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Mechani cal |y reversible gel Technical Field The
present invention relates to a nechanically reversible

w@elo7ap®9t o a process for nmaking it. s Backgr oRpeiS61007/000127

the Inventi on Wien the nmethod df culturing manmal i an

cell s becane standard | aboratory practice in the

1950's, cell biologists started off by culturing the

cells on the SUffaQ\ﬁe@haﬁ’ﬁéallydie‘ihﬂ%lbwgéF the cells

woul d proliferate in two dinensions S grow ng on

a planar surface could belesui¢d) Kelderved at a single,

fixed r,0

the fo t[ﬁg :jéfesglflt ﬁlb&tcd&?xjtafﬁéey trgre dl?lg&gaguﬁa c}9 6%5151%%? ah@ to a process
ﬁaghﬁﬁnghed, with direct contact between the cells and

medi a, and no mass tJ ansfer The cells

coul d be conveni ent I%qug[ﬁ"g}deap]gﬁgiu‘bec’ﬁfqmred to ot her

vel | syl e hashdly of fMﬂﬁlhﬁg ZinAgndalien C@lﬂssbédaﬁﬁl tthedard laboratory

or| i nal surface, while_ leavin nt
Frabeaiin el 501 SHbAINEET FEEOG IR PHREEdHE f0 e surface of
E’H{r{ HisBed] Qﬁmeﬁ?@ e éetﬂét w1l ‘i)fd)lff@l%é ﬁ[‘%w&“cﬁrﬁ%ﬂse@elm I%rowmg on a
iology and 1s nmedicine. I'n terms of representing t
planer gfdce enwidrbe exfsily lobsaredd & 4 singley Gxedhfwgs of the kghtgnicroscope.
gﬁﬁr?erﬂt % %Pe? ﬁ{rﬁ{lgf Ttlisjsqlte c%lta{eDrél%Fin as?ogxgé tgg ree% 1('1:?? %ﬁem%d with direct
bhx&aﬁ)heapédndhe oéllsamdtrhedm aindoel thass tramsfer iemtatibnsaihe cells could be

: g;é%gggﬁ%ﬁéﬁgﬁérygwgw ?(9 'g.g)rne %&ejﬁ%rsclll blfeh enc?rygsrinizing the cells

diosit tHelyHdiid s@ffadey naslls eéaezir@ thellgpenhtact mdBed) the pumhea ypractice of
different fromthat in 2- Fi br obl. asts cultured i

2-dimgpsionak Rrigh celéweebﬂSrmrw fo impedan; djssayerss fihbiology and

i’rérdf 2 of the cell in contact with the plate, whereas
In 3-D, these stress fibers are absent. In view of the .
fact In taamstdferepiesetiiogi tha trusiegruprmentael @BW@H¥ i @ivp, however, it is

ate work in copjunct t hani
DR, Aoy P s U BpPRTIE B R B AIR e, i ot o
mlsxepﬂesémmmd Vith memmeﬂitmm afadpitheliahdells,(mog. mammahan cells exist in

cyt oki d, be observed n 3 dine

Ke€ %@?ﬁ{dgqrﬂ 38,,? ﬁﬁlﬁt Su@gppcea% &Wﬁq lu]m é’?aﬁ‘?( g@@@d For example the

RbeRiRe of yfskiletdl teldrenitss iflU3-De isli yabty ediffefehOfrom Dhat in 2-D.
cell culture. Cukierman et al. have al

d
Fereblagts Rulfured OBt Gigh GoReCPBYERn PAieRs Hoas o e higace of the
%;5& 1n%ﬂ W‘Mll thsr,RPlaF@ MER¥eas It RD, HlRY ShSss fibe ard’ %ﬁ%ﬂlaln view of the

Ing cell-mat hesions to the third dimension,
Suit ethat, the Fo¢lragey], signds- thai Zjrect well hfate Overdnieyqonjunction with

&?éogli‘leé:}}%tgcﬁ s%g%%fjso tccgp%g%fgxq?d {hla’?{he%{?rt Sﬁﬁﬁfaﬁr’h eBA)AsX of a cell towards

3-bidchemlicat sirhuli ¢e. g)(g&c&%/ﬁng)sigfldﬁ; dbaseet 3 dlfri(eln;ons It has been
p C())VEII’(IJ t}fart ?:elf laéll?esmn migration and phenotype in 3-D culture is quite different from
2-D cell culture. Cukierman ef al. have also elucidated a mode of matrix adhesion unique
to cells in 3-D culture' (E. Cukierman, R. Pankov, D.R. Stevens, K.M. Yamada, Taking
cell-matrix adhesions to the third dimension, Science, 294 (2001), 1708-1712). In this
context, there is a need for systems that are specifically designed for 3-D cell and tissue
culture.

The existing 3-D cell culture systems are mainly based on photo-crosslinkable

acrylate-based polymers, self-assembled peptides, and matrix-metalloproteinase (MMP)
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acryl ate- based pol yners, self-assenbl ed peptides, and
mat ri x- met al | opr ot ei nase ( MVWP) degr adabl e systens. New

waeymwan®Irtont i nued to be devel oped, refl ecti ngpttheGioeemo127

interest in this field. However2, none of these systens

possess the property of reversible gelation. Existing

technol ogy for formng gels for 3-D cell culture

rdﬁgte@ﬁbl@ ty§t91ﬂs LN@W@FSt@IB@ %ﬂﬁiue& 'i@§§ hb\%fgﬂeﬁ reflectm the keen interest
hoto-inifiators traviolet |ight or chang %

i laﬁhlé figld; éﬂqg{eﬁerf, BpnY crféh@sr:@sgernkpwgessﬁh@mosert@efmanaﬂple gelation.

base r
e b SR B 20 LT g e e o
déﬂen@cahnmspinﬁbm pho‘wmimmm hdirgadlet Nglstoraf clidnge in ionic strength for

use t .based gel s Matri gel nd )
%ﬂ%gf ?Io g%l gat18 5b se E&PW%[ Eﬁ?ﬁ'é?rth%g? @erformed with
Idaﬁh,l Gﬁc@&ieaéadﬁbn c$hld%e&l&@hbx&alﬁb@h¢ BSIRMAE Pr&BRE vithin the gel. Most
sto in precursor at a |low tenperature, as

v the 8’6 %%egt@ﬁf@%'%asr?ﬁ’w °F1ﬁe(e§eM%tﬂ§eltqnﬁPec08ﬁg%Ew§eD rely on a
(hepend 'té}ﬁ}tnéi‘ﬂuﬁé“l% iA@lde elkibHIEhi¥ BREE the nﬁ’co\ﬁ%ﬁiéﬁace of storing the gel

subjected to the terrper ature change). There
tIHRGUIETop Bk a dowdepeterure, agevelhvas uwon‘s,stcmmm ﬁhbysettmg time of the gel

f
(BE oo SANER, (Rl 30 DB ERTY, RS Rlrafite change).
i nverfthiersris therefutest aeedifat 4 gelovtdcle srevasibit fokmalsit by a convenient and
gn@n%’gorate one or nore of the above di sadvant ages.
P4 the Invention In a first aspect of the

invention there is praygbjdet of the pewsidiPr making a gel
speci es, conpr.i sing at

co ombi n a sil apol
enet! Fulits SPARoPT gl BEeRlo R BI (1 aubientally ovetcome or at least

RtRIORR dhetr RYSHE BX e aEB@&&l‘é‘an g Sing at |east two
hydroxyl groups per nolecule. The process may

additionally corrprl sSwnmagy olfhe loventien st eps of :
hydr gl ysig agpe % ?Qﬁe tn?veﬁaﬁ&?tltéé} i$ 'pr g:a(%\f] 18la Fgrgrgc'éeesg Jpr maﬁjqng a gel

sil ane havin
nmlnpnmhg coarbining i lsﬂamoigs;hhles rtblntpelsmgt m&lasiam@ts11611<ﬂngroups per

RO R, T IR
Ifryﬂiercmeyl species with a particulate nodifier prior to

t he of conbi |ng t he sil anol ecies wth the
hydr ih?gf(’%?ééﬁl%ysa dytipmally compriseAne qah%athr ofdhe piags of:

CONPhyd6lysinki £ §1’larfé ﬁ) fcfrﬁﬁnﬁg s?l'ahélc%ecfg? Csdid ¥R S#\Ax{ggf gt least two

may be surface nodif surface no
|ntroh¥@@1Yﬁ@ﬂe€$@alﬁ§Jp@rIaﬂh6ﬂdegmdups peptide groups or

S Ofre%d]mﬁf tﬁe%/ f?ltq 18 el o%: 6, ét ngetsd E%S edséed)l ?r}. @thbining.

enbo he |nven
pr océdéltlbmll)mhk ipngress may cmnpmfel amttgmng clnbydropldli@hydroxyl species

%anol gtc ﬁgdl%%mf);lor 16 the ste}l) % Sctomtblmngf Itllleaglli)anofg rs;?e%less with the
hydroxyl species. The particulate modifier may comprise silica, e.g. fumed silica. The
fumed silica may be surface modified. It may be surface modified to introduce for
example amine groups, peptide groups or some other type of group or mixture thereof,

In an embodiment of the invention there is provided a process for making a gel
comprising:

. combining a silanol species comprising at least two silanol groups per molecule

and a hydrophilic hydroxyl species comprising at least two hydroxyl groups per

molecule; and
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and a hydrophilic hydroxyl species conprising at |east
two hydroxyl groups per nolecule; and adjusting the pH

wo ooobabeseen about 6 and about 9. I n another enboOs@GBNT/000127

the process conprises: hydrolgsing a silane to forma
silanol species, said silane having at |east two
hydrol ysabl e groups per nolecule; conbining the

si lanpl 5 A qe A5 Betedk ARfM: biakd hysliioxy! speci es

conpri si g at | east two hydroxyl groups per nolecul e;

and Taa@hetben amepodimaensithe propess wewprisgsout 6 and about 9.

I n anot [ TR [, Og [ . .

hydr ol yfs;ﬁ}raﬁgﬂg |%I aneéttzc)) 1‘([)1? r%sgﬁgclﬁl %%%‘Fg’s%gzls%a&e hg G at least two
si | ane hgdrolyspbdd gloepspertmaledwar ol ysabl e gr oups per

nol ecul e; . .conbj ni.ng-, a hydrophi.lic hydr.oxyl eci es .
conpr St IEE eSS P PO I EFaE BatonE PECtfGomprising at
Wi th a Radiive uyaoryln@einps @ mol&atdusd ng the sil anol

speci es and, t he conbj ned hydrophilic hﬁdroxyl speci es

and par tdiesimgike P& petwieen ahaut 6 8¢ akQutAg t he pH to
bet“ﬁﬁﬁmﬂﬂ&%&ﬂﬁﬂﬁﬂgnﬁeggﬁu%sp&ﬂpﬁ&ﬁ?her enmbodi ment the

process conpri ses: lysing a silane to forma

- si | arol hphelysieg 2 sknd teifprame sHanelrapeeies,|seiksilappdiaving at least two

hydr ol yﬁﬁ?{)ﬁﬁ%ﬁ ?%%tc'}]i)@}gerrnqala&ﬁé“ e; conbining a

hydr ophi peci es conprising at |east two

hydr exytomsiningsa hedrophiliechstdeoxyil tdpediesrecmpiising at least two hydroxyl
conmbi ning the silanol species and the conbined

hydr oph# PESW&?%?@& g’HE&ip@ngcg PAREE5si1ica; and

adj ust i findikRg Rk tPadespasst aliote dnvitkdapaiiépilic Th€roxyl species

silane may have between 2 and 10 hydrol ysabl e groups
per nol agticulgte modifigheanday be a sol - gel precursor.

The 'lydéﬁ&éf%g?ﬁe?%}?%&H&%e&?élbo@:%%h&%&dt@i Iyl groups.

The sil ane or exanple conprise a
t et r dabhahyrsntadonenT ithe otesnodbmppsesi es may be a

OO TP LR BRRE Bi1she 16 Moy RAPEndt sofles NANES AEL HRER %t least two
ol i goneliydeolgsabogryomy pet nsewiles. In this case it may

L R TR TR ETENE N, -
bet weengrdusysbr AR with igheddilignol groups per
nol ecul e, depending on the degree of polynerisation, .

e combining the silanol species and the combined hydrophilic hydroxyl species

and fumed silica; and

¢ adjusting the pH to between about 6 and about 9.

The silane may have between 2 and 10 hydrolysable groups per molecule. The
silane may be a sol-gel precursor. The hydrolysable groups may be alkoxylsilyl groups.
The silane may for example comprise a tetraalkoxysilane. The silanol species may be a
monomeric species. In this case it may have between 2 and 4 silanol groups per molecule.
It may be an oligomeric or polymeric species. In this case it may have at least 3 silanol
groups per molecule, but may have many more (e.g. between about 3 and 100, or even
between 3 and 1000 or more) silanol groups per molecule, depending on the degree of
polymerisation.

The hydroxyl species may comprise between 3 and 10 hydroxyl groups per
molecule. The hydroxyl species may comprise a hydrophilic chain. It may be a long chain

hydrophilic hydroxyl species. The chain may be at least about 10 atoms long, or at least
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The hydroxyl species may conprise between 3 and 10
hydr oxyl groups per nol ecul e. The hydroxyl species nay

wa@oeowpne®el a hydrophilic chain. It may be a | oneCT/RG2007/000127

hydr ophi i ¢ hydroxyl species. Fhe chain may be at
| east about 10 atons |ong, or at |eastabout 20, 50 or
100 atons | ong, or between about 10 and about 1000

QB&H‘?O' 5’(5‘91' l(ﬁ atblﬂ@?dn Mpbéifveéﬂ@od‘ilﬂ/ dlo @y hbit 0@ atoihs long. At least
each nol ecul e of h dr oxyl species %gi be. endgro

o phthe ytexyl grougsmg eﬁ%m;@yp ephdhg lydr spreies ma gndgroups of
gﬂgﬁg&ecfﬁé H}é(ﬁgﬁg sgggﬁfgﬁgagér Hx%ﬁc f'i‘iV@e@ieE‘YEHcﬁMranch may

I'ou or s ave drox endgr oups
hamb a;hyrhomaqndgmphavsem;mamw mep dhgm)hwkoxytﬁédgryumﬁqd some may

R

ex leﬁ&ﬂ%ﬁlchﬁdpél?etﬁélgma?ﬁ of ]tche flrst aspect . bThe
uct of the nethod of the firs ect
\Nhl chhf: snvgmlera@ﬁ%plp&de&a|gﬁﬂmﬁ% 3% |p§ ce @'@%ﬁfﬁﬁ%@g

CONPHS \%H!SH{Q{? 8P bel methehAIfMBe FRMIsh&t H8ay25S 8 Qe iti¢h i 1s sultable for
gr oups can associ ate revers| blg whereby the g
4

pgltlua;gaml]@ Ehe Belimey eempasa frephilic chajng @pr@gﬁlsmg assomatwe groups
AR %a%baisg&l &efgﬂﬁg a\%&gl{)y gﬁe%f {] Qﬁe 3 @eﬁlg%oh{/%ddto a liquid

I'S Ca e| ng ‘onver e ge I n
abapplietion of ainttchaniexd shevr dace shé dre ligid is. caftde of being converted to

1905 5 S SLOUPS TR, OTBALSE of R O SRR Srouos

@oﬁ@hsé@fnﬁylbéthrgaoqﬁlls said gel conprising
hydrophl i ¢ chains conprising. associat.ive

can &8 8seradespest of dicpinyentignethersyis Previdesd a gélofggﬁa%vréng cells, said
%el E s hé’ 'Plxﬁfoﬂoﬁﬁlct Shathsl é&h‘}?}lﬁ’sn@’ as"’dé@ﬂahﬁ@tgtcﬁﬁbs Qifhl@h can associate

ear force and i s capabl e
mwensgblmwhenebys thet gel tiheapgble ¢frbemﬁ90<abf§€¢rt@ ) 1q§1§1 W application of a

érhe&gamcéiaslhe hgale L0 % % li 0§ 19% eﬁ)'lé"‘{)f ‘Eglngr&'ﬂpéﬂé@yo BR gel in the

one 0 SOCIa ve group
abstpro oPshidmacsnival :ma:yr famte be endgroups. The

Copedh o St BB S S BPUR e o v

A&QUR AndesotleaHBEnd¥EY: dgfiRibs.VER dsicaiative prdupsenay comprise one or

%@g (rélgpplelé)g %ﬂ?pt@g east t e e n&é&[ %%25%}? llﬁﬁnoﬁg effy SLS sopiative groups
%a e AGRRY ﬁ%%'ﬁ ’sﬂﬁ’&t éd?ﬁiﬂiéﬁ/g ?tl llaast ‘P\fvo ‘h?@roﬂbé%l@' o¥&aR!Rr molecule.

ps At | east some, optional
alihsy)cmm be elegvesl p}grqu}n d;xynh‘fdrg]gms cgf q:tdyaqge;owogtpwgg all, of the

gygﬁ)&sa{ﬁlg;gﬁﬂpgg{ lQ&?l Joﬁne al(lédtxloﬁgl 8; R, BFSAE! %glr)rt\ég%\]ge groups may

I'se, gt oups.
ichmpaiss @t inadyi bee QF growps. nz&tylebﬂ ssﬂeanpﬂongﬂyo aldsofathd assoeitive groups

g(gmh :%:El%)r(ﬁydgr ou S nﬁam& %tﬂggagsggcgétflvtghgrﬁ)g { %lljaglsbe silanol
tolfhis a8l Gomé gayShd Hﬁﬁoi@&)gr&@jse Sb@k WEeie &sédistivkOgroups may be other

hydrol ysabl e groups per nol ecul e. The hydrol ysabl e
diogsn hendipe SrRD £\ MRS, thielfips. The silane may for

exanghe GRAPMaChfe between 2 and 10 hydrolysable groups per molecule. The

hydrolysable groups may be alkoxylsilyl groups. The silane may for example comprise a

y—n

tetraalkoxysilane.
The hydrophilic chains.may be polyether chains. They may be branched. They may
be branched polyether chains.

The gel may additionally comprise water. It may contain cells and/or ECM.
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t et raal koxysi | ane. The hydrophilic chains may be
pol yet her chains. They may be branched. They nay be

whe@nakwei pol yet her chains. The gel may additi peEEGE3007/000127

conprise water. It may contain5cells and/or ECMIn a
third aspect of the invention there is provided the
use of a gel according to the second aspect of the

| nvenhiaQRird A8ptPEetha esRhHbN thetdistgrsvitied e W6 BEEgeDiccording to the
t he |nvent|on for culturing cells. In a fourth

ct
Secandeashent @ theoiveriopeos mags wpaﬂé@g to hethgRspest of tlle tnvention, for
ceI I's froma gel according to the second
é’glﬁg‘qﬁé@‘? the invention, or nmade according to the
firstnasfoadh aspedth)é then inventiem thesmisdprgeided armethed fgr releasing cells

d i
oL e TEAR O TR G s o e
sk of metilli\\%nﬁeﬁl,’%aidfgél torfiprigingithd cgid aridosaiddmethad comprising:

suspen5|on of th?wg Hﬁ@ﬁpﬁ?ge liquid. The proportion

of Picqmbaingthergs uid and gel may be

gr egty ?Elyﬁr{gaguiﬁ@féﬁi neftAnidaY ;shedr @F @Rt &Imbiha 1ighidUind88b to form a
v/v. I quid may be an aqueous liquid. It may be

wat er .sugpengiay obthegelyinithe Hawddi um for the cells. The

SUSPER3 é)qg%&{mﬁ Pf"hﬁlﬁ llI? rt]ﬁeenc&r{?l.ﬁ %g&ﬁ&gtaﬁgéeﬁ{gés? be greater than about

conpri's es’o
a9k vivooapteatec tmprabset 11 vé\t &;hedfquidemay ibagntaqaeous liquid. It may be

part| Ies f th Thi s.
Bt aicftng o pRITpL IR a1 cspdpadi of o Pl he tauid
fr@a{fi ﬁW@hﬁl&Qﬁﬁidlé‘S&)f&hé @lnrmmﬂ@dsn@pﬁalaimlly hd&lﬁpﬂk‘e the step of
00. m cron Cfﬁl Lr ai ﬂf sepa e theégartl cl
GFmPWégg}B? pritistestafdhe igg rami Iduid-1 YIHs sepabey B‘PmP‘H%e straining or
'fmé?i'ﬁ R sdsPEfsFord. $t Iﬁﬁ Ydld&%@w@&nmvsefs%mhr{g%e @agﬁéhglaﬁ through a
a subStance into a conpri si ng provi ding a gel

A6 anidiomeetl strainer t@esepmlte Aapeesticles of the gplnvem thediguid
made RS Cﬁﬁﬁ faPs?ect[ %f ttf?ee 1rIvJefn§<Sn afépéa Est gl%fv &eﬁea h%ﬁl%glt fotP gnéorporating a

applyln ent” nechani ca {5 skl
Gabstaice mtbm@ébompmg‘nn@ liquid; conmbining the liquid

th th bst ; 1 pguid t ta .
W U h ESTREe Ehiechuinam B el dertot e fniich.  Bdg cccording
I I qui do iRy filstidsbb&iof file ihveitiohgr the liquid to revert to

a gel. The substance may conprise cells and/ or
and? oraPphingHEcign aneshageshoardp eait geliogonyerbing |g§glﬂm% liquid;

fungt 'c%ﬁgmﬁﬁn%ﬁ{e 1@&?thﬂe%b&5néeh§nd] awi ngs A
preferre odi nent of the present invention will now
be edestloiirgithediguidalp stindawitle seswfficiens meghanipal ighear to maintain it as a

ref er §ee; f? shfiRicAPAATRA NS Nguid 3 1dvag o WRET €1 n:

The substance may comprise cells and/or ECM and/or proteins and/or other

molecules with biological function.

Brief Description of the Drawings
A preferred embodiment of the present invention will now be described, by way of an
example only, with reference to the accompanying drawings wherein:
Figure 1 is a diagramatic representation of the interconversion of liquid and gel in the
present invention;
Figure 2 is an illustration of different types of bonding in a gel according to the present

invention whereby the bonding can be ruptured to form a liquid;
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Figure 1 is a diagramatic representation of the
i nterconversion of liquid and gel in the present

WO pwentg9en; Figure 2 is an illustration of di fPer/®ar007/000127

types of bonding in a gel accor@ing to the present

i nventi on whereby the bonding can be ruptured to form

a I|qU|d Figure 3 is a schene showing (a) introduction
oFigRE is gsuhemetshowingi (wpintddRiEan ERIGDUgahdctor awuwathd ®EG, and (b)

f th t Fi h
BRSSP bl e bbbl 911 70"

OEipatd PRhOWs FTIR ehatRbTEPSIOf bi MRSARM: drdeflion of hydrolyzed
PE(g}Sloz giel ang éPéCrAf ?rlngge%l uré@dpjalze gefiion of hydrolyze

cHRPacd) wislsdrgd -P1td gel.vvad §oatams BRG: of hI\/BC
%{n% 5@ﬁ&w%Bﬁfgﬁélllh%E@g?aﬁfBrofjth\éq% -deld agﬁ'g%ﬂllggbsgells that were

tai ni ng RGD I'n at a nolar rat
1c13tumhf0(rki W)“«ek_LIH_LPEGO'ilOa @spragansoning I\mm&llddldparlmt @ molar ratio of

e 1t L Rl A0CATS bR, Pteh iy BhG-5i0; gl

(@) withpateald (E4)owlgMOBEUBBCM( G ), | oss nodul us (G')
Si.0.2 gel as

GBVG f P t f
vE s beais Ubbuging By ol aiitase MRdsd oo modulus (G7)
taﬁ'ﬁ N@LE (G EPPUT PEER SO R hath furde@bn @f inGresing 1'sﬁla%r stress (t) (in which

PEG SIO 2 systemremained in the gel form and
kfé amllqm&q@@rme@ Vigrens the matggial: qué} vt ﬁ.”nﬁhmPaﬁ‘e&Oz system remained

Sel( n I QULGt.r
Sl ARl QUL e o
gequlml far fgﬁhhqul(b mraosmom s wirdicatedi by @O; € typlcai @Y1 and & of PEG-
for

ST NN AT N AT R
sor hqmd»galstrglsvt&m (OMidhpafperemdvdl f the @darf dfesGvas &ven by the period
and tur.n the|r original ,l.evel s before the

§ﬁ%lﬂfeds][%lr é@ %{Na F;plrgtalm Eq: %egrr g%n@f leyqﬁ; Refgrg the shear stress was
tapbHed; gc%%h%@& %mf é:iﬂctkqm? 0, & a #RlHe LB S PRGYURD, g@ln% a mixture of

m Xt ur and cell cul ture nedi a:
@ﬂg@%%elbcﬁmd@f%dl fi catl on of FS with RGD

?@g&&@% Eévbm)% gW&@é@ﬂﬁgﬁmn(df* S MR F%ﬂtﬁg ggtmm?dlﬁed FS, (ii)
RED-todidtedt IS, (iinddALimddifiad F$pdind aetmblESf pbetmngesadfdRGD bound to

fte hin Det ai | gd .Desctiption of the

%r“é}og}feefnal%ogf?fieﬁ?%e %a’bﬁll %§ r?tw?s‘ri]ﬂé%?pén relates to

a nmechani caDeyaiteeVPéscriptiorgef ﬂf.@Pr@fed.rermmbaaaheﬁﬁl I

cul t uqre and t.ssue eagl neering applicatians.

conpribe dLesepidayaiiopaelats tommeshamically g eYeéﬂb]SQ@]f @@ ét@pensmnal cell

icAlt@edghd tikshed reHgﬁeé}ﬁlg h{b’lﬁﬁhoﬁsﬁ eThé‘féeP% s & e01es which can
mechani cal shear force t can be conveérted P

lapepgiage (oTisegigeaLingrde io £¢rm hgck padeethe cmﬂmmcs efia nyechamcal shear
tf&%? e %éméln Q@ﬁ&ﬁ/\éﬁ&ﬁob%ﬁ%m&— NHE %Q&Jlétfo%tdf%e s)pemes comHnsed by the

suf nt nechanica may cause Fevers
@kl why bageessiblei Bimys appBcation czflal smﬁﬁnmttm@:hameail shsart force may cause

PR e S e S RS A e e

tahé thereby cause the gel to convert to a liquid. The inventors hypothesise that the
association of the species is at least partially due to Van der Waals forces or hydrogen
bonding. These lead to relatively weak association of the species, which can be disrupted
by moderate shear forces. On removal of the shear force, or on reduction of the shear
force to a level which is insufficient to maintain the liquid state, the association of the

species may be reestablished, leading to conversion of the liquid to the gel.
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associ ation of the species is at |least partially due
to Van der Waals forces or hydrogen bondi ng. These

wo ead/1tor el ati vel y weak associ ati on of the speCi/e62007/000127

whi ch can be di srupted by noderfate shear forces. On

removal of the shear force, or on reduction of the

shear force to a level which is insufficient to

ma ntﬁénltlfh? thake3Uheh §1'ta e{tféﬁllﬁ‘sﬁpﬂgatl' QRe @bsokch@ive groups X are

speci es nay e reestabli sh ['eadi n 0 conversign of

tlpeatéd afuihd qnds 1ol dhey elpains. gn the gkl sigter gxeex grpyR associate with similar
a t t c

QSR LR, T REGLRECIop KR SIRHRP O fom g

S’Ieat/@k The cﬁésg}nﬂxmn&hsamseaﬂmy\hetmplwsrml aosginbungorasociation, for

[ ourin o | ogse, .. .. .
el et g PR por e e TAPR olopeBors de Qaplitip of suffctet
iRedhBhiSalCASA: JABYES bﬁptﬂrepmtﬁd s3boisticsst the K %@u}ﬁv; thereby disrupting the
associ ation, for_ exanp y’f due to hydrogen_ bondi ng
e

deeseverapsdinking: ad terrebrefeadingp ) ifermation of ashiguid Sagfn which the
r}ﬁ&llaaﬂésc An SHER reEANSER ARl UihEr. OR erh bl ATSAET MehOBorel allows the

groups, thereby disrupting the | oose
@lsmﬂtnom@frt@e ah@raupe te wsformaltadingtto reformationonal 8fe grosslinks (which

Y oSS Eh by Sl B B R ST E720 ) s the

as s o dh ahientbodiménef )hegnwmnj; the ragdooiative Igﬁnqbs a@ :nlanol groups which

Al gérﬁr\?ehl((ggm Z&é}o?}%@,sgcg |1’mf: Sbslg( égl:lusg@g? \éeveféﬂ Q&%}% o% association that

Fﬁeﬁém@ﬁ tHeN@L.] Iﬁ\ffa@tz QRe sildiel m&equsrbseﬁte@w&sln a circle may
ar € Si

g]FgF)us are_ derived from ydroly ?
de mospmgrie Oligqgerie of Peb’meé’tcesT hys \hyidgelysig wésa dgtralkoxysilane may

?ﬁe k Ib?%@p g&g%:alng%ﬁ(frog ?}112578 gﬁﬁ@ﬂonét@d LBy MQks thleféoﬁ' 8ligcmers thereof

|naC|rcermy

Ke.gno (ﬁlf@HDaOzO ol (&@E&if@tsl(@thDyWH@ Ttws rapdr qlofwhers  and/or

of a.t.etralko
cg?%sh%lfqd neglryo%(é ﬂ‘he% dgro?%%k%(g ?&&& glésrs%n\%g_?péeeség ﬂhca-h]ﬁ structures. In
@hclg ose Y BoWdSI&r ethé sx(lahog spectis(Vabjon2@) at least two silanol groups, and may

3Si - gag?omzi%e ?Q?é?s\ﬂé%? §31)1°F1S|1é]§9 re%%gtgﬂo %ﬁﬁéss depending on the

m%gwa rdﬁadrsaﬁeﬂs@%@&ﬁaé 8y b& Buhdrk®s, Shdudddd @ Snorksiledslhgroups per
case, however, the silanol species will contain at

I@Qﬁ@m@%‘ﬂ§1 Thisdhe %ﬂ@%@s shaw@ &L 2dRelEdsi many nore.

c? 2 E)&é’ 3? &ﬂ) g oﬁeﬁ% ee o }Jdlr%fm‘rfréer [ saét %ﬁq‘ya{worg %%ﬁg@& to a single

tsdatml rsgmcssto fomnmammanyrcrmhek sitd, avhath Igasobmt lpast partlally ruptured
ule., Thu structures shown in Fig. 2

ﬁﬁg?ﬂ§%€£§3n¥h% ?d%%gps on two separate hydrophilic

) ai silanelapbeiby Hasofganedo voedertt dink te iartgideophilicactain by condensation of

speci_es

SRS 58 s SR TRt SR S gt L MM specis

rgas Naatde’h voheas ,anb(»H 18l @m@hoﬁl@@ﬁy&apms ch&ihnBdoan a temporary
covalent  link to a rophilic chain by condensation

srosshek gjte, “thschsmmabmmpgv%bfé mgrhanicah Sl@alr gr oup of the
|
f}%q dsﬁtagéla Ec d@_%]ﬂérsg}“ggﬁ&fa gﬁ%&g‘iﬁé?fﬂ& t8 Qq%) al}{ﬂB}Q g6ftensation of

fome rof éts sdanpd gmugps withsw OHigreun ef, thmhydmphthy chanr Tipet tgs@léhnt species
c\én ”Efd?é’i‘é‘énc gonc? angt'her similar group on another hydrophilic chain to form a
temporary crosslink site, which may be ruptured by mechanical shear;

d) a silanol species has joined two hydrophilic chains by condensation of one of its silanol

groups with an OH group on each of the chains, thereby covalently linking the two



c) a silanol species has fornmed a covalent link to a
hydrophilic chain by condensation of one of its

wa@doanzdoogr oups with an OH group of the hydr opki1/862007/000127
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chain. The resultant species cah hydrogen bond anot her
simlar group on another hydrophilic chain to forma
tenporary crosslink site, which nmay be ruptured by

e IAC BlirdSSRAGT grélp 8n $hé silkdlo] SRREIsES flea%o hsidxrcngn bvRd with some
hy drqghlllc chai ns by condensation of one of its

SP‘Ihﬁ‘h H (greoom 3 hygronhilia chyingg %%Obweeawcaﬁo o fempegry crosslink
Fe; ﬁh?(cl?ﬂx\églb%r}hb%réd' Egklrdwh M1 SHOEhe AR exémbty $ifdwn, the hydrogen

group on the si species is free
hlytzmdcuwn botyvedn e hinglargrayphdiut B {seoy neagssasily the case.

hydr oﬁhlly g ggal{e %gnec’ ﬂlﬁ@(\%{qn t%ﬁ %ﬁ'tﬁaﬁbgh ? 1)11% a S%S%ureg not explicitly

t enpor a ur é
m&sbﬁbﬂdcadovs rexgralsol forrh b hyeupeh ®oﬁdlﬁg\@nd/thaﬂn yleir Waal attractions to

nding is bet i | ar ut this |S not
BB <epprgy CroB ks Thic ey I8 "SBRReERY e el Sheat It wil also
Skd hﬂ)ﬁl@edt Ahdthe ey belldTahe Phdieht BivBAtloAl nivhé UabWiRS pb&ibly all, of the
expl | CI tly descri bed above may al so form by hydr ogen

gd sfruciies @ay bewnegsentat t racti ons to form
t enpomer egnﬁ ﬁﬁ)lehﬁ% ﬁﬂo(/ﬁés a%’b&:gs FR Y din e%é‘ Qélue[sed%fsaﬂ%erc]leabove. The

nmechani ¢ ear. al'so be appar t hat
gebcesh coimerlgnsez@mbmmg]a eﬂanocb ISpeaiasr @ninamgot dsaspioessikingl groups per

Thoreple e PRGLR P IR I el SOlPSRe Tl R ISAGN sroups per

gebleasledescri bed above The process conprises

comnbi |n a silan conpri Si | east two

silan P%ﬁ?aﬁé‘a‘l'h%&zfmo@%ﬁa Ofe H&E‘%B ﬁﬁme StePR PHr oxy |
SpPeei18RIrAIPdRS laSiiRfe 3 bR the tsmlolmésé&ésylsaﬁr S14RS Hafhg at least two
nol ecul e. " The process nai addltlona |y conprise one or

bot h dfyd{rcpigsable@gup;fper ¢8dng a silane to form
t he i t Jtoeccetvvec'&' aﬂ’)o Jt aﬁ@l‘(bgﬁegﬂmust ?%% %ﬂﬁ@lmng

hydro roups per no and
pH tdl mbamdrspab«:amél}sbfam mcmbmnc Spexfigseln ﬁltse:asﬁ it paayfhave between 2

B0 B % 7' SRR B FouRle, e R 3R Fgberic or polymeric

éspe@es Zln tBisQuaseéjt Bay ﬁﬁlﬁl atgle@st B siiol Igﬁiui@G l#eﬁ mdlécut@}but may have
e an ol i ric or |& species. In't case

FROHRGE &2 Peeen soBfi o | @ StipEepRetwhzn sand 400% gy more) silanol

MRYufkay& Hi%[&éul@o d§ &1@1 - o Sh¥RIR e@hﬁuﬁolﬁénﬁu@»g.oThﬁéf as described

éven between 3 and 1000 or nore | anol groups per

AP B uPEOHde p(é‘ﬂmhw gl}ladn b? H‘émi@b re hpdropysisy e ei teanaplkaxysilane) may
yaﬁan %e%%ﬁg&gg% aﬁ%{ (cﬁws trmg}g CtQtra{IRééF 3& gtf}ggﬁﬁm linear,

ronS| oxyS|fan
dlrarrclhﬁ@ amd o1 eresslihkedﬂmcﬁmcsmd] ofthsse Stmctumssare thetracterised by having

ety EEhangt oo Feos B ROE A B Al P St sructures.

hesiluhdlgpacigd maabe ts(ylubfe ifivaaaadr igfiay bs.indoluble in water, or it may be
crossllnk% t he str %%have silica-like
Spnaly, Selublerpowater atha iqyekﬁ iG3epa SORBTIERH pRY to or more of the

WEhEHired" ddsbribEl abtivel BSOkxhSle |10 MBE 8bmpAse kfondB¥riBsilanol species

together with one or more oligomeric silanol species optionally with different degrees of

polymerisation. The (or each) silanol species may have a degree of polymerisation of
between 1 and 100 or more, or between 1 and 50, 1 and 20, 1 and 10, 1 and 5, 2 and 100,
5 and 100, 10 and 100, 50 and 100, 5 and 50, 5 and 20 or 5 and 10, e.g. about 1, 2, 3, 4, 5,
6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90 or 100.



sparingly soluble in water. The silanol species my
conprise any two or nore of the structures described

w@bwvaz99bor exanple it may conprise nononeri c BCT/86mi07/000127
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speci es together with one or ndre oligoneric silanol
species optionally with different degrees of
pol yneri sation. The (or each) silanol species may have

a degrgesikhe ﬁ@hNWElE:h slad diRoliks nikile W hale d8tvetAQ M 10 hydrolysable
nore, or between and 50, 1 and 20, 1 and. 10, 1 and

5groupy REr mdeculs. &haﬂayobe meRogieaica fiomax Peapligorrsic. 4t away have 2-4

gl,q)ydéélg,é%‘geo%% og 8661%51]@% §-8915vd?618§5%1e;gm§% 3, £ 3, 354 $6,7,8,9 or

8t hgdrotysalileczrTwps. 3t Imayealso.ooptiomaliy, have el an morc snon -hydrolysable

SR P AV SHIEERa? 12U I QO ELYERRS. 8 YRS BT C1 1o Ct

orer I°c gormer
I ztlkylayll fodl wehich mambéramlhys abdlghtglhaup& bpanchéd,Gforlbxiﬁhpm methyl, ethyl,

oony” ey sy b Bt  ahgitunt ke 208 o g or C6 to C10

haye sadea Tongirad TS ab hity WeQuUiRsi aalr £é&Uufietional alkyl
ThZSS naysq%gﬂigi kphqg};loljps (%}Sg i’ 812 10 éraﬁ’lb ctional alky

ogtoups. {Lyerma) beyfor exgmpleamipg-ar helgaliyl @r& ﬁwn@%rmlglﬁthabpmpyl)
L e
t alk@xydsikyt yaroupsy oCemay bel Gxiaogilyl greuhs as Iph:e rbel alkanoyloxysilyl (e.g.
f%ﬁ@%‘ ylll,}lg g §%1£sr ? %1 %bﬁs ﬁ%lg/gsﬁlé’i légo%tp% g)n %m ! o‘%"rfe%%xyrsilyl groups or
afihyde sotne lodlep -t)qjekoﬂ hydeolgsabfensid prapy lor ﬂ‘fayfhalve praxyir of different

gro e, hal ogen_jn this case na e Fd, Br or I.
e Ry el oty 3B st mER Ta7 ROAYRIS PP Bupealksixysiane. Tt
"Eﬁé{y be tewahidRs, | ti¥aciliyd) u@ﬁaﬁbpﬁatet@ﬁoﬁﬂogmytk@myﬂ sYhne. It may be a
ﬂipgacet oxyS|IyI) groups or may be benzam dosi |yl

ls¥angay be ®fol oxysngthylirgpethorysianeray bemsdiydiriethoxysilane,

r or may have a
%Eé}?g‘?%%o?‘l %&?‘P’A ? e%lﬁéﬁ& hﬂhI?/% ’%ysgéfb%régc'gr oups. The
si | anEhensigp bﬁhy@&bmngdhc silprd may aomenseaaxpoomgsﬁhb ailene to an acidic
be t.etr ane t et.

[ aet h ra
BT SR Rt S P8 et S5 RhS Aiheops acid may be an
tdrgzahk oyl &gl areits ackd ero}ﬁeﬁlb)abidK fdl‘ﬁiicl’la)(& Sdifriareid and malonic acid etc.

e h%}b%lalgtpr{]q?g%folng &8 }%ﬁ% i (tg?:%){cglfnllt?igeamd phosphoric acid

rﬁf@* " eYSinBéhttafiBn Dif |tl§’é“§‘c1&‘i1¥ay¢&”9étbv%@n EXRRDLOM ddae1M, at least in part
silane to an acidic solution containing water.

It
istepaiding gr dipsnageredparinelagy teopis a)ard e ﬁﬁhﬂ %b%twem glasmté) 01 and 1,
i dnd g 6081’:‘%{%& b, B%0g anar(P(g)f 81“0 b1 %ﬁﬂ% lMOTHé ﬁHa&" fle aqueous acid

C|tr|c ACi nd mal oni c ac
|ma5r gahq:tiweatc plehut 8. agd abuutf@rqrcabomy]dtoohﬁl mrz (2 tach,3,to 4 or 2 to 3, e.g.

b 15500 Da SR RR AL TSRSt % B PRl hBTp e sitme o
lhydnﬂyste wehe rgichgthan thehgrodwdtsl b {abiblé fir HedddugoliNgci@ KR )may be for
egtaenahauo! e SRR DO ot A0S RS far 2 PRS0 12,2 10

of2 &fmtoamw oaalbdht rr% 60e1 b&weleﬁ 1@bw& 515 ago amdteo or 30 to 60
4 or about 3, 0 2, 4 3to 4 or Zto

én@luteéb@gitabput L 25 3, é; 521@ 153 20,3254 385 4Q or T’Fﬁémny@ﬁ,cﬂr;ﬁéw 1,15,2,
@5, Zi),e4,f 5)’r ,Sﬂf é,' ‘2' ﬁﬂtllt bfml2fﬁUur§. rl'? n?a{yl BOGt tao ufficient temperature to

hydrolyse the silane to the extent that the products are soluble in the aqueous acid in the

desired time. Commonly hydrolysis is at room temperature, but may be at any suitable
temperature between about 5 and 50°C, or about 5 to 30, 5 to 25, 5 to 20, 5to 15, 5 to 10,
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hydrol yse to the extent that the products are sol uble
in the aqueous acid. It nmay be for between about 1

worzovatizeand about 12 hours, or about 30 m nut eBCT/SGA@7/000127

hours, 1 to 12, 2 to 12 or 6 t@&012 hours, or about 1
to 60, 1 to 30, 1to 10, 1 to 5 5to 60, 10 to 60 or
30 to 60 mnutes, e.g. about 1, 2, 3, 4, 5, 10, 15,

2130 t02.‘5i), 28 SGLGch 5601(mor1141cﬁ81,5 CLRY: LT § aﬁoutls %0, B, 28. 35, 30, 35, 40,
1 or 12 ho e at

515 b 50 S it gD, i by et i€ e aqueous
&Eaﬁé L&t Tﬁ@ﬁhotol?%etfaa%ﬂﬁlﬁn@ E@o@%lu talci% m@y B@ﬁetween about 1:2 and

a ueous acid in the desired l'y "hydrolysis

oyt 128 0m a ¥atpae detis.cor abaut ha;andé lé)r, la°n§ndsh§1 hﬁlaad 1:20, 1:10 and

t e 4 , 410 1.6 1.7 1.
G0l 7 sHO B 15EH YRR (A0B 1,09 FaB S B PRt Ry 6 17, 18
519, B(DOtlolE)O 121 0:1801:38, 1 5,11516,d : 50438, &.1§.or dldut 5,

10, 30, 35, 40 45 oy 500C or

oxamplie TRORE} soieles, ey e Pyt yoaad: 1 datosT groups per
afuRoUIS, GRBANcE ad6UB and® I @ld ®oPs ahd®$ f@@'a‘ﬁ@ﬁﬁ@léﬂ 3ne 7, 8,9 or 10.
to organic, acid may be bet ween about 1:2 and about

1Theo hydroxyl, gpasies Ba¥i %OmH#SGaEJ&tdrqthll%ﬁbalm 1t may: peghdong chain
%y'%irofﬂnlg’c Hﬁﬁimgyl %geméls e %ﬂﬁn%éy E@at Ras? aBGﬁ’t 1 Qt?mi Yor, or at least

labsut 15,80, 2_5 ﬁO 35, 40, 4[5 90 G_O :IZO 80,99 pr 1@_0 g’@msllor_lg or bet_Wben about 10

Yl 1 Bl 8. 0 TG DL oo, 100

PE00M0CeoUI060, 00 tba DO tals00tor 30@131:’5(&) at@maiwhgbe.@r atdut 10, 15, 20,

o Bt a8 8t 502700030, Do, Isnoanan 280, 8. afBrapo. so. 00, 600,

A, 860,300 @8 06N Rbs QoRpY W BRY bé h%owoﬁiﬁayﬂﬁeﬁﬂ aﬁgomer It may be
The chai n may be at | east about 10 atons | ong, or

1% derdripeudt 18y b a beperbygnchzd pojpmensr oligomsp, AV@east two of the

50c20) 0 e PR SR,y AW of i

1ooleenls0Thedydraxyl Smmesm beoa bedohedd@in speti®®Eack®Partch may have

11%?%52 d{%)?ﬁ fh@grg@ og %on%g g)rangggsorg%? B%vg%ygbo& Sndégupsgaﬁﬁ some may not
1aPe HydEhxyP @Adgratgs. IﬁOQJmeSEQJiboéiﬁﬁhnltsér&He eﬁ@@muﬁ&ffi edth branch is a
70, 0, 90 000, at ors | on t. ma a polyner.

tyinay Bioun THF g iEw! oo SORPEh B O Her el cxample a
Qﬁa@h@& Sllyst'h@ﬂ'kﬁf&ﬁﬁ RS Wm@ém@édlﬁ@ﬂ@ rthe %rdxloﬁ?lssipeéﬂé@ls a branched
of the ¥drox roups in each molecule o

r(y«gr Gxarm) obrsihss gy deoveyd reseips asfthe lead b |caely peEn. The molecular
WAEROF e Hﬁcﬁ b et aglb*arb%m&%dabsﬁ@asdb ARCAIP SOGRE or between

endgr ou or sone
wyuﬂﬁiibaﬂdthOGQwO(bmdigﬁ(ﬂwpéO&radd 4600& 1089 andt50Q0MaM®00 and 50000,

enb d| g p
CHREE N SBONFR Y38, PR SLBELEE ot B SPE08PLoo, 1500,
066, 2500730000600, SéH)O@_ IAGDQ'GS(F(EI_; 6E)b6,l 700d, C8006}<800® e1@)00, 15000,
%@8@%58%0%@@2%0@& hé?@%g %{(@C&;ggﬁé’f br%%%o ££lgculm weight per
I%ﬂbﬁ{(ﬂt &efser BAVEREY B BetWee® B8R 20@ bind Ql?ou% ndody, o8 BEtveen about 500

mol ecul ar’ wei ght of theba%grox éﬁiﬁ es 5
S60130005 400 e 20090 SAAERN00L LG 2o 26BONER B3 Qb00. 200 and

a n

?ggg Ofmlé%gﬁ)ohgé)@ 8@%%0@% arO5hodNF0dPA% s80P8: 36F and 2000, e.g.
about 200 300, 400, 500, 600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000, 2500, 4000,
4500, 5000, 6000, 7000, 8000, 9000, 10000, 11000, 12000, 13000, 14000, 15000, 16000,

17000, 18000, 19000 or 20000. The branches may be the same length, or may be similar



10

15

20

25

30

20000 and 50000 or 1000 and 10000, e.g. about 500,
600, 600, 800, 900, 1000, 1500, 2000, 2500, 3000,

w3 200/129%900, 4500, 5000, 6000, 7000, 8000, 900BCT/GOQY00127

15000, 20000, 25000, 30000, 35p00, 40000, 45000 or
50000 or nore. The nol ecul ar wei ght per silanol, or
per branch, may be betvveen about 200 and about 20000,

g%@@g%%gy %gr it wlcm Ieg%tgg S&g@ g@ 31}%9’%%618"8 dn 089%16 090 or similar

266fihs diDscamndma) be) dlfmamtelmgﬂseo Qhe mdroemhsﬁgl@@ mayo@mprise PEG, or

578, °008 S50, 200 ot 00 A Py e s

Oooeﬂqgglggm%)gosggﬂﬁﬁc cgfggﬁﬁbr gggﬁ.y ®&0a0nodified, naMﬁ)lOﬁolymer An
1 1 4 15 16000, 17000
1%19‘!3‘(3 functjorsd pelymss mﬁ’.y]be-[tﬁgd it Blacs gka ﬁgg}o&l CoptgIiing polymer. In this

lc%gé?ttﬁh pREesIBYay @ nirEk I ?ﬂﬂo%ﬁié"the %[kcﬁ?)gr&@)sdiffﬂfl@pﬁphler This may

Sonme of the branches he sane or
shenpelrﬁmnleé PHPhY epesioste ﬂmylla@él wmfeéf @it maynbR pendueted in situ. It

RIS Se8t o E Bl iTB s SRIRE RS I SAlindi SBRiAR! N

con arni'ng polymers such as a pol ysacchari de.
It mdy kmna errﬂmdmwntqodhy mmoceslstmaﬁycdn@rsse sgambipingcthe hydrophilic

TRt anetsonth Adrymene mgE Tt e I sofbjning the sitancl
fk)ﬁ@él@%)ﬂlthcm@t}@ldmm sp@hééﬂﬁl‘he paiticiate medifer txfag mnan&eSsﬂlca e.g.

conpri se hydrol S|n t he X S
i e t——
1H§ocﬁ{cle 3P lex SR ‘é' e@ﬁ'me ‘ﬁ’roﬂlﬁs mBRMiRe gfoAps Ve lsBhhel dthéd {y;gbe of group or

It may oOcCcur a he sane tine as Interaction with
snixan@ |th@:gefc Thues hydaioy@@némo@m@ﬁpb the h@drﬁpblélééydrﬁasyl species to

cléas ogtﬁ 'Trllxg sflﬁg Mqu%é foq‘mtmq’lﬁllég %lél%&é?ﬁl@ﬁ has very small

|cu ‘at € no for to
Qﬁhimmlpagudlése Is iwiH rigd ame@ated thmt silich gatticthsdayke a large number of

SHERIE S o, S8R ThRTBE G P TROA IR, bR 0 sevr
rﬁi@iéd‘:dl@.ﬂ of ltlie H?(‘i‘roplﬁhs WHyldes&/1 repeldiés. €Thet ghbmtmaydupta)rfaﬁy be surface
exanpl e am ne groups, peptide grou

or sone. ot
sl 1ed sificpupmsy havs AIANS TREPS @Fptl‘%ﬂﬂguﬁ’ﬁ/‘?ﬁ netional groups on
hpod eciﬁé}?&p‘}fﬁé ?uﬂctl@nem#& rHnl thé sﬂﬁfQJeCnyche §ﬂ@i€hl@fe thedifier may

particles o the silica [1ca may be in the form

ch‘e Hydregen Sohdiog gronps. o’liheimglquéatsyn@dnﬁelr mpgyivpify the physical properties
]El g?left Iﬂ%{, bé%eg%ndgg il @ﬁ-]?fjw%ﬁano lp'aftﬁ:uhate modifiers may be

e a-rarge nu s on
suséd agecellaide bhmlgéa@clmrmlee s1mh|ma lalginapé, Hepahing ghmosianmnmg

ggeile%@[‘ a‘lﬂl}go S €91 ﬁlill{}lg%rpg{c}r : hf g%%dr 0 r}‘f'ﬁ)lgl 151&555‘4/“53% tcﬁgxgd*fy he chemical

Sl i phrsicAlt proBaftiekedfetha [FeN Fod eRatiple dﬁmblaﬂﬁn@ﬁﬁyﬂﬁ aallded prior to the
ot her functional %roups on the s %‘EB]E’ er eof .

fham:@at@lﬁaq:d gonsiepsation AfhREG Andak 6 c/ Gptroduce amine

TR {onSlity TR hE %lyaﬂHQE&Qbybﬁﬂﬂé ﬁgn&i% Ql'#ﬂﬁ}phf[i’&eThe PEG-Si02 gel could
particu gte ier may ‘nodi f hysi cal

pl soplar funegormﬂlzcdnby yatious| silanesy Oéherrr@@fgf}@ﬂ&j cmpﬁmﬂs lincdpde hydroxy-

Qh
G5! Uy 00 b AL SRR SR Thss s b
hsadato modd’wth@hﬁi‘rpxydmphmas b@rq)ﬂmrfdﬂnaimmtqf i the |ggl or may be used to

d%%({lrfyxiﬁp gg’lra%t ?ﬁlerIPy)érotggl Is;?etc{eg gsugoem ined rmtg thQ/ s11angl species.

The ratio of hydroxyl species to silanol species may be between about 1:5 and about
1:1 on a volume basis, or between about 1:5 and 1:2, 1:5 and 1:3, 15 and 1:4, 1:4 and 1:1,
1:3and 1:1, 1:2 and 1:1, 1:4 and 1:2 or 1:2 and 1:1.5, e.g. about 1:1, 1:1.5, 3:5, 1.2, 1:2.5,




and physical properties of the gel. For exanple
et hanol am ne nay be added prior to the base-catal yzed

waeoendarmat i on of PEG and hydrol yzed TEOCS so asP¢DSG2007/000127
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i ntroduce amine functionality ildto the gel and thereby

make it nore hydrophilic. The PEG Si 2 gel could also

be functionalized by various silanes. O her nodifying
cbipduhds lidicldde onyht ohaciatie, mapnesae cfiladri #€9, depending on the

oli gosacchayrj,des, polysaccharjide nd peptjdes. These )
n@gg‘éﬂa&&aafi {1’8 Sﬁﬁ'&@fsyg?ﬁ’?eaqﬁy%grtgi ?/‘V g@ﬁ@’gﬂé’glebe@ér’@e feRreentration of
f Qe RBAnDBp&iest he gel, or may be used to nodify the gel
after_the hydroxyl species is conbined with the

si | antlloyyiegithe  combinipgt the Emuliipar mitures pay bes agiiated, e.g. stirred,
S e : : out,.. 1.1 .

S SORRUESHAEH, U5, LISK U0 e BBy i vty
alnamdgeBgouss Itamdy them, bel stdribged. Thik, mdy Be anhieted by Fil2atiomgl preferably

1.1, 1; n 2 or 1: nd 1.1.5, e.q.,about 1: ]

eilg’ ﬁ@’?ag,og’l }]ir,ouﬁ%:l F éfzei’?%‘,nglﬁﬁ%, ¢.8- %,-45? G505 rOH_Ll. gnicron filter.

ThRernati vedy, @ \addivioraly, ienay B¢ seriliskiPgndivNgdRifioh € some other type of
nality of the silanol species and of the

funclti 0
HIgHERUP 2 speci es, and the concentration of the silanol

SpecCiBfe mix@hre oy e SH ﬁc&ﬁﬁ@&@ﬂe%jushﬁ&ltrr@%};‘étééﬁgg;e adding a base, or a

m xture nmay be agitate _e.g. stirred,
Switler.ewffigipriiterachicynitheadesireé pEl. The basy niny refaugixempleda hydroxide

45 L ) GTBOROSONEe ) o e

fdraed. dihg bidjustment imay beitd tpkt atovhich pelatighomusst Brrhdyi Isd tog: pH at which

filt . 0...0.45 2 1 ' filt.

h st Sy 2 et S B Rl LA e o it o

ﬂ),ethé_nra?dhtaﬁ hﬁmabgiut s«:,lrm apdslh;ﬂtgtgg P of 7 $ @(to,i 1.5 ;&ﬁto, 95 t0 9, 7 to 7.4,
Xt ure e agj_ust ed. e adjustnent na

ygﬁ{?rg Qéyéotﬂirkﬁéjgaah‘ggé; gjér Tal-buf-Lef-3; Fé-Jﬂf 1-6cT-€nt-7:68,7.9, 8,85, 9,

acdi@ VR, t Teis ARaY rd‘e‘lgseo |E1'1eh g_i:l:'ikﬁmp_ EciffYo %nﬁ&fse,eﬁﬁ%@ris%, crosslink,

hydroxi de (e.g. sodium hydroxide or potassium
biestisg @ arorg hamenmehiheseo Andeynding, sopdd moashbe fismed. The standing

L . : .
T8 SBE TRY o  0c 10 O S g ppinty

gantlgy®l perihiitefoaujtirst ofetht gelaFhdestahding rhasbefophdt 1dakt MAyur, or at least
t%go%?, 3, ?,g, g; 9,9&; !ﬁ%& 0%?2;}0{1%', %}8&5&)0?1? gl{% 61;'(81,1; 48 BP%E,%Eﬁbgut 1 to 36,

g.tg 24;;1 g) w7, 120131; 6 tc84;8,g-293 4gmv4;togﬁﬁ;, gﬁo {35‘4’5 q t09178 %r, 15 8/to24 hours, e.g.
, . .0, A, . 0, .Y, , .9, , . or
fb‘l.’“t'#h?s?’r?aé’ @a?uégﬂ ].tshé&sqlb &hol0: 3pet? @tSthpugndense,

ol i JPHTBh i eBfbodfh&s Iri th 'in\féﬁjtibfﬁr?ﬁéré s ?fo T %E%Bssofg? r{giking a gel

t hese. On standing, a gel may be forne st andi

RYPPBYENGI th no agitation, or with very nild agitation.

Any, ' QN sk ff.4Ci entd e .t permt
o BRSO o R AP IR b LY 1o o
1 houhydrolysalle lgeaps pabaolecde 3, 4, 5, 6, 9, 12, 15, 18

or 24 hours, . or.about 1 to about 48 hours,.or about 1
o “Stomitiy 1 S5 Shecdes dorfyofne aicerd g Silio! Egpups per molecule,
24 toadBa Hydiephdit, hylrdey] bBedids domprikimdatRdt Swochydroxyl groups per
Sbout 10 g P by Shechts gl eut Iwotyflroxy] groups p
42 or MRkecHlsy pid
* adjusting the pH to between about 6 and about 9 after the step of combining.
In another embodiment there is provided a process for making a gel comprising:

e hydrolysing a tetraalkoxysilane in an aqueous acid to form a silanol species,
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In an enbodi nent of the invention there is provided a
process for nmaking a gel conprising: hydrolysing a

waRloanzoobno form a sil anol species, said sil anePtiESGIY7/000127

at | east two hydrol ysabl e group3 per nol ecul e

conmbi ning the silanol species, conprising at |east two

silanol groups per nolecule, and a hydrophilic

hy die 6y bisiag 0ch§ Sil&RIRpESE) Andla biaadledt m el o, I%nsmg at least two
groups per nolecule, and "adjusting the H to

about l5ydsevy] apdareurs per meleculeard ep of combi ni ng. I n

rarg(lg.nha% usﬁﬂg el Cxﬁ? o bét&/@ér?aﬂoi?]lt 95&? 51%?1‘? S%ft@f RSt d£2b mbining.

tetr dalahobhysembmhment thareaqpmmdsd aqxr«sbemfdr maimmg & gélanmlpnsmg:

nbi h I
Dol ORI R e U AR b e A e

per ergdhetfinihg, th@@ﬂanoﬂl(b)pbiﬁés Bgl bheaidtel QdRiNE OnihRidg dt least two
and about Sﬂajéqt‘er the step of conbl ni.ng. I n another
XY ﬁ

enbodi e OWRS R5F Bplesely 19 IoHbR BYSNFGr making a

gel o CRIMisiny th9 mixfaydr ol ysing a tetraal koxysilane in an
aqueous acid to forma silanol species, conbining the

sil ar&dnusﬁpgéanepHacrfdtha rhirture e Hetpisby ebowsr 7 endrpbouti faftert the step of
| east endgroups per nolecule to forma

m xt urgé)%lﬁ%égr | SI ng the mxture, adjusting the pH

of ® haélommg the enikrd ot stareinwihomd agl?atlancfoxamfﬁlﬁel& tahé¢ ®rform the gel.

t he nbln and. allow ng,the mxture to.. .
S ancl i Efloth B PEAHT JAvion TSP Ao ropilte gy fhich comprise
tRsociftive gfd\gsORk dedcribBe abyves@Bie ¢rovanARsE P FdveRsbly. Thus when
Agdr ophi I'i ¢ chai ns which conpri se associ ative, groups

e GEIPF ippetpsanaid, the pewsiagpri fsmognersiblo eroatliaks, and the gel is in a
r hys, ,
KY §5:3h.bTde gérl 4Scaphsie i ngtgﬁﬁ Qo aasﬁgﬁaiﬁg(‘otﬁﬂeb}g gifphcatlon of a

assocli ations formreversible cro i nks,
i medhanigalgghiearf forge sufficienjgb rupurcad ddalsesape pthageversible crosslinks. On

C t b | i
nrglg’ég%li 0c apé s egg%&?ao rsgeéargéﬁ@? i éérl @ﬁ%dp (gt?r ugfth?em 8%}3 ear force to
Szioew @f thrésﬁorde\]/arelsnhé diquid $s capabke oﬂbeh@ﬁmlerted td MRe gel, as the
nmechanj cal orc or on.reduction.of the

e EH ARl CapsBAES Foipgh.c Biq Eony@kisn o i SRHG tos Hécgaljmay fqie between
| dbgd F0s! @dcmbhqur Hebdrde&ORE B0 ah@ 1t1ttﬁxrgﬁlmm@t§ and 1 hour, 5
the reversible cr osslinks reform The conversion

tp@utes god d hoyrt Hemgattesand &k hgus, B aipeas arblihoupd 0& ﬁ%ld 30 minutes,
al% léhd o %Hﬁl_’[’e% Olos Qﬁ& W@ﬁfﬁu@b oY Encﬁg)ﬁ’s El‘%d L) fﬁﬁtes 11 and 10 minutes, 1

m nute a our, m nut €s and” 1 hour,
aand Simvaitas or 3candi Memmn@lg 1ablouUIQ 195020 azﬁd 33,035m4fiu45es>o or 55s, or

;acnggu%g(bm%g&?ke,gé{t?i%anuP(iol%n% ]%Sm QBU%§ A dggaf?]qjﬂ $§ nin ute%or about 1
droar, 0 muyrtaltemporecthgn 1 dloat (Thi€d tirhés maP be dbpendOnt cdSemPérature. They
4n?ay aSp%Iy at a5 ?emperature of between about 10 and 30°C, or between about 10 and 20,
20 and 30 or 15 and 25°C, e.g. about 10, 15, 20, 25 or 30°C.

The associative groups may be along the hydrophilic chains, or they may be at the
ends of the hydrophilic chains, or some may be at the end of a hydrophilic chain and
some may be along the chain (i.e. not at an end). The associative groups may be derived
from a silane comprising at least two hydrolysable groups per molecule as described

above.
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about 1, 2, 3, 4, 5 6, 7, 8 9, 10, 15, 20, 25, 30,
35, 40, 45, 50 or 55 mnutes or about 1 hour, or nay

wo adog/1z99e t han 1 hour. These tinmes nmay be depeamsGr000n00127

tenperature. They may apply ati4a tenperature of

bet ween about 10 and 3Q0C, or between about 10 and 20,

20 and 30 or 15 and 250C, e.g. about 10, 15, 20, 25 or

3C0C. Tl}EhFxlaiésiﬁ&& qfaweoe%&&apé Jfﬂym ga g&bfehg oups per molecule or

hydr o I c chains, or e en

rhedwcqnhz laind 6¢ Baindsd, ‘bﬂncbéﬁ@r@gncbéo,aq gt:h,es ehd, &t 7a8 9 or 10. The

rl?ﬂ%éoq?sr?él | %?&ﬂéﬁn%n%i‘ﬁkqﬁﬂﬁﬁ ? gt%nlg%rolﬁs ashc?e &bbed earlier.

derl VEhsf ihoan &nﬂdoﬂmmtpd'fqms |1$|mgv1&¢d lae geit fdrV\culturmg cells, said gel
er npl ecul e as.describ

%dr ofs%gggflgrequﬂou %%p%prgéqg/\%sgﬂmglv%o&@s at the ends of said chains,

Wr&hY%Q@'g?oqi SOLHYS ambla@k@@wuﬁy,owe%me gelafsdca@ab@ of being
and 4 and 10 or 6_and 10 5,

goseriay, toPHiu, B apRlicatipe 05?&%3@%6} Sb%“iP’L@é)@W &g Mmd is capable

fo%léﬁ‘% gfwéﬁea% tl‘%r%?ﬂ‘ Hf‘th@%b&%@@ &f Q?@m@?{a!%ﬁc%[ sheﬂ‘ﬂﬁcé n

an entodi ment e Is provided a gel for culturing

cel | dp swithbr g@hb@:hm@mp thege rig mmdoqu |get fohadultyring cells, said gel
g&rﬁfgfﬂg\'}ﬁrgﬁoﬁxﬂ% &t L ve l})?lépns aaf]‘sg%cslg](%e ?%)soéerﬁ/@i %‘&m hydrolysis of

Whl&frﬁﬂkoiyhﬁar@ﬁ kaid grcﬂ@p &bing abthebeide @f Szﬁd chaihe dvliereia sa1d groups can

liquid by a I|c f a nechan hear forc nd .. .
i TP B e ARy Ghe Bt Ry UBhBoPE BTG CPREG IO, b liquid by
té@gh&%ﬁr&a n@éch&ﬁbél sﬁ%fi@fébfaﬁdi tieNRid fsQapsble bhbaR@to®lerted to the

odinent there is provided a gel for culturing
cael insthe glseoqyef saisl mesnics| dhganipicophi | i ¢ chai ns

CONprygi dr Egﬁcdhg trfs\r%ﬁa}%@}?{g%ﬂ&r dh\éﬁg ] nagr% B{a}ﬁéﬁeﬁi They may

of a tet XYSi roups e end
dfe anched lpalynﬁ;er \ﬁhanm Thes(am@y gat\@ulgrs;wgqn2 and @@| eamdgroups Or more, or

ersi bl f be
b&ﬁ Zte)adycltlgmg g %/ggép IR p@ an§f2% %e gl;[‘llz03a|4 5,6,7.8,9,
sloear, M):jm laﬂﬁSt e 1|7I q8]j ﬁ9 io8 gﬁmﬂ@ﬂoﬁ%)QfTHmhmo%hlhc chains may in
converted fo the i n_the abse sali anj cal
B cmRgtents RS BERPREC S o PErLheiD, oligomers
bt dehifMersdr sbReiian %%@hed'rshﬁhéuﬂ@y be branched

pol yet her chains. They may have between 2 and 20
endgriepeelomayadditionplly compaise 2vaierd Inosone gmbodimentsy fgmay be a

g6y Pl B gler By, PEHTmaly BguPmaP b capable of
dreitgy eigased fora thy deldphedniversinadfitbe igelytoi nliguwiddy means of mechanical
enEodinents conpri se hyperbranched pol yners,

8 branched ol i gomers, 0 starburst dendrimers or
sone Iat hdurthdragiabedimsht Hedkeirie.prd¥ided el gétafor culturing cells, said gel
additjonally conprise water. In sone enbodi nents it
rFYBEIE: hydrogel . It may contain cells and/ or ECM

The ¢ aRlakophafbhas EoMpBNg Q%o@i@ﬁ%ﬂgl% Ptf whRhREn ﬁ@o@ﬁ&@@ver&bly,
fromthe 'gel by conversion of the gel to a liquid by

meamsvaser; aethani cal acti on.
o cells and/or ECM

whereby the gel is capable of being converted to a liquid by application of a mechanical

shear force and the liquid is capable of being converted to the gel in the absence of said
mechanical shear force.
The gel of the present invention may be suitable for culturing cells. The gel may

optionally comprise nutrients and other required materials for the cells, and may provide
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s In a further enbodi nent there is provided a gel for
culturing cells, said gel conprising: hydrophilic

W@ b@n99eonpri si ng associ ative groups whi ch caPCT/SG2007/000127

associ ate reversibly, water; land cells and/or ECM O
whereby the gel is capable of being converted to a

liquid by application of a nechanical shear force and

bR envil et bspaBRRABL A gRIIRGowON TR tells, onretdubugdlinithe gel, may
the absence of said mechani cal shear force. The gel of
bh@lw&meﬁmamemaﬁémsw table for culturing

cel | g4, JhR 86 éltlgﬁﬁls‘é%rbﬁﬂéé hhé%l@dmfdrfr@leéﬁﬂﬁg' téRtforandgel the cells,

other required materials he cel | s, c{%
wvhore ‘dheagel ems deseribed aba‘fpaﬂihé wethed §Pﬁlﬂ9ﬁﬁfi$gc iping the gel with a

h
%g\lt\gtagxédd; h P% Flllf%lblegpﬁl%cl?ah a«%]ai‘ EE?E%I 'td“thte REmBled H@%deﬁﬁi gel to form a

rom Ion. Thus
ﬁﬁp@ﬁﬁmmﬂft&hb&éllsnhmh{dld@ﬁda met hod for rel easing cells
froma gel the c Lls re th .' d
abov @ ne PR m"%ec‘ém'bbé a{u?éel 1%?}9 bk Qﬁe%ter than about

'25%%/@ oPB@a@PRlai iaButS3T, f3|504@n45 rmcsmmor;as m;ézé; so,oss 90 or 95%
conbi Red |iquid and to form

tvhe ot glay dejhgtwasa abp@flgs %ﬂb@utp?%,oqrtq%gﬂtuiftq qgg i pr 25 to0 50, 30

G e 60%, e.g.
5585 I B oo A2k e pugsms g, Semcninagio 0% o

@boutess, 30,035 7B, 4300, §5, 6@@5@90,9@/08@/ 85 %}orw,b@ in some instances

?’?Y ’enq%% an %%E @Efdltlﬂglqg élfayi)g 0913%(’%@ g@h a1 d%%f £0a cgh'?ure medium

98: thd Qell@ [BRay 860 atsolufion obAutrenBdn vafert Ghe7 Quspensign of)the cells in the
60% about 25, 30, 3 40,. 4 50, 55

-}@u1d7g1ay g@o cgglpr%p@]tlc@g(y the g4l WEié:HEan? Eog{ﬂgﬂ %gspa%?al cgsintegration
0P ike E&la‘irhg %ré’tho-ﬁrhﬁaif n@ditiendTBY cdagpréR the) @ﬁpuﬁ" rémqumg thé particles of

be a culture nediumfor the cells

may
dhd geli emahe rligtllidr S RtSsSIeI MAK tCOPIPTESf éff:%lagﬁgecﬁ%m@ft%? [saspension. It
C }J for ethBl% co Hlséj m@ltﬁ@s&g&fﬁdéﬁrcﬁ%hta' rjoesicdn Eéll?stra.mer to

are disintegration of the
giei)araﬁhhe pﬂtlhkesi ofrﬁy: @ﬂ@rom thediquid. meeﬂlﬁatmé astfdfer gptoff may be

|

“reager ItFl%rb Rfifipe T Sy bR 08lacldi Mf thdutifh 10, 25, 50, 100,

SI5HRENSD @mcmrk]lg byl sbossrpl@d00p10 sl K0, 4D anAG01 Hband 200, 50
tnr m.cron cell stra

ity @O({]ﬂ’él@ erad 130 IHFRONY & & " abah ltohgé‘ﬁoqg(? 50,60..70, 80,90,

1?0' 1%?f pgeno, 4o f 150 al60c uyQf {30TENpObe: PO atietons,hdupending on the
e ce

atbure, Imtlculiggie’!{gg rsmgg@f tgzgglbsgggdg{hgix}ﬁ%g%gﬁ%gerlgﬁt g:iqsmg' Eﬁ straining or
gﬁ%gﬁ%]“gﬁwa%ggaﬁ% 95(858%8%&%0 o B thiRkOsucén @f‘ﬁu@%essure in order

and 150 m crons
abaudeldrbte tROpasSEe of the BOpens®n thougBthe sg@merlgxoﬁltqlo

deperfoRntmBiToRE Fhibaee ofa? prebtip e RleofPlel® Rene elyeol
C@rﬂbﬁn@l"\dﬁh b &y Siohsedkildnee Ty liseprafetied Ite bereifies ‘PGB0 galthough it
Oshould be recognised that the structure of the hydrolysed silane may comprise silica-like
structures, orthosilicic acid like structures and other structures as described earlier.

In accordance with this embodiment the inventors have developed a polymer-silica
composite gel with mechanically reversible rtheological properties for 3-dimensional (3-
D) cell culture and tissue engineering. This gel was formed by the base-catalyzed reaction
between 4-arm polyethylene glycol (PEG) and hydrolyzed tetracthylorthosilicate (TEOS),
which resulted in a condensed PEG-SiO; network. The PEG-SiO, gel has a unique
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filtering my be conducted under gravity, or under
mld suction or mld pressure in order to accelerate

wo b@7pasnge of the suspension through the streCT®620007/000127

filter. One enbodi nent of the dél of the present
i nvention conprises polyethylene glycol conbined with
a hydrol ysed silane. This ise referred to herein as

ﬁﬁﬁ:‘exﬁy 63f 2verstble rgelaghn I Tt vl Qlefuefi&e wheg 9BRb:&ACto ARt foRQigands and

uct f ydrol ysed si |l ane nay conp
IR 36 0 e, o ol 0 thFAG% G 8510 Acmeliap o ghinutes. The liquid-gel
Sieﬁi)lfgt ﬁﬁl@&:oﬁmjb@%h}%fedsﬁ}‘ %Ityﬂ{ ﬁleagel RpbbifGe PR Eﬂg\&%s robust and

In accordance with this enb the I nventors
cispER opskicauld be ymkﬁd gp ah¢ ala@mnlﬁisd tlewge Insoluble, yet porous enough for

g@g%ﬂh&aﬂé%lﬁ lﬁﬁﬁ‘ér@% Qseﬁ))l ﬁiugeatlhﬁcglg?lpg N\ 'f?d%algtgée of this gel over

i mensiona cuI ure
eqxgstmg@elsr@r 3hicall gdtur@\mtsfwnqlmlrebyrsﬂahfgdmm prapeatyy Z8d PEG-SiO,

r eaC£E g aV%FE P’S’gﬁ’?‘ﬁs h?‘ﬁg’@%‘?ﬁs C%/'fj ﬁg,l.% %dﬁﬂ&“ae res%tn gjto agelina

rﬁsulsp@csé dfftinge, ¢anstampre Re(miputdsnet work. The PEG Si O 2
of reversible gelation. It

gel i quepr opert
\Nas I Qigl-gpch ASSe AR &PP%’Q%W‘B’O%OPESVWNQ rinflicgiad deimandmesenchymal
Cedrh 2ell QhiIs (5 daR4al aRg 3‘4@%{)1%9(!11%{; el $SGRek i PRASRS o%ﬁw containing

a matter of N nutes. settlngtlms
kiéGPalilgaéiﬂ%cpobﬁﬂvmg)ﬁhﬁttgthtSh%E@fﬂloo: gnlpnssnmnom a?ﬁtiesugpxirts cell growth.

‘;ﬂgﬁﬁPrlg I%a égﬁtﬂ% c?ftv\té(g 'gl tiell Pdéﬁéﬂlg éﬁtbsle)pg/t(ggig é%glﬁlbcw&? Hre- -osteoblastic

ccelll hm:ll {The eviabidiitya, of nMC-B3&At selndn g@§swi&19 dhidf WWdeut incorporated

olaesiyar 5o (VR e el o Bt btacion property

afltlad ged o f PHeOREHtN, JINIE cHHGbe é)@ss)’&?é’ bvﬁtﬁé’xﬁftbyp‘@fﬂ%tlon Thus at the end
\Iggstéexed to all ow i gands an s to be "added nd

¢ cpﬂt%lltgreggpepﬁleat Jhe cultygsamediafort phﬁ@pheft@bu@wgdr@labne can be
adb&yy dﬁhméhﬁé g Qﬁﬁgaéﬁﬁ gel%ddlglﬁﬁzgpa?? rgeversibly tp release the

m cr OSCOpy n i cate nesenc
calBaells @ggrﬁgaéers antisgie Dstsptlgewl@dgﬂaf steuctdresvaadt E@M could also be

PR e B SR e Rl e Qo P S, nd ould b casly

@mmhmhallzﬁmmﬂstlﬁ desllreﬂb@pe d€ lighnd fie tbeadlRRA and signalling of specific
Asp. MC-3T3 is a nouse pre-osteoblastic cell

Cfﬂﬂéype ‘he viability of MC-3T3 cells in gels with and

Wi t h@Uis,i the PrERhATRRneN ABSel U ihiRBdpy* addEfVersIBS gelation. The
also establlshed Due to_the unique |iquefaction

8FigHen mechanismds felfeved tq wolveibareesiablisienent of Manctlen@Vaals forces,
BAS KR @el‘l\%vteh @8 nvbivé Qﬁ}r @héﬂfchl%actfgﬂuéoﬁéatteﬁ go g&gmglfmally available

the cell culture exper
éi‘fé@plﬂa qukurp @t'ﬂemacth@ g¢ll af éh@msém na\cbdedn hamai ugigné ffﬁ/ermble gelation

?% tg Rqsbmﬁét 188r v ease c%igto aé olw g S&i fsetﬁzheééid%q but is able

to ssetaniota ged g slsorGelataibBims te; gl&év&rﬁ&nﬁlﬂtés EfMd lﬁﬁhkﬂ-@el setting time

als %§t%e hg@%}g Sérgfgrlﬁl tg? fcigl:nis)om%%ggéigg |P@Cbgij(|@;g:§o rx])ghlch is manipulated in
hdneibe dnahg ARGnutitniiey Sleadss el ﬂ%%d‘?)ff the &Tﬁ&l&%eﬁsﬂ&ﬁmen’c the

Pﬂhe5|on and signalling of specific cell t

BT, e pr phasERR-biTstsd belinsceaorber addsdt aﬂdpgﬁnﬁﬂ dgitation will cause
HRVRI & BbiBtedRlidfrtedBrsibl o release the cells, cell aggregates or tissue structures.

The gel of the present invention may be marketed in the form of a preformed gel,

unlike most existing systems which are marketed in the form of liquid precursors. It is
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gel ati on mechanismis believed to involve the
reest abli shnent of Van der Waals forces, and is not

whedoraredi t o i nvol ve any chem cal reaction. CopP@ESEZHOT/000127

commercially available 3-D cel l7cul ture systens, the
gel of the present invention has a unique reversible
gelation property. It is |iquefied when vortexed to

ad:dnwemhmtgtarmke singt thel prétocol simphdiiedlveblhe vortalih€ of Ahe gel prior to
in a short space of tine, e.g.

%®8ﬁg © hﬂﬁg?m“¥he liquid-gel setting time may be

tal | oA @thelpel »sazhysbﬁmst MG?Q{&DSI taemoPhaduPfl P e§t {#the mammalian
which is manipulated in aévance durin
rﬁWﬁlP&ﬂYu theygarsrudiksly. topsignd) dor stemb rellnto dé’fdrentlatet or gemain in an
"
SHRRRLERDked S, S e el R Ul s, s
taséVigimigek or thk_agctt Egpeaf e)vhelraf sigealing eyertto duetocths Eblctlh@lcal component

C el |, aggre tissue structure The

ot oo TR S8 oSk I R el St P e Sxiie it has been

Qﬁpme}dr tHa0 leRPpobuge lof HMECk® éﬁlﬁgmﬁ)grs@bl N@agdy b Qf@dﬂék&ﬁaﬁon into
qui d_precur sors.

k t f f
s e@ﬂﬂ% \vaguld ’ oqrﬁ’répésqfaﬁl? Peamae H) the primose pma@ colb gulture was
tftiﬁ‘ stéﬁ{ E@K'eﬁﬁar%font &g ethe Pl Cﬂresreﬁteadlga'rﬁﬁ n;gﬁ%d%@ lbh 1nert rheological

sus ensi on. t he gel” conponents,
qmunomwlyclpb@gl@mls can bmremmdamamsq@nymdcﬁasigm

they Iﬁi}?ev%ﬂs KB duidufe svsfé%l tﬂteo ela i ﬁ h‘ég éc'r‘;ftn s lgag?%on molecular

differentiate or renmmi‘n 1n ere
ihﬂemctlensduﬂ‘fcﬂvmgt cdi\radnnt gbxbml cfenmatmd for cionlei dhte@ctiéls, induced by
or colla

tla sych as nTe,V\/nere
SRR p-BlEh & utinien 9 e i P o ChRshiFingy n conras,
ahe pfeserﬁmgisté\muﬂs dJaye’@lf()’n tepargy ad @Bvdriblet g&ﬂ’ﬁldﬁf ThE ®quid-gel setting
cell. r.ex i t, has_been reported that exposure

dHmg, tt@ @ p{egglgh usipg glifferepiaepnceptratiogs of PEG-SiO; in the material.
Al 4 aiffieRni &ﬁaﬁ’ltl%%ieé) Hg @aleuldfa leﬁ%!i gﬁtﬁ %ﬁ}[atlon can cause

undesi rabl e outcone i f ur pose
wees gelop disimteseats fo a@k@aﬁélimwllsmhs dlﬂh"@g@@bn pnays b iredersible. This

| e C 3
O BREYHE ARSI DGPLR e bl BEAR-FRUBRe fcutvcton
fpagiieityheoulldialso ellow esllStoDequbdagedwithisttarmpsinidatiogel at i on
Ipﬂ\e/ gﬁf}eﬂ%fq\g@é% %%tsrg%b g eggeli,ce l%&a%{,lftee ?%tgll)l?crlltlon towards stem cell

itstheslagy.i N®ntrhdidy ¢Rdcllire bPsE] 1R \QEerE SRE pHRRS Bal & to maintain
e |nh%ﬂgujon|c stren th of the g precursor. In

h
g‘%f‘?f{] adpa pPosi&Tptt %rﬁl‘i’ sulbye ef stew quS Q@lSrf@pshe provision of
@i’gﬂalrs QU %‘itﬁérbfnﬁnﬁeﬁh Qﬁé e&1s fﬁhaen‘Jf tgwtéift Qe 8{3%&1%% AR -3 particular

coul d be tailored by using d nt concentrations

deGrajtiapon pathway nBinee PEGC. andd¥Op iannnagfnagursllyf piesére i the mammalian
a and gent.|
gﬂ?@ l%)é%’n@lfg a%E%g&gg % Elﬂ tn% ?1tkn§r d‘o sign g)ét% hte6 t]il |déf£e§8ntlated or
luh@ffcmlntlatﬁd Ftates Thisswoulé @)B ai t@ntrasety gee, detnve& Elosi blbliyglcal materials,
B e a8, ST A B S et e stom
pulope depyendipudrdthalcel tild. The eflel of iActiRaRASSAGEPEG and SiO, would
t.hout tr ni zatjon. The PEG Si Q2 gel may be
gﬁ}&%ﬁe afbey ﬁg{ﬁlef Aevelppment ang pmpélépmml b vike dEEGtSéQB system. The
ﬁﬁf&du&tﬁﬁﬂff@h@lﬁ}ﬂe ll@n&@%ﬁlﬁ%{:adttg rﬁﬁltl‘ﬁﬂ{cttlgﬁ:ﬁ R, iRk the signals for

lines where the primary goal is
stem cell proliferation and differentiation could be prov1ded m a controlled manner in a 3-

D environment. This would present a valuable tool for therapeutic tissue engineering, as

well as for basic investigations of stem cell biology.



the cells in a healthy, proliferative state, the
culture of stemcells calls for the provision of

wak@nab®ot o either maintain the cells in a nmul pPCPRCENT/000127
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state or nudge it along a partil8ular differentiation

pat hway. Since PEG and Si Q2 are not naturally present

in the manmal i an physiol ogy, the PEG Si Q2 gel is not

|'i kel Yhé gerka)vdhcdpoiof @i ‘tli@lodynéonttofie®! aitchatfi@flydeversible gel might
undi fferenti gt ed taLﬁe. This woul.d be in contrast to .
gBf Wi ?Rnile ]ero}Tf)D— G q%g)@gmqqﬂ‘{}g}q ig|seme grphpdiments the present gel is
CBAse@BRAPEF-BR0], dtherMdl lcbBBbsiti¥N ﬁﬁyvﬁﬁt 30 Sﬁ&g&é for the mechanically
certainly affect the stemcell culture depending on

t Fersiblle rheglesicalmprepertisdesefibédunct i onal i zati on of PEG

modi 1 Eoi R et bt kel O S RERRRCCL s on

of BuDtcel calture Garvd limos pinkaepdeltspomstendlckilf;unct i onal

gel , er he signals for. stemcell proliferation d

ot et Roia et Bt GmE0sBRtIG, HEEEGR Forifrggmodels for cancer

ManRédeaich (8.g3mddeRrofi mensmet), dhif devlsimlen® 88 &3totdkicity testing, or
e tool for therapeutic tissue engineering, as

val lﬂa@'g

wel IMESCHNNE BB CTSERPESt i gat i ons of stem cel |

bé olRee. HafeB8RE "¥th &P PERPINLH: @vo'b F(;}ecﬁle %Hgnine ring and regeneration of
controlled , mechanically reversible gel g?]t goe

wi déissueapid ongangor 3-D culture systens. Wiile in sonme

epbqdi r. aqel | ased on PEG S| Q2, . . .
orpar Lefibsrld 2oP ifiage 96" oS (B BEe, MpelRiopl, 7, ferunction with
mec hamuealabsllingver si bl e rheol ogi cal property

o R Pt S0l ST Beebe £1505T

pé | BT se GebrySpreSivaionofeelld fnd tiss@dsl S coul d be grown in
three dinensions into tissue as in vitro nodels for

Plef esearch (e.g. nodels of netastasis), drug

deved 2 Bad ViR gyt ot oxi city testing, or high-content

drag screening; tissue engineering: both in vitro and
i n viThs fresent ¢rpedmgniessd idraymed PEGeysh MW atwut 83000, with equal length

t] d.ar Si : substrate. f.oxr, A I\Ng0f

BRSO A0S o ML Y TRAPRETEL s PG v

i sterile Gilteted Ithrongh a Oﬁdmrp&i(lteﬂanﬂ wggek@ly\eﬁh Agnéahslliea(R$, Ogb-osil M3,
. gels.into.3-D shapes (e.g. tubes);. r,.use in

g8 TSAT Ui B reBe e ilire TS Qe B badgs of 0, 5, 10 and 15

Negoer wades ugsdd MeOBOGGS Tﬁﬁirﬁ{gﬁ&ﬁ By S%PEkInGERithUPES M acetic acid

4-arnmed PEG with MW about 2000, with _equal |ength arns
i FEGostie peidar A By aojumeidar byh penetiled gingle phyise was obtained. The

O R B R 4R sG] (Do by moles
@4 B-vobine mwHo o8B Grrand wsxed nuiil handpenogs nEloamixtinetwasesterile filtered
Viﬁl%ugﬁ)a%'ﬁequES?lnh ?’ﬁ}tgf chscefffculgure 5eXpe1r10meanr‘E§j. A’illgmonia solution (25-35%)
was added to the mixture until the final pH was about 7.4. A gel was formed on standing
overnight with the container covered. The gel was washed in deionized water with 1%
penicillin/streptomycin (antibiotics) to remove ethanol before use. The gel formed a
particulate suspension in water, which was collected by centrifuging at 300-1000 rcf.

For cell culture, the gel was first vortexed to a liquid state. Cell suspension in the
respective media was then added to the gel with gentle tituration to uniformly disperse the
cells. The gel was diluted with up to 20% of cell suspension by volume. The mixture of

gel and cells was then transferred to the culture vessel (i.e. flask, petri dish or coverslip).



wt % were used. TECS was hydrol yzed by vortexing with
0.15 Macetic acid (TECS: acetic acid = 1:9 by vol une)

wo e0074294990r until a single phase was obtai ned. Pa®G2007/000127
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hydrol yzed TECS sol uti on was adfled to 4-arm PEG FS
(TECS:PEG =1 : 2.09 by noles) at a volune ratio of

3:5, and vortexed until honbgeneous. The m xture was

SThky itibsef dulfuey addiahwadighidel Befdf® fHe &blAbasmebétl @il if @L15 min). The
cel | culture e er| Ammoni a_ sol ution (25-35%

vt tusg peseel s ni%aﬁa te theicell crlureiingabatgly was about

7. 4. %&ﬁk-tﬁéﬁﬁoﬁ@m}ﬁqe@@’ﬁk§@gé \R}éégﬁhred% tcﬁeéxga%rlze the silica

cont ai ner covered I n deioniz

el dernygidtlty thedpserratalyzed rgebttlpe of bm@rolyze@ aBOShred theglehydrated PEG-
r%ir@)\é %F% sitsf éi alay&?ojec;{?detogr% \/\?110 ﬁgietgstgto eft%rg%lg%l the minimum

i"cul"at € 'susp was Cco
bghemestl‘ess ftugd) ngquated3ﬁ® 2eDOQuidcttansttion, a€lellcas tharlgyuid-bBel transition

first vortex 0 i quid ta.e..CeI .. .
Wsptntiins oy RACRE IR ot Finsd T liGiiareel ramition, time wes the
tfexigfim Wollling ﬁﬁfe'f@r tHetdddatonQdT defls,UMHahas, Bty el ﬂﬁaﬂﬁ[u‘éﬁed gel before
the cells. The g was di | ut ed W|thu to 20% of

AP ORSPSHIBY a’%‘Pu Be PRGESiPxee wa%ﬁlsgéﬂuéwdwet@ H%@eu culture
tlgg(ﬁaw@ﬁ.zft&r{m%%lg% the culture vessel (i.e. flask,
di s

petri or cover§1" gp) The tissue culture nedia was
Erehs odi :

‘.~u-c-_‘;;'~" atediREG - 15 rrin). The

cuI o 4 sfer the ¢
T A RO .
spebiophitic (Spbstmmnu S,!ginﬂs) caitaibipt ®iind @réups could then @elcoupled to the

TRk W BERE R G BB hetgarmnocifed Aetsrc) Bz This ligand-

a8bdifiss PEGOWEChEE cbﬁabfn!é@ %ﬂglmlw afhsditied deatrﬁf PEG@nd hydrolyzed
the m ninum shear stress (tnjn) required fo

-HelPSy ang ekl s dncreased] th@taAzé@q the ge fﬁ@nqttw@dﬁgugfeﬁa)
tSﬁ/ﬂF}ékz*s'oPﬂzokﬁe}i -gei) tine upon renoval of the
e

ar stress. The liquid-gel transition tinme was the
rfesdnnEGeRk aﬁg/atqdnmth dresylhehlerititi wsimgnstafidace meghods. Tresyl chloride-

i Q.t efi ed gel .bef el ation .

SR 4 Ehed S IRpqth g Forglin  IOVEHELH G 185 For coupting of

vgaldetd3e 2igdad; @l 1126 ¢ dfulr-emiredi -dedxyoB Drpaladtbe wis dh@so&lﬂ!ﬂi 1n 15 mL of
I nt roductjon_of RGD Lj

it B PR b a5 AL e BH. 1B o ] AUORE aptiyated 4-arm

REEG; Gau hdddde TRO vakesh mtw&@yé stitFl a6} 92hRY 4° C and stored at 4° C. For
nucl eophilic substitution. ands contai ni ng am no

gpa)almg ARPR (alrgeglyw)clmpd,ezﬁ itlo of RED)sqlutjcat was dissplyad in 1.425 mL

[ d
GRSt Dl e DGR ) e
lBEﬁJWaSa@EM arm PEG and hydrol yzed TEOS and t he pH
AR X 2, . (Fl gure

W It h Ptor @’Eﬁ VShloﬁfet gEGUVS L(gg@b&@lﬂagégiyﬁ?thgd%ugﬁﬁ@%l@ mg/ml) was
(i deagt t m i ssol ve st of
b RUE Grmg/] S raigret S o Ve Bk RECOYS-RGD mixture

: Iwmméh cdabidetBwith @ist&n@ﬁéﬂa@m (33 degxitl) B-aRPaBRbAT 6B olume.

was dj ssolved in 15
For MAL-PEG-MAL route MAL-PEG-MAL (maleimide-polyethyleneglycol-

maleimide) (10.8 mg/ml) was combined with RGD (4mg/ml) in a ratio of 1.22:1 by
volume. This MAL-PEG-MAL-RGD mixture was then combined with cysteine-alginate
(7.35 mg/ml) in a ratio of 1 : 1.59 by volume.
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pH 8.5 PBS. To 15 nL of the latter solution, 10 nL of
tresyl chloride activated 4-arm PEG was added. The

WO e@cti2ont m xture was stirred for 22 h at 4 C peidSG2007/000127

stored at 4 C. For coupling of 2BRGD (arg-gly-asp)

ligand, 75 nL of RGD solution was dissolved in 1.425

mL of pH 8.5 PBS. To 1.5 nL of the latter solution, 1

mL of 4-bf1ﬁSP§EG-M$| ar Mod - BEGIMAL edadreatidi REG Senﬂﬁh’@drm and a thiol-

Exa {W}ﬁ E@w?d%gﬂg%@?@%eﬁt ?a{tllor; "i“lﬁeahga?ld-rllodlﬁed PEG

(W@é Metdaykem ashygiged Wldﬂﬁ‘ﬂ PEi’Pe' hﬁd’ﬁ?&roé&e@% @;/ema)vo e fraction of up
conmbined with RGD ( 1 ratio o

g/ :
vi6l 3fite., befeieshepl. was m@aﬁﬁ@( Yubesevasidlitianeto aoodtrisadle ﬁydrnxyl groups

e D e R

e AcBCNRI ei mide) (10.8 ng/m)

vol uﬁ‘sﬂrﬁf’@%&f%ﬁ@% bl P v is el St g 18 methods in

thtezlmu&ySBﬁeﬁrg a&b@uﬁ@d ef (| /mBb ofphByimethafesuEbh Miorille: (PMSF) and

MAL- PEG- MAL ed
5% Srrdhas gl FRIS Pt rl’fY”éI‘l?éMCaﬂYﬁerl\é\éﬂﬁ??ﬁr Gelfs that had been
PEBWhAE aco%ﬁ@ﬁm@eéﬁ A'jb(f)lhﬁ&? %ntﬁffﬁd r]%'N SE I and PMSF was

I'1 gand- nodi fi ed G was m xed
Al Hepdugedt o lgsam@are TEOgengtio anat@ﬂla]rr@heﬁ EéfcM |V013 d@faCthl nd suspended

AN &%Iﬁ%ﬁ &/Et%r Rhl Wf%‘?h ge%fr?ﬂ gﬁ’o ; %Bcso(%g#g e?&]%/lg 15 the gel, the

condense t dr ox ne A
| EQesvas pelﬂezhcdm’nleQ m:f g%ﬂ) fore§ woink SO(Fipgmsiélicfﬁkbﬁed PEESI®, gel were

JoptBiP 08" BEM MeRinsled 3 SoRbT RimsdiEBrlar 8 3. The resulting
mﬁﬁ}fﬁﬁd@mvmaslvoﬁexéﬂ !d)fdbthﬁhﬁfﬂoMn d%ﬁ%%idﬁt Fgﬁcé}g%?l_tu[g\/uchlo cells in
an 0

d]g anesul fonyl fluoride é
G B GFIARBD IO WEre HPS 1 490 Wbt gebliaueion pyentle tiuration in
1l C
e e b 02y PRAREAME AT bl M tissue
tonlipre; mediadvere ddees t@thngel? rradtbegldtes wateereiwhed Ththe 1ncubator at
Mvas gt ached and suspended using deioni zed water,

and Wwashed by centrifugation. To incorporate ECMin
t he delgen¢rak cHlIMvmcmairéthﬁmed{GBOQnd GkparftPfaotlidied PEG-SiO, gels

ohd EelndBreaice e fiecl rormmediodedhe buf fradassy

H Thiro@hichis @ﬁR@mnma@s 16 WIS AKBM filrRed R (PSR
unif%rmd per si on For ce culture, 4.5xT 05 cells

in1 rstpdify @éélﬁl@ﬁwwsétr@t@mlb@g (ARTSD® afLto replace the
sl ket T 0l UGN gl g0, L
sudls @ nRGR MvERte i themecoupledir ® nthei anodéfied afived tsilicsheusing N-

454l QRSB SILA BS WD NI BB )

RAB5- mgnaf ﬂEleHgFTﬂMlﬂBd IFSdwekcCadiled 0 gabhition of NHS-PEG-MAL (3.3
mg/mL) in pH 6 sodium phosphate buffer, and the mixture was vortexed for 2 h. The

reaction suspension was centrifuged at 5000 rpm for 10 min. The pellet was redispersed
in 50 pLL of RGD solution (1 mg/mlL), and vortexed overnight. The RGD concentration in
the supernatant (in equilibrium with the RGD solution) was measured using the BCA
Protein Assay Kit (Pierce, Rockford, IL). To wash the particles with adsorbed RGD, the
pellet was redispersed in 50 pL of deionized water, and centrifuged at 4000 rpm for 10

min. The supernatant RGD concentration was measured and reported as the first wash.



and ECMincorporated gels for 1 week before performng
the live-dead assays. Exanple 4: Introduction of RGD

wahe@angwot o Modified fumed silica (FS) FS was PCT/S62007/000127
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nmodi fi ed usi ng am nopropyl tri eRhoxysil ane (APTS) so as

to replace the free OH groups on funed silica (Figure

7(i)) wth NH groups (Figure 7(ii)). Ligands such as

ROR MIsgenstwnarrcbcmxltteiﬁigmbﬂ hq)snwdnefnepeatémfae@lbtéinl th6 &upernatant RGD

usi ng ,Nhyd ucci ni,m t hyl ene ol
qng%m pﬁé@_nmEg tlelgf &éﬁ@% kg Wrcerga%ot}@)ugd RGD after the
tﬁhﬁee%hé@%§ bBldldé@ bW%"uStré’éﬂﬂ dhd Qorﬁbiﬁgél Ql?#ogﬁ‘ah&t RGD concentrations

bgFSPEGMAL |np 6 sodiump
1th¢  Tirgh gseppiad rﬁggt thmré waghey ofrermy the f:mceﬁ_tranonmﬁ bound RGD (in
m&ﬁﬁiﬁrﬁﬁh %Hﬁoﬁ@ %hﬂﬁ) Cat Eﬁggggiﬁgﬁi 533t mpegcfen% $PheRitial RGD

. The pellet was re spers
swingariteation. Therrgsultslare shoavmviotheeRatde of/Bignv ght . The RGD
cg&% ntréfyonsl n the supernatant (in equilibriumwth
t R 8‘8 was neasured using the BCA Protein

Assa)CdﬁlparécPtceﬂlE&mh&Jg&f@dlﬂ thd base-ch@alyrapeddiRn of hydrolyzed TEOS

PRl uds b PROSS D Radiadiionit ié'tr@%kfgm&o()—lsoo et and 2800
cmoo ronf-U gRGbabd 4&@%&@%@%&% gﬁg 1 g&!tfs%z@ A{Figure 4b). Both

RGD concentrati on was neasured ofte
fsamples whewwedriELR: pesks gue r@ﬁd@fd @K grrups pragentiio thestikigas(960 cm™ and

S8 PR SP AP HEAR T Dhzss . wa 50

mwm&@@Mm’bbund RGD aft er t he t hr ee washes was

obt ai;ned tra the co er nat an;

concehts gﬁ)ﬁoﬁsgaBFso?ﬂ‘m 5 iy he @,[g @ngﬁrwmadlﬁég% Si0; gels
f(Fipond Bee-dy dndieattd alidt Qhe QElIDQUHE R T gulk) in@fchﬁﬁ% that the gels
V\/lthl"I}?D qlutlon and expressed as a percentage o

{¥ree sHicieatly Rersvs Jh e %néiltl%fﬁentm@uﬁi%tﬂ the cgHa ﬁmﬁqlﬁ with higher
'C(égnéelﬁﬁ'at_f&ﬁ'& RGDH ds roﬁ%ﬁeﬁlgréat@l@ DRIHHRIHND. The cells cultured in

ared to the si gel fromthe base-catalyzed

Isamﬂ@ﬁt Bﬁmy@ﬁd@s 91@@&%@3 (Figupded. 4a), the PEG Si O 2
gglo N 8%)%’[%%1 (Prr% %l{l:l gl ?quk(?,elflhngso%rl:é%%) &){qugﬁ_dl a rich source
of oughsy nradeqbest andeglyo“(tlElfgnnwre BiloprpoBnion &aBOME ints HIVBEG-SiO, gel
FTI gon?@gﬁgléeﬁﬁfv%a %Sblgtg)@bzalo_' tgu i ]’_cslg g?oer%}%nbty\pihnthte r1]3rocessab1h’cy of
s};er Bittehl Ingvasf stiovae tsk | B GO BsIRRd (BdthSat MAERT3 &1fine could be
st retchi qmgaéﬁﬁgl cm 1) .. Live-dead assays of )

25ﬁhsd3ﬁ’§e€&2@> e Basslyndephi wrteiEg Or @ shogglesiod of time.

@Eb%kiﬁ&t Fé@peﬁlitldrf‘@ﬂ tﬁ@tmwt\b% e %bgﬁt&lell)v%ﬁlesiﬂé %?Qﬁgjvf%(fs%rbf the gel.

& i ndicating that t re su
Mﬁ:'é 3 celdy thglwergretltined in thetgebinbintnahthtio vidbdity éFllgBres 5f-g).

Trgmﬂtﬁéﬁ %} é%g%‘; g%ﬁ%’ (ﬁiﬁg I‘fiezg%f‘;%@ 'ﬁﬁg%e? |ngecﬂan1cally reversible

gell-ltqmncbgeh progedtys which hmbjeciﬁd}}b Iolngﬁ‘ﬂ dyclai Si@as Bfrélds\/(ﬂkure 6b). There
)flﬁlggr rﬁ:érfx)pgéﬂaerl ﬁ% {?W&/ oaglig &}%{glélﬁe gzﬁ There was also a
minimum tlme required for hquld-gel transition (Thqu,d_gel) after removing the shear stress.
Both Tmin and Tiiquig-get could be adjusted by diluting the PEG-SiO; gel with 0-20% cell

culture media (see Figure 6c). Dilution with > 20% cell culture media was not

recommended as this would cause the PEG-SiO, gel to lose its mechanically reversible

property.
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of matrix nolecules and growh factors. Incorporation
of ECMinto the PEG Si O 2 gel would conbine the

wo avmenzdbe bi ol ogi cal activity of the former we¢hS6he7/000127

processability of the latter. P2 was shown that the
ECM i solated froman MC-3T3 cell |ine could be
uniformy dispersed in the PEGSIi O 2 gel by sinply

vor t eXheBEG e Oa frhmitdtiopefes@ibed hetcimBrovided IRslimRAtrheological platform

s%gﬁrahj qfot tgg ECM. was g%gvented by the increasing

VY ’tct)) SPSIgRL gald bypreseatadein) & cusigmizgd fashien. 1sgrasqto favorably

| sippbe e growitnbidesiled 6l riypdsatidsidey thEiMlbBSasf

Rhggl,ogy sgtrudi es _confirnmed %’gas't tﬁe %é‘gsa?%ggz?éhg@g) sequience,

SRR g BGM dspdated Hiam gercell ilipai athselcefr ahesioy neptides, signalling
' - [ r S Fi )

T oo X B Bl ol G Florowth factors

cnid ealuldrgzeafaps (i giokingn )e.g Thiatdetnand afrasfatad oélhlimes) could be

t] ife .~ 1 guid-gel transition (Tiiquid-gei)

A?gngﬁgﬁﬁé?ﬁéégﬁgg§%ear stress. Both tnjn and

TCompludegei coul d be adjusted by diluting the PEG Si O

2 gel_ with 0-20%cell cultyre dja (see Figure 6¢). . .
0 Pt T epiors. B0, dsiloned]] € . s somebador DEG aid Si0 with

MBSHARRANE thvasitld kifeolspid Al prépisifest MRisREGwak Shéws %Jé bk %&able for in

| ose its mechanically reversible property. The PEG Si
I en-Bit ¢elncudieiss; rang epromésieg dorptitsue degineereng applications. The gel was

o6& gl 3)%%0119.' AL BloHRON a‘ﬁ@ 'SI%IQ%J;S' (%2%') qgﬁ;‘b? gﬁé’ al{/ %Fogelp§/ (e.g. ECM,

presented In a custom zed

supwthr factotseangd pdateletsd nigletdieradded sd that thpesl cdddd ntbes favbeably support
- gl yr a RGD), sequence, heparin and ECM i sol at ed

3?%%@%&%8fﬁw@F%§%‘€ﬁﬁ%$ice|| adhesi on pepti des,

si gndltei FRG-800£g¢l| desnonbledted armORNirSpdre: 8f revbssibié Yslation. It could

rqtei S rot eogl ycans and growth factors) and )
eyt when karietd o pleilisadis ad elipobendded. andvould reset into a
B N . 0r

géé%%%éég@ﬁl ffthdted. ID\RSth i‘fsoliq&f&%oﬁ e;ﬁ?;ge?if %el‘f’é"c&ﬁ@ also be passaged

- .gel ., Conclusions The inv ave
dathoup pepsinizaion, pad eellwWar sirugrunesmmd BEM @ubp bajepsily harvested. Live-

. c ) Ces - Thi ‘
L TR T T —
aliet Uvesek am gelp rcontagiimg RIGD lipasksumdasatihg det ithig new material was non-

lications, .Th el r obust d,.porous. |t. was )
P8e g uBiited, el g cThe Dol anef Gomaienien of use of this
médvharge0pt fevesibtlops]l andldbahal ghelitad 9l R atted a8@ fundamental
th%% t he gel could nore f?vor?bly support the growth
studissot gelkbehaviog &t ¢ moys,biologgcallppricwmepnyjegnment.
denonstrated a uni que property of reversible gelation.
It could be |iquefied when vortexed to allow Iigands
and cells to be added, and would reset into a ge
after several mnutes. Due to its |iquefaction
property, cells could al so be passaged w t hout
trypsini zation, and cellular structures and ECM coul d
be easily harvested. Livedead assays and confoca
m cr oscopy have indicated hMsC survival and 3-D
spreadi ng



10

15

20

25

30

after 1 week in gels containing RG |igands,
indicating that this new material was non toxic and

waeppaeded cell growh. The bioconpatibility apdr/SG2007/000127

conveni ence of use of this nechanically reversible ge

woul d greatly facilitate 3-D cell culture and

fundanmental studies of cell behavior in a nore

bepliggi cal ly relevant environment.Clains: | . A

process for making a gel conprising conbining a

s. | anbl slbeerosQSchme%qlrrgg 2atee] eQsMprising SPPRHENE g# ctlesol species

mpi) Sxfgﬁégjtl lg%s@'?\go %115.'1%&&9@&&15& gJLl‘?é(Xllld ﬁﬁlﬁﬁfrrglflglgulfyéi.roxyl species

[ east t groups
scoznpriﬁing q’ndm'eis?@ lyfdredyhgroups penrmhleculeonprl sing the

step of rm sin to formthe sil anal . .
Sponi Do, "M o R aRird i At SRt 8 IR eliine o silane to
dfo@rtinke ﬁ&horﬁﬂeaeu ls&id sﬁaneﬂlim'nigr fesstvaf hyahelysable g\bﬁpﬁpeﬁ molecule.
the sjlane conpris é raa 5ny5|lane 4. The

process o 16&?’?9“6?1J§Fmb X SuaneeppnRrissha fispalkoxysilane.
conpr4, si Nghd Higcssh P a@ff oh€ 'H?'cﬂiuﬂg 1€ Q&cﬁﬁ&[ﬂﬂ'yldoﬁqpnsmg the step of
hydr oxyl species with a partlcu ate nodifier &U or

tdomnbyniag thsr h}ldGJORbéJlFﬁﬁSfﬁr‘W@’ spreies Widho pasipeleieano 11:1]~prgqréo the step of
aﬁﬂﬂﬁéﬁkt §?eéfsahﬁﬂﬁag@9§§1%%wﬁgy one of claimi4

ereln e part ate no Iises funed
silica. 6lhelrecass of:mssorm‘ofmigmnmwhefelmtlmpmlcmat@nﬁndiﬁer comprises

g@di t,i gnal l'y conprising adjusting the pH to between
8nd about 9 after the step of combining. is 7.

Thg 8. Oceﬁﬁa bcaRnyl afjeof oﬂ‘dkl)ziihﬁsl tb 53 Qicﬁtadﬂ%gy ﬁbiéhphﬁﬁﬁ adjusting the
ro speci e npri se ween 3 an ydr oxy

g%)i%) @twe?n %h%% av@aboslt 9?%@ ‘E‘Fé@@ of combU¥Ag. one of

claimg 11 prosbgr &t Qnﬁ%n%eﬁﬁﬁlaiﬂw 19fo 6NAnE%H ‘ﬁi%ylhﬁdroxyl species

groups in each nol ecul’e are endgroups of the nolec
opisepbaivess3 afd %W@WlﬁomsaﬁhmOH@cub 8 wherein the

hydr C§(y| "ﬁl% ceegsn bfs afy, oﬁ?&@{l&lﬁ%dl ﬁoh?g\ﬁlxgise\?\lﬁ 81! l%gst t%?g é)f the hydroxyl

The process ai'is erern
rgtdmpmy Ieadpao]eeusle ammxdgms af tholnyededude. chain. | | A

gel t he cess of an e 0 ai.ns

0o W el T girotsh Of i et TS 8 ‘?CS‘EI?W&P%BW%TOF‘XI speces is a
%&idﬁéd@ﬁujﬂﬁp@idgg associ ative 5 groups which can

associ ate _reversi bI V\,herebﬁ\t/) t he gel is capabl e of

bei ng % orkhsr Pr@ae%o a2y Qe Ploglappili toadi whetsm ghe hydroxyl species

RalRRLLAboIOBa chhfr ce and the liquid is capable of
bei ng converted to the gel in the absence of said

mechardi cal gelineatde biydhe process.of 7he ogedt <dfums| latiorh01 2

addi t1'2onqﬁ$ Eg‘l fgxoém%ﬁgﬁgllsac Lﬁr?gglllﬁc? l{ames 8n‘§p%131ng associative

The claim erern
cgmtmsl\&lﬁsh tamaedodatt rearsibly, whereby the gel is capable of being converted to a

liquid by application of ‘a mechanical shear force and the liquid is capable of being
converted to the gel in the absence of said mechanical shear force.

13.  The gel of claim 12 additionally comprising a particulate modifier.

14.  The gel of claim 13 wherein the particulate modifier comprises fumed silica.

15. The gel of any one of claims 12 to 14 wherein the associative groups are
endgroups.

16. The gel of any one of claims 12 to 15 wherein the associative groups are
derived from a silane comprising at least two hydrolysable groups per molecule.

17.  The gel of claim 16 wherein the associative groups comprise silanol groups.
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0 15. The gel of any one of clains 12 to 14 wherein
the associ ative groups are endgroups. 16. The gel of

wary7ozwonf clainms 12 to 15 wherein the associ B4T/86€2007/000127

groups are derived froma silapge conprising at |east
two hydrol ysabl e groups per nolecule. 17. The gel of
claim 16 wherein the associative groups conprise
si | angl gl"lﬁlﬁ%? of@ain [€00@hin17 Ghalelh ﬂ-n@ sﬂéne% Q'téﬁa&ﬁcoxysﬂane
wherein the silane 1s a tetraal koxysi | ane. %
of arly. on€heelcpfansone of elaiss WAdp e148nwh¢remh§bdrhy|dmnh flec chains are
ol yet her chains. 20. The gel of any one of
gﬂg&ﬂ%r%éﬁpg 19 wherein the hydrophilic chains are
br an@ed.Th2 gdel oftemygsie af claimys theo dD whatinsthd hytdmphlic chains are
dqgi_gnally conprising water. 22. The gel of any one
ms 11 to 21, said gel containing cells and/or

ECM 233. TyeeePbf sydfle of6l@héli Db 20adtitorI§ cOmpHbiaf Water.
11 to 22 for culturing cells. 24. A method for

r el edd ndheeel of ayqpeaf glaima iy 2. sgidies! eanjeining oglfs and/or ECM.
| 1 )
ga?'d %rret ?%%Q)g %%Sl é&bfhllggedo 391 IRE b8 blﬂﬁ?g hletooz‘i‘| fo? ﬁlﬁgﬁimg cells.

rsing. |n|ng ege
| i quid, e dhethpfoy migasmgfdeils ifont argebdmnrdnm tosaneyacmetaf claims 11 to

|ned | t 0 LS ensi on of
t esaé(ggf: s°°P}PriS}P%u‘f‘? aeaﬂém gg%ld n%]fxocf r claim 24
mhe;egﬁﬁ?hﬁ%ﬂmqml@nhslﬁ?uaqm@ouahl|qU|d h26 The
met hod of c m 24 or, cl. ai 25 ein t.he proportjo
of 1iAgBbg ARG SHShANG I PE B TRaeqehingd Ngplhtnd el to form a
t han %ﬁ@;&&l&%ﬁ%f‘ﬂ{%ell?ﬁ}théhqﬁitdh‘)d for incorporating a

substance into a rising provi ding a gel

accor’di nglheanethed @ﬁféalm WherR th!q liggiddpan agepps/liqiad.
suf f i epltherfﬁgthg@ of 3 auﬁ I'?.@ra({r Jlﬁnﬁ% GyH3fdin R ]?I‘BBX%BB otfhﬁluid in the
[Tqurd wth the

gel into a li
s:ohfbtmdd&;ulchamﬂ g@d{ﬁsi grwtcujhmhd)dult aﬁl%dv/t/o stand wit h
|nsuf i cient It as.

| Toupd § o MeBRibooBprahie Aoy da b 3 bmlole . o

a gel pr&\&dlngh%elfﬁddaﬂﬂn@fo ahlyainmoil‘lawhelletdaz he
subst ance CO%I ses %gll s a d/ or nd/ or rFr ote
and? or2PB R Stsigktmebanieqlishear o a@} sl torcgsr] bR gel mto a liquid;

e combining the liquid with the substance; and
e allowing the liquid to stand with insufficient mechanical shear to maintain it as a
liquid for sufficient time for the liquid to revert to a gel.
28. The method of claim 27 wherein the substance comprises cells and/or ECM

and/or proteins and/or other molecules with biological function.



