FORM NG POROUS SCAFFOLD FROM CELLULOSE DERI VATI VES
CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This
wa@pbiocsate on cl ains the benefit of U S. provi sSPONeG2008/000491
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
MG ROBQUS S CGATFEORD TROM Child-WQSE DERINVAWHVES
nmet hods of form ng such scaffol ds. BACKGROUND OF THE
I NVENTI ON [ 0003] There are many different techniques
for form ng macroporous scaffolds, such as salt
| eachi ng, gas foam ng, enulsion freeze drying, fibrous
fGROSS-REFERENGE, TArRERATEDMBELICAEIGN onal )
printing. Macroporous scaffolds are useful for
upporting cells as, the |large por can faciljitate ..
(0001557 ot ThiFasiicgfeReias thhb8eft & U.ss pleviifinnt ahiCatiaNo.
61/008:050V¥iled Decehfiitr 18UD00ZNheasfRE ToAfhts BMAHRh &tk incorporated
_metabolites. It has been reported that when
hereintyyoietergpeepyl cel | ul ose (HPC) is crosslinked at
di fferent tenperatures, both non-porous and
m croporous HPC hydrogel s can be forned. The average
pore sizes in reported m croporous HPC hydrogels are
| ess than 10 mcrons. Generally, mcropores refer to
gOEED ORAHMENEENTI@Ner age pore size in the range of 2
to 50 microns, and nacropores refer to pores that have

1000255 Rt e o Bhwd R et Enstndosr

formingRikchiseaffelde. appl i cations it is desirable toform
macr oporous scaffolds fromcel |l ul ose derivatives such

as HPC derivatives. It has al so been surprisingly
di scovered that nacroporous scaffol ds can be forned
from hydr oxypropyl cel lul ose partially substituted by a

BASKGRGUND ORerSEINYENMON t uent conprises one or

nore sel f-crosslinkable groups. For exanple, the
substituent can be aILéI I socyanate. The macropor ous
[0003)scaf f ol Befeorared Mamym ditierenbatachaiquess efks tfpfmingd macroporous

scaffold¥d5 @Y 8% QB I ER MY, R BaMIAY SR febR BHING Abr8i9 Babric
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. It has been reported that when hydroxypropylcellulose (HPC) is
crosslinked at different temperatures, both non-porous and microporous HPC
hydrogels can be formed. The average por'e sizes in reported microporous HPC
hydrogels are less than 10 microns. Generally, micropores refer to pores that have
an averége pore size in the range of 2 to 50 microns, and macropores refer to

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

SUMMARY OF THE INVENTION

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



i nterconnected porosity, such as about 50% or higher.
The partially substituted hydroxypropyl cel |l ul ose may
wheoovemsared by anot her thernp-sensitive pol ynBeT/SG2008/000491
precursor, such as methylcellulose partially
substituted by a substituent that conprises a
form rsatifoporatksasiatiofftsoiipm aallubspidesivatives suchpas YHREG derivatives. It

nas B AR P bb RlsdayBlaf I o PsB Sy A hlobplite e
from w@kﬂﬁaﬁ;ﬂcéﬂm&@ﬁamw§ub§tftufeaebwa eEBsttub Ry e\mter@me
here 'is provided a scaffold conprising a on

substlwntm:pﬁg)rwggp@gcgrggowlf;@rmgslﬂrgqabbe groups. For example the

subs’uELYdr OXEQE); @WI fsﬁgkt% %%e T h?éllog%réﬁg)s%e{ffo% ?djrn@ﬁ ffom such

tituen Wpristn

pamawﬁhubﬁm@t%@Hyﬁlk@@lp@omfl@élmuosie”teamalsbIk@lvbya raldititelyt Iuighd
hy roxgprop yl cel | ul ose bei ng crosslinked through t
Intercgr@nect@ BeEsitketag Abawt 5Q @rr?é@h%pé"ﬂ‘@sp%@ﬁ%@u%’ﬁ't“ted

-hydroggﬁpggs?msge ﬁiq%ﬁo@‘?e IBCEHH BH&‘HSFW Qﬁ%}%nﬂiédp&@hﬁg

] partia tefconnect e
precumw&swm émmetmmhadnsecbmtaﬂgssmt;stmﬁedkhym sobstiteent that

comp i 54 HFaB8 P A e e R e
substnﬁlté& rb‘y@§u5§?|tli@ﬂ'fhél%o?ﬁ rﬁé&Vé?sélﬁllﬁkéHI@@%uﬁuch as at

a bout 90 or about 100 m crons. The pol yner nay have an
qui l'i bri umwater content of about 85% The poly
[0005]Tay havidieselor g ascorsiaira yvithramasprct of the Peasent mzenm

there Isﬁﬁvﬂégraa&?aq‘fo‘?& ?&%g{l @1@ dazﬁél&m%rr% Hn@i?ﬂgét%ﬁgt

I'Sé "an unsatur e car on car The
'comprsmbghyﬂ:wypromdceﬂuiqselmlailyl sdbstitudey byt mbstlnlehﬂ,cmpl ic

) th Th
substifiant campyian bk resIRSRRIG AN P Eara B HIEhay e
hydroi?yﬁsg{/l@@lhﬂcf)sé Hgﬁg'&HéélﬁReefthﬂoﬁéﬁ thé Qalf%%ﬂllnﬁalﬁe g?é@d‘ the

, such as
macropoeres hgdnatedcverage pore)a@e]of Iaﬂganttt@nmﬁvecrans Iandrb@mgeat

T

about@oe/@at highers TReWoyreer m@vmavelmta pwmutywmmeoe@us

phase and a conti nuous c’cﬁhase t he

hlgherp hH3R MESHRQres ﬁgam@v%sawr% Siectstriputiee pﬁaﬁf\g at lapove 50
iro 5 Aoy S0 bR YRS oy v o
equiliirhuen paateén taidtgnlscnﬂzﬂ)tout 66&d ﬁlye:l pobwrmro'pgy bave al bsung' s
modUIturs],ro?%% h8 to Loutcé(? Elglallrr\] lé%kg/ld?atgr %lflﬁe. 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 partially substituted hydroxypropylcellulose 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.

[00_06] In accordance with another aspect of the present invention, there is
provided a method of forming a scaffold, comprising forming a bicontinuous
emulsion comprising a continuous aqueous phase and a continuous polymer

phase, the polymér phase comprising hydroxypropylcellulose partially substituted
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to forma polyner defining at least partially
i nterconnected pores. The substituent may conprise
wa@bdoglo7dsspcyanat e, nmethacrylic acid, acrylic apCTISGINS/000491
glycidyl nmethacrylate. The pores may conprise
macropores. The crosslinking may conprise irradiating
by a suhstitesol, $hesubdgtitiens-coaprisiiga sefssbd $sivkablergrpupoenessinking

h
the pef{iflisuciiulidn PirioiiiosfRliuons iblof ine AR uknbie aroup
to forn{\at [%Iyr’ﬁéy dBﬁhrh? KRBt parAIY eRONABCIRY $dresz Therstibadtuent
the polyner. After the freeze-drying, the polyner may

may campsisarallyhiseeyanatednethagoriesicids astyligianid, B EHY!

methal i THROborss THREpERoMSY lRiodes (TeadBe Sty ©
compr@é@rh‘adﬁﬂrnb%é@@rhﬁlsraﬁ Mﬂ’%—@éy t e @mﬁuﬁrnghﬂaﬁcamﬂ)rrse
10 to abo e pol ymer phase. The

t t
crosslwg?r{gj; afilegstanost gpdﬁéuohmﬁﬁ{yﬂ%ﬁih%ﬂt?iil ose may have

hydro%ﬁ@?}lé&%ﬁ’és@ﬁk{ﬁé e'rr‘rﬂléreﬂ ‘Wa%g = g(ge? ?e@{a\é%]&as m Wﬁ'l'eé‘riﬂl)rgé by
freezeadryindy thequblyrhet. eAﬁé’rftheémdzerdrryingaWdopolfymenmla)byave an
e A TN A
averag?é S@Fé@ﬂé of Ht§eP8h F0 RRTIRS L TRBY.NAASBRISSY BSﬁrtprlse about 80
reatment at a tenperature of about 313 K Tor about 5

to abowi B0Mé%e of thegruepts pbease @éadabonit t1A ta about Re wilspbihe of

po Iym%Pﬁlpr%]ee Slir%ts%é(;ﬁ% I@{%ﬁ b%?gﬂ%ﬁ %&8 Boﬁpﬁ%&l«%eﬂ@%a% @g& tﬁ%@e Qaf degree

of substnéic abf aboutR.8 cﬁd’ésﬁ, isQth @embious 21y Phed pblymesr may be a gel,
precursor and wate to forma bicontinuous enulsion

such Q,So‘ﬁb‘r?” 4] %@Ygra&%‘?rﬁtqii%o@eﬁl‘wﬁ@ﬂ rBﬁ)ﬂ?@ faraeq b&’ Shbiertipga
solutro?‘r Q@\?a? r :%) tROpatriBly Qs rhxe%%'r 3f18elﬁlllose to
cros [ n e In :

group; cross ymer
heat tqeatmermis orhe heattpdatnieat syt camprisd hedrtetteaér@nb apaitempeeature

ol ymer defining at |east partially
OfabOHwi$£ﬁ585P8$%E?§ﬁores The pol yner precursor may
be a cellul ose derivative. The cellul ose derivative

[0007Ry belrateirbsheewith laoBetheeaspyedtiof the pfes@nt invention, there is
ydr oxypropyl cel | ul ose_derivative, such
provrdﬁgj@rrag ViPeeing @ %%%f%rqqnawsyn% Wl%@%ﬁ%?e%rﬁwn na

solutlo' t : ut@ 3 Q@ﬁgégﬁggw%ﬁen%ﬁh%@'t&ffoﬁﬁﬁ?éstggoﬁtﬂﬂdﬁ' Iy
emulsul ddmprisaig @ continuous polymer phase and a continuous aqueous
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 deri'vative. The éellulose derivative may be a
methylcellulose derivative, or a hydroxypropylcellulose derivative, such'as
‘hydroxypropylcellulose partially substituted by 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 aI_IyI isocyanate, methacrylic -
acid, acrylic acid, or glycidyl methacrylate. The polymer precursor may be thermo-
~ sensitive, and the inducing phase separation may comprise heatirrg the solution.
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group. The self-crosslinkable group may conprise an
unsat ur at ed doubl e carbon-carbon bond. The substituent
woreopoosspy | se al |l yl i socyanate, nethacrylic acPdr/SG2008/000491
acrylic acid, or glycidyl nethacrylate. The pol ynmer
precursor may be thernosensitive, and the inducing
The pcpiwalge psapasert ey bemH-sensitive,cartetis inducing p@esatseparaﬁhe
precu ens t| and t
may cBRaEE G BBl e Lo ER e i e S Btun Bt Fgese o
wradmhﬁ@tﬁ@émhl%h witR&/-yOSFd M?ﬁ@r'ﬁﬁ’é/y B&RdélSsuch as when in a
irradiating the enmul’'sion with g-ray. The pol yner may :
hydratge statgel , such as when in a hydrated state. [0008]
There is al so disclosed a scaffold which conprises a

000 e e sried b IR AR e phslnkpd

polymérathat deﬂraaeennag&)q%eg Fhe enaﬁrobarregaretdtdmaﬁ@amamyons
he interconnecte orosuty ma 0% or
mtercqnnsﬁt@«d a @a\f?oﬁg)ﬁé(? 398 PYERIE gf%ﬁg IRt JinSor

mterc&ﬂ'r‘lghtéospdrgéﬂp gpar L80 @ HUVRDE highRa @He%bl?rhbmé' fbrrhﬁd from

ergo phase s ation i'n an aqueous sol ution
a polymer ptﬂqursmyhablshespomquate zpange sepata’u@nmlhmln tomndﬁl'@)

phase §8pHion™h Rt Ed o uB R PoisunaL b€ hEECH i 2Hafoe in
the soluflbRUTRetgtRyrhiet br&nmldlwé&hﬁr@é@u@eldewssnnkable group so
crosslinkabl e group may be selected so that it w

that the rp@lwnerrmolﬁicuIeSeaaréwr@ﬁi@kemﬁughrtaa satfegosdlinkalye gagup-

The cr%m@éﬂé@és rng%ﬂ)é% oldRd ?8 tl’?at%\lvlll“c%rﬁéﬁmﬂ é‘ééﬁ’gther

rvative may b ose

when idediated 'thla Y-y, aTHre/;dolgmqmrpO@(;Urset Imlydma «iemulausaet,i degyative.
substi tut ed

~such | cel | L
The cqljfoeitarvhdue Jiaaes metoyieltigrBaeriaid & Aoy be
nydro:BFdg Mo BRRvEUE hulet 2 BYBLIrupYIcolitBte parRILY Ses
I'i nkab group f-crosslinkabl e group

substltu’m,d hzso&hbrl us;v@yanatm sﬂnmcatté@sejdamaélveanbm bedwuﬁih! suhstituted

by a s%{bﬁx@?ﬁ%%t&%&@é%ﬁr&é %Iﬁ%k%rg? %H)%é Lgrﬁy %ﬁ%%seslmkable group

may corphige b luakaturdiee dolbierearborycdrbug b@nﬂot'IEHe SUbstgidnt ntdy
about 80% or higher. The nmacropores may have a &?'rge
Comp”§Pzaé|YH§§qulﬁ§?alTBﬁ”}?&&ﬂﬁcrﬁj?'%tao&!d&/%c@oorn@'té?'é)ﬁ'sme Flats.

The pmBEAAy el ditrodtl oM A Bs, DERIRY) The MRdppals
may he_uma_,/a ipave size YhistrigUkompeaking abhbake ®0 mroms, shohiaszl abPat 90
or abolupﬂ?() 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 conjuhction with the accompanying

figures.



hydrated state. The pol yner nmay have a degree of

substitution of |ess than about 2.5, such as about 2.1
WO 2000878304 yner may be a gel, such as when in aP¢ysGzD®000491

state. [0009] Oher aspects and features of the

present invention will becone apparent to those of

BRIEFRDESSORIPTION OR BiE DRAMNGSvi ew of the foll owi ng

description of specific enbodiments of the invention

010 o ot e REEE RO BE A oaments
of the phagent ilveHgém at e, by way of exanple only, enbodinents

of the present invention, [0011]] FIG 1 is a data
aph showi ng t he dependence of UV absorbance on

r
[0011Eol ut i BIG bispr Hata,g@phothaing Hedepandance ofdfYiapsprdance
L S ' : n m croscopy (SEM
on SO'{‘%gémo‘fé@“é‘rg8%@%@8%‘2%5%%@%@ scaffol d; [0013]
FIGS. 3 and 4 are SEM i mages of portions of the sanple
[0012)scaf f oFbG.s v scaniihGelestron microscopygdS&M) image of a cross-
. rmgnificz?tio%'T 0014] FIG 5 is a line graph show ng
section REa SEMPIR FoAT st ri bution in two sanple scaffol ds:
[0015] FIG 6 is a confocal mcrograph of a
[0013)cr 0Ss- FRGS] DAna4 aresSEM itndipafdf PottiorsI6thE Sahiple caffold
confocal mcrograph of a cross-section of a conparison
showngip £flGe Rdwith ineréased magpificatianconf ocal ni crogr aph of
the sanple scaffold of FIG 6 but stained with a
iffer r ; ' ; 0 ion i
[0014](rjn' cr og'rag%hgr%fé(ﬁ ﬁ% gg%%lp%o@b gfﬂf]% Pgﬁeo%z’%:?f(igtﬂg I?R Invv?"?h
sampléisgaifoldsagni fi cation; [0019] FIG 10 is a data graph
showi ng the dependence of cell nunbers in a sanple

[0015]scaf f Ol‘-’ﬂ's.%iscéj chHfro%aF |jn[|‘<r:Frc')graph> of a cross-section of a sample

scaffold;

[0016] FIG. 7 is a confocal micrograph of a cross-section of a comparison .
scaffold; | | '
[0017] FIG. 8 is a confocal micrograph of the sample scaffold of FIG. 6 but

stained with a different mafker;

[0018] 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 numbers in a

sample 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'le scaffold taken at different times with different magnification, respectively;
5 .



[0020] FIGS. 11 and 12 are confocal m crographs of
cells cultured in a sanple scaffold stained with
waledoberssnd mar kers; [0021] FIG 13 is a super ppSI/SGTNG/000491
of FIGS. 11 and 12; [0022] FIGS. 14, 15, 16 and 17 are
SEM i mages of cells cultured in a sanple scaffold
[0023) aken EIG.8 fsea bat grapheshowihd midsueed ntearsygrihésis aatagn,
respectively;[0023] FIG 18 is a bar graph show ng

measur r S hesis data; [,0024] FIGS. 19 and 20
- [0024f; o FIGEL B ahd AbiaTR bt b eaired doBibarison
data; [0025] FIGS. 2 1, 22, 23 and 24 are SEM i mages of
cells cultured in a sanple scaffold; [0026] FIG 25 is

confocal nmicrograph (transnmtted imag;:) of cells

[0025]c ) ¢ ur BEE$2h 22a281ancsehreBEM roaaes obrels cuiured i a

| micrograph of the cells cultured in the
Samplég%ﬁ;amaffold of FIG 25; [0028] FIG 27 is an SEM

i mge of the cells cultured in the sanple scaffold of
[0026]FI G 2BIGt25is aeoifoedl micnegrapAd#ahsmhltéd igtages ohcells cultured
- cor]f oca# 1 crograph (transmtted i mage) of the cells
in a sagypleseAals; ot a |ater time; [0030] FIG 29 is a
confocal mcrograph of the cells of FIG 28; and

[0027][ 0031] Ff6s. 3 isHeorfodal rﬁi%r@é]"épﬁ%f%@cél@&ﬂﬁﬁéd in the sample

m crographs of different cells cultured in different
scaffold phfile. 28af f ol ds. DETAI LED DESCRI PTI ON [ 0032] An
exenpl ary enbodi nent of the present invention rel ates

[oo28]t © @ SEREIH Ig éj‘?ﬁl\ﬂo@e&g Meﬁ{ellgrcﬂga}éd}hqﬂe sgg/np{!ﬁ, F():/z?ffold

hydr oxypropyl c artially substituted
of FIGi 2®ayan&adigftin®;. A scaffold is any porous naterial or
structure that can be used to provide a supporting

100291, | &0 oBlC- AR b PR o B arReetRbF st o

FIG. 25kt ana@y@rrge pore size of larger than 50 microns. The
H A pol ymer when hydrated nay forma gel.

[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
scaffold that is formed of crosslinked hydroxypropyléellulose partially substituted by
allyl isbcyanate‘ (H-A). A écaffold 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 embodiment, the H-A polymer has an interconnected porosity
of about 50 % or higher, and may have a total porosity of about 80% or higher. The
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[0033] In one enbodinent, the H A polynmer has an
i nterconnected porosity of about 50 % or higher, and
Worgapolz8se? a total porosity of about 80% or hi gh&F/SG2008/000491
Thei nt erconnected porosity refers to the extent of
connection between adjacent pores, and can be
intercotieeetedi pmd3|hyr€fensdort§ze iestanti of confrntiosi ietwegn apizgsat pores,
ore size distribution

and Caﬁ‘g?ﬂ% b%@&a%wrgﬁ\{@@%@n PAIPSIMEY at about 90 or

about 100 microns. The peak may be determ ned fromthe

[0034]pOr € STHE nfHcFbporestrh@phavs amr@ Bizai diibbtionpesakiny at above
i ntrusion porosinetry. [0035] The pore sizes and their

50 micgng, sHeapsh abaub9e earbeVY! Mapigengel eRakdMB¥PRg a
r )
dorom S R ord PR ARB AT S A AR i 0B B B
porosime#tgs may be neasured when the H A polyner is in a
hydrated state or dehydrated state, depending on the

t echni que used 00371, Th 0 h
00351, o 1 S Rosiers Bt G ERIbaiN st oKEoRY
deterer%mgs.ﬁ SR &Er, %Htaslé)m@c;m 0 2Rerkbdy ;bcﬂo§|meter

hydrated state. The equilibriumwater contéent (BEWC)

availabderfront Bbena&irmigan00% x (W - W)/ Wh, where W is the
dry weight of the gel and Wh is the fully hydrated

wei ght €. ' -
foo36]; ! PV pbfyrenlp) i lamsb iR Bhed B FiR BAEE S Ba,
hydratdzdasmie stidehydratdibstiate) .depending doSheetgcheiqadjusetied by
' varying the rmlar'ratio of -OHin HPCto -NCOin allyl

1003721 Pe abS TRl SEL ARty Wadhediendiie) o
about w%eéﬁa Q%Lmq @ﬁfo%ﬂ@s sfdBduedoitd alb%t 20tkPd iA@Y drated
Anot her exe embodi nent of present .invention

state. Thegoedibaupr watﬁ@mﬁnt;ﬁﬂé\(ﬁ} 3 rﬁ:@lwlaﬁ@dfaSoEWCs 11e%as (Wh

he scaff,o de cr oV

Wy SRS W sanE Y Weait o U B WA R R A g0 eion
of the 9VpbIgHRYS aqueous phase and a continuous pol yner

phase The pol yner phase contains H A nol ecul es as a

pol ymer precursor. The DS of H A nmay_be about %
[0038]| ess, EhgeH-A molecules may have a degree of substltutlon (DS of about
2.5 or less, such as about 2.1. The DS may be adjusted by varymg 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 exemplary 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 continuous 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 to |
induce crosslinking between the H-A molecules. The emulsion may be Selected
and irradiated such that at least about 90 wt% of the H-A molecules (polymer

7



as about 2.1 . The H A nolecules are crosslinked to
forma polyner with at |east partially interconnected
Worzwpomsi®es. The enul sion may be irradi at ed w PET/§6208§000491
to i nduce crosslinking between the H A nol ecul es. The
- emul sion may be selected and irradi ated such that at
precurisegsare ahosdlinRed (iteXdlod degeeda-biicrosslimkis 86 wt%). The H-A

pormCPRITRAR) R o AR e AR,

macrop8fd® ﬁt@&irowinkmbnmgshw%grbeqreme@%@ﬂ% B Ae8z&AriRG the
macr opores after crosslinking, which my be renove

gel. Thasenigntygf thecemulsipn/inay Jystied spHbat; @iffes freszefdrying, the .

resutif B oy Buthiipe ke PedsiRlor kR ot S GREL A ne
~ macropbresitile & veragbipghe sizeastdaides ticH0 pHic@hshauR pore size

. . average pore size of Iaraer_ than 50 mi crons. The pore
distribglioremay feakiaiabere FRQUpad imigionspsyeh apatiabout 99 eF ahgut 100

. u t : 1 GI ] |
micror b el A o B (R e AR p B &AL, 5G] B o the
aqueotus phase@eadsabpob$e taatoab?® ivt%Ooft the oy er2thageXtoo H-Ahe

pol ymer phase (or H A) [0040] Several factors may

af f ect ot he | ues of total porosity, jnterconnected
100400, o5 S5 VTRl s ey aBech b Mallies itotabpaiastyp bierEannected
porosifyN&hd @@ rd Si-KRstribGHSHT FRESE AREGRLAGHHS Polynits fScursor

crosslinking tinme, and the concentration of any

concentrafip, thx PO, crassieking ¢ims, andeiemenaaptigtianiot any eiesslinker.
: These.tfgt,eco&ohﬁﬁ'bteyacﬁﬂstgmo rcSﬁH[)Hh@gpoerQig&tﬂ{a.rggﬂltiﬁé‘gggﬁ&d. For
. i NCreasi ng polI'ymer precursor ‘concentrati on or :
exampde, dssreasikign lyreepmrevrsae doneehinatigroorecresglatking titnleemay
scaf f ol ds. [0041}S Iﬁgane enbodi nent, the bi-phase
reduceihe R"8 iz, 0Tk BERIRIASHY subj ecting an aqueous
solution of HA to heat treatnent at a tenperature of

[0041]about  BlchdemBodmhentt tHe Bilrs‘rﬁ[%g%g]@lsﬁfrf P&y beefRed by

“‘separation in the sol ution. Conveniently, the
subjectipaenaqusops sphttien afdl-ddodradl dwpatiment at atamperature of about .

313 K Rl sHARAlds & ARt puantages Rt 6RlsRmdsed 10
vari1ous applications Such as"various medical “or
bi ol ogi cal applications. [0043] In sonme conventiona

[0042]t echni Gueeeniemtly, diposcaffoldy preppred asrdespriepd hedeinrcan have
cortain B o SEH=5 55 20 b RS B s Bhnatons sueh as
variou$ R bf bRliSfichiapplidgidds. di stribution and tend to

stay cl ose

_[0043] ~ In some conventional techniques, macroporous hyd'rogels are
preparéd in complex procedures and their pores are not interconnected. The pores
in these conventional hydrogels also lack depth distribution and tend to stay close
to the surfacé. In contrast, embodiments of the present inVentibn can provide 3D
scaffolds where the interconnected macropores are distributed substantially
uniformly in the entire 3D material. The scaffold disclosed hereih 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 step chemistry
‘under mild temperature conditions, without using any organic solvent or additional

agent (such as surfactant or crosslihking agent).
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to the surface. In contrast, enbodinents of the
present invention can provide 3D scaffol ds where the
wo adoenssmnect ed macropores are distributed PCT/SG2008/000491

substantially uniformly in the entire 3D material. The
scaffol d di scl osed herein can be prepared using

[0044) el at i Aelcansbermﬂ)[m”eclmeeﬂ,siellyloise (aoiye(l‘lafh’arﬂlyglros[B-rﬁal e
fabrication procedure. In son? nbod ‘nen S, ﬁ

glucopyf g @hmgior fer Mararerenant @ Qfarﬂacg '%Hblssrtaéwa y abundant,

biocorRRIBIS Widdard8LapIE b%réﬁéWé’dléta‘r‘ngl G g%tr?veﬁf*ablév' b%ﬂﬂlbse-

usi ng ‘any of gani ¢’ sol vent or a agent (suc
based soattdalsaran therefomssé cokverdenitiensed [roghatmateutical and

biomefRa! &5aiFsivne o bg Mt gt EvaBERls ysedinpdimants of the

preserft XRMEBAL s@h &4 MHC &I thus Ible dbtadUWL JeYat%lWQ%ost
bi oconpati bl e, bi odegradabl e, bi orenewabl e and easily

derivatizable. Cellul osebased materials can therefore
[0045]he conblyﬁméuprqpylf@@ulqsa (pR&nriBacdrrivalive ghgeliiovrand i

ot BARFRL T Bl BhSEbELR By s,
State Fdudsahe DDbg mldnaldllsa'ltatlan (IélDAD forelse inalmug detivery @pphications.
ropy| cel | yl ose '

HPC a@@%‘ & tae Bih SowiEy i Péﬂg\g)aﬁré@%eg ?v;éﬁr?ate{ﬁc&%&w'c
solven&d uTﬁ@)ﬁare'A%laﬁﬁr% f@z%y t%%ﬁ@thﬁ‘%h?é tb "r‘r?eé’m)atn ds §b§6lﬁc Food

Drug m ni strat’i on ( FDA use In rug lvery
reqwr@p@mtsotapadrwlarmmhaamnm AAnnaqeehusgaolslbbumf HRG or H-Acgh

w.de, r f o ni ents. .They. ar.e

undergEh HpichEIoR 8| SETRR BrRerARe 11 S Bhege rgtioR fom an
isotropiPe§lidd s iRt toelTRiitSsthbleiphagE | ethuldipl. | TEs pRESe AN
aqueous sol ution of HPC or H A can undergo a uni que

separaigyy adlpysitaaforsatian efimaerperasp@ymecsand gess e
' transition froman i SOtrOpI C aqueous phase to a

[0046] TE! aSt\WPﬂgrﬁ dnﬁgﬁ gs ﬁgyﬂoglg%ndméﬁo&g@ﬁ&rm élQ'& n be

al | ows n Cr opor ous ymers an
formed 0€iag pthwri HRCrderivapves m@lahym@g egnmediaabs mamomr@ds

hyd I be  f t PC d ti
nyarogl SR08 bRt St pRPElE QUi IV Fals bbr g0 phey R it nas
been s‘ﬂ?pﬁ%dl?ﬂﬁsc’é@éﬁe@l thabaMephhse exfiisibBndopeahimg¥ HEA phase can
ores and it has been surprisingly dlscovered

be cono/ﬁauenﬁyyfhm@efogﬁungfpr@ﬁomwdfmg% H A phase can be
conveniently utilized to form macroporous hydrogels.

[0047][ 0047] Hﬁ%é@%&%ﬂﬂ Iy SbdevuteHRAEH SNGRer WitdbidRab&RTent,

sui tabl e substit
instead of ally isocyanate. For example, methacrylic acid, acrylic acid, glycidyl

methacrylate, or the like rhay 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, which'in turn may be efficiently effected with y-ray irradiation. While |
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instead of ally isocyanate. For exanple, nmethacrylic
acid, acrylic acid, glycidyl nethacrylate, or the |ike
wWOoreo9essaw sui t abl e substituent in some appli capCDBG2008/000491
[0048] The inherent thernp-sensitive phase behavi or of
the H A polymer precursor makes it convenient to form
crosslinkingndfi Huiomay (el ¢ffeoted usimgaotdemiatiniques,y-Ragdreadiation ey
solution by subjecting the solution to heat treatnent.
be advasrigesnusinispme applicaiens nfeerdastange toraydenapgnetraifidesper

o o bRl B shher B Al Iy, SHbBesiiing
the soRRIbH@ante Setivabed Ghitdrniy aediffesénti déiptisedith Bray. y-ray
crosslinking, which in turn rgs% be efficient

iradiation doeemohgtve ripertaymany sadesir sidv\nhejemaigéfepé@mbd@mot
requirg i TR TiliiEhe TutiS R L0l o BerMal ons.

For instance, g-ray can penetrate deeper into a target
[0050]mat er i HIhashmsersfoomd dihditet-A witle s ddgree of sgbdtitgiidn offhbisut 2.5
crosslinking_ in the solution can be activa

A t ed
or lessy §Hel AF1APOAT 2 i: Mt bR AAYBIAREOYR IMSyne 2pP @w For
examdl%,rﬁgi %5!5/@%;??8&@8 Wit & HigtRe DS tdiMb RRES !Idvge?r SJIdSility in

chem c cts and do not require any chemc
water buii ¢roaslimked Hrdspolymer with & loavar 28 may'hdveainferios ehedhpnéical

.00501 1t h b f d that H- LLh d f
propertif asicontnalid 47 PER st e Mif = ater bl S el
beMeéWMifﬂé?erﬂdﬂB%ﬂ’éB@e@@%ehmsﬁﬁﬁE barhicadi Wittt a DD bf a8e0P2.8.in

H A pol ynmer precursors with a higher DS tend to have a

some applisatieds-ubi ity in water but crosslinked H A pol yner
with a lower DS may have inferior mechanical

[0051]P" OPE! ThE$ gl?manHgchgfeétrﬁé’s Ehﬁ? g?hi’é@ﬁ%ngﬁigi E‘tré‘n@'h%?%e H-A

DS. Thus, a ween er ent sirabfl e
scaffolds opay bé esntrafedby sahiry e degrae af D®ssiinkibgdiherzirl, The

searo §oRBMHUEAE oo abh GrRRLTA SPleci 0PN B
precurbr §A0iidrPhhE thd¥rosalinking tifee TIROASIBtyAb OGBS dtkhiaAktal
her ei n. Thgp%(fecgree of crosslinking may be controlled

t
properfigs ohthg o dn eanbeadventageousdn sp@earRlicationsit Fen

; ki . : o _

exampflh ind§ o Aol (e 6o iFRARL hdohahfief Beples to

provideduiddlila geecrmanical Statslite @pldi staicturabkintdepity forauplpertind cetisy
be desirable to be able to adjust the nechani cal

[0052]pr oper.‘_h&%fér%’ the H-A polymer described herein can form three-

dimensional (3D) scaffolds for use as soft tissues. The scaffolds can be made to

have various desirable physiochemical, mechanical and bio-interfacial properties.
For example, the scaffold may have propertieé that are suitable for promoting celi
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 (EWC), be
biocompatible, and s'ustai_n 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 regulafe cell and
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provi de suitable mechanical stability and structural
integrity for supporting cells. [0052] Therefore, the
WORMPMSYNer descri bed herein can formthreedi PERSGUNED00491
(3D) scaffolds for use as soft tissues. The scaffolds
can be made to have various desirabl e physi ochem cal,
tissuerfgactipmsc dn esrpdinentsmfdhe peesant invspdion; the chriges of material

and & AP lPoRdi i BebRih BB bhRgokBlipdodice o0

ECM @3 foe raqistidrededdivRIrfusstionsand are i nherently
hydrophilic. The interconnected rracropores can

acilitate cell growth into the scaffold with cell
[0053Lensi | As WRiArIsaltle pmwrwv@m be Hsed & PrEparing herssafield,

i
it may ¥ 5SS R bESCTHE, Mo aon PRaTRe B 12 <Car bPRIKFRG the
side chainlmheovsipacf theeqolymdr.sust ai n gradual rel ease of

bi oactive nol ecul es, but can also support cell growth,

oosef], 3 °5 EbodBEnt sl bkt RSN Bol 56 Bbvidd 50 scattoas
that h&ve ihestphied! isferédiidoted E@Mo;fd#@islt)i %ah@ﬂédt@ie@ (66ffhce

andti ssue functions. In enbodi nents of the present
structyrag &avingra namemelesiscale dimenaios; sae Rxamelas belewy)i bighivwater

contefl ARG RohVAN B B0 b Teoll i RRFPYP Sck®
scaffofdlsmahlemﬂ)lt t[:(ﬂﬁftﬁl}ablfés naodmta’@elasthcuiyl enﬂrl'tydrﬂm'xﬂrcny,awhbb can
be aduRpARaoUSHB ARG RBIREahanial LAty ani Srdetired Bigory to ol
and tné[?éﬁébf‘]ﬂhé‘lcéfﬂﬁd§ tae a@%ﬂlém fddtirefinthe pBrlsy wch may

Enbodi ment s of resent |nvent|on can al so
play apolevin dee BRyulationt of el b&hﬁVIdﬁa\Té\el manafeatuses may also be useful

for ook P AL o BRSO REHB St bbb HE B SRR ors otc
to conﬁesmmanéwir@@d,fuhbmhg_vater content and nechani cal '
i nt egri ty suitable for soft tissue engineering. Such

can eXthI control | abl e, de
[0055]e| ast i W§V” teLReNIRAY H}ﬁqr%fi’rf’?'ty ﬁﬂi’&'@tﬁﬂ”'h@”“m water
co nterﬁdl‘ﬁ@%rﬂﬁsf%iﬁtx' aﬁ\d%‘é\éhghlegl IPTé@IFIﬂF 'SWH-Rts%Qﬁbl'd@és%cn bed
structural tegrity to ce t1ssues.
hereinguay belstiaklarfond nidé sargamahaplications in soft tlmwg;eeermg
arole in the regulation of cell

whi ch..ma -
and reggﬂ%ﬁt'g?){n%{@xﬁanof eatures may al so be useful for

| oadi ng of bi oacti ve nol ecul es such as adhesi on
[0056]pr ot ei BsmaNeMpbodiMidnts af they srestnt inveatio hdy alsd be suitable for

appllcabt?or}ﬁwlg rwtfaongugsl’fr%%es ?or cell culture and studies of cellular behawor ina
3D environment. 3D cell culture environments more closely mimic in vivo
microenvironments than 2D culture ehvironments. 3D scaffolds can therefore serve
as ECM analogues to provide biomimicry 3D substrates for cell attachment, growth,

rhigration, function and différentiation, or the like.

[0057] Some embodiments of the present invention may also be suitable for
use in in vitro 3D tlssue 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
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[0055] Wth interconnected macroporosity and high
equi | i briumwater content, bioconpatibility and
worembarsseal integrity, 3D H A scaffol ds as deseei/bezhos/000491
herein may be suitable for a w de range of
applications in soft tissue engi neering and
cultivatien eheelis fov ¢herertiation @f ekE068l]suppod agdosli fbatvgidy t he

s eI R A
cultivafiéh bPh3UfRE\Celmads Wit Bd@auatia%@“ﬁﬁll cdﬁ%cﬁe"jreﬁmirtaw e

environnents nore closely mmc in viv

resultsrhavegshewn thatihe primaanrat me@atqqyt%s @ere@mmfat%:affs)tds

descr T AR P8 SgESDAEr R ABRLP Bl

week (gé@\atxam preg béblwq NOtHamypeof ealld cdinf dlss eptduitivated irthese
the_like. [0057] Sone enbodi nents of the present
scaﬁolﬂﬁv%xﬁm@h@sﬁas/reéqﬂ@@t pePlcations iaclude inartficial I|v,$r @ssisted3D

deviceb é?ﬁﬂpg%’gﬁ%\ﬁde% Q%e@%gllﬁgﬂ?%@%ﬁﬁpﬂ%@té %nthoécute liver

fallureerrbodl ments of the present invention can be used for
in vitrocultivation of cells for the creation of

The hi ghl j
100591 oS8 N BRN Boaiur Sraciop oIy ST ETReY APy Lapisdp ol
transplb@tdtion if %bﬁ'tié@bé ‘éﬂdergén sevbdit 61 Aifenefitlon@sisticatioms. :

adequate cell-cell contact. Prelimnary results have

hown that the primary rat hepatocytes cultured in the
[0060]scaf f oPReRIBBedimantshef therpreapnthinveRtigmcanbe used for high

conerk SplErtr iy ARECYSONANFD AR S Hle0 st o
easily fabritategtintb mmropiaEeccsmfhjlfra’dtho Eroxitel wifdnor3Del evant
nc ud inartificial |iver assisted

) {
mlcroeggquggntséjéﬁw?n%s IR RSS8YSential 1iver functions

for the patients with acute liver failure. [0059] A

[0061]S of t, Bymeahbbdimentdof Mr@séﬁﬂhﬁeﬁt&ﬁf ¢an Be mR¥d er
Sui tabI e for cell transplantation in soft tissue and

localizest gad sHsfRined 6@“\46@@@ﬁ@piﬁgl@ﬁilyacﬁmhaé@@p@k\%ca"y@ww Sone
compoﬁlﬂg}%’. W °§ atfﬁéﬁjsoél%%o%rmf@ Qh& MBvEHhiBR r\{%bctgprétgﬁtlon

n screeni ng I scovery
ability, $lme3eesm bg.coAverihtly ased ts m:bfpnrdta:amd pmmsmyamed release

[ i nto mcr Iate configuration to provide
of bloagﬁl B}qﬁq%}‘!@s or other su tance 9 b

[0062] As now can be appreci_ated, in a different embodiment, HPC may be
replaced with another thermo-sensitive polymer precufsor that can form a stable
bi-con_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 aqueous solution in response to
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, aIIyI
isocyanate 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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m croenvironnments for various cellular assays. [0061]
Sone enbodi nents of the present invention can be used
wo enoolozssad | zed and sustai ned delivery of bi ol opCT/aG2098/000491
or pharmaceutically active conpounds. \Wen the
scaffol ds are hydrophilic and have a hi gh water
be crossinsad ibetwedi tharwyselvenyFora&xampleoa\senablﬁtSLyostJ’w@t pothe

rporate a rovide su r el ease of,. bi oactive
crossiiiigk BFAD Bie0imBr L b it E CRbesy TP B lld he
crossligResle sita! @dsuitabl@sGbstigs R Rhoaiagh Havk a ﬂdﬁ@tlcﬁﬁﬁa{ ghsup for
repl aced with anot her therno-sensitive

bondlnsrt@d-U?@o$o thedthe HIPG eamba p@rtea:ﬂyesuasabﬁw buéhﬁs S@h‘iﬂt@@@in
Swtabl'er}gﬁ%cg%ﬁ]g V(irysﬁ@(i FE?%}}&Q %@F@g% e'hg r%%r e“yg’l "’E’E‘Eé qg“g@c acid,

glycidyFnidtharylate, elthiatike PTRE Wubstitubhainagancllige & rauktitfahtttonal
bi conti nuous enul sion in an agueous solution in

MONOM&sponse to another type of stimuli, such as a change
in pH my also be used to replace HPC. Thus, a

[0064]S Ul tab[b@p&‘n‘c'hﬁ&% 'thé‘b%rtRf&'léf'H%{bs htliséd, tﬁ@ﬁe@?eé*éfad

[0063] As can al so be appreciate In a diffeérent
substitetidro (D &eshquidbeyddjusted ya retein smi&Clelet thephaw@smwy] in the

. h bl b
substtFERHAPG A3 AhRdirw Sl RE pheSEbrbalaliots Frd B Uy et
crosslifilgh§ of tHe MeaficddRC diirPidishdsbadepaddtiti.cr ossl i nked

bet ween thensel ves. For exanple, a suitable

substituent or the crossl I nkabl e rougq may have an
[0065] nsat Upatiay oftthe disalgsHs heresyiltds Rgsaibie tsriovides peaffold

which ?erhﬁnsé% a %Hs%hhk’ecf g?@@ongﬁ]{gd@g@ﬁgga’&éée Vh macropores

ctional grou at t
are at least fartipliy inltabbl;xnmtbd and utaye dryavdrage wose stzeanftlarger than

50 micipind Beynte A g 9B e e AGE Ao ATk esfaymer

is formed fl*O'fhﬁi3 alpdfgmer PR caiksdF ihdtue Fésdiﬁ%nle"t@' a/PRage separation stimul
mul ti-functional nononer. 64 endi ng on the

to undgygptihase separalion in @émquﬁsvél@ SOdlﬂt@nde Qeét"BfJ“ may be heat or

d
pH chafdfih the LoRfloh Prhe ithd: G B Sfcolphitodadelr o
- crossliilabdd hroupcsmthat tenpolyhes ars epca!sahkemthraugh tle sélf-ow
uf ficient osslipking of the j

crossiinjabis. St T4 gioss sy Stavinmen ot oqlfeth o PgLid)
crosslimleth Rachlothér WRSS irflfated VATHPYIr&E 7hé paiyreécbrecursor may
be a cellulose derivative. The cellulose derivative may be a methylcellulose
dérivative, or a hydroxypropylcellulose derivative, such as hydroxypropylcellulose
partially substituted by allyl isocyanate. The cellulose derivative may be partially |
substituted by a substitue'nt_ 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 abdut 20 kPaina hydrated state. The polymer may have a
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whi ch conprises a crosslinked polynmer that defines
macr opores. The macropores are at |east partially
wo adoenzssmnect ed and have an average pore size pET/BGIOY&®N00491

than 50 microns. The interconnected porosity may be
about 50% or higher. The polyner is forned froma

degreepol sutsstitytioecnfiesy thahatbdus 2r% spichsisvabaub 2al .phias @olymer may
separation stinuli dergo phase separation in an

be a ggl, gﬁmgsg&%r‘t'f‘cﬂwhydfﬁgefﬁ%} ﬁi’u may be heat or pH change
in the solution. The polynmer precursor also conprises

[0066]2 Sel f WHAS Sonftk adikicH AP mdRifidaibn o thePSketfiBlarpr €
crosslinked through the selfcrosslinkable group. The

embodimnestsl antkisireanplisationagrepdiseugsedthateigiothayagreifer ilustration

purposfs g ol e HaBb, iy BB oeffie Skl dihe

present ifveR@ibh Gr®asodsogsiaél ve may be a net hyl cell ul ose
derivative, or a hydroxypropylcellul ose derivative,

such as hydroxypropyl cellul ose partially substituted
[0067]py al IE¥amB§Syanate. The cel | ul ose derivative may be
partially substituted by a substituent that conprises

[0068]12 Sel fAll b4k @REicH) Menglg%s%@lﬁQﬁ&%%)kd?ﬁé‘l@ls%véfé%b@alﬁad
conpri se an unsaturated doubl e carbon-carbon bond. The

from Signia-AldricdnPtentedd. ¥ o indaperal unjéss gtbepwisatspecifiedhacryl i c
acid, acrylic acid, or glycidyl nethacrylate. The

[0069] pol y n%xémélengégnﬁetsfg & aI@PE&%’aWatQ fof @WQH%%’ or

hi gher Opores nu por e si
di stribution peaklng at above 50 m crons, such as at

[0070]about Hecquvlraboomoaoaemey@f@heﬂﬁwtnpnlmabm m;aase an
qwllprlum wat er content of about 85% The poly

determingd byvid NMR) wag detdariet PYaIzegtontc ‘1'9“'{36'0&56 &9'“9@9 kPa

in a hydrated state. The polynmer may have adegree of

[0071]5Ub5“1i)h5 usnyd}étéoeﬂpd@a@ aé%n?ol%omas aﬁc,sa%uth 1

| ymer -may such in a hydrated
chlorofetrat(#00 oD ée whitti a@oiusma Qfailybxsbwarmh@(hﬁaumh, 6aﬁ metarof

eauivalgrfe) A Effp ot TAO T, I RRorop R, AP R driP g Blvtin

dllauraﬁﬂdagladdééfasea(b@t@%t Mhe réadtin mpdlieosds stised it Fdim
nmbodi ments of the present inventign are al so

temperggg gifpr aboytatsshqurex | @cepbisted uging adptaterfvaporator and
premp:fé‘fécﬂrit@'d%tHﬁeéihéﬂ t hese exanpl es were obtai ned

[0072] The reaction product was collected by vacuum filtration, and purified
by re-dissolution in chloroform and precipitation into 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 (-CH3), 5.7-6.1 (-CH=CH,), 2.5-5.3 (all other protons).

[0074] The degree of substitution was 2.1, as calculated by 1H NMR
recorded in CDCls.

[0075] The temperature-mediated phase behavior of the sample H-A
solutions at 10 wt% and 20 wt% (weight percentage of H-A in the solution) was
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fromSigma-Aldrich Pte Ltd. (tm, Singapore, unless
ot herwi se specified. [0069] Exanple | (Synthesis of
WQ@RG09H7888F bamat e of HPC (H A)) [0070] HPC ( Mh PCTBGBOYN00491
degree of etherification was about 3.4, as determ ned
by 1H NVR) was dehydrated by azeotropic distillation
investigatechon erdV/MISNR| spreogbatatneteetaspa™, 2/-67, Japam)ndiol

meas@%@ne&ﬁ@?f isrro%l,t?/e%d%t' zgipcﬂjg? ) % ?%l&ﬂi%q tépg?)gra&r@ V"lk]‘hgh a
tempefsturesod Ielh@)ldé?‘s Neé @QOArONSY 0bihg\WhsaseddRSICAIggpPW se.
After one ﬁ)_eof dibutyltin dilaurate was added as a

tempegaitieg 9@1”(!'!% asemmesivere plowed te reagheAultbriugb at each
tempet%[]}r:]égfo%'f5grﬁ|nf6)éfolaebf?1létreé§ gr vet 8 téf@@ﬁ' ﬁgpf;%%fzﬂfv‘ég

% TOL &L OF Y evaporat préci
measuterichy restiltsare shO@rnah FTIGe1r é'aetocmurrpnoel utphaeesseparahon

was g A G L6 (RAICIANTR OEHFBI5r B AHE BTEBIBHELE: WALD o
reducél SﬁtgllllBQI dBh&ES realh8d =65 romé(l?l et é‘?é‘l(abﬁ:'dea% ?’ﬁocgber@m@’ ed by

t extraction 3] The
tempemtudijbr inchutirg pleake sepsratiomgf HeA sblutivRs and|spbissquent
Ié d ppm: 0.5-1 .5 (-CH3) , 5.7-6.1 (-CH=CH 2) ,
crossi '@95 3 (all other protons). [0074] The degree of
substitution was 2.1 , as calculated by 1H NWR

[0076] ecor dpiG.J NskéXa Beprb86ritalivd heodsergedatauingicarng seed
phase behavi or of the sanple H A solutions at_ 10 w %

tempeéﬁ%arez@emr%e(\ﬁféﬁ ghhopaalizesk (agemalizad te the abserntion piensity at
292 K90 BTl SoHlkpk SoNAQ St BRI AR Bl o

HPC (dlanmrtdsesom%mmnd,rﬂmat% hohaw) and bf-At(bigmglest d0ewvt%dTheolid,
f s hol der s contraolled using a.
20 wich S RO Rk T phees HEPslianas Fimeardy S preculgiis grfgsdin
the traaéhmet®dmﬁéﬂéa§mg tbh’&ﬁéré'tmréit Tﬁéqémb@fm@feaéttwmcﬁ Pie
mn before the read mgh were taken. Representative
15

sampleréraﬁametmw desseases by 80%niswenoted-hereinas ¥RST. Compared fo
HPC, t?\%%”%sg%%%apa(tlo%nﬁw Tl &}ié bt o' e, %ﬂp% Wibe 190k place

Fon"In optica terrpera ure at
ata IoWbetememraa.de wQMge:,aMtldE@STt bem@abba’dm? Hl, egseatingrfasm

el ect s. the operating tenperature for inducing
- hydropg} l@%ﬁ& tion; Wit sﬁylg_rg\u;g%| utions and subsequent
“[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 3D open porous structures.

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

| temp_erature for induction of phase separation and crosslinking of H-A solutions.
[0080] - Example 1l (Preparation of 3D H-A scaffolds):

[0081] Sample solutions of H-A and water were prepared. The solutions
15



crosslinking. [0076] FIG 1 shows representative
neasured data indicating the tenperature-dependences
W@20000788%9 | zed (normalized to the absorption | PEE/E200§000491
at 298 K) UV absorption of sanple solutions containing
different concentrations of HPC (dianonds: 10wt % -
- contaigedl p@oup divogabonin?d wite afrtrAHespectivelhgll be water wasglegassed

S T e e O

transm ttance upon increasing tenperature. The

[0082] enper & Hir@priseMatiod prddiad §ldstanasi(10 &E‘rﬁ&n diameter x 50
decreased by 50%is denot ed herein as LCST. npar ed

mm heightjoentaimag shearepledpér salution was FHJGQG;‘,UDLQ Wéih%f bﬁth B68Mh3 K
for 5 nﬁgﬁ%r@ %ﬁ%&gfg%@ﬁ’g‘ 6@%?0%'9ﬂ}25?r esul I'ng @tO%e

emulshmdr ophobi ¢ substitution with allyl groups. [0077]
Li ke the HPC sanples, the H A sanples became white and

opaque en the tenperature was | ncrease put with
[0083L;y o7 N G108 S EARSIPTER By POk Cancaina hler at 313 K,

toa gd@ﬁ%ﬁr@ﬁ%%amm‘ébé%%@Wﬂ@elglfg%?ﬁ’g"'ngfbr% 6’3 5 Su jected to

| ordal systens int St abl
y-ray iratliatipdat afdosesatool thkGyd Hiv 36tmine busrdsstink thﬁsmiumﬁrlc

eperati Do porous structures. [0079] Based
.phasegrhﬂ'{en%m%%théﬁ@aé)gala 313 K was sel ected as a
sui tabl e tenperature for i nduction of phase separation

[0084]and cr Ohs Ic'rdsés'lln@ecogefwé‘s frebpé-doied, whBh8d Wwithxdaiphieed water
(Pr e[zar ation of 3D H A scaff ol ds) ({30081] Sanpl e

foron%WPG ivithsdajty wetgr shangmand iyeplal skeragehe

sol uti onscont ai ned about .10 or about 20 wt % of H A

[()085]r espectrh¥@bihpld FSIy}‘\ﬂir?écé‘Fﬁﬁ%j@%éa eatrA10 wi9) QDA &efbferred to
before m xed w H A" [ 008 In a representative

as Sampledeand éhe sagipiaspolyingr ésqafoldhfoimed vaiine2®@wi% BA isreferred

containing a sanple H A solution was placed in
toasé]ﬁb\g?er bath at 313 Kfor 5 mn to induce phase

- separation in the solution to forma bicontinuous
[0086]enul si BErampGOBBRIConnearsonl stinapless transferred, in a
beaker containing water at 313 K, '

[0087] ~For comparison purposes, H-A solutions as prepared in Example I
were also crosslinked at temperatures from about 273 {o about 277 K, without
phase separation, by irradiation as described in Example Il. The resulting products
were homogenous gels and were subjected to similar post-irradiation treatment as
~described in Example ll. These gels were referred to as Sample IC (for 10 wt% H-
‘A) and Sample IIC (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 extraction with

acetone for 4 h.
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to a gamma irradi ator (Gammacell 220, MDS Nordion(tm,
Canada), and subjected to g-ray irradiation at a dose
WO 2008/078190 kGy h 1 for 30 mn, to crosslink tP&r/SG2008/000491
pol yneric phase in the emulsion to forma gel. [0084]
The crosslinked gel was freeze-dried, washed with
[0091Hei oni $ke lysphdizetiacatinkdsweere alioweddai SVWIWatveatecahmm

d | | d f t Th
tempefia ¥ERAY  Fidaar et neia et AR i Bt
procescéa“mé?EWC 8N the SempRIGUAfoRRY WERS détéﬁﬂfn%@' Bsetar®ir dry
with 20 w% H A is referred to as Sanple 11. [0086]
and hyelratiediveeights, acenrging todhe sawptier figcoess apeye.conpari son

pur poses, H A solutions as prepared in Exanple Il were

[0092p2! SO C;@@Mgéh‘éﬁfq??b{éﬁfﬁ& 8t t% Fistdd Q&Q%W\?ve?e@vélgatgﬁi by

about ase separation rrad

comprassioe $ests badn Instrsafp I\/Hcrbl-TesTdane584$(lh$ﬂrmg Qo Carstba, MA,
wer e honogenous gels and were subjected to simlar

U.S.Apaatta spaealdifad. 5 onmimeeame attempedsse ofi2bi2 MC Ekapbmprdssion
These gels were referred to as Sanple IC (for 10 Wt %

moduliireacic faeal feortihé fnge%QWiﬁ/e Irkitfal linE QP BSttio LAt Stréds-
(characterization of Sanple Scaffolds) [0089] The

strain giyeee of crosslink in the sanples was expressed as
the wei ght percentage of the crosslinked fraction of

[oo93jt he Scﬁﬁigb%&ikgm}ibm fupk s%%qié'sﬁaﬁ&w Sddieffiined

renoved et extraction wth acetone
using & PAGIRAL] 14Biendrguphpbriosietst é\TIierthFmergamltab'v\éop Ao) with S-
CD6da\3e” in water at roomtenperature for 48 h. The
- vere wei ghed before and after this hydration
process. The EWC of the sanple scaffolds were

[0094]det er nCrd-dersioHalosurfdirisiof GaynHe dophilizat a4 Avedgiolds were

according to the equation di scussed above. [0092] The
sputtengaiathwithi 99 apé rema@@n%«# oRyaifield=missigntsoeasingslgctron

i

micros PE E USRS ISPt 8Pl LRI sl o
20 kV.dtheams pretbgyf ofths hmlrated P&ﬁdscmfﬁodﬂmwaaunmtlgateﬂﬂw I@@er

reSS| on nodul re_calcu romthe. sl opes
confocg TyBoRiIER, MRS THETeaR o e DI LB P
overnight with fluoresceln isothiocyanate conjugated dextran (FITC-dextran) (1.0
mg mi™") or propdium iodide (PI) (50 pg ml') 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.

[0095] Some representative results of the above tests are summarized in

Table 1 and shown in the figures.
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curves. [0093] The pore size distribution in the
sanpl e scaffol ds was determ ned using a PASCAL 140
woreogrsgipor osi meter (Therno Finnigan, ltaly, BUpSéeops/000491
with SCD6 dil atonmeter. [0094] Cross-sectional surfaces
of sanple lyophilized H A scaffolds were sputter
coated with gold and exam ned on a fiel d-em ssion
scanni ng eTablerlbRroparties obfampiEBEMSqalads( t ) ,
JSM 7400M Japan) at an accel erating voltage of 20 kV.
The nor phol ogy of the hydrated H A scaffol ds was
Investigated by Taser confocal [fTUG5@pRENCE] Sample Il
m croscopy. The freeze-dried scaffolds were| stained
over ni ght I%rbhltﬂ%lbrescel n | sot|hi ocyaaat e conJ ug&ed

i BETERISAEH PP (1) i n thg phosBRat c. bl 1 or 88
sal T NP eRBRre S8 ﬁg&{)hyel Y. They wergd hen pasheggw tn

PBS for 5 tines and exam ned using a | aser tonfocal
fI uorescerE\é/Or(vdP/o)scope (O ynpus(t m 91Fl uov ew 389

Z vrooconl it

Walgg agg%dﬂasgbh\é{frﬂf'eg' %@t %Eg%é st ack scaf f oI d?og
[0099) ¢ g7RB R f CRIYSRSIE j Ve Tesylts ofpthe apove pests
are su rized in Tabl€ | and shown in the '
figures. Table | Properties of Sanple H A Scaffol ds

[0096] In Table I, peak pore size refers to the

[0096]l ocat i onTalbletihpedk porestizepezfkrs to thedogaiion afitbe highetst peak in

and j .he pore size that urs nost frequepntly in a
the pofiisisBulE oA o (e 6665 PEpHBREOGRAS AP MGARETBhim a Poros
materigbser ved change in sanpl e di mensi on due to dehydration

or re-hydration. This stability is expected to be due.

to the_extensive (about 90 w % crossl i nki in the
[0097]H A pol hererwas posEnifinaat ebg@afﬁ@ecf@ngﬁm@ §?%’%16m@1§'0n due

to deh@’éggﬁ gg ?%—ilyﬁéa:tlgm Vﬁlgsstéﬁ\htﬁmkgéctbd%‘%e'du V‘@Sthe extensive

Intru osimetry and scanni ng
(aboutﬂ%ﬂﬂbbﬂossmmmuye(mmolyﬂeﬁ 2 is arepresentative
SEM i mage of Sanple Il at a magnification factor of

[0098]??‘&92%I§\Q %Fesen n| ff m‘%grcg%lr\{lec gmgc%fpo?mp truc?ures m@amplesl

and |l was observed by mercury intrusion porosimetry and scanning electron

microscopy (SEM). FIG. 2 is a representative SEM image of Sample |l 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 and 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 conventional 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.

[00100] Both samples had a broad and bimodal diétribution of pore sizes, as
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of FIG 2 are shown in FIGS. 3 (500 magnification) and
4 (15000 magnification). Simlar interior norphol ogy

- WOorowATEs8iTonnect ed macroporosity were al so 0bsRCT/BG2008/000491
Sanple |I. Nano-scale features and structures on the

pore surfaces, such as edges, Flkes_in t he regi ons
shownd fiecS (Prmplesl naclidigzanesle e hellawy ovith 8% te 609t he

v B85 poR A0 el 38heh s RPMERSGRRRL. e ppte

size disteiBifien Bad tWhPesRETH fallef ahd shdper peakddt @f smaller pore size and
hydr ophobi cally nodified H A had interconnecte

a shorighang pevader ahadacganioss siges Vpen e EtA t%@%ﬂiﬁ%@n was
mcrea#é‘?f' ?%t‘rpéb&ﬂal (ﬁf/{"/%rtb $botP20 W the ?a"ilef BELR M 6 (el

| on” of abl'é,” opaque col l ol da system over t
distnblrt@nipﬁlrm wae sih&mgietosthudemdsmélwm@e} sBef) hnﬂ&hph&jheln @éah was

nd binodal distri ut|
shittedith T eon raghipete $125): aaf e CalehpeBk ecdmecaleigid e 1
shoﬁeﬁ&@%ﬁbé@r@ gﬁk?,@é,connect ed porosity respectively. As

e seen bot h sanpl es, the pore size
di stribution had two peaks, a taller and sharper peak
[001014t a skhe ib@iOUp@trelcmrzeOéﬁanwlfsﬁhtiranérll(ém@rbiedm@'rargei&nzed

L ar When the H A concentration was
and coftjpafed Bl el f'ig’giﬁetﬁaéé?etelo W %to about 20 W % the

taller peak in the pore size distribution curve was
[001023hi f t eBottoShhngld<ehl bn(jSii@i/vlem s’(arinez;i with &) TGrdbxtiae ihiRBE& for

eak ) sshlftedtotherl r e size): and

24 hOUF%eAhlgﬁyeqoreeawe%%ﬁ%as a'P é. qur@ %ﬁ%@m‘e Ei&iﬁsar
confocQIerﬁR:'i@sc%P?rlh%ge%/%@%é)ﬂmﬁi%e SRR PHpreéséntative ﬁﬁaé’é in FIG. 6.
an were al so characteri zed and conpar ed

In comparlsdfeiFilGhVQphamda srnalaeJm{a@@icnzqarsptehll@awblcésrevealad@
W, th TC dext r

nonporiy KirRoSoS Bt oS s S dorkl 3 e Eba st

facilitate@hé formdtion Fsgterctiteetsd mat@pesenpy i mages of the
sanple. See a representative image in FIG 6. In

conpari son, shows a simlar far Sanpl e
[00103.c, mTftenhlgaiyeraﬁfé@par%y&ha%tur%&i@@%kﬁégéwf&nﬁmaé also
{ 0]
Con R g o e PR IGRAC A2 oprosentative
|mageen®fd?le$ialned Sa[rﬂpledB}areTﬂeovm hFiGSa® aod & olike sizes of water-

filled pc?rﬁ.say:qhg %%Igl rﬁn%ger tg?ﬂ" ‘%’%”{6‘1"’8%%@@?6@8@@#

water-deillefstitffdriged from about 5 to about 20 microns.
[00104] Example V (Cell culture and seeding in Sample Scaffolds)

[00105] For cell culture, Samples | and Il were cut into discs of about 10 mm

in diameter and about 2 mm in thickness.

[00106] NIH 3T3, 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/ml penicillin and 100 pg/ml streptomycin in a humid incubator at 37

°C and 5% CO,, respectively.
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i mages of Pl-stained Sanple Il are shown in FIGS. 8
and 9. The sizes of waterfilled pores varied broadly
WO e@a0788hs t 0 hundreds m crons and t he thi ckneBGI/862008/000491
wat er - swol I en struts ranged from about 5 to about 20 '
m crons. [00104] Exanple V (Cell culture and seedin
[00107]n SanplepaSeatasonvers) hdryesies]framamaleWistar rats weigh %%300

oy oo 38 B P REEHS o R 0 Sagen.
Methdbea¥H BiopNto M Rol, 132l 99( AT&KHitydFAhe Wepgtoelcsgsl> 90%, as

accordlng to the standard procedure in high glucose
deternmined by doypamBlilef Fxelusiaglassay. nblﬂp@tﬁqymmlture in the scaffolds

wore A ARGl ORGP E D ot B poumi

BSA)MI AY/nSitd S reiBl GréwinFagtd? EGFIO%%hjﬁrﬂ)ins@lhn3§ nff and
( )S%Q%Z rrgg%ect :glvely [00137] I—)Iepat ocytes were
dexamethasesiee 80fngémi irleic\alcid, 00r enigmivpegisillingard 0080@/ml by
a two-step in situ coll agenase perfusion nethod, as
Streptofdiiii ped in P. O Seglen, Methds Cell Biol., 1976,
vol . 13, p. 29. Viability of the hepatocytes was >

[00108)0% aFhéehipk BESHIN discspmsreBitoRliZzedah usi el piate. by
Hepat ocytes cultured in the scaffolds were maintained

gamma jiragigtiomat 8 dess upie fikhk@whior ¥ e Gall seedingivas seidugted

o B B30 ALy SR 50D [ e

cell supérdieh mt@@a@!h séQ@oluﬁbndwéd B9200! hilof eemﬁﬂecﬂm Tfiftee
st rept onmyci n. aEMThe sanpl e scaffold discs were

scaffoldiveas useckds pﬂn’@iOlJ’.er he fslllawindbyogdarhhe saaffatisaversn at

routafbd 21983 a8 Pyl iS5 g SR04 e e

The vistsiktyfodlcells byltiagididrig tRE sohffcllls wercastcsséd By ¢Iebl’escence
suspension into_each scaffaold foll owed by 200
live/dead staifiggi hhe scaffolds waredeeiiaied forpi0 wewntas‘i léMn@?'ﬁ?m AM

(Molecfuﬁacrﬁ%% dLI]$A$ gbb %\g' ;&?{ﬂi’?ﬁ m]o ﬁ&m%ﬁ@%&%ﬁﬁ&cﬁs} modified

essentiER dadumMeONERR &t 37 eSSt 0. Ymagbs of iabidreéd) #hd eehd $red)

cultivated in the scaffol ds was assessed y
cells were Blassaeaited by/lasaeeenfecal fiuaigscense neickdscopysOptical

ot YN 26385 s A e

scaffolfsll becco' s nodi fi ed

[00109] 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) |
almarBIUe(Biosource) in phenol-red free, sqpplemented DMEM medium. 200 pl of

- the media from each sample was transferred to a 96-well plate, and the absorbance
at 570 nm and 600 nm were meaSured using a Sunrise™ microplate reader
(Tecan, Switzerland). The reduction of almarBlue of each sémple was calculated,
-and converted to bell numbers based upon a standard curve constructed fro'rh 2D

cell culture with known cell numbers.

[00110] Sample |l was selected for cellular compatibility tests. A detailed cell
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essential nmedium (DMEM at 37 0C, 5% CO2. | mages of
live (green) and dead (red) cells were then acquired
whyoobazssio conf ocal fl uorescence m croscopy. QopCT/aG2008/000491
sectioning with a Z-resolution of 2 nmwas used to
obtain a 3D image stack of scaffolds. [00109]
viabilityPand iprelifatation test Mé—b@:f@ct@@dedihé mcsmerﬂtﬁoblaaf Nod d%3

cultlva@rlﬁdﬁgggﬁf?@g @{m%%ggtgééw ||c|a @Eyj galng gm\élrtBll
assay. eﬁ‘le' %él&%écﬁﬁﬁ@ (9'5?‘9'@& 8nIyr\ﬁézmétb%@ afs®f toAprBﬁ’f'éfaﬂe\%éllrbver

al mar B Bi osource) in phenol-red free,
prolon@eLppMIGJrentTé@ ivENe mefdielimoveotimel inGarople |sas plattaskin the

npl e was transferred to a 96-wel| plate, and
graph ‘Pﬂgllbaaiorbance at 570 nm and 600 nm were neasured

using a Sunrise(tm mcroplate reader (Tecan,

[00111$M t zeFlGad)is afflipressbitie iRradcoply imaBeud NIH SE8 bells
npl e was cal cul ated, and converted to cell nunbers

cultureSa@ Sampled aftesrhwaaksioteultationn sthe eelisweresiainsdouith
I
Catooif A} 1 H S00RANBORRK. n BAGDTH Por (00 FLRL PREPIZ ] piffer
image bﬁt fovicalis !s’u%ainéedawnih }Elt1 tod;l\il?dl_ﬂ _?_s |I|ght|etr epbtsmasF I&o trlﬁmtctreiéadrcells.
e nouse r as | I N e ’
FIG. 14 {52 PUPS/PORUOREALNE IMRvtHer HIGSIA #5032, Ui 11 usi ng

Al amar Bl ue assay. The cells were found to be not only

[00112]i abl eFI@S. 1@ S 15 sRoR SERTiRiRWRIfINIPVET3 @um;r@ag|¢$amp|e I
cul ture. The nunber of cells over tine in_Sanp

for onevgay &l clbffer@@t magrﬂ@agpagrflﬁs Fllﬁ@ndltw S[nngEM Imag@S OH\”H
3T3 cu'(l:tgll'et%ulh %ﬁ?ﬁﬁlﬁ,g?fbﬁlv@q@ﬂ% e‘égﬂlfﬁ]pmé%%ﬁaefsgghesbars

represdititet OﬂahicsomemeFlﬁ&I teanavl 6ha|€ﬁih0ehinrdklﬂ ihFiG8 18sand 17.
bright regions in FIG 11) for live cells. FIG 12 is

simlar ut for ce th,Pl ho ,
001133 %} g kosiite s urssiribgshs 3 RaBsiocliss, 41 eflR fgred in
the sarhBledscaffBRIsRPSrelihObAREdile duaaemediuridohtaidihgane nﬂl\ﬁ NH4CI

01 12] FIGS. 14 and 15 show SEM images of NI H 3

[
for 90 min; the atedium Skasparalyzed by thambremliteagan Kitépigma DlagnostICS)

S
as des%chl 'urggplgk’ @a%t%ﬂ’%rs%égﬁo\i?ggygwg?' 3i @?deér%gent
normalizedrbyf theaiunoiner. of Detls Seated irathe saffofdetiat a8 quantified using
Quan-ijl'ﬂv'- Elic(cz)%re14 d%E)?\lAl gssay %lt%anWrgée%n%lrllé]ap%re . 15 and 17.

[00114] Primary hepatocyte has been a major cell source for liver tissue- |
engineering; it tends to lose its hepatic function rapidly in vitro. The present data
showed that primary rat hepatocytes cultured 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 Il, in comparison to 2D collagen
monolayer culture. 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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[00113] To investigate the urea synthesis of
hepat ocytes, the cells cultured in the sanple
wGeeabhwisds were i ncubated in a cul ture medi um PCT/SG2008/000491
containing 1.0 mM NH4Cl for 90 mn; the nedi um was
anal yzed by the Urea Nitrogen Kit (Signma D agnostics),

albumlassed:@mri dimﬂui*ea ;&‘rongts&tf thé hepBiamytesesuliiladed R0the, 3D ol .
e data nor mall%bze b t he nurrber of

Samp'@éﬂ wgres*@ea%th@ﬁ ‘thase culliregiindn U%Rﬂq Ny
using Quan-iT(tm) PicoG een dsDNA Assay Ki t

[00116]' nvi tERESMA, %wqa%ﬁ{dem dHOOSER] infsdesenpriveagtracyt e

been a major cell source for liver tissue
hepatosmysrméwrecg;n Sampénldistaken oyseaipesiodepdtdaysi andthen

morphb @Bl of these bhlsn 4P BT o He A BrEaNEE i o Iefffel o

form c&Milat fddre§aiRsin e scafasid elveipBupportdd/by celpesll Bihd cell-matrix
function, over a period of one week. FIG 18 shows the

interacieASur ed result. [00115] FIGS. 19 and 20 show al bul m n
secretion and urea synthesis of the primary rat

[001 17'Jepat OIEIYJBFe%c%I‘{Eé Wa%‘ﬂn* Qt73RE %é éuf? cBrrféHWc?r?ﬁﬁ‘m‘aﬁ MEF-7

en nmonol ayer cul ture. agen nonol ayer
breast lcaaoerca:eilse(h’t@lﬁﬁral Humans bdpatobldsipmaasyls €C3A),tanowing geod
ai ne er specific functions of primry rat

Ce”u'ahté'ﬁﬁ?%@??@é' cultured in the scaffolds were different
in the two tested scaffolds. Theal bum n secretion and

[001 1sgr ea PFIGIYH s Lfrahdifitieanaiage)dfes3A vblld vatupdd Ilrﬂséﬂh@IeSBD

mple Il were hlgher than those cultured in

scaffolgds fqrg@/@m%n oing/epA qelie formegd spleggoidsiin the scgf@olgﬁd Fiq 26 is
o ruor LR B S drtho EPELARALER s ¥lcl 27 s

an SEMﬂmgelojglneQ%\f spxﬂmremisczdlday 1 an®&i@| 28 Id a tran$mitterkinhage of

i CoRRRRLS e Ao 7Vl BRI LA bt by FOGA28 g o

C3A sﬁ}%rbl-d%trda&'ﬁ nteractions. [00117] Fl uorescence
viability Staining was al so carried out on human MCF-7

breast cancer cells (MCF7), human hepat obl ast oma

[00119)el | s It EeRypecieniliat §heyptasense afi-H BramsHpRaNPIe; Stc;affolds
can ol BB RordiclgRr P it FEVEoFaEbh: Tre
method & 4lso fapplieabls pd ethairdgpesiof E€ Vs prtéins.d Qollégen t® | was used
to verify this expectation. Under sterile condition, scaffolds were rinsed with
acetone for three times, then treated with 20 mM 1,1’-carbonyl diimidazole (CDI)
overnight at room temperature. It is expected this method is also applicable to
other types of ECM proteins. The scaffblds were washed with acetone for 5 times
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 éhows an image of live/dead Staining 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 collagen conjugated-sample scaffold at day 1; FIG. 32 shows an image of
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a fluorescence image of |ive/dead staining of the C3A
spheroids at day 2. FIG 27 is an SEMimge of the C3A
weplventsstds at day 1 and FIG 28 is a transm ttBO/BGBEYR000491
of the C3A spheroids at day 7. FIG 29 is a
fluorescent imge of |ive/dead staining of C3A
Iive/desﬂ@aioir@sof?tumiay uﬁhbil[dé@ﬂzelﬂﬁindblthélal eﬂw:nll’mded ha’lhlet he
resence 0 OH groups_.in_ Sanple scaffo n al so.
unmodie S Tl LR SPROFIG! 53 SOPEER HSER el Rt R B of
[
numarf bR aNEh Ghot 3| Sl SIS R (8 TRROCT EOhEgRRASEMRHle
scaffoddetiday t.hi s expectati on. Under sterile condition,
scaffolds were rinsed with acetone for three tines,

hen t d th 20 b
ot2le? B et b A Rei] dutaar Ao br i hESABIG
describét Befg h@ﬂekrﬁreéél?@né’fﬁﬁide@aiﬂo@etc%ncﬁ@_@hdénsﬁﬁﬁ fedmERiY
proteins. The scaffolds were washed with acetone for 5

descriptiofeand tteodravwirgspy thasersdted intbe @l | agen | sol ution
(0.29 ng/ M, pHL0.0). The conjugation was conducted on

n orb a 4 '
100123, O} Bhu SRR oy AN BT bR BRAIRA o o
illustratiree enlytmfdalrmd wagzhmltnhig/ Tﬁ‘e desertitiext bmbodirhersts e susceptible

ni.fican in d scaffol ds_.as
to maryaRBHEERGRNR O] BT §ranaeRbt G pars defRis 28l aRisher Bperation
The m!/é'f?t% %thbf V§1’rﬁ§ﬁ6’e<§f@ér‘?&d¥ﬂpﬁs AHEwh h%ﬁﬁ:'éhﬁn within its
lasts cultured in an unnodified sanple scaffold
SCOPe,aaS @%fjneﬂ byrihg clgimsshows an i mage of |ive/dead staining
of human foreskin fibroblasts cultured in an collagen
conj ugated sanple scaffold at day 1; FIG 32 shows an
i mage oflive/dead staining of human unbilical vein
endothelial cells cultured in the unnodified scaffold
at day 1; and FIG 33 shows an i mge of |ive/dead
stai ning of human umbilical vein endothelial cells
cultured in the collagen conjugated sanple scaffold at
day 1. [00120] O her features, benefits and advant ages
of the enbodi ments descri bed herein not expressly
menti oned above can be understood fromthis
description and the drawi ngs by those skilled in the
art. [00121] O course, the above descri bed
enbodi ments are intended to be illustrative only and
inno way limting. The descri bed enbodi nents are
suscepti bl e
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to many nodi fications of form arrangenent of parts,
details and order of operation. The invention, rather,

wo soovntssnded t o enconpass all such nodi fi cati oPCTGHIN8000491
its scope, as defined by the clains. WHAT | S CLAI MED
IS: 1. A scaffold conprising: a polyner defining
macr opores and conpri sing hydroxypropyl cel | ul ose

WHATpi& ELAIMEDYSbst i t uted by a substituent, said

1.

substituent conprising a self-crosslinkable group,

A szaffdldnntpriding: substi tut ed hydroxypropyl cel | ul ose
bei ng crosslinked through said self-crosslinkable

2 Pl oAl HRCIGHRES Ind BUMiRl AN RAFPBREEITLEF plialy

substituted byresiteditueht, ddi¢ subatitiehticehprisiagma self-evosskinkable
said polynmer has an inter connec&feol For 0Si, t% of about

grogigesd ARl substituiee hydraxypiopyieliiogeeind srossltkacy,

SR S SRk o ke SR8 flul s e

siz@ of {angerdthan S8 miomacs apd beingateast utiallysinkrconnected.
di stribution peaking at above 50 microns. 5. The

Thé S84ff 8f BiBY wHfeiffsaHd Bbﬁmeif He ah intd1ebRh&GtE@IBrosity of

macr opores have a pore size“distribution peaking at
ababi®0% o0higher.ons. 6. The scaffold of any one of clains
1 to 3, wherein said macropores have a pore size

TgbSfdPHt bRmCat M 2. wABRR sapIFef gy gl BBrpsty of
abqalggyeor highehn equilibriumwater content of about 85%
8. The scaffold of any one of clains 1 to 7, wherein

sai | ymer has .a, Young' s. nodul us aof about 10 to
Th%BBadeR‘g@}/ﬂ%oﬂﬁ o CW&F&? o Whgreln gaid-RacrepgiiesdiayesA pore

sizé;g?étrﬂﬂﬁioﬂfpéékﬁ'i dbdve 50 mikiensi n said

f-crosslinkable group conprises an unsaturated
doubl e carbon-carbon bond. 10. The scaffold of any one
Theyscaffald pEany poe 9f clgiesd to I avkerelibsaid reTope®sdiaVvess pore

s AR T UgRRR S of o one of el i

uerit conpri ses

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

size distribution peaking at about 100 microns.

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

equilibrium water content of about 85%.

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.

. 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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met hacrylic acid, acrylic acid, or glycidyl
nmet hacryl ate. 12. The scaffold of any one of clains 1
W@ 20020788%herei n said partially substituted PCT/SG2008/000491
hydr oxypr opyl cel | ul ose has a degree of substitution of
| ess than about 2.5. 13. The scaffold of any one of
11.The Iseaﬁsld]oftwy]dne ofdaieiant slmgdwpar&lm ahidysushshifuertt ebagrises

d el L ul f substitution of
melaiyicBad, YanfernEc eabars BETRRY B of ol aims 1 10

13, wherein said polyner is a gel. 15. A nethod of

12.Thé %E:Hffé‘la S I He0bblairPid $1 Nhefchi BhidihAHANE AMBdtiRuteds
emul si on conprising a cont i nuous aqueous phase and a

hydronypreoylsellwlose ias aptegree of subistiiutigmef lgssdban about 2.5.
conpri sing hydroxypropyl cellulose partially :
13.Thg S804 Sy R o YR META el SUBSIE Substited
hydrakypropyiceilibye $iabs dégreedf lsydsiitugion opgboei 2.0l ose
- through said sel fcrosslinkable group to forma pol yrrer
at | east, parti erconnec ores.
14.Thé featill s Enyrord o diams, T4 PhS BRLRYMBL A oer
conprises allyl isocyanate. 17.The nethod of claim 15,
15.A MEPOEIdT f&dhiflg B&siold! &9dim -ises nethacrylic acid,
acrylic acid, or glycidyl met acryl ate. 18. The net hod
of any one of clains 15 to 17, wherein said pores
formiigpa ibé ﬂﬁ'ﬂé‘%@@f’@&sm'l@omﬁﬁ'é'ﬂ@e@ FoatifousgausRsIsgthase and a

oo g8 pHh S, s Sl EbARRF PrsEosaiohiRg compr ] ses

Irra t1ng sal he net hod
hydrbxyprppyleellgibse Ipartrailyhﬁlbsmul@:i by\,laesu@shtlmﬁ dsaid substituent -

crgssl i nki es crosslinking at | east about 90
corip5ios st AR ITRATS Siber  t ut od

hydr oxypropyl cel lul ose in said enulsion.2 1. The net hod

cro@éllrﬂd'hg gsig pHrtisllyeéubstilited %y@%xy@%ﬁ%‘ldéﬂhl&eﬂﬁ?@)@fﬂ%ld self-
wat er Trom sai d pores by freeze- dr¥ said

oly
crogslinkpile geupde form @ relvingr defipingradi mllygatedconnected
pOrfegeeze dryi ng, said polyner has an |nterconnect ed
porosity of about 50% or higher, and said pores have
an
16.The method of claim 15, wherein said substituent comprises allyl isocyanate.

17.The method of claim 15, wherein said substituent comprises methacrylic acid,

acrylic acid, or glycidyl methacrylate.

18.The method of any one of claims 15 to 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 compfises
crosslinking at least about 90 wt% of said partially substituted

hydro'xypro‘pylcellulose in said emulsion.
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average pore size of larger than 50 microns. 23. The
nmet hod of any one of clains 15 to 22, wherein said
we@eubs7s8m conpri ses about 80 to about 90 w % OPCEHSGZH8/000491
aqueous phase and about 10 to about 20 wt % of said
pol yner phase. 24. The nethod of any one of clains 15
21.The meti3od vhanyone sabhblmaﬂﬁi tal20y cemipsisinguieatbving water from said
%gl\ﬂ,x%gpro ]ceII E/ has a degree of substitution of
porg '”Ige%as‘, OYMEfhe et hod of any one of clains
15 to 24, wherein said partially substituted
22, Thé]m@%l%ﬁ’ﬁf élﬁhhh 08| WHERSE, desy s%ldjﬁgéféid%fmélgéﬁd bbNHé?fha@fan

about 2.1 . 26. The nethod of any one clains 15 t
mtezesonrméedapnr@ay of pboyh@(v%ucg rwtym anQ?:aldmeﬁélaN@@fbf

ne of c wherein said emulsion is
a"e?%%@ar%?zé%f‘aﬁ%%% s'@lqﬁ)?%n conprising water and
said partially substituted hydroxypropylcellul ose to

23. Th@ﬁfﬁthdd ebameoite of Blaimbd5e20dhefeinmaidomulsi orcb@hr.rﬁsé§
wherein said heat treatnment conprises

27
aba 821 iraoUsg0 WYerbEHd aaHeCes PEBYRYANG R0 i%.to S Bei 205W1%
of ﬂl(ﬂ%&?ﬁreréﬂaé\e”ﬁt hod of form ng a scaffold,

sin I nduci ng phase separation in a sol ution
conprising a polynmer precursor and water, to forma
24. Thebimethmd ofl@nsoreraf slabms d orip 235 imhgrein saitt pavtiely splostijuted

v 3be Sl BuiahaT § S SR F SR BB AR SO R
crosslinking said polynmer precursor through said

25. Thesglethatt ofssry e bf elaimoup to 24saheratimsbi partially sabstitated
poI ymer defi ni ng at | east Partl al ly intercannected

%f"t‘e@uoﬁ? aha degferal eHbsitutioiaiot al-d pol yner

precursor is a cellulose derivative.3 1. The nethod of
26. TheERHBABE: arehie b ciafths 168b bl %ﬁr&ﬁrs'a}@éélyﬁlér% a gel.

met hyl cel I ul ose derivative. 32. The method of claim
30, wherein said cellul ose derlvatlve is a
27. Thmm@t@wrajwr@%pf dleiee 1840 26awheeein 33id gmelsipn isdarmaed by

subfdddh 3§o|u%}?58r’n'8n§ﬁx QudteALRE LRICHNHER! St Hidted
e i

hydroxypropylcellulose to heat treatment.

28.The method of any one of claims 15 to 27, wherein said heat treatment

comprises heat treatment at a temperature of about 313 K for about 5 minutes.
'29.A method of forming a scaffold, comprising:

inducing phase separation in a solution comprising a polymer precursor and
~water, to form a bicontinuous emulsion 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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hydr oxypropyl cel |l ul ose partially substituted by allyl

i socyanate. 34. The nethod of any one of clains 30 to
w@29090k881®€i n sai d cel |l ul ose derivative is partPel/bBg2008/000491

substituted by a substituent that conprises a

sel f-linkable group. 35. The nethod of claim 34,

31. Thavhesteod of alaiin 88, ivherdis Shidéeihliesegdenivative npmetiedcealtulose
unsat ur at ed doubl e carbon-carbon bond. 36. The net hod

derpfatieai m 34, wherein said substituent conprises allyl
i socyanate, nethacrylic acid, acrylic acid, or

32.Thegh§%irwr§dggmt%gﬁ§g? Yhekin s3id céﬁgﬁoé@aé\%ti% i#gy one of

wherein said pol yner precursor is
hydrbeypropyglealilose derieativesai d i nduci ng phase separation
conprises heating said solution. 38. The nethod of
cl ai 9, wherein sai.d po [ precursor | T
33. T nRBRER PUF 52, n3EhiA SPRAET R RELESBlnad dervative i
hydtexJsrbpfise oSy padialysabstiated isphly isveyarte. The net hod
of any one of clains 29 to 38, wherein said
crosslinking conprises irradiating said emylsign with

34. Thymetgd olany pRe orelaBE 38rtoatsy viirseiprsald aelroseydervaliye is
partBff SitktRded B ¥BdtitiéntdhdElomprises 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 heating 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 claims 29 to 38, wherein said crosslinking comprises

irradiating said emulsion with y-ray.

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