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25 There is a need to provide inproved cell culture systens in which
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30  Cell culture systems are known in the art and have been available to the skilled person for
many years. Cell culture typically involves the growth of cells in monolayer culture under
sterile conditions in closed cell culture vessels. More recently cell culture systems have

been developed that provide means by which cells can be cultured in 3 dimensions to



vari es between 14 %ww and 15 4w w) and the addition of the
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styrene, divinyl benzene and a surfactant, for example Span 80 sorbitan monooleate. In’

addition, the rigidity of the polymer formed during processing of the polyHIPE may be
25  affected by the inclusion of a monomer such as 2-ethylhexyl acrylate. The process for the
formation of polyHIPE from an emulsion is initiated by the addition of a catalyst such as

ammonium persulphate.

The processes for the manufacture of polyHIPEs in WO00/34454, W02004/005355 and
30  'WO02004/004880 describe various conditions for the formation polymers. For example,
styrene concentration can vary from 15 %(w/w) to 78 % (w/w); surfactant concentration
varies between 14 %(w/w) and 15 %(w/w) and the addition of the monomer 2-ethylhexyl

acrylate varies between 60 %{(w/w) and 62 %(w/w). Moreover, the disclosures in these



materials is significantly inproved conpared to the growth of cells
on conventional 2- dinensional tissue culture plastic. In a further
preferred B@F8I/REME of the invention said substrate cobfpVFBE7/1464
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conprises a plu of settioned mcrocellular polyneric materia
wherein said se@@nlmgmwate@mdum@rﬁndﬂr@gmnmm ck; preferably said
sections are approxi mately 500-750 m crons thi ck. More preferably
still said sections are 100-200 mcrons thick. 5 1n a preferred
embodi ment of Acteedingiip@npspert of diednveation therd is proeided del cnlaure subsigle Gogmprising
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Pore volume is defined as the fraction of the total volume of the material that is comprised

of pores, and is determined by the droplet fraction of the parent emulsion.
25 Inapreferred embodiment of the invention said pore volume is about 90%.

We have determined that membranes of microcellular polymeric material with a pore
volume of about 90% are a surprisingly effective substrate for cell growth. We have
demonstrated that cell adherence, proliferation and function are significantly affected by
30 the structure of the polymeric material. The cells adhere better to 90% porosity materials
and proliferate well and show enhanced function over cells grown on polymeric materials
with different porosities (for example, 95% pore volume). Furthermore, we have

demonstrated that the proliferation and function of cells grown on 90% polymeric



10 In an alternative preferred enbodi nent of the invention said cell
culture substrate conprises a plurality of sectioned mcrocellular

pol yneri c watzeriaizssherein said sections are 50-150 m mcammmmk:m
preferably said sections are approximately 120 microns thick.
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enbodi ment of diniensi¢nalgssed cohturs plagliccel | cul ture substrate conprises a
further organic nmononmer. 20 In a preferred enbodi nent of the
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of : N-butyl nintafadhey pefeeed embrdinent ofﬂteﬁmmidnaaié suhstymb civgxigds ahgdryphabie,
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been nodified by the provision of a coating that facilitates the

attachnent, O|If nand/ differentjation. of cells, atta edto
the surface. 1B amelm %ﬁ dimisat o isoyerion saisk BEioBhYiR, lertamsr, isgupade 45t
nodi fi cation dogcehb@ncmroq;y@%(m) of a proteinaceous coati ng. In a

preferred enbodi nent of the invention said proteinaceous coaling
conpri ses’®t | east one nolecule selected fromthe group consi sting

of : lam nin, mal prafAtd chBidifen@oPine Iﬁ@htionlbgldsdl%@ﬂﬁﬁ $ delosted Minr the eloup
fibronectin, non-collagen based peptide matrices. An exanpl e of such

a non- col | ageensigpgat: gfyihgst ﬁ‘ﬁi’li"tF’)P‘h“EYl mylatraRd -heppkacylate. " |y an
alternative preferred enbodi ment of the invention said proteinaceous
coating 15 conprises polél am no acid coatin Pol y-am ng aci ds_have

properties tHat2 meﬁqr@d;ﬁﬂw g ofhe mﬁfeﬁ&rlﬁa@uaaﬁt%ﬁrdﬁ erstyhesyl \asiviste-

cel I's canygt tﬁ@f@raemmarzcemym’g}l Yorfie ROprd it S& e SRR PAM BBYSWAL);
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i ncl ude poly H_efg‘ﬁblﬁ Qrf:@lyaaﬁ:éyl ﬁqulye is provided at about 30% (w/w).

In a preferred embodiment of the invention said cell culture substrate comprises
polyvinyl. Preferably said polyvinyl is polystyrene; preferably a polystyrene comprising a

25  styrene monomer and divinylbenzene.

In a preferred embodiment of the invention said cell culture substrate comprises a

surfactant,

30 In a preferred embodiment of the invention said surfactant is provided at a conceniration
of 20-30% (w/w) of the monomer phase of the emulsion; preferably 24-26 %(w/w) and
most preferably around 25%(w/w).



20 lysine. Proteinaceous coatings are well known in the art. For
exanpl e see Culture of Animal Cells, lan Freshney, VWIeg-Liss 1994,
which is i WOSMHHEBEd by reference in its entirety. GTAGER07/001464
alternative preferred enbodi nent of the invention the surface of said
cel | cul ture RBbSagudfatddasmbaddingah s itiainiention daid icelll. culure auintret edbmerdses a
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exanpl e, annDWFEWHQ&X@§V€§ﬁgH39@1@@@%“8@@&”§§Lgas pl asmas to inprove
cell attachnent and proliferation on cell culture products. The
process involves the excitation gf gasequs _gro uc}s at. | ow pressures
and anbi ent tBnpdrelerriednygdimentop the BYsnEAR jaid fell yitureubspis cpmprises a

contain free ﬁhﬁ TR RStiahd RiRSAuEE hAhaR iRl Whéitif SaidMeécibhs WROSD-250
collision with polyneric surfaces can nodify the surface by breaking

chemi cal bondwicropp thicks praferably spid sectipns@recrpexippiell 59 migonsdiff v t ne
pol ymer surface. 5 According to a further aspect of the invention

there is provided a cell culture vessel conprising a cell culture
subst r at e 1&ccly e aleraasive Haefersdeprabadiment cbthe inyentigh ssaifetel epulture gsubstrate

defined as any{fRieids pluthliR Bl &clidhed ARFREML ?&}ﬁ@l%’ Bater®s Ghbdei dai@ SéctionkO

culture substrate. Typically, an exanple of such a vessel is a petri
di sh; cell cuared-&50mtcranathisk; prefemaklystid sagiiens pieiappreximetglyd 2@ mickas thigk.
well insert. Multiwell culture dishes are nultiwell mcrotitre plates

with formats such as 6, 12, 48, 96 and 384 wells which are typically
used for conplt # ipraférted smbopiment efvihedaventiendsaidy seetoncd gpistocellulsn matariglyis
syst ens. pi ' @hRput screens use honbgeneous m xtures
of agent ST%\A tﬁa@%&g@aﬁﬁ* %dzg)t%i}rafoggrrpound that 15 is either converted or
nodi fied resulting in the production of a signal. The signal is
measured by syit - FARY O bdiRPs RbstlafcOMGERESD
em ssi on, op?#%ﬂﬁaggﬁgﬁﬁegnggggg |oac%$V?@y§ﬁ%o@P%wéﬁa%y % tegrg??%h
of the signal sgénmicomvreach wel | containing the cells, substrate/agent
and indi cator conpound. 20 In a preferred enbodi mrent of the invention
said cell culture vessel conprising said cell culture substrate
further caoprinsegretrrred bmbaeliment of the dnventionssaidetiianic monomenis yeledtedr fremg the
enbodi ment of _the inventi I i K Of 1416 C 1

g A _ 1 late,
preferably safd te ﬁ?(nalrsgﬁ %’@r}ggﬁtwpgﬁ%b{lée%t@g%ﬂ glrg# ?‘#él&tgf r ‘%Jl‘]‘i;())he(’:t %nes!%r"’é% ? ng
of : a mammul i aelohedyl methagoylatetphered horylae, Dbenlyl methakylate| 3-vimdbentyi eldonids] 4.

In a preferred odipent of the invention said manmalian cell is a
primate ce||;V%ﬁ@%@ﬁéﬁﬁv&%EF%“%%FM%?%“te|| is a human cell. 30 In a
preferred enbodi nent of the invention said mammalian cell is selected

(L e RS B TSP FOHRTHE , Bfp oaia

(e.g. der ral ‘nucosa

urethral, prosngkiges alfindter drgatic pyrhdnel i al cell (e.g. corneal, dernal
corneal ; intestinal mucosa, oral mnucosa, bladder, urethral, prostate,
liver); a neuronal glial cell or neural cell; a hepatocyte or

hepat ocyt e stgld plefre@leimbodimamsEniehyvaatiorcefid organierpslgher is atlected from the

(cardi onyocyte, or ot ube _e;é X 4§ dney cel l; a blaqod . .cell. (e

e |y mohoeyBRp CemRtlf by Rdsofund BRbaLe) o Pedinracy Sugpobie)

endot hel i @b Cgdtyiclohexyl acrylate), poly(cyclohexyl methacrylate), poly(phenyl —acrylate),
poly(phenyl methacrylate), poly(3-vinylbenzyl chloride), poly(4-vinylbenzyl chloride),
poly(para-acetoxystyrene).



5 1n a preferred enbodi nent of the invention said cell is a cell line

derived fromtunour tissue. In an alternative preferred
enbodi nentwofzoetesassivent i on said manmal i an cell is a stravVARRoEld01468 N
a preferred enbodi mrent of the invention said stemcell is selected

fromthe groug, g@@il%i'recﬁt diibaient SRR ﬁl(ﬁltshiﬁ calt %&%Ftsﬂa@%%@#siess& $offhice

cell; bone ste nmuscl e stem ce mesen stemc

epi t helial st ént bal beex dmadified cbyf mgmmrs@armf asmt’mashat Feeiligdtésrthe afachment,
gastrointesti . ands, uterus,
prostate and gégcmﬁﬁﬁéﬁqr%if%%ﬁéﬁgﬁhgbgﬁg he p @w {arﬂ% endoder mal stem
cell (derived from organs such as the liver, pancreas, Iung and bl ood
vessel s); oni ¢ st.em,c ry.oni g€, enbr

car o noma St ol Barder ol inins BTG Kb GorD Bl heRin-aoR TR 14 ROlien .
sai d enbr yoni progimacecssdokiingnbr yoni ¢ germcell is a pluri pot ent cell

and not a totipotent cell. In an alternative preferred enbodi nent of
the invention said cell is a prokaryotic cell; preferably a bacteri al
cell. 25 In aluf ajlﬁrbm&asd qsmlmﬂmrenemf tmﬂhmitmmtd pnftemémeoua; ruaingicanprised a laag! |
or ceIII|ne|s fed referr nt ..of
Che Fvent | onoB4Tels ey FPahs S gontignd of 1BpBc Y REerghR SR St
sai d bi or gact ﬁrppmﬁ IﬂeMagmeldﬁbmn@ﬂmhmwuageheaspd peptifiemakicesn,
differentiation and function of the said cell type. According to an
aspect of the invention there is provided a method for the culture of
cel I s conpri sAngxadpl oFs&AS noh-collapenbasit peptidgmatrig ¢ PuraMidtiixif.e vessel
conprising: a)cells; 5b)a cell culture substrate according to the

i nventi on;

"‘LJ.

In an alternative preferred embodiment of the invention said proteinaceous coating

15  comprises a poly-amino acid coating,

Poly-amino acids have properties that mimic proteins and in particular proteins to which
cells can attach and grow. Poly-amino acids can be homopolymers or heteropolymers.
Examples of poly amino acids useful in cell culture include poly L ornthine and poly L
20 lysine. Proteinaceous coatings are well known in the art. For example see Culture of
Animal Cells, Ian Freshney, Wiley-Liss 1994, which is incorporated by reference in its

entirety.

In an alternative preferred embodiment of the invention the surface of said cell culture

25  substrate is physically modified.

In a preferred embodiment of the invention said substrate comprises a surface that is

modified by gas plasma treatment.

30 Gas plasma treatment of cell culture substrates is known in the art. The plasma treatment
can be used to alter the physical properties of a cell culture surface. For example,
ammonia and oxygen have been used as gas plasmas to improve cell attachment and

proliferation on cell culture products. The process involves the excitation of gaseous



c)cell culture nmediumsufficient to support the growmh of said cells;
and ii) providing cell culture conditions which pronote the
proliferatWoRoyHas8% differentiation and/ or function ofPCIAFRPORHILE4
10 In a preferred nmethod of the invention said cells are manmal i an
cells; prefer g:%hﬁ/cﬂ"h't"m gl%éslués ahd) aRbiBlCEBpdrRbted BY hﬂﬁb PlqubQ9 dnbi¥E NMtHeON
said cells ar epat ocyt In an alternative Ipre erred enbodi nent
of the invent pbﬁnagapntamérepgleatms prbrheryertastable @pitigles phich apgollision with
bacterial cel {;oﬁ dre 3992{11%215@% siiffiee B3 ﬁfialin% éh'@ﬁlcﬁledolxdsc'l’hlﬁ bieftes free
nmet hod accord 6"‘ e Invention, they are 20 grown or cultured in
t he manner wi tdd!ce@hwbhhﬁhemﬁlfﬂthwlmﬁéfﬁcq s fam liar, depending on
t he host ogganlsm As a rule, mcroorganisns are grown in a liquid
medi um conprising a carbon source, usually in the formof su
ni trogen sour Aegordisgitd hyfuriher pspect fof e igvensery tatecis rWQVFC@@@rPE’QGHﬁ,Uéé"?%@lch
as yeast extr chgpa trace el enments
such as sal tsg gfng%,%éln%wg}aéﬁébégagn ﬂgwg}sﬁéﬁlﬁgﬂgﬁg I f appropriate,
\éltam ns, at 25 terrperatures of between OC and 100C, preferably
etween 10C ap 8 ' f | GILH
medi um can ei {kgeél cuggre Vgss?l (’:%%@?ed% aﬁ %}H‘%?y%gg\fl%@s}ggggé& b%%ﬁgdé@% %él
the cul t urdngeyimre snblstramr Typitally, Bnexonpld efsesh aomsselie a geti dish;osll climiedwitie
sem - bat chwi se cont j.nuou d :
Degi nni ng of - eHF B MUl B LY T Rl e e e e
conti nuously. demmpmtmhsmn& firmatd waohds 648, 43696 2d(384 wellsfwhioh ard'iEpically used

organi sns as escrl above b Sses i .
wor ker, for g’ % GypRaty g‘%% 3@?'?4%%{ Bﬂﬁ%% f %\éﬁaﬁéﬁné/gg ﬁlél ?Lapfclg B ,m%h f
appropri ate pthesighiut sdréepsussihbiogeatdus miamdéscnf agents with an indicator compound that

15 is either converted or modified resulting in the production of a signal. The signal is

measured by suitable means (for example defection of fluorescence emission, optical
density, or radioactivity) followed by integration of the signals from each well containing

the cells, substrate/agent and indicator compound.

20 In a preferred embodiment of the invention said cell culture vessel comprising said cell

culture substrate further comprises a cell and cell culture media.

In a preferred embodiment of the invention said cell is a eukaryotic cell; preferably said
eukaryotic cell is selected from the group consisting of: a mammalian cell; a plant cell; a

25  fungal cell; a slime mold.

In a preferred embodiment of the invention said mammalian cell is a primate cell;

preferably said primate cell is a human cell.

30 In a preferred embodiment of the invention said mammalian cell is selected from the
group consisting of: an epidermal keratinocyte; a fibroblast (e.g. dermal, corneal;
intestinal mucosa, oral mucosa, bladder, urethral, prostate, liver) an epithelial cell (e.g.

corneal, dermal, corneal; intestinal mucosa, oral mucosa, bladder, urethral, prostate,



chromat ography. To this end, the organi sns can advant ageously be

di srupted beforehand. In this process, the pH value is advantageously
kept bet wewo 2083/45281d 12, preferably between pH 6 and PCTasRecim@idcy
preferably between pH 7 and 8. As descri bed above, these nedia

whi ch can be . Qy. i i 14 .t Lnyventd.on 5 u | V.
conprise one g%ﬁ%r%q?ggb@gﬁg%%gg%mﬁlIit;]raoﬁg]:gaﬁ&%u&cl{eegaoﬁyheos %%%i%"’ 2
sal ts, vitam msseashymelk celly amescld elitantdnmybryes ermdube @elboa kiineyr cwbsa Hood

sugars, such a NQx i - or polysaccharides. EX es,..of carban..
sources are gF@c@D&,ﬁnﬂ?ﬂ%ﬂ’%@ ?’tg’rrél?‘%og@?]%@gf’a% ?‘3‘5‘3%@‘3 l’j“gl&ecfr agﬁp%’g?g?l
ri bul ose, |actdige, naltose, sucrose, raffinose, starch or cellul ose.
Sugars can_al so be added to the 10 nedia via conpl ex conpounds such
as ol asse? or ot her by- products from sugar refining. The addition of
m xtures of ahvepreRiryd ehbaihdnmof He iivestn REY céll Ba: &l 18d \daiiea gomutmour
O her possible carbon sources are oils and fats such as, for exanple,
soya oi |, sunfP8wer oil, peanut oil and/or coconut fat, fatty acids
such as, for exanple, palmtic acid, stearic acid and/or linoleic

acid, al cohols ang/or_ polyal cohal 5. such, as, fqr exanple, glycerol,
met hanol 15antl/¥r2 t@?’ﬁ%ﬁ&rggﬁ?ﬂd‘?@%"aw ithe igysngien st mammaliqn ell dsa,stgme
acetic achgl aggl/ or lactic acid. Nitrogen sources are usually organic
or inorganic nitrogen conpounds or materials conprising these
conpounds. Exanples of nitrogen sources conprise ammonia in liquid or

gaseous for mmra GRTREd dibsdhés oF UehinAtiaEmENbtbtN el lid SdlRted FFHIDME $Bup
chl ori de, ammoni_.um phqgsphat e,, ammoni um car bonate or ammpniumnitrate,

nitrates, ure®@nsisipgeb heemopoietie sigm call mayral stepy qefichqne steg selb arusle stem sells

conmst eep | i qURésenchPial 8R! cell;S EPiRell Gl d3ll MRS AN bAGks sRBAl tIRXiACT
and others. The nitrogen sources can be used |nd|V|duaIIétor as a
L+

mxture. 15 | sigrptieal aucesackifiry bleidenwriemanigimdseutpe petateiand endecrine
medi a conpri sgahifisuck Bt @k ?ﬂﬁtanﬁma&ﬁﬂa‘ﬂﬁexﬁ‘@éﬁ @bHvERHE6m RahSsulf asGR 161k M
magnesi um sodi um cobal t, nol'ybdenum 25 potassi um nmanganese, zinc,
copper and i risacreasplgngendi oaghwepselsk; cwbipienig sionh epll emprorHel sera sl embryonaby
exanpl e, SU'ﬂﬁRﬁﬁgm%ﬁﬁﬂkﬂ?S1 dithionites, tetrathionates,

u

thi osul fates, s ides, or else organic sulfiir conpounds such as

mercaptans and thiols nmay be used as sources of sulfur for the

product i ogy of ) Sl dritta EABD NG Gt iR EntoR S id '

nmet hi oni ng‘? $ﬁ§s%ﬁ‘f§ri C acgflngl? pot zlasglllfl'j)mg%‘gaiﬁ@IJ 35%%5’%%%?@%98%5% cell

di pot assi um Hyelploteaignt ellrmd met agetinofrat bbr r espondi ng sodi um cont ai ni ng
salts may be used as sources of phosphorus. Chel ati ng agents may be
added to the nediumin order to keep the netal ions in solution.

Parti cul arly Ingn talierhaive pedferrddrapnbadiontsof dlepnjorintien ehidhgell is)ayprfeanotic cedkich
as cat echol uate and organic acids such as citric

aci d. Accordﬁﬁ% ﬂ@pghﬁﬁg%ﬁ%p'aspect of the invention there is

provi ded 2 nethod to screen for an agent wherein said agent affects
the proliferati i It J . of | . CO .S

the Steps of i sroffke ot Hond WOAKLE R colf oF B4t 1AL
cell and a cehddifedl ture substrate 10according to the invention;

In a preferred embodiment of the invention said cell culture vessel is a bioreactor;
30 preferably said bioreactor is designed to scale-up the proliferation, differentiation and
function of the said cell type.



ii) adding at |east one agent to be tested; and iii) nonitoring the
activity of the agent with respect to the proliferation

di f f erent | WO ZH/87288 unction of said cells. 15 In a prefRYERRONENHY
of the invention said cell is a hepatocyte. In a preferred nethod of
the inventi onA$&irding & H8PcADf MR tikvastion Mikd i ffovidbea MEBBG 0P theeBlturbficBits
the activity data,in (iii) above; converting the collated data into a
dat a anal ysabF@marisngthestas ofat i onal |y providing an output for the

anal ysed data. 20 #\ nupReidinafa cHPéMBESeRéIRokpRy: Whi ch i mage and
extract information concerning the spatial and tenporal changes
occurring in cells expPbssi®lds for exanple fluorescent proteins and
other markgrs of gene xpresgii efurd 88&raita¥doRlingdb thdliniiionSCi ent i st 80:
322- 335, 1992), which Is incorporated by reference. Mreover, US5,
989, 835 and 25 U509/ 03¢}, 27¢ll CBJg%mééwmvf@ﬁmart@Slipﬁ%#]ﬁoﬁr%‘t’téaf pAjd cells;
reference, disclose opticalggystens for determning the distribution
or activity of fluorescent reporter nolecules in cells for screening
| ar ge nunbers of dflent grovigingiselbcelire eqndisiens whigh promete & pradifegation and/or
di scl osed in the above jpRlpfkien ldkP fHeHmJread &ngonput eri sed net hod
for processing, storing and displaying the data generated. 30 The
screeni ng16f | arge nunbers of agents requires preparing arrays of
cells for t heI&f@@feﬁQ@m&flo&ﬂ thedy 9%@101{ B &gm%ﬁt&nﬁiih@&ll&fpﬁﬁﬂﬁ fiuman
Assay devi ces, rexanple, include standard nultiwell mcrotitre
plates with fedlsats such as 6, 12, 48, 96 and 384 wells which are
typically used for conpatibility with automated | oadi ng and robotic
handl i ng systens. Typically, high throughput screens use honpgeneous
m xtures of aljeayrefemedhetiznd of the inyention saibentle enadiepatoeydes- i s ei t her
converted 1% nodified resulting in the production of a 5 signal. The
signal is asured by suitable neans (for exanple detection of

f1 uorescence Bnamsaicontivegueieral entbedigientyof tior inventiorosadd rells exe) prélaivotigealishy
integration of th i_gn romeach well containing the cells, agent
and i ndi cat orpr(?%ﬁ%gibﬁ .e'%ll&nfs“l'he term "agent" includes any snall

nol ecul e, anti body, pol ypeptide, peptide, aptaner, 10 doubl e stranded
or small inhihitory RNA. These. i IS -
St 1 ol eoul B ARPEgETA PRSI JAC-RuRR: RPN ShoBhe EMIMANEE B e
t he treat @ent goivndr swasdsn theatanas with rwhinh . thel &illad tiobkedisdamidiar, depending on

i mmunogl obul i ps are class.of structura . | J:
consi sting of &kaggf% apig gps aprél ey%gﬁ?of%%ls%%eérf so,k‘}nol}léﬁé‘g‘? glg%l? &fg?lgh;f’ﬁ"(gﬂ
(1 ow nol ecul atarbei @hick, wiedlyrin fhe form XJ sugamsch itvegep aburce fustadip iy the Farm of
chains (y, a, p, .5 and 6 all four linked together b i.sul phi. d
bonds. Both H&MY° E%(?ﬁ?i ﬁ)qgrc??ai'}‘éh PGPS ﬁgtratcﬁ%ft Aty %f‘%ﬁ%’g%@ﬁtsﬁ@m’ Yrace
bi ndi ng of antlegefs anhlad shitd ofdson, nivingdnkse audmiagtekien fhnd) if appepdige, Nitdngios, hie

to another. In addjtion, angd,l. 2 i ns.cqntain regians .t aJ.
non-var i aBbe GrpegEs et 0rC RS fiLE. SerlY BVl Rhge e A%
car boxy-term pakingldRygni s essentially identical anong L chains of a
given type and is referred to as the "constant” (C) region. The am no
term nal domaip varies . from L. chain.to, L i n i -t he
bi ndi ng site L&Fe ?Iﬁgkglﬁtlﬁqhgg%/e%m ecgﬁﬁlglee?g? kel%P gtgn\%ltg@ i %ﬁﬁ??&t{/a?l?%ﬁﬁgtdgnﬁé]
referred to ashetdubturingageriad)| e "nof. \The relyiresncan baerovar badiingser sgiidatchwise or
cont ai ns

continuously. Nutrients can be provided at the beginning of the fermentation or fed in
30 semi-continuously or continuously. The products produced can be isolated from the
organisms as described above by processes known to the skilled worker, for example by

extraction, distillation, crystallization, if appropriate precipitation with salt, and/or

10



25 conplenentarity determning regions or CDR s which forman antigen
bi ndi ng pocket. The bindi ng pockets conprise H and L variabl e regions
whi ch contwbplxod7&126288 ant i gen recognition. It is possi bl eAGRNEANBI6H
single variable regions, so called single chain antibody variable
regi on fragme YRrt pec {d
nonocl onal f% gméi?)g%g;ﬁysﬁo s} eflg tﬂ" Q'I%E%n%‘}a\ﬁ# %eé’m{( b'fad'b t e w"’s%iﬁﬁfhgﬁd '
person to i so[raﬁhs PBeesse foe' 18 falenis mﬂéﬁtageouaijak@euethpmwﬁ di aid HQ poprefeabin
V|a RT PCR terna r can be undertaken
to |dent| fy c (%eegpgﬁl gés?sﬁ&ﬁggﬂ%ﬁamy%wg% ?f’ﬁ%}@%y said fragnments

are "domai n anti body fragrrents _ Donmain anti bodi es are the small est
bi ndi ng part &8 deseribgdebayedhes¢ mp@m vhichreandp ymplgyetdn accerdanep wisk the invertion
t echnol ogyxi s i

197 ‘and. racubly SRRARordr b ol smsil il dol sof, ki IS, fhfine
entirety. Aptandérgacgelemental |, usual |y stabilised, nucleic acid

nol ecul es which conprise a binding 5 donain for a target nolecule. A

screeni ng net BRL PNkt APHBIE sSchl 8 nBSCHIL B l:}'sﬂcch@ﬂ@s ExSpl&Df

which is incorporated by reference. Aptaners are pi cal

ol i gonucl eot i eREPNVIRMESES ARy SlBROSY W@Foéeasﬂlw?ﬁaeaaliﬂtqsﬁoﬂ’é‘@%ymﬁ%dtbiulﬂ’é%
ol i gori bonucl ﬁ&Bde}jﬁﬁltosQ rsu&eéi' falfGidse) kwﬁq@&mw *sﬁ'%a;sl &8 aRb be added to the
ol i goribonucl eoti des. nmore recent techniq o specifica

abl ate gef@ fwediavie nOflilEiCXt mg@ws gugh ag mlﬂswlmth%rbmfoda%%% S@rrra%uw
RNA, ~al so r e{/\ﬁﬁ fﬁgin&?o ixBfB! Ir a VAP ARbYn é?)[lrckfﬁlf)r d1&S Herbgvﬁuéeo(@ AR

into a cell results 1n the destruction of werrentar

to the sequenpuwsiblechheresbuiass aigeoils jamRisatheesy fos examée $P gwilewen @l
compr [ ses 1o, 6408 £ 30950 BB, £ RRRRE pRANi ARt Beid
anti sense straj g%ﬂ%@f% éﬁtughéEmﬁ of er to grm a fS doubll e stnr aﬁded
RNA nol ecul e. anfifvelisildtaeidralcetmld aedfpqul)gabphpéﬁ Sll(gh adelpt exewples glyeriok @ﬁ&la@li

t he gene iC I e is
bei ng.of ubt datdT ied EuS R sids Gl R ABARLAL Arcg O M EE
stranded RNA by activating a cascade that | eads to the formati on of
si RNA. The prXiegresosicey gifopwalbt prgpftie ar RIUGapiS 111gReeR COBPYINGY OF materials
conpl ex conpr isiRgnFeS ol bun%']ﬁ%ﬁé%ﬁn%@él dolkeABHBLiR ki ARAR taRNA
into 20 smal |l er fragrrents NAs, ‘approximately 21-29 nucl eoti des in
| engt h) whi chort@mmafq@arqf a@fmcauum BAbR Faghers faRoBiumn Btfals) asmonipra chlorifiga
acts as a guigg, pﬁﬁlaﬁrﬁmssmlc%oﬁa& d;laﬁﬁ]\sﬁumtmm{e@rmat Ahi¥ot O
t he anti sense strand of t RNA t hereby resulting in destruction of
t he nRNA. 2000 asifle nt cammiexditngemsoyicRNAChE FPRIstRigueLagoliepal, S9Es EPtRINIEAY
the function gi,g lgpai%kédcg e fRerd. rTh? ?dtllo Y Bhredsda bb QiEEdaiﬂ&i(u@ﬁally or as a
differentiation. 2 cording to a urt er aspect of the invention
there i s provimgae.a nethod for the identification of genes associ ated
with cell differentiation conprising the steps of: i)providing a cell
cul ture conprisbige it &dﬁ%ﬁn&g NGhiGtehnhy 88 fresent & Jhe GiHdfaldon é)ﬁ&kbﬁ:% lefifofide,
according to theé 1nvention, 30ii)extracting nucleic acid fromcell S
in said cel | photphoms; aniilspbfatwhESaeﬁ PAlQumBaMmAsTEsiy,a 89 BER: rfigbalieimpolydpnym,
with a nugdei 1@:{ 2nd chopkr A8EEEL I Ng a signal which indicates
t he bi ndlgég I?Odg%? i e|sec acfap& bi ndi ng partner on said nucleic
acid array.

D:

Inorganic sulfur-containing compounds such as, for example, sulfates, sulfites, dithionites,
tetrathionates, thiosulfates, sulfides, or else organic sulfur compounds such as mercaptans
and thiols may be used as sources of sulfur for the production of sulfur-containing fine

chemicals, in particular of methionine.

1



In a preferred nethod of the invention said cell is a hepatocyte.
Preferably said nethod includes the additional steps of: 5i)collating
t he si gnal W)208féi3&¥8%t ed by the bindi ng of said nucl ei c BdYeBI/Wiid
bi nding partner; ii) converting the collated signal(s) into a data
anal ysabl e f orPiiosphadc a¢id,i ppmsditny dihytriogenpivsshatetis iibotddsig thpd@ogehSiosthae or
anal ysed data._ 10 Met hads used in.the |den ifigation of e%l

di fferentiati o FATFIOP “%WEWB}'GWWF@%’F&Y B Pyed A5 SOHECPOEREPPRASUS nel ude
i mrunogeni ¢ based techniques (e.g. using the cells as conpl ex

i munogens t o Clelatihpaeeats tiag be added td the medtanpl @rda ¢d kees the indet iohM inkeBlton.

and the |ike) | el.c aci ased techni ques (e.09. differential
screeni ng usi n%ﬁlég Flga%%n%re%ﬁ?g 5%&31“@9'{’?55@5%1?%6@“ RF jsush as pgateghol jop
has been kriowrprétosatenimmte apd enganit fvdds stahr®citricaeid) s produce a nunber of
tumour cell specific antigens, sonme of which are presented at the
tumour cell su . red. as .t ur
rejection ant i%%ﬁxglﬁgrt]%@ﬁ@e@éﬁc%@ﬁﬁ%@%ﬁqﬂ?@rﬁ%gﬁs pg%"lléleggﬁ%ﬂﬁ)ggg Srctrae’reré?DF &Y
to as tunour raggmbothersin said pgpehaffectsabe pofifratidny mbffarentiefionceri fonctiam tof geels
are presented yja.lk ' .t he i nmune system The i mune system
recogni ses 20 c}é.h@g%n%ﬁe?éﬁgs as foreign and naturally selects and
destroys cel | 9) exppresidingg deh eshura nomgising .at lehst an¢ celhafdor caticdcuttatk [substrate
escapes defection 0, fablished a tunour devel ops. Vacci nes
have been devel ope%@grdsggo%%ﬁlagnﬁnmﬁ’ant tumour rejection antigens to
provi de i ndi viiflual sidinigtahleast pueegent hele tebeflpmde t 0 t he est abl i shnent of

a tunour. The .method .acconding.to.the invention ovides .a ns. {.0

i dentify tunod{rﬁer el e%Y6 hgﬁé}g’é% ﬁ@"?@egﬁﬂﬁﬁ%&cﬁ}:@& %m(?\ﬁi'ag?f" aﬁ%’i‘aﬂfﬁﬁ%
utility with respeatfutction bfsaMaelisi ne devel opnent to provoke the
patients own i nmune systemto deter the establishnent of tunours.
According to a yet further aspect of the invention there is provided
an in vitra ndihpdfeired mahbd/sfehd ihenteMaidegni@atemfocplancer ous cells from
normal cells conprising 30i)form ng a preparation conprising a cell
culture substrate according to the invention including cells;
ii)adding at lIeasgrefen®l aghod of dpaipvaatiad sdid eiedning m@hdd ntlansite Bedsi G,

and WO 2007/ ]égl?a%gg tﬁggétngt}Z' a(%Z {no(g% Ae'ﬂ?od{re; converting the collated data into a data analysable

form; and optionally providing an output for the analysed data.

20
A number of methods are known which image and extract information concerning the
spatial and temporal changes occurring in cells expressing, for example fluorescent
proteins and other markers of gene expression, (see Taylor et al Am. Scientist 80; 322-
335, 1992), which is incorporated by reference. Moreover, US5, 989,835 and

25 US09/031,271, both of which are incorporated by reference, disclose optical systems for
determining the distribution or activity of fluorescent reporter molecules in cells for
screening large numbers of agents for biological activity, The systems disclosed in the
above patents also describe a computerised method for processing, storing and displaying
the data generated.

30
The screening of large numbers of agents requires preparing arrays of cells for the

handling of cells and the administration of agents. Assay devices, for example, include

12



iii)nonitoring the effect, or not, of said agent on the

transformation of said cells. In a preferred nmethod of the invention
sai d cel | swareoinegmg ocytes. 5 It is well known in the adr/¢geat7/doss e
are agents capable of transform ng a nornmal cell into a transforned
cell with man f the.featur of, .cancerous cells. €3€ ol NC e, by
exanpl e only, ﬁ?/“%?rtﬁisrg@flw%ﬁlﬂlﬁmﬁ?x éarpé%{ “at | ng) %ﬁ'{cisl a5 ghl%g@hgé a‘%(in%ﬂ Welg
t el oner ase gewhish aktypietig nivdrfor compatitdlity evitnabomnteed idading aid aubotiy Iadling

refers to cell s, havin he capacity for 10,autononous. qrowth, i..e.
o abnor mal - sPAPRS PRl BRSEhe sorths o5 niosRRIT R Btk atifian .
cell growt h. ihbeatbredompbwdwiddlitis éither coavetelborahddified paslting inchsngreduotich of a

growt hs or_ongo I.C processes ta tic tissues.o | i nt |

Cr ansf or nefl CEFTHG, T4 SEHES megpog Ry aiabls mepnsd R Epmple dsyortion of Hiorescénee

hi slt ogat hol logérﬁissli()lpepmfa}c 8dnsige oﬂfqdidaMW)Vﬁnﬁm.byﬁhﬁglhﬁcﬁﬂT?]f' maigﬂalé' from

i ncludes malignancies of the yarious qQrgan systeng, such as those

W fecting, T oPeERahEmEmnghe sl e ma Ry SROREE | o d,
gastrointestinal, and genito-urinary tract, as well as

adenocar ci nomgs whi ¢h ipcl ude mal i gnanci es sych as. nost col on

Cancer ot onalie e ‘et e oy Bl Ao Ee s AR R B e SEPEE spemer
tunmours, RAEN- &wblelstréided orGRAAIE infDIBry RINAL MRest tHiBe aib A0S or@h aftip@nisimal |

i ntestine and cancer of the esophagus. The term "carcinoma" is art
recogni zed and refers to malignancies of epithelial or endocrine
tissues i ncl usthiOmdlReul® arithgbAk®@ NNChEIY ThRRDieApEItD ARSEs uBRS il Bk MeambitTl
system carci ngnmas, genitourinary system carci nomas, testicul ar

carci nomas, bHEa%E SEhALFRGRas, prostatic carci nomas, endocrine system
carci nomas, and nel anomas. Exenpl ary carci nonmas include those form ng
fromtissue of the cervix, |lung, prostate, breast, head and neck,

col on and1®v Mwwﬁ%ortl@mwogé%hugw@aw aglast,of; strugtpraibsrelatid Proteiastonutiig
€.g., which 'MHgﬁrsr@lprﬁB%ﬂHe HR WhS pAPofARIPE; gelw%léealapwagﬁ%hamx
and sarcomatous tissues. “An "adenocarci noma" refers to a carcinons
derived from glianahdl eee pair o heavpr(H) chaini(s v, whé and) gl ell deur| link¢dotoggther by
recogni zabl e I t . rm:- el s
recogni zed an‘giuf%eﬁ?dé rszr“gs?) ﬁnogl? ng‘%“grs][f c]iglkj}l?n])%r%s i ﬁ%@%@%ﬁﬁ%& rblm\glgllg iO(l; n.
30 Accordi ng dntigen ahdithabvae higldp emtable firombvee Igmaderniedmanotier. ehiaddifimptiagdld a-

process f the formation of 1 CrC u y-HEr teri.al _

conpri si ngdt ha*8y &PEof %lc\ﬂ%ﬂfgﬁ%@%gﬁ’b& ?J ﬁ%?ﬁ%&i%&% %B%I%r%t‘r’{% a

Er Spar ﬁt ibpn ofmmainis.sﬂr@ca?mxﬂqieghin'alrdfmainjéd csqnhémlg i@midalszimog/dmhp'nd diargjy:a(y '
ydr ophobi ¢ el ast gner_.a concent r.at. 0 0 . n 0

(ww: ii) fdyeed ‘%feﬁ“i”é%g"r S %n°°85c§ar%1;%’r@i’e ‘°“ae[té‘\§lt%§‘f“;?§?';“4“\’,\‘ﬁ Wt

5i i i) conbi ni ngpni behqii iachainiaadsontributes Jo tentdnding sfte ofthel antibpdyn Bebrmbd afdts

t he conbi ned pr, rati.on.to,al |l ow f.or s of. i Jd nal €
bl oo ot yRER R i RkRa 3 o e Bl o) ReioR Pledhratle SRR coplits
hydr ophob2g edoaplemmemtrity Sletpdning egicat oaCDR’sorddiichefdtm at izatigen bindiak weekat. 25

e S BFheTSA 32, DA e S5 Bk e i

recognition. It is possible to create single variable regions, so called single chain

antibody variable region fragments (scFv’s). If a hybridoma exists for a specific
monoclonal antibody it is well within the knowledge of the skilled person to isolate
30 scFv’s from mRNA extracted from said hybridoma via RT PCR. Alternatively, phage
display screening can be undertaken to identify clones expressing scFv’s. Alternatively
said fragments are “domain antibody fragments”. Domain antibodies are the smallest

binding part of an antibody (approximately 13kDa). Examples of this technology is
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In a preferred nethod of the invention said elastoner is selected
fromthe group consisting of: 2-ethyl hexyl acrylate; n-butyl acrylate
and n- hexyWo8pHR28a8&. 15 In a preferred nethod of the iHvEABIBHIM 6
tenperature of the preparation inii) is heated to a tenperature of
bet ween 50C aqicBREin US6, 248518, mtmrlsertﬁsem £97184 RPEB6RES4tWEh are all

I nvention said preparatlon In ||) heated to 50C or 20 60C or 80C.
In a further ﬂF@ﬂ@WF@GYﬁ@FﬁHI“U$miﬁﬁmbhvent|on said preparation in i)
conprises a styrene nonomer. 25 In a further preferred nethod of t he
i nvention said preparation in i) ri ses divinyl benzene. a

yot Turther " pheferr FRITIORRAT N A I gl T AR L Y R A
conpri ses Eﬁ-ﬁfﬁ [i%s 'élttargé't@ﬁolécﬁlep.& Qéféeﬁliﬁg mthofto Q&Hﬁﬁr&P{aﬁaEfsQﬂeﬁfrlbaﬁfl 3y
(W w; prefera g 24- 26" % W w) nDsteﬁge erably around

2504w w). In &23 éﬁBethéIa lwwa@rafsql bx rﬁéewm s anecyRipably oliganielpptides
i) conprises %14(1%3(2/)be%ﬁ%@%ndeﬁocﬁ/&éd%ﬁ%uc?eoﬁ&egy&lﬁ@?ﬁ%nu@l&rtiﬁésa&emoéﬁe@
(m/mo d|V|nbeenze % sur f act an In a preferred

the inventi onOh@d@wwoﬁlﬁﬁ@tﬂhgﬂﬂbsﬁ@s@ldéﬁml sion polyner in step iv)
i's sectioned; preferably said polymer is sectioned into a thin

menbr ane or Iayer 5 In a preferred method of the invention said

pol yner i s0endi mere rasenttaghuique to mmlﬁnvélmblplatn gen furkiignais thegugh s rinsteryrtiereoty
50- 150 m cron r rabl r 20
m crons thi ckﬁoabm ﬁlléicegolr@II a’H‘Q’tﬁéﬁ’a urt r@@%@% O?fﬁa%glﬁgnve (tslh%)an%
there i s provined call mhgﬂl nemlte rim &lle dotmistion]d IMA@WIGMWO thsbreglienesd
or obt ai nabl e. S d
preferred enbogliﬁrc%éedqnﬁl 4 e Pﬁf\%glﬁ{ [ gﬁr%gséalﬁm?ﬁ%hlg T "1"%9 tw+ Qonﬁnlementary
enul si on pol yslmndshm%RIﬁA Kmseasamianmmd@ﬂ argiisaned stlsa@t%ana@lmwcﬂchl mhg o foria a

further a ect, h g@;\ a4

pol ymer i Zlgf or mﬁ’geesth] ﬁde {Ljniogﬁurl% ¢ mbleﬁtuﬁe 13% ege‘rl:&(‘a’g ﬁgé’gﬂs of
of the invent thergetehwehith iy ho bmabdaatedaﬂ"hqammlsmmi RN Apinteplotensess behwha:lqmd-e
vol ure of ar OH{Pagy gr%g/r?isn?srr%;p%ﬁc?gl te [%95%%06 gpdouble stranded RNA by activating a cascade

that leads to the formation of siRNA. The presence of double stranded RNA activates a

—

protein complex comprising RNase Il which processes the double stranded RNA into
20 smaller fragments (siRNAs, approximately 21-29 nucleotides in length) which become
part of a ribonucleoprotein complex. The siRNA acts as a guide for the RNase complex to
cleave mRNA complementary to the antisense strand of the siRNA thereby resulting in
destruction of the mRNA. An agent based on a siRNA would have value in determining

the function of a specific gene in cell proliferation and/or differentiation.

25
According to a further aspect of the invention there is provided a method for the
identification of genes associated with cell differentiation comprising the steps of:
i} providing a cell culture comprising at least one cell and a cell culture
substrate according to the invention;
30 i) extracting nucleic acid from cells in said cell culture;

iify  contacting said extracted nucleic acid with a nucleic acid array; and
iv)  detecting a signal which indicates the binding of said nucleic acid to a

binding partner on said nucleic acid array.
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According to a further aspect of the invention there is provided the
use of a substrate conprising a high internal phase enul sion polyner
to determwe 2évazswyer toxicity of an agent. 25 In a preefTeEB2eer/001464
enbodi mrent of the invention said agent is a chenot herapeutic agent.
In an alternative preferred enbodi mrent of the invention said agent is
a viral gene therapy vector. 30 According to a fiirther aspect of the
i nventi on t helne prefepedondtiiacdf the inventiod stidcdlldses hephtecyitd. ver toxicity of an
agent conprising the steps of: i)providing a cell culture conprising
at | east one hepatocyte cell and a cell culture substrate according
to any of cl aPrirdblyFiid meild 2GDidéstRSRIGRIPET AEB2G07/ 001464 (i) adding
at | east ope agent.,to be,lLested: L1 1.t ar i Lh L.yl ty.. of
t he agent €VI th red ectc?qlgﬁ?gr%e %gngf(%}lggg?eé%t?%bﬁ é(;ll’l?@%%r}%? ’flg ?lgi(rglg%érﬂo sid
function of said (ohpixtgpeytes; cel | s as a neasure of toxicity of the

agent. 5 In a preferred rre.hog accor di n ¢l.aim wher ei n sai d
agent is a chenot rap%%v?r@ngd léentcf)l?ate% St atl@n lrg?t%rtﬁét W’B’S%lleef@rﬂ’ eac?d
met hod of the i nveptitmiy;sai d agent is a viral gene therapy 10Ovector.
According to a further_aspect of e.invention there is provided a
met hod for the grdWkh gﬁ&l&&gﬁ%qj%l%?qrg}eiagﬁys #&)aéa'kerati nocyt e and/ or
keratinocyte precursor stemcell conprising: i) formng a preparation

conprising a | ,culture substrate _a rding.to the 15invention
b obi as .+ oatpescised B i ieniier ouhe BT Aefhetihe mhies R BB Rk Sesel
feeder cells trfnsformation énciude Ghnutdgkiit b&ed tolkdiquad .4, sihig R cells as complex

substantially, coated with said feeder cells:; . .
yimmunogens fo JeveIOp an?isera to for example cell surface markers and the like) nucleic

acid based techniques (e.g. differential screening using ¢cDNA from normal and
15  transformed cells). Also, it has been known for many years that tumour cells produce a
number of tumour cell specific antigené, some of which are presented at the tumour cell
surface. These are generally referred to as tumour rejection antigens and are derived from
larger polypeptides referred to as tumour rejection antigen precursors. Tumour rejection
antigens are presented via HLA’s to the immune system. The immune system recognises
20 these molecules as foreign and naturally selects and destroys cells expressing these
antigens. If a transformed cell escapes detection and becomes established a tumour
develops. Vaccines have been developed based on dominant tumour rejection antigens to
provide individuals with a preformed defence to the establishment of a tumour. The
method according to the invention provides a means to identify tumour rejection antigens
25  and precursors which will have utility with respect to the vaccine development to provoke

the patients own immune system to deter the establishment of tumours.

According to a yet further aspect of the invention there is provided an ir vitro method to

analyse the development of cancerous cells from normal cells comprising

30 i) forming a preparation comprising a cell culture substrate according to the

invention including cells;

ii) adding at least one agent capable of inducing cell transformation; and

15



iii) contacting said coated substrate with keratinocytes and/or
keratinocyte precursor stemcells; and 20iv)culturing the conbined

cel | prepaVe&H2i88er conditions conducive to the grovittH/GBRY07/001464
differentiation of said keratinocytes and/ or keratinocyte precursor

stemcells. I'n gypr %eﬁifoﬁﬂ%iﬁ%teﬂ&@, oPfot, Lo Gaid AR¥RBh R rafidbithalibdsralnh asit.
feeder cells are’dermal fibroblasts. 25 In"an alternative preferred

met hod of the invention said fibroblast feeder cells are sel ected
fromthe group consisting of: corneal fibroblasts, intestinal nucosa
fibrobl asts, orarefomaiasahdd df tholidvastion saidicedls fre hépafocitenbl ast s, or

bl adder fibroblasts. 30 In a further preferred nethod of the

I nvention said keratinocytes are epidernmal keratinocytes. In a
preferred method of the inventi re. human

) ) on said fibroblasts .
Fi brobl ast §. - Tinwel kngpee he grisE e drepariRaPagle 4 fandioniri o gt
ker ati nocyt s, afafsibHHeR kel SFitht MEHICHH 186 fealuPes f Rt @elisTeThae irfudé, ey
I nvention said preparation further conprises collag&n 51In a

preferred net Bempistonishurysesy DR infrcalaiing 2grals, qneogepesanyl telonarasgesies | n o
further preferred nmethod of the invention said collagen is provided
as agel. 10 In an alternative preferred nethod of the invention sai
col l agen i s prswiaddreim the temd (rianaer?’ or eangerdug’? teffrey topeedls bavingithereaphdidl forf

e e TPy S BRIBI 5 oSl eI 5 Ay
met hod of t hepiofifeeting ceil grinethe The tepn iswhaigtdo inchde Hbtypesoficanceronngraybner
comprising. oncogenic processes, metastatic tissues or malignantly transformed cells, tissues, or
organs, irrespective of histopathologic type or stage of invasiveness, The term “cancer”
includes malignancies of the various organ systems, such as those affecting, for example,
15  lung, breast, thyroid, lymphoid, gastrointestinal, and genito-urinary fract, as well as
adenocarcinomas which include malignancies such as most colon cancers, renal-cell
carcinoma, prostate cancer and/or testicular tumours, non-small cell carcinoma of the
lung, cancer of the small intestine and cancer of the esophagus. The term “carcinoma™ is
art recognized and refers to malignancies of epithelial or endocrine tissues including
20  respiratory system carcinomas, gastrointestinal system carcinomas, genitourinary system
carcinomas, testicular carcinomas, breast carcinomas, prostatic carcinomas, endocrine
system carcinomas, and melanomas. Exemplary carcinomas include those forming from
tissue of the cervix, lung, prostate, breast, head and neck, colon and ovary. The term
“carcinoma” also includes carcinosarcomas, e.g., which include malignant tumours
25  composed of carcinomatous and sarcomatous tissues. An “adenocarcinoma” refers to a
carcinoma derived from glandular tissue or in which the tumor cells form recognizable
glandular structures. The term “sarcoma” is art recognized and refers to malignant

turmours of mesenchymal derivation,

30 According to a further aspect of the invention there is provided a process for the

formation of a microcellular polymeric material comprising the steps of:

16



i) formng a preparation according to the invention which includes an
agent to be tested; ii) nonitoring the effect of said agent on

ker at i nocywe 2elizs2g8 owt h and/ or 20di fferenti ati on when roavEwEdI1464 2
control preparation that does not include said agent. According to a
further aspect of he i i,0 j OV S

the culture of celiﬁs cg%ﬂétsiangmgﬁ%éﬁdo%‘lﬂﬁ{lﬁg\r/é’gg%%rgp?g@gla?g&égrﬁunﬁgmto
any of clainms 1-31, a cenprishg eulbydppkobice sleddmernal anconerstrptionaefapetwernt o

co-operate with said cgfd r BosV} el and contain said cell
culture substrate and 22#8‘%@%@@&% “preferred endodi nent of the

i nvention said celi) culferming apudpsiationcemprisiera eglelystf i br obl ast's and
kerati nocytes. 30 cor di.0g: : t of the invention
5 i‘}ﬁ 08“‘15]81{1& %egﬁeé%uoh%@t@%d (rﬁg Bif

there is provided the Use ra ccording to the invention
for the preparati dw) of indisbdtieg thetcormbine mépantiooplew famationfedighduernelhe

description and cl ai ns Jse%mhﬂl?n ‘?EG“ ification, the words "conprise”
and "contai n" and vari &t10RS O e words, for exanple "conprising"

and "conprises", nmeans "including but not limted to", and is not

i ntended to (and daes ,not xel,ude ot her .ymi et | it . -
corponent s. 1 I 8gbersg e BF bRl td B he sRARRbL Y Beride & e
of this speci toratiiation of Hetveen @3l Biw/eh cadB3adgesv): pefadblyr adid thylegimbiche

context otherw se requires. In particular the indefinite
Grticte bs usthoopirapiar d SeBirhicd o By vk cod "as
contenplating plurality as well as singularity, unless the context
requi res otherw se, Feature i.ntegers, characteristics, conpounds,
Chent car ot et SRS FSGRGIeT e BERHE T ARRONG (igeT G g SUD ot
particul ar aspelkthyhsboedryiesn-sutyl eetglap el icliexylherylattvent i on are to be

understood_to be applicable to any other aspect, enbodi nent or
exanpl e dé8cribed herein unless i nconpati bl e therew th. An enbodi nent

of the invent mdpravelrdd Hamsdaf tidesesntioned teybeexaapl the gregayatiamn th iiMistHeated to
reference to the followng figgres; ¢~ Figure 1 is a scanning

el ectron mcr 6&1’“{95‘}4“‘(“3%‘&??%??‘}’&%@@"88 Gypical Pol yMPE material. 20 The
spherical cavities in Figure 1 are voids, the holes joining adjacent
voids are called interconnects. al.e bar = 200m.. . Eigure WS
SEM i mages of mpbiuf %Ffﬁéefrfat“é‘iﬂ?"élf’?&ﬁﬂ‘&ﬁ’&}"édalﬁ\ﬂeﬁa@f%"éP)aﬁ?‘eaé“cfﬁgggg or
phase tenpgragefcesgo’ca) roomtenperature; (b) 50 C (c) 60 C (d) 80
C. Scale bar = 25 100 Urn;

In a further preferred method of the invention said preparation in i) comprises a styrene

MOonomer.

25 In a further preferred method of the invention said preparation in i) comprises divinyl

benzene.

In a yet further preferred method of the invention said preparation in i) comprises a
surfactant that is provided at a concentration of 20-30% (w/w); preferably 24-26 %(w/w)
30  and most preferably around 25%(w/w).

In a preferred method of the invention the preparation in i) comprises 60%(w/w) styrene;

30% (w/w) 2-ethylhexyl acrylate; 10% (w/w) divinylbenzene and 25% surfactant.
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Figure 3 illustrates the influence of aqueous phase tenperature on
void dianeter distribution. Fromfront to back: roomtenperature, 50
C, 60 C, 8W0R00783588gure 4 illustrates interconnect si ZRCTHFEAPTIIASH 0N
of Polyl-11PE nmaterials produced using different aqueous phase
tenperatures: roomtenperature (0); 50 C (0); 60 C (A); 80 C (0);
Figure 5 shows the influence of aqueous phase additives on Pol yH PE
mor phol ogy: (¥ a prefererbmethodeof the jnventisysaidypigh infermal phgre emulgion polyresy ingsiep
(viv) met hanOkvi)i Eotiotedd YofeVeb¥y) sailitdotymsia bektidhed info ARinEHembpanEbilyer. 6
illustrates vo di amefer distribufion plots for PolyH PE material s
prepared with agueous phase additives: (a) PEG (fromfront to back:
no PEG 0.2% Irp% ek O Bethod or didinvehiion sHi'ﬁthl?ﬁgjis érdofREed Y thinGneRfdfe o0
nmet hanol , 1% 2% 3% 4% ; (c) THF (fromfront to back: no THF, 0.4%
0.8% 1% 1.5%yer PEGHEoximatgp; 5110 peiproen thigls s Peefembls el arpmprapes are
except PEG whj ﬁ:pg i o hii:Safkcase the aqueous phase was kept at
room terrperatkl e%at%\rr% ng EWP% on preparation; Figure 7 illustrates
i nterconnect size distribution of PolylTIPE nmaterials produced using
different aqu . S L ' d b hidd: #ikenak
0.4% 0 0.8% gg&i*@i?; J f‘ﬁ?‘g‘lrréétpﬁﬁ’g |&%Vé§§&n§?’ﬁg§8ﬁ’% 1%%(1110l 24%‘9l B9%5y,
X 4% ; ()0 THemIgompolsikeE obtathed O dbtairhle by the Bsesxactouling toithg hiyentipEG M =
300; all percentages expressed as v/v, except PEG which is wv. In
each case the aqueous phase was kept at roomtenperature during

emul si on pr ephraprefred &nlgpdingend of the inventiat exdd g bigh interhdliphpserempisioh pplymemt
of water in PES pr.epare i ifferent 20 aqueous phase additives
(Ono- addi ti ve,asé‘l’f‘.% °EP<)“‘F|3|§?E\’MR¥§% % PEG 0 2 % methanol). PEGM =
300; all percentages expressed as v/v, except PEG which is wv. In

each case,the,agueous phase wa fat. r . L8 [ [ i
emul si on ﬂ%epéfcg’fq‘?%t? a%"gﬁ? aesP@c% Sﬁgﬁg“’%‘féﬂﬂ S:g{r%rlrnﬁl e oﬁalﬁ’%%fgf“g@"hg@w?‘a| S
prepar ed wi t hisdbrfubeinai cobtuefoficdllant 25 concentrations (Cs) in the
presence of aqueous phase additives: 1.5 % THE, C, = 20 % (a); 1.5 %
THF, C5 = 30% (b); 4% nethanol, C, = 20 % (c); 4% nethanol, C, = 30%
(d). Scal e baln spréErérembbEGeniof B@0nvestion thpdighdntagiebasexpuibios payme hey v,
except PEG which is wv. In h_cas aqueous phase was kept at
room t enper atEP@W@P’FE&“@W??@W%&@E@?Q& on. 30 Figure 10
illustrates void dianmeter distribution plots for PolyHVE materials
e oo | St oty Gt B MR Rt W roviled B8 B SRR
comprising a high internal phase emulsion polymer to determine the liver toxicity of an

agent,
25 In apreferred embodiment of the invention said agent is a chemotherapeutic agent.

In an alternative preferred embodiment of the invention said agent is a viral gene therapy

vector,

30  According to a further aspect of the invention there is provided a method fo test the liver
toxicity of an agent comprising the steps of:

i) providing a cell culture comprising at least one hepatocyte cell and a cell

culture subsirate according to any of claims 1-31;
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met hanol (b). Fromfront to back: Cs = 30, 25 and 20 % (ww) . PEG Wnh
= 300; all percentages expressed as v/v, except PEG which is wv. In
each case Wheleiass8is phase was kept at room tenper at urRETHEB200701464
enul sion preparation. 5 Figure 11 illustrates interconnect size

di stribution of PojyBl RginRia alsl%héa ﬁt%ibkct@s%d“aﬂd”g di fferent

sur f act ant concentratlonsFr%1 § presente of aqueous phase

addi tives: (a) 1.5iiiyo| mopjiquipg: th@ tﬂ)?tlwwal the qgemb ttitanesbpe¢iOto @s prolif@gtionA:
C=25% 0: C =3 2 se
t he aqueous phase %reﬁtkeag?lpg{ﬁ?égggngf%ld%& tﬁrégcglcfaar% i nl{éé%ur{%lagtlog?l]%ﬁﬁe
preparation. 10 Figgmte 12 illustrates an exanple application of
styrene-baged pol yH PE scaffolds as thin nenbranes adapted for use in
existing cell culture vessels such as a multi-welled plate or well
insert. 15 Fi dua grei@red meathodcehdingigrdgin 83 fwhsredt said/ pgentns|lal chemstherdpsutic
carrying the 90% pore vol ume polystyrene scaffold at 120 m crons

t hi ck. These € arrpl es are of inserts designed to fit into 6-welled
(large |nsert) and 12-welled (snmall inserts) culture pI at es.

ATCENRE Bt e

mat er i al s 1Baveedeen adapted for use in existi ng ceI | culture
plastic-ware as illustrated in Figure 12. Figure 15 denonstrates that
the preparation and structural characteristics of the polyner affect
t he growt h of Acekdisg toia foitier takpectsad ﬂfef:mlenho@&hmsmlpmv:@ﬂ%nwﬁmﬂ sr tRbgrowihr e

vol urme). 25 Thi is . affected..
Scanni ng el ecf rdts)dﬁ&erlﬁe ng? 6°nr°%g%§rat8}° c%gg}o&lge{%ggqygsqr %Gf,sﬁll' Qi %eﬁ cgpprsing:
pol ystyrene scaffd)ds foming adesparaiion somiptidng 4 bedlsaltom tsaltistrate ScooRling to the

Ca r ov, gl Bun on_ 6056 pBIGREP SRl ig e calibie et iiner ous.

I alrrFI i E)(é;jl ﬁb( arr (ilb/f'lealdlﬂi).lrlﬁg"lhﬁﬂ(ibd’ﬂg‘ bd‘llts&bapi'g)hdﬁaﬁ d&}lt&mltﬁel E@bﬂﬁ?rﬂhﬁtglg
cel l's. wever, ce 0 6 30 pol yners maintained a
rounded appear ance and™} tB‘glﬁ‘[! é\?@ﬁsqwfeﬁ‘ﬁ eIiz)lfétmel | i podia. (1 nages
are of simlar nagih) fi eatdctip) said E&)@dl’ sabsh@tel with ktrafidoRged aMl/dr N@ratinocyte

structure of the growh subst raté i nfluence cell behaviour. The
data show si gnificant 8° P0F R aels the proliferation rate of cells

grown on Y@rious tiy)pescudfuringihe téribisred capmlbafmti@ﬁlhhdér Béd@ich€onB@MR A6 thson

bet ween pol yners of 90% and 95% vol u i.Ss denonstrates the

i nportance of tailori n@"’Y’ﬁ’e?édss‘jqé@aFeF’Bi‘tl?g ‘Pfg?a‘% I@eq‘f‘c’“éﬂeévﬁnﬁ}"r FREIGHSr e
shows data froma MIT geédrsopstéth cdller ati on assay of cultured M363

ost eobl asts grown on elther 90% or 95% pore vol une (PV) polystyrene
scaffolds, or flat, conventional tissue culture plastic (TCP). Cells
were seeded akh abrckifed@Rktod oPRE indEitibn saRPibol] RPEEREEs hid Qe PfbrbilasBEM
n=3. Note that cell proliferation is significantly greater on 90%
scaf f ol ds %orrpar ed to TCP and 95% PV materials. These data al so show

that cel |'s 10mph@liérh@FvabRdBEmbBAPLE tRNnRARIN| s dbrdbRSErdef RII9R YRV ed

Figure 17 illustrates how the structure of the growh substrate can

i nfl uence cel fromdhg, grogp consistipe @4t erugplofibrablests ﬂritesaml nqopa filagblass, joral
the proliferahjQh fibiastf ur®ial SoroBIRM or bladder fibroblasts.

30 In a further preferred method of the invention said keratinocytes are epidermal

keratinocytes.

In a preferred method of the invention said fibroblasts are human fibroblasts.
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on various types of substrate. Specifically note the conparison

bet ween pol yners of 90% 15 and 95% pore vol unmes. This denonstrates

t he i npor t WRERYHL53%i | ori ng t hese scaffolds for cell gri&MiEBZOGH 1464
figure shows data froma MIT cell proliferation assay of cultured
bone marrow derived nesenchymal stemcells (MSCs) grown on either 90%
or 95% pore volunme (PV) polystyrene scaffo]lds, .or flat, conyenti onal
tissue cul t urb afhuier preferydppthodef| theinygation saiddgratinosytey ara ygnandeipinogyles.
well. Bars represent the mean th SEM ri=3. Again, 20 these data show
that cell proliferation is significantly greater on 90% scaff ol ds
conpared to ToR pasferraiangimg ofhe dpventioa said prepagdion fisther comprises 53l3esns er at e
the least gn scaffolds made with 95% PV. Figure 18 shows significant
differences in the function of cells grown on 3-di mensional 25 90%
pore vol ume pbl%ps@fylr@n@t@&fﬂ@ﬂﬂﬁﬂt@éﬁ%&g@dsb’ﬂe%P@iagengr owth on

2-di nensi onal conventional tissue culture plastic. Assay neasuring
the | evels of alkaline phosphatase in M3%3 osteobl asts cultured on
90% por e vol ubme fumhey prsteaed weied efdhginyeation sgidicpliagen is grovisad il ti ssue
culture plastic (TCP) for 5 and 7 days. Cells were seeded at 1x106
cells per well. Values have been normalised to account for any

di f f erencd8 i In apeltemaiye prsfeved metBad of thedpyeatien-eidcpltagamis providedjn aselgtion.
Not e that al kal i ne phosphatase | evels are significantly higher in

cul tures of osteoblasts grown on 3-di nensional polystyrene conpared
to flat polyskyafrtkerpmféred ensthotiod the inventionah loast s3ith keratingcyies are disnjacegd to
these cells =€l i ..scaffold conpared to
conventi onal %gﬁn%ﬁgﬁﬁgﬁdu%ﬂg%(ﬁ?@o gsg%a?@%{l?‘}?gure 19 shows
significant differences in the function of cells grown on

3-di nensi gpal - 5 909 re v I SRt
their growh Blna fgeﬁr%é s?t%%a Cgﬁ@‘é%ﬁ’%ﬁg'?qf ?gong‘éﬁ’g u %tgr e pfegts%ni %:k.ent
Assay neasuri egnprisiagl evel s of osteocal cin in bone marrow derived MSCs

i nduced to form bape nodyles in res . re
cul tured on either” 90% p-glrlgmgoﬂ] e ar%%%gcﬁgﬁlﬁ@@ﬁ%@%@%f lgflg?c{c‘)@esmﬁ
flat, conventional ti ssusagesttbbetestedyl astic (TCP) for 14 to 35 days.
Cells were seeded .at 1x106 .10. cel | e I V.

normal i sed to accdint fal?% rn%iiﬁ}efee%ffée%nogggﬁia%m%%rﬁwﬁglﬁgg sehg%?‘gth and/or
represent 2bhe nean SEM diffsBntiaon evheth admmasilao @alooirel prepavéion that das got
are significantly higher,in. cul ur es of differentiating cells grown
on 3-di nensi onal pol ysty?‘&ﬁge%?bdﬁﬁgg}'ed to flat polystyrene surfaces.
These data agai n show enhanced activity of these cells when grown on

the 3-dimensi Rgc%lrdigé: ’?of Ii %llrﬂmerc gs%&ro%qhé Rvention there is provided an apparatus for the

culture of cells comprising a cell culture substrate according to any of claims 1-31, a cell

25 culture vessel and an insert adapted to co-operate with said cell culture vessel and contain

said cell culture substrate and said cells.

In a preferred emdodiment of the invention said cell culture substrate comprises
fibroblasts and keratinocytes.

30
According to a yet further aspect of the invention there is provided the use of a substrate

according to the invention for the preparation of differentiated skin composite.
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15 conventional 2-dinensional culture plastic. Figure 20 is a

phot om cr ograph of Von Kossa staining show ng the formation of a
central | y wocaw’ads2spne nodul e. The bone nodul e was der iIRFEE2@01464
mesenchymal stens induced to differentiate with dexamet hasone when
grown within 9 : . f Ll s are
count er st ai negm\?ﬁg{%ﬁﬁgﬁ c?\ré&glbl@e%gtc%%%&tnﬂs EP %ﬁﬁr%g@t{fl ﬁJ|qu'Y°tf stra 8@5% h%nvf[(
t he struct ur e “otadifeand raiatins i ths twoatssfocemampla f*tongmisia g’ tasld |“cdnginiaasi’,oreans
The data exenpl ify. V. » 0 ' I J.s, i t;hi 0

Vol ums. pol yet yrcidind 85 S AR08 Nng U 308 BB 5ol W AhE B
pl astic. The miojpties adliitves cAbpaattsy iftezessoastd.T cel |l proliferation assay
of cultured HEP & hepatocytes grown on either 90% pore vol une (PV)
pol ystyrené scaffold or flat, conventional tissue culture plastic
(TCP). Cell s Weregimetttedesafptibi dfibclams bhisspecificdBansthe spguls embmpisees thean
| SEM n=3. Note,that cell proliferati.on s significantl, ater, on
00% Sca 1 of doPLGARE ARt isR henRLRER eaoRlodFh e dothfihtle B
illustrates howdf ke stecificdtion ds ab Behendgrstood has sashieimphtiey ehmalignk wetice

cell function., The,data exenplify the advantage of grow ng cells
within a 90% p a"%Fﬁ‘ﬁ%ﬁ%’g@%’f‘ﬁ%-{?°§l}§8¥1f30| d conpared to
conventional tissue culture plastic. Assay neasuring the:levels of

al bum n production from REP 02, hepatocytes cultured.on either 90%,
pore vl bire. ( B0l ry, Sraciaislrs Gt st BERARAF SioHE doorietio
cu: It ure pl aslt F@jl(\:/ﬁ}iﬂﬂ)wiﬂﬁﬁ pﬂrtiétﬂhr%ﬁbeﬁiﬁb&ﬁqudfﬁ&(ﬁjﬂ & M&hﬂe%ﬁ&ﬂ?ﬂveﬁﬁonﬁl@ﬂiﬁﬂae
cells per well.,K Val yes have heen normalised 1o, account r. a .
Gt or nces. 1 HdeTod FLaRRp oo Fuary SiFPaisiitt bR A SKemRl Creded eeis
that al bum n gnle® nrempdtidleittravidl € significantly higher in cultures of
differentiating cells grown on 3- dinensional polystyrene conpared to
flat pol yé'?yrene surfaces. These data agai n suggest enhanced activity
of these cell gnWdadieHeM\Of B8 ihvratici FilRS ibe idderib&R by ekfinl® bR rad vin
those cultured on the flat surface of conventional plastic-ware. 10
Figure 23 illm?“ﬁ?@éh%ﬁ'i’"(’ﬂ% E¥Sucture of the growth substrate can

i nfluence cell function, in this case, the enhanced tol erance of
cells to cytotoxic challenge. The data_exenp|lify the advantage of
growi ng cel | sFigieH;in2 gaoeng fimtr@nmreﬁ@hﬁ%w%ﬁ%a pistliely ¢fidbd
t 0 _convenbhonge phSrfdEcabitied 1 Mgk ASkd foids, M8 hbleDjdirfingSdupont doida afe calBd A
MT cell proliferation assay of cultured REP 02 hepatocytes grown on
ei t her 90% poisrepBpsgtye Scale bar =200m;

Figure 2 shows SEM images of PolyHIPE materials prepared with different aqueous
phase temperatures: (a) room temperature; (b) 50 °C; (c) 60 °C; (d) 80 °C. Scale bar =
25 100 {m;

Figure 3 illustrates the influence of aqueous phase temperature on void diameter

distribution. From front to back: room temperature, 50 °C, 60 °C, 80 °C;
30 Figure 4 illustrates interconnect size distribution of PolyHIPE materials produced using

different aqueous phase temperatures: room temperature ({); 50 °C (<); 60 °C (A); 80
°C Oy
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15 (PV) polystyrene scaffold or flat, conventional tissue culture
plastic (T d?‘ for 3 days in the presence (125 mcroM or_ absence of
the cyt ot oWPPEXNSBrexat e (DNA synthesis inhibitor). CETEBAYY1464
seeded at | xl 06 cells/well. Bars represent the nean SEM n=3. Note
that cell pr ol Fizarexshews ﬁhsmﬂu@m ¢ agesotd phagpraddities oxoPolﬂGME:m@;ﬁHoIdggi:S(a) no

conpared to 2- n a S WN
on scaffol ds a?%almf @b ? glg'le@y‘ﬁfpﬁt 0 %Er‘ré?é%%?) @ei%%/ é/é’ngF
growt h conditi Sepde baFF§ditm.24 || ustrates how the structure of the
growm h substrate can influence cell function and further exenplify

the differences in growing cells within a 90% pore vol une pol ystyrene
scaf fol d cofpaFigaretodlletrateevrtid dinmeter disihution plbfs o @olyHEH mﬁerlz&ﬁ;& ed with

nepat ocytes. or She EXFLE sl G BRRO BT %ﬁb%c%\ao”ﬂ#&?yézﬁéfo 4 T390

scaf fol ds or f{bxamethemoh (et fromiad back:am weetlanidl} 19% @%}B%ﬂ%}i (&) TER) (fbRr froht f00

3 days. Cells o Val ues have been
nornal i sed to %@iéglun fg(rh’aﬁ ?DTQ'T @g{q% 3@4 P! RerRsEases qspressed as viv,
represent the afmq:m PESEMlcmsﬁf/v Th @ach@hysttiaqnedaepHae Wasiefila® kddm temperature
cross-1i nkj,cﬂg ne lk.nown tcl]gbe expressed by %epat ocytes 30 and is
i nduced as y'f‘gglméﬁrf%af opt osis. Note that |evels of

transgl ut am nase are signifi cant |y higher in hepat ocyte cultures

grown on flas\ﬁpol %{ﬁtﬁrg Sur faces, co(gga]; ed t o 3-di nensi onal

pol ystyrene A YSERE G HOPIECY Feer dsibutign eRRITIPE atesils Pedupadensing
cytotoxi n met hmféra)tatq&ous'l'ﬂ)ﬂmddﬁbés faypEGaO WSA OLAIRtx @efod, S)%Q;%,
scaffolds are g?f h’&“"iﬂﬁ t hese, | evel s e%t ot oxi ¢ _chal | e
which may be doNEed)! O Ereaglepac o s O3 o 4508 8 I o
condi t i onsisunl<ked% hAS(ES%)q@elr% enaesys)bwEeEM, & 306; Ch%eﬁb%ntggeg leﬂf-&%d%%‘/
nonol ayers; 5 FIE&FEEGSEI n| ng electron m crographs show ng éZ
hepat ocyt es cUff ich Iy ?acgﬁﬁeﬁwgq'(eeuq:ghasgma;gggt,amm ff=1nli‘¢1"ﬂ'ﬂll‘e
substrates forduﬂngé]ﬁnsﬂnﬁepﬁ&u(nf\ C, E) or 21 days (B,D, F). Hepatocytes
grown on 2-D substrates appeared significantly nore heterogeneous in
structure (A B), conpared to cells grown on 3-D surfaces (C. A

decreased seedigug: 8eMiritds s@ﬂ‘&iﬁhﬁﬂm%&ﬂﬁbﬂt%ﬁﬂa@f‘m@mﬁg fe Agg&'%thl(&lgfgr t

D scaffol.d 10 d
Thapes  anddi ne@as FGHSURLS (7ap ot Fiios TS A B} % PRGap % medhanoD,
magni f i cat i on PRGAGES 30Q8 gb@&tégbﬁex%%w §§42/9 Rx@bt ﬁ%ﬁ Qfich iéfki%r $r Qbh case

mcro-villi (ny) on the surface of

consi stently STeé&P@PSPMFPd@Sé‘CRSF‘“ﬁP@F@P@mMﬁdudng@f@ﬂﬂl@ Igﬁmmom,n 3-D
(GF) conpared to cells grown on 2-D surfaces (A B). Scale bars: A-D
25gm E,F 5gm 15 Figure 26: Transm ssion el ectron m crographs

showi ng the uklgha thowst SR limd @BP‘P@I 4!

either 2-D or 3-D surfaces Igrgg ?H]?E ’%"&% @He& s ‘}éﬁ‘%?gﬁg Bt
2-D pl ast 8 e SPcBtrations{Gren é‘wf@ﬁpwrof?qqewmhﬁﬁmé@h@solg&’ﬂﬁ‘HF,e@s,—-20 %
i ncl udi ng nuc 41§|9;)T1.[p1é9£ EY a e@? crelc b
(rER), mcro- \t/a? jgpﬂq d/él%&%ﬁngél@g 20(n Qﬂ‘% gfmf—]bé %/m
cells cul tur e@)oﬁcﬂﬁbgrs‘t%@ﬁ’e Wi 51398; allsicenfagomenpreseski@s 8/v, except PEG
associ ati on Wghfanh i GR0 kY BRE . Vo hS T s f the
material as shown. |maging sﬁa&qugﬁ%fﬂs h?#s“éﬂ%&iﬁ%r@% t%ﬂ%era e dilfing
di spl ayed an emylsipn prepasgiopul ar organel | es such as nuclei (n), .

m tochondgpa (nt), rough endoplasmic reticulum (rER), mcro-villi
(ny), lipid droplets (1d) and peroxisomal clusters (pc). (D) Hi gh

(0 compl exclEe RRMRAGE v MAIE dhfuigh B 57 pebalr et apreed
cells closel yWﬂbdé&tﬂlwrfaatm kencemnatidns duthe prefdnes) ofadditveshi.s B THR(H %

mecro-villi (my). Scale bars: A 13 2gm Clgm D 500nm Figure 27:
Performance of Hep& cells cultured on 2-D (solid bars) and 3-D (open
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assay. (B) Production of albumn secreted by Hep& cells into the
culture nmedium Al bum n secretion was nornmalised to the total anount
of protei nwpaeponesdB8 For both experinents, cells were SEgdcRRogno0l464

x106cel I s/wel | . Data represent the mean SEMfor three i ndependent
repeats. Si gn'ﬁlbﬁﬁﬁ??}' Fréhe ekiad bhk: ¢ p<@ooésh&§iﬂﬂ%t \0? ?Waﬁj
test. Figure 28: Performance of HepG2 cells culture

bars) and 3- D RE5SBHASSAXETSSH ag W5 excaptPEG meh is wey. | Igmgréaobasfyth@ hagieous phase
cytot oxi n, metPateersatodmcdl tup&grﬁ sh re treated either
with vehicle al oneﬁ(conlturo p@,a ) g ﬂXYo:?ﬁ%ﬂ;a?at; pM M X for up to 10
days. (A) Measure of cell viabi I i ty using MT assay (B)

Det er m nat i®n #—?‘9@319 g i=Talel R A=Tns n
secretion into the cu tuare ned%r??s‘gﬁl)lhﬁ'ibﬁt% ggg vvgre nf(%frS 4@?&3‘%%
the total anpulitferet syrfagtascanqgairations (Cs) i Gy pme%@ra&mumamfad@ews (@) 1.5
damage as det 100 G Yint 5'%&%&]: achhovl WY, Elr;;sy vel.g,,ner e
nor mal i sed toe‘{ e/@t ot a}(b)a‘frr%n‘f%IH eC Ed))’ AI s ﬁ 3026
experi ment ( A-REjcentage [exprogsede as eféf&iedﬂ aachl casi@&:edﬂewsvﬂa#e kaept at room
represent the gg pendent repeats. Significance

i s denoted by *1%286".11 gg‘!‘%”kgﬁﬁfsgﬁgﬁﬁggﬁ *p<0.001 using the Mann Wit ney
U test. 15'Figure 29: Scanning electron m crographs show ng the

ef fect of net

rmge. panel s, SHks ol M ool BpTiioRGE e SEb b lom SRS A bt
(B,D, F, H subsnembmss adaptediforusevin existing tzéibcrultme rwessdﬂesu(:lmmm molki;welied pIERS or
(A/B), 8pM (Qwe@lnse@lpM (E,F), or 125pM (0, 11) MrX. Note that
mcro-villi on 20 the cell surface are clearly visible in both
control cultures (A B) and cells exposed to Iow concentrations of MX

C, D) whe r h or3 subs s. At
gn thar cowggn%h ghn%(% X gto%ry ?f(%{?t é%&ﬁﬁ"%&’i%%sﬁ?ﬁ%i’?l‘éﬁ%s
possessed ver yolysyrem scaﬁﬁ}ld/ atl 120 n(x&amsahndk t ’hle}ascalafnpkmm‘baﬁﬁlsmgned to fit

cont rast, Hepcdt tafoied Gripetfmd il e et el P Casi ng

| evel s of MTX remai ned i ntact and exhi bited | arge nunbers of

mcro-villi (E,11 Theefect of

met hot r exat e E Wémdﬁa?%@ E?‘Y‘P%B@tﬁ? ﬂ%%)qr.lﬂaéts Bﬁmﬁgﬁ&go%éﬂc’w yoluge PRSI s
show cul t ®oed seattblds fod 17-28-dbYs (d\vitEo. Bl Hege ndetiaB -hbYe(UBerdbpted) fob UdRSA &aitRS cell
treated 30 vmt ei t.h r vehi i}”ﬁﬁeion roI no Mrx, (A, B)), 81.EM(C D),
311. 1M (E, F), “Bpeg R?Iw(aﬁaiﬁ ig§d% of control cultures show
the normal structure of cells correspondl ng to the grow h substrate
(A B). The rmlFlogru#etl% c%mons?rates th%t tggmgrega?anoli%}ld Et:'u%tsmga cl?a?alc%elglgtgs %!f t%gtplolgrmgnd

affect the growth of cells within the scaffold (example: 90% versus 95% pore volume).

25  This example shows how cell morphology is affected. Scanning electron micrographs of
MG63 osteoblasts cultured on polystyrene scaffolds for 7 days in vitro. These materials
were produced using pore volumes (PV) of 90% and 95%. (A) Osteoblasts (arrow) grown
on 90% polymers spread out and exhibited numerous lamellipodia (arrowheads)
enhancing interactions with neighbouring cells. (B) However, cells (arrows). grown 95%

30 polymers maintained a rounded appearance and produced fewer if any lamellipodia.

(Images are of similar magnification),

23



exposed to 81. 1M M X possessed near normal cellular archi tecture

al though a few necrotic cells were identified (C, no). lncreasin
concent r at WOREYBRIREX resulted in the destruction of tHERGEFV7/00146:

majority of cel|s.grown on 2-D substrates (E.G. Nuclear nenbranes
had di si nt egr aFigdrealftl ilbistgaiese hove sha strweiirg wf fiieeu prawiln sibstadtt hogn defiesice cell

coul d be ident pdygr TRE UG YRS Qé}‘ufi@ﬁtrbog@e?&gesqﬁ B g‘s%erz%on rie 9 cells grown

vacuol ar spaces (v) and nenbrano Kno
aut ophagol ysosemeasiopsigpes ofjubstrate. Speificatiy I',lOtd‘ﬁ@@’lpeﬁﬂoh betgeavyolydrersof D%

scaf f ol ds mai ng,qi t

necrotic cell sIlrﬁl Eja%%\e%idq%%n:[# l‘f‘:’ %&F%Q%ﬁ G0 %@m%ggéﬁlgﬂngg’eﬁeﬁ‘éaﬁf%&{ﬂ
MTX (H% Scal e(f;sHJ &l’@vth\ 'Fl;zfpgumshﬁwgiatae?roﬁﬂaMEYaeinirtﬂlfMIagsayafduﬁﬂre&fi NIG63
or ganot ypi ¢ co o

insert with 3D pg%ﬁ% goPg\;ﬂ %Le%gﬁgié;‘f%qrgwg @S}éag]i'%yrjﬁ%?sséa E@cﬁtﬂ?&l
inculture wel ¢onpemtional tigsu thl@d»laducs(fﬁcma @lls ﬁerm&le&icdmt bile cellE)pér%ll. Bars
absence of col Piist B redPRBM YT ROR B30 Bofferflo pdbisindly Eirnen
onto surface oi0%lsefiels fonpriodtaEEP end %56k BV n‘é@alEXIlﬁsdea@a flfo MBw ARk fenk
ker ati nocyjes rat.i ion achieved in this
case by Ioi/\c/e’?rll}r&l 3€\;7gfqua$€°%§ a&ﬁ*“{sﬂﬂag }Hégtfch?{'Cel | s grown on the 3D
scaffol ds are readl I y transferabl e between different cell culture
vessel s al |l ow d i ng t he, user re 32: Scanning

el ectron nicr 015} aphs of &” %ﬁ ?‘8%?"55?%‘ §r& Wﬁosg‘gsifﬁep@“ygwy?néﬁéﬂl
scaf f ol ds shovisshaviout. OT\he(dh)a showl slghtjiaanﬁ BiffeER@R irf the prloliRA%on ﬁfté’ S¥1ls grown
i ndi cate expos%rvelof fzob}sr %RF igl Eﬁ@neat h | ayer of cell

St ruct ur al suppo?‘ioucﬁfypgscf SEOSITRIRy BRFELICHY Bate iy gorgparisen hetvesa PPWe‘isﬁtﬁq’/ne
Egp:a {)Iu Ingg |y 1;52 : ahy 9532 P08 vlollumeﬁ THiI$ denidBstrafel ﬂlalilhﬁd*tﬁllﬂ:tb Bgiealsl&\fﬁg!["th@@%affolds for
fibrobl asts gr gﬁl_\%mﬁ‘ gl% f'lsgf’réﬁg? ‘g@%oﬁ{% Bl profiferstion apaypfenltured bone

anal ysi's, sectipoedderiddl ﬁ:&dn@pmhlhﬁém aklsc@ides) E&)gh {&ﬂeﬁﬂé&t ?30"
0 s Prepare

and Eosi n. TabIEl 1#&@28’ i cal P raneters o

Di fferent Aqué8y&® ﬁ?ﬁ‘%@r%ﬁaﬁ $ of gt VW@FW%I§@$%I®1%&1¥W@CP)
Tabl e 2 Aver agrildbe s@del &t TkR caR ﬁ&elﬂwam%ﬁésént%e RO EEER=3. Again,
Pr epar ed thg,r&uou 30, Phase Additives, Vater Sel f-dit1usi on
Coefficie g%‘ia %C’Wﬁ‘%?t 9“3‘? klﬂlﬂﬁl?ﬂEé é.lgmﬁ?ﬁaﬂy greatr on §0%ersepfinddssompyred
Sur f act ant ComeeOp mt 9MPVﬂnaMHthQﬁ a@itition celf: rxrilexpt'ésthﬂeﬁ‘s%ﬁ §£¥ff§4d§ Bhade
Aqueous Phase Atgg Materials and Methods for the Production
of Gowth sub® ?é’P or Routlne Use in 5 Cell Culture Materials

Di vi nyl benzene (Al drich; 80 vol %divinyl benzene, the remai nder being
m

Figure 18 shows significant differences in the function of cells grown on 3-dimensional
25  90% pore volume polystyrene scaffolds compared to their growth on 2-dimensional
conventional tissue culture plastic. Assay measuring the levels of alkaline phosphatase in
MG63 osteoblasts cultured on 90% pore volume (PV) scaffolds compared to flat,
conventional tissue culture plastic (TCP) for 5 and 7 days. Cells were seeded at 1x10°
cells per well. Values have been normalised to account for any differences in cell
30  number. Bars represent the mean + SEM, n=3. Note that alkaline phosphatase levels are
significantly higher in cultures of osteoblasts grown on 3-dimensional polystyrene

compared to flat polystyrene surfaces. These data show enhanced activity of these cells
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and p-ethyl styrene), 2-ethyl hexyl acrylate (Al drich; 99 % and
styrene (Aldrich; 99 %9 10 were passed through a colum of basic

acti vat ed WoEM7as28A dri ch; Brocktnann 1) to renove anydIrGB20TOr464
(4-tert-butylcatechol for styrene and divinyl benzene and hydroqui none

or nonomet hyl -ghdAeiroRN BhOMY i30RRssloREl Larfld %‘%ﬁﬂé}@d 8%(36%}'%%?%&?1 )2%«9%1‘%}.1&1' m

persul fate (Al dric i .sorbi tan nonool eate

pol y( et hyl ene YHy&slaFtic Al drich, M = 300) and cal ci um chl ori de

di hydrate (Al drich) were used as supplied. 15 Preparation of Pol vH PE
Pol ymers and Fabrication into Thin Menbranes for Cell Culture 20 :
Pol yI ETE f oans e &9 phozissicaificans diffgreness inthe fimstionseftdelingrown an BidRensiorh e
oi I phase apntgabngghe GRS ¥di 2 c ‘%vﬂt 10% .

di vi nyl benzene ang _55%_sur¥{a¥:\s§gerlllte ] %%)r S%ﬁ‘#@%ﬁ%é‘?@a@é (§I] Izjd%wéj?l%nal
ww) . 25 The #§uestianaptisgsie iy plastiod Assty psasusisg the lpeissef] gstvadatein in bone
de-ioni sed H2QuaMat BQ8ed MSCs induced td nLef o] hase.was pl aced
In a 3-necked 250nL roﬁnd- gol?_tu(c)’rreg? @fﬂgsl?b&f %%ﬁl??tngr sem&ts%%aﬁexg\]}%t e
stirrer (gl as$etlpavers eelaeednen Rither B0Bhempe dolPTE EPYaodlysyrencasckdldsbr flat,
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15 conventional 2-dimensional culture plastic,

Figure 20 is a photomjcrograph of Von Kossa staining showing the formation of a
centrally located bone nodule. The bone nodule was derived from mesenchymal stems
induced to differentiate with dexamethasone when grown within a 90% pore volume

20  polystyrene scaffold. Cells are counterstained with Mayor's Haematoxylin.

Figure 21 illustrates how the structure of the growth substrate can influence cell
behaviour, The data exemplify the advantage of growing cells within a 90% pore volume
polystyrene scaffold compared to conventional tissue culture plastic. The figure shows
25  data from a MTT cell proliferation assay of cultured HEP G2 hepatocytes grown on either
90% pore volume (PV) polystyrene scaffold or flat, conventional tissue culture plastic
(TCP). Cells were seeded at 1x10° cells/well. Bars represent the mean + SEM, n=3.
Note that cell proliferation is significantly greater on 90% scaffolds compared to 2-
dimensional TCP.
30
Figure 22 illustrates how the structure of the growth substrate can influence cell function.
The data exemplify the advantage of growing cells within a 90% pore volume polystyrene

scaffold compared to conventional tissue culture plastic. Assay measuring the levels of
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Producti on of Thin nmenbranes 15 The pol yners were engineered into 120
m cron thick nenbranes. This can be achieved using a m crotone or

vi br ot ome WRGUYM2828B cker sections (up to | m) be requi rEd/CRAEMNAIES
of polymeric material were then sterilized using absol ute ethanol,
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val ues. Therefore it is necessary to introduce a statistical
correction'. This Iﬁglﬁcm e ed by eval uating the average of the ratio

Rr, wher ek ey 0Py thespciae ok the, gpwthgvbsiaiesrn mflvenee ¢oll fiungtion,

di anet er val UeinBae4E At bl RS EOBIAR LytolAR HhfthbS! TAkax] Bk
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val ues of Ii, tsocohta&maya@rtﬁa@ aﬂﬁa&aghénbt yﬂ{@'f%m Oéhofa 'dataRﬁanoé?Wtﬁ%ﬁg

this valueln eg gives R/r tiplication
observed aver & lfvaﬂl@easw of ialtuped HEB |l@p?éqws axom;wg citherdi0& pare wplame

val ue to b olypgy PaicktyrbRrseatold dral ‘déﬂx@ﬁhoﬁ&lrtﬁfie Wty H&fcg('l‘glj)[ B§ rdgﬁ :ﬂgn

porosi netry anaIyS|s was performed usin CromerFtic

111 9420. | nt ril& prgeengh 6l 28 wierakD on ahﬁém@m%thmt@z@n meigiresteofDNA 6nthvsis e
used. Penet I OMRils). Vel ware Sk MOk §Pofwch S bro@RCine bl P SOl Hee
of 5 inL were used.” The intrusion vol unme al ways corrprl sed bet weeh

and 80 % of t H¥otethateelb protiferatipm s signiBeanihy exseten e 90%rscaffrddsPeimpBiePEs 2-
never exceede [ I f r

diffiision cogif%i&gllog%trmgi} SFhlgé délé Vt\élia%‘?réégg}-” e u%%“&ssar%%grel\)ﬁl%rgm fo
Vari an Uni20y Ithévﬁotaﬂmﬂmrﬁmmlewg@m@tsr omet er equi pped with a
Performa Il gradient pulse anplifier and an actively shielded 5 nm
indirect direction probe. Automated z gradi ent shimm ng based on

deut eri um spi Figueheidlustrates bose the sTintire efithegravtrsgbstrsedart mfluaikcd cell function
measur enent s

and further exemplify the differences in growing cells within a 90% pore volume
polystyrene scaffold compared to conventional tissue culture plastic. Assay measuring the
25  levels of transglutaminase in cultures of HEP G2 hepatocytes grown on either 90% pore
volume (PV) polystyrene scaffolds or flat, conventional tissue culture plastic (TCP) for 1
to 3 days. Cells were seeded at 1x10° cells per well. Values have been normalised to
account for any differences in cell number, Bars represent the mean & SEM, n=3.
Transglutaminase is a protein cross-linking enzyme known to be expressed by hepatocytes
30 and is induced as hepatocytes enter apoptosis. Note that levels of transglutaminase are
significantly higher in hepatocyte cultures grown on flat polystyrene surfaces compared to
3-dimensional polystyrene when challenged with increasing concentrations of the

cytotoxin methotrexate. These data further suggest that cells on scaffolds are more
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20 was 25 +/- 0.1 C. Water diffusion coefficients were neasured using
a pul se sequence incorporating pulsed-field gradients such as the
bi pol ar puWeIFAz$288t | nul at ed echo (BPPSTE) pul se sequd@dé:B2ARHT0LEH on
coefficients are obtained from BPPTSE spectra by nonitoring signal
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anpl i tude and fidt}8lin eq }%}f'lo t he %xperirr_ental resul'ts. 25/ = /“(r)t
exi - DfireGy (A% 375%}’95 i posiditippsynlike these expepipnced by eells meoviness ximessional
intensity neasmosthybief a gi ven gradient anplitude, G lo is the

intensity in the absence of the gradient pulse, y is the gyromagnetic
ratio, Sis the duration of the bipolar gradient pulse pair, Ais the
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then seeded atvé§a&f cellsrEiR).i dberewersenensigtantly gregtes minghersedf]rsicrofvilli on cells

standard 6-wel Al (2" o) i |0 RSErts
mount ed wi t h ﬁm@q‘p‘gﬁbng?@yﬁ%ﬁ% 28 torchls %‘J"g“/eﬁ?g'ﬁ;#“?%"%ﬁﬁﬁ ﬁ%ai"’é?: A-D
Cul tures wer e2fEPrBPW&d in growt h nedi um whi ch was changed every 3-4
days or asjzrequired. Determ nation of viable cell nunber 15 The

nunber of viable cells was determ ned using a conmercially avail abl e

col orimetric Higyey26: Hrasaissipn islscteod mipropophseshowing okd gfiraatructied Heshrdsost
measuring cel LYk ErakdA e b x [l of trazol i
salt intoab 3@% or mazan p?%ﬂfgiﬂﬂa‘g?eﬁcﬁ‘g%%ﬁ%gpSayé-pﬁ”t)?ﬁ%?&"?'&ﬁ’ﬂ&éﬁﬂ
(570nn) [ 32] . oMRe> akstipyexhibiedmwhicrursliadic dlantifiablg otgandllg inshnlingaticler @), S
instructions gn I I .0n_2-D a -D. suhstrates r..20
vari ous peri og{sﬁoﬁﬁg@ gﬁ’e‘%ﬁ ie{i/déblgér;nolgkr}ﬁtmggﬁldBﬁﬁgﬁg‘.‘;’%ﬁhé‘?‘b’ef‘%{ gp‘d
(M X) toxi2@it gropletadldys (BE) IHepG rellsseiaat om polstytergidaf®ids (Sd) rgfo€ @Sclbso
triplicate an / adhere for.24 hour The ,medi ym was
t hen changed %ﬁéf%lg%ﬁgtgzﬁé \%\’n!)lﬁlﬁgrprgod? pgeﬁtg 8‘II¥°5P‘III’%§I‘“§I ?ﬁtg? é‘me”geas shown.
Imaging showed that cells grown in 3-D also displayed an amray of cellular organelles such
as nuclei (n), mitochondria (mt), rough endoplasmic reticulum (rER), micro-villi (mv),
lipid droplets (Id} and peroxisomal clusters (pc). (D) High magnification micrograph
25  showing the formation of tight junction (tj) complexes between adjacent cells. The void
formed in between cells closely resembles a bile canaliculus (bc) info which project

micro-villi (mv). Scale bars: A,B 2um; C 1pm; D 500nm.

Figure 27: Performance of HepG2 cells cultured on 2-D (solid bars) and 3-D (open bars)
30  polystyrene substrates cultured for 21 days. (A) Assessment of cell viability using MTT
assay. (B) Production of albumin secreted by HepG2 cells into the culture medium.
Albumin secretion was normalised to the total amount of protein per well. For both

experiments, cells were seeded at 1x10%ells/well. Data represent the mean +=SEM for
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25 concentrations of MIX (no MIX (vehicle alone, control), 8uM 31
p,M and 125 AI\Q._OeI | s were subsequently incubated for_1, 3, 7 or 10
days, afteWORMTERSBYI tures were sanpl ed and assayed forPE&FpR07/001464
nunber/viability and | evels of albumn and transgl utam nase were

det er mi ned. 30three fdereagent repeats ognificarce s danotyd B pp0.0Husing theMafin Whitney
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Preparati on ofdaganf)ddedsor of celhmiabitjtyalsing tNDIN assayC r (B Crpymin®icd) HepGd cell
transm ssi on p 1:Cr 0 TE1I n _prepar.ati.on for SEM cells
grown on 2-D gée?%foﬁ'?%gt% t]%é eeg%re by P{Vfg’amﬁlns%fél%r“g? JLMP]&E%WI“%d
2. 5% gl ut ar al ddbwymiie lévals Sereansalised phiesiplbintouhtdfpeotein por welln QOY AsBdssdéht
room t enpeJat ur.e. ..Sanpl es e th rins in 0.1M phosphate buffer
and i mrer SLOS i°h b %ér%ﬁe (ag\é&e;m%'f“ﬁ?}?’otﬁa“f%'%mﬁm?f&u?”,tw‘ghe DGER) dFVEl tere n
50% 70% 95%mnamhliidGe4te tdtainalonit@f protefii periivelk , Fof eddh ciﬂeﬂﬁ&ntf(ﬂ{(‘,),&@nshwere
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were then cut S?‘*ﬁ?%”?ﬁi&?@” Vﬁﬁg@% R\ ilg W&%ﬁnjﬁg’ﬁﬁﬁy Indgpendant Fepest-
speci men hol déignifivateds deacted b P03, Wp<BHCakl **+2000( Sising TRAMVSA WhifSy
were t hen spuH er 15 coated with a 7nm |l ayer of chrom um and exam ned
using a Hitachi®85200 SEM For TEM analysis, cells grown on 3-D
substratesiswere fixed and treated as descri bed above for SEM

However , subsgﬁe%_t dehydratiop and b%i ng cut into small pieces,
sanmpl es were Befde PoMHnESeon micstiphsshewing the effget of methatraxpte (ATX) o
1 hour ﬁt 3|7:thﬁl’i;grfﬁ:@ sfrnivBite @H@)@dfcﬂm iﬁ?@! paflsdRdw [%d:%ll@\]&erﬁg&ﬁured on2-
overni ght. Fo pr.e tio cells grown on _2-D surfaces,

cul tures wer ebf é@(‘g&’(g) ri’g‘ggfﬁ)p@]ﬁf ?ﬁ) SRSy géat‘élr?ﬂthﬁ@"}bv@m&l? &soatrdl ey MEX| n
Sorenson’ s phosBhabEMTIt)es MR, GO IROMTKCTRR Rhithro-Hfl ) on

were then scrappe fromtlssue.qufgure pl ast’ic and pe
15, 000r pm%¥Por thesa pirfapiere glearly dblp in bty contelsulitesdAtl)ynd palls exposad t0 lowM

phosphat e buf tgicedifaflods BIRISEEC, D whed Hdfrof Sifhed 2-BYAUE) 2B-D (B,D) substrates.
At higher concentrations of the cytotoxin, cells grown on 2-D substrates possessed very
few micro-villi (E) and the cell surface showed evidence of breaking up at the maximum
levels of MTX tested (F). In contrast, HepG2 cells grown in 3-D and exposed to

25 increasing levels of MTX remained intact and exhibited large numbers of micro-villi
(F,H). Scale bars: A-H 2pm.

Figure 30: The effect of methotrexate (MTX) on the ultra-structure of HepG2 cells.
Micrographs show cultured cells on 2-D (A,C,E,G) and 3-D (B,D,F,H) substrates, freated
30  with either vehicle (control, no MTX, (A,B)), 8uM (C,D), 31pM (E,F), or 125,M (G,H)
MTX. Images of control cultures show the normal structure of cells corresponding to the
growth substrate (A,B). The majority of cells grown on flat tissue culture plastic and

exposed to 8uM MTX possessed near normal cellular architecture although a few necrotic
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37C. When set, ultra thin sections of the resin enbedded materi al

wer e produced @il vﬁdﬂéﬁ@ﬂﬂ@éﬂt (O, hdyROBGrelihg T EMedntthiicds Nir TR0 WattedCn the
Enzymatic assay of tr\%ﬁs ut am pase Tissue transglutamnase is a

cross-1inking vaih Dayasitn At pfis pEein uFoRswbsitates (BIQy Muder e

in the format nﬁanwainei b Gﬁmﬁgﬂaﬁﬂlaﬁ@ﬁrghﬂbll&xﬂﬁlﬁbIWE@d nlsﬁ‘éaiﬂw&ﬁs € be
| eakage of thla gﬁﬁrﬁfls often used as a marker for in vt

toxicity testifgh © V5 e inpreased Praﬁewpébrgedeﬁm@esm@ﬁsé@land membranous
menbr anes. §e\4ﬁaiaé lqhd%)vnvas\éatogrrsgolyéasdﬁ&e% () E5P e bdfRad:Alre diﬁidc%ils @X&ﬁ 58D

show a direct ﬂLg?F{I onshi tween t he expression an ctiv

tissue transglt ﬁ%@am@dbfﬁ? %léﬁuwnépnlﬁ @lsmaly pernen Oén@trth@gMWre
cel | death [ 33de3flied i bRtk los@fto tHeansak aRgcas anahysed by
means of a quantitative enzymatic assay (Sig UIE reviously
described [36]. Statistical analysis Experi ments were performed as

at | east thregignRoepeRAgNd a%@:

statistical é[nl ficance u%ofiﬁ@lrétgﬁtf&%rg t ne Eﬂﬁ%ﬁfﬁﬁs %neepg'a/e fial
| evel of sify nlcF Isc e &V el‘()‘é?ertg’}’lg’aﬁé pyrousealywipree dcaffblfl @ttachod tottose dasated in
Phase Tenpera te hase
was found to coute VI MGRAB0 LT G e, S TP bR Berll AUGARASY Safin 3
i nt er connect &AIstyrerecsCafifoldrist e Prgsenether abishseHfEolingere gélal(B) Kexgtmbeyt@)(e g
Aver age void @1&@5‘? Ee@lﬁ)sseé’&%ﬂ bnt& %ﬁ&l &{d%af f0814 C?lﬁ‘[l gC) xp]\?/%lre @@}%eﬂnal

di amaters of which were determ ned by 1 nagée ana

mi crogr aphs. #ﬁ@"@wf‘@@aﬂe@ﬂu&%&eqeﬁg@aﬂﬁmmn dclmvact mrthxswhaeel:y low&diny labloof a
st eady i nggea cr i t 2 bl e
1) i ch e ool RLfCT GAB' v 3R Sp ARG GFREAR} SRy BV
agqueous phased@m@e&wlw\iesﬁclsﬁﬁmelagWrovedlhmélwgﬂm@eum terrperature of
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Table 2 Average Void and Interconnect Diameters of PolyHIPEs Prepared with Aqueous
30 Phase Additives, and Water Self-diffusion Coefficient Values in the Parent HIPEs® and
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5 The differential plot of intrusion versus interconnect dianeter
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PEG The reat eri al sfifprdepitit atlovsitichd shier @lassHGfiaedivith B Deshwped TFE Padite) Of
voi d sizes than the materials Er@gar%j Wi t?ﬁﬁatgnanol . PEG,ﬁ\nd THF

al so produced Poly 1ECSYEP SHYAIPIRE dfoPmnh pneh Unserisd e & dfigneetd, and 2
val ues (see Tabl e rupber 5épfunh. IThe mixwie@ad puthies With Bitop@basfof Yesinar €
simlar in nature for all additives used (Figure 7). As the
concentration of additive is increased, there is a tendency towards

materials with a higher average interconnect dianmeter and a narrower
size distribution. The exception to
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20 this trend is when THF is used as the additive. In this case a
broad distribution is still obtained at high THF concentration. Wen
PEG was us¥@ 28&/125288 addi ti ve, the average i nterconnect PET&RIIE001464
val ues increased steadily with PEG concentration in the aqueous phase
(Table 1). This ef ffashquéts phfkk wash ° r
these additives, nuch 1“ gh e)r concedral{e?g?%ggp\fé%e%}e@dgg 'H%QQ?%% létg
si gni fi cant change apcthemgddodto; th eif phasprrvet 2 priadref 2minufes at&t@nsiageatmffhe
THE, this vas unexpigtefvasnid miafhl MniSingl gni f1cant effect on the
average void dianmeter. The degree of interconnection (<d>/<D>)
decreases following initial addition of the organic conmponent, which
i s brought s@aboutsb re

|t er connect. di auiet by o LER HASHERSEald bl £5Gh B RS RILRRICR S,
t he degree of i ntePH®HfdG Pwsmighhicr eases steadlly with the 30
concentration in the agueous phase. However, in the case of THF, the
degree of interconnection continued to decrease W th increasing
concentration. Thi $hd poltwee sasemmemored dromuths fubmatier 24t anf Wasbed axtentively

i nt erconnect size t i % I n previous
wor ks the incr easeﬁlrﬁrlsb%/}g%tgﬁglqg{e&o {g@{ t}ﬂ%lff %t?g?lhé 2, on addition of
a co-solve®t or additive has been ascribed solely to OGstwald

ri pening. However, it is possible that organic additives influence

ot her processes that | ead to enul sion destabilisation. As di scussed
previously, the addition of a co-solvent can disrupt the interfacial

| ayer by 5 cag,ﬂ,dblgﬁ@%fﬂq%%n&bm%em grate into the bul k phase, causing
t he emul si on droplets econe nore prone to coal escence. It is
possi ble that the rate of both coal escence and @twal d ripening are

enhanced t ' Qlyvents.to nd that one
process rraé dgﬁt ﬁa?’léé’%g”ﬁrgﬁa lﬁeger%ﬁmf’ ﬁgﬁ E‘%’é"&f}‘@gg’% a?eé lecﬁlhg‘t Srhigved
sur f act ant typsng etmcjotoxﬂf.OmI mbmtcdﬁ stooldpthivhe debrivné Ity wenmen) de @tﬁ%@J d
ri pening, the |on ¢oe f.0icient S, noni r

the presence 0 embra tho‘J PR n@\f’g?l “é“*‘r%ﬁtﬁt S'ﬁrﬂgf:& §S’ﬂ%$8]uﬁ‘g‘lﬂ‘ 3} drated
VWhen net hanol thrrmgb m&emﬂoftgkﬁecbeﬂamohmlmiogmaﬁdl sobsatjuctilf tvashed 08) iwikhtsRfle
di f fusi on coef t t.he, enul sion with no additijve. .
present. WenP %ﬁ@ gk f%ﬁgpﬂwquésgd’mttﬂﬁ% ﬁﬁmgra% S &t P Ela’r‘ﬂtede‘}‘t“eetg’tmfﬁn
t he diffugbonthe dneftdim of etiitlng\ncélhctﬂtugrmttrﬁﬁraref(é.g Gtwallas prasepor ddbered tdha cellS
These val ues ¢4 ﬂ l(:orlrt #Ie wir?t i average void and interconnect
di aneters obt &l eedvel'l‘ﬁsg it} Iégref at“ﬂ di ffusion coefficient of water
over time (AD) can give a possible insight into the effect of each
ca- sol vent ong t he, equl si on .(Fi Jure 8). In the presence of THE and
PEG there is ‘@j‘r”ﬂ'&gﬁe"?"ﬁﬂ&g P¥1 D', conpared to the emulsion wth
no co- 20 solvent present. This suggests that both THF and PEG
enhance t?g \r@%e of . wat. er ﬂ_ﬁfoSJ n in the enulsion _which would

i ncrease €&t witd"PPHLEISSE d”"“lt"é“‘a "f‘f’E?s‘gY%ﬁ‘%w@)‘(‘ﬁ‘P&ﬁgtEI Sh3¢ BYEM gperating
increase in vai !ﬂetvﬁdeii@ﬂ-ifhév OFrRAMd Wahets RekihdunRa dhoé‘afrtfdncflﬁéﬂpadé%tte
(log P,"vV) fort addltlveséﬁ'l)'HY—045 nmet hanol = -

i ndi cat es’ t hatt® Rtrsﬁﬁ%trtlrtfrl%ém g Wer 8l pratediuping ﬁ'agéwtfﬁiaﬁlr%tswa%ﬂfer

resulting in galefsThe bakioR 30 v vbia stli'éewéérﬂéﬁgr%ﬁ u%g-ﬁﬁ':nnagé atﬁ'lﬁi@e
there was no si gnlfl cant |1 ncrease I n ,,, in'the presence of

met hanol , ot h@ftWarer page §(BHT dfagdal dyerasr diamgtors peasuedein ithis ovay are
account tQO eXHdarediniahs d?ti&efelﬂeﬁh]ﬁegcrﬁ@é%ré Ry Hécgssgﬂngq;ttﬁfduce a statlsncal
Coal escence can be pronoted by dilution of the intérfacial layer and
subsequent i §§FrastioBn Biis isachiaed dyevalinting the avasegelof isaraiio Rirewhese Rtlsthe

i ncreased sol dhiehiidl Walud s f is.1S
t he case, theéélsurfactaantafggorlrcgent rgbtgl%g%q g ‘i’é Qﬁdggﬁd%ﬁia%gg%ﬁm&{ tﬁle)%t ttlsl(ﬂ)n
the final noripisERHE: 'BreStaﬁewhlﬁe@rmalculated from eg. (1).
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To investigate the influence of Cs on norphol ogy, PolyH PE material s
with different Cs val ues were prepared using THE and net hanol as

addi tives. WG HVA2H8E had been shown to enhance water di TEYSPHN 04 s
woul d allow us to investigate whether the norphol ogy obtained with
THE was solely due to Ostwald ripening or-whether surfactant (1)
depletion 5 frgmthe jnterface was also involved. Mthanol, on the

ot her hand, wa es‘ﬁ%%hﬂ‘fyotgﬂ epipning Aakgbplace 2 A ‘ﬂgm?cﬁt@ fim {h centre is the
di ffusion. Thedpkaell valuedTs, DIRAFEBE frdbabiliB Valud 6f BARE. | Kepfasin VBt lue
have a profound effect on norphol ogy. if nmethanol was influencing the
surfactant con@&ft HABVEAF Zf(ge)'i Nﬁ‘éﬂl%{:@? of the chsrvse avrrge vlue of the Meid
the SEM i meg)esdibreterall®wstBmorb dechilRlvalu@® vk BBafby, f act ant concentrati on
in THE containing HHPEs is increased, there is an 10 increase in the
open nature of the material but no real discernible effect on void

di anmeter. Fr omﬁggyﬁmsgﬁ%gim&yon chart, however, there is a small
shift to lower void dianeter with'increasing surfactant concentration
(Figure 10a). However, no flattening or broadening of the

di stribution i j i J[nﬂ&f 3 g At | 5
Wth THF as ad%f‘?ﬁgﬁﬁ{ltﬁﬁ%\ﬁ@gg?z £r§ tgg S( ﬁfgg e 3) 1 n%%ﬁ%g%ﬁlgiht&ﬁgoré
sur f act ant 1&ord8eAt30at i lotusion prc cxfusion. myneiy pantagh ogles 10§ 130% | weghtused.
reduction in <dgealnleled Wil & GefVERRE 0PN 858RLANE 2 BLBWHER Jflﬁaﬁf'%eused.
evidence that, as the surfactant concentration is increased in the
presence of t HeTipfrusionhelumeesiwastagmerissl betveeends ani H0 Y rafrtbastew. volume.
However , al thQH%ithﬁ?Js&rés?or%esﬂd Eﬂé&&%&%%le&gbo‘ﬂlﬁ. average vol d size
wi th increasing surfactant concéntration, there is a still a
significant increase in <D> relative to the material prepared with no

additive sa NI‘I?EW - . in Table 3 with entry 1 in Table
1). This Efjsggeg S a@%@%%ﬁ‘*ﬁ?‘&ni ng i s the domnant effect in
det er m ni ng t Nehenddf giffadiangpeifitiepol waten(DehwadraseutedPoingtd JOE M Variaa Unity

prepared in t 7 The. C ration

al so increas ezg (Iw% Sfﬁ ﬁgﬂ%ﬁe@gen%gggﬁaﬁre%ﬁlgﬁ%q%ﬁng gng%@%%g%nt&%iasg%@ﬁfﬁ S
had little ef fagdtn estivelpchichaddhomandiregfdiredtion pebel Abtogatedt eradightshimming
(Figure.- 9c, d). _FEr I i i i Qut.i (Fi gure 10b
there s 1t reselopedfl $f ofpaSylupid | B baBRR Sodlbl B s
concent r at30on was 26 rid+ b ¥ed Watep diffi€ion cocBiidiisvwase médsared nbiyg dipslse saqidmke

ef fect occurs.when t.he sur ant,. concentrati on was J ncr.eased 30 %
50w v Car o iRAEBRLRE pRHLAN HicfRNGET b He SPalt Susd BHF AREgleS Py
present wth BPPSTEpelse sfjudnet \IRiffsi@oaffidicdtd agrobaivdd &otlRAPFSE 8pdctia bye

per cent age of voi ds pr.esent at.higher, di.ame s. However,. Tahle 3,
PGt cat oot hafieine Hem JirRaiol Sop ey e Ghe appli cipepisio By Sgptienty,
2007/ 125288 PChinph200a0d Gitihg 64, (I)teths axdedmemaitresaltsacentration has little
effect on the interconnect dianefer when THF is used as the additive

(Figure 11a). In contrast,yLRc, } _ ] concentration
from 20 t @925 % w w resul tIs ?%éxg p‘gggcgrsgf ts(y'?@\%g{r.@} | ar ger @
interconnect dianeters (Figure 11b) 5 in the presence of mnethanol.
However , when It e (Bulris the regprancedrensity measpis for 3 siver grediens amplitade, G5l 4o the
30 %W w SRl gkl iaSREMNAECHS ool MEFRNPAeO 8 oty RinfiEtkao AbIPH AR hfifion

<d>/<D> ratios (Table 3) for both naterials are simlar since this Is
al so acconpaniogthetbjpoler gesdiertzpylse ipair, 40s theidiffigsiourdelali digs ané g dd & shortgeadient
concl ude t hat fs L, + ] i d
di aneter in tﬁ%%é?glgg%{éﬁgp hf#% %ﬁ%ﬁﬂgﬁc%aﬁﬁsﬁgd%@ fd\gg& hgg&ﬁ%e‘ﬁ%{
i nfl uence 3n sigeificant.e of water self-diffusion. Another process by

whi ch wat er can be transported fromdroplet to droplet is in the
interior of wo mcelles6, which are known to be present in the

conti nuous phase of ffiPES7, An increase in surfactant concentration
woul d i ncrease the 15 nunber of mcelles in the continuous phase,
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25 In conclusion, it has been shown that different nethods can be
used to control enulsion stability to produce Pol yMPE materials with
a w de ranyg@ 208788 and i nterconnect sizes. Control | i METIGCRIEE /01464
paranmeters will allow the production of different scaffold
structures, eag, aiaaj,tgggﬂd,;tmd custom sed toward use in the 3D culture
of different ¢ 30 WO 2007/ 125288PCT/ GB2007/ 001464 EXANMPLE
3 The ability h(‘:‘B’ﬁP ﬁ?ﬂatli Fracinqma eefl Jog BepG Bovisrabiimchfon, the Ageriegan Type

critical to enuiuR tHRcRRAt@AMEBL). QH%theQ; wﬁﬂélchkiﬁﬁfjat@qbéﬁl 59 @, in growth
3-di nensi onal fashion. W have _devel oped a novel 5 ication 51;
P

these mat er i al™@edfug} (uibegeoss meskified ]’Ei‘ﬂleé‘i‘r’ﬁi“ﬁ’e@"wyi §ER¢ ) ppplentented with
pol yneri ¢ scafihol dy)i iR dalt sBrumemBE 28880/ BRI niLGr gén&ﬂhﬁ'a ! gﬁl L

growh in vitro by adatln t heir usetoelstl sue cu
pl astic-ware (EE&®O Rfo)g%swm passeged gyery ﬂ:l’lela}aqo@ogauﬂut tudturgs bhg

thin layers wigkjy %véi%%sl%édrv}rﬁ{: e§rcﬁ@a§heﬁlqsﬁg’%yg&$'ﬁD@Osglu G SR el nbdber

cells into the structure o mat eri a er stalc or dynamc
seedi ng; al | ovistergejnrd Me%henl@mmetQXy@Epﬂnan@ of epGareells Wéra tlsmmaechdmes

fromboth sid f i gur

removal of wagﬁna?r?glﬁ%rﬁls a| dﬂ‘g&lgalﬁ%%en .‘%)% %ma%ﬁer é’?ate hvur?nn)si” o

t he chancedOof mvélﬁeds’feﬂ-m@zmmpm@l with the pelimemang ddcyte in weitsfo‘f(al &alwelbplate
abi |.it

cul tured col i o YAERe B bom AR bl fus bRl ot e e

(for exanpl e, ragiged. conpounds) to cells growing in 3-dinensions; (3)
15 Cells to be renmoved fromthe scaffold after 3-di nensional cell
grow h for further analysis using enzymatic treatnents such as

i ncubati on W Diatetmipplonfvikble @elbwtmighown) ; (4) Cells and tissues

grow ng Wik hi _ ua S

opti cal m1§rogg%@nﬁ?gg@gg%xwpget%§n rélglp gtc ?r{l/e ylflﬁy halb% cog%ﬂefrfcy
to control thessai (Boseghdasddatn Musmbnntsubnigitahenetitor ufdt wicasupiig tdel activity
pol ymeri c mat i 0

behavi our . E‘t%ﬁlnglt efcgﬁﬁs@) eSO@%“Jrﬁ?hmgf)a# ‘3 tat;l?iu(g?onf“ﬂﬁgBmﬂlé‘?g%mgqbéﬁﬁéve
significant | spebtraphotometsr d570nime BR]. | i lﬂye aisag etvhss pedormed edceorliigg t 13€ the
scaffol d, prollf rate, dlff rentl functjon (

St yr ene- based po'ﬁr cr%rlé"?rl *REY e?nlsa ﬁtf)pr%&a f?@&cf“&ﬁ"?%%&ﬂ}g p”gﬁ?ée‘@ogl%tféteémi
opt i m sed26 or variouy/periods undérlaliétbatiye grvtvth cahditiorenhance cel |

proliferation, differentiation and fitnction conpared to conventi onal

2-di mensional cell culture plastic-ware (Figures 18-24). EXAMPLE 4
Mor phol ogi cal mtkarrmmmﬂit@ﬁc:@ﬂtumep@ cells grown on al ter native

substrates: canni co reve d si ant

di ff er ences | Eﬁ‘éereasﬁf) 23%“85 12?3‘5 tﬁ;léca&??ﬂfﬁé‘ﬂseg ‘E? gr5 for 26

?r 3- ([j) fslubst I laduess tﬂ? geﬂinﬁn 2} thefbehdngedandwspled Rith lﬁﬂdﬁ!ﬂﬁélonﬁaﬁﬁﬁgadiﬁ‘érent
or me extended str res Ing era

cultures g%pe%opg% &“@PBW N@ﬁﬂ?ﬁ%?@é‘?ﬂ"%ﬁﬂ)’ ef 16 q9dJ25uM).
cell's cul t ur edelBnwére SBhsequentlyt intrdate¥\E@r20) G771 25RBEE, TdHBIARA/ Ak S fere

sampled and assayed for cell number/viability and Ievels of albumin and transglutaminase

were determined.

30  Hepatocyte metabolic activity
The production of albumin is often used as an indicator of hepatocyte metabolic activity.
Levels of albumin were determined using a commercially available kit (Bioassay systems)

based on an established method that utilizes bromocresol green which forms a coloured
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plastic started to cluster and form aggregates. In sone areas of 2-D
cultures grown for 14- 21 days, Hep& cells appeared unhealth

were roundV@FYAN2EE8 ot hers were disintegrating (data nidt %%"1464
Cells cultured on 3-D polystyrene, spread across and into the
structure of tdvenplexadpbaificlly Gdthl abuinmin thatlsl f;eteciahistaeﬁmﬁrﬂ NKaow® heantites off

cl osely packe eII S.W Lhin e of the

resenbl i ng sma ulm-"%:‘(’avfﬂieuqsecI E’ae %r Séﬁe@aﬂdﬁtﬁlcgw\ﬁng%eﬁg?@g?]f gEalgymin
the greater at deaeﬂinmmre anthaliseti eo &t ipeteitb Biele @ datdindnay « ethddard Braiféra g
on the scaffold. After 7 days, cultures of Hep& cells grown in 3-D
appear ed nore % geneous than their 2-D counterparts. G ow ng
cultures ats| ower seeding densities showed that cells attached to the

scaffold and extend ross voids. Th| enpnstrate cel |, s,
e i n 3D SBhERGEo AL RO P S e el TR A I, S tefrpssion
adj acent cel | Sqléi:ﬂ‘dr_zb&k&oﬂcb):g’t(mm on rredl um In addition, higher

magni fi cation .inmagi ng of_ i cells, gro 3-D revealeq a .
significantly I@r%‘ﬂ”@’%o?ﬁ?fb ofce %r?gn \Pl“l%g atS%bcitr?tSS &9 éxegr‘BV\%'
on 2- D sur f acemrafotmaldetsis mdss5% gluekatdehydarin bee:isw@ @B phAS buffef tbr 11 Gour at
examne the ultra-structural featurges of ells cultured on .
G Teront Tt GGty Sl Vett i shis i O Thh Sicpmme Sies 1 Serengddn o
cel I's grown on%oibagg. ;Zsolmtiran fF- lmoﬁrufhsﬁ a@y@aemrﬁo% m@% 5% @dd60%fthanol
organel l es typi cal

. Of st, ma an cel | I udi ng m tochandri
e oo o e ioieg R LS on e rephs e ! BEASES | otheles R ETHd et
of cell prepampiculies geRWMhed Buidinkd s:hm&e@le@ése@bbrﬁmhﬁmﬁ%xﬁﬁ?),l foBit@Won
around and in cl ose afﬂ%om ation Wt yrene scaffold, Cells

Ul tured on { 6P IO FRLEich g Gt PGB 0 S e ARG E then Sputr

features t4spi Gadtedkith Bnl layeR of ErénHitid and\bkamBiRd uW:%ﬁ%SWed to
be normal . Nunerous mtochondria visualised displayed structural

variances within the normal range. No specific pathol ogical

al terations webeTHEL ﬂﬁﬂy@@l &1k @ro@»‘ntdﬁe?{-DtS*ﬂ@shﬁﬁP%ﬂ ﬁéfedtalﬁ@ RO B described
endopl asm c reticul ug‘]?Ml n_the Col gi 25 conpl exes, or in the glycogen

content. The pheedhc Hoyeyer, Eﬁbﬁqqaené ta ﬂR’é‘WIP%H“ ad being et infoqnel tisges,

that HepG2 celghipigh s ebddedn sasiawamateeyw fﬁmc&h@ﬁd)%l1lmmaa@§m%nd
The presence of peroxisomal clusters é gure whi'ch are

ubi qui t ous?Oc elthenplagethisto VMg, aulRe ati6 %ﬂfﬁﬁ%ﬁhﬁ aEPr theuRsppaggtion #f calkegrown
was particul aphy. I?E\ﬁf?zblésacgﬂtﬁﬁs while YiREd ﬂQWﬁ&ﬂﬁﬁe@H@aﬂﬁm glurdhyde in
responsible for the I'[-oxi dation of the side chai'n of 30 chol esterol
in the cour se Serenssniserhazphafe by fersh lour at 1oam HeweReraiye o EFky were Wien Kerapped
differentiat e@roﬂﬁi?s%&@@n)i&?épl&@k and 'p@lléﬂﬂtdt"@ obbrﬁﬁrfoi 'lﬁﬁﬁ!ﬁe Pé‘!@t@@%&lﬁ%&é

POSSessSs p0| arity w th two or hreé basal surfaces aCI ng t si nusoil d

whi | e adj acensubsequemslyf insed W%IMIW@PE%WE% aind immgreed diy ﬂ%rﬁ@«: d#q Joselufien
grown in 32'5D l‘ﬂﬁ.\g%lup %eﬁ%l%ﬂﬁ% dﬂ %@tﬂ‘?@/bﬁ)ﬁ aﬂti 1609 éﬁﬁl'b?ﬂf] Smin, for times for

mcrovilli-lined channel's I'ined Wwth junctions
observation seyasipsctivhgtharal ch@g@dThkémdr@tefﬂ &l pedlgts b*eer@thbxasoaz@ijmamn 5

capable of fo e,
ctruct ur es ar S €43 e0Apk: o7 @S W e b U RS e ket o RS
met abol i sed i matehelW,@ftPrsdmc@nd@ubmubl}ﬂysim@geébEEEﬁVIr{H@taCthhH?@EhaI iculi.
EXAMPLE 5 10 Enhanced cell viability during 3-D cell growh: W
exam ned whet her the surfaces used in this study were bioconpatible
t 0 suppor t30t h&ngmentic assaf of\tiaakgietabip®@ cells. Figure 27A illustrates

the MIT absor %Q&etra\ﬁ?gllﬁigﬁmgsg s a cross-linking enzyme which has recently been suggested to

play a role in the formation of fibrotic lesions in experimental settings. The leakage of

this enzyme is often used as a marker for in vitro toxicity testing and its presence indicates
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hepat ocytes grown on 2-D control surfaces and our 3-D scaffolds.
Viable cells were 15 successfully cultured on both substrates for up
to 21 dayswOPh#/12a888)y reveal ed that cell viability was PEOT(GB20TEANMGE v
enhanced when grown in 3-D. It should be noted that cells grown on
scaf f ol ds hav&afhaQd RALA méiidnBE © SR rORvd BHdCH *tro %Eﬁﬁé}ltaﬁﬂgodgf §¥fems
conpared to planar surfaces, where space per cell 1s restricted.

Wher e possi bl ehow gidireetirglatiopshipchetveas the exmessiak audl dchivity of ssve transglntgminase,
val ues were npERldRadof ol sl the @SSaYed 281 §.36).En

cell metaboli snﬁ%uf:l%n_goB-D gel‘l gr oﬁlﬁg? T ee met abo illg ag]['i v?l?egq% of
Hep& cel | s wdmsnsghyuniaesd Wy anslysesh byi heany ofie @Rntitative lengyatiofss®yS SwirautiKh
secretion. i gure 278 shows;fske tinme courses of al bumin secretion on
2-D tissue cultgrg pﬁ’ésttls}c ahd the 3-D scaffolds. Val ues have been
normal i sed to account for any differences in cell nunber. It can be
seen clearly t.s?;ﬂfsti&{)%zﬁys}ss a significantly higher albumn
concentration 1n cultures grown on 3-D surfaces conpared to cells
grown in 2-D fExperimdntstwage parfomed @b aitlensitthige indeperdentrsplisates. ADdsawem ahabyeed s
in cultures gr A fl:aks L] t] t. day 14
and then decr é‘%‘é%&'?tﬁbg{)%:%b}d}c%ﬂg? %gﬁg %gi\/@ HII' %@e}ﬁ'}, %&r%tﬁ hegb‘?/?lkje I’%gll O% Sl@ﬂﬁ%&?%s
grown on 390D scgkfta).ds i ndicating that the 3-D environnent is nore
conducive to cell function. EXAWMPLE 7 Effects of nethotrexate on

cells grown |§)&¥ﬁ%ﬁqd 3-1): Hep& cells grown in 2-D and 3-D

formats were th various concentrations of 5 M X to eval uate

their tol eran t0 wel | _kno cytotoxin. Follow ng each treatnent
period, cul tU?Z%Ctm%g‘@“f%ggﬁ%sf\gnayggﬁ&é? bi ochem cal (Figure 28) and

" nor phol ogitéal Ichasigethe (dmpgutue F3heSqB0ONs pHaseguasdod Ao cadufelmsdintldtgincreat in
viability after and 7 days treated.w th varyjn nt r at.i ans

of WX e oat BEhE PVeedes G5SorbE e e dlheR kbR P BBRT Bty Gt S
gradual i ncreaseragd vaib diambian eereadalcibgdidide sf 6250 Bidshihe rdfanfatets of which
absor bance levels, started.to drqp.at..7 S. (dat t sh . Wth,
or eai ng MrReEREBRRFED e i 16 SERY Fiptogio B 1Pe AR a5 g
surfaces was diasiefel yalied (<9 dhovspsieadpinkigasa twith e rdasiahsgiedud yRdse te@iipertatfite
cytotoxin. _ln, 3- ul t.ures sitivity to M S t eyident in the
| esser cor@ enffagfgi léh‘gh’%'f 15 Wﬁ;ﬁﬁ(gﬁl‘iﬁe ?tm%@crgﬁsaﬁéﬂﬁgsﬁﬁgwtaﬁﬁﬁﬁé‘q‘éews phase
signi ficant demfpeasge isfincidasor birfvadng tty Rnperarpdtiedqhouphatd, ald Makas .

ol s grown i Heq GRLAyER S i i dspless il BerSaes de-psoenie 2 Kt i Wi
absor bance | ewghisini hikRo phdbhiility o0 dRplt toaliens’. Thasealdoespdries tafRk Yhe

that cells cultured.on 2-D surfaces under these conditjaqns rengin
viable for a SHYSPRAS WGl 1R SRgingcthe Siytecian] 18 @mfﬂ?a@’&i Shin gengrating the

scaf f ol ds 2520droplets becomes more soluble in the bulk liquid phase and therefore migrates from the

interface®. This will raise the interfacial tension and thus promote droplet coalescence. It
is also noticeable that, as the aqueous phase temperature is increased, the viscosity of the
HIPE decreases suggesting that the droplets have a higher mobility. This also helps to
promote coalescence,
30

It has been described in the literature’ that the droplet size distribution for an emulsion
undergoing coalescence contains the presence of a tail extending towards larger droplet
sizes with the maximum staying relatively unchanged. The void size distribution plot

(Figure 3) shows the distribution tailing towards larger void sizes. The tail increases with
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The netabolic activity of Hep& cells was significantly reduced by

i ncreasing concentrations of MX (Figure 288). Cells grown in 2-D
wer e sensi WORBYFIESBhe | owest concentrations of M X t estBd/ERYRE001464
whereas this | evel did not significantly influence al bum n secretion
by cells grownteinper@uf® #rdatrainemhsed HoomidningHofehy elisribinfied @asles! obeMed. S Tofs
25 M X (15. 69 Lo begin to reduce al bymin secretion by cells .
cul tured on scl\%]?rfg f(‘()) o qrﬁ?sotﬁﬁ I%Iﬁfonct{}attc?f’%??%‘c% ﬁa‘ﬁ“?é‘??@'b}ne gy of| egyision
of al bum n secmsslility aswhe equeatsetase tenpelatuge igihereedn 3- D pl astic
conpared to 2-D materials. These data illustrate that hepatocyte cell
function was inpaired in the presence of M X in a dose-dependent
manner and £elTle djfferantial plad-dD iapmiadr etsubGiteedrabed Bddetdr QiR 4) shows an
cytotoxin. 30 .I\/Easure.ngnt of tranggl utam pnase was perfortned as a

test for HepGIM@&rt MBRICGIMES 547 4F BE ABIGRTS Pise fmpriaiss In dpceeatrd e hbe Riatialsas

of MIX. W exahbwethat, hae tief dgeedus phdse MinpeRitrd & ane@bdd! A RAIREwhEY ShSoved
yS exposure to the

2-D and 3-D CU.tL\:I’&‘?.S %fht‘ r 1, 7 and 10 da X = )
cyt ot oxi n. (Fiddﬁﬁﬁ‘ i ¢4 higher infepcqpneg] digmefers gn & fail grtepding fndhedlowprdntprgonnect
addi tion of Milamdte\egs &fstst I 'BHIS GhasbHTHAOER BT SndIQbTICh ]Iiﬁl%tﬁg i.g&r@&nﬂ&'t

and at simlar.levels, th_ . increasi ng concentrations o rug,
such as 311 mdigmeter exgtse | This ig dn Sapiragh ogthe jvgid sizec distribytion grhere 2 bpedes

of transgl ut anfist@atonMy GbainBE 28 ARE Bniphraired R SRcERRENAGRT 1 IBIRP She %"a%ge
cells grown 5,in 3-13 culture. These differences were statistical

significant i AMEPEPMEStE<Ery pith ¥eid flametons, (DPY RaeKides compesueedof thetdegiy of
3- D count er panii€rcornbotiol © T fanes fdr teSaterial prefAsd H i Rﬁ?ﬁ&)@%&h EPFabRA.
S e

of MIX did not cause a significant increase in tran ut am nas

level s al t houdt RHEPRCTHAS ngjFaserh e deareseot inferesnineptien (<visD3) eflee RolyBIPE
into the ol t WaGriaBfiidMeat THIE 9BEL:tsTRNGEME Ecﬁkblﬁ?)gas?fg?ﬁe]{}ﬁ £ {GherehRBSR

data further suggest that cells on 3-D porous i‘al s are more.
tol erant to i EPEREsRPlivLeerasesnf cyt ot oxin chal | enge. Scanni ng (SEM
and transm ssion el ectron mcrographs (TEM denonstrated
concentration _dependent changes in cell structure subsequent to
treat ment wit RXMMPLERpr esent ative exanpl es of such nor phol ogi cal
changes are i lgkfd§tofadfevds" Figures 29 and 15 30. Normal, healthy
Hep&2 cell s express nunerous mcro-villi on their cell surface. Wen

chal | enged®with MIX, cells grown on 2-D surfaces gradually lost their
mcro-villi i . i .S own e
scaf f ol ds con%ﬁl Pl%ﬁ%ﬁ%%ﬂ@%%?@%ﬁ?rﬂ%g gg{nrdllljc\g?b r%% pr? %gjfeuor%;g(a&'f’ Sﬁdr?téveﬁ’g)ﬂ.le
In response t @uepnspbassi Rhesp additives goulbxpartidhly sslublé idetiothe HewBdus adltis
grown as nonolayek } . m.cro-villi .then
20 becane fla'% t enegljasgr)]{}ﬁ% T{glgﬁértﬁg@tﬁ gé@@“&%ﬁ%ﬁ%‘f@ﬁ‘ﬁ% g’ﬁfgﬁuws from ™" .
changes were @oplet ipalionles andh progiore@ttwalé ripdninige J GRant e¢pogted] rttmtvaddition3£ Bo-

scaf f ol ds g al h e, M =y L | 1. rown in t hi ghest, .

concent r at ?ongc&%ﬂ%ﬂl’% ctﬂegssi%g O?elég f{fmm?&’dlgag ‘56%”9‘? o 4 t%'ﬁ%’ﬁ?ﬂ'ﬂ ncgje 3? their

flatteni ng. 2®ility nebotleptasdsn Ahése addieTiadg dimveahd mttraditlayesind waiseisole

changes to ce . t.0xi Ei gure 30). | |'s gr.own

on 2-D surf ac!ééstﬁ%g@gdléag?e@ ?ﬂég?étlﬁ@%%c%%@%ﬁ%eg eée\fT%prom°§mg éoalescencs of the
emulsion droplets.

30  Poly(ethylene glycol) of My=300 (PEGsp), methanol and tetrahydrofuran (THF) were
chosen as water-miscible organic species, with a view to selecting species with a range of
molar masses and of different polarities, Each component was added to HIPEs in

increasing quantities until phase separation occurred. It was found that the emulsion
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prom nent nuclei with visible nucleoli in control cultures. Follow ng
treatment with 81. 1M MIX, cells with good nuclear architecture

remai ned vwei27a2528 2- D cul tures al t hough areas of cel |ITAFBZENOOESH S
were al so evident. Hepatocyte 2-D cultures treated with increasing 30

l evel s of MI'X @hRWeeknFBukie Hiokdt il @xkLl St..ce became . . .
necrotic at high | eval s ugl?ﬂllé%“(.qg%@é%ﬁéi%{etgﬂgh@%&éhﬁﬂg%’? :f§%i%§’ and this is
reticul um de- gregisnledy anparestrifione sensiders Shemudar qhantiibyasema|(0.  mobmahane, .02

observed. Fur thariRsfd ol | . eyt opl.asm gener.al Ly lacked an

organi sed structure aﬁgtogfﬁgr{)?gﬂbﬁ%%adw@ t%r@ﬁ%?@%“’ﬁ@"éﬁf@%@?%wm
t hr oughout t hequesue bkase at Bak-ie eprhpsrison toVIHRNTle aftanaleopérqaitbionvaseidico
observed,; tshe r : 0. rupture and rked anpunt
of vacuol at i orY,Q i“gglggﬁ)g“tg@ rg‘?‘f‘é\é‘?“ﬁhg’gﬁ%éi%ﬁ8§‘%8‘ﬁaﬁ°? &30-2?-3&’&@2" op {gfue
cel I ul ar degerserldbe &nnd PePEGs Bhe ST freagenigaresy) sudpest diaseacltslditivh prodsced

| oss of cell-tQ- . . formation of a fot]
bodi es (aut optﬁgglg %/Jg%glg%g&?&;kéﬁﬁgI"Rg(%%'%“ﬁcgas}ff‘ t%g%ia%ﬂg?t"é the SEM
concent r at i on micrggraphis produdfes the ivbidIsize disteibwtions, vikishercodhewn 1bRigurd 6) dFigs 510

that cells gr i - 0 t o hi gher l.evels of X..had under gone
an advanced s%@ t%hft ?hgegfkﬁé(ﬁleog?gq pfoﬁ%%ﬁwgé@,mh@p@“ ibution o pidjsiges
3-D cul turl@ attdn éeRob@UPR matefial withme additivel frése@ ity a &) cRIRfiding 19%Ardd @b
to the effects.,qf;the in. .Jh |tra-structure of cells treated
with | ower coﬁ%lg rﬂzggt Fiﬁ)%gg%e&(W%&&&%‘é@“ﬁgrfﬁ’ﬁne@?@gﬁ%ﬁr"egb)i aRd (TR
cyt Iop! az_m (:?EEF,igurfa ﬁxb,slmmel ea,rwithm&nhmh dfeieﬁeomaﬂltﬂeidﬂi:rdyutli@ﬂ@!lgﬁitﬁén-t?émﬁ_H-IF
nucl ei displa 0 et.erochr t an ucl eoli. These features
were wel preér:%/%dﬂapgﬁaﬂ%ﬂliep%ﬁﬁg‘?ﬁb#ﬁf Hég’éﬁﬁe@ﬁ?ﬁa‘wﬂ%@gspf KAk sizes
testéd. Howevthan thenmstorizls prbdrad iwith tritthafisle SEEG and frHE2Adb Hbdwéd MRfmES
t he nucl eqk rrerartigr.aane. ﬁ\ﬁ. an irrﬁ(%ll.ar ng{ahol y..and ot her

sub-cel | ul'ar PESHT RN Nghex gverage ¥old §7q valngs (see TRl ¥h appeared to be
slightly abnormal. It is |likely therefore at higher concentrations of
MIX, cells i nﬁliD cul t rezr.baﬁe starti n%z,t 0, undergo changes sinmlar to
those experi ehEeHespmTes) GsFribufion qupveyare smilapin patu ladgitivesiusad{Figyre 7).

| ower concent Asthe ofi@erfatisef a¥itint i0 ofRased Ihdrdlis GAUHALAES tWards PR rigls QXY R

of cells on t.é{?ene- basef\d c&ql ¥a§ri c scaffol ds adapted for use In

exi sting cel |'MBYT F{Fra8e gitgeqmpect giameterying v rgaewersize disgibution The exesption to
3- di mensi zmnal thidelehd g ik THFs \ibdarag theGRbikive EHAMis Qide d rodd Wit AERGEE LY

t he envi ronrreogz%,l g V\:Ejgﬁg ells lgqr,ow and cell growth in 3-di nensions
is nore real i VI hAeRd Y ©pesaition, Y BESswasisedypsoie pdditiyectbp averagens
celI's normal lijter¥pREl Gitfdter valutNRcRRAEY stealill® vARRHELMURMESH ih aqlﬂgcrug' n
provides an o %rcq&,g%ltla/ ﬁgr researchers to routinely grow cells 1n

3- di nensi ons 1sj g4t e WA 1OE 2§ proneseed e diffaeremethandl; durtthese
from cel | nodabivaEudSB@¥sconddi@atRRPHER hbkled & RORLe 4 %grgfécantecﬂﬁgteﬁrftge

use, can be sterilised, 1s cheap to manufacture and uce, I
robust ar®® r dHFGRRREFtptiameterg sindhe casaof | TATE: dhis meas fn¢xpeatedagsdit ihed the most

adapt abl e t 0 sigRftadRbdt 6Pdhe BPage 9Xd diameter. The degres of interconnection (<d>/<D>)

decreases following initial addition of the organic component, which is brought about by

the large increase in void diameter compared to interconnect diameter. After the initial
addition of PEG or methanol, the degree of interconnection increases steadily with the
30  concentration in the aqueous phase. However, in the case of THF, the degree of
interconnection continued to decrease with increasing concentration. This is because THF

has no significant effect on the interconnect size until the concentration reaches 1.5 %.
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EXAMPLE 8 In a fiirther application for the use of the polystyrene
scaffol d, we have devel oped an organotypic nodel of mamalian skin
consi st i ngWeR0/138%8%t i fi ed sheet of epidermal 5 kerati iy F RV GG
at the nedia/air interface on a |ayer of dermal fibroblasts in the
presence or abheiegousiwok’ahd Ina@ee Y edid 6ke SOPIHHTPE ne@ihis e bkl br 4 he
scaffold. This Z stem ‘gnabl eg | ong, term growth and mai nt enance of

pol ari sed epi t IfIENGPr AAdifivediag besnpscribedeselslydo Qataldaripsring . Hawever, édhpastiblgy

can be used t othitiby@sicl @a:’hﬁbstxﬂﬁleﬁdd et 0ceSbs Ml 18,480 ehbBhh ﬁésta%ﬂfsétﬁn ' Rs@
broad range of . i ncl udi ng basic science, develo of

| { cat ] ons, opme
phar maceut i cal ¥ g% HEFVQB%stE%‘H"‘IOBfOf&O?Pp%Uﬁ%F q@pdisunt yhe Deyfasielt lyxsr by
model s for 4 hecagigWWulFactdnt mgﬁ{elu@a i3 loh1R phise cmﬁing txﬁ%}rﬁ.&ioh%kbﬁf&&e HecBme

nunber of procedures have been devel oped to achreve this

(for exanpl e: BYRREE I poalepcenceq disis ppssibiedhat thegpte of beth COmW@ﬁ%OSéwald
al . 1983; Scha@Rniff alenhah&ADy. the'. Qﬁlti%ff bﬁéd-sggler]t? tthé gﬁg:rhr 9&] ﬁlgtq}ﬁle En%@ess

the gromh of dermal fibroblasts within a collagen g m xt ure,

whi ch kerati ndE%Ytd@@m&Feé’e%eéé’&éﬂn the exect sygierp Gepatlsion t.‘@amslt@qf,ﬁmttyﬁhetcgel
shrinks over tinme; it is then raised to the air/nedia interface to
enabl e changes in cell growth and activity. Handling the gel is
tricky and!® edtpidestoprabe the dnfluerce af@stweld tiparingathe solf diffission coeffisienfutwater,
this model i s Mot R AURPHARAS df onbifliv LY BARNIrAH GRS 2)
strategies or in 20 circunstances where a reductioh in varia Vs
required and S¥as8 regthasghigiprasent |ﬂ§r€nlée1d6t£mf'm diffgeencieintthe tiffsion tdedficient
application ofy,Qi..:30 o, ¢ Yy, ena

the routine uscg g’d;r]% hand%niﬁsi&tl&{1r Inﬁnerma IL?‘IL gséobl g%g'rnglg%#laé%lésﬁg)é}éﬁw
for organot ypiita &mlﬁca@bﬁf@pftertéasdlfﬂlamlmoﬁi@m;ntomﬂhta@ww offetl ebserved for THF.
fibrobl astg a r ol ren

Scaf fol s T ans? earetaRBl @rbhiRa o Sfhl@alutl bl SilE e g
over the surface and into the structure of the 3D nenbrane (F| gure
32). This can v [ ab £nc a coll age
sol uti on/ gel g? gﬁ%ggiglaﬁggk%skn%ﬁgﬁg%gg ? %ﬁ ' Ovetr @Doi)é@ &f ﬁtpg%“ﬁ’le
(e.g. Type | dnightigterthe efficbof qach co-BDep| cashd a:nwmaf (Figuct §)r O ihe @sesence of
support for t H?]FCaldh tl#_irGe qhei'é Rrgqgke?%c%aseﬂnq) > O%Ip];l%ldqg tllleaelm(lju(?smn Wltp no co-

fibroblasts are
20  solvent present. This suggests that both THF and PEG enhance the rate of water diffusion

—U

in the enulsion, which would increase Ostwald ripening and is a possible explanation for
the increase in void size. The octanol/water partition coefficient value (log Poy) for the
additives (THF = 0.45; methanol = - 0.77) indicates that THF partitions more into the oil
phase than methanol, resulting in a less stable emulsion in the presence of THF.
25
Since there was no significant increase in Dy, in the presence of methanol, other effects
such as coalescence must be taken into account to explain the observed increase in void
diameter. Coalescence can be promoted by dilution of the interfacial layer and subsequent
migration of surfactant into the bulk phase due to its increased solubility in the presence
30  of the co-solvent. If this is the case, the surfactant concentration (Cs) should have an

effect on the final morphology of the material,
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30 readily handl ed and can be transferred into fresh cell culture
plastic ware (e.g. 6-welled plate) if required. In addition,

shri nkage WD 2807¢a8%88 col | agen gel is m nimsed whi ch r ed€@éasB2007/001464
variability between experinents. Subsequent to the establishing the

fibroblast cul e
ot dorrar ker aw%lg%s??ne ﬂfethaémf@ &9&%%&5@0 E?‘g%ﬁ@%ﬁgﬁ% 9#{@%1 C,
fibrobl asts (Fajes wers PI%’FW W%@W@M@@ﬁl@ve@uﬁmm'&m bad been shown

establ i shed (-1 eqﬁaséa wa&h@iﬁ%ﬂ&f cmgeweam tanﬁv 9@4&&&%&@@5@@ 18 hedrSiogy

raised to the air-liquid interface. tEosue _
stratificati orPbiined rath BHE wjap salsly dus T@FQSQWI HpeBing Oarvdlciﬂa‘)surf&taﬁhéeplctlon

advant ages ¢ OrgdiSing ShedrBge %Q at?s%r ﬁre@ C{kﬁ,{tﬁgﬁ%f 89%e$ﬁ1@1f 04 G5as & Shoh”BlB yhavepq

organotypi ¢ coculture of rovide’s
the cells (andn@jencedn thwfeoﬁmam él“fﬁlmml TdBeforey itvan nzamted that ah erederina]
fibroblast culgdiffhaye a 8rcifound-£ﬁ'ec% Bﬁ‘Moﬁ)han if %emal?o?g\% %%g]tg E\}e Haetet

fibroblast culture / ¢ agen avol
to the gels/ cwpnoameanon at the mterTa@e nitreambesebsghed ivnage SEM lhgec Fiduaghnb)

ge | ez@ Eﬁ?é ?urfaﬁt@ﬁ%%h&aﬁo& (f}p %[E c&l{tgw{% s 19 an éeaéﬁ,r tflfl'? (Eﬁﬁnd

cultures to ot er vesse raise the cu
i nterface @i t lesreagpyintlzchpen najure hfthermalierdal bm\nelrearb dbgemﬂae sfifsagort vo&i diameter

scaffold it SelF&on( glgrvoﬁf(&’i Llﬁion léﬁalrp 90\5{12 é}%ﬁ re. is Iﬁtgr%glﬁ slpﬁg I Hglgﬁt?ﬁi dlameter

15t oget her wit a tors 0 I ncrease
Ref er ences 1AwﬂBambleasmm aurthctant Eoncéﬁammmgumaﬁa)rromhwa&egsno 2Rfehing 3ar,

S T Y O R
Technol ogy Part |', Marcel Dekker

16 With THF as additive, the <d>/<D> value (Table 3) increases as the surfactant

concentration is increased. This is caused by a slight reduction in <D> with liitle effect

on <d> and provides further evidence that, as the surfactant concentration is increased in

the presence of the THF, the open nature of the material increases. However, although

there is a slight decrease in the average void size with increasing surfactant concentration,

20  there is a still a significant increase in <D> relative to the material prepared with no

additive present (compare entry 3 in Table 3 with entry I in Table 1). This suggests that

Ostwald ripening is the dominant effect in determining the morphology of polystyrene-

based PolyHIPE materials prepared in the presence of THF,

25 The surfactant concentration was also increased in the presence of methanol in the
aqueous phase. This had little effect on the morphology of the resulting materials (Figure
9c, d). From the void size distribution plots (Figure 10b) there is little difference in the
distribution when the surfactant concentration is increased from 20 to 30 % w/w. The
only discernible effect occurs when the surfactant concentration was increased fo 30 %

30  w/w, at which there is a small increase in the percentage of voids present with a diameter

- of between 30 and 40 pm and a decrease in the percentage of voids present at higher
diameters. However, Table 3 indicates that a maximum value of <D> is obtained when C;
=25 %.

39



Inc., New York, 1974. 25 4M P. Aronson and M F. Petko, J. Colloid
Interface Sot, 1993, 159, 134. 5M W Hayman, K H Smth, N R

Caneron, aW@ 2807125288y zyhorsl ci, Bi ochem Bi JifHiy@B20pgAl01464
Commun., 2004, 314, 483; M W Hayman, K. H Smth, N. R 30Caneron,
and S. A Przyborski, Biochem Biophys. Methods, 2005, 62, 231. WO

2007/ 125288P . . V& o dem Aspects of .
Enul si on Sci gr?::hg% , Qﬁe%{n pg".]“é%ﬁa‘%?l‘n‘té‘g"“'&§%&e§ﬁ€ﬂr %&Qpeib‘gﬁ?ﬂefﬂheﬁm is
Ravey and M Jsedsdhserddifiveo@iguollho hdecoRtisy tacredsihg the #1880 ant enckBiioRiom
Chom 1093, 9% 259 RN sttt pRE U onBR e Stercatrotanione Gigive 116)
Stebe, P. Brran therptesenceMimesthatiall |HivadgerSelidh, thé\surRbiisti AGHE8Mon BN Gicreased

Aspects, 19935 765c 371, 4.0, C, 1ROV .M J. Stebe, and S. Sauvage,

Col | 0 ds Surf TR Z%h]y;'? é’éc e Eﬂagf\éf Risteoppest dipggiers agq obtpispd, althenghythe

Fahi m HD. Appiit/sBrirgtivs (Fabieu) dorttothandierag aresiaila¢ Sinde thidlis S18PHErAhikY By "
Wt

nor phol ogi cal a%&c%gs§1%<g> peroxisonmes in rat liver in conjunction
cytochem cal staihrhng wth 3-3'-di am nobenzi di ne and
I mmunocyt ochem stry. Mcrosc Res Tech 1992 Jun 1;21(4):271-282.

Abu- Absi , Eriepd JR Hansen LK, Hy W5 Structural polarity and
functi onaﬁﬁbi fe"mcg‘ﬁsﬁ resulfy e %?n?“é‘{é et 3&%&1&1@@5 enojthescauge,af thgein¢redests
2002 Mar 10; 2¥eid @janbtr inGfe prEefteer mehanot BB RS additiWIEK 8O FiGenb&on the rato
Fuseni g NE (1%86%“3 SElgl thel i al -?r{rgesenchsyrral jnteractions cont roTJ

basement menbf ana PGP EnAMEFT JTo0esE P% ihich Maish canrbe danspartedciremn droplet
transpl ant ed toodisplekBriatthe) @griof of wie hliceilds® SMBRES : 2 LK e
S, Sekino N, “(2006 .clvbus%ﬂ‘g%#%:eéfi’a?ﬁ%m i he

Har.a T aitfg@% ,Chida K (; 0
ker at i nocyt esSHMYN BESHPTAIRES o {4 ingpase oMsfatant eqneentmtionewauld icteese el
fibrobl asts fmmibeRofthicalet fithcontiiBhs fha ey ' »Bﬂ? f}%@&
Bi ot echnol Bi ‘gc t’lem 01: 2 65191- 2675.1 Prfuﬁrl:i eras Hl\;lwllgzgl?]a?%er ; Sgaﬁtg@mffn
(1983). Met hoUeP'FiE T eiiplam, the fegits obtaired with meshapobwhepjthersurfaptast eonténterion

interface. J isinegatedDne cibRbe Bit RSSI&BSiwfactant influences two opposing processes: it
replaces the surfactant depleted by methanol, which stabilises the emulsion; and it also

increases the number of w/o micelles, enhancing water transport and destabilising the

20  emulsion. Support for this comes from the observed maximum values of <D> and <d> at

Cs =25 %, suggesting that two independent processes are operating. The net effect is that

there is little observed change in the morphology of PolyHIPEs prepared with methanol

when the surfactant content is increased from 20 to 30 % (wiw).

26  In conclusion, it has been shown that different methods can be used to control emulsion
stability to produce PolyHIPE materials with a wide range of void and interconnect sizes,
Controlling these parameters will allow the production of different scaffold structures,

each tailored and customised toward use in the 3D culture of different cell types.

30
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<D>/ prt <d>/ pyge sopRE3 23 - 35 11 0.29 50

The ability to control the structure of polyHIPE materials is critical to ensure the optimal
growth of cultured cells in a 3-dimensional fashion. We have developed a novel

5 application of these materials for this purpose by engineering styrene-based polymeric
scaffolds into thin membranes suitable for routine cell growth in vitro by adapting their

use to existing tissue culture plastic-ware (see examples: Figures 12 and 13). The
approach to using thin layers with large surface areas allows: (1) Good access of the cells

into the structure of the material by either static or dynamic seeding; allows good access

10  of oxygen and nutrients (in some cases from both sides of the membrane - see Figure 12,
example 1) and removal of waste materials and carbon dioxide therefore minimising the
chance of necrosis occurring as found in polymer scaffolds of larger dimensions, These
attributes promote the viability of the cultured cells in 3-dimensions; (2) Good access by
exogenous reagents (for example, test compounds) to cells growing in 3-dimensions; (3)

15  Cells to be removed from the scaffold after 3-dimensional cell growth for further analysis
using enzymatic treatments such as incubation with trypsin (data not shown); (4) Cells

and tissues growing within the scaffold may be visualised using electron or optical

microscopy (Figures 14 and 20, respectively).

20 The ability to control the dimensions that constitute the structure of the polymeric
material is essential for optimisation of cell growth and behaviour. Subtle differences in
the porosity of these materials have significant implications on the ability of cells to
adhere to the scaffold, proliferate, differentiate and function (Figures 15-17). Styrene-
based polymeric materials produced with 90% pore volume and optimised for in vitro cell

25 growth also enhance cell proliferation, differentiation and function compared to

conventional 2-dimensional cell culture plastic-ware (Figures 18-24).

EXAMPLE 4
Morphological characteristics of HepG2 cells grown on alternative substrates:

30 Scanning electron microscopy revealed significant differences in the appearance of
HepG2 cells cultured either on 2-D or 3-D substrates (Figure 25). Cells grown on 2-D
planar surfaces formed flat extended structures after 7 days. In general, 2-D cultures

appeared heterogeneous and disorganised. After 14 days, cells cultured on tissue cuolture
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plastic started to cluster and form aggregates. In some areas of 2-D cultures grown for 14-
21 days, HepG2 cells appeared unhealthy, some were rounding up and others were
disintegrating (data not shown). Cells cultured on 3-D polystyrene, spread across and into
the structure of the scaffold. Cells initially clustered into colonies of closely packed cells
within the substance of the polymer, resembling small multi-cellular aggregates. This was
indicative of the greater attachment and interaction between adjacent cells growing on the
scaffold. After 7 days, cultures of HepG2 cells grown in 3-D appeared more
homogeneous than their 2-D counterparts, Growing cultures at lower seeding densities
showed that cells attached to the scaffold and extended across voids. This demonstrated
how cells grown in 3-D can maximise their surface area by interacting with adjacent cells
and the incubation medium. In addition, higher magnification imaging of individual cells
grown in 3-D revealed a significantly greater number of micro-villj compared to cells

grown on 2-D surfaces.

Transmission electron microscopy was used to examine the ultra-structural features of
HepG2 cells cultured on different materials (Figure 26). In general, analysis of intact
whole cells grown on either 2-D or 3-D substrates contained a range of organelles typical
of most mammalian cells, including mitochondria, nuclei, endoplasmic reticulum and
lipid droplets. Ultra-thin sections of cell preparations grown in 3-D showed clearly how
cells grow around and in close association with the polystyrene scaffold. Cells cultured
on the 3-D surfaces displayed numerous morphological features typical of the liver tissue.
Nuclear membranes appeared to be normal. Numerous mitochondria visualised displayed
structural variances within the normal range. No specific pathological alterations were
detectable in either the smooth or the rough endoplasmic reticulum, in the Golgi
complexes, or in the glycogen content. " The presence of these ultra-structural features
indicated that HepG2 cells grown on 3-D substrates were metabolically active, The
presence of peroxisomal clusters (Figure 26B), which are ubiquitous cell organelles
abundant in mammalian liver and kidney, was particularly encouraging.  Liver
peroxisomes are known to be responsible for the pB-oxidation of the side chain of
cholesterol in the course of bile acid synthesis, a pathway associated with differentiated

hepatocytes [8].
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In native liver tissue, hepatocytes possess polarity with two or three basal surfaces facing
the sinusoid while adjacent cells form the bile canaliculi. Micrographs of cells grown in
3-D revealed adjacent hepatocytes often shared microvilli-lined channels lined with tight
junctions, This observation suggests that cultured HepG2 cells may be polarized and
capable of forming channels that resemble bile canaliculi {9]. These structures are known
to be rich in microvilli and components of bile metabolised in the cells are normally

secreted into the canaliculi.
EXAMPLE 5

Enhanced cell viability during 3-D cell growth:

We examined whether the surfaces used in this study were biocompatible to support the
growth of viable HepG2 cells. Figure 27A illustrates the MTT absorbance values for
hepatocytes grown on 2-D control surfaces and our 3-D scaffolds. Viable cells were
successfully cultured on both substrates for up to 21 days. The assay revealed that cell
viability was significantly enhanced when grown in 3-D. It should be noted that cells
grown on scaffolds have a greater surface area on which to attach and grow, compared to
planar surfaces, where space per cell is restricted. Where possible, this difference has

been taken into account and values were normalised for i vitro assays.

EXAMPLE 6

Enhanced cell metabolism during 3-D cell growth:

The metabolic activity of HepG2 cells was assessed by determination of the level of
albumin secretion. Figure 27B shows the time courses of albumin secretion on 2-D tissue
culture plastic and the 3-D scaffolds. Values have been normalised to account for any
differences in cell number. It can be seen clearly that there is a significantly higher
albumin concentration in cultures grown on 3-D surfaces compared to cells grown in 2-D
for all the time points that were tested. Albumin levels in cultures grown on flat tissue
culture plastic peaked at day 14 and then decreased rapidly at 21 days. This did not occur
in cultures grown on 3-D scaffolds indicating that the 3-D environment is more conducive

to cell function,
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EXAMPLE 7

Effects of methotrexate on cells grown in 2-D and 3-D:

HepG2 cells grown in 2-D and 3-D formats were treated with various concentrations of
MTX to evaluate their tolerance to a well known cytotoxin. Following each treatment
period, cultures were then studied for biochemical (Figure 28) and morphological changes
(Figure 29 & 30).

Figure 28A illustrates cell viability afier 1 and 7 days treated with varying concentrations
of MTX. Treatment of HepG2 monolayers with MTX resulted in a gradual increase of
absorbance at 15uM MTX after 24 hours but absorbance levels started to drop at 7 days
(data not shown). With increasing MTX concentrations, the viability of cells grown on 2-
D surfaces was visibly reduced especially at the higher levels of the cytotoxin, In 3-D
cultures, sensitivity to MTX was not evident in the lesser concentrations of MTX; only at
62pM MTX was there a significant decrease in absorbance levels compared to conirol
values. This pattern was also seen in 3-D cultures grown for 7 days, whereas cells grown
in monolayers for 7 days showed a sharp decrease in absorbance levels at 125 uM MTX
concentrations. These results imply that cells cultured on 2-D surfaces under these

conditions remain viable for a shorter period compared to cells cultured on 3-D scaffolds.

The metabolic activity of HepG2 cells was significantly reduced by increasing
concentrations of MTX (Figure 28B). Cells grown in 2-D were sensitive to the lowest
concentrations of MTX tested (8pM), whereas this level did not significantly influence
albumin secretion by cells grown in 3-D (data not shown). However, increased levels of
MTX (15.6pM) did begin to reduce albumin secretion by cells cultured on scaffolds.
Throughout cytotoxic challenge, higher levels of albumin secretion were noted in cells
grown on 3-D plastic compared to 2-D materials. These data illustrate that hepatocyte cell
function was impaired in the presence of MTX in a dose-dependent manner and cells

grown in 3-D appeared more tolerant to the cytotoxin.
Measurement of transglutaminase was performed as a test for HepG2 cell toxicity in

response to increasing concentrations of MTX. We examined the effects of MTX on

transglutaminase levels in 2-D and 3-D cultures after 1, 7 and 10 days exposure to the
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cytotoxin. (Figure 28C). In control cultures, where there was no addition of MTX, levels
of transglutaminase were found to be minimal and at similar levels. With increasing
concentrations of the drug, such as 31pM MTX, 2-D cultures secreted significantly higher
levels of transglutaminase which increased in a dose dependent manner unlike cells grown
in 3-D culture. These differences were statistically significant in all 2-D cultures at 7 and
10 days compared to their 3-D counterparts. In the 3-D cultures, increasing the
concentration of MTX did not cause a significant increase in transglutaminase levels
although there was a gradual rise in enzyme levels secreted into the culture medium at
higher concentrations of the drug., These dafa farther suggest that cells on 3-D porous

materials are more tolerant to increasing levels of cytotoxin challenge.

Scanning (SEM) and transmission electron micrographs (TEM) demonstrated
concentration dependent changes in cell structure subsequent to treatment with MTX,
Representative examples of such morphological changes are illustrated in Figures 29 and
30. Normal, healthy HepG2 cells express numerous micro-villi on their cell surface,
When challenged with MTX, cells grown on 2-D surfaces gradually lost their micro-villi
in a dose dependent manner, whilst cells grown on scaffolds continued to express this
structural feature (Figure 29). In response to increasing levels of MTX, the surface of
HepG2 cells grown .as monolayers, first decreased the numbers of micro-villi, then
became flattened, and then started to disintegrate. No such changes were observed to the
structure of HepG2 cells grown on 3-D scaffolds, although the micro-villi of cells grown
in the highest concentration of MTX tested (125uM), did begin to show signs of
flattening,.

Further examination by TEM revealed ultra-structural changes to cells challenged by the
cytotoxin (Figﬁre 30). Cells grown on 2-D surfaces possessed healthy morphology with
prominent nuclei with visible nucleoli in conirol cultures. Following treatment with 8uM
MTX, cells with good nuclear architecture remained visible in 2-D cultures although areas
of cellular necrosis were also evident. Hepatocyte 2-D cultures treated with increasing
levels of MTX showed marked cytotoxicity and most cells became necrotic at high levels
of MTX. Features such as endoplasmic reticulum de-granulation and the presence of
ribosomal ghosts were observed. Furthermore, the granular cytoplasm generally lacked an

organised structure and clumped chromatic granules were dispersed throughout the
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was seen to rupture and a marked amount of vacuolation, possibly reflecting presence of
lipid droplets and cellular degeneration. Cell shrinkage was also obvious, as well as a loss
of cell-to-cell contact followed by formation of apoptotic bodies (autophagolysosomes)
and cell death. At the highest concentration, ‘ghosts’ of cellular remains were observed,
indicating that cells grown in 2-D exposed to higher levels of MTX had undergone an

advanced stage of cell death.

In contrast, HepG2 cells grown in 3-D culture and exposed to MTX were significantly
more resistant to the effects of the cytotoxin. The ultra-structure of cells treated with
lower concentrations of MTX possessed normal orgénelles in their cytoplasm (RER,
ribosomes, mitochondria and lipid droplets).  The nuclei displayed normal
heterochromatin and nucleoli. These features were well preserved throughout most of the
concentrations of MTX tested. However, in some cells in the presence of 125pM of MITX,
the nuclear membrane had an irregular morphology and other sub-cellular features, such
as mitochondria, which appeared to be slightly abnormal. It is likely therefore at higher
concentrations of MTX, cells in 3-D cultures are starting to undergo changes similar to
those experienced by cells cultured in 2-D as seen significantly lower concentrations of

the cytotaxin.

In conclusion, the growth of cells on styrene-based polymeric scaffolds adapted for use in

existing cell culture plastic-ware provides the opportunity for 3-dimensional cell growth
in vitro. Cell behaviour is influenced by the environment in which cells grow and cell
growth in 3-dimensions is more realistic and more closely resembles the growth
conditions cells normally experience in the body. The apparatus described herein
provides an opportunity for researchers to routinely grow cells in 3-dimensions which will
be invaluable for more accurate read-outs from cell models and assays. The apparatus is
also inert, easy to use, can be sterilised, is cheap to manufacture and produce, it is robust

and reproducible, has an indefinite shelf-life and is adaptable to many applications.
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EXAMPLE 8

In a further application for the use of the polystyrene scaffold, we have developed an
organotypic model of mammalian skin consisting of a stratified sheet of epidermal
keratinocytes grown at the media/air interface on a layer of dermal fibroblasts in the
presence or absence of a collagen gel or solution-coating within the scaffold. This system
enables long term growth and maintenance of polarised epithelia that closely resemble
native skin. The technology can be used to investigate the function of skin epithelial cells
in a broad range of applications, including basic science, development of pharmaceuticals

and assessment of compound toxicity.

Organotypic models for the growth of mammalian skin are well established and a number
of procedures have been developed to achieve this in vifro (for example: Bohnert et al.
1986; Tkuta et al. 2006; Prunieras et al. 1983; Schoop et al. 1999). The existing
procedures requires the growth of dermal fibroblasts within a collagen gel mixture, upon
which keratinocytes are seeded in a two layered sandwich. The gel shrinks over time; it is
then raised to the air/media interface to enable changes in cell growth and activity.
Handling the gel is tricky and requires time, skill and conceniration. As a consequence
this model is not readily adaptable for high throughput screening strategies or in

circumstances where a reduction in variability is required and ease of handling is needed.

Here we demonstrate the application of our 3D polystyrene scaffolds to more readily
enable the routine use and handling of dermal fibroblasts and collagen gels for
organotypic skin cocultures. In brief, cnltures of dermal fibroblasts are seeded onto the
surface of our 3D polystyrene scaffolds in appropriate growth media (Figure 31a). The
cells grow over the surface and into the structure of the 3D membrane (Figure 32). This
can be achieved in the presence or absence of a collagen solution/gel or pre-coating of the
scaffold with collagen solution (e.g. Type I collagen). The inert 3D plastic scaffold
provides support for the cultured fibroblasts. The scaffolds laiden with fibroblasts are
readily handled and can be transferred into fresh cell culture plastic ware (e.g. 6-welled
plate) if required. In addition, shrinkage of a cast collagen gel is minimised which
reduces variability between experiments. Subsequent to the establishing the fibroblast

culture, an organotypic coculture is set up by seeding epidermal keratinocytes (e.g. HaCaT
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cells) onto the surface of the fibroblasts (Figure 31b). When the keratinocyte culture is
established (~2 days), the surface of the polystyrene scaffold is raised to the air-liquid

interface. Air exposure induces siratification of the keratinocytes (Figures 31c and 33).

5  The advantages for using the 3D porous polystyrene scaffolds for organotypic coculture of
mammalian skin are:

o To provide support for the cells (and gel if appropriate) and 3D environment for
the dermal fibroblast culture

e To enable ease of handling of the fibroblast culture / collagen gel mix and avoid

10 breakage or damage to the gels/culture

s To minimise shrinkage of the collagen gel

¢ To enable freedom to readily transfer organotypic cultures to other vessels

e To raise the culture to the air/liquid interface either by reducing the media level or
by raising the scaffold itself (for example, using the well insert configuration

15 together with adaptors to increase the height of the insert)
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of between 25 %(wlw) and 35%(w/w).

5. A substrate according to claim 3 or 4 wherein said hydrophobic elastomer is provided at

a conceniration of 30% (w/w).

6. A substrate according to any of claims 3-5 wherein said elastomer is selected from the
group consisting of: 2-ethylhexyl acrylate; n-butyl actylate and n-hexyl acrylate.

7. A substrate according to claim 6 wherein said elastomer is 2-ethylhexyl acrylate.

8. A substrate according to claim 6 or 7 wherein 2-ethylhexyl acrylate is provided at
hetween 28 %{w/iw) and 32% (w/w).

8. A substrate according to claim 8 wherein 2-sthylhexyl acrylate is provided at about 30%

fwiw).

10. A substrate according to any of claims 1-9 wherein said cell culture substrate comprises

polyvinyl.

11. A substrate according to claim 10 wherein said polyvinyl is polystyrene.



prot ei naceous coating. 25. A substrate according to claim 24 wherein
sai d protei naceous coating conprises at |east one nol ecul e sel ected
fromthe group consisting of: lamnin, collagen, fibronectin,

non-col | agen based peptide matrices. 26. A substrate according to

cl ai m 24 wherein said proteinaceous coating conprises a poly- am no
acid coating. 27. A substrate accordfhg to claim 26 wherein said

pol yam no acid coating conprises poly L ornithine or poly L |ysine.
28. A sybstrate according.to claim23 wherein the surface of sai

coi 1 cullfur AT A=PEnooSHBT S Sl el bO%uRthe 28 pftesd eene
vessel oonpnersadgivinytledrizemaul t ure substrate according to any of clains
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32. A vesagiseageorattamg to claim 31 wherein said eukaryotic cell is
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cell; a fungal cell; a slime nmold. 57
14. A substrate according to claim 13 wherein said surfactant is provided at a concentration

of 20-30% (w/w).

15. A substrate according to claim 14 wherein said surfactant is provided at a concentration
of between 24-26 % {wiw).

18. A substrate according to claim 15 wherein said surfactant is provided at a concentration

of around 25% (w/w).

17. A substrate according fo any of claims 1-16 wherein said cell culture substrate

comprises sections that are 100-200 microns thick.

18. A substrate according to claim 17 wherein said sections are approximately 120 -150

microns thick.

19, A substrate according to any of claims 1-18 wherein said polymerised high internal

phase emulsion polymer comprises a further organic monomer.

20. A substrate according to claim 19 wherein said organic monomer is selected from the
group consisting of: n-butyl methacrylate, n-hexyl methacrylate, cyclohexyl acrylate, cyclohexyl
methacryiate, phenyl acrylate, phenyl methacrylate, 3-vinylbenzyl chloride, 4-vinylbenzyl

chloride, para-acetoxystyrene,

21. A subsfrate according to any of claims 1-20 wherein said polymerised high internal
phase emulsion polymer comprises a further organic polymer.
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primate cell. 34. A vessel according to claim 33 wherein said primte
cell is a human cell. 35. A vessel according to any of clainms 32-34
wherein said nmanmalian cell is selected fromthe group consisting of:
an epidermal keratinocyte; a fibroblast; an epithelial cell; a
neuronal glial cell or neural cell; aSkhepatocyte cell or a hepatocyte
stellate cell; a nesenchynmal cell; a muscle cell; a kidney cell; a

bl ood | ; tic.l |l dothelial cel]. 36. A I

ncoordi B8 1 o GG Bpisrate S5t ATuFRRR' S oSeuf Pobivend st Famne
t umour . gr®p. cosistyws ef: m:z_d,}{t@bnivlngethacnalase),obolﬂhaiaxm rﬁﬁhéﬁyla\‘le)ermim(‘cyslahdql
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[
cl ai ns 33-37_'vw$1)ere|n sa ! i's a ‘stemrce
vessel RB¥Grvignab clipridiempal (4nrianheansy! shiprifiel el reea-fostaxyswredt ed from

the group consisting of: haenopoietic stemcell; neural stemcell;
bone st cell; cle stemcell: ench | stemcell: epjitheljal
stem ce??’]; e}ﬁd%u(?gﬁrl |ac§?rgmgc§>| Aoy é’ﬁ%ﬁi% t"‘@ﬁ{eﬁblsf’”,% %‘wa"@ Hi éuﬁ%ﬁ‘ﬁ
cel . a@npraeyessecatedhds heert modified by 8@ whesiai nf 3abaingehdt faglitates the
prokary gl dhmefi bro%raﬁorggﬁb‘?%o%@rérxiaﬁgﬂ% Eélg%gahebﬂ{em&' c cell. 41. A
vessel according to claim40 wherein sard prokaryotic cell is a

bacterial cell. 42. A vessel according to any of claims 30-41
wher ei n2sai dA cebbtratéllakedrdiny @6 Slimi 28 ¥hbiedr &8¢ niddificalith A3t preidIed of ar
t he cul E%Ee(lana%feoucseclogf?ngcorrprl sing the steps of:

25. A substrate according to claim 24 wherein said proteinaceous coating comprises at [east
one moalecule selected from the group consisting of: laminin, collagen, fibronectin, non-collagen
based peptide matrices.

26. A substrate according to claim 24 wherein said proteinaceous coating comptrises a poly-

amino acid coating.

27. A substrate according fo claim 26 wherein said polyamine acid coating comprises poly L
ornithine or poly L lysine.

28. A substrate according to claim 23 wherein the surface of said cell culture substrate is

physically modified.
29 A cell culture vessel comprising a cell culture substrate according to any of claims 1-28.

30. A vessel according to claim 29 wherein said cell culture substrate further comprises a
cell and cell culture media.

31.  Avessel according to claim 30 wherein said cell is a eukaryotic cell.

32. A vessel according to claim 31 wherein said eukaryotic cell is selected from the group

consisting of: a mammalian cell; a plant cell; 2 fungal cell; a slime mold.



i)providing a cell culture vessel conprising: a) cells; b) a cel
culture substrate according to any of clainms 1-28; c) cell culture
medi um sufficient to support the growh of said cells; and
ii)providing cell culture conditions which pronote the proliferation
and/or differentiation of said cells. 44. A nethod according to claim
43 wherein said cells are mammalian céfls. 46.A nethod according to
claim44 wherein said mammalian cells are human cells. 46. A met hod
according to any of clainms 43-45 wherein said cells are hepatocytes.
47. A met hod according to claim43 wherein said cells are prokaryotic
cells. 48 A huessgecaedivgde lgim 32 whesinsdqd mamareidmealds @ pimaik aelyot i ¢
cells are bacterial cells. 49. A nethod to screen for an agent wherein
said agent affects the proliferation, differentjation or function of

a cel | Conpri¥psig at"ﬁ‘érd%‘ﬂé?)ga'ﬁ‘f% wheyel s3id pem#Hg cEbF P ETPR 6P conpri si ng
at least one cell and a cell culture substrate according to any of

cl ai s %5 28, véés)a &ggljdmg ?gn*gfac?atimg ?f SQﬁﬁé}gm sglde r{irﬁgltaﬁ%ell %@glect'eh 'frl)m

noni tori'ng the ac
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accor di Bg) &reGlapidi 4 BeyisiyRl d21iSRkh heffbdytd steiRic @R Re¥dRhymal cell; a muscle
cell; a kidney cell; a blood cell; a pancreatic B cell, an endothelial cell.
36. A vessel according to any of claims 32-35 wherein said cell is derived from a tumour.
37.  Avessel acceording to any of claims 30-36 wherein said cell is genetically modified.
38. A vessel according to any of claims 33-37 wherein said mammalian cell is a stem call.
39. A vessel according to claim 38 wherein said stem cell is selected from the group
consisting of: haemopoietic stem cell;, neural stem cell; bone stem cell; muscle stem cell;
mesenchymal stem cell; epithelial stem cell; endodermal stem cell, embryonic stem cell;

embryonic germ cell.

40. A vessel according to claim 30 wherein said cell is a prokaryotic cell or a genetically

modified prokaryotic cell.
41. A vessel according to claim 40 wherein said prokaryotic cell is a bacterial cell.

42. A vessel according to any of claims 30-41 wherein said cell culture vessel is a

bioreactor,



59 51. A nethod for the identification of genes associated with cell
differentiation conprising the steps of: i) providing cell culture
conprising at |east one cell and a cell culture substrate according
to any of clainms 1-28; ii) extracting nucleic acid fromcells
contained in said cell culture; iii) contacting said extracted
nucleic acid with a nucleic acid array® and iv) detecting a signal
whi ch indicates the binding of said nucleic acid to a binding partner
on said nucleic acid array. 52. A nmethod according to claimb51 wherein
said cell is a hepatocyte. 53. A nethod according to any of clains

49- 52 whér ei Aymsttiod ferdbeherdtuiend celbasmphisngitdestepoofal steps of @ i)

col lating the signal ($)ovRffIe! &Sl vds88 Binpki of said nucleic acid
I

to said binding partner; ) converting the collated signal(s) into
a data anal ysabl @f%f and optionally; iii) providing an output for
the anal ysed dat &) SéelAmiting subdttate saedrdipg i shyahakiyaer-2die devel opnent

of cancerous cell I Il C s comprising i).formng a

preparation corrprc Srlge#%%@%ér’%ﬁu%ﬂ‘tjﬁegﬁg%oﬁé@eﬁgrg%@oo?a?nﬂég{soargny of

clains 1-28 incl uidi ng prowlding; cell culture conditions which promote the proliferation andfor
differentiation of said cells.

44, A method according to claim 43 wherein said cells are mammalian cells.

45. A method according to claim 44 wherein said mammalian cells are human cells.

46. A method according to any of claims 43-45 wherein said cells are hepatocytes.

47. A method according to claim 43 wherein said cells are prokaryotic cells.

48, A method according to claim 47 wherein said prokaryotic cells are bacterial cells.

49. A method to screen for an agent wherein said agent affects the proliferation,
differentiation or function of a cell comprising the steps of:

i) providing cell culture comprising at least one cell and a cell culture substrate according
to any of claims 1-28; _

if) adding at least one agent to be tested; and

iii) monitoring the activity of the agent with respect fo the proliferation, differentiation or

function of said cells.

50. A method according to claim 48 wherein said cell is a hepatocyte.



i) adding at |east one agent capable of inducing cel

transformation; and iii) nmonitoring the effect, or not, of said agent
on the transformation of said cells. 55. A nethod according to claim
54 wherein said cells are hepatocytes. 56. A process for the fornmation
of a polynerised high internal phase emnul sion polyner conprising the
steps of: i) formng a preparation cbhprising an high internal phase
enmul si on conprising a hydrophobic el astoner at a concentration of

2 catal 90 HrydeRbln Rgueniatie shobesececqried i 2RO Rrep R AR e
i V)i ncubbmtstepg of:he conbi ned preparation to allow formati on of a high

I nternal phase e b L i | A 6
wherein st o) hydraorull SACLHIR comprfing b MAROERS ACGR 81080 il sBhheis
bet ween 26 %RSEPIRINSAPAMBHAE P28 58. A process according to claim56

or 57 ;Ahe: ei i) s?iéslgéuiflg gg@@bb@d ﬁbra%bng%re%htain%d Y &ﬂ@u[alée;a t f
concentration of abo ( . [ ocess accordin 0 any o
oo 50. 56luberBnAt b egeisiestbt et Pt Bie i iR ohe
iv) detecting a signal which indicates the binding of said nucleic acid to a binding
partner on said nucleic acid array.

52. A method according to claim 51 wherein said cell is a hepatocyte.

53. A method according to any of claims 49-52 wherein said methad includes the additional
steps of; .
i) collating the signal(s) generated by the binding of said nucleic acid to said
binding partner;
i) converting the collated signal(s) into a data analysable form; and optionally;

iif) providing an output for the analysed data.

54.  An in vitro method to analyse the development of cancerous cells from normal cells
comprising
iy forming a preparation comprising a cell culture substrate according to any of claims 1-28
including cells;

il} adding at least one agent capabie of inducing cell transformation; and

iiiy monitoring the effect, or not, of said agent on the transformation of said cells.
55, A method according to claim 54 wherein said cells are hepatocytes.

56. A process for the formation of a polymerised high internal phase emulsion polymer
comprising the steps of:
i) forming a preparation comprising an high internal phase emulsion comprising a
hydrophobic elastomer at a concentration of between 20%({w/w) and 40% (w/w);
ii) forming a preparation comprising a catalyst;
iiM) compining the preparations in (i) and (ii); and



group consisting of: 2-ethyl hexyl acrylate; n-butyl acrylate and

n- hexyl acrylate. 60. A process according to any of clains 56-59
wherein the invention the tenperature of the preparation inii) is
heated to a tenperature of between 50C and 80C. 61. A process
according to claim60 wherein the preparation inii) is heated to 50C
or 60C or 80C. 62. A process accordi f9 to any of clains 56-61
wherein said preparation in i) conprises a styrene nononer. 63. A

; : wher e i ; et
Conpr | ses i U] ny "R SRgMOEbEpBEEL 8 AP R TH Afish byere areee
56- 63 wher ei emglaipnipplyiegraration in i) conprises a surfactant that is

provided at a concentration of 20-30% (wWw. 65. A process according
to claime64 wherein said surfactant is provided at a concentration of

bet ween 294- 28 PRGRFFOCOdR toplaingGawkeraip SaiddIVARPPPIE PiaptRingrisgiovided at a
wher ei ncormieiratioh balgdnaedn 255% Y artessydi/mg concentration of around 25
ww. 61
58. A process according to claim 56 or 57 wherein said hydrophobic elastomer is provided at
a concentration of ahout 30% (w/w). '

59. A process according to any of claims 56-58 wherein said elastomer is selected from the
group consisting of: 2-ethylhexyl acrylate; n-butyl acrylate and n-hexyl acrylate.

60. A process according to any of claims 56-59 wherein the invention the temperature of the
preparation in if) is heated to a temperature of between 50°C and 80°C.

61. A process according to claim 60 wherein the preparation in ii) is heated to 50°C or 60°C
or 80°C.

62. A process according to any of claims 56-61 wherein said preparation in i) comprises a

styrene monomer.

63. A process according to claim 62 wherein said preparation in i} comprises divinyl

benhzene.

64, A process according to any of claims 56-63 wherein said preparation in i) comprises a

surfactant that is provided at a concentration of 20-30% {w/w).

65. A process according to claim 64 wherein said surfactant is provided at a concentration of
between 24-26 %% (w/w).

66. A process according to claim 64 or 65 wherein said surfactant is provided at a

concentration of around 25 %(w/w).



67. A process according to claim66 wherein the preparation in i)
conprises 609w w) styrene; 30% (ww) 2-ethyl hexyl acrylate; 10%
(w'w) divinyl benzene and 25% surfactant. 68. A process according to
any of clainms 56-67 wherein said high internal phase emulsion polyner
in step iv) is sectioned. 69. A process according to claim68
wherein said polyner is sectioned intB'parts that are 50- 1000
mcrons thick. 70. A process accordlng to claime69 wherein said

sectiong,arey ﬁﬂg%%élaré@érahg i %% . I%?’elh L& éreéaa%%wn Ah %drlgéseé&fa@/w)

phase enu1S|o proc gccordi 0 an

cl ai ns 58BeRs; 30°/§WW)62*§@N%@# a@:ﬂef@r tﬂ"/’mgvlwbdlwnﬁbwm ami wrfgenant hi gh

i nternal phase enul sion polymer conprises a pore volune of 90% 73.
The use of a substrat e risin hlgh internal phase enul sjon

pol ymer Sccof dIHEST BCRIRGLP 450 &1 HEME. B It salte Giehiednal phape gpulsion
accor di pgymer inlktpm) Eseatiaredi n t he hi gh internal phase emul sion

pol ymer has a pore volune of around 90% 75. Use according to claim
74 wherein the high internal phase enul sion polynmer has a pore vol une
of 90% ©9.76. A Pirsespsaecetling ta clpist §Swhereln aiid PEVMe iasertighed inte @ersinaiaiage
enmul si ORodPhYARE tR&cording to any of clains 1-28 to determ ne the
liver toxicity of an agent. 77. Use according to claim76 wherein
said agent is a chenotherapeutic agent. 78. Use according to claim
76 wher b.n sAiptbcageatcordingatovildiral 59gerresit baid apgtione ateOdipproxt2atal® 120 madrdred
to testythe liver toxicity of an agent conprising the steps of:
i)providing a cell culture conprising at |east one hepatocyte cel

and a cell culture substrate according to any of clains 1-28;

71. A high internal phase emulsion polymer obtained by the process according to any of
claims 56-70.

72. A polymer according to claim 71 wherein said high internal phase emulsion polymer

comprises a pore volume of 90%.

73.  The use of a substrate comprising high internal phase emulsion polymer according to

any of claims 1-28 to culture cells.

74, Use according to claim 73 wherein the high internal phase emulsion polymer has a pore

volume of around 80%.

75. Use according to claim 74 wherein the high internal phase emulsion polymer has a pore

volume of 90%.

76. The use of a substrate comprising a high internal phase emulsion polymer according o
any of claims 1-28 to determine the liver toxicity of an agent.

17. Use according to claim 76 wherein said agent is a chemotherapeutic agent.

78. Use according to claim 76 wherein said agent is a viral gene therapy vector.



fi)adding at | east one agent to be tested; and iii)nonitoring the
activity of the agent with respect to the proliferation,
differentiation or function of said hepatocyte cells as a neasure of
toxicity of the agent. 80.A nethod according to claim79 wherein said
agent is a chenotherapeutic agent. 81. A method according to claim79
wherein said agent is a viral gene thBfapy vector. 82. A nethod for
the gromh and differentiation of a keratinocyte and/a keratinocyte

precurs st 1 SLNQL: e ' , tion conprising
B el a0t up S o ETale R eeniof o) At By RGBT DT (1 Bt
f eeder cel |l sh and RE@lidinga kel puiureecdimprsing g Ipast ane benatngvis st afkadel culture

cells to proyixgRatd a@dingladnlibecigmbaisgat e that is substantially
coated with said feeder cells; iii) contacting said coated substrate

f i1
with keratincyt @éﬂg’gﬁ&; 5Ps108¢ 299 PRA ESIEY @8tr sor stemcells; and V)
cul turing thié) contonitedhgcteé bcijyitepidhatgemnwlitn ks pect @tbé bicliesation,itteaniationo
the growt h k- | atd i rati i [ or
ker at i nocyt Z&E’?’%%’E gf(r)sr%m; eg%quog)g? ?“Iéllézgégnl%gu%\tgtﬁgé%aogﬁjg%%ﬂg to claim
82 wherein said fibroblast feeder cells are dernal fibroblasts.

80. A method according to claim 79 wherein said agent is a chemotherapeutic agent.
81. A method according to claim 79 wherein said agent is a viral gene therapy vector.

B2. A method for the growth and differentiation of a keratinocyte and/a keratinocyte
precursor stem cell comprising: '

3] forming a preparation comprising a cell culture substrate according to any of claims 1-
28, fibroblast feeder cells and cell culture medium;

i) culturing said feeder cells to provide a cell cuiture substrate that is substantially coated
with said feeder cells;

1H)] contacting said coated substrate with keratinocytes and/or keratinocyte precursor stem
cells; and

iv) culturing the combined cell preparation under conditions conducive to the growth and
differentiation of said keratinocytes and/or keratinocyte precursor stem celis.

83. The method according to claim 82 wherein said fibroblast feeder cells are dermal
fibroblasts.

84,  The method according to claim 83 wherein said fibroblast feeder cells are selected from
the group consisting of: corneal fibroblasts, intestinal mucosa fibroblasts, oral mucosa
fibroblasts, urethral fibroblasts, or bladder fibroblasts.

85.  The method according to any of claims 82-84 wherein said keratinocytes are epidermal

keratinocytes.

B6. The method according to any of claims 82-85 wherein said fibroblasts are human

fibroblasts.



84. The met hod according to claim83 wherein said fibroblast feeder
cells are selected fromthe group consisting of: corneal fibroblasts,
i ntestinal mucosa fibroblasts, oral nucosa fibroblasts, urethral
fibroblasts, or bladder fibroblasts. 85.The nmethod according to any
of clainms 82-84 wherein said keratinocytes are epi derma
keratinocytes. 86. The nethod according®to any of clains 82-85 wherein
said fibroblasts are human fibroblasts. 63 87. The nethod according
to any of clains 82-86 wherein said keratinocytes are human
keratinocytes. 88. The method according to any of clains 82-87

wher ei n85ai djsr BpAPAECEHding ie RRY ot el &l whtrkiagais kerginocytes arpetureg
accor di pgatrecgbal m 88 wherein collagen is type 1 collagen. 90. The
nmet hod according to claim88 or 89 wherein said collagen is provided
as a gel. 91. The nethod according to claim88 or 89 wherein said
col | ageB8.i s Preovetbetadcnrdingsokoy ¢faiaims 8287 Whareingbid pebpacation tlirher dompasas
of clai py.84; 91 wherein at |east said keratinocytes are displaced to
contact aif thereby inducing keratinocyte stratification. 93. The
met hod according to any of clains 82-92 wherein the cell culture
substrag® COMaImh&RS atchldigad bk 85 wise6h coRgsh mt&@q%hégéhar pol ymeric
mat eri al approxi mately 300 microns thick. 94. nmethod to test an
agent conprising: i) formng a preparation according to any of clains
82- 93 whl.ch Thechaildesacaording étlaino8tha 8adtersh said collagen is provided as a gel.

g1. The method according to claim 88 or 89 wherein said collagen is provided in a solution.

892,  The method according to any of claims 82-91 wherein at least said keratinocyles are
displaced to contact air thereby inducing keratinocyte stratification.

83. The method according to any of claims 82-92 wherein the cell culture substrate
comprises a plurality of sectioned microcellular polymeric material approximately 300 microns

thick.

94. A method to test an agent comprising:

iy forming a preparation according to any of claims 82-93 which includes an agent
to be tested;
if) monitoring the effect of said agent on keratinocyte cell growth and/or

differentiation when compared to a conirol preparation that does not include said
agent.

95.  An apparatus for the culture of cells comprising a cell culture substrate according to any
of claims 1-28, a cell culture vessel and an insert adapted to co-cperate with said cell culiure
vessel and contain said cell culture substrate and said cells.

98.  An apparatus according to claim 95 wherein said cell culture substrate comprises
fibroblasts and keratinocytes.



ii) nmonitoring the effect of said agent on keratinocyte cell growth
and/ or differentiation when conpared to a control preparation that
does not include said agent. 96. An apparatus for the culture of cells
conprising a cell culture substrate according to any of clains 1-28,
a cell culture vessel and an insert adapted to co-operate with said
cell culture vessel and contain said Il| culture substrate and said
cells. 96. An apparatus according to claim95 wherein said cell
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