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enmul si on pol ymer (pol yHBPE) adapted for installation

and use in existing cell culture plastic-ware for the
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Tissue engineering is a science which has implications with respect to many areas of
clinical and cosmetic surgery. More particularly, tissue engineering relates to the
replacement and/or restoration and/or repair of damaged and/or diseased tissues to return
the tissue and/or organ to a functional state. For example, tissue engineering is useful in
the provision of skin grafts to repair wounds occurring as a consequence of: contusions, or
burns, or failure of tissue to heal due to venous or diabetic ulcers. Tissue engineering
requires in vitro culturing of replacement tissue followed by surgical application of the

tissue to a wound to be repaired.



burns, or failure of tissue to heal due to venous or
di abetic ulcers. Tissue engineering requires in vitro

waeedoraeszeg) of replacenent tissue foll owed by SPETGBM07/001464

10

15

20

25

30

application of the tissue to a wound to be

repaire The [ e

ejg-lf; é)§%qd otrl10ns L egrgrté&fhénq aré% Hblx&%@lorp Ieﬁfsnifs brgse‘a Hher on
e)ppcﬂ(eqsmo nelbéxpw;hﬁan o eularodt Icele mmressmn oThe T:ttm I1sapne&ned when

r ef rre ost-transl ation cat. t
t mesrotielch g BRalR D L g B BB bk ERLCRHadaelude the
t Rie USRaRalilNCERE,| d) CilekeHafister Oty aalsgmkamaere ESpbYoptera
cells: insect cells e. g. Spodoptera sp yeast

Sd%h@rr mfc e§- §¢<ﬁ§hanvnwﬁSavp@p thcfmesnpaﬂgg largs| S@ale produttion of
g'nﬂrf rB{emrsel@ E@aiﬂ%h RaRdafd BF gl bhifiD] Rinlé Hhny of these
stan ﬁan of th

qual i cont sl nce ese
p lpmtemsn sarar eseds ed aharmh@nh@lse ufor c examplé: o rgrasxth mppmnone;  leptin;

P?lotl mjﬁicﬁg Qé]?amﬁ ?‘%%t 9 OI leotcglte 0{)1% mglsﬁ{ﬁhiagng factor (G-
f mrgrz(rﬁbsift): me@fo@h&ﬁe@ﬁbﬁﬁstmditﬁng Hage (GM-C8F); clhary neurotrophic

fs ; [%qtncglr a(wt | nﬁ%j;a? 1&%&@(@3 M r{e e%l@%{l ptgr?rggc&r 0 ), oncostatin M
pff)'t QﬁereP(ﬁ\CtIFNoc(tF'I\ﬁ() MARQRES e Ua’eMp{n%N&f vaccines, particularly
|nte eron, . Moreover, the developnent f

0
v aummte@cmp%sr (va@un%sr ba,seds ab ardefingd eatigamsior Eyamele gps20 of HIV),
based fin [
r éa%ur?s tEx Pﬁ)gg%lroggu a?é%o ﬁlg)Oﬁh lof' rté Sl)g%gﬂa%% 19(9#1 g&t%lnmn\é) antigens
protichi maf rlﬁevofke (Hmpigfim(ismlm abing gltaattdng dénhgs ‘dbﬂnmhle n‘@ymanufacture

provoke an [ t o
LS8 S 0 b b LSk s s
t halyp&ife. qi’(fsf @zﬁ@ﬁhb@b@@esﬁﬂg u@hid@s the pRstestRESprbdessing of precursor
expressed pol fbﬁ de. Post-translation processing
p#

 meoteinngnd e i) Pt i lempyabcels shemyjcdf SOPRSC (5-8: ophosphorylation,
pr r renoval of chem cal

% giaﬂénégmosgﬁﬁoﬁﬁ%% faAPI n, prenylation,
glucosylatlon farnesylation) Mor eover, nannalian
mm?rg%v%r' gnql@g 1a{1 ﬁ%l g tl[lf?? in Itni‘gl dSrugascreeEJnE to gert ‘i? Me%er a lead
agrétipelitiofe.2AtsAEGN ﬂmdéculeaagﬁiﬁﬂoﬁlaﬁﬁagdnm,m mbﬁxd:jonapﬁpﬂ)bd},e peptide

t herapeutic, nucleic acid
e bousslc e Emrag AT ) L) ok Bfcy botor
qﬁg&ﬁaﬁgﬂﬂemngﬁﬁwhs a need to provide inproved cel

cul ture systens in which manmalian cells can

There is a need to provide improved cell culture systems in which mammalian cells can
be cultured to provide a population of cells that are as far as technically possible close to
their natural state to enable the analysis of cell proliferation, differentiation and function

in a reliable manner.

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



be cultured to provide a population of cells that are
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differentiati on and function in a reliable nmanner.
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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 W000/34454, W02004/005355 and
W02004/004880 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
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In a preferred 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
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
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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 concentration
of 20-30% (w/w) of the monomer phase of the emulsion; preferably 24-26 %(w/w) and
most preferably around 25%(w/w).
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el astonmer is 2-ethyl hexyl acrylate. Preferably said
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and 32% (w w); preferably 2-ethyl hexyl acrylate is
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cyclohexyl methacrylate, phenyl acrylate, phenyl methacrylate, 3-vinylbenzyl chloride, 4-

vinylbenzyl chloride, para-acetoxystyrene.

In a yet further preferred embodiment of the invention said cell culture substrate

comprises a further organic polymer.

In a preferred embodiment of the invention said organic polymer is selected from the
group consisting of: Poly(n-butyl methacrylate), poly(n-hexyl methacrylate),
poly(cyclohexyl acrylate), poly(cyclohexyl methacrylate), poly(phenyl acrylate),
poly(phenyl methacrylate), poly(3-vinylbenzyl chloride), poly(4-vinylbenzyl chloride),
poly(para-acetoxystyrene).
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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



entirety. In an alternative preferred enbodi nent of
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enbodi nent of the invention said substrate conprises a

surface that is nodified.b

o BIGHEE FroanRRege ol messl SRR By hEE T pivofpiey. The
| NplésAfs @biitain TR dMcREEBant ok E’fﬁt’abtalﬁlali)axﬁelesl $@ith tuporkdlBsion with
t he physical properties of a cell culture surface, For

exRakysneaic syriaash P BeHORS SeRen By preddng chgaicg! band @élgns creates free

IO'va&xeasswhfehhﬁvhﬁuﬁyﬁebblyﬁbmﬁmem and proliferation
on cell culture productS. The process involves the

exci tation of gaseousproducts at | ow pressures and

a | e ] ny
pr/aeGfting, P e bRt Y B2 thanddCRHERE or GRS pelf Hfure vessel
parotnpnhleg ao#ll alturezobstatelabdosdingtovhe ihventibtymer i ¢ surf aces

can nodify the surface by breaking chenm cal bonds.

This creates free radicals which also nodify the

poloemRuIEY VEREIe is AFiaed 85 Y nie@nsuftabld ﬁ%nﬁ&ﬁﬁ@&bcﬂf: désBfbed cell
invention there is provided a cell culture vessel

cowfipieshbats. dapicallyyan exewple b sich atvesselde apeftiniiph esliicnigure bottle
| rprenkd Qtnmultl%illcuﬁd%é HIh& of $of Ssert MudRkil Q@lg.lr@alsﬁé%ﬁre multiwell

means suitable to contain the above descri bed cel

c uhicratitre platestwitht forma®ysuileas 6, ¥2, 48rP6ca0d A4 welbs whicle gre a'plcally used

vessel lI I oo .
o o7 o fie? §ih nPhoalbn 15l i hGHHE pRRhe Sy Ty, high

C Lthtou sipudicsdens userhemgd:rtebmhlktums of mgenls vathpandhdsaton cotnpound that
formats such as 6, q§2 48, . 96, (S IIs mhlfh

t yipicHher qeyReted o dio &ﬁﬁiprﬁf‘il%gl ‘r“t e R }‘1"“88 o et G

| aagdisied Qit?dsuitﬁlhé’tlﬂeﬁnshﬁﬁldbtaﬁﬁles ¥tdcBO® of TiiBieSahdey emidi@H) optical

t hr oug screens use honogeneous m xtures of agents

Wi dzehSIHn Oli nadioaciivily) felbawyrsihy dntegration; of the; signals frogngash figly cptaining
m)cgéé ll@dsuf)ﬁrsa'tél/atgerﬁ% ('ll)fﬁdk%r gh’l‘fcf ion of a signal. The

's neas sui't e nmeans (for exanple
detectlon of fluorescence em ssion, optical density,

radl owed i ntegration of the .. .
S e el FRB et b, S SRyl Eotrising seid cen
S Wakile atitra@dithed fsinprizel @t and etirplwiachedian a preferred
enbodi nent of the invention said cell culture vesse
conprising said cel

In a preferred embodiment of the invention said cell is a eukaryotic cell; preferably said

,I%r e, .
e signal is

eukaryotic cell is selected from the group consisting of: a mammalian cell; a plant cell; a

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.

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,



cul ture substrate further conprises a cell and cel
culture nedia. In a preferred enbodi nent of the

w0 pooen2i2es said cell is a eukaryotic cell; prePer/aBkoo7/001464
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said eukaryotic cell is selected fron1the group

e Rghr AP TR 8 b PuRh et et ot o
Ofmésh&hymulecml; wmusaslé Gbll‘(aafmiainbwytepﬁ mydtt%e&em)’, | SRy cell; a blood
cel | ; preferably sai d % rimate cell is a human cell. In
a 551 de-8r FDA*dimBbackienCO8T lymbopyisienpanseaticy Boceltapindi pgathelial
Celely;i s sel ected fron1the group consisting of: an
epi dérmal keratinocyte; a fibroblast (e.g. dermal;
corneal ; intestinal nucosa, oral nucosa, bl adder,

gglrﬁﬁg{ar?%err%fg %r?rgé(ﬁ%gnt clf'tHei irn)len%? ?;?h tcgﬂsl aa!:ellcﬁlllel de(fl%?ogfrom tumour
mtisaea, bl adder, urethral, prostate, I|ver) a neurona
glial cell or neural ceII; a hepatocyte or hepatocyte
stellate cell; a nesenchymal cell; a nuscle cel

( qafafiaBEMaENt Srefeftbd BMBEdRRE GE He) mve’ﬁtlkﬂ d0& Yndafthdlian ell is a stem
bl ood cell (e.g. CD4+ | ynphocyte, CD8+ |ynphocyte; a

p#slreatic b cell; or an endothelial celi); In a
preferred enbodi ment of the invention said cell is a
cell line derived fromtunour tissue. In an

allh er praferrod embedimentedf§ thatiowhtinansaid stem heslli inselntted fromahel group
e nygsltm o{ %%:cm?%met% s% llc geural s%m ciellpboenfeesfem cell; gﬁuscéet sé%n cell;

Nentl on Shi em ce
f rmeserichgmajr siern mms:psﬁdhmlgstaﬁ ceh a(derimcblfedm Qrgdne rsuce Iad the skin,
neur al, st.e m cel agﬁiﬁ e stem cel |

AR St KPR L Ry Sl Bisis, AP pidendocrine
f rpmuoOs2aRs th%liﬁthlt:ﬂ'?) Eﬁtﬁ)d&maf‘steng aat (tﬁélﬁ\f&i i &%imsm% e liver,

ki dney, bl add mamary gl ands, erus, prostate and
erRaBEPasnlang) P%bilgoat, M@Sﬁelﬁsemhwngﬁ stem eelk y)nbmemcg@en gell; embryonal
St &Sl stk d&iqi ved from organs such as the liver,

pancreas, l'ung and bl ood vessels); enbryonic stem

cell; enbryonlc germcel | ; enbryonal carcinona stem

gﬁh%%ek? ] ffgfetﬁ%mﬂg,gsn%%%ggﬁ? NS 0By Shrm ce

is a pluripotent cell and not a totipotent cell.

In an alternative preferred embodiment of the invention said cell is a prokaryotic cell;

preferably a bacterial cell.

In a further preferred embodiment of the invention said cell or cell line is genetically

modified.

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



is a pluripotent cell and not a totipotent cell. In an
alternative preferred enbodi nent of the invention said

w@eior/1228% prokaryotic cell; preferably a bacteeT/aB2007/001464
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cell. In a further preferred enbodi nent of the
i line is

roMCPIOLE Vo eapefh e P BB T RERY G EFROR S o of el

‘Sajothpeisihf theulepsise vessel is a bioreactor; preferably

said bioreactor_is designed to scale-up the

prolifdkati B’i‘?}“d&gfaf"éﬁéﬂ QfSHheoRRIIsIgnct i on of t he

sai d cell txpe.A&ggrding to an aspect of the invention
there is provided a nethod for the culture of cells

conpri si ng bhe sawlsulgire subjtrate apgpidingdo thedventiany| t ur e

vessel conpgy si ng; : : .
substrate aE cor di H gc ﬁ%ng‘ét egﬁ?nn%%(??rg EJ) Lug? Hllétg#ir §8mht Ouf rsgld cells;
medi um suf fici erdndt o support the growmh of said cells;

and ii).providing cell. culture conditions ich .. ..

ot oot 80 hes it Ef spieG califst Ses BER B giteration andor
and/ or f unctiffefentidtios ahdlordfehdtisn of faidecefis.ef erred net hod

of the invention said cells are nmammalian cells;
preferably human cells. In a preferred nethod of the

| Y GPrd B SAbHE 6 the irRERiol SRR PY4rE Framhihlig cells; preferably human

~alternative preferred enbodi nent of the invention sai'd
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cedells are prokaryotic cells; preferably bacteri al
cells. If mcroorganisns are used in the cell culture
met hod according to the invention, they are grown or
C Uh taprefetrddrmditivel afererisventiont daidwhilcdre hépatosited. | ed wor ker
is famliar, depending on the host organism As a
rule, mcroorganisns are grown in a |iquid nmedium

COfRhIiaftbrative fréfeRaNelbidikdt of'tdahventibmsaid Celfs QkdTp@karyotic cells;

sugars, a nitrogen source, usually in the form of
preferably bacterial cells.

If microorganisms are used in the cell culture method according to the invention, they are
grown or cultured in the manner with which the skilled worker is familiar, depending on
the host organism. As a rule, microorganisms are grown in a liquid medium comprising a
carbon source, usually in the form of sugars, a nitrogen source, usually in the form of
organic nitrogen sources such as yeast extract or salts such as ammonium sulfate, trace
elements such as salts of iron, manganese and magnesium and, if appropriate, vitamins, at
temperatures of between 0°C and 100°C, preferably between 10°C and 60°C, while

gassing in oxygen.

The pH of the liquid medium can either be kept constant, that is to say regulated during
the culturing period, or not. The cultures can be grown batchwise, semi-batchwise or
continuously. Nutrients can be provided at the beginning of the fermentation or fed in
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



organi c nitrogen sources such as yeast extract or
salts such as ammoni um sul fate, trace el enents such as

w@adoys2:288 i ron, nmanganese and magnesi um and, i PCT/GB2007/001464
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appropriate, vitamns, at tenperatures of between QC

and 1000C . preferably. between 10C and 600C N
o urrriorrapn 5 Bl VR n® GG A8 59 e AR e YRy beforchand
ei lnhkis pastessg e SIDRaluand advaitadeousty kept datwetre @Hl Atnid12, preferably

during the cylrurin erjiod, or not,_ The cultures can
bebeavqsmHM@ﬁmfsg@elgypmf%@Y PSP 28 | nuousl y.
Nutrients can be provided at the begi nning of the

f eAq®RErved above) théseGnddix vlfich cafi B&érploed Sh Yccofdance with the invention
conti nuously. The products produced can be isolate

f resHaLbY M FIBRPNCOaNels CHBALIOMISES NEISBR S AIFeh ﬂ%&%@e@ﬂ& vitamins
KNnwar trteleltetsi | | €d worker, for exanple by

extraction, distillation, crystallization, if

aﬁgropriate precipitation with salt,. )
antapieredhsasham SOYICa LG SuSkEs, SuEh$s BIQRO- finer Belysepsharides Bpmples of
adytdh AQERES late BicSeS HUBb&Y MimhsteeBARdose! Bibbdll Sorbose, ribulose,
process, the pH value | s advantageously kept between
pHadosanaaligee, erobe rr@ﬂﬁngse,b%mlemegﬂow Sngpro cancalgsele added,to the

f bl [ .
P SLE1 TR rPEL SR P SRSA AR RN Gy v

t HEhel addfidioi bHmixtaeabf &/ varitypoficaorosoerces maypaleo baadyvamageous. Other
sour ges, nitrogen sources, . jnorgani.c salts, vitamn .
PSS cprRe SHfeRRaRR Sl Bils PR, S AR LY ol Tiower il
S Ughadu® oil SHEBr &0l TR; fattf beidPduclPs, Yor &AM, FABSitic acid, stearic acid
Exanpl es of carbon sources are glucose, fructose,

reandios Bnolgje peid talsobols pndierelyalsehofseyeh asy fop gragaple, glycerol, methanol
I I rafdin P

c AT Balt? gh O orsBHERAR uct 3 bl 3R, RpRLAN Bltor faoc acia
conpl ex conpounds such as nol asses_or ot her .
byNigrogatusqueces rasenusepdlair organid af ingreamigenitagant ¢Qpogpds or materials
m . r gar T
W N e R
ang dasdoss sarmhomsmmbuinmesalistpiod, as sioyeonding suléae) fanogwium chloride,
oil, eanug OL| and/ or._coc nu% fat, fatt .agid such .
a <SPS phgaRlate, FNGHYT EABag or Spingpitin A, gy e, amino
| 1 deqds ©f EondslérthitragcnGb@ts sacttds@brnEedpRfuc s BBlasncdl 8byaglotein, yeast
for exanple, glycerql, nethanol and/or ethanol , . and/or

or FHPATLCIERE| SHYact 78 OHTS. B NERERAONrCes eaRt hecusad iinglividrally or as a
| agidge aci d. Nitrogen sources are usually organic or

i norgani ¢ nitrogen conpounds or materials

Inorganic salt compounds which rhay be present in the media comprise the chloride,
phosphorus and sulfate salts of calcium, magnesium, sodium, cobalt, molybdenum,

potassium, manganese, zinc, copper and iron.

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.

11



conprising these conpounds. Exanpl es of nitrogen
sources conprise amonia in liquid or gaseous form or
w@pewon2ses sal ts such as ammoni um sul fate, amMmoOPCTIGB2007/001464
chI oride, ammoni um phosphate, ammoni um carbonate or
HORhdid, Aoassilbin! di Ll
Corrp g n(?t 1d, eon Ssslglbrdég}ssd?(%e %%)ﬂatg aao?]rglg{%ta%gurpShararolgenphosphate or
soyke comesponding sodpmot@itaining sdts maghid vsad s sowras ofphiosphcius.
and others. The nitrogen sources can be used
m%ﬁlh%ﬁlég?ﬁs H{aggé a eﬁ]r’%e)(thH ré)%diu ngroc&;g\ E'{ﬂ? H«%g l’d{e 5 5981%'}9 g’olution.
chPaticdaly phigbehdrelssing ragents bcﬁlﬂirgg Stithyldgoxgphe@dlk Gt s catechol or
58 u odi,um .cohalt, enum potassi um
ﬂﬁ’g 8t§géﬂua aﬂ‘&org@%‘ﬁﬁ‘é*as fyas iR acifnor gani ¢
sul fur-containi ng conpounds such as, for exanple,
SulAtairdisg teal ﬁlﬁ'ﬂhbreaispeod bf the biveitioa ,theiré?Isrpﬁded Rah&Bod to screen for an

t hi osul f at es ul f el se Qrganic sul fur

conh hEeR i Heenh affei B o fiatn AUy feionaaf a oel

sou(slﬁlﬁgm@fth§yélfsl¢f for the production of

sul fur-containing fine chemcals, in particular of

mebhi orfirawuding @Sgﬂé}uitereg@{ngnslpg)@talg@it Qng cell and a cell culture substrate
10 di hydr%g&gg?mgg&e&go i pot assi um hydr ogenphosphat e

or the corre§pondi ng sodi umcontaining salts may be

ustd asddimgmatissst ofic ggauntsp hotested; achel atl ng agents may be

Soffi: aRotRp P b dnsin iR le e PalBrvioR Witeéhiason

conpr i s fehckigilofwaiddeBnol s such as catechol or

pr ot ocat echuat e and organi c acids such as citric acid.

According to a further aspect of the invention there
15 | SInR RMEREPmahoEsMRGinl Stk seﬁ@&nﬁ@a hé}ﬂm%ﬁgnt wher ei n

sai d agent affects the proliferation ferentiation

or function of a cell conprising the steps of: i)

g; Vi %te@eﬁreﬂcﬁlﬁﬁmbd O ltltné;f %erﬁ HRGSih i g rla&ﬁ?iw gl%{ﬁ%esct%e steps of:

ture su e accor
i mod!la’dmgihc a¢tiv)ty datd nm@u)&lbo&ee aciverting th'eg:eﬂztted dutintd Sdtemlalysable

7 lepint eBRERAY g iedt stiputor b piapetfaiae on or |
2ofunct| on of said cells.
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



In a preferred nmethod of the invention said cell is a
hepatocyte. In a preferred nethod of the invention

wa@ ajod/1seseeni ng net hod i ncl udes the steps of: POI/GERI0MY01464
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the activity data in (iii) above; converting the

I d t t d bl e, f
ot dad i piiPude RaleS o dpriay =B o g ey B8 6 augl 354 well
A vihistbae tﬂficalll? tubsdfor @b@pdibikieNwith iaGtombted Geadigthne ¢bBosie thandling
i nformati on chrnln the spatial and tenpora

c FHEBS é’E‘&%}}Yr thraughayt Sgregsﬁbl,seegtgpqggneo%ml@rgﬁﬁf agents with an

f ARG CORboRIANIRENS ARG cHIVERE TN JERTe r&hItH! %nt?the groductlon ofa
expression, (see Taylor et al Am Scienti st

3:3ignah JBiw)signahis ateasused bicwitghle meey (foy cxastnly éﬁ@élpn of fluorescence
%Yo%r ptk‘é%ﬁ den%ﬁ}? 33 digﬁ}}qyigﬁqgﬁo%d ]byzlme a‘a&ﬁ Rt ?liei sé%ﬂals from

te incorporate erence "ose op
smd:lewdl domtaindieg the nells] apgnttahé indicstor ¢dmptounrh or activity
of fluorescent reporter nolecules in cells for
screening | arge nunbers of agents for biologica

acme\teﬁW“agIﬁte IS Ay ShaiGhelsatt, laii’tlHoHyE, RBP¥RIdRAPGHIESG aptamer,
al so describe a conputerised met hod f or processi ng,

stdQP‘i’lﬁ @"aé‘%d el S%llé’ihﬂ?’l@rx RAqHese ‘Ejér‘?é AB pgoRist g3AR antagonist.

screening of |arge nunbers of agents requires

preparing arrays of cells for the handling of cells

arfanallhgolgein¢ antegonists inpludd chemotherpeutic agontsiusdfiay  the yeatment of

ex I standard multiwell mcrotitre plates
BB Conch BELAEED ! 20 6, 12, 48, 96 and 384 wel|s which

are typically used for conpatlblllty W t h aut omat ed

¢ FRSRRE o luRBaHebHER CRbTE deTRTt el b8 bioslisgnsisting
W' & I@wé‘ Baitsut [ﬁ%éﬂtld@ QHRRY Bk WF &J‘] ghﬁ&L? Kk@%ol@%%&?@ chain (k

nodi fied resulting in the ion of a si
Tm‘ 9] @dad’nel mlrrtéelmvsedi)bqhamsj I(')t, ablue&méw&; alf for éulgndptpg,ether by

cfisp%%ud% | Y #&Erlg Sﬁ(? %a'l%mhg e I 1bns 1{1212 &o%tr*b%?eﬂt% the binding of
$Iagﬁ@dn$anﬂ fanare aighlywatibhble ﬂah@nmlgn@olédu& t6 @hdther. Agadditioad and L

i ndi cat or conpoun The ter ent e
G F FTEIE qPom gt BB APt Eéep& gins consist of two

ARfoRARS. TRORy- AR 86hnah isT8Rhtially idtinBéd f¥n ains of a given
These can be an agoni st or an antagoni st. Sma

moyRecalds eaferegdmias the ‘feprstantielC Feginn: HENeamine Feéma@bmr%am varies
“%FJnPL chdin {(h? cﬁaﬁr?ﬁﬁdrg%ﬂltnbﬁ’ttes B'tﬁeerﬁﬁcﬁﬁg s?t%%@th%sdnﬁ@da‘&.e Because of its

variability, it is referred to as the “variable” (V) region. The variable region contains
complementarity determining regions or CDR’s which form an antigen binding pocket.
The binding pockets comprise H and L variable regions which contribute to antigen
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
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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Anti bodi es or inmunogl obulins (1g) are a class of

structurally related proteins consisting of two pairs
w@boopotiggept i de chai ns, one pair of light (L) P¢D@B2007/001464

nDIecuIar wei ght) chai n (K or and one pair of

PR SRR, 4 105 oy, B e

raguﬁnsmkhhymmﬁakbmbmkmmﬁmﬁyhe bi ndi ng of antigen and
that are highly variable fromone Ig nolecule to
another. In addition, H and L chains contain regions

t NQptaRErS aROnARbiARY Stabilised QMR leRMHcid MBcullesGitBENSomprise a binding
consi st _of two donmlns. The car boxy-term nal domain is

5 o sdamppin for pJarget applecaler Agereenipgmethod; tp ideptify apigmpesrs deppribed in US
a reQLAN- o :
AR Bt 1 e, Al e G g clcoides

n\dhlclo ntay ibesiregle stmnderqieolmomymglclsmt@s afligotieonacleatilesiyr modified
var | is referred to as the
%5&EF§mwkw§d dl nb CYeb{/"ziaerslable regi on contains
conplenentarlty detern1n|ng reglons or CDR s which
forman anti gen bindin t. bi ndi ckets .
10 ¢ AT BOF B IAUS A Spestfical a@ “‘o%‘?& ﬁmfw s §Reenigis iradyetion of
aeruBIé Ntra R RNA] A% reférreﬂ ﬁ) Mﬁa‘llhhﬁbft&y o %ﬁér&r?‘ng IR 2L (sIRNA),
vari abl e regions, so call S|ngle chain antibo

vantoad el mhighoiesdlis ﬁbqwd@trl(cgl@w HRNA fcomp}m@nﬁa%whe sequence
f
i G G

scsirahds dfiRA l(nﬂmseesttandiandsm ahtlsnme%raw) lapinaled doreachiotheRD form a

15 bl GRS P SR S 8§30 HRom cxons o

Althe gmtwmﬂ ¥ t6 B ablited TR MbchaiEg of RNWinfbrﬁf&lde@ ®¥ing elucidated.

fragnments”. Domai n anti bodi es ar? the spal | est hi ndi ng

pd\fltﬂnyoqrg%{%ﬁna%fﬁ?pee@fp the prsiease Fhdpehls stpg A@éﬁﬁs\fa%g pfascade

t Nhat 1646 A0 RleBdndtRE 08 SIRARC Thé Prebdabe oﬂéfc&ble@lﬁnde@@@iA activates a

291, 158, US6,127, 197 and EP0368684 which are al

i rmgﬁemoqompéfa @yanfr@rIQﬁaﬁeﬂi ivhicheirecegsas itheedqubleﬁqmam NA into

ar sU t.all ] h C.-aC] S

20 s?nazl r | seéghiyjA% SJ(%%%& %l%lru?ci}ie%{lggs ﬂ IEE?%@C‘WI& become
A metrefe@ mibmg,nclmpfwdn tamplekeiid SﬁBlNA [attaasea glllﬁSfod e @Nakbeamplex to

:AB“II%%ES §%’?’$I§P’8’étg‘|t;'¢|° glilql n or ot $ BE gye\ﬁ}h%gﬁrtﬁqé)yﬂgsultmg in

SidegtnRtich bAMESARITAI ﬁﬁd@@XWﬁé@blﬁ@hR@E&Swould have value in determining
ollgorlbonucleotldes or nodified oligodeoxynucl eotide

orthe fungfinm of| 35peqificgenginccell 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 ii) extracting nucleic acid from cells in said cell culture;

iii)  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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A nore recent technique to specifically ablate gene
function is through the introduction of double

wa@eooanzess RNAS al so referred to as small i nhi bPEDGB2@7/001464
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interfering RNA (siRNA), into a cell which results in

the destruction of nRNA conplenentary to the sequence
included in the si RNA nol ecul e. The si RNA nol ecul e

C dIpraasedin@haicsfihecintention saiddetlandiiepatbecf’NA (a sense

strand and an anti sense strand) anneal ed to each ot her

to forma double stranded RNA nol ecul e. The si RNA
MopBfekhbl shidl rhefidGAdthdés BRMUNAGhal step¥ogxons of the gene

which is to be abl ated. The nechani sm of RNA

i nt er f & enceoljaging e signal(sh eengeataslhy thabindiag ghssidspueleic acid to said
respon%lhglt fnd}y esence of doubl e stranded RNA by
actlvatlng cascade that leads to the formation of

si RNA. iifhe pomystting ethof callotetl| sigrsil(s)anmieda Rkt aoslysablee form; and
proteln ﬁ nﬁlex conpri sing RNase M which processes the
doubl e °8t¥%8H&ed RNA into smaller fragnents (si RNAs,

appr oxiiiijat epipviding28 ootpat fopihe dedysediddi£ngt h) whi ch

beconme part of a ribonucl eoprotein conplex. The si RNA
acts as a guide for the RNase conplex to cleave nRNA

C QVIBth 6ABREA Y the QdenfifcaBbh lof 8P @ifferehtion AarkehCand/ RN rkers of cell
thereby resulting in destructjion of the nRNA. An agent
barasfonratign Snekpds iwringgarioyeasqd feganiquss deg-astagrihe gelistas complex
f

5T SRS O0SApEEh PR EREEML B g i
ofactdh @asedvtenhmms t(eer diffsergiab \scxdeninga usighdaNAO lﬁrotnh aormal and

identjificat n oc:| tedW| h cel |

oo el AT AR B o Rl s T3 bymoyiceayoduce a
a fudibler 6fttuindiccell GPRYificartiged! sdnRAsHiwHidheare @felsen@d’cﬂdat gheCt@bur cell
culture substrate according to the invention; il

etfaeer Thege Agaersrellyefeged fogiteeyr seiskion antigepsand e derved from

C%r%y.fﬁol eptides 9&&&@% a9 GinfRk ebjXbl Af{eBHl pREESSS. cTa&b& refection
nucl eic acid array; and iv) detecting a signa

V\/mnt;g\ens At preseried viadllA ptn ﬁhg inypurgsysiernu dibe irgmuis systen r@pogmses
ge?sls prgolgcahlietsn r té)?agns ?h&j nantldPa 1 's%le@tgl qd gde'ét?t?g? lc%ll? expressmg these

re e rnvention sa
hegpeigamsyt ¥.a framfoemed Icglll ssuapesndztdetich atltt: bedenss tektebllshed a tumour

dgi t t |lating th (s). . .
o fusiatie a5 neeiEve pira ke Basedion dormiane il Mieetion pieens 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
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 in vifro method to

analyse the development of cancerous cells from normal cells comprising

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

invention including cells;

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

15



bi nding partner; ii) converting the collated signal(s)
into a data anal ysable form and optionally; iii)

w@e@vilehi2eg) an out put for the anal ysed data. MeR¢DGB2007/001464
used in the identification of cell differentiation

mar kers and/.or. markers of cell. transfqgrmation include
| B gereni19EiBe e et a0l 8F spid agent G e e Havation of Sl cels
conpl ex i munogens to devel op antisera to for exanple
cell surface markers and the like) nucleic acid based
t ' e T ' ' i ng cDNA
f slgl%%%éiﬁ%ﬁl ngegl?fgi otf?%er% S gﬁ@r{e%ﬁiccgﬁ{eggﬁéyﬁg}éﬁél t has been
known for many years that tumour cells produce a
nunber of tunmour cell specific antigens, sonme of which
5 argisfiarieRvaGn fle atthiBat ihHIDME ageils|capeblef Fe@nsfIMBSEa Abhal cell into
generally referred to as tunmour rejection antigens and
ar traesforined cell ovith mege of g fppniss iof sanceroue celly  (Ihegsinclude, by
¢ e . ‘i Py
el S N b b G E AT s
The i nmune system recogni ses these nol ecul es as
foreign and naturally selects and destroys cells .
exip¥ Bssd ihetgin, feslemanedefan 8 “CRRCEPUE T Iefres 1oy G hevipg the capacity for
10 ESAARBRLE hORe 2N RSOAE SstfS IR dndHBH hatabBYd by rapidly
devel ops. Vaccines have been devel oped based on
d aprplifanating cellgrowihe [Tde ftiéronis meant fringludealptyped efecancerous growths or
i ndi vidual s with r n .
e st sy mbRflE 3RS of SBRRGYY dedldBaned, cols. fgses. or
i notgdik, ierespettive of dstapatiebpis type or depd of invasiveness. The term “cancer”
rejection_antigens and, precursors which will haye
s TR X G Vinate R BBt A Rt for exampl,
15 PriaN@KedshahRaid, ethshoRIMabtFoMiEEngY Bl BediR-Eeksl trhdiCas well as
est abl i shnent of tunmours. According to a yet further
asgseracarginomge Whishe eiuder matignascips; syphods mesf eglon gangessy gpnal-cell
neéatb?x%rﬁa?rgfdgﬁke%’ ?a%cérhé?ld%‘f\f&haﬂﬁetﬁ ofth, SAHGRAIOLR Eflihdina of the
from nor cells conprising 1) formng a preparation
c olopg, icaicegofthe ehall intdsting and serivstt oftheesaplagnsliThg term ‘ichreinoma” is

i nvention i,ncl.uding, cell.s: ii) addj at | east one . .
bl et ris e o PRRL B s f@Rhe Sifen jptucing
20 NOyaigi@foly ystehecadifiands, gatroin@itinalodystemi drchgds, genitbitinary system
transformati on of said cells, . . . .
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

tumours 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:
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In a preferred nmethod of the invention said cells are
hepatocytes. It is well known in the art that there

w@e@7agest s capabl e of transform ng a normal cRCT/GBRG0G/001464
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a transfornmed cell with many of the features of

cancerays c Th i.ncl . apmy. e , .

vir usesl,sJ DNi&Jlmﬁ?ge e ?feg? ‘:apr‘f’g‘ gg@ﬁrtlgsﬂyg %ﬁco enlg%méayn & hase emulsion

tel onerase gempdsing\s hgdrophobiceelastorhdreatt @r poritersmten “of Obetween
cancer ous g@%&ﬁh@aﬁgéﬁghéﬁopav'ng the capacity for

aut ononopus abnornmal state or

condithgn cm@ﬁﬁﬁggiﬂ#k@ﬂmbymﬁpﬁﬁngakma@gtiferating cel |

gromh. The termis neant to include all types of

cancer diiy grompRwe ke RippRariians B (hp@iyepd net astatic

ti ssuegypr mRhLARBI donitiRl HEPEAES ©HIbR formaf84 8Ba high internal
organs, 1rrespective of histopathol ogic type or stage

of i nvasi vembas emWsiontpelymer.cancer” i ncl udes

mal i gnanci es of the various organ systenms, such as

those affecting, for exanple, lung, breast, thyroid,

| yhph ereferrglasiethod rifabé finvahtionasaidl hyginaphobiu relastomer tis amivided at a

as wel |l as adenocar cj whi L hcl ude | i.gnanci e .
S eocatrafon P COP oo R P A YRE: QIFBFHE Y hydrophobic
pr fladich & iER0¢iaEd #REoRYenttAidh bEabo 30 1.8, non-snal |

cell carcinoma of the lung, cancer of the snal

i ntestine and cancer of the esophagus. The term

Cﬁlraéira%ﬁ@d mEtﬁ?(%ttthé ﬁﬁfh@% &hiflel & & Rlebtell fom the group consisting
mal'i gnanci es of epithelial or endocrine tissues
i neft 2ethylhexyd spiylatet nbytybacstateransarkexplavedate.
gastroi ntestinal system carci nonas, genitourinary
system car ci nonas, testicular carcinoms, breast
C anCd prefefred mpthod dfahée mvanion theasmgeratera dbthe preparstyat ie i) is heated to
carci nomas, and nel_agpno o EXenpl ary carci nomas
in%WH@@mFW%@waH?ﬂﬁﬁg”gﬁgﬂﬁf?ssue of the cervix, lung,
prostate, breast, head and neck, colon and ovary. The
term "carci noma” al so includes carcinosarconas, e.%., 0
whinchfurther nreferredampigedipf the invertios seid pprparetioni ii) is heated to 50°C or
ca b@@g&kpus and sarcomatous tissues. An
"adenocarcinoma" refers to a carcinoma derived from
gl andul ar tissue or in which the tunor cells form

recogpi zabl e. gl andyl ar .str.uct ures., The term “sarcong"
| sincg P prsrmts methnd of Medientios” fid papeaaiioh i G mEHEE = syrene
megehRsesmal  derivation. According to a further aspect
of the invention there is provided a process for the

Q

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)

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.

17



formation of a mcrocellular polyneric materi al
conprising the steps of:i) formng a preparation

w@eopn2essg an high internal phase emnul si on coP@I/GB2009/001464
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a hydrophobi c el astoner at a concentration of between

20/ o(w w) and 40% (W w); ii) formng a preparation
conprising a catalyst; iii) conbining the preparations

| Mn(al preferiéll fabthdd lolﬁflhé i1iv‘t’:htidnny_iiidkhﬁ’éhic iﬁ@rﬂﬁhﬁﬁ@@&’ﬁﬁl@i@ﬁl Ipolymer in step
preparation to_all ow formation o i gh, interna

pHi%kis setipned; Brﬁfef?&lwépolwrg Sﬁ?f@flféf ‘P@&%R'é‘t‘ﬂ%br@F oF fperer.

i nvention said hydrophobic elastoner is provided at a

concentration of between 25 %ww) and 35%ww);
priafereirred methad ofylor igpmbion eridpohyncs igngingerpd info @/thén membrane or
c n Lon: bgpti 5302 sk N e

rareE ot Pp Rl BYL 0 kel bk, BRI, Sl nepbrancs e
f rapprokimentely dlfpmicomsitlich.ng of :  2- et hyl hexyl acryl at e;

n- butyl acrylate and n-hexyl acrylate. In a preferred

met hod of the invention the tenperature of the

prAgardaig @ fiftthet hspest dfahd dbedtidonahdre i profided @ Kigh internal phase
bet ween 500C and, 8Q0C.. I.n further preferred nethod
oferuon pakanr ioBingd Paotﬁwwierbgtthedﬁoqeﬁﬁ gopqrding 19, tha inygntas.
500C or 600C or 800C. In a further preferred nmethod of

the invention said preparation in i) conprises a

s tlp ragefemeshemtradimerny of thie invention $9ided bigh énterpalihase agfulsionepolymer
I RV ' [ tion in i) conprises divinyl
bghr?gghéérg%%%g%gl?&'?g?%her preferred nmethod of the
invention said preparation in i) conprises a

surfactant that is proyided at a.concentration of .
ZO&@W&W ﬁ,&ﬁfﬁlﬁf %ﬁpg& ggf%; nygntion sg}&i&,}gﬁdntgmal p:krlsgetemulsmn polymer
prigfe badih YheatuQuRdFREK W W) . I n a preferred met hod of

the invention the preparation in i) conprises 60%w w)

styrene; 30% (w w) 2-ethyl hexyl acrylate; 10% (wW w)
diwyi . . \
i ﬁg%éﬁ%fe@feﬁlggdlﬁﬁﬂt S iﬁ%rn_tlg&%l_@ ﬂ%h kflerfalphede@ffuf$bn polymer has

met I nvention sai I gh internal phase
eraposd wiumodfanemdidNYes pesferably 90%.

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

comprising a high internal phase emulsion polymer to determine the liver toxicity of an

agent.
In a preferred 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.

According to a further aspect of the invention there is provided a method to 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 substrate according to any of claims 1-31;
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iv) is sectioned; preferably said polyner is sectioned
into a thin nenbrane or layer. In a preferred nethod

wo@Roorhes28svent i on said pol ynmer i s engi neered i PCDGB2007/001464
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thin nmenbrane or | ayer of approxi mtely 50-150 m crons

t hi ck; .prefer ' re approxi mately 120

ni crons % hi ?E&Rggtclga?%%ﬁgg{ﬁg{ogb%ﬁ %Fet%hgnrd aspect of the

i nventii@in t Mmeondtofisg preoactidityl oft the gfent miithr R@pecpb@ i proliferation,

enmul si o ol yner optained ar ., obtainable by the process
coor o HGREBARRR of it ) s prPalotiE SPLT osatmetis R AR of the
of the dggmention said a high internal phase emnulsion

pol ymer has a pore vol unme of about 90% According to a
further aspect of the invention said high internal

PhRSE pffded| [ 3 : .
Cel £ PRfteR Pt Ring 15 otk S0 3Pl KIF ofL % Endilqtorapeutc
hi ggent. nt er nal phase emnul si on pol yner has a pore vol une

of around 90% preferably 90% According to a further
aspect of the invention there is provided the use of a

S Ulngih labitreatbeppefersddmgetifodiof gie invehttonald apiadea el bsiealierapy
poley{rer to determine the liver toxicity of an agent.

| "Y%%"%r ef erred enbodi ment of the invention said agent

is a chenotherapeutic agent. In an alternative

preferred enpodi nent of the invention said agent is a

vi pegording o a Rehenaspert et the inveption thr i nrevidedramethed for the growth
as 3 | i t LS. i t e

£ o Ryl MG Bt Bb et o BRI Lo fisng:
steps d): i forpimg/a piepayatncemprising ¢ oelbcudmngpsubstratggacadrding to the
| east one hepat.oc el l. _and cell., culture.substrate
accordi ng t 6’R1§W§/°'%£1§r8ﬁ5§t ﬁ%egef-cgl%; %nﬁfelb%'gﬁuf?dn%qlum’e ast

one ageht ;@ulﬁﬁingeﬁtcﬁﬁée_dﬁﬂééllk ith ) provied TaOlrS]élhgulhiﬁ@ substrate that is
activity of the agent th respect to the

proliferati é?hStaB?‘%“yé’P@mW‘éll ?aﬂfﬁg relisct i on of said

hep a: OGY) € ehlthctingSad (HRRAWiBsuaHe Wik ikeladtiMoGtestdMB/or keratinocyte
agent .

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 cells.
In a preferred method of the invention said fibroblast feeder cells are dermal fibroblasts.
In an alternative preferred method of the invention said fibroblast feeder cells are selected
from the group consisting of: corneal fibroblasts, intestinal mucosa fibroblasts, oral

mucosa fibroblasts, urethral fibroblasts, or bladder fibroblasts.

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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In a preferred nethod according to claim83 wherein
said agent is a chenotherapeutic agent. In an

w@bdoenesss ve preferred nethod of the inventi onPGEGH2007/001464
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agent is a viral gene therapy vector. According to a
further aspect of the invention there is provided a
nmet hod for the growh and differentiation of a

k g @t rfRE prefordd hefod b Eha inveRibH s&id REr@EAHCHS ars hemmiCEdrdtinocytes.
conprising: i) formng a preparation conprising a cel
cul ture substrate according to the invention,

f 'Ipﬁgﬁz!f@r?éd nl RIRFISSE tlﬁ(}qmeﬁti@f‘ﬁidﬁﬁéﬂma@i% Fitther ARG colidghn.
culturing sald feeder cells to provide a cell culture
substrate that is substantially coated with said
feeder cell s:. 1) G ' 14 c substrate

wi R DR et p Rt Sl B PR L S e
cells; and iv) culturing the conbined cell preparation

under, condi i ons conducive tp th ow h and

i BB PisteEh mefhiod af the RRPHER UG 0 LG L gy ded as a gel.
kerati nocyte precursor stemcells. In a preferred

met hod of the invention said fibroblast feeder cells .
arls agjaliereative prsfestsH sethod ofthe inyenfionspid goilagen jsegvideddya solution.
nmet hod of the invention said fibroblast feeder cells

are selected fromthe group consisting of: corneal

f ilb radibitles peeferradiregthodhef] thevimyensian fat lsash biid &ergtinasytgs are displaced to

mucosa fibragbl.ast I | fthroebl asts, or bl adder
f iCBPtS%Iaggﬁ%r&yll éug?r%g& ;é@é&&%rsg%gi}? @ “met hod of the
i nvention said keratinocytes are epidernal

kerati nqcytes. | referred nethod of .the jnyention
sdnch pregss msched o o, ETOR hiTo it Biw i ¢ et sk B agent
pqgﬁﬁﬁgﬁg met hod of the invention said keratinocytes

are human keratinocytes. In a preferred nethod of the

i nvent ion sai frpngpRPEPRETONT gepdie todhp inwation: yhjchgagludes an

In apreferreg%1 Q¢..pfy. t he invention collagen is

type 1 coll ag CHH%% asgh?ther preferred nmethod of the

i nvent iijpn sai chositdringghe effest pf snid egedt ers keratiywicyte cell growth and/or
differentiation when compared to a control preparation that does not

include said agent.

According to a further aspect of the invention there is provided an apparatus for the
culture of cells comprising a cell culture substrate according to any of claims 1-31, a cell
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.

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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In an alternative preferred nethod of the invention

said collagen is provided in a solution. In a further
w@e@fae2esl net hod of the invention at | east saPdI/GB2007/001464

keratinocytes are displaced to contact air thereby

i ndyuci rafi nocyte stratificatio .n referred . .
ot oGt ralerBsh Fctisect 8 Shb ity b HieRctripse” and
t esdonfAih” A MriioRsfithd Werds, ifdr ekanhple Figbnepridm@P atdrtdo@Prises”, means
according to the {nvention which includ?s an agent to
be ipeluding buf pgt HBHed & AR iheoteinicadad ©r (aadidgengeexghde other
KefiRiciBORN e ohpich! fuedtdlbiafepdl f{ erent i at i on when
conpared to a control preparation that does not
5include said agent. According to a further aspect of
t how | : . vi . annar
cuf IO 2 e eI oh AL IrHRE yRicRRRA! Bk YRR e fifpacce the
acplorati unlgssttiee eomjextd bthetvaserrequire8 1In martcelak, whekd the éndefsiteedrticle is
and an i nsert. adapte 0 co-operate W th.said,cel.
c el 2o, S e AERGIsC B o5 TR b rrorlermhdPe ‘WiBL, o gt =
angingiddrily, @8lebsSthe tdhtext REEites bthevigrdodi nent of the
invention said cell culture substrate conprises
10fibroblasts and keratinocytes. According to a yet
f URLaRREs, AROBAT ckacteliStids NRPolRR, SHRREE] IndidBELY grsﬁpstdafcﬁbed in
use of a substrate according to the invention for the
pr egpimgtiorowitlop paitichler aspedt.oanehgdispentor example of the invention are to be
co (te. T f, t I pti : l.aj . .
¢ TR RE AR o LBP 3 BB o cBinfRe Bt hein
anohlesa incampaitde thérewitie wor ds, for exanple "conpri sing”
and "conprises", nmeans "including but not limted to",
and is not intended to (and does not) exclude other
NDOAR dnfodin@elof ithee fveiRDAPOINERIVS be | dtb@BRE DyOdxafipRPenly and with
Thr gqughout the description and clains of this
s pedrence i the folloyig fighikgul ar enconpasses the pl ural
unl ess the context otherw se requires, mparticular,
where the indefinite article is used, the )
s pEigiufei Iciataiscamning etegtréremisnepraph t(S6M) image @i dypidah PoIngIPE material.

20 Plejaﬁﬁa%pigtgx%lfﬁ%v\r{\%sg% ﬁguise! Pg.l%l \%ﬁds,t e h%féL ?c?iﬁmg Ia&iage%] 4§44 are called

interconnects. Scale bar =200m;

16

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 Om;

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 ([1); 50 °C (<); 60 °C (A); 80
°C (0);
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Features, integers, characteristics, conpounds,
chem cal noieties or groups described in conjunction

wowa/1zs2gtarti cul ar aspect, enbodi ment or exanpPEr/6B20M©01464

UI

invention are to be understood to be applicable to any

ot hagur8 SRB&Ws th@ﬁ‘f‘ﬂﬁ%cg@ﬂqg%usﬁﬁﬁgﬁ&cﬁ‘tﬁgggfﬁel?ﬁﬂ’g?er e} oqogy () no

unl ess i nconpati bl e ther

i nvasditiver(bin b o (vW) BES @se0me(d) 499 (wamhanolo () Y. 6G//v) THE.
Wi tg%are%faler_?@%to the following figures: Figure 1 is a
scanni ng electron mcrograph (SEM inmage of a typical

Pol yH PE material. The spherl cal cavities in Figure 1

he ha adj acent voids are called

|
" s R el U0 Bkl Qi s BuiPelvH 0, poieridamepared with

i r‘rmg&&u@f)hdé‘e hddiiivaE: (AFREG {fRnf oMt e BcR hoER o%iof, foefe ﬁrbt%%, 1.5%);
OUS g)nogse t enper at ures: a) roomt errper at ur

m?tg @Frqytfro@@ bapd: @Unet .d Y 3o, 3%1 6%); Ko TIHF (fuome front to
3 'bIaJ:kbI b "TRIFe §.44419,8b4) fl%" § 1365 %ueg LS ng%‘ff‘}%ﬁ»? gxpEsssed as /v,

tenperature on void di amef er
t o ekesek PEG ohishtis miger taacteqassthe @@eoﬁ@plﬁﬁ, wikePCit rbong tnperature

104 Idb%—l?%%:‘nt' ?r?;rnjegafrgt 0%onnect size distribution of

S ptoduced using different aqueous

phase tenperatures: roomtenperature (D); 50 0C (O;
re 5 shows the influence of

60.0C (D.): .80 0C (O : Fi

o QEIBTR 7 s o At rhist S5 By et BebvHRE oty ial srpeased using

ad diffeté-he aqt%eg?s phaSe %(d(t}/\‘/ey)(%ﬁ@ [M'ho‘PE%Q OA 0 é}é) x4k VEVS. 8%, &
VIV

Fi éé/@ @) mtha%ql (%ltr@sn%qngl é é%eQeE%,c@ §%, o) mfo@ no THF,

f b 0) 0
151 A kel b BEPPEES A Y688 e s v
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O @%FP@)@%N ich394v/v. (b pachanieathe hquebusqimdervan tkeptart bc&ﬁ'ktemperature

zamﬂi %. 3% 4% ; (c) THF (fromfront to
bac &é?ﬁ% %’O 8% 1% 1.5%. PEG Mh = 300; all

percent ages expressed as v/v, except PEG which is wv.
room

I n_eac se the eQus phase was kept at

¢ oFfEaeat (S ity oG R sl o B BrilPEs prepared with diffret
aqueous phase additives (Ono additive; [ 1.5 % THF; A 1.5 % PEG; O 2 % methanol).
PEG M, = 300; all percentages expressed as v/v, except PEG which is w/v. In each case

the aqueous phase was kept at room temperature during emulsion preparation;

Figure 9 shows SEM images of PolyHIPE materials prepared with different surfactant
concentrations (Cs) in the presence of aqueous phase additives: 1.5 % THF, C; =20 %
(a); 1.5 % THF, Cs =30 % (b); 4 % methanol, Cs = 20 % (c); 4 % methanol, C=30%
(d). Scale bar = 50 Om. PEG M, = 300; all percentages expressed as v/v, except PEG
which is w/v. In each case the aqueous phase was kept at room temperature during

emulsion preparation.

Figure 10 illustrates void diameter distribution plots for PolyHIPE materials prepared

with different surfactant concentrations in the presence of additives: 1.5 % THF (@:;4%
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Figure 15 demonstrates that the preparation and structural characteristics of the polymer

S

10

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).
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Figure 12 illustrates an exanpl e application of
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waodaptizsd or use in existing cell culture vesseUBEGBR@M001464
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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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90% scaffol ds conpared to TCP and 95% PV materi al s.
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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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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
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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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

27



Transgl utam nase is a protein cross-|inking enzyne
known to be expressed by hepatocytes and is induced as
whepatezegg es enter apoptosis. Note that | evel SPOf/GB2007/001464

transgl utam nase are significantly higher in

he@ﬁ%@ﬁﬁdé @t tpERS G f -
r{Eared It%o 3- dd?men& %ﬂg?hngglsféﬁ?@ﬂj %ggﬁgﬁa%s tﬁefl\fi'a%gmltney

tthcr easi ng concentrations of the cytotoxin

mat hotrexate. These data further suggest that cells on

scaffolds are noretolerant to these | evels of

cy Figuox2& P@tfatlmaecag@f HdpiG2lvelimgultioged onr2si @uotio GersPindt ﬁBl (bpen bars)

f d I k t hos
53 B R S oSSl Do s v
nomehted eitter with yeliicle Zdi)ne &“oﬁﬂﬁl? AL 3¢hMCM'l“§(n om?%gﬁﬂfvﬁl?@ﬁ)r up to 10
tured on 2- A5SB) and

shqwi & hepatocytes cu
%”(SC- H?}@?ﬂs‘ffgt“i el d1abilibs pying METT espaye| ea) é?etermdatysn HepG2 cell
(Aﬁﬁﬁ@)h@ lactiity BAYiSeabBerkbnf)of ﬁiﬁﬁmﬁ]%}é&ﬁ n 36t Wie O(Rlltare medium.

substrat es appeared significant nor e eterogeneo
nAdhumig dayels “(eNSrByfmalessgﬁa e@talommentl of pgltezmvperowlB (D) Assessment

10 S Upf ek Sda(n(% > o f &?&%ﬁ%ﬁ etgral?rggsghtgnnq%%gsé? 1}6/ zyme levels were

vi sual I sat | rvrd
s cadrimlistg t¢ the totdiBmoutlegf@otein bélSweiE\FBf apR éxpéﬂfﬂéhtem @) Elis were

sha tiions with npei ghb cells

i R A PR BT o st B etbre aSeMaSe e dadepaenmepeas.
| aS@ﬁlﬁﬁ&ﬂlﬁbQ@f denOied BY €520.93, +kh<d OV dndor +H BROFE Ws{RGRe Mfann Whitney
cells (ESF). There were consistently ‘greater nunmbe

of Ut#®ro-villi on cells growmn in 3-D (G F) corrpared to
15cel I's grown on 2-D surfaces (A5B). Scale bars: A-D

25mm E5F 5nm  Figure 26: Transm ssion el ectron

mi Bigwgr2Qp tssa@htg\mlwgon necrograpm.shcuwmgﬂureﬁbctfoé aicthorrsxats (MTX) on

(SRR S it ool SR R
exnl(mc B(G) ramlreﬂZDCB;D§F Ié)asruibsfcraltqed euéﬁateﬁlvathl @thélﬁ&ﬁiﬁ%' (t&Srol, no MTX,

[ | m t ochondri a rou
é%lgﬁag}ﬂ’([c(g%@ ?”d-lst\fl ) OERY SN (E/D I‘&TKI |N0(t¢ﬁh)it migrvilli (mv) on
20 | i ﬂﬁé delfsPRbELS cfe!u@ v131(>ﬁ§1(;))othl%9ﬁ%?ol & L{r‘% lﬁg Al @leoeglgosed to low

pol ystyrene scaf ds (sc) grow in close dssocl at
wi GoRcenfatigns|of MSPX (‘é@f)rpvhen etoyvnsa aitbem2iDr(@, X ar BB (BD)tshisstrates.

oA AR of 09 D SRy 59 BBt e
sulew misrorvilil @) afdrthe cell swwhboshdwied etidénke of regking up at the maximum
qu\(r) sI 9 liUI’fX rteesttegdctﬂ).u nin( ontrgst ][-Tl]elg:(52o ct\ellllsl Igrlown r?l{)S"-D and exposed to
25  increasing levels of MTX remained intact and exhibited large numbers of micro-villi
(F,H). Scale bars: A-H 2pum.

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, treated
30  with either vehicle (control, no MTX, (A,B)), 8uM (C,D), 31uM (E,F), or 125pM (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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Figure 33: Stratification of human keratinocytes (HaCaT cells) in organotypic cocultures

01

with fibroblasts grown in 3D. Preparation prepared for histological analysis, sectioned,

25  and epithelial cells stained with Hematoxylin and Eosin.

Table 1 Morphological Parameters of PolyHIPEs Prepared with Different Aqueous Phase
Temperatures and Water-miscible Additives;

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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Method

30

1. In brief, the oil phase was placed in a 3-necked 2750mL round- bottomed flask,
fitted with an overhead stirrer (glass rod fitted with a D-shaped PTFE paddle), a
100 mL pressure equalising dropping funnel (inserted into a side-neck) and a

rubber septum. The mixture was purged with nitrogen gas for 15 min.
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30

of Pol yH PE P ricat
Meerdueereel] insart (Sl Rigudes| IR1ané 13).

nin

Scanning Electron Microscopy

The morphologies of the materials were investigated using a FEI X130 ESEM operating
at between 20-25 kV. Fractured segments were mounted on carbon fibre pads and
attached to aluminium stubs and were gold coated using an Edwards Pirani 501 sputter
coater. The calculation of average void size was performed using the image analysis
software Image J (NIH image). Average diameters measured in this way are
underestimates of the real values. Therefore it is necessary to introduce a statistical
correction’. This is achieved by evaluating the average of the ratio R/r, where R is the
equatorial value of void diameter and r is the diameter value measured from the

micrograph. The statistical factor is calculated from eq. (1).
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Pol yHI PE foans were prepared using the polynerisation
of a HHPE. The oil phase contai ned 60% styrene, 30%
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et hanol hydrat ed through a series of graded ethanol
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é)' ByienExRerungnts,e” (PBS) prior to use.
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existing cell culture plastic-ware 119
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e L N
a bised Xh douterBmEMspip ectaes wgs used. The temperature used for all measurements
20 was 25 +/- 0.1 °C. Water diffusion coefficients were measured using a pulse sequence
incorporating pulsed-field gradients such as the bipolar pulse pair stimulated echo
(BPPSTE) pulse sequence. Diffusion coefficients are obtained from BPPTSE spectra by
monitoring signal attenuation as a function of the applied magnetic field gradient

amplitude and fitting eq. (2) to the experimental results.

o5 I=1, exp[— D(}/cS'G)2 (A - (5 / 2) - (T / 3))] )

In eq. (2), I is the resonance intensity measured for a given gradient amplitude, G, I, is the
intensity in the absence of the gradient pulse, y is the gyromagnetic ratio, § is the duration
of the bipolar gradient pulse pair, A is the diffusion delay time and t is a short gradient
recovery delay time during which relaxation and spin-spin coupling evolution are not

30 significant.
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at between 20-25 kV. Fractured segnents were nounted
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Methotrexate (MTX) toxicity studies

Cells were seeded on 2-D and 3-D surfaces in triplicate and lefi to settle and adhere for 24
hours. The medium was then changed and replaced with medium containing different
concentrations of MTX (no MTX (vehicle alone, control), 8uM, 31uM, and 125pM).
Cells were subsequently incubated for 1, 3, 7 or 10 days, after which cultures were
sampled and assayed for cell number/viability and levels of albumin and transglutaminase

were determined.

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

33



(BPPSTE) pul se sequence. Diffusion coefficients are
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For TEM analysis, cells grown on 3-D substrates were fixed and treated as described
above for SEM. However, subsequent to dehydration and being cut into small pieces,
samples were embedded in resin (Araldite CY212, Agar Scientific) for 1 hour at 37°C and
then placed into pyramidal moulds at 60°C overnight. For the preparation of cells grown
on 2-D surfaces, cultures were fixed in 2% paraformaldehyde and 2.5% glutaraldehyde in
Sorenson’s phosphate buffer for 1 hour at room temperature. Cells were then scrapped
from tissue culture plastic and pelleted at 15,000rpm for 10min. Pelleted cells were
subsequently rinsed in 0.1M phosphate buffer and immersed in 1% OsOy (aq.) solution
for 1 hour, then dehydrated in 50%, 70%, 95% and 100% ethanol for 5min, for times for
each respective ethanol change. The dehydrated cell pellets were then soaked in resin
(Araldite CY212) for 60min at 37°C. When set, ultra thin sections of the resin embedded
material were produced and subsequently imaged by TEM (Hitachi H7600).

Enzymatic assay of transglutaminase
Tissue transglutaminase is 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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20 ( TE@ple 1), which is most likely due to the decreasing HIPE stability as the aqueous phase

temperature is increased. Increasing the temperature of the aqueous phase, and therefore
thermal agitation of the water droplets, will increase the frequency of contact and will
result in a higher probability of droplet coalescence?. Lissant also reported that, as the
emulsion is subjected to heating, the surfactant in the interfacial film separating the

25  droplets 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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In preparation for SEM cells grown on 2-D or 3-D
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r espulsion stebibitylacredsechange. The dehydrated cell pellets
were then soaked in resin (Araldite CY212) for 60m n

at 370C. When set, ultra thin sections of the resin
enbxdovad.mat eri al were produced and subsequently

irr%%ed by TEM (H tachi H7600). Enzymatic assay of
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solvents, such as acetone or methanol, can disrupt the interfacial film due to their
solubility in both phases. These additives may dilute the interfacial layer and cause some
of the surfactant to migrate into the bulk phase, therefore promoting coalescence of the

emulsion droplets.

Poly(ethylene glycol) of My=300 (PEGsq), 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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obtained at high THF concentration. When PEG was used as the additive, the average
interconnect diameter values increased steadily with PEG concentratidn in the aqueous
phase (Table 1). This effect was not as pronounced for THF or methanol; for these
additives, much higher concentrations were needed to produce a significant change in the
interconnect diameter. In the case of THF, this was unexpected as it had the most
significant effect on the average void diameter. The degree 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. Afier the initial
addition of PEG or methanol, the degree of interconnection increases steadily with the
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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prﬂgse than methanol, resulting in a less stable emulsion in the presence of THF.

Since there was no significant increase in D, 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
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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25 AVPReASiffactant 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
9¢c, 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 to 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 Cs
=25 %.
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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.
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insight into the effect of each co-solvent on the
emul sion (Figure 8). In the presence of THF and PEG

W@ b@rae23288 greater increase in Dw conpared to tPEI/GB2007/001464
emul sion with no cosol vent present. This suggests that
bohw d PEG enhance the rate of water diffusion
' e emu SI on, which would increase Ostwal d ri pening
and is a possible expl anation for the increase in void

i@e @d&? t(? gén% \A%ﬁq%grp sgéotl)k]-%llpﬁ%a%%lgkgls E@Lg\ﬁkumthe optimal
0. déwit BdichREes dehaa‘in RHEdiRRAdibial FA8I0APT vd RAR H&RIPE a novel
hase than nethanol, resulting in a |l ess stable

en‘&HpélF%Wnl‘# thess Imt%rsaéﬁq@é thig purppse by engineeningr yraresbagest polymeric
Si gnfbids a6 whi ?ﬁemeé ShitkMk P rblifie QEI? gmﬁ iPYitro by adapting their
nmet hanol , other effects such as coal eScence nust “be
t akserto exissing ctéssum cultuge elgicavare f(sve exbmples:cligunas rléa@é i3 The
[
épﬁﬁ %cﬁ ﬁs? tg}%glﬁgrefsg\ggﬂ:ﬁ ng\f}'flac%grggsuagﬂtgvts nﬁé%&’&j %crgess PP e cells
S umfcaitht: amlctlum tod t}tehnatmall ky githas statitue diyfanit Seddingt elk@ddood access

soI bility.in the resence vent. If thi
10 o aeen g mineas i PRE R T Rob a0l h cbyansta Here 12
ha&@mﬁfé Efd‘nﬁ GEm&Val biRaskd MatridlPsraAnaes )dld%ﬂdettﬂﬁ'efore minimising the
material . To i nvestigate the influence of
rm?fﬁh‘@l fgiperosis g avdpwdiia pelymen ssaidilds of lefaer dignensions. These
S
s ERueL ERGRE Be of APeifeaoft AL REIR oS 2) Gogg access by
d| $xopeions reagmts(fvmxlamplaj fesh worapounds) itm el st grgwing imB-dinmensions; (3)

N A N X

t ht&nrignérﬁyﬁlaﬁ‘cetrmemé suehian uRlibaeion wWitatthpsial (datemot §dwn); (4) Cells
ot her .hand, was sh vvn toeq?rg e no |nflugnce on the rate

of SR HSHeS BT BHAIN TS may tbe,sualisgeusinggelepiton yroptical
' nﬁfcﬁ%@@py‘(ﬁg@ﬁes‘l@ﬂﬁdhd"%\é c@veB?Of ound effect on :
nmor phol ogy if nethanol was influencing the surfactant
concentratl on at the interface. It can be observed
fr ,
20 st ac tsg (I\:%%ﬂg%g? tr?eatgi f‘ﬁoegwlglﬁ @%Fc%%t%%%f’ nmﬂ{u% of the polymeric
i noateda esj gsseiitial for ioptimisation ©f edbgrowth ant @ehqymmr n Subtreehﬁﬁérences in

the materi al. but di.scerni bl fect n i.d

o Bgpisy BF % Bk eyt SERTEA PomliGhaRton 78, A0kY of cets o
t h@lh@rel t6 tie SdiBold, plolifdraté, AiffcpomEiate \uall %mlawplgﬁrew1sn7) Styrene-
i ncreasi ng surfactant concentration (Figure 10a).
be,gé@pé?o y%qmg@rllaéqﬁrﬂ@cg} wigh 998 BorE H@lugxp apg gptlmlsed for in vitro cell

25 gg%f%‘gf#tb :ags?? g1r11ﬂa§cé3 RE®T ERkid) ABEEABTLA Jardl HRELAWompared 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 culture
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Wth THF as additive, the <d>/<D> value (Table 3)
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n%luﬁufaﬁ %‘CE%WEP%EC norel eagenaNd spicifenpatiplogicahalterdtiofs were
Cdbt&&blkf it BBhdr NGk EARBH 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 p-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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plwmﬁe (see exanpl es: Figures 12 and 13). The

approach to using thin layers wwth |arge surface areas

all ows: (1) Good access of the cells into the

st Enhonagdgelbmetabdismedueing 31D &) geowther static or dynanic

S [ I nut r.i en

(i T aodle BURDEEHERGE STR Rt SIS Piouof Ve dts tevel of
25 Fi aibumein $&yretion. 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
30 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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25 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.

30
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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25  Further examination by TEM revealed ultra-structural changes to cells challenged by the
cytotoxin (Figure 30). Cells grown on 2-D surfaces possessed healthy morphology with
prominent nuclei with visible nucleoli in control 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
30 levels of MTX showed marked cytotoxicity and most cells became necrotic at high levels
of MTX. Features such as endoplasmic reﬁculum 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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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

25 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.

30
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enable the routine use and handling of dermal fibroblasts and collagen gels for
organotypic skin cocultures. In brief, cultures of dermal fibroblasts are seeded onto the

25  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

30 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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flattening. Further exam nation by TEM reveal ed
ultra-structural changes to cells challenged by the
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pr esencRomfJ. Cl ROGHSISa@s V. Ve, PSS, MRTIC. Solans, Colloids Surf,,
Furt her nor e, anul ar cyto eneral ly | acked

. the gr pl asm
an or gath Budcedrenickng dsneets @P%Mlbﬁ%ﬁ‘ﬁ‘f% J . iebe.cagd S.
wer e di e ] . - I
evi den c%ﬁgég%ég%%{?%@g ! \i\%égh}gjl;kgghé?bggg \‘71 é?!?é gf E?%?iég ?r?a
menbrane was seen to rupture and a marked anount of

| adi. [ .eCt . f.lipid . .
o 8t ook AR Ak BuREbe R ouR BERE SufloiseBylmyiate

al so ohubmphslpgied siveiek oByeraxidomssin@ét lived ih cogjutictioh with
contact followed by for j an of apqptotic bodies .
(aut oph"‘ﬁ@%}’%%gﬁf?ﬂﬁ‘)‘g ‘é{ﬁlan? é‘?“i‘m‘B .8812\{““‘_{ innyogyechemistry.
concentN@irdse Res TERADYS Junofi2 1¢Hld7uhgs, remai ns were
observed, indicating that cells growm in 2-D exposed

to higher levels of MIX had undergone an advanced

stgge ofpeRb; sf G Fr5hs WEEBRu ol
3-D cul t%febégd%éégs]ggﬁi&g were 2 g%ﬁ?idggdﬁ%{a&%drcgonal
r esi st dnle camlicileinghtf epatecytsf sphdneid< Yixp Colt Ras 2002eMar 10;274(1):56-
uItra-sbI7ructure of cells treated with |.ower

concentrations of MIX possessed normal organelles in
their cytoplasm (RER ribosones, mtochondria and

[ipjd plets).. The nucl el displayed nornal o
he?@r 0 Frht gn Horgueg, cb eMaFk.e“ZI‘ge fusenig é‘;L,E wdP8omeknithelial-
pr eser ifghehdhRMI RtaciBSt  QntrbIh ShaSGRGE Nk Mbr S @Mgg and

tested. However, in some cells in the presence o

125mM cfiffeptiatiom in eplieredand fendpleated nvaee kevatinoeyen(CaHl Tissue Res
nor pho'ﬂg%@ﬂ% ot her sub-cellular features, such as

m t ochondria, Which appeared to be slightly abnornal.

It is likely therefore at higher concentrations of

MIX, cells in 3-D cultures are starting to undergo
chihgedkatan®,| Sekib®w N, Hara T, Saito Y, Chida K (2006). Mouse epidermal

keratinocytes in three-dimensional organotypic coculture with termal fibroblasts

form a stratified sheet resembling skin. Biosci Biotechnol Biochem 70:2669-2675.

12.  Prunieras M, Regnier M, Woodley D (1983). Methods for cultivation of

keratinocytes with an air-liquid interface. J Invest Dermatol 81:28s-33s.
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t hose experienced by cells cultured in 2-D as seen
significantly | ower concentrations of the cytotoxin.
w0 poocoeieBRISi on, the growth of cells on styreneP@EEBA07/001464
pol ymeric scaffol ds adapted for use in existing cel
cuj3t ur &chRbGpS VM,- Wakagedd! RY IFd&sid M Q199). t Bfiderivall Ofganisation and
3-di nensional] cell growh in vitro. Cell behaviour is
i nf | ueégaentiption, of diakal okgrginocytes {ihPEANtEG Cogiltyy WHE human
cel | grauids ﬂbn{)bbﬁétg.' PR B&halof 1 12§48-958al i stic and nore
closely resenbles the growh conditions cells normally
experience in the body. The apparatus described herein
provi des an opportunity for researchers to routinely
grow cells in 3-dinensions which will be inval uable
for nore accurate read-outs fromcell nodels and
assays. The apparatus is also inert, easy to use, can
be sterilised, is cheap to manufacture and produce, it
i s robust and reproduci ble, has an indefinite
shelf-l1ife and is adaptable to many
applications. EXAMPLE 8 In a further application for
the use of the polystyrene scaffold, we have devel oped
an organotypi c nodel of mammualian skin consisting of a
stratified sheet of epidermal keratinocytes grown at
the nmedia/air interface on a |ayer of dernal
fibroblasts in the presence or absence of a coll agen
gel or solution-coating within the scaffold. This
system enabl es |l ong term growth and mai nt enance of
pol ari sed epithelia that closely resenble native skin.
The technol ogy can be used to investigate the function
of skin epithelial cells in a broad range of
appl i cations, including basic science, devel opnent of
phar maceutical s and assessnent of conpound toxicity.
Organotypi c nodels for the growmh of mamalian skin
are well established and a nunber of procedures have
been devel oped to achieve this in vitro (for exanple:
Bohnert et al. 1986; lkuta et al. 2006; Prunieras et
al . 1983; Schoop et al. 1999). The existing procedures
requires the growh of dermal fibroblasts within a
col l agen gel m xture, upon which keratinocytes are
seeded in a two | ayered sandwi ch. The gel shrinks over
time; it is then raised to the air/nmedia interface to
enabl e changes in cell growmh and activity.
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To raise the culture to the air/liquid interface
either by reducing the nedia |level or by raising the

waealfizd2e8 i t sel f (for exanple, using the well PECEHEBR007/001464

configuration together with adaptors to increase the
hei ght of the insert) References 1 A Barbetta and N
R. T@dg@&r on, Macronol ecul es, 2004, 37, 3188. 2 A S.

balnov and E. G Shchukin, Adyv. Colloid Interface.
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phase c¢ average void dianmeter determ ned by SEM d

aver age interconnect dianeter determ ned by Hg
w@oros2izes ryCl ains 1. A cell culture substrat ePCT/GB2007/001464

conprising a plurality of mcrocellular polyneric

majeri al wherein the pore volune of the mcrocellul ar

po ic material is between 88% and 92% 2. A

substrate according to claim lwherein the pore vol une

| sS1.abouk c808alEs substEarbsdniprismgagtatity 09 nti@odllalafpdly@éricimaterial

wherein said substrate conprises a_hydrophobi c

el wherginethe apreavolupg ehiteanicemselbarRobNissls Dyeual i Rftwas 88% and
540860kW W) . 4. A substrate according to claim3 wherein

sal d hydrophobi c el astoner at a concentration of

between 25 4w w) and 354w w) . 5. A substrate

acgor di t l.ai m. r J: ' L &no

ol Zist oot aE sl Rlcpin e B B UK S

6. A substrate according to any of clainms 3-5 wherein

saLd elastoner is selected.fromthe graup cpnsistin .
o 2 o R rayPi nSseb e b iy b P wlirPE bl Hipptle"bmprises <
10 N- BRMYPhoBi6 kMb@ier at 4-coftefitiiifoh oA b&waGHV MW G) bl V%R (Wi,
wherein said elastoner is 2-ethyl hexyl acrylate. 8. A
substrate according to claim6 or 7 wherein
2- gt hyl he r e OV s A
and 320 (e Gueo i 13, GRS Rferth, aR! AEROpbic Y ther ot 2
whemseniragoreofyetwrer 25 Ye(wry) ad@5vdwiv)ovi ded at about 30%
(ww. 10. A substrate according to any of clains 1-9
wherein said cell culture substrate conprises
15\%'(1)5.)/Vi na(lsubsgﬁite #ccsndiigt toatleina G car 4 iwhgreirD saidl diydiopkbbic elastomer is
erej n_sai ol yvinyl is polystyrene.1l2. A substrate
acB@W@F%@tat@ngqngg?ﬁnl%3M‘i‘% sai d pol ystyrene
conprises a styrene nononer and divinyl benzene. 13. A

substrate according to any of clainms 1-12 wherein said
cefl cultsuhstalg @mcgag to any of claims 3-5 wherein said elastomer is selected from

the group consisting of: 2-ethylhexyl acrylate; n-butyl acrylate and n-hexyl acrylate.
20

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
between 28 %(w/w) and 32% (w/w).

25
9. A substrate according to claim 8 wherein 2-ethylhexyl acrylate is provided at
about 30% (w/w).

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

30 comprises polyvinyl.

11. A substrate according to claim 10 wherein said polyvinyl is polystyrene.
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conprises a surfactant. 14. A substrate according to
claim 13 wherein said surfactant is provided at a

w@omcee2sat i on of 20-30% (W w). 15. A substratBCT/GB2007/001464

5

10

16

accordi ng to claim 14 mherein said surfactant i's
0

o2 dhs B aRBaER R o oyndi B e s o syrene
sumﬁmﬁarahddﬁn@rbmzded at a concent rati on of around
2594w w). 17. A substrate according to any of clains
1-16 wherein said cell culture substrate conprises a
pl v, al IA)éu&tra@BAtﬁ‘@@rai\tAtg t®fany BF Blaln®y BNS vierell 64@CEl ktthA¢ substrate
polymeric materi al erein said nmenbrane/l ayer is
5ocongwigesd wfeefantt hi ck. 18. A substrate according to
claim 17 wherein said nenbrane/layer is approxi mately
120 -150 mcrons thick. 19. A substrate according to
ani4.of A&l sabsteitel adBrdidge teictnirs al 3d wirereino eadl | sutfagtant is provided at a
pol r conprises a further organic

%‘ﬁ?ﬂt %‘bnaftzi éoa)bgvt'/?”g'?e according to claim19 wherein
sald organi ¢ nononer is selected fromthe group

ﬁg? qi Iaitrt&y Psglpgﬁatec ﬁgqogjﬁ%gl( nac r%twilereg]y gap{l; (I??)é(\gj?,qtant is provided at a
et dnaGhidtisd 65 beBRRALY- 2@@/6(30/@} e, phenyl nethacrylate,
3-vinyl benzyl chloride, 4- Vvinylbenzyl chloride,
para-acet oxystyrene. 21. A substrate according to any
of %é: ! a'msuﬂistga(t)e \Q@c%tcﬁﬁ41 o %La%nWSC W&%lnl Qilﬁrsuﬁgétyrgeig : ﬂiovided at a
eri al nprises a fTurther organic ner. 22.
suhmmﬂnmmomcbmmHMﬁ@?&wwﬁla|n12 1 mhereln sai d organic
polynmer is selected fromthe group consisting of:
pol y(n-butyl nethacrylate), poly(n-hexyl
rrel’h acrXlsabstrhte VMG M6 2@} K ¥lain®C [ 6 3itRYein said cell culture substrate
pol y(cycl ohexyl nethacry IateélILl ol y(phenyl acrylate),
poFWHiﬁé?t?lphifélﬂtﬁa‘Lfrr?‘P%ltré‘}e oty ry?ager\;,qﬁyp]ﬁgq?w lar” polyméric material
}Vﬁé Lil&did npem&n%nwepx's'@emédtm&&ts%tpe)
po {para acet oxystyrene) . . A substrate according
to any of clains 1-22 mhereln sald cell culture

20° UIPSS.t r aA Substrate according to claim 17 wherein said membrane/layer is approximately

25

30

120 -150 microns thick.

19. A substrate according to any of claims 1-18 wherein said microcellular polymeric

material 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 methacrylate, phenyl acrylate, phenyl methacrylate, 3-vinylbenzyl chloride, 4-

vinylbenzyl chloride, para-acetoxystyrene.
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conprises a surface that has been nodified by the
provi sion of a coating that facilitates the

wa@rdoaataresit, proliferation and/or differentiatP@NG8R007/001464

10

15

20

25

30

cells attached thereto. 24. A substrate according to
claim 23 wherein said nodifjcati I.S the.provisjgn o .
22Pr ot &bl RS- ORE Y oS anes LoPayesin R migrore (i pptmeric
C oMbl iR bibalo BbiieACeOUS coating conpri ses

a east one nolecul e seleCted fromthe group

consi sting of: lamnin, collagen, fibronectin,

ngn- col, | agen. based. ' Li.£es,: ; I s&tRcted fr
agg‘or d{\ﬁagftrate etcgorgmgjg&kgﬁ 2 R Heteft §E)dr é?am gglg%ﬁs S cted from

0 claim erein sald el n
Cc@at i ghghpC Qopdidtings oft [polyyr-butyto nathadrytase) | prdy(n2@xyl Amethacrylate),
substrate according to.claim 26 wherej aid '
i AR g LR s A T R T )
| %)ﬁly(}ﬁenﬁ&netﬂa&ﬁﬁéﬁ RS -RE§BERkyN Shloflde) PbIy(RBnybatzel phloride),
the surflace of said cell culture substrate is
plrplylneea-doptopsglirenedd. 29. A substrate according to
claim 28 wherein said substrate conprises a surface

that is nodified by gas plasma treatnent.30. A
suBst r At sibsicato petioniing t» wiyadfmla@s WS wheieis ieid el quifue substrate

Is nodified | asnma . | Si 1
i sk Sofef PR AGRaLd T HETRhASRIREA Sutls hat i
S ah&httHnh @, Hrol Heratdeh dnidfd differentition ifacliyatadhed theratmt

conpri sing oxygen. 32. A cell culture vessel

conprising a cell culture substrate according to any

ofp4C! aiAng bdiradd accdRlingo \CBSH OB vakeal sHidGioliGicaloni igti@drovision of a
wherein said cell culture substrate further conprises

a peetkinacepeb eodfing. cul t ure nedi a. 34. A vessel according

to claim33 wherein said cell is a eukaryotic cell.

35. A vessel according to claim34 wherein said .
euwsar y @t substeatd dccbslingab elatned4 Whemintshid pipteingreedsropiang agprises at

grlisqiowlcﬁlg gelgc":f‘écf frot tl?e! Sr'&ﬁp goenlsfs{:ingaoff: ll’:ﬂl%ﬂfn, gcﬁlahén, #ibronectin,

non-collagen based peptide matrices.

26. A substrate according to claim 24 wherein said proteinaceous coating comprises a

poly-amino acid coating.

27. A substrate according to claim 26 wherein said polyamino 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 substrate according to claim 28 wherein said substrate comprises a surface that

is modified by gas plasma treatment.
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36. A vessel according to claim 35 wherein said
mamal i an cell is a primate cell. 37. A vesse

W@ewonei2egy to claim36 wherein said primte cebPCT/GB2@7/001464
human cel | . 38. A vessel according to any of clains

35-37 wherein said cell is selected fr t he

gr38up Borbstets ?’FQO‘iSlf“g azge‘P’]i‘ﬁﬁ?m eIl ét“if?f:ﬁd@fn@dlfogqby a plasma

hﬂ%& il cell; a neuronal glial cel
né%r lﬁ§§£¥ga%@§g?%cyte cell or a hepatocyte
stellate cell; a nmesenchymal cell; a nuscle cell; a
ney I e

ey AR b Bl 2 PROGRETY S i b o plsma
5 clgasﬁ&trﬁﬁttﬁ&npdﬁmaomygaal d cell is derived froma
tumour. 40. A vessel according to any of clains 33-31
wherein said cell is genetically nodified.41. A vesse
agoor diangitcalde Vet cohiptifitg 8 Seltiéulnfesbititesatading to any of claims
manmal i an cell is a stemcell. 42. A vessel according
td-El-aim4 1 wherein said stemcell is sel ected from
the group consisting of: haenopoietic stem cel
neural stemcell; bone stemcell; nuscle sten1ce|
néiéencIAyrvmsebtamd:@ lto agiint B | Whereir tseidh eed] [culture substrate forthor
endoder mal yonic stemcell; enbryonic
gépﬁmgﬁsacei ﬁ§3@¥g$§§%cordlng to claim33 wherein
said cell is a prokaryotlc cell or a genetlcally
nmodi fi ed prokar t|c 44. . A vessel el rdln to
I3 m 48 ‘iﬁfﬁz %‘/ijo 8?(34“?8’(‘5 Séldc"gﬁ Ilsq %ry?;‘é rial
cell. 45. A vessel according to any of claims 33- 44
wherein said cell culture vessel is a blorea t or

A et hdd vésssl apwédl@gu tq gl 34 whereinssaidekATYetiG ltﬁée‘g?t%%gmm the
Of Pﬁsg) O@%lgﬁlﬂ gfleln &h! %{Hﬁrﬁ B 56 gabQUMPE Hifh&Bo1da)

ture substrate aCCOI‘dI ng to any of

10

15

cIalns 1-31;

36. A vessel according to claim 35 wherein said mammalian cell is a primate cell.
20 37. A vessel according to claim 36 wherein said primate cell is a human cell.
38. A vessel according to any of claims 35-37 wherein said mammalian cell is selected

from the group consisting of: an epidermal keratinocyte; a fibroblast; an epithelial cell; a

neuronal glial cell or neural cell; a hepatocyte cell or a hepatocyte stellate cell; a

25 mesenchymal cell; a muscle cell; a kidney cell; a blood cell; a pancreatic B cell; an
endothelial cell.
39. A vessel according to any of claims 35-38 wherein said cell is derived from a
tumour.

30

40. A vessel according to any of claims 33-31 wherein said cell is genetically

modified.
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c) cell culture nediumsufficient to support the
gromh of said cells; and ii) providing cell culture

W@ oovdit23281s whi ch pronote the proliferati on anedDGB2007/001464
differentiation of said cells. 47. A nethod according

to, claim46 wherein said_.cell e nmmal.i.an cells. ...

2gh . e SSCEipa 1oAY 6 S T o HEP e BtagpiggtaR cell is a stem
meggmel i an cells are human cells. 49. A nethod

according to any of clainms 46-48 wherein said cells

are hepatocytes. 50. A nethod according to claim46

Whes el Ny SaLd of r&iiﬁlﬁg g%a\a}ﬁd; 2K FhH ! sgid%?érﬁ gell é%eleéedrlﬁltnlgqge group

according to clai rein said prokaryotic ce

5 ar@nijstirtgenfi lemopdiktic @n cAl; mewrhlogiem gelk boresieth gellianuscle stem cell;
agent erein _sajd n ffect roliferati . )
SR Bl PR 5 bR BBy som ot
st @ftyefic gorh @ilovi ding cel | cul ture conprising at
| east one cell and a cell culture substrate according
to any of clainms 1-31; ii) adding at |east one agent
t oghe tL£54:84 ac@hding fo daifBD ivitelein\@id &8 iPLprokaryoticadell bhe
agent with respect to the proliferation, -

10 di geheticaHy madifist peokamoticsellon of said cells. 53. A
nmet hod according to claimb52 wherein said cell is a
hepatocyte. 54. A nethod for the identification of
gedes as sesélat@nding tovlaml4B vdiefelresaisinrolearyatia celd isprhasterig cell.
the steps of: i) providing cell culture conprising at
| east one cell and a cell culture substrate according

t 045Ny AfvekbladddBrding3d; ank iof cRithy 3844 MeritChadd celhcultire vessel is a
fromcells contained in said cell culture; iii)

16 cobiesa¢tPing sai d 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
ondGai dA mgthiodifer the dudturgrafaglls wmprifing/telstses efecor di ng to

et hod accodli ng PR il chuf vASESbER: 77 G g
nmet hod i ncl wle=lls;he
20 b) a cell culture substrate according to any of claims 1-31;
¢) cell culture medium sufficient to support the growth of said cells; and
ii) providing cell culture conditions which promote the proliferation

and/or differentiation of said cells.
25 47. A method according to claim 46 wherein said cells are mammalian cells.
48. A method according to claim 47 wherein said mammalian cells are human cells.
49, A method according to any of claims 46-48 wherein said cells are hepatocytes.
30

50. A method according to claim 46 wherein said cells are prokaryotic cells.

51. A method according to claim 50 wherein said prokaryotic cells are bacterial cells.

58



addi tional steps of: i) collating the signal(s)

generated by the binding of said nucleic acid to said
whewdiizgspartner; ii) converting the coll at ed BCTYOBRR{S)N01464

into a data anal ysable form and optionally; iii)

provi di ng an output for the analysed data.57. An in

vitro nethod to anal yse the devel opnent of cancerous

Ceﬂj s fA eneHvar fdBdcrées | fos af QBgHE iviteRtdn isdid fagent affec® the proliferation,
%aratl on conprising a cel] culture substrate
cHbprgntipgion gr %mstw@fof @ IC%H prEnprisig the¥apsating cell's; ii)

g' ng Vu!hﬁ%%&ll Qﬂ@uré ng)%rlé}f’i’é) aP1e8st Qne | M %H NOc&Ebliture substrate

monitoring the effect, or
5 no&cpordmg$®aIWCégbnns b&l,t he transformati on of said

§§+)| s ggglnﬁg 13%So|§0d Qrﬁ%%édfeﬁgd anCl aim57 wherein said

process for the formation
of jjin mm‘drﬁt@ﬂhg tht acumloyme et With @gspadt toctherproliferatipng differentiation

step m ng a preparation conprising an high
i dFéWﬁQPnﬁﬁéggmgﬁulsion conpri sing a hydrophobic
el astomer at a concentration of between 20%w w) and
40% (W w); ii) formng a preparation conprisin
10 ca¥hl y st mefhofl pocerstins tRickim SR avheielsaidzell drpshepato ﬁ? and
(ii); and iv) incubating the conbined preparation to
allow formati on of a high internal phase emnul sion
pof4/merA Iﬁ«ﬂhodquarr the eidentdicatizndpih genes assosiated5Fithvast edifferentiation

said h¥ %F gblcfelastoner is provided at a
cofEUREPat1oHPSP "bet ween 25 % w w) and 35%w w). 61. A
pr ocess) acc @rdbidigl tcell G dthpeising it Vibat ehe csiiatd a cell culture

hydrophoblc el astomer is provided at a concentration
15 0f about %@%a@g@r%ng to any of claims 1-31;

ii) extracting nucleic acid from cells contained in said cell culture;
iii)  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.
20

55. A method according to claim 54 wherein said cell is a hepatocyte.

56. A method according to any of claims 52-55 wherein said method includes the
additional steps of:
25 i) collating the signal(s) generated by the binding of said nucleic acid to said
binding partner;
ii) converting the collated signal(s) into a data analysable form; and
optionally;
iiiy  providing an output for the analysed data.

30
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62. A process according to any of clains 59-61 wherein

said elastoner is selected fromthe group consisting
wo@be722e8hyl hexyl acrylate; n-butyl acryl ate aPdI/GB2007/001464

n-hexyl acrylate. 63 A process according to any of

cI 9-.62.wher the en eratur
na"or eBRIAGIEN RO 14 A Uty 8 e, drRRERG e, fom normal
beb%eﬂmﬁﬁﬁﬁ?g and 8OOC 64. A process accor d| ng to cI aim
63 wherein the preparation inii) is heated to 500C or
ggog ip\r[\fqoﬁﬁ&@ a @Eep?jrétuﬂf oaeminace eelli Ic’;i@ré GubstiiteOdcebidiigh® any of
erein sajd preparation in i) conprises a
styr é’llf‘ém%ﬁér\‘éj A‘%’faceuﬁ process accor ding to cl al m 65
wher ej n sald reparation in i nprises diviny
5 benzédhedddie at kagope aeest eRlly lﬁ‘awtn@ cswalb*formaavwnd
59- 66 _wherein said preparation in i) conprises
sur f 4B} magitaring the effegl grnoped sad agentiihe H@rrsaqmlahorbcff said cells.
20-30% (W w). 68. A process according to claim67
wherein said surfactant is provided at a concentration
of between 24-26 4w w) . 69. A process according to

cl 43m 64 nthgcogiding toclam 37 wherdimsnicherlls pre hepaiosviied at
a concentration of around 25%ww). 70. A process
accordi ng to claim59 wherein the preparation in i)

OGPl at 5P Pty SBAUPAGT BER BB BSOS A FALogRprising the

7lsteﬁ§dfrocess according to any of clains 59-70 wherein
said high internal phase enul sion polyner in step. iv)
is sectd onecforrng P PPRIEESE emsisliEngn tiigke | igtcral pbase emulsion

wher ei neearQinl % WE&EC SI8G5hQeY chiibrRBh g? bétul@én Bokw/w) and

50-1000 mcro 73. A process according t
cl ai m 740%fw/9j n sai d sections are approximately 120
mcronsthlc i nt er.na aeemJIS|on

15poI ymer “obt af:(()ﬂrélagapregﬁrﬁg?nn%og}pml%afﬁ% Pt ocess

ili)  combining the preparations in (i) and (ii); and
iv) incubating the combined preparation to allow formation of a high internal

phase emulsion polymer.

20 60. A process according to claim 59 wherein said hydrophobic elastomer is provided

at a concentration of between 25 %(w/w) and 35%(w/w).

61. A process according to claim 59 or 60 wherein said hydrophobic elastomer is
provided at a concentration of about 30% (w/w).

25
62. A process according to any of claims 59-61 wherein said elastomer is selected

from the group consisting of: 2-ethylhexyl acrylate; n-butyl acrylate and n-hexyl acrylate.

63. A process according to any of claims 59-62 wherein the invention the temperature

30  ofthe preparation in ii) is heated to a temperature of between 50°C and 80°C.
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according to any of clainms 59-73.75. A pol ynmer
according to claim74 wherein said high internal phase

we@p7a23288 pol yner conprises a pore vol une of 9PO%/GB&007/001464
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The use of a substrate conprising high internal phase

emul si on pol ymer according to any of clains 1-3 1t 0
4. t urdeproedsk gecofgling w&almég d‘fhﬁieﬁ’g%? Brepraion l?él}ﬁ?Ptgﬁ?FP S0°Cor
t@e hi 9@ i nternal phase enul sion polymer has a pore

v GE®5F ar ound 90% 78. Use according to claim 77

wherein the high internal phase enul sion polyner has a
pore volune of 90% 79. Th se : sn in
cONpr i iREgLes ﬁ?cﬁth‘i’%}g% PH%\IO%p%lf%{@éosggﬁ% ylg‘%ﬁ‘{)g{“g Ragparation in )
aGmPrdehtfeneAdndlercl ai ms 1-3 1to determne the |iver
toxicity of an agent. 80. Use according to claim79
wherein said agent is a chenotherapeutic agent. 81.

ac . | Bl ERinsafitprepar@ntin i)Scotprises divinyl
MR GE RS R i i i
| bareenet oxi city of an agent conprising the steps of: i)
providing a cell culture conprising at | east one
hepatocyte cell and a cell culture substrate according |
t §7.anyA Ofro€ds@iabtording ko dniy) ofadldinsg5%R66 |veestin oaid pigemtion in 1)

to be tested; iii) nopitoring th b LY of th
e S sed by SRR sTSh s (he

differentiation or function of said hepatocyte cells

as a neasure of toxicity of the agent. 83 A mathocldd ta
a68or dAnproeess cacaprding 2tonRleiiei ¢ BhFTEIN, gt supfactapt is provided a
chemot .%%E%%genaﬁ_ o, Wiy, A method according to

c I8 ereln sai agjent) is a viral gene therapy
vector.85. A nethod for the growth and differentiation

gfépia ker atpii;egf? % forec}il?gn o/ ¢ aiﬁeg@g} F@)Q%El%irpga‘?@ WirBRfanf ls&Fbvided at a

C ormn reparati on conprising a

C @bhcefttion € a2 I%Eewnccor di ng to any of claims
1-31, fibroblast feeder cells and cell culture nedium
i) culturing said feeder cells to provide a cell

Cujpt Ur & SHRSES 8dcBrdidi@to claim 59 wherein the preparation in i) comprises
60%(w/w) styrene; 30% (w/w) 2-ethylhexyl acrylate; 10% (w/w) divinylbenzene and 25%

surfactant.

71. A process according to any of claims 59-70 wherein said high internal phase

emulsion polymer in step iv) is sectioned.

72. A process according to claim 71 wherein said polymer is sectioned into parts that

are 50-1000 microns thick.

73. A process according to claim 72 wherein said sections are approximately 120

microns thick.

74, A high internal phase emulsion polymer obtained or obtainable by the process

according to any of claims 59-73.
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IS substantially coated with said feeder cells; iii)

contacting said coated substrate with kerati nocytes
wa@ea702528%r at i nocyte precursor stem cells; andPCWwiB2007/001464

culturing the conbined cell preparation under

condi tions conducive to the growh and differentiation

of said keratinocytes and/or keratinocyte precursor

st BN Ced lpplynf® - acddr@ingab imare dheemdsdi® hidhainterfd phase emulsion
wher ei n sald fi brobl ast feeder cells are dermm

f i PYBFrEemprises 7 porei@lugs H98%accor ding to clai m 85
wherein said fibroblast feeder cells are selected from
the group consisting of: corneal fibroblasts,
5] | nfest ﬁtalusmﬁmsslhstfat@oumrlamg bigh internalphassszulsion polymer according

rob t robl asts, or bl adder
§z%%P§§?§mlg§%o ﬁnc ﬁbd according to any of clains
85 87 mhereln said keratinocytes are epi der mal
keratin 89. Th nmet hod  a r.din o any of
ol Bl mo 65 S RG o IO e ib{t 160 'S, RDSHF Hgsion polymer has o
flﬁﬁ@b&ﬁﬁb%fmgguuihg nethod according to any of clains
wherei n said keratinocytes are human

10keratlnocytes 91. The nethod according to any of

cl 3 M5 G20 riﬂﬁg edlﬁglsﬁ' \g}}]egernﬁg@??% 119tgrnfdwh'é§beermulsmn polymer has a

conprlses co according to clalm
9 florewmelumef 8¢l agen is type 1 coll agen. 93. The net hod

according to claim9 1 or 92 wherein said collagen is

provided as a gel. 94. The nmethod according to claim?9

1 99. 92rHwhge ef Msubstidle compridiig @ high imemul ghast dntulsion polymer

solution. 95. The nethod accordjng to an f clains

15 gsaagardigdp @mnofelaing d= tq %‘?tﬁm%’rt‘é & H¥eo Eed %’4 g%agem-
di spl aced to contact air thereby inducing keratinocyte

stratification. 96. The nethod accordin
cl 80-nms ©8-aeording boetlpint Tewkessin saidipgent i aegmqthm@uﬂc agent.

81.  Use according to claim 79 wherein said agent is a viral gene therapy vector.
20
82. A method to 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 substrate according to any of claims 1-31;
i) adding at least one agent to be tested; and
25 iii)  monitoring the activity of the agent with respect to the proliferation,
differentiation or function of said hepatocyte cells as a measure of toxicity of the

agent.
83. A method according to claim 82 wherein said agent is a chemotherapeutic agent.

30

84. A method according to claim 82 wherein said agent is a viral gene therapy vector.
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conprises a plurality of sectioned mcrocellular
polyneric material approximately 300 m crons thick.

w@®7Z007A23288 hod to test an agent conprising: i) POT/GBaW7M01464
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preparation according to any of claims 85-96 which
includes an agent to be tested; ii) nonitoring the
ef fect of said agent on keratinocyte cell growh

ggj for, eﬁfoﬁr ﬁrntbé %Igbvﬁ{‘anm%r&ﬁg@ﬁf&q KefutiBodyR UndAlkeratinocyte

eparation t es not include said agent. 98. An
ap@arrairumnf@ﬂcbmprmngture of cells conprising a cell

culture substrate.accordin

oBl | ¥ Briiipa rReGust St isY e B Abrub il dRording o ay of
ConpRel-af efvtbilhst frié ce dndcell sultuee matnmaj and cont ai n
said cell culture sub trate, and l\f\md ce

appar atwiyring st Fredrg cells te providr @ sellwrives i %t%ﬁted ° 2 el f\n that

CW L ééaieatvﬁtrpsfam%é&ﬁ@eu&l brobl asts and
kerati noc ."The use of a cell culture

supst r mnacang:mcmqag:dts@bsgmy with keratinqpytes angdforkeratinpgyte precursor

prepar, S Lon of differentiated skin conposite.

iv) culturing the combined cell preparation under conditions conducive to the growth

and differentiation of said keratinocytes and/or keratinocyte precursor stem cells.

86. The method according to claim 85 wherein said fibroblast feeder cells are dermal

fibroblasts.
87.  The method according to claim 85 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.

88. The method according to any of claims 85-87 wherein said keratinocytes are

epidermal keratinocytes.

89.  The method according to any of claims 85-88 wherein said fibroblasts are human

fibroblasts.

90. The method according to any of claims 85-89 wherein said keratinocytes are

human keratinocytes.

91.  The method according to any of claims 85-90 wherein said preparation further

comprises collagen.

92.  The method according to claim 91 wherein collagen is type 1 collagen.
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93.  The method according to claim 91 or 92 wherein said collagen is provided as a

gel.

94.  The method according to claim 91 or 92 wherein said collagen is provided in a

solution.

95.  The method according to any of claims 85-94 wherein at least said keratinocytes

are displaced to contact air thereby inducing keratinocyte stratification.

96.  The method according to any of claims 85-95 wherein the cell culture substrate
comprises a plurality of sectioned microcellular polymeric material approximately 300

microns thick.

97. A method to test an agent comprising:
i) forming a preparation according to any of claims 85-96 which includes an
agent to be tested;
ii) monitoring the effect of said agent on keratinocyte cell growth and/or
differentiation when compared to a control preparation that does not

include said agent.
98.  An apparatus for the culture of cells comprising a cell culture substrate according
to any of claims 1-31, a cell culture vessel and an insert adapted to co-operate with said

cell culture vessel and contain said cell culture substrate and said cells.

99.  An apparatus according to claim 98 wherein said cell culture substrate comprises

fibroblasts and keratinocytes.

100. The use of a cell culture substrate according to any of claims 1-31 for the

preparation of differentiated skin composite.
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