FORM NG POROUS SCAFFOLD FROM CELLULGCSE DERI VATI VES CROSS- REFERENCE TO
RELATED APPLI CATI ON [ 0001] Thi s application clains the benefit of U S.

provi si onal application No. 61/006,090, filed Decenber 18, 2007, the

entire contents of which are incorporated herein by reference. FIELD

OF THE | NVENTI ON [ 0002] The present invention relates to porous

scaffol ds and net hods of form ng such scaffolds. BACKGROUND OF THE

| NVENTI ON [0003%ere are many different techni ques for fornng
macr opor ous SEQRMINGSPOBGUS SEAEEGLY EROM L LU SEaRRAATIVEST si on

freeze drying, fibrous fabric processing, and 3D (three di nensional)
printing. Macroporous scaffolds are useful for supporting cells as
the large pores can facilitate mgration and growh of the cells

i nside the pores. an ufficient putrient ess and renoval of
met abol i tes. @%‘%ﬁ@@%ﬁ@ﬁﬂﬁﬁ%ﬁ%ﬁﬁ% propyl cel | ul ose
(HPC) is crosslinked at different tenperatures, both non-porous and

mcr oltoo(rj Qo 1HPC hy%c%gﬁﬁ@tam cb@ilrﬁsqhwd?efﬁiwtua&e;ﬁragieiopgr@psibzmm N&.

reporte Cr.opar Qus ydrogel s are | ess an m _crons.

Goner al | §11P SRBLBPADCEROET 16 SN DS RGN PTAIAE Boraosiorh
in the r a8@Sh B redefePc®0 M crons, and macropores refer to pores that

have an average pore size of larger than 50 m crons. SUWARY OF THE
| N\VENTLON [0004] 1t has been recogni zed that in some applications it
is desirable to

FIELD OF THE INVENTION

[o002] The present invention relates to poréus scaffolds and methods of

forming such scaffolds.

BACKGROUND CF THE INVENTION

[0003] | There are many different techniques fér forming macroporous
scafiolds, such as salt leaching, gas foaming, emulsion freeze drying, fibrous fabric
processing, and 3D (three dimensional) printing. Macroporous scaffolds are useful’
for supporting cells as the large pores can facilitate migration and growth of the
cells inside the pores and allow sufficient nutrient access and removal of
metabolites. 1t has been reported that when hydroxypropyicellulose (HPC) is
crosslinked at different temperatures, both non-porous and microporous HPC
hydroge'ls can be formed. The average _poré sizes in reported microporous HPC
hydrogels are less than 10 microns. Generally, micropores refer to pores that have
an avefage pore size in the range of 2 to 50 microns, and macropores refer to

pores that have an average pore size of Iafger than 50 microns.

SUMMARY OF THE INVENTION

[0004] It has been recognized that in some applications it is desirable to



f orm macr oporous scaffolds fromcellul ose derivatives such as HPC
derivatives. It has al so been surprisingly discovered that

macr opor ous scaffol ds can be formed from hydroxypropyl cel | bl ose
partially substituted by a substituent, where the substituent
conprises one or nore self-crosslinkable groups. For exanple, the
substituent can be allylisocyanate. The macroporous scaffold fornmed
from suc Hopanﬂacmd)pqowm;btdstfeﬂn hgldﬂ@pe;ﬁmrmpwgseiumlassl@@ dnriadtives.htve
a relativel h interconnected such as ut 509% or

i aher . THS 2% Preit FYBLTRAY Aot By e B e Sarfateriy offhed
repl aced Ry ap@ioResropes| MBSl \seboaleamyy 33§uﬂ§§ﬁtlﬁdnhrwhe$@ﬂi@ as
nethylcellulose artially substituted by a substltuent t hat Qgrlses

a sel f- | iWeshign uwsegpnaom%%ﬁgtf—pméhrﬁ@bﬁﬁpuwe Qﬁ@@fnpb%ri ally
subst i t ut&fshVieRt SR él%PfsB&yér@?é ?Wab:%%%rcﬁlssé’éaﬁoid' DR ol AL -

[ 0005] Therefore, 1n accordance with an aspect of the present

i nvent i orparivailerrs@bstgut@dcbwmp@pybaﬂul@sajcmiﬁ@ haveg rafag iy sk defining
macr opor ropyd cel S .

subst | ¢ ut D5y SR BbRIY A SLRLERIER Hhafl P I nB Ptdefy bibstiuted
self-cr osWUrmdyatnipe!cgmdm malidepeplaced by asethst ineonedensitive polymer

hydr oxypropyl.cel |l ul,ose crosslin r QU the, ..

cal 1 or DR, PEL S IR UTREE PayBE Rl R B Sreiuge 1 e i ze
of | ar gercotiipaise58 saifdinkaide gruipber agHadenstias tpopandr paktysor partially

t d h t ed t f
about S0 BTG St Jb PoRye R S GPH StPost 1y of About

80% or hi gher. The nmacropores may have a pore size distribution
peakl ng eiﬂOOaBjove 50 arafoen ammccham:svath abasﬂec%fkb:e bt in@0tion,

m crons. tThe 5;1 ve an. equi l [g, @ ter_ content t{)about .
B0t o MR IR BIOED JRhroR Sttt phbs S e s e ons 50
kPa in acbydjrxamdayﬂtmsmpwbelhﬂ@éé p@t:@l@séubskﬁhédabga&ubsﬁtmtmeprl se an
unsat urate ‘ﬂou | e carbon- c %@ The ubstlt orrprl se
oo e b CrETRRO S LORR BRAGE ol i W Parealf S Ried

met hacr ylgtiexygioeyRaldiesd baing Umtsﬁﬁk@tdeldrohgﬁItmyélf-@rmbimlablulgmﬂa Iy
have a degree of substitution of Iess F t§ sucla as ahout
L Sne ks onraes Ry an SvEete Hore B Iiger P SORyRse dhodemat "

[ 0006] | n |gxe padRIN Ritaktbihatiad. TEie oipact mal Hake aﬂﬁ@[’éﬂfﬁnnéﬁé@ pbio3fty of
t here |saﬁrow ded a nethgd of form nq@g scaffol d, conpri si n% form .ng
&0,

a bi cont iBRABLO e RINGNSH Eomprlyeengay ﬁﬁtﬁfﬁﬁﬂgmé&iﬁé’ ROWRFELOaNnd a

conti nuUowgHaR! YRE mdhsistRes iaG HAOL WRre BRASRStEBNHIYN $dakthg at above 50
hydr oxypropyl cel I-ul ose partially substituted by a substituent, the

subst i t uBHECRBNBIChASH] ahodid O'E:EFQ%% L PﬂWHﬁP@SgTQﬁJBQIYE‘%WWﬁK? R t he
partially §m9§&mfw&@rdcdwémﬂeesm@%e*rh@be etrmmetmoungs

self-cr ossl i.nkabl-e grou forma polyner defl ni'ng at | east

partiall quw@rrzfcﬁbﬁét:i%gn rrs 20 kﬂeen auperated state e %%fnffm%iek%hlw
! SOCya”ag?o ng}ﬂ %8@6#.&&&%%%%&' . E@Eb%onocfar%ﬁ’ GoY! TREEIAGTENRL ©-

The pore Se nacropores crosslinking may conprise -
i rradi atimmy Qdmaarmuﬂllsi tacm:mnate matlagqryliﬁm:utra@ssétbla@ld oy giyeidylconpri se

ﬁ;gfzi(;/glrﬂop%&gﬁ 5?‘@-}5‘% I'n [yhe emfl{ %&W@ﬁéﬂuoﬁew&#&?? r%et he |

por es by of sm;mtnbny:f e sitinn abtbtmmi's .sush aerabbhie2 fir é’émepaﬂyryemgay baa

pol yrmer e an intercqnne por05|ty of about 50% or higher,
and the |§8E‘/§§a?rﬁ§/wll?§0é" afy %er'é; $ore size of larger than 50

m crons. The emnul sion may conpri se about 80 to about 90 w % of the
aqueous @Oﬂz&ﬁ@ and &bhaoctordéndeowitbandth@0aspe¥t of theheegmlt jrventigh disee iFhe

ti || t ut.ed, hyd yl cel | ul _have. a f
Pabst |t uPrieet & kst o efgind PG por g So Bitnint 4 DBy nor
be a gel enﬁﬂ&«b’h @@mwﬂﬁﬁg h%oﬂnﬁmﬂfsaécﬁ@oﬁ& Bhése Jﬁ@a%ﬁﬁﬁﬁdd@@ pHRyndre

phase, the polymer phase comprising hydroxypropylcellulose partially substituted _
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pol ymer that defines macropores. The macropores are at | east
partially interconnected and have an average pore size of |arger than
50 microns. The interconnected porosity nmay be about 50% or hi gher.
The polyner is formed froma polynmer precursor that is 'responsive to
a phase separation stimuli to Undergo phase separation in an aqueous
solution. The stimuli may be heat or pH change in the solution. The
pol ymer pecshbstivueat, e srspiuesteoraprising a selbssisshikdableggupueosginkingt

h I I
o oup. TS pRRLBr MR RO RIIAE S BBy 0F SlGofiRRap BIAR ©
crossl i nko Yartnha palgineotéiningbeloastpasittiigtrddrcohhéretyd pawes. Tihe qublsiitoent
precur sor se derivative. | OS SI’I vative my

Th |1
D e AT B s ORGtey BretARru i Byt BE Sog

derivati weethmzat@sm@/wr@gwmm @blmﬁm@:r@mth@b}mw@:ﬁq fiayt ed by
ally! isocyanate. The cellul ose derivative m arti

subst i t uCBAPHYE Krasialivpithe BMUISINANIT: birp-i SR cr&sglmkfnq mﬁkgam@r@@ oup.
The self t:Fds%ﬁ%hd‘KﬁBéﬁ BbALI R o@mao;sarﬁﬁlyaéhbeﬂ%?éq" ated doubl e

car bon-carbon bond. The substituent rise i socyanat e,

met hacr y hy@rogymrapyleelifasedn g @nuf@wngl\fy@ﬁeamaym nqamd értogl terRore® by mer
may have orOfa 0 es my
have a pgrr@giés)??énggﬁégbﬁ BUT i orﬁt%g@ékfr%%é Cf&mgove m cr%ﬁﬁé\%g%ﬁ:h as at’
about 90intercabrated pooricefmimut FB% qdlighesr anteijre paves @may dqué lainbr i um

t The f
ueter SoR e Bhi PO AR LIF RIS TR ShOMARIPAR RIS o
degr ee ofo s ODwitd aithebgliess nﬁma amdcibul G fo shmh 28svidboiihe2. 1. The

I h.a drated state. [0009 her -
Popotts HRMmAE pfeft e Paihu? S AR et By PRV GO R R 238 PR o
tCI hose of omuhstl’mtlyn skabduti2e dhiesarsuch [a?rabﬁevz GWThk gohenérahbpbe ra;ggtel

t eci s of the inv ion.i.n nction
Goh t oo 8BRS R i SRR dib e b fia R e B s
[gglg] | nsmlh’ﬁor]f tcgﬁpr@mg whiee Bnd ltHIer-amam;esuHsﬁtumyhyﬁrc{@pamfgezmmw o .
enbodi nent s .of -t he esent . i nventi on i S ata
Showi ng_ 1778 {FEHBRGe HUE T e A A R T oL L PRSI A B P Ty
di f f er enst stoupBes §obrab®ORS, miQE2] FIG 2 is a scanning el ectron
m croscopy (SEM image of a cross- section of a sanple scaffol d;

[ 0OL31F s 37, h B R e B B ol Rl 5L 1
graph shprevidgd taheethod ef Saraengla staffdiitdoadpristhgtinducing phase separationina
solution comprising a polymer precursor and.water, to form a bicontinuous

emulsion comprising a continuous'potymér phase and a conifinuous agqueous
phase, the polymer precursor comprising a self-crosslinkable group; crosslinkihg .
the polymer precursor through the self-crosslinkable group in the emulsion to form
a polymer defining at least partially interconnected macropores. The pdlymer
precursor may be a cellulose derivative. The éeflulose derivative may be a
methylcellulose derivative, or a hydroxypropylcei!ulose derivative, such'as
‘hydroxypropylcellulose partially substituied by allyl isocyanate. The 6el!u[ose
derivative may be partially substituted by a substituent that comprises a self-
linkable group. The self-crosslinkable group may comprise an unsaturated double
carbon-carbon bond. The substituent may comprise aI_Iyl isocyanate, methacrylic -
acid, acrylic acid, or glycidyl methacrylate. The polymer precursor may be thermo-
- sensitive, and the inducing phase separation may comprise heatihg the solution.
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sanpl e scaffolds; [0015]FIG 6 is a confocal mcrograph of a
cross-section of a sanple scaffold; [0016]FIG 7 is a confocal

m crograph of a cross-section of a conparison scaffold; [0017]FIG 8
is a confocal rnicrograph of the sanple scaffold of FIG 6 but
stained with a different marker; [0018]FIG 9 is a confocal

m crograph of the sanple scaffold of FIG 8 but wth higher

magni f i cEte ppiympopresliBbGnay®ei pH-aekitivee, gnadpie siduving ghaseselepalitdence

21 and (ALBENBa RS of Fedlin” daR et Sl Ribb T oo BE e
scaf f ol drraﬂ-tam@the\mrmhiadnfv&dﬁr\,eraty Miekeihgne] Q8¢ bkl ¢8l, skighias vehen in a

superposh draed s{atgl GS. 11 and 12;

[06008] There is also disclosed a scaffold which comprises a crosslinked
polymer that defines macropores. The macropores are at least partially
interconnected and have an average pore size of larger than 50 microns. The
interconnected porosity may be about 50% or higher. The polymeris fonﬁed from
a polymer precursor that is respohsive o a phase separation stimuli to undergo
phase separation in-an agueous solution. The stimuli may be heat or pH change in
the solution. The polymer precursor also comprises a self-crosslinkable group so
that the polymer molecules are crosslinked through the s'e:if;crosslinkable group.
The crosslinkable group may be selected so that it will crosslink with each other
when frradiated with y-ray. The polymer precursor may be a cellulose derivative.
The.cellulose derivative may be a methylcellulose derivative, or a
hydroxypropylceliulose derivative, such as hydroxypropylcellulose partially
substituted by allyl isocyanate. The cellulose derivative may be partially substituted
by a substituent that compfises a self-linkable group. The self-crosslinkable group
may comprise an unsaturated double carbdn-carbon bond. The substituent may .
comprise ailyl isocyanate, methacrylic acid, acryiic acid, or glycidyl methacrylate.
The polymer may have a total porosity of about 80% or higher. The macropores
may have a pore size distribution peaking at above 50 ﬁicrons, such as at about 90
or about 100 microns. The polymer may have an equilibrium water content of about
85%. The polymer may have a Young's modulus of about 10 to about 20 kPa in a
hydrated state. The polymer may have a degree of substitution of less than about
2.5, such as about 2.1. The polymer may be a gel, such as when in a hydrated

state.

[0009] . Other aspects and features of the present invention will become
apparent to those of ordinary skill in the art upon review of the following description
of specific embodiments of the invention in conjunct;on with the accompanylng

figures.



[0022] FIGS. 14, 15, 16 and 17 are SEMinmages of cells cultured in a
sanpl e scaffold taken at different tinmes with different

magni fication, respectively; 5 [0023]FIG 18 is a bar graph show ng
measured urea synthesis data; [0024]FIGS. 19 and 20 are bar graphs
showi ng neasured conparison data; [0025] FIGS. 21, 22, 23 and 24 are
SEM i mages of cells cultured in a sanple scaffold; [0026]FIG 25'is a
confocal m creRIEPDESCRENHON OEA HPBOFFHWINGSEel | s cultured in a sanple
scaf fol d; [0027] FIG 26 is a confocal mcrograph of the cells

LA PO e LS ki

of the present invention,

[0011] FIG. 1 is a data graph showing the dependence of UV absorbance

on solution temperature for different sample solutions;

[0012] FIG. 2 is a scanning electron microscopy (SEM) image of a cross-

section of a sample scaffold;

{0013] FiGS. 3 and 4 are SEM images of portions of the sample scaffold

shown in FiG. 2, with increased magnification;

[0014] - FIG. 5is a line graph showing the pore size distribution in fwo

sample scaffolds;

[0015] FIG. 6 is a confocal micrographhof a cross-section of a sample
scaffold;

[0016] FIG. 7 is a confocal micrograph of a cross-section of a comparison .
scaffold; ‘ A '

[08617] = FIG. 8 is a confocal micrograph of the sample scaffold of FIG. 6 but

sta‘ined with a different mafker;

[6018] FIG. 9 is a confocal micrograph of the sample scaffold of FIG. 8 but

with higher magnification;

[0019] FIG. 10 is a data graph showing the dependence of cell numbersin a

sampie scaffold on culture time;

[0020] . FIGS. 11 and 12 are confocal micrographs of cells cultured in a

sample scaffold stained with different markers;
[0021] FIG. 13 is a superposition of FIGS. 11 and 12;

[0022] FIGS. 14, 15, 16 and 17 are SEM images of cells cultured in a
samp'[e scaffold taken at different times with different magnification, respectively;
. .



of FIG 25 at an earlier tine; [0029]FIG 28 is a confocal m crograph
(transmtted image) of the cells of FIG 25 at a later tineg;
[0O030]FIG 29 is a confocal mcrograph of the cells of FIG 28; and
[0031] FIGS. 30, 31, 32 and 33 are confocal mcrographs of different
cells cultured in different sanple scaffolds. DETAILED DESCRI PTI ON

[ 0032] An exenplary enbodi ment of the present invention relates to a

scaf f ol d[aoi2a] i s f BiGE® sk ber gesih snoedndaasedesy bnthddis dse;
partially substituted by allyl isocyanate (H-A). A scaffold is

anypor ou erial St.r uc e that can bhe used to provide .a
appor 01 MGZR} arrewoF (5 oAt fre it prordi MendiBl b on,,

ti ssues.ddihe pores of the H A polynmerl are macropores of an average
pore size of larger than 50 m crons. The H A pol yner when hydrated

may for . [O I enbodi nen he H A ynmer has an
i nt ercomr?@ggﬁd porgﬁ'ﬁogﬂ%;'o%ﬁdog{)a% %ﬁM:’I’P@QEF of g‘%lﬁ; 9@9@@0@ a total
por osi t ysafiplaResffol§0% or hi gher. The interconnected porosity refers
to the extent of connection between adjacent pores, and can be

determ nmer c i_nt rusi on porosinetry. [Q034] The cr.opor.es ,may
nave a HOPBOL: 7o df G 2Pt f EaRORRIR R et Mage) SF ceiRfethfiee
in a sample scaffold; . .

[0027] FIG. 26 is a confocal micrograph of the cells cultured in the samble
scaffold of FIG. 25;

{0028] FIG. 27 is an SEM image of the cells cultured in the sample scaffold
of FIG. 25 at an earlier time;

(00291 FIG. 28 is a confocal microgra_nph (transmitted image) of the cells of
FIG. 25 at a later time; '

[0030] FIG. 29 is a confocal micrograph of the cells of FIG. 28; and

[0031] FIGS. 30, 31, 32 and 33 are confocal micrographs of different cells

cultured in different sample scaffolds.

DETAILED DESCRIPTION

[0032] -~ An exemplary embodiment of the present invention relates to a

s'caffol‘d that is formed of crosslinked hydroxypropyléetlulose partially substituted by
allyl isocyanate (H-A). A écaffo[d is any porous material or structure that can be

used to provide a supporting framework to support something else, such as cells or
tissues. The pores of the H-A polymerl-are macropores of an average pore size of . _
larger than 50 microns. The H-A polymer when hydrated may form a gel.

[0033] In one embodirment, the H-A polymer has an intefconnected porosity
of about 50 % or higher, and may have a fotal porosity of about 80% or higher. The
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50 microns, such as at about 90 or about 100 m crons. The peak may be
determ ned fromthe pore size distribution curves obtained by nmercury
i ntrusion porosinetry. [0035] The pore sizes and their distribution in
a scaffold may be determ ned using a porosineter, such as a PASCAL
140 mercury porosineter, available from Therno Fi nnigan Tm .

[ 0036] The pore sizes may be nmeasured when the HA polyner is in a
hydr at edird¢rabrnetedipirysityaréals & tHieegxtalt pén:di regtiom beflnecheciateguepras,ed.

[ 0037] The (Ij-I-A Idég;ﬁr. rrg have an. fﬂ | ibrium vvater content (EWC) of
about ~ 858 8?.‘21 Ry %BE%‘Q’ BHUSIHO BPTOPE S about 20 kPa in a
hydrated state. The equilibriumwater content (EWC) is cal culated as
EWC= 100%084]W, -V‘@\nv‘iacrmzfmeeﬁm‘é# HaSermr@s&eWEt@ﬂﬂ|oomeahaggeiabca.md Wh

is the fyll dr at f the 0I 00

nol ecul egd) Hé@foﬁ%t\f’élc aagg?g‘é“t @%&HP@&% Th%peaj%% 5 or

| ess, sugétemnina®@vin Bebord bige BRtMAMI0RSUAEE @%tﬁ:ﬁbcb%#@?dﬂrﬁ%tﬁ:@a@n@' ar
ratio of -OHin HPCto -NCOin ally! isocyanate may be

det er m n%‘éfoﬁ'é'?eﬁ@{ nucl ear magnetic resonance (NVR) spectroscopy, as
can be understood by persons skilled in the art. [0039] Anot her

exenpl ar pogspodi NeMhedporberdRrfRIEALIr HRYDUtIbR & SbatA$ mayeocess for
prepari né:; a scaffold, such as the scaffold described above In this

pr ocess, JeeHTIRgH HFIRG RO TRFHTIES T 0PHGNaSA BASAE, TAhMErrURoPRIasmSteY.

conti nu%”ggg@%Tﬁmﬁ-ﬁFﬁH@aﬁmontl nuous pol yner phase. The pol yner
phase cont a| ns H A nol ecul es as a pol yner precursor The DS of HA

may be % 2.5 or, less, such as about 2.1. The H A nol ecul es are

crossl i ko form%P?j'Slsﬁ?érmW PA n@ﬁasvr@&sw HuiE; Ry BPIYRERF EbAnect ed

MaCT OPOT QfiratdBe A8t §éf%iré¥§h{ s&ﬁe i derp%ﬂamg%ﬂ the ttébrwcmyustea i nduce
crosslinking between the H A nolecul es. The enul sion nay be sel ected

and irr ed su | east about .90 % of the H cul es
(ol yrert00871",, oo ihe M llumer Sy Teat qauibietrogmend PG -t | nk
is 90 wdsout 35%, !ahd\amhmg%rmmmhs bﬂaﬂdmhbyzo&@m@mm@ﬁwm@ung _
wat er or __an ueous, ghase in the: tr&r&cropores after crosslinkin whi ch

may be rEAHvddeSRRbEeMpyater erientdFYY hiys cRleugtad as ﬁWQﬁﬁ@%ﬁt"s&W t he
emul si on. RV SyiAé VP18 thes Srytvidbnt cﬁftﬁ@éetfarn%%%s.dthlé'fﬂlﬂp hyldR&ed %Njhft' ng

pol ymer has an interconnectéd porosity of about 50% or "hi gher, “and
t he macrdd¥est B\ Rav@ean average pore size of larger than 50 microns.
The pore size distribution my peak at above about 50 m crons, such

as at aljpyss)90 or ﬁi@qin ﬂa@%cme%rrﬁévha\}:é)é d@é@@'ﬂif%ubéth@ncﬁmﬂi@o@ﬁb%y
include about 80 to about 90 wt% of the aqueous phase and about 10 to

about 2(-9PUAeEE. SU5E asAbPRER- 'lpth?éD% drayhengdjusted by varying the molar ratio
of -OH in HPC to -NCO in allyl isocyanate. The DS may be determined using

nuclear magnetic resonance (NMR) spectroscopy, as can be understood by
persons skilled in the art.

[0039] . Another exemblary embodiment of the present invention relates a
process.for preparing a scaffold, such as the scaffold described above. In this
process, a bicontinuous emulsion is prepared, which contains a continuous .
aqueous phase and a confinuous polymer phase. The polymer phase contains H-A
molecules as a polymer precursor. The DS of H-A may be about 2.5 or less, such
as about 2.1. The H-A molecules are crosslinked to form a polymer with at least
partially interconnected macropores. The emulsion may be‘ irradiated with y-ray fo |
induce crosslinking between the H-A molecules. The emulsion may be é_e!ected
and irradiated éuch that at ieast about 90 wi% of the H-A molecules (polymer
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[ 0040] Several factors nmay affect the values of total porosity,

i nterconnected porosity, and pore size distribution. These factors
i ncl ude pol ynmer precursor concentration, the DS, crosslinking tine,
and the concentration of any crosslinker. These factors may be
adjusted to control the porosity of the resulting scaffold. For
exanpl e, increasing polynmer precursor concentration or crosslinking
tinme maypneednsoe) areerqsehr&(edi(z@skh@ﬂegﬂee o8 cedsklntidis 90[v0t%1)1]11he e

enbodi nent ormed b ect ng an
Saueous Borabl G toRANTATs & SR R walhs SN B ER B IEY about
313 K f ofmagputesiftt Biteikirg, fhichchapbasemeeRps i Kby RedRediFRgUR ON.
[ 0042] Conven entl%mthe scaff ol ds prepared as descri bed herein can

have cer¥@i ANBERBIENISOIAMRICRYIPH Bg¥ S Alystethsabal sdigr frRegmfvigs the.
appl i cat i.@fiEng BERNRAS h¥&kh wercaﬁﬁé&@& pOfosky 8f Q& @b%ﬁrﬂﬁ{ %‘Séé‘lr gﬁd;grg

[0043] I n sone conventional techniques, nacroporous
pr epar edVEEFORYIRSINENE eﬂ@@em@ee@reﬁaetqﬁdﬁr@erﬁbae&a}merqmet The pore size

L corah b A5 pRAK Sl LBEAESS HNEAL BB R dhoaod A ok

depth distribution 8610 1 Re “sartace
contr astmlcmﬂsodimnampiet ti‘termmpimesemsf innldatabont &atv airond BEeviZLf the

st antTPPE® EreEr SR PREShEN TLVGRRREBlTo s B e) o

di scl osed her ein can be prepared using relatively sinple chemstry in
a rel ati[pe4q] si-rrpl%\zfeazﬁﬁaiansimy @ﬁferﬁéiuhjvaéues‘nftstmaomsﬁp,thectede

process rned | e str under mld
Cemper artresdonth poBare Pl (Bids Ry RuAP bbb g
addi ti onmhcageambn(medibs asosslinKing timat, and ther mbntnkﬁmgofa@wn:trﬁnsslmker

0044 | ul I 4
b1 ucopyr URse 5tToRERe e AP eaiy sotnd e bBSRty PLme RaMLY SHMIE For
nat ur al Ieytaaipwwdimnéasum wmapﬁebhsor bowsegaasabl eros@lrﬁm@"tmh'le@ and
easily deri va hl zab ased materials can therefore be

conveni &RtYS? ?88“? ?I'Z%Sh% thﬁé@%ffq' %l and bionedi cal applications. The

mai n raw materl al-s used in enbodi nents of the present invention, such
as HPC, [e@dl]t hus Ueoobtaibodihert, erdiphbsey ehyisiawnap st formed by

[0045] el | uI H der.ivative of ce

o r ond OB ARENES SRR BR A FER p eBuielintht o Siednsi Bt G by
t he Uni 388 KSivatboirdbhiramsk Drafigcioinsal sipmadtionrin (HeDé)Iutficar. use in drug
delivery applications. HPC and H A have high solubility in both water

and a w 6’? §onde & Qfo %H@H{I tr?e%&’a%cfsl %rgpg%d%rsedés%tigéc% ﬁ&:-oe‘;{lr} ?el?}iﬁ?\éef

functio eto Var1°0us Speci equi renmen
appl i catcedais .beAnfi fa(apmdcamgas’ta{gm aod caft bERGed in fand usapplicatorgsuah asi que

| ow cri %ﬁ&hs @gh%gf?o{rbééoérggr at ?%@LCST) phase transition from an
¢ aqu

i sotropi Zbl e bi - phase enul sion. This phase
separation allows the formati on of macroporous pol yners and gels.
[ 0046] Wi#043]1 ni cr oposoms chydkriigabkteantidues) osdaropdrane tydrpdelsgeés can be

prepared in complex procedures and their pores are not interconnected. The pores
in these conventional hydrogels also lack depth distribuﬁon and tend to stay close
to the surface. In contrast, embodiments of the present inVentien can provide 3D
scaffolds where the interconnected macropores are distributed substantlally
uniformly in the entire 3D material. The scaffold disclosed herem can be prepared
using relatively simple chemistry in a relatively simple fabrication procedure. In
some embodiments, the process can be performed in a simple one stee chemistry
‘under mild temperature conditions, without using any organic solvent or additional
agent (such as surfactant or crosslihking agent).
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formed using other HPC derivatives, it has been recognized that a
macr opor ous hydrogel woul d have certain benefits over hydrogels with
smal | er pores and it has been surprisingly discovered that a bi-phase
enul sion containing .a H A phase can be conveniently utilized to form
macr opor ous hydrogels. [0047] HPC may be partially substituted with
anot her suitable substituent, instead of ally isocyanate. For

exanpl e, [gofdpacryl iag c%ﬁ'b@ apﬁﬁédfétbﬁ @ALBse ghotg (AylaiBhpgyl ate, or

t he Ilke may be a suitable substituent in some applications.

[ 0048] Thelucapaaeae)} IBermaios BRI comporsingséplaahesiisolt ionatutady Bowgsst.y mer
precurso and
hater r BiCOn BRIt AOMCERAR, HahalmE AR Raslly A AR Callif-100

t r eat menbasdtomeEniasmanthenefore bemonvmemﬂ&ysme;d it @hadnlacaamycaj ladi cal

sol vent .r n . sur act ant) to farmthe.bi continuous. . emnmul sion.
[ 0045 herREiReg s R AR Py Balk BE SRR RO FURF o) by
crossl i niesgnt infaraion) wmwsrnmaycéaﬁheéfbemmtlé& ath tastved bivtddsy - r ay

i rradiation. V\hl I e crosslinking of H A may be effected using other

techni qu r rad| at| van eous i.n

appl i cat @#gi’ For KLPAYRIBPY ﬁelﬂ%ec(glﬁ%gé‘%@t f’%t'v e‘gﬁgﬁ'ﬂ??ﬁ LIS ar get

{rﬁt eri ial rgahay}a\%)lﬁgledtdifbomtw&@am%wwsl nghdtas g@%r; affmﬂteeddw ﬂf@&t Jrhlfe![dlh ng in
e solu n_ca ac a ni at differ ept hs wi

y-ray. yéfai%*’??f? a6 Qf%%glmgraﬁ (éﬁqu%% iR erwﬁ'vaw@gr 588 de

chem cal HRC! #et 18-/aRsledNg i eblubiRg Uk 'b@ﬂﬂﬂé{teﬁﬁﬁﬂbcﬁﬁe ri¥hdd GHoRganidhus, it

is a chemcally_"clean" technique. [0050]1t has been found t hat H-A

with a dYYEEsof hy(wetreklively ﬁaar tosflypetionzlize tg meet\@rioglg sReEEC about

2.1, nBYreaﬁlré}HEﬁ‘tBtlﬁﬁ§ﬁH§laf Qpﬁf&ﬁﬁoﬁsomn éﬁtﬁémo[ﬁ%rn PHIPbEH-Atdh
pol ymer precursors Wt her DS ten have a | ower solubility

in wat er“rtﬂﬁfg%?é‘é’gluﬁnfk\@G”WBAS%F'QWNWFEWF%(H%}D"%eﬁwsﬁmé’om an

| nf o1 [ OriRSIAnk G yshIRRE TS b BBhede b Qith a

hi gher S hus, auggf | ance bet vlf/egitﬁs er ent cﬁ'ﬁsl ra IIl‘%r&’};)%opertl es may
be achi esmra«ufmraﬂawagmorabmn omacmﬁommoagmrﬁmdugﬁlﬁs [ 0051] The
mechani cal” properties such as nechanical strength of the HA

scaf f ol dgoagy be C\ﬂﬂﬁilé ﬁhér@ﬁor%ﬁs Y\%bﬂg@& éﬁ@n&%&frﬁ@tuﬂid PSFId Bl BE

therein. The degree of crosslinkin e controlled by varying HA

concent r afm%fhunng eHer pifke G@%\(ﬁtlvgwlaﬂa%bﬁem@w@%zw Bed RiMAGIORPTPHE.
The abi |H{yidYodeP went Kk d%ﬁ%lﬁ?ﬁurféﬁ ts é\fe??igaxb'g%% \Huftrln Er‘ﬂ%ﬂé‘n"p%ré&%ﬁ& hds can

be advant'ageous in sonme applications
desi r abl Reehsusrisimediseovaiied iat ﬁrbérphﬁ%manmmn mlﬁp@m aa’s”’e BhasesRade

sui t abl g, éﬁ&ﬁ@@ﬁbﬁg* uﬁ[Fz@Q'tc%]fotrﬁrﬁﬂgro BFO%tngchﬁI%t egrity for supporting

cells. [0052] Theretore, A po yner ed herein can form
t hr ee-
[0047] HPC may be partially substituted with another suitable substituent,
instead of ally isocyanate. For example, methacrylic acid, acrylic acid, glycidyl
methacrylate, or the like may be a suitable substituent in some applications.
[0048] The inherent thermo-sensitive phase behavior of the H-A polymer

precursor makes it convenient to form bicontinuous polymer-rich and water-rich
phases in the solution by subjecting the solution to heat treatment. Conveniently, it -
is not necessary to add.any chemical solvent or agent (e.g. surfactant) to form the
bicontinuous emulsion.

. {0049] The liquid biphasic structure can be stabilized (solidiﬁéd) by

crosslinking, whichin furn may be efficiently effected with y-ray irradiation. While |
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di mensi onal (3D) scaffolds for use as soft tissues. The scaffolds can
be made to have various desirabl e physiochem cal, nechanical and
bi o-interfacial properties. For exanple, the scaffold may have
properties that are suitable for pronoting cell adhesion. The
scaffol ds can be made relatively soft and are inherently hydrophilic.
The interconnected nmacropores can facilitate cell gromh into the
scaf f ol d Jwidsf: bt | | t i pcal, w ot o]
The 3D i Her Lo e el P L g P PR Ry et Rl
rel ati velbg didvgihiageuid inlsoimenapiicaionsofdranstaGEaNGray ban penstomatpacepdre,
and Sustai,n_qgradual . rel ease of b'hoatcti ve, ol e uI[]Ees], but n . al so

i

Support 4P B Gt BPRSBIS OthRRYRRS ParEp o cCIOSRIRSNEIR. The

scaf f ol dshebdgton dpVbe EAUNFRORAY AL HPRH: dBthE 3Rl Ll ar BRt ri X
(ECM cues to regulate cell and tissue functions. I'n énbodi nents of

t he pres&mRdiationaslees oAt giva dse pmesy upflestedaidathamigaliaiiectsaid dandton
pr ocedur ﬁﬂqa@ : t k1 A { O l.ptr.aduce 3D ECM
cues for??(g'g’glag iCT(—)l% 0 E@H%%[ e-lﬁrm%hllrtlkzst% @}]egﬁﬁffggk%hste'gﬂb\g?g? sol ubl e

precursor can be used for preparing the scaffold, it may be possible

to adj ustCO58t degr Hdwesibean fpuwid that IdfA witle agtegrdentisubstitntion pfabmyt 1%

si de chaj 1 e I . i . of t pr esent
i nventi ORP[gg%%g}:tztgééb gyﬁ %’2 %‘B%%éa 8?%@8 é_ﬁ@{g{} ﬁ%véﬁm%%'eog}s aterbg

i nt er conpxTRd, ifsfcpapmeopiccyrsormnibh adtghes O ®od tabeve & laveeneodsilliain ng

' ' hi gh. wat t
and mechiaes St RS BRT-RhopaET SAGTRUEF P aLtav e it Bhechghiel ch
scaf f ol dsropartiicexsidontpacahtor A adiymer witid erdgier 8 SThE, kyhatate .
hyd hi Li.Gj .Mhi ch be advant ' i di hanj cal
otabi |1y ERE SRt DeST R BT Y BerebuRith cs0d T oRAE P
scaf f ol dsomaapglicatiotave nano-features in the pores, which may play a
role in the regulation of cell behavior. The nanofeatures may al so be

useful f adi ng i iV .ecul es such as adhesi.on .protel ns
and gr OV\P F’\E? gct or s'ﬂg% 8% t gg@%én[tp?%%gﬁ %u%e%sa'\?ﬁgwan ??Esﬁﬁﬂ% i%ﬁ%‘c‘: HA

[ 0055] W tdafipkisenanoina eotiedietdbhyrnapon o thict degres ohdrgbstieing lthdwirunTivat er
content, ,Dbj i lity and nec i,cal integrit D.H A scaffol ds
as descr?%@%&ﬁgﬁg%ﬂRm 'ﬁ%ﬁgﬁf?ﬁtﬁ@%gfbé’rvaéy'w E'e‘& Pgﬁ%eé‘%@ihoaﬂb Scati ons
in soft presswer exigioremtd thg caoxdlinidog tiskatTineeabiitgdicciangrol H2RbEHCaIme
enbodi nents_of t resent. jnvention nmay al so. be suitable for _
oot i catMBReRe PR Aoccipll s s AR aeRP i i Dt o eAete i &Y of
cel | ul ?remhml ifomay be&ie@@iﬂﬁvd-b@@mb.adﬁ.@t&@Mﬁﬂ-’sﬁrﬁd«ﬂ! pr@ml ligsOanNent s
nore closely mm.c in yivo mcroenvironnents than_2D culture

envi r onrIAYEe SYEle YeREICalCaRPIH GG ST Ll i RO R GHPRAEIGGAS o
provi de biom mcry 3D substrates for cell attachment, growh,

m grati dap52lunct i ofhaaarelithé ekapblyatdrdesciibred Hegeihickea foln® @Fréd-Some

it LR ISR REC T NS The L R
pat hol odiavalvasbuglesirablapugidopstiidd, mechanical and bio-interfacial properties. -
" Forexample, the scaffold may have propertieé that are suitable-for promoting célf
adhesion. The scaffolds can be made relatively soft and are inherently hydrophilic.
The interconnected macropores can facilitate cell growth into the scaffold with cell
densities similar to biological tissues. Due to the 3D interconnected macropores,
the scaffolds not only can have relatively high equilibrium water content (EWGC), be
biocompatible, and éustain gradual release of bioactive molecules, but can also
support cell growth, migration, and ultimately, tissue formation. The scaffolds also
allow ready incorporation of extracellular. matrix (ECM) cues to regula{e ceﬂ and

10



cultivation of cells for the creation of external support organs. The
hi ghly interconnected nmacroporous architecture can provide tenporary
support to the cultivation of a sufficient cell mass wi th adequate
cell-cell contact. Prelimnary results have shown that the primary
rat hepatocytes cultured in the scaffol ds described herein can
maintain their liver-specific functions over a period of one week
(see Exafipsiesfubetions) in E@nbedintgnpest thé peasiehs invantica, e theicas|dfineterad 1 n

th ffolds, . i t l,
narti 11 end i o RaR et T pE S BRAH AR RAS bl SutESier 2P
liver fuE@Mmﬁ@regmmoa@ﬁcb@mngmﬁgmngcut e liver failure. [0059] A

soft, hydrophilic, and nmacroporous scaffold may be suitable for cell
transpl a I{on in soft tissue and organ repair, or ene%ati 0

appl i cat [ 0060F SoKHCEFYBAP RESRUESDB LA HE LI?FQJ@HPFBP Vgh ieéﬁa&%IFI be

used for ithhghbeRoEstMd to54dj@Shd BedrabaiusotlleF ME EdafRRAby Fo8BAhG the A
cellulosic scaffold can be easily fabricated into mcropl ate

confi guré@P&HaP&hﬁFWWdﬁt%PPMWSD mi croenvi ronments for various
cel lular assays. [0061] Sone enbodi ments of the present invention can

be used fops4f ocal i E%oam@brﬁysmbrwéhéﬁelrﬂvéﬁwn @én QIb@'pﬂﬂhd?@f'sﬂ))éc@ffofds :
phar maceutical ly active conpounds. When the scaffolds are hydrophilic

and havelngt fpyginipgraed Iré?@ﬁﬂﬁ%me%BIaPIQPQFO%'WeVaQﬁﬁBtHEeS@Wl ently
used to étﬂ?&ur@@hé@r[ﬁg%ﬂ%n@%‘fér%a%ﬁ?h&@ﬁ & Ei‘éﬁp@fs bRIoAASN Rater
nol ecul es or ot her Substances now can preciated, in a
differ en@orémi@ﬁr?émhanrqﬁbnmﬂnbwteb& fat eeft fisaue meeémg Such

t her mo- S@éb?fofds‘ﬁ%{]%@(h%ﬁ%nﬁfum Wédetrg't@telé;ﬁﬂity =) @gﬁ%ﬂmcﬁ}; gvfhch gan _

bi conti nuous sion in an aqueous solutton'inr

exanpl e, bergdtyitagsouplimpievigiy irechauchl stabiliphad stremaal iearieio, cells’

pol yITer PR SO THNGhAERR JRldRAhARARG. fghﬁﬁéﬁf IO RS Hh gy 1 an
aqueous soluti1on 1 n response to -anothe h'as a
change i plapH rolgay thed regulagon secelt mehawiof. aifbe IHB@afeﬁhues maysaisa xbligeful
pH sensi I & I e
bopr oo bl e of PRacil it Bles b 48 R ERpD I AR A i Splere
r epl acedowiontrolneitbebavieuatdhlnetisndst i t uent that i ncludes a '
sel f crossl i nkabl e group. Sel f-crosslinkabl e groups refer to

functio oups [I)%E%g, ENRE For
exanpl en[%b g{u tabl\?amgﬁj DStit ﬁgﬁtegé&: e??cr Qﬁm}gﬁ%ﬁgingroug\}éﬁﬁy have
an unsateanderdobicapaiivditf and meohalnicaignta_gnma@lﬁ -Akstiafelds isseles@ibed

o Hpc, TP HR R S Pl P e B B cRtoaRRE ! 1O

subst i t vt regSugrativd medepﬂeacement for al I yl isocyanate may incl ude
nmet hacnylic acid, acrylic aci-d, glycidyl methacrylate, or the liKke.

The Sugﬁbb&%ﬁezg S?QHHQ%HE%%J% loﬂhe{jd‘*?&%ﬂt?ﬂ?éntﬂﬂ@%?%so e suitable Fof

[ 0064] Dependi e particular su use egree o
application in in vifro substrates for cell culture and studies of cellular behavior in a

3D environment. 3D cell culture environments more closely mimic in vivo
microenvironments than 2D culture erIvironments. 3D scaffolds can therefore serve
as ECM analogues to provide biomimicry 3D substrates for cell attachment, growth,
rﬁigra{tion, function and c_IifférentIation, orthe like.

[0057] Some emb'odiments of the present invention may also be suitable for
use in in vitro 3D i:Issue models that are based upon human cells for pathological
study and drug testing.

[0058]. Some embodiments of the present invention can be used for in vitro
11



substitution (DS) should be adjusted to retain sufficient

t hernmpb-sensitivity in the substituted HPC to all ow conveni ent phase
separation, and to allow sufficient crosslinking of the nodified HPC
during phase separation. [0065]In view of the disclosure herein, it
is possible to provide a scaffold which conprises a crosslinked

pol ymer that defines macropores. The macropores are at |east

parti al | yyiivdtion e RBIRCE theadtBatitmVeT AferpXIRIUPPST BRIZASS IThe Mighly ar ger than
50 microns. The interconnected porosity nmay be about 50% or bgher

The pol yif#cPRNECHRGBACIOPEIAE SFTpREIe Ba%ewgﬂﬁﬁemﬁaf% SHRRPbIRdYe to a
phase sepafddic b Stdufitidnt E@s M@Q@W&ﬁ alaeac?&e%@%é@&macﬂ PrafinRgHeous

solution. The stinuli hange in the solution. The

pol yner fssetuhaes smmth@b?hsrnr@@sv @twmmlmﬁu{r@su@tf@m@@ t hat
the pol yg@{ﬁr@ég pgfe?r‘? g %%ﬁﬁ’auh 'ﬁﬁé?x“@% -tsg&% ﬁcetufnf: cﬂﬁas(%\}e? léaptélrﬁ EHQ The

crosslin e select cr oss W th
each ot heeckvser Exanadesalb@dwwathetytypag/of Ciitie cpolajsoee guideied m‘rthasg/ be a
cel | ul ose eri.v

ol oot e st et A CaitE e Fallitial Bl ageitegar i ve,

such as dendeeaXBRAOYYD prividel sasentaliverathotions et the phdehtb withl doyte liver

i socyana%ﬁ The cellul ose derivative may be partially substituted by
a substi'®i¥ft that conprises a self-linkable group. The

sel fcrosslinkabl e group may conprise an unsaturated doubl e

car bon- claobgh bondA sEftehyriadystilic, uﬁatmarmypumwsmreioamby heistitalyla figt||
nmet hacryl i c | acrylic acid G nmet hacr The pol yner
Ty haverarspRiAliopdh s 55 6t critBen SoMTonT RPGTRALOTT e IRUR Shor bs. my
have a pore size distribution peaking at above 50 m crons, such as at
about 9(0660Rbout Sﬁlﬁerﬁnﬂjcdhﬁenté'bétmimm imeEytibacen s usqd'rfdarirbgﬁ um

f 5% | h Y, ) dul f
About 10- SRR R RIreRy R et M. AFRLARSRSRATOAAS Rave o
degr ee ofassiybsitrictisdiion rmibrdpss cohiguratouh Rodde snigdrmasDabout 2.1, The

ol ymer hydrated state. [0066] Wil e
gorrg varmﬁ‘?%'r%'ﬁ'geﬂ%cf??‘fa@%?BV\ﬂﬁ"f‘rEl’%?@y%xgrrpl ary enbodi m[ents !andI

their applications are discussed herein, they are for-illustration
pur posed0a6t] ar e nddvmexhadusimsres oCtHegsreagnilinentioonan bk usbd for

nbodi f I
o ISR Bd o S B ol Y Rl AT RRB B e
exanpl esongpoainds! Wmdhé rsoaftchiigam- Mfddophiic el havk a Fﬂsgh WatSt mpnone,

gglr g;fm?atéj @(%S %:gnlw%%;e 9%%2 %lnngrporate(agén;;[rg\% esus atned rgilease

of bioactive molecules or other substances.

[0062] As now carn be appreci_ated, in a different embodiment, HPC may be

replaced with another thermo-sensitive polymer precu}sor that can form a stable

bfcon_tinuous emulsion in an aqueous solution in response to heat. For example,

methylcellulose may be used to replace HPC. Further, a polymer precu‘rsorthat

can form a stable bicontinuous emuision in'an agueous solution in response fo

another type of stimuli, such as a change in pH, may also be used to replace HPC.
_Thus, a suitable pH-sensitive polymer precursor may be used.

[0063] As can also be appreciated, in a different embodiment, e_z[iyi
isocyeinate_ may be replaced with another suitable substituent that includes a self-
crosslinkable group. Self-crosslinkable groups refer to functional groups that can
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[ 0070] HPC (M, 10,000; degree of etherification was about 3.4, as
determ ned by 1H NVMR) was dehydrated by azeotropic distillation in
tol uene. [0071] The dehydrated HPC (2.0 g, 6.0 mmol [OH]) was

di ssolved in chloroform (100 m), to which a solution of ally!

i socyanate (1.83 m, 3.5 nolar equivalents) in chloroform (10 m) was
added dropw se. After one drop of dibutyltin dilaurate was added as a

cat al yst be theslirfkadtbetledn thERiselvaas Fort dxahtsle at sUiRdmB $@¥ErkAt tirteef or
about 48 ho t hen concentrated using ﬁ rot atory evaporator and
(]

I's,
preci pi t ¥P8 mﬁﬁ?@ 9RR WY haveap unpaigradgarkaCrRoaet irbrroyidi® Rt was
col | ect eghobMinkagiH i f ial M@Bb%bsﬁagqt%%mal% Byvd £ meﬁéﬂhg%dmor n

chloroformand precipitation into et her. e r esi

i mpur i tikediRg te H@opsethabiheddRGican b@)@ﬁﬁ@dﬂtf |Séh3fﬁid®ﬁ1h!’|tb@ Rypstiédendr .

[0073] T V. L2

ppm : hﬁ“'%’b%j%%gﬁg%?@%gw 90%9%%%95[%@%% %}?\IC a%t'(ﬁ de prot ohs)
[ 0074] Thelyddy mesthadryisitd) st italtikeo Thassblittentasay kichudea mdltidy ndtlel nBIVR
recorded_in | 3. [0075] The tenperature-nedi ated phase behavi or of
t he sarrpmgn?—ﬁp ‘solutions at 10 wt % and 20 wt % (wei ght percent age of
HAin the solution) was - investigated on a U/NI S/NIR
spect r opRGé4inet er DopaTiokhon thé-(Ericularspastpenyusedaterdayges bfe opt i cal

densitie funct of .te [ re ures of
Comol o iRl ISRED Sl by OGRS A B iR SRR

cont r ol lebstiflitesl SRORL aﬂombmeahérmwadsé @epraai&ﬂn efditd alsw uuﬁﬁaxbnteach
terrper ature Repr esentative

f t ak
rreasureﬁﬂ?szlpgggp?@eamggtgﬁ%md%§ﬁ%?§ afe S é\'{ea(rg'gEu?rgﬂce of phase

separation was indicated by reduction in optical density. The
t enper at[00@5Jat whilalvidvhef thediispiducphérem, ﬁdlepeésntylelt@atdveirk asgHffateau

was sel ect.ed as the o t|n erat u for ‘i nducin hase

separ at | GHCoFO RS BErSied rab Bl defires psindhig np'e Makropores
are at least partially interconnected and have an average pore size of larger than
50 microns. The interconnected porosity may be about 50% or higher. The polymer
is formed from a polymer precursor thatis responsive to a phase separation stimuli
to undergo phase separation in an agueous solutibn. The stimuli may be heat or
pH change in the solution. The polymer precursor also comprises a self- }

- crosslinkable group so thaf the polymer are crosslinked through the self-
crosslinkable group. The crosslinkable group may be selected so that it will
crosslink with each other when irradiated with y-ray. The polymer precursor may
be a cellulose derivative. The cellulose derivative may be a methylcelliulose
dérivative, or a hydroxypropylcellulose derivative, such as hydroxypropylceliulose
parfialiy substitutedAby allyl isocyanate. The cellulose derivative may be partially |
substituted by a substituent that comprises a self-linkable group. The self-
crosslinkable group may comprise an unsaturated double carbon-carbon bond.
"The substituent may comprise allyl isocyanate, methacrylic acid, acrylic acid, or
glycidyl methacrylate. The polymer may have a total porosity of about 80% or
higher. The macropores may have a pore size distribution peaking at above 50
microns, such as at about 90 or about 100 microns. The polymer may have an
‘equilibrium water content of about 85%. The polymer may have a Young's

~modulus of about 10.to aboijt 20 kPa in a hydrated state. The polymer may have a
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[0076] FIG 11 shows representative neasured data indicating the

t enper at ur e- dependences of nornmalized (normalized to the absorption
intensity at 298 K) UV absorption of sanple solutions containing

di fferent concentrations of HPC (di anonds: 10wt % - solid, 20wt % -
hollow) and H A (triangles: 10 wt% - solid, 20 w% - hollow). The
phase transition is manifested by a precipitous decrease in the

transm t §a4eg oPQ%bti%d?iBh%@%sQ%ér?é‘ﬂ?ﬁ{t)Q?&l%ﬁch 388bb@IDEr FhebBlyRter Waych

the sanple transmttance decreased by 50%is denoted herein as LCST.
Conpar edbe 8 gabPeuch Re whkadea bydrated st8te.i n H A sol utions of both 10 wt %
and 20 wt % took place at a | ower tenperature range, with LCST being

about 30 resul f B } { 1 al |yl
gr oups. @8%?17] Li kewt gsﬂé%mgg%ﬁrg@@@'ﬁgxfﬁ s%ftgg leess? ggghne white and

opaque weBhodifentseansicthair applioatisns atrdiscusded bereimitheyoare fanjiusteaticoeabl e

sedi nment gt | 0 atu r 2 ' ndi cat |l e
Format 1 o Bros e arbdt PETREIR el 2P RS bre spffdi b er e

[ 0078] St mbbentdolantionlate dleo pasgsiida. can be ‘advant ageous for subsequent
generation of 3D open porous structures. [0079] Based on the

experi ma@ @JF dat a, éﬂ.,’f‘» was selected as a suitable tenperature for
i nductio bo I phaseEse aI!ra%ati on and crosslinking of H A sol utions.

[ 0080] Exanple Il (Preparation of 3D H A scaffolds) [0081] Sanpl e
sol uti ori8063] H A aNbrawattemivalreatpriapased in theee sshmplesrvere Hbtained

contain ) 1t 72 @0 LAY ively. The water was
degassegﬂjarﬁl e? éﬁq@ééﬁ ggﬁ%r é%h&aﬁgpg\mﬁéﬁoﬁ? &?’8%’ C?r?eg'
representative procedure, a glass vials (10 nmin dianeter x 50

[0069] Example | (Synthesis of allyl carbamate of HPC (H-A))

[0070] HPC (M, ~ 10,000; degree of etherification was about 3.4, as

determined by 'H NMR) was dehydrated by azeotropic distillation in toluene.

[0071] The dehydrated HPC (2.0 g, 6.0 mmol [OH]) was dissolved in
chioroform (100 mi), to which a solution of allyl isocyanate (1.83 mi, 3.5 molar
equivalents) in chloroform (10 miy was added dropwise. After one drop of débutyltin
dilaurate was added as ‘a catalyst. the reaction mixture was stirred at room
temperature for about 48 hours, then concentrated using a rotatory evaporator and

precipitated into diethyl ether.

[eo72] The reaction product was collected by vacuum filtration, and purified
by re-dissolution in chloroform-and precipitation inio diethyl ether. The residual
impurities were removed by Soxhlet extraction from diethyl ether.

_[0073] The product contained, according to "H NMR analysis (CDCls, &
ppm): 0.5-1.5 (-CHs), 5.7-6.1 (-CH=_CH2), 2.5-5.3 (all other protons).

[0074] The degree of substitution was 2.1, as calculated by 11—! NMR
recarded in CDCls.

[0075] The temperature-mediated phase behavior of the sample H-A
solutions at 10 wt% and 20 wt% (m{eight percentage of H-A in the solution) was
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mm hei ght) containing a sanple H A solution was placed in a water
bath at 313 Kfor 5 mn to i nduce phase separation in the solution to
forma bicontinuous emnul sion. [0083] The enul sion was transferred, in
a beaker containing water at 313 K, to a gamm irradi ator (Gamracel
220, MDS Nordi onTM Canada), and subjected to y-ray irradiation at a
dose rate of 10 kGy h-1 for 30 mn, to crosslink the polyneric phase

in the epibsidgated én ém@/@ﬁi spé&%ﬂbﬂs%t@*@éﬁdm k\ﬁémeJap\éﬂ)s by
freeze-dried, washed dei oni sed wat er one wee daily

wat er ch@]@@éu“%faewa% ﬁ?ﬂi‘&%ﬁ aHSOsmraraégvefuwmw‘]twae@w@i Ehf:‘pm yner

ffol | d
e sampl ATRE: Sfsaplhkigoniche CanfRleRI B0 4 Jos T SR ET .1 i to
as Sanpl @mneramcm@ﬁqtreﬂanﬂrre dainpl¢ Oompadiionem te aeqahesuilhDi0BT7atRmch

el |

o ebcr e RGaRe BF 10 Wb e B eirsepo Bt HERE G0, REp R fa 7y 1 ©
vmht hout x}u?aswesr@parea?&@m:e divpwinrin &iizat.i The aSCmmembﬁuasms@afatgdr? 1.
The resu I n UCL S e s. and S e (6]
Sl o b PR A el s SE oo P These
gel s wert@daeéceomﬁs a@nﬁg&'ﬁmb% ;bléizeén@\raslééler&%éétr{é)o@aaﬁ@ﬁpl ellC
(for 20wt % HAQ@%OOSS le I'V (characterization of Sanple

Scaf f ol d§PEG hiedHehy Qéaﬁﬁ S%@@ﬂﬂ P rsad W@“§z§ﬁﬁlsé'§s%&§“éxpr essed
as the vgb&dlihkipgr cent age of. the crosslinked fraction of the scaffold.

[0076] FIG. 1 shows representative measured data indicating the
temperature-dependences of normalized (hormalized to the absorption intensity at
298 K) uv absorption of sample solutions containing different concentrations of
HPC (diamonds: 10wit% - solid, 20wt% - hollow) and H-A (friangles: 10 wt% - solid,
20 wi% - hollow). The phase transition is manifested by a precipitous decrease in
the transmittance upon increasing temperature. The temperature at which the
sample transmittance decreased by 50% is denoted herein as LCST. Compared fo
HPC,; the phase separation in H-A solutions of both 10 wi% and 20 wt% took place
at a lower temperature range, with LCST being about 307 K, resulting from

. hyd rophobic substitution with allyl groups. )

[0077] Like the HPC samples, the H-A samples became white and opaque
when the temperature was increased, but without any noticeable sedimentation
over the temperature range studied, indicating the formation of stable colloidal

systems in the H-A solutions.

[0078] Stable colloidal formation can be advantageous for subsequent

generation of 30 open porous structures.

[0079] Based on the experimental data, 313 K was selected as a suitable

| temb_erature for induction of phase separation and crosslinking of H-A solutions.
{0080} " Example Hl (Preparation of 3D H-A scaffolds):

[008?] Sample solutions of H-A and water were prepared. The solutions
15



[ 0090] Resi dual sol ubl e polynmers were renoved by Soxhl et extraction
with acetone for 4 h. [0091] The |yophilized scaffolds were all owed
to swell in water at roomtenperature for 48 h. The sanples were

wei ghed before and after this hydration process. The EWC of the

sanpl e scaffolds were determ ned based on their dry and hydrated

wei ghts, according to the equation di scussed above. [0092] The

Mechani cabnpireperdoues0 of aby@roatag, s ekgectvene Teakatat @ds Bigassed
conpr essi og %ests on an Instron TA" Mcro-Tester 5848 (lnstron Co.,
Cant on, RRC qgiogisgd)befere mixedhsdlHof- 0.5 minin and a tenperature of
252 C. The conpression noduli were calculated fromthe slopes of the

initial lagezr porh Qf}ﬁﬂ%séﬁ@ﬂ\% gﬂrﬁéﬁtﬁ%,&%!&sgﬂaﬁﬁo &Wﬁ%‘aﬁ&epiﬁs@

size distribution in the sanple sca s"was determ ned using a
PASCAL 140m meigbiropniainiog ierssrmaie HiheplntiorFvaaiptasad in saraier sith af3)3 i t h

yopni |1 30 T Re e teEe S2aEah RE SoBbhdS Biolk BBPARRHS cxam ned

on a fielkdwgsrssi on scanni ng el ectron mcroscope (FESEM (JEOLTm
JSM 7400M Japan) at an accel erating voltage of 20 kV. The norphol ogy

{1 uor esclougdl il A et Sed BRoeRlEd b EheHe Db o Bl lie SR AR R <
over ni ghto agtmnfd ivadeserdGamrsatdi220y RIbE Hoaiiom) Wgateddaleand aubjected to

El TC- dext : -1 i i,qdi d Pl) . lig nmi-1
the phos ey Deptatpl L8 Bp e B Hehalimieieotby hepdihas "
washed wphiseRBIhd emulsidr faefsrrandiexam ned using a | aser confocal
fl uorescence m croscope (A ynpus, Fluoview 300, Japan). Optical

Stack of (28§ ) Gs Fob BBSelleRberluat dBRARPY T et O foBoRed Tpldfe

tests ar ‘@rsumekmm daily water change, and lyophilized for storage. B

[0085] The sample polymer (scaffold) formed with 10 wi% H-A is referred to

as Sample |, and the sample polymer (scaffold) formed with 20 wi% H-A.is referred
to as Sample Hi.

[6086] Example Iil (Comparison samples)

{0687] ~For comparison purposes, H-A solutions as prepared in Example 1I

were also crosslinked at temperatures from about 273 to about 277 K, without

phase separation, by irradiation as described in Example Il. The resulting products
were homogenous géis and were subjected fo similar post-irradiation freatment as
. described in Example Il. These gels were referred to as Sample IC (for 10 wt% H-
‘A) and Sample HC (for 20wt% H-A). |

[0088] Example IV (characterization of Sample Scaffolds)

[0089] The degree of crosslink in the samples was expressed as the weight

percentage of the crosslinked fraction of the scaffold.

[0090] Residual soluble polymers were removed by Soxhlet exfraction with
acetonefor4 h. |
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Tabl e |

and shown in the figures. Table | Properties of Sample HA

Scaffolds Sample | Sanmple Il Porosity (% 83 92 Interconnected
porosity (% 52 56 Peak pore size (mcron) 103

[0091] The lyophilized scaffolds were allowed to swell in water at room
temperature for 48 h. The samples were weighed before and after this hydration
process. The EWC of the sample scaffolds were determined based on their dry

and hydrated weights, according to the equation discussed above.

[0092] The Mechanical properties of hydrated scaffolds were evaluated by
compression tests on an Instron™ Micro-Tester 5848 (Instron Co., Canton, MA,

U.S.A.), at a speed of 0.5 mm/min and a temperature of 2542 °C. The compression

moduli were calculated from the slopes of the initial linear portion of the stress-

strain curves.

[0093] The pore size distribution in the sample scaffolds was determined
using a PASCAL 140 mercury porosimeter (Thermo Finnigan, ltaly, S.p.A.) with S-
CD6 dilatometer.

[0094] Cross-sectional surfaces of sample Iyophilized H-A. scaffolds were
sputter coated with gold and examined on a field-emission scanning electron
rn_icroscopé (FESEM) (JEOL ™, JSM-7400M, Japan) at an accelerating voltage of
20 kV. The morphology of the hydrated H-A scaffolds was investigated by laser
confocal fluorescence microscopy. The freeze-dried scafiolds were stained
overnight with fluorescein isothiocyanate conjugated dextran (FITC-dextran) (1.0
mg m!l™) or propdium iodide (P1) (50 ug fhl”‘) in the phosphate-buffered saline
(PBS), respectively. They were then washed with PBS for 5 times and examined

using a laser confocal fluorescence microscope (Olympus™, Fluoview 300, Japan).

-Optical sectioning with a Z resolution of 2 um was used to obtain a 3D image stack

of scaffolds.

[0093] Some representative results of the above tests are summarized in

Table | and shown in the figures.
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88 EWC (w\t % 91 89 Young' S nodulus in hydrated state (kPa) 9.5 20.5
Degree of crosslink (wt% 90 92 [0096]In Table I, peak pore size
refers to the | ocation of the highest peak in the pore distribution,
and is the pore size that occurs nost frequently in a porous
material . [0097] There was no significant observed change in sanple
di mensi on due

Table | Properties of Sample H-A Scaffolds

[ ‘ | Sample | Sample [l
Porosity (%) 83 92
Interconnected porosity (%) 52 56 -
Peak pore size (micron) 103 88
EWC (wi%) . 91 89
Young's modulus in hydrated state (kPa) .9.5 20.5
Degree of crosslink (wit%}) a0 92
[6096] In Table I, peak pore size refers to the location of the highest peak in
the pore distribution, and is the pore size that occurs most frequently in a porous
material.
[0097] ‘There was no significant observed change in sample dimension due

to dehydration or re-hydration. This stability is éxpected io be due to the exiensive

(about 90 wt%) crosslinking in the H-A polymer.

[0098] The presence of interconnected macroporous structures in Samples |
and Il was observed by mercury intrusion ;iorosimetry and scanning electron
microscopy (SEM). FIG. 2 is a representative SEM image of Sample ll at a
magnification factor of 90. Further magnified SEM images of a portion of the image
of FIG. 2 are shown in FIGS. 3 (500 magnification) and 4 (15000 magnification).
Similar interior morphology of interconnected macroporosity were also observed in
Sample . Nano-scale features a:_‘:d structures on the pore surfaces, such as edges,

spikes in the regions connecting the macropores, were also visible in the images.

[0099] In contrast to some conventionai techniques in which only
micropores were formed in HPC scaffolds, the sample scaffolds formed of
hydrophobically modified H-A had interconnected macropores. The H-A samples
also retained the phase behavior characteristics of HPC, as indicated by the '

formation of stable, opaque colloidal system over the témperature range studied.

[po1001 Both samples had a broad and bimodal distribution of pore sizes, as
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to dehydration or re-hydration. This stability is expected to be due
to the extensive (about 90 wt% crosslinking in the H A polyner.
[ 0098] The presence of interconnected macroporous structures in

Sanmples | and Il was observed by nmercury intrusion porosinetry and
scanning el ectron mcroscopy (SEM. FIG 2 is a representative SEM
i mage of Sanple Il at a magnification factor of 90. Further nmagnified

SEM i magssovef ind 1§05 {($Samplefl —tdoéd; Sagpledf— Rokaw)2wiln §0%hiovid%h n FI GS. 3
(500 magnj ficat 1500 nificatio ar_interiaqr
tor phot J e RBE o R e ey oROPRL PP S oS et blbdaghles Tischerd
Sanpl e |sizd\diohibatia Bad Bat peas, @milestaﬁw@mm'pes;)emk étraesrpeltee pore §iae esd
such as edlﬁ’cﬁ EI kes in the regions conne g_g macro&ores vvere
al so vi 3 BT @ng! pecgden gaak af[%)@%"lﬂ?“’cé‘ﬁ?r e”the TR OPERNER N 3Yag
techni qtiﬁérelaébd/\/'ﬁ'oﬁhaﬁmﬂo mm/o%%%?éo We,tHeQE MR GelaR ifrifie pﬁfr@%fz@' ds

t he sanpl e scaff ol formed of hydrop hoblcally nodi fied H A ha

i nter corﬁi@é?'é@ﬂrmtﬁ‘f&)‘ﬁ@ﬁi é@ﬁecrtrethﬁi@‘t éeemileé@ow %%ﬁ)raéldéhﬂ aighen @eaih\ag%
behavi org fﬁff@rt@"‘cﬁ@f#rﬁtﬂg gfe 2) ¢ Size) %ﬁd ltrp%iaﬂéﬁ ghie it ER&HHG R of

stabl e, opaque co over e tenperature range studied.
[ 00100] BioriespeaX iwal'r@dsi“@ﬂbroad and bi nodal d| stribution of pore

si zes, as showh. in FIG 5 (Sample |- solid; Sample Il - hollow),
W th 50 nﬁ(’%' “ﬁrﬁ;ﬁb‘?&'@&?&‘i’ure P84 ierse\FQ ‘(ﬁ‘érbé al l'fé‘?‘&t&?zeﬁeen
for bot les, t pore size |str| utlon tvvo peaks, a taller

and sharq;@rcopm{ecamtheishwramd giatee size and a shorter and br oader
peak at a | arger pore size. Wen the H A concentration was increased,

from abqyhig§ W % E&h%%?‘ﬁﬁl?g %o ﬁaﬁﬁ &gﬁ%@ ‘fd—cﬁbﬁﬂéﬁ iPPBe f8f ze

di stribution’curve was | er pore size) and

t he hi ghérhpeaid mablymmqsewtworktw ehagnred malwgléate@)&ﬁmpée big)lasaind t he

tall

[ 00101] TRATSARARRchPY, bFAeRls " amp, 567 pRERL-DRERIZ IR e o
char act én cemdads, EBpastaive a sinhiler imagaiionSempie HCewhjchoe oy l®bah

Sanpl I i | T ' . 24

nours. - ACpSafs: iSndEhBus SOLORR, Hhisdesil iy fl bt RaaRpd

| aser cdadilgetet the brostopyf integesicofedirhacropopise. See a representative
image in FIG 6. In conparison, FIG 7 shovvs a simlar imge for

Sanpl e | ich
anpl e Iipggaphi C t%g;{ﬁ%#‘?ﬂwa%r 'i’cHEHé’rUﬁ: AR tﬂg%%osﬁéﬂr!ﬁeqlﬁasy%bs

result i nd| cates ase parati on ormat |1 on of
i nt er cotpatmead in@optheo sladning @B@EBFWD@FWIQIHWIOH@@(BBO Rapsesardaiiveect ur e

Y Sl S R B ] R

Sanpl e [lillechperesvened broaBlyG8im &F&ﬁd FuindiEde Bickes aﬁd Matthickifdskloéd pores
vari ed e thickness of
ot er s oLED SR rPHoGES (TR ORARHALS e one.

[00104] | Example V (Cell culture and seeding in Sample Scaffolds)

[00105] For cell culiure, Samples | and I were cut into discs of about 10 mm
in dlameter and about 2 mm in thicknass.

[00106] NIH 373, HepG-2 and MCF-7 cells (ATCC, USA) were cultured
according to the standard procedure in high glucose Dulbecco’s modified Eagle's
medium (DMEM) (Invitrogen™, Singapore) supplemented with 10% fetal bovine
serum, 100 unit/ri penicillin and 100 pg/ml sﬁeiatomycin in _a-humid incubator at 37
°C and 5% CO,, respectively. '
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[ 00104] Exanpl e V (Cell culture and seeding in Sanple Scaffol ds)

[ 00105] For cell culture, Sanples land Il were cut into discs of about
10 mMmmin dianeter and about 2 mmin thickness. [00106] N1H 3T3, HepG 2
and MCF-7 cells (ATCC, USA) were cultured according to the standard
procedure in high glucose Dul becco's nodified Eagle's nedi um (DVEM
(I'nvi tro?enT Si n%apor e) supplemented with 10% fetal bovine ser urB
100 uni t 0féni ci Hepatoshigs voUe frtyesieddiare male\Gstar fats welalngR50-30

nar voat o Dbt e 1 i o P LSRRI i g B I R o Bege

situ col ij/edsa@ell pier. | Usiconolne8 hmd9. adahityaf it{tiehbpatod?’resOma&@Dé’n as

Met hds Bj ol 976, | i t of the pat tes

e 90% GSETH LRt TP e R onlarsmex Heaeiohed sy o o B S e

cul tur Edwleﬂa maRtSRed frolvilganie EesUppidHh antBe dith™ Mblnhlibaiine dersvirmbenRmnt ed

with 1 bovi ne serum al bumin (BSA), 10 ng/nl epidernmal growh
(&ﬁ

fact or ), 10 g/ epidarmiahgiemitn fackor{ MG x@ fecfraldesidin, 50Mg/ i

root0] THECkEEt e BTl BRI G Doy Pelh FhaSEB SRR Dl & o
by gammsirepto@ddéinti on at a dose rate of 10 kGy/h for 4 h. Cell
seedi ng was conducted at a density of 0.5 - 1 0 x 106 cells per

scaffold ddi n 0 ntrat ed ce suspensi,on .i to each
St t ol alonbep " Boé Sablst o SRt R E did Tiang HF PE R B TS e
used as garnmaofrranﬁlaﬁomhﬂ a tibee fate bOVE RGy/dok4 hT IEeliseatiinglviss y@Tdeicted

i ncubated for 3 h t r ich tine 1 of cell ned was added,
respect i 9ed ‘gensftﬁé),‘cg%f’abi 9 %Agoé:?eilééﬁ@c@cg"?’i [Wa%fg@q 70 H%@&?‘?tﬁ’tﬁg was
assessedcéwsxfsbé;%&%%lé@cﬂ ééé@f/oﬁﬁ%ﬁo\ﬁé@bp bBE Ehé’enﬁﬁ@é Gl e2nvREe

i ncubated for 30 mn wth | cel n” AM | ecul ar probe, USA) and
25 pi g/ nicadpldpvaspdsashas mtmné qrrallr_tm M@W&Q@Wthféfdﬂﬁ@ een efeal medi um

\(NeD'rVEN{ hgﬁn}cg’%at%li ﬁi?%ag\/&%ﬂg@nﬂ 1:!) 6A6{|0¥§?ﬁ HRAM m%Q%dQE@qu;S&QA/e eI l S

uorescence m cro al
sect i oni heg Wﬁblh’fyapfzeﬂsegdil\mﬂéd)rm toe spaffoidwaas aseessed b@’lfh@r%f:&ﬂ@@ i mage
st ack of f [ eratl Qn SA':}WIH e
scaf f ol gv%v\?ogera Eej%g%zﬂe" s‘g@égcy%fﬁoc% {Bri M ut;[ali\ cﬁor%tnélgwﬁh? ‘glte(lc’l?)c?lp

usi ng al(m&wmmtaawm a2 eh/iml 96 pebedian thdidd ih Eﬁm[e@:c‘@eaaﬁnbarés wer e
i ncubated for urs wWith 10% | /v al mar Bl Ue( Bi osource) in

phenol - r%st?ef“r‘aéé”e Wp PR 2B Dy wgmzuwa@%ﬁpfdlwe &@re?nba%e?%ﬁ fredm

each sangile vitis tHehatRLREA 8¢ Ids@r BoFBoiElorddcahee miidsddpg. @bssdibance at
570 nm and 600 nm were neasured using a SunriseTm m cropl ate reader

(Tecan, SSRi®HBY WA @ Z-regpdutiosci &t o wvasfussdriaoblaie adh inage faghtfe was
cal cul at ? d converted to cell nunbers based upon a standard curve
construct eg rom 20 cell culture with known cell nunbers.

[00110] Sanpl e Il was sel ected for_ cellular conpatibility tests. "A
det ai | ed® EEQ Proliferation of NIH 3T3 seeded in sample scaffolds were assessed

by monitoring their metabolic activities using almarBlue™ assay. The cell-seeded
and cell-free scaffolds were incubated for 4 hours with 10% (v/v) |
aEmarBIUe(BEosource) in phenol-red free, supplemented DMEM medium. 200 pl of

. the media from each sample was transferre\d to a 96-well plate, and the absorbance
at 570'nm and 600 nm were meaéured using a Sunrise microplate reader
(Tecan, Switzerland). The reduction of almarBlue of each sample was calculated
.and converted to cell numbers based upon a standard curve constructed from 2D
cell culture with known cell numbers. |

{00110 Sample |l was selected for cellular compatibility tests. A detailed cell
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viability and proliferation test was conducted on the nouse
fibroblast NIH 313 cultivated in the scaffold, by neasuring the
nmetabolic activity using Alamar Bl ue assay. The cells were found to
be not only viable but also to proliferate well over prolonged

cul ture. The nunber of cells over tine in Sanmple Il was plotted in
the graph of FIG 10. [00111]FIG 11 is a fluorescence m croscopy

i mage ofvidlikly 3had pesiifdratioutdstweas comdussridrethel madigetibrdblaeeitis 3
re stained with Ca bri ght

[tivation.. T [l _cei .n. AM h
ot ome dulVerel 1R 15 Sealiolf by TSy e retabaly SO R B P hut
for cel |@S§§'.amlﬁ@3]l‘é’i\ﬁelﬂe %unﬁﬁb%\éﬂhoﬁﬁﬂiyiv&'&k%ut% ® [-erIifEFa% whf bvéor

dead cells., FIG 13 is a superposition of the inmges of FIGS. 11 and
12. [ O0Prolppgeskcuitige.ahie NSMERLY cStivOVeRiles infampla IBwaes elatiediethe n
Sanpl e ld-a5i0bf B@c 1gay at different magnifications. FIGS. 16 and 17
show SEM i mages of NIH 313 cultured in Sanple Il for five days at
different magnifications. The scale bars represent 100 microns in

FI GS. 1408kHl16, €. 1disa Bverscansemicoscamy immge1ct NIHOHBISIIFo

i nvesti j ﬂﬁtﬂ%' y £ dured in
t he sanpg;?ggrggg?? %F%Ze %{E{%ﬁ??\.}g%ﬁ% [ nhgﬁ'czﬁ%‘g? Fﬁ“ﬁ%%ﬁ%@?ﬁﬂ@i ni ng
1.0 mv NFAn AbF (shownias;brightregiscisunFis! 13 fer live ey Fithel 2Us @ssimildarr ogen

2005, v 05RaHaP S ined BN Sca o Pk S8l Al a2 R BRI R
cel | s s&d@etd ism sipersesifdnodidise trhagesvaFIGBant ahd d@. usi ng Quan-rirm
Pi coG een dsDNA Assay Kit (Invitrogen, Singapore). [00114]Primary

heoat b . ' . . . i ng:
e rend TR o g o FHE8, TRL0H 18 ShowREl Sfiauct ot NIFFST bR HLSHERY T
dat a shdéeahetdetatgifferentynagriifidatipas.ddGSe$6 ent tidrshdwi BEMImagespf IH

ffol ' [ ' . ' A ]i = fi
Funct  on 2 anereg TSABIFUTolGie diER SRR burBaloi R anaBEg ket
resul t. r¢@eddrB]1BD G8crob8 iraAGR.0f bsdvuivi & | dod| 10 micsany ietH1GS. d8dndrga
synthesis of the primary rat hepatocytes cultured in Sanple Il, in

conpari 2D &ql: e | age

has et oan onti agan T PaaRe R nfidels ihensidcfle, MEITRORBAE),

| i ver - s pfucsdnmple fsaaitaliowsraincpbated inya calturh epstigoyetiniag 1y e NHsChe
scaf f ol g@q@ LS ent | t 0 . . '
secreti gﬁ an F‘Uﬁ{éea&%é@@]u\g é;axg%]%%d\éﬁhﬁgyrggﬁ@gé%ﬂ(??%lgﬁgf}:)lfaﬁrh%xiglx )lr;D
Sanpl e B§ deesribeliigBe Ngttah, Bloosderials,t20080vain28, e 3288 c dhk agenwas
monol Y Gbrmalized by the number of cells seeded in the scaffolds that was quantified ‘using

T™

Quan-i PicoGreen dsDNA Assay Kit (Invitrogen, Singapore).

[00114] Primary hepatocyte has been a major cell source for liver tissue'- '
engineering; it tends to lose its hepatic function rapidly in vifro. The present data
showed that primary rat hepatocytes cuitured in the sample scaffolds could
maintain‘their urea secretion, a liver-specific function, over a period of one week.
FIG. 18 shows the measured result. |

[00115] FIGS. 19 and 20 show albulmin secretion and urea synthesis of the
primary rat hepatocytes cultured in Sample I, in comparison to 2D collagen
monolayer culfure. 2D collagen monolayer has been conventionally used for
hepatocyte culture. The sustained liver-specific functions of primary rat
hepatocytes cultured in the scaffolds were different in the two tested scaffolds. The
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[00116] FI GS. 21, 22, 23 and 24 show SEM i nmages of prinmary rat

hepat ocytes cultured in Sanple Il, taken over a period of 7 days, and
t he norphol ogies of these cells in Sanple |1, . The cells appeared
round and tended to formcellular aggregates in the scaffold, well
supported by cell-cell and cell-matrix interactions.

[ 00117] Fl uorescence viability staining was al so carried out on human
MCF- 7 brelasm[rn@Mroncmidlweﬁ WERUé)s, oftierhepdfepres blilisttedra theldlxs ( C3A),

show ng good | | ul ar co atib FIG 25 is a

tr anomt SeaPberdTone LRSS ettt bldoe YRR o) ds o
two days. The CSA cells formed spheroids in the scaffolds. FIG 26 is
a fluoremoétsie | neEiGN21| 22,ed3dead ZatsabwiSI@MOmageeomMmpme’r oi ds at
day 2. FIG 27 is nSEMlnaeoftheCSAs s at 1 and FIG
28”1 & a R TGS BT HeAIAOUTHPETILoEh Saisy o0 T G 29 | & a

f1 uor escipbfphbBRRS d?fthéeevc%lhgﬁﬁgar%b@ INi. TheHellE3Pp&arEE Folirdsarat telayd ©
[00119]It is expect ed that the presence of - %rou S in Sa

| e
scaf f ol derm eaian aggregatesintte srafaldesibdirRorted Dy coterl a%e&?—mat%
i nprove peldctgAfiesion. This method is al so applicable to other types
of ECM proteins. Collagen type | was used to verify this expectation.
Under sterile condition, scaffolds were rinsed with acetone for three

times, tBBHITreat dduouesterme vianiity stairiag wamASCHFaTRdaYIRINEhyroes MCF
over ni ghlred: HAGKR éefﬂgmr:ﬁt@]{ ﬁuméﬁ heﬁat%ﬁ@ﬁ)tn‘?éicélfé'(@SF(‘FtéP\QWadgsgcﬁst0

applicable to other t Ees CM proteins. The scaffolds were washed
wi t h aceiedwer bierompai before bei ng i nmersed into coll agen |
solution (0.29 nmg/ M, pHL10.0). The conjugati on was conducted on an

orbital ghpdegr at F%GCzQYseé ﬂ'aaahmelihﬁaa@@resmeﬂgammbal% g\ﬁﬁ@ietﬂnﬁn
washed W|th BS and dei oni sed wat er fore freeze dry

at t achmesseifplds fasdwn daygni he it ¢ais f@fﬁretsf\/%memw Wéh%aaﬁfql‘éfa §I&if2048 ds
as demonsiiRb&Lnts n‘ﬁé&fﬁf]hv%ﬂ:feaé%taihiﬂg Bk the éQA% ﬁé\%tcﬁr‘at'cﬁ?@e FRE. 27 is

| i ve/ dead st al ni ng uman foreskin fibroblasts cultured in an

unnodi f @tﬁ%Mma@e St Hrer A sakbergigy gt day FtIEGd BB 2hdns tansmifiagdmage of
I ve/ degd, glaal gggtegb ¥ a méﬂaf‘ E@. %@‘ﬁé 9 ﬁubé@s‘&@hﬁﬁ%@e%@ it araes Lty of

col I agen conj u sanpl’e 'scaffol d at I'G 32 shows an 1 nage
of | velHesrhesoids af Agy 6f human unbilical vein endothelial cells
cultured in the unnodified scaffold at day 1; and FIG 33 shows an

i mage o Joém\g}/ dea@lt ete&bea;tes Rt tﬁ@ﬂ%@eH&DbfL@ﬁ'gfryﬁﬁélnfe&@ﬁlé%baﬁdld@' I's

cultured in the collagen conjugated sanple sca

[ 00120] @ERElsrligwiingis insemeratios qirEQM Rmiainsie dspreve cAlk 2. e s
descri bedehed & dls89hpl Bfe S9er W\AZJ?&EF]#%S)HQQ rsf0gkeyr om

this description and t raw ngs art.
[ 00121] & vewdiuitie expmamwnmmﬂlee@n@mcﬁcﬁﬁw%werearmwcew@w to be

11 ustr aatcb\;b?)gl réaenﬂneg' ’{ te{j wrﬁ'htid"r?d\? Th\ec%ﬁﬁ Cﬁﬁﬁd%&ﬂznt S

are suscepti 0 many ions of form arr ngerrent 0 rts,
det ai | s oxathight @& roao temmratur@nlt isTexpsciadetiis mathodds bisp,appicabie é:nded to

encompasg, Al SUSE AL 128 SLhBHE WS WARRBS wiR BodRHk M6 fobhe

cl ai nms.
before being immersed into collagen | solution (0.29 mg/ml, pH10.0). The

conjugation was conducted on an orbital shaker at 4 "C overnight. The modified’
scaffolds were then washed with PBS and deionised water before freeze dry. Cell
attachment has been significantly improved in the modified scaffolds as '
demonstrated in Fig 31 and 33. in FIG. 30 ehows an image of live/dead etaining of
human foreskin fibroblasts cultured in an unmodified sample scaffold at day 1; FIG.
31 shows an image of live/dead staining of human foreskin fibroblasts cultured in
an col[agen conjugated-sample scaffold at day 1; FIG. 32 shows an image of
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VWHAT IS CLAIMED I S: 1. A scaffold conprising: a polyner defining

macr opores and conpri sing hydroxypropyl cellul ose partially
substituted by a substituent, said substituent conprising a

sel f-crosslinkable group, said partially substituted

hydr oxypr opyl cel | ul ose bei ng crosslinked through said

sel f-crosslinkabl e group, said macropores having an average pore S|ze
of | ar getivd/Heat ﬁemmgcasfmmnaanmnbmmgemteddeﬁmﬂialpmte icaliurgd in the

an' i or SORRALPAGCHNGal 14y bt S860me =nigRar of 4o e Sl

claim1l aumehaiibilkal vélﬁéamhéwm@ewwﬂmm inake @onagealconprgawdtssanqﬂe
about 80% or CEﬁgher 4. The scaffold of any one of clains Ito 3,

wher ei n 8eaitp! 1‘ccﬁfé}’p'bres have a pore size distribution peaking at
above 50 microns. 5. The scaffold of any one of clains Ito 3, wherein

sai d macy mqnﬁs havghdt feRURsS b&Refil ahd AdiniibsRFaké Bbatinfgit 90
m crons. e scaffold of any one of clains 1 to 3, wherein said

macr opor 685iRed hgreiip pet epresshi Bepiianadiabevpear |bﬁgif‘t§‘t9f§§%ftmfﬂé@
M Cr ons. qdscriptién §ﬁ@}ﬁeoélgwﬁfgs%ych9§€esﬂ fedGh gi?é@rtl to 6, wherein said

pol ymer has an equi 1 briumwater content about 85% 8. The
scaffold _of any one of clains 1 to 7, wherein said polynmer has a
Young' s H9d@MLis of Oipenreetbersowddatcriped v@pa)qdﬁngntﬁ@a@ dylediape. o.

The scaf fiokhtQb o%ﬂyarﬂTﬁ rf?:fw&)} Fﬂ’hf'ﬁﬁ% 171he déscr\ﬁé@ré?hﬁbcgl%b s are susceptible

sel f-crosslinkabl e group c rises an unsaturated
car bon- clermany m@ﬁtil" catigns dﬁ@ns@@rangemeoﬁofawtsma\@taés aed atdeg ofi opasatinn.

wherei n $ad a4 HAHEN s HRIMREY %@én@érﬁﬁass'a?l%ﬁ%cﬁf cation within its

scope, as defined by the claims.
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11. The scaffold of any one of clains 1 to 9, wherein said substituent
conprises nethacrylic acid, acrylic acid, or glycidyl nethacryl ate.
12. The scaffold of any one of clains 1 to 11, wherein said partially
substituted hydroxypropyl cel lul ose has a degree of substitution of

| ess than about 2.5. 13.The scaffold of any one of clainms 1 to 11,
wherein said partially substi-tuted hydroxypropyl cellul ose has a
degree of substitution of about 2.1. 14. The scaffold of any one of
cl ai ns 1WHATE ChABMEDAS:sai d pol yner is a gel. 15. A nethod of formng
a scaffold, conprising: formng a bicontinuous enul sion conprising a
cont i nuolis Aaspadioldscoptrasamgand a conti nuous pol ymer phase, said pol yner
phase conprising hydroxypropyl cellul ose partially substituted by a

subst i t uentg, ped@hér cﬁéﬁhmgirﬁalﬁaéor@%paicémasmgwhfm@m@ kcbMiadd SarflaIBuUP;
crosslinking said partially substituted hydroxypropyl cellul ose

t hrough saiSHPHuted by ssyubatittipnie said supstituenimommaisye 3 sli-creesinkablg at

| east parti| Lnt-ek 115,
wher ei hsah ) B o B e e oS o of
clai m 15, Wevgh seid sbifcesslinkiableegroup.gid Meemposeshbaving ar avwerage pore

oo i 16 plbe pferfodtfiad ¥b olIEERE ENY b8 at Hohst ERRIAITE HicHEofer Bl 0N OF

clains 15 erein pores C rise nmac

met hod o on f_claims 15 to 18, wherein said crosslinkin

conpri se}s' ﬂﬂéé&?@l“g RGClem & WiRipl W&W’VW%E?%? InfgropRResied RBPSLY ohny

one of cl abAButBYY 6r Aighetherei n said crosslinking conprises

crosslinking at |east about 90 wt%.of said partially substituted

hydr oxypgo%le %geanfoLIl(!l 8? cﬁailmn1 (Sa%lgirr? gy\llvﬁézl%?ﬁ said polymer has a total porosity of
about 80% or higher. -

4. The scaffold.of any one of claims 1 fo 3, wherein said macropores havé a pore

size distribution peaking at above 50 microns.

5. The scaffold of any one of claims 1 to 3, wherein said macropores have a pore

size distribution peaking at about 90 microns.

6. The scaffold of any one of claims 1 to 3, wherein said macropores have a pore

size distribution peaking at about 100 microns.

7. The scaffold of any one of claims 1 to 6, wherein said polymer has an

equilibrium water content of about 85%.

8. The scaffold of any one of claims 1 to 7, wherein said polymer has a Young's
modulus of about 10 to about 20 kPa in a hydrated state.

9. The scaffold of any one of claims 1 to 8, wherein said self-crosslinkable group

comprises an unsaturated double carbon-carbon bond.

10. The scaffold of any one of claims 1 to 9, wherein said substituent comprises allyl

isocyanate.
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21. The nethod of any one of clains 15 to 20, conprising renoving

water from said pores by freeze-drying said polyner. 22. The met hod
of claim 21, wherein, after said freeze-drying, said polyner has an
i nterconnected porosity of about 50% or higher, and said pores have
an average pore size of larger than 50 m crons. 23. The nmethod of any
one of clainms 15 to 22, wherein said enul sion conprises about 80 to
about 901 Wihestalaiddf aguene st ghimse1 &nd, witerain shid swbslibount c@Oprgek of

said poly hod, of an one claims 15 to 23,
wher ei n sau"i:et'g%‘?}"icaﬁ“i’?/ a&%’&ﬁ‘:{“{;%a‘yﬁ@&'ﬂﬁ SF%E\%CH | ul ose has a
degree of substitution of about 2.5 or |ess. 25.The nethod of any one
of cl ai nt2. Tbetsoalleld ohhpy eniobalaichgphtd 18 Iwhersialsatd partiaity substituted

hydr oxypr o ul ose. has ,a degree o titu |on

26, The. et Y CBPBRYESIES e S erce o el Noni I SE P B S rer 1 s
a gel. 27. The nethod of any one of clains 15 to 26, wherein said
emul si on13.83hé erafsd byasyubmeeoi tlaignsal sn114tvﬂmnem@atn:ma’cmig/ subistiuteaind sai d

tiall titut | to hea tment. 28.
e mot hod oK oNEe oserhae A AoF ot 540 ieh i ABGU A haat 1 1 ea ment

conprises heat treatnent at a tenperature of about 313 K for about 5
m nut es. 12FhAsonffdiddf afy g of tiging swafd,alitreincapl peymgr isianghtlci ng
phase separation in a solution conprising a polynmer precursor and

ol yrer  BadE B B S B e 4o yner b ecur sor

conprising a self-crosslinkable group; crosslinking said pol yner
precur sor fdiménggh bisahthueks fermulgies comiebine agroatipudus agladuemhbsd and 8o

forma pol LN ected macropores.

30. The met %ﬁ{nggﬁéb?fy\a%e?é?éneeg%ldd&%rhéﬁﬂgpr e@ﬁ so is a cellulose- -

deri vat i vehydroxypropylceliulose partially substituted by a substituent, said substituent -
comprising a self-crosslinkable group;

crosslinking said partially substituted hydroxypropylcellulose through said self-
crosslinkable group to form a polymer defining at-least partially interconnected

pores.
_ 16.The method of ciaim 15, wherein said substituent comprises allyl isocyanate.

17.The method of claim 15, wherein said substituent comprises methacrylic acid,
acrylic acid, or glycidy! methacrylate.

18.The method of any one of claims 15 {o 17, wherein said pores comprise

macropores.

19.The method of any one of claims 15 to 18, wherein said c‘rosslinking comprises

irradiating said emulsion with y-ray.

20.The method of any one of claims 15 to 19, wherein said crosslinking comhrises
crosslinking at least about 90 wt% of said partially substituted
hydroxypropylcellulose in said emulsion.
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31. The nethod of claim 30, wherein said cellulose derivative is

met hyl cel | ul ose derivative. 32. The nethod of claim 30, wherein said
cellul ose derivative is a hydroxypropylcellul ose derivative. 33. The
met hod of claim 32, wherein said hydroxypropylcellul ose derivative is
hydr oxypr opyl cel l ul ose partially substituted by allylisocyanate. 34.
The met hod of any one of clains 30 to 32, wherein said cellul ose

deri : . Cal | batit b beti . .
Cor VR YEgH ARSI Phora PR Tl b g e @
sel f - cr ossbbrdsaiy fezegrainging eaprjohgseran unsat ur at ed doubl e

car bon-carbon bond. 36. The nmet hod of claim 34, wherein said

substi t | ses all I,socyanate, . nethacrylic acid, ac i
2o d, orZaThERnea e 4t Bt AR RS U corf B e i
29 to 36, Wwhatehmecial SorpSityydresbont 8GRI Pighes, dridesaidpsensialie wa, and
said inducin ghase s_%)afr ation conprises heating said solution.

38. The net AYT2EF PEISFIH 9'9ardphdian + QiGN Sol ymer precursor is

pHsensitive, and said inducing phase separation conprises changi ng
pH of saiziThemuthaof &Hf-cHeeofMRiiMed 506 28nwherm id ehalsien 28mpise3s,

wherein said crosslinking ¢ rises irradiating said enul sion w
Vo ray 40, FHER RGBS R e CLPRITEIES AT B IPaD BPiLe e
pol yner i sopsfi€belymer phase.

24. The method of any one' of claims 15 to 23, wherein said partially substituted
frydroxypropylcellulose has a degree of substitution of about 2.5 or less.

25. The method of any one of claims 15 to 24, wherein said partially substituted
hydroxypropylcellulose has a degree of substitution of about 2.1.

26.The method of any one of claims 15 to 25, wherein said polymer is a gel.

27.The method of any one of claims 15 {o 26, wherein said emulsion is formed by
subjecting a solution comprising water and said partially substituted
‘hydroxypropylceliulose fo heat treatment.

28.The method of any one of claims 15 fo 27, wherein said heat treatment
comprises heat freatment at a temperature of about 313 K for about 5 minuies.

'29.A method of forming a scaffold, comprising:

inducing phase separation in a solution comptising a polymer precursot and
~water, to form a bicontinuous emuision comprising a continuous polymer
phase and a continuous aqueous phase, said polymer precursor comprising

a self-crosslinkable group;

crosslinking said polymer precursor through said self-crosslinkable group in said
emulsion to form a polymer defining at least partially interconnected

~ macropores.

30. The method of 29, wherein said polymer precursor is a cellulose derivative.
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31.The method of claim 30, wherein said cellulose derivative is methylcellulose

derivative.

32.The method of claim 30, wherein said cellulose derivative is a

hydroxypropylcellulose derivative.

33.The method of claim 32, wherein said hydroxypropylcellulose derivative is

hYdroxypropyiceI!ulose partially substituted by allyl isocyanate.

34.The method of any one of claims 30 to 32, wherein said cellulose derivative is
partially substituted by a substituent that comprises a self-linkable group.

35. The method of claim 34, wherein said self-crosslinkable group comprises an

unsaturated double carbon-carbon bond:

36. The method of claim 34, wherein said substituent comprises allyl isocyanate,

methacrylic acid, acrylic acid, or glycidyl methacrylate.

37.The method of any one of claims 29 to 36, wherein said polymer precursor is
thermo-sensitive, and said inducing phase separation comprises héating said

solution.

38.The method of claim 29, wherein said polymer precursor is pH-sensitive, and

said inducing phase separation comprises changing pH of said solution.

39.The method of any one of ciainﬂs 29 o 38, wherein séid crosslinking comprises

irradiating said emulsion with y-ray.

40.The method of any one of claims 29 to 39, wherein said polymer is a gel.

27



