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WO 2007/129991 PCT/SG2007/000127 1 Mechanically reversible gel
Technical Field The present invention relates to a mechanically reversible

“%em]ggiz’%gg process for making it. s Background of the Inv E‘b%wmmm
the metho

of culturing mammalian cells became standard laboratory
practice in the 1950's, cell biologists started off by culturing the cells on
the surface of Petri dishes, where the cells would proliferate in two

dimensions. Cells growirig'lg@[aamaaaysmf\aeestbmdgm easily observed

at a single, fixed focus of the Ilght[mlgroscpp Nutrients in the form of

tissue culture media could be eaS|f§/ repFenlshe with direct contact

between The eeliemndwréilia reattnt massshamieftly imieatlblesgethadégg process
C%Jgn g; %qpvenlently replated or subcultured to other wells or dishes by
trypsinizing the cells from the original surface, while leaving the latter

intact. Indeed, the polishe PRPASHREE . H\fﬁéﬂgm?z -D) culture has
contribyteeh taHmpastant discaleiies imbintagjaancklls mediaineatdndtedmiaboratory

of ren resen ng, the frue enui y roiti
e
wﬁ’stepi@emtmk@m Wtisete erelhrshiGrapiineia ébwnﬁ#‘é}éit alsraEmame on a

Collmexighia-/iambededad st@r@E@ ﬁ%@@@%&&ﬂ@ﬁeﬁﬂ tBE Mt |2£11<:roscope
CM). For example, the 20 dIS tlon Lﬂ?fﬁé etal elements.i

o VRSH ol A R T B S o T SR A et
cmnﬁaatrmtamnfthtresﬁsfd:@rmeﬁx&hmémdanessﬁMEf@éﬁmm&hmmﬂh gould be

p%:gg eni%%li ﬁ?e a%eﬁ) t)%hg%)%% (e {ﬁbgfﬁef"r\%&fgsgphléﬁ%'%‘y 9%@&&&@ the cells

that't |ca signals that direct cell fate work_ in conjunction with

b.@“ﬁ%éh@ﬁféﬁ%ﬁ@ﬁ@f&cen whHaoearinE s kﬁéﬁrtﬁéamo%df‘ﬁﬁtd%@Féﬁé?%@faf*m of

a zei-tewssas 23-ppiaghesieal somiliu(edgicitaporedstrdgcoentiek e biology and
observed in 3 dimensions. It has been shown that cell adhesion,
mﬁﬁ?é’t?g}?and phenotype in 3-D culture is quite different from 2-D cell
culture[rCiskiermarepteatntiagshelsoie eriiansdeatrabdes cletiatrix&idhBawgyer. it is

u@%ﬁqucgﬂﬁéﬁtﬁ Digultyre: (5. cukieimar Rs PRNkQMr RIS OMaRS, if not a
K.M. Yamada, Takln%cell -matrix adhes%% third dimensi

s toth o)
SR80 1 1B 68 TPEB0M R A5 BB (ELE: TReT R A els exist in
smstenmmae&elﬁaeafmadubaemgrmde@w anattitisGEENOu e eTaple, the

exd?%nte R lg l%ﬂgl&XISt%g}ﬁe%{g gaw baseg.en Bﬂ?&?eﬁ{oﬁél{{“ﬂﬁgem 2-D.

acrylate-base ymers self-assembled peptides, and
mE{%@bﬁé‘iéﬁéb#’&é it @nneg high concentration of stress fibers on the surface of the

cell in contact with the plate, whereas in 3-D, these stress fibers are absent. In view of the
fact that the biochemical signals that direct cell faie work in comjunction with
biomechanical signals, it can be inferred that the more ‘natural® reponse of a cell towards
a biochemical stimuli {e.g. cytokine/drug) would be observed in 3 dimensions. It has been
shown that cell adhesion, 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 (MMFP)
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WO 2007/129991 PCT/SG2007/00012" 2 degradable systems. New
systems continued to be developed, reflecting the keen interest in this

WRler/Betever, none of these systems possess the properpcuofsexersibder?

gelation. Existing technology for formirig gels for 3-D cell culture relies on
the use of chemical crosslinkers, photo-initiators, ultraviolet light or a
gﬁ%%%g in ionic strength for 5 the crosslinking of gels. Gelation based on

N (1 BETBHEPRNSYSHItA Reafieyeivrsaltnelirstiogoheccrsi interest
b&tﬂ&tﬁa?ﬁﬁﬁabé@ﬂﬂﬁlﬁﬁﬂfamgsgrgt@ml ' wld{/lﬁgifk_mgle%g | Bf%{lTa?sibiel)geilaﬁon.
com L US rofein-based gels (e.g. Matrigel and collagen Type ) rely
ona € g\éng%?ﬁcﬁenr%ﬁgya?ﬁ?er 5%‘1% %Jﬁti&r%ﬁﬁg STHEHES tFrbies on the ‘use of
inesRipaheersintriopr aHBigebrprelivrsoieatizlow teropered Ureicasc welngth for
a5 @%ﬁiﬁﬁm&%@sme?%ﬂ%ﬁlg o) @%&?A&%&éﬁ%%”ﬁi&? gD the. cell

culture vessel and volume subjected to the temperature ¢ ange?.p?ﬁ%%?g‘ with
(TP 1R ERRFROR ST R RITIESEIRE (SiB Relis abfombgteimonitbiidt gel. Most
mﬂgigommwmﬁemm @g’r@g~@nﬂ§&%fgﬁaj§|ﬁ@195$im_§en Type I) rely on a
emho e present invention.to substanti overcome or at

least: ar}g]e%%{rgaet?ei%gneel%%n?%% e¥at?1%na & I&f@&d%ﬁﬂfé&%%fﬁﬁ?‘rﬁﬁ}%ﬁ@e gel
IFRFERTEH ahealfirs temprretitse s iwgbrevitledrsiptoress forimakingaeged of the gel
GaspRIBINhseRINGIRNIIALSRCCIRR EARNRIND AL IeasL o sllanok o)
grou per,qu}ggf ule and a hydrophilic hydroxyl species comBrlsmg at™ =~
least tWo hY 9%‘5?&?&%%@@ E@%W@E%%.W%E&b@ﬁ%@ommﬁaﬂym and
cobnpiiseanme or both of the steps of: hydrolysing a silane to form the

silanol species, said silane f@éﬁF at_least two hydrolysable groups per
molecule, and adjusting the pJ f‘% 85?&8&&'?‘5%%‘%’% and about 9 after the

step of chmhining: 27 AdlSanalibe.procens HRYSOTMNIRIGOMDIdG antally
Soedusiephilicydiuylsneqies: Wihapalioyiie madiisl pror to the
y

step of combining the silangl species with the droxyl species. The
particulate modifier may cotHpNEEIRGthe dnNARESIlica. The fumed

silicamegirkeaspeiacemadiiedddimprobe swfaggmadifigd to introduce for
QX £ ani QUpPS, ide_aroups or some other type of group, or
ﬁ‘iﬂ@, %Qﬁ)ﬂﬁ?x% 2 BEB%F%%G?.,SD 0L nl.gmpgostl el.&gﬁ B;r"&%éo 1 p ETOUps per

mixture thereof. 30 Tn an embodiment the de

RSIGFGCFRLE Bty omnimagiss siamolSpeeidsasomprisingatl gastys per
tveieitdaol groups per molecule and a hydrophilic hydroxyl species

Compﬁgénﬁo%%égaﬁéjlﬁd%%@g}’é r%%gg i?rseror both of the steps of:
e hydrolysing z silane to form the silznol species, said silane having at least two
hydrolysable groups per molecule, and
¢ adjusting the pH to berween about 6 and about 9 after the step of combining.
Additionally the process may comprise combining the hydrophilic hydroxyl species
with & parficulate modifier prior o the siep of combiming the silanol species with the
hydroxyl species. The particulate modifier may comprise silice, e.g. fumed silice. The
fumed silica may be surface modified. It may be surface modified 10 inwroduce for
example amine groups, peptide groups or some other type of group or mixture thereot
in an embodiment there is provided a process for making a gel
comprising:
© combining 2 silanol species comprising at least two silanol eroups per molecule
and a hydrophilic hydroxy! species comprising at least two hydroxyl groups per
molecule; and
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molecule; and WO 2007/129991 PCT/SG2007/000127 3 adjusting the
pH to between about 6 and about 9. In another embodiment the process

Wﬁg\gﬂ:ﬁg;ﬁgélhydrolysmg a silane to form a silanol species, Sr%d z%'&azﬁgwuum

least two hydrolysable groups,per molecule; s comglnlng the
silanol species and a hydrophilic hydroxyl species comprising at least two
hydroxyl groups per molecule; and adjusting the pH to between about 6

and abput.3;,,48,aNQtRE fRbRkEeRLING RRAcesSepmprises: hydrolysing

a silane to form a silanolﬁﬁges, said silane having at least two 10

hydroly SR GRROpE S ESBRIAG a hydrophilic hydroxyl
species cammpitiBisiggas ldasttwothydraxylaglospsipersaidleitate hdthng at least two

particulat ek ni iJanol species and the combined
hydrophil%%éi og%}%c%qeg%%g}%ﬁ g%%{%%hlate modifier; and is adjusting the

pH to Hetweatriapsuhe laachisperios apd adutherbilin BrrinssHt thecisfosassrising at
comprisesieA3y e aing ol SHane: irform2aHaae species, said silane

having at least two, h lysable groups per.molecule; combining. a
hydrophilié Vﬁ%%%ﬁ%égé[g%@eé‘gﬁ?gﬁ%ﬂ% ifuﬁéla O¥YS hydroxyl 20 groups

per mole entehaittnfornmeksiliba proombmimgrikes silanol species and the
.combingd jydranhilichydhexyd sBgsIesind fumadsslisa:aade AN east two

the pH to bétween about 6 and about 9. The silane may have between 2

and 10 hy8¥arpSaBRicsuEs pemaltitle. The 25 silane may be a sol-gel

precursor.cohgihig olisabigigtizupsdioay] b adkaxylsiytigitaups ledherwo hydroxyl

silane may fg{ esxaegnrgé?eg%%@eaa a’g&}gﬁﬁtléoxxgilﬁr%e. The silanol species

may be a %oﬁ’p_ eric'species. In this case it may have between 2 and 4 .

silanol gyrotpsshiEngrbresiltac spaeipshrodribsligemiderd dngephibeidiydroxyl species

species. Inhispaag-tmayinavesat least 3 silanol groups per molecule,

but may hagﬁamang%m?_ﬁ (g. . between %boyt 3 and 100, or even 30

between FENFHESE & d 5?‘%%%%?‘5% H 58P Slecule, depending on

the dedremahepelyhdiisatiche Phedsydroxglispecies may comprise

betweep 311%!1%1}'91@/ grﬁi%egfg Y PE slanol species, said silane having at least two
hydrolysable groups per molecule;

e combining. a hydrophilic hydroxy!l species comprising at least two hydroxyl

groups per molecule with fumed silica;

» combining the silanol species and the combined hydrophilic hydroxyl species

and fumed silica; and

e adjnsting 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 hydroxy! species. The chain may be at least about 10 atoms long, or at least
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molecule. The hydroxyl species may comprise a hydrophilic chain. It may
be a long chain hydrophilic hydroxyl species. The chain may be at least
WO a@iiiiaatoms long, or at least WO 2007/129991 PCT/SE&ZUSFFOUIPE Y7
4 about 20, 50 or 100 atoms long, or etween about 10 and about 1000
atoms long. At least two of the hydroxyl groups in each molecule of the
hydroxyl species may be endgroups of_the mole %Le. T ydroxyl
SRSy B0 ARG A Setiat LA Do b ope: A feas:

ch may have a
sy pReandesevironsimetirandhes sdyedvettoxitrytieh 8o bp susggrups of
ome ma ot have hydrox [ Y, Speci fanch
GERAREL RS Dl s e b s s s
hieerilidipts enderauRoaSpaEtIImRSSIRD WA BF h SRRETRRR@Dd somme may
Hogessohibe fisslasnest THhayreductokibe mstaosnidhe fisstasgedtain, for
may be & gel which |s suitaple for culturing cells. The gel may comprise
B AR P R RH I Jissociative groups 10 which can associate
reversiblyswherelythe gelismeapakieofheinpeonverbe drtoess lidtieibyaspect
appligation.of a meehanicabseag i e auid s gapablelbaingsi: for
convenedto the eelin the absence of said mechanical shear force, The
alsotigtivly rEop STy COmpRse N fTpR e o GTBTRESRE ARt AT Ve SToups
A8RECLINGER IS RQUidagR oRkiaEcu ik ing celispanidol Bt convprising a liquid

hydrophilic chains comprising associative groups which can associ e
PRI G By T T o 1 BT i B 6 2 hs by
applishtionief abvaeehanisdl sheandfoicze anchthfotigquidis caprRuAE Gt BEMES may
converted to Eg,ebge&}t_rﬂ e -absence of said mechanical shear force. The
gomprise, Or may be, : o

associative groups ma ependgroups. Some of the associative groups

may lae: 2@-¢agdgrotps@ingdssidednayifot belendgralisssaitie associative

QEOURS FIAY-GOMBFSAINP - I QESnaraIRS sapalievel fydrogenidionaingssociate

€.g. OH, NH, SH etc. The associative groups m; derived fro P
S T A AP RD ATt e e B O pBication of &
mayhbei ek rivest therefend by hpdiolisisapible |0asteranRerspiehayta g6t n the
t&%gQé@é?Qé?@%@cMSﬁ%Q%@&wme’ optionally all, of the associative

groups may 25 comprise, or may be, OH groups. At least some, optionall\nlmv

all, of The BSS6HRIR & EREE T hTA ROMPHEe P50 SReSEErEtNS. BatRe =2 °°
hiieagsestativeorannoma)chérsianoTgicupspttspmesayyhemprise one or
hydroxyl groups. Some of the associative ggQup aé%fst@“ﬂﬁﬁ JNHQGED orouns
%?F&iﬁgoééﬁ pg?bj? g?%%%ﬁ%%%%f%?@gr ﬁég's%eﬁr%y ave between 2 and”
10ty Glyriseds| 6rgro e sianernTolE NG, & Heess GWy SsRp I GEBRIES REyFolscule.
be, alkaxylsilyl groppsyERe-siane maydRikrRxamale.eamptise éotonally all, of the
tetraalkoxysilane. . . -

hvdrolysable groups. At least .some, optionally all, of the associalive ZIoups may
comprise, or may be, OH groups. At least some, optionally all. of the agsociative groups
may comprise, or be, silanol groups. Some of the asscciative groups may be silanol
groups and some may be hydroxyl groups. Some of the associative groups may be other
hydrogen bonding groups, £.g. amine, thiol ete.

The silape mayv have between 2 and 10 hydrolysable groups per moiecule. The
hydroljfsable croups may be alkoxyisityl groups. The silane may for example comprise 2
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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PCT/SG2007/000127 5 In a fourth aspect there is provided the use of a

gel according to the third aspect, or made according to the first aspect, for
culturing cells. In a fifth aspect there is provided a method for releasing

cells frontaugelaspacahedinig peothécthite aspett: genadedngsrdingtiarehespect.

Orﬂéqsatd%s gg%@e%'?oqga(ﬁ%@ff”s' fotpeuﬁﬁ n&gald method comprising:

combining gel wit app ng sufficient mechanical shear-
to the combined liquid and gel to form a suspension of the cells in the
I|qU|d1noaTﬁ&}prw@mdhﬁmt liguidaridné eomblibed fejuite\aatngerriayfam 2 el

atel J hanahout » gipr’ Vé}/n%dgr%rdm@%a@f%uﬁép%ﬁg& The leui@mprising

may Bé an aqueous liquid. It may be watér. It may be a culture medium

thfoetHe andlisaid MebesseREIBRE the cells in the liquid may also comprise

parsiciesahthe felgsl Metmeivodlmay additionally comprise the step of

remoy, %%499 pasigles aldhegeligruhe iguidothisciepmayeemnperiss fom 2
straini 15 fllterlng the suspension. It may for example comprise
stramﬂ@@@%@%ﬁ 5@ igi§00 micron cell strainer to separate

the paticlasakie gﬁhﬁrﬂm itheiquitioiiea Bixit aspaet therebks pravidtm 2bout
gl hod for incorparatin tance.intQ elco S

gé% Wecordifgto e?(%mﬁwlr gtssf)@é gr r?%%lel%cgorgﬁngl%h[r%%l&%%y a%%laac?av oe
ofhe immmbm capplyimg&udidrariberstiiahioapesnsanin S3ithg erls in the liquid

Qﬁﬂyat}otﬁaﬁ liguick e combining, tag, Hawid: withibeasylstapses erdse of
a

owing the Tiq uid to stand with’insufficient mechanlcal shear to maintain it

a@@ma@w%ﬁﬁaeﬁ B &stolrtie Ui rebitt BFR BT SBMiiES Stamme o
wubsianeemMayaeivp seeelbandiopE Chandiospioteibandimmstire through &
g\r@ ecule% \é\ﬂ s |oloeg|cal fun%thgc a{g&@e&gﬂfgl TQ g&ﬁ%&m@éﬂ@gs A
thant of the prese Mt invention Wil now be descril
way ohaﬁ S%he%’ﬁ%l@%}"ﬁlgﬁ wRHifeforanehies dog Htf@&?ﬁfféﬁﬁﬁg‘?a‘?a‘i%}?ﬁaém a
herglndrigure 1 is a diagramatic representation of the interconversion of

liquid and el in the pres nt invention; .
g g provrgmgpa ge accord?nn 10 the third aspect, or made according to the first

aspect of the invention,;
¢ applying sufficient mechanical shear to said gel to convert the gel mto 2 hiquid;
s combining the liguid with the substance; and
e allowing the liquid to siand with insufficient mechanical shear 1o maintain it as &
 Houid for sufficient time for the lquid 1o revert to a gel.
The substance mey 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 onty, with reference to the accompanying drawings wherein:
Figure 1 is a diagramatic representation of the interconversion of Hguid and gel in the
present invention;
Figure 2 is an illustration of different types of bonding in 2 gel according o the present

invention whereby the bonding can be rupmred to form a liqmd;
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Figure 2 is an illustration of different types of bonding in a gel according to
the present invention whereby the bonding can be raptured to form a

[ 0071129991 PCT/SG2007/000127 6 Figure 3 j3.aSeh8MBo127
%\%n\g@ flntroduction of RGD ligands §o activated PEG, and (b)

incorporation of RGD and heparin via thiol addition; Figure 4 shows FTIR
spectra of (a) Si02 gel by base-catalyzed gelation of hydrolyzed TEOS,
(bFigasHet andhdried REGS(ORigetdartibic) ZRGH REGIssdigtinetsdsAB@sand (b)
CQHEB&?ArQ% 85‘%&*1%%%% Hé‘gke{ﬁ ﬁ@%ﬂ&%ﬁ%&%ﬁh'\"sc cells that were

cultured for I week in PEG els containing RGD and heparin at a

mBiavrﬁaﬁos%«?W@a%szwﬁHa(% HiGuoge o Pamsreheed Bsleting whkydrolyzed
alwoaﬂw@am?@@&&ﬂ&gﬂs}-&my\gmcmtda@agiz(iag}mmwlC -3T3 ECM;

gure 6 graphs | llustratin stora e modul

%ﬁlullussiég?wfo hdl C@ (% mr? ) gpﬁeEaE; geslgaPé aﬂ%ﬁﬁlon g}% that were
m@ﬁéfasﬁtdgf@héa’r@keas?@ﬁ(ﬁi%m metgmageR@Dthe&ﬁ@mmﬂs@bmml@r ratio of
matesials i) H)Ci 1 tbsﬁé@@%%@@w&n@w&@ ARIREIE8LAGIPEANGiO, gels

came Ilquefl m e minimum shear stress (zm;n)
re%"ﬂlmal?&?w 4 eﬁh&”ﬁb fioh Adicated by c); (b) typical G', G" and
& Bzl G- BilR gelas alfunmcting Of)timacaihanrspb potduko(& Gy dissshednius (G)
t the.4i foy|

SURE% (e 6 MBI, 18l mgug@&&ﬁ@ﬁ reqUIre%Ef'Qnae@%w (in which

removal O ar stress was given the perio

arﬁhe@WHéﬁﬁsrﬂ%@ SR ‘6ﬁ@ﬁ%¥h@%ﬂ£€ﬁé¥foﬁ€§ e sheastFaks-Wisk sypshespmained
(C_)lgﬂ@dobefpfngﬁ} naﬁadtmaﬁaﬁﬂe?jﬁdz@ﬁ&iadwﬂﬁmd’ot \OVUREGPINA IRIdNBress (Tpin)
mixture e cell C a, a

R o g T R e R T &, R g gt -
Nﬂ@mba‘s@dﬁﬁsmm))m;ammb@ﬁwd}gc&damh a}tdlu}eiafapm@ma)gdsa@ﬁne required
R@P&g&w dior4RMagied and.modiied, BS Mglaie. and Aller3 WashiROme period

steps., Detailed Description 6f the Preferred Embodiments Thez?ﬁasen

inVeREEH ABfates E%”a%éhfarﬁ@m Fevesk s RSt PRES Bisathean stress was
ctﬂppﬁie&;r(d)tmpﬁ @mgm aet mg@g@lmatlﬁmsuzﬁln efgellRORHIhsHO Spedies mixture of
%LE %g% ﬁ }gg&g) in order to form a gel. Under the
ence 6 fga mechanical shear force the gel can be converted to a liquid.
Tﬁé%@@mmﬁwm§@a@§@@mﬂ§é§ byitte RGEP mrijide tovemmsidied FS, (i)
Tf}mﬁzagﬁﬁﬁﬁ?ééppﬂ)f(ﬁzﬁﬂmeﬁbmﬁg@@ﬁi%lc§BQ§51€06@%éﬂ,%ﬁtﬁ§é55§f RGD bound to

o AR RSP A GPRy <SRE R GUrg SORGER SrBiourd, The

inventors hypotthesisiteth StetreiBas oddibt dhrakieds pediesiimeanteast
pa”'a"YrHéJSr&?e}{@ﬁx%%&{}{ﬁ‘@i'écéﬂ&?%Sr&rcﬂéﬂﬁ!’:%ﬁg'i‘ex'%%g Q%eﬁ&?%edkﬁf?e%s%nal cell

relatively weak association of the species, which can be diSrupted
culture and tissue engineering applications. The gel compnses species which can

associate (or aggregate) in order to form a gel. Under the influence of a mechanical shear
force the gel can be converted to a liguid. The association of the species comprised by the
gel may be reversible. Thus application of a sufficient mechanical shear force may cause
reversion of the aggregation, thereby allowing the species to move relative to each other
and 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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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

“%%B%vmggg?sociation of the species may be reestablished%g%%%&ggf%,]

conversion of the liquid to the gel. WO 2007/129991 PCT/S
7 Fig. 1 illustrates this diagrammatically. In Fig. 1, the associative groups
X are located at the ends of the chains. In the gel state, the X groups

associgte Withsithilas eupseAiRgRReHI RO Moleculesasbisdeadgious X are
lopse crosslinking to é(%{lm %gel rfett ork. Ttget cr%ss ' kigg iQ thsigcca gewith similar
m?f?%%‘gaﬁ)ﬁ%? ctosetin mﬁsbr%ss%é%{ti%ﬁ,ﬁfo § %rmrﬁe fte%s

hylbegemiberibhigyuran delvalets ditiacteds et Applicatenivkisgfficidatm 2 gel
mﬁ&%ﬂ%?%%%@ésﬁﬁkﬁ%%tmw @&f% @gﬁpdﬁlﬁgﬂﬁlq‘frégﬁi%kg@ WP2ssociation, for

' thereby leading to formation

thereby disrupting the loose crosslinking a I | ‘
ofexaBRIRItRte BNdEER tARdiRroELfies Vil AsbeeHmToR- s ReAA s aF SuBciont

Remaval @i thessheariaigrual owvsihesasatsiatianok thevsgthepsitaisrupting the
reform, leadjng.to refarmatign of the crosshinks (which 10.m hysical
e e

a on el state. In an empo

invetioest e seowatiletiyrotip et silmmolpoaps whithe shsaiefprer) allows the
froma fydialysissef & sHangs RdeRbiisitales.SevaRliyARS AJrassQsilinRks (which

that may be present in the gel. In Fig. 2, the silanol species represented
b8y iRe PRI faL RS I RIOBIIg 6B polymeric. Thus
hydrolysisuotatietialox ysikhndnviayidb prosksoei 8i(® ktpliforpasiiatlyl @roups which
fu vatives.t 0li o
SO O e el asgion

crouslibketesahipike erhdad@obshs@dred iisries Aeajpreprddsnti in a circle may
siliﬁaﬂikﬁo'i?ﬁe@ﬁt,umogﬁe@@m wﬁnbﬁgvemaﬁs theasdnap! Sp%i%&awdbxhysiiane may
contajn at_| two sllan ro na ma ontain. ma mote. In the

L LA T L L e RN TR o egigs herect
of(pay &t thefBMahi e H(Dheds ShEUEahdsionmonlsilaplyimers  and/or
0rQuRsiReL: MAGemOlBRUe . TRYRIRE SHUCER ShONRBE G & INER ctures. In

a) two OH groups on twqg separate hydrophilic chains each hydraogen
bdiaR g eigiEs dhaibreplenaded Wl tEmpore o stme!spaups, and may
whishanaydpe aicleasi partallyoipiisditadikdisropitokby meahan|cikpshdarg on the
25,b) a silanal species has for li ilic.chai
e s S

hy@ipspmideskisnt iusdhesiewes seevesitcBiehy drggéH bond to an OH
greuRyef@nathepbdraphilipshainhiedamie BRROEALY 16FaeERKSHEed 1o a single
Wf#ﬁ%&r?a% bie rupgured bé/ mechanlcalhalklear; g)v ac?}llanolgspei:leﬁggéiauy ptured
forHEHY S eSURIEh Tk 0 P RYHSSRAE Lty BSAdRRS A8 B 35 BAloR”
itsositbsroh grbopsiedthnacal@ktgroup of the hydrophilic chain. The resultant
Spl?jcgleﬁlanoi species has formed a covalent link to a hydrophilic chain by condensation of
one of its silanol groups with an OH group of the hydrophilic chain. The resuliant species
can hydrogen bond to an OH group of another hydrophilic chain to form a temporary
crosslink site, which may be ruptured by mechanical shear,
¢) a silanol species has formed a covalent link to a hydrophilic chain by condensation of
one of its silanol groups with an OH group of the hydrophilic chain. The resultant species
can hydrogen bond another similar group on another hydrophilic chain to form a
ternporary 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
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can hydrogen bond another similar group on another hydrophilic chain to -
form a temporary crosslink site, which may be ruptured by mechanical

X silanol species has joined two hydrophilic chain
conngr%%%én of one of its silanol groups,with an OH group%c?r?{ fggéﬂﬂg??ﬁg7
chains, thereby covalently linking the two WO 2007/129991
PCT/SG2007/000127 8 chains. A third silanol group on the silanol
speeies. i fRRdQiRyedregan kenthavithsarsseaithes B4 (8 BydbB@n bond with some
hydro % chain, a silanql.species etc.) to,form.a temporary crosslink .
o i 4 TP B B R ATRIS] SRS ROt S em i, croslin
theiteydvbigk nugohdingtistehyerechau sinsiierig loubs, rampliic $bavet, the hydrogen

NEGEREALIY HRREESRwe dhill %?oﬂBBfHﬁ%i@iQH& sklladinhgeadshat

other similar. structures not explicitly . described above may also form by .
hydrogdh“BBRSiARPAIRaTSR QR di attritioHS TSR AT ST APt explicitly
crassdiibegittsyyvinighaisayobe Biphytecsby voadhanicdoshaar i Wilhsllsadaetions to
apparent that in the gel.of.the present invention, moye than one,.possibly .
S S SRS RS LRSS KB ANEBEH v ais
inksraiaprb Ve indlisr ek et top matniiavgetion dexeribed wsowrssshly all, of the

Prapess £OLRBES e AMRIRING R pllanal species comprising at least two
er . molecule and a hydrophi cie

ilanol . lic h I ,
comric i BRI AB RO oFB. PEChe A rONEATE L 3, Bessbfgpove: The
adlitimakbyroprisprisenineny Helanot tpedte psofrithmgnatdrelysing Alsiaingroups per
to Mgbﬁf@aﬁi%&gﬁﬂﬁé h§$9@i%9§c&§‘@8&&iéﬁ§% BOQ Wg '@ﬁ%ﬁg)% %rtoups per

groups per m ule, and adjusting the pH to between about 6 an
9 RlpEHs-step of combining. The silanol species may be a monomeric

speciesTis phiscsaseit adydiave betweencheanbi{eh2 sBmrd) silanol
groups per molecule..lt m an_pligameric or polymeric., 20 species. In
o o R e e 8 B R LR R ach TR  st v
many mdreitelyrablstgrenps apbmodeeared 200, or even between 3 and 1000

or moge)silaneluAratng RelealssHe 6deRending ORthedegr 88 Qfnbining.
polymeﬁ;tlpn. Thus as described above, Si(OH)4, (which may be

formed bYFIaRGIYBRASE At ATABRY LIRSS RIS poyIiffise tmay have between 2
oligaiviefese. 1 Inaydfosiamdinpeosptrimersokettami rsst el amalygdarakneagolymeric

ngapéégghﬁldéﬁgq%sre (iEOrﬁgg' Uﬂtﬁ% %gw%ﬂre%il%uoqf épﬁf)g E&uﬁ{#l%%gél{ eﬁu‘t may have
characterised by having & plurality of silanol groups.’If Crosslinked, the )
StARIBRIrEY T &5 AFENsHt Abe SFDEHLBsoT PHENSHRITHSFE petids! AAyopanore) silanol
soluhladnwales el M@ BRliNS AubiBe mysater 0P rib AN B8 SRaTRGYas described
soluble i %r. TQ silanol species may, comprise any two or maore of the
straué)t‘lﬁer”ergggs fib V@é%b\%aﬁo%eeérrﬁnp el ymrgic{é%]? Sf)sris(:) r‘%&ﬁ%ﬁzﬁ 1 ysmﬂm) may
silpplyhspiseiesoligomerise. It may form dimers, trimers, tetramers etc. It may form linear,
branched and/or crosslinked structures. All of these structures are characterised by having
a plurality of silanol groups. If crosslinked, the structures may have silica-like structures.
The silanol species may be soluble in water or it may be insoluble in water, or it may be
sparingly soluble in water. The silanol species may comprise any two or more of the
structures described above, for example it may comprise monomeric silanol 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, ] and 10, I 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, 50 or 100,



30 together with one or more oligomeric silanol species optionally with
different degrees of polymerisation. The (or each) silanol species may

ng)a%/o%_]z/il%?g{ee of polymerisation of between 1 and 100 or R8s Hoo1000127

5

10

etween I'and 50, 1 and 20, 1 and 10, 1 gnd 5, 2 and 100,
5and100,10and100,50and1.00,5and50,5and20or5and10,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. Weh2@0:A{d 2990416 The GiRRRT 10002 1nS, The:silanedionandhighbielysable
silanol is made {n%){ h?tve betg/een 2 and,10 derol%%abfle oHOUPSpPer 4 a4
m&i8eETeP T rﬁ‘gye%eer'non%la en%.ﬁ?%l%? &0 |ch>][1 Feric, it ay E\Vegﬂay ave

hyldrdiykysiée groups, 2266440 Oror-818 tiydyshpbableugroass 22 3.2 53647, 8, 9 or
5, 8 Ty otk Otigrolysable arayps,Hbmay, ala9e QRIOBA N o RN RRRirolysable

or more non-hydrolysable 5 groups per molecule. These may be alkyl

gr8ieI ey edieenlo Thews mphe a14e) ssoun gyl meielic/o rifayher C1 1o C4
eitileyistalightchdinmy hrasichedstfalgixahapleomatyhethidy oropyle methyl, ethyl,
isoprapyl, hexyl ete.), or may be aryl grou 9. 6.t 4 aryl, or, C

BB OB et SO Y L Bt fek S 1 e 52 B 10 L0
greupssaelfanehendl arphghcuEaT e ofag s foebiaAbEcaRtigs fgctional alkyl
halgsalieyhigg n@é’iﬁ %@WP?&_*#?&E %a%ﬂlﬁ@p?ﬁ) HHEbORYPE. 4. hﬁrﬁk@dﬁ(ﬁ%lﬂ @llt ?iéopropyi)
case may. be , Brorl, The roly rou a oxylsi

o BT A BB B 51 T ey oy oy e roups may be
acdtmmwj goups ar may bee bexinarsiigb sitphgsoapsney nbaydﬁgi_noyioxysﬂyl (e.g.
G”Q%X%M&ﬁr Bﬁsocfr fﬂ% l%eb% i@%@@'&%%@@ﬁo?%ﬁrsﬂ Iegroups or

group, or may have a mixture of different such hydrolysable groups.

SilBRE B8Pt ethsnipre ebinphiol s bt sibik 6% SnaPie i AvSyr pRixture of different
tetrashatiiolyeibae ke tiapreiihetelrgi SOPEPIN tebraiisy ksitanalldxysilane. It

may be a_trialkoxylsilane, e.g, methyltrimethoxysilane .
5 m é’%/ﬁ% e etﬁt%rame?@i Sefaem Igﬁ?}l‘ﬁ r%agl te msoéfﬁ{)# oF tetr% Ffé-‘(ﬁ 81)1(%?[ It may be a

2e

25

3¢

oxysllane; Isopropyltrietioxysilane,aminopropy ane
etérigihexsisiant.hydrolysing the sitetiey taayetornprkasexposingaieyslgtwxysilane,
to RBAGIHE SRR MARING WaleletRAYI AR 8 aqueous acid, The

agueous acid may be an 20 organic acid, e.g. acetic acid, propionic acid, e
formic_é&m,smie%k&af%&?ﬁaﬁ%we%&f&wsmv SRR RO HR AT A, an acidic
e.gosutifuricotysioghlerie. atidnaytiie andqohosphoidc hid agteolhecid may be an
co i t [ n t.0:.00% in_ .
o L b S i e
bebtivEsy BbsuterErtnacld: 0.8 sRdTicolydIoanats reBlomigrigig. phesphoric acid
O-Qﬂc%FHeQdMeﬁfté)ﬁcﬂ!'bﬂftKB%@ﬂHﬁ@uﬁ@l%ﬂ%ﬁlh&)lwwﬁ% 1200wt [kast in part
ang about 4, orabout 1t0 3,102, 2t04, 3t0 4 or 2.to 3, .. about 1

RS b e R L R DT F T R 0 0t ana 1,
silériears! hy@,ﬂﬂy%d@-thé)@ﬁtbnn%ﬂﬁhe" Brod vets GidsdlabpHnothiée aqueous acid
AGHeOs AcitelbMADE {08 RBIWaCEARAUE 1 MINUGAhARIELR BOWS.(0 3, e 0.

or about 30 minutes to 12 hours, 1to 12, 2 to ) i .
about 1, 1.5, 2, 2.5, 3, 3.4 or 4. The hydrolysis may be for sufficient time for the silane to

hydrolyse to the extent that the products are soluble in the aqueous acid. It may be for
between about ! minute and about 12 hours, or about 30 minutes to 12 howrs, 1 to 12,2 to
12 or 6 to 12 hours, or about 1 to 60, 1 t0 30, 1 to 10, 1 to 5, 5 to 60, 10 to 60 or 30 to 60
minutes, e.g. about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 40 or 50 minutes, or about 1, 1.5, 2,
2.5, 3,4,5,6,7,8, 9, 10, 11 or 12 hours. It may be at a sufficient temperature to
hydrolyse the silane to the extent that the products are soluble in the agueous 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, 510 20, 5 to 15, 5 10 10,



12 or 6 to 12 hours, or about 1 to 60, 1 to 30, 1to 10, 1to 5, 5to 60, 10 to
60 or 30 to 60 30 minutes, e.g. about 1, 2, 3, 4, 5. 10, 15, 20, 25, 30, 40 or
50 minutes, or about 1, 1.5, 2, 2.5, 3, 4, 56789101&{%1 J(?ﬂ}z'/
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e ajt a sufficient temperature to thronse the silane
that the products are soluble in the aqueous acid in the desired tlme.
Commonly hydrolysis is at room temperature, but may be at any suitable

temmarmsm@ kReswesnabpuitaand &0G,onatow d 0 551 25,@&2@,0, 35, 40,
10, WO 07/12999 PCT/%aa%oo 710001

2 3 58; 27 1% to 50,
20 o%‘o % 18'58%T0 13 & I ETRSREHE, ToECHEe5an 4, aquecus
35waRyicsBidr B@Baﬁmmﬁt@r&d@nm&mte oa%ua”a@cmbm lbgbeigveen about 1:2 and

hygraly ses '&%WH&@S@%B&C!% e rafo0 ‘ﬁﬂala!%(qxi%ﬂfﬁ”?i@ 1:10 and

r anic acid mai/ be between about 1:2 and abouyt 1:20 on a volum

20, dramstl 15 Laanf 1010195 LR@ndd  105ea00%d 3- 165 ahid: é § 266, 137, 1:8,
1 5.0 10,1651 1:5: B d :1310:06, 168 A 15,10} 2, ¢: 18bbuo 12l 28, 1:4, 1:5,
1:6,1271 :10,1:11,1:12,1:13.1:14,,1:15, 1:16, 1:1 11 90
oo, TR Ot Srdold g ekt bidnd Vol {0 B Boups per
gr&?&ﬁfrﬁéroﬁhﬂé@l%a@%éw@e% ABsdteraAdst 3 atddbor 3 efhé-B’J ggbs 9 or 10.
ﬁbg&et Bythor ,sféel&e@ ﬁ@%oeoﬁsﬁéé%gmglm&i@gﬁ@?@ay Q@fﬁﬁ"js%@a long chain
y ain. It chaln Yy HIC CleS

IRAN Ey il OSSP e G Pt opp B o leas
25%173@1 8%, 4028560, 646), 70, 80, @0 41, BOD%M@W@&Cb@webntwb@uabout 10
1%@%&9%%8@%% I9ng, QLaRkPHE 46ht0 §09.1 46, t?ojtgosol%oté%éé’ 100 to

to 1000, 100 to 1000, 200 to 1000, 500 to 1000, 50 to 500 or 100 to 500
atdHiS18A8 2 1§08y tod 0P8, 5105603 196 12§00 siages Ispz7peerboyp 10, 15, 20,
108%, B8O 32040, 2150530611 3}5)9,84090 45@0 51(30 600, 45070008980, 200, ozrso 500, 600,
1 mer e an.olj omer It
GO0 00 DR R0 MRS B RN AT O R IR, Bimay e
the cﬁgxm!myrgib@wnb@@chml@@m@w M}{W@ybbg@@@s fiayepe two of the

enggraups &ME@ inQlegulg IEhaNYarmy LSRRGS MRYebeR PiaNch8Ltoups of the
chain sp C|es ach branch may have a hydroxyl endgroup, 2%3 ﬁ%iggmch way have

brifeFRLC RS R RS TRaG RAUD L AREPED e h SR HIST:
hydhydybericgrioups:, kb somebembiodi mentsathbyendgiomd gbepchndramah may not

is r Spegi pri ol r ;

i D SR, A S DR A R RO YPRIRR branch is »
erﬁﬁ@dwérs@uﬂwé“ h?meéWéseﬁ;sraaﬁr%@néae e RgLyetgh FiRsetpreprample a
hawm @Wﬂ&ﬁ&aﬁjﬂi@ ﬁp@@lfe%%barﬂbﬂmmm@afdﬂﬁr seRieN10f branched

iV\% "ﬂél mg% (?‘gf%/ ’égo%ﬁ%%g} %% Oan and f)%%cl%o e molecular

arf@@@@(ﬁ t&@b@@‘@mﬂ S@@@@ nﬂ@%@aﬂ@@@@%bﬁ@ﬁ)@a’m@@@@@@ eqy.between

abaiy 286y 400.1665b 83, 2005 dRDC0AA0, 18@@010%%%39%0359@90 and 50000,

4000, 4500, 5000, 6000, 7000, 8000, 9000, 10000, 1500
20000 and 50000  or 1000 and 10000, e.g. about 500, 600, 600 800, 900, 1000, 1500,
2000, 2500, 3000, 3500, 4000, 4500, 5000, 6000, 7000, 8000, 9000, 10000, 15000,
20000, 25000, 30000, 35000, 40000, 45000 or 50000 or more. The molecular weight per
silanol, or per branch, may be between about 200 and about 20000, or between about 500
and 20000, 1000 and 20000, 5000 and 20000, 100060 and 20000, 200 and 10000, 200 and
2000, 100 and 1000, 200 and 500, 500 and 5000, 1000.and 5000 or 500 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

13

20

23

3¢

20000, 25000, 30000, 35000, 40000, 45000 or 50000 or more. The
molecular weight per silanol, or per branch, may be between about 200
r&caﬁem 20000, or between about 500 30 and 20000, 10QQ-3a€ AGNRR 427
OOO and 20000, 10000 and 20000, 200 A nd 10000, 200 and 2000, 100
and 1000, 200 and 500, 500 and 5000, 1000 and 5000 or 500 and 2000,
e.g. about 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1500, 2000,

29004130001 289, #4808n: 46080 SR 6Q0Qhe @%@ﬁ@&&@ﬂﬁoﬂﬂam&: or similar

11000, 12000, 13000 14 0, 15000 16000 700

25@@815151;;& B?Q}?Gﬁg‘é.?ﬁ éem e 5’%’;’%6@ egm]drox i Slm;? %%:gtrlse PEG, or

2061E 2980 by TS GROAVNGOAI 2 el skathgeh, aopqha%é@ﬂfﬁeﬂémay be a natural

Ien &1 rs?mgg?f];ége b{fl{{ﬁ@@é HFBM? the SaME.0f, SHiidedengtha gifymer. An
ma

y erent lengths. The hydroxyl Species ay comprise

omg@wm@mﬁ@wm SR BB W BT S LB a8 ﬁ&%&’é%ﬁé’ﬁg@“‘ff In this
Ma¥end pajisal nﬁ@lymné& wchgsmgmmw@cgmm off tmapdbenzer. This may
modified natyral, mer An% {Foxs\ﬁfun?tlong.l polymex g e sedin:, g 1t
pIRE EBHERTHFES yI ORtINING polymer. In this caserRh E%)ocess may
comprisevhytifislysing tilee a$@§q@tmp@6fﬂ#@ﬁ@@hﬁ@?c¢ﬁls may be

performed,prior 10, fRRRING tentheRiaB0l e Cias A1 wﬂ@ﬁ@rtﬁ@cm@dmpmlw
in situ. It _may occur at the same time, as interaction with th S|Ia he silanol
RS P BB IS HEa B LEL Y BTSRRI dhs

hygdeopbilisitiothy dralyksheptemwitthe parficitatemeditfifie m@iocemtimsstajica, e.g.
OfSOPIING heSHANo! SRECIEs MID DR LY HBXARPRCIES, BBSurtace modified to

par {eUlate moditier may comprlse sllica, e.g. fumed silica. The fumed

sificaody e seHTaREABRC S ORIRaDERE Sy BENE T RSGHBY AR group o

exapie hﬁ{a!&% grgg@ﬁyda@g&d %cgm%@s:aef SOIPR @ﬁbmﬁwﬁﬁﬁt@r@a@m species to
mlxture t ereo en pondin cou
it
Sldbfe¥ Sa @? R %léilllcaafn e sg caer%a)}/l%e in tﬁ% Ras sy stna
ofﬁnmg‘ $kﬁw}whi&hh&sbvemymmmteqbrtmar§dmm§1% WwAvpe large number of

ap [eERLe %tlﬂ%t siliea-partigles Hang.a Jaras puunber el @daeelsoniihe o several
n

rface, and therefore are car%;ble of hydrogen bonci to several

EHelsGHSSof B JRFCITIE HERGR SEEIES, T S Ty SABHLT, Besurtoce
suteeg cmadifie d: silisahdvmayilaye apsinepddeupsypeptiddgrompsarl groups on

ot gﬁ fUI}CtIO@ler ﬁ% Eﬁtﬁs s QN %O the su I?%cgntg%rgbggf% ngfld{écﬁ%@hgggmlﬁer may

e SUI’ ace o e par CU ale ier may y rogen bond Ing

grb@ bs@ﬁmﬁm@awmﬁwmﬁﬁ%w%%w@w%% ﬁ&ﬁé@:%ﬁﬁg@pmws
9elr ey be tegarded ag-a ler siihanwe Ix%émmmrp@@m@ﬁmﬁﬂﬁs may be
may he used e.g. cellulose ch OFI u%h as algj ntat%hhc r|n
cHifsS4ne: a%#moaeo?hﬁ?}ﬁ%?&%@bpﬁ% ﬁ'll@d gro a%nfna1 Y
|ntrodu@Rdﬂ@mﬂdﬁyﬂhmdgdm«b&kﬂmmymbaumgm@mq@éfQ@e chemical
For ﬁk%leél?%%ﬁ ahype,;n %fa iof iR dheniBasescalalyred prior to the

con atlon EG and hydrolyzed TEOS so as to introduce amjne
base catalyzed condensation of PEG and hydrolyzed TEOS so as to mtroduce amine

functionality into the gef and thereby make it more hydrophilic. The PEG-5102 gel could
also be functionalized by various silanes. Other modifying compounds include hydroxy-
acids, monosaccharides, oligosaccharides, polysaccharides and peptides. These may be
used to modify the hydroxyl species before the formation of the gel, or may be used to
modify the gei after the hydroxyl species is combined with the silanol 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, 35, 1:2, 1:2.5,



functionality into the gel and thereby make it more hydrophilic. The
PEG-Si02 gel could also be functionalized by various silanes. Other

“mggwigg)&iompounds include hydroxy- acids, monosacchagde R RG2007/000127
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oligosaccharides, polysaccharides and peptides. These may be 30 use

to modify the hydroxyl species before the formation of the gel, or may be

used to modify the gel after the hydroxyl species is combined with the

sil&del 5@eties4THedratior of Ay drbxytatipe ciey tecsiianehspeeits Meyeibing on the
befweemmahgUsAin andaP il AR 3L MR RIS Ak

and 1:2, 1:5'and 1.3, 15 ar?ggi14 1:4 and 1@% Q:? ?P(%Eigf g § fifktion of
1:55,5002% HP45 and 1:1.5, e.g. about 1:1, 1:1.5, 3:5, 1:2.1:2.5, WO
2007/17998¥iRC TS GRRBHRAQOIRY rdiftify kidlurk:dndydie Q{gﬂta@edﬂ@g stirred,
ratjo ma othey ratio, dependin the functl nalit he s ano)
sp‘g-:-crlfe?sézéli Wﬁ (é hy fg%lsggecgfeed% %%dnlﬁﬂe c%nce %?aﬁ%}:\ HBSi N1 visually

spesresereiswihgre e tbonis minglisad rBhigltingy mixashenedyhyelititinedpreferably

e. gteﬁﬂl!r‘i‘ﬂtra@é&?rt%g% wirladi shakenispnicated £4C. dtingy B8 Pemicron fiter.
ted untll itisv ual hom&%eneous It may then be sterilised. This

‘BE%Hiy8Y Ini pRatera stsrLinshay itbamstiatinpdtigiyme other type of
ste‘mhrhsagwt.er e.g. O 45, 0.2 or 0 11 micron filter. Alternatively, or

add't'oﬁéym&m%ynpa% %t@ﬂﬁs ﬁed%%ﬁ%?g% omecp trgegltsg%%cﬁn a base, or a

sterilisation. 10 The mixture m e?% ment'm
copiseHfiairy sovrdiserthe ls%ﬂrﬁf slfdbnteasHs e the e piydroxide

The. Qmmﬁmﬁﬁdﬁrﬂe@rﬁmﬁuﬁyﬁw&%ﬂa@%ﬂmm%ﬁ%% some other

pqtass X moniym xide) or some other base. The
ustrrugﬁelﬁtal 88 (fo 4p %5’53 888&““1%;@}%1‘%&50&4%3‘ which
WHPGWIWISWSSWE@& ﬁm g@lus‘rmmdqlastmem ansapibeoth & basibplth a pH of

It Rav-be 18RMLAE hbatweer ARAHE §.ANd abeu 19,19@?%"1@ ‘Ps9m79t‘% 10 7.4,
9, 7to 10, 7.5to 10, 75t09 7t07.4, 7.1t09o0r 7.1 t0' 8, e% about
r

6.5179P £173 19 & 92 358 6. 8:57 % 71g TR07 8, 8.5, 5596, 51 AG: BTG, 8, 85,9,
mAy caude. thehsilanol meﬁe&éoﬂeﬂ@te@p@leﬂlgenwﬁ&@s@m@@&lﬁeme crosslink,
po| ise.orm n one of.these, On st Lndlng be for
e
adiatibh shb e asetasismicas mifh oo el atgﬁpémmmymgtm:oshhel@bt sufficiently

1_2 ﬁ@@ﬁlﬁxﬁﬁaﬁ hedenatieastd h‘%brs@{lcﬁh el ap%&tb% lg’aﬁ'l%?m or at least
abou OurS or abou (0]

tanﬂ é%fg% {] ? 7 61%8 2}}602@ AT (ot 0 POl B - d’r"f'@%t 1 to 36,

24 hods] dogl 8aboul d, ©1031%,13 16 48, 201153, 1B(o2, B4p 3B, BA,43 Dt B8urs, c.g.

hayes 1) amsemboglignant of the iventign et isareKslsd a process for

making a gel 25 comp I‘ISIH%
n an embodiment of fhe invention there is provided a process for making a gel

comprising;:

e hydrolysing a silane to form a silanol species, said silane having at least two
hydrolysable groups per molecule

e combining the silanol species, comprising at least two silanol groups per molecule,
and a hydrophilic hydroxy! species comprising at least two hydroxyl groups per
molecule, and

* 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:

» hydrolysing a tetraalkoxysilane in an aqueous acid to form a silano] species,



hydrolysing a silane to form a silanol species, said silane having at least

two hydrolysable groups per molecule combining the silanol species,
%hqrﬁiﬁ g,at least two silanol groups per molecule, and a@’ﬂ&?ﬁ@(ﬁ%oom

hy roxyl species comprising at least twq fiydroxyl groups per 3

molecule, and adjusting the pH to between about 6 and about 9 after the

step of combining. In another embodiment there is provided a process for

maki@g:@xﬂﬁﬂlﬁwi%iﬂgwl RyeiRl/SIRG & teiRBlOXYSIANS: IBoAhASHE A east two

acid to fg ? silan eC|es WIO 21007/(31,29991 PCT/SG2007/000127 13

comblnln‘gJ FP&E%; am%ro 8§mé}n(f%ebranched polyether comprising at

least etvadjuagldgdkylpéhdgb@mrpémmé’l avdleban@ wHtjustingethef pbhtbining.

betwean Anail; - ARd BRRH SRR IR 3R YreATRIng: R Aol %Bmpnsmg
embodiment there is growded a process for maklﬂ?ﬁa f%el comprising

5 hydrdlysiftpkseg SRsrRlReaR SRREaEsRY Fh %\%‘ﬁ&ﬁb‘fpe"le&
Specie.%erﬁﬁliﬁhmm ﬁiﬁzﬁlaqmc&ﬁeﬁtéaalﬁldr&hf@@@mmmy@ﬁmfsmg at least two
comprlsh[; at I ast{%vo hsydro lgro Ogﬁi%er mtolecule to form a
mixture, rﬂ ure, justlng i°oF te mixture to
betweeﬁﬁeab@@gﬂ@nai&mt 8 after the step of 10 combining, and
aHOWdejrh%;Hg)iM S0 stand withoutagiation fapauificianting © d88Mthe step of
the gel gel of the present invention comprises hydrophilic chains

" which cdipHER aEliative groups. As described above, these groups
can assticiategrérarsiblye Thasndhethothegraipsiarewdistoiaied; théorm the gel.
aSSOCIGﬁ%H 6flogp {ﬁe ;ﬁ%@kﬂ %E%ﬁ{ HK%‘;MI@%@ ?hl% Hllﬁclscgglngo (;mlc-ﬂh@ompnse

gel is capa e of being converted to a liquid form by application of a
MAEREYE SHERF oYt BoSTHEIbAR LY r i AL RS FEnSRos Bt Fs{dys blwss when

crggshifkpsQrR éa@mamldpmbl@smm@ﬁmlrﬁhe@ref@ﬂﬁe @bRiedustioneofel is in a

the cha al shear for low a threshold lev. eI gl}’l
’ ca% Pe Of%glm colﬁvcea h&gél, °°n"t%‘§ (geg/ersf egcros Racation of 8

Theemveerhabnamffm@elmﬁmmmrgpmmmy tedat e o€ ithe Geaboiltg orsslinks. On
andahoubE MeUL.hhetesR.akauE 305,anddh i of dinkteRRd A BRIF force to

5 minutes and 1 hour, 10 minutes and 1 hour, g minutes and 1 hogir 10s

arfF'8y riirRiekold ol the PGS, crBRlin @l Hrinsteon s othey gel. as the
anevdtibinutesiihianebomifkdesnterind dinhrulesidrd @rdg20 minusés, between

20 g?%&%%ts%%ﬁ %Q 121%11%0013 getﬁ%e (59 t Yo %ﬁdolr H%Qx?u{ 1%1(1)%1;{1% §1d5 1 hour, 5

O 25, 30, 35, 40, 45, 5 minutes or a
hd‘ﬁﬁ“@i?ﬁhﬁa? fah@urn 3 Forpiniics 1#od ! ilrﬁerséqumé’glt%ﬁa%el d@ﬁénﬁ@mﬂérﬁo minutes,

temperaturemlAifYs, 10s and 1 minute, 10 and 30s, 1 and 30 minutes, 1 and 10 minutes, 1
and 5 minutes or 5 and 20 minutes, e.g. about 10, 15, 20, 25, 30, 35, 40, 45, 50 or 535, or
about 1,2,3,4,5,6,7, 8,9, 10, 15, 20, 23, 30, 35, 40, 45, 50 or 35 minutes or about 1

25 hour, or may take more than I hour. These times may be dependent on temperature. They
may apply at a temperature 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
30 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,



may apply at a temperature of between about 10 and 30C, or between
about 10 and 20, 20 and 30 or 15 and 25C, e.g. about 10, 15, 20, 25 or
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may be at'the ends of the hydrophilic chains, or some may be a
of a hydrophilic chain and 30 some may be along the chain (i.e. not at an
end). The associative groups may be derived from a silane comprising at

B e S i o
e sllaneé may nave pe e
aﬁatwﬁeﬂy%'@gsgt% otrh ﬂb&ﬁo‘i’ééf’él%rls%e%e%né andr e? P 10- The
angdi6i gsablapeuid, reay. 62, BkelyBsil] Zr@ipd ar dtBerHreuiwyalrdbsszbid carlier.
groupsfay e Akgxpis: &[é?%ér&’rig’tgg{v%%‘%s 85 descriagigarliens, said gel
Thus in an embodiment, there is provided a gel forculturing cells, said gel
s eomipiEd rrarbiifliebams SeTeBRscTstP aebuei ST YA B erdhaleayk chains,
ofv;ﬂ;@éf&ﬁhaég}ﬁ,gi;aéage&aﬁmmatgpseaafg@%%@mﬁyva@i@% Whesielethe being
gelis ca e ng converted to a liqui application o Y
mEURSHERTShESP e RN h e R CDABb P RGeS feerebl
gelfibcing @bsencbtofisagt eticabisas vé spiforezsbimignbthear dondsodiment
there iproyided 3,063 dahchitiing ¢elisospidog! &4 GBMRHRIRGe cells, said gel
er

hydrophilic chains comprising associative groups derived from hydrolysis .
ofcetRRARIIT SRS, YOS B SRR I e SREN e g Bydrolysis of
whesetnikaid - graip sabh gragsdeinte seversibly o f\daet ehyithevgelrsrcaddbteups can
of being.converted to_a liquid application.qf a mechanical rforce. .
o e o B e B B R (0 i b
saipphicstiantanssbaritslcbeasiore awidrsgHmdch srrs gl heips Krsrated to the
PF*;;?éﬂﬁ tﬂ@%&fséﬁé’g/&%a@&af%%l%gdic'%hﬁségflﬁ}fc@_e branched pcﬂyether chains.

ey may have between,2 an endgroups qr mare, or between
10,3 o et R Ho B30 BF SO AMPOOTR, AR SY oprangeg: Ghey may
9,bd Brdribhd®@ pdiFethdy thaids, TylBag dorltrermgraups. Zhendydrgphilicnore, or
ChaUs ey it POERIROSUMOBIS GATHISE IV ARIBANTeARRNIBISs, 6,7, 5, 9,

hyger ranched ofigomers, 20 starburst dendrimers_or some, other ) .
brafchbdltriibtdfe. Fnd Gl Taf dddificiaeorhbrisEhp dtraphéimpbains may m
ensbadinenisimay waphydrogebrtmeneconisivieels apgéontaGhdd Théigomers,
cells. &%{%%%%Me?é"% b %aﬁ.é’%%r%xﬁcﬁeedr%@r?ﬁé?gsed. from the gel by
conversion of the gel to a liquid by méans of mechanical action. 25 In a
further &hsbedirmesit addiécsaProvidtepriacgeiater. clitsanty canbodangrjelit may be a
CORYRISEITt may contain cells and/or ECM. The cells and/or ECM may be capable of
being released from the gel by conversion of the gel to a liquid by means of mechanical
action.
In a further embodiment there is-provided a gel for cultwing cells, said gel
comprising:
» hydrophilic chains comprising associative groups which can associate reversibly,
e water; and
e 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



29

25

30

hydrophilic chains comprising associative groups which can associate
reversibly, water; and cells and/or ECM 30 whereby the gel is capable of

being converted to a liquid by application of a mechanical
WRé' d?agigslcapable of being converted;to the gel in the ab?é?@é%%ggﬁﬁ&%

mechanical shear force. The gel of the present invention may be suitable
for culturing cells. The gel may optionally comprise nutrients and other

reguires maler i@égamé treealin a0 M ap pavite WIB,2002/228061 in the gel, may
PCT/SG2007/000127 15 an er;glliro ment capable of sustaining cell
PRI ARG e R nf

m 1%ngel, may be released therefrom bg/
mechafieakiaciiorniousltepiovitaionrasto privivdesingceibdemn a gel the cells,

rﬁ{rﬁ rseiQ%eggéﬁsig‘a@d@sgﬁ‘oéﬁeaﬁs%z Wi ih% eehisas Jeseiibadoabeves! with

e me comprises combining the gel with a 5 liguid, and applyin
Sl R S RSP GP BB AP R B8T (R £t orm 2
sg%%@pg@mgafmliﬁ iAethigdiguid. The proportion of liquid in the
combined liquid and gel may.be, greatsr. tham. %. VLN, Fhan about
than a0 FA0 500! HO R0 L oL L o OB A Al et S Khnen b
nRaybe hetnweeratibut 250hakButio5ss; 86-abela8%0 807 255b 8o, sor 95%
20559 '%309159:% %é%aéeg/&fab‘%ﬁé% t&l@%i%@@c 35;?‘55 ,34?:@8@1895 4930, 686,%556(19280@ 50, 30
to 70 or 40 to 60%, €.9. aho , , 40, , .
76 85, 8o st e i bt oy Ble B Fuc o adth . ce
liquishmay 3 36) agUE0US lifBid0lt6haY0bEs SURIFeIhetiRiT, for Mheosatdnstances
Itrrglaa bge %r%%u“%%f MIENIR I, Wale %Tgﬁ%%ﬂﬁﬁﬂgﬂ afdhgcelisire medium
the iquialmay also comprise particles of the gel, which are formed, by lis in th
pdetishelrshtelraania s whwieny el WHEARH I Fiay %ﬂfﬁ%‘?ﬁf@?&%ﬁb&n g m e
thﬁqaﬁa%g,trﬁwﬁgﬁaf p@ﬂi{f&@s@@&hﬁwgeg_ebﬁiﬁmafe efdiened .b?rpzirété plisiniggration
comprise straining or filtering.the suspension. It .may. fo . £
cdih s‘é@%tﬁrﬁiﬁgtﬁ?é %@pg%sﬁ%%nﬁﬁ?oﬁ%%%ﬁ%&?n%%?%r% Iié%qs%t?aﬁlﬁé? ?opmw_les °
sapargtefthe pasticiesloT tie gep fran shedigeddirenee SHEHRE Geivapension. It

Y ; iselkdiametas:shmayier for@xamaple cell stainer t
gé%%;ﬂgé%%%ﬁ@%ﬁgg@ggﬂi%%@%ﬁiﬁ i wRR cell strainer to

AFSDRRE ARCPEOIIEPERE 26D ,ffi‘él&%i% ‘]%%%%@%%C%%%gérg:?g %%V??,%n Off may be
ang:200 a5ehandlLERmierohsregbaioukin2e 2801t 0he0aB01 710, 86; 5¢. 100,
90154002049 120: 100 L3108 5 G085, P10 ZAAUCKONSD and 200, 50
de‘}o5 n&mg on the hafure, particularly the size, of the cells and th s%g %
thenged fartiflesd PHE etrirng br0 MESFITS: mgy%e%&ﬁd%%téa»éﬁdg% » 70, 80, 90,
grayiy 196 Unster med siection on 0ild Tressorel 0 ardeo02hiaacceleratding on the
th%s?;&rse??agxeﬁggl;?}% ?#esggasé?%%hggﬂg angnéc’tgiaz@ &F %refg'é rparticles. The straining or
filtering may be conducted under gravity, or under mild suction or mild pressure in order
to accelerate the passage of the suspension through the strainer or filter.

One embodiment of the gel of the present invention comprises polyethylene giycol
combined with a hiydrolysed silane. This ise referred to herein as “PREG-5i0,”, although it
should be recognised that the structure of the hydrolysed silane may comprise silica-like
structures, orthosilicic acid like structures and other structures as described earlier.

Tn accordance with this embodiment the inventors have developed a polymer-silica
composite gel with mechanically reversible rheological 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 tetraethylorthosilicate (TEOS),

which resulied in a condensed PEG-SiO; network. The PEG-SiO, gel has a unique



One embodiment of the gel of the present invention comprises

polyethylene glycol combined with a hydrolysed silane. This ise referred

Qiﬁ%’%?%%ﬁ 'PEG-Si02", although it should be recognised ylartréﬁ%mmm)m
fCtre of the hydrolysed silane may cqgprise silica-like structures,

orthosilicic acid like structures and other structures as described earlier.

30 In accordance with this embodiment the inventors have developed a

pqiwpartﬁsiﬂtaemwmgmtgﬂi thme@maﬂ&al%éﬁw@&l tia:eﬂk@mqak ligands and

pr&’aﬁ”ﬂf %efo S'Onﬁﬁb toDr S ?” uIturgla}nd tls%j Ine%rsnghe liquid-gel
his gel was orm ase- ca yZG ac Ion een

pdiyélrrgn@ﬁe W@l@@@%a}hymémgma@tmmﬂmmm@@re@ssygbust and

wlarashgegﬁuegdra @&91@@1@@%@%&&% Bipetwarks TG y%’t?%ﬂﬁ's%ugh for
$00127 16 property 0

(}T é’lag07/129991 T/ISG2 g)}g
R ST PR ALS ReFEaS I EHV ST (HRetet oA RSP GER L Dijiect over
ceﬁeﬂlmggeadrﬂcecﬁ Wﬂvaﬂtatﬁéstﬁsfﬂﬁ@.lmf@\a@ﬁﬂ&rgﬂaﬂait@fo@éﬂ}ln’lﬂiﬁSPEG-SIOQ

Thﬁapq ge%ﬂvl‘?&%%?c%t&%ﬁ%?g ﬁnli?rﬁ% %le%cy o &El%gdg rgset into éi gelina

composrtlon The gel was robust and strong, and co up an

mahfpuegetol trasimsormrle yéﬁ‘ﬁé%‘i}geénough for s cell culture media,
nutrientsiangegasesata diftu %@ﬁfd&ﬂl G{ilﬁrc@ébﬂﬂ\lﬁ'@'@%féﬁﬁéﬁslﬁﬂaﬁl\/ @ﬁesenchymal

0 'e|')r(1|§tm M Dceqll%gult(lil |ts u eél rsrblg a% i%?r%@ope ct%rtammg
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adifeB, bm@es@nﬁtmm@dtahthlssl"rﬁ&@p@zgabfmm:aa,—fdmemmpnl@;a)fe\meﬂ growth.
mt@@@%s LiY8s %?%ﬁé’%&r’ﬁgrﬁzgn@%ﬂ%g NGLOSGAPYsHavE H‘Q{&%?%re osteoblastic

an mesen ymal_ 10 stem cell ) survival and 3-D spreadin
aﬁ?é | éréf‘ekTﬁﬁpee g2 el Y Contain iRy SRB DGariid: ceﬁinmﬁr%%éfmrpmed
thisiPEEISi0 2rgehis PONEaxe ﬁ@d ainHsicelgrowtb uﬁ@@ ligw@faction property

mgpﬁlé ege g’éftﬁl% &%ﬁnﬁ & [90 g R%%}SMR% 3{%'- 3 Jtﬁo trrﬁasm zat1c{ HS at the end

pre-ost astic c e via I|

w@ﬁdh@.ﬁ@é@ém@hmeémrm @Hﬁtﬁ? (E@M)m@@m}aﬁ@sbaﬁﬂcsmdaime can be

Dld@d@it%dmlﬂﬁ% Hgiafastiom iaRe-I$af thegphafthe 1&%’@@&5‘9[} ?@Uﬁiease the
cou FSa ed without trypsinization ﬂ-gﬁs at the end of the cell

cuci?u rse gx BhaTctie RHUGTATET SHUYAh SEEHHrS raRls Aid Goivlderiso be
addetstaddydntleragitatibnedditicaute PBGSI disimtadratedrrerelr sinliitbe casily

releasso b celsacalbaggregales o 1%&9@ f%trlrﬁébr&%%%{“on I USHHES £ specific

and ECM could also be harvested in this manner. In a
L &5 gel was bioinert, and could be easily 20 functionalized with the

deS|redIliyn|iye ofliganehfomthataghasiaranansignatiogsobapeciiiesiB®)| gelation. The
types .Thus, the prese trnve lon is based on t ro eversi

o T SRR VB8 W e,
reeﬁiabnehh@bﬁwsiftvmrd@p Waalbﬁfemtéeeaahdlusﬁw@m@ve@bmwmméf available

anyrshemicaFeackiens Gampaatiie sRRmeRalyoavalabifique reversible gelation
property. It is liquefied when vortexed to allow ligands and cells to be added, but is able
to reset into a gel in a short space of time, e.g. several minutes. The liguid-gel setting time
may be tailored by varying the composition of the PEG-SiO; gel, which is manipulated in
advance during the manufacturing process. At the end of the cell culture experiment, the
culture media or phosphate-buffered saline can be added, and gentle agitation will cause

the gel to disintegrate irreversibly to release the cells, cell aggregates or tissue structures.
The gel of the present invention may be marketed in the form of 2 preformed gel,

unlike most existing systems which are marketed in the form of liquid precursors. It is



25 3-D cell culture systems, the gel of the present invention has a unique
reversible gelation property. It is liquefied when vortexed to allow ligands

w%nz%oqﬂk%}% be added, but is able to reset into a gel in a shg&?w%mﬂ
e tailored by
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time, e.g. several minutes. The liquid-ge} getting time may
varying the composition of the PEG-Si02 gel, which is manipulated in
advance during the manufacturing process. At the end of the cell culture
expeanenént, ther@0sindétutiee padiadr siinpbp hatelusfigre dosaitig cshthe gel prior to
a%ﬁﬂzgacﬂg (’%ﬁr&q\%@% 'pn will cause the gel to disintegrate irreversibly

ells,

to release the c cell aggregates or tissue structures. The gel of the

presentihiEngdrepmpraindikEiead$ife rmmatrelsrmesien thelwemmalian

[Ppﬁ?ﬁ&%%ﬁégﬁé%st%g%ﬂ@g%? af e%%l%lkoﬁé?l%tgi‘rﬂ%‘%ﬁ@f@ Qfﬁié}ﬁ@iﬂéegﬁﬁﬁfﬁn in an
is convenient to use since,

T BIOTSERTA S5 Ol UL B eRG A G p BP0 ORI eral. sch

cetb M@@’@a‘s@noﬁsghe_’@eﬂecb wheretgsHESsnutSiQ2(cate hdilngitslailynponent

PRSI MAMMARY RBXRINAh RO AL IEIID FEIRLIBEIR!MMhas boen

cells to differentiate or remain in an s undifferentiated state. This Is

diffERtRcH B garogERVR AR biBI sgltaacmaterall, lsadh s imatifGapiation into
cajtageradty phith whele sighatiidgsaubnrisdtenie thebislgpeabLampaneiiure was
m cur, and would vary depending on th e of stem.cell. For .

R L R e R O R gpappotomin

le Rlestesn sndiffevkish diemcinly costeobtessmiprhioh wastttnirebfaimetesirable
outcomg ¥ihgoRy oS RfiD 8 cRIRUHIY e ME A0 RN SIRMG} £ARRRS I molecular

Thus, the gel presented herein provides an inert theological platform

upBITRAHERS HIBERN RS SN rheed o mrE W stonPEY MEHRSHORS: induced by
preﬂﬂisi&@ maﬁtipemhechsg@h@g@laﬁmﬁqohmgmermm ha_sed(ﬁmn contrast,
m | olvi a [ .. .

e R S BB A TR SR IR B o g
StFERGEPBIATE Gelpréchrserng dbimusiconenetisiigensysientisiasty material

ONABdXEIFORY DB EYRN Sibie e DN gliae-lifig el Reiin Ge Mg O Dean cause
tai oretglﬁt%f 1sin? di;ftergnt oncet trati nZI%gP G-tSiOZt,in the material. ible. Thi
Additfon Ot & EUHEenRt UAITTY O 6aﬁ?§ﬁ‘i UitGFE HEHA Rl ey greversioe. 1us
aghenidrizsaitvause htneegolg o tisimby retteciones| ead E(Hd. cBlils. Fiiwe ‘liquefaction

di%l%}%@ﬁ?t&'i&lﬁ‘ﬁ)ﬁobﬁmﬁé’&fsﬂ@'_ﬁc Hhus,Jveuldifasilitote thehafvesting of
cellular_structures and ECM. This unigue ‘liquefaction 20 property' could

also allSRF GG e FhSeBh 68 SRABELHETFRIGR. TRPEeR &g cel
meyelegpehialbnatinaetive fﬁﬂ@&pﬁﬁ&ﬂb mmétﬁﬂpﬁ@b@eghﬂQ@g}/ maintain
g8 gL A 0 B B S PR o
thEFITIE0H B SHeHERENAIsigRlS Ham taIAtPRITE | 8al amwHigoibAlossmfe particular
orderelgerih@ana@PAIICII& PEG and SiO, are not naturally present in the mammalian
physiology, the PEG-Si0; gel is not likely to signal for either the differentiated or
undifferentiated state. This would be in contrast to gels derived from biological materials,
such as collagen Type 1 or Maitrigel, which would almost certainly affect the stem cell
culture depending on the cell type. The ease of functionalization of PEG and Si0; would
faciiitate the further development and modification of the PEG-SiO; system. The
introduction of multiple ligands would lead to a multifunctional gel, where the signals for
stem cell proliferation and differentiation could be provided in 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.
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25 differentiation pathway. Since PEG and SiO2 are not naturally present
in the mammalian physiology, the PEG-SIO2 gel is not likely to signal for

%itﬂ}%r !tlgegglifferentiated or undifferentiated state. This woul Si?zﬁ@ﬁ&gﬁﬁt-,
to'gels derived from biological materials,; guch as collagen Type T or
18

Matrigel, which would almost certainly affect the stem cell culture

depending on the cell type. The ease of functionalization of PEG and SiO2
would 3théagititate tbectitbe s deveippn enitarlbodiicatiniof tBersible gel might
PEG-SIO2 system, The. introductign of multiple ligands would lead to a .
oL Bl R ACCS AR T A o SRCPAR i et el s
diffesehgatiBREoi. behstosst cdmpesitont olied enshiepinadd-for the mechanically

eNFORMRHheb S MO t.ansaluable tool for therapeutic tissue
engineering,,fas well as for hasic investigations of stem cell biology. WO

2007/1 2BenF SEHHHHEL O 7S B PHE JarPR B of
“rhreob@ycetinivtiedoneelt hianic altyneeyersiblergedighs; be widely applied

for, 3- I t Nhile in some embodiments the present gel. |

el B A A UEE e I BV A TSR dor cancer
mechisfeaty (pa/ensitils e BiggRa propemdeavalenmen A sytielationy fissting, or
the mgigiuBaRéiberpiasarbinyention include:  3-D cell culture for cell
Iinnes,&)rimar ceIIsI or gteﬁn.cells; cells could he grown jn three d on of
dimenSions RS Tastee XM VG Hidets Y8 oﬁc%? PREDSFERESY MBtRgtion ©
of met'asuas?sﬁ drgagl_ﬁevelopment a_md cytoto_xici_ty testin_g, or high-content

dryg SereeRifgiie: Us3UaBRGINCEFINg] Dot %@r%ﬂﬂ&éﬁb}{é‘,’oiﬁorcﬁh??ncﬁon with

engineering and regeneration of tissues and organs; as a substrate for
imagifBPBreehelif®hree dimensions, in conjunction with

imenufelpiedtitag, faydpaigenningelkive b ganthimolding 069l intesyD

shapes (.9, tu 2}‘ Is_for use.in,cr eservation of cells and tissues
Exam%l%gsghﬂla%gﬁ) se Anc %)fgt o%ﬁsﬂ:ﬁ'%gegélrsesggsnt experiment used 4-armed
PEGamMey\W about 2000, with equal length arms in which the arms are
jomeddnapeniaanshyirl C(CH20H)4. The 4-arm PEG was 20 sterile

filtered h a 0.45-m filter, rt ith fumed silica (ES, .

Caboe R T PO AR CE G DT A S g ength
loadings ofifils fi0:amd 45 jeitdvbereasedy FEOSUAR Yol hediaym PEG was
volexing ity QM acelic agic (T d@i_ﬁ?g&%@%ﬂf%@&ﬂﬁ%@fﬁ%ﬂsﬂ M5,

1 h or until a single phase was obtaine

Sigma, USA) until a homogeneous mixture was obtained. FS loadings of 0, 3, 10 and 15
wt% were used. TEOS was hydrolyzed by vortexing with 0.15 M acetic acid
{(TEOS:acetic acid = 1:9 by volume) for 1 h or until a single phase was obtained, The
hydrolyzed TEOS solution was added to 4-arm PEG-FS (TEOS:PEG =1 : 2.09 by moles)
at a volume ratio of 3:5, and vortexed until homogeneous. The mixture was sterile filtered
through a 0.20 or 0.45um filter for cell culture experiments. Ammonia selution (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 coversiip).
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hydrolyzed TEOS solution was added to 4-arm PEG-FS (TEOS:PEG =1 :
2.09 by moles) 25 at a volume ratio of 3:5, and vortexed until
us. The mixture was sterile filtered through a 0 r
ﬁter %r% %2’1 culture experiments. Ammonia solution (25-35% v%ggoad@a %127
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
defasizeshwatgruvstindie @@Eﬂﬂkﬂﬁ@@i@mmwﬂoi@mm RMONE min). The

eth ol befoT The for(rﬂ% a 3%%%%ulate l{sPensmn in water,

WhIC v?/asescsz?) y cen?rl?aglng 5t°5 or cell culture, the

gel wa&ﬂuswvénes@maﬁrmduﬂl"s’féﬁé sgaiirssponsisasdtie ql@egp@ctme the silica
mgéi'%‘ﬂﬁéﬂ@?ﬁ@@@&%ﬁ%ﬂ? geLwibos {5 AlopsedRkamichydrated PEG-
wa

rse the cells. The ge s diluted wit to 20% of cell suspension
oy ohle PHERGTe 61 WEN SHRECI R e L et THge o minimarn
culbeee viease(we. fraskepdtn didHiquidowensiiyn WQ\?MDK&UIE@Q&M& gel transition

P H:%Gﬁoc%ﬁ/eo é?(%‘g Zen%%ﬁhikﬁ%%ﬁe%y lg%%%sm? E"cdm?%?ﬂenthg was the

WaSteset (i.6. In 1-15 min). The culture vessel en transferred

th@@@%ﬁt%‘iﬁ%ﬂjﬁ%fo%r?éﬁiﬁlaﬁ%ﬂﬁlﬁaﬂiﬁ%és(ﬁq Ry Spebiueidepyel before

was]usad tecoharmeterizerthe milicxioel Jarmad hydhaibeaessalalyzes cell culture
elat n of% rrcl)l zedT OS, and the dehydrated PEG- S SiO2 gel. The

wgs‘%gj c’f@’d %6 rheologlcal tests to determine the
e 20 L reh tEEfition, as well as the

i og {ﬁéfﬁ&gﬁbégw%ﬂﬁl}xﬁﬂéwm #E@%%&Eé%é&@@‘i&%%ﬁ chloride by

The liquid transition time was the maximum working time for t

adHi‘ﬁ'&HP&}f Kohebstiutions Tdeands grainisssmg serne oyt 8@&%&61 to the
agativatdie Rizfa-8i02, geduias dlsaldilgted Wg%@-ﬁ@%ﬁ@&”ébﬁﬁhWEE@ This ligand-

d h d tnquid-gel le 1:
PSP LS, P PSSRy

coﬁﬁ@ﬁe@ddb%&ftﬁf%ﬁegﬂqah@ﬁdéwym&lé(gphfﬁmwb@tlﬁﬁmrﬁ Bagands

nglﬁziﬁgﬂg Wmﬁ@p@@could then be coupled to the activated 4-arm

B B R AT 0P RER 05 0 BAOHRLT A RFR i chlorde-

arad;tmmcblﬂ'mnh AEO&satiskthedkhivaisrimtie dsedtblChtalyz eothee gidr coupling of

Q&'t%@e( %56(53999@%% ?%ﬁuﬁgrﬁ] C&igﬂ[ﬁ %%:ﬁ'gs = ggﬁd\ﬁ?&v d in 15 mL of

ctivated with tresyl chloride using stan

AR BArh PR dHesBR Mo PhiwsHChisHseactisated 4-am
meﬂsrw&éd m@a&asﬁ@geﬁigam@l maslétaésg i 22 h at 4° C and stored at 4° C. For

I- amln act 15 mL of pH. 8.5

B e R B R o e B e D s mr
was BHcﬁeﬁPﬁSeTedcﬂ@ﬁm&ﬁméaﬁqgﬁgtmmbmﬂz ¢f seyCrhivdidtadtvated 4-arm
4 6 as added.

Example 2: Introduction of RGD and Heparin via Thiol Addition
For PEG-VS route: PEG-VS (polyethyleneglycol-vinyl sulfone) (8.62 mg/ml) was
combined with RGD (1 mg/ml) in a ratio of 9 ; 1 by volume. This PEG-VS-RGD mixture
- was then combined with cysteine-heparin (33.2 mg/ml) in a ratio of 7:6 by volume.
For MAL-PEG-MAL route: MAL-PEG-MAL (maleimide-polyethyleneglycol-
maleimide) (10.8 mg/ml) was combined with RGD (4mg/mi) 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.



coupling of RGD (arg-gly-asp) ligand,.75 gL of RGD solution was
dissolved in 1.425 mL of pH 8.5 PBS. To 1.5 mL of the latter solution, 1

r chlonde activated 4-arm 25 PEG was added. E}@E E% ;
Int Ugj&c%t'%n of RGD and Heparin via Thigj Addition For PE %ou‘t?g?%n’]

PEG-VS. (polyethyleneglycol-vinyl sulfone) (8.62 mg/ml) was combined
with RGD (1 mg/ml) in a ratio of 9: 1 by volume. This PEG-VS-RGD
mixtured-amas Piich ¢ rabvad G aysttire-heparid (ﬁ&a?cm@iﬁa)hbp@:imﬁﬁd a thiol-

AT AR AR e

wmw@@eém mm;nﬁdaf &m@ﬁmhwdmm@drﬁms at a volume fraction of up
“4%?%%@%&%%&&%1’6@@4@%95& 'M&W%GH gt b/%_}éégégk@e:félﬂ'ﬂﬁ'@(yl groups
m ume
’ %@%%18 /%’ﬁd[f d%ﬁ‘eﬁ)é?g?ﬁ"é & DEAY B EEMEL Was reacted
pid BIGaRtavhing RGD peptide,
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with unmodified 4-arm PEG and hydr at a volume ion o

ugF628 896 Bsisire o tion & ih &%Q&bwag@tmmw dhmaislss@MSF) and
the. Mf@d&&@fﬂ%@&ﬁ;{m@@m@ llmﬁtﬁevﬁ@tm& fmﬁ}s@ foomyng YaB0@kt had been
networ F X ncorporation 0

0 g)a‘:%ncﬂss 2o Ia?% T neAvsgs iSO e aé%ggi%l %{3 ogrﬁ‘k/tgg)gsa%{%ﬁw was
htéh@zwmr@ﬂ@fﬁ/fcar@mgﬂ@ﬁl@f@nﬁm oiphiahy Thethehe svdfotephdhedriiel suspended

(PAMRE 808 LDV AL RCRARLE 1) RELS ARLARLHS WRSHSRE H M6 the gel, the
Mo%?ﬁ? cells é%ag had @ en to own to confluency for 1 week. A solution

MG PP DRASE Farit HORSE k. B PRSI PERoYOmes! were
geadéud roatieaEdvie (EﬂMcWéSfdmaahédoaﬁhﬁin}dWéﬁd’etﬂslf@l@)el(mﬂeﬁsultmg

V\I,@% l&g't t e 3

N \e/v%}sggelleted agt%gggrég gf mméigfi%%_gﬁf Ju c 5@?@ é%gg cells in
gde/\HE[ré’f SEH SHRS RO ECIE (@m&q@w&% al1o0es) Aqqumwrgaém tituration in
dlshmaimd&&uﬁs@ﬂé@t§tasmgﬁ waasz\m%neﬂée OkFRIN A NHBAM-MEM tissue
dIS& rsion. For ceII Cc {{re 4 5x 1% As méﬁ ggL of cell suspenéﬁ b
were |sperslf-:‘ld“|re gfellﬁv HE R FSHBUmed (P gubator at
traiSarr&d0a coverslip in a 24-well plate. After 5-15 min, a-MEM tissue

» Culturegnediawereadded tofhewel]. ﬁ@%ﬁ%&?ﬁeﬁ% [eidrRed é%éb%loz gels
|ncu ator at 37C, 5% CO2, 20 In gfsg]eral cells were cultured in the R

Es%ﬁl%mf?éadpﬂe’@;f@ézva efpig E@WW&&@@H&Y@@@&@W&
6 i i dilikatreduction of

RGD '—t&ﬁ&%? %%M%Q&“ﬁ Hsrpnegdal%ﬂl%% l?}?ﬁl‘u'ua‘choz»(ymlane (APTR) so as to replace the

tree OH groups on fumed silica (Figure 7(i)) with NH, groups (Figure 7(ii}). Ligands

25 such as RGD were then coupled to the modified fumed silica wusing N-
hydroxysuceinimide polyethylene glycol maleimidyl (NHS-PEG-MAL) (Figure 7(iii)).
5.25 mg of the NHy-modified FS were added to a solution 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

30 in 50 pL of RGD solution (1 mg/mL), 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 uL of deionized water, and centrifuged at 4000 rpm for 10

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



FS was first modified using aminopropyltriethoxysilane (APTS) so as to
replace the free OH groups on fumed silica (Figure 7(i)) with NH2 groups
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ilica using N hydroxysuccinimide; polyethylene glycol maleimidyl
(NHS-PEG-MAL) (Figure 7(iii)). 5.25 mg of the NH2-modified FS were
added to a solution of NHS-PEG-MAL (3.3 mg/mL) in pH 6 sodium
pHdsphedteptustter aadd-¢heifapdive vwas vasexestios2th obhen raactiginatant RGD
s ' r rpm.for 10 min. The pellet wa
o e R g B Gt e
TREREBEehEeRPherthb Y ukitasdntamembierd tvpemaleith REORGBentrations

Sitian) Was nReasid ethasingdhetied Mimtain AssRultidRieWeround RGD (in
Rockﬁ%d IL). ]’-é% ?}315 th(i]r‘?.ar icles with adsorbed RGD, the pellet was .
redftSpersed in SPaSTONOBY Wl PR RIS EE fifl R CarieBB Pipiherapiigl RGD
maehTndratiqe Mz arsuRGEE cbowentr fticieweasfféasured and reported as

the fikst Ve pIQR:&RA7/129991 PCT/SG2007/000127 21 The

redispersion and centrifugation steps were repeated to obtain the

supernSEARaRE P Lo elise A rvmibadasceria wed anldigmehdydmheed TEOS
pegm@mge),ombmr%f%pg%ﬁaw@dmﬁsa wmq%msgpbtm?mm?ﬁ and 2800—
S ctlngt C nea su tant ( concentrations. . for the.first,

sg)?ggof and’ %%Pdlqv%s}! egﬁfnﬁﬁg%%&nggn r iéﬁ“&%&ﬁ??&‘ﬁ‘éﬂé' Rﬁi{s’we 4b). Both
eqamblss phanied RED petlsion) tarwidnprosbetbussaecotintduyestioth@60 cm™ and

intkyoRABBY cantenttationsdheiesulis aLe shoawp g}&B&T@% 49 dnd si-0-8i
Resul(itfganf gﬁcusgon Compared to the silica gel from the

bASSHPEI Y& §Btation of hydrolyzed TEOS (Figure 4a), the PEG-SiO2

gel had addited asbiRafdakS &t 8A0HILBGDM aildahehb2800ndaiBE0PEMSIO, gels
attd 0 4- ' Jespectively (Figure 4b).
i T R R R
thevgfieaisaibnposis Bsoassogonsiient ditforontietdimgllt fFse stlarwith higher
gresspenE bR L HENdaOmSnsieetehing: (199danrddaldyerdeads cultured in

assays.qf h n the RGD- and arin-modified PEG-SIO2 gels 15
Ao R it R RS A S

(Frgtire 5a KE'¢e et Within the gels, indicating
that th&Gdsisnlates suficientiysdoveilss(fel jamadimatsantidiffusicdetoathieh source

CeliSmifs gebsWiibshiah & LANCRRALALIONS Af BRI 9RRES PEOMAL D EG.-Si0, gel
grealtié 3-D_cell spreadln%. The cells cultured in gels without RGD ligands

I ZGEH RATRIE e e Pl Slnlrsitategtirann SulbGréaen e idethfmsacessability of
primaiprtee! ) waoteda theh SeUEEM2ROimATXNeleties ENdramth could be

D (G108 16 S G 0 8L YO RS oo
Subsequent separation of the ECM was prevented by the increasing viscosity of the gel.
MC-3T3 cells that were culiured in the gel maintained their viability (Figures 5f-g).

Rheology studies confirmed that the PEG-Si0; gel has a mechanically reversible
gel-liquid-gel property when subjected to on-off cyclic shear stress (Figure 6b). There
existed a minimum shear stress (tm) for the gel to liquefy (Figure 6a). There was also a
minimum time required for Hquid-gel transition (Tliquig-ge1) after removing the shear stress,
Both Ty and Tiiquia-ees could be adjusted by diluting the PEG-8i0s gel with 0-20% cell
culture media (see Figure 6¢). Dilution with > 20% cell culture media was not
recommended as this would cause the PEG-8iO, gel to lese its mechanically reversible

property.



the latter. It was shown that the ECM isolated from an MC-3T3 cell line
could be uniformly dispersed in the PEG-Si02 gel by simply vortexing for

W%é?ﬁoﬁ gggilod of time. Subsequent separation of the ECM Was ot \{SBB%EJY;
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€ increasing viscosity of the gel. 25/4C-3T3 cells that were cultured
in the gel maintained their viability (Figures 5f g). Rheology studies
confirmed that the PEG-SiO2 gel has a mechanically reversible
gel-liquithgREQGrS ey hrmvivdatisn biectéiskdderrinfheyclieishe anstraas degul @latform
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mechanically reversible gel would greatly facilitate 3-D cell culture and
fundamental studies of cell behavior in a more biologically relevant

envwoér;@%%qt. WQ 2007/129991'P'CT/SGZQO‘7/0001.27 23 %@f@éi&)‘ﬁ%ﬁﬂ 127
6cesstor making a gel comprising corag)lnlng a silanol species

comprising at least two silanol groups per molecule and a hydrophilic
hydroxyl species comprising at least two hydroxyl groups per molecule, s
2. dagprocess of claim 1 further comprising the step of hydrolysing a

silane to form the silanfl s.pe;lc!ieso,F said silane having at least two

hydrolySable’grBiiETetn . 3. §9eBrBREE0D WRIRIS G R Siittge species
silemaedingriséss tetradalhodysitams. pér Tidepricass efaiyophdiohethingl species

1 It IS ining the hydrophilic
hylégJ ﬁo%%é&ggagzggé \}\‘/:%?glg]aﬁ %%ﬁ%gggﬁo&%ig&%ﬁo the steyp of toI | ) )
combinfng thESiRipesSs 98 Gleiviiumben pereaing ditedens of hdpplysing apilane to

anyenGhotitaiNsdowherRia Mareaticulaie eciieLSaroRESEs dtomther molecule.
silica. 6 Theﬂ{rocess offa of clai 0 5 additionally risin

.0 1] 0
wdiustin the RS BRI AEO B P SHED he st e ane
combinthg. i Fileecpsodeny afmanyl etmngf ¢lainisadditiGellyeseinpieng the step of

hyéilﬁ%}l’ﬁiﬁ BHSS COHRMISERIREY SR 3 ARELO VTN SRRHRS Por to the step of

molecule, 8. The pracess of any one of claims 1 to 7 wherein at least two

of PP HYBBIA sTrptisesRe BB RsBf G oups of the molecule.
9. The proceBheqirasyysasfeand oladras claiem 8 wihersiin ifeephydidxyl mpéaifies dsmprises
a 1{_](I)nbéat‘lched chain species. 10. The process of any one of claims 1 to 9

= 1C8, . . .
wherein ?lheahydroxyl species comprises a polyether chain. 11. Agel
made b thehopessssfoaaypraopE NS 10 0. atditiangdyfepaptisiggdjusting the

-CalipisampEsinhvidraphilisoehains.commBrsing Rssaaiative 25 groups

which can associate rever, iblg, wher%bag the gil IS cf)a %ble_of eirltl%,dj . .
convertéd to HliAIREEEY Sppicatibh 8t SHBthaniRaP SHEEF B aheitfey! species
ligendhjsicepiadttecaf Beinigl (Chyrrerteldetoutbrepgehinithelabsence of said

mechanjcal %%%?Jré%%oﬂ%&r B985 Qlialaim 12 aaaiianally. compsiging @hydroxyl
particulate modifier. 14. Them%gr of claim 13 wherein the particulate

mEERHES BorAPHESLRIHR 8tF STEEOWY 5t HRPEEIEF any one of claims 12 to
14 whegein thpeassReiatbeagiobRs eRIAMNEIrabIS wherein the hydroxyl species is a

branched chain species.

10. The process of any one of claims ! to 9 wherein the hydroxyl species
comprises a polyether chain.

11. A gel made by the process of any one of claims 1 to 10.

12. A gel for culturing cells comprising hydrophilic chains comprising associative
groups which can associate reversibly, whereby the gel is capable of being converted to a
liquid by application of ‘a mechanical shear force and the liguid 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.



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

lecule. 17. The gel of claim 16 wherein the associative g
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comprise silanol groups. WO 2007/12992941 PCT/SG2007/0
The gel of claim 16 or claim 17 wherein the silane is a tetraaikoxysilane.
19. The gel of any one of claims 12 to 18 wherein the hydrophilic chains

are polyethet,chaing o2 ke gakahanuare.of Gl d % PrdSukereilane.
the hydrophilic ¢

ains are 5 brapched. 21. The gel of any one of claims | |,
12 to 28°additiSn&h %?ﬁﬁr?éﬁﬁ@ﬁrf%@w .ﬁé%&%f%ﬂf%%ﬁf%ﬁ}h%s%fﬁ are
topdlyesiadel dhalrgontaining cells and/or ECM. 23. Use of a gel according to

f clai _ ltwring Gells. 24. thogf TR
o o AR 42 A0 5 34 A i

coABadg the cells and said method comprising: combining the gel with
a liquidy gndTapplyipmksydicentmeshanicalshentiadne camphingdigeid

and gel 1o form a suspension of the cells in the liquid. 25. The method of

i 2l 45 8 R PR AL e S B B AR B o EOM.
claim 223or dlaiw26gaiverenditizetippop orttort ofdiopgidllitothe foomlbimeg cells.

liquid .a@ﬁj. geﬁﬁﬁ@ﬁ%@%ﬂ@&@ﬁ&%ﬁ?%ﬂ{\ﬁ _geﬁ'd%cm@fﬂdé’@ofgﬁy olne of claims 11 to

incorporating a substance into a gel comprising: providing a ge

accordingth ARPENeHIEIsTHs2ad st 29t HOMBrsitcient mechanical
sheantecsaiishgf it gehwett sheygidl into a liquid; 20 combining the liquid

with the substance; and allowing the liquid tg stand.with, insufficient
mech%ﬁpé’g%ﬁeg% o ain glcrilllv %Pﬁggﬁiagﬁfc%ﬂigf) fg?esﬁ |c?érrl1%étir%%u%rafﬁge ﬁaluftg form a
to revert fespegeipd, tihecHsdthidd Beidim 27 wherein the substance

comprises ceis andign FMiRndRnRtainsiRnes stheuspalaculirs with
blologlc:%l.fu Df(gtlaor?lét%%d of claim 24 or claim 25 wherein the proportion of liquid in the
combined liquid and gel is greater than about 25% v/v.
27. A method for incorporating a substance into a gel comprising:
¢ providing a gel according to any one of claims 11 to 22;
¢ applying sufficient mechanical shear to said gel to convert the gel into a liguid;
s combining the liquid with the substance; and
¢ 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.



