot WroRRIIFER oEeBRoBfr EiepFotons, 5 aiphi-

1 Dri e _ .
r&ah%g;geecﬁg%g&%? frpd nas"g'?‘?"’t’ beaMethRb ke AR AmRHabotR), Mon-steroidal agents

strepto antiplatelet (such as aspirin,

dilfyr i @achol @5, stlicdisi dicide, decivatived 0gige| aspa)} xparadsininepheneli derivasivgs (e.g.
antisecretar such brevel.di n): .antii.nflammatory:. such _as ..

adr end¥6 ‘Eé?h%?ﬁe}%ﬁges aﬂgo’lnfl?%eol)a?et}f’o AR O(]Ts‘g% uﬁlﬁg@gﬁﬁaﬂgb ulindac, and
pr edni §efdac)Ph&edhsP aedR ackdsalsidrodaelohétil, dtiloferde) ard kbtotdlad)] A91pBsionic

bet anet hasone, and dexanet hasone), non-steroidal agents i i
“acids (such as ibuprofen and derivatives), anthranilic acids (such as mefenamic acid, and

meclofenamic acid), enolic acids (such as piroxicam, tenoxicam, phenylbutazone, and

15  oxyphenthatrazone), nabumetone, gold compounds (such as auranofin, aurothioglucose, gold
sodium thiomalate); immunosuppressive (such as cyclosporine, tacrolimus (FK-506),
sirolimus (rapamycin), azathioprine, mycophenolate mofetil); angiogenic such as vascular
endothelial growth factor (VEGF), fibroblast.growth factor (FGF); nitric oxide donors; anti-
sense oligo nucleotides and combinations thereof.

20 [0072] In another embodiment, the chemical compound can include, but is not limited to
an antibiotic, an anti-inflammatory agent, an anti-clotting factor, a hormone, a nucleic acid, a
peptide, a cellular factor, a growth factor, a ligand for a cell surface receptor, an anti-
proliferation agent, an anti-thrombotic agent, an antimicrobial agent, an anti-viral agent, a
chemotherapeutic agent, and an anti-hypertensive agent.

25 [0073] In another embodiment, the anti-thrombotic drug can include, but is not limited to
small organic molecules, such as clopidogrel, triflusal, or analog salicylic acid derivatives or a
protein such as hirudine or thrombin. Illustrative examples of an anti-restenotic drug are
sirolimus, also called rapamycin paclitaxel, and evolimus.

[0074] In this context, it is noted that the drug (therapeutically active agent) to be

30 incorporated into one or more polymeric materials of the occlusion device can be a small
organic molecule, a protein or a fragment of the protein, a peptide or a nucleic acid such as
DNA or RNA. The term “small organic molecule” as used herein typically denotes an organic

molecnle comprising at least two carbon atoms, but preferably not more than 7 or 12 rotatable
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Fur t hefoogxpnphea fflﬁﬁerczfsb&toﬂﬁsﬁrué@t inveation eefeisCtodd aitkifodCaNmagufacturing a

composite scaffold seeded with cells. This method can comprise providing a composite

scaffold as referred to herein and seeding cells into the composite scaffold. The cell seeded



[0076] Inclusion of chem cal conpounds into the conposite scaffold

al | ows t d¥VQS8103t81a 30 conposite scaffold as drug del i PEFHGHN0REI6
[0077] In a further aspect, the present invention refers to a nethod
of manufacturing a conposite scaffold ,?eeded with cells. This nethod
can conprise providing a conposite schffold as referred to herein and -
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[0079] In still ot her asp t he.present, i nveniion refers to .
por ousStHPa&E ﬁ@ ioé’ﬁ%'flgé’%rcfr%%gisfnéus 6?t88fﬁ*§3i (i%wgs io ﬁ"reerég’i"%lg“mfom
nodul ugdeétidiedanaravaldedt 5 to 50 MPa and having 15 a pore size of

bet ween about 20 to 200 gm The nethod referred to herein allows to
pr oducE038} ouln stk evothemespesto gl Pressb dtiepdorns kefem dp fspergls Hire-dimsysional

carp! Sonpie S84l bk o toltehe e o AIITRI AR B0 P30 NBta gnd having
Suiose @otecsizeepl twedn aAboab26 td 200 pon &he hiethabreberesisto \heraim dildws tosprodiat

R R A A
enbodi gRfferk %Bﬁ?f&;%_vé thddBNRI Por éﬁ%&p%}fmr@%ﬁlkétﬁlﬁ?égéé?{?é g%ﬂg@bﬁi&ﬁaﬁold

scaffold made o has a conpressive nodul us o out 6 to
7 MPa whithdasuproeed teerepkaecia firabequitas bopp) the epmpresyve owdulus sheuld bs gheut 50

L9050) e, S B0 HEb, 508G U R 4
| 170 t abdt@en abit 5P EOI N1P& .Alnl ohedinftRldBs & réfefred b herein, the compressive modulus
comprising a scaffold made of PCL has a compressive modulus of between about 6 to 7 MPa

and can thus be used for the replacement of cartilage tissue.
[0080] The inventions illustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specifically disclosed herein.
25 Thus, for example, the terms "comprising"”, "including", "containing”, etc. shall be read
expansively and without limitation. Additionally, the terms and expressions employed herein
have been used as terms of description and not of limitation, and there is no intention in the
use of such terms and expressions of excluding any equivalents of the features shown and
described or portions thereof, but it is recognized that various modifications are possible
30 within the scope of the invention claimed. Thus, it should be understood that although the
present invention has been specifically disclosed by preferred embodiments aﬁd optional

features, modification and variation of the inventions embodied therein herein disclosed may



25 Thus, for exanple, the terns "conprising”, "including",

"cont ai niM@20108R501 shal | be read expansively and wi t houPCT/RG2G0&000396
Additionally, the terns and expressions enpl oyed herein have been
used as terns of description and not g§ limtation, and there is no
intention in the use of such terns and®expressions of excluding any
equi vabgtsrli By HeRk WkafedSHOMR A1 hndemel SRAIMBHIfRAHdsCAR VARIRAS are
but it is recogni Zed that various nodifications are possible 30

wi t hi nconsedesebipebecithihghg seopeof s ioveritiond. Thus, it shoul d be

under s th al t hqugh, t h resent Jnvention, has begn ,.speci Li gal
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I nvent P%é]agiﬁgzﬁi%é%ﬁ gggﬁ%%l?g g{i;’ E?D(chgﬁ@ﬁtgg g“’.é‘g*r?é% r‘élec aﬁ? ?%gag e?sesi %%%%5 f ot
t he natie@seised Aratdriad isapecifodiareitedchegeinupi ngs falling within the
generic disclosure also formpart 5 of the inventign. This. incl uo}l)@%
the geH¥82t o&4herismhodiments areavithin dha folawing daimsndeaolimitinggamnies. In
limtatk ' ' . . . :

uhet hordafiof SkH RALARY oRBhaFbe BBpER L BRI T orns BERIa B Smbls,
[ 0DB2] thosé ekilledio tienarhivill ascegmize Hiah thehiavémionasvalsg thdrehyndesanbedhinterms of
limting exanpl es. I.n addition, where features, or aspects of the

i nvent lngf"’gg‘b“igﬁ’?bﬁéﬂr ?%ﬂ%wﬁ%@%??@hgﬁfﬂg‘%@&? P10 t hose skilled
in the art will recognize that the invention is al so thereby

described in ternms of any individual nenber or subgroup of nenbers of
t he Markush group. EXPERI VERXRERIMENDNI 8BEIJIOMnuf acture of a

cConposj caffol 5 1008411 n ape e |l e, y-radiation was carried
out intélofg?fat M%ﬁ“é@ﬁ%ﬁ%ﬁﬁ@“ﬂ%&é?@@pk@ power to produce the

degs r efhoRay i Vén bad ieﬁﬁh?leo?-ridiﬁidmw caties Wif acel 4 hoaHbapératud€ under 10
entire porous PCL scaf old as illustrated in Fi gure 2. The PCL

scaf f ok€y Heverrtoxpradyas the gleaiied agfiveoisdicals @) Hyapetcap! siafasep trenghaup the
ice to i V. ' - ' C emedi

| wer g egr eI ddeRa ad Hfaleih Bt 20Thd PLESARIES (HEH XY fint x 6
subsequsntOsttoré fSin@pbyd)yesdre placenineise & hvdf bverheating. The y-radiated scaffolds

were immediately lowered into liquid nitrogen and c_iuickly transferred for the subsequent
20  graft polymerisation experiment. ' '
[0085] The y-radiated scaffolds were quickISr lowered into 50 mL of distilled acrylic acid
(AAc) (10 %) injected slowly with 50 mg ammonium iron (II) sulphate for 10 minutes at
30 °C. Dissolved oxygen, which can inhibit the subsequent radical-initiated polymerisation,
was reduced by continuously passing Argon gas into the AAc. After graft polymerisation, the
25  scaffolds were stirred in distilled water to remove the residual homopolymer from the
scaffolds’ surfaces. The AAc grafted scaffolds (PCL-AAc) were rinsed in deionized water for
24 h. The carboxylic acid group on the AAc was activated with 1-(3-dimethylaminopropyl)-3-
ethylcarbondiimide @~ (EDC) and  N-hydroxysuccinimide  (NHS) in  2-(N--
morpholino)ethanesulfonic acid buffer (MES) in a 2 h reaction. The EDC/NHS solution used
30 was made up of 0.68 g of EDC and 0.386 g of NHS dissolved in 100 mL of MES buffer at a
pH of 6. The PCL-AAc scaffolds were then lowered in.to 3.0 mg/mL Collagen I (PureCol™,
Inamed Corporation, Fremont, CA, USA) for overnight at 4 °C and subsequently immersed



[ 0085] The y-radi ated scaffolds were quickly |owered into 50 nL of
distill e®W@eoplop0hcid (AAc) (10 9% injected slowy w t PCEBGH§9/000296
ammoniumiron (11) sulphate for 10 mnutes at 30 C. D ssol ved oxygen,
whi ch can inhibit the subsequent radigal-initiated polynerisation,

was reduced by continuously passing Argon gas into the AAc. After
graft sml stireed 500.50%, ethdmle&ﬁns (sa]futioil dehemicad denctivadign jof ndingeadied dctivated

ter t th | f ff
Sur f nc RO GIONRY 1510 PR SEtosrh BRRE BRI A P S 4F kBl grovps.
dei oni @%ﬂswﬂlt P{naﬁ?rmaéciffola'dﬂ%&ahm ih ¢ ;2PBE fBFf QURY9 o kiR e \Wdlagen

activ h 1-13-d yl am nopr opy ethlcarbondllmde(EDC)
and N thd;howsabsm'bnd phxsecaélmrqg)thﬁs nurﬁace:\'ﬁa)sﬂr pmg IS1Zﬁ(§’f dhaseatield vanieduegdiin a

buf f 2 h
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buf f erccﬁiaFéh Rk Hubbles 'EF@FE’&:IWMQ tﬁ@%ﬁét‘ﬂild&w&&r eemhvaad Vianesnedfogation. 3THe

ng/ mL Col F'agen | (PureColi | named Cor poration, Frenont, CA _USA)
f or ovmihgghunmerSEdG(afol(bqu@qHéﬁﬁd Wwithy?8r k@Y v-iadiation for 01'05311111(1118 and

2010/ 021 OlPCT/ 9/ 000296. 19. an

sol ut i %?F‘%’(?ﬂ@ﬂ'l ?ﬁ ?r\‘?ﬁsgﬂn%ﬁd 5?3%3%{3 we‘rggglengv %‘% %éa{?te car - The
gr OUPSdcatiBldh %r@ﬁfasac?uehﬂy dib@ it addheed pressude i 4 Pectealticr foilod h:ar boxy|
groups. [0086] Finally, the scaffolds were washed in 1 x PBS for 2

dalfs t @Osé}mvﬂmfnemma lof aamymaririradiation exaftivein sompysitespfipldsn t he
surfaclﬁms'@‘ %"%5’336“‘5@% ffold was reduced in a 5 controll ed
[ Y, co S-1T7 nkl i i

fashio agen Cr 0s's- g. The collagen is further imersed
in 6 nposY] coChwborit gndpdoubﬂimrfacapbmibw)ﬂdtémPClIlfscaffa]fd‘s otas quantidied by

rem)ved V|a centrlfugtlon col en [ ffol were .
t r eat cHBR) aspAY2S deagrity rPé‘Eﬁl%‘HTbﬁuf yiths IBEW%E 1 3’ ﬁfgqui‘%? Printo

The coj, El&e&‘ élQl'eEse\Qatﬁ‘&%H&lb@aﬁlev‘@fcﬁs-tsé&ﬁny\/ﬁﬁpeﬁ sfc@l!folas dAder differdnt
x PBS. scaffolds were subsequently dried under reduced (fressure

i n% fmedification Hcatﬁmntszfzbrh inchbatd 08 mLuph TR rspufion(0§anivein ¢} aevidNaQHh

0080) PRl Doty P et cififre RIS for 2k o o EpRSetid Goles e itne
V\rrg a Ief ?ggﬁﬂéﬁg%ﬁ %vLe {ﬁmm BSwaRGE whnéstemuﬁi f NBOH sulitiors@i®10)

scaffolds were cut into bl ocks of éjﬂ ag&z%t
with atwatioes ) hgech tope)sSComplaxed ABQuen thesufaceraf spehoxylatrd P
15 nodjfi i t oo f lot
(5 R A0p RECHEREL y oA RE.R00, hudhTo, 9nE B 20,9140 o
r oZOM t Sl o & hindéer casenashaldhakTRG. cdﬂmemrqjioaxmda@byle avhd sphition awas

by washing with excess anmount of NaCQH, solu H.10) t i 3
coch (HRERE P bSeERRT PR ERETS P 0 Hith PSRRI R ATTE, Tedan).
scaf f opgs,oWais oASPOUBRS! 5 Mhk NGurfabé fvaa“se cil¥nlafed Uk B8mPRAEd OFBIO content,
sectlons in"3 nm."of 50°% acetic acid
assuming that TBO complexes with the carboxyl groups on the scaffold surface at 1:1 ratio.
[0090] Acid Orange Il (A0) assay

25 [0091] Acid Orange (AO) II assay was used for determining the degree of

functionalisation, i.e., the density of primary and secondary amine groups on the surface of
collagen-immobilised PCL scaffolds. Collagen-immobilised PCL scaffolds were cut into
blocks of 2 mm thickness with a razor blade. Cross-sections of PCL scaffolds of different
ireatments were immersed in a solution of 500 uM Acid Orange II in deionised water at pH 3
30 at which there is a protonation of amines. After shaking overnight at room temperature, the
cross-sections were washed twice with deionised water at pH 3. Amount of bound dye was

quantified after detachment in deionised water at pH 12, which was achieved after 30 mins of



20 solution for 5 h under constant shaking. TBO concentration in
aceti c a®va@@oiozrsdbn was determ ned by absorbance neasuRPEHEGI0020008B3
nmw th a mcroplate reader (Safire2, Tecan). Carboxyl group density
on the surface was cal culated from cogfpl exed TBO content, assumi ng
that TBO conpl exes with the carboxyl groups on the scaffol d surface
at 1: 1shakirigat rp@Iehpexatuce. Ghisyas bacaseCepesenajion 1 podrgssjocpured arbasigeH

(AO 11 .ass was used for dete |n
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Col | agen-i mmobi | i sed PCL scaffolds were cut into bl ocks of 2 mm

t hi cknewantified by gompadsonvidhie stamiass surye ©f koeisn eenqegiratiqns of emire grpups.

di f re ts were imersed in a solution of 500 p. M Acid
ngeﬁbpzj %8'{Tgﬁl sed water at pH 3 30 at which there is a

pr ot onglgiodN offoanhdntitativifyt exarfifhakihe gdistridutiog rof alhemnoﬂrrblemar thronigh, the
the cross-sections were washed twice with dei oni sed wat er

Anmpunt seeffolsbiiem iatpaontespesipheny; during the sustace grafingarocessn THEO %&41 @Qd?assays
bo10, 0B vty abiuitls H5wRRs RS oPCarBLiA ol am¥fR groups respectively.

becausEhetepissignatcionsel imrdonpmcint withe thegharicsd | seciidhiug| efesurfab@modified
concentr on in delonlsed ter det.e absor bance

medsur %&q{d Y SRgYTG T RIgF R Induekqn, Eﬁ“é?seg(ﬁgéﬁ‘gg(fgéaf ire2, Tecan).

Sur f aC@g@@ES' TROPLs APAREdH, QHich YRSfoftHantibA kefiplx \ﬁ‘ﬂ’i@ﬁfbbﬁﬁfé %’oﬁﬁ"oﬁl the

st anda rve of known concentrations of am ne groups 5[
Resul tsarfa(ae gtspml@ aqdaviich desovhs wyndexamdin envinenmigng (39 Buadetia a@tﬂ sehwtinn)k &n

! TS ABERHINAE SR W Toh SRS et B e

the s U§\i‘r?e£ée aﬂﬁHcaeﬂ{d whicR@8sd?bs Glep pKyl2. ahe saﬂhdwdegsmep 8f ca5MAL ahd eﬂnmo
These assays were used in conjunction with nmechanical .sectjonjn

sul aceronp?l vETeebtaiped by prAlyERS Hie tgishamonnt of RGand A i theslepqrp $€é ion
3.( A) aﬂngm?g(hB)c?)l'onmetry, respectively. The results showed concentration gradients for both

carboxyl groups and amine groups on the surfaces of PCLA and PCLAC scaffolds whereby
surface grafting was induced by plasma treatment (PCLAp and PCLACp), but not for
scaffolds whereby surface grafting was induced by gamma irradiation (PCLAg and PCLACg),

20 as seen in Figure 3. In particular, only 56% of carboxyl groups and 47% of amine groups
appeared on the bottom surfaces of PCLAp and PCLACp scaffolds when normalised against
the concentrations on the top surface of respective scaffold.
[0095] Mechanical properties of PCL-collagen composite scaffolds
[0096]  Porosity measurement by mercury porosimeter

25 [0097] The internal structure of PCL-collagen scaffolds-pore size distribution, total pore
area and porosity were measured by PASCAL 140 mercury porosimeter (Thermo Finnigan,
Italy, S.p.A.) with S-CD6 dilatometer. Sample preparation and measurements were performed
according to instructions from the manufacturer.
[0098]  Compression modulus testing of PCL-collagen scaffolds

30 [0099] Compression tests were performed on an Instron Micro-Tester 5848 (Instron Co.,
Canton, MA, U.S.A)) at a speed of 0.5 mm/min and at a temperature of 25 = 2 °C. The
compression modulus was calculated from the slope of the initial linear portion of the stress—

strain curve. Five scaffolds were tested for each group.



[0094] TBO is a basic dye, which can forman ion conplex with

car boxyl iw0geie®pledh t he surface at pH 10 and whi ch desoP@ESGHEEN00296
acidic environnent (50 % acetic acid solution). On the contrary, AO
is an acidic dye which forms an ion ceqrplex with am ne group on the
surface at pH 3 and which desorbs under pH 12. The surface densities
of car f#NPD] aﬁ'darammdecltﬁorgmaﬂmomre obt ai ned by anal yzing the total
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o0t hiabn Sone3ah8G: wkBrrint uhs o 3nRER R Ghiof modi A fl% L

from t fafeidngs af tikBé higict i dmpldssioarmpdilid mnoéollagen Spofges Thermechanical
curve. Five scaffolds were tested for each gro

2015/ ostaEtiPef tscsadld durreased signifteandy 1@&3%%@%1%8@%&9&@9@ yepe glier
[0010 1%181113%% %@9% e B (li‘% sSERd. %gésﬁi% NERALFOL &B1th tﬂ%‘foldf were
S har d ec y

scaffo erize scanni n tron m crosco
wer e f alkedvalhiithd gbmgaarpdrdmhlpdae (Figugd 4(B)PBS)ouf @0%3ef thnpofﬁlmlmamhhsa pore

dr.ied tial 70 % % and 5
100 o9 S gf pEet | ALAmip ROL BR85S SIS TR i redtrorHmEats Adgose
(0s04) , f]l%sso/ﬁm@tloﬁl pfm.for 30 mn. Then, sanples were freeze-dried

over ni and cut with a razor bl ade and gol d-coated with an ion
sp2a t e[OQiea]; eFu(tljfﬁ-‘Cch@@Genaamm of afhgn PCAt-colbgam fcaffolde svas performed via

(P ggt,vf%i%ﬁ%%aflﬁ e rg(éq%%l g[ rﬁl%%(ﬁ/ nﬁ Q?cip%gtoekﬁa%&gr{kenlh%r &%chﬂ?)?ogy of the

scaffolds (Figure 3). This is essential to evaluate the suitability of the scaffolds for cell

seeding. The scanning electron microscope images show the PCL framework, covered with
cross-linked collagen plates, thus, significantly increases the area for cells attachment. The
25  scaffolds are highly porous and have uniform distribution of collagen on the top and middle.
| This is concurrent with the data obtained us-;in g the porosimeter.
[00105] ECM coatings such as collagen have been shown to be essential for anchorage-
dependent cells attachment and maintenance of cell number. The PCL-collagen scaffold used
in this example is suitable for the culture of anchorage-dependent cells due to its high surface
30 area, suitable ECM environment and also small pore size to allow optimal cells attachment
and entrapment. The biocompatibility and suitability to be used as a tissue engineering

scaffolds of this composite scaffold is demonstrated in the following example.
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properti 602010481681 and support the cells after seedi ng. PGREG2009/000296
conpressi on nodul us of the scaffolds was eval uated for the coll agen
sponge, PCL scaffold and the PCL-col Ig%en scaffold (Figure 4(A)). It
was found that the collagen sponge without the PCL frame has very | ow
conpr ef31166] metkllinla campatibilitp@f PE€Jatolidginivamposite sraffotdsgher

conpre collagen sponge. The nechanical 15 strength
of thef‘@égﬁ n?’%p?}rff@tg% (ﬁufl gnificantly in conparison to PCL scaffold
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for cells attachnen he 25 scaffol ds are hi ghly porous and have

uni@ or B0A08L r Celirmasphadpgicizliscalfdd on the top and middle. This is

h h
Cone ot e AR ah e BB WS PR SR e PR,y
anchor gpef. Sdfpasdedt fixed hﬁthaglﬁmiwﬁhlsrﬂe em% N BB)efoRBE einfat feind tempebature.
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sui tabb weﬁ%laeg@%r @Eﬁlmz '0'miﬁ°it?ooﬁh¥éiﬂ5é}aﬁ}é AR R dsHRb with

cells nt an b| oconpati b ty and suitabiFity
t ol be dmenisedswater hn&ddl)dm:gmnethmqug asgada‘ddtmobéeneh; the soafjiald$ were dried by
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Hepat ocytes were cultured for the required amount of time in
W I | i awsth afield emissionsppinireele e P FOSEOPSMDUL ni cot i nani de

Eg: Sﬁiﬂﬂlgi E'%” “%GChm%?"em o “gﬁ“aﬁ’?"% {}@,?%31}%9%? HEPES
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humi di hepatoeytes %ulP@@). in different scaffolds was examined using the colorimetric
AlamarBlue™ assay (BioSource International Inc., Camarillo, USA).
25 [00113] Results

[00114] Surface chemistry of scaffolds (cell substrates) plays a pivotal role in altering cell

attachment and metabolism in tissue engineering applications and biological responses
elicited in these scaffolds are especially important as they reveal the clues that pave the way
for tissue regeneration.

30 [001 15] Hepatocyte as anchorage-dependent cell that is highly sensitive to environmental
cues were seeded in the hybrid PCL-collagen écaffold. Thereafter, cell seeding, cell

attachment and metabolism in this scaffold were examined. Table 1 shows the cell seeding
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hepat ocytVéQ 203Q/0pt801 co| | agen scaffol d was characterized BYT 09’000296
Sanpl es were fixed with glutaral dehyde (3 %in PBS) for 30 mn at
roomtenperature. After repeated rinshfig in PBS, constructs were
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i mportant as tfgdngyeal | the Ifes that pav %he way for Ssue
r egener at i 6A—3606115—Hepat-oeyte—as—anchorage-—dependent—cet—ttat
is highly sensitive to environnental cues were seeded i-n the hybrid
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metabolismin this scaffold were exam ned. Table 1 shows the cell
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« For PCL scaffold, hepatocytes in the cell seeding medium leaked out through interspaces

between the microfibres due to poor cellular affinity of PCL and large pore size of preformed
PCL scaffold, thereby resulting in low cell seeding efficiency in PCL scaffold.
» For PCL-collagen scaffold (composite scaffold), microstructures formed by combination
20 of collagen strips and aligned PCL microfibres contributed to retaining hepatocytes as well as
good cell attachment on the surface of collagen strips. This implied that the. PCL-collagen
scaffold possessed the advantages of both PCL scaffold and collagen sponge, thereby
increasing the cell loading capacity of this hybrid scaffold.
[00117] Figure 6 shows the morphologies of hepatocytes at 24 h after cell seeding in
25  collagen sponge (Figure 6(A)), PCL scaffold (Figure 6(B)) and PCL-collagen scaffold (Figure
6(C)) examined by SEM. As predicted above, few hepatocytes were attached on the surface of
PCL scaffold (Figure 6(B)) and were present in sil;gles or in pairs. Some hepatocytes also
attached on the surface of collagen strips in collagen sponge in singles or in pairs (Figure

6(A)). In contrast, many hepatocytes attached on the surface of collagen strips or PCL
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61% 6% 9P 2010{0dB916] It was found that the efficiency BET/REHEP/BUYes
seeded in the PCL-collagen scaffold (conposite scaffold) was the

hi ghest conpared to those in collagemgponge or PCL scaffold alone. A
possi bl e explanation for this result is rendered scaffol d-by-scaffold
as f ol miwefibers iFBELecsllagere scasfobhaecelbiagaregatasi (Figues 6(Q)3 yeisherasycongistent
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( conpoesditagers safffold thhs the iglast probablyemeter(ipHigher cellixedaig efficiency in PCL-
collagen scaffold than in collagen sponge and PCL scaffold; (2) RGD (arginine-glycine-
aspartate) groups on the surface of collagen-grafted PCL microfibres promoted cell
attachment.

10 [00119] The metabolic activity of hepatocytes cultured in each scaffold at 24 h afier cell
seeding was evaluated by AlamarBlue™ assay. Figure 8 shows the reduction of AlamarBlue
by hepatocytes cultured in collagen sponge, PCL scaffold and PCL-collagen scaffold. All data
were normalised by the number of hepatocytes cultured in each scaffold. The results indicated
that the reduction of AlamarBlue by hepatocytes cultured in the PCL-collagen scaffold was

15  much higher than in collagen sponge or PCL scaffold. This result could be attributed to: (1)
Biocompatible surface of PCL-collagen scaffold prorrioted the metabolism activity of cell,
and (2) The best mass transfer among 3 kinds of scaffolds, which benefited from
interconnective channels microstructure and appropriate mechanical strength, resulted in the
best cell metabolism activity. .

20 [00120] Determining the compressive Young’s modulus
[00121] To determine the compressive modulus the following method is used. The final
composite scaffold obtained with the method referred to herein were cut into blocks (5 mm
length, 5 mm width and 6 mm thickness). Compression tests were done at room temperature
on an Instron Micro Tester 5848 apparatus (Instron Corp., Canton, MA, USA) using a load

25 cell of 1 KN at a speed of 0.5 mm/min and at a temperature of 25 = 2 °C. Compression

modulus was calculated from the slope of the initial linear portion of stress-strain curve.



20 of collagen strips and aligned PCL mcrofibres contributed to
retaining hepatocytes as well as good cell attachnent on the surface
of collagen strips. This inplied that the PCL-collagen scaffold
possessed the advantages of both PCL g&affold and col | agen sponge,

t hereby increasing the cell | oading ity of this hybrid scaffold.
[00117] Figure 6 shows the norphol ogies of hepatocytes at 24 h after
cell seeding in 25 collagen sponge (Figure 6(A)), PCL scaffold

(Fi gurAg 6(B)) and E%L-co | agen scaffold (Figure 6(C)) exam ned by
SEM - pr edt BERd 9 rARuTacERing aammetescatfeldeorprisitBed on the surface
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Hi gher cell seedFeading geesalfoldninpeiseesind aepotactingfsfapl wWith mmedond polymer
col | agen spongg, . scaffold; (2) RGD (arginine-glycineaspartate)
groups on the surfate of collagen-grafted PCL m crofibres pronoted
cel | attachment . irtiAhp1t8¢ staftoldwiatiols o @atdey with hé sbRRAtREHAESsolution
cultured in eac,ghscaffol d at 24 h after cell _seeding was eval uated by
Al amar Bl ueTm F4&LgAMPBALaYSIO POt he compositeigaiieldn of Al amar Bl ue by
hepat ocytes cultured in collagen sponge, PCL scaffold and

PCL- col | agen scaffold. Al data were normalised by the nunber of
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This result could be attributed to: (1) Bioconpatible surface of
PCL-col | agen scaffold pronoted the netabolismactivity of cell, and
(2) Th& besThermsthodrodieddiay 2, avhsnejn shachondbiodéaradablef pilpweriovmatenial is selected

bepefited f y I {.Crost d
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activity. methacrylate (pHEMA) and poly(N-isopropylacrylamide) (PNIPAAm).

4, The method of claim 2, wherein the biodegradable material is a synthetic polymeric
material or a natural polymeric material.
25
5. The method of claim 4, wherein the synthetic polymeric material is selected from the
group consisting of polylactides, polyglycolides, lactide/glycolide copolymers,
polycaprolactone, poly(p-dioxane), poly(8-malic acid), poly(anhydrides), poly(ortho
esters), polycarbonates, poly(phosphazenes), poly(amino acids), poly(phosphoric
30 ester-urethanes), poly(cyanoacrylates), polyethylene, polyurethane, poly(butyl
acrylate), poly(methyl methacrylate), poly(ethylene terephthalate) and composites of

the aforementioned materials.



20 [00120] Determ ning the conpressive Young's nodulus [00121] To
determ ne the conpressive nodulus the follow ng nethod is used. The
final conposite scaffold obtained with the nethod referred to herein
were cut into blocks (5 mmlength, 5 A@n width and 6 nmthi ckness).
Conpr egsi on I e st r ro
Tooter 5545 Hemaraptof (ERE Hndn The ERREH Bl s IS RO e
25 cel |l of Zrédy apnsistippeed pdly@-Hydtouybugiratepnpolgtmalict @EiPRT akitif e chftosdf,
2 C. Conpression nodulus was cal cul ated fromthe slope of the initial
| i near por t iNSAUERMG 13ckk PeShpa PRCUCURGE, Salagtany staph, dextramt glilar agarose,

manuf act ur i : oggig't I ri.si.ng: : I i.at |

three di meng1 iglcjgﬁﬂlaﬂlE por g!lf’s %g gg@%ﬁ@d@\%ﬁ fﬁh@g%%:gnr’ﬁ%?u% fél%)r%{ :%t’%lgn??%%en’
scaffol d i npalypeptide, olastim fibréis] ngireuyapatietaatciire phosphbiexyichicivat plbshRite,
i ntroduci ng C@Eg%x%/ll. rqups, at the surface of the scaffold;
activating £H®'L4EF 85?311%5153}%?6% to obtain activated carboxyl groups;
contacting the scaffold conprising the activated carboxyl groups with

a first pol \yrmer solution in a first contacting step to allow reaction
of the7act i Ve aerth@tanchuling tognyisheprebediie clpmhsy méerdim tHelppmmaol-sayetosage

Second pol v BRHPR s e e bt paSErRaghR oo ool 40y ©

conpact wit@bsltgosesond pol yner solution with gama-rays to obtain
t he conposite scaffold. 15 2. The nmethod of claiml1, wherein the
scaffold is nade of a non-bi odegradabl e polyneric material or

bi odegg adabirfis RNIHESS a‘ﬁy%ﬂ% S i preceding claims, wherein the three dimensional porous

scaffold is cooled or kept under vacuum during the irradiating step with gamma-rays.

15 9. The method of any one of the preceding claims, wherein the unsaturated carboxylic

acid comprises 12 or less than 12 carbon atoms.

10.  The method of claim 9, wherein the unsaturated carboxylic acid is an acrylic acid or
derivatives thereof.
20
11.  The method of claim 10, wherein the acrylic acid or the derivative thereof is selected
from the group consisting of acrylic acid, methacrylic acid, methyl methacrylic acid,
ethacrylic acid, alpha-chloroacrylic acid, alpha-cyano acrylic acid, beta methyl-acrylic
acid (crotonic acid), alpha-phenyl acrylic acid, sorbic acid, alpha-chloro sorbic acid,
25 angelic acid, cinnamic acid, p-chloro cinnamic acid, itaconic acid, citraconic acid,
mesaconic acid, glutaconic acid, aconitic acid, maleic acid, fumaric acid, and

tricarboxy ethylene.

12.  The method of any one of the preceding claims, wherein the content of unsaturated
30 carboxylic acid in the solution is between about 1 wt% to about 45 wt% based on the

total weight of the solution.



3. The method of claim2, wherein the non-bi odegradabl e pol yneric
material is selected 20fromthe group consisting of polystyrene,

pol yvi nyl al cohol (PVA), pol yhydroxyethyl- nethacrylate (pHEMA) and

pol y(N-i sopropyl acryl am de) (PNl PAAn) 274. The nethod of claim 2,
wher ei 3t he i) ial. i ' ' i-al
o & natur al o e o6 e Afh@s' G TR OkGuBRL BRELEIENTE iSine
t he synt het isclufioh ysrbetveemabeuti ZilwtVistossioat 2@ dvtf4 basetl lve e aotal weight of the
consi sting of, polylactides, polyglycolides, |actide/glycolide

copol yners, Sﬁlt‘}ﬁ?&apr ol act one, pol y(p-di oxane), poly(3-nalic acid),

pol y(anhydri des), poly(ortho esters), polycarbonates,

pol y( phosphazenes), poly(am no acids), poly(phosphoric 30

est&r - dtet hdihesysthpbbl) day amoaf thel meesling dainse thyteenthe sobltipur@nipeizag an
pol y(butyl acrylate), .poly(nethyl nethacrylate), poly(ethylene

t er epht hal aPaﬁﬂ’é‘Hﬁﬁ?S&?ﬁl?%%ﬁl‘iae%é b“)f/aequi“edt‘ﬁi?fﬁ?'g% %ned materials. 26

6. The nmethod of claim4, wherein the natural polyneric material is
selected fromthe group consisting of poly((3-hydroxybutyrate),

pol y(mhfi ¢ dbednethehiafi any e wbshe,presedingr daines, adietein pee dibinopolyenetization

acid, gal act an,., st dextran, pullul.an, agarose, heparin, .

al gi nat e, cnglﬁn‘af'ogitlﬁ%{gg-tosﬁﬁ‘!efsgﬁlg;on&?lp%lgﬁ,hnﬁgﬁag'lr?tﬁfl C‘T‘ri%gﬂlfﬁ aT"éﬂ'bun‘i n,
gl 3 en, pol ypeptide, elastin, fibroin, hydroxyapatite, calcium
phosph?é(e, ::rl‘al caltg(ieﬂumﬁphosph%e ang(aﬁtd_et rglc_al Ci uhm ph?tgéogat e. IThe

met hod!@&ccor ¢ Age ahyupfong Eauecfing epmsmvherhe omppolymerization
gamma-ray d : j i atrd . t hree di nensi onal porous
scaffold isﬂglg?%égsﬁéfadb%ﬁﬁgél%%%}(?%n%g%b't 30 kGy. The nethod of any
one of the preceding clains, wherein the three dinmensional porous
scaffo i s.cooled or _kept under vacuumduring the irradiating ste

wi th gﬁm&- Thg et O dEh U R YPTESREIS! °1ﬁiﬁ@?p‘f1@éf‘é@it% hemgpaigmerization
Sarbon at o Uik if B RIAE S HogP G D! pmohnPiob TH iffkeid
car boxyl i ¢ eegper swphkate.acrylic acid or derivatives thereof.

18. The method of any one of the preceding claims, wherein the chemical activation of the

carboxyl groups is carried out by using a solution comprising diazoalkanes, or

20 diazoacetyl compounds, or carbonyldiimidazole, or dicyclohexylcarbodiimide (DCC),

or 1-(3-dimethylaminopropyl)-3-ethylcarbondiimide or N-hydroxysuccinimide/1-(3-
dimethylaminopropyl)-3-ethylcarbondiimide.

19.  The method of any one of the preceding claims, wherein the polymer in the first

25 polymer solution 1s a natural polymeric material.

20.  The method of claim 19, wherein the natural polymeric material is selected from the
group consisting of poly(8-hydroxybutyrate), poly(malic acid), chitin, chitosan,
cellulose, hyaluronic acid, pectin, pectic acid, galactan, starch, dextran, pullulan,

30 agarose, heparin, alginate, chondroitin-6-sulfate, collagen, gelatin, fibrin, albumin,
gluten, polypeptide, elastin, fibroin, hydroxyapatite, calcium phosphate, tricalcium

phosphate, and tetracalcium phosphate.



The net hod of claim 10, wherein the acrylic acid or the derivative
thereof is selected fromthe group consisting of acrylic acid,

nmet hacrylic acid, nethyl nethacrylic acid, ethacrylic acid,

al pha-chl oroacrylic acid, alpha-cyano28crylic acid, beta

met hyl -gcr yl+ hd s ( i i d . - phen acrylic acid..

sorbi ¢ 2€:jtlc':i d,T% %%g chﬁ%&pg%l% B?EHeaé’i’eaé?dl‘g%:gleﬂFff*% %%?rﬁl,n CriRaRTraten of the
p-chloro ci nuéymer iachelfirst pelgmer ohatioinds beétineeR e ©. 12661300 nig@AcoNi C
acid, glutaconic acid, aconitic acid, maleic acid, finnaric acid, and
tricarboxy ethylene. The method of any one of the preceding clains,
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unsat urated carboxylic acid in the solution is between about 2 wt%to
about 20 wt % based on the total weight of the solution. The nethod of
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inhibitor is _added to.the .sol.ution conpyrising an unsat urated .
car boxylic 387"3 {va%%a%rtaﬁegocamoxa OBWSB}EJ‘Fﬁh‘ﬁge Py geastfdyth thenpbymer in the
whegei n thepb%m@bmﬁaﬁ-i zation inhibitor is of a ferrous salt or a
cupric salt. The net hod of any one of the preceding clains, wherein

t he honopol yneri zation inhibitor is selected fromthe group

consi stiyng i {E I.J.) sul.phat e .and, copper s hate. The
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conpri sing di azoal kanes, ,or di azoacetyl conpounds, or

car bonyl di i HH8AGFEATY AR HHBS GPBBOWdi | mi de (DCC), or

1- {3-di met hyl am nopropy1l) - 3- et hyl ear bondi i m de or

N- hydr oxysucci ni m de/ 1- (3- di nmet hyl am nopr opyl) - 3- et hyl car bondi i m de.
The ne€hod dhe awsthashef déint Bé, preeeie dhaprimbeyi Aivine whethiing ddaepopall YO ®Rlected
the first p?rl m solution.is a at.U{th pol ylr;[g(ri c.material. The )
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28 The nethod of any one of the preceding clains, wherein the
concentration of the polyner in the first polynmer solution is between

shout 861, ORI 0 0, POl R PRI Bl s
sol uti on f opolgnter seutie isacbibédgraableal auh-baUepiadslile polyencrid dttertalhour S.
25
27.  The method of claim 26, wherein the non-biodegradable polymeric material is selected
from the group consisting of polystyrene, polyvinylalcohol (PVA), polyhydroxyethyl-
methacrylate (pHEMA) and poly(N -isopropylacrylamide) (PNIPA Am).

30 28.  The method of claim 27, wherein the biodegradable material is a synthetic polymeric

material or a natural polymeric material.



The net hod of any one of the preceding clains, wherein the nethod
further conprises after the step of contacting the scaffold with a
first polynmer solution the step of deactivating activated carboxyl
groups which have not reacted with t hé9pol yner in the pol yner

sol uti T
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wherein the aﬁ@wﬁgéslﬂeglofm@ aﬁg@gﬁlmhm&a@@ ution is a bi odegradabl e
or non- bi odegradabl e polyneric material. The nethod of claim 26,

wherei n the non-bi odegradabl e polyneric material is selected fromthe

ooy hy A0y SR, BE bR YD Brse ottty ol AR o p BBy i seepied fag e
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is a synthetlc pol.ynmeric material or a naturg}l%po | ymeric materi al
29 29. The REUHBMIGRCK) Herimgpesiiserdin salngtan,y tarsby idexiset, yprilulan, agarose,
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esters), rbo at es, phosphazenes), poly(am no acids),
pol y(phosph8¥$ UaCELpRYD h?glgla%%nes) pol y(cyanoacryl at es),

pojgyet hyl ene, pol yurethane, poly(butyl acrylate), poly(nethyl
met hacr yl at g) , poly(ethylene terephthal ate), polyvinyl alcohol and
conposPtes dhemprthesf of ameond ohthe pratedinigatisims3 hefie theeganada-ody ddsapenfor

28, Wnerelnth nat mat.eri a ectedfr m t he
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chitin, chibesasa abyalswk®Enoabast W k@Eectin, pectic acid, galactan,

starch, dextran, pullulan, agarose, eparin, al gi nat e,
chondroitin-6-sulfate, collagen, gelatin, fibrin, albunin gl ut en,

p pepti de; i tite, cal ohos hat e
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of any one ﬁfﬁheheompmedlchgnﬂ:bmmpouﬂder ein the ganma ray dosage for

irradiation of the scaffold which is in contact with the second
pol ymer solution is between about 5 kGy to about 30 kGy. 20 32. The

met hod3of  anye aRendAl off BEnPSLCEHBY @haﬁcal\'\&?ﬁp%'uﬂd (&I SEECREmMARE YR Tap

sol ution

consisting of an  antiproliferative/antimitotic  agent, an enzyme, an
25 antiproliferative/antimitotic alkylating agent, a platinum coordination complex, a
hormone, an anticoagulants, a fibrinolytic agent, an antiplatelet compound, an
antimigratory compound, an antisecretory compound, an anti-inflammatory
compound, a para-aminophenol derivative, an heteroaryl acetic acid, an arylpropionic
acid, an anthranilic acid, an enolic acid, a nabumetone, a gold compound, an
30 immunosuppressive compound, an angiogenic compound, a nitric oxide donor, an

anti-sense olige nucleotide and combinations thereof.



further conprises a chem cal conpound. 33. The nethod of claim 32,
wherein the chem cal conpound is selected fromthe group consisting
of anantiproliferative/antimtotic agent,an enzyne, an 25
antiproliferative/antimtotic al kyl at 30g agent, a platinum

coordi ngtion,conpl ex, hornpone, an_anti cpagul ants, .a fibrinolytic
agent , S aﬁ%hﬁﬁ?"gﬂl%ff ef %@Hﬁﬁgﬁw_g?r_%thaﬁﬁimcg?aqrmﬂnédﬁﬁe}aﬁa@ frgp the group
anti secret Ol’c}énﬁgmgggfl% ;ﬂﬁib?dﬁdh'aﬁgaﬁt?- Ho:GOIRAUNEh afti-clotting factor, a

par a- am nophenol rivative, a teroaryl acétit acid, an
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nabunet one, a _gold c oun an. .30L. mmunosuppressi ve conpound, an.
angi ogeni ¢ & Sﬁﬁ%e.,p? > it #i-eroﬁ{qratéo%qﬁ%ﬁ ,agéﬂtl‘élﬁngggﬁg%nﬁl3ingr‘ﬁ‘_tlm1°r°blal
nuckeot i de aBghtCoIdtDMkd ABEnt! DEkBRtherapttid 4gent MR MRNAGYREHGsRieRedt:
wherein the chem cal conmpound is selected fromthe group consisting

of an antibiotic, an anti-inflamuatory agent, an anti-clotting

factor ,-.a hqr jc.acid a peptide a, cel.lular factor, a

ar owt h P act o menop of ke Pl dePorday Rebibfisedisfigtt el g
anti-proliferatioproviifg a cifpabitd sédHoldTae tdfer@URMn, arfNo@Néf ShedoPidk4;
5agent, an anti-viral agent, a chenotherapeutic agent, and an

ant i -hypertensia@é agent. 35. A nethod of manufacturing a conposite
scahfol d seeded W th: ¢ : .Si-R4g.. i ding a conposite
scaffold as ref e%éeeglﬁﬁgéelhgllnéﬁg{%%@ggg%?og?@é1 to 34; and 10seedi ng
cells into the conposite scaffold. 36. The nethod of claim 35,

wherein_ the cells are. pr.oka ti ¢ or eukaryotic cells. 37. The nethod
of ¢l abf 36?39«»?% ﬂqﬁ)?émeglié’ﬁ‘ﬁﬁli‘ e celly are prokanyptin OF SPerdiseislient
15eukaryotic cells. 38. Use of a conposite scaffold as referred to in

any one of clains 1 to 34 for tissue engineering and/or and drug
del i veBY. or Thelmhetbod tafr ¢lagn 36, wherein the eukaryotic cells are anchorage dependent

15 eukaryotic cells.

38.  Use of a composite scaffold as referred to in any one of claims 1 to 34 for tissue

engineering and/or and drug delivery or cell culturing.



